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(1)

Abstract

Nucleotide sequence data from several pea (Piswum sativum
L) seed storage protein genes was obtained. 0f two legumin
genes sequenced, one was shown to be a pseudogene, apparently
once coding for a polypeptide belonging to the 'major'
legumin class, whilst the other was shown to be a functional
gene coding for a polypeptide of the 'minor' legumin
class.  Sequence data was also obtained for two vicilin
genes. Complete sequencing of one revealed it to be
truncated by sequence of unknown origin at its 3' end, whilst
partial sequence for the other suggested the presence of
a stop codon in the coding region. These findings implied
that both vicilin genes are no longer functional.

Additionally, various comparisons of nucleic acid and
amino acid sequence data were made between these genes and
also with other legume seed storage protein genes. Results
showed these genes conform with the major structural features
of eukaryotic genes, and also revealed the presence of
potential tissue -specific regulatory elements in the 5'
flanking regions of the genes. Dendrograms for legume 118§
and 7S classes of globulin seed storage protein genes clearly
supported the model theory of each class having arisen by
successive duplications from a common ancestral gene.
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CHAPTER 1 INTRODUCTION



1.1 Eukaryotic Genes

1.1.1. The Eukaryotic Genome

Eukaryotic and prokaryotic genomes show major differences in the
organisation of their DNA, the main difference being that eukaryotic
- genomes in general contain much more repeated sequence DNA and
non-coding DNA than do prokaryotic genomes.

The DNA content of the eukaryotic haploid genome is known as the
C value, and ranges from a mere 104 bp for a'mycoplasma, right up to
as.much as approx; 1011 bp from some plants and amphibians (Lewin,
1983). However, from the fact that DNA content within genera can
differ by up to 10 fold (Rees and Hazarika, 1976, Jones and Brown,
1976), it seems evident that genome size is not directly linked to the
complexity of the organism. Indeed, studies using reassociation
kinetics reveal 3 components within the DNA, which can be sepafated
accofding to speed of hydridisation. These correspond to non
repetitive, middle repetifive aﬁd highly repetitive sequences (Britten
and Kohn, 1968). Of these components, the non repetitive element is
the smallest e.g. in pea it has been shown to represent only 19% of
the genome, with only a small portion of this actually thought to
represent protein coding sequence (Murray et al., 1981). In mammalian
globin genes, only 8% of the DNA within the gene clusters is thought
to represent coding sequence, 8% representing introns and the
remaining 84% comprising a mix of single copy aﬁd'repeat elements in
intergenic arrangement (Jeffreys, 1981).

The concept of such excessive DNA being termed 'junk' DNA was



suggested by Orgel and Crick, ( 1980 )'implying it had no function.
Several pieces of evidence and lines of thought since then however
seem to refute this suggestion.

Firstly, comparisoh of the entire 3 -globin gene cluster between
man, gorilla and baboon (Barrie, 1981) shows it to be highl& conserved
in size-and composition between the three species, implying a large
degree of functional constraint, and prompting Bennett, ( 1982 ) to
accord the status of the entire cluster as a sort of 'supergene' of
single co-adapted function, his reasoning being that conservation of
lengths of non coding DNA was acting to maintain spatial arrangements
of the genes comprising the cluster on the chromosome.

AAn additional considerafion, related to the packaging of DNA into
nucleosomes (Kornberg, 1974, 1977,) within ghromatin filaments
{(reviewed by Igo-Kemenes, et al., 1982, and McGhee and Felsenfield,
1980), is the notion of sgecific nucleoéomé phasing (ie specific
placeﬁent of histone octamers with respect to DNA sequences,( Kornberg,
1981) to potentially allow exposure of more desirable DNA sequences by
location in the more accessible linker regions between the cores of
adjacent nucleosomes. Noncoding and repeat sequences could well be
considered to play a very important role in maintaining this phasing.

Functional or not, it seems safe to say that the bresence of such
large amounts of excess DNA has played, and will continue to play an
important role in genome evolution. In the draminae, 75% of total DNA
"consists of repeated sequences (Rimpau, et al., 1978, 1980) and these
can be classified into hybridisation families (where sequences

belonging to the same family are sufficiently homologous to form




stable duplé%s under certain conditions - Flavell, 1982). Repeats of"

some families are clustered in long tandem arrays occurring on several

or all chromosomes (strong evidence that a translocation mechanism

acts - Bedbrook, 1980a, 1980b, Gerlack and Peacock, 1980, Demnis, et
al., 1980a, 1980b, John and Miklos, 1979)

However most families of repeats are organised in a much more
complex way (Flavell, 1980, flavell et al., 1981, Wensking, 1979).
Some of their members are interspersed with short non-repeat DNA
segments and/or unrelated repeated sequences. Studies of this kind

‘have led to the conclusion that the mechanisms acting to give rise to

such a genome composition are basically sequence amplification (by .

duplication), deletion, rearrangement and translocation, " usually
acting on small segments of DNA, acting in é stochastic fashion, with
some members surviving under selection, and others being deleted for
the same reason (Flavell, 1982). A computer simulation of genome
evolution (Loomis and Gilpin, 1986) led to the conclusion that genome
size only stablised when the amount of dispensable sequences had
increased to the point that most deletions did not affect vital genes,
and in such genomes the number of copies of specific genes fluctuated,
generating small multigene families. These results reflect the
situation in the real eukaryotic genome, and imply that when the
genomé size is not critical to survival - as is the case in most
eukaryotes the genome carries vestigial sequences which may or may not
be functional, and that the occurrence of multigene families may often

happen by chance.

The most fitting concept to apply to the eukaryotic genome is



that it is in an ever continuing state. of flux and that the
constituent DNA is ‘turning over' by continuous cycles of

amplification and deletion (Flavell, 1980, 1981, Thompson and Murray,

1980, Dover, 1981, Dover et al., 1982).

1.1.2. The Structure of Eukaryotic Genes

Eukaryotic genes have been shown to contain several consistent
features. Current understanding of this subject has largely been based
on comparisons between animal gene sequences. However, as the volume
of data on plant genes has increased, it has be;ome apparent that

plant and animal genes share many of these common features.

1.1.2.; Introns

Introns are sequenées of DNA present.in the gehe which interrupt
the transcribed, non-translated sequence. They are processed out of -
the initial transcript from the gene, and as a result do not appear in
mature messenger RNA. They occur in between the coding regions, or
exons, of the gene to form a complex mosaic and can vary in length
from 50 to 20,000 bp. (Gilbert, 1985). Since introns are often much
lérger than exons (an average coding length of 40 - 50 amino acids is
vmost common), genes can consequently be as large as 200 kilobases
_(Gilbert,.1985).

Introns are common in higher eukaryotic genes, but some plant
genes aré notably ‘'intronless', including all =zein genes so far
characterized (Hu et al., 1982, Wienand et al., 1981), 2 soybean 15 kd

storage protein genes of unknown function (Fischer and Goldberg,



1982), and all lectin genes so far examined (Gatehouse et al., 1987).

With the advent of nucleic acid sequencing the exact position,
length and sequence of introns can now be determined. Most notable'is
the conservétion of sequence at 5' and 3' splice sites (Breathnach et
al., 1978) common to both animal and plant genes. A more recently
observed consensus sequence also thought to play a role in splicing
out of the introns from nascent mRNA is the branch point (Wallace and
Edmonds, 1983, Keller and Noon, 1984, Brown, 1986). The consensus
sequence differs slightly between animal and plant introns, and in
‘plants, is of the form T(Pu) T(Pu) C/T T Pu A" Py (Br:*own, 1986). It is
thought to act as the recognition site for formation of a lariat RNA -
an intermediate in the splicing event - ana‘operates in conjunction
with smail nuclear ribonucleoprotein particles (sn RNPs) in achieving
thié (Brown et al., 1986, Gerke and Steitz, 1986, Sharp, 1987).
Conservation at the intron/exon boundaries also plays a contributory
role.in splicing, possibly involving the action of a single, common
enzyme (Breathnach,et al., 1978). Any role for potential secondary
structure formation within introns has yet to be ascertained, but
studies by Thimmappaya and Schenk, 1979, using viable mutants of Svao
lacking large regions of the large T intron seem to imply an ébsence
of function for any potential secondary structure.

Intron function remains unclear. As stated, they are usually
situated between exons, however they have been found to occur in 5'
flanking sequence (e.g. Ovalbumin (Breathnach et al., 1978)), but not,
as yet, in 3' flanking sequence, implying there is no selective

advantage in splicing the 3' end of a messenger RNA to bring it closer



to the termination codon (Breathnach et al., 1978). A further factor
to consider is the differences observed in intron number between
groups of genes e.g. a maximum if 5 in pea seed storage proteins (see
section 4) compared td 33 in vitellogenin genes of amphibians (Wahli
et al., 1980). It is not known why this should be so, although it may
tie in with the concept of introns acting as delineators between
functional domains coded by exons, and hence facilitatiﬁg formation of
new proteins or improvementlof existing'ones by exon shuffling (see

Section 4.1.2.1)

1.1.2.2. 5' Flanking Seguence

Gene expression is controlled at least partly at the level of
transcription. Regulation mechanisms involve a variety of sequences in
the DNA specifying levels of transcription and startsite of the
message. Comparison éf 5' flanking sequence between genes reveals

consistent presence and position of such signals, termed promotors.

i) The TATA Box

The TATA or Goldberg - Hogness box is the best characterised of
eukaryotic promotor elements (Proudfoot, 1979) and has been shown to
play a role in transcription .initiation (see below). It is the
eukaryotic equivalent of the Pribnow box found in prokafyotes
(Pribnow, 1975a, 1975 b, Schaller et al., 1975), and is consistently
located 26-34 nucleotides (measured from the second T) upstream from

the cap site (see below) (Messing, et al., 1983).



1 3
¢ {
icQ #
75
50 1
b0 L] S E D S DU | B S
43
6 4 v hﬂ v v Y -~ + v ——y —
0 300 500 600 700 80 900 1000 100 1200 1300 K00 1500 1600 00




It functions by interacting with RNA Polymerase II (which
transcribes the message) and ensures that transcription is initiated
in the correct place (Breathnach et al., 1978). Evidence for this
comes from deletions in the TATA region at ElA in Adenovirus (Osborne
ek al., 1982), showing that absence of the TATA element results in a 5
to 10 fold decrease of E1A mRNA, and also the appearance of a set of
E1A messages of slightly different lengths due to relaxation of
stringency in transcription initiation. A similar result was observed
by Mathis and Chambon, 1981, with deletions in the TATA box of the
SV40 Early region. Creation of a point mutation in the TATA box from
conalbumin, fused to the sea urchianZA histone gene (known to be
efficiently transcribed in Xenopus oocytes) showed consistency of
start site in transcription initiation between the normal TATA
sequence and ité mutation, but the level of transcription in the

latter was reduced by 5 times (Grosschedl et al., 1981).

ii) The CAAT Box

Another sequence that may be involved in the regulation of
transcription of some eukaryotic genes is the consensus sequence
GGC/TCAATCT or 'CAAT-box' (Benoist et al., 1980) and is found 80-100
nucleotides upstream of the cap site (see below).

The role of the CAAT box in transcription regulation was
suggested by deleting the CAAT box in globin genes in Mouse L cells
(Dierks, et al., 1981) where transcription was consequently markedly
reduced, and by similar work on the rabbit B -globin gene in vivo

(Grosveld et al., 1981).




Occurrence of this sequence in the equivalent position in plant
genes appears to be 1imited. Two zein genomic clones Z4 and Z7 (Hu et
él., 1982, Kridl et al., 1982) have sequences with limited homology to
the CAAT box, and 3 sequences upstfeam from the coding region in
soybéan leghaemoglobin genes have homology to the animal sequence
(Brisson and Verma, 1982). Indeed, it seems that cereal genes (with
the exception of the maize ADH-2 gene, Dennis et al., 1984) commonly
display this feature, but it was not found in a manual survey of 15
plant genes scanned (Kreis M, 1986).

A possible counterpart of the CAAT boxAin plants‘was identified
by Messing et al., 1983. They termed the possible regu}atory sequencé
element the 'AGGA box', and it refers to the symmetry of adenines
surrounding the trinucleotide G/T N G. Such a sequence was identified
in the 5' flanking sequence of the Legumin A gene of Pisum Sativium

(Lycett et al., 1984) but any functional significance of the element

is yet to be elucidated.

iii) Enhancers

Enhancers were discovered in 1981 (Gruss et al., 1981) and
defined as potent gene activators of transcription in both viral and
cellular genes. They have been identified as sequences of DNA of
varying length, and their effectiveness appears largely unaffected by
oriéntation and positioning with respect to the gene and can act up to
10kb éway.

The first discovered enhancer was in SV40, and took the form of a

72 bp tandem repeat, 100 bp upstream from the Cap site of early viral
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genes and was found to act as a cis regulatory element (Benoist and
eChambon,'1980). Deletion of this region was shown to decrease early
viral gene expression by up to 100 times (Gruse et al., 1981). Similar
decrease in expression levels was obtained with deletions'l38 to 194
bp upstream'of the genes involved in amino acid biosynthesis in yeast
(Donahue et al., 1983). Further ev;dence for the potent action of
enhancers came from the findings that the SV40 enhancer plus analogues'
Jsolated from other animal v1ruses can function not only when linked
to their natural genes but also in association with heterologous genes
. (Banerji et al., 1981).
Several incidences of enhancers being found in plant genes have
now been documented. The first discovered was an upstream element of a
‘Rubisco small subunit (rbcs) gene in pea which could, in both
orientations, confer light-inducible expression on a heterologous
promoter/gene (Timko et al., 1985). Additionally, the existence of a
247 bp element from the light harvesting chlorophyll protein (Lhcp)
-gene in pea was reported which appears to eet not only as a light -
inducible enhancer, but also as a tissue-specific 'silencer' (Simpson
‘et al., 1986).'Additionally, the presence of a short 49 bp sequence
~element with enhancer 1like properties was discovered upstream of
the a submit gene of B —conglycinin in soybean (Chen et al., 1986),
and appears to play an important role in controlling the expression of
this embryo tissue-specific gene.
The way in which enhancers work is still not entirely clear. One
theory 1is that, since viral enhancers tend to be in regions of

increased DNase sensitivity, this may cause an alteration in the
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chromatin structure, in turn possibly causing increased
transcriptional activity (Banerji et al., 1981). More evidence exists
now though to suggest that the specific sequences present in the
cis-acting enhancer‘element provide a binding site for some trans
:acting factor, consequently enhancing transcriptionl possibly by an
interaction with RNA Polymerase II (Khoury and Gruss, 1983, Dynan and
Tjian, 1985, Voss et al., 1986). Such a nuclear binding factor has
been observed in zein genes. from maize (Maier et al., 1987). Specific
binding was involved at a 22 nucleotide stretch, which includes 14 bp
out of a 15 bp sequence conserved in all zein genes (Brown et al.,
1986). Similar results were obtained with the Bl hordein gene in oats
(Kreis et al., 1986). 6 DNA binding proteins were identified that were
thought to recognise and interact with putatitive regulatory sequences
identified nbt only in the Bl hor??n gene, but also in other prolamin
genes (zeins in maize, a gliadins in wheat). Whatever their mode of
action, cis-acting enhancers are thought to play a major role in the
specific expression of vicilin and legumin genes in pea, giving
char;keristic differences in mRNA timing and patterns of accumulation
within each (Higgins, 1984).

Some light is shed on possible origins of enhancers in cellular
genes when one considers the observation that the organisation and
structure of the enhancer element present in the human metallothionein
IIA gene is very similar to that of the SV40 enhancer, suggesting a
possible evolutionary link between viral enhancers and cellular
upstream regulatory elements. Indeed, in support of such a theory, a

region'homology to the SV40 core enhancer sequence has been observed
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in the 5' flanking sequence of the legumin A gene ( Leg A) in pea
(Lycett et al., 1985), along with the previous observation of another
short sequence also in LegA showing 80% homology to the adenovirus

enhancer core element (Hearing and Schenk 1983, Lycett at al., 1984).

iv) The Cap Site

5' terminal capping of messenger RNA with 7 methyl guanosine to
form a cap structure of m7G(5’)ppp(5')N wés originally discovered in
1974 (Reddy et al., 1974). It seems the 5' terminal cap structure in
eukaryotic mRNAs is different to that in prokaryotes, in that it shows
resistance to phosphorylation following treatment with alkaline
phosphatase (Rottman et al., 1974). Capping 1is present aimost
universally in eukaryotic mRNAs, the only reported exceptions being
the poly(A)-containing mRNAs isolated from Hela cell mitochondria
(Grohmann et al., 1978, Taylor and Dubin, 1975).

The capping reaction occurs at the 5' triphosphate ends of
nascent pre-mRNAs shortly after initiation of transcription and is
catalyzed by guanylyl and methyltransferases (Shatkin, 1985). During
processing of nuclear transcripts, the cap is retained, serving as a
'stabilizing element both on pre-mRNAs in the nucleus. (Green et al.,
1983) and mRNA in the cytoplasm (Furuichi et al., 1977). The cap's
importance in ensuring normal messenger RNA splicing is demonstrated
by the use of cap molecule analogues, causing a marked inhibition of
splicing (Konarska et al., 1984). The presence of the cap also appears
to markedly enhance translation by promoting initiation complex

formation. Use of analogues has shown inhibition of attachment of the
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40S ribosomal subunits to capped mRNAs, implying that recognition of
the capped end of mRNA by'specific protein(s)’ is important for gene

expression (Shatkin, 1985).

1.1.2.3 3' Flanking Sequence

The-major feature of importance in the é' flénking sequence 1is
the consensus sequence AATAAA. Commonly known as the Polyadenylation
signal, this sequence wés discovered in the lmRNA's of several
unrelated mammalian genes- (Proudfoot and Brownlee, 1976). Since then,
it .has become apparent that such a seduenée is present in all
eukaryotic genes apart from histones and yeast RNA Polymerase II type
_ genes (Proudfoot, 1982).

Evidence for the sequence's roles as a'poli?enylation signal came
from workAon SV40. Mutants lacking the 1éfe gene AATAAA, but with it
present further downstream showed no wild type 3' terminus, but one
with a poly(A) tail 15 bases away from the AATAAA signal (Fitzgerald
and Schenk, 1981). Generally the sequence is found 11 to 30 bases away
from the poly(A) tail (Gil and Proudfoot, 1982), however, it seems in
plant genes, it tends to differ slightly in its position in being
further away from the poly(A) tail, and nearer the stop codon.

It is now thought that the sequence does not alone comprise the
entire polyadenylation signal, but acts along with another factor(s)
to cause the poly (A) tailing (Gil and Proudfoot, 1982). Such
additional elements are thought to beb possibly either specific
secondary structures in the message, or other significant linear

sequences {(Manley, 1983).»Whét is clear is that polyadenylation occurs
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at a single downstream site from AATAAA, except in the case of bovine
prolactin (Sasavage et al., 1982) mouse ribosomal  protein L30
(Weidemann and Perry, 1984), and pea seed lectin (Gatehouse, 1986)
mRNAé, where in each case there is a single signal site, but poly(A)
is at several sites within a 12-14 nucleotide region.

The following hexameric sequences haye also been found from a
search of the literature and data banks (Birnéteil,et al., 1985) to
océur naturally at the appropriate_distance from poly (A) addition
sites; AATTAA, AATACA, AATAAC, CATAAA (Wickens:andfstephenson, 1984)
ATTAAA, AGTAAA, TATAAG and AATATA, and it is plausible therefore, that
fhey also may function as‘polyadenylation signals.

It has also been observed that many blant genes have more than
one potential polyadénylation signal eg. soybean leghaemoglobin has
two (Messing, 1983) or pea legumin gene A, which abpears to have 3
doﬁble errlapping gignals; Qith cDNA evidence strongly suggesting
exclusive use only of the second of these signals (Lycett et al.,
1984). This legumin gene also offers a site of potential secondary
structure downstream of the »éigﬁals' which .could pléy a role in
determining the choice of polyadenylafion site (Lycett et al., 1984).
Data so far seems to suggesf that multiple polyadenylation sites occur
more in plant genes than animal, where such a situation has rarely

been observed (Early et al., 1980, Setzer et al., 1980, Tosi et al.,

1981).

1.1.3 Organisation and Evolution of Eukaryotic Genes

It has become increasingly clear over the past few years that a
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large range of transciptional products aré encoded by more than just

one gene, and indeed, an extreme example is the case of 5S ribosomal

RNA in Xenopus laevis where a gene copy number of 24,000 has been
reported (Brown et al., 1971). Evidence gained so far points to a

correlation between proteins present at high levels within a cell, and

its Qorrésponding gene(s) being present in multiple copy number, thus

aliowing high 1levels of mRNA to be transcribed and hence high
quantities of the protein to be produced. Examplés of such functional
families are the genes coding for chicken oviduct proteins (Axel et
al., 1976), or contractile brotein genes (rev. by Buckingham and

Minty, 1983).

Organisation of the genes in these multigene families tends to be -

in 2 main patterns; arrays, of varying léngths, of tandem repeats
interspersed with repetitive DNA, to forﬁ a cluster, with all the
genes ‘linked closeiy on one chromosome, or representation within
clusters either widely spaced on the chromosome or even on entirely
different chromosomes. (Jeffreys and Harfis, 1982). An example of both
these situations occurs]in the}globin gepé family in mammals, with two
unlinked gene clusters coding for the a and 8 globins. In the
human 8 —-globin gene cluster, there are 5 active genes
- € 137 JAY - 3 - 8 plus two pseudogenes (see sections 1.1.4) and
extensive tracts of non coding DNA between these genes (Efstratiadis
et al., 1980). Nucleotide sequencing of an 11 kb fragment encompassing
the two foetal genes}iy andAY , gives clear evidence that duplication

“has been the major active mechanism in creating the cluster (Smithies

et al., 1981). Indeed, further analysis of this segment showed the
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presence of short direct rebeats 'at "each end of the genes
ie.rjjy —rJAY -r (Shen et al., 1981),'suggesting a simple model of
mispairing and unequal crossing over at meiosis between these repeat
elements in an ancestral r- y -r DNA segment. Linking this to the fact
thatv short repetitive elemenfs are extremely prevalent in the
mammalian genome suggests that large block duplications could occur
quite commonly (Jeffreys and Harris, 1982). The presence of dispersed
repeat elements could also lead to the excision ‘of genes via
intrachromosomal recombination, and resulting excised circles could
fhen integrate elsewhere in the genome by homologoﬁs recombination
with another member of the repeat family (Jeffreyé and Harris, 1982).

The fact that members of a multigene family often maintain
remarkable levels of homology; even when members are unlinked ( e.g.
primate B - and @ -globin clusters), led to the suggestion that such
'homogenisation' may have occurred via a récent gene conversion event
(Slightom et al., 1980, Shen et al., 1981). A similar situation
appears to exist in the ribosomal RNA gene family of Xenopus (Dover
and Coen, 1981).

To summarise, it seems the single most important mechanism
occurring to produce multigene families is that of duplication -
either by tandem geneAduplication, chromosome duplication, or genome
duplication (polyploidisation) (Li, 1983). Subsequent to this, members
of‘ the family could then move to other locations in the genome'
(possibly by the above mentioned process of repeat sequence
recombination), where they then may proceed to evolve independently,

or be subjected to functional constraint or interchromosomal gene

conversion.



17

1.1.4 Evolution of Pseudogenes

The term 'pseudogene' was first proéosed to described genes
within the 55 @NA cluster of Xenopus laevis clearly related to the
normal 5S genes, but incapable of producing functional 55 rNA copies
(Jacq et al., 1977). Basically, pseudégénes “are non-functional
counterparts of once active genes, which, due to the gradual
accumulation of mutations (such as point mutations, deletions and
insertions) have lost the potential to be transcribed; or for their
mRNA to be translated (Lewin, 1983).

There appear: to be two general categories to classify
pseudogenes (Vanin, 1984). Firstly there are those which retain the
intfon/exon arrangement of their productiVe counterparts e.g. cases
within the globin gene family (Lacy and Maniatis, 1980, Proudfoot and
Maniatis, 1980). The second category includes those which lack the
intervening sequences found in their active counterparts, this type
héving been labelled 'processed pseudogenes' (Vanin, 1984). Examples
of this type are becoming more numerous, with the first found being in
mouse & —-globin genes (Nishioka et al., 1980 Vanin et al., 1980).
Aside from various genetic lesions present in this type of pseudogene,
other interesting factors have emerged e.g. homology between them and
their productive counterparts ceases at the points corresponding to
initiation and termination of transcription. Also, immediateiy 3' to
the point at which this homology breaks down, there is often found an
oligo (A) tract anything from 11 to 38 nucleotides in length. All this
strongly implies that the origin of processed pseudogenes must have

been by a reverse transcription event from the original messenger RNA
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from the active gene (Vanin, 1984). Furthef suppoft for this theory
comes from two sources. Firstly,‘the observation in the mouse Ya 3
processed pseudogene thaf it is flanked Dby sequences hoﬁologous to
retroviral—1like mouse intracisternal A particle RNA, suggesting a
transposition (Lueders et al., 1982). Indeed the presence of direct
repeats on the flénks of these genes has been found in many other
instanées (rev. by Vanin, 1984). Linked to this evidence is the fact
that processed pseudogenes and their active counterparts are not found
on the same chromosome, whereas pseudogenes which retain the
intron/exon structure of the active counterparts, appear to occur in
tandem arrays (Vanin, 1984)

In mammalian genomes, cases of processed pseudogenes are now
almost as numerous as those for non;procesged,Ahowever no cases of the
processed type have been found outside mamﬁaiian systems. (Vanin,
1984) |

Plant examples of pseudogenes have élso been found e.g. the
éoybean leghaemoglobin pseudogenes (Briséon and Verma, 1982) and in
maize zeins (Spena et al., 1983).

It would seem justifiable to assume a possible dual stage in
non-processed gene evolution; Firstly,vaftef a gene dupl;cation event,
a slow rate of mutation would ensue, according to the degree of
selection pressure, until inactivation of the gene occurred. At this
point, any functional constraint would cease to operate, and the
mutation rate would accelerate (Little, 1982). In the case of
processed pseudogenes, if the reverse transcription theory is to be

believed, there would be no inactivation as such, since the reverse
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transcript lacking introns woﬁld never be active in the first place
‘and consequently mutation.would occur at a high rate from this point.
Postulating a functional role for pseudogenes in the genome might
seem inappropriate but one suggestion has been that fheir presence and
position is maintained due to the importance of not. disrupting
chfomatin structure (Jeffreys, 1981). However, one migﬁt prefer to
regard them as merely a component of an everchanging genome, only
disappearing at all when their presence becomes deleterious to the

cell phenotype.

1.1.5. Molecular Evolution

The concept of moleculgr clock; to describe the rate of
evolutionafy change in related molecules is now well established, and
was first proposed after- evolutionary studies on globin genes
(Zuckerlandl and Pauling, 1965, Jukes and Cantor, 1969). In order to
construct a molecular clock, 3 basic requirements must be met;
Firstly, a measurable event must be involved. Secondly, such an event
must occur regularly (either metronomic, or stochastic, the latter
being more likely) (Fitch, 1976). Thirdly, the clock must be
caiibrated by some external event of known date e.g. the divergence of
two species at a time known from the fossil record (Ferguson 1980).
Consequently, in recént years, with the increasing availability of
nuéleic acid sequence data, molecular clocks have been constructed
using several classes of genes e.g. chicken insulin genes (Perler et
al., 1980), globin genes (Lacy and Maniatis, 1980) and actin genes

' (Shah et al., 1983). The use of nucleic acid sequence data instead of
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amino acid sequence in comparisons is obviously superior, in that the
former reflects silent mutations (thése not causing a change in an
amino acid) as well as replacement mutations (those which do cause a
chaﬁge), whereas, due to the redundant nature of the amino acid code,
cémparisons between amino acid sequences cannot do this.

HoweVer, amino écid sequence studies can still produce
significant findings. Comparisons between homologous genes can be
classified in 3 ways: Orthologous comparison results from equivalent
genes in different taxonomic groups, P;ralogous from equivalent genes
in the same organism, and Metalogous from non equivalent genes in
different taxonomic groups (e.g. a;énd B-globins between mouse and
man) (Ferguson, 1980).

Alignment of the amino acid sequences'of orthologous polypeptides
enables the determination of a difference measure at this level, which
is equivalent to a measure of genetic distance since the two sequences
shared a common ancestor. If multiple pairwise comparisons are made
with a group of orthologous polypeptides, phenetic (overall
similarities at the present time (Sneath and Sokalf 1973)) or
cladistic (sequential ordering of splitting of individual lineages,
(Henning, 1966)) relationships can be deduced. After constructing a
matrix of values resulting from each comparison, phylogenetic trees
can be drawn up from such data, using a variety of sophisticated
algorithms, which generally seek to best represent the information,
while at the same time achieving maximum parsimony ( i.e. seeking to
minimise difference), in ways that best reflect the way the sequences

are related and have descended from one another (Ferguson, 1980). A
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variety of methods have been used to produce -such trees from globins
(Czelusniak et al., 1982), fibrihopeptideé and carbonic anhydrases
(Goodman, 1973, 1974) and cytochrome c's (Peécock and Boulter, 1975)

. o .
across a wide range of taxoqplc groups.

1.2 Seed Storage Proteins

1.2.1 Major features of seed storage proteins

Proteins of seeds fall into two major catergories, namely the
storage proteins, which are -the major components of total seed protein
and fhe so—called ‘'housekeeping' proteins essential for normal
functioning of cell metabolism. A system of classification has been
defined to classify proteins from seeds and grains on the basis of
their solubility (Osborne, 1924):

| (1) Those éoluble in water - the Albumin class.
(ii) Those soluble in dilute salt solutions at neutral pH
: (ﬁhosphate or borate-buffered saliné (0.15M NaCl) at pH 7.5
is often used (Croy and Gatehouse, 1985)) —»the Globulin
class.
(iii) Those soluble in alcohol (50% Propan-1-ol or 55%
Propan-2-ol now preferred (Shewry et al., 1984)) - the
Prolamin class.

(iv) Those soluble in alkali (an ill-defined term, generally
used only for proteins soluble in strongly denaturing
solvent (Croy and Gatehouse 1985) - the Glutelin class.

To adopt the components produced by such solubility schemes under
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the blanket term of seed storage protein would not be wholly
correct. The seed storage proteins mﬁgt ‘also conform to several
definitions (Pernollet and Mosse, 1983); Generélly,‘ these proteins
must supply the source of reduced nitrogen ﬁeededvduring germination
and early seedling growth. Consequently Aguch éomponents must be
observed to be rapidly degraded at the onset of gefmiAation (Boulter,
1982). They accumulate_in a tissue—specific mannef in endosperm or
cotyledon tissue during seed development.‘They are found in relatiVe
aﬁunaancg' to other seed nitrogen compounds - iﬁdeed they may
constitute as much as 70% of seed dfylweight'(ery and Gatehouse,
1985). They are localised in storage organélles célleq protein bodies,
surrounded by a single membrane of tonoplaét or endoplasmic reticular
origin (Pernollet, 1978, Weber and Neumann, 1980) this packaging
affording protection during seed development. Finaliy,'théy usually
show, especially in the case of 1¢gumé and cereal seed storage
proteins, unusual profiles of amino acid composition e.g. in legumes
they are often rich in the amino acids containing more nitrogen atoms
- Aspargine, Glutamine, Arginine and Proline, with a cﬁnsequent lack
of amino acids such as Cysteine, Methionine and Tryptophan (Higgins,
1984} .

Generally the major storage proteins of legumes. and many other
dipots are the globulins, whereas in monocots. they are prolémins and
glﬁtelins (oats being the only exception, having a high globulin
éontent (Higgins, 1984)). The storage globulins are usually present in
the seed és oligomeric molecules, .and separation of constituent

polypeptides after denaturation on SDS-PAGE shows a large degree of
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heterogeneity in terms of size, charge and compoégion. This complexity
is consistent with the large'numbers~of genes thought to code for
these proteins (see section 1.2). An example is pea legumin . or
vicilin, shown to have up to 30 separable polypeptides under
fﬁo—dimensional IEF/SDS-PAGE (Matta ét al., 1981)

:At this point, considering the major difference between the seed
storage genes of cereals and legumeé, those of cereals will not be
discussed fufther here. (Reviews on this topic-see Miflin and Shewry,

1979, Miflin and Shewry, 1981, or Payne and Rhodes, 1982.)

1.2.2 Seed Storage,Protein and Gene Structure of some Legumes

1.2.2.1. Pea, Pisum sativum L.

Pea storage proteins are 'comprised of two main immunoclogically
distinct classes, the 11S, legumin and 7S, vicilin globulins.
Together, these classes contribute up to 7O%Aof seed dry weight (Croy
and Gatehouse, 1985). These proteins are synthesized on membrane bound
polysomes, cytologically kgown as the r§ugﬁ endoplasmic reticulum or
R.E.R. (Bollini and Chrispeels, 1978).AThey are then packaged into the
pfotein bodies.

i) Legumin

Legumin is a hexameric molecule of Mr 360,000 - 400,000,
consisting of 6 sub-unit pairs, each of which consists of a
disulphide-linked acidic ‘( a ) (Mr=38,000) and basic (8) (M-
21,000) polypeptide pair.'Evidence from one and two dimensional gel

electrophoresis has shown the a -polypeptide to exhibit considerable
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heterogeneity in both size.and‘charge; whiie the B -polypeptide oniy
shows major differences inv gharge, it; size showing only minor
variations (Casey, 1979a, 1979b, Croy.et‘al., 1979, Krishna et al.,
'1979f. Based on this, a classification has been developed (Matta et
al., 1981) to describe minor legﬁmin classes with
lérger o polypeptides (big legumin, Mr 41,000 - 42,000), each
associated with specific B polypeptides,. as oppgsea to thg ma jor
legumin polypeptides with a subunits of Mr; 38,000."

Synthesis of the o and B subunits is known to oécur in the form
of a ' 60,000 Mr '.preproprotein precuéorf containing both
the o and B polypeptide chain§ and also é 21 amino acid leader
sequence (Evans et al., 1979, Croy et al., 1980? Lycett.et al., 1984).
The molecule is then éﬁbjécted to éost{translational proteolytic
cleavage and the resulting mature polypepfide chains then associate
via non-covalent bonding to form the mature legumin molecule. Such a
model of precursor-product relationship has now been extended -and
confirmed to operate in the synthesis of all legumin-type storage
" proteins, mainly from the results of pulse-chase experiments
(Chrispeels et al., 1982a, 1982b).

Nucleotide sequence data from legumin cDNAs revealed several
other significant features (Croy et al., 1982, Lycett et al., 1984b ).
Firstly, it was observed that the « pOlypepfide is synthesized before
the B ,as it is encoded in the 5' region of the messenger RNA.
Secondly, the presence of 3 tandem repeats of 18 polar amino acid
residues was revealed in the C terminal regionlof some, but not all

cDNAs. Lastly, the implied amino acid sequence from the data suggested
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a potential cleavage.site for the a and B polypeptide chains adjacent
to the N-terminal amino acid of B , where the sequence Asn-Gly
conforms to the cleavage site found in several other storage proteins
which have an exposed Asn-X bond (Lycett et al, 1984). Indeed a
hydrophilicity profile 6f legumin (a prediction of seéondary structure
baéed on varying degrees of hydrophilicity in the molecule) shows the
Asn-Gly bond possibly lying on the surface of the.molecule, where it
would be accessible to cleavage (Créy andiGétehousef 1985).

A final important feature of pea 1égumin is that it is
non-glycosylated (Croy. et al., 1979), conéiste£t with legumin proteins
in general, which are known to contéip little or no carbohydrate
-(Derbyshire et al., 1976).

Recent studies onvthg legumin gene family involving hybridisation
with two new legumin cDNAs, pCD32 and pCD40 (Domonéy and Casey 1984),
combined with earlier results using a differént‘cDNA pRC 2.2.4., (Croy
et al., 1982) indicate the possible presence of 8 legumin genes in the
haploid bea genome. At least 4 of these genes appear to code for the
major 60,000 Mr polypeptides (Croy et al., 1982), with the others
apparently representing 63,000, 65,000 and 80;000 Mr minor legumin
spécies (Domoney and Casey; 1984). It would be expected that a copy
number greater than eight would be the only'way to account for the
existence of 'small' legumin polypeptides with o subunits of 24-25,000
Mr (see above). |

Nucleotide sequence data from Legumin gene A (Lycett et al.,
1984) shows the presence of all the consensus sequences characteristic

of eukaryotic genes. In relation to the transcription start (34 bp
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upstream from the initiation codon), a TATA béx at —30; a CAAT box at
.-87, and a potential AGGA box at -103. Additionally the data enabled
identification of regions homologous to viral enhancer elements (see
section 1.1.2.2.). At the  3' end of phe.geﬁe are 3 sets of double
overlapping polyadenylation signals. All polyadénylated cDNAs so far
examined have a poly (A) tail 19-20 bp downstream from'the second of .
these signals (Lycett et al., 1984), with é similar Situation also
hav1ng been observed in a soybean lectln gene (Vodkln et al., 1983).

The sequence data also reveals the presence of 3 short introns,
two in the region codihg'fqr the a polypeptide, both of 88 bp, and one
in the B polypeptide codiﬁg'region, of 99 bp? All 3 introns obey the
GT/AG boundary rule (Bre;thnach et al., 1978).

Chromosome mapping studies (Matta and Gatehouse, 1982, Domoney et
~al., 1986) refer to chromésomal locations of the legumin genes, one
being the short arm of cﬁroﬁosome 7, near the r locus, termed Leg-1,
and another {minor) one oﬁ chromosome 1, near the a locus, termed
Lég—2. |

(ii) Vicilin

Unlike the 11S legumin fraétion of pea, the 7vaicilin fraction
is not essentially homogeneous in 'its composition, and evidence
(Derbyshire et al., 1976) suggested it contains more than one major
protein. This was confirmed when a third storage protein, convicilin,
immunologically related to vicilin, was purified from the 7S fraction
using non-dissociating techniques (Croy ét al., 1980).

