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Abstract 

  Genetic diversity provides adaptive potential, which is crucial for the long-term 

persistence of species, allowing them to respond to disturbances and environmental 

changes. Quantifying genetic diversity and understanding how it emerges in natural 

populations are therefore important objectives towards conserving biodiversity.  

Giant otters (Pteronura brasiliensis) and Neotropical otters (Lontra longicaudis) 

are widespread in Amazonia, but intensification of anthropogenic interference in this 

biome is increasingly threatening these species. Both species are under a pressing need 

for more local and regional scale research on their population trends, spatial patterns and 

genetic structure. Information on population trends and spatial patterns informs about the 

mechanisms driving the evolution of genetic structure.  In order to contribute to 

expanding this knowledge, nuclear and mitochondrial DNA markers and a habitat 

modelling approach were employed in a comparative conservation genetics study at a 

regional scale in Central Amazonia.  

The central goal was to assess patterns of habitat use, genetic diversity and 

population structure, in order to gain insight into the current levels of gene flow and 

connectivity among populations, and the relevant evolutionary mechanisms. Specific 

aims included assessing if population structure could reflect intrinsic species attributes 

such as sociality and behavioural ecology as well as habitat features, which can act in the 

promotion or limitation of gene flow.  

Despite a high potential for structural connectivity and dispersal along the 

hydrographic network, the results indicated the existence of genetically distinct clusters 

of otter populations over the spatial scale considered. This type of pattern has not been 

detected for either species until now, and outcomes from this research provide novel 

information that can provide transferrable inference to the conservation and management 

of otters and other semi-aquatic Amazonian vertebrates.  
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1.1 Human Impacts on Nature 

The Earth is now facing a potential new sixth wave of mass extinctions (Barnosky 

et al. 2011) which, unlike the previous ones, takes place in a human-dominated world. 

Since the Late Pleistocene, human population increase and expansion has been a major 

driver of mammal species extinctions (Andermann et al. 2020). Only within the last 50 

years, our global population has doubled in size – and, in parallel, we experienced a 

sharp growth in the world economy with a four-fold increase (adjusted to inflation) in 

global gross domestic product (Díaz et al. 2019, FAO 2019). 

Naturally, in order to thrive, this massive population had to find means to sustain 

itself. Contrary to Thomas Malthus’ (1798) expectations, our exponential population 

growth has not surpassed food production capacities. In his classic essay, Malthus did not 

foresee that technological advances and the expansion of globalization and international 

trade chains would have made it possible to immensely increase food production. But, 

this did not come without costs to the environment and to other species - land-use 

changes and its consequent habitat losses are driving most of the anthropogenic negative 

impacts on nature, followed by (over)exploitation of natural resources (such as logging 

and fishing) (Díaz et al. 2019). Livestock production is considered a major culprit of 

habitat loss, and developing tropical countries – where the largest amount of biodiversity 

is - are currently its main producers (Machovina et al. 2015). Furthermore, Lenzen et al. 

(2012) have shown that the overall consumption of imported goods, especially in 

developed countries, is linked to 30% of species threats as a consequence of international 

trade along complex routes. 

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services (IBPES) has recently reported startling levels of threat for the planet’s 
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biodiversity: around 1 million species of plants and animals are threatened with 

extinction, which represents about 25 per cent of the assessed species (Díaz et al. 2019). 

Hence, a nearly 8-billion population of a single species is causing global changes at such 

quick rates that other species are likely not able to evolve and adapt in response 

(Ceballos and Ehrlich 2018). In particular, recent centuries are seeing an extensive and 

pervasive crisis of losses in both terrestrial and marine fauna (Dirzo et al. 2014, 

McCauley et al. 2015). This “Anthropocene defaunation” is expected to cause serious 

cascading effects in other taxa and in ecosystem interactions, functioning and services 

(Dirzo et al. 2014).  

 

1.2 Conservation biology and genetics 

As humanity progressively became aware of their damaging impacts on nature, 

although with different perspectives through time – from utilitarism to aesthetics and 

finally a more comprehensive biodiversity-grounded view (see Haila 2012) – this made 

way to new paradigms where the need to take actions in order to preserve natural 

elements (be them species, or landscapes, or processes) was gradually acknowledged.  

Foundations of conservation biology have been slowly consolidated since the first 

half of the 20th century, with the work of naturalists like Charles Elton, Victor Shelford 

and Aldo Leopold, among several others (Noss 1999, Meine et al. 2006). With “A Sand 

County Almanac”, published in 1949, Aldo Leopold paved the way for a holistic vision 

of nature, where man is part of the environment rather than its ruler.  The publication of 

the Theory of Island Biogeography by MacArthur and Wilson in 1967 leveraged rapid 

progress and increased concerns about habitat destruction and its impacts on natural 

populations. In the early 1980s, conservation biology was finally formalized as a 
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discipline, with a mission-driven perspective to provide principles and tools for 

preserving biological diversity (Soulé 1995).  

Despite the lately unfavourable scenarios, conservation efforts have already been 

proving some success over the last decades in preventing species extinctions and 

preserving natural habitats (Rodrigues 2006; Hoffman et al 2010). Still, to minimize the 

impacts of the ongoing trend of biodiversity loss and promote ecosystem functions 

maintenance, it is vital to continue strengthening the multiple aspects of conservation 

science, whose multidisciplinary nature allows scientists and policy makers to address 

better strategies to safeguard species and the natural environment.  

As pointed out by Davis et al. (2018), biodiversity also represents the amount of 

unique evolutionary history in the tree of life. Among the disciplines that constitute the 

pillars of conservation biology, genetics had its importance recognized in the field early 

by Otto Frankel (1974), who highlighted the relevance of the evolutionary persistence of 

species relying on the genetic variation between individuals as well as between 

populations. In 1981, Frankel joined efforts with Michael Soulé, publishing the book 

Conservation and Evolution where the genetic principles for conservation are deeply 

examined and exemplified for the first time in a broad sense, bringing more attention to 

the then emerging field. Nowadays, conservation genetics is undoubtedly a well-

established field of research; a search for the term on ISIS Web of Science returns 3,520 

records of publications since 1990 – and shows an impressive increase of 23,000% in the 

number of papers on the topic published over the last 30 years. 

One of the most famous case studies in conservation genetics, frequently evoked 

in textbooks, is the cheetah population bottleneck and reproductive impairment (O’Brien 

et al. 1983, 1985), which was recently revisited and confirmed by genomic analyses 

(Dobrynin et al. 2015). It became a “flagship” study to exemplify the risks of inbreeding 
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for threatened populations, and has contributed to raising a lot of attention to the issue 

since then. Regardless of the clear advance in conservation genetics research, especially 

since the rapid development of genomics in the last two decades, many challenges are yet 

to be addressed. In particular, it is crucial to define the best practices in integrating the 

increasing amount of molecular data to conservation management and employing 

successful strategies, and strengthening collaborations with non-academics (DeSalle & 

Amato 2004, Rodríguez-Clark et al. 2015, Britt et al. 2018).  

Conservation genetics attempts to manage human influence on the evolutionary 

process and maintain the adaptive potential of natural populations (Latta 2008), and its 

greatest benefit is that it can help to identify more accurately the patterns and processes 

in endangered species (DeSalle & Amato 2004).  The patterns observed with genetic 

tools can give a clearer understanding of the processes that led to, for instance, an 

isolated or inbred population.  Though conservation is a multidisciplinary field and its 

decision-making processes involve not only biological but also socio-economic and 

political aspects, the lines of action contemplated by genetics are important - and keeping 

the proper conditions for the continuing evolution of natural communities should be a 

priority (Frankel 1974).  

Future scenarios for biodiversity predicted by modelling are not very optimistic.  

Davis et al. (2018) have shown that in order to recover the amount of mammalian 

phylogenetic diversity already lost and expected to be lost in the near future due to mass 

extinctions, it would take millions of years, even in the best-case scenario where 

extinction rates drop down to a background level. These findings are alarming, since it is 

highly unlikely that human-driven extinction would come to a halt in the short-term. 

Nevertheless, saving unique evolutionary history before it is lost can aid to speed the 
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recovery of these diversity losses and could still have significant impacts in conservation 

as well as in ecosystem services (Davis et al. 2018, Veron et al. 2017).  

It is relevant to mention that there is not yet a clear agreement among researchers 

as to which level, or kind, of diversity should be prioritised in conservation. Another 

recent modelling approach by Cantalapiedra et al. (2019) disagrees with Davis et al. (op 

cit) conclusions that conserving phylogenetic diversity (that is rather focused on distantly 

related species) would be able to better safeguard biodiversity over time, and instead 

proposes that more effort should be invested in rapidly speciating lineages. Either way, 

the debate highlights how important it is to clarify these matters and certify that genetic 

and evolutionary aspects are taken into account in conservation modelling and planning 

in face of the current global threats. As well put by Moritz (2002), academics should also 

attempt to simplify such complex issues, creating the means to provide more practical, 

“ready-to-use” information which is relevant to managers and decision-makers. 

 

1.3 Fundamental aspects of Conservation Genetics  

Many of the central questions addressed by conservation genetics are traditionally 

grounded in theoretical population genetics (DeSalle and Amato 2004). Although being a 

very broad discipline, most studies in the field can be narrowed down to one of the 

following main categories: i) management and reintroduction of ex-situ populations and 

restoration of biological communities, ii) description and identification of individuals, 

genetic population structure, kin and taxonomic relationships, iii) detection and 

prediction of the effects of habitat loss, fragmentation, and isolation, iv) detection and 

prediction of the effects of hybridization and introgression, and v) understanding the 

relationships between adaptation or fitness and the genetic characters of individuals or 
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populations (Allendorf & Luikart 2007). Direct applications of genetics in conservation 

also include wildlife forensics, aiding in the criminal investigation of illegal trade and 

poaching (Ogden & Linacre 2015).  

Inbreeding depression and the loss of diversity in reduced populations have been 

a major focus of the discipline since its early development, and the significance of this 

factor for conservation planning has been controversial. Authors have argued that pure 

demography could be more relevant than genetics in management plans for small 

populations (e.g., Lande 1988). However, further progresses in research brought to light 

the importance of a non-dualistic approach where both aspects are taken into account, 

and it is well known now that inbreeding depression plays a role with stochastic and 

deterministic factors that can threaten population persistence (Frankham 2005; Mills & 

Soulé 2007).  Decreases in genetic diversity can lead to a lower ability to cope with 

environmental changes through adaptive responses (Bijlsma et al. 2000), which in turn 

can make populations more vulnerable to extinction and also lead to an overall reduction 

in fitness.  

Demographic aspects (population size, recruitment, inbreeding and connectivity) 

can be well studied using neutral genetic markers, facilitating the identification of 

conservation units (Hoelzel et al. 2019).  Given that populations of a given species can 

vary in their capacity to respond adaptively, genetic data can ensure a better use of 

available management resources, as one can better predict the evolutionary-response 

potential of a set of populations (Petit et al. 1998), appropriately identifying among them 

the ones with more conservation interest or urgency.  

Effective population size (Ne), which can be estimated using genetic data, is a key 

parameter for conservation of endangered species. Theoretically, it represents the size of 

an ideal population which experiences diversity loss through genetic drift at the same rate 
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as in the observed population in question. In practice, Ne can be used as an informative 

measure of how much a population is at risk to lose genetic variation due to drift. 

However, it is not very simple to estimate this parameter in natural populations; first, it is 

usually lower even than the actual number of breeding individuals. Evidently, real-world 

scenarios frequently deviate from the assumptions of the ideal population, having for 

example varying sex ratios and progeny numbers, non-random mating, and fluctuating 

population size (Allendorf & Luikart 2007; Frankham et al. 2010) which will all have an 

effect on Ne estimates. Plus, the effect of selection also increases such estimation 

difficulties, and caution is recommended when interpreting results regarding spatial and 

temporal scales (Wang et al. 2016). Long-term patterns of Ne can be estimated by 

coalescence-based approaches with genetic marker data (see Kingman 1982), and these 

can work well even under incomplete meeting of assumptions (Drummond et al. 2002) or 

changes over time and population sub-divisions (Ewing & Rodrigo 2006). 

Intraspecific genetic diversity is largely maintained by the exchange of 

individuals among populations or subpopulations; hence, connectivity between these 

entities is an essential feature to the maintenance of variation and to prevent the 

consequent risks of population extinction due to the deleterious effects of inbreeding and 

genetic drift (Wright 1951, Broquet et al. 2010). This is particularly relevant in scenarios 

of fragmented habitats, where the maintenance of gene flow can help in overcoming the 

impacts of fragmentation (Frankham et al. 2010).  

Following on from Wright’s (1931) island model, centred on the exchange of 

individuals between populations or demes, the “one migrant per population per 

generation” was proposed as a genetic rule of thumb for the minimum number of 

migrants necessary per generation, in order to maintain enough gene flow to hinder the 

effects of drift and avoid inbreeding depression. Indeed, Vilá et al. (2002) have 
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documented the remarkable impact of the migration of only one individual in the 

increase of genetic variability and fitness in an isolated wolf population. But again, such 

a rule is built based on a number of assumptions which are difficult to be met in the real 

world, such as selective neutrality and no mutation, absence of geographical patterns to 

gene flow and demographic equality (Mills & Allendorf 1996). Therefore, only one 

migrant might not always be the ideal case, but with limited information and the need for 

urgent management it is generally accepted to use Mills and Allendorf’s recommendation 

of 1 to 10 migrants. If instead more information is available, such as demographic data, 

more refined models can be used to estimate that number (see Wang 2004).  

Gene flow can have a dual role in evolution: it might act either as a “creative” or 

constraining” force (Slatkin, 1987); its extent and direction of occurrence can strongly 

influence the amount and spatial patterns of population structuring found in a species. 

Levels of gene flow that result in intermediate amounts of structuring allow for more 

genetic variation both within and between populations, giving space to a greater 

evolutionary potential than populations with extreme or very limited gene flow 

(Allendorf & Luikart 2007). This stresses the importance of assessing population genetic 

structure in studies with conservation-related goals.   

 

1.4 Study contexts 

In support of effective measures of conservation and management, it is important 

to recognize the natural processes behind patterns of connectivity and genetic structure 

among populations and their effective population sizes. Quantifying and understanding 

how genetic diversity emerges is a target that can provide subsidies for management and 

preventive conservation actions. In this context, the interaction of factors involving 
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species and environment relationships is also of utmost relevance, since predictions of a 

species distribution over a landscape, accounting for its heterogeneities, can provide 

inferences for potential genetic connectivity and better inform conservation practitioners 

on spatial planning and management actions.  

1.4.1 The study region 

The Amazon basin is the largest watershed in the world, covering an area of 

around 6 million km², and supporting the planet’s largest tropical rain forest. The main 

rivers that form the basin are fairly wide and long, so that its own dimensions could act 

as a barrier limiting species dispersal and further allowing allopatric speciation - this 

possibility was noted early by the naturalist Alfred Russel Wallace, who postulated the 

“riverine barrier hypothesis” in 1852.  

While several studies demonstrated the validity of Wallace’s hypothesis for 

species of birds and primates (e.g., Peres et al. 1996, Bates et al. 2004, Boubli et al. 2015, 

Saldanha et al. 2019) it is still not clear to what extent rivers play a role in generating 

differentiation across populations and species. Several other studies could not find robust 

support for Wallace’s hypothesis (e.g., Lougheed et al. 1999, Link et al. 2015, Santorelli 

et al. 2018). Gibbs et al. (2018) stated a more equilibrated conclusion in a recent study 

with pit vipers in the Amazon River. The authors could not find strong evidence in 

agreement with the river barrier hypothesis, but they did acknowledge the role of the 

river in impeding (not preventing) gene flow, and contributing to lineage formation.  

Several other hypotheses regarding the origins of faunal diversity in the Amazon 

have been postulated after Wallace’s.  Haffer (2008) reviewed these and concluded that 

some of them can be relevant to different degrees for distinct taxa, or during different 

geological periods. However, several authors still considered hydrological features as key 
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historical determinant factors shaping diversity (e.g., Ayres and Clutton-Brock 1992, 

Hoorn et al. 1995, Marroig and Cerqueira 1997).   

Even if riverine hypotheses fail recurrently to explain speciation and long-term 

evolutionary history across some taxa, it does not mean that these landscape features will 

not have any effects in contemporaneous patterns of intraspecific, between-population, 

differentiation. On the contrary, it has been shown that Amazonian rivers have an 

influence on the intraspecific genetic structure of populations that inhabit these 

environments, including aquatic and semi-aquatic vertebrates. This fact has been noted 

for instance in the pink dolphin Inia geoffrensis, between populations located to the north 

and south margins of the Solimões River, the major white-water tributary of the Amazon 

(Hollatz et al. 2011). Oliveira et al. (2019) also observed an influence of the Amazon 

River on the genetic structure of freshwater turtle Podocnemys erythrocephala 

populations in northern Brazil, and on a larger scale, Michels and Vargas-Ramírez (2018) 

found genetic differentiation between populations of P. erythrocephala in the Amazonian 

and Orinoco basins.  Waterfalls and rapids in the rivers can also constitute potential 

natural barriers for aquatic and semi-aquatic Amazonian vertebrates, limiting dispersal 

and gene flow (Gravena et al. 2015). 

Artificial or anthropogenic barriers are a concern regarding their potential to 

impact movements and gene flow. In the case of Amazonia these might include dams, 

deforested areas, and human settlements. Several large dams have been built in the 

basin’s major rivers, such as Belo Monte (Xingu River), Balbina (Uatumã River), Santo 

Antônio and Jirau (Madeira River), Teles Pires; and at least three more are planned to be 

built within the next 10 years (BRASIL, 2018), which, if concluded, will impact many 

indigenous and conservation areas. Dams have already been suggested as low-quality 

habitats for giant otters in Amazonia (see Palmeirim et al. 2014) and could well represent 
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a threat for connectivity between populations of this and other species (Latrubesse et al. 

2020).  

Politics plays a major role in the management of Amazonia, and there has been a 

growing concern recently that new policies and legislation debates, triggered by the 

economic crisis and political instabilities in Brazil, might affect and negatively impact 

the rainforest ecosystem (Pereira et al. 2019). Currently, there is a strong pressure by 

Brazil’s ruralist political lobby to reduce protected areas and indigenous lands in order to 

favour interests to expand large-scale farming, mining and extensive cattle ranching 

(Pereira et al. 2020, Rudke et al. 2020). If the current deforestation trends persist, by 

2050 8 out of the 12 major watersheds in Amazonia are predicted to lose more than half 

of their forest cover (Soares-Filho et al. 2006). 

In addition, expected changes in precipitation patterns related to climate change 

could seriously affect the flooding dynamics of Amazonian rivers (Zulkafli et al. 2016), 

leading to consequences not only for the biome itself, but also for the entire global 

climate (Malhi et al. 2008). Adaptive responses of animals to these changes might 

depend essentially on their mobility (dispersal ability) and habitat suitability and 

connectivity (Schloss et al. 2012). The greater intensity of droughts predicted for the 

Amazon River system could cause a severe reduction in connectivity for aquatic and 

semi-aquatic species. For instance, the annual Amazonian flood pulse has been suggested 

as an important factor to maintain connectivity between distant populations, enabling the 

existence of dispersal corridors and gene flow (e.g. Satizábal et al. 2012, Caballero et al. 

2015), emphasizing the importance of knowing their current population status. In the 

case of mammals in particular, Schloss et al. (2012) warn that these animals may be even 

more vulnerable to climate change than previously thought. 
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1.4.2 Social systems and implications on genetic structure 

The presence of geographic barriers is one obvious reason that can lead to genetic 

differentiation between populations; but there are several biological mechanisms that can 

contribute and regulate levels of gene flow leading to genetic patterns. In mammals, 

natural processes that generate diversity and genetic structuring may be related to 

mobility, dispersal ability and sociality, among other factors (Hoelzel et al. 1998, Hoelzel 

et al. 2007, Pilot et al. 2010). Social structures and their related dispersal patterns can 

have a noticeable influence on spatial genetic structures (Biek et al. 2006, Stoen et al. 

2005, Croteau et al. 2010), especially in solitary species. Social behaviour can directly 

regulate when, how and how far dispersal events occur (Storz 1999, Macdonald and 

Johnson 2001). Hence, it can dictate the spatial structure of relatedness, i.e. how far kin-

related individuals are established from each other and how this relates to their individual 

life patterns.  

In the order Carnivora, there are social species living in stable groups as well as 

solitary species. Most of the developed studies and theories about social systems within 

this taxon refer to the first (Dalerum 2005, Dammhahn & Kappeler 2009), although most 

species (85-90%) are solitary (Sandell, 1989). This probably occurs because of the more 

cryptic habits of solitary species (Dammhahn & Kappeler 2009) and the consequent 

difficulties in studying them. 

As a case in point of how the degree of sociality can play a role in shaping genetic 

structure, a recent study (Jacquier et al. 2020) with badgers (highly social mustelids) has 

shown strong genetic structuring at fine spatial scales, related to the strong philopatry 

within social groups. Badgers’ social system is, consequently, a likely key driver of genetic 

structure and farther dispersal events are rare (Jacquier et al. 2020).  
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Lutrinae is a subfamily within the carnivore family Mustelidae that includes all 13 

otter species that occur throughout the globe, except in Antarctica and Oceania. In the 

classic model of mustelids sociality proposed by Powell (1979), intra-sexual territoriality 

was defined as the standard social organization for the taxon. Yet, in the subfamily Lutrinae 

a wide variety of social behaviours can be found, even among closely related species with 

similar ecological requirements (Johnson et al. 2000, Kruuk 2006). This variation in social 

systems translates into inter and intraspecific differences in the degree of cooperation 

between individuals, group formation and the existence of single-gender groups (Kruuk 

2006). 

 

1.5 Study species 

In Amazonia, two sympatric species of Lutrinae are present: the giant otter 

(Pteronura brasiliensis) and the Neotropical otter (Lontra longicaudis). According to 

IUCN, both species are in need of local and regional scale research, addressing 

population trends and dispersal patterns; and in general, data that can support the 

assessment of priority areas, better management of protected areas and corridors, and the 

design of new effective conservation strategies (Groenendjik et al. 2015, Rheingantz and 

Trinca 2015). Actions including the assessment of population genetic diversity are 

included as one of the main goals in the latest version of the Brazilian Action Plan for the 

conservation of otters (2016-2020).  

 

1.5.1 Neotropical otter, Lontra longicaudis 

Neotropical otters (Fig. 1.1) are medium semi-aquatic mustelids that have the 

typical elongated, short-legged body shape of this carnivore family, and a notably long 

tail.  Their body length varies between 53 to 80 cm, plus the tail (36-50 cm) and they can 
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weigh from 5 up to 14 kg (Cheida et al. 2006). The species’ distribution is wide, across 

Central and South America; it can be found in almost all countries from Mexico to 

northern Argentina (with the exception of Chile), and is present in all Brazilian biomes 

(Rheingantz et al. 2014; Rosas-Ribeiro et al. 2017). The map in Figure 1.2 shows the 

current official distribution range, although it should be noted that studies performed 

after the last Red List assessment in 2015 have proposed minor updates on the 

distribution map, especially regarding the species occurrence in north-eastern Brazil (see 

Rosas-Ribeiro et al. 2017).  Its global IUCN conservation status has recently been 

changed from "data deficient" to “near threatened” (Rheingantz & Trinca 2015). 

Rheingantz et al. (2017) have recently reviewed the current knowledge on the 

species and its conservation status throughout its geographical range, and stressed the 

current need to improve the comprehension on many aspects of this otter’s biology, in 

order to support conservation and ensure its long-term survival. The authors have stated, 

for instance, that there should be more local and regional scale studies to provide 

information on demographic parameters (including dispersal patterns) and that genetic 

studies are necessary to evaluate diversity and connectivity among different populations, 

to underpin future conservation initiatives.  
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Figure 1.1: A male neotropical otter at Rio Urumutum, Amazonas, Brazil. (Photo: V.C. Fonseca 

da Silva) 

 

Suitable habitats for this species include virtually any aquatic environments – 

rivers, streams, lakes, estuaries, mangroves and marshes; coastal islands are also 

occupied (Carvalho-Junior et al. 2012, Rheingantz et al. 2017, Rolim et al. 2019). The 

extensiveness of the range and variety of occupied habitats is reflected in its ecology and 

morphology. Rheingantz et al. (2017b), in a meta-analysis of diet studies, found a 

significant plasticity in the otter feeding patterns throughout its range. Diet may vary 

according to environmental and climatic conditions and hence the different prey 

communities present, evidencing their role as facultative generalist top predators. Using 

cranium morphometrics, Hernández-Romero et al. (2015) found significant variation in 

the shape and size of skulls associated with different geographic areas.  

Activity patterns for this species also vary depending on the area. A camera-

trapping study by Rheingantz et al. (2016) found that otters in Pantanal wetlands have a 

predominantly diurnal behaviour, while in the Atlantic Forest of southeastern Brazil they 

tend to be more crepuscular or nocturnal, avoiding daylight. In Amazonia, it is very 
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common to observe the species active and foraging at any time during daylight hours 

(personal observations), which possibly indicates a higher diurnal activity in that 

ecosystem as well. It is not clear, however, if such plasticity in the circadian rhythm is 

due to anthropogenic activities, differences in prey activity patterns or other unknown 

reasons. 

 

 

Figure 1.2: Distributional range of Lontra longicaudis (Source: IUCN Red List – Rheingantz & 

Trinca 2015). 
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1.5.2 Giant otter, Pteronura brasiliensis 

The giant otter is the largest species of the Lutrinae subfamily, reaching up to 1.8 

m in length. Its morphology is remarkably adapted to the semi-aquatic lifestyle, with a 

distinctive strong flattened tail and large webbed feet. Another characteristic feature is 

the presence of creamy white throat marks and patterns that are unique to each animal, 

allowing for individual identification, although less frequently those marks can be very 

small or completely absent (Fig. 1.3). Unlike in most mustelids, there is no sexual 

dimorphism in this species (Rosas et al. 2009). 

The species is distributed mainly in countries located in the north central portion 

of South America (Venezuela, Guyana, Suriname, Colombia, Ecuador, Bolivia, Brazil) 

(Kruuk 2006, Groenendjik et al. 2015). The current distribution is much smaller and 

more fragmented than the known historical range of the species (Utreras & Jorgenson 

2003), due to indiscriminate hunting that took place in the 19th and early 20th centuries 

due to fur trade. Their numbers were drastically reduced; a historical account by Antunes 

et al. (2016) estimated that 386,491 individuals were harvested and exported from the 

Brazilian Amazonia only, between 1904 and 1969. Peru officially exported 23 980 giant 

otter skins between 1946 and 1973 (Smith et al. 1981).  In 1973, the species has been 

included in Appendix I of the Convention on International Trade in Endangered Species 

of Wild Fauna and Flora - CITES. Now, even though the species has recovered in some 

areas (e.g., Uscamaita & Bodmer 2009, Lima et al. 2014, Pimenta et al. 2018), it is 

considered as "threatened" in the IUCN Red List, and with a tendency towards 

population decline (Groenendjik et al. 2015). 
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Figure 1.3: Two wild adult individuals of giant otter in Erepecu Lake, Pará, Brazil. (Photo: V.C. 

Fonseca da Silva) 

 

 

Figure 1.4: Distributional range of Pteronura brasiliensis (Source: IUCN 2015. The IUCN Red 

List of Threatened Species. Version 2019-1). 
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1.5.3 Social structure of giant and Neotropical otters   

Neotropical otters are considered solitary animals, although virtually no studies 

have focused on sociality of this species; nonetheless, field observations in different 

areas seem to corroborate this description (pers. obs.), and group formation has never 

been documented. Females can often be seen with their cubs (Fig. 1.5), but that is the 

only temporary social unit found for the species. Scent-marking is considered an 

important means of intra-species communication (Almeida & Pereira 2017). However, 

the vocal repertoire of the species is currently being studied in more detail, and seems to 

be more complex than previously thought (S. Bettoni, personal communication), which 

might indicate that vocal communication is also important, despite their mostly solitary 

habits.  

 

 

Fig. 1.5: A female otter and her almost adult-sized cub (in the water) observed in the 

River Aquidauana, Pantanal, Brazil, 2014. (Photo: V.C. Fonseca da Silva) 
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Giant otters are highly social, and live in groups that can be formed by up to 16 

individuals (Duplaix et al. 2015), although smaller groups from 4 to 8 individuals are 

more commonly found. Previously, it was believed that groups were always made of a 

dominant breeding pair and their offspring, but recent findings by Ribas et al (2015) 

showed that this is not always the case, although individuals within the group are usually 

related. In addition, there are the so-called transient individuals, which do not belong to a 

group – they might be young dispersers who left their natal group, or adults that lost their 

mate (Carter & Rosas 1997). Groups of giant otters are very cohesive, performing most 

of their daily activities together (fishing, resting, territorial marking) (Leuchtenberger & 

Mourão 2008, Duplaix 1980) and sharing the same den. 

 

1.6 Central aims of the study 

 Anthropogenic pressures in Amazonia are continuously increasing the degree of 

threat to this biome and its biodiversity. This study, focused on conservation and 

population genetics, compared two mustelid species co-occurring in the Amazon basin – 

the Neotropical and the giant otter. These focal species are top-chain predators, key 

elements of the Amazonian aquatic ecosystem, and little is known about their genetic 

structure in this biome. Current threats have the potential to fragment otter populations, 

leading to loss of diversity and increasing the risk of local extinctions. These risks can be 

assessed by knowing the insularity and effective size of regional populations prior to 

fragmentation, and the pattern of connectivity among regions. Thus, assessing the present 

patterns of genetic diversity and population connectivity can provide a better 

understanding of the potential impacts, necessary mitigation measures and aids the 
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definition of regional task areas for otters and other aquatic vertebrates in order to 

promote conservation actions.  

Therefore, the main goal of this PhD thesis was to provide baseline information 

on the genetic structure and predictive habitat modelling of the two species in Central 

Amazonia, while addressing the role of sociality and the consequent evolutionary 

processes leading to genetic structuring and connectivity within and between natural 

populations occurring in the complex river landscape of the Amazon basin. 

Understanding possible roles of the riverine landscape in promoting or restricting gene 

flow is an important component of the study, as it involved a study area including several 

drainages and tributaries inter-crossed by major Amazon Basin rivers. For each putative 

population in each species, the goal was to assess genetic structure and diversity using 

high-resolution markers, and the role of sociality and habitat use as possible drivers of 

population structure.  

Additionally, I intended to test a novel set of nuclear genetic markers, which were 

developed for the two species in this study, validating their use in phylogenetic 

relationships reconstruction.  

In this context, I aimed to address the following specific hypotheses and 

questions. 

In Chapter 2, I present regional-scale species distribution models for both otters. 

My general hypothesis was that the modelled distribution of giant and Neotropical otters 

would show differences reflecting each species ecology and habitat preferences (see 

further discussion in Chapters 2 and 5).  

Predictions from distribution models, regarding river networks connectivity, 

would determine expectations on each species potential dispersal routes and barriers, and 
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its findings would be corroborated by genetic patterns (which are assessed in Chapters 3 

and 4).   

With respect to landscape factors, I aimed to verify if larger rivers could act as 

barriers, generating differentiation between sub-basins and restricting otters’ dispersal, or 

if populations would be structured simply as a consequence of isolation by distance 

(Chapter 3). Moreover, could any other environmental features promote or restrict gene 

flow? 

Second, concerning behavioural ecology factors, I expected that the Neotropical 

otter, a solitary species, would show an absent or weaker genetic structure at the spatial 

scale examined when compared to giant otters (Chapter 3). The former are social, group-

living species, with relatively short home ranges, and therefore more likely to show 

stronger spatial genetic structure. Moreover, concerning the likely strong impact of the 

fur trade on giant otter populations, a reduced genetic diversity could be expected for this 

species (Chapters 3 and 4). 

Finally, in Chapter 4, I selected and tested a set of nuclear markers designed in 

this study - extracted from moderately conserved regions in the giant and Neotropical 

otters’ genomes - to assess their potential use in phylogenetic studies within the order 

Carnivora. 
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Chapter 2 

Assessment of giant and Neotropical otters’ 

distribution patterns in central Amazonia 
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2.1 Introduction 

One of the fundamental bases for species conservation is the knowledge of their 

current patterns of geographic distribution and the environmental factors that likely drive 

such patterns. Such understanding is of high relevance in the context of global changes, 

as it can provide a way to project changes to biodiversity in response to future alterations 

(Urban et al. 2016). Modelling approaches, in particular species distribution models 

(SDMs), aim to quantify those species-environment relationships and predict the 

potential range of species or other taxa (Guisan & Thuiller 2005; Guisan et al. 2017).   

The recent advances in both computing tools and availability of high-resolution 

environmental data has allowed the development of robust modelling approaches with 

strong predictive capabilities, providing researchers and managers with valuable 

ecological insights (Elith and Leathwick 2009). Models generated can aid, among other 

things, in identifying priority areas for conservation by detecting the most suitable 

habitats within a region, assessing the connectivity between them (Clément et al. 2014) 

and identifying target areas for new field surveys and studies, for cryptic species in 

particular (Jackson & Robertson 2011). SDMs can also be used to address intra-specific 

questions, such as sexual segregation (Gomez & Cassini 2014) or sub-species niche 

similarity (Hernandéz-Romero et al. 2018). Predictions obtained by modelling can thus 

have important genetic implications, ranking and eliciting factors that might contribute to 

population structuring and gene flow.  

The process for obtaining SDMs is generally based on three core components: 

gathering data for the response variable of species occurrence and/or abundance and 
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explanatory environmental variables; the modelling approach, which can be based in 

different mathematical functions/algorithms; and model validation/assessment (Rushton 

et al. 2004).  

SDM approaches have been applied to several otter species worldwide (Barbosa 

et al. 2003, Sepulveda et al. 2009, Ali et al. 2010, Jeffress et al 2011, Cianfrani et al. 

2011;2013;2018, Carranza et al. 2012). The two most widespread otters in South 

America, the neotropical otter Lontra longicaudis and the giant otter Pteronura 

brasiliensis, were given contrasting different levels of attention regarding distribution 

and suitability models. Neotropical otters were the object of five studies involving 

modelling at different spatial scales (Cirelli & Sánchez-Cordero 2009, Santiago-Plata 

2013, Gomez et al. 2014, Rheingantz et al. 2014, Hernández-Romero et al. 2018), while 

there were no published studies specifically focused on the giant otter. It was only 

included in the research paper by Cianfrani et al. (2018), who modelled distributions of 

all otter species at a global scale. Still, this work focused on global vulnerability to future 

scenarios of climate change, and did not provide a detailed analysis of current patterns; 

furthermore, it had a rather limited occurrence dataset, which was in accordance with the 

aims of the study, but perhaps not ideal for more in-depth and species-specific analyses.  

Giant and Neotropical otters are sympatric over most of the former’s range, and 

are known to coexist in the same rivers, showing spatial overlap. In the Brazilian 

Pantanal, Muanis & Oliveira (2011) found that the giant otter had a narrower spatial 

niche, nested within the Neotropical otter’s, suggesting that the latter is a generalist 

species, associated to a more diverse array of features of the freshwater landscape. 

Overall, various findings indicate that the Neotropical otter tends to prefer wider and 

deeper watercourses (Muanis & Oliveira 2011, Roberts et al. 2016, Smith et al. 2020) 

frequently associated with the presence of deep pools (e.g., Carrillo-Rúbio & Lafón 
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2004, Roberts et al. 2016). The giant otter in general prefers streams and lakes with 

shallower waters and few suspended sediments (i.e., black or clear waters) (Duplaix et al. 

2015). 

Several authors have investigated factors that affect giant and Neotropical otter 

distribution or space use based on local-scale studies (e.g., Gori et al. 2003, Oliveira et al. 

2015, Roberts et al. 2016, García et al. 2017, Smith et al. 2020). While such 

microhabitat-focused approaches are undoubtedly useful to define priorities for 

conservation-oriented habitat management, macro-scale studies are likewise relevant in 

the context of landscape ecology and conservation genetics, for example for identifying 

potential corridors to allow long-term persistence of a species in a mosaic of areas 

(Morato et al. 2014). Moreover, increasing accessibility to fine-resolution global scale 

datasets makes macro ecology studies a cost-effective tool, allowing researchers to work 

with species occurrence data that are already available, with no need of gathering 

microhabitat data, which require more field effort and can be logistically complex and 

expensive, especially for wide-ranging species (Rheingantz et al. 2014, Ficetola et al. 

2018). Distributional studies at regional scales are equally relevant, particularly to assess 

connectivity between populations or sub-populations (Morato et al. 2014). 

 Among previous studies modelling potential distribution of Neotropical otters, 

three were performed at regional scales, specifically in Mexico, Costa Rica and 

Argentina (Cirelli & Sánchez-Cordero 2009, Santiago-Plata 2013, Gomez et al. 2014). 

Rheingantz et al. (2014) considered the full geographic range of the species, aiming to 

identify priority areas for research and update the IUCN conservation status - which, at 

the time of publication, was considered Data Deficient (DD). Finally, Hernández-

Romero et al. (2018) modelled distribution separately for the three subspecies (L.l. 

longicaudis, annectens and enudris) over their whole presumed ranges, to assess niche 
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similarities. In their continental level model Rheingantz et al. (2014) found that 

Amazonia had most of the higher suitability areas for Neotropical otters across its whole 

range. Yet, no studies to date assessed or modelled distribution of either species in 

regional scales in the Amazonian region.  

Modelling the distribution of freshwater species, including semiaquatic mammals, 

such as otters, which are highly associated with watercourses, holds specific challenges. 

Particularities of streams and rivers, such as linearity, directionality and heterogeneity, in 

fact, make lotic habitats fundamentally different from terrestrial or marine habitats 

(Domisch et al. 2015, Quaglietta et al. 2018), not to mention the rivers flood pulse (Junk 

et al. 1989), which in Amazonia can have an intra-annual variation of up to 10 m (Irion et 

al. 1997). Until recently, the scarcity of adequate freshwater-specific data was a 

limitation for SDM studies performed in this realm; Domisch et al. (2015b), for instance, 

have provided a near-global freshwater dataset of abiotic factors at 1-km resolution to 

lessen the issue, which can improve robustness of such studies.  

  

2.2 Objectives 

The main goal of this chapter was to assess Neotropical and giant otter potential 

distribution in a central area of Amazonia rainforest through a SDM approach, focused 

on river networks and freshwater-specific environmental variables.  

Considering that the two species are reported to show somewhat different habitat 

preferences, SDMs are expected to reflect such patterns if the data provided is sufficient 

in representing their distribution. The specific objectives of this study were, therefore, to 

identify environmental factors influencing the potential distribution of the two otter 

species; compare predictions for both species; evaluate overall patterns of connectivity 
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between suitable areas; assess the overlap in suitable habitat for both species; and 

estimate the proportion of suitable habitat in protected areas. Such findings are of great 

relevance, providing more background information for management and further research, 

including conservation genetics. 

 

2.3 Methods 

2.3.1 Study Area and Species Occurrence Datasets 

The study area is located in northern Brazil, in the Amazonian Rainforest, 

between longitudes 5° 18’ N - 11° 30’S and latitudes 68° 18’ – 49° 18’ W. Distribution 

model analyses were performed in an area delimited according to minor tributary basins 

level 3 (Venticinque et al. 2016; see Fig. 2.1), where species presence data was available 

both from fieldwork (this study) and literature records. Records from both kinds of 

sources include a mix of direct observations of the species or their typical indirect signs 

of presence (scats, dens, latrines and campsites – see Groenendjik et al. 2005).  

In the present study field data collection, seven main locations in the 

central/western portion of Brazilian Amazon were visited – these were located in the 

states of Amazonas, Roraima and Pará (Fig. 2.1). The sampling scheme was planned in 

order to take into account separation of main drainages and different sub-basin. Four sites 

are located on northern (left bank) tributaries of the Negro and the Amazon River, one on 

a southern (right bank) tributary of the Amazon and two in the interfluve between Negro 

and Amazon. Criteria for the selection of sampling sites also included available 

infrastructure and/or logistic facilities. The climate in the whole area is wet equatorial 

(Af, according to Köppen classification), and water bodies are subject to an annual flood 

pulse leading to variations in water level between dry and wet seasons. Both the flood 



 
 

43 
 

pulse and the dry/wet seasons vary over the different Amazonian sub-basins. In general, 

otter surveys and censuses (for monitoring population trends) are recommended to be 

performed in the peak of the dry season (Groenendijk et al. 2005), as otters are more 

restricted to permanent water bodies, which facilitates the observation and individual 

counting of animals. But for general detection purposes, which can include direct as well 

as indirect records of species (such as vocalizations and recent signs of use in latrines and 

dens), fieldwork can be performed in any season - although of course heavy rains (which 

can happen at any time, even on dry season) can negatively affect the observation 

probability - in which case, fieldwork is usually avoided in such days.  

Viruá National Park (VNP), declared a Ramsar site in 2017, was the northernmost 

sampling location visited in this study, at the Brazilian state of Roraima. It is dominated 

by white-sand forests (campinas and campinaranas) with interspersed lowland forests 

(terra firme), along with seasonally flooded igapó forests (Laranjeiras et al. 2014). The 

peak of the rainy season spans from May to July, while the dry season takes place from 

December to April (Laranjeiras et al. 2014). This site was visited in January of 2018, and 

the total surveyed extent was approximately 85 km, including the rivers Anaúa and Viruá 

and a short stretch of Branco River, a major tributary of the Negro River (Appendix 2.1). 

A planned hydroelectric power plant (UHE Bem Querer), which would be situated only 

30km upstream from the park, potentially threatens this area; but so far, its construction 

has not been authorized.  
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Figure 2.1: Satellite image showing main fieldwork study sites (marked with orange 

stars), protected areas (hashed in black) and level 3 tributary limits (outlined in blue). Source of 

the basemap: Esri World Imagery. 

 

Xixuaú/Jauaperi (Xix) is an area located within the recently created Jauaperi 

Extractivist Reserve (Resex) at the middle course of the black water river with the same 

name, which is another northern tributary of Negro River. This area included the Xixuaú 

stream, part of Jauaperi River and several oxbow lakes, totalling an extension of about 60 

km (Appendix 2.2). This area was visited twice (February 2016 and February 2018), both 

during the dry period - which usually occurs from October to February.  

East of Xixuaú, there is the Balbina site (Bal), that is partially within the limits of 

Uatumã Biological Reserve (Appendix 2.3). This sampling area included the Balbina 

Lake, which is as reservoir created by the damming of Uatumã River in 1987; and the 

Pitinga River, a tributary of the former. Balbina Lake has more than 3000 islands 

(formed by higher lands that were submerged), and giant otters show an intense use of 
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these islands’ shorelines for building dens and campsites (Rosas et al. 2007, Palmeirim et 

al. 2014). Rainfall is concentrated mostly between December and May, and the dry 

season is between June and November (Kemenes et al. 2011). The dam has affected the 

flood pulse in the area, but a seasonal variation of around 3.5m still takes place annually 

(Rosas et al. 2007).  Balbina was surveyed twice for this study, in December 2016 (at the 

end of the dry season); and between February-March 2017 during the wet season. 

The Jaú National Park area (Jaú hereafter) includes stretches of the black water 

rivers Jaú, Carabinani and Unini, southern tributaries of the lower Negro River 

(Appendix 2.4). The national park is one of the world’s largest protected forests and, 

together with three other protected areas (Anavilhanas National Park, Amanã and 

Mamirauá Sustainable Development Reserves), forms the Central Amazon Conservation 

Complex, recognised as World Heritage Site by Unesco. The vegetation is well 

preserved, being dominated by terra firme forests but also including campinaranas and 

igapó forests. There, the rainy season occurs from December to May, with an average 

rainfall of 1750-2500 mm; and the dry season extends from June until September (FVA, 

1998). The fieldwork in Jaú occurred in December 2017, at the beginning of the rain 

season. The total survey extension was approximately 100km.  

Amanã (Ama) area includes the lake of the same name and its associated 

tributaries within the Amanã Sustainable Development Reserve, which is flanked by 

Negro and Japurá sub-basins. The lake is formed by black waters rich in humic acids, but 

has influence from a white-water system (Japurá River, connected to Amanã through its 

upstream tributary Joacaca); still, most of its tributaries are black water streams (personal 

observation). During the rainy season, at least one of Amanã Lake’s tributaries, the Baré 

stream, is seasonally connected to the Negro River Basin (Appendix 2.5). The flood 

pulse in the Lake is more influenced by the pulse in the Japurá/Amazon river basins, 
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while its tributary streams show more variation being also highly influence by local 

rainfall (see Carvalho et al. 2007), although they overall conform to the same pattern. 

From June to October is usually dry, while from December to May the wet season 

occurs, with a peak in precipitation usually during May (personal observations). 

Fieldwork in Amanã was performed in January/February 2017 and again on November 

2017.  

The Abufari (Abu) site is situated on the middle Purus river basin, and is named 

as such for being mostly within the Abufari Biological Reserve, Amazonas state. The 

Purus is a major white-water tributary at the southern (right) margin of the Amazon 

River, and is also one of the most meandering waterways in the region, favouring the 

formation of numerous secondary channels and oxbow lakes. This was the only study site 

with predominance of white water, that is rich in suspended sediments. Precipitation in 

Abufari is more concentrated from November until June, and dry season ranges between 

June and October (Silva et al. 2010). The area was surveyed in September 2017, totalling 

around 160km (Appendix 2.6).  

Finally, Trombetas (Trom) study site is located within the Trombetas Biological 

Reserve in the state of Pará and it includes the Trombetas River and the Erepecú, plus 

minor lakes and tributaries associated to both. Trombetas is a clear water river and a 

northern (left margin) tributary of the Amazon. Most rain in the area falls from January 

to May, and the driest period is from mid-July to December (Leão et al. 2019). The total 

extent surveyed in watercourses and lakes was close to 170 km during the fieldwork 

campaign in October 2017 (Appendix 2.7). 

Concerning the modelling extent, the sub-basins selected for each species differed 

slightly, due to a different spatial distribution of occurrence data in literature records. The 
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reason for this choice is that using areas much larger than the range of occurrence points 

available can cause over-fitting of the models. Restricting the area analysed is known to 

improve model performance (Acevedo et al. 2012). Hence, the external contours were 

chosen parsimoniously according to the data available for each species in each tributary 

basin considering both field records and literature sources. Still, the spatial range of the 

analysis is very similar for both otters (within the same range of geographic coordinates) 

and most of their analysed areas are overlapped, allowing for comparisons regarding the 

suitability of habitats and importance of different environmental variables. 

Besides the location records registered by the author for this study, additional data 

for Neotropical otter was obtained from: Santos et al. (2007), Rheingantz et al. (2014), 

Andrade et al. (2019), and data sourced from iNaturalist (2020). For giant otter, 

additional data was available from Siciliano et al. (2008), Tirelli (2010), Rosas-Ribeiro et 

al. (2012) (inferred coordinates), Colodetti (2014), Pacca et al. (2016), Pimenta (2016) 

(inferred coordinates), Prist et al. (2017) and Coelho et al. (personal communication).  

Spatial bias caused by differences in sampling effort or data availability, which is 

common over large study areas, can lead to a significant environmental bias, over-

representing the features present in locations where more occurrence points are available 

(Phillips et al. 2009, Kramer-Schadt et al. 2013). To take such sampling bias into account 

in the present analyses, two correction measures were taken: spatial filtering and 

background manipulation. Redundant presence points were eliminated in a filtering 

process using the gridSample function from R package dismo (Hijmans et al. 2017). 

After this selection, 56 (ou of 223) and 120 (out of 411) occurrence points were retained 

to generate SDMs for neotropical and giant otters respectively. The use of a sampling 

bias grid that represents the uneven sampling efforts is also recommended; in order to 

generate such grids for each species, the function sp.kde from the R package spatialEco 
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(Evans 2020) was used to perform a Gaussian 2-dimensional Kernel density estimation 

with the occurrence points. The results were transformed into a raster spatial layer and 

converted to ascii format, and this file was used in Maxent so the program could take into 

account this bias for drawing the random background points. To assess the effect of 

sampling bias grid in the analyses, models were generated with and without it for 

posterior comparison. 

2.3.2 Modelling  

The Java-based software MaxEnt (v. 3.4.1 – Phillips et al. 2017) was employed as 

the modelling algorithm, as it is widely used in ecological studies (e.g., Ready et al. 

2010, Jackson & Robertson 2011, Morato et al. 2014, Eriksson & Dalerum 2018, Braun 

et al. 2019, Alfaya et al. 2019, Freeman et al. 2019) and requires presence-only data. 

MaxEnt estimates the potential distribution of a species by maximum entropy, generating 

a probability distribution over the pixels in a grid of the study area. The models were 

generated by bootstrapping; a random test percentage of 30% was used for Neotropical 

otter and 40% for giant otter (due to the larger sample size of the latter), and main 

settings were as following for both species: Cloglog output, auto feature selection, 5000 

iterations, maximum 5000 background points, 10 replicates and convergence threshold 

1E-5. A Jackknife approach was used to measure the contribution and importance of each 

variable.  

Model performance was assessed by a combination of two metrics: the area under 

the curve (AUC) of the receiver operating characteristic (ROC) (Fielding and Bell 1997) 

and the True Skill Statistics (TSS) (Allouche et al. 2006).  AUC is a threshold 

independent metric that is commonly used to evaluate SDMs (Merckx et al. 2011). When 

working with presence-only data, as in the present study, the maximum achievable value 
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of AUC is always less than 1, since the metric is dependent on the area covered by the 

species (Wiley et al. 2003), being exactly 1 - a/2 (where a is the fraction of the area 

corresponding to the species distribution). If AUC ≤ 0.5, it means the model generated is 

no different from random. TSS, on the other hand, is a threshold-dependent metric; it 

takes both omission and commission errors of the model into account. It is calculated as: 

TSS = 
𝑎𝑑−𝑏𝑐

(𝑎+𝑐)(𝑏+𝑑)
 

Where: 𝑎 is the number of true (test) presence pixels, 𝑏 of background presence pixels, 𝑐 

of background absence pixels, and 𝑑 of test absence pixels. Its values may range between 

-1 and 1, where values equal to or below zero indicate a model performance no better 

than random and values closer to 1 mean better performance (with 1 indicating perfect 

agreement) (Allouche et al. 2006). The 10th percentile training presence was used as the 

presence threshold for calculation as it provided the best accurate model for both species 

based on TSS (see Results). This threshold is less conservative, and has been used in 

other studies with mammals (e.g., Brito et al. 2009, Escalante et al. 2013, Morato et al. 

2014). It considers the probability at which 10% of the training presence records are 

omitted from suitable areas.  

 In order to assess the effect of bias grids in model performances, maps were 

generated for visual comparison. In addition, averages of two metrics generated by 

Maxent, AUC (detailed previously) and training presence test omission (which quantifies 

errors of type II in the models, i.e., the rate of real occurrences inside areas predicted as 

unsuitable by the model), were compared using paired t-tests.   

 Final suitability maps were generated by first reclassifying the average model 

raster layers outputted by Maxent into binary maps of suitable/unsuitable habitats. The 
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binary maps were generated using the 10th percentile training presence thresholds for 

each species. This threshold was chosen because it provided a more realistic 

distributional area when compared to other thresholds estimated by Maxent (data not 

shown), considering knowledge on the ecology and natural history of the species (Norris, 

2014). Suitable pixels of this map have the value of one, while unsuitable are equal to 

zero.  The binary maps were then multiplied by the original rasters to create the final 

maps; this way, suitable pixels from the previous binary map will have re-scaled values 

of suitability. To estimate the proportion of suitable habitats within protected areas, the 

Zonal statistics tool in QGIS v.3.12 was used (QGIS Development Team, 2020).   

2.3.3 Environmental Data 

Biogeochemical, topographic, edaphic, hydrological and climatic predictors were 

chosen considering their ecological relevance to the species (Table 1). With the exception 

of Net Primary Productivity (NPP), Density of human settlements and Walsh Index, the 

remaining predictors were obtained from the freshwater-specific raster database by 

Domisch et al. (2015b), clipped to the defined study area. This database was defined 

along the global 1km HydroSHEDS river network (www.hydrosheds.org). In this way, 

distribution was modelled considering only the watercourses. The layer describing 

density of human settlements was created through a kernel density estimate of point 

locations of riverine and rural settlements, using the R package spatialEco (Evans 2020). 

The NPP dataset (Running et al. 2015) was downloaded from the MODIS sensor 

MOD17 database (https://www.ntsg.umt.edu/), and the Walsh Index from the public 

repository Ambdata (https://www.dpi.inpe.br/Ambdata); both were clipped to the study 

area using the river network from the previously described steps.  

http://www.hydrosheds.org/
https://www.ntsg.umt.edu/
https://www.dpi.inpe.br/Ambdata
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Flow accumulation and drainage density are important hydrological attributes, 

included in light of the strong dependence of otters on watercourses (Kruuk 2006). The 

former translates for water draining to each cell in a spatial grid, and can serve as a 

surrogate for drainage area, while the latter describes the density of drainage length per 

area.  

Giant otters excavate and build their own dens in riverbanks; therefore, soil 

attributes might play a role in the species habitat preferences. Neotropical otter 

occurrence has been positively related to the presence of rock formations and sandbanks 

in a river in the eastern Brazilian Amazonia (Andrade et al. 2019).  Two edaphic 

variables were then included in the analyses to evaluate their potential predictive power 

and importance for each species (upstream averages of soil clay content and coarse 

fragments). Furthermore, such variables could also have effects on prey species or 

vegetation cover that in turn can influence otter’s distribution.  

The Walsh index of perhumidity (Walsh 1996) can integrate the influence of both 

dry and wet season precipitation patterns. Higher values of the index are usually 

characteristic of areas where the wet season is long and intense enough to “buffer” the 

effects of drier months, while values at the lower spectrum of the index are typical of 

drier areas with little rainfall. Since such seasonal changes are known to influence space 

use and habits in otter species (Utreras et al. 2005, Leuchtenberger et al. 2015, Quaglietta 

et al. 2018), this index was as considered a relevant predictor for the model. 

Maxent requires all input predictor data to be in the same projection, spatial 

resolution and extent. Since two variables were obtained from different sources (NPP and 

Walsh index), a layer of watercourses was created with all pixel values equal to the same 

value (1) to be used as a template. NPP and Walsh Index layers were then multiplied by 
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this template using the raster calculator in QGIS v. 3.12 (QGIS Development Team, 

2020), so the final resulting layers would overlap with the other ones, while keeping their 

original pixel values. Finally, all data was re-projected to the same coordinate system 

(WGS 84) and to the same extent and resolution (30-arc seconds - approximately 

1 kilometer) in R, and converted to ascii format as needed for Maxent (R packages used: 

raster, rgdal, sf, tidyverse, rgeos and fasterize – Hijman 2020, Bivand et al. 2019, 

Pebesma 2018, Wickham et al. 2019, Bivand et al. 2017, Ross 2005). All environmental 

layers were tested for correlation using the module r.covar implemented in QGIS v.3.12 

processing toolbox (QGIS Development Team, 2020) , in order to assess the need to 

exclude any variables showing high correlation coefficients. 

Table 2.1: Environmental predictors used in the SDMs. †Number of upstream catchment grid 

cells 

 

Variable Type Unity Source 

Average annual Net Primary 

Productivity (2000-2015) 

Biogeochemical C/m² Running et al. 2015 

Upstream average of Coarse  

fragments (> 2 mm fraction) 

Edaphic % Domisch et al. 2015b, Hengl et al. 2014 

Upstream average of clay 

content mass fraction 

Edaphic % Domisch et al. 2015b, Hengl et al. 2014 

Tree Cover Land cover % Domisch et al. 2015b, Tuanmu et al. 

2014 

Regularly Flooded 

Vegetation   

Land cover % Domisch et al. 2015b, Tuanmu et al. 

2014 

Flow accumulation Hydrological Count† Domisch et al. 2015b, Lehner et al. 2008 

Drainage Density Hydrological N/A Ximenes (2008), derived from SRTM 

(Shuttle Radar Topographic Mission) 

data 

Average Slope Topographic degrees * 

100   

Domisch et al. 2015b, Lehner et al. 2008 

Walsh Index Climatic N/A Amaral et al. 2013 

Kernel Density of Human 

Settlements  

Anthropogenic N/A Instituto Brasileiro de Geografia e 

Estatística (www.ibge.gov.br) 

 

 

 

 



 
 

53 
 

2.4 Results 

None of the environmental variables used presented significant covariance 

between them, so all were kept in the analyses. The resulting receiver operating 

characteristic (ROC) curve for both species (Fig. 2.2) shows that models can confidently 

forecast sites at which the species are present or not, since the curve is mainly closer to 

the vertical axis meaning that true positive rates are more frequent than expected by 

chance. The average test AUC (area under the curve) values obtained were 0.82 ± 0.036 

and 0.75 ± 0.058 for giant and Neotropical otter respectively. AUC values close to 0.5 

indicate that model predictions are similar to random; here, both values were > 0.7, 

indicating a good predictive accuracy. The TSS average values were 0.51 ± 0.05 and 0.48 

± 0.09 for giant and Neotropical otters, which also indicates that models were accurate, 

performing better than random predictions.   

Maps illustrating the species potential distribution were generated using the 10 

percent training thresholds obtained in Maxent (which were equal to 0.48 for giant and 

0.40 for Neotropical otter) (Figs. 2.3 and 2.4).  The maps indicate an overall low 

suitability for both species on smaller (1st-3rd order) streams, but giant otter potential 

distribution differs from that for the Neotropical otter (Figs. 2.3, 2.4 and 2.5), as the latter 

has shown a more restricted range than the former. Giant otters seem more likely to occur 

in medium order tributaries and in lakes and their associated streams, showing more 

continuity of suitable areas. Neotropical otters, instead, show a rather fragmented 

distribution of suitable habitats, which nonetheless includes both main channels of rivers 

and minor tributaries as well as higher orders rivers, such as the Amazon (Figure 2.5). 

Notably, most of the Neotropical otter’s estimated distribution is included within the 

giant otter’s suitable range, indicating their overlap. 
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Visually, it can be noted that the total area of predicted distribution is 

substantially reduced when bias grids are not incorporated in the models, especially for 

giant otters (Figure 2.6). Considering the quantitative comparison between models with 

vs. without a bias grid, the average test AUC for both species was significantly higher 

without it according to t-test results; and, although average test omission rates were 

slightly higher in models without the bias grid, this difference was not significant across 

model iterations for neither species (Table 2.2). 

 

 

Table 2.2: Average Test AUC and Omission for models generated with and without bias 

grids and t-test results. 

  With Bias Grid Without Bias Grid t p 

Average Test 

AUC 

 

Giant 0.82 0.87 -4.95 0.000 

Neotropical 0.75 0.83 2.95 0.0085 

Average Test 

Omission 

Giant 0.17 0.16 1.11 0.283 

Neotropical 0.26 0.25 -0.39 0.69 
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Figure 2.2: Sensitivity vs. specificity (ROC curve) for giant otter (top) and Neotropical otter 

(bottom). 
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If percent contribution is considered, flow accumulation was considerably more 

important for the giant otter than all other variables; on the other hand, looking at 

permutation importance, the difference between flow accumulation and other variables is 

not so striking (Tables 2.3 and 2.4). For Neotropical otter, drainage density had a higher 

percent of contribution, while coarse soil fragments ranked first in permutation 

importance; interestingly, the same variable was also distinctively up ranked for giant 

otter, being the third most important variable according to this metric (Tables 2.3 and 

2.4). 

Jackknife test results aid in identifying the variables with strongest individual 

effects, and the histograms (Fig. 2.7) illustrate the effects of removing variables one at a 

time and of using each one on its own. For the giant otter, flow accumulation stood out as 

being the variable with most predictive power on the distribution of both test (Fig.  2.7 a, 

c) and training (Fig. 2.7 b) data. If this variable was used on its own, the model could still 

reach an acceptable AUC value (> 0.7). Regularized training and test gain, though, would 

likely be lower if only flow accumulation was used, suggesting that the whole set of 

variables together do play a relevant role in the overall accuracy of the model. For the 

Neotropical otter, drainage density showed a high effect on model predictions for test and 

training data. But again, using only this variable as a single predictor would mean a 

considerable loss in gain, especially on the training dataset (Fig. 2.7 d). It is also worth 

noting that removing some variables could slightly increase model performance, such as 

NPP and Slope. NPP was indeed ranked much lower when considering its permutation 

importance, although its percentage of contribution was higher (Table 2.3). 

Finally, response curves can give additional insight as they show how the 

predicted probability of presence changes as each environmental variable is varied 

(Phillips, 2017). Normally, it is recommended to interpret curves created using only a 
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single variable for each model. Figures 2.8 and 2.9 show the response curves of the most 

relevant predictors for each species (considering the results described above), illustrating 

the dependence of the models’ predicted suitability on each variable and on dependencies 

induced by correlations between the selected variable and other variables obtained by the 

models generated with the whole set of variables. Responses to the main predictors in 

both species show an overall noteworthy variation. Giant otter modelled distribution had 

a similar response curve shape to Flow accumulation, Coarse soil fragments and density 

of human settlements: a sharp increase in the beginning of the curve giving a brief 

positive response for lower values of the variables, followed by a negative response. The 

overall trend of the response to Tree cover was positive. Neotropical otter model, in 

contrast, showed a positive trend in the response to the variable Density of human 

settlements until a certain threshold, where the response becomes neutral.  

Finally, regarding the proportion of predicted distributions that is included within 

protected areas, figures were similar for the two species: Neotropical otters had 29.9% of   

their suitable habitat inside protected areas, while for giants this estimate was 25.1%.
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Figure 2.3: Giant otter suitability map based on the 10 percent training Cloglog threshold.
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Figure 2.4: Neotropical otter suitability map based on the 10 percent training Cloglog threshold
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Figure 2.5: Two zoomed areas of suitability maps showing Neotropical (in yellow) and giant otter (in 

navy) suitable habitats. Transparency was used on Neotropical otter’s symbology in order to better 

visualize the overlap between them. On top, an area including a stretch of the Amazon river (highlighted 

in red) and on the bottom, an area including the Jaú, Carabinani, Unini and part of Negro rivers. 
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Figure 2.6: Binary maps of suitability generated with (maps on left) and without (maps 

on right) bias grids for Giant and Neotropical Otters. Areas in red correspond to suitable habitat. 
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Table 2.3: Percent of contribution and permutation for each predictor for the giant otter model. 

 

Variable Percent contribution Permutation importance (%) 

Flow accumulation 63.6 28.8 
Settlements 6.7 18 
Tree cover 5.5 9.1 
Slope 5.3 4.5 
Walsh Index 4.2 11.5 
Coarse fragments 3.4 15.4 
Drainage density 3.3 2.2 
NPP 3 3.6 
Regularly flooded vegetation 3 4.3 
Clay content 2 2.6 

 

 
Table 2.4: Percent of contribution and permutation for each predictor for the Neotropical otter 

model. 

 

Variable Percent contribution Permutation importance (%) 

Drainage density 28.5 17.7 
Flow accumulation 22.7 14.5 
Settlements 14.4 16.1 
NPP 8.1 3 
Slope 5.9 7.2 
Coarse fragments 5.5 24.3 
Walsh Index 4.9 6.8 
Regularly flooded vegetation 3.9 2.5 
Tree cover 3.5 3.9 
Clay content 2.7 4 
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Figure 2.7: Jackknife plots for: AUC on test data (a,b); training gain (c,d); and test gain (e,f). Light blue bars show effects on the metric when the variable is removed, and darker blue bars show 

the effect when the variable is the only one used. Red bars correspond to AUC values of the model using all variables.  Pb=giant otter and Ll = Neotropical otter.

a b 

c d 

e f 



 
 

64 
 

 

 

 

 

 

Figure 2.8: Mean response curves of the effect of explanatory variables on the giant otter habitat 

suitability model predictions across 10 iterations.  
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a    

Figure 2.9: Mean response curves for the effect of variables on the Neotropical otter model 

predictions for habitat suitability across 10 iterations.  
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2.5 Discussion 

 In this study, potential distribution models based on habitat suitability were built 

for giant and Neotropical otters at a regional scale in central Amazonia, Brazil. This was 

an unprecedented approach of fine-scale modelling for the species, and such resolution 

can better aid or improve the prediction and identification of potential key management 

areas (Jiménez-Alfaro et al. 2012, Valerio et al. 2020).  

The models generated here could accurately predict species potential distribution 

in the study area, as indicated by AUC and TSS values. Differences observed in SDMs 

generated with and without the incorporation of a bias grid highlight the importance of 

such approach. When occurrence data is biased and clustered in certain areas, it might 

cause spatial autocorrelation and erroneous identification of suitable habitats (Cordeiro et 

al. 2016). By default, Maxent draws random background locations from the whole spatial 

range, and applying a bias grid makes the algorithm down-weight areas with a higher 

clustering of presence points. In this study, not applying a bias grid has greatly reduced 

the extent of suitable areas in SDMs excluding several main river basins, and suitable 

areas were in fact concentrated around the higher densities of occurrences. AUC values, 

on the other hand, were higher when not accounting for bias; the same was reported in 

other studies (e.g., Syfert et al. 2013, Fourcade et al. 2014). Despite such apparent 

reductions in model performance, Kramer-Schadt et al. (2013) point out the importance 

of account for sampling bias by both spatial filtering and the use of bias layers. More 

importantly, considering the general knowledge we have on the species currently, the 

potential distribution maps generated by the non-bias approach are unrealistic, even 

though there was no significant difference in the omission rates between both 

approaches. This emphasizes the importance of considering expert opinion and species 
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characteristics when evaluating model results, as in Norris (2014). An external validation 

of the models, using independent data, would hence be useful to clarify the differences 

found and estimate omission rates more confidently.  

The overall estimated distributions were spread over most of the area within the 

defined limits for each species, indicating that central Brazilian Amazonia does provide a 

large adequate environment for the two species of otters. Indeed, the Amazon Basin is 

thought of as the best opportunity for conservation of Neotropical otters, due to the 

diverse mosaic of protected areas and indigenous territories (Rheingantz et al. 2018). 

Amazonia is where most large and stable populations of giant otters are concentrated as 

well (Carter & Rosas 1997, Kruuk 2006, Leuchtenberger et al. 2018), with some still in 

recovery, expansion or reoccupation after local extinctions caused by last century’s fur 

trade (Recharte & Bodmer 2009, Lima et al. 2014, Pimenta et al. 2018). 

The maps produced were in line with initial hypothesis concerning the diverse 

habitat preferences of the two species. Their suitability maps presented different patterns 

at a finer scale, which are in agreement with the general patterns described in the 

literature: giant otters are more likely to occupy narrower streams, lakes and their 

associated habitats (e.g., Pimenta et al. 2018) whereas Neotropical otters tend to select 

wider and deeper water bodies (e.g. Muanis & Oliveira 2011).  

The maps show, indeed, that most creeks deemed suitable for giant otters were 

not incorporated in the Neotropical otter distribution model. The present results have, 

although, one main contrasting point when compared to Muanis & Oliveira’s (2011) 

findings: these authors concluded that, in the Brazilian Pantanal, Neotropical otters were 

more generalist in relation to habitat features, and the ecological space used by giant 

otters was smaller and included in Neotropical otters’. Here, in contrast, the SDMs 
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suggest an opposite trend for Amazonia. But animals can, indeed, show major 

differences in habitat selection over distinct areas, as shown by Crosby et al. (2019) in a 

study with boreal songbirds.  

It is a consensus among giant otter researchers that these animals show seasonal 

differences in their ranging behaviour. According to Duplaix (1980), in Suriname giant 

otters move seasonally (during rainy months) to smaller streams. In Amanã, the same 

happens: when streams flood and most banks are submerged, giant otters are mainly 

found at terra-firme creeks and surrounding flooded areas (which are very shallow or 

nearly dry during dry season) (personal observations). These creeks are located in more 

elevated areas of the forest, where giant otters can find higher banks for setting their 

dens. Utreras et al. (2005) estimated giant otter wet season home ranges to be between 4 

and 13 times greater than that of dry season in the Ecuadorian Amazon, and 

Leuchtenberger et al. (2013) obtained similar findings in the Brazilian Pantanal.  

It is not clear what interplay of factors drive these seasonal movements, as they 

could also be related to food availability, since most fish also concentrate in the flooded 

forest during the high-water periods (Goulding 1993, Carvalho et al. 2007). Still, 

considering the distinguished response of giant otters to flood pulse variations, it is 

possible that this species has a stronger land-dependence when compared to Neotropical 

otters. Although there is virtually no information concerning Neotropical otter space use 

in the Amazon, occasional observations reported in the literature may indicate a more 

flexible behaviour, as they can use the top of submerged trees as shelters during the flood 

(Santos et al. 2007) and are also able to climb tall trees (Silva & Quintela 2010). So 

perhaps, during the flood season, Neotropical otters could seek additional opportunities 

of refuge in the canopy of submerged trees, reducing thus their need to expand or shift 
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home ranges like giant otters do. That would be a possible explanation for the more 

restricted predicted distribution of the former.  

The species also responded differently to the environmental predictors used in the 

modelling approach, which was likewise expected if one considers their dissimilar 

habitat selection patterns reported in the literature, cited above. The stronger predictors in 

terms of AUC contribution for the two otters were both hydrological variables, flow 

accumulation (for giant) and drainage density (for Neotropical), in line with their semi-

aquatic life-styles. Pimenta et al. (2018) compared the influence of environmental 

features in giant otter habitat selection at local and landscape scales, and their findings 

stressed the importance of the presence of small and connected water bodies for the 

species.  

A diverse response of the two species was observed to flow accumulation (the 

amount of drained water to each map pixel), though. For the same range of accumulation 

values, giant otters had lower suitability, while Neotropical otters had an almost constant 

response of high suitability. This result could be explained by Neotropical otter’s 

reported preference for deeper rivers and/or courses with abundant pools (Carrillo-Rúbio 

& Lafón 2004, Muanis & Oliveira 2011); and also, by the fact that the whole main course 

of the Amazon River (which has the highest values of flow accumulation of the whole 

basin) was predicted as suitable habitat for Neotropical otters - but not for giant otters. 

The Amazon is a white-water river, with a high level of sediments in suspension and 

little transparency. Giant otters, conversely, prefer black and clear water rivers with 

higher transparency, owing to their visually oriented foraging strategies (Duplaix 1980, 

Duplaix et al. 2015). This does not mean they do not occur in areas with predominance of 

white-water, but their space use may be differentiated in those habitats. In Peru, for 

instance, there is a well-studied giant otter population in Manú, a white-water river; 
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however, the core of otter group territories is not the river itself, but black water oxbow 

lakes where they spend most of the time, while the river is mainly used as a linking route 

(Groenendjik et al. 2014). The same probably happens in one of the areas surveyed in 

this study, the Abufari Biological Reserve, located in the middle course of the Purus 

River, which is also white-water. All giant otter occurrences registered in this area were 

in oxbow lakes and their associated streams, not in the main river.  

Giant otter’s suitability response to tree cover and settlement density further 

corroborates described habitat preferences of this species for undisturbed water bodies 

with high-quality vegetation cover (Duplaix 1980, Duplaix et al. 2015). In previous 

studies, human activity has been found to significantly decrease the chances of sighting 

giant otter groups and signs, suggesting that anthropogenic disturbances indeed can play 

a role in affecting giant otter occurrence (Oliveira et al. 2015). Taken together, these 

findings are in agreement with the discrete negative trend observed in the response of 

giant otter suitability to human settlements. This is especially relevant considering the 

low proportion (25%) of giant otter suitable habitat that is within protected areas (where 

settlements are reduced or totally absent, depending on the official category of each 

natural reserve) 

In contrast, Neotropical otter suitability had an overall positive association with 

human settlements, contrary to findings by Gomez et al. (2014) and Rheingantz et al. 

(2014), who observed a decrease in habitat suitability values with increasing human 

density. Nonetheless, Rheingantz et al. 2014 acknowledge the fact that, even in human-

dense areas, suitability values were high for the species. It is also worth noting that the 

study area limits in Gomez et al. (2014) were already within a populated region, which 

included the suburbs of Buenos Aires city in Argentina. Likewise, Rheingantz et al. 

(2014) studied the whole distribution range of the species, which include areas of high 
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human density, such as the southeast of Brazil (where the São Paulo-Rio de Janeiro  

megalopolis is). The present study area, on the other hand, has the lowest demographic 

densities in Brazil (an average of 3.7 inhabitants/km² - https://cidades.ibge.gov.br/). In a 

study area within the present SDM limits, Andrade et al. (2019) detected that, at the 

microhabitat scale, Neotropical otter presence was positively associated with the 

presence of fishing gear and boats, suggesting that fish trapped in gears may attract 

otters. Personal observations of the species in areas concomitant with the presence of 

sport anglers and intense boat traffic in the ecotone of Pantanal and Cerrado biomes 

(Central Brazil) also suggest that this species is less likely to be affected by this kind of 

human disturbance. More studies on anthropogenic influence in different biomes where 

Neotropical otters occur are needed, in order to better clarify this important topic.  

Regarding climatic factors, Neotropical otters had a neutral response to the only 

climate-related variable used in the modelling approach, Walsh’s perhumidity index. 

Giant otter suitability, in turn, was mostly positive correlated to this index. Lower values 

of perhumidity reflect more intense dry seasons, suggesting that giant otters could be 

more sensitive to seasonal variations in rainfall and water level than Neotropical otters. 

This is in accordance with the findings of Cianfrani et al. (2018), who measured otter 

species intrinsic sensitivity to climate change based on their niche specialization and 

marginality. They documented a high level of specialization for the giant otter, an 

indication of the species sensitivity, whereas the neotropical otter had the lowest niche 

marginality of all species of otters (i.e., there is little difference between the available 

environment and the species’ ideal conditions) and also the lowest specialization, being 

likely less vulnerable to climate variations.  
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2.5.1 Limitations of the study 

 A common limitation of this and other SDM studies with these species, especially 

regarding conclusions related to climatic preferences, is a potential seasonal bias in data 

collection. Most of the occurrence points registered in the scope of the current study were 

obtained during the Amazonian dry season, with the exception of two out of the seven 

study sites, that were also visited during the rainy season. Some records for the remaining 

areas were also obtained at the period where water levels were rising, but none during the 

peak of the flood season. On the other hand, locations reported by Pacca et al. (2016), for 

example, were registered during the flood season, since rivers in their study area are only 

navigable during this time.  

As described above, giant otters may expand or change territories during the wet 

season in Amazonian. It is therefore important to have a dataset including presence 

points registered in diverse seasons. For the present study, there is incomplete 

information about the season of each occurrence point used from extra (literature) 

sources; but additional analyses trials (data not shown) revealed that models comprising 

all data and dry-season only data led to similar results. Furthermore, since most aspects 

of the models generated were corroborated by previous knowledge about the species, it is 

unlikely that they were affected by this kind of bias. Further cautions were taken, e.g., the 

model was parsimoniously fitted within reasonable geographic limits, and a bias grid was 

used. There was no evident clustering of suitability around presence points, and AUC 

values were moderate, suggesting that models were not over fitted (Vaughan & Ormerod 

2005).  
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 Amazonia and its vastness bring logistical challenges to researchers that can also 

lead to accessibility-related bias. For example, indigenous lands have more restricted 

access and require different permits than other protected areas, so it is uncommon to find 

studies in those areas. In fact, only one giant otter study in Brazil was done in such 

context (Pimenta et al. 2018). Long distances, which can only be travelled by boat, can 

make displacements to remote areas extremely expensive, time-consuming and 

impracticable. And indeed, there is a lack of occurrence data for both species at more 

remote areas of the Amazon. A possible way forward would be the implementation of 

small-scale citizen science projects, in cooperation with local NGOs and university 

campi present in more remote municipalities – following the example of Melo et al. 

(2019).  Interiorized survey efforts set forth by locals, regionally coordinated and with 

standardized methods, would be of great value for a greater knowledge on the species 

occurrence and associated factors.  

External validation of the model (i.e., when extra/new occurrence data, not used 

in the original analyses, is contrasted with the predicted model to verify its predictive 

power) was not possible. For this, an increased field effort would be necessary, together 

with more funding to reach more remote and previously unsampled areas. Due to time 

and resource constraints, such additional approach would be unfeasible in the scope of 

his study. There were, however, a few field findings considered relevant for discussion 

on the matter. During the field sampling for this study, there were no detections of direct 

or indirect signs of Neotropical otters in 3 out of 7 study sites visited: Viruá National 

Park and the Biological Reserves of Trombetas and Abufari (see Fig. 2.1). Looking 

closely at those areas in the suitability maps (Appendix 2.8-2.10), the areas comprising 

Trombetas and Abufari Reserves did not show a particularly high proportion of 

unsuitable areas; although, compared to the giant otter map, there seems to be a higher 
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amount of suitability for Abufari. The Viruá National Park area, on the other hand, was 

indeed predicted to be a mostly unsuitable area for Neotropical otters. Furthermore, 

anecdotal information obtained from local residents in Trombetas and Abufari during 

fieldwork indicates that Neotropical otters might be indeed rare or absent in those areas.  

 

2.5.2 Implications for conservation  

Neotropical otter suitable habitat in Central Amazonia was more fragmented than 

that of giant otter according to the models, with reduced connectivity between patches of 

suitable habitat. It is important to investigate those patterns more deeply, since a scenario 

of low connectivity can be harmful to the maintenance of genetic variation as it hampers 

gene flow between populations (Frankham 2005, Wan et al. 2018).  The more isolated a 

population is, the more it is under risks of genetic diversity loss by combined effects of 

inbreeding and genetic drift and thus more vulnerable to deleterious effects such as 

reduction in fitness and increased extinction risks (Keller & Waller 2002). With partial 

isolation, variation among populations can be augmented: higher levels of gene flow may 

increase the overall adaptive potential of a species, i.e, its capacity to respond to 

environmental changes (Swindell & Bouzal 2006, Hoelzel et al. 2019). 

A study in Western Amazonia has reported high haplotypic diversity for 

Neotropical otter populations using three mtDNA genes (COI-II and Cyt-b, 1024 base 

pairs) (Ruiz-García et al. 2018), suggesting either sufficient levels of spatial connectivity 

or recent isolation and incomplete lineage sorting. Trinca et al. (2013) have found 

significant genetic structure for the species across South America using a 1471bp 

sequence of mtDNA (Control region, ATP8, ATP6 and ND5 gene regions), identifying 

one phylogroup in Amazonia. Although diversity within this phylogroup was high, the 
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sample size was small and with some spatial bias. Therefore, it is necessary to increase 

genetic sampling efforts across the Amazonian basin, as potentially more demographic 

groups could be found (Trinca et al. 2012). It is also important to assess diversity using 

other types of genetic markers, especially from nuclear DNA, which allows admixture 

analyses that can identify population clusters (such analyses are not possible with 

mtDNA markers). In this way, population connectivity issues would be better clarified 

for the species.  

With respect to giant otters, although the predicted distribution is more 

continuous along watercourses, inter-river basins connectivity might not be so high; so, 

as for the Neotropical otter, increased efforts to monitor population status should be put 

into practice, while two key points ought to be kept in mind. First, giant otters might be 

avoiding important potential dispersing routes due to human disturbance or natural 

habitat characteristics (for instance, the main courses of Amazon or Purus Rivers). If the 

former indeed has a substantial impact on giant otter dispersal, it will be crucial to 

designate a more stringent strategy of mosaic conservation, considering not only 

protected areas but also the possible connections between them, which might have a 

higher degree of anthropogenic influence. 

Second, intrinsic behavioural ecology characteristics of the species have to be 

considered as well. In the Brazilian Amazonia, giant otter linear home range sizes 

reported range between 4.5 and 10 km, which is rather small compared to other similar 

sized carnivores. Dispersal distances reported in Manu National Park (Peru) are on 

average 57.2 km (30 km for females and 65.4 for males) (Groenendjik et al. 2014). 

Despite being highly-mobile animals, it is likely that either giant otters’ social system or 

local densities of family groups somehow reduces their need or potential to establish 
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larger territories or disperse longer distances, in a way similar to reported findings in 

Eurasian otters (Quaglietta et al. 2013).  

Moreover, there is a high mortality rate associated to the dispersal phase of giant 

otters, especially for males (Groenendjik et al. 2014, 2017). High mortality during 

dispersal is actually not uncommon in carnivores, including other mustelids and Lutrinae 

(Waser, 1996; Persson et al. 2003; Quaglietta et al. 2013 – observing that the latter, 

though, refers mostly to roadkilled dispersing Eurasian otters). But, if dispersal is already 

being limited by other factors, and if this mortality affects mainly males - which are the 

longer distance dispersers – this reinforces the need for assessing optimal conditions to 

maintain connectivity between populations and hence a proper level of gene flow.  

 

2.6 Conclusion 

 In this chapter, I addressed potential distribution of Neotropical and giant otters 

over Central Amazonia, through a maximum entropy method implemented in the 

program Maxent. This was the first attempt in modelling Amazonian otters’ distribution 

at a regional scale and focusing on watercourses. The current approach allowed the 

identification of environmental factors that might affect inter-population connectivity in 

the studied species, and the maps generated can serve as a baseline for testing hypothesis 

regarding comparisons of predicted connectivity patterns and effective connectivity, 

which can be revealed and inferred by genetic structure patterns (addressed in the 

following chapter). Overall patterns of the two species reflect the current consensus 

among researchers that Amazonia is indeed an important refuge for otter populations, 

since the predicted distribution observed was widespread across the study area.  
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Taking all findings into consideration, it is possible to rank some relevant points 

concerning each species. Neotropical otter management strategies should, for instance, 

focus on obtaining more baseline information which is lacking for the species, in order to 

allow more robust inferences on habitat requirements and seasonal patterns. Current 

knowledge on Neotropical otters would benefit especially from more studies on the 

species’ spatial patterns, providing more evidence to understand better what might lead 

to the patchy aspect of their predicted distribution. Nevertheless, the model was useful to 

support some field impressions that there could be areas in Amazonia where Neotropical 

otters are rare or even absent, despite not showing any striking structural differences 

from areas where they are abundant. More subtle aspects of the species behavioural 

ecology might lead to different perspectives on factors influencing its distribution and 

connectivity. 

 Despite the larger predicted distribution of giant otters, it is important to assess 

the functional or effective connectivity between populations of the species, especially 

among different drainages. Some potentially key dispersing routes (such as the Amazon 

River) were identified as unsuitable for the species, and if this reflects in their functional 

connectivity, it could lead to reduced gene flow among populations.  

  The SDMs estimated therefore provided useful insights for further studies in this 

region. Such modelling approaches potentially constitute a useful resource for 

conservation and landscape genetics studies, as they allow us to better foresee 

populations at risk of isolation and assess degrees of habitat connectivity.  
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2.8 Appendices 

Appendix 2.1. Satellite image of the Viruá National Park study site. The orange lines 

correspond to surveyed water bodies. 

Appendix 2.2. Satellite image of the Xixuaú (Jauaperi River) study site. The orange lines 

correspond to surveyed water bodies. 

Appendix 2.3. Satellite image of the Balbina study site. The orange lines correspond to 

surveyed water bodies. 

Appendix 2.4. Satellite image of the Jaú National Park study site. The orange lines 

correspond to surveyed water bodies. 

Appendix 2.5. Satellite image of the Amanã study site. The orange lines correspond to 

surveyed water bodies. 

Appendix 2.6. Satellite image of the Abufari (Purus River) study site. The orange lines 

correspond to surveyed water bodies. 

Appendix 2.7. Satellite image of the Trombetas study site. The orange lines correspond to 

surveyed water bodies. 

Appendix 2.8. Detail of Neotropical otter’s suitability map highlighting the VNP area. 

Waterbodies in red correspond to suitable areas, while grey corresponds to unsuitable. The 

shaded area corresponds to park limits.  

Appendix 2.9. Detail of Neotropical otter’s suitability map highlighting the Trombetas 

area. Waterbodies in red correspond to suitable areas, while grey corresponds to unsuitable. 

Appendix 2.10. Detail of Neotropical otter’s suitability map highlighting the Abufari area. 

Waterbodies in red correspond to suitable areas, while grey corresponds to unsuitable. 
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3.1 Introduction 

The two species of otters in the Amazon region, Lontra longicaudis (Neotropical 

otter) and Pteronura brasiliensis (giant otter), have a history of human exploitation for 

supplying the wild animal hide and pelt international trade in the 20th century (Doughty 

& Myers 1971, Smith 1981, Antunes et al. 2016, Pimenta et al. 2018). Populations of 

giant otter have been particularly impacted by the hunting pressure, being driven to 

multiple local extinctions and having overall population numbers greatly reduced 

(Pimenta et al. 2018, Duplaix et al. 2015). In 1972, the species was included in the 

IUCN’s top-10 list of the world’s most threatened mammals (Duplaix et al. 2015). By the 

end of the 60s and beginning of 70s, some countries have started legally protecting otters, 

and after 1975 the global demand for otter skins has virtually ceased with the strict ban in 

the global trade, as both species were included in Appendix I of the CITES agreement.   

 The trade ban is, nevertheless, still recent - around 5 generations for otters - and 

the severe impact caused by hunting on giant otters is still noticeable. Although a gradual 

recovery of the species is being detected through the repopulation of areas where 

previously there were local extinctions (Recharte Uscamaita & Bodmer 2009, Lima et al. 

2014, Pimenta et al. 2018), the total number of individuals in the wild is still considered 

low, and subpopulations are mainly small and fragmented (Groenendijk et al. 2015). As 

new anthropogenic threats have emerged over the last decades, giant otters remain listed 

as Endangered by the IUCN (Groenendjik et al. 2015). Neotropical otters, despite their 

higher resilience that likely lessened the impacts of the former commercial hunting 

(Pimenta et al. 2018), are classified as Near-threatened (Rheingantz & Trinca 2015). This 

is due to the potential impact of a number of anthropogenic threats and the species’ 

declining trends in several countries (Rheingantz & Trinca 2015) as well as the 
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uncertainties regarding subspecies classification (Hernández-Romero et al. 2015, 2018) 

and evidence for small effective population sizes in some populations (Latorre-Cárdenas 

et al. 2020a). 

Among priority research actions, both species are in need for studies on 

population sizes and trends (Groenendjik et al. 2015, Rheingantz & Trinca 2015), as such 

kind of data is lacking, with no confident estimates of numbers over their distribution 

ranges. Populations in the Amazonian region in particular are even less studied – as it is 

more difficult to carry out in situ research in this biome, due to its remoteness and 

vastness. In addition, Neotropical otters present a further challenge with its elusive, more 

timid behavior - as opposed to giant otters which are more conspicuous, curious and 

vocal, therefore more likely to be sighted (Almeida & Pereira 2017, Pimenta et al. 2018). 

Visually distinguishing Neotropical otter individuals in the field is also practically 

impossible, while giant otters can be recognized by their throat markings. A long-term 

study at a local scale (Manu National Park, Peru) was in fact able to provide the only 

robust data on giant otter demography, based entirely on individual identification by 

throat patterns over 16 years (Groenendjik et al. 2014).  

Through the last decade, next-generation sequencing technologies (NGS) have 

become more accessible and less costly, allowing researchers to increasingly use this 

powerful resource in molecular ecology studies with non-model species (Futschik & 

Schlötterer 2010, Ekblom & Galindo 2010, Zavodna et al. 2013, Narum et al. 2014, De 

Wit et al. 2015). The parallel sequencing of multiple pooled samples provides a cost-

effective way to identify a large number of neutral molecular markers, such as single-

nucleotide polymorphisms (SNPs) (Futschik & Schlötterer 2010, De Wit et al. 2015). 

SNPs can be used to genotype individuals and address several aspects of population 

genetics and historical demography patterns; therefore, they have been increasingly used 
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in recent molecular ecology studies (Seddon et al. 2005, Tokarska et al. 2009, Seeb et al. 

2011, Ogden et al. 2012, Herrero-Medrano et al. 2013, Hess et al. 2015, Kleinman-Ruiz 

et al. 2017).  

SNPs can have several advantages over data provided by microsatellites (older, 

but still largely used, single locus genotyping markers) for instance. Such advantages 

include, for example, the ability of examining both neutral variation and regions under 

selection (Helyar et al. 2011). Unlike microsatellites, SNP mutations do not show a 

highly variable pattern (since they are normally biallelic - i.e., only two nucleotides 

segregate at that position), and instead follow simpler mutation models (Morin et al. 

2004). SNPs can also be even more stable in degraded or ancient samples, as the target 

DNA sequence can be quite short as 50-70bp, which facilitates studies based on non-

invasive and museum sampling (Morin et al. 2004, Morin & McCarthy 2007). Assessing 

fine-scale genetic structure is particularly challenging in wide-ranging and/or highly 

mobile species, and SNPs have been considered as useful markers for such cases due to 

their high information content (considering a large number of concurrent SNP markers) 

(Viengkone et al. 2015).  

Sequence capture, also known as target enrichment, is an approach where specific 

loci or genomic regions are selected, “captured” from the DNA samples, and then 

sequenced. By targeting a reduced number of pre-determined regions, this method can be 

more time and cost-effective compared to other high-throughput methods (Mamanova et 

al. 2010) and can provide enhanced quality data with accurate SNP calling (Jones & 

Good 2016).  

Initially, sequence capture was used in majority for biomedical applications 

(Hodges et al. 2007, Gaudin & Desnues 2018), but molecular ecology and evolutionary 
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studies can also take many benefits from using such an approach, and it is slowly 

becoming more common in the literature of these fields.  An obvious advantage of 

capture for conservation and evolution research is that it facilitates the sequencing of 

DNA from non-invasive samples with high exogenous DNA content and/or very low 

copy and rare DNA. Some studies already have indeed successfully used sequence 

capture with faecal (e.g., Perry et al. 2010, White et al. 2019), historical museum samples 

(Knyshov et al. 2019a, b) and environmental DNA (Seeber et al. 2019).  Considering 

such, this method was chosen as it would increase chances of isolating otter DNA from 

scats (the main sample type used in this study) and allow the use of high-throughput 

sequencing technology. Moreover, it would not be possible to apply another reduced-

representation sequencing method, such as RADSeq. RADSeq is now widely-used in 

molecular and evolutionary ecology (Davey & Blaxter 2010, Andrews et al. 2016), but it 

is impractical to apply on faecal material – it requires pure species DNA, and whole 

DNA extracts from scats usually contain high concentrations of prey and bacterial DNA 

(Hernandez-Rodriguez et al. 2018). In addition, the technique is not as effective when 

working with degraded samples (Graham et al. 2015), which is most often the case for 

non-invasively collected otter scats (e.g., Lerone et al. 2014). 

Previous genetic studies with giant and Neotropical otters have mainly used 

traditional Sanger sequencing technologies, genotyping individuals by microsatellites or 

using mitochondrial DNA markers (e.g., Pickles et al. 2011-2012, Trinca et al. 2007, 

Trigila et al. 2016) – see Table 3.1 for a summary on main genetic papers published on 

each species within the Amazonian realm. None of the studies so far have applied NGS 

and higher-resolution molecular markers to address population genetics of these species. 

Moreover, studies performed at finer spatial scales (e.g., regional level) are lacking, and 

apart from large scale patterns of differentiation, for instance, among major hydrographic 
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basins - such as the Amazon and Orinoco for giant otters (Ruíz-Garcia et al. 2018) – 

nothing is known regarding population genetic structure at lower spatial scales for the 

hydrographic networks in Amazonia, such as between sub-basins of Amazon River’s 

tributaries.  

Table 3.1: Summary of genetic studies undertaken with giant and Neotropical otters 

including samples from Amazonia (Pb=giant otter, Ll=Neotropical otter). CR= Control region, 

Cyt-b=cytochrome b, COI/II= Cytochrome c oxidase subunit I/II, ND5= NADH-ubiquinone 

oxidoreductase chain 5 protein gene 

Study Species Sample 

Size 

Markers 

 used 

Geographical range 

Garcia et 

al. 2007  

Pb 30 (22 

from 

Amazonia) 

CR, Cyt-b, 

COI (1444 

bp) 

Brazil - but Amazonian samples had a spatial 

range similar to this study; see Fig. 3.4 

Pickles et 

al. 2011 

Pb 70 CR, Cyt-b 

(1295 bp) 

8 countries, 4 drainage basins (including 

Amazonia, Orinoco and Pantanal) 

Pickles et 

al. 2012 

Pb 59 13 microsats 5 countries, most concentrated on 

northern/northwestern S. America 

Caballero 

et al. 2015 

Pb 109 CR (258 bp) Continental (with a focus on the Colombian 

Orinoco) 

Ruiz-

Garcia et 

al. 2018 

Pb + Ll 33 / 47 Cyt-b, COI, 

COII (1024 

bp) 

4 countries; more concentrated on western and 

north western S. America (Bolivia, Peru, 

Colombia) 

Trinca et 

al. 2012 

Ll 51 (15 

from 

Amazonia) 

CR, ATP6, 

ATP8, ND5 

(1471 bp) 

Continental – but the Amazonian sample range 

was more concentrated in central/eastern 

Brazilian Amazon basin  

 

Knowing and understanding the processes underlying genetic diversity patterns 

and effective population size in natural populations is necessary for effective 

conservation planning, because they can reveal main risks and the potential for 

mitigation. As previously described in Chapter 1, the two species of otters show distinct 

degrees of sociality. They provide, therefore, a good case-study to test hypotheses on the 

influence of sociality on population structure in freshwater animals. Assessing their 

current patterns of genetic diversity and population structuring can further provide a 

better understanding of threats and their impacts, necessary mitigation measures, with a 

potential to aid conservation strategies for otters and other aquatic vertebrates. 
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The major goal in this chapter was to investigate population genetic structure and 

diversity of giant and Neotropical otters in central Amazonia rainforest, using nuclear 

DNA markers obtained by Next-Generation Sequencing, mainly from non-invasively 

collected samples (scats). Specifically, the aims of the study were: 1) to estimate intra 

and inter-population genetic variability; 2) assess admixture and spatial genetic 

structuring for the putative populations; 3) assess if the higher degree of sociality in giant 

otters reduces connectivity (promoting more differentiation among local populations) and 

diversity; 4) assess the possible role of hydrography in shaping genetic structure patterns.  

 

3.2 Methods 

3.2.1 Study area  

Samples were obtained from six main areas in Brazilian Amazonia (Figure 3.1), 

on the watersheds of Amazonas and Negro Rivers. Geographical coordinates are 

approximately between longitudes 0°20’ - 4°40’S and latitudes 65°08’ - 58°04’ W. In 

addition, for giant otters, extra samples were provided from collaborators working in the 

Rupununi River, Guyana, close to the Brazilian border (approximate coordinates -59.3°S, 

3.7°W), and one Neotropical otter sample was provided from the Ati-Paraná (location 

“Aua”), a river located at the drainage divide between the Amazon and Japurá Rivers (-

66°S, -2°W). For more details on study area characteristics, see Chapter 2. In Table 3.2, 

distances between sampling sites (measured as linear distances along the river network) 

are provided. 
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Table 3.2: Linear distances along rivers (in km) between the study sites. 
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Amanã -      

Abufari 538 -     

Balbina 5690 1290 -    

Jaú 1340 820 309 -   

Trombetas 834 1150 475 414 -  

Xixuaú 834 980 233 160 1050 - 

 

 

3.2.2 Otter scat and tissue sampling  

Rivers were surveyed on a small boat with outboard motor (5 or 15hp) searching 

for giant otter groups and fresh mucus or scats from both species. Searches were also 

undertaken by foot along river or lake banks when boat access was not possible. The 

overall strategy for finding faecal samples was similar for both species, although for 

giant otter, a few particularities had to be considered. Ideally, giant otter scats should be 

very fresh (i.e., no more than a few hours old) - the strong odour emanating from latrines 

attracts insects and other animals that can not only consume all the mucous material, but 

also increase contamination. Due to the typical trampling of excrements by giant otter 

groups, it is not always possible to identify individual scats. If they were mixed and 

could not be recognized as distinct scats, they were not sampled. The best situation for 

sampling was when the group could actually be observed defecating and, after they left 
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the site, to go straight away to collect the material. A good opportunity for such events 

was in the early morning, when groups usually use the latrine after leaving the den.   

Neotropical otters in Amazonia frequently defecate on fallen logs by the river 

banks (Fig. 3.2), sometimes on cavities and hollows on the banks, less frequently on 

sandy beaches. Binoculars are very useful when rivers are wide since, unlike the case of 

giant otters, Neotropical otter faeces do not have a strong scent that can be noted from a 

distance, so one has to count only on sight to find samples. Scats were sampled in the 

same way as described above for giant otters, but in this case, older (dry) samples were 

also taken occasionally, although preferably fresher samples were aimed.  

Figure 3.2: Neotropical otter spraints (evidenced by yellow circles) deposited on fallen logs. 

Faecal samples of both species were collected using disposable plastic spoons and 

put inside sterile 15- or 50-mL Falcon tubes. In general, it was attempted to collect the 

whole scat or most of it, sometimes dividing it into multiple tubes and always filling only 

half of each tube with the sample. When present, mucus and/or anal jellies were aspirated 

with a syringe and then transferred to one or more microcentrifuge (1.5 mL) tubes. All 

samples were preserved with 20% DMSO saturated with NaCl at room temperature in 

the field and transported in a cooler box to avoid heat. They were refrigerated as soon as 

possible after the end of fieldwork and stored at -20°C until DNA extraction. 
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Biopsy darts (Fig. 3.3) were used in the beginning of the study to collect skin 

samples from giant otters (Pneu-darts fired from a CO2 projector; see Ribas, 2012). 

Protocols were approved under Brazilian law, under permit from the government 

biodiversity institute ICMBio. Strategies for dart sampling were chosen according to 

each situation, based on characteristics of each particular area (e.g., abundance of oxbow 

lakes or smaller tributaries, bank height, behaviour of the animals). But as a standard, the 

following strategy was used: searching for recently active dens and latrines and erecting a 

hide when the group is away, remaining camouflaged and silent, usually on the top of the 

bank.  In this way, darting can be undertaken with minimal disturbance, and also 

facilitates individual recognition of animals by their throat marks. A priority was given to 

target the dominant individuals within a group, as they are likely less or unrelated (see 

Ribas et al. 2015); cubs were not shot due to risks of injury involved. Digital 

photographs/videos were taken from individuals sampled to aid individual recognition 

and avoid re-sampling, using handheld and Go-Pro cameras installed close to the 

den/latrine whenever possible. Darts could also be shot from the boat, depending mainly 

on the behaviour of animals but also on the kind of motor used and water level 

conditions. Biopsy samples obtained were also preserved in sterile tubes containing a 

solution of 20% DMSO saturated with NaCl. 
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Figure 3.3: Biopsy dart with a tissue sample.  

 

 

3.2.3 Ethics statement 

Biopsy darting and fecal sampling, as well as the access to federal conservation 

areas, were authorized by Instituto Chico Mendes de Conservação da Biodiversidade 

(ICMBio) and Instituto Brasileiro de Meio Ambiente e dos Recursos Naturais Renováveis 

(IBAMA) under permit number 49273-1. 
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Figure 3.1: Map of sampling locations in Central Amazonia, northern Brazil. Abu=Abufari 

Biological Reserve; Am=Amanã Sustainable Development Reserve; Jaú=Jaú National Park; 

Xix=Xixuaú/Jauaperi River; Bal=Balbina Lake and Uatumã Biological Reserve; Tro= Trombetas 

Biological Reserve; Aua = Ati-Paraná. 

 

3.2.4 Target loci selection 

Target sequences were designed by in silico approaches, using the domestic ferret 

(Mustela putorius furo) as the closest relative reference annotated genome (GenBank 

accession no. GCA_000215625.1); and as queries, the giant otter (GenBank accession 

no. GCA_004024605.1) and a draft of the Neotropical otter genome (provided by 

collaborators - Eizirik et al.). Two approaches were followed: one aiming at 

neutral/anonymous regions and other aimed at genes.  For the first approach, where the 

focus was in putative neutral regions of the genome - less likely to be under selection - 

two different sub-strategies were used: i) a pipeline to find anonymous loci and ii) using 

whole genome-alignment tools.  

Aua 
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Anonymous loci (ALs) are a potential source for neutrality and can provide good 

markers for population genetics (Perez et al 2016). The python package Alfie (Costa et 

al. 2016) was used for finding ALs, as it is able to find ideally single-copy, neutral, and 

independent loci.  The ferret genome was used as reference and giant otter as query in the 

program workflow. Locus size was set to 1kb and the distance between loci to 200kb, in 

order to obtain genealogically independent loci. Since there was a huge output number of 

ALs, a smaller subset of randomly picked sequences from the output file was used in the 

end.   

The second approach to obtain sequences unlikely to be under selection was to 

align the giant otter genome against intergenic regions from the ferret genome. The 

alignment was performed using the module nucmer inside the MUMmer package (Kurtz 

et al. 2004). The output was converted to a maf format file, using the delta2maf function 

in Mugsy (Angiuoli et al. 2011), that could then be used as an input in the MafFilter 

program (Dutheil et al. 2014) with the function WindowSplit.  This step split the aligned 

sequences into windows of 1kb, while calculating diversity metrics for each of the 

windows generated. The top 300 most divergent sequences (based on values of 

Watterson’s θ) were selected. A new fasta file was then retrieved from the window 

alignments, using the function getfasta in Bedtools (Quinlan and Hall 2010), which 

contained the target sequences from giant otter genome for this first approach.  

For the gene-aimed approach, the workflow suggested by Welch et al. (2014) 

using the SeqSelector pipeline was followed, again using the annotated ferret genome as 

a reference. First, potentially relevant genes were selected using information from the 

literature (Housley et al. 2006, 2008) and searching for gene ontology terms on Ensembl 

(http://www.ensembl.org/biomart/). The ontology terms (considering the category 

“biological process”) were chosen based on their possible relevance for a carnivore 
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mammal: lactation (GO:0007595), olfactory receptor binding (GO:0031849), sensory 

perception of smell (GO:0007608) and protein digestion (GO:0044256). Gene sequences 

were searched using the scripts SeqFinderExons (for exon sequences only) and 

SeqFinderPartial (where the length of returned sequences can be chosen – here, 1kb was 

used).  Finally, ParseBLAST script was used for searching in the un-annotated giant otter 

genome to retrieve the sequences that corresponded to the ferret sequences. 

Since fecal samples were used in this study, some further tests were performed to 

check if the candidate sequences would match with other organisms, i.e., potential otter’s 

prey. They were tested against the genomes of three fish species (as fish are the main 

prey of both otter species in the study areas – pers. Obs.) and one rodent, as they might 

occasionally prey on small mammals. BLAST+ (Camacho et al. 2009) was used for that 

purpose, with the dc-megablast task and default algorithm settings. It was confirmed that 

none of the sequences had hits against the fish genomes tested (Tilapia Oreochromis 

niloticus, guppy Poecilia reticulata, and Astyanax mexicanus). When testing against the 

rodent (Mus musculus), by contrast, several sequences (mainly from exons) showed hits 

and were thus eliminated.  

After obtaining all candidate bait sequences with the described approaches in the 

giant otter genome, they were mapped against the draft Neotropical otter genome in order 

to ensure that they would be suitable for both species. This step was done by 

collaborators in Brazil, who were currently working on the assembly of the Neotropical 

otter genome. In the end, the two final sets of candidate sequences (from giant and 

Neotropical otters) were compared through BLAST+, so the best ones could be selected 

based on their divergence.  A value of 3% difference in the percent of identity was used 

as cut-off to eliminate the most similar sequences. If they were identical or very similar, 

it means they could be very conserved, and therefore would not be good sources for 
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population genetic markers such as SNPs. The result was a set of 451 candidate 

sequences (Appendix 3.1) for each species, which were sent to Arbor Biosciences™ for 

producing a myBaits® custom target enrichment kit. After further filtering and screening 

from the manufacturers, the kit ended up with 19,558 80nt baits (at 3x tilling density) 

from 98.3% of the submitted target loci.  

It is important to account for the fact that there was no a priori information on 

possible variable loci (i.e., that would contain SNPs). Therefore, it was necessary to 

target a large number of loci through the target capture approach – even though this could 

lead to a reduced number of reads per locus captured in each sample (due to poor DNA 

quality and quantity), that would probably also vary among individuals.  

3.2.5 DNA extraction and library preparation  

Total DNA was extracted from 182 giant otter and 189 Neotropical otter samples 

(Table 3.3).  A standard phenol/chloroform protocol was used (Hoelzel 1998). Libraries 

were prepared using the single-tube method developed by Carøe et al. (2017) with the 

further improvements described in Mak et al. (2017). The only difference from the 

original protocols was that in the present study, instead of using dual-indexed adapters, a 

single-index system was used together with 8-bp barcoded P5 (3’) adapters. 
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Table 3.3: Number of collected samples per area for each species. 

 Giant Otter Neotropical Otter 

Balbina 34 77 

Trombetas 31 0 

Xixuau 25 12 

Abufari 14 0 

Jaú 25 76 

Amanã 40 24 

Guyana 10 0 

 

Indexing PCR was done by amplifying 23 µL of adapter-ligated libraries in a 

50µL reaction with 0.5µL Phusion Hot Start II Polymerase (Thermo Fisher), 10µL 5X 

Phusion HF Buffer, 1 µL 10mM DNTPs, 1µL 10 μM P5 adapter universal primer, 1 µL 

10 μM P7 adapter indexing primer and 13.5 µL of Nuclease-free water. Cycling 

conditions were: denaturation at 98°C for 45’’; N cycles of 98°C for 20’’, 60°C for 30’’ 

and 72°C for 30’’; and a final extension at 72°C for 5’, holding at 4°C upon ending. The 

number of cycles necessary was estimated beforehand by qPCR for each library, 

following the library preparation protocol. After indexing, PCR products were purified 

using SPRI-beads (SpeedBeads™, GE HealthCare), eluted in 25-30 µL of TET buffer and 

quantified by a Qubit fluorometer (Invitrogen) using a high sensitivity kit. A few libraries 

were selected to be screened on a 2200 TapeStation (Agilent) with a High Sensitivity 

reagent kit, so average size of library fragments (as well as their concentrations) could be 

estimated by comparison with the control DNA ladder range. Indexed libraries were 

stored at -20°C until target capture was performed. 
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3.2.6 Hybridization Capture 

The recommendations for enriching degraded DNA libraries in the myBaits™ v.4 

manufacturer protocol were followed, with total hybridization time >36 hours at a 

constant temperature of 60°C. Since the libraries were not pooled and hybridization was 

performed in each one individually, bait solutions were diluted to accommodate a large 

number of reactions per kit. In a pilot trial, a dilution of 1:8 was used, but since it yielded 

very low concentrations of DNA even after PCR, for the following experiments a 

dilution of 1:7 was used. For the final amplification, bead-bound enriched libraries were 

incubated at 95°C for 5 minutes and then pelleted on a magnetic plate to collect the 

supernatant. Then, 15 µL were taken for the final PCR with 0.5µL Phusion Hot Start II 

Polymerase (Thermo Fisher), 10µL 5X Phusion HF Buffer, 1 µL 10mM DNTPs, 2.5µL 

of each adapter primer and 13.5 µL of Nuclease-free water. Cycling conditions were: 

98°C for 2’; 8-14 cycles of 98°C for 20’’, 60°C for 30’’ and 72°C for 30’’; and a final 

extension at 72°C for 5’, holding at 8°C upon ending. The number of cycles used had to 

be adjusted. Ideally, one should use as few cycles as possible and use the same number 

for all samples (e.g., 12-14), but with fewer than 16 cycles we obtained rather low final 

concentrations, so it was decided to use between 17-18 cycles for most of the samples. 

Final reaction clean-up was done with SPRI-beads.  

Finally, quality controls were performed to check for appropriate size and 

quantity of material. Quantitative real-time PCR (qPCR) was used to quantify each final 

library using the KAPA SYBR® FAST kit and Illumina DNA standards (KAPA 

Biosystems) with manufacturer’s protocol recommendations. Final libraries were 

normalized to a concentration of 2nM and mixed in equimolar pools. The material was 
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submitted to the DBS Genomics facility at Durham University and sequenced in a 125-

bp paired-end run in the Illumina HiSeq 2500 platform.  

3.2.7 Mitochondrial DNA Sequencing and Analyses  

 In order to gain additional insight into diversity and structure between 

populations, a portion of 516 bp of the mitochondrial control region (CR) (including the 

5’ hypervariable region and excluding the Carnivora heteroplasmic region, described In 

Hoelzel et al. 1994) was amplified from 21 Neotropical otters and 25 giant otters (see 

Results), using the primers MTLPRO2 and CCR-DR1 designed by Tchaicka et al. 

(2007). As the DNA was frequently degraded and fragmented, leading to difficulties in 

DNA amplification, an option was made to use also one of the internal primer pairs for 

the CR (Trinca et al. 2007) to amplify a shorter (220bp) fragment at the 5’ end of the 

same region.  

PCR reactions were carried out in 20 µL, containing 1 µL of diluted DNA, 0.2 

µM of each primer pair, 15µg BSA, 200 µM dNTPs, 2 µL of 10X Standard Taq Reaction 

Buffer and 0.5 units of Taq DNA polymerase (New England Biolabs Inc.) and nuclease-

free water to complete the total volume. The following program was used in a 

thermocycler: initial denaturation at 94°C for 1’; 10 cycles of touchdown at 94°C for 

45’’, 55–45°C for 45’’ and 72°C for 1.5’; and 35 cycles of 94°C for 45’’, 50°C for 45’’, 

72°C for 1.5’ and a final extension step at 72 °C for 5’. PCR products were checked in a 

1.5% agarose gel stained with ethidium bromide, and cleaned up with ExoSAP- IT® 

(Affymetrix). Sequencing was done in the DBS genomics facility at Durham University, 

in an Applied Biosystems 3730 automated sequencer. Sequences were inspected, 

manually edited, and aligned using the MUSCLE algorithm implemented in Seaview 5.0 

(Gouy & Gascuel 2010).  
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The phylogenetic relationships between samples based on mtDNA were inferred 

with a Bayesian approach in MrBayes v.3 (Huelsenbeck and Ronquist 2001), considering 

the GTR+G nucleotide substitution model, over 1 million generations. Optimal 

evolutionary models were assessed in SMS (Lefort et al. 2017) based on the Akaike 

information criterion. The southern river otter, Lontra provocax, was included as an out-

group (Accession number DQ368686). Haplotypes were identified in DNAsp v. 6 (Rozas 

et al. 2017) and networks were calculated using the Median-joining algorithm 

implemented in Network 4.5.1.0 (http://www.fluxus-engineering.com). 

To increase the scope of the analysis and allow for a broader phylogeographic 

comparison, analyses were also conducted including sequences retrieved from Genbank. 

For giant otters, 26 sequences were added from the studies of Garcia et al. (2007 - 

accession numbers: EF488532.1-561.1) and Pickles et al. (2011 – accession numbers 

JN252257-58 and JN252261), resulting in a dataset of 51 sequences (25 from this study 

and 26 from the literature – see Fig. 3.4 and Table 3.4). For the Neotropical otters, extra 

Genbank sequences from Amazonia were found in the study by Trinca et al. 2012 

(accession numbers JQ038804–JQ038869). Two additional separate analyses were 

conducted for this species: one including all samples and analysing only the shorter 

(220bp) fragment; and a second analysis including only samples that amplified the whole 

fragment (N=12), allowing for a better comparison with the full sequences available in 

Genbank. The first included, therefore, 32 sequences (22 from this study and 10 from 

Trinca et al. 2012) and the second had a total set of 22 sequences (12 from this study and 

10 from Trinca et al. 2012 – Fig. 3.5 and Table 3.5).  

In order to assess a possible differentiation between populations separated by 

major rivers, a broader categorical division was also considered, taking into account 

well-known Amazonian areas of vertebrate endemism (AoE), which are defined by limits 

http://www.fluxus-engineering.com/
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of main rivers (see Silva et al. 2005, Ribas et al. 2012). Thus, individuals from locations 

north of the Amazon River and east of Negro River (see Fig. 3.1) were grouped together 

as pertaining to the “Guyana” AoE; and individuals from other areas of endemism to the 

west of Negro/south Amazon were considered as a single group (hereafter called 

Southern group) (see Fig. 3.1 and Appendix 3.2). To test this differentiation, pairwise 

FST was computed in Arlequin v. 3.5.2.2 (Excoffier & Lischer 2010), and its 

significance was tested by 10,000 permutations. Arlequin was also used to compute 

neutrality tests of Tajima’s D and Fu’s F. 

 

 

Figure 3.4: Giant otter mitochondrial DNA sample locations from this study (in red), 

from Pickles et al. 2011 (in pink) and from Garcia et al. 2007 (in yellow). 
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Figure 3.5: Neotropical otter mitochondrial DNA sample locations from this study 

(yellow stars) and from Trinca et al. 2012 (orange stars). 

 

3.2.8 Bioinformatics pre-processing of NGS data 

Raw sequencing data was converted to Fastq format and demultiplexed according 

to their P7 index using the bcl2fastq software by Illumina. A further demultiplex step 

was necessary, in order to split individual samples according to their in-read P5 barcodes. 

For this, we used the process_shortreads script from Stacks v.2.4 (Catchen et al. 2013). A 

quality check of the reads was done with FastQC software (Andrews 2010). Then, reads 

were quality-trimmed (keeping only reads with a minimum length of 35 bases and 

quality score > 20) and their adapter sequences removed, using the programs 

Trimmomatic v.0.39 (Bolger et al. 2014) and Cutadapt v.3.3 (Martin, 2011). 

Paired reads were aligned to the giant otter reference genome using bwa mem 

algorithm (Li 2013). Resulting alignment files were converted to bam format, sorted, 

indexed, and had their reads from target regions extracted with Samtools (v.1.9; Li et al. 

2009).  
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3.2.9 Population genetic analyses 

 Since most of the samples used in this study were scats that were exposed to high 

humidity, heat and sunlight, they presented low-quality, degraded DNA; and as expected 

in such cases (see Yao et al. 2020), their sequencing results had low overall depth, while 

only a minority of samples, mostly the ones derived from tissue, had a better sequencing 

depth.  With such disparity, particular attention should be given to the choice of methods 

for finding variant sites necessary for downstream population analyses. When a limited 

number of reads map to a region, there is an increased chance that all of them are from 

the same chromosome, therefore not accurately representing the genotype of a diploid 

individual; this introduces uncertainty and bias in genotype and variant calling (Nielsen 

et al. 2011).  

 An alternative to genotype calling is the use of probabilistic or “genotype-free” 

methods (Warmuth & Ellegren 2018) that call genotype likelihoods (GLs) based, for 

instance, on sequence reads quality scores and allele frequency priors (Li et al. 2009, Li 

2011). Here, both GL and “hard” genotype call methods were used, with resulting data 

being applied in different analyses. SNPs identified from genotype calls were also 

preferred in particular for estimates relying on allele frequencies such as FST, as in this 

case allele frequencies can be assessed directly from the data (rather than estimated). 

The GL-based approach for SNP discovery was performed in ANGSD v. 0.93 

(Korneliussen et al. 2014) following the pipeline by Yao et al. (2020), computing GLs 

under the SAMtools model (option –GL 1 in ANGSD).  Only samples with more than 

100,000 mapped reads were included; furthermore, bases with quality scores below 20 

and reads with mapping quality lower than 30 were filtered out. Major and minor alleles 

were inferred from GLs (-doMajorMinor 1), and their frequencies were estimated (-
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doMaf 2). For SNP sites identification, a p-value of 1e-5 was set to keep only 

polymorphic sites (sites with p-values below that threshold were discarded).  

Genotypes were called using a conventional workflow with SAMtools mpileup 

(Li et al. 2009) and VCFtools (Danecek et al. 2011) to determine the SNPs, again 

filtering out sites with quality score below 20, reads with mapping quality lower than 30 

and coverage depth below 3.  

The following analyses were performed with SNPs obtained with ANGSD (GL 

approach): admixture and principal component analyses, carried out using NGSAdmix to 

estimate ancestry proportions (Skotte et al. 2013) and PCAngsd (Meisner & Albrechtsen 

2018). NGSAdmix analyses were performed for a range of K values (2-8) with 10 

replicates each. Then, optimal K values for each species were inferred by Evanno’s Δk 

method (Evanno et al. 2005) implemented in CLUMPAK (Kopelman et al. 2015). In 

addition, folded site frequency spectrums (SFS) were computed for each population 

containing a minimum of eight individuals with realSFS (Nielsen et al. 2012). Then, 

Watterson’s theta and Tajima’s D were computed using the estimated SFSs, with the 

function thetaStats in realSFS (Nielsen et al. 2012). 

Using the SNPs from called genotypes, the following further analyses were 

carried out. A Discriminant analysis of principal components (DAPC – Jombart et al. 

2010) was computed in the R package adegenet (Jombart & Ahmed 2011) to investigate 

population structure. DAPC is a multivariate analysis, able to infer the number of 

population clusters by sequential K-means and model selection. The results obtained with 

this method were compared with the ones obtained by PCAngsd.  After inferring the 

number of population clusters, re-assignment of the individuals according to the prior 

knowledge of sampling locations was performed to assess how well they can be 
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discriminated among groups. It is important, though, to estimate the optimum number of 

principal components (PCs) to be used in order to avoid over-fitting of the data. This was 

achieved with the function optim.a.score in adegenet, which returns the optimum number 

of PCs to be used for each dataset (18 PCs - Neotropical; 20 PCs -Giant). A factorial 

correspondence analysis (FCA) was performed in GENETIX v.4.05 (Belkhir et al., 2000) 

to provide a further comparative ordination analysis. This is an exploratory method that 

reduces high-dimensional data sets into a few independent factors, revealing principal 

factorial axes; this way, results can be graphically represented in an orthogonal system 

where observations and variables are displayed on a reduced number of factors (Tekaia et 

al. 2016). 

 Arlequin (v. 3.5.2.2; Excoffier & Lischer 2010) was used to calculate 

heterozygosity (a measure of genetic variability) and estimate deviations from Hardy-

Weinberg equilibrium expectations.  Arlequin was also used to calculate summary 

statistics such as FST (the fixation index, a comparative proportion of the genetic 

variation across different populations) on putative population samples when the sample 

size was at least N=7. Individuals with more than 50% of missing data were excluded 

from FST estimations. Significance of Fst was tested by permuting individuals between 

the populations, according to the program’s default settings.  

 

3.3 Results 

 Out of all 371 samples, 256 sequencing libraries passed quality controls for being 

sequenced, but sequencing results of 66% of the samples were discarded due to poor 

quality data and/or low number of reads with few mapping to the reference (a general 

minimum threshold between 500-700,000 reads was observed), which did not allow for 
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SNP calling with either approaches (GL or conventional). Of the remaining 87 samples 

with functional data, 55 were from giant; and 32 from Neotropical otters (see Table 3.4).   

Regarding mtDNA, there were attempts with 207 giant otter and 168 Neotropical otter 

samples, with success rates of only 12% (21 samples) and 13% (25 samples) respectively 

(Table 2). Further PCR effort was planned to increase this sample size, but due to time 

constraints worsened by the Covid-19 pandemic, it was not possible to perform 

additional lab work. Tables 3.4 and 3.5 summarize the sample sets used in mtDNA 

analyses (including samples from the Genbank dataset). 

Table 3.4: Number of sequenced samples with usable data per species and geographical location. 

NGS=Next generation sequencing (SNP markers); mtDNA=mitochondrial DNA sequencing 

 

 

 

 

 

 

Location Giant Otter Neotropical Otter 

 NGS mtDNA NGS mtDNA 

Abufari 8 2 - - 

Amanã 9 3 7 7 

Ati-Paraná - - 1 1 

Balbina 8 11 15 9 

Guyana 5 - - - 

Jaú 10 4 9 4 

Trombetas 9 - - - 

Xixuaú 6 5 - - 
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Table 3.5: Neotropical otter samples included in the mtDNA analyses. Sample IDs in bold were 

also sequenced by NGS. 

Sample ID Geographic region Source 

25 Amanã This study 

26 Amanã This study 

LL107Uru Amanã This study 

LL102Ub Amanã This study 

LL103Ju Amanã This study 

LL103Ub Amanã This study 

LL105 Amanã This study 

27 Ati-Parana This study 

LL94b Balbina This study 

LL93 Balbina This study 

LL64b Balbina This study 

LL85 Balbina This study 

LL77 Balbina This study 

LL83 Balbina This study 

LL61b Balbina This study 

LL70muc Balbina This study 

LL62 Balbina This study 

JL41 Jaú This study 

JL15 Jaú This study 

JL29d Jaú This study 

JL34 Jaú This study 

bLlo53  Jaú* Trinca et al. 2012 

bLlo54 Roraima state (Brazil) Trinca et al. 2012 

bLlo68 Kagka River (Peru) Trinca et al. 2012 

bLlo70 Careiro  Trinca et al. 2012 

bLlo71 Jaú* Trinca et al. 2012 

bLlo72 Careiro  Trinca et al. 2012 

bLlo74 Roraima state (Brazil) Trinca et al. 2012 

bLlo66 Cayenne region (French Guiana) Trinca et al. 2013 

bLlo22  Cayenne region (French Guiana) Trinca et al. 2014 

bLlo25 Cayenne region (French Guiana) Trinca et al. 2015 
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Table 3.6: Giant otter samples included in the mtDNA analyses. Sample IDs in bold were also 

sequenced by NGS. 

Sample ID Geographic region Source 

La3B Abufari This study 

La4 Abufari This study 

n4 Amanã This study 

Ubz2 Amanã This study 

n5 Amanã This study 

JP106Y Jaú This study 

JP109Z Jaú This study 

JP109FF Jaú This study 

JP107c Jaú This study 

n9 Xixuaú (Jauaperi River) This study 

n10 Xixuaú (Jauaperi River) This study 

n11 Xixuaú (Jauaperi River) This study 

n12 Xixuaú (Jauaperi River) This study 

n13 Xixuaú (Jauaperi River) This study 

n6 Balbina This study 

n15 Balbina This study 

n21 Balbina This study 

n24 Balbina This study 

Pb27A Balbina This study 

Pb10F Balbina This study 

Pb13c Balbina This study 

Pb14 Balbina This study 

Pb26c Balbina This study 

Pb24c Balbina This study 

Pb10b Balbina This study 

Expedition 2009 1.06 River Rupununi (Guyana) Pickles et al. 2011 

Expedition 2009 1.02 River Rewa (Guyana) Pickles et al. 2011 

Expedition 2009 1.03 River Rewa (Guyana) Pickles et al. 2011 

Pb05 Roraima, Brazil Garcia et al. 2007 

Pb06 Roraima, Brazil Garcia et al. 2007 

Pb11 Roraima, Brazil Garcia et al. 2007 

Pb07 Jauaperi River Garcia et al. 2007 

Pb19 Jauaperi River Garcia et al. 2007 

Pb10 Nhamundá River, Brazil Garcia et al. 2007 

Pb50 Negro River, Brazil Garcia et al. 2007 

Pb56 Amazonas State, Brazil Garcia et al. 2007 

Pb53 Abonari River, Amazonas State Garcia et al. 2007 

Pb01 Negro River, Amazonas State Garcia et al. 2007 

Pb02 Negro River, Amazonas State Garcia et al. 2007 

Pb13 Negro River, Amazonas State Garcia et al. 2007 

Pb16 Negro River, Amazonas State Garcia et al. 2007 
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3.3.1 Population Genetic Structure 

 A total of 1,280 and 469 SNPs were identified by GLs in ANGSD for Neotropical 

and giant otters, respectively. Genotype calls performed with Samtools resulted in a 

smaller number of SNPs discovered: 135 for giant and 169 for Neotropical otters. 

The pairwise FST estimated between geographic locations with ≥ 7 individuals for 

giant otters are shown in Table 3.7, although none of them were significant.  For 

Neotropical otters, only Jaú and Balbina could be compared, with FST = 0.0046; but 

again, this value wasn't statistically significant.  

Table 3.7: Pairwise FST values between giant otter populations based on SNPs loci.  

 
BalXix    Trom     Ama       Jau 

BalXix 0 
   

Trom 0.0149 0 
  

Ama -0.0342 -0.0702 0 
 

Jau 0.0641 -0.0363 -0.0367 0 

 

  PCAs performed for both species with the GL dataset (Fig. 3.6) indicate some 

degree of structuring, slightly more pronounced in giant than in Neotropical otters. In the 

former (Fig. 3.6a), it is possible to identify three distinguishable groups for giant otters, 

one containing all individuals from Abufari, the second containing most individuals from 

Balbina and Xixuau and the third with most individuals from Trombetas, while 

individuals from other locations do not seem to cluster together. Balbina and Xixuau are 

neighbouring locations, while Abufari and Trombetas are more distant in relation to all 

others (Fig. 3.1). For Neotropicals (Fig. 3.6b), only the individuals from Balbina are 

more clearly separated from the other two populations (Amanã and Jaú).  
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 The admixture results for giant otters (Fig. 3.7) are consistent with PCA results. 

The optimal K value estimated was 3; Trombetas and Abufari form their own distinct 

clusters, and Balbina and Xixuaú integrate a third cluster. The remaining groups (Amanã, 

Jaú and Guyana) show a higher degree of admixture. For Neotropical otters (Fig. 3.8), 

admixture results also support the pattern observed in the PCA. There were two main 

clusters, one formed by individuals from Balbina and the other by Jaú and Amanã with 

shared ancestry coefficients.  

 When location identity of individuals was included as a factor (Fig. 3.9 - top), 

DAPC was reasonably able to discriminate geographical populations. On the other hand, 

without a priori assignment of population groups (Fig. 3.9 - bottom), the clusters found 

by DAPC did not reflect the same previous patterns detected with PCAngsd and 

NGSAdmix for either species. According to DAPC assignments, giant otters show more 

admixed individuals between the populations Balbina, Amanã and Xixuaú.  
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Figure 3.6: Principal component analysis (PCA) plots generated with PCAngsd covariance 

matrixes. a) Giant otters (PC1=66.5% of the variation, PC2=16.7%); b) Neotropical otters 

(PC1=33%, PC2=4.5%). 

 

 

 

 

a)  

b)  
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Figure 3.7: Admixture in giant otter populations estimated in NGSAdmix. a) Bar plot of 

admixture proportions, where each bar represents one individual. b) Map illustrating total 

admixture proportions in each location. Size of the pie charts is proportional to the sample size in 

each population. (Only main rivers are shown) 

a)  

b)  
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Figure 3.8: Admixture in Neotropical otter populations estimated in NGSAdmix. a) Bar plot of admixture 

proportions, where each bar represents one individual. b) Map illustrating total admixture proportions in 

each location (excluding Aua, which was represented by only one individual). Size of the pie charts is 

proportional to the sample size in each population. (Only main rivers are shown) 

 

a)  

b)  
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Figure 3.9: Discriminant analysis of principal components, with Giant otter plots on the left and 

Neotropical otter on the right. Top: clusters assigned with the function find.clusters in adegenet; 

Bottom: clusters assigned considering a priori knowledge of locations. Each bar represents one 

individual. Darker colours indicate stronger assignment of individuals to clusters. 
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Results of the FCAs based on SNP genotypes are shown in Figs. 3.10 and 3.11. 

For giant otters, 4 factors were supported in the analysis and after attempting all 

combinations between them, the most informative was with factors 2 vs 3; in the plot 

(Fig. 3.10), the horizontal axis (factor 2) accounts for 24.01 % of the total variance and 

the vertical axis (factor 3), 15.65 %. The clusters inferred with previous methods are also 

differentiated by FCA, and for better visualization Balbina and Xixuaú were already 

grouped as a single class in the plot. The only major difference is that, in this case, Jaú 

individuals were more prominently differentiated from others while in PCA, for instance, 

they were more scattered over the plot. Plots showing the combinations of factors 1vs 2 

and 1 vs 3 were included in Appendix 3.3. 

 For Neotropical otters, the analysis only supported 2 factors, so factor 1 was 

plotted against factor 2. In Fig. 3.11, factor 1 accounts for 54.17% of the variation while 

factor 2 accounts for 45.83% in individual genotypes. The FCA analysis was again 

capable of identifying similar patterns as other methods, showing that Balbina 

individuals are differentiated from Jaú and Amanã, which are grouped more closely. In 

this analysis, however, those two groups can be better distinguished than in, for instance, 

the Admixture analysis.   
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Figure 3.10: FCA plot from GENETIX, using SNPs from giant otter called genotypes. 

 

 

Figure 3.11: FCA plot from GENETIX, using SNPs from Neotropical otter called 

genotypes. 
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3.3.2 Genetic Diversity 

 Considering the admixture results and geographical proximity (with hydrographic 

connection), individuals from the adjacent locations Balbina and Xixuaú were merged 

into a single group for SNP allele frequency-based analyses and diversity metrics 

calculations, to increase the number of individuals in the same population (in particular 

due to small sample size of Xixuaú). Individuals from Guyana were excluded due to the 

smallest sample size (N=5). 

 All SNP loci were in Hardy-Weinberg equilibrium. Comparing giant and 

Neotropical diversity metrics based on SNPs (Table 3.8), results of the latter suggest a 

higher genetic diversity for this species in the populations studied. Heterozygosity levels, 

for instance, were generally low for giant otters compared to Neotropical otters. The 

negative Tajima’s D values suggest a possible excess of rare alleles in the dataset, but the 

approach used in realSFS does not test for significance of this metric. 

Table 3.8: Median Tajima’s D, Watterson’s theta (θ), average observed (Ho) and expected (He) 

heterozygosity based on SNP loci across giant (Pb) and Neotropical (Ll) otter populations. 

Species / Population N Tajima’s D ϴ Ho He 

Pb Ama 10 -1.71 0.34 0.125 0.200 

Pb Bal-Xix 13 -0.04 0.06 0.097 0.106 

Pb Jau 10 -1.59 0.25 0.294 0.260 

Pb Abu 8 -1.37 0.34 0.227 0.305 

Pb Trom 9 -1.23 0.30 0.262 0.236 

Ll Ama 7 0.009 0.84 0.433 0.371 

Ll Bal 15 -2.04 0.54 0.317 0.248 

Ll Jau 9 -0.7 0.46 0.389 0.309 
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3.3.3 Mitochondrial DNA Analyses 

 Since not all the samples amplified the full CR fragment intended, haplotype 

identification was based on regions of 132 and 139 bp (final length of the 220 bp 

sequence after excluding sites with gaps or missing data)  obtained with the internal 

primer pair and shared among all sequenced individuals of giant and Neotropical otters, 

respectively.  

The Bayesian trees generated with mtDNA data from this study’s samples (Figs. 

3.12 and 3.13) give some further support to population structure findings based on SNPs. 

In the giant otter tree (Fig. 3.12), it is noticeable that most individuals from Balbina are 

grouped together, showing a stronger overall differentiation for this population. In Fig. 

3.13, similar results are observed for Neotropical otter; although not showing a strong 

structure for any of the groups, a few clusters of individuals from the same locations 

(Amanã and Jaú) with well-supported branch values can be observed.  
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Figure 3.12: Bayesian tree based on partial sequences of mitochondrial control region for giant 

otter individuals. Branch support values are shown in red. 
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Figure 3.13: Bayesian tree based on partial sequences of mitochondrial control region for Neotropical otter 

individuals. Branch support values are shown in red.  

 

 In giant otters, 6 different haplotypes were identified from this study’s samples, 

based on 7 variable sites. Mean haplotype diversity (Hd) was 0.723± 0.07 and nucleotide 

diversity π was 0.012±0.002. Haplotype 2 was the most frequent (Fig. 3.14), being found 

in four different locations (Balbina, Amanã, Xixuaú and Jaú). The Abufari samples both 

showed distinct haplotypes, while the remaining locations have shared at least one 

haplotype in common. 
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Figure 3.14: Median-joining network of giant otter haplotypes considering only samples from this study. 

Each circle corresponds to one haplotype, and circle sizes correspond to haplotype frequencies within the 

whole sample. The hatch marks on network lines indicate numbers of mutations.  Colours within the circles 

denote the different geographic locations, as following: yellow – Amanã; black – Jaú; blue – Xixuaú; white 

– Balbina; and red – Abufari. 

 

 

 Figure 3.15: Median-joining network of Neotropical otter haplotypes considering only samples 

from this study. Each circle corresponds to one haplotype, and circle sizes correspond to haplotype 

frequencies within the whole sample. The hatch marks on network lines indicate numbers of mutations.  

Colours within the circles denote the different geographic locations, as following: yellow – Amanã; black – 

Jaú; white – Balbina; and purple – Ati-Paraná.
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 1 

 2 

Figure 3.16: Giant otter haplotype network with added Genbank sequences. a) Haplotype circles coloured according to location; b) Haplotype circles according to broader 3 

classification in “Southern” group (N=20) and Guyana AoE (Area of Vertebrate Endemism) group (N=31). 4 

a)  

b)  
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 5 

Figure 3.17: Neotropical otter haplotype network with added Genbank sequences. a) Haplotype circles coloured according to location; b) Haplotype circles 6 

according to broader classification in “Southern” group (N=8) and Guyana AoE (Area of Vertebrate Endemism) group (N=14).7 

a)  

b)  
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Neotropical otters sampled in this study had a total of 9 haplotypes (Fig. 3.15), 

based on 9 variable sites. The overall haplotype and nucleotide diversity were similar to 

giant otters (Hd=0.795±0.07; π=0.01±0.002). Haplotype 1 was the most frequent, being 

shared by individuals from all the locations included (Amanã, Ati-Paraná, Balbina and 

Jaú). The majority of the haplotypes (N=5) were exclusive from Balbina. Amanã showed 

two distinct haplotypes (H7-8), while Jaú individuals showed only shared haplotypes. 

Both haplotype networks also show an overall concordance with the previously 

shown results, based on NGS data. Abufari, for instance, had quite distinct clustering 

patterns for giant otter SNPs, and again it showed its distinct haplotypes in the mtDNA 

analysis. Neotropical otters from Balbina were also strongly clustered both with SNPs, 

and had the higher haplotype variability within the samples analysed.  

The second analysis, including the sequences from Genbank, resulted in a higher 

number of haplotypes for both species (Figs. 3.16 and 3.17). Giant otters had a two-fold 

increase on the number of haplotypes identified (N=12, based on 13 variable sites out of 

132bp) with an Hd of 0.693±0.06 and π=0.01±0.002. Neotropical otters too had an 

increase to 16 haplotypes (with 20 variable sites in a 427bp sequence - after excluding 

gaps and missing data sites from the original 516bp segment), resulting in an Hd of 

0.97±0.01 and π=0.01±0.001.  

 In Figs. 3.16b and 3.17b is possible to see that there is a small proportion of 

shared haplotypes between locations from Guyana AoE and the Southern group. The 

only shared haplotype between the two groups in Neotropical otter - H15 – is shared by 

two individuals quite apart from each other (see map in Fig. 3.5): one from French 

Guyana and the other from the Peruvian Amazon (both sequences retrieved from 
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Genbank). Nevertheless, FST comparisons showed that this differentiation was only 

significant for giant otters (FST=0.24; p= 0.0001).  

 

3.4 Discussion 

The aim of this study was to compare patterns of diversity and population 

structure of Neotropical and giant otters in Central Amazonia, in order to provide 

relevant information and transferable inference for the conservation and management of 

species. Previously, no studies were able to detect signals of genetic structuring for 

Amazonian otters at finer/regional scales (e.g., at minor river sub-basins level – see Table 

3.1 and further discussion below). This study was directed as an attempt to fill this gap, 

performing a sampling scheme at a regional scale encompassing several sub-basins and 

incorporating NGS methods for the use of high-resolution genetic markers.  

3.4.1 Giant otters 

Using sets of 469 and 134 SNPs (identified with the GL approach and 

conventional approach respectively), combined with mtDNA data, it was possible to 

identify population genetic structure and assess diversity metrics of giant otters in Central 

Amazonia. This is the first time that a structuring pattern has been identified within this 

region.  

Evolutionary history and phylogeographic patterns of giant otters over different 

portions of the Amazonian biome were previously addressed using mostly mitochondrial 

DNA markers, as in the works by Garcia et al. (2007), Pickles et al. (2011), Caballero et 

al. (2015) and Ruíz-García et al. (2018). Patterns of population structure were also 

investigated using 13 microsatellite loci using 59 samples (mostly scats) from 
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populations in the Upper Amazon, Guyana, northwest Orinoco basin and Bolivia (Pickles 

et al. 2012). In general, all of these studies cited found relatively high levels of genetic 

diversity for this species at the Amazonian biome scale with the molecular markers used, 

proposing the existence of a large-scale genetic structure with a few phylogroups, 

between which they suggest widespread gene flow (without barriers’ influences). But 

normally, such patterns of high diversity in phylogeographic studies are the reflex of 

diversity among locations, when haplotypes are sampled among a broad spatial range - 

especially when the sample sizes per location are low.  

Analysing partial sequences of the control region and gene cytochrome b (Cyt-b), 

Garcia et al. (2007) identified 11 haplotypes within their Amazonian sample, and 

obtained an average haplotype diversity (Hd) of 0.867 (this estimate includes samples 

from Pantanal, where 1 additional haplotype was found). In the present study, both 

analyses performed with mtDNA (with and without Genbank sequences) had smaller 

values of Hd. Nonetheless, the present study had a larger number of samples from 

locations at a finer scale - within almost the same spatial range, Garcia et al. analysed 22 

samples, while here 51 samples were used, i.e., an almost two-fold increase in sampling 

density. Taking Balbina as an example, as this was the location with the larger sample 

size (N=18), Garcia et al. 2007 had only 5 samples. Hence, if several of the sampled 

individuals originate from the same matrilines, they will share the same haplotypes, 

which would consequently reduce the overall haplotype diversity – and in turn could 

explain the current results. In fact, the Hds obtained for the CR fragment here (0.72 and 

0.79) were close to the overall Hd reported by another study that also used a partial CR 

sequence (of 258 bp - Caballero et al. 2015).  Their overall Hd was 0.71, and the Hd 

reported in the same study for the phylogroup of Puerto Carreño in Colombia (which, 
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like here, also comprised a large number of samples, N=35, concentrated at a finer scale) 

was 0.70.   

The overall nucleotide diversity estimate reported in this chapter (π=0.01) for 

giant otters appears high considering the moderate Hd values, but nevertheless it is again 

close to that obtained by Caballero et al. (2015) with a partial CR sequence (π=0.012) 

and with the one obtained by Garcia et al. (2007) when considering the CR only, which 

was also 0.012.  

Garcia et al. (2007) found significant genetic (Φst) differentiation between 

individuals from Balbina Lake area and the Negro River, indicating the possibility of 

population structuring within central Amazonia at finer scales than normally 

contemplated by phylogeographic research (i.e., among minor river basins). Other 

population pairs in Amazonia were also compared by Garcia et al. (2007), but inferences 

were limited since some of their populations were represented by a single or a couple of 

individuals (see Table 3.6). But since then, no other work has tackled the matter of 

assessing genetic patterns of the species within this central region, which includes the 

intersections of several areas of vertebrate endemism (cf. Silva et al. 2005, Borges 2004), 

having therefore a biogeographical relevance. With the set of SNP loci obtained by NGS 

in this study, it was in fact possible to detect some degree of population structuring in 

giant otters across this region.  

One of the identified clusters based on SNP analyses appears to pool together 

most individuals from the locations Balbina and Xixuaú, which shared a predominant 

common ancestry. These two areas are situated in different river sub-basins. Xixuaú is in 

the middle course of Jauaperi River, a tributary of the Negro. The Balbina study area 

comprises the Balbina Lake - a 2360 km² hydroelectric reservoir (formed by the 
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damming of Uatumã river, a tributary of the Amazon) and the lower/medium course of 

the river Pitinga (tributary of Uatumã). Xixuaú and Balbina are ca. ~200 km apart in a 

straight line, but the two sub-basins are connected by smaller tributaries of Alalaú river 

(a western tributary of Jauaperi) and Cuariaú/Camanaú rivers, so it is likely that 

individuals use them as a dispersal route, facilitating gene flow between these areas. This 

could explain the high admixture between the two sites, which might well constitute a 

single population.  

The likely connection between Balbina and the Jauaperi River is important 

because the impact of large dams on populations of giant otters is not well known. 

Palmeirim et al. (2014) have suggested that the Balbina Lake provides a low-quality 

habitat for otters, arguing that despite an estimated increase in population size, overall 

giant otter density has decreased after the reservoir filling compared to pre-filling 

densities (i.e. - the population did not grow in the same expected proportion as the 

amount of available habitat). There is, therefore, much concern about the impacts of 

dams on biodiversity (Lees et al. 2016) and connectivity among Amazonian rivers 

(Anderson et al. 2018). With the present results, it can be suggested that, at least for giant 

otters, connectivity between river basins seems to be maintained so far, despite the 

potential barrier imposed by the large dam to the lower course of Uatumã River and its 

potential connections to other sub-basins and to the Amazon River, towards where 

Uatumã flows.  

On the other hand, the Balbina/ Xixuaú population had relatively low 

heterozygosity compared to the other putative populations (see Table 3.8).  Some past or 

ongoing process might be influencing genetic diversity of this population, and the 

possible influence of the reservoir cannot be discarded. As reported in the study by 

Palmeirim (2014), the giant otter population in Balbina was estimated to undergo a two-
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fold increase over the last 25 years following the dam filling. It is possible that the new 

habitat conditions, including a temporary pulse in the prey biomass available during the 

initial years of the dam closure (Santos & Oliveira 1999) may have influenced giant otter 

demographic processes, for instance leading to higher litter survival, and eventually 

leading to an increase in inter-group relatedness. Nevertheless, pre-dam events could also 

be responsible for the patterns observed, and with the data obtained it is not possible to 

infer the causes and processes that led to the current status; more focused studies are 

needed in order to test different hypotheses.  

Balbina and Xixuaú are both located in the Guianan AoE, along with two more 

sampling sites in this study: Trombetas and Guyana. Trombetas showed a strong 

clustering of its individuals, with common ancestry coefficients between them. 

Trombetas, like the Uatumã River, is also a tributary of the left (northern) bank of the 

Amazon. In terms of Euclidian distance, the two sites are located around 320 km apart. 

However, the hydrographic connections from Trombetas sub-basin to Uatumã might not 

be as direct, as two more major watercourses (Nhamundá and Jatapu rivers) flow in 

parallel between the two areas. It is thus less likely that direct gene flow would occur 

between those sites, and the results presented suggest that giant otters from the 

Trombetas River might constitute another separate population.  

The Guyana individuals, on the other hand, showed more admixed ancestry 

coefficients and did not cluster. This was not expected, considering that this location was 

the most distant from all others, being located in the Essequibo basin, which flows 

towards the Caribbean and is separate from the Amazon basin. One possible issue with 

this group could be the low quality of the data available for the few individuals analysed. 

First, only 5 individuals yielded enough reads to allow further analysis - and only two of 

them had less than 30% of missing data for the SNP loci used. Plus, no mtDNA data was 
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obtained. But one hint could come from the DAPC analysis, which was based on the 

smaller set of SNPs obtained by genotype calls: in the DAPC assignment plot, all the 

Guyana individuals indeed showed strong assignment to this group, except for one, 

which had a stronger assignment to the Trombetas cluster instead (see Figure 3.9). The 

Guyana samples all cluster together in the FCA analysis (see Figure 3.10).  It is not 

possible to confidently infer relationships between the Trombetas and Guyana clusters 

without an increased sample size.  However, connectivity could be possible since the 

Trombetas sub-basin originates in Guyana. 

The other group of individuals showing evidence for separate clustering was 

Abufari. This site is located on the middle of Purús – an extensive lowland white-water 

river and major tributary of the Solimões (Amazon) river, before its confluence with 

Negro. It is included in another sub-division of the endemism centers: Inambari, and is 

the southernmost study site among the whole sample-set. The shortest Euclidian distance 

from Abufari is to the Amanã site is approximately 360 km, but the sub-basins are 

centrally separated by the Amazon and by the Jutaí-Purus interfluve, and the more 

complex watercourse networks between them might hamper a continuous gene flow. 

Hence, a clustering of individuals from this area was not unexpected, and the mtDNA 

results give further support to suggest that this population has less genetic similarity to 

the others studied.   

Finally, the individuals from Amanã and Jaú showed overlap in the PCA and 

Admixture analyses, but some separate clustering for DAPC, FCA and mtDNA.  The two 

areas are located before the confluence of Negro and the Amazon, in an interfluve which 

is also considered an area of endemism, Imeri - or Negro, according to some authors (e.g. 

Ribas et al. 2012). On the north, this area is delimited by the Negro River and on the 

south by the Amazon. The fact that Amanã and Jaú are situated in a middle geographic 
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position between Abufari and the northernmost sites (Balbina, Xixuaú, Trombetas, 

Guyana) could explain the higher admixture found, as they could have indirect 

connectivity to both “sides”. Amanã is a lake formed by several tributaries that provide 

year-long connections to the white-water Japurá and Amazon rivers on the west, and 

seasonal connections to the Negro sub-basin on the east. The latter seasonal links allow 

the connection between Amanã and Jaú, though perhaps some level of isolation as well.  

To some extent the Imeri/Negro interfluve may serve as an intermediate area important in 

maintaining gene flow between the Guiana AoE and the southern AoEs.  

3.4.2 Neotropical Otters 

Results obtained for Neotropical otters using SNPs and mtDNA datasets have 

also suggested the existence of population structure for this species within the study area 

in Central Amazonia. The clustering of the Balbina population was well supported in the 

PCA. Admixture analysis found two clusters, one of them clearly dominated by the 

Balbina individuals. Jaú, Amanã and the single individual from Ati-Paraná have shared 

ancestry proportions of the two clusters identified; nevertheless, all three appear to have a 

higher proportion of ancestry from the same cluster. The FCA analysis was able to 

cluster all three putative populations separately.  Although limited, the mtDNA dataset 

helps to corroborate the NGS findings, since Balbina had the majority of exclusive 

haplotypes in the sample. Therefore, the study results suggest that Neotropical otter 

populations in Central Amazonia also show signs of genetic differentiation, with a very 

similar pattern as seen for giant otters for the populations sampled in common.  

Previous studies with mtDNA data have been able to identify main lineages and 

phylogroups of the species over large scales (Trinca et al. 2012, Hernandez-Romero et al. 

2018, Ruiz-Garcia et al. 2018), but no clear evidence of population structure at regional 
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or local scales. A recent study, however, has found a clear indication of population 

structure of Neotropical otters between three different river basins in eastern Mexico, by 

genotyping 49 individuals with 11 microsatellite loci (Latorre-Cárdenas et al. 2020b). 

Buglione et al. (2020), using the same number of microsatellite markers, have found 

analogous results for Lutra lutra (a similar species in terms of morphology, ecology and 

behaviour). The authors observed the sub-structuring of populations mostly according to 

different river basins in southern Italy (Buglione et al. 2020). The results of the present 

study suggest that the same happens in central Amazonia, and it can be hypothesized that 

gene flow can be more restricted between sub-basins.  

Unlike the case with giant otters, for Neotropical otters there was no data 

available from closer populations to Balbina, such as Xixuaú. It would be important to 

sample this and/or other populations potentially connected to Balbina, in order to assess 

if this population is really isolated (due, for instance, to the influence of the dam) or if 

there is evidence of gene flow and genetic connectivity with other locations. But, once 

again, Amanã and Jaú areas showed a similar pattern of admixture as for the giant otter, 

highlighting the potential of this region as a connection between sub river basins. 

Ordination analyses in DAPC and FCA could isolate Amanã and Jaú clusters, but not as 

clearly as for Balbina. 

3.4.3 Comparative genetic diversity and structure patterns  

Population structure was found for both species, but due to the limited number of 

sampling locations achieved for Neotropical otter, it was not possible to compare 

whether the degree of structuring is reduced for this species when compared to giant 

otters, as hypothesized. Therefore, the role of sociality in promoting or reducing 

connectivity and gene flow could not be assessed with the current data. Still, considering 
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the three locations in common for both species, the patterns are quite similar, with 

structure being found in the Balbina area, while Amanã and Jaú locations were more 

admixed with shared ancestries. Although the role of sociality cannot be either inferred 

or discarded, these preliminary results might suggest that other extrinsic factors can 

contribute to population genetic structure. 

The diversity metrics found indicate a greater genetic diversity for the 

Neotropical otter than for the giant otter, consistent with the greater demographic impacts 

of hunting on the populations of the latter. These results corroborate the findings of 

Pimenta et al. (2018) on the greater resilience of the Neotropical otter to the decades of 

intensive fur trade, evidenced through historical records that did not show a decrease in 

the exploitation of this species over time, unlike the observed for giant otters. 

It was long thought that giant otters might have undergone a genetic bottleneck. 

However, to date, other studies have found moderate levels of diversity for the species 

not consistent with a loss of rarer alleles by a bottleneck. Ribas et al. (2015) and Pickles 

et al. (2012) performed specific tests for bottleneck detection with microsatellite loci, but 

did not detect evident signs of such an event in either Pantanal or Amazonian 

populations. Pickles et al. (2012) found only weak evidence in one of the groups studied 

in the Amazon (Iténez), but they acknowledge that the small sample size impairs the 

ability to detect a possible bottleneck (especially such a recent one). With the data 

available in this study, it was also not possible to perform a specific test. Neutrality tests 

performed with mtDNA data can provide some clues, in this case the significant 

negavtive Tajima’s D for the haplotypes from Guyana AoE can indicate a process of 

population expansion following a reduction, due to excess of rare alleles which is an 

expected pattern after a bottleneck.  
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 Also, the reported values of diversity based on the sets of SNPs were low - this 

might indicate that the Amazonian populations of the species were not able to maintain 

moderate to high diversity levels, as has been a consensus in the literature to date 

considering phylogeographic studies. Nonetheless, Ho and He values reported here for 

the giant otter, despite low, are in fact similar to other vertebrate studies using SNPs, 

including for instance terrestrial and aquatic mammals (e.g., island fox - Funk et al. 2016, 

harbor porpoise - Lah et al. 2016) and the pirarucu fish in Amazonian rivers (Torati et al. 

2019).  

In addition, considering haplotype diversity results, the overall mitochondrial 

DNA diversity is quite similar for both species and indicates a reasonable level of genetic 

variation over Amazonia. Patterns observed with nuclear markers, though, might tell a 

slightly different story and, as the present results suggest, giant otter populations could be 

currently less diverse and more structured than those of Neotropical otters.  

Still, mitochondrial DNA markers are undoubtedly useful for detecting 

phylogeographic patterns and studying evolutionary aspects and history of species and 

populations (Rubinoff & Holland 2005), among many other applications. In fact, an 

interesting result in common for both species was the distribution pattern of the 

haplotypic diversity observed when including Genbank sequences. For Giant otters, there 

was a significant distinction between haplotypes found in the “Southern” group (which 

included all individuals to the south of the Amazon and west of Negro Rivers) and the 

“Guiana” group (including all individuals sampled within the Guiana area of endemism). 

This strengthens the hypothesis that large Amazonian rivers might indeed have a role in 

shaping genetic diversity patterns not only in terrestrial vertebrates (Antonelli et al. 

2010), but even in mobile, semi-aquatic species such as otters. In fact, a recent study has 

found two distinct lineages of the dwarf caiman, a semi-aquatic reptile, which are 
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separated in four different populations structured among major river limits in central 

Amazonia (Bittencourt et al. 2019). At finer scales, population structuring within river 

basins have been found in other semi-aquatic mammals, such as the Pyrenean desman 

Galemys pyrenaicus, the water rat Nectomys squamipes, and capybaras (Querejeta et al. 

2017, Maroja et al. 2003, Byrne et al. 2015). 

Due to experimental limitations, though, any conclusions from the present results 

should be drawn with caution. Despite the major sampling effort in the field, the low 

quality and scarcity of DNA in scat samples has reduced the final sample size. Having 

few samples sequenced per study area weakens the predictive power of some 

bioinformatic analyses, and hampers certain estimates and hypotheses that could have 

been tested with a more complete sample size and dataset. Still, the combination of SNPs 

loci obtained by NGS with mtDNA sequences allowed the identification of current 

population structure in both species in the studied region, using modern contemporary 

samples.  

 

3.5 Conclusion 

This study constitutes the first focused attempt in assessing comparative 

population genetic patterns for otters in the Brazilian Amazonia at a regional scale. 

Results presented in this chapter suggest the existence of population structure for giant 

and Neotropical otters among Amazonian river sub-basins, and possibly among known 

areas of vertebrate endemism delimited by major Amazonian rivers.   

Wide-ranging species can sometimes hide cryptic structure or isolation by 

distance (IBD) patterns that might only be detected at finer scales and/or under an 
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intensive sampling scheme (Quaglietta et al. 2012, Escobar et al. 2015, Bittencourt et al. 

2019), and the sampling design proposed here aimed to cover both points. Previous 

works have evoked the dense hydrography – and thus putatively high connectivity - of 

the Amazonian basin to explain large-scale phylogeographic diversity in otters (Trinca et 

al. 2012, Pickles et al. 2011, Ruiz-Garcia et al. 2018).  But the network of watercourses 

in the Amazon basin can be as complex as it is dense; from the viewpoint of a semi-

aquatic animal, maybe not every river is a route. Agreeing with Latorre-Cardenas et al. 

(2020b), it is likely that the population structure found in some of the Amazonian sub-

basins studied here is related to the hierarchical character of the riverine landscape, in a 

way that gene flow can be lower among drainage basins than within them (Hughes et al. 

2009, Esmaeili et al. 2020). The complex characteristics of rivers, considering flow 

direction, width, vegetation cover, among many other aspects, might have a main role in 

promoting or restraining dispersal and gene flow within and among basins or sub-basins.  

This work also brings some relevant conservation implications for the species 

studied. Because population structure was found, this highlights the need for maintaining 

a good mosaic of protected areas, to allow connectivity between populations. It was 

found that genetic diversity of giant otters might still be reflecting past anthropogenic 

exploitation, and that some populations might be more genetic depauperate than others. 

More specifically, attention should be given to the giant otter population in the area of 

influence of Balbina hydroelectric dam, because despite its apparent health, genetic data 

suggests that this population could be experiencing more risky levels of genetic isolation. 

Of course, the same caution should be taken into consideration for other large dams, and 

the findings highlight the importance of genetic monitoring of freshwater species 

potentially affected by this kind of developments.  
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3.7 Appendices 

Appendix 3.1 List of target loci designed for the capture protocol. 

Appendix 3.2 Figure illustrating the Amazonian areas of endemism. Republished figure 

from Ribas et al. (2012) with permission of the Royal Society (Great Britain), from the 

Proceedings of the Royal Society B: Biological Sciences 279(1729); permission 

conveyed through Copyright Clearance Center, Inc.  

Appendix 3.3 Giant otter FCA plots. 

