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Construction of a cDNA library encoding pea seed
proteins.

LAURENCE NEIL GATEHOUSE
ABSTRACT

A cDNA library was constructed using mRNA isolated
from the cotyledons of developing seeds of pea (Pisum
sativum L.) 13-17 days after flowering, the mid-stage of
development. The library was systematically screened for
clones encoding most of the more abundant seed proteins.
Representative clones of each class were isolated and
characterised by restriction mapping, hybridisation experi-
ments and in some cases DNA sequencing. The abundances of
the various classes of clones were correlated with the
known abundance classes of mRNA sequences at this stage of
development and shown to fit well.

Two types of cDNA clone corresponding to legumin were
found. One type was found to have similar restriction maps
to legumin genes A, B and C which encode "major" legumin
polypeptides. A representative of the other type of legumin
clone was shown to correspond to legumin gene J which
encodes a "minor" legumin polypeptide. Restriction mapping
was used to show that genes in this subfamily are more
diverse than in the Leg A,B,C subfamily.

Clones for the three main vicilin types were found.

rom their abundances and cross hybridisations, it was
shown that the three vicilins are roughly equally homologous
to each other and that their mRNAs are roughly equally
abundant at this stage of development.

A clone was found which encodes one of the major
albumins and was completely DNA sequenced. The predicted
pfotein sequence thus obtained was shown to match well with
the partial protein seguences previously obtained from total
major albumins.

Clones for the soluble seed lectin were found and the

. DNA sequence of one was shown to be identical with the

published sequence of pea lectin mRNA. However its poly A
tail started 24 bases further downstream, after a series of
overlapping sequences closely homologous to the consensus
polyadenylation signal. The size of the lectin mRNA was

found to be ~1000 bases, confirming the near completeness

of the published seguence.
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CHAPTER 1

INTRODUCTION

1.1. General Introduction

Peas are members of the family of Leguminosae, a group
of plants with properties of enormous importance to
man. Firstly they, along with the cereals, directly
supply about 70% of mankinds dietary protein (Oram and
Brock,1972), most of the rest coming from animals which
are often fed with seed meals. Although cereals (8-15%
dry weight protein content) account for more overall pro-
tein consumption, legumes (20-50% dry weight protein con-
tent (Danielson, 1949)), are a concentrated protein source
and are very important in providing an adequate diet in
developing countries where protein malnutrition is common
(Shewry et.al., 1981).

Secondly, legumes by means of a symbiotic relation-
ship between their root nodules and various strains of
Rhizobium bacteria, are able to fix atmospheric nitrogen.
This eliminates the need for the addition of relatively
expensive and sometimes harmful nitrogen fertilizers (Nit-
rates in the water supply and algal "bloom" iﬁ rivers.). In
addition when grown in rotation or in mixed crops, such as
the maize, squash, Phaseolus bean system of the red indians
of the North American southwest, legumes maintain or even
improve soil fertility over many growing seasons. Nutri-
tionally animals require in their diets sufficient protein
to supply the required amounts of essential amino acids as
the "raw materials" for protein synthesis. Nine of the
twenty protein amino acids are essential for.mammalian, and
hence human, nutrition. These are leucine, isoleucine,

lysine, methionine, phenylalanine, threonine, tryptophan,

tyrosine and valine. Legume seed storage proteins are in
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general limiting in the sulphur amino acids methionine

and cysteine (the latter has a sparing effect on methionine),
where—as cereals are usually limiting in lysine, threonine
and tryptophan (Boulter et.al., 1975; Shewry et.al., 1981;
Croy et.al., 1980; Casey and short 1981). Alterations and
improvements to the seed proteins, or even the introduction
of novel and/or alien proteins, to increase their over-

all nutritional value could improve general health and

well being in some parts of the world.

Since the advent of agriculture some 18,000 years ago
(Wendorf et.al., 1979), man has been selecting and breeding
his crop plants for desirable properties with astounding
success. Yields of seed from the ancient hybrid grasses
do ﬁot begin to compare with those from the modern cereals
“which have been bred from them. In particular the "green
revolution" of recent years in much of Asia, and the high
energy and capital-intensive farming practices of the
western world, coupled with the carefully bred strains
grown, have been producing vast yields, sufficient to
feed the world and to spare.

The traditional method of improving strains by cross
fertilisation and selecting for desirable characteris-
tics is an empirical trial and error process, and because
the selection is at the phenotypic rather than the gen-
otypic ievel many characteristics can also be inadvertantly
bred out, such as the loss of many insect resistance fac-
tors in the cultivated cereals compared to their more
"primitive" relatives. While this'may be annoying for a
farming system using herbicide and insecticide sprays, it

has been disastrous for some developing-world farmers.



Essentially, conventional plant breeding being
limited to crosses of sexually compatible cultivars and
often involving much back crossiﬁg to isolate the desired
phenotype from various undesirable ones, causes an overall
‘decrease in the genetic diversity of the plant and heﬁce a
greater chance of vulnerability to stresses, pests and
pathogens against which resistance was not specifically
éelected.

The elucidation of the molecular basis of genetics
and the progress in genetic engineering, promise the
_ability to make controlled changes to the genetic comple-
ment of a plant such as switching on or off specific
genes or gene families, making specific changes in genes
or even introducing entirely alien genes into a plant,
potentially increasing the genetic diversity of the culti-
vars almost without liﬁits.

' Various reviews of the potential methods to achieve
these goals (Croy and Gatehouse, 1985; Barton and Hill
1983; Larkins'l983; Shewry et.al., 1981) show that the

technical problems are being slowly resolved. Using the

Ti (tumour-inducing) plasmids of some Agrobacterium
strains, vectors have been produced which can introduce
foreign DNA into a plant cell and stably integrate it
with the nuclear DNA. Within the past two years the
expression of alien genes introduced by this method has
been achieved : a phaseolin géne, coding for a storage

protein of Phaseolus vulgaris, has been transformed into

and expressed in sunflower cells (Murai et.al.,1983) as
well as the light-regulated pea ribulose 1,5-bisphosphate

carboxylase gene in petunia cells (Broglie et.al.,1984).



Regenerating viable plants from the callus tissue
fesulting from Ti plasmid infection has been achieved
for tobacco (Horsch et.al., 1984; De Block et.al., 1984)
and so in principal it should be possible to apply
these results to any plant, although the technical prob-
lems involved are formidable (Flavell and Mathias, 1984).

The Ti plasmid has a limited host range, infecting
only the dicotyledonous plants, but this problem should
be circumvented by some of the techniques being proposed
such as using; the hybrid Ti plasmid - gemini virus vec-
tors of Buck and Coults (1983), vectors containing plant
transposable elements (Federoff, 1983) or cauliflower
mosaic virus (Covey and Hull, 1985).

The choice of what genes to introduce into a given
plant, with a few exceptions, is a far more subtle prob-
lem, as the molecular basis of many traits of interest
to the plant breeder are poorly understood. An excep-
tion is the seed stbrage proteins. Each protein is the
product of a single or small family of genes, they are
tissue épecific and under strict developmental control,
so that these genes are only transcribed in the develop-
ing seed and only at certain stages of seed development.
Providing this degree of control can be maintained the
removal, mutation, introduction or substitution of
seed storage protein genes should be possible without major
modifications of or upset to the plants normal metabolism.
Backing this up is an extensive body of research into seed
storage proteins, providing much of the information on
their synthesis, transport, processing and deposition

that would be needed to introduce controlled modifications



and changes. (Derbyshire et.al., 1976; Boulter 1981;
Larkins 1981; Brown et.al., 1982; Gatehouse et.al., 1984;
Higgins 1984; Croy and Gatehouse 1985; Spencer 1984) .

Much of the early work on seed storage proteins was
done because of their great economic value as the majof
source of protein in the human diet. However, since
the elucidation of-the molecular basis of genetic inheri-
tance, and the advent of the techniques for the manipulation
of DNA, the seed proteins are now seen as an ideal system
in which to investigate the control of gene expression in
eukaryotes, a detailed understanding of which is probably
the key problem in biology today. Other studies along
these lines have used the synthesis of haemoglobin in
erythroid cells and ovalbumin in chicken oviducts as model
systems. (O'Malley et.al., 1977). Progress with the seed
protein system has produced isclated and characterised
seed storage protein genes from several legumes and cer-
eals, including legumin from pea (Shirsat, 1984).

Although the detailed understanding of the control
systems is many years away, sOme progress towards this
goal has been made (Goldberg et.al., 1981; Gatehouse et.al.,

1982; Evans et.al., 1984)

One of the ways to screen a gencmic library for a
specific gene is by means of a complementary DNA (cDNA)
probe. To this aim a cDNA library has been constructed

from total poly(A)+ RNA from mid-developmental pea




cotyledons. A cDNA library consists of DNA copies of
messenger RNAs, which encode for proteins, cloned usually
into bacterial plasmids which are used to transform sus-
ceptable bacteria and hence can be maintained or grown up
as desired. The cDNA library will reflect the relative
abundances of the mRNAs present, mid-developmental pea
cotyledons contain three abundance classes of mRNA, very
abundant ~7x10° copies per cell, abundant ~1.5 x 10%
copies per cell and rare 7 x 102 copies per cell (Morton
et.al., 1982).

The mRNA is copied into cDNA using the reverse
transcriptasé enzyme of avian myeloblastosis virus,
the synthesis being primed by oligo (dT)12—18 which
"anneals to the polyA tails of the mRNA thus providing a
start point for the enzyme (Evans et.al., 1980) . The
cDNA is made double stranded and inserted into a vector
by a variety of methods (Land et.al., 1981; Okayama and
Berg 1982; Maniatis et.al., 1982). By maintaining all
the cDNA clones produced, the library will statistically
represent thé population of expressed mRNAs which should
be the same as the population in the cells used for iso-
lation. This library of cDNAs should reflect the pro-
teins synthesised in the cell, assuming the amount of a
mRNA is correlated with the amount of the relevant pro-
tein being synthesised, at the time the mRNA was isolated.

Just a few seed storage proteins are produced, often
in large amounts compared with other proteins synthesised
in the seed and this synthesis is developmentally regu-
lated and tissue specific. Thus mRNAs extracted from

developing seeds at a given stage of development should



contain large amounts of the mRNAs coding for the storage

proteins being synthesised at that stage of development.

Hence a cDNA library made from mRNA extracted from develop-

ing seeds will contain many cDNA clones of seed storage
protein mRNAs.

Having obtained a cDNA library the next problem is
to identify what individual cDNA clones encode, the
simplest initial method being colony hybridization (Grun-
stein and Hogness,1975; Maniatis 1982). 1In the absence of
probes specific for particular messages, such as cDNA
or genomic clones previously identified, labelled mRNA
may be used for selection. Probing with the total mRNA
used as a template for the cDNA library will give strong
signals for cDNAs of common messages and weak ones Or no
signals for cDNAs of rare messages, or cDNAs which are
short in length.

By selecting cDNA clones which give strong signals
aﬁd by various cross hybridization experiments to group
the cDNAs into classes and then positively identifying
a member of each class by techniques such as : restric-
tion mapping, DNA sequencing and hybrid release trans-
lation with the use of antibodies specific to given pro-
teins, cDNA clones coding for the major seed storage pro-
teins can be found fairly easily. Finding cDNA clones
of less common mRNAs by this method is a very hit-or-miss

operation, as a large number of clones must be screened

to be reasonably certain of finding a clone of the required

message and is normally considered impractical in the
absence of specific hybridization probes of some kind.

Hybridization probes for the rarer messages can be



obtained in a number of ways though often these probes

are not very highly specific. Immunoprecipitating poly-
somes with antibodies specific to the protein product of
the required message will selectively precipitate those
polysomes synthesising that protein product and the mRﬁA
extracted from these polysomes will be enriched in the
required message. The drawbacks of this method are the
sﬁall amounts of mMRNA obtained and the need for specific
antibodies which necessitates the isolation of significant
amounts of the relativély pure protein product, a difficult
task for the product of a rare message. However in prin-
cipal this method can be highly épecific. A less specific
method is to hybridize with mRNA extracted from different
tissues or from the same tissue at different stages of
development. Combining this with some knowledge of where
and when the required message is transcfibed will eliminate
many false positives by showing they occur at the wrong
stages of development etc. In favourable systems this
method can be quite specific. Similarly mutants or varie-
ties which express/do not express the gene of interest may

be used.

1.2. The Seed Proteins.: of Pea (Pisum gsativum L.)

A seed storage protein may be defined as a protein
which occurs exclusively in the seed/ usually in large
amounts and is hydrolysed upon.the germination of the
seed to be used as a source of amino acids for the develop-
ing seedling. Seed storage proteins are deposited within
the cell in the membrane bound organelles called pro-

tein bodies, by means of specific transport processes.




Storage proteins tend to be inert and often insoluble

in aqueous media which allows them to be deposited. This
constraint on solubility combined with the need for depo-
sition and packing in the protein bodies means that most
seed storage proteins are large molecules which associéte
into multimers. Their importance as a nitrogen source is
indicated by their high levels of nitrogen rich amino
acids i.e. amides and arginine.

Developing and germinating seeds need to continue

. specitic
with normal metabolism, so seediproteins could be classi-
fied as storage proteins if they are inert and take no
part in the metabolism of the cell. Another proposed
method of classification is by solubility, metabolic pro-
teins being in general soluble in water (the albumin
fraction) and storage proteins in aqueous salt solution
( the globulin fraction). However the pea seed major
albumins which are often thought of as storage proteins
are water soluble. These classifications are often not
clear cut,as enzymatic and other functions have been
assigned to some storage proteins and some proteins with
no known metabolic role which accumulate in seeds are not
utilised upon germination.

The Osborn solubility method, a system of classifi-
cation of proteins by their solubilities in different
solvents, showed that the major group of proteins in legume
seeds were globulins, soluble in 5% aqueous salt solution.
Osborn and Campbell (1898) in their pioneering work on
legume storage proteins, separated pea seed globulins into
three fractions on the basis of their solubility in dilute

salt and reaction to heating: The legumin fraction,
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insolubie in dilute salt solutioﬁ and unaffected by heat-
ing to 100éC; the vicilin fraction, soluble in dilute salt
solutions and coagulated by heating to 90°C; the legumelin
fraction which had properties of both albumins and glob-
ulins and precipitated;mrtiallyupon a reduction in sait
concentration.

Danielson (1949) separated this globulin fraction
into 2 major fractions at sedimentation coefficients
mli-lBS corresponding to the pea iegumin fraction and
n7-8S corresponding té the pea vicilin fraction; no legum-
elin fraction could be found. The ratios of these two
fractions was a function of the type of legume seed used;

Phaseolus vulgaris contains little if any of the ~11S

fraction: Vicia Faba , however, contains the 11Ss fraction
as its major storage protein. (Gatehouse et.al., 1984 ).

Pea, Pisum sativum L., is a typical legume with

roughly equal amounts of each globulin fraction protein.
The ratio of the two proteins is under genetic controls
and yarieé from line to line in a Mendelian fashion.
Mature pea seeds contain 18-323% dry weight as protein
.(average 26%) (Schroeder 1982), of which in various esti-
mates 15-38% are albumin proteins and 50-80% globulin pro-
teins, with only small amounts of other proteins (Davies
1976). 1In pea, ' one major globulin fraction sediments
at 12.5S, apparent moiecular weight 381,000 the legumin
fraction angi:%r8.ls appareﬁt molecular weight 186,000 the
vicilin fraction. (Danielsoh 1949). Other workers have
quoted a range of molecular weights; 380 - 410,000 for the

legumin fraction and 150 - 190,000 for the wvicilin fraction.

(Gatehouse et.al., 1984:). The ratio of the legumin fraction
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to the vicilin fraction varies from 0.5 to 4.0 (Gatehouse
et.al., 1984 ). These two proteih fractions are not pure
proteins, which caused some confusion in earlier work, as
some authors have not distinguished between fractions and
pure proteins. The legumin fraction mainly consists of a
single protein species called legumin, the vicilin frac-
tion mainly consists of two distinct, though related,
protein species called vicilin and convicilin, both of
which can be purified free of the other.

The albumin fraction is a complex mix of proteins
including significant amounts of various enzymes such as
carbohydrate hydrolases (Gatehouse et.al., 1984 ). The
major fractions within the albumin fraction are the seed
lectin fraction representing ~4% of the total seed pro-
“tein. (Gatehouse and Bown personal communication), the
"major albumin”fraction containing subunits of +25,000 and
representing ~8-103% of the total seed protein (Croy et.
al., 1984) and two other significant albumin fractions
Mrs ~100,000 and ~8000. (Gatehouse et.al., 1984 ).

Some
rof these albumin fractions do not seem to be storage pro-

teins as they are not deposited in the protein bodies and
are not degraded upon germination. The albumin fraction is
proportionately richer in sulphur amino acids than the
globulin fraction and this is nutritionally important

although>it accounts for only a fraction of the total

seed protein.

The soluble seed lectin fraction however, is local-
ised in the protein bodies (Van Dreissche et.al., 1981) and
accorJi To
is rapidly hydrolysed upon germinationa éouge and Labroue

(l97ﬁ , though significant amounts of lectin persist long

after the disappearance of the legumin and vicilin fractions

o:z.orJina To
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d
QoA
Guldager(1978) aTyler (1981). TIts function is not thought

to be that of a storage protein.

Lectins are glycoproteins which specifically bind
to givensugars, with pea seed lectin being specific for
D-mannose and D-glucose. (Lis and Sharron 198l). They
were first recognised in plant extracts by their ability
to agglutinate erythrocytes, Sumner and Howell (1937) showed

olycoproteins or sugar residues of polysaccarides

that the effect was due to lectin binding to A on the
surface of the red cells. Lectins can be detected in
various parts of the pea plant such as the roots where
sugar specificity has been linked to the binding of the
symbiptic rhizobium bacteria (Lis and Sharron 1981). How-
ever the lectin concentration in the seed is far higher
than anywhere else in the plant and it is thought these
non seed lectins are clearly different to the soluble
seed lectin (Van Dreissche et.al., 1981). Lectins have
beeﬁ implicated in toxicity and impared growth rates in
experimental animals fed unheated plant proteins, pre-
sumably the lectins bind to the animals gut walls or
digestiﬁe enzymes (Jaffe 1969). However not all lectins
are similarly active, the removal of soy bean seed lec-
tin from the raw meal make no difference to growth rates
or protein absorption efficiency in experimental animals.
Their role in the seed is probably to defend against
fungal and bacterial pathogens by binding to their cell
walls and in controlling animal, particularly insect,
pest; by their growth inhibitory or toxic properties.

The nutritional significance of the seed lectin fraction

iz limited due to its relativily low contribution to total seed
protein. However if eaten uncooked lectins can interfere with
digestion. The sugar binding activity of
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lectins is deétroyed by cooking.

1.2.1. The legumin fraction

Pea lequmins of molecular weight within the range
380 - 410,000 in non-reducing denaturing solvents suchras
SDS dissociate into molecules  of Mrn 60,000, as estimated
by SDS polyacrylamide gel electrophoresis. 1In the pres-
eﬁce of a reducing agent such as 2-mercapto-ethanol a
further dissociation occurs to subuails of molecular
weights ~38,000 and ~21,000 (Casey 1979).

Analegous experiments on the L1S proteins of Vicia

faba had led Wright and Boulter (1974) to propose a model

for the structure of the legume 11S proteins. The struc-
ture proposed that the small subunits were held together
in pairs, one Mr 38,000 to one Mr 21,000, by disulphide
bonds, one or more per subunit pair. These subunit pairs
then aggregate into hexamers which are not covalently
bonded to each other. This model was confirmed for pea
legumin by Croy et.al., (1979).

In pea iegumin the larger of the subunits (Mr~v38,000)
is called the c-subunit or acidic subunit having pI values
in the range 4.8-6.1, and the smaller (Mrn2],000) is called
the g-subunit or basic subunit having pI values in the
range 6.2 - 8.0. Both types of subunits show consider-
able variation in size and charge under suitably chosen
conditions of gel electrophoresis. Casey (1979) who
classified the «-subunits by their relative abundances
and later Matta et.al., (1981), showed that each a-sub-
unit type was associated with a specific B-subunit type,

. " »
and each subunit pair could be classified as either main
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legumin" the most abundant type with « subunits of Mr
38,000, "big legumin" with o subunits of Mr 39-42,000
or "small legumin" with o subunits of Mr&ZS,OOO.

Each type of subunit paif showed further heterogeneity
with a total of 22 acidic and 11 basic subunits being
resolved by SDS polyacrylamide gel electrophoresis and
isoelectric focusing. This diversity is reflected in the
isolation of legumin hexamers of entirely main legumin,
of roughly equal amounts of "main" and "big" legumins,
and of all three types. However the association of subunit
pairs is under strict control, with only defined pairs
occuring. (Gahouse el al, 1981)

This classification scheme is supported by the segre-
ga£ion of the SDS polyacrylamide gel band patterns for

legumin in crosses of various pea lines, (Gatehouse et. alz,/QW)

as the °main® "big® and °“small® legumin types segregate
independantly but the individual subunit pairs always segregate

together.
The amino acid content of the legumin fraction is

typical of a legume storage protein with low levels of

and ing"‘ levels of amides q/\a./ aa;/\:ne. o
sulphurA,although genetic wariation in the level of
methionine has been reported (Casey,1981). Legumin is
not glycosylated (Casey,1979; Gatehouse et.al., 1980),
and reports of covalently attached sugars (Basha and
Beevers 1976, Davey and Dudman 1979), were based on
analysis of impure legumin fractions.

Anﬁibodies raised against pea legumin specifically
react with all the legumin subunit pairs (Matta et.al.,

1981; Domoney and Casey 1983), and with 11S proteins

from closely related species eg. Vicia faba, (Croy et.

al., 1979), lentil (Dudman and Millerd 1975) but not with

other pea seed protein subunits.
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1.2.2. The Vicilin Fraction.

1.2.2.1. Vicilin

Pea vicilin of Mr 150-180,000 (Thomson et.al., 1980;
Gatehouse et.al., 1981) in a denaturing solvent dis-
sociates into many subunits, the major ones being of ~Mrs
50,000, 33,000, 19,000, 16,000, 13,500 and 12,500 as esti-
mated by SDS polyacrylamide gel electrophoresis. Reduc-
ing agents do not produce any further subunits, indicat-
ing no disulphide bonded subunits, (vicilin contains no
sulphur amino acids). The major subunits are present in
the approximate molecular ratios 1(50,000) : 1 (33,000) :

1 (19,000): 2 (16,000 + 13,500 + 12,500) (Gatehouse

et.al., 1984), with small amounts of minor subunits of

Mrs ~31,000 and ~35,000. Often subunits of convicilin(metli.ﬂ
Mr ~71,000 are present particularly in preparations from
solubility fractionation (Grant and Lawrence 1964; Thomson
et.al., 1980), this is probably due to molecular rearrange-
ments caused by partial dissociation into subunits in the

or to the low efficiency of fractionation by solubility.
extraction procedure, A Vicilin and convicilin can be

readily separated (Croy et.al., 1980).

Estimates of the molecular weights of the various
vicilin subunits vary considerably from one literature
source to another. Also vicilin, unlike legumin, contains
small aﬁounts of covalently bound carbodydrate which further
confuses the molecular weight estimations. Vicilin under
non-dissociating conditions can be separated into various
molecular species of slightly differing subunit composi-
tion, one of which contains no Mr 33,000 subunit (Gatehouse

et.al., 1981; Thomson et.al., 1978; Grant and Lawrence,1964),
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It can also be separated'by carbohydrate affinity
column chromatography on immobilised concanavilin A into
fractions with and without significant amounts of carbo-
hydrate. The carbohydrate was shown to be associated
with the Mr 16,000 subunit (Gatehouse et.al.,l980;

Davey and Dudman 1976) showing that some vicilin molecu-
les contain the Mr 16,000 subunit and others do not.
High resolution 2—dimensionai isoelectric focusing
reveals diversity in the various subunits and as many
as 30 vicilin subunits have been observed ( Hirano and

. Gatehouse, personal communication; Thomson et.al., 1978).

Conversely the close relationships between the various

vicilin poiypeptides have been shown by tryptic peptide
mapping studies (Gatehouse et.al., 1982) and by serologi-
cal studies on the Mr 16000, and Mr 12,500 subunits, the Mr 16,000
subunit being probably a glycosylated form of the
Mr 12,500 or another very closely related peptide.

Inheritance studies on the vicilin subunits show

suggesting a separate gene for each subunit,
Mendelian segregation A though no rigorous analysis has
been performed (Sharon and Lis 1979). This large array of
vicilin subunits combined with the inconsistencies in some
molecular weight estimates made the molecular structure of
native undissociated vicilin obscure. Early models which
assembled the molecule from six or seven separate sub-
units, assuming each to be a separate entity (Thomson et.
al., 1980) were too complicated to seem likely and it was
thought that the diversity of subunits disguised an under-
lying simplicity of structure. The structural model of

vicilin is derived from its biosynthesis and I shall dis-

cuss it in detail later.
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Antibodies raised against pea vicilin react with
pea convicilin (Croy et.al., 1980; Domoney and Casey,1983),
and with the 7S proteins from closely related legume spec-

ies, eg: Vicia faba, lentil etc., (Dudman and Millerxd,

1975), but they do not react with pea legumin.

1.2.2.2.Convicilin.

Pea convicilin of Mr 210-280,000 (Croy et.al., 1980)
in a aenaturing solvent dissociates into subunits of Mr
71,000 as estimated by SDS-polyacrylamide gel eleétro—
phoresis; reducing agents do not produce any further disso-
ciation. Convicilin contains no significant amounts of
carbohydrate and on the basis of these molecular weight
values is thought to be a simple tetramer. It contains
sulphqr amino acids, one cysteine and one methionine
residues per subunit molecule, in contrast to the vicilin.
However, antibodies raised against pure convicilin react
with vicilin (Domoney and Casey 1983), their serological
simularities having already been commented upon.

Convicilin contains subunits of more than one pI value
and also shows variations between pea lines in subunit
size as estimated by SDS-polyacrylamide gel electrophoresis.
THis diversity is less than that shown for legumin or
vicilin. ©Using SDS-PAGE, convicilin was shown to map to
a single Mendelian genetic locus on chromosome two of the
pea genome (Matta and Gatehousé 1982), designated Cvc,pre-
viously referred to incorrectly as VA. (Thomson and Schroedér
1978). Cvc and Lg-1 (a legumin locus) were the first bio-

chemical markers accurately mapped on the pea genome.
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1.2.3. The Albumin Fraction.