The mature vicilin molecule has an Mr value of 145,000 - 170,000,
resultihg from the trimerisation of 3 50,000 Mr vicilin polypeptide

subunits (Gatehouse et al., 1981). However, SDS-PAGE analysis shows
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the presénce of a cohplex arréy of constituent polypeptides ranging
from Mr 50,000 to species of 33,000; 19,000, 16,000, 13,500 and
12,500 Mr, along with minor species of 35,000 and 31,000 Mr (Croy et
‘al., 198d b., Chrispeels et al., 1982b).

Pulse-chase studies on the assembly'of_vicilin protein oligomers
(Chrispeels, et al., 1982b), shows thelS0,000 Mr spécies to carry the
‘majority of the rédioactive iabel. Duringiﬁhevchase period, the label
begins to appear in the smaller vicilin pol&éeptides, and has'also now
moved from the R.E.R to the proteip. bodies. A simuitaneoué
disappearance of one of Fhe S0,000 Mr subunits, (47,000) clearly
. suggested a precursor-éroduct relationship. Thus an pverall model of
trimerisaﬁion of 50,000 Mr subuﬁits some §f WHicﬁ a;e then susceptible
to post translational cleavage or 'nicking' whilst still maintaining
overall structﬁral integrity was built up (Gatehouse et al., 1981).
The presence of full size 50,000 Mr subunits in the mature protein was
explained by the lgck Iof sites susceptible to cleavage in such
polypeptides. Later studies on vicilin cDNAs (see below) confirmed
that two potential'cleavgge-sites wére present in some vicilin 50,000

Mr precursors ( _reviewed by _ Boulter, 1984).

Unlike legumin, pea vicilin was found to be glycosylated
(Chrispeels et al., 1982a), ﬁhe process occurring in the lumen of the
R.E.R.FCarbohydrate has been found in thé 50,000, 26,000 and 14,000 Mr
polypeptides.(Badenoch-Jones et al., 1981), and has been attributed as
'causing the difference in size between +the 14000 and 12500 Mr
polypeptides (Davey et al., 1981).

Analysis of vicilin cDNA nucleotideISQquence (Gatehouse et al.,

1982b, 1983, Lycett et al.,1983a) plus its comparison Qith polypeptide
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sequencé data revealed other important featﬁfeé. Firstly, from‘the
sequence of a nearlykfuil iength 47,006 Mr cDNA, the presence of a 15
amino acid residue leader_sequénce was confirmed, which facilitates
tfansport of the nascent polypeptide into the‘lumen of the R.E.R.
(Blobel and Dobberstein, _1975). Secondly,. comparison of predicted
amino acid sequenceé with those produced by_.direct polypeptidg
sequencing implied the dgtermination of potential cleavage sites. by
amino acid sequence specificify, Two sites, a :‘B and B : y have been
identified, and it was suggested that the amino acid sequence
Gly-Lys-Glu-Asn immediately prior to the éite allows proteolysis, with
the presence of Asn apparently cruciél (Gatehousé et al., 1982b,
1983). Serological studies plus comparisonv-of N terminal and cDNA
predicted amino acid éequences has éonfirmed'this theory (Spencer et
al., 1984). A hydrophilicity profile produced from amino acid sequence
predicted from a vicilin cDNA implies these éites lie on polar,

surface regions of the molecule (Croy and Gatehouse, 1985).

These cDNAs contained no 5' flanking sequence and only one

(coding for 50,000 Mr vicilin) contained any 3' flanking sequence and
showed the presence of only 1 polyadenylation signal.

At the outset of this project less was known about the vicilin
gene family than that of legumin. It was thought to consist of at
least 11 genes (Domoney and Casey, 1984), located on 6 different loci
~in the genome, 3 of thése loci, wve-1, vec-2, vc-3, located on
chromosome 7 near the Leg-1 locus (Ellis et.al., 1986). The genes éode
for both 50,000 and 47,000 Mr polypeptides.

Even less is known about convicilin and the gene(s) that code for
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it. Allied to the fact that convicilin is often present in
preparations of vicilin, is the likelihood of 'fhybrid' molecules
composed of vicilin and convicilin polybeptides (Gatehouse et al.,
11981).

The mature convicilin protein has an Mr of 210,000-280,000
consisting of 3 or 4 70,000 Mr subunits (Croy et al., 1980) which.show
1itfle heterogeneity and are not disulphide bopded (Croy et al.,
1980b); A cDNA for convicilin‘has been isolated (ﬁomoney and Casey
1983) and used to show that the mRNA coding for cénvicilin is in a
different (larger) size class to that of yicilin. The chrqmosomal
location Qf the convicilin gene(s) has been mapped fo chromosome 2

close to the k locus (Matta and Gatehouse, 1982).

1.2.2.2 Soybean

The major storage proteins of soybean Glycine max are the
globulins - glycinin (12.2S) and 8 conglycinin(7S). The ratio of
glycinin to B -conglycinin varies according to cultivar, from 3:1 to
1:1 (Nielsen, 1984, Pernollet and Mosse, 1983). Together they
constitute approximately 70% of total seed protein. Glycinin
and 8 -conglycinin can be considered as homologues of legumin and
vicilin of pea respectively, and as such show a similar passage
through the cell, with synthesis on membrane bound polysomes and
eventual storage in cotyledon protein bodies (Barton et al., 1982,
Sengupta et al., 1981).

(i) Glycinin

Mature glycinin has an Mr value of 360,000, and is a hexamer of

60,000 Mr subunits. Each subunit consists of an acidic (A or o )
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polypeptide, Mr 37,000, disulphide bonded to a Dbasic (8
or B )polypeptide, Mr 22,000 (Catsimpoolas et al., 1971). There are 5
major different subunit groups, showing compositional polymorphism
- (Kitamura et al., 1980). The polypeptides show extensive size and
chér‘ge heterogeneity, with at least 6A and 5B having been separated
and purified (Moreira et al., 1979). Consistent with the system of
precursor-product found in other legumins (Bassuner et al., 1983,
Brinegar and Peterson, 1982, Croy et al., 1980), tl'}e pairing of A and
B subunit polypeptides has been shown to be non-random, implying a
precursor containing both polypeptides is initially produced and is
then subject to post translational cleavaée in the protein bodies
(Staswick et al., 1981, Turner et al., 1981).

Strong evidence for the presence of a leader sequence has been
obtained by comparing the size of glycinin subunits obtained by in
vitro translation of messenger RNA in both wheat germ translation
systems (Barton et al., 1982) and rabbit reticulocytes (Turner et al.,
1981), with those subunits produced in vitro , which proved to be
smaller. It seems likely that this is due to a post translational
cleavage of signal peptide in vivo . Subsequenf analysis of glycinin
cDNAs suggest leaders of 19-24 amino acids (Negoro et al., 1985,
Fukazawa et al., 1985). This data also showed the presence of a 4
amino acid linker between the A and B polypeptides at Ly52,78 and
Arg279, suggesting a similar cleavage site to that of the C peptide in
proinsulin (Docherty et al., 1982).

Comparison of the amino acid sequences (predicted from cDNA
sequence data and also directly obtained by protein sequencing) shows

close homology between the N terminal sequences of the glycinin B
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poiypeptidé and the corresponding Vieza -faba legumin subunit
polypeptide (Gilroy et al., 1979) and also the N-terminal sequences of
glycinin A and pea legumin a (Casey et al.,1981).

A final interesting point has been noted that regions of internal
homology within the glycinin a subunit might reflect an analogous
situation to the repetitive block structﬁre of the cereal prolamins
(Moreira et al., 1981)._

Reports of the number of genes in the' glycinin gene family
‘suggest a figure of 4 (Moreira et al;, 1981) or possibly 5 (Fischer
and Goldberg, 1982). As with pea legumin, the genes appear to encode
both A and BApolypeptidés with A being ﬁroduced from the 5' end of the
gene (Neilsen, 1984).

Nucleotide sequence from a glycinin genomic clone corresponding
to the primary structure of the A2 B1a pélypeptide (Thanh et al.,
1984), together with S1 mapping data, show the transcription start at
43 bases upstream from the ATG initiator codon, with a TATA box at
-25, and a CAAT box at -115. At the 3' end of the gene there appear to

be 3 potential polyadenylation'signals, with the poly(A) tail in AZBla

message starting 15-17 bases after the last of these signals. The gene
also contains 3 introns of 238, 292 and 624 bp respectively. Although
these are larger than those of legumin ‘in pea, their positions
cbrrespond (Lycett et al., 1984). The intron/exon boundaries conform to
the GI/AG rule (Breathnach et al., 1978).

Little is known of the chromosomal location of these genes, apart
from some evidence that they do not appear to be closely linked to
each other, aﬁd that, suprisingly some may be linked to leaf tissue -

specific genes (Fischer and Goldberg, 1982).
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ii B conglycinin

In soybean there are three immunologically distinct
conglycinins; « conglycininQa 2S monomer, y conglycinin - a minor
component of the 7S globulin fraction and B conglycinin (also known as
soybean vicilin) - the major 7S globulin (Catsimpoolas and Ekenstam,
1969).

s conglycinin, like pea vicilin, is glycosylated at an average
leve} of 5% (Thanh and Shibasaki, 1977), and, altﬁough antigenically
unrelated, it bears a close resemblance to viciliﬁ proteins of other
legﬁmés (Derbyshire et.al., 1976).

It has an Mr value ranging from 140,000 to 210,000 and is a
trimeric molecule composed of 3 subunits;_é -Mr 54,000-76,000, a’/-Mr
54,000-86,000 and B -Mr 40,500—53,000. All 3 are acidic and have very
similar émino acid composition (indeed all are devoid of cysteine).
The 8 conglyéinin subunits appear to undergo a very complex process of
co- and posf—translational hodification. Léader sequences are cleaved
" cotranslationally by the endoplasmic reticulum (Sengupta et al.,
1981). The B subunit is synthesised later in development
than a and a ' (Gayler and Sykes, 1981) and all 3 undergo complicated
processes'of glycosylation and cleavage which will not be considered
further here.

cDNAs from genes coding for the a and a ' subunits have been
isolated (Schuler et al., 1982ab) but as yet, none corresponding to
the 8 subunit have been found. In all, 19 cDNAs were isolated, and on
the basis of their nucleotide sequence were clearly segregated into

two groups representing the a and a ' polypeptides. The two classes of



33

sequences differed by only 6% in their nucleotide sequence, and as
such represent two closely related multigene families (Schuler et al.,
1982). This report also presented partial DNA sequence from a genomic
clope representing an a ' subunit gene. No 5' sequence was present,
but the data did show the presén&e of 4 small introns (as opposed to
- 1-2 predicted by R-loop mapping, Fischer and Goldberg, 1982) of 85,
115; 132 and 40 bp, whose borders conform to. the intron/exon boundary
’;ule (Breathnach et ai., 1978). Also the presence of only 1 double
oVeflapping polyadenylation signal was revéaled{ which appears to lie
in region of potential secondary structure, with the poly(A) tail
attéched'29—32 bases downstream from here in most of the cDNAs (one
exception being a poly(A) . tail only 17 bases downstream in
one o subunit cDNA).

Gene copy number studies are complicated by the subunits of
mature B conglycinin being encoded by sebarate multigene families. An
overall estimate Aof 5 copiés of 7S subunit genes has been made
(Goldberg " et al., 1981) using probes common to all 3 subunits.
Isélation of 3 different genomic clones (Goldberg et al., 1983a) each
containing 2 separate B8 conglycinin‘genes demonstrates. the clustering
of the genes in these multigene families, but no further evidence on
- chromosomal location or arrangement ﬁas beeﬁ reported other than that

the genes are present-on at least 3 different loci (Davies, 1985).

1.2.2.3 Frenchbean . ot ‘
French bean ( Phaseolus vulgaris ), unlike‘pea and soybean, has

only one major seed storage protein, phaseolin, a 7S globulin. It
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accounts for up to 50% of. the protein iﬁ méturg seeds (Ma and Bliss,
1978) and has an Mr value of 140;000—160,600.Mr (Derbyshire et al.,
1976). One dimensional SDS~-PAGE reveals the presénce of 3‘distinct
‘polypeptide subunits - a (51—53,000' Mr), B (47—48,QOO Mr) and.Y
(43—46,000 Mr) (Hall et alf, 1977, Brown et al., 198la, 1981b), and
evidence has been presented (Pusztai and Stewart, 1980), that these
subunits are arranged in tfimeric form, - which, along with 3 - 5%
glycosylation (Hall et al., 1978) constitute the phaéeolin molecule.

Phaseolin subunits are synthesized oh membrane bound polysomes
(Bollini and Chrispeels, 1978) and haYe'leader sequences which are
cotranslationally removed by the E.R. (Bollini et al., 1983) allowing
fhe polypeptides to be sequestered into the lumen (Baumgartner et al.,
1980). A system of glydosylation and proteolytic processing analogous
to that occurring in B -conglycinin (Senggpta et- alf, 1981) then
appears to occur (Bollini et al;, 1983). |

TQo dimensional electrophoresis of phaseolin resolves 5
-pqupebtides, indicating both size and charge heterogeneity in the
'<phaseoiin protein pool (Brown et al., 198la). However, peptide mapping
of these phaseolin proteins after proteolytic and chemical cleavage
implies that they are all:highly homologous (Ma et al., 1980, Bollini
land Vitale, 1981), strongly suggesting that they are encoded by a
multigene family. Since then, a figure of 7 genes per haploid genome
has been reported (Talbot et al., 1984). In the developing cotyledon,
phaseolin polypeptides have been found to be encoded in a 165 mRNA
species representing approx. 40% of total poly(A) RNA (Hall et al.,

1980, Murray and Kennard, 1984). cDNA clones complementary to this
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messenger RNA have been isolated Aand their ﬁucleotide sequence
determined (Slightom et al., 1985), demonstrating that the phaseolin
polypeptides ére encoded by two distinct phéseolin gene subfamilies,
termeq a and B8 phaseolin, with a phaseoliﬁ polypeptides benéoded by
genes containing dirgqt repeats coding 'fbr an édditional 14 amino
acids. Apart from this, the two gene sﬁbfaﬁilies show 98% homology.

Sequence analysis of a B -type phaseolin génomic clone (Hall et
al., 1983) indicates the presence of 5 small iﬁtrons,' which all
conform to the intron/exbﬁ boundary pulé (Breéthnacﬂ et al., 1978).
Interestingly this data also reveals'the,bresence §f g'possible TATA
boxeskand 2 CAAT boxes (possibly analogous to a.double promotof system
found in zein proteins of maize (Langridge/and Feix; 1983)), and these
are believed to be responsiblé for the'gﬁmerqus cap sites foﬁnd in
phaseolin mRNAs (Slightém et al., 1985)

Genetic analysis of’P.vulgaris cultivars which exhibit different
two—dimensional PAGE protein patterns show no recombinant protein
phenotypes, suggesting a close linking of the genes (Brown et al.,
1981b), however at the molecular level, distance between these genes

could be considerable (Sun et al., 1981, Talbot et al., 1984).

1.2.2.4 Broad bean

A brief mention will be made here of the storage proteins of the
broad bean ( Vicia faba ), since although reference is made later in
the text, little documentea informafion has been published on this

subject.

Vieia faba var. minor possesses two sub-families of 115 legumin
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genes, termed A and B. The'ﬁajor subunits of tﬁevV;fhba legumin, A and
B, were initially distinguished according to the presence (A-type) or
absence (B-type) of Methionine; and ;ubéequeﬁt to this, amino acid
analysis} sequence determination and peptide mapping (Horstmann,
1983); Finally at the.DNA level, hybridiéatioh_stddies and especially
cDNA sequence data confirmed that V.faba did indeed possess a legumin
multigene family, subdivided into A aqd B subfamilies (Wobus et al.,
1986). |

Such an occurence of two gene subfamiiiesAfor légumé 11S storage
~proteins is also found in soybean (Neilsen, 1984, Scallon et al.,
1985) and pea (Wobus et al., 1986).

A genomié clone, representing a B-type V.fbba‘leguﬁin has been
isolated (Baumlein et al., 1986), and nucleotide sequence data from
this shows in the 5' flanking sequencé, a cap site which appears
conserved in location and sequence between several other plant gehes
kVodkin et al., 1983,lMes§ing et al., 1983).l30 Bp upstream from here
is a TATA box. At the 3' end of the gene are 3 putative
polyadenyiation signals, with a poly(A) tail 23 nucleotides downstream
from the 3rd of these elements found in a cDNA clone pVfc 70.

In the coding sequence, this data gave evidence of a 21 amino
acid residue signal peptide, and the presence of two short introns of
95 and 100 bp. Theée were designated iptrons 2 and 3, as they exactly
occupy the positions of introns 2 and 3 in the A-type legumin genes of
soybeanvand pea (see sections 1.2.2.1, and }.2.2.2) Each intron obeys

the normal intron/exon boundary rule (Breathnadket al., 1978).
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1.3 Aims and Objectives of the Project

Tn order to further the knowledge of pea seed storage protein
gene structure and regulatibn, selected'genomiq clones coding for
legumin and vicilin were fuliy characterised, and their nucleotide
séquence determined. Subsequent to this, cbmpafisons of the sequence
of 11S and 7S genes of main legume species'wére hopgd to show areas of
sequence important to gene regplation, intég#;ty and tertiary
structure. | o

Additionally, it was intended  that nﬁcléofide sequence data
determined in the project qombined' wifhv any .éuch data already
~>determined on légume seéd storage prbteiﬁs,. migﬁt be used to

establish, in the most appropriate way! thé‘evolutionéry pathway in
which the current multigene families -fér' épgh proteins, have
developed.

Finally, as a pértial augmentation: of fhese potential
. evolutionary findings, it was hoped by using material from ancient or

primitive pea lines, the pattern of'deQelopment of multigene families
would be elucidated, along with any relétiohship between storage
protein gene copy nﬁmber and the leve{s of storage protein deposition

in legume seed cotyledons.

St
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CHAPTER 2 : MATERIALS AND METHODS |
|
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2.1 Materials

2.1.1 Biological and Chemical Reagents

All reagents, with the exception of those noted below, were
obtained from BDH Chemicals Ltd., Poole, Doreset, U.K., and were
either of analytical grade or the best available.

Acridine Orange, Ampicillin, Adenosine triphosphate (ATP), Bovine
Serum Albumen (BSA), Dithiothreitol (DTT), Ethidium Bromide (Et Br)
Glyoxal, Herring Sperm DNA, I PTG, Laﬁroyl Sarcosine, Lysozyme,
N,N'-Methylene-bis-Acrylamide, PolyvinylApyfrolidone (PVP), Pronase P,
RNAase A, Spermidine, and t-RNA were from Sigma Chemical Co., Poole,
Dorset, U.K.

Boric Acid, Caesium Chloride, Sodium Chloride and Sodium.
Dihydrogen Orthophosphate were from Koch-Light Ltd., Haverhill,
suffolk, U.K.

Ficoll 400, Klenow fragment, M13 17-mer primer, Sephadex G-50 and
T4 DNA Ligase were from Pharmacia Fine Chemicals, Uppsala, Sweden.

Nitrocellulose filters (BA 85, 0.45 um) were from Schleicher and
Schull, Anderman and Co. Ltd., Kingston-upon-Thames, Surrey, UK.

Whatman 3MM paper and 2.5cm GFC Discs were from Whatman Ltd.,
Maidstone, Kent, UK.

Bacto-Agar, Bacto-tryptone and Bacto-Yeast Extract were from
Difco Laboratories, Detroit, Michigan, USA.

BBL-Trypticase Peptone was from Becton Dickinson and Co.,

Cockeysville, Maryland, USA.

Restriction enzymes were obtained from Bethesda Research
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Laboratories (BRL), Bethesda, Maryland, USA, Northumbria Biochemicals

Ltd., (NBL), Cramlington, Northumberland, UK, Pharmacia Fine Chemicals

and the Boehringer Corporation (London) Ltd., Lewes, East Sussex, UK.
Alkaline Phosphatase, Polynucleotide Kinase, Tris (hydroxymethyl)

¢

aminomethane (Tris), and Xgal were from The Boehringer Corporation
(London)} Ltd.

Agarose and Low Melting Point (LMP) Agarose were from BRL.

DNA Sequencing Kits (N 4502), Nick translation kits (N 5000) and
Radionucleotides were from Amersham International plec., Amersham,
Bucks, UK.

Gel bond was from ICN Biomedicals Ltd., High Wycombe, Bucks, UK.

Leaf Genomic DNA from Piswm sativum L var. Feltham First and Poly
A+ Cotyledon RNA were gifts from Dr. J.A. Gatehouse and D. Bown.

Plasmids and £ NM258 were supplied by Dr. R. Croy from communal
departmental stocks.

All solutions (except those containing SDS, and those used as
elegtrophoresis or Southern and Northern blotting buffers) were
sterilised by autoclaving. |

2.1.2 Growth of Biological Material

Seeds were germinated on daﬁp tissue papef for 3-4 days, in
darkness, at room temperature. After this time they were planted in
15cm pots filled with Levington Potting Compost. Watering was at 3 day
intervals, and the plants grown to maturity under greenhouse

conditions. Leaf material was harvested and stored in silver foil at

-80°C.




41

2.1.3 Growth Media for Bacteria and Bacteriophage

Table 1 presents a list of the nutrient composition of the

various media used.

TABLE 1 COMPOSITION OF GROWTH MEDIA
Medium Nutrient Composition (per litre)
YT Broth 8g Trypticase-peptone

5g Yeast extract

5g Na Cl
2xYT Broth 16g Trypticase-peptone

10g Yeast extract

5g Na Cl
YT Agar As YT Broth, plus 25g Bacto-agar
YT Top layer Agar As YT Broth, plus 7.5g Bacto-agar
YT/Amp/Xgal =~ As YT Agar,plus 50 ug/ml

Ampicillin and 40 ug/ml Xgal

2.1.4 Bacterial Strains and plasmid and bacteriophage vectors

Bacterial strains were derivatives of E.coli K12. Table 2 lists
these strains, plus plasmid and phage vectors, with sources or

references accompanying each one.
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E. Coli Strains, Plasmids and Bacteriophage

Bacterial strains

JM 83

JM 101

Plasmids
pDUB 2

pDUB9
pDUB21
pDUB24

pucs

pBR322

Bacteriphages
M13 mp8
M13 mp9

M13 mpl8

M13 mpl9

Key: ApR =

R
ampicillin resistance, Te =

Genotype :
ara, 4 (lac-proA,B,),

rpsL(=strA) ¢ 80,lacZ
A M15

SupE,thi, 4 (lac proA
/F' traD36,proA,B,laql

A M15

ApR Vic 50K(in pBR322)
Vic 50K " "
Leg A (in pUC 8)
Leg A nonon

ApR lacZ

ApR TcR

Multiple cloning site

vic 50K = 50K vicilin cDNA

Legh =

Legumin Gene A

B)
%

Ref. or source
Bethesda Research
Laboratories (B.R.L)

Yanisch-Peron et al,
1985 or B.R.L.

Croy et.al, 1982
Lycett et.al, 1983a.
Delauney 1984

Lycett et al 1984
Lycett et al 1984
Messing

Vieira and

1982

Bolivar et al 1977

Messing 1983

Yanisch-Peron et al
1985

tetracycline resistance

. For genomic clones used see Results, Section 3
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Methods Section

2.2 Glass and Plasticware

A1l glass and plasticware was thoroughly washed in Teepol
solutibn, rinsed once in tap water and a further 3 times in distilled
water, before use. Aﬁy vessels coming into contact with DNA or RNA
were siliconised with Repelcote (2% Dimethyldichlorosilane in 1.1.1.
TriChloroefhane) rinsea once with distilled water, and then
autoclaved. All Eppendérf tubes were also siliconised and autoclaved

prior to use.

2.3 Phenol Extraction and Ethanol Precipitation of DNA

Extraction of protein (including modifying enzymes), removal of
metal ions and precipitation of DNA in large volumes of solution was
achieved by Phenol Extraction and Ethanol precipitation.

2.3.1 Phenol Extraction

Firstly, either water or TE buffer (10mm Tris, lmm EDTA, adjusted
to pH8.0 with HCl) was added to ensure a minimum sample wvolume of
200ul. An equal volume of Phenol (saturated with TE buffer) + 0.1%
Hydroxyquinoline (preventing the oxidation of Phenol in 4°C storage)
was added, the sample vortex mixed and then spun at 12,000g. The
'aqueous phase was then re-extracted in the same way in a fresh tube.

The original phenolic phase was then mixed with an equal volume of TE
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buffer and after vortexing and centrifugation, the two resulting
aqueous phases combined in a fresh tube. An equal volume of
ChQroform/Isoamylalcohol (24:1) was then added to this combined
aqueous phase followed by vortexing, and a brief centrifugation step
to separate phases. This step was then repeéted to ensure the complete
removal . of any phenol. The final aqueous phase could now be
precipitated with Ethanol.

2.3.2 Ethanol Precipitation

A 1/10th volume of 3M Sodium Acetate, pH5.2 (with Acetic Acid)
was added to the sample énd mixed, followed by .the addition of 2
volumes of -20°C 100% Ethanol for a minimum of 1 hour. The DNA was
then pelleted by spinning at 12,000g for. 10 mins, the ethanol
discarded, and thé DNA sample washed with -20°C 80% Ethanol (each wash
being followed by spinning for 7 mins at 12,000 g after Qortex
mixing). Finally, the Ethanol was drained off, and the sample dried
under vacuum for 10 minutes (with perforated Neséofilm stretched over
the sample vessel). The resulting DNA pellet was then ready for

resuspension.

2.4 Use of DNA Modifying Enzymes

2.4.1 Restriction Endonucleases

2.4.1.1 Plasmid DNA

The unit definition for any restriction endonuclease enzyme 1is
that 1 unit will digest 1 ug of DNA to completion in 1 hour.

Generally, a 2-3 times unit excess was used over a 2 hour incubation
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period to digest DNA of plasmid origin. Digests were always performed
in a volume at least 10 times that of the enzyme volume used (this
ensures adequate dilution of otherwise inhibitory glycerol present in
the enzyme solution) and under the buffer conditions recommended for
the particular enzyme by its jmanufacturer. Where necessary RNase
(previously boiled for 10 minutes to destroy nucleases) was included
in the digest to a final concentratién of 1ug/ulf | |

2.4.1.2 Genomic DNA |

For Genomic DNA, an enzyme excess of at 1east'5 times was used,
over a digestion period of 3 hours, with the addition of nuclease free
BSA to a final concentration of 0.lug/ul.

2.4.2 14 DNA Ligase

Ligation of DNA fragments was performed in buffer concentrations
of 0.6mM ATP, 0.066M Tris/HCI pH7.5, 0.01mM MgClz,
0.01mM B -Mercaptoethanol with 1 unit of T4 DNA ligase (Weiss et al.,
1968), usually in a final reaction volume éf iO ul. Incubation was for
either 2 hours at room temperature, or .overnight at 15°C. Such
conditions proved suitable for'ligation.of both 'sticky' and 'blunt'
ended DNA fragments.

2.4.3 Alkaline Phosphatase

5'-dephosphorylation wusing Calf Intestinal Phosphatase was
performed in buffer conditions of 50 mM Tris/HC1 pH 9.0, 1mM Mg012,0.1

mM ZnCl 1mM Spermidine. 5'-dephosphorylation of 5' overhanging ends

2’
was carried out over 1 hour at 37°C, using an enzyme concentration of
0.2 units/ug. For blunt ended molecules, an incubation of 15 minutes

at 37° was followed by one at 56°C for the same period, after which a

second aliquot of enzyme was then added and these incubation steps

repeated.
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2.5 Agarose Gel Electrophoresis

2.5.1 Agarose Gels

Agarose gels of varying percentages (see Maniatis et al., 1982
for details) were used to separate, idehtify and isolate DNA
fragments. Agarose was'dissolved by boiling in 200 mls of Tris/Acetate
EDTA buffer (0.04 M Tris/Acetate, 0.001M EDTA, pH7.7 with glacial
acetic acid). Et Br was added to a final concentration of 1lug/ml, and
tﬁe gel cast in a 150 x 185 mm perspex sufround with suspended well
former attached to a polished glass_plate with silicone grease. Once
set, the surround and well former was removed, and the gel placed in a
hofizontal submarine electrophorisis tank, which was then flooded with
2.1 litres of Tris/Acetate EDTA buffer plus lug/ml Et Br. Samples were
mixed with % vol. Agarose beads (31.25% Glycerol, 10mM Tris/Mcl pH8.0,
0.0iM EDTA pH8.0, 0.02% Agarose, plus 0.01% Brgmophenol Blue or Fast
Orange G - Autoclaved and then extruded through a fine needle several
times to prevent setting) and loaded into the wells. Electrophoresis,

in the direction of the positive terminus, was either for 4 hours at

100-120 V, or overnight at 35V.

2.5.2 Minigels

50 mls of gel solution (0.5-0.8% Agarose, TBE buffer - 0.089M
Tris, 0.089M Boric Acid, 0.025M EDTA, plus 4ug/ml EtBr) was cast in a
Minigel Apparatus (Cambridge Uniscience). 50 mls of TBE buffer plus

4ug/ml Et Br was then added, samples loaded as in section 2.5.1, and

electrophoresis performed at 60 mA for 1 hour.

[y
i




47

2.5.3 LMP Agarose gels

LMP-Low Melting Point - Agarose gels were.cast in a 50 x 185 mm
perspex surround. Usually 60 mls of gel solution (0.8% LMP Agarose,
0.04 M Tris acetate, 0.001M EDTA, pH7.7 plus lug/ml Et Br) was used.
Sample loading and electrophoresis were as detailed in section 2.5.1.

2.5.4 Visualisation and Photography of DNA in Gels

Once electrophoresis wés completed, gelé wére tfansferred onto a
U.V. transilluminator, A 254 nm, for DNA visualisation. Where
nécessary, photographs were taken with a Poléroid Land camera, using
3,000 ASA Type 667 Polaroid film, at f16 for 5 seconds, through an
orange filter.

2.5.5 Glyoxal RNA Gels

The method used was that of McMaster, 1977; Firstly, RNA samples
were glyoxylated by combining, in the following order, in a 0.75 ml
Eppendorf tube, 25 ul of redistilled Dimethyl Sulphoxide (DMSO), 2.5
ul of 0.2M Sodium Phosphate buffer (pH‘7.0), 30% glyoxal (deionized
with Amberlite resin for 1 hour under Nitrbgen) and finally the RNA
sample in 15.3 ul water. Incubation followed for 1 hour at 50°C.

Next, a 1.5% High Gelling Temperafure (HGT) Agarose gel was
prepared in 120 mls of 10 mM Sodium Phosphate Buffer, pH 6.8. The gel
was cast on the hydrophilic side of a sheet of Gel bond (FMC
corporation) cut to fit inside an electrophoresis tank. An adjustable
well former was used to ensure deep wells.

To run the gel, a sﬁbmarine electrophoresis tank with no legs was
placed on two magnetic stirrers on a levelling table. The gel was

placed in the tank, two glass rods placed along its sides to prevent
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curling of the Gelbond, and the tank flooded "with 10 mM Sodium
Phosphate Buffer, pH 6.8. Agarose beads (Section 2.5.1) made up in
running buffer were added to the samples before loading. A peristéltic
pump was then set up to circulate the buffer during electrophoresis,
which was carried out at 120V for 3 hours with slow stirring.

Once run, the gel was stained in freshly prepared Acridine'Orange
(30 mg per litre of running buffer) for 15 minutes in the dark at 4°C,
and then destained for 1 hour in running buffer wifh gentle shaking.

Visualisation and thtography of RNA was then as in section 2.5.4.

2.6 Isolation of DNA from Agarose Gel

The following methods were routinely used and proved successful.

2.6.1 Glass Fibre Disc (Chen & Thomas, 1980)

The band of DNA was excised from the gel, placed in a preweighed
Corex tube, and reweighed. 2 volumes of 8M Sodium Perchlorate were
added, followed by vortex mixing until the gel slice had dissolved.

A 6mm Whatman GFC Glass Fibre disc was then placed on 2 layers of
Whatman 3MM paper, 4 layers of absorbent blue paper towel and 1 nappy
liner. The dissolved sample was then applied to the GFC disc, drop by
drop in aliquots of 20ul, ensuring complete absorption of each drop
before application of the next. Once all the sample had been applied,
the disc was then washed, in exactly the same way with 3 volumes of 6M
Sodium Perchlorate followed by 3 volumes of 100% Ethanol. The disc was

then air dried, placed in a 0.75 ml Eppendorf tube, thoroughly mixed
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with 30ul of sterile water, and then incubated for 1 hour at 37° c,
allowing the DNA to elute. Finally, a small hole was made in the base
of the Eppendorf tube (with a fine gauge syringe needle), and the tube
then placed in a large, 1.5 ml Eppendorf tube, and centrifuged for 5
minutes at top speed in a MSE Microcentaur. The resulting DNA solution
pfoved suitable for restriction, ligation and radiolabelling by 'nick
translation' (Sections 2.7.1)

2.6.2 LMP Agarose

In this case, the DNA sample was run on LMP Agarose gel, and
after excising, weighing énd incubating the gel slice at 65°C for 5
minutes, it was then vortex mixed with 2 volumes of extraction buffer
(0.5 mM EDTA, 50 mM Tris/HC1 pH8.0) and placed at 37°C for 10 minutes.
Agarose was then removed by twice extracting with Phenol, and twice
with Chloroform/Iscamyl alcohol (24:1) (section 2.3.1.). The DNA was
then Ethanol precipitated (section 2.3.2}. DNA isolated this way
proved less suitable for 'nick translation' (section 2.7.1).

2.6.3 The 'Freeze Squeeze' technique

From the method of Tautz and Renz, 1983, and suitable for use
with ordinary agarose gels.

The DNA gel slice was equilibrated with approx 1 ml of 0.3M
Sodium Acetate (pH 4.8), 0.01M EDTA for 15 minutes, and then blotted
dry on Whatman 3MM paper. A 0.75 ml Eppendorf tube was plugged with
sterile siliconised glass wool, the gel slice introduced and the tube
placed at -80°C for 20 minutes. Following this, the base of the tube
was pierced with a fine gauge needle, and then inside a 1.5 ml

Eppendorf, spun for 15 minute at top speed (MSE Microcentaur). The
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solution thus collected was first mixed with approx 1/20th vol. 1M

MgCl 10% Acetic Acid, 1/5th vol. 3M Sodium Acetate pH 4.8 and

57
precipitated with 3 vols -20°C 100% Ethanol for 1 hour at -20°C. After
a 7 minute spin (again top speed, MSE Microcentaur), the pellet was
dried off, Phenol extracted (Section 2.3.1.) ‘and Ethanol precipitated
(section 2.3.2). With this method being quick to carry out, give good
yields, and provide DNA suitable for all further experiments, it was
the one most commonly used.

2.7 & 32 PdCTP Labelling of DNA

2.7.1 Nick Translation of Double Stranded DNA

The protocol used was as detailed in the Amersham Nick
Translation Kit Booklet (P1/141/84/2) for labelling to a specific
activity of 1 x 1O8 c.p.m. per .ug of DNA. However, only 0.1 - 0.2 ug
DNA were used, and the final reaction volume was reduced to 50 ul.
Reagent volumes were reduced accordingly usually with 50 uCi of
a 32PdCTP. Incubation was for 2 hours at 15°C, and the reaction
stopped by the addition of SDS to a final concentration of 1%.

Separation of labelled DNA from unincorporated ao 32PdCTP was
achieved on a 20 cm (approx. 7.7 mls vol) column of Sephadex G-50.
Approx lg of Sephadex G-50 was swollen overnight in column buffer (150
mM NaCl, 50mM Tris/HCl pH7.5, 10mM EDTA, 0.1% SDS), and then packed
onto the column (plugged at its base with éterile siliconised glass
wool). Approx. 0.4 ml fractibns were collected in 1.5 ml Eppendorf

tubes, and a 1 ul aliquot of each was then taken for scintillation
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counting (Section 2.7.5) to identify the fractions containing the
labelled DNA, and also for calculation of the specific activity of the
probe. DNA labelled this way was routinely of a high enough specific

activity to probe both genomic and plasmid DNA blots (section 2.8.1)

2.7.2 Labelling Single Stranded Linear DNA By The 'Polymeraid'
.Method

The Polymeraid labelling kit (P o« S biochemicals) was used on
very small amounts of single stranded 1inea; DNA (approx~25 ng). Using
a a 32PdCTP, specific activities greater than 1 x 108 cpm/ug were
routinely obtained. |

The method used was exactly as outlined on the protocol sheet
accompanying the kit.

After running the sample oh an LMP Agarose gel, the required band
was excised with the minimum amount of extraneous agarose. The gel
slice was then placed in a preweighed 0.75 ml Eppendorf tube and
sterile HZO added in the ratio 1.5 ml per gfam of agarose. The
concentration of DNA was then estimated in ng/ul (thelgel slice must
pe sufficiently small so as this figure does not exceed 1.85 ng/ul, or
25 ng in 13.5 ul - see later), and the sample placed in a boiling
water bath for 7 minutes to melt the agarose and denature the DNA.
Following this, it was transferred to a 37° water bath for a minimum
of 10 minutes. The labelling reaction was then performed in a new 0.75
ml Eppendorf tube by adding 5 ul Polymeraid—RHTM reaction mix, 2 ul
Polymeraid—RHTM Klenow fragment, 25 ng (to'a maximum of 13.5 ul) of
DNA/Agarose mixture, 25 uCi (2.5ul) a 32P-dCTP (@3000 Ci/mmole), 2 ul

Nuclease free BSA and H20 to give a total reaction volume of 25 ul.
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Incubafion followed, usually overnight, at room temperature and the
reaction was terminated by the additioh of 10 ul of Reaction
Termination Buffer plus 90 ul of H20 or Column buffer (section 2.7.1).
Unincorporated radionucleotide was removed ‘as in section 2.7.1 - i.e.
Sephadex G-50 Column Chromatography.