 

Appendix 3.1 

>Giant.XPO4_1009bp_GC:_32.5% 

TTTTGAGAACATGTATACAATAGAGTTCTATCTTCTTGGCGATATGAAAGGGTAAGATTTTATTTTGGCTTAAAGCCTA

TTCTATAATAAAACTGTTTTCTTTCTCTTCTACTATTGTGGGAAGGTTTTCTGGGTTGGCTGAAGATTTTGTTTTTAAT

GGTTTTCCTCAACAGTAACTAACTTATTCAAAGATACTCCCCCAGAAATTCTTCCCTCTCATGCCTTTTAGAACATTTT

TCCTTAATTGATCTTTCTCATTAGCTGGAGTTTCTTCCATCCTGACCTTACACTTCCTTCAAAAATAATCTTTCTACTA

TTATCTTCTTTCAGAATCAGACAATCTCCTCCGGGAGGTCATTTCTGGTAGACACTCTAATTAGGCTTTTATATCCATA

TATATAGAAATATACATATTTACAGAAATATCCATTTATATGAAAAGGGTGTGTGTGCGTGTGCTTGTGTGTATATATT

TAAAATGTACATGTATAAAGTGTTTCAGACTCACTAACTGATACCATACTTGCATGGAAATCAATGAACTGAAATTCCA

TGTCTTAATAGTGGTTTTGGTTTAAATATACAGTGAAACGTACAAATATTATTTGCACAGTTTGATTAGTTTTGACAAA

TGCATACACCTGTGTAACCAGGCCATGTTAAGATACAGAATATAACCATACATAATCTCTGAAAGCTCCCTCATTTTCT

TCCCAGCCAACGCTCTTATACCTAAGGCAACCACTTTGTTAATTTTTTAACATATTAGTTACCATATATTAGCTATATT

TTAAAATGACACTTTTTTATGGGCATATATTTCATTATCATGGATAAATACCTAGGAGTAGAATCCTATTTCATGGAAC

AGCTGTATATTTGTCTTTATAATACATTGCCAAAGCACTTTCCATTGTGCTATATCATTTTACACACCCACCACATAAT

AGTTCTAATTACTTTTCCAACTTGGCAGCATTTGGTGTATCAGACATTTAAATTTCAGCCA 

>Giant.TXNDC5_1017bp_GC:_37.6% 

TCTGCATACACAGGTCCTTCTACCTTCATCTAGAAGAACTTTCATTTGGACTTCTGCCTTTTAGTGATCTTAACCAATG

CTGGTAAAAAGCAATGCTTTCACAGAAGCTGAAATGACACTAAATGTCTCCCCCATCTCCACATGAATCTCTGTGCAAT

ATTATATATGGGGAGACACAATAAGTGTGGGATAATTATAAGTTGTGTATGTGATGTCAGAAGACTATTACTGTGACAA

TCTGAAGACCGTGTTTTCAAAGCATTTTCCTGTGAAGTTAGTGCAAGTTAAATATAGAACTCGAGCTTGATTCCACATA

AATTATGGAGTTGGTCAGTCATGGAGATAAAATTATATTTAGAGTTCTCACTGGCATTATAAGAAACAAAACTGAGAAG

GGCGCTTTTTAATTTTATATTTTTTCAGTGTTCCAAAATTTTTTGTTTATGCACCACACCCAGTGCTCCATGCAATACA

TGCCCTCCTTAATACCCACCACTAGGCTCACCCAACCCCCCAATCCTCTCTTCTCCAAAACCCTCAGTTTCTTTCTCAG

AGTCCACAGTCTCTCATAGTTTGTCTCTCCCTTCGATTTTCCCCAACTCACTTCTCTCCATCTCCCAATGTCCTCCGTG

TTATTCCTTATGTTCCACAATTAAGTGAAACCATATAATTGACTCTCTCTGCTTGATTTATTTCATTCATCATAATCTC

TTCCAGTCCTGTACATGTTGATACAAAAGTTGGGTATTCATCTGTTCTGATGGAGGCACAATACTCCACTGTATATATG

GACCATAACTTCTTCACCCATTCGTCTGTTGAAGGGCATCTTTTTTCTTTCCACAGTTTAATGACTATGATCATTGCTA

CTCTGAACACTGGGGTACAGATGGCCTTTCTTTTCACTACATCTGTATCTTTGGGGTAAATACCTAGCAGTACAATTGT

CAGGTCATAGAGTAGCTCTATTTTTAATTTCTTTTTTTAAAAATATTTTATTTATTTATTTGACAGAGA 

>Giant.TRAF3IP1_1007bp_GC:_55.8% 

AGGCCACAGGACAAGGAAAGCTGCATCCTTGATGGTTTCTTGCGCGTGAGCAGTTCTAGCAGGAACGTCTTCTGTGCTT

CGGGTCTCACCCGGAAAGCTGAAGGCCACGCTGGGTGCGAGGCGTCGGCGTTCCCAAACAGCTGTGCTGGTTAGAATCA

GGTTTGTGGCTCCTTTTCCTGACCTCACACCCCTGGTCACCCAGAAGCGACTCTGCAGCAGAGAGCCCACAGCCTCCCG

CAGATGGTGAAACGCAGCCAGATGGAAAACTCTCCTGGTCTTCACGGGCCAATTCCCCAGCCTGAGAGCTGCTCCTTGT

GGTTGTCGGGGGAAGGAAGGGGACCTAACAAGGGCCACGTAGCTAAAGCTGTGGGATCACGTTGTGGAATAATTCTCAG

GAAACCGCCGTCTGCCAGGAGCTAGGAACCTGGGTGTGTTTGGCTCCGCACACTGCCCTTGGCGGCCCTGAAATAGCCC

TGAAATCCACCATGCCCGACCCAGCCCACACTGAGTACTTTGGTTAGTTTGTTCTGCACTATCTCATCACTAGCCCTGT

GGCTTTCCCATGCCTCCTGCCTGCCAGGTCCACAAGGTTCCTCTACCCCCAGGAGGGTCTGCTGCCCAGAGCCAAAATA

AACCCCGGAGTGGGAAAAGAGGACTGAGAGCCGTGGGTCTCTCTCTCTGTGGGGTACACACCATCGCCACCGGCATTTT

TGCTTCATGCCCTGACAGTTGCTAAGAAGGCTCCTGGAGTTTTTACAGGTCAGCCACAGGGGAACGAGGCGCTGCTGCA

CCAGAAAGGACCCCTTTCCCCCAACTGTCCCAAATGTGAGTGTCCCTGCCCTCCCACTCACTGCCTGCCTGGTGACGTG

GAGAACAAAGGCAAAAGAAAAAAAATTAAATTCCTACAACCTACAGCCCACTGACAAGTCCTTGGGACAGGCAGAGTGA

CCTTCCTCCAGGAACTCAGCTGCCTCAATGTTAATCCTTCGCTAAGCACAACAGGCAAT 

>Giant.TBC1D9B_992bp_GC:_41.4% 
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CCTAGATTGAGAACCTGTGGCTTCTAGGGAAGGTTCCTGTGCACCACACCTTACCAGGAGTGTAGCAGAGAACAAACAG

CACCAGGAACAATCACACACAACTGGCTGATGAGGTATGTGGTGGCCAGTGCGACTCAGAGAGTGGCCTGGTATTAGGG

AAATCTTGCTATGTTGCAGGCTGTGGAGGCTTACTGAGAACTGCCTTCATTAGTACACAATTCAAAGAAAAACAACGTA

GGCCTACAAAAGCATCTCCCAAGGGGGCGTGTTTACATTCTAACTTGGGTGCTGCCTTTCTCTATCTCCATAGTATGTC

ACTAAGACACAAATAGGGAGTCTCACATTACCACCAAGGGCAGATGAATCCCATTTTAATTGTACACTAGCCACAGAAT

GGCTGCAAGTATGTCAGAAAAGCTACGAAAATTATTTGCTACAGCCAAACAAAAGATTTTGGATCTTTTATGTATATTG

TTAGATAAATAGGAGCCTGTTTGGTGTTTGAAATATTTATTTTAGCACTCATACACTTTTCAATGTGTCAGATGACATC

AGACTATAAAATTCCTGAGATGACATATTTAGAATGAAAGAACATTCCAGGGAAGAATGCCGAGTCCTGAGTGATGTAC

CGCCATTTCACAGATGGCCGCTTTTACTCATGCCCAGAAGGTATTGGGCTTACTGTTAACACGAAATTTCTTTCCAGCT

TATAGACCAAGTCAGATCATTTCCAATGACTTTTACATAAAATTAGCAAGGACTATGATGAGGAAGGCAGTTTAGAACT

TTCATTGAGGATGAAAAAGTGTTGTTCTTCTTTGAGCTGTGGAGTAGCTCTGTCATTTCAGGTCTCAAGTGATTGATTC

TGTTCTGTGGAGTTGGAGAATTTATGGTTCTCAATTTTGCAATTGGTGAAGCAGGGTTATAGGCAGAAGGGAGGTGCTA

TAAGTCATCTTGCTGTTTGTGAGAATGCTACTCTCATGGTCTCT 

>Giant.SQSTM1_994bp_GC:_38.1% 

AGAGAGTCAATTATCATATGGTTTCACTTATTTGTGGAGCATAACAAATAGCATGGAGGACATGGGGAGTTAGGAGAAG

GCATTTGGGGGAAATTGGAAGGGGAGGTGAACAATGAGAGACTATGGACTCTGGAAAACAATCTGAAGAGTTTGAAGAG

GTGGGGGGGTGGGAGGTTGGGGGAACCAGGTGGTGGGTATTAGAGAGGGCACGGACTGCATGGAGCACTGGGTGTGGTA

CAAAAACAATGAATACTGTTATGCTGAAATTAAATTTTAAAAAATGAAAAAAAAAGCAGTAATCAAAAGGGAAATTAGA

AAGTAGCTTTATATAAATGAAAATGAAAACAAAATATATTAGACTTTGTGGGATCCTACTAATGCAGAACTTGGAGGGA

AATTTATTGCACTAAATATGTAGACTGAAAAAGAATAAAGCTTTCAGATTAATGTCCTCAGCCTCCAGCTTAAAATTAT

TAAAAGAAGTGTGAGTTAAGCCAGAGTGAAAATAATGAAGTAGTGAAGATCAAAATGAAAATCCACGTATGGAGTATTA

TGCCTCCATCAGAAAGGATGAATACCCAACTTTTGTAGCAACATGGACGGGACTGGAAGAGATTATGCTGAGTGAAATA

AGTCAAGCAGAGAGAGTCAATTATCATATGGTTTCACTTATTTATGGAGCATAACAAATAGCATGGAGGACATGGGGAG

TTAGGAGAAGGCATTTGGGGGAAATTGGAAGGGGAGGTGTACAATGAGAGACTATAGACTCTGAAAAACAATCTGAAGG

GTTTGAAGAGGTGGGGGGGTGGGAGGTCGGGGGAACCAGGTGGTGGGTATTAGAGAGGGCATGAACTGCATGGAGCACT

GGGTGTGGTACAACAACAATGAATACTGTTATGCTGAAAATAAATTAAAAAAATAATTTATAAAAAAAAAGAAGAGAAA

AACAATTAGGAAAATTGAAAGCAAAATACCTATTTGAAAAATTCAA 

>Giant.SPICE1_1008bp_GC:_53.0% 

AGAAACTTTCAAGTTCCCCAAGGCCATCCCAATCATGTAGGCCACCCTGGGCAAACAGTGGCATTCTGACACAAGCTGA

ACAACTACCTCCACTCAGACATGCATACAGATGTCCTCAGAGACAGAAGTTAGAACCTGACAGGTGCCTAGGCCCTAAT

CTGAACCCTAGCTTTGGTTTCCAGGCGGCTCTCCTCAGAGGCCTGGTTTCGAATATCAGCATATGGGGCTTTCCTGAGG

CAACAAACAGAACACCTCTCGCCTCCACATGGGAAGCTTGTTCTTTGAAGCTGTGTCAAACCCTCTGGGTCAGAGAAAC

CTGCAAGGCCCCTGAGCCACTGCCACATTCCAAGGTCTCCATAGACACAAACCCACATTATGACCCACCCTCAGGGGAG

TCCATTTTAACTCAACCCCTGGGTATCTCGTACTAGAGCCAGCAGATCGAACCTGCCTTGTCGCTGGGAGCCAATGGGA

ATGTGATGTGGGGTGCCCAGGCATCCATCCTTACCTCCCTGCTCTCGAGTCTTTCTGAGTGGGGTGTCCTGGAGCCATC

CAACAGGACTCCACTGTCCTGCAGAAGGAAACCTTGTGTTTTGGAGCAGCTCACAACCCCCAGTGGGAAAACCTCCATG

GCCTCATGAGGCACCCCCATCATGAAGAGGCCATCATGGACACAAACTCCAATCCTAGCCAATGCCTGATACTCGCCCT

GACTTCAGATACAGATTTTGATTCAGCCTCTGCAGAGTGGGCCTGCCATGCCCTCGGCACCAAACCTAACCCTGGCTTG

AGTTTTCAGACTTCCGTCCTCATACTCCTGGCCCACAAGGCCCTCAGTTCGGGAACTCCAGAGCCACAATGCATCACTC

TGCCAGCCCATCAGAAGGAAAAATGTTGCCCTATGGGTCTGTCCAGAAACCCCAAATGTCTGTCCAGAAACCCCTTGAC

CGCACCTCAATTTCATAGCTGCCATGGACATTAATGCTCTGTCTGACACAGCCTGAACCC 

>Giant.SLC38A11_1003bp_GC:_37.9% 

AGCCTGCTTCCCCCCACCCCCTGCCTGCCTGTTTACTTGTGATTTCTGTCCATCAAATAAATTAATTAAATATTTTAAA

ATTAAAAAAAAAAGAATATTCTCTTCTAGCTAGAATACAGAGTGATATTAAAGAAGGGGAATAATCATTAACACAGAGC

TTTGTATCCACCATTTCCAAGTCTTCTCACTGCACCCATATTCTCAATGACCTATGAGACACCCCTTCATATAGCATCT

CCAGCACCTTGGAACTGGATAATGCATTGGTTCTCAACCCATGGCAGATACTGCCCAATGCTTATCACCAGGGAGTAGC

ACTAGTGACGGGATTCAGATATGTGTGTGTGGTGTGACAGGTGTTGCTACTGTGACATAGAATGCAGTTCTGCCTTTAC

TGGGAAGGGATCAGAAATCAAAAGGTGGTTCAGGAGATCACCCTACAAAAAATAAAGATGCCAACTTCTTGACTGAGAA

CTGTCATTTGGTCCCAACCTTGTGGTTAAACTCCAGATTATCCAGATTCCAGATTATTTCCTTGCCCCTCAATCCTTCA

AACCATCACGCTCCTTTCACACAGAAGTTGTTACAGAAAACCAGCATTGCCTCAGATAGCGAAACAAATATTAATTTGG

TATTTTCTAAAAACTTAGCCATAAATAATAAGTAATGAGGGTAAAGAAAGTGAATGAGGGAAATAATATGAGAATTCTT

AATCAAAGGTGCAAATATTGTACTTCTTCATTTTAAATACAGCTTTTTAAAAAAAAGTAAAGATCAACCTACAAAGGAA

CATCGTACAAAAAATAGTATTATTCACCATTGTCCTAGAGTTATCTCTTTCACCCTCCCCTAATTCTGCATCTTATTTC

ATCCCCAAATTCAATCCTTGACAGGAACAGATGGGTAGAATATCACTACTTGATTACCTGGTTCTCACCAATAAGAATT

TTTGGCTGAGGATAAGGGTATGTAATGTATTATGGGATCACCACACTATGGCTTG 

>Giant.SLC25A24_998bp_GC:_45.8% 

AGAAGCCATTCTCCCCACTTCCTCAATGAGTTTTCAGGGAGGTTGAGTCACTTTCCCAAGGTCATGCAACTAATAAGCT

ATGGAACCAAGATTTGAACTCAGCTGGTCTAGCATCAGGCCCATGCAGTTAACCACTGCTAATCTACTGCCTCCTGGGA

AGGAGGCATGACTGTGTCAAGATGCCTGGATGATAGAGTTATCCCCCTAGGATTGCAGGAAAAAATGCAGGAGGCCTAG

TTAAATTTGAATTTCAGATGAATGGAGAATAAATTCTTAGCACAATATGTCCCAAAGTTATACCTATCTCAACTATTGC

ATGGGTCATACTTATACATACTAAACTTGTACTCAGTGTTTATCTGAAATTCAAATCTATCTGGGTATCTGGCTTTGTG

TTTGCTAGATCAGCCCACACCATCCTCAGCACTATCCTAACAGAGCTGGCTAGCCACCAGGACTTCTGATGAGCTCTGC

CCCAGTTCTTCCCTTGCTTATGTAACGTCACTTTCTTCTACTCTTCCTGGTTGGAGCCCTTCTCGAGAATTCACCTGTC

CGATATATCACCAAGCCCCAGAGTGTTAGCATCTGCTTTGGTTCTCCCATCCAGCTGTTCTTCTCTACTTCCCAACTGC

CACCCTGAGCCAAAAGCCTATTTATTCCCTCTCACCTAGATGGTGACCAAAGTTCTACTCACCTCACTCAACAGAGGAC

TGCCAGACTTTTTCTTGACCAGAGCACAAGGCATTCTCCTATTCTAAACCCTCCAAATACTCCTTAAGCTCCTTAATGC

AGCCTTCAAAGCTTTCCAGGTCAAGTTCCAACATGATGATGCCACCACCTCTCTGGTCCCCCATAGTTGAGTGTGAACC
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ATAAGCCTGAGCCACGCTGAGAACCCCAGTTTTCCACAATACTTTTTGCTTCTATCTGTGTCTCCACTGGCCTTGAATA

CCACTCTTTCGACATCCCAAAGTCCATCCCTACCACCACTACTTCCACTC 

>Giant.SIDT1_1009bp_GC:_53.9% 

AGCCCTGGGTATGGGCGTGTGGAAAACCCGACCTCTGATTAGGATTGGGGGCCTAGGGGCACGGCCAGCCCCATTTGAT

GGCACTTGGTCCAGACACTGTGAGGCCTTACTTGAAGACGTGGATCATGCTGAGGGTAACAATGCGTGTTTGTGCCCAA

GGCGGCCCACAATCATGGGCGTGACCTCATGGGCCATGCAGGTTTTTCCTACCCTGAAGGTTTGACACCATGCCAACAG

CAAGGTTTCTTGCCATGGGGAAGGAGGAGATCTGATTTGTGCATCAGTTTCCCTCCTGTGCAGTGATTAGAGATAAGGT

CTAGAGGTCTAGTTTCTGATGCCTAAAAAGGCAGGTTGGGAAGAGATGATGGCCTAAGGCCATGGTGGGTCTGATGTGC

TTGGTGTGCAGCCAGTATCTGGGTGTCTGTAGGGAGGACTGGGTTCAGGCTGTGTCAGACAGAGCATTAATGTCCATGG

CAGCTATGAAATTGAGGTGCGGTCAAGGGGTTTCTGGACAGACATTTGGGGTTTCTGGACAGACCCATAGGGCAACATT

TTTCCTTCTGATGGGCTGGCAGAGTGATGCATTGTGGCTCTGGAGTTCCCGAACTGAGGGCCTTGTGGGCCAGGAGTAT

GAGGACGGAAGTCTGAAAACTCAAGCCAGGGTTAGGTTTGGTGCCGAGGGCATGGCAGGCCCACTCTGCAGAGGCTGAA

TCAAAATCTGTATCTGAAGTCAGGGCGAGTATCAGGCATTGGCTAGGATTGGAGTTTGTGTCCATGATGGCCTCTTCAT

GATGGGGGTGCCTCATGAGGCCATGGAGGTTTTCCCACTGGGGGTTGTGAGCTGCTCCAAAACACAAGGTTTCCTTCTG

CAGGACAGTGGAGTCCTGTTGGATGGCTCCAGGACACCCCACTCAGAAAGACTCGAGAGCAGGGAGGTAAGGATGGATG

CCTGGGCACCCCACATCACATTCCCATTGGCTCCCAGCGACAAGGCAGGTTCGATCTGCTG 

>Giant.RNF112_999bp_GC:_39.3% 

AATAGCAAGAAGCAAAGCTCTTGAGAAAGTGACAAAATTCAGGTATAAAAACGGGGATTAAAAAAAATGGGGACTGCTT

TCAGATTGCTGAGATCTTTTGTGGTATCTGAGAGTGAGATATTACCTTGCAGACCTCCAACTGCCAAAACTATGATTGA

ACAACTGGGTGGTAAGGACAGGATTAGAAAGCAAAAGGAAAGAGAGAGAGAGAGCAAGAAAGAAGAAAGGAAGGAAACA

GAAGGAAGGAAAGAACGGAGGGAGGGAGTGAGGGAGGGAGGAAGGGTGTGTGGGGGGTGGGAGTTAGGACATAAATGTA

AAATTTAAAAAAAAAATGTCAGCATCAATAATACATGAATTCTAGGAACTGGAGGTTGCTGGAGACTGGACATATAAAA

GCTTTAAAGTTTTTGAGAAATTAATCAATGAAAGAAATTAATGTTATTAATCAAAACAATAAGATTTCAGGTGTCCCGA

AATATTGGAAGACTGATTCTCAAAAGACATGAATGTATGCCTCTATGGGTAGCCATGGTGATGGTGGTGGTGGTGGATA

GGAGCTATCAGTAAAAGTCAATCTAAGTAACAGATTGCAACTCAAACTGATTATGCTGGCCTCTGGCTTTTCCAGGGAC

GATATAGACTTGTTCTGCATTGACTTACCAATCACCCTACCACTGCCCTCGCCCCTCAGTGAGGGAAGAAGATACAGGA

ATTAACCATCTATCTTGCTTTTACAAATTGAAGGAATCTCTCCCATAGCTTATCACAGTCATGTTAGGAAAGAAAATGA

ATGTAAAGTATATAGAAGCCAATTAGCATCTAAAACTATTAACATCAGGTGTTGCAGTGTACCTGGCAGAACAATCCCC

TGTGGGAAGGAGAGGTAAACAAGAGGGTAAGTACTTTAGAATGTTTTCCAAGCAATTCTGTTATAGCCTCACCTCTCAT

CCATGGAGAACTTAACTCATTTTTAGTAATTGAGCTCATTCATTTGAGAAG 

>Giant.PHLDB2_993bp_GC:_48.2% 

GAGGGGGGCCTGGGTGGCTCAGTGGTTTGAGCCTCTGCCTTCGGCTTGGGTCATGATCTTGGGGTCCTGGGATGGAGCC

CCACATCGGGCTCTCTGCTCAGCGGGGAGCCTGCTTCCCTCTCTCTCTCTGCCTGCCTCTCTGCCTACTTGTGATCTCT

GTCTGTCAAATAAATAAATAAAATCTTAAAAACAAACAAACAAACAAACAAAAGAAGCAGAGAGGGAAACTGAGGTCTT

CAGAGATGGCAAAAATTTGTCCTCCAAATATACAGTGAGTCAGTAAAATTCTAACTTCCTAGCTTGCAAATTCAAACCT

GCTCCTTCAAACCATTCTGAGCCCTCTGGGGTAACAGTCAAGTTGTTCTCAATGAGGAAGACTCCTCTTACTCTATCCC

TAGCATGGAAAAAACTGGGGGATGTCATTTTTGTGACAACTGAAAATACATCCAGATACTGCCAAGTGTCCTCTGACGG

ACAGCCCACCCTGACCCAGTGGCGAATGAACTACTACTCTATCTGGAGCATACTTCCTCCTGGAATTCACACGGCTGTT

GCTCTCAGACTTTGCTCAAGAGTCCCATCCTTTCCTTTTTCTCTCTCTTCCCTTATCCTTCGTTTTGCTTCACAGCAAC

CCCCCACTACCTGACATTACCTTTGCACGTATTTTTTTGTTGTTGTTATTGTTTTGGTTTTTTGTGCCTATTTTCCCAC

CTAGAGGCTAAGCTGGATGAAGGTAGGATCTCCGTTTTGCTCTCTGTTGCGTTCTCAGTGCCTGGTGCACAGTAGACAA

TCCCTCCTGCGTATCTGCTGAAGAAGCAGTTGCTACCCTCCACATAAAAGTGCCAAGTCAAGGGGCGTCCGGGTGGCTC

AGTCTGTTGAGCGTCCGACTCTTGATTTCAGCTCAGGTCATGATGATCTCAGGGTCCTGGGATCGAGCCTTGTGTTGGG

CTCTGTGCTCAGTGCAGTCTGGTTGAGGTTTTGCTCTCTCTTCCT 

>Giant.NRP2_998bp_GC:_36.0% 

TAACACTTTATGTGTGTACATTGACTTCATTTCCAAAATATGAAAAATATTTATTACCTTCACTATTTTGTCATAATCA

TATTTAATGCCACTATTTTCATTTGTGTAATAGACCTTACTCTGTCTTGCTTAGCCCAAGCTCATTATTCTAAGTAATT

CTGTCTTTATCTTACATCATCATTTTCCCACTCTCTATTGGATCATTCCCATAAACAAACACATATACTGTTACTTCTT

TAAAATTTTTTTTCTCACTGCACTTTTCCCCTGCTAACTACTTTCTTATTACTCTGCCCCCCTTTGTAGTAAAACACCT

AAAATAGTTGTTTTGTTTTCCCTCCTCACATGTCCTCACTTCATGTTTTCTCCCTCATCACCTTATTAAAAACGTTATC

ATTAAGGTACTACCAAACTAACTAAAGCCAATTGACTTGACCTAAAGGTAACAATTGAAGTAGTTGAACATACCTTTCT

CCTTTTTATACTTTCCCACATTTCTTCCAAGACTCTCTCTGATATTTATCCTATCTCCATGGTCACTCCATCTCAGCCT

CCTTTACTGGTTCCTTCTCTTCTCCCCAGTCCATAAATTGGAGCATTTCCAGTCTCAGACTTTGGTCTTCTCTTCTGTT

TGCTCATCTTGTTGGAGATTTCATCTAGGCTCATGGCTTTAAAAATTAATATATGCAGAAAACTTCTAAAGTTGTATCT

CCCACACACAGTTCTCCATCAGATTGCAGACCTTTACATCTGGTTGTGTCCTTGACGTCTCTATTGGATGTCTACTTGA

CATCTCAAACTGAACACACTTCAAAATGGAGTCTCAATTTTCCCTCCCATATCTGTCCCCATATAGGTCATGCCCCACT

ATTTTCCCAGTGCTTATGCCAACATAAGTGGAGTCATCCTTGAATTCCCGTTATCTCTTACAACCTACACCCAATATGT

CAGGAAATTTGTTATCTCTAACTTTAAAACATATTCAAAATCCAAATATT 

>Giant.NEDD9_1016bp_GC:_44.9% 

AGAAGGGGGAAGCAGGGAGAGAGGACAAGCATCGCCATCCGAATTGGAAAGGTCCTGCCCCACACCACAGGCAGATAAT

GGAAGATAAAACCGAGGCCATGCTGCTTCTGGTCATTCCCTCTGTGCTCAGCTCTAAACCACATATCCAAACACATCCA

TCAGTTCTAGAGACTGAAAAAAAAAAAAATCAAATGATAGACCAAGATTACTAATAAAACAGAGAAAAGCAGCACTGGG

AGTGGTTGATGGGAGAATCTTCCAGAGTGAGAAAGTTTGCCTGGTTTCAAATCCCGCGCCTGCCGCTTCCTAGACCTGC

GACCTTGGGCAAGCCACTCAAACCCTCTGTGCCTCGGTTTCCCCATTGCTGAAATAGGCAGCATTCACAGGTGTGTGGT

GGTAGCTCTTCTGGAAAGTTCTCGCAACAAAGGCTGTCACAGAATAGGGGCTCAATCAGTGGTCACAGTCATTGTGATC

ATCATCTTCTACCGACCTGAGAAGAAAGCAGACTTTCAGTTGAGGAGAAGAGATTATGGAAAACCTAAAATCCTGGTGG

ACAGAGAGCAACTGGTTTCTGCAATGATGTGGGGAGGGCTAACAGCCAAGTGTACAGGTTACTCCTCTCAGCTGCCTCT

CCTTGAAACTACAAGATTTGATTAATTTCAAGCATTTTGCCTAATAACCAGCTAAGTCTCCGTGTTACCACATGGTTCT
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AAGTTTTCAAGAGAGCAGGACTTAATTTAACAAAACAAAATGGATTTCTCCAAGTGCTGGAGAAATTCCAAAGAACGGT

TTTCCTTTGAACAGGTGCATGAAAGGGGGTAGGTGAGCCCCTTCTCATTAGTCATTATTTCATTATTCATTATTATTAC

ACAATAACGCAGGGGCCGGAAATATCATTGCGACAGGGAAATTGCCAGAAGTAAGCATCATCTCTACTGCTTTATGAGA

GGTCCAGATAGAGATGGAGTATGTATTTCCTCCAGCTGAAACACTGTTTCTTCTCCCTGCCAGCATAA 

>Giant.MFAP4_1035bp_GC:_38.4% 

CTGACTTGCCTACCTCACTGATACTTGATGATGGCTTAGCACTGATAACCCTTCAGTGTGAGTTTTTGAGCTCAGATTA

AGATGGAGATTTTTCTAAGTAAGAAAACTAACCTTATCCACTACTGTGGAATACTGAATGGCTTTGGAAATTAACTTTT

GCTGTAGACTTGATAATATTTTTTAAATGAATCCAACCTAAAATTACAAGGCAAAACAGAGCTTATATGGCAGAATTTA

CACTATGGGAAAGTCACTTCAATGGCAACTAACATTGAATCACAAGTAATGGCAACCTGTTTTATATACTTCCTTTGCC

TGTCACAAGTTAAAACAAGAAGCAAGATTTTAATCCTCATACATATTTGCAGTGGATATGTTATCTGAGTTTACACCTT

CAGGAGCATTTTTTGGACCTTGAAACAAGTGCAAAGGAAATTATCCTATTTCAAAGTCTCTTTAACTGTGTGAAGGAGG

AATGTCCCACTTAACTTCAACTGGAAGTGATTAATATATGTCATAATGACATGCTAAGAGGGAAATATCAAGAGAAGAA

TCTAATGGAGTTCTGTAAATGCCCCCCAGACATAAATATGCACAATTAAAAGCATATGCTCATGGTTGATATCGGTGTT

GGCAGCACCTATCTGTGTGACAGACATTTTCAAAGCTGATGGGGATGGGTGTCAGGGGTCTCATTGCAAATGTTTATCT

GTTATTGGGGATATGTAATCAATTTTGATGATCTGAACCTCAATTAAGCAAGATGTCATTCCCTAAATAAAACTTCTGG

GGCACCTGGGTGGCTCCGTGGGTTAAACCTCTGCCTTCGGCTCAGGTCATGATCTCAGGGTCCTGGGATCGAGCCCCTC

ATCAGGCTCTCTGCTCAGCAGGGAGTCAGCTTCACCCTCTCTCTGCCTGCCTCTCTGCCTACTTGTGATTTCTCTGTTA

AATAAATAGATAAAATCTTAAAAAAAAAAATAAGACTTCCATTTTTCTTATTAGTAGACCCATATTAAAAACAAACCTG

TAGTCAGT 

>Giant.MAPK7_1018bp_GC:_34.9% 

CAATGCATGTGTCTTTTGCCTTAGTATGTCTGTGGGAGGAGATGAACTCAGGACCTCCTAATCCACTATCTTCCTCTGT

TCCCTCTAATTGATTTTTTGTTGTTACTGGGCAGGTGGCTTAACCTACTTGAGTTTCAAGTTTGGCTGGAGTAGAGAAT

AGCATAGTTTTTTTCACTCCTATGATTATAGCATTTTGTGAAATAGCAGATATCCTTGATTCTAATATATGTGTTTTAC

CTTTCTGAGGGTAAGATACCTCTTAAATTGATATTTATTAATATTTTTATTTATTAATATTTGTTAATACTATCAATAT

TATTAATTAATTGTAATTATAATAATATATAATTATAATAATTAATATATCATATTAATATATTAATATATTAATATTA

TCAATATATTAGTATATTGAAAATTATACTCTTGTTTTTCTTGTTTTTTTTTTAAGGTTTTATTTATTTGAGAGAGTGA

GTAAGAGAGAGAGAGCACAAGCAGGGAGAGCAGCAGGCAGAAGGAGAGGGAGAAGCAGACTCTTCTGCTGAGTAGGGAG

ACCAATGTAGGGCTTGATCCCAGGAACCTGGGATCATGACCCGAGCCAAGGCAGACACTTAACCTACTAAGTCACCCAA

GTGCCCCTTTCTTGTTTTTCTTTAGTCATTTTTACTAATTCGATTTCTTAAAATCAGTAGTGTCTCAGATAAACGGAGA

AATGGCCATTATCAGATGCCTGGGTGGCTCAGTCCATTAAGCATCTGCCTTCAGCTCTGGTCATGATCCTGAGGTCCTA

GGATAGAGTCCCACATCAGGCTCCCTGCTCAGTGGGGAGGCTGTGTCTCCCTCTCCCTCTTCCCTCTGCTCATGCTCTC

TCTCTCTCTCAAAAAAATAATAAATAAAATCTTTACCAAAAAAAAAAAAAGGTCATTATCTATTTTAGTGGCATGTATT

TAAAAGTAACAATAAGTCTCAGATTAAAATATAATTGGAGATCTTCACATTTTGCACGTACCTAATATTT 

>Giant.LLGL1_1008bp_GC:_34.3% 

GTTACCTGTGTGACAATGTCTAGAGGCAGTACCTTTAGTTTTAAAAACTATTAGAGCATCTCCTGAGGCTAACTGTAAA

CTCTTTTTACAAGGAAAGATGCCTTTAAATGATAGAGGAAAAGAAGGGGAGCAAACCTGGAATCATAAAGGTCTTGAAA

CAGGGTAGCAATTGTATCACCAATTGAAGCCTTATATATAGAAATTTAGTATGCTGTACTCCTTTTCAGCAGTTACCTA

TGTCAAGGACCAACTTGCATTCCCACCAAGCTGAAAATGATCTATACCATAGAAGCACAGTAGAAGAGTAGAAGTAATT

CAGGAGAAAATGTAGACATTTCTTTGATAGTAAAGTCCTTGAAATAAAATGAACATCCTCTGGTTCTTCATGAGTTCTT

ATAAAAATATAATGAGTAGATAGCGAGAAAACCTATGAACCTCTGCAATATAATCATGAAAAGAAAAGAACTGAATGAA

ATGCACAAGAACAGAAAGCAAGAATCAACAGGAACTAATACTGGAGTGTTTCCTTTCTGCACATTTCAAGTATGATGTT

TCATTTATTCTTTAGACATTCAAATCTATATGAAATTTTAAATATGATAAAAATAAGGAAACTGAGGTTCAGAGAAAAC

AGTCTCAGAAAACCTTGGATTTACTCAGAGCATGGAGTTCAAAGAGTTGGAACTACTGTGGAATCCAAGTCGATCTGAC

TAAGAAAACCCAGGATCTTTTCTTCACAAATCTCTGCACCCAGCACAGTGCCTGCACAATAATGATGCTCAACATGCAT

TCGCTGTATCATTGTCATCACAACACCAGCAATACTGTAATAACAAACAGCTCCCCAATCAGGGAAGATAACACAATTT

TAGTACTGATTAGTGGAGTAGTTAAAAATGAAGGGGATCAAAAGATAAATAAATTAAATTAAAAGAAAAGAAAAAATAT

GAATGTCATTATTTGGCATCTGTATTTATGATTTTGTTTTTATCAGGCAGAATATGTAGA 

>Giant.L896898.1:8831679:8832679_3_997bp_GC:_48.9% 

CCATCTTCAAAGAAGCTCTCCTCCAGGGCACTGTATTTTATCTCCCCCTACGTCAGAGTTCAGTATTTGGAACAAAGAT

TTTTGGTTACCATGGGAACTGAGGAAAGACACTCCCCCCACCCCATTCCAGAAACATAAAAGGAGCTGACTACAAAGGT

TTGGAAGAGGTTTGTGGGGTGGGGATGAGGCAGGCATCAATGAGGCAGGCGAACAGATGGAGGCTTTGGTCCCAGGGGG

GCTAGAAATCACAATGGTCGAGGCATGCATTGGGGTAGATGGAAAAATGGATGGTCTGAGACTTTAACAATCAACAAGT

CAACACAGATTTGGGGAGAGTCTATGCACAGAGCTCTGCGCTAGGCAAAGGAAGCGTAAGACTAGGAGCTGACAATCTC

ACGTCAACAGGTAAGAAGCTTCACCCCATGAGGTATTTCATTCAGTCGGACTGAACCATGCTAACTGAGTTGAGCAAGA

CGAGGCCCAAAACACAAGTTGGATACCACAGAGCTATAAAGATGATGAAGACGTCTTTCTACCCTTGTGAGGTCTAACT

GCAGTGGGCAGGCCAGGGGCACACATAAAGATTATATGGGACAGAAGGAAGCACTAGAAGGAAGGCAGAAAGTACAGAT

GGAATGCTCTGGGGGGTGGGGAATAGGCAGTGATTGGCTCTGACTTAGAACATGAAGGGAAGACGTTATGGAAGACCTG

ATAATAAGCCATTGTTTATTGAGCATCTCTTCTTGATGTCAGCGATGAACAATATGACAAAAATGTCTGGCCTCAAGCA

GCTTCCACTCAGCAGAGACTGGAGAAGGGCTGTAGGAGGAGCTGGGCGAGCAGAAGTGGGTACTGCATGTTGGACGTGT

TGGTGGGGGGCATGCCTGAGATCAGGTGGACACGGAGTGGGGGTGTGTTGTGGATCAGATGCCATGACAAAGCGTTTTT

ACTAGGCTTCACTGCCTGGCTAGACATCTGGGGACCCAACCCAAAGTTT 

>Giant.L896898.1:8831679:8832679_1_997bp_GC:_50.3% 

ACCCCGTGGGCACCCAGAGGCCTGCCTGGCTCCGAGAGTCAGAGTTAGAGAGTTGTGATTATTGCACGAACCTCTGTGG

TAATCTGTTTCAGGTCCAAGTTCTGGTTTATCCCGAAACTCGGTACAAGAAGGAGCCACAGTTCTATTGGTCAGCCTCA

TCCATGGTTCTAGCCCCAGAGCCAAGGGCATGGAGCCTGGCCCATGAAAGCTCCTCAAGGAGACTCGTTCTTCATTCAC

CATGACTGATCAAGGTCCTACAAGAAGCCAAGTGTTGCAGAGTACATGGAGGCCACAGGAGTGACACGTGGCAGTGAAG

GTCTCTACGCTCCCAGAGGCGGGATTTTATTTGAAAGTAACATATCCTAGAGACTGGATCCGGCCAGTCTCACTGTGTG

ATCTGAGCGAGGGCCTTAAATTTCGGGGCAGCCTACAAAGTAGAAAGGAATAGACTAGATCACCTGGTTCAGAGTTTTA
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AACTGAATTTCGAGGGTTCTAAGGGTCTGTGGTGACTCTTGGCTCAGTAAACCATGATTTGTTTCTCTTAAGGAAGATT

TAATTAGCCTAAGTTTTCTTTCCTTCCTTTTTTATTGTCTTCTGTTTGGGGTTCCATTTAAAAGTTCATGTGTGAAGGA

AAAAGATGGTTGGAAGACACTGCCCTTGGCCACAGTGTGGGCCAGAGTGAAAGAAGGCAGAAACTAAACATGGCTCTGA

GTTGGGGACAAAAGAAGCAGGCCAGCTGTAGGGGGTGGAAGGCCCCTCTGGGAAAGAGAAGACATGTCTGAGGAAGGAC

AGTCCAGGCGCTAGCCAGAGTGGGGGGGCAGCCTAATGGAGATCCAGCAAAATGAGGCAGAGACAGGCACTCTCCGGGT

CCCAGGCACACAAAACTGTCTGCCTGGGAGCTGGCGGTGGCCAGCAAATTTTCCGGCAGTTCTGAGAGACAAGACTTAG

ACCAGAACTGAAGTCCAAGGTGGAGATCCGGCTGGTTTCCGAAAAGGGA 

>Giant.L896898.1:8809679:8810679_3_1015bp_GC:_46.6% 

ACTGCCTATAAAAAGAACCGGAAGGCCAGAAAGACACGCCTATTCCAGTCTCCCAGCAGCTTTTCTACAGAAGTTTCTT

TGGTGAGAACAATTATTTTCTATTCTATTGCTAACCAGAGGCACCTTGGCCTTAGGAGGTGCTGGAGGTGACTTTAGGG

AAGACTTCTTCCTCTCCGTAGACTACACTGTGTTTAGGAAGCCCCAGTGGCCCTTGGTTGGCAGTACATTGGGATACTT

CATTCTTCTTCTGACCTACTCCCTAAAGAGCCCTCTCTGGAGTCCTCCTTACGGCTCGATTTTTGATTGTGAGAGCCAA

AAGAGCATCCGTTCAACAAAGGAATACGAGTTTTACTGGGCCATAAAGAGGGGTCATGGGCATTAGAAGGGCCAGTAGT

TGGCAAAATTGTGAATTAGGGGAAATTTGTCTTCTCTCCTACTCCCTTTTCTTCTCCATTGGAAGTCTTTTCTCAGGCT

TTGGCTGTCCATCAAGTGAGGGCCCCTACCTGGACCAGCTCTTCCTCGTAATGCTGAAGGCTTTGGTATAATTTCCCTT

TATCATTCCTCTCCTCATCCCCATCAGAACACACTTGTTCTGGGTTTCATTCCATTGGGGCATCCCTCCCATGGCCCAG

AACAGAACTCACAGTTGAATCTACTAGCTGCTGTTGGTATAAAAATTCTGTTCCTCCTGATACAACATACAATGGAGCA

CATAGCAGTGTTCAGCCTATACTGACTGCACCTCCACACTCCCCACTCCAACTGACTCCTTGTTTCTTTTCCTTGGATA

TTTGCATTTTGACAGAAGACTTCCAGGTTCTCCAAATCAGTGCCTGCTGGTCTGGTTTCAAGTCACCCCTGTGATCTGA

CCTTATCTTTCTCATCCAACATATTTCTTTCAGGACTTCTGGCCCTTTGGTTTCCCCAGGTCAGTTTCCCCACTGCATC

ATAAAGGAACAAAGCTCCCATCTGCTTGCATTCCCTCAGACATTGTCCGTGGCCTGAGTTGCCTTTT 

>Giant.L896898.1:8787679:8788679_3_995bp_GC:_46.9% 

CTAATCAGGGGGCACAGTCTACCACAACGGAATATTAAATCCACTTCTGTGCATCTCACCGTGATGGAGGAGCTTCTAA

GACGGGAGCTCTTTCTAGAATGACATGATACACAACAGGGTTGATGGAATGGAGATGTTTGACCTGGAGAGGGCGAGAC

TTTGCAGGGCACGTTTGCATAGCGAGGAACACTTACCATGTTCCTCCTCTGTGCCAGCGTCCTTTTGAAGGGCTCTGTT

TGTGCAATATCTTTTGCTACTTATAGAAACCTTATAAGTTATTATGATTATGATCTTGCTTTTGCATCATACCTGCAGA

AACGGAAGCGCAAAGGTGACACAGCTACCAAATTATAGGGCTGGAGGGTCGAAGCGGTATCTCTTACACATAACCCCAC

GCTGCCACTCAGCTGTCTTTAATTAGAGCAGCCTAAGAGGTGGCTCAACGGTAAGAAATTTCAGGAAGGCAGATCCCAG

AAGAGCTTCCTGCCAAGTGGTGGGTCATCTTCCGCTGGAGGTGTTTGAGCTCAATGACAATCCATTGAGGATGATGGGG

GAGTTCTGTGTTAGAAGCCGGCCAGAGTAGATAAGCTCCAGGGAGTGCTGGAGCTCTCAGGGTTCTGGACTTTGCAATT

GCTGTGTTGCTCCTAGTATTGGAGTCTAAAAACCATGGAGGGGTTATCAGTGTTACTATAGTTTTCTTCTCCCACACCT

GCAACCCCAAACCCCGCCCCCCAGCCTTCAGGTGAGAACGAAAATGCTCTTCATTGTTGGGACACACCCTTACCTGTTT

GTGTGTCAGTGTTGGTTGTCACAATCTATCCCCCGGCTGGTAGTTTTATTTTACAAAACAATTCTTCACAGCCTTGCTT

AGGACTGGAAGGTGCCATGTGAAGACCTTGCGTGCTATAGTTAACAACACTTTGTTGGCAAATGATGATTATGTAGACT

CCTCTGCAAAGGCACTTGAACTTAACAGAAACTGGTGTGCCATGTCT 

>Giant.L896898.1:8581560:8582560_999bp_GC:_51.5% 

GCGTCTGTTCCAGAGTGAGCCTGCATAATGACATCTTAGCTTTCACTGTAGCAGACAAAGGTTGCCACGCAAGCAGGAG

GAAATGCTGGTGACAAGTGACTCAGGGGCCAGAACCGCCCTTTCCGCCTCTGAGTGTTTCAATTGTCAGCCCACACGCG

GCGAGCAATTGGCTTTTCTTCCACAAGAGCTTTCAAACCCAATTAAGAGACCGTTTTCCGGGCAGGTTCATCCAGCTCA

GAGGATGATTTGCCATTTGACTCTATCGCTTGTCACTGTGCTGACGTCTAGAAGCTATGACAACAGCCCGGAGGGGCAC

GGCATCCCCCACAGCTCCGGCCCCATGGCTGTCACCAAGCCGTGCTGTCTGGGGCCTCACGGATTGCAGACAATCAGCC

TGGTCAGCTGGGAAGGTGGGCTTCCGGCTGCAAACAGGCATGGTCTCCTGTGTTGTTCAGCAAAACTGGGGGAATTGGG

ATTTGACGCCAGGGGCCGAAAGATGCCAGGACGATCCCCAACGATGCTGGGGCTGCCGGTATCTCTGCAAAATGGGATT

GTCTTCAAAGTAAAGAAAATTGCAAGATAGAACCTCTGGACACTCGAACCCAAGCAAGGAGTCAGGGCTGAGCTGGTGG

AATTTGTGGTCACCTGCCTCTAGTTAGCTCATGCTCTGCGGCACGATATGCCCCCTTTCTTGGCTCTAGGTCCTTCAGC

TAGGAGAAAACTTCTTGATAATGCAGTCAACCCTCATAAGTATTTGCAGGTTGAATGAGGGTCACATAAAGCAGCAGGA

ATAAGCCCAGCCCAGAGAAGGCATTCAGTAAAAAGTCACTGTCAGTATAAAGGGCACACCTGAGATTACGGGGTATTTG

TAAGATTTTTGAGAAGCATCAAATTAGAAGAATCATCCCAGACTCGCAAGTGGAGAACCTTCCACATCTGTGGTCAGAG

GGAGATGTGACCGTGAGAGAGGGGCTGGAGATATAGAATGCTGTGGGCTTT 

>Giant.L896898.1:8537560:8538560_3_1016bp_GC:_41.6% 

CTTAGACTCGTGTGTCAAACTTAGTGGGAAGCCAGCTGGAGCCTAACAAGTTATTTTAATGAGCTTCCTTTCTCTCTGA

TGTTCCCCAGGGAATATGTGCCAAGCCGACCCATGTGGCCTGGGGAGTAACATGATCATCTTGGCTCTGTTTAGACACC

TGTGCTCTTTCAGCCCTAGTGGTAAGGGGAACAGGAGAGAGACATGAGGGCATGGAAGGCATGCAGACCTAGTGGGAGC

GGGTGTGTGCCATGCTGCTTAGAAATTCACTACAAGAAACTCCACAGCAGCAGCAGAGGCTCGATGCTTCGTAGGCCAA

CAGTGTCTCTACGTGGGGTGTCTGGGAGTATATGAAACGTGTTTGTGTGTGTTGGGGAGGGAGGAGAAAGGAGTGGAGG

GAGGAGAAAACTATATGCATTTTTAGAAGGAATTGCATGCCTGGGAGTTTCCTTTGGAGAAGGAGGAAAAGATTGAAGA

TGATGAATATAAAGCGCGCTCAGCACCCTGAGAAAATATTCTTCTTCTAAACTTCCGCCTACTCCTTAAAAATAAAAAA

GTATGTTTGCTGTGTTCACTTTACCTTTCCAGGGATCAGTGTGATGCTTGGCACTCCCTACCCACTCTGAACAATCTAG

CACATGGGTATTAACTTTGGTCTGTATCATTTTCACCAGATGCTTTGTTTGGTGATTGTCCATAGTCTCCTGTATGTGT

GAATTTCTTCTTCTTGGATTATAAAGTCCTCAAGGATTTATACTTATAGAAACTAATGCTCTCTCTTGTTCTTCCTCAC

CTCTACCAATTCTGGATACTTCTCAGCAAATGTTTAACATATGACTATGCAGTATTTCTTCATAAGATCCTCTGTCCTT

AACAAAGTCTTATTTTATGATGTGATTAAAAATGAAATCTAAAAAATCTAAAAAATACTTAAAAGTAGTTCCACACTTC

TTAAAGGGAGCATATTTATAATTCTTAAATTTAAATTTCTATTTTAAGGGGTGCCTGGGTGGCTCAGT 

>Giant.L896898.1:8471101:8472101_3_1014bp_GC:_48.3% 

CCTTAAACATAGATTTTCAGTAAGAGAAAACTGACCAAATCAAAAGGGAAAAAAGCACGCTATCATGTCTGGAAACAAG

CAAGACATCTTTGACTCTGACCGTCTACACTGATTAAAGCAACTTTGCCTCATACGCAGCGGGTAAACCCTAACAAAAA

TTCTGAAGTCTGGTATTTGCTAAAACACATTCAATAAAAAAAAACAAACCAAACCAAACAAACAAACAAAAAAACCCAA

AAAGCAAAAAACAAAACCACCCTCACCAAAGCCGAGAAGACTAAATGAGCTTAATGTATTTTCAGTTGCCTATTAACAT
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CTTGACCGTATTTTCTTACCCCAACACAGAGGACACATTTTGGCAAGTGGTGGCAATAATGGGATAGATCCCTTGACGC

ACAAGCGTCCCGACAGCACTGGACATGCAGACAGCACTTGTTAGCACCATAAAACCCAGCCCTCTCCCCGCAACTGAGA

GCCCTGCTGAGAGAACCCGGTCCTATCAGAGGCCTCCTCAGGGACCCACGGATGAAAGCTGGAGAAGCAGCAGTGCTTC

AGGGACTAAATATACTGTCTTTGCTTCAGACACAGGCTGGCCCAGGTACAGTCCGGGTCAGAGAGAAGGCCTCACCAAC

TCTCTGCTCAGGAGGAGCGCTGCACTCTTGGTGCTGGCTCACCCAGAGCCTTTGCAGCACTGCTTCCTGTTTATGCTCA

CATGTCTGTCTCACTAGCTTGGCCTCCCCTGATCCATCAGAGTTCCCCTCCTCCTCCGCTCCTTTCACCACCCGACGTG

CCTATTCCAGACCTACTCCTGGCACCCAGAGCTCCCTGACTTACCCCTCTAACATGCAGTGCTTTCTCCAGGCACCTTA

GTTCAACTAAGGACTCCACTACCTAGGGGAGGAGCCTGGATAGGAGGTAGTCTTAAGGGAACGGGAATGGAAGGATCCT

TGGATGAAGTCTGTGGCTAAGAGAAAAAGTAGCCAGTGGCTGGTGTGAACTGAGAGTCAAGAGACA 

>Giant.L896898.1:8460101:8461101_3_999bp_GC:_50.6% 

CTTTTTGTTCCCCTTCTCTAAAGCCATTTTTTCCCAGGCAAGGTGGCCCTGAGAATGGAAATGGAATTTGGACCACAAT

TCTTTACTTCCATATCTAATGGCCATAAAAACCATCTCACATCTGATACTTTCTTCCCAAATAATCTCAGAGTAGCTGA

CAGCTCTAAACCGATGGAGAAAGCACCTCGAAGAAATCACCACATTTCTCTGTTATGAGGCTGACCACCATCTCCAACT

GCTGAAAGCAACAGGGGCAGCTGGCAGGGGAAGCAGTCTCCAGTTACCCTGTCACTGTCTGTAGCACCTGTGAGAAGCC

TGTGGGCTTTTCCAGTTATTTCCCACCCCCCACAAAATACTGAAGAAGCATCCGTCATTATGTCCACGACCCTGAACAT

CCTGAGCAGCTGGACCTTGACAACAAAACGGGCTGCCAAGAAAGGACAGGGGAGCTTCCCTGGTATCCTTTTCCACTTA

CCGCTCTTCTGCCTACTCCGAGGAGCAGACTCGCTAACCCAGGGAATTCCAATTGGTCAGGGGCTTCTGGGTGGCTAGG

AGGCTTTCAACCACTCAGAACCCTCACTTAGGTATCGTAAGAGATCTGGCTGCTCAGAAACTCCCAAATAAGGCAATTC

AATTTAGTCCCTAAAGCCACCTCCTAAACTAAAAGATACACAGGATTCTGAGGTGTGGACCAGGATATGGTGCCATCAG

TACATTCAGTGTGGTTCTTGGTGCTGCCAGGATGGACTCACATTCAGACCCAGGCGACCCAGGCAGCACTTCCTGTATG

ACATGGGAACGTCAGGGTGTTCTGACTCCGTGTGTCACTCCACATGTCAATACACTGCCAGCCTAATCTAGCCGATCAG

ACTGAAAGCTTTCTCCTCCTTGTCCAAGGAGTGCTCCTCCCAAACTGACGCAAGGCTGTTAAGAACCTTCGGGGGGTGG

CGGGGXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

>Giant.L896898.1:8449101:8450101_991bp_GC:_57.7% 

AGGTGTCTTAGGAAAGTAGTAGGAAAGGCTATAGACCCAGCAGTTCCATCCTGAGCACCTCGCATGTTCTGGGCAATGC

ACGGGAGGAGGGGAAGGGGGAAGAGAGAAGCCAGCACACGCAGCTTCTTCAGCTGAGCGTGGAATTGGGCTCTGGACCA

CATCCAGTCCAGAACTGGGCATGTGCCGCAACCATTCTGGGCTGGAGATGGCCCGAGAGAGAGCCGGTTTTGGGGTGGG

CATCATGAGGATGGGAGAGGGGAGGAGGGATATCCAGCCCTGCGGAACGTGGGGATGGCCGGGGCTCCAAGAGGCGACC

ATGTTCCTATGCGGGCGGAGGCTTTGTTAGGAAATAATGATCTGCCCAGCTGAATGAAAGCTGGAGGGTATAAGGTGCC

CTTGGTGAGTTTTCTTTTTCTTACATTCTTCCATAAAGCTCATGCACTTATTATCTGAGCCAGATGACCTGCTGAGAAG

GTCACCGTCCTCGCAGACCAGTCCTGGAAGGACTGAGACCCAGGTCTTGTGGTCTGGGACTCCCAGTAACAGTGCCGGC

CAGTGGGAACTTTGGGAGTGGACATGGACTGAGGAAGGCAGCCTTTGGCATGATCATCTTAGAGCAGGAGGCAAGACCA

ATGAAAGGTAGCCCGAAGGCAAGGTCCACAGGATATGTCCCCACCAGTGTGCCGGGGGGCGGGGGTGGCCAGGAAGCCC

TGGCAGGATGTGGCGCGGGCCAAGACAGCCTCGGCTGGGTGGCGGTGTTGGGAGCGATGTGACTGGAAAGCAGGAAGCT

CGAGAAGGTCTGTCGGATCAGAAGTCGGCTGTGGGAGAGTCCAGGGTGGAGGGGGGCAGCCATACAGGTTTGAGCTCCG

GGAATCCAGACACAAGTGCCATTGGTGCCAGTGGGGTGGAGGAAGGACGGGTGGGTCTGCAGAAAATTCTGGAGCTCAG

ATCTGGGTGATTCGGGTGGTGACAGAGCCCAGGTGAGTTCCCA 

>Giant.L896898.1:8438101:8439101_995bp_GC:_49.1% 

TCTCTGCTCAGAAATGGATATGGGAGGCAGAGTTTGCCGTCCCAGTCCACGGGACATCGTTCAGCAGGCGGGTCAGGGC

ACCCCCGATCTCCATGGATCTGGGCTCGATACTGGGTCTGCCACACATGCTCCCTGTTCGCGTTCTGAGGCCTCTCTAC

CAACTTCTCATTCATCTGGCATTTGCAAGAAGGGAACATTCCTTCTCGACTAAAATTTCCGAAGTACTCAAACCTACCC

TGTTTTATTTTCAGTGTATTTTAACTATTGTGGATGAGGGACTTTTCTAGAACCCCCTTGACCCCTCCTGTGATTCTTT

CAAGTACTTCTTGAAATTACTTGAACCTCTTCTTCTGCGCTCAGGTTTCCTAGTGTAAATGCGAGCCCTAGCGTGGCGG

AGAGGTCATTTGTGGGCACACGTTTGGCCGGGTATAAACACCGCGAGCAGGCAGGATCGCACCGTCCGCTCCTTCCCTT

GCCCATGTATGCGTCCCTTTCTTCAGCAGACACGTCTCATGCCTCCACTGTAGCGGGTCCTGACGTCTAGATCGTCCAA

AGCAGTCCAGATCGCAAAGAGGTAGTCCTCTTGAGGCCCGAAAGAACAGCGGCATTTGTCGGCCTGTAGAGGTCCTGCA

CTTTGCGTCCCAAAAAGTCATGTGCATGTAGAGCTTATCACTGTTCCCTAAACGACCCTGGTTTTGAACACTCTTATCT

GTTTGCATGTTTTGAGTGTCTTCCTCGGCTTTCTAAACTGCAACTTCTAATCTTCTCGGTGTTAAAGGACTATTTAATC

ATCTTCAACACGTGTTTTAATCATTTAACTATTTAATCATCTTCAACGCGGTGCCTAAGGTGAGGGCACCGCTGCTTTA

CTGAGCGTCGGAGGGACTCGCCCGTGGGTAAACTGCGGGAATTTGGTTGAGAGACTTCTTACTTCTCTTTTTGATGGTG

GCCTCTGAGACAAGTTTTACTTTCTCATTGTGGGCCTGTTGTCACCA 

>Giant.L896898.1:8405426:8406426_4_993bp_GC:_53.9% 

GACACCCACCCAAAACCCAAGGCATAGAGGGAGTTGGACGCCTTACCCCAGTGATCACGGCACAGTCCGACATAGTCAG

CAGAAGGAACATGACTGAGACTCGCATGGCACCTCTCATGGTCACTTGGGGTGAAGGCACAACGCTGCCTGCTCCACGG

CCTCTCGCTTGGTCCCACTCAGCCTCCTGCACCAGCTGGGAAGGCCAGGCTGTCCAGCCCTTTCCCTCCTCCTAGATTT

ATGCAGTCCGATCCTGGCTGCCCGTGGGCGCCTCTCTCTGCTCTTCCCTTCCCCGTCACCAGTGCTATTTAGATGAACT

CAGGGACGAACATGAGACCTGAATCTCTGATGACATCAGATCATCATCAAAACCAATAAAAATGAACACATCGAGGGCG

TTGACTGTGGCTCGAGCTCTCCGAGGAGCCCAGAGATGCAGTCAGTGACATACGTTTCACTCTATAGTCTTCAGCGCCT

CTGGAGCATCCTTCTATTCTGATTGGGGCGGGGGGTGGGCAGGCAGCTCTGGCAATGAATTAAGGGATTTACAACATCA

CCGTTTAACCTTTCTGCTCCAAACCATGCACCATACACTCACCCGCCCCCTCACCATCAAGCCAACAAGAATTACCTGG

GCATTTACCATTGGTCCAGCCCCAAGTTGGTGGCCAGGAAGACATGCATGGGGAAGGCAGTGTCCCTGGTCCTCTAAAA

GGTTAAAAGTCTGATAGGGAGACATAAGACAGTGAGAAAATAAGGCCATACTTGGGGGAAAGGGGTTGACATCTCTGAG

AGGCCCACATGAGCAATAGCTCTGTAAGAGGCTCAAGAGGAACACCAAGTGTCACTTGGTACAGGAACCAGAGGGCAGA

AGATGAGCCCAGGTCTCTTCAGAGAAGCACGCTTGGGTCCGGGTACAGATAAAGGGAGCCAGGAGCCTCCCTGCTACCT

TCCTGGGTTTGGGGTGAGCATGAGAGGGGGTGAACAAACACGGTG 

>Giant.L896898.1:8405426:8406426_1_993bp_GC:_39.4% 

TTGGTCATTTCCTATGGCAGGGGGTCCCAGAAAGGAATCCTAATTGTTCTTTGTTTGAAATGATTTTGTCTGAGCTTTT

CAGGCACTGAACCATAGGACATATAAGATGTAAGAAATGGAGGGAAATGAGTACTTAAAACTAAAAAGCATGCGTATAT
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ATTTGTAACTTCGTTTCTAAACTTAGAGAAAAATTGCAGGAACAGACCATACATGTACATTGACTTCATTCCTTTAGCC

CCAGTGCATGGCAAAGAGATGAAATTAAAGATCTTTAAAGTTAATGTTTTACATCATCAGAAAGTTGGATGACTTTATG

GATTTGTTATATAAATGTTTTATTTAGCACCTTATGTACACAAGACATTTGATTAGAGTGGCTTCCTTTCTTTTCCCAA

TAGGATTTTGAAGATCGTGAGGAGAGTAATTTCGACCTGACTAGATATGTATCCTCTAGTTGTCTACTTCTGTTAGCTA

CTTAATACTTTCTTTGAGATGTTCATTGGACTTTAGGCCCGATACAACTTTGACAGGTCCTTTCTTCCCCACACCCTAG

TACTGTTTCCAGTTTTGTAATTTTTATTTACTTTTTCTTGTTGCCTCCAGAGAACTCATTAAGTATGAATTCTTCCCTG

AAGCCACACGAAGTGAAGATGACTTAAAGAAATACCCCAAGTACCCCTGGGGTAGAGAAATCTACACTTTAGAAGGTGA

GCATTGACCATTGATTGGGCGTCTTCATAGCTGCTCACAGATTAGATGGAGAGACAGGCCATAGGGAGGGTAGGAATGG

GTGTTCTGAGTATCTGCCGGTAGCAGGGACCAGATGCATACTACTGCCCCTCAGTGAGTCTTCACCATCCCCAAAATAA

TCCGAAGCAGATGAGAGAAAGCACGTTGTACATTCTGCTTACAAAGTATTACAGTGTTTGGCCCTGTTCTTACTTCCAC

ACCAGCAGCATTGTTAATGTGTCTTCTTCTTTTAGGGGTTGTGGA 

>Giant.KCNH7_1007bp_GC:_48.1% 

ACGGAGGCTTCTGTGCTACACGGTCTTCGTCAGGGGCCCTGAGCTCCTGGGGGCGCCGGGAGCTAGAGACAGCAGGACG

GTACGCGGTTCAGGCCATCAATATGTCCTCATGACACAGAGCGGCACATGCACACACTTAATATACAATTCTGGATTGG

AAAAAGAGAATGAGGAGGGGCAGAATCCCAAAGGCAGAGAGTAAATGCCACTGTTATGGCACAGATTAGATCTGGGAGC

CCAAGAAACACCGGGACTCCTTGCCTATGTATGCATTTGCCTTAAAGAAAAACTGAACCCCCTTTCCACTCCGGGGTCT

GTAACCTAGAGGAACGCTGACACAGCAAGGCCAGGACATGGCCAGAGGGATGGTCTTCACAACACGGTTCCAAGGACAC

ACGCTGACACCACCCACGTGTCCATGCGGGAGGAAGGATAACCCGGCCATGATGTCATCCTCCTCCTGGAATTGTAATT

TGTAAAGAAAAGGAAGGAGCCACAGCCAAACCCGTCGAAGTGGACAGATCACAAAACCATAACGTCATGGGAAAATGTG

TGTTCTGTGATTCCATGTTGATGGAAGGCTAATATAGGCAAAACAGAAGAAAATACTGTTAAGGACTATGTGACTATGT

GATGAGACAATGCAGAAGAAAAAGGAGACGAGTAACCCAGAAGCCTGACGAAAGATGACATCAGAGAAAGAGGAGGCAT

TTGGTTGAGGGACAAGAACATCTGAGGATCTTGAGCTCGAGGCGGTACACGGCCCATTTTATTATGTTTTAGCCTGTGC

ACACTCGTATGGCAGTGCTGAATCACTACGTAGCACACTGGAATGAATATAACACTGTACGTTAACTAACAGAATCAAA

TAAACAAACTGTACACACTTGTATTTATTCTCTCGTGTGCACAACAAATATCGATTTAGAAGGAAGGAAGGATGCTGTT

GAGCACGGACAAGGAGGTGGGAAAAGGCAGAGTGCTCTGCAGTAGGAAGGCTCCAGGAT 

>Giant.GPC1_1005bp_GC:_38.3% 

TATGCCCATGAACTGGAAGAACAAGTATTGTGAAAATGTCTATGCTGCCTAAAGCAATCTACACATTTAACACAATCCC

TATGAAAATACCATAAATTTTTTTCAAAGAAATGGAACAAATAATCCTAAAATTTATATGGAACCAGAAAAGACCCCGA

ATAGCCACAGGAATGTTGAAAAGGAAAAGCAAAGTTGGCAGCATCACAATTCCAGACTTCAAGCTCTATTTCAAAGCTG

TCATCATCAAGACAGTGTGGTACTGGCACAAAAACAGGCACATAGATCAACGGAACAGAATAGAGAGCCCAGAAATGGA

CACTCAACTCTATGGTCAACTAAAATTTGACAAGGCAGGAAAGAATGTCCAATGCAAAAAGACCATCTCTTCAACAAAT

GGTGTTGGGAAAACTGGATAGCCACATACAGAAAAATGAAATTGGACCATTTCCTTATACCATACACAAAAAATAGACT

CAAAATGGATGCAAGACCTCAATGTGAGACAGAAACACATAAAAATCCTTGAGGATAACACAGCAGCAATATCTTTGAC

CTCAGATGCAGCAAATTCTTAGAAACATCGCCAATGGCATAGGAAGCAAGGGCAAAAATGAATTACTGGGACTTCACCA

AGATCAAAAGCTTTTGCCCAGCAAAGGAAACAGTCAACAACACCAAAACACAACTGACAGAATGAGAGAAGGTATTTGC

AAATGACAATATCGGATAAAAGGCTAGTATCCAAAAATCTATAAAGAACCTAACAAAATCAACACTGAACGAACAAATA

ATCTAATCAAGGAATGGACAGAAGACATGAACAGACATTTCGGCCAAGAAGCCATCCAAGTGGCAAACAGACACGTGAC

AAAATGTTCAACATTCCTCAGCATCAGGGAAATACAAATCAAAACCACAGTGAGATACCACCTCACACCAGTCAGAATG

GCTAAAATTAACAAGCCAGGAAATAACAGTTGCTAGCGAGGATGCAGATAAAAGGGA 

>Giant.GL896903.1:23092825:23093825_2_1000bp_GC:_54.1% 

CAGGAACTGGAGCTGATCACGCTGGGTTTGTGGGGCAGTACTCCCTCCTGGAGAACTCCAACATTTACCTGTAATCCCA

CTTTGCAGGGTCACACCTGGTCGAGGAAAAATCAGGTCAGAGCAAGACCCCAGATGTCACTTCTCTGCTCTGCTGCTGT

GTTTTGAGAACTCTATCTGGTCCTCCCTCTAATTTCTCACAGATAGACTTTAGAACTCTTGAAGAATACCTCACGTGTG

CTGTACACATCAATCCTCTGGACCATCTCCCCCGAAGGCCACCGTCTCGCAGTCGCCTGCCCTGGCTCCGTGCCAGGGC

ACCTTGGGCTTGGCACATGCCACAAGAGGCTGTCAAGAGGGACTGCTCCCACTGGTGCCTCTGCCGCACGAGGAGGTAG

GCATCCTCCAAGAGCTCTGAGCAGAGTGCTGGGCGAGGGCACTCAGAGGTGGGAAGAGAGCCTTCTGGATCTGGAATGG

GGGGCCACTCCCAGAGGGGTGCTGTTGATTTGGAGATGTGTGGATGTGTGGAGAGGCTATTCTGGGCAAGAAGAGGGAT

GAAACACACAAACCTGTCATCTGAGACCATGGAGTTGTGCTCTGTGCAGAGCCCTGAAGTCAGCTGGAGCTGCCCTGAA

TTTGGCATGAATTCAAATCCTGCATGACGACACGGGGCCCAGGCGAAGCTCTGCCTCCTCCCACCTCAGCCACATCTTG

GACTTTTATAGCATTTATCGTCCAGGAAAATATCCACGAGCATTTATCAAGATCCAGCTGTTTGCCCAGCTCTGCTTTC

CATTTGGTGCACACGGAGAAGCTCTCTCCCAGTGCCTTGCTTCCCTGAAGTTGGGTGAGGTGGGGATGAGACAGGACTT

CTAACCTCTTGAGTCTCCTCTCCCCAGTCATCAAGCTTTTCTTGTGATTTAGCATCCACAGAGTGGCTGGCAGCCATGC

CAGTTCATGGCCTGGAGCTGGTTTTCCTGGAGCCCGATTTAGACTGGGTGCT 

>Giant.GL896903.1:23070825:23071825_2_998bp_GC:_42.2% 

ATGTGACTATGTTTGACAGAGGCAAGCAGGAATGGAAGAAAAGATTCATTACGAATGAGCAAACACTAAATCTCCTTGA

TAGAAAAAGTCACGTTTTGTGCATCTCTTGGCATTTAGGAATGACCACAACTCAACCTGAATGGAACGATCCAAGGAAC

TTTAATCCACTTTCCAGAAAAATTATCTTCATAGTCAGCAGATGTTCTTTTATGGTGTCAGTTTTCATTGCTTCCCTCT

CATTTTATTCGAAACATATTTTATTGGAAGTAGCCTTCCATGAGCTTCAACATGGCTACTCAGGGTCTCCTTCATTCTT

CATTTCCCTGTCATGAGTCATCTTGAATGATCAGTCTTCATGCTGGGCTCCATCCTATAAGAAGCCTGGATGAGAAGAA

TGTGTCTCAGCATGCAAACATGCCTGGGACCTTGTGAGCCCCGAGAAAGTGTGAACTGGATGATATTTTATATATTTAA

AAAAAATACATAGGCAAAGAAAGTGGAAGAAGTATTCCAAAATGTTACCCATGATGCAAATGTGTCCCTCAATTTTCCA

TAAGTTTCAAAATGTGTGACTTTGGCAGAGTGTATAGCTTTGGAATTGGGGTTAGGTTGTATCAGTCATTCTTCCTGGT

CAGTGTCTCTTTGGGATTTAAGGTTTTTTTTTCAGACTAGAAGACCTGTGGAAGCTTCTCTGTTTCAGTACCTATTTCC

CTTATCTCTGATTTTCCCCTAAGCCACTTGCACACACATACGCCCTCTTGTCTCCCTTAAGCTACAAGCACAGAAGGCC

CTGAAGAGTCTCCAGGAGAGGCACCTGTACAGACACTGTTTAAAGCCAGCCAGCTGGTTTTGACCCTCTCCCTAGCCAC

TTGAGATGGTGGGAACTCAGTGGTTGCTGAGTTGGACGTGGGAGAATTGCAGAATCCACTGGTGAATTGCTCCTTTGTT

CTCCTCCTAATCTTCTAATCCTGGGGAATGGAGAAAGGAGTTTTCCTGGG 

>Giant.GL896903.1:22667644:22668644_1_996bp_GC:_45.4% 
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GTCTTACTGCACAATTTTCCTGGTGGTTGTTAAGGTTTTAAAGTGAAATAAGAATTCAATTGGACCTGAAACACTGCTG

ATGGGTGAGTTTTTATTCAATAAGTTAAAGAAAATAGCACGTTAGCATCACCTAAGCCCCTGAGTGTATCTGAAATATT

GCTAAACTATAACCCAATACAGAGGCAGAAGATTAACAAAAAAAAAAAAGTTAACAAAGCCCCAAAAGCGGGTATTAGC

TTTCTACCAATGGATAATTGTAATGCCAGTGCTTTCTGAAAGATACACCAATAAGATTGCCAGGAGTCAGCACCCGGTG

TTTTCGGCACGTTCCATGGCAAAGTTGACTACTCTCTGAAAACTGCATTTGAGATCAGCAAGGAACAGAACATTTAAAC

AGAGCCAAAGGTGGGTATAGCAGACACAAACACCGAAGTATTTGTGTATGCAAATTAGTTTAAACATTCGGTAGGCTTC

CCATTATTGTGAATGGCTTTTCCTTCTCTCTGATGACACAGAAATACCATACGTTCCAAGTCTTCACACTTCCCAGAGC

GCTGGCTGGGGAGGCTTCCTGAGAGGACGCTGACTCTTACTCAGAACACAGTCCTAACGAGTCTGGTTAGCTGGTTGCT

AAACCCGTGGCATATTACAGATCTGACATGAGGTAAGGGAGTGTGGAGTCTCCAGAAAGAGCCCTGGTCTCCCCGAGGA

GTGACGCAGACACACTCACCAAGAATTTCATTAGGAGTCAATTCAGTCTCTGTGGTCACCATACATAGTACCTACAGCC

CAGGTTGGTTAGGCGGCCGGCAAGCCATCTGGCCCATCAGCCAGCGAGGCGGGAACTCCTTGTCCGCTACTTGTATCTT

GCATGTGGTGCTGTCCTATCATTGCAGTGAAATTCTGATCTTTCTGGATTATGTCCTGCCGATACACCTGCTGGGCAGG

ACATAGCCCACCACATGGTCGTGTAGCTGGTGCATGGTCTGAGTGCTC 

>Giant.GL896903.1:22656644:22657644_3_1017bp_GC:_53.0% 

CAAGTATGGGGAGACTAGATTGATCAGCTGGGCCTGGGGGCCCTGGAAGTTTTGAGAACAAAAGGTTTGAGAACAAAAG

AATAGGTCCCCCATTTGGGACCCTGAAGAGCAAACAGAGGGAGCTGATCTCCAAAGTGAATCAGCAAACTGTTGCAGAT

GGACAGAGAGAGGCTAGCTGAGGTGGGAGAACAGAGACAGCAGCCACCTTGACGTCTGACAGCTCTCCTCTGCGGCTTG

GTGGCCCCTGTCCCATGTCGCTCCCCGGCGTCCTCCTAATTCCTGTAATCCTGACTGGTTTTCTGTTCCCAAGAAGCAA

TCAATGCCTGACCAAGCTTGAAGATCCTGCTCCAGAATGTGACAAATCAGGGAAAAGGGCTGTTTATAGCCCACCCCAA

CTAGGGAATGCATGGGGTTCCCACTCCTGGCTTCCCCTCTCTTCCTGGAACCCTGGCAGTCACCATGCCTCCCTGCTCT

TCAAGAAAGAAAAAGGAGACACCTGGAAGGTAGAAAAAGGCCAAAGGGTGTAATCGAGGGGGATCCAAAGCCTCTTCCC

TCCCAGTCTCTGCCAGGCCTGTGGGAATTAGCGCTAATTAGCAGGTCCCCAGGGTGGCTTCCTGTGATTCTTTAGGCTG

ACGAGGTCACTGAGGGGAGCAGAAGACATCTGCTGTTTCTTCCCCTCCTGGAGCCTGAGTCCCTATCTAGCTAAAGAGA

AGCCTGGAAACATTTCAGAAAAGTCCCACTCTGTTCCCACTTCCTGGAAGGAGAGCAGACAAGACTGCGCCCTCCACCG

GCCCTCTGACTGGCGTTTCCGGCCCTGAAAGGCCTGAGCATTGTAGGTGCTTGGAGAAGGCGGGGAGGGCTAGCTGGTC

AGCACAGGGCATGATGGTGTATGAGTGGGGAAGCCAGGGCAGCGAGACAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXCTCATTCT 

>Giant.GL896903.1:22634644:22635644_4_1004bp_GC:_41.7% 

CTTGTGGATTTCATTTCAGGTGATAGAGGGGCTGGCACCCCCCATCTCCTCTTCATGGCAGGGACTTCTCCCTCCACCC

CCTTAGCAGCGGGGAGCCCTCCTAAAAGAACAACAGATTTATAATAGGAGTAAAACAACGGAGTCGGGACTGAACGGCT

CCTGGAAATAAGTAGGTCAATGCACGATCAATTTCCCAAATTTCACATTATGTCTGAAAAATGCACCTTTAATCCAGGA

ATCTGCTTCGGCCCTGTGGCGTAAGGCATGGAAAGTTTAAGTCCCTGCCAGGCTGCTTTGTCAGGTAGCCCGAAGTTTA

CCCTGGAGGTGAAGCAATAAAATGGAAACAAAAAATAATGTAATGGTTTTGCAGTTAAGTTTAACCTCATACCCGCTCC

TTCCCTGGCTTTCACCTTCCTAGAGCTTGCTGAGCTCATAAAGCTACAAGATGCATTTCAAAGCTATGAATTTGCTAAA

TAGAACTTCATTTCCTCTTCTTATTAGAGGTCATTAAATTTATTAGACGCCAGTAAAAGCCTTGTAAACAGAAAATATG

AATGCTTATAAAAGTCTGCCCTCTCTTTTCAGCCTTGATAATTAAGATGTAACCAGAAAGCAGCTAATAACAGCTCATA

ATTTATGAGGTGCCATTCAACCCCAAATCCGAGACATATTGAGGAGGTATTAAACACCGAGATGAAAATAATACCCCAC

TGAAACACATTATTTATTAAATACATAACCACTCAGAGAAATAAACACATCACACACAGAACTTGATCTTTCTGATGGA

AACAGGATATATATACCATCCCCCGCCTTGGATATATTACCCATCAAGCCAAATTCTTAAATCAAAGTCACAACTTGTT

TAAATGCAAACTGCCCGTGGCGGCCCCAAATTTCCTCTAGACATTCACCTCGATGTCAGTTTTCAAAACCTGAGTCACC

GGGAGGGTTTTGCATTATTGTTGTTTTTAACATTCGTGCGGGGTGGGGGAGGGGAA 

>Giant.GL896903.1:22340927:22341927_4_1014bp_GC:_54.4% 

ACATCTGGCTGCACATGCCATAGGTGCCGGTGGAAGGTGCTGGCTGCCTCCTGGCACCTTGCGTACCCTTCATTCCCTT

CCTTGCAAGAGTAGTGAAGACACAAACAGGGCTGTCCTTGTTGGGAAGGGAAGCCAGACCGGTTGGACTGGCCAGGGCG

GAAAAATTCCCCAGCGAGTCCACAAGCAGAGGACATACTAGAGAAGTAACATCAGGCCTGCAGTGACCCCTTCTCTGGG

CTCTCTGGAAGGCCCCCAGTGCTGAGCTGCTCCCCTTCTTTCCACCCAAATTGGCTGCATGTGCCTGGGTCCGGCGAGC

CTTCTTCTCCCTGTGTGGTAGCCACAGTGTATAGCCCAGCACATAAAAGCAGAGGGCCCGACAAAGGGAAAATGAAATT

TCCCTTGAGCTATTTGCCCTGGCTGACTAACCCGAACCTTCCTTCTTAGGATGAAGAGGAGCTCTGATGTTCTGATGTT

GAAAGCATCAAAGGCTGATCCCCTCAGCTGAGCAGTGACACACAGTTGCTTGGCAGCGAGGGCCCCAGGAGCTCCCGCC

CGCACCATTTCCAGCCCAGACCCCTGAAGGCACCCCGCGTCATTAGCAGCCAACACATCACGAGCTAGATGTCTAGGTT

ATTCCGCATCTCGCACTTGTCCCGCCTCCTCCTCTGTTCGCAGTGCCGCCCTCTGACCCCCGCCCCTCTAACGAGGGGG

ACAGAGACCCTGGTCTCTTCCTAACACCCTCTGCACCTGCTGCCAAGTTCAAAGCCGTGGAAGGAAACCCAGAGAAATA

CAGATCAGCTTCCAGAAGGCCAGAAACCGTGGTTTCTAGAAAAGATTCTTCTCAACGGTTTCATCTTTTTTTTTTCCTG

ATGGCAGAAAGTGATCCGTGTTCACTGTTGACCTTTCAACAATTCAGAAAAGTAGAAAGAAGAAAGTCAGGGAGCTGCA

GAGCCCACCGTGGAGAGTCCCACGGTGACGATCCGATGGACAAGCGTCCGTCTGCTTAACTATCCA 

>Giant.GL896903.1:22340927:22341927_1_1014bp_GC:_39.4% 

ACACATATTTTTAAAGATCTTGGAGTAAAAGAGGTCCTAAAAAAATGCACTGGAACTTTAGTTTGGACCAAATTAGAGA

AACTTTTAATACCTAAACATCACAGGTGAATACCAGTGAAAGGTGGACATATTTTAAAAAGACAGTTTTGTGTTGGAAA

GAAGAATCCAAAGTTAAAGAAAACCAGAATAGCAGCAGAATTTTTAGAGTGATACATGTTTTTAGTTACAATTGCATGG

AACAAACTTAGGTCTCAGTTTTCTTTTGTAAGGGAATCAGATGAGAGCCCTAGAGGGCATGCACCCAAGGGCTAGCGTC

ACCTGGGAGAAGCTGAGAAATGAGTTTTGCTGGAGTAGGCAGTTTGGGTTTCCCAGAACTAAAAATAAGTCGGAAACTA

ACAAGGTTCTTCTGTGGCTCCTAGGTGGCTGTTGGGAGGCCTCCTAGAGAAGAGATACTCATTCCCACTAGGTGGGGTA

AAACTTTTGTATGTTTGAGGTTGGATGTAAGTTACAGAGATTCTTTCAAAGTCTCAAAGAAGAGAATACTATCATGTAA

TAGTTTAGAATGAAGTTCCCACTCCTAAACTAGTCGTCGGGAATTTCCAGTTGGTTGGCAGTCACAGAAAGAAAAACAC

CTTTAATGTTTTAGCATACAATGTACACCTGGTTGCTGACAACAACAGTCAGAAGTCTCAGGATCCCTGGTTACTGATC

AAAATATTCATACAATTGTGGTCTCCTCAAAGCATGTGGAGGGGAAACTAAACCCAGGAATCTGCCCCTTCTCCAGTTC

AGGCCAACCTATAGCACATGCTGTTGGGTTGCACACTGGAACCAGGTGCGGTCTTCAACCACGGGCTTTAATTTACTTT
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CAGACCCTTTCAACCCTTAGGACATGCGTGTTACAAGGTATCATAATATCATATTATGACAAGACTAGGAAATTGTTTG

TCTTTCATATGTGTACTCTGAAGTCXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

>Giant.GL896899.1:33595759:33596759_995bp_GC:_35.3% 

GAAGAGAAAGTTTGGAAGGGAAAAAGGGTTCTTTTTTTTAAGCAGGAGTTAGATTGTAGAGGAGAATAATTGCAAGATG

GAAATAAGGATTGTACCCTCCCTCAGATCAGAGGCATTTTTGGAAACTTCTGACTTCTGTCAACCCCCACACATCACTA

TTTGTTTTTGCTGGGATGTGGGGCAGCTGGGAAGAGATTCAATATCTTCCACCTCCTCACTAGATAGAAAAGTTCTGTT

GAAGCAGAACATGAAAATGTCAGAGTCTCAATAAAGGTAGCCTAGTGTCATAGAAAAGACAAATTATGGCTTGGCATAC

TGGAGTCCTGATCTTCCCTGCGTTCCTTAGGAGTACTGGGACTTGGTCACATCACACCAGCTTTCTTAATACTGGATTT

TTAAAAATCTATAAAATCGTGTTGGAAGATTTCTTCTACTTTTAAAATTCTTTAACTTTGACATCTATAATATTATAGA

AAGAAAAATGTTAAGGGATCAATATTTTTCAACATAAAATAGGGTGCATTTGCCTTGTTTTCATGAAAAAATCAGTTTG

AGAATCATCACAATTTTATCCATTAAATGGAAAGAATTTTGCCTGTGTCTTTGTTTCTAGGCTTTGGGGTATTATTAAT

TTTCTGTGACTCACCAAAATAGTAAATGCAGCATAAAGATAGGATGATTAGATTTTTTTGCTTGTTTTAGGTTTTCATT

CTCTGTTCTTTTAGAAGGCTTATCTTGATTTAAGCTGATTACAAACTATCCCCAGGAATTTTGGTTGAGTCTTAAGTAG

CTATGGATTTCAGTTTAATTATTTGCAAACTGATTATTCCTCCTTTTAGCTGCTATGACCTAAGTTCAAGTTATTGGTC

TTATTATTACCATGGTAATGATGGATGACATCACTGAATCCAGAAGCAGACAATGCCCCCATATAATAAGTATGTTGTA

GAGATTACTCAAAGAAGATGTGGGCTTTGGGACTAAACTCTGGAAGA 

>Giant.GL896899.1:33595759:33596759_1_995bp_GC:_47.2% 

CGATAAAGGATGGACCAATGGGAACCTGAGTGAGCGCTCACTTTAAGGAACTGAGTCGAAGCCTGAGGAGAGCATGCTC

TGCTGACTTTCCCAATGGAAAATGAAGCCGTCCXXXXXXXXXXXXXXXXXCCTGAAGCAAAGTGCAGTATCAGAGCCCA

GATAAGGAAGGAGAAAACTAATGCCTTTTAAACTGAGTTTTCATGTAAACAATCAGCTGAGATGGCTGAGGGAAGCTGA

GCTCTGTTTTCCCCAAGGCTGCTGGCCTTTGATCCCGCTGATTCCTAAGCTCTCAAACACTTGTGGCTACAGCGCATGC

CATGGGCTTGGGGTTAAATGGGCCACCCCAGAACAAGAATGAGGTGACTGAGAAAACTGGGGTCATGCTGCCTCAGAAA

AGGCATTGTTGTTAACAAAGCAGGGCAACTCATTTAAACCTAAGGACGCAAATAATTTAGCCATCCAAAAACCAATCCA

GCTGAGAGCTGTGCTAACACCCAGACCAGGCCTTTCCTGAACATACCATTTTCCCTCTCTTCTTACCTTCTGGGGGGTT

TTTATTCTGGTTATTCCAGACGACCAGCAGCTTGGATAGACTGGGTACTTTGGACACCTCGGTGATGACCCGGAAGAGG

CTCTCCACTCGGTCATACGTGAGGACGATGGCGGTGAAACCTTGTGACTGTGGCGGGATCAGCGGGAGGAAGAGTGGGT

TGCTCACGCTGCTCCACTTCTGCAAGGCAACAGGTTCATGTGGGTCAGCGAAGGATCTAGTCACCGTGGGGCTGATCTT

TTTTGCAATGTTGTCTATAAACCAGGACATGGGAGATTTGGTGACTTTAACATGACCAACCCAAGAGCTAAAGCAACTC

TTCGGTCTTATCTTCCCCAAAACTCGTATTGACTCTCTTTAATTAACTTGAGCTCTGAGGTCACCCAAGTAGGAGCAGA

GAATTTTTGTAGCTGAGAAGAGATATCTAGTTAAACACAGCAGATTA 

>Giant.GL896899.1:33529759:33530759_1_1001bp_GC:_61.4% 

GGGTCCTGCAGAGTCGCCCTCCTGCCATGCCCGCCCCCCTTTCTCCTCTTAAAGCCCTGACCCCCTGAGCCCAAGGXXX

XXXXXXXXXXXXXXXXXXXXXXTGGCCATCCCCTGTGCTGGACCCACCTGGAGGGCTGGACAGAACAGGAGAGGAGCTG

AAGAATCCTGCTGGCATCCAGCAGTGTTGGCGTCTGGGAGCGTGGACAGTCCCCGAGAGGGCAGACTCTGGATCTCGGT

GAACACTGCGAGGGAAGGACCCAGACCATCCACAGTACCCACGGTGCTGGAAGGAGAAAAGCTTCTAGAGAGAGGAAGA

GCTGCAAGGAGGTGTCCGGGAAGGGACAGGGGCTCAGACACTCACATCCGCTCTCCTGACCGCCTGATGCCCCACAACC

CGCAGGACGACTGTTCCAGAGGGCAGGTCTAGGCAGCTTTGTTTTCTAGCCTGCCAGGACCCTCCTGGAGGACCTGGAG

ATGCTGTCCCTTCCCCCACCCATTCTGGTCGCTTGCCAGGGCTGCTGAGCAGTGTCCTGGCGTGGAAGGACTTACACCT

CGGAACACAGAGTAGGGCCTGCAGTCATGTTTGCAGAAGGGTTAGAGAGAAGCGTGCGGAATTAGCTAAAGGATGTGTG

CTCGCGCTCAGCCTCCCGGTCCCCACACTGCCTCAGGCTGCCTGTCCCCCGTCAGCCATCCCTGGAGCGGCACCCTACC

TGCCCAGAGTCCCCCACAGTGGGTGGGGACCCCATGTTCTACCAGGCGAGGCCAGAGAGGGCCTGCTCTTGTACTTCAT

CCCTAGGGAATCCGAAATCTCAGCCCCTCCCTCTCACCAGCCTCTAGAAGGGCTGGTGGGCACCTCTCCTCTGGGTCAC

TTGCTCTGTCCTGGATTTGGGGGGCAGGATGCCATCCAGAAGCCGTGTCCTTACCTGTGGGAAGGTGCTTCCTTCTGGG

GAGGACCTCCACACCTGCCTGACTGGAGACGAGCAGCTCAAGTTTTGGTACCA 

>Giant.GL896899.1:33496759:33497759_1_1019bp_GC:_56.2% 

GCCTTCGGAACGTGGCCCGTCCCCTCTGGGTCTGAACTTGTGAAATGCGGGAGTTTGGACAATTTCCAAAGGCTCTCCA

GGGGTTTTTAGGATGGTACCAGTCTGGACCCGCCTTCACCCCGTTTCTCTGGCCTCCCCCCAAACTGGGGCTTACACAC

ACTTCTCTCCAGGAAAAATTGGAGAGAGCGGACAGAAAAGTCTTCCCTAGAAGCAGAAATGGGTCTTGGGGTTTCCTGA

GGTGAGCTAAGGGAGTACAGGGATAACGTGGGCAGCAGTTCCAGGATAAGTGGGCCGGTGGCCCTAGAGGGCCTGGGTT

AATGCAGGTTCTAGACTCCAGGCTTGGACTTAAACATGGAGAGGAGCCAACTCTGGAGAGTCTTGGTGCCCACAGATGA

CCAGGCTCTGGGCTGAGGCCTAGGGTTCCTGGCCCCTGTAGTCAACTCATGTCCCCTGTCTCTGCTCAGGGTACCTATG

TCCACACTTACTGAACCAGACTTCCTCCTAGGAGAACAGAGTGCTTGCGGGCTATTCTACAGCTTAGGTCCTTCCGGAT

GGAGATCCATGGGCATAACAAATATTTACTGGTCAGTAGAAGGCTGAATGGAGAACCCATGTCTCGTTCAGAGTGTTGC

TCGAGCATGGATATGAGGGTTTTTATGGGCACGAGTGCAGCGTGAACCCCGCAGGCATGTGTCCTGCCCGTGCTCACTG

GGTCTGAGTCCTGCTGTCCTAACGTGTCTCCAGGTGTGGCCGTGGGTTCTAACTGGTGTGCACGCCTGCATGAAAGACA

CACTTGCACCTGTTGTACCCCATGTAGGGGATCTACGTGCCTGTTAGGGGAGCACCTGTGCCAGTTAGGGACACCCCTG

GGGCCTCCTGTGGCAGGCAGAGCCTCTGCCGCCAGAGCACTTGTGGGGAGACCATGACTAAGCATCCGTGCTCCACAGC

CTGTGGCCTTCCCAGCCCAGGAAAGCTGCCTGAGTGAGTGGCAGTCCCCACGTGGAGCCCTAGAGTCTTCC 

>Giant.GL896899.1:33485759:33486759_1004bp_GC:_57.2% 

XXXXXXXXXXXXXXXXXXXXXXXGAATCTCCAAGCACCTGAACAAACAGGTTTTACAACAGTAACGGGTTGTTCTGGGA

AGCTGAAATAGACAAGGGCTTTCCTCTGCATTTCTCTTGCACTGAATTTGGAGTTTATATATTTTATTTTATTTTTAAT

TGTCAGCATGCATTACTCAAAAAGAAAAAAATCTCTAGGACATTAAATGATTCGTTCAGATTGCGCTGCCTGAAGGTGT

CCGACCTTGGCGTGGCCGCCTCCTCTGATGGGGGATATTTGGGAAGACGGCCCTGCAAAGCCAAGAAACAGGGACAGGG

GGTGGGGGGAAATGGACTGAAATGTTTTCTAGAGGTTCGGTGTCAGCTGCACGCCATGGAAGTGGATCACCTCTTCTAC

ACCATGAAATGATGTTTCCTGTTACTGTAGGTGCCACGGCACATACAGTTCCTTACCGAAACCCAGATTACTTTCTGCT

TCAGCCTGTCAACACAGAAATCAAGACAAATGGAGAGTTTCCCCGAGGCCGACTGAGATTAGGAGGGTCGTGGCCACAG

AGGGAAAGCGGAGGAGATGCGCGATTGGAACGTGAACCCGAAAGTGCCACTGGCGGGCTGGACGTGTCCATGCAGCACG

GAGCGAGAGAACACGTGGAATAAAGATTCAACCTGTTAGCTCGTGGGAACAGCTCACCTGCGGCGGGGGATGCGCGGAG
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GCCGCGGGAGGCTCTGTGCACGCGGGTCAGACTCAGGTGCCAGGTGGCGGAGGGGCCCCCGCGGCGCGTCTCGGCCAGC

AGGGGTCGCCCTCCCGCCGGGTGCGGCGCGGGCGCTTGGGGCACAGGTGCAGGCGGGACCCCGGGCTGCGCAGTGGGCG

GGACCGCAGGGTCGTCGAGGTGGAAATCAACTCTGGGAAACAGCACCGTGGGGTCCCGCCGCTGCGCGCTCGCTCTTCC

CGCCCCGCCGATGAGGAGGGTCTGGGTCACGGGGCGAGCAGGTGAGCCCCTCCCCG 

>Giant.GL896899.1:33441759:33442759_1003bp_GC:_42.1% 

GTTACCCCTGCCCCTGACCCACCAGCCATACACTCTGCCTTATCCACACGGCAACCCATGATCATTGGACAACACAAGG

GATTAGTTACGCCAGATTCTTTCCCAGCTCCAAGATAGCAGGAAATAAGATTCTCTTTCTCATGTTTGCTCTGTTTCTT

GATCTAGACTGTGTGGTTTGCCCTCCTGGTTAAAATATATAAGGACAAAAATATAAGTTTAAAAGTGAATAAGGGATTT

ACTGGCAGGGGTTAACAATTTGGTTTGGACTAAATATTTAGCCATGTTTCTAGATGTATATGCCCAGAGACCATCAGGT

GCCTGGACCGTGGCTTCTCAGAACTTGGGAAAAGCTAGATTCCCACGCTGACAAGGATCCCATTTCCCGGTCAGGATAC

TCTAAGATTTCTTTGGCTGGCTCAGTTTGTAAGATCCCTGTGAGATGCAGGATGTAAGGCTAGCTGATGCAATTGGAGC

ACAGAATCTCCCCAGAGTGGCCTGGCCACAGCACCCTTGAGCATGGCAGCTCAATCCAACAGCCAGGGATGGGGAGAAG

GCTCTTGTGCAAAATAAAATTTCGACTCTCTGAAGGCTTAAATACATCGAAGCAAGCAACAGATAAGGGAATGACAAGC

GGTAAGACAATATGCAGGTTGAAAATAAGAGGGAGAGGTCCTGGAATTTCATTTTATCTTGACACTCTAGAGATTTTGG

GAAGAGGGGATCCAAATTATCCTTGCTAGTTATAAAAATAATTGCTTTCTTACCATGACAAAGGGCAAATTTATTCCTG

TGTGCAGAGATAAGTGAGTGGACTGAGGGATAAGATGTTTTTTTTCCTGGACAAATCTGTCATGACCCCAGGTTGACCT

AGTTTTGTTTTAATTTCTAACAATCTCCAGTATTTTATGTTTCTTATTTAGTTTTGAATACTCAGCTTAAAAGGCCCAC

CGTTTTATCTTCACTAAATACTAGTAGTGAACCAAATATATTTTCACCGACCACC 

>Giant.GL896899.1:33441759:33442759_1_1003bp_GC:_57.9% 

TTAGAGAGAAGCATAGGGTCAAGGACAGACATGAGGTCATCACCTATCCTGTCCCTTTCCATTTCCCAGGGCTGTGTGA

CCTGGATGAGTCACCTCACAGTGCTTATTCTGAATATCCCAAGGGCTGGCCCCTTCCAGAACCTTGGAGCCAGCTCCCG

CCTATCCATTTCTTGCTCCATCCACATTGCCCCTTCTCCAGAAAAGCATGGTGGGCTCCTGGGAGGCCCTCCAGCCAGG

GTCAGGAGCCCCCCTCCGTCTTCATGCTGGTAGAGCTCCTCCTGCCCTGGGCCCTCAGTTCACTCACCTGGGCCCAAAA

GGAGTCCAGATGAGAGGAGCCCCAAGTCTCTTCCAGAGACACGATGGTTCACCAGTCTGAGAGGAGCCAGTGTGCCATC

TGGCCTGGGAAGATTTTCAGATGCCCAACAGGGAGACTTCCAGAGGCCAGGCATCCTCACGGGACCAGCTCACAGCCTT

GAACTTCTTTCGCAACTTTCTCAAGTAGCTGGGCCCTGACAAACGCTGGTGTGGTCAGGCAAGGGGTGGGGTGGTCCCC

ACCCTCTCGGGGCTCACAGGGGTGAGAGGTGCATCTGTCCACAGAGCCAACCAGAGCCTCACTCCCAAGGAAAACCGTT

TTTCAAGGGAATGAAGTGTGCTCCGTGTGACCCTAAAACACACTACGGGGGCCCCTTTTCCCGCTGGAGGGATGACAGC

CACTCATGATGAAACCGGGCTTCAAGGAGGGAGCCGGGGTCCCAGCATGATGCGGGGCCTATTCTTGGTTTCATGGGGC

TTTGATCTATTCCTTTGGTGTCCCCTGGGCCTCCTAAAGTTTCCCCAGCATCTAGAAGAAAGTGGGCAGAGGTGACACA

CACGGCAAAGGGCTCCTTGGCTGGAATCTGAAATCTGGTGTCGGCCCCGCCCCTCGCTCGGCGGGCTGGGGTCCGGTCC

TCACCTTTCTGAACTTCGGTTCCCCAGCCATGCAACGGGAAGCCCTCTCCAACGG 

>Giant.GL896899.1:33430759:33431759_2_1014bp_GC:_46.9% 

AGTAACAACTGGTGTATGTGAAAGGCCTATGGAAAGGCATATCTGGTGAAGGATCCAAGGAGATTGGGCCTCTGTGAGC

CTTCCATGAACTCTGATGATAGCCTCTCAGGAGGAAGCAGTTTCTAGTGTGGTTCCTGGATTGGGGCAGAGTCTCAAAT

GAAGGACATCATGAGACCAGGCAGCACATTTGAAGAACAGGAAGTCTGGGCCCCAGCCTTGACATTGATAAGCACTACA

CTGACTTATCTGACCCATATGCTCCAATAAAATCTAATCCTTCCAGAGCATGAACAGGATTAGGTTCCCGGGGTAGAGA

GTAGGGAAGTGCCCTAATAAGAATCTCCAGAATCCGTAGCTATGGGTGCCCGTCAGATCTTTCAATCTGAGTCAGGCCC

AGGGCACATGCTGTCATCAAAGGGCCTTTCGGCTGTGAGGTCTCAGTGGTCTTCATATTGTTGCTGAGTGATCCTGATT

TAAGCCTGCTCAGAGAGCCACCCAGTATTTCATAAGTAATTAGAATCTTAAACCTGGAAGAAAAGACATATCTCAATAA

ATAGCTCTTTATTGCATGTCTTTATTACACATTACATAAATGCTGAACATGGCCCTTGAGGGTGGGGGGGAGAAGAAGA

AGAAGAGATCTAGGGGAAGATTCCATAGCTGGGTGAGGGTAGTGTCGAGTCTAGTTAGGCAAGTAACTCTCAATGCTTG

GGTCAAGACTGACCTGGCCTTCCCTGAGTTTTTGTGTGGTTATCCATTCAATGACCAGAAGTTGGCCTTGTTGGCCTTT

TATTTAACTATGTTTGTCCCTGAGGACCTGTTTTGAAATGTCTGGTGCCAATGGCATATTCTTCTTCAAAATACAAAGG

CAGTGGGTGGAAGAAGACTACAGCCACCATGCCCACCCCTACCCTCCACCTTCCACCGCTGAGGTGCCCCTGTGACCTT

GGGGTTCTAGGGAACACTGAGAACCCCTAGCAGAATGGAAAAGCTGGCTACCTGAGTTCTTGAGTT 

>Giant.GL896899.1:33419759:33420759_1_1012bp_GC:_44.3% 

GCCAGGCAGTGAGCAAATATCAAGCAAAAAGAAGACATTCAGGCACAAGTGTCCTGTTTGCAATCTATACTGATAAATG

CCAGAGAGATGAGCTAACAGTCCCTAATGAAGTTTCATAAATCACTTTCCATTGCAAGTTTATCTTACTTTTTAGAGCA

ACTTCCCATCTACTAACATTTCACTCACTAGATGAGCAGGTTGAGATCAGAAATACAACTAGAAACACAACTCGTTTGC

TCATTATCCAACCTGACCAAGAGCTTCATTAGCTCTTTTCCTCAGTGTCCATAGGCTCAGCCTCCCCTGGATCCTGCTC

CACCTCTTAACCTCTTGACCGTCTTTGGTTCTATTAATCTGCACTCTAGAATTCTCCTTCTTCCACCTTCTTAGTGAAC

CAGGCACTTAAGACACCTGCTCCCTCTTGCTCCAGCTGCAGACTCCTACCTCCTGAGGTTCAAATCCTGATTCTCTAGG

TTTCATATCCCTCCCATCAAAGTCCTAGGCCTAGCATCTGAGTCCTCAGCCTTATATGAGCTCTGGACACCGCTTTGTG

GGACAGGTCAGCCATTTTGATAGAAGAGTGTGGAGAGCACAGGCTGAGGGCCAAGTGTAGCTCCTTCTCCATTACTCCC

TGGCTGTGGGAGCTCTGCCTCCTTCCTCTTCACATTGTAGGGGTGGGGGTGTATCTTCATCCTGAGGGAACTTTTCCTT

GGGACAAGGAACTCAGCCTAGGGTTGCCACACAATTATGGCTCAAAATGTCTTATATGAATGAATAAGAAACCCTTATT

TTTGTCCTACAGTTAGAAATGGGGTACAATATGAATTTCACACTATGGTGTGAGTGACTGATATATCAGAGAGTTTTCT

TGTXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXAGGTCTCCTGAGTTTACTCCTGAGTAAGACAGTGTCTACAATATCCATAG 

>Giant.GL896899.1:33397759:33398759_4_998bp_GC:_57.0% 

AATTACTGTGGCCAGGGGACCTGGCTTCTCCTGAAGACCTATTCCCAGCCACCGTAAGGGACAGCTTCCTCTCTGAGTT

GGCCACTGCCAGGAAGAGATCTCTAGTCATCTGTCCCAGCATGAGGCCTGCCCATGCACCACGCAACACCTAGGTGGGT

GGAAGGCCTTTGGGATGGCTCAGAAAAATCAGGTCTGGTTTGGGGGTGACCCGCCAAGGTCCCATAGGGCTCTACAGCC

AGCCAGGGCAGCAGAGAATGGGTCTGTGACCAGGCTGCTGGGACTGGGCTTTCTGCTCCCGGAACCCTAAACACCAAAC

AGGACCGATATTCTTCTGGTAGCTTCCTGCTGCTGAACGGCAGCCCCAGACTGGGAGAGGCACATGGGCTCAGTGTGCG

GAGTCTGGTGGCTGGTGGGTGGGGTCCAGACCAGAGGGAGATTCCCTGGCTGACTTGTCCCAGCCGCCTGAAGGTGGAG

GGGCTATGTCTTAGCATTCAGTGGTATTAGTCGCCTTCCAGGTAGAAGGATGGCATTCAGTGACCCATCGGGACAAAGG
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GAGAGGAAGCTGGAGAGGTTTGGGGGTGGGAAGGGGAGCTAGAGAGCCCTAATACAGAAAGCAGGAAGCCACAAGGAGA

TGGGCCTCAGCATTTAGAGACTCCAGACACCCGGGCAGGCTAGGGAGGGGTTAAAGGCTTTGGGAACTCCTGTTTCCAA

TCACTTGTCAGCCAGCTTCGCTCCCATCCTTATCAGCAGGGATAGGGCCTCGCAGGGAGAGGCTCCGAGAGCTTTCCAA

GCTCTTCCCAGACTCTCCAAGCTCTCGGCATTCTTATTACCTTCTAAGGGCTCCCTCATTCAGTCCAGGGGGAGTGCGG

TGGGTGGAGGCTGGGAACCCAAACACATTTAATGGAGTAGAGTGTGAGTTACTAAATACAGCCCTGGGGTGGTGGGAGC

TGTGGAGTCTCAGCAGTAAACCTTCCCGTCAAACTGCCCCTCCCCCCATC 

>Giant.GL896899.1:33364759:33365759_1000bp_GC:_43.8% 

TGTGCTGCAAGAATATTCCCTGGGGCTCTCCAGATCCTTATTTAACCCAGATTATCTGCCATAGGATGCTCCCAGGGCA

GGCTGTGCTGCAGGAGGCCAGCATGGCCTGCTGACTTACATCACTGCGCCCTGATGCAGTGACACAAACATGGCGGGAG

GGAAGGAGATTTCAAGAACCCATTAGAGGCATTTGGATTTCTCAGTGCCTCCTCAAAAACTGTGCGCAGAACTGAATTG

AAACCTGTCACATTAGCATTATAATTCTAAACATTGGCCTAGCTGGGCCAGAATGATTTAATAGTTGCCTTCATGAGAT

CTGTACTGGTTCTACTCGCATTCTTTTATATCCCATTGTTCTGTTTCTGTGTTCTCTCTGGATACTTCTCCCCCTTCCC

CACTATTCCTCATTGGCTTTATCCTGCACTGCACATTCAGATTTTTGTAAAAAAATGGACTGTAGTGGTTGCTGTAATT

TGGGGTCGCTCCCTTCTATGAACATTGGCTTTAGAGCATGGAGAATGGTTTGCGGCTAGATGTGGTTATGTCGTCTGGT

CCCTCCAGGCCGCCCAGCTGGTGGCTGGACCCTGTTGTGCCATTCTCTGTTCCTCATTTGGTTTGTTCAGAGCATGAGC

AAATAAAAGCAAAATGTAGAATTTCTCAATGTATTCAACTTAAGTTTGTTTTCATTTCCTTTCTGTAAGAATCACTCAC

TATTTCTACAAATGCCCTCAGTTTTATCCAAGTGAAAACTCAGTGTTAGCTCCATAACACTACGGATAGAAGCTCAGTT

GCTGAGGCTCCCTGGGAACATTCTTAGGCATAAAATGCCAAGATTTTTGGATGTGCAAACAAATTGTTTAGAAAATGCT

CAGAAAGATCTCTGCCTCCTTATTAGCTTCTTTTCTCACCTACCCTGTTTAATGAGCTGGGATGTGGCTGAATTAGTTA

GGAAAGTGATAGCCCACACATGCCCTGACTATAACCATAAGCATCTTTGAAC 

>Giant.GL896899.1:33353759:33354759_4_1002bp_GC:_45.2% 

AATAGAAGCCAGATAAATCTTGGCCATTAAAAAAAACCCCAAAATCAAAAAAAGATCTGACATTCACGTTGAGTTATAC

CAGCCAAGGAGGGGACAGAGCCACATTCCAGATGTGCTATTTTCCTGCCCATTGACAGTTCTCCAAACCACCCCAGCAA

TAAAAAAGTCCCGAAGTGGATTTTTTTAATCTGGCTTAGACTCCTTTTTGCCCGAGAGGGCCTGCTGGGTGGGTCCTCT

GGGTTTTATTTCTCACAGAACAAACCAGTGAGCCCTATTTGTGGGAAATACACAGTAAATTCTGGCCTTTGCTCATGAA

ACTTCCCTCTGGAGCATTTTTCACATCTAAATAGGAGGTGAATAAAGTGGATAAGCACTTTTATATTTTTTTAAGTGAT

TTTACTTTTAGTTTGAAGAGTTTTGGCTCCAGATTTTGAGCTCTTTGAGAGTATATCCTCTTGTTTCTAGATTATAAAC

TAGGGATTAGAACAACAGTGGGGAAACTTGTGCTTCCCCCAGCCAGTTCAAATCATAGGGGGCACTTACATATGTGCCT

TTTAACCAGCAACCCATTCACCTCTCCTTGACTTCAGCTGAAGCGGAGTCGGGGGATCTCTTTCTGCTCATGTGATCTT

CATCTTCATTCCATTGAAACTGCCTAGAAGGAGGCATGAGTCCTGGGGACCTGGGTTGCAGAGCCTCTCCCCTGGATGA

CCTTAGCAGTGCCCTCTGATGTGGGTGTGGTAGCGAAAGGCTCAGCAAGATACCTTTTAAAGTCTCAATGGTTTGGGAG

GTGGGAGGCTTGGAGAAATTCTTTGCAAACCCAACCCAACCAGAAGCGAAGTACTGGCTGATTTGCTAGAAGTCTCCTT

GAGTCTGGGAGGCAAATCCAGAAACTCCAAAGACATGTTTCAGCCTCAGAAACTGGAAGAGCTGGCACCATCCCTCAGG

AGGCTGAGGTGAGCTGTCTGCCATTCGAGGCTTCTAAATAGCAGGGATCATCAG 

>Giant.GL896899.1:33331759:33332759_4_1005bp_GC:_53.8% 

CATGACTCTCTTAATCAACACATGCCACTAAACTGAGAAAGGTGAGAACTGTCTAAGCACCCAAGAGGGTCTGTAAGGG

CATTCGATGACGATGGAGGATGATAATGGCGACACAATGCTGAGACTTCGGTAAAGCACCAACGTGGTTTAGAAACGGA

GGCTGTGGACTTCTGGCTGCACGTCTTCCCTCTGTTCTGACCTGGCCTTCTCATCTCTTCTTTCCTGATCCCCGCCCCT

CCGCATCTCCTCCACACTCTCTTGTCTTTGTGGAGCACAGAGAAACACCCTTGTCCTGGCCACTGGCTTCCCTCTTCCC

CATAAGGCCTCTTCATCTGAGGTCTGGGCTGGCCGGACCAAGGAGGGCTGTTTCCGCACACGTGATGCTGCTCTGCCGT

GGCCTTGCTTGCTCCCCTGATTATTTCTCCTTAATTGAGCGTAAAGAATGTGAGGAATGTGGAGTAGACCGCATGAGGA

GGGCTGCTGCAGCCCCCTCTGGGATCTGGGATTCTGAACTCTGGGTGGGAGAAATGCAGATGGCTGCTGAGCCCCACAG

AGCGTGTCATTTCTGGGGCTCCCCACTCTCCCCGCCCCCACAGCCCACTCCCCACGGTGGTCTGTCCATTTCTCCAACC

TGCTCTAGGGTTTTCTTCCATCTTTCTGCACAAAGAATTTCATTTCTTTTTAAAACTGGCCACCATCTCCTTTTTTCCC

AGGAGTCTGCCTTGATTTAAACCCACCTGAGATTGGGTTCCAGGTGGAATTCTAGAATCTCTTCCCTCTCCTCTGATGG

AAGAGGGAGGAGCAATGATGGCTGCTACTCCTTGGCCTTGGGCGGCTGCCGGGAATCCCGTGTCCAGGCCGTCCATGCT

GTGGGAAGATGTGGTTGCTTACCTGCCAGGAAATCAGCCAGGTGAGTCACAGCTGGAGCACTTCCTCTGCCCGTTCCGC

GTCCAGACTCCTGTCTTCTCTGGTGGAGTGAGACATGGAGGAGAAATGTTGAAGACT 

>Giant.GL896899.1:33331759:33332759_2_1005bp_GC:_47.2% 

GGTGGTAGATACAGGAACAGCAGGGCTAATTGAAGAGGAAGCGCCACCTGGGTACTGGCCTGGATAACATGCTGGGGAC

AGTTCTGGAACACGTGCCCACAAGGACAATGCTCTGAGCCGTATTTACGTCTCAGGTGCCCATTCATGGTCAGTGGGTA

GGAAAACAAATTTCTTTTGTAGTAGTTATATTGTACGCCAGCAAGGTGATGAATTATTGAATTGGTTCTTTTTTTATAA

ACATATTTATCATCTTTCCTTTTCATCAATTCTGTGGTGAACAAGGGAAGGCAGAAGCAGGGAAGCATTTTGCAAAGAG

CTTCAAATGTTACCTCCCTGTGGTGAATGGCCCCCTGGTTGGAGGGGTTATTTCCTTCTTGAGTGGTCCCTATGCCTCA

AGGACACTTTTTCGTGCCATCATTATTCAGCCTCAGAGTCACCCTATTTTCTAACACTTTCTCTTTCACTTGCCACCCC

CCCCCCAATTTTTTTTATTTTGGTGTTGAAAGGAAGCCTAGGTGTTTATTAAAAATTGGGATGAGGTGGCAAAGTGGCC

ATTTTGCATTTTGCAGTGTGCTTTGAGCCTCAGCTCAAACAGCCAGGCTATTGTTCAAGCGGGGTCCCAGTTTTTTCAG

CAAAGGTGTTGAATTCTACTGAATGTTAACATGGTTGTTTCACCCAGTGGGTGGGCTAGGGGACTTCAGCAGAGTGGGA

TATGTTGAGAGCACCTGTCTGGAGCGATTACTAGCCAGGAATGGGGCTCTCCAGCATGTGTCCGCCTAGGCCCTTCTCC

TGGTGAGAAGTTTCTCCAATAGTGGCAACCCTGGTGGCTGTGCCCAGAACGGGTACAGAGTAGGAGGCCACGGAGCTCG

AGGTCTCGGGGGAAGTCAAGCAAGTGAGGCCATAAAAACAGAGGCCTGGCAGACAGTAATAAAGATAGATCAAGGGTCC

TGAGGTCATGATGAAATTAAGCATCAGTAAAACTCATTGCTGGAAAGGAGAGTGCTG 

>Giant.GL896899.1:33320759:33321759_2_1012bp_GC:_46.9% 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXTTTCTCCCATCTGCCTCCCTGCACCATCCTTCCCC

TTGTGTAAAGAAACAGTCGAATTTATTGATCCCTCAGAGGCTCTGTCACCCACTTCTCCTTCCTCCATGCTCCCTTGTC

CCTTAAGAGCCTCGTCCTTATAGGACTTGAAAAAAAAAACAAAAACACATACAGTGCACTCTTCTCTCTTCAGCTGCTT

AGAATTCACCTCCAGAGTGGCTTCTTTACTTTCTCATTGAGCGGTGAGGTGGGTGCCCAAAGATGACAGAGTCTCATCA

GGCAGGGTAGGGGGTTCATTACCCAGAAATCCTTCAGTGAGACTTGAAATGAAAACATGTAATAACACTCTCTTCCCTC
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AGAAAATCAGGACTCCCGGCCTCATCCCGTTCCCACTTGCCCTGTCCTCTGAAGAAACCGAGCTGCTAAAAACACAGCA

GAGGTGAGACAAAGGACATGGTTGCTAATTGCTGTTGAGCATTCTGGGATAGGGGGTTTAGGGAATGTCTTATCATCAT

CTCACGTTTGCCTCCAGTTCTGAGAATTCTCCCATCTTTGGTTAGAACTGTGTCCTTGGGTAACCTGGCCAACCAGGTC

ATTTGCTGTTGAAGCACATAAAGGCGGACATTCAGGTGATTCTCTTCAGGTTTAAGGGTTAGACCACCCTTTGCAAGCT

CAGGCCATGCTGGGAGAATTTATCTCACCTCCCAAACTCTGACAGTAGCACGGGACGATGGGAGAGGGGGTCGGCAAGC

ACGTGTCTCGTGTCACCACTGAGGTCTCCGGAAAGCACAGTTTAGAATCCTTTAGGGTGTCGCAGCTAAATTTAAATAC

AGTGGTAACGTGACAACTTCTTGTCAGATGGAGAGTGTGCCAGCTTTCCTTCTCTTTATACCTTGTAACCTCCTGAAAC

TGGAACCTGCTGGAAAATTCCCTTTACCCTGTGACAAGGAAAGAGTGCATCTCATGAAACCATT 

>Giant.GL896899.1:33124480:33125480_1_1000bp_GC:_57.6% 

TTGGTCACAAACACCCGGCTCGTCCATTCCAAGAGCGCAAGCCTCTTTAAGGAGGTCACCTTGGGAGGCCACATGATCC

CAGGGGGCTTCTGTTATTCAGAGCAAGCAGGAGGGTCCTCCCCATCACAGCCACCCAGTGAGAAGCATGCTATCTGCCC

ATTTGACAGGTTGAAAAAACAGAGACTCTGGACACGAGATCACTCACGGGAGTCAAAGAGCTCCCGAAAAGCAGAGCTG

GGACCCAGCCTCCACCAGTCCGGGCCCCAAAGGCCAGCAGACATTTCCCACAGTGGCACATGCTTGTCTGCCTCCCGGT

GACGGTCCACTTTGTCCCTCCCCGGGACTCTACACCGATCTGTTTCCTAGCTAACAAGGGGGTTGGGTGGTGAGTCCGA

ATCAATTTGCTCCCCTGCAGCCCTCCTAAAGGCAAACCGAGAACAAAAGCACCCCGGCTGCTTTTCTCTGCGCTAAAGA

GTTTCCTGCCTCTCGTACACGGGGGCCCATGGTTTTCCCCCGATGGAGAAACATCCCCAGCAGAAAAGTCCTGGGGAAG

TTAAGCTTTTCCTGACTCGCTTCAGCACCTTCTCCTGATTAAGAGAAGCGTGCGGGATGCTGGCTCTGTGATAAGCCAG

TGGCTTCCTGTGGGGAGCAGGGCTGGCTGCCAGGAGGCTGCGGGTGAGATTTTGGCCCAGGCAGCCGGCAGGGCAGGGT

GAGCCGCACGACATGGGGGCCTCATGCTCCCCAGCCACTGTCTACCCAGGGCCGTTTGGCCTTGCGTTATCTGCCTCTG

GGAGCCAGCCACCATGCCTTAGATTCCGGCCTGAGACACCCCAGCCGGCTGGCGGTATACTCCAGAAGTGAAAGGATGA

GGCGGGTATCAGATCAATGACTGGGAAAGTGGCCCAGTGCTTCTCAACCACAGTGCCAGAGGCAGCTGGAACCACAAAT

GCCATCACATGGTGGGGTACAGTACCCCACAGTGTATACATCCCATTGACCC 

>Giant.GL896899.1:19906321:19907321_1_1002bp_GC:_51.8% 

AAGGTGTTTGGAAATCCTGATTCTGCACCATCCAGGGGTGCTACCAGGTGAGATTTGTCTCAGAGGGATTGAAGGGTTT

TATACCCTCTACTGAGACTTCCCCGGGGAAGGTAAACCAGCACCTTTCCCAGTGGTACCCAGCGGTGAGGGATTTAGAC

CATAATTTCTTTCCAGGGCCTGGACATATTACTCACGATGACCTCCTCCCTGTCAGATTTGGTAAATGTAATTTCAGCT

GCCGGGTGGGCTCAGGGTGTTTTCTTTCATCGTATTTTATTAATCTTGTTTTATTCCTATCCCTTTTATTCCGTCCTTC

CTCCATCCATCCTGGGGAGGCCCTTGTGGTGCCTGCGGCCCTGGGCATCAGATGGGATTCCGGAGCTGGGGCTCCAGCG

GGGCTCACATGACAGGTGCTCCGACGCGTACCCACCCAGAGACAGGGAGGTGTCACGGAGGGGATGACCGAGGGCCTGA

TCTGAGTCTTCCAAAGGGCAAGGGACAGCAAGAAGAAACATTGCTTCCTAAAAACAGTTTTCTTCTAAAGCTCACACTT

TCAGACGCCCCCTGCCATCTCGGCATCAGCAGCCATAGCAGAGCTGCCAAGGAGTACTCCCCTTGCACTTGCTGGTTTC

CTGGTCGCGGCACACAGGTTCCTCTGTCAGTGTTCAGCCGCCCCTGGGCAAAACCTGTCTCTCTCCTGCCTTGTGCCCT

TCCACGGAAGAAATGCAGTGCTAGCCTCCCCTTTTGACTTTGTTTTCTTTTCTCCTTTCCCTTGTAGAGAAGCTGACTG

GTTCCTTTCCTCTTGGGGCCTCCAAGCTTGTCTATAGAACAGCAAATGCAGAGGTATTTTGAGGAGGATGTGATGAAAT

ATAAAAGGCACACATTCTTCCCCTGAAGCACAGCGTCTCCCTTGCCAGTCGTCCCTCTGGTTGCTTTCCTTAGTGCCTA

GAAGGATGTCAGGACTGGGTTTGGCCATAAAGGAGGCATCGTCCTTTATTCCTG 

>Giant.GL896899.1:19862321:19863321_4_977bp_GC:_42.4% 

CATTCATCTACATCCGTCCATCCTTTCCTCATCACCAATACCTCCATGACAGATCCACTGTATAGAAAAACTCGTAACA

CCTGACAGAGGGGAGAGGGTTGTGGTGTCATTGAGCAGGTAGGAAAGATCTTGCTGAAATTTCCAGTCTAACGGAGGAC

AGGAGCAAGAACCTTTGAGAAATTCACAAGCATTTCTCCCTTCCCTACTGGCAAGGGAGAAATGGCCTGAGGTTGACAA

TGCTTCAGCTGTATGTTAGAGAATTTTCAGAAAACTGAGGTTCCACATGCTGAGTTTCTTACTGAAAGCCACACAAATT

AAAATCAATTAATCAATTAAGGTCCATTCGAACCCCCAGATCTGTTTGGGGCTCCATAAACTGGGAGGATCGTATTATA

TCATGCTCCCTCAAGTCATGGTGGGCCCACCGATCAGGTAGCTGCCACAGGCACCCTTAAAGACAGAGGAGGAAAGAAA

GGGTAGGAGAAATGCATATAATGAGATGAAATTTCAAAGCGGATTTGATTATTGATACACGCGTGCGTGCGXXXXXXXX

XXXXXXXXXXXGCCCCTGAATATCTAATTTTTTTGGTTCTCTCCAAGAGAGTGGATTAGATTTAGAGGAATTTCATTAA

AGGTTCAAAGAATTATTCTTCCCCTCATCAATATTTACCTGAACCATCATTATCATCACTAGCTCATCAGTTTTTGCTG

TGTGGACAGAGAGGAGATTAGAGAAGCTTTAGCTGGTCCTGAATTGTTAAGTTCTGGGAATTATCTGAGGGGAAATGGG

CATCGCGTTTGAGCCTTCACTTTGAAAGATCTCAGATTTCAGGTTGGTCACAGCAATTGAAAAGGGGCACCAACTGGGA

CTCCACACTCAACATCCTCTCCTTGTTCCACCTTTTGAAAAAACACTATGTATGGTATAAATTATGCGAACTTTAAATA

TTACCCATGCCATTTTTACTGTCTCATTT 

>Giant.GL896899.1:19862321:19863321_1_977bp_GC:_46.9% 

AGGGCAGATAGAGCCACCGTCTGCTGAATAGTTAACAGTGTCCAGGTCATGTTCCAGCATTTAATGTGAATTATCTCAA

CAGAGAACTTAAAAATAAAAATTGAGAAACTTGTAAGCCATGTTACCCTTCCTTTTTAGTGCCGCCTACCTCGTTCGAT

GCTAAAGAACATAGTTAAGGATTTTCCTGCTCTGTTTATGTATCAAGACAGGCTGAGCGTCACCTTGTCAGTGGCCCTG

GTGACTTTCTCCTGGCCCTAAATTTAAAAGGAGCTTATGGGGGACTTTTGACGAACAGGTGATTAAGATCAGCTTTGTG

GGAAGGAAATTTTCATTTCACTTTTTAAAGTTTAGATTCCTGGAGAATCTTTGAAAGGCAAAGCGTGAACTATACTGGT

CAAGCCAAGGAGGATTTGGGTGAGCTCAGGGGTGCTGGGCGAGTTTGTTGGAGATCCTGGAGTTAGACCCGTGTCCTGA

AGTTGGAGGCAGGGCTCCACTGTGGCACGGGCAACCAGGGAAGGGAGCTGGATGTGAAGTGACCAGGGGAAGGAGGCAA

GGCCAAGGAACAGGGACCAGCCCCCGGGCTGGCAGCTGTGAAGCTACCGCTCTTTTCCCAGGGGCAAGGTGCACTTAAC

TGTCCCATCTGGAACCCGTGTCTAAATACCACTTAGGGTTTTGTTTTCAAAGGGAAGCTATTGAAGTGCTCTGAAGTAC

TGAGAGAGTGTTTACATAGCAGAGTCATTGTGGGTTTTATTTTTGAAAGAAAATCTGGTACGCATATAATCTGCATGCT

GGATGTGGATGGCTTCAAGAAACAGTTGGATCAAATAAAAGTAATGATGAATAAAACAATTCCAGCAGCAGCCTATACC

CATGAAAGATTCAACACCAGCCCCACGGCTTCTGTCTGACAGACAATAGAAGGGAGGCTCTTGGGGGACCCTACGAGAA

TTCCTTGCCCAGCCCCCACAAGCTTGCCC 

>Giant.GL896899.1:19515379:19516379_2_1005bp_GC:_53.2% 

GGAGTGGAAGCTTTCCCAGGGAATTAATGGGAGCAGTGGGCTGCTGGGAGCTCCAAGCAGGGATCTGGAGCCTTCGGTG

TGAACCCAGACATGGGAGCTCCGAAGAGTTGCGGGTCCCACCTCCCCACCTCTGGGTGAGTTGACACAGTAACCAGAGT

ATCTAATGAAGGGTGATGCTTCAGGCTCGCCCTCCAGCCTCTATCTTCCTCTGCTGGTTTTCAGCAAGGGAGGCAGAGG
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CCCAGGAGGTAAGAAGGGGCAAAATGGGGCAAAATGTGTGACTAGCCCGATGGTGCCCGCAGCTCCCCTGATTTCAAGT

TTGGGCTCACATCTGCCTCCTTGTATGGGAAAAAGTCTTTATAATGGCCCAGGGCAGGGGGGTGGGGTGAATGGGGGTG

GGAGGTGGGGAAGAGCCTTTCTTAAAGGGTCCGTAGACTCCTTGCTAGCTTGGAACTCCCTGCTGGGGGAGACGTGCTG

AGCTGCACATTCCTCAGCTGCACCCCAGGCTTTGAGTCTGTCCCTGCAGGGGTGGGGCCCGGGAGTCCACTGTCTTGAC

AAGCTCGCAGGGATCGCGATGGCAGGGTGGCAGTGGTGGGGCTCAACTGGGAGTGTTTCACAGGCTGTTGAGCTGGGTC

TGCTAAGGCAGCCAGTGCTGTGGCCCTGAGATGGCCCAGCCTGCAGGAATTTCCTTCTTCTCTGCCTGGTCTCTGCTCT

CAGTGAGCAGGAGAAATACAGAGCAGGCCTAAAGGTGGTTTGGAAGTGCCGTGACCTGACTTCAGCATGGTCCGACCAA

AACTGAGAAATTXXXXXXXXXXXXXXXXXXXXXXXXXXXGGGAAATATCCCCTCCTATGCAGGGTCTGCTGATGGTCGA

AAAACCTAGTAACTGTGTGGCTATTTATTGCCXXXXXXXXXXXXXXXXXXXXGGTGGCTAGTTTGCAGTCCCCCTCGCT

TTGGTAATAAAACCCCAAATTCCTTTTGGAGAATCATCTCTCCTTCCCTGTGGGCAA 

>Giant.GL896899.1:19482379:19483379_4_1026bp_GC:_47.8% 

AAATAGGATTCCGGAGGATGGTAAATGTTCAAACCCATATTGAAACCCCGCTTCTTCTATCCCCCCAGATCCAGACTCC

ACGCCATCTCCAGGGCTCCAAACTGCCTGCAAACCCCAACGCTCCAGTCTGATACCGAGCCTTGCCCCTTCTCTCCACT

CCGCCGGAGCCGCAGAAAAGCTCGTGTCATGTCTGCGTCTGTATCTGCCTCTCCATGTGTGTCTCAGAAAGATACTTTA

TCTTTCAAGTTTTATGGCTCATATCTGTGACTAAAATATCATTTATGACAATTCCCATCTGCTAAGCTTCAAAAGTGAT

ATAGTTTCGTTGCAAAGGGCTGCTACTGGGGGCCTAAGTTACAAGCCAAGAGTTGAGCACAATTGGAATGTACCCGGAT

TCGATCTCACAGGAAGGGGAGCCTCTTTAAAGATGTCCGCTTCCTCGACACAAGGCACGGTGCGCAGGTGTCGAGGCCC

CAAAGCGGGGGGCCTCCAGGCTTCCTCCCCCACCCTGATCACAGTAAAGGGCTGGGCTCCTGTAGCCCATGCAGTGCAG

GTTGGACCCCGTTTCTTATTCCAGGCAGGAAAGCAGGAGGCCTGCTTTCTCCGTCTTTCTCTGACAGTTATAGACTAGC

TGGGCACCTTATTAAAGATTAAGGTTTGCTGGGGCACTCTCTTTTGGCCATCTCCTGCTCACAGTCCAGCATTTATTAC

AAAGGGACTGGAGATTAACACCATACATTCTGAGCATCACTTAGTGGTCCCACAGAACCCAGAAAATGCAGCACAGTGC

AGAACCGTGGTGTTTGTTTCCGAAGGTGTTTGTCTCTGAGTCGCACACGCTAGCTTTAAGAGCCTCTTTAGTTTATTTT

CTTTTATCATAACACTTAACTGTGGTCTTGTTTTTCTAATTTCAGATGTAACACAGGTTACGCTGTAGTACGTTTTGAA

ACACAAAGAAAAGCTAAAATGAGGGTCAACCTCGAGGCAGGATAGTCTTCCCATTTTTGAGTAGGATTTTGTGTTTTC 

>Giant.GL896899.1:19438379:19439379_4_1023bp_GC:_44.0% 

TTGCCTTTGGAAGGTGCAGACCCTGCCTAGGTGAAGGTGGGCAGAGAGCTGCGCACTGGCTTTTTCTTGAGCATACTAA

AATGATTACTCCCCTAAACGAGATAAGCCTCACTATTAATAGCACTCTGCCTCAACCAGTCTCTGCTGACATCCGCGGC

CCAGATGCCGCCTTGAACAAATGAACACCAATGTGCATAAACAATTGATCTGAGCTCATGAATAGAGCACGTTTCTGTA

AACACGAAGGAGAATCTGGGAGGAAGCTTTATGGGGGGAGAAAGATACATTTCGCTTATCACTATTTGCATAATGTCCG

TGTATAATAGAAACAAATTAACGAGGCAGTATTTTAAGAACTGTTACACGACAGTGCATGGAAACAAAGCCACAAGAGT

AACATTTCTCCCCAATTTGAGGGGAGTGGAGGCAAAGGGGGGGTACCTTTTCTTTCCCAAATATTTGGAGCTATTGCTT

AGGTAGGATAATGGCTCATCCAGAGCTTCATCTCAGGGCTCAACAACTTCACTATTTTCACCCATTGATCTAGAGAAGT

TTGGAAACAGAACAGACGAGAGGGACCCATGTAGTCTCAGAACATTCTGCAACTCGGAGATGAAGGAGGTGCCAGAAAT

GAGCTGATATTTAAAGTCCCAAAGTGATTCATTCTGATATAAATGTTATTTGAAGTCCTTCAAAGAAGAGCTCCAGCCC

TTTGGAATTTTCTAAGTAGAAACGGGTTTGGAGAAAGTTTCCCACCCCAGGACTGAGTGGCAGGCTGCCTCAGAAAAAG

GAGGGAGGGTAGGCAAAGGAAGAAATGATGAGAAGGCCGATGGTAGGTGAAGAGCCAGCTCATATATAGTTTACCAAAT

ACTGCTTTCTCCCCTCTGCAAAAAGTACTGGTGAACAAAATTAAGCTCCTCTCATTAACTGTGTTCTGATTCTGCTTGT

CCTAAATGAAGCCTTAGGCAATGCTGGAATCTCAGCATGCTAGAGCAAAAGTGCACTTTTGAACCTGAGGTTCTA 

>Giant.GL896899.1:19427379:19428379_4_999bp_GC:_51.5% 

CTACAACACTGAAGACAAGCACAGAGCAGACGCCTGTGTAAAGGACCCTCAACCGGAAGGACATCCCCACCCGCCCAGC

GACATGAAGGGGCTCCCCTGTGTGCCCTGAGCCCACATGGAGAGACCCCATGTTGCCTCAACAAAACAAAACGCAACGG

CGGCCGCCGAACTCCACTCCACCAGGCGCGACCTGCCCTCATTAGAGATGCTCTACAAACAGGTTCTTCTCACTGGGCT

GACTTCTGAAATGGCTTTCTTTTTATTCCCAGGGACACATCAAGAGCTGAGGGGGGATTCATGCAGTATAGATCAGTTG

GCCATTGACAGCGCATCAGGCTTTGACAAGCTGCTTGGCTTGGTTGAAAGTCTAGGTTGGGCTTGGGCCCGTCAAGGCT

ACGCTATTGAATTATTGACAGGCGCTCACCGTGCTGCAAGGGGAGAGCGAACCATAGCCTCAGCTCAATAAAGATGAAA

TGGAAACCCTCTCTGAAGCCGACTTTAGCACGTTAAAGGAGTTTTAATGGGCTGGTTTAAAATTCAGTAAGAGAATGCA

TTAGGCTGATTATATTTTCAATGGATAAATGCAGGCACGCACGCAAGTTTGGGATTCTGAAGGGCTTACAAGTGAGTGG

GGAGCCTGTCAGGACAAATTATGCCCTTCTAAAGGGAAGCCAGAGTCCATGTACGCTCCAGCCTGGTCTTAAGAGCCGT

TCTCTTCCTGCCCTCTCTCCTACATTCCCTGCTTCTGCCATCCCAGCATAGCGCTGAACTGCCAGCTCAATGCCACGGA

AGGACCCTGCAGCGTCATCCTGGCCACTTCGGCCTCGAAGGACCCAAACCGTGGACTGCTGCTAGTCCTTTTTACCCCT

TCCTAACCTCCGTCCCCATTCCTGGCAAGCACAAGGCATTCCTCGTATCAGCATCCCAACAGAAGACATGGAGAGCTAT

TGGTAGACGGTGTCCCCTGGTTAGCAAATTATTATTAACAATTCTGATTTT 

>Giant.GL896899.1:19369705:19370705_2_1008bp_GC:_60.0% 

ACGGGGCCTGCTACCGACAGGTGCGCGGGCAGACGTGCGCCCTGCAGCTCGGCCTCCACCCCCAACGGCCTCGCGCCCT

TCCCAGCACCCTGGGCAGCATATCCCAAGCCCCAAGCAGAGTCCACAGGCCCAGGCTGCCTGCTTCTGGCTCCTGTCCC

CTCCCTCTGTCCCTCTGCCACTAGTCACTGTGTGGAGGACACACCTGCTTCAGCCATCCTGTACTTGCTCTCGTGGCCC

AGAAGGCTCTTCGCCCACCCCCCACAGCACGGTGCCTTTGGCTGCACCCTGACTCGCCCCATCCCCTTACTCAGCTTTC

ATCCTCTACAGTCTATCAACTGCCCCCTCCCCCCAGGGCCGGGGGCTTCATCTGCCTCCTTCACCACTGTACCCCAACC

CAGCAGGGCCCGGCAATCACATCAAGAATGAGCCCGTCTGACACCCTGGGAACATCCTAGCCCCCCAGCCCCATTTCAG

TGCACTGCCTTTGAGGGGGCCCCTTTCCAGAAGAGCTTCTTGCCACGCAGGACAGGAGTGGGGTGGCCAGCACCTGCGT

GGACTGCTGTGGTGCTGCAGCCCTGTCCCCACCCCATGTCACTCTGCTACTCACAGTCTCAGTTCCCCAGGGGTGACAA

CAAGGGCAAAAACATTCCCTCGTTTCCAGAGTACAGACACCTGGCAAGGACTGGTCTAGCTTTCCCAGGCATTGCGACG

TCTCTGTGCCCTACTTCCACATTTTACTTGCTGTTTCCCTTCCCCTCTGAGAAGGCACTGAAACTGAGGGTTCTCAAAT

GGCGCAGGAGTACTTGACAGATAGTCCCAGTCCTTCAAGTTCACAGTGGCCACTGAGGCAGACAGACAGACTGCTGAAT

GTGCACCTGGGTTCAGCACAGCCGTGTAAAAACGCACGGCTCTGCCGACCCCTCTGTGTGGGATTACAGTCCGGGGCCA

CGGCAGGCCGTGAGAATACTTTCCTGTGGTTCCTCCTAGGCTTATTACCTGTTCACCTTC 

>Giant.GL896899.1:19336705:19337705_3_991bp_GC:_63.7% 
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AGGAAGATGGGATGGGGTCCCCGACACTTCAGGGAGCTGCCTGCTGCTGGGCCCTGGTTCTGGGAGCATCACCCCTGGC

TCGTGTAAGCCCCAGTCTTCAGGACAGGGAGTCAAAAAGCACACAGACAGTAGTTCCCCTTCCCTTTCTTGGGCAGGAA

CTGAGCCTCTGGGGAAACGAGCTGCTGGAGGCCTGTGAACGCCGGAGTCAGCCAGTGCCTGCCCAGCCACATGGGGCAC

ATGTGCAGGGGCACAGCTGTCCAGGCACGGGGGTAAGGGGGCTTACCTGGGCGTGGGGCTGCTGTCGCTGCCCTTGTAG

GAGCCTGAGTTGCTGCTGCTGCTGAGAGAGGAGGTGCCGTAGGCGTCCCGCACGCTTACAGGGGGAGAGGTGCGCCTGG

AGGCAGGAAGAAGAGGCAGGTGCTCGTTCTGGCTGGCGGGCAGCTGCGGGCACTGGGCAAATACCGCCAGGCCGCTGCG

GCCCAAAGGGCCCCCGCTGCGGGGTCACGGGCCGCGGAGGGAGAGAAGCACAGGAGAGAGGGGAACGCACAGACATGGG

TGACAGAACAGACAGCGCAAATCAAGATGGAAAACCAGGTGGAGGCCGCTCCTCCTGGCTCCCCAGGACAGGAATGGAG

GTTGGGCAGGGCCAAAGGTGGGGTCCCATTTGCCCTCGCTAGGGGTTCTCAACTTCCAGGGTCCGCTGAGCCCCAGGGA

GAGCCCTGCAGGGGCTGACACGGGTGGGGCAGAGGGGGCATACAGGGGTAGGGACCGGACGAGGGGCACACACAGGCCA

AAGGGAGGGCCAAGCGAGCCAGGGTGGAGGACAGCACGAGGCCCCTCTGGTCACTGGGAAGCTCGACAGCAATACTGAG

GTGGAGGGACCCAGGGGTTTCACACGTCAGAGAACTTTATACCCACTGTGTCACTTGAGCCCTTCAACAGCTCCTGGGG

GAGGTGAGTGTTAGCAAGCCTGCTCTAAGGCTGGGAAAACTGG 

>Giant.GL896899.1:19281705:19282705_1_1000bp_GC:_50.5% 

AATAGATAGGAAAACCTCGCTCTCTGAAACCTTTTTAAAATACACCTTTGCAACTTTCCTGCGTGTGTGGTAAGTGGAA

GGAGGATGCCACACGGGCTGAGCAGAGGGCCCAGTTCCGGGAGCACTTAGTGCGGCCAGGGTACCAGCCCGCTGCAGCA

GGAGCTGGTGGCTCGGCGGCCAGCCCTGGATTGCTCATGCAAACATGGGTACCCCCAAGTGCCCGGGAAAGCTCGCTTG

TTCTGCACATAGGAGCCCTCCCAGGCCCTCCGCTTCGGGTCTGTGTTTGCTCAGTGCGCGACTCCTCTCACCTAGGCGG

AGGCAGAGCCTCTCCACCCCAACCCAAACTGCACTATTTCCAGCCACCGAGCCAAAAGAATGAGATTTTGCTCTCTGTT

GTTTTACAGTTCAAGGTGGATCCCTGTTACCTCCTTCCTGAAAGGATCGATTAAGGCGATAATTGCAGGGAACCTGTTG

ATCAGATCCACGTATAGGTCCACCATCTCTGCTGCGTTTTTGTATGTTCCCAGCATCACTTCATACTTTCCTCTACTCT

GGAGGGTGGAAGGACAATCACAAAATAAAGATGAATGAGGAATTCCTCACAGGGGAAAGGCGGGATTCCCATTTGCGTT

TATTCATTGCCTATAAAAGATTGTAAACGTCCTTTTTGGGCCATAGTCCCATGAGACATCTGTGTACTTTAGTTTAAAT

ATCTGTTACATACTAGCCTGGGGAAATCTCGTCACCATTCCTCTTCATGCTCCATGGTGCTCCTTCCATGGACTTCAGA

CAAAGCCTTCTACACAAAAGACCAGGTGCGCCGTAGGAGGGGAATAATTTCTTTCTTAGGTTCGGGACGTGGTGCCAGC

TACCTGGCTGCTTGGGTCCATGGGCGATGACATGAATTTATAAAACAGGACAGCAGTGCATAGCTTCCCACTCACCAGA

ACCCAGCATCTTTCCACTCACAGTAAACAAACAGCTGGTCTCCTGTACCGTG 

>Giant.GL896899.1:19270705:19271705_1_1014bp_GC:_47.5% 

CGCTCAGAGCTAGTTTGCCACCAGGTGTCCCCAGGGACGTGCAGGGGGTGGCCGTGGGGACTGAGGGGCTCCTGGCTAA

GGGAAGGTGGGACAGGAGTCTGGGTGGCAGCGGGGAGGCCCGCGTGCGGCACGCAGGAGCTTTGCACTTCTTGAGAAGA

GTGTGTAATTAACAGGTAGGTGCGTTTGGCTTTTTAACACTTCCATAGTTAATTGCTCTGACTTTTTCCGCCTTCTTTC

TTCTGGCCTCGCGCTCCTAATGTCATCTAATAGCTCCTTTTTTCTTTTAATGGCTGGCACCTCAAAGACCACTTTGTGC

ATGTTAATTAGACTTAGAGCATTTGGGGGTTTTTTTTTTGTTGTTGGTCTGAATCCAGGAATATGAAAGCCAAATATTT

TCTCTGTCTGCTTTTTATTGTTTTGTGTAACTGTTCTTCCTCCAGGCCTCTCAGTAACACCGGACACAGGAGCGAGAGC

TTTGGCCATGAGCAGCGAGCGGGACCCGTTGTAGTTTTAGATCCTGTTTCCACACACGAACCCCAAACCAAAGACCAGG

TCACTAAAAAAGATTCCACTGCACGCAAGGATGGCGAAGAGGAAATAAAACCTGAACACAAAGAAGACGGCATTGAGAA

AACGAGAGACGCAGACAGCTCCCATTGCTGATCCATACCCCGGAGGGCTGATGGGTGCACAGACCCTTCCCGGAGGGGT

ACGCAATCAGTTCTGGTGTGTTGGCAAGCGCCGTAGACATTCTGTTCTTGTCACTGTACTCAGAATGCAGGCTCTTTTC

TGGTGTCACTTTTGTAAGTAATTTACCTATAAACATAAGTAAGCTCAGCAAAATACACATCCTCTGTAGGTTTTGTTTT

TCTTCCTAGGGATAAGATATTTTTTTCGAATTACTGTGTTAAGTGTGACTTCTTTTAGAAGGTCACAGAAAATTCGGGT

GTCTGTCATTTTAGGTGACGTGCATACCACTCATCAAACGTACTGCTGCAAGTCTGCAGCGCTGTG 

>Giant.GL896899.1:19237705:19238705_4_1003bp_GC:_44.1% 

CCTGTCCCTAACTGGAAGGAATTCCTTTAAAGTGCAAGACAGTGCGTGGAACTGAGAAAAGGGGTGTTAGGCTGAACTG

CACTGGAGTAAAGACATTGGTCGACTCTACAAATCTCCCCACAAAGGACTTTGGACACAAACGGCTACAGGAAATCCAC

ACTATCACCTGAATGACCTGAATCTTGAAAACGTCACCTTCTGGAAACAGAAGTAGGTTTCTGGTTTCCAGTCTCTGCT

CTTTGCTTCCACCCAAGCTCAGGGCTCTTACCACTCCAGCCCCTATCTGCTCTCTGCTGTCCTCTGCTTTTCTTTCCAA

AATGAGCTACCCCTCCTCCCCCCGCCCTCAGTCTCCTGCAGCCTCAACCAACAAGCAGAGGAAAAGGGAAACCTTCATT

TAAGATGCTGGGTTCACACGTTCTCATTTGGAGCCAGTGCACTCCAGGCAGTTTGCAACACAGCAAGACACCCTCGCTG

AATTTCCGATTTTCAACCAGCACTTTGCTCTTCTAGAACACGCAGACATGGACACACGCACACCCCTAGCCCTTCTGTA

XXXXXXXXXXXXXXXXXXXAATATTGAGAATTTCATCTTACCACTAAGGGTGGTTTTAGGATTCCATTTGGAATATTAC

CAGCAAAGAGGCACAGGGTACCATTATAACCAAAATGATAGGAATATTGCTGGAATATTTAAGTTAAGTCACGTCTGAA

AGCAGTCACAACACGTTGCTTCACCATTTGGAGATGCCTGTGTCTCTCCCTGGTGAACGTGGCATTAATTAGTTATGCA

CAGTTACTCCCGGCAAAGAGCGAGATCATTGTAAGTTAGCGAATTTCAATTTTACGGCAGGTGTGTGATTTTGAGATTT

TTATAAATTGTTCATGTGAGGATAAGCCATATAATTTTATTTTTTTTTCCTGTTCAGTATAGTAGTGAGATACTGAGGG

CACATATACCAAAAAGCTGCAATTACCGTCTACTAAGATAAGATAATAATTTTCA 

>Giant.GL896899.1:19237705:19238705_1_1003bp_GC:_50.9% 

GGACCTCGTGCTGTGTGTTGGAGACAGAAGACATAGAGTGACACTGAGTGGGGGAGCAGTAAGCAAGGACGATTTCCTG

GGGGAAGAACACACGTTTCTACGAGAGTATGGAGGCGGGGATGCGAGATATCAGGAAGCAGTGCTTAAACTGAGTAGGT

TAGATTTAGGAAGTCAGGATAGGGGCATTTAGAATAAAAGTAGTTCCCATAGGGGGCAACCAAATCAAAGTGGGGAAGG

AGCTTGGCGTATTAGGAAACTGAACAAAGGTTGGTATTTACTAGAACATGGGGTACAATAGAAGGAAGTCTGAGCCAGA

CTTAGGATGTGGTCAAGATTTTGAATTGTATGGTAAGGCCAGGAGAAGTTTAAGTAGGGGTGTGGCATGGTGAGATTGG

TCTTTTTAAAGAAATCACACTGTTTGCAGCGAGAGGACAGGGAGCAGATTGCGGAGGAATGAGAGGGGATGAGCCTAGG

TTGTCATTCAGAGGAATGTGGCTCAGACAAGGCTGGTAGCAGTGGAGACAGAAAGAAGTGGGTCAATCTAGGAACAGCT

CTGGGAGGGGCAGTTCACAGGAGTCGGACTGGCTGGAGAGAGGAGAAGTTGAGGATGACGTGATGATGGGAGTGGAGGG

AGGAGGGCTTTCTTCCCCTTGAGCAGAGCATTGGCTGCCAGAAGCAGCACTGGCTCCCGAAGCTTTGGGCTGACCAGGA

GAACCCACATTAAACTCAGCACCTGCTAGTTACAAAGCATGGCAGATTTGCCTGGGTCCAGCCCAGTCTGGTGCAGACT

TCTTGGCCCCCTTTCCCTGCCCCAGGTTCATCGATTCGGTCCAGCCACTTTCCTACCATTGGCAGGCTGACGTCCTCAG
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ATTGTTGTCCCGTGTCCTGTGACATTGCTGTGTTCTCACTGCATCAGAAGAGTTCAAACCCTGTAGGCTGCTTAGCCTC

ATTTCTGTACGTTGGCTCTACCTTATGGCTGGACTGTGACCTCGAAGCCCCCTTC 

>Giant.GL896899.1:19226705:19227705_1000bp_GC:_54.5% 

ACAGCACGCGCGTCCTGCGCGGCCTCTTCCGTGTGCTCAGCAGCCCGCGTCACAGGCTCCAGCTAACGAACAACCCATG

AAATCCATGACCATCATCTAGACGGGTCACATGTCCTGAGCAGTCTTACAGAACAGAAGAAACAGGCACGTAGTCTCAT

AAGCAAGAGGAGTCCGCTGCCACGCAGGAGGCACGAGAAGTGTTATCAACCCAGCGCAGAGGCCCTGAGGGTGGTGGCG

GTGGAGGGAAAGGACCAGAGAGACAAGCCTGGCAAGATGGCGGGGGCAGGCACTCGGGCCTCGGGAACAGTCTTTAGGG

AGATTTAAGCCAAGGCCCACACAAGCGTCTATTCATGGAGCTCCAGGGAGACGGCGAGAGCCCAGTGCAGCGAGTACCG

GCTACAAACAGGATTTTCAGACAGATTCTCAGCCCCCTCACCAAGCCCAGTGTGAAAGGTTACGGAAAGTGCTTACAGT

TGAGTTTAAGTAGTTTTCCATCAGTTGCAAGGGAATTTATGTCAGCTGTTCCATAGGAGTTCACGAGGCTGAAGGTAAA

AAGCCTCTTTGGGCAGGGCTGGCCTTTGACCTTCTTTTGGGTGGTCTCACCGTGGTCACCACCCAGCTCATCCTCCCCA

CTGCCTTCCGTTTCTGAAAGCTGCTCTTTGCCTTCTTCCTGATGCTCCATTTCTTCTTCGTCTTCTCCTGGCATACAAA

CAAAAACCAGTGTATATAGTCTGCCACCGCTTCAATGTTAACAATTTTACTTCATACCTAACTCCGGTGCTTCCTCCCA

CAGTTTGTCCCGTGTATGTGAACCTCCATCTAGCCCCTACAAAGCACCTGAATTCACCCTCACCATGAGGCAGTGAGAT

ACGCACCGGGGCCCTGCTAACGTGTGATGAGGGAGCGTGGGCCCACGGAAGCTCACTGAGGCCCCCGAAGGCACAGGGT

GAGTCAGCAGGCCCACCTGTCGTAATGGGGGCCCCTCTACACTTGGTACTTT 

>Giant.GFPT2_977bp_GC:_34.0% 

AAGCCTCTGCCTTCGGCTCAGGTCATGATCTCAGGGTCCTGGTATCAAGCCCCACATCAGGCCCCTGGCTCAGCAGGGA

GCCTGCTTGCCCCTCTCTCTCTGCCTGCTTCTCTGCCTACTTGTGATCTCTTTGTGTCAAATGAATAAATAAAATCTTT

TAAAAAAATAAATAACTGAGGAAAATATCTAAAACTTTTCATTCTCAAAAGATGACCATATGGCAAAGTAAGCTAAAGC

AGACATTTACTTTAAGGTTTTCTCATACCTCGTTCTCAAGCCTGAGAAGTGTACAATTAATCAACATTTACTGAATGGC

CACAATGTTATTAGTCCCTGAGCAGATCCATAAATTCAGCATGATCTTCTAAAAGGATGCCCACTAATATGACTCTTCA

TCTTGAGGTAGTGAGTTTGAAGCCCCACAAGGGGTGTAGAGATTACTTAAATAAATAAAACTTTTGGGGCGCCCGGGNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNCTCTTTAAAGCCTAATTCAGTTTATTTGTTCTCTGCTAAAATACTACAGTGAAGAAGGGG

TATGTATATATGCATACAAGCACAAAGAAAAATGAGTGGAAAGACAGACCCACAAATCTTCAATAATGGAGAATGACAT

TTACTGGTAATCTTTATTTGCTCTTTGGTTTATTTTCTCCTTTGTACTTTTCTGTATTTTCCACATGAACATGAATTAC

TTTTGTAACAAAAAATGAAATGTTTTAATTAGAAGGGGAAAAAATGGTCAGAAGATCTTTCTGGAATAACCAAAAATAA

AAAACCCACAGTGGCTCTCCACCATGCTCAAAGTAAAAGAAGGAAACAGTAGAGCCACCACCACTACCTCTCAGATTTC

TTCTCTTACTACTTACTCCTTTATTCACT 

>Giant.GALNT5_1000bp_GC:_38.5% 

ACCTCCCAAAATTTTAAAGATAGAAAAACTTATATATATATATACACACACACACACATACAAAAATAAACACGATATA

TAAAAGTAAACATGGTGAAAGGATGTAATATGAGTGTAAAGATGAAAATTAAGAAGGAATTCATAGAAAGGAATTGATA

AGATAAGTTGGTTGGGAAAAGAAAGAAAAAGAAAGTGGAAAGAATTTTCTCAGGCTGGAGACTAGAACAAAGCCGTGTA

CTAGATTTAGGGTATATTTTGACCTATTAGAAGAAAGTGTATCCCAAAATTTTTTAGAAGTGAAAACACTGTATGTGTA

CAAAAAATAACATTAGATTCAATGAAGGATAAAATATGACTATAATAATGAAGGTTTAAAAAGATTTCTTTTTTAGAAA

AGTGTTAAGATAAACTAGTTAAAAAATGTTTAAAGAGGAAAGGGGAAAAGTAAAAAAAATTAGAATAAGAAAAAATAAA

AATTAAAAAGTTTAATTAACTTTGAAGACTACAGAGTCACAGGGAGACAGCCATGAATTCCATGCTTTGCTTTCCTTTC

CTCTGTAATTCCGCTGTTCTCCTTGATCAGTTAGCTTGGTCTTGTCTGGATATTCTTGCTTATCATCTGCAGGAGGAGC

CTGTTGCCTGTGATTCTCAAATGTCTTTGCCTGAGGTGGAGCTGCTACACCCTTGCCAGGGGCTGGGCTAAGTAATCTG

CTTGGGTTCACTCTTCAGGAGCTTTTGTTCCTTGATGCTTTCTCTAGAGCTCTGGAGGACAGGAATGAAAATGTGGCCT

CCCCATCTCCGGCCTGGAGCAGCCGAGAGCTTGGGGTACCACTCCTCAGTGTGCCTATGGAGAAAAGCGCTCAATCACT

CCCGTCTCCTTGGCCTCTGGCCTCGCTTGGAGCTCACCCAGCTTGTGACCAAGTGTTTCTGTCTGTGGCATACAGCTCT

GTTTGGAGTCTCCAAACTCTGCAAATTCCTGCTGCTCTGCTTTTCAGGTGGA 

>Giant.FEM1B_999bp_GC:_27.5% 

TTTTTAAGGTTTTCACCTTAAATTTTATATCCTTTGGTAATATCATTACACAAGTTTAATTTTTATTATTTTCACCGGA

ATATATTATAAAGAAATTAAAGATAAGATTCTGAAGCTGGAATTTGTCTTTGTCTTTGTTTAAAACTTGACTGTGCTAC

TTACTACCTGTGTGGACTTGAGCAAAGTAACTAACCTCTCTGGGCCTCAGTTCTCTTGTGTATAGAATAAAAATAATAA

AGATCTATTTCCTGGCATTTTTGTGAGCATTGGTATTAAGTCTGGCATGAATCTATGTAAGCATTTACATAATTTATCA

TAATTTTTATTATTTATTATATTTTATTGAAAATAAGCAATAGCAGGATTTTGGTTTGCTTTGTTTTCATTAGTCTGAC

AATTTTAGTAGACTAATTTAGTCTAGTTATAGTTATTGTGATTATTAATATTTTTGGACTAATTCTTGTTTTCTTTTCT

TTGTCTTTATTTACCATGCTTTTCCTTTGTTTCTCCATTCTGTCTTTTGTTGAGTATATTCAATTTCTTTTTTTCCTTT

ATTTTTCTACACTGCTTTAAAAGTTATTTTATTTCTAGTCTTCTAAAAAGTATTTTTAATATAACACAATTATTTACAT

TGACATCTTTGCTGTAACATCTTCCCATCAATACCTCTAAATTTTCATGTCTAGTCCCTAACTCACCTCCAATGTTGAT

GCAACTTATAATCTTTGTTCTAGATTGTAAAAGTAAAGTATCTCTTAAAACAAATAACATTTTTAAGACTATGACATTT

CTGTATCTATGACATTTATGTATCTATTTTCTTACTATCACTATTTGATGCCATCCTATCTACTTTAATTTTTTTATTT

TTATTTTTGAGAGTATGCTACTCTCAACTTTTTTTTTTTTAAGATTTTATTTATTTATTTGACAGACAGAAATCACAAG

TAGACAGAGAGGCAGACAGAGAGAGAGAGGAGGAAGCAGGCTTCCTGCTGA 

>Giant.CYTIP_1023bp_GC:_39.8% 

TGACAGAGTGATCACAAGTAGGCAGAGAGGCAAGCAGAGAGAGAAGGAAATAGGCTCCCCGCTGAGCAGAGAGCCCGAC

ACGGGACTGGATCCCAGGATCCTGGGATCACAATCCGAGCTGAAGGCAGAGGCCCTAACCCACTGAGCCACCCAGGCGC

CCCTGTTCCTGGCTCTTCTTCAAAATGGAATTTGCCTCCCAGATAATCATCTCCACTCTATAAACTAAAACTAGAGTGC

TGTATACTCTGAAAGTACTTCTAAAAGAAGTTCCAAAAATATTTTCATTAGTGGCATTTCCAGGATCAATGTTACAAGT

CATTGGGGGGGTACTCTGCAAGGGATAGCCTTCATTTTTATGTTTGTGCTTGTTAAAATGGAAGTATCACCTAGCATAA

TGCTCTCTAGGCCCATCCATGTTGTCTCAATGGCACGATGTCATCCTTTTTTATGGCTGCATAATATTCGTGTGTGTGT

GTGTATGTGTGTGTGCGTGTGTGTGTACACATCTTGAAGTGTGTTGTACACCTGAAACTAATGTAATGTTGTATGTCAA

CTGTACTCAAATAAATGTAAAAAATAAAAATAGCAGTTATCCTATTATGCAGATTAACTCTTTTCAGCCTAGAATAATT

ATCTTTCTCTTCCTCCTTCTCTTGTTCTTTTCTCCTTCTCTTTCTCCTTTTTCTTCCTCATTTCAAAGAGCTTAGAGGC
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TAAGTATTCTTCCCCTGTTATGTCCCCCACCCCACAAACACACAGTAAGTAGCTTGCTGGCCAGTCACCTGAGATATGC

CTAGAAAAAAAAAAGTTACTGGTTGATTAATTTGCTCTGCAGACATGTTGATTACAAAAAATAGATTTAAGCTGGTGCT

GGAGATCTTTTAAAGTGTATTATTTTAAAAAAAATTTCCTCCCAGAGATAAATATTTAATATCAGAATCATTTATTTAG

GAGACTTTCCATCCTCCTTAATAGTCACAGCCATATGTTAATATGTACCCTTCACTTTACGTACACTATTTTTCT 

>Giant.COL2A1_1008bp_GC:_43.8% 

GCTATGCCTTGGTTAGCTGAATGAGTTGTGCTGCCAAGATCCAAAACTACCTCAAAAACGTATTAAAAATAGCAAATCA

AAACTGAACAGAGCATAGGCAATCAAAGCCAGACAAGTGTTAAAGGAGTCACACCATAAATAGAAGAAATGAGAAGATC

AAGAGAAAACAAGGTCAAAGCAACAACCAGAATGCTTTTTTTTTTTTTCCAAAAGACTTTTTTTTCATTTATTTATTTG

ACAGAGAGGGACACAATGAAAGAGGGAATACAGCAGGGAGTATGGGAGAGGGAGAAGCAGGCTTCCCACTGAGCAGGGA

GCCCACATTCGGGGCTCTATCCCAGGACCCTGGGATCATGACCTGAGCTGAAGGCAGACACTTAGCAACTGAGCCACCC

AGGTGCCTCTAGAATGATTCTGTAACATGTACCCAGATTCCCAGGTGAGAAAATGGGTTACTTCTTACATTATTTGAAG

TTTTTTTAGAATGCTGCCATGGTTTACACATTTGGAGATGGTAAGAGTTGTTCCTTTGTAAAGCAGCATTCTCTCCTGT

AGTAGGGGTGTGATTATAGAAGTAAGACAGGGCAAACTGCCTTCTCACACTCCCCCTATAAGTAGTACTATATTATAGG

ACCTCTAATTCCCAGGATTGATAAATCCCTTTGAGAATTGTTAAATTATCCCTTTTATGTTCAGTGGTCAGAGTGGTGT

GTTCTATGATGAAATTTATCACTCTACAACTTAAAAAAAAGATTTTATTTGTTTATTTGACAGAGAGGGAAAAATCACA

AGCCAGGGTGAGCAGCAGATGGAGAGGGAGAAGCAGGGTCCCCACTGAGCAGGGATTCCCAATGTGGGACTCAACCCCA

GGACCCTGGGATCATGACCTGAGCCAAAGGCAACTGTGATTGGGGCTGTGCATGTGCCTGGCATTTAGAGTGCTTTCTC

ACAGGGTTCTGGCCATGACCACCCAAGACTACGGACCAGGCCCAGGTAGCTCCCCTGAAG 

>Giant.COBLL1_1002bp_GC:_39.9% 

CAACCTCATTGCCAATGAAGCTCTTTATTTCTCACTATTGGAAATAAAGCTAGCAAGGTTTCGATTCCAGACAATGATG

AATTCAAGTATTGAGTTCCCAGATGCTTGCTCAGAGGACTCCCTCCACCTGCAGATCCCAGGTCTCCCCAAGTGCCTGT

TTAAATGACATTGGTCCCTAATTATTGCTTTCTTAAAAATCCAATTTTTTCCCTGTGACAATTCTGCTAAGGAATGATA

AGGTTAATGTTAGTCACATTACCAAACAGATTGCACTCCCTGAGCACATAAATCCACTCCACGCTCCCACCATGGATCA

CAGACTCGAGTCCTAAAATCATTCTTTTTTAATAATTTGCTTGGAAAGTGAGGTTTGTGTATATCTACTCAATACAACT

TCTAGGAATTTCTGCAAATATTTATCATTCCCTTTTACCCCCAAATGTGAGTTGATCTCCAAAATCCTTATTGATTTTT

CTTGATTCATTGAGAAACACCTTTTGACCAGTCACCATGGCAATCTTGCTAGAGATGTGAGTCATCAGGCAGGCCCACT

TTCTGAACTTCTTAAAGAGGGGAAATAAAAATAGACCTTTCCTCCCATCCAAGTACCAACCAGGCCTGACCCTCCTTAG

CTTCCAAGATCAGACGAGATCAGGCACGTTCAGGATGGTCTGGCATCTTCTCTAGATTTTATTTTATTCCCAAAGGACT

GTTGTTATTTTCTTTTTTTTTATATATGTTTAAATAAAGATAAGAGGGGGCCCCACTTAGATGGCTTTGTGAGGAATGA

AATGGGGATTTAATTATGTAAACATCATGACCATGAGAAGGACAAGATGTTTTGAGTGCTGGATGCCAGACATTGGGCC

AAGCAGTTGGAGCACGTTTTCTCGGCTCACCATTAGGGCTCCTAGAACCTTGTACGGATGCAACGGTGGAAAATTCTGT

TCAGTTTCAATTAGCTTACTCTAATTTTTACTCACCATATGTGTTCTACTTTAT 

>Giant.ARHGDIA_1005bp_GC:_33.8% 

ATTTGTTTACAAATGAATAATCTTTCATACTTTTATAAGTCAAAGATATCTTAAGTGAAAATTTCCTTAATCTGGGATA

GCAAACATTAGAGAACTGGAGTTAAAACCAAGAGTTACAAAAATCCATAATAATCTTTATTCCCAATTCACTTAGTCCC

ATGTTACTATTCTTGTTTAAAATGCAACTTTAGTTAGTTTTGGAAGTTTTTACCCATTTTAGTTTTGATCTTAAAGATA

TTGAATACCTGTGTTTGTCCTAAAAGTCCTTTTTATGAACCTCCTTGAAGATGAAACTTGTTTTGTAAGAGAGTAAGTA

AAATTATAAATGACAAAAACTCAGAAATGGATATTATTTAATTATCTGATGGGAGAGTTCATTATGATGCAATTGGCAA

AGAAACTCAGTTATTTCTGTGTCACATAACACCTCAATAGCCAGAATATTGAGTGATGATGACCTTATACCAGAATATA

ACATACCAAATAATTATGTTGTGTATTAAAACTGACTTGTTTTTTCAAACAAGTTAGTCTTATTTAGTTATCTCTGGAA

ATGAGGGCTGTTATAGAGAAAATATGTTTGAATAAGACACCTTTGTGGATGCTAAATTTTAGTTCTGATTGTCTTTGAA

TGTTGTTTGCCTACACTAGACAACCTGAGGTAAACTTCAGAGAAATTACCACAACAGCTCATGTATAAACAATCTCCTT

GCTTGGCATTCTGTGGGGATAACAGGATCCCATGGGCACATGATTACTTGAACAACTGGGAAATGGGATAGATTCCCCA

ACAATTGTATAACTCAGCTATCACTTTAACCAATTCTATGTGGCTGGGATGACAAAATTGCTCTTTAAGAGCCAGAGTG

TACCCCAAGGAGAAAATGGATGGCCCCAGTTTCCATGATTCCAATCTTCATAATTAGATTGGTTGATGCACTTGAGGAG

GCTCTTATCTCCTGACACAAGTCTTCTCCCATTTGCCAGTGATCCCTTGTAATTAGG 

>Giant.ALS2_1020bp_GC:_52.6% 

GAGAGGAGAGGAGGGACAGGTTAGGCCCAACTCCCATGAAGGCTTGCCCCACACAAAGAGAAGCCAGGTTTGATCCCGA

TGAACCACGGTGACAGTTTCTTGATCAGAAGCCACTCAGTGGGATCCGGGGCAGACATGAGAAGGCGGAAGCAGATGGC

AGGTTTAACTGGCCCACACGACGTGCCACGGAGCTTTACCAGTTACATTGTTGGCACCGCTGATTTCATTTTCCCTTTG

AATGGGGACAAGGACACGCAAGGCAACAGGAAATCTAGCAAGTCTTTCAGGTTGGCGAGTTTGATTGGTTCTTCAGAGG

GCTGCTGTAAGCGAAAGCCTCAGATACCAGGCTCGAAAGGCCCTCAGAATTCTCAGGCTCAAGAGAGGGCAGGCAACTG

AAGAGGACTGAGAACACGGGCTCGGGAAGCAGATGAAGCTGGCTGGGTTCCAAACCCTGTTCACTAAGCATCAACTCTG

TGACCTCAGGAAATTATGCCCCTATGCCTTGGACTGCTTTCTGGAAAATGAGAGAAAACAGTATCTACATCTTCAAGTT

TCTGGGAGAATTACGTGAGACAATACCGGAGCACAAACTCTGCTCAAGAAATGACAGCTACTTTTATTATTACGAGGTA

GCAGGTCAAGAGAGGGGAAGGGCCTTGCCCTGCAAAGGAGAGGCACATAGTCTCTTAGACCATAGGCAGGTTTCTAGTC

ACCCAGGGACAGACTGCTTCTGGGAGGAAGAGAGCCCGCTTTCAGGTCAGAACCTCAGGCAGTGGGTCTGGTAAGAGGA

GTGAAAGGCAGCTGAAGCTAGAGAGAGGTGGAAAAGAGCACACAGAGGGCGGGGTGGGAGGCGGAGTCTCTCCTGGGGG

CGTGGCCGAGCACAGCTACAGAGAAGAGGAAGGTGGAGACTTGGTGGGGGGTGGGGGCGCGGGCGGCAACACAGGAGAG

TGACGGCTCCTATAACTACAATCACTTTGTGCAAACACAAGGCATTTGGCACACCAGACTTTTATTTCACAG 

>Giant.9914:45313-46324 

AATCAGAGGCTTCTCTTCCTCTATCACTGAAGCTTTGAGGCTCCTAAGGGAAAAGAATGGCCTGTCTCTTAGCCTGCCA

CAGACCCTCCCTGGGGGACCACAGTTGATGGGAGTTCCCACCGCTGCCTCTACTCACGATCCCCCAAGCCCCTGTCGTC

CAGACAGTCCTTCTGCTTCAAGTGCCTTCCCAGCCAGCTTCCCACAGGCACCTCATTTTCAAGATCCTGGAGACACACT

GTCCACCAAAACCTGCTTCTCCACAGTCTTCCTAATCCCATCATGTGCCACTTGTCACCCACCTCGTTTCTCAAATCAG

GAATGCAAGCATTCTCAGTATCTCCCTCTTCCTCACTCCACGCATCAATCCATCACGGAGTCCAAGCACTTCTGCCTCC

TGATCTCCTCTACTTGTGTCTAACACCCGGGCTAGCTCTCTGTCCATTTTTTGCCTCAGTGACTCCAACAGCTTAACAG

ACTTCTCTGCCTCTAGTCTCCACCTCCTCTCTGCTGAATCTAACAGCACATCAGACCACATCACTCTCTGGCTTAAAGC
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CCTTTGATGTCTCCATGCGGCCTATAGGATAAGCCAAGCATCTCAGCCTGACTCACCACACCCTCCAGGATCTGACACT