1.2.3.1. Major Albumins.

The pea major albumins fraction consists of two
closely related protein species of Mr~53,000 andv 48,000,
known respectively as PMA-L (Pea major albumin-Large) and
PMA-S (-Small), which can be purified free of the other.
In denaturing solvents they dissociate to subunits of
Mr~25,000 for PMA-L and 24,000 for PMA-S as estimated
by SDS-polyacrylamide gel electrophoresis (Croy et.al.,
1984), indicating a dimer structure. No mixed dimers, i.e.
one of each subunit, were isolated despite the two pro-
teins being structurally very similar. This structural
similarity is illustrated by their cyanogen bromide clea-
vage patterns on high resolution SDS-urea polyacrylamide
gel electrophoresis, where both major albumins give an
identical fragment of Mr 11,500 together with fragments
of Mr 8,400 and 7,200 for PMA-L and 7,600 and 6,600 for
PMA-S. Cyanogen bromide cleaves protein at the methionine
residues. The major albumins give similar tryptic pep-
tide maps as determined by H.p.l.c. and neither contains
significant amounts of carbohydrate.(Cng e(a17 1984)

Some charge heterogeneity was detected in both sub-
units and this seemed to be unconnected with the known

Hought 15 be deaminalion of amide Omino acid residwes,
changesA that occur during their storage or during pro-

(Cfoa eTal, 199L)
longed purificationa .Both major albumins show a reaction
of complete identity in immunodiffusion experiments
against anti total major albumin anfibodies, and neither
give cross reactions with other seed proteins or with anti;
bodies to lectin (which is an albumin fraction protein),

{Croa o al. 1984)
vicilin or legumina . Pea major albumin antibodies cross
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react with total seed albumin extracts from related
species such as lentil, or to a lesser extent sweet pea

and chick pea.

1.2.3.2. Lectin.

The soluble pea seed lectin, which is isolated from
the seed albumin fraction by affinity chromotography,
consists of two major protein species both of Mr 49,000
but of differing pI values (Trowbridge,1974): The acidic
or A type lectin, pInd.l as estimated by isoelectric
focusing in polyacrylamide gels, and the basic or B type
lectin, pI~6.5, which was roughly twice as abundant. In
denaturing solvents such as SDS, lectin dissociates into
equal molecularprcpcrtiensof two subunits of Mr 17,000,
the 8 subunit and 7,000 the a subunit, neither showing any
size heterogeneity. Isoelectric focusing further resolves
the o subunit into two differing charge forms, roughly
in the molecular ratio of 2:1. The more acidic o sub-
unit was exclusively present in the acidic type A lectin
and the less acidic in the type B lectin. No charge
hetérogeneity was observed in the B subunit. Lectin does
not contain detectable amounts of carbohydrate.(waéﬁJ €, H74)

The structure of pea seed lectin is thought to be a
tetramer of two & and two B subunits, which is supported
by cross-linking experiments, and by analogy with lectins

of closely related species such as lentil, Canavalia

ensiformis (whose lectin is called concanavilin A) and

Vicia faba (whose lectin is called favin) (Higgins et.al.,

1982; Sharon and Lis 1979).

Antibodies raised against the total soluble seed lectin
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do not cross-react with the pea major albumins or the pea
globulins (Croy et.al., 1984) but do react with lectins

from closely related species (Lis and Sharon 1979).

1.3. Biosynthesis of the major seed proteins.

The in vivo synthesis of pea major storage proteins,
the legumin fraction and the vicilin (and convicilin) frac-
tion, occurs in cells on the rough endoplasmic reticulum

These or€
of the cotyledons. pfcalled the storage parenchyma cells.
The proteins are then transported and deposited in the
protéin bodies, the whole process taking about 1 hour
(Gatéhouse et.al., 1984).

Both legumin and vicilin are found in the same pro-
tein bodies which are thought to originate from the
1-2 large vacuoles originally present in the cell or from

the dictyosome vesicles, which may also be involved in the

transport process, or both, as occurs in Vicia faba

(Nieden and Neumann 1982; Gatehouse et.al., 1984).
Molecular investigations of storage protein synthe-
sis, transport and deposition have been carried out in
vivo by radioactive pulse chase techniques, and in vitro
by cell-free translation experiments on mRNAs isolated

from developing cotyledons of varying ages.

1.3.1. The Legumin Fraction

Both main legumin subunits, o and B are synthesised in
the developing cotyledon as shown by the uptake and fate
of (35s)-labelled methicnine in developing pea pods. How-
ever cell-free translation systems using mRNA isolated from

cotyledons at the same stage of development produce neither
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of the subunits, but do produce proteins of Mr~60,000

: : {Gatehouse €T al, 1984/
by SDS-polyacrylamide gel. electrophoresisaA. These pro-
teins react specifically with antilegumin- antibodies but
are not cleaved into subunits by reducing agents as is
native main legumin. They also bind specifically to immo-
bilised legumin on an affinity column[éé?hww el al Mgi)

Croy et.al., (1980) proposed that each main legumin

is synthesised as a single protein which is folded, di-
sulphide cross-linked and post-translationally cleaved
into the disulphide linked a and B subunits found in vivo.
Further work has confirmed this model and shown that main
legumin is synthesised as a single molecule with a leader
sequence which is a signal peptide for secretion and is
removed co—translationally(&mbmeJhcy&fulse chase experi-
ments suggest that the a,B cleavage occurs several hours
later i.e. in the protein bodies. Legumin molecules
assemble into trimers of Mr~180,000 in the endoplasmic
reticulum before completing assembly to the hexamers of
Mr 360,000, as isolated under non dissociating conditions

mo\’r;re )
fromipea seeds(&a‘l‘él«ou;e et a/./ 18L).

1.3.2. The Vicilin Fraction.

Vicilin and convicilin are synthesised in the cotyle-
dons in an essentially identical manner to legumin; cell-
free translation systems give only four size classes of
protein which react with antivicilin antibodies, one of
Mrn71,000 by SDS-polyacrylamide gel electrophoresis corres-
ponding to convicilin and three at Mr~50,000 (Gatehouse
et.al., 1984). On high resolution gels these can be

separated into one at Mr 47,000 and two at Mr 50,000,



22

collectively these Mrn50,000 proteins are known as vicilin
(or main vicilin). None of the smaller vicilin subunits
was detected. Short duration pulse-chase experiments show
that initially only Mr~n50,000 proteins become labelled,
and over longer periods all the smaller subunits of Mr‘
33,000 - 12,500 become labelled whereas the Mr 47,000, and
one of the Mr 50,000 protein species disappear (Gatehouse
et.al., 1984); This suggests that the smaller subunits
are derived from the Mr 47,000 and one of the Mr 50,000
main vicilins by a post-translational cleavage system.

Gatehouse et.al., (1981) thus proposed a model for
vicilin in which each molecule is a trimer of Mr~50,000
subunits, some of which are post-translationally cleaved
(Figure 1). Different main vicilins have different
susceptibilities to post—translatiqnal processing which
may occur on a different time scale. Thus Mr 47,000
vicilin has a half life 6f 6 hours in developing seeds,
showing that the molecules are assembled and deposited
before being processed. No product corresponding to
cleavage at the a—-B8 site only(Mr 26,000 or 29,500 if
glycosylated) is seen which fits with the three Mrn
50,000 main vicilins found. This model has been confirmed
in defail by Gatehouse et.al., (1984).

Evidence for a second rapid processing step'for both
vicilin and convicilin has been found (Gatehouse et.al.,
1981; Higgins and Spencer 1980) which has been inter—
preted as the removal of a short leader or signal pep-
tide co-translationally in accordance with the signal
hypothesis of Blobel and Dobberstein (1975). The presence

of a short leader seqguence has been confirmed in a main
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Type A
o . P . 8
Mr 50,000
Type B
= - A ¢ Mr33,000
h
Mr 16,500 (a) 2
Type C
= ¢ Mr19,000
B
€ Mr13,500
Mr12,500 2

Fig.l. Cleavage Patterns of Vicilins

(a) this subunit is glycosylated.
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vicilin by Lycett et:al., (1983) who showed that it was
rich in hydrophobic amino acids as would be expected of
a signai for secretion through a membrane. Apart from
the leader peptide, convicilin does not undergo any
post-translational processing.

Finally, some vicilin is glycosylated sufficiently
to bind to concanavilin A, and it has been shown (Higgins
and Spencerl1980; Badenoch-Jones et.al., 1981; Chrispeels
et.al., 1982) that labeliing of main Mrn50,000 vicilin
in vivo by radio-labelled sugar is subsequently chased into
the Mr 16,000 subunit by the proteolytic cleavages out-
lined above. Glycosylation was found to be a two-step
process, firstly on the rough endoplasmic reticuium the
site of synthesis of vicilin, and later in a second step,
probably in the Golgi apparatus. Conviqilin is not gly-
cosylated although a minor component 6?x;onvicilin prep-

arations of Mr~65,000 is; its relation to convicilin is un-

known.

1.3.3. The Albumin Fraction.

1.3.3.1. The Major Albumins.

The small and large major albumins (PMA-S and PMA-L)
synthesised in vitro are similar to those isolated in vivo

by immunoprecipitation (R.Croy and J.Gatehouse personal

communication, R. A Raaab personal communication), showing enly

the expected size subunits by SDS poiyacrylamide.gel -
electrophoresis. Major albumins synthesised in vitro con@aln qnlg
the Mr~25,888 subunits and no Mr~58,868 species under dissociating

conditions.this poses a problem as to why no mixed
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major albumins dimers are found in vivo, perhaps indica-

ting subunit interaction limitations.

1.3.3.2. The Lectin.

Higgins et.al., (1982;1983) have shown that, similar

to legumin and vicilin, lectin is synthesised as a single

chain. This is secreted with the loss of a jeader signal peptide;,
then assembled into dimers and finally subject to

post-translational proteoiytic cleavage into the o« and 8
subunits in the protein bodies. This probably involves

the removal of a small 6 base linker sequence from between
the subunits and also a short 4Abase tail from the end

-of the o subunit. The o subunit corresponds to the 3'

end of the message and the B to the 5°'.

1.2.4. Post-translational Modifications.

Whereas the removal of a leader signal sequence upon
crossing the endoplasmic reticulum membrane is a known
and accepted model, the function of the glycosylation of
some vicilins and the significance of the post-transla-
tional cleavage patterns of legumin and some vicilins
are however a matter for speculation. The differing
glycosylation of different}Vicilins may indicate different
transport mechanisns, perhdps tying in with the two
origins of protein bodies hypothesis (Nieden and Neumann
1982: Gatehouse et.al.,1984). It seems that the
cleavages of the lectin precursor are necessary for its

‘ (Lis and Sharen , 1481)
sugar binding functionsjand those of legumin seem to be

necessary for deposition as the legumin cleavage occurs

before the legumin trimers associate into hexamers (Spencer
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and Higgins 1980; Chrispeels et.al., 1982). The cleavage
|

patterns of the vicilins'however seem to have no function

unless they speed mobilisation upon germination.

1.4. The Seed-protein Genes.

Cloned complementary DNA (cDNA) and genomic DNA
coding for various pea storage proteins have been pro-
duced characterized and some of their DNA sequences deter-
mined (Review by Sorenson 1984). Before these techniques
were available sequence information was severelyliﬁited
by the practicalities of the chemical protein sequencing
methods; for example the legumin sequence was known
for approximately 30 amino acids from the N terminus of
each subunit (Casey et.al., 198la; Casey et.al. 1981b). A
unique protein sequence can in general be produced from
a large number of related but not identical DNA sequences
due to; the redundancy of the DNA code, the presence of
introns in eukaryote genes and co and post-translational
cleavages of precursor proteins to produce the mature protein.

Thus although the known microheterogeneity
of the Seed proteins can be explained in terms of minor
differences in protein sequence and cleavage patterns,
this is only a reflection of the true differences which
exist on the DNA level and can only be studied in detail
‘at that level. These available cloned genes allow com-
parisons between themselves and with homdoaous genes
from other species to be made, as well as determining the
complete protein sequences of individual proteins.

Pea storage protein genes seem to be arrayed into
small families of very closely-related genes which have

a more distant relationship with other groups of genes.
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Using cDNA or genomic hybridisation probes on restricted
nuclear DNA the number of copies of a gene can be estima-
(g Oomoney and Casay /483)
tedﬁ/and by probing chromosomes in situ using the very
latest techniques the genes may be located onto a chromo-
some. These estimates of gene copy number must be treated
with some caution as quite closely related genes may differ
sufficiently in sequence so as not to hybridise. For
example, vicilin and convicilin show a clear relation-
ship in protein sequence as judged by their cross reac-
tion with specific antibodies raised against each other,
however their DNA sequence is sufficiently diverse to
show no cross hybridisation between cDNA and mRNA under
fairly low stringency'éonditions, as ﬁsed by Domoney and
Casey (1983) in their hybrid release translation experi-
ments.

Protein sequence is under evolutiohary control, as
changes which disrupt the proteiﬁ% function can be dis-
advantageous to the organism. Thus the exon sequence
of a gene which gives rise to the protein sequence is
under more stringent evolutionary control than the intron
sequence which will drift randomly with time (the
molecular clock hypothesis), and comparison of intron
sequences from related genes or the same gene from dif-
ferent species gives an estimate of the time since the
two genes were identical. Similar comparisons of the
exon seguences and theflanking sequences potentially can
yield information on the molecular basis for differences

in protein structure and function, and on the control of

gene expression.
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1.4.1., Legumin genes.

Various main legumin cDNAs have been sequenced
(Croy et.al., 1982; Delauney 1984) and using one of these
as a probe fhree different main legumin genes have been
isolated from a pea genomic bank (Shirsat 1984; Croy et.
al., 1985) all of which have now been sequenced (Lycett
et.al., 1984 ; J.Gatehouse personal communication). The
three genes, named legumin A, B and C, are all very
similar showing better than 95% homology of DNA sequence.
& fourth gene related to the main logumin gones has alsc been
found, however it contains deletions, ¢rame shift errors,; two
stop codons near the 37 end of its ceding sequence and s not

transcribed (Bown et. al., 1983 .1t has been named legumin D and
iz a pseudogene. By comparing the scguencc fram the

cDNAs and the genomic clones main legumin genes have
been found to have three introns, two éach 88bp long in
the coding sequence of the Mr+40,000 a-subunit and one
99bp long in the Mr~20,000 B-subunit coding sequence.
The boundary sequence of the introns was typical of those
of higher plant genes. The flanking sequences of the
genes contained the expected transcription control sequ-
ences; in the 5° flanking sequence; a 'TATA' box, a
'CAAT' box, an 'AGGA' box and a transcription start codon:
in the 3° flanking sequence a number of polyadenylation
signals (Lycett et.al., 1984). _
ma;n

Croy et.al., (1982) estimated the number ofalegumin
genes at 4 by probing nuclear DNA with one of their main
legumin cDNAs at a strii?ency corresponding to ~95% homology.

as a probe

Shirsat (1984) usingsa genomic main legumin clone, found

with one of the main legumin cDNAs,estimated there to be at
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least 7 legumin genes, Domoney and Casey (1985) in similar
experiments using cDNA probes estimated there to be 4 to 6 genes
for main legumin. They also estimated there to be § to 3 genes )
for big legumin, which has a molecular woight of 63-65,880 { main
legumin has a Mr of 68,886 ) and 3 te 2 genes for an Me 8@;@@@
legumin related polypeptide. How thesc gencs reltate to tho szg“
and “small® legumin molecules isclated in vivoe ic not certain.
Cross hybridisation experi-

ments show that the Mrv63-65,000 big legumin cDNA and the
Mr~80,000 legumin cDNA are closely related and cross-
react in hybrid selection experiments (Domoney and Casey
1984) .but no evidence of cross reaction in the genomic
probes was detected. No cross hybridisation of these
with the Mrv60,000 main legumin cDNA was observed under
any conditions. The protein products of all three legu-
min types react with anti legumin antibodies.

Casey et.al., (Personal communication) using their
big legumin cDNA have isolated from a pea genomic bank
a clone bearing 2 big legumin genes, called legumin J
and K. 1Initial sequencing of legumin J has shown simil-
arities in the coding sequence to the main legumin genes
but no significant homologies were found between the 5°'
flanking sequences except the transcription signals
(J.Gatehouse personal communication).

A third legumin related protein, a small legumin, is

known in vivo but no seguence data has been published.

1.4.2. Vicilin Genes

cDNA clones coding for vicilin have been produced
(Croy et.al., 1982; Delauney 1984) and on the basis of
their sequences can be divided into three classes. One

of them corresponds to the Mr47000vicilin and the others to
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Gatehouse et. al. (1983) similarly estimated 3-é genes homologous
to pRCZ,2,1 (pDUB2) a cDNA for the Mr 56,808 type A& vicilin and
2-3 genes homologous to pRC2,2,18 (pDUB4) a cDNA for the Mr47,080

type B vicilin,
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the Mr50mvicilins, the DNA sequence homology between
any two clasées being about 85% (Delauney 1984). The
amino acid sequences determined from the DNA sequences
confirm the model of the synthesis of the vicilin sub-

units found in vivo and Q@jeﬂk why some vicilins

are proteolytically cleaved and others are not.

The Mrkl00vicilin (vicilin B) contains a glycosylation
site in its & subunitA(see Figure 1 . ) and a
proteolytic cleavage signal at its B-¢ junction, and
is processed to the Mr 16,000 and 33,000 suburits. One
of the Mr506®vicilins (vicilin A) has no processing or
glycosylation signals and»hence is not processed. The
other Mr5080vicilin (vicilin C) has no glycosylation
site but has two proteolytic cleavage signals at the
a=B and B-§ subunit junctions and hence gives rise to
the Mr 12,500, 13,500 and 19,000 subunits. (Lycett et.
al., 1983; Delauney 1984; Croy et.al., 1982). This fits
tolerably well with the estimates of the molecular ratios
of the subunj.ts° No vicilin D cleaved at the «a=-=8 junction
but not at the g-¥ was detected. Thus, thgﬁzécilin gene
family consists of three types of vicilin gene, each of
which is probably present in more than one copy: Delauney
(1984) fouhd minbr DNA sequences differences in two
otherwise identical vicilin C cDNAs. Domoney and Casey
(1985) estimatea, by probing genomic DNA with cDNA
probes, 5-7 vicilin E genes using their pCD4 Mr47,000
vicilin cDNA clone and 4-6 genes for a Mr5Q0¢vicilin
using their pCD48 Mr50movicilin cDNA clone, which
‘vicilin this codes for is as yet unknownf% Significant

cross hybridisation of the two probes was detected.
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1.4,3. Convicilin genes

A cDNA coding for part of a Mr 71,000 convicilin sub-
unit has been produced (Domoney and Casey 1983). Its
sequence has considerable homology with that of the vicilin
cDNAs but it does not select vicilin mRNA in hybrid
release translation experiments (Casey et.al., 1984).

An estimate of the number of convicilin genes by Domoney
and Casey (1985) of 0.5 to 1 seems at variance with the
genetic mapping experiments of Casey and Sanger (1980) and

Matta and Gatehouse (1982) which indicate more than one.

1.4.4. Major Albumin Genes

UaTil the Prffent work
A po cDNAs or genomic clones of the major albumins

have been isolated, however, the microheterogeneity of
both small and large major albumins suggest small gene

families for each protein.

"1.4.5. Lectin genes

cDNAs coding for a seed lectin have been produced
(Higgins et.al., 1983), and the complete coding sequence,
and the 3'-end untranslated sequence up to the polyA
tail, have been determined. It was not specified whether
it was the acidic type A lectin or the more abundant
basic type B lectin. The biosynthetic scheme for produc-
tion of pre-prolectin followed by the loss of a leader
signal peptide to give prolectin, and the cleavage of pro-
lectin with the loss of a small linker peptide to give the
a and B8 subunits, was confirmed. No estimates of lectin
gene number were made although the presence of two types

of seed lectin and the suggestion of heterogeneity in the
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5' untranslated sequence of the cDNAs indicate at least
3 seed lectin genes. There are also a number of non-

seed lectins which may or may not be related to the seed

lectin.

1.5. Objectives and Content of the Research.

For reasons outlined above cDNA libraries are the
most direct method to obtain protein and DNA sequence
data of individual gene products. They allow the deter-
mination of the organisation of sequence within a gene,
i.e., the location of its introns and the termini of its
mRNA, by comparison of cDNA and genomic DNA nucleotide
sequences. DNA seqguencing is much faster and easier
than protein sequencing and the sequence of a cDNA
represents the product of a single_gene:whereas protein
sequencing methods cannot be so selective. Genomic clones
also carry this information but the introns cannot be
unambiguously located without the cDNA or protein sequence.
Genomic clones are uéually selected from a gene bank by
their ability to hybridize to a known cDNA.

This thesis describes the construction of a cDNA
library from mRNA isolated from 13-17 day old develop-
ing pea cotyledons and the isolation of some cDNAs coding
for various legumins and vicilins as well as c¢DNAs coding
for the seed lectin and one of the major albumins. The
methods used to isolate and idéntify these clones were :
hybridisation to previously characterised DNAs, insert
sizing by agarose gels, restriction enzyme mapping and
DNA sequencing (Maniatis et.al., 1982; Maxam and Gilbert

1980; Messing 1983; Davies 1982). The aim of this research
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was to produce characterised pea seed cDNAs which could
be used to select genomic clones carrying the correspond-

ing genes from a pea gene bank.

To correlate the abundances of the different classes of
cDNAs with the messenger RNA sequence complexity data of Morton
et. al. (1983, and the abundance of their protcin products in
mature seeds.

To cross correlate the colony hybridisatien screen results
with the three different vicilin probes in order to assign
colonies as specifically positive for onC vicilin type over the
other types and hence investigate the relative abundances and

inter-relationships of the three vicilin types at the mRNAa level.
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CHAPTER 2
" MATERIALS AND METHODS.

2.1. Materials.

2.1.1. Chemical and Biological reagents.

Most chemical reagents were supplied by B.D.H.Chem-

icals Ltd., Poole, Dorset, U.K., and were of the purest

grade available.

The Sigma Chemical Co., Poole, Dorset, U.K. supplied;
ethidium bromide, adenosine triphosphate (ATP), spermidine,
bovine serum albumin (BSA), dithiothreitol (DTT), HEPES
(N-2-hydroxyethylpiperazine-N-2-ethane sulphonic acid),
Tris (tris(hydroxymethyl) aminomethane), ampicillin,
chloramphenicol, tetracycline, RNAseA, E.coli tRNA,
polyadenylic acid (poly A), herring sperm DNA, all
deoxynucleotide triphosphates, all dideoxynucleotide

triphosphates, lysozyme.

Koch-Light Ltd., Haverhill, Suffolk, U.K., supplied;
sodium chloride, caesium chloride, acetic anhydride, iso-

amy 1 alcbhol, chloroform.

Pharmacia Fine Chemicals, Uppsala, Sweden, supplied;

Sephadex G-50, Sepharose 6B-CL, Ficoll 400.

Schleicher and Schull, Anderman and Co., Ltd.,

Kingston-upon-Thames, Surrey, U.K., supplied; nitro-

cellulose filters (BA85, 0.45um )
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Whatmann Ltd., Maidstone, Kent, U.K., supplied; 3MM
paper, DEAE-cellulose (DE 81) paper, glass fibre (GF and

GC) filters.

Difco Laboratories, Detroit, Michegan, U.S.A. supplied;

Bactotryptone, Bacto-Agar, Bacto-Yeast Extract.

Becton Dickinson and Co., Cockeysville, M.D., U.S.A.,

supplied; BBL Tripticase peptone.

Collaborative Research Inc., Waltham, M.A., U.S.A,

supplied; Oligo dT12—18,

Restriction endonucleases were supplied by : Bethesda
Research Laboratories (UK) Ltd., Cambridge, U.K., ; The
Boehringer Corporation (London) Ltd., Léwes, East Sussex,
UK.; New England Biolabs, C.P. Laboratories Ltd., Bishops

Stortford, Herts, U.K.

The Boehringer Corporation (London) Ltd., also
supplied; Calf intestine alkaline phosphatase, endonuclease-
free E.coli DNA polymerase I, T4 polynucleotide kinase,

T4 DNA ligase, Sl nuclease.

Bethesda Research Laboratories(UK) Ltd., also supplied;
E.coli DNA polymerase I large fragment (Klenow polymerase),

EcoRI synthetic linkers, agarose (electrophoresis grade) .

Pharmacia P.L. Biochemicals Inc., Pharmacia (Great

Britain) Ltd., Milton Keynes, Burks, U.K. supplied ;
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Calf thymus terminal deoxynucleotidyl transferase, mung

bean nuclease.

Worthing Biochemicals Millipore (U.K.) Ltd., London,

U.XK., supplied; DNAse I (DPFF);
The Division of Cancer Cause and Prevention, National
Cancer Institute, N.I.H., Bethesda, MD, U.S.A., supplied;

Avian myeloblastosis virus (AMV) reverse transcriptase.

Amersham International plc., Amersham, Bucks, U.K.,

supplied; Radiochemicals, nick translation kits.

Mr. R. Swinhoe made a generous gift of; Poly at RNA

prepared from 13-17 day old cotyledons of Pisum sativum
L. variety Feltham first (Sutton Seeds Ltd., Reading,

Berks, U.K.).

2.1.2. Bacterial Strains Plasmids and Phages.

All bacterial strains used were derivatives of E.
coli K-12 and are listed in Table 1. - Plasmids and

phages used are also listed in Table 1..

2.2. Methods.

2.2.1. Standard Biochemical Techniques.

2.2.1.1. Plasticware, Glassware, General Apparatus and
Reagents.

All apparatus coming directly or indirectly in con-
tact with nucleic acids, bacteria, enzymes, or any sen-

sitive or sterile reagents etc., was sterilised by autoclaving.
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TABLE 1

Properties of E.Coli Strains, plasmids and phages used.

Item Genetic Characteristics Reference/
Source

Bacterial Strains

910 ApSTcS (803 SupE SupF W.J.Brammar,
RecBC) Dept. of
Biochemistry,

University of
Leicester, U.K.

TB1 ApSAlac pro ara thi strA 7 Baidwia Texas
#80d lacZ AM15 hsdR r™m 4n ummdﬁ%
JM101 Alacpro supE thi g'
' traD36 proAB lacl®* lacZ
AM15
Plasmids
R R .
pBR322 Ap , Tc Bolivar et.al.,
1977
puUCS8 ApR, lac® Vieira and
' Messing,1982.,

pBR322-SV40
(map units 0.71-0.86)

-- Okayama and
pBR322-5V40 Berg, 1981,
(map units 0.19-0.32)

Phages
N. Murra

)\NM258 Mol. 3:’0). Oe r
fc!;néur l\ r
Univef%iLy.

M13 mpS lac® M13 Cloning/
Sequencing
Manual, BRL (UK)
Ltd. / Vieira and
/Vler;;na 1962

s . . s e R .. . I/
Key: Ap~, ampicillin sensitive. Ap, ampicillin resistant.

TcS, tetracycline sensitive. TcR, tetracycline resistant.

lac® complements the lac system.
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Those  items which cannot be autoclaved were steril-
ized by prolonged immersion in 80% ethanol and if appro-
priate,flaming. All glassware and plastic eppendorfs
were siliconized before autoclaving using "Repelcote"
(Hopkins and Williams, Romford, U.K.).

All solutions for DNA manipulations except gels, were
autoclaved where possible or made up using sterile water
and sterile stock solutions in sterilised containers,
minimising the use of non sterile reagents. All water was
distilled or where noted as HPLC grade, double distilled

and deionised, all ethanol used in DNA manipulations was

redistilled.