2.7.3 Labelling Single Stranded M13 with a 32PdCTP

The method used is essentially that of Hu and Messing (1982),
enabling the preparation of probes from single stranded (s.s.) Mi3
subclones, subsequently for use in séreening other M13 subclones on a
hyﬁridot filter (sectipn 2.8.3)

Typically, in a 0.75 ml Eppendorf tube, 100 ng of S.S. M13
subclone DNA and 7 ng M13 lébelling primer were annealed in buffer
gonditions of 10 mM Tris/HCl pH7.5, 6mM MgCL2,60mM NaCl, 10 mM DTT,
for 15 minutes at 65°C followed by gentle cooling to room temperature.
Next dGTP, dATP, and dTTP were added to a final éoncentration of 50uM,
along with 10uCi « 32PdCTP (@ 10uCi/ul) and 4.5 units of Klenow
fragment from DNA polymerase 1. The reaction was performed at 15°C for
90 minutes and terminated by adding EDTA (pH 8.3) to a final
concentration of 25 mM.

Specific activity of the probe was determined by TCA
precipitation (section 2.7.4) on a 1 ul aliquot of the sample, and was

usually 1 x 106 c.p.m./ug or greater.

2.7.4 TCA Precipitation of a 32PdCTP Labelled DNA

This was confined to use on s.s. M13 probes which had not been
subjected to Sephadex G-50 column chromatography. Labelled DNA was

precipitated on ice with 10% TCA and collected on cellulose acetate
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discs over a vacuum. After washing with 10% TCA and Ethanol, the discs
were dried in an B0° vacuum oven bridr to scintillation counting.

2.7.5 Scintillation Counting of Labelled DNA

This was performed on a Packard Prias Tricarb Scintillation
Counter, model PL/PLD. Using white plastic scintillation vials with
screw on caps, non-TCA precipitated liquid samples were counted in 5
mls of Liquiscint, while cellulose acetate discs contging TCA

'

precipated samples were mixed with 5  mls POPOP (300 mg/l
. Di- " MDCAC)

l,47?(5—phenyloxazolyDbenzéne lﬁn&or to counting. All sample vials

were wiped with damp tissue to destroy interferénce from static

electricity. Counting was usually over a 'l minute interval, with the

machine giving a 90% reading efficiency for a 32PdCTP.

2.8 Hybridisation of Probes to Nitrocellulose Filter

2.8.1 Southern Blotting

The method used was essentially that of Southern, 1975.

2.8.1.1 Transfer of DNA from Agarose Gel to Nitrocellulose Filter

The gel was placed in a glass dish and incubated at room
temperature, with gentle shaking, for 1 hour in 2 changes of
Denaturing solution (1.5 M NaCl, 0.5 M NaOH, 1mM EDTA) and then for 1%
- 2 hours in 3 changes of Neutralising solutibn (3 M NaCl, 0.5M Tris,
imM EDTA, pH7.0 with HC1)

A deep sided plastic tray (approx 35 x 25 x 5 cms) was partially
filled with 20 x SSC (3M NaCl, 0.3M Tri-Sodium Citrate, pH 7.0 with

HC1l) and a 'wick' of Whatman 3MM paper cut to size was suspended over
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the tank using a long glaés plate. Once the wick was thoroughly soaked
in 20 x SSC, the gel'was gehtly slid into position on the wick (a
small . corner was removed from the gel' to allow orientation). A
hiﬁrocellulose membrane filter, soaked for 2 minutesA in distilled
water, and then 20 minutes in 20 x SSC, was then carefully laid over
the ggl avoiding the appearance of bubbles beneath the filter. 6
filter size pieces of Whatman 3 mm paper and 2 néppyliners cut in half
were then placed over the filter, and vaered with a clean glass
plate. Finally a 5 litre flask containing approx. 1 litre of water was
positioned centrally on the glgss plate, and .the apparatus 1left
évernight. Next day, after dismantling the apparatus, the wells and
outline of the gel were traced on thg.filter, which was then baked for
2 hours at 80°C in a vacuuh oven between two sheets of Whatman 3 MM

paper.

2.8.1.2 Hybridisation of DNA Probe to the Nitrocellulose Filter

Firstly, the filter was prehybridised in 5 x SSC (section
_ 2.8.1.1), 5 x Denhardt's solution (0.02% Ficoll, 0.02%
Polyvinylpyrrolidone, 0.02% BSA) and 200 ug/ml herring sperm DNA,
using 100 mls of this solution per whole filter, for 1 hour at 65°C in
a sealed plastic bag placed in a flat based plastic container on a
shaking water bath. |

Hybridisation was carried out in a similar fashion, using 50 ml
per whole filter of the following solution; 5 x SSC,2 x Denhardt's
solution, 100 ug/ml herring sperm DNA plus the appropriate amount of
probe solution (usually approx. 1 x 106 counts was sufficient for

plasmid DNA blots, and 5 x 107 or more was used for genomic DNA
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blots). Before addition, double stranded DNA probes were denatured by
boiling for 7 minutes followed by rapid cooling on ice. Hybridisation
was performed overnight at 65°C.

Washes, each using 200 mls solution per whole filter were as
follows; Once for 30 minutes in 2 x SSC, twice for 15 minutes in 1 x
SSC and twice for 15 minutes in 0.1 x SSC. Finally the filter was air
dried bétween 2 sheets of Whatman 3MM paper prior to autoradiog?aphy.

2.8.1.3 Autoradiography

The filter was mounted on white card backéd by a glass plate!
Small aliquots (1-2ul) of radiocative ink were applied assymetrically
at either side of the origin and the filter assembly sealed in a
polythene bag. Fuji X-ray film was then flash sensitised, placed over
the filter and covered with a Dupont Cronex Lightning Plus
Intensifying screen (Laskey and Millé, 1977). A second glass plate and
3 elastic bands were then used to hold everything in place, and
exposure was then carried out inéide 3 black plastic bags and a light
proof box at -80°C. Films were developéd in Ilford Phenisol developer
for 5 minutes at room temperature, washed in cold water and then
immersed for 2 minutes at room temperature in Kodak fixer. Finally,
films were washed for 20 minutes in cold running water and then air
dried.

2.8.2 Northern Blotting

2.8.2.1 Transfer of RNA from Gel to NitrocellulosevFilter

The method of Thomas, 1980, was used. After running the glyoxal
gel (section 2.5.5) samples to be transferred were not stained with

Acridine Orange (for staining purposes, duplicate samples were usually
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run on a separate section of the gel, which was then cut away). The
blotting procedure was as for Southern Blots (section 2.8.1.1) but
. denaturing and neutralising was not necessary.

2.8.2.2 Hybridisation of Probe To The Filter

Using formamide in both prehyﬁridisation and hybridisation
solutions allowed incubation tb be - carried 6ut at 42°C, which,
élthough giving a slower annealing rate of probe to filter, meant less
damage to the RNA bound to tﬁe filter.

Prehybridisation was for 4-6 hours, at .42°C, in 50% deionised
formamide, 5 x Denhardt's solution, 5 x SSC tsection 2.8.1.2) and 100
ug/ml herring sperm DNA at 100 ml per whole filter again in a sealed
polythene‘bag in a box on a shaking'water bath.

Hybridisation was performed overnight: at 42°C, the denatured
probe being added to 50% formamide, 2 x Denhardt's solution, 5 x SSC
and 200 ug/ml herring sperm DNA in a volume of 50 ml per whole filter.

Washiné was twice for 10 minutes in 2 x SSC, 0.1% SDS at 42°C,
twice for 10 minutes in 0.1 x SS3C, O.i% SDS at 42°C, and finally a
high stringency wash at 50°C in 0.1 x SsC, 0.1% SDS, using 100 mls of
wash solution per whole filter. | | |

The filter was then air dried and autoradiographed as in section

2.8.1.3.

2.8.3 Screening M13 Subclones by the Hybridot method

2.8.3.1 Filter Preparation

This technique facilitates the simultaneous screening of large

numbers of M13 subclones (section 2.9.1).

The Nitrocellulose hybridot filter was prepared using Hybridot
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apparatus (Hybri—DotTM,B.R.L.). The filter was cut to siée, soaked for
2 minutes in water and then 20 minutes in 20 x SSC (section 2.8.1.1.),
assembled in the apparatus.and attached to a water powered vacuum pump
according to accompanying instructions. A lul aliquot of each M13
subclone diluted in 39 ul of 20 x SSC was enough to produce duplicate
filters. After loading (as detailed in instructions) each sample was
washed twice with an equal volume of 20 X SSC. Finally the apparatus
was dissembled and the filter dried under vacuum at 80°C.

2.8.3.2 Hybridisation of Single Stranded M13 Probe to the Filter

Single stranded M13 probe (section 2.7.3.) was hybridised to the
filter using exactly the method detailed in section 2.8.2.2 and

washing was performed to the highest stringency.

2.8.4 M13 Plaque Lifts Onto Nitrocellulose Filter

Using the method outlined in Maniatis et al., 1982, this was
another way of screening large numbers of M13 subclones, with the
potential advantage that only the required subclone plaques need be
miniprepped (section 2.9.3). However this was not often a feasable
method, if plaques were too densely spaced on the plate.

Gridded Nitrocellulose filters were numbered with biro, and then
at room temperature, each laid onto a dish in direct contact with the
plaques and with no air bubbles. The filter and underlying agar were
pierced with a hole punch in an assymetric pattern for later
realignment. After 60 seconds, the filter was removed with blunt ended
forceps, and immersed, DNA side up, firstly in denaturing solution
(section 2.8.1.1) for 60 seconds, and then in neutralising solution

(section 2.8.1.1) for 5 minutes. Finally the filter was rinsed in 2 x
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SSC (sectioﬁ 2.8.1.1), air dried between 2 sheets of Whatman 3MM
paper, and baked in a vacuum oven for 2 hours at 80°C.

Hybridisation was then as detailed in section 2.8.1.2, using a
denatured double stranded DNA probe. |

Following autoradiography, a tracing of the filter hybridisation
pattern was made onto clear polythene and by alighment with holes made
'_‘on fhe original plate, desired plaques were idengified and picked off

for miniprepping (section 2.9.3).

2.9 DNA Sequencing

The Dideoxy chain termination method using single stranded 'phage
M13 vectors, developed by Sanger et al., 1977 was used. The protocol
employed was basically as outlined‘ in the Amersham booklet 'M13
cloning and sequencing Handbook' (P1/129/84/10).

2.9.1 Construction of M13 Subclones

Two different strategies were employed in the subcloning step. In
both cases a molecular ratio of 23:1, insert:vector, was used. M13
mp8, mp9, mpl8, mpl9 vectors (section 2.1. Table 2) were used

exclusively.

2.9.1.1 Shotgun Cloning (Messing 1981)

The DNA was restricted, usually with an enzyme having a 4 bp
recognition site, producing a range of small fragments, which were
then ligated into suitably restricted M13 vector.

2.9.1.2 Direct (forced) Cloning

Used to subclone a specific DNA fragment, this could be achieved
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in two ways. Firstly by fragment isolation (section 2.6) followed by
ligation into compatably §ut M13, or secondly by restricting at unique
sites encompassing the desired fragment ensuring that it be the only
insert present in the resulting M13 subclones.

2.9.2 Transfection Into E.coli

2.9.2.1 Preparation of Competent Cells

An overnight culture of JM 101 (see Table é) was prepared by
inoculating 5 mls of 2 x YT broth (see Tablé 1) with JM101 grown on
minimal agar. 50 ul of this overnight was fhen used to innoculate 50
mls of 1 x YT broth (Table 1) in.a baffled flask. The cells were then
grown at 37°C with constant'shaking until'thé O.D.660 reached 0.5
(approx. 4 hours). The cells were then spun at 4000g for 5 minutes
(MSE Highspeed 18). The supernatant was discarded and the pellet
resuspended in 40 mls of 0.1M Ca 012 and then ieft on ice for 1 hour.

This was followed by a second spin at 4000g for S5 mins, disposal of

supernatant, and finally, resuspension of the pellet in 1 ml of 0.1M

CaC12 The cells could be used immediately or stored for up to 24

hours on ice.

2.9.2.2 The Transfection Step

Firstly, 100 ul of competent cells were mixed with the M13:
insert ligation and left on ice for 1 hour. The sample was then heat
shocked by incubation at 42°C for 3 minutes, and 10ul of 0.1M IPTG,
50ul 2% Xgal(in Dimethyl Formamide) and 200ul of exponentially growing
‘JM 101 cells were added and thoroughly mixed. This mixture was then
combined with 3 mls of YT top layer agar (see Table 1) kept molten at

42°C, mixed, and poured evenly onto a plate of YT Agar (Table 1). Once
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set, the plate was incubated overnight at 37°C.

2.9.3 Miniprepping of Single Stranded M13 DNA

M13 recombinant plaques were selected by inactivation of
the B'—galactosidase marker and consequent lack of blue colouration
(Messing 11983). Amplification of the récombinant DNA to levels
sufficient to serve as a template for DNA sequencing was achieved by
following the miniprep method outlined in the Amersham M13 cloning and

sequencing handbook (P1/129/84/10):

2 mls of 2xYT broth was inoculated with 2 ul of a fresh JM101

overnight culture (section 2.9.2.1.) in a Uﬁiversal bottle. A sterile
cocktail stick, touched onto the surface of a selected plaque, was
then introduced into the broth, followed by incubation overnight at
37°C.

1.5 mls of the culture was then transferred to a 1.5. ml
Eppendorf tube and centrifuged at 12,000g for -4 minutes (MSE
Microcentaur). Approx. 1.3mls of the resulting supernatant* was
transferred to a fresh Eppendorf tube and the above spin repeated. 1
ml of this new supernatant was then combined with 200 ul of 20%
Polyethylene Glycol (PEG), 2.5M NaCl in another fresh Eppendorf tube
and vortex mixed. The sample was then left for at least 20 minutes at
room temperature, followed by a 4 minute spin at 12,000g. All
supernatant was then carefully removed and discarded, the pellet
thoroughly resuspended in 100 ul TE buffer (section 2.3.1), Phenol
extracted once with Phenol (section 2.3.1.) and Ethanol precipitated

(section 2.3.2). Finally the sample was resuspended in 20 ul TE buffer

and stored at -20°C.

* The pellet from this spin was kept for up to 2 months at 4°C in case
the cells were needed for long term storage under glycerol (section

2.10.3.)
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2.9.4 Screening of M13 Recombinants

2.9.4.1 Agarose Gel

lul aliquots of each miniprep were run on a 0.7% Agarose gel
against a standard sample of single stranded M13, allowing selection
of recombinants by difference in size.

2.9.4.2 Hybridot screening

Up to 96 M13 minipreps could be screened,simultaneously using the
Hybridot method (section 2.8.3 details filter preparation, section
2.7.3 describes labelling of single stfanded probes) |

2.9.4.3 Plaque Lifts |

As detailed in Section 2.8.4 this method avoids indiscriminate
miniprepping of random M13 recombinant plaques, but could only be used
when the density of plaques was fairly low.

2.9.4.4 Insert Orientation

A subclone containing an insert in one orientation could be used
to screen other recombinants to show if any contained the same insert,
but in the opposite orientation.

The method used was that outlined in Focus 1984. 1lul of the test
subclone was reacted with lul of the known orientation subclone under
the following conditions - 0.3M NaCl, 0.6% SDS, 0.02% Bromophenol
blue, 5 mM EDTA pH8.0, and 12% Formamide, incubated at 65°C for 1
hour. This was then immediately loaded and run on a minigel, a
positivé result being indicated by a succession of bands, indicating

annealing between the two subclones.
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2.9.5 DNA Sequencing

The method was that described in the Amefshém M13 cloning and
sequencing handbook. The process consists of two stages - annealing of
primer to the M13 template, followed by synthesis of radioactive
fragments from the template.

2.9.5.1 The Annealing Reaction

5 ul of M13 template and 2 ul 17 mer.primer were annealed in 10
'.mM.Tris/H01 pH 8.0, 5mM'MgCl2 for 5 minutes a£l$5°C followed Sy slow
cooling to room temperature. Thé mixture waé'then spun briefly to the
bottom of the tube.

2.9.5.2 The Sequencing Reaction

1 ul (8-10uCi) of a 358 dATP and 1 unit of Klenow fragment were
added to the annealed template and primer. Théq, into 4 long (0.5ml)
Eppendorfs, labelled A,C,G and T, was placed 2ul of the appropriate
nucleotide mix (see Table 3). The tubes were then spun briefly, and
2.5 ul of template primer mix added to each aﬁd again spun
briefly,starting the reaction. Incubation was fof 20 minutes at 30°C,
after which time 1 ul of dATP chase solution (table 3) was added to
each tube, spun down, and incubation continued for a further 15
- minutes at 30°C. Finally, 4 ul of formamide dye mix (96% deionized
formamide, 0.1% Xylene Cyanol F.F., 0.1% Bromophenol blﬁe,‘20 mM EDTA
pH 8.0) was added to each tube. Samples were then stored at -20°C

prior to electrophoresis on polyacrylamide gel (section 2.9.6).
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TABLE 3 Nucleotide Solutions for DNA Sequencing

Deoxy NTP mixes (A°, C°, G°, T°)

A° co Go ' To
0.5mM dCTP 20 ul 1 ul 20 ul 20 ul
0.5mM dGTP 20 ul 20 ul 1 ul 20 ul
0.5mM dTTP 20 ul 20 ul 20 ul 1 ul
TE buffer 20 ul 20 ul 20 ul 20 ul

Dideoxy NTPs-working solutions (concentrations occasionally modified)

dd ATP 0.125 mM
dd CTP 0.5 mM
dd TTP 1.0 mM
dd GTP 0.5 mM

Final Nucleotide mixes

Equal amounts of deoxy NTP and the corresponding dideoxy working
solution were added to one another, mixed and stored at -80°C

dATP Chase Solution

dATP at a concentration of 0.5 mM

N.B. All dilutions made in double distilled deionized water.
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2.9.6 Separation of Labelled Fragments Using Polyacrylamide Gel

Electrophoresis

Two 6% Polyacrylamide gels were prepared. 2 pairs of glass plates
(40 x 20 cm) were thoroughly cleaned with 1, 2-Dichloroethane, and one
piate of each pair siliconised and polished with water and Ethanol on
its inner side. 0.4 cm thick spacers were placed between the plates,
and Scotch Electrical tape used to tape each pair together and give a
watertight seal.

Next, 100 mls of gel solution (enough for two gels) was prepared:
After deionizing a 38% Acrylamide, 2% Bis-acrylamide
(N,N'—Methylenebisacrylamide) solution, 15 mls of this was mixed with
10 mls of 10 x strength TBE buffer (0.89 M Tris, 0.88 M Boric acid,
0.25 M EDTA). 50g Urea waé added and dissolved (using gentle heat),
water added to give a final volume of 100 mls, the solution filtered
through a cellulose acetate filter, and degassed in a side arm flask.
Gels were cast after adding 600 ul of freshly made O.1M Ammonium
Persulphate and 35 ul TEMED (N,N,N,N, Tetramethylene Diamine) and
allowed to set for at least 1 hour. Electrophoresis was performed on
vertical tanks in TBE buffer (0.089 M Tris, 0.088 M Boric Acid, 0.025
M EDTA) using Aluminium heat spreading plates. Prior to sample
loading, gels were pre—electrophoresed for 1 hour at 1500 V, samples
were then denatured for 5 minutes at 90°C, rapidly cooled on ice, and
then duplicate 3ul aliquots loaded onto each gel‘using a fine glass
capillary tube. The current was then turned on to approx. 50 mA (and
1500V), one gel run to the point where the Bromophenol blue dye just

runs out of the bottom of the gel (usually approx. 2 hours) and the
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other for % hour after the Xylene Cyanol dye band had run out (approx.
5 hours).

2.9.7 Autoradiography

Firstly, the gels were dried onto Whatman 3 mm paper under vacuum
overnight, and then exposed to X-ray film (unflashed) between glass
plates inside 3 layers of black polythene for between 1 and 3 days.

Films were developed as in section 2.8.1.3.

2.10 Transformation of Plasmid DNA into E.Coli

2.10.1 Transformation Step

Competents cells of JM 83 (see Table 2) were prepared using the
method shown in section 2.9.2.1. 100 ul of the cells were mixed with
approx 0.1 ug of plasmid DNA and left on ice for 30 minutes. The
éample was then heat shocked for 5 minutes at 37°C, 1 ml of 1x YT
broth (see Table 1) added, followed by a further 45-60 minutes
incubation at 37°C.

100 ul aliquots of the transformation mixture were then spread on
YT/Xgal/Amp plates (Table 1) and when dry, thg plates incubated
overnight at 37°C. Remaining transformation mixture was storéd on ice
for up to 48 hours. If required, this could be plated out by giving
the solution a brief spin (MSE Microcentaur), discarding the

supernatant, and spreading the pellet onto a fresh YT/Xgal/Amp plate.

2.10.2 Plasmid DNA Minipreps

The method used was that of Birnboim and Doly (1979).

A sterile toothpick was touched onto the colony on the plate, a
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streak made on a gridded reference plate (  YT/Xgal/Amp), and the
stick introduced into 10 mls of 1 x YT brofh (Table 1) supplemented
with 50 ul of 10 mg/ml Ampicillin in a McCartney bottle, and the cells
grown up overnight at 37°C, on a rotary shaker. The reference plate
was also incubated at 37°C for the same period, and then stored at 4°C
for up to 2 months.

The culture broth was then spun for 10 minutes at 3000 rpm (MSE
Centaur), the supernatent drained off and the pellet resuspended in
200 ul of solution 1 (freshly prepared; 2 mg/ml lysozyme, SOmM
glucose, 10 mM EDTA, 25 mM Tris/HCl1 pH 8.0), transferred to a 1.5 ml
Eppendorf, and left on ice for 30 minutes. 600 ul of solution 2
(freshly prepared; 0.2M NaOH, 1% SDS) were then mixed in, and the tube
left a further 1% minutes on ice. Néxt, 450 ul of solution 3(3' M
Sodium Acetate, pH 4.8 with glacial acetic acid) were added, mixed,
aﬁd the sample put back on ice fér 1 hour.

This was followed by a 5 minute spin at 12000g (MSE
Microcentaur), 1100 ul of supernatant transferred to a fresh Eppendorf
tube, 500 ul of Isopropanol added, and the DNA precipitated at -20°C
for 30 minutes, and pelleted out by a 3 minute spin at 12,000g. The
supernatant was discarded, and the pellet thoroughly resuspended ;n
200 ul of 0.1M Sodium Acetate /0.05 M Tris/HCl, pH 6.0. The DNA was
then precipitated using 2 volumes of Ethanol at -20°C for 20 minutes,
spﬁn down and resuspended as above, and finally Ethanol precipitated
again, to give a bellet which was dried down, dissolved in 100 ul of

sterile water, its concentration determined (section 2.12) and stored

at -80°C.
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2.10.3 Longterm Storage of Bacteria Under Glycerol

A sterile loop was used to transfer cells from either plate or
M13 pellet (section 2.9.3) to a small screwcap vial containing 1ml 80%
glycerol and 1 ml 1 x YT broth (Table 1). Following thorough mixing

the sample was stored at -80°C.

.11 Extraction of Genomic DNA From Leaf Material

2.11.1 Genomic DNA Extraction

The method used was scaled down fromAthat of Graham (1978).

4g of frozen leaf material (section 2.1.2) was weighed out, and
ground to a very fine powder in a pestle and mortar using copious
>quantities of liquid Nitrogen. After transfef to a sterile,
siliconised 100 ml beaker, the material was mixed with 10 mls of
homogenizing buffer (0.1M NaCl, 0.025 M EDTA, pH8.0, 2% SDS, 0.1%
Diethyl Pyrocarbonate), 5 mls of 5M Sodium Peréhlorate, % volume of
redistilled Phenol, % volume of Chloroform/Octanol (99:1), and shaken
on ice for 20 minutes. The resulting suspension ‘was centrifuged at
12,000g (Sorvall RC-5B) for 1 minute at 10°C in 30 ml Corex tubes. The
supernatant was then removed and shaken with an equal volume of
Chloroform/Octanol, and recentrifuged as above. The new supernatant
was then combined with 2 volumes of -20°C Ethanol, the DNA spooled
out, using a siliconised glass hook, and transferred to a preweighed
Corex tube to be resuspended by shaking overnight on ice in 2 mls of
resuspénsion buffer (50 mM Tris/HCl, 10mM EDTA, pH 8.0). Self-digested

Pronase P (2 hours at 37°C) was then added to a final concentration of
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500 ug/ml, and the sample incubated at 37°C for 3 hours.

The next stage was purification on a Caesium Chloride (CsCl)
gradient. Firstly, the weight of the resuspended DNA solution was
determined, and 30 ul of 10 mg/ml Et Br added per gram of solution.
After reweighing, CsCl was added in the ratio of 0.94g per gram of DNA
sample and dissolved. Centrifugation was then performed in quickseal
tubes, at 50,000g for 36 hours using a Sorvall Ultra Centrifuge (Model
OTD 65B). The resulting DNA band was visualised over a U.V.
transilluminator, removed using- a 19G2 gauge needle and a 10 ml
syringe, and decolourised in a Corex tube by mixing with 7-8 changes
of Isoamyl alcohol added in equal volume.

2.11.2 Dialysis of the DNA Solution

An appropriate length of dialysis tubing was boiled in distilled
water with a couple of drops of 0.2M EDTA pH8.0 for 15 minutes,  then
in pure distilled water, again for 15 minutes. One end of the tubing
was sealed with a Medi-clip. Dialysis was then performed in 1 litre 6f
resuspension buffer (section 2.11.1) changed 3 times, over 48 hours,
with constant magnetic stirring. Finally, the DNA was Ethanol
precipitated (section 2.3.2) resuspended in resuspension buffer, and

the concentration of DNA determined using Spectrophotometry (Section

2.12).

2.12 Determination of DNA Concentration Using Spectrophotometry

Estimation of the DNA Concentration of a solution was determined

using a Pye-Unicam SP8-150 u.v.-vis scanning spectrophotometer. At
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O.D.256 a reading of 0.02 corresponds to a DNA concentration of 1
ug/ul (using 1 ml quartz cuvettes in a2 1 cm light path). Contamination

of samples with phenol or protein was assessed by scanning the

absorbance of the solution between A 300n.m to A 200n.m.

2.13 Statistical Methods and Tests

2.13.1 Construction of Nucleic Acid sequence homology profiles

and determination of the level at which homology becomes significant

The nucléotide sequences to be compared were aligned for maximum
homology using the programme 'NUCALN' on an IBM Personal Computer.
Percentage homology was then determined in 20 base segments,
overlapping each time by 10 bases and the resﬁlting data plotted
against the length of the.sequences on a graph, giving an overall
ﬁrofile of areas of strongest sequence conservation.

A threshold level at which homology becomes significant was
determined as foliows: Over the 20 base stretch compared, each base
has a 0.25(%) chance of matching and a 0.75(%) chance of not matching.
Consequently the probability of all 20 bases matching = (0.25)20 =
9.536 x 10-7, or 1 chance in approx 1,050,000, which, assuming a
significance value of p < 0.05 (p = probability) causes a rejection of
the Null Hypothesis.

In fact, the level of homology which gives a p value closest to
0.05 was found to be 40%. At this level there are 8 matches and 12
non-matches. Hence the equation (p + q)20 was expanded, the term

relating to p8,q12 was found and multiplied out, giving a value of
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0.06. Hence a line was drawn on the homology profile at 40%,
indicating that any part of the plot occurring above this line shows
significant sequence homology.

2.13.2 Calculation of Codon Adaption Index (CAl) Values for

Storage Protein Genes.

The method used was taken from that of Sharp and Li, 1987. A
table of composite codon usage amongst all. legume storage proteins
thus far sequenced was compiled (data not presented).

| Next, a reference table of relative synonymous codon usage (RSCU)

values was constructed from these genes (Table 4), where

Xij
RSCU = 1 n,
ni EE Xi.
j=r
Xij = number of occurrences of the jth codon for tﬁe ith amino
acid, and n, is the number (from 1 to 6) of alternative codons for the

i

ith amino acid.
The relative adaptiveness of a codon wij is then the frequency of
use of that codon compared to the frequency of the optimal for that

amino acid.

/X

X, ./X,
ij""i max

Wij = RSCU, ./RSCU,
ij i max
wWhere RSCU, and X, are the RSCU and X values for the most
i max i max

frequently used codon for the ith amino acid. wij values for the genes

are also given in Table 4.
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The Codon Adaption Index (CAI) for a given gene is then calculated as
the geometric mean of the RSCU values corresponding to each of the
cod§ns used in that gene, divided by the maximum possible CAI for a
gene of the same amiho acid composition, i.e.

CAI = CAIobs/CAIma

X
 where CAI - (“11 RscuU )1/L
obs K
K=1
car = (t11 mscu. )M
max K=1 Kmax

and where RSCUK is the RSCU value for the Kth codon in the gene,

RSCUkmax is the maximum RSCU value for the amino acid encoded by the
Kth codon in the gene, and L is the number of codons in the gene.
Additionally any xij of value zero (ie the codon is never used
in the reference set) is assigned a value of 0.5, to avoid the CAI
value for a gene in which this codoq appears becoming zero also.
Secondly the number of ATG and TGG codons are not included in the
final L value, since their RSCU values are fixed at 1.0 and so don't
contribute to the CAI.
- There is no intrinsic effect of gene length kL codons) on CAI,

however, CAI values for short genes may be more variable due to

sampling effects.




TABLE 4 R.S.C.U.ij and Wij Values for Legume Seed Storage Protein Genes
RSCU ij Wij RSCU ij Wwij
F-Phe TTT 0.852 0.742 A-ALa GCA 1.354 0.937 R-Arg CGA
TTC 1.148 1.000 GCG 0.217 0.150 CGG
GCC 0.984 0.681 CGC
GCT 1.445 1.000 CGT
L-Leu CTA 0.672 0.371 AGA
CTG 0.596 0.329 AGG
CTC 1.285 0.709 T-Tyr TAC 1.125 1.000
CTT 1.813 1.000 TAT 0.875 0.777
TTA 0.476 0.263 S-Ser TCA
TTG 1.157 0.638 . TCG
H-His CAC 1.204 1.000 TCC
CAT 0.796 0.661 TCT
I-Ile ATA 0.761 0.572 AGC
ATT 1.331 1.000 AGT
ATC 0.908 0.682 Q-Gln CAA 1.277 1.000
CAG 0.723 0.566
G-Gly GGA
M-Met ATG 1.000 1.000 GGG
N-Asn AAC 1.259 1.000 GGC
AAT 0.741 0.589 GGT
V-VAL GTA 0.619 0.390
GTG 1.586 1.000
GTC 0.418 0.264 K-Lys AAA 0.993 0.986 W-Trp TGG
GTT 1.377 0.868 AAG 1.007 1.000
P-Pro CCA 1.521 1.000 D-Asp GAC 0.957 0.917
CCG 0.281 0.185 GAT 1.043 1.000
CCC 0.688 0.452
CCT 1.511 0.993
E-Glu GAA 1.053 1.000
GAG 0.947 0.899
T-Thr ACA 1.157 0.853
ACG 0.314 0.231
ACC 1.357 1.000 C-Cys TGC 1.100 1.000
ACT 1.171 0.863 TGT 0.900 0.818

RSCU ij

0.545
0.185
0.906
0.885
2.079
1.400

0.987

.0.237

0.797
1.557
1.376
1.044

1.639
0.489
0.722
1.149

1.000

1.000
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2.13.3 Compilation of Dendrograms for Multi-Gene Families

All amino acid sequences available for members of a given
multigene family were aligned, by hand (Computer Algorithms proved
unreliable for this task), to give maximum homology. Sequences were
then compared pairwise, the number of residues not matching counted
up, and this figure divided by the number of residues compared (method
from Miyata et al., 1980). Once completed this procedure produced a
matrix of values of dissimilarity encompassing all members of the gene
family.

Next, Single-Link Classification was carried out. The method was
developed by Sneatﬁ, 1957, and essentially it seeks to fuse into
clusters the least dissimilar individuals, or groups of individuals,
at each stage, until ultimately all individuals are contained within
one group. The vertical height of the nodes in the dendogram is
proportibnal‘to the dissimilarity coefficient (DC) value between the
individuals, or groups of individuals, fusing at each node, and the
method uniquely produces a classification for which the sum of the
DC-values is minimised.

The procedure:-

N.B. Ignore trivial 0.0. values for Dij in all cases (where Dij

= DC value for genes 1 and j.

i) Set cycle number (C) to O.

ii) Find the smallest Di’ in the matrix not yet crossed out or
boxed. Increment C by 1. Box the Dij value and label it
with the value of C.

iii) For all other individuals k (k = i or j, and k not
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ciustered with i or j), k = 1, n;
If both Dik and Djk are not yet crossed out, cross out the
larger of the two, and proceed to next k.

Otherwise, when either or both of Dik and Djk are
crossed out; if k belongs to a cluster, and any m k (where
m are the other individuals with which it is clustered),
then proceed to the ﬁext k. Else, for each crossed out

value Da (where a is i or j), seek an alternative DC-value

k
by examining in turn all Dam’ le and Dlm (where m are the
other individuals with which k is clustered, and 1 are
other individuals with whioh a is clustered). When two
values are located, cfoss out the larger of the two and
proceed to the next k.

Record the link between i and j (conveniently be sketching
a dendogram as the analysis proceeds). Unless all

individuals are now linked return to step (ii) until

linkage is complete.
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CHAPTER 3 - RESULTS
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3.1 Nucleotide Sequencing of Legumin Gene D ( Leg D), and its flanking

regions

3.1.1. Restriction mapping of Leg D

A Leg 1 is a genomic clone that has been isolated by hybridising
a legumin cDNA probe, pDUB3, (Croy et al., 1982) to a
bacteriophage A gene library containing fragments produced by partial
digestion of pea leaf DNA with Eco Rl.

Digestion. of the single, 13.5 Kb, Eco Rl fragment contained
in A Leg 1, with the restriction enzymes Hind III and Xbal, followed
by hybridisation of pDUB3, ideﬁtified the presence of two legumin
genes; Leg A (whose complete coding, 5' and 3' flanking sequences have
previously been reported (Ly;ett et al., 1984) and Leg D 1.3 Kb away
from the 3' end of Leg A (fig.1).

The 1.5 Kb Hind III fragment corresponding to Leg D, and the 0.8
Kb Hind III fragment immediately 5' to it, were then subcloned into
the plasmid vector pUC8, to give the subclones 6.01 and 6.03
respectiQely (sée fig.1). These were then restriction mapped by
.digestion with a variety of 6 and 4 bp restriction enzymes to give the

completed map shown in fig. 2.
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Fig.1 Partial restriction map of the pea genomic clone A Leg 1.
Bars represent areas corresponding to the coding sequences
plus introns of Leg A and Leg D. Arrows a and b indicate
fragments used as probes on pea genomic DNA,6.01. 6.03 and
6.06 indicate subclones used for sequencing. Restriction
sites : B = Bam Hl, E = Eco Rl, H = Hind III, S = Sst I
and X = Xho I.
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Restriction and sequencing maps of Leg D and flanking
sequences. Restriction sites: A = Alu I, C = Acc I, H =
Hind III, P = Pst I, R = Rsa I, S = Sau 3A. Arrows
indicate direction and length of sequence obtained from
each M13 subclone. Duplicated sequencing runs carried out
to check sequences are not shown.BllB = Leg D coding and
intron sequence,BZZd=Leg D flanking sequence.
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3.1.2. The Complete Nucleotide Sequence of Leg D and its flanking

regions

Nucleotide sequence corresponding to all the coding region and
800 bp of 5' flanking sequence. was obtained from MI13 subclones
containing fragments of either 6.01 or 6.03 digested with Alu I, Acc
I, Hind III, Pst I, Rsa I or Sau 3AI. The 0.5 Kb Hind III/Sst I
fragment from pUC8 subclone 6.06 (see fig. 1) was then subcloned into
M13 enabling the determination of 204 bp of 3' flanking sequence. The
Mi3 dideoxy chain termination $ethod of Sanger was used throughout to
determine nucleotide sequence (see section 2.9.5). The exact
sequencing strategy employed is included in fig. 2, and is indicated
by arrows showing the direétion of hucleotide sequence obtained from
each M13 subclone.

After alignment for maximum homology theA coding sequences of

both Leg D and Leg A, along with their flanking .regions are shown in

fig.3.




Fig.3
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Complete nucleotide sequence of Leg D and flanking
regions. The sequence of Leg A(Lycett et al., 1984) is
also given over the regions where the genes are
homologous. The complete amino acid sequence of Leg A is
given; residues differing in Leg D are given above the
sequence. Stop codons are indicated. A = base deleted
in Leg D; + = extra base in Leg D.