TCAGGTTTTCCTTGGATGACATTCATTCCAGGAAGACTACTAACCCCCGGAGCTGCCATGCGCCCCGGCCTCTGCCATC

ACGATGCTCATCACTCAGAATACTCGGCTGCCTTCTCTTGGTCAGTTTCAAGAGGTCTGGCACTAAGGCTAGCTCCCAG

CCCTCCCACGCCTAGCTGTGCACCATGCCTGGCACAAGCACACAGTACCTGGTCAGTTGTTCGAGTCTCCACAACCAAG

GTGCTGCCCATTTTTTGCTACTTATTTCTGGGGTCCCCAGACTATCCACTACAGCTCTCACCAACTCCCCATCTACGAT

TTCCTGGGTTGATGGGACATAACTCAGCCCCATAGCCGCACCTTGTACTCCTTGATTTCCTCC 

>Giant.9589:67635-68675 

AGCAGAAAGTCTAATTGTCTGACAAGGGTGTGTCCATTCATGGGTGAGAAGGAGTGACACTGAGCGAGGACCTCCTGCC

CCCCCGCCCCGCCCTGTGTATTTCGTGGGAGTTTGAAACTATGACGTTGACACGGCCTAGCAGGGAGGGCACTCGCTAT

GGTGGGGTGTCTTTGCGGGGCCCCCGTGCCTGCCGCTGAGCTGTGCGCTCATCCAGGTGTTGAATGAGTGTGTGGCAAA

TGGTGGGTTCAAGGCGAGAGCTAAGTGTGGGCTCCCACCATCCTGTCCCCATCCCCTTGTGGAGGCAGCTGCAGCTGAG

GTGACCTTTGTAGCCGTGAGGGGCTTGGCTGGCACCACTCTCAAGCCCTCTGGTGCCTATGGGCCCCGTGCCACTTGCA

CTTGGACGTCTGGTGGCTCTGTGTTAATCCTTTTCTCCAGTTGACGGGTTTTCTCAGACGGCGGGTGTAATCTGTTCAC

ACAAACAACAGACGTATTACAATCCTGGGGCTGCCCTGTTTCCCCAGAGGACGCCCCCACGGGTAGCTGGCACCGAGCT

GGTTAGTGTGTGAGATGGTAGAGGACACATGGCGGCCTGTCTGCGGTCCCTTTCTACGAGCCTCTGTCTGTCTGCTGCA

GACGTGGTAATACCAGGGGGCCCACCAGGACGGCTTTGCCTGGTGTACGCTTCGGCCAAGGAGTTCTATTGCTTTGGAA

GGCGACTTCCTGTTTTATAGCCAGTGACTTGATGGAGATGGTCACTGGGGCTGAGTCTCTGCTGAGGGCGGTGCTGGAA

TCTGGGCCGGCGTCTGAGGCTTACTGGCTGGAGTCTCCACCGGGAGGCCCTTTGACTGCAGGACACCGTGTGCTTCGAA

ACTGGGAAAGAGCTGGAAGTCGGGATCTGGAGAAGATGATGAGTGCAGCTCTGGCTGCAAATCGACATGGGCCGCAGCT

TCCCCGGGAGGCTAGGGAAGGCAGAGGTGTGGCATGTGCTGGCAGGAGCCCCCCACCCCCGAGTTTGCAGCGCGGCCTT

GGTACTTGATGGC 

>Giant.9575:64605-65598 

CTCCACAAGTAGCATTACCCCTGACTAAAATGCAGGCACTAGAAGTGAAGTTCGGAAGTGGTAACATGGAGATGTGTAA

ATCTGTTTTTGTATCTAGTTTCCTGCAGAAGTAAGATACTCATTGTGTTAATTTAGTAGTAGTTACTTTATTGAAAATT

GTGCTTCACATGCTCGTAAAAATGAACTGCTTTTAAGTCATTGTAGGAAAATTTGAAAGCACAGGTTAACCCAGAGGAA

GACAACCTCAGTATTTCTAGTGCCGCTCCAGGATTACTCACAGCTGCTGGTACTGTACCGAATGTTTGAGAAGCCCTTT

TTCTCCCTGTCGGGGGGTATTTATATGTGCACAAGTTTTTCATGTCCTATTTTCTACATTTCTCATGGATCAAGTAGCT

GTGTGGTACGAGCTTCTGCATCCGGGAGACCGGGGGCGGGGGTGCGTGGTGAAACGTGCTTTATCTCCCGTCACAGACT

CGGCTCAGAGCGCGGCAGCTGGGTCTCTCTGCACCACTTCAGATAAATTCCCGGCCCTGGAATCACTGGGATGGCGAAT

TGCCGAGTTTTGCGTAAGGAGGGCTGTATCCCTACCAGAAGCAGAGAGAGGATTGTACTGTCACCATAATTTGCATTAA

AGTAACTTCCCCAAATTGTCAGTTTTTGTTGTTACTGGTTAGAAAGTTCATCCTACCTCATCCTGTTGGCAGGCCAGAA

CATTAGAAATTCCTGGGAGACCTAAAGCATGTTGGAACAGATTTATGTAAAAGTTAAGCCGAGCTGGGGAACTCTGCCA

CTTTGAGGAGAAAAGGAGGCTGTGCGAACAGTGACTGCCTGGGTAGGCTCTGGAATCTGCACAGGTTGGACACCACCAG

GGCTGGCTGCAGCCGAATTGGAGAGACTGCTTGCCTAGATGCTTGCTTGTCCCAGCTGCCCTCCTGAGGTCTCCGCTCA

CTCACCTCCTGGCCGCCCCGCAGCCCCCACCAGACTCCAGGGCTC 

>Giant.9549:38859-39862 

TTAAAAGCCTGTCTAGTAATCATCCTCTCCTATAATCCTTGTTATACACCTCAGTGTTCCTTCTCAGCTGATTTTCCCT

CTTAAATCTTTCGTTTAAGCCTTCTGGAACCTGTAATCTGTGATTCATAAGCTTCCCTTCTCAATGCATCTTTTAATAT

AAGTACCTTTTTTCACTTTTATATTTCAGTTAGGGTATTTTATTAATATTTTTCTTTTTTTTTTTAAGATTTTATTTAT

TTATTTGACAGACAGAGATCACAAGTAGGCAGAGAGGCAGGCAGAGAGAGAGGAGGAAGCAGGCTCCCTGCTGAGCAGA

GAGCCCGATGCGGGGCTTGATCCCAGGACCCTGAGATCATGACCTGAGCCGAAGGCAGAGGCTTTAACCCACTGAGCCA

CCCAGGTGCCCCAATATTTTTCAAAATTATCCGTGTGACCAGGACATATTGGCTATGATTTTAATTTCAGGAGAGTATA

GGAGGTGTTGTATAGGGTTGAGAACAATAGAATTAACTGCATCTTGGCTTCCCCTTGAAGCTTTCCTGTACTTTCCCTC

TCATATGGAGGCTGCTTATTTTTTTCTCACATAGGCACATTTTATCTAAAAGTGGGGGTGGGTGACAAGTGTTGAACAC

TTGGCTACATTTATTTCTTTTTCTGATCATTGGTATACTGGAGATCTGTCTCTCTTCTCCCAGAATTCAGATGTAGATA

AGAAAAGAGGCTTTGACTCTGGCTCAGGTCATGATCCCAGAGTCCTGAGATTGCCCCGCATCTGGCTCTCTGCTCAGCA

GGGAGCCTGTTTCCTCCTCTCTCTGCCTGCCTCTCTGCCTACTTGTGATCTCTGTCTGTCAAATAAATAAATAAAATCT

TCAAAAATAAATAAGTTGAAAAAAAGAAAAGAAGCTTGGATATGCAGTGTTTGTCAATGAATGGTAGTAGGCCACCTGG

AAAGAATTATCAGCTCTTCGGCTCCACCTGAAATCTGCTACATCACTCTGAAGTT 

>Giant.9357:129310-130317 

GCCCTCATCCACCGACCCCAGGGCTGGTCTTGTCCTGCTGTGGGGTCCAAATCCATCTCCCCGCCTGGATGGCCCAGTG

TCGCCGAGTTACTCCCCGCTGCGGGGCTCTCCATGGACCCATCCTCAAACCTCACTGGCTCGACTCCGCTATGGCTGGA

CTCAGCTTTGTGCCCCTCTGGATGTGTTTGCCCCCAGGCTGCATCTCACCAGCGCCCGTATCTGGAACCATTTCTTACT

CTAAGAAGTTGGTTATGCTTTAACGGATCACAAGACTTACAGGTCCCTGTTGGCAGACGCTTCTGTGCGGGAGGCTCTC

ACGGACGAGGTGGACAACGACCGAGGCGTGGCGGGGGGACGGGTCTTCTGCAGGTCAGGCAGGTGCGAGGACTGCGAGG

TGGGGAACGTGAGCACCAGCGTGTGGTCAGACGATGGTGAGGACTGTCCCCTCTGCCACTCTCCAGCCAAAGCCCTTAC

TGCGCTGTCTCTACACACACGGCACGGGCAGAGTTCAGAGGACACGGCCAACGAGAGGATGTGCCTGTGAGCCAAACAA

CAAGTCGAAGTTGACGGAGATTTCAAGGTGAAGATGTAAGAAGAAGTGGGTGCTGTTATCTGAACCAGGGAGGGTGGAA

GAAGGGACGGAGAGTCCAGCAAGGCCACATACGCTAAGGGATGATGGAATTGCTAGAGTCAGGTCTCTCCTATCTCCAG

GAGCCTGGAGGAGGCCCCAAGGGTGAGCAGAATCGATTTTGTCTCGGTGCCAAGGGTCCTGACCGTTTGGGCAGGCTGA

GATCCGCAGAATCAGAAAGGGCTGCGAGGTCATGCGGCTATCTTGGGGAAGCACAAGCTCAGCGAACTTGTGTGGCTCT

GAAAGCAATGACATTAATTAGTGCCTAATGGGGACAAAGTGAAACGAGACTGGGTTGACCTGCGAATGGTCTATTGATC

TAGCGTCAGGAAGCAAGATGTTGGGAGCCAGAGAGTTCTGGAGCCGAGTCCTAGTTGAC 

>Giant.9303:57135-58146 

ATCTGTATGTGGGTCTGTGGCCTCAGTTTCCTCGTTTGTAAAGTTTTAAAAATAACACAGACTCCTCTTCCCCAGCAGC

GATGCTGTGAGGTCGACTGGAGATCCCAGACGTGTGGCCGGTGAGCTGTGGCGCGATCGAGTGTTTCCGCCGCTGGTGG

GAAGCTGACCAAAGGGCCCGGTTCCACGCGTATGTGCCTGCATCTGACACTCCCTCAAAGCGTACTTCATTAATCCTTT

CGTGGTCAATACCCTGGGCCCCAAATGCCAGACGAGGTCCCTGAGGCTCGGAGAGGGAGTTAAGCAGCACGGCTGGTGG
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GGGCCAGGCCCACCGACCCTGGGACCCTGGAGCCCTGCCCCCGTCCCCACGGGGCAGGGGCTGGGAGGGGGGAGGCCGT

AGGCCTGCATGTGGGCGCTGTGTCTGCGGGGGAGTGGGAGACCGCTGCTCAGTCCTGCCGCAGGGAGAAGGAAAGTCTG

CTGTTGCATGAAGAAGGCAGACTGGAGTGGGGCGGGCAGACAAGGGCTGTGGCTGCATATGGGGGGGCGGTCTGCCCAG

CACTGGACGCAGGCCACTCTCCACTCTGCTCAGTCTCCAGGACTGGTACCGTGAGCAACGGTGTACAGAACCGGGTGAA

CAGGGAGCGTGTGAGACGTAGCCTGTCTTCTTTGCGTGCGCACGGCTGCAGGTGGCAGGGGGTCTGAGAGAGATGAGCA

AGCGCGAACCTCTCACTCTTTTTCTTCTTGGGGACTGTCCTTGCCCCCCAGACCCCCCGAGCCCCCAGACAGGCTGGGA

AGTTCCACACACTGCACACAGACCATGCCCTCCAAATGAGCCACCCAGCGTCCCCACCGTGGGCTCTCCCTCAGTGGCT

TGCAAGCTCTTCAACAAGGCACTCTTCCGTCTAGGGCCCTCATCCATATTCCCCTTCCAGGAAGCCTTTCTTGACCAAA

ACAAGCCACTGGATGCCATTATAAGCCCCATTCCTGCCATACCTATGGGCTTAGCTGGCTTTT 

>Giant.9135:49485-50485 

GTTGCAAAAGGAAGCTCTGTAGTTGTGTCTTCACCACAGTAACCCTCCCTTGCCCAAGGCAACTGAAGGATCACGGCTA

GGCTAAGGAATTCGAGTGGGGGGCCTGTGCCTGCTGGAGGCTCTGGGCCTGACCCTCTCCCCATCCTAAGAAAGAGCGG

AGCAAACTGCCGGAAGGTGTTAGGGGCGTCACGCCAGACTGAGACTGGGGCCTGACGCAGTGGGCAGGCGGGCAGAGTT

GCGCCGGGAAGGACTGATGTTCTCACTGTGCGGCTCCGGGTCACTTAAGGCTGGGTGACCCCTGGTCCCCCCACGTGCA

CACCGCGCAGTGGGGAAACACTGGTGTAAGCCTTAGCAGAGCCCCTGATGCGCCACCACGGCTTCCCCAGATGGGCGCT

CACGCCGTGCAGGAGGCTGTCACCCTGAGGCGTGGGGGCCTAGGGACCTGCAGGGCTTGGGGGCTGGGGACTTGGAGGG

CTGGGGACCTGGGGGGTTAGGGGACTGGGGATCTGGGGGGGCTGGGGGGCTGGGGACTTGGAGGACTGGGGACTTGGGC

GCTAGGAGCCTGTGGATTTGGGGAGCTGGAGGGCTGGAGACCTGCAGGGCTGGGGACTTGGGGGGGCTGGAGACCTGGG

AAGCTCGGGGACTGCAGATTTGGGGAGTGGGGATCCTGGGGGTTCGGGGCAGCTCCACACCCGGCCTGACCCGGGTGTG

TGTTTGCCCGCAGCACGCCGAGCTACAACTACGCGCCCAACCCTGACAAGCACTGGATCATGCGTTACACGGGGCCCAT

GAAGCCCATCCACATGGAGTTCACCAACATGCTGCAGCGGAAGCGCCTGCAGACCCTCATGTCCGTGGACGACTCCATG

GAGACGGTAGGCGCCCCAAGCTCGCAGCCCTCCCTGCCCTCACCTCATCCCGAGCGCCACCGGCTGCAGAGGAAGGGAA

ATGGAGGCAAAATGAGCCCACAGAGTGACAGCCCTGGGGAAGTGGCCGTGAG 

>Giant.9107:60207-61239 

CCTCTGCTCTGCAGTTCCGGCTCCGGTCGAGAAACAAGAGCCCCTCTTGGGCCTGTGCTCGGCTCCCCCCGGGGTTCCG

GGGACTTGCTTTCCAGCGGCCTGTGCAGTCCTTTTGTTCAGCTGCGAATGTGCGGCCCGTCACACGCGCACACGGCCCG

GCTCCCTGACCACGGCCAGAGCGCCCCGAGTCGAGGCGGGAGGCCCCCATCTCGCCAGCTCTTCATCGGAGGCGCGGGG

ACACGCGCAGTGTCTCCCCTTGTCCCCAGCTGACTTGTTGCTGCTCGGAGCCTATCGGCCCGGAAGACGACGAGACGAC

ACTGAGCACACTCTTCCGAACAGGAGCCCGCGAGGGGTCCTCCCGGTGGGAAAGTGCGCCGGCCTCGCCGAGGCTCACG

GTCCACGCCGGCCGCCGACCCGCCTGTGAAAGCCCGGGCTGTCGGCACAGTTGCCGAACGAACTTTGGGAGGTCTGAGG

CCAGCACCCGGCCCAGCTCGGCGGCCCTATTGCCAGTAACGTGAAATCACTTCCAGGGAAAAATCGATCTGTCCCTGAC

AGGTTTTCCTCCCGCTAACGTGATAAATAAATAATTAGCCACGTTGTTGGGCTGTTTCATTAAAGCAGAGGACGGCTGG

GCCGGACCGCGATGGAGAAGCCGATCGCTGAGACGCGGTCCGGCGCAGCCCCACGTTTCACTGTGCCATTCGGGTCCCG

TCAGTCACTAGCTGAGCGCGCGGCCCGAGCTGGGAGCTGAAGGCCGTATCCAGAGAGGCGCGCGGGCGTGTTACTGGGG

TTCAGTATTTCCGCCCACGGACACACCATCATCTGGAACCCGATACTGCAGCGCGATTCTGCGATTTTTCGAGAGGCCC

TAATTTTTCTCAATGTGAGCGCTAGGGCCCTGGATTATCCAAACTGCTCCGTCTCCTCTTTGTCTCTCCGGGGGCACAA

ACGTGCAGGGAGGTTCGCACAGGCCGCCCGCTCTCTGCCTGTGAGCTTCCCTGCCGCCTTCTCCCTCAACCACCCGCTG

CAGAC 

>Giant.90:630883-631873 

CATCCACACTGTGCACACTCACACATATACACCAGCACACGCACGTAAAGTGGCCACACTCCTGCACGCACACAGACAC

AGAAACATACATTCACTGAAAACATGAAGGTCAGCTCTGCTGATGGGCCCGGGGGTGGTGAACATGCTAGGCCAGGAAG

ACATAGACTGTGCCATGTTGTTTCACCTTGAAACTGAATTCTGGGGGCGTAGGCACCCACCAAGGGTTGAGCTCACACA

GAGTTCACCCAGTCACGCCATCCATCCGCAGGAACCCCATGAAATACACACCATCTCCGCAGCAGGGGACCATCACACT

TACCAGGAGGGCAGGGATAGCGACCAGACCCTGTGTCCACTCTGGTCTTCCACCAGGCACAGGAAGCCCAGCCACTGGG

AATAGAGGGGCTCATAGACACATCCTGGTGTGGGACTGGCTCACAGAAGCAGAATTCCCACTTTCCACTATTCTGCCTC

CACCTGGGGCAGCTGAGCTGGTGATCCCGGATGCACCTGCTCCTCGGGACACAAATCCCACCCAGAAATGCCCTGAGCA

GACTGCACCTGCATTGGACGCCCAAGGTCGGGTCCCATGGGAGTCCTCCACCCCACGTACATGCCCCGGAGGCTGATGG

GGCTCCAGCTTCCTCCATCAGCCCTCCTGTCCTTGGTGGGACAAGACACTCGACACGACTGACCATGTACTTGGCACGA

GCCAATGGCAGACCGCTGAGAAGACTGCGCCAGGGCACAGACCCATGTCCCGACTGTGCTGTGCCAACAGCTGGCAGCA

GGGGGGCAGCCTGTGCACAGAAGTTCTCTCCGTCACGTGCCCGTCCTTTGGCCACCCCTTGGCAGCTCCCCTAGACTGC

ACCTGTCTCCAGGGAACGGTGGAGGTCCAGCCTCCACACCCACACTTCCACCTGCCCTCAGCCAGCTGCAGCATCACAT

CACCACCCCTCGGGTCCAGCGGCTCAAGGCCATCACGTCAGT 

>Giant.8928:10649-11698 

CCACCACCTCGCCTGGGCCACAGGGGACAACTGCACGCCTGGGGGGGTCTCACCACCCAACCCTGTGAAGGTGGGACAG

GAGCCTGGGTCACAGGTGTGAGCCCCTCTAGGGGCCTGCCCGTCCACCATGCATCCTGGGTCCACACATCAGAGGTGTG

AACACCTCTGAGGCCCACTGCACCACCACCAAGCCTGGGACACGGGTGTGACCACCTGGGGGGGGGGCATGCCATCCCA

ACACCCATGACACACAAGTAAGAATGCCCTAGGCTCTCCAACCTTTAAGCACCCCAGCAAGCTAGCCCTGGACTCCTGG

GGCTGGCCAGTGACTCACGTGCCCTTCCCCCCTTTCCTTTCTTCTCCTGCCCATCGCCCAGCCCAGCTCCCTCCCTCTC

ACCTACCAGGACATAGGGCAATGTTGCAAAACTTAGTTTGCTTCTCAGGGCCCTCACAGGGGTTGCCTCCAAATTGGGG

GGGCCTGCAGGTGCGCGTGCGGTCTCGGAAGCCACGGCCACAGGTGCTGGAGCAGAGGCTCCAAGGCGACCACTCATCC

CAGGCGCCGTGCACTGCAAAGGGATCGGAGGGCGTGGCTGGGCTCAGCCACCCCTGGGTGGGACCCAGCTGCCGGGCCG

CTGGGCCCCTGCCCCGCCCGCCCCGCCCCCCGGGCCTGCCCCCTCCCAGACGCACCAGGACACACCGCGGAATTGTTGC

ACAGCCGCTGCTCGCGCAGAGGCCCGCTGCACTGCGTGCTGTAGGAGGAGGACACGCAGAAGCGCGTGCGGGTCTGCCA

GCCTTCGCCGCAGGTGCTGGAGCACACGCTCCACGGGGACCACTCCTCGGCTGCGGGGTCACCTGCGGGGCCCAGACCG

ACAGCATCGCAGGCTTGCCACTGCCTCCGTGCTGAGGCTGCGGTCAGACTCCGAGGAGGAACCCCTCACCCCCCCCCCA

ACCCCCTCCGCGCTGGGCAGCAGGCGGCCAGCGAGGCTTACTTCCAACCCGGGCTGACCTTTAGGACTTGCCATCTCCC

CTACAAGGCTCACAGCCCCTGT 

>Giant.8862:12635-13717 
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CCCCGGTAGCCTTTAGTTTTTCTTTTTAAAGATTTTATTTGAGAGAGAGCGAACCAGCGAGAGAGAGCAAAAGAGAGCA

GGGGTGGGGGGCGGGGAGACAGAAGCAGAGAGGGAAGCAGCCTCCCCGCTCAGCAGGCAGCCCGGTGCGGGGCTCAGTC

CCAGATCCCCGAGACCATGACCTGAGCCGAAGGCAGACGCTTCACCGACTCGCCCGCCGGGCGCCCCTCAGTAGCCTCC

TCCTGTCAGCACGTCTCGGAGTGCGAGTCAGTTTGCTCACCTTCTCGAAGCGTGGTCCTCTCACAGGCCGCTCCTCTGG

TCTGCGGAGGCCCCGGGCTCAGGGATCATGCTGACCGCACGAGTCCCTTCTGTGTTTGGAGTCTGCACCCGGGCCGACA

GCCGAGCACGGGGTGTGGGAGGTGCCAGCGGAGGAGGCTGCTGCGGCCCGAGCGAGACCCGCGAGAGCTGTGCGGGCGG

CAGTCGCTCCGTGAGACGGTCAGCGGCCGGGAGGAGCTTCTCGCCCGGCCCTGGGTTTGGAAGCCGTTTCACGCAGGAC

TTGGTGGAAGCTGGGCCCGTGCCGTGTGCAGGCCTGCTCGGCGAGCTCTCCTGCTACGGGGGCCGGACTGACAGGTGGG

CCAAGAGGCAAAAAATGTCTGGTCTCTGCTTCTGGTAGACTGTGTGGTCCCCACGTAGCCAGTGACGTGGACACTTTGC

CTGTTGAAAGGTGGGGTCTCTGTTCCCTCCCCTTAAATCTGCCCCTGTGACCAGGGGCCATGGGACCTCCGAGACCAGG

TCCTAGAAGGCTTCCCCTCGGGGCTGCTGGGGTTCTGGTTTCTGGAGCAGCCACCTTGCTGCAAGGAAAGCCTGTGGCC

ATATGGCGAGGCCTCCAGAGGGAACGCAACTCCCAGCCACTGAGGCTTCTGGCTGAGGCCCCAAGGCCTGTGGAGTTGG

GGTCAGAAGCACCCACAGGGCCTTCCTCTGTTCTCAACCTGCGGAGTCAGTGAACATAATAACATGGTTGTTTGCGGGG

CGCCTGGGGGGCTCATTCAGTGAAGCCTCTGCCTTCAGCTCAGGTCTTGATCTCA 

>Giant.8702:108950-109939 

CATGCAGCCCGCTGTCAGCGGCTCCTCATTCACCGGCTCGGAAGTAGCCTTCCCTCCTGCACCCCACTCCCCTCGTGGC

TGCCCAGAAGGCCCCCCAAGATCAGCCCTGCCCTCTGCCCAGCACCAGGGAGAGTACTTCCCGCCAGGGCTGCCGGCTT

CTCTACCTTCACGCCCGCCAGACCCTGCAGCCCCAAACACTGCTCTGCAGTCCCACCCGTTTCCGGGCATCTCACGCAC

TGTCCGTGGACCCATGTGGCGCCTGTTCTGCTCCCGTCCTCCGCCTCCCTTCCTGATGGAGGGGCTCTTGTCACCTCCC

CGAGCCCCAAGTCCTGGAGGGATGGAGGACTTGCCCTCCTTCTCCCCCACCCTCACCCCTCCTCTCCGCCCCAGGGTTT

ATGGTGCTCAGCTTTACCAAGGCAAAGGGAGGCACAAGACCCAACCCGCCCCGCCCCTTCCCTCCTATCCCAAACGTGG

ACCTTATCCCTGCTACCTCCCTGCCTGCCTGCCCCGTACCCTCCCTGACTCCACCTGCTACTTCCAGGGCTTGAAGCTG

AACTCCCCTGCCCTGTCTCAGGAACCCCATCCTCTCACTCGTCTCCCCAGCCCATCAGCGAAGCCCTGGCTGCCCCTGA

TTTCTCTGCCCACCCTGGGCATCCACCTGCCCGTCTGTCCGTCGCTGCTCCCTGGTTCAGGGGCGGCTCCTGTCTCTCC

TCAAGCCCAGGGGCCCTCCGGCCGTGGTGTCCCCCCTTCCTCTTCCCTGAGACCCGTCCCCACCTGCAGCTCCAACAGT

CGTTCTCCTGAGCGCCGCACCTGGGGAGCCAGCGGCCTCTTCCGACATCGTCCTCTCGCACAGTCGGTTCCGCAAATCT

TCCTGGTCACACGCCCTGCCCTGCGCGCGGGGACCGGAGCGCCCGCGGGGTTCCCCTCCCCACGGCGGCACGGAGCGGC

TGGGCGGGTTCCCGGGCGCCGATGTGCACGCGTGTGAACCT 

>Giant.8674:17665-18679 

TGAGTGAGGTCAGCGTGTGCTCCGCTGCTTCTGGCTCCTGCGGTTCCCCCCAGGTGGTGGCAGGTCCTGTCACCCACCA

TCGGCCCAGCTGTGTTGTGCCACTGCCTGGGGACGGACCTGGGTGTTCCCGGATTTGGTTGTTCGGAGTAAATCTGCTG

TGAGTTTGGTTTTTGTGGGTTTGAGTTTTCATTTCTTATGGATAATTCCTGGCAGTAGGATTACTGATGTCGGGTGAAA

GTGTACGTTTAATAACTTTAAAAGAAAAGGGAAGCAGTTTCCCAAAGTAGTTGTATCACTTTACGTTTCCACCAGCAAC

AAATGAGAATTTCAAACCCTATAATTTTAATGTGTGTTTCTTGATGATTTTTTTAAAAGATTTTCTTTATTTATTTGAC

AGAGCAAGAGTGGGAACACAAGCAGGGGCAGAGGGAGAGGGAGAAGCAGGCTTCCTTCCCAGCAGGAAGCCCAGTGCAG

CACCCTGGGATCACGTCCTGCACTGAAGGCAGACGCCCAATGACTGAGCCACCCAAGCGTCCCTCTTGATGATTTTTTT

TTTTAAAGAATTTACTTTTAAGTCCTCTTCACAGCAAACATGGGGCTCAGACTCAAACCCTGCCCTCAGGAGGGCAGTC

TCCCGCGACTCACCACCGAGCACCCATTTTCTTGATCGTCATTGACGTGAGTGTGTTTCCGTGTGCTGGTCGGTCTCCT

TATTTGTTCTTTTGTGCAGGAGTTTTAAAAAGTTACTGCCCATTGCTTGCTCAGGCTACGTACCTTCTTCCTGAGTTGT

AAGGGTTCTTAATGTTCCTGACTCGTGACCTTTGTCGGACACATGTACTGTTTTCTCCCAGCCTGTGCCTCGATGGTTC

ATTTTCTTAGCAAGGTCTTCCATAGAGCAGAAAATTTTCTTACCATTTCGTGCTCTGTGTCCTAAGAATTCTTTGTCTC

CCATGAGGTTGTGAAGATTTTCTCCTTTCTCTAGGATTTTCATATTCTTGGCTGCTAGATCCACAG 

>Giant.8394:118806-119834 

TGGCCCATGACAGCTGCTCACATCCCAGCACCTGGCGGTGCCCTGCTGCCCCGACGGCGGCAGCGCTCCTTTCTCCCAA

GTCTGTGGGACTCAGGAAACAGGTGTCAGCACACAGACCCGTGAGGCCAGCACAGCCGAGGCGTCTCCCAGGGGTGGGT

GGGTATGACTCACCTTGGTCTGGATCAGGGCTCTGCAGGGCTGCAGAGAGAAGGCAGGCACGCCCAGGTCTTCAGACTG

TTTGAGGTCAGAACATTCCAGAATGTGACCCAGGTCTCCAGAAGGGTTCTAGTGAGACAAGCCACTGTCACCCCCGCCA

GGAAGGAAGATAAAGGGCCGCTTTCTCCGCATTTGCCTTGCGAACCCAGACCCCTCCAGCACATCCTACTGTTAAACGG

CAACGTGCTCATGACTCGGTGCCCACAGGGTCGGGCAGCCAGCTGGTCCCCGCCCTCCGGTCACCCGGCTCACGGCCGT

CCCTGCCCTCCAGACCCGCAGGGCCCTCCACCTCCTCAAGTCTGCCCCCCACGTCAGGGTGAGCCGTGCTCCCCAGCCT

GGCTGTGCCGAGCTGGCCCACCTCCCGCCTCCTGTCCAAGCTGCCTGTCCCCTTCTCCACCCTCCTGGCTGTTTTTCTG

GCACAAATACAAAGGCAGGGCAGCCTCGTCAGGCCCCTCTGGCTCCTTCCACCCCTCACGTCCCTCCCGGCTGGCCCCG

TGTGACCCCTCGGCCCAGGCACAGCCATCCCAAGACCCCACCATCATGAAGGCCTGCCAGCCCCTTTGAGGTTTTCCAC

GTTTGAAATGTTACACGATAGCAACAAACAGAAAAGGGTCTTCGTGGACTTGACGGCTGGCAGCCTGCCCTGCATACGA

TTTGCATTTTCTCTTGTAACCTCTGGCTGGCCTCTCACCAACGCCTCCCTGCGCCCACTTTGCTGCTTCCCGCCTCAAG

CACAGGGGACCCACCTGGTGGCTGACCTTACACCCCCGCCGCACCTGCTGCTCCTCGCAGGCCCAGTCCTCCTCCCTCC

C 

>Giant.837:220669-221685 

CTCTCCCCCAAGGTGCAGAGATGGAACTATCACCCTGAGGACACTCTCCACCTTGGTGGTGTCCCAGGACAAGGCAGGG

CTTGTGCAGGTGGGCTGACCCTCAATGCCTCCCTCAACTCCTTGGACTTCAGACTTAGGCACAGGCAAAAGGAGCACCC

ACAGTGGCAGAGACAACACCTCAGCAAGACGAGTAGGAGATAAGCCCATGGGCTCTACACAGTAATCAAGGAGTTCTTC

TAGAATCTTCTACAACCACACATCTCCAACGTTTTGATCTTAGGACACCTTCACATCTTACTACAGAAAGACCCAAATA

ATTTTAGTTTCTGTGGGTGATAACTATTGATGTTTATCATATTAGAAATTAAAACTGAAAATTTTATGGTTTATCAATT

CATTGAAAAATAACAATAGAAAACTCATTACACATTATTATGGCTTTTTGATGAAAAATAACCAATTTTTCCAAAAAAT

TAGTGAGAAGAGTGGCATTGCTTCACATTTCTGCAAATCTTTTTAAAGTCTGGCTTACTAGAAGACAGTTGGGCTCTCA

CCGTTTTCTGCACTTGGCTTGTCCCAATGTCATCTGTACTAACCTGTGGAATACACTTATGAAGGAAAGAATTACATCT

CAATATTATTAGAATAATTTTGACCTCATGGATCCCCTACAAGTATCTTGGGCACCCTGGGCCCATTTTGAGGACCACA

AAACCTACCTGTCTAGTAGAACGGAGTAACCATTGCTGCATGGAGGTCTTTGTTCCTTGTGATCCTGAACACGAGGTTG
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ACATTCATACAAGACATGTTCTGAGCTTCAGGCTGCCCTCAGTTAGCCAAGAGTGGTTCTTGAGGAAGTAACATGCTTT

CTCAGTACATTCCAGCTGCTGTAACAAAAGACCCCAGACTGGGTAGTTTATGAATAACAGACATTGATTGATCACATTT

CCGGAGACAGGAAGTCCCAGATGAAGGGGCCTGCGGGGTCAGGCTCCTGCCACAGACTGCTCGTGGTT 

>Giant.837:168985-169966 

CTTAGAATGGATGCAAGTCTCGTGAGCGTCTGCCATCTCTGAGGGCTGGCTACGCACAGTGAAATTTTGAGAGCATTCC

CAGTCTCTTGCTCTGAAGGCAGAGTGTGGCGTGTCCCCCGCAGAGCGACGCTGGCAGACAGGCAGGCTCAGTCAGGCAC

AGCTGCGGGGATTGCTGCAGGAGCCGGCCGAGGCCTGGGGGAGGGCGGGAGCCCGGGGCCGGGCCTCCTCTCTGGCCCG

CAGGCTCAGCATGCTCACCGGGGAGCTGGGAGGGGCACCCGGGCTGGGTCCTACGTGCTGGGGTTACCTGGCCCGGGGC

TGTCTGTGGGCCCTCGGCCTGAGTCTCTGCGGCAGAACGGAGAGTCTCCTCAACACGGTCACACCTTTCTCTGGGGGTC

GCAGCTTCTCAGTGGCTCCCGCGCTGGCTTCGCCCAGGGGGTGTATCCTTCTGGCTCCGAGGGGCCTTGCTGCACAAGG

TCACGGAGGTCTCCCAGGAGCCCGGGGTCAGCCCTGTGCCAGCGCCCACCGGGAAAGCTGGACTCACGGCTGTCCTTCC

CCGGAGTTCCTCGGGCGGGTGCTGGGGCGGTAGGGAAGGAAGACGCCCCCGACCCGCAAAAGCCTTGGACGCGGCTTCC

CAGCCCGGGCAGCAGGGAAGACCCGCTCCTCTGGGATCACGCGTCCCTTCCCAACGTCTCTGGGAATGGTGCTCTGCTC

TAAGGTCTTCCCGGCCCGACGCTTCCACCCCCGGGTGACACCGGAGGCTCCTGCCAGCAGGCTGGGAGAGCCCCGGAAC

CCCGGAATGCCGAACACCTCTGGACACAGTGTGGCCGCGGCGGGAGGTGGGCACTGCTCCGACGGGCGTGGGTCACACC

GCGCTGGACGGCAGGAGCCACGGAGCCAGGAGCGGGGCTGGCCGGGGTCGGGAGGGTGCCGGCACCATCCGGAGCGGGG

AGCGGCCGCGGCAGGGCATGGAAGGAGGAGTGG 

>Giant.8202:82914-83932 

TGCCACACAGAACATACTGAGTCTTTCTGGATGGCCAATATATTAAACTGAACCTGGAAAATTGGGTGAGAGCAGGTCA

TATACCGATTACATATAGGGACTAATGTGCTGGGCACATAACTCTGTATCACAAAGTTAGTATGACATAAAAAACTTCT

CTCTGAATTTTTATAAAAAATCAAAGTACAACTTGCATTCAAAAAAATGCACAAAGATTAAGTTCATAGTTTGTTGGAT

TTTGACAATTGCATGCCTCTGTTATCCACATATTAAGATATAGGTGATTTCCATGACTTCAGAAAAATCAGCCGTGCCC

AGTCCCGGACAATCCCACCTTCCATGAGGGACACTCATTGCTCTGAAATCGTTCACCAGAGCTAAGGTTTTGCTATCCT

GTTTTTGTCTTTGTATGCAGATTTCGTATAAAGGGATAATACGGAATGAACTTTGGATAAGGCTTCTTTCACTGAATGC

CATGTTTTGGAGAAGCATCCACAATGGTTGAATAGTTCATTCCCCCTTAGCACAGATGAGTCTTCCATTGTATGGAAAT

TACTTGCTTTTTTTTTTTTATTATGTTACGTTAGTCACCATACAGTCCATCATTAGTTTCTGATGTTGTGTTCCATGAT

TCATTGTTCGTGTATAACACCCAGTGCTCTGTGCAATCCATGCCCTCCTTAATACCCATCACCAGGCTAGCCCATCCCC

CCACCCCTCCCTTCTAGAACCCTCAGTTTATTTGTCTGAGTCCACAGTCTCTCATGGTCCGTCTCCCCCTCCAATTTCC

CTGCCCCCTTCACTTCTCCTTTCCTTCTCCTAATGCATGGAAATTATTGATCTCTTCTGCTGATGGTGGACAGTTGGAC

TACTTTTTGGCTTTTCACTAATTTAAATAAGGTTGTTTTGAAGCAGCACATTCCAGGGTTTTGTGTGTGTGTGTGTGTG

TGTGTGTGTTTGTATGTTTTCATTTCTTTTGGATAAACGATGGCTACATTTTTGAGAAACTTCTACAATG 

>Giant.8178:101994-102983 

TGTGATGGCTCCTCAGTTCTGTGGGCTCCTTTCTAACCTCAGTGTAAGGGTGGTGGGTGACAGTCATGGGGGACAGTCA

CTGCAGGAAAGAATCACCATGAGCTTTAGGTGACGGCTGGGAGCAGGGTACCACTGTCTGGGGCTAAGCGTCTCCACGT

CGACGTCGACATCTTCCCAGTGGCTTTCCTTAGGGTGACTGGTGCGCCCTCATGGCCCCTGGGCCTGGTGGGGTGTGCA

GCCGGCAGCCGGCAGCCGGTGCCCTGGCAGCAGGGCCCAGGTCTAGAGCGGACAGCTGCTTGTGGGAGGGGTGGGGGAG

GGAGGAGAAAAGATTTCGTGTCGCTACCCGGGGACATACAGGCTTCCGAAGGAGTGTCCTTGGCACAGTTGATGTGTTC

TGAGACATTCATCGTAAATCCCCGTTTCTCCTAATCAAACTTGATTTCCCTGTCGGCATGACTTCAGGACTCTTCGAGC

CCCATTTGCCTTGACCCTCCGCTGACGGCACTCGCTTTCTCCTGCTCCCGTTCGCGCTTTCGTCTCTGAAAACTGAATG

GCCAGTAAGCACGCCGGGAGGCCGCGCTTCCGAAAACTGGCCACAGCTTTCGGGCAGAGGGGCACGGTCACCGTGGGGT

GGGCGCTGAGTCGAGCGGGATGGAAATGACTGAGAGCAACCCCCGGTCGGTCTTGCATCCTCTGCTGGAGAAAAGAGCA

GCCATGCTCATCTCTGCTGAATCCAGGCCCGCTGCGTCCGCAAGAGCATTCCCGTCGGGTCCGATTGGGATCACGCAGT

TAATTGTTGCATGCGACACTCTGCCGTGTAGGGTGATCAACACCTCGGTGCAGCCTGCGGTTAGAATTTCGTGGGCGTT

TCCGCGGCCGGCCGGGGGCTCGGAGGATGGACGGGACGGTGAGAGCTCCCCTCCTCCAGCAGCCTGCCCTGTTCCTTTT

CCCAGCCTGTTTGCCTAGAAACCTTCGGTAACCTATTTACC 

>Giant.8082:36791-37816 

GTGATTTCTCAGAGGTCAGTGGAGCAACTGAGGGGTGCTCTTGAAGCTGGATTTTGGGGTTTTTGAAGCAACATCAAGA

GAAGGCTGTCATACCCTCCCCAGGACCCCTGCACCACCAGACCTGTCACGCACCCAGCCCCCAGCGGCCCTTCTAGCTG

GAACACCAGCCTTGCCTGCCTGCGGGCGTGCGAGCTTGCGGAGAGGATGCAGCCCGCGCTACTTTTTTCTCGTTTTCTT

TTTGAATTTTCTCCCTGGGCCTCACTCATCACTCGAGATTATGCATTTGTGCCTGAGCAGCCCCGGAGAGAGGGGAGGG

AGGAGAGATGCACAGGAGAAGAAGGTGATGGGTGAGTTTCTGTGAGAAACCGTGAGGACAGAAAGACTTTAAAACAAAG

ACATCAGGATCCCATGGGGCGTGATGTCTCATTTTTTCTCACAACTGCGCTTGGCTGCAAGCTCTCTGTGGGCAGGAGG

GAGCCTTCCCCACTTGCAGAGCATCCAGTGTGCTGTGGGAGATGGAGAAGCCTGCTCTCGTGCGGCTGGGGAAGCCCCA

GAAGCAGGCGGACAGCAGGCCACGCCTGGGCCCTGGGAACTGCCCCCTGTCACCCGGACTGGATGCACAAAGCAAAGTC

CCGGGCCTCGTCTGCTGGGAGGCTGTGACCCCCCCAGTCCTTGCCTGCTAGGCCCAGCAACCTGTCGCAGAGACTTCTG

CCGGGCACAGAGTTTGAGGGCAGACAGGGAGCAGCCCCTGCTTATCCTCTCTCTCCTGTGGCCTCAGGGTGGGATGGGA

AGGAGGCAGAGAGGCTCAGGAGACTGAAATGCGGGAGTGTGTTCCCTTTGGGGCCGGGAAGATGACAGAGTCTCATGGA

ATTGGTCCTGGGACCCAGGAGACCTGGGTCCTTAATCTGTCATTCAACAAAGACTTACTCTTAAATAGTTCTACATAGT

ACGTTTGTCCGATGTGTGTTTGTGGAGCGCCTGCGACGTGCCGGGCGTCGTGAGTACGGAGGATTGAATGACCCCAG 

>Giant.7990:96618-97620 

TCAATCTCACCCCAGGCCCTTGTTTCTCAGCCACAAATTTGGAAAACAAATATTATCTTATTATGCCAAAAGTGTCTTT

CTCTCGTTTACTAATGGATGGTATTTGACTAGTTGATTGTAATTTTTTAATACATGCCATCTAGTCCCAGTACTGTAAC

GGACATTTAGATATAAGGCTATGTACACGCGTGCGTCCGTATATGTGACTGTCTGCTCACGTCCATGAACAGATAATCA

TATACTCATACACATTCCATACACTCAGTGTACGTATTCATGTATCTATATGAATCCTCCCTAAGGAGAAAAGACAAAG

TCAGCTGTCCCCAAAGATGTTCATTAATTATTTGCAAAATGCCATATAAAAGCAGATAATTGAATACACTTTAGTAAAA

GTGATTCTTTCAGTAAAGGCGATATGTAAAGAAACACTACACAAGATTCCCCCAAGTTATTATATTTGTGTTGTAAGAA

GCATTCAAATTTTATATTCCATAACTGTCTTTCACTCATGAAAATGGTGTCCTTCAAATAGTACTTAGTACCGGCCTTT

ACAGAGCATCGCTCTAGGTGGGAGACCCAGTGTCGAACAGGTCCAAAATCGTCCTGGCCGATGGGGTTTTATTCTAGAG
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AACACACAATATACTGTTCACTTATTTGTTTTACCATTTGATTTTCTCCCCTATTTATTTCTCTCATAAATTTCTCTTT

TTCTTTTGCCGCCCGGACCTTGGTTCTAAGGCAGCCCGGGCATGCGGGAGGCGCTCAGAATTAATAGTGGGGAACGAAA

GGACAAGGAACTCGGAATGGGGCCAGCCGCCGTCCAGGGCAAGTGGAGCTGAAGGTGGCCCGGGTCCGGGGACGGGGGA

ACAGGATGCAGCCTCTTCCTGCCCGGGGTCAGACGCAGCACTCGGTGAATCAGAGCTCAGTGTGTTTCCCAATGTCATG

TGGGAAAAGGGTTTGAATTCAGAAATTCCTGCTTGAATCCCAAATCTACTAGCA 

>Giant.7990:116438-117423 

GGTCCATGACGCCTCCACCGGCTAGAGGCGCACAGGCATGCCCGTTGGCACCAAAATTCTCTGGGTACAGGTGCGGGCT

GTCCAGACGCTGTAAATGGGCTGCAGATAACATGACAAAAGCACAAATGTAGATCGTGTGAGGTGTACGCGTTACGTGC

ATTACGTATATTTTGGCGACAATCATGGATTTCATAAACTGCCTGGCAGGTTTCAGCAGACTATTCCTGGCAGGTGGAG

GTGAGCGGGGGCCACGGCTTGAGAGACAGGAGGAATGTCAGGGTTCATGCTGCTCGCTGCGGAGGTCCTGATTATCTCC

ACTAACACCGGATAACAGCTGGCCTCCATCCGAGATGCTAGCACATCAGCCATGCAAAGGGAGCTGGGGGAGAATCATA

GGGGTGGAGGAAAATGTTAGCAAAGGTTAAACATCGCTCTTCAGAACCCTCGGTGTGCTCCTCTCACCTGCTGCAAAAT

GTCAGATGACCCTGCCTAGACCCCAGGCGGGCAGGAGGAGCACACCTTCAATACCACATGTGCCTTTAAGCTGGTGTCT

GGATGACGTTTTTGTGGATCGAGGGCCTGTGAAATGCCACATACACTGGTTGATAATCCGTACATGTTATGCAAACAAA

ATGGGTATTTCCATGGAAAGATCAGAGATGGCCCTTGAAATCTGAGAAAAATTATATTTGCAGTAGACCTAAATATCCA

TATTTTAAACCTCCCTAGCAACCTATTTGGTTGGAGTGATGAGAAGTATTCCAACGTTAAGGAGAGCACTGCTCGGCAG

ACCCTATGAAAGGTCTGGATGAGAACACGTTAAGATACAATACAAAACAAAAAAATCGTGCTATTTCATTTTTCAGCTA

AAAGATTCCAGAACTACTTAACAAGACACTAGCAATGCATAGACAATTCTTACACCGGTTTGCATACATACGTAAACGT

ACCTGCTATTTGTTTGACATAATGCAAAGTCAAACAG 

>Giant.7990:101571-102572 

TTTGATGTGGTGTTCCATGATTCATTGTTTGCATGTAACACCCAGTGCTCTAAATGTAATTTCTAAACACTGTCTATTT

TGTTGACAAATAGTTGCCCAGAGATGGTTTCTGTATGCTTCCCCTGGTGTCTGATGCCTGTAACTTTTACACTTGAATG

ACATTATAACTCAGTATACTATTCTTAAGGTCAAATTGTCATTTCTTCAAAAGTTTGTAGATTTTCCATCATTTTCTCT

TGGTGGCAGAATACTACTATTTTCCCTTTGTAGTTAATACGTTTTTGTTTTTATTTCTGTCTGGATCCCAGAAAATTAT

ATTCCAATTCTTAAAGTTGAGTAGAGTGATAAGAGATGTTTGCATGACCTGCATTTCATGAATGATGCTTATTTCTTGG

GAAATCATCTATTTTCTGATCAGCAGAAGTGGTTCTCTGTTAACTTCAGAGAAACTCTCATATCTGTGAATATATTTTC

AAATCACATTTTGGTGTCTCTATTTCAGAAACAACAAGCATCCTTTTGTAAGACAATCTCTGTTTCTTAATCCATGTCT

TTATTTGATTTAATGCTCACCGCTTTCATCTTCATTCACTGGAACTATCTAACTTCAATTATGTTGACTCTGTTCCTGT

TGTGAACATTTTTATTAGTTCCGTAATTATATTGCCTTGGTATTCACTTATTTTTTAAACCTAAAATTTTCCTTCTTAT

CTCTTTATCTTGCTTCATCATCTTGCATTTTAGTCCTTATTGTGTTGATTCTCAGATACACATTCTAATAAAATTTTCT

ATGAACGGATCTTAAGACATTTGGTTCTGTTCCATTGCTTGTATTTTCTTCTACAGTAAACACGTTGTCTGTTATTTTC

CACATTCCACGTGTACACATTTTTACGTTGCTGTCATAACGTTCCTCTGCCTCTTGCTCCAGCACAGACCACGCTGTTC

AGGCATTCTCTTTGCTTCAACGCAGTATGGATGCCACTTAGACAACTAACTTT 

>Giant.795:165057-166059 

GGCGCAGACCGGAGTGGCGTTATCTTCAAGTCACACAGAAGCACAAGTTCACTGTCACCCAGGCTCGCCGTGCACATGG

AGCCCTGGGTTCCGATGGTCCTACTCAGGAGTTGTTTGTCCCTCTAGTCTGGACTCGTTCCACAGACCCTGCTTGAGTC

TCTATCGAGACACTCGGTTGTGGGATTTTTTTAAGCCATTTATGGCGTAAGCTTATCCCCCAGAGTTTCTTAAGCCCCG

TTCTCCTTTGGGGATGGTACGATATGCTGGGACCTGAGGGAGTGGGGGAAAGACGGGTTATTGCAAAGGTGTCAGGCTT

GACTCTCTGAGCACTGGTGGCCCCGTTTATTTCTGTTTCCCGTCAGTGAATTCCTGATTTGCCGAATTTCAGGGGCACA

GTTCATGATTAGCCAGTTTCCTGGATCGCTGGCTGACTGCACCAGCTGCAGTCCTAGAAATCAACAGGACAAAGTGGGT

TTTGCTTTTGAATGCAAACCTGATGCTTGTGCCCCGAGCCACAATTAGGTCGTAATTATGTAGCATTACCATGGGACTT

AATATTTGCAAAATAATATATATTCGGATTTCCTTATTTTGTGTTTTGAGGTACTAACTGGCACTTAATATGTACTAAT

AACAATGTGTTAAAATTGCCATTTTATATCCAGCACGTAGCTTTTGGGGGGGGGGTGATGTTAGGGGGTGGAACGAGAA

GGTGTCCTTGCCTATTGCTGACCACACAAAGAAAGTTATGTCGGCAAAGAGACAGTGAGACCAAGGGAAGAGATGGACC

AGTGTTGGGGCTCAGAGCTCATCCCCGCAGGAGCCTGCTGACCGACACGGGGCTTTAGAACCACTGCTCTCCTGTTTCT

TATTCTAGCTAAAGTGACCCCATCTACCACCATCACCACAGGGGGTACTATTTTGGCCAAAAAAGCTCTGTCTCCTCTT

GTAGACTCCTCAATGGCCCTGGGTCCCTTGGGATGGTGGTGGACCTCATGGCTC 

>Giant.7948:44402-45347 

TGTTGGGAAGGGGCTGCACAGAAGGGGAAGAACCTGCACCCCCTCTTCCTCGCCCAGACGGTTATGAAGAGGACAACCG

CCTCCCTGAGGCTTCCTGGATCTCTGCTCCAGCTTGTGCTCATGCATGTGGGCAGTGGGCTGAGGACTGGGGGGCCCTG

CGCATAGGACGGTAGCCATGAAGCCAGCCCCAGAGTCTAACATTCAGATGAAGCCTCAGCATTCCCTTCTGCTAATTGG

GAATAAGACCCATCCCCCAACATTACTGTTTGAAATGCAGGAACCTCTAGGGGTGTTCAACAGAAAACCCGGTGTATAG

TAAGTGCTCCATAAATACGCATTTTTCGTCCTCGTCATCGCTGAGATACAAGGTTGGCCACCCTTAGAGAGGTTATTCA

TGCAATTGTTTCATTACCTTTCTCCCCTACCGAGTGGTCGGTTCCGTGGGGCCGTAAACTGTGTCTGTTTCAATGAAGA

AGACAGACCCCCTTTCCCACCATGGTCGGCCGAATAACACTCCCGAGACACCCACGTCCCAGTGCGATTTCATGAGGCA

CTTGGGGTCTTGAGATGGGGGGTGTGTGATCCTGGGTAATCCAGAGGCCCATGTATGAATCATCCCAGTAAAGGATGTT

GACCGCGGGGGGCACAGTTATACATAACCGGGGGTTTAACCCAGTCTGGGGTTCAGGCCAGGAAGCCCTGAGAGATTTG

GGTCTGGGGGGAGGCCTGCAGGGTGCTGGGCTCCACCCCTGAGACAAGAGAAGGAGGGACAGAGTGCATAAGTCGGTTT

ACTTCTTGGCTGGACCGGGTGGCATTGGCACAGATGGGACAAGGCGGCTCAGAAAGGTCACTCTTGGCACAGATAGGAC

CTTCCCCAAAGCCCAGGCCTGGCTTCTGGCCCTGAGAGCGATGGGAAGGATACACAGAGGTTTGTGCACACCCCGT 

>Giant.789:318895-319864 

GTAACCCGAAGCAAGTGGGTCAAAGCATTTCTGAAAACATTTATTAAAAATATCTTCTATGGTGTCCTCATACTTGAAC

CAAGCCCTAGAGGAGATGTTCAGTTCAAGGGGTGTTTGTCCTCCCCGTCCTGTTTCCTCCAGGGCCCGCAGGGCACGGA

AGACCACGGTGGGACCCCCGTTGGCCTGCATGGTCCCCCGAGGAGCCCAGCAGCCCCGACACCTACCGATGTAAGCCGC

GCCGTCCGTCACCATGTACTTGTTGCGGTTTAATTTAGGAAAGGTGCGATCCTTTTGTTCTTTGGTAGCACACACATTC

TCTCTTTCCAGATCGAAAAATTTCTGTAAGACACAAAAATAAGCAAATCAAGAAAGCAAGTGAATAGGGAACATTTTTG

GTTTTGTTCAGGAGCACAAAAGGGTTTCTTCCCCAGACATCTACAGCCGACCTCATACTGCGTTATCAAAGCCACAGTC

TTGTTGCTCCATATAGATGAAGCTATTTTTGTTCTCCCATCTATATAGGCAACAAGAGGGAAAACTAGCACGCTCCACT
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AGATCTATAATTAACACTTTTAAGCTGCAAAATGAGCATAAAATGCATTCTTTCAACAGGGTGAAGGCCGGAAGTTTCT

TTAATTCTCATTGTCTTACTCATCAGGGTGCACTGGTATTTGAGGTCTGCCTCTCGGTGCTCTCTGTCACGCATGCTAA

CGAACTGAATTAATGTTCCTCTGCTGCACGCATTATAAAAGCAGCAGACCCTGTGTCAATGACTAGGTGATTCAGCTGG

GGATTTGCAAAGGTCAAAAGAGATTTTGCCAAGAGAACAAATGGTTTGCATCTCAACACCTTGGTCTGCAAGCTCTTTT

CTTCAGACTGTGAATCCTGAATTTCAACTTACTGTGACCCCAAAAGCACCTCTCAGGCCTGGGCATAGGGTGGGTGGGC

TGAGAGTGGAAGTAGGTGGGC 

>Giant.7840:120669-121684 

CCTCCTGGGCGGGGCCAGAGTCGCGCTTCAGCAACCTCTCCGTCAACCCCGGAAGTGTGTCTGTGTAGAACTGCTGTCT

TGGAGGCGGAGCAGGAAGTGTTCTCGAGGCAGAGGTTTCGAGGGGAACCTTTTACGGCTAGGACACTTCCTGTTTCCTA

GTAACAATAGGAAGTGTCCGCGGAGCTGAGGGTAGAGTCTGGCTCCGGCCAGCTGCGCCCTCTTTCCCTCTCCCTTTTC

TCCTTTCCTTCTTTCCCTCCTTTCCCGCCTCCCACGAGCCCTGGCGAAGTGTGCGTGTGTGGGAGCGCGAGAGCCCCCC

ACAGCCACCCCTTGGGACTCGCGGCTGCAGTTAGGGTGAGGGTCCCAGTGCGCAGGCGCGCTCCCGTTCGCGGTCCCCA

ACGGACTCACCCGCGGCGGGAACGAAAAAGGGGCCACGCGAGCGAGGTAGGGGTCCTGAGAGGAAATTGGCCGAGGAGA

TGAGTGAGGCGAGAAGACCTCATTGGTGGTTGATCAGGAGAGGGGGCTCGAGCAAAGGGGCTTTGTGAGGTGAGAAGTC

GGGGAGCAGGTTCTGTGACGGGGTTTAGATCCGGAGATACGAGTTGTGTGTATAGGGGTCCCATGGGAGTGAGGAATCA

GCCAGCGAAGGCCAAGGTGTTGGAGGAGGCATAAAGGTTTGCTGCGGACAGAGTAAGGGTTTTGGAAAGAAGATTGCCC

CAGTCATTGGGTTTGCTCCTGTGTAAACTGGGATAACCGCGCTGCAGTGTGCCTCGAGGATTCAGTGACACAACGAATA

TTCTTTGCTTAGCACAGTGCCCCGCACATGGTAATGCCCACTTAGCATGTGTTGATGTCATCATAAATATTTCAAGAGG

AGATAGGAGAAAAAATGAGAAGGGTGTAGTGATGAGGTGTAACAAAAAGGTAGGGGGTGGGAAACAACCAGAAATGGGT

TGGAATTTCCAAGATACAAGATAATTTGGGCTCAGGGGAAGTAGGTGAAGGAAGTGGCCAAGAGAGT 

>Giant.7737:56596-57643 

GGACTGGGAGAGCAGGTTGGAGGGGCTGAGAGCAGCCCCCCACCTCCCCAGGATGGCGGCTTGGTGGCTCGGCCTTGCC

TTGGGCCAGGCACCTCCTCCGAGGGGTGGGAGGCTGCCTCGCTGGGCCCAGCCAGCACCCCAGCCCTGTCTCCTCAGGG

CTTTGGACTTCGTCAAAGCTGAGCAGGCAGGGAGCTGCGCTCTGACCTGGGATGCAGCCGCCAAAATGGTGGGTGAGGC

CTGCTCCCTGGAGGGGTGCGAGGCCAGCTTGGAGTTCCTTGCTGAAGCAGGGGCCTGGTCTGGGCGGGGCTGTATTCCC

ACTGGGGAAAGGACAGTCTCAGGAAACTGCCATGTCCAGCCTGCAGGACAGCTGTCCACACTCTCCCACTGAGAGAGGG

GCACTGGCTGGGCCGAGGGGGATGAGGCTGCTGACCCGAAACAGCTGGGATGGGGGTGTCAGGAGGGAACCTTTTGGAG

GATGGTGTGAATCACAGTAAGTGAGCCTGTAGGCAGTCCCCGCAGAGTCCCAGCCTTCCTGGGCAAGGGCTGCGCTGGT

TCTGGAAGTTTCTCCCTGGGATAAGCTGAATGGGCCTCCCTTGAGCTTCCCTCCACTGCCCCCCCCCCCAGAGCTGGCT

TGCCTACCGCCTCACCTCCCACCCCAGCCTGGAGCCGGCTTTGTGGGGTTTGTTCTCTGGGCTTCCTCAGGAGGGAGGG

GCTTAGCTGGCCAGGCCGGGTTAGTGGGGGGTCTGGGCTCCACGTGGGGCTGAAGCTCCTCCTCCGCGCACCCGCGCAC

CCCCTTCTCCCCTCTTCCCCCCTTCCCCTCCTCCCCACCTCCCCTCCTCCCCTTGCCGCACTCCCCACCACCGGCCTTT

CCAGCAGGTATTCAGATAGATACTAGTTTAATCAGCCCGACAAAGCTGCCCCCACCCTTGCTGGGGTCCTGCCCCCAGA

GGCACCGCCAGGTCCCTGCAGAGGACTCTCGGGTGCGGGCGGGGGGGGCTGCTCAGCAGCAGAGGCGAAGGGCCTTGCG

GAAGACCGTGCGGAACTCGG 

>Giant.769:217414-218427 

AAAATAAAGTAAAAATAAACAAATAAAACAACAGAAACATAAGCACAGCTGCAGTGGTGCCTCTGCCCCCCCATGTCTT

TGCCTCCCTGCTTTGAGCCCCAACCTCTTGGATATTTATCATTGGTTCCCTCCTAAATCATTCCCGACAGCCGGACTGC

TCACACTCCATCACGGGCACAGGCTGCGGGGAGTCACCGTTCTGTTGAGCTTGCAGAAAAAGGAGCCTCGCAGGAAAAC

CCACCCGGGAGCTGTCCGGTGCTGAACTCCGGCGTGATGGACGATTATGGACCATCTGCACTTTCACAGGGGATGAATT

TATGAGCAGGAGAGACAGCTAGAAGAGTGTCCATCACTATAACTCACGGCCCTCTTCAGAGACATTCTAATCAGGCATC

CTTTGCTCCTACCGAAAAGCCCAAGTTAAGAAATGGCAAGGGGAGAAATCAATTACAGATTTCTGGGGTGTGTTTTTTG

TTGGGTTTTTTTTTTTTTGTTTGTTTTGTTTTTTTGTTTTTTTTTTGCCAAGAGCATGGCCGTCAAAGGTGTTGGGGTA

AGGGAAGCAGCGGGCAGGGGGTGGGGCGGCTGGGGGAGGGACCCTATGCCTGGTAAAGTGCGGTCCCATCAGCATTTCC

TGGTGCCCCGGTCACACCACCGGTCCTGATATCTTGCAACTGGTGTTGAGAAGATAGGCGGTCCCAGTATGTTCCTCCC

ACCCCAGCCCTGCACGGATCTAGTTGAGATTTACTGACAACCAGGAATCACACAGAGGGATGCAGCAGAAGATATCCGG

ATTTTCCCAGTAGGCTGTGCAGTTTGATATTTATGTGCAGAGAGGAGAGAGGAAAGGAGTGAACCACATCAGCCCTGGG

GTGGGTGCTGAGCTGGGGGCCTTCTGTACACTGATTCACAATAATCTTAGTCCTGTTCCATAGGCGAGAGAACGAGGGC

CCAAGAAGGCACATGACACAGCCAGGTTTTCAGCCCAGGTCCATCCAACCCTTAGCAGCCTGTTG 

>Giant.767:241515-242522 

GTCATGCCTGCTTCTTCCATGTCCTGCTGAATTCAGAAGCTGTGCCTGTCGATGTGATTTGAACGGGGCAGCCCTTCAG

GGCAAACTTAAATGCACTTGTTGCCTCAGCCTGGTCCTGCTCCAAGGTGGCAGTGGTGGAGAGGAAGGGCGCAGGGCTC

TCCGGGGTGAGGGTCTTTTTCCTCTGGGCTGATTTTCTTGGAGTACCTACTTGACTGTGGGATATCTCAAAGTGTACCT

TCAGCTGGAGCTGCAGAGCACCCATTAAATCGAGGCCACGGTCCATCTGTGCACCTACCTCCTGGCCCGCCGAGCATCT

GCAGAGTCACTCAGCTATGGCTTCCGGAGACCCCCCTGCCCCCAAACCTGGAAATGTGAAACTGTCACCTGCAACCCAC

TGGGCAACTGGGCCCATTCAAGTTCCATCACAAGAAGACTTTTTATGAGGTTGATTAAAAGCCTGTTTTTTAAGCTGCG

TCTCGTTACTTCAGGGACCCCACGCCAAGGAGAGGACTCCGGCTGCTGGCCGCATGAGATGCCCGGGCACAAAGCTTTG

ATACCGGTGCTTTCTTGTCCCCTTTCAACACATCTCCCGGAGGGAAGGGACTCTACTGGCAGCTGGTAAAGTCTGGAAG

CTTTGGCCTTGTTTGGAACAGCCAAGTGAGGTTCTCCTTACATCATCTCAGATGCTGGATGATACCTGCTTATTCAAAT

TCGGATCTTCTACAAGATAATTAGCCACAGCATCAGTTTGTTCTTACCATACACCCCAGAACTGGTTTCTAACTTCCCT

TTAAGGAAGATCTCTGATGAAGGGTAAGGATGGGGGTTGGGGGGAGCTGGATACAGGGGCAGGTGTGAGCTCTTGTCAG

GGCCTGTGTTTTCCCTTGCTTCCCTGAATCCTCCCCCAGGCAATGAAGCTTCCTTAGCAGGAGGGCCCACAAGACTGCA

GCCTGGCAGCAAGATGGAAGAAGGGAAGGCATTCTCAAGCATTCGGGGCTTCTGTTCTG 

>Giant.7431:53355-54365 

AGGTGAGAGGGCCTCTGAGAGCCATGCAGGTGCCCCCGGTCCTGCCCCGGCCCCTCCCGTGCTTGGTCTCTGGCACGTC

TTCTCCCCCAAGGTGTCCTCCCATTCGCTGAGAGCTTGTCCAGAGCCTGGCCACCCAGCACGGCCTGCGCCTGCCGCTC

AGAGCCCACTGCTCCCCCAGGTCCCGGCCGCCGCACACCCCCCTGCCCCCCGTGTGGCATGCAGTGGGCGGCGGGGCGC

CTCACCTGTGTAACCGATCTTCTCAAAGCTGAGCAGGCTGAAGATGCTGTTGTACAGCTGCATCTCCTTGCGGTGGCTC
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TGGTCCATCTCGTCGAGGATCTCCATCAGCTCATTGCCCGTCTTGGTGGGGTGGGCACAGGCGGCCTCGTGCACCGTCA

GCTCGTGGAAGGGGCCGTGCCACGGGCAGCCGATGCGCTTGTATTTGCACTGGGTCACCCTGGGGAGGAGGCGAGCACC

GTGGTCATGGGCTGTGCCCCGCGGGACGTGGCTCTTCCCAGCGGTCCTCCAAAGGTGGGCCCCTGTCCAGCCCTACTCC

TACAGACTATCCCTTGAAGGACAGAATCACCGTGTGCCAGCCCCCAGGAAGGGATCAGCGTGCGTGTGAGAGACTGAGG

GAAAAGGAGCACAGGAGAGCTGTGAATCCGTGTGCCACCTACATCCTTTGCTGGGAAGACTGTTGTGCTTGGCAACGGT

GGCCACTGACCATGGCCTTGGACCCTACACCGCTCTGCTTCATGTGAGGCTCGTGGGCCTGAGCACCGGCAGACAGTAG

GGTTGGCCGGCAGGGACTGGGTTGGGCGCCCGTGTAATTTCGTGCTGAGCTCCCAGAGCTGGCCGTGCTCTCCTGGGCC

CTCTTGTAAGAGGCCCCCATGCAGCCAGGGAACCCTGGAGAGCCAGGGGCATGTCCAAACAGCCAGTGGGTCCAGAGTG

GGGCCCACTTCTGCTCCCCGCCAGGGCTCGGGTCCTGAGCGGCTTCAGCCTGGCCCATTCCT 

>Giant.7147:120926-121942 

CATCTTTTGAAGCACTGACCTATGGTTTTCCCCAGTGCCTGCACCATTTCACATTCCCACCAGCAAGGCACGAGGCCTC

CAATTTCTCCGCAGCCTCGCCAACACAGTATTTTCTCTTTTTATCATAATGACCATCCCTGCGAGTGCGAGGGCTATTT

TGAATGCCCCCACCCCACTGATTTCTGGGTTTTGTGTTCCAAACAGTTCCTGAAGCCCGTCTTTGTAAAATGACTTTGA

AGTCAACTTACGAGCCACACGCAAGCCCAGGGATACCGATGGCCCCTACTGCTTGATCGTCTGTCTGTCTGATTCATCA

GTGTCTGTACACATTTTGGCCATTTCCAAAAGTCAAATCCACAAGTTCAAGCATCTCCTGAAGTGAGAGGTAAAAGCAT

CCGTCGTGGGCTCTGCCTCGCATGGTCAACCCTCGTGGCAGTGTGTTCCAGAAGATCCGTGATGACCAGCCATGACGGT

GTGGCCCGGCCACACACAGTGGATGCCCAGTGGCTCTGGAACCTGGTCACCAGGCTGAAGGCTTGAAAGCGCTTGAGCT

GGAGCTCCCTGGGGCCTTCAGCTCTGCGAGCTAATGGAGCTGCCCTGCTCGTAAGTCCTGGTTATCCCTCTGGTTCCAG

GAGCTAAAAAGATGAGTCGGAAATGCCAGCATTAAATCACATGCCAGTTTTCATTCTTCTTATTGTTTTTTTTTTTTTT

AATATATAATGTTCTTCATAAGCTGTAAGTTCCCCTTTGGCCTCCCTCCCCCTCCCACTCCTTCCTCTCCCCTCCCCAC

TCCCCCTTTCTCCTCTGCCTTTCCCTTCCCTGGTGGAGAAGGCACTGTGTTGGAATTCCAGGGAATTCAGCAGAGAGCT

GTGCTCCCTGCCCTCAAGAAGTTCACGGCCCTGCCCCAGGGCCATTTGCCTGTAGTAGGTGTCGGAAAAAGCAAAATAG

TGCTGGACCCCAGTCAAAGCGGGAAGGACAGGTTTAATCAGAATACGGCCTACAACAGGGCGGAGGGT 

>Giant.7031:133755-134766 

CGGTGGGCTCACACAGTCCCCTCCACTCTGTAATGTCTTCCTGTAGCTCTGACCCAGATCCCTCTTGACATTCCATGGA

CACACCAGATCTGCCCCCACTCGGAGACCCGTAGCATCCCCTCCTCGCCCAGAGAGCGAAGTCGGCACTCCCCGCCCCT

GGGTGCGGCCCGCTCTGCTCCTCTGTGTCCTCCCGTCTCCTCAGGACCACCCACCTCCCCAGCGTGCTTCCAGAGCCCT

GTCCTGCCAGCACAGGGACAGACTTTGCTCATCCTCTTGACCTCTCCCCATCTGAGTCACCTTTCAAAGTCCAGTTCAA

GTGACAGGCCACACTGGGCCCTTTCTTCGGTTGATCCAAAATCTGGGCCCCTCATGTCAGTCCCGGCCCAGTGCATGGG

TGGGAACTACAGGGATTTTTGGACAGAAGGGTCAAGATAAAGAATTTTTAATCAAGCATCATTATGGGTCGAACTGTGT

CTGTCCCAAGATCCACACACCGAGGTCCTAGCCCAGTTGCCTCAGAACGTGACCCGGCTGGAAGCAGGGTTGTCGCAGA

TGCAGCTACTAAGATGAGTCTTACTGGAGTGTGTGGGCTTTGACCCAATATACCTGTGTCCGTGAGGAGAAAAGGGAGT

TTTGGGACACAGATAAACTCCCGTTGAGAAGGTCCTGTGAAGACGGAGGCAGAGCCTGGGGTGATGCCTCCACAAGCCA

AGGAAGGGCAGGCATTGCCAGAACATTCTGGAAGGTAGGAGAGAGGACCAGGGCAAGTTTTCCCTCTACCTCCGCAGGA

ACCAGCCCTACCAACACCTCCACTTTGGGCTTCCAACCCCCGGGACGGGTGACGATAAGTTTCTGTTGTTTAAGCTGGC

TAGTCTGGGTCGCAGCGCTTGCAAATGAGGACAGGGACAGCGTGCCCATCAGTTGGCTGAGAAGCCTCAGAGGCAGACC

CAGGCGGCAGCTGCCCGTACAGAAGAACGGAAACTGCAAAACGTCAGGAGCCCCAAGGAGCCA 

>Giant.7005:32564-33566 

CAACGCTCTCGGCCTTCCGGCGTCCCTAGTCCTGACATTAGAATCCTGCCTCTTCTGATACAGCCCTGCCTGAGAAGAG

GCTCGGTACACGCCGACAGTCCTGGGCACGTTTGCTATTCTCTAGCAAAATCCTTACGGAGCCGGTCGTCAGTTAAACA

CGCCACTGAGGGAACGAGAGGGAGAAATGCCCCCTGTGCCCTGCACCCCAGTCCACAGACTACAGACCTCCCGGGGCCA

GAGGAAACCCACAGAAGGCCAGGCTCTGGGGCTGTCTGTCTGTCTGGGTGTTAGCCAGCTCGGCTGGCTGGGATTTGAG

GCCTGATCTCCAGAAGAGACGTTTCCACAACATCGCTCAGGGCGGGCCCCTTCCTGATGCCCCCTGCCCGGTGGGAAAG

CCGTGCACTCATTACACACTCAGTGCGTGACCTTCAGGACGTTTTTAATGCCTCGGAGCTGCAGTTTCTCCAGTGGTAA

AACAGGGATTTGAATGCCAGCCTTGCGGATGTCTTGGATACTGTAAATGACTTCCGTGAAGTATCAAGGACAGAACTTG

CCACAGGGTTACTTAATATCTTCAAGGGCTCACTGTCTCCCCTCCTACCACAACCCAAATCCACGCTTTTTCCTTAGAT

AACCCACTCGAGCACTGTCTAATAGATACAAAACGTGACCACAACTGCAAGACTAAATTGCCTAGTAGCTACATATTTC

ACAAAAATAAAAAAAGAAGGAAGAAAAGGAGGGAGGGAGAGAAGGAGGGAGGAAGGAAGGAAAGAAAAAGAAAAATGAG

GCTTATAGTTAGGTTTTATGGAACCAAAGATATTTAAAATATTGTCATTTCAACATGGTTTTGAGGTGAAAAGAGAAAA

AAAAAGAGTTGAGCTTTTTATGCTCTGTTTTTCTGCTACATCTTCAAGCTAGTGTGTGTGTGTTTCCAGCACACACACA

CACACACGCCCGCTACCCGCTCCGTCTCCAGGGCTCAGTGGCCACCAGCGGCCG 

>Giant.6845:50878-51883 

TTGTTATAAATGAAAGTTGTTGAAATGACATGCCTTTCGATCCTTGGTCCACAGAGCATGTCCCCATTTCTGACTCTTT

CCTTTTTTTCCGTGTCAGGACGTTTGTCCTTGAAAGCACCTGCAGACCGGCCATCCTCACACCCCCATCGTTCAACAGC

AAGGTCCAGGGCACCTTCCTCTCCTGCCTGAATGTTTGTTTGTATCCTTGGTTTGATCTTGTTCCCTTCAGTCTTTTGT

TACAACAAAGCCAGACCCTCCTTCCAGGAGACATGCACCTGCTGTCGCAGGATGCTTGTCTACACAGGCTCAGAACCCC

AAGACTCCGAGACCCCACCACTTCCGTCAGAGTCCCAGGCACCCACCTGAAGCGGTGGTAGACTGAGACCCTGGGGGAG

TGCTCTAGTTCTTTGGGTCTCACTTACTCCCCTGTAAGATGAGAGGTGGGGGCCAAGGTGATCTCCAAGTGTCCTGCAG

GCTCCAGCCTTCCATTGCATTGAGGTGCTTCCAATGGCAACTGGCGGGTCCACAGACAAGAGCCTTATTGTTTTTTATT

CTGAGCTACTTAATGGTATTTGTCTTTCTCTTGCTGACTTATTTCACCCAACGTAACACCTTCTAGCTCTATCCTTGTC

ATTGCAAATGGCAAAATTTCACTCTCTTTTATAGCTGAGTAATGAACCGTTGTCTATATTAAAAACATTAATTCATCTG

CAGTTTATTTTGTGTACATTGCGTGGTACAAATTCAATTTTCCTACCACTAATTCAATGTCACCTCTGTCAAAACCGGA

GTATGACGTAGGTGTGGGTGTTTGTCTACCCTCACCTCCGATTTCGCTTCCGTCACGTCAATTTCTTATTCCCGTACCA

GTAACATGGTTTTATTACCGTAATTTTACATTGCACTTGGCAATATGATGGGAACAATCCCCCACTTTTGTTCAGCTTT

AAAAAAAAGAAAAGAAAAAGGCCGTTCTTGGACCCTCGGTCTTCCCCTTCGTTTCCA 

>Giant.6689:97292-98343 

CTGGCTCTGCTGCCTGTTAGTGGTTTGTGGTTGATCGGTTGATCTTCTGCAATTAACATCATTCTTTTCATTTGTTGTT

CTCGAGAGATTAATTTTCTTTTGAGTTCTAGACCCCCTAATATTCTGTCTGTTAGCCCCCCGAAGGGTGAGTGTTTCTG
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TCCTGCCATTAGCCACTTGTACGATACCCTGAGAACGTTTTAGGAGAAATGTGAGCACGGCACCGTGTGGGTACTAGTT

CAGAGTCTCTTTGTGAGTGAACTCTGTCTTTACACCTGCCAGGACGCGGAGCGGGCGTTGTCTCGGTTTCCTTTGCCTT

TACTTAACATTGTTGAAGCACTTCCTGGTGTAATAAAAAGGGATTTTAATGAAAGTTGTTTTTCTTCTTTTCCTGTTGC

AGTAGGAGAATAGCCCTTTTTCAAATAGCTGTTTATTGCTAAAAGTACAGAATGGACACGTAGCAGGCCCCACAGAGTC

CTGATCAATGTCCGTCGTTGGACGGCAGAGACTCTGGGTGTCTTCTGGAACACCCTGGCACCAGGTGGGCGGCATCTGA

CGGCCTCCTGTGGCGCACGGGGCAGCCTGGGTCTCGGTGCTGTTTGTGACTGTGTTTTAACGGCCTAGGCCTTCCCACC

ATCGCTTTTTCCTGGCTCGTCTTCTTTTCTGTTTACCTTGGCTCCACCTTTGGCTCAGCTGGATGGCAGCAGCGTCACC

AGCATCATTTAGGATGGAAGCCAGTCACACGAGCTCTCCCATCTCCCTGTGGCAGTTGATGGCTTAGAGAGAACTGGAA

CTAAAGTCTGGGTGGCCAGGTTGGTTGTCCCCAGCCAGATCTGTGCAAGTGGAAAAAATGCAGTCTTTAAGTCCCCGTT

GATTTCGTATTACCCCAGACACATCTTTTGAGTCCAGATAAGTATGTTTCTACTCCTCCTTCACTTCCGTGGTCAGTCA

CGCAGGCTCTGAAGAAGGAGGTCGGGATCCCACGGATCTTCCGGACGAGCTGTGACTATCCAGACATGTGATGTGGTGC

CGCTCTGCTCGTGCATTTTCAGGA 

>Giant.6689:94749-95798 

CCTTGTCTTTGGGAGTTGGGGGGCCTCTGTCTGAGACAGTGAGTGGAAGGTGTTGTGTTCTGTTCTCTGTATCTGCTAC

TCTTGGCACTTGCGGACTCCTTCCTGGAACTGTCAAAGGGAGTAGAAACAGGCACCTGGCATATTTATGTGACAGAAAC

GTGTATTTATCTTTTGTACGTCATTCATTCTTACTTCCAACACCCTCGTTTTGGAAGTCGTGTGACTGACTGTCGCACG

GAGAAGCTAGGAACCGGGAAGGCCCTCAAATTCAAGTGTGTTGTGGGTACCCCTTCTGCACGCCTGAGGGATCCCACGG

AGCGATGGCTCTTGGCAGATGGTTTTGTCACCACCACGGGGTTTCACTAGAGTTGCTGACTAGGAGAGGAGTGCTCTTG

ATGAGTTCCTCGTGAAGAATGGCATGTCACAAGTATGGTCACTCATAGCACAAATAAGGACGTCTCAGACATGGTCAGA

ATAATGACCACGTGACGATTGTGGTGCCGGAAGCCCACGCACTGCCCTGAGAATGACTCCTTGGCCACCACGCTCTCTC

TGCCATCTGGAGCCAGGGACAGCCTGTCCCCGGTCTACCTTCTTGATACTTGCTCAGGAGCAACGGACTCCAGACACAT

TGTCGAACTTCCTGGTGTTCGGTTTCAGTTTCTTCTTCTGTGACATGGCCATGATTTTTGCCCGTCCAAACCACCGTTT

CTACTTCTTCTCGGCTGTGCGTATGCGACTGAGATGCCATTACAGGATTCGAACGCCCAGAAATGGTGAACGCACCTTG

CTTTCACGTACCCTTTCATAATACTTAGCCTTCTTGATCAAGGAGATAGCGCAGCAAAACCTCTGTTACCTGGAATGAA

ATGGTGTTATTTTAAATTTAGATCATTCTTTTTTTTTTTAAAGATTTGATTTATTTACTTGACAGATGGAGATCACAAG

TACACAGAGAGGCAGGTGGAGAGAGGAGGAAGCAGGCTCCCCGGGGAGCAGAGAGCCTGATGCAGGGCTTGATCCCGGG

ACTCTGCGATCATGACCCAAGT 

>Giant.6630:16490-17506 

GCATTCAGCCGTGCTCCCAGCCTTGCCTTTCCCTACAGGATGATCCCACTTAGCTTTCTCTTCCTTCTCCGCCTCCTCC

GCTCCAGGGGTTTCAGTAGGCTGGGTCTTCCTGGAAACCGTCCCTTCTTAGGTCTGATAATAGCAGAGCAAAGCCAGGT

AACAGTGACCTCATAATTGATCGGGTTCGCCTGTTTCAAGGCAGCCCGGAGACCAGAAATCTAAGCCAGGGGTCTGTCT

CCCCTTCATTCCTGCCGCGCCCTGTTGACCTGCCCTTAGGTCTACTGGAAATTAAACGCTCTTTGGGGGATGAGTGAAG

ACCCCTGAGTGAGGTCACCTGGGTGTTTGCAGATGGGAGAGGGTCAGCCAGGCCCTCGGCAGACAGCACACTCGGACCT

CCCTCAGCGTGGTCGTGTACAAGCACCAAGACAGGAAGGAAAGACACAGAAATGGAGATGGCCTTTGAGCCATGCTGCC

TTCCAGAGGCTTTATCCCCCCTTCTGTTTCCAGACTTTTCTCTCATGATGTGTTCACGATGGAGGGAGATGGAAACCGC

GTGATCCCCACGAGCTCCACTTGATTCTCGGCCGTGTCCGTTCCACAGGGATCCGTGTGAAGCCTGGATCGGGTTCAAG

GCCCACGTGGCAGACACGGGATTTGGCTCAGGCGTGGGCCCAGGCCTGGAGGTCACCACGCTCCTGGCACCGTAGTGTC

TTTCTTGTTTTGCCCTAACACTTCTAGGCTAAAGCAAATACTGGGCACCTCTGTGGGTCTTTATGTCCCAACCACATAC

TAGCTGTCTTTGTTAGCTTCTTACAGCTGATTTAATGAATTTCCACAAACTCTGTGGCTTAAAATCTCACACATTTACT

GTCCTAGAGTTCTGGGGGTGGAAGTTCAAAGTCAGTCTGTTGGGGCTAATGACGAGGGTGGGCAGGATGGGTTCCTTCT

GGAGGCCCCTGAGGAGACTCTTTCCCTCGAGCTTTTCATATTCTAGAGGTGCCTGAATTCCTTGGTTC 

>Giant.6584:160413-161439 

GTAGAAAAATAAAGAGCTTGCGTAGCCATGTAAATAACAGAGCGAAAAAGTGATTTATAGAATGGGTGGTTATTTGCAC

AATATGTCAATATATACATGTATAATAAAAAGTTAATACCCAAGATATGTAAGGAACTCAGTAATTCAATAGCAAAAGC

ATCAAAACAAATAACCTGATTTTTTTTTTTTTAATGGGCTAAGGACCCGAATAGACATTTCTCAGTGAAAGACGTACCA

TGGCCAGGAGATATATGAGGAGATGTCCAAGAGCACAGACCATCAGAGAAATACAAGTCAAAACAATGATGTAGTATCA

CGCACACCTGCTGTAACGGTTATTACCTAATGGACAAATGATAACAAGTGTTGGCAAGGATGTGGAGTAAAGGCAACCC

GTGTGTACCATTGGTGGAAATATAAACTGATGCAAGCACTATGGGAGACAGTACGGGGAGTCCTCAAAAGTTTAAACAT

AAATCCCTCACAGGGTACAGCAACGCAACTTCTGGGTCTATTTCCAAAGGAAATGAAATCAGTATCTTTTAGAGGTATC

TGCCCTTCCATGTTCATCGCAGCATTATGTACGATAACCAAGATATGAAAACAACTTCAGTGCCCATGGGTAGGTGAAA

AAATGGAAAATGTGGTTAAAAATATATATGTGTATGTATGTATGTGTGTGTATATATATATATATATATATATATATAT

ATATGTATGTATATGATATTATTCAGCTTTTTAAAAAGAAGGAAAGTCTGCTCTCTGCAACAACACTGACATGCTTAGA

GGACATTACGCCAAGTGAAATAATCCAGACACAGAAAGACAAATGTTGCATGACTCCCTAATATGTGGACTCTTCGCAG

CTGAACTCATGGAACCAGGAAGTAGAAGGATGGTTGAGGAGGAGAAGTTGAGGAAAATGGGGGGATGTTAGTCGTAGGG

TACCAAGTTTCCATTGTAAGATGAATATATTCTGGCGATCTAATGTACAGTGTGGTCACTCTAGTCAACAACAGTGCA 

>Giant.6584:155263-156296 

GTGTAAAGGCCGTTAGGGAGGGGCAATTGGTGCGAGCGGTTAAAAAAAAAATAAAGTGTGTGTGTGTGTGTGTGCGTGT

GCGTGTGCGTGCACTAAATGACTTACACCTTTTGGGAAATTTCAAGTGGTTTCTCTTAGCTGGAGATGGGAGTTGGGGA

GAGATGAGTCCAGAAAGGCAATATTCTATGGACAGGGATGTGCTCTTAACACTTAATTCAGGCTTCTGGGCTTCGGCCT

ATAGATAATGTGGTGTTCCTGAAGGGCTCTTAAGTGGGACGGTAATGTGCTGGTAACATGGGAGTTGACATAGTGACAC

AAGGAAACTGGAGACAAGGTAGGACAATATCTGAGTAGAATTGCAAAACACAGTCTGACCAGTTGAAGGGAGTACTGAT

GGAGGAAGGAACTGGGAGTGCTTTTGAATTACAACTCCCAGGTTGCTGATCATAGTAGGTGTTCTCTAAAGATGGCCCC

AGTGACGTCTGCCCCCTGGTATCCATGGCCTTGTGTAATGTCCTCTTTATGTGCACTTGCTTCTAAACAGCAGAAGATG

GTGAGGCGGAGGGGATGCCCCATTTTAATCAAGTAACAAAATACTGTTCCTATCTTCTTGCTAGCAGGCTGGCCTTATT

GTCCTCTTGGCTCACATACTTTGATGAAGCAAGCCACCATGTTGGGAGTCCAAGAAACTAAATTAAACTAAACTAAACC

AAAACTAAATCCTTAGTCCAACAGCCATCAAAGGTTTGAATTCTACTGACAGATTTCCCAGCTTGGAAACAGACCTTTC

CCCACTTACATGTTCAGATGAGACCTCAGGTTCAGCCAACCCCTGACTCCAGCCTGTGGGGAACTGAGAGAGAGGGTCT

GGTGAAGTCATGGCCAGACACATGACCCACTAAAATGTAAGATAATAGATCTGTGGTATTTCAGGCTGCTAAAGTTGGG
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GCAATTTGTTAGGTCTCATTCAATAACTAAGGCCACACTAAAGAAAGAACATGTATAATGCATTTTGAAAGAGTGACCC

AAGAAG 

>Giant.6556:89100-90076 

CCTCTGGGAAGAAATTCAGGCCTCCACCTCCCTTCCAGAGAAACACCCAGGTTATTAGAAACTTGGTGTTAAGTTTTCT

GCAAGTGTTTATGGATTTAAGGGCTGCAAACCCCAGCGGGTCTCCTGGATGAAGTCCATGGACGGCCCTTTGCTCTGAG

GGCTCTGTGGAAGGACAGCTCTTCACGGCTGTGGCCGGGGGGGCCAGAGCTGGCGTAGGGCCCCGTGTTTCCTGGTGCT

CAGAGGCTGGTCAGCACAGCCCCTCCCTTGTGCATCATTGCTTCGTTTGCGGGACGAGGGTTTGTGAACCCAGCACAGG

TCACGACTGGCCTCTGCCCTTAGGGCCTGTGTTCTTACAGGGCAGGGCTGGGTGCCCAAATCCTAAACAGGGGCGTTAG

CTGGAAGTTCCTGGACCCCAAACCAAATGGGATGATGGCTTTCAAGGTGGGGTACTTGGAGAAAAAGGCTCCGGGATGG

GGAATCCCCCAGAACTAGAGGTGCTGGGCCCCACAGTAGGAGCAAAGGTAGTGGCCAGAGGACCCCCAGAGGCTGGAAG

TCCGGTTTCCTGCCACATGGAGAAGGGCTCTGTGAGGTGCCGTAGGACCCCGGCCCCAAGTCCACCAGGGAAGGAGGGT

GCGGTCAGGGTGGAGAGGCAGATGGTTGTGGGGCCTAGCTTGGAGAGGAAGCCGGGCGTGCTGCAGGTGGCCGTGGAGT

GATGGCGGGTTCCTTCAGGGGCTGTGGCTTGAGCAGCGTGGATATACACGCCGTCCAGCGGGAGGGCGAGCAGAGACTG

GCTCTGCACTAAGCCCAATGGAACCGAGACATCCAGTAGGCCGGCCGCGGATAAGCCGGAGCAGAGCCCCTGGGGAAGC

CTGCAGGCGCTAGTCCGGGGGCAGGACATCTGAGTGTGGACACCAGGAGTATTTGGGGTCCTGCTGGCGGGACTGAGCT

GGGAATCTGGGGTGAGGGAAGGGGCTCA 

>Giant.6556:84112-85101 

CATGGTCAGGAAGTGCCTGGGCCTTTGGCGAGCCTCCTCTGCATTCGCACACCGGACCGCATCTGGTGTGTCGTAGCTG

CTCATTAAACGCCCGCTGACCCCTTCCCTTGTCGCAGTGACTCTGAGTGCGCAGCATGGGACGGGCACGCCTGCCTCCA

TGGCCCCTGCCCCGTGACCCCCGCGGCACGGCTTGAGGCTGTGAGCCCGAGGCCCCAGGGCCGGTGCTGGAGCTGACAC

GCGGCTCCCTCGCGTGGCCCGCAGAGGCCCTCTGCTGCCAGGCCGGCCAGGACGCCCTAAGGAGAGACCAGACTGTCCA

GCGGCCACCCTGGAGCTTGGCAGTTACCTGGGCGGCAGGTGCAAAGACAACTTTGAGGGTTCAGGTGTGGTTTTTGTTT

TTGTTTTTATTTTTTTCTTTTGCGTTGGATGTGAGTTTGTAGCAGAGGCCCGAGGAGGGAGGGCTGCCGAGCGCCTGCC

GGCCCCTCTGCTCCTGCCTTGTCCCGGCCTGCGTTGTGTTCCTGTCTTGGCCTGCTGAGCAGGAAGTGTGGGTTCCACC

TTCTCGCTGTGTGTTGTTTTAAAGGCGGAAAACCTTTTTGTGGCATGTAGTGCTTGACACCCCGGGGAGGCCTGAAAAT

ATCCCAAGGGCTGGCTGGGAGGTGGGGAGCGGCTGGCGGGGGAGCCCCAGGCCTGGGCTGGGCGGAGATAAAATAGTAA

AAACAGAGTGGCCTCCGGGCAGGTAGTTTGGCTGAGCACGGAAGCGCTTTCTGTCTAAGGGGCTGTTGAAAGCTGCGGG

TTTACCCTGGTGCTCAATTCGTAAACCCTGGTGCTCAATTCGCCTGGGGACCCGGAAGGTCTTTAAAATGCACATCACC

CACCCATGCCCTGACTGGTTGCCAGAAACAGGTGCGGCCAGGTGCGGCCAGGTGACGGTGGCGTTGGGTCAGGGCTGGT

GTAGTTGAGTGCGCTGGGAAGGGGGCAGTGCACAGCCATGG 

>Giant.6516:80126-81110 

CCCCTGGGTCTCTTCTCTGTCCGCATGAGCCCTTGTCAGCGCTGGGGGAGAACTCTTGTGGGGGTGAGTGTGTAATGGT

GGCTTTGGGAGTGGAGGGGGGGAGGGGCAGGGGAGCCCCCATTGGTAGCATGTGCCTTCTCTGAGATGTGCGCCCTGCC

AGCGTGGACGTGGTGTCCGGGCGCGGAGTGGGAGCGGCATGCAGAAGGACGCCCCTGTAGGCTAGTTGCACGAACCAGG

TTCCACGGAAGCAAATGACCTCCGGCACCGAGACAGGACTGAGCCTTAGTAGGGGTGCCTGTGTGGCTTGGTCAGGTAA

GCGTCTGACTCTTGATTCGGCTCAGGTCATGATCTCAGGGCTGTGAGACGGAGCCCCATGGCAGGCTCTGGGTGGATTC

TTTCTCCTGCTCTCTCTGTCCTCCCCCGTCCCCTGCCTGCTGCACATGTGCTCTCTCTCTCCCTCTCGCTCTCTCTCTC

AAGAAAAAGAAAAAAAAAAAAAAAAGGGAACCTTAGTAAGATAATTAGGCAGTGATGAGTTCTGAGTACTTACCTCTTT

TGTTTTAATGTCACTTAATTGTAAACGTATAGAAATCAATTTTAATAATGGCTGCACTTAACAACGGGCTGGTAAATTT

TAGGTGGGCTATGTCACCAGGCAAGCAGACGGCTGTGCACCCAGATGCTGCCTCAGGAGAGGGAATCCCAAGAACAGTC

CTGATTCTTCTCTGGTTTTCCGTGGAGACGCTAGCGGCACAAAGTCTCTCGTCTCCCTTCGGCTTCTTGAGCTGCTTTC

TGTGTCTCTCCCCAGCCTTGCCAGAGTGGGAGTCCAGCTCCTCTGCTCACTGAAAAATGAGATCATTTATGTGTCCCTG

GTCACCTTCAAGGTGACCACAGAGTTCCTAGCTTGTCATCCACAGAATTCCCATGAATTCGTCTCCCAGGATACCCTGG

GAAATCTATTCAGGAGACACCGGGTCCCTCCTGACT 

>Giant.643:417492-418514 

AAGACTTAATACACGTGAAAAAAGATTTGGAACATCTCATTCAGAATTTCTGTATCGATTACATGTTGAAGATAAAATT

CTAAGAATATTAGAATTAATTTTAATGTGGCTACTAGGAAATGTAAAATCACCTACGTAGCTCGCTTTACATTTTGGAC

AGGGTCCCTCCAGGCACACAGCCTGAGACAAGGCTCAGAGTGTCACAGTGGGGCCGGAGGCGGGGAGAACGAACCCTCA

AGTATGCATATACCCAGGGGAACCGCAGGGGAGTGAGGGCTGGCGTGGGTGCCTGAGCCAAAGCGCACTAAAGAGGGGA

GGAGAGAAGCAGCCAGAAAAGGTGAGAGCACCTGGGGGGATCTGACAGTGCCCAGAGCATCCCTACCTCCGCTCCCTTC

CCACCTCCCGTTAACATAGTGGTGCGCTCCCGAGCGCTCCGTTCTCTACCTATCTGCGATGCTCTGTGTGACCTATGTC

TGGAGATGGCGCGATGTTCCGTGACCTGCTTTCCTACTTAAACATAGTCTTAAAACATCTCTGTACATCAGTCACTACA

GGTACATCTTTTTTTCTTTTTTTTAAGTTTTATTTAAGTAATTTCTACACCCCACCCGGGGCTTGAACTCACGACCCCG

AGATTGAGTTGTGTGCTCTTCCGACTGAGCCTGCTGGGTGCCCCTACAGGTACAACTCTAGAACGAGAGAACATTATAT

ATTGCTTACATTCCACCTTTTCGCTTATTTTAATCTTTAAATACTTGGGTTATTTCATTGTCTTAGCACGTGATTCTCC

AGCCCTTGAATCTTTATAAAAGTCTGTTTAAACAGGGGCGCCTGGGTGGCTCAGTGGGCTAGGCCACCGCCTTAGGCTC

AGGTCATGATCCCGGGGTCCTGGGATCGAGCCCTGCAACCAGCTCCTTGCTCGGTGGGGAGCCTGCTTCTCCCCGCTCA

CCCCCGCCTGCCTCTCTGCCTACTTGTGATCTCTATCTGTCAAATAAATAAATAAAATCTTAAAAAAAAAAAAA 

>Giant.6394:62546-63584 

ATTATTTTATTTTTTTACTAAATAACACACTCTGGAATGTGGCCATTACAGGATATGCTCCTTACCTCAGATCCAAAGA

AATGCATTTGGACCATAAATCCACACAGCTGAAAGTCTAGAAAAGACAAGGAATTTGCTTCTAACGTGGCCCTACCATA

TGCAAAATGAGTCTTGACTTTATAGTCAAAGTGGGCATTAAGTAAAGGCATAGATATTTGATACTCATTCTGTTGTGGA

ATATTTAGGAGTATAAAATAGACAACAAGGACATAAAGTGAAAGCTCAAAGGTCAAAGACACTGAAATACCAAAAATTC

TTTCTGAATCACTATTATTGCATTTTCTCTAGTTTGATGTCAAGGCAAATTCAGTAAGTCGACAATATACCTTTACAAC

TTACTAGATATATGGATCCTACCTTCCTTTGGAGCAGTTTGATAACTAAAATATCACATTCCCTAAGAAGGATAGAATT

TTACCTCTGATAAAAGTAATATTATCCGTCCAATTTGCAAAGGAACCTCAGACAGTCTGCTGGGTGTTCACTTTAACCT

GCTTGGAAACTTTTAAGAGTGGAGAATCGCACTCATTAATGGAACCGACAGCTCTCGTGCATTTGTGATCGGCGGGCAG

CTTAGCTAGATACGGGAAACAAAGGTCAATGAAGACGTCGCCCCACCTGGAGGAGCTTCAGGTGTCTCGGCGAAGACAG
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GTGATTCCGGTGGAAAGGGGGGCATCTGGAGGCGGCGGTGATAGGGGCAGCGGGGCCGTGGAGAGGGGGTGACTCTGGC

TACCATAGGAGCCACTGTGCAGGTGCCCTGACGACGCCCAGAGGCGGGGGCCCCCAGGAGGCACGGACCGTGCGGAACT

CGAGCACCCAGGGAGGTTTCGGAGACCCCGTTCACGCAGACAAACGACAACTCCTGAGGGGACACAGTCTCCGTCCCTG

GGGGAGGCGATTCAAGTAACAGGAGGTGGAAAGACGTTTCGTGACAAGATGGAGCTGGGCTTTGCAGGCCCCGCCAGCA

AGGGTTAGGGG 

>Giant.6288:123680-124665 

CAGACGCCGTGGTCCCATGGACGCCCCAAGGGAAGGATGGCAACCCCTCACGTACTTGGTACCCAGCTCATGGCCGTCC

CGCCCGTCCCCCTTCCCTCGGACGTGGGCAGCAGCCTCTCCCAGCTCCTGCAGCTGCGCTTAGAAGCCAGTGCCCTCAC

CCCACTGTGTCCTGATAATTATCACCAACATACTGGGAGGCCAAGACAGAGAGCGGCTGCCCTCTCACCCCCACCACAC

TCAGTCTCCCAGTTCACCAGAGACCACCGTTCTCCCCATGTCCTCCGCAGGTCCGTGGAGAATGGAGGACACACTGAAC

CTGGGGGGAGCCCATGCCAGGTGCCAGGTGCCTACCACGCGCCAGCCGTGTTATTTCCCAGTCCTCGCCCAGACTGCTT

CCCCCCTGCCCTGCTGTGTCCCTCGCAGGCGGCCAGAGAATAGTCCGTGCCAGGTCTGCAGCTGCTTTTCCTTCTTTCC

CCAAGGCAGCAGGCGGTGCGGTCTCCACACCGCTGCTTCCTGATCTTCTCCACCTCGTCTTTCTGCTCCTGCTCTCAGG

GGTCACGGCACCTGGGAGGAGACAGAGCAGCAGCTTCCCAGGGTCCGCCCCGGCCTCTGTGCGCCAGAGCCCAAGCGCT

GGTCCAGGAAAGCAGGAACTTGGCTGCAAAGGTGGGGGTAGAAGAGACGAAAAGCGCCACCTGGGAAGGCTGTCCTCTG

CCCTGTGCTGAGTACTTACACACTCCCTTTTATAGAAAGTTAGTTACCCAAGCCCCACCTCCAGAAGAGGCTGATCTAT

CTGACTTGAAAAGTCCTCTAGGAGTAGGGGTCAAATCACTCCATCTGTGGAATTCCTTTGTGACGCAAATAAATGCAGG

GCTATCCCCTTAGTGGGCATCAGCCTGAACCCCTCTCTGTGTTCCTTCCCAGAGCTCCTGGGCCCATCTACTCCCTCCC

TTGGGCAGAAGGAACTAGAATCAGATGCCCCCAACCC 

>Giant.6288:120735-121718 

CAGGACAGGAGCAGGTAAGGCTCATAGGGCTGGACAAGGTGATTCCAGGGATGACCATAATGAGGATAACGTCACTGTT

TCCCCCATGGCTCTGTTTGAAGTGCACAGAGAACTTTCTGAAAGATCGTTTCTCAGAAATCAGACTTTTGGCAGAACAT

AGCAGGTCAATCGCAAGAGCCCGGGGTTAAAACGAACAATCGTGAGACGGCTTGGACATGTAGCACCGACATCTGGTTG

AGGTGGCACTAGGCCCGTCCTTCCTTGCTCCTTGCAGGTGGGCCATGATAGCATGCTCGAAGGCAGCTCTCAGGAAGGC

CAGGGACTCTGTGCTGAGCCTCAAAGGGCAGAGGTCAGTCTCTCCAGGTGAGATGAAAGTGACCGGCACGTCTGCTTCT

GGAAGCCTCTGTATCACTGGTGCTCCGTGAACCCAGAATTGTACATTCTATGGGCCACTATGAGACGTAGTTATTTTAA

GTTATTAAATATTTGTTACTAAATACTTAATATTCACTAGGGTTGTTTTTTCATGCAAACTAATTGTATGCAGGGTCTT

TGATAGCCAGAACTACAGGCTGGTGAGACCAATCTGCGTGACGGTTACTGCCCCTCGTCCAAGGAGGGTTATGAAAGAT

CAGAATAAATATTTAATTTTAATGCTGTTCGGAAGCTTTTCCCGATTATACAGGAAGCTCTATCCAGGGGCATTAGATG

TTCCTGACAGTAAGTAAGTGGCACAAAGCAGGACACTAAGGCCAAGGGTGCGTTGGCTGAGTTTTTGTCAGCACCTGTT

ATGCGTTGCACTGTGTCCTCCACAAAAGAGACGCGATGAAGTCCTTTAACTCCCAAAACTCAGAAAATAATCTTAGTGG

AAGGTAGTGGAGTTTAGATGAGGTCACTGGGGTGCGTCCTAATCCAACAGGACTGACATTTGAAAGGAGGACATGTGGA

CCCAGATGTCCACGCAGGAGAACACCACAGAGACC 

>Giant.6268:88263-89250 

GAAAATGCCGAGAGAGGCTAGTTCGGTTGTGGCCGCACTGGAGCGGTTCGGCCGCACTTACAGCGTCGGTGTTTGCCGC

GGGCCTGCCTTTGGCCCAGCCGGCGTGGGCTCGGCTGTCTGTGCTGGGACCGAGCAGGCCTGGAGCTGCTGTGCTGGGG

CGAGGTGGTCTCGGGGGCCTGGCGTTCGCTAGAGGCGGCGTCCGCTGACCAGGAGCAGCCGTGGAGCGTCTGTTTCTCG

CTTCCGTGCAAAGCTGCTTTCCTCTAGTCGCTCGTGCATCAGAAGTTCTGACGGCCGCTTTGTAACCTCAAGTGTGATA

GTAGCTTTTGTACGTGATCTAGTATCGAGTTTCCGTTAGACTGAACTGCAGTTTATTTAGGCCATTAAAGTATCTGATT

GAGGCTCTTCCTAAAATACAGCTATTACCACTTTGATCAGTACCTCTAACTAGATTTGATTCGGATGTTTACTGAGCAA

ACACTGTGGGTAAAGTATCACTGAGAGGATGGAAAAAATGGCACAGGACACGGTCTGCTCTTGGGAAGCGCGTGCTCTG

ATGCGGAAGGTGAAGGTGCTGGCTGGGATGTGATGAAGAGTCACGATAAATATTTTAAATTGTGAAAACCTGTAGGAAG

AGCTGATTTCATTTGACTGGGGAAAGCCCCGTGGATTGGTAAAATATTTGATCTGAGCTGATCCGTTCTGAGTTAGATG

AGGGTAGGGAAGGAATATTCCAGATATGTGGAATGTAGGTTATTGGATCCAAGAACTGGGTTCCGGGGTTTGGCAGGTA

GTTGGATCGAGGACTGGCACGGACAGCACGCTTCTGTCGCCCTCTGAGTTCTGCGTCCGTCCGGCCCTTCTCTGGGCAG

CTCGGACCAGTCAGCTGCCGTGAATGATCGCGCCTGCCTTGCCAAGCCACTTCTGTTCCAAGGCCCTGCCCTCTTCCTC

ACGGAATGGGACAATAATTGTGTCCAGCTCCTAGGGTTT 

>Giant.6268:87276-88263 

TTTGGGATATTTTGAGTATATTATCTCATTTAAACTGAACCTTCTGTATAACGTGCCAAGTGGCGGGGGCGGGGGGGCA

TTTTTACCCGCCGGCTGCTGAAGAGCAAACAGGAGAGCCGGATTCAGGCCAGGTCTGTCCGAGCTGGGGCTTTCCTTTC

TTGTAAGCAGCCCCTTGCGTTCCTGCCCATCTTGAGAGGATTCCCCTGCCTCATTTCTTTCTCATAGACAAATAGGGCA

TCCGCTCCGCCTTGCCCGTCGTCGTGCTGTCCTTCGTGTCAGAGGGGGCAGAGACCCCTCTCCGAGGCCAACCTTTGTC

TCAGCCTGAGTCTGCCTCTCCATAGCTGTCCTCCGCTGACAAGCCCCTTTCTCCCGGTCTCCAAGGTCTACGCCTCAAC

CCACAGTCATTTTCATCCCATCTCCTGTCCCCGGGGGGGCCCCTGGTTTCTCGCTGGACCAGTCTACACCTCGCTTCCT

TCCTGAATTCCATTCCGTGTTAATCCCGATGCGGGAGGAGGCGTCCGGGCTTGATGGCCCATGAGAAACTCATGCCGGA

AACCGTGGCCCTTCTGAGGCTGCCTTGACCTCACTGCGGCCTCTGCTAGTAGCTGCCGCATCCCTTCTAGCTCTGTCAT

TTCTTAGTTTGTGGAATCGGTATCCTCTCTTCAGACTCACCTGTCTAGGAAGTAACATGAGAAATGTCGGTAAATGTGA

AGGTCCGTCTAGCCCTGCTGGTATTCTGGCTTGTCTTTCCTAAGTCTTCTAGCCACAGAGGAGGTTCTTAATTCCGGGT

TAGAGTGAGCCGCAGACCACGACGAGCTGTGTTGTCAAGCTTACTAGTCCCTTTTTCCCTCACAGTTCTTCTCCCAAAC

CCTGACTCCAGTGGCTGTCGAAAAATAACAGTAACATAGGGTCCTGGCTTGAAAGATTATGGCTGCAGAGACGGTCAGA

GACGCTGGGATAAAGCTGGAAAGGGGCTGTTGAACACGT 

>Giant.6230:83795-84828 

GAGACGGGGACTCAGGCATGGAGCTGTGAGCCTTTGTACTTCTTGATCATGTGAATAGAGCATGTCAATGACCACACGA

GTGTCCCAGCTTTTTGTGTGTCGCTATCTTGATATTTACCAGTTTGGGTTTTTTACCTTATACTGGTGTGATATGTATG

TAAGAACATTGCTAATTAGGACATAAATTCCGCTAAAGAGCCCGTAGCGGTCCTGTTCTATCTCAAACGTCCAGCATGC

TGCTTTACAAACAGCTGGTGTCCAACGGATGCTCTCATTCATGAAGTGAGTAAAACAGCTGTGACCAATATGACCGTTC

TGTGGTTTCTTACCAGGTGCTTCTTAAACTTCTCAGAGATTAAAGCACTTGGAGCTGGGACGGCTTCAATCAAAGTCAG

CCAAGGATGAAGGCAGGAGCGCGGATTCGTCTTAAAGCCGTTCCTAAGTGGCAAGTCCGTGCGCAAACCTGTGTGACCT
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GCATGTACCCGTTATGTACATTTTTCTCTGCTAGTCAGTCTGTAAACACGCTTAAACTAACGTCGGAGTGCCGGGTCAA

GTTCACTCAGTATTACTAGGAAAAAGAACGAGCTCGGACACTTGTTCTCCTCCCTACAGTGCGATCCCGTAGCCCCCAA

ACTATTTCATTAGTTACTTTCCAGGTGAAAACAGCCAGCCTGGCGGACGCTCCAGGGCACATCAGGGCGGACGCTGCAC

TCTGGCGTCGGTGCTTACTGGCTCCTTCCCTCTGGGCTATCGACGTGGCTCAGACACATTTTTGATGAGTGAAACCTGT

CGTGTTTTCAATACCGCACGGCCGTCCTGGGTTATCCAGGTGGCAATCTGGAGGGAGCGGCTCAGAGTTGACGCATTAT

TCCAGGAGAGAAGGGAGGAAACAAGAAACATGAAAAGGATGTTCTCAAGAATTGTAACTGATGTGACCCCACTCACCGA

GGCTTGATGGAGAGAGAGAAGGCGAGATGCCCGCCTGTTCCGTGAGTTGTTCTGGGAGACAGTGACGGTGACCAGAGCC

GCTGGG 

>Giant.6192:66573-67568 

TCTGGCGGGCCCCAGGGAGGCACCCATTGCGGTCCCCAGCACAGAGGAGCCTCAACCTGCAGGCCGAGTGGCAGTCCTA

GCGACACCGGGACGAGGGCCGGGCGCTGGGACCAGCACGGGGCTTCCTGCGCTGCCAAAGGTGGCCACACGAGAGGCTC

ATCCTACGCATGGCGTTCAAACACCCGTAGGTGTCCCGTCCAATGAGCCAGCCAGGGCTTCCCTCTGCCAGTGTCTCAC

TAAAGAAAAATACGAAAGGGAAAAAGGGCGTCTTTCTCCTTGAAATAACCACAGACTGCAAACCGGCCTGAGCCTGGGA

CAAAGCAAGGAAGCAGCTCCTGGCAGTCCCAGTGAGGGCCCTTCCCCCTTGGCCCCTGTGACCAGAGGCACTCGTGGGG

AACAGAACACATGACCCCGGGGCCCAGTGGGAGCGGAGCTCGGGGACCCGAGACATTGTGAGTCCAGCTGCCACAGTTC

TTCTCGGGGAGGGACAGGCCAGTCCCACCCCAGACCCCATAAGAGTCAGGACAGCCAAGCTGCGGGACAGCAGCCGCTG

ACTCCCTGAGGGGGCCCGGAGCTCCCCGGCACCCACACACCCGCGGACCGGGAAGCGACGGTCCCCAAGGACACGCAAG

GCCGTCCCCATGCAGTGGTAAGGAAGGGGCGGCGGCAGGGCCCGGCCGGGAGCAAGGGTGCAAACCTCTGCTTTTGGAG

AAGCTGAGCAGACAGGCAGCAAAAATGCGGCCGCGTGAAACACGGGAAACTCGACTCGCGGAGCCAGAAATAAGATCTT

TTTGCATTTGCTCTGCAAAGCAGTATTGGGGAGAGAAGAGGCACGTTCTGTAAATGCTTCCCTGACTGGGTGCCCGCGC

CTCCCCGCCTGCCTCGGCATCTGGGCAGCAGGGGGAGCGAGCCCTCCCGCCCTGGAGCCGGGGTTCCGCGGGCCAGGCC

CACAGGCAGACAACAAAACGGTGGTGATGTCACCACGCGATCTGCCC 

>Giant.6130:11800-12781 

ACTTGTTCTTCCTGCTAATTCCAGGCATCTTGGTTTTCTCTGTGGTCGGCGGTGAGGGGAGGGGAGCCCAGCACTGCTT

CATTCTGCCTCACACCTAGCAGGTGCTTGCCTCACAGAAGGCGGTTGCTGAGTATCGAGAGATGGAGTCTTTGGGGCCA

GGAAGGCTCACGGAGGACAGAGGCCCCGCTGTGGTGGTCGGCATGCCAAGTTCAGACATGAGTCAGTCCACAATCTGAA

GTTCCCTCGTTGTTTCCTTCTTTGTGTCTTCCTCCCGCTCCGTGAGCGAGTCAGCTTCCCGCAGAGCGGCCCCGGCCCC

GGCAGGCTCAGCCCACAGCGGACGGACGAGCCTGTGGATGAGTGAGGCAGCGACCAAGGTGGCATCTGGATCACTGGAC

GCGGAGGGCGCTGCCTCCCTGACGAGGCCGGCCACGTGGTGGGCGGCCCGGGCATCAGCGGGGGTGGGGGGCTTGCCTC

CCGCCGTGTTTTGGGGAAAGTGGAAGGGCAGGAAGAGAGACAGGAGGTCAGTGGATAGAAGATGAGGAAGCAGGAGCTC

ACTCAGGAGGGGATGTTGGAGTCCGACGGATGGGGGCCGGGTCCAGGCTCCCGCCACGGTGGCTCCACCTCCCAGAGCT

CGTGGTGAACAAGACAGCCATAGCTCCTGTTCGTTCCGGTGGGAAGGACAGACAACCGCAATCAACGGGACGCCCCAGG

ATGACATCCAAGAGCCATCAGAGCAAGCATGGAGGGGATGGCATGAGGAGAGGCGCTGACGCCGGGCCAGGCAGGACAG

TTAGCCGGAAGCCCAGTGAGCTCAATCACGGGGGCATCGATGTCCTTCCCTTGTTCTAGAACAGTGCCGGGCCACACGT

CTGTGGGATCCACTGGTGGGGGGAGGTGGGCAGGGCCAGGGACCAGGGACCAGGAGAGGGCTGGCGCTGTCCGGGGTGC

GGGCTGGGGCCTGCCCCCTTAGCTCCAGCCTGC 

>Giant.5976:121084-122089 

CAGTTAGATGGTGGCCGGTCTCCACACCCGTCCCACTTGGAGCTGAGCTATCCGTTTGCTGGGTTTTCCTAGAGCACTA

GTCCCTTGGGAAGCGGAGCCCCCAGCAGCACCCCAGCTAACCTCTGTACCTTTCACCTCACTTCCCGGGAACCAGAATT

TGCCTGTGGTCCCCCTTGCCTGTTCAAGGAATGGCTGAGAGCTATCCCCATCCTTCCCCATCCTTGCCAGCTCTCCCTG

ACTATCCCTTCCCCGAGCTTCAATATCCTCTTGATCTCAGTTGCAGCAAACCCCAACACTGCCATCTAGTTAAGGCACC

TGACCTTTGACAGGCCACGTCCCTTCTGTTGACTTCAATTTCCCCATCTGTAAACTGAGAGTAATTTTACTTGTCCTGA

TGACCAGCCGGAGTTGTGCTGAAAATCAAATGTGTTCTTTCACTTAGCCTTGTACCCTCTAGGCCCATCCATGATGCTG

CAAATGGCAAGATCTCGCTCCTTTTTTTAATGGCTCAGTCACATTCTATCATCTCTATACACGTCTTCTTTATCCATTC

ATCCACTGATGGACGCTTGGGCAGCTTCCGTATTCTGGCAGTCATAAAGAACTCTACAATAAATAGGGGTGCAAATACC

TTTTTGAATTAGAGTTTTCATTTTCTTTGGATAAATATCCAGTACTGGAATTAATGACAGCAGAGGGTAATTCAATTTT

TAGTTTTTTTTTAGGAAACTCCATACTGTTTTCCACGATGGTAGCACCCGTTTGTGTTCCCACCGACAGTGGAATTTGA

GAAACAAAACACACGGACAAACAAGGGGGGAGAAAAGTCAAACAAACAAACAAAAAACAGACCCAATTATGGAGAGAAA

CCTGGTGGAGGGGGCCACCAGGGGCAGGTGAACTAGATAAAAGGGAGGTCATCTGTGATGCCCACTGAGTAACGTATAG

AATTGTTAATCGTTGTATCATATACCTAAAATTAGTAGGATACCGTATGTTAAATAT 

>Giant.5924:33581-34578 

CTGGGTTTGGTGTCGGGGGAGGGGGCAGAGGGCCACTCAGGGAGCATAGGGCTCCCTGCGGTCCTGACCCCTCCTCCCT

CCTCAATTCCACAGTCCAAAGGGGCCACAGGGGCACTGGGAAGGAAGGCCAGACCCTTCTCCCCACCCTGCCCGAGACC

CAGGTACCAGAGAGCTACACTGGCCACAGGGGTTGCAAAGCCCCTGCTAGGGGATCTCATCACTTCCCTCTCTAGTGAG

ACTGGTGGGTTCCAGGGGCCATGACCGGTGGAAGTTTTGGAAGAGGTGAGGGTCGGGAGAGACCCTTCTGGACACAGAA

GCATCCCGGTGCTTCTGGGAGTGAATCAGGTGCCCTGCTGATGAGGGCTGGGGACTATGGGCAGAGCAGGTCCCGCCAG

AAGCCAGGTTTCCGTTCTTCAGGCCTGGCTTGAGTATCAGCACAGTTCTGCTTCTGTTTCAGAATCCCATGGAACAAGT

GGTCCCTCCAGGCCCCCGGGGCTCTTGAAGGGTGACAGGGTAGGGTCGACGGTGCCCAGACCCTGCTCAGGCAGCCTCT

CCTTTTGGCCCCACCCTGGGAGGAAGACAGCTCTGCGGGGGCGGTTACCAGACAGGACCCCCAGAGCCCAGGCAAGGCT

CTACTCAGCCCGCTGTCTGCCTCCCGGCACCCACCGCATCTGAAGGTTGGGAACCCTACCCAGAGCGAGGAGCTGGTAG

CCTGGTCTGGAGGCTGCCTGGGCTGCTGTCCTGGAATGGGAGGAAGTCGAGGTTGGGGGAGTAAGAGGTCAGGACGGCT

CTTCCTGGGGCGCTTGGGGCGGGCCAGGGACCAGCCTGGCCAGCCAGAAACTGCTTCGTGGGGCGTGGTGGCCCTCGAC

TCCGCAGGCAGCTCAGCCCAGCCAGAGCGCCTCTCCTTATGCCGCCACAAGCCTGCCCAGATACAGATGCTGGTGGAGG

GCTGGAGCTCAGCCCGCTTCTCCCACCCCAGCCCTGCTCAAGAGTTCCA 

>Giant.5898:157969-158985 

TGCCCCGGACCCACCTACCCGCACCTCCCGGGGCTGCGCGGCTCGCGGAGGGCGGTTGCCGCCTCCTTCCCCATCCGGG

GCGCCGGGGTCGCGGCGGCGGCCGAGCACTTCCGGGTCCGCCACCACCTCCGCGGCGAGAGCGCCCCCGCGCGGCCGGC

GGAGCTGCGAGCTCGCTGCTGCCCCCTCCCGGCGGCTCGGAGACCTCGCGGCTCCCCCGGGGCGGACGCCCCTTCAGAG
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CCGAGGAAAAAGCGCGCGCCCGACAGAAGGGCGGGATGTGGCTTGGGCCGGGGGCCGGGCTGACCAGGACAGATCGTAA

AACCTGCTTTCCTGCGCTCCCGCGACCCGTCCGGCGCTCCGCTGGGGACTCCCGGGCGTCCGCGAACGCCCTGCGCGCA

CCCCCCGGGAGTGCCCACCGACGCCGGGGGGGCCCCGACTCCGCAGGGACCGGAAGAGGCGGAACTCCCGGCTGCCCTG

GAGCCCCGGCCGCAGCGGGGGGGTGACGTCTCCCGGGGCGCGGCTGCGAGTGGGCAGAGCCCCCGCCGCAAAGCGCGGT

AACGGAGACGGGCGCCCACTGCCTGGGGCTGCAGGGCGCGGTTCTCTGCCCTCCGCTGCCTAGAAGGGGTCGGGGGGCT

GCGGCAGGAAAGTCCGAGGCCGGTGGGCGGTTGCTGGCGCTCAGCCGACTTCACGGAGGCCCGCGCGGGCGGGAGGGAT

GAAGCCGCAACGCGACGGACCGCGGGGACGGCAAGACGCGGCGCGCGCCGAGGTCAGCGAACCTGGTCCGCGAGCTCGC

GGCGCGACTCGGCAGGTCTCCGCGCCGGGCTCCGTCTGCCCGTCGGCTGCGTGCGGGCCGCGCGGTTCGCTCTGGGATA

CTCGACGGGGCTCGGAGGGCTCAGATCACAGCAACGGACCGTAGCGCGCCGGCTGCCCTGTAGCTTGCGTGAGCCCCCT

CGGGCCCTTGCTGTGATGGCCGGGCTCAGATGCAGTCAGGTCTGCAAAACGCTCTTTCCATTTCTCTC 

>Giant.5886:109669-110664 

GATTCTTGTTTGAGGGGGAAGAATAGGCTGGGACTGTTGGTCTAGCTGTGTCCCCTCGTTTTTGCACTCGAAGAGGGAG

GTGGCAGGAGAGCCCAGGGGCCCCGATGCTCAGACGCTCAGCCCGCTGTGCTGCGTTTTCTGTCTGCGCCTGCGCCTGC

TTACCGGTCCCGCCTGGGGTCTCCTTTCCTGGCGGCCCAAAGCTCTGGGTCTCGGGCTCCCCTCTCCCACCCCACACAC

CACTGGCCTTGCCAGGGAGCCCCTGCCCCTGCGGCGGGGGGCCGGGGGGGCGGTGCCTGGGGGCCCTGCCGCGCCTGAC

CAGCTCCCACGTCCCGCAGTCGGTCGTGCGCACCTGCTGCATCCGCAGCTTCGGGCACTTCGTGGCCCGCCTGCAAGGC

AGCGTTCTGCAGTTCAGCGCGGAGGCCGGCATCTTCGTCAGCATCGCGCCGTCGGAGCGGGAGGGCGCGATGCAGCAGG

CGCAGGCGCAGTTCCGCATGGTGAGCCGCCGTCCTGGGGGGCGGGGCGGGGCCTGCACGGAATGGGGGGGGTGCGGGGC

TGTGGGGAGGGGCCTCCTCCCGTGGGTCTGCAGACAGGGAGGGAGCACAGGGAAGGAGCGGTGCTTTCAGCAGAGGCAG

CCTGGCCCCGTCCGTGTCCGGACTGCCTGGGCTGGAGGCCCGTCTCTGTCCCCTCCTCTCTGAGCTCCCTGCTAGGTTC

CCCAACGGGTTCCCTGGCCCCAGGGGTGCTGGCCTCACGGGGTTGTGACGCCAGAGCCAGCTTGCATCTCCGGCCCGTG

CGTGCGAGTGCCCCTGGCGCTTCTTCTCTTGGGGATGAGGACTGGGGGTGGGGGGAATGGCCAGATCCTTCCCTACGGG

ACCCCCAGAAAGTAGGAGGTGGCCGGGGTTAACCTCTTCTCCATTCAGAACCTGGTCCCCAGACGTTGACTGAGAGTCA

GCTCCGTGCCAGGCCAGTGTGTTCTGTAGGCCCTGGGTCCGCAGCAG 

>Giant.5854:110435-111466 

GTTTGGGGTGACAGTATTTGATGAAAAGATGATGATTCTACTCTGTTTTCGGAAAAGTCAGTCATTCTGGCATTGTTTG

AGGTGGTGAATTTCTGGGTGTTGTCCCGTCTGATCATCACACGAATGGCTCCGTCTGTGCTGGGCACTGTGCTTCAGGC

TTTTGCGTGTGTCCTTCCTCACTCCGACAGCGGTTCCTCCGCCTCGTGCATCTTGCTCATTTCACTGTGTCTGACACCA

TAGTTCTAGATCCTAAAGTCCGTGATCACGTGGCTCCCTATTACTCTTTTCCTCCCGAGTTTTCTCTGCCCTTTCTCTG

TACTACTTTTCCCTCTTCCCTACCTCTCCCTAGTTCATATGCCAGGTACGCCAGCGCTAGAGGGAAGTCTGAGCAGATC

CCTCCCCAGAGGACAGCAGAGGAAGCTGATGGGGGCTGCAGGTGACAGGAAGGAAAACGGTGCTGGGAGCAGAAATGGT

ACATGGTGACATTGGCAGATGGTAGAGTTGAGTTCCAGTTAAACCTGAACTGACTGGAAGGCACAGAGGGATCATTTTT

TATGGCCCAAAAGAGGGGTTGATAAGAATCTAATCATAATCTAATAATGATTTTATATTTATCAGATTGGTCATTTTAA

AAAATCATCTTTACTGGCTTCTTGACTGGAATCCGTGAGTGGTGACTGAGCATTCAGTGTCTGGTTTTGTGATCTGGTG

GTTTCCATTTTACTCATTTCTCAGTCGAAACCATTCCCCCTCTTTCAGGGGGGGCAAGGAAGAGAAATACCCAGGGATA

CGTGTGTTACCTGGGATTATTCAGTTCTCCCCCCATTACCCCCGCCCCCCAATGCTTTGGGAAGAACAAGCAAGGTATT

TTGGTGTGTCCGTAAACGTCCCATGCCCATCAGACCTCTGCCCTGCGCTCGGTTCCCTCTAATACCGTAGAAAGCCTCT

TACCCACCCCCTCGCTAACTGCCCCCATTGGAGACTTTTGGTGACTGGGGATGTGTTTGCACTTCATAAATATATTTAA

ATTT 

>Giant.5754:9895-10883 

TGGGTGTCTGTTCTGGCTTCTCCAAGGAAACAGGAGGGGGGATGACAGATTAGATAGATAGATGGATGATACACGGATG

GATAGATAATTGATGGATAGATAGATAATAGATAAATGACAGATGGATCGATCAATCAATCAATCTACATCAAGACGTA

CATGACGTTATCTGTCTATCCACCTCCTGACCTAGCTAGAGAGGTGGCAGGATTCCTTCCCAGAGAAACCTCCGAGTCT

GCTCTTTAGGACCTCAGCTGATTGCACAAGGCCCACCCACATCCCTGAGGGTGATCTGCTTTACCTAAAATCGGCTCCT

TCTAGGTGTGAACCCCACCTATGACATACCCTCACAGCAACGTCTAAACCGCGGTTTGCCAGAGCCTGGCCTCAGTTAA

CCACGTGTGTGTCACGCAGCTTTGGAGCCGGGCAGACCAGGAGGGAATGTCTCCTAGCTTTGTAACAGGGCCGAGGGGC

CACAGTTACAAGCCTCCATCATCTTATCTTTAAAACGAGAACAGTGAAAATACTCAGAACGGTTATGGGAAGAATTGCC

TGTGTGCTGAGTGGGTGGTGCTTGTGTTACTCCCCACCGACCCCACTGGGACTGGTGAAGCACTGGCCAGACCAGGGGT

CCCGGGGAGACGCCGAGGGCCTGGGCACAGCTGCTGGAGGAGACTGTCCTCTCTGGCGCAAGGAGGCAGCGACACAGAC

CCGATCTAGAAGATGGGGCTCCTGCTGCAATGTACCCCTGGGACCTGTCCCACTTGGTCACAATTCCACAAGCTCTGAA

ACAAGTGCCTGATACCATCAGAGGCCACCCGCTCCACCAGCGAGAGAAGAGTGCACTCGGCGGGGTCAGCTCAGGCCGC

GCTCTGTCCCGCCTGCCCCCATCCCGTCACCTCACACAGCCTCCTGTTGTTCCCTCGGGTGCCCGGCAGGACAGACTCC

CGTTCAAACCCTAGCTCCCTTCTAGGAACCCCCTGGTCAA 

>Giant.5588:145867-146873 

GACGAAGGGAACCGAGGGAAGGGCAGCTGCTTGTTTAGGGACTAGGTACTAAGGCAACTAATCACACGGGGACTCAAGC

AGGAACAATTTGGGTGTCTGCACCAGAGTGACACCGACAACTGGAGAGATCCCAGCTGTGTGTTCATTTCTTTTCTATT

TGGCTAGAGTTACATAAAATGGGAGGCCTAAATTAAACTTCAGGAAAGAAACCGGAGTGGACTTAAGATTATCAATAAG

GGTCAATGGCCCAACATGATACCACAAGTTTCTAAACAGTCTGGGAATTCCTGTGGCTTTGGGCATCCTCTGCCCACTT

ACTTAGTTGGCATATACAGTCGACCCTTGAGCAACATGGATTTGAACTTCACGGATCCACTATACATGGATTTTTTCCC

CATAAGTACAGCACAGAACTGTAAATGTATTCTCTCTTCCTTACAACTTCCTTAGTAACATTTCCCTTACCTCAGCTTA

GTTTATTGAAGGCATACAGTATACAACACATAGAACCTACAAGACATGTGTTAATCAACTGATTATGTCTCTGTAAGTC

CCCTGGTCCACAGCAAGCTGTTAGCAGTTGGGTTTTGAGGAAGTCAAAATTTATACTTGGATTTTAGACTGCATGGGGG

TCAGCGCCCCTAACATCTTCGCTGTTCATGGATCAACTGCATTTAAGGGACAGCTGCATGCCAGAGACTGTGCCGTCAC

ATGTGGTTGAAGAGCTCCTTGTACCCCAAAGCTCCAACCTACTGGGCAGACAAACAGTTAAGGAATTAGCGTATGGTGT

CAGCATGAGGCAGTACAGGGATGTGGAGAGGGGCGTCTAGTGCAGTGCGTGCATGTTAGGCTTATTGAAGAATGTACTA

TCCGGGCTGGGACAGAGTGAGTTACAAATGATCCACATGAACAAAGATCCTTGCTGGGGAAGAGTATCACGCAAAAAGA

GAGGGAAAATGATGCTTGACGATCCGGAAGCCTGCTATGGCTAGAGCATATACAGGGG 

>Giant.5428:77156-78124 
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CTCCCCTGCATCTCTCTCTGTCAAAGAAATAAATAAAGTCTTAAGTAAATAGATACAAAATAAATAGATACAAAAGAAG

ATATTAAGGCAAAGCAGTAACCGCGGGGCAGCGAGCAGCGTCGTCCCTGAAACAAGCAGAACCGGAAGGGTTCCGGGGC

CCGTGGGACGAGGAAGGCGAGATGGACACCTCGCAAGTGGGTCTGGTTTGGGGAAAGAGGTTCTCCTAATCGTCCTCTT

CTCCTCACAATTCTTCCCCACTCTTCGGGGGTCCCGCACAGTTTAGAAATCAACTCCTCAGCCAACACACCGGGTACTG

CCCGGTCGGGCCCCCGCCTGCACCTCCACTGTCTCTGAGGCCCCTCACGCCATCCCCAGACTCGCCCCCAGCAGGACAG

ACCACTTAAGAGCTCCTGTCACGCCACATGGCACACGGTCACACTGTCGGAACTCCTGTGACAGTTCGCACCGCCAGAC

CTGCCTGGACCATCCTCTGTCCCAACAGCGAGGACGGCCACGTACTCATCTTTCTGGGGCTTTGCTCGTCCGCACATTC

CCTCATGACCCTTCAAGGCCGAGTAAGCAGCACCTGCCCCACCAGGGAGCCAGGCCCGGGTGTCAGCGACTTAGACACG

GACACAGACTTAGAGCCGTCACTGCCCCGCCGCTGGAGAACGAGCTTTCCGACACCGAGAGTAACATCCTCCTCGTCAT

CCCACCCTCAGCGGTTCTGACCTTTTACAGCCTCTAAAGAAGCGCCTTTGCTGAAGGAGAAGCAAGCCAAGGAGGAAAG

ACAATACAGCGAAGTCATCTGAGTTCTAGGAGGTCCCCTTTCATCCGCCAGCTGATGACCGGATAACCAGAATCGGGTC

TGGCCACACAACGAGAAAGCACTTAGCTTAGGGGAAGGAACGGGGCACGACCACGGCCGGAATCTCGAGACCATCAGGC

CGCGTGAAAGACGCCGTCAC 

>Giant.5422:41147-42155 

TTGCTGTTCTCACTTCGTGGGGCTGTGCGTCCGGGATCCAGGTGTGGGCGGGGTCGTTTCTCCTCGTGGTCTCTGCCGT

GGTCTCCCTGTGTTCTCTCGTCCATCTCTGCTCAGGCATCTCTCACATCTCTCTTCCTCCAAGGATGTCTGTCAGGGTC

AGGGCCACCTACGACCTTAGCTTTAATCAGTTCCCACGTGACCCATGTGTCACATGAGTTGGGGCTGTGATGTGGATTT

GGGGACCCAGGTCAGCCCCCCATGGCCAGTCTCCCCTGAGCCCGAGAGCTCCCAGCACGACCCCGGGCTTGGCGTGGAC

ACAGACTCGGGACGGGCGTGGGTGCAGGAACGTGCTCCTGTGTGAGCACCAAGTCCCGACTCCACGGCCTTGCGGAGGG

TTGGGGGGGGGTTCCCTTCGCTGGTCGGCGCCGCCGCTGTCCTGCTTGTTTCCACAGTGCTCTTCCCGCTCTCCCAGCC

TGCTCTGCGGGCCCCACCTCCCCATGTGGACCCACGTCTCTGCTTCTGTGTGTGAAGCCCAGCCCCCTTTTCCCGCTCT

GTCCGCCCCCATCTTCGTTTGGTCTCCTCGTCCCTGGGACGCGGCTCAGATGCCCCGGCCTCCAGCCCTCCCTTGCCAT

CCGGCCCTGACCAGCTCTCTGCTCCCCAAAAAGCATGGGCCATTTGGGGGTCGGGCACTGCCATGCCAGCCTGGCATCC

CATTTGGTGACTTGCCGGGTGGTGACAGTGCCCAAGAGCAAGTGGGTGTCGGGGACCACCATGCTTGCGCAGGGCCTCT

TGGTGTGCGCCTGCTCACAGATGCCGCCCTGAAGGCTCGGCTGCGGGGGCCGGGCGGGGGCGGGGAGACACGAGAAGGA

TGAGAAGCGTCCTGGAAGGGACAGCGACAAGGCGGGCTTGTCTCACAGACTTCCAGGCCTTCCCCAAATCCTAGCCCGG

GCGAGGGCGAGGCGGCCAGAGCAGCAGGCGGGGTGCATGAGCACGAGCGAGTTTGCTGTG 

>Giant.5422:35153-36151 

AACCGCCCAGGGGCACGTCCGCAGGTCCTTCAAGAGACATGTAAGAGCCACGGGGTGTGTGCTGCACGACGAGGGTGTC

GTGAGGACGTGTCCGTGCCGTGGGGCTGCCCACCCTCTCCCCGGCCCAGAAGTCGTCCTACGCTCTCGCTGCTGTTACG

TCCGAGTCCTCTCATCCCGTGGGCCGCTGCCTCCTGGTTTCCCTTTACAGAAGCAGGGCCCCCGGGATGCCAGCTGCGT

CGGGGCTGATGTCCCTGCAGACGCTCTGTGGGAGCCCGGGCCTGGCCCGAGGTCATGCCAAGGGCAGAGTGAGCCCCAC

GGGCCAGCGCTGCGGGAGAGGAGAGCACTCGTGGACGCCTGGGCCTCACTCGCTGTCCCTGCCCACACAGCAGAGTTGA

GGGTCTGGGGGTGCCCCTCCCCCCTTCCCCGGGCCTGGGAAAGGACAAGTGGCCTGGTCAGCATGTGGCAGTTCTCCGC

CAACCGTCAGAGCAGCCAGGCCTGCGGAGCAGCACTTGATGTGGGCATGCAGAAGGCCGCCGAGGGGAAGGCGCCGACC

CGGGAGGTCTGGGGAGAGGCCCCATGAGCACCTGCGGCGTGAGGCTGAGTGTGGTTTGCAAATCCTGAGCCTGCGAGGA

GTGGGGGTTTACACGCATGGCGCAGGTGGCAGCCACCACAGGATTGAGACACAGAACGTCACAGGTGCCCACCAGACCC

CCTGCCCTTCTCCAGGGTGCCCCCTGCTCTGACGTCAGCCATGTGGACTCATGGACCCGTCTCGAAGTCCATGAATGTG

ACGGGTGGAATGTGCCCTTCCTGTCTGGTTCCCTCTGCTCCAAGGCGAGCCCGAACGCGGGTGGCGGTCCTTCACTCTC

CGGTCGTGGGTGGAGTTGTGTGGCCCCGACGCTGCCTGGCGGGGCTCTGCCTCCTGCTGGGCGGGCATCGGCCAGCGCC

CAGGGTGGGGCAGGTGTTCCCCCGACGGGTCGTCTGTGGGCGAGAGCTCT 

>Giant.5418:72307-73336 

AATTCAAACCATATGGAGCAAAACACTTCTGTTTTCAAATTGGCTTCAGACACTCAAAATGGCTTTTCCTGTAAAACCC

AAACTCCCAACAGGATGTGGACCTTATTGAAACCTTGCAAGGAAGAATTCTGTTCTAACTCTTTGTACAAACCATTGCC

CAGTAGGATGCGGGCACTGTTCTCCTTCTCTGACAGAACAGTAACTGGACCGTTCGCTAAGCCTCCATCCTTTCTGGGT

AGGGGTCACCTTAGGGGGACTTGGCTCCCTACCACTGAAGAGGCACCGAAATCCCCATGTCTGCTTGTTCCCTTGTTTG

TTGCATCGTGTTCCGCTGAGATGCGGAGAAGGAGAAACACAAGAGGCTCGAACCAGAGACTTGGGAGGATGTCCTGAGG

ATGGTTCCCATTAGTGTCAATGACTTCGACGTTCTTCCTAGTTAGACACAGAGACACGAGACCGAGGGGCAGACCGGTG

AGTTCTAGGACCCCTCCTGCCCTCCCTCTCCTTCTCGGAACTAGGGCCTCCATCCCTGCGGCCTGTGCGCATGCGTGAT

GGGGCTGTGAAGTTTTGGCTGCCCTTCCGCGGCCTCTGTTGTTTTCTCGGGGGCTCAGTGGGGTGGACAGTCTGTGCCG

GGGCAGGACATGCCAACAAATTGCATCACTTCTGCCTGGGTGACCGAGGACAATGACATGCCATATGCCAGCGGCAGGA

AATGAATGGGGCTCATTACGCCGGCACTGGGCGCTGCAGCCGTCAGTCCTCAGAGGCTGCAGGAGGAGGGCTGCAGAGG

AGGGCTGCTGGCAGGGGAGGGGCGCCGGACAGGGCCGAGGGAGGACTGCAGGCAGGTCTGTAGGCAGGGCTGCAGGAGG

AGGCTGCGGGAGGAGGCCACGGGCACCCTGCCCCTGCACTCCAGGAAGGTCAGCCTTGCAGCTCAGGGAAGCCGCAAGG

AAGTCCGCACCCGGTGCCCCTGCACCAAGGAAGCGGAGAACGAACATACCGCAGGCGCCGCGCCCCCGGCCCGCACAGC

CC 

>Giant.5418:56828-57867 

GGCTCCCAGAGGCCACCCACGTGCTTTCTCGCCCACACCGGGCCTGCAGCCCCTCGAGGGAGGAGACCGTGCGCCACAG

CCACGGAGACTTGCAGTACTGAGAAAATGCACCCACGGCTGGTGACTAGCATGGCGAGTGTAAGAGGGAACGTTACGTC

CGGGAGATGTGAGGAACTTTCTTAAGAAGCCATTAAAACATCCATAAAAGCTTCTGCCCTTGGTCCCCCTGCTTGTTTC

AGTAATTCCAGTGTCTCCCTCCTTCCTCTCCAACTTTTCACATCTACTTCTGGGAGTCTCCTATCAGGTTTGCTTTTCC

TTTCTTCTCCCGCGCAGAGACATCCTTGTCCCCTGGACAAGGCTGTGCCGACATGGAAAGCCAGTCTGGGCGCCAGCAA

GCCCCACGCATGCGGCTGTCCGGGCCCCACGGACAGAAGTCAGGTGCTTCCTGTGCTGCTTCTGCACACCAGTGAGCAC

TTTCAACAGGACATGTGCCTCCGCCGTCCACGGCCCCAGAACAACGGACCCAGCTGTCAGGCCTGCCGTGGGCTGAGGG

GCGTCCCCGCTGTCCTTCCCTACTTCAGATGCCCACAGAATGGGAGAACCAGAACGGTCCTGCCAAACCTCAGGACAGA

AATTAGGTGAAATCTGCAGGAGTTGAGGGGAGGAGAGGGAAAGGGAGGGAGGGAGAGAGGGGGGGAGGGAGGAAGGGAG

AAAGGAAACCGGAAAAAGCATTTGATAATAAATATTACCTCTACTTTTCACACTGACCACTTGCTTGGGAAATACTTGT

TGTACCAAAAAATATAGTCGTACAAACGAATGCTCATTTTCTCATTCTCAGATAGCCAAGAGCAGTGACGAGAGTCTGT
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GCTAATTCAGCTCAGCGAGCTGTGGGATCATGGGGAAAACAGCAGGGTTTGTAGGTAGGGAAGGTTGATAAAGCTACAG

TCTCAGTTTTAACTCTTACAGACTTTTTACAGAAAAGCTAATAAGCTATGGAAAGGATGAAATCATTACTCTAAGTGGT

CTAAGTCTCCCA 

>Giant.534:191799-192828 

TGTGTGTGGCAAGTGGACTGGCCAGGACTGGGGGGCAGGCTCAGCTAGAGGGAGGCAGGGGGCAGCCACAGTGCAGGGC

TGGGGGCAGAGGTGGGGCTTGACCCCAGGCTCAAGCCCAGTTCCGGGCAATGTCAGCCTGGGGGCCCCGGGGAGCCAGC

CCAGGACACGGCCCCAGCGGCTGGACCGAGAATCTCAGTCCTCCAGCCCGAAGTCTGCTGGGAACCACCGCCCAGGCCA

CTGCCTTCGGCTCCTCGGGGCTGGTCAGAGCGAGCGGGCCCTGGCTTCTCAGTTCTCCCTGGCACACGCTCAGGGCATC

CTTTGGCCCACGGACATGCTAGCTGAAGAAGTCTGAGCCCCAGGAGCCCCAGGCCTGCATCCTTGGCCCTGCCCTCCTA

GGGGAGCACCCCAGGCGGGTCCACCTGAAGTGGGCGTCCTGTCGCCTTCTTGCCGACCCTGGCAGGGCAGTGTGGTGGG

GAAGACGTGGACGCTGTTGTCAGCTGGCTCTGAGCTTGGCATGGCCCCCGAGGAGAGCTGCTTCAAATCCCCGCTCTGC

CCCCAGCCGGCTGAGTAACCTTGGGTGACCAGACACCCCACCCTGCCCTGCCTCTGGGTATTGTGAGCTTCTGGTGAGT

TCATGCCAGCAGGAGGACATGAAGCAGGGCGGACCGCATCCATGAGCAGCAGGATGGCTGAGCTGGCCACGAACGCTTC

ACTTTCAGGATGCCCAGAGAAAGGGGGTCTGCCGCAGAAGACCTCCTAATTCCAGGCAGAATGGAGAGCCTCCTTGACG

CTTATTCTAAGAGCCTGTCCTGGGGAAGCAGGGATACCTGGAGACGGTTGCCCCCAGAACAGGACAAAGGGCAGGGCTC

TGAGCCCAGTGGGCCCCTGGTTGCAGAGGACATGGCCCCATGTTCAGCCACCAGCAGAAGAAAGGGGCCGCCCCAGGGA

CAGGCCCTGCCCGGAATGTGAGGTTCTGCCCCTTCTACTCCAAAACCAGCTTCTCCTGCAGTTGGGACAAGGGGAGAAA

AG 

>Giant.530:29813-30800 

TGTGGACAGGAACTCCCCAGGGAGGCAGCACTGCAAACGTTTTGGATTTTTTCCCCCTCAGTAGGAAATAAGGATTAAA

AAAATAACTTTTAAGACAGCTTATATAAATTCTTTATTAATAGATTCTTATGTATATTCTGTATCCTAATTTTTAATTT

TCATGCTATCACTTTCCTATGCAATAAACACATTTGAAATGACTCCGCTTTCCATTTATGGAGGTACATGGATTTATTT

CACTATTGCCTTCCTGTTAGACTTTGGGCTTGTTCCCCAAACTTTGTTGTTATAAATACTGTAGTTGTGAACATCTCTC

ACACAAATGTTCAAGTGGCCACATTACCCCTCGGGCAGATTCCGAGGCATCAAATTCATTCATGTCACCAACATAGGTT

TACGGGATGGAGGTGTTGTCTAGGCCCCGGCTCCTGGGCCAAAGGGAAGGTTCTCAGGGCATTCTCCACGATTCCACAG

GGCTTTGCAGAAACGCTGGTTGACTTTGTTTCCCCTAGTGGCACATTCTTGTCATTCCCCCCAGAGCCGGGCCAGCGCT

GAGTACAGTCGCTTTCCAAGATCTCAGCTGTAAAATCTGAAGCTTCCGTCTTGCCTTTGTTACCTGGCCGGTCCGACAG

AGTGCCTCAGGGCCTGGATGGACCCTCTGAGATCGATTGGGGAGCGCTGGACGGAAGGTGGGGACAGTCATGGGTGGGG

CTGACAGCCCACTGGACATGTCTCTGGGGGAGCCGCTGTTCTGGGTTATTGACGGAGGGCGTTTTGAGGACCCACACAG

TGGATGGGCGGAGACCGCATGCTGACTGACACCCGCTCTCCCCCTCTTCTTTACCACCAGACCCTGCCTGCCCTGAGCT

GCCACGTCCTCCGGTCTCCTTTGCAGCCCCAAGTGACCTCGTCCAGTGTGGCCAAGGATGGGGGCGGTCAGTGGAGCCG

TGAGTGGGGCTTCAGGCAACACCGGATGGGAGAGGCCTG 

>Giant.5206:59294-60274 

AAACGCCCACTGCTAAACTTTCTTAATGTCGTCCCATGAAAGCCAGGCCTCCCTCCTTTGTGCAGTAGGTGTCTTTCAG

TCTCTATTTTTCTCAGGGCCCTTCAGATCCTTTTTCCCCCTAGCCAGACTCTTTAAAACCCCACTGCAGTCCCCTGCCA

CAAGCCCCAAGAATTCAGAGAGATGATGCCCCAAATACGGGATGTGAATTTCTGCAGAGCTTTGAGTGATTAAGGAATG

CTTACCCCAGAGTGGCTCCACTACTCAGCTAAATTAGCAAGTCAGTCTTAGTTATGCTTAAGGATGACTTTGTGCAGGG

AAGTGGGGAGAGACACAGATTTCTCCTCGGGGAAGGAGACCAGAACAGCAAATTAAAAAGCCTGGCACACAGCCATCCA

GAAAACTGCCACTTCCCTGCTTCTGTTGATGGGCTTCAAAGCCTCTCCATGATGGAAATTTTCTGCACTTGTGGGAAAT

CTCCAGCAGCACGGAATGGCAAGAATCCTACCTGTGTGGGGCTGAAGGGTACTTTCCTGGCCCTCTGGGAAGGAAGGGC

TTGCTAATTAAATGACTGGTGTCAACTAGATTCCCAGGGAATGATTCAACATACACAAGAGAGAAAACAAATTGCTCTT

CACATGACACGGGATGTGTAAAAGACTTCACGTGGAGCCTGGCACGTAGCAAGTGCTCCAAAATACCATCCCCTTATAA

AATGACTTCGGTGGGGAACATGGGCACGCGTGAAGCTGCTGGGGTCCTAACAACATTCTGTTTCTTGATTTAGGTTCTG

GTTACACAGCTGTATTCAGCTTGTAAAAATTCATTGAGTTGTATTATCCACAGTCTCTATACTCTTCCCTACATAGGTA

ATACTCAAATTAAAAGCCACTAATTTTTTTTTAAATGTTTCTTGTTACAAGTGAGGAATCTAGTCATTAAACTAGGGCC

ACCTCTCCTTGAGTTCATTAAAGCACTTACTT 

>Giant.5138:50623-51623 

GTCACCGCAGGAAGACCTACAGACGCTCTTTTCACAGGCGTGGAACGAAGTCTGCTCAGCTGATACACACGCGGAACCC

ACGGGCAGGGACGTCCCTGCCTTCCTGGAAACTCACGGTTAACCCGGAGGCCTCACTTCTTATCCCCGTTAAGGGAGAT

TTCATACAATGCTGCACCAGGTCTGTACTAAATTTCAAAAGGTGAATGTTCAGTAAGACGTTTACATTCAAGATGCTAG

GTGTTTTGTTTTCCATAAAATTCACCATTTTGAAGCATATAATCTGGTGTTTTTTCAGTATTTTCACAAGACTGTGTAA

TCATCGCTAATCTAATCGCAGAACAGTTTCCTCCCCGCCCCCAGGGAGACCCCTCAGCCACGACACTCACTGCCCGTCC

CCCCCATCAGCCCCTGGAGGTCCCCATCTGCCTTCTGTCCCTGGAGCTGCCCGTCCTGGACTCTTCCTGTGAACGGCAT

CACGTGACGTCTGTTCTTCTGGGACGGTCTCCTCCCACTCGGCATTTCTGGGCTCCCCCCGCTGTAGCGGGCACCCGAG

CTCCTGTCCTTCCCGGGGCTGAGTGACATCCCACTGTGTGGGACGCTGCCTTTGCTTAGCCGTTTGCCAGCTGATGGAC

GCTTCCGTCGTCTCTACTTCTCGGCTTCTATCAGCAACAGGCTTGGAACATCTGTGTACGGTTTCTGTGTGGACGTGTG

TTTCGTACCCTCCGAGGTTCCCCGGGGTGGGCCTCCCGGGGCTCGCGGTAACTCTGCTTCTGACTTTCTGGGGAAACCT

CAAACCGTTTCCCACGGTGGCCATGCCGTTCCCCTTCTCAGCAGGACACGTTCTCGAGTTCCTTCTGGAGCATGTGGCC

TTTCTGAATGGGGCGTGGGGCACGTGAGGCTCGCTGGTCTGGATCTATGTTCACCTCAAACAGAAGCTGCCAAGGACGT

CCCATCAGCTTCCCTAGAACCGGGGTCTCACCTTGAACCCGGGGAACCCGGG 

>Giant.5118:59500-60519 

TGGGGCGTGTTTTGGTCCTGGGAGCCCACTGGAGCACAACCAAATCTCACAAGAACGTTGAAACCTCTGCGTGCGTTGC

CCCTGCTGCTGTTCATTCCATCCGCCAAAGCAAGTGCCCCGGCAAAGCGCGGTTTGGCTCGGTGCGCGGCGAGGTTGCA

CCGCGGAGGGAGGGAGTAGAGAATCGAACCGCGGTGCGGCGCTGCGCCTCACCCCGCCGCCGATGCCGGTGTCAGCGCT

CACGGGGGAGTTCGCCGTGGGAGCCCGCTGCGGCGGGGCGAGAAGACGCAGCTTCAGTTGGGTTGGAGAAAATGACCTC

AAAACTTTGTGTGTTTGTTTATTTGTATGTATGTGTTTGTTTTTTGTTTTGCTCTTACAGAGAAACAAGGGGAAACGCT

AATTTCGTTCTGAGTAGTCTCTGTGCTGCCCAAGTGTTTTGTTTTCTTGGGTGACCCTTCGGGCAGTTTGCTGCTCACC

GAATTCCCACAGTCCCAGCGCATCAGACCTTACTGGGGGTTGGGAGGGGGGGTCCTCCGTCTATATTTGGGTGGAATAT
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TTGGGCCCTCGCGTGTCGTCCGTCTGTGTCTGCTCTGTCTTCAGGAGATTTTGTCAGGCAGTTCTTCACACTCTCAGTA