2.2.1.2. Alcohol Precipitation of DNA

DNA solutions were made to 0.3M sodium acetate,
usually by the addition of 1/10th volume of 3M sodium
acetate pH5.2, then 2-3 Qolumes of ethanol were added,
mixed and the solution kept at -20°C overnight or-80°C
for 15-20 minutes.

The DNA.was then pelleted by centrifugation; for
small (up to 2ml) samples at ~12,000g 4°C for 10-15
minutes (M.S.E. Micro Centaur microcentrifuge or equiva-
lent), or for larger samples at ~+25,000g 4°c for 20-

30 minutes (Sorvall RC-5B centrifuge). The pellet was
then washed in 70% ethanol 2 or 3 times and gently vacuum
dried before being resuspended usually in either water

or T.E.buffer (1OmM Tris-HCl pH7.5, lmM EDTA). When the
concentration of DNA was low or the size small (<200bp)
transfer RNA (tRNA) was added prior to the addition of

the ethanol. When the sodium concentration in the DNA
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solution was high potassium acetate pH5:2 to 0.5M or
ammonium acetate and magnesium acetate pH5.2 to 0.5M and
0.1M respectively were used instead of sodium acetate.
When it was necessary to minimise the total volume O.6-
1.0 volumes of iso-propanol were used in place of ethaﬂol

and the mixture kept at -20°C for at least 20 minutes.

2.2.1.3. Phenol Extraction of DNA Solutions

Proteihs were removed from DNA solutions by extract-
ing twice with ~1 volume of phenol saturated with T.E
buffer (10mM Tris-HCl pH7.5 1lmM EDTA), then twice with
chloroform: iso-amylalcohol (24:1). The layers were
mixed by brief vortexing and separated by brief centrifu-
gation if needed. The DNA remains in the top agueous
phase in each case. Occasionally the chloroform iso-
amylalcohol extraction steps were replaced with 2 or 3
extractions with diethylether, in this case the DNA con-
taining agqueous layer is on the bottom. This whole pro-

cess is referred to as phenol extraction.

2.2.1.4. Trichloroacetic Acid Precipitation of DNA

DNA solutions were trichloroacetic acid precipitated
essentially according to the protocol in the Amersham Nick
Translation kit handbook (Amersham International plc.,
Amersham, U.K.) using m3OLg of phage A DNA as carrier and

Whatman GFC glass fibre filters.

2.2.1.5. Scintillation Counting of Radiolabelled DNA

Labelled DNA in solution or precipitated onto glass

fibre discs was counted by liquid scintillation in a
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Packard PL Tri-Carb liquid scintillation counter.

For 32p and 3H samples precipitated on glass fibre
discs 3.0 gm/litre PPO (2,5-diphenoxazole) and 300mg/
litre POPOP (1,4-di-2(5-phenoxazoyl)benzene) in toluene
was used as scintillation fluid and for 32p samples in-

solution 100:1 toluene€ triton containing 5.0gm/litre PPO.

2.2.1.6. Dialysis of Solutions of Macromolecules

Dialysis tubing of various sizes (Medicell Inter-

national Ltd., London, UK.) was prepared by boiling for

20 minutes in 10mM EDTA followed by rinsing with distilled
water., The tubing was knotted at one end at least twice
and then filled using two pasteur pipettes one as a pip-
ette and the other as a funnel. A space was left at the
top of the tubing to allow for changes in volume df the
solution and the tubing sealed with again at least two
knots. The dialysis tubing was then placed in a large
volume of the relevant buffer which was stirred at 4°C.

Dialysis proceeded for at least 24 hours and two changes of

buffer.

2.2.1.7. Estimation of DNA Concentration and Purity by
Spectrophotometry. .

Using a Pye Unicam SP8-150 ultra violet/visible
spectrophotometer and 1 cm path length quartz cells both
the concentration and purity of DNA solutions were
estimated.
in oner‘
The optical density (0.D.) of a DNA solutionhat

260 nm is ~0.02 times its concentration in microgrammes

per ml (ug/ml). A spectrum from 230 to 370 nm was used to
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assess purity as follows, for pure DNA:

[

0OD260/ 0D280 1.8
0OD260,/0D235 > 0D260/0D280
0D320 = 0

Should these three conditions not hold then the concentra-

tion estimate will be in error.

2.2.1.8. The Storage of Bacterial Strains

In the short term (up to 2 months) bacterial colonies
were stored on agar plates kept inverted at 4°C and sealed with
Nescofilm (Nippon Shoji Kaisha Ltd., Osaka, Japan).
Permanent storage was effected by dispersing bacterial
lawns, grown from single colonies on agar plates, in 2ml

4sterile portions of equal amounts of L-broth and 80%

glycerol and keeping at -80°C.

2.2.2., Preparation of DNA

2.2.2.1. Plasmid Minipreps.

" The following method of rapidly preparing plasmid
DNA was used for all plasmids derived from pBR322
including all pUC8 derived plasmids. Colonie§ were picked
into 10ml of broth (L-broth for pBR322 type plasmids, YT
broth ior pUC8 plasmids) in a McCartney bottle containing
the appropriate antibiotic (50ug/ml ampicillin for pUCS8
derived‘plasmids) and were grown overnight at 37°C in a
rotary incubator. The cells were spun down, in a bench
centrifuge in the culture bottles, ~6000g 15 minutes,
then resuspended in 200ul of freshly prepared lysozyme
solution (50mM glucose, 1OmM EDTA, 25mM Tris-HCI pH 8.0,

2mg/ml lysozyme), transferred to a 1.5ml eppendorf tube
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and stood at 0°C for 30 minutes. Next 600ul of freshly

prepared alkaline SDS was added (0.2M sodium hydroxide,

1% sDS) and gently mixed until the solution became sticky

and viscous, the mix was then stood in ice for at least

5 minutes. Sodium acetate solution (450ul of 3M pH4.8)

was then added and mixed by inverting and standing on ice

for 1 minute. The cell debris were then pelleted by centri-

fugation at 12,000g for 5 minutes (M.S.E. Micro Centaur

bench centrifuge) and 1,100ul of clear supernatant was

transferred into a fresh eppendorf. Isopropanol (500ul)

was added, mixed and the DNA precipitated at -20°C for

30 minutes followed by centrifugation at 12,0009 for 2

minutes. The pellet was resuspended in 200ul of 100 mM

sodium aceﬁate, 50mM Tris-HCl pH6.0 and precipitated with

5C0ul of ethanol in the usual way, resuspended and re--

precipitated, washed in 80% ethanol twice, vacuum dried

and resuspended in 50pl of HPLC grade water.

| This method leaves large amounts of RNA in the DNA,
which could be destroyed by treatment with RNAse A if desired.

5p¢l in a restriction digest allows down to 200 bp to be

detected on agarose gels by ethidium bromide staining.

2.2.2.2. Large Scale Preparation of Plasmid DNA

10 ml overnight cultures of the plasmid bearing
strains were grown up in L-broth containing the relevant
antibiotic(s) on a rotary incubator. 250ml portions of
L-broth also containing the relevant antibiotic(s) in
baffled 1 litre flasks were innoculated with the over-
night cultures (1:25 dilution) and grown with shaking
at 37°C to an optical density at 650nm (OD650) of 0.9.

Chloramphenicol was then added to 150-200ug/ml and the
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incubation continued overnight.
The cells were pelleted by centrifugation at 15,0009
for 10 minutes at 4°C, and resuspended in 5ml of 25%
w/v sucrose in 50mM Tris-HCl pH8.0 at o°C. Freshly
prepared lysozyme solution (lml of 10mg/ml lysozyme in_
the same buffer) was added, mixed gently, and then incu-
bated with shaking at 37°C for 2 minutes and then at 0°C
for 10 minutes. Next 5ml of 0.2M EDTA pH8.0 was added
and shaking at 0°C continuegﬁg further 10 minutes,
followed by the addition of 1lml of 20% w/v SDS and gentle
‘mixing at room temperature until the suspension clarified.
Sodium €hloride (3ml of 5M in 50mM Tris-HCl pH8.0) was
- then added and the whole was mixed throughly and kept on
ice for at least 4 hours or usually overnight. Cell
debris was removed by centrifugation aﬁ438,OOOg for 90
minutes at 4°C followed by careful removal of the super-
natant with a pipette. |
The plasmid DNA was precipitated from the supernatant

by the addition of 50% w/v polyethylene glycol 6000 (PEG
6000) in 50mM Tris-HCl pH8.0 and 50mM Tris-HCl pH8.0 to
give final concentrations of 10% w/v PEG, O.5M sodium
chloride and 50 mM Tris-HC1l pH8.0. The mix was then
stood at 0°C for at least 4 hours or usually overnight
then gently centrifuged (v2000g) for 5-10 minutes at
4°c. The pellet was drained throughly and resuspended
in 4-5 ml of T.E. buffer (lOmM Tris-HCl pH7.5, 1mM EDTA)
by gentle shaking at 0°C or if necessary by using a wide
bore pipette. If this suspension was not clear it was
briefly spun, it was kept at 0°C and could be stored.

The plasmid was purified by density gradient
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centrifugation; freshly prepared ethidium bromide (1lOmg/
ml in T.E.buffer) was added to a final concentration of
300 pg/ml and caesium chloride to 48.4% w/v or a refrac-
tive index of 1.3890, the mixture was then stood in ice
for 30-60 minutes prior to centrifugation (Sorvall OTDéSB
Ultracentrifuge using a Beckmann VTi50 rotor) at 13,000
rpm for 30-60 minutes at 0°C. The clear supernatant was
then centrifuged in the same apparatus at 40,000 rpm for
20 hours and the lower plasmid band removed with a wide

bore needle and syringe. This final step was repeated

‘and the plasmid isolated by extracting

with caesium chloride saturated iso-propanol three times,

dialysing against T.E.buffer and ethanol precipitation.

2.2.2.3. Large Scale Preparation of Phage A DNA

Bacteriophage A strain NM258 is temperature
inducable and only enters the lytic cycle when warned
above ~40°C. A .. . . . Dbacterial strain, containing

which had been shred ar a g)acefo‘ . '
phage ) NM258\was streaked for single colonis. A colony
was selected which grew at 30°C but not at 42°C and over-
nights in 2YMT broth (bactotryptone l6gm, yeast extract
10gm, sodium chloride 5gm, magnesium chloride 2.5gm to
1 litre) were grown at 30°C in a rotary incubator.

250ml portions of 2YMT broth in 1 litre baffled
flasks were innoculated 1:25 with the overnights and
grown with shaking at 30°C to an ODgc, Of 0.25. They
were then induced by warming to 45°C and incubated at
44°C for 30 minutes with gentle shaking, and then shaken

at 37°C for 4 hours. After centrifugation,2,500g at

4°c for 10 minutes, the pellet was resuspended in 200ml
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of 10mM Tris;HCl pH7.9., 100mM potassium chloride, 0.1

mM EDTA and frozen overnight at -70°C. If when thawed
the mixture was not viscous 2-3 ml of chloroform was
added and the mixture shaken. DNAsel (lmg in 2ml of

the same buffer) was added and the mix stirred at 37°¢C
until its viscosity was reduced. Cell debris were re-
moved by twice centrifuging at 12p00g for 1O minutes at
4°c isolating the supernatant each time. The phage

was polyethylene glycol (PEG) precipitated by adding 5M
sodium chloride, 50mM Tris-HCl pH8.0 and 50% w/v PEG
6000, 50mM Tris-HC1l pH8.0 to final concentrations of 0.5M
sodium chloride and 10% PEG, storing overnight at 0°C

and gently centrifuging at ~2000g for 10 minutes at 4°C.
The pellet was well drained and resuspended in 20ml of
chloride phage buffer (1OmM Tris-HCl pH8.0 10mM magnesium
chloride, 100mM sodium chloride), a fe& drops of chloro-
form were added if the suspension was to be stored. The
phage was purified on a caesium chloride step gradient;
caesium chloride in chloride phage buffer was made to
1.35, 1.55 aﬁd 1.7 gm/ml densities and a step gradient
created by carefully layering these solutions into cen-
trifuge tubes. To the top of the gradient was carefully
added the phage suspension and the tubes were balanced by
careful addition of chloride phage buffer. The gradients
were then centrifuged at 25,000rpm in a MSE Prepspin

65 centrifuge with a 3x25ml rotor at 8°C for 90 minutes
and the phage which collects between the 1.55gm/ml and the
1.7 gn/ml layers removed with a wide bore needle and
syringe. The phage solution so obtained was saturated

with caesium chloride and layered onto the bottom of a
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step gradient made as before and recentrifuged and iso-

lated as before.

The phage solution was then dialysed against phage
buffer (potassium dihydrogen phosphate 3.0gm, disodium
hydrogen phosphate 7.0gm, sodium chloride 5.0gm, mag—>
nesium sulphate to 1mM, calcium chloride to 0.1lmM in 1
litre). The dialysed phage was phenol extracted gently
to avoid shearing the DNA, ethanol precipitated with
potassium acetate, and resuspended in T.E. buffer by
gentle shaking at 0°C for 3-4 days.

In a typical preparation 4 litres of 2YMT broth gave
~1x101% phage particles, by serial dilution and counting
plagques on a lawn of susceptible bacteria, before the
step gradient and ~ 4.5mg of spectroscopically pure DNA

after the ethanol precipitation.

2.2.2.4. M13 Minipreps.

The single stranded form of phage M13 and deriva-
tives of it were prepared by the following method:

Ovérnight cultures of E.coli strain JM 101 were
grown in YT broth made at double the normal concentra-
tions (2 x YT broth).2ml aliquots of 2xYTbroth in
McCartney bottles were innoculated with the overnights
1:500 and infected with the M13 plague by stabbing the
plagque with a sterile toothpick and dropping the pick
into the McCartney bottle. The cultures were grown over-
night at 37°C on a rotary incubator.

The next day 1.5ml eppendorfs were filled with the
cultures and spun in a bench centrifuge for 4 minutes,
the supernatant was transferred to a fresh tube and the

pellet was kept at 4°C to preserve the clone. The
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supernatant was again spun and isolated, giving ~1lml

fo which was added 20041 of 20% PEG 6000 and 225ul of
2.5M sodium chloride. After mixing and standing at room
temperature for ~20 minutes the phage was collected by
spinning in a bench centrifuge for 3 minutes, removing
the supernatant, spinning again and carefully removing
the last dregs of supernatant with a capillary. The
pellet was resuspended in 100ul of T.E. buffer (10mM
Tris-HC1l pH8.0, lmM EDTA) phenol extracted, ethanol
precipitated and resuspended in 20ul of T.E. buffer.

1ul should be easily visible by ethidium bromide stain-.

ing on an agarose gel.

2.2.3. Standard Enzymatic Methods

2.2.3.1. Restriction Endonuclease Digestions.

Restrictions were carried out normally in one of
the four buffers set out in the Cold Spring Harbour Mol-
ecular Cloning Manual (Maniatis et.al., 1982). (Table
2.), the choice of buffer being determined by the manual
and the 1983 B.R.L. data poster (Bethesda Research Lab-
oratories, Cambridge , U.K.) which was especially use-
ful for deciding the appropriate buffer for mixed enzyme
digestions. Normally enzymes were used at a concen-
tration of 1-3u/pg of DNA except where higher ratios
were recommended by the BRL data sheet and were incubated
at the temperature recommended.by the supplier for 1-4
hours. Nuclease free BSA was added to lOOﬁg/ml to
some digestions particularly those on a large scale or
being incubated for a long time. RNAse A (10ug per

reaction) which had been boiled for 15 minutes to destroy
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any DNAse activity, was added to restrictions of plasmid

DNA prepared by the miniprep method.

2.2.3.2., Ligation

Ligations, the joining of dsDNA molecules in the
conventional manner by covalent bonds, were carried out
in KLP Buffer (50mM Tris-HC1l, pH7.5, 1lOmM Tagnesium
chloride, 1OmM DTT) containing 1lmM ATP witﬂfgz DNA
ligase. For joining two molecules the volume of the
reaction was kept to a minimum, for circularising a
molecule greater dilution was used. Blunt end ligations
were incubated ét 12°C for up to 2 days, often with the
addition of more ATP and enzyme after one day. Sticky
end ligations were incubated at’15°C overnight.

The enzyme E.coli DNA 1iga£g?was a;so used for
ligations where it was important to ligate DNA but not
RNA . The buffer used was 20mM Tris-HCl pH7.5, 4mM mag-
nesium chloride, 1lOmM ammonium sulphate, 100mM potassium

chloride, 10mM sodium chloride, 50ug/ml BSA, O.lmM

‘8—NAD, and the incubation was at 12°C overnight.

2.2.3.3. Making Double Stranded DNA Blunt Ended

2.2.3.3.1. Using Sl Nuclease.

This method 1is suitable for use on dsDNA molecules
with prdtruding 3' or 5' ends or hairpinloops. It is
known to give dsDNA molecules With ends blunt or ~1l base
in length, prolonged incubations with S1 nuclease can
significantly shorten dsDNA molecules. S1 nuclease
reactions were carried out in 200mM sodium chloride,

50mM sodium acetate pH4.4, lmM zinc sulphate buffer at
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37°C for 30 minutes and then 25°C for 30 minutes followed
by the addition of ~1/10th volume of 10OmM EDTA to stop
the reaction. A typical reaction containing &3pg of
dsDNA average length ~1000bp used 1000 yof S1 nuclease

in 34ul with ~10ug of tRNA added.

2.2.3.3.2. Using Mung Bean Nuclease.

This method is suitable for use on dsDNA with
protruding 3' or 5' ends or hairpinloops. Its action is
similar to that of S1 nuclease but it is less éctive and
| degrades dsDNA to a lesser extent. Mung bean nuclease
digestions were carried out in 50mM sodium acetate pH5.2,
50mM sodium chloride, 2mM zinc chloride, 1mM DTT at

22°C for 20 minutes using ~5u/ug DNA (Kroeker et al.,

1976) .

2.2.3.3.3. Using DNA Polymerase I

This method is suitable for use on dsDNA with pro-
truding 3' or 5' ends, but not on dsDNA with hairpin-
loops. It was usually used after S1 nuclease digestion
and is often referred to as "polishing" the ends of the
dsDNA. The enzyme gives accurately blunt ends by its
polymerase and exonuclease activities. DNA polymerase 1
polishing reactions were carried out iﬁ P.N.K. buffer
(50mM Tris-HC1l pH7.5, 1OmM magnesium Chloride, 10mM DTT)
at 12.5°C for 30 minutes in thé presence of 0.2mM of
each deoxynucleotide triphosphate and vy 4 of endonuclease

free DNA polymerase I per ug of dsDNA.
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2.2.3.4. Phosphorylation of DNA at the 5' ends using
Poly-Nucleotide Kinase

Normally dsDNA has phosphate groups attached to its
5° ends , and these are necessary for
successful ligation reactions. Should these phosphate
groups have been removed or are missing e.d. commercial
synthetic linkers are supplied without 5' phosphate
groups, poly-nucleotide kinase may be used to replace
them, and if supplied with ¥3%p ATP will specifically
"label" the 5' end of the dsDNA molecule.

Phosphorylation reactions were carried out in
PNK buffer (50mM Tris-~HCl pH7.5, lOmM magnesium chloride,
10mM DTT) in the presence of ATP. 1In a typical reaction
1pl (0.88ug) of EcoRI linkers were phosphorylated using

3u of enzyme and 40uCi (8 x 107'2 mol) of ¥32P ATP.

2.2.3.5. Dephosphorylation of DNA at the 5' Ends using
Alkaline phosphatase

Calf intestine akaline phosphatase specifically
removes the phosphate groups from the 5° ends

| of DNA.

Phosphatase reactions were carried out in 50mM Tris-
HCl pH9.0, 1mM magnesium chloride, O.lmM zinc chloride
and 1mM spermidine (Maniatis et.al., 1982). For dsDNA
molecules with protruding 5' ends incubation was for 1
hour at 37°C using 0.2u/ug DNA of enzyme. For blunt
ended molecules or those with recessed 5' ends i.e.
protruding 3' ends, incubation was for 15 minutes at 37°C
then 15 minutes at 56°C then a second aliquot of enzyme

was added and both incubations repeated.
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2.2.3.6. Labelling dsDNA by Nick Translation

dsDNA molecules may be radiolabelled evenly throughout
the molecule by the action of DNA Polymerasel and DNAsel
in the presence of deoxynucleotide triphosphates some
of which carry a radio label, the process is known as
"Nick Translation". ©Nick Translation reactions were
carried out according to the protocol from Amersham
International plc (Amersham UK) using the kits supplied
by them. Protocol B was used with «32P dCTP as the
radiolabel and with 2% hour incubations. The claimed
specific activities were invariably achieved unless the
DNA used was impure. The DNA was isolated from unin-

corporated nucleotides by column chromotography .

2.2.3.7. Labeling the 5' end of RNA

RNA moleucles were labelled using.the Bedbrook method
(Bedbrook and Bogorad 1976, Grunstein and Wallace 1978)
which uses T4 polynucleotide kinase to specifically label
the 5' terminal phosphate groups. More random labeling
was achieved by partially hydrolysing the RNA before

labelling.

Partial hydrolysis was carried out in hydrolysis
buffer (5mM Tris-HCl pH9.5, 1OmM EDTA, O.1lmM Spermidine)
by heating to 95°C for 5 minutes then cooling the reac-
tion in ice.

The labelling reaction was carried out in kinase
buffer (50mM Tris-HC1l pH9.5,124 mM magnesium chloride,
10mM DTT, 5% glycerol) at 37°C for 30 minutes using 1OkCi

¥32p ATP (2 x 107!2mol) and lu of T4 polynucleotide kin-

ase per ug of RNA. The reaction was stopped by the
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addition of excess EDTA and the RNA isolated by the
addition of 1Opg of tRNA per ug of RNA, phenol extrac-
tion and electrophoresing the mixture through an agarose
plug into a piece of dialysis tube using TAES buffer (400mM
Tris- acetic acid pH7.8, 20mM sodium acetate, 2mM EDTA;
0.2% SDS) as electrolyte. After electrophoresis the
contents of the dialysis tubing were ethanol precipi-

tated and the 1labelled RNA recovered.

2.2.3.8. Adding Polynucleotide Tails to the 3' end of
DNA with Terminal Deoxynucleotidyl Transferase

Calf thymus terminal deoxynucleotidyl transferase
(TAT) was used to add "tails" of deoxynucleotides to the
3" ends of DNA molecules. It was found to be extremely
sensitive to inhibition by any impurities in the reac-
tion mix and the presence of any nucleases, sO all buf-
fers etc., used in TAT reactions were either commercially
supplied or prepared with great care using HPLC grade
water. All DNA used was extensively purified by phenol
extraction, ethanol precipitation and resuspension in HPLC
grade water. All radio label was vacuum dried and re-
suspended in HPLC grade water. NO Tris or EDTA was
allowed in any Td4T reaction mix. The method used was
based on those of Roychqudhury et.al., (1976), D2ng and
Wu (1981) and on the data sheets supplied by Bethesda
Research Laboratories Ltd. (BRL) and P.L.Biochemicals
inc.

TdT tailing reactions were carried out as follows:
DNA (22.5ug of PstI cut pBR322, equivalent to 1.65 x

10-!! moles of 3' ends) was suspended in 39ul of TdT
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buffer (100mM potassium cacodylate pH7.2, 2mM cobalt
chloride, O.2mM DTT. Supplied as 5xTdT tailing
buffer by BRL) containing 60mg/ml of nuclease free BSA and
~0.3 mM dGTP and 5uCi 3H dGTP. After gentle mixing it
was preincubated at 37°C for 5 minutes and two samples»
taken; one was trichloroacetic acid (TCA) precipitated
as zero counts, the other spotted onto a filter and allowed
to dry as reaction counts.

TdT enzyme lul 254 was added and gently nixed,
incubation continued at 37°C for up to 30 minutes,
samples being taken and TCA precipitated, and the reaction
was stopped by the addition of 5ul of 0.1M EDTA. After
scintillation counting the samples, the following formula

was used to calculate the average length of the tails:-

Bases added = (Sample counts — zero counts) x moles dGTP
Reaction counts moles 3' ends

Similar conditions were used for tailing DNA RNA hybrid
dublexes, except for the addition of polyA to mop up the

oligo 4Ty and when tailing with dCTP and dTTP.
which would otherwise provide 3’ends as primers for the tailing

reaction,

2.2.4. Gel Electrophoresis

2.2.4.1. Agarose Gel Electrophoresis

DNA and RNA fragments of various sizes from 100bp
up to 50kb were analysed for size on agarose gels of con-
centrations ranging from 0.5-1.5% (Table 3). Horizon-

tal slab gels submerged in buffer were used throughout.
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Table 3 Approximate size range of double stranded DNA fragments
analysed on agarose gels of given concentrations

Concentration of Size range of dsNDA
agarose gel (%) analysed (kb)
© 0.5 20 - 1
0.7 10 - 0.5
1.0 7 - 0.35
1.2 7 ~ 0.2

1.5. 5 - 0.1
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2.2.4.1.1. Full Size Agarose Cels

Full size agarose dels of approximately 20x15 x O.6cm
were made using perspex moulds on clean glass plates
and using a thin layer of vacuum grease to obtain a seal.

Perspex combs were suspended across the mould toA
produce the slots.All gels were normally made containing
lpg/ml of ethidium bromide and using Alec's gel buffer
(40mM Tris-acetic acid pH7.7, 2mM EDTA), or where close
bands needed to be resolved or very small amounts of DNA
detected TBE buffer (10.8gm Tris, 5.5gm boric acid,0.93gm EDTA
_(Na2-2H20) per litre pHv8.3) was used as it gives sharper
bands. 1In all cases the gel was run in the same buffer
and ethidium bromide concentration as was used to make it.
The gels were normally run at ~1.6V/cm overnight. Normally
the slot size was chosen to be the smallest which would

(see below) =
contain the sample plus the beadsAso as to allow the maxi-
mum number of slots and the easier detection of faint
bands. All DNA samples were loaded with the addition of
‘ml/3rd volume of beads (1OmM Tris-HC1l pH8.0, 1OmM EDTA,
30% w/v glycerol, 0.1% w/v agarose and either 0.1% w/v
xylene cyanol and 0.1% w/v bromophenol blue, or 0.1% fast
orange for when fragments <200bp are expected. The mix-
ture was prepared, autoclaved, allowed to set, then extru-
ded through a fine needle with a syringe twice). The DNA
bands wére detected by the orange fluorescence of the
ethidium bromide DNA complex under UV light illumination
at 254nm wave length, and were recorded by photography
through a red-orange filter (Kodak 23A Wratten)
with Polaroid Film type 667 3000

ASA. Gels with high levels of background were destained at
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room temperature for 45 minutes in 1lmM magnesium sulphate.

Exposure times varied with the efficiency of the -

filter on the UV light source but normally an exposure

of 7 seconds at f4 was used and as little as 5ng of dsDNA

could be detected.

2.2.4.1.2 Agarose Minigels.

Minigel apparatuses were used essentially as sug-
gested by the suppliers (Uniscience of Cambridge, Cam-
bridge, U.K.) except normally the gels were poured to
greater thicknesses than suggested,,yere run at lower
currents to reduce heating, and ethidium bromide to lug/

ml was added to the gels and the buffer to eliminate the

staining step.