LegA 3’ flanking sequence / LegD ......... (2488) AAGCTTATCCCTTCTTAGCATCARGETGTTGGCANGGATAAGCARCAMACACTTTTAGAT CAATARAAGTAGETG
-672

LegD ARGATTGAMACAMATCTCATAGGTAGTTATGTT GTTTATCACATGRGARARGGCAATTTATTAATGCCGTGAGT GACAT GECATARAGCAAGGAACCAMCCGTTTTGAMGT CTGAG -552
LegD GGAAAGCAGGATCTAATARCAATCAATAGGTGTCTATGAAPACT CTCARCARCCAGAATTTATT GTGAAGTTTCTACACAATTCTGGTGTANRATGGT CRAGOAGATATARAGTAAGAC -432
LegD ATATTAAGTTACACTCCATTATCACT T TGTAGRARCARATT TARCAARARCTACARRT GLARGATTTAAT GLCARACTTATTTTTCATARAASATT SCTCAASTARATTTROAWAACTTGT 212

" LegD CAACAATAGTAAGGAMAATTGATARCTTGTAAGGARAT GTTGCTAATAGACCCCARATGT CTATGCTATAGAGAGAT CAACACATTTAAGTGTCAGTAGGAGAGATAATTTTGTTGET -192
N e e e srreassrEreeisrEa s r st aase st raner et annbe Cerrranesinas 4 AGGA / CAAT BOO..ovsrvirnnnianans
LegD TAGAARATGACAATGATCACGAATGAT GCAGTAATHAGACATT GTGAGGTGTAATGLAGRATACTTACATAGCCAT GLAAGAT GARGAATGTCTAATGTACAGEARCCCATGCATACTCT -72
LegA GGTAATGGAGATGATGAAGCCATTAGCCACCTCCTCTATCAGACATAGET GTAAAGCATTATGCTTCCATAGCCATGCAAGCT GCAGAAT GTCCAATTCTCARCATCCCA~——-—C -73
s u RO RBIERRE PSSR OSRISDD R .l..lllll.!lllll!!lllll.!lll‘lllllllllllllllllllll( Asm/ MT W)l.llllllllll llllll

e eraaseiransenrerrsetatarnernarans v {TATA BOO w s vrnane Cerrerans ST PR Carererrrasens .o.Start¢ T
LegD CTGATCTGACGCGTCCCTCCTACACTCTACTCTCCTCCCCTATARATATCAAT GLCANATTAAGE TTCT CORCATCOCAACA-—--—TATATTCTATCCARCTATGGCTACTAAGCT 40
Legh TTTCAATGACGTGTCC-ACCTTCACCACCCTCTCTTCTCATATARATTACCACTTCT CATTAAGETTCTCCGCAT CACARCCARCATTCTCTTAGTATCTCTCTTCATGOCT —-AAGCT 44
e rreraaireesarrersrenveneins ereenes v CTATA B s vnesnnennnes UG TN . S creanStart®™ A - K L

: L FS§S S 0ch R N G ”
LegD TGCACTCTCTCTTTCCCTTTGTTTTCTACTTTTTAGTAGCTECTTTGCTCTCAGAGAGCAGTCTTAACGARATGAGT GTCAGCTGEAACECCTCARTGCCCTCORACCTGATARTTGTAT 148
LegA TGCACTTTCTCTTICATTCTGTTTTCTACTTTTGEGCGECTGTTTTGCTTTGAGAGAACAGCCACAGCARNAATGAGT GLLAGCTAGRACGCTCOATGCCCTCGAGCCTGATARCCGTAT 144
AA. AL SLSFCFLLLG6GCFALREGPOQEGNECELERLDALEPDNRI

Wb V R Y TL T P F
LegD AGAGTCGGAAGECTGACTGETTGAGACTT GORATCCAPACAACAGGCARTTCCEATGTGTGEGTGT GACCCTCTCTCGTACTACGCTTCARCCCAATGLCTTTCELAGACLTTACTATTC 288
LegA AGAATCGGAAGGTGOECTCATTGAGACTT GGAAT CCCARCAACARGCAATTCCBATGTGCTGETGTGGCAATCTCT CBTGCTACCCTTCARCSCARCGLCCTTCOLAGALLTTACTACTC 284
AA., ESEGGLIETHNPNNKEGFRCAGUAISRATLERNALRRPYYS

K Y ( 1V5-1 )
LegD CAATGCTCCCCANMAATTTACATCCARCARSGTTCOTTACTTTGATATTCTTTCAATGTCTTTACTTACATTACAGACCATACATATTTACTATTTT-———TACTACATCAATTACTAG 396
LegA CAATGCTCCCCARGAARTTTTCATCCARCARGGTTACTTATTTTGATCTTATACCARCTTCTTTACGTACATTACATGLATATTAGCATACTATTAGTGTTCTRCTATACCARTTALARG 484
AA, NAPOBETFITOQC( [V§-1 }

I ’ L R §
LegD GTAATGGATATTTTGECATTGTATTCCCTBETTGTCCTGAGACCTTTGAGEAGCTACARGAAT CTGAACAMGABABEBALGCAGGTATABRGACAGLCACCARARAGTTARCTBATTCA 318
LegA GTAATGGATATTTTS6CATGETATTCCCCG6TT GTCCTOAGALCTTTRARGAGCLACAAGAATCT GARCAAGTAGAGEGACGCAGETACAGAGACABRCAT CAARAGETTARCLEATT CA 524
AA.GNGYFG6MVFPG6CPETFEEPQESEGGEGRRYRDRHOKVNREF

S v ! ET® 4
LegD GAGAGBGTGATATCATTGCAGTTCCTAGTGETGTTGTATTTTG0ATGTACAATGACCAAGACACT CCABTTATTBCCATTTCTCTTACTGARACGBGTAGCTCCATARCCAGCTT GATC 635
LegA GAGAGGGTGATATCATTGCAGTTCCTACTGGTATTGTATTTTGEATGTACAACGACCAAGACACT CLASTTATTGLCATCTCTCTTACTGACATTAGARGCTCCAATARRCCAGLTTGATL 444
AALREBGDITAVPTGEIVFRMYNDEGDTPVIAVSLTDIRSSNNEGLD

{ IV5-2
LegD AGATECCTAGGSTGAGARCTARGLATAATTARACTTCCTGTATARTATATTABATARTARTAAGCTARATAAT BT CCARATCAGT. AACATAGATCGETAATTBTTTBATTTTGACTEART 755
Legd AGATGCCTAGGGTGABCACTGAGCATAATTARACTTCCCATATAAGATARTATGTTGT CCANAACAGTARCATAGATTCTATCTATCTATGTTTCACAGAGATTCTATCTTGLTGRMAAL 764
AA. 8 M P RY IV§-2 XFYLAGN




————

LegD TATT DELETION— T6 741
Legh CACBAGCAABAGTTTCTACAATACCAGCATCAACAAGGAGGAAAGCAAGAACAAGAAAT GRAGGCAACARCATTTTCAGTGGCTT CARBAGGOATTACTTGGARGATGCTTTCARCGTG 884
AA. HEQFEFLOYOQOHKOQOQGGKOEQENEGNNIFSGFKRDFLEDAFNUVY

K R K R P H
LegD ARGARGCATATAGTAGACAMACT CCAAGGCAGGAACAAAGATBRGGAGRAGGBAGCCATT GTCARRGTTAARGGTGGTCTCAGCATCATAAGCCCACCTGRGAGACARCCACATCACCAG 981
LegA AACAGGCATATAGTAGACAGACTTCAAGGCAGGAAT GAAGACGAAGAGARGGGAGCCATT GTCAPAGT GRARGGT GGACT CAGCATCATAAGCCCACCCGAGARGCAAGCGUGCLACCAG 1084

AAL. NRHIVDRLOGRNEDEEKXKGATVKVKGGLSTISPPEK@ARHDZE

K ' C
LegD APAGGCAGCAGACA —DELETION —RGATGARGATGRAGAGAGGCAGCCGTGTCATCAPAGEAGR 935
LegA AGAGGCAGCAGACAAGAGGAAGATGAAGATGAAGAGARGLAGCCGCGCCACCAGAGAGGLAGCAGACAAGAGTAAGAGGAAGAT GARGAT GRAGAGAGGLAGCCGLE T CATCAMAGHAGA 1124
AA. RG SROQEEDEDEEKQ@PRHIRSESRIEEEEDEDEERGPRHEGRR

E HC R H I g
LegD AGAGGAGAGGAGGAAGARGARGACGAGAAABAGCGCCACT GCAGCCAMAGECANAGTAGATGGCATGRABRCAATEGECTTBAGLAARCCATTTGCACGECCAMRCTTCGECAGMAL 1855
Legh AGAGGAGAGOAGEAAGAAGAAGACAAGAMAGAGCGCGECGECAGCCAMARGECARAAGTAGAAGELARGRAGACARTGRGLTT GAGBARACAGT TTECACTGCTAPACTTCOATTGARC 1244
AA. RGEEEEEDKKERGSGS @KBEKSRROGEDNGLEETVCECTAKLRLN

5 N v L F I
LegD ATTGETTCATCTTCATCACCTARCATCTACARCCCTGTTGCTGGTAGAATCAMMACT BTTACCAGCCTTGACCTCCCACTTTTCAGATGECT CARRLTARTTGCTGRGCATBGATCTCTC 1175
LegA ATTGGCCCGTCTTCATCACCAGACATCTACAACCCTGAAGCTGETAGAATCAMMACT GTTACCAGCCTBBACCTCCCAGTTCTCAGGTGECTCARACTAAGTBLTGAGCATGGATCTCTC 1364
aA. 1 6P SSSPDIYNPEAGRIKTVITSLOLPVLRRHLEKLSAEHNGSL

(=== [Vs-3 )
LegD CACAMAGTACCATCATTTCTCTTTCTTTCTTTTTTCTCCTTTATTACTTT [--————AATTTATTTTCCATGACTTAATTCTATGTCAARCAATTTTCATACAGAATGCTATGTTCETG 1288
LegA CACAMAGTATETTTTTTCATCATTTAATTTGTTTTTCCATGAAT CAATTTCATGTCGAACTAT GTGTTGOAGAATRATAGCTRRCT CATTACAATCTTCATACAGRATGLTATGTTTGTG 1484
AA. H K< IVS-3 N ANFV |

cv T [ S
LegD CCTCACTACAACCTCAACGCAMACTGLGTAATATACACACT GAAAGBACGTGLARGECTACAMATT GTBAACT GLART GCARCACTGTGTCTGATGOA 1387
LegA CCTCACTACARCCTGAATGLANACAGTATARTATACGCATTGRAGEGACGT GLARGGLTACARGTAGT GRACT GLARTGGCARCACCSTETTT GATGGAAABCTAGARGCCEGACGTECA 1484
AA. PHYNLNANSIIYALKGRARLOQUVUNCNGNTUVFAGKLEARGRA

' + K A T
LegD DELETION GAAAGCTGCAATCOCTCAGGCTT GCAGGRACATCCTCCACE 1427

LegA TTGACAGTGCCACAAACTATGLT! GT66CTGCARAGTCACTAAGCGACAGGTTCTCATATGTAGCATTCAAGACCAAT GATAGAGC TBGTATTGCAAGACTTGCAGGBACATCATCAGTT 1724
AA,. LTVPGNYAVAAKSLSDRFSYVAFKTNDRAGIARLAGTS SV

L A M v I S v P E
LegD CTARATGCTATGCCAGTGGATETAATAGCCGCTACATTCAACTTGCAGRGGAGT GAGBCTAGGCAANGT GAAGT CCARCAATCCTTTCARATTTCTAGTTCCCCCTCGTGAGTCAGAAARL 1547

LegA ATARATAATCTGCCGTTGGATGTGGTTGCAGET ACATTCARCCTGLAGAGGAAT BAGGCAAGGCAGCT CAAGT CCARCAATCCCTTCARATTTCTAGTTCCAGCTCETCAGTTGREARE 1844
AA. INNLPLDUVAATFNLOQRNEARGQLKSNNPFKFLUPARESEN

K A § AARDSEoD.cveiiisniiiaannnisaneaans veeraraenn seseranes vesesnes Poly A Sitel...... vPoly A Site2...veevsvnniee
LegD AAAGCTTCTGCTTAGAAACARACACTBCTTCOARGCCTTTTTGTTTGRGAGACATGT ATCCCACCCCARCTGGTRATARTAMAGATACTTATGAATAMANARGETTTGETTTCCTTTIG 1667
LegA AGAGCTTCEGCTTAGATTTCOCACCAMTCAATGANAGTAATGAATAR GAAMACTAAGGLTTAGAT GLCTTT GTTACTTGT GTRAMATAACTCGAGTCATGTACCTTTTTGIGEARACAG 1964
R A S AADIStOP.sssssnnrsrsesssensnessPoly A Siteliaasscianiiiiiiieianens T TTTTTTIIT trereees vieenaes

S USRS IS RIS PBEIIENENETERERIICENNICESIORBISRIOSETERD U.Po‘yASitesllll'lllllllll.ll'lllllll lllllllllllllll I EEFEEFENENEREREANRENENE]
LegD AMCTATGTATARGTACTATCTGAGTCACGARCCTTTTCHAMGTGAATAAARSTIVAAGTGAPATTBABCATACAAGTTTATTTTEATC (1757 wuuvsvssanvennusssuns
Leg? AATARATAAMAGGTARATTTCAGTGCTCTATGCTTTTCTACTCCARGTTATARCCAGATGATATATATARCARTCACARTARATAMATETGASTARVVATATTGAAGAATEATG 2684

APoly A Site2uuerenseenss (End"nRND . ... eereaeeniien, erenrerns eerens vei™PO1Y A Gite3uuunirnnererenacninnen
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3.1.3. Hybridisation of Leg D to mRNA

A Northern blot (see section 2.8.2.1.) was prepared using pea
total RNA isolated from cotyledons 12, 14 and 18 d.a.f. (days after
: fiéwéring). The 1.5 Kb Hind III fragment corresponding to Leg D Coding
Sequence (see fig.2) was then hybridised to the blot to give the
autoradipgraph shown in fig.4, where hybridisation to an mRNA species
of appfox 2000 bases appears -to have occurred, corresponding to a
predicted size of 1800 bases for legumin mRNA. No additional’bands
which might correspond to Leg D message (predicted size approx.
1400-1600 bases) were obtained. Intensities of the bands increased
relatiQe to the increased number of d.a.f. at which the samples were
‘harvested, consistent with previous estimations (Gatehouse et al.,
1982), also indicating that the only mRNA species detected was that
of Leg A..In order to confirm this theory, the 0.5 Kb Hind III/Sst I
fragmenﬁ from %.06 (see fig.1) was hybridised to a fresh Northern blot
of pea cotyledon total RNA. This fragment corresponds to 3' flanking
sequence specific only to Leg B , and its failure to hybridise to the
RNA confirmed the absence of Leg D transcripts. (result not

presented).




Fig.4.
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Hybridisation of Lég D (Hind III fragment a, fig.l) to
total RNA prepared from pea cotyledons. Tracks 1, 2 : 10,
5 ug (respectively) RNA from cotyledons 14 d.a.f. (days
after flowering); tracks 3, 4 : 10, 5 wug BRNA from
cotyledons 18 d.a.f.; tracks 5, 6 : 10, 5 ug RNA from
cotyledons 12 d.a.f.
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3.1.4. Hybridisation of Leg D to Genomic DNA

The Hind III fragments from the pUC8 subclones 6.01 and 6.03 (see
fig. 1) corresponding to Leg D coding sequence and 5' flanking
sequence respectively were hybridised individually to two identical
Southern blots (section 2.8.1) each containing pea leaf genomic DNA
digested with the same 4 restriction enzymes (see section 2.4.1.2.),
namely Bam Hl, Taq 1, Hind III and Eco RI - see fig. 5 for the gel
photograph. The coding sequence probe produced the result shown in
fig.6, with intense bands at 12.5 Kb in the Eco RI digest, 2.4 Kb in
Hind III, 1.1 Kb in Tagq 1 and 3.6 Kb‘in Bam Hl. Less intense bands can
be seen at a size greater tﬁan 20 Kb in the Eco Rl digest , at 4.4 Kb
and 1.5 Kb in Hind III, at 2.9 Kb Taq 1, and at greater than 20 Kb in
Bam Hl. A strong band was obtained at 1.5 Kb in the 6.01 single copy
standard track. The results obtained using 5' flanking sequence as a
probe are shown in fig. 7. Here several bands were present in each
track, the strongest being in the Eco Rl digest at 3.5 Kb and 12 Kb,
in Hind III at 0.8.Kb (with feint bands at 4.4 Kb abd 2.7 Kb), in Taq
1 at 3.0 Kb and in Bam Hl at approx 15 Kb and 2.9 Kb. The 6.03 single
copy standard gaveia sfrongly hybridising band at 0.8 Kb. The presence
of a band at 2.7 Kb in three of the digests was possibly due to

contamination of these samples with pUC8 hybridising to traces of

itself present in the probe.
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Pea Genomic DNA Digests:

PO bh WM

and 7 10 ug Pea Leaf genomic DNA digested with Eco RI

and 8 " " " 11 " " " Hlnd III
and 9 " 1] " tt " i 1" Taq I
and lo " 1" " " " " 1" Bam H I
Leg D single copy 1 gene equivalent
Gap

Leg D 5' flanking sequence single copy equivalent
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Hybridisation of Leg D (Hind III fragment a, fig.1l) to Pea
genomic DNA:

1 10 ug Pea Leaf genomic DNA digested with Eco RI

2 " 1" " " " " 1" Hind III
3 " " " " " [1] 11 Taq I

4 it " " " " ) " . " Bam HI

5 Leg D single copy gene equivalent
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Hybridisation of Leg D 5' flanking sequence (Hind
fragment b, fig.1) to Pea Genomic DNA:

1 10 ug Pea Leaf genomic DNA digested with Eco RI

2 1" " " " " " ] " Hll’ld III
3 n " " 1" ” " " . Taq I

4 " 1" " " " " " Bam HI

5 Leg D 5' flanking sequence single copy equivalent

III
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3.2 Characterisation and Nucleotide Sequence of Legumin gene K

( Leg K)

3.2.1. Characterisation of Leg K

A JC-5 is a genomic clone containing a 13.5 Kb fragment of pea
genomic DNA produced by partial digestion with Eco RI. Hybridisation
of pCD40, a cDNA coding for a 'minor' legumin polypeptide of 65,000 Mr
(Domoney and Casey, 1984) to an Eco RI‘digestiop of the genomic clone
gave two separate hybpidising fragments of 1.9 and 3.5. Kb (Ellis
T.H.N. pers. comm.) as indicated in the restriction map of A JC-5
shown in fig.8.

The 1.9 Kb Eco RI fragment was subcloned iﬁto pUC8 and named pJC
5-2. Full characterisation by restriction mapping and nucleotide
sequenéing confirmed that it contained a gene, Légumid J | Leg'J),
cbding for a minor legumin polypeptide (Bown et al., in press). On the
strehgth of this, it was postulated that the 3.5 Kb Eco RI fragment
might contain a tandem repeat of this gene, provisionally
termed Leg K, coding for another minor legumin polypeptide. Hence this
3.5 Kb fragment was subcloned into pUC 8, named pJC 5-11 and
restriction mapped using the following restriction enzymes; Alu I, Bal
I; Eco RI, Hind III, Pst I, Kpn I, Sau 3A, Rsa I, and Xho I. The
resulting map is given in fig. 9, along with a restriction map
of Leg J, aligned by shared restriction sites, giving the first

evidence that the two genes do appear to be tandem repeats of each

other.
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Fig. 8. Partial restriction map of the pea genomic clone A JC--5.
Bars represent areas corresponding to the coding sequences
plus introns of Leg J and Leg K. Arrows labelled 5.11 and
5.2 represent subclones of Leg K and Leg J respectively,
used for further restriction mapping and sequencing.
Restriction sites: B = Bam Hl, E = Eco RI, H = Hind III, X
= Xho I.
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Fig. 9.

- 89

Restriction and sequencing maps for Leg K, with partial
restriction map of Leg J showing comparable restriction
sites. Restriction sites: A = Alu I, B = Bal I, E = Eco
RI, K= Kpn I, P = Pst I, R = Rsa I, S = Sau 3A. Arrows
indicate direction and length of sequence obtained from
each M13 subclone. Duplicated sequencing runs carried out
to check sequences are not shown.

@R - [¢g K coding sequence,[—J=Leg K intron sequence,
ezzZl = Leg K 3' flanking sequence.



100 bp
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3.2.2. Nucleotide Sequence of Leg K

Nucleotide:sequence accounting for 1260 bp‘of coding sequence and
273 bp of 3' flanking sequence was determined by M13 sequencing. Using
the following restriction enzymes - Sau 3A, Rsa i, Alu I, Bal I, Kpn
I, Pst I fragments from the 3.5Kb Eco Rl insert of pJC 5-11 were
subcléned into M13 and sequenced by the M13'dideoxy chain termination
method (see section 2.9). The nucleotide sequence obtained from Leg K
is given in fig. 10 where it has been aligned for maximum homology
against that of Leg J. The sequencing strategy adopted to achieve this
regult is indicated by the arrows in fig.9, showing subclones used,
and the direction of sequencé giQen by them.

Unfortunately, the 5' fianking sequence and part of the 5' coding
region wefe not available for sequencing as they had become detached
froﬁ the rest of the gene dpring partial EcoRI digestion of the
genomic DNA prior to ligétién into the A vector. Screening of the A
gene library faiied to isolate the X genomic clone containing this

missing region of Leg K.

&




Fig.10.
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Nucleotide sequence of Leg J and all that achieved
for Leg K, aligned for maximum homology. The amino acid
sequence encoded by Leg J is shown, and those amino acids
differing in Leg K are indicated above. The N-terminals of
the a- and b- subunits of the mature protein are indicated
by colons. Transcription start is indicated by over-dots
the base designated by +1 is shown by ~ . Other features
are as indicated: 'legumin box' designates the putative 5'
enhancer sequence element.
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......... {-362) .6TTAACACAAGCTAARATTTATTTGTGCAATCATCATCATGTCATCTTCATCTICTARTTTEAAATEAAAATTTAGCARARTACATAACCAGTCAATCTABAAT
TTACCTAAAAGAGABACAACTGTATCTATATTATATCAGEGABTARTACACCABCAGTACATTTTGAGTBEAGEA6GCCAATTATTAAABTTTATARAGTAGTAAAACATGCAAGABTCE
ARTBAAATATATECTCTAGACAGTAAATTAATABTTGAGTTARAGRGATAAATELATAGARTCEACGCAGABAARABAACTAGABAAGTEAAGEEGACCATCCACATATARGAATACCAA

CAAATATTCATTGTCTCTTIBTEETATTTEEATATATACTAATTATCAATCTGTEAAGRATGARTGAAGCERCTACTTECRCTECETCCCACATATEATETBTATCAATTTAGEACTCLA
t e E e ae e s et et e e n et Ea e e r e e n e e s et s et h e et d R e R R et e eena b era e b e e st (I

TAGCCATGCATGCTGAACARTGTCATACACATTCTGTCACACGTGTTCCTATCTCACCCTTCCCCTETTCCTATARATCACCACARCACABCTTCTCCACTTCACCACTTCACTCACCAR
..."Lequain® BOX..... S (TATA BOD).ovuviininnnnnnn Avstsenransassaneianes

TCTCTCCTTAGTAGTTTATGATCAGAGTCACAATGTCCARACCTTTTCTATCTTTBCTTTCACTTICCTTGCTACTCTTTGCAAGCECATETT TAGCAACTAGCTCTBABTTTRACABAC
................................ s KxePFLSLLSLSLLLFASALCLASTSSETFDR

TTAACCAATGCCAGCTAGACAGTATCAATBCATTBSAAECABACCACCGTGTTBAGTCCGAABCTGBTCTCACTEABACATBBAATCCAAATCACCCTGAECTAAAATBCECEBGTGTST
L NOECOLDSINALEPDHRVESEAGLTETNWNPNHPELKCAGY

CACTTATTAGACGCACCATCGACCCTARTGEACTCCACTTGCCATCTTTCTCCCCCTCTCCACAGTTGATTTTCATCATCCAAGGAAAGGETGTTCTTGGACTTTCATTTCCTG6CTEIC
SLIRRTIDPNGLHLPSFSPSPOLIFIIOGEKEVYVLIELSFEPSETL

CTGAGACTTATGAAGAGCCTCGTTCATCACAATCTAGACAAGARTCCAGGCAGCARCAABGTBACAGTCACCAGAAGETTCGTCEATTCAGARAAGGTGATATCATTGCCATTCCATCEE
PETYEEPRSSOSROGESROOOGDSHOKVRRFRKEDI T ATPS

GAATTCCTTATTGEACATATAACCATEGCGATGAACCTCTTGTTGECATTAGCCTTCTTBACACTTCCAACATTGCARACCABCTCEATTCAACCCCARBAGTARBTGATAGBTGTATCCA
GAATTCCTTATTGBACATATAACCATGECGATGRACCTCTTGTTGCCATTABTCTTCTTGACACTTCCAACATTGCAAACCAGCTCEATTCAACCCCARGAGTAAGTAATAGTETATCCA
6 I PY W TYNHGBEDEPLVAITISLLDTSNIARNILDSTPRG. ...oeuviernnnns

TTCAT---===mmmmmmmomc oo ACAGTATECTCTTTCOATTATAACTT-AAAAGTTTCTART ----=-mmmmmmmmmm oo GTAAATATGTRTATECAGD
TACATTACATTATCTCTTATARATTGTTCATACAGCATGCTCATTCGATTATAACTTTAAAAGT TTCTAATGTATAATTTRTTATACTAAATCAATCACACBTARATATGTGTATECAGE
........................................... Y11 T A P

TATTTTACCTTGGTBGARACCCAGARACAGAST TCCCCBAARCACAGEAGEAACAACAAGGAAGGCATCOECARAAGCATABTTACCCTETTGEACGTAGEAGTGEACATCACCAACARG
TATTTTACCTTG6TGEGAACCCAGARACABAGT TLCLCGAARCACAGGABGAACAACAAGEAAGGLATCGGCARAAGCATAGTTACCCTETTEBACE TAGGAGTGGACATCACCAACARG
VFYLGGENPETEFPETOQEEQOGERHROKHSYPVERRSEHHD ]

v
AAGAGEAATCCEAAGAACAAAACGAABETAACAGCG TG TGABTEBCETCAGC TCAGAGTTTTTAGCACARACGT TCAACACTGARGAGBATACABCGRAGABACTTCEATCTLCACEAG
AAGAGEAATCTGAAGAACAAAACGAAGETAACAGCETECTGAGTBGCTTCABCTCAGAGTTTTTAGCACARACETTCARCACTGARGAGGATACAGCGAAGAGACTCCEATCTCCACEAG
£ EESEEOQONEGSBGNSVLSGEFSSEFLAQTFNTEEDTAKRLRSPR

N E £
ACGAAAGGAGTCARATTETECEAET TEAGEEAGETCTCCGCATTATCAACCCCAAGGGEAAGEAAGARGAAGARGARRAAGRACABABTCATTCTCACTC TCACAGAGABGAGGAGEAAG

-439

-339

-219

-99

22

142

262

382

302

622

142

862

982

ACGAAAGGAGTCAAATTETECGABTTEAGGEAGETCTCCACAT TATCARACCCAAGBEGAAGGAA - - -GARGARGANAAAGAACARRGTCATTCTCACTCTCACAGAGAGGAGAAGGARG 1099

D ERSODIVARVESGSGELRIITKPKSGEKE-EEEKEDSHSHSHREEKE




A.A, - - - - b

LegK AAGAABAAG--------- AAGATGAGGAG---ARACAARGANGTGAGGAARGARAGAATGG T TTEGAAGAAACTATCTETAGTGCCAAAATTCGAGAGAACATTGCGEACEETGCAGETE
Leg) AABAAGARGAAGAAGAAGAAGATGAGGAGGABARACARAGAAGTGAGGANAGARAGAATGGT TTGEAAGAAACTATCTGTAGTGCCAAAATTCGAGAGAACATTGCEEACGLTOCALGTE 1219
AA.E EEEEEEDEEENKOQRSEERKN:®GLEETICSAKIRENTIADARAR

A.A, R

LegK CCOACCTCTATAACCCACRTECTGBTCETATCAGAACTRCARACABTTTAACTCTCCCABTCCTCCBCTATTTACGCCTCAGCGCTRABTATETTCETCTCTACABBETETRTATABTAC

Legd CCBACCTTTATAACCCACETECTEETCETATCABCACTECAAACABTTTAACTCTCCCABTCCTCCBLTATTTACGCCTCAGTBCTEAGTATETTCETCTCTACAGEETARCTATTAAAC 1339
AALA DL YNPRABGRISTANSLTITLPVLRYLRLSAEYVRLYRG...ooovvs

Legk TAACTATTTAATCAATATATTTCCAATTBATEATT-GTTEAARAARATEARA-TTTARTEABCTARTTAATAACATETATATATETATATGCAGAATEETATATATGETCCACACTEGAA

Legd -------- TAATETETATATTTCCATGATATGATTAGTTACAT-ARATGATTTTTTAATARACTARTCAATAACGTETATGTATRTATATGCAGARTEETATATATECTCCACACTERAR 1450
T ] o)) 2 YN GE T YAPHEN
A.A. F DA

LegK CATARACBCCAACAGTCTRCTETACGTBATTAGAGGAGAABGAAGAGT TAGBAT T6TGAAC TTCCAAGGAGACECAGTETTCGACAACARBE TCAGARRGBEACABTTEETEETEETACT
Legd CATARACBCCAACABTCTECTGTACTBATAAGEE6ABAABGAABAGT TAGBATTETEART TGCCAAGGARACACERTETTCEACAACARGETEAGAARGEBACAGTTEBTEETEETACE 1570
AR, I NANSLLYVIRBEBRVRIVNCOBENTVFEDNKVRKEQLVVYP

A.A, L A
Legk ACAAAACTTTGTGETE6CH6AACAAGLTGEE6AB6AAGANGEAT TAGAGTATGTGETGT TCAAGACARATEACAGAGLTGCGETTAGCCACETACAACAGETECTTABBSCCACTCLTEC
. Legd GCAAAACTTTBTE6TEECE6AACAAGE TE6GGABEANGAABBAT TABAGTATETTRTGTTCAAGACARATEACAGAGCTRCTRT TAGCCACGTACAACABGTBTTTABBBCCACTCETTE 1690
AR. O NF VVAEDAGBGEEEGBGLEYVYFKTNDRAAVSHYVEEVFRATEPES

A.A, a

LegK ABAGETTCTTECAAATECTTTTEGTCTTCATCAACGCCARGTCACEBAGT TAAAGE TCABTGBARACCRTEECCCTCTRETTCACCCTCABTEBCAATCTCAATCTCATTBABATEATEE

Legd AGAGGTTCTTBCAAATECTTTTBETCTTCETCAACRCCAAGTCACGBAGTTAAAGL TCABTGEARACCETBECCCRLTRETTCACCCTCRETCTCAATCTCARTCTCATTGAGATGATEC 1810
AA. EVLANAFBLROROVYTELKLSGENREPLVHPRSDESOSHBD...

Legk TAT------ GGAGTATAATAATGABATEBCCATCTTATCTT---- ===~ ARATAATAAATTTTGAATETACTGTAGAGAAGAAT TTCABTTCCEATAATARARCARTARAGTATEEC
Legd TATGATARTECAATACAATARCAAGATEECCATCTTGTCTTEARTAATAATGATARAATARAT TTTGAATGARCTGTAGTARAARATTTCACTICCTATAATARRACAATARAGTATCEL 1930
e e POIYAD) L (PolyA+)(PalyA®)......

Legk CTTARAATCCCARTCTTAATCTAAATTTGTATGCATCTATA-AGEEGCEARTAACACTAGT TTTGTT-CACCTTGCAATTBCCATAATAARATE-CATA-CACTTTTTACTATTGLTTAT
Legd CCTACTACCCTGATCTTACTCTEAATTTETATGCATETARAGAGGEGTGAATAACAATTRETTTTGTACACCTTCCAATTGCCATARTARARTGECATATCACTTTTTARARRATTCTCE 2030
PolyAt) s iviniviivraiienrnenienens

------------------------------------------------------------------------------------

LegK ATGTTTGTTTGAATCATATARARAACACAACTACAAATCTBCATTTTTCTTCBECATTTGATTATATATETBCA. .vuueve e vvniiisiniinieensisisen e
Legd TTCATTATCTTICTTCATTABTACTAATEATEAATTETCTCAATARTARTATCABC TTTTTEARTACAGCARCGAGACARCARAC TTTARCARTCACAATTATARGBTABTETTATTAATT 2479

Legd BTTTTCTAAAAATETTTTCTSTSTBACBBAASGAATCATTCATTTCCTTATEAATATAATTGTCAQACTATAAAGEAIAAAAATAAATACITGAGAGGCAABAGGTAAGAAGATGTGBTT 2290

LegJ AATCCCACTACTCECTAGAGAATBAACACACTTETCATETTGATARARATGAGAACCGAARARTCTACARATARRTACTAGT TGATTARATAARGAATTTBTATTGTTGATARATACTEA 2410

Legd ATTC....(2414)
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3.2.3. Hybridisation of Leg K _to messenger RNA

A 3' flanking sequence probe sgecific to Leg_K was prepared by
isolating and labelling the 2.3 Kb Bal 1/Eco RI fragment 3' to the Bal
I site in pJC 5-11 (see fig.9). This was then hybridised to a Northern
b;ot of total pea cotyledon RNA, resulting in ﬁhe detection of two
bands. One was an intense band at an indicated siie of approx 2,300
bases, and the other, feinter band was of approx 4,200 bases. (see
fig.ll).

Pictured alongside thg result shown in fig.ll are results
‘producéd by D. Bown, where probes corresponding "to Leg J coding
sequence and 3' flanking sequence (specific ohl& to Leg J) were
ﬁybridised independenfly'to Northern blots of total RNA extracted from
cotyledons in varying degrees of development. The coding sequence
probe hybridised to a heterogeneous RNA population in the approx. size
range of 2100 - 2400 bases, while the 3' flanking sequence probe
hybridiseé to a single band of approx. <2100 bases. Intensity of
hybridisation increases as the stage of development of the cotyledons

from which the RNA was extracted increases.




Fig.11.
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Hybridisation of Leg J and Leg K sequences to total RNA
prepared from developing pea cotyledons ('Northern'
blots). ' :

Tracks 1 - 6 , Leg J coding sequence probe hybridised to
total RNA from cotyledons .

- 8-9 d.a.f. (days after flowering)

- lo 11

- 12 1"

14 "

— 16 1]

— 18 1"

O bhwnN
|

Tracks 7 - 11, 3' flanking sequence probe from Leg J
hybridised to total RNA from cotyledons
7 - 11 d.a.f.

8 -12 "
9 - 14 "
10 - 18 "
11 - 20 "

Track 12, 3' flanking sequence probe from Leg K hybridised
to total RNA from pea cotyledons 18 d.a.f.

Cotyledon expansion takes place over the period 7.8 d.a.f.
under the conditions used (Gatehouse et al., 1982)

’
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3.3 Characterisation and Complete Nucleotide Sequence of Vicilin Gene

B ( Vie B), coding for a 50,000 Mr Vicilin Polypeptide

3.3.1. Characterisation of Vic B

A JC—l is a genomic qlone containing a 13.8 Kb fragment, and was
isolated from a A geﬁe bank containing fragments resulting from an
Eéo RI partial digest on pea leaf genomic DNA (Ellis et al., 1986). A
‘cDNA, pCD48, coding for a 50,000 Mr.viCilin poiypeptide'(Domoney and
Casey, 1985) was used in the screening process. Eco RI digestion of
A JC-1 produced 4 fraéments, one of which, at 4.7 Kb, proved
homologous to pCD48 in further hybridisation studies. (see fig.12).
This 4.7 Kb Eco RI fragment has been sub-cloned into pUC9 (Ellis et
ai.; 1986) and termed pJC.l—16.

In order to locate the gene on the 4.7'Kb Eco RI fragment and
also to defermine its orientation thefein on both the genomic
clone £ JC-1 and the pUC9 subclone pJleIG, a cDNA, p DUB9, encoding a
50,000 Mr vicilin polypeptide, {(Delauney, 1984) was digested with Bgl
II to proauce 0.36 Kb 5' and 1.1 Kb 3' coding sequence specific
probes. These were then hybridised separately £o two identical
southern blots of pJC 1-16 double digests consisting of one enzyme -
either Sst I (one sife in the pJC-16 insert - see fig.12) or Bam HI
(no sites in the insert but one site in pUC9) to linearise the plasmid
in conjdnction with one of a range of 6 bp recognition site enzymes.
An example of this is shown in fig. 13; sﬁowing the band sizes
obtained from an agarose gel containing a set of digests on pJC-16,

and from the resulting autoradiograph, those bands which hybridised to
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the 5' coding sequence probe. After the geﬁe had been located and
orjentated on the fragment in thié way, fesfriction mapping was
.cohﬁletedito.give the final mép showing majof restfiction sites,‘the
appfoximate location of the gene, and the orientatidn within pJC 1-16
(see fig 14). According to these'results, the gene appeared to be

contained in its entirety within the 4.7 Kb Eco RI fragment.




Fig.
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Partial restriction map of the pea genomic clone A JC-1.
The bar represents the area corresponding to the coding
sequence plus introns of Vie B. The arrow labelled 1-16
represents the subclone used for further restriction
mapping and sequencing of Vic B. Restriction sites : E =
Eco RI, H = Hind III, S = Sal I, T = Sst I.



a%0-1

8A
S

£

B

9l-l

SR |

T

1
H1/S3

SH



97 .