CCGGCAGACTGTAGAGCGGGTCCACCGGGTCTTTACTCATCAGTCTCCCCTTTCTACCGAACTTCTGTTACGAGAGACG

AGGACTCGGGTCCCCAACTGTGCCCTGCTCTCCACCCCCCCCCATCTCCCAGGAGGATAGACATCTTTTTGGTGCTTTC

TGAATTGTAGCCGTATAAATACTGTTCTCCCTGAGTCAAGTTATGGACTGTGCATTCAGTCTCTTTATTATATACATTT

TTGGTTGTAATTAATGATTGCCAAATCCTTTACATTTTCTAGCTTTTCTTCATCTGTATCTCTTCTTACCCTCGGGGCA

ACCTCTTTAGGGTGGTTACTCTGCCCAGTTACCAGATCACACATGGGCTCCATTGTTCCTCTCTCCCCCAG 

>Giant.5110:23530-24562 

CGGCATCTTCAGAGGAGACGCAGACTCAAAGTAATACGGTGATTTTTGGAGGGAGGGAGCAGCCAGGCCAGAGGCTCTG

CTTAGGAACCCCGGGGACGCTGCCCTGCCCTCTCTAAGGGCAGCGCCCCCTGCTGGCAGTGATGCAAAGGGTGTGGTTT

GCAGTTCCCAGCCCTCAGAGAAAACATTTATTCCAATGACCAAAGATAATGTCCAAACAACTCACTGATTTGTTTTTCT

AAATCATTGTGGTTAAGAGGTAGGTGACCATGTCCTTCATACATTGGGACTGAAAGCAGGCCAGCTTGCCGGAGTTCGT

TTCCAAATGGAATTTCTGAATGTACTGCCCCAGCCCTGCATCTCGGATCGTGATTCTTCATTTGGAAGGAAGAACCAAA

TCTTGTCCAAAAGATGTGTAGCCTCTCGTGTTTGTGAGGAGAGGTGAAAGTAGAAGTAGAAGTCCAAAGAACATCGCTT

TTAAGTGACATTTGTCAGGAGAGAAGGGGGAGAAGCTCGGATACTGCCCACTGCCACTGCTCCTGCTCTCTGCTTCTGC

TGCTGCTCCTGCACCTGCACCTGGTCCTCCTCCTGCACCTGCTCCTGCTCCTGCTCCTGCTCCTGCACCTGCTCCTGCA

CCTGCTTCAGTACCTGCTCCAGCACCTGCACCTGCTCCTGCACCTGGTCCTCCTCCTGCTCCTGGTCCTCCTCCTGCAC

CTGCACCTGCTGCTGTTCCTGCTCCTGCTCTTGCACCTGCTCTCGCACCGGATCCAGCACCTGTCCCTGCTTCTGCACC

TGCTCCTGCTCTTGCTCCAGCACCTATGCCTGCTCCTGCTTCTGTGACTGCTCCTGCTCTTGCACCTGTTCCTGCTCCA

GCACCTGCACCTGCTCCTACTCCTGCACCTGCTCCTCTTCCAGCACCTGTTCCTGCTCCTGACCCTGCTCCAGCACCTG

CACCTGCTCCTGCTTCTGCACCTGCTCCTGTTGCGGCTCCTGCTCTTGCACCTGCTCCTCTTCCAGCACCTGCACCTGC

TCCTG 

>Giant.5096:80647-81654 

AAACTGAGATGCATCATGGGAACTCAGTGAATTGTTGGCTCAGCTCCATTAAACCTCTTGAGACAGACCTACTTACAAC

AATACCTTTGATAGACCTTCAGGAATAAGCCACTCCCTACCCTCCAGGAGAGACAGTGACATGTGTGCAAAGGTTTTTA

TCGATTAAAAAAAAGACTGGAAAGAAAGACATCAAAATATTCATAGAGGTTATATTTGGGTGATGGGAACTACTGGTGT

TTTTCTTTTCTTTTTTCTTCATTACTATTCTATATAGTTCCCAAAGTATCTGGGATGTGTGTTCATTACTTTTTCCTTG

AAAATTTCAACCACAGTGTTGATAAAGACTGACAATCTGAGTGCCTAATGGAGGGAAATGAGCTAAGGATGGGTAGTAG

CTTTGACATTGAATATGCTTTGACTGCGGAGGGCTTGGGTTTTTGAGGAGAGGTATAGACACAGATACGAAAATAAAAT

AGCAGGGATGAGAGGCGGAAAATCCTGAGATAGCTGGGTCATCAGGGAATAACGCTGTTTGTCTGGAATGAAGAATGCA

TACGGAGAAGAGAGAACTGGCTAGAACGTGAGCTTGGGATCAGGATGCGGAAGGCTCTCAGGACCAGAGTGAGGTGTTT

GGACACGAGGTTCACAGGAAATTGGAAGTCATTCACAAGTTTTCAGCTGGAAAATGATGTGATCACAGCTTTCCTTTAG

CAGGCAGTTGTGTTCTGGACAGACGGAAGGGAAGGGAGACAGGAGGTAGAGAGACCAATCAGGAAGCCATCAGCAGGAC

CCCGCCCAGCAGCAATGATTACTTGATTACTTATCATGTGTTTCTCTCTTCCAGCGGTGGCTCCATGCCTTTTTAATCT

CTTTTTTATTTTTATTTATTTATTTTTTTTGCCTGCCTGACTCCAATTTTCAATTGCAAAATAAGGAAAGAGTCACTTT

GAATCTGTAGCTCAGTATTTTCACAGGAGTCAGAAGCAATGCTGAATGGAGGTCAGCCT 

>Giant.5096:39020-40042 

TAGGGCTCAAGTCAAAAGCCATATTCAGCCTCCATCTCCTCTGATCTGCTGCAGGCTCACCACACTCTGCCTTCTGCCA

TAGCCCTGACTTCAAAGACCTTGCTTTGCCCCTTTCTTTTATTTACGTGTTTCTCTTCCATTAAAATATAAGGTTCTTG

GAAGCAGAGATTCATCACCTTTTGATTCCTCCCCTCCTAGGGCTTAGCCCGAACGGAGGTCATTTAAGTCCTGCTCTCC

TAAAACCATTTGGTTTCAACCAAGTCCTGCTCAAAGACGTATGGCATCTCTGAGGACAGAGCATGCGTGCCATTTCAGG

ATGTCTGGAATAACTAAGTCCAATAAAAACAACTGAAATCCCTACGGCACCCCAGACAGGTGTTTCTGATTTTCCTTAA

ATCTTCCGTGACTCTGAATGGATACCCATAAACTTAAAGTCAAGGTCAGAGAGAGTTTCGGACACTGATAGCCCTACTC

CTCAATCCAGATTTCTGTCTGGACTCTCTGAAGGAATCAGACTGCTGCTGGTGCAGGACGGAGAAACTAGCCTTGGAGA

ACCGGCTCTACGAGGAGGAACCATGACACGTGGCAATGACTGGCTCTGAGACCCACAGAATCTAGAAGCAGTGCCACCG

GGAGAAGATGGCGTCAGGAAGGCTCGCTCCCGGATATGTGGCTCGACGTTCCCAGAAATGCACCCTCTGCCCCATGGGG

AAAGGGGCCACAATGTGTTACGGAAAACACTAAAAATGAGCCTTTGATTCTACAACCCTAGATTTATGAGGCTTTGGGT

GAGGGTGGGAGGGAAGGGGGATATATGAGTAATTGTAGTATTTTACACCAAGTAACTAGGGTTTCTCAGCCCCTTTCAA

GGTTCATAAATTCCCCAGGAGGAGTCTGTTCATTTTTACGGACATTACAACCTCATTGTGATTTTCAGACTCCCTCTTC

CATAAATCAGCCCATAATTGTGAAAACTGTTTCCACACCTCAACCCCAATTTGGAAGCACAAATAAATCTGGAG 

>Giant.5074:95890-96911 

CAGACACACGAGGGTGCCCGGCTAGCGGGCCAATCGCAGAGTAACTGTGGTTATTGTTTTGGGGACAAAAGGCAAAGTG

AAACACGTGAAGAGAAAACTGTCGTCTAAGTGACCAGCGTATCTGAGAACAAGTGGAAGAAAACCGAGGGCCACTGAGG

CTCACCCGTTCGCCGAGGGTCTGCGGCCCGTCGTCCGTCAGTCGGGACCTGTGACCTTCAGCCCACAGCTGGGGGTCAC

CGGGCACACGAAGGCAGGAGCAGAACGTGGACGATTGTGAGCAAGGGGGGGCTGGGGTCCACGCGGGGACTGGGGTCCC

GGGGCGGGGGGAGGTGTTTACGGAGCTGCGGCTCTTGGAGTCTGGGAGCCTGGGGGGCGGAAGGTCATCTTCTAGATGA

CCTTCGGTCGTCGGTCAACCAGCAAACACCAGAGGCAAAGAGAAGGCGGGTTTTCCAACATCCGGTGACTCAAGACAGA

GCCCCTTCCAGGGGGGATCGTCAACCTCACTCATCCCGAGGAAGCCTCCGCGTGGGGGGCTGTCCTCCCGCTGGTGCGC

ATCTTGGAGCGAAGGGGGAGTAGGCGTTTCTACATCAGGAAGGAGTGCTAGGGCGTGAGAAGGGGCCATTTTCAACGGT

GTTTCAGAAGTGAGGTCCCCAGGAAGAGACTGAGCAGGAAACACGCAAGACTTGCAGAGAGACGGGCCCGACTTAGGAC

CCTTGGAGGAGCCTGAAGGCAGGCGGACGCGGACCCACTCGCAGAGTGGACGCCCGTGGGGCCGGGCGCCCGCTGGAGA

TGCTGCTGCCAAAATGTGTATGGAATTGCCGGGGTTCGGGAATCGCCAAGAGCCCCGAGAAGAAGGGCCGTTCAGGTCG

GCGAGCTGCACCACTTCTGGGAAACTCGTTGATGAAAGCCAGCCTGACCGCCGTCCCGGGGTCCCCACGGGGCCAGCGT

GGAGGCCTCCAAGCCTCGAGCTCGACCGCGCAGGCGCACAGCTCCTGGCAGAGGCAGCTGGAGGATCGGGGGC 

>Giant.5070:84705-85712 

CACCAGTTTGGAGGACGGGATGCTGTCTTCCTCCATCTACTCTCCTCCAAGTAAAGCTTTATGGGGTGAGAATCAAATC

ACCAGAAGAAACCAGTTCAACAGAGGGAATCTGCACCACCACCACCACCAATGACAAAGTCACATTCCAGGTATGTCCT

GGGTCAGCAGGTGCTCTGGCTGCTCCAGCGTGCCCCTGGCCTCAGGTGACCAGAGTGGCTGTTCAGACTGAGGACCCGA

GGTCATGCAGGCCATCCTGAGTGTTAAAAACATTTCTGACTATTGTCTACAAGACAGGCCACAGAGGCAGGTCTTTTAG
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AAACAGCTGCTCTGTCATGGGACTAAGGTGCTATGTGACAGGGTCCTCCAGAGTCTGGCCTTCCAGAATTCCCCATGAT

CCCGCCTGGCCCCACCTGACCCAGAATCCCAGGGGGCCCCAGACCCTAGGTCTGGATGCCTGCAAGCTGCCTGTCCTGT

CTGGAAGCCGGGAATGGCGACCCTGCTGGGGCGTCAGCCCACCCCAGGGAGCTGGAGCGGAGCGGGAGCAGGGAGTCCT

AGGGGCTCGGGCTCCTATGTGTCCCCCTGTGTGTCCTGCGTCTGCACGTGGGAGTGGAGGGCTCGGGTGGGGAGGACAG

GCAGCAGGTGCGGCCCAGAGCTTTGGCCTTTCCTGATTCCAAGGGCAGCGTCTCCGGAATTTCGCCTGCTGCCTGCACG

TTTCTACCGGCCCCCGTGCCTTCCAAAGTGTGTCACGGACATGTAGCTGAATTTTCGCAGCTGCCTGGTATGGCTGCCA

TTACTTTATTTTACTGTGAAAACGGGACCCAGAGACGTTGGGAGGCCTGGCAGGGACACAAGGATGGGGCTGGATGGGG

CAGAGCGCTCAGCCTCCCCGTCTCCCAGCCCAGCCAGACACCGCTGACCCGGGGAGATGGACTGTGCTGGCGTCGGGCC

GAAGCACAGAGGGGAGGACCAGCGGGCCGGGAAGGAAGCGGCCAGAGGTGAACCGTGTC 

>Giant.5042:51639-52644 

GGGCCCGCAGGCGGGTGGACGGTCAGTTCTCGACGGAGCCTGCCTTCTGTGCACTTACACGTGAAATTGTATGCAGGGG

ACTATGGGATTATGTTGCTTTGCCTTTGTAATTACATTGCATACTTATCTAAAATTAATTGGGCTTATCAGTGACAAGA

CTGTCTTCTGCCTTTCCGCGGGCTGTGTCCAGCTTCCTGTCTGGTGGGTTCCTCCATCTCACGGCGCCTTTAGGCATGT

GCTCGCTGGCCCTCAGGGCGCAGAGAGAGAGTGGGGGGGCGTTCGCTGGTGAGAGCTGGGGACGGCACACTCTTTCTTG

CCTTTCCCTGAGGGTGTTTGGTCTAGGGGCTTCTCCAGAGTGATGGGGGCGCAGGCACAGAGAGTGAGTGCAAGAGGGA

CAGTGAACCAGAAGAGGTCGTGACAAGCTCCTCGGGGTCCTAACCAAACACGTCCTTGTGGCCAGAAGCTCTCTCAGGG

GCCTCTGTGTGCCTGCCCCGTTGACCGGAAGCACTGTGGCACCAGCACGATTGTCCTTGCTGGCCCCAGCCTTGTTACT

GACCTTGCCTGTTGAGAGATGGACTGACCTGGCAGGTGCTTTCCTGGCAAACACGGCCGACCGAGAAGGGGCGGATCTA

AGTCCCGTCGCACGTATGTGCGTGTTTTCGTGCAGGAATTCTAGGAGGCTGAGGACTGTCTTTAGTGGGTCCACTGGAA

AGCAGAGAAGCAAACCTCCAGCTTCTAATTTGCTTGAAAGGATTTAGATTTTTAACATGAAACAGCAGTAGCCTTCCCT

TTAATGAAATGCTATGCGACGCTGGCTGTGGGATCGATGGTATTGAAGGGAGAAGGGGCCTTGTGAGGCCTTGCAGAGT

GAGAGCGGGTGGCTGGGTGAGCTCTCTGTGCAGGGGGGAGGGGGTGGGCGAGGTCAGCTGCAGGATGAGCTCACGAGTT

GCACCTTGCTTCTCCTTGCTGCTGACCTCGAGACACCGGTGGCCCCGTAAACATTTT 

>Giant.494:300225-301246 

CCTGCTATGGCCTCTCTGCCTCCATTCTTGCCCCCCGCCCAAGTCTATCCTCTCCAAGTCAGCCAGTGTCAGGCCCCAT

CTAAAGCTTGTCGGTGACACCTACAGCTTCTTTTCCCAGGTGTGGGTCTTGGTCCATTTGAAACACTTGTTAAGTTCAG

CTTTCTGGGATCTCCCTCCAGGGTCCCAGGGGATCCTGCTGGGACTCAACACTCTTCAAACTAAAGTCTACACTTCGTA

GCCCCTCACCTTCTCCAACCTCATACTCCGTACTTCACCATCCAATCAACCAGAGTGTACCCTCCCTTGTTGCCCTATG

CCCCCCATTTGTAGATGTATAGACCTGGAAATTCTTTCTTCCTTTTTCTCCTGACTCCCTCTGCCTCCCTACCCCTCAG

GAAAGTGTTTCTTATGGGCTGAATTCTCTCCTTTCCAAAGTAATATCTTGAAGCTTTAACCCCCACTACCTAAGAATGT

GACTGTGTTTGGAGATGGGTCTTTAAAGAGGTAGGAGCCACCCAGGTGGCTCAGTTGGTTAAGTGTGTCTGCCTTTGGC

TCAGGTCCTGATTCGGGGTATCCTGGGATAGAGCCCCCGTCCCTGCTCAGCAAGGAGTCTCTTTCTACACCTTCCTCTG

CCCCTCCCCAAGCTTGTGCTCTCTCTTGCCCACTCTCTCTCTCTCTCAGATTAATAAATAAAATATTTAAAACAAAACA

AAACAAAAAGGTAGGCAAGTTAAAATGAGGCAGTTAGGTTGGGTCCTAGCAATCTGACTGATGTCATTATAAGAGGAGA

TCAAAACACAGACATGCACAGAGGAAAGACCACGTGAGGACACAGCAGGAGGGTGGTCATCTGTAAACCAAGAAGAGAA

GCCTCAAAAGAAACCAGACCTGCTGACACCTTGATCTCAGACAAGACTTTTTATTTATTTATTTATTTATTTTAAATAT

TTTGTTTATTTATTTGACACAGAGAGAGAGATCACAAGTAGGCAGAGAGGCAGGCAGAGAGAGAAGGGGAAGC 

>Giant.4893:46609-47588 

TCACGCACAGCAGCTTCAGTGTCCTGACGGCACGCACACAGTGTTTTCGGATTCCACCTGCATTTCCTCGTGCTAGTTC

AGTCCTCAGGTGGGTTCGCATCTGAGCCTGTAGTGCACGTGAGTCGTGACGCTCAGTGAGAAGTACCACAGGATCTGAC

TGTGTGTGACGCTGCCATTCAGCCGAAAGCAAGCTCGGGTTTACGGACGCAGAGCCTGCAGATTCCAGACCAGTGGTGG

AGGCACTGCCCTCTCCATCGGGGTTTGGAAAAGAGAGGATGGCCCATAGGGGAAGATACGAGTGTGAGACAAGAGCTAG

GACCCCGTGTCTGCGAAGCCACCCAGTAGCCAAAAATGCGTCCGGGCCCCTCGCTTCCCCTCTCTGTTCCCGTTTCCCT

CTTTCTTATGGCCTCTCTCTTTGGCGTCTGACCAGTTGTTTCCTCTTCGTGACGCGTGAGAACTAGAACAGCAATGTAC

TCTCCACCCCCTCAAGTCCCCTCACCAGGATATAGGCCTGCGGAGCGTTGTTACGGGTTTTCACTACCAGTAGCTTTCT

GAGAGTTTCATCCCAGTATCCGTTCTTCCCATTTCTAGGAAGAGAGAGGGATGAAGAGAAAGAGAGAAAGAGAGAGAGA

GAGAAACGAAGCCTGTACTGGGTTACCCAAGGACAGGAGGAGACACATTCATCGTGTACGGGGCATTCCATCCAGATCT

GTGGGGGGCCTGTGAGGACATAGAGGGATGGCAAGGGAGGGCAGAAGCAGCCTGAAGGAAAGGCCGGGAAGAATTCAGA

GACAAAGAGAGGACTTTTCTTGGCCCCTTGGCCAGTCAGCTGATGCTTGGGTTTGGCTGTGTGGTAAGAGAGGATGCAG

CAGAGGTGCGTGCTACGAGTGGCCTGGGCGTTGGGAAAACAATGGAAAGAATGGAACGGGGAGAACCAAGAACATGAAT

ACCAGCTACTTACATATTTATGTTCCTTTCA 

>Giant.47109:9287-10326 

ACGCTAAGACTGGAACACGGGGGTAATGCTGAAGTCTGAAATGCCTCTGGATGTTGTAGCTACAGTGATATGCGGGATG

GGAGCACAGGAGCCCGCGGGACTCAAGCTGGAGCTGGGTCCTTGTCAGATGGTGGAAACTGAGGCTCAGAGAGTTCAAG

TGAGTGCCCATAGTCATGCAGCTTGTGAGAGCCAGAACCGGAACTCGAATGAGCCAAGAGACTCCTGCGACACCACGCA

GATCTCCACGTGTTGCCCCACTCACCCTGAACTAAACACAGAAGCGAGGGCCAGGGCCTTGTTTTTGCGCGTGGCTGGC

CTGCTTATGCACAGAACGCACGTTCTGCACGCCTGCACATCAATGCATGTGACACCATGACATCTGTCGAAGAAATGGC

TGTTCCTTCTTTAGTGTGTCGGGAACAGAAACGGGGCCCGTTTGTCATGTTGAATCATAAAATAATAGGGTTTGGGGCG

CGTTTATCAAACTGTTGCTTTGCGTGCTTTCCAGAAACCAGGGGTGTGTGCTTCTGCCTTAAAGACATGGGTGCAAATG

CCGGAGCCCGCGGGTTGGCTGGCGGGAAACGTGCTGCCAGGAAGGAGGCGGTGAGAAAGGAGAAGCGGTTTGGGAAGCG

AAGGTGGGAAACGGCTCCCCGGCCTTCGAGCCATTTCTTCCTTTACAAATGTGTCAGTTGTGTCCATCCGCTCACCTTT

TTTTTGGGCGGTGTGTCTTGAGCCCCTCCAAATGCCGGTGACAACCCACGGCTGGAGATTCAGGGATGAGTGAAGCGTG

GACAGCGGCGAGAATGGTCACCGAGTCCCAAAGTGCCCCTCCCGCGCCAAGCTCCGTGGCAGGTCCATCCAGCCCACCA

TCTCACCGGCTCCTCTGTTTCCCCTCTGAGGAACGGCAGCCCCAAGGTTAATGGCACAGCCGAGAAGTTCCCCACCATG

CGGGCGGCTCATCTTGCAGCATTTGTGCAGAGGGCTCCGGCCTCGGGCAGCACGGGCTCCCTGATGCTCGGTCCCTGGA

GGGCCCTGGCCT 

>Giant.4696:118623-119620 
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AAGTCCCCCCAGAGGTCAGAGCAAGAGTTGATGGTCAGGAGTCTCCCCGCTGGGGCTAGTGGGGCCCCGTGTGGCCCCG

TGTGGCCCAGGCAGACCCTGGAACAGCTGACAGCCCCCGTAGATCTGGTGCTAACATGACGGACCAGGAGACCAGCTGT

CAGGGCTCCGAGCCTGTGCTCGGAGCAAGGCACATCCTGGCATGGGGGACCGACGGGAGCCCCTTGCTCTACTTGGGCA

GGTCCAAGGGGCTTCACAGAAGAGGGAGCAGGGGCTGGGGGTGTGGGAGGAGTGAAGAGGAGACCCTCTTGGCTGCTGG

GACCTCTGAGGGTCTGTCAGAAGCTTTGCCAAGGACCCAGCGTCCTTTGGTCTGCTGCTCTATGGAAGGCTTCTGAACA

CAGGCCACTCTCTGTCTGTCCTGGAGAGGGAAGGGATAGGCAAGGGGCCCCCAGAACCCTGGCACTCCACCAGGCTGGG

CCCTTCCCGGCCCATCTTCCTGCTACCACGATCTCTTCCTTGCCCTTTGCTCTCCGAATCCGGGATTACAAGGACAGAG

AGCAAAGGACATGTATTCACCCACCCCGAACCCCAACCCCCGCCCCACCCTCCCCACCGATAGCAGGCTTCCGTGGGGA

CCCAGAGCCTCCGGACACGCATCCACACATGGCCAGGCCTTCTGTTTAGATGAAGCCCAGAGGTCAGACACCTGCAATG

TGTGGGTCCAGGTGGCCGGGGCTCCCAGAGGCAGGGCTGGGGTTGGAAGCCAGGCCGGGGAGCTGCCCCTCCACACCCT

GCCCACCGTAGTCGAGCGGCTGCCTGTCCTCCCCAGGCCTGGGGTCGAGCGCGTGCCAACCCTCCAACCCGGGGCTTGT

GGTGGGTATGGGGAAGCTGTGTTGTTAAGGAGAAAACAGCCGACACGTGTTGGAATGAAAGGAAAGGTATTCTGCATGG

TTTCTGCAGGGGTCAAGACATGGAGAGTGGGGGGCGATCAGGCCCCGGC 

>Giant.46648:8772-9814 

CACCGTACGTAATTAGCGTCTGATGCGGTGTGCAGTGACTCACTGGTTATGTGAACACCCAGTGCGTATCACGGCCCAC

ACTCCTCACATTTTTATATGCACCAAGTGACCACTATCACCCACCAAGTACCCCCTCACTTCTGCTGCCTAGATCTCTC

CGGTGAGCACTGGACTAACTCACCACCTTTCTGCTCGAAAATCATTGCTCCCCGTGCTGCCTGACCGAGTGACTTCACC

ATCATCCATCCATTTGTTCTCCTGTTCAAGCAGCTCCAAGCTTGGTGAACTCTACCTTTCTCTTACCTGGCCTCCACCT

TCCCTGAAGCTCAGGCCCTCATTCTCAGAAAAAGAAAAAAAAAACAAAAAAGGTGCAACAGTCTGTGGGGTTCTCCGTG

CTCTAACAGAGAGACTACTCTACTCTCTACTGCTCTCAAGCCCCGGCTTCCACCCTGTGTTGGCTCACAGCACACCTCC

ACCTAAAAGCACTCCGATGGCTCCCACAGCCAAATCCAGTCAAGAGACAGCAGTCCCCTGCCTCTCTAGCTGCACCAGC

TGCTCCCCATGCCACCAGAGCTCTTCGTCCCCCAGCCTGAACTGCTCCAAGGAGCCTTGTCCACAGAACTTCCAGCAAT

GATGGAGACAGTCTACATCTGAGCGCCCGGTGTGCTAGCGACCCACTAGCCACAGACGGCTACTGAACACTTGAAATGT

GGCTAGCCTGACTAAAGAACAAAATTTTAAATTTCACTTAATTTTAACAAATTTTAGTGGGGCTGGAGGTGCTACAGGG

TTCCTTCAGGGCGTCATGCTTCCAGATTTCATGAATGGGAATTCTTCTCCCTACAATACCATTCTTTTACTAATTCACC

TTGCTAGGTCTTTCTTCAAAACTCAGCTCATTGCCCTCCCCTGAGCAGCCTTCCTGAGTTCTTGGTCTGATTTCATGCT

CCCCATTCATGTTCACACAGGCAATAATGAGACACACACATATGCTTCCGACAGTGGTTGCTTTACCTACCTTGTCCCC

ACACAACTGAATTAA 

>Giant.4612:66453-67463 

ATCAGCAACCCCGGCCTGGACCTGAGCTCCTCTGCCCTCATCTGTTCCTGTCTCTAGCCCTTGACCCTGCCACATTCCT

GTCCTGTTTCATGATGCCAGGTGGGGAGCCTGCGCAGGGCCACACAGGGAAAATGGAGAGCTGGGACCCAGATCCCGAC

ATGGGTCGCGCTGACCACATGCTTCCTCACCCAGGATGTCCCGTCTTAGAGCTCAGCAGAGGCTTGGTAAGTGGACAGG

GCATCAGTAGCTGGATTCTGGACAGATGGGGGCAGAACAGCACCTGACACCGTCCAGCAGTGTGTAGAGTCACCCGGTC

CTATTCTTGGGTTTCCTACTGGCTAACTGAACGACTACAAGGCAGGCATCCGCCCTATCCACCTTCACACTAGCTCAAG

AACGTGTCGGCATGGACATCGTGCAAGGAAAGACAGAGTCGACCCCATTCAGAAAGACATGCACGGAGGGAACTCGGCC

AGGGACACTTTGATGACACTGCACGGTGGCAGACGGGGACTGTCCTCCAGACGGTGTATGTCACACACCAGAAACTAAA

TAACATTCTTGTCCACTATGTGTCAGTAAGAAACATCTTCTTCCATCTCTCTGTGGAAAAAAGCCATAATCGCAACATC

AAGAGACAAATGACCAAATGAAACTGTAAAAACAAACATGTTTACAGCGATCATCAAATTCAAAGGGCTGATTTGCTGA

CACAGGGAGGCAGCCTCCAAATACAAAAGCAATATTAGCTGTCAGCGGCAAAATTGGGCAGCATAAGTGGACACTTCAT

AGAAAAAGCACAACATATCTCTACCTCATAAAAGATGCTCAATCTCCCTCACACGAAGAAAATCCCATTAAAGTGACAC

CGAAATCAAACAGCCGGACGACTAGAAGACAGGGTGGGGACTTTTCTCGGGGACCCCCACCTGCACATTTTAACCTGGG

ACAAAGTTTAAACCATCACTTAAGTTTTCGCATATTTTAGAAGAGGGACCATCAGGAGCTAG 

>Giant.4612:148738-149729 

GCAAAATGGGTTGCTCCGCGGAAGCGGCAGCGAGCGGTTCTGTAGGTCCTGGTGGGGCAGAGCGGTCAGGTGCAGGCCC

CGGGAGGCCCGTGCAGACCCACGCACCCGCCGGGCCTCCCATCCTGCCGGTTGCTGGACCGTCAGGCCGACGCCCATCA

GGACGTTAGGCCAGGTGACCCCTATTCCCAGCTGTACGAGCCTGCAGGAATAGAATTCGTCTCCCCATCTTTCTCCCCC

GGTCCGGTTCGCCTCCTTTTCGCCTTCGCTGCTCGCGCACAAGCCTGCAGGATCCACAGGTGGAGGCCCCAGCGCGCCC

TGGTTCGCCCGGCAACAGTGACGTCATGACTGCGCCGCCGAGAATTGGCTGCGGGAGTCTCGGGGGCGAGAAGAGGCGG

CCGCATCCGCAGGCGGAGGCCCGAGCGCGCCCCGGTTCGCCCGGCAACAGTGACGTCATGACTGCGCCGCCGAGAATTG

GCTGCGGGAGTCTCGGGGCAAGAAGAGGCGGCCGCATCCGCAGGCGGAGGCCCGAGCGCGCCCCGGGTTTGCCAGGCAA

CGGTGACGTCACGTCCCCCGGCTGAGAACCGGCTGCCGAGCCTCTGGGGGCCGAGGAGAAGCCGCGCATCCGCAGGTGA

GAGCCGCGCGGAGTCCCGTCCAGGTCGGCACCCCCGCCCGGTCTCCCCGCCGCGGCTCGGCCAGGACGCCGCGCACCCA

CCGGGCAGCACCCCCTAACCCGGGGCCCGCCGGTCTCCACGGGACTGCCCGACGCTGCGGAACGTTTTGGAACCGGGCA

GCGGTCCTTCTGCCTGTCCTGTCGCTGCCTGGCAGTTACAGTCTTTCCCAGCAGAGAACGCTGCGTGGGGGACCGTCGT

CCTCTTGCAGCTCTGGCCCGGGACTCCCGGTCCGGCACCTGGACGACCCTGCGTCCACACCCGGACGGTGCATAGAAGC

TTGCACCTGAGCGTCCGATGCAAATTCCAGCTCCGGTTTCGCT 

>Giant.4350:84522-85520 

AGCTCTCGGAGCGATTTTCCGGCCGGCCGGTCTCTCGTGTGCGTCTCCTGCTCCCGTGTCATGTGAGTTCCCTGCGTCA

GAACCTCCCAGTGTTTCTTCTGTGTTTCTGTTTGTTGTTGAAATCACAGCAAGGCCGCGCCATGAGGGGCTACTGCTGG

TGTCCTGGCCTCCGGCGGCCACGTGGCCTCCAGTCCCAGTGCTGCTGCCATGGTGCTCATGGTGGTCCACAAGGGCGGG

CACCCAGGGGCGGGCTGAAGAAGATGGCCCCTACCATCCCGCAGCCTCTCTGCGGCTTCTTTCTTTTTTAAAATTCATT

TGAGATAGAGAGAGAGAGAGAGGGCGCGTAAGCAGCGGGACAGGCAGAGGGGGAGGGAGAAGCAGGCTCCCTGCTAAGC

TGGGAGCCCGACGTGGGGCTCGATCCCAGGACCTGAGATCATGACCTGAGCCGAAGGCAGACGCCCAACCATCTGAGCC

ACCCAGGCTCAGCCCCCGTCCGCTGCTTTTCCTAAATAACGTTCAGTTCACGTCCTGGTTAACACATTCATATTTGTGT

GTAGCTTTTGTCTTGGAAAAGGAGCAAATATTTACAAAAAATGTATCTATATTACATGCTCATTGTAGAAAATCAGAAA

ACTTTCTGGGAAAAATGCAAAGGGGAAAATAAATCCTTTGATTTTCCCAACTGTGTCATCCAGAACCTATCACTGCTAT

CGTTCGAGAACCTGACGTTTGTACCAAGCATTTTGCTCTCTTTTGATGTAAAAATACATTTTTTTTAGTTTATATTAAA

AAACAGCACCATAATGTATGCTGGATTGTCATTCCTTAACAAGAAATGAAACAATGTTTTCCAGGCACCAATGCCATTT
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TAAAAAAAATTAAAAAAATTTTTAAGAGATTTTAGTTATTTATTTGACAGAGAGAGAGAACAAGTAGCGGGAGCAGCAG

AGGGAGAAGCAGGCTGCCCACTGAGCAGGGAGCCCGATGCGGGACTTGAT 

>Giant.431:436600-437623 

CCTGTCCTCCCCGCTGTGAGGAGCTCCCCATCAGGGCTGGGTGGTGTTGGGGGAGCACGGTAATGAGGGCTGGAAGAGA

CCCCTTCTGCTTGTCCCCGGGCAAGGTGGGCCCGGGCAGAGGCCCCTGTGTGTGGGACAGGAGCACAGGCACTCGCTAG

GTCCACGGGGACAGGGTGGAGGCAGGTTTCTCCCAGGAGGGACAGCCCACCAGGAGGGCTCACCTGTTGCCCCAAAAGT

CCGCTTCTGGATTCTGTTTTCAAGGTCCTTAAGCAGGCTCCTCCCCCTCCCAGCTGCACCTGGACGCAGAAGCACGTGG

GGGCTTTGGCAGGGGGTGTCACGCTTGCCTTTGTGGCCCCTCCCACCACACGGCGATAGGGTACTTGATGTTCTAGAAT

GCCAGCTGTGTAAAGGTGACTGTAAACCAGGCTGGGTTACTAAACGTTCACCAATACGTTAGTCACCTTTTGTTCACTG

ATTTTATTATATTTTTAAAGATTTTATTTATTTGAGAGCAAGAGAGAGCATGAGCCAGGGGTGGGGTGGCACAGAGGGA

GAAGGAGGCTCCCCACTGAGGAGGGACCGATGTGGGGCTCGATCCCAAGACCCTGAGATCATGACCTAAGCCAAAGGCA

GATGCCCAAACAGCCGACCCACCCAGGTGCCCCCTGTTCACTGATTTTAAAAGAAATTAAAATCAACACCTTTTGGTGG

GCCGTGGACCGCATCTGCGGGCTGTGGGTGCGGGGCCTCCCCTCTCCCAGGCTGGGTCTGGACGTGCCCAGCTCCCAGG

TGTCTGCTTCAAAGCCTGGGCCCAGTCTGGGGTGCTCCTGCCCCCTGGGGACATGGGACAATGTCTGTGGAAACCTGAG

GCTGTCCCTGGCCTCGAGGGGGTGGGGCCAGGGATGCTGCTGAACCCCCACAGTGCCCGGGACGCTCCCCAGAGAGTGA

ATGAGCTGCCCTGTAGTGCTGAGACCCTGGGCGAGGCCAGTGAACTCAGATCGCAGAGCTGGGCGGGGGGGAGGG 

>Giant.4308:68537-69581 

TTCTTACTAAAGAATGGTAAGGAAAAAAGTTTGTAATGTTCTGACATAGCAAAGGAAGGCAATCAGAATGGGTCGCTTT

GGCATAAGGATTATTTGGAGCTAAAAGAAATTAGATATCAGCCATGGGATGAATCCATTGCCTTTCTTCCCAAATACAG

GGCATATGTTACTGTTTGCAAAGGTAACAGAGCTTCTTTTGAAAACTGTCTGTTTCTCTGATATCAAGGAGAAAATGAC

TCTTCATCGCTAGAGTGGACTGTTAACTCCTGGCAGACGGTACCAACTTGCCTCTGTATAACGAGCCTTACTAACCAAA

TCCTTTTCTAGCATTAATTTCCATCACGTATTTCTTTCCCACAGTTTGCCACCCCTAGAAGCCCAAATTATCCCTCCTT

CCGTTGTCTAGTCTCCTCTCAACAATTAATCCCTCCTTTGTTAAATTGTTATATAGGCTTCTGGGTCTATCTGGCTCTT

GGAGGTTTTAATTTCTTTTCGGTGAATCCCACCGCTTGCATGTAAAATTCTTATCACCAACAGAATCTATAGACCTGTA

CTTCTACATACCTTTACCCTATGGGATTGTCACCTTTACTTCTGTTCATCTGTTTAATTGTTAGTTTAATTTGTATGCT

CCAGTCACTGAACCTAAAAATGTAAAGGGAAAGTTTTTACTCTCCTAGAGCACAGGGAGTCTACACATTCTCCTGAAGG

GGATTGTGGAGGAAGGAGGCTAAACTTAATGTCTTAGGCTGTAATGGGTCTCGCTGTGTTGAGGAGTATGGTCACCTCC

AACACACTTGTAGAGACGAGGTTAGACCTCCTGGCAAAGGCACCAGATGCAGACATGATGCTCACCCAGAGTTCCCAGG

ACCAGCTGAGGCAAATTCAGCTGAGGCAGCCAGAGAGGGCTACGAGTCCTGAATGGGGATGGAGTGACCAGCTCACCAG

GTGTCCGTGGAGAATGCGGCAGGACAGCTAGTGACCGGGTGGATTTTCTGGGTGCATTGCGGACGAGGCCGTGGGAGCC

AGAGGAGTCTGTATCCA 

>Giant.42961:4081-5126 

CACTCACGTCCCCTTGGAGCTACGCTCCTCTGGTGTTTCCATTCTACTTGGTTGTGTGTCTTCATGAAGTAGTTGAAGG

AATTATTGCTATCCCTTGTTTCGTGGACTAAACCACAGCTGGCTATTTCTAGCCCCTAGAAGACTGGAGCTGGAGGGCC

TTCTGGAAAACATTGCACAACTGGATCTCTCGTTTTCCAGAGAAGGATAGGGAGGCCCCACAAGGGCACCAGTGGAACA

GGAACACAGAGGAGGTTCCCCTGACACCCGTTTCAGGATCCCAACTCCCTGAGCAAGAGTGAAGAACCCCCATCCCTCC

AGACAAAATGGACATATCACTGGAATGGGTCATTTCCCAGGAAAAGGGAAATGCGGTCAAACATGGAAAGGTACACAAT

AACCTCACTGAACGAAAGCCCACTGTGATCCCCTGCCCTTGGTCTTAAGTTCCACCTATGCATGAAGCCATTTGATAAT

CACAGGGGAAGGGAGGAAAAATTGAATGGGAAGCCACCATAGAGGAAGAAAAAGGATGAGAGGCTCTTACCTAAGAAAC

AAGCAGAGGGTTGCTGGAGAGGAGGTGGGTGGGGACATGCGGCAGTTGGGCATGCGATGGAATGAGCACTGGGGGTGAC

ACGAAAATGACGAATACTTGGGCACAACCTTTGAAACTAATATGATGTGCTGTATGGTGGCTAAATGATTTCAACAACA

ACAACAACCACTACAAAATACAATCCAAGGTTCTTTGCATTCTTGTTTTCAATGTGGAAAATATAGGATGATGTCTTTT

CTTCCCTCAAGCAAGGAAATGACATAGCCTATTCATGAGGAGGCAATTCTCAGGACACTCTACCTTTTTCAGCCCTAAA

GGGGTTTTCAAACAGGCTTTCACCAGTTGCAGTCCTTTTTCCCTTCTAGCCAATTCGAAGCAGTCTTGGCAGGGTGGCA

AAAAATTTTCTTCAAGGTGACTCACGCCAAGCAAGTAACATCCATACTTGCCACAGGATTTAGTACAGGTGTGTCCACT

CCATCATTTACAAGGGCC 

>Giant.4282:184901-185928 

AGAGGCAGGCAGAGAGGCAGGAAGGGAAGCAGGCTCCCCGCTGAGCAGAGAGCCTGATGCGGGGCTCGATCCCAGGACC

CTGAGATCATGACCTGAGCCAAAGGCAGAGGCTTTAACCCACTGAGCCACCCAGGTGCCCCGAAGACCATAATTTTTAA

ATTAGAAAGGAAGTATGTATTATTTTGCTTCTTGTTTTCCATTCCTGACATGCTTTTACCCCTTGTATTTTTTCCAGTG

GCATATATGGTTTCTTGGGGAGTTTTGATTGAGCGGGTTTCATTTTTCACCTGGGTGGGGAGGAGAGTGATTAAGCTCG

TGAACTGTTGTGTGGGAACTGCTCAACATCTGCTTCCACTTGAGTTTATACAATCCCTTTTGTTTGTTCAGAAATAGAC

AGAAGGGGTTGAACCAAAACCCAGTAGAAATGAAGGGAAGCTTTTGACTTCCTTTTGGTTTTGTTTGAAGAGATAAATA

CCGTGTAGTGCGGGGTAATAAGTACCTGCTGGCAGGGTGCATTCTCGGTCGAGAAACTACACATAAAGTAATGAGGTGA

AGAGAAACTAGCAGCGTGTCAAAATCCCAAATACATTAGTGGATTTAGTAGTTACGGGAAAATACTAATTTGCCAAGTT

TCAGATGAACCAAAATAGAACATCCTGGGGTGGTTTCAAGAAGGGCCCCTTGCACGTGGCCTCTGTAGGACACCGGGGG

CCACATGGCGTGAGCTGTCGCGGTCGAGTGGTGTCTCGCTGTCTGGTTCACTTGCCTACCAGTGGCTGCACAAAGTGCC

AGTGGACCCTTGCCCAGTCCAGCCGTGGCCATTTCTGGTCTAGACTACAGCAGCACATCCCGAGGGATATTCTTATCTC

CTGAGACCTGTTCCTTGCCAGCCGGCCACCCAGGGTGTCAAGGGTTGTTTCCACAGCAGGTGTAATCCCTAGCAACCTT

CTGCTCGGAGAGCACGTGAGGCTGCCCACTGCTCCGGAACTAGAGTTCAAGGCCCTAGCGTGGTTTGCCATGTGCCTTT 

>Giant.4268:145710-146713 

AAGGGAGGTTTGACCTCCGGCATTTCTCTTCTCTCCCGGGTCTCGGTGCCAGGATTGAGCTAAGTGGGGTTGGTCAAAA

CATCTTTTTTGACTCTTAAAATAAATACCCTCTGTTCTCCAGAAAGTCAGCCCAGAGCAGACACACACACACACAGACA

TCTCATACGCTCACAGCTCTGGAGTTCTGGCGGGTCCCCCGAGGGGGGCTAAGCTTTCTGGTCGGTGTCACAAACGGAT

CCCAGAAGGCTTCTTTCTCTTCAAAATACTCCGTTATTAAAGCATCTGAAACCATGCCCGTAGGAGGGAGCCCGGATGG

AGCCCCGGCCTCCAAAACCAGAAAGAACTCGGGGAGGCCCCCCGCCGGCCTGGGGCCCGAGACAACCCCCAACGCTCCC

GTTTCCTGGCCTCCCACTCCTGGCCTTCAAGCCAGTCGCCCTCCAACCTGTTTCTCCCTCGTTGGTGATGGTGGTCTCC

ACCCAAGGGTGTGGGGCTGGAAGCGGGTTCCCAGGCCCCTCCCCTGGAAGGAGCTGCGGTGGGTGGGGGCTCAGGATGG
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TCCCGAGACGGCGGCCCCGGGCCGGGTGGCTGGTGGAGATCCCTCTCCATGCTGTCCTCCCTCTGATGGCCTCTCGGGG

ACCAGGGGCTCAGGCTCCTGCTAGAGAGACAGACTGGGCAGACAGGTCAAGACCCAGGCTGGTGGCCCCTTCGTGGCCA

GCGGCCGTGCACTCTGTGTGGCCTGCCCTCTTGGGAGGGTTTCTGCCCCAACCAACAGAGCCCTCAGACGGGCCTGATA

AGCCGAGGGTCAGAGCTCACAGGACCGCCATGTTTCACGCTCATCCTGTTCTTGGCGGGGGAGGCCCACCGCCTCACCT

GTGCGGCCTCCCCGCCTGGGATGACAGGCATTTTAAAGAACAGCGCTCATCCTTGGGTTTCTGTCCTTGTCGAAGTCCT

ACCGCGAGCACCACTCTCGGGGCATACATGCGACACAGAGTCCATGTCCCAGAGG 

>Giant.4138:118456-119463 

ACAGTATTTTGGAGGACACGGTCCTCTCCCCGCAGCCCGGGGCGCCCGCTGAGCCCAGAGCCAGCCCTGCCAACGGAGG

GAGATCTTGGTTCTAATATTTTACACTGAAATGTGGAAACACCTCAGCCCTAGCGTGCCCCCAGCCACTGCCTTCTGTC

CTCTGTCCAGGGCGCAAATATGCCACAACCAAAGACGAATGGTAAAAGGCAAATCTCACTCCAACAAGTTATCTCTGTT

TATGATTCTTCTAAAGGACTATTGAAATTTACGTGCTGGGAAACTGGGGGGCTTCTCGGTTCCATCTCATTTCGATCCA

GAAGATAAATTCACCAGGTCAGTGGACCTCCCACCCCCACCCCATTTGCCACAGCTGCTGCCCCCAGCCGAGCGGTTCC

AGCAGCGACCATGTGACCATGTGACCATCGACCATCGATCATCGGTCTCGGGAAGCTCTCCCGGGCTGGGGGTCCAGCT

CTCCTTCTTCCTCGCCCGCTTCCTTCCGTGGGGACTGATGTGAACGGCTTCTGGTTCGCAAGCTGCATTTCCAGTCCCC

GCGGGCCCAGAAGGATTATGAAGCTGCCCGGCCCTCCTTTGGTTGAAATAGGTGCTAAAGGTCCCAGCGGATTTCCTTA

CGGCATCGCAGGGGAAGGATAGAGGATCCCCGTCCGCAAACACTCAACAGCAACTCCCGAGGCCTCCTGGGCTGATTCC

GGCAGCAGCGCCCCCAAGCCGAGGGCCCCGGTACAGCGGGCAGCACGTGTTCTGCCGCCTCCAGGGACGCCTTTGTGTG

CGTCGCCGCCGCGTCACCCCAGAAACGTGGCCATTTGGCTGTGACCTGGGCCGAGAACTAGTGGTCAAGACTGATCGGC

GCAGCCCCTGAGAGGTAACTTTGAAGCTACGGAATCGGCGTGCGTCAGGACCGGGCACATCCCCACCCGGTGGGTCGGT

GAGCGTGGCCGTCCCTGCAGGAGGAAAGATTCTGTCTTCAGGCCACACTTGCAGCGGAG 

>Giant.4012:70972-71961 

AACTCATTATGTTGTATATGTTACCTTTTATGTGCATTTCTGTGTCTGCACTATATAGAACATAAGCTAATGTTTTTCA

AAAAACTCTTTGTTACCAGAAAACTCCCACAATACATAGAGGTGAGGAACACTGTGAGAATGTACTAAGTACACAGTAA

GCATGGTTTTCCTCTGTGGACCGCTTTCCTGTTTGCCCCAAGGCAGCAGAACAGGAGAGCACGTGCTCAGAACCACTCA

GCAGAGGCAGGGAGCTTGCTTGCCAGCCTGCAGAAGCCAATGGCATCTTTGCCAAAAGGAGAAGCTAATATGGTGACTA

TTGCAGCCTGACCAGGACCAGGAGGGTATTGGGAATGACCTCAGGGCCATGCAGACCATTGTAGTTAGGCAACCAGGCA

ATGAAAAACAGAACACAATGTGGCTCTGGGAGAGACGGCTAATCAAGTCTTTACTGGGATCCATCATGCGTCAGCTGCA

TTGCTAGACCTTCGAAAGTCTGCAGAAGAATCATGGAAGCTCCTGAAAGAAGTTACAGTTTGTTTGGAGGAAAACATTT

ACCCTGAAGAATAATTTATGAAATCACAGGCTCCTCAAAGCAAATGCAAAATATATGTCAAAATAAAGAAAAAATAAGA

ATCAAAGGGAAATAGAAAAGGAAAGATTGGCATAGGATCCCATTAGTATGTGTGTGCTGTGTGTTTGTCTCTGTGTGTG

TGCATGTCAATGTGTGTGTCTGTGTTTGTGAACACGTGTTCTGTGTGTCTCTGTGTGTGTGTGCATGTGCATGTCTGTG

TGTGTGCATGTTTGTATATGTCTCTGTGCATGTTTGCATGTGTCCCTGTGCTTGTGCATGTGTGTGTGTCTCTGCATGC

GTGTGTGTGTGTGTGTGTGGTGTGCTGAAGGAGGAGACAAGCACTAATTTGCAGGAGGGATGGGAATGAGGTTCCAGGT

CAGGTGGGGGACAGCCTGCATCTTGGCGAGAGTGATGGGAT 

>Giant.3886:84236-85215 

TCTTCATTGATTCACATTGCACTACAAGGAGGAACTTGCCACACACACCCCGCCCCACCGGCTGTGGCAGACTTCACTA

AGCCATCAGGGCGCTTTTCCCCACTGAGCCCAGACCCAGCCTTGGGATTGCGGCATCCTAGCACTAACTGCAATTAGAA

AGAGGTGAACAGATAAGTTAAAACCCATTTTTTCATCTGCAGTTCCTGGTTGATATTATACACACACACACACACACAC

TCACATGAGCTCACACGCATGTGAGCACACACACGCCCGCACGCACGTACAACCCTGTAGACCACGGCTTCCTTGAGGG

CAGGGTGCAGCGTCTCACTCTTCAGTCTCTCCGGGTTGTCACCGAGGGGCTGACATTGCAGAAGTGCTCACCCAGGCTT

GTCCTCCACTCAGCCCCCGCTGTGGCCGGCAGACAGCTGAGAAGTATGTCACTGACGACTGGGCTCTGTCATGTTTCAC

AGGTGAGACCACTGTGGTCCGGGAGCGGGCGTCCCCCCGAAGCTACCCTCAAGGTCAAGCAGCACCCCAGGACTGGAGC

CCAGCGATCTCTACCTCCCCTGGCCCTCAGAGGCTCTCTAGGCCACATTGAGCTTCCGTAATGTCCTTTGCACCCAATT

CCAATGAGCATTTGTGTCTACCCTGTTCGACATTGGGTCTCCCTCAGGAGGAAACTCACAGACGGTTTGAGGAGAAATT

TGGGGAACTGAAACCTCTACCCTCTCTGGGCTCTTCCCCCATTCTGTCTACATTGACTGTCGTGTCTCATCGCAAGTTA

AAAGCCAAGGTTTACAGTGTACGAGTTACAAATGCTTGACAGCATTTCTCAGTAATGTCCCATGTCCACAGATAAAAGA

ATTCTAGGGACATAGGTTCTGGAAATTCTATGTGAGACCTTCTCCTTGTGAAGCTTTGCACTTCACATAAAAGAATCTA

ACTCAGGCAAAAAAAAAAAAAGAAAAAGTGT 

>Giant.3877:170649-171649 

CCGTAGTCCTGATGGGCTGCAGGAGCAGCAGAGGCCTCTGGGTCGGTGAAAGCTGGCACTCCCTCAAGCGTTCATTTGT

GTCTTCATTTGTCCATATATCCATACATTCGTCTAATTGCTTTACCACCAACAATTTGTCCAGAATCTCTTTCGAAATA

AGACAGGTTTGAAATCAGGCAGAGAGGCAGGTAGCAGGGGCGGTACCCAGTCCTGCCCCAGATGCTATTGGGGAAGGTA

CATCTGGCATAAAACCTGATGGCAAGATGCTGACAGACAGCGGGAAGGTGAGACACAGGAGGACAGAGATGTTGAGCCA

CAAGGTTGAAAGGAACCTTCCTAAACAGAGAATAGAAGACACGAGGAGGGTCTCAGCTGGGCAGTCCAACTTCTGGCTG

GAAGGGTGGGGTGTTTTTTTTTTCCAGCTCTAATCTTTTTTGCAAGACCTTCAAAACCCACATCTCTAACCACCTCACT

CCTACGTTTGGAAACCATCAATGGTTCCCTATTACCCACAGAATGAAGTATAAGAGCCTTCACAATGCATTCAAGGGTG

TTTAAAAGGGACAACCCTCTCCCTTTGTGGAATGACCTCACACCCTCTCCCTCCCACCGTTTACTTCCCCACCTCACGG

TCTCACTATTTCCTCAACCTTAGCGCTCCCTTTCTCTTTTCTTTTTAGAAAGTGGCGTGGGGATGGCCCAGCCTTACAA

TCTCAGTGGAGGAATGGTGATGTGGTGGGTCTGCACTGGGAGTCTTGGGAGCCAGAAGGTCCGAGAAGAAGAAAGAGAA

CCAAGTCATCCAGATGACATAGCCCCTGGTGTCCTGTGGGGCTGGAGAGGAGATGCCACCAGAGTGGAGTGTATAGGAA

GGTGGGGTTTGGGAGAGAGATTCAGTGACCTAGACCATGTACGTGGCCACTGGTCAAAGCACGTTTGATTGCTGGATTT

CGGAAATAGCAATGGATCAAAGGAAATGTGCCCTGGAAATTGGGGGTTGATG 

>Giant.38561:8575-9614 

GTGGGTCTGGTTTAGCAGGGGGTTTTGCAAAGCACTTGGAAGGACTTTGCGACTGACCTGCTGTCCCGTTCAATAGAAA

GTTAGATTTCTTGACCGACGCCTGTCACCTGCCTACAAAGCAAACTGGGCCTGCTGTGCCCGACCACGCACTCGCTGCG

TGAGGGGGGCCCACGGGCGTGTGCGGGGCAGGAAAGCTTGTGGGCGTGTTGCACGCGGACGATGTCCAGAGTCTTCTCG

GCTGATCCGTGTTGGTCAGGTTCCTCTTCCCACGGACGGTGCCGTGTCTGGGGTGGAGCATGAACATGCTGGAGGTCAC

CCCCCCGCCGTGGAGTTTACAGTCAGGGAGCGCGGGGGGAGCGCGGGGGCCGCACCGAGCTCCCATTCATGAAGGCGGC
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AGAGGCCACGCCGACAGTCAGAAGCGGGGCCCCCCGAGCGTGCTGGCACCTCAACCCTTGGCCATCGTCTCTGCCTTTC

GCCCGTGGGCGTGAGCCCCTCCAGCATGCAAGTGCCACTCTCGGCACGGGGACCCCGACGCCAGCGCTGCCTTCGTGGG

TGGAGGAGTCCACAAACACAAGTGCGTCGGCCCCATGGGAGGCCGCGGCAGTGTTGGAGCGCGATCGCCACGGGCATGG

AGGCGGTGGCTGTCTTAGCGCCAGCGGAGGCGCGGGTGGGTGGGGAGTTCCATAACGGGGGCTGGGGACGGCGGGAGGG

CGCTGGCCTTGCAAAGCACCAGCCTCGTCCTGAAAAGGTGTCATCTGTCCACACCCAGGAATTGGTGGGGAAGGAGCGA

GGTTAGGGCATGGGAATCAAAGCCCTTGTGTCCTCTTCGTGGGTCCCCTCCCCACGCCACCCCTTCCCGGTGCCTCCAG

AAACCGGCCACAAGCCCAGCGGGCTCATGCATGTAGCCATCCGGTCTCCCTAGAGAGGGCAGGTGTGTCCCCTCTGAAC

CCTGCGTAGGGCTCCTCTGGGTGCCGGGGGGGGACACTCTCCACTCCCACCAGCCTGGGGCCTGGTTGGCCACCCTCCC

CCTGATCTTGTC 

>Giant.3795:135036-136037 

TGGCTTCCCTGGTCCCAGTCCCACTGAGCGTTAAGTCCTGCTGGCCATCAGAGCCATGCGTTGCAGTGATGCCACAGAA

ATCAGGGTGCCCCACCATGGTATAGTCTCCTGCCTGGGTGAGACTGGGAAGCTCGAGCCCCGCCACAGACCCCTAGAAG

CGAGCCAACCCAGAAGCTTGCCAGGGGGGTTGCTCCTGGACAAGTAGGCTTCTTTCCCCAGAAGACTGGGGTGTGTTTT

AATCCTCTGTGCAGCGCCCCGGGGGTGGTGGCCTGCCCAGAACTGTCCCTCTAATTGTCACAGACCCTCGGACCTAGGA

GTGCAGGCCCTCCTGGCCTCCCGAGTCAGGCGATCAAGGGCATGGCCCGGGCCGCTGCAGCAGACGTCGCCGCACAGGT

GCGGCTCACGGAGGCCGTGACGACCACGTAGGCGGAAGCGGAAAGGCCGGTGGCCGTTAAAGACAAAGATGGCGCCCGT

CGTCTCTGTCGCTGGAGAAGCCGGCAGTGCCCACCAGCTCGAACTTAGACGCTGCTCCTCGGGCCAACGTTTTCATGTG

AGCACAGGAGCCCTTTCCGCGTCTATCTGGACAGGACAAGTTGCCGCGGTGCCCTGGGGTGGTAAGTCCTCGCGCTCGG

GTCCTTAAAGAGGCGGTTACAGTTTGGCTTCAGCCTGTGGGTCTCAAAGACGTGAGTCCCATTGGTTTCCAAATGTTTT

AGCTATTTTGGGGGCTCGTCTTCAGGGGCGGATCTTAAAAGTCCGGGTGTCTGGTGTGGGGTATGACTCCTTGGCTCGT

CAGGGAGAAATGCTGGTTTCGAATTCCCTTCTGGTGCTCGTCGCTGGACGTGGGTGCAGGTTCGTTGGGGGACTGTGTC

CCAGCCTCTCCTCCCCGCTTCCATGCGGTTTCCCTCTCGTTTACCCAAACTGTAGGAGCTGCTCTCTCAGCCTTTAGGT

TTTTTTTTTTTTCAGAGAAAGCTTCCATTTGTAGAGAAAGCTCCCATATAGTC 

>Giant.37504:12799-13797 

TTCCCCCCTTTTCATCTCCTCCCACATTTTTTCTTCTTCATTTTGTTGAAGGTGACACAAAGCAGCAGAAAATATTTAA

GCTGCTGCTACACCATTTATGTTTTTAATTTGACAAGAAAACTTGTGCAGTTGCATGGAACATTTGTCTTATTTCTGCA

GAATTTTGCTTTCTTCTATGAATAACAAACAGATGCTAACGGCAGAACTCCCCCCGCCCCCAGAATAGAGCCCCGCCTC

CGCTCGGCAGGACCCTCACAGCATGCGCCCCCACAGCCCAGGCGTTCTCCCTCCCCCACAGTTGTCCCGCGCACCCCCG

GGGGCCCGGCGCCAGCACAGAGCAGCGACTGTACACGCTCTGCCCCAGCAGCCGATACGCAGTATTTTCTCCCGGAGCC

AGAGCCCTGCGTCCAAACACAAATGAATGGAAAGACATACTCAAAATGCAGGCAGAATGGGGACCATGTGACTCAAGGA

CCAGGATGAACACAATTTAGACAAGCCAGCCGCCCTCCTCCAGAGAGAGAAGCAGATGAGAACACGCACCAGCGTGCTG

ATGCCTCCCCTGCCTTGCCCACGCCCTGCCCGGACCTCCCCACCCCCCTGCTTGACTAAGGAATGCCACCCACTACTCG

AGGAGTTCTTCTGCCAGTCGCAGCTTCTCTAGGAAGCTAGATACTTTTTGCCCATCTGCACGGATCATGCCCTACCCCC

AACACAGCGCGCAGCAGCAGTGGTAACAGCAGCGGGTGACGACCTGCTTCAGGCCGGCTGTGACGTGGGCGTAACCCGT

GCACTACCTCCTTCAGTCCTTGTAACGGCACCGCGAGTACGCTCCGGTGCTCTTTCGCATTTGACAGATGAAGAAACTG

AGGCATCCCAAGGTCAGCAGTGCAGAGGACTTTTAAAGAACCAAAGTAGCGTTTGAACATGGGTGTCAGAGCTCTGCCT

TCTGGTGCTAAGCTAGAAAACGCATAGGAGGTGGTATAACGTATGACATG 

>Giant.37176:11686-12677 

CTCTCCCCGGCTCTCCTCACTCACTCACTGTGGCCACAGACCCTTGTCTGTTCAACAAATGCTAAAAGCTGCCTTTTCC

TCCGCTCCATGTCCTCTCCTCATACTCTTCGCTTGGCTACATTCTGCCTACCCCTAAGATCAGACACAGAGCATTACTT

CTGGGCCCTCTGTGACTCCTGTCCGCCAGATGGCACTCCCCTATCACATTCCGTCGGCAGCGCCACGCACTACCACAGC

AACGAGTGACGACCGCGACTAGCCACTTAACCACCTGCTCGGAGAGCAAGGCTGGCCTGTCTTCATCTCCTGTCTCCCC

AGTGCCTGGGGTGTAGAGGGAGGGCAAATCCCTGGGCAGGTGCGGGCTGAAGGAGAGCCAGGGACGCTGCCGGAGCGCT

CAGCCGTCCTTCCCACGACTGACCTGCTGGCCCCAGGCGGTCTTCAGCGTCTGGAACCTCTCTACGTTGCCGCTGTTAA

AGGCATAAAGGGTGTCAATCAGCCACTGCCGGTCGGTGGTCCTCAGTGACTCCAGCACAGGGTGCATGAGCTGCGAGGA

GGACATGGTTAGCCGGCAAAGAACCGTCAGTCGCCCCCTTGTTAAGAAATCTGTGCCCAGGGTCCACTTACGAGTTCTC

CAAAGTTAAAAACTCCCTCGCCAAGAAGTCCTGCTAGTCCCAGCGTGAAAGCTCTCTCCTGCTGCTCAGACACTACGGC

AACAGCACACCTCCAGTGACACCCCCGTTACGAGATCACTCCTGTTTGGCTTTAAAAATCTCATAAAAAAGTAAAGAAA

CCATTCCCTGTAGTGGTTCTATCACAAAGCCTTAACGTGTTTTTGTAAAAACTTTTATCTCTTTCATTTATTTTATTTT

TTAAAGAGGCAAAGTGGGGAGGGGCAGAGGGAGAGACAATCTCAAGCAGGCTCCATGCCCAGCACAGAGCCTGAAGCGG

GGCTCAATCCCAGGACCCTGAGATCATGACCTGAGCCCAAACC 

>Giant.3661:204735-205760 

TCCCAAGCCGCAGCCGGAAGCCCCCCACCCCAGGCCTCCCAGACCCGCATGCTACTCCCGCCCAAGCTCACACCAAAAT

GCAGCCTCAGCCTGCCCACAGCTCCACGTGGGGCCTCCTACCTGCTCCCGCACATGGCACGGGGTGCTGCGGGACAGGG

CAAGAGGGACGGATGTGTGACCACAGATGCCCACGCACCAGAGCCTCTGCAGCCTACTCACTGTGACGAGCACACACAG

GCCAACCTTCACAACCTGCCCCCGTCTCCCCTCAACCTGATGGAGGGCCCGGCTCTACTCACTCGTCCCCTCCTACCCC

CCAACCCGGGCATCAGCAGAGAAAGCAGGTGCACTGACACGGGGCTTCCGTTCACACAGGTCACAGCATGGGTGGCCTG

CCACGCAGGCATCCCGGGGGACAGGGACACCTCCAAGGGTGAAGGGCGGTGTCACCCCACGCACAAGGGCACCCCAGTG

TCCTGGTCGGGACGCGGCAAAGACGACCTCACTGAAACCACGACAGACCTCTGTGGCCCCAGACCAGAAACATGGGCCC

ACACCGACGCTGTTGGCAACCCGCACCTAACCCTAATGACAGCCTCACTCGGGCTCCCGGATAGCGAGCACGTCCCTAA

GAAAAAGGTCTTCGGCCCAGACCTGGCCTGGATCACTGTCGCTGCAGACAGACGTCGACAAGGACGGGGACAACCAGAG

GCCAGCGGCGGCGAGCCAGTGAGAGAGGGCAGCTGGGCGTTACCTTTCTCCCCGTCTGCTTCTCCACCATGTCGCTGTT

GAGGGAGCAGTCTTCGTGCTGCGGTGTCCGCGAACACCCGCCCTTGGGCATCGTTCTCCTTCCTCACCTGGTCTTCATT

TATGCGGCCGTCGCCTCGTCATCGACCGTCTGCTTCAAACGAGAGGACACACAGGGTCGGTCAGGACCAATTCACACAA

AGCCCGGGCAACCTCAAATTCACGCCCCGGAACGGTGTCAGGAAGGGTCCTCAGGATGGAGAGCTTGGCCCTGCTCC 

>Giant.365:288502-289498 

TAGGTTCCTACTGTAACACAGGGTCACGCAAGTCTCGGTTTTAGGTGTACGACAGCGATACGACGTTTCTGTATATTAC

GCTGTGCTCACCGCAGGTGTGGCTGCCATCTGTCACCTTACGACTCTGTCAAGATACCACTGGCTATATTCCCCATGCT
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GTACCTTTCATCCCCATGATTTATTCATTTCATAACCGGAGGCCTGTATCCAGGGAGATTTTTTAATCGCTCATTTCCA

GATGAGGCAGGATGGAGTGGAAATAAGACCACTTAAGAAACAACTATGATGGTTTTTGTCGGTGAGCAGAAGGAAGGGA

AAGAGGATGGAACAGCGTCCAGAAGACGAGAGGATCACAGAGAATTAACCTGGGCACAGGTGGCTAAAGAGATGGGCTG

GGGAGTTCTCTTAGGTCCCTGGTGAACGTCCAGGAGGACACTCCAGAAGAGGGCAAGGATGAAGACTGTATCACTTCGT

GTCCCTGCAGGAAACAGACGGACACCTTCCAGTGGCCCGCTGTGCCTCTCAACTAGAAACATGGGGGCAAGGAGCCCAG

CGGGGGCAAAAAAAAAAAAAGGGGGGGGGTAGAGAATGGATCTATGGGGAGAGAAGAACAAACAGAAAAACCACGACCT

GGGAGGAAGGAGGAAGTAAACAGGAAGACAGGAGATGGCAGGTGAGGCAGCAGACTATTCTGGGTCCCAGAAGAGGACT

GAAGGAAGAACAGCGGTGTGAAGCCAAGGTCCAGACCAAGTCCGGACCAAAGAGAACCGAGCACGCGTCATACTGACAT

TCGGTTCACCTAAACCGCAGCACTGGCCTCACGGCGATGGGCGAATCCTGGTTCACATCATGTTGAAAAGTCTCTAGCA

TTTCAGGTGTCACAGAAGACACCAACGATGAAGCGAAAGGGGCAACAACATGGCAAGTTCCTGTTGGCTCCAACTATCC

ATCTGTCACGCAAGAGAAGGATAATCTCTTAAGAAGAAGAAGACTTTC 

>Giant.36435:28795-29788 

TTTCCTTTTCAGATGATCACGCGGAACCGCGAGCCGTGAGCTCTCGCCAGAACCGACCCGCACTCGGGAAGCACAGAGC

CCGGTCGGACGCCCCGGAGAGGCCGCGATGGCACCGCGGGTGGCGGCCCCGGGGGACCTGCGTCCCAGGTGAACAGGGC

GTGGGACGCCGTGTGGGAACGACCGTCACCGGACTGCACGGGTTGCGTCGCCGAGCCCGGGCAGGGCAGGGGGAGAGCC

GGCGGCTGGCAGAGGCGCGCAGCTGCCCTCGGCGGACCCCGTCCACACCTGAAGTGAGGGACGCGTTGGCTTCGTCTTC

GTGCGGAGAGAAGGTCACTCCGTGCGGATAAATGCTGTAGACGCGGCTGGCCATGTTCTTGAACACGATCTACAAAGGC

AACCCAGACTCATTATTCCGGGACTTTGGTCCGGTCGTGACAACTGACATGGGCGCTGGCGCCGCCCGCCCCACCGGAG

GAGCCTGCGCGCCTGCCTTGGGCCGCAACCTCTCCTGTCACCAGCACGAACTTTCCAGACTGTTCCACCCCGTGGAGAG

GGGGGAAATGGAAAGAGAAGTCTGCCCTTCGAAGTGAGGTTTTCCCCACAACACATCACTCTTCCTAGTCCGACCCCAG

TTCCCCTTCCCCTCTCCTCTGGGTTCGACCACATGTGCCTTCGGCTCTGTTCCTTCTCTTTAGACCGTGATGCCCTCCA

GCCTGTCAGATCCCCTGGGACACTGTCCTTGGTGTCCTTTTCTGAGGGGCACACAGATGGCCAGCGAGGTATAGTCACA

CCTGCTAGAAAGCACGTAAAAAGGATGGGAGAGCTCAGAAATGAGGGAAGGGAGAGAAGAACAGAGAAAGGCTGCTTCC

TTGTCTTTAGTGAGTTTAACTGAACAAAAATGCCTCGTGTGCGGACAAAAGGGTGAAGGGAGGAGCAGTATCTACTCAG

GGGTCCCAGCCAGGCTCCTTAATCTTCAAGTGAGAACCTTCTCTC 

>Giant.3643:213352-214365 

CCACTCTGCAAGGCTCCACACGTGCCTGGGAACGAGGCCTGCGCTTCCAGTGGTTCCTCATCTGAGGATGGACTGGGGG

AGGACCGGGCAGGCTGGGCAGGGATGCTGGGGCCCTGCGGGCCGGGCCCCTGCTGCCTGTGGGGCAGAGTGCAACCTGG

GCCTGGAGAGGAGCCGTCCTGGAAGCTCAGGTTCTGATGGCGCCAGGCCAGGGAACCTCCCTGTGACTGTCCCACCCCT

CCTGAGCCTTCTTCCTGGGGGCTGCCTCTACTTCTCCTGATCCCATGGGGGTCTCCTGCTAATTGTTCCCTTCCCCGCC

ACGCCTACCTTGTGAAATGTTTTGAGATTGAAATAAGAGAATATATCTGTAAATATTTTTTAAAATAACAATAGCATTG

AGATGTGGGATGTTATCATATTTTTGGGCTAAGTTGCTGTGGCCACAACGTGCGGGCCATCGCTGGGCCTGAACGCGGG

AACCAGTGTCGTCAGCACCACGGGATCCGTGGCCCTGGGCTTTGTACGCACTGAGTTCATCTCATTAATCCCATTTACC

CGGTGCGACTTGCTGTCCTGGCTGAGACAGGTTAACGGGACCCCCTTTTGCTCCCTCCCAGCCCAGAATGTGGGCTACA

GACACTTGCGAGCTTGGCCCTGCTGACATCACACTCTCGTGGACGAGGAGGGAGGAGCCGCTGAAACAAAGGTGGGCCC

TGCACTCAGGGCACCTTGGAGGACCCAGTTCTTCTCTCCTAGCCTCTGGAAGCCCATTTATTCTGTTTCAAGAAAGAGA

AACTGAAACGACAGGCCACAAAATGACAAATAAATAGCAGCCTTTTCGGACACTGTCAGTGGCAGGAGGACTCGTCTCA

TTATCTGCGTCCCGGACGGCAGGTGGATGACACTATGGACAGGAGGGAGTGCGGGTGTGCGTGTCTCGCTCTCGCGCTC

ACATAACTCCCCCCTCCCCCGTGCCATGGAGAAGCCCCCGCTGCACTCCCTCTCGAGCTGGGAAC 

>Giant.3613:8078-9090 

CGCGGCCAACCTCCCAAATCTGCGTCCTGTGACCAGAATTTCCCGGAGACCCTCCAGATTCCCATGATGTGCCTGGCAC

TGAGCTACCGGCCACCAGCCAGCGGCACGCCCCCACGGCGTGCTCTCAGGACACAGGCACTCCTGGGGTGCCTGGCCCA

TGTGCAAGGCCAGGAGCCCAAGCACAGGTTCCGAGAGGGCGCCTGTGGCTGCTGGGACGTGTCCTGCCTCCCCACGCTC

AGCGGAGGAGCTGATGGGTATGTCTGCCTGTGCGCTCAGCTCCGAACCGGGGAGTCCCGGGGGAAAGCGCCGTGTCCAC

GTGTCGGACAGGCAGGGCACTGAGAGTGTCCGCAGGACCTCACGTAATGACAATGGTTCACGTCTGGAGCCTCCGACAA

GGACACTGGGCCGAGGGGGCACACCCCATGGCATCTTGAGGGAGGCTTAGCAGGCCGACAGGAGCACGAGACGCGGGCG

GGACGGGAGGTTGTTAGCAACGCAGAGTGACGAGGCAGGTAGCTGGGCGGTGACAGAGACGGGAGCCCTGGCTGGGGGG

TGTCAGGGCAGCAAGGACGCGTTGACTGGATCCGTGCGCCACGGAGGCCCACCTGTTTCCAGATGATCCCCCATCATGG

GAAACCACAGGGGGATGGGGCAGAAGCAGCTTTACAGGGAGCACCATGGGGCTCAGAGAAGACAGAAAGACAGGGGTGG

GCAGCCTACTGCCTCTCCCGGGCCCGCTGCGCCCTATGCCCCGTGTGAGCCCCGCGAGTGTCTGGGCCGGTCTGGCCGC

TGGGAGGCCTGGAGACAGAGGCAGGGTGCAGCCGTGTCCCCCGAGTCTGGGAACCGACCGTGACTACCCAGAGCCGAGC

CAGCCACAGTCACAAGGCTCTGCAGGTTCTCTGGTGGCTGCTGAGAACCACGGAGACCGTGAGCTTCCGGCAGAAGATG

AGGGCTCCCTGGTTACGAGGCCACAGAAACAGTGGGACACCTGCCCGGACACATCAGGGATTCC 

>Giant.3613:32247-33246 

ATAAAGAGGGAGGAGGGAAGCAGGCGTCAAGGCCACGGAAGCACCCACCACATAGGGCCTCCGGCGCCCACGGAGCGAG

CCACGGACTGAACCAGCAGGCAGGAGACTCAGCGCTCCTGGCATGGGTCTCAGGGGCCGGGAACTCGCCCCACGGGCTG

GCTGAAAGGCACGTGACCGAAGCCAACCAAAGCAGGCGTCCATGCCGTAGCTTGACTTCATGCACAGGAACTGTTTTAG

ATGAATTTAAAACAGTAATTTGTCCATCATTAGAGGCTAAATCCTGGGATTGAAAATTACATGAACCGCTTCTGCAAAC

AGATGGTCAGTGATCTCGGTGTTACTGTTCATACCGTGATCCGTTAGTGCTTCTCGATGAGTTCGGCCTCACATGCTGG

TGGGAGGGTGTCGGGGAAGGAGGGTCCGTGAGTCCTTCCAGGCCGCAGAAAGCGGGGAGGAGTGCGCGGCCCTGCGGAG

CCCAGGGCTTGTGCCCTGAAGGAGGGCAGCACGTCCGTCCTCCCGGCCTGAGGGGACGCGGGCAGACGCGTGCGGACTC

TATCCCAGGAACAGCGCGTCCCGGGCCGTGGGGCTGTCCACTGCCCGCTCCCGCACGGCTGGCCGCCAGTGCTTTCCCG

ATGACACTCGTGGTCGGCGGTCATGAGGGCAGCGTGCGTCGGTGCGAGATGACACAAGGCCCAGGTGTGGATGTTCCCA

GTATCGCCTGCATTACACGTGCGTGTGTGACCAGCTTCCCGTGTGTGCCGTCCGTGCGTTTCAGGCTCACAGGGGATCC

ACGTGAAAGGTGGACGGGGGTCAGCAGACTCTCCCATCGCCAGGGCCCCCGAGCTCTGGGGGGCCACTGCCGGCGGCCA

CTTTCCTACCAGGCTCACAGGACAGGCCTTCGGGACCCGCTGTCCCTTCCCAGTTCCCCAGCTCTCTCCTCCACCGGAA

GGTGTGCGGCTCACCCCCCTGCAGGGTGCCGCGGGTCCAGGCGGAGAGGCA 

>Giant.3613:3026-4019 
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CTGTTAACCTTCCTGAGATGGGCAACATCTGAGCATGTGGTGAGTGTGTGTGCGTGTGTGTGGCCGTGCACGAGTGGGT

GCATGTCTGTGAGTGTGTGTTTGTGCATGTGTCCACGTGTGTTCGTGCATGTGTGCATGTGTGAGTGTGTCCCTGTGTG

TCCCTGTGTGTGACCACGTGTTCCGGTGTGTGCATGTGTCCATATGTGAGTGTGCCTGTATATGTGTGTCCGTGTGTGT

CTGTGTGTGCGTGTGTCCACGTGTGCGTGTGTGCGTGTCCGCGTGTGTGTCACCCGGCACACTGAATGTGCAGCTCACG

CCTGTGCACACTGCGGGCAAACGGTGCTCCGTGCTCCTCTCTCCCAGCACACGAGTGTCTGCTGTGGGCACGTCGGCAC

CTTGGTGATGTAAATGGACGCAGAACGTGATTGGGATTGTAGAAAGACTCCGGGAGACGACTTCCTGGCGGTGGAGGGA

TTTTCCCAGACAAAGCCCGATAAGCGGGACACAAAGACGATGTCGATGGATTGGATCATATCAGTGTGCGGCCCTGGAG

GACGGAGATGCCACGGAGAACAGGAAGATGCAAGATTCCGGCCGCCGGCGTGACCCGCAGGCCCCAAACCAGAAGGGCT

GTCCCAAGACCCAGTGAGAAGAGACTGAGCACGCACGGAATGTGGCCCGATGGGGGCCAGGGAACCCGTGGAGAGGCAC

CCAAGGTGGCCGGTCAATGGGTAGGGAGATGCCTGCTTGTCCCGGGAGAGGGGGCGGACCGTGCCCCCCGGGGCTTGCA

GAGCAACGGCGGCCGCGCTGGCCTGAGCGCTCTGCAGGGTCCCTGGGCCATGCCCCGCGGAGCAAAGCTGGGGAGCCCT

GTCTGTGCGCCGGGCTGAGAACACTAGGCGCTGTCCCTCGAGAGGCACCCGGGCCAGTGGCCCACAGGCGTGAAGCACG

GCAGACAGCGGGTACCACCCAGCACCCCACCCTGGCAAGCGGAGC 

>Giant.3613:17161-18165 

CAGGTGCTGCCCCAGGGATGGGCTCCCTGTGGTTCAGCCCGGATCTCACATGGCCCCTTCCCAGGGCCGGCCCCTCTGG

CTGGCAGGAGGACGAGGAGCCGCTTCCCTGCCCACCCAGCTGCGGTCCAGCCCCTCCCCTTTCCCTGGAAGCAAAGCCC

TCGTGCCAGGCACTGCTGTTCCCCCCAGACCACTCTCTCGTTGCCCCAAAGAGTCCCAACCCCAGTGAAAGTGGAGTGC

GAGCCCGTGGGAGCTGCTGGGGCCTTCCACTTTGGGGTATAGCCCAGCAGGGGGCTGCGTCCTTTCCTGGGGACTGCAC

AGCAGGGGAGGAAGAGGGACCGAAATCCTCCAGTTATTCTGTTTCCAGGACTGCCCACCTGGCGCAGCACCTGCTGGGT

CTCCGGTTGTGGCCACGCCCCCTGCCGACCCTGCCCCTGGGCGCCGGGAGCTGTGCCCTCCCGGTGGCAGCTGCGGGAC

CCATCCTGAGCCCAGGGCAGGTGGGAGAGACCAAGCCCACGCAGGCAGGGCAGGGGCGGGCAGGAATGGCGAGCAGGCC

TCTGGCCCCCAGGGCGCCCACACGCCTCCCCCTGCCCTCCCCTGTCCTCCCAGGTGGTCTGAATGCCGTGTGCCTGGCT

CTTCACTGCTGCCCTCAGACACCCTCCGCTGTCCTAAAGCCCACACAGGCGTCTTGTCATCACGAGTCGGCTCAGTCCG

TGGGACTCTGCCGGCCGCATGAGTATCACCGGCCGATCGCACGTGGATGGACTCTCCCAGCCCCTGGTGTTTCTCATAA

ACGAAGCCCTTGGCCAGGGTGGCCGCCAGGGTCGGCCCTCTGCACGCCGCCATGCCTCGGTGGCTGTCCAAGCAGGCGG

CTCCCGGTGGGTGGGCATCAAGCTGTGGCTCCCACGCCGCTGGTGCTCCAGCCGCGAAAGCTGGCGCGGGCGTCCTCGG

GCGGCGTTTCGGTTGGAGTGAGGAGACCCAGCCTGGAAACACCCAGGTCTCCCCCC 

>Giant.3613:157093-158101 

AGGACGGGGTGAGTAGGGTCATGGGGGGGCGGGGTGAGTGGGGCTGCCACCGGATGGGGTGAGCCCCATGGGTGGGAAT

GTGTCCCAGGCACAGAGCCTGGGCAGCTGGCTGTGGGAAGTCAGGGTGGGAGGCAGAGGATGGAGGGGTGGAGGGCGGC

CCAGCCCTGATGGGGGGTCACCGCTGAGAGCAGGCGTGGTCCTGCTGCTGTGGGGCCGAGGAAGAACCAGCAGGCGGAT

ATCTTGTCACCAAGCTCATGGGGAAGGTGGGCAGAGGGAGAGGGCAGGAGCCTGAGGAGGACAAGGTGCCATCACCTGG

GGACAGCGAGCAGGAGCCTAAGCAGCCAGATCGGGGCCCTGCGAGGAAATGGGGGATGGCCCAGGCACCGTGGTTTCGG

GAGGGGTGGCCCAGGGGTGTCTGCCGGCAGGAAGAGGACGGGCTTCCACGGGGGCCAGGCATGGACGTGAGGACCTGGG

CCTCCCCACCCGTCCGCTGACCGCAGCAGCCTGGACGGCAGCGTGTCCCCGGCAGGTGGGTCAGGACGTGCACCGGGAG

GCCTACGCCGGGTCATGCCGTGCTGCGTGTTTGCTGGGACGGCCTCCCCGCTGCTGGGACGGGAGCTGACCCGCAGAGC

CCCGCGTTCATCACCAGGGCTGGGCCTGACGCAGACACTATGGCGTGTCCCTGGCTACCCGTCCATAGCCCTGCAGCTT

TACAAGCAGCTCTCGTGTCTCAGAAAGGTGAAAGCCTTAGTCCCCGGCGGGGCTCATGGTCTGGTCCCCAGTGGAGACA

CTGTGGCACAGCAGCCCGGCAGGGAAGGACTCCCCACCCCCATGGTGGCGGGTTGGGGACCGCCTCGGGGATGCCCCAC

GGCTGCACGCAGAAGCCCCCTTCCTCAGACCCTCACAGGCACGGGGACTTGCAGAGGCGGCAGGAACTGGCTGCCGAGA

TTATCTGCTTTCACTCAGATAAAGCCTTTGTTTTGCATCATGGACTCGGGCCGGAATCTC 

>Giant.35792:7059-8079 

TACCGTTGCTCTGAGCTCCTCTCTGTATGAGGTTGAAAGGGACCTGTTGCTCTTCTGGACTCATTTCTGTCACATGGAC

TTTTCACAAAGCCCCGGGGCTTTTAGGGACAGAAACAGTTGTTCCCCTTCCCATGCAGCCCCCACCCAGCCCTGTGCTC

AGTTCCCTCTGAGCTCAAGACTTAGATTCACGGGCTTAGCACAGGGGCTAAAGAGATCCTCAAACAGCTCTGGATCCCG

ACATCTCGGGGACAGGCTGAGACTCAGACCGACGTCCTAGGGAATGCGCAGCTGGAAAAGAGGCTGAGAAGGAGTAAGA

GTTGCTGGAGAGAGTCTGCAGAAGTTCAGGTCCAGAGCCAGAGAGGCAGCTGGCTAGGGGAGGAGCTGAGGAGAGAGCA

GGTGTCAGGAGGGTGGGCAGGGTCAGGAGTTACATGTGCGTGGACTCAGGGAGGGTCGTGTGGGGCTGCTCCTCAGGGC

CATCAGCCTGCAGAAAGGAGTCCACGGACTTGTTGCTGAGGCGGAAGGGCGCCAGGCGGTGGAAGTTGCCTGGAGAGCA

GGGGATCTGCACACGGGCCCTCTGGGAGGGCACCACCGTCTCCCCAGGGGACAGCCAGGGTGGCACCCTGGAGAGGATG

CTCAGGTCCTCATCCGGGGAGAACACGGGGTTGTCAATTCCTAGGAGAAAGGGCAGCGGCTGATCAGATTCCCAGGTGA

ACCTGGGACGGCAGGGAGGGAGGGCGCTGCCCTCGGTGTCCGACGTCAGCTGGTCCTGCCGCCGACACCCGGAAGGTCA

CCTGGAAGGTCTCTGCAGGTCTCTTCCAGGCCTTGCACCCCATTCTGTCTCTCTCTGCGCAGCAGGCAGGACATTCAAC

CACTCCCTTCTCTGGAGCAGAGACCCTGCGCCCCCCCCCACCCCAGAACTCACACCCACATGGACCCAGCAGCACTAGG

CCTCCCAGGTCCCGCGGTGCCCATCAGCGACCAATGACCATGCTCACATCTGCGGCCCAGGGAGGGCTGACC 

>Giant.3475:214867-215885 

AAGTTCAAGAGAAGGGAAGAAAACCGCACGTGGTGGTCCCTGGGGTTTTCGCTTCCTCCCCATAGCTCAGCATTTAAAT

TTTTCAGAACATCCATCAATAATGCAGCCGGCTGACCTGCCCTAGAAAAGCTTCAAAGCTTCCCGCATGGCCCTGCGGC

TCGGACGCCCACGTGCTGGTGGATCCTGGGATGCCACCCAGTCTGAGAATGGTGTCCCCGCTCCTGGGCCCGTGTCACC

TGCCCTGCTAGGAGCATATCTCCCTGCCCACACTGGGCATTGGTAGCGGGTCCTCTGCAGCGGGCTGGCGGCTGGAAGG

TGGGTGTAGACTGAGGCTGAGAGCCCGGTGTCCACAATGCAATGCATAGAACCTGTCGGTGTCCCTCCTCCCTGACCGA

GGGTGGGGTTCTCCCGCTTGCTGGGTCAATGCCAGTGTCCTGAGGCTCCCGCCCTGGGCCACGTGCCCCCTCCTGCTTT

CCTGCCTGTCACTGCTGTCACTGCAGGAGCTGAGAAGTGAGTCAACTCAGGGCCTCCCTCCTGCACTTAGAGCTCCTGT

CGCTCAGCACCTGGGTGTCTGAACTGACCCTGGGAGCCAGCAGGAGGGCGCCTGGGGCGGCCGCTGTGGGAGGAGGGGG

CGCGGTGCCGAGGCAAACAGGCTGTAGGTCCTGAGCACTCATTCACCACGAGACCAGCGACCCCGCGCCTGGGCCTGGC

CCAAGTGAGCTGGACAAGGTCCAGACAAATGCTTGTTCCAGGCCTCACTGCCGCATGGTCACCGCAGCCACCGGTGGGG

ACACTCCACCCGCGTCCAGCCACGGGTGAGTAGACACTCGTACACCGTTGCCGCTAGGAGAAGGGACAAGCCCGGACAC
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GCACTACTCTGTGGACGGACCTCGACGGCACGGCGCTGAGGGAGTAGACACGAAGCCACAGTCTCCTGGGCCCCCGACA

TGAAACGTCCATCACTGGCCTATCCATTGAGACGGTGGAATAGTGGTCGCTGGGGGCCGGGGGCTGGGAG 

>Giant.3475:204762-205760 

AGCAAAGCTGCCAGGGTAGGAGCCAGGGTAGCCAGTCTCTGGGAAGGTTCCAAGGCTAGCCCAGGGTCTATCCGTTCTG

CTCAGGTCCTGGTGGTGGAGGGCTGGCTGCTGTCTGTGGCACTTACAAGAGCAGAGGACAGCGTCGTTCAAGGCATAAA

CTCTTCACAGACATCAGCGGATGCTCCTGACCTCACCTCGGGACTGTATGTCACTTCAGGGTGGAGTGGGGACAAACAT

TCAGAGAGGTCCAGCTATCAGCCCACGGTCACACAGCTAGGAGGGGCCGAGGCAGGGCTAATGAGGGGCTTCTGGACTC

CAGGAGACCCTCCTGAGGGCGTGTGAAGGGCTGGGCTGGTGGAAGGGGCCCGGGACACTGGGTGTCCAGGATTCTCCCC

CAGGGCCCCAGACAAGGCCAACAGGAGGCTCCTGGGGCATAGTGCAGGTTGTGTCCTGGGGCCTGAGCCCCTAGCCTGG

CAGAGCCTGGCGCTCACCCCCGAGAGAGTGTGGAGTGGGCTGGCTGAAAGGCCCGGAGGCCCCGCGGCAGGCTGCCCTG

TACCCCGCGTGCAGCGCAGGCAAAGGGAAATAACTTTGAATCAACATCCAAGAACGGGAACTGGACCGTGTGAATCCCC

TTCTTCTCTGCAGCTTCTGCTGATCGTTCTTGGTGAGGACTGATAACAACAGCCAGGCCGCGCGCAGGCTGTGGCCGGC

CTCGGCCTCCCCACCCGCCCCGCCAGTGCCACGCAGTGTCCCGTCCACAGAGGCGTGTGCGCGTCAGGAGACGCGCTCT

GTTCCTGCCCTCGTGGGGACGCCCGGCGGAGGGAGGCAGGAGCCCACAGTTGTGCTGCCCTCCCTGCTTTGCTCCGTGG

TGGGCGCTCCCAGGACGGGTGTTTCCGGGGGGCCCCCAGGTGTTTTCACTGCTGCTGCGTGCGGAAGGGAAGATGACAT

CCAGACTCGGAGGACTGGCGGTCACAGCGGGACCGGGGCTGGGACAGTGG 

>Giant.3475:203754-204762 

GGGTCCCAGGGGTGTCTCCTGGGAGAGCCTTCAGTCATCCGTGGCTTCTGTTGGAAAATGTATGGATGTGCCTCTGTAT

ATTGCGATGGTTTTATCAATTTTTTTTTGAAATTTCCTTTTCTGTCCCGAAAACTAATGATGGTGTCTTTTGGGTTCTG

AGTCCAGGATCAGAATCCGATGGGGGGATCAGCGGCTCCTAACCAGAAGCTACCACAGGCAGTCTTCCTTGACCCTGCA

TGTGACGAAGGAGGGTCTGAGGTCTGGGGCCAGGAGGCCATTCCCTGGCCAGCCCCTCTGGGCCTCCTCCCACCCCACG

GAGCTGGCATGTGTCGGGGTAGATGACACATGGGAAAGTGCTCCTTCCGAGGACAGCTCATGGGAAAGGACCCAGCAAT

TGGTTAACACAGCATCTCGGACTCTCCGCTCCCCAGGGAGAGTTCACAGAAGGCGTCTGCAGACCGGGCCACAGGTTCG

AGCCGCTTGCTCCTGCCCAGGGAGGAACCACGCTAAGAGCCGAGCGCCAGGCACTCTCGCTGTCTTGATCAAGTTTCCT

CGTGCTCCAGCCATGTGCTCCTGACCCACGTGCAGGTGCGCACCCCCCAGGCAGGCGCTGGTGCTCCCCCGTCTCTCAG

GTGACGACACAGAGACACAGAGTCTGGGGATACAGGGGGTCGAGGAAAGTGTCATCTTTGGGAAGCGGACACCGGCCTG

GCAGGAAGGGCTTGAAGTGGGATGTGATGTCAGGTGGGGCCGGGTGCTCTAGCCTCCGGCCTCCCCGGTGCTCGGAGAA

GCTGTCCCAATCGGATACCTACAGCAGAGGTTCACACCGAGTGCCTGAGCACAATTAAGGGCCATGAGTCCATTCCAAC

TTTGAGATGCCAGATTCTTACTCTCAGGAACTCAGGCTGAGCTGGAATTTCTCTCCTCTCCTCGGTTTGTGGACAAGTT

CAAAAGCTAAGGGTACTGGGGATTCCCAGGGTTAGGGCCACAGAGGGCCTGCTTTGGGGC 

>Giant.33277:4131-5160 

CAGGGATTCTCCTCAGACATACATGCTTCTTCAGGTGCCCCCCTCGGGCTCCCTTCCAGGGAAAACGACCCGCTGCGGC

AGGGACGCTTCGGCAGGGAGGCTGTCATGTGCACTGAGCCAAGGATAGGATACCAGGGCACCCTCCCCAGCAGGCCCTC

CATGAAAACTTGCACAAGACCAATAAATGGAGTGGAACACGCGCAGGCTGCCCAGCCCTGGGCTTCCTCTGCCTGGGAA

GCCTCTTCCCTCTCCCGTTGTCCACCAGCGCCTCGGGCAATCCTCCCCCTCCCTCCCGGGATCAAATGACATCTCCCTC

ATCAGCCTCTGCCCATCCCTTGCCCGCAGACAGCTCTGCCAGGGCGCCCCTGGCCCCTTCTCCTTGGGGAGAGAGATTT

GAGCCGGGTGTGTCCTTTCCATTTTTATCCAAATTACGCTTCTCCGAGTCGGGAGGGCCTCTGAAGGTCATGTGCCCAG

CCTGTTCTGTACCAAAATCAACTCTCCCCGGAGCGCGTCCCAGACGGAAGGCTACGAGCGCCTTCCTCACTTCACCGCA

GGAGTCCCCGACCCCGCAGGGCTGCCTCGCGGTCTGGGGCCCCGCTAAGGAAAAGCGTCCGTCCTTGGTTTAAACAGAA

ACCGAGTGCGGGGCGCCCGCACCCCTCGGGATCCATCGGTGACCAGTCTCACCCAGAAGGTGCCCTTCAGATCCCCGCG

GGCCGGCCTGCGCGATGCAGCCGCGACCAGGAGACCCCGCCCCGCCCGAGCCTCACCCGCCCGGGGCGCATCCGCGCCG

GGGACCGCGGGTGTGGCCCTCCCCGCCCGCACCGCCCCGACTCGCCCTTTGTCACCGGGTCCCCGGAGCGCACACCCCC

GCCCCGGGCGCGGGGCCGCATCCGCCCCCCCGTCCCCCCCTGCTCCCCGGCCAAGCCCGCGGGCCGCGGCGACACTCAC

CCGCGCCAGGGGCGCCGGCTCCAGGCCCCGGGCTCCGCCACCAGCGCAGCAGCGCCCGCGCGGGGTCCAAGCTCACGGC

GC 

>Giant.3303:153621-154618 

TGCCAATGTGGAATTTTGAAGGTATTCATTCTAATCAAGAGGCAGGAGCTCTGTCCTTGTAATTCATCACCATCTCACA

AGATAATACCTTAGAACTCTTAGCTGTCTTTTAAAAATTCTCTCTCAGAGGGTCCTCACAGTAATTCTAGGAAATAGTC

TGTTGGAAGTCTGCCTATTATATTTGATAACCCATGTGGAAAAATAGAGAACCTTCTAAAATATTAATTTAGCGGAAAT

TTTCTGAAGTTTTGCAGCTTTGATGAATTTGAGTTTCCTCCCTTAATTGTGTCAGGTGATGTAAGGAGATATGGAAAAT

TCTGTAACCTTGCAGTAAGGCTCTGACCTGTCGATTTAAAAAGGCCCCTAGAGGTAGAAGCAAGAACTGACTAACATCC

TCTGCCCCATCACCCGGTGTCTATGCCAAGCACATTCCTGATCCATACTTCAACCAGCTCTACAACGAAAGCTTGGAAA

TTTGTATTTCAAAGTATGCTTGGTACTTGGAATGCAATATTTCTTTTCATTGTTGCCGTGGCAAAGTGCAGAGTGCCCC

CATGTTCACAGCCAACTGCTCCAAAAGACGAATGACTCAGGGAAGCTCTCCAAGAAGTTGTTGCCAGCCTCCTAGATAT

TTCCACAATATCCTTAAAGACAGAGGAAATTGTTCATTAAGACATACAGCTATTGTCTGTGGAGAAACACAGAAAGCCA

ATTTTATTTCTTAATAAGCCAGGCAGAAGGAAAAGAAAATTGTCTTTGTTAAGATCGGTCATCTCGGGGGTTGAGTATC

TGCGGGTTCCATCATCCCAATGAAACGAAATCCGTAAGATTTCCTGAATTCTGTTACGTTAAAATTTTTCCCACGTCAA

ATATTACTTAGAGTCACTGGCTAAGGTAATGATATCCCTTCTTTCTCTTTCACAGAATTTTCTTTCTCATTGTATTACA

TGTTATAATGGAATTTTACTGGTTTCTAAAAAGCAAACCATCCTTTGAC 

>Giant.32896:31704-32700 

TTGTCTTTGCTAGTAATTTCCTTGTCTCACCTTCCTCCCTATGAAAATCTCCCATTTTGCACTGTTCCTGAGGGTGTAT

GTCTACATGCCTATGGGATGCCACCAGCACCATGAATTACTTAACAAAGCCAATGAGATCTTCACGCTTACTCGGTGGA

ATTTCTTTTTCAAGTCATCCCTATGCCCAACGCGGGGCTCGAACTCACGACCCTGAGATCAAGAGTCTTACGCTCCACC

AACAGAGTCAGCCAGGCGTACCGGAATTTTGATTTGTAACCAAAGAATTGCACATGGGTTAAAACCATGGAAGTGCATG

GCAGGTTCAAGGGCGTCTGTGATGCCATTTTCTCTAGTCCTGCCGAGGTTTGAAAATGTCCACAATTCAAAAGCTACAG

GAAGCATTTCCACGGAGCCCTGGCTCCGTGCACAGCCTGGGGGCACGAAGGAGGGAGCCGGCCCTGCACCTGCAGACAC

GCAGCCCCCAGAGCAGGTCCCCAGAGCAGGGCCGGGAACGTCGGGTGGAAAGGAGGGGGTGCTCTGGGTTGGCTCCCCT

CGGGGCTCCTCCAGCACCCAGCCCCTGGCTCCCATCAGCCGCGTCACCGCCCCTTGCCACCAGAGCTGGTGTCCCCAGC
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GCCGTCCCCAGCACCGCCCAGGCAGCAACCCTGGCCTTCAACCTCCCAGCCTCCCAGGAGAACACGCAGACCAACTGAA

ATATTTTGAGTCAACGCCACTATTTACTATCAGGACTCCTGTGGGTTCGTATCTCAGGCTAATAAAAGCTGCCCCAATT

GAACCGGCAGCCAGGTTCCTGCGGCTTCTTTAAGAACGAGCTGAGTGTCTGAGCTGCCACCCATAGAGCCAGACGCCAC

CCTCGGCATGGGCTAACATATGCCCGACAATGTCTGCAGGTGAGCTAGGATAATAAAGTCACCTCAGTTTCTCCAAAAC

CAAGCGATTCCCAGAGCCACTGTGGTCAGGTTACGGGAAGGAAAACCC 

>Giant.32731:16600-17609 

GCCCCCAAGTCCCACGCAGACAAGAGCGAGCTCACAGCCGCCCTCACGCCCATGTTCCCGCCTCCTTCTGGCTCCTCGG

GTTTGCTCCATGTTGCTCGCGGGGTCCCATCTGGCTCTGTTGGTGCCTTGTCCACTGAGAACTTTAGGACTCGGGGTCA

CCTGGGCCCCGGGGGAGGACTTGAAAATGTTCTCGGTTGCATGCTGCAGCAGGCGGTTCTGATGGCAGCCCCCGTGTGA

CGTCCCAGCGGTGTCCTCTCCCGCAGTGCTGACCCAGGAGCTGCCAGGGGAGGGTCCCAAGTCCTCAGGACAGAGGATG

TGGGAAGGACACTGTTGGGGAATGCCGCTCCCTCCTGAGGGTCCCAGAATCCCACAGGGACAGAGGAAGGACGGGAAAG

CTCGTTTTCAGAGATGTGCGGGCCCCGTGTTCCCCGGGCTCCTGGTCCCCAGGGCTCCGTGGCATCTCTGACCCTGGTC

CCAGATGGCCCTGGCACATGCTGACCTCCTGCTGTGCTCAGCTGCAGGTGCACAGAAGAGGCAGGCTGGGGGGGTCAGG

CTGTCACCTGAAGATAAAAACGAGTCATGCTGGCATCGCACGGGCGCCTACATCATATGGTCAGGACGTGTCCCTTGAC

AGGACAGACCAGAGTCCAGCACATCCAGCTCAAAGGGGCCTCATATGACTGGAAGGTCTGGGTAGGAGGGCGTTCCGGC

AGCATTTGGACAAGGGAGGCGAGGGGAGGGTCTGGGTCAGGGCCTTTGGGGTGTCCTCAGATGACCTGACTGACACGTT

GAACAAGGGTGCCTGTGGTCCCCACGCAGCCTGGGGTGAACGGTGAGTGCAGCACGCGGGTGTGTCCTCAGTTTCCCCA

TGCTGCCCACTTTTGCTGGGCCCTGCATGGGACAGTGAGCCCCTGCTCCATTGAGTCACAAACCCCCGTCTGATCTTTT

GCCCTCCACCCTCTTTCTGGAGGTGATTGCTCCGCTGTCTCCTCTGTGGGGCCCCACCCCA 

>Giant.3205:63790-64855 

ACAACTGTTTTGGTCCGAAATATTTCTGAATCTGTGTCGGCACGTATTGTCTTCCCAGAGGCGCCTTCACATCCCGTCC

CGTCCCTGTAAGGCCTTTCTTGGTGGTTCTGCAGACTGTCATTGAGGGTCAGGGCTGGCGACGGGGGATTGCTTCCTGG

AGGTCCTGCACGCACCCCCCTGGCCCCCTGCCTCCTGTCTGGCCTGTTTTCGTAGCTGTGAATCGATAGCACAGCTGAA

AGCAAGAACTAAGAACTCAAACACACACTGTTTAAAGGTACTCTTTAGTGGGAAAGATATTTTTTGTTTTCATCAGTAA

GTATACATCAAGTTTCTGTAATGTAAACCATGTAAATTTATTCAGATGCTTTTGTGCAGAACAGGAAGATTTACCTAGA

CTGCGGACTCTAACATATATGCTTCCTGGCCCCTCCAGTTTCCCCCAGATAGGTTTCAGTCTCAGGAAAATAACTATTG

TGAATTAAATATCTGGTGCATGTACTATCAACCCTGTCACTTTTGCATACAGTCTCTGGTGTGTGTTTGCACAGGACGT

TGAGGCCCTTTGAGGAGCCATATTTGCGTAAGGGCGCTCACCGTAGGCTTAGGCGATTGAGATGTTGCTAATTATAGCT

TCAGCTTTGAGATACGTCGGTCATAACCATGACTGCTGTAACGTTCATGCTCTTGGTCGGAAACAACCCCAGTTACGGC

ATTCCCTTGGGAAGGTAGGTCTGGTCTAACAGGGAGACTTTGCTTTCAGTCTGGTTTAAGGAATGCTGTCTAAGGAGAC

TGGGGTGGCAGGGCTGTTTGTTCTGAGCCTAATTCGGCCTGTGCCTGTCAGGATGGAGTTAGTGCTGCTGTTTCCTGGG

ACCCCATTTTGGTCGGAGAGCGAGATGTCCCCGGACCAGAAGCCTGTTGGATACCACACTGAGTGCTTTCAGAATTGCC

GTGTAAACATTCCGACATCCGTGGGGCGTGGCGGAGGGGGTCCTGGTTTCGAGAGCATCGACATGGTGCTGAGGTTCTG

GGCTGTCCGGCTGCCACTCTGCTCGTCTCCTGAGCAGA 

>Giant.31936:15871-16891 

CACGGTCAGCTGCGCCCCCTCCCAGGGGTGCTGCTTCTGGAACGCACAGGGCCCACCCACCAGGGCACTCCCCCGTAGT

TACCATGGTCGGGGGTGGGGGCCCACCCAGCAAGCGCCATGAAGGGAGCCATGAAGGGACCAGTGGAGACGGGCAGCCT

TGCCTCCTGGATCCCGTCTGGCCCTACCCATATGCAAATCTAACCTTTCCGCTATTTCAGCATTATGAACCCAAAGACA

GGATTTTCCACAGGAAAATATTTACTGAGGGCTTTCTCTTTCATAATCTATCGATTTTAATATCCTTACCACTTTGGCT

AAATGTCAATTTCACCCTGAGGATCGCTATTGCAAATTTGAACACATTTTATTTATTTATGGCATTCAAAACATTAGTG

TTGGAAATGAGCAAAGTTTGAGTCTTTTAGTGTTCCTATTTAAAGTTTGTTTTTCCTATTTGAATAATGCTGGCAGTTT

GCCATGGTCATGGGGGCCAGTGGGCAGGGCACGGCCACAGGCAGAAGCTGAAGCCACACTTCAACAGGCACGGCTCGTG

AATATGCGGCCGCTCCCCCACTTACCTTTGGGACCAGAAGCACCTGCTGGCCACTAGCATTCAGCCAGAAGCCAAATCC

CCCACCCGGGCATTTCTGCGCCCGTCCGTGCCGCTCACGCACAGATCGGAGCAGGCTGGGGTCGTGCAAGTCGTTGGGA

TCCCCACGGGCTCCCGCGGGGGTGGAGGCTCACCCTGAGACTCCGGCGGAGCGCTGCAGGCCCTCTCCATGGCCATGAA

CCAGAGGGCTTCCGCGCACTGCCCCAGCCACCACCCATGTGCTCAGCTTGAATCTCAGAGGACTTCCCGCGTGGGTCGG

ATTTCAGTTGTTTTCTGAGGTTTCAGGAACCGCCGCAGGCATCACAGGCTGAACAGCACAACGAGGAGCTCTCTCTCAC

ACACTCACACACACACTCGCGCACACACACAAGTCCATCACGCCCAGCTTCTTGCTTGCTTCACAACAGAGG 

>Giant.3181:43694-44689 

AGCACGGACATCGGAACCCCCCCAGCAGCTCCCGGCCAGTCTGAGGGCGGGTGCGTTTGCAGACGACAAGGGAGACGAG

ACTCAGCTCCTGCTCACCCAGTGCCGAGGGCGGTACCAGAGGAAGGTGGCTTTCTTCTTCAGGACGCCCCCGCCCCAGA

GGGGAACGGGTGGCCTCGGAGCCCCCGCCCCGACTGCCAGCGCCCCGTGGAGGCCGCCTGCTGACAAGGAGCCCTCTCC

GGACAGAAGCTGGTCACTACGCGGGGAGGGGCCTGGGCTGGGACCCCGGAAAGGGGAATTTGCTATCTGGCCTCCTCTC

TATCCCCAAACACCTCAGGGCACAGTCGTCTGTGCGTGTGACCTTTGTTTAAAGGCTCGGGTGGGGGATCCTCCGAGGC

CACACCCCAGTCCCTTCCTGACCAGGTGGGGGTGGCGCCTGTCATAGTTGAGTTGGCCCTGGGGTGAGTCTCTACAGTA

ACGGGCCTAGACGGTCAGACGGAAGGAAGAGCACCAGGCTGGGCTCTGCACGGGAGCTCCTGCGTCCTAGCGGCGGTCC

TCGGCCACAGACATGCCTGCCTTGCTTGTTAGGGGCTGAGCCATGTCTCCCAACCCCAAGGACAAGCAGCGACCTTGCG

TGGAGAGGTAAGCAGGCGACAGTGAGGTCACCAGGTGACCCTGATGGCATGAGTCTCATATGTGTAGTGTCATAAGAAG

AGGAGGCCAGGACTCTGACGCGCACGGGGGGACGACCACACAGGACACGGGAGAAGGCGCCGTCCGCAGCCCAGGAAGC

GAGGCCTCAGGAGGGACTAACCCTGCGACACCTCGCTCTGGAACTAACCCCGCCCCCAGACTTTAGTACAAGCAGGAAA

GTCAGGGTCTATAAGAACAGCCGTCACCGCAGAGACTGGACGCACAGGGTGCAGCGCGGCTTCCGGAGGAAGAAGCCGG

GTGGCCGGCGCAGGCATCAGGGCTAGACTTGGTGGGAGGGGGCCCAA 

>Giant.3159:115357-116352 

AGCCCCCCTCACCTACAATTCCTCTCCGAGTGTCTTGACGTGGTGTCTTCTGGGAATCCTGAATAACGTGGGGCTCAGC

ACGACAGGAAGGGGGAGCTCCTTCGTGTCGAGAGTGACCCAGATTGCAAACCAGACTGCTGCAAGCTCATTTCTGCCCA

TAAAATCCTATGACAGGGGCGCTTGGGTGGCTCAGTGGGTTAAAGCCTCTGCCTTCGCCTCAGGTCATGGTCTCAGGGT

CCTGGGATCGAGCCCCGCATCGGGCTCTCTGCTCCGCGGGGAGCCTGCTTCCTCCTCTCTCTGCCTGCCTCTCTGCCTG

CTTGTGATCTGTCTGTCAAATGAATAAGTAAAATCTTTAAAAAAAAAAAATCCTATGACACAGTTTGTGTCTGACTCTA
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TTTAGCAACAGGAATCAAAACGCAGGAAATCACGGAGACAGAACACCAGCAAGGGCGTGAGGCAGCCACGCCTGCTTTT

TCAGGGCAGTCGCCGGGGTGTGGGGCGCGCAGGGAGGACACCACTGCTACCGGACTGCTAAGAACTGCCTCCCACGCGC

ATTCTCTGGAAAGGGTCCTGCGGGGTCCCAGAGGCTCCCTGATGGCAACGCCGCTGGCGACTAAAGGCAGAAGCAGAGT

GGGAAATGAAGCTCTTCCTTGAAGGGATCCCACAAATGGAAACGCCTCTAAATTTGTTTTAGAAAATTAACGCTGCTTT

TCCTTAAAAGGGAGTGTTTGTGAGCAATAAGCTTTAATACTGTAGATTTTAAATAAAAAAAAAATACACACGCACCATA

TTCTTTGATTCCACTCCTAAGGCAGTAAATACTCTTCCCCACGCGCCACCGCGCCGCCACAGGACAGGAATTCAAAGCC

GGTTAGAGAGTGAAAGGGCCGGAGCCCGGGGACACGGGGGCGCTCACGCGCGCCTGCGGCTCCACCTAGTGGCGAGCAC

CGGATTGGCGCACACGGGAGCAGGCCCAAAAGCTGAGGGCTGGCGAG 

>Giant.3101:248427-249452 

CTGTCCCGGGACGATGGCGCATTCGGATGGCTTTCTGTGGGTCCTGAGAACACCTGCCCCCACTCACATGAATGTGAGT

AGACACCAATGGAGCTGAGAACAGTGGGCGCACCAGACTCTTTTAAAATGGTTTGGTGGGGCCTGGATGAACTCAGTCG

TTTAAGGATGTGTCTTCGCCTCAGTTCGTGATCCTGGGATCCTGGGATCGAGCCCTGCATCCCTGGGGCTCCCGAGCAG

GGAGCCTGCTTTTCCCTCTCCCTCTGCCCTTTTGCCCCAATCGTGCTTCCTCTATCTCTCTTTCTCACAAGTAAATAGA

TAAATCTTTTAAAAGATTTATTATAAAAAATTAGATTATAAATTTAAATAAAATTATAAAAAATTATAAATTAATTATA

AAAACAAGATTATTAGAAAAATAAAATTTTTTTAAAAGCTTCCCTCTCCTCAGTGTTTTCAAGCACAAACAAAAGGAAA

GAGTAACGATCCTTTTTTATTCCCCTCGTGGACTTTATAAACACACCATTCTGAACCATTGACAGGTTCTGTCACAAGC

TCCGGAAGCCAGCCAGCCTTCTTGATTGCCTCTAGCTTAGGCTTAGAAAGTTGTGAAAGTTTTGAAAGTTTTTACTGGT

TTGAAAAGTGAGAGGGGGCTCTCAACCCAAACTTGTTATTTTCAGCTCAGCAGAGCTTCCATCCTTGGGCTCCAGAAGT

CACGGGAACTGGGCTGAGGTCCCGGCTGTCGCTGCCCAGCCGGGTGACCCAGACACGTTTCTCGGCCATCAGGCTGCTT

TCCCATCACGCGGACGCTCCTGCGGGTGATGTGGATGGCTTCCCCCAGAGCCCGCGTGGAGATCGCACCCAGCCTTTGT

TGGTACATTATCAGCTCCGAATGTATTAGGTGGAGGACAACAGGAGGCTCAAGGCAAAGGACAGTCACATTCACCAAGT

TCCCTGGAGCGCACTTAAAATGTCACCTTTGAGGTTGGCATGACTGTGAATTTTTTATTTAAGAGGAAACTGAGGTT 

>Giant.3099:13624-14628 

AGTAAAATCCGATGTTTGACACACCTGAGATCATGTCCCCAATTCCTCAGCTTTTCAGGTGGTCAAAAGACATGTTAGT

GTCCAAACCCCCAGAACATGTGAAAGTGACTTGATTTGGGAAAAGATCTGTGCAGATGTCCTTAAGTAAGGACCTTCAG

ATGAGATCATCCTGTATTATCCCAATGGGCCTTAAGTCCAGTGGCAAGGATCATCACCAAATTGTGTTCGTTTCCTCAC

CTGTAAAGTGGGAATATCCTAACTGCGGTGTCATTTCCTGGGGTGGGCCATGGGGTCACTGCAGTCTGAAGAAGCGAGC

AGCCCTTAGAAATGACATTCACTGAGCGCTGCCATTCTCATGCACCGCGCTAAGCCCTTTCGTGAATGACTTAGCGATC

TCTGTTTTACTGATGTGGTAACCAAGTCTCAGCGAAATACAGTAATTTGCCCAAAACCACACAGCTAGCAAGCGGGGTG

GGGGGACGACTTCCGAGATTTTATCCTCCACGCTAGACTGCCAGAGAGGAGACAAATGAAAGCCCTCTAGCAAAGTCAA

TTATTTCGGCATTAGCTCAGGCGCCACACGACTCTACTTCAAGAACCCACCACTGGGCGAGATACCGCCTTCCTTCCCC

CGGCCGGGGAACGACAGGGTTAATGACGTCACTTTCAGGGGCCTGTGACAGGCGGTTGCCCGACGGATCCTTTCAAGGG

CCAAAACTCGCATGTGGCGCCTATAGATGAGGTCATTGAAGCGGACCAATAGAAATGCCCAATTTCCGTTTTCCCGGCG

AATTCCTATCCTTTAACCCCAGCTCCGCTGCGGAAGAAGGAAAAGGCGGACCCGGGGGCGGAGCAAGTCGAGGAAGCGG

AAGCGGCGCTGCGGTGCGTGTCCCCGCGCCGGCCTCGGCCCCACGCCTGCCTGGACCCCACGTGCTCGGTGAGTGCGGC

GGGATCGGCGGCCGTTCCTGGAGGGGTTCGCTCGCCTCTGCCCGGTGCTGCAGGGG 

>Giant.307:160141-161152 

CTCTGGCCCTGACATGAGTTCGTGGTTCCACAGAGAACGATCTTTCTGCTTCTCTGGTTTCCCTGTGGTGAAATTCTTA

TTTTTATTCTTATTATATTAATAATACAATAATAATAATTATTATTATTATTCTCACAGTCCAGTCGTGCGTGTGCTCT

GATTATCACCAGCCGGGGTGTCTCTCTTTGGGAGAGGGGAGGGTGTACCGGTAGTGAGGAGGAGGACAGTCAGGTGCTT

TCCTCTCGTTCCATTTGCAAACAGATGCCATCGACAACCACAGATCGCTTCACGAGAAGCCCGGCCTCGCCGGCAAGCG

GGAACTCCCTCCTGAAGATGAGACAAGGCCAGGTGAGCGTGCCTGGGTCACCTCACTGCCCGTCACCTCCAGGGCACAC

ATGGTGGTGGGGTATCAGGCTCCTGCACACCTCCCGCATCCCGGCCTGAGCCTGGCCCGGCCACGTCCGCCATCTGCTG

GAAGGACAAGCCCAAGGCCCAGCGTCGGGGCCCAGGGCAGCCACAGAGGCAGAGTCACTAGGCTCAGGCCTCAGAAGAG

TCTGGTCTGACCAGGTACCCCCCACACCCCGCTGTGCTAAGCAGGGCCCTGGGGAGGGGTCCTGGCCAGTCCCCTGGCT

TCCAGATGCCCAGGCCGCCGCTGATGAGGCTGAGAGACCCAGAGCGCGGTGCGGCAGGCGACAGACGCCGATTCTGTTT

CCTAGGAGGCTTTGCCGGGTCGCCGGCCGAGAACGCTGCCATGCGCACGATAATAGAGTTTCTGACTTTCTTGCATCTC

AAAGGTATGTGAAATGTTATCAATTTTAAATTCCACTTCTTAGAACCCTGCCCACGTAAAAAGCCTGTCAAAGAAGGAT

TCCGTAGAATTCTCTGGATTCTCCTGGAAGTAACCAGCCCTCCACTCCCATTCCTCAAGTCGCCACTGCTGGGTGGGAG

AGCGGCCGAGGGGCAGGGGTTGTGGCGGGCCCCAGCACTGGACCTGGAAAGGGTCCTCAGAGC 

>Giant.30502:20616-21663 

AACAGAAGACGTATCAGTTGTTACTTAACGGATGGGTGTGAGGCCTTGCTTGATCTCACGTTTTCTCATTCGGCCACAG

ACTTTCAAAAGTCAGCTACATTTTGTATACTTTTCCCCGTGAACTTCATTTTTTAAATGTGGGTTTGTTTTACCACATT

TTCTTCTAGTTTCTTTTTTTGGGGGGGGGGGGTTTGTACTGGGTGGGGAGGAAAGGAGGGAGGAAAAAGAGGGAGGAAA

AGAAGAGCAGGGGAGCTTTCACTGGGAAGGGTCACAAGAGGCAGGAAGGAAAAGGCAGGCTTCCAGCATGTCCTGGAAG

GTGCCGGTGCCACCGTCCCCGCAGTGGGACTGGGGTTGTGTTGTGGTTTCAGGGGCCTGTGGCAGGAGCTCAGGTCGGG

GGAGATAGGGACCTCTCCCCACCTAAGCTGGGGGAGTAACAGCTGCATCTCCACACCTAAGCCGGGTAGGGTAGGGTGG

GGGGTAACAGCGGTCACCTGCAGAGGGCAGCCCCTCCCCCAGAGTGAGGGAGTTTTTAAGGCACTTAGCTCAGTTCCTG

GCCGAGCCAGTGCCCGTCCACCGCCGCGGTGTTTGTGGTCAGCGGCTCCTCATGGAGGACTGCCACTCCCTGTCGTCAG

CTCTGCCATTGACGGGTGGGGACTTCTGATGAGAGACTCAGCCCAGGACCCATGTCCCTTCAGGGAAAGGATTAATGGC

TCTTCCCTCTGCTGCTCTGGCTCTGGACAGGCCCAGGGAGACCCCGGCTGCGGCAGGACCGCGTCCCTGTGGCCCGAGA

GCGCCCGCCAGAGGGCGCCCGTGCCTCTTTGGTCGCTGCCGGCTGTCCTCTGAGCAGGCACCAGAGGCTGACTGTGTGG

ACCCCGGAGGATGGCCGGAGGGATGGACGGAGGGAGGGAGGGACGGAGGCTTCCAGCCAGTCTCAGCCCCTCACACGCT

TCCCTGTCCCGTGGCAGAGGTGTCTCTGCAGAAGCAAAGTGGTCTGGAGGGTGGAGGGCCCGAGCCTCTCCCAGGAGCA

GGGTCCATGCTTCTGGGGTT 

>Giant.29016:22594-23559 

GGCTCTGTGACTCCGTGGTAGTTCATATTCTAGGAGGACGGCATTGGAAGTTTTTCTGGTCCTTATGCAAGAGAATTGT

GGCAGAAAGGCCAGAAAACAAGCATCCAGAAGCTTCCTTAGAACAGGTCTGGGGTGCCCAGTCCTGGTAGAGAGACTGA
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GGCCCTTTGGCCTTTCCTCCAAGTGTTGGATATCTTAACAGAATTCTAGAAGTGTTTTCTCTGCTGGAAGTTACAAGTC

TATTTGTAGAGGAGACATTCTTCCATGTTTTGGGAATTTCTTGAAGAAAGCCTTCCTTTTCTGAGCTCAGTGTAAGTGA

TGTGCAGGCTTGTCCTCGGGCCCATGAGACCTGACCTGTCGGCTCCAAGCGGGAACCGCTCAGCCGCGTCCCGGCCCGG

GCGCGCTTCAGGGGGAGCTGTGCACCGCTGTGGCCAGACGGACGCGCTCCCTTTCTGTGTGGACGCGCTCCGGAGAGCG

GAGCCCCAACTTGCTCCGAGTCCTCGAAGGTTCGTTGGTGACCGCAGCTTAGCCCTTACCTGCAAGTGCCTGGTGTCGG

TGTGCAGTGACCCCAGGTGGGCTGACCGTCACGCTGGTGAGAAGGGGTGGCCGAGGCCGTCTGTGGTGACCGGTCGGGA

GGCCCGCGGTGCGCTCTCCGGCGCGGCGGACAGAGACTTCAGGAGTGCGCGCTCAGCTCTGAAAAGCAACGAATCCCTC

TTCTAAGGCTGGGGGGTTGGTGGATTTCGGAGGCTCGGGGTAGCGGCGGTTAAAATGCACACGCTTCGAGCACGTGCCA

TGTCGCCAGGTCGGATGTGCTCAGCGTCGCCGTCGGGGCCCTCCGTGGACCGCGTGTGCCGGCGCGGCTGTCGCCATCG

TCCGCTCCTCCCCGGCAGAGGCGGGCGGCCCACGTCCCGGGGCCGGGCTGGCGGGCGGCGTGTGCGGCCTGGTTGCAGC

GCGCTCCCGCCGCGGTT 

>Giant.2889:62532-63528 

ATTATGAATTGAGGAATCTGAGGAATGAACAAAAATTCCTTTTGTTGTTCATTTTTTAAAAGACGTCACACCAACTGAA

GATACAGGAGAAAAGCACAATATTGTTCACCTTTAACCATACAAAGCTAGATCTGCATGTTTATAAACACTAAGACTGT

TCACATATGGCTAAACATCTTATTGGAACAAAAGAAAAAACATTAATTGACTGCAGGCTTAAACCTATCTTGACTTCTC

AAGTTCACAAACTAGTTTATTCCCAGGTTAAAAATTTTAAGGTGTGTTGAATGTTAACATAATGAGGAAGGCAATGAAT

ATATAGCAAGCCTAGAAAAGAAAGCTTACCACGGTGTCATTTAAATCAATGGATTTTATAACAGCATCCTCTCCCTGGG

ATAATAAAACTTAACATGTATATGTGCTGTTTCCTTTGCATTATATGATGCAAGTTGAAGAATTTTCTCTTAGGGACTT

AATGTCTACCAGTTGAGAAATCATTCCTTACTTCCTTCACCATTCTTTTTTCTTCTTCTTCTTAATTTTAAATTCCAGT

GTAGTTAACATAGTGTTATATTAGTTTCAGGTGCACAATATACTGATTCAGCACTTCCATACATCACCCAGTGCTCATT

GTGAAGAGTGCACTCCCTAATCCACATCGCCTGTATCACCCCCAACCCCTCCCGACCCCCACCCAGCTCCCTTATCATT

CTCTACAGAAGTTAGCTGGAACACCAAACATACTAATGTGTTTAGCTAACCACGACCAAACTGTCATGTAGACCACAAA

CAGGGAGGAAGGCCTTCAGTCAAAGATAGGGATTAACTATAACATGCTAAAAATAAGACAAGGACACACAAATCCCTCT

TTGATAAGGAATGAAGTCCCAGTCTCTGGCAGTGGGCCCCATTGTCAAAGATGCTGTTACCCGAGACAGAGGTAGAGCC

CTCTGGGCTCGGTGAGCGTTCCTGCCCTTCTGTTCCTACCTGCCACCC 

>Giant.288:440164-441169 

CCACCGAGAACCCTGCACAGTGAAGACAGAGCCAACTGATTTTAAGGAGAAATAGCCAAAAGAAATTAAACTCCAAATA

TTATTCCCTGGAACTTCTTTCTTCCAGCCTGTCACAAGGTACTTACCACTGTTACTACAATTTTGAGTGCTACTAGGCA

CCAGCAATTGTGCTTAGCCTTTACAAAATTTTATTATTTAATAATCACTAACTTGCAGGTATAAATATTATTGCCCCTT

TAGGAAAGCTAAAACCCAGACTTGGAGAGAGTTAGAGTTACTTGCCCAAGCTCACAGAGCTGGTAAGTATTGAAATATT

TATTTAAGTCCAGATAGGACTCCAAAGCTCATTCTCTCGACCGCTACCTTCTATGTCTCTTCTGCTACATTTTATAGAT

TCTCACTCTTTGGGTCAAACGCATCATTCAAACCAAAGCCTTGAAGCATTGCACAGGAAAAAAAAAAAAAAAAAAGAGA

GAGAGAGTTCTACCACTATGTATAACCTGTTTTTACCTTTCTTCTCAGAATATTGACCTGAGTCCTCTTTTTTGTTGTT

GGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGAGTGGTCATATAA

TTAGTGTAAAAAACACCGCAAACCTACAATGCTTATCCGTTACACATTCGCGGTCATCAGAGGGTTATCTTCTAACCCA

GGCAGGCCCTGTTTTTGGATATTGAAGGACCGTGATGATTCCAGCAGGTAGATCCCGGATGATACCGAAAGCTCCGTTC

AGTTAATATCGTTGTACCAAAGACCATAGCAAATGCCATTCTACAGCCACATCCTTTTGGGGAGTGTGGTGCTTGCCTA

TACGTGGGCTCTGGGCACCTGGGAAATAGCAAAATTAATATCAGAGAAGCTAAAACCAAGGATTATCTCAAATAGCATT

ACATTTCATACAGATACATTTATTATTTTTCGGTGTATTTTCAAAAACCTACAGACG 

>Giant.2865:65174-66179 

CAGGGCTTCCTTAGCAAACTGAGGGGGCCACTGCCCATCCCCAACCCCACTACGGCCCACAGTCACCCTCTGGCTTCTG

CTCAAAGTGAGCATCCCGAAGGAAGCAGGCCACACTAGAGATCTGTTGGGCCTCATGGCTAATTCAACTGTGCTGCTCC

TCCGTGGTTCTTGGTGTGAGGGAAGCCCTGACTGAGAAGCCCAGAGTACATTTCCCTGAGGGCCTGCGAAGCTCCGTCT

GAGGCTCTGGTGTCCTTCCTTCATTTAATCGTCCATCCCTTGCTGCATTTATTCATCTCTCAAACCTGATCCAAGCACC

TGGCATGCCGGGCAGCCTGGTAGCGGGAGAGCAGAGCTGGAAGGCTTCGCCCGTGCTGTCTGCGGTATCATGCGGCCAA

GTGAACGGAGAAATTAACTCTTTGGTAAGGGGATGAAGGAAGTGTGATAGGAGTTGGGGCTTTCTGGGCTAAGTAGGCA

TTGACCAGACATTAAAAGAGATGACGAAAGAGATTCCAGGCAGCAAGAGCCTGTACGAGGGTGGAGAGGCGTGAAGACA

CGAGCCAGGTGTGTGATGAGAAAATGGGGAATAATCCCGTAACGTCAGAGGATGGTCTGCGGGGCTCGGGCAGTGGATG

GAAGGCGATGGTGGGATGGTGGGAGGATGCCCATGTGGGCCTTTGCCATAACATGACCCCCAGTCCAGGGGGTTTACAC

AGCAGAAACTTCACAGGACTCATAGTTCGAGAGGCTGGAGGTCCGAGATCAGGGTGATAGCCGAGTCAGGCTGAGTCCT

CTCTCCCGGGTGGTAGGTGGCTATGTTCTCCCAGGGTCTTCACGTGACCTTTCCTCAGGGCGTGCATGAAGACGGACAG

ACGGGACAAGCCCTCTGGTGTCCCTTCAGATAAAGGCACAGATCCCATCACGGGGAGCCCATCTTCATGACCTCCCACC

GACAACCCCCCCCCCGACAAATCCCAGCTCCTTGCAGGAAAGAGCTTCAACATAAGG 

>Giant.2841:252347-253361 

CCCGTCGAGCGGCTTTGCACGGCGGACAGGACACACACACATGTCGTCTTCGCCAGGATTGTAGCTTCAGTTGCATGAA

ACAGGTTGGAAAACACCAGCATTGCCTCTCACTTTGTCTTGCTTTCTGTCTTCGTGCTTAACCCTTCCAAGCCCACAGC

TCTGCTAGTGTTTAACGTTTTCCTAGAAGTCTGATGATGCTAGGCGGAGCCTTCCTGGGGACCCACAGGACGCGACCGT

GTCCTCAACCGACAGTGACAAGGGAGTGATTTACTGATGTCTGGCTTCTTGTTAGGAAACCGTCCGATAGAGACTAACG

TGGAGACAAGAGCCCGTCACCCCCCAGCTGCTGTCAGCAGCGACCAGTGACCCATGGCCAGTGGCTCCTGGCCACGCCG

CACCTATGGCCCGGCTCAGGTTTCCACCCAAGGAAATCCCGCACGCCGGGTGGGTGTCCCCACAGTTCTGCCTGAGCCT

CCTGAAAGACACGTCTCCCTTCCCAAATGATCACACCCGAAAATGAAATGAGCATCTGCTGGTGACTTCGGGGTTCCCA

GCTCCCCTCTGTGCCAAGATGCTCCAGGAGACCATAGCTGTGCTGCTCCGCGGGGCTCGCTCGGCTGGGCCACGCCGGG

TCAGCGCACAGGGCTGCGGTAGGACCAGGACGACCCTCCCTCCTCTGAGCTTCTGGAAGCTATGAGTGCCACCCGCAGG

CTCCGTCTCGGTCTGGTCGGCCCCGGGGTGGAGTGGGGTCTGTGCCGTCCCGAGGTGCATGGCGTCTGGCCGCCCCTCT

CCCTGCGACTGGCCGGGTGGGGGCCCGGATGGGGTCTGCGTGCCCCGATCCCCTGTGAGAGCCCCACAGCCCGGTCACT

CCCTCACTCCGGGAGCCGCTCGGACCGCACACAGTATCTGTATTTCACTGGAAGTTGCAAAATGGTGATATCTTCATTC

CGTTCATTCACATTCATACTAAATTCATGTCATTTACGAGCATTTACGTTCATCACACTCACTTAC 

>Giant.2833:178096-179128 
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CACCGAGTGCACAGGGAGACACTGGGTGTCATAGGGCGTGTGGGTGCAAACAAGGCAGAGCCGAGGAGGGTACAGTGCG

GGGGTGACTAGGGCCTGGACCACAGCCTGTGGAGCTGGCAGTGTCAGAGGGGACAACGTGGAAAAAGTGCAGGCTCTCC

CGGGGCGGTTAGGACCGCCGGGTCAGCATCGTTACAATGACACTCCAGGATTGGTGCCTCTCCACTGGATGGCTTGGTT

TTAGTTTTGGATAAGTCCTTTGTACGAAGGAGACACTGACACAGGCCTCTGGGCGTTCCTGGAAGTTTCAGCTTGAAAG

CCCTTGTCTTTAACCCAAACTCCAGACACATTCTGCCAGATGGTCCAAACCCTGACTTCACTGTCAATATGGGACTGGT

TTTATTTGCAGAAGGAGTGATTTGTCAGGGACCCATCCAGACTCGAAGACGATGTTAGGACCTGCTCCCCAGTGTCCGG

CCAGCCCTGGGGCCCTGGAGGAAGCAAGTGGAGGGGCCCCCGGAGAGAGACCCCAGGTGGGGTTCCAGCTCCCAAGTCC

CAGGAGTGGCGCCCTGTCCTCCCCTTGGCCAACCCGCTTGGAGTGTGAGCAGGCAGGGCACTGCCTTGGTCCCTCAAAA

GTCCACCAAAGACACAAGGAAGCAAATTCTCCCCAGCAGCAGGTGGCCTCGGGCTGGCTTCCTCCCCCCCAACCAGCCT

GGGAGCCGTCCACTTGCTCCCAGGCTCTGTTCCCCCTGCAGGCAGGCCCGGTGCCTTTCCAACCCCGAAAGAAAAAAAA

AGACCTTCCTCAGGGCCTCCACCGACTTCGTCCTATTTTTATGCCATTTTCCATATGGTTTTTATAAGCCCCAGGTTCT

CCTTGCTTTTCCTTGTTCCCGCAGATTCTCCGAGTGCCCGCCGCTGGTGGCGTTTCAGCGCCCGGGGACACGGCCACGG

ACCATACGCAGCCCGGCCCCAGCAGCGCCCATGCGGTGGCCAGAACGGGCCAGTGGAGGCAGCAAGCACGTTCTGCTGA

GCTCC 

>Giant.2819:60274-61266 

CCACAGGTGACCTTAATGGTGAGCAGGTGTCATATCACGCACGTGTCACAAATCGCAGACAGCACAACCCTCAGAGTGA

ACCTCACGTACCGGCGGACTTCGGTTAGCGGCTCATCCATTGTCCCAAATCATGCAGGATGTGAGCAGTAGGGAGAGGA

GCGGGGAATGTGGGGCTCTTCAGGGGTAGGGGGACTCTCCATTTCCCAGACAAATTTTCTATAAACCAAAACACCACAT

TAAAAAAACACAGTCTGTTAATTTTTTTTTAAGTGAAGATCGCTGTTGGCAACTTGGAATATCGCACACTGTCCTCTGG

GCTCTAAAGGGAACCCCTGGGGCTGGGTGCGTCTGTCCCTGCGCCGCCCCCACCCCTGCCCTTTCCCTGCCACTGCTCT

CCCCCGCTGCTCCCAACGAACCCAGCGACACTTCTGTTCCTCTGTGACACGTTGCCTGGCACAGTGCCCGCCAGGCTGG

GGCGCGAGCCCACTCTGGAAGCTTCAAGCCCCTACTCCAGTAGGCTTTCCAGTGAGAAGCGCTGTCCTTTTGGGTGACG

TTAGTGAAAAAGGGACATTCTCTGCCAGACAGGAACATGGGCTGTTTCTCTTTTCCAAGATGACTCACCCGGGGATGAG

CGCGAAGCCCGGGTCTCTCCTATCGAGTGTGTCCACATTGTGCTGTGCCCTGGCGGGGGGTGCATGGACAGCACCCCCT

TGGCCAGCGCTGCGGTAGGGCAGAGCCCGGTGGACGCGGACAGGGCCAGGCCGCGGGCATTTCCTGGCCGTCTTCTCAG

TGCCGAGCCCTGTGCCGGGCCGGGGAGGGACACACGAGGGGTGAGATCTGCCCGTGGGAGACTGCGGGGTAAGGATAGG

CTCAGCGACACAGGACGGGCCGTGCAGACAAGGGCATCTGCAGGAAGGGGTGTGGGGGGCCAGCCCCCGGGGCGGGTGG

GAGGAAATCAGCCCCCAGCTCCGGCCCCTCAGACGCTCTCCCCA 

>Giant.27637:16784-17782 

AATTTAAGGCCTTAACAGGTGCTCCAAAAAATGAAATTCAGAAGCATATAATCTAATGCAAATTAACTGCGTCATTACG

TGAAAAAAGAGAGTTTTGAGTGAGACAGCATAGGCAGAGATAAAGGCAGGCAACAGACCAGGAGAATGCTTTTGAGACA

AGTCACAGGGAATTATCCTGGAGGACATGCAGAACCAACAAGGAGGAGACCGAAGAAAAACAGATAAAGTCTGCAGGCA

AACAACACAACTGATGACAGGCAAAAGATAAATCCACATATTATGAGATCCCCAACTTTACTGATAAGAAAATGAAAAT

TTCTATGGAAGTCTTTAGGGTACTGGGAAAGCCTGAGCCTGGCCACGAAGAGAAGTGCACCATGGTGAGGCCTGTGGCT

GCCGTCGGCCACTTCCAGAGCAGGTGGTGGAGTTGGCTTCTCTTCCAGGCCTTAGAAACTGGCCGGCTGAGACTGGAAA

TCATGTCCCCAGTGCAGTTGAGTGTGTAGTCCCAGGATTTATTTGGGGAGGGCTTCCACTCCTACCTGAGTGCCTTATG

ACTCAGGGCGGTCCTTCCATGCTTCAGACCCTATCTCTCCCCTTGCAAGGGTTTGTAGGATGACACCCCGGCCCCAGTG

GCCACCCGTGGCTCATCACTGTGGCACTTTATAGAAAAGGTAACCTGGCCATCAGTGTCTCTACTCTCCTCAGTAGCTC

TGGCTCTTTTGCTTTGTTAGAATTTGTTTCTGAAGAATTTAAAAGTGAATGAATTCAGGTCTCCAGACTTACATGGAAG

TGGAAATGCTTGGAAATGGTGTGTATCATTCATGGTTCAAGCAACAAATGCTCTTGCTGGCTCAGGACACGGAGCTAGG

CATGCAGAGGAGAACTGGGCAGGGTCTGACTAGAGCTTGATGAAGAAATTCAATATGGGCAGAGGGAAGAGCACCAGGT

GAGTCACTGTAGGCGCCGCATGAGAGGCCCTCATGACCTCCCCTTTACCC 

>Giant.2719:119946-120943 

CACGGTCCCTGCTGACATCCTCTTTGCCGGCGGAGGCCTGTCTCATTTTGGAGGGGAGGGGAAGTGACCACGGTGCCTG

CAAGGTGATCTCTGAGGGGGGTGGGGCAGACAGGACAGGGAGAGAACTGAGGCTTCCTCCCTGGGAGAGGCTGAAGGTG

GAAAAGGGGGACAAAGGCCAGAGCCCTGCTGTCCTGAGCTTGCTTTATCCTTGGGCTTTCCTGAGTCTCAGACCTGACC

CAGCGGGAGCTGAATTCAGCAGGGCAGGGGCTTGGGGTTCTTACAAGAAGCAGGAGCCCCAGATGTCACTTGGCGAGCT

GCTCCGAACCTGGCGTGGACGACGCGGTCGGTGACTGGGACGCGGCCCGGCTCTCCCTGGCGGAGGGCCTGGTGCGAGC

GGCAGCGTCCAGCCACTCGGACCAGCGGCGGACACCAGCGTTGGCCACGGAGGTCGCCGGGCTGGAGTTCTCTGAGGGC

CGTGCACCGTGGGGTGTGGGTCGTGGCTGGAGTCAGGTGGGATCCGGGGTTGGGGTGGGCAGGGAGGACAGTACTGGAT

GGGCTGCCAGCTGGGGGTGGCGAGCAGGGCCCCAGTGGGCCGGCACTCCCGAACCCGTACTCAGAACTCCCCGCCGCCA

AGACAGGCTCTCAGGGGGGTCAGGGGACTCGGTCAAAGGCTCCTTTCTGGGCTCATCCAGGGAGCTGGCGAGACCGCTC

TGGGCCCCCTAAGTCCCCTCTGTGGCCTTGGGCTCCGACGTACGGCCTGCATCGGCCCGTGGCACAGCTTTACGCCCCA

GGCCCTTTGCACACAGCAGCATTTCGGCCCAGCAACTCTCTGCCTCGGGCACTCCTTCCTACTGTGCTGGAGGCAGCGG

CCCCTACTCGCGGCCTCCCACGGAGGAGACATTGATTTCATTTCCTGCTGGCAGTTCCTTCTGGAAACACATCCCCCGC

CGAGTACAACGAGGGACGCCATACCACTTCCTGTGTAACACCCTGAAAT 

>Giant.26804:26583-27582 

ACTGGCCCCCAGGGCCCCATCCTCTGGATTTTCTAAGCCACAGTTGGCTCTTCCTTTGGTGGCGCCTGGATCCCTGCAC

GCCGATGAAGCCAGTGGACTCCTTCCTAAAATGTTCCCAAGTGCATCAAATACACGGGATGCCAGAGCAGGCAGACAGC

ACCGAGACAAGCCGTTGAGATCTCAGACCCCCAGATGGCGACTCAGCTGTCCCAAAGCATACTGTCCCCTCCCATCCAT

TCGACCAACGGTCCGTTGCTGGACTCGGCTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCCACCTTCCTGTCCCCGTGCCCCCCCTT

CCCTACCACCTTCCTGTCCCCGTGCCCCCCCTTCACTGCCCAGGTTTCCCGAAGCACCTGCTTAGGAGTCCTTGACTCA

GGGGGAGCCCAAACGGACTTGTAGGCTAGGCGTGTCTTCACACATTGATTGAATCATGGGGTTCAGCCGTGGGAGCGAG

GAGCACAGGGGATGCTCGGAGAGACCACACTGTCCCGTGGTACAAGACTCTGGGGTTCCTGCGGGCACCCAGCTTACAA

TCGAAGGAAAGTCTACGTTCTAGTTAGAGACGAGTGAGAGTTAAGATTCTTTCTCTCCTCTACATTGGACCCCCAACAT

CTTCTTATGATCCCCATCTGGTTAAGAACCCCTAACTCGGCGATGGGCATTAAGGAGGGCCCGTGATGTGATGGGCACG

GGGTGTTACATGCAGCAGATGAGTCGCTGACTTCTGCCTCTGAAACGAACGATGCCCTATATGTTAGCTAATTGGATTT
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GAATAAACTAAAAAAAAAAAAACAAAAAAACAAGAACCCCTAATGCAGAAGTACCATTAGATTCAGACTCAGATTTGAC

CTTTGCTTGGCAGGACTCCTTCATACGCCGTAGGTGCCGTCCTGCTCTTCC 

>Giant.2649:224409-225406 

CCCTCGAATCCCATGTCTGGGGCAGCCCGGTGGCCAGCCTCTGTGACCGGAGCACGACCCACCGCGGCCCGCCCCTTCC

ACCAGTGCTCACAACCTGCTCACTGTGGCGTCTCAGGCACAATTAGCGGCCCTGCATTTACAACCCAAATAAACTCCTC

TTTAATGAGAACACTTTTCTTTCCATTATTTTATGGGCAACTGGCTAGAGACACTTCGTAAAAACCTTTTTAAATAGCA

ATAAGGCCACAGTAGCTGGTCAGGGACACAGAGGTACGAACCCAGGCGAACCCAGTGGAAAAGTCAGGGCCTCAAGAGG

CAGTGTCTGAGGAACTCACACCAGCCCCCCGCACCCACCCCGGCCACCAGCAGCCCTCGTGGCCCACAGCTGCCCTTTG

AGAGTCAAGGTGCCAAGACCTCCGTCACACAGAGGGGGATCTAAGACCCGACCCAAGAGAAGCATGAAGATGAAGCTTT

AATCCTCCCCAAAGGCGTGTTCAAGGGTAAAGATGATCATAAACCTCTAAGTCCTGAGAACCAAGACACCGGTGAGCCG

TGCTTCATAAAAATCACAGATACACTGCATCCAAACAGGAGGTGAAGGGGAAAAGGCACAAAAACCTAGGAACGGAGAA

GCCAGAGCGGGTGAGCGAACGAGGCAGGCACACATCGCCACACACGTACGTACATGCGTGAAACCACCGGGCTCTGAAT

CCACGTTAACAAGAAACTAAGGCTTTTGGAGGAGTCTTGGTTTCCAACGAGCATCAGCGCCACCGACCCACCAGGTACA

CGCGCTAGAGCAGCCGAGCTCGGCGGTGAGCAGAGAGCGCACGGAAGCCGGGCTCCGCATCTCCCTCATGCAGAGCTCG

TCCTCACAGCCTCAAACTGAAAAATGGGTGTGTGTATTTTAGAAAACAAGGACCGAGTGCTTCCAAAGGTTCTGTCACC

CGTAGCCTCATTCTTAGGTCACGTAGGAACGAAGATCCCTTGCACTTAA 

>Giant.2649:143240-144240 

AACAACAGCTTCTGTGAAGGACTGAGAAGGATTTGTGCAGATGTGGTGAGAGAAGCCCCCGACAGCTGGGGCGTCTGGG

CTTGGAGAGCGGGAAAGGCGGGGCAGCCAGGGGCTCCCAGAAGAGGCCTGCCAGCCCTGGAGGCAGGTCTAAGGCCCTG

AACAGTGACCACAGAGAAACAGTGGCGTTTAAGGCTGCAGCGGAAAGGAGAAGATGGAAGTCCCTCAGGGAACTGTAGG

GGCTAGAGGAGACAGGTGAGCCCAGGAGGGAAGAAAGAAGGAAACAGTGAACACCGGTGAATGCCAAGGTAAGGAACCA

GCGGAGAGCAAAGGCAGGGAACGAGTCCGGCATTAACGCTCATTCCTACGTAACGGGAAGAATGAGGGGCGCGGGGGGA

TGAGGGGAGCATGGGCTGCGGCAAATAAACGGGGCCGAGGACACAGGACCCGAGGGCTCCGCTGCAGAAGCTGAAGAAG

CCAGAGCGAATCCAAGCCGTGCAATGAAGGAAACAAAGAAGGTAATGAACGCAATTCACAGACAGAGAGCAAAGTGGGA

ATGAGAGACAAGCGTGTACTACTTGGCAGACCGAGTCACCAGCTACAAAGGCAACAGGATGTGTGTCTTTCGACAGAGA

AACTGTTTCTCCAGACAAATACACAAACGCAACTGCCCCCAGGCTCCTTATACAAAGAGACGTGTGTAAATGCATTGAT

CGGATATGTGGGGAAAAGTGACCCCAATTACAAGTTCACCAAGAGAGAAAGTGAGGCAGTAAACCGTGGCATAGGTACG

AGATGGGACCCCAAGACAGTTAAAGCTAAGTAACCGTCCGTCTCGGGGCCGACCTCAAAATAAACCTCCGAGATATCCA

GCAAAGATGGCAGATGGTTTATGAATATCACATTTGTAGCAAAAACATAAAACAACAATTTAGGAAAACGTGTTTTCAT

TGAGACCAGCAAAAGATGGGTATCCAGAATATGTGAAAATCTTTGACAGATC 

>Giant.264:465235-466229 

CCACTAGGACCCGCCCACTAGGACCCGCCCACCAGCCCGGAAGGGAGCAGCTGGGGCGGGACGAGCTTCCGGGGGCGGG

GCGGGGCCAGCGCTGGTTGGCCGGCTTCGGGCGGAAGTCGGGAGGGTCGGTGGTCCGAAGACGCTGGCTTGTGACAGGG

CGGGGTAGAAGGAAGGCCTACATAAAGGTTGCCTCTCCATCCCTTCGCTCCCGGGGACCCTCGGAAAAAACCCAACACC

CCGGCCCGGCGGCTAGCCCCTTCCCCCAGGCTCTCTCCGCTCGATTTCGCCACCGTTATGTGGGAAGCGAATCCGGTGA

GTAGCCGGGCGGGACGGGGCGGGCCCAGTGGGCGGGGTTGAGGAGAGAGGGGCGGGAGGGGGTTCCCGGGAACTGCTCC

CCCTCGCCCGCTTGGGGTTGGGTGTTGAGTTCCGGGGCCCCGAAGATCCCGGCCCTTGCGGCTTCTGTAGTCTCTGGCT

TTTAAGCGGTGGAGATGGCTGGGTGGGTTCTCCAACGCTTTATCGCTTTCTGTTACAGTTACTGATTTGGCTTGTCGTG

GTTTCTCCGCCTCGGCCCCCCGCCCCCGTTCACCGTCTTTTTTAAACTTGGTGTTTTGCTTCCTCCTCGGAGTTCCGGG

GCTGGGGACCGGTTCCTCTGCCCGTGCCCCCGGTGTCCCTGCCAGTCCCATCCACCTAAAGCGAGGGGATTCGCCCCCC

GTGTCTCGAGTGGGCCTAAGAGGAGCCATCCCTGCCTGCTCCTTTTCCCTTCTTGCGGGACGGTCGTTTCACAGCTGGG

GGCACCGAGTGTATGTTCTAAGCCTGTAGAGGGTGAAGTTCTTAGATTTTTTTTTTTTCCAGTGGACGGAACGGATGAC

CTGGAACTTGTCACCTGCAAGTCTTGTCTCCCTCCTCCTTGTCTGACGCCCGTGTTGGCGGGGCGTCTGCCCGTGTTTT

CGTCTGCTTTGTTTGTAAACGTTCCTTCCGTGTGCAGCCGCCGCCA 

>Giant.2627:36805-37848 

CCCTCTCTCTGCTCTCACCTTCTTCCAGCTCCTCATCAAGACCACTACAGAGTCACCCTTTCTTTCTTTTTTTTTAAAT

TATTTTGTAATTAACATAGAATGCATTATTCTTCAGGGGTGCAGGCCTGCGAATCATCAGTCTTACACCATTCACAGCG

CTCCCCCTAGCCCGCACCCTCCCCAGTGTCCATCCTGCAGCCACCCCATCCCGCCCACCCCAGCCTCTGGCCACTGTCA

CCCTTGCACAGTGCAAACGCCATGCAGTTCTCACTGACTGAGAGCCGCGGTGACTTCCCCTTATGACTGAGTGGAATGG

CAGGATGAGGCACATGACCCCGGTCTCCCTGCCGCCCCTGCCTCAGCTCCGCTGTTCCCTCTCTCGACTCCCCTCCGCG

TCAGGACGCTGTGCCGTCGTGCAGGCTGTCCCTGCCTTTCCAAAGTCTGTCTGACCGCTCGCCTTCACTTCCCTCCCGC

TCCTCTATCCTCCATTCTGAGTTAAAATCTGTGCTTTGTTTTCTGTTCCTGTGCTGCTTTCACATGCTGGAACAGTTGG

CCCGGACTGCTGTCCCTCCTGACAACGGGCCACATGTCTTTCCTCTGCACTCCTCGATGAGGGCGCAGTGCTGGGTGCC

CCCAAAGCACCGAATGGTCTGGAAATCCCGTTCGTGCCTCTGAAGTCCTTGTCTGTAATTTCCCCGTATACTTGTTCAA

ACCAGAGCTGTCCAAACCCAGAATTCAGAACTTGTCTCCCCACTTTCACATTTTAGGATTCTCTTGGCCAGAGTACCTG

ACTCTAAACTTTCATTAATTGAAATAAAACACTTCCCACGGATGATTAATGCCCACTGTTAAGCTGGAACTCGCTGTAA

AAAAAGGAAAGATTTTTATCCATTACAGACCATACAGACATGCCTCGGTCAACACGAGTTCTTCCCTGTTAACTGATAA

CAATGAGATAACTGAGGAAGATAGGTATATTACCTTGTTTAGATAATTCTACCATATCTACTTTATTGAATGGGATTGC

AGTGGGAGTTAGAAGG 

>Giant.2605:57762-58760 

GGGCAAAGGGCAGGTGGGAGCCAGAGAAGGCTGGGGAGGGTGACTCTCTCCTTCTGGGCATCCTCCGGGGAGTCCCCCG

GCTCGGCTGGGCTGTGGCCCACGCTCTAGTCCTGAGACAGGTGGCTGGAGGGATGACCTCACCTTTCTGCCTGTGCGTT

TCCACAGTCCCCGGCTGGTTTCTGCATCAGGAGCTGTGATGACAGAAGAGACAATCCCAGGAAAGCTTGTATGAAAAGT

TGAGCCTCGGCAGGGCGGGGAGGAGAGGCCGCAGGGGCAGGGGAGAGCCGTCCTCCTCGGTACCCTGTCCTGCACAGTG

AGCTCCGAGGCCCCCCCTGGCTCCGGAGCCAAGGGGTCCTGTGGAAGGACAGGGTGGGCACCTAGCGGGGGTCAGAGAC

TACTTCCTTAGTGGCCGGGGGTTTATCCCCACCGCAGGGTCTGCACAGAGCTGAGCTCTGAAAATGTTTGCCAGGGAGA

TAAACGCTGCCCGTCCGCAAAGGGCCTGGCCTGGCCCCTGGGAACCGTGATACCACCTTCCCTGTGTGTCACCCAGGTA

GGGGGAGGCCCCCCAGGCTTCCTGGTGCTCCGACACATCCCTGGGAGGGCCGACATGGATGGGGGCTAGGTGTCCGGCT
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CCGTGCTGTGCCAGGCCAGGGGACGATGGCTCGCCCTCCCCAGGCTGCTCTAGGCTGAGCCCGGGATACCCTTGCCTTT

AGGCTCCTGCTGAAACCTTAGCTTATAATCCTCCACCTGAGACTGAAGGGCCCCGGCACCTGTCGGGCCCTCATAATCT

GGGGCCCAGAAAGAGAGGAGAGGGGCCCAGTGAGGGGCACCTGCTTGCCCCACTGCTTGGGGAGAGACAGATTGCGGAG

ACTGGAGCGTCCTCTTAACCCTGAAGAACCCACTCCCCTCGCTGGAGAGCAGGAGGGTGTGGAGGGGCCCAGCTCAAGC

GTCCGGGGACCCAGCTCGTTGGTACTGGATTCAAGCAGCCCCTTTTGTGG 

>Giant.260:183903-184927 

CCAGGTGGTGCCTGTGCTGTCTTTCCATCTGTCCAAGGGACCCTAATTTGAAAACCATGGGACTGTGGGGTTCTAGTTA

AGAGTGTGGACTTCTGGACTGAGCTCTGTCACATCCTCAGTGACCTCAGTCTCCTTCTCATCACTGGCCCCAGGACCTT

GACCCCTGAACTTCATTTGGCTCTTGTCAACAGTGGGAATGATTCTAGTGAGAGGGCATGTGCGTGTGTGTGCACATGT

ACTCACACATCCCTATATAGCCTTCTGCCTGGTCTGTGGAAGCACTTGGAGCCATCTTTTTCTTTTTTTTTTTTCCCTT

TTTCCAGTCTTGACAAATTGAAATAATCAATAGTAAGTACGTCTAAGTCCATGGCTTTCTTTACCTGTAGATTTGAAGG

TGGAAGGAGTGTGGGTTTCAGTCTGTGTTATCTGTCATGTCTTCTATCAGAAGAATGTTTCTTATTTTATTTCTTTTAA

AGGAATTTATTTATTTCTTTGAGAGAGGAAAGAGCAGGAGCAGGGAAGAAGGGCTGGTGGAGGGAGAAGCAGACTCCCC

GCTGAGCAGGGAGCCCAGTGCAGGACTCGATCCCAGGACCTCAGGGTCATGGGTCAGACGCTTAGCTGATTGAACCACC

CGGATGTCCCTATAAGGGTGTTTTTTGAATATTATTTTGATTTTGGTATATATTTATAATAAAAGTTCTAATTCTATTG

AAGTCTCCAAATTTATTTCGTCTATAAAGCTACCATATGATTAAAAACTACTGCATCCCTTTCCTTTATTTTCAGTGTG

AGTTTCTTGTCGATGTGTAAGGTCCCTTTATTTGCTACAAGACCCCTGCATGCAGATGTCGTGTTCTGTGGAGGGTGAA

GCCCGAGCCCTGTGGTTGATTGTTAACCACACTGGGGGCCGCGGGCTCTGCTGTTCTCGGGGGCGTGAGCATCTCGCTG

GCCCTGCGCTTTGCCGGGCTTGTCCCTGTGCTTGTCACCATGCTAGACTTTTGTCCTGTTCTTGGGTCTCTGCCTG 

>Giant.25478:35804-36797 

CACGCCCTCATGATGACCCTGGATGCCCCAGTGATAATCTGGGTTACCCCCCGATGATGACCCTGGATCCCCCTTGTGA

TGACCTTGGATGCCCATCGTGATGACCTTGGATGCCCCCATGATGACCCTGGATGTCCACCATGATGACCTTGGATGCC

CACGGTGATGACCTTGGACGCCCCCATGATGACCTTGGATGCCACCCATGATGACCTTGGATGACCACCATGATGACCT

TGGACACCCACCATAATGACCTTGAACACGCACCAGGCCCATGGCCTGGAGACCCAAACACAGCCCCCCACATCTCAGC

TTCTTCCTCCGGGGAAGGTCGTATTTGCCCCACAGCCTTTCCAATGTGCTCCTTCTTTTCCTCCCTCCAGAATCCCCCA

GCTGAGTCTCTGTTTCAAGGCTGACTCCTTCTCTCATCTATGCTCTAGGTCGGTCCCTGGTTCTGCCCGGAGCAGAGCT

TCCTTGAGCAGCCCATCGTCATGCTGAGCAGACAGAATGCGATCAAGACTTACGGGTTCCCCAGGCAGCCCTCTGGGCC

CGACTTCTCCATCGTCACCCTGTGGGGGAGAAAAGCAGCAGGATTTTAGAGATAAGTTCTAAAGCCCGGACAGACAGAC

AGTTCCCCTGCCGCTGTGCAACGGATGCTTTGTCCTGGGGCTACTTCTGCCTTGGCCAGATTTTCTGGTCCCAGTACCA

GCCAGGAAGGCCCAAAAATGTCCACATGCCCAGAAAGCTAAAGGATTGGGCGGGATGTGGGGCCCCAGGACACTACTTA

GGAGGCCACAAACCACAGCTCCACAAGGAGAAAGCTGCACGGGAAGGATCCTGGGAGCAAAGGATCTGGTCGCCTTGAT

GGGTGACGATAGGGATGAAGGACAGAGGGATAGAAGCTAGACAGAGACGGAAAGCAGGCAGCTAGGGAGGGAGCGCGGG

AGGGAAAGAACAAGGGTGGGAAGCGGGGAGGGGGAGAGGGAGGGA 

>Giant.25444:38509-39480 

AATGAAATTTACCGAAATTATTTCTCTAAGAGCAGATTGTCTCTGAATTATAGCTTCGGGACAGAACGTCCGCCCGGGG

TAAACTAAATGTCACTGGTGCTATCCAGGGACGAGTTCCGGAATGATAAGCCACACATAGCTATAGGGGGTCGGGATGG

AGGGACAGAGGGTTCCCATCTCAATACGCAAAGCACTGCTTGATTTTCTGAAACATTTACTGCGTCTGCCCTAAAACCA

GAAGTGTGAGCAGAGCTCGAATCTATTTCTGTAATATTTTCAACATCTGTGTGAAATGCACCAGTTTCAGCCCAATGTT

CAAACGACCGGTCTACCCATTCCCGGTCCGGGGGTGAGGATGTTTAAAAGCCCAGAGGCACCGCGAATGGTATTCTGTG

AGGGCGGCTCATCGCGCATTTACGGTCTAGTGGTAACGAGGCGTCTTCTCTGCGTGAGGTTTCATGAACTTCTCCAAGA

TCTATCGTGGTCCTTAAGCCACATCCTTTAGGGAAGCCAACCGCAATCGTGGCAGCGAGGAGGGGAAGTTCTGATTCTT

CAGGCAGGGAGGAAAGGTGACTCGTGGAAAAGAAATGCCAGCTAGGCAGAGGGGGACAAGCGTGTGACCTGCTGAAATG

CAGGCAGTGAGGTTGGGATGAAGGGGGTGGCCAGTGTGCCATGCACAAGAGCCAGGCCCCCAGGGAGTGGTAGCGATCA

GGGGTCCATAGACCCTGCCTTGTGTGTGGACCCCAAATCCTGAACAGAAGCGTCAGGCAAGCAGGAAAGAGGAGGGAGG

GAGAGAGACCTTCGCGTCTCTGTTAATGTGTTTCGCTTTCAGTCTGCTCAGTAGAAAGTCTGTAATCCTCTACATCGCA

ATATTGAGCATTAAACCGGGAATGTCACACCATCTTGTAGGGAATCCTTCACCCCCTTATAAAGAATGTATCATATGTT

TCAAGGATCGAGCACACGAATCG 

>Giant.25436:17470-18501 

TATCTGTCCATCACTATCCTCTATCTATCATCTATCATCTATCATCTATCATCTATCACCTATCAAGCGATCATTCACG

ATTTGGGGAGAATTCGTATCTTAACAATATTGAGCCTCCCGATGCAGGAATCCCTGTTCATTTAGCTACCTTGGATCTC

ATTCATTAGCATTTTGTCGTTTCAAGCATACATATCCTGCACGTTCTGCAGCTGGATAGATATCTAAGCATTTCTCTCT

TTTTTGGATACAATCAAAATGGTTCTTCTGAGTCTGAAAGGTTGGTTCCCTGTGCCCTCTCCAGCTTGCAGGGACCCAT

TCCACAATCGTCTTGACAGAAATACAGCCTTTCTTTCAAAGGTTTTGCTGTTGTGTCCAAACACCTTCCACACTCAGAC

ACCTCGCGGCAACGCTGGAGGGTGAAGAAGGAGAGATGGGCAGCTCCCGCTACGGCAGGGTTCCCGTTCTAGTATTTTC

TCCAGAGTTTTCTGCTGTGATCAGGGGAGAGGTGATCATGGCAGCGAATTCCGTCTTGGCTCACACAGAGTTCCCACGG

GAAGATGACTTGTCACAAAAGCAAATGTTTAACTGACATTTGGATATTTAACTACTCTTTTTCTGGAGCCGCTTTCGGT

AACTTGTATTGATGAAAAATATGGTCCTGGGATGCCTCAGTGACTCAGTCCATTGAGTGTCTGCCTTCAGCTCAGGGCA

TGGTCCCGGGGTGCCGGGATCGAGCCCCTTCTCCCTCTGCCTCCACTTTCCCTGCTCGCAGTCTCTCGCTCTCTCTGTC

AAATAAATAAATAAAATCTTTAAAAAAGAAAAATACGGTGCATCTCCTCTAGTTGCTGGGTTTACTAGCATGGAGTAGT

TTGTCATATTTGTTTATTTCCTTCACATCAGCTGATCTACTTAGATTTCTGCCTTTTGTTCTTGGCTTCGGTCACTTGA

GTCTTTCTTTGGAAAAAAAATCATTATTACTAATCTAACTACAGTCTCATACTTCTGCTGATTTCCCCCCCCCCCCAAA

GAAC 

>Giant.2537:240223-241245 

TAGACTTTAGCCCTTCAAGTACCAATAAAAATATACCAGAGAGGAATATGAATTCGGTGAAGGTACTCTTTTTGTTTGT

TTGTTTTGGTGACATTTACGGTGTCACCCAGAAGGAATTCCAAGCCCATGGACTAGCCCAGCAAACACCACAGGCAGTG

CAAGGGGCCAGAAGTCTGTTTCCACGGCTGGAACCTGGAAGGTGCATGGGAAGTGGCCCAGTGTAGAGAACCTCGACAG

AGAACTGAATTCCCAGTTCTCCCAGTGGCTCTAATCTGTCATACTCCAACAGGAACTAGATGGCACATGGGCAATTGGG

GCATTTGAGGAAAGTCTCTTTACCCAAGGGTTATTTACAAGGGTTCAGTGTAGGAGCACCACCAGGCAGGGCAGGGTAA
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AGCAGGGCTTGTCAGGGAAGAGGTGTCCCCAAGCCCAGGTCTGAAGAGAGCGGAGGAGGGAGGTGCCAGCCTGCAGAGG