2.2.4.1.3. Alkaline Agarose Gels.

Two methods were used for alkaline agarose gels.
The first method was that of Maniatis (1982) where the
entire gel and running buffer was made alkaline. The
second method used an ordinary agarose gel with no
ethidium bromide, the DNA being made single stranded by
treatmeﬁt with alkaii immediately before being loaded
(McDonell, 1977). To 1Oul of DNA mix was added 6ul of
1M sodium hydroxide at o°c, after 5 minutes 6yl of 1M
HC1 was added also at 0°C and the sample immediately
loaded and run as normal. |

These gels were stained with acridine orange 30ug/
ml in the running buffer for 30 minutes at room tempera-
ture, then destained in running buffer for ~lhour also at

room temperature. The DNA was detected by flourescence as

for
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ethidium bromide staining, dsDNA fluoresces green and
ssDNA red when stained with acridine orange. N.B. alkaline

gels destroy RNA.

2.2.4.1.4. Glyoxal Gels.

Glyoxalation was used to denature RNA (or DNA)
prior to gel electrophoresis so that the RNA would be
fully linear and its rate of migration would accurately
reflect its size. The procedure used was essentially
that of Maniatis (1982). Deionised glyoxal 6M was pre-
pared as described, and was used to glyoxalate up to 20ug
of RNA in the following mixture: 6M glyoxal 2.7ul, DMSO
8.0ul, 0.1M sodium dihydrogen phosphate pH7.0 1.6ul, water To
20ul, with incubation at 50°C for 1l hour.

1¢ Agarose gels were made up using 1OmM sodium
dihYdrogen phosphate pH7.0 buffer and no ethidium bro-
mide. The samples were loaded with the addition of 1/5th
volume of loading buffer (50% glycerol, 1OmM sodium
dihydrogen phosphate pH7;O, 0.4% w/v bromophenol blue).
The gel was run conventionally in the same phosphate
buffer which was recirculated to maintain the pH. The

RNA could be detected by staining with ethidium bromide.

2.2.4.1.5. Analysis of Band Patterns on Gels to Determine
Fragment Sizes.

The sizes of dsDNA bands on agarose gels were estim-
ated using various standard size markers; phage A NM258
cut with restriction endonuclease HindIII, plasmid pBR322
cut with Rsal and plasmid pBR322 cut with AluI. The in-
verse of the logarithm (to the base 10) of the size of

the fragment in base pairs was plotted against the distance
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of migration of the band in millimeters. This gave a
slightly S-shaped curve which approximates very closely
to three straight line segments, and allows accurate
estimates of dsDNA fragment sizes from 100-10,000 bp.

Other gels were analysed by similar methods.

2.2.4.1.6. The Recovery of DNA from Agarose Gels.

DNA was recovered from agarose gels by the DEAE
paper'methéd of Dretzen et.al., (1981l). Whatmans DEB81
chromatography paper was prepared by soaking in 2.5M sodium
chloride for 3 hours, washing 5 times in water for 10
minutes each, washing in 1 mM EDTA, vacuum drying at 80°C
and storing dry and protected. The DNA was isolated by
cutting a slot next to the DNA band wanted, inserting a
piece of prepared DEAE paper and electrophoresing the DNA
band onto the paper. The DNA sticks efficiently to the
DEAE paper unless very large amounts of DNA are used when
the paper will saturate, or is subject to prolonged electro-
phoresis. The DNA was recovered from the paper by
washing'it in cold water blotting dry and then vortexing
it into a slurry in elution buffer (20mM Tris-HCl pH7.5,
lmM EDTA, 1.5M sodium chloride) followed by incubation at
37°C for 2 hours. The mix was centrifuged through a
pipette tip packed with siliconised glass wool, and the
clear solution extracted with isoamyl alcohol saturated

with elution buffer. The DNA was recovered by ethanol

precipitation.

2.2.4.2. Acrylamide Gel Electrophoresis.

Polyacrylamide slab gels were used to obtain the end



60

labelled DNA fragments for sequencing and other labelled

DNAs. Sequencing gels were used for actual DNA sequencing.

2.2.4.2.1. Acrylamide Slab Gels.

Polyacrylamide slab gels were made in two sizes:-
15 cm long x 18cm wide x 0.15cm thick and 36cm long x
18cm wide x 0.15cm thick, between glass plates and were
run vertically top to bottom. The acrylamide mix used was
19:1 acrylamide bisacrylamide and TBE buffer (10.8gm Tris,
5.5gm boric acid, 0.93gm EDTA (Na2.2H20) to 1 litre pH
~8.3) was used for both the gel and the two reservoirs of
running buffer. The procedures used were essentially

those given by Maniatis (1982) with the DNA, invariably
radiolabelled, loaded mixed with 1/3rd volume of glycerol

dyes (1lOmM Tris-HCl pH8.0, lOmM EDTA, 80% v/v glycerol,
0.1% bromophenol blue, 0.1% xylene cyaﬁél) and the gel run
at approximately 14V/cm. The DNA bands were located by
aﬁtoradiography normally after the gel had been dried, or
frozen, however, if the DNA was to be recovered the gel

was autoradiographed through a sheet of saranwrap immed-

iately.

2.2.4.2.2. The Recovery of DNA from Acrylamide Slab Gels.

When the DNA band of interest had been located on
the gel by autoradiography, the band was cut out of the
gel using a sharp razor and the autoradiograph as a
témplate° The excised band was placed in an eppendorf,
mashed with a pipette tip and the DNA eluted with 1
volume of elution buffer (0.5M ammonium acetate pH8.0,

1mM EDTA)at 37°C overnight. After centrifugation at



61

10,000g, room temperature for 10 minutes the supernatant
is isolated and a further % volume of elution buffer added
to the pellet, vortexed and centrifuged as before. The
combined supernatants were centrifuged through a pipette
tip packed with siliconized glass wool and ethanol pre;

cipitated.

2.2.4.2.3. Acrylamide Gels for DNA Sequencing.

DNA sequencing gels were 38 x 18 x 0.035 cm in size
and were made to 6% acrylamide mix (19 parts acrylamide
to 1 bisacrylamide) and 8M urea, using TBE buffer for the
gel and the reservoirs, essentially as given by Davis
(1982). The gels were pre-electrophoresed, prior to
loading, at ~25mA (v1,500v) for at least 30 minutes to
equlibrate . and to warm to ~70°C. Improved regularity
of temperature across the gel and hence reduced "smiling"
was attained by clamping a 3mm thick metal plate to one
side of the gel to act as a heat spreader.

Up to three loadings of the same sample could be
achieved for sufficiently long DNAs using the migration
of the marker dyes to allow an approximately 20 base over-
lap in sequence between loadings. Bromophenol blue migra-
ted with fragments of ~24 bases and xylene cyanol with

fragments of ~100 bases.

2.2.4.3. Gel Drying.

Agarose gels were dried wrapped in cellophane and
acrylamide gels were dried sandwiched between a sheet of
3MM paper and a sheet of polythene. A commercial vacuum

drying apparatus was used (Bio Rad laboratories) and
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normally heat ~60°C was applied.

2.2.4.4. Southern Blotting the Transfer of DNA from Agarose
Gels to Nitrocellulose Paper.

The method used was basically that of Southern
(1975). The DNA in an agarosé gel was made single stranded
by shaking gently in denaturing buffer (1.5M sodium chlor-
ide, 0.5M sodium hydroxide) twice for 15 minutes. The
gel was then.neutralised by gentle shaking in neutralising
buffer (1.5M sodium chloride, 0.5M Tris-HC1l pH7.4) twice
' for 15 minutes. A nitrocellulose filter was prepared by
floating on distilled water until throughly wet, then
soaking in 20 x SSC (20xSSC is 3M sodium chloride, 0.3M
sodium citrate adjusted to pH7.0 with sodium hydroxide.)

At no time were the filters handled except with rubber
gloves and at the edges.

The gel was blotted in the apparatus shown in
Fig. 2. The nitro cellulose filter was laid on the
gel, the position and orientation of the slots marked and
a sheet of 3MM paper was wetted and laid on top, taking
care to avoid "short circuit" liquid paths around the
gel. Capilliary action draws the 20 x SSC buffer up through
the gel and filter into the paper'nappies, transferring
the DNA to the nitrocellulose where it sticks. The appara-
tus was always levelled and great care taken to exclude
any air bubbles to avoid uneven transfer of DNA.

The process was complete after 12-24 hours. The DNA
was fixed to the filter by washing in 6xSSC for 5 minutes,
air drying on a sheet of 3MM paper and baking, sandwiched
between 2 sheets of 3MM paper, at 80°C in a vacuum oven,

for 2 hours. The filter was stored dry until used,
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protected between sheets of 3MM paper.

2.2.5. Transformation of Strains of E.coli.

2.2.5.1. With Plasmids.

E.coli cells were made competent for transforma-
tion with plasmids essehtially by the procedure of Dagert
and Ehrlich (1979). Overnights of the relevant strain
wére grown at 37°C from single coloniegs and were used to
innoculate, at a ratio of 1:50, 100ml aliquots of the rele-
vant broth, normally L broth. These were then grown to

of 0.2 at 37°C on a fast shaker followed by

an OD650
chilling on ice. The cells were harvested by centri-
fugation at 3000g, 4°C for 15 minutes, the supernatant
carefully removed and the cells resuspended in 50ml of ice
cold 100mM calcium chloride, great care was taken to
keep everything at 0°C. After 20 minutés the cells were
then isolated as before and resuspended in lml of 100mM
calcium chloride at 0°C and_stored on ice until use.
Competent cells were kept like this for up to 30 hours
although transformation efficiencies fell appreciably by
that time.

Transformations were effected by adding to 1lOul of a
suitable dilution of DNA in 100mM calcium chloride

, 100ul of competent cell suspension. The mixture
was incubated at 0°C for 10 minutes and at 37°C for 5
minutes, followed by the addition of 1ml of L broth and
incubation with shaking at 37°C for 1 hour. Samples of
this culture, normally 1lOOpl, were then spread on nutrient

agar plates containing the relevant antibiotics and marker

systems, the rest of the culture was stored at 4°C for up
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to 30 hours before being either discarded or spread onto

other plates.

2.2.5.2. Transformation of E.coli Strains with Replicative
Form M13.

Replicative form (ds)Ml3mp9 and its derivatives, may
be treated as a plasmid and is transformed into suitable
strains of E.coli in the same way as for other plasmids
with a few changes in method. Strain JM10l was invariably
used for M13, competent cells were prepared in the usual
manner except that they were grown to an OD660 of 053—0.4
‘and some exponentially growing cells were transferred to a
McCartney bottle containing nutrient broth and grown at
37°C during the experiment.

The transformation was effected by mixing 1lOul of a
suitable concentration of DNA with 100pl of competent
cells at 0°C and leaving for at least 40 minutes. The
mixiwas then heat shocked at 42°C for 2 minutes and the
following were added in rapid succession:

10yl 0.1M IPTG (Isopropyl-g-D-thiogalactopyranoside )

50ul 2%X-Gal (5—Bromo—4—chloro—3—indoyl—B—D-galacto~
pyranoside) in dimethyl formamide

200ul of growing cells and
3ml of liguid soft agar (made with 6gm/1 instead of 15gm/1
of agar) at 42°Cc, after mixing it was poured onto an agar
plate containing 50ug/ml ampicillin, which had been allowed
to warm to room temperature, and incubated at 37°C. Blue

plagues were M13mp9, clear plaques M13mp9 with an insert

in the cloning site.
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2.2.6. The Construction of a Pea Seed cDNA library.

The following protocol was used to produce the cDNA
library and is based on the personal communications I
received from I.M.Evans, R.R.D. Croy, R.Swinhoe, D.Bown,
J.A.Gatehouse and others and Molecular cloning a laboré;ory

manual (Maniatis et.al., 1982).

2.2.6.1. Preparation of poly(A)+RNA.

Poly(A)+RNA was kindly prepared by Mr. R. Swinhoe,
by the method of Hall et.al., (1978), from pea cotyledons isolated
13-17 days after flowering, and was selected for the pre-
sence of polyA tails by passage down an oligo dT-cellulose

column twice (Evans et.al., 1980).

2.2.6.2. Synthesis of Single Strand cDNA.

The protocol was based on that of Wickens et.al.,
(1978). 3.5ug of poly (A) 'mRNA was incubated at 37°C for
30 minutes in 100pl containing 40pl of mix 1 (Table 4).
301 of human placental RNAse inhibitor,0.377ug of oligo

ar ‘and 180u of Avian myeloblastosis wvirus reverse

12-18
transcriptase (AMV).

2.2.6.3. Synthesis of Double Strand cDNA.

After the lst strand incubation the mixture was
heated to 100°C for 3 minutes then cooled rapidly in ice
to denéture the DNA:RNA duplexes. The second strand was
then synthesised by incubation at 37°C for 1 hour by adding
to the sscDNA mix; 90ul mix 2 (see table 4.), 50uCi of
«32pdCcTP previously vacuum dried into the reaction

vessel, 20u of DNA polymerase I large fragment (Klenow
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Table 4 Standard Mixes for c¢DNA Synthesis

Solution Volume ( H1) Fi?al conc?ntrafion
—— in reaction mix

mix 1 _
1M Tris-HC1l pH 8.3 25 50mM
IM DTT 4 8mM
1M Magnesium chloride 4 8mM
1M Potassium chloride 50 100mM
20mM dATP 20 0.8mM
20mM dCTP | ' 20 i 0. 8mM
20mM dGTP 20 0.8mM
20nM dTTP 20 0.8mM
Water 37

200
mix 2
1M HEPES pH 6.9 50 100mM
1M Potassium chloride 100 200mat
20mM dATP 8 0.3mM
20mM dCTP 8 0. 3mM
20mM dGTP | 8 0. 3mM
20m) ATTP '8 0. 3mM
Water 318

S00
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polymerase), water to ZOOgl. The reaction mixture was
phenol extracted and the dscDNA separated from the un-
reacted nucleotides by passage down a l1Oml column of G50
sepharose using 300mM sodium chloride, 50mM Tris-HC1l pH7.5
buffer. Fractions containing cDNA were detected by scin-
tillation counting and were pooled and ethanol precip-
itated with the addition of 20ug of tRNA using ammonium

acetate.

2.2.6.4. Making the Double Strand cDNA Blunt Ended.

The dscDNA was resuspended in 26ul of resuspension
buffer (lmM Tris-HC1l pH7.6, 10mM sodium chloride, 0.05 mM
EDTA) and treated with 1000u of S1 nuclease in 34ul volume
at 37°C for30 minutes and 25 C for 30 minutes with 1Oug
of tRNA and in Sl nuclease buffer (ZOOmM sodium chlor-
ide, 50mM sodium acetate pH4.4, 1lmM zinc sulphate). The
reaction was stopped by the addition of 1.5ul of 100 mM
EbTA. The mix was phenol extracted ethanol precipitated
with.ammonium acetate and the DNA resuspended in 20ul of
PNK buffer (SOmM Tris-HCl pH7.5, 1lOmM magnesium chloride,
10mM DTT) . The'ends of the dscDNA were then "polished"
by the addition of each deoxynucleotide triphosphate to
0.25mM and treatment with 1 uof endonuclease-free DNA

polymerase I at 12.5°C for 30 minutes. The reaction was

stopped by cooling to 0O°C.

2.2.6.5. The Addition of Linkers and Ligation into a
Vector of the dsDNA.

Commercially supplied EcoRI linkers ~1lug were phos-
phorylated in 1Oul and added to the blunt-ended dscDNA

together with 5yl of 2 x PNK buffer ~3.5u of Ty DNA ligase
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and ATP to 1lmM. The mix was incubated at 15°C overnight
in a total volume of ~40ul, a further 1lpl of 100mM ATP
was added and incubation was continued a further 24 hours,
before heating to 80°C for 5 minutes. The mix was then
adjusted to 10mM Tris-HC1l pH7.5, lOmM magnesium chloride
10mM sodium chloride and 5mM DTT in 200ul, 1Ou of restric-
tion endonuclease EcoRI added and the whole incubated for
1 hour at 37° when a further 10u of EcoRI was added.
After a further hour the mix was heated to 80°C for 5
minutes then cooled in ice with the addition of 20ug of
tRNA and 5ul of 10% SDS.

The linkered dscDNA was separated from unligated
linker fragments by passage down a 1lOml column of 6B-CL
sepharose in 10mM Tris-HC1l pH7.6, 300mM sodium chloride,
lmm EDTA buffer. Fractions containing‘dscDNA were detec-
ted by scintillation counting, pooled and ethanol precipi-
tated using ammonium acetate.

A sample of the vector pUC8 was prepared for use by
restriction with excess EcoRI and the enzyme destroyed by

heating the mixture to 75°C for 5 minutes. The efficiency

of restriction was tested for by agarose gel electrophoresis

and by transforming competent cells with the restricted
vector. The quality of the "sticky ends" of the prepared
vector were tested by ligating it to its self followed
by agarose gel electrophoresis and by transforming com-

petent cells.

The amount of dscDNA made could be calculated from
radiolabelled nucleotide in the second strand synthesis
the uptake of A ' and sufficient vector to give

a molecular ratio of cDNA : vector of 1:4 was added to

the dscDNA. This mixture was incubated overnight at 12°C
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in 20pl of ligase buffer (66mM Tris-~HCl pH7.5, lmM EDTA,
10mM magnesium chloride, 1OmM B-mercaptoethanol) con-

taining 1mM ATP and 1lu of T4 DNA ligase.

2.2.6.6. Transforming and Screening.

The ligated dscDNA vector mix was used to transform
competent cells of E.coli strain TBl. Positive colonijes
were detected by their resistance to 50ug/ml of ampicillin
in the agar and by their inability to cleaveX-Gal, which

when cleaved produces a blue dye.

2.2.6.7. Preserving the cDNA Library.

The cDNA library was preserved in two forms
Individual white colonies were picked with sterile wooden
toothpicks and streaked onto identical positions on each
of three sterile gridded nitrocellulose filters, each
laid on a nutrient agar plate (YT agar plus 50ug/ml
ampicillin),and into a uniquely numbered well, in a sterile
microtitre plate, containing 50ul of YT broth plus 50ug/
ml ampiéillin° The first method is essentially that of
Hanahan and Meselson (1980), the second a variation on
normal glycerols. By means of a master numbering system
for the grids and microtitre plates, individual colonys
could be uniquely located.

The streaks were grown at 37 C until well developed
but not spreading over the filters, and overnight for the
plates, and were then preserved: The filters were trans-
ferred to YT agar plates containing 25% v/v glycerol and
50ug/ml ampicillin and after incubation at 37°C for 2

hours were sealed with Nesco film and stored inverted at
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-20°C. The microtitre plates had 50ul of 80% glycerol
added to each well with mixing and after sealing with
Nesco film were stored at -30°C.

Individual colonies of interest were normally picked
from the filters or microtitre plates with sterile tooth—
picks, streaked out on YT agar plates containing 50ug/ml

ampicillin and individually preserved as glycerols.

2.2.6.8. Producing Replica Filters.

Copies of the master filter were produced essen-
tially as described by Maniatis et.al., (1982). A set of
master filters were allowed to warm to room temperature
and a set of nitrocellulose filters were sterilized with
6 pieces of 3MM paper per filter each slightly larger
than the filters. The nitrocellulose filters were lib-
erally wetted before sterilisation and kept sealed and
flat to prevent drying out and buckling. Three pieces of
the sterile 3MM paper were laid on an alcohol sterilised
glass plate in a sterile air cabinet and were wetted
lightly’with.sterile water. A master filter was removed
from its plate and placed colonies up on the 3MM paper, a
sterile nitrocellulose filter was then placed accurately
over the master filter and marked uniquely to allow ind-
ividual colonies to be located, a biro sterilised in alco-
hol was used. A further 3 sheets of sterile 3MM paper
were placed on top and the whoie stack firmly squeezed
under a second alcohol sterilized glass plate. It
was important to apply pressure evenly to obtain an even
transfer of the colonies. The two filters were then

peeled apart, the master filter was transferred to a fresh



72

glycerol agar plate (YT agar, 25% glycerol, 50ug/ml
ampicillin) and grown at 37°C for 1 hour before being re-
frozen. The replica filter was transferred to an agar

plate (YT agar, 50ug/ml ampicillin) and grown at 37°C

until the colonies were visible, then kept at 4°C.

2.2.6.9. Processing Replica Filters for Colony Hybrid-
' ization.

Replica filters were processed by the procedure of
Maniatis et.al., (1982); soaking with 10% SDS for 3 min-
utes followed by denaturing solution (0.5M sodium hydroxide,
1.5m sodium chloride) for 5 minutes, neutralizing buffer
(1.5M sodium chloride, 0.5M Tris-HCl pH7.4) for 5 min-
utes and 2 x SSPE (0.36M sodium chloride, 20mM sodium
dihydrogen phosphate pH7.4, 2mM EDTA) for 5 minutes.

The released plasmid DNA was fixed to the filters by air
drying on 3MM paper followed by baking sandwiched
between sheets of 3MM paper at 80°C for 2 hours in a

vacuum oven. The filters were then stored in the dry until

used.

2.2.7. Hybridisation of Labelled Nucleic Acid Probes to
Filter Bound Nucleic Acids.

This procedure was used to detect nucleic acids,
both DNA and RNA, bound to nitrocellulose filters, such
as lysed colony filters, Soﬁthern blots or Northern blots.
The hybridization and all subsequent washing steps were
carriea out in sealed plastic bags in a shaking water
bath at the relevant temperatures. Normally the hybridi-
zation step was carried out at 42°C.

The filters were wetted thoroughly in 6 x SSC,
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(20 x SSC is 3M sodium chloride 0.3M sodium citrate to

pH7.0 with sodium hydroxide), some colony filters stuck

to their 3MM paper protectors during the baking step and

a few minutes soaking freed them. The colony filters were

transferred to plastic bags and 50ml of prewash solution
(50mM Tris-HCl pH8.0, 1M sodium chloride, 1lmM EDTA, 0.1%

SDS) added, the bags sealed and the whole incubated with
shaking at 42°C for 1-2 hours. This step was unnecessary

for the blots.

The filters were next incubated at 42°C for at least
4-6 hours with shaking in prehybridising solution (50%
deionized formamide, 5 x Denhardts solution, 5 x SSPE,
0.1% SDS, 100ug/ml denatured salmon or herring sperm DNA,
lpg/ml polyA. 50x Denhardts is 1% Ficoll 400, 1% poly-
vinyl-pyvrrolidine, 13 BSA. 20 x SSPE is 3.6Msodium chlor-
ide, 200mM sodium dihyrogen phosphate pH7.7, 20mM EDTA)
using ~20ml for an 82mm filter disc and +40ml for a blot
filter.

The labelled probe was then added in a small volure,
DNA‘probes were first denatured at 100°C for at least 6
minutes, and hybridisation allowed to take place under
the same conditions as prehybridisation according to the
formula;

YZ

e - L iati t.al., 1982
5E% Cotk (Maniatis et.al., )

Cotk is the time in hours for half a dsDNA probe to
rehybridise to itself, X is the weight of probe added in
ug, Y is the complexity of the probe which is normally its
length in kilobase pairs and Z is the volume the hybridi-

zation is carried out in. Hybridization was normally



A G+C ratio of 48% was assumed as it is a typical value for plant
genes and when roughly checked fitted a legumin cDNA and a

vicilin cDNA which had been sequenced in this department.
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carried out for 1-3xCotk.

When the hybridisation step was finished the mix was
poured off, it could be re-used to probe other filters
after denaturing by boiling for 6 minutes but the protein
in the mixture tended to coagulate so this was avoideé
where possible.

During the washing process care was taken to ensure
that the filters never became dry. First the filters were
washed 3 or 4 times for 5 minutes at room temperature in
2 x SSC, 0.1% SDS using ~50ml per 82mm disc and ~10OOml per

blot.

Next the filters were washed to the required

6.7 degrees C
(McConaughty et. al., 196%; Casey and Davidson {977

Tm is the melting point of the duplex and washing was

carried out at Tm-12°C.

Normally filters were washed at higher ionic strengths

rather than lower temperatures as better results were
obtained. The filters were washed for 1 hour twice under
the calculated conditions, then allowed to air dry, before

being mounted on 3MM paper and covered in saranwrap, ready

stringency in the appropriate dilution of SSC plus 0.1% *L
SDS as determined by the following formulae, assuming (G¢+C) /=48,
1) T = 69.3 + 0.41 (G+C)% (Marmur and Doty 1962)
2) The Tm of a mismatched duplex decreases by 1°C for
every increase of 1% in the number of mismatched base
pairs (Bonner et.al., 1973).
3)  (Tm) - (Tm) = 18.5 lo 2
u2 Vs 10 EF
B
Where p; and uy, are the ionic strengthé of two solu-
tions (Dove and Davidson (1962).
4) Each increase of 1% in formamide concentration lowers Tm by
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for autoradiography.

2.2.8. Autoradiography

Autoradiography was used to detect 32p and 3°S
labelled nucleic acids on filters and gels. All manipﬁ—
lations involving undeveloped film were carried out in a
dark~-room using safe-light illumination. The gels to be
autoradiographed were always either dried wrapped in
cellophane or covered with a sheet of safanwrap except
355 sequencing gels which were always dried and exposed with
no wrapping, filters were always covered in saranwrap.
Radiocactive ink was used.to mark slots etc., and uniquely
orientate the autoradiograph.

X-ray film (Fuji RX) was sensitised by exposure to a standardised
low intensity flash of light and laid onto the gel/filter
which was mounted on a glass plate. An intensifying
screen (Dupont Cronex Lighting plus) was laid on top of
the film followed by a second glass plate, and the whole
clamped together with bulldog clips, or elastic bands.

The assémbly was then wrapped in three black plastic dust-
bin liners and left to expose at -80° for up to a month.

The film was developed by washing in fresh Kodak
X-Omat developer at room temperature for 5 minutes, cold
water for 1 minute, Kodak fixer for 5 minutes, at which
point the film could be exposed to light, and cold water

for at least 30 minutes. The films were dried at room

temperature.

2.2.9. Restriction Mapping

Plasmids containing unknown inserts were restriction
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mapped initially by cutting out their insert and accurately
determining its size, and by finding some restriction endo-
nucleases which cut the plasmid only once preferably close
to the cloning site and the insert not at all. The insert
was then mapped in a series of mixed digestions using one
of these enzymes and an enzyme which does not cut the
plasmid. ©Normally only hexanucleotide sequence recognising
enzymes were used and pentanucleotide and tetranucleotide
enzymes were only used for exhaustive mapping or if sites
for them were suspected from other data. The sizes of

all DNA fragments were determined by agarose gel electro-

phoresis.

2.2.10. DNA Sequencing

Two methods of DNA sequencing were employed.