Fig. 13. Example restriction digestion of Vic B subclone pJC
1-16(A) plus hybridisation of the 5' Bgl II section of
pDUB9 (see 3.3.1.) to a Southern' blot of these digests
(B)

A: Track 1 X DNA digested with Eco RI + Hind III
2 pJC 1-16 " " Hpa I + Sst 1
3" " " Pvu II + Bam HI
4 " " " Xho I + Sst I
5 " " " Bal I + Sst I
6 " " " Bcl I + Bam HI
7 " 1" 1] Stu I + "
8 " " " Eco Rv + "
9 " " 1" ACC I + [1]
10 " " " Hind III + "

B: Track 1 pJC 1-16 Digested with Hpa I + S8st I
2 " " " Pvu II + Bam HI
3" " " Xho I + 8st I
4 " " " Bal I + Sst I
5 " " ", Bell + Bam HI
6 1 1] " " stu I + H
’7 " " " ECO RV + 1"
8 11 " " ACC I + 113
9 " " " Hind III + "

Restricted fragment sizes (Kb)+ hybridising bands (indicated with *)

pJC 1-16 digested with

visibility)
Hpa I + SstI 3.15
Pvu II + Bam HI 4.8*
Xho I + Sst 1 3.7*
Bal I + Sst 1 5.0
Becl I + Bam HI
Stu I + "
EcoRV + "
Accl + " 4.5
Hind III+ " 4.9

(fragments

in brackets were of doubtful
2.5% 1.2 0.52
2.3 (0.3)
2.8% 1.2 0.92x2 0.74 0.52
2.3% 0.8*%
no Bcl I sites
no Stu I sites

?

1.8 0.7 0.4
1.9* 0.5






Fig.
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Restriction and sequencing maps of Vie B coding and
flanking sequence. Restriction sites : A = Alu I, B = Bal
I, E = Eco RI, G = Bgl II, H = Hind III, P = Pst I, R =
Rsa I, S = Sau 3A, T = Sst I. Arrows indicate direction
and length of sequence obtained from each -M13 subclone.
Duplicated sequencing runs carried out to check sequences
are not shown. R = Vie B coding sequence, [

= Vie B intron sequence, @zZZZ2 = Vie B 5' flanking
sequence, = 3' sequence of unknown origin.
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3.3.2 Nucleotide Sequence of Vie B

The complete nuclebfide sequence of Vie B is given in fig. 15,
and includes 653 bp of 5' flanking sequence, and all the coding
sequence up to 35 bp into Exoﬁ‘G; at which poiﬂf it appears to be
interrupted by sequence of unknown origin; Sequencing strategy for
thié is véhoWn in fig. 14, again by a series of arrows indicating
direction of‘sequence obtained from a given. type of subclone. As can
be seen from this, the bulk of sequence iﬁfofmation was gleaned from
Sau 3A, Rsa i, and Alu 1 fragments' shotgun cloned intq M13 (see
section 2;9.1.1.). Remaining gabs in'the éequence were then filled in
by digestion of the pJC 1-16 plasmid with Eéq R1/Sst I, Eco RI/Hind
1II, Eco RI/Bal I, Eco RI/Xba I, Hiﬁd III/Pst I, Hind III/Bal I, Hind
III/Xba I and Hind III/Bgl II. Fragments from these digestions were
then either shotgunned or cloned by the dlrect method (see section
2.9.1.2.) into appropriately cut M13.

3.3.3 Partial Sequencing of pJC 1-12

in an attempt to locate the missing 3' end of Vie B, the puUC 9
subglone pJC 1-12 (Ellis et al., 1986), codtaining the 6.4 Kb Eco RI
fragment immediately adjacent to the 3' end of the 4.7 Kb Eco RI
fragment in x JC-1 (see fig. 12), was digested with Eco RI/Bam HI. The
1.1 Kb fragment from this digest was then subcloned into the
appropriate M13 vector to allow 200 bp of sequence to be read out from
the Eco RI .site at the 3' end of Vie B, thus exfending sequence at the
interrupted end of the gene in order to see if coding sequence resumed
in this region (see.fig. 14 for the direction of sequence obtained

from this subclone). As shown by the sequence given in fig. 15, coding
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sequence did not resume within this extra 200 bp stretch.

3.3.4 Hybridisation of pDUB9 to pJC 1-12

A Southern blot of pJC 1-12 digested with Eco RI was probed with
the homologous Vicilin cDNA pDUB9 (see section 3.3.1). No hybridising
bands were detected, (result not presented), indicating that the

missing 3' end of Vie B was not present within the 6.4Kb. Eco RI

fragment in pJCl-12.
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Fig.15 Complete nucleotide sequence of Vie B and its flanking
regions. The amino acid sequence is given below each line.
Major features are as indicated.




- Vic

SR RRHEEEA AR R R AR R R RN RIS o

? t
+ NUCLEOTIDE SEQUENCE OF VICILIN GENE vic B ¢
' ]

RS RERE AR H R LR R R R EEEREEEE

VicB ...............................................................TATATATTATATTTTTCTTTTTAATATATAAATAAAGIATAGTATATGTAAAGTAAA
VicB CGSATAAATAATABATAAATAATTAAATGACATATATGTACAATTACATTTTTATATATAAATTGACATATATATETACAATTACATTTTTATATATTAAGTATABTATAGTATATATAA

Vich AGTAGACGGATAAATAATSATAGATAATTAAATGACGTATATGTACAATTACATTTTTCACATGACAASTACAAACATATGCACTTCTAAGTBCAAGTTTATEEAGTTATTTGCATGTCT

VicB TAGAGCTGSAGCTTSAGTTBTASGATACAACACTTGTTAAAATTCTCTAGTCAATTCATTAATTCATATACACATGGCCGAAGACAATAATAAAECATCCTCCTITTCCATAAGAATBTC

Vic CAAATTCATCAAATTCAAACAAAACTCCACCACCCAAGTAATGTTCTTTTCATTTTGCCACTTCAATTTTGTACATTTTAACACACETCCATATGCATGECACAACATGGCCAACTGTTG

Vic GTBCATGTTAATTATATABTTTTATTTTTTATATCTATAAATACACTCATCTCACTGTACTTTATTCATCCAGAGCBACCAAAGTGAEATATTASTTTCAATCAACABBCTGCTACTACA

-no.-nln-lll-lla'lll:lItonn.-ln-on(TATA Box)l.llll.llllIlllllllllllllll‘lllllllllllllllll."llll.!lllllllllll'll.l'llllll

Vic ATGAAABCTTCATTTCCACTTTTBATECTAATGGGAATCTCTTTCCTAGCATCABTSTGTETTTCTTCTASETCTSATCCTCAAAATCCTTTTATCTTCAAGTCTAACAAGTTTCAAACT
Al kK ASFPLLELNEEISFLASYVCY S SRSDPANPFIFKSNKFRT

Vicp CTTTTTGAGAATGAAAATGGGCACATTCGACTTCTSCAEAAATTTGACCAACSTTCTAAAATTTTCGAGAATCTACAAAACTACCSTCTTTTEGAATATAAGTCCAAACCTCACACAATA
AL LFENENSHIRLLEKFD PRSKIFENLONYRLLEYKSKPHTI

Vich TTTCTTCCACA6CACACCGATBCCGATTACATCCTTETTSTACTCAGIGETAATTTATTATTTATCTAAETTATTATTTATTCTACATCTCTCTATGAECTTCATTCAAATGCSCGGTAT
AAL FLPOQHTDADY T LVVLS

Vicp TTATTATTTGTSASEAGCTGCSGTAGTAACACTCTCTTTCAACACTCTCAATCACTCACTTTTTATGGTTGAAACATGTGGCCTCBCTTGBAAATAGECCCACATAAASTSSTAAGAGCA
A.A, IV§-1----

VicB CACATATTTCAACAAATGAAAGAGTGTGTBTTTGABAEAGTGTTEAAAAEAGABTATTATTAGCATTTCTCTTATTACTTTACATATTTGTTTTGTAAGGATAAATTAAATTCAGTTATA
AL

Vich AAATCTAATGTCATTGTAATTTCCAGEAAAAGCTATACTCACAGTSTTGAATCCCGATGATAGAAACTCDTTCAACCTTGAECGCSEAEATACEATAAAACTTCCTGCTSSCACAATTGC
AN 6 KATLTVLNPDDRNSFNLERGDT I KkLPAGTIA

VicB TTATTTEGTTAACAGAGATGACAACGAGSAGCTTAGASTATTAGATCTCGCCATTBCCGTAAATAGACCTGGCCAACTTCASETAATATAACCAATGTTTATCTATTCTCATATCAAATA
AAL YLVYNRDDNEELRVYVLDLAI AV NRPGEOL BL ----

B TGCTATGCATTCTAATGTACAAACAAATGTTAGBGECCTCTACCATAACATCACAACAAAAATTSCSCCTGTACATATTTTTCTGTAATATTITCCTAATATTTTCTTTATTTTTTTTST
A.A Iv§-2 . -

VicB CCTTTTTCAACAGTCTTTCTTATTGTCTGGAAATCAAAACCAACAAAACTACTTATCTEGETTCAETAASAACATTCTASAEGCTTCCTTCAATBTAAECATAACACACAATTTTTTTTT
AA, --ommmmmmee- y§ FLLSGENGNBOANYLSEFSKNI L EASF NS

VicB CATTTATBTATBTATTAGTTTGBTATTSTATATSTTAATACTCACTTTGTCAATGTATGTACTETAAAAAAATATABACTGATTATGAAGAEATABAAAAGETTCTTTTAEAABAGCATE
AA. Iv§-3 YT DY EETEKYLLEER

VicB ASAAAGAGACACAACACAGAASAAGCCTTAAGBATAABABECABCAAAETCAABAAGAGAATBTAATAGTAAAATTATCAAGBSGACAAATTGASEAATTGABTAAAAATGCAAAGTCTA
AAEKETRHRR SLKDKROOSQEENYIVKLSRERIEE LSKNAKS

ViEﬁzEETCCAAAAAAGGTBTTTCCTCTBAATCTGAACCATTCAACTTGAGAAGTCGCGETCCTATCTATTCCAACEAGTTTGGAAAATTCTTTGAAATCACCCCAGAGAAAAATCCACAGCTTC
AAT SK KBVSSESEPF NLRSRG6PIYSKNEFGEKFFEITPEKNP gL

VicB AAEACTTBEATATATTTGTCAATTCTBTABABATTAAEEASETATGATAAAATTATTTTATAATATAGEAAATTCACCAAATTACACAATGAGATTTCACTTGATCAAATTACAATTSTT
AALQ@DLDIFVNSVYVELKES

'
34

VicB CTAAATGATTTGATTTTTGTCCTTTGAABTTATAATGTCAAACTTTTGTTACTAACTTGACATCTCATACACAACAAGTTTTACATACTCAATAACATGTTTTATTTATABAACATATAT
AA. IvS-4

120

240

360

480

600

120

B840

960

1080

1200

1320

1440

1560

1680




VicB CTAATGTATTTATTTAATTATTCTTTCAAATTAAATATTAG68ATCTTTATTGTTGCCACACTACAATTCAAEBGCCATABTAATAETAACAETTAACGAABSAAAAEEAGATTTTGAAC
Af. : Y6 SLLLPHYNSRAILIVIVTIVNEGKEDFE

VicB TTGTBGBTCAAAEAAATGAAAACCAACAAGAECABASAAAAGAAGATGACEAEEAASAGGAACAA86A6AAGAEBAEATAAATAAACAAETECAAAATTACAAAECTAAATTATCTTCAB
AALLVEORNENCREQRIKEDDEEEEQGGEEEEINKEVANYKAKLSS

VicB GAGATBTTTTTGTGATTCCAGCAGGCCATCCAGTTRCCETAAAAGCAACCTCAAATCTTBATTTGCTTREETTTGETATTAATGCTEAGAACAATCABAGBAACTTTCTTECAGGTATAT
AALEDYVFVIPAGHPVAVKATSNLDLLEFGEINAENNREGRNFLA (-

icB TATATTATCACCCAGTCTCTGTCACTATTTATTCATTTTAAGTGTGTATTTTAAAAGTCGACTTCTATTTAAATCAASBGEAAAATATTAABATATGCTTATTATTTTGGTGATTAAAAA
IV8-5

B TTTGAABECGATGAEBATAATGTGATTAETCAEATACACCSAETATATTCTTEBAECTBAAACTATCCGTTGCATSTTAGAECTCTCTGAAACCAAGATTTTTAABATTCCCTAAGCTAA
------ X% D EDNVISEIHRSC - 1V5-6? -

icB CAACAGCCTCCTCTTTATAATCACCAATATACAAGATAACTCCATGCCBBTTCCAATGCAEETTCCTCTTCTTCASGTTCATATGCTTCCGCAAECTTACCATCATEATTCGAACACGGT

Vl B ASASTTCGAAACAATTTTBCCECTECCATCTTAETBATCTCCTGCATTGTCECTTCACTEAACTTTGAATTCGCTGAAATATAATCAACAAGTTCAAGCAAAETTTGCCTCTCTCCAATG

VIGB ATACEATCCCTBTTCCTTCTACTACCEGCAAGAACTTTTGGTATTTTCCTTTAACTT6TTCTGTTTCTECABETTCEECGETTTTATGCATAATGECTTTTEETCGTAGTCAAAACCGTG
AA.

ViﬁB CTCTCACACCAAGCTTCCTAACAACATCATCAAACTGTGECAAC 2684
A.A,

1800

1920

2040

2160

2280

2400

2520

2640
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3.3.5 Hybridisation of Vic B to Genomic DNA

The 1.95 Kb Hind IIi fragment froﬁ pJC 1716, containing nearly
all the>VickB coding sequence (see fig. 14) was ‘hybridised to a
Southern blot of pea leaf_genomic DNA restricted with 5 different 6 bp
recognitiénbsite restriction enzymes. The resulting. autoradiograph is
pictured in fig. 16, with the most intense hybridisatioh occurring at
4.7 Kb in.the Eco RI digest, and at 2.3 Kb with Hind III. Feint bands
can be observed at 5.5 Kb in the Eco RI track, at approx 22, and 11.5
Kb ih_the Bam'HI, at 9.4 Kb in Hind 1II, at approx. 24, 18.5 and 10.2

Kb in Eco RV and at 4.5 and 3.0 Kb in the Bgl IT track.




Fig. 16
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Hybridisation of Vie B coding sequence to genomic DNA

Track 1 10 ug Pea leaf genomic DNA digested with Eco RI

aObwn

Bam HI
Hind III
Eco RV
Bgl II1
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3.3.6 Hybridisation of the 3' 0.25 Kb Eco RI/Sst I Fragment of

pJC 1-16 to Genomic DNA

in order to assess whether the sequence of unknown origin at the
3' end of Vie B might be repeated to any degree in the pea genome, the
3 Q.25 Kb Eco‘RI/Sst I fragment from pJC,L;IG (see fig 14) was used
as a probe specific to this region. When hybfidised-to a Southern blot
of pea leaf -genomic DNA digested with the same 5 enzymes used in
section 3.3.5, the autoradiograph shown in fig. 17 resulted. Comparing
this result with that achiejed by hybridising only Vie B coding
sequenée to genomic DNA (see fig.16), fragments'detected by the Vie B
probe appear also with the 3' specific probg. However, this probe does
appear to have hybridised to several other bands in all 5 tracks. Of

possible interest also is a relatively intense 7.4 Kb band appearing

in the Eco RI digestion.



Fig. 17
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Hybridisation of the 3' 0.25 Kb ‘Eco RI/Sst I fragment from
pJC 1-16 (see fig. 14) to genomic DNA

Track 1 10 ug Pea leaf genomic DNA dlgested with Eco RI

abwh

Bam HI
Hind III
Eco RV
Bgl II
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3.4 Characterisation and Partial Nucleotide Sequence of a Second

Vicilin Gene, Vic C, also coding for a 50,000 Mr Polypeptide

3.4.1. Characterisation

X JC—2 ie another genomic clone ieelated from a gene bank
constructed by the ligation of.fragments prpduced by an Eco RI partial
digestion of pea leaf genomic DNA into a'bacteriophage A vector. By
disp]aying a different pattern of .hybriaisation. stability to the
cDNA's pCD48 (see secfion 3.3.1) and pCD4’ (eneoding a 47,000 Mr
Vicilin polypeptide) than obser?ed for A~JC-I‘ this genomic clone
‘appears to. represent a different vicilin gene to that contained
in A JC-I (Ellis et al., 19865.

‘A JC-2 contains a 12.8 Kb insert, censisting of 5 Eco RI
fragments. When a Southern blot of A JC-2 digested with Eco RI was
probed with pCD 48, hybridisation occurred‘with Eco Ri with_the 4,1 Kb
fragmen£ (see fig. 18, shqwing a restriction map of A JC-2 and the
area of cDNA homology), which as a result was subcloned into pUCY and
termed pJC 2-7.

A strategy similar to that used in section 3.3.1 for Vic B was
used to 'discover the location"and orientation of this potentially
different vicilin gene (termed Vie C) in the 4.1 Kb fragment both in
pJC 2-7 and also A JC-2. This time however, in order to try and
account for the different patterns of hybridisation observed between
the Vie d and Vie B genomic clones, the cDNA pDUB 2, encoding a
different 50,000 MR vicilin polypeptide to that of pDUB9 (used in

section 3.3.1) was used. Digestion of pDUB2 with Bgl II was shown to
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produce 0.677 Kb 5' and 0.17 Kb 3' coding séquénce épécific‘fragments.
These were then hybridised separately to identical Southern blots
containing pJC 2-7 double digests with one enéyme known to linearise
the plashid, and another Aselected from a range known to have 6bp
recognition sites. Once located énd orienta£ed this way, restriction
mapping was completed usingifurther variQus_restriqtion digests to

- .give the'map shown in fig. 19.




Fig.

18
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Partial restriction map of the pea genomic clone A JC-2.
The bar represents the area corresponding to Vie C coding

sequence and introns. Restriction sites: E = Eco RI, S =
Sph I.
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Fig.
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Restriction map and sequencing'strategy for Vie C and its
flanking regions. Restriction sites: A = Alu I, B = Bal I,
C=Bcl I, E=EcoRI, G=Bgl II, H= Hind III, K = Kpn
I, P = Hpa I, S = Sph I. Arrows indicate direction and
length of sequence obtained from each M13 subclone.
Duplicated sequencing runs carried out to check sequences
are not shown. SR = Vie C coding sequence. [

= intron sequence, EZZZZZZ)) = flanking sequence.
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3.4.2 Partial Nucleotide Sequenéing_gf Vie C

Nucleotide sequeﬁce correqunding to 553 bp of 5' flanking
sequencé (spanning the initiation codon), 151 bb of 3' flanking
sequence (spanning the termination codon) and 1287 bp of coding and
intron sequence is presented in fig. 20. The bﬁlk of this data was
ébtainedAby shotgun cloning of Sau 3A, Alu I and Rsa I fragments of
thé 4;1 Kb Eco RI inserﬁ from pJC 2{7.into MlB-sequencihg vectbrsh
Additional sequence was 6btained by digesting the insert from pJC 2-7
with- Hind III and Sph 1 and éubcloﬁing the. fragments' into an
appropriately cut M13 vectof. A'sqmmary4of}the_seqﬁencing strategey is

included in fig. 19.
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Fig. 20 Partial nucleotide sequence of Vie C and its flanking
regions. The amino acid sequence is given below. each line.
Major features are as indicated. \
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& NUCLEOTIDE SEQUENCE OF VICLIN GENE C ¢
FEHHFHHH R E R R HE R R R R R

hAAATCAAAAAGCTTTAATTAAATTTCACTAGTTGTAAATATATTTATTTATTTTTGTGTATATAATATTTATCACTTAAATTAATTTCTTAATGTTACTTTAAATTAAATTAATTCAA
CCTAGTTTCGGTAGTAATGCATTTAGTAGTGAATTTTTTCAAGTCTTTATTCTCATAATAGAAGAAGT TCAGGTEABAGACAATTTGTGGGACCCTTCATTTATTAACGTTCTCTAGCA
[ TTCAGAGTAATTCATAACACCAAAATCTAGCCATTRTTAACATTCTTCTTTTCCTGAAGAATRTCCABATTCATCARATTCAAACTTTTCTTCACCACCCATETTATETTCTTTTCGE
TTTGCCACCTCAATTTTGTACATTTCAACACACGTCCATATGCATGRCACAACATRBCCAAATRTTGRTCATGTTAATTTATATAGCTTTCTGTTTTATACCTATAAATATCATTTGAT

S0 e s NN NN NI IR IR EIERIE RS ENNIRNOENBONIBBTIIEPOITEDN (RN NN NN NN NN vasrsrcne ssessreares R EEEEN] (TATA BOX) ........ )

CTCG6TGTATTTTATTCATCCAAAGTGAGTAAAGCGAGACATTAAATCAAATTAACATGRCTGCTGCTACAACAATGAAAGCTTCATTTCCACTTTTEATGETECTEEEAATTECTTTC
III‘IIII...I...'.".'.'..'.".'..I.l.. lllll SNBSS ANIERNSNIRNS PN FIEIBRAIRNSEEFERND IIH K A S F P L L H V L B I A F

[ TAGCTTCAGTATRTSTTTCTTCTAGATCCGATCAAGATAACCCATTTATCTTTGAGTCTAAAAGGTTCCAAACTCTTTTCGAGAATGAARAGETTCACATTCETCTTCTCCAAAAGTT
LASVYVCVSSRSDODNPFIFESKRFETLFENEKVHIRLLAEKTF

TGATCAGCRTTCTAAAATATTTGAGAATCTTCAAAATTACCBTCTTTTGGAATATAAGTCAAAACCTCACACCATATTTCTTCCACAACAAACGEATGCAGATTTCATTCTTGTTETCC
DBRSKIFENLENYRLLEYKSKPHTIFLPEQTDADFILVY

TTAGCERTAATTTATTATTTATCAAGTTATATATTATAAATTAATCCCTAAATCGATTATTTAAAAAAAGTATA
L 5 < IV5-1 -- cmmmmeemeeeee

CGTTCCTCRTCAATAGCCEGTCTATTCGRTATTATAACAAGTCTTCCTTTCTTAGTATECAACTTCATAAAATAATTTTAGAGETCTTTTCCATAACATTATAACAACAATTGTGATCE
...... N T PT T TP (- J——

TTTTTAATCATAATTTACRACAAAAATTTCTATTGATATTATAATTATTTTTTGTCATTTCAACAGTCTTTCTTATTGTCTGGAAATCAGAACCAACAATCTATCTTATCTGEATTCAG
S FLLSG6ENBNBRBSILSSEFS

CAAGAACATTCTAGAAGCTTCCTTCAATGTAAGTATAAAGCACATTCTTTCTTCATTTTTTATRTATTAGTTTGATTTACTCTGTATAAATATTCCTTTTGTCATTGTAAAATATACAG
K N T LEASTFKN - - ==[V§-3--mmmmmmmm e mm oo m e e e )

ACAGATTATGAAGAGATAGAGAAGATTCTCTTAGAAGAGCATGAGAAAGAGACACATCACAGAAGAGBCC TTAGGEA TAAGAGATAACAGAGCTAAGAAAAGAATETAATAGTCAAAGT
TDYEEITEKILLEEHEKETHHRRELRDKREH g SBEKNVIVEKY

ATCAATGAAACAAATTGAAGAATTAAGTAAAAACECAAA
S HMKE@IEELSKNA

|

ATAGATARRACAACTCTCCCACACACACACACACETATATATATATATATATATATATATTTATTTATTTATTTAGTTAGTTABTTATTCTTTCARAT TTTATCTTAGGEBTCTCTAT
---------------------------------------------------- L e N S

TETTECCACACTATAATTCAAGEGCCATAGTEATAGTAACAGT TAATGAAGEAAAAGEGEBC TTTRAACTTETEEETCAAAGARATEAGAACCAACAAGECTTEABAGAAGAAGATEAC
LLPHYNSRAIVIVIVNESGKEGEEFELVYVYGERQRNENOOSELREEDD

(GABEAAGAGGAGC
EEEE

ZABATCTTACATTCCCTBGATCAECTCAAEAESTTEACABECTACTAEAEAATCAAAAACAATCTTATTTTGCAAATGCTCAACETCAACAAAEAEAEACAAEAAGCCAAGAAATAAAGE
D LTFPESAQREYVDRLLENBKASYFANARPEBERE TRSEETK

AACATCTETATTCAATTTTG6666CCTTTTAATGAGTGATCAAATATTTTGCATETATEC TATAAAGAACTATAGCTCATARTGAGCAAGEAAT AAAACATCETTCTCTTGTACTATAR
EH LY ST L B AF Bvvivnnnenenions errees PP TR (.3 177 Y S SO e

\
TTATAACTCCACCTTTCTACTATGAATAATAATCAAAGATGTTATGTECTCCTACTATETTTT




112

3.4.3 Hybrldlsatlon of Vie C to Genomic DNA

The 4.1 Kb Eco RI- fragment from pJC 2-7, containing the Vie C
gene in its entirety, was hybridised to a Southern blot of pea genomic
DNA digested with the same 5 enzymes used in the corresponding
exﬁeriment for Vie B (see éeqtion 3.3.4). The resulting

autoradiograph is shown in Fig. 21 - theArather complex band patterns

bbtained can best be summarised as follows; The Eco RI digest giving a

'strongly hybridising band at 7.4 Kb, with less intense bands at 8.9,
6.9; 5.0,'4;7 and 4.1 Kb. With Bam HI relatively strong bands appear
at 25 and 18.0 Kb with feinter blurred bénds at 6.9, 5.0 and 4.7 Kb.
with Hind III hybridisation has occurred relatively weakly at 2.1 and
1.7 Kb, with an even feinter band at 5.0 Kb. 5 bands of medium
intensity are found in the Eco RV track at > 30, 12.0, 9.0, 5.2 and
3.6 Kb, and with Bgl II two relativeiy strong Bands occur at 4.1 and

3.0 Kb, with much feinter bands at 5.5 and-A.SIKb.
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Fig. 21 Hybridisation of Vie C coding seduenCe to pea genomic DNA.

Track 1 10 ug Pea Leaf genomic DNA digested with Eco RI
" "

2 i " " " " Bam HI
3 " " n " " " Hind III
4 " 1" " " ) " " " Eco RV
5 " " " 1 " " " Bgl II
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3.5. Analysis of Gene Copy Number In Several Different Lines of Pea

Genomic DNA was extracted from 'the‘ leaves 'of plants of the
fo]low1ng pea llnes, Mangetout J.I. 81 851, 807, 808, 8692,1263 and
1552. Taxonom1c status and genotype for these lines 1s summarised in
Appendlx 1.

A series of Southern blots was “then prepared in eaoh case
_ tons1st1ng of DNA from each pea line plus a sample from the cultivar
Feltham First, “all dtgested w1th the ‘same enzyme Along31de these
tracks; an appropriate size'merker was included, and aléo a range of
genelcopyAequivalents corresponding to'the’gene.used to probe the
blot. (Young et'el., 1981). These gene copy eduivalents.were calculated
assuming a haploid pea genome siie of_4.8 # 1019 bp (Murray et al.,
1978). Various different-genes were ‘then hybridised individually to

these Southern Blots thus:

3.5.1 Leg A
The 2.36 Kb Hind III fragment from the cDNA clone p DUB21, which

contains nearly all the Leg A coding sequence (Lycett et ai., 1984)
was labelled and used to probe Southern blots containing samples
digested with either Eco RI or Hind III to give the autoradiographs
shown in figs. 22 (Eco hI digests) and 23 (Hind III digests). |
3.5.2 Leg K
Firstly, the entire 3.5 Kb Eco RI insert from the plesmid pJC
5-11, containing most of the Leg K cooing“sequence and also approx.

2.2 Kb of 3' noncoding sequence (see fig. 9), was labelled and used to
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pfobe é Southern blot conféining‘saﬁplgs digeéted‘githlEco Ri.‘Thé
autoradiogréph obtained froﬁvthis is'shown‘in‘fig. 24,

Next, a probe consisting ohly{of Lég k Eoding sequence was made
by isolating the 1.3 Kb Ba}I/EcoARI fragment of pJC 5-11 (see fig.9).
The autoradiographs résulting from probing Southern-blots containing
samples digested with Eco RI and Hind.III are’sﬁown in figs. 25 and 26
respectively. |

3.5.3 Vic B

The 1.95 Kb Hind III ffagment from -the?'plasmid pJC 1-16,
corresbonding to almosf all theAVic B coding>sequ¢nce (see fig. 14)
was ﬁsed to probe a Southern Blof containing é;mples digested with Eco
RI to give the autoradiograph shown in fig. 27.

Sizes and intenéities of all the hyb}idisiﬁg bénds obtained on

these autoradiographs are summarised in Table 5.




Tabie 5 Summary of hybridisation patterns for the pea line blots

ECO RI M'Tout  JI 81 851 - 807 808 . 809 1263 1552 . F.F.

Ceg A 16.3(1)  15.6(5)  14.4(3) 17.5(2) -9.2(2) 16.3(2) 18:8(2)  15.2(1) 14.4(5)
h 6.9(1) . 12.0(3) 12.5(3) 12.5(3) 6.7(4) 13.3(2) 10.7( 1) 13.0(2) 12.5(5)
' 4.2(1) 10.5(3)  8.0(3) 10.5(1) 5.35(5) 10.5(3) 8.9(7)  10.7(5) 8.0(5)

: : 10.5(5)
8.7(2) 4.4(3) 5.1(3) 4.9.3  5.1(4) = 7.35(2) 5.0(5) 4.4(5)
4.45(4) o 0 5.2(4) 4.2(4)
' 4.4(3)
g B ) . 12.0(1) ' '
T 7 9.0(3) 1 14.5(1) 4.9(3) - 10.75(4) 7.45(3) '10.75(3) 7.45(3) 7.45( 1) 7.95(4)
, 10.75(4) - : :
4.0(1) 9.9(4) 3.55(4) 9.90(4) 4.49(3) 9.9(3) 3.55(4) 3.55(4) 3.55(4)
3.8(2) 3.55(2)  3.00(2) 3.55(2) '3.0(3) 3.0(2) .3.0(2) 3.0(2)
3.55(2) . 3.3(3) 2.65(2) 3.3(1)  2.9(3) = 2.55(2) 2.55(2)" 2.55(2)
'2.9(5)  1.9(5) 1.9(4)  3.55(2) 2.7(2) 1.9(4) 1.9(4) 1.9(5)  1.9(5)
3.3(2) 1.9(4) . - . ‘ '

1.9(4)

.7(1) 15.0(3)
.9(2) 12.35(3)
.85(2) 8.5(3)

.15(1) 1
.85(1)
.5(4)

.0(1) 18.5(1) 19.0(4) 17.1(1) 1
.45(2) 13.0(1) 12.35(3) 12.35(2)
.8(3) 11.15(2) 7.5(1) 10.6(3)

tc B 20.5(2) 15.05(2) 1 1 1
8 9
7 8

.9(2) 5.85(4) 7.5(4)
4 6
4 4
3 4

6
12.35(2) 12.35(2) 9
9.05(1) 10.1(3) 7
7.25(1) 8.0(3) 5.85(4) 8.85(1) 4.7(2)
4
4
4

9 7.5(4)
" 3.9(4) 5.85(4) .7(5)  7.8(3) 3.7(2) .8.5(2) .7(5) .5(3)  6.7(3)
4.7(5) .2(2)  7.0(1) 3.1(2) 7.8(3) .1(3) .7(3) 5.85(4)
4.2(3) .1(2)  5.85(4) 1.9(3) 5.85(4) .7(1) 4.2(3) 4.7(5)
4.7(5) . 4.7(5) 4.2(3)
4.2(3) 4.2(3) 3.7(1)
3

.5(1)

- Leg K + 3' noncoding: .
multiple bands obtained in each track, too numerous to give details. of each - see

Discussion.

. Hind IlI }
Leg A - 11.0(3)  7.0(2) 8.0(2) 7.0(1) -152(1) 9.1(2) 4.7(4) 7.7(2)  6.0(1)
T 7.7(2) 5.7(1) 4.7(4) 4.65(4) 6.9(4) 5.7(1) 2.8(5) 5.7(2) 4.7(5)

6.9(1)  4.65(4) 2.8(5) 2.8(5) 2.8(5) 4.65(4) 1.85(3)  4.7(4) 2.8(5)
5.1(4) ~  2.8(5) 1.6(3) 1.85(3) 1.85(3) 2.8(5)" 2.8(5) 1.6(3)
2.8(5) 1.85(4) ’ 1.85(3) 1.85(4)

1.85(4) :

Leg X 11.5(3) " 13(5) 11.5(4) 13(4) 11(4)  13(a4) 11(4) 11(4) 11(5)
10.3(2) 8.3(4) 10.3(4) 8.3(4) 10.3(4) 12.5(1) 10.3(4) 10.3(4) 10.3(4)
10.2(2) 5.6(4) 8.3(2) 5.6(4) 8.3(3) -8.3(4) 8.3(2) 8.3(2) 8.3(3)

8.3(3)  4.7(3)  6.6(3) 4.7(2) 2.5  6.6(2) 6.6(4)  5.6(2) 6.6(5)
5.45(2) 2.5 5.6(2) 2.5 ~ 5.6(4) 5.6(2). 4.3(4) 5.6(3)
5.3(3) 2.5 2.5 2.5 2.5 2.5
2.5

‘Hybridising band sizes are in kilobases
Figures in brackets refer to intensity of hybridisation, on a scale from 1 to 5, with
1 strongest and 5 the weakest. '
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Fig. 22 Hybridisation of Leg A coding sequence to genomic DNA from
various pea lines digested with Eco RI.

Track 1 10 ug Mangetout leaf genomic DNA
" J.I. 81 " " "
" 851 " " "
" 807 " " "
808 " " 1"
" 809 - " " "
" 1263 " " "
" 1552 " " "
" Feltham First " " oo
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Fig. 23 Hybridisation of Leg A coding sequence to génomic DNA from
various pea lines digested with Hind III.

Track 1 10 ug Mangetout leaf gendmic DNA
" J.I. 81 il nwo.o. "
" 851 ; " " "
" 807 " " n
" 808 " " "
8092 [ " "
" 1263 " " "
1" 1552 1] " "
" Feltham First " " "

O ONO!;bhWN
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Fig. 24 Hybridisation of Leg K 3' flanking sequence to genomic DNA
' from various pea lines digested with Eco RI.

Track 1 10 ug Mangetout leaf.genomic DN
" J. I. 81 " n ”"
" 851 " " "
" 807 " " "
1] 808 " 1] n
8092 " " "
[1] 1263 " n "
" 1552 " " (1]
" Feltham First " " i

©CONOObdwWwN
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Fig. 25 Hybrldlsatlon of Leg K coding sequence to genomlc DNA from
' .various. pea llnes dlgested with Eco RI

Track 1 10 ug Mangetout leaf genomlc DNA

n J I 81 1" " " o
n 851 1" " "
" 807 " no " : g
" 808 - " T " ‘
" 8092 _ "o " "
1263 " " "
1"t 1552 " " "
" Feltham First " " "
0 1 Leg K gene copy equivalent
12 " " "  equivalents
25 '

o= O OO hs WN
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Fig. 26 Hybridisation of Leg K coding sequence to genomic DNA from
various pea lines dlgested with Hind ITI.

Track 1 10 ug Mangetout leaf genomic DNA
" J . I . 81 . (1] " "
" 851 ’ " ", "
" 807 1] " "
" 808 " " "
8092 " 1" Lo
1" 1263 " " -n
" 1552 1" n n
" Feltham First " " "

©CoONOODd WN



13
110
03

83

[

|

kb




121

Fig. 27 Hybridisation of Vie B coding sequence to genomic DNA from
various pea lines digested with Eco RI.