AGTCTGGTAGCTCCATCACCTGGACAGAAGCCAGCCCAGGGGATCTCACAGAGAGGACACCAGGACAATACCTGTACCT

CCTGTCCAAGCCGCCTAGTGGGCAAACCCCAATGGAAGACCAGGTCAGAGAGCCAGAAAGCAGGGAGGAGTGAGGATGC

CGAGAGCCAACAGGTCAGAAACGGGCACGTTCCCCAAGAGAATCTAGTGACTCTGAGTTCCAGTTCCTCAGCTGCAAAA

TGAGATGATGATAACGCCTACCCTGTGTGGTTGTGATTAAATTAGAGACAAAATTTTAAACACAGACCTTAGCACATAA

AAATTCATCGTTACATGATGTGGTTGATGCTGTCATTATTTACCTCCGCAAAGAAAGAGGACAATGTCATCGGTACAGT

GTCACAGGACGAAGTCTGAAAAGTAGGGAAAGAGTATTCACATGAAGACATCCCCCAACATGCCTGGTCTTCTCTGCCT

CTTTGGACGCCTGACTTCATGAAGGAAGTTGCGGCCAAATGAACCCTCAGGAAGCGAAAGCGAAGAAGGGGGTT 

>Giant.25293:45283-46299 

GTGAACGTCTGTGTGCGGGTGTTTTTGTGGACAACGTCTTCAGACCCTGTGGGTAAATAGCAAGGGATAGGACTGCTGG

ATGGTGTGGTGAGTGTTTAGCTTTTGTAAAAATCCCAGAGAGCTGTCTTGGGGCAGGGAGTGCGAGTTCCCGCAGCCCG

CCCCCCTCCTCTGGCACCGAGCGTGGTGTCCTCAGCATGCGGACAACCGTAGAGGTCTGGCCCTCCTGGTGGGTCTGTA

GTGGTGTCTCAGCACGGTTTCTAGTTCGCGTGTCCCCGCTGACAGATGGTGGAGAGCATCTTCCCATCAGCTTGTTTCC

CATCTGTGTGTCTGTGGGGAGATGCTTGTTCAGGTCTTTGCCCATTTTTGTAATTGAGTCGTTTGCTTGTTGTTGAGTT

TTAACTTTGTGTATTTTGGGTACCAGTGCTTTATGTGTTTTGCTATATATTTTAATACAAATGAAATAAATGCACAGAT

GTGTAAATGAAACATTATTTGTTGGGCTGTCACTTAAAATCACCTCCTACACCGTCCGTGGTATGTGTCCAACATTTTG

GGAAATATTACTTAAATCTTCGGATTGAGGGGAAAGAGCCAGTTGCAACAATAGAGACGCATTTCCATGCTCATATAAT

TAAAGCAAGTAACTGTAAAAGCGTCATGGAAACTCACTTCTCACAGACTTGATTAGACATCGCTATTTTAGAACCGGTG

GACTACTGGGACCCACCATGCTTGAGGCTTAACACATACCAACATCTGTCCAATACCATATGCCTTGGGAACTCACTCA

CATGCACATTTATATTCTATTTATTTCAAAAATTTCTGGATAGCTGTTTCAGCCCATTCAGGCTGCTGTAACAAAGTAC

CCCAGTCTGGTTCTTGACCCACAACAGAAACTGGTCTCTCTCCGTCTGCAGGCTGTTCGTCCAAGATCAAGGGGACCGC

GTGGTCAGGTTCCAGGGAGGGCACTCCTCTGAGCTGTGGACGGCTGTCTTCTCACCACGTGTCCTCAC 

>Giant.24909:47274-48300 

CAATAGCAGAGAGCATAACAAGGTCACTTAATGAGAATTTTGTCTTTGAACTCCTTTCTGGTAGACCAGTATCCCCAAG

GGTTTGAGAGAAAAATCAACATTCACCAATATTTTCTTCATCAATTCTAGTCAAAGGTAAGGAAGAAAAAAAGGAATAA

GAGAATAGGGACAAGTAAAAAAAAAAAAGGAAATAAAAGGCTTAATTTTCTTATATATTGAGAAATAAAAGGATGGCTA

TGACGGAATCTTCAGAAAATTAGATCTACAACTTTGCTGACAGCCCATCCCTCTAAAGAGTAGAGTACTATCATAGTTT

GCCTTCCTTGCTTATAGTAATAATGGTAATGCTTTACAGGTGTTCAAAATTTTGTTGTTTTCAAAGTGCTTCCATACGG

ATGACTTCTTTTGACCCTTGCAGTTTGAAGTGAAAAATTCAATTTAATGGAAACAGAAGAAAAAATATAATCAAGTATG

TGCTCTATGCTTATTCCTTTCCAAGACACTTTGCTAAGCACTTTCACATGGCACTGTATTCAGCCTATGCAAGCCCAGG

GCATATATGTTTTTACCTCCTTTCTAACTAAAGAGAAGATTGGGCTCAGAAAGACCAAATAATTCACTCAAATTTACCC

AGCCCATGAAGGCCTGGATTGGAATTTGAACCCAAGTCTCTTCTCAAAAAAGCCCACACTTTATTATGCTATGTTGTGA

CCATAGTTAATAATACTTTAAATTTCCCAAGACAAAACAATGCAAAAACCTTCCCTATAGCATTTATAAGCCAAAATGT

AATTTAATTTAATGTAATTTAAATGTAATCTAATTTAATGTAATCTATTTAGTAACACACACACTCACACACACACATA

TAAACACATATAATTGGACCATATCTGACATTAGACCATCTCTAGAGAGTCTGAATAAAATCAAACAGAACCAGTTTGG

TAACATTCATTTAGCCAGTGATTGAAAATCTATAGAACAACCACCACGTACTTAGTAATGTATATTGTGCTAAGAACA 

>Giant.2477:96015-97014 

TCGATCTAACGTGCAGGTGTTTCTCCTCCGCTGTGGGGGAACAGGGAGGAGGCGGAGCTGGAGACGGCGAACCCCAGCC

ACCTACGACACAGGTGGTCCACGTCCTTGCCGGTGCCGTTAGCAAGGTCCCTCTGTGTTCAGTGTCAGTCATCGTCCAA

CTGAGGCAAGGCCTCCCCTTTCGGGGCGAGACTTTGTCTGGGCTCCGGGGGCAGTGAGACCTCAGGATCCCGGGACGGA

GCCGAGCAGCCTCCTGTGGGGTCTGCGTCCAGACGCCTCTTCTCTGCCCACAGACTGCACATGGGCGTGCTTCTCAGAC

CCGCCTGCGCCCACAGGGACTCACCTGGCCCTCGTGCCCCTGCATCCCGGGACCCTCATCTTCCGAGAGGCTCAGGCTC

AGACCAGACTGACCGCAGGCTGAACAAGGAAGCAGGCGTTTGTGGGGTCAGCTGCTAAATCAGTGGTCCCCGGCGGCCA

GGAGCACAGGGAACGGGTGGAAATTCTGTCCCTGCTTCCTCCCTTTCAGGTTCATAATCGTGGGTGGGTGACAAGGTTG

GGGTGGTGTGGGCTTCTGGGGAGGAAATCCATGCCTCGACCCCCTTGGCCACATCTAAGTGAGGCTCCCAGTGTCTTGG

CCTGCGTCGGACTGGAGCGACCATCGTCCTTGTCTGTAGCTGCTTGTGGCTTTGGCTCAGGTGACCCCTCGGACAGAGC

TGCAATGACTTCACTGTTGCCGTAGGTGTGGCTGTGGCCGCGGGGACCCCCTCCGTCATCCGCAGGCTGCTGCTCTGAG

CACGGAGCTCTGGCCACCTGTGCTGGGGCGCTTTCCCGGAGGGTTCACAGGCCACGCCGTCCCTCTCAGGTCCCTCGGT

GGCTTTGGCGGGTGGGTGGCGGCGGGACAGCTGAGTGGCACTGGCTCCCTCTCGCTGGAGCTGTCCCTAAGCGCCGGGA

AGAAGCAGGCGGACTCCTCTGCTTGGGGCAGGCTGCCTTTTCCACACTTGC 

>Giant.24229:49517-50510 

AGATGGCACCTTATGGTTTGGTTTGGCAGAAATATCTCTTCGGGCTACCCCCTCGACAGCAGGGCAGTCACCGCGATCC

GTCTGTGCGGACCTGCAGCAGGGTTGGGTCCGGAGAGGGGAAGCGGTTCAGCGAGGGCACGTCCGTGGAGCACATGCCC

GGTGCCTCCTATCGGAGAAGCCATGCGGCTGGTGCCGGCGGACGCAGGCAGAGCCAGGGGTGGCCGCCGTGTGTCCGGA

CACTGTCACGGCACTCCCTGACCTGCCTCCTCGGGGGCCCTCCCGGTCCAAGACGAAGCAGGTCTGGCCTCTGGTTCAC

AGAGCATTTATCACAGGGTACGTGCCTGGGCAGCGAGTGCTTCCGGCACGTCCTGAGCAGCTCACGGTCTTTAACTACT

TGCGGCCTGAGAAAAAACAGATACGTCGGCCTTCATCAAAATTAAAGACTTTGTGCATCAGAGGACTCACTTTTACAGA

GTGAAAGGCAACCCACGGAATGGGAGAAAACAGGCACAAATCATGTGTCTGATGAGGGGCTGAGGCTCAGAACACATGG

GGAGCTCAGGTAACTCACAGAGGACTTGAACAGACTTCGCTCCGAAGAGAACATGCAAATGGCCAGTGGGCACGAGGAA

AAGATGCCTGATGTCACTAACAGTGAGGGAAACGCGAAATAAAACCACGTGAGATCGCACCTCTCAGCCACCGAGAGGA

CTGGCCAGAAAGACAACGAGCATCGGTGAGGACCGTGTGCTGCTGTGGGAGCCTGAATGGCGCAGTCGCTGTGGGAAAC

GGCAGGACAGCGTCTCAGAAAACTAAGCCGAGACTCGCCATATGACCCAGCGATCCCACCACTGGGTACGTGCTGAGAA

TAATCGAAAGCAGGAACTCCGCCAGGTATTAAAACACCCACGATCTCAGCAGCGTCGTTCACACCGGCCAAAGGATGGA

AACAACCTGGTGCCCGTGAAGAGATGAACAAAGAAACCAGCAGCC 

>Giant.2385:43553-44592 

GCAGGAAAGGATTTCTTAAACAAGACACAAAAAGTATTAATCATACTCCCCTGTTGATTTTTTTTTTAATTTGTTCACC

TAAAGACATTATAAAGAAAGTGAAAAACCAAGACACAACCTGGGGACAAACATTTTTAACATATGTAACTGACAAAAGA

CTGACATCTGGAAACATTTAATGAATTCCTGTGAACACAGATGTACATAAGGAGAGAGAAAATAAATTAAATTAAATTA
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AATAATAGTGGCAAAGACACGAACAGGCATTTCCCAAAGGGCAAAGGGGAAATCCAAATGGTCGATAAAGACACAAGAT

ATTGCTCAGCCTCTTTAATAACTAGAGAAATGCAAAGTAAAACCGCAAGAAATTGTCATTACACACCCTCAGGTAACAA

AAATGAAATATTAAAGTCTGACCATACTGCATGGAAGAGAGAACACAGAGCAGTGGAAACACAGAGCAGTTATACTTGC

TGAGTGCAGAATAATTCAGTATAAATCATTTAGTCTTTTCTCGCACTTGGTAATTCCACCCATAAGTGTACACTTGAAG

GGATTCCTGCCAAGTGCACTGGGAGCCAGATGCAGGAATGTACACAGAAACTCTACGCTTATTAGCTCCAACCCAGGAA

CAGCCCAAATGCTTTTCAACAGCCGACTGGAAAAATAAACAGTCATTTAGTCATATAATGTAATATTACACAACAACCC

AAAAAAACTATAATTGCGCGAGCAATCTAGCTCATTTGCACCAACATAGTAATGAATGCGAAAAGCAAGTCTCAAAAGA

ACACGTGTGGTGTGATCCAGTTATATAAAGACGTAGCAAGCACAAACAAGCTTCGTTCCTTAAGGTTGCCTTCACGAGG

AAAAGCAATGCTTACCACAAAACTCACGTGGTTGTTACCCAGACTGACAGGAGGGACGTGTCCCGGGGAGGGACTATGT

GGAGGCAATGCTCTCTTCTTTGAACTGGACGGTGTTTATACTCCTGTTTGCTTTAACTTTTTCCAGCAGAGAAAGGGTC

ACTGGAGTCATT 

>Giant.23529:21274-22270 

CGCCGTCCACACCAACTACCACGCGGCCCTGCGCTGCGAGAGCCTCAAGCTGGCCGTCATCAAGAACTCCTGGCTGGCC

GAGCGGCTGGGCGGCCGGCTCTTCAGCGTCATCTTCAAGTACGAGGTCCCGGCCGAGTGAGGCGCCAGCCCCGCTGGGC

AGCTCTGCTCAGCGCTTGTCAGGGACGTGCTCCGGCCGCAGCAGGGAGCCCGAGTTCCAAGCGTTCCTGTCGTGCACCT

GGGACAGGAGCAGGGCCAGGCGTGCCCCGGCGCAAGCGTGTGCCATCGGGTCCCTGACGCTGCCACGTTCGTGCTGGGA

GACGTGACTTTTGTCCAGTGAGACACGCGTATTGGAATATATTTAACTGCAAAATGATCTTTCATACACACACGTGTAC

AGATGCAAATCTGCGCTCACGTCTCCGGCAGGCCAGCGGGAGCTCGCGGCGCCCCGATAGAGCCCGCGGTGACGTCCGG

CCACGCCGGGTGCTCAGCGGCCCCACGAGCCTCTCCCTGGGGGGCCACGAGCGGGGTCTTCCCTCCGCTTACTGCTGGA

GCCCCTGATCGTATGTGGGCTGTGGGCCGCAGCCGTCCCGTGACTCCCCATGTCCTTGCCAGCCCTGTCACCAGCACGT

CTTGTCAGGGAGGGCCGTCCTGTGTGTCCGCAGCCCCACTGCACCCAAGACGGATTGGGGGGCCGGGCCGGGCTGGGCC

ACGCTCCTGACTGAAGGCGGCAGCAGCAGGAGGGTCTTCAAGGGCTCTCGTGCTTGGTGGCCACACACACTCCTGCTTG

GACCCGACCCCATCACGGGGCCGTACGCCCAAGCAGCAGGGAACCCGAGCCCTGTCCCCGGCCCTCGGAGGGCCGGCGC

TGCCCTTTCCCACAGGGGTGGGCCTGAGCCACAGCCGCCGCTGCAGGACTGCCGCCCATGTGCACGTGGATGGGGCTCA

GCTGAGTCACCTGGGAGCCGGCCTGAGGAGGCGGCCAGCCCCATCCTC 

>Giant.23437:36682-37711 

AGTCAGTGAAGCATGTGCTTTTGATTCAGGTCATGAGCTCAGGGATCTGGGATCAAACCCCACATTGGGCTCCCTGCCC

AGAATTTCCTAGGAACTGCCCCCAGATACCTCCAGGGCGCTTTCAGTTGGGGCCACGGTGCCCAGAAATGCTGCAGAGC

ATCGGACTATGGGCAACACACCCACTGTGTCTCCTACACCAGGAAAATGAGCACAGGAGTTCGGGCAGGGGAACAGAGC

AAGAAGGAGAGGAGAGTCGCTGGAGGTTGTGGAAACACAGTACTGGGAAGTCTGGTGAACCCTGGCTCCATTTGGGGAG

CGCACGCACTGGCATGAGCATAGCTACGGGAGGGCTGGGGCGCTGTAAACCCCTCAGGGAGTGCTGGGCACAGACGCAC

GCAGCAGAGGCGAAGTCTGCCATTGGTCTCCGGGTCTTGAGTTCACACGCATGGGATTACCCACGTGTCTCCCTACTGG

CATTCTCCCTGCCCCACTGTCCCAGCCCAACCCCATGACTTGTTCTCATTGCTAATGTGCCAATCAGCATCATGTTTCC

GCCTTCGGACCCGAATACCATACACAGAGGGGCTTCGACAACAATGACCCATTTCTCTCAGTTCTGAAGACCGGGAAGT

CCAAGATCAAGATGCCCGCAGAGCCAAGGTCTTTGTCCGCAGACAGCCGTCTTCCCTTTCTATCCTCCAAGGGCAGAGG

GACAGACTTCTTGTCTCCTTCTCTTCTCATAAAGGCGTCAACCCCCTGATCGGGGCCCCACCCTCATGACCTCATCTAA

CCTGCTAAAACCCAAAATTCAACCAAGTAAATTTGGAAATCGAATTGGCTTTATGAAGCCTTTCATGAATCGGGCAGTG

ACGGGATGCTCCACAGAGGGGTACACAATGGAAGGTCTGCACAAGAAGAGGGCGTGGCCAGATGTTAGCAGCCACAGAG

AGGATTGTCTCATCTCCTTTCCAGGGTGAGGGGAATGCAGGGCATTTGATCCTAGCAGATGACCTCACCAGTGGAAGGG

AC 

>Giant.2343:39133-40158 

ATTCTTAAAGGAAACATTCATTCATTCACTCATTAGTTCAGTGAACACTGACTGTGCCAGATGCTTTTCTTAATGCTGG

CAATTCAGCGAAAAATAAAACAGATGAAATCATAAAACCTGGTGGGGCTCACATTCTAATTGAACGAAGCAAATACGTG

AAGAATAAGTAGTTCCGTGAAATAATTTCACACGGTGAAAAAATGAGTCAGAGCACATAGAAACTCCTGTGAAAATGTT

CACTTGTAAATACAAGAAAACCGTCTCGCCTGGGAGACTGCAGAGAGTCTGTTACGTGAACCCGGGACGAGTAGAAATG

GCATTGTCCAGGCAGAAACATGGAAGGGAGGTCCCGCTCGAGAATACAGAAGCCCGTGGGCTCGGGGTGGGGGTGTGAC

AGCCTACGCGCCCCGAGAAGACGGGCTTGTGCGCTCGGCAGTCCCGGAAATGAAGCCGGGAGTGTTCCTCCTGCCGGTG

CTGCTGGGACTTCCGACGGCTTGCTCAGGATCTACGGCCTTGAGTGATGCGTGAGAAGGGAAGTGGGACGACTGTTCGG

TGCCTCGCCTGCATGTAATGTCCAGCAGCTGTTATGAAAGTAGAATCTCGCCGTGGGGGGTGGACAGAAACGGGGACAA

GAAGCACCTAAGGGCCTGGAGATACGCCCATCATAGTCCAGGGGGAAGCAGCGGCTGGGAGTGAAGACGAACACCGTGG

TGGGCGTCCCTCACCCAGGGCCCCTATGTCGGGCGTCCGGAAGATGCCGCCACACTTCCGAGGACCAGTGTGAGACAGT

CTCCACGGGACCACACCCGGGGGAGCAGACCCAGCTGTCAGAAGACATTTAAAAATCGTTCTGTTCATGGTTTGCATTT

TGGAATAAACTCCTTCAAACACCTGTTTGTCTCCTCTCTGCGTTCACGCACCCTCTGCGGGCCGCAGCCCCATCCCATC

CTTCCCCTCCCTCTGCACCCAGAGCCGCCTGAACACCCGCCCCAGGAACAGGCTCCTGTGCTTCTTTCTCTCCCGTC 

>Giant.23270:46075-47076 

GTCCTCTGTTACAGGCAGGGAGGAGGGGAGAAGCCAGGCCTGCCCGGGGCAGCTGACCGCTCACCAGTCCGCTTGATTT

ATGGCCCCAAAGGAGGGATGCAGAGCGATGAGGTGTTCTTGCCCCACCGAGGACTTCTGGAGTGATCCACGCTCATGTA

CACGCCCCATGTGACCCAATGGGTTGGTGCCAAGTTCTTCATGTCACGCGAGGCACACGTTGGACCTCCGGCTCCCCAG

GACCCCAGCCATCCATTCCTGGGCCCTTATAGCCAACGTTCCCCTCACGTGGTGGGAACAGGTCCCCGGTGAGGAGGTG

CCGGCATCTGATGGCCCAGCAGTGGGGCTGGGGAGCTGCCTGTCCTGAGCCCCGAGCAGAGCAGCCCAGCCGCCAGCGC

ACAGAAGGGGGTCGGGGCGTCCCTGTGTCCACACACGGACCGGCCCCGACGGAGTGAAGGTGAGTTCACGGTGTGCCAT

CCTTCAACATCCAGATGCTGTGACTTCACACAAAATCGTGTCTAGGTCATTTCTCTGTGAGCTGGTCACACGATACGAC

GACCCCTCCTCTGTCAGCGGCAGTTATTGGAGGCGAGATGTGGCCGTGGCCCGAAGGTCCCTGTCTCCAACAACATGTT

GCCCCCCAGCCCCACCCAGCCCAGTCTGTCCATCCAACCCTGACCTGCAGGCTTTCCCTGGGTCTGGTGTGTTGTCTGC

TGTGACAGCTCAGCCGCCAGTGGTCCTGGGAAGGGGAGAAGACGGGGAGGGGCGGGGTGGGGCCTGTGCTCACAATACA

GCCTGAGTTGACTCCACATGAGGAGGGCCACAGGGTGAGGGGGAGGCTTCTTTGATCTTCATTCCCCAGCCCCCAAATC

TGAGCCCTGGCCATTCACCCCTAAAAATAGGGTTCCCTAAGCAATCACTGAGGGCTGTCCTGATGACAAAGAGCTGAGG

GTAGCAGAGGGAAGGTGACGGGGAGTGGAAGAGGGAGCTTCGGGACAAAGGAA 
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>Giant.23256:36261-37281 

GAAGTCCTGACACCGGCTGTCCTGCTTGTTTTGATGACGTGATCTGCCTGAAGCCCACCATGAGGCGATGTTTCCCTGA

GGGTCAACTCCTCCTCTGGTGAGAGTGTTTGTCGGTGAGGAGAGCTCCATGCGCACAATAGAACAGTTACTGAATTGGT

CTTTTTCATGCTTCGGCTTGGGATCAGGTGCCGGAACAAATAATCGGCAGGCAATTTCGGAAAGCTTCGTGATGCCCAG

TGTGGTCCCAACTGTGTCTGTGGCCATGTTAGCCTGGTGTCCTCGTTACCAAATGACTGACAGACTGTTCACTCAATGA

GTTCACGCTAACGGCCGAAAAGTTCCCCGCATTTTATGGGGCACCGAGTACAATGTGTCAGGTAAACCCCCTCATCCTG

GCCTCCTTCACGGTTACTTCTTCCTCTCCTCTTGCTTCTCCATTCTTCCTCCCACCTCTTTCTTTCCCCTTCTCTGGGA

ACCTGCCCCTAACGTTCCTGGAACCTCGGGTGAGAGCGCAAGTGGAGGTCTTGCCACGCTGTGCCTAAGTCGTTAAGAA

CTATAAGCCTACAGACTGTTAACGCAGTTTCTGTCCTTTGCCAAATATACTCTTAGATTAATAGAGAAGTATTAAAATT

TAGAATTCCAAGGGGCTTTTCTCAGGAGTTTTGAGCTAGAAACCGGTGGTTCTGGGTGAGTCTACTGCTGGTAACCTGC

AGCCAGCTCCCTCCTTGCCTTTCCCCGCCTCTGGCTCCTCCAGCTCCTGGGATGGCCTCATGTACATGTGGGTTATGAA

ATTTGCAGGTCTGGACTCTGCCCTAGGCCACCCCCTTGCCCCAGTCAGCTTCTTCTTGGCGCCCTGGAATGTATATCCT

GAATGTATATACCATTCGGGTTAGTCCCGATGGGGGTCCTGGGAGGAGACATAGGCAGGCACTGGAAAGGGCTTAGAGT

TATTTAGGTGGGGGATTTTAAGGTCTTCCACTCCCAGAGCATGGTCAGGGTAGAGAATGGATACAGGTTTCT 

>Giant.2275:151562-152619 

CCTACCTCTCCATCTGTGAAAATCCCATTTTTCTTAACGACTCAACTTCAATATCATCTCCTTTTTGAGGCCCTCCTCG

CCCTCGCCTAGAACACTTTAGCTCTGCTCAGCCGGTATTTTCTGCCCAGACTCATTCTGGCCCTCCACCGGCAAGGCCG

CCTCCCTCCCCGCGGCGGTCCCTGCAACGCGAGCGCGCATGCGCGGCGTGCGCACGCAGTGGGCGTGGCCGGGCGGGAC

ACTGAACTTCCTGTTCCTTCTCTTCCAGTGTATGACCTGCCCTCGGCGTCCTCGAGCCTCTTCGGAGAGTCCCTTCGCA

GCGGTCCTGAAGACGCCACGTTCCTGCAGATCAGCGCCGTGGACCGCTGTCCTAGCCAGCTCTCCTCTGTCTATACTGA

AGGCTAAACGCTCCCCTGGCCTCCGCTCCCGCTGGCATCCAGAACCGTTGTGTCGCTTAACACCTTTTACTTTCCCGTT

CTCGTAGACTGCGTGAAAAGGATCTCCTCCTCCTCCTCCTCGCGGAAGCCGCAGACTCACAGATGTGTCTCTGGAAGGC

AGGGCTGGTCGGAGCCGGGCGTTGCAGGAATGTCTGCCGCTGCTGCTCCTTCTCTCTGGGCTTGCTGGTGACCAGCAGG

ACTGTCTTCTCAAAGGGAACTTAGAGTCACTCTCCCGGATACCTGTGACTTCCGGCTGCCGGCTCTCAAAGGACGCAGT

GAAATGATGCGTGTGTGCAGATACAGTCTGGGGACCACCCTTGCACAGACTCCAGATAGGGAAGGACCAGCCAAACTGC

CAGAAGCACAGTGAACTGCCTCCCCCACCGCTCACCATCCCTGCTGGCTCCTGCGAAACCAGGCAACGAGGGGAACCTG

CCGCCAAAGCGCAGCGTGGGCTCAGCTCCTGGGGCAGCCCCGGTTCCTGGCCCCGGCCCCAGCCCCAGCCTGGCGGCCC

CAGGCACAACTGCCTCTCTCCTCTCACCGTGCCCGTGCTAACCAACTGCTTTGCAGTGTTTCTCCAAAAGCAAAATAAG

AAGGTTCTGTGAAGCACAGTCCTTTGAAAG 

>Giant.22602:28747-29791 

AAAAAAAAAAAGAAAGAATGTGATAAGGCTGGAACTAGAACAAAGCCATATGCTAGATTTAGGATATATTTTGATCTAT

TAGAAGTAATTGTATCCTCAAATTTTAAAGAAAAAGAAACGCTCTATGTATCAAAAAATAAGGTTAAATACAATGAAGG

GATAAAATATGACTATAACAATGAAAATTTAAAAAGATTTTTAAAAAGGTATTGATAAGACAAAATAGTCCAAAAACAT

TAAAGTAGGGAAGAGGAGAAAATTTAAAAAAAATAGAATAAGAAAAAAATAAAATTAAAAAAATTTAATTTTAAAAGAC

TAAGGAATCATGGGGAAAAATCATGAATTCCATGAATACAGCCATGAATGTGCTGTATTCCGTAGCTCTGAAGTTCTAC

AGTTCTCATTGATTGGTGAACTTGGTCTTGGCCAGGTGGTCTTGCTGATCTTCTGTGGGGAGGGGCCTGTTGCTGTGAT

TCTCAAATATCTTTGCCTGAGGCAGAATTACACCGCCCTTGCCACCCTTGCCGGGGAAGGGCTAAGTAATCTCACTTAC

CGGCTCAGGAGCTTTTGTTCCCTGAGCGCTTTCCATAGAGCTCTGGAGGGCAGGAATGAAGATGGCGCCGCCCAGTCCC

TGGCCCGAGGACCTAAAAGCTCAGGGCCCACTCCTCAGCTCAGCCTCGGAGAAAAGCCATCAGTCCCTCCCGTCTCCCT

GGTCTCTGGCCGTGCTCCGATCTTACCCGGCCTGTGACGGAGCGTTTCTGTCTCCGACATTCGCCCCGTTTGGAGTCTC

TAAACCTAGCAGATTCCTGCCGCGCTGCTCCTGTGCTGCTTCTCCCAGAGGAGGAAGGTGAGTGTCCCCAGATCTGCAG

CTTGTTCTGTCCCTGCCTGAAGAGCAGTGGCCCTACATTGTCTCGGATCACGGTTTAAAGGAACCTGGAGCTGGGAGCT

CACTCCTGGGCTCCGTCTCTGCCACAGACTCCCCCACTCTGATACCTGGGGGCCTCTGCTGCACGCAGAGGCCCCTGGT

CTTTCAGTGACCCTGTG 

>Giant.22560:51195-52175 

TCTGGAATTATTTTCTCCTCAAATCATACTTTTGAAAAAAGAAAATTAAAACAAAACAAAACAAAACAAAAAACTAAGA

TCTGGTTAGAGATGGAAATGGCTAATCAGCAAAGGTTACCAGGTGACTCCATGAGTGGGGCAGCCAGATTTGGTGACTG

GAGCAGCCAGCTGATTGAGGAAGGCACTGCTCGGGAGGTGCAGGAGGCCAGGGCACGGGAACCTCCCCTCGGCTGGACT

GGTCCATGACTGGGAGGGGGTGTGTCCAGGACGCTGGGGGGGTGGGAGACTGGGGGGTTCGAGTGAAGGGTTGCGCTAG

AGAGACGGTCAGGGGGATGTGTTTTAGACTCGCGAAGTTGGAAGTGAGGCAGTCGGTGGCCTTCAGGGATGAGAAAAGG

GTGAGACTCACCGGGGGTCCCCCAGAAGGGTAGGGTGGGCCTGGGATGGCACCACGGCGCCATGCTGATGACCTCAAAA

CTCAAAGTTGGGTAGAGGGTGTTCCTGAACACAAGAGAAGTATATTCTTTTTTTTTTTTTTTTTTAAGATTTTGACAGA

GATCACAAGTAGGCAGAGAGGCAGGCACAGAGAGAGGAGGGAAGCAGGCTCCCCACTGAGCAGAGAGCCTGATGCGGGG

CTCGATCCCAGGACCCTGGGACTATGATCTGAGCTGAAGGCAGAGGCTTTAACCCACTGAGCCACCCAGGCGCCCCAAG

AGAAGTATATTCTCTTGCTTAAGGAGGAGATAGTGTGGCAGAGGGCATGAGAAGCACGCACAGTGTCAGCAGTAGGCAG

GGGTGCAGACATGCCCTTGACATAGGAAGCTGTGTGGCCAGAGAGAACGTGAGTTCTTGAGAAGGTGGCTGGCTCCTGC

AAGGACAGCAGTAGGAAGTGGGTTTTTTTGTTTTTGGGTATTTTTGTTTTTGGTCTTTTAGGTGGTTTTTGTTCAGTGA

AAACAGGCATGTTTCTGAAAAATGAGAGTGGA 

>Giant.2255:95502-96502 

TTGGCCCATGCTGTCACAAAACACTGTGCCGGCGACGGGCAACAGGTCACGTGGAGAGTGGAGGCTGGATGAGATGCCT

GAGGCCGTGTGGTAGCAAAGAAGGGGTCTCCGAGGTTTTCCGGCCAGCCCTTGAAGGAACGGAGGGGTTTGGCTCTAGA

GGTTCCCAAAAGGAGAAAAAGGAGCAAAGACACAAAGGTAGAAACAAGAGCAGTAGGTAAGACCAGGTTTGTTCTGTTG

AGGTTAAGAAGAAAACAGTGAGTTAGCCAGAGTGAGGAATCGTGAATGCAAGGCTAAAGAATTCAAATTTTATCAAGAA

TGATTTGGGGGCTTTTTTGGCACTCCTATGCCGAGAAGCCTTTAAGGACCGGAGCAATGTTTGGGGAAGATGAGGAGAA

ATCTACAGGAGAGTGCTGGTGGGTGGAAGGGCCGGAAGCAGAGGCCCCAGTTCGGATCGAACAAATCTGGTGGTATTTG

AAGTAGAAGTTAAAAGAGGTAGAAGAATTAGTAATGATTACAGTTCAGCCCCCCAAGTGGTGGTGGTAACAACGTGGAT

ATTGGATGCTTTGGGAGAGAATATTGATTTAGCCAGTAAACGCTTTCTTTCACTTGTGGTATAACCGGTGTAGACGGTC

TGCGTCTGTGGCGTACAACGTGTTGGCTGGTGTCGGTGAATGGGCACCGGTTACGCGCCGTAGGCACTGGGGTTACAGT
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GGGGTGAACGGAAGGCCTGCCTCACATGGAGCTTACGTTTAATGGGCGAAAGAGATAAACAAATTTAAATATGTATTTA

TATAAAATCAGATCTGTAATGTGCAATTCATACGACGCCAGATAACGATGAGTGCTCTGAAGGGAAAAGGCAAGGTCGG

GGTAAGGCGTGCTGAAAAGGAGGTCAGTATTTTAGAGTCTGCGAGGTGACATTTGAGTAGAGACCTGAAGGATGAGGGC

GGGAGCTTCCCTCTGGGGCAGGCCCGTCCCGTCCCCGCAGCACAGCGAGGCC 

>Giant.22072:42152-43182 

GAGATACAGCTAGAGCTAGGAAAGGAGATGGAGATGGGGATGGGGATGAGGATGGGATGGAGATGAGATCGGGATAGAG

ACAGGGCCACGGATCAGGGCCAGGCAGAGACGAGAGCAGGTTAAACCAGAGGAGCTGCCTCTGCTGCAACAGACCGTGG

GCATCCCAGGGAGGCAGGATGGAGGAGCGCCCGTACAAACCATCAAAACTTCGCTCTTTCTAGTTCAGGACCCTCCCTG

TGGGTACGGACGCCTTTAGGCTGTTGTCCTAGCAGGGAGCTCATCTGAACTGGAAAGCTACAGCCTTTGTCCTCGGCCT

CCCTGTGGCTGCAGCCACCTAAGGCCCGGGGCATTCAAGGACACTCCTCGTCTCATCCCCGTCCCCATCCCCATGCTCT

TGAGAGACCCCTGGCCCAATGCGCCACCAGGGCAGGCAGTGCCTGGAGAAGCCCTGCCTGTCTCCGCAGGAGCCTGTGG

ACACACCATGATGCCTTGCTGGGGAGTGGTATTTCCGGGTGTTCTGTGGGCGTCGGGGCATGAGGGTGAAGGAGCCGGC

AGCCGGCCTGTGCCGAGTCAGACGTACACAAACGAGCTGTGCATGGTCTCTGCTCTTTCTCTACCAGTGGAAAGGACAG

TTCTGTCTGAAACATTGGAAACAAACATCGAGGGACTCTTTCCTGCATAGAAGCAAATGCCCTAGGTTTTGTCTCTTTC

TGCATCAGTCACCGTGGACCTCGGCAGCCAGCCCGGTGGCGGGGGGCTGGGGGGCCCGATCCCGTGATGCAGGAGCAAG

TTCGAAAAGCACAGAAGGGGTCTCCCAGGAGCGATCATTTCCGTGAAAGCCAAATTCCAGCACGGGCCCTGCTCTGGGC

CCCCAGCGTCCCAGGGATCCTGGGTCACTCAAGGAACCGCATCCTGTGGAGTCCCCCGCGGGCGCTGGTGTGGCTCTCT

CTGAGATCAGGAAACCGGTCAGGCCCATCCCTCTCGGAAGGGATTCCCCAGCCAGCACCCCGGGCTGGGAGAGGCCGTG

TGA 

>Giant.22054:15899-16893 

GCGGGAGCACCGGGGAGCGGGGGAGGGAAGCCAGGCTCTCTGCCTTGCCGTTCTCTGTGCAAAGCTGGCTGGAATGGGG

AGGCCGGAATCTGCCATGCGCACCACGTGGCGACGTCTTTTTTAGAATTAAAAACTGTTTTTATCTAGCGTTATGGCTG

CTGAGTTGACATAATCACCATTTGAAAGGATTCCCTTTCCTGCAGGTGAATATTACGCAAAGGTCCGTTTCCGACCCCA

GACAATGAAACCTTGGAATACGTGAAGGGCAGAATTCGTTCTGGAAGCAAAACCACCAAGGAAAACGGCCAGAAGAGAC

GTGTTGGCACCGCTGCTTGCTCACGTCAGCAGCAGGACCCCAAGGGGACATTAACTCCTCGGTGTTGGGGGCAGAGCCA

CCCGGCGTCCCCTGGATCTGCTCCCCATGTGTACTGGCCTCACAGAAGGCTCTAGCTTGCAGGCGGTGGCACCTGCCTC

TGCCACGTGCGGTGACACGTGGGGTCCGCGGCCTTCCGACGCTCTCGCGGGCTGTGGTGGCCGTGGGAGGCCCCTGCTG

GGGCGGTGCACCCACACCCCGGAAGCCACTGGGGTCTCAGGGCCACGGCTTGGCAGGAGCCGTTCCCAGCCCGCGGCGT

CCTTCCGCGTACGGCACTGGCGAACTCCTGCCGCACGAACCCCGAGGCCGTTGGGCTCATTCGTCAGCGAGTGTGGACC

AGCGCGAACTAATCCGTGTTTGCTGAAGTGTCAGCGTGGTCTGCCCCCATCGCCGCGAACCGCTTTATTTGCTCCCGTT

GTCTGCCTCCCTTGTCCTTCACGTCCTCTCCGTCGACAGCCCCTCGGCAAGGCATGCGGGACGCTTCGTGCTTTGTCCC

CCACCCCTCCCGCGGTCACCCCACCCTCGCGCTGCCCAGCCCCGCCCGCCGTGCCGCCTCCCTCGGGGGTACATCCTGC

TCGCTGGTCCTCGGACGCCCTCCACGGGCTTCCTCCTCCTCTGTGC 

>Giant.21716:39749-40707 

CTATCTCGGGATGGGAGTTCCGTGAATGGGGGAAAACAGCCCGGTAGTAGGCTGTATGTCTTGCTGAGGAAGCAAGAAG

CACAGCGGCCTGCTGTCACATTCTTGAGATGTGCCCCAACGCAGAATCGTATGGTTTTCATGATTACATATTTCCACGT

ACAGACATGAAGTTATGTTTTGACATTCGGGGATATGTCTCCTGACCTCCATGTGGGTGTGATCAGTGACAGTTCCTAT

GGACATCCTAGCGGAATGTTTCCGTGGCTGGGAATAGTTCAGAGGAGTCATGAGCATACAGGGCGTTCTGGGAGGCTCG

GGCCCACAGGTCTCTTTGATGACTTAGATCTGCAAGAGCAACACAAACCCAGCTCACTCCTACTTGAGAAGGGCTAGTT

CTGGGAAATCAGAAATCCAGGAGTTCGTGAATGGTCCTGATTTTTTTTTTTTCAGATTTTGCTTGGATTCTGCAAAACT

TAAAACAACTGTTTAAAACATTTTTTCATGATTCTCCCAGCGCCATTCTTAAATGTCTTTTTAAGACACATTTTTCCAG

TCAGGTGGTAACGTGCACTCCTCCAAATTCTTTTCTCCCAAGGCAATGCAAGATCACAGACAAGGCACAAATGTTTTTA

GCCTTAAATACATCTGTGAGGCGATGAGTCTAGCTCTAAGGTTACTTGTTCATTATGTGTCTCAGAGTATTTCCACCAA

AAGAGCACCTTTGGAGGGGAAGAGAAGCGATATTTGAGGCAAGTGTTTCATGTCACAGAACTTTGCATCTCTAACCATG

GGAACTTAAAATAGACTTGGTGCTATTGTCCCTGGTAACCGGCAGGAAGCGTGGAGGGCGGTGAGGGTCTGGTGTGCTT

CCCCGCGGCTGCCGAGGACTTCAGTGCAGAGATCCTGCGCCTGCCTCATGGGGAGTTTCCATGGAAACCCAGTCAATCT

CTTCTGCCGT 

>Giant.21680:28738-29765 

GTTCAATTTAGCTACCTCGACCCCTTTCCAGAGCTACTGAGGGACAGTTTTCAATGGTGGGGGCCCAGAGCCGATGTTT

TTAACAAACCTGCTCTGGCTACCCGGGCGCACACCGGGCGCTAAGAATCTCTGCCCTCGGGCTCTGTACTTTTGATCTG

GATTAATCTGTACTTATGGCCCCTGCAACAAAAGATCTTTTCAAGTGGTTTTGCTTTGTCTCCCCAATTACCTGAACTT

CTGATGCCAAGCACTGATTTTTACATCTGTGCTTGGAAGGTAGGGAGGTTCGGAAATGCGCTGATTTGAATAAGGACTC

AAGATAGAGCCATGCAAGGCCTGATGCTCGAATCCTTTCTTAGATGGCAGGAGGCAGAGGAGAACCGACCGACGGCAGA

TTCTTTGCGGCTCCTCCCACCGAGAGGGGTGACACTTCCTCTCCTTGACCACTTGCTTGATCAATAGAACAAGGTGGAG

GCAATGTTCTGAGACCCTGGCACTGGGAGGCTTGCAGCTTTAACGCAGCTCTGTGGAAAGAAGCCGGCTGCCTTGTCAT

GGTCAATCCCTATGAGACTGCCATGCTCTGAGGAAGCCCAAGGAGCGCTGCAGAGACGGCCCAGGGCAAGGAGCAGAGC

CCCCACGGAGCTCCCGATCCACAGCCAAGACCAGCTGCACCCTACCCCGCCTGGGCTGCCCCACCCACTCTGAGAAGAG

CCCGGGGAGCCAGCCCCATGCACCTGTCACCCAAGCGGCCCATTCGTGAGCCGAGCGAATGACACTTGCTGCTTCAAAC

CACCAGGCTCAGGGGGAGGGGGCACTTGTCACCCTGTCGTGCATAACCAAATACTCTGGGGGAGGGGCAATGGCAGGCA

AGGGCTCTGTCATGCTATTTGGGACACATGTTCTCTCTGTCCTCACTGATGAGTAATGCTGCCATTTCTGAACACATAC

CATATGCCAGTCTCTACGCCAAGGGCTCTCATGAAAGCCTATAATTACCCTATTTTACAGATTTTCACAGACACTATGA 

>Giant.21560:57963-58979 

ACAACACAGAGACATCCCAGCTAATACAGCACCAGCAGCTCGAACGCGGCCCGGTTTGAGGAATACAGATCCTCCACGG

TTATTAACTTCCCAAGGAAGAACAGGCTTCGGGATAAAACCTTCTCCTGCTTTTAAATTAAAGTTTCAATAAACAATAT

TGCAGAGGTTGGCCTTCCTCTAGGGGGTCTCGCTCAGAGCCGGTGTGGGGTCTGGGCTTCGGCTGGAGCAGGTTTACGC

AGAGTGAGCTCCGCCTACGGGGCTGACACCCGTAGACACCACCAGATCGAATCTGCCAGCCCCAATCTTGGGGGTCCAC

TTGTGTCCTCGATGAGAGGCCCCGTGCACAGAAGCTGCAGGAAAATGCACACACGTGCGATCACTGTAGAGGTTTTCCT

GACATGATGCCAAGGTTGCATGGCTTTGCTTAGCCGTAAGGTGTGGCAGAAGCCCTGGGGGGTTTGGAAGCCAGGAAAA
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TTGTGTTGGTTTCAGCATCCCCAAGATGCTCGAGTCAATCCATAATTCATAAGCCGAAATGCAAACTTAATCAGAAGAA

ATCAGCCCCTGCACGTTCACTTGTGGCCACAGGCTTCCTATATTCTAGAGGAAAATCTAACACTTCCTCTGGAGAATGG

ATTCTCTGGCACTCTTTCCTTGCTGCGAAATTTAGAAGTTTGCAAAATACCCTGTCAATCTACTCCAGTTCTACCCGAG

AATTCCCTCTTCCCTACAGCGTCTGCCTGTTAATTATGCCTTTCCTTCGGCTGTGTGTTCTTATACCCCTGTGTCAACC

CAGCCTGCATTCCACCTTGGGCTCCAGGCTGGCTATAATCCCAATACAGCACCCTCCAACTCAACAGGTTTGAATGTGA

ATTTGGTGACCTGTGGACTTCTCCATACCCTTAGAGGCTTTGTGATTACTCCTGATTTCTGAAGTCTCTTTCCCAGAGT

TAGACACCTACAACCTGTATGACAGATGAGATTTAGAATGCAATTCAACCTGGAAGAGCTGAAATAGT 

>Giant.21534:22843-23828 

ATAAGTAGGAGTAGGAGGGAGGCCCCAGTCTTAGGCCCAAGTTAAGGGGTTCTGACCCCGGAGTGGAGCAAGCTTGGGG

GCAGCTGAGGGCTTCAGGCAGAAGATGGGGGTCAGGGGAGACCTGAGCCCCTCCTGGTCCATGTCTGCCTCAGCAGAGG

CTGCCGACGGCTGCCATGAGCAGTGGCACAGGCAGAGGTGAGCAGGTCCCCCCGAGCACTGAGGCTCCCAGCCTGGGCA

GGGGGCCTGGAGGTGAGGCGGCTGGTGCCGGTGGGTCAGGGTTTGATCGGCCAGATGCCTCACCCCGCTGCTGTGGCCC

AGGGACCTGGCTGCAGGTGCTGGAGACCATCGGCGTGCTGGCCGTCATTGCCAATGGAATGGTCATCGCCTTCACGTCC

GAGTTCATCCCCCGAGTGGTGTACAAGTACCACTATGGCCCATGCCGAACGGGGGCCCAGCCCACTGTCGAGTAAGGGG

GCGCTGGGGGAGCCTCAGACTGTCTGGAGACCCCTGGGAAAACTGGCCCTGGGAAAACCCCTGGAAAACCGCGGCTCAG

CCCTAGGGGACCCCGGGGGAAGGGCTTGATGCTGCTAGGAGGGTCTGCGGTTGTCATGAGTCGGAGCGTGGGGGTGGCC

TTGCCCCTATACCAGCCTGCAGACCGCAGCGGTGGTGGGACCCCGGTAGCGGAAGGAAGGTCCCAGAACCAGCTGTTTC

CTGAGCAGACCCCACCAGAGTGACTCCCTCCCAAAGGCAGACCCTTGGGCCTGCTCCCCAGGAGAGGACGGAAGAGTTT

CCTTACCTGGCGCCTCCAACCCTCCAAGGGTCGGCTGTAGCTACAGACGGGTTTCCAGGCCTCTCCCCTGGACGGCTCC

CTGAAACTCCTGTGGGGAAGGCCGGTGGGGGCACCCTGAGTCCTTTCCCTTCCCGGCCCTCTCGTTTCTGTGCTATGTA

CCACCCTGCGAGCCTGAAGGGGCCACACCGCAGCTCT 

>Giant.21508:52764-53772 

GCGGAGCCAGCAGAAGTCGCTGACTCGACGGACGAGGGGGCGGAGCCGGGGCCAGCCTGGGACGGGGCGGGACCCGCTG

CAGCCGCTCGCCGTAGCAGAGCGAGAAGGGGGCGGAGCCCGCCGCGCGCCCGGAAGCGCTCGATTCCCCCTGCAGCCTT

GACGTGGCGCGTGCGGAGGGCTAAGAGCGCACGGCCCAAGGGTGTCTCGTTGGTAGCTGTGTCCTTTCCCCCACCTAGA

CCCTCCCCGGCCGCCGCCGTGAGCTGCGCGAGGCAGAACGAGAGCGAGTCCGTGAGGGTCGGTTTCGCAGCCGCCATCT

TGGCTCAAGCCTAAGGCTCCGCCCCCCTCCTCGCCTCTCCTCCAAAGGAGCGGAACTGGAGGAGAGGGGCGTGGCCAGG

CACCTCCTCTCTGACGCTTTTTAAGTAGCGCCACCGCAGTTATTTTGCAAGTTGGAAGTTGTAGTTCTTGATCCCGGTA

CTTGAGACAGTCGCGGAAGGCACGTAGAGAGTAGTGGTTATCTAATCGCTGAACGAACCCAAGAGGCGCATGTGGTGCA

CGCTGGGATATGTGGTCGGCGCCTTGCTTAGCACGCCTGCTTTAGGACAGAGGAGAAATTCAGGGGGCTCGCAGTGGCC

TGGTTCCTTTGGAGAACCCAGACATCCGACATGGAGACTCAGTACCCTGCTGCTCCAGGTGGCGTGGCTACTCCAACCA

TCCCCCACCACCACCACCCGGCGTGTTCACAACAGCGACCGCCTTTTCCTTCCAGCTCGCTTCCCTGCCCCACAGTGAT

GGCCCGGCCACCGAAGTCCGCGCTGACGGGCTCAGACTCGGAAGCCAGGCCCAAAGTATGAAGCTCCTGACAGCGGCGG

CAGATGGGAAGCTCTTGCTCAGTTAGGTGAATGAGAGGGTTAAACCTACCGAGACCGGTCGCTGCCACTTCCTAGAGCG

GCACGGGCTAAGGGACATTTCCGGTTCCGGTGCTGGACCCGGTCCCCACCCAACCCCACC 

>Giant.2146:171503-172499 

AGCCCTCTTCTGACCCCCAGTGGCAGCTCCCAGAATTACAGCTTGGAGGGACGGAGGCGGGGAGACATGGGGGGAGGGG

GCGTTAGAGCCGCCTGGGCAGCAGGAGGGCTGGGCAGCCAGCGCCTCTCCAAGCCTTGGTCCCTGTGGGTGAGAGGGTG

AGAGAGGAGAGTCCTGGAGTGCACACCCGTGAGTAGGGGCCTGTGGAGGCCACTTCCTGTGCAGGGACATAGGCCCCAG

AGAGTGACCTGGAAGGGAGGCCTTAGCAGAGGCAAGGGGGTCAGCATGGAGGGCTGGACTTGTGCGGTTGGGGGCCTCA

GAGATCCCCCTGCCCCCCACCTTGCCTGGCCCTGTGCAGGGTAGGCGGTCTTCCCAGATTCCTGCCCGCAGAGACGGGC

GTGGGGGGCTCCAGGGTCCTCCGAGCTCATGAGGCATGAGGGCTCCGGGCTCCACACTGTCTCCCAGCCCCCACTTCCT

TCTTCAACAGAGCAGGGCACAGACCCTCGACCTGCGGTGGGGGGTGGGGGTGGGTGCATGTTTAGCAATCCTCAAAGTG

TGGCCCAGGGAACCCTCAAGGTCTGTGACACCAAAAACCATTGGCCTTGTCTCTTCCACAAGCTGACCTTCATCCTGTG

GGGACGGAGTGGCTGCAGCCCCAGACGGAGCTCAGGGCTCTGTGTGCGCCGCGAAGGAGACACGGCTTTCCCAGGGACT

GTCCTACCCGAGGCAGTGACAGATACTGACGGTTTTAGGTCTTGAACTTTTTTTAAGATTTTATTTATTTATTTACTTT

TTTGTTTTTAGTATGCACGTTAATATGCTGCGTCACTTTCTAGAAGGGCTAGATGGGCGTGACCGAGTCATTTTTCACC

CATCAGGAAAATGCTTCCTTAGTCCATATTCTCCAAACCCTTTGACACGTGGTAACAATTAACTCCAGAGATGAGCCTG

TCTCTTTGCAGCAAACTCCACTGACATGGGTAATAGGCAACTGTTTTC 

>Giant.2132:221536-222523 

GATTCAAGCCTCCTCCCATTCTCCTTGCTTCAGACAGGAGGCGAGAGGGACACTTGTTAGCACCCAGGCCAGCAGGGGA

ATGAAATTTGCATGCAGGCTGGCTGGCCCCGACGGGTACCTGTGGCTCCAGGGTGCATGTCCAGTCCCAGGTGTAGACC

CAGACGAGGTCTGGGAGGAGCAGGGACTCCCAGGATGGGGCAGCGAAAAGAGGTGTGCATTTCCCTGGGCTTTCAGACG

AACCCCCGTGGTCCCTGAGGGTCCCACATGGACAGGCTTGGGGTAGCGGGAACTGACATGGGGGCAACAGGCTGGGAGG

GTGGTCGCAGCCAGACTGAGCGGGGCCACACCCGCCACACGCAGAATTCCCCGAGTCCTTCCCCGCAGCAGTAAAGGCA

GCCAGCGGATTTCGCTGGTGAGTGATAAACCGCTTTCCCCCCACAGCAAAAGTGGTGCCTCTGTCGTATTTGTTATTGG

CGCTTCCCGACGTTGGCAGTCCATTATTTTGTTTGCCCCACATCATGGCCACTCTTGGAAGATGGGAGGAAAATCACAA

CCAGAGAAGACACAACCATGCAGCTCGCATGGAGGGACAGGGGGCCAGGCCACCTTCCGGGGGGCTTTTGGGTGGCTTT

GTAGGCCCAGGGCCACCGCCCCACTTTGTCACCCAGCTGTGGGAGGTGGGAGCCATGTGGGGTGCAGGAAGCAGGAGCA

TGCCCTCCTGCTGTCCTCAGAGCTATGTCTGAGGACACAGCATGGGGTGTTCCAGACCTGTGTCCCCTCCTGGACAGTG

CCCTCCCAGCTGAGGTGAGTGGAGGTCACAGGGGACATGCGTGGACACAGGCAGGGGGTCCCGGGGCAGCTCCTACCCC

TGGGTCCACAGTGCTGGCTGGATTCCAGCCACCACTGGGCAGAGGGCTGTGGGGGTAGCCCCACCCTGACCCTGGCTCT

GCCATTCACTGACCCGGGTGCCCAGCAAACCATAGCCCC 

>Giant.2108:37358-38357 

ACTGGACCTCCTGCAGGCTCTTGATGCCACTGATCCATCCCTCTGAAGAATTGTCTTCCTCCCTGGCTCCACTCCCACT

GGCTTCAGGTCCCCACCCCCACAGCTCCCACCCCACGTTATAAAATTTCCACTGCGGAGGGCGAACCGGATTTCCCGCA

CAGGACCTGGCCGGGCTGCCACGTTAATAGGTACAGACAAAGAAAAGGGCAGTACTGTCTCCTTGGGTGTCTCCTCTCC

GCGTCCTCCAGGAAATAAGGACGTCTTGACAACTGTCAGACAGGGGGAAATAGATAGGTAGACACAAGGCAAAAGCGTG
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TGAGAAGAGACAAGAAGAAACCAAGAAGCTGAGAGGGGAGTGGCTGGAGGAGGAGGCCGTAGTCTCAGTCCCAGGCTCT

GTGCAGGCGCCTGACCCAGCAGGAGGGACCAGGAGACAGCTTTACATAACTGAGTCGCTCAAGAGGACAGAGGGGCCAG

ACCAGGAGAGACTCAGGGCCATCGAGTCCCATCTCCTTGGCCATGGTGCCCTTGATGGGAAAGGAGACAAAGACTGGCC

AGGGAGTTGGGGCCGGTGGAAGGGGGTGGCTCTTCCCGGGGCTGCCTGATTTTGAGTAGTTGTTTTGCATGATTTTCCC

AGAAAGCAAAAGGCCTCTCGACCATCTTAGAAGGAGCGGAGGGTCCTGTGGAGTACAGGGGGGCGGGAGGGGACCCTCA

CCCAGTATCTATATCACCCCACAGGCAAGGTCTGGGTCAGAAACATCACTGTGGTGCAAACTTATTCTCCAATAGTGTT

GGTGTTTTGTTTTGTTTTTTCTTTTTTTGGTTGTTGGGTTTTCTTAAGATAGGAAGCAGCCATGAATGGTTCTTAAGAT

CAGGCAAAAAGACACTGAAGCAAAGAGCGTGAAAGATGGGTGTCAACACAGACACCCTTTCATTAGACTTGGAGCCCCG

CAGCCCATCGTGGGACCCCTGCCTGCTCGCCTCCCTTGCTGGCACCAGCCC 

>Giant.2106:242367-243356 

GTCACAGCCATAGATTCAGGGGGTTAGGAGCCCAGCATGACTTTTGGGGACAGGTTTTGACCTGTAACATGTTGATTAT

GTGTCTTTGTGTGCTCCCGTATGTTTGGCTCACACGGAAGGCTCATGAGCAAGGACATAGAGCAACGGGCTCATGTTCG

TTTCCTCTGTGGTGGCAGGCAGGGGCGTTGCTGGTCCTGGCTCTGCGGCTCGGGGCTGCTCACGAGGGCCACGTTCTGC

TCTGTGGCTCCTCTGTCCTTGGCGCGGCACCTTCTGCCCTCTTGCTGGGCGCCCTGGGGTCCCAGTGGTACAGCGCGTT

GCAGGCTCTCTTCCCTGTTCAGGTGGCAAGAGGATGGCGGGGGTTCGGTGACACTTGTCCTTCTGTCCAAGAAGAATGG

GCTTTTCAGAGCGCACCGTGGCTGCAGGTGAAGCGGGGATCTGGGGGAGGGAGAGGCCACAGGGGCTGGGACGATGGTC

CTGGAGCGTACGGGACAGCATGGAGCGTGAAGCCCGTTGCCCGTGTGGGTTTGCCCTTGCTTGCTTGGCTCACCTGCTC

TGCTTTGAAAGGCGGGAATCCTTCCTGGCGAGGTCGGGGCCCGTGTGCACGTGGCTCACGTGGTCTCGGGGTCTTGCCC

ATGTCGCGTGCACACATCCGAACCTTCCCCGAGTTATTTGTAGTTTCGGGTGCGGCGAGGAGCAGGGAATCACCGCCCT

GTCCTGCTCATCTCTGTGCCCCTTGGTAGCCGGCCCGGTGCCTGGCACCGAGTAGGTGCTCCATGAGTATTGGTTGAAC

TGCGTAAGGCCTCTTTCCCCTCGGAAGAGGCTTGAGTCCTGGAGCAAATTCATCCACTCCTCCTTCCCTCCTCTTGTCC

TGTCTGCCCGTTCCTCCCGTAAACCTCCTAGGTTCCAAGGAGGAGGAAGGGATACGCAGTGAGGGCGAGGACAAGGAGG

GAGGGAGGGAAGGGGGCTGGGGAGGCCTTTCCAGAACGAGA 

>Giant.210:535519-536525 

GAAGGTAGCCAGAGTCTATATCCGGGGAAATTTACTGACACCTGAACTGGGGGTGCTCTGGGTGCAGGAAGAACAGACG

TGCTTATTCTCCTGTTCATTCTTTTCTACACTTTCCGAAGTCTGACTCAAAGAGGGCATTAGCTTTTTCTGTGTGTTGT

GGTCTGGTCGCCTTGTATCCTGGCACGCACGCCAGGCCACGCCCGCAGCAGGTGACCCGTGAATGCACTGTACAAATGG

ACCTTTGTGATCAAGAAAGAGTGAGCTATAGTGAACGGTGATGAGAACCTGTGCATGGCTCCCCGTCCAGCCTCAGTGT

CTCCCTGCCACACCCTGACCCTACAGCCGTGCCCCTTCAGCAACCCCTACGGATTCAGAGACTGTTGCTTCGTCCTGCC

CCTCCTCCCTTCCCCTGCCCCCTTCAGGCAGGCGCTATGGAGTTGCTGTGGGCCCGGGTCCAGAGCTTGGCTGCAGCGC

CCTGGGCTTCCCGGGAGCTCCCGAGATTTGCGGTCGGAATGACAATCGCCGCGAAGCCACACTGCTGTTTATGGCAGAT

GGCCACAACCCAGCTCTAGTCACCACGCCTCCAAGACTCGCATGGCTAGGATGGGGGCTGTTCCATTCCCTTTCGCACC

AGAGAATAGGAGTCCGGGAGAACTGGGTGACTTGCCCAAGGTCACTTTGCTGGTAAGTGGCCAGGCTGGGATTTGAACC

CAGAGCTGTGTGACTTCTAAGCCTGGGGCTCAGCAGAAAACCAAGGCAGACAAATTGGGTTGTGAATCACATTTCTTTA

AAGTATCGTTTCCATTCTTTTTGTGCAAAACAATCAAATAAGCGAAAGAAAGAAAAAAGTGCATTCCAAAGGGCACCAG

TGTGTCCCTGGGCTCTTCTCTGCACGGCGATGTGTCGGCTTCCCCAGACAGCGAGCGGAGAATGCTCAGCCACAGCGGA

GGCGCCCACCGCATGGCAGGGGGGCCTACCCTGCCCCAGTCACCCTTTGAGGGCTTCT 

>Giant.208:467010-468041 

TTGCATATGTTACTAATAAGCACAGGAGAGAATAAGATTATTCTTTGGGTGTTGAATGTGTTGAGGGTTTAAGCTGATA

CGTGCTCGACGCCGTGCCTATCCCTGCTCTATCTCACCTGCTGCAAGTGGTGGGCCACGTCCACCCCAGCCTGTCCCCT

TGTGACCGTGGCCTCCACCTGGGGGGAACTCTGACTCTGAAGCCCATTTCAAGAGCCCCTCAGCCCCACGTTCCTTCTT

TTATTGGAATAATTTTAAGGTTTCAGCCTGCACCTTAATCCATATACTCCATTTTGCATTTAAGACGACCTGGAGACAA

TTTCGTGGACACTTCCATGACCCCTGCCCTTTGTCCTTGCTTCTCTTTGTGGGTCAGCAGATCCTCTGAGTTTCCAACC

TTCCCTTTCTGCTTTATAAGCTGTCATTGTTTGGAAAGTTATTTAAGACCAACGGTCCTTGGACGATCAGACAGGTTCT

TTTCTCCTCTGAAGAACTCGACAACAAACCATCTACACCAAACATTAGAGCGTCTTTACCACAGCCGTAAAATTCAGTT

GCAAGTGTGAAGGTGAGCTCTGAGCATGGTTTTCCGTTGCTGTGACTGCTCATGACACTTTGTGGCAGGGGGTTTCAGT

TTAAAATCCCCGATCGGTCAGAGCTTTACTCTCAGGAGGAAATTAAAGAAATCACTTGGAAAAGGCTGAACAGCGGGGG

AAAAAACAAAAACAAAACAAAACAGAACAAAAAACAAACAAACAAAAATCCCACAACCAACGGAACCCTCTTGGCTCCA

GGAGGCATTCTGCAGAGGTGGATGGGAGGTCTAAGCGCTCTTTCCCGCTGAAAAGATGAGATGATTGCTTCCAAGATGA

CTTCCGGTGGGCCGTCCCGGCCGTCACAATCAGGGAGTTCATGCAGCAAGTGTAGGGGCGAGAGGAGGACTCTCGTTCG

GGCTGGTCTAGGGAGAAAGGAAACAAGCTCTGTATCTGCTAAGAGATCAGTTTGCGCCCGATTTGGTTTAAATGCTAAA

CCCT 

>Giant.208:259541-260542 

TAAATGGCCAGAATACTTCACTTTTGGTAGATTCAATACAAACCCTTAACATTCACTATGGATTTAACTACTGTTTCCA

GGATTACTTTTGTGCGGACTCGTGTCTGTGCTTATTGGTAGCTTGCACAAACCCTTTGAGGGTGAAGAGCCAGGGACAG

GAACGTTGTCATCCGTCTGGAAATACAATGCCTCAATTAGAGGACTCCTGGGGCTTGAATTCAGCAAGGTTTAGTGCCC

TCTGCTGGCCATAGTGGCCAAATCACCTGCGGACCCAGGAGATGCGGCCGACCCCGGGGGGTCTGATGGGTGATGAGAT

GGTCTTTGTCTGGCTCACAAATGTCAACGTTCTCTTAGGTAGTGGGACATTTGGAGAGGAAGGTTTTGAATGAATGCAT

GTAACAAGAAAATACACTTCGACTAGGAAGTCTGCGTCTCTGAGTTGGATTAAACCAGTGGGTACTTCCTAGTCAATTA

CTCCGCAGCTTCTTGGATTACGTAAAAGCGTTGTTCAAGAGCAGACTGTTTAATTCAGCCTGTGCACAGCTGCCCGTCA

GGGCTTGAGGGCTTTTGGCTCTGGCCGTCCTGGGTTCGAATCATGACTCCTCCATCTCCTCTGACCCGATGTTGGGTCA

GTTTCTCAGTCCTGGAGGGTTACTGTGAGGGCAGTGCCTAGACGAAGGGCCTGGTGGTGGTAGGTGCTCCCCGGACACA

AGCATGCATGCGTGTAGTGTGCGTGTGTGTGTGCGTGGCTCACTTTAAAAGTTTAAAATGTATTTGGTAAAGGAACAAG

AAGAAGGAGGTGAAAGGATTGATTGTGGCTGTCACTGTCCCGGGATAATTGCAGATCAAAATGGGTCCGTTTCAGCTGA

AACATGAGAACGATTTTTTGCACTCATTCAAATGTCTCCTTTAATTACAAGGGACAGTGTTTCTGGGCTTCGGTCCATT

TGTCTGCGTCAGCGAGGCTTTTGCAGGAAAGTCCTGTGTGAGCTGACGGGCAA 

>Giant.20680:10027-11040 



 
 

213 
 

CTTTTGTGGACAATGTGTTCACAAAGGGGCTGCTGATCCTAGACTTGGCCATACATCTTAGGGAGTGGATCTTGGTACC

TGTGGTAGGCGGGCTAATGTCCCCAGAGATGTCCATACCCTGATCTCCATGTGGTGGACAGAATCGCGGCCCCAGAGAC

ATCCATGTCCTCCCCCAGGTTACAGACAGGAATGAAGCCACAGCTTGTGGGCAATTTGACCCAGTGGCACAGAGTATGA

CGGGATGGATTGGAACCTCGTGTCCACACTGAAGGACAGGCCATTGGTTCTGCCCCACCCTGAAGCTAGTCGTAACCTA

CAAACCCTCTGCAGCCAGCAGTGACCCCCAGCTGGCCAGGTCAGTAGACTGACCATCAGGATGGGGATAGTCCTGCACT

CCCCAAGGAAACCTCACTGGGGCCCCCTTGCCAAGAATCCCCACGCGAGCTGACTTCCTCAAAGTGTGACTGTTTGTCC

CGGCAGGTTTTCCTCATCCTTCAGGCAACCCCATGCGACTCCTGGCCATAACCATCCTGTTCTTCATGCTGCTGGACCC

AGTGTTCCTCCAGACTCTGGAGCAGCAGGGTAAGTGTGTGAACCTGTTTGACCCTTCTCTGCCTGTCTCATTCCTACGT

CCTGTGTGTCTTGGGGACACATCCTGATGCCTGAGTCCAATCACATTTCATCTTCGTACTCATTGGTCAGCCAAGTGGC

ACAATCCAGGATCACCAGAAGCTAAAGTATTTTCTTGCTCATGCTCTGAAAGCCCCTTCCTGCTCCAGGCTTACGACGA

AGTCATCCACCCTAGATGCAAACTGTAGGTCATCAGCCCCAGGTCTGAGCAACGGACGTGGAGGGTCTCGCCCTGGCAG

GGACTAGTAAACATCTTGACTTAAACAGGTGGACAGAGGATACAAGGTGAGGCCACACACACTCAAGTCCCACCCCTTG

TCAAAGGCAATGTCAACTGACCAGTAGCATAGAGGCCACGTGGCTGAGAGTTTCAGTAGACAAAT 

>Giant.20672:30426-31429 

GGGAGATCTATCACCGGCTGCTGTAAACCGCCCCTTTCCACAGGCAGTTCAAAACCCGACCTCGTACACTTGCAACCCA

GACACGCTTGTCTGGAACGGACCATCGCAGAGTAAGTAGTTTCAGGATCCGGCCCCCTCGGCCCTTCCAAGCTGGGTGC

TTCCCGAACCAATCAGCCCCCGCCACTCAGACACTCCCTGAATTCACTCAGCTCTGCTTTGAACAAAATGAAATTCCAA

GGACACAGACACACAGAAGAAAAGGACAGACTGCAGAGCCTGCTGGGTGTGTCCGCGCACCAGGCGGGAGCTGAGCAGA

CAGGCCGGGCCGGTCAGGTGTCACCACAGAGGGACACAGAGGAGGACCGGCCCTGCACGGACATGGCCAAGACTTTACA

CACTGGTCATCTCGACACTCAGACGCTTGGACTCGGGTCATTATTTGAGAAGGAGAAACATACGAAAGAGCTAACATCC

AAGCCCATCCCAGCCGATGACAAATGTCACGGCAGATCTGAGACGCAGGACGGAAGCTGGATGCTGGCCTCCCAGTATC

TCCACTGAGAAAAGAAGAACAAATAGAAGAGGAAAATCTGCCAAACAACAAAGCTTCAGTTTATTATACATGTTCATCA

ATTTAACCCAAAAAACCCTTAAAAGCCTGGGGGTGACCCAGGGCCTCTAAGAGGCGGACCAGGAGCGCAGCAGATCAAG

GCTGAAGCCCCGCTGCTGGACTGTGGAGATGAAAGCAGGTGACGGCTCTGCTTGAATCCTCACCTGTGACGCAGCAAAG

GGAAACCAGGAAGGGAAGCAGGAAGCTTTCAGACGACACGCGGAGCAGGTGCACGCTCGCCGCGCTGCTGGGGGGCTCC

GACCGCGCCCCGACCCCGGCCGCCAGCTCTCCTGTGTGGACCAGACTGCTCGCGGGAACGGGCGGCGAGCTCCACGCCG

GGCGCGAACACACGAGGCCTCCCTGGCCGTTCTCGGATGTGTGTTCTCACGGCTT 

>Giant.20541:5314-6364 

TTTAGTTTATGGTTTTGATTGCGGTGTGTGTGTGTGTGTGTGTGTGTGTGCTGGTATTAGAGAGCAAACAGTACAGTGG

CAATGTCCGTGGAAAGTAGTAATACAGAAAAAAATTTATGCCAGCCATGAATCAGTCCTACTTCATTTAATGTTATTTA

TTGATATGAGGTAGATATAGTACCTCGAAAATCTATGCGCGTTGAGTAGAATAATAAAATCTGGCTGTAATATAATCTT

TCCTACTGTATGAGTTAAAGCAACAAATATATATATATATTCTTTTTTGTCAGTCCCATCACAATGTAATCTTTTTTTC

TTTTGGATTTTGGAATGCCATAGGTATTGTCAAAAATTCATATTTCATTCTTTGTGTTTTAATGACTCAGTCGGTCTGT

TTTGATCATGTTTCAAGAATCCTTGTGCCCTGATTGGAGAAGTGGTATCTTGGCAGTGCGGTGAGACTGTCCTCTTGAG

TTGAAGGTTAGTTCTTTTCAGCTCTAGGCTCTCTGGGAGAATCTAGGGGAATACAGGGCAGTTTGCATGGACATTGATG

TCATGAGTGAAGCAATCTTGATGAGAGGCTGAGCTTCTTGAGCCTGCTTTCTTGGCTTTAGGCTACCTTTTAAAATTTA

ATTTAATTTGTTTCTACTTCTCTGAAATATTCTGTAGCTTCCCTAGCCTTATTAGTAGTAGTAGTAGTAACATTTCCCA

CTTTTCTGTATTTCCACATATTAACTCATCCCAATGACTAGGGAAAAAAAATTAACTCATGATTTCAGAACATAAATAC

TTATGATGATTGAGACTCATATGTAAATACTATCCAGATAGTTCATATTTTTGCAGTATTTCTCAGTGATATTCTTACA

TGATACTGTTGAAAAATATAAAAGGGTTTTCTGAAAAATGTGTACCTTGATTTTAAAAAAAAATACCTTTAAATGATGC

CTGGTTTACCTGTGTAATTAAAAAAAAAAAAAAAGGGGACGCCTGGGTGGCTCAGTTGGTTAAGCAACTGCCTTCGGCT

CAGGTCATGATCCTGGAGTCCCG 

>Giant.204:22271-23255 

TTCACTAGCATGTAGAAAAATGCAAATTTAACTCTAGTGAGAGAATATTTTATACCCAACAAATGGGCAAAGATTAAAA

AGGTAATTAAAAACCTGAACACGCACATCCACCATGACTCCATGATTTCTCTCCCAGCGAAACTCTCATGCACATGCCT

CCAGTATACAAGTATAAGAATAATTAAAACTGCGCCGTCCAAATAATAAAAAACTTGATATAACTCAAATAACCACGAT

GGTAAGCAGGATAATTGATGCTGGTATAATTATTTAATAAGTACTGCATAGAAGATTAATGATCCTTCGGTCCACAGAT

CGACATGGATAACTACTGAAAATAGCATGGGGCCATAAAGAAAGTCATAAAAGAAAGGCCTTCGGTGTGATTCTGTTAT

ACACACTTCAAAGGCAGACAAAACCAAACTGTGTATTTCAGGGATACATATACATGTGATAAAACTTTAACGAAAAGCA

AGATAAATATTAATATAATATTAAAGTGGTAATTTCCCCTGATGGGGAGAGAGAATGAAAGAGACACGGGAAGATTCTA

AGACTTAGATAATCATCTGTCTCATAAGCTGCGTATTAGATTTATCAGTCATTTTGTTATCCTTTTAACTGAAAATATA

CATATATGTTATATTCACTCTCTGATAAATAAGATATATTTCACAATTCCAAAACGTTTAATAAAAAGAAAGAAAAGAT

GATTTTCTTAGTCATTTACCTAAAAGCTTCTAGTGGCTTCCTGTTGCCTATAGGATAACACCCAATTTCCTAGTGAGGA

AAACTCGATGCTCTTCCCACCAGGCCTCCAGTCACCCCTGCAGCCTCGTCCCTCACCACCTCTGCCGCTGGCCCTCATC

TCGACTTGCCTATGGTCAGGTGATACCCTGTGTTATCAGTGCCCCAAGAGCTCACCTAAGCTACGCACCTGCCATGCCC

ACGTACTCCTCCTGTGTCATCGTCACCAACTCCTGT 

>Giant.20383:47123-48154 

ACCATCTTTCCCAAGACTCCCCACCCTAGGTCCCTCACGCACACACACACGCGTGTGCACGCACGCACACGCACACCCG

TCAGGCCCCCCAGCAACTCAAACTCCATCAGGTTCTTCGACGCCACTTAGTCCTGCTGAATCGAAAGCTCTGGTGCTGG

GGCCCAGCGATTCCCTAATCACCCGGAGAACCGAGGAATTCATCAATTCCCGCCTTCCGCTCCCAGAGCTTTGACTCAG

TAGTTCTGCCGCGGACCCAAGACCTCACACGCACATCGGACCCCAGCTGGCGCTGACGCAGCTGGTCGGGCGCGTGGCT

CTGGTGTGCGCGGCTTCCCACCTGCCTCCAGGGCACAGATTTCTGCCACATGCTCAGTGGTAAGTTGTGTGCAAAGACC

ACGGACAGATGGGAAAGGCAGGAGGTGCAGACCACCACAAGAACAAGGAGGAAGAGAAGTTCCGGCCGGGAAGCCATGC

CTAGAAAAGAGACCTGTGCCTCCTCAGCACGCTTTATCAAAGACGTTCTTTCTAGTGATTTCCATTTCCCTGTTTCCGG

TCCCTGTGACTTGGCCATGGGTTCAGACCTCCTGGTAGTTTCTCAAGGGTCTTACCAAAATGGTGGCACAAGACCCAGC

CCAACAGAAAGGATTAAGAGAACACAAGGATCCAAGGTCAGACACCCTGATGCAGCAGACATGGGACAGGGACACCCCG

TCTCTGGAATGTCGGAGAGGGTTTTGTGCCTCCCTCCCTCCTCCTCACTGGTCCTGTCCACAGGCCACGTGGTCTCTGC

TTCTTGGATTTCAGCAGAGTCACCCAGTTAAACACCGATGACTGACCCCCTCTCTGGACTTTCTGATTCCGTACATTGG
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GATGGGGCCTGGCCTGAGCACCTGCATTTTTTTTAAGGTTTTATTTATTTGACAGAGAGAGAGAGATCCCAACTAGGCA

GAGAGGCAGGCAGAGAGAGGGGGAAGCAGGCTCCCCACTGCACAGGGAGCCCAATACGGGGCTCGATCTCAGGACCCCA

GGAC 

>Giant.20323:17982-19012 

AAGACATTTGTAAGGATCTCCCCATGGGGTCTCTGGCCCAAGATTCTGAGAGCCACATCCATACAGTAACTCCTCATGA

GATTCTAAGTGGAAAGACATATAGCAAAAATATTACTAAAAAAAGAGATTAAAGTAACTTTAAAAAATACATGTTTGAC

ATAAAATAAGCCCGGGAAAGAGGAACACGTGTACCAAGATAGGACAAACAGAAAGAGGGCAGACTCAAATCGTATCAGT

AGTTACATAAAACATCTACATAAAACGTAAATGATCAAACACTACAGTAATAACAGACTGTTGTGGGGTGGGGGGAGGA

AGCCCAAGGGTTGACTGCATGTTGTTTACGAGAGACACACTTTAAATCAAAGGACCCACATAGGTTGTAAGCAAAGGGT

GATGAAGATGGGCCTTGCCAACCCTCAGCACACGGGAAAGGATGGGATCACCCAGGATGACTATGGCCGGAGAACAGGC

GAGCTGACCCCGGGTGCTCCTGGATGAGGAGGAGCCCACTAGGCAGACTGGGGGGAAGTGGGGTGGGGAAAGGACAGAT

GTGGAATTTCATCAGTGAAGTGAAGAGAGGAATACAGAATGTTCAACTATAGCATGTGCTCGTTGAGTAAGGGCTGAGA

AGGGACCACTGGTCTGGTACTGCACAGGTCACTTCAGTAGGGTGGCAGGGTCAGGAGATAAAAAGATGTGGGTTCAAGA

AGGATAACACTTTTTAGGAGCTTTAATGTAAATGGGGGTGATGAAAAAGGCAGGTGAGCCAGACGGCCATCCTTCCTCC

AACACCTGAGGTCAGGAGTTAATGGAGCCAAAGTCACTCAAAGCGCTAGGGGCGAAGGACTGCCCGTGGGGGCCCGAGT

GCACAGAGAGGGTCCTCTCAGCTGGGCGAAAGAACCCTACTCTCCCACGTACCTTCTCCTAGGAAGTCACCTGACAAAG

TGAGGCGGCGGATTAGGAGGAAGTAATGGATCCCACCCAGAGGGGGTTCCTGGGAAACCCCCTGAAGGTGGCTTTTTGA

GAG 

>Giant.2022:276812-277820 

CCACCGGGTCACCCTCACCAGCAGCCACTGCTCTCCATGGTCTGATGGCCAGAGAAACCGGTGTGTCAGCCAAACTGAC

TAATCCCTTTGCCTTTTAATGGCATTGGTTGTCTTCAGCCCAGCAGAGATGGTGAGGGAGCTGTGCAGCCCTGGCCAGG

GTGCTGGACCCCTCTGGGTAAGGAGGTCACTTCAGGCACCAGCAGGGAGAGGGGAATATTTGGGGGAACTTTCGCCCAC

CTTCCGGTCAAATCGCCGGGCTCTGACTCCAATGCTAGAGCCGCCGCTCGTGTGTCCATGCCCCAAATACCTCCACGTA

GCTGCTGGGCCCCAGGCTCCGTACCAGGTGCCTGGATACAGCAAGGGACACTCGGCGTGGCCTCCAAACTCAAAAACAC

TTCGGGGCAAATGGCTCCCCTCCTCCGTATTAAAAGTGGAAAGGTAACAGACCCTAGCAAAGTGAGCAGATAACGAGAC

ACACACTGGGGACTGTCATCAGCCATGACAAGAGGGCACAGCCCGGGGCCCCCGCGGGATGACAGGACTTAACCAGAAG

GCCAAGGCCTGTGGTGTGGAGCGCCCAGTGTGCCGCCAGGCCTGAGCTGACACAGTCTGTGCGTCGCCCCCCACCCGCC

ACCACTAGGACGGGGCAAGCTCCTGCTGTGGGCTGGGCCCCGCACTGAGTCTCCCCTGTGCTGAGTCTCCGACACACCC

TTCCGACTCACAGACTAATCTGGCATCTCCTCTGAGCACCTCCTAAGGGGGAATGCTGTTCCTATGGTGCTCGCATGCA

CTGCTCAGTCAAGTGCCAGGGCAGCGTGTCTGTGACTGCCCCCACGTAACAGCCCAGCCCAAAAGTGACTCAGAATCTC

CACATCTGATCTCCTCTCGGTTTCTGCGATCCATGAGGGGTGTGCCTTGGCTGGGTCACTGGCTCTGGGTCTGGCCACC

GTCCAGATAGCCACTGGGGCTGTGGCCACAGAGCCTCAGACTCTCACGTGGTGTTGGCAG 

>Giant.20053:2287-3266 

GCTTCCAGTCTGAGAGGCTCAGGCCAGCCCTGCGTTTCCGGAACAGCCGTCCGCCTGCCCCTGGAAGGTGCCCTGGATG

GGAGGGTGCGCCAGGCCCTGGGCTCCGCGGGGCCCAGCGGCGGGGCCGCGCTCACCTCCCCGCGGACTCTCAGTCCTGT

AGTTACTTCTGCGTGTGGAAGTGCAGCCTCTCACACACGCTGTTCTGATGTTCTCATGTATAAATGCATAAAAGAGAGA

TTCCTTTCATACTTCATCTACTTTCTCGTCAGTCCCAGCTTCATTTTCAATTCCCTACTTCGGTGTCCTCGTTTCCTCC

CTGATGGATTGCTCCATTCCACCCTGGGCTGCCGAAGGAGGGCACCTCAGGCTGGGGCTGCAGCGCTCCTCCTAAACCC

TCGAAGCGGCCTGCGAACGCGCAAGGTGCGGGGCCGGCGGGGGCCGGCGGGGGCCTGCGGACCCCCGAGACGACACGCG

CGGCCGGGCGCTGGCAGAAGGAAGGGTGCGGAGCGCACGGCCCCGTCTCCCCCCGGAGCACCCCCGCGCTCCCTCCGAT

CGAAAAGCGGCCACTGCTCACCGGGCCGTCTTCCACCTCCGCCTGCATGCGCGGTGGCCCGACCCACGGCTCACGAGTT

TACAGCCACGCGCTTCCTTTCACAGCCCAGGACACAGCTTCCCCAGGCCATGGAGGACCCGGCTTTAGTCCTGCCCCCT

GTCTTCTCCGAATGTCGTGATGTCTCCACCACACGCACGCACGCACACGCACGCGCACGCACGCGCACGCACGCGCACG

CACACGCACGCACACGCACGCACATGCAGGAAGTCTCTGCGGGACTTCCTTCCAGTGCCCCCCACATCTTCCGAGCCAA

GAAAGCACCATCCGTCTGAAGTCCCGCAGGGCAGGGGGGTTCCCCTTCACGCTCATTGGCTGGGATCGGGGTCACGTGA

CTGTCCTCAGAAGGAGAGTCTGAGCGTGAGC 

>Giant.19989:19373-20417 

TGGGAGGGGGAGGGCGTGGGGGGGTGCGCCTCCTGCGCTCGGGCTCCAGCGGCAGGCCCAGGCTGACGGCCGTTTTTCT

TCCTTCAAGCGTGTATTTAAATTCTCTCCCGAGCCCTCCTCCTCCTCCTGTTGCTTAGCGATGGTCATAGGCCGGGATG

CCTCTAGGAGAACCAGGAGGGGGGACTTGTCTCCTGTGCACAGGGGCAACAGGGGTCCAAGCTCAGGAAACTTGCGGGA

GGGTCTAGGGCTCTGGTCTCCTGGGACGGTGGCACGGACATGGGGTCTGGGTTGCAGACTGCCTGCCCACTGTCCCCCA

ACTTTCCCCTCTTTGGTTGGCCTGAACTTCTACCATTAGAGTTTCATTCCTTTGAATATTCTTGCGAGATGTCAGCGCA

CCCCTTGGAGTTGGCCAGTGAGGCCCTCACCCTGGGAATGAAGGCGCGTCCAAGACTCTCCTGCTGACCAGGGGCCGGA

GACGCCTGTGGCGGAGCGGGAGCATCTGGAGCCTCACACCCGTGCCCATGCCCGTGCCGGCCAGAGCGGCGGAGCAGCA

AGGCTGCCTCGCGGAGCTCCCTGCGGTGAGCCATCGAGTGAGTGACCAAAGGGGGGCGTGGGTGTGGCACTCTGCACCC

AGCAGGGGAGCGAGTGAGGGAATGAGTGAGTGAGGGAATGCGGGCGTGGGGCTGTGCGAGAGAAGCTGTTGCAGCGCGG

CGCCCCCCGCCCCAGGGTCCAGGAGCTTCTGTGCGTGCACACGGGCTGGGCTGGGACCCCCAAGCTGGCGCACCGGGCG

CATGGTGGTTCTGAGACCAGCCGGCCCCTCCGGTCGAGGACACTTGCGGGGGGCAGAGGGCCCTCCCTGGAGCCCCACA

GCCCGGGAGGATGCTGCTCCTCCCCCAGGCTCGACCCGCAGGGACGCCGCCAGTGAGAGGTGAAGGCCTAGCAGGGGAG

GCTGAAGAGGAGGTGAGTGGGGCTGGCTATGTCAGGGATGGGTCCCCAGGGGATCCCCCCACCACTGAGTCCTGGGGGG

AAGCTGACTTGCTTCCC 

>Giant.1974:142781-143782 

GCTGCGTCCGTGGGAGTGTCTGAGATCACCGGGGGAATGGCTGTGGATGGGGGATGTTGTTCTGTCCATTATTTCCTCC

TCCAAACACGGGCCTTCTAGGATCCAGGCATCTGCTGCTTGTCAGGGGCTGGGGGAGGGGGCGGGCTGTGGTGCAACCC

CCCCCCCCCAACTGCTTCCTGGGGGAAGGGGATGTCCCGTTCTGTGCTTTATGGGAAAGCCTGGGACACGCTGAGCCGG

CATAGTCCCGGGCTCCTGCTGGGTCCCCACGTGGACATTCTAGGTCTGTTTACAAATCATGTTGCGTGCGGCAGCCTGA

GGACTCCTCTGGGCTCAGCTTCTGACCTGAAGAATGGGGGTCATCGTAGTAACGGGCTGGCGTGTGGATTGACGGAAGG

TGCTTGGGATTTAGAACTGGGCCTGGCACAGAGAAGGGCCCAGCGCCTGCCGCCTTGGCTGTCCCCTTGGCACAGATGG
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GGACACTGAGGCCACGCAGCGAATCAACATAAAGCTGGGATCTCGCACCCACATTCCGAGCCGTCGCACAGCCCGGCCT

TCCCCTTCGGTTGTCCTGCGGGCACGACAGAATCAAAACTGCGATCGTGGAAGCCAGGCTCAGACGCCAGTGCCCTTTA

AGGTCCTTTGCTCGCTCACTCAGCTGTGTTTCTTGAGCACCTGCTCTGGGCCGGGCCCTTGCCCGGGGTCCCAGGCCCA

CACGGGAGACGAGCGCTGCCCCCGGGGAACGTCTGCGGGAACGGCGGGTGGAGGGAGCGGAGGACCGAGAGGCAGGTCA

GGAGATGGACAGATGGATGGATCAGTGAGGACAAGGAGACGAGGACGTGGTGCTTCTGCCCTGAGGGAGCGACATGGAG

GAGGGGCCGGCGGGGCTATGGGGAAGGGACTGCGGTGGGTGGAAGGGCAGTGCGCAGGTGCAGAGGCCTGTGGGGGCAG

ACAGGAGGCTGGGGGCCGGGGTTCAGGGTCCATGGGGTCGGGCCCCACCTGCA 

>Giant.19615:34096-35121 

TCTGAGCGGGGAGGGGAGAGGTCAGGGGGGATGCGAGCAGTGCAGGGACCCCACAGAGGACCAGAAGCCCCTGAGGAGA

GTGCACCCACGCCTGTCCCCAGGATCACACCCCTGCACAGGCCCCCAACCTACAAAGCAGGGCTGGTCGCACCCTCTTC

ACAGGCTGTGTTGGGAAAGGCTCGGTCAGAAAACACATGTGCTGAGCCTGACTCCTCCGTTTGTCCTGGATGATGGGAG

AGCAGGCAGCGGGGCCTAAGGCTGTTGGAGTCCCTTCAGGGGAAGACCTGAGAGGAGTGAAGAGGACGTGTCTCATTTA

AGTTCTCTGGGAAGGGGATGATAACTTCTCACCTGTCACCCCCTGCAGGCAGCCTCAGAAACCAAGAAGGAGATTATTC

ACCTCACAGTGCTTCTGATCCCTGGACCAGAGTCCGGGTCCTTCAGAGCAGGGAGCAGGCAGTGCTGGGGCACAGCCAC

AGTGATCTCCGCGGGAGAGGTCCAGCCCCATCACCGCAAGGGCCTTCCCTGACCTAACAGGTTGAGGTGCAGGGGTAGG

TGGGTGGAAGCGAAGCAGGGCCTGTCAGTACCCGGTCCCTGGCCCCTCTGGGGGTTTGGCCCCCTGCCTCCCAACAGGA

CCCTGACCGACGGCTGTTTCTGTAACATCGTGTGTTGTGGGTGGCTGTGCCCTCTCTGTAAACGCTGGAGGTTGTGTCT

GCTGTGACTCAGCATCTGGGGAATGATGGTTCCCCAGGTGGACGTGGCCTGAGCAAAGGTACAAGCAGGAACATCAGGG

CCTCTCTGTGGATTATGCGTGAACCAAGTGGCCCTGCCCATCCCCGGCCAGCCTCTGCCCTCCTACGTCCCGGCTCCAT

GCTTCCCTGGAGGACCAGGAGGACACGAGGAGAGCCCCTCTCTGAAGGCAGGTAAGCGAGGCCCAGGTGCTGCTCACCT

AGCCGAGGAACCAGCTCATTGGGAAGCTCCCCAAGCACCGGGCTGAAATGAACTGGTCCCGTGCATGCGGGCAGCTT 

>Giant.19262:25285-26278 

CTGCGATCATACCCCTTTTCTGCTTCATCCTCATCACAGCTGTCACTTTGTGTGTCTGTGAGATGACGTGACTAATGGC

GTTCCCCACGCATGGATCATCAGCCCAGTGTGGGTAGAACCTTGTTTCTCCTCAACTGTGTAGCCCCTGGGACAGCGGC

TCTAATGTGATGAAAGTCCTATTCCTAGATGAGGAAACAAAGACTTAACGAGATGAAGCAGGATGGCTGCTGACCCCAT

GGATCCTTTGGGGGCGGGTCCCCAGGATATGGACTTGAGGTTCCTGTGGTTGCAAATCCCAGGCTTTTAACATAATAGG

GTTTCTGCGAATTGAACCCCATTGTATGAAATGTCTATGAGCATTGGTTCATATGCAAAATTCGGAGAGTTAAAAATTA

TTTCACGTGTCGTGTTAAGATTCAGACAACTATAGAAATTCAAATCCATACAGGGAAGGTCCCTTGCACAAAGTAGATG

GGCATGAATGTCAGCCATCATGACGTCATCATCACCTCTCCCCGCTCTTCCCATTCCTGTTGCTGGTCTTTGGGAATTC

TGGTCATGTACTACGTTCTTGTTACTGGTTTTGCAAGTAGGTCTTAGGAAAATTTTACAGAAAGAAACAAAACATTTAA

ATTTCATCAGATGATTCTCAATGCAGATTTTAAAAAATCTTGTTCATAGAATCTACCAGATACTAAAGAATACTGTATC

CAAGATACGTTCCTCTAGGTATGCCTTTTTTTTTTTTTTTTCATTTTTAAAAATTAACATATAATGTATTATTTGTTTC

AGGGGTACAGGTCTGTGATTCTTCAGTCTTACACAATTCACAGCACTCACCATAGCACATACCCTCCCCAGTGTCAATC

AACCTGCCACCTCCCGCCCCGGCCTTTAATGTGTGGGGTAGAAAGGAGGGAGTAGTATCAAATTAGTTTTTCCTTTCCT

CCACCCTCTCCAGCCCCAAACTTCTTTCAGGTACTTTTTTTCCCT 

>Giant.1852:238172-239192 

GTTACTTTCGCTGTCCCCTTGTATGTATGTTTCTCTTGCTCTGTTTTCAAGATCGTTTACTTTTCTTTGCATTTCAGTG

GTTTTGGCGTTTCTAAGTGTGACTGCCTTTGGCTCATCTTACTTGATCGTTGAACGTCCTGGAAGTTACACTGATGTCT

GTCACCCAAGCCTTTGCCCAGTGTCCTCATGTGGCGCTCTGCTCGCCCCCCTCGTCCTCTGGCACTTGCCACGCTCCCA

CCAGTCAGCACAGGCGCTGCTGCTCCACTGACCTCCACGCACCCCTGGTTTCACCGTTCTTCTCCCTGATCGTCAGCAC

GGATGCTTTTTATCTCGCGTTCGCTTGTTTCCTTGTCATCCGTGTCTGCTGTTGGTCCCTCTGGTGCACTTTTCTTCCT

GGGCTTCGTATTTGCAACTCTAGGACTGCTGTCTGGTTCTTTCTTAGAATTTCTGTTTTTGTTGACATTTGAGACTTGA

GTCATTTTACCGTGTTTTCCTCTAATTATTTAAACGTGGTTTTCTGCGTTCCTTTGAACGTATTTGTGGCTCCTTCGAA

GTTGTCTGCTTCCTCCGATGTCTGAACTGACACGAGGACAGTCTCTAGTGACTGCTTGTTTCCTGAGTGTGGGTCGCAG

GTGCCCTTCCTTTATACCCTCTTGAGGGCTTTTGTCATTGCGCGCAGCACTTCACGTGACGCGGTGAGTTTGCGCCCCC

ACTTCGGCCGGTTTTCCTGCGTCCCCTTGTTTGTTCACTCACTCTTGTGGCCCGAGCTTCGTCTGTGCGGTCTGCCTTC

CCTGCGGGCTTTTTTCAGAGTAAATTGCAGACGTCTGTCCATCTGCCCCAAATCCTCAATAAGTCTTTATTTTTTTCTT

TAATATGCAAACAATTTCCTCTGCCTGTCGGTTCCATGGAAGAGAGTATGAAGTTCTGGGCTTTCCTCTTGCGTGCAGG

GAATGTGACCTCGCTGAAAGCACTGAACCTGAGACACTGCCCGCTGGAGCTCCCCACTCCGCTCGTGGTGCA 

>Giant.18494:21083-22073 

GGCTGCACGCGTGTGTGCACGTCCAGCCAAGCCCCCGGGCATGTCTCGGAGAAAGGGCGGGAAGGACGGCGCTTGCCAA

CCACCCGGCAGGTCCGGGCAAACCGTGGGCCCCGCCAGCAAGCGGTGCTGAGGGCACAGCCATTGGACGCAAAGCCGCT

CGTCTGAACGCGAGCCCACGGCAGTGGGGCCTCCCCCCTTTTCCTGGTGACCCGCTGCAGCCCCAGAATCCCGCCTTTG

CTTGGACAAGGATCCGAATGCAAAGATGAGGGGCGCCGGGGTGGCTCGGGGGTTCAGCCTCTGACTCTTGATTTCACTC

AGGGCATGATCTCAGGGTTGTGGGATCGAGCCCCGTGTGGGGCTCCACGCGCTGCTGGAAATTCTCTCTCTCCCCCTCT

CTGTGCCCCTCTTCCCGTGCGTGTGCGCGCTCTCTCTCTCTCTCTCTGAAACAAATAAACAATTCTTAATAAAATAAAA

TAAAATGGAAAGGTGATCTCTGACTTCTGAGCCTTCAACACGTGAGCGTTTGCTGCGGAATGACGGTCACCTACCAACG

CGACACCGGGAGCACCTGCTCACTGCGGGGATAGGAGCGGGAGTGGGGAGTGAGCCTGACGCGGTGCCCAGCGTCGGAG

AGGCCTGGTGCTTCAGTGGCCTCAGACTTCCCTGAGGACTGGGAGCAGCCACCAGACAGCTCAGGGCTGTCTGTCCGTC

GGCTTGCGAGCACCTGCCTGCAGGAAGCCGGGGTCTGGTGAGGGGCCCCGCGGGGAGCCGGCAGCGGGGTGATGGGCAC

CAGGGCAGTGGGGCTCCTGAGCCCATCCCGAGCCAGTGCCTTTCCTGCCGCTCCGGCCGGCTTCACCCTTCTAAGGCAG

GGGTGGGGTCCTCCTATGCTGAGGTCACCAGCATCAGGCCACGCGGCCTCTGCCTTGGGAGGCCAGGACGACGCCCACA

GCTGCTGGGCGCCCAGGCCAGCGGCTCCATGGGCAACGTGAC 

>Giant.1844:216546-217511 

GTTCATGGTATTATTAAAAAGTAATAAGTATCATGAAATGTTCACTATGGCTGACGAATAAATATGATGTAAAACGTAT

TCATTAATTTATTACATAACATTGAGTTTGATTAATGAAAGAAATAGAAGCTGTGTTGGCAATGGTTCTATATTAGAAG

TTAAGGGCATTCAGGCATCTTATTCTTTGGTTTTTGTAAATTACACTCGTGTTAATATTTTCAATGAATTAATTATTTA

ATCAATACAAGTGTAGAAAGGAGTTGAGAACAAGAGGACCTCTAATGGACCAGTGATGATGACAGGTGATGGCTGATTC
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ATGGATGATGGGCAGTGCGCATCTGGGTATCTGAGGTCCAACGTGATAAAAACTGTTCCTTCTGTTCTGTTGGATTCTG

TACATGGATGTTAGGGATATACAAAGATCATGTTCTTATTTTGAACTTATACGTTTGGGTTTGTTATTATTAGTGGATC

AATGATAGAACTACTAAAGAAATATGGAAATTGAAAATATTTATGTTCCTTAGGAAATAAGTAGAGAAAGGATGTTACC

TTCTTAGCTAAGTGTTAATACTGGTAAGAGTCTAGTCTCTCTGAGCCAGTGTCCAGTATGACGTTGTTCCTTTTATTAA

GTGAAAAATAAGTGAGGAAATGAATATGGAAAGCAAGGGTCAGTGGAGATAAGGTCTTAACTTTCTTTTTTCTCATTGA

CTGTGTTTTGTACTTCTCTGGACAGACACACTGAGGAAGCGTTGTGTTATGCTGGTGAATCCATGATTACATCTGTATG

TTAGAAGCACGGAGACCCATGTGAGTAATCGTCAAGTTCTTGTCTTGATTTCAGCTATTTTTTTTTTTTTAAGGATATT

TGGCTTATTTTTAAAAGTGCCATGTAGAGTGAAAGGTAGCCAACTGTAGTAGCCTAGTGAAAACTATTGAATTCCTATG

AAATATTATATCATTAC 

>Giant.1832:99428-100486 

CAAGCTCCCAAGGAGGCCCAGGCTCTGCCAGAGTGGGGAGGCGGCCCGGGGCTGGGGTCTGAGGGTGGCCGGGCGCTAG

GCTGAGGCTGGCAGTTGGAGGCTTGTGGAGCTGGGCTGTGGGGCCAGGTCTGAGGCTGGAGGGAAAGGGGGGCTCCTAG

TGCCCACCTAGGAGTTGGTGCGGTTATTGCAGGAAGCCGGGGAGGGAGAGCCATGGGTTGGGATGAGGAGCCGAGAGGG

TCTTGGGGATTTCCTGGATCCAGGCGTGGCCCCAGATTCCCACGCCAGCCAAGGGCACTCCGTGGAGGAGTCAGCAGGA

CCCCTCATGCTTGCCAAGCCCAGGAGAAGCTGGGGCGTCCCTGGCCGCTGCGGAGGCCGCCCTGCAGGACTCTACCGCG

GGGGGGCGCTGTGCTCGTGGGCGCCACACCATCTGCCACGGGGCCAGCCGGCCCGCCTTGGATGAAGCCAGCTCCCGAC

CCCGTGGCCTTACCGAGGAAAGGAAGGTTCGGGGGTGTGTTAGAGCCAGCGAAGAGATGAACCGCTCTGGGCTAGTCCG

GCTGCTGTGCGGATGAAGCTGGTCAGGAGTCCGCCGGCTTGGGTGACTCGGGCCCCGCCAGAACCAGCTGGGAGAGATG

TTCTCAGCCCCGTGGGGCGGGGGAGCCAGGCCTCTCTGACCCTGGCAGCACCAGGTGGCCAGGGCACGCAAGGCGGGGT

GCTGGCTTCCTGGGGCGCTTCCGAGAACACTTCACCTCTTCAAGCACCTGTGGCCAGACTGGCTCTTCCGGACCCCAAG

GCTGAGGCGGGGCCTCGGCCCGCGTCCCTGGGGGAGGGTGACAGGATTTGGGGCAGAGGCCCGGTCAGGCCAGCCCTGT

GGAGCGCGAGGCTTGGAGAGATACAGACTCACAAACACCCAAGGGCGGAACCAGGCCCGGGTACCCATGGGGCACTGCT

GCCCAGCGGCGCACTTCCTCGTGCCAGGACCCAGGAGTCCTGCACTGCAGGGTTGGGTGGAGGGGGACCCTCAAAATGG

GCCAGGACCCAGATGGCCCACCCTGACAGTG 

>Giant.18314:9036-10103 

CTGGGAAGTGGTGTGGACACCCCGAGTTGTGTCCAGACACCCAGCACTGTGTGTGTCTTTCAAACCTCGAGAGCAGAAG

CTGCACACATGGCGCAAGAAGTGTTCCTGGCCAGGAACCAAGAGCAGCGGCCCTGGGAATGGCTTTCTCATGCGTGGAT

TCCTGGTCCCATTCTGTTCGTAGCATGAGAAAATTCCTGCTTGGGAGGAAACACAGACTGGGATAATCCCAGGTCACCC

CCGTTCCCAAAGACCCCTGACCGGGGATGAGCAGACAAAAATCAGACACTCCGGGGACAATCCACGGTACGCAGAGACG

AGCCGTGCTGGCACGCAGGTCCCAGGGCTGGGGGCACAGTTTCACTGGCTGAACATCATCCCCTGGGCAGCCCAGTCCT

CCACCTGCTTCTGGAGGCCAAGACAGAAGGTTGCTCGGGGGCTGGGGGGAAATGAGACAGCGATCCACCCGGTCGTCCG

TACTGACATGCAGAGATGGAATAATCACCCCAGTAGCGTCTGTGGGAGGGCTTGCAGCCCGGAGGAGGGCTGGGCTGTG

GGTTTGGGGCATGGGGGTGCAGGAGCCCCCTCTCTTGAGCTCCCCTGTTTAGAGCGGGAAGTTGGTAGTGACAGACAGA

GGGGCACCCGCTCATCCCCACCCATCGTCAGAAGCTGACACTGAACTTCTAGCAGGTCTGCGGTCCAGGGGTCCAAGGT

CATCCGCACGTTCCAGGCTAGCGTGGGGAAGACTGGTTAGCACAGCAGGGGGAGGGCAGGTGCCAGCTGACCCCAGGAT

ACACAGCCCCTGCTGCAGCTTCCTCCAGGGCACACTCATGCCAGGATAGAGGGAGTCAGGACAGTATCATAGGGTGAGG

GATCCCGGAGCGGGTGGCAGGCCTTGGGGTCTGCAGGGTGGAGGGCTTCCTGAGATCCACCCAATGACCTGGCCAGAAG

GGATGTGGGTGAAAGCTGGTGGACAGGTGTGCCATCCCTGATGTCACACGACCGGGCACTGCCTGAGGGTGGGCACACA

CGGGGTGAGGCTTTTACTCTCTAGATAAACAGTGGTGATG 

>Giant.17688:13279-14346 

ATAAAGGGATGGGGACGCCGACTGCATAAACATTGTAAAGAGGATCAAAACGAAGATGCTTATAATTAGAAGACTCATA

GAAAGTGCTCAGGATACGGTGGTTGCAATTTCCTCCACCTCTATGACCTTCGTCATTGTTACCACCATCATCAAGTTCA

CCACCATCATTACTGCCATCACCACCACCACCGCCACCACCGCCATCACCGTCACCAGCACTGTCATCATTGTCACCAC

CAGCACCACCACCAGCATCATAGTATGCTCACTTGCCTAAAAGGAGGGACAGCAAGAGACACAGTAAATATGTCACCTA

ACCACACTGCGAAAACCAACGAAACCCAGAAACAGACATATCCAAGAGGACTTGTGGGGCGACTCAGAGCTTCTGAACG

TTTTCAGAGCTTCAGGCTTCACACTTCTCAAGGACTCTAGACACTCCGGCCGCTCTCCCAAGAACTCTAGACGCTCTCA

CAAATGGCGAACATGCAGCCCTTCCGTGGTGAGTTAGAATTTTCTTTATTTCATACCTGCAGGCCAACATGTTTGCCCA

CAGGAGACTGCCAGGTGGCTCAGAGGGGCCTTCCCCCGGCGCTCAGGCGGCGAGGTCGCCAGCTGGACTGGATGCCTGG

CGCCTCTCGCTCACTTCGACAGGGCCTCATACAAGGGACAGCGGCCCCAGAATGTGTCCTGGGATCCGGCAGGAGGCCC

TGTGGGCCAGGGCCCAAGGCCGAGATGCTCACCCAGTGACATCTGCCCAGCGACCTGGGCAAGTCTGCTCACCTCACTG

GCCCACCATTTCCTGGCCCAGAAAGTGAGGGTTTGGATCAAACCATCTGTAAATCACCTCTCTTACTTCTAAAGTCTGC

TTTTATGATGACACAAAATGCAAATTTGGGGAAAAAAGAAAGGGATACATCTCAGCAGCCAGTGCATGTTTCTGAAGCA

GGAAGTTTTAAGACCTGCTTTCTTTCTCCTGGTATCCAAGGGACAGTGTAATCTGGAGTGACCTTCACTGGCTTTAACT

CAGACCGCCCGGCCGTAACTCCATGCCCGTCACAGAGAAA 

>Giant.17486:57302-58332 

CAGGCAGGAGCTGCTGGGGCTCCAGCAGGCGGAGAAAATTCAGGCTCACGGAGACCCAGAAAACAGAGGCACCTGAACA

CAGGCTCCCGGGAGGCCCGCAGAGGGCCAGGGCTACTGGAGTGTGGCCCAGGCGTGCAAGGAGGTGACCCCGGGCCACA

ACACTGGCCCTCCGCTTGGTGCCGATACACCAAGCAGGTGTCACCGAGTCGGTCTCTGAGAACCCGGAGTGACCACTGT

GGCTAATGCGTGACAGCCGTCCTCGGCCTTCATCTGACAACCCAATTGATGGCCATAGGGACCCTGATGTCAGAGACAG

GAGGCCCGCGGAGGACGGTCACCATCCAGAAGCCGAATGCCTCATGAAGGGACAGCCCTGGGGCCGGGGCTGAGGTCGG

AGAGTCAGCTCTGCTTCCCATCCCAGCTCTGCGGGGACCTGGCCGGGCAGCCGCGGGCAGGTCACTTAAACTGTCCCAC

GTTCAAGTATGCGAACACTGTATGGAGGCAGGGGTGCGGAGAGGGTGAGAAAGCCACTCGGCGGGGCGCTGGGAAGACT

GAACTGGCCGAGTGAGCACATCAGCTGGGGTTTGGCCGGGATCCCAAAGCACCATCAGTGTGGGGAACTTGAGCAAGGT

TCTTTGAGCGGTCTTGACCGAGCTGCAGGCAGGACGCAGGGAATCTCCGTGGGGAACGGACCCAGACTGCAGCAGCCAG

GTCCCGGCACAGCCCCAGAACGCGGGGGGCATGCTTACTGGACCCCGGAAAGACAGTGTGGTCGGGCAGGAGCATGGAG

TGGAAGTCAGAGGGTGTGGCAGGAGGGACACAAAGACACCGGCCTGCGTCCTGTGCCAGAGTCCATCCACGTGTGAGTT

CCCAGAGGGAGTAGCCCTGCCCTCAGGACAGGATCCCAGGCCCCAGCAGCACTCGTGGGCCGGGTGACCGTGCCCTTGT



 
 

217 
 

CCTGGCTTACCCACCACCCCAGCCGGGCCACCCATCCCAGAGGCCGTTCCGCTGACTGAGAGAAGGACTCAGGGGTCCC

AGC 

>Giant.17436:22342-23362 

CATGGAAACATCAGAAGAAATTGGGTTTCCTGCCTCTCTCGGCTCTTGTCATGTCTGTGGTGTAAAACGGCTCAAAGTG

GAGTAATTGTGCCGGACAGCGATGACCCTGTCGCCTCTCTCCAGAAGCGCCTGAAGGAGACCGTGTGGGCGTCGCCGGC

TGGGCTGGGCTGCTGGGGGGCGACCCCCACCATGTGGTTTCTCCTGAGCGGATCCGAGGGAAAGCCTTTGTGGCTTTGA

TGCTGGACCCCATTCCGTGAGCGGCTCTGGGTCCTTCCTGAGTCTCCACAGACGTGTCTGTTGAATTTGTCAGGTCGAA

TTTGTGCATCAATAAGGGACCATCTTGTTGAGCCCAGCTCAGCCCTAGTGGCCCTAAATGAGGGGGACACGGGAATAGA

AGCCCACAGAGTACTAAGAGACCCAGACACCTGGCCCTGAGGCTGTTGCTGCCGCATCTCTCGATTCATGCTCAGCTGT

CAGGGGCACATCACCCCTTTGCCTCCCCCAAAAGGTGGGAGGGTGAGTGGGTTGAGGGAGCGCACGGCGGGGAAAGCAG

TCAAGGCGTTGGCAGCCCCGTTCTGAGCTGGCCAAGCAGGAGGCAGAACCCGAGGGTGGCTCGGGGTCGTGTTGACAGA

TGGTGGAGAGAAGCGGAACACCTTGCCTCTCGTCGGCCGCCGTCACTGGCTGGGGGACGAACCTGCCTGGTGAAAGGCC

GGTGCCGCGCTCTGCTCTCAGTTCAGAGGAAACTGCAGACTGAGCTGTGTCGGGGGGTGGGGGGAGCCCGGACGGGAAC

CTCAGTCTGGGTGTTTGGCTGCACGATCCCGGCGTGGGGCCGTGGGCGCCGGTCCTGGAGGGAGAAGCCCGGACCTGTT

TACTCAGATCTCTGCTGCGCCCGTTGCAGTCCGGGGACGGGTCCCCACCCCTCTGCTGTGGACAAAGGTGCGGCATTGC

TGGGAGCTGAGACTCACTCAGGTGAACTTGGGAGGGCCTGGCCGTGGAGAGGCTCTGAGGACAATGAGGCAG 

>Giant.17024:34783-35797 

CTTGCCCGACGGCCTTCCTGCCTGGGCTCCGTTGGCTCCCAAGACACATGTGAGGGGTCCCGTGGATTACCCCCCAGTG

GCTGTGATTTGGTGACAGGCCTGGCTTGCACAGATAATAGAGAGCTTCTTGGGAGTGAGGTCGGCCCCCGGACCATCTT

CCAGCGGTGGCCACAGAGAGCCCCCAGGGCCCCACGATGAACAGGTTGGAGCCTCTAGGACCAGCCGGGACTACAGAGA

AGTGGTTTGGAGTGCCCAGCTGTTCTGGAACATGCCGTCTCCTGCCCCCATGTGTGACCAGCCCGGGACCCAGCTCTGT

AGTGGTAGTTGTGTGTGTGGGACTCAAATGAGCATCCCCGAGGGGTGTGGAGGCCTGTTCCCGAGCTTGGGGGACCCCC

AGGCCTGCATTGCCCTCACACCAGTCTTTCCTCTCTCCTCAGGATGTTTGATGAGCGAATTTTCACAGGTATGTGGGGA

GCAGCCAGTCCATTCTGAAGTGACCGAGTAAGTCGTACTATCAGACGGGAGCCTGGGGCGGGGAGGGCACCTGGGTGTG

GCTTTCGCCTCTGGGGGGACGCAGCCCCCAGCTTCCTGGTGGAGATGGCCCCTTGGAAATAACGAAGCTAACATGTGCT

GTACTGTGAAGTGGGTTCTGCTCTTTTCCCTGAAGCGCAGCTAGTCCGGGGTGAGGCCTGGCCGCACACCCAGGACTCG

GGGGCCCCCACCAGTGGGCAGCACACCCCTGCCAGGAGGAAGAGTCGGGCTCTGCCTGATGCAGCAAAGGGAGCACAGA

TCTTGGGGTGTGACTGGGTCGCGGTTCCGGCCTTCCATCCCCCCAGCTTTGTGACATTGGCCAGGGTCCTCCGGGTCTC

AGTTTCCACATCTGTGAAATGGGGATAGTAATAAGACGCATCTTCTTCCAAGTTCCTGGGATAATTACATGAGAGGACG

GCTTCATAGTTCAGCCTTCGGGGGCAACTTGGTCTCTTTTCCGAGGGCGCCCTCAGCATTCCTAGT 

>Giant.16968:50284-51313 

CAGTCCTGTGTGCTGTGGATCGAGACAGGACAGACGGCCTGGCCTCAGTGGAGCCTTGCCCTCGGAGGGAGTATCAGGG

AGTTAATAAATCCAAAGGCTTTTAGAAGCCGCAGAGTCTCATCAGTGTTGCCTCTAGTGCCAGCCAGGGAAAGAAGACA

TTATGTATGTTAAACTCAGAAAGAACATACCACCAACAAAGAACGCTTTGTCTGTCCTCCAAGTATTAAGTGCTCTACA

ACACTTCCTCACCAAATCATCAGAAATGCAAATAAACTGTTTGATCTCATCTTTCCCTGGCAACTGATGTGTATTTTCA

TAAAGTCCCTGATCTATACAAACCTCAGACACACACAGTAAAAATCAGACGATTTACCAGACAGCTAAGGCTTTCCCTC

CAGGCTCCAGGAAGCTACGAAGAAACTGTAAGTTTGCTCCTGCCTCCACCCTCCTCTGCCACACAAGAAGGAAGCCCAT

TAACGCGGGTCGTGCAAGTCCCTCTACAGTGCCAGGAGCCCGAGGCTCTCTTACTGTCTTCTCGCACTTCGGCGGTGCT

CGGAACACTGTGGCCAGGCTCGAAAGGAGCCGGGGGCCCAGAGCTCATTCCGAAAGCTATCTATGGCCACAGCCCTCGG

CTGGCTCCCACGCGCAGGGCAGGCCCAGTGGATTCTGGGGGGGGGGGCGTTTACTGACCCTCTCCATCCAGAGAGGGGA

CGGCAGCAGCTTGTTTGCAGGAGGAAGGGGAGCCTAAGGGCCCCAGGAGCTGCTGCCAGGCTCGCGGCAAGTCTTCACA

TGGCACCTAAAGTCACAGCAGAGCCCTGCCCGGAAGCTCCAGGTCACAGCCCTGGGGGCGGCGGCAGACACTAGGTCCC

CTCCTGATGAAATCACCCCATCCGCAAGGGAAATGGAAAGCTCTTTAAGACAGACCTCTATTGTTTACAGCCGAGACTC

TGGCTTTTTCCCTCAGCTTCGGTCTGCACCGAACGTGTGCACAGCAGTTGAACAGCTACACTCTTCCCCGGGAGCAGTG

CT 

>Giant.1654:315477-316512 

CTGAGCCACCCAGGCGCCCTGCATCTGTCCCCTTTTTTAGGGAGAGAGAAACCTCTTCCAGGAACCTCTGCCGCAGATT

CTGCCCTAGGCCTCGCTGGTCGGAACAGGCCACATGACCACACGTGAGGGGTCCTGAGACAGCCAGGAACCAGGCTGTC

ACAGTTGGTGTTGGCAGAGCATACCGCACCCCTGGGCCTTAGCGGCCCCAACGACAGGAGGGTTGCAGAGGCAGAAAGA

AGAGGGCATGAGGCAGGCGCGCTGCCCCAGGAAGACTCTGGCATATTCAAGCAGAGGACGAATTTTTTTTTAATTAGAT

TTTATTTTTAGGGCGCCTGGGTGGCTCAGGGGGCTAAAGCCTCTACCTTCGGCTCAGGTCATGATCTCAGTGTCCTGGG

ATCGAGCCCCGCATCGGGCTCTCTGCTCAGCAGGGAGCCTGCTTCTCCCCGCCCCCCTCCACCTGTCTCTCTGTCTGCT

TGTGATCTCTCTCTGTCAAATAAATAGAAACTTTTAAAAAAAGAAAAAAGTATTTTATTTTCTGGTTATCTCTACACCC

AAATGGAGCTCGAACTCACAGCCCCGAGATCCAGAGTCTTCGTGCTCACCAACAGAGCCAGCCAGGAGCCCCAGAAGAA

TTTTTAAAAAGATGTATTTATTTATTTAAGAGTCAGAGAGAGCACGTGCGCATGTGACCAGGGGGCAGGGGTGGAGGGA

GAGAGACTGCCTGCTGAGCACAGAACCTGACACGGGGCTTGATCCCAGACCCTGAGATCATGACCTGAGCCCAGACCAA

GAGTCTACCGCTCAGCCCCCCTGAGCCAGCCAGGCGCCCCGGGCGGAGGAGCTAACTTTCATTAGGGATCGGAAGGCGA

GCAGGTGAGCAGGTGGGGGGGGGATCAAGAACACGCAGCTGGTCAGGAAGTCTAAGGTCGCGAGGCCGCCACTGGCTCC

GGCCACCTCAACACAGCAAAATGCAACCAGTGCCACATGCCGGGAGCTCACGGGGCCCACGGCCACCTCTGCCGTCAGC

CACATCCA 

>Giant.16493:34187-35186 

CCGGAAGCTGCCAGCAGGGAGACGAGCTGCGGTCTGAGCAGCCAGCTGCCACCATTGCCAGGCCCGACTCCCCGAGCTC

CCCACACTCCCACCGCACGCTCCTCCCACAACAGACACAGCCAGGATTAGTCTGTCCTCCAAAGGGCCATACATTCCTA

CTCTCTGGCTCTTCCTCCCCGTTTCCGGGCACAGAACATGTCCAACTCTGGCTGCACAGCCTCCATCCTCCTGCTTCCA

GGTCACTCCTCTGCAGGCGTCCAGCTCCAGCACAGCGGAACTGGCCACCACTCCGGGGAGCGACCTCCAAGTACCTCCT

GCAGACACGTCCTCGTGCCTGGGCTGCATCTGGGATGCTGTTACCAGGTGAACGAGCTCTACCTCTTTCAAGAGTATGC

ACACCGACACTGCCCCTTCCCACACAGCCCTCTCCCCATCTCTGCTCCAGAAACCCCCCACACCCCAGGGCAGCCCCTG

CTGTTTTGGCTGAACTGCCCCCGTCACGTGGCGCAGCAGGAGAGCCGGGTCCTCCACCGCCTGGCCTCCTTCTGACCAC
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CACGCTTGGGGTTCTAAAATCCTACTGCACGTGTCCCCCTGCAAGCCCCATGCATGCCTGCGTCCCCAGCTGACACTGA

CACGGCACCCCCCACAGCCCCCCGGAGCAGGGCTGCTGCTTTCCTTTGCTATTTTGCAGCATCCCCGCCTCCTCCACCT

CTGCAACCACCACACTAAAAACCTCACCAAATGCTGCTCATCGGCCTCCTAACCTTTCTCAAACCAGCCCCACCTCCTA

GACCCCAGTGCTGCTGCGGGGATGAGATGTCGAGAACGCTGGAAGCTGCTGATTCAGTCAGGGATATCCCCCCATGCTC

TTACCTCTGTCCAGATTATCCCCACTCCCTACTCGATCACACAGAGGCTAAACGGAAACTTGCAACTGAACGTCTATCA

TTAAATCCACTTCCCAGATCCACCAAGGACTTCCTACTGCCCTCACGATAA 

>Giant.16443:65668-66680 

GATTTTTTTTTCTGGTCCCCTTTTGCTCTGTACATAGCCCCTCAGACATCTGGTTCCAAGCTGGGGTTCCATTACAGCT

CCTTCTTGACAGGTTCTTATCAACTGCTTCCCAGAGGCTGTTGTTGGAACCACCTTCCTCTCCCCCCAGGTCACTCACC

TGCTCAAAGATCATTTGCAATTCTACTATGAGTCCCCTTAGGCAATCCCTGACTTTCCTGGGGGCTCAGCTGACATCTT

AAAAAAGGTGTGCTGTAGCTTATTCAGCATTTCCAGATAACTGCAGTTGGAATGTTGGTCCATTGGCTCAGTGTGTCCT

GTCGCCTCTCACCTGAACTGTGTGTTCTCCAGCCTGGGCTATACGGAGTGGGACAGGAAGAGCTCACTGACCTGTAGAG

CAACAAGCTTTTGTTCTTCGCGGCCCTACTGAGACATAAGTCAGGCTGTGAAATCACACTTTCGAGCACATAATTTAGT

GGAGTTTAGTCTGTTCTCAGAGGTGTGCAATTAGTGACATGGTGCATTTCAGAGAATTTTTATCATAGTCAAAACTTGC

ACCCTTGCTACCATCACTCCCCATTTCTCCCCTCCCCCACTTCCCACCACCAAACCCACTCCCCCCGCCCCTGGCCCCT

GGCAACTGCTAATCGGCTTTCGGTCCTGTGGCTTTGCCTATTCTGGACATTTCATATCAGTGGAATAGTATCATATATG

ACCTTTTATTTATTGGCTTCTGTCACTCAATATAAGGTTTCCAAGGTCCATCCATGTTGTAACATTAATTAGTACTTCT

TCCTTTCTGTTGCCAAATAAAATTCCCGAGTGTACATATACCACATTTTGTTTATCCATGTCAACGGACTTGTGTCTGT

TGGCCATTGGTATGTCTTCTTTGGTGAAATGTCTGTTCATGTCTTCTGCCCATTTCTTTATTGGATTATTCTTTGGGTG

TTGAGTTTGATAAATTCTTTCTTTTTTAAAATTATTTTTTAATGATTTTATTTATTTATGTATG 

>Giant.1634:209722-210740 

GCAGATCGCCCCCCTGGGGATCTGGCTGAGACTCCCGAGCCTCGGGACCCCGGTGCCCCGGAGTGTGAGGGTACGGTTT

TGCGGAGAGCTCCTGTCTGCCTTGGAATCGCTCTGTGGGGCGGCTTTAATCCTGTCGCTCCGGAAACGCGATAAAACAA

GCCTTCTTAATCCTGGGTTTAATAAAAGATTTTTGATCAAGCATTTCGGTCAAATGCAGTTTGGACGCAGCCGGATCCA

TCAAGTTGGGCTTTCCGGACGACTTTCAGAGTCCCCACTCTGCGTCCAGCCCTCCTCCCGGTCCTGGAGTCCGTGGCAT

GGACGCCCCTGCTCGCACACTTCCCCGCAGCCCGGAGCGCCCGGGGGTGGGGAAGGACAGGCCTGGGAACGTGGCAGCC

CCACAGGCGTGTCCTGAACCAAAACCCTGCCCGCCACAGGTTACCACTGCAAGGACAGGGAGCTCGGTGCCTGGGTGAG

GCCAGCCCGCGTCCGCTGCTGGTGTTTCCTGACCGGGGGCTCCGGTGGGACCTCAGGGTGCGGTTGTGAACAGCGACCA

CGTCCTCTGACCCCACCCTGGCGGCCACAGAGTCCCCGCTCCCCGCCGCTCCCACAGACGTGCGTGGCGGCTCCCTGAC

CTGGCCGTGCCAGCAGTGGGAGGAGAGGGATCTGGATGGAGGAAAATAATCAACATCCCGGCCAGTGGCTGGCCCCTGG

CTGTTCCTTGTTTTCTGAGCATCTGCACTTCCGTCCATGCAGCTCTGGGCCGCCATCCGGGGGGTCCGCACACCCCCGC

ACTGGGACCCCGCGGGCGGCAGGACAAGTGTCCTTGGCAGACGGGAGAGGAGGACACTCTGCAGAGACGGTGTAAAATT

GGATCTGACGCTCGATCCTGATGTTCGAATCCTGTGAACGGGAAACTGTGCCTCTTAAGTTCTCGAGGTCTGAGCAGTG

CGAGTGAGCCTGACGCGGGGAAGCCCGTGAGGGGCCCTCGAGTGCACAGCGCCCAGGGCCCCGGCATCCC 

>Giant.16219:59754-60755 

AGCCCCCTAAGGCTAGAATATAGATACAGAAGAATTCCAGGGAACAGAGAAAGGGGATTCTTGGGGCTAAGGCAGGCAT

GAGAGGTACCCACACAAAGTCTGGAGGCCAGAAGACCTCGGGATGGGTCTGCAGGGTTCTGCAGGAAAACTTGCAATTC

TGTACCTGGTTCAACTACCAACAGGCACAACAATTGAGTGAAGCTATTTCCAGATGTTCTGAGGACTCAGAATGCTTGC

CTTCCATGCCACGCATCTCTTACTGGGAAGCCACAAGATCTAGGGACGGTAAGTCCAACCTGGGATCATCACAAAGGCA

AGTTCTAGGATGATGCTAGACAGGAGGCTTCAGGAGAAAAAGTCCCGACTGGAGTAGGAAAGAAGGAGGGCTCCAAAGG

GAACATGGCCAGGACATGGCAGGGTGGGGGACGTTGAGAGACAGGACACCAGCCTGGATCTGCGCACACGGAGGGGACA

GGGGTAGAAGGACAGCAGGAAGTGGGCAAGAACTATGGGACCCTCCAGAACTGATCCCTTGAGGAAGGAATTTGTCTAA

CCAGGAGAGTAATCAAAATTGAAATAAAGAACGGAGGAGTGGGTAGCAGGGTGAGCCCCAACGCCATCTTAACGTGGAA

TCAAGGTAAACCCACGGCGGGAAGTAGGGCATGACCAGTGCTAGTGGTCGTGACCGCAACACCCACACGACTCACCTGG

GAGGCAGGGAGGGAGGGGAGCCGGGTCTCGGCATCGCTGTCTACCACGTGAAGTTGAAAGAAGACCACAGAACCCACAA

TGACTCCAACTTCCCACGTTTTATGATGTTCCCCTGCCCCCAAACCTGAAAGTGATGTTTAGAAATGAACTTCTCCTTT

GGTGAAGAAACATTTATCTAAATTCAGCATTTTTTGATTTCACTTTTTTTTCTTTGTTAAGAAAAATAAATCAAAAGTA

GCACTACCATATTTATAATAATTTCTGATTGTTTGTCATCCATCTACCATCCC 

>Giant.16159:13499-14497 

ACAGTCCTCCTCCGTGGCTTGGGAAGAGGGTGGGACAGAGAAGAAACTGGGTCTGGAGCCCTGATGCTGAGCACAGTGT

CCGGGGGGGAAGGTGGAGTAGAAATTGAGAGCCGGTGACCCTGCAGGGGAGAACATAGAGATGCCTCTCACCCCCGATG

GCTAAATCTGGGGGGCTAACCCAGTAGGTGGCTGGCTGCCCCTGGAGAGGGCAGCCAATGGGCTGGGCTCCAGGTAAGC

AGCAAGAGGTGAAGGAGTCAGACTCGCTCTTGAGAGCATCACAGCAGGTAGAAAAGCACCTGCGGTGTGCCGGGGCCAA

TAATCCCCCCTGAGGGAAACCTGGAAAGGCCACCATGGTCTGCTGTCTGCCTCTGTCCTCAGGCACAGCCCTGGTCACT

GGTGTGACCCTGCTGGGTGACCTCTGTTGGTTACAGGTCACCATCCCAAGTCTGCCTCCCAGCCTCCCCTGGGATCCCC

TGGATCTCTTTAGGACCAGCAAGGACAGTGACTGAGGTGAGCACAGTGGCTGGCCTCCAGACCTGCTTGGGCCCTGTCC

CTGCTGTTGGTACTGTGGTCGCCGTGGTGGGAAGCCTGCTTTCTCAGCACTCCTAGGGAGAGTTGGCCCATTGCAATGG

CCGCTGTCTCAAAACAAAACAAAACAAAACAAAACAAAAAAGACCGCAAAGAAAGGGCAGTGGGGAGGCCCTGGCATCC

AGTCACGTGAATCTGTTCAGAGAGGCCGCGTCCCTGAAGATGTCGTCTCTGATGACAAGGGGACCTGTGCTTTGTTTTT

GGGTCAGAATGAGAGAAAATAAAAAACCCCAAGGGTGGGAATCTTCAGTGGACGTGTTGTGCTGGAACCTCTGTGACCC

CCAGCTGGCCACTCCATGGGGAGGGGCGGAGGGGTCGAAATGTCTTCATCCGGACTTTGAAGACAATAGTAATAATGCG

GCCCACGGGGCTGTCTGACGGAGGAACTCCCTGAGCAGTCGTGTGTGAGA 

>Giant.15429:48440-49479 

GTGACAAATAAGACACCCAGAGCTCTAAAGGAACTCAGAGGCAGGGTGTCTGAATCAGTCTTGGGGGACACGAGTGAGC

TTCCTGGAGGAGAAAAGGTCTAAGCTGACTCCAGAGGAAGGAGCCAGACAAGGAGAAGAAAGGCATTCCAAGCAGAACC

ACAACATTCTATCTGGCTTGAGAGAAAGTAGCCAGTCAGAGACAGGAAGTGACTTCTCTGAAGTCAGGTGTCTACGGTG

CCATGGAGTCAGGGGTAAGCCTAGTTACCGTCACCTCCGAGACTGATTCTTTCCACACCACTAACCCTGCACCACTGTC

TAAGAACTGTCTCACCGTATACTCGAAAAAATAGGAAATACGTTTGGGTACTTTTTTTTTTTTTTTAAACCATGTAATT
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CTGGGAGACCAAGAGATGATGGGAATTAGCTATCCCAGAGCCAAAAGCAAAATCCAGAGAGCTCTGGGGTGCCAGACAT

GTCCTCCTGGTTGCAGGGGCGCACACACAGGTAAGCAGTCACAGAACCACACACTTCGGGCAGGTGTGAATTTAAGTGG

TTTGCTGTATATACATTATGTCTTGTTAGAAAGAAGAAAGTCTTAGAGAACAAAAAAAAACCCTAATTTATGTGCTAAA

AGGTAAGGTCATTTGTTGTCTGATTAGCACACTTTTCCTTTTTTTCTTACCAAAAGACTCCTTATAAGATGGGGGTATG

GTGCTAGTGATAAGGCATCAGTCCCCCAAACTTCCTTTCTTAGATACTTCTGCAGGCCACACAGAAGCAAACTCACGGA

GTGAAACTTCTGGGAAGTTTCAGAACAGAAGGCTGACCCAGCCAGGAGGTATGGCACTCTCCTCTTCCTCCTCCTCCTT

TCTGCCCAAGCCCCACTGTGATGGTTGACATGTCAACAGCCATATCAAGACTGGAAGGAGCCTCAGGACACAGGGTGGA

GAAAAAGGAAAGAAGGGGCCTGGCACTTAGTAACTATAAAGATGTGTCCCAGAAATCTGCAGTTGCTTACATTCTTACA

TGAGAGAAAAGA 

>Giant.15415:51060-52057 

GGGTTTTCCCTACACCATGAGAACTTGAACTTTTCCTGGGGATCAGCAATGAACATATCGCATTGCTAAATATAAATGA

AAAGGGGGATAAGATAAATATGGTATCATCAGCAATTGTATTTTGAAAGAATTCTTTAGTACTCTTTTGAGGTATTATG

TCTGCTTTTTTACAACGTATGCTTTTGGTCAACTTGCATGGACAATGCGACCTCTTTAAAGAAACCCTCTGATGGGAGA

CGCTCACCCTCTCTTTCCCCCGACGTGACTGCAGACCTCACCACAAGATACTCTGTGCTTTCTCATTGTAAACACTTGG

CGCTTATTTAAAACTCCCCACTTCTGCCATTGTCAGTTTTTAACACTCCTGCTCCTCCCACATGAAGACAATGTCCAAG

AGTAAGCAAACGTTAGACGCTCTGAGCTCTTTATCTTCGTGATGTTGAGCTCTAACTATCCCCCATGACCTCTTGTTTT

AAACATACGTCGGAATGCTACACACATACTGACGTGTTTCGTCTGGACTGGAATGCTGGGCACTGACCATATAGGTTTT

GTTTTCTTCAGAGCAGTCAGATATGTTTTTACAGTTAATAGTAAATGCTTAATGAAATCCATTTGACAAAGTTTTGTTC

TTCTTTCTTACAAAACAATAGCGTTGGCATTTGTGTGGCCACTGTTAAGTTGGGTTTTATGCGATGGAGCTACCTCCCT

GCAGTGGTCTGAGAAGCCCTGTCATGGACAGGAGGGTCATTTCTCCAGAGGATGCCGGAGACCCCTCAGGACTGGATGT

TGGATGGGATGCCTCCACAGGCCAGGAAGACCAGAAAACTGGTCAAAGATGGTGGCTGAGTGTACTTACTTCTTTCCCT

GGGAAGGACCTCTGGTCGTTCTTGCTGCAGTTCCTGCCTCTCTAGGTCGTACCTGAGTGTTCACTGCCCTCAGGTCTCC

ATGGTACCCCCTGTGGGCCCAGAGAAGCCCGACGGCCATCTTTATCACC 

>Giant.15375:50349-51373 

CCCCCCAGCTGTTGATCCCCTGGCTTTGGGGAAACAACAGAGATTTGGTTAAGATGCTCCAAGGAATTGCATTTCTCTC

ATTTGTTGTTTGAGTGGTGCTTCACATTTGTGATTGGCTGTGTCAGCTCCACAGATAGCACCTTTCCCGGTTCTGTAGG

ATGATGATTCTTCACGGATTCTTAATTACTCTGCTTCAAAGGAATGACAGTGACCAAAGAAGTCTTAAAAACTTCATGT

GAACCCAGATAGTCATAGGCTGTTCACAGAAATGTTCCTCCCTTCTGGGCACACGGTGGGAGCGTGGCTCTCAGATAAG

ACTGTGCAATGTGTCCTGCCCAATGAAATGCAAGCTACATGATGTTTGTCACTTCCTAGCAGAGCCGTCAAGAACCACT

GAGCGGTCTATGTGTTCTTGGCTGTCGGCGACGGTGGTAGAAGCATGTGTGGAGATGAAGCCTCTGTCAGCCAGGGTAC

GAGTCATAGCACCGAGCGTGGCCCCCTTGCCAACCCCTGGATACACACCTCGTGTGAGAAGTGAACTTAAGTTTTATTC

CTTTTGTTTTGGGACAGCAAAACCCAGCATACCCTGACAGACGCAGTGCTAAGCAAAAATGAACCGATGTTCCATTCTC

TGATGAGGGAGCAGAAGGCTGGCTGAAGACAAAGCTAAAGCTGGCACCTTACACCCCCTCTCCCCCCAACCTGGGTGAC

ATGTGTGACATTCCTCAGGCACTCCTGGCTGCCCTAAAAGGAAAACAAATAGTTAACTTGTAGAGATCATAATCCTGTA

AGACAGGAGTCTCCCTGGTTTACAAATGTCCTTATTAATACCCAACTTTCAGAGGCAAGCAACTCAGGTCCTAAAGCCC

TAACATCACTCTCCCCTCCATAAAACTTCCCCTCCATAAAGCTGAGGGGAAGGAAATGTAAATAAAGTTAAATGTCTTC

TAAACCTAAAGCTCATTGACAAGGATGTGTGATAGGAGGAACATGACATTCCACCAGGAAACTCCCAACTGTCTTC 

>Giant.1517:290459-291460 

ACATGGCCATTTTTTTTTTCTTTTTAGGAGAACTTGAAGAGAATTGGGAAGGCTGAATCGCTGTGGGAGAAACTTGGAA

CAAGGAAGCGCACCCCTGCTACCCCGTCCCAATGTAGGGCCTGCCGAGCTCCTGGAGGCTTCGGCACGATGGACCCCTG

CCCCGTGGGGCGTGCTTCAGCGTGCAGGGCAAACAGGGAGAGCCTCCCCGCTTATCTCAGAAAGTTAGCAAGAACCCTG

TCCTCTGAACCCAACAGGCGGCATCCAGGACGGGCTGACAGCATGCACGCACAGGTGCTAGAATCTTACAAGATGCGCC

TATGTCAAGTCCAACGGAGTTGGAAGCTTCAAGCACTCGGACCACGGAGGATTCCTGCCAGGAATGCACGGGTGTCCGA

AAATCTGGGACCCCACATCATAGCAACAGGTTAAAAAACATTTTTATTAACTTGGCAGCTGCATTTACGACTGGATGGC

TGTAAGAACACGGGAGAGACCCCCGGACGTACGCATGCCGTATTCACACTGACAGCACCTGCACGATGGGGGCACACGG

GAACGAGAAGACGGGGCGGGCTGCCACTTCCTACCAAACCCACTGCCCTACGGCTTTAAGTTGCAGAGTGTTTATTAAC

ACAAGTATTTATGAAGTATCATAATTTTTATCAATAATAAAGCTTCCTATGCTTAGTAAAACAGAAATAAAGGGTTGCT

TCACACCAGTGCCCAGCCCCATACTTAAGCAGTGACCCAGCAGAGACCCCAGGAGCGTGGGATGCCCACTGTCACTGTC

GTCACACAGCATCTGCCTGAGAGCACTGGGCTCCACGACCAGTCAGGGGAATAGGCGGAGTATGGAAGTACTGGAAAGG

AAGAGGCAAATTATTTGCCAAAGCCAAAAATCGTCAGTTTAAAAACTACCAATGAGAAATGGCTCAGCAGCCATCCAGC

GCCAAATAGTTTTCTATATTCCTTCATCAGCCTATTCAAAAATTAGATATAAA 

>Giant.1505:274618-275633 

GGAAAGATGGGCTCAGCTGCCCGAGATCTGTTTTCCGTCTTGCTCATTTCCAGTGCAGGAAACACAGGTGTGTTTGACC

CGGTGCTTTGGGCCGCAGAATTCCTGGCGGGCCGAGCATCTGTTTCAACACACACAGTCCACTGCTCGCACTCCTCCTG

GAATGCTGCGTTTCCTTCTTCCCAGGGAAAAAGCATCAACAGAGAGGAGTTGTCACCGGGGTAGCTCACACTCGGGAAC

GCTGGGCCAGGATGGGGCGTCTGCACCAGGCATCAGGGCAGCACAAAGTGAAGGACACAGAGGAGGTTGGGAGATGCAG

CTGAGCCAATGCCCGCTCCCTTCCATCCCAAATCCTGCCTTCGCCCACCTCCACTCCTGTTAGTTCTGGTTGTTGAAGT

GAGGTGAATGTTCCCCTCTGTGTTCCCCCCACCGGTCCGGCTTTCTTTGCCACCCTCACCTGCTGTCCCCTCCAATCAC

CTTCCTGTCCATCCTCCGGGTGGGCCCCCTGTCCCGGTCCCCAGGGAAGCAGCGTCTGTGAGGTGTGAGGAACGGGGCT

GTGGCGCCGTCCCACTCTACACACAGCCTTTCCCACCTCTTCTCCAAAGTTGCCTGTGGTGATGTGCTAGTGAGTCGTC

TCTATTGCGAGACGAGAACGTCACTGTTTGCAGATGGGAATTTACTCAGGGCCTCACAACTGGGTGTGGCTGGAGAACC

TGTGACTTGGGTCCGGCCCCAGAGACGTCTCCTCCAGGAACCGACAGCCTTCTGTGGGGATGGTGGTGTTCTGCGGCAG

CAGGATGGGTGCACAAAGGGGGCTGATGGCCTGATTCCTTTGCACAACTTTAAAAACAGCGCCCAGTAAAGACCCACGG

AGGGTGATGGGCCACCAGCAGGTGCTCACCGAACAGACAGTTATCACCTCGCTGTTTCTCTTCCTCTTCCTCAGAACCT

TTACACATTGGGTCTGAGATGCGTAGCACGGAAACGGATGTACTGAGCAGTAAGAGAAAACACAGGC 

>Giant.150:341105-342133 

GGTTTTTCACGAATTTTCTTTGAAGAAATAATTCTAGTGTTAAAAAAGATCTGAAGATGCCTGGCCCACCTTAGTTGGC

ACCAAGACGCTAGGGGAGTATATATGAAGTGTCCCCATCTCCACAACCAATGGTGTAGGGAGGTCGGTGAAGTTACTTT
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GGGTGTGAGTCTGGCGTGGAGGGCTGGGAACTGAGGTGGCTGTATTTGTGGGGGTGGGGGTTCTGGAAACAGTGCTTTG

GGGGTGAAAGAACATTCTTCTTCAGAAAGCTTTTTGGGGAAGTATAGTGCCGTTTTTCTTTGCTGGAGTCAGCTCATCT

GTGAGCCATCCATCTGTCCTTTGTCTGTCTATCCACACCTTCTCCACCCACCCAACCACTGTCTATTCACTACCCATGA

GCCCTCCCTTTCTAAGGCTACCTCCATCCTACCCAGCACTCCTGGGGGCTGTGAGCTGTGACTGGGGAGAGTTGGCTGC

AAGACCGCGTTAACCACAGCATCTGAGGAGAGGTTGGTGCACGGACCACTGCAGTAGGACCTCCTGCTGGACCTGAAGA

GGCCACTGGGATGAAACCCCATTAGAGGCTGGAGGAGGAGGTCTAACACCGCAGGCTGACCAGGGTGTAAGCACGGGGC

GGGCGATAGCAAAGAGGCATGTCCTGGAGTGCAGTTCCCTCTGAGGGCTCCTCGCAGGAGTAGGTGATATAGAGACACC

TGGGCAGGTCAGGGAGGCAAGCCCTCAGCGACTAGACATGGCCAGGCTTGGACTGTCGTGAACAAGGCTTAGCCCTATC

ATGGCTGCCGGAAGATGCCTAGAATGAGAACCAGGGGTCAAGGAGTAGACCAGATGTCTGTACTGAGGAGACATCTGCA

GACGTGCTGGGCACACTCTCCTCTCCAAGCCTTGTTCCAGCAATTCCCTCCACCATCTGGAAAGGTCTTTGCACAGATT

TCTCTCGGACTGACTCCAGGCTCTGCTCTAACTTCATCTCTCAGTGAGGTCCATGTTGACTGATCCATTTAATGTACAA

C 

>Giant.14927:26211-27198 

CGTGGTAGGGGTCGTGAGGATCTGGGACGGTGGCTAAGTGCTGAAGTAGAACTGTACGCTCAGCGAGGCCGCCAGTGGG

AAGGAAGTAGCGACCCGCGGGAGGTCGATCGAGGCTCACGGCACAGGCGATGCTAAGCGGAGGTCAGAAAGGATAACTG

GGACTTCAGCCCGGAGACAGCGGAAACCTGAGGATCCCAGGCGGGAGCAGTGTGGCACGGCGGGAGCGCAGCCAGGGGT

TCGGCAGCGGGGCAGGAGGGGGTTTGGAGGTCAGTCAGCTGACCGAGTGAGGTCACTGGAAAGGGGGCCTGGAACCCCC

TTGTACAGCTCGTGAGACACGCTAGGAAGGTTGGAGTGAGTGTCGGTGGTAAGGGGACACTGACACATATTAAGTGAGA

AATGCGCAAGCTCGTGTATGAGGAACGGGCGGTTGGAAGGCAAAACCAGAGAGGCCGGCTAGGTTGTTCCGTAGCCCGG

GGAAGAAGTGAAGAGAACCTAAACCAGAGCGGGGGGCCTCGAGAGCAGGAATCTGGAGGGGTTCAGGCAGCAGACCTGA

CGAGACGCAGTGACTGCACGGGGTGGGAGGGGCGCGGGGAGGGTCGGCTGCCTCTGGATGGTGATACGGCGTGAGGGAG

GCAGTTGGAGAGCTGGTCATGTAGGTCATATTTAGCAACTGAGTCCCATTTAGTCATGCCAAGCCCGACATTTTGTAGG

AAGTCGTCTTTGGTGATGTAGACCCGGAATCCCAGTGTGTTGAGGTACCTGCGAATGTTGCTGAGCCGCCAGGCAAGAT

AACTGTGGGGGGACAGCCCTTAGAGACAGCATCAGGTAGCCCTGGGGATCGGGGCCAAATCCAGGATCAAGGCATGATC

ACAACAGACGGTGACTTTGTTCCAGTTTCTTAGAAGGGATGTCTCATATGCCTTGTGGAAGTTATTTTTAAAGGTGTGT

GCTTCTGGAAAAACCTGTAAGGGAGGGAGGGAAGCTGAT 

>Giant.1491:289119-290097 

AGGACTTGTTCTGTAAGGCCTAGATAGCAAATACTCTGAGCTTTGCCAGCCATCGGTGTCTGTCACAGCTAGTGCTCTC

GACCCGTGTGGCTCAAAGGCAGCCACAGCCTGTGTGCCAGTGAATGGGCACAGTGGTGTTTAATAAAACTTTATTTACA

ACGCAGACAGGGGGCCAGAGATGGCTTGAGGGCCCTCGTGCGCTCATGCCTGGTTTACAGAAAAGTAGACAGCACCCAT

GGGACAGAAAAGTCAAATATGTGCCCGAAGGGGGTAGATGGGAGCGGGTATAGGAGACGCCATGATGTGTGTTGCATCG

GGTCAGAGGATGGGCCGGCACCAGCCACAGCCGGCGGTTCCTGCGGCCGTCCAGCCACATAAGCCCCTCTGTGACTAAA

TCATTTTCATACTTTAAAAATACAGACCAAGTTACCTGGTGTCCATGGTGGGAGCAGTTTCTTAGGCAGCAGCCTTGCC

CCCCACCTTCATTCCATGTGCTCCCCAGAACCCCTGCTTGGCGGCTCCCTGTCCTGGGAGGACAGCCTGGTGGCTTCGG

GGCTTCGGGAAGGCAGCTCGGCACCCCGCGCGGCCCGTGAGGATCTGAGAGCATGAAGCACTTCTCTTTCCGGCTCCGG

ACCTCCATGGGCACCTGTCTCCTCTGGAGGGGGGTCAAGAGGATTGTCCGATGTCTTTGATGTTTCCTGCAAAAATACC

AAACGTGAGCCCCGACGCTGCTCCAGCCTGCCAAAGTCACCCGAAGGAAGTTGACTTAATAATCGGGACGGTATTTTCT

GTTTGTGGGAAGAGCTGTGCCACAAGGAGGCCATTTTATTATTATTCAATTTCGCTGACAGTCAGATACCTTGAAGATA

AAACACGGAGGTGGCGTAGCAGCACAAACCTGAACGTCCAGTGGCAAAGCATTGATCTGGACCAATAGTTGAAAGAAAA

ATACAGAAAACACGGCCCCTGTCCAACGGG 

>Giant.14895:34419-35437 

CCCAAAGGGCCCACAATACACAGCCCTGCTGTCTGGGTACTGTAATGCAGGCCTGCAATCATCAGAGCTCCTGGTAAGT

TCAGGAGTAAACCAGGTTTCGATGAAGGCCAGTTTCCCGCTGCAAATATTCAACCAATAATTGAGAACTTGGGGCTCTG

AGGAAGGTGTGTGCTGACACGCTGTGCGGCTGGATGGGAGCGAGCTTTACCTCTTTCAATTCTATTTCCTACCACAGAT

CAGCTGCAACCTGGTTTCTGGGAAGAGGGAAGCCGACATAGTCTCCTCGTGGCCAGTGTTCGCTGTCCACGCAAGTGCA

TTGGAACTTACAGCTTCCACATCCTTCTGAAGAATTTCCCTTCCCTGGTTCCCATGTAAAAGCTGAATATATACGCAGA

AGACACATAGCACATTCGCTGAGTGTGGGAAGGAGCTTAGAAATGAGCAGAGCTTGATAAATATAAACCCAAATAGCAA

TAAATGTGTGCATTTCTGCACTTAAACATACAGGACTCAAATACTTGGAGAAGTAAGCAGTTTATACCTACGGTTTACC

TGGGGTCGGCGTACGCCTGGCATCCAGTGCCAGGACACCCGGGATGAGATTCGCGCCTGACGAGCACTGCCGGATGTCT

GTGCGTCACTGGCCCTCCATGAGACTGCATCAGGGAAAGCAGGGCTGCTTTTCAGGAGGCTAATGGACGGGATAGCTAT

CTGCACGCTCATTTTCCAAACCTGGGCTCGCCAGAGGTCAAGTCTCAACGAGAACAAATCCCATCTTGGCACTAACGTG

AATCCACAGCACAAGGAGGCTGAGCTCACGCACACTGCATTGTGTTAAGGCACAGCGCACGCCCTTCCATCCCACCGGA

GAAGCAGGTGCACACGTATTGACATGGTTGCTTCTTAATCCGAGAGAGCCCTTCGGTCCCACCCACCCAGGACATGGAA

CCGGGGCTTTGACTTGTAGGAAAATTTCACGTAAAGAATGATTAACTGTAACAGAAGGTTGGAGTGACTA 

>Giant.14761:30018-31056 

GTAATGACACCACTCGCTGGACTTTGGGGTCTCCCTGGCGCGGGATGACGTCATCTTGACTTGGTTACATGTGCAGATG

GTGTTTCCAAGCAAATGCATGTTCTCAGGCTCTGGGTGGATGTGAGTTTGGGGGACACGCGATTCAGCTCGCTCCAGGT

GGGCACCGGGGGAGGGGGCCGTGCGGGTGGTCCTCTCCAGGGTCCCAGGAACTGTTGGGCACAACCGGGTCTGGGCGGG

GACGCTGGGAGGAGGCCGACACAGGCCGGGGGCTCTGACGAAAGGAGTTCGTGTGACCTCCAGCTGTCACGTGGCCTGT

GCCTGTCCCTTTACCGTGTGGCCGTATTTCCCCGTCTTCCTGCCCCGCTGTCTTCAACAGGCGCCCAGCATCCCACCCG

CGCGCGAGGCGTGGCTGTTTGTCCACCGCCCTTGGGCAGCAAGGCCAGGCCCAGCCCCCTTCGCTGTGGGAAACAGCAA

AATGGCGTCCGCTGAGTGAAGCAGGTCGACCTCGCGTCGGGGGAGAGCGTGGAGATTAGAGACCCCCGGACCTGGGCTC

TCAGACCGGGGACAAAGCACCAGGGGCGCCTGCCCCGTGGGGAGCCAGCCTCGCCCAAACACAGGCAGGCTCCCAGGGT

GGGGGACGGGCTGCTTCTCCCGTGTCTAGTTTTCTCTTCAGTTGGGGTGAAAACACAGCACAGGAAATTTGCCCTTTTA

AAGGGCACGATTTGGCCGAGCCTGGGATGTTCGCGGGGGCTGCAGGTGTCACCATTACCTGGTCCCAACATTTCATCTC

CCCCAAACGAAACACTGTTCCCCTCACGAGCCACCCCCGCCCCGGCCCCTGGCTCCTGGCACCCGCTGCCCCACTTTCT

GTTCACGAGTGTGCACGGATCGCACACGTGGAGTCACTCGCCGGGCGGCCTTCTGTGTCTGGTTCCCTCCCCAGCGCTC
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CTGTGTTCATGGCTCACCCACACCGTGGCACGGAGCGGAACCGCAACCGTTTGGGGGCGCCTGGCTGGCTCAGTCAGCG

GAGCGACTGTT 

>Giant.1469:45700-46730 

ACAGAGCGGCACCAAGAGAAGTACGGCATCGAGACAGTCCCAGGAGGGCTCCGGGAGGGGGTTGGAGCGGGCAGTTACG

GGGCTGGAGGGCCACCCAGAGTCAGACACCGGCACGAGGCCGGGGCCTAACAGCGAGGCTGACAGAGTGAAGGAGGCCG

TGAAGGCCAGCTCTGAATGGGGCACCAGGCACGTGTCACACGCCGTCTCTGCTGCAGCAACAGTTGGAGCGGAGCAAGC

AGGAGAACTTCACGGGCAGACCCGGCCCGGCCTCGAGGGGCGCGGAGCCTCGGCGGGCACAGCACAGGGACATGACCAG

AGGAGCCGCAGGACGGCGGGAGCGAGAGAAGAAGGCGCTCCCAGCCGGCACGCAAGTGGGGACAGGGCGGGAATGTGAG

GTGGTCAGGGCTGCGTGGGGGCTGCCACCGCGCCAGGGAGCCCCTAGGGAAGGAGGAGACAGGGAGCAGCCCGGGCGCA

GTCCCCTGCTCCCAGGGCTCTGAGCGGCAATCCGCTTAACCCCGGGGAGTTCGGCACCTTACGGGCCTCGGTGAGAAAA

GGCAAGAAAACAACGAGTCCCAGGGTCTGGGCCTCAGAGAAGCCCATGTGCGTCCCAAATCCGCGGCAGCGCTCCACAG

GGCAGGCCCCACTTACCCGGCCTGAATGAGCTCATTCAACTTCGTGGCGTTCTTGTCGTCCATACCTTTAATGGAAAAG

CAAATAAACATGACCACAAAACTCCACAGAACAAAACCCGTGAAGATTCCCAAGTCGTTATCAGATAACGGCCTTCCAG

AACACAGGCCCCGCGTTAGCCGCAGCTCCGCCCAAAGCCCAGACCGAGAGCGCCGTCCCCACCTGCACGCCGTGTCCAT

CCACCTGGACTTTCTCGGGGGAACACTACCTGCCTCCGCACGCCGGACGCCTCCCGGCCAGACCCGCCTACGCGGAGCC

TCCGCCCTCCCCAGCCGTGGGGCGCACAGACCCCCCTCAGGGTCTTCAGCAGGCAGGCCTCTCCTGCTGGGCTCAGGGC

ATC 

>Giant.14665:19282-20298 

TGCAGCCTCGTACCCAGCCTGGCCCGATGGACACCTTTAAACTGCAAGCTTCACAGAGGGACCACTCAAACTTCCCACA

GCTCCCACCACACTGAGAACAAGGCTCGCGCTCTTGGACGGCCTGGAAAGACTCCGTGGTTTCCTCCACCTGCATCTCC

CACTCCTCCTTCAGCACTCAGGCCCCCTTGGTGACCTAACACGCCAGCTCTGCTCGGCCTCAGCCCTCCCCTGCTTGCT

CCTGGGAGCTCCAGAAGCACATCCTCAGGCATCCTGGCAGCTCTCACCCCCATTCCCTCCCTCTGTTCAGGTGTATACA

CTTTCCCTGGCCACCTACCTGAAGAAATGTCCTGTGCTGTAATCTGTCCCTTGACTCAGATCTACTGTCCTGTTCTTTT

GGCCACCAAATGTAGCAGGGTTTGACTAGAGAAGTGGGGTCAGTAGGATATGTCTCTGTCTACCCACCTATCTGCCCAT

ACATTCACCCTCCACCCATCATCTTCCAACCATCCATCCACCCACCCACCCATCCATCCACCCACCCACCCAACCACCC

ATCCACCCATCCACCCATCCATCCACCCATCCATCCATCCGCCGCTTCCAGTCGGCGACCGGGAGAATTAAGCACAAAC

AAGTCAGCTACAAGAGATTGGGAGCAGGGGACAACAGTCGAAAAGACTGCTGCCCCCAGCAACTCCACAGTCTCACTTT

TATTAGATAGAAACAAAAGCCAACAGAAGGACCGATGAAGGTTAAACGTTAGTCACATGTTTTGTGGACAAACAAGAAG

GAGGATAAAGTTTGCAGTTAACCAAGCACATTCAAAGGACTCATCTAACTAGCAACGGGTGCTTCTGGGAAGAGAAAGG

AGAGAATGACGGAAAAGGGAAGCAGGCGGTTTTCTTCCACCCTGAGCTGACTGGGCGTTCCCAGCTGCCCAGCTTCACA

GTCGTATATCGTCCTTCTCCCCAAAAACCTGTTGCCAGTGTATGTTTTTCTTAAGGCCATATCTAAAT 

>Giant.14334:51915-52885 

CACAGCTGAAGAACCTTCCAGTATTTCTTCCTTAATCGTGTCTTTAATGGCAAACCACCGGCCTTCCCTTTAGCCAGAG

GCCCCATAAACCAGGCTTCCTTAGATGGATTCTGCCCCAGGAGGCTCAGGAGGGAACAGGTGAGCTCCGAACAGTGTGG

CTGGGAGCTCAGTTTTCCAGCCTGGGCGGCTCTCCCAGGTTCTAGAGCCATCCACCCTGAGGTTCAGAAAATTGCCCCA

GGGTCCTAGAACTGCCCATCAGGATTCTAGAGCCCATGGCTCTGGAATTCCAGAACTATACACGCCATGACGTTTGGGC

TCGCCAGAGCCATACCCAAGGTGATTCTGGAAGCACAGGCTTTGCTATTCTTTCTTGGGTACCCCATTCACACGGAGCT

CAACTGTCACAGAGAACCAGGGTTTGCAACCTGACGGTTCTAGCATGCCCACAGCACATGGCTGACACAGCGCTACAAG

CAGGGTGTCTGCCCCGAGTGCCTGGTTTTCTTGCTAGAGGTAACTCCGTGCAGGAACTGAGCCAGGAGTCTCTGCCTCC

CTGGTCCCCACTGGTCTGGCACAGCGACCAGCTCCCCCTGGGGGTGGGTTCTTTGAGACTCCCACCAGAGGGACACAGC

TGCGCCATTTGGTCCAGGAGTCTGGCTGGAAAGAGCCCTGTGCTCAATAATACATTCTCCCCAAATGAGGACATCCGTC

AGGTGGCAGAGGCAGCGTGCGCCCCTGCCTGGGTCGGGCCAGGATGACGTCTCTGCCCCAGAGCCTTGCAGCTTCCCCA

GCCCCCGGGGGCCTCTGGGAGGGAACAGCGCCACCAGCCCTGACAGATTTAGCCTCTGTCCAACAGCCTGAATATTCCA

TGGGCTTGAATAATGCAGGCCTCCCACATCCTAGCAAACCAAACCAACCGGGGCTGGCGGGAAACTGCAGATAGGAAGC

CGGCGGGGGTGGAGGGGGGGCT 

>Giant.14148:39413-40429 

CACTCAAAAACGGGTCAAAGGCCTGAACGGGCACGTGGCCTCAGAAAAATCCAGAGGGTACATTCGCACATGAGAAGAA

GCTCCTGCCACGTAGGAAACGCACCTCAAACTACACTACACGCCTCCTAGGAAGGCCGCAGTCCAGCCCCGGACAGCAC

GAAATGCTGGTGAGAACTCGGGCAACCGGACATGGCCGCCCACTGCTGCTGGGAACGCGAGATGCTGCAGCGGCTCAGG

GAGGCCCAGCCCCGAACATGCACGTCCGTGCGACGGGCCACCGCGCTCCATGGCACACACCCGAAGGAGTCGAGGACTG

ATGTCCACACGGAAACCTGCACGTGGATGTTTCTAGAAGGTGTCCTCGTGATTGCCAGCACTCGGAAGCAGCCGAGAGG

CCCTTCGGCAGGTGGATGGGTGAACCGTGGTCCGTTCGGCACAGGAAAGGAGTGAGCTAGGAAGCCATGAAATTTCACG

GAGGCAACTTACGTGTCTCTCACCACGTGAAGGAAACCCCATGCTGCGTGATTCGAATGTGGGGACATCCTGGAAGAGG

CAGACTGTGGAGACAGTAGCGAGACCCCTGGTTGCTGAGGGTTCGGAAGGGAAGGGGAGAGAGGAACAGGAGGAGGACA

GAACCTCGCGGCTGGGAAACTACGCCGTGTGGGACTGGAAGGGCCCACGCGGGTCTCCCTACACTTGTCAAAACCCACC

CAAGGTGCAACGGGGCGTGAGCCCGGCCGTCAGAGATGGGCCTCGGTGAACAGGGGAGCAGCGCTGGCGGGTCGACCTC

GACAACCCCCGGGGAGGACGTCCACAGCGTGGAAACCGTGCGTGTAGGAAGGATGGGTTTGGGACACGTCCGCCATCAG

CCAGTCTTTCTGTAAATGTAAACCCGATCTAGAAATTAAAGCCTCCTAACGGCAAAAGAGGGGCATCAGTGTCTCTTAG

GGGGAAAAGGATCCATTAGACTACACGAAAATTAGCAACTTCTGGTCCTTAAAATACACCCTGTGAAA 

>Giant.14106:35852-36887 

CAGGTCATGATCCCAGGGTCCTGGGATCAAGCCCCAGATCGAGCTCTCTGCTCAGTGGGGAGCCTGCTTCCTCCTCTCT

CTGCCTGCCTCTCTGCCTACTTGTGATCTCTGTCTATCAAATAAATAAATAAAAATATTTAAAAATATATATTAAATAC

TAAAATTGAAGTTTTAGTAGGCAGAGGATGCTATAAGTAAAATTAATAAAGTTCGTATTTATCTCCCTGTTTGTATAGA

TACAAATCTGGAAGCACTGATATGAATGTGTACAGGGGTTATTTCTAGGCCTTGTAATTTTGGGGGGATTTGCATTATG

GGGTTTTTTTTTTGGGGGGGGGTGTCTGTCCTTTCTGATTCTTATTCCCCAGTCATGTATTATGGGATGCCATTAACAC

AGTAGGGGCAGTGGACGATTCCACTCATGTAAAACACAAACACAAAGGGAATCTACGGGGTTAGAAGTCAGAGGAGTGG

GGTGATGACCCGAGGCAGAATGGCAAAACCCCAGGAACGTTTAACAAGAAATGCTTGTTTAGCTCAGGTCCAGCTGGCC

AACTTAACTGGGCTTGGCTGAGCTTACTGGGCTCAGCTGTGCACCTATGGCCAGCCTCAGGTCGGCTACATGGCTCTGG
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GGAGCTCACTCACATGACTGGGAATGGCTGCCTGTTGACTAATGCAGAATGGGACTGCCTGTGACATGGGATTGTCCCA