2.2.10.1. The M13 Method

DNA subcloned into the multipurpose cloning site of
M13 mp9 was sequenced by the dideoxy methed using DNA
polymerase I and a commercially supplied 15 base primer
essentially as given in the manual supplied by J.Messing
(University of Minnesota) and B.R.L. Ltd. HPLC grade
water was used throughout. Standard M13 single strand
minipreps (2.5pl) were annealed to 1.5p1 aliquots of
2ng/pyl M13 primer in 1lOul of Amersham buffer (10mM
Tris-HCl pH8.5, 1O0OmM magnesiuﬁ chloride) by heating to
85°C for 5 minutes in a beaker of water and then allowing
the whole apparatus to cool. After 15 minutes any evap-
orated liquid was spun down in a centrifuge, this mix

could be stored frozen.
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The following operations were carried out at 4°C:
four tubes were labelled G, A, T and C and 1.5ul of the
appropriate nucleotide mix added (Table 5). To the
annealed mix was added 1yl (louCi) of 3°S dATP and lul
(4.5u) of DNA polymerase I large fragment (Klenow pol?—
merase), and after gentle mixing 3ul aliquots were dis-
pensed to each labelled tube. After brief centrifuga-
tion incubation was for 35 minutes at 30°C with 1yl of
0.5mM dATP "chase" being added after 20 minutes. The
reactions were stopped by the addition of 1lul of 0.25M
EDTA and freeze drying.

The DNA was resuspended in 6ul of formamide dyes
(80% formamide, 1O0mM sodium hydroxide, 1lmM EDTA, 0.1%
xylene cyanol, 0.1% bromophenol blue), at 90°C for 3

minutes, then loaded 2ul/track onto a sequencing gel.

2.2.10.2. The End Labelling Dideoxy Method

This is based on the methods of Maxam and Gilbert
(1980), Sief et.al., (1980) and Smith (1980) and was
compiled by G.Lycett. A dsDNA fragment is end labelled,
cleaved, the two fragments isolated and in two reactions
per nucleotide treated with DNA polymerase 1 and DNAsel

and the appropriate dideoxynucleotide.

The DNA to be sequenced was restricted at the site
to be end labelled, enzymes giving 5' protruding end;
were preferred. Then after phenol extraction and ethanol
precipitation v1Oug was treated with phosphatase to
remove the 5' terminal phosphate groups, kinase and
2501:Ci of¥32PATP to specifically end label the 5' termini

of the DNA, restricted a second time to produce two
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.E?ble ) §Epleotide Mixes for M13 358 Sequencing Reactions
Mix
Solution
zo-urion T° c® c° A°
O.5mM dTTP ARTRA 20ul 20ul 20ul
0.5mM dCTP 20ul lul 2041 201)
0.5mM dGTP 20ul 2011 1l 20H1
HPLC water 20ul 201l 20u1 1yl
61l 61lul 61ul 61l
Dideoxynucleotide 1.0mM 0.5mM 0. 5mM 0.125mM
61ul 61yl 6lul 61pl

Each mix consists of equal volumes of the appropriate deoxynucleotide mix

and the appropriate dideoxynucleotide mix.

Table 6 Nucleotide Mixes for End Labelled Dideoxy Sequencing Reactions

Mix

BG 1mM ddGTP

BA 1mM ddATP

BT 1mM ddTTP

BC 1mM ddCTP

FG 1mM ddGTP, 0.2mi dATP, O.2mM dTTP, O.2mM dCTP
FA 1mM ddATP, 0,2m) dGTP, 0.2mM dTTP, O.2mH dCTP

FT 1mM ddTTP, 0.2md dGTP, 0.2mM dATP, O,.2mM dCTP

FC 1mM ddCTP, 0O,2mM dGTP, O.2mM dATP, O.2mM 4ATTP
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fragments of unequal size and these fragments separated

‘and isolated from a 4% acrylamide slab gel.

The dideoxy sequencing reactions were set up at
4°C as follows:

The DNA was resuspended in 40ul of Sief buffer
(6.6 mM Tris-HCl pH7.5, 6.6mM magnesium chloride, 2mM
DTT, 2mM spdium chloride) containing 40Ou of DNA poly-
merase I and O.lug of DNAseI. Eight tubes were marked as
follows: BG, BA, BT, BC, FG, FA, FT, FC. The appropriate
nucleotide mix (1.1lul) (Table 6) was dispensed into the
tubes together with 4.5ul of the DNA enzyme mixture.
After gentle mixing the tubes were incubated at 37°C
for 30 minutes then frozen. To each of the backward (B)
mixtures was added lul of 0.1M EDTA pH8.0 and the whole
mixture mixed with the appropriate forward (F) mixture,
the mixtures were then freeze dried. The DNA was re-
suspended in 10ul of formamide dyes per tube (80% forma-
mide, 1OmM sodium hydroxide, lmM EDTA, O.1% xylene cyanol,
0.1% bromophenol blue) by heating at 90°C for 5 minutes.
The entire tube was then placéd in a scihtillétioﬁ vial
and counted for Cherenkov counts, from this approximate
exposure times for the autoradiographs were calculated
according to the formula;

Exposure time = 5 x 10°
: counts per minute.

The DNA 1-2.5ul1 was loaded onto a sequencing gel after
being heated to 90°C for 1 minute and quenched in ice.

Up to 350 bases could be read on each fragment.

2.2.11. Preparation of Nuclease Free BSA

Nuclease free BSA was prepared according to the
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method of Gonzales et.al., (1977) in which nuclease
activity was destroyed by the action of acetic anhydride
and the nuclease free BSA purified by dialysis'against
double distilled and deionised water and isolated by

freeze drying.

2.2.12. Subcloning into and Determining the Orientation
of Inserts in M13

Normally inserts from pUC8 type plasmids were sub-
cloned into M13 mp9 by taking a mixture of the plasmid
and the double stranded form of M13mp9 restricting with
the enéyme whose site the insert was cloned into, phenol
extracting, ethanol precipitating and ligating the mix-
ture. After transformation the clear plagques could be
roughly selected as large inserts give small plaques.
M13mp9 also selectively clones smaller:DNA fragments.

The orientation of the insert in an M13 subclone
could be determined absolutely by preparing the double

stranded form and restricting it with the appropriate

enzyme, or relativly by the °C test® (Maniatis et. al. 1982). The
°C test® is based on the effect whereby recombiGant phages

with their inserts in opposite orientations will hybridize
via their inserts and the figure of eight structure re-
sulting runs more slowly on an agarose gel than the un-

hybridized forms.

Good single strand M13 minipreps are selected by running them
on an agarose gel containing no ethidium bromide, staining the
gel for approximatly 1 hour in normal running buffer containing
itos/ml of ethidium bromide and visualising under UV light. Good
minipreps give only one band which should run siower than single
strand Mi3. The rate of migration is relativiy insensitive to
insert size but size differences of (208bp can be detected.
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Good minipreporations werehannealed together by
mixing equal amounts of DNA and incubating at 65°C for
To th'rusea( CIIJO\/Q

1 hour prior to running on a similar gelhagainst single

preparations as a control.

2.2.13. Oligo Deoxynucleotide Cellulose Columns

The protocol used was based on that kindly supplied
by Mr. R. Swinhoe (Dept. of Botany, University of Durham).
all glassware was siliconized and heat sterilized at
170°C overnight, the plastic tubing was flushed out
with sterile buffer and the buffers degassed. For DNA
samples of up to 200ug of linearized and tailed pBR322
a column of 50mg of the appropriate oligo deoxynucleotide
cellulose in a 1 ml syringe was used. The apparatus was’
set up as shown in Fig.3 using short runs of small bore
tubing. The column was packed and equilibrated in salt
buffer (400mM sodium chloride, lOmM Tris-HCl pH7.4., 1lmM
EDTA, 0.1% SDS) at ~7.5ml/hour. When using a new batch
of cellulose the column was next .equlibrated in no
salt buffer ( 1O0mM Tris-HC1 pH7.4, lmM EDTA, O.1% SDS)
then re-egulibrated in salt buffer. The column was then
recenerated by pumping for 20 minutes successively with
sterile water, no salt buffer and salt buffer. When
the output from the detector had stabilised the DNA was

loaded in salt buffer and the column run until the out-

line. The buffer was then changed to no salt buffer and
as soon as the detector output fell the collection vessel
was changed. When the detector output had returned to

+
its baseline collection was stopped and the eluted 4N
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DNA ethanol precipitated. The column was then regenerated
as before then pumped with azide buffer {(20mM scdium azide,

10mM Tris—HCl pH7.4, 1lmM EDTA, 0.1% SDS) and stored

sealed at 4°C.

2.2.14. Sephadex G50 and Similar Column Chromatography

Column chromotography with Sephadex G50 and similar
substances such as Sepharose CL-4B, fractionates DNA
roughly by size, such that the smaller the molecules the
slower they pass through the column. Normally the columns
were run in sterile 1lOml plastic pipettes with a plug of
siliconized glass wool at the bottom using véml of
Sephadex. The columns weré prepared by slurrying Sephadex
in excess elution buffer (150mM sodium chloride, 50mM
Tris-HC1 pH7.5, lomM EDTA, 0.1% SDS), and heating this
mix to 65°C for 2 hours, this was then stored at 4° ¢
until used. The column was settled and run using elution
buffer. The DNA was loaded on by allowing the column to
run nearly dry then adding the DNA with a small volume of
elution buffer. The progress of the DNA through the column
could be followed by a Geiger counter for 32p labelled
DNA and fractions of ~iml were collected. Labelled DNA
was detected by scintillation counting and is elufed in
the first peak. The second peak contains unreacted

nucleotides or linker fragments etc.
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CHAPTER 3
RESULTS

3.1. Preparation of the cDNA Library.

3.1.1. Production of Single-stranded Complementary DNA

Single-stranded complementary DNA (sscDNA) was made
according to established protocols: The RNA template was
prepared from developing pea cotyledons at the mid-
development stage (13-17 days after fertilization).

Total RNA was prepared from the cotyledons by the method
of Hall et.al., (1978) and was then fractionated by
chromotography on an oligo(dT)- cellulose column; the
retained fraction was re-chromatographed to give the final
poly(A)+RNA preparation. Examination of this fraction

by glyoxalation and electrophoresis on agaroseée gels showed
that it was highly enriched in mRNA; less than 10% ribo-
somal RNA contamination was apparent (R.Swinhoe personal
cqmmunication)°

The poly(A)+RNA was incubated with avian myeloblas-
tosis virus (AMV) reverse transcriptase in a reaction in-
cluding'oligé(dT)lz_l8 as a primer, and human placental
ribonuclease inhibitor (RNAsein) to minimise degradation of
the template during the reaction. The resulting sscDNA
was analysed by agarose gel electrophoresis sometimes
after glyoxalation; the cDNA was visualised either by
ethidium bromide staining, or, if the sscDNA was made
radioactive by incorporation of labelled nucleotide, by
autoradiography of a dried gel ( Figure 4) . The size
distribution 6f the sscDNA reflected that of the mRNA
template, and showed the presence of several bands, indica-

ting cDNA species of approximately 3100, 1800, 1500, 1000
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and 650 bases in length; These bands were considered to
be full length transcripts of the major mRNA species
present in the original poly(A)+RNA.

This pattern was not gualitatively changed by the
addition of scdium pyrophosphate to the sscDNa reactioh
mixture (Murray et.al.,1983). This inhibits the produc-
tion of overlength sscDNA, which is thought to arise from
the formation of a "hairpin loop" at the 3'end of the
sscDNA followed by the AMV copying back down the sscDNA
to produce an inverted repeat.

Attempts to produce sscDNA primed by fragments of
plasﬁids carrying single stranded "tails" of 4T residues
on their 3'-end(s) (Okayama and Berg 1981) were essentially
unsuccessful as it was not found possible to successfully
or consistently produce these dT-tailed fragments. (See
Section 3.7, Terminal deoxynucleotidyl transferase).

made wilh PACTP os o label
In a typical preparation of sscDNAithe yield estima-

ted from the trichloroacetic acid precipitable radioactivity

is 60-70% of the poly(A) RNA used.

3.1.2. Production of Double-stranded Complementary DNA

Double-stranded complementary DNA (dscDNA) was made
by a number of different pfotocols (Figure 5). The
established hairpin loop method uses the Klenow fragment of
DNA polymerase I (Klenow polymerase) on sscDNA which has
been heated to denature the DNA—RNA duplex. This method
relies on the formation of a hairpin loop at the 3'-end
of the sscDNA which acts as a primer for the synthesis of
the second strand. This loop was later removed by treat-

ment with S1 nuclease. This was the method chosen for the
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production of the cDNA iiﬁrary.

Using a 32p labelled deoxynucleotide in the second
strand synthesis with cold sscDNA, the yield estimated
from the trichloracetic acid precipitable radicactivity
was ~80% from sscDNA and v50% from poly(A)+RNA. The band
pattern observable with dscDNA on an agarose gel was much
more ill defined than for sscDNA (Fig.6). The size dis-
tribution ranged from 3000 base pairs downwards.

The other dscDNA methods tried (Murray et.al., 1983;
Land et.al., 1981; Okayaﬁa and Berg, 1981) use a primer to
initiate synthesis of the second strand. This is annealed
to a tail of deoxynucleotides on the sscDNA, which is
added using terminal deoxynucleotidyl transferase (See
section 3.7). The RNA is cleaved off with sodium hydroxide
before the annealing step or using the Ckayama and Berg
method, during the synthesis using RNAse H. AMV reverse
transcriptase is used to synthesise the second strand
except in the Okayama and Berg method where a mixture of
endonucleaseffree DNA polymerasel, E.coli ligase and RNAse
H is used.

Good results were obtained using either dG or dC
tailed sscDNA and an oligo-deoxynucleotide orimerl2-18
bases long (Fig.7). However, tailed plasmid fragments
were very inefficient as primers with very little incor-
poration of radiolabelled deoxynucleotide when using a
dC-tailed plasmid fragment and dG-tailed sscDNA, as shown
by autoradiography (Fig.8) and by virtually no trichloro-
acetic acid-precipitable radioactivity, using a method
based on that of Okayama and Berg (1981).

As a consequence of this and of the problems with
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terminal deoxynucleotidyl transferase (Section 3.7) the

"hairpin loop" method was adopted as method of choice.

3.1.3. <cDNA Cloning

cDNA cloning was attempted by various methods, namely
those of Land et.al., (1981), Okayama and Berg (1981),
Murray et.al., 1983) and the use of synthetic linkers
(M.Evans, personal communication).

The method of choice was removal of the dscDNA's
hairpin loop with S1 nuclease and treatment with DNA
polymerase I to make the ends blunt. Synthetic EcoRI
linkers were ligated onto the dscDNA and after cleaving
with EcoRI restriction endonuclease) it was ligated into
the EcoRI site of plasmid pUC8. Upon transformation of

ification minus

E.coli strain TB1 (Which is a restriction/mod
loning with puC8.)

derivative of JM83 made especially for cDiMA ¢
wilh half the resulting mixture, a total of 686 positive

transformants were picked out starting from 3.48ug of
poly(A)+RNA. This is an overall efficiency of 3.6 x 102
transformants/ug of poly(A)+RNA° The efficiencies of
ligation and transformation are summarised in Table 8.
Another method'which was investigated was that of
annealing homopolymexr tailed dscDNA into a complementarily
failed linear plasmid; a model system was tried using plas-
mid pRB322. pBR322 was restricted at the Pstl site,
tailed with dG and passed down an oligo(dC)~-cellulose
column to select for those molecules with a viable dG tail
at, at least,one end. A second porticn of pBR322 was dcC
tailed and passed down an oligo(dG)—cellulose column to again
select tailed molecules. The dC-tailed linear plasmids

will anneal to the dG-tailed linear plasmids to form
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Table 8 Transformation efficiencies of the DNAs in the cloning of
the cDNA library

Transformation efficiency

DNA
—_— Transformants per ug of pUC8
5
pUC8 5.7 x 10
. 2
pUC8 cut with EcoRI 3.9 x 10
4
pUC8 cut then ligated 2.2 x 10
4
pUC8 cDNA ligation 7.0 x 10 of which ™ 3}% were
white colonies
Table 9 Transformation efficiencies of DNAs in the homopolymer tail

annealing model system of cDNA cloning

DNA Transformation efficiency
Transformants per ug of pBR322
6
pBR322 4 x 10
. + : - 3
poly(G)  Pstl cut pBR322 <5 x 10
+ 3
poly(C) Pstl cut pBR322 v5,5 x 10
Annealed mix V2 x 104 1
Annealed mix ampicillin sensitivé. VT ox 103 3

1 These efficiencies were calculated on the basis of the amount of

+
poly(C) PstI. cut - pBR322 so as to compare directly with other figures.
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circular structures containing two complete plasmids
linked by the annealed homopolymer tails i.e. dimer-

plasmids. These were used to transform E.coli strain
918 and transformants selected for resistance to tetracycline. A
second screen was carred out to find those colonies sensitive to
ampicillin. The results are summarised in Table 9.

A random selection of six ampicillin sensitive
colonies were minipreped. Restriction analysis of these
plasmids showed them to be idential with similarly res-
tricted pBR322 but the unrestricted plasmids were clearly
different to unrestricted pBR322 by agarose gel. electro-
phoresis. As predicted the Pst I sites, where tested
for, were present.

A significant amount of pBR322-sized plasmid could
be seen in each dimer miniprep: presumably these arise
when a recombination event occurs between the two homo-
polymer stretches in the dimer plasmid to produce  two
plasmids which will be pBR322 with short homopolymer
inserts in their Pst I site. As the inserts are small

they will appear to be the same size as pBR322 but
as the colonies are ampicillin sensitive the hemopolymer insert

must have caused a frame shift error in the ampicillin resistance

gene. A/#;O w h re (OMA;r\o. [y I n7[ iﬁ‘f.( 7‘5/06 ma Occur
less often 4n a cDNA clone, it rules this method out.

Interestingly no dimers when restricted with EcoRI gave
fragments of two differing sizes suggesting, only pBR322
dimers with their origins of replication in the same

orientation are viable.

The third method tried was that of Okayama and Berg
(1981) and variations upon it; This involved priming the
syﬁthesis of one or both of the cDNA strandé with fragments
of plasmids bearing the appropriate homopolymer tails and
circularising the hybrid plasmid by a ligation prccedure.

The unmodified Okayama and Berg method proved unsuccessful
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due to inability to tail the first strand-primer plasmid frag-
ment with 4T. However, two variations were tried.

In one, the second strand synthesis was primed with
Pst I-cut, dC-tailed, oligo(dG) -cellulose retained pBR322,
the sscDNA having been dG-tailed and the mRNA hydrolyséd
away with sodium hydroxide. The resulting plasmids were
treated with mung bean nuc lease to produce blunt ends,
then T4 ligase was used to circularise them. Transformation
of E.coli strain 910 with the resulting mix gave no posi-
tive colonies. (Table 10). 1In the other modification,
second strand synthesis was primed with an oligo(dC)-cellulose
retained dG-tailed fragment of pBR322. The Okayama and
Berg conditions and mix of DNA polymerase I, E.coli ligase
and RNAse H were used for second strand synthesis. The
resulting DNA had EcoRI linkers ligated onto it, the
linkers were cleaved and the plasmid cifcularised. Trans-
ermation of E.coli strain 910 with this mix gave no

positive colonies (Table 11).

3.1.4. Transformations

Transformations were carried out using the established

calcium chioride method. Plasmid pUC8 has had E.coli strainsJM83

and TBi tailored for it, TB1 was chosen as it is )
restriction/modification minus. Phage M13 mp? has had E.coli
strains JM1B81 and JM1B3 tailored for it, JMiB1 was chosen as it

gave consistent

results when transformed with-the replicative form (double
stranded) of Mlep9 (J.Gatehouse, personal communication) .
- For pBR322-like plasmids which do not use the lac system,
a range of E.coli host strains are available, from which

six were chosen and tested for transforming efficiency and
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‘Table 10 Transformation efficiencies of DNAs in the cloning by tailed
plasmid-primed second synthesis scheme

DNA Transformation efficiency
Transformants per ug of vector

pBR 322 .4 x 105
3
Pst I cut pBR 322 treated with n3.8 x 10 of which
mung bean nuclease and ligated 1.3 x 103 were ampicillin
sensitive
A 2
chiA ligation mix n1.2 x 107 of which none were

ampicillin sensitive

Table 11 Transformation efficiencies of DNAs in the cloning by
Okayama and Berg-like conditions scheme

DNA Transformation efficiency
Transformants per ug of vector

5
pBR 322 6.5 x 10

1l
cDNA mix < 1x 10
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consistency. (Table 12). The two strains often recommended
in the literature HB1Ol and DH1l gave good transformation
efficiencies and consistency, but were slightly inferior
to strain 910 which was the strain of choice. Strain JM83
gave low transformation efficiencies, strain GL8O gave-poor
reproducibility and was difficult to resuspend after

centrifugation; strain RR28 gave erratic results.

3.1.5. Selecting, Preserving and Replicating the cDNA Library

The cDNA library was produced by ligating dscDNA into
plasmid pUC8 and transforming E.coli strain TBl. E.coli
strain TBl1 has a disabled B—galactosidasé gene which is
complemented by the lac gene in pUC8 to produce a functional
enzyme, which is able to cleave X-gal to produce a blue
dye. The insertion of a fragment of DNA into the cloning
site of pUC8 disrupts the translation df the lac gene,
which contains the cloning site, and hence transformed
colonies with an insert will produce no functional B-galacto-
sidase and will be white. Plasmid pUC8 also contains an
ampicillin resistance gene and so transformed bacteria are
seleétea for by including ampicillin in the growth medium.

Positive transformants i.e. white or pale blue
colonies were picked with sterile toothpicks and streaked
in a grid pattern onto agar plates containing both X—gall
and ampicillin. 768 colonies were picked, of which all
grew, and 146 were obviously blue; some of the them were
mixed i.e. partly white, partly blue or pale blue.

The library was picked for a second time onto sterile
gridded nitrocellulose filters laid on top of agar contain-

ing ampicillin and X-gal, and into microtitre plates, each
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Transformation efficiencies of various E. coli strains with

plasmid pBR 322

E. coli strain

Transformation efficiency colonies per ug- pBR 322

— Best Worst Average Consistency
3 3

JMB3 4,0 x 10 1.1 x 10 2.5 x 10 Good
.5 5

HB10Ol 4,1 x 10 1.1 x 10 2.7 x 10 Good
5 4 4

GL80O 1.9 x 10 2.8 x 10 6 x 10 Poor
6 ) .

DH1 1.1 x 10 1 x 10 6.9 x 10 Fair
6 6 .

910 5 x 10 3 x 10 2 x 10 Fair
6 4 5

RR28 2 x 10 5.5 x 10 7.1 x 10 Poor
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well containing 50ug/ml of ampicillin and carefully num-
bered, so as to be able to find any colony on a plate from
its position on a filter. The white, pale blue and white
parts of mixed colonies were selected, this left 686
colonies.

The library was preserved by growing up the plates
and adding 50u1 of 80% glycerol to each well of the
microtitre plates, mixing and storing sealed at -30°Cc, and
by growing up the filters and then tfansferring them onto
agar plates containing ampicillin and 25% glycerol, and
storing them sealed at -20°C.

The library was replicated by picking individual

colonies with sterile toothpicks from the microtitre plate

wells or the entire plate with a specially made tool allowing 48
samples to be taken simul tanecusiy.

The library was also replicated by making copies of
the master nitrocellulose filter, as detailed in the
methods, on a second nitrocellulose filter. This method
produced replicas of the master filters which could be
used for colony hybridization. After regenerating the
master filters further sets of copies could be made up to
approximately 5 copies, before the transfer process became
patchy and significant numbers of colonies were not

present on the replica filters.

3.2. Colony Hybridisation

Sets of replica filters when lysed with SDS and alkali,
neutralised and "fixed" can be hybridisation-probed with
single-stranded or denatured double-stranded DNA or RNA
(Grunstein and Wallis, 1979). The conditions of lysis

convert the plasmid DNA in the cells to the single stranded
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form and when the filter is dried the DNA binds effectively
irreversibly to it. Complementary ssDNA in solution can
then bind to the fixed DNA by conventional base pairing,
the IﬁﬂAEP the homology i.e. the more correct base pairs
the stronger the binding. Using radiolabélled probes-
under conditions where binding is favoured and then
washing the filters under condiﬁions of temperature and
ionic strength chosen to reflect a certain degree of
homology, those colonies with cDNAs sufficiently homologous
to the probe DNA will bind it and will show up as dark
spots when the filter is autoradiographed. The results

of all the colony-hybridisation screens are collected in

table 38

3.2.1., Probing with mRNA

Poly(A)+RNA isolated from 14 day old cotyledons of

Pisum sativum L., the approximately same stage of develop-

ment as the RNA used to produce the bank, was radio-
labelled and used to probe a set ofvreplica colony fil-
ters. The filters were washed in 1 x SsC, 0.1% SDS at 68°C
which represents approximately 94% homology. The results
listed in Table 13 show that 52% of the iibrary contains
cDNA inserts of sufficient length and are copies of mes-
sages sufficiently common to be detected under these con-
ditions. The remainder represents cDNAs of rare messages,

short cDNAs, delections or non—-cDNA inserts.
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Table 13 Results of probing the cDNA library with mRNA at v 94%
homology

Positive colonies:-

Intensity Number Percentage of the library

Strong 55 8.0%
Medium 45 6.6%

Weak 144 21.0%

Very Weak 112 16.3%

Total . 356 52%

Table 14 Results of probing the cDNA library with pAD 4,4 (pDUBG),

a main legumin cDNA at +v94% homology

Positive colonies:-

mRNA probe
Intensity Number Percentage of library S M w VW 0
Strong I7 | 2.5% 3 6 5 1 2
Medium I 2.0% 2 2 9 1 0
Weak 28 4.1% 1 3 >14 9 1
Very Weak 0 0% o o0 O 0O O
Total 59 961 6 11 28 11 3

These tables should be read as followss

intensity: Intensity of the sional on the autoradiocgraph for a
given colony when probed with the probe named in the title at the

stringency given.

Number : The total number of colonies showing a signal of this
strenath.