Track

1
2
3
4
5
6
7
8

g

10
11
12

5
2
1
1

Vie
1"

0 ug

B gene copy equivalents

" 1" 1]

" "  equivalent.
Feltham First leaf genomic DNA
1552 " 1] 1]
1263 " " ] 1]
8092 " N "
808 " " "
807 1] " '.l
851 1" " . 1"
J.I. 81 " " "
Mangetout ‘ " " "
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CHAPTER 4

DISCUSSION
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4.1 Storage Protein Gene Structure

4.1.1. Leg D

The host'sign;ficant feature of Leg D emerges from the comparison
of its nucleotide sequence with that of Leg A (fig.3), which reveals,
dueb to certain crucial differénceo; that Leg D aooears to be a
pscudoggne,.(seo section 1.1.4.) N

Several observations confirm this} firstly the presence of two
in-frame stop codons in the coding soquence of Leg D, corresponding to
am;no'acid‘positions 6 and 29 in Leg A. Secondly, there is a single
base>pair deletion in Leg D, (at amino acid 150 in Leg_A) which would
1ead to an érror in the reading frame were the gene to be transcribed
and'translated. Finally, Leé D contains 3 sizeable -deletions; i) the
3' intron/exon boundary of IVS-2 along with amino acids 159-205
of Leg A (coupled with additional sequence in IVS-2 in Leg D), ii) the
region corresponding to amino acids 251-272 in Leg A, iii) amino acids
406-439 of Leg A resulfing, due to an extra base in Leg D, to another
frameshift..From this evidence, and also the observation that Leg D
retains the 3 introns.found in Leg A in corresponding positions, it is
c}ear that Leg D is a non—prOCesséd type pseudogene (see section

1.1.4)

'As far as basic homology between the two genes, there is close
agreement at ‘the nucleotide sequence level, with 150 base
sobstitutions over comparable regions of coding sequence (equivalent
to 90.3% homology over the 1554 bases of coding sequence). Of these

base substitutions, 69 result in amino acid changes ('replacement'’
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'substitutions), with the remaining'81 giving no alteration in amino
acid séduénce {'silent! éubstitutions). Further evidence of the
nohfunctional nature of Leg D might be implied by a comparison of its
leader sequénce with that of Leg A, B and C (Lycett et al., 1985) all
of whiéh appeaf to be members of a closely conserved gene family. This
shoWs n6 éhang;s in amino acid sequence in .the 21 amino acid residue
leaderlbetween the 3 functional genes, Leg A, B and C, but 4 amino
acid chéngés, the iﬁsertion of é Threonine regidue.(betwen a.a.s -20
and -19 inILeg A), and deletion of a Leucine residue (-17 in Leg A) in
the leédér région of Leg D. For a regidn which- would normally be
expected to be under considerable functional constraint, the
differences shown in Leg D suggest that this functional constraint no
longer-exists since Leg D has ceased to qode for a mature pqupeptide,
and mutations in this region are no loﬁger éelected against.
'Examihation of the 5' flanking sequence ‘of Leg D also reveals
some interesting features. A 'TATA' box is present in a comparable
bositioﬁ to Leg A, but homology between the CAAT box of Leg A and the
coﬁparable region in Leg D appears to have broken down. Homology
afound the transcription start éite has been conserved, but in Leg D
the site is positioned differently relative to the start codon due to
a 7 base pair deletion downstream of transcription start. As far as
the putative regulatory element specific to legumin éenes, the
}1egumin box' (Baumlein et al., 1986) is concerned, present in Leg A,
B and C as a 29 bp region of homology starting at -118 (relative to
thé'transcription start site), the corresponding region in Leg D shows

3 base changes, only 2 of which differ from the ‘'box' identified by
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B@umlein using Vic?a fhbq Legumin gene LE B 4 Leg A from  Pisum
Sativum and Gl,‘ a glycin in gene from Glyeine max, and thus
apbargntly not yet differing sigﬁificahtly from this conserved
sequence. Generally{ uéing dot matrix cémparison (results not
présentea), sequence homology between the 5' flankiné regioné_of Leg D
aﬁd‘ Leg A breaks down upstream of position -145 in Leg D.
Cbnsequghtly, the région of ‘8bp showing - 90% homology to the SV40
_eﬁhaﬁcerj>core sequeﬁee (fepofted by Weiher et al., '1983) observed
ih ﬁég A, B and C KLycett et al., 1985)»is‘aiso present in Leg D.
Howéver,' further upstreém, and now in fhe Eegion where homology
bétwgén Leg'D-and Leg A has broken down, the 10bp reéion showing 80%
similarity to the adenovirus enhancer core element (Hearing and Shenk
_1983) present in Leg A, B and C (Lycett et al., 1985) -is not observed
in Leg D. |
| The 3' flanking sequence of the two genes shows complete
divergence after the stop codén. Leg D has 3 potential polyadenylation
signais, bqu in completely different positions to the 3 in Leg A.
Also, in Leg D the 1st and 2nd signals are overlappéd, whereas in Leg
A this oécurs with the 2nd and 3rd signais;
vSequence divergence between the introns 6f Leg A and D varies.
Intron'll shows greatest conservation with 49/88 bases remaining
identical (55.7% homologous). Only part of the 2nd intron Iis
cdmparable, with '34/40 bases at the 5' end being the same, then
followed by coﬁplete divergenpe. Intron 3 shows even less similarity,
‘with 6n1y 3 béses at the 5' end and 15 at the 3' end being the same

(see section 4.1.6 for potential significance). These observations
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confirm the view that intron sequence wili diverge more rapidly than
coding seduence between two comparable genes due to lower functional
constfaint (Shah et al., 1982). Additionally it can be observed that
thev‘ihtron/exon boundaries of Leg.D (where 'present) obey the

Bpeathnach—Chémbon rule (Breathnach et al., 1978).

A.i.i.l Hybridisation of Leg D to Genomic ' DNA

Hybridisétion af 'the coding sequence probe for Leg D to
reétriction enzyme digesté?éenomic DNA detected vaﬁious fragments,
as éhown in fig 6. The probe detected its matching fragment in the
Hind III digested DNA, at 1.5 kb, but at much lower intensity than was
obtéineé for the single copy Leg D standard. The probe also hybridised
strohély to the 12.5 kb Eco Rl frégment (containing both Leg D
and.Leé.A, rgbresented in the X Leg .1 genomic clone - see section
3.1.1), and to the 2.4 kb Hind III and 3.5 kb Bam Hl fragments
correspondingA to the eduivalent fragments from A Leg 1,
containing Leg A (see fig 1). A similar result was obtained with the
S'Vflankiﬁg sequencé probe (see fig 7), with the matching 0.8 kb Hind
III_frégmenﬁ being detected at lower intensity than was the single
éopy equivélent. Such disparity in hybridisation ‘intensities observed
between thaﬁ detected for the gene fragment in the genomic DNA and
that for a single gene copy equivalent might possibly be put down to
poor tranéfer of smallep fragments rela£ive to larger ones in the
éenomic DNA during Southern blotting, (as suggested in the stronger
in£ensities of other, larger, bands containing Leg D or Leg A, which
are appgrently present at approx single copy level in the genome).

Alternativgly, an explanation might be incomplete digestion of the




129

genomic DNA into all its constituent fragments_— however as no larger
bands of _stroﬂg intensity were present other than those already
aécdunted for, plus the fact that the genomic DNA digests appeared
cbmplete on the gel (see fig. 5), this hypothesis is unlikely.

4.1.2 Leg K |

Alignmeni and comparison of the. nucleqtide sequences of Leg K
and Leg J (fig. 10) shows that unfortunétely -the 5' end df Leg K,
inclﬁdinéAboth flahking'éequence, the leader sequence, and 154 amino
acid r;sidues'from ité.predicted N terminal gnd are truncated by the
genomic clone A JC5. The predicted amino acid sequence from Leg J
éorfgsponds to N—terminal sequences identified in ‘'minor' legumin
poiypeptide specie§ (Gatehouse et al., 1988). The two genes show a
high level of homology befween their coding régions, Qith 1023 out of
1050 Bases matching (=97%); The. diffgrences in coding sequence
bctWeenbLeg J-and Leg KAgive a total of 5 in-frame codon-deletions (4
in'Leg-K,.l in Leg J, with the remaining 27 base changes due to 16
'silent' substitutions and 11 'active' substitutions.

Comparison of sequences betwéen-the gene and homologous cDNAs
shows the two introns to be in corresponding positions. In Leg J, they
are 138 and 98 bases long, in Leg K, 81 and 105. Highest conservation
of sequence is shown at the 3' ends of the introns (see also section
4.1.6) Hdmoiogy at the 5' ends is lowef, especially in intron 2
Intron/Exon boundaries are faithful to the rule of Breathnach et al.,
1978. Overall, homologyvacross the introns is 56% for Intron 1 and 71%
for Int?oh 2, however if deletions are excluded, these figures rise to

96 and 74% respectively. Such a high degree of homology between
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introns is very significant, and points very strongly to the genes
having only ;ecently diverged.
.Fufther evidence of recent divergence of the.twd genes comes from i

a comparison of 3' fianking sequence, where in the first 217 bases
éftef the stop codon, there are 163~matching basesl(75% homology),
Lénoring deletions. Homology seemsvto'breék dan in the final 60 bases
of Leg K, with 45/60 mismétches. Botﬁ genes haﬁé-at least 4 potential
polydenylation signals (possibly 5 in Lég K) in corresponding
posifions,_with the first overlapping in Leg K. Using data from a cDNA
homologous to Leg J (Domoney et al., 1987),lthe indication is that the
2nd or 3rd signals are likely to be used, siﬁce this'cDNA shows a poly
A tail in a position equivalent to 1935 in Leg J.

4.1.2.1 Sequence Comparisons

To  achieve zi more comprehensive . picture, sequence comparisons
with other storage protein genes were made using Leg J, rather
than'LeQ K, owing to lack of sequende data from the 5' end of Leg K.

i) Leg J vs Leg A

Alignment of theée fwo sequences shows a 48% level of homology,
consequently giving a significant degree of similarity between the
resulting amino acid sequences: This homology appears to be greatest
in the N-terminal half of the a -subunit (excluding the 8 N-terminal
residues).

>Differences in nucleotide sequehce result -in 66 codon deletions
between  the two genes, plus 2 single base pair deletions causing
alteration of the reading frame over short regions.

Two large deletions occur in the C-terminal end of the a subunit
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- one of 19 codons in Leg A with reépect to Leg J, and one of 35
codons in Leg J corresponding to the begion of sequence repeats
in Leg A. Indeed, this repeated region displays extensive divergence
desbité a broad overall similarity in nﬁcleotide' and amino acid
cohposition. Any matching of codons in this region.show replacement
substitutions‘outnuﬁbérlng Sileﬁt.ones althodgh_often the resulting
amino acid changes are coﬁservative (ie Changes result in amino acids
of slmilar charge properties).

Whgn. comparing the low level of homology shown between Leg J
énd Leg A, against the much higher level shown:by Leg J and Leg K, it
is'abparent that divefgencé of the two gene subfamilies must have
happgneé much earlier in evolution than dia the divgrgence of genes
within the subfamilies.

 A-comparisQn of the non-coding regiops of Leg J and Leg A shows
no appareﬁt homology in the 3 flahking sequences (even the
pqudenylation signals differ in their positioning with respect to the
termination codon). Corresponding introns (namely IVS-1 of Leg J vs
IVS-2 of Leg A, and IVS-2 of Leg J vs-IVS—3 of Leg A) show very low
levels of homology, even when déletions are lignored. Indeed any
homology shownllnust be of very limited significance since certain
regions (boundary regions, branch points)lafe bound to show similarity
due to considerable constraint operating for functional reasons (see
sectiOﬂ 4.1.6); It is interesting to note that there is no marked
divergénce in sequence between the two genés around the first intron
in Leg A (which is absent 'in Leg J), suggesting that the gain (or

loss). of IVS-1, and the evolution of intron sequences in general seems
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to be a process which has occurred independent of coding sequence
évolutidﬁ.

The 5' flanking sequences shéw a high level of homology (50%)
relative to the rest of the areas of the genes compared. Strongest
conservation occurs around the 'TATA' box and a region'immediately 5!
to the CAAT box (see-below). This, hoWéver, is  not the case around the
putaﬁive 'énhancer' sequénceléleménts observed in Leg A by Lycett et
al., 1985{'.The strongly conserved region (25/28 bases) 5' to the
'CAAT' box at -80 to -108 in Leg J, -90 to -118 in Leg A, corresponds
tq that observed by‘Baumle;n et al., 1986 for several other storage
pfotein genes (see also(section 4.1.1). An additional sequence with as
yet unkﬁown significance is a stretch of 10 bases from -247 to -238 in
Qgg J,,'AGGGGACCAT, also present in Leg A, but in the opposite
orientation, rﬁnning from -235 to -226, notable as the area in which
homélogy between the sequences disappears. (Comparisons are summarised

in Table 6)

Figure 28 shows 2-dimensional representations of the two genes
(Gates, 1985) with the 4 bases being plotted as unit distances of the
4 vectors +x, -Xx, +y, -y (see figure for details), and clearly
displays not only the A-G rich central sections of the genes (coding
for the hydrophilic C-terminal ends of the a subunits), but also the
6verall general level of homology. The two introns common to Leg J and
ng A border‘ the A-G rich central section, which may suggest an
agreement with the theory of introns defining functional domains of
the protein étructure. Stone et al., 1985, suggested a similar role

for introns in the evolution of the chicken Glyceraldehyde Phosphate
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Dehydrog;nase gene, and. 2 reports by Sudhof et al., 1985a, 1985b,
préposed that by defining functional domains encoded by exons, the
pnésencé of introns allowed shuffling of these domains to take place,
and,‘in the case of the Low Density Lipoprotein receptor and Epidermal
Gfowth Factor precursor in humans, could have facilitated the
'recruithent' of important fuhctionai domains from éther genes (see

section 4.1.7 for further discussion).
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Fig 28
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Comparison of coding and immediate flanking nucleotide
sequences of Leg A and Leg J by the 'dimensional plot'
method (Gates, 1985). A is represented as a vector (0,
-1), C as (-1, 0), G as (1, 0) and T as (0, 1); the plot
is produced by joining the end points of the resultant
vectors after each base is added to the sequence. Introns
have been omitted for clarity, but their positions are
indicated by corresponding numerals. The ends of the
coding sequence (5' and 3') are also indicated. Note the
asymmetry and similarity of sequence composition in the
highly variable a-subunit C - terminal regions of the
coding sequences (between introns 2 and 3 in Leg A, 1 and
2 in Leg J). '
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ii) Leg J_and Leg K vs Vicia faba Legumin Gene LeB ,

The publication of sequence for a 'B-type Legumin' gene,
termed LeB4, from Vieia faba (Baumlein et .al., 1986) now permits
detailed comparisons between this and corresponding genes from other

‘”species to bé made.

Fjrsfly it is evident thaf LeB4, shabgs much»g}eater homology
with Léé J‘and K than it does with beg-A,tdaté not presented) and one
Qaﬁ ﬁhus‘ conclude that LeB4, énd Leg J- aﬁd‘ K are hembers of the
cofresponding sub-family of genes, within theirArespective species.

Homology between LeB; .and Leg J extends from -450 bp in the 5'
flanking region downstream to 265.bp'beyond the stop codon in the 3'
‘flahking régidn of Leg J, a total of approx’ 2500 bp. Compared
?o Leg.K, homolbgy continues furfher in the 3' direction, in fact as
far as tﬁe 3' sequence was determined in Leg K (i.e..an extra 35 bp as
§h0wn in fig. 12, plus a further 56 bp npt presented) Table 7 gives
aéta for full analyses of homology.

| With fespect to coding sequence, the genes show a high degree of
homology, especially in exons 1 and 3 where it is in excess of 90%.
Interestingly, this figure drops to approx. 75% for exon 2, which
céntains the C-terminal region of the a subunit and shows strong
variability both in terms of deletions and substitutions. This
charécteristic also emerged in the comparison of Leg J with Leg A
(section 4.1.2.1,p.130), clearly indicating this region to be evolving
in a diffgrent: way to the rest of the coding sequence of legumin

genes, and as such a region under considerably less functional

constraint.
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Overall, the coding sequence of LeB4 ‘shares greater homology
with Leg Kl than it does with Leg J, notably in better matching of
deletjoﬁs.in the C-terminal region of the o —subuni£.

With respeét to non-coding sequencé, the corresponding introns,
of similar lengths in  the P.sativum and V.faba genes show a
significant degree of homology, with divergeﬁée appearing to have
occurréd primarily by delétion rather than substitution. The 60% level
of homology shown suggesfs a relatively recerit divergence for
Athese.P.fﬁiivum and V.faba legumin genes. Again, éonfirming coding
sequence homology, LeB4- is‘moré homologous to Leg K than Leg J in IVS
;2 (the fact that this is not so in IVS-1 is due to deletions rather
than substitutions) |

- The 5"non-translated-sequences of the two genes appear to be
highly homologous, with both genes héving the same indicated
transcribtion start site which also éppears to be conserved in Leg A,

(Lycett et al., 1984) and Gl from Glycine max (Baumlein et al., 1986).

Overall Leg J's 5' flanking sequence shows 80% homology to Vfa LeB4
until -250, a higher :level than that shown between introns, and
suggesting some degree of functional constraint to cause this sequence
conservation. Indeed, homology continues to -450 at a comparable level
to that in the introns, indicating a limit for the extent of immediate
5' flankiﬁg regions of the genes.

Even more striking is the level of homology shown by the 3'
flapking sequences of Leg K and Vfa LeB4 - at approx 90%, it is
comparable to the level shown by the coding sequences, and is
significaﬁtly higher than the conservation between Leg J and Leg K in

this region (section 4.1.2) (a similar situation exists in exon
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| 3, VfaLeB4' and Leg K showing sligﬁtly Ahigher homology than Leg J
and Leg K in this region) (Possible pattérns of ;equence divergence
will be.discussed in section 4.2); Since convergént evolution in the
3! flapking regions ig extremely unlikely, the conservation shown in
this region suggests a strong evolutionary constraint, possibly in
abcqrdénce Qith some functional role. | |

1ii) Sequence Comparisons of LegJ and Leg K _with Soybean

Glycinin cDNA Species.

| :Thé'sequences of two full length glycinin éDNA species, encoding
the A3-34 and A5 A4 B3 subunits, have beeh published (Fukazawa et al.,
1985, and Momma et alu,‘1985, respectivgly). The-cDNA species are
clearly more closely related to Leg J, K apd Vfa LeB4 than Leg
AFB,C,D (figure 34 shows alignﬁent of amino acid sequences of all 115

storage protein genes so far determined). Conversely, sequence from 2

other glycinin CDNA species encoding subunits AZBla (Marco et al.,

1984) and Ala Bx (Negoro et aL., 1985) shows much greater homology
with Leg A types genes from pea. This indicates a clear division of
legumin genes into 2 subfamilies ana applies to the Pisum,
Vieia, and Glycine genera. According to Baumlein et al., 1986, genes
more homologous to the pea 'major' legumin genes ( Leg A class) may
be designated A type, whereas genes more homologous to the pea 'minor'
legumin genes ( Leg J class) may >be -designated B type. Further
discuSsion‘on origins of these subfamilies is presented in section
4.2,

The two soybean B-type legumin cDNA sequences are 82% homologous

to each other (Momma et al., 1985) but the level is much lower when
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compgrison is with Leg J, K and.VbeeB4 (approX 60%; data not
presented: homologies #o all three of fhese_ genés are not
.sigﬁificantly different.

Once again comparisons show almost complete ‘divergence of
sequence at the C-terminal region of the legumin o §ubunit, agreeing
with observations in section 4.1.2,1,§hét this*region'varies greatly
.amongst.the_legumin genes, the oﬁly constbaiﬁt being a shared richness
of A-G nucleo£ide-composifion,:with encoded amino acids being mainly
polarl and hydrophilic.' fabie 8 gives full details of homology
comparisons. | | |

3' flanking sequences pf the soybean cDNA species show
significant homology to those of Leg_J and K (40 - 51%; Table 8 ).
Strongest conservation is at the 3 putative polyadenylation sites, but
is also evident in several relativgly,G—C rich.regions (e.g. bases
1838.— 1848, 1924 - 1932, 1972 --1979 in Zeg J); possibly suggesting
some funcfional importance at these sites. A comparison of the levels
of homology between 3' flanking sequences in A- and B- type legumin
genes (for pea Leg A against soybean A2B1a, 46% to the limit of
homology, compared with 40 - 51% quoted above for pea Leg J, K against

soybean A B3 and A5 A4 B3) suggests a similar rate of evolution in

this region between A- and B- type legumin genes.
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4.2.1 Expression of Legumin genes

4.2.1.1 Leg D

Hybridisation experiméhts>detéiled in sections 3.1.3 and 3.1.4. °
give clear evidence #hat the Leg D gené isﬂnét tranécribed. Using a
pfobe specific only té .the. 3' . flanking region of Leg D no
hybridisétion to pea messenger RNA waé aé£ected, in accordance with
the assignment of Lég D as a pseudogene. THe messengef RNA species of
2000 bases hybridising to the entirelLeg D (see fig. 4) gene must
therefore rebresent cross-hybridisation wifh transcripts of Leg A. The
failure to detecf an mRNA species corresponding to Leg D does not
prove that no transcription of this.gené occurs, transcription may
occur at a very low level, or‘may result in a highly unstable RNA
species. |

4.2.1.2 Leg J and Leg K

The 2360 base band obtained by hybridising a 3' flanking sequence
probe from Leg K to pea cotyledon RNA corresponds to message
transcribed from Leg K, hence indicating its status as an expressed
gene. The less intense 4200 base band is of unknown origiﬁ (see fig.

11}.

The results of hybridisation of codiné and 3' flanking sequence
probes from Leg J to messenger RNA suggesf that the coding sequence
hybridised to mRNA species expressed from all members of the
subfamily, giving a heterogeneous rénge of bands from 2100-2400 bases,

whereas the 3' flanking sequence probe was picking up mRNA species
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specifically expressed from Leg J to give a siﬁgle'band of approx.
2100 bases. The increased strength of hybridisation correlating with
advance in'cotyledon development mimics similar findings with Leg A
(Gatehousé et al., 1982), in that expression is at a low level in
gotyledonS»in the early stages of development and steadily increases
duriﬁg cotyledon expansion.

" Further evidence for the expressioﬁ of these genes can be taken
from ‘the seqﬁences of two cDNA élones, isolated by screening cDNA
1ibrariés prepared from poly A+ RNA purified from developing seeds.
Ong CDNA; pLG 3.121. (Gatehouse, 1986) corresponds exactly in its
nﬁcléotide sequence to bases 503-1456 in Leg J (excluding introns). A
éeéond cDNA, pCD40, isolated from pea variéty 'Birte' (Domoney and
Casey, 1984, éorresponds to bases 919 - 1940 in Leg K (excluding
IVS—Z), with only one base substitution bétween cDNA and genomic clone

(a C in the cDNA, and a T in the gene at 1706).

4.1.3 Vicilin Genes

Analysis of the important features of pea vicilin genes was made
possible by determination of the compiete nucleotide sequence of Vie B
(see fig; 15) and partial nucleotide seguence of Vie C (see fig. 20)

4131 Vie B

This 50,000 Mr polypeptide encoding gene appeared to contain most
of the features characteristic to all eukaryotic genes.

Howéver, of prior importance, in that it may have influenced such

features in the gene, is the interruption of the coding sequence at
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the 3' end of the gene after only 12 amino acid residues of exon 6 by
sequence of unknown origin. Indeed, fhé'experiment carried out in
segtjon 3.3.4, where no evidence was found té suggest that the missing
‘3' end of the gene was present in the 6.4 kb of sequence édjacent to
the 3' end of the gene, séems to suggest that the gene may no longer
to transcribed. Although no evidence exists - to substantiate this
theory,.the fact.thét-the gene no longer possesses a polyadenylation
site(s) impliéé that any message transcribed WOQId be unstable, since
ébsence of a poly (A) tail would render the message susceptible to
exonucleolytic attack (Bergmann and Brawerman, 1977). Also absence of
a termination codon in any surviving message would potentially
interfere with the efficiency of tranélation. Surprisingly, a similar
situation of interruption in 3' coding-sequgnce appears to exist in
another bea vicilin gene, Vie J, coding fof a 47,000 Mr polypeptide
(Bown et al., manuscript in prep). Here the interruption occurs at an

even earlier point than in Vie B, this time at the end of Exon 5, and

b
again no evidence for the existence of the missing 3' end could be
found within the next 5.7 kb of sequence.

As stated, the origins of this interrupting sequence are unknown.
However, when a fragment specific to this region at the end of Vie B
was radio labelled and hybridised to pea genomic DNA, the results
indicate some'degree or repetition of this sequence in the pea genome.
These findings dd lead to one possible explanation for the origins of
this sequence, namely that it may be due to a transposon insertion

event; in that transposons can be as long-és 10-12 kb, and also that

sequences at each end of the transposon near but not including the
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short inverted repeats, have been found to occur as repeats (of up to
50 copies) in the genome in which the transposoh is present (Nevers ef
.al., 1984).

Potentially as a result of this damage to the 3' end of the gene,
it was considered a possibility that other important features‘of the
gene may have become altered due td an impiied lack of functional
constraint. However, the only possible example of this is at the site
of gfeatest homblogy to the 'CAAT} box, occurring in Vie B as the
sequence CAAC,77 bp away from the cap site (see below). Indeed, not
only ié the last T of the element substitufed for by a C, but the
nucleotides surrounding the box -also differ slightly from those
associated with a conventional 'CAAT' box; ie. in Vic B the sequence
runs GGCCAACTGT, whilst the classic consensus sequence 1is GGC/T
CAATTCT. As to whefher such an altered sequence would still be
functional is not known.

Also present in the 5' flanking sequence is a 'TATA' box, the
second T being 30 bp upstream of the cap site. Other potential
regulatory elements in this region will be discussed in section
4.1.3.4.

The gene appears to have 5 introns, as has been found for other
7S storage protein genes - both B and a type Phaseolins (Slightom et
al., 1983, Slightom et al., 1985) a 'type B -conglycinin (Gma a '
lDoyle. et al., 1986) and VieJ (Bown et al., manuscript in
- preparation). Relative positioning of these introns between these
genés will be discussed in section 4.1.7. Lengths of each of the
introns differ between the genes considerably. In Viec B, they are as

follows, with figures for a phaseoliﬁ B8 -type gene ( Pvu B8 Slightom et
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al., 1983) in brackets as an example‘for comparison: IVS - 1, 337 bp
(72), 1Ivs —-2, 171 bp (88), 1IVS - 3, 103 bp (124), IVS - 4, 240 bp
(128), aﬁd IVS.— 5, 133 bp (103). In ail céses, the introns in Vie B
conform to the GT/AG boundary rule (Bréathnach et al., 1978).

In the coding region, presence of a 23 amino acid residue leader

sequence 1is indicated by comparison of the deduced “amino acid

seduences obtained by N-terminal sequencing of seQeral mature vicilin
polypeptides (Lycett et al., 1983). The amino acid residues either sie
of the cleavage site (see fig. 15) do not c;nform~to those identified
by Von Heijne (1983) as the most suitablé for these positions in
eukaryotes; It would seem from a comparison of amino acid sequences
around the two potential other regions of post-translational cleavage
that Vie B encodeg a polypeptide designated as Type A {(Lycett et al.,
1983) - ie no cleavage at either the a - B or B - ¥ sites, since in
both these regions, Ser-Leu-Lys at a - B , énd Lys-Glu-Asp at B - ¥ ,
thg'amind acid composition appears sufficiently different from the
suggested sequence Lys-Glu-Asn (with Asn.appearing to be the crucial
residue) (Gatehouse et al., 1982) bas to imply that these are
non—cleavage sites in Vie B. Additionally, no sites with consensus to
the potential glycosylation signal N(Asn)-X-T(Tyr)/S(Ser) (Marshall,
1974) were found. |
©4.1.3.2 Vie C

Unfortunately due to time 1limitations, nucleotide sequencing
of Vie C was not complete when this thesis was written. However, as
can be seen f}om fig. 20, sequencing did cover approx 0.5 kb of 5'

flanking sequence, continuous with coding sequence extending 68 bp
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into IVS-1, a central section covering all of IVS-2 and IVS-3
and including all of exon 3 and 159 bp of exon 4, another
section giving 110 bp at the 3' end of IVS-4 along with 143
bp of exon 5, and finally a section at the 3' end of the gene
covering the last 149 bp of exon 6, along with 151 bp of 3'
flanking sequence.

Several interesting features emerge from these data on
this second gene coding for a 50,000 Mr poiypeptide. Firstly,
unlike Viec B (and indeedVie J), the 3' end of Vie C
appears to be intact, complete with a termination codon and
a polyadenylation signal 59 bp downstream of this. Hence
in this respect at least, the gene would appear to be functional.
However, a termination codon does seems to exist after 28
amino acid residues of exon 4. Further confirmation of this
is required from sequencing of the opposite strand of DNA
in this region to be sure this stop codon is present. Should
this prove to be the case, then the implication would be that
Vie C 1is a pseudogene, presumably having only recently
achieved nonfunctional status, since this termination codon
appears to be the only indication that the gene may no longer
be functional. The only other possible area of the gene
under question is the 28 bp stretch before the presumed start
of IVS-2. The deduced amino acid sequence in this region
doesn't appear to match that observed in the corresponding
regions of Vie B or Vie J in any way. Again though,
before any conclusions can be drawn, sequence from the
opposite strand in this region is also needed, as is sequence

further upstream, which may well
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indicaﬁe that IVS-2 in fact starts further upstream than is at present
assumed. | |

Apart from these findings the rest of the data‘ from the gene
_ indiqate the following:

In the 5; flanking region, there is clearly a '"TATA' box present,
with the second T 31 bp upstream éf the éap éite (see below).
Comparison of the region of potential 'CAAT' 5ox homology in Vic B
4‘Qith"the.‘carrespondingz regionv in Vie C, shows. there to be a good
degree of sequence cénservation. However, the sequence in this region
of Vie C, naﬁely GGCCAAATG, 49 bp upstream of‘the 'TATA' box, shows
even less agreément to the 'CAAT'_box coﬁéensus sequence, GGT/CAATCT
than does Vic B (see section 4.1.3.1). The remarkable conservation of
éequence in this area of these‘genes is discussed further in section
4.1;2.4., along with any other areas of .potential regulatory
_ importance. Within the coding region 4 of the 5 introns found in other
7.8 stérage protein genes are shown to be present (relative
positioning will be discussed in section 4.;.7) but with the data only
definitely giving complete sequence for IVS-3, 90 bp in length (as
compared to 104 bp in Vie B and 124 bp in phaseolin - see section
4.1.3.1). Of the intron/exon borders determined, each conforms to the
GT/AG boundary rule (Breathnach et al., 1978).

As is the case with Vic B (see section 4.2.3.1), Vic C appears to
code for a Type A polypeptide - no sites resembling the Lys-Glu-Asn
amino acid sequence required for cleavage appear to be present,
instead the polypeptide has the amino acid sequences Arg-Gly-Leu-Arg

at the region corresponding to the o« - 8 site, and Arg-Glu-Glu-Asp at
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Arg-Glu-Glu-Asp at the 8 - 5 'site. Unfortunately the "region
N 2

corresponding to that identified as a glycosylation site in 50,000 Mr
Vicilin (Lycett at al., 1983) is not. ﬁreseht in the data so far

obtained_fbr Vie C.

4.1.3.3 Hybridisation of Vie B and Vie C to Genomic DNA

Hybridiéa%ioﬁ of Viec B to a Southern:blot containing restriction
digests of genomic DNA (see section 3.3.5.aﬁd fig. 16) showed strong
hybridisation to the correspbnding -4;7 kb Eco Rl fragment.
Unfortunately, gene copy equivalents on fhis Southern blot failed to
hybridise properly, consequently the humber of gene copies in this
baﬁd could not be deduced. However, the result does seem to conform to
the battern shown when the cDNA pCD48. (see section 3.3.1) was
hybridised to Eco Rl digests of genbmip DNA from 6 different pea
genotypes (Domoney and Casey, 1985). Here a band representing 3 - 4
gene copies was deteéted at approx_5k5, along with' a feinter bgnd, at
the 1 or 2>copy level, at 5.5 kb. Such a secondéry feinter band was

also detected at 5.5 kb by Vie B in the Eco Rl digested genomic DNA.

As Qell as tﬁe 4.7'Kb Eco Rl band, one of almost equal intensity was
detected by Vie B at 2.3 kb in the Hind III digest, corresponding to
the equivalent fragment present within the Eco'Rl fragment of pJCl1l-16
(sée fig 14), thus representing mosf of the Vic B coding sequence.
Other bands detected in the other digests appear relatively weak in
comparison, buf since most are gfeater than 9 kb this might be
explainéd by incomplete transfer of the larger DNA fragments during
tfan#fer from‘agarose gel £o Nitrocellulose filter.

Hybridisation of Vie C to ‘an equivalent Southern blot resulted. in

N
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an altogether more complicatedApattern of Fands on the autoradiograph
(see section 3;4.3 and fig. él). Again, for an unknown reason, the
gene cop& equivalenté failed to be detected;.Of those bands detected
in the genomic digests it was surpriéing'to find so many in the Eco Rl
track. A tentative assignment of‘l gene copy might be made for the 4.1
. kB Vic C equivalent fragmeﬁt, with  bands of stronger intensities
A(épprox 2 - 4 copies?) at 4.7, 5.0,-6.9}:7.8 and 8.9 kb. The band at
7.8 kbb is the"strbngest of .all, and posgibly represents Ccross
hybridisation'to another set of vicilin‘genes yet to be isolated.
However, it might also be due to cross hybridisation with a set
df'Vic J type genes. Vie J haé been éhown to exist within a 7.4 kb Eco
R1 fragmeﬁt (Bown et al., manuscript in prgés). Such a strength of
cfpss hybridisation would not have been expected though. Patterns of
hybridisation in the other digests do little to shed more light on the
gene copy humber situation - one poinf possibly worth noting though is
the two relatively strong, large bands (approx é5 and 17.5 kb) in the
Bam Hl track. These would seem to indicate high levels of copy number,
since even though transfer from the agarose gel to the nitrocellulose
filter may have been'incomplete, the intensity of these bands is still
strong relative to levels of.hybridisatién in the other digests.
Overall, the findings from these two experiments suggest that
further experiments may be necessary to confirm the published total
gene copy number for pea vicilin genes of 11 (Domqney and Casey 1985),

with these results suggesting only ~limited support. _
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4.1.3.4 Other Potential Regulatory Elements in the 5' Flanking

Regions of Vicilin Genes

| Apart from_the features of the 5' flanking éeqﬁences from Vic B
and Vie C which have already been discﬁssed,= comparison of these
sequences with corresponding regi§ns of Vic’Jikawn et al., manuscript
in preparationj a-convicilin gene frbm éeé,vCVA (Bown et al., 1988),
Pyu B from Phaseélus-vulgdris (Slighfbn et'al.,'1983),and the Gma o '
géne from Glycine max (Doyle et al., 1986), indicate the presence of
some other pétential regulatory éleménf#. Such - compérisons wefe
performed in 3 ways: scanning by eye, use.ofADot Matrix c&mparison.
(using a BBC microcomputer), and with Athel nﬁcleic acid seduencé
alignmenf prograh NUCALN (on an IBM personaitcbmputer)

Firstly, these analyses confirmed the presence of a conserved
sequence of.42 bp previously termed the ;Viciliﬁ box' (Gatéhouse et
al.? 1986). It apbeafs to be present in g}l 6 of the genes studied, at
a position ranging from 88 to 106 bp relafive to the 'TATA' box (see
fig 29). As can be seen from this, the sequehce can conveniently be
diQided into two regions; a 5' regioﬁ §f 13 bases, where all 6 genes
match in 12 of the 13 positions, and which.élso includes a sequence
idéﬁtified in Leg A as being homologous to Vthe adenovirus core
enhancer element (Lycett et al., 1984) —.also shown in fig. 29. The
seéond, less conserved, 3' region shows n§ homology with the legumin
b§x (Baumlein et al., 1986). Overall this 'vicilin box' appears to be
a good example of a conserved upstream sequence specific to the 7S
storage protein gene family. As such, it is possibly analogous to the

tissue-specific transcriptional enhancer sequences found in similar



149

positions in other eukaryotic genes (another possible example of this
ih'piant genes has been identified by Kreis et al., 1986 in barley
prolamin storage protein genes).

- Another important conserved sequence found was that at the cap
sjfe, @r transcripfion start (see section 1.1.2.1) No S1 mapping
exberiments (Befk and Sharp, 1977) were performed on Vie B or Vie C to
'determiné thié site, but results from such work done on the Viec J(Bown
ef al., ménuscfipt in preparation) and CVA (Bown et al., 1988) genes
énd also Pvu B (Slightoﬁ et al., 1983) and Gma « ' (Doyle et al.,
1986) sﬁowed initiation of transcription to occur at the sequence CATC
in. eaéh vcase. Such a sequence was also observed in both Vic B
and V?c C, at positions corresponding to those found in the other
geneé (see fig. 30). Although this region would not possess enhancer -
like properties, it is interesting to note the same sequence being
involved with transcription initiation in all these 7S genes, as well
as :jn the case of Leg A (Lycett et al., 1986). Such a finding
indicates thét a similar mechanism of initation and capping is used in
all storage protein genes.

Finally, the 5' flanking sequences were scanned for sequences
homologous to the Mammalian virus .enhancer element (Weiher et al.,
1983, Gruss, 1984) (with several already having been found for Puvu 8
and Gma o (Doyle et al., 1986), and also to the Adenovirus core
énhancér element (Hearing and Schenk 1983). Since enhancers can work
in either orientation with respect to a gene (see section 1.1.2.1)

both the sequenced strand and its deduced complementary strand were
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The putative 'vicilin box'. The conserved sequence region
in the 5' flanking sequences of 3 pea vicilin genes. 1 pea
convicilin gene (CVA), 1 phaseolin gene ( Pvu 8 ) and 1
soybean B conglycinin gene ( Gma o ) plus pea Leg A is
boxed (see text for references). The 'legumin box'
in Leg A is indicated by broken lines. The sequence
in Leg A identified as being homologous to the adenovirus
enhancer core element is underlined.