TGTCACCATCCTCCCATAGGCTAGCATGGCTGTGTTCTCAAGGAAGTGCTCGTGCAAAAGCACGCTTCTACAATGCATC

CCCTTGCTAATATTTGGCTGCCCAAAGCTAGTAACATGATTGAGCCCATAATCCAAGGGCAGGGGTGAACGCCCTGCCC

AGAGGGGTGGTAGTGGTGGAGACATTGAGAGGTTACGTGGATCCAGGAGGGGTGTGAAGAATTGGGGCCATTGACATAA

GTCTAACACACTCCACACACTCAAGCATCATTTTTATTACGTGGATATACCACCATTTATTTAACCAGCTCTATAAGGC

TAAACAGG 

>Giant.1407:18043-19041 

CCCTCTGCCTCTGCCTGCACGCTCATGTACTCCCTCCCTCTCAAATAATCTTAAAAAAAAAAAAAAGACTCCTAAGATG

GATCTAGATGGTCTCCTTATGCCTGAATACTACCACTCTGTTTCCATGTCAGTGTGTGTTTGTCAGCACCATGGCACGA

GGTAAGAAACCAATGAAAGCGCCATGTGCCGTACAAATCATTTGTGTGGTTTGTTCATGTTTGTTCGTATGTCTGAGCT

GAAGACAAGGTGAGTTCTTGCACTCTGTACTTTGCTCAGCTCCATGCAAACACATCTGAAAACGTAGAATGTATCATTG

TCTAGGAATGTAACTTCTCAGAACTGAGTCTAGGTAAGACAGAAAACCCAAGCATATCCATTTTCATAGAGGAAATGGG

AGATCGTCGGATACGCCCTCCCGAAAGAGGTTCAGAGGGCATCCTAAGGGAAGCACCAACTCTGCAGAGTAGTAATCAG

ACGGGTCAAAGCAGAGAAGGATGGACAGACAACGTGAGTGACATCAACCAAGACAGTGAACACCGTGTATGCCGAAATC

ACAAAGGAACACATACCACCGGGACCAGAGGCCCCTATTTGGACACAGTAAGTAAGATTCCAGAGGGAGCAGATTTTCA

CCTCATGAAGGTACCAGAGGCAGGCAAAAATGGGCTTTGATGCGGCAACTTTCTGAATCATGGGAAGTTCCCCACATTT

CCCATCCACTCCTCTCCCCGCGCCCCCTCCTCCCAACACATGCTGAAGAAAGCTAGTGCGGCTGGTCCAAGGGGCAGAG

TTTGGGAGGGAGGGAGAGGAGGCAACAATGTTGAAGAGAATGTTTACATTTTGGTACCAGTTTGGGCCCTTCAAATCCC

AAATCAGCATCTGCGAATGTACTTGTCATGTCACGTAGTTTTCACTCAGTGAGTTCCTTCTTCTCTCCCGAGACCTTGC

GGAGGCCCTTCCAGCACAATGCTCGTCGCCCAGTGCCTCGCTCACTGGCC 

>Giant.14068:52846-53823 

CACAGACATACTGGTGTCCACTGCTCGCCAAGATCAGAGCTCTGCCATCTCCCCCAACCTGTCACTCACCTGGGCCGGG

GGCAGCCATGCTCGTAGAGAGGCTGTTCAAAGGCAGAAGTAGCTTGAGGAAGGGGCATATTTGCCCAGAGAGGGATCGC

TCCCTGGGTTTACTCACACGGAGGAGACATCGGCAATGGGCACCCTTCCTAGTGCCCCCAAACCCTCGCTCCTGGCAAG

GCTGTGGAGCTGGGAGACGAAGGCGCGCTGACCAGCCTGAAGCAGACGTAGCCGGTGGCGATTTCCAATCCACGGCAAT

TAGCAGAGCTGATCCCTCGTGAAGAAGGAGGGGATGCATTTGCCTGGGCCGTTCCTGAGTAGTGTTATTGTCCGTATCA

AGCTGTGCTAGTCCTTTGGGCGGCGAGAACAAAACTCCAGGCACGGGGTGCCATACAGATGACAGGAAAGCACTCTTCG

CGCTTCTGGAGGCTGACGTCCGAGTTGAAGGTACTGAGCCACCAGCGTCCAGGTTCTCAGTGTGTTGTCACAAGGCATA

AGGGATGAGGGAGCACCTTTGGGTCTCCTCGGTCTGGACCATGTCTCTTTCGTTTCCTTCCGTTCGGGCCATGTTATCC

AGTCTTTCTTTGACCTCACGGCACTGGCAGTATCAGTGGGAGGTTGGAAGGTGATGGGTCCTTTCCTCCATTCGTTTCC

TGGGATGGCCATCACTAGGACCACACACTGGTTGGCTTCAAGCAACGGAAACTTATTCTTTCACAGACTCAGGAGTCTG

TTCTTTCACAGACTCAATCAAGGGGTTGGCCAGGTTGGTTTCTCCTGGAGGCTTGAAGAAAACTCTGCTTCCTGACTCT

CTCCCAACTTCTGGGGGCCGCTGGCCATCATTGGCATTTCCTGGCTATGGCATCATAGTTCCAACATCTGCTTCTCTTC

CCGTGGGTCTCTTCCCTGAGCATGTGTCT 

>Giant.14046:59249-60294 

GTGCAGAGAATAGGACCAGGGAGGCACCTGGTCAGAATGGAAGTGGGGGACCTCTGAGGAGGGCCCCACAGGGAAGCAG

GTGGGGAGCATCAGTTTCAAAGATGGAGCCACTGGAAGGCCAGCGCGGGCTGCAGGAAGGCACGAAGCCCGGGGCAGCT

CCAGGGTTTGGGGGCCTGAGCAGCGGAAGGAGTGGGATGGCCACTCTCTGAGATGCGGGGCGAGCAGCTTTGGGAGGGA

AGACAAATTGGGACATGCAGTCTGGAAAGGCCAGTGAGACACCAGGAGCTTGGGGCTCATGGGGTGCATGTTTTGAAGT

GCTCAGCGTGGAGCCGCGTGTGACTGGGGGGAAACGCGGATGGAGCAGGGAAGAGGCCTGCGCGCTGAGCCCCGGGAGA

GATGAGGGCACGGGCGGCACAGCACCCTTACAGCTCCGAGTTAAAGTGGAACTGGGACTTGACAGGGCAGCTTTCAAGT

TGGGTAGACAGAAGTTGGAGGCAAATTGGGAGGTCACGTTTGTGGTGGTGAGGAGTGCGGGTTCTGGAGTTCAAATCCC

AGCCCTGCCTGTTACCCTCTGTGTGACGTTGGCCCTGCACTCTCCTCAGTGGGGGTTTGCTTCTGGCCTGTAGAGCCGG

GATGGTGCTGCAGGCCAGGGGCTGTGAAGTCTGGAGTGGTTGCTGGGTGGAGGTGTGGCATGAGTGTGGTGTGGCGGTG

TGAGGTTTCCTGAGGTGTGGGTCCTGCATCAAGAGGACGGGGAGCGGAGTTGTGACCATTGAGGAGGGAAAAGTTTGGT

TGGTTGAGAGAGGGGCCCAGATCACTTGCTGTGGTGGAGGAAGGGGTAAATCAGGGAAGGCCTCAAAGAAGAGGTAACA

TTTGAGCCCAGGGGAGGTGAGATTTGGAAATTTCAGGCTCAACAGGAGTGGAAGGAAGACCGGGTCATGGCAGAAGTAT

TGTTCGGGCAGGACTGAGGAGGGAGAAGGATGGCGGGAAGAAACAGAGGGTGAGGGAGGGATTACAGAGGCCTGGGAGT

CCAGAGCCAGAAGGTCCT 

>Giant.1401:311426-312437 

GAACAACTTAACTTGGAACATGGGGAAACAAACCTAAGGAAAAAGACCCCCACTTAACATTCGTCAAGAGCCTTCCAAG

GCGGTCCTGATGTAAAGACGTTTGCATCCCCTCCTCCTTCTTAGACCAGCCTCGTCACACCCACCAGCATCCTCATTTA

CCAGTTACTAGTTCCATCCTACGGGCAGAGAGACGGAGCATTAACTAGTCTAGCAGCGACTGGGGCTGGGGGACCTCTG

GAGAAGCCAGGGGAAGGCATTTGGTTGCCCTGGGCTTTTGCCGCCTCCATGGGCAGGTCGCTTCGCCTCTCCTGGGGAT

GTAAAAGGAGGCTGGGCAGATCTCAGAGGATGCCACCAGCCCTTAACATCCTCTCAACCTTCCACGATTCCAGCTGCCC

CGAGGCACAGCAAAGGTGGCCCCCGCCTCTCCCCAACAGCGTGTCCCCCAAGGGGTCAGCCTCCGGGGTCCTACTTAGC

ATCTCAGCTTCTGCCCTCGTTCTCCCCTGACCCTCATTAACCAAGAGGAAAAACCAATTCCAAAAAGGACTCCGTTCCC

CATATTTTGTCTTTCACATCCACAGAGCACGCTGTGCCCTAATAAGAATTACACTGCCATCGCTAAGCTCATCTCATTT

GTGCCAGGGGCCTTGTTCAAAACCTGCTTTCCCAGCAGAGTGGGGCCAGTGGATTAGTCTCCCCCCATGCGCGGTGGAG

TGGTTCTCATCTCCTTTTTAATGCCTTTGGCAAGGGCCAGAGACAGGCAGAGAGAGGGAAAGATGGGGAGAAAGAGCAA

GAAAAAAAGGAAAATACAAAAGGAGAACAAGAGTGAGAGAGAGGCACGCTAACAGCAGCCTCGCGTTTTGTTAGAACAT

CGGCTCTGCATTTATCAGGATTACCGGAGGGTGAGCTGGGTTTGATCCTGTTCTCCACTGGGAAAGGAAAAAGCTTTAT

TGTACCTTTTTTAACATCTCACAGTTAGATCAGAACAATGCACGGTGTGTGTGCACGTGTGTG 

>Giant.1401:239426-240458 

AAAAAAATTATTTTTTAATTATAAGAGGGCTGCATGGAATGGAGTTACTGAGGGTATATATTACCAAATAAGAATTTTT

AAAAATACAAATACCGTGTATTATCACTATTATTTCATACCAAAAAAAGATGTCGTGGTTAAGAGCTCTGGGTCAGATT

TTGATGATGCTGCTGACTTGGAAGTCACATGACCTTGGGAAGTATTAATAACTTCTCTGCCTCCGTTCCCTCGTTGTAA

GATGGAGATGATTATAACGGCGCCCGCCTTTTGGGATAACTGGGAGGAGTAAGTGAAATACTGTACGTAAGGCACTGAG
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GGCCTGGCGCGGAGAAGCCCTTGATACCTTTGATACTTTTTATTATTAAGACCAAAGAAGCAAGAAATAGACAATATGA

GAATCGTATCAAATACACTGAAATTTCGCTGCACCGTCCTCCTCGTCCTGCTGGTTCCAGGCCAACCGTGATCCGGGAG

CCCTCGGCCGGGCACCACTGACTCCCGTCTGTTTCCTTCCTCGGCCAGGAGCGCTCATACCCTCCCACCCAGTAAGGTC

GTCGGCAGGAGCGGCGGTGAAGGGCTGTGCGTGGGCAGAGCAGTTTGGTTTCAAGGGCGGATATGTAAAGCAAACAGGG

TCAGTAAGGGAGTTTGCAAAGGTGGAAACTGCCCTGCGGCAGCGGCCCCTACCCCTACCTACTTGGTGGTTCCTGGAAA

AGTAGTTAAGAGGCAAATGGCACCACTAAGAAGAGGCATGAGATGAAATTCAGTGTTGTAGACACACCTTTTTCCTATT

TTAAACCTTCTTACCACATGGGGGGCCAAGCAGCCCAGTGTGGTAGGAGAGAGAAGAATGCCCTGACCCTGGCTCTGGC

CACGGAGAGGCAGAGTGGGTGCACCCCTCAATGGAGAGCTCCTCGCAAGAACCTAAACACAGCGACCTCATGATCCTAC

TGCTGCTGCTGTGCCGAAGCCAGGGTCCTCTTCAGTGGGAGAATGAGCAGCAGCCACAGGACGCAGAGTGTTTTTGGCT

TGTAG 

>Giant.1401:124341-125386 

ACCGCAGCCATAGGCCCTGCTGTCCCAGCTGTAGAGTGAGCTTGGAAGTGGTGGAAACCAGTTCCCTTTATGCACACAG

CTTCTTGAAGGAGCCAAGAAGTGTGTGTGTTTCAGGGAAAATGCAAATACGAGCTCCCTCCTCCCCACAGCAGGAAATT

AGAAACTCTTTGGTTAACGCAAATGGATTGTGACTTTTTTTTTTCTTTTTACAAGAGAGTAAGAGAGAGAAGAGAGATG

CTTGAGGTGGCGTATTGTATACCATAAGACTATATTTATGTGCTAAGACAAGCAATTGATGTTGTTCTGTAAAATATAG

TAAACACCTCCTCCCTGCCCTTTCGAATGTCAGTCAGAATTCAGAATCATGAAATTTTATAGTATTACTGGTTCGAAGG

GCTTCCCACTGGGAGCAGATGCCATCTCTGTCTTCATAGACTCAGAGAAAGTCCTGACATGTTTCATGGCGTTCATACG

TGGAAGTCTGTGAAATGGAAAGGAAAACAGCTTTTTCTGTCAACCTGTCACTGATATAAGCTTTTACATTCCATCAGAA

TGACTAAACTTTAAAGCTGTTTCCTTCGGTGCTGAGTATCTCTCAGAACTCCCAAGTGTTATCAGATTGATAGAGTCCC

AGCATCTGATAGAAGACCAAAGCATTCCATGGCACGATATTAAAAATTCATTCAGATACTCGATAAAGCGTGGTTGACA

AAAGTGTGAAATGGAATAAGGTAGAGTGAATTTCTTCATGGTTTATTGCCCTTGATTTCTCTACTCAAAATAAATAGAC

AGAATGGACTAAGAAAAATCTCTTCTTTATGAAGGTGGGATCCTGGCAGCTGAAGTCCTGCTCGTAAAATTCCTCTCCG

TGCCACCTCCCTTGGCAGTGTGCAGAGTTGGAGGGAATGGGAATTTATTGCTCTTGTGTGTGTTTGTATCTCAGACCGG

GTGAATATGCAGAGGCTGCTTTTATGGGGTTGTTGAGACTCTGTTAAGAACAGAAAAAGAAAACACATGTCTTTCACCT

CCATCTTTCTTTTCAGGG 

>Giant.13986:33552-34571 

AGTGGCTGCGGACACAGAGAAGCAGGCCTCATCTCGCCGCTTCGTCTGCCCCAACACCGGGCGGCATCAAGCCTCCAGA

CCCAAATTCAGCTGACGAGAAGTACACAGCGAAGCGGGGCGTGACGAACCGCGCTTGGGGAGGCAGCCGTGTCCGGACC

GCTGGGAACTCTGCAGGGCAAACGGCCTACGGAACGTCCAGGAGCCACTACGAGATCATGCAGCTCTGCAAAGGATTTG

GGGGCATAGTCGGAGAACGGATGTGTGGGAGTCGACTTATCTTTCGGTCTGCTTTTATGCATGTTCTCAGTTCCTCACA

ATAAAAAATTAAAACTTCTATTTAAGATGATCAGGGAAACAACTCATATTTTGAAATGCAAATATCAAAATACGTTTTA

AAAATATTTCCCAAGATAGTAATAATTTCCCTCCGTAATGCACTAAGTAATAAGGTCTGTGGCAGTTCTGAAAACCACC

GCAATGTCAAAGTGGCTGGGAGAATAAAGCCGTAGTATGAGATGAAAATACCGATTATTTCAATGGGTGACAACACCAC

AGGAAATGCTCATCCCCCCGTGGTTTGCCGACTACATTAATAACAGAAGAAAATGCTAAATTTCACTTGGGAGTTAATA

AACATAAAGGTGAAGTTTTCTCTGCGCAAGTGCGGTGAGTCATTCTGAACTCTGTGCACGGAGTCCTTCGGTCCCAGGT

TAACAGCCGCCGGCGCAAAGGCACAGAAGGTTCTGCAGTGAACACACTCCTTCATCCCGGGCGAGAGCCATCCCTAGTG

TGCAGAGGGGATCTGAACGGACTTAAAGTCATGGTTCTTATCTGCTGGAGGCACTCGGGAATCTGTCTCTGCTCTCCTC

TCCTCCCTTCAGACACCAAGGCATCCCGGCTCCAGAGTCAGGCTGGGAAGCTCGGCATTGCTTCTTCCGCTCCCCTGAT

AGAAGTGACCTCAATAGCGTCCCACGTTCACTGTGCCACGGAAGAACCACTTGCAGCCACACAGAACCATA 

>Giant.13976:51048-52085 

CCGGCACCGCTGCGGACACGCGCGGGAAGTGCGTCGAGCCGGCGTCCGAGCTCACCGGAGCCGCAGCTCCATCTCCCGC

GGCTGCGCTCTTGGCCGCCGGCTCGCCGGGGAGCCGGGCCTGGACGCCACCAGCCGGGAAACGGGCAACCGCAACGCAC

ACCGGGAGAAGTCACCCACCTCCCTCCCAGCTCCCGCATCCGCTGCGTAGACTCTCAGTCGCGAGCTACAGCAGTCTGG

GGAAATGGACTTTCTCCATGAATATCTGTAAATGATTCGTTTTCCCTCAGGAAAACGCCAGGCGTATTCTTCGTGGTCT

CAGTGCCTCCTACGGGGCCTGAAGAAGCTGGGCGGGCTGCTGAAGCTGGTGGCTCCCGCAAGTCCTCTGTCCCCGATCA

CGGCCTGCCTGCGGAGGGACCCTTGAGACGGGCCCTCGTTCAGGCTGCCCTCTCTGATCCAGAACGTGTCTGTCGGGCG

GGGCAGTCTTTGGTGTCTCTTCGGGGCTCGATCCTGGCACGCGCTGGGCTGGTGCGCTGGGCAGGACCTCCCTCCGAGA

GCATGTTGGAAGCCGCAGTCCTCATCTGGCTCTTGCAAGGCTGGTCCCTCAGGCCGAGCATTGCGCCCCGCAGTCTCTG

GGTCCTGGATTAGATACTGGTTTTAGAAACGGTATGAGATCTGCCTGGCTCTGGATAAGGCTCTCACTTTAACAAATAT

CCTTAAACCCCAATCTGTTTCTTTCCGCAGTCAGTGTGAAGAACTCACTGAAATTGTTTTGATCTTTGCTTCAATGTCA

GAGAAACGTGTACGTTGTCGATAAGCTCTGTGTGTCTGAGAGAGTGACTCCTCAAAGAACTTTCTGCGGAGGTGTGACG

AATTCCGCTCGGTGAATATCTGTTTGTCCAGAATAATAAGGAAAGCTTCTTGAGCAGAAAATAATGCTGTGTTAATTAT

TTTACTAATGCATACTCCCTGAGGTAAGGAAACGCTAGTTTTTCTAAACTTCGTAGGCACAGATAAGACAGTTGGCCTA

TGTTTGCAAG 

>Giant.1393:93959-94961 

GCATGTCCCTGAGGTCCCCTGCAAGATGCACGCGTGGCCCCAGGTCAGAGTCTTGGAAGCCCGGACTTGAGAGTTGCCA

GTCAGAAGTCTGCTGGCCCCTGGGACTGTGACCAGCATCTGAAAGCCGGTTGTGGGCGGGGGGGGGGGTTGCTGGGATT

CGCTGTTGGGAACAACGTGGGACAAGCACAGAGGCCGCAGAAGCACCGTGTCCGCCTGCCGTCCGGGGAGCCCATGGGG

TCTCCTGCTTGACCCTGGAAGGCGGTCCCCACCCTGCCCACCGCCGGGCAGGCTCCAGACACTTCCCTCCCCTCCATCA

GTTCCAAGTGGGCTCTGCAGGGTCTGGGAAGCCTCGGCCCAGCTTTCCCAACCCGGGCTCCCATCCCCGGTCCTCCTAG

CCCCTCCCCTGCATCCTGCTCCCATCCCAGGTCCTCCCAGGCCCCAGCCTTAGCACAGCTCCCGCTGAGCCCTTCCCCC

GATGAACACCCGGTGGGAAAGGCGGGACCTGCAGGGGAAGGCAAAGTGAGGCCACCCATGCCCGGGGTCACTCCGGACC

CACAGGACCCCAGCCGGCCCTCCCCCTGCGTGGGGGCCCCTGCCAAGCATGCCACTCAGAAGCAGTGGGAGAACCAAAC

TGACAGAAGGGAGGGATGGGCATGGAGGGATGCCTGTCACTCTCTCCAGGCACCAGGCACCCAACGAGAGGCGGTTGCA

GCCCACGGAACCTGGGCCCGCCCGCCGGGTGCCACAGTCGCCCTCCTGCCTTCCGCAAAGGGCGGATACACCACACCTT

GGAAATGAGCCTTCTTCCCTCCCAGCTCATCCCCTGGCCAGGGACCGCAGGCCGCAGGACATGCTCTCCACCCACAACA

CAAGGGCTTTGACAAACGGACACACGGCAAAGTGGTCCCTGGAAATCACAATCCTGGAGCATTTGACTGTTTCAGAAAC

AGTTTGTTTTTGTTGGAAATGGCAGAGCTGCCCCTGCTGGTCCGTCGTCCTCCT 
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>Giant.13817:44414-45435 

AGCGGCTTCAGCCTTTCTCTTTGGCAACACACGCAGCACATCTCTTTTCCTCCCAACCTTTGTGGATAGGATGGACCGT

TAAGCCATGTGGAAATCCAGCACAGTCCTACTAAGACGCTCCTTTCAGAGCTGAGGTTACCAAACTAGAAACTAACGGG

TATCTTGGAGAGAAGTGTGGGTCTAGTGCTTTTTAGTTTTTGTTCGGTTTGCGATTTTACCAAAGAAATTCTCGCTAAC

TGGTAGGAAGCACAGACCCAGAGGGCTCCCACACAAACGTGAGTTAACCGCGCTGTGTCCTTGCTTGCAGGGGACCTCG

GGACCTGACCCAACCACCGTCTATGTTGATATGCGAGCTCTGAGACACGACAGGTACGGTGCTTGGGGGTTTCTTTCTT

GGCTGCCCAGCGTGCAAGGGCCATCTAGCGAAGGAAGGACCGCAGCTTCTGTCCGCTGTGTGCACGTTGCCGGTGGATC

AAGCCGGAGAGCCGCGCCACTTGGCTCGAACCGTGCCCCCTCCACCTCTGTGTGGTTCCCACTGGGGTAGTCCGCTGTG

CGCCAAGACCGCCGCAGAGCGGGCAGGGTGACTGCAGTTGCCTCTAACGGTCTGTCCAGAAGCCTGGGCACCGTTTAAA

GCTGCCAGCACTCTGCCCACACTTCTTTTTTTTTCTTTTCTTTTTTTTAAGATTTTATTTATTCATTTGACAGACAGCT

AAAGAGGGAACTCGAGCAGGGGGCGTGGGAGAGGGAACGAGGGGAGCCCAATGCAGTCTGCCCACATTTCTTTATGGGA

ATTGAAATTGTGTATGAAGGTGTTTCCATAAAAAATTAAAACATGGGTGAAGTCACCTTCTGTGCAGCTCCCCAAGCAG

CCTTGAGCGAAAACGAAAGGTGAGCGTTTGAGCGTTTGTCCGTTTTCCTCAAGCGGGGAAAGGAGGCGGAGGCACAAGC

AAGATGAGAGCCTTGCCGGGAATTTCCGCCCCAGCCAGGAGGACGTCCCTGGATGCCTGAGGCTCCCCACTGA 

>Giant.13799:31175-32154 

TGGCCTAGCGGCCACCATTTCCTTACAGGATTCTGTGTGCCACGAGTTTTCACTTCTCTTGGGTAAATGCTGGGTCATG

TGCTCAGTGTATTTAACTTCACCAGAACTGCTGAACGGTGCCCCGGGTGGCCATGCCACACCGTGTGCCCGTCAGTGGG

GAGCGGGCATGTGGTGCTGCCACGCGCGAACCCCGCCTTCCCGTGGTCCCCACCCGCCGCCCCCGCCTGAGACATGGCG

GAGAGCACAGCGTCCCCAGACGCTCACTGACCACGTGCGCATCGTGACCTGTGTGGTGCTGTCCCTCAGGGCTCTTCCC

GTTTCAGTCATGGGGTCGCGTCCTTCCTGAGTTGTGAGGTTCTTTGTACTTTCTGGATACAAGGCCTCTGTCGGGAGCG

TGATCTGCCAGGACTTCCGACGAGGATCTTGCTCTTCACTTGCTCGGCGGTGCCACCCCCAGAGCAAAAGTCTTGGATT

ATGATAAAGTCCAGCCTGGCAACGCTCCCCTTTCTGAATCATGCGTCAGAGCCGCATCTAAATAGGCCTGCCCCAAGGT

CACGCACGCGTTCTTCTGCGTTTTATTCCACAAGGCGAACAGCCGTACGTTTTATGTCGGGTCTAGGACTCATTCCGGG

GGAGCCTCCCCAAAACTGTGAGGGTGGCTGGAGGCTCCCTTCTGTGGGCGGCTCTGGTGGCATTTGCTTCCCTTTCGCG

CTTGTCAAAGATCTGCTTTGACACCTGCGGCGCCTGCCCTGGGCTCTCTGTCGACCCCACTGGTCCAGGAGTCTGTCCT

CCGCCGAGAATGCCTTGTCTTGGGTAGAGCGAGTCTTCCCAACTTGTTCCTCTCTTCAAAAACGGTCTTGCTAATTCCA

GTTCCTCTGCCTTTCCATGTAAATTTTGGAATCTGGCAGCTGTCGGGCACATGGAGTTTTCTGGTCACATTCTTTTGCA

CCTTTCAAAGTCCCTCTCAACGGTGTCCCAC 

>Giant.13579:90603-91613 

CAGACACCACCCACACCCCTTCTCCTCGCACACGCAGCCAGGAAAACCCACGTGAGGACACACACACTACAGGTCCCAC

ACAGAAGCTCTGCACCTTCACGTCTCTGCTTGTCCCATCCCACATGGGCCACAGTAACCTTCTGAGAGCTTCGAGAGCA

TGCCCGGTGGGCTATGAGGTCGCCCTGTAGCTCCAAAGCACACTGCAGAGAAGAGAAGCAGCAGCACCACTGAAACTTG

TTAGAAATGCTGAGTTTCAGGCCCCCTCCATCTTGGGGTATCAGAAAATCTGTTGCGTGGGGCTGGCCACCTGCTCCAG

GGGATTTTGCTGCCGCTCAAGGTGGAGAACCAGCCCCTGTGCCCATGGTCTTCCCAGGGTGTCCCCACAGCTAGCCCCT

TCACCTTCCAGGATTTGAGCAAACCTCTCGTGCTGGGAAAGGCAGACCGCAGGACCTCCCACACAGGGCAGCGTGCGCC

TACCCCTCCTCTGCACACTGCTGCTCCCATCCCCATGCCACTGTTCTGTTCTCCCCCACACTCCGGGCGGGGACTCTGA

ACAAGCCACCAAATGCAGGTGTCACTGCCCACCTCTCTCAGGGTAACATAAACTCAACAAGCAGGGACCCCTGTGTTGA

GCTCCCTATGACTTGCCCCAACCAGGGAGCAGGCTGGCGTTCGGTGGCTCCCCCACCAGGGTCCAGCATGAGCAGGGAT

AACTACCATCCTGAGGAGCCTGGGCCCAGGGACTTCCCAACATGGGGGACTCAGGCTTTCCGGGAAGGTCCCTGCCCGA

TGCGGACGTGCCAACCAGCCTATGTATGAGGGAATAAACAAACAGCCGCCGGGCCATTGACCTCTTTGGCACATGGGCC

GTGTCGAACACCACGATACAACCCAACAGCTCTGCAGTAGGGTGCTGTGATGTCACCATGAGCCATATGCTCCCAGGAG

AAGGAACAACCCCTGCCCTAGACACGGAGCCAGCAAACAGCCCCCGAGAGTCTCTGTCCCAC 

>Giant.13521:70415-71432 

ACCGCAGCCTGGAGGAGGGGTCGCCCGGCAGCCGCGGGGAGAAGACACCGGAGGCATCGCTGACTGGCGGCGGGGTAGA

CGCGGACGCGCTGAAGGGGAGCAGTTCCGACCCAGGGAACTCAAACCCCTTCTGGAGGCATTTCGGCTGCAGGAGCCTC

CACGTCCCTGGATTGTAGCTGTTAGCGGCGCTGCCTTCCGGCGTTTTGCTAAATTACAAAGAGGCCGCTTCTGCAGAAC

TTGAGCAGAACCCTTCCTTTCGGGGAAAATTAGAGGCCGCACCTGAATTGCAGGCTCTAACTTTTCAAATAACAAACTC

GGGAAAAAATCGCTCCCATTTCACACCCCGCTGCACCCAGCCACTCCCTCTCCTCTGTCAGCTGCTTCCAGGGAGCCCG

CCAGCGGAAGGCCGGCGAGTCCGAGAGAAAACCTGGGTACAGAAATGCAGAAAGGAAGAGACTAAGAAAAGTGAGTGCC

CTGGGTGAGTCCCGCGGGCAAGGCCTGTTGCATGGACAAAGCGAGGCGACTCACTGGCCTCCTGGGCCCTCTAGCAGCC

CAGATGGTGCCCACCACCGCCCCTCGGCCTTCGATCACCATAATCCCTCACTGGCCCATTGCAAGAACCTCCGAACTAC

ATCCCCTTTCTCTTCCAGTCTGCGAACATTCTCGATAGAGCAGGTCGTTCTCTTCACTGTAAGTCAGATCACAAGAACC

CCCACTTTCAGTCACTCCCACGGCTGCCCACTGCCATCATTATTGGGCTGTAAGCCCAGCTCTCCCTCTGTGATCCCCT

GACCCCTGCATGGCTCTCTGACGTCACCTGCCAGCTCCCGTCACTTGCTGTCCTCCAGCCACACTGTCCTTCATTGGTT

CCTCAGACTTCCCAGGTTTGTTCATGCCTACTGGCCTCCACACGTGTTCACTTCCCTGCCTGATTTTACCTGGGAGGTA

AAATGCTCTGGTGGTCTCTACTCTGATCTCCACATACTTAGCACCTTCCTTTCCTCCCTATCCCTGCTC 

>Giant.1349:272126-273151 

GAAGGCAGAGGCCCCAACCACTGAGCCACCAGGTGCCCCTCTCTCTTTTTTTTTTTTTTTTTAAGATTTTATTTATTTA

TTTGACAGAGAGAGACCCACAGAGAGAGAGAGAGAGAACACAAGCAAGGGGAGCGGGAGAGAGAGAAGCAGCTTCCTGC

TGACCAGGGAGCCCGATGCAGGGCTCAGTCCCAGGACTCTGGGATCATGACCTGAAGGCAGACGTGTTAACGACTGAGC

CCCCCAGGTGCCCCCTGGGAGCAGGATTCCAACAGGAATTCTGAGCACACACACATGTGCTCCATTGCTCAACTGAACA

GAGACTGATACCTTATTATTAACTAGAGTCCATGGTTGACGTAAGGGTCACCTTGGTGTTGTACGTGGTGTGGGTTTGT

CACCAGCTCAGCGTTGTACAGGAGAGTCTCACTGCCCTCGAGTCCCGCCACCTGTTCATCCCACCCTCACGGACTTGGT

GCTTCCCTGAAAGTGACATTCGCTGAGAAAGGACGGGCAGCCCGGCTTGAGCATCACCCACCAGATGTCCTCTTGTCCC

CGTGGGGCACCAGGGTCTTGGCATGGCCTAGTGCCTCCAGCCCCCAGGTTCCCCCTCTAGTGATGGAAGCGTGCTTCTC

TCCGGGGTCCGGACAGGCTAGCTGTCCGCCTCCCATACATGAGAGGATCAGGGCATCTTTGGGGGATTATAGAGGAAAA

CGGGAGCCTATTCTGGGCCATTCTACTAACGCTGCTGACATCCTCCATCCATCCAACGCTTGGCAGGAGACAGAACCAG

CCAGGAACCGCGGAGGGTGCCCGTCTGCAGGAAGGACTGGTGTCAGTAGACTTGCGAGCCCCGTGGCCAGGAAGTCTCC
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CTCAGTGTCTAGTCGGCACATGTGTTGTGAAATAATGTGGTTGCCGTGTTTTCCGCGACAGTGGGGGTTTGCTGGGGAG

ACCTGCGGGTCAAGGGCCGGGCAGCCCTGACATCTTGGGCGACATGCCACAGGCAGGCATGCTGGTCCCAAGCAGGG 

>Giant.1329:196783-197800 

GTAATAAACCTTACTGCTGAATGGAAATTTCAAAATACAAAGAGAAGGGGCACCTGGGTGGCTCAGCTGGTTACACGTC

TGACTCTTGATTTCGACTCAGGTCATGACATCAAGGTCCTGAGATTGAGCCCATCACAGAGCTCTACACTCAGCTGGAG

TCTGCTTGAGATTCTCTCTCCCTCTCCTTCTGCCCCTCCCCCTACTCTTGCAAGCACACACACTCTCTCTTTAAAGAAA

TATATTTTAAAATCTTTTAAAAATATATGAAGGGAACACAAGGACTTCATCAAAAAGGAAAGCATAGAAAACTAATAAA

ACTGAGAGATTTCTGGGCAGAACAGGGGCATATGCATTCACAAAAGTACCTTTATTCATCAAGAAAATACCACTCTGCC

ACTTCCCATCTACTGTGTTCTCTGCTTCAAAGGGCAAGGAAGTAAATATGGGTTTTGGAAGAGCTCCTTCCAAAGCCAT

CACAAAAGCAGCTATCCTTCATGGTACAGTGGAGCAAGGGGGACCCTTGGTGTGAGAGATCTCAAAGCCCAGCTGGCCT

GCCAGCCCCATGGAGACACACTGAGTCAGGTACCTTCTCTGGACCTCAGTCTCCCTATTTGAAATCAACAAGAATCTTA

GGACCTACCCCATGGGGTTCACATGAGCATCACACAAGATCAAGTATGTCACGGTACTTTGTGAACAGTCAAGTGCTGA

CCTTGTGGCGAAGACCGAGCACTTGAAGAAGTAAGTACTGTTCTCCTCAGTGGAAGGTATCTTTCCCTGGAGATTCCAG

AAGAGTAGAGCACTGCAGTCATTCCCTTCCATTCCCACAGGATCTAAGAACACAGGAGCTGCCCATTGGTACATTCTTT

CAATGCCTAAGAACGGATTTCTGTGAGTTGCGGAAGGAGAAATGAAAGGTCTTTTCCTTTTTAAATTTGGACCCCTAGG

GTTTTGCTCTAGACAGGGCCACCTCAAGGCTTTTCTTGGTCCTTCCCATCATGGGAATTTAACTGCTCT 

>Giant.13255:7810-8829 

ACGCACGCCACGGAGGCCGCCGCAGGCCAACACCACCCCGCGCCCGACCCCCGGACCTCACCTCTTCCGCGCCAGCTGC

CGCCGGACCTCCCTGTCCTCGGCCGTCTCCCTCTTCCCCTCCTCCTCCTCCTCCTCCTCGTCCTCCGTCCCAGCGCGGC

ACGGCGCCCTCACCACCTCGCCGAAGAACGTGGCCGCCATGGTACCCACGCCAGCGTCCGGGCCGGTCCGCGGGGCCCC

AGCACGGCGCATGCGCCCCCGCCCTCAGCCGCGCACCGCCACGCCCCGTGCTCCGCCCCCGGCGCCCCTGAGCTACGCC

CTCACGCCACGCCCCCGCGCACGCGCGCGGGCCCCTGCGGCCGCGCCAGTCTCGAGAGTCTTATTCTGGAGCCGGAGCG

CGCGGCGACACCGAGAGGTCGGAAGACTCCGGCCTAGAGAAGCCGGGGCGGGGGCGGGGGGCGTCCTGTCCCGGCCGGT

GATTGACGGGAGAGAGGATCCGGGCTCGGTCGGCGGCGCCCGGGAGAAACCAGCCCCGCTCCCCCGCCTTCCTTCCCGC

GGCGCCCGTTCCCCTTCTCCGCCGGGGGGTGGGTGGGGGCGTGGGGAGGGGGCGGCGCTGCGGACCGAGAGCGGGAAGA

AATACAGCGCCCCGTGGGGGGGGTCAAACGTGGCTTTTACTCTGCGGTAAGAGTTCACAGGTCCGGGGCTGACGGTCCA

GCCCGTCTCCGTTTATGGGAATGCGAGCATAGTTCGCTTCTCTTCGGAACGTGGCCGTGTCCCGTCCCGACTGCACTTT

CGCCGTCGGTGGCCTCCCGTGACGGAGCGAGGTGTGCGGTGGGTGCCGACTCGGCTCTCTCTGCTGGAGCGCGCGGGAC

GAGCGGGTTCGCGGAGGCCGAGGGGCCGCCGCGCCGAGTCAGATGTGGGGCGGTGTCCGGTGCTGCCGTGAGACCCGGA

TGCGCTTTACGTTACTCGAGCTGGAGATCCGTGACCTGCGCGCAATTTGGAACGCCGCCGGCAAACGCCCG 

>Giant.13127:37473-38479 

TCAGACGACCCGGAGTAGAGGGAGACTAGAAGCTGGGAGAAGCTTTGTCCCGGACATTCTGTTCCCAGCTTGGGTGAGG

CCAAGGTGCTCAGGCCCAGTCCCAGGCAATCACCCCATCTCAGCTCCTGCTGTGACCTCTGAGCATTGGTAGGTTCAGC

AAAAAGGTGTTTTTTTTTGTTTTTTTTTGTTTTTTTTTTTTTTTTTTTTTGTATAAATATGTTCCAAATGCTGCCTGTA

TAGTTTATCTGAAATGCACAATGGTCTGAACACCCTGACTCATCAGGCAATCCTACCTCCGGGCCACGGTGAGGGACAG

GGGCCCTCTGCATCACGCGCAGGATCACCTCCCCCCAGGCCCAGCCTCTAGTCATGGCACCTCCTCAGCTCCAGGGGAG

GGAAGCCCTTTCATCATCTCTCCTCGGGACGCGCCTCTGATCCCACTGCGGGGCTCGTTCAGCCAAAGGGAGTATGGGA

TTCAAATTCAGGGAACACCTAACACCTCGAAGAGAGTATTTTCTTTTTCCCTGGGCAGGGAAGCCTGAAATCAGAGCAG

CCTTACTGTTCTTTCTGGGAGGGAGAAGGCGAACGGTGCACTCCCTGTCTCTTTCTTTCTCTTTCTCTTTTTCTTTTTT

CTTTTTCTCTTCCTCTTTCTTTCTCTTTACATCTTCTTTCTTTCTTTCTTTCTTTTTTTCACAGAGACGTTGATAGCAA

TGGAAAATACCAAATACCATTGCTTTTGCCAACAGCTGACCCTATTACACTAAGTGTTAGAGAACTGGACTATCATGGA

ATTTACTGACCATGAACTCTGTGCGGAGCGTGTTGGAGTCAGGGATGACTCTGAAAGTGCGGCGTGGTTGTGGCACACC

GGCTGTCATTGTGCTCGCAGGGCAAGCGGGAAGAGGTGGCCGCTGGTTCCGCCGTGGCCAGGGGACAGGAGCCCCGGAG

AGCCGGGTCTGCAGGAAGGACTCGTGGCAGAATCGCGGCTGTTCATCATCCTGAATGG 

>Giant.12927:61915-62897 

GTGCAATGTTATAAAATCCCTCTAAGCACTGTCTCTGTGCATCTCACACATTTTAATTAGTTGTGTTTTCATTTTCATT

TAGTTAAATTACTTGAATAAATAGTGGTTTTGCCTATTGGGTTTTGACTCATGTACTTTTTCTTTCCTGGTGTACTTGG

ACACCATCTTGATGTGTACAAATTTAGGATCACCATGTCCTTATTAGGAGAACTGATCCCCTTTACCATTATACATACC

TTGTGATTCCTGCTCATTTTTCCTGTGCTTTTTTAAAAAAGATTTTATTTGTTTATTAGAGAGAGAGATACAGAGAGAA

CGAGGAGGAGGAGGGGTGCAGACTCCCTGTGGAGCAGGGAGCCCAGAGCAGGACTCAATCCCAGCATGACAGGGCATCC

TGTCATTTTTTCTTGTTCTAAGTCTTCCGTCTCTGAACTCAATATAGTTACCAGCCTTCTTTTGATTAAAGTCAGTGTG

CTGTATCTTTTCACACCCTCTTTCTTTTAACCTATCTGAGATTTTATATTTAAAACACATTTCTTGGGTCACCTGGATA

GCTCAGTTGGTGAAGCATTTGCCTTTAGCTCAGTTCATGATCCCAGGGTCCTGGGATTGAGGCCCACATCAGGCTCCCT

GTTCAGTAGGGAGTCTTCTTTTCTCTCCCTCTGACACTACCTCCACCCCCTGATGACTCATGCTTGCTCTCTCTCTCTA

TCAGATACAAAAGTGAAGTCTTTTTAAAAAAATTTAAAAAATAAAAATGCATTTCTTATAGTTTAATACAATTAAACCT

TGTTTTTCATGCACTGACCATCTCTGTTTTTTTTCACTTGGTGCATTAGGCCATTTACATTTAAGGCCATTATTGATAT

TCAGATAGTGTCTGCAGTATTGGAAGCTGTTTCCTTTGTTTCCTCTAATTTTTCTGCCATTGTTGGTTTTAATTTACTC

CACTTCTGCAGATTTTAACTGCTGTTTTCTGTGA 

>Giant.12819:77349-78364 

AACCAGAGCCCCGCGGAAGAGACACGAGGACAGGAACAGCTGGGGGACACGTGGGGCAAAGTGTGGACTGGGATCTGGC

TGGGGTGTGCCCAGAACACGGCGCTGCATGCCAGTGTAGACGTGTGACTGCGGGGAGCACACCACCCATGGGGAGCAGT

CGGGGTGTACGTGTGGCACCTGGATGGGGGGCTGGGCAGCCGACGCAGGGTGTCCAGGCCAGGCCGTCCGGATTGGAGG

GCTCTCGGAACGGTGCACCTGGGTTCAAATCCCGGTTCTGGCTGGTGGCCTCCGGCAAGGTCCTGAATTGCTCTGTGCT

GAGCTTTCCTTGTCTATAAAATGGAAATGGTGCTGATCGTTACCTTTTTAGATGTGTCGCGAGGGCAGAGTAAGGGGAT

GTCTGTGAAGCGCGTGTGACCATCTCCATGCAGAGCCGGCATCCGGTGACATGGGTGAATCCCTCCAGGTGAACTCTGG

AGGCAGGAGCAGGTGTCTGGCGGGAGGTGGGGTCGGGGAGCCCCGGCACGTTCAGGACCCTGGACAGCTCTCCGCGCTC

CGTCTTCGCAGCCATGTGGGTCCTGTCCCCTGCTCCCCGCTTGCCCTGAGCCGTGGGATTCTCCTTGTGGACCCGCTAA

CCCTGTGAGAGGGGGCTTGGCACCCTTGGCAGGAAGGCTTGTCCCTTTGACAGCTGGGCCAGCGGACGCCTGTGGGATA
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GGTCTGGAGGACGCGCCCTGCTCTGGGACGGGGGGCTGCACCAGACGGGTGTGCAGCTGACATGGGACCCGGGGACCGG

CACTCAGTGTGGTTGGGGAACATGGCCCCACTGACTCCTTCGGCGTCATCCCGAGCCCTTCTGGGGAAGAGCCGGGATA

GAGAAGGGGTTGAGGGGGGCGTTGGAGAGGACGGAGGCATTACTGGGTTCACAAGTGTGACGTGAGAGCCAAGGGGTCA

ATACAGATCAAGGCCTGCTCGGAGCCCGATGTCTCCTGCCCTCCCAGGTACAGCGGAGCTGGTCCTG 

>Giant.1281:130516-131540 

ACCTGTGCTCCCAGTTAGGACCACCCCACGCCCCGCCAGCCCATCTCCCCACCCCCAGACCTTCACTATTCCTTTTCCA

GACCTTTCCTCTGCTGTCCCCGCCCGCAGAATGCCAACAACAGGCGACCACCCAGCCCTTCTGAGCATCTAATCCGGGG

GAGAAATCCAATTTGCGTGAAGGGCTTGGGGTAATTCTGTGTCAAGGCCACATTCCCTTTCTGTTTGCTGAAGGAGGCT

GATGCTCCTTCTTAGAGGAAAGAGAAAAGCTTTCTTTGTGCCCGGTCTGGTGAAATTGTGTCTGTTTAGGACAAGCTGC

AGTTTTCCTTGGTGAACGCTGTAGATTTTTTTCATGTGGGTAAAAGGGCTTATTAGATTTCCCCGTGGCTGCCCAGAGT

GGGGAGAGGCTCTTCTGGGCACAGAAAGAAATTGCCGAACAAGCATTGGAGAGGAAGGAGCAGTTAGCAAGCACTGCTT

CTCCCAAAGAGGTCAGGGTTTGGTGGTTGGCGTTTTCACTGGGGTGAACGTCAAATGCTGGGAAGCAGAGAAAGCCCTC

CCTGTAGTTTGGCCGGGAGGGACAGAACATGGCCCTTGAGGTCTCAGGGGGTGGGGAGAGAGGAGAGCAGGATTTCGTA

GGGGGCAGGGAGGCGCTGGGGCATTTTTTTCCCCTCTTCAAGTAAAAAATAAATTAAAAAATGGTCACGGAACGCAGAA

GAAAGGTTGCCATAGCAACAAAAGTTTGAGGCCAGGTACTTCTGACATCCTTTCAGGACCACAGAGGGGGTGAGACAGG

ATTTGGGCATCGCGGGATCAGCCAGGGAAACCATCCAAGCTGGCTCAGACCTCCCAAATTCCTCACCGGCTCTGACAGG

CTGATAACTATTTTCCGAGCGCTCAGGGAGGAAAATTGTGATTTTCTGGGAGGGGCGATCTCTAGCCAACGGCAAGGAA

GAGAAAAGGGGAAACCGTCGGTTTGTTTTATTTACCCAACAAACGAACCACCCATGTTTTTACAAACGGAGGACTG 

>Giant.12789:37982-38995 

ACCTGTTCCAGGTGACCGACAACCGCTATAAGAGCAGATACCGCAGCATCATGTTCAACCTCAAGGACCCCAAAAACCA

GGTGTGTGCAGGCAGCCCAGAGCGGGGCCCGCCGGCCGGTGGGGTCTCCCGGCCACAGCTCACAGTGTTCCCCTGGACA

CGGCATCTGGAGGCTCTTGTCCTGCCACACGAGCCACAAGGCCGCCGCCACACCTTTCCTGGGCTAGGGGCGCAGGTTC

ACACACACGCTCTCGGGCCGTGCCTGGTCTCACCAGCCGCTTCTCTTCTCAACGTGACTGCGAAGTTACGTTCCTAACG

TTTCATTGGCTCCCGAGTAACATTCAGTCTTAGTCTTAAGCGTAGGAGTGTCTCTGTACTTGGGCTTCAGACAACCTTT

TCCACCTTAATGCCATCCCCTCGGCTGAGTGAGCCTGCCAGTCTGGGCCTTGTTAGAGCAGCCGCCGGTGCTCCTGAGC

GCACCCTCCGGTGCTCCCCCGTGGGCAGGGGCTGTGCTCACGTCGGGGAGGGAGCAGAATCCTCCCAGCAGCCGTGGGT

GAGCAGTGCTCTTCCGCTGCAGTTGAAACGGGAGTTGCCGGGAAAGCATTAGCCACTTGCCCCGTGGGTTCCTCCTGCC

GCCCAGGGCTCGCGTCTTCAGGTCTCCTCTCCAGCGGCCGCTCGACCTGCTACACGTGCTAAGGAGCGGAGTCTGACTT

TCCGGCCCCCATAGTAACCTTGCGGCAGAAGGGATTTCTTATTGCCTTTATCCCTAACTACCTTTTTGAGGGGATTTTG

TTCTCTGGGGTCTTTTCAGCAGAGTCGGTGGCGTGTGGTACACAGGTGCAACTAGCCGACGCGCCGGTGTTGTCTGGCC

CCCGCGGGGCTCAGTCCTGTGCCTCAGGCCTCTGTCCTGCTGCCGTCCGGCCTCCGGCAGAGGCTGCTTTTGCTGCTGT

GTCTCTTGCGGTCTGTCTGGTGTTTTAGAAACAGACACCGGCATGTTTTGAATGAGTGAATGAGA 

>Giant.12580:63478-64500 

GAGAGAGTTGTTGCGGGATGTGGAGGTTCCAACTTGGCCGCAGGGTTGGCCCACGGAGGGACAAAGGATGTGAGTCAGC

CTAAGACTCTCTGCCCCCCGCCCTCCTGCTCTCTCTCTAAAATCAATACCTAAATACTTTCAAAAAATGCAGAATCTTG

GGCGTCCTCCCAGATCCACCGACCCAGAACCCGTGTACCAGAAAGATGCCCAGGAATTCCACGCATCTATCCGGACAGT

TTCTTTCTTCTCCTCCATCAGACTGTCACGACTCTGCCTTGTCTTCCAACCTTGTAGTCTCTATCCAGCTGCGTCTGTA

GCAGGTGAAGACTGAGGGACGGATGCGCTCGGTGTGTCCCGGAAGACCAGACTGCACCGAGCACAAGCCATGCCGTGGG

CAGTGCGTCTGCCCGGGCTGGCGGGGTCCGACCTGAACTCCCGCCCTGCCCCTGTAAGGCCCAGAGACATCGCTGTGGG

GACTACAGAACCACGGAAACACACGGAGCCGGAGCCGGAGCCTCTCGGTCCTCGCCTGTCTCAAGCACTTTCCTGTCTG

CGGACACAACGATGGATCCCATGGTGTTTAAGGAACACACTCCAGCCGCCCCATGTTGCTAGAAGTGCTGAGCCACCAG

CCAGAGCCGATTCGCAGGTGGTCAGGGTGCGAGAATGTGCGGCCGGGGCCTCAGTGCCACAGGGGGCCTGGATGATCTT

GGTACAAAGCTTGGCCGGCTACGCACGAACCTGTCGTAGGAAGTCAGAGTCCTAGAGACCTTAACTAGTTCCGGTGCAG

TTGTGCTCGATTAAACAACAATCTTAATTTCTTTAAGAAAAGGGAAATCCAAGGTCACGGAATGTGAGCAGAACAGCGC

GAGCTAGATTATACTGGTGTCATAGGTGAAGGGACAGGTCCTGACCTACTTCTTACAACTACTCTCTGCTGTTATCCAG

AGTGTCTGAGCTCCCCCTGTCCGAAGGCCCGAAGCAAGCGGGGCCCAACCAAGAGCAGGTGTGGGCGCGGGGAC 

>Giant.12540:7201-8226 

CACGTGTGGCAACGCGGAGGAGTGCCGGCCACGTGCCTTGGTGCCACACGGCTTCCACGAGTCGGCTTTGTCGGCAGGT

GGACTTTTGTGTCCAGAAAGACACAAACTCCCTGTCGTCCTTGCCCCGCCAGGCTCGGCGCTGGCCCCGGGAGGACCGC

TGCCTCCACCGTCCCAGAGGGACTGCAAGGCAGCAGTGTCTCAGCCTGTCACCCCTCCTATGTCGGTTGGCTGTGACTC

TTTCATGAAGCCTGACTGCTCTTTGTCACCTATTTGGTTGCTCTAAAAGTGGTCTGTAGGGAAAGACAGAATAAATGCT

TGATTCTTGTCCTTGATCAGTTTTCTGGGCAGTGACTTCGTGCCCTCCAAGATCACCAGCGAGATCGTCTCTGTAGTGT

CATTAGGTGCACCTTTGTTCTGTATGCTTGGTGAGCTCCCCACACGTCACCGCTGTCTTCGTTGGCGGTCAAATCGTGC

TCTCTTTGGCCAGTGGGAAGCTCACCAGGGAAGTTTCATGTCATTTGAATAGGACCCTTTTCTCTCTCTCTCTTTTTAA

AAAAAAATTTTTTTTTAAGATTTTATTTATTTATTTGACAGACAGAGATCACAAGTAGGCAGAGAGGCAGGCAGAGAGA

GGAGGAAGCAGGTTCCCCGCTGAGCAGAGAACCTGATGTGGGGCTCGATCCCAGGACCCTGAGATCATGACCCAAGCCG

AAGGCAGAGGCTTTAACCCACTGAGCCACCCAGGCGCCCCATCTTTTTTAAAAAAAATTTATTTGTTTGTTTGACAGGG

AGCACACAAGCAAGGGGAGCAGCAGGCAGAGGGAGAAGCAGGCTCCCTGCTGAGCAAGGAGCCCGACGTGGGGCTTGAT

CCCAGGACCCTGAAATCATGACCTAGCTGAAGGCAGACGCTTCACTGACTGAGCCCCTGAGGCGTCCCCAGACCCTTTT

CTCCTTTAATCACACTTTTGCTGCGGACATGACAATGTCCTGGGGTCACCCTGTATCATTCCATCATTCCTGCTTTA 

>Giant.12534:33312-34332 

TGGGGAGGGCAGGCATTTCGGCTTCTAGGACACGTAATACGGTGACGTAGGCAATGCTTCCACCTACAAAGAGAGTGTT

CAGGTGACCAAGAGACCAGTCCCTCCTGCGGCGACCCCGCCAGGTGCCTCCGTCCCACCCAGTGGCCGCCAGCCTCCCC

GCACCTCTTTTTTGCGGCCTGCCCTGGGGCTCGGCTGGCCGGCGGCCTCCGCGGGGGGAGCTGGGGCCATCGCCTTGTC

CGTCTCGGGACAGGACCGGGGCAGGTGGCTGAGGATTCCCCTCCCGGGCCACGCCCTCTGTCTGTGTCACTTGATGGCT

CCCCGGGCCGGTCCTGGGACCACCTTCCAAATAAAGTGCTTACACGCAAGCCCTTGACTCGGATCTGGTTCTGAGAGAA

TCAGACCAGGATGTAGCCCCAGTCAAAGTGGGGAAATGTCCACAAAAACAGAAACACAAGTGGTCCGTCTGTGGGAGAG

GTTTGGGACTCCGAGAATCCCACCTTCCCATGGCAGCGGGAGCCCGTGCGCCTGTCATTCCGGCAGGTGGTCTGGGCCG



 
 

227 
 

CACACGGCCGCCATGAGACACGGGTGCGTTTGCCACAGCAAGGCCAAGTCCGTGGTCTTCCAGGAGGTAGCGGGGTCAC

TGTGCAAGCAGACCCACGTACGGACAAGACATTCAAAGCAAACACAAAGAAAAGCGGGAAAACTTGGTGGCCCAGCAAC

AGTGGATTGAAATCGTTGATGATTTCCGCGTGACACACCACGTAGCCTGTAGCAGCGACGCGGTTTTCTCTACACCCGC

AGAAGAATGTCCCGATTTCCTAAGTGAGGAGTGTGGGTGGGAAGCAGCGTGTGGGGTAGGGACCCACCTCGACCCCGAC

GGGTGGGAGGGAGTTTGGCTCAGGAAGATGTCAGGGACCGGGCAGGGCGAGCGTCCAAATCCCATTGCTGGGAACCGCA

GTGGTTTATGTGATTTTGTCTGCCTGCCTGGGACTTCGCACTTTCCCGTAATGAGTTTGCATAAGTTATGTG 

>Giant.12487:19615-20654 

AGTGCGAGGAGGGACCCGCTCTGCTTCGGGTCTGGGCTGCGACGGCAGCGGAGGAGCAGGAAGCTGCAGCCCAGGCCTG

CTCCGGACACAGGCACACGTGACACTCTGAGCAGCAGGGACCAACCTGCCTCCCACTGGTGCTCCTGCGGCACCGTCCA

GGCCCATCCCCCAGCCTGGCCACGGGGCAGGCGGGCACAGAGCTCCCCTCCGCCGTGGGGAAAAGTGCGAGCAGGGCGT

GGAACGGCGGCCGAAGCGTGATGCTGGACACCCGCACGGGGGCAGAGAGGCCGAACGCGCTTGTGCTCCGCTCGGTCTC

CTGTGGATCCACGCCCGGTGCCCAGACGAGTCCCCGCAGGAGGGAGCGATCGTGGACCTCCCCACCGGCCCCTCCTGGG

CTGTATGCACTGGGCCTGGACACCCCTCGGTCCTCCCACAGCCCCCCGGCCCCCGCACCTGGCCCTTCTCGTGCTGGTG

GCACCGACATGGCCGTCTGCTGAGCCCCTGCTCACACCCTTCCCTGAACCGCTGCCAGGACCCACAGAGCGACAGGGTA

CGGCTGGGCAGGTCTCCAAGCTCAAGAGGCGGAGGCAGCCCAGCCTCACCCCACAGCCTCCTTCCAGCTCGTTCCGAGA

GGGCGGAAGCCAGTAAGTCCACGCCTGAACCCAGGAAGGCTGTGGGGTGCCATTCCGGACGGCCCCGCGATGACTGGAG

CCACCTGCCAGCACGGAGCCGGCAGAGGCCGTTCCCTGCCCCCCCCACTCCGTGTGGACGGGACGGTGCTGAGCACCGA

GGGTGTGTGTGCACAGCGGCCTGAGATGGGGTCCAAGCTCGGCACAGGTCGCCTGGCCCTTCTCCGCAGAGCAGGAAGG

CAGGACGGTGGGGGAGCCTGGGTCCACGCCGAGCAGCTTGGCCGAAGGGATTAAGGCACAGACACAATCACAGTCCTGC

TCTGGGGCACTTCTGGGGTACTGGTGCCGAGGAAGCGGGGGGGACCCAAGGACGAGCGGCCAGCAGGTGTCAGGAGCAA

CGCTGGTGGGAG 

>Giant.12415:88847-89853 

AGCTCGCAAACTTGGACTTCTCTCCAGCTGCCGGAGACACCAGCTGGAATGTGCCCCACACTTACCACGTCCGTCTGGA

AATTCCCTTGTTAGAGGTTCTTTCCCTTGCCCATGTGGCGCAGGAAAGTCAGAAAGCCCCTCCCAATGATCGGAGCTTC

CTCTGGCCAGGACTCAGGGTCTGATGACAGGCGGTGGGAGGCGGGCCTGGAGCCCCCGCAGCCAGCCTGCCCCTCGCTC

CGGATCCAGCCCTCAGGTCACAGGACGCCGTGAGGCCTCAAGAAGGGCACGGACGTCTGGGAACCTGACTGGGGTGTCG

GCCTTGCCCATAACGTTGTCATATTGAGTAAATCCCTTTATTTTTTCCCAAAATTCAGTTTCCTCATGAGAGGAACTAA

AAGTTATCTCACTGGCTTGTGGTAAAGTCCAAATACATTGATGGCTGTGAAACAATTCTGGAGACCACCTGCAGGGACC

CCTACCCGTTCCTAGGACCTCGGAAGCACTGGTCAAACAGAACGGTGAATCGTTTGGATAAAATTAGCTTGATAGATGC

TTTTACAATAATAAATGGAAGGTTTGAGGGATAGAAAAGGCAGGTTTGAGATTTATTATTAATATATTTATGGATTTTT

AAATGGATTTTTATGTGGGTCTCAGTATGCGCCGTTCCACCTTCATTCGGACTCTAAGATCCCTTCGAGTTTGGCTGAC

ACCATACGGCACAGCAACGCGTCCCAGCCCCTCGCTCCCCCTCCTACAAAGCGCTTGGTTAACTGGCTCTTTGGAGGCC

ATTTTCGGAAGGGCCTGTACCCTCCCTGGAAACAGGACATTTGGAACCCTTTTAGAAAGAGGTTTTGAAATGCTCTGAC

AGTATTTGGTCCAAAAGAATAACACCATGCTGTTGGGGGGCATGAGGGCTTCTCTTGCCTTCTGAACAGGGCAGCCTTC

ACGGGATGCGCCAAGCAGGGGTGAGCGGCCTGGACCGGGAAGCTGCCTCTGCGACCGT 

>Giant.12405:62050-63042 

CAAATATGAAGAGTTAAGATCTAGTTTCGTTTGGCTTACTGCCCTCTTCTAATAATCCTATCATGAACACGCAGTGCTT

CTAACCACAAACGATAAAGAAAGCAGCAGGCTGCCGCAGGGCCAAGTTCGCCAATGTGTCCAAAGGCCGGAAGCACGCT

GGCTAATCAAACAACTGTCAGTACAGAGGTTATCAAATTCGTACGTATGAAAATCTGACCCAGCTCTTTACTTTAAAAA

ATAAAGTACAGGTATGTTAAAGGTAGCTTGCAAATTAATGGAAATCCAAATGCTGGAAGGCATGCTTGTAGACTGAGAT

GAGATGTTAAAAACTTGGTAAGTTAGATTCCACGTATAAAGGAAGAGTCATTAAAAACAAGCTAGATTTCAGTGGGCTC

AGCAGGAACATACCTTAAGCAATCAGATAAAATGGTAATGCAGACTTAAAAAAAATCAACGGGTACTTTGAAAAAAAAT

CCTCTAATCTGAACATGTCACAGGTTTAGACTAATATGCCCCATTAGTACCAATTTACGTACTTAGTAAAATCCCAAAG

AAATGAGACGGAGAGGCTGCTTGGTCTGGCCATCAGTCAGAGTGCCCTGCCCCCCGTGGCCCCACGCTGCCCACCTCCC

CACCGCGGCCTGCTCCTCCTCCTTTCAGAACAAGTGTGCCGGCATACCCGAACCACACAGGGAAGGACACTTGGTCACG

GGGCAACTTGCTGAAATGTAAACTGATTCCTTTGCGGTAACTCATTTATGAATAACAGGCCTTAGGAAAAAGTCCCCCC

AAGTCCAGATGGCATGCAATTCCTCGAAGATAAACCAGAAACTCAACAACCTCATACTTATTATGTTTTATATAGGCTC

ACGTTATGCTTTATACAAAGAAAGCAAGTTCAAACATGACTCTGGATCCAGAACTGTGTGGAACGTGGAAAGGAAGCCC

AGGAAGGCTCCTTCCGCGGAAGAACTGTCAGCTTACTGGGTGGC 

>Giant.12375:83388-84408 

ACTGGTAAAGAGAACCATGCGAAGTTTCCAAAAGCAAAAGCGTATGCAACCAATGAAAGGATAAAATTTCAAGGCCTGT

ACAGTAAAGCAGCTGTTAGATGATTTACTGGAAAATTCTTCCAAAACATAACAGGGGTTTCCTACTACAAAGGAAATAT

TTTTCCTTCGAGTCCATAATATTAAAGTTCAATACGTTATGTGCTCGAAAGAGCTCTCTAATAAAACCTGAGATTTTCG

CAAAACTGTCCACGTTAGGGATCTGATTCTCGTTCCATCCCTCCGAAGGGCCCGAGCATCCCTGGTGTGAGAGCCGTGA

CGTGTGCTCTAAAGCCCAGACTCGTCCCTTCTGTGCAGGTTCCAGTAGCCACAGCAGAGGCTGGGACTCCGTTTCTCAC

GCGTGTGAGTGACTCATCTGAAAGGAGGCGCATCAGACGACCTCTCCCTTCCCGTTAGAGAAGTGATCGCGGATCTGGC

AGCGGGGCCCTGGGCGGTTTGCACAGGCAGGGAGGACAGCTGCGAAGCAATACTTGCAGGGGGGAGGTGGGAGCCGGAA

GGGGAGAGAAAGCAGAGCATCTCCAGTGCCTGCCTCAGCCTCGCACACGCGAGGACGCAGAAGGCCTTTCCCAGACTCT

CCATCCAGCACGCGGGAGTGTTTCCGTCAGGTCGTCGTGGAGAGAACGAAGGCGACGCTGAGGTACAGGGCCCGGGGCT

CTGTCACTGCACCAGGCCCCAGGCGGTGACGTCAGGGTGTAGCTGAGCGACCGAATGGGCCCCACAGCCCCAGACCAGC

ACGTCCCGTCTACCTCGGCCTTGACTCTGCTGACCCACGTGGCCGGTACCAGGGGTTACGGGACAACAGTCGGACTCCG

TGGAAGGTTGTACGTCCACATCAAGCGTCCTGCGGCCCATGTGACAAGGCCCCCAGCTGCGCGAAGGGCGCCGCTGGGC

TTCCTGACCAGGTACTCCGGGGACTTGGATCCAGCCAGGACGAGCAGGAACGGCGGTGGGGGAAGAGACACC 

>Giant.12355:48410-49418 

TCTTCAGCGGGGTTGGGGGCAGATGCAAGGTGGAACAGTACAGTGTGTGTGTGTGTGTGCGCGTGCACACGTGTGTGCG

AGATGAGGTCATGCCCAGGGGAAGGCAGCTATGTCCTCGCGCCATCAGCCAAACCAGCCCCGAGGTGACAGGTCACCCT

GGACGGAAATAGTCCAGACTGGTTTGTGTATTCATGCTGTTTCCAAAGATGCTCAGTGAACGGACGGGTCTTTGACACG

GAAGCATGAGAATGTGAAGAAGACTCGGGCACTCTCTGCCCAGACACACTGGATATTTCTTAGGAACTAATTGATGATA
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AATTAATCTGTAGCACTTTTTACTCCCACAGAAAGACGTAACTGCGAAGTGGGTGGTCCTCATCCATCAAGAGTAGTTT

CTGGGGTTGGGCAGGGCCAACAGCAGAAGTTACAACTTGAAAAATGACTTAGATTTGGAACATGATGAGCCATAGCTTT

GTAAGAAGTGGGGAAAAGCTCGGGTCCCTAAAATCAAATGAAACACGTTGTTATTCCGTTTCTGAACTGCATGTTTAGT

TCGCTCTGTCTTTCACGGCTCCCCCGAACAGCGGAACAGAAACCTCCGGGGTATATCTAGGACGCCGAACTCGAGGGCT

TCCGCATCTGCCTGTTGCCTGAGATGCCCAGCCCGCGAGTCCAAACGGAAGCTCTCGTCCTCGTTAAGCTGGAGGGAGT

GGCGGGAGGAAGGGCTGCCATGGTTATCCTCGTTTGTGTGCCGGAACATCCCACGGTCTGCATTAAGGACGATCTCAGA

TAAACAATTTTTAGGATTTAATTTTTTTAAAGAAATTTACTTTCTTATGTTTTATTCCTTAATGAATCATTTTGTGGAA

GCAAGGACATTTTGCTCCAGAGAAATAACGTCGTCCCTTACGTAGTGCTAGTGTTCCTGGGTTGCAGGGACTGAGTGGG

TGCCGGGTGGGTGTGGCGGGACTGCGTTTTGTGGGCCCATCCCGCGTGCTGCTGGACATT 

>Giant.12259:57133-58145 

CGCCTGGGAATGAAAACAACTCTGCAGGGGCCTCCTGCCACGTTCCCAGAGCTCCCCATGCGGCGAGCAGTGGGGCCGC

GGGCAGGCGGGGTCCGCAGGGGCGAGCCATCTCTCCCCGAGGGTGGTGTGTGGTGCTGTGTCGTAGAGGAGCTCGCGAT

CGTGACGGCAGATGCTGCGGCTGCCCGTGGTGGGCATTAGTCCGCTGGGATATGCGGGCCCCCTGAACGCGGCCTGGGT

CCGCGCGGACTGGAAGGACTCGCTGTAAACACGACACCTGCTGATGGTTGTCATGGTAACAGAAGAAAAGGTCTTTCTT

CACCTTTTCTTTGAAATGCATCACGAAATATTTAGTGGTAGATTTGCCTGATAGCGTGGATTTATGAAACACTCCACCA

GGGGCGCCTGGGGGCTCCGTCGGCAAAGCGCCCGCCTTTGGCTTGGGTCATGGCCTCAGGGTCCTGGGCTCCCCGCTCA

GCGGGGGGCCTGCTTCTCCCTCGGCTCCCACCCACCCTCCACTCGCACTTGCTCTCAAAGAAACAAATAAGTAAATTAA

ATCCTCGAAAGGCTCTAACAGAAGATGGGAAAACGGAATAAATTTGGCGAGACGGCTGTCGGACCTGGGTGACGGGTAA

CGCAAGTATTTTGGACCCCATTTCGGCTCACGGTTGAGAATTTTCACAATGGAACCTCCTTTTCCATGATAAAAGCACA

GACTGAGGATCTCAGCTTTGTCCATGCCTGCAGGCTTGGAAGGGGAGGGGACCCCAGTGCCATGGGTGTGGTGGGGGGA

AAGGTGTGAGGACGGTGACCTGGGAGGCCAGACCCAGACAGCAGGCCTCCCCCAGACTCACCGGTGCAGGCTTCTGTCT

TTGTCAACCACCTCGATGGCCACAGGCCCTAGGGGACCCCAGAAGTCATCCTCAGTCCCCAGAGGCCCCGTGTGCAGAT

CCTCTGGAGGGGCAGGAGAAGGTAGACCAGCGAGTCCCTCCTGCGCGACTTGAGGGGAGAGTCC 

>Giant.1223:304068-305029 

CAACATTCTGAACATTTCAGACATGGCGTTTCTTTAACAGACGCTTCTAGGAGGTGAGAAACACGCAGGCAAATAACAA

ACAGCCCTTCAGACAGGCAGACCTGGGTTTCAATGCTGCTTCTGCACTTGTCCAGCTGTGTGTCCTTGGACAAGTTACT

CCACCTCTCTGGGCTTCATTGTCCTTGAACTTTGTTTGAGTTTGTTGTTGCTGCCGTTACCCTGAGGGTACGCGGTGCA

CAGGCACAGACCCCTCCAGCAGGAGACGGCCTCCGCTGTGTGTGGGCCCCAGAGCCGGCACCTCTGCCACGTTCCCACC

CTGATACCCCTCCCTTGGCAGTCAGACGCGACCTTGTCTCTGTGGTGGGTCTTGGGCAGGAGAGTTCCCAATCTTCCTC

CACCATGTCGCTGACCTCTGACCTTTGCTCTGTACAGGTGCAGACTCTGGGGTTGCCACCCCTCCCCCAGGCCTTTTGC

TGACATGCTTCCCCCAGGCACCATGGATCCTTGGCTGGGCCCTGAGGGAGGGAGTTCCTACCCACCCCCCCAGATGCAA

ACGGGTTTGCTTCTTCCTTCCCTCCCCCGGGGGTCTTGGTCTTGAGTGGGTTTTGCTACGCCTCCCCCAGTGGCTTTAG

GCTTTCACTTCCCCTGAGCAAAGGCTCTGGAGAAGCAAGTCTGTCTATGTCGTCGTCGTTGGCATTGTCTCCGGAGCTG

CGACAGGGGCAGGTGGAGGAGACCGTGTGAGCGTGAGGGTGACCTGTGTCTGGGCCTCCCGGCCAGTCCAGCTCCTGGT

GCCAGCCCACACTTGCCCTGGACGGATCTGTTAACATTGTAGCCGATTTCCTCCCGAGCTCTGCCAGGCGTGAGGGCTG

GGGTGTCCGGTTCTCCTGGAGACTTGGGGCTCCGTGACATTCGGTCCCCTGGGCTCCCTGGAGCCTCCCCTCTCTGATG

GGCCTCACAAGTT 

>Giant.11917:103206-104213 

GTCTAGACCTGGGCCAGCTCTTCCTGTGTCCCAAAGGGCAGCAGGAAGGCTACGGACCATGTGGGTAGAGGTTGTCCTC

AGTGGTGCGCTTGGCGGGAGATGTTTTCATCAGACGTCTCGGCGCGTCCAGTCCAGACACTGACGCGTGCTGGCTACGA

GCTCTCAGGCAGGTCACCCAGCCAGCCTGGGACCAAGTTCCCCCATCTGTAAGTAGGGGTGATCACCCTACCTCACAGC

CCTGTCCTGAGGATTGAATGAGATCCCAGATGCAAAACGTCCATGACAGGGTCTGGCACGAAGCATGAGCTCCATGAAT

GTTAGTTTCTGGCACCTCCCACTTCCTTTCAGTCAGGAGAATTCCTTCCCCCATCTGGAAGCCCAAAGCCCTGCCTGTC

TCCTTCTAGTGAAATGCTCTCATTCTGCCTGTGACCTTTATTTCTGAGGAAATTCTGCCTTCCTTCTAGACAGGGAGCT

GCCTGCAGGAGAGACGCTATGTCTGAGCGACCCGTCTTCCCCGACTGCCCAGCTCACGCGGGCACAAAGTAGCAGAGCA

GTGACATCAGAAGCCGTGAGTGAGGGAAATTAATCTGCAGATGGAATTATTACATTGTGTACCCAATCTTGCAAAACAA

TGAGGCACAGCTTGTAAGAGTTTCAAACACTTTTTTCAGAAATTTAATTGGCAGTTAATTCTCCTGCAAAACACAATAA

CCTCTGTAAACTGAAGGCAGCAAGACAGAGCTCTGGGAACCTCATCAGGCTCTGCCTGAAACTGAAGAGGCTTTTTCTG

AGTCAGAAGCCTGAAGACGCAAGATGCTACAGTTGTCACCATCTCTGGTCATGAGCAGGCTTCGTTTACCCTGATTCTT

CTGCTCCGTATGTCCCCATGAGAGGGCATGGCTCTCCCACCTGTGACTGCAGACGTGGGGGTAACCTGAGCTGAACCAC

TATCAATCTTTCTCTCACTGTGTTGCCTTGTGATCAGAGCTCAGTCTGTGACTGTAACT 

>Giant.11877:74992-75993 

AAATGTGCAAAATGGCAGTAGCTCTACATGCGTGGGACGTGTGATTTGTGACATCTCTGTCACTGGTTGTTGGGCTGGA

TCTCAGAGGAAGTGATCACCCCTCATGCCACACCAGCAGAGCGGTTACAGGCTGTTTGTCACAGCTAGAGTGTCGTAGC

TGTTTAAATCTGCACTAACTCGAGTTTGCGAAGAATTTCTAGGGAACGGGGACAGCAGTGTGAGCCTACATCCTAAACA

TGAGATTTGTTTACAGTGCTCTAGGTAGTTGAACAGCAGGCCAAGAGTGGTGACATACAGAATAAGTAAGAGTGAAATG

AAGTACAAGTATTTTCCTTTCACTTGAAAAGTTCAGCCATTGGAAATTTGAAATTTCATGGCGATACTCTTGTTTCTCA

CTGTTCTATAGTCGATGAAGGATGGTCGACAGAGGAGGGTAGAAAAGAGTGGAGGGTGGATTTGAAGGGGAAAATGGGA

AATACCCAGCATAGGATGTAAGATCTGCATAATAATGGGAATGTAGATTGGTGGCCAGTTCAGTGTGGGTAGAGGTCTT

CGGGGCTAGGCAGGCAGCAGATGGCAACTGTACAGTAATGAGACAGGTCTGGTTTATTAGCTGGAGGTGTCTGGGGGTC

AGTTTTCATTCCTTTCATTTTGCTCTGCTCGGGTGCTTCAGATTCAGCCAGAAGATTAAAGCACAGTTTCTAGAAGGAT

ACTGTTTTGCAGTAGGGAAGAAAACTACTCTAAAAATCACAAATTGAGGTAGATTGTCCAGTGTAGGGGTGGGGAAGCA

TTGAAAAGAAATCAAGAAAATGTATTTCACTTGGTGAGGAAGGGGATACCTTATGTCTTGTGGGCAAGGCTGCGTATAA

GAATTCCCACAAACAATGTCGTAAATAAAGTTAGATGACACCACCCACATCTGATTTGTGGAGGGCGAGATTGGTCAAG

GGAAGACATTGGCTGAGCCTCTGGGAACTACTGTGATAAAGTAAAAAAAAAAA 

>Giant.11855:37860-38849 

TTGAGAGAGTGGCAGGACCCTGAGGGGATTTGAGGGAACCTGGCTTTCTCTGACCGACCCTGTGTTCCCTTTTATTTTC

CTTATAGGGAGAAGGGGACTGATATGTTCAGAGCCTCTGTCGTGATTCCCAGCAAAGACAAAGCGGCCTTCCTCCTCAG
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TTACGAAGAGCTCTTGCAGCGGCGGCTGGGGAAGTACGAGCACGTCATCAGCGTGCGTCCCCAGCAGCTGGTGGGGAGG

CTGATGGTGGAAGTGAACATTCTGGAGAGGTCCGGCATCGAGTCACTGGAGGTGCTGCCCTTACAGCACAGCAGGCAGA

AGGGCAGCGGGAGAGGGGAAGGTGAGTGCGATTGCTGGATCTCCTGTGCTGACTCAGAGCGGGGCGTTGGCTTTAGAGG

AATCTATAAAACAGATGGCACCCCTGCAACAAAGCCTCTGAGAATTTGCGAGAATCTGAAAGATAGCAACACAACAAAG

GCAATGCCTTTATAAGCTGGTTCCATCCGGAGATTTAAAGGTGTTTAAATCATCTGACGGAGTAATCTCTTTTCTGAGC

ATCTAATCCAGGTGAGGCTTCTAAAATATTGGGACTGTTATACACGCAACCCAGTTTGGTAACATTTGCACTAGCAAAA

ACTTTCTGTCATCCTAAATATGCAGGGAAGCAAGCATGGTTAGTAAAATATGGTTATGGAAACAATGCAACATGTGATG

GGGGGAAAAGAGACACACTTGTACACACTCTGTAATGTTAAATATGTTAAGTTTGTTAAATGTGAAGTTGACAAATGTC

TAGAAAGTTCTATAAAATAATCCTTTTATACTAGGGAGTGAGGGATTACAGGGTTATTTTTCTAAGAATCCATTTTTAA

AACACTAACATACACATTTCAATGATGTATGAGACTCATTCTAAAATTAAATAGTGAAAACTATTTAATTTAAATTTAA

AATTTAAATTTATTTAAAACTAAAATTAATTTTTAAAATTT 

>Giant.11853:35905-36938 

GGGGCCAACAGACCACCTTGGTGGGGGGGGGGTGTCACAGTTCAGCCCATAATACCAGGGTCTATAAAGAATGAGAGAT

TTTTAAGGCAGGGAGGAGAAAGTAATGTTTCTGGGGGGCAAGGCGGGGGAGCTGGCAATCAGGGCTGCCCCCCTCAGTC

CCCAAACCCAAAGCCCTGTTTCCCAGCCCTGTCCGCTGCAAGGAGGAACCTCTGATAAGGAGGAAAGGTTTTCTTTTGC

AACCACAGCATCTTTCAGAGGAGAGCTTTAATAAATAGTTTCAACATGGTTTGACGCCATTTATCAGAAGATACTAAAA

CAAACATTAGAGGTAAAACATCTATTATATCAACATGTAATCTGTTTGCGACTTGGGCTGATGACAGTCTTCGAACCTG

TCATTTTTAGGCCAAAGGCAATACCAACATTAGAAAGGGGAAAATGATCAATCCAGGCGTTTCCTTTCACAGGACGGTC

CCAGCGGATTTCAAAGCCCTTGAGAGACGCGCAGGCTATGGGATCTCACGGGCTCTGTGCCCACGGAACAGACCCCGTC

CACATGACCACACAAGCATGCCTTTCTGCCTCGTGGCCCATCCCTGCCAGGTCACCCGCCTGAGTGCTGAGACTGTACG

TGCAGACACTCCCCCAGACAGGAGGACATGCGTGTGTCAGAGCCCGCTGGTGGCTGGAAGGTCCGGTGCCCCAGGCCTG

TTCTCCACAATGTCTTATCCCCGACCTTCCCCCCAAGTACGATGGCGGTGGTTTCACACGCATCATGTGTGTGAATGAG

CTAGAGGTCATCGGGGCCTCCTGTCCCCAACACTTGAGCTGCCTGAGGTGACTGAAGAGCTCTCGTCTGTGTGGACAGC

CTTCACCTGGTGGTCATGAGTAACAGCCCCGCAGAGATGCTGGCGCCCCCGTGTCAGCCTCTTGTCTGCACTGAGAGCC

CCAGCACGTATGACACATGGCGCTCATGGAAGTGTCACCCATCCTGGTGTGGTGCATGTCACAGTGAGGTCCAGACACT

GGTGCT 

>Giant.11661:9050-10041 

AACCAGGAGCCCGCCTGAACCTCCCAGGCGTGCTCCACGATCTAAGCGGCCTTTGGAGGCTGGGAGGCAGTTAATAAAA

GCTGAGAGGAAGCCGGCATTACTCCTGGTGCCTTGTCCCTTAAGGTTTAAAAAGTACAAAAGCAGCCTGCCTATTTGGG

GAGTCTGGGTCCGCAGCTGTTTTTCCGCCCCGATTTTGGCCCGATCCACAGCCACATCTCCTGATCAGAAGTGGAAAAG

CTGTGAAGATTTTGCCCTGCGCCACATGCAAAGTTTGAAGTCAGGAGAAAATAACAGTCTCCATAGGAATCCAGAGAAG

CTGGACATGTCTGGGGAAAAAAAATAATGCACGGTTGCTAGGGACCGGCTGTTTTCAGTTGAAGCTATGAGTCATTTAT

ATGGACAAAAATAGTTCACACCAGTGTGGGGAGCCCAGGCAGAGAATCTCCCAGCACCTTCCCGAGGGGCAGGTGGTGT

CTCTCTGTGAACAGGACAGCTCTTGCCACAGAACAAATGCTTGTTCAAAGGGCTTCCCTCCACCTCCATCCCATCAGAC

TGCCCTGCCTCCTCCCAGCAGAAATGCGTCCCTCTTCGGGTGCATCTGACAGTGGTGTAAAGAGTACCTCTGTGCAGCG

AATGGGTTAATGAGCACTGGAAAGTTCTTTAAACCAAGAGCGTTAATCCTGGGGTCTGTGGGGGTTCAAGGACATTTGC

AGACTTATGAAATTAAGAGCAAATTTTTTGTGTTGTCTTTTTCTTATGCACTTGCCTGTTACTGATCTGTTAGGAGAAA

TATATACACAGAAATTTCAAAGAATAGTGCAAGAAACACTTAAAAATCTATCGTGCAGCTTATAAAGTGAACTCTTGCA

AGAAGAGTTGCAGTCACCCCTCTGTACGTCTCCCTGACTGTATTCTCCACAACTCCTCTAACTGTAGGAAACTGTAGGA

AACCACTCTCCTGAATTCGGTGTTCATTTCCACACAAATAGCT 

>Giant.11536:46140-47126 

AGACGGGCCGGGGCTTGGGTTCTAACCCGGGAGGCCCTGAAGCCCCAACTCCCCGCCCGCAGTTCGAGTGGGCCTGGCA

GCACCCGCACGCCTCGCGCCGCCTGACGCACGTGGGTCCGCGCCTGCGCAGCGAGGCGGCCTTCGCTTTCCACCTGCGT

GTGCTGGCGCACATGCTGCGCGCGCCGCCCTGGGCGCGCCTGCCGCTCACCGTGCGCTGGCTGCGCGCCGACTTCCGAC

GTGAGCTGTGCCCGCCGCCGCCGCCGCACATGCCGCTGGCCTTCGGGCCTCCGCCGCCCCGGGCCTCCGCCCCGAGGAG

CAGCTCCGGTCCCTTAGCTGACCTGGAGTCAGAACCCCACCAGGACGCTGCGGCCTTCTGCGCCCTGTGCGCGCGCACC

TTCCAGGTGAGCCGCCCCCCCTGGTCTTCACGCTGGGAGACCAGGGTTCGAGCAACTCGGGATCCAGCTGTTTATTGAA

GGACCGGGCAGCCCCTCAGACACCTTTTGCCCTCATCACTAAAACGGGGACGATAGTACTTCCTGCCGTTCCTCGAAAC

CTGTATCTTTCTGCTCAAGGCCTTTTGCCCTTTAGCCTTTGACTGGAAGGTTCTTCCCTAGACCTTCATTTCAGTCTTT

ATGAAATGCCACCTTCTCCTTCCCCACGAGGTCTTCCTTGGCGCTCCCATGTAAAACTGCAGTTGTTTCTTGTACATTC

CCCTGCCTTTTTTTTTTCTTTTTTCTTAAAGCCTAAAAACTTACTAACGTAGTAGGCGTTTTATTTATCTAATTGTCAG

TTTCTCCCCTGCCCCAATACAAGGCAGTTCTTGTTCATTGCTGTAGAAAAGGGTCTGGCAGGGTGCCTGGGTGGCTCAG

TCGTTAAGGGTCTGCCTTTACCTCAGGTCATGATCCCGGGGTCCTGGGATCGAGCCACACATCCGGTGGGCTCCCTGCT

CAGCCGGAAGCCTGCTTCCTCCCTCTCCCACTCCGCCT 

>Giant.11242:45796-46847 

TGAGCACCGAGTCCCTGGGCTCCGACTGCCGGTGACCCTGCTCCGCGAGGGGGCGGGGGCAGGCCCCGGCCTGGTGCTC

ACACGGCCTTGTCCGCAGGCACCGGCGAGAGCGGGAAGAGCACGTTCATCAAGCAGATGCGCATCATCCACGGGGCGGG

CTACTCGGAGGAGGACAAGCGGGGCTTCACCAAGCTCGTGTACCAGAACATCTTCACGGCCATGCAGGCCATGATCCGC

GCCATGGAGACCCTGAAGATCCTGTACAAGTACGAGCAGAACAAGGTGAGGCCTGGGGGCCGCCCTGCACCCGCCCGCC

CACCGGCACCTGCCTTCCCCACAGCGCCTCGGTGCCCCCTGCAGGCAGCCCTCAGCGCCCTATCTGCCCCGTGTGCCTC

CCGGTGGGCGGGGCCTCTCCCTGCCTGTTTCCAGAGTGACGGCTTCTCGAGACCAGAGTCACTCACAGGGCAGGTGTCC

CCGTAGTGTGTAGTTCCCGGCTTTCTGACACAAACAGCTGTGCAGCCATCACCTCTGTCTAGTTCCAGAACATTCCATC

ACCGCCAGGCACCCCGGTCCCCGTCAGCTGTCAACGCCCCTCCCCCAGCCCCCGGCCCCCATGAGCCCCTTCCCGTCCG

TGGAGGGGCCTGGTCAGGGCATGTCACAGGTGTGGACTCACACCCCGTGTGGCCTCCTGCCTCTGGTCCCCTCCCTGCG

TGTCGTGGGCTCGGGGTCAGTCCCCGGGGCCGTGCGGGGGCCTCGCTTCTGCTCCGGCCGTTCTCACACGTCTGTCGGT

CCGGCGCCCAAGGGCTGCGTCACGCTCCGTGTGCGGGTGCGCGCACTGTGCAAATCCCCTCGCCCGCGGACGGGCGCCC

GGGTTTCCACGTTTGGCTCCTTGACTGCTGCCGCGGTGACGTTCACGTGCAGGCGTCTGCATGCACCCCTGTCGTCACT
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GCCCCGGCTGTGTCCCGGGAGACAGGGACTCATGGGGCAGCGGGGGGTCTGCCCTCGTGAGGAGCTGCCGGCCCCTCCA

GGCAGCATGTCCCAGCCGTGCGGC 

>Giant.11206:67555-68580 

ACAAGGCTCCAGCCCCCGGGACGGCCCCTGCCGATTCCTGCCAGAAGCAGAAGCTGGGCATGCCAAAAGACACCGGAGG

GCCGGGCGGGACAACCACAACAGGAGGGCAGAAGAGAGGGGGTGCAGGGGAGGGGCAGGCGGGCTGCTGAACAAAACAA

GATGCAGGCAGCGGAGCAGCCACGAAAGAGAAGCAGGAAGAGCGGGGAGCGTGAGGCAGGCCACGCCGTCCTGCGGGCC

CCGGCGGGGGCACCCAACTCCAGCCAGCACCACCGGGGCGTGCCAGGGTTCCGGGGAGCACCGTCTGGGAAGCACCAGA

CTAACCCTGCTCAGGAACCATCTGGGCCCGAGCTCTGGCCCGTGAAGGACCGCAATCGCCTGCCCCTTGGGACGAACAC

CTCACTGGAGGCCATCTCAAGCCAGGTGGTGGGGACAGCCAAGGGGGCAGGGGGCCAGGAACAGCGAGGATGGAATCGT

GCAGACGCTCTCAACCCATCGCAGGGCACTGGCGGTTCACTGGGTGGATCCAGCTGCCTCTCAGAGCCCCGCCTGACCA

CAGACAGGGCCTCAGGCCAAGGACGTCCTGACCCCAGCAAGCGCCTTGTCCCACCCCCCACCTCCCGTCACAGAAGCAG

CTTCCCCGCAGCACGTGGAGGAGGAGGCTGTCGGGTCCAATGTCCGTTCTACAAGTGGGTAAACTGAGGCCCAGAGAGA

GGGCGCCAGCAATAGGCCAGATCAGAGAGAAAGGCCAGAGCCCTCTACCATCTGCCGCCCCAGACACATTCCTGAGGAT

GGGTGGACATCTACCTGAGACCCCACCGGGGATGGCAGGGACGAGGGGAGGCAAACAGGCTGGTACATGGGTCAGCAAC

ACCGGCTCCCAGGCCCCCACCAAAATGACCTCACCTCCTGTCTGTACATCAAAGACGTGTAGCACCTCCTCCAGGAAGC

CCTCCAGCCTCCCTATCCAGGCCGGGCCTCCACTGCCCCACATCCACGGAGCACCATTGGACACTGGGGAGGTGGAA 

>Giant.11128:39226-40238 

TGAGCCTATTTTTGTGTGTGTTAAAAGGAAAGGGTCCAGTTTCATTCTTCTCCATGTAGCTGTCCAATTTTCCCAACAA

CATCAGTTGAAGAGACTATCTTTTTTCCATTGGACTTTCTTTCCTGCTTTGTCGAAGATTAGTTGACCATAGAGTTAAG

GGTCCATTTCTATGCTCTCTGTTCAGTTCCATTGATCTATGTGTCTGTTTTTGTGCCAGTACCACATGGTCTTGATGAT

TACAGCTTTGTAAGAAAGCTTGAATTCCGGCATTGTGATGCCACCAGCTTTGCTTCTCTTTTTCAACATTCCTTTGGAT

ATTTGGGATCTTTTCTGGTTCCATACAAATTTTAGTATTATTTGTTCCAGCTCTGTGAAAAAAGTTGGTATTTTGATAG

GGATTTCATTGAATGTATAGATTGCTCTAGGTAGCACAGACATTTTCACAATATTTGTTCTTCTAATCCATGAGGATGG

AGCGTTTCTAATTCCTCAATTTGTTTCATGAGTGTTCTACAGTTTTCTGAGTACAAATCCTTGGCCTCCTTGGTTAGAT

TTATTTATTCCTAGGTATCTTATGGTTTTGGTGCAATTGTAAATGAGATCAACTCCTTAATTTCTCTTTCTTCTTATTG

TTGGTGTATAGAAATGCAACTGATTTCTGTGCATTGATTTTATATCCTGACATTTCACTGAATTCCTCCATGAGTTTGG

GTTTTCCACATGAAGTGTCATGTCATCTGCAAAGAGTGAGAGTCTGACTACTTCTTTGCCAATTCGGATTTGCCAATTC

TTTTTGTTGTCTGATTGCTGATGCTAGGACTTATAGTACTATGTTGAAGAGCAGTGGTTATAGTGGCCATCCCGGCCGT

GTTCCTGACCTTAGGGGAAAAGTTCTCAGTTTTTCCCCATTGAGAATGATATTCACTGTGAGCTTTTCACAGATGGCTT

TCATGATATTGAGGTTATGTCCCCTCTATCCCCGCACTGTGAAGAGGTTTAATCAAGAAAGGAT 

>Giant.1109:294436-295391 

GGCCTTCCCAAGGGCAGCTTCTAACGCGCATCCTTCCACGCTGACCGTCAGGAAGGCCCCGGCTCTGCGCTGAGGAGAG

TGAGGCTTCCTCATGCCGCGGCACCTCCTTGCCTCACTCAGGACACATCCAGCTGCTTTATTAAAAATAATCCGCAGTG

TATGTATTCCCGGGGCAACGGAAAAGACGCTTCTTATTCTCCCCAAGTAGTGACAGGAGGAAGCCTCAGAGATGGGATT

TTTAGCAGGAAAGGAAACTCCAGGGCCGCTGCGTTCCACAGGACAGTTTCTCCAACCTCGCGACCCATGTGAATCTGCA

GATCCTTTCCCAAATCCTCTTCGGTTTAGAATCTGAGGATGTTGGGGATGGGCGAGCCCTCCCATTTTCTGGATATGCC

ATCAAAAGCATCTTTCTCTGGGTTGGTGTAGACCGTGACCCACGGGAAGGTCGGGCCTGCATAGCCTCCTGGCCACAGG

CCCAGCTCCTGGGACCTGGGAGGCTGGACAGAGGGCGCCATCCCCAGACGGGCAGGCAAGGGGCGGTCCCTGATGCTTG

GGGCTCAAGCCTCCAGGGATGAGGCGAGTCCCAGGGCATACAGAAGGGCGCTGGGGGAGCCTGTGAGAAACGGCTTCTA

TGGGAGCCGCGATGCATGTGGTTAGGCCGTGGAATCTGCTGTGAGCCAGACCGAGGCGGGAGAGCCGAGCCCACACGCC

TCGGCTAATCCGTGTGGGGAGAATGCCCTGCTCCCGCCTCTGTCCTAGGAGCCAGGGAGATGCTGCTGCCCCTCGGAAC

AATTTGTTACTTAAACTATAACCCCTGGAGGATTTTACTCGTTGCCAAGCACGTTTAGATATGGACTTAAGAAATACAT

ATACTGGCAACAGGTCTTTGGGGAGAAGGACGATACACGACCCCGGAGCTGGGCAGCTGGGGACGCCCGGCCCTCCCAG

GGCGGAA 

>Giant.10984:76352-77368 

AACACGCTTGCTCCAGATGCTGTACTCAAACTGTATGGGCCCGTTGAAGAAATAGATATAACCTGGAGGAAAAAAACAA

AAAGAAAATTGCAGAGTCTGAAAACAGGAAGAGTTTACGCCAGCTCCCACTAAAAGTCCAACCTGTTAGACCCCATTGT

TTTCTAACACGCCAGCATCTGTGATTAGAACCCTACCGATGCCCTCATAGATCGCTTATAGTTACGGGAGGGAAAAAGT

ATACAAGTTTCTCGGGTCTCCTAAACTGTCACCTTGAACTACTGCTCATTTTTTTTTTAATAAAACTTTTTAAGATTTT

ATTTATTTATTTGAGAGAGAGAAAGGGTGTGAAAAGAGGAAGGGCTTCCTGCCAAGCAAGATTGATGCGGGACTTGATC

CCAGGAATCCGGGATCATGACCTAAGCCAAAGGCAGACGCTCAACCAACTGAGCCACCCAGGTGCCCTGAAATAGCAGT

CCCCTTGCCGTGAGTTCCAGTTTGGATGCTTGCCGTATTGATACTACTTATTTAAGTTTGGGGAAATGCCCCTTTGCAT

AATTAAAGCAAAAATAGCCATGTAGTTATGATAGTCACTGGCCTTTCCATGTAAATGATTCCCCACTCTGCCCCTGCTT

TAAATTATGGCAATAGTTTTTGTCTCTTGGCATCATTAAGCACAATTTAAGATAATGTTGGGACACCTGGGTGGCTCAG

TAGGTGAAGTGTCCGACACTTGATTTCGGCTCTAGTCGTGATCTCAGGGTCATGAGATCGAGCCCCACGTATGGCTCCG

TGCTAGGTTCTCTCTCTCCCTCTGCCCCTGCCACTTTCTCTCCCTGTCACTTTCTCCAATAAATAAATAAAATCTTAAA

AAGATAAGTTAAGATCGTGTTTAAAGTTTGGCATCTTATATTTGTGGAATTAGCAACCATTTAAGCAACGCTTTAGTTT

ATTCTAAGTGTGGTATGTTTTGTTTGCTATGTAACTACTCCTTAACTGCCATAGGTCTCTTAGCACAT 

>Giant.10892:70943-71950 

TTCTTCCTAGAGTCCCTTGCTGTGGAGGAAACGCTCTCTCAGCTGTGCTCAGAGCTACAGGTAATTTAAAAAATTCACC

CTGTGGGAGGACAGGGTGGGTGTGATGCAGGACCAGTGTAGGTCCCAGCTTGACGTAGAAAACAGAGATGAAAGCACAG

AGCGTGTCAGCTCATGCCAGACCTGAAACTGAAGAGATACTCTGCCGCTCTGTGTTATTCTTCGTTATTAAGTATCAAC

TAGGCCCCTCTTGTATGTCTAGCTCTCCGCTGGATGTTCTGGAAAAAATAAACAGGTTCACAGGTCTTTGTCCCTGGAG

CTGACACTACATTCATCTATTACTCATCCGTTTAACAAAATGTATTGACTACCAACCCTGTGCGTCCCCTGGAGGGCGA

TGGAGACCTTGCACCTGTGCCCAGACGGCCTCAGCCATGGCAGGAGACTAGCAGTGCGATGACGCCGATGAAAGAAACA

GTAGCGTGCGTCCGCTGGAAATTCATGGCACCTCCATGAAGAATACGTGCTTAAATAGATACTTGGCAAGTGCATGCTG

CTCTTATTTGCAGTCTCTGAAACATTCTCCCATCCTGCTGCGTGGATGGTCTGGGTGGGTTGTGCACACCCTCCTTATA

TAGCGAGAGGCAAATGAAGATGGAAACCAGCGTGACAGTCAGGCCGGGTGACACTGCTCGTCAGCGCCAGCCGCCGGAC
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TCAGAAGACTGTCTCATTACGAAGTGACATCGTCGTCTCACACCAGGGTTTTCCACCCTTGCTGCACGGTGGCAACACA

TTCGGGACTTCTAAGTGCCCCAAATGTACTTCAGCCTGGCTCCCATCCACACCAGGTGAGACAGCATATTGGGGAATGG

AGCGCAGGCATTTGTACTCAGTGAATCTGCCCCGCTGGATCGAAACCACAGCGAGATACCAGCTCGCACCTGTTAGAGT

GGCTGTTACCAAGAAAACGAGAGACATCGGGTGCTAGTGAGGATGTGGGGGAAAGGGAA 

>Giant.1089:288253-289245 

GTCCAGGTCTTTGGGAGCAGTGGGTGGCCAGGTATGGGGAGAGGAGCAGGCCAAGAGGACCTGTGAAGTGGAGAAGTGA

GGAGAGCAGAGGGAGGGGCGAGAGTGCAGAGTCCAGAAATCCTGGACATAAGGGACCTCAGCCCATTTGCCTTGGCGTT

TGCAGAGATTGCCCAGGTCCATGAGAATCTGATAGTCAAATGTGCCTTCCAGAGGCCACTGGGACTGATTGTCTAATCG

GTATTGTGGCCAGGCGATGGTACAATAATGTATGAGATGTCACCCTCACAGGTCCTGGTCCAGTTCAGGGTTTTAAGAT

TGGCCAGCAGGCACCCCAGGGGTGTTTGAGAGTCAGATTTGGATTGGGATGTCTCCATGATTCGTTGCTGGGTCCGAGG

GCTGGAGGAAGGCATCCCCTCGTCCACCACTGGGTTGTGGGAAAACTGTGTCAACTGCTATAGAGATTAGGATGTCTTT

CAGCCTCTTGGAGTCATGGAGGTCACCTGGTGACTGGCGGGGTCTGCCCTGACATGGCCGTGATTAGGGCAGGGCTTTC

CGGAGGGAGGTGCAGAATTGAGGGAAACTCACCATGGCTTCAGAAGTGGCGTTTGGCTTCAGAAGTGGCGTTCAGAAAG

GCAGGTCCAGGTCGGGCTAGGGAAAGGAGAGAGCCACCTCACAGGGGTGGGGACTCAATCTCCTCCTGGGTTTTAGCAC

CAAATGTTAGGTCGCTCCTGCCAGCGATAGTAAGAAAAAGGCCACGAGGCAAATGGATCTGAGAGATGAACTTTATTGC

AAACACCCTCAGGCAAGGTTCCGTGACTCACAGAGAGAGGGATAGTGAGTCGGGGAAGTTGTGCTGGGAGGGAGTTGGT

GCGGTTCCTTTATCCGGTTGAGGTCGAGCATAGGCTTGCATCCATATAATGCAAGGTATGTGGTGATCAGAGGATATGA

GGTGGGGAAAGTGTATCGGACCAAGGTAAGGCATGGGTTCAAGT 

>Giant.10866:29461-30477 

GGTAGAGGGCGGGACACAGAGAGAACAGGCTGAGGGATTTACACTCGCCAGAACTTGGTGACAGGCTGGACGTGGAGGG

GAGGGCGAGGGAGGAACATGGAGTAACGGGGCTTCCCTCGAGTGACAGACGACATTACCAAAGTGTGCGTGTGACATGT

GTTGCACAAGAGGAAGAGTATGTCTGGTGGCTGAGTCGCTGAGTGGGCTTGAAGGGCAAGACACGTTTAATCTGGGAGC

CATCGAATTTGAAATGTCTGTAGGACAACGGGGCAGACACACGCATTAGGAAGGTGCGACAAGAAGACTGAAGTGGAGA

ACTGAGGTGTGGGGTTAGAGGCAGAGCGACGAGAGTCCTGGAATTACCAGGCTATGATTCCAGGCTTGAGTATGAAGAC

CTCCTCGGGTGGGAGGATGAGACGGTACAAGGGCAGGTGGGTGAGGGGATGGGGTGACTGGGCGCTGGGCAGGAAGCAG

GCACCTGTTGGAATGAGCTCCTGGTGTTACAGGCAACGGATGAATCGCTGAGCTCTACCTCTGAAACAAATGACACACT

CTGTGTAAATGAATTGAATTTAAATAAAATAAGTTTAAAAACAAAAGAGTAATATGAAGAGGACTGAGGAGAAGGAGAA

GACCAGGAAAAAGAAGGTCAAACCAGGGAACAGCACACAGAACGGATGAATTGTAGGTTATGTGAATCACAACCCTACA

AAGCTGTTAGGTTCTTAAAAAGGAGGAAGGAGTTTCAAGAGAGCGACAGGGAGTGTCTGTGTCAAATATAGCCGAAGGT

CAGGAAAGAGGAGGGCTGTAAGGTCATCTTTGAGTTCCCCAGTTAGGATGCTGGTGACATGATGAGATGCCCTCCAAGC

GGAGGAGAGGGAAGCCATGCAGCGATATGCTGGGAGAGAAGGGAGTTACCTGTCTTAGTGATCCGTCCGTCCTTGGTGA

GTTTATGGGCCAAGAGCTGGGAGTCTGGAGGTAAGAAGTTGCAGGGGAGTGGCAGAGAGAGGGGGAAA 

>Giant.10852:40070-41092 

GAATATCCACGTTCATGATTTCAGTAAGACATTTTGGTCTGATTTACGTCGTGGTACTCCAACAGCATTCTAATAAATT

TGCTTTTCCATTACTAGTAATCTTTATTCTGGCTAAAAATCCTTCACGGGCCATGGGGGAATCTGTGGAACAGCGGAGC

CGGTATGTGCTTTCTCTCCTCCCTACCTTTGAGGTGTTCTGACCTGTAGTCGCAGAGCAGGGGGTGAAGCAAGGGGTGG

TTCCCAGAGAGGACGGTGACAGCTCTCCACGGGATAACGTCCACGAATTGGAACAGAACAACCGGCTGACCTTGTCCCT

TAGCATGCGGTCATTACTTGCATTTCAAAGGTAGACTTTTTAGTCTGAAAATTACATACTGAGTAACAGATATTTCTCC

GCTCTTACTCTTCGGAGATCCTTGACTTTTGAGTGTTTAGACTGATGCTTTGTCTTGCCACTCACTTCACCGCCCTTCC

CGTGTGCACTCCGAATGCCTGGATGGCCTCTGTGTCCTGCAAATGCAGTTCCGGGAGGACGGTGCGAACACTCGCTCGG

CAGTTTTTGCTGCACTAGAGGCGGCTTTTAACACATGCCGACCCGTGTAAATGAGGTGCCCACACAGATGCTGTTCTGC

TCTTGTCAGCTTGTGCTTTAAATCTGCGGAATCAGCAGGGTGGGGCCCTGGGTCACCTGATGGGATGCTTGAAGTTTTC

GTACTTTGTGTTACACATCTTGAGTCTAGAGCTAATATTTATATATTTATAATCTGTAAAAACTATAGGAGTTTATAAC

ATTTTAATAATATGTTACACATCTACTATTGAATCCTCAATACTTTACCTCTATTATCTTTAATTTCTACTAAAATCTT

ACAAAGTAAGTGAAGTTATCACTGTTTTATGGAATAGAAAAATGAAGCTTAGAGAGTTAAAATAATTTGCCTTTTAGGT

AATGATATCTCCCTTCTTGGGGAAATGGGAGAATTAAGGCACCGTGTCTGCAGCAGCCCACGCAGATGCTGGCA 

>Giant.10546:66901-67930 

AGGGGGCCGGGCCGTAGTCTGTTGGACAGGTGCCCCCGGAAGGACCTCTGGCCTTGCTTCTAACGTTTGTGTGCAAGTG

TTTATGTGAACATTTCTCTGGGATAAATGGCAAACAGTCAGTTGTTGGGGTGTATGAAGCCTGTTTGTTTAGTTTTAGG

AAACTGCCCACGATCTTCCAGAACGGCTGTGTCGTTTCACAGTTGCCTGCAAATGCAGAAGTGAGCCAGACGCTCACGC

GCTTGCCTGAACTCGGGGTTGCGGCGTTTCTCGCTTAGCCCTCCTGGGGGTGGTGCGGCCTCTCCCTGCGGGTTTCGAC

CTGCATTTCCCTGACGGCTGACCACGCTGGACAACCTTTCATGAGCTTGTTTGCCATCTGTACATCATGTTTGAGGGAA

TGTCCCTCTGTGTCTTTGAGCCTTTCTCTAACTGGACGTTTTTAATCTTTACGTTTGAGAGTTCCACATTCCAGGCACT

GGTCCCTTCTTGACTGCGTGGCCTTTCCTTGTCTTCCCTGAGAGTGTCAGCGAGGTCCGGTCAGCCATCCCTCTGCGGG

GTGTTTGGTGCTCAGTCAAAGATGTTTTGCGTAGCCCTAGGTCCCATAGATTATCTTTTGTTTTTGTTCCCAAAATGTT

TGTTGTTTTACATTTAGATCCGCGATTTACTTGGTTGCTTTTGTGTGTAAATCATGAGACTGATGGTGAAGGCTCTGGT

TGTGCTTCTGGCTGTCCTTTCACCTGCACGTTTGGTGAAAGTCAGGTTTTCAGACATTAAGTTGCTTCTGCACCTTTGT

CAAAACCCACCGGGCACATTTGTATGTGTCTGTTTCTGGGGTCTCTTCTGTTTTCTTGACCTATTTGCTCTGCTGATAC

TACGCGGTCTTGATTACGGTGCTTATGTCCTAGGACTTGGAATTCGGTAGCCTGGTTTCCCCTGCTTTCTTCCTCTTTC

CCCCGTCGTTCCAGCTCCTGCGACTCTACCGTGTAAACGGCTTGTCTGTATCTGCAAAGCGTCTTGCTGGGATTTTGAC

AG 

>Giant.10480:25126-26130 

CCCTTCTCACCCGTACCCTCTTCACGCAGATCCCTGCACACTGCCCCAGGCACGCATCTCTCCCGGACCTCAGACCCAC

ACACACGGCAGCTGCTGCCTTTTCTCTTCCTCTTGAACGTCTCAGAGGCCCCTCACATTCCACATTGTTGGAATCAAAT

TTCAGAATCCAAGCTCTGATCCTTTCCAGCCTTCCCTGCATCCGAGACTGGCCCCGCCGCCACCGCCATCTGGCTGCAT

GTCACACTCTCAGGTCCATCCTGCAGCCTCGCTCCCCATGCTCCCCACGTCAGACTGTCACCTGGCCTTGTCCCTCTGC

CATGTCTGCATCACCCCACCACCACCACGGTACGGTGACCTGCCACCACACTTTCCAAGCTTGGCCTGGAGAGGACAGG

TGTTTTCCTTTAACTCTCCCATCTTCAGCAGACTGAAACTTCTGTAAGATTCCGTCTAAATTAAAAATGTGAAAAACAT
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GTACAAGTACAAGCCCATCTTCTGTTACTGCATTTGACAGCAAATCGGATTCATGCTTCCTCCTCACAGGGACGGGGGC

TGATGTTTCCAGAATGTGGGTAGGACACATTGCCCATGCTCTTGGAATCCTGCAGAGGCCGGCCTGGCCTTCCCTGCCC

CTCGTCCTCACTGCTTCCCCGCGGCCCACGACACCAGGCCTTTGCCCACCGGAGCTCCCCCCTGCCCTCCTCGCTGGGT

CTCTTGCCCATGCTCAGCTGAAGTTATTTCCTAGGAAGACCACCCTGAGCACTCTGTTCAGACCTACCGCCCCCAGCAG

GAAAGGCCAGCCTGTGTGGCATGGGCAGTTGGGAAACAAGCAATAATTAATTGCCCCTGGATACAGGATCTGCTTAGAT

ACAGACATAGAAGTGGTTCAAATGTGGCAGAATAACTTTCCCTCTCGCTTTTCCACATGTGCAGTTAGAATATACACAA

CCACACCTACGACGATTCTCCAGAAGTCCAAGCACCGACCATTCCCTGCGCCCCAG 

>Giant.10462:75344-76349 

CTGACATAGACAGCTTTCAAATGACAGACAAGACGGAATTGAATTATTCTGAAGAACTTGTGAATATTTACTTACAAGC

CCGGCCCTTCTCTTCCTAGTCATTCCCATATTCACGAGCAGTCATGGTCCGGGTGTGATGTTAAGCACTGGCATTTGTT

ATGAGGGTTACGTGGTACCACGGGTCTGGCCAAGAAAGCCAAGAAACTCGGAAATTCGGCCCTGTTTATTGTTTGATGA

AGCTCCCGGGATCCACTCTGCTGTTGGATTTATTTATTAAATGGAAGACTAGATGCGAGTCCCTATCTACTCCCTGTCC

TCTGGAGGAAACCCAAAAGCGAAGGTAGAGTTCCAGATAGTAGGGAATAAACAACAGGTGGTCTGGGCATCGTTCAAAG

TGTGAGTCACACTAAAATGGCTGTGGGATTTTTTTGAAGAGTCATTTCCACTCCAGGTTTCAATATATGCTACTCATAT

CAAGTGGGTTTTTAAGATTTTATTTATTTATTTGACAGAGAGAGATGACAAGTAGGCAGAGAGAGAGAGGGAAACAGGC

TCCCCACCGAGCAGGGTGCCCATTGCAGGGCTCAATCCCAGGACCCTGGGCTCATGACCTGAGCCGAAGGCAGAGGCTT

TAACCCACTGAGCCACCAGGTGCCCCTCAAATGGGTTTTTAATAACTACCCCCGTAGCTGTATATGAAGGCAAAACTCT

ATTAAACTGACATTTTTATAAGACAAGCAGCCCATTTGTGGGGCTGAGCAGAAGGAGCTGGGAAACGTACCACTCTTAA

AGTTTCTATCCCCTACATCCAACGGTTCATCAGAGCAGACGTTTCAAAACCTCTGTTTATACTGGAATTATTTCCAATT

TCCAAGGCGTCTGAATGATATTAAAATCACTTGAAAGTATGCGTGAAGCACCCACATGCAAATTCTTTGTGACAGAACT

GTGGCTGTTGAAGGAAACTCCTGGAAATGACTAGGGAGGGAACATGAGGCAGTCAGG 

>Giant.10462:40541-41522 

ATCCTACGCAGTAGCTTGAGGTGTTCAAGCTCTAAACTTCGAGATTAGAACTGGCGGTGGGATTTTTTTTATCACGAAT

ACATCAGTTAGGATTGGGTTTTGCTGCACACAGAGAGAAAAGCACACTACCAGCGCCAGAAGGCAAGCCTGAAGTAGAA

AGACCATCTGGACATGGCCTTGCTGGCTGTCATGTTGTTTTTCTCCATTAAGTGGCTTTTATCACTCAGGCCATCTCAG

GGCCGTTAAAGCTCTGGTTACATTTCCACTGCAGGCCAAAAGAAGATGGAAAAACAAAAAGAAACCCTCTCAGCTGAGC

TGAATCCCTTTAAGCAGCCTTTCTGGACTTTCCAACTAGGAATTATGCTTTCATACCTTTGGTGGAAAATAGTCATGTG

GCCAGACTTAGCCACAAGGGAAGCTGGGAAATGTAGTTTCTCACAGAGGGACTCTGTGCCTAGCTAAAAATTGGGGTTC

TGTTAAAGAGGAAGGGAAATTGGATGTGAGAGTGGCGACTAGCAGTCCCTTCTGTGCAAAACATCAAGAAAAAAGGATA

AGTGAATGGATACAATTTCCTCAGTTTTATCTTTCCTCTATAAATGTTTCATATTCCTTTGGTTTTAATATTATTTTTC

TCTTACAACAGGACACAGTATATCTGATTCAATACAAAATTATATGTGTGTGTTTCTTACATAACTTAAATATTTGCAT

TTCATATTAAAAAGCAACATAATTTTTAGTGTTTTATCACATGATTGTATCTGAGCCCCATTGATCCAAATCAAAGAAA

ATCTTAGAAGCCTCGTCTAGACACACACCCTATGTGGAGCTAAGCTGCTGGCTCCTGTTCCTTTAACCTCCTTAGCTCA

GAAGCACATTGACTTGAACATCAGCATAAAACAAAATACCTCTGAACTGTTTTCAGCACAGAAGCATGTCCTCCCGCTG

TGGCCGCAGCACGTGCATCTTTCTACATCTGTC 

>Giant.10214:41993-42996 

TAATCTATTCATATTCTATACTCAGAGTCTTTGTGGGTATGGTCGTACCGCACATCTGTTCTCTTACTTTTGGTCTTGA

CTTCTATTTTTCTGATGGATTTTCTTATTATTGGTATCATGATGGACATTGCATGAGAAAAACTTGACATATTTTGAGG

ATTATGATATCTTTTTTCAGACTACATTTGCCTCTGGGGGGCAGTTACAGATCTTGTGGAAACCTCTCCGTCCAGTTTC

ACAGGTCTAGAGTCTATGAAACTTGCCTTTGGTAATAGGGTTAACCCTTCAGAATCCCAACCCAGAGTGTGGGGCCTTT

ACCAATCTTCCCTTTCAAAGCTAGGTTCCAATTTCTAGGCAGTAGACTAGGGAGGCTGTTAGAGATCTTGTGCATGTTT

GGGTCTCCTGGCTGCCCCCTGGGGACCATGGCGCTGTAGGAGGAAGCGGTTCCAGACCCTGTGCCCCCTTTGGCCCATG

TCGTCCTTCTTCTAGACCAAGCCTGGCAGGTCCTTCATGGCTGTGTCCTTTCTTTCTGAACTTTGCGCAAAGTTAGTTT

TTTAAAAACAGATCTTCTGTCTTTTAGCAGAGAATTAGAATTATCTGTACCTGCATTACCAGAAACAGAAATACACAGG

ATTTAAACAATTTTTTTTTTTAATTTTAAGCATAGAGAAGTACAAAGAAAGACATAAAAGCCATTCCTACTTCCACATG

CAAATGTTAGCACTTTGGTCCATGTTGGAACTCTCCAGAGAAATTTCAAATGGGGTCGGTTTTCAGTATGAGGCTGAGG

TGAAGAAGAGGGACATGGAGCTTGGCACCTTGAGGATTGTGTGTCCCGCAGCAGACAAGACACTGACCTGGGCTGGATG

CTGGTGACCTTCATTATGGTCTTTGGATAAATTTCCAGTGAGTCATAGCGTTTGACAAGGAGGAAACCCTAAAGATGCC

TTCTTGTTTGTGGAATGTTCTGGGTTCCATGATTGTTTGGCTTTTAATAGAACTG 

>Giant.1019:89406-90417 

CCAGTCCCTATACATACACCAGCCTGAGTTTAGTCACACCGGGAGCCCGTTTTCAGGGGTGTTACTCCACCTGAGGCTG

TCCCCCCCTTGGAGTCTGGCCCCCTGTTCTTGCTGTGATCTTGCCCCGCAGTCAGGGCCCTGTGAAACCCCCACCTGGA

GCCCACCCGCTCGGCTGGGGGTTCTATGGGATAGCTCAAGAAAAGGAAAAAAAAAAACATTCTAGCGTTTTAAACTGGG

AAAGGTTCCATTCGATCCAACAGATTCAGAACCTGAGGATGATGCAAACGCAAGACCACCGCCGGAAGGCCCAAGAGAA

GGGAAGGTAGGAGGGACGCCCCTGGGCCGCCGGATACGGGAGGGGGAGAGACATCACGGGGCCCCACAGCAGCCTGGGC

AGGGCCAGGCAGACAGGCCTGGAGCAGGTTCAAAGGCTCGAAGCTAAAGGTCCCAGCGTGACCTTACCTTGCACTTTAT

CCCCTAGATATGGAGCCCAGCTATCGGAGCAGTGAGGGGGGTCCTGGGGTCGGCGGCTGGGAGCTACCTGCCTCCTGTC

CAGGGGCTGGGCTCTGTGGGCAGCGGGTCCACAACCATGCAGGAGGCTGTGGGGACGGGCCCTGAGCTCTGTCTCTTGG

AACAGCCTTGCCCCCCGCGTCTTCCCCGTGTCCTCTCCTGCCCGTGATATAACCCCAACCTCTGCCTCAGTTTCCCCAG

CAGGGCCCCGTAGGACAGCGTTGTGACCAGTGATAGACTTCGAAAGGCCTAGCCTAGTCTGATCTTGCGCGTTGGTTCA

GTTCCAAAGACTGATCAGGTAGCGTCAAAACTACCTTTGAAGATCCCTTGAATTGCCCCTTAAAAATCACTTCCCGGAG

CTGTGCGTACATCCCCGCGGAGCTCCACTGAGTGGCTCGCGCCCACTCAAGCAGAGCAGCTCTGGGCAAACACGGAGGG

CGTCCCCGCTCCTCGCCGGCCTGCTCCCCGATGTCTTTAGAGGGAGCCTCTGGGGCTGCTGAG 

>Giant.1019:176210-177210 

TGAGAAAACAAGGCCGGGAAAGGTGACAGTGAGAAGCAGCCTTTAGAACAGGAGTGCAAGCCTTCCCGAATGCCAGCGG

GTTTCTGTGGACCGACGAAGGCACGCATGTCCCGCAGGGAAAACGAGGACGTGGCAACTGTGACTAAAACGCAACCCTG

TTCTGAAAGACCACAATGGCGTGGAGACCAAGGACACACGTCATGCTAATCAGTGCAGATGAGCGGACCCGGACCCATA

CAGAGAAGCACTGCACTGAGTAAGGCGCCGCACACCCTTCGCACGGGAAGGCACACGGGAAGGCACATATAGGTTAAAA
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GCAAACTAAATGAAAAAGATACACCAGGGGAACATTAAGGAAAAGAAAGCAGAGGGGCCACGCCAGTATCACACAGGGT

AGATTCCAGAGCAAAGAATGTGATGGGGAACAAAGAAGGCGGCTTCGGAGTGATAAGGGGGCCCATCCATCAGAGGACA

TAACGGTCCTAAATACTGACACACCAACAGCAGAGCCTCACACTGCCCTGTGCAAGGGTGACCCGCCCTGGAAGAACAC

ACGCAGAGCCTCACCGTTGGAGCCGGAGGTCTCAGAGCCCGTGGGCCTCAGCACAATGGGCAGCCAGGACACCAGGGAG

GACACAGCAGGCCCTTCCTGCTGACTACAGCCACCTTGTCGAGGTTGACGGGACAGTCCTCCCAACAGCAGGATACACA

CTATTTCCCCCGTGCCTGGTGCAAGGTCCACCAACACAAACCCTATGCTGGGTCATCAAATAAGTCTTCATGCATTTAA

AAAGAATCAAATCATATTGAGTATTTTCTCTGACCACCAATGAATTAAAGTTGATATCAGTATCAAAAAAGTTCCTTGA

AAATCCTCAAATGCTTGGGAAGGAATCCACTCTTAGATAGGCATCAAAGAAAAAAACAAAAAGAAAATCAGAAGATATT

TTGAGTGGCATGAAACTAATGTAATGAATCAAGATCTGTGGGGTACGACTGC 

>Giant.1017:123411-124434 

CGGAGGGCAGGGTGATGGAGAATCGACCTTTCTGCCTTTATGTCCTTCCCGCACTCGGGCTGGGAGGGACCCCAGAAAG

GGCGACTGTGGGAAACTGTCAGCAGACCAGGGGTGCAGTGAGTGCAGGAACAGGCAGGACAGAGCATCGAGGGGCTCCA

AGGAGCTGGCCGCGAGTCTCAGGAAGGAAAGTGTCCCTTCCTCGAGGTAGCAAAGACCACAGAGCGTCACGCGGAATAG

GGTCTCACACCAGGCCACGCAGTCAGGGGGCGGGCGGGCCTGCTCACACGTGTGAATGTGTACAGCCACACACGGTCCT

CAGCTTCTGACCCCGAGTCTGGGCACCTTGTTCTCTGCAGAGGCCAAGCTTTGCTGCATCTGGTGGCACAGAGCTGACC

CCATCAGGCGGGTCTCCGGGCAGCAGGAGGCAGCCTCGCCCTGTGATGGGAGCACAGGGTGGGGCTGTGGGAAGGCCTT

GCGGATTCCTCAGACGCCTGCCCTTAGACTTCTGCCTCTCACTGGCCAACACCTCCTCTCACCCAGGGTTCCCCTTTTA

ACACAGAATCCCTCTAAGCCGGGCCCTGAATTAAAGCCCAGACCATAAGTGCAAGCTCATGTATCAGAAATGTTGCTGC

AAGGAAGCCAAGGGCCACAGGAGAAAACCGAGCAGCTGAGGCAGATCAGGAACCAAAGGGAAGAAGCAGCAGAGATGCG

GACCCCAGGCTCGTCCTTCCTGGCCTCACAATTGTGCCCAGGAACAGCTCTGGTTCACAGGGCAGGATGTGGGCACAGA

TCCGCCTTCTCTGGGGCCCGTGGGGGAACTAGCATTTCTAGCATTTCTAGCCCGGGCTTCTCGGTCCCGCCATAACCGG

TCCTGAGACCACTCTCCCTGCAGCAAGAAAGATTCTGAAAACACACCCACCGTTCCACCAGGAGTCACCGGCTTCCCAC

CATCCTAGAGAAAAGCCAGGCCTCAGCCTGGCACAGACAGCCCTCCCTTCCTTCCCTGAACCCGCCTTGCCAGTC 

>Giant.10142:18716-19724 

AATGCGTATTCGGGGCCCCAGCTCTGGAGACTGCTCTGGGCCGACAGCCCCCGGCCCCAGGAGTATCGCCTAAACTAAG

AGGACACGCACACCAAACCACCACCCTCAGTAAGCCCCACACCCCAGACAAACGAAACTCTCCCTCCCTCCCTTCCTGA

GTCTCCCAAACACTCGGTCCGCACCTTCCCCAGGCCCTATTCTCGCCCCCGCCAGCCTGCAGCTGGTTCCGGCCCGGGG

CCGGTCCTGCAGGACGCCTCTCGGTGCCCAGCCCGGCCCGCCGGCATTCGTATCTGCACAACTCAGTACCACGAGGGAG

GCCAGAGACTCTCCTGAAAGGCCGCAGAGGAGGAAGAGGGTGTGCCTGTGCCATAGGGGAGGGCACAGAGGGCGAGGGC

TGGAGGCCGTCGCCCAGGCGAGGCACTAGGCCTGCTGCTGTTCCTGTGCAGCCAAGGGCGGGGCAGGTGCACGAGGAGG

AAGTTCCAAAGTCAGAACCCCTTTGAGGGACAGGCTGCCGGGCTCTGAAAAGGAGGGGAACACGGGAAGGGGAGCGGTC

CGCCCACCAAGGAGAAGGAATGGAGCAGGAGGTGACGCGGAGGACGCAGCAGGGTCTGACCCCTCGGAGAGTGGGACAC

ACGAAGCCTGCACCTGCTCCCTGCACGTCTGTGCCCAGGCCGGGGCATCCCACCTCACTTTCCGCAGCTCTTCATAACA

CAGGACCACCAAAATGTTCCTGCACGTTTCTAAATGTTTAAAACTCCTCCTATTTAAGACCGAGGGGGAATTATATGGC

ACTTAAAACCTATACTCCCATCTGGAACTCGTCCAGCTTGAGATGCCCACCTCCACCACCACCCTGGAGGCCCCTCTGA

GCACACAGGGCCCCCACCTGGCATCCTCGGGCTACAAGACACCAGCCTCAGGCTATTTCCATTCCAGGGTCAAAACAAC

TATGTCCCACTTAACCTGGCGGGGGTTTTCGCCGGGGTCCCTCAGTGTTAATAACGGACA 

>Giant.1009:36580-37588 

ATTTTCTATCGCTCTAAATCATCAAACAAATAAAGTGTGAAACAGCATTTTTGAATATAATTTTCCCCTCTAATGGCTT

AGAATTATTATCAAGAACAATGAAAATAAATAAGCAAATGCCTTCTGAGTTAAAAATTAAATGAGTGTGTCACGAAGAG

GAACACAGACCATCTTGGAGAGCAGGGACCTGCTCTGGAGCCATTAGTTATGAAGAGGATGAGCAGCAGGGCTCTGGGC

CATGCAGGCCCCCTCCAGCCAGAGGCATGAGTGCCTGCGGCCGCCTGGCCGGTGTGCAGAGGGAGCAGGATGTCTTGGA

TGAGGGCACTGGGGTACCCTGTGAGCCCAGCTGACCCGTGGCAGCCGCCCAGAACCCTGCATGTCGTTGCCCCACACAA

CCCCCATGGTGACAGCCACACGGAACGGCAGAAAGGCTGCTGGGGGGCCAGCCTCTGCCTCACCTCTCCTGGGCCACAG

ACTGGCGATGCCAGAGGGACTGCTGACTCTCAAGAGCAGCATGGACACGCAAACTCATGGGACAAAGGACGAACAACGT

AAGACTCCGCCAGAAGAAACCCCACCCACCGCACGGAGCCCAGGGGCTGCTCCAGCCGGCCACCCCTCATCTCCTCGAA

CATGCTGGCTGCCCCAGGCTGCAGGGGCCCGTTCCAGGTGGACTCCGGGTCCCTTGCCAGGAGGGCAGCATTTCTACGG

TATGTTCTCCTGCCTGCTGCCACAGTAACAAGACTTGCTGGGGGCCAAGGCTCTCAAACCCCAACCGCCCTTCTCGTGA

GGCCCTGCAGCCCCCGCTGGGGCCCCCACGTGGAACCATCTTGCTGGGAGTCAGGATGCTCAACACTGTCTTTTTTTCT

CCCCAAGACTCACACGACTCTCTGCCGATGACAGTCGCCCAGCCTGACAGCTTCCGCTGTACGAGGCTCCCGGCGACCA

GGTGCAGTGATGAGCAGAGGCTCATCTCCCCGGCCTTCCTCTCTGTTGAGGAACGTGTGC 

>Giant.10080:84942-85927 

TGCCCAAGGGCCTCTTTGCTGCGGGGTTTGCTCTGGAAGAACTCAGGACAAATGTTTTTCTTTCAGCTCCTGCCAGATT

TAACCTGACCTCGGGATAAATTCTCACTACGGCTTCATGGTTACCAGTAGCTCTTCTGAGGACGTGCTTGGCGCCAGAC

TCCGGGCTGAGCACTGTCCCTGTGCTCCCACTCGATTCTCAGACAAGCCTGTGATGTAATTGTTGCTTTCGTCCCTTTC

CACGTGAAACTGGAAATTCATGCGAAATTCGTGCTGACATTCTGAGGTTCCGTCGCCTGTCCACGTCCCATAGGAGCGG

GGTGGGGATCGGCGTCAAACATGCAGTGTCCCGAGCAGTGTCTGTAACCACCTCTGATCCCGCCTGACCCCGCGTCCTG

ACCCCGCTGTCATTTCTCCTTCCCGGGTCCTCAGACGCAGCAGTGCGTACAGCCTGTCTTACCCTCGGGCCCTCTGTCC

TGCCCCACAGAGACACCACCGTCTCCTCAGCAACCTCCTTATTTACTTTACTTTTATTTCCCGTTTCCCCAGCGGGACT

CAACAGGGCAGGGACCATGACGGAATTTCTCTGTAACCAGCCTCCCCCGCAAAATGTGTGGATTGATCGCTTTTTTTGA

ATTTAATTTCCAATATAGTTAATATACAGCGTTCTACTCACTTCAGGTGTACAATATAGTGATCTAACGATTCCCTACA

TCACACTACTAGACACATTACTCAGTGTTCGTCACAGTGAGTGGCTCTTAGTCCCGTTTTCACCCGTCCGTCCACCCTC

CCCTCGGGTGACCACCGGTTTGTTCTCCATAGTTAAGAGTCTGGTTTTTTTGTTCATCTCTTTTTTTCTTTGTTCATTT

GTTTTGCTTCTTAAATTCCACGTATGAGTGAAATCGTGTGGTATGTGTCTTCCTGTCCAACTAATTTCCATTAGGATAA

TTCTCTCTAGATCCACTCACATTGTTGCAAAGGACAA 

>Giant.0:671337-672345 

GCTTGGCGCCCGGCAGGCCCGGCTGGCCCAGGGACAGGCGGCAGCCCTCGGGGCACGTGGTGGTGGTCTGGCCCACCAG

CTTGCCGCCGTAGTAGAAGCTGATGACCATCTGCGAGAAGGCTGTGGGCGAGGAGGCCCGGTCAGGGGCTGCGAGAAGG
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GGCGGGGGCCGTCCTTTCCCCCCAGCACGGCCGAGGGCGGGGGCTGTTTAACTTCTCGGGGGCCTCTGGGCCTTCGGGG

AAGTTCCTGCGCGCTTCTAGAAACCAGGCTTACTAAGGAAACTAATGACTCAATAAAACCACTCAGCGCGCTCCACTCT

TCCGGCGAGGGTCACTGTGACCCAGACGACGCAGGAGTTCGGAAAATCGCTCCGTCTCCGCGTCCCGCTGGGGCGCTCT

CCTGCGAGGTCCTGCACCACAATCCCACGACACTCCGCCCACGCCGTCGTACGTGCCCCATAACCGTGGCCTGCTGCCC

CACTCCTGACCGAAGCCAGTGCTCGATTTGAGTTCAGGCCAGGGCAAACGACGGCGCCACCCTTTCCTTGACAGATGCC

GTCCCCTTGGGGTTCCGTGGATGTCACATCGTGACTCCAAACCCTTCAGCTACAGCTATGCTCAGAGGGGTCTACGGCC

CAAGTCAGTCCATGTTTCCAGCGGCGGCCGTGGCACCCCAGCATCAAGTACAGAGGATTCTGCTTGCAATTTTCTCTCA

GGCCCTGGTCCCCTCAAGAAGCCCCAGGTGGGCACTGATGGGTCCTTACCGCCAGCTCCGGACAAACCAGGTCTCTGGG

CCTCAGGCAGGGGCAGCCACGGGACCAGAATTTCTAACTGTGTCTAGTCCTTGGACACCTCCCTCCCCGGGTTCTGCTT

AAGAATCACTGGCTCAGAGACACCCAGCGGCTCAGCTGGTTGAGCGTCTGCCTCCGGCTCAGCTCACAATCCTACAGCC

CTGGGATCGACTCCCGTGGCGCCCAGCTCCCTGCTCAGCGGGGCGTCTGCTTCTCCCTCT 

>Giant.0:503902-504942 

ACCTCTGCAGATTAACAAAAAAATGACAAGCCAGTAGAAGGGAAAATGGGGAAATGCATGACTAAAACACTGGAAAAAA

TCAGAGAAGCAGTTAATGAAAGATGAACCAATGCAGCAAGTCACATTAAGTATGCTTACTGTAAGATAGAATCATAACC

ACCCCCTCTTTGCAGCATTTCCTTCTGTTTTTTACATAGTTCAGTATTGCTTTTGTGTTGAATCTCATGCAAGTGTAGG

GGCAACCTCATAATCTTTTCAGGGCTTATCTCAGTCTCCCTGGGCTGGATTAAATATTGACACTGATCAGCTGATGTCT

GAGGACCTGGGGGGGTACTTCTTCTGATGACACAGACTCTCAGAGGTTTTAAGGGAGGAGAACCCAAGAAGTGGCCAGG

GACGGATTAGGCCAAAGCCCTAAACAGGGCTGACCAGGATAGAACTAAAAAGAAAATCAAAACTAAACTGTAAAATCAA

TATTACCTCACAGCTCATCTTTTTCTCTTTGATGTATGAAATCTCAAGTCCCTTTTTTAAAATTTTTTTTAATTAAAAT

TTTTTTTTTTTTTTTTTGAGGAGGGAATCCAGGGAGGGGCCTGTTTTTCCAGGTGAGCTAAGCACAGGTGATGACAGGG

AAGCCTGTTTCAGAGACGCGAAGGGATCGGGCACTGCCGACCCCTGCCGTGCCGACCCTCCACAAGCGTGCCCGCCATG

AAAGAGGCTTGGAGTGAAGGTGGTGTTAGGTGCGGGGCGGTGGGTCTGTAGGAACTCTCCCTGGAGAAGCAGGTGTGGC

TCCAGGGGCCTGGCAGGCCAGAGAACAGAGGGCAAGGAGCCCACTGTGGCTCAGAGAAGGGCATGAAAGGCAGTCTGAA

CGTTATGGCCCAGGCACACCCCCAAACCCCTCCTGACCCTGCCTCTCCTGCCTGAACGTCGCTCCTGGGAAGGAGTCTC

ACTCTCCTGCAATGAGGTCTGACTTACAAAGTGCCTCCCCCAGCGGGGGTGGGAATGCAGGGATGGAAGATCGTACCAA

AGTGTAGGGGATT 

>Giant.0:44393-45376 

GGATGTCTGCTGGAGGCCACAGGCTCCTCTGGGGACATGAGCATGGGGCAGGGCTGAGGTTGAGCTGTATACTTTCGGA

ACGGGCACAGCATTGAGTGGTCAGAAAGGTAAGTTTGATGATGTGTGTATGTTACCACGATAGCAAAAGGCAATGGGAA

GGAAAAGGGATTATCCAATGAGAAATGTTTAAAATGAAAAATGAGAAGATCATAGGGGTCTTGTCCTTTCCTTTATTAA

CGTGGCGCCGTGTTGATGGATTCGCGGATGTTGAACCAAACTTGCAGCCCAGGAATGAATGCCCCTTGGTCCTGGTGAG

CGATCCTTTTAATGGACTGTTGGAGGCTGTTGGCTGGTATCTTGGAGAGAACGTTGGCCTCCGTGTTCTTCTGGGGTAT

TGGTCTGTAGTTCTCCTTTTTGGTGAGGTCTTTGTCTGGTGTGGGGATCGATGTACTGCTGGCTTCCCAGAATGAGTTT

GGCAGTTTTCCCTCCATTTCTATATTTTGAACCAGTTTCAGAAGAATAGGTATTAATTCTTCTTTAAATGTGCGGTAGA

ATTCCCCTGGGAAGCCGTCCGGCCCTGGACTCTTGTGTGTGGGGAGGTTTTTGATGACTGCTTCGACTTCTTTGCTGGT

GATGGGTCTGTTCAGGATTTCTATTTCTTCCTTGTTCGGTTTTGATAGCTATTATGTTCCTAGCAGTGTGTCTGTTCCT

TCCAGATTACTTAATTTGTTGGCCTATGAATGACTAAATTCTACCTCTGAAACTAATAACATGCTATATGTTAATTAAC

TGATTTTTTTAAAACGTTCAAAAAAATTGAAATGAAATGAAAAATGACCATGACTACCCGAGCGAAATAGGAGAAAGCC

TCGTGATCGTGGAACAAGATCGTGGTCTTTCACCTTCCTTGTGGGGAACGAGTATATATTCCCTCGTGTTATGGTCACA

CACACGCACGCACACACGTGCTGTCACACACAGCC 

>Giant.0:329573-330596 

GCCCTGCGGCCACCCCGCGCTCAGTGGTTTGGGGAGCGGCCGGCCGGTCCCCCAGCAGCTGCCTGGTTCACACTCCCGC

CGGTGGCAAGCGAGGGCGCCGGCCTCACCACAGGTCACCGACACCTGTTACTGTCCGACCTTGAAGAGGGAATTCTCTT

TCCTGCCCTGGGGTGCGGTGAGACGGTGTCTAACCGAGGCTGGAGCTCCGAGCCGCCAGGCCCGGCTTGCGCGTGGTCC

CGCGAGGGGGCCGAGCTCCGCGGCGCCTCCGGGCAGTGTTCTCCGCGCTCGCAGCGTCGGCGGGAGCCGGGCCGCCGAG

GCCCCGTCCGGCCCGCGCCACGGACGGGCCCCGAGGTGCGCGCCGCTCCTGTGAGCGCCTCAAGGCCACACAGCAGGGC

CGGAAAGCAGGTGTTCGGACCCGCGGTCCAGGCCCGACCCCTGCAGCCCCGCGGAGCCTGCCGGAGGCACTTCGTGCAG

CGTGCGGGCCGGCTCTGCCCGCTGCTCCGCGGTCGCCCAGAGCGAGAAGGAACGACCCGAGGCGGTCAGTTAACACGCC

GCTTCGTCGGAAGCTGTAGGTCAGTTCTGAACGGTTCGGTTGAGAACGCCGAGTTGAGCTTTTCTGTAGTGATTTCCAG

CGGGGAGGGAAGGGGTCATGCCACCGAGGCCCGTTAGCAGGGCCCATTGTTTAGTGTCTCGGGCCGCTCGCCGCAGGAA

ACGCACAGCAAGGTGAAGGCCGCGCTTGCCAAGTCTTTGAAAGCAGTTCCTCCCGCCGGCGAGTTCCTCGCAGAAGCCA

CAGCCCACCCGACTTCCCGCAGCGCTGTCTGCGGCACAAAGAAAGCAAATATTTCTGGGACCAAACACGGCACTGAGGT

CGCCACCCACCTCGGAGGTAGATGTGCGGGCGATGCTCCGGCTTTGAAGGCAAACTGAGTAAAAGCGGACACCGCGTGG

GCGCCCTGGTCCCTGGGCGGGAGGCGTGGTCCCTGGGCGGGAGGCGTGGTCCCTGAGCGGGAGGCGTGGTCCCTG 

>Giant.|GL897115.1:553359:554359_4_993bp_GC:_48.4% 

TTTCTGATGTGGGGGAGATGTGAGCCTATGGATGGACTAACATGAAACAGAAACCAGTGGGGAGGAGAGGCTGATGGTA

CAGGGGAGAGACAGGATGATGGGATGATCTCAGAGAAGACAGAAGGAGGTGTGCCCAGATTACTGCATGACAGGGTGTG

GCAATGGATAGTGGGGTGGGGGGGACCACAGCTGTTTGTTACTTCTATTCCAATGGCTAATAATTGCAAGATATTAGGT

TCAGAATATCCCTGGCATGGCATATCTTTTATTTCCCCGCTTCTGAGATGGCCCCTTGCAGGGGCTGGTGATCAGGGTT

GGGACCAGAGAGGGTTTATAGCTGGGTCTTAGGGAATGCCTAGGCTTATCCACACACCAGAGCAGACAGGACAACCTCC

TCTGTGTCCATGGAGAAGTGTGGCATTGCACTCACTCAAGGAGGTTTTACCTAGCCTGGCCGGGCCCCTCCCCTTTGGG

CTTTAGTTTGTTCCAATTCTTCCCGGATCCTGTCATCGGGAGAATGATAGGGCAGCTCTGCACATTGGGAAATTCGTCT

GTGTCTTCCAAATCCATTTTTCCTTTCCATATTGCTTCCTCCTGCTTGCTTCGTTCCCCGCAGCTTATGCATAGATGTC

TTTGCACGGTGCTGAACTTAACCCGCAGTGAGCTTCGTGCTGCATCTACTCCTATCATCTGCTTGTAGCCGGTGATAAG

GGGAAACGTTTGCTTTGTAAATGATATCTGTGTGCAGTTCCGAAGGTAGAGGACACAAGCGTCAGGATCTCGGGAGGTG

TCGTGTGCTGGGAAGGGAGTGCTTTTCCTTTCTCTGGGTATCAAGAGTAAAAGGCCTGGTGTGTATGTTCAAAACAGCC

TGAGATGTGGCATATGAGTGTTGGCTCATAGGACAACTTTTTXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXG 
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>Giant.|GL897054.1:4191149:4192149_1_1005bp_GC:_33.4% 

CATTGATGAACACACGATACAAGTGGCAGTTAAAAGGGCAGCTTAAGACTTGCAGAAAAGTAATGCTGCCATCTAACCA

ATGTAAGGGTTAATAACAGCAAATAACTATAAATGGATGAAAACAGAATAAATGAATGAAAACAGCAGCCAAGATAACG

CAAAGCTCAAAACAAACCTTAACCTAAGGGCAATGATGCCATCATTCAAAAGAGACATGGTGCTTGGCTAACATAGGGA

AAGGGAGTAGAGTGTCCACTGGAGAAGCAGAAAAGAAACCTACAGATTTTGAGTAAGATTCGGTGGGAGAAATATACAC

AGAAGAAAACCGTATTTGTTATCTTTAACGGCACTATGTTAACTGAGCTTCCTTGAGGACTCCTGATTCCTCAAGGCAC

GAAGGAACAAAAAAAAGTGTGGGTTCTCTACTTTCTGCTCTACTGTTTTTATATATATATAAAAAAAAAAAATTCAGTG

ACTTATTTCTCGGATTTAATAAAATCTAGTTAACCCTTTAGAAATGTGGATTTTGCAGCTAAATAATGAAAGGCAATAT

ACTGGGAAATTAACTTCAGGAAAACAGGCAACGCTGATTAGCGTCATTTCTTCCTCAAAATAATAGACCCATCTGAGTA

TTTCACTGTTTTTGTAAGCCAGATATAAACTACCGAACAAAATGAATATTGTCATTCCAGCAACACCTACATTTGAATA

AAGCTATTCAGAACTATTTTAAGAAGATGCTTTTCAGTAATATAAATGCATAAATGCAGATTTTGTATAATCACATGAT

TAAATTACATGAAGCCCAACTCTGAATTTATTTTATATGTATTACTGGCTTTGCTGTATAACAAATAACACAGCAGTAA

AAACTAATATCTAGTTGAAAATTATTCTTAATTTAGCATTCAAAAATGCCCCTTTCAATGAAAGTAAGCCCATTCAAAG

CAATCTGTAATATATGTGCTTCCTAGATTCTGAAAGAAATTTTATACCCAATGATTA 

>Giant.|GL897041.1:4324683:4325683_1_1013bp_GC:_56.1% 

TGACATTTCTTGAAAGCATTTTGGCCAATGTGGGGAGCAGGTCCCAGAGACAATGGCAGCCCAACACAAAGGAGGGGAG

CCCACAGGGGCGGGAACTCACATCGCACAAGCGTGAGCTCACCTTCACGGGCCACGTGGACAAGGGAGCAGTGCGTTCT

GCCCCCGATATACCAGGGCATTCTAAGAGGCTACATTGCTGGGTGTCTCTAGGCCCGGGCTAGGCACAGAAACACAGTG

TGCGACCTTGAGCTATTTCTGCATGAGGTTCAAAAACAAGCAGAGGGCAGACCCAGGCAGGGCACGAGAACAAGGTGGC

CCCCGAGAGGGTCTGGAGCAGATCTTTGTCTTCCAGGCGGGATCACCTCTCCCACAGCCTCCCTCAGGCCCTGGGGGCT

CACGCAGCTCCCTCCATCCCTCCCAGAGTTGTCAGCCTACCATGTCCCGCATCGACCAACCTCCAGTAAAGCTCCAGGT

ATATTGTGCGTCCCTGGATATAATCTCGTCACTGTTGTTTGTGGCGTTGGCTTGTTTGTTGCTTGGGGCCATATCTGAT

AAGATATGGTGTGAGGACGGTACAAAGCAGTGCCCACCAAACAGAAGATGTAACAAGCGGTTGGTGGCAGCGATGCCAG

TAACAAAGGTGGTATGGGAGTGTGGCGAGGGTGGAGGAGGTGCTGGGCCTGGTGACAATAAGGGACAATCATGCTCACT

GCAGACAGACAAGTCTGCTCTGGGTTTTGCGGGTCTGAGCCTGGGAGGCCCAGGGCAGGGAAGACTCCAGCACATTTAT

AAACCCCAGCTGTGTGATCAGAGTCATTCTCCAACCCACAGCCTGGCTCAGTCCATCCCCGGTCAAATGCTTCTCATGA

TCAGAAAAGGAAAAGTCTAGCAGGAATGCGTTCTCTCTCTGGGCCGCTGGAATGACAGAGGGAGGAAGAAGAACTTGGA

AGCAGCCCCTGCCAGTGCTCCCTGCCTTGGCCAGGTAGGGGCTGGAGGGCATGAAGGAGACTGAG 

>Giant.|GL897041.1:4200427:4201427_3_1005bp_GC:_55.9% 

TGGTCAAGTCACTTTACCTCTGGGGGTGGAGGGAGCAAATGCAGGCATGCACGTGGGGGCCAGCCAAGCCCAGGGAAGC

ACCACAAATGCATCACTGCACCCTGTTCCTTGTCCTAATGTCCCTGCTTTGGCGACAGCCGCTGATGGTCAGAAAGAGC

TGTCCTGAAGAAACCCCTGTGCCACCCCAGGACAGGATGATCCCTCTTAGGTCCCCCTGATCTCCGGCCATGTGTGGAG

CTGGGAATGCTCAGGATTTAAAACTCCTTCCTCTCTACCCCAAGGAAGAGCCACAGAGCAAACCTTTCAGGGATTCCTG

GTGACATGGCCCAGGTGAGCGACCTGACGCCTATTCTCCACATACACGCTTGGGAGATTGAACCCTGAAGCCTTGTTTT

CTGGTCCCTTCTCACAGATCCGGAGCCTAGGGCCAAGCCACGGGGGACACAAGGGGCTCCACAGCACTGCCTTGGCTGG

AAGGGAAGCCCAGCTTCCTCCCAGCTTCTTCTGCCATCTGTAACGACGTTCTTTGACAAACGAAAGGTTCCTCACACGG

TCTTCTCATTTTTTAGGCCCTAGAATCCCCACTGCTTCTCAACCTGAGCGGTAGATGGGACTCTCTGGGGCTCCCCCAC

AGGACCCCCTCACCTCCTGCTGGCGCAAAGGGGACAACGCTGTCAGAAACCATACTGAAGGAGCATCTGGGCGAACGCA

CCACGTTCCAGAAAAACAGGCCAGGGACTCAGGCCTCTGCGGCAAGGAATGAGGCCAGAAGAGCCAGGTCCCCGCCAAA

GTCTCAACTCATAGTCCCCTGAGCCTGGAAAACAAAACTCCAGCTCCAAGGGAAGAACTCTGTGAGCAAGCCAGGGTTC

TGGTGGCCCTCGTGGGCACATTTCAGTGAAGCCCCTCGCCTGTGATTTTTCGATCAGAAGTATTTCAGGCTCAGGAGGA

CTAGAGACTCCTAATGCTATCCCTGGCCTTTCCAGGTAAGGAAACTGAGTCCTGGAG 

>Giant.|GL897041.1:4189427:4190427_1_1008bp_GC:_58.8% 

ATGCTAGCTCAGCTGCCCTAGCCATGGACTGCGTCAGCAGATGCCATTAGTGTCTGTGGGGCCAGGCACCGGGAGGTTC

CCACGGCCTCCCTCCCAACCTGCCAGCAGGCTCCAGAGGCAAAGCCAGCACTCGGCCCAGGGCTGTCCGGCCCCCGCCC

CACACCCTGCAGCGGGCAGCCACGGCAGGGCCACGTGGCCACGGACAGCACCTTCACTGGGCCGCCTCGGATCGTTAAT

GGCTCATCCTTTACCCTGATTAGCATCCTGTCTCTTTCACCATGGAAACAAGCGGCCTTCTGTCAAGTTCTAGGCTCCG

CGGGCTCAGGATCGGTCCCTTCAGAGTCCACGCACTTCGCTGAAGACCAAATCCACACTCAGAATGATGCTAGCGGTCT

GCCTCAGGATGTGTCTGTGATTTATGTTCTTTCAGATCCCACAGAAATGCCAAACCCCCAACACCTGCTCTGCCTGAGA

CAACACGTGTTCACGGAAAGGAAGGTACCAGATTAGGGAGAGGGACCAATATGGTCAACCCAAAGCTGGAAGGTCATAG

GCAGAGAGAGAGCTCAGCGGTGCGCCCGAGGGGTGGCCTCATACCTTGCCAGCTACTTCCTGCGTGTGTCCCTGAAGCT

GACCCACGAGACTGTGAGTCCCCCCTCCCAGCCCCCCTTCTCACAGTGCTTCCAAATGGGGGATGGAGGGTGTTCCCGA

GAGGCTGCGTGCGGGGAGAGGGCCTCCTTCCCAAACTAGGGTTTCTTCCTGGTCTGACAGTCTAAGATCCCCGGGTCTG

GAGGTCCCAGGTGGGGGAGTCTCTCACCACAAGTGGTGACCCCTCCCAAGAAAGGCAAAGGAGTCCGGGAAGGGAATAC

AGCATTCCCTGGAAGATTCTGGAAATATGAGGTCTACACGTTGGTGTGCCCCACCTCACCCTGCACTGGGTCCTGAGTC

ATTTAATTGTGGGGATGCTTGCCCGCACGTGTCCCCAAGCCAGTGCTCTGTACCCCAAAA 

>Giant.|GL897041.1:4167427:4168427_1_1009bp_GC:_46.0% 

AACAAATTGTTTAAACATAGAAATGTTTTGGTATACTTTCAGTGAGTTTTGTTATTTCAGATTGTATTTAATGTGCTTT

GGTTTTCTTAACCACAGTGAGTCCGTTTCCCCCCAGATTGTGGGAAATAGTTGATTAGGAAAGACCATGCAGGCTTCGG

TACATCATTACCCCAAATAGGGTTTTCTAAATTTTGTACTTTTGGACACTTCATTTGTTTTTAGTCACTTACGAAGTTT

AAATGGACATCTTGCTAAATATGGGCCATTTTGCAGTGGTTGAGTTTATGAAATAGATACACCTTGGTACAGTTTTGTG

AGATGGGCAGAATGGTCTGTCCTGTTGACGTGTATTTGGTAGATTAAAATATTTCGGCACCTTCATACCTCAGTAAGCA

GTAATAAATTTAAAGTGTTGTTTGATAGAATCCTACCCGTCAAATCCCAAAGGGAAATCCATGTGAAACCACGGGGAGA

TGCTGCTGTCGGTTTTTCTTTCGCTGCTGTTGCTCGACAGTAAACCTGCCTGCTGCTGGCGTCCTGTCACGGCACGGGT

TTTCTCTCTGCGGTGAGCTCCCCTTGGTGACAGCCCTCGCTGTCTCTCGCAGATTACCAGTGTTATCAACCCAGCCCTG

GACAAGTACTTCCCGGCCGACTCGGGCGTGAGCATCATAGCCGAGCCTGGCAGATACTACGTTGCGTCCGCCTTCACGC

TCGCAGTTAACATCATTGCCAAAAAACTCGTATTAAAGGAACAGACGGGCTCTGATGGTACGTATAAAGGCAGAGTCCT

CGCACACATAGCTGTACGGCGGTACGGAAAGTGGTAATTGAGACTCTGGTGTCCTTCCAGATGAAGAGGAGTCCAGTGA
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ACAAACCTTTATGTATTACGTGAACGATGGCGTGTACGGATCGTTCAACTGCATCCTCTATGATCACGCCCACGTGAAG

CCCGTCCTGCAGAAGGTACCCTCTGAGCACGGTCCACACGGCAGTGAGGCTGTGGTCGTAA 

>Giant.|GL897041.1:4156427:4157427_3_1015bp_GC:_45.1% 

CCAATCAAATGGCGTTTTCTGGTATAGTGTACTAACAGACCCACTTAGAGGTTAACAGACCCCTGGGTACACTTGATAC

CTATTTTGTCAGTGGCGTGGAAGGGGGAGCCGAGGATTTCTATGAAGGGACAGCAAATAGCTAGAATAGCTGGGTAGAA

ACAGTAGGAGTGCAAGACAGGGAGGTGGCCTTTCTGGGTTTTAGACTATGACTCATTGTTTGACTCTGAGCAGGTAACT

TCCTTCTTTCAGTTTTCCACCATAAAAGGAGCTAGCAGGTTTGTTTACAAAGATTCCAAAAACAAATCTCAGAATGGGA

CAGGGGGAGAAAGGTTGTTTGCCTTGCCTGTTCTTTTCCAAAAAGGGAAGTAACAGGCATTCAATAGGTGTTGACTGAA

GATAACAGAGGACATCTGAGACTTGTTATATTAATAGAATTTCCATAGAATTTTAAACTCCTGTGACTGCCATTATACT

TTCTAACCCATCCTTTTCCTTCATGAGAGTGTTTTGTTGTAGTTGTTTGTTTTTAAATCAGAGGTATTCCAGTGCCATC

TGAATATACCCGGATCTCATTTATGGTTGTCAGGAGAGAGTCTTCCTTCCGTTTATTTTCATAGAGAAATGGACCCTAA

AGCCTAGAGTCCATGTTGTGCCCTTTTGGGATCAGGAGTGACATCCACCACTTCACAAGGAGCAGAACACCAAGGGGGC

CAGGCATCCTGTCCAGTCCCCGGGCCACTGCCCACATGGACAACTTGGTCCATATCAGCCCTCTTCTCTCCCCTTCCCA

GCTGACTCTTTTCCTAGACTGGGGTTAACTTTCCTCCTTCTCTCCTCCAGGACATGCAGATTTACCACTCAGATGGGCA

TCCTTAAAAGGAGACAGGGAAAAGGACGGGAGAGAAGTGAAGGACTCCTTTCCCTGGTGAAGGATCTTTTAGAAGAGGA

TGATTCCGAAGCCTCATGGATTTGATCCTGTTTTGCAGGGAAAAGTGTCAGCCCTCTTGAGACTTCC 

>Giant.|GL897041.1:4123427:4124427_1_1026bp_GC:_57.4% 

GGACCTGGGGTTGTCTCCCAATGGGCCTCTGTGACCAGCCACCAGCAGCCCGGGGACAGCTTCAGTCATCAGGGTCAGT

GATGCACATGGAGCGGGCTGGGGCCGCGGGTCAGCGTGGGGGCAAGGGCCGCCCCCGGCCGGCTGGTACTCTGGGAGCC

ATTCTAGCATCTCTGAGCTGTTCCGCCAGCCGGAAACCTGGGATGTGACGGCACCTGCTTCTCCTGGCGTCTTAAGTTC

AATGCGATGATGCCCCGTAGAGCCCATGCCCCACGTGCTCAACACAGAATTGGAGCACATCCATGAACAGCGCGTCCGG

TGCAGCCGGAACAACACTCGACGGTTCTTTTCCTCTCCTCTCCATCAAATGGTCTGATGCAAATGCTCTTTTCAATGCA

AAAAAAATCCTGAATTATAGAAAATCCCTCAGGCTGCGGGGCTGTGGGTGGCAGAAGGATGGGACAAAGATGGTACCTG

TTCAGGCTAGGCCAGGGGCACATGGGGTCCTTACGCCCTTTTGTCGACATTGGCCAGGTCTGGTGTTTTGCGAAATAAA

ACGGTTAAATGAAAATCATTGTCTGTGGGTCAGGCCAACACTCGGGTTGGTTCGGGACACTCCCATTGACTGACAGGGA

CAGATTTAGCAAAGATTTTTACTGAGGCTGATTCTGTGGCAGGCTGGGGAGTCGAAGACGAGGAGCGGAGGGCCGGCTC

CCAGTGCTTGCAGCGGAATCGAGGAGGGAGCCATCAACAGCTCATCTTCTGGAGACGAGCCCAAAAGGAGGCCTTCCTA

AGGAGATGAGGTCTGTTCGAGGTCTGCAGCCGAGCTCAAGGCGGGGAAGGGCATTTCAGCAGGGAGGACAGCCTGAACG

AACACGCAGGGTTCCAGGCAGTTCTGGACAAGGGTGACTTGTGACACCATGTGTGGGAGATAACAAAGCTGGGCAGGTG

GCCAGCCGACGGTAGCAGTGGCTGCCTGTGTCACTGGGCCTCCATCTGGAGACAGGAAGAGCCCTGGGGGTTGCACCA 

>Giant.|GL897041.1:4090427:4091427_1012bp_GC:_35.5% 

AAAGATTTAGGAGACTGCTTGATACACAAAGGTTTTCTGTTAAAATGAGATAACTCCTTTAGAGTTATAGGACTTTCTC

TTAAGCAAGGCATCTGTTGTTCCAAACAATCTTCTTCATTGGAGAATGGAAACTTCTTTGAGTAAAGGATGTGACTTAC

TGTTTGACAAATATTATTTGGGTCTTTATGTTTTACACTAGTGACTTTACAAATGTCTGAGTTGTCCAGGTGATTTTGG

TCTGTCCACGGAATGTCAGGTTCCGTTTGAGGACTGAAACTGGTAGAAATTTCAAAGTTATTATTTTCTTCTACTTCTA

AATTCAGAGGATTTTTAACCTTCCCATATTGCCTCTTAAACTTCTCTAAAGATCCTAATTGTGAACTTAATCTTAGCTT

CTTACGGGCTATGGGTTTGGAGGAACCAATAAATTCGTCGATTTTCTTACTACCATTTGAAAGAGGTATACACCAAGGG

GAAGAAGAGGATGTGTCAGGTAATAAGCAACCTATGTGTGATTTTTTACTACTTTCCTGAGAAATAGAAACATTTTTAT

AAGTTGCTATACGTTTGTTCTCTAGCCCCAAATTTGTATTTGTTCTGCATAATTTTTTGTTAGACAGTTGAGCAAATTC

TTTACTTAAAGTGCTAGTTCTGTCTTCAATGTTTGGAATCTTAACTGAATGGCACGCTCTATTTACAAATGTTTCTTTG

GCACTCGCAGGACCAGGTTGAATATAGTTTTTAAGCAAATGTTCTCTTTCAGTTGATTTAGTTTGCTCATTTTGTACCA

CATGAGTTATAAAGCCAGTGGAACATAACTTAACTTGTCCATAACTAAAAATGTTTATTCTTCCACAATTACTAGGTTG

TTTTTTCCTTTTCTCTTCCTCCCTCTGAGCACCATGTACTCTCGATAATGTTGTCGCAAAAGGCAGAGGTTGGTATCCC

ATTTCGGTAGCATCTTTAAATCTCTCTAGTTGATTCTGGGTTCCATTATTTTCCAGGATACTGG 

>Giant.|GL897041.1:4068427:4069427_4_1009bp_GC:_38.1% 

TACCCATACCATTATCTTTTCACTCAAGTTCATAATCAGGCCTAGATAAATTCATAAAGTAGAGCAAATTGTTTTGTCC

AGCTTTTCTCTTGGCTACTCTGAACTTCTTTGTGCCCATGGACTTGACGGGTTAGATTCCAAAATACAAAGATGAGTTT

GTAATATCCTATCAGATAATCCTCAGAAGTCTTCAGAATGGGTTGCTGACTCAGCACATTTCCTTTACTGATAACAGAT

GACCAATAACAGTCAATAGTGAGGTGGGAATGGATTCAGTTAACAAGCTCACCAAGGATCTACACTTCCCAATGGTGAG

AGAGTAGAAGATAGAATTTTAAGTTTATTTTGTTTGGAGAGGGCATGATATTTACGTAACACCTGGAAGGTAGAGGAAT

CACCTAACAGGGAATGCATGATTCAAGGCAAAGGTAACAATATTGCAGAAGCATGGAGGGGTGCCAACACAGCACACTG

CAGTTATAAAACTTGGACAATTACAAAACTTGGGGTAAATGATGGATCGGAGGCAAGGGTTGCAGAAAAACAGGAAGGC

GAGAGTGTCCTGAGTGCCAGATGGTAAGTCCTTCCACGCCTTAGAGACTTCAATACTTGACTAAGTAATTGAAGAGAAA

GCAGAGTAACACTTTTATCTTGCCACTCGATTACCAGGATCCCTCTTTACCTTGAAATCCAACATTTTTCCACGTAGTG

AAAAGAAAATGGTTAGGAAXXXXXXXXXXXXXXXXXXXXCATGAACTCAAAGTTCTTGAGTGGTTGATCTTGATCTTGG

TGGTTTACATAGCTTTTGTAGCATTTAGACAGATGAATGATTTGTGGAAAAAAAACATGGAAACTTTTACCAAACAAGC

CTATCTGGGGCTCCATACTTTCACATCTGTTATCTTATAATCCCCACAAAAGATACTCTGAATTATTATAGGATTTTCT

AGATTAGAAAAGAGCCTTAAAGAGCTTGAGCATGAGGTTAAACCCATAGGAGGAAAATTTG 

>Giant.|GL897041.1:4068427:4069427_1_1009bp_GC:_54.7% 

TCCTAAATTAATTAGTGCCATACAAAGATCTAACAGTTATGTCCGAATGAGCTATTTTGGGAATTAGGGTGTGTCCCCT

ACTCAGAACAGGTACCTTTCCTCATGCCTGAGCACGTACTGGGTGGAGAAATTTATTGGAAGATACGCTTCTGCCCGGC

TCTCCTGATGGGGAGTGGGAACCCCATTGTAAGTTACGCTTCTGCCTGGCTTTCCTGATTGGGAGTGGGAACCCCTGAT

GGTGGTGGGTGTCTGCAGGGGGAACTTGAAAGTCATCGGGCCCCATGCCTTCCTGTTTGGGGGGGAGGGGGAGGCCACC

TGTATTTTTCTAGTAGACTTGGGTTTCTTTCAGACCAGGACAGAATCATGAGTCCAAGAGTCAAGATTCGAAGGATCCT

TCTCATTTAGCCACAGCAACTGCCTGCTTGGAATTCCACCATCCCACCTGTGAACTCACTGTCCCATCCGTTCCTGCTT

ACACACCCAGCTGATGAGCGGTCTCTCTCCCGTTTCAGGTGCTCCAAGTGTGAGTTCGAAACTGGGGAGTTGAAACCTT

CCTCCCCACCCACCCCTTCTCGTTCTTCCTCCCACCCCTGCTGGTTCTGCCTCCCACGGTTCTACTCAGCGAGTTGAGG

TCTCCCCCCACCACCCCCCCACCCATATCCCAAGGCCTTGTCTGCATCCCTGCACAGTCCCTCCTTCCGGCTAGAACCC
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ACCCTCCGGACTGCTCCATGACCAAGGATCGGAGCTCTCGGGCCAGAAGCTCATCTCCTCGTTTTGCCAGATCTAAGAC