Percentage of library: The total number of colonies showing 2
signal of this strength given as a percentage of the total number
of colonies in the library.

mRNA probe: Cross index to the resulits of the colony screen wi th
mRNA. The numbers represent the total number of colionies shewing
the given strengths of signal with the given probe and with mRINA .
S= strong. M= medium. W= weall. U= very weak. 0= no detectable

signal.
(Dubious = doubtful signals, these are not included into the

totals.) s

AR
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3.2.2. Probing with DNAs Coding for Main Legumin

The library was intially probed with the insert of
plasmid pAD4.4 (pDUB 6) (Delauney,1984) which is a cDNA
coding for main legumin of 1105 base pairs in length and
covering the 3'-end of the message. The filters were
washed in 1 x SSC, 0.1%SDSs at 68°C, which represents
approximately 94% homology. The results are listed in Table 1f. .
" The cDN& library was later probed with two genomic clones of

main legumin genes. These two experiments were carried out
successively on the same set of replica filters so as to be able
to directly compare the two sets of results. The filters used
were slightly patchy and some colonies were missing. The library
was probed at high stringency with the legumin C genomic clone as
it was suspected at the time that this gene was pot transcribed
at this stage of development and that it was significantly
different to legumin gene A which was Known to be transcribed at
this stage of development. Thus if this were true then {few or no
colonies should hybridise to the legumin C probe at high
stringency. The low stringency probe with legumin gene A was to
provide a control to compare the legumin C results to and to ¢ind
any cclonies bearing cDNAs for the 3°end of the legumin mRNA or

showing weak homology to legumin mRENA .
The filters were first probed with the radiolabelled

HindIII fragment of pAS2 (pDUB26) (Lycett et.al., 1985)
which comprises the legumin C gene from just after the
start of transcription'to well beyond the end of it. The
filters were washed in 0.} x SSC, 0.1% SDS 65°C which
represents approximately 99% homology. After autoradiog-
raphy the filters were probed with the HihdIII to BamHI
fragment of pDUB21 (Lycett et.al., 1985) which comprises
the legumin A gene from just after the start of trans-
cription to well beyond the end of it. Approximately ten
times the amount of radioactivity was used compared to
the legumin C probe. The filters were washed in 1 x SSC,
0.1% SDS at 55°C which represents approximately 81%
homology. The results are summarised in Table 15.

one legumin C positive was not a legumin A posi-

tive, this was pLG2, 147 which was a legumin C very weak,
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Table 15 Results of Q?obing a set of filters sequentially with
legumin C at high stringency and legumin A at low
stringency

Intensity Probe

Legumin C Legumin A

Strong 2 10

Medium 7 11

Weak 18 21

Very Weak 14 3

(Dubious) (2) 4)

Total 41 45

Table 16

For information on individual
appendix.

colonies see the data tab

le in the

Results of probing the cDNA library with a DNA coding for

the (big) legumin J gene at

~ 91% homology [ pJC 5-2 1

Positive colonies:- mRNA probe
Intensity Number Percentage of library S M \il vw 0
Strong 15 2.2% 7 - 3 3 2 1
Medium 4 0.6% 1 0 1 1 1
Weak 7 1.0% 1 1 3 2 o0
Very weak 2 0.3% o 1 1 0O O
(Dubious) (6) (0.9%) (2) (1) (2) () (1)
Total .28 4.1% 11 6 10 6 3

See legend on page i61.
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also pLG3, 114 which was a legumin C dubious is not a
legumin A positive. These probably represent errors in
reading the legumin C autoradiograph.

Seven legumin A positives were not legumin C posi-
tives they were pLG 1,67, pLGl,68, pLG 1,149, pLG3,15§
and pLG 3,177 which were legumin A weak and plG 4,7 and
pLG 4,70 which were legumin A very weak. A further six
legumin C positives showed large increases in intensity
when probed with legumin A. They were pLG 2,133, pLG 3,20,
pLG 3,186 and pLG 4,11 which were legumin C weak and
legumin A strong and pLG 3,163 and pLG 3,165 which were

legumin C very weak and legumin A medium.

3.2.3. Prcbing with DNA Coding for Big Legumin

The insert of plasmid pJC5-2 is a subclone of the
genomic clone AJC5 (N.Ellis, personal communication) .

It consists of the 1.9kb EcoRI fragment of AJC5 and
represents part of the legumin J gene, one of the big
legumin genes.

A set of replica filters were probed with this
insert and washed in 1 x SSC, 0.1% SDS at 65°C which
represents approximately 91% homology. The results are
summarised in Table 16. Some degree of overlap with the
main legumin positives is seen but only pLG 3,161 gives
convincing results for both. colony pLG 2,75 whichis a
strong positive with this probe was also a strong positive

for the insert of pAD 3,4 (pDUB7) which is a cDNA of 47k

vicilin messenger RNA.
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3.2.4. Probing with DNAs Coding for Vicilin

Three types of vicilin polypeptides of initial
molecular weight around 50,000 are known to occur in large
amounts in pea, differing by minor differences in size
and in susceptibility to post-translation cleavages
(Lycett et.al., 1983; Delauney 1984). There is also a
related protein of higher molecular weight'w7l,OOO, called

convicilin.

3.2.4.1. Probing with DNA Coding for the Mrv47k type B
Vicilin

The insert of plasmid pAD3.4 (pDUB7) (Delauney;l984)
is a cDNA of a message coding for the 47k type B vicilin°
It is ~1100bp in length and lacks only the last 300-400
bp from the 3'-end. A set of filters was probed with
this insert and washed in 1 x SSC, 0.1% SDS at 68°C which
represents approximately 94% homology. The results are
summarised in Table 17. The same set of filters was then
re-probed with the same probe and washed in 1 x SSC,

0.1% SDS at 55°C, representing approximately 81% homology.
The results are summarised in Table 18. The same set of
filters was then re-probed with the same probe and
washed in 1 x SSC, 0.1% SDS at 48°C representing approx-
~imately 74% homology. The results are summarised in Table
19. However, under these washing conditions the back-
ground on the autoradiograph was sufficiently high to

obscure some of the weaker signals and little further

information was obtained.

3.2.4.2. Probing with DNA Coding for the Mrv50k type C
Vicilin : <
The insert of plasmid pAD2,1 (pDUBY) (Delauney,1984)
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Table 17 Results of probing the c¢DNA library with a EENA coding gpr
: type B vicilin at 94% homology [ 47k vicilin; pAD3.4
(pDUB7) 1
Positive colonies: - mRNA probe
Intensity Number Percentage of library S M w vw 0
Strong 12 1.8% 9 1 2 0O O
Medium 13 1.9% 6 2 4 1 o0
Weak 13 1.9% 1 3 7 1 2
Very Weak 1- 0.1% 1 0 © 0O O
Tétal 39 5.7% 17 6 13 2 2
Table 18 Results of probing the cDNA library with a cDNA coding for

type B vicilin at n 81% homology [47k vicilin; pAD3.4

(pDUB7)]

Positive colonies: -

Also present at

Not present at

Percentage

mRNA probe

Intensity 94% homology 94% homology Total of library S M W VW __O
Strong 27 0 27 3.9% 16 3 8 0 O
Medium 12 3 15 2.2% 3 3 4 2 3
Weak 1 21 22 3.2% 9 16 4 3 O
Very Weak 0 9 9 1.3% O 1 4 0 5
Total 40 37 73  10.6% 28 23 20 5 &

See legend on page 101.
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Results of probing the cDNA library with a cDNA coding for

type B vicilin at A74% homology ([47k vicilin; pAD3.4

(pDUB7) 3

Positive colonies: - .

Intensity Number Percentage of library
Strong 36 5.2%

Medium 8 1.2%

Weak 17 . 2.5%

Very Weak 3 0.4%
(Dubious) (19) (2.8%)

Total 64 (83) 9.3% (12.1%)
Table 20 Results of probing the cDNA library with a cDNA coding for

Positive colonies:-

type C vicilin at ~94% homology [50k vicilin; pAD2.1

(pDUB9) ]

mRNA probe

Intensity Number Per?entage of s MW VW o
library

Strong 22 3.2% 11 2 5 4 1

Medium 15 2.2% 9 3 3 0o O

Weak 8 1.2% 3 0 1 1 3

Very Weak 12 1.7% 2 11 3 2 a4

Total 57 8.3% _ 25 6 12 7 8

See legend on page 181,
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is a cDNA of a message coding for the Mr50k type C
vicilin. It is ~1500bp long and is very nearly a complete
copy of the message. A set of filters was probed with
this insert and washed in 1 x SSC, 0.1% SDS at 68°C which
represents approximately 94% homology. The results afé
summarised in Table 20.

Eighteen of these positives were not positives in
the type B vicilin screens. The same set of filters was
re-probed with the same probe and washed in 1 x SSC, 0.1%

SDS at 55°C representing approximately 81% homology. The

results are summarised in Table 21.

The same set of filters wasS re-probed with the same probe
and washed in 3 x SSC, 0.1% SDS at 55°C which represents

approximately 72% homology. The results are summarised in

Table 22.

Of the positives detected 3 weak, 4 very weak and

1 dubious were good positives for other probes and hence

were probably spurious.

3.2.4.3. Probing with DNA Coding for the Mr~50k Type A
Vicilin.

The insert of plasmid pRC 2,2,1 (pDUB2) (Croy et.al.,
1982; Lycett et.al., 1983) is a cDNA of a message coding
for the Mr50k type A vicilin It is ~900bp in length and
stretches from the 3'-end to just into the o-subunit, i.e.
it lacks v600bp from the 5'-end. A set of filters was
probed with this insert and washed in 1 x SSC, 0.1% SDS at

68°C, representing approximately 94% homology. The results
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Table 21 Results of probing the cDNA library with a cDNA coding for
type C vicilin at N 81% homology [ 50k vicilin, pAD2.1
(pDUBS)

Positive colonies:

Intensit Also present at Not present at Total Percentage mRNA probe
y 94% homology 94% homology of library S M W W (

Strong 27 0 ’ 27 3.9% 14 4 5 3 .
Medium 13 0 13 1.9% 8 1 3 1
Weak 6 4 10 1.5% 1 1 1 2 -
Very Weak 6 . 20 26 3.8% 6 3 17 5
Total 52 24 76 11.1% 29 9 16 11 i
Table 22 Results of probing the cDNA library with a ¢DNA coding for

type C vicilin at "72% homology L 50k vicilin; pAD2.1

(pDUBY) J

Positive colonies:-

Intensity PgEZQEEZiy dZ:Ziied Total §;r§i2;:§§ poggiive 2§§i
Strong 23 0 23 3.4% 22 1
Medium 16 0 16 2.3% 16 0
Weak 11 2 13 1.9% é 4
Very Weak 18 20 38 5.5% 26 12
(Dubious) (9 (24) (33) (5.0%) (20) (13)
Total . 68(77) 22(46) 90(123) 13,1%(18.1%) 73(93) 17(30)

See legend on page 161.
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are summarised in Table 23. Of the positives detected

thirteen were not detected with the other two vicilin

probes.

3.2.5. Probing with the Insert of Plasmid pRC2,2,26

The insert of plasmid pRC2,2,26 is a cDNA of about
240bp and was cloned into the BamHI site of plasmid pBR322.
It is known to select,in hybrid release translation, for a
message producing a water soluble (albumin) protein of
Mrv25,000 (R.R.D.Croy and J.A.Gatehouse, personal communi-
cation). This message was known to be reasonably abundant
and to code for neither legumin nor vicilin. It was sus-
. pected that it could code for one of the major albumins
Mrv25,000 and ~24,000 or the seed lectin Mrn23,000 before
post-translational cleavage.

A set of filters was probed with this insert and
washed in 1 x SSC, 0.1% SDS at 68°C, representing approx-
imately 94% homology. The results are summarised in Table
24. Nine colonies constituting ~1.3% of the library were

convincingly positive, all of which except two were also

mRNA positive.

3.2.6. Probing with DNA Coding for the Seed Lectin of
Phaseolus vulgaris.

The insert of plasmid pPwL 134 is a cDNA of the

message coding for the seed lectin of Phaseolus vulgaris
which is know to have antigenic and seguence similarities
to the pea seed lectin (Hoffman et.al., 1982). The insert
is ~960bp long and contains the entire coding sequence

from just 5' of the start codon to the poly A tail. A set
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Results of probing the cDNA library with a cDNA coding for

type A vicilin at 94% homology [ 50k vicilin; pRC 2,2,1

(pDUB2) 1

Positive colonies:-

mRNA.probe
S M W VW 0

5 3 2 1 O
10 2 3 1 1
.3 4 6 2 1
0 1 0 o 1

(0) (0) (0) (0) (2)

18 10 11 4 3

mRNA

probe intensity

weak
Zero
weak
very weak
zZero
very weak
weak
weak

weak

Intensity Number Percentage of library
Strong 11 1.6%
Medium 17 2,5%
Weak 16 2.3%
Very Weak 2 0.3%
(Dubious) (2 (0.3%)
Total 46 6.7%
Table 24 Results of probing the cDNA library_Eﬁfp the insert of the
plasmid pRC 2,2,26

Colony pRC 2,2,26
pLG number probe intensity

1.139 strong

2.56 weak

2,73 weak

2,107 medium

3.86 medium

3.129 strong

4,10 strong

4,14 strong

4,71 strong:

(4.81 dubious

See legend on page

iei.

very weak)
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of filters was probed with this insert and washed in 3 x
sSsC, 0.1% SDS at 65.5°C, which represents approximately
82% homology. No strong signals were seen on the auto-
radiograph and the background was fairly high, however
two possible positives were detected; pLG 2,47 which is

a mRNA weak positive and pLG3,127 which is a mRNA medium
positive. The filters were then re-probed with the same
probe and washed in 3 x SSC, 0.1%8Ds at 55°C which repre-
sents approximately 729 homology. No positive signals
were detected by autoradiography, each colony showing

roughly uniform background labelling.

3.2.7. Probing with cDNA Enriched in Sequences Coding for
the Pea Seed Major Albumins

Single-stranded, labelled cDNA made from mRNA en-
riched in sequences coding for pea seed major albumins was
prepared by Mr. R. A. Ragab. The enriched RNA was pre-
pared by immunoprecipitating polysomes from developing
pea cotyledons with antibodies raised against pea seed
major albumins, extracting the RNA and passing it down an
' oligo(dT)-cellulose column and, collectihg the retained
poly(A)+ fraction. Due to the very limited amount and low
activity of the probe only one of the four filters in the
set (Number 4) was probed. The filter was washed in 1 X
ssC, 0.1% SDS at 65 C which represents approximately
91% homology. The results, which were obscured by a
significant background on the autoradiograph, are summar-
ised in Table 25. The eight reasonably certain positives,
i.e. 2 medium and 6 weak which were not positives for

other probes, represent v1.2% of the library.



113

Table 25 Results of probing the cDNA library with cDNA enriched in
sequences coding for the pea seed major albumins
Colony albumins mRNA Other
pLG number probe intensity probe intensity probes

4.4 weak zZero -
4,7 weak very weak -
4.9 weak zZero -
(4.11 dubious weak legumin)
4,18 weak zero -
(4.25 dubious weak - )
(4.28 dubious very weak legumin)
(4.30 dubious weak possible vicilin)®
4.44 weak Zero possible legumin
4,45 weak Zero possible vicilin
(4.47 dubious very weak - )
‘4.52 weak weak -
4,61 weak zZero legumin
(4.74 dubious weak vicilin)
(4.83 dubious zZero - )
4,91 weak weak possible vicilin
4,92 medium weak -
(4.96 dubious strong vicilin)
(4.104 dubious very weak _ - )
(4,111 dubious weak possible big legumin )
4,115 weak very weak -
(4.127 dubious weak legumin)
(4.131 dubious strong legumin)
(4.132 dubious medium - )
4,135 medium medium -
(4.137 dubious mediun possible vicilin)

2 medium and 6 weak positive

probes.

colonies which were not positives for other
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3.3. TInvestigation of Colonies of Interest

3.3.1. Some Randomly Selected Colonies

A random selection of 11 white and 1 blue colonies
were minipreped. Their inserts were sized by restric-
tion with EcoRI to cut out the insert and agarose gel
electrophoresis and by restriction with BamHI to linearise
the molecule and agaroée gel electrophoresis. The second
gel was blotted as in the Southern Technique (Southern
,blotted) and the filter probed with radio labelled mRNA
and washed in 1 x SSC, 0.1% SDS at 68°C, which represents
approximately 94% homology. The results are summarised in

Table 26. The average insert size was "“590bp.

3.3.2. Some mRNA Positive Colonies

A selection of mRNA positive colonies were mini-
preped together with one blue colony. ﬁTheir inserts were
sized by restriction with EcoRI which cuts out the in-
serts, and agarose gel electrophoresis. The results are

summarised in Table 27.

3.3.3. Some Main Legqumin Positive Colonies

Of the colonies minipreped three had been shown to
be main legumin positivés in colony hybridization screens
with the insert of plasmid pAD4,4 (pDUB6) as a probe. Two
were restriction-mapped and their maps compared with that
of the legumin A gene and the insert of pAD4,4 in Fig.9.

The colony hybridisation screen with the genomic
clones of legumin C and legumin A found three colonies
which were positive for these genomic clones but not for

the insert of pAD4,4 (pDUB6), and were suspected to represent



Table 26

Colony
pLG number

1.2

1.18
1.19

1.20

1.4 1

3 A blue i.e.

Insert sizes and results of mRNA probing a Southern blot

at ~94% homology of some randomly selected colonies

Insert size
base pairs

300
540
450
1180
690
450
960
440
600
580

330

insertless colony

mRNA colony
hybridisation probe

very weak
Zero
zero
medium
very weak
very weak
étrong
Zero
weak
Zero

weak

zero

mRNA probe of
Southern blot

weak
Zero
zero
strong
very weak
weak
strong

zero

zZerxro

medium

zero
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Table 27 Insert sizes of a selection of mRNA positive colonies
Colony Insert size mRNA colony
pLG number base pairs hybridisation probe
1.9 1050 | weak
1,11 1180 : medium
1.16 960 strong
1.18 600 weak
1.20 330 ' weak
1.40 470 medium
1.46 600 ) medium
1.60 840 medium
1.63 1530 strong
1.72 710 medium
1,87 1090 . medium
1.4 % 0 zero

=Y A blue i.e., insertless colony

Insert sizes and some colony screen results of possible

Table 28
cDNAs for the 5'-end of main legumin
Colony Insert size Colony screen results
pLG number base pairs pAD4,4 (pDUB6) Legumin C Legumin A mRNA
2.116 390 zero ~ weak medium medium
4,11 230 zZero weak strong weak
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parts of the message not present in pAD4,4 (pDUB6), i.e.
the 5'-end of the message. Two of them were minipreped
and their inserts sized by restriction with EcoRI and
agarose gel electrophoresis. The results are summar-
ised in Table 28. The insert sizes were consistent with
the known length of pAD4,4(pDUB6) and hence with being

cDNAs of the 5' end of the main legumin message.

3.3.4. Some Type B Vicilin Positive Colonies

Of the colonies minipreped, two had been shown to
be type B vicilin positive in colony hybridisation screens
using the insert of plasmid pAD3,4 (pDUB7) as a probe.

They were restriction-mapped and their maps compared, in
Fig.l0, with those of: 1) pAD3, 4 (pDUB7) and pRC2,2,10
(pDUB4) , a combination of which represents all but 10Obp
of the type B vicilin message; 2) pAD2,1(pDUB9) , which
represents nearly a complete type C vicilin message and
3) pRC2,2,1(pDUB2) which represents v900bp of the Type A
vicilin message, with ~600bp of the 5'-end of the message

missing.

3.3.5. Plasmid pRC2,2,26 and some pRC2,2,26 Positive Colonies

3.3.5.1. Plasmid pRC2,2,26

Plasmid pRC2,2,26 (R.R.D. Croy, personal communi-
cation) consists of a short cDNA insert, cloned into the
BamHI insert of plasmid pBR322, which in hybrid-release
translation experiments selecﬁs a message coding for a
protein of molecular weight ~25,000, which is reasonably
abundant. It was thought to code for one of the majoxr
albumins Mr 25,000 and 24,000 or the seed lectin which may

have this Mr before post-translational cleavage. A full
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scale preparation of pRC2,2,26 was performed and the insert
fﬂri‘ial(g
was extensively restriction-mapped (Fig.11l), andaDNA

sequenced (Fig.12) by the end-labelling dideoxy method.

3.3.5.2. Some pRC2,2,26 Positive Colonies

Minipreparations were made of a selection of those
colonies which hybridized to the insert of plasmid pRC
2,2,26 in a colony hybridisation screen. Their inserts
were sized by restriction with EcoRI and agarose gel
electrophoresis, (Table 29) and extensive restriction-
mapping carried out on two clones with large inserts
pLGZ,73l insert size 800bp, and pRC2,2,26 and mRNA weak)
. and pLG 4,lO[ insert size 860bp, pRC2,2,26 strong and
mRNA weak) (Fig.13). A Southern blot of the insert sizin

a Phaseolus vulzaris leclin

gel was probed with the insert of plasmid pPvL 134Aat 37°C cDNA
(instead of 42°C) and washed in 3 x SsC, 0.1% SDS at 60°C
which represents approximately 77% homology. A Southern
blot of a gel of various restrictions of the two clones
with large inserts (pLG2,73 and pLG4,10) and pRC2,2,26
was probed with the insert of pRC2,2,26 and washed in
1 x 8sC, 0.1% SDS at 68°C, which represents approximately
943 homology. These results are ;ummarised in Table 29.
Plasmid pLG 2,73 and pLG 4,10 were subcloned into M13mp9

and sequenced by the dideoxy method (Fig.1l4)

3.3.6. Some Phaseolus vulgaris Seed Lectin cDNA Positive

Colonies.
The two colonies pLG 2,47 and pLG 3,127, that may
have been positives in the colony hybridisation screen
with the insert of plasmid pPVL 134, which is a cDNA of

the message coding for Phaseolus vulgaris seed lectin,
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!

YR
LA

T CTTAACSACEATLUTTT LT TCAREETEARETLAATGAAAL

ATGSCTTCTCTT CAsATEAAN TEATETLET

3 ¥ 3 B 3 . 3 ’ v »

CTTCCTTLTTEATCALCARGTTCAGCCOLRACCAREAARATCTAATCTTECAAGG LA T CRCTATACCACASACARAECTEACACTRACCAAG0AGT

APARARCACT ST TR ABAGCCCTCTATT LT CACCTATCCATAT L THOCAT AGA BARACAGECAACETT BCTRATT TTET TTEACTITTONE
ATRART B AT AT A TTA AR TTECCAACE0GTTTACS TTCTTRATCOCACL TOTAGATACTARECLOCABACTRG LRG0T OBATATCTLRGAGTTT

TCAATAGT G AGAGTAT RATAACCAC T ARACTOTTECT O TBEASTTT GAACTTTLTATAATEC TOCAT GAGAT CLAAGLAACASABATAGACATAT
GHATULARBCARCABAGATAGACATAT

TO0AAT CATOT G A TATCAAT LG TrAAT AL TAAGT TR B TTO AT GG T CASGAGEC TAATGTT BTOATASCTTTTRATGLTGLTALT
TGS&QTC&QTGWErnCAG'"VAhATCCGThAQIéCTﬂALTUGTB‘““GTTB GAATROTSAAGASGCTASTOTTOTGATASCTTT TRATEETECTACT

AATBTGTTAACTATTAGT T T oL AT CETAAT T CAL TTRAG SRAGAGAAT O TAAC TAGTTATAC T CTTAGCGACGTT ST GTCTTI GFASRTBTTRTIC

BATHTGTTAACTETTASTTTBACCTATCCT

TR T BTG AT T G TTTCTCAGCTACCACAGGABIABAATAT BLAG CACATBRAGTTCTTTCATBGTCTTTTCATTETGAGTTBAGTBERACTTE
7z ' 26 insert . . . . . . .
BT TEABnAGETHA AT OCATAGTTTTT oL TTT T CATCAT CATGATRTCAAGTCAT BTETRACAGATCOASTTT CTATAAATRAACTGOBEAT

ATGCABTACTTTTGTAATGTTOTTATATATOTTACTTCATACETTTATTAAAAMAAAARMAAMA 744

s L . s o b

Fig.l1l2. The DNA Sequence of the Insert of Plasmid pRC2,2,26
Compared with that of Pea Lectin Message

The pea lectin sequence (Higgins et.al., 1982) runs
from the start codon to the poly A tail, and is the upper

sequence.

o
=
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Table 29 Insert sizes and results of various hybridisation screens of
some plasmid pRC 2,2,26 positive colonies

Colony pRC 2,2,26 Insert size mRNA PRC 2,2,26% pPVL134**

pLG number colony screen base pairs colony screen Southern Southern
blot blot
1.139 strong 420 weak . - Zero
2,56 weak 210 Zero - zero
2,73 weak 800 weak Zero zero
2,107 medium 210 very weak - very weak
3.85 medium 290 zZero - very weak
4,10 strong 850 weak. strong weak
4,14 strong 210 weak - zZero
4,71 strong 290 weak - very weak
(4.88 dubious 300 very weak - zero)
plasmid pRC2,2,26 - 240 - strong weak

* Washed in 1 xSS8C, 0.1% SDS at 68°C representing "Vv94% homology
+% Washed in 3 xSSC, 0.1% SDS at 60°C representing “77% homology

- Not done.

Iin each case the probe used was the cDNA insert of the given
plasmid.
Table 30 Insert sizes and the results of various screenings for the
pPVL134 positive colonies

pLG 2.47 pLG 3.127
pPLV134 colony screen weak : weak
mRNA colony screen ' weak medium
Insert size base pairs 300 and 500 550
pPVL134 Southern blot™ very weak very weak
pRC2,2,26 Southern blot *% Zero -

*  Washed to ~77% homology. *%*  washed to Vv94% homology.

blot hybridisation intensities were relative to the size markers.

- Not done.
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ATGRCTTCTCTT LAt LR TRATCTCETTOTALEEGATATTTCTATCEA TOTCTTAALSACASTCCTTTTLTTCARGOTRAACTEMCTIAALEA 1

IR o 34

CTTCCTTCTTBATCAD ARG TT CARCCOCOALEARCARRALETAATCTTLCH ARARATEGCTATACCALANAARABAASLTCACACTEACCAAGRCADT 22
. . . . { end of plG4.18 insert . . .
A A TALTETTGoCARAATCCTCTATTCCTCACCTATCLATAT CTGGBATAGAGAACAGECARCOTT GETRATTT TGTRACTICCTTCACTTTIGIC  Za%

ATAAATSCACCOAATAGTTACARCGTT GLEBACELGTT TACBTTCTTCATCRCACCTOTABATACTAABCCACABACCOGOBETECATATCTCRAGTTT 43¢

& s . 5 2 x . = s )

TCAATAGCRCAGAGTAT GATAAAACCACTCARACTOTTRCTTES STTTRACACTTTCTATAATGLTRLATOGIATCOAAGCAACABAGATACACATAT  Sev

B

TORAATCGATGOTRAACABTATE AT GTAMACACTAGTCOTOORAGTTBCARATSETRAAGAGBLTAATATTOTCATAGCTTTTAATECTEETALT 634

FQTGTGTF{—‘ACTGTTQGTTTC:L\ﬂCTQ?ECTQATTCQCTT%iBGAﬁEﬁGﬁATGT?éC'e':’-‘:ﬁTTQTéC?CﬁéGC&*CGT?GTGTDTTT&%EERTGTTGTTC 743

AT SCTAAGCATT B TTTCTCAGC TAC CACAGBAECACAATATECAGCACATEAAGTTCTTTCATGRTETTT TCATTCTEAGTTGAGTERAACTTC 890
CETAAGGATTOGTTTCTCABCTACCACAGBAGTAGRATATBCAGCACATEAAGTTCTTTCATEGTCTTTT CATTCTGAGTTBABTERAACTTC plid,

EAGTTCTAAGCAABCTERABATBCATAGTTTTITGETT TEATCATOATRCATETCAAGTCATGTGTOACAGATCCAGTTTCTATAAATARALTECECAT 3
AGTTCTAAGCAS L TECAGATGCATAGTTTTTTGLTTTTCATCATCATRCATRTLARGTEATOTBTS CAGATCCASTITCTATARATAASCTGUGCAT plid

ATOCAGTACTTTTGTANTATTGTTATSTATSTTACTTCATECETTTATTAAAARAMAN RN 944
ATGCAGTACTTTTBTEATGTTGTTATGTATGTTACTICATS ETTTATTAATCAATETETOTBATTAATTETTAAAAMAMAARAAMEEAATTC  plis.