2100bp to *TAfN®
= $9bp to *TATA"
= 98bp to "MATA"
£ 93bp to *TATA"
8= 95bp to "TATA%(1),106bp to "TARA®(2)

t= §ibp to TATA

Leg b AGCCATPAGCCACCTCCTCTATCAGACATAGGYGTAAAGCATTATGCHECCATAGCCA. = 125bp to *Tama’
2 ) )
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scanned, with the findings summarised in fig.30, showing that several
éequénces of differing levels of homology to these two viral enhancers
were found. The positions>of some of these sequences are found much
further upstream in the 5' flanking sequence than is the case for the
functional virus enhancers (generally within 100 bp upstream from tﬁe
.mRNA c;p site - Gruss, 1984). Indeed, experiments involving deletion
mutants of an a ' type B8 -conglycinin gene followed by assessment of
Jevels of expression of the gene in transgenic petunia planfs, showed
that lpresence of the region containing the exact match to the
Mammalian viral enhancer (GTGGATAG, 611 bp upstream of ATG, see fig
30) appéared to cause no enhancement of expression relative to the
level obtained from the gene where this area of sequence had been
deleted (Chen et al., 1986). This seems to suggest that such sequences
dispiaying homology to viral enhancers do not appear to exert a
similar éffect on the plant gene concerned. It must also be said to
COﬁtradict with findings in other plant genes, where Sequences
homologous to GTGGA/TA/TA/TG in the 5' flanking region have been shown
tb.haye an important enhancing effect on expression of these genes in
transgenic plants (Timko et al., 1985, Kaulen et al., 1986, 0Odell et

al., 1985).
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Other potential regulatory sequence elements and consensus
sequences in 75 storage protein  genes. Sequences
represented; Vie B, C and J, vicilin genes from pea, CVA a
convicilin gene from pea, Pvu B a phaseolin geng
from Phascolus vulgaris , Gma o 'a B conglycinin a
subunit gene from soybean, and Leg A the Legumin A gene
from pea (see text for references)



1.¥ammalian Viros Enbancer Consepsus Sequences(Gruss,1984.Velher et al.,1983)

Viral Consensus:

6maa’

Pvub

Vich

YiceC
Vied
cn

6166176
i1k

GTGGATAGK-611)®
CATCCCAC(-145,0pposite orientation)
GTGG6ACTA-581)

11667 ATG(-539)

61666171 76(-509)
CAACCCAC(-203,0pposite orientation)
CCAACCAC(-13, ' )
GTTGTAGG-T
6GTG6CATG-120)
66TGAGAG-I5)

6616 CATG-116)
CAAACTCC(lemﬂNonwuNM)
CCATCCAC(-L03, ' )

(Consensus sequencse for Gmaa' and Pvab taken froam Doyle et al., 1986)

2.Adenovirus Core Enbancer Consensus Sequences (Hearing and Schenk,1983)

viral Consensas:

AGGAAGTGACA

N.B.A11 the folloving are in opposite orientation

Vick

GCCACYTTCANAN-183,70% holologons)
VicC 6CCACCTCAA-LN,G0N )
vicd GCCACCTCAA- 110,60\ ')
e GCCACCTCTA-165,60% * )
Pvad GCCACCTCAA-2E,608 ')
6raa’ GCCACCTCATY-1T8,T08 * )
(q.v.Legd geeaccrcce(-1s0n )
3.transcription Start Sequence
VicB CATC(-84)
VicC Ca7C(-54)
Vicd CAtc(-8)
cvaA CATC(-35)
Pvub CATC(-18)
Gmaa’ CA7TC(-56)
(g.v.Legh Cate(-34))

$=position relative to ATG
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Whether or not these sequences homologous to viral enhancers play

a functional role in the 7S storage protein genes, it is interesting
to not§ that the region homologous with the adenvirus core enhancer
ljes.at fﬁe 5' end of the potential 'vicilin box' of each of the 6

genes; It remains open to speculation as to whether this finding is of
any .significance, but one possible theory might be that the viral

enhancer .may ﬁave been inserted originally into the 5' "flanking

sequeﬁce of a long distant ancestral gene, possibly giving a degree of

_ehhancement of expression. Subsequent evolution of the sequence at
this region may then :have led to the enhancer developing a tissue

specific role, still present in these 7S genes due to conservation of

this sequence during the divergence of the genes during evolution.

Such'é pathway would not seem appropriate for the evolution of the

'legumin' box in the 11S storage protein genes - firstly because the

region of homology to the adenovirus enhancer in Leg A is 32 bp from

the legumin box, and secondly that such a region of homology to the

viral énhancer does not seem to be present in the B type Vieia faba

Legumin gene ( Vfa Le B 4 Baumlein et al., 1986).

4.1.3.5 Comparison of the nucleic acid sequences of Vic B

and Vie C With those'of other 75 storage protein genes.

By once again using the nucleic aqid sequence alignment programme
NUCALN, it was possibie to comparé separately the 5' and 3' flanking
sequences, each exon, and each intron of Vie B and Vie C against the
corresponding regions of Vie J, - CVA, Pvu B and Gma o '. Each

individual comparison was analysed to give a percentage level of



TABLE 9

VICC 5'FL pext 247 {7.%

?xcn 5151

vice Bl
vIca B11

VICC EI?
VICB EX2

vICC BI3
VICB BX3

vIce B
vICB EXd

vIcC BIS
VICB BIS

yIce BL6
yich BIst

vICC 3'FL
VIC 3'FL

vIcc 1l
vIce INTl

vIcC 1¥m2
VICR INT2

vIcC 1813

-~ VICB Int3

vICC 1NN
vich IBT4

vice 115
VICB INT5

t faken from pDUBY,the equivalent cDEA to Vick . .

vies
VCCS'EL st 218 824
VICB 5'FL .

(1N

8.9
86.7
8.4

8.0

61.6
67.0
51.3

iQ
Ist 234 170.9
1st 299 61.2

pext 225 41.6
pext 200 (1.7

m PEAS (Pvu b) CGLY (6ma 8°)
Ist 166 S.4  lst 250 5.4 ?
Ist 14 T8 st 115 6.0 ?
next 313 16,6 next 254 323 ?
pext 314 66.6  mext 400 43.0 ?
7.0 .8 5.4
0.6 4.0 1.1
" 6.4 1.6
%.0 5.4 65.4
7.3 §9.1 §9.1
§1.7 ! 597
7.6 60.6 65.6
7.9 50.4 9.1
1.3 .3 7.1
.5 55,9 1.8
1.4 5.2 iR
f.60 512 5.6
6.2 . -
1) . -
5.8 . -
0.3 . -
0.8 . .
6.9 . -
50.1 . .
0.3 - -
50.0 - ' -

tt piqure obtained from the first 71bp of 3' flankinq sequence of each gene.d lov level of bomology exists past here

tst0pstrean fros ATG
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homology (where gaps occurred in the alignment, to maximise base
matching, these were excluded from the calculations). The results of
these calculations are giQen in Table 9. Unfortunately, for some
unknéwﬁ reason, the programme failed to produce alignments between the
5"flanking sequences of Viec B and Viec C against Gma o« '. As far as
other comparisons in thié 5' region were'concerned, it was deemed
appropriéte.to divide the alignment into two parts, since in each case
a faiyly distinct dividing line existed between two different levels
of homology, thus giving the two figures shown for each comparisons in
Téble 9. Had time permitted, the alignments would have been further
analyséd to give figures for silent and replacement suﬁ%itutions in
regions of coding sequence comparison. Also, intron comparisons were
limited to those between Vie C and Vic B, Vie C and CVA and Vic B and
CVA..

The results reveal several points of intgrest:

i) Vie C.vs Vie B: Overall, a very high level of homology between
these two gehes can be observed, with levels around or above 85%- for
all the exons, above 80% for the first 278 bp of 5' flanking sequence
and nearly-so% for the remaining 247, and even an appreciable level
%till'existiﬁg Bétween the introns - as high as 67% in intron 3. A
more rigorous assessment of relatedness between all the genes will be
made in section 4.2.2., but these figures clearly indicate that these
two genes both coding for 50,000 Mr polypeptides, have diverged
relatively reéently in evolutionary history.

ii) Vie C and Vic B vs Vie J: This represents a comparison of two

genes coding for 50,000 Mr polypeptides, with one coding for one of
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47,000. Hence it is interesting to note that overall, Vic C appears to
be hofe homologous to Vic J than does Viec B. Of the regions compared,
only exon 4 shows Vic B to have the higher level of homology - other
than this, levels observed for Vie C are consistently.slightly higher.
The differences in levels observed do not appear to be sufficiently
high to contradict the theory that the 50,000 and 47,000 Mr genes
arose by a duplication of a, comhon ancestor. Following this;
evolutionary quification would cause the genes to diverge, with the
twé observed 50,000 Mr genes then resulting from a further duplication
evént, aﬁd as a consequence displaying similar (but not identical)
levels of homology to the 47,000 Mr gene.

iii).Vic C and Vie B vs CVA: A similar situation to that observed

in the compérison with Vic J seems to exist with CVA, especially in
tﬁe exoﬁ comparisons, suggesting an analogous pattern of gene
evolution to that suggested above with Vie J, ie duplication from a
coﬁmon ancestor, subsequent modification of one of the duplicates
(possibly by some insertion event - Bown et al., manuscript in press)
to pfoduce the much larger convicilin gene, and then later duplication

to produce two 50,000 Mr genes.

It isv interesting to note however the relatively large
differences in iévels of homology between vicilin genes and CVA shown
4in-thé 5' flanking sequence - 53.6% for Vic C over the first 186 bp as
against 73;9% for Vie B over the first 184 bp, and 46.6% for Viec C in
tﬁe remaining 313 bp, but 66.6% for Vic B on the remaining 314 bp. The
reasoﬁ for such a difference in levels of sequence conservation in

-this regionvis unknown. It is also interesting to note the different
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levels of homology observed in the first two introns - Vie C vs CVA
shows 61.2% in IVSfl compared to 47.3% here for Vie B vs CVA, while
Vie B vs CVA shows 70.9% in IVS-2 as against only 46.8% for Vic C vs
’CVA;'This seems to suggest‘that the intron sequences are relatively
free éf.sequence constraint - also partly borne out by the generally
low levels observed with both genes in the other introns (generally
around 40-50%). Analysis later in this discussion (see Section
4.1.7.2) showing that the intron positions remain highly conserved in
all 7S storage protein genes tends to bear out the principle that it
is intron position, rather than sequence, which is important for gene
function (Shah et al 1983). Also any homology shown between
introns.tended in general to be located near the 3' and 5' splice
sites; raéher than the central region, implying that conservation of
seduencé is mqst important in these areas (see also Section 4.1.6).

| iv) Vié C and Vie B vs Pvu B : Here the levels of homology are
broadly ‘similar across the 5' flanking regions and exons 1 and 3.
However noﬁable differences in level can be observed between Vie C
and Vie B over exon 4 and 5, where Vi¢ B is more homologous to Pvu B8 ,
and in exqﬁ 6, where the reverse is true. .A rather unsatisfactory
explanation for this might just be that these (rather pronounced)
differen&es are simply a consequence of fhe particular pathways of
evolution embarked on by ‘the genes after their presumed origins from a
common ancestor..As partial support for this, the levels of homology
shgwﬁ in' the data are sufficiently high as to agree with the
previously suggested concept of a common ancestral origin for these 7S

storage protein genes (Borrotto and Dure, 1987). Also, here one can
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observe a marked general drop in levels of homology compared with
those obsefved when Vie C and Vie B are compared with genes in the
sahe spécies, implyiﬁg that speciation between pea and french bean
océurred before the duplication of these genes in pea.

Q)lVié C and Vic B vsAGma a ': In this case, only the exon data
was avéilable for comparison. Generally, overall homology levels are
compérable with those achieved with Pvu B (indeed both Vie Cand Vie B
éhow- exactly the same levels in exon 3). One apparent difference
between Gha a 'and Pvu B is in exon 6, the former showing an increase
in homolqu here with Vie C and an even greatgr increase with Vie B -
the oﬁly implicatjoﬁ that can be taken from this is that some sort of
functionai constraint common to pea and soybean operates on exon 6
(poséibly in terms of common packaging or degradation processes) which
is not pfesent in french bean.

The otherwise broad similarity in levels of 'homology
between Gma o ‘and Pvu B again supports the theory of a common
ancestral gene, and possibly even suggests that the 7S genes of
soybean and french bean evolved on a separate pathway right after the
first dgplication from the ancestral gene (see section 4.2.2 for

.

further discussion)

4.1.5 Sequences occurring around the translation initiation

"It is now a fairly well established fact, due to several
extensive surveys on this subject, that the sequence of bases
occurring around initiator codons in eukaryotic genes is non random

(eg Kozak 1981, Kozak 1984, Heidecker and Messing 1986, Cavener 1987).
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As a result of this work; it became clear tﬁat cCOnsensus sequences
existed in this region, and that thse sequences were seen to differ
betweén plants and animals (Lutcke et al., 1987):
| | -4 -3 =2 -1 +1 +2 +3 +4 +5 +6

Animal consensus c A C C€C A T G

Plant coﬁsensus A A C A A T G G C

Comparison over a wider span of sequences can be seen in fig 3i.
Here pébcentage frequencies for each of the 4 bases were plotted for
positions -17 to +6 (with the A of ATG being +1) for plant genes, and
-12 to +6 for animal genes. The data for animal genes was obtained
from fhe sedﬁences in the paper by Kozak, 1984. Plant gene data was
combjnéd to give a gfeater sample size, from two sources - firstly the
figures presented by Heidecker and Messing, 1986, obtained from 47
plaht‘huclear genes; together with the data, compiled by myself, from
g.further 19 plant genes (references for these genes were obtained
frqm Brown 1986 - all gene references were checked, and any containing
sequeﬁce data for the intiative codon were used, and were'as follows
1) From soybean - Leghaemoglobin Lb (Brisson and Verma, 1982), Lbc 2
and Lbs 3 (Wiborg et al., 1982), plus Nodulin 23 (Mauroc et al., 1985)
and Nodulin 24.(Katinakis and Verma 1985) ii) From maize - Sucrose
synthetase (Werr et al., 1985), WX + (Klosgen et al., 1986), hsp (heat
shock prétgiﬁ) 70>-(Rochester et al., 1986) and Triose phosphate
isomerase (Marchionni and .Giibert, 1986). iii) From potato -
Pa£éfiné'pg T5 (Rosaﬁl et al.,=1986) Sb 6B and S4 10C (Pikard et al.,
1986) and Proteinase inhibitor II (Keil et al., 1986) iv) From carrot

- Extensin (Chen and Varner, 1985) v) From tobacco - ATP synthase
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(Boutry and Chua, 1985) vi) From alfalfa - Glutamine synthetase
(Tischer et al., 1986) vii) From antirrhinum - Chalcone synthase
(Sommer and Saedler, 1986) viii) From chlamydamonas - Rubisco small

subunit rbes 1 and rbes 2 (Goldschmidt-Clermont and Rahire 1986). As
can be seen from the two profiles, outside the consensus regions given
abéve, little difference appeérs to exist between plant and animal
geﬁes, épart ffom a slightly greater prevalence of C's in positions
~12 to -5 of the animal genes. Within the confines of the consensus
sequenceé, it has been shown that whilst animal genes show a marked
preference for A at -3, this is not quite as pronounced in plant
genes, wHilst in plant genes the prevalence of G at +4 is not
feflected at all in animal ‘genes. Since a mechanism of interaction
betweeﬁ fhe consensus sequence and a homologous region on 18S rRNA has
been suggested (Sargan et al., 1982); any differences shown between
plant and animal in this region suggest slightly different sequences

in the corresponding regions of plant and animal 18S rRNAs.
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Percentage frequency distribution of each nucleotide
around the functional initiator codon in a large number of
plant and animal mRNAs (for sources, see text). The
nucleotide immediately prior to the ATG codon is number
-1, nucleotides +4 to +6 represent the start of the
protein coding sequence. Dotted lines delineate regiohs
comparable by nucleotide position.

plant
animal
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In ordér to assess the situation in the pea seed storage protein
genes, sequences avéilable for this region were compiled as shown in
Table 10, with the number of bases occurring in each position recorded
for comparison against the plant consensus sequence, and also the most
frequent base observed from the plant gene data collated as above. The
most'ihteresting point to emerge from this data is the apparent lack
of préférence shown by the pea genes for having an A residue at -3,
whgre'.only 5/9 genes have As, the others all having Ts. Also
interesting are posifions -4 (C = 4/9, A only 3/9), -2 (T = 5/9, C
gnly.3/9) amd -1 (C = 4/9, A only 2/9). Although these figures only
come from a émall sample size, it is nevertheless interesting to ngte
that overall the pea genes seem to show a greater similarity to the
animal consensus than to tﬁe plant. However, since it has been stated
that thgimoét important position in the pea consensus is at +4, where.
G .is greatly favoured, and that having an A at -3 is of lesser
impqrtance than in animal genes (Lutcke et al., 1987), then by showing
6/9 G's at +4, the pea genes conform to the plant consensus. As to
whether differences observed in the other positions would be
éiénificant'in inhibiting translation initiation, nothing can be said
for sufé ~ data would be needed on the translational efficiencies of
genes differing in sequence at each one of these positions. Any sort
of evidence of this kind could in fact prove valuable in future work
involying efficient translation of fgreign genes, perhaps altered in

this region during insertion into a vector, in transgenic plants.




T4BLE 10

Legh
Leql.
LegC
LegD
Legd
Vica
¥icC
Vicd
Cvd

Totals

- -10 t 16
tcrracrarcecrcrtcCaArGGCe?

TCTTACTATCICICTICATGEECY
foTlGTifoCTC!TClTGGCf
-tATLTICTATCCAACYTATGEC?
TCPCTCCITAGYAGYTYATGALC
llClGGC!GC?ACT‘CAlTG!AA
ACLTCGCTGCTACAACANTGARA
CATTANTCCAAATCAMTATGGC?

CTACTCAAATACAAATCATGGCS

A223151141323235129--13121
6---126--2-1--1----- 16-1
C2511-13215-534-34----61
P425621535162141483-9--15

Plant-Consensaus

PERRARRRRANNREARNATGGECY

Plant-Nost Preqaeat

$TALAGAATANANAACALNTGEGC?
¢
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4.1.6 Intron Consensus Sequences

The.interruption of protein coding sequence by introns in a large
variety‘>of: eukaryotic génes dictates that Athese introns must . be
precisely removed from initial >mRNA ~ precursors (pre-mRNA or
heteronuclear RNA), before the message can be efficiently translated.
The'pfoéésé'by which this excision takes place is known as splicing.

It has now been established that in order to achieve efficient
splicihg, several important features must be conformed to by -the
intron.‘ and its Bordering exon sequences. After the initial
e%tablishﬁen£ of the GT/AG boundary rule (Breathnach et al, 1978),
éubsequent more extensive consensus sequences relating to the 5' and
3’ boﬁndaries of introns have been derived (Mount, 1982, Brown 1986).

Following this, a suggestion for a general mechanism of splicing
wés'maae, Whereby introns are removed in the form of a 'lariat' RNA,
where the 5' end of the intron forms a 5' - 2' phosphodiester bond
with thé 2' -0OH of‘a conserved regionvcontaining an adenosine residue
(the branch point),>occurring between 18 to 40 nt upstream of thé 3!
sblice éité (Ruskin et al., 1984., Zeitlin and Efstratiadis 1984.,
Reed and Maniatis, 1985)., This concept has now been expanded upon with
the elucidafion of the order of events involved in pre-mRNA processing
(Gerke and Steitz, 1986); Firstly, cleavage occurs at the 5' splice
site of the‘intron, which in-turn is followed by the formation of a
branched structure in which the G at the 5' terminus of the intron
forms the phosphodiester bond with tﬁe A in the branch point. Next,
excision of the lariat structure occurs by cleavage at the 3' splice

site, and finally the exons are ligated together.
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It>is now also known that the splicing events are dependent on
the abundant U-type small nuclear RNAs (U-sn RNAs) present in the form
of ribonucleoprotein complexes (U-sn RNPs) (Frendewey and Keller,
1985. Grabowski et al., 1985). Indeed, there appears to be increasing
evidence that all species of U-snRNP - UL, U2, US and U4/U6 (which
exist as a single complex‘— Bringmann et al., 1984, Hashimoto and
Steitz, 1984) are inVolved in the various stages of processing (Lerner
et al., 1980., Black and Steitz 1986), possibly in the form of a
§o~éalled 'spliceosome’ comblex {(Grabowski et al., 1985) apparently
cqntaining at least 3 of the U-sn RNPs (Sharp, 1987). The importance
of thesevU—sp RNPS is ﬁnderlined by two observations - firstly that
snRNP's from fungi, the yeast Saccharomyces cerevisiae and also from
peas, can be immunoprecipitated by antibodies raised against human
U—éhRNPs (Tollérvey and Mattaj, 1987), implying a considerable degrée
of evolutiénary conservation. Secondly, the elucidation of the entire
ﬁucleétide sequence of broad bean U2 RNA (Kiss et al., 1987), shows
that its secondary strhcture_ matches that of a model proposed to
acéommodate: all other jfully sequenced higher eukaryotic U2 RNAs
(Redd&, 1985), again implying considerable functional constraint has
opefated during evolutiqh in order tq allow maintainance of an active
role in the éplicing process.

Some evidenée also ekists for the individual roles played by the
U-snRNPs wifhin the spliceoéome complex. Rat U2 - sn RNA has been
shown to.possess a sjngle'stranded region with sequences homologous to
botﬁ the:bfanéh point and the 3' splice site consensus sequences in

mammalian introns (Reddy and Busch, 1983, Keller and Noon 1984). Also,
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it appears that Ul-sn RNA utilizes specific base-pairing in its
recognifion of the 5' splice site (Zhﬁang and Weiner, 1986).
Conéiderébly more evidence exists to substantiaté these and other
individuai roles of.U—sn RNPs but will not be discussed further here.
In view sf the fact that a considerable degree of conservation .
has oper&ted on the U-sn RNA sequgnces, a comparison between plant and
animal intron consensus sequences (Brown 1986) not surprisingly shows

. a considerable degree of similarity between the corresponding

regidns:j'
i) .5'.$plice | site -
-3 -2. -1 +1 +2 +3 +4 +5 +6
Plant C/A A G : G T A A G T(:=splice site)
—3 =2 -1 41 42 43 +4 .45 +6
Animal C/A A G : G T A/G A G T

- Here we can see the sequences are virtually identical.

ii) 3! Splice site -

-10 -4 -1 +1

Plant T T T T T T T T T T T 'g C A G : G
Pu . Pu Pu Pu Pu

-10 -4 -1 +1

Animal T T T T T T T T T T T N C A G : G

-‘Hére-fhe'emphasis on a poly (T) stretch, present in the animal
consensus, is léss pronounced in the plant counterpart, and also
significant is the difference at position -4.

The percentage composition of bases at each position for both

plant and animal 5' and 3' splice sites is shown in fig. 32 (figs
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taken from Brown, 1986) illustrating clearly the points made above -
generaliy vefy similar profiles are observed for both at the 5' site,
whilst at £he. 3! éite animal genes sth a high level ofl Ts
cohsisfenﬁly‘from -15 to -5, whilst in plants, although Ts tend to
predominafe in all these positions, A and G also occur in many
positjons at significant levels. The difference at position -4 is also
clear in the 3' site, with piant genes having a 50% presence of G at

this site, whilst animal genes show approx 25% of each base here.
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Percentage frequency distribution of each nucleotide
around the 5' and 3' intron/exon boundaries of plant and
animal genes (for sources, see text). At the 5'
(exon/intron) boundary, the GT consensus nucleotides are
numbered +1 and +2 respectively. At the 3' (intron/exon)
boundary the AG consensus nucleotides are numbered -2 and
-1 respectively. Dotted lines delineate regions comparable
by nucleotide position.

a = plant
b = animal
i = 5'

ii = 3"
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iii) The branch point -

| -3 =2 -1 0 +1

Plant C T Pu A Py

Animal | C T Pu A Py
These sequences were taken from the data for plant genes (Brown,
1986). and animal genes (Keller and Noon, 1984) and again is
fepresénfed. graphically in fig. 33 by plotting the percentage
occurrence of eéch base for each position (positions are numbered
peiati&e 'to‘ the branch point nucleotide itself at 0). It is
iﬁﬁéresting to note that the profiles that result are virtually

identical for both plant and animal genes.
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Percentage frequency distribution of each nucleotide
around the intron branch points of several animal and
plant genes (see text for sources of sequence data). The
consensus A nucleotide of the branch point (see text for
ref.) is numbered 0, with position +1 indicating the next
nucleotide downstream in the 3' direction within the
intron. Dotted 1lines delineate regions comparable by
nucleotide position.

a = plant
animal
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Overall the similarity shown between plant and animal genes in

the 5' splice site and branch point regions, along with a lower degree

of similarity at the 3' splice site, suggests possibly that the U-sn

RNAs involved at the first two regions may show more sequence

conservation than those involved at the latter.

A survey of pea seed storage protein genes was then compiled for

these 3'regions in order to assess the degree of conformation to the

corresponding plant consensus sequences:

i)

ii)

5' splice site - Téble 11 shows a compilation for pea storage
genes in this region along with the resulting implied consenéus
at each position, compared along with the plant consensus. The
only apparent difference is at position -3, Qhere the pea genes

show a strongef‘preference for A, as opposed to an approx equal

~ representation of A and C at this position in the plant sequence.

3' splice site - A similar compilation of data for this region is
given in Table 12. Here good agreement is shown between the pea
and plant consensuses from positions -15 to -5. However a major
difference is seen to occur at -4, where instead of showing a
prevalence of G's, the pea genes have A's in 21 out of the
possible 36 places. One can say for sure whether this indicates a
tolerance for A's as well as G's in this position in plant gene
introns, or whether it in fact implies that the U-Sn RNA involved
ét the 3' splice site in peas is different to that occurring in
other plants. However, thé observation that broadbeans and pea

U2-Sn RNAs (thought to be involved at the 3' splice site, see
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above) show near perfect homology throughout 121 nt at their 3'

ends (Kiss et al., 1987) implies the latter theofy - may be

incorrect. Another siight difference also appears to occur at

bositidn'+1; with pea genes apparently tolerating A or G here, in
édntrast to a preference for only G here in the overall piant
consensus sequence.

The Branch point - Table 13 shows a compilation of sequences, in
pea gene introns, of maximum homology to the consensus branch
point Sequence common to both animal and plant genes, i.e. C T Pu -
A Py (see above). The results show perfect agreement at positions
—5; -4, =2, 0 and +1. Some disagreement can be observed at -3,
where a general preference for Pyrimidines is shown in peas,
rafher_than the more usua; C in the plant consensus, and at -1,
whefe the pea genes show a higher than expected proportion of
T's, with correspondingly less G's. Such slight differences would
appear fairly trivial in the light of evidence from n vivoe
aﬁd_in vitro studies on a point mutation on the invariant A at
poéition 0 in the yeast branch point sequence. Results showed
sﬁfprisingly that mutation of this A to a C gave a high
efficiency of branch formation (Vijayraghavan et al., 1986). This

suggests that if a mutation of such an important position can be

tolerated, then mutations elsewhere in the consensus might also

be to some degree acceptable.
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As a reference to pea genes in general, it is worth noting that
the normal mechanisim of intron splicing via lariat formation at the
predicfed branch point, and cleavage at predicted splice junctions has
actually‘ been observed in wvivo for Leg J intron + exon flanking
sequences from pea, cloned behind an SP6 promotor (Brown et al., 1986)

| anélly a point possibly worth considering is the efficiency with
which the pre-mRNAs from foreign genes might be processed in a-
hé£erolog6ﬁs'gene system. Should the mechanism prove to have some
characterisitics unique to certain plant species, it could prove
importént in determining levels of foreign gene expression in

transgenic plants.

4.1.7 Amino Acid and nucleic acid sequence alignments

Alignments were made, firstly, by eye, of all available amino
acid sequence data for both 11S and 7S globulin legume seed storage
proteins (ﬁhe 11S alignment is shown in fig. 34 along with an example
from a Brassica species - Cruciferin ( Bn Cr ) from Brassica napus
(Simon et al;,'1985) and that for 7S, partly taken from Doyle et al.,
1986, in fig.35. Regions of conservation of amino acid residues are
boxed, with vérious other.features also indicated (see figure legends
for details). Secondl&, using the NUCALN computer programme, 3 nucleic
acid seduence alignménts for 118 genes‘were made from genomic and cDNA
sequence data encoding a glycinim A2B1a subunit from soybean
(GMA2Bia, Marco et al 1984) against sequence data from the legumip

cDNA clones pDUB1l and pDUB3, encoding the basic subunit of a 60,000 Mr
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legumin polypeptide (Croy et al., 1982), and Leg A against Leg J, plus
one for-7S genes, where Vie B was aligned against Pvu B . The results
of thése compéfisons are illustrated graphically (see section 2.13.1)
in fig:'36‘(GMAZBla vs Legumin cDNAs), fig. 37 ( Leg A vs Leg J) and
fig.38 ( Vié B vs Pou B ).

The findings from these analyses were as follows:

4.1.7.1 11 S Globulins

The results of amino acid alignment (fig. 34) of the 115 seed
storage proteins showed that many gaps, some of considerable size, had
io bé introduced to maximise homology in all exons. This homology can
b§ seen to.vary greatly between individual exons.

i) The signal peptide region - Here a good degree of conservation can

bé seeén fo exist between each protein, and also that each has an Ala
residue né*t‘to the cleavage site - this appears to be in accordance
with the findings of von Heijne (1985) who observed a proportionately
high number of Ala residues in this position in a large number of
proteins from both prokaryotes and eukaryotes.

ii) The rest of exon 1 - firstly, there appears to.be no conservation

at thg residue occurring at the NH2 termini of the mature
polypeptides. However, throughout the rest of this exon, considerable
sequence cpnservation can be seen to exist, with even Bn Cr ,
Cruciférin protein from a plant in a different extant subclass to the
legumés, namely Dilleniidae as opposed to the Rosidae (Cronquist,
19815 showing some areas of homology to the legume proteins. This
conservation appears greatest at residues from positions 46 to 73,

where differences (see figure legend for the criteria by which
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difference is judged) occur at only 5 out of these 28 positions.
ﬁelativeiy few gaps weré needed to achieve maximum aligﬁment in this
regjon;

iii) E*on 2 - referred to as such, but since some of the genes are
known to lack the first intron present in Leg A, B, C, D (eg Leg J
aﬁd Vfbe B), this is merely a convenient term of reference.

This region also éhows a large degree of conservation and again
only a small number of gaps had to be- inserted to maximise the
alignment.' BnCr shows some similarities again, but is distinct in
its possession of a large insertion of sequence in the middle of the
region (marked on thelfigure by an exclamation mark). Assuming that
ﬂhe present day genes coding for these proteins may have arisen from a
common anceSt;al gene (purely on the basis of the amino acid homology
which still appears to exist), this insertion must obviously have -
occufred subsequent to divergence from the ancestral gene.

iv) Exon 3 - This region corresponds to the C-terminus of the acidic
polypeptide. Here the conservation of sequence present in the first
£wo éxpns is seen to break down a short way into this exon consistent
with'observations made in section 4.1.2.1. Some degree of homology
resumés ﬁidway from pésitions 288 to 307, but in general few residues
are shared between the proteins, and large gaps have been inserted to
achievé the dégree of alignment shown. A full analysis and discussion
on the evolutionary relationship between these proteins is presented
later (see section 4.2.1)}, but purely by looking at the positioning of
these gaps if would seem possible that Leg J and K, VfLe B and GM A3

B4, GMAS5A4B3 and GMA1ABx are more closely related to each other then
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are Leg A, B, C, D and possibly GMA2Bla. Indeed gaps were needed
‘in Leg J, K and Vf Le B to account for the 18 a.a. repeats present
iﬁ Leg A B and C (starting at positioﬁ 326). A gap spanning nearly all
this régiqn-of repeats was needed in Bn (r, and extended right to the
cleévégé p;int between the acidic and basic polypeptides. Here all the
proteins show conservation starting at the Asn residue of the cleavage
Sife and continﬁing uninterrupted for a further 8 residues, implying
that. structurallintegrify at this region, presumably on the surface of
thg proféin molecule, is extremely important. Indeed, a good degree of
consefvation continues from here, corresponding to the N-terminal
region éf the basic polypeptide.
v) Exon 4 -~ This region can be seen to maintain the degree of
consebvation seen to commence at the N-terminal of the basic
polypeptide in exon 3. The homology eventually tails off towards the
C-terminal region, where a virtually in significant level of sequence
conservation can be observed, implying that this region is of little
importance to the overall structural integrity of each molecule.
Observing the alignment as a whole, other significant features
emerge. Firstly, when the known positions of common introns are
compared (bearing in mind the Leg J and VfLe B are lacking the first
_intron), they are seen to exactly correspond. However, little
-éonservatién of a.a sequence is observed around the intron sites - the
greétest degree of conservation of this nature is shown around IVS-1,
position 110, which is only so far known to occur in Leg A, B, C, and

D.

Secondly, the observation that sizes of conserved blocks of a.a
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residues are often quite small suggests that evolutionary conservation

is operating on units much smaller than whole exons, implying little
i

rélatiﬁﬁship between exons and evolutionary domains.

Finaily, identification of these evolutionarily important
domajhs, partially permitted by the results of this alignment, along
with potential 'hot spots' where amino acid substitution, insertion or
deletion 1is apparently permitted, suggests that future protein
eﬁgineefing work might take advantage of these regions of the protein
mdlecules that permit change without deleterious effect to their

overall function.
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Comparison of 11S storage protein amino acid sequences
from three legumes plus one Brassica species; Data was
predicted from either genomic or c¢DNA nucleotide sequence
data and alignment was performed by hand. PS Leg J, K, A,
B, C and D are legumin genes from Pisum Sativum {(pea),
VfLe B is a B type legumin gene from Vieia faba
(broadbean), GMA3B4, GMASA4B3, GMAlaBx and GMA2Bla are
glycinin genes from Glycine max (soybean), and BNCr is
Cruciferin from Brassica napus (see text for references).
The sequences have been aligned with gaps (represented by
dashes) included where required to give maximum homology.
A large insertion in BNCr is not shown, but its position
is indicated by an exclamation mark. Intron positions are
indicated by arrows. The N-terminal of each mature acidic
polypeptide is indicated by a colon, as is the border
between each acidic and basic polypeptide. An asterisk
denotes the C terminal of each mature basic polypeptide.
Amino acid residues shared by at least one storage protein
in each of the three legume genera are boxed.
Additionally, due to observations made on the radically
differing nature of the Leg A (so called A type legumins)
and Leg J (so called B type legumins) type proteins (see
Section 4.1.2), it was decided, for the purposes of this
analysis only, to treat Leg J and Leg K genes as a further
genera, to be boxed according to the above mentioned
criteria. BNCr was included in boxes were amino acid
conservation was observed Conservative subsitutions
(V=I=L; E=D; Y=F; S=T) were considered as shared residues.
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In comparison with the a.a. alignment, the profiles of nucleic
acid homologyvfor Leg A vs Leg J (fig.37) and 60,000 Mr Legumin cDNA
vs GMA2Bla (fig.36) confirm many of the findings listed above,
espeéially that conservation of sequence is greatest in the N-terminal
half of the acidic polypeptide, that there is a highly variable region
5n the.C terminal region of this polypeptide, and that there is again
good homology shown at the N-terminal of the basic polypeptide. The
Leg A vs Leg J profile also seems to imply that-sequence conservation
at:regions borderingAthe introns common to the two genes is strong -
this tends to refute the theory of exon shuffling (see section
4.1.2.1), where one would expect homology to be strongest in the
éentral region of the exon and to break down at intron border regions,
thus allowing functional units_to be transferred in the 'shuffling'
process without damage occurring to them.

4.1.7.2. 7S Globulins

Ovérall, fewer gaps were needed for this alignment (seefig. 35)
than were used in that.for the 11S globulins. Again homology varied

between individual exons.

i) - The signal peptide - Some degree of conservation can be observed

here, but the cleavage site and residues around it do not appear
ﬁo show uniformity. Unlike the 11S globulin proteins, none of
these signal peptides conform to the described pattern of
reéidues at this site observed in a range of eukaryotic and
prokafyotic proteins (von Heijne, 1983). There also appears to be
é broad-similarity in the lengths of each signal peptide, with

only the convicilin (CVA) leader showing a difference in this
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region. The difference between CVA and Psa3, an a.a. sequence
predicted from pea convicilin cDNA (Casey et al., 1984) in this
région is of interest. Since the copy number for convicilin genes
in the haploid pea genome has been estimated as 1 for pea
(Domoney and Casey, 1985), exact correspondence of a.a. sequences

between CVA and Psa 3 might have been expected. The difference

~ observed may be due either to damage of the Psa3 cDNA at its 5'

end, giving an altered predicted a.a. sequence, or to the fact
that the cDNA encoding Psa3 and the CVA genomic clones were
isolated from different pea lines, Birte and Dark Skinned
Pérfection respecti?ely. Another possible reason is that there
may in fact be more than the estimated 1 gene copy of convicilin
in haploid pea genome. (Recent findings now in fact support the
last.theory in confirming that there are indeed 2 convicilin
genes in the pea genome, Bown et al., 1988).

The remainingggection of exon 1 - As is the case with the 118

proteins a high degree of conservation can be observed in this
region. Indeed from position 47 to 116, 42 of these 69 residues
are consérved, with blocks of conservation occurring over as many
as 8 ahd 9 residues. The N;terminal region shows no conservation
howevér, and gaps are needed in order to achieve the alignment
for the rest of this region. Indeed, two of the proteins contain
large insertions of amino acid sequence not shown in this
figure. Gma a ' has a 174 a.a insert 7 residues from the
N-terminus of the mature protein, and CVA has one of 121 a.a's 4

residues away from its N-terminus. Studies have shown (Bown et
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al., 1988) that no homology exists between these two inserts,
impiying that each is the result of a separate insertion event
during gene evolution. If has been observed that the insert
préSent in Gma a.' is also found in a gene encoding the a subunit
of B‘-conglycinin (Schuler et al., manuscript in preparation),
and since it is not present in any of the other genes represented
here, represents an insertion event that occurred subsequent to
the divefgence of B conglycinin a and a ' subunit genes from that
encoding Gma 8 (Doyle et al., 1986) - see section 4.,2.2. for

further discussion on this point.

Exon 2 - Here the conservation 1is seen to be much less

pronounced, and large gaps were needed to take account of
additional sequence in Gma @ ' and Gma B - this section suggest
possibly that insertions in equivalent regions of the other

proteins might be tolerated in future protein engineering work.

Exon 3 - Extensive conservation can be seen in this short exon,

and ‘only two small gaps had to be inserted in the alignment
procedure.

Exon 4 - Conservation in this region breaks down after the first
15 residues, and after this point, many gaps had to be inserted
to identify the only other area of homology existing in the
centre of.this exon.

Exon 5 - interestingly, conservation appears to exist only at the
border regions of this exon. The central region required the
insertioﬁ of gaps in many of the sequences and would appear to

present another potential target for protein engineering.
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vii) Exon 6 - Unlike the C—terminal region of the basic polypeptides
in the 113 globulins, this region shows a surprisingly high
degree-of conservation e*tending right to the C-terminal residue
of hany of the polypeptides, implying that this region is of some
importancé to the proper functioning of each protein.