CAGACTTCTCGGACTGTGCTTGACTCCTTTGTCACTTTGGACACTGTCAGGCCCGTGGTCTCACGCTGGCTCCTGTCCT

CACTACCCACCCAGGTGCTGACGTGCTCCAGGATTTCTTCTTGGAACCCTTCATTCGCCCTCCTAGATGTCAGCTCCCC

TGGATCACTGATCACCTGTCCTGGGTGTCACCTAGCCACCCACCAAACAGCTGCCCCCCTT 

>Giant.|GL897041.1:4031980:4032980_4_999bp_GC:_30.5% 

AGAGAGAAACAGCATTGTTCAAAATATTTTAAATCAATAGATTGGTATCATATCATAGGTTCTTCTACTTATTGGATTT

TATAATCCAGTTCTATTGACTTTAAATTTTGTAGAAATGTTGCCATGATCCCATGATTTAGTGGATGATTGGCCCCATG

TAATATAGGGGTCAGCTTTCAGACXXXXXXXXXXXXXXXXXXXXXAACTTAAGTACTCCAGGGAAACATTACAGGATTT

GTGTATAACTGCCCATCAAACAAACATCAAATTAGAATTCTCACGTGGGACCTGGTTTTCAGTGGAAACATTTTAAGCT

AAAAAGCTGAGACTCTGATTATATATTCTTACATGTAAAAGAACAGATGGAGAGTTGTAATGGGATAGGGTGGTCTCAA

AAGATCTGAAAATATACCACATGGGTGGTXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAACCTAATATTGTGTAG

TTTTGTATATATAAGTGTATGCATGCTTGTATAAACTAATTCTTTATTTTATTGTATTTGCCTACATCCAGAAACAATC

AAGAAAATTATTATTAAAATTATGCAATCATATACAATTATATAATTGTATATGTGTACAATAATACAATAAAAAATAC

AATTAAAACTATTAGCAGATATTATGTAATGAAAAAAACTTCAGTGATTAAAGAAGCTGAGATAAGATTTAAAACCACG

AAATATAATGAAAAAAGAGAAAACTACAATCCATTTCTATTTGTTCCTTCAATCAACATTGCCTGTTTGAAACTTAGAA

ACTGAACTTATTCATATCACTTTTGACCAGAATATGAAACTAATCATTTGCTTTGACAGCATATGCAAACATCTAATTC

CTTTAGTAATCTTAGGAAAGGAAGCTTTGTGGGTAATATGAAAGGGGGGTATATGGGGGTCACAAGTTACTTAGATACC

AGAAGAAGTACAGGAGTTGTTCTGGTGTTACATATTTGAGAATATTCTTAA 

>Giant.|GL897041.1:3998980:3999980_2_991bp_GC:_39.7% 

TGCTTGCATCTGCACTATAGTTTAACTAGAAAGGTGGCCTGTGCGACATTTCGGTAGAGATAAATTTTCTCTCCTGTAT

TGCACATTTTCTCAAGCCCTTGTGCAGGTGTGCATTGTGTAGCTCTGTTATCTCTGTAAATGTAAACGCTTTTAAAAAT

TTCCTTTATCAAAAATCTTGAGCTTTCAGAAAAGTTTCAGTGTTCTGCCTGATATAGCATTGCAGTTCTGTAAACTATT

AAAGCACCTTTATGTTAGCACCAGTTTTTTACAAAAAGGACACAAGTGGATGCAGTGGAGAAGTGAAGTCCCCTTCATG

TGAAGAGGATTACTTAACTGATCTTGATCCTGAAGTTCACACCGACCTTTTTACCTGTCTTTATGCATCTATTTCTTGG

ATATACAAAAACTGTTTAAACCACCTAAGGGCTCTTGATGTTAGCAATCATAATATGGTGGTGATTGCTTAGGTAGCCT

GAGGGGCATGCCTTCTGTGTTTGAGCAGAGATGTTTAGGGTGCATGGTAAGCAGCTGTCCCTTACTGGTTTGGGAAATG

GCCAAAGGGGAAAATGGCCTGCAGACAGCAGTGGAGGGAGGAAAGAATATTGTTATTACTGGGTCATTACTTGATCCCA

CTGGCTTACCTTGGCCTCTGGGTTTATTTCTTACCAGCCTTTTGTAAATTATCAGTGAGGTGCATAGCCACTTAATGCA

GGGCCTGGCACATAGGTGGTATATGAATTAAATCAGTGGGCACAAGTTATAGAGTTTTTTTCCCACTACATAAGCAGAG

AAAGCTTTTTTAATAGTTATTTTTACTAGCTGGGACAGGATAGTAGAAATCTACATGTTCTGGTTATTACAAGAAAGTT

GGCAATAGATGGCACTCTCAGTCATGGTACAGCAAATTGGCATGATGCCTAGGAAAAATAAAGCTGTAAATTTTAGGGT

AGTTGAAAGTAACTGTTAGAGGATGTTAACAAGTAAGATGGAT 

>Giant.|GL897041.1:3998980:3999980_1_991bp_GC:_44.7% 

GGCCTTCTTTCTGCCGTGCGCGGGAACATTTCCAAGTGTAAAACAAATGGAAGAGGGCACCTCTTTCTTCCCCATGCAT

TTACCTTTCTCATTGTGTCTGTTTTTAGGGATGCTGCTTACTGCCAACGAAACCCCCAAGATGGGCATCTATTACATTC

CAGTAAGTAACACGAATAGTAGTTATGGTAAAAATAGGATAAGTAAAGACAGTTTATTTTTAAACTGGTCATATTGGAG

GCCTTTGGGTCTGCATGTGGTTGTGCAAATTAAACCCGGTAGACTCTCTTGTAGTTTCACTTTGTTTCCTGGAACCAGT

AAAATAACGCTTCACCGTGCTTTTGGGGGAAACCGCTTCCTAGCGCGTGGAGATAGACATTCAGAAGTTGTCTTCGTTC

TTCAGATTTACATTCAGTTTTTGTTTCCAAGTCTTTTAGAACCGTGAACTTTAAGCTGTTAGTGATCAGGAGGTCTGAT

TTTAAACCAGCAGCCTGGTACTCTCCAGTCATCTTGTTTTCTTACAAGCAAGTTCCGCCTAAGGAAACTGTCTAGGTGG

GCCCGGTCTGTGGCAGCCTGCAGGCCCAGGCCTGGCCTTGTGTTCTGCCTTCAAGAATTCTCTTTGCATAGGACAGAGG

CTTCCCTATCTTTACCTTTCAGATTACAGGAAGATGGAGACGTGGGGAGGTAGGATCTCCTAGATAGAAAACCACATAG

GACGGGTTGGCATTAGATTACTTTTTGGCTGGCAAACAGCTCCCTTTCTGAGATTTGGGGAGAAGAGGGTAGGGGTGAA

GAGTGTTGCAGAGCAGGACTCTGGGGAGGTAAACTCCGTAACCGCTGTCAGCCTCCAGTTGGGAAAGTTCTTTGTATTT

ACGACAGTCCTTCTGAAATAGCTTCATGGTGTGTTTCCCCAAGAAAGTATTCTGGTGGATGTTGACTTCTGTGGTTTCA

GGAAACTTGTAAACTGTCGAAAACACTTTGAGATATTTCTTTT 

>Giant.|GL897009.1:2317451:2318451_4_1000bp_GC:_56.1% 

AATGTGAGGTTGAGATAGTTATGAGAAATGGAGGATTTGGCCAAACTGAGGTCAGCATTTTCTCCATAGTTTTTGCCCC

AAGAATCTGTTAGGAAATAAAAATGGGACGGCGATCAGACCCTGCCACCACTACCCCAGGGCTCAGGGGGTGTCACTGC

TACAAGATCCCTCCAAGTAATTCCCTCACCCTCAAGGTTGGGTAGGGGGCTGAGGCAGCTCTCAACAGTGACCTCCCAG

TCACAGGGGCAGATCTTCGGCCTCATGTGGCCCCTGCCCCACATGCCCACTCACACACACAGGCCTGGTGGGGCGGAGG

CCACCCTGGTTTGGCCTCCAAGTGAGAGGGAAGGCAGGGGCCGGCCTGAGAACATTAGACACCGGTGTGGAGAGCAGCC

AGACATGGGCACAGGGGGGAGATGGCCCAAGGGCACAGCGAAGCCTGCCCCACAGAAGGGCCTTACCCACAGGCCTCAG

AGGGGTGGCCCGGAAGAGCTCGTAGAACTTGGAGAGGTACATGACCATGCTGAGCTTGTCGGGCTCCTGGGCTGACGCC

ATCTCCTTGCCCGTGGTCACTGGGGGTATGCCAAACTCACGCTCGGCCACGTCAAATGCCAGCTGGTTGTTCTCCACGG

CGTCATCTTCGTTCAGAGAGTCAAAGTTGCTGGAGAATCAAAACAAGGTAAAGTTCAGGCACAGGAGACAGAGGTGTGA

AGAGCTGAACCAACTTCCTGGTAAGAAACCCTGTGGGCAACGTTCTGCTGGGTCTCAGCAGGTTAGGAGGGGTGAAGGG

GCTGTGACCCCAAATCCCCCCAAATCTCCCCACCCCCTGCTGCCCTCCCTGCACTACCCCACTGCTCCCCCCACCCAAG

ACTGCCCAGGGAGGCTCCTTCTCACTTGGGGTGGGGACCAAATCAGACTTAGGCTATGTCAATGTCTTTGCTGCCTGGG

CTGAAATAATCAGAAAATAATTTACGTCTTTGGAAAACTTATCAGCTATTTT 

>Giant.|GL896972.1:4187028:4188028_3_983bp_GC:_39.2% 

GAAGGGAGGAGGGGCCAGCCCTGAAAGACGGGAAGTGCCTCAGTGACCAAGACAAATAGGAAGGGCTTCTGCTGGGTTG

AGTTTCACAAGTTTCCTACCTTCTTAGGTGAAAAAACTCCCAGTGTTCCTCCATCTTCCCGAATGGCCACTCCCATCTC

AGCCAACAAGGCCTCCCTAGAAAAACAATAAACACATCAGAATACCTATACCAAAATGTCAATTAAATAAACCTTATGA

ACTGGAAAGTAAAGCATGCAGAGCAAACACTACTGTCTGTTTTAATAATTCAAATGTGAAATATCTGTCTATCCCATCA

TTCACGAGAATTTAAGGGAAACAGCACATTCAAAATAAGTTCTGTTCCCATGTTAGGTAAAGTTGTATTCGCTCAAGTA

AGAACTTTGTCTCATCTGACTTTGGAGGCAGACAGACATTCATAAATAATATGTCCATTGATATACAAGAAGGAAGACA

GGGATATTCCTTAAGGCCAGACATCTAACTCAAAGAACCCTTTCTTCAAAATCTAAGAAAGCAATCAGAAGGTAGCCTG
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GATATGTGAAGGTTGTCTATAAATGTGTTTTTCTCAAATGTGATGCTCCCCAGCCCAACATCACATTGATTCTAGAATA

TTCTAGCTTAAGATCCGTATAGTAAGAATATTCTAACCTTTTGATACATCCAGTGCATCAATACATGCACTCACTTCTA

CCTCACCTTCCATGAAGGAGGAAGACAGGTCTGACCTTTTTTTAATGTATATTCATCGCAATAAGAGAAGTATTATTTC

GGGTTACAGTCACCTTCAGGGTAGAGAACTGAGAGGTTAAAAGTAGAAAAGGGGTTTTAAAAGTCTGCAACTCAGACTA

TTTCACCTCTTACTGAAGAGGTTCTATAAAACACAACTCACAGACAATCATCAGAGAGCTTCATTATTCAGGCCTTTGT

CCAAGGCAGTTGTTTTACAAAGTGAAAACTCTAAC 

>Giant.|GL896972.1:4187028:4188028_2_983bp_GC:_63.6% 

GGCCACGCTCTCCACTGGAGGTCACTCGCTGGGTCCCCAGGCCAGTTGCAGCCCGGGTGGGATTCCGTTTGACCACTCC

GTGTTTGAAGAGGGGTGGTTTTCCTCTGCGCCTGCATATACAGATCGGATGGCCCAGACAGAAAAGCAGATTTCCAGAT

TCTCCAGCCGAGTCTGAAGCTCTGGCCACATGGGGCACCCGGGTTGCCCGGCGGTCCCGGAGCTGAGCGGGAGGCAGAT

GGGTTCCCGGGACAGAGCGCTCAGTGACAGGCTAGGTCCCTCGGACCAGCGACGTGTCTGTCCCGCGGGGCCTCTGGGA

TGGCTGAGCTTTGCAACTCGGGATTTTGTGCCCTTTGTGTCCTGAGAAGGAGGTGTGCCCAGGGCTGAGAGCGGTGTGG

CTGGGTGCTGCGGTGGGGGAGTACGGCAGCCAGATGCTGGGGACGAGGGCGTCCTTCGCTCTCTCACTCTTCCCGTGCT

TACGAGCACTTGCTTCCCAGGCTATCCACCCACTCAGCCACCTGCCAGGCCCTGGTCTCTGGAGGAAACACCGTCCCTG

GGAAGAGACAAGACTATGCTGGAAATTGGCGGAGGGAAGACACAGGGTTGGGGGAATGGCAGTGAGAATGGCCCCAGAT

TGTTATTGTTGGGACCGAGGCCAGCTGGGGGCCCAGGGAGGAGCTTTGTGGGGTCCCAGGAAATCCTGGGCTCAGGGAG

CTGTGTTGGCGAGGTGGGGCGAGGGGTGGGAGAGACACTGTGGGCCACCGATCCTGCTGGGGGCTGGGCCGGGAAGACG

CTGGCGAGTGTCCTGCCATGTGGGCTCTTCCTGCTCTGATTGTGGTAAGGGGAGCGACTGGTTCTTGTCGGGAGGGTAG

CTTCCAGGACTGTGGGGATGGTTGGTGGCTTCCCAGGCACCGTCCCCGGGCCTTGGAACAGGTCTTGGCGGAGGTGGTG

GGTGGCCAGGCGGGAGCACTGGGCTGCGGAGTGGG 

>Giant.|GL896972.1:4154028:4155028_2_1034bp_GC:_64.9% 

CACGCACACGCCTGCCTCCGCCCTCCGGCAGGAGCCCCCTGGGGGGCTGCCAAGACTCTGTTCTGGAATGTTGGCCAGT

GGGGGGTCCTGCCTGGTGTCCCGGCTGTGGCGGTGGTTCAAGGTGGTCACGGCGGGGGAAAGAGCCTGCCCGTGGATCG

TGGGTCCTGTGTGTGTCCTGTGCCCCTTCTACCCGTGCTGTCGTGGGTGGAGACCACCGCCGCTCGCCCAGGGGCTGCG

GCCTCCAGAGGGCCATCCACGGTGGAGGGCTGGTGGGTTACCCGTGCAAACACTGGCTCCCGGGGGGGTTCGTTTAGAA

GCACTCGGGCCCCTTCCTTCTGTGCCAGGGCTCTGAGTATCCGTCCTCAGGGGAGAGCCAGCGTCTGGGTCTTAGAATA

AGAGTAATACAGGGTGGGGTGGGTTTCCCTGCTGGTGGGGGCGTTCCTGGACCCAGATGATGTGACACCATGTCAAACA

GGGACTCTCGGCTTCGGCGAGCAAGCTGGGGCTGCCCGGGCAGCTTCGCTCTGCAGAAGTGGGTAGCGTCCCTGCCCCG

TTAGCACCCCCGCTCCGCCCGGGTTAGTGAACGCCCGCTTCCCCTGCCCCCGACCCCAACATTACACGTACTGTGCACC

CGGTCCCCTGGCCTCGAGAGCCTTCTGCAGGGACTCAGAGCCACAGCTCCTGCTGCCCTTGATCCTGTTGAGGGCCACA

CGGATGGACGTGGGGATTGGACAGGCCTAGTTCATGTCTCCCAGCAACTGCCCTGATCCCTGGGGCCTGGACAGGCTCC

TGCCTTCCTTGCCTGTCTGCTGCCCGTGGAGCGATGGGGGGACGGACAGGACAGGCAGCTTCTCCAGCGCTAAAGGGGG

ATGTCGTAGTAATCGTGGACATGATGAATGCCACGGGCTGCAGGCACTGGGGCCGCCCTGGGGAAGTGCTGGCXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXC 

>Giant.|GL896972.1:4132028:4133028_2_1012bp_GC:_58.3% 

CCCACAGGCACCCCTCGCTGGTGCCGCCCTTCCCACCCGCGGACACCCGCTCCTCCTTTGTTTCTCTTGGGTCTCAGCC

TGGCCGTCCACTGAGGTCCTCAAGCAGGAAATCTCAGCCGTCGTCCTTGACCTTTGCCCCACCCCCAGCACCCTCAGGT

CAGCAAGTCACCGAGACCTTCTCAACTCCCACTGCCCTCGAATGACCGTTGGATGGGCTGCCTCGTGGCCCGGGCGCGG

TCAGGCATCAGTGCCCCCTGCATCCGCACCCTTCTCCCCACGGACGCTCCCCTGGCTCCGCCGGTGTTCAGTGGCGTTT

ACCGAGACCCACCTGTGCGCACAGGCTCCATCCGTGTGATTATCCAAAGCAGACCTGGTCAGGGCATCTTACTTAAAGG

ACCCCTAGTTGCCTGTTCTGCATGGGATGAACTAAAGCACAGAACAGTGTTCAAGACGCTTCCCAGCCTGACCTGTCTC

GCCTTCCAGGCTCTCACTGCCCCGTCCTCCCTCCTTGATGGGGAGGCCTTCTCCGGCCTTCCCCCTGGCCACGGTGCCG

GGACAGACCCTGTACCTTCGTACTTCTGAAGGCCTTGACTTTGACCCAACCTGTTCATCTCCAGGGTTGGCCTTGGCGG

TTTCTTTGTCCTCCTGCCCGCAGGGCTGGATGTTCTTATGGCACATGGCTCACAGCCCGCGAATATTGTTGCATTCAAC

TGGGAAGGACAAGCTTGGGGTGATGGGCCCAAGAATGAGTTTAAAATAGAAATGTCAGCCTTCTTTTGCATTGGCTGAG

AAGTAGCTTTTCTCTTCGTGTTCTGGTGAAGAAATTCATTGAGAATGCAGTGTCTCTGGGGAGGAGGGTTTGGGAGCAG

CACAGCCCTGCGGCAGTGGGCACACGTGGCCCCCACATTGAAGGCGGTAGATAGAGCACGTTGACGTCATCGCAGAACG

TTCTGTCGGGCCGAGCTGGTCGGGAGAGACGACACGTTGGCTCTTCAAGTTCATTGTTCTTCCT 

>Giant.|GL896972.1:4132028:4133028_1_1012bp_GC:_49.5% 

CGCTTAATAGAGAAAGGCCAGGCATGACCCCAAAGATGCTTGCCCCGGGTTTCGCCAAGAACCTGTGCTCAACCTTGAA

GCGCTGGCTTTCCCTTTGATCGGAGGCGGCCACATCCAGGGCCTCCTTTGTTCTCCTGTATCAGTGTTCTCGAGGGATC

TGTTTTCTTTTCCTGCAGTAAACCTCTTCATGTCTTTCTGAGAGGGTTTTTCTTTTTTCCTTCTTTAAATATCACTAGT

TATCAGAGCTCTCAATGAGTATGTCACGTTAATGGAGCCTGTCACAATTTCATGACGCTTTATTTTCGTTTTTCTTACG

CCAGAGAAATCTCTGTGGTTGAAGATAGCCAAATGTTCCTTCCTTTCCCTCTCCCTACAGGTTCCCACTCAACTTGCTG

ATAGTTTTCTAGTTGGAAAGTGGCGCTTGGGAAGCTAGGCAGCAGAGCCAGAGCCCAGCCTCAGTCCCTACCTAGGAGG

CCAGGGTTTCCCCACACAGCAGAGTCTCTTCCTGTTTCCACAGGCCAGGCCCTTCCTATGTGTCTGGGTGAGCCAAGCC

CCCCGGCCTAGAGGGGGTTTTCTCCAGTCTCCTTGTACAAACTCAGCTCTTGTCACCCAAGTCAGTTCCCTACTCTGCC

CCTCCGGGGCCCAACATTGGCACCTCTGTCACGGCTGCATCCAACACGGGTCTCTTCTCTGGAGCAGGGGACAGACTCT

AGCATCTACACCGGAGTTGCACCAAGATCCTAGCCAGGGATCTGATTCTGGAAGGGCCAGCATTTCCCTCTGGAAGGGC

CTCTGGAAGGGCCAGCATTTCCCACATCTCTAACTCCTTACTTCTGAAAATCGGAACTGGTTGCTACAATCCCACTTAG

AATTTATACCCTCCTTTCTGCTAAAGGATCTGAGGTAACTGATTTAATGTCATCCGATCAGGACAGTTAGAGATTTTCC

ACATTGCTCATGGAACACGACCTATATTTTATAGTTATAAACACAATGCCAAAGAGGAGACCAG 

>Giant.|GL896972.1:4121028:4122028_1_1001bp_GC:_48.7% 

ACCCTGCAGTGAGTGAGACTGCCCCTCACGGAGAATGGTCTCGGCCCGAGCGCCTTGCACTGAACGAAGCTACTGGAAG

GGGAAGAAGGCGAGGCAGGGACCCTGGGGAAGGACAGCTCGGGGACGGGATTGTAGACATTAGAGCCTATGCCACCTTC

TTGGTAGTAGTGTGTTGCTTCCCTGACCTGATGGTCTGAAGGTCCAGAGGCACGTCCCTTCAAGGGAAGGACTACATGT

GTCTCACTTTAAACAGCGCGCGGTGTGCAAGTCAAGTCACTTTCTAAATACACCCATAGGTACTCCAGGGTAAAAACGC
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TAACTACTCCTCTTCTGGGAACCCCCTGATGATTTTTATCTGCGTGGAAAAAATCAACAAACAAAACTTTTGTAGTACA

AATAGGCTTTCTAGCCTTCTGTGATGGGGCACTTAGATTTCCAGATAGAAGGCATCTCCTTATGGAGAAGAGAAGTCTA

CCTGGGTAGCCGGCCGCGGGGGACTGTGTCGGACACATGTCTTCATCTGTGGGGCCTGGAGCAATCTCAGGGCCTGTGG

CCCGTTATCCAGGAGCCTCAGCTCGCCCTCTGCTTACAGAGAAGACAACAGAGCTCGTGCTATACTCACAACACATGTT

TGGATCAAATGAAGTATGTAAGGATGGTGTCAGATGGGACGTTTTCCCACGTGAAGCAAGATCCCTTCCTCTTCTCTGC

CATGGCTGCCGAGATCGTTGTGCCTTCCCGGATGAAGAAGGCAGACAAGGCTCTGGTGTGCTTTTCAAGGACCAAGGAG

AGAACTGAAATTCTCCTACCCCCAAAATAATTCTCATGCTGTTAATAAGTGCTTGGAATGTCTTAAATGATTCAAGAGA

AGACTTAAAATATGAAATATCTAATATTCATGCTGGGCTAAAATGACTGCTATCTAGGTCTTTAGTTCTTGGGCAAGTT

TTAACAGGGAGAGAAGCTTGAAAGTGCACAATAACACTGATTCTCTGGAAGGC 

>Giant.|GL896972.1:4016407:4017407_1_999bp_GC:_49.1% 

GATGTCTAGACTCTGAGCCCCTGAAGGGCAGGAGCCCCGTCCTTACAGACTGTGTGGCCATGACACAGAGATGGCATCT

GAAGAAGATGGGCGGCCAGTGGAAGGATAGAAATGATGCCTCTTTTTGGCCTGCACCACGAACCCAAGAATAAGGAATG

ATGTATCCCAGTGTCATTGGATCTGTCTGCCCTTGGTCTTCATCCAGGAATGAAGGCTCTTGCAACATGGTGCTGGGCT

GTGGCTCAACATGGCAGGCCAACACCATGAGATTCCCTCCACTGCGACCTCACTGAATTCACTGTTGAAGTGTCTACAG

AGTAAGATGTCTCTTCTGACTTGCAGCCATTTGTCAGGTCTGTAACTGTGCTTCAAGGCTCTTAAATAACCTTTTCTGA

TTTTGTGGGTTCCAGCTCCAGAAGGAGACTCAACTGGGAGAGCCTACAGAAAAGTCTTTAAATGGCTCATGAATCTGAT

ATGGGGAAAGTCAATGAGGATAGAACAACTGGCACTTTTCTGGTCACTGCTAGTTACAAGCAAGCCACTGGTATCCACC

AGCCCCACTCCCAACCCCAAACACGCCTTCCAATGTGTCTTGGGACCCCCACCCCATTGCTGTCTACTTCCTGCCCCCA

TAGCACACATAGATGGCTCATTTCCTTAGGGCTTAGCCATTCTGAGCTTCCGCCCACTAATTAAAACATGATGTCAGTT

ACTTATGCCTTCGAATGAGTTGAATTCATTGTGTTATCACCTCTCCCATGGCTGGTTTCTGCTTGATTATGAAATGAAA

GGGGACCATGTCTTTCTGCTCTCCTGAAATCTCTTCACCTAGACCAGGACAGCAAAGGGACCGGAAGAGTAACAGTCCT

CCCCTCCAGAACTGGCCTCTCCCTCCTCTGTGTCCCCACAGCCAGTCATCCACAGAACCTGTCCTCATCCGCAATGCTC

ATGCCCTCCAAGATAGTTCTTCTGTTCAGCAGGATTCAGACACAACAAATA 

>Giant.|GL896972.1:3983407:3984407_1_1016bp_GC:_49.7% 

CTCTCAAGCACAGGATCTCTTTCTCCCAACAAGGAGCGTGGTGCTTACTCAGCAGTCCTTGGGTCCAAGCGCCTCCCTC

CAAGACCAGGAATAAGGCTGCTACTGCTGATGTGAGGAGGAAGAGCGGTAAGACAGGGAATTCACCTGGCATGTCTTGC

GAAGGTCTTCAAATCCTACCACTTTTTACCAAATCTTCCTGCAACCCACACACATCAAATGCAGGCAGCTTGTTTTGTA

TGATTGATGAAGACTTCTTTTTTAACATAAGAATTTAATTACAGGGGAACTGTATTCTCAAAGGGGCTGTCAATTGGGG

TCTCACCATATAGACCTGACAACCTCAGGCCGCCTAGGAGACCTCATTAGCCAGGCAGGGAAGGGGGAGAAGAAATGGC

AGTCCCCCAGGGTAGGATTTTCAGCAAGGGGTCTCTTGCCAAAGGCCCACAGCGTGGGTTCTGAGACATTAGGTGGGCA

TCTAATCTGATGGTGCCCCACACTGCCCATCTTCTCACCAAGCTGCTGCTGAGCAATATAGAAGCACAGGAAGGGGGTG

TTGTGACCATGGGGACAGAGGCAATTGTGCTGCATTTGGGGTAAAAGCCAGGCATTTTGGCCAACACACTTCTGAGTCA

GGCCTTGGGTAGGACAGCTTACTGAGGCCTCCTGCGCTGGGTAGACAGAAACCTGATAAAACAGGACTCCTACTCCTGT

TCCAGGCCTTTCTGGAACCCAGGGAACATCTCCTTCTTGCTCCAGTTTCCTCACTGGGTAATTTCTCGTCCCAGGGCAT

ATGGGTGAGGCAGTGGGTGTGGATCTGGGGGTAGGGGTGGGGAAATGGACACTCTAGGGAAGCACAGAACCACAGATCC

TATGACAAGAAAACACATTTTCATGAAACCAAGCCAAAATAGAAACACTTGTGATGTTTTCCATTCTGCAGCCCTGAAG

ACACCAAATCCAATGAGATGGTAACCATGGAAAAGTTCTTGAGGAAGGATAAATGGGAAAGGAGGCAT 

>Giant.|GL896972.1:3871747:3872747_3_987bp_GC:_62.8% 

TGGGGCCTGTGGCCCATCAAGTTCAGGTTCTTAGGGATGACAGGGTGGAGGCTCCAACATTGCTACCACCCAGACTGGG

AGACTGTGGGAGGGGTGTGTGGGGTGTTAGACCATGACCGCGGACATCCGAGCCCCGTGGGAGTCCAGTTCCAGCACTG

ACATGGGGGGTGGGTACCATGGGCAGTTACCAATCTCACCAGGCTCTGCTTCCTCGTCTGGAAATGGGAACAGGTCAAA

AGAAGCCTCATGGGGATGTGGCGGGGGGCGTCCACTGAAGCGACACTGTGAAGTGCCCGGTGTGGTCTCTGGCATAGGC

CAGGTATTCAGAGCTGGTCAGCTGCCCTGTCCCTCCGGGCTGTGGGACAGGGCAGCCACCAGTAGCCTGGAGGTGCCCG

TGGCCCCTGAGCTACCTGGCCATGGACAGGTGGGCCCTGGAGCATCCCCACCCCAGGGGACGGGTGCCCAGGCCCTGCC

TCCCCACCCCCTGATATACAGCGGGCATTAGGCTGCCCAAAGGGGACACTGCATCCTTAGGAAGAAATATGTCCTCATT

TTTCTTAAACACCGTTTCCACTGAGTGAAATGTTTAGAAGGGACGCACAGGGAGAACTTTATTTCCTACCAGGGAGTTC

AAAGCCACCAGGCAGAGCCCATAAAGCACCCGGAGCCTGGTAGCTGACAGGCCGCCCAGCCCCGAAACACATTACTCAC

GAGTGCGGCGGCGGGGGGGGCGCTGCCAGGCCTGCCCAGCCCCCAGGGACCGCCCCCCCCCGCCCACAGCAGGACAGGC

AACTTGGAGACCCAGGCCGTGGGCACGGGGCACTGGAGCTTCTCATCCCCTTGAGCGTGGGCTGTGCAGGTCAGGCAGG

GAAGGGCCTGGCCCCAACCTGGCCAGGGGGTAGAGCTGTCCCAGCCACCCCCAACCCCTTAGTCCCCTGAGATGAGGGA

CCAGGGGCCCAGGTGCAGCTATAGAAGCCCCCCCTGTCT 

>Giant.|GL896972.1:3776978:3777978_1_1002bp_GC:_51.5% 

AGAAGGAGAAAACAGTAATTATCACCACTGGAAAAAAGGCCAGGGTTCCCCTTTCCCAGCCAGAACACCTTTCCCCTAT

GTTGCTGCCAGAACAGAACTGGGGCCAAATGGCCAGGAAAGAGGTTATCTAGTTATAACCACTGTAAACATGATCTACT

AAGCATCAAAGGCTGTGAGCACTGATTTTCTTCACTCCCCCAGCTGCTTTCTCAGGGATGAGGAGGGAGGTTTTGAGAG

GTGAGTCCTCTGTCCAAACCAATCGAGGAGGGGGGCAAGCCACCCAAGCCACCCAAGTCTCCCATGCACTGGGAGACTG

TCTACCTTCCAGGATTCTGGAATGAAGCCCCCGTGTCTGCTTGACTCCCTGGGAGTGGAGGCATTGGCTAGGGAAGTCC

TCTTCTAGGGCTCCAGGGAAGGGCGATGACTACTATATGCTCATGAAGGATAGCTTCTCAGGGTCAGGCCACTACTGAC

CTCCTTCCTGGCTTTTGCTCACTTCATCCACACCCATTCTAGCAGACCCATCTGCAGGATACAGTAAGGCCTGAGGTAT

TGAAAATCTCTTCTGGGAAGTTGGCAGCCAAGGGTCTGAGATAGCCAAATAAAGGATAGCATATGTCCTTTTCACCTGG

ACACAATAGTGACTGTTGGGGCAGGCAGACCATGTGGGCCCAGCCAAGAACCACATCTGTTTATAATGAGGCTCTGCAT

TTTACTGTGGGGCTTGCAAGCTCTTCATCTCTTGGTGACCCCAGCACGGCACCTGCCAAGAGCCACGGACACTGGTGGC

TTTCCTGTCAACCTTATGCCTGTGACTATTCCATCCCTGGGATTCAGGGCTGAGTTAGCAAGAGTAAAGAAGGATAGCA

CCAGGGACTGCCTCTCACCTTGGACCTCCGTGAGCCAGTGGGGCTGGTTGTAGTGTTCCGAGGCGATGGTGAGTGTATT

GAGGAACACAAGGAAGATCACAAGCCAGTAGAAGACATTAGACTTGACTGCAGC 

>Giant.|GL896963.1:3340070:3341070_4_994bp_GC:_49.6% 

TCATAATTTCTGTTTGTGTAGTCTACCTTGTCTGTAAGATTGACTTTGTGACATCCAAGAGATTGGCCCTGATTGATTG

GATTTCAATATGGCGGCTGCCCTTCCACCCTGGTACTGCAAAGCAAGTTGGCAGCAACGATCCAAAGCAAGAGGGGGGA
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TAACTTAGCTTTGCCACTTGGTAGATGCAGACAAGACTCTCCCCTTCTACCGAAACTTTTACCAGTGCCTAATTTGTTT

GTCCAGAAAGCCATGGGTTACTCTCTCACACATATCAGGAAAGTGGCGAATTTCCCATACTTGTGAGTGATTTTCTTTT

CAAAAGAGTGAAAAAGAGAGGGACTCAAAAGACGTTGTTTTGGTGTCATGGAAAGGAGTTCTTATTGACAGAACTTCTG

GATTCTGGCTCTGAATGGCAGGAAAGATGAAGCCAGTTTCCCAGTTCCACAGTATGTGAGGCCATAGTCTGGGCTCAGG

GTCCCTGCCTAACTTTAGTTCAGTTAGGAGGTGGTGTCTGCTTGACAGGCCAAACTCACACTTGCAGTCTTACACTGGG

AGGTATTTGTCCTTGAACCTGGGTTCTAGGGGACACAGGCTTCCTCATTAAACCTATGTCCCTCTGAGGGGCTTCCTGC

GCTCTCTCTCCAGCAGTCCTCCCCACTGGCCAGCGCCTTGGGTGTGGCTGCCTCAGAACAGAAAGCACTCACCGTGCCT

TGTGCACCACAGCTGGAGGACGTTTCCCTGCCAGAAATAGCTACCCCCTGAGGAAGGCTCTGGGTTGTATGTAGATTTT

GTTATCACCGGAGCACAGTACCTAATTCGGGAAGCGGTATCCCTGCCAAGTTCCCTCCCTGGCTTCTTGGAAGTTGCCA

CCCCAGTGGATCTGTTGTGGGCTGATGCCAAACATGCCTGCGGTTCGACGTGATACACAAGTATGTGTAGGCCTCCAGA

AGACCTGGCAGTGTGCTGGGCCCTGAAGGGAATTAGACTTGATTTC 

>Giant.|GL896963.1:3191274:3192274_2_998bp_GC:_49.4% 

ACACAAGATTAAAACTGGGCACTGGGAGACTGAAGCCGGCAGCTGTGGACAGAAAGCTGGAGGTCAAGAGCCCCGAAGG

AAGGGGAGGCCAATCCAGGGGACAGACAGCAATGGCCTGAACTTGGGTGTGCTAAGGTGGTGTTTTAGAGACTCTTTAC

AGGATTGTTTCTTTTCATCACAATGAAGACAAAAGAAAAAACCGCTGTGAAGCCAAGATCATGTATATGGAAGTCCCCC

TTGGTTTTTATGGAGTTTCTGGAAGCGAGATGAATTCAAGATACCATCAAGGTTACTCAGCCTGAGGATATTTGCCTAC

GAATCTTGTTGGCTTCTGTGGGATCTGGCTCTCCTTGACTCCCAGGCAGCATCTTGGCCCATGGGAAAGACAGTGTTGC

ACAACCAGGCAGAACCCACTGTGTTAAACCTCTGCACTCATGTGGCCCCTTCTGTCACCTTCCACCCTGCCTGGGCAGC

TGGACAGTTGAAAATGCACAAGTATTTTAAGTGCAAGATCATTTATGGTGGGTAGAAAATCACATCAACCAAACCTGGG

AGTCACGCCTGTTTTAGAAATTTTTGATGCTTCAAGGCACCCAAACGAACCCACCCCAGTGCCACACTGGGCCGGCACC

AGTTTCTTAAGATCCTGAGGTCCTGGGAGAGGCAGCAGAAGGCCCCTGTCCTTGGCCTCCTCCGGAAGTAGGTCGTTGC

AGGAGACAGCGCAGTGAGGAGCCATAGATAGGGGTTTGGGGCCAAGGAGGAGAAGAGGCAGAGCAAAATAGATCCACCT

ATAGCCAAAAGTAATTAAAAGAATGTTTTGCTCGTGAAATGCTAGCAGGTTGGAAAACACCACACCAATCAGAAAAGCA

TGTGGAGCCAAGGATGCTGTAATTTTCACCTGGCCCAATCCGCTAATGCATTCTGGAGCTACAGCGACACAGAGTAGTG

TCTGCAGCCTGTCTCTTACCCCGAGAAGGGAAAATGCAGCAAATTCAGGA 

>Giant.|GL896963.1:3140711:3141711_4_1000bp_GC:_39.1% 

ATGAATGAATGGATGAGTTTGGAAAGCCTTGTGTCTCTAACAACATAAAGTAGTTTTAAACAAACTCAGTAGGATGTAT

TCCTCTGGAGAATGAGGTAATGATTCAAGAAAATCTTTGTGAGATTGGGACACTTAATCTTTCGTCATGCAAGATTTAC

TCTTTCCACGAAATGGGCCTGTGCTATTATGACACGATTCTACGCTATATTAAGCTATAGATATTTAACCATAGAAAAC

ATTACTTTTGTACTAGTCTTTAGTCCAATAGATGTTTTTGCATAATCTAAAAATGTTAACTTGCTGTCACCTGCCAAAG

ACATCACCTTTCACTTCAGTGCTCATGTGCAAATACATGTGGTTTACAACTGCTCCAGAAATTTCCCTGAACCTAGCTA

AATTCCTCTGCTCTTGGGTACACATGAATTCTATTTTCATCATAAAATATGTGATATTACATTAAGCCTGCTTGTGAGT

TTGCCTTCCTCCCTAAATTACAGACCCCTTTGGTTCTAGGGTGTACTCATTCTTGTTTTCCCAGTTCTTGGTAGCATTG

TTAAACTGAACTTATTTTCAGTGTTATTTCTCCCTCCACTCCCCATGAGGGGCATTCCTACATTTATTCTTCAGCTTTG

ACAGTGGGTCTTTGCGGTGCTGATTAGCTGTATACTTGCCATCGCCTTGAAAAATTGATGTCAGGTGTGGGCCTTGGAG

TAGAAAAATGAGGTCAAGTGACCAATCTGTTTAAGAAAGAGTTAAATCTCCAGCATTAGCTATAAACATCCAGCTAGGG

AAGGGGTCTTGGAGCTCACAAGCTCTCCCTCATATGAGGATTTCTCCTGATAAGAGCAGCATACAGACTTTTCCCCCAA

AAAGCAACATCCACCTCCACATCGCAAGCCTTTCTTGGCTAAGTGTGTACTTATTTGTTXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXTTTAGATCTAATGGTCTAGAAACCAGCATG 

>Giant.|GL896963.1:3064979:3065979_3_1000bp_GC:_39.2% 

AAAATGCTAAGCCAGATACCCTCCTTTCTATAATTGAAACCATTCATTACTTTCTTTCTGGTTTATTAATATAGAAATA

CAAAGGACTATGTGAGAAACCTTTGTTTTTCTATTCTTCTATTCTTTTATATACACTGGTTGATAAAGAATGCCAAATG

TTCTGGGAAAAGGGAAAAAAGGGAATGTGTGTATTAATATATAACAAGACACTTGTGTCCTTTTGTTTTACCAAGATGA

ATGCATTTATCATTGTTCTCTTTTATTCTTTATTGATTAAACAAACTCAGAAAATAATCATGTATGATATATGCTGATC

TCTTCACTTCAATTTTTTTAAATAAGATAATTATGTAAGGTACCATATCTCATGGAATTTTTCAAAGGCAAAGGTGATT

AGAAAACTCATTTCAAACATTATGTTCTGCAGTTTGCCATATTTTAATTTCCACACTACACTTTAATATAATATTTGTC

CAAATACAAACTGAAGGGTCTGGGACATTGAACATGTTGTTCCTGATCAGATGGCAGTATAATACCATCTTGGCTCTGA

GAATGACATGGAGCTAAGGGGGATGGGTAAGGTCAAATAACAGAATAAAGATTGTAAGAACCACCTGGGGTGGTGGAAG

GTGATTGAGTCCCTGTGTTATGGAGGTGGTGGTGGGAATAACGGGGATTGGGTGAAAGAGCAACCTGGAACAGGGAAGA

TATAACTACCTAACTCAAAGTAGCTGGAGGAGTGCTTTGTTGAGCCCCACATCTCCCTGAGTGGAACATCACCTTCCTA

AAGCCACCTGAGGAGGGTCAATGGTAGGGCCAGCCTCTTAGCTGGAGGCTGGAGGGCAACATCAATCATCGTAGTCAGG

CTGTCCATAGATGTCAAAGAAAGCAAGCACAGCCTTGAGCTGGGGACCCTGAAGTCTCCCTCCTTTCCCAACTCTCCAC

TTCAAGAGCCAGATTATCACTGAGGCAGCTCTTGAGAAAGAGCAGTGTCTGG 

>Giant.|GL896963.1:2926244:2927244_4_993bp_GC:_37.4% 

CAAAACACCAAAAACCAGAATTAGGAAGTTGGAAATCCATAATTAAAACATATTTACCTTACCAAATGGTTTCTTGCTA

GAGAGAACACTGGCAGGAAGCAGTAAAAGAAGGGCTTCAGTTCTGTGACTCTCAGTTAGCAAAGCCACATGAAACTACA

TGCCGTTGAGGGGTGGTGTCTTCAACAGCAGTGGTTTGAAGTAGGCTTCCACAGCTGAGTTTATTGAGTGGAATTCCCC

AGGATCCACAAGGCATTTACCGCACTTCTCTGGTTXXXXXXXXXXXXXXXXXXXXXXXTGAAACAATTAAAAGGTAGAG

GCAAAATCGTAACAAACCTTGCGAAAAAGTCATTACCCTAGCAGCTGCAAATTTTCACAGCCAAACCGAACAAATGGTA

CCATTGTCCAGTATGGCAGTTCCCGTGGACATCCCTTXXXXXXXXXXXXXXXXXGGATTGCTATTTTGGAACATTGGCT

TATTCATACTTTTTACACGGAAAAAAAGTCCAAACATTTTTGATGGAAATCAGAGGTAATGTATGGCTTGCCTCAAGAA

TGATAGCTTTGTATCTATCTGTTCCTAGAAATCATTAAGCCTCATCTTCTCTCTGCTATATAACCCCATGTTGTGCCGG

AGCCATTGAGTTTTCATCCTGCTACTTTTTATTTGTGGTATTTATGCGTTTTATTGATTATGTGACATAATAAAACATA

GCAAGTCAGAGCCGTATGTGCTATATATTTTGTTCAGCAGTGATACAGAATGTTAGGGCTCTGCTCTCCACTTGGAGAA

ACATCTTGCTGGGATATAAATAGATTTATAATGACTGCTAGGCTATGTGCCTGCAAAATATCCTGGTAGGTAGCTCATT

ATAGAGCTAACATCATTAATAAAATAGCTGAAAAATTTCACAAGTACAGGAATATCTTTTATATCAGTAGCTGTAAGGA

AAATACCTAGTGTATGCATAATTTGCGACTCATCTTAAAGCTATA 

>Giant.|GL896954.1:8271595:8272595_1033bp_GC:_61.4% 
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CTCAGACACCTGCGGCCACCACGGTGCCCTGAGCCCTCTTTCCCACACCTACCCACACCGCCCCCTACTCCCGCCCCCG

CCTGAAAACCCAAAAGCCGGAGTCTGTGGAGAATCCTTGCAGGAGGGTTGGCTGTTATCACCCCAAAATCACTTATAGG

GCCATCAGGGTGAGTGGCCACGCTGGCGAGATGCCAGGTCCCCGTGCTCCTCTGCACCCGGTCACCGAGGCCCAGCACA

GCGCCTGGCACACAGGGACGCTCCATTCTCTCTTCTCAGAGCCTCCCTTTGCGTCTTGTCCTCCCTGTTTGCTGTCTGC

CCTCCCTGGGCTCAGAACAAAGGTCCCAGGCGGATGTGCTGGCAATGGCCTCCCTCCCATCCTGCACCTGCCTCACCGG

CAGCCAGCACGGGGAGGGGCCCCTCTCAGCGGCTTTTCCTCCTAGAAGCATCTCACTGTAATCCCTTGGACCCGCCGAT

CACCAGCTGTGAGCCTGAGGGGGGCATCCGGCCACCAGGCCAGCTCTCACAGCCAGCTTGACTCGGTGACTCAGTTTCC

TCTCGCCGAGCAGAGCCTCACATAGGTGACGAGGAGGGTGGACACCTGGGTGTCTCCCCTTGTCTGACGCTCCCATACA

GACTCCCTGCCATACCCCCCAGCCACCGACCTGGAGGAACTAACCAGGCTTTCTCCTCAAGACAGAAAAACCAACGCGA

CTGGGCCCGACAATCAGCTAAAGCAGACACAGGGCGGCCGTGCTCACCTCCCCGGAGCCGGACCACCCGGGCTCCTCTC

CTCTGCCCCTTGCAAGGTGCGTGTTTGCAGAACGTCCTACCCAACCCTGGCTGGTCTAGTTTTTGGACGGTTCTGGATA

CCCATGAAGAAGACACACCACCCTGAAACTGGCCTTAGGTTTTTGTTTTTTGTTTTTTTAACCCAACCCAGCTGAGACA

CCCACTCTGGCGTCCAGAGCCGAGCGCCAGGCTGCAGCACGGGGCTGGGGTGGGGGGAATTCTTTGGCTGGAGGACCCT

GGTGCC 

>Giant.|GL896954.1:8271595:8272595_1_1033bp_GC:_49.8% 

TATTTCAATGCTCTTCTCACTGTACACCAAATCCACCATGAAGCCACTCCTCATTTCATTCCTGTGAAAGCCCCTCCCC

ACTGCCACCAATTCCTGATGTACTCCAGCATCCTCTACCCCAGAGACCCTCCTGGCTGCCACCCTAAAAGCCCAGCCCT

CACCCAATCCTCCTCTGTCAGATGAAAAACTCAGCTCCTGGTACCCTTGCTTCTCAGGTAACATCAGTTCCAAAGCCCC

CACTTTCTCTCCCAAGCCTGTAATCTCTACTGCTGAAAATGCAGCCCTAATTCCTTAAGAAATCAGCTCCCAGATCAGA

ACCAAATACGTCTCAATCTTCCCCCACCAGCTATTTCCAAATCTCAGTTACCATGAGATGCCAGTGAGGCATCTTCGTG

TCCCTGACTGAATCTCCTCATTCCTTGTCATATTCCCAGTCACACCTAAAAATCTACTGCTCCATTCCTCGGACCCCAG

ATTTCAACTGCTCCCATGCCAACTGTATCTCCCACTCTCTCGGTCCTGTTACAAAGACAGTAAATCTGGTGCCCATTCG

CTTCAACTCCAACCTCAAATCTTGGTTGGCCTCCATGTCACTTTTTTTACCCCCTCTATTCCCTCTCTTCCTCACTAGA

AAATTCTAGGCAAAATTTTCAGTTATCGGTCCCAGCTGGAACCACCCCTATCTAAACAGTGCCCATCTCAGTCTTGTCC

ACCTAATTCTGCCAAATGCACTCCTTCCACCCGGCTTCCTTCCAGCTCAATCTCTCCCTTTCTCAAGCAGCCCACTTCA

TCTGCAAGGCCTTGCCAGCCACCACCATACACCAAGGGCCCCTACATGGCTCCATTCCAGAGTCATCCCTACCTTGGCC

TCAGTTTCTGCCAGTCTCTACCTATCCTGCCACAGTATGTCCCACCAGCCCCTTCTGCCCAATACCAAAACTCCATAAC

CCATTCCCACCCCCTACAAGGACTGTAAGTCCCATCCCTCGACTCCAGCTGTGACTTTCATTTTCTCTTCCAAATGCGT

CATCTC 

>Giant.|GL896954.1:8260595:8261595_1001bp_GC:_62.2% 

TGGCTTTGCAGCAGGTCAGGGAAAGCTTCCCAGAGGGGACTCTAAGCTGAGGTCCTGGAGGAGCAGAAGCTGGCAAGGC

AGGAGCGGGGGAGGGTGTGTTGGTGTCCGAGGATCAGGAACAGCGCGGAGCAAAGGCCCAGGCGGAGCAAAGGCCCAGG

GGCAGCACAAGGGAGGTCAGGGCTTGTAGGAACTGGGGGGGGGGGGTTTGCATCTCAGAGTGCCAGGGAGACCGAGGCG

AGAGCTAAGCTGTGGGCTCCGGCCACTCACACCCCCTCCCTGGGCCTGGACAGCCCCCCAGGAGAGAGAGGCTGGAGCA

TCCCAGGGTCACAACAGGAGGGCCCAGCTGTAGGACCAGGGTTTCCACCGTAGCCTGGGGCATGCGGCTGAGGAAGCAC

AGGGGGAGGTGGAGGGGACCCAGCATCTCAGCAGTCGGCAAAGAGCCCCTGTCGGGAGCCTGGAGGTGGCACAGGCAGG

ACGTGAAGCCAGGTTTCTCTGTCCTAGAAGATGGCAGGAGCTACTGACTAAGGGAGAGCACCAAGAATGATGGCCCGGG

TCCCCCCTTGGTGAATGGGGGTCTGGATCTGTCCAGCCTGAGCCACCTCCCTTCTCCCTTCCTTGGCCCCCAGGGAAGG

ATCCTGCTGTCCATCATGGTGCCGGCGGGTCATAACTCCCATCAGGCTGACGTCTGCGGAATCCGCCCAGCAAGTGACC

CCGTGGAAGATGGGCGATCTACCGGGTTTAATTTGATGGCCACATAAACCGTCAAACACACAGCAAAGGAATAAAAAGG

CCACCTGGCACGGGGCATTAAAGGCTGCTTTGGGAAGGCACGCTCTCTTCCTCCCCACCAACCCCCTGCCCCCGGCCCT

GCCTCTCGCTGCAGCCTTGGGGAAGGGGTGGCAAGGGCAGGCTTGGGCCAAGATGGATGAGGCCTACAGACAGGGGAAG

CGAAAGGCCTTGGGTCCCTGCCTCCCAACTGCTTCTTGGTTATCCATCAGGCA 

>Giant.|GL896954.1:8249595:8250595_1_1001bp_GC:_59.5% 

ACCTTCCCCAAATCGACCCATGATCCCATCTTCAAATTGGCAGACAAAGAGGCCAGCAGGACAATAGTGCCCTCCAAGA

GCCCAGACAGTTCTCTGCACCCCAAGATGTTCTTGACAGGGACACAGGAGCCACTGCCCCACTCCCAGAAGGTGGGCAA

GGCTGAGGCCGAGTTGCCTCCTTCCAGTGAGGTCTTGGCCTCAGTTTTTCCAGGCCAGGACAAGACAAGAGAGCTGCCA

GCCACACTGGACCACATGGGACACACTTCCTTCAAGTCCCCCAATGCCTCTGCCAGTGCTAAGCCTGTGGGTGGGCGCA

CCCTGGCTCTGCAGTCATCTTTGCCTGGTAAGGCATGTAGTGTCGTCCCACCTTCCCTCCTTGTCACCAGAAGGTCATC

ATCCTGCCCCCAGCATCCGTGTTGTGGGCTGTACCCACTGAATAAGAGCTTCCTCCCTGGCTGCTGGGCCCCCACTTGC

ACGCCTGGCAGGGAAGGCGGGAGGTCAGGCAGAACTGTGTCCATGCTGAGACAAAGCCTCTCCCTCCCTACAGGTGCAG

AGCCTAGCGTCAATTCAGGGCTGAACTTGGGCCCTGGTCACATCGGGGGCCCCCTTCTGGGACTGCTGCTGCTGCCTTC

CCTGGTGCTGGCTGGAATCTTCTGAAGGAGTCACCACTCAAAGGCAAGGGCTAGGGAGACCCTGGCCTCATGCCCATTC

TGGATCATCTCCAAGTAAGAGGCCACAGTTTCCTGGGCAGGTCCTGCTCTGTGGCCCAGGAGCCCCCCCACCTTGACCC

CAGCTTCTGGCCAGACTCCAGGCCAGTGACCTCATCCTCTCAGGAGGCCTCTGTGATGCCCACTCCTGGCACTGCCCCA

GGAGTGCCTCTGCCTCCGTGGAGGTCCAGGCCTCAGCTAGCTGCAGATTGTTCTGGGCAGTGTTCCTGCGGCCACTTGT

GCTCAATCTCCAGTTGTCCTGTGGCCGTGGTTCTGCTCTTCCAGGAACAGAAG 

>Giant.|GL896954.1:5713730:5714730_1_994bp_GC:_35.4% 

TTGCTCCTTCTCACAACAAAGTCTGGTTCCTGCAAAAATAAAAAGGATGGGTATCTATTGAAAAAAAGAAXXXXXXXXX

XXXXXXXXGGCTTTGTTGCTTAACATCAAAGTCTCCTTCCCCTTTCTTGACCAGGTGGTCTGTGTGACCAGACATAAGG

TTCTCCCATGGTGTGAGTTTGATGAAAACTGAGACATTAGTCACCCAGTTGGCTCTTGCAGACTCCTGGATCCTAGGTC

ATGCAAATATGCAAAGCTCCTGGCTAACTCTGAGTCTTGCCTGATTTCTGAATCTATTCCTTCAGTCTGCCTCTGGGTG

TTATCACCTCCCAGATATCCCTCCTACAAATTTATTTTTGGCTTATTTAGATGCAGTTTCTGTTGTCTGCAATAACATG

ACATTTTAGCACATTCCTTCAAATTATCATGTGACTATGAACTTAAAAAAGTATTTCTGGAAATTTCAAGTTGAGCAAT

GACTTGCCTGTTCTTAGTAGTGATTCTACTTTTTCCATGAAGTGCTTCATTCTTTTGTTTTATTTGGGATGGAAGAGGT

GTTGGGGCAACTAGGAATTACAGATTATCAGGAGCTGAATTCACTATCTTAATATGTCAGAAATATTATTCTTTTTTTA

ATAATTTTATTTTTTTATAAACATATATTTTAATCCCCAGGGGTACAGGTCTGTGAATCTCAGAAATATTATTCTTGCC

ACACATTTTGGGAAGTTTCTGGATGGTCTGGAGTAGCATTGTTCATTCAGAATCAAAGGAACACACAGGACTATAGCCT
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GAGCTGTAATAACTGTCACTTAATGATATCAATCTGTTTCTCTACTATAAACTGTTGCCTGTTTCAGTTTCTCTATTCA

TCACATGTGTTATTTGCTGTAGACATCAAGAAAAGTAAAGCAATCAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

>Giant.|GL896954.1:5640240:5641240_997bp_GC:_43.1% 

CTCAAGGTCTAGTCAGATCATATTTCAGGCCACAGGTATACTCAGTGGACAAACAAGAATGATAAACATGGTATAAGCC

AGCTCTGAATTTAGAAACAGCTTAGAGAGTACAAAGTCTATTAGAATACTCTACAGCCACATTAAATAAACGAACCAGA

GCAGGGAGGGGACTTTATGAAGGAAAGACTGTTGAAAGATAGGTCTTTATGAATGAAAACATGTCGACTAAAGCACAAG

TTATGTCAACAAGAAGAACATAAGGTCAAAAATGGAATCTCTGGGGAACACCAACATCTAAATTTGGAGACAAAAATAC

AACTGCTTGGATGATGAATGAGTATGAGCAGAGAGATTAAAACGACCTCCACCACCACACACACAAATCCAACTAGGTA

AGGGATACCTCTGAGAAGAGTATGACCAATAATTCCAAAGGCATCAGGGAAATCCAGTAAGTTTAAGACAGAAAGCATC

CACTGCCTTTTATTGAGGGGAAGACTTTGTGATCTCAGAAGCAGCCACGTAAGTTAGTCGGTAGCAAAAAACCAATCAT

GAACCCTCAGGGCTGAAACGGAGGGGACAAATGGAGAGATGGAAAGAAGCCTACTCTTCTCAGGAGCTTCTGTTGGAAA

CGAATAGAGGAGAGTTTGAAGAATGAGTCCAGGGGGAGGCTTTCAGTATTGTTGTTTTGTAATTTTCCAGTATGAAACC

ACCTTCGACCTCCATCTTGAAAGAAAAAAGTCAGTAGAGAGAATCACTGAAGTTTTAGACGTGCATTGATGGTCCTAGC

TGAGGAAGGAGAGGAAGGGCAGGAGACAGCTCAGTTTTGTCTAAGGCAAGACAATTTAGCCACGACCATCCGAGCAAGG

ATTTCAAGCACAGAAAATCTCAAACAGGGGGACAGAACGGAGACCTTGGGAGCTGCTTCAACAAAATGGCTACCCTCAT

GCACTGGGAGCATAAGGACATCGGTAGAGCCCAGAACAGTCCCAGCAGG 

>Giant.|GL896954.1:5607240:5608240_2_996bp_GC:_56.4% 

TGGCCTAGGGCCATTGCTGAGACTCAGGACCCCACAGGTCAGGGAGCAGTCCTCCCCATTCTCTATATTCTCCCCAAGG

GGGAGAATATGGGGCACCCCAAGGAAGACAAGACAAGGGGGGGCTGTCGGGGAACCACAGGAGAGGCCACTGTGCAAGA

ATTCTCTCCCAGAGATAAGCCCTCGGGGCCATTGTGAGATTGGCCCCGGGGGAGGGCGGCACCTCAGGCTAACTCCCTC

CATCCCCCACCCCAGCAAAGGGCAAGGGGGTCCTCAGGGAAAGCACATGAACCACAGATTGGGAGACCTAAATTTTCAA

CTCAACTCAGGATCCTGGCTTAGCCTTGACCTGTCTGGGGTTCAGTTTTCCCGTCATAAAATAGTAGGTTGTCCCAGTC

TGCCCACCTGCTCAGAATTGGGGGTGGAATGAATTATGTTAGACAAATTGTCCCCCATACTACAATGGGTAGGAGTGGG

TGTATCCGATTTTAAAGTAAAGTATCAGATTATAAAGCCCCCAACCAGGCTTGGTCCACACCTGCTCCTTCATCAGGTG

GCCTCTCTGTCTCTGGCCTTTGGGGGTAAAAGCAGTGCGGGACCCAGGATTGGGGGAAGGAGAGGAGGCAGAGGCCAAA

GATAAGAAGGCGGGGCTTGGGGAGTTGGCCGGCTCAGAAGTTCCCCAAACAAGACCTTGTATGGATGTTGGAGCTGGAG

GCCCAGCCCTCAGTCTGCGGTTCCTCTGAAAAGGATGTGGGGGTCTGAGTGAAGAAGGGCACCTGGCATTTCAGCATTT

CCTGGCCAACCCTGCCTTCCTGACTCCTGGGACAGGTGAGCCTGTCCAGCACGGGTGGCTGGAAAGCCCCTGAGGGGGA

CCCTTCGCTGCTCCTGCCCCTTGCTCTTGTCAATAAAGACAGTGACACATGACACCATCTGTGACCTGGGCCAGTTCGT

CTGTCTTGGTGGGCCTGTGTGTGTGTGCGCACGCCGCCTCTCCCTCTC 

>Giant.|GL896954.1:5596240:5597240_1002bp_GC:_43.1% 

GGCAGGACACTCAGAAGACTAAGGAATCCAAGAAGACGCTAAGGCCCAGGGATAGATACAGGGACATATACCCAGGATC

CTACAAGTCAAGGCCAACACATCAAATGGGACCCGGTCTCACAACTCCTGTTCCACAGCTTCTCCCCTTGAATCAGGAC

CCAGGCAGAAATGGGAGCCCTGCCGCAGAGAACACTCTTCCTGAAGGCCACCACCAGCAGGATTTCCTGGCTCTGCTCT

GCTGACCAAGAGGTTAAGAAAGCAAACTGGCAGTTTTCTGAAGCTCAGGTGACCAGAAGAGATGACCCCCCACAGATCA

GACCTACAGCAGGAGTATCACGGCAGGCTTTATATGCTCCCAAAACATTTCCTCTGGCCTGCGTGGCAATTATGGACAT

GCTACTAAACCAAAAGGGCTAACTAAGCAAAACCAGGGTTTGTCTTTACTGCTAAAGCACACCAGGGAGGATATTTACC

TGGCTGTGAATATTCCCAGGGCTGATGCTGCAAATCCTTTGTCCTTTCTCCTATACCTCTCCTCTGACCAAGTACACTA

ACCACCTGCAAAACACTTAGTGACATTATATTTAAAGCAAATAGTGTGGGGATTTTTTAAATAAAGAACTATAAAAGAA

AGGGGAAAAAACCAGAAATGGGAGATTCTAACAACCATTCTTAACATTTGCTTTGGGGGGCTGGGGAAGCATCCTCCAA

TAAGCTATCTGCAGCTTTTTCTAAATGCACACAAAGAACCCCCCTGTAGAGCTGAAGAGTCAGAACAGTCGTAGGGGAC

CTAGAACTACGGGCTTGGGAACAGGAAAAAAATTAAGCATTTTTGGGGTGATTCAGATGCAGAGCTCTGATTAAGAAAC

AGTGATTTAAATTAAAGGTATAAGGATTCTAGATATTTGATCAAATACTATTTATCTTTTATTACTTACAATAGAGGAT

TAATAAACAATATTTATTATAAAAGTTATATGATCCCAAAAGCCAGTAAGATAA 

>Giant.|GL896954.1:5585240:5586240_4_993bp_GC:_58.9% 

TTTGTCGTGAGTGCAATCCATCTTACACAGCGAGAATGTAAAAGTTCTTCAGGGACACCCCCCCCCCCCCATCTCCTTG

CATAGGCAGGCAGTACCAGCCTGGTGCTGGGCTTCTGGGCCTCGCCGTCCTGCGTTCACCAGGCCACTAGATGGAGTGC

AAGTATCAGCAGAAGAGCCCGCACTTCGGGCAGGCCCCAGATGGCCGATGGCCAGAGCAGGGAGTCTCTGAGTCTGAAG

CGTAAGCCCCCAGCCCCCCACAGCCATGGTGATGGTGTGTTCTCCTTCCTTTGGCCAGGTTCTGAAGACAGCCCACCCA

AGCATCCAGGCAACAACGAGAGCCACTCTTCCAGAAGAAGGAATCGGCATTCCAAGTCAAAAGTCACCAACGGAGTGGG

AAAGAAATGAAAAACGCCTGGCTCGTCGCAGATGTCCCAGAGAGTGCCTAGAACTGAGAGGGGAAGCGGGATGGTGTGG

ACCTCCCCGTGCGGAGGGCGAACACTCAGTGCCACCGGGACGAGGAGAGGGGCTTGGGGGTCATTATTTGAGAGCGTGA

GTCTTGTTTCCCATAGACCCGGCCACCCTGGGCAGCTCATTGCCCGGGATCCTTTGCCAGTTCGGGGTCTCTTCCAACT

TCAGCACTTGCCATGCGGTCACTGGGAGGCTTGCGGAGTGCTGGCAGGTGGGGGCTCCCTCCCCGCCGCCCAGGACCCC

GCTGCGTTGGTGTGTCCTGTGGTCTCGGGGCTAGAGACGGGCGTTCGCGGCACGTGCGGACTGGTGACTGGTCTTTATT

TTTACGAATCTGCCTCTCCCTTTGGACCGATGGGTCCAGGTTCAGGCCCCCATTCTGCCTTCGATTTTATCGTCATTAG

TATTTGGTTTTAAGTCAGAAGCCACTGCTGAAGTTGAGTTGAGGAGGGCGCTTCCCTCCCCGGAGGAGGGCGTCTGTGT

CGCTCTCTCACAAACGCGTCCCCTCTTGAGGACCTTACACCACCC 

>Giant.|GL896954.1:5574240:5575240_1_997bp_GC:_41.2% 

ACCCTCAGAGAATCTGAACATTCATGGGCCAACAGATGGGTCAACCTGCTTCACAATTTAACAAAGTAATTTATTTCAA

TCACTGGGACAGGGCATGTGAAGATTACTAATTCAGTTCACAAGCAAAAGGAGCAAACACCAATTCGTGGCTGGATGGC

GCAGCCATTATGGAAATGCACACCTGTTCAATTGGTTTTGAGATAGTCTTCATTTTGATTAGTCTTTCCTTTTCTTGGA

AGGTGTGTATTAAATTGCTGTGGATTCTTCTGCTGAAACTCAAGTGCTAATTGGTGTCAGGACAAGATAAAGATCTCAG

GGAAAATTTATACCAGAGCATCGGTAAAATTAAGGTCATCAAAGTAGGCTTTGGGAAGTAAAACAGGTGTATCAGAAGT

ATATTCTTATAATAATTGGGCAACGTGTTGTTCTTTCTTGTTAAAGCAGTCTGCCCGGAGTTTAAATGGGAAAGAAGAA

GCCAGGATCTTTTATCCTTCGTCTTCAAATCTGCTGAAATTTTCCACATCTTGAXXXXXXXXXXXXXXXXXXXXXCATC

CATGCTCACTCAAGAGCCAAAGGGAGCAAGAAATAGGAAGGGTGGTCAGAGAGCTTCTCAGGAGAGGACTGTATGTGCT
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CAGAAATGGAATTTAAGGTGTTAAAAAAGAACTGGAGCAGAATTTCCCTGATATTCCTATCTCTTGACCCCACACCCTC

ATCCCGAGTTGGACAGAACTTCCATGATTCTGTTAGGAAGCTTCCTACAGAAGATGGCGTCTGGCTCCCATTTAAGATC

TGCCATATGCTAGAAAAGGTTACTAATGCTCTAAGATGGTTTTGTTGCTCTTTTTGAAAGGAAGGTACTTTTCTTTCTT

CAGTATAATCTTACACTGTGAGGTCCACTGTTATTACTTCAAAATAAATGGCTTCCCCTCTCCTCACCATCCCTCCCCA

AATATTTATCTATTGAGTTGCCTTCTCTCTGCCAGAGGCCAGGCTGACT 

>Giant.|GL896954.1:5536718:5537718_1013bp_GC:_41.6% 

CACGAGGATAAGAAAAGTGTCATCACATGACCAGAAAATGCAGTATTTTTTTTTTTTTTAAAAGAGCTCTACTGCTGAG

CTGAATGTTTGAAGAGTCACTTTAACCACATCCTGTAATCAAACCATCTGGAACACAGTGCTGCGATTAGTCACCCTGA

ACATTGGGCTTTATCTGAACAAATAGCGTATGGCAATGGAGCTTGGGAGATAGGGCAGCACTAACAAAGGGGAGTGTAA

TGAAACACTTTATGCCCTAGTGTGCCACCACCCCACTCATAAACCCCAGACACACTCTGCTCTGGTGTTAATGTACTAC

TTTATGAAAGCACAGTGAGCTTAAAGATTAAAGGACTGACGGGCTAAAAATTGCTGGTTTGGATAGATGTTCCCTGTTG

GCGGCTGGACGATGTTGGCACCGTTCTATCTATGTTAATTATAAGCTCTCAGACGACAATTCAGCATTTCTTTTAGGGT

TCGCTGTTATTTTCAGGGCATCGGGAACAAGGTTCATTTATGGGAGGATCGTTAACGATTTTTGATTGGCCAGAAGTTC

ATCTGAACACCGAGACACTGCTTTTTGGTTCCTCCAAACCCTACCCATCAATCTCAAATTTXXXXXXXXXXXXXXXXXX

XXTCCACATGAAATCCAAGCAAATTGACTAAGCCAACACCAGAGAGCAAAGGCAATGGCAGAATGATGTTCTAATCTCC

ATTTTAAAAGACGGTATTCTTCCTGGACTGAGCTTATCTCTTTCAAAAGTACATTTGATCACTGGGATACCATCTATGG

AAATCTTATTTXXXXXXXXXXXXXXXXXTCCTGAAAGGCTTTCCCCCCACCCCCCAACTACCTTGAATAAGCTCTAAGA

AGGGGGGGGGGGAACATAGCTAAAGAAACCTTGTTTCCCCATGGGCCTTATGGTTTAATACACAAAAGAACACACAGCT

ACTTCCATCACTGTCACCTCCCCCGCAGCCTTTGTTCTGAGGCCTGATGAGCTGTATTGATCTGG 

>Giant.|GL896954.1:5525718:5526718_4_1000bp_GC:_69.0% 

CCGCGTCCTTCGCAAAAAGCGCTAACAAACAAGAATGGTTGCGTTTTCGTCTCGTCGACTAGGGGGAAAAAAAAAAACC

CAAAAAACTAAATTAATCGCTCCCGACTGGGCTGCGGAGACCCAAGGGCCATGAGGTCCTGGTCGCGGCCTGGACGCGG

GTGGGTCCGGACCCGACCTCCACCGGGAGCGCGCCCCGCGTGCTCCCGCGGCTCCGCTTTACCTGAGGCGAGGCCCACG

CTCTCGGTTTGTTTGGGGGTGGCTGCCAAGCTGGCCCGGCCCGGCGGACAGTCCAGCAGCGTCTCACGCGCGCCGGCCG

GCGCCGCAGCGCTCCTTCGCCCACGTGGACTGCGGCCGGAGTGGGCGAGACCATCTGCGAGACTGCGCGGGGGGAGAGC

GGGCGGCGTGCGGAGGGGAGGGAGCCGGCTGGGGGTCACAGCTTCCCTTCTGCCCCATGCTGCTTCCCTTAGACCTCGT

CCACCGGGAATGTGAAGACACCGCGAGTCCGCAGAGATGCGGCTCCCGGAAGACCCGCGGCGGCGAGGCCGGCGGCGCC

CCCCCTCCACTCGAGGCCGCGTTGGCGGCGCCGCGACCCCGCCCTCCCGCGCCGGTCCTTCCCTCGGCTTCCAGCCTGT

GCTCCGCGCCAGACCCGGCCCCGCCGTCCGGCCGCTCCCCCGCAGCGGCTCGTCACCTCCGGGGTCCCAGCCTCCAAGG

GCCGGGACCGCCACCGCCGCCGCAGGACGGGGAGGCGGGCCATGGCGTCCTGCGTGGGGAGTCGGACCCTGAGCAAAGA

TGATGTGAACTACAAGATGCATTTCCGGATGATCAACGAGCAGCAAGTGGAGGACATCACCATCGACTTCTTCTACCGG

CCGCACACCATCACCCTGCTCAGCTTCACCATCGTCAGCCTCATGTACTTCGCCTTCACCCGGTGAGACGGGTCGGGCC

GCGTGGAGGGAGCGCCCTTGGGCGAAGGGAAGGGGCAAGCGGGAGGCGGTGG 

>Giant.|GL896954.1:5525718:5526718_3_1000bp_GC:_45.3% 

GAAAAGGAGCGTGGAAGACCAAACTGGTAAGAGAAGTAATGAAGATTAGAAACCCCCGACAACTATTCCCAGGGTTGTC

CCTGACAAAGCCTGGTATAGCCTCACCCCATTTCTAGGCAAGCAGGGATGTTGCTTAGCAACCCACCCAGGAAGGGCAA

TGTGAGCTCTGAGCTGGTGCGTTTAGGGATGACACTGCAGTCCTGAACAGGACCAAACTTTTGCTTTAAAACCCACCTC

CAGCACAAGGGACTCCTGCAAGTTGAAAGCACCTGGGAGGAGAGTCTTCTGAGAAGTTAGGTTGAGCAGAAGGCAGGCA

TAGGAGGAAATACTCAGTTTAAATGAGTGGGAAAAAAATATGGAGTGGATTTTCTTTTCTTTCTTTCAAATGGTGCAGA

AAATTGATGTGCTAAGAAAGAGTTGCCAAGGCAAGGACTTGGTGAGTCTGCTTCACTGAACGTTGACGTGGCAATTGAG

GCCAGCAGGACATGCCCAGTTCCAAGGTCATGTGGGCCACCTCTCCCAGCAGCTGCAGCCTCTTGATTACCACCTGCAA

ATTCAATCTCAGAGCAAGATCTGGAGAAAATATTGTCCTTACTCAGTAGAGATTGGAGGTGTTAGAGTTCAACTCTATA

TTCATTCCTTCAACAGATATTTTTTTGAAGCTTGGCAGTTAGAAAGGAAGTTAGGCTTTAATTTTTAAGTGTGATTCAT

GTTAAGGAGGGAAGTGTAAGATGCTATGGGAATATAAAGCCTGGACCCCTAACCTAGAATTGACAGAGAAGGGGGAAGA

TCACAAAAAGCACCAGAAGCTGTGATGTTTAATAGGAGTCGTGAACAATAAGTCAGAGTTCAACAAAGACGGGAAAAGA

AAATGGTTCCATATGGAGTAACAGCTCATGCAATGGTCCAGTTCAGTGAGAGATAGGAAAGAAGAGGGCAGAGGAAGAG

AGAGAGAGAGAAGGAAGGAGGAAGAAGGAGGAGAGAGGGAGATGGAGAGGGA 

>Giant.|GL896954.1:5514718:5515718_1038bp_GC:_56.0% 

CCAGAGGTGCCAACATGGAGGGAAGCAAGGCTGGAGACACTTGGCCTTCCAACAGAGAGAGTACTTCACTCCTATTATT

AGGAAGTCCATCTTGGCTGATCTGTGGGGGCCGCTCCTTGGTCATCTGTGTGCTGTCAACCCACCTCAGCCTCCAGAGT

CAGTCACGGGAATGTGCCTGGGCTCCCTGGACCGTTGCGTGGGGCTTCCAGAAGCTGCTCTGCCCCAGCAAGAGGACTA

TCAAGATAGAAACCATGTTCAGGCTGCCCTCTGACAGGCACTGGAATTCCCCGGCCGTGTGCCATGTTTTTGGTGAGAT

GCTACTCAACGACGACAACAGAATCCAAGCAAAGGGCAGCAATGAGTCACGAAGCTTCCTACCTCTGGGCCCGTCTGCT

ACTCCCTAGTGGCCTGGGAACTGAGCTCACGGTGCCATCGGACAGAGGGCCTCCCGGAGCTGCCTGCTGGGGGCTTTTC

CATGATGAATCCCGCTTCAGCCCCCAGACAGTCTGGTCACCAAAACCGTTGCCATAAAATACACTGCGTGTCTCTGTGT

ATCTTGTCACTGAGGGTAGGGGAAAGGGGTGAGGGTGGCAGATGGCCATGTACCTGCAGATTTCTGAGGCTGAGCACAT

CAGGTCTAAAGTTTTCTGAGCTGGGGGGCAGAGTCCCGGGGTTGAACGAAGACATCCGTCTTCCCAGTCAACTGTAAGT

CTGCAGGGCTCTGGTCTGCCCAGCTCTGCAGACACAGGTGGCTGATCCACAGAGAGGAGGGCCGTGCCCTCTATCTAAA

AGGGTTGTGAGCACAAGGTTTGGGCACTGTGGCCCTAGGAAACCCGAGGCCCTTTTGGTGGGCACTTGGGAAATACTTC

CTAAAAGGATTCTGCCTCCTGTCCTGTTTACCCACTTTCAAAATTCCTTCTCTGGAAGGAACTGAAGCCTCCCCGAATG

TTCCCAGTCACTAGACCTGCTGTGTGGCACCCTGGGCCACCCCTCACCACCTCAGGGACCTCCTAATGGAACCACTGAG

AGCTCGCCATC 

>Giant.|GL896954.1:5492718:5493718_1001bp_GC:_38.3% 

CACCTTCTGGTCTTGAATGTTTATAGAGAGAACCGTTTCCTTCTTCTTCCTTCCTTGGGAATGAGAAAGGTGAGGTTCA

GAGATAGAATATTGTGAATACAATCAGTGCTTACCAGCAGATCTGAGCACCATCCATTTAGAAACAGAGCTATTTCATT

CTCTTTTTAAGCAAACCAGTAAAAATAAAATGGTTTTGATCACAACTGAGACCACAATAAAGACCTTCTCGAATGTCTT

GTGAGTAGAATAGAATGTGTATTTAATTGTTAGTTACAAATAGTCAAATCATTGTCTCTATGTTTCTCAGAATAACCTA

ATCTGTAGAATTATTCACAATTCTACAATATGTACAGCAACGAAGAGAACAGGAAAACAAAACATTACCACATAAAATG
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TAGCCAATTAAATTATGACTTCACAAGCATATAAATATTACTTAATAACTAAAGTGCTGCTTGGATTAAAACTGTTTTA

AAACGAAGGACTGATTCAAAGGCAATTAGTACCATGAAATGAAAGTTTTGCTTTGGGGACTTTTATTATTTACAAGATA

GCTTTATCATTAATGTAAATTAGACAACATTTAACTAGGTGTCTACAATGCATGTGGCACAGAGCAGAAACCCCCATTT

CTCCCTGAACCCATTTTTACATGGAACCTCTTCCCCTGGGAGGTGGCTGTTCAGATCTGGTCCCGTGTACTGGAGTTAT

TTTCTGGCTGTACGAACCTCTTTGACCCTGCTCCTCCTGACCATTGTGAAGAGGATTTGCAGGAAGAATACAGAATCCT

GGCAGTATGGTCACGCTTGGTTCCAAGAAGGAGGCTAAGGTTAAGAATGAGTAAAATTAAGCAGACAACCATGTGTGGC

TCACTATTCTGCAAAGGCAGATTCCCCTGGCACAAATAGCAGAAAGACCCATGAATGAGATCATGTCAACTTCCTCTGC

TTACATAGTCATGTCGGCCCCCTTTCCTTACAGAAAAACAAGCCATGCATGCA 

>Giant.|GL896954.1:5481718:5482718_2_1028bp_GC:_58.4% 

ATCCGGATAGGCCCAAGACCTCCACCCTGCTCTTTGCCCCTTCCTCTTCTTGCTTTGGCCAACGAGGCATCCCATTTCC

GAGGCAAGGGCAGGGAATATATTGACCCTGGCGTGGGCTCTGCCGCAGGGAGCAGAATTCTCTAGATCGCATTGAAGCA

GGGAAGGAGTCAAGAGAGGCCACCTGTCAGGCGTACAAAGGACCCAGACTGGAGCTTGTGCTTTCCGGATGGGCTCTCC

CCCAGGCCACCCGCGAGGCAGCTGCTGCCTTTTGGGCCCTTAGGAAGCCCGGGACTGCGGGTACCAGGACCCCAGCAGC

CGGATGGACGTCAGTGGAAGCCAGTGGTGGGCCGAGGGCCCCCACTCCTCGCTAAAGCAGTGGGAAAGGCACAGAAACA

GAAGACTGCCTTCTGCCTCCTGACCTCCTTCCACACCTCTCTGAAGCCCATGTGACCTGTGGGGCCAAACCACCTGTGA

ACCGCAGCTTCAGCGTGACCTTGGCAGGTGGCCATTAGCATTAGCTCCACAGTGCCAACAGGGGGTGAGCTGGTCCCTC

CCATCTCTCCCGTGGACCACGTTGCCTATAATTCCCATGGCGACCGTGTGAAGTAGGTGCTTCAGCTCTGTTGTGCGTT

TTGGGGGACAGGATCCAAAATAGGAATTTCCTCGAGCTGGTACAGCGCGTCGAGGTCAGGCTGGGATGGAGCCCCGACC

CCCCATGGCACCCCCAAGCTTGGCTTGTTCCTCTAGGTGGCTTCTTCCAGATGTCTCCTCAGGGCGAGGGTCGCAAGCC

CAAGGCCAAGGTAGGGGGCACTGCAGGACCTCCCAACCTGTAGGCCAGCAGAGAGTGGAAGGAAGGCCAGCTTTGAAAG

AGGCCAGGGCCTGTGACAGTCCCGCGTCTTGAATGTCCATGAAGACGTCCCAAGGCCCGCCAGAGCCTGCATTCTGATT

CTTGCTGTTAAAATCCTGGTGACTGCTGAGTTCTCTGTTAGGGATCCTTCATTTAAAGATGAGAAGAATGAAGTCCAGA

A 

>Giant.|GL896954.1:5470718:5471718_983bp_GC:_46.6% 

GAAGGGGACGGGAGGGCAAGGAAGGCAATTTTTAGGCTATTCAACATCCATTATACAGTCCCTCTCTGTAACAGGCACC

TCACAGGAAAGTGAAGCAACCAAAGCCAAGGGTGTAAACAGCTCCTACTTGCTCAAGGTTCTGCAGCATCTCTAAAAAC

TCTGGCTCCTGCAGGGTGGAAATGAAGTGTCCTGTGCATCCTCATTGTTCTTCCTGATTCCCATTCCTCTCATTGGAAC

AGGAATATTTACACACCCCAGTGCAAAAATCGCACTTTACTTAAAAAGATGTGTCGGGCAGACAGGCTGTCATGACTAG

CAGCCACAGTTTGCTAGGGATATGGGCATGTTGTTTTTATTAAAGGTGTTGTCAGGATCTGAAATTCACATGTAATTAA

CTGCTTCATTAAGACAGCAGCCCTGTGGGTCCTAGAGTTGCAGCAGTCTGAAGATCATGCAAGTCAACGCTCTCCTTGC

CCGCGCTGGGGAGGCAGCCTCCTGTCCAGCAGGAATATCTGCAGAAGGGCTGTTTTCTAGGAAACCTCTTTTGCTAACT

CTGGAGCATAAATGTGTAAAACATATTCACTTAAAACTGACTGAAGTTAAAAGCATTACTTTGCAATGAGCTGTGCGTC

CTCCCATGTCATTCATCAAAATCCAGCCATCACAGGCCGCGGTGTGGAGATGCTTAAGCATTTTCATATGCCAGAGCCT

TTTTACTGGAAGAAAGAGCAAGACCATGAAACACACGGAAGGGAAAACATCCAACAATCTGTACACAGTCCCTGACATT

GGCACTTCTCTAACATGGGGTTTTCTGGTTTCAGTGGAGCCCAATCCTGCACATTTTCCCAGCAGCCTTCAGCAGATCT

TGAAACGCAAGATGGGGGCTCTGGTTTCCCTGTGAAATCACACACTTGGTCTGTTTCCTCAAAAGAAATGGGCCATATG

GAACCAGCCCCAGACCAGGCTCAGATCAAACAGAG 

>Giant.|GL896954.1:5459718:5460718_959bp_GC:_42.3% 

TTGATCCCTTTCCTTCCAGCTACCAGAGGTGAAATCTAAGCAAGCAATGTGGCCCACCCCAGACATAACTGGATAACAA

AACCTGATATGCCAGGTTCCTAGGAGAATTACAGCAAATGCAACATATTATTCCTTATAATAATGCCTGGTACAGGATA

GACACCCAGTATTAGGAXXXXXXXXXXXXXXXXXXXXXXXXXAAGAAGTTAGGACCATACAGCAACACAGCTAACAGCA

GCCTAAGCCAAAACCACACCTGAGTCCATTTAACCCACATTCCAAGGGGTTAAACAAGACCATCCACATCACTACCCCC

CTCCCGGGAGTGTTGGACTGAAACATCACTACTAGAACCTTCTCTGGAATCAGCCTCAAAGAAAAAAATTCCGTGAGAT

GTGTACAGCAGGGGACAGGGGTCTACCCAGACCTGGATCCTTCCCAATCCAACTCACAGATTATTTGGGGACAAAGAAT

GCTACCAAAATAATATTTGGAAGAAATACTCTCTGTGCCTGGTGGTCACAGCCTGGGACAAAGTTTTAAAGGAAAAATT

AATATTTATGTGGATAAACCTAAAATCGACCTCTTCTTGTAGATTTTGAAAAGAATTTTTAGTTGCCCATATAAGGAGA

CAACAACAAAAAAGTAGTCTGAATATTTCTCAAGCCTGGTCTCTGAGCCGGGGTCAAAGCAATTCCAAAACGTACCCGT

ATTCCAATGCACTTTATGGCCTCCCTCATCACTTTTACTGGAGACAAAATGATTGACTTTCCATCTTTTTAACAGCCCT

TACACCATTTAGATTGAAACCCAAACCATATTTCAGGTTCTCTAGGTGTTTCTGTCCTGGCCTGGAAAGGCTTGGCAAG

AGAGGGATGCTTCAATTCTGCCTAAAACTGGCAGTGAGGCATCATGGAGCCCCAGAGCCCATTCATGGGGAGGTAGGAT

CTGGCTCTATG 

>Giant.|GL896954.1:5405579:5406579_977bp_GC:_39.7% 

CATAAACCACTTTTAGAGACGGTTATTTXXXXXXXXXXXXXXXXXXXXXXXXGGTTTCTTCCAAACCCCCACATTATGA

TAAATCAAGTCACTAGACAATCACTCCTGAGCCTGCCAAGGTAGGGTGTTTAGACTAAATGGTGTTAACACTTTTAGCT

TAACTCGGTTCATTTTTACTTGCCTCTATATTCCTCTATACTTCCATTCCAGTTCCATATCCAAATGTCAAATAGTAAT

AAGGATTTCATCTAAAAGGATATATGATTTGTCTGAAAATCCATACAGTGCTTTGACAGCAGGAGAATGCAGCAGACAC

CAATTTAGAGAGAATCTAACGTGTTATATACATTTATCTCTAGCATGTGCCAAAGCTTTGAAAAGAAGAGAATTCCATT

TGCCTGTCGAACAGAGATTAGAGGAGATAGATTTAAATGCTGGTGTTCATCGTTCTTATTTCATAAGCAAGAACACACA

ACTAGAAACATCTACGCACTTTCTATGTTACAGAGAGGTTAATGCTCTCTGTTTTAGCCACAAGACACTTGGCTTTCAA

TATGTCATGAAATAAATGTTCTCAAATATAGTCACCTACCTCTAAATCTAGAACATGTTCATTTTTGCCAATAACGTCA

GGCTAGTCTGCAAGGTTTCACTGAAGCACCAGGGGAGAAGAGAGAGTATCTCTAAAAACTCCAATTCAGAGGAGCCTCC

ACTTCCTAGTTTTCTTAAAACACAAAGTGAAAAGAAAGGGAGTAAACTGTTCAGACTCTAGCACTAGCTGAGAGCCAAA

ATGTCATGCCAGGAAGTGGCAATCCCTTACTGGACACAATGGCATCAGTCGCAAGGGGAAAGCTTCATCCCAGGTCTGC

AGCCTTGCTTGACACCCTCTTGGGTCCCACGTGGTTCTTTCTGCCCCTATCTTGTGACCTGCAAAATGGCCCCATCAAA

CACCAGATTTCACCCTCTCGCCTTCACTC 

>Giant.|GL896954.1:5405579:5406579_4_977bp_GC:_49.7% 

TAATCCGACAGATACCCTGAGCTCCAGCTGGCACCTCCCCGCACGTGCTCGCCCTGATGGCTCCACCTGGAATGAAGTT

CTCATCCTCCCTTCTGCCACTCCCATGACTAGAAAATTCCTAATCTTTCTCTGAGGCCCCCATCAGCCATCTCCAACAA
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TTCGGCCCCTCCCCCACCCCAGGACCTTCATCCCACCTTGAAGCAGGATTAAGCCCTTCTTGACTTTAGTCCCTCTAAC

ATCATCCCTTTGATTTGTAACTCCTTTTCGGTGATTGTCTTAGAGTTCCAGACGTGAACGCTAAGAGGGCTTCCTCCAC

ACATCACTCCACTCTGTCTCTCATGCCTCGCAGGGCTCCTGGCACACACGGCAAATGAGATCTTCCCCATGCCTCCCCT

CTGGAAGCTTCATCTTCTACCGTATGTCTCTTTCAGTCCCCAAACTATTGTCTCTCCATTTACTCTTCTGCCCCCTATT

TCTGACCCAGCCAGGAGTGAGAATCCACAGAGCTCCCCACACTTCTCCCTAGACATCTTTTCCCTGGAAAATCACTTCC

GCTTCTGGGAGCTCCCTCTCGGGCTTCTGTCTCACCTTCTTCACATCAGGTTCTGCTTCCTCCACCCGTGCACAATTCA

TCCACCTCACAAGTGTGTATTATTTGCTCAACACTTTCATCAAATACAGGTCCATTGTCTCTGGGGAGCTTGCTACCAC

AAGGAGCAATGCATTGCTCCCTTGCGGTCACCCACATGTCCCCTTGTGACAGGAGATCGCCAGTGAAGTTGCTTTTCCC

TGTTCTAGTCATCCTGCTTTGTCTGTTTGATTGTCCTACAGCAATCTCTCCAAAATCTATTCCTCTCCCTCCATATGTG

TAGCTAAGTATGTGATTTATCCCTTGACCATGGACCATATAGAAACTAAGGTXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXGGACCATGAACAAAGG 

>Giant.|GL896954.1:5332056:5333056_3_1000bp_GC:_44.6% 

AGCCAGACCAGCACGGAACCCCATTGCCCTTCTTTCGCGATGCAATGAAGTCCGAGAGCTGGAATGCGGCTGGATTCCA

AGGGATTCTGTTTGTGCAGCATGAATGCAGATATGTCCAAGTGTATAAGACCCTTGCTCAGTCGGCTGTGTCCTAAATC

TGGCAGGCTCACTAAGGCATGGAGGATTATGCAGTTTAAATTGGATGAGAGGGTGATGGTTGTTAAGAAATATAATCGA

CAATGACAAAAATTAAAACCAAAAGTAAAACAGAGACTCCCCCACTTGCCAATGAAATAACATGTTATCTTGGGGCTCT

AGACTAGGCCAAAGATCTAGAACCTGACAGTCTCCATTGAATCCATTAATACCGATGTTTCATAACTATTAATGTGTAG

AAAAGGTGCCTGTATATTTGCAAAAGCAAACCCCCTTGGAGGAGTCAGGATTTCCCTATGTTTCTGCAGAGACCTGTGG

GTGAGGTCCAGACCGATGATAATTCAGTAGGCTGTCAAGGCCCACCAGTCTTATCAAAGGTAGATGGCAATTTCCCAGG

AGACAGATGTTTGCACAATGAATTCTGGGCACTGTCCAATAGGATCACAACTTAGAGGGGTGTTTGTTTATAGAGGAGA

AATGCGGCTCGAATTCCACTAGACACTCGGAGAATATTGGAATATCAACATAGCTCTCCAGGAGCACATGCAACCCAGT

TTGAGCTTGGGAAGAACAGGCGTTAACTATTCCAACTTGAAAATAATGCATGCTGCAAGCCCTAAAAATGGGTTGGAAA

AACACCTCCCTGTCTCTTCCAAGCTTCCAAGCTACATTTGTGAAAACAGCAAGAAGAACAAGGAACTGAGTCTGATTCT

GGCTCAGTGATCAAGGGACCTTGCAGCTGGTCTTGTCTATAAAATGTCAATGGGAAATGAAGGGTCCTTTGTTCAGAGA

ACCCCTTGGCTGCCTTCAAAGAAGATCTGCCAAGCAGGCAGGACATATCTTG 

>Giant.|GL896949.1:9731409:9732409_1029bp_GC:_48.1% 

CAGTGTAAAGCTTATAAGAACTAAGGTAATGGCTCCCAATTATCCTAGAGGAGATAGTCCTTGGGCAAGATTGTGAATT

TTCATTAAATTTTATACTTCTCTAGCTTGACTTTTCTTGGATCTGTTCTAATTTCTTTTGAATGCTGAGTCCATGCTCA

TGTGCACAACTGAGATGGGGTTATGTGGAGCTGGGTGAGTTCGGGGGAGAAAACCTGGCACAGGTTCTCTATTGAGCAA

GGAAGTGCAGACATTTTTCAACATTCCTGCCAAGGGGTTCGAGTGCTTAAACACAGAAGGGTATTGGATGTGTCCTTTT

AAAGTCTTTTATCTATCAGCTCAGAATGTCCATCGAGGCAGGACCAGGGTGTTATGGGAGTCTGGAATCACCTCTTAGG

GTCACTCACAAACCTGCCGACTTCTTTGACTTTTCAGAAGTTTCCAGAACCCACTGTTCCCTGCTTCCATCCTAACCTG

GAGAGCGTTGCAAGTGAGAGTATGAATTCCTGCTGCTTATCCCCACGGCAAAGGAACTGCTCCTTGGATAACGCCTCAC

AGAAGGTACTCCAGACTTCTCTATTCTTCTTAAGCCCCAGTCTCTGTAGCAAGGATTTTCCTTGACCCACCTGAATTTG

AGTGCATGTGAAGTGCCTGTGAAGTCACTTGCACAGTCTTCTCTGTCACTCAGTCCCCTTTCCAGCCTAACCTCAAAAC

ATTACCCTACCAACCTCATTCCCTCCCCTGAATTATAGGTCATTTGCTACAGGGGGATGGTATGTAGATGGATTCTGAG

GTGCTCACACAGATTCCCCTTCAAGGGCTTACAGTGTGCAGCTGATGACTCCCAGCCAGGCTTTCCCAGGGAATTGGCC

TTGGCCAAGGTCATGCATGCCCTGTGCCTGAGGCTGCCTGTATGCACTGACTGGCCAAGATGTGGAAGAGGGAAAAAGG

CCCAGCAGCCTTGGCCAGCTGCTACCACATCCCTCTGCTAGTCCCTTTCCTCTCACTCCCTCATAGGTGGTTGCTGCTG

AG 

>Giant.|GL896949.1:9709409:9710409_1028bp_GC:_47.3% 

GAAAGAAAAATTTGGGTGTATCCAAATAGGAAATTGTCCCCCAGAGAGGCTTTTCCCACACCTGCGGCCACTGTTAACC

CCTCATCAATTGCAGGGATGGCACCAACTTCCAGGTCATCTTGGCAGGCTCACTTCTAGAATGTGTGGGAGTAGATGTG

TGGTGAACAGGTTGCATTTGGAGGTGAGAATGCTTTGGCGTTTGACAAATGGCTCAAGTTCACTTGGTACTGGAGCATC

TGCTTGCTGACCCTGTGTTTTCATGGCATTCCCAGCCCTCATAGGGTTCCTGGAGGTTCTCCAGCCCTTGGCAAACTGG

GCCCTGTCTAGCAGGTGATGGAGCTCTTCCAGCCTGGGCGGAGTTGGTTCTGGATCTCAACTGCCTGCTCTAGGAGCCC

ACCCTGGAGTCAGACTGTTTCCACTCAGTGTCCTCAGGGTCTGGGCTTGAAGTGGATCTACAAGAAATGCTTACTGAGA

TTGGTTGATTCAGAGGAGCTGGGGGCTCTAGAGATCCTTGTTTAGTATGGATCTCAAGGCAGGATTCTGGTGCAGCCTG

GGCCTCCTCTTCTAGGCCCAGAGATCCGAGAATCTCTGCCAGTCCTTCCCATTTGCACAAACTGACTTTGGCTTTTGGA

GCTTAAGGTGGAAACTGCCAGTGAATCAAGACAGGTTCTTCTTAATATATGCAGCTGAAAGGCCAGGTGCTAGCAGGGT

GGAGAAGAAAGTCTTCTGACCTTTGTGTCCTGTCAGTCATGTAAGCACTGACTAGGTGGGGAGTAACATTCTGTTCACG

ATTTCTTGGTAGAAAACATGCTCACTATCAAATGTCAGTAATAACAATGGGGAAGAGTGGTTTTCTGATTTCTTAGAAA

CGGTTTCTTCCTGCTCTGTGGGTGCTGGCCTTTACAATTACATTCTATTTGATGACGTACTTCACTCTGTTTTTTGAAA

TGCCTTACTTTCTCCTGAGATTTAATCTCAGTGTGATTAATCTTTAATCCCTGGGCTGTTTACATTCCATTTAAAGATG

T 

>Giant.|GL896949.1:9676409:9677409_3_994bp_GC:_55.8% 

GAGGCTAGGTGATGCCCCCAGTGTTTAGGCAGATCTGCTCTTTTGTACCATCAGTCCTGTTCCTTCGTCAGGACGCACT

GGCTGCCCGCGGGCGCTCTCCAGACCCATGCCACGATGCCATGATGCTGAGTCAGTGACCCTCTGGGCCTCAGTGCCAG

TGTCCACAGGGATTCCCCGCTTCCCACACTGCTCCATCTCCAAACGTGACCATCCTGATGTGCCAGCTGACCCTCATCA

ATCTTCAGTCCAACTCTGGAGGTGGCGGGACCCCTGGCAGAGGGAGCCAGGAAGGCGGCGAGTGTGTGTGACTCAGCTG

TGGTGAGTAGGGGCCGGAGGGACAGACTGGACGGCTGGCTCAGGAGGAGAATCCCTTCTCCGCCTCCCACCCCCACCAA

GTTCGTAGGCCTGTTAGGGACTCAAAGGTTGGGAGGCTGATTTATCCATAGGTGTTCATGTATATTTCTATGTTTAGCC

ACAAAAGTAATCCATGCTCATTATTACAAATCAAGCTAATTAAATTGTATAAAAATGTTAATTAGCATTCTGAACGCCA

CTCCCTTGGTTCTTCTCCAAAAGCCAGACTTCTGGAGAACCAGTGTAACCTCAAGACACTCCTCTTACCTGTTCCACTA

AGAATCAAGGGAGTTCCTGAGTTCAAATCCAGCCTCTACCCTCAACAGGAACCGGGCCTTGGGCATTTTCCTAAACGTC

CCTGGGCCCGACTGTCCTGGTCTGCGACTGTCCTGGTCTGCGAGGTCCCCACGTAGGCTTCCCTGGGGCAACTCGGCTC

CCACCATCTGGAGCATGAAGGAGGCCTGGGTGGGCAAAGCTGGAGGCTGCCTGGGGTTTCCTCTCTGGGCCTGGATGCA
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GAGAGACCGACTGTCTAGGTGAACTGTGTCCACCAGGAGTCTCGCTGGACGTGTGGCCTGGGGGCTCCCAGGGCTGCCT

GGAAACTGTCAGTCAGAGGCCCCAGCACACAGATCTCCAAGCATGT 

>Giant.|GL896949.1:9665409:9666409_2_997bp_GC:_33.4% 

CTTTTAGGCTAGTCTTGGAGAAATCATTCTTTTATTAGCATATTGGATATTTTAATAGCACATGAATATCTGTGGTCTG

AATGCAGTAAGGGCAATCTAATGTCAGTTTCACAGCTAAACTGATTGGAAATAAGGGTTGGGAGGTTATTTTATACTTC

CTATAAATTTATACACTTGCTTAGATGCTTTGTGCCCAAATGAGTCCTTATACAGAACCACCCAAGCCAGAACTTCAAA

ATAACCGAAGGCGATAAGAAAATCAGTGTGTCTGAGCCAACAATCTCAAGCATTGAACTTTTTCCTCCTATTTAATAAT

ATTCTGCTTGTTACATATTAATAACTATTCACTTTATAGTATTCCTTAAGCACAGCTTAACTTCAGACAAACAAGATAA

ATTCTGTTGTCTGAGATTTCAGTGTGCACTGAAGAAAGGAAGAGGTAAAAAACATCAGTTAAGTTAAATAATAACTAAC

TTTAAAAAAGTCATCTTTTCAGTATCTAGTAATTTGGAATTAAGTATTTTGGAAAAATTTAAATTTGGTGTGAGTAGTT

ATTTTTTAAGGTTGACATCACTATTTAAATAAGGTAATCTTTTCCCTACCAACAACTTATTATTTAAGTGCATTTTAAA

ATTTGATAGGCAAAGATACCTTGTTCAATTATGGGAAAATTTGAATAATGTTTTTGTATACTCAGCACAGACCTCTAAA

CAAGGCTTTGGGCAGGACCATGGCAGGAAAACAGGAGTAATGGGAGAGGACAGCATTACCAAGTGTCTGTGAGTCATCT

TTGTTGTTAGTGAAGGTGACATAGTCCTAAGTAGATTTGGTCATCATGGCTTTAACAAAACGTTTTATTGAAAGCATAA

TTCCAAAGCCATTATTAGTATATATACACATATGGGXXXXXXXXXXXXXXXXXXXXXXXXXXXACATGAGCACACAAGT

GGGACCAACTTTTACAGACAAAATTTTTTAAGAGTATCAATAAATAGGT 

>Giant.|GL896949.1:9665409:9666409_1_997bp_GC:_44.9% 

GTCCCTCTCAGTCATATTAAAATATCACCTCAAACTGAGCACAAAGTATCCTTTGCTTCTCAATGATCAACTTAATAAT

ATAATGGCCTTTGATGGAGATATAAGTGATTTTACAGCCTTACTTTTAACCATGGGACCAACCAACCAGGAGCTCACAT

ACAGATGCAAGTACATTGCATGCAAGATTTGAGAAAACTGAGGAAGCATCGGGATGACCTAATAAATTTTGAGTCTGAG

TGGACAAATCCCATGAGGTCCAAAACTTCAGGGAGCCACCACAGTGCCAACAGATTCAGGCGTCTGTGTGCAAAGAGTA

CTTCAAGAGGCAGTGCTTCTTCCCTCCTGGAGTGGCCCCACACCTACAGATACTTTTTGTAAGTGCAGATCATAGACCC

TTTGCCTCAAGTCCTCAAATATACCCAGACCCATAGAGCCAAATTTCCAGGACAAGCTTCTGAAAATCTATAGTATTAT

AAAGCTCCCTGGGAGTGGGGAGGGCTTCCGATGCCTGCATCCAGTGACAGAATTTCCCCCACAGTAAGAGACAGCCTGG

GGAGAAATGCTCTATCCCATAATGCCTACTTACAACTCCAAATGCATGCAGGGCCCCTGTTGCCATGAGACACAGAGAC

GTGAAAGGGACCAACAAAACCCACCAAAATGGCATAAAGACTACTTCAAAATGAAAACACCTGCACAAACAAGTAAGGG

GGGGGAACCACCTCTAAACTTCCCTCGTTTCAACAGAATTTTCTGAAAATCCAGATTGGGGGGTGTGGGGAAGCCTAAT

CCTTAGCACCTAGAAAATGTGAGGATTCTGCAGCCATAAATCCTCCTCCAGGGAGCTTCCAGCCAGGAAGAAGAATGAC

CACCCACACAAGTACCTGGATGAGAAAATGTATAAATGCGTAGCGAGCCTTATCAGAACCTCCCATACTTCCCCACTGA

AACTCTAACTACCAACACCTGGCCATTAAGCTGATATAAAAAGTTTTAC 

>Giant.|GL896949.1:9643409:9644409_1_1001bp_GC:_37.5% 

AGAACAGAGGGTCTTCTAAAGATAAAAACATGAATTACCAGACTGTCCTTTTTGATTGCATGGGGGGAGATATGGGACA

AAGGAAGAGAAGTTGATAACAGCATTTCCTCAGCAGAAGGGGTAATTGCCTCAGGTACAGCCACTGATAAGGGAAGTGC

CATGTCTAGTCCCTTGGAGCCCAGTTTGAACGTCTCCTGCACCTGCACCATGGCCGCTGCTACTCTCCCCAGCCTAGTT

TCTCTGCATATTCCACCTCACCCTGACCTCACTGAGTTCTAACTCGGGCACTCATTTTTTGGAATTGTGCCTTCTTCTC

TGAAAACAGTTTTAACTCATCTTTTTCTAAAGGATTCACTTTTAGAAAATGAAATTAGGGATTAAATTCCTAATGAAAT

GATTATTTCTGTAAGTGACAGAAATGAAATGCCCTGACAAACAATGCAAGATAATTGTTCCTTCGGTAATGTTTACCAT

CATTACCTAGCCTGAATTTCAGACTTTTCAGCTTTCACCCCCAAAACAGAGCATGACACATAACATGACACAATTAATC

TGATTAAAAAGGAACCATTTATAGTTACAAATTGCCTTTCATCTTGGGTTGATTAAAGCATTCCACTGATGATAACTTG

TTCTGATTTACTATAATTTTTATATTGTTCATTACTATCAAACCAAGAGCTTTAATCCTAACAGTTATGTGGGGGTTGT

TTTTTTTTTTTAAACTGAATTATAAATTGAGGTGTCACACAAAAGTTACTTAAGAATTTTTTTCTTTTTCCACTCAGCT

TCCAAGTAGTTAATCCAATTTGCCAGGGTTCTAATTACAATTCTCTTGCTGGGGCCAGAGCTCATGAAAACTTGTACAA

AGATAATATACTGTGGTTTAGGAAGTGAGGGGAGCAGGAAAGAAGAGGAGGTTACTAAATTAAAATTTGTGTGAATGCC

TTAGATATGAATTCTGAGTCTTTTTAATAGAAATGACTCTAGTTCCATCCACG 

>Giant.|GL896949.1:9440514:9441514_2_1004bp_GC:_44.2% 

AAAATGTAACGAATTCTGTAGTTTCTCAGGATGCCCCAGTTTCTGTGCATACACAAACACACCTAAAAACTCAGGCAGA

ATTTAAGAGAAGAACACTTTGTATTGCCAGTTCCCTCGGTTTTCCCTGTCCCACATATACACACTCACACTCTTAAACA

CGCTTTGTAACGTGATGTATTCATAGCACTTTTTTTTTTCTTGGCATTGTCTATGCTCGGCAGTGTGATACTTGAAAGG

ACACTGAAGGTCACTTCAGATACATTTAAACATCAGTCTGATTAATTTCTAAAGCCATAGGGCAGAAATGTGGTAGTGA

ATAGAAATCCAGCTAAGGGACAGCCAGCCAGGCCCTGTGGTGTTCACAGATGTGACTACAGTGTTGACAATTTCCTAGA

GCCGCATCTGTCAACAAAAAACCGTCTACACTGGTGGGCAGCAACACTCAGCATTCTGAATCCTTGGGGTCTCTTCCTC

GATTCAGTTGACTTCCCCTCTCAGAGTTCCCCAGTATTTGAGAACCGGGAAGAGCCTGGTTACACTAGTGTTTGGGTCC

CAACCTTTCCTGACCAATAGAGATGGCTAAGTGTGAGTGTGCAGACTCTGAGCACTAGGGCACGTGGATCTGTACCTTC

AAAGGGCTGGCCAGTCTGGGTACAAGGATCCACAGAGATGACGAAAATTCATGTTAGTTTGGAACTTCCTTAAATCCCC

TCTGCAGGTTTACCTTAGGCTGGCCCCTGGTGCAAATTACAAACCCTCAACTGACTTCTACTTCAGATTTTGAGGTTAC

CACAAATTAGAGTGCCCTGCATTCTGTGTGGGTCCTGCCCTTCTCTAGTCCCTGTCAGTATTCAACAAAGCAAGTTAAT

CTCCCTGGTAAGTGACAGCTCTGCCCCTTGTAACTGGCATGAAATCAATTTTTTAACTTGATTTGAGAAATGAGGAGAG

TTATCAAGAATTCAGTACTAGCTGTGGATTCATTAGCAAGCTGAATCAGTTTTAGC 

>Giant.|GL896949.1:9372924:9373924_3_998bp_GC:_56.3% 

GGTGACAGTGTTGGATTGTAGCCCCTGTCCCAGCCCTGCTGGGAGGGTGCAGAGGTGAGCACCAGGGGGGCTCCAAATG

TGATCTCTCTGGGCCCCAGTGAAATTCATTCATTTATTCATTTGCTGAACAAAGGTGGGTGGCGCACTTTACCATTGGG

CACAGCTAAGGATGAGAGGAGGCTCCTGGCCTCCCCCCAGGGGCACAGTCAGGGCCAGTTCTCCAACTGACCTAGCACA

GACATTAAAGCATGACTGTTATAGTCACAGTGATGAGCATGAGATGGAGGCCCGGGCGTATTCCAGAGGATTTTCTGGA

AGAAGCTACATGACAGACGAATCCAGGGCAGGGTGGTGAAGGCTGGGTCTGGTGACAGGAGACTCTACTTAAGGACCTT

TGGGACCCCAGCAGAAGGGTTTGAACTGGCACCAGATGCCTGGGACGAGCAAGGATCATAAGTCATATCCTCAGCATGG

GGTTGAGGGAAGGAGGGGGAAATCTCATGGTCCCCAGTGTTGAGGAGCATGGCTCCCTCCTTGCCACAGATGGGGATGA

GGGGAGGAGACCTGGAGGGGAAGGTTTAGCTGGGATGCAGCTGTACAAGGGTGGGAGGCTGACTGCTACCCTGGCCAAA

CTAGGTGCCCATCTTCGCGGGACCCGATGTACTCGGCAAGGTGCCTACAAGGACGGTTTCACACCTGACAGGGGCCTGG
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AGTCCTCCCCGGTGGCTTCTTAGGCCCAGGCTTGGCCATGAAGGAGGCAGATTATTGGGGGTAAAACACAGCCTGAGGG

GCCCTGCCGACCCCCAGGAGTTTATACTGTAGAGAGAGGAGACAGGCAGGTGACAGGGAAACACAGACTAACAAGTGAA

TGAGATGAATCCCAGTTTGACCAGTGCATTTCCTGTCACTTGGTGAGTCTGTGAGGCCACTGGGGAGGTGGTTAGAGAC

ATGACCTGGAGCCCACCTGCCTGGACCCACGTCCCAACCCTGTCACCTGC 

>Giant.|GL896949.1:9361924:9362924_1009bp_GC:_44.2% 

GAAATATCAGTCAGCGCAAAATAATGCAGTAGGCAAGATCAGCTCCCTGAAGAGGAAAAAGCCATTCTCTCAAGGGGTC

CTCTCCCATGTTGGGCTTTCTGAAGCCAGACCAGAGTTAAAAAGGGGCACCATGTGAGTGAATTTTGGCCTGATGTTCT

GGATAACTTTGATAATATGCCAACAATGATGTCTATGGATGGACTTAGGAACTTTAAGGGCCTCTGTCTTTTCAGAAAT

CATCCTTTTTGAGCTCAAAGGGGGTCACCACATCAGTGCTGATAGTAATGTTATTTTTCTGATTCACTTTTGCCCTGAG

AAATCCAGAACAGTTTTTTATGTATATACTTTAAACTTTCAAAACTGCCTGACTACCCAAGCCACTCAACTCTGAGGAT

GATATTAAAACATCAGTAGCAGGACAGTGTTTCTCGTGATGAATAAACTATCTGAGGCTCTCTAACGTTTACCATTTTG

GATATCTTCTGCTCTGTGGTTACGTGATGTTAGGAGGAAAGAGAAAATTTGAAGGGACTATTCCTGTTTTAGTTCCCAT

GTTACTTTTTCCTGAGACTATCAATTTCTCAGCTCCATCCTGTTTGCAGAAAGATAGTCTCTTTTAGGCTCTCCTTCCT

CCCCATCCTTTATTGTTGTTGTTCTAGGTGCAGAGAGAAGTGTCCTCATTTCTAGACTTGGTGTTTGGAAGAGATTTTC

TGTCACAGGCTTAAAAGCCCACAGGTTGGATAATGTAACCAATTGGGGTTTTCTTTAACTTGGACTAGAGGAGCTCCTT

CATGCAGTAAACTGAAGGGAGCCATGCTGTCTGGTGTTCAAGTCCCTCATTTAAACAGAGCTCAAGCAGAGGGCGTCTG

GCAGTGTCCAGTGTGAATCAAAGCAGCAACGTGATGTTTCAGCAAAGCCCAGAGCTGCAAGGTCGCAGATGGCTACGTC

TGGCCAGGAGCTCCCTGGCCCTCCCTCTCCCGGGTTCCCTGCCCTAAGAGAGTGTCCACAC 

>Giant.|GL896941.1:9349303:9350303_982bp_GC:_50.0% 

GTCTTTCTGGGGGACACTGGCAAGCACTTCCAGGAAGTAGTGCCACTGCAGGTGTGACTGGCTAGGTTCTCCCAGGTCC

CAGAAACACTGGCTCACAGTTGAAGTTGGGGCAGCTGTTAGAGGTAGGACAAGGGGACAGAATTCACGGGACAGGTGGA

GTCTCTCTGATGGGACTACTCTTGGATTTGAAACATTCTCTCCTCTTCCTTTTATGCCAAGAACTGGGCTCTTTTGGGA

GACTGTAGGCGACTTATCACATATCAGGATAAATACTGTCTCCTGTTCATATTGGTGGTGATGAACTTTGCAGAATCTT

TAGGTCTTTTGCTGTCAGCCTGGGTCACCTCTACTTTGTGTATATTCCATATGCTGTCTGGGGTTCGGGCATCCCAATC

AGGGTATTTTAGTTTGGCTGAACCAGGATGGTCTGTGTAGAGAAATATACTACCCTGCCCCCCCCATCCGCCCAGCCTG

CTAATGAACAAGGAGGTAAGCAGGAGGAAAGATTGGGGGTTGGTGTCTTTCCCATCTGCCCTTGGGATGATGGAAGTCC

AAAGCTGATCGAACTGGGCTGGAGACCCCATGTGAGGCTTGAGATCCTGGTAGGCTGATTTGAGACCACTGGGTCTTAG

GTTACTTGGGATTGAGAGAGGTTGTGATTTCCTGGCAGGGACTTGCAAGCTAGGACAGTCCTGACTCCCTCAGGATTGT

AAGTTTGGGGAGAAAAGACACACTGGGCTTCTCCTTTGCAGAGAAGCTTCCTTGTGTGGTTCTCAGGCTGTGGAAATTG

ACCCAGCAGCTGGCAGACTGGGAAAATATGAGGAGGGACAGTCTCTGACTACTTTGCGGGCATCTGTGAAAATCTTCTG

GGGGACAGCAGACACTCTCATGGAGGTTAATGCCTATCTGGGCAGGGGGACGGGAGCTAGAAACAACTGCAATTTGAGC

ACAAATGGAAATGTGGACTGACCGATGTGAATTT 

>Giant.|GL896941.1:9272303:9273303_1020bp_GC:_47.2% 

TCGAGGCATGAAAGCCCGTCTGCGGATGACAAACAGTTTTGCAGCATATCTCAATGTTGCACAAAGTGAAATGGCTTAT

GAAGAATTAGTGCGCCCGGCATCAGGGAGCCTGCTTTTCCCGCCTCCCTCCTCCAGGCCAGCAAATCTAGGTGTGGGTG

CCACAGATCGGCAAGGCAGCCAGATGGGCTCTAATGGACAAAGGACTTGCTCTGGGTCTGTGCAGGTGTTTCCTATGTT

CCTTATGAGACAGGCAGTCCCAGCTCCTTCTTCTCCTAGGTGGCACAGAGTGTGTACCTGTCGTCCAAGCCCCGGCTTG

TCAGCTCTCTCCGTATGGGGTGGTGGGCTCCAGTACGACCCCAAATCCTTCAGCCAGCGGGAACCTCAAAGCTGAATTT

ACAACTTCTCTATATGTGAAGGCTATTCATTACATCAAAAGTCTTAAGAAAAGGCCGTTAGCGCAGATTCAAACTCCTC

CCCTTTCCGACTCCTTAGAGCGGCCCCACGTCATCACAGGCGTCTTGGGAAACTTACCTCGGGATTTTAGAATATGGTG

AAGTCCAGAGAACATAGTTCTCTGGGGTTTTGCCGACTCTGATTCTCTCTGAAATTGTTTTTCCTACTTTGCCTCTTGC

CTTGAATATGAGTAACGATCTCCTTGTATGTTCTTAGGTATTTCTTTAGGAGAAATGAAAGCTTTCAGCTCAAGGACGT

TGTGGTTATTGACGGGAGAAAATAGATTTCTGGGCCAAGTAATGTCACAATCATATAGAGAGAAAGCCGGTGACTTTAT

TAAAAGCAATTATAAGAGTTGTGCTTTGTTCTCATGCTCAAGCTTACATAGGGCAAACGACATTCATCTTTCATTTTCA

TTACTTATGATACTTGTGTACACGCATACATATGCGTGCCCTCCCCCAAAGCATCTATACGCCTCTTGCACCAACATGA

TCTAACAAGCCAGTGTGGCCTTTGTGTTTCTTCCGCTGAGCACTGTGTGCCCGTACGTGCAAATACATGTGC 

>Giant.|GL896941.1:9193269:9194269_995bp_GC:_51.1% 

GGGTGGGGGGCAAACACTACTCGTTTTCACTACAGTGAGTTTTGGCTGATCCCCGTTTCCCTGACTTTGCCTGCATCAG

AGCCAAATTTTGGGTCTGCTCCTCCCTTTGCCTAGTGGGATGAAGCTGGGCACCTACCTTGCTGAGAGTTCAATGGGGC

AGTGGGCTGGCCCCGTACAAGGATGCCCCCCACCCCAAACAAGTGTCTAGAAACCCAGCGAGTCCCGCACCTTGCCGGT

TCTAGCTGTTCCCTGTGAAAAGGTTCATGGAGCCCACCCAATGACATGGTAGTTGAGGACTTTCCAGTTGAAGAAATGG

CCCTATTGGTTGGTGTCCGTGGCTTCATGAATTAATGCTGTGATCGAGCCTGAACCTGGGTGTAGAGCTTCAGGTCAAG

AAAGTGGGATTTCAGGAGAGATGAAGAAGCCCAGGTTCTGATTTTCAGTAACTTTGACATTCTCGAGTTTGCTGATGGC

ATCTCTGCTCAGACGACCAGGGTCTTCAGCTCAGTGTTAACTTAGAGGTGTGACTGCCCTCCTGCTGCGGGCTGCCCTG

GTTTCATAACTAGCCCCACCGCCTGGGTTTCAGAATTCAGTTCTGCTGAAGCTGCAGCCGTTTATCTGGTCCTGGATCT

CTAGTCCTTGCTCAGTGTTTTCAGTCACAGGAGCCTAGGTAACAGTGATTGAAAAAACCCCACCAAGGCAGTCACTCAT

CTGTTTAACCAATAGGCATTGAGCTGCTTTGGTACAGTTCTGATGGAAAGACACACGAGTCTTAGCTTTGGTGGCGCTG

CCTTTCCGCCGGGGAGGCCCGATGAGAAGCAGATGGGTGAAATAAGTCGGTGAGACAATTTTCCAAGGGCTGTCATGTT

GTGCTATGCATGAAAATTAAAACAATGTCCCGTGATCAAAGTGACTCCTTTCTGTTGAAGGGCAGCAGAGCGTTCATTC

TGGGACAGGTAGTGGCTGCTGTCCAGACTCTAAGGTGTCACCTACCT 

>Giant.|GL896941.1:9182269:9183269_995bp_GC:_60.3% 

GTCCGGGCTGAGGGCTTTGGCGACACGCCTCAAGTCTCAGGAACAGGAGACCCACGAGCTCACTGCACAGCCCTGGGCT

TCTCGGGGTCACGGTTTCCCCCACACCCCTCTGCAAACAGGAGCTTTGAGAGGCCTCTTGGATGTAGAGGAATCGAACT

GTGGCTTAGCGAGGGGTGAGGGGGCTCAGGGCATAATAGGAACAGAGCTTGGCTTTTCTGAGAGGCCAAGATGCTGAGC

CGTTCTCCCCGGACCCCGGTCCGAGCAGCATCAAGTGGTGTGTGAGGGCTTGGAGGGAGGGCAGCCCCCCCCCCCCACT

CGGAGACCGAAGAGCCAGGCTGTCCAAGGCAGGAGTCCCAGGATCATGCTCCCTGGTCTGTGGCTTCCTCAGAGTCTGG

GGCGGGGAGGGCAGAGCATCAGGTCAGAGCAGATAACTCCCCCCCCCCCCCGCCAAGCCTGACTTTGGTAAGTAACACT

GATGGCCTTGGTGGCTGGTAGTGACACCCCGCTTGCCTTCGTGGCATTCTTTCCTCTCAGCTCCTGCTGCCCACGAGCT
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GCCACCACGGCAGCAACACGAAAGCCCGCTTCTGCCTTTGGGGACCTCGCCGGAGTGATTGGCCCGTTTCCCTTAAAAA

GACGCAGGCATCCTCCCTTTGTCCCCACGTTCATCCTGCCATGAGAAGGGCAGGGACCTGTCCCCCGGAAAGCGATTTC

ACAGTTGTCGGGGACATGTTCTGTTACAGAGAAATGCCGCCTCCTTTTACTCTGGAGCTCCCCCCGGTTTTTGGTCTCT

TTTGGTCCTTGCGACGTTGCTTTGCAACACAGTGTTCTTACTCTGCAAGTCTTGCAGCAGCCCTTGGCCAAAGGTCATT

CTGTGTGACGCCCAAACCGGGGTCTCAGGGAAAGAGCAGGCGGGGGGCTGGGGGAAGGGGTCGCGGGTGCTCTCAGAGG

AAGGACATCTGTCCCCGATCCCTGACGTGGCTCAAAGCAGCTGCGTG 

>Giant.|GL896941.1:9083269:9084269_4_1020bp_GC:_49.7% 

CAACGCCTTTAATTTCACCCTTGGGGCAACTCCGCAGCATCGCAATCTAAATGTGAACGCAGCAGAAGGACCCAGACTG

AGGAGGCAGGGAAGCCTTTGGGAGGTTCTTTTCTTCCCTTCAAACATCCTTGAATCATATGATGACTAGTTGAGCAGGA

CCAAGCTGCTGGACACCCACAGCCATCACCTCTCCTCCAATCCCCAAGTCAGCCCAGTGATTGATTCCTGGAGGTAGCA

CAGCCAAAAGAGATGGAATGGGCTGCCAGCAGAGTGGCTTTTGTCATAGAACCAAGCCCAAGAATTGGGTGTAGTAGGA

GCGAGTGTGCCTTGGGAATTCCTACTCATTCTTCTATCTCTTGTGCTGCTATCAGTCTTTCCTCCCATTCCCATCATAT

CAATGCTTTCTGATCTTGCACCCAACACAGTGCAAACAATCTCTGTTTTCTAGAAAAACAAATGCACAGCAACCACACT

GTGAAAGGGAGGGAAGTAGCCCTCTTCTCCCCACACGCGTGCACGCGCGCAGACACGCACACCCTCTCTTCCTGGATGG

TGGCCGTCCTTGTCACTTCACCCAACAAAGTCATTCTCATGGAGGAAATGTGGAAGCAATGGAAGAGGAGAAAAATGAT

CTTGTCATTTCCCCACTTCAATGTTGTCAGTTATGTACAGCGTTTCATGCAAAGTCCAAAGCTAGTAGGTCCAGAGGAA

ATGTCTGGAGGGGATCATTCCTAAGAAGGGCAAAGCCTGGTAAGCAACACTCACCCAAGGACTCAGTGGTTCTTCCTTG

ATTCTTGTCTCTTCATCACCAACCCTATCCAATCCATTGGCAAGTCCCATTAGTTCTACGCTTGGACCACGCCCCACAT

CTCCCTCACTCTCCCCACCACATCGAAGTCACATCACCACTCTCCAGGTACCTGCATTACCTGCCCACCATCTTCCTAC

TTCTACTCTACCCTCCTCCCACCCTCCCAGCCCATTCTCTATGGGATATCCTGGTGTGCTCTCTTAACATGT 

>Giant.|GL896941.1:9083269:9084269_1_1020bp_GC:_54.2% 

ATGCCTGTGCCTCATCCCAAGTACTCAGATGCTTCTGAACTGGGCTCAGACTCAAACCAGCCTCTTCCAGCCTCGCCAT

CACGATCGGATTACTGATGGCGTAGCCTGTAACTCCCTTGTCTCCTTTTTTCAGATTCAAATCTGAGCTAAACTTAACT

TAGCACGCCTTAGCCACCTTAGCATAATAGGGCAGAAAACCAATGCTCACAAGGCGTTGGAGCCCCAGGAGCACAAAAG

TGAAACTGAAGCGACCAAGTCCAGGTTATGCAAACTCAAAGGAACAGGTGAGGGAAGGGAGATGAAAACTCCTGACCCG

CCAAACAACATCATCCTCCAGCAAGGGCAGAGCCCTGCGCTCTGGATTTGCCTTTCTCAGGTGATGATGCAACCGTGAG

TTGCCCAATTTATGTTTGCACATTTCCCCTGGTCCACGATGAGTTCCAAAAGCTTCCAACTCCATAAAATTGCCTTTAA

AAAGTTTAAGTCTTTAGCCCGATAAGGTTGCCAGTCAGGCCAGGTGACCTCACCTTCACCCAGGAAAGTGTGCTGAGAA

GGCGTGGAGGGGCACAGGTCCACTAGAAGCCAGAAGATGCAAAGGTGGGCAGCGAGGAACCTGACAGCCACGTTTCCTC

TGCTGCTCTCACACCCACTGCATTAGAAACTACCAAGGGCACGGTTCATACTTGACCTTTTTCCCTGCCCTGCCTCCTA

AACCCTGCTCCTCTCCCCAATCCAAAGGGCACTAATAATGGCAAGGGGTGGTGGGGGCGGGGAGACCAGGTCTTAAGCC

CGCCTTCTCTTCCTGGTACCTCCCGCCTCGGCTTTTCCCATCGTGGCAGACTCCAGGTCACTCAGTCACCGGCTGGCTA

CACCTTTGCACCACCCAACAAAATGGCAGGTTAGCAACAGGCGAGGCCCAGAGCGCCTGCTCTAGCTCTAGCCAAGCGC

GGCCCCCGGCCAAGCCGCCGGGGGTCTCCGGCAGTGCCCCAAGCCGAAACACCCTTCCCTTCTGAAAGTCCC 

>Giant.|GL896941.1:9050269:9051269_2_1028bp_GC:_46.1% 

GAGGGTGGGGGGCAAATCCCGTAATTACCCGAGATAATGGGCACAACCACTTTTTTTAAGCGGGGAGAAGAGCGGGTTA

TAAAATCACAGGTGCTGTAGAGGCTCAGACACGTGTATTTATTAAATGAAGTTGCAAATGTGTAAACTAAAATGCAATG

GTAGTCATCTCCTTATCAATGGGATCATGGATGGCTTTACGGTTTATCATTTTGCTTATCCCTGGTTTTATAAATACGC

ATATTTACTCGCATAATGAAAAAACAGTAAAATTGTTGTAAAGAGATACTATCCAAGGACGCTTAATAGCACGGAAGTG

TGACCATGTTAGAGTTTTGCTAATAGTCGGGATTGCAAGTAATGCTTATTAAGCGTTTTCGTGTAGGATTCTTCTCAAG

TCTCTACCAGCTTCCTTCCTCCTGTCCTCACAAAGATTAACGTGAGGAAGGCACTGTGATCTGTCCCCTTTACTCAGCG

GGAAATCTGAGGGTCAGGGAGGCTGAGAGCGAAACCCTGTGCGTTGGCATTTCCCCTCCTGTGAAGTGTGAAAGCAAGG

AAAACTCATTTGTGTGCATGCACGTGTGTGTGTGCGTGTGCACGCATGGACAGATGTGTACATCGCTGCTTTCCACCCT

TGCGTGATAGGTTCCAGAAGCATCTTTATGTTTTCCCTTTGCTTGTCTCTAGTTTTTCCAAAATGAGGCCATCTGGTGA

CTTTTTACTAGGAAAGGCAGAAGTATTTCAAGTTTGGAGAAGAAAGTTTGCCATGGAGGATCCACGCTCCACGTGTACC

TAGAAAACAAAGGGTGGGTATATTCCAGAGAAGGAGAATCAGAAGGAGCTAGAAGATCAAGTCTGGAAAGAGATTCCTG

GCCAGTTGCCTGAGGCAGAATCTTATTCCCATTGGCCTCCCTCTTGCAGACCAGGATCTGTTCTCCCCAGAGGAGGTGC

TCCGTCAGTGGGGGACTGACCTGGGAGAGCCCTCTGGAAGTTGCTGGCCTGAGCAAGAAGCTTCCCCCAGCACGCCTCT

A 

>Giant.|GL896935.1:2510227:2511227_1_1009bp_GC:_50.0% 

CAAAGAACAGAAAGAAAAAAGACGGAAATTTTTGGCTCTTGGGATCTGCACAAATCAAGGTCAAAATATATGGCAAAAG

TCATAGCAGTGTTCGGAAAGAACTTTAATCAGCCAGGGTCAGTTTTCCCAATAATGGAGTCTAGACTGTGGGAGGTGTA

TGGCCAGGAGGAAGTGAGAGCCTCAGAGGCTGGCTTGTTCCCTGGAAACCTTGCTGCCTACTCCTTGGCCTGAGGCCAA

GGACCTCCATGAGGCTGAAACCTGAGACGCAGTAGAGGCTGGTGCTACCTTTCCTGAGCGGGGCTTGAGAAGCAGCATG

GCTCGGGAGCAGAGGAAATGTCAGGAGCTGTATCCAGGCAGGTGGACCTGTGTCAGCTCCTCAGGGTCCCCATACTCCT

CAGCCTGGCAGGAGGAGAAGCAGACCCTTTTCCCATGCTACCAAGAGTCGTGCAAACATGGCACAGACAGCGTAGACCC

CAAGTAGCTCGGGGGTCAGCGTGTGACAGACGCAACAAGAAAAGGTGGTGGATGGATAACCACCAAGACCCAGAGCCCA

CTCACCCCTTGACCCCCACTGGTAGCTTAGAACTTTGTCAGAGCCTCCCCCCTCCCCCAGAAACTTAGACGCGACCCTG

ACAGAAGGTCATAATTAGATGGAAATTAAGTCTTGTTACCTGGGAGACTGGGAACTTGAAGTGGAAAACGAGGTGGGTT

ACTTCAGCTACAGATAATACAAATGTTGCACGTACATATGCTTGATCGTAGGCACCCAAACAAGTCCCCACAGAACGAC

TGTATTAACAACCGTCAAACTCCAGTGCAACCCTGGCTGCCTCTGTTGCCTTTTTCCAGGTGTGTTCGGCGGGACCCAT

CTTTCCCTGTCTGAAGTTCATTTCTGAATTCTGGTGAGTGGTGTTTGGGTAGGTAATTAACCGCTATTCTCAGCATTCG

CTGAGCAGTCTGGTTTGTATTCAATGATAAAGGTCACTTAGACACATACTTTATCATTACG 

>Giant.|GL896935.1:2488227:2489227_3_1007bp_GC:_40.9% 

CCGGGCAGCTCTATGACCCGAACCTCTTGGTCTCTCTCAGGCATATTCACCTCAGGCATATTCACCTAATGAAACCGGC

TTCAACTGTCACCTCCCCTGGGAATCTTCTCTTAACCCATCTGGAAACGTAATGGTTGGGCTACCATTCAGCTACATTT

GTATCTCTAACCTGATGTATTGTAATGTCCCTTTTACCCCTCATTAGCCTATGTTCTCCTTTGAGCACAGAAGCCAAGT

CTGAGTCTTCATTAAACAGCCAGGCTAGCATAGTGATTAAAAACCTGTTGGGCATTTGGTATTGGCAGAACAGACACAG
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GACTTTGCCTGGATCATTAGAGCACATATAGTTTCCTCATGGTTATTTAGGTGGAAGAAATCATACATGGAGCCTCTAA

ATTTTAAGATCTATTAGTTAATATTATACTGAGACCAAGATTCCCAAGCATCTGTTAACCATTTCTATTCATTTTCTAA

TTTCCTCTTTGTCCATGTCAACTATTAAAAACCATAAATTGACATATATTGCTTTTACTGGGCAAAGGACATGAGTAAT

GTGATTGCATATCCAGGCCTAGAATACGGGATGACAAGATAAGAAGGTGAGAAGAAATGGAAAGAAAGAGATTTCAGGG

CTCTGAGTTGAAGGTAGACTGAGACCAGAGGAGGGGTGCTCTGACCAGCATCAAGACTCAGGAAAACGATGCCATTGGC

CCCAGGCAGGAGGCCTGGCTGCTAAGTCAGTGATTAAGGAGTCTTCTCTCGGTCTTGCGTTCCTCTACCACTGATAAAG

AGTACAGCTGACGTCAAATCTTCATGTGGACCTAATCCAATCACCTCTGAAGAATTTTACCAGAAGACAAATTGCAGTT

TACAGAACATTTAAGAGACTGGTAATACAGTTTCTCAAGAAAAAAAAAAAAAATCATATAGTTGTTACAAGAAAAACTG

AAGGTGAGAATAATTCCAGGAAATGTGAAAGCTGAATGAAAGAGGCCAAAACTGAACTA 

>Giant.|GL896935.1:2418480:2419480_4_998bp_GC:_29.3% 

TTTAAAATTTTCTTCATCTTTTATATTTTTGCACTTTCTGGTGGATTTCTTCAATTTTGTCCTCTGCTCCTTGGAGTTG

CACCAAACCAGTCCTAATTCATGTTTTCCTTATTTCTTTCCTTGACTCAGATCATTCCTCTTGGCTGACATTCCACCTT

CCTACCCCTCCCTTTCTCAATTCAGTGTCCGTTGTGGTGTCACATTGATCTTTCTAAAATTTAAGTCAAACTATGTCAT

TCAAAAAATGTGAAGGCTTCTGGTTTTATCTCATATTAGCCTTCAGAGTATTCCTTGAGTGTAGAACAGAGGACTAATT

AATATTTCCCAAACATCCATAAACCAAGTTCTACTTTTTCTGTTTATCTGCTTCTCTTCTACCTCAATTCTTGATCTCT

TCCTTTAAGACTTACCTCAAATATCATTTCTGTGAGAAAAAAAATGAAATAATGATCTCTAGATCATCTGAACCTCCAT

ATGCATTTCGTAAATATGTACTTTATGATACTTACCATATTTTATTCTGCAACTTAGTTATTAAAACACTTGTCTTATT

CTTCTCTTTGCTTTCCTCAGTAATTCTAGTTCCTTGTCTTTGTTTTCTGCATAATGCCTAGTAAAGAGATCAGTAATCA

ACATGTATTTATTGAATAGAACTGAAACTCAAACTATAAAGGATAGTACACTAAATATCTATTTTGTTCTGAAGTATGA

GAAAAAATAAATTAATATGACTTCCAAATGGGGATAACTTATAGATCAACTATGAAACTCTATTATATATAATTATAAA

ATTATGATATAATTATAAAATTATAAAAACAATCAAATATTTAATTTATTTAGAATTATAAAATAATAAAATTATTAAA

ATATAATTAGAATTATAAAAATTATAAAATTATCAGAAATTTATTATCCAAAAAGTTGACCCTCTAATTATAGGATGCA

TAGCAACTAACAGCAGACTAACAGGAACCCAAACCTGCTTTCTCCCAGGA 

>Giant.|GL896935.1:2407480:2408480_1004bp_GC:_60.3% 

GTTTCCTGCGGCAGACCTGCTGCCTTACCGCCTTCCACCTCCTCTGTTGTGGAATCTGCTTGGTGAGGGACAGTCTGTT

TCGGGGAGAGGGTGGGCCTCCTCCCTGGCCCAGTGCATCCAGGGCGAAAGCTCTAACCCTGTCCACAGCCCCCACGCCC

AGCCCAGTCCTGATCTGCCACGAGCGGGTGGTAACTTTGCCACAGGGAGAAACGTTCTCCCACCAACTCCACCTTGGTG

AGCTCCTGGGCGTTGGCCAAATTGTCCACCGCGATGGCTAAGAACACATTCAGGAGGGTGTCTGCAGGCGCTGGAGTCA

GGGAAAGCACCGCCACTGGGACCCTGGCTACTCGGAACCTCCCGGGTAACTACCCCCCACCCCAGCACCCTCCCCATCC

CGCCCACCTGCTCCACCAGCCGCCCAGGCCTGCCCCACCTCCCCCACGGAGGATACAGTTCCCGAAGAGCGTCAGCACG

ATGAAGTAGATGGAGAACACCATGCCGCCCTGCACGCCCCCCTGAGACTTGATACCGTCATACATGACCTCATTCCAGT

CTTCACCCGTCAGGATCTGAAAGGGGATGGAGAAACACACAGCCAGCCCCTCTCAGCCACGGGCTCCGCGGAGATGCAG

CTGGGGGGCTGGAACCTGCCTGCGGTGGCTCTTCCTGGGCCCTCGTCTTGGGTTGGGGGGGGGGGGTCTCATCTCATTT

GTGAGTGGGAAGGGCCATCCCTGTCCTGAGGGGCCCTCTGCCTGGCTTCTAGGAAAAGGTGACCTTGGGGGAGCCACAG

ATCTTTCTGCAACTCTGTCTTCCCTGGTACGATAAGGGAATTTGTTACAGATGGGAGTTGTGCCCCCTAAATGCATTGC

TTGAAGCTCTCAATCCTGATGGGACAGTATTTGGGGATGGGGTAGGTGAGGTCACACGCTGGTGGGTCTCTCGGGATGG

GATCGGCGCCGTTCTTTCTGAGAATAGACACCAGAGAACACGCTCTGTCTCTCTCT 

>Giant.|GL896935.1:2407480:2408480_1_1004bp_GC:_34.3% 

GTATTAAGATGATAGGTGCTATAGAAAGGGTAAATAAATACAACAGAGGAAGTCTATTTAGTTATTTTAGAGCTGTTGT

ATTGAAATACTGCCTTGTTTACAATTTTCAACTCCACAAATCCTCATCAATTATTAAATATTTTCCTCATTGAATTAAG

CAGGGCAACTGTATTTTCTCAGGAGAAAACATCAGGTGAAACATAAGGCTTACTTTCAACATACAAAAATGCTCCTCTA

TGAGTGAAATTCCTTAGTTTTATTACTCTACCCTTCCTACCCCGACCCTAAGCAGAAAGTACACATTCTATTTATTACA

TAAAAGGACAAATAATTTAAATCCCGTTCTTTATTTCTCTGAAACTGGAAGCAGTTATTTCCAATCACAATGACAAAAT

AAAATATATCATACAACTTAACCACCGTTTTCCAGGCATTGTGCTTGGTACTTGTCCTGGCTGACTCCAGAAAAGTTAC

AAAGAAGATAAGCATAGGCAAAAGTCAGGGAGAGGAAGTGACTTGTCACATCTTACAGTGCAACATGCTATGTGGTCCT

TCACTATTAAACATCTGATTTCTTTTCAGTGGGATGGCTATATTAACATCTCATTTGTTCATTTATCAAAATTACTCAT

TAAAAAGTTCGGTTGAGTAGTGTTCTATAATGATACAATTTGCTATTAGCATGCTTCTTTGTTTCATTGTGAGTTATGC

TCATTGTTTATATGGCTTTTTGCCTGCTAGAACAGTTATCCACATGCATGAGTTCACTGGGCAGCCTCCTAGACAAGAA

ACATATGGCTGGGTCTGCTGTGAAAATCTAGATGCACACCACATGTAATTCTATCCTTTCCTGTGTACGTGTATTGACT

TGTATCCATTCGTGCACATCAACATTTAGGACCTATATTTCTTAATAATGAAAATATTTATATAATATAACCCCCCAAA

TACTTATAAATACCACTTTTATTTACTAATAGGTAATCAAGCTGCAAGGAAATATG 

>Giant.|GL896935.1:2385480:2386480_4_988bp_GC:_39.2% 

CCCATCTGAAAGTTTACATATTTAAATGTTGTGCTTTGTGTACCAATATAAAAACCATTGTTGAAAGTGATATGGACAG

CTCTAGGAATGGAGAAGGATTTGTGCTAACCCATCTATTTTCTGCCCAATTCTGCACCTGTGGCTATGAAGTGCTCCCT

CCTCGTAACAAGGTCAGCATTTAGCAAGAAAGAGTTCCCAGTACCTTTCATATGTTATAGCTGATGTATTGGATTTTCT

CCCCTTGCCCTTTGATTTCGGTCTTCTCCTGTTTTCTCCCTGAAAACCTCTTGCCCTTCTCTTATTACAGTGGCTTCCT

TTTCTTTGCTCTGTGGACACGATATTTGACTTTGTCACTTGGTTATGATTTGCAGTTGTCCTCTGAAAGCCTAGGGCTA

CAAAAGCATGACCTCTAAGACTGTCTCCTATCCTGGAGCATAAAAAGAGTGCTCCTGCTAGGTCAGCCCAATCTCTAGA

CAGAAAAGGGTTAGACTCCTCATTTTCGCTGTTCCTCCTTGTGAGCAAATGAAAGCAACAAGAAGACTTCTGGCTTGGT

TAAGTGAATGCCTACTGGCTAGGACAAACAGCAACATTAAGTCCGCCGTTTTACTTGGTGTCTGATCATAGGACTCTGA

GCAGCTGAGCCACAAGGATTGGTTATGTCTAGATCAGTACAGATATAAACCAATAGTGATTACAAAACAATATGAAGTG

AGTGTAGGAGATGTCAACCAGAACCATGGTAACTTCTGATACCTTTGTTTAATGTGATCGTCAATTCCAGAAGTGGCCA

AGAAGAGCATTTTCCCTATCGAACCAGGCACAACAAAACTAAGGGCAAAAATTCCCAAAGTACATAGCTTTTCAAGATT

TTGAAAAACAATCTTAAAATATTTTACTCATATGATAAAACATTATATGGTCATTGAAGAAAAAGATGCTTTCTCAAAA

ATAAGTAAAAAACAACATTAGAAAAATCCATTATACCTAT 

>Giant.|GL896935.1:2363480:2364480_4_1010bp_GC:_39.8% 

AATGGGAAATTGAATACCTGTTTTTATCCTAATACTTTTACCAACTCAAGTGAAAAAATACATTTTATATGGCAAGGTC

ATTCTGTTTTTTTGGCTTCACATGTAAATAAAAATACATCAGAAGGTGGATATACGTAGATTCAGGGTTGACGCTGGCC
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TGCTTCTTGGGCTAGCTTTCCAGGTGTACATGAAAGACACAGGATACGGGCGCTGAATTGGGAGTACTTCTAGTTAAAA

AAAAAAAAAAGCCATGAGACATATGTTTTTCAAATATGAAGCTACATTCAAGCATTTTTTGGACACCGGCAATTAAAAA

AAAAACATGTAAAAAGATGGACATTAAAAAGGGTTATAAAAGAATAAAAACAAAGTCAGTCAAACTCTGGGCTTCTGCC

AAATCTGACAGGTGAGCAATTAGCAGAGACTCGAGGGGAACCTAGACAATAATAGAAGTAGTGGTGGCCAGGGCCACCT

GCTTCTTTTAAGAGATTAACTATTGTTAAGCCCTTGGCGCTCTGCAACTGAACCTTGTATCCACAGGCAGGAATCAGGC

ACGCAGTGGTGTTAGTCTTGTGAATTCATGCCAAATCACAGAGAAACATCCCTGCTTTCCATTGAGGGCAGAGAGAGCA

TGCAGCCAAAACAGCTGAGGTGTGTGCTGTCACGAGAGTTTCTTAGATGTTGAACTTGCCTTCAGGCAATATATGTATA

TATTACCTACCCATTTTTAGTAAAAACAAAATTGGGGGTTCCCAGGCCAAATATCATATCTGGTGCTGGCTTCTTCAAC

TTTCATTCCTGTATGTGGCACTTTTGTCTACTAACAGAGCATTGTTCAAGGTACAGAGGACGATCCTCTCAAAATAAGC

CCAGATGTAATAAGAGAAGCAGAGAAGATTTAGGATTCAAAGCATCATTATTATCTCTAGGGAAAGAGCTGTTCTCAGA

GGTAACATTCACAGGGTTGGGCAGAGAGTAATTAGACATTAATGTCACCCAGCAGCTTTAGA 

>Giant.|GL896935.1:2330480:2331480_4_1000bp_GC:_42.1% 

TATCATTGTCACTTCTGGAGCAAGTCCTGAACCACCTCATGTCTTCAGCAAGAAATACCCTGCTTCTTGGAAGCAACAC

TTGCAAAAGCTTCTCCCACCAGTCATGGGACTCAGTATAGACTAAATTGCACAAACCGTGCATTTGAACCCTTGTGTGG

AGAACTACATCATCCGTAGGCATTTCTGCAGCGAGGACAGCCTAAGCTGGCAACAGTAGCAGTTTTGCTTGTTCCTTCC

AGGCTGTTGTGACCATTCTTCTTCTTCTAGCCCCAGTCATCCCACAGTTTAAGCACCAGTTTGCAGAACATTTGGAGGA

TTTCTGGAAGAATAGGTAGGGAGGGTTCCTTAAAAAAATGGAAAAAGAGAAGAATTGGGTTGTATATTAAGTACTTCAG

ATACATGAAATATTTCAAATTACATTTTTAAGAATGTGTTTTGCTTAACCGCAGGCTGACCGTACATTTCGTGATACAT

TGCATATACCATGTTCTCCATCTTCAAGTGAATGACCCAAACAACGGCTTCTTTTGAGAACAGTACTGACCACCCTGCC

AAACTGGCAAGAAATGATGTGTTGTTAAACAGGAGTATTAAGTACTAAGTCCGAGATGCGGAAGAAGCAACATTTGTTT

TGGCTTCTCATTCTCAAATCCAATCTCAGGATATCATGGATGGTCAAACCAAACTTACATTTGGTTTGATGCCTTTGGA

TGGAGACAAATGAGAAACTGCAAAAGCCAACAGAGAATTGTTCAGATTTGTATTTCCCTGGACTTATGATTTCTGTGCT

CCTCCTGATTATTTGTGTCCAGTTTTCATTGCCCTCTCTTACCTCTGAGGATGAAGTAATTCAAAAAGCTCTCTCCTTG

GGCATTGCCTTTGCTGTCTTCTTGTTTCGTGATCCTGTGCCTGCCATGGTGAGTGAGCACCTTTGAAGCAGCACCTGCC

AGGAAACAACTGTTTTTGGAGATCTCAATGTGACATCCTACAAAACAGATGA 

>Giant.|GL896935.1:2330480:2331480_3_1000bp_GC:_36.8% 

AGGAGTACATGAAATCATCAACGTGCTTTGCAAAAAATTAAAAGTGAAAGTAATTTCCACTGTTAACCTATTACAATGC

TTCCCTGTTTCCCAGCCACAGGTCAGTGAGCAAATTTGAATTAAGATTTGGATAAATGTTTCCTTCTGATGGGGAAGGG

CAGGTAATGTGATCAGAGCTGGGTAAACAGAGGGCATCAACTCTGTATATTGGGTTTCTGTGGATGGATACAGAGATGA

TGGCTACATATTCTTTATTATTGAGCATCTTTTTTAAGTGGGTAAAGAGAAATAGCAGACATTATCCTAGAAATATTTT

AAGAAATTAATAAAAGTCCCAGAATTGGTTTTACCAGAATAATTTAATCGGGTATATAGGGATTGGAGACACTTAGATC

ACTCTGGAGTGACGTGTGATAAGGCCCGACTTAATGGAACTAGTTGTTAAAGAATCTTGGTTGTCTTCCTATTAAGTCC

AACTTTGGAAGGATGAACACTGTGGTATTTTAAAAAAAAAAAAGTTTAACTTCCTTTTAGTACCACATGCCAATTCTTA

TAGCCTGTGTAAATACTCTGTTCTATGCCAGTTGGGTAGTTCAGGTTCTGTGAAACCCTTCATTACAGTTTTTATAAAA

AACACATCAATTCTAATTCAATTCAACAATTACACATTGATCTCCTAAAATGTGCCAAACATAATACAGAACATACATT

TTACAGGAAAATTGGATGGCACTAAGATATGCAGTAAATCATCTGCAATTTTATGAAAGGGAAGCCAGGCATGTTAATG

GAGTTTGTTTTTATAAACATGAAGTGTTTGGGCATGTTTGATTTTTCAGTTGGACTGCTCAGCCAAGCTTAGTTAACAC

CTTGTAAAAAGTGAGCTGCTTCTCATTTTCTTAATAGGAAGCAGCGAGAGAATCATAGTTCAGATCCCCGGTATCAGCT

GGAGGCCTTCTGTGGCCTTCCTTAAGCCTCTGAGGTTGGTACTGGGATGCAA 

>Giant.|GL896935.1:2297480:2298480_2_996bp_GC:_40.4% 

TCTGACCAAAATACGATGTGCCGGGGACATAGCTGGATAGATGGGGTAGAGCGAATAGCCAGAGCCAGGTCATGAAGGA

CCTCACGTGGACAGCAGAATTTGGAGTTCATGCACATGCCGTGGGGAGCCACTGTGCCTCTTATTTGGAAGGGATGTAA

GCGGCAGTCTTCTTAGAAAATAAAGTATTATTTAAGTAGGAGTAAGGACACCATTTCCCTCATTCAGCTTTATCCAACA

ATAATTTTGGGATGCCTTCCACAGATCACTGCTTCTCCACTACAGGCGAATCCAAATAAGTTCCGGTTCCGGCTTGCAG

AGGGTTTCTAGGTTAGTAGGTAAGATAGCCTGGGAAGCAAAGGCTACAACTCAGTATACTAGGTTGTAAATGGGAAAGG

AATCGAGTTCTACGTTATATTGGGACAGGACGACTAATTCTGGGAGATGGGGAGGGGCAGGAATGTTAAGGATAAAGCT

TTTGGAGGTAAGATTTCAGTGGTTTACTAAATGAAAAATGATCCATCTCGGTCCATTCCTGGGATCTCCAGTTTCTCTA

CAGGCCACCCCTTTCTATAACCCTCTGCACCCTGTCAGAGTACCATTTCCATTTCTCTGTCTGCTGCCTTCCATTGCTA

ATGTGAACACCTTGGGCACCAATTATCAAAGAACTAATGCAATTATTCATAATATTATGTAAACTGGACCCAACAGTAT

TAAATCACAAACATTGCATATTTAAATTTACCCCATTCCCAAGTCCCAGAAGGGAAAGTTGGCAAATTTCCCCTTTTAT

TGAGATCCAAACTTAAAATAGCTCTCCAAAATTCATATTAACCAACCATATGATTCAGCAAAAATCCAAGCTGATTACT

TTGAACCTGTGGCTCTCAATTTCATAAGATTGAGATTTTTGTTCAATATTAGATCACACATTAAAAGTCATGTTATAAC

TTATATCATAAAATTTGAATGTTTGGTAAAATAGAAATCCATAGTGAA 

>Giant.|GL896935.1:2253480:2254480_3_1017bp_GC:_41.4% 

GACTGTGGGCTTGGTGATCAGCAAGGAGGAAACCAGAGACTGTGTGGAGGAAAGATACTTCCATAGGGAGAGGTTGCCT

GCAGTGTTCATTCTGCGTGGGAAGATCTGGTAACCAGGAAGTGTCTATTGAATTCTACGAGGAACTGTGGGTCCTAAAG

AAACCCAGTATCACTAGGGCTGTGGAATATTTAAAAACTTCTGTTCACAAAACAGCATCTGCTTTTGAGGGGTTAAAAC

TGGCTATCCCTCAACTCTGCCACCTACATTTTCCTCATGTTAAGAACTAACCCACGTTGTACTCGGAAACACCACTAGC

TGCCTCCTCAGCATGTCCCAGGACAGTTTTATAGCCCCAAACGGAACACAGATGAATGGCTGCCTGTTTCCATTTTATG

CTTTGGATTTACAGGTGCAGGTTGTATAGCTTCTCATCGTTACTTAACTTGGAAAACATTTTAAAAGCTTCCAGCATGT

CAAGCCCTGTGATTTTGGATAAAATTGGATTTTGAGTTTGTTGTGTGCCTTTAATATTTCCTGTGCTGAGAAAATTATA

ATGATAAAGCCAAACAGAACACCTGCTCTGCATGAAATGTCTTCTGACTTTCATTTGGTGACGTTTAAATTGGGAGGGT

GAAATTGCTGGAAGCGTAAATTGTCATGAAAATATCAATTCTTAAGTCAATTTAGGGGTGTCACGGTATATATATGCTC

AGTATTTCAGAAAGCAAACGCAACTCTTTTGTTTGGATGGTGGCTTTCAAACCAGAACTGTTGCTTGGACAGGAGCAAG

TTGACCCTGAAAGGGTCTATTTTGGCTGAGATGGTAAATTACCTTGACCCAGGACAGTTCTGAAAGGCTGCAGAAAATT

TCCTTTGAAGGTCCTGCCTCTTGCAAGTTGTCTTGGTTGTGTAATAAATCCCACTCACTCCAACAAAATGCTCCAAGTA

GACAAAATGGGCATTTTCTACTTTTCTTCAGTTCTTCATTCCTATAAAATAAGTTCCTCTGATCTTTTG 

>Giant.|GL896935.1:2253480:2254480_1_1017bp_GC:_40.0% 
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CTTTTGTTTTCCGTTTAATTCACACTCCTCAAAGAGTGCTCAAGCTCATCTCCTGACCGGCAGCTCCCCTCGAGCACCC

CAATACTTTAAGTAGCACATGTGACAGCAAATGAAGTCACAGTTTAGAGCTGAGAAGACCAATCCCTGGGCTCACTGCT

GTCTCCCACTGGCCATTTGACCTGAAACAATTCATCCAACCGGCGTCCCCATTTCCTTCTCCACAGAAGCAGGGGTAAC

AGTAGACAAACAGGAACACCTGTTTGTCTACCACCTACCCCAACTAGGGTCATGTCTATGCAGCAATGTGTGTTGTCAT

TCACACATGAATTCTCACTCCTTAATCAGTGGCCCAGATTAAGCAAGAAAATAACAGGACTCCCCAAAATTGAGACCAC

AAAATAGACGAATGTCAACTTTTTTCATGCTAAGGGGCCTTTGCGTTGCTCCCCAAGTCCCCATCAAAATCAAGCCATG

ATGTAAAATAGGAAAATGGCACCTTTCCAGCAATAGTTAATATCTCATCAATTCCCTAATTAAAATATTACTTAAGTCT

GCCAAATAGGTTTGTAAAATTATCCCGTAAATCTTCTCACAGCAAAGAAGTTTTAAAGGCCACTGTCCTCATCAAAAAT

TCATCACACATATTTTGGTGCTTACTTTCCTGGCTCCAAAAATGATTCTCAATTGTCAGGTAAAGAAAAAGCAAAGGGT

TGGTCCCTTATTTCAACACAAAGTAAATATGAGAAATAAGAAAAGGCATGATATATTACATTTTGGAAAGAAGTTTAGA

CTTACTTTTAAACAAAAATAATTGCTGCCTAGAACTGTTAGTAAATACTCTTGTTTTAATGGTGAGTCTGGAGAAACTG

TAGCAATAGGGAATCGTCTTCTAAATTCTGTTCCTTTTGAACTCGTTTCCTCCCCCAAAATTTCCTAAAAGGAATTCTA

AGCGTCCTTTGTAATTCAAAGACAGTTAAGTATCCTGGACAAAAGAACTGACCTTGGTCAGAACGGACG 

>Giant.|GL896935.1:2242480:2243480_4_997bp_GC:_34.1% 

CTAGTGAACCCTCCATTTACCTGACAAAGATGCCCCAACCCTAAATGAAGTCTGGGAGCAGATCATATTTATGTTCCTG

GAGGAGGCTACCTTTGGCCTTTCTTGAAGAAGGAAGGGAAAATAACATTCTAGGAAAAGGAATTTACAGAAATTCTGTT

AGTTGTGAGCCAGTGCAAGCCATTCTCCAGTGGCTAATTTTAATGAATAAAATCTCTGCAAATATATCTGAAAATGATA

TTCGTCATTCAGTAAGTTATATTAGTGATATTTTTTCCTTCTATGTGGATCCATCCATACTCACTCATCCAGGCAGCAA

AGTAGATAATTAGGAATGGCTGGCTTGGATTACGGATGTTGTTTCTGATTAGGAAACTCTATAGTTACTTGACTCCTTA

TAAGGTCTGAATCTAAAATACTGTTCTCTTAGCAAAGCACTAATATATGGGCCAATCAAACCAATATATATATTCACCT

GTAATCAAATAATTTTTTGTAATCACTATTTGTTGATCCATTACTTTATCTCCCTTTACTGTTCTGTTGAAGGAGCTGA

TGTAGTCTAAAAATGTAAAACAGTGAAGTAATACAGAACCTGAAAATTAACTATGAATTTTCTGGGTTCTGTTGTGGGG

TATTTCCTCATATTTTATAATGGCTTTTGAGATGATTATTATTCTGTTTCTATAGTACTACTTATGTCCTCAATTATTT

AGATTTTATAGTGCTGATAAACCAAAGGTTTAAATAAAAGTTTGATGGGTGGGCATTAAAAATTGCAGAAGTTGATGAG

GATCAACTTATAGTTGGGGAGTGATGCAAATCATGAAGGAGCTGATGAGAAGGCAAAGTGCAATATTTGATGAGGTCTT

TGGCTGTTTAGTTTGCTCTTTGGTGATTAGATGTTTGAAAACTTTATATTTAAAAGCTGGTXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXAGTGTGGCATATATCAGTGATATACTCAGATT 