CATCTICCTCTCTTTCCCATCTCTCACGTCCAGGTTBAACTTECTTTTOTTCCTTATTTTCACSTTGATATT 122

L
=
G
Doyt
n;"‘\
&
|
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£
£
=
=~
e
]
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£
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'
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]

BATACTTOTOGTTCTLTTCTGCATCTTCOTTTTCACGTT G ATATCTATATTTCTSCTICTCTTCTTCATETTCTTGUTTTTCATACGRACBGTECECATT 28

CTCCOTRGCETTTTTLCTCTT TTCACCTCTTO60EACCTCTTTETCTTTCGTOCATCTCCTTCATCTCTTCTTTTCGTAGEAGBTLTTCATTT 273

Fig;i4. DNA Sequences of Two Plasmid pRC2,2,26 Positives
Compared with that of Pea Lectin Message

The sequence of pea lectin message (Higgins et.al., 1982)
runs from the start codon to the poly A tail, and is the
upper seguence.

The insert of pLG 2,73 runs on to +800
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were minipreped and the inserts sized by restriction and
égarose gel electrophoresis. A Southefn blot of these
plasmids was probed with the insert of plasmid pPVL134
and washed in 3 x SSC, 0.1% SDS at 60°C which represents
approximately 77% homology, and one of pLG2,47 was probed
with the insert of pRC2,2,26 (See section 3.3.5) and
washed in 1 x SSC, 0.1% SDS at 68°C, which represents
approximately 94% homology. These results are summarised
in Table 30. Some rough restriction-mapping was carried
out : Plasmid pLG2,47 has in its inserts: 1 Hpal site,

. 2 EcCORV sites approximately 270bp apart and 1 PstI site
approximately 470bp from the Pstl site in the multipurpose

cloning site of pUC8. It has no sites for BamHI, Clal or

Poull in its insert. Restriction with Pvull gave ohly two
fragments and as Pvull cuts pUC8 twice either side of the cloning
site this confirms that pLG2,47 has two inserts.

Plasmid pLG3,127 has no Hpal site. Thus neither inserts

restriction map fits that of pea lectin.

3.3.7. Some Major Albumins Positive Colonies

Minipreparations were made of a selection of those
colonies which hybridised to the cDNA enriched with sequ-
ences coding for the major albumins (Section 3.2.7.).
Their inserts were sized by restriction with endonucl eases
and agarose gel electrophoresis (Table 31). No strong
correlation was seen between insert size and strength of
hybridisation signa} with the major albumins probe.

R.A. Rag;é:?nvestigated some of these further and
showed by hybrid-release translation that the larger of

the inserts of pLG 4,135 selects a message for a protein

of Mr ~25,000, the same size as the pea seed large major
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Table 31 Insert sizes and the results of various screenings for the
major albumins positive colonies

Colony Major albumins Insert size mRNA Other
pLG colony screen base pairs colony screen colony screens
number '
4.7 weak 410 and 230 very weak weak legumin
4.9 weak 870 Zero -
4.44 weak 580 Zero -
4,45 weak 720 zZero possible vicilin
.4.52 weak 580 weak -
4,61 weak | 640 medium legumin positive
4,92 medium 1070 weak -
4,115 weak <200 % very weak -
4,135 medium 840 and 330 medium -

1 i.e. no insert visible on the gel
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albumin. This protein was further shown to react with anti-
bodies raised against the pea seed major albumins. The
large insert of plasmid pLG 4,135 did not cross hybridise
with the other possible albumin positives, but it was used
to select two colonies from another cDNA library.

The large insert of pLG 4,135 was restriction-
mapped (Fig.15) and DNA sequenced (Fig.16). This restric-
tion-map was found to be similar to but not identical to
the maps of the two albumin poéitive colonies it has

selected from the other cDNA library.

3.3.8 Plasmid pJC5-2, pJC5-2 Positive Colonies, and
(big) Legumin Genes J and K

©3.3.8.1. Plasmid pJC5-2 and (big) Legumin Genes J and K

Plasmid pJC5-2 is a subclone of the 1.9kb EcoRI frag-
ment of genomic clone AJC5 (W.Ellis =, personal communication)
in the EcoRI site of plasmid pUC9. Plasmid pUCI is
essentially identical to plasmid pUC8 but with the
multipurpose cloning site in the opposite orientation.

This 1.9kb fragment was shown to hybridise to a cDNA
(pCD40; Domoney and Casey, 1984) of a message coding for

a Mr ~65,000 legumin-related protein, i.e. big legumin,

and the gene, of which this fragment was part of, was
called legumin J. A second EcoRI fragment of 3.5 kb, which
did not border the 1.9kb fragment also hybridized with

the big legumin cDNA probe and was similarly subcloned in
pUCY9 as plasmid pJdC5-11. This gene was named legumin K
(Fig.17).

The insert of pJC5-2 (legumin J) was extensively
restriction-mapped. The insert of pJC5-11 (legumin K) and

part of the legumin J gene not on pJC5-2 were also mapped
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in less detail by myself, D. Bown, I.M. Evans and M.
Levasseur (Fig.18). The two maps are similar, but not

identical.

3.3.8.2. Plasmid pLG 3,121 a pJC5~2 Big Legumin Positive
Colony

A miniprep of plasmid pLG 3,121, which hybridised
strongly to the insert.of plasmid pJC5-2 and to mRNA in
colony hybridisation screens, was prepared. Its insert
was sized and restriction-mapped,its map was found to be
essentially similar to that of legumin J, taking into
account the intervening sequences and different to those
of legumin K and pCD40, which were similar to each other

(Fig.18).

3.4. Cross Hybridisation of Main and Big Legumin DNAs

A Southern blot of an agarose gel of EcoRI digests
of some main legumin positi&e colonies, i.e. the isolated
inserts of these positive coionies, was probed with the
legumin J gene (a big legumin gene) probe, the insert of
plasmid pJdC5-2 (Section 3.2.3). The filter was washed
in 1 x 8SC, 0.1% at 65°C, which represents approximately

91% homology. No cross hybridisation could be seen.

(Fig.19).

3.5. Sizing the Message Corresponding to the cDNA Inserts
of Plasmids -

Northern blots of agarose gels of the relevant mRNA
can be probed with a cDNA and from the hybridisation pattern
the size of the mRNA from which the cDNA was made can be

estimated from various standard size markexrs.



133

*sated

h

A ‘venes = 0 ‘1Iyds g ‘r1esy
9 ‘TIPUTH = IIOUTH = d ‘ITed =

it

X ‘ngodod
H ‘Iyood

99! wmom 95 cTeqx
‘qudy = M ‘IIIS®H

aseq uT °91eos

¥ ‘I3asd d
g ‘Inf¥ = V¢

Il

:oJe So3TS obearoTd awAzua UOCTIDTIAIFSSI JI0OF sToquis

‘M uT ¢OT pue [ utwnbay ut buol sated oseq 86 ST TSAI ‘yy Ut Tg pue L utwundoT UT

buot sated aseq €T ST (SAI) souenbos Burtusaisjul YN@o utunbel bTq ® ST

oyaod pruseTd

Ovaod pTwseld pue ) pue [ Sauad utwnboag

JO os0U3 U3zTm paxedwo) dATITSOd utunbeg bTd g-6ord prwseld ® 3O el uoT3oTX3sod QT bT4a

"auab  uwnbay 8yy yliim eAuspl

‘(UoledUNWWo) jeuos Jad)asnoysienr  Bupduesnbas jo fusix3itT =
"X JOA'Yd'MQ'g Jo says ou |z)'g01d : ol
3 vV 3
(£861) Aase)
pue Asuowoq (0%Q)d TT 11 _/: 1 _ _
Hdg H D\m/.\ X Y d N
H mx d
ZSAL ISAI
I-s3rd 4
3uab L
3 uwnba Gvyvy 8 d X v 3
d
£ = — = UOl}R|SUBRY)| < = S
= \ -G Ord =, m
m W ZSAL ISAL |
b | 0007 | o005l C o0 Mm 05 _“ 0
. _ 1 T IT T 11 I [T USRI T N
ruwnbsT 5 v oodn mzéz%é v Ay v 3A X n






135

3.5.1. Estimating the Size of the mRNA Corresponding to
the Insert of Plasmid pLG 4,92

Plasmid pLG 4,92 was a plausible major albumin positive
(Sections 3.3.7 and 3.2.7), a sample of which was nick-
translated and used to probe aNorthernblot of an agarose
gel of pea cotyledon polysomal RNA from various stages of
development (Fig.20). The size markers were run on the
same gel, but instead of being blotted were ethidium
bromide stained and photographed in the conventional manner.
The filter was washed in 0.1 x SSC x 0.1% SDS at 50°C,
which represents approximately 842 homology. The results

are summarised in Table 32.

3.5.2. Estimating the Size of the mRNA Corresponding to
the Insert of Plasmid pRC 2,2,26 (lectin)

A sample of plasmid pRC 2,2,26 (Sections 3.2.5 and
3.3.5) was nick-translated and used to probe a No;thern
blot of an agarose gel af pea cotyledon RNA from various
stages of development, and isolated by different methods.
(Fig.21) . The size markers were run on the same gel, but
instead of being blotted were ethidium bromide stained and
photographed in the conventional manner. The filter was
washed in 0.1 x SSC, 0.1% sDS at 50°C, which represents

approximately 84% homology. The results are summarised in

Table 33.

3.6. Ligation of DNA

In a series of experiments test ligations were carried
out on plasmid pBR322 restricted with endonuclease Pvull,
which produces blunt ends. It was found that the con-

ditions suggested by Maniatis et.al., (1982) gave good
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Table 32 Results of probing a Northern blot of pea cotyledon RNA
isolated at varilous stages of development, with plasmid pLG 4,92
at v 84% homology

Stage of development Intensity of hybridisation with
when RNA isolated bands of
days aft flowerin
(days atter ring) ~1300 n 2250 n2750
bases bases bases
10 medium Zero Zero
12 medium Zero zZero
14 very weak . medium zZero
16 Zero medium -
18 Zero medium strong
20 zZero medium strong
22% dubious medium strong

1 Also V1700 weak and A1450 very weak
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Table 33 Results of probing a Northern blot of various pea cotyledon
RNAs with plasmid pRC 2,2,26 at n84% homology

Intensit
Pea cotyledon Size of band - . prensity
RNA {bases) of
Hybridisation
poly(A)—'L RNA mid-development ~ 1000 medium
+
HAP poly(A) RNA mid-development ¥ n 1000 medium
poly(A)- RNA mid-development - zero
18 day RNA - Zero
20 day RNA ) - zZero

.l HAP poly(A)+ RNA is prepared by the alternate method of Hall et.al.,(1978)

Poly(a)— RNA is the RNA which is not retained by an oligo(dm
cellulose column and hence carries no poly(A) tail. It mainly
consists of ribosomal RNA, transfer RNA and degraded messenger

RiNA
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results and were adopted as the method of choice.

3.7. Terminal Deoxynucleotidyl Transferase Tailing
Reactions

Calf thymus terminal deoxynucleotidyl transferase was
used to add homdpolymer tails to the 3'-ends of single-

and double-stranded DNA.

3.7.1. Terminal Transferase Commercial Assay.

Terminal transferase was assayed according to the
protocol supplied by BRL (Bethesda Research Laboratores)

" on their data sheet. The substrate was a sample of phage
NM258 restricted with endonuclease HaeIII and purified by
multiple phenol extractions and ethanol precipitation using
HPLC-purity grade water throughout.

Following the protocol for tailing with dG residues,
results essentially identical with those given in the data
sheet could be obtained, but not reproducibly. The best
assay gave tails of 197, 217 and 233 base after 3Q, 60
and 120 minutes compared with 118, 113 and 110 bases
claimed in the data sheet for the same conditions. Using
an identical protocol with dCTP instead of 4GTP very rapid
initial uptakesof radioiabel after 2 minutes were followed
by apparent loss of the tail, i.e. essentially no uptake

of radioactivity after 5-10 minutes and subsequently.

3.7.2. Terminal Transferase a Functional Assay

A functional assay of TAT was devised : Plasmid pBR322
was cut at its PstI site to leave exposed 3'-ends, the

best substrate for TAT, and purified carefully by phenol
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extractions and ethanol precipitation using HPLC water
“throughout.

Samples of PstI cut pBR322 were tailed with dC and
dG (Section 3.7.4), and were purified by passing down the
appropriate oligo(deoxnucteotidyl)-cellulose column
(Section 3.8). The DNA retained by the column wés iden-
tical to the original substrate when examined by agarose
gel electrophoresis and in each case the overall yield
was approximately 12%.

The results of the assay are contained in section 3.1.3
and in particular Table 9, which shows the results of
annealing the tailed plasmids and transforming competent
bacteria. The resulting transformation rate of dimers of
7 x 103/ug of vector compares badly with that of
Land et.al., (1981) of 8 x 10°/ug of vector . However the
oligo(deoxynucleotidyl) ~cellulose column result would
suggest only 12% of the DNA had functional tails at both
ends. Thus the transformation rate is 4 x 10°/ug vector

for molecules with viable tails at both ends.

3.7.3. Tailing Single-stranded cDNA

sscDNA/mRNA hybrid duplexes and sscDNA from which
RNA had been cleaved were tailed with both dC and dG
residues under the same conditions found best for tailing
plasmid DNA (Section 3.7.4). Typical results were the
addition of approximately 1 base per 3'-end of DNA. Best
results were 1.5 and 3 for dG and dC bases respectively.
Despite the disappointingly low tailing efficiency, viable

tails were produced as shown by the results in Section 3.1.2.
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3.7.4. Tailing Plasmid and other Double Stranded DNA

In a series of experiments it was determined that the
maximum incorporation of radiolabel into dsDNA substrates,
using either dGTP or dCTP, occurred after approximately 2%
minutes in the presence of 60pg/ul of nuclease free bo&ine

serum albumin (BSA).

3.8. Oligo(deoxynucleotidyl)-Cellulose Columns

In a series of experiments it was found to be

. possible to separate microgram quantities of tailed and
4untailed DNA using the appropriate oligo (deoxynucleotidyl) -
cellulose. The retained "tail positive" fraction was
"eluted in a sufficiently small volume to be readily
ethanol-precipitated, though 1Oug tRNA was added as a
‘matter of course. The progress of the polumn was monitored
- by the absorption of UV light, at 254 hm wavelength, of
theealuate(Fig.ZZ) and was sensitive enough to detect

sub-microgram quantities of DNA.

3.9. A Restriction Map of Plasmid pUCS8

Plasmid pUC8 (Viera and Messing, 1982) is a purpose-
built cloning plasmid and was the cloning vector of choice,
however no detailed restriction map of pUC8 was available.
From the details of construction'of plasmid pUC8 the DNA
sequence was assembled and eﬁmustively searched for the
presence of sites for most common restriction endonucleases

as well as some less common ones. Figure 23, Figure 24,

Table 34.
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gHC3

CEATSTAACTTALTLS TGCACCCAACTEATCTTCAGCATLTTTTACTTTLACCAGLOTTTCTRGET CAGCAAAPATATEAAGELAMATOCIG MY 183
‘fawI . . M""II- . Hf}‘I . Hth. . . .
GOAATAAG AR ACACO A TRTTRATACTERTALTETTCCTT TT TEAATATTAT TTREAGCATTTATCAGECTTATTGTETCATOACIRGATACATA 299

. . . “HLT . . . . .

TTTGAATGTATTTAG %TQ-A"“” SGOGTTLCOLGCACATTTCLLEARPAGTORCACCTGACETTAAGAAACTATTATTATCATRATATTAS 389

. . . . . . D Ddel . . .
L TATARSAATABGCBTAT A GASBCCLTTTCRT CTT CARBANGCTRCCTLGCOCOTTTCOBT CAT BACEET BAAARCCTETERCACATECAGCTC 435
: . . ML _ CHA HAE , _

GABACEITCACAGCTTRTCT STARG GoAT BLC0AGAGCARACAABCCCTCAGDECGCET CAGCGAGT GTTGRC6GSTETCOCEECOCAECCATEALEL 529

. FokD . . . . . . .
P05$'b‘e delelion RSO.I
AGTCACSTABCEATAGCECAGT BTACTECTTAACTATGIGRCATCARAD "GHTTG!:—:E.C#GQ TSCATCATATGIGOTAGAMTACCGTACAGATOE 498
. . RSD.I . . . . DdeT . NdeI . . .
Nakf T
GTAAGGECARAATACCEE "TCACBCGFCA’TCCCVA TCAGGCTACALAAC TOTTGoGARREECOATCORTGCGGECCTCTTORCTATTCAGLCAGETSG 789
v B Haejﬁ v BBLI. 1 . . P.'“’ajz N Pvuﬂ '

Clon:ng site

D AAGGE0GEAT T A0 T B AAG LA TTRAGTT O ATHACBLCAGGATT T TCLTABT CACGACOTTBTAMRACERIGECIABTSLC AAGCTTOG TC@XJ 394
i JIIL tT

Hiac L/ Fok T . . BsTNI . . . Hind

AccT/Sall  Aval[/Smal

A RnAT O e T T s TAAT AT ST ATAGCTOTTTCL TS TG T AR TTOTTATLCOCTLACAATTCCACACAACATACCAGCCEEARGTAT 783

LAY

Taqf BomHI Ecoftl

-—ﬂ‘F»Al‘\ ¢

ARAGT GTAMAGC T ORG6T OO TAAT BAG T BAGETARLTCACATTAATTCGTTEEBCTCACTCCOOCTTCCAGTUOGEARATTTGTCETOCCASCTOD 1849

——t——
, BSTNI , . . . . . . . Pl
- Mbo T
TTAAT"‘CQTLL,EL CAACGTACO066AGSGCEETTTOLETATTGRG0RET CTTCCOCTTCCTCROTCACTRALTCOCTHCRCTCEETCOTTCO6ETOG 1198
me . . Haeﬂ . . H:nfl 2 e N
BLGAGCGATATOARCTLACT LARAGGLEETAATACEETTATLCA CA_E}%_WAGEFEQTF#-}ESEAG%%@G%Q&#TGT&%”‘ AGSCCAGCA "‘-SGE 228
. . . . Hisf I . . . . .

PEGAACTETARAAGECTGCG ToCTGGCGTTTTTCCATABGCTCCCCLECCTGALGABCAT CATAARARTLIALGLTCAAGTCABABETEGUARAACE 1369
BSTNI . v » = » ' * ‘ﬂ:q, s s s

CEACAGEACTATAARGATALCAGS CETT TCCCCLT6RAGT TCOCTCETOOGETCTCCTRTTCLAACCCTROCGETTACCSRATACCTOTCOGECTTILT 1488
. BsTNT . BstNI . . . . . .

CCCTTEGaGAAbCeT GaCGCT T CTCANTOCTCACGETOTAGGTATCICAGTTCRETCTAGGTCOTTCRCTCNA AGCTOSOCTRTGTECACGRACELTCC 1508
. Haeﬂ . s D&I . » » o . E

BT AR C AT BET RS CTTATLCORTEACTATCOTCTTEAGT COARCLTOETAR BACACBACTTATLECCACTOGCAGCAGCOACTERTARDAGY 1490

Hlﬁ{l M z ® B - g .

Fig.24. DNA Sequence and Restriction Endonuclease Recognition
Sites of Plasmid pUCS

The DNAa scaquence of pUCS was compiled from the details of its
construction and tested by some restriction mapping. No exaustive
restriction mapping or DN& sequencing was carried out.



TTCTTGAGTSETORCCT A TACBOLTADAC TAGAABEACATTATT TOETATCTECE0TC AL

BB C A TT AT TT LA aaRAGTT STAGC TL T TR TCCOGOARACAARC AL BT TORTACBTBOTTTTTTTBTTTGLARGTAGLACATTACE

A GOAT T LA A CAT L TT T BAT T TTCTACGR66T CTRACGTTEACT SRR AR TR TTAGEBATTTTGGTCATEAGAT
T Ddet

AT LTI T A AT TAAAAAT GRAG T TTTARAT AT CTARARETATATAT BRGTARALTTSOTCTGACAGTTACLAATS

CTTAATCAGT GAGECACCTATCTIAGLBATCTGTCTATTTCOTTEATCOATAGTTGCD TEACTCCCCATORTOTAGATAACTACCATACEEEAGEECTIA
. . Ddel , . FokI, THefL . . .
CCATCTGoCCCCAGT BT oA ATALLBLBAGACCCACGCTCACCEGCT CCAGATTTATCARE CEATAAACTASCCASCCO AAGHECCRAGCETACAA
. . . . Nf"I . . . . 33(1 . .
BTGRTCCTOAACTTTATCLECCT CLATCLAGTCTAT TTAATTETTACC500AAGLTAGAGTAAGTASTTCOLCAGTTAATAGTTTGCOCAACETTETTEL
AVO.I[ . FOk.I " . . o ° . .

CATTGETACAECATCETGRTBTCACGCTCOTCTTTAGTATAGCTTCATTCAGCTCE BT TCLCAACBATCAAGECBABTTACATGATCLCCEATGTTS

s ' . e 8 a [} 3 ) °

T AANAARCGOTTAGT Lo TTE 66T CCTCCBAT G TTGT CAGAAGTAAGTT GECCGAGTOTTAT CACTCATEETTATEECAGTACTGTATAATTETD

. . AvaTL, . . . . . . .

RsaT
TTAFT’*LATﬂiﬂé COOTAREATE _*TTCTGTHQCTEGTGPE’A(TEaQPCAHJTCn .,TClﬂﬁAT STGTATGCRGCEACEEAGTTECTCTTEOCC
s . THAL . DdeI . : : .

GO ST CAATAL SO TATAATAC GG ACATAG CARAAC T T TAAAAG TGO TCAT CATT CEAARACET TETTLO R ECEAACTCTCARGERTCTTACLE
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Figure 24 Continued
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A restriction map of plasmid pUC8

The multipurpose cloning site has unique restriction sites for:-

Accl, Aval, BamHI, EcoRI, HincII, HindIII, PstI, Sall, Smal

Restriction Nu@ber of Position(s) Fragment s%zes*
endonuclease sites % (base pairs)
Accl 1 803 2716%
Alul 14X
Apal 0 - -
Apyl up to 4%
Aval 1 814 2716%
Avall 2 2203, 2425 2494%, 222
Avril (@] - -
Ball O - -
BamHI 1 807 2716%
Bell 0 - -
Bgll 2 630, 2186 1160, 1556%
Bgllil 0 - -
BstEII 0 - -
BstNI 5 743, 913, 1200, 2125, 170%, 287, 121
1321, 1334 23 ‘
Clal 0 - -
Ddel 6
EcoR1 1 817 2716%
EcoR1II 5 see BstNI
EcoRV O - -
FokI 5 430, 710, 2050, 613, 280, 1340C%,
2230, 2515 180, 285
Haell 3 627, 1050, 1420 1923, 423, 370
Haelll 17X
Hhal 17X
HincII 1 803 2716%
HindIII 1 787 2716%
HinfI S
Hpal 0 - -
Hpall 13X
Hphl 7
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Table 34 (Continued)

Restriction Nuéber of Position(s) Fragment sizesx*
endonuclease sites % (base pairs)
Kpnl 0 - —
Mbol 15X
Mboll
MIul 0 - -
Narl 1 624 2716%
Necil 6X
Ndel 1 573 2716%
Pstl 1 799 2716%
Pvull 2 696, 996 2416, 300%*
Rsal 1% 3 or 2 5247, 558, 25435 695, 347, 1987+
Sall 1 803 2716%*
Sau3A 15X
Saul6l 6X
Smal 1 814 2716%
Sphl 0} - -
Sstl o - -
SstIl 0 - -
Stul 0 - -
Taql 3 1, 802, 1272 1445, 8QY*, 470%
Xbal 0O - -
Xhol 0 - -
1 X indicates these sites are not marked on the wheel map.
* Fragments marked thus contain all or part of the multipurpose cloning
site.
3 Apyl only cuts specifically methylated DNA.

£3 The Rsal site at position 524 may have been deleted in the
construction of pUCS8. .
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CHAPTER 4

DISCUSSION

4.1. Methods and Strategies for Producing a cDNA Library.

An ideal method for the synthesis of cDNA would con-
sist of the.following steps:

First strand synthesis would have to initiate from
the 3' end of undegraded mRNA; this is efficiently achieved
by priming the polymerase with oligo (dT)12-18, and should
proceed with no "mistakes" completely to the 5' end of -the
mRNA where it would stoo. The enzyme used for this process,
avian myeloblastosis virus (AMV) reverse transcriptase,
has a number of properties and requirements which are both
advantageous and disadvantageous. The AMV enzyme will only
"initiate from a primer and will polymerise DNA 5' to 3!
in the conventional manner using either ssDNA or ssRNA as
a template. The primer may be either DNA or RNA with a 3°
hydroxyl group and must form a regioﬁ of double stranded
nucleic acid. The new DNA strand is formed on this 3'
hydroxyl group and progresses along the template.

The AMV enzyme also has 5'-3' exoribonuclease and
3'-5' exoribonuclease (RNAse H) activities, which specifi-
cally degrade RNA in DNA:RNA duplexes. These properties,
combined with the transient formation of hairpin loop
structures, from which AMV reverse transcriptase is known
to primé if somewhat inefficiently (Land et.al., 1981;
Murray et.al., 1983), may give rise to inverse repeat
artifacts (Fagan et.al,,.l98o; Volckaert et.al., 1981;
Weaver et.al., 1981; Geraghty et.al., 1982; Rasmussen et.
al., 1983; Delauney 1984). Murray et.al., (1983) exploited

this to produce near complete dscDNA in one step. The AMV
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enzyme is also slightly prone to making point "mistakes"
where the wrong base is added to the chain (Gopinathen et.
al., 1979).

The AMV enzyme is thought to be reasonably efficient
at producing full length transcripts, provided the mRNA is
undegraded, However, secondary structures formed by the
mMRNA or some specific sequences within it, may cause the
AMV enzyme to pause which would cause under representation
of 5' ends in cDNA iibraries.

Control of the undesirable RNAse activities is
achieved by the use of vénadyl ribonucleoside complexes or
with human placental or rat liver RNAse inhibitor. Both
inhibit RNAse activity without interfering with other
enzyme activities, but RNAse inhibitor being a protein
of Mr ~40,000 is easily removed by phenol extraction,
whereas the vanadyl ribonucleoside complexes require
multiple extractions to remove them efficiently (Berger
and Birkenmeir 1979; Maniatis et.al., 1982; Scheel and
Blaékburn 1979; de Martynoff et.al., 1980). The 3'-end
hairpin-loop formation and the production of inverse
repeats is inhibited by including 4 mM sodium pyrophosphate
in the reaction mix (Murray et.al., 1983); however, these
experiments used‘go RNAse inhibitor or vanadyl ribonucleoside

n
complexes. T%eﬁzivestigations showed no size differences
(on agarose gel) for sscDNA made with and without pyro-
phosphate, using RNAse inhibitor in the reaction mix
(Fig.6. Section 3.1.1). The use of pyrophosphate will
necessitate its removal before second strand synthesis by
the hairpin-loop method.

The scheme of Okayama and Berg (1981) (Fig.5) differs
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by priming with a fragment of plasmid carrying at one end
a tail of 4T residues about 60 bases long, and a 1.5-3
times molecular excess of poly(A)+ RNA. This has the
advantage of always uniquely orientating the cDNA in the
final plasmid, but is otherwise identical with conventional
present
methods of sscDNA synthesis. Thearesults (Fig.4.) show that
the sscDNA synthesis method used gives sscDNA bands of
similar size to the major bands in the p'oly(A)+ RNA (Evans
et.al., 1980).

Second strand synthesis should, as for the}first
strand synthesis, initiate at the 3'-end of the first
strand cDNA and proceed without errors to the 5'-end, where
it should stop. To accomplish this step many methods have
been used and suggested, as well as avoiding it entirely
by ligating the sscDNA:mRNA hybrid duplex into a plasmid
and using this to transform-a suitable strain of bacteria
(Wood and Lee 1976; Zain et.al., 197%). However, this
method is at least 10 times less efficient than using
dscDNA; e.g., Okayama and Berg (1981) obtained just 50
transformants per microgram of mRNA by essenﬁially this
method compared with 100,000 for their full synthesis
method

The process of second strand synthesis can be broken
down into three processes which do not necessarily occur
in a set order : removal of the RNA from the DNA:RNA hybrid
duplex, the production of a priming site and the synthesis
of the cDNA from this priming site.

" Generally, one of three methods for the removal of

the RNA is employed: 1) heat-denaturing, which melts the

duplex followed by rapid cooling to prevent rehybridisation;
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2) alkaline hydrolysis, whereby the RNA is completely
hydrolysed by mild alkali (e.g.0.3M NaOH): 3) treatment
with RNAse H which specifically degrades RNA in RNA:DNA
duplexes (Okayama and Berg 1981). However some schemes

do not specifically remove the RNA and presumably rely_on
the RNAse activities of the polymerases used in first and
second strand synthesis.

| The Okayama and Berg scheme takes the sscDNA:mRNA
duplex, formed on the end of a plasmid fragment, and tails
it with ~20 &C residues, using terminal deoxynucleotidyl
transferase. The plasmid fragment is then cleaved with
restriction endonuclease HindIII, (HindIII cleaves sites
in DNA:RNA duplexes very inefficiently) and in one step
primed with a second plasmid fragment carrying a HindIII
"sticky" end at one end and a dG tail mZO bases long at
the other; the RNA is removed; the secénd strand is synthe-
sised; and the total plasmid is circularised using a mix
of DNA polymerase I, E.coli DNA ligase and RNAse H (Fig.5).

The production of a priming site for second strand
synthesis is normally achieved by one of two methods,
though others have been suggested.

The hairpin-loop or self-priming method relies on the
transient formation of base mismatched loop structures at
the 3'—-end of the sscDNA, which provide a length of duplex
DNA with a 3! hydroxyl group from which a polymerase can
prime. There has been much spéculation but the mechanism
of formation of these structureg remains largely unknown.

The second method uses TAT to tail the sscDNA at its
3'-end and then anneals it with a primer, either an olig-
deoxynucleotide or a tailed plasmid fragment (Land et.al.,

1981; Murray et.al., 1983; Okayama and Berg 1981).
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Another possible method would be to ligate a piece
of dsDNA to the sscDNA:mRNA duplex using T4 DNA and T4
RNA ligases. The dsDNA region would provide the priming
site after the removal of the RNA from the sscDNA:mRNA
region, the polymerase effectively £filling in a region-of
ssDNA on one end of a piece of dsDNA. Delauney (1984)
suggested using synthetic linkers as this dsDNA primer,
which would produce dscDNA with linkers ready attached.
The problems of using linkers are discussed below.

A number of polymerase enzymes have been used to
produce the secbnd strand. DNA polymerase I was originally
used in the method of Efstratiadis et.al., (1976), but
because of its 5'-3' exonuclease activity is now normally
superceded by its large fragment (Klenow polymerase),
which lacks this activity. Both enzymes have 3'-5"
exonuclease gctivities but they are blocked by the
polymerase activities. AMV reverse transcriptase is also
used and has no exonuclease activities, but is normally
used only in the specifically primed methods as it primés
inefficiently from hairpin loops (Land et.al., 1981;
Murray et.al., 1983). Maniatis et.al., (1982) recommend
the use of both enzymes sequentially to overcome any
problems of enzymes pausing at certain sequences; pre-
sumably the two enzymes pause at different sequences.

The chosen_hairpin—loop scheme gave a significant increase

in the number of molecules of sizes differing from those

of the major bands in the poly(A)+ RNA as shown by the ill
defined band pattern in Figure &.

However, there seems to be mainly complete or near
complete dscDNAs as the band pattern still persists to a

certain extent.
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Having produced dscDNA the next step was to insert
it into a suitable vector. This step should be efficient
and should not degrade the cDNA. This vector (in combina-
tion with‘its host) should carry some convenient recognition
systems so that vectors containing inserts are easily
sorted from those without, and a "selectable gene" such
as an antibiotic-resistance gene to select hosts carrying
vectors andvplace the hoét under selection pressure to
maintain the vector. The vector should be relatively
small and contain a unique restriction site in the recog-
nition system to clone the cDNA into. It should be stable
host used
so that inserts are not deleted or mutated and carry a
convenient range of restriction endonuclease sites to
allow the insert to be manipulated and mapped. High copy
number to give good yields in preparations, ease of
handling and storage, safety and other properties must
also be considered.

The chosen vector, plasmid pUC8 (Vieira and Messing,
1982), carries an ampicillin resistance gene and a multi-
purpose cloning site in its lac gene which is disrupted
by the insertion of DNA into the cloning site. This lac
gene in combination with the chosen host E.coli strain TBl
produces an enzyme which cleaves X-gal to produce a blue
dye. Thus colonies with plasmid bearing inserts grown on
media containing X-gal are white and those without inserts
are blue.

Many other plasmids are available for cDNA cloning,
carrying a variety of antibiotic resistance‘genés and other
markers. Most of these are eésentially very similar to

pUC8[ and hence pBR322 (Bolivar et.al., 1977; Sutcliffe
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1978, l979))being plasmids based on a common origin of
replication. One other class of vectors forms a strong
contender for normal cDNA cloning, namely those derived
from the E.coli male-specific sin le-stranded filamentous

(Vigra and Messi g,/ 82 ;
DNA phage M13. Messing ABRL Ltd. M13 cloning/ dideoxy

sequencing manual) has developed these as vectors using a
similar lac gene system containing a multipurpose cloning
site as for pUCS.

The life cycle of phage M13 takes it through both
single and double stranded circular forms. The existance
of the double stranded replicative form (RF) allows M13
to be treated as a plasmid and allows its manipulation
with restriction endonucleases, ligase and other enzymes.
RF M13 naturally exiéts only within a host bacterium from
which it can be isolated (similarly to plasmids) and
competent bacteria can be transformed with RF M13 as with
a plasmid. A bacterium containing M13 will be constantly
secreting, without lysis, single stranded M13 packaged in
a protein coat, the phage form. Only one strand (the +
strand)‘is secreted in this manner and theserphage particles
are able to infect other susceptible bacteria.

Messing's M13 vectors are relatively small, 7-7.5 kb
in length, exist in a high copy number at ~200 copies per
cell of the RF, have a simple system for selecting bacteria
bearing>phage with an insert (essentially the lac system

as in pUC8) and have in their multipurpose cloning sites

ites. Selection pressure to

ded by its phage life cycle. ANy
be susceptable to infection
ted into the medium
for DNA

a variety of unique restriction S
maintain M13 in its host is provi .
host cell not containing a phage will

by the phage particles being constantly secre :
bi infected cells. The phage form of M13 is also ideal

sequencing and hybrid-release translation experiments
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(Chandler, 1982).

The most significant defect in M13 vectors is that
they are appreciably more efficient at cloning small DNA
fragments than large ones, which would introduce significant
distortions of representation in a cDNA library. It hés
also been suggested that inserts in M13 vectors are more
prone to partial or complete deletion than inserts in
plasmids, but this is probably a function of the host
strain. All host strains for M13 are rec+ and this increases
the possibility of artificial deletions in the cDNA clones.

The preparation of RF M13 is fairly inefficient as
the host bacteria will only grow to fairly low densities,
thus making restriction mapping less convenient. The
secretion of the phage form into the media makes isolation
of the + strand easy, however should both strands of the
insert be required, either the RF form or a subclone carry-
ing the insert in the opposite orientation would have to
be isolated.

The vector of.choice, pUC8, was preferred over other
plasmid vectors, because of its lac insert screening
system and over M13 vectors, as extensive restriction
mapping of promising clones was envisaged.

The method chosen for inserting the cDNA into’ the
vector was to make the cDNA blunt-ended, attach synthetic
linkers and insert into the relevant site in the vector's
multipurpose cloning site. EchI linkers were chosen as
they are cut by a very "well behaved" enzyme and because
previous libraries made in Durham had used BamHI linkers.

The "blunt-ending" was achieved by sequential use

of S1 nuclease and DNA polymerase I. Sl nuclease is a
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single-strand specific nuclease which will trim off
lengths of single stranded DNA on the ends of duplex DNA
to leave blunt or near-~blunt ends. The hairpin-loop
structure as it is base-mismatched will also be cleaved.
Unfortunately S1 nuclease will also cleave duplex DNA

at "nicks" or small gaps (Kroeker and Kowalski, 1976)

and exposure to large amounts of enzyme will completely
digest dsDNA. This is an acknowledged major defect in
the self-primed method of producing dsDNA; even should the
S1 nuclease perform perfectly removing only the base
mismatched hairpin loop, inevitably part of the 5'end

of the message is lost. In practice, S1 nuclease
shortens the dscDNA, presumably by nibbling off transient
single stranded regions of the duplex, particularly at
‘the ends. Certainly this loss of some Qf the 5' end of
the message introduces én over representation of the 3°
end of messages in cDNA libraries.

An alternative enzyme is available for cleaving the
hairpin loop, namely mung bean nuclease which has essen-
tially the samé-activities as S1 nuclease. However, it
is thought (Kroeker and Kowalski, 1976) that mung bean
nuclease is more gentle in its action, being unable to
cleave DNA duplexes at nicks until they are enlarged into
gaps of several nucleotides.

The second step in the production of accurately blunt
ends is "polishing" with DNA polymerase I, using its 5'-
3' polymerase and 3'-5' and 5'-3' exonuclease activities
to fill in or cleave off any small irregularities. Maniatis
et.al., (1982) obtained improved transformation efficiencies

using this step. However, again the cDNA maybe slightly
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degraded.

The attachment of synthetic linkers to the dscDNA
is an efficient.process, as a large molecular excess of
linkers over dscDNA makes the chance of a dscDNA molecule
not having linkers attached to both ends, being circuléf—
isedor being attached to another dscDNA molecule, remote.
However, the use of linkers involves a possible major
degradation of the dscDNA. In order to prxoduce sticky
ends for the ligation of the dscDNA into the vector, the
linkers must be cleaved with the appropriate restriction
enzyme and any sites for the enzyme within the dscDNA
will also be cleaved. Treatment of the dscDNA with the

To sTop T Lea cleaved b the clonin enzyme
_aoprOprlate methylasenbefore attachlng the linkers would
raise another problem : should a plasmid be isolated and
found to have two inserts, it would be impossible to
simply tell whether there are genuinely two inserts or
one insert containing a site for the cloning enzyme. For
a cDNA library made from non methylase-treated dscDNA
any clone bearing multiple inserts may be treated as
carrying two independant and unconnected inserts. The
complete sequences of cDNAs carrying recognition sites
for the cloning restriction enzyme can be deduced from
comparisons of sequence and cross hybridisation data with
a second cDNA library made using a different cloning
restriction enzyme, or with a genomic bank.

Finally, the dscDNA is ligatéd with the chosen
vector, prepared by restriction with the cloning restric-
tion enzyme, to produce circular plasmid mélecules, suitable
for transforming competent cells of the chosen host strain.

Normal practice is to use a molecular excess of vector over
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dscDNA. Ratios between 1.5:1 and 5:1 being commonly
employed. This will reduce the incidence of multiple
inserts. Plasmid pUC8's lac insert detectiﬁg system makes
phosphatase treatment of the vector to prevent recircular-
isation unnecessary; phosphatase treatment reduces ligation
efficiency.

Alternative methods of inserting dscDNA into a vector
are: Attachment of different linkers to either end of the

[ManiaTs €7 al., 1962)
cDNA, one before one after S1 nuclease treatmentd . Here,
S1 nuclease may well destroy the first linkers, and two
sets of linkers double the chances of the dscDNA being
cleaved at recognition sites for the cloning restriction
enzymes, making it more difficult to reconstruct the
sequences of complete messages. The orientation of the
cDNA in the vector is however uniquely defined. Another
method involves annealing homopolymer-tailed dscDNA with
complementarily homopolymer-tailed vector; yet another
method is the scheme of Okayama and Berg (1981).

These latter two methods rely on terminal deoxy-
nucleotidyl transferase (TdT) to produce the>homopolymer
tails. TdT is notoriousiy difficult and erratic and willbe
discussed later (Section 4.7). These tailing schemes are
normally designed to regenerate restriction sites at the
ends of the insert. Slight nuclease activity which is
often found in even extensively purified TAT preparations,
may destroy these sites and make isolation of the insert
extremely difficult. The use of tails in any case, makes
the exact ends of the message uncertain. Finally, it has

been reported that polymerases read through extended

regions of G or C bases poorly. This would be a big draw-
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back in DNA sequencing and nick translation. In

addition it has been reported that annealed plasmids do not
trénsform competent bacteria as efficiently as ligated
plasmids, but this may merely reflect a poor'choice of host.

Having produced plasmids containing inserts the next
step in the procedure is to choose a strain of bacteria
and to transform it with the plasmids. There is a vast
range of strains of E.coli, mostly derived from E.coli K-12,
which have been used for transformation. For those vectors
using host specific systems, such as the lac complementa-
‘tion system of pUC8 with TB1l or JM83, the host strain is
fixed. Otherwise ease of handling, high transformation
efficiencies, safety and the deletion or inclusion of
specific traits are the criteria for choice.

Two major methods (with variations) are used to make
cells competent for transformation with plasmid DNA. The
calcium chloride method (Mandel and Higa, 1970), which was
the method used here, can give up to 107 transformants per
ng of plasmid pBR322 with E.coli strain HB 10l. Efficien-
cies approaching this were achieved in the test transforma-
tions. The major variation of this method is the prolonged
incubation method of Dagert and Ehrlich (1979) where the
optimum transformation efficiency is achieved after
incubation for 24 hours at 0°C in 100 mM calcium chloride.
The preseal”

- aresults show reduced transformation efficiency after
this procedure, however this effect is probably a function
of the strain used.

The other method is the rubidium chloride method of
Kushner (1978), which was designed for E.ggii strain SK1590

but does give higher transformation efficiencies than does
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the calcium chloride method for some strains.

Maniatis et.al., (1982) recommends a method developed
by D.Hanahan (unpublished) for use on E.coli X1776, which
with minaor changes gives transformation efficiencies of
107-108 transformants per pg of pBR322 with some strains.
The commonly used strain HB1Ol does not respond well to
this method.

The final steps in the production of a cDNA library
are the selection of those bacterial colonies carrying
plasmids with inserts and their preservation in some con-
venient form. Maniatis et.al., (1982) provides a series
of methods. The choice of a method is dictated éssentially

by practicalities and purpose for the library produced.

4.2. General Assessment of the cDNA Library.

The c¢DNA library produced contained 686 colonies after
final picking, of which ~52% showed as positive in colony
hybridisation screens with mRNA as a probe. This agrees
well with the sequence complexity data of Morton et.al.
(1983) which, for 14 days after flowering pea seed mRNA,
show tﬁe "very abundant" sequences representing v42% and
the "abundant" sequences ~24% of the mRNA. Not all of the

"abundant" sequences will be abundant enough to give a

signal in the mRNA colony screeng cDN&s which are short relative
to the length of the probe will giwve

relatively weak signals for their abundance class; there
will be some non-cDNA inserts énd some colonies with no
inserts. Not all blue colonies were rejected and some
colonies may contain pUC8 with a short deletion. Thus
the mRNA probe should have found all the "very abundant”

cDNAs and oboutl half the "abundant" cDNAs.
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The average insert size of ~590bp is significantly
_ ' (See 93 k)
shorter than any estimate of the average mRNA lengthd. The
isolation of many cDNAs which represented only parts of
their mRNAs confirmed that the cDNA had been significantly
degraded before being cloned. However, the insert of pLGl,
63, a vicilin B positive, at 1530bp in length could be a
very nearly complete cDNA (Fig.1lO).

The method chosen for screening the library, i.e.
colony hybridisation screening, was shown to be fully
effective by the results in tables 26, 27 and columns E
and F in table 38. Only a weak correlation between insert
size and strength of hybridisation to mRNA, and a strong
correlation between strength of hybridisatioh to mRNA
between colony hybridisation screens and Southern blots
are seen. The differences between the colony hybridisation
screen and the Southern blot results may be explained by
the higher "signal to noise" ratio of Southérn blots.
Columns E and F of table 38 show\identical mRNA colony
hybridisation screenings of different sets of replica
filters. The results correlate well, taking>into account
the greater sensitivity of the autoradiography technique
used for the column F results. The results in column E
were obtained from a single autoradiograph exposure, and
the filters were unfortunately destroyed, so a second
longer exposure to find weaker signals was not performed.
The differences between the results in columns E and F
are mainly weak and very weak signals not being detected
in column E, other greater differences, due to uneven
growth of the colonies on the filters, are rare.

The mRNA positives were classified (Table 35) according
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TABLE 35

Identification of clones that are positive with the
mRNA probes. '

mRNA positives Identification
Strength Number Positive _Dubious Unidentified
Strong 55 41 7 7
Medium 45 29 8 8
Weak 144 63 _ 28 53
Very Weak 115 30 20 65

Total 359 163 63 133
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to strength of hybridisation and homology with other probes.
The trend observed is that, the strong and medium positives
are mainly identified as positives for one of the other
probes used, the weak roughly half-identified half-
unidentified and the very weak mainly unidentified. Tﬁese
screens are not perfect as some strong positives for legumin
and vicilin probes have not shown up as mRNA positives,
which is probably caused by uneven growth of the colonies
onnthe filter.

The abundant seed proteins not specifically probed
for were : the major albumins on filters 1, 2 and 3.
These would not be expedted to show up more strongly than
MRNA medium,as major albumins constitute only v8-10% of
.the total seed protein (Croy et.al., 1984). The Mr 8000
albumin which fepresents n4% of the total seed protein
(J.Gatehouse, personal communication) would probably show
as mRNA weak, aé it would have a short mRNA. Convicilin
however, is known to be roughly half to a third as abundant
as any one type of vicilin, as estimated from gene copy
numbers; and would have a longer mRNA than vicilin. Thus
it would be expected to account for some of the mRNA strong
unknowns. Finally, the Mr +80,000 legumin-related poly-
peptide (Domoney and Casey 1984) , which is thought to
give rise to the small legumin subunits isolated in vivo,
would have a similar abundance, by gene copy number, and an

even larger mRNA than convicilin and hence, should account

for some more mMRNA strong unknowns.

4,3. Legumin cDNAs

4.3.1. Main Legumin cDNAs.

The two main legumin positives which were restriction
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mapped (Fig.9) share the same restriction pattern as the
main lequmin cDNA used as a probe, pAD4.4 (pDUB6), and the
legumin A gene taking into account introns. Legumin genes
A, B and C have nearly identical restriction maps, and
hence these two positives are main legumin cDNAs.

The other two main legumin screens, using as probes
the legumin C gene at ~99% homology and the legumin A
gene at ~81% homology, found a further three main legumin
positive colonies over the screen with pAD4.4 (pDUBG6) .

The inserts of two of those were sized (Table 28) and found
to be small enough to be cDNAs of the 5" end of main legumin
message, which is not covered by the cDNA probe pAD4.4
(pDUB6) . Thus they are not cDNAs of some atypical main
legumin message.

The strengths of hybridisation of the main legumin
cDNA probe (Table 14) on the whole reflect the strengths
of hybridisation of the mRNA probe to the same colonies.

The total number of 67 main legumin positives in the
library, when probed at +94% homology, represents 9.8%
of the library or ~23% of the 14 day "very abundant"
sequences of Morton et.al., (1983). This total may well

rise if low stringency screens were performed and more

jegumin cDNAs corresponding to small parts of the probe found.
Thus main legumin Mmessage

represents at least one of the estimated six "very abundant”

sequences.

It is known (Domoney and Casey, 1985) that main
DOAs DiAs
leguminado not cross hybridise with either big leguminj

which was confirmed (Fig.19), or with the Mr&S0,000 legumin-
LONA
related polypeptideﬂ.ﬂkonqwof‘the colonies which showed a

large increase in hybridisation intensity between the
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the legumin C at ~99% homology and the legumin A at

~81% homology screens, or only showed as positives in the

legumin A screen, were big legumin positives. Since

legumin A and C are very closely homologous (J.Gatehouse,

personal communication) the'differences between the twé

screens are due to the general increase in hybridisation

intensity at the lower stringency. This occurs particu-
relaTivl

larly for GC poor andaishort inserts, as they are washed at

effectively higher stringency than the average insert.

Thus there .2 is no evidence for the presence of main legumin

related cDNAs from the colony screens.

4,3.2. Big Legumin.

The big legumin positive which was restriction

mapped (Fig.18) had a restriction map similar to that of
legumin gene J and differing from that of legumin gene
K. The two ends of its insert were sequenced (J.Gatehouse,
personal communication) and the sequences found to match
perfectly with that of legumin gene J, despite the legumin
J gene being isolated from a different variety of pea Dack skianed

gecfection than the cDNA library (Feltham first). Plasmid
pCD40, the big legumin cDNA used - to isolate
legumin genes J and K has an
identical reétriction map to that of legumin gene K,
taking into account introns and as far as sites have been

marked with a %

tested for, except for one extra Pst I sitea . This dif-
ference may be due to the cDNA library pCD40 was isolated
from being made from mRNA from the -~ Gicte . 7.

variety of pea. However, it is known there is a third big

legumin gene (Legumin L) which could be as similar to
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legumin K as are the main legumin genes to each other.

The strengths of hybridisation of the big legumin
probe to positive colonies is greater than that of the
mRNA probe to the same colonies; however, nearly all big
legumin positives are mRNA positives (Table 16). When_
probing the library at~91% homology,the total number of
28 big legumin positives represents 4.1% of the library
or ~9.8% of the 14 day "very abundant" sequences, (Morton
et.al., 1983). This number may increase in a lower strin- -
gency probe as legumin genes J and K are much less homolo-
gous than the main legumin genes. Big legumin message
thus represents one of the six "very abundant" sequences.

The cDNA for the Mr+80,000 legumin-related polypeptide
of Domoney and Casey (1984,1985) is known not to cross
hybridise with big legumin genes in genomic blots, which
were washed in 0.1 x SSC, 0.l% SDS at 65°C. This corres-
ponds to v99% homology. However, in hybrid selection
experiments and Northern blot analyses, considerable cross
hybridisation was seen. In these experiments the washing
was to similar stringencies to that of the célony hybridisa-
tion screen. Thus weak and very weak positives for the big
legumin probe, particularly those with large inserts may
be cDNAs of the Mr~80,000 legumin related polypeptide.
Alternatively, a lower stringency colony screen with the

big legumin probe may find some of these Mr~80,000 legumin

cDNAs.

4,3.3. The legumin genes.

Six legumin genes have been isolated and the exis-

tence of at least three more can be deduced from the evidence
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of genomic blots and indirectly, from the heterogeneity
in size and pI values of legumin subunits. From cross
hybridisation data ana DNA sequence homologies an
"evolutionary" diagram of the legumin gene family has
been ¢ompiled (Fig.25) . The isolated main legumin genés
A, B and C are so homologous they have not been separated
on the diagram, and all are closely related to the pseudo
legumin gene D. Legumin genes J and K are much less
homologous to each other than are the main legumin genes
and are closer to the putative legumin X gene which
gives rise to the Mr80,000 legumin—reléted polypeptide

than to the main legumin genes.

4.4, Vicilin cDNAs.

The two vicilin-positive clones restriction—mapped
(Fig.10), have the same restriction pattern as thgzggég.4
plus pRC2,2,10 (pDUB7 plus pDUB4) composite map. The
thregniigflin - have differing restriction maps,
thus the two vicilin positives mapped are both cDNAs of
type B (47k)vicilin. The restriction map of pLG 1,63
suggests that it must be close to being a full length
cDNA, being, at 1530 bp long, 100 bp longer than the
idealised vicilin mRNA of Lycett et.al., (1983 ).

Colony 1,63 showed stronger hybridisation to pAD3.4
(pDUB7), the vicilin B probe, than to the other vicilin
probes at ~94% homélogy° Howe&er, colony 1,9 showed
strong hybridisation at ~94% homology to all the wvicilin
probes. This spggested that colony hybridisation screens

were sufficiently sensitive to at least partially discrim-

inate between cDNAs of different types of vicilin.
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leg YlegD ! Leg Leg(X)
A ! J K
B ' (L)
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polypeptides polypeptides
!
{
]
Figure 25: The legumin gene family.
( ) = Genes known to be present from genomic

blots but not isolated.
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Delauney (1984) has estimated the sequence homology between
any two types of vicilin mRNA to be ©85% and this close
homology is demonstrated by the extensive overlapping

of positives for the different vicilin probes, especially
in those screens washed at lower stringencies. -

The related protein, convicilin, does not show
sufficient DNA sequence homology to the vicilins to select
vicilin message in hybrid-release translation experiments
(Domoney and Caéey, 1983). Thus convicilin cDNAs would
not show as positives in colony hybridisation screens with
a vicilin cDNA as probe, except possibly at very low
stringency.

Thus, using the results from the colony hybridisation
'screens at different stringencies for the different vicilin
type probes, the vicilin positives were:classified accord-
ing to the intensity of hybridisation into typé A, Bor C
vicilin cDNAs (Table 36). Only those colonies which showed
positive at +94% homology were considered to avoid a bias
against type A vicilin for which there were no lower
stringency screens. The lower stringency data was used
to distinguish between colonies hybridising equally intense%,
to two probes at v94% homology. This is reflected in
the low number of colonies equally positive for types B
and C vicilins. The total number of positives for each
probe, which was obtained by splitting evenly the numbers
of colonies equally positive for more than one probe, are
roughly equal. This reflects the roughly equal amounts
of the three vicilin type éroteins isolated in vivo and
found in in vitro translations of total mRNA.

In order to try to decide if any of the vicilin types



171

TABLE 36

. Classification of vicilin positive clones at n94%
homology into type A, B or C vicilin cDNAs.

Vicilin Specific Total Percentage
type Positives Positives of