Considéring thé alignment across all regions, other features pan
be obsépped. Firstly, identification of proteolytic cleavage sites.in
fhe peé vicilins (Lycett et al., 1983) enabled the identification of
one at position 375 in both 47,000 Mr Polypeptides Psal and Vie J,
which cap be seen to be a region of low conservation between the 7S
polypeptides. This might imply that individual regions of conservation
unique to the 7S polypeptides Qf one species but not to others, méy
still be subjected to strong evolutionary constraint and thus although
appareptly.in a highly variable region with respect to polypeptide of
other species, would not be good site for modification in the species
whepe théy:are conserved.

Secondly, a number of potential N-glycosylation sites have been
identified in these polypeptides (Doyle et al., 1986). Of the 3
indenpified ;n Gma a ', only 1 is common to any of the other
polypeptidés - it is at position 418-420 and occurs also
ip Gma & Gma 8 and Psa 1, but is not present however in any of the
other‘ polypq%ides. A ;ite' identified at position 424-426 in

_both'Pvu o and Pvu B is not present in any of the other polypeptides.
If these sites identified are functional, these findings seem to imply
that positioning of these sites is not crucial to polypeptide

function, and also possibly that the original purported ancestral
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pé}ypeptide may not have.been glycosylated at all (or conversely it
had seVeral sites which have been lost to varying-degrees dﬁring-the
eyoluti&ngry procesé which .produced the modern day descendant
polyp;pfidéé; |

| Finaliy, looking at this data in conjunction with the nucleic
acid.séqﬁencé aligriment profile, (fig. 38) of Vic B vs Puu B8 it ié_
“clear that the position of each intron is conserved across the whole
range of 7S genes. However, since areas of a.a. residue conservation
are'of£en‘seen to span intron positions (e.g. introns 1, 4 and 5), and
aléo that from the nucleic acid sequence alignment profile, areas of
éequgﬁce homélogy.continue from one exon into the next, a similar
situation to that suggested for the 11S proteins seems to exist (see
sectjén.4.1.7.1;). Here it was suggested that such findings refuted
the‘ide; of exon shuffling, and fhis again appears to be the case‘for
7S proté{hs. 6ne could not conclude from this data that the exons
reprgsent the discreet functional domains required for the shuffling

theory.
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Comparison of 7S storage protein amino acid sequences from
3 legumes. Data has been predicted from either genomic or
cDNA nucleotide sequence data. The alignment was compiled
by addition to and slight modification of, that published
by Doyle et al., 1986, and was performed by hand. Pvu a
and Pvu b are alpha and beta type (respectively) phaseolin
genes from Phaseolus vulgaris, Gma a', Gma a, and Gma b
are alpha , alpha and beta subunit genes respectively
for B8 —conglycinin of Glyecine max, Psa 1 and Psa 2
represent 47 and 50,000 Mr vicilin cDNAs respectively,
from Pisum sativum (Lycett et al., 1983), Psa 3 is a cDNA
clone representing a convicilin gene from Pisum Sativum
(Casey et al., 1984), PSCVA is a genomic clone
representing a pea convicilin gene and PS Vic J, A, B, C
are all vicilin genomic clones from pea (references not
documented here can all be found in the text). The
sequences have been aligned with gaps (represented by
dashes) included where required to give maximum homology.
The large insertion in exon 1 of Gma a' is not shown. The
N-terminal of each mature polypeptide is indicated by a
colon, and the C-terminus by the arrows. Amino acid
residues shared by at least one storage protein in each of
the three genera are boxed; conservative substitutions
(v=I=L; E=D; Y=F; S=T) are considered shared residues.
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A compariéon of the trends shown'in both the 11S and 75 amino
acid»sequences alignments reveals certain characteristics consistent
witﬁ thosé .de3crib¢d' in a compafison of structural similarities
betﬁeep legumin ana»vicilin storage proteins from legumes (Argés et
al., 1985). The main common feature between 11S and 7S proteins is the
»vériability shown by both in the central region of the polypeptides,
also fhe site of large insertions in some of the legumin proteins and
some smaller insertions _ in an number of vicilin ©proteins.
Additiohally, the residues in both these types of insertion are mainly
Asp and‘élﬁ;

Similar high degrees of conservation were also observed in fhis

study for the NH, and COOH terminal regions of both 115 and 7S

2
polypeptides.




Fig. 36
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Percentage homology plot for most of the basic subunit
from a pea legumin 60,000 Mr cDNA against soybean glycinin
gene GMA2Bla (alignment from Momma et al., 1985) according
to the method outlined in section 2.13.1. The dotted line
indicates the significant level of homology. The arrow
indicates -the end of the coding sequence.
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Fig. 37
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Percentage homology plot for Leg A vs LegJ coding
sequences, according to the method of section 2.13.1. The
dotted line indicates the significant level of homology,
and numbered arrows indicate positions of introns 1, 2,
and 3 in Leg A, and of introns 1 and 2 in Leg J.
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Fig. 38
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Percentage homology plot. for pea vicilin gene Vie B
against Phaseolin gene Pvu B from Phaseolus vulgaris (see
text for reference), according to the method outlined in
section 2.13.1. The dotted line indicates the significant
level of homology, and numbered arrows indicate positions
of the 5 corresponding introns of the two genes. :

(coding sequences only compared)




JOEL 00cl 00LL 000t 006 003 00L 009 00S 00% 00€ 00¢ 0ol 0

1 1 i 1 A i A L i A i A 4 i O

-

£T4

- -— - e e e - bt o= = e e = = e = ad = PS PN - - - o . wn we we @

- S iy

v

SL

| \ | b o - ok



189

4.2 Analysis of Evolutionary relationships amongst the 11S and 7S

seed storage proteins

In order to determine possible patterns by which the genes coding
for 115 apd 7S storagé proteins might have evolved, dendrograms for
both classes were derived using the method‘outlined in section 2.13.3.
Fig. 39'sh§ws the two dissimilarity matrices obtained, and then using
the singie link classification élgorithm on each of these matrices,
the resultiné dendrograms for 11S and 7S storage proteins are shown in
Fig. 40. These déndrograms effectively 'represent orthologous
comparisons tobgive phenetic relationships between the polypeptides

concerned (seé section 1.1.4).
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Fig. 39 DC matrices for Single Link cluster analyses on both 115 and

amino acid alignments (for method, see section 2.13.3). Numbering
follows: : ‘
No. A = 115 genes B = 75 genes
1 Leg J (Legumin, pea) Pvu a (phaseolin, type a, P.vulgaris )
2 Leg K (Legumin, pea) Pvu b (phaseolin, type b, P.vulgaris )
3 VfLe B(Legumin, Viecta faba ) Gma a ( B conglycinin, a' subunit, soybea
4 Leg A (Legumin, pea) Gma a ( B conglycinin, a subunit, soybean
5 Leg B (Legumin, pea) Gma b ( B conglycinin, b subunit, soybean
6 Leg C (Legumin, pea) Psa 1 (vicilin 47000 Mr, pea)
7 Leg D (Legumin, pea) Psa 2 (vicilin 50,000 Mr, pea)
8 GMA3B4 (Glycinin, soybean) Psa. 3 (convicilin, pea)
9 GMASA4B3 (Glycinin, soybean) CVA (convicilin, pea)

10 GMAlaBx (Glycinin, soybean) Vie J (vicilin 47,000 Mr pea)

11 GMA2Bla (Glycinin, soybean) Vie A (vicilin 50,000 Mr pea)

12 BNCr (Cruciferin, Brassica Vie B (vicilin 50,000 Mr pea)
napus )

13 - Vie C (vicilin 50,000 Mr pea)

- for references, see text.
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Fig. 40 Dendrograms produced from the DC-matrices of fig.39 for 11S and
storage proteins according to the method outlined in section 2.13

Numbering as follows:

B =78

No. A = 118

1 Leg J (Legumin, pea) Pvu
2 Leg K (Legumin, pea) Pvu
3 VfLe B (Legumin, Vieia faba )Gma
4 Leg A (Legumin, pea) Gma
5 Leg B (Legumin, pea) Gma
6 Leg C (Legumin, pea) Psa
7 Leg D (Legumin, pea Psa
8 GMA3B4 (Glycinin, soybean) Psa
9 GMA5A4B3 (Glycinin, soybean) CVA

10 GMAlaBx (Glycinin, soybean)

11 GMA2Bla (Glycinin, soybean)

12 BNCr (Cruciferin, Brassica
napus)

13

— for references, see text

a (phaseolin, type a, P.vulgaris )

b (phaseolin, type b, P.vulgaris:)

a' ( B conglycinin, a' subunit, soybe
a ( B conglycinin, a subunit, soybean
b ( B conglycinin, b subunit,’ soybean
1 (vicilin 47,000 Mr, pea)

2 (vicilin 50,000 Mr, pea)

3 (convicilin, pea)

(convicilin, pea)

Vie J (vicilin 47,000 Mr pea)
Vie A (vicilin 50,000 Mr pea)
Vie B (vicilin 50,000 Mr pea)

Vie C (vicilin 50,000 Mr pea)
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Construction of dendrograms using data extracted from amino acid
sequence.does have its limitations (see section 1.1.4.). However, in
order vto ‘perform the anélysis at nucleic acid sequence level,
indiVidual pairwise sequence comparisons for 12 11S genes and 13 7S
genes would have had to be carried out using the method described by
Perler et al., 1980 to estiﬁate the divergence time betweeﬁ each pair
pf geneé. Sﬁch an extremélyvlengthy set of calculations was considered
beyond the scope of this project. Also, this process could not have
.providéd(absolute times of divergence for,egch of the genes anyway,
sihce vﬁo ‘event of khown date was available (such as .the time of
spéciation for pea and soybean) to 'faéilitate calibration of an
evolutionary clock for these genes.

However, despite the acknowledged drawbacks of thg method used to
derive the dendrograms, they do still represent a systematic analysis
of the data,'and as such reveal some interesting features relating to
how the present day_ilS and 7S genes may have originated.

4.2,1 11S genes

Firstly, from this dendogram, an interesting pattern of gene
divergence with respect to spgciation emerges. Clearly the genes
coding for Leg A, B and C show the least divergence. However, the
branching pafterh indicafes that soybean GMA2Bla and GMAlaBx (plus not
surpfisingly pea Leg D) are more closley related to this class of gene’
thén they are to the other glycinin genes from soybean, GMA3B4 and
GMA5A4BS. Indeed'these latter two soybean genes are shown to be more
cioéely related to the group containing not only pea Leg J and K, but

also Vf Le B from broadbean. Hence one can conclude that the
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classification of 11S genes into A gnd‘B ciasses (Baumlein et al.,
1986) is correct. Class A ?epresents Leg A, B, C, D plus GMAZBla and
GMAlaBx, and Class B Leg J and K, Vf Le B, plus GMA3B4 and GMASA4B3.
Since differgnt specieé are represented in the classes, it is clear
that speciation between soybean, broadbean and pea must have occurred
subsequent to the duplicatibn event whicﬁ gave rise to the two
different classes of gene.vThis is consistent with observations on the
relatedness'of Leg J and K with Vf Le B, GMA5A4B3 and GMA3 B4 and
of Leg A, B, C, b, with GMA2Bla and GMAlaBx ﬁade in section 4.1.2.1.
Howe?er, the suggestion made in section 4.1.771, that GMAlaBx might be
more closely related to the Leg J, K class than to that
representing Leg A etc., appears to have been erroneous.

Furthermore, on the basis of lengthsl of branches between the
internodeé, it éppearsvfirstly thét Vf Le B, Leg J and Leg K are more
closely related to each other than any is to GMA3B4, and that these
soyBean genes diverged from each other before the duplication(s) which
gave rise to Vf Le B and Leg J and K; On the other hand within the
A-type subfamily, the two soybean genes GMA2Bla and GMAlaBx are
clearly more closely related to one another ;ﬁan to any of Leg A, B, C
or D. The dendrogram also shows that the origin of legumin aﬁd
glycinin sgbclasses occurred at -roughly the same time in evolgtion;
The distanbe»éhbwn:by Leg b to the rest of the members of its subclass
may be misleadiﬁg' due .to ité natufe as a pseudogene (see section
4.1.1.) subjected to relatively little functiénal constraint compared
to Leg A, B or C.

Not'surprisingly, since it represents a gene from a plant in a

different extant subclass to the rest of the genes analysed, Bn Cf'
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shows only a distant relatedness, and appears to have originated by a
very distant duplication event, with the other gene from this
duplication going on to further diverge and duplicate to produce the
11 S génes-present in legume species. This is consistent with the
observation made in section 4.1.7.1. of an insert in exon 2 unique to
Bn.Cr also suggesting its early divergenqe, and overall agrees with
the bart of the classjfication of Angiosperms by Cronquist (1981)
placing Brassica napus (rape) in a different extant subclass to that
of éoybean and pea.

4.2.2 7Svgenes

_Here a different picture emerges to the one presented by the 118
genes. In this case, none of the many pea genes are more closely
related to genes from other species than they are to themselves. Each
one appears to have originated via duplicationAevents which occurred
after speciation from soybean and frenchbean. However it is
interesting to note that soybean and frenchbean appear more closely
related to one another than either does to pea - however spacing of
the‘internodes, which indicates this fact, is fairly close, indicating
that the spéciation process which gave rise to Soybean and frenchbean
occurred only shortly after speciation from pea. This finding is
consistent firstly with the taxonomy suggested by Polhill (1981), and
secondly with Qbservafiohs on levels of homology between the third
exon of genes from each of these species (Doyle et al., 1986).

‘Several other observations made earlier in this discussion are
consistent with the findings from the 7S dendrogram. Firstly, from

sequence comparisons in section 4.1.3.5. that Vie C is most closely
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related to Vie B, (rather than to Vie J, CVA Pvu B or Gma o '), and
that CVA had arisen from a duplication event which occurred prior to
subsequént duplications giving rise to Vie C,B and J. These sequence
comparisons also agree with the conclusion made above that soybean and
frenchbean are more closely related to each other than either is to
pea..Aléo, in relation to the soybean 7S genes, the suggestion made in
section 4.1.7.2. on the bésis of the placing of unique insertions
iﬁ Gmava éﬁd Gma o ', that fhese two genes are more closely related to
oné'another, than either is to Gma 8 is borne out by fihdings from the
deﬁdrogfam. Gma o and Gma a ' appear to have arisen from a duplication
évent after divergence from Gma B . Similarly the suggestion that pea
CVA was a pr;duct of the first duplication of a 7S protogene in peas -
also appears to be correct. A point of interest related to this is the
surprisingly large evolutionary distance implied from the dendrogram
for pea CVA and Psa ‘3, another convicilin sequence. This distance
appears to confirm the suspicion raised earlier (section 4.1.7.2) that
there hay indeed 'be 2 gene copies for convicilin in the haploid pea
genome.

Fipally, data from the dendrogram also appears to concur with the
conclusions .of Casey et al., 1984, in that it implies that pea,
soybean and french bean 7S proteins diverged prior to the divergence
of vicilin and convicilin in pea.

On a generél. note, conclusions drawn from both 11S and 7S
dendrbgpams agree with an earlier suggestion (made from comparisons of
representati?es from a wide range of Angiosperm 11 and 78 globulin

seed storage proteins) that these two protein types are descendants of
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two ancestral genes (Borroto and Dure 1987).

4.3 Codon Usage and its potential significance in pea storage protein

genes ’

4.3.1 Patterns of codon usage
It is now widely recognised that usage of synonymous codons in a
giVen organism is non random, and this codon usage pattern has been
éhown to have characteristically different patterns between animal and
bacterial genes (Grantham et al., 1981) and also between animal and
plant genes (Lycett et al., 1983b). In E.colt codon usage has been
shown tq correiate with abundance of corresponding t RNAs for each
synonymbus codon (Ikemura 1985); and a similar relationship has been
sgggested for mam@alian systems from observations on rabbit and
human 8 globin mRNAs (Kafatos et al.,1977). This latter suggestion has
beeﬁ questiqned howe&er, _sinée each B globin mRNA in fact has a
different pattern of codon usage, making a link with levels of
iéo—accepting t RNAs seem unlikely (Jukes and Lester King, 1979).
l'Table 14 shows a comparison between codon usage patterns observed
in animals and plants iﬁ general (Lycett et al., 1983b) alongside
those obsefvéd for sgverallindividual pea seed storage protein genes.
Several féatures of siénificance appear fo emerge when the table is
studied closély. Firsfly, consis£ent with patterns observed in animal
and pignt genes in general, there appears to be a distinct lack of

preference for codons containing the dinucleotide CG - e.g. Ser TCG,
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30.4

31.7 aa.7 36. 53 55.6
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Phe TTT

57,2

34.3 22.6 29.7

24.6

CAG 73.7

44 .4

42.8

68.3 85.3 63.8

TTC

9.4
40.6

30.7 58.8 .
.41.2 48.3

42.Rr

47.0

Asn AAT 22.2

16.3 21.9 22.4

13.0

1.9

Len TTA

57.8 69.2

53.0

AAC 77.8

TTG 24.6 16.6 17.3 25.6 26.8 22.4
33.3

CTT

CTC

39.5 34.1 24.4

28.2

27.8

45.8 35.2 67.8 64.3 54.7

55.5.

Lys AAA 27.9

.

16.0 21.4

26.7

54.2 64.8 32.2 35.7 45,3

44.5

AAG 72.1

10.2

19.0

14.4

CTA

12.2

46.5

CTG

63.6
36.4

62.5

81

54.2

60.5

Asp GAT 40

45.3 68.8 19 37.5

39.5

GAC 60

42.2 45 45.8 40.0 35 34.6
37.5

28.2

Ile ATT

26.9

61.5 33.0 27.3 20.0 40
27.3 25 38.4

ATC

41.5 - 55.8 64.9

61.4

4.0

Glu GAA 38.1

40,0

16.6

10.2 24.8

ATA

35.1

a6 38.6 58.5

46.0

GAG 61.9

15.8 37.9

33.3

41.3

13.2 33.9 36.0

VAL GTT

66.6 100+ 100+ S0**
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57.1

Cys TGT 43.4 44,4

10.4

21.0
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20.0
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GTA

42.9 33.4

TGC 56.6  55.6

37.5 36.9 27.5

10.3

19.8

48.5 33.0 36.0 37.9 25.0 26.3 24.2

GTG

12.5 22.2 10.0 21.0 18

15.6

Arg CGT 17.4
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11.1 10.0

14.5

5.2

CGC 23.9
CGA

5

24.8 22.5 25 44.1 37.5 28:

15.0

Ser TCT

10.0

15.8

17.6 18.8
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24.6 13.9
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1.1
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17.6 18.8 33.3

16.6
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Pro CCT
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14.3

33.3

34.0
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26.9

13.3

24.2 20.8

36.9
21.7

10.8

cce
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10.2

8.5

GGG 13.6

33.3 44.4 53.3 60.0 30.7

37.3

16.6

8.1

cce

* only 1 cys present
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31.3
25.0
43.7

34.4 35.7 39.1 16.6 50.0
35.7

25.0

Thr ACT

ACC 46.6 29.7 35.7 33.3
41.6
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14.3

32.8 28.5 39.1

18.3

13.0

10.0

30.3 57.7 30.7 66.3 44.5 55.5 60
69.3 40
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Tyr TAT

33.4 55.5 44.4

42.3

TAC

32.5 39.1 45.9 32.1 41.2 56.2 33.4

Ala GCT

29.4 25.0 28.5

25.0

44,1 20.5
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GCA

37.1 37.8 32.1 29.4 18.8 33.3

16.3

GCG

32.3 59.4 50.0 41.1 25.0 25.0 33.4

67.7

His CAT

50.0 58.9 75.0 75.0 66.6

40.6

CAC
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Pro CCG, Thr ACG, Ala GCG and élso the 4 codons for Arg beginning CC.
Howevef, interestingly, Leg J and Vie J bbth show ﬁigher levels of
ﬁsage for Arg CGT and CGA than do any othér of the other pea storage
pfotein .genes (See below for further discussion). This general
avoidance of codons containing CG dinucleotides is presumaﬁly linked
with fhé well established phenomenon of CG suppression, observed in
both énimal and plant gehes in general, (Bird., 1980, McClelland and
Ivarie., 1982, and McClelland, 1983.) and also specifically in pea
-seéd storage proteins (Waterﬁouse 1985).

Secondly, it has been observed that plant genes only tend to
avoid TA in positions 2 and 3 of the codon, as opposed to animal genes
‘which show avqidance of AA, AT, TA and TT in these positions (Lycett
et al., 1983b). Some of the pea seed genes don't even seem to show
avoidance of TA - e.g. Vic 8 and Vic J for Val GTA, and Ile ATA. This
seems to 'strongly suggést that.any constraint which might be acting on
animal genes causing them to avoid uéage of the above dinucleotides,
is not apparently active in plant geﬁes.

Thirdly, several obéervations can be made by comparison of
patterns only in the pea seed genes.

i) Leg A and Leg J employ opposite patterns of usage for the two
synonymous codqns for Tyr_

ii). Both Vie J apa cva dehonstrate extremely high levels .of
preferfence for CAA rather than.CAG to codé for Gln.

iii) Leg J is the oniy gene to show-preference for GAC rather than
GAT in coding for Asp.

iv) Particularly CVA, but also-Leg J and Vie J show a much lower
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preference for Val GGC than that observed for Leg A (and also to a
lesser egtant, Vie B).

v) ' Finally, it should be pointed out that patterns observed for Cys
are not significant dﬁe to the Qery small number of residues
coﬁtributing to these figures.

'Additionally, results from this table can be compared with codon
usage 'figurés for Gma B and Pvu B (Doyle et al., 1986). Gma B8
and Pvu B show prefergnce for AAC rather than AAT for Asn, with the
Qﬁpoéite being the case for Vie B, VieJ and CVA. Also Gma B
and Pvu B favour GTT andvGTG over GTC and GTA for Val, whereas GTA is
strongly favoured in Vie B, Vie J and CVA, with GTC also being of
sﬁrprisingly'high prefer ence in Vic J.

The significance Qf these observations is debatable. They coqld
imply that individual patterns .of codon usage have evolved since
divergence of the genes from their common ancestor, to explain the
different patterns observed between the more closely related Gma B
~and Pvu B as opposed to the pea viciliﬂ génes-(see section 4.2.2.).
quever, since differences in usage pattern are also observed between
just the.pea seed genes, one might also conclude that the levels of
difference observed are not significant in terms of regulating levels
of expreséion via translation, as .opposed to bacterial genes, where
ééhieving ﬁaximum franslation rafes isi eﬁtremely important, and
therefore the relationship-betwéen codon usage and levels of various
tRNAs is maintained to a much greater degree (Bulmer, 1987). Indeed
the' situatibn in storage protein genes may be similar to that

discussed earlier in mammalian .B gldbin genes (see above). A possible
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way of elucidating fhe situetion might be wuse of synthetic
olignonucleotide inserﬁions containing nofmally avoided codoﬁs,A
fellowed by analysis‘of_the.tranelational efficiency of the resultiﬁg
protein; Such an . abproaeh. proved successful for E.col? , where
insertion ef_such oligonucleotides into a highly expressed gene caused
a reduetion in its transletion rate (Robinson et al., 1984), |
vFinaliy; it is of interest to note the different patterns of
usage ebeervea between Leg A, coding for av'major’ legumin polypeptide
species,>and Leg‘J, encoding a ‘'minor' legumin polypeptide. The two
éenes represent the two legum;n gene sub-families, and although the
resﬁlts' are not given in Table 14, Leg B, C and D show virtually
identical pattefnsAof usage to that of Leg A, while Leg K shares a
simiiar pattern te Leg J. From observations made above on usage
differences between Leg A and Leg J, one thoer& might be that the J
and K‘genes occupy a 'mopping up' role in storage protein synthesis
i.e, Leg.A type genes would be responsible for the bulk of protein
synthesis, and that any residual abundant tRNA species left over from
theie translation, along with those less abundant tRNAs perhaps not
favoured'by the Leg A type genes, would then, rather than be wasted,
get used in transiation of Leg J and Leg K. This is obviously a highly
speculative theory)b aﬁd ;huchv confirmatory work weuld be needed to

support it. -

4.3.2 Codon Adaptation Index Values for Pea Seed Storage Protein
Genes
‘A possible method of analysing the potential for the involvement

of codon usage in gene expression is'the notion of the Codon Adaption
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Index or CAI (Sharp énd_Wen—HSuing, i987f. A method for calculating
the CAI of a particﬁlar géne is given in section 2.13.1. Basicélly,

fhe theory behind the method is that'by using.patterns of codon usage
ffom a set of highly expressed genes as a reference, then a figﬁre for
.relatiye suitability pf each codon from a synonymous set can be
cglc@lafed; and using the method outlined, an overall figure

represenfing the pattern of codon bias, the CAI, can be calculated. So
fér the method has oniy been performed for E.coli and S.cerevisiae
where a cléar correlation between the degree of codon bias and level-
df géne exb;ession has alreadyvbeen established (Gouy and Gautier,

i982., and Benﬁetzen and Hall, 1982). Such alrelationship is yet to be
confirmed in any eukaryotic gené system, let alone specifically in
legume seed storage proteins,‘so with this in mind, the calculation of
CAI values for_peé seed storage protein genés using reference values
obtained from codon usage figures from all available legume storage
protein' genes (see Table 4, section 2.13.1) was obviously highly

speculative. The resulting values are given below in Table 15.
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Table 15 : CAI values of pea seed storage proteins.

Gene C  CAI value
Léé?A © 0.6519
Leg J 0.6313
Leg K ‘ ‘ 0.6129
Vie B 0.6478
vie d 0.6343
CVA o 0.6377

N.B. Values for Leg B, C and D were virtually identical to that

of Leg A and are thus not given. .

The application of this method to any eukaryotic system will
always be fraught with difficulties, not leést in selecting a suitable
set of highly expressed reference genes. IA this case, it was
considered inadequate to use ﬁea seed storage proteihs only as the
reference set, since not onlybwould such a reference set be too small,
but also genes such as thpsejqf the Leg A type would obviously be
reflected és.ﬁaving-a hore fayourablg'CAI than would Leg J or K, since
there would be hore Leg.A type genes in the reference set.
Consequently, a set of R.S.C.U. values was constructed using data from
all available legume seed storage protein genes (see Table 4). Such an

approach was considered at least parﬁly justifiable from the
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observations made in higher eukaryotes (sheep haemoglobins, Litt and
Kabat, 1972.; rabbit and bovine liver and brain, Hatfield et al., 1979

and silkglands of Bombyx mori , Garel 1974) in that changes in tRNA.

profiles can be observed to occur in- a tissue - specific manner

(Bennetnen 1982), to the extent that the resulting isoacceptor tRNA

distribufion matches the codon usage bias of abundant tissue-specific
mRNAs. Thus, a putative.assumption was made that, since legumes have
eyolved from a commoﬁ ancestor (éee.section 4.2) it is possible that
some degree of conservation (already observed to have been operating
at thé nucleic acid and amino acid sequence levels) may also have
éperated on thé overallﬁlevels of isoaccepting tRNAs in legume embryo
tissﬁe. Assuming this to Be so, then calculation of CAI values in the
way stipulated gbo?e could potentially reveal, in a similar way to
that obéerve&'in bacteria and also a lower eukaryote, yeast (Sharp-et
élf, 1986, Sharp and Wen-Hsuing, 1987), the ;elative levels of
expressién of each of the pea seed storage protein genes. (i.e. Those
genes using generally preferred codons most often would achieve the
highest CAI values, and would be expfessed at higher levels due to the
greater abundance of the tRﬁA ;pecies that their codon usage pattern
demands. Correspondingly, genes showing a preference for codons not
generally in favour amongst othér legume genes would consequently
achiéve a lower CAI valﬁe, and be expressed at a lower level due to
lower availability of the required tRNA species).

Beéring this in mind, the findings given in Table 15 appear quite
interesting; Perhaps most significant of all is the difference in CAI

value observed between Leg A and Leg J, suggesting Leg A to be
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expressed to a higher'degree then Leg q, giving a potential numerical
confirmation of a similar sué%stion made earlier. (section 4.3.1). .It
is also interesting- to note that'Leg‘K is assigned a CAI value
considerablyvlower than that of Leg J, déspite being a member of'the
.same éub—éene faﬁilyﬂ This could even ' be. iﬁterpreted as a further
gxtension of the 'mdpping up' theory (section 4.3.1), with Leg K
playing a secondary role to that of Leg JAin such a potential system
of traﬁslati§n. o | |

Figures for the vicilin genes are less revealing, and since
both Vie B and Vie J are no longer fhought to be expressed anyway,
for reasons mentidned eaflier, ‘these figures will not be discﬁssed
furthgr. |

Obviously, before any findihgs of this kind can be routinely
acceptgd, further data on the efficiency of translation in vivo , of
the genes in question, wouldlbé needed. However, should it one day be
confirmed that levels of expression of a gene can indeed be modulated
via‘tRNA'levels in relation to batterns of codon usage, such a finding
cquld.be significant in explaining observed levels of expression of
foreign genes in hetérologous'systemé, where levels of tRNA species

may not be ideal for efficient translation of the foreign gene.

4.4 Géhe.HybridiSation Studies of Several Different Pea Lines

The original objective of this study was to investigate whether
any detectable gene duplication events could be observed in a

comparison of gene copy numbers of specific storage protein genes from
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a range.of.pea linés of varying age. Aé will be discussed below, this
objectivé was at lgast pértly achievéd, aithough, perhaps not Qquite
showing>the_results expected. However, it did not prove possible to
agcompahy these sfudieérwith any conclusions on the relatedhess of
géne copy number to level of gene product in any of the pea lines. In
order to 4investigate ‘this area further, detailed analysis oﬁ the
amounts of 11S and 7S st&fagé.protein'deposition in each of the lines
would be neéded.

Séveral observations can be made on this wofk from the
autoradiographs and Téble 5 pfesented in section 3.

Firstly,b allowing for one or two possible anomalies in the
blotting or hydridisation procedure (e.g. Leg A hybridised to
Mangetout DNA cut with Eco Rl appeared to give only 3 very feint
bands, wheréés the séme'probe hybridised to‘the same DNA cut with Hind
III gave a,much stronger and more complex band pattern. The former
resuit was thoughtttb bg anomalous). Additionally, consideration was
giveﬁ to the accuracy»wifh which the concentration of genomic DNA in
each pea line extract was determined (using the spectrophotometric
mgthod outlined in.section 2.;2.). Assuming that such a method was
inevitably prohe to‘a c;rtain degree of inaccuracy, consequently, some
slight difference in amouhts of DNA logded onto the gels from each
line was anti@ipatéé. Howevep} aﬁqmélieé épart, it seemed clear from
an ovefall assessmgnt of‘the resulté of each blot? that levels of gene
copy number for each of the genes studied did not appear to differ to
any significant degree i.e. each pea line appeared to possess equal

copy numbers for each of the genes. This conclusion is obviously only
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of a tentative nature, since comparisons between lines becéme'much
more diffiqult in 6a$es where band patterns differed for a given probe
Betwééﬁ each of the lines. Indeed the-conciusion might be consolidated
byAlaser scanning desitometry in order tb.assess and compare overall
band intensities for each gene between theAlinés.

The.only casé wheré it was considered that a duplication event
might have occured was in the case of Vie B hybridised to EcéRl
digested DNA samples. Here 'it appeared that a band of 4.7 kb
(rep;esen#ing Vie B itself, see section 4.1.3.3.) was approximately
twicé as intense in Feltham First, 1263, JI81, 851, 807 and 809 as it
was in 1552,‘which was in turn approximately twice as intense as this
bahd in‘SOB, iﬁplying a.poséible double duplication event. However,
these findings are extremely tentative, and the observed differences
in intensities of this bénd could also be due té mutations at the Eco
R1 sitgs around thisA region of the genome, giving consequent
differences in band hybridisation patterns.

This apart, tbe findings that gene copy numbers appear similar
for eacﬁ gene in each of the pea lines is consistent with a similar
ébservation made on several pea genotypes by Domoney and Casey, 1985.
Here DNA from each gehqtype was probed with representative genes from
both the ilS’and 7S_multigené'famiiies and:gene copy numbers appeared
similar in. each genotype.. Iﬁdéed‘ these studies were linked to an
anélysis of 11S and 7S storage pfotein deﬁosition which interestingly
was shown to differ for each genotype, implying that product levels
appear to be reguiated by .transcriptional/transiational processes,

rather than simply by gene number. Such a conculsion cannot be drawn
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frqm thé data présented hgre for the_reaséns mentioned above, but,
assuming that levels of prqtein deposition do vary coqsidg}ébly
_bétween each pea ling, Sésed on the great difference in average'seed
diéméter 05served, betﬁeen the 1lines, (see Table 16) a similar
conleSion might be drawn - i.e. thaf regﬁlaﬁion oécurs at the
trénscription/translation level, and that gene copy number has no

direct influence on levels of protein deposition.

~ Table 16 Average Sizes (diameters) of Seeds from the

pea lines studied

Line Average Diameter*(mm) Standard Deviation
Felthaﬁ First g 8.07 | 1.12
JI 81 - 5.1 ° | 0.7
851 . 6.34 1.52
807 - . a6 0.56
808 | 5.1 . 0.73
899? , 3.89 0.40
1263 ~ 5.87 0.71
1552 7.39 0.91
Maﬁgetout . 7.08 . 0.82

* Sample size of 6, taking 5 random diameter measurements on each

using a micrometer screw gauge.
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A second intefesting observation made from these.reSults is the
cohsiderably greatér'degree_of conservation in hybridisation patterns
shqwn dn Hind III digested samples as compared to those digested with
' Eco RI. Sucﬁ_é findiﬁg'would seem to be adequately explained by the .
fact that Hiﬁd‘III siteé.tend to occur in or near the codihg sequences
of the éenes examined, ana are thué subjepted to more evolutionary
constfaint, as opposed to Eco RI sites, which tend to lie outside the
coding regions, where constraint acts to a much lesser extent, and are
thus more prone to the cohﬁinﬁal process of mutation.

A final observation from this work was made when comparing the
pesults of hybridising Leg K plus approximately Z2kb of its 3!
ﬁoncoding sequence to samples digested with Eco RI, and of hybridising‘
purelyILeg K coding sequence to samples digested in the same way. From
the findings it was clear. that the 2Kb of sequence 3' to Leg K
contains sequence(s) that are very highly fepeated throughout not only
the Feltham First genome, but also the genomesidf all the other pea
lihes,’iﬁplying an early origin fér the repeated sequence(s) detected

here.
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APPENDIX

CHARACTERISTICS OF THE PEA LINES USED FOR DNA EXTRACTIONS

Genetic markers

807 Kp, D < ma, M

808 pafl, up, D < ma, fl, di, P1, u

809 kp, td, D < ma, M, F, Fs _

851 pa, vim, b, K, dt, pr, wb, tl < w, st, td, D < co,
f1, pro, le, di mifo, s, oh, cor, F, Fs, i, r

1256 Cit, Cm, kp, pafl, dt, pr, up, Ser, d, fru, pro,
vAstr, wp, P1, M, Umb, F, Fs

1263 a, Br, dt, Tra

1552 /r |

JI Not known

Mangetout Not known

Specification
807 L K CO P. arvense
808 L K CO P. abyssinicum
809 L K CO P. asiaticum
851 L K MU P. procumbens
1256 L K CO P. fulvum
1263 L K CV P. weitor
1552 E K CO Ubamer P. speciosum
L = Line
E = wildform collections, primitive varieties, landraces
K = normal constant material (with respect to mode of
‘ ' maintenance)
MU = mutant
Cr = cultivar

CO '=. collection
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Genesymbdls'df Pisum

Kp " Keel with AB CV coloured with anthocyanin Dom.
D < ma Disappearance of axil colodr : two spots ~ Rec.
M Brbwn marbling of testa ‘ A Dom.
pafl . Small flower size ~.‘ Inc. Dom.
up Only one pair of leaflets Rec.
fl No.flecking on leaflets and stipules Inc. Dom.
di More or less deep impressions in tests and
cotyledons . : : Rec.
Pl ‘Biack in hilum colour Dom.
u Testa uniform violet Rec.
td No dentafion or occasional single tooth _
on leaflet Inc. Dom.
F Violét spots on testa Dom.
Fs ~ Violet spots bleached with b Dom.
pa Medium green colour of foliage, pods and
immature seeds Rec.
Vim Medium dark green foliage and>pod colour Rec.
b Pink flowers Rec.
k Wings reduced, adpressed to keel Rec.
dt Shértens'pedunele length from axil to 1st
' flower _ Rec.
pr Shortens inflorescence Rec.
wb Pods.waxless, stipules on both sides and
under leaflets waxless Rec.
tl < v Te#dfils.convertgd tb 1eéve$ Inc. Dom.
st Stipules lancéolate, slightly bent, surface
reduced by approx. 80% Rec.
D<ec¢ Disappearance of axil colour - a single ring Rec.
pro Basal branches growing at 45° angle Rec.
le Short internodes, zig zag pattern, later

flowering and shorter roots. .Leaf and
pod colours darker. _ Rec.
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oh
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Cit
Cm
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Astr
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Clqse'set small .and ahsllow impressions
on testa '

Seeds glugd fogefﬁer in pod

Testa reddisﬁ Efown. Dark spot near hilum
Ochraceous coloured hilum region

Cotyledons green

Cotyledons wrinkled. Starch grains compound.
Amylose sugar content and water uptake higher.

Flower colour citrus yellow to cream

Flower colour coral-rose

'Serratus dentation, saw toothed

Disappearance of axil colour
Increased number of basal branches

Pods with purple-violet, short, iongitudinal
stripes

Pods waxless
Umber coloured testa
Absence of anthocyanin production

With bracts of ﬁarying size

Tragacanth on inside of testa, visible
. from outside as only spot

Rec.

Rec.

Rec.

Inc.

Rec.

Rec.

Dom.

Dom.

Inc.

Rec.

Rec.

Dom.

Inc.

Dom.

Rec.

Dom.

Inc.

Dom.

Dom.

Dom.

Dom.
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