>Giant.|GL896935.1:2242480:2243480_3_997bp_GC:_42.6% 

TTCTGTGTTCCAGCTCTCATGGGGAGGGAGTGCTGTGGGCTACTGGGGGATACCCAATTTGCCATTTTAGGGGGTTGAC

CTGGAAGCTGTTAAGAAAAGAGACAAATTCCTGGGTGCCAGGGGAGAGGCAATGGCTCCAAATGAGTCAACTGTGATTG

CTACCAGAGGACAAGACTCAGCGGCCTCTCAGAGGTTTTCAGAACTTGGGGAACAGGTGGAGGAGAAGAGGTTTTAAAA

AACCAGTCATTGGACAGTATCTTTTAAGTAAATATGAATTGTTGAGTTTGGCAGAATTTTGCCAGACTTTCCTTTCGTA

TACACATTTTTTTTTTTAAGCGTCTACCTCGATTGGTGTCTGACACATTGTTACGAAGATCTAAGATATGGGATTTTCA

TTTCTCTTTTTCTATAGCTTAAAGGCCTTCTCATAAGAATTGAAGCCTAAAATTAATCAATTTGTGAATATCCTAAAAA

CGGAAGCACTTTGAAGAATGCATGCCCCCCCCCCCACACACACACACTCTATTTTTCTGGGTAGTTAGTCTTCTTTGCA

GTTAAAAATGTCATTAGGATAAAACATAGATACTGACTTTGCTTTGGAGTGCTGAGTTAACCCTGGTGAATTATTAGCT

AAATAAGATGGTTGAAAAAAAATGGAGACAGTGAGAGGCAAGAATATCTTTAACTCTCAGCTGGTCCAAGTTATACAAT

CCTGCTTCTAAAACTGTCATTCATTCTGAATTCTCTCAGATGACCCCAAAATAGATAATCCATCTCTGATGCTATTTAC

TGTGGCTATTTTCATTCTCTGAGTGCAACTTTGTAGCACTTAAGAATAATAATACTTCCCTCCCTCAACTCTATCTTCA

GGACTTCCTGCCAGTTAGAGACTTTCTACATCCTCCCCCGCTCCTCCCTTCTGGCTTCTCCCAGCTGTTGGAGCCGTCT

CGGGCTGCTGCCAGCTTGCACACTCTCCCTGGAGAAGCGGCCTCCTCTC 

>Giant.|GL896935.1:2220480:2221480_998bp_GC:_61.5% 

TGCACCCCTGCCCTAATGGGCAGAGGGCACACAGTGCTTGGGGGCCTGCCATCCCTCAGGTCCTTTCCCCAACCTGAGC

TAGGGATGGGGTGTGCTGCGGGGCAAAGGGGACGCTTTTCAGTGTCTCTTCCCTCCCACTGCTGCCAGGCTCCCTCTGC

AGCCTCTGCTTTGGCAGGCTCTGGAGGTGGGCCTATTCTCAGTCCCCCTTTACAACCGCATTCTAGCCCCTGCTTGGGG

AACAGAAGGAGCTCAGGCCCTGCTTCTCATCTGAGGGTGATCCCAGCGCTAGAGCCCAGCCCTCACTTTGAGGAAGCTC

CACATGATCCACCTCTAGCCCAGAGACTGGGGCTGTTAGAAAGGTCCTGTGTCTAGAATGGGTACAGGAGATGCCCAGG

GCCTCACTGTGGGCGGGAGGGGCGTAGTCAGCCAGCCTGTGCCTCCTGGGGTGCCATCTTCTAGCATGTGCCACCCTCT

CTGGCCATGACTTTGTGGGGGACTGCTGCATGCAGAATCTGCCCCCTAAAACCCTGCAGCTTAAGAGCTGCCTGGGCAG

ATCGCTAGTGGCTGGTATTGGCCGTGTCCAGAAGGCCCATCGGAGGACCCAGCCCAATGGCGTCCCACATGTGTGACCC

CTGGTGTTTGGACAAGGCTCGGGGTAGGGAGCAGTGCTTCCTCCCCCCCCCAACCCCCCACTGCTGGGCTACTCTGCTG

CCTGGCAGGAGGAGTGGGAGAAGGATTGGGGGGCCAGAGAAGCCGCCAGACCCAGTCCGGAGCCCTGAGAAGCGATCTG

CACGGCCCAGGGTCAGGGGGGGTGGGGGGAGCAGGCCTCACCTCGGCTAACCTCCCTGCCGAACAAAGGGGCCTTTCTC

CACACCCGCCTGGGAGGGTGTGCCTGCCTGACGGGCTGCCGCCACTGCAGAGAGCGCTGTTGTTTTCTTCTTCTTCTTG

ACTTTTCTCCATTTCTCTCCCTCTCCTTGGTTCCTGATCTCTGACTTTAG 

>Giant.|GL896935.1:2220480:2221480_4_998bp_GC:_48.6% 

GCATTAAGGGGATGACAGGAGGAATAAATAGTGTGTGCTGTGTTGGTGACTGGAGAGCACTTGCTGTTACCGGTGACGA

AGATGACAGCCATTCGCGGCTTTCTGGTGAGTTTACGTAATGGCAGGCGCAACAGCTTTGCCCCTGTTTGATAATAATA

TGTACGGTGAAAAATCGGCAACTGTAGTATCAAGAGAGTTATAAAGTGTGCTGTGATTGCCTCTCTAGGCTTCAAAGAA

GACATGACCTTTAAGGTGATACGTGGAGTGTGGTTAGAATTGGGAGTTGCAGGGATGCGAGAGGGGCGAGGAAGAGGAC

AGGAGAAATAGTGGCGGAGAAGCCAGGTCTGTCAGATCGATTTCCTGGTGTGTCTAGAGGAAACAGACTTTACACAACA

TGTACATAATGATCTACAATTTAGTGATACTTTTAAGTTTTGCXXXXXXXXXXXXXXXXXXXXXXXXXXXGAAAAGCAT

TGGTTAGCATTTAATGAACCTCCCTCTACGGGACTTCAAGTTCCAGGGCGCAGCCCCTCCCCACCCCTCACCCCCCTTA

ATCTTCTCTTTTGCTCTCCTACCAAAGAATCTGTCCTTCACAGTGACAGGCCGTTTTGGGAGCTTTCCCTTCCCCAAAA

ACTTTGCAGTAGGCGGGGCACAGCACATCAGCGATAGGAACAACTCCAGTCCTGCGTTTAGCAGCATTTCCCGGTGTCG

GCTCACTGACCAAGGTCCACAGTTTGTCAAGGTCGACAGTTGTGCAGAGGTTCTGGTTTCTCTTTAAGGAGTAATGCCT

CACACTAACTTTTCCAAAGCGACCTGAGTCATATTTGTTGAAGCTGTGGTGACGCTTGCTGCCAGCATCATCCCGGCCT
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CCTGGGTGCTTCCGGTGCTAGCCCACGTGGCCGCGGCGTGGCTGTGGCCCATGTGGCCCCAAAGTTTCCAGGTCTTCCT

CAGTCTGAATGGCTATGTGGAAGAAGGTGCTTGGTCATAAGCCCAGAAGG 

>Giant.|GL896935.1:2220480:2221480_1_998bp_GC:_39.7% 

TTGTATATTTTTAAAAAATGGAATCAGCTAAACTTGCTGAAAGTAACATAGAAACTTGAGTGTGCAACATACTCTCATG

TAAGGGAGGGTAAACCTGCCTTGTGTCATCTTGTCTTCTCAGAGGTCTTATCTGAGTAATTCTCAGCAGTTGGTGGGGT

CTCAGACAGCTATGGTCTCTAGATAACTAAGACTCTACTGGTGATATGCTACTATATTTCTGCATGCCATTTGGTAAAT

ATTCTCAGTGCAAATAATTATTCGATATGCCTCCACTTCAGGCCCCCCAAGAACAGACTCTGTGTATGTCATCATTTAT

GCCTGTCAGTAAACTGATTGCAAAATGAGTACTCTAATTTTGAAACCTTCTTTGCCTTATTAAATATTTGCTGAGATGA

CAGAATTGGAAGTTTTCTAAAAGATGGTCTTGTGAAAATACTTAAAAAACGTAAAACAAAGTGTCAATGTAGAGACTAT

TTCGTAAACTCTAAAGGAAGGGAATTTATTCGTGTATTTTACTGGAATCCCTAAGGCACGATTTCCATCTGTTGCACAT

TCAGAATTACCATGAGAAGCCTGAAGAAGCTAAACTTCCATCTGCATCTCCTTCTCCCTGGACACACTCTCCCTTGAAA

AATCAGGTCACACTCACTGCTGGAATCCCATCTCTCTACAGGTAAATTCATCTCTAGTTCCCATCTCTCTTGAGTTCTA

TGTCTCTATTCCCTATCATGACCTCTACGGGGATTTTCTAGAGGTTAAAAAAGTTGACAGAGAATCCTCACTCACTCAT

TTCTCTTCCCACTTCATACTTTGCAAAAAACCTACATTTTTTCCTGCTCCATTGTTCTCTACTCCTGTGAATGATATCA

ATCTAAGAGCACCCCTTGATTCTCTTCAGTCCGCAATCTATGACAAAGCTGTTTGGATGCCAGCTCTGAGCTCTCTCTC

CACACCACTCATGCTATCTCCACGGCTAGAGCCTTAATTCGCGTCATCAT 

>Giant.|GL896935.1:2209480:2210480_1002bp_GC:_55.9% 

TGCTCGCCAACAAAGGTGCAGAACGATTTTGGCTGCTTCGTCCAGGAAATAAATTCCTCTTCAGTGCCAGAAACCATAA

AGTGGTGCCATGTGTTGAGCTCCGGGGCCCAGCACCATGGGCAAGGCTGTTGCTCCAGGCAGGGAGGGTGGAAGCATGG

GATCAGGAGGCTCTGGGGGCGAGAGCCTTGCTGGCCACACATCCCATGTGCCTTGGTCAAGGACCCAAGAACTTGCCAC

TTGGCCTGTTCTCTAGGCCTGGCTTTCCATCTGCAGTTCCTGTGGTCTGCTTGGTCCCCAGACCCATAGTGAGACCAGC

CCCATCTCTGCCCTGCGGCATACAGCCTCCTTTCTTTCCAGCTACCTTGCCCTGGTTCTCCGGCTCCATCTGCCTTGTA

AAGGTTGGTTTCCCCAGAGTCTGCCCACTCTCCTCTCCTCTCCTCATAATTGGTGATGCTGTCACTGTCACTGAGCCCC

AGCTCACTGAAGCCCATGACAGTCCCATGAACTACACGCTGTTCTAAGCCCCGAGTTATGCCTGGGAGCCCCGTGGACA

GAAGAACCTTGCTGGAGGCCATGCAGTAGGGAGCGGCAGCCCGGGCCTGGCCCTTCCGAGTACATCGCACATCCGCCCC

CCCCCCCACCTCTGATCCCCGGGCTCATCTCAGGACTGATTTCTCCAAACTCTTCTTTTCCAGCTCTTGGGCCAACAGC

CAGTTGATAACAGTATCCATAGTGACCTCATGACACTCCCTGCTCCTCCCTTTTCTGTCCATCCCATGCCTGGCTTGGT

GGGGGTTGTTCCCAGCCACCCAAGCTTGGGAGCCCTCGGAAGCGAGTCACTGCGGCACTGGTGGCTCTAATCCCTGCCT

CTTCACCACCGTTGTTGCTTTCCAAATTCAGCTTCTTCCCCTCTCTTCCAGATTTGGGGTTTTTTTTTTAGGGGGATAT

AAGTCACATAATAAAAGTCACTATTTTGAAGTGTCCGTTTCAGGGGCTCCTGGC 

>Giant.|GL896935.1:2158497:2159497_4_1002bp_GC:_33.1% 

ATACGTTCTTTTAAGATCAACTGTTTAATGTCTTTACCACTTAACAGTCTTCCTTATTACAAATTAAGTTATTTTCAGT

GATTGACTAACTGACAAGGCTAATCTTTTAGATACAGATAATGAACGGTAAGGACTGTAGAATCTTTCTAGATTTCTTG

CTTTCTAGAAGGACTCATTTGGAAGTGGAGACTGCTGTGTCAGCTCCCTTGGGACAGACTGCAGACTCTTGCCGATTTA

ACTTCACTTCTGTTATTTAACATGCTGATTTTATGTATAGGATAGCCATATATTTAGATCTTTTAGAACTAATCTTAAT

TTCCATTATTTGGTTCCATTTTTCCCCCTGAACCATGTTTGAATTTGTTATATTACTATGCGTTCTTGTTTTGAACATG

AAATCAATGTGTTGATACTGCTCTGCCTTTATGGCTTCTTGATTGCTTCCCATTATGACCTGTTCCTGAATTCAAGGGC

TTAACCACAATACTCTTTGCCTTGAATCTTGACTTGATTTCCTATCTCATTGTCTCCACTCAGTTTGTTTTTGGTTTAT

GTATCATTTCAGTATTAGCAAGTTCATACCAATTTTGTGAGTAGTTTTCGCTTTTTCACCTGTGAAGTTTTGAAAAATA

TACCAAAATATCCTGGATAAGCCTTCTGAACTTAGAAGATTCATATGAATCTAGTATGATTCATAGAATCATACTAGAA

GGTATATAACATTGCCCCAAATAGCTATTTAAATGTTCATGAGGGAGCTATTTTGTGAAACTAGAAATTTAATTTCTTA

CAAAAACCTAAGCAGATTTTTAAGACAGCAGTCTTGTTAAAAACATGTCAACCCCTACTCCTCATGAAGTTCATCCATC

ATTTAATAAAAACATGTACTTAAATATTCTATCATAGGGGTTAGAAATTAGATCTGGCAATTCTTGGGAATAGTGAATT

AATGTTTTTAATGATCTAAAACTACCTCCCATTTAGTTCTTAACATCTGTGCCT 

>Giant.|GL896935.1:2158497:2159497_2_1002bp_GC:_31.3% 

TCAGTATTAAGAGTGCATAAAAAAAACCAAAACAACAAACACAACTCACAAAATAACTGATTTAGAAACTTTAGCACTT

TGTGATGCTAAGTACTCTGTATTTCCATTTTATTCCTACTTTCGATAGCATTTTTTTAACATTAATGTTCTATTGCCTA

TTTGATTGTTAGACTTTGTCACTAGCTCTTGAATGTCATGCCTTCCATTCTCTATTTTAACACATATGAAATATTTAGC

AAAGCTTTGTAAATACAGGCACAAGCATAAACATGTGGTTCTTGGGCTTAAGTCTTAAATCCCAAAAGCTTAACATAGA

TCATTTCTGTTCTAATAACCAGAGAGTAGAACTCATAATTTTGGTATGTGAGGATCAATGCAATAATCATCCTCTATTC

CTTTCCTGTATATCATGTTAATATTAAATGGAATTGTGAAGACTTTAGTAACTGATTTCTGGCCTGCTGCATTGGAATT

TTTCTAAACAAGATTTGTTCCCTGGATAATTTGTGAAAGTTCGGCATACCATTTTCAAGACAGAAATATGTTTTATATT

TCAGACATATAAAAATTTAATTTAAAGATACATTGGATCCCCGATTGTTTTTAACGAAAAAGCTTCAAATATATTCCAG

GGAAACATATGGAGCTAATACTAGACATGGTACAAAATGGAGGAAATACAGTGATATGCTTCTAATGCATTGTCATCAT

CAAATATCTTCATATTCGATTTTAAGCAGAAGATCATTAATGTACTAATTTTAAGAACTCAAAAGGAAATTAAGTAAGT

ACTTAATATTGTTTGTGACAATCTCAGGAACTTGAATACTGAGAAGAAGAAAAAAAAACCTTAAAATACCTTTCCCTGG

ATCTTTAAAGTGTCCCTTCAAATCCTCATAGACATTCATCTGCAACTCATTGAACAACCACTGGTACAGAAAGCTGGAC

TAGCTTTGAGAGCAGTCCTCAAAGAAAGGTAATCAAAAACAATATTTTACATAT 

>Giant.|GL896935.1:2158497:2159497_1_1002bp_GC:_45.1% 

GAAGACTTTTGCCTATTTCTGCTGAGAGTCAGGGCACCGCTGACATGACCTGAAAACATTTCAGCCCGTCTCAAACGTC

CCAATTTCATGTGAGTATCTCCGGTTGAGAACCTTCTTCTGCACTGTTTGCCGAAATCTTGATACAGATTGCAGAGTTC

ATACACATTTGCCTCCAGAGCACTTGCCTTTCTAGTTCTCAACTCTGATTCTGGGGCATTTGTTCTCCTTAGGTAAGCG

GGACGAAGGAGGCACAGACTTCGGAGATTCTCCACTACGTAATCCCCACCCACGCACCACAAACGGTATTTATCAAGGA

TGCTGTTGGTTTGAAATGATACGTCTCTCACTGGAAGCCAAATCCGTATCATTTTCTTAAACAGTTAATCAGTCTCTTA

GTTCTTACTCTGGAATACAATGAATATTGGAACATATTCAACTTCTGCTTAGTGTTCAATACTCCGTTCACATCTTACA

CCTACCTACAATTCTAGGGGCTTCGTTCCACCCTCATCGAAGCAGCCTCTGCAGGTCCCTTCAGCTCAGCGCCTACTCT

GCCTCTCTCCCGATCTGAACTATCTTTTCCCATCCTCTTCTCTCGGCTCATCTAACATCTGCCCCATTCTAAAGCCGAC

CTCACACCCACCTTCTTTCATGAAACTTTTCACGCTCCATCATGGATTTCCCCACTCTCCTCAGTTTCTACAGGCTTTT
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TAATTCAAAACGTAACATCAGTGACATCAAATCAAGGAATTTAAAGAATACAAAGATCTTTCTAGGTCACCTGTTTTGA

TCCTACCATGAGTAACAGCTGAGACCCAGAGAAAGGTGCAGAAGGGCATCCAGGGGCTGAATGGCAACGCCCACATTAG

TCCCATTCCTCCTCACCACTCTGAGGCTTTTTTTCATTTATACTTCACTGGTCATTCAATGCCTCCTTCTCCCCTCTGA

ACAAGAGTTCTGCATTCAAAGCTTCCCCAAAGAAAGAAAGCCAAAGTGATGACA 

>Giant.|GL896931.1:3716471:3717471_2_1023bp_GC:_59.4% 

CACCTGTCCGGGCTGCAGGCTGGGAAGCTGGGGTAGGCACCTGAGACCAGGAAGCCATGGCCTCCCTGGGGAGAGTCCA

GGCAGGCCCTGACCATGTCCCATGGACGGTCTCGGCTGGGTCTGGACTTGAAGGGCTGGAGGCACATGGGTGCGGGCCT

GCTGGGAGAGGAGCTCCTCCTCCAAAGTGCCCTTGTCTTAGTGACAGCCTCCTCCTTGCCTGTTAGACTTTCTAGTTTC

AGCCTCACCCTTCACACCCTGAAGGGCTTGGATGGATATCCCAACACTCTCTGCACCCCAATAATAAGGCCCACTTTGC

CCCCCTCCTTGGGAACAAACAAAGGATTGTTGAAAACTCTCTTCAAAACAGAATCCCAGCTCAATTTTACTGGGTTTAA

TGGCAGAGCAGGTAGGAAATGGCCTCTGGCCAAATGACAGAGGACCCAGGAGCTGAAGGAGAAGAACCCAGACATGAGC

CCCCCTCCTATGGAAGGCATACTGGCTGCAGTTCACAGAAACCCAGAATCGGCGCCATCAAGGAGTCAGGTTCAAACCC

TGGGCCCGCCGCCTCGTGACCTTCAGCATGTGGCTGCCAAGAGTTCACGTTCCCCACGTGCCATCTCCAGCCTCAGGCA

CACTGCCCATTTCCTGGGGCTTCCTGGCACCGCCCTGCAGGCCTGCCCACCTAGGCATGGTGAGTGGGCGAGTCCCTGC

CTCCCCGGGACTTCTGCATGGTGTCTTCACCCCACTGTGGAAGGTGACTTTGAACTTGGCTGGCCTGTCATGGGCTGTG

GTGTGGGAGTTCCGCGGGTAGCAGGGGCTTGGGACCCGGCCTCGGGGTAAGCTTCTGAACTCTCCAGTGTCTCCAGGGT

GGCCCAGGCCTTGTTATCTTCTCTGTCAGAAAGCAGCCGGTTCTGAGCACCCAGCTCCAGGCCACCAGCGGAATCCCAG

CCTGGTCCCTCTAATGGGTCTTGTCAAGCGGTCCCTGATCTGGCGGTGATAGGGAGGCTCAGCTGTGGGGCGGCC 

>Giant.|GL896931.1:3661471:3662471_2_997bp_GC:_52.4% 

TCTCCGCACTCACAGGAATTCCCGAGGGCTGGTCCCCCCTGCTGCCATCACAACGCAAACCCTGCGATTCACAGGGAAC

CTCTCCTCGAGCATCACTCCTGACAGCTTACAACTCCAACGATTAAACATTGATCACTCAAAATTTAACATCCCATCTT

CCCTTTGATATCCTCAACTGCTCCCTGCATAAGACAACAAGCCGCTTTCTGCGGCTCAGCGTGAGGGAAGACTTCAAAG

GTGCCTTTCCCTCTCACTTGCTCCCAGCAGCTCTGGTATTCAGCAAGCAAAACTGCCAAGCAGAAGGGATGGAGATCCC

CCCCCAGCCTCATCTTTGGGGGTTAGGTTAGTGGGGGGACCTCCCGGATTTGGGTGCCGGATGAGTTCAGGGATGAATC

AGGGGGCAGAGCCTGGAACACCCTGGCTCTCTCTAGAAGCAGCTGCGAGTCATGTGAAGAAGCTAGAGGAGCTGGGTGT

AGATCCCTGGGGGTACACATGCCAGCTCTGGAAAGGCAGGGACAGGTCCCCGTCCTCTCCAGGAACAAGGAGATGATGT

CACTTTCTCTCCAGGAGCTCCCTGGAGAGCGTTAACTGAGGCTGGGAGTGGGGGTGGCTGACCCAGCGCAGGTAAGCTG

GTGACCGCACTGCCCTCCCCTCTGGGGAGAAGTCGGGTTAAGCCAAATAGTGCCAGTGCGCTTGTAAGAAGGAAGTTTC

AGCGGCTTCATCAAATGTGTGATTTTGAAGTCTTCAGAAGGTAGCTACTTGCAGAGACACAGATAACAGGCCGATCACA

AACTATTACCTATCTTCCACTCACTCAGGCTCCGGGGGTGGGGGGTGCTGAATTTTATTCAAAGTATAGTAGTTGGTGG

TCATTTATAAAATGTTACAATCAACATTAAAACTCTAGTAATTAGCGGTCATTGGTAACACACTACACCAGCCAGGGGG

GGACGAAGTGATTTACCCGTGTCACCTCGTATAATCCCCACACCATGTG 

>Giant.|GL896931.1:3650471:3651471_1_1009bp_GC:_49.6% 

CATCTCATTCCATTCTGAGTAGGCTGGGTCCTTTAGCTCTGACAGGTGGAACGTCTACAAGACAATCCATGTACCATTT

TGCAGAGAGCTCTAATTATCCAACTCCTTGGGCTGCATGACCAAATACCCTTTGCACAGTCTGTGCCAGGTCCCAAGAT

AGGGATGCCCGGAAACCGTGTATGGAGAGTCTACCATAGCACAGTATTTGCCTATCACCTAGGAGCATGTAGCATGTGG

GAGGCTAAAACTTTATTTATTCTCTCTCCAGGCAGGCACAACTGCATGAGTGGGAGGTACTGGGACTGATGCAACTGGG

CAGGGTGGAAGACTGGGAACAGCTCGATGTGGCTAGCCCTGATGGAGGAAACCAGGCTTAGCCACTTTTGACTTCTGTC

ATTTCTTGCAAGACGCTCAAAACTACTTAGGACCTCAATTTCCTCAACTTACCTACCCGCAATGCAAGGATAAGCAATA

GTGTGAATTCTCTCACACACCCTGCACGCTCAATGCATGGGAATTACTATTATTATAAGGAGACAGAATTTGCTGTGGG

CTGGACAGTCCTGTAAGAGATGGGGCATGAACCAGGCAGGAAAGAAGAGGCAGAGAGGAGGGATGCAGAAGGAAAATGG

GAGGCGGGAGAGCATTCCAAGCAGCAAAAGTGGGGAAGCGGAAATGGTCACACCCACTCCAGAAGACCTCTCTAAAGAG

AGGAAACTGAGGACTGTAGGAGACATGTGGGACTAAAGGTGGGGCAGAGGGGCTAGAAAGTTGAGATGAGGAACTTGCA

CTTGAGGCAGCACCAAAGGGATCTGTGGAAGGTTCTAGAAGTCATCCTGGTTTGTATTCCACAGTTGTGTTTCTCTAGC

ACAGCACAACAGAAGTACCAGCATCCATAAACCTTGCCTTGTTATTCTCACTTCCTCCTCAACAGGATGGGGGGGCCTC

TCAAGTGCCAAGGCACTTTGAGGTAGGGGTGCCCTCCAGAGGCTGGACCCCCTACAACTTT 

>Giant.|GL896931.1:3628471:3629471_1_992bp_GC:_43.0% 

TAGAACTCTGCAACATCCTTGTAAACTGTTTTTTAAAACTGATCGTGGGCCAGTGTGGAATCCTGCGTCTTATGACCCA

AGTCTCTGATTCTGAGTTGTAAGAAGGTCTATTTAAAATGGTATGTTTTTCTTGCAGGAATTGTGAAGTGGTCAGATTT

TATGATGTTTTAACATTCATTGCCATTCATTATCTAAACACTCCTCTATAATCTGGTAAGTGTGTGAGGCTAATAAGTA

GAATGGAATTCATTCCGGGTTTGATTGCATCTGCTGATTCTAGTGGAAGGCCTCTCTTATATCTGTTCCTCCTTTCTTG

ACCTGGTTAAGGCAAAGAGTCGTGGAAAACCTCAGACTCGGCTCAACATTTTAAATCTCTGTGACTTGGGGCAAAGAAA

AAAACGTGGCTCTGCATAGCCATCTCCAATGCCTACCAATTGTAGAGTGTAGTGATATTTCACAGGAAGAGAAATCTTG

TGTTGGTAGGTTTTTTGACTTATTAAAATAGTCACTATACCACTTTCTTTTCAAACGTAGAACGTCCCCACCTGTAGAA

TGCTCACAAATCCTAATCACGTTGCCATGCCATATAATATTTGTTTGACTTTATAATCCTTGGAGAAGGAATAATGGGG

GGACAGGGCCACCAGGGACACAGTGACATTTCATAGTCCGACTGCATCTCAGGTGAAAGGCAGCCTGGTTCACACTGCT

GCTGGATGCCGGGCTTCGCCTCTTTATGATTGTGGGATGCCGCAGAGGGATTCTTGGGGAGGCTGCGTCCTTTAAGTCA

GGTCATTATCCCATTGAACGAGGCTCTCTCTCTCCTATCTTCCGATTTCTGGCTCCACCGCCACCACCCCCCCTCCTAA

GTACACACTAACACTTGTACTTGGACTGTGTTTCCCAAAACATATACTTAGAGTTTCATTTACTGATTGCTCTGCTGCA

CTCCAAATGGCCCAGCATTTTGCCGATGAAAGAGTGTAAATCAT 

>Giant.|GL896931.1:3468661:3469661_1_993bp_GC:_58.2% 

CCAGGTGCTGGTAAGTCTCTGGAGGTGGAACAGGCAGGGAGGCACGGCTGCAGACCTGTGGAGCTGGCCTGAGCCGCCT

CGTCTCCAGAGTTGCTCTCAGTAGAGTGTGACAGCTGAAGAGAGCCCGGGAGCCCTGCCTGTTTGCTCTGCACAGGGTC

ACAGATGGGGGAGAGCTCTCTGGAGATCAGGGAGGTTGAGGAGCTATTCCCAGAGGAGGTGCCCTTTAGGCTGATCTGT

GAAAGACAAAGGGCAAAAGCAGGAAGATGGGGACCCTGTGTGTCCCCCTCCAGTGGCAGATGGGCCAGCGGAGGGGATT

GAGTTGTAGACTTTGGTCCCAACTACGATGTGTCAAACACCTGCCGGGGTCTGTCTGGGACCTCCACAGGACCGGGAGA

GAAGAGGTGGTAAAGAGTCTGGAGAGAGGCATGAGCACCTCTGATCCTGGGAGCTGGGCTGGCGTGGGGTATGTGCTTG

GGTATCAGGGTTTAGGGATAGATGGTGGGGGGAGAGGGTGGGTTTCTGCTTTAATCCAGTCCTTATTAAGTCTAGGCCT
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TCACACCCAATCTGGGGCCCTTAGACTGAGCACTGCCCACCTGGCCCAGTGACCCAAAGTGGAGGAGCCTGACCCAGGT

TTGTACTGTCTGGAGCGGCTCCAGGGCTACCCTCTCTTCCACGTCCCTCGGAAGCCACACTGAGCCCATTTCATTCTGT

AAAGTCCTCCAGGCTCCTGGGGGAGAAATAGCAGAAGCCATAATGGCATAGCTATGGGGTGGGCTCTGTCACACTAGCC

CTTGGGTTGATGTCTTTCTGCAAAGCCCTGGAGGGGAGTTGTGGCCTTTCCTGCCCAGCTCACACCACAGGCCCTGCTC

TGCGCTCTGTCTGGCCCTGCCCCGCGCTCTGTCTGGCCCTGCCCCTTTTCTGTTCTCAGCGTGCTGCTCACAGCCTCCA

TTCCCAACTTCCACTAAGAGAGAAATTGCTCCTTCCCTGCCCTCT 

>Giant.|GL896931.1:3058123:3059123_2_989bp_GC:_56.7% 

TGACCTAATATGGCTCCGAAATAGCAACTGGCTGAGAAGGCATGAAAAAATACCCCCCACCTGAATGCCACCGAGGGGC

TGGTTGGAGAAGCAAATCATGTGTGGGCCGGAGGGGACTCTGTGGAGGGACCCAGGGACTTAGGAGCATCGCCATTCTC

TACAAGGCCTGGCAGGCCTGGTGGCAGTGCCTGTGGATGTGACTTGCATGCTGACCGCTGACCACGGCCTGTCTGTGCG

GGTCCCAGTGCCAAGAGCCCACCCCCTCCCGCACCACCCCTAGGCTGCTCCCACCACAATAGCAAAACACCATGAATGC

AGCTGGGATTTGGGCGGGGGGGTTGAGGACATGGGGGCACAGAAGCCCATTGTGCCCCTGGAACCTCAGCTCTGGAAGC

TGAAGATAAGCCAAGGGTTCTGAGTGGAACACTGGCCCCAGGAGCAGAGAGATGGCAGAGTCTGTGTACGAGGGCAGGA

GCGACACCAGGAGGTGTCTTGGACACCCATGGGGGCTCTTCAGCTTCTCAGCTGGTGGTAAAGGTGCCAGGCCAAAGCA

GGGACAGACATTTTGTGCAGTTTTTTAAAGGCCTCGGTCTAGAATATGGGCCCTGGGAGCTTCAGTTTCAACCCCCGAT

CTGTGGCAACAACTACATGTCTTTGAAGAGAGACTCCAGGGGCTCTTGGCTGAGCCCCTTCGCTCTCCTCTTAGGTACC

AAGGAAGGCTGCTCTCAGAGGGAGTGGGGGGTTGGGTGGTGTGGGGGTCTTCCCTGCCAAGATTAGCTTGGAATTTAAA

TTCACAGCAGCGTAGGAGCTGTGGGACTCCACCTCCAGAAAAGGAGACATACCCCTCATTGTGAGAATGAGAATTAGCT

CTTGGGCCCCTCAGAGGGATGCCCAGAAGCCCTCCTGCGTTGTGCCTGTACTCCCTCAAGAGGAGCTATGGCTGTCCCA

CTCCAAGTCAGAGTCCGAGGACTGCTGTTATCTTTCCCTCT 

>Giant.|GL896931.1:3036123:3037123_3_1014bp_GC:_31.2% 

TTTTTAGAAGTTCATTTTAAAAATCAGGCTGTAAGAAATTAACATAATTCCATGTTTTTCCTAATTTTTACTTTTAAGT

TGTTATGTATTTAAAAAATTCTAATACACAGAATAAATATATGATGAATAATTCTTTATATAGTCATCCCTTATATAGC

CTATAGTCTAAAATCTAAATTTATATGGAGTGCATATCAGAATTATGATTCTTTTGCTATGCATAGTCCTTTGGCCTTT

TCCTTAGTTTTTCTTTGTCAGAATTTCAAATAGTTGAGTAGCCAACAGGTGATAAATGTCCCATTAATCTTTTTGACTA

TCTAGCTCCTGAGCATGAGAATTGCTGATCAATTACAGCAATTGTCTCTTAAATGAGCTTTTCACATCTGCCTCTTACT

TCATTAGTTAACTGTCTGCCCAAAGATCTGATAAGATGGAATACTAGTGCCTTTTACAGCTTTTTCTGTCATGTGTACA

ATAAGGATAGGGTTGTTAGCAGAGTGGGCACAAAAGGGTATTTATCCACAACCTACAGTAAATATACATGCTAGAGCCT

AGAAGGCATTTGAGACTATTTACTGAAATCACCTTAAGAAGAAAAGAAGAGAAAAACTTGTTTCACTTAAGCTTTCCAT

TTAGCAACAACTAATGTAAGACCATGGCATTTCCTGCTATCCCATGCTTTTACTTACCACTTCTGTCCTCCTTAAAAAG

GAAAAACATTATTTTTTTTAAATGAAAAATTTTAAAATCTTTTTTATGTTAGTAAGCGTCATGATTATATACTCTCAAC

CACGAATTGTTCTTAATCCTTAGTTACGTCTTCCTCCATTGTTGGCACTTTAAAAAAAACTACCAGTCATGATTGGCTT

TCTTATTACACGTTATTCAGCAGTCATCCTTTCAATTGGGAAACATCCCGATGAATAATTAATGTTTAAGCTGTTTATA

GGAAGAATATTTTCTTATCTGTAGTATGGGTATAACAATAGTATGTAACAGAATAGAAATAAGATT 

>Giant.|GL896931.1:2997535:2998535_1_1008bp_GC:_48.2% 

CACGGCACACAACAGGCTCTTGGCATAAGTCTGTTTGGCCACTTGGTGAACTAAGTAATTAAGTAAATATGCAGCAGGA

ACTCAAATGCAGGTGTCTCTGAAGCCTAGTCCCGATAACACCTAGACACACTTAGAAGGGAACTCAGCTTCCTCTGAGT

TCACCCTTTCTGACCCTTTCAGAAGAGTTCACACCTGGCTAATCATAGAGGCCGCAGGTTCCTGCTGCAGAGAACATCT

CTGTTGGAACTAAACCTGGCCATTACTTTCAATGTCAGGAAACAGGCAAAGTGGAGGGCCTGGAGAGTGGGAATAACCC

ACTGGCAGCCAGCTAGGCCTACTTGGCTGGGCAGGAGGCACCCCATATGGTGAAGCCATTTGGTCAGTGGATATGACCA

AGCTTAGGACAAGTAGCAGCTAACCCTAAATGCTGGAGAGTGCTGTGGGGGGTTAGAGAAGGGGTCACTGTGGGACTGC

ACACCCAGACAGGGGCGGGCATCTCAGCAAAAGCAAGGCTAAGCGTCCAGAGTCAAGGGGCTCCAAGGAATGAATGTCT

GCACACATCATTCATTCATTCCCCACTCTGAGGGAGTTCAGCTACCTGGCCCACCTGCTTCACCATGGTGGGGGCACTC

AGTCCTGGATGACAGGCATAGTCTGGGGGAATCTGTACATATCCTACATTGCAGCATATCCCATTTTAATTCAGAGGTG

TCTATGGAGCAATGCAGAGCATGAAGTAGGACATTACTCTTCGTGTCCCTGTCCTAAACATGTTATTCTGTGGATATGA

CAGGTCATTCCTCTCTGCAGGGTCTTCTGGAGCCTGTCATAGCCTCCAGCCACGGGCAAGTCACTGTCTCTGTGTGTAT

GGCAATGGTCGTATTTCCACCCAATTTTTTTTTTTAATTTCTAAGTAAATGTCTTAATAGTTAATAAACATACAGGGGA

AAGAAAAACAAGATTTTAGGCATTGACAGGAAAGTTTCCCTCCTTTCTGAATTCACCCTT 

>Giant.|GL896931.1:2986535:2987535_2_1008bp_GC:_59.7% 

GCTCCCTTGAGGCCACGCTGTTCTTCCAAGATCTGAATACCTCACACAGGCTCTATTCAGGCCCAGGCAGCTCAGCTCA

GCGGCTGAGGTTAGCAGTCCTACGTAAACGCACCCTGGGACCCAAACTCAGAGGGTCCACCCATGTTTCCCCGCCTGGG

ACAGGACCACAGGGCAGGCCACTCCCAGAGTAATGGCGTGCATTCCCAGGAGGGCTTCCCAGACTTCCCAGCAAGAGTT

AAAAGCTGTCCTTCGTCAGTAAGTCAAGTCTGACCCCACGTCCAAGCAGCAAGCCTTCATCCCTGGGTCTTCCCCTCCT

CCAGAGACCACCTCCAGACTCGCCCTCCCCCGAGAGCAGCTTCATCTCCACACCATCTCCTGTGTGCAGTACCATTCCC

TTCCCTGTTTCGGAGCTCTCTTCAGAACCCAAGGCCCCAGCTGTGGTCCCTGAAGAGCACAGGGCAGGACTGGACCATT

GCCTCCCTCCTCCCTGGGTTGGGACACAGAGTGTTCCGGCCAAGGAGCCTTGACGCAGAGAGCCCGTCCAACTCCTCCC

GTGCCTTCCGCGCGCTGCTCAGCCCGCCGAGGCGACCGGACACTCCAGAGTCAAACATCTTAGCGCTCAGCTTTGTTCG

GTAAGCATGACGTCTGTTTTCTTCCAAGTAACTGGTAGGAAAGGGGCCAAGGACAACACTCCAGAACCGTCAAGGTCGA

CCACGCCCCAGCCCGAGAGCAGCGGGTGCCGCCAGCCACACAGGCAGCACTCCGGTCTCTAACTCTTACCACGATGATG

TTACACATTTCCCCACAACTTCACGATGGTAAAGAGGGCCCGTGTCCGATGAGGATTCGAACACATGGCCCATGCCCAG

AGCCCCCGGGGTTTACCTGCCTGATAACCTCCAGGAGAACAGCTACGGCAGCTGGATGACCTGCGGCACCCCCAGGGTG

CACGTTCCTGCCCCCAGTGCCTACCCAACCCGGGGCCTGCGGGGATTCAGCTCTTCAACT 

>Giant.|GL896931.1:2975535:2976535_3_1005bp_GC:_31.8% 

AAACAACTGATGTAATTTGAGTTATGTTAACTTGTGTTCCACATAGGGTGTTTCTCCCCACTTGGGTTGGAGCATTTAT

GAATTTCAGTTGTGAGATTTGTAATATTTTCTTTAGTTAGATTACAATCTCAATTTACCTAAAATAAAACTTTTCTTTC

AGTATTATTTTCTCAAATTGTATTATGAAATACTGTATAAATAGTCTTATTAACATATCTGAAAAGTACTGATGCTTTT

TCCTCCATTTCTTCCAGTCATCACCTGTGCAGATTTTCATAAATGTCTGATTACACTGAGTGGCCCTAACAAATTTCTT

TTTATGAATGTAAAGCGCTGAAAATGCTAGAGATTCGCTGGTACTGTTCTATAGTGAGGAAACACTGTATATAGAGAAA
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ATACAGTTAGGAAATGATAACATTATCATGGTTTTATTTTGGACAGAAGTGCTTAATAATCTCATCATAGAACACATAA

GCCAAATTGCGAAGTTTCCCAGCAATGCAATCTCTTTTGAGAGATTTAAATATAGATTTATTGTTTATAAAATACTCTA

GCTGAGCTATATTTTTTATACGTCAGTACCTGTGTAATTTTTAGGTTGGCATAATGCTTTTCTCTAAAACCACCAATTA

AGTTTTATCCCATCTTTTATGTTAAGATTGTAATATTATAGGTCCATATGATTTTAATTTTTGGAGATTTTGGTATATA

TTTGTAATTTAGGTCAGTCTTAATTCCCCAGGGATTTCTAAGCTATTTCTCCCCCCGCACCCTTAGTTTGGACAAAAGA

TGGGGCAGGGGGAAGAGGACAATATGCTTCTTCCTTTTAACTGTTACTCTGTTTTAGAAAATTATTTTATGTCTGGGAT

ATAACAAAAAGCCCATAATTGTGTTGCTTCTCTGGATAGCAAACATTGATCTTACATGATTTATATTTCATCTCTTTTG

ATTTTACAGTCCCACTTACATTTAAATCACTGGGTTTGATAAGTTCAGGCAGAATGT 

>Giant.|GL896925.1:10476624:10477624_1_992bp_GC:_40.3% 

GGAAAATGAATGTAATCCATTTGGTTTTGCTTATTCTGGAAGCAGGTATCCTAGTGAATCAATCGGGAACCCTATCCTG

TGCTTCTCCTCAGAAAGCTTTCATGGAAAGTTTCAGCACCACGTGAGTTTTTGTAGAAACAGAATTGTGAGGAGATGAC

TAGTGACTAGTGGAGAATATCTTTGGACTTGGTTTCAGGCTCCTTCTTCCCATTTACTGTACGGTTCCTGCTGCATGAT

GGAGCCAGGCAGTTGGACATCTGCATGTCTGCCTCCTAACCTGCCCCCTTGACCACTGGGCACCAGCCGATCTGGGTAT

AAGCAAACCAGGCAATCTCCAGTCTGCTCTTATGGGAATGTTTAACTTGCCACCTGCTGAGAAGCCAGAAGCTGTGATT

TTAGGGAGGTTCTGGTTATCCCATTCTTTTATCTATTCGTGCACATGATATATTTTAATTGCCAACTATCTACCAGTGC

TATGCTAACATTAAGTATTTGTGATGTAGAAGCCCGCTCCCCCTGGGACAAGCAAATCCTTGTAAAACCCAGGGTGGGT

TCTGTTCATGACCATGAACTAGATTTAGCTTAGATTGTTCAGAATACTCTGTATGCTGTCTATTTCCATATTCATTATT

CCATGGGATACCGTATTTTAGAAAGTTTTTAAAATGAGTTTGAGTAATTAATTAGGCAGTTCAAGGTCACAGAATGAAG

GAACAGGCCTCCTCCTCCACATACAGAGTTTGGTCTACCAAACCCCATTACGCATTGCCGTTACTACCCTGGAACCAGC

TCTCCTAAAACCAGTGCTTTCTTTTCTGTAATACCTGCCAGACCTGAAGAAAAATGTGAGGCAAATAAACATATTTTAT

AAGGACCAAGAAATTCCAAAATTCTCTAAAGAAAGAGATTAAATTTTTAAAATAGGAATAAAATGCAAAGAGTAAGTAG

TAATTTGAGAAATATGGTTAATGAATAAAAAAATAGGTTAAACG 

>Giant.|GL896925.1:10465624:10466624_1036bp_GC:_43.8% 

TCCCAGCCTTTGCAAGATCCTACACATGTAACTTCCTTAAGGAGGTACGTGTTGATGTCCAGCATCAGTTTTCACTTAG

ATGAAGGATTCTGTATATAAACAGGTGTGACCTCAGCAGCAAGAAGAGTGGCCATCTACAACCAATCTGTCAAACATTC

CATTTAGCCCCAGGAGTATGTTAAGACCTGACTATCTTTTCTGGTAAAAATAGGATGTGTTGAAATGTTTATGTGTAGT

TCGCTCTCCCTGCATCTCTTAGCACTTCTGTGTTTTCGTGGCTTCCAGCACAGTGGTCCTGAATGTGGTGTAGGCTTTG

TGCAATATGGCAGACATTGGCCGTACATGTGGTCAGAGGCTCTACACCTTGAAATGTGAGCTTGGCCTCATGTGGCTTG

ACTTTCTGAATTGTGGAGAGGCGGTTTTTCAAGCCAACCCTATTTGTCACTTTATGTTCGAATATTTTGCTCTCTGACA

GGAAAGAAAGAATGAAGGCTTCTTATCAGCCCCCTCCCCTCACCCTGTACTGGTTGCCTCGGGTTTCATGGCATTTGTT

AATGGAATACACTTTAACAGGTAAAAACTGAGTTAATAGTGCTGACAGTCCTGCATTTGAAAGATATTTTCTACAACAG

AACACAAAAGGGGGCTGATCGGGTAAGGTGAATTGAATTTCCAAAAGGGGATGAAACATGGGATTAGGACTGAGAGGTT

GTCCTGGTAATCGTAACCTGAGACTAAGAATCTGCTCCCTTCTTTGGTTCTTTCTCTGATTTCATTGTTGAAGGTTCTA

GAATCCAGAGAATATCTTGGACCTAGCTCCCTTCATGCCAGGAGGAAGTCTTTCTAAATTACTATTGTGAGTACTGAAC

CCCACGGAATCTCTTTTTCACTTCCCTGAGAATTCTGCATAGCAAAGGGAGGAAAGTGGTTGGAAACTTTCCTGTTACG

CTTAGCTGATCTTGAGCTGATCCTGGAGTGTCCCTGTTGGCAACTACAGCTAGGATGTCACAGAGGTAACACAGTGGAT

GTGAGATCC 

>Giant.|GL896917.1:7653331:7654331_1007bp_GC:_46.3% 

TCGCATACCTTCTTGAGGCCAGAAACCTAGAAAATGGCAAATAGGCAAGGACCCAGAATAATTGGGGGCAGGCTGTCAC

CAGACAGGTATCCATCCCTGACTCTGTAGTGTTCAGTGGTATCTGTGAAGACTTGGTGATCCCACCTTTCCCATCACAT

CAGCATCCTGGGTACCTGCTATCATTCGACATGCTTCTTATTAACCCCCCGCCCCACCAGTCTCCTTGCAGACTTCTTC

CTGGTGTGACTACACCTTCAACTCCAATCACCAAGTCCACGCAGCTGAGCTCTCTCGTAAAAACACAACTGGCCTATCC

CTACAGCCCTTGGCCGCTTGCCTAGTCAGAGGGCTTTGGTCTCGGGGTTGTAGCCAGGCAGTCATGGAGAAAGGGAACA

AAACAGAGCCAGCAGTTGGGATTCTGGTCCACTTGCCCTTGAACTCTCTATCTACAGTAACAACAGCATCAAGCAAATT

GCATTGTTTTGTGTGCATTGACAACCCTGTTGACTTCCTGACAATGTGAACAGCATTTTGAGGACTTCAACAGTAGGCT

GATAGATTTTTTCTTTTCTTGATTTCACCTTCTCTTCTGGGCTCCAAAGCCTCTTCTCTAAATGCATATCATACTGTAT

TATAGATGAATAGGGCTATATTGAACATGGGACTTGAACTCCCCAAGGACAGAGGTTGAGTCTCTCATCTCCCACTTGC

CAGAGATTAGCATCCTGCCTAGTAATTATGGATGCTCAGTTATCATGCAGAAGGAAGAGAATGATTAGGGAGTGACTCA

AAGGAATTAATTTTTAAGTATAGGATTTTAGGCAGCTAGATCTAGGCAGTACAGGAGCTCTTTTGCCAAAGAGCCGGTT

GGGTAGGAGGGAATAAGAAGGGATGATGCTCACTTGGTGTCCTTTAGTTCATACCTCAATCTGGAATTCCCTCCTCTGC

TCACATAGACACCAGCCCTGGACATGCCTTTCTGATCCAAGAGTTAAAAATTCCATCTG 

>Giant.|GL896917.1:7576331:7577331_1_1018bp_GC:_39.7% 

GCACTTCTATTTATTATTTTCTTAACAGAAAATTTATTCTTAAGCATAAAGGGTAACAGATTGTGAGGAATCGACAGTG

TGTACTTTGTTCTATCAACATTTTTCACATTTGATAATAAAGAATACGATTCATTGGAATGGATTTCTCTGTTTCCTCT

AGGTGGGTTACAGTCGTAGATTTCTACTTGAACATTTAGCCTGTCATTATCCCCACGCTCAAAGTTGAGTGCAGAACAT

CTAGTGAATAAGTCAAAGAATATAGGAAAGACTGATTACTGGAACTTCAAGAGTCCCCAGAGCAGTCAGGGGAAAACCC

AATCTACGTCAGACTCTAATATTTATTGGGAACATGACACTGATGTGGTCACTTTTGCTTGTTTACTGTTGAAGTGCAG

TTTACTAAAATTTGAAATTACTGAATTCCTTTTGCATGGCTTGTCATGAAAGCGAAAGGGAAAACAGACACTGGAATGA

GAAGGCAGCAGGAACACGGAGAAAATAAATTAAAAGAGCAGAAGTATATAAACAACATTCTAGAAGCCCTCCTGTCTCT

ACAATCTCTTATTAAGTAGTAAATTCTTCATTATTTGAATTTCCAGAAGATGCTGAAATGGTGTAAATACCATCTGCAT

GGTCGGGCCCCAGGAAAAACCCAACCAAACCAAAGACAGCCACCTGAGTTCATATATCAACTGTCAGGGGTCTGGGACT

ATCTGAACTTGGTGCAAAAGGGAATCTCTGAGTTTCGTCAAAGCTCTGTAAATTTGAGAGAAATGCCTTTTCGCCCTGC

ACGTACGTGGGATGAACGCAAAGTCACGTGGTTCAGTCAGCAGGAGGACTGACTTATGAATTATCCCCTAGAAAGAGCT

TTGAGATGACTGTCTGCTATCACAGATCGGTGATGTCGCTGTCAAAATCTGGTGACTTGGACTATATTTTATTAGGGTA

CTCTCTAGGAGCAAGAGAGGTAACTCTTGAGACCTATTCTGTGTGGGTCAAATCACACCACACTTGTTTG 

>Giant.|GL896917.1:7565331:7566331_1020bp_GC:_39.8% 

GCTCGTGTCCATTTTTTCAGTCACAAACTGAAATCTAAGCACAAAACCTGGCATATAGTCCATGCTCAATAAACAGTTA

AGCTAATTAATCAATTCTAGCCTCTAGGATGAAGTAGCTCTAAGTACATAATCTGCAAACACACACATCTTCGTCTTTA
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TTATATTCCAATATACATAACTCAACTTTCTCTCACACAAAGAAATTAGACATCAGAACCAATATTTACAAGTCCTAAT

GTGCTTAATACTCTGTTAGACATTTTCACCAATCTGAAACATTTTAAATCTTTGGTACCAAGTAAAGGCTCAAGACCTT

TCACTGTAAGCCTAGAGTGAGTAATGAAATGGACACATGAAACAGTGGCAAAAGCTAAATTTGCAGTAAACACGAGAAT

GTTACAAAGTCTGCTATTGAAAGCAGGCCACTCCATTTCTGCAGTCCAGACATTTTTCGAGTCCTCACCATGTGCCAGA

CAAACAGGACTATATAACCCACACCAGGACTACAAGATGAATAAATCTGGGCATTTCATTATGGGAGTTCATGCTCTAA

TAACTCACACCTGTACAAAGCTTTACTGTTTGCAATTCTTGCCCACATTATCTCAATATACATGTAAGCXXXXXXXXXX

XXXXXXXXXXXGTCTAAGCTTCCTTGATAGTCATATTAATTTACACTAACGCCAGGGATCTCAACCCGTAACAAATATG

ACTGGTTCACCATCAGTACAAAGTCTGGTTCCCTGTCACGCATCTCCTAACCCCCGCCCAAGGATACAGAAGGGTAAAT

ATCCCCATTTTACAGGAAGGTCAATGAAGTCAATTCTGGATCCAAGAGCCAAGATTGCCAAAAACCTCAATTCTCCAGG

CTTTCTCCAAAACCACCCAGGGCAGCAACAACCCAGTGACCTTCCCCTAGCAAGAAGGGAAAAAAAGCAAAGAGTGAAA

AAACAGGCTCTCTTCCTTAGCGGCCAAGGGCAGTTCTCATTCAGAGGTGACATTATCCAAGCAGAACACGGC 

>Giant.|GL896917.1:7444331:7445331_1_987bp_GC:_36.8% 

CCGTCTGCTCTACAGATCAAAGGCATCCATCTCCAGAGCTCCTCACCAAAACAAGGGTCAGCGTTGGGAAACTTAATTC

AGTGAAAGCCACTCAAAAAATGAATTGCAGACACCAACGAGTTTTAATTCTTAAAATAAGCTAGTCTCTAGGATAGTTA

GCCTAAGAGATGAAAATATAATAATACCGGGCTATTATAATCCATTTGCCTAAATTACCATACTTTCTATCTGGTTCCT

CAGAGAGGAAAAATAAAATGATGTTGCCATACTTCAAAGACATTTATTTGAAAAGTCTTTCATTCTGTCTTAGCAAACA

AAAGCTTTCATAAACTTTATACATTGTATTTACATATAAATAGAAGGTGATAGAAGTCTAAGCTAATTTTCAAGATATA

AAGATATGCTTCTGAATGGAGATTGCCCGTTAGGAAGTGAAGCAGCCTTCCTTCAACCTCATGATTCTTCACACTATTT

TGTGCTCATAGGATTGATAGTAAGAGCCGAAGATACCCAAAACGAAGAAACGAAACCCCACATTTCTGCTCTTCAGGTT

GGAAGTCACCCAAAGCTTCCCGGTGCCCCGACAGAGGGCAGTGCAATTCCACAGATGAACCTAATGGCCACGCTGAAAA

ACAGATCCCCAGAAGGTAAATCTCTGAAGAGAAATCTGTTTTAACACAGCTACCTCAGGAAAAGGGGAATTATTACACT

TAATTAAAGTGTATTGACACCATATGTGGTCCCACCTCTCCAGCTCTACTTTTTGGATTCATTAATGATTXXXXXXXXX

XXXXXXXXTCAGAACCTAGTAAGGCCGGTATTCCAACTGAATCTCTGACTTAACTCCTAAGCATTAATCCTATAAAAAT

ATTGCATAAACAAAAAGCCAGTTAGGGAACAGAAGCCTTTCAAATGAGACAATTTATATTCATTATCTCCATAACTCGA

AGAAACATCACTGGGCTGCTTTTAAAATATTATTCTTTT 
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Appendix 3.3 
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Chapter 4 

Reconstructing Carnivora evolutionary relationships with 

a particular focus on the Lutrinae using a novel dataset 

of nuclear loci 

 

 

 
Photo © 2013 “Mike” Michael L. Baird (https://www.flickr.com/photos/mikebaird/9137174915/in/album-

72157634330789112/) 
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4.1 Introduction 

4.1.1 The Order Carnivora 

Carnivora is a diverse order of eutherian mammals, encompassing 286 extant 

species distributed in 16 families and over a hundred genera (Eizirik et al. 2010). The 

remarkable diversity in this group is not only linked to the number of species, but also to 

their array of dietary habits, social systems, locomotion styles and morphologies 

(Macdonald 1983, Van Valkenburgh 2007, Samuels et al. 2012). No other mammalian 

group has such a distinct range of body mass between its members - the minuscule least 

weasel (Mustela nivalis) can weigh between 0.025 - 0.3 kg (Hunter & Barret, 2018), 

while at the other extreme, male southern elephant seals (Mirounga leonina) can weigh 

as much as 3 t (Hindell & Perrin 2009). Not surprisingly, carnivorans can explore many 

different niches and are well adapted to a huge variety of both terrestrial and aquatic 

habitats, being found in all continents of the world.  

Basicranial characters – in particular the auditory bulla – have been considered 

important diagnostic features within Carnivora since early studies from the 19th century 

(Flower, 1869), which recognized some main differences firstly categorized into three 

superfamilies (Arctoidea, Cynoidea and Aeluroidea). Following further development in 

such studies, in 1945 Kretzoi formalized the main Carnivora dichotomy that has been 

accepted since then: the superorders of Feliformia and Caniformia. Almost all except for 

a few basal members of Feliformia present two-chambered auditory bullae, divided by a 

septum; while caniforms’ bulla has a single chamber, with an absent or partial septum 

(Hunt Jr. 1974, Ivanoff 2019).  

Since the advent of molecular techniques, there have been increasingly more 

studies focused on refining and elucidating the evolutionary relationships among the 
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order Carnivora. Between 30 and 40 years ago, researchers could mainly use differences 

in amino acid sequences for certain proteins (such as hemoglobin and cytochrome C) to 

establish relationships between species (e.g., de Jong et al. 1977, Baba et al. 1982). Later, 

mitochondrial genes, such as 16S, 12S and cytochrome b, became widely used in 

phylogenetic studies (Johnson & O'Brien 1997, Masuda & Yoshida 1994, Ledje & 

Arnason 1996). Mitochondrial DNA has a high rate of mutations, lack of recombinations 

and is relatively easy to amplify, even from older or degraded material. Its use has been 

target of criticism though, largely because it is a short portion of the whole genome, 

maternally inherited, and phylogenies will basically represent a single gene tree instead 

of a species tree (see Baloux 2010, Dool et al. 2016). Furthermore, comparisons between 

nuclear and mitochondrial based molecular phylogenies have shown significant 

discrepancies caused by factors such as incomplete lineage sorting and introgression, and 

might lead to ambiguous results (Shaw 2002, Hurst & Jiggins 2005). 

4.1.1.1 Divergence time estimates 

Time of divergence between the two main lineages Feliformia and Caniformia 

remained unresolved in the last couple of decades due to disparities between studies. In 

addition, restricted fossil evidence from the critical period between Late Cretaceous and 

early Paleocene hampers better callibrations and estimates (Rose, 2006). According to 

some authors, the two clades diverged during early to middle Eocene – between 38 and 

47 Ma, estimates obtained both by morphology-based phylogenies (Wesley-Hunt & 

Flynn 2005, Tomiya 2011) and by molecular data from nuclear genes (Kumar & Hedges 

1998). Other molecular-clock approaches have suggested older ages of divergence that 

fall within early Eocene or late Palaeocene:  55 Ma (Springer et al. 2003) and between 

58-59 Ma (Eizirik et al. 2010). Finally, the most recent estimate comes from Nyakatura 

and Bininda-Emonds’ study (2012), with a meta-analysis which accounts for both 
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morphology-based phylogenies and the addition of their own new molecular data. This 

study presented the oldest (and likely most accurate) estimate of all, 64.9 Ma (shortly 

after the Cretaceous-Paleogene boundary). 

4.1.2 Feliformia 

Feliformia sub-order started its radiation in early Eocene between ~50-57 Ma 

(Nyakatura & Bininda-Emonds 2012, Hedges et al. 2015). Nimraviidae, an extinct family 

of false sabre-toothed cats, is considered the most basal clade of feliforms and has 

possibly originated in Asia during the middle Eocene (Averianov et al. 2016). Zhou et al. 

(2017) suggested that the first feliforms, ancestors to extant taxa, indeed dispersed from 

South Asia and Africa to Europe, North Asia and North America. There are now seven 

extant families included in this “cat-like” clade: Nandiniidae, Felidae, Prionodontidae, 

Viverridae, Hyaenidae, Eupleridae, and Herpestidae. Of these, Nandiniidae, represented 

by only one species, is considered the most basal, sister group to all other families 

(Eizirik & Murphy 2009).  

Evolutionary history of Feliformia appears closely associated with climatic 

changes that occurred from Eocene through Pliocene (Zhou et al. 2017).  Such changes 

caused variations in sea level that possibly favoured continuous events of vicariance and 

speciation by separating dispersal routes and isolating populations when sea levels rose, 

and then providing new opportunities for dispersal when levels dropped (Zhou et al. 

2017).  Some periods of rapid diversification have been identified in this sub-Order 

during the Late Eocene, Early Oligocene and Late Miocene (Eizirik et al. 2010). The 

early Oligocene radiation, between 32-33 Ma, happened in two lineages leading to 

(Hyaenidae + Herpestidae + Eupleridae +Viverridae) and Felidae; and is particularly 

interesting, as it coincides precisely with the “Grande Coupure” in Eurasia, a major 
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faunal turnover event when many mammalian species went extinct in Europe and were 

supposedly replaced by immigrant taxa from Asia (Eizirik 2012, Van Valkenburgh 

1999). 

4.1.3 Caniformia  

In Caniformia, earlier radiations were roughly synchronous to those of Feliformia, 

between ~49-61 Ma (Eizirik et al. 2010, Nyakatura & Bininda-Emonds 2012), when 

there was a basal split between the infra-orders Cynoidea (that includes a single family, 

Canidae) and Arctoidea. The lineage leading to Canidae originated in North America 

(Van Valkenburgh 1999), and is the most basal within Caniformia (Yu & Zhang 2006). 

 Recent estimates of divergence time for the Canidae family range between ~8-16 

Ma (Eizirik et al. 2010, Nyakatura & Bininda-Emonds 2012), however, although these 

estimates seem appropriate for the only extant group (subfamily Caninae), they disregard 

well-known divergence events described between the late Eocene - early Miocene for 

extinct subfamilies in North America (Wang & Tedford 2008, Goswami 2010, Slater 

2015). For instance, the oldest canid fossil, genus Hesperocyon, is aged around 43 Ma 

(Storer 1984). Two earlier major radiations occurred between late Eocene and early 

Miocene, within the subfamilies Hesperocyoninae and Borophaginae; and the third and 

last within the subfamily Caninae, from late Miocene until the Plio-Pleistocene (Wang & 

Tedford 2008). 

The three canid subfamilies coexisted in North America for ca. 20 million years, 

but both Hesperocyoninae and Borophaginae went extinct, one after the other, and only 

Caninae species persisted. A recent comprehensive study on fossil occurrences using a 

Bayesian framework has shown that the extinction of these subfamilies was caused by 

clade competition, both within the family (especially between Hesperocyoninae-
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Borophaginae) and with felids, following their arrival in North America (Silvestro et al. 

2015). Evidence on the effects of competition between Caniformia and Feliformia had as 

well been demonstrated by Pedersen et al. (2014), providing an example of how biotic 

interactions can shape evolutionary histories and diversity patterns. 

For a prolonged time (about 30 Ma) Canidae members were thus restricted to 

North America, until the geological changes that occurred later in the Miocene and 

Pliocene allowed for their spread and a rapid diversification of the taxon (which at that 

point was only represented by Caninae species). The land connection between North and 

South America, for instance, gave way to several speciation events within a relatively 

short time-frame of 2.5 million years (Van Valkenburgh 1999). Presently, even after 

Plio-Pleistocene extinctions, 10 extant species of Canids remained in South America 

only, representing the largest diversity of the family over all continents (Tchaicka et al. 

2016) and showing how well this taxon has adapted and radiated into recently colonized 

environments.   

Arctoidea, the second sub-order of Caniformia, includes a large number of 

families: Ursidae, Phocidae, Otariidae, Odobenidae, Ailuridae, Mephitidae, Procyonidae 

and Mustelidae. Intra and inter-familial relationships within Arctoidea have been 

historically complex to resolve. Ursids constitute the most basal clade, dating back to 

around 40 Ma with its earliest known fossils, Parictis sp., being aged between 37-43 

million years old (Konizeski 1961, Ostrander 1985). It has been long debated whether 

giant pandas (Ailuropoda melanoleuca) belonged in this taxon and in what position, 

representing in fact one of the most controversial discussions in mammalian systematics 

(O’Brien et al. 1985, Bininda-Emonds 2004). Such disputes were partly due to the 

similarities between giant and red pandas (and their likewise problematic phylogeny - see 

below), but currently it is well established that giant pandas belong to Ursidae, being its 
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most basal extant representative (Yu & Zhang 2006, Arnason et al. 2007, Eizirik & 

Murphy 2009) while red pandas belong to their own monotypic family, Ailuridae.  

Another example of a conflicting ancestry is the clade Pinnipedia. It is not yet 

clear whether this superfamily is more closely related to Ursidae or to Musteloidea (a 

superfamily including the red panda, skunks, racoons and otters; see Yu et al. 2011 and 

Berta et al. 2018. A potentially important clue so far comes from a recent study by 

Doronina et al. (2015) who used for the first time retroposon elements to reconstruct 

Caniformia phylogeny, in order to elucidate such discordances in Arctoidea. The 

advantage of using this class of molecular markers is that they can distinguish 

phylogenetically informative sites from conflicting signals in comparison to traditional 

markers, such as nuclear or mitochondrial genes, because they are unique genome 

insertions which are nearly homoplasy-free (Shedlock and Okada 2000, Doronina et al. 

2015). Doronina et al. (2015) results suggest a closer relationship between Pinnipedia 

and Musteloidae. In addition, they showed that such historical incongruences possibly 

result from incomplete lineage sorting, especially during the basal Arctoidea radiations. 

Moreover, a new study by Paterson et al. (2019) reached the same conclusions on this 

sister-group relationship, by using total evidence analysis and including multiple extinct 

taxa. 

Pinniped monophyly has nevertheless been widely accepted and supported, 

through both molecular and morphological datasets (Sato et al. 2006, Dragoo & 

Honeycutt 1997, Flynn et al. 2005, Eizirik et al. 2010, Berta et al. 2018). Pinnipedia 

includes the extant families Odobenidae (walrus), Phocidae (true seals) and Otariidae (fur 

seals and sea lions), and had its origins in the North Pacific (Berta et al. 2018). Earliest 

pinnipeds date from the late Oligocene (ca. 30-23 Ma – Berta et al. 2018), and their fossil 
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record shows a much higher species diversity than remains in the extant lineages 

(Valenzuela-Toro et al. 2019).  

4.1.4 Musteloidea and phylogenetic incongruences 

Musteloidea is another superfamily of Arctoidea, formed by the extant families 

Mustelidae (otters, weasels, ferret), Procyonidae (racoons, coatis), Mephitidae (skunks 

and stink badgers) and Ailuridae (red panda). Musteloids first appeared in Asia around 

30 Ma (Sato et al. 2012). Basal positions within this group have been focus of debates 

and are still fairly confounding (Eizirik & Murphy 2009, Doronina et al. 2015, Koepfli et 

al. 2017).  Mephitidae was once considered part of Mustelidae as a sub-family 

(Mephitinae), but Ledje and Arnason (1996) found that skunks (Mephitis mephitis and 

Spilogale putorius) were genetically distant from the other mustelid species, 

characterizing a paraphily of the group as it was. Later, Dragoo & Honeycutt (1997) 

proposed their family level classification based on a total-evidence analysis (molecular 

and morphological data), which remains the accepted version.  

Ailuridae, as mentioned before, was a source of debate due to its similarities with 

the giant panda. Sato et al. (2009) found strong support for Ailuridae as a sister group to 

(Procyonidae + Mustelidae), being further confirmed by Eizirik et al. (2010) with 

molecular data and by Law et al. (2018) with a combination of molecular and fossil data. 

Consequently, Ailuridae is now established as a monotypic family. Nonetheless, 

uncertainties remain regarding the relative positions of Ailuridae, Mephitidae and the 

clade formed by (Procyonidae +Mustelidae) (Koepfli et al. 2017). Both Ailuridae and 

Mephitidae have previously been placed as the most ancient lineage of Musteloids in 

different studies, so this position was unclear. Now, some of the latest findings seem to 
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have reached an agreement on Mephitidae as the first branching clade (Sato et al. 2009, 

Eizirik et al. 2010, Nyakatura & Bininda-Emonds 2012, Luan et al. 2013).  

Despite these common positioning issues in Arctoidea, there is a solid consensus 

regarding the sister-group relationship between Procyonidae and Mustelidae, whose 

lineages diverged from a common ancestor around 27 Ma (Eizirik et al. 2010, Sato et al. 

2012). Procyonids started their radiation about 23 Ma, and appear to have originated in 

Western Eurasia (Eizirik et al. 2010, Nyakatura & Bininda-Emonds 2012, Koepfli et al. 

2006). Today, this family includes 14 extant species distributed in six genera, and 

became restricted to the Americas. Interestingly, extinct genera of procyonids 

(Cyonasua and Chapalmalania) were the first carnivorans to colonize South America 

during the Late Miocene, before the formation of the Panama isthmus – possibly, using 

island arcs to disperse (Marshall et al. 1982). This early colonization provided a good 

opportunity for establishment and speciation, since they fulfilled a previously unoccupied 

dietary niche (Engelman & Croft 2019).  

Mustelidae is the largest family in the whole Carnivora order, with over 60 extant 

species, and its evolutionary history is considered a remarkable example of adaptive 

radiation in mammals (Koepfli et al. 2008a). Many charismatic and well-known animals 

belong to this family, such as otters, badgers, ferrets and wolverines. Extant species of 

mustelids are globally distributed, with the exception of Antarctica (although, in Oceania, 

they were introduced for pest control in the 19th Century – King et al. 2009), being 

adapted to a variety of environments and climates and showing a broad range of 

locomotion types (Samuels et al. 2012). The earliest fossil records for this family date 

from the transition between Eocene and Oligocene (ca. 35 Ma), and its first radiations 

from ancestral lineages took place in Asia in the Miocene (Sato et al. 2012), later 

dispersing to other continents in multiple events (Koepfli et al. 2008a). In the subset of 
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17 extant mustelid genera included in the work of Sato et al. (2012), only six were shown 

to have non-Asian ancestries: one from North America (Lontra), two from South 

America (Lyncodon and Galictis) and three from Africa (Ictonyx, Poecilogale and 

Vormela); in addition, two clades within the genus Mustela were of European origin. 

 Although most South American species of mustelids seem to have originated 

after the interchange across the Panamanian land bridge, there is a standing hypothesis 

that tayras (genus Eira) could well have arrived to the continent before the isthmus was 

complete, as did the procyonids (Ruíz-García et al. 2017). 

Even if biogeographic patterns of origin seem well-defined, the main divergence 

age for crown mustelids is not well resolved, as there is discrepancy between estimates 

from different authors: from as recently as 13 Ma (Eizirik et al. 2010) and 16 Ma (Sato et 

al. 2012) to as early as 30 Ma (Nyakatura & Bininda-Emonds 2012). Extant 

representatives of the most ancient radiations are mainly badgers, martens and the 

wolverine, while other subfamilies, such as Mustelinae (weasels, minks, polecats) and 

Lutrinae (otters), diverged later in time (Marmi et al. 2004).  

 4.1.5 Otter phylogeny 

Lutrinae is a subfamily constituted by the 13 extant species of otters. Semi-

aquatic or fully aquatic habits are characteristic of this clade, and otters present several 

life-history and morphological adaptations to this lifestyle.  Mionictis sp. is the oldest 

known fossil otter, dating back from the Late Miocene (ca. 23 Ma – Matthew, 1924). 

Most of our knowledge regarding phylogenetic relationships amongst extant otters comes 

from the works by van Zyll de Jong (1987), Koepfli & Wayne (1998) and Koepfli et al. 

(2008b).  The latter two studies were the first to use molecular data to specifically 
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understand those relations within Lutrinae, and some main findings are summarized 

below.  

Koepfli & Wayne (1998) used the full cytochrome b gene sequence and identified 

three main monophyletic lineages of otters. They also found evidence for a topological 

proximity between Lutrinae and the Mustelinae subfamily, but the mitochondrial data 

used did not provide enough resolution to fully resolve their relationships. Giant otters 

(Pteronura brasiliensis) were placed in a separate monotypic clade (among the three 

main clades observed), that likely diverged from other Lutrinae in the Miocene, between 

10-14 Ma. However, this topology was not considered fully resolved; in fact, it was not 

possible to confidently resolve the monophyly of the subfamily Lutrinae as a whole with 

the mitochondrial gene data. In a following study of Mustelidae phylogeny, the same 

authors employed a combination of nuclear markers (type I sequence-tagged sites from 5 

genes) and cytochrome b, with a total sequence size of 3,180bp, and this time they could 

corroborate the hypothesis of Lutrinae as a monophyletic group (Koepfli & Wayne 

2003).  

Ten years after the first otter study, Koepfli et al. (2008b) revisited and expanded 

their previous work with different analytical approaches, including more otter species 

and using sets of multiple loci (nuclear and mitochondrial). The three primary otter 

clades recognized before were confirmed: one including the sea otter and river otters of 

Eurasia and Africa; the second with North and South American river otters (genus 

Lontra); and finally, the monotypical clade of Pteronura. Another finding was the 

evidence of Pteronura being the first to diverge from other extant Lutrinae. Phylogenetic 

relationships of Southeast Asian species were also examined for the first time using 

genetic data.  
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A few more studies, although not focused on otters, have analysed otter 

evolutionary relationships in broader contexts. Marmi et al. (2004) have used cytochrome 

b sequences and a complex repetitive flanking region (Mel08) to build Mustelidae 

phylogeny. Their combined Bayesian-inferred tree supported monophyly of Lutrinae as 

well as its sister grouping with Mustelinae.  It is worth noting, though, that they only 

included four otter species in this analysis. In contrast, the “cytochrome b – only” trees 

by the same authors (that, for this case, included more species) had no support for 

Lutrinae monophyly, as the giant otter (not included in the combined tree) was placed in 

a sister branch to Mustelinae. Other studies that found strong support for the Lutrinae 

clade monophyly were Flynn et al. (2005), Sato et al. (2012) and Law et al. (2018), all 

using combinations of nuclear and mitochondrial sequences, although the first two had a 

limited representation of otter species, and the latter was the only one including the giant 

otter. 

Cytochrome b sequences were again used later by Agnarsson et al (2010) to 

reconstruct Carnivora phylogeny analysing the majority of extant species (N=222), 

including most otter species as well. One noteworthy outcome of their Bayesian 

inference was the paraphily of Lutrinae - the results pointed to a separation between the 

giant otter in a clade apart from the remaining otter species, which were monophyletic. 

Nyakatura & Bininda-Emonds (2012) have also questioned the monophyly of otters 

within their Carnivora supertree, once again observing the splitting of other Lutrinae and 

giant otters in a separate branch. In addition, a rather curious result was obtained in their 

partitioned maximum likelihood supermatrix analysis: the tayra (Eira barbara), normally 

classified within Guloninae, was instead grouped with otters.  

More recently, Beichman et al. (2019) included the giant and the sea otter 

(Enhydra lutris) in a comparative phylogeny reconstruction with 10 other carnivoran 
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species using high-resolution datasets, obtained from whole genome sequences; the tree 

was based on 4-fold degenerate sites from 784 single-copy orthologous genes. Although 

very limited in terms of species diversity, the tree topology was similar to previously 

reported ones (e.g Eizirik et al. 2010), and the authors did not find evidence of gene flow 

from the giant otter lineage into sea otter lineages (Beichman et al. 2019). 

 

4.2 Study goals 

The rapid advance in molecular techniques over the last decades and the 

increasing facility in obtaining new genetic data facilitated great progress in our 

understanding of the evolutionary histories of organisms. Despite this, it is evident that 

many questions remain in the reconstruction of organism phylogenies, as is the case with 

the Carnivora order. 

The overall aim of this chapter was to generate and propose the use of a novel set 

of nuclear phylogenetic markers, using data from a target-enrichment experiment on 

Neotropical and giant otters (see Chapter 3) and published reference genomes from other 

Carnivora species. To validate these markers, the phylogeny of the order Carnivora  was 

reconstructed. The goal was to compare results with previous phylogenies (produced 

with other types of genetic markers), with a focus on Mustelidae and in particular 

Lutrinae. A secondary aim was to better understand times of divergence between 

carnivoran lineages and their degree of divergence. The final aim, by using multiple 

samples from different populations of giant otter Pteronura brasiliensis and Neotropical 

otter Lontra longicaudis from Amazonia, was to attempt a better clarification on the 

positioning of these taxa - especially the giant otter, which remains in an uncertain 

position that generates confusion regarding the monophyly or paraphyly of lutrines. The 
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use of multiple samples will also allow inferences about species diversity, and to test the 

hypothesis of a lower overall diversity in giant otters caused by population declines in the 

20th century.  

4.3 Methods 

Detailed descriptions of sampling and laboratory protocols, as well as target loci 

selection and bioinformatics pre-processing of data can be found in Chapter 3. Analyses 

in the present chapter were based on a subset of the target loci designed for the study.  

4.3.1 Selection of loci for phylogenetic estimations 

A smaller subset of target regions was selected after sequencing for phylogenetic 

analyses. This selection was necessary considering the read depth per sequence – without 

enough read depth in a region, it would not be possible to obtain a consensus sequence 

for it, since we worked with short sequencing reads (<100 bp after trimming) and most 

target loci were around 1kbp.  

The function coverage.target in the R package TEQC (Hummel et al. 2011) was 

used to obtain the number of reads in each target locus for each sample. Sample bam files 

were visually inspected in the program Tablet v.1.19 (Milne et al. 2013) in order to 

estimate an approximate number of reads necessary to obtain coverage over the whole (or 

most of) extent of a target sequence. From this, it was considered that a minimum of ~50 

reads would be needed, and therefore only loci with an average read depth of 50 (over all 

samples for both species) would be considered - resulting in 34 loci that were eligible for 

further filtering.  

The individual consensus sequences from samples for all 34 loci were called with 

bcftools (Li 2011). The same sequences were used as queries in a BLAST+ (Camacho et 
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al. 2009) search with genomes from 40 carnivoran species (see Table 4.1), using the dc-

megablast task, suitable for interspecies comparisons. At this stage, an additional 

selection of loci was needed, as not all the sequences could be found in all the species, 

and some searches retrieved sequences that were too short compared to the reference 

(e.g., less than 50% of the reference’s length). After this last cut-off, 17 loci remained for 

the phylogeny analysis (a total of 16,496 bp).  For Giant and Neotropical otter 

concatenated sequences, diversity metrics such as nucleotide diversity, Tajima’s D and 

overall genetic distances were also computed.  

Two samples of Neotropical otters had enough coverage over the selected loci in 

order to build consensuses and perform alignments, and the reference genome 

(unpublished, kindly provided by Eizirik et al.) was also used. For giant otter, six 

samples were used, plus the reference genome (accession number GCA_004024605.1). 

Therefore, counting with the individuals from reference genomes, each species had a 

total of three and seven representatives respectively.  

4.3.2 Phylogenetic Analyses 

 Sequences from giant/Neotropical otter samples and from the carnivoran species 

were aligned for each separate region, using the iterative refinement method 

implemented in MAFFT (Katoh et al. 2002). Resulting aligned sequences were cleaned 

with trimAL (Capella-Gutierrez et al. 2009), to trim poorly-aligned segments. Then, we 

applied a Bayesian inference (BI) approach for each of the 17 regions individually with 

MrBayes v.3.2.6 (Huelsenbeck & Ronquist 2001). This program uses the Markov chain 

Monte Carlo (MCMC) technique for approximation of the posterior probabilities of 

phylogenetic trees. The present analysis was done in 3 independent runs with 4 parallel 

MCMC chains for 2,000,000 generations, using a general model of nucleotide substition 
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(GTR) with gamma-distributed rate variation across sites, as determined by the program 

ModelGenerator (Keane et al. 2006) using a Bayesian information criterion. Trees were 

rooted using pangolins (Manis javanica and M. pentadactyla) and domestic horse (Equus 

caballus) as outgroups (Genbank accessions GCA_000738955.1, GCA_000738955.1 and 

GCA_002863925.1 respectively). The first 25% of trees were discarded as a burn-in. 

Trees were visualized and edited in FigTree 1.4.4 (Rambaut 2018). 

4.3.3 Supermatrix Tree, Calibration and Divergence Date Estimates 

The 17 individual sequence alignments were concatenated in a single supermatrix 

with FASconCAT (Kück & Longo 2014). To reconstruct the phylogeny with this 

supermatrix, three different methods were used: a) a BI method implemented in BEAST 

v.2.6.2 (Bouckaert et al. 2019; b) BI with MrBayes v.3.2.6 (Huelsenbeck & Ronquist 

2001); c) a maximum likelihood (ML) approach with RAxML (Randomized Axelerated 

Maximum Likelihood) (Stamatakis 2006). 

 The xml input file for BEAST was created using BEAUti v. 2.6 (Bouckaert et al. 

2019). A Birth-Death model was used as tree prior, under a relaxed log-normal molecular 

clock model, and incorporating a standard GTR substitution model. The MCMC was run 

for 50 million generations, with a sampling frequency of 500, and discarding the first 

10% as burn-in.  

The same BEAST run was also used to estimate lineage divergence times. Four 

MRCA prior points were used for node calibration (with normal prior distribution):  

divergence dates for the clades Carnivora, Canidae, Pinnipedia and Mustelidae based on 

literature fossil records (Table 4.2). Convergence and effective sample size (ESS) values 

were inspected by checking BEAST log files in the program Tracer v.1.71. (Rambaut et 

al 2018). A Maximum clade credibility tree was generated in TreeAnnotator v.2.6.2 

https://frontiersinzoology.biomedcentral.com/articles/10.1186/s12983-014-0081-x#auth-1
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(Rambaut & Drummond 2007), discarding the first 10% of trees. The final output tree 

was visualized and edited in FigTree. In RaxML, the phylogeny was reconstructed with a 

rapid bootstrapping option and subsequent ML search, and the number of bootstrap 

replicates was inferred by using the autoMRE option under the –N flag. 

Table 4.1: List of carnivoran reference genomes used in the study. 

Species Common name Accession number or 

reference 

ID 

Pteronura 

brasiliensis 

Giant Otter GCA_004024605.1 GiantOtter 

Lontra longicaudis Neotropical Otter Eizirik et al. 
(provided by authors) 

NeoOtter 

Lontra canadensis Northern American river 

otter 

GCA_010015895.1  NARivOtter 

Lutra lutra Eurasian otter GCA_902655055.2 EurOtter 

Enhydra lutris Sea Otter GCA_002288905.2 Sea_Otter 

Mustela erminea Stoat GCA_009829155.1 Stoat 

Mustela putorius furo Domestic ferret GCA_000215625.1 Ferret 

Neovison vison American mink GCA_900108605.1 American_mi

nk 

Martes zibellina Sable GCA_012583365.1 Sable 

Gulo gulo Wolverine GCA_900006375.2  Wolverine 

Mellivora capensis Ratel or honey badger GCA_004024625.1 Honey_badger 

Taxidea taxus American badger GCA_003697995.1  AmBadger 

Spilogale gracilis Western Spotted Skunk GCA_004023965.1 WSpSkunk 

Bassariscus 

sumichrasti 

Cacomistle or Ringtail DNA Zoo  

(Dudchenko et al. 2018) 

Cacomistle 

Procyon lotor Common raccoon DNA Zoo  

(Dudchenko et al. 2018) 

Raccoon 

Nasua narica White-nosed coati DNA Zoo  

(Dudchenko et al. 2018) 

Whitenosed_Co

at 

Ailurus fulgens Lesser panda or red panda GCA_002007465.1 Red_Panda 

Ursus maritimus Polar bear GCA_000687225.1  Polar_bear 

Ursus americanus American black bear DNA Zoo  

(Dudchenko et al. 2018) 

Blackbear 

Ursus arctos 

horribilis 

Brown bear or Grizzly 

bear 

GCA_003584765.1  Brown_bear 

Ailuropoda 

melanoleuca 

Giant panda GCA_002007445.2 Panda 

Zalophus 

californianus 

California sea lion GCF_900631625.1 Cal_SeaLion 

Odobenus rosmarus Pacific walrus GCA_000321225.1 Walrus 

Mirounga leonina Southern elephant seal GCA_011800145.1 SouthElSeal 

Phoca vitulina Harbor seal GCA_004348235.1 HarbSeal 

Puma concolor Puma or Mountain Lion GCA_003327715.1 Puma 

Acinonyx jubatus Cheetah GCA_003709585.1 Cheetah 
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Table 4.1 – continued 

Species Common name Accession number or 

reference 

ID 

Felis catus Domestic cat GCA_000181335.4 Cat 

Lynx canadensis Canada Lynx GCA_007474595.2 Canada_Lynx 

Panthera pardus Leopard GCA_001857705.1 Leopard 

Panthera onca Jaguar GCA_004023805.1 Jaguar 

Neofelis nebulosa Clouded leopard DNA Zoo  

(Dudchenko et al. 2018) 

Clouded_Leopard 

Paradoxurus hermaphroditus Asian palm civet GCA_004024585.1 AsianPalmCivet 

Crocuta crocuta Spotted hyena GCA_008692635.1 SpHyena 

Suricata suricatta Meerkat GCA_006229205.1  Meerkat 

Mungos mungo Banded mongoose GCA_004023785.1 BandedMongoose 

Cryptoprocta ferox Fossa GCA_004023885.1 Fossa 

Canis lupus familiaris Domestic dog GCA_008641055.3 Domestic_dog 

Canis lupus    Wolf GCA_007922845.1 Wolf 

Lycaon pictus African Wild dog GCA_001887905.1 AfWildDog 

Vulpes vulpes Red fox GCA_003160815.1 Red_fox 

 

Table 4.2: Node calibration dates used in Beast analyses. 

Clade Divergence date used Reference 

Carnivora 64.6±1.35 Fox et al. 2010 

Canidae 39.74±0.07 Robinson et al. 2004 

Pinnipedia 26.0±1.0 Valenzuela-Toro et al. 2019 

Mustelidae 28.95±1.35 Clark & Beerbower 1967 

 

4.4 Results 

4.4.1 Individual Locus Trees 

Phylogenies inferred for individual loci presented similar topologies with an 

overall pattern consistent with other Carnivora phylogenetic trees (see Appendices 4.1 – 

4.17), although branches could present moderate to low support values. A typical single 
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locus (from Locus 1) is presented in Fig. 4.1 as an example. Lutrinae monophyly was 

supported in all trees, except the tree for Locus 8 (Fig. 4.2). Moreover, the tree for Locus 

17 grouped Lutrinae and Mustelinae in a polytomy, indicating their positioning could not 

be well resolved for that locus (Fig. 4.3). 

 

 

Figure 4.1: Locus 1 BI tree obtained in MrBayes. 
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Figure 4.2: Detail from Locus 8 BI tree obtained in MrBayes, showing only the 

Mustelidae family. Giant otter branches are highlighted in yellow. 
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Fig. 4.3: Detail from Locus 17 BI tree obtained in MrBayes, showing only the Mustelidae 

family. Mustelines are highlighted in yellow inside the polytomy containing otter species. 

 

Two loci had topologies that were most distorted compared to the other loci: 

Locus 2 (Fig. 4.4) and Locus 6 (Fig. 4.5). The tree generated for Locus 2 has its general 

topology in agreement with current classifications, but the lineage including the ferret, 

stoat and American mink (i.e., representing the subfamily Mustelinae) has much longer 

branch lengths than for all other taxa (Fig. 4.4). The branches show a high support value, 

and average nucleotide substitution rates were 0.092 and 0.052. As this might indicate 

some sort of selective pressure, the location of the locus was inspected in Ensembl 

genome browser (http://www.ensembl.org) to check for any possible overlaps or 

proximity to coding regions. In Figure 4.6, it is possible to see that this locus (marked 
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with black arrows) is only about 1kb apart from a zinc finger protein gene (ZNF646) in 

the ferret genome.  

Locus 6 tree also presented an unusual topology, with the family Canidae 

positioned as a sister clade to all Feliformia (Fig. 4.5). This locus overlaps with the gene 

GFRA1 (Fig. 4.7), that encodes one of the glial cell line-derived neurotrophic factor 

receptor (GDNFR) family of proteins. Interestingly, the dog genome shows two splicing 

variants for this gene according to Ensembl genome browser (which were not observed 

in species from other families). To investigate potential functions of the genes associated 

with the loci in question, databases such as the International Mouse Phenotyping 

Consortium (IMPC) (Dickinson et al. 2016), Entrez Gene (Maglott et al. 2011) and 

Online Mendelian Inheritance in Man (OMIM) (Hamosh et al. 2004) were searched for 

ontologies and possible phenotypes.  According to the QuickGO 

(https://www.ebi.ac.uk/QuickGO/) database, GFRA1 is a plasma membrane component 

involved in signalling receptor activity, and ZNF646 is a nuclear protein that enables 

DNA-binding transcription factor activity among other molecular functions. Mutations in 

GFRA1 were reported to have phenotypical effects on mouse, especially regarding the 

renal/urinary system and abnormal development and/or morphology of some organs and 

systems (e.g., Davis et al. 2013, Tomaca et al. 2000, Uesaka et al. 2007, Cacalano et al. 

1998). 
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Figure 4.4: Phylogenetic relationship of Locus 2 for Carnivora species. Coloured numbers 

indicate support values for each node, and on top of each branch numbers in black correspond to 

branch lengths (measured in expected substitutions per site). 
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Figure 4.5: Phylogenetic relationships of Locus 6 for Carnivora species. Coloured numbers 

indicate support values for each node, and on top of each branch numbers in black correspond to 

branch lengths (measured in expected substitutions per site). 
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Figure 4.6: Ensembl Genome browser showing the location of Locus 2 (in red, indicated by black 

arrows) and the ZNF646 gene in the domestic ferret (Mustela putorius furo) genome assembly. 

 

Figure 4.7: Ensembl Genome browser showing the location of Locus 6 (in red, indicated by black 

arrows) overlapping with the GFRA1 gene (dashed line) in the domestic ferret (Mustela putorius 

furo) genome assembly. 

 

4.4.2 Supermatrix Tree and Date Calibration 

After concatenation of the 17 sequences, the supermatrix consisted of a complete 

dataset of 16,496 base pairs. The BI (MrBayes) and ML (RaxML) phylogenetic trees are 

presented in Figures 4.8 and 4.9. Due to the distinct topologies presented by Loci 2 and 6 

in the individual BI trees, an additional tree was generated in MrBayes without including 

those loci (Fig. 4.10). The overall topology was not changed with their exclusion and so 

they were retained in further analyses. The supermatrix phylogenetic tree generated by 

Bayesian inference in BEAST is shown in Fig. 4.11. All nodes showed high posterior 

probability support.  
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No prominent differences were observed between trees generated by the three 

different methods.  Note that in Fig. 4.9 (ML tree), some of the internal nodes are rotated 

in a different manner, but the pattern is the same. There was a distinct separation between 

the suborders Caniformia and Feliformia. Feliformia clades are separated according to 

the existing families for which there were representative species in the present study: 

Felidae, Viverridae, Hyaenidae, Eupleridae and Herpestidae. Within the Felidae family, 

the cheetah (Acinonyx jubatus) and the Puma (Puma concolor) form a monophyletic 

clade, which in turn is sister to a clade including the domestic cat (Felis catus). Here, 

there was a slight difference between this study and Nyakatura & Bininda-Emonds’ 

(2012) and Zhou et al. (2017): in their trees, the cat was positioned in another clade (with 

other Felis species) and with Prionailurus spp. (leopard cats) as its sister group, so it did 

not form a monophyletic group with Lynx spp. branch. The latter, instead, was a sister 

clade to (Acinonyx + Puma) in both aforementioned studies.  This could, though, be 

related to the more limited taxon sampling for the present analyses.  
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Figure 4.8: BI phylogenetic tree generated in MrBayes. Each node shows its respective posterior 

probability value, and Carnivora families are displayed in different colours.
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Figure 4.9: Maximum likelihood tree produced in RaXML for the order Carnivora. The bootstrap support values are shown for each node , and Carnivora families are 

displayed in different colours.   
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Figure 4.10: BI tree produced in MrBayes. Posterior probability values are shown for each node. 
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In the Caniformia suborder, the supermatrix analysis was effective in splitting the 

two main superfamilies, Cynoidea and Arctoidea. Cynoidea has only Canidae as an 

extant representative family. The inferences from Canidae lineage are limited in face of 

the small number of species used, but its topology is consistent with canid evolutionary 

history, with Canis (dog and wolf) forming a monophyletic group together with the 

African wild dog Lycaon pictus, and separated from the clade composed by the red fox 

(Vulpes vulpes).  

Ursidae was the first diverging lineage in Arctoidea, with the giant Panda 

diverging earlier than the other bear species, which together form a single monophyletic 

clade. The supermatrix tree also supports the monophyly of Pinnipedia, that diverges in 

two main lineages, one formed by true seal species (Phocidae) and with the other branch 

leading to Odobenidae (walrus) as a sister group to the California sea lion Zalophus 

californianus (representing the family Otariidae).  

The Musteloidea is then next lineage derived following Pinnipedia in these 

phylogenies. With the Western spotted skunk (Spilogale gracilis) in the most basal 

position, it is possible to confirm the placement of family Mephitidae as the closest 

relative of pinnipeds. Ailuridae, the red panda family, is the sister group to the 

Procyonidae+Mustelidae lineage. The internal branches of Procyonidae were equally 

highly supported.  

Finally, regarding the topology of Mustelidae family, the Bayesian inference has 

strongly recovered Taxidiinae (American badgers), Mellivorinae (honey badger), 

Guloninae (sable and wolverine), Mustelinae (stoat, mink, ferret and ferret) and Lutrinae 

(all otters included in the analysis) as monophyletic groups. Taxidiinae was the earlier 

derived branch. Lutrinae was divided into a clade containing the giant otter and another 
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clade further split in two branches: one with the representatives of Lontra genus, and the 

other grouping the sea otter (Enhydra lutris) with the Eurasian otter (Lutra lutra). 

The split between Feliformia and Caniformia suborders was estimated to have 

happened 56 Ma, and their basal radiations were dated at 40.3 and 51.8 Ma respectively. 

It was not possible to determine divergence dates for all families, since in many cases 

only a single species per family was used (Viverridae, Eupleridae, Mephitidae, 

Hyaenidae). Some nodes were closely spaced within a short time, suggesting a rapid 

period of diversification; for instance, the first Arctoidea radiation (the split of Ursidae 

and Pinnipedia), occurring between 45.3 and 42.6 Ma; and several internal nodes within 

Musteloidea. 

4.4.3 Giant and Neotropical otter Diversity 

 Since only three individuals of Neotropical otters (two from this study and one 

reference genome) were used in this phylogeny, little can be inferred from their data. 

Nevertheless, inspection of the phylogenetic tree shows that Neotropical otter branches 

were clearly longer than those of giant otter, which likely indicates a higher diversity of 

the former. For the seven giant otter individuals (including the reference genome), 

nucleotide diversity π was 0.00144, and Tajima’s D statistic was 0.102.  Among the same 

seven samples, there were 47 segregating sites and 26 parsimonious informative sites; 

and the overall Kimura-2P mean genetic distance was 0.001451 ± 0.0002.  
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Figure 4.11: Phylogeny resulting from  Bayesian analysis of the supermatrix in BEAST. Node 

bars represent 95% confidence interval for node ages (which are displayed at each node in Ma). 

The Lutrinae are highlighted in blue. 
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Neotropical otters also have shown an older temporal split for its lineages 

(between 2.8 – 1.66 Ma). The divergence event that separated the ancestors of the two 

samples from Balbina reservoir (LL70muc) and Tefé Lake (IDSMLL2012) occurred 

around 1.66 Ma (CI 2.6 -0.8 Ma), and the split between their lineage and the branch of 

the reference genome (which is also sequenced from an Amazonian individual – V. de 

Ferran, personal communication) was 2.8 Ma (CI 4.3-1.31 Ma).  

 Giant otter temporal splits ranged between 0.26 and 0.69 Ma; the first, leading to 

two different basal lineages in the studied samples happened ca. 0.98 Ma (1.58 – 0.58 

Ma). Then, the first one diverged at ~830 Ka leading to two more consecutive splits, with 

the most recent arriving to the ancestors of the two samples from Balbina (Pb14 and 

Piti152). Interestingly, individuals from the Xixuaú area were split in the two most basal 

branches: XVI and XFR were grouped with the Balbina individuals, having descended 

from earlier ancestors; while X105 was positioned in the other basal lineage, having 

shared its most recent common ancestor with the reference genome individual. This 

ancestor was from a sister lineage with the ancestors of 2017UruPb, the only sample 

from the Amanã Lake area. 

 

4.5 Discussion 

4.5.1 Phylogenies and divergence times 

At present, researchers commonly use combinations of mitochondrial and nuclear 

sequence data to elucidate evolutionary relationships, and progress is being made on 

identifying new potentially informative markers, including Ultra conserved elements 

(UCES), Alu elements in primates, exome capture and retroposon insertions (Jiang et al. 
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2016, Zarza et al. 2018, Courcelle et al. 2019, Doronina et al. 2015). This study used a 

novel set of nuclear loci (encompassing putatively anonymous non-coding regions), and 

assessed their potential in reconstructing the phylogenetic relationships of members of 

the order Carnivora.  

The 17 loci used, comprising 16,496 bp (and with 11 chromosomes represented, 

considering the domestic dog reference genome – see Appendix 4.18), have allowed a 

robust reconstruction of the phylogeny of carnivorans. The supermatrix phylogenetic tree 

generated had high posterior support values for all the nodes recovered, and showed 

patterns consistent with previous findings in the literature. In the family Felidae, 

branching patterns were concordant with the phylogenies presented in Agnarsson et al. 

(2010), Nyakatura & Bininda-Emonds (2012) and Flynn et al. (2005). Regarding non-

felid feliforms, there was again a good overall agreement with previous studies (Zhou et 

al. 2017, Agnarsson et al. 2010, Nyakatura & Bininda-Emonds 2012, Eizirik et al. 2010), 

with Viverridae being the most ancient family among the ones included here, and a 

monophyletic clade containing the representatives of families Hyaenidae, Eupleridae and 

Herpestidae. Unfortunately, there are no available genome assemblies of the African 

Palm Civet (the only species of family Nandiniidae), which would allow confirmation of 

its basal divergence within Feliformia.  Nevertheless, even if the representation of 

feliform species was small, it was still possible to recover and identify the main radiation 

patterns of the group at the family level.  

For Caniforms, the phylogeny results were also consistent with earlier studies. In 

the family Canidae, the branching pattern indicated subdivision into tribes Canini and 

Vulpini, which was also recovered, with a larger number of species, by other authors 

(Nyakatura & Bininda-Emonds 2012, Agnarsson et al. 2010).  
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Another evidence in favour of the utility of this set of loci is that some historically 

doubtful or conflicting nodes in the Arctoidea superfamily were successfully recovered 

in the phylograms generated, and are in agreement with the current scientific consensus. 

For instance, the uncertainty regarding the position of pinnipeds in relation to Ursidae or 

Musteloidea, which has been in discussion until quite recently (see Berta 2018). In the 

present inference, Pinnipedia was recovered as a monophyletic group in a sister position 

to Musteloidea, confirming and supporting previous results obtained in recent studies by 

Doronina et al. (2015) and Paterson et al. (2019).  

One more issue that has been extensively discussed in the literature is the position 

of Ailuridae (represented by its only extant species, the red or lesser panda Ailurus 

fulgens; e.g. Flynn et al. 2000, Arnason et al. 2007, Yu & Zhang 2006, Sato et al. 2009).  

For a long time, it remained ambiguous in relation to other taxa, in particular Mephitidae 

and Procyonidae, at the basal positions of the superfamily Musteloidea. With the loci 

employed here Ailuridae was positioned as a sister group to (Procyonidae+Mustelidae), 

which corresponds to the current academic consensus (Eizirik et al. 2010, Nyakatura & 

Bininda-Emonds 2012). This was also able to resolve the related conflict on the position 

of Mephitidae, here shown to be ancestral within Musteloidea consistent with other 

authors (Nyakatura & Bininda-Emonds 2012, Luan et al. 2013, Law et al. 2018). 

Within Lutrinae one of the main remaining questions regarding its phylogeny is 

whether or not it is a monophyletic group. This confusion is based mainly on the 

positioning of giant otters Pteronura brasiliensis, because other lutrine species seem to 

be overall consolidated into a monophyletic group, according to most studies. Here I 

found a high node support for giant otters internally to Lutrinae, consistent with 

monophyly.  
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Nonetheless, this result should be interpreted with caution. Law et al. (2018) and 

Koepfli et al. (2008b) also supported monophyly for the otter subfamily, however both 

included the majority of otter species in their analyses. Two recent studies where 

Lutrinae was recognized as a paraphyletic group (Agnarsson et al. 2011 and Nyakatura & 

Bininda-Emonds 2012) also included a large number of otter species (and likewise a 

large number of Mustelinae, otter’s putative closest relatives). This was not possible in 

this study since whole-genome assemblies were needed to retrieve the target loci, and so 

far only five otter whole genomes were sequenced out of 13 species, and only 4 out of 17 

Mustelinae. It is noteworthy, though, that in Agnarsson et al. (2011) Pteronura was in a 

monotypic branch between Lutrinae and the Chinese ferret badger Melogale moschata; 

whereas in the supertree by Nyakatura & Bininda-Emmonds (2012), it was placed within 

a polytomy with the African striped weasel Poecilogale albinucha, Saharan striped 

polecat Ictonyx libyca and the two Neotropical species of grisons (Galictis). In Eizirik et 

al. (2010), another Ictonyx species (I. striatus) was recovered as a sister lineage of 

Lutrinae, but unfortunately, their study did not include the giant otter.  Therefore, it 

seems that internal nodes at the mustelid subfamily level need more genetic resolution 

and should still be resolved, particularly between Mustelinae and Lutrinae. 

With respect to the main Carnivora divergence dates, they will be mainly 

discussed considering and contrasting results to two studies that also have recently 

estimated divergence times over the whole order: Eizirik et al. 2010 and Nyakatura & 

Bininda-Emonds 2012. Origins of Carnivora inferred in this chapter date back to 72.5 

Ma, but the 95% CI was large (54.5-99.5Ma). Nyakatura & Bininda-Emonds have 

estimated this origin as 89.6 Ma (83.1 - 96.2 Ma), but they suggest that this age could be 

younger since they did not include a Pholidota (pangolins) species as outgroup. Here, the 
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Malayan pangolin was used to root the tree, and indeed our estimate of Carnivora age 

was slightly younger than theirs, though the confidence intervals overlapped extensively. 

The estimated age of divergence between Caniformia and Feliformia (56 Ma – 

95% CI 59.5-52.5 Ma) was similar to that obtained by Eizirik et al. (2010), 59.2 Ma (CI 

51.6–64.7), but younger than the one estimated by Nyakatura & Bininda-Emonds (2012), 

64.9 Ma (CI 62.3 - 67.5). For all Families, dates of origin and divergence were within the 

range of estimates of both studies, with a single exception – the node corresponding to 

the radiation of Canidae, that here was dated as 39.74 Ma (95% CI 39.72-39.78), whereas 

in Eizirik et al. it was dated as 7.8 Ma (5.9–11.5) and in Nyakatura & Bininda-Emonds, 

16.3 Ma (13.9-18.5). This also had the narrowest 95% CI obtained for all nodes, and is 

compatible with dates from the fossil record, since the oldest canid fossil is around 43 

Ma (Storer 1984). As discussed earlier, this young radiation of Canidae makes sense if 

one considers the extant subfamily. But here, node calibration was done using the age of 

na Hesperocyon fossil, which belongs to the extinct subfamily Hesperocyoninae. If the 

node calibration had been done considering a fossil from the Caninae subfamily then it is 

likely that the estimate would be much younger. Indeed, Eizirik et al. used the oldest 

Canis fossils as calibration constraints, which are dated at only 5.3 Ma.  

Considering the family Mustelidae and the focal subfamily Lutrinae, here the 

estimated age of divergence between Lutrinae and the sister clade Mustelinae (14.88 Ma) 

was very close to the age estimated by Beichman et al. (2019) using a high-resolution set 

of loci (4-fold degenerate sites from 784 single-copy orthologous genes): 14.4 Ma (10.4-

20.1), considering the split between otters (giant and sea otter) and the ferret. The age of 

divergence between the lineage leading to sea otter (or remaining otters) and the giant 

otter lineage were also close comparing this study and the ones by Beichman et al. 



 
 

296 
 

(2019), Marmi et al. (2004) and Law et al. (2018): 10.1 Ma (6.6-15.4), 10.6 - 7 Ma, and 

9.96 Ma (8.47-11.63), respectively.  

4.5.2 Loci 2 and 6 Gene ontologies  

Loci 2 and 6 resulted in atypical gene trees. According to the gene ontology, the 

gene ZNF646, 1kb apart from Locus 2, (according to Ensembl genome browser) is 

involved in DNA transcription processes. In human RNA Seq profiles, ZNF 646 was 

found to be considerably more expressed in the testis (although it is expressed in other 

tissues as well) (Fagerberg et al. 2014).  The phylogeny generated for this locus (Figure 

4.3) suggests more rapid divergence for the lineage including the stoat, mink and ferret, 

possibly driven by selection.  Although this cannot be resolved further with available 

data, further research may suggest a mechanism.  GFRA1, where Locus 6 is completely 

overlapping, encodes a transmembrane receptor protein for glial cell line-derived 

neurotrophic factor (GDNF), which is involved in the control of neuron survival and 

differentiation. In humans, it is a candidate for Hirschsprung disease, a congenital 

disorder of the colon that causes chronic constipation.  The relevant point for this region 

might reside in the fact that Canids show a splicing variant for that gene; Locus 6 tree 

was distorted indeed due to the odd position of Canidae as a sister lineage to Feliformia. 

Therefore, this gene might have some particular function for the dog family that 

influenced in this gene’s evolution, perhaps being currently under selection. Although 

clinical phenotypes have been identified after mutations in the mouse GFRA1 gene, it is 

difficult to make any assumptions about potential adaptive value of this region for dog 

relatives.  
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4.5.3 Giant and Neotropical otter diversity and phylogenetic inferences 

Previous studies have revealed that the Neotropical otter has an overall high 

genetic diversity throughout its distribution (Trinca et al. 2007,2012, Hernández-Romero 

et al. 2018), and especially in Western Amazonia (Ruiz-Garcia et al. 2018). Even with a 

small sample size, the present phylogenetic inference seems consistent.  

The estimated divergence dates between Neotropical otter lineages (1.66 Ma and 

2.8 Ma) were both similar to divergence estimations reported in Ruíz-Garcia et al. 

(2018). Furthermore, these estimates are young enough to have happened after the 

completion of the Panama isthmus in the late Pliocene - early Pleistocene 2-3 Ma, when 

Neotropical otter ancestors colonized and spread across the South American continent.  

Many hypotheses have been postulated regarding the origins of diversity in 

Amazonia and consequent taxonomic radiations during the Plio-Pleistocene periods (see 

Haffer, 1997). In fact, substantial changes in the Amazonian drainage system that shaped 

the current landscape occurred relatively recently, in the last 3-2 million years (Ribas et 

al. 2012).  The results presented here, although with limitations due to the small sample 

size, seem to be concordant with Ruíz-Garcia et al. (2018), who have also reported a high 

haplotypic diversity for the species in Amazonia based on three mitochondrial genes 

(Cyt-b, COI and COII). High haplotype diversity in Amazonia was also observed by 

Trinca et al. (2012) based on 1471bp from the mitochondrial control region and the genes 

ATP8, ATP6 and ND5. Moreover, as documented by Pimenta et al. (2018), Neotropical 

otters have revealed a notable resilience to the impacts of commercial hunting for the pelt 

trade in the 20th century; so, it would be unlikely to experience any durable effects of 

such events in the species genetic diversity (such as a genetic bottleneck).  
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Giant otters, instead, have suffered worse consequences of the pelt trade. There 

was a documented decline in their populations (Duplaix et al. 2015, Pimenta et al. 2018), 

with many becoming locally extinct (e.g. Lima et al. 2014), which could have led to 

impacts in the species genetic diversity. Nevertheless, so far, weak evidence for a genetic 

bottleneck effect has only been noted for one population in the Iténez/Guaporé sub-basin 

(Bolivian Amazonia) with mitochondrial control region and Cyt-b sequences (Pickles et 

al. 2011). Nevertheless, nucleotide diversity of mitochondrial sequences estimates 

reported for the species in Central Amazonia were low (Garcia et al. 2007 - π = 0.006). In 

contrast, populations in the Colombian Orinoco (Caballero et al. 2015), showed higher 

levels of both haplotype and nucleotide diversity when compared to other populations, 

again based on mitochondrial DNA data (258bp of the control region). 

In this analysis, relatively low nucleotide diversity was observed for giant otters 

compared to the available samples of Neotropical otter. Again, due to a limited sample 

size and samples from few populations on a smaller geographic range, inferences are also 

constrained. The age of splits in the ancestral lineages of giant otters were younger than 

those reported by Ruíz-García et al. (2018) in Colombia, Mamoré (Bolivia), Peruvian 

Amazonia and Orinoco. However, Ruíz-García et al. (2018) identified another cluster 

which had younger split ages similar to this study (between 0.03–0.96 Ma), and this 

cluster in fact included two individuals from the Brazilian Amazonia (rivers Negro and 

Javari).  

This timeframe could also indicate that those splits are related to Pleistocene 

events. According to Ruíz-García et al. (2018), unlike Neotropical otters, giant otters 

were probably more affected by vicariance effects, landscape barriers such as rapids, and 

past geological events. Another relevant finding from the same study was the 

identification of patches of genetic similarity among the 59 samples analysed, that were 
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of about 600 km for giant otters – with more mitochondrial similarity than would be 

expected by chance. Considering that the samples used here were within a maximum 

distance of ~500 km, this could also explain the low diversity and overall genetic 

distance observed.  

Finally, a possible effect of demographic reduction during the fur trade cannot be 

discarded as a factor reducing giant otter genetic diversity in the Brazilian Amazonia. 

Although a bottleneck effect has only been suggested in one study and for a particular 

region using mtDNA data (Pickles et al. 2011), some points should be taken in 

consideration. First, considering the historical records gathered by Pimenta et al. (2018), 

it is plausible to infer that the pelt trade was more significant in the Brazilian Amazonia 

than in other regions. The port of Manaus, from where animal hides were heavily 

exported, was directly linked to Europe and the United States, and became one of 

Brazil’s main trading posts during the “Amazon rubber booms”. It is reasonable, then, to 

hypothesize that most hunting to supply the international wildlife hide market could have 

been centred in Brazilian Amazonia. Consequently, the hunting pressure on giant otters 

might have been smaller in other parts of the giant otters’ distribution. Another aspect to 

take in consideration is the choice of molecular markers used in different studies. Severe 

bottlenecks might be easier to detect, but moderate bottlenecks, which are likely more 

common, might go undetected if resolution provided by the markers of choice is not 

powerful enough (Peery et al. 2012). Mitochondrial markers, which have been used in 

most genetic studies with the species (Garcia et al. 2007, Pickles et al. 2011, Caballero et 

al. 2015 and Ruíz-García et al. 2018), are less likely to provide such level of resolution. 

Hoban et al. (2013) have suggested an increased number of loci (rather than samples) to 

increase power in bottlenecks detection.  

 



 
 

300 
 

4.6 Conclusion 

This chapter has focused on the evolutionary history of two otter species within 

the broader context of the whole order Carnivora. A revisited phylogeny of the order was 

studied using Maximum Likelihood and Bayesian inference methods with a new set of 

nuclear loci, developed within the framework of this thesis.  

The custom loci dataset was able to generate a robust phylogenetic tree with high 

support values. It was possible to assess some historically conflicting points in Carnivora 

phylogeny, confirming some of the current scientific consensuses, but also contributing 

with new evidence that highlight the need of further clarification on some aspects of the 

current classification. For instance, it is evident that interspecies relationships should be 

better assessed in Lutrinae, especially regarding the position of Pteronura and its effect 

on the paraphyly or monophyly of the subfamily.  

The time calibration applied has allowed the dating of most tree nodes with confidence, 

and provided relevant insights about the lineage splits in the giant and Neotropical otter 

branches. Even with a limited sample size, it was possible to make some pertinent 

inferences on the species evolutionary history and its relationship with current diversity 

patterns. Future studies should focus on the northern Brazilian populations of giant otters 

using nuclear markers, in order to find more evidence for reduced genetic diversity in 

those populations and assess a possible bottleneck effect. In fact, a negative Tajima’s D 

estimate was obtained for giant otter haplotypes from the Guyana shield rivers (Chapter 

3) which could be an indicative of a past population decline such as a bottleneck, and the 

overall nuclear genetic diversity levels estimated with SNPs were likewise low for the 

species.  

 



 
 

301 
 

4.7 References 

Agnarsson, I., Kuntner, M., & May-Collado, L. J. (2010). Dogs, cats, and kin: a 

molecular species-level phylogeny of Carnivora. Molecular phylogenetics and 

evolution, 54(3), 726-745. 

Andrews, S. (2010). FastQC:  A Quality Control Tool for High Throughput Sequence 

Data. Available online at: 

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/  

Arnason, U., Gullberg, A., Janke, A., & Kullberg, M. (2007). Mitogenomic analyses of 

caniform relationships. Molecular phylogenetics and evolution, 45(3), 863-874. 

Averianov, A., Obraztsova, E., Danilov, I., Skutschas, P., & Jin, J. (2016). First nimravid 

skull from Asia. Scientific reports, 6, 25812. 

Baba, M. L., Darga, L. L., & Goodman, M. (1982). Recent advances in molecular 

evolution of the primates. In: Advanced Views in Primate Biology. Springer, 

Berlin, Heidelberg. 

Balloux, F. (2010). The worm in the fruit of the mitochondrial DNA tree. Heredity, 

104(5), 419. 

Beichman, A. C., Koepfli, K. P., Li, G., Murphy, W., Dobrynin, P., Kliver, S., ... & 

Karlsson, E. K. (2019). Aquatic adaptation and depleted diversity: a deep dive 

into the genomes of the sea otter and giant otter. Molecular biology and 

evolution, 36(12), 2631-2655. 

Berta, A., Churchill, M., & Boessenecker, R. W. (2018). The origin and evolutionary 

biology of pinnipeds: seals, sea lions, and walruses. Annual Review of Earth and 

Planetary Sciences. 

Bininda-Emonds, O. R. (2004). The evolution of supertrees. Trends in ecology & 

evolution, 19(6), 315-322. 

Bouckaert, R., Vaughan, T. G., Barido-Sottani, J., Duchêne, S., Fourment, M., 

Gavryushkina, A., ... & Matschiner, M. (2019). BEAST 2.5: An advanced 

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/


 
 

302 
 

software platform for Bayesian evolutionary analysis. PLoS computational 

biology, 15(4), e1006650.  

Bolger, A. M., Lohse, M., & Usadel, B. (2014). Trimmomatic: A flexible trimmer for 

Illumina Sequence Data. Bioinformatics, btu170. 

Cacalano, G., Fariñas, I., Wang, L. C., Hagler, K., Forgie, A., Moore, M., ... & Hynes, 

M. (1998). GFRα1 is an essential receptor component for GDNF in the 

developing nervous system and kidney. Neuron, 21(1), 53-62. 

Camacho, C., Coulouris, G., Avagyan, V., Ma, N., Papadopoulos, J., Bealer, K., & 

Madden, T. L. (2009). BLAST+: architecture and applications. BMC 

bioinformatics, 10(1), 421. 

Capella-Gutiérrez, S., Silla-Martínez, J. M., & Gabaldón, T. (2009). trimAl: a tool for 

automated alignment trimming in large-scale phylogenetic 

analyses. Bioinformatics, 25(15), 1972-1973. 

Clark, J., & Beerbower, J. R. (1967). Geology, paleoecology, and paleoclimatology of 

the Chadron Formation. Fieldiana, 5, 21-74. 

Courcelle, M., Tilak, M. K., Leite, Y. L., Douzery, E. J., & Fabre, P. H. (2019). Digging 

for the spiny rat and hutia phylogeny using a gene capture approach, with the 

description of a new mammal subfamily. Molecular phylogenetics and 

evolution, 136, 241-253. 

Davis, T. K., Hoshi, M., & Jain, S. (2013). Stage specific requirement of Gfrα1 in the 

ureteric epithelium during kidney development. Mechanisms of 

development, 130(9-10), 506-518. 

de Jong, W. W., Gleaves, J. T., & Boulter, D. (1977). Evolutionary changes of α-

crystallin and the phylogeny of mammalian orders. Journal of molecular 

evolution, 10(2), 123-135. 

Dool, S. E., Puechmaille, S. J., Foley, N. M., Allegrini, B., Bastian, A., Mutumi, G. L., ... 

& Jacobs, D. S. (2016). Nuclear introns outperform mitochondrial DNA in inter-

specific phylogenetic reconstruction: lessons from horseshoe bats 



 
 

303 
 

(Rhinolophidae: Chiroptera). Molecular phylogenetics and evolution, 97, 196-

212. 

Doronina, L., Churakov, G., Shi, J., Brosius, J., Baertsch, R., Clawson, H., & Schmitz, J. 

(2015). Exploring massive incomplete lineage sorting in arctoids 

(Laurasiatheria, Carnivora). Molecular biology and evolution, 32(12), 3194-

3204. 

Dragoo, J. W., & Honeycutt, R. L. (1997). Systematics of mustelid-like 

carnivores. Journal of Mammalogy, 78(2), 426-443. 

Dudchenko, O., Shamim, M.S., Batra, S., Durand, N.C., Musial, N.T., Mostofa, R., 

Pham, M., Hilaire, B.G.S., Yao, W., Stamenova, E., Hoeger, M., Nyquist, S.K., 

Korchina, V., Pletch, K., Flanagan, J.P., Tomaszewicz, A., McAloose, D., 

Estrada, C.P., Novak, B.J., Omer, A.D., Aiden, E.L., 2018. The Juicebox 

Assembly Tools module facilitates de novo assembly of mammalian genomes 

with chromosome-length scaffolds for under $1000. bioRxiv 

254797. https://doi.org/10.1101/254797. 

Eizirik, E., & Murphy, W. J. (2009). Carnivores (Carnivora). In: Hedges, S. B., & 

Kumar, S. (Eds.), The Timetree of Life. (pp. 504-507). OUP Oxford. 

Eizirik, E., Murphy, W. J., Koepfli, K. P., Johnson, W. E., Dragoo, J. W., Wayne, R. K., 

& O’Brien, S. J. (2010). Pattern and timing of diversification of the mammalian 

order Carnivora inferred from multiple nuclear gene sequences. Molecular 

Phylogenetics and Evolution, 56(1), 49-63. 

Eizirik, E. (2012) A molecular view on the evolutionary history and biogeography of 

Neotropical carnivores (Mammalia, Carnivora). In: Patterson, B.D. & Costa, 

L.P. (eds) Bones, Clones, and Biomes: An Extended History of Recent 

Neotropical Mammals. Chicago: University of Chicago Press.  

Engelman, R. K., & Croft, D. A. (2019). Strangers in a strange land: Ecological 

dissimilarity to metatherian carnivores may partly explain early colonization of 

South America by Cyonasua-group procyonids. Paleobiology, 45(4), 598-611. 

Fagerberg, L., Hallström, B. M., Oksvold, P., Kampf, C., Djureinovic, D., Odeberg, J., ... 

& Asplund, A. (2014). Analysis of the human tissue-specific expression by 

https://doi.org/10.1101/254797
https://scholars.library.tamu.edu/vivo/display/n355421SE


 
 

304 
 

genome-wide integration of transcriptomics and antibody-based 

proteomics. Molecular & Cellular Proteomics, 13(2), 397-406. 

Flower, W. H. (1869). On the value of the characters of the base of the cranium in the 

classification of the order Carnivora, and on the systematic position of Bassaris 

and other disputed forms. In Proceedings of the zoological Society of 

London 37(1), 4-37. Oxford, UK: Blackwell Publishing Ltd. 

Flynn, J. J., Nedbal, M. A., Dragoo, J. W., & Honeycutt, R. L. (2000). Whence the red 

panda?. Molecular phylogenetics and evolution, 17(2), 190-199. 

Flynn, J. J., Finarelli, J. A., Zehr, S., Hsu, J., & Nedbal, M. A. (2005). Molecular 

phylogeny of the Carnivora (Mammalia): assessing the impact of increased 

sampling on resolving enigmatic relationships. Systematic Biology, 54(2), 317-

337. 

Fox, R. C., Scott, C. S., & Rankin, B. D. (2010). New early carnivoran specimens from 

the Puercan (earliest Paleocene) of Saskatchewan, Canada. Journal of 

Paleontology, 84(6), 1035-1039. 

Goswami, A. (2010). Introduction to Carnivora. In: Goswami, A., & Friscia, A. (Eds.). 

Carnivoran evolution: new views on phylogeny, form and function (Vol. 1). 

Cambridge University Press. 

Haffer, J. R. (1997). Alternative models of vertebrate speciation in Amazonia: an 

overview. Biodiversity & Conservation, 6, 451-476. 

Hedges, S. B., Marin, J., Suleski, M., Paymer, M., & Kumar, S. (2015). Tree of life 

reveals clock-like speciation and diversification. Molecular biology and 

evolution, 32(4), 835-845. 

Hindell, M. A. and Perrin, W. F. (2009). Elephant seals Mirounga angustirostris and M. 

leonina. In:  Perrin, W. F., Würsig, B. and Thewissen, J. G. M. (Eds) 

Encyclopedia of Marine Mammals (2nd Edition). San Diego: Academic 

Press. 

Hoban, S. M., Gaggiotti, O. E., & Bertorelle, G. (2013). The number of markers and 

samples needed for detecting bottlenecks under realistic scenarios, with and 



 
 

305 
 

without recovery: a simulation‐based study. Molecular ecology, 22(13), 3444-

3450. 

Hoelzel, A. R. 1998. Molecular genetic analysis of populations: a practical approach. 

2nd ed. Oxford: Oxford University Press. 

Huelsenbeck, J. P., & Ronquist, F. (2001). MRBAYES: Bayesian inference of 

phylogenetic trees. Bioinformatics, 17(8), 754-755. 

Hummel, M., Bonnin, S., Lowy, E., & Roma, G. (2011). TEQC: an R package for quality 

control in target capture experiments. Bioinformatics, 27(9), 1316-1317. 

Hunt Jr., R. M. (1974). The auditory bulla in Carnivora: an anatomical basis for 

reappraisal of carnivore evolution. Journal of Morphology, 143(1), 21-75. 

Hunter, L. & Barrett, P. (2018). A field guide to the carnivores of the world. London: 

Bloomsbury Wildlife. 

Hurst, G. D., & Jiggins, F. M. (2005). Problems with mitochondrial DNA as a marker in 

population, phylogeographic and phylogenetic studies: the effects of inherited 

symbionts. Proceedings of the Royal Society B: Biological Sciences, 272(1572), 

1525-1534. 

Ivanoff, D. V. (2019). Composition of the canid auditory bulla and a new look at the 

evolution of carnivoran entotympanics. Organisms Diversity & Evolution, 19(2), 

363-375. 

Jiang, J., Yu, J., Li, J., Li, P., Fan, Z., Niu, L., ... & Li, J. (2016). Mitochondrial genome 

and nuclear markers provide new insight into the evolutionary history of 

macaques. PLoS One, 11(5). 

Johnson, W. E., & O’Brien, S. J. (1997). Phylogenetic reconstruction of the Felidae using 

16S rRNA and NADH-5 mitochondrial genes. Journal of Molecular 

Evolution, 44(1), S98-S116. 

Katoh, K., Misawa, K., Kuma, K. I., & Miyata, T. (2002). MAFFT: a novel method for 

rapid multiple sequence alignment based on fast Fourier transform. Nucleic 

acids research, 30(14), 3059-3066. 



 
 

306 
 

Keane, T. M., Creevey, C. J., Pentony, M. M., Naughton, T. J., & Mclnerney, J. O. 

(2006). Assessment of methods for amino acid matrix selection and their use on 

empirical data shows that ad hoc assumptions for choice of matrix are not 

justified. BMC evolutionary biology, 6(1), 29. 

King, C. M., McDonald, R. M., Martin, R. D., & Dennis, T. (2009). Why is eradication 

of invasive mustelids so difficult?. Biological Conservation, 142(4), 806-816. 

Koepfli, K. P., & Wayne, R. K. (1998). Phylogenetic relationships of otters (Carnivora: 

Mustelidae) based on mitochondrial cytochrome b sequences. Journal of 

Zoology, 246(4), 401-416. 

Koepfli, K. P., & Wayne, R. K. (2003). Type I STS markers are more informative than 

cytochrome b in phylogenetic reconstruction of the Mustelidae (Mammalia: 

Carnivora). Systematic Biology, 52(5), 571-593. 

Koepfli, K. P., Eizirik, E., Ho, C. C., Linden, L., Maldonado, J. E., & Wayne, R. K. 

(2006). Phylogeny of the Procyonidae (Mammalia: Carnivora): Molecules, 

morphology and the Great American Interchange. 

Koepfli, K. P., Deere, K. A., Slater, G. J., Begg, C., Begg, K., Grassman, L., ... & 

Wayne, R. K. (2008a). Multigene phylogeny of the Mustelidae: resolving 

relationships, tempo and biogeographic history of a mammalian adaptive 

radiation. BMC biology, 6(1), 10. 

Koepfli, K. P., Dragoo, J. W., & Wang, X. (2017). The evolutionary history and 

molecular systematics of the Musteloidea. In: Macdonald, D. W., Newman, C., 

& Harrington, L. A. (Eds.). (2017). Biology and conservation of musteloids, 75-

91. Oxford University Press.  

Konizeski, R. L. (1961). Paleoecology of an Early Oligocene biota from Douglass Creek 

Basin, Montana. Geological Society of America Bulletin, 72(11), 1633-1642. 

Kretzoi, M. (1945). Bemerkungen über das Raubtiersystem. In Annales historico-

naturales Musei nationalis hungarici 38 (4), 59-83. 



 
 

307 
 

Kück, P., & Longo, G. C. (2014). FASconCAT-G: extensive functions for multiple 

sequence alignment preparations concerning phylogenetic studies. Frontiers in 

zoology, 11(1), 81. 

Kumar, S., & Hedges, S. B. (1998). A molecular timescale for vertebrate 

evolution. Nature, 392(6679), 917-920. 

Law, C. J., Slater, G. J., & Mehta, R. S. (2018). Lineage diversity and size disparity in 

Musteloidea: testing patterns of adaptive radiation using molecular and fossil-

based methods. Systematic biology, 67(1), 127-144. 

Ledje, C., & Arnason, U. (1996). Phylogenetic analyses of complete cytochrome b genes 

of the order Carnivora with particular emphasis on the Caniformia. Journal of 

Molecular Evolution, 42(2), 135-144. 

Li, H. (2011). A statistical framework for SNP calling, mutation discovery, association 

mapping and population genetical parameter estimation from sequencing 

data. Bioinformatics, 27(21), 2987-2993. 

Li H. (2013) Aligning sequence reads, clone sequences and assembly contigs with BWA-

MEM. arXiv:1303.3997v1 [q-bio.GN]. 

Luan, P. T., Ryder, O. A., Davis, H., Zhang, Y. P., & Yu, L. (2013). Incorporating indels 

as phylogenetic characters: impact for interfamilial relationships within 

Arctoidea (Mammalia: Carnivora). Molecular phylogenetics and 

evolution, 66(3), 748-756. 

Macdonald, D. W. (1983). The ecology of carnivore social 

behaviour. Nature, 301(5899), 379-384. 

Marmi, J., López‐Giráldez, J. F., & Domingo‐Roura, X. (2004). Phylogeny, evolutionary 

history and taxonomy of the Mustelidae based on sequences of the cytochrome b 

gene and a complex repetitive flanking region. Zoologica Scripta, 33(6), 481-

499. 

Marshall, L. G., Webb, S. D., Sepkoski, J. J., & Raup, D. M. (1982). Mammalian 

evolution and the great American interchange. Science, 215(4538), 1351-1357. 



 
 

308 
 

Masuda, R., & Yoshida, M. C. (1994). A molecular phylogeny of the family Mustelidae 

(Mammalia, Carnivora), based on comparison of mitochondrial cytochrome b 

nucleotide sequences. Zoological Science, 11(4), 605-612. 

Milne I, Stephen G, Bayer M, Cock PJA, Pritchard L, Cardle L, Shaw PD and Marshall 

D. 2013. Using Tablet for visual exploration of second-generation sequencing 

data. Briefings in Bioinformatics 14(2), 193-202. 

Nyakatura, K., & Bininda-Emonds, O. R. (2012). Updating the evolutionary history of 

Carnivora (Mammalia): a new species-level supertree complete with divergence 

time estimates. BMC biology, 10(1), 12. 

O'Brien, S. J., Nash, W. G., Wildt, D. E., Bush, M. E., & Benveniste, R. E. (1985). A 

molecular solution to the riddle of the giant panda's 

phylogeny. Nature, 317(6033), 140-144. 

Ostrander, G. E. (1985). Correlation of the early Oligocene (Chadronian) in northwestern 

Nebraska. Dakoterra, 2(2), 205-231. 

Paterson, R., Rybczynski, N., Maddin, H. C., & Kohno, N. (2019). Uncovering the 

evolutionary history of pinnipeds using Total-Evidence Dating: the possibility of 

parallel evolution within a monophyletic framework. Frontiers in Ecology and 

Evolution, 7, 457.  

Pedersen, R. Ø., Sandel, B., & Svenning, J. C. (2014). Macroecological evidence for 

competitive regional-scale interactions between the two major clades of 

mammal carnivores (Feliformia and Caniformia). PloS one, 9(6). 

Peery, M. Z., Kirby, R., Reid, B. N., Stoelting, R., Doucet‐Bëer, E. L. E. N. A., 

Robinson, S., ... & Palsbøll, P. J. (2012). Reliability of genetic bottleneck tests 

for detecting recent population declines. Molecular ecology, 21(14), 3403-3418. 

Phillips, M. J., McLenachan, P. A., Down, C., Gibb, G. C., & Penny, D. (2006). 

Combined mitochondrial and nuclear DNA sequences resolve the interrelations 

of the major Australasian marsupial radiations. Systematic Biology, 55(1), 122-

137. 

http://dx.doi.org/10.1093/bib/bbs012
http://dx.doi.org/10.1093/bib/bbs012


 
 

309 
 

Rambaut, A., & Drummond, A. J. (2007). TreeAnnotator. Program and documentation 

distributed by the author. Available at: http://beast.bio.ed.ac.uk/TreeAnnotator. 

Rambaut, A. (2018). FigTree v1. 4.2, a graphical viewer of phylogenetic trees. 

Rambaut, A., Drummond, A. J., Xie, D., Baele, G., & Suchard, M. A. (2018). Posterior 

summarization in Bayesian phylogenetics using Tracer 1.7. Systematic 

biology, 67(5), 901. 

Ribas, C. C., Aleixo, A., Nogueira, A. C., Miyaki, C. Y., & Cracraft, J. (2012). A 

palaeobiogeographic model for biotic diversification within Amazonia over the 

past three million years. Proceedings of the Royal Society B: Biological 

Sciences, 279(1729), 681-689. 

Robinson, P., Gunnell, G. F., Walsh, S. L., Clyde, W. C., Storer, J. E., Stucky, R. K., ... 

& McKenna, M. C. (2004). Wasatchian through Duchesnean 

biochronology. Late Cretaceous and Cenozoic Mammals of North America. 

New York: Columbia University Press, 106-155. 

Rose, K. D. (2006). The beginning of the age of mammals. JHU Press. 

Ruiz-García, M., Lichilín-Ortíz, N., Mejia, Y., Ortega, J. M., & Shostell, J. M. (2017). 

Mitochondrial population genetics inferences about the phylogeography and 

systematics of the tayra (Eira barbara, Mustelidae, Carnivora). In: Urbano, K. 

(Ed.) Advances in Genetics Research. New York: Nova Science Pub., Inc. 

Samuels, J. X., Meachen, J. A., & Sakai, S. A. (2012). Postcranial morphology and the 

locomotor habits of living and extinct carnivorans. Journal of 

morphology, 274(2), 121-146. 

Sato, J. J., Wolsan, M., Suzuki, H., Hosoda, T., Yamaguchi, Y., Hiyama, K., ... & 

Minami, S. (2006). Evidence from nuclear DNA sequences sheds light on the 

phylogenetic relationships of Pinnipedia: single origin with affinity to 

Musteloidea. Zoological Science, 23(2), 125-146. 

Sato, J. J., Wolsan, M., Minami, S., Hosoda, T., Sinaga, M. H., Hiyama, K., ... & Suzuki, 

H. (2009). Deciphering and dating the red panda’s ancestry and early adaptive 



 
 

310 
 

radiation of Musteloidea. Molecular Phylogenetics and Evolution, 53(3), 907-

922. 

Sato, J. J., Wolsan, M., Prevosti, F. J., D’Elía, G., Begg, C., Begg, K., ... & Suzuki, H. 

(2012). Evolutionary and biogeographic history of weasel-like carnivorans 

(Musteloidea). Molecular Phylogenetics and evolution, 63(3), 745-757. 

Shaw, K. L. (2002). Conflict between nuclear and mitochondrial DNA phylogenies of a 

recent species radiation: what mtDNA reveals and conceals about modes of 

speciation in Hawaiian crickets. Proceedings of the National Academy of 

Sciences, 99(25), 16122-16127. 

Shedlock, A. M., & Okada, N. (2000). SINE insertions: powerful tools for molecular 

systematics. Bioessays, 22(2), 148-160. 

Silvestro, D., Antonelli, A., Salamin, N., & Quental, T. B. (2015). The role of clade 

competition in the diversification of North American canids. Proceedings of the 

National Academy of Sciences, 112(28), 8684-8689. 

Slater, G. J. (2015). Iterative adaptive radiations of fossil canids show no evidence for 

diversity-dependent trait evolution. Proceedings of the National Academy of 

Sciences, 112(16), 4897-4902. 

Springer, M. S., Murphy, W. J., Eizirik, E., & O'Brien, S. J. (2003). Placental mammal 

diversification and the Cretaceous–Tertiary boundary. Proceedings of the 

National Academy of Sciences, 100(3), 1056-1061. 

Stamatakis, A. (2014). RAxML version 8: a tool for phylogenetic analysis and post-

analysis of large phylogenies. Bioinformatics, 30(9), 1312-1313. 

Storer, J. E. (1984). Mammals of the swift current creek local fauna (Eocene: Uintan), 

Saskatchewan. Saskatchewan Culture and Youth, Museum of Natural History. 

Tchaicka, L., Freitas, T. R. O. D., Bager, A., Vidal, S. L., Lucherini, M., Iriarte, A., ... & 

Wayne, R. K. (2016). Molecular assessment of the phylogeny and biogeography 

of a recently diversified endemic group of South American canids (Mammalia: 

Carnivora: Canidae). Genetics and molecular biology, 39(3), 442-451. 



 
 

311 
 

Tomac, A. C., Grinberg, A., Huang, S. P., Nosrat, C., Wang, Y., Borlongan, C., ... & 

Hoffer, B. J. (1999). Glial cell line-derived neurotrophic factor receptor α1 

availability regulates glial cell line-derived neurotrophic factor signaling: 

evidence from mice carrying one or two mutated alleles. Neuroscience, 95(4), 

1011-1023. 

Tomiya, S. (2011). A new basal caniform (Mammalia: Carnivora) from the middle 

Eocene of North America and remarks on the phylogeny of early 

carnivorans. PLoS one, 6(9), e24146. 

Uesaka, T., Jain, S., Yonemura, S., Uchiyama, Y., Milbrandt, J., & Enomoto, H. (2007). 

Conditional ablation of GFRα1 in postmigratory enteric neurons triggers 

unconventional neuronal death in the colon and causes a Hirschsprung's disease 

phenotype. Development, 134(11), 2171-2181. 

Wang, X., & Tedford, R. H. (2008). Dogs: their fossil relatives and evolutionary history. 

Columbia University Press. 

Wesley‐Hunt, G. D., & Flynn, J. J. (2005). Phylogeny of the Carnivora: basal 

relationships among the carnivoramorphans, and assessment of the position of 

‘Miacoidea’relative to Carnivora. Journal of Systematic Palaeontology, 3(1), 1-

28. 

Valenzuela-Toro, A., & Pyenson, N. D. (2019). What do we know about the fossil record 

of pinnipeds? A historiographical investigation. Royal Society open 

science, 6(11), 191394. 

Van Valkenburgh, B. (1999). Major patterns in the history of carnivorous 

mammals. Annual Review of Earth and Planetary Sciences, 27(1), 463-493. 

Van Valkenburgh, B. (2007). Déjà vu: the evolution of feeding morphologies in the 

Carnivora. Integrative and Comparative Biology, 47(1), 147-163. 

van Zyll de Jong, C. (1987). A phylogenetic study of the Lutrinae (Carnivora; 

Mustelidae) using morphological data. Canadian Journal of Zoology, 65(10), 

2536-2544. 



 
 

312 
 

Yu, L., & Zhang, Y. P. (2006). Phylogeny of the caniform Carnivora: evidence from 

multiple genes. Genetica, 127(1-3), 65-79. 

Yu, L., Luan, P. T., Jin, W., Ryder, O. A., Chemnick, L. G., Davis, H. A., & Zhang, Y. P. 

(2011). Phylogenetic utility of nuclear introns in interfamilial relationships of 

Caniformia (order Carnivora). Systematic Biology, 60(2), 175-187. 

Zarza, E., Connors, E. M., Maley, J. M., Tsai, W. L., Heimes, P., Kaplan, M., & 

McCormack, J. E. (2018). Combining ultraconserved elements and mtDNA data 

to uncover lineage diversity in a Mexican highland frog (Sarcohyla; 

Hylidae). PeerJ, 6, e6045. 

Zhou, Y., Wang, S. R., & Ma, J. Z. (2017). Comprehensive species set revealing the 

phylogeny and biogeography of Feliformia (Mammalia, Carnivora) based on 

mitochondrial DNA. PloS one, 12(3), e0174902. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

313 
 

4.8 Appendices 
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Appendix 4.17 

 

Locus Chromosome Coordinates 

1 28 26808912-26809842 

2 22 52168901-52169503 

3 6 17157117-17157570 

4 10 27197036-27197432 

5 17 33643513-33644549 

6 1 1737257-1737701 

7 6 34887758-34888378 

8 22 33219827-33220532 

9 1 92281733-92282574 

10 14 39076541-39077084 

11 6 18702830-18703869 

12 28 28690217-28690608 

13 27 33783564-33784522 

14 6 2976493-2977204 

15 2 34447674-34448182 

16 31 37945961-37946420 

17 29 40768180-40768460 
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Chapter 5 

General Discussion 
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This study is a contribution to our knowledge of the ecology and status of giant and 

Neotropical otter populations in the Brazilian Central Amazonia. Through the description 

and analysis of potential connectivity patterns, combining occurrence data with molecular 

data on population genetic diversity and structure, the aim was to identify key points 

relevant to the management and conservation of the two species, in a region where they 

are relatively under-studied - despite it being the largest refuge of continuous habitats for 

both. This final Chapter integrates the main findings of the thesis in the context of the 

broader literature and points out recommendations for future research.  

 

5.1 Summary and discussion of main findings 

In Chapter 2, I assessed potential distribution and suitability over watercourses in 

Central Amazonia for both species, based on recent occurrence data registered in this study 

and in the literature. In the context of the thesis, this approach provided a general picture 

of potential connectivity within and between drainages that could be related to genetic 

patterns (further addressed in Chapter 3).  

With a different perspective compared to previous studies that modelled 

distribution and habitat suitability of the two species in their total area of occurrence (e.g., 

Rheingantz et al. 2014, Cianfrani et al. 2018), I have focused on a regional scale within 

Amazonia, restricting the geographic background of the modeling (Acevedo et al. 2012). 

Moreover, I considered only the riparian environment rather than a continuous extent. This 

was done in order to visualize the results in a more coherent way, considering: i) the otters' 

semi-aquatic habits; and ii) the fact that is not realistic to extrapolate a single level of 

suitability for the total length of a watercourse or drainage, since characteristics vary 

among different regions (Carone et al. 2014, Quiñonez et al. 2018). 
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Overall, the predicted distribution range in the study area was similar for both 

otters; but considering finer resolution patterns, differences were noted, suggesting a 

partial spatial niche separation. Such differentiation is in line with reported habitat 

preferences for these species (e.g., Muanis et al. 2011, Smith et al. 2020), for other Lutrinae 

members in sympatry (Kruuk et al. 1994), and for other co-existent semi-aquatic small 

mammals (Galliez & Fernandez 2012). 

 According to the results obtained in Chapter 2, considering the predicted 

suitability maps, Neotropical otter populations in the study area may have a lower intra-

basin connectivity than giant otters, but their inter-basin connectivity seems to be stronger, 

covered by areas with higher suitability. The suitable habitat in giant otter maps is more 

widespread, but appears to be reduced or lacking when looking at major rivers that provide 

connection routes between several sub-basins.  

Still, there is a difference between a) structural connectivity, such as that predicted 

by SDMs and other habitat/landscape models; and b) functional connectivity, which 

depends on behavioral and intrinsic characteristics of each species, including dispersal 

patterns (Baguette & Dyck 2007, Beninde et al. 2016). Thus, spatial modeling (as potential 

distribution and suitability, or based on resource selection functions) is a good starting 

point for assessing connectivity (Beninde et al. 2016), and its predictions can be better 

validated by behavioral (e.g., obtained by telemetry, as in Fattebert et al. 2015) or genetic 

data (Beninde et al. 2016, Milanesi et al. 2017). Genetics can be even more informative, 

because directly detected dispersal events may not always be effective in contributing to 

gene flow, in case the dispersing individual is not able to mate and produce offspring 

(Quaglietta et al. 2013). 
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In Chapter 3, I investigated genetic structure and diversity patterns, and hence the 

findings can be contrasted and compared with SDM outcomes (Chapter 2). For the first 

time, next-generation sequencing was employed to the study of wild Brazilian otter 

populations, and results revealed an unknown population structure for both species across 

the study area in central Amazonia, that suggests neither species is panmictic across this 

range.  

The comparison of structure patterns was limited by the fact that Neotropical otter 

data was available for only three out of the seven locations for which giant otter data was 

analysed. Therefore, it was only possible to consider an overlapped portion of their range, 

for which structure was quite similar. If functional connectivity patterns were directly 

related to the structural connectivity predicted by SDMs, one could expect to find a 

stronger structure pattern in Neotropical otter populations, consistent with the hydrological 

hierarchy of basins (see Chapter 3). Giant otters would probably show a lower degree of 

structuring, in part due to isolation by distance and, to a minor extent, caused by the weaker 

connectivity over major rivers that connect sub-basins. In the second case, differences 

would mainly be seen across drainages divided by wider rivers, especially white-water 

rivers such as the Amazon (Chapter 2).  

Regardless of the aforementioned limitations, points concerning each separate 

species can be considered in order to corroborate or not the structural connectivity 

estimates from Chapter 2. For the Neotropical otter, molecular data suggests that Balbina 

is a separate population with little admixture; but Amanã and Jaú (and the single individual 

from Ati-Paraná) are more strongly admixed. This was not expected by SDM predictions, 

since potential hydrographic connections, especially between Jaú and Amanã, are patchy, 

having very low or null suitability values (Chapter 2). But, as pointed above, functional 

connectivity relies heavily on species behaviour and intrinsic biological mechanisms. 
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Virtually nothing is known about Neotropical otter dispersal behaviour - but if dispersers 

use sub-optimal habitat as dispersal routes, like observed in other species of Carnivora 

(Vanbianchi et al. 2018, Carvalho et al. 2018), that could be an explanation for the contrast 

between the genetic results and distribution modelling approach. Besides, this species is 

relatively solitary (see Chapter 1), and so dispersing individuals will likely tend to invest 

movement efforts seeking vacant territories, as observed in the Eurasian otter (Quaglietta 

et al. 2014). Santini et al. (2013) have shown, indeed, that social mammal species tend to 

disperse shorter distances than solitary ones. In giant otters, the occurrence of “transient 

groups”, i.e., groups of non-breeding unrelated individuals, with no established territory, 

is likely common, as observed in the Brazilian Pantanal and in Peru (Ribas et al. 2015, 

Groenendjik et al. 2014). This may reflect a greater tolerance among conspecific dispersers 

in this species, which is less likely to happen in a species tending to a more solitary 

behavior like the Neotropical otter. 

Regarding giant otters, the wider reach of the study sites allows for more inference 

concerning the integration of results from Chapters 2 and 3. I found evidence that suggests 

genetic structure over the locations studied, unlike earlier work that has mainly focused on 

wider scales and identification of lineages through mitochondrial DNA markers (Garcia et 

al. 2007, Pickles et al. 2011, Caballero et al. 2015, Ruiz-Garcia et al. 2018). 

Genetic patterns for giant otters in this case seem to partly correspond to 

expectations derived from SDMs. If the structural connectivity predicted by the SDM is 

reflected in population structure, Abufari and Trombetas sites would indeed show a higher 

differentiation from other locations. This pattern was corroborated by the genetic structure 

findings - these two locations, as well as Guyana and Trombetas, seem to have a stronger 

local ancestry compared to others. Connectivity between Balbina, Xixuaú, Amanã and Jaú 

sites seems to be functionally more complex than expected considering general habitat 
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predictions. If genetic patterns corresponded to such predictions, it is likely that a gradient 

of genetic variation would be observed in a continuum over those sites, but not enough to 

generate clusters as in fact observed (Chapter 3).  This opens further space for the 

importance of taking into account the sociality factor (Parreira & Chikhi 2015), which has 

indeed been potentially linked to genetic structure in otter populations not facing any 

evident physical barriers (e.g., Lontra canadensis – Blundell et al. 2002, Latch et al. 2008; 

Lutra lutra – Quaglietta et al. 2013).  

A gradient of variation could be in part true for Amanã and Jaú, as these were the 

most admixed groups, as seen likewise for Neotropical otters. Balbina and Xixuaú otters, 

on the other hand, formed a separate cluster (with Balbina individuals showing a slight 

admixture); this is in accordance with structural connectivity, as suitable watercourses link 

the two locations, and DAPC analysis potentially indicates long-term admixture between 

these two locations. On the other hand, the SDM also predicted a suitable route between 

Jaú and Xixuaú, potentially promoting higher similarity between these two locations 

instead of the strong clustering of Xixuaú individuals observed. Nevertheless, the ancestry 

proportions (Fig. 3.7a) exhibited by Jaú individuals have shared co-ancestry with Xixuaú, 

showing that at least some minor degree of functional connection likely exists between the 

two sites.  

Jaú and Jauaperi/Xixuaú sub-basins are located on opposite banks of the Negro 

River, being traversed by it. This particular stretch of the Negro, towards where these sub-

basins flow, is relatively close (~230km) to the city of Manaus, the chief urban center in 

the Brazilian Amazon. Therefore, it likely experiences an intense daily traffic of vessels 

(transporting both cargo and passengers) between the ports of Manaus and interior 

municipalities of the Amazon State. As previously hypothesized (see Chapter 2), giant 

otters might be sensitive to human disturbance in rivers and avoid areas of higher human 
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activity (Oliveira et al. 2015), and this could be one putative factor that reduces 

connectivity across Negro River.  

A similar pattern of differentiation and restricted gene flow between neighboring 

populations was also found in pink dolphins (Hollatz et al. 2011), between individuals 

from a population that includes the Amanã study site and from Tefé Lake, which are also 

located on opposite banks of a major drainage (in this case, the Amazon River).  The 

authors suggest the combined influences of species behaviour and environmental 

differences in riverine habitats in generating the observed genetic pattern (Hollatz et al. 

2011). The same might hold true for otters, but more studies on the species behavioral 

ecology, such as dispersal and habitat selection, are needed to clarify the processes driving 

population genetic structure. A further possibility builds on the ideas by Hollatz et al. 

(2011) on environmental differences as drivers of genetic structuring, since the studied 

locations included sub-basins with predominance of different water types. Black, white 

and clear waters of the Amazon basin show different physical-chemical properties (Ríos-

Villamizar et al. 2014) and can exhibit distinct species assemblages of invertebrates 

(Roque et al. 2012) and fish (Saint-Paul et al. 2000, Bogotá-Gregory et al. 2020). Indirect 

or direct effects of water types on otters’ spatial behaviour (that could affect dispersal and 

thus gene flow) cannot thus be rejected without more research. 

In addition, and bearing in mind the limited sampled areas in common for both 

species, the presumed similar admixture pattern observed for both in the Amanã and Jaú 

areas could suggest the effect of common landscape drivers of genetic patterns. As 

mentioned above, the sites are located in an important interfluve zone, close to the 

confluence of Negro and Amazon Rivers, and which is covered by three extensive 

protected areas (Jaú National Park, Unini Extractive Reserve and Amanã Sustainable 

Development Reserve). From this, I hypothesize that this area of connection between two 
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major Amazonian drainages, that is also highly protected, might be acting as an important 

contact zone between otter populations from different sub-basins.  

Chapter 4 provided a further perspective on the two otters’ phylogeography within 

a broader taxonomical context. Some of the same loci designed for targeted sequence 

capture (Chapter 3) were successfully used in reconstructing the phylogeny of Order 

Carnivora and integrating data from multiple individuals from the focal study species. The 

results obtained also aid in supporting findings from its preceding chapter. Possibly, 

Balbina and Xixuaú giant otters indeed share a common ancestor and have a long-term 

connection and admixture. In addition, considering the concatenated sequence used in the 

analysis, it appears once more that Neotropical otters are more genetically diverse than 

giant otters, as observed by the tree branch lengths of reconstructed phylogenies.  

 

5.2 Limitations of the study 

 The sampling design proposed in this study was planned in such a way that 

I would be able to have an overall picture of how structured and related otter populations 

are, in the context of a complex river network landscape. I had sampling sites to the north 

and south of the Amazon River, in relevant interfluve areas and across one of its main 

tributaries, the Negro River. The chosen locations also included sub-basins with all three 

main types of water found in Amazon basin rivers – black (Jaú and Jauaperi Rivers), white 

(Purus River), clearwater (Uatumã and Trombetas Rivers), and a site with influence from 

both black and white drainages (Amanã – white water from Japurá River and black water 

from Negro).  
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Nevertheless, despite a substantial field effort in order to collect a maximized 

number of scats over chosen sites, the sequencing and genotyping successes were low for 

both species, not allowing a final ideal number of samples per study sites as planned. 

Furthermore, Neotropical otter scats were not found at all in Abufari and Trombetas, and 

the few that were sampled in the Xixuaú area did not yield any data. I also had a completely 

failed study site, the Viruá National Park (located in the Branco River sub-basin, a main 

tributary of Negro River), where no samples were found for either species (although I could 

still use the occurrence data for giant otters, in Chapter 2).  

 Non–invasively collected scat samples are normally poor in both quantity 

and quality of target DNA. Moreover, they are subject to degradation and high 

concentrations of reaction inhibitors (Taberlet et al. 1999, Broquet et al. 2007). DNA from 

otter scats in particular is known to be problematic, with low success in extraction and 

amplification steps and prone to genotyping errors (e.g., Lampa et al. 2008, Ortega et al. 

2012, Lerone et al. 2014). With the main chosen method for this study (target capture 

protocol), I was expecting to overcome most of these difficulties, based on successful cases 

from the literature (Carpenter et al. 2013, Snyder-Mackler et al. 2016, Hernandez-

Rodriguez et al. 2017). Nevertheless, in this study, I eventually faced such issues after all 

– and jeopardizing factors can possibly be related to the sampling conditions in the 

Amazonian context, which are far from ideal. For example, Hájková et al. (2009) 

recommended the sampling of Eurasian otter scats in colder months in order to obtain a 

better-quality DNA (and consequently increased PCR success). This is obviously 

impossible in the rainforest, as average temperatures are always warm yearlong. In 

addition, facilities in field locations were limited and despite taking maximum storage 

precautions, such as keeping samples in a cooler box (with ice when available), it was 
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unmanageable to keep them refrigerated for the whole duration of field campaigns which 

may have contributed to further DNA degradation.  

Hence, for both species - and especially for Neotropical otters - a lack of a sufficient 

sample size over the whole study area was a relevant limiting factor. As a consequence, 

deep inferences were limited, for instance, on important topics that require a comparative 

analysis, such as the influence of sociality or spatial behavior on population genetic 

patterns. The interpretation of the results in the light of sociality was still possible, though, 

considering the study’s caveats. Small sample sizes also limit estimations and 

interpretations of important genetic diversity parameters, such as FST. Still, ordination and 

coalescent methods, such as the ones used here for determining structure, work well with 

small sample sizes, and have been successfully applied to my dataset.  

The quality of the DNA libraries was likely an issue as well. Sequencing reads 

showed an overall low depth, which hinders the determination of SNPs in the dataset, and 

also contributes to an increased proportion of missing data over individuals (Marandel et 

al. 2020). So, a second limitation in the study can be owed to a low number of SNPs 

identified. Although reduced SNP datasets can be powerful enough to detect genetic 

structure and correctly assign individuals to clusters (Turakulov & Easteal 2003, Stetz et 

al. 2016, von Thaden et al. 2020), some useful analyses do rely on, or function better with, 

a more robust marker dataset, such heterozygosity estimates (Yao et al. 2020).  

 If more information was available in the literature concerning, particularly, 

the behavioral ecology of the species, this would have assisted in the interpretation and 

integration of my findings. For instance, if dispersal patterns were well known, more 

inference could be drawn regarding the differences between the connectivity depicted by 

SDMs and the potential functional connectivity inferred from genetic data. The 
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combination of molecular data with radio-tracking of multiple individuals in a Eurasian 

otter population, for example, has allowed a sound inference on the species dispersal and 

its likely effects on genetic structure (Quaglietta et al. 2013).  

Moreover, apart from diet studies which have shown only a small trophic overlap 

between the two species in Amazonia (Silva et al. 2013, and author’s unpublished data), 

little is known regarding their fine-scale mechanisms for coexistence. Ecological niche 

separation is a factor that can have an important role in the coexistence of species 

belonging to the same guild, encompassing one or more niche dimensions such as food or 

habitat use (Jácomo et al. 2004). Vanak et al. (2013) argued that dietary niche partitioning 

might be in fact a consequence of intraguild competition avoidance between carnivores, 

and fine-scale avoidance mechanisms can vary according to different areas and/or resource 

availability (Karanth et al. 2017). It is therefore reasonable to consider that cryptic patterns 

of interaction between the two species could also have an influence on their movements 

and ecology and, subsequently, on their gene flow patterns. 

 

5.3 Conservation implications and suggestions for future research  

The main motivation in this research was to lay groundwork for additional 

conservation and management policies for otters and other freshwater vertebrates in the 

Brazilian Amazonia. The present work expands upon our current knowledge of otter 

population structure and diversity in this biome while allowing for relevant conservation 

implications.  

The results illustrate that both giant and Neotropical otter populations can show 

structure at fine-scale levels even in such an intricate and dense drainage network as the 
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Amazon basin. Gene flow between structured (sub) populations might be restricted either 

by species’ intrinsic mechanisms such as dispersal patterns or by an interplay of 

environmental (including anthropogenic) and biological factors; and it is likely that the 

different social system of the two species also affects their genetic structure. The findings 

reported here stress the need to monitor wildlife populations with vast distributions, as 

cryptic structuring patterns might play a role in increasing their vulnerability to current and 

future threats. Rheingantz et al. (2017) have indeed emphasized this need for local and 

regional scale studies for Neotropical otters, to support the definition of task areas and 

planning of management and conservation actions. The occurrence of isolated populations 

can bring conservation concerns, as it increases the odds of extinctions due to the 

associated risks of reduction in effective population sizes and consequent effects of genetic 

drift and erosion of genetic diversity (Frankham 1995, Keyghobadi 2007). 

Although it appears that most giant otter populations studied do experience at least 

some migrant contribution to the gene pool, the group including Balbina and Xixuaú 

individuals seems more isolated and less diverse than others. This population could be 

potentially suffering from impacts caused by the hydroelectric dam, despite an estimated 

population increase based on density of dens (Rosas et al. 2006, Palmeirim et al. 2014) 

giving a different impression. Rocha et al. (2019) have reported an irreversible change of 

the flooded igapó forest vegetation downstream to Balbina dam. These habitats are crucial 

for Amazonian fish species for reproduction, nursery and feeding (Henderson 1990, 

Goulding 1980, Saint-Paul et al. 2000). Fish are giant otter’s prey base (Cabral et al. 2010), 

and any impacts on the prey will likely affect the predators as well. There should be an 

effort to monitor otter occurrence on downstream stretches of Uatumã River in order to 

clarify such potential impacts.  
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With increasing numbers of dams planned for Amazonia’s headwaters (Anderson 

et al. 2018) and in the Brazilian Amazonia (Brasil, 2017), researchers must focus on actions 

that both detect and mitigate potential negative impacts of such developments - including 

the social-economic impacts to surrounding human populations, which are countless. 

Displacement (sometimes from sacred territories, in the case of indigenous people), 

scarcity of fishing resources downstream of the dams, loss of cultivatable land, lack of 

favorable alternatives, increased violence, are all possible consequences already observed 

after the implementation of large dams, such as the controversial Belo Monte dam on the 

Xingu River (Fearnside 2015, Marin et al. 2016, Grisotti 2016, Riethof 2017, Jiang et al. 

20erbau18, Anderson & Elkaim 2018). Effective conservation measures in such scenarios 

are only possible when considering the needs of human inhabitants (Erbaugh et al. 2020), 

and increased poverty and quality of life could also drive additional anthropogenic impacts, 

such as deforestation and poaching.  

My thesis findings also highlight the importance of maintaining a good mosaic of 

protected areas that form protected corridors of habitat. As hypothesized from Chapter 3 

findings, the Negro/Amazon interfluve might be an important connection region, and its 

considerable area of legally established conservation units could be key to promoting gene 

flow between aquatic species between different river basins.  

Building on this last point, the outcomes of this thesis also emphasize the 

importance of choice of conservation management units. Being top-predators, otters can 

be good “umbrella” species and their conservation needs might reflect and nest the needs 

of a broad range of freshwater species. So, over the landscape scale, I argue in favor of 

considering the main Amazon tributaries sub-basins as basic management units for aquatic 

and semi-aquatic Amazonian vertebrates. Future work should focus on assessing 
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connectivity and permeability of drainages for different taxonomic groups, and include 

considering potential anthropogenic disturbances that could affect species movements.  

Regarding the focal species, several questions remain unanswered, paving way for 

research on further aspects of otter demography, genetics and behavioral patterns. It would 

be interesting to assess genetic structure over more locations, including some key sites that 

were not sampled in this study, such as Uatumã River downstream of Balbina dam, the 

Branco River, and eastern Amazonian populations (including coastal ones). If possible, 

long-term projects that include the method of biopsy sampling for assessing genetic 

patterns of giant otters would be ideal, as this would alleviate some of the issues generated 

by poor-quality data from scats.  

One relevant point that is difficult to assess was the complete lack of signs of 

Neotropical otters in Trombetas, Abufari and Viruá National Park. It could be due to a 

seasonal issue - for example, animals could temporarily migrate to headwaters that were 

not accessible by boat during my field trips. However, other areas sampled in the peak of 

the dry season showed abundant signs of otters (Jaú and Balbina in particular). Secondly, 

this is not consistent with described habitat preferences of the species, for wider, deeper 

river channels (e.g., Muanis et al. 2011).  

SDMs have also shown fragmented potential distribution of Neotropical otters. 

Therefore, their distribution might be more discontinuous and heterogeneous over 

Amazonia than previously thought. Considering this, I strongly recommend an 

intensification of survey efforts focused on the species in Amazonia, in order to elucidate 

occurrence and distribution patterns in this biome. New efforts to study its population 

genetics would be equally important. The possibility that its distribution is indeed 

fragmented warrants further investigation - if true, then more patterns of structure and cases 
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of isolated populations could emerge, and historical demography analyses will be useful 

to provide additional evidences for explanations. Studies focusing on the two otters’ fine-

scale interactions would also improve predictions related to species occurrence and habitat 

preferences, which might bring more clues to the processes behind their distribution 

patterns.  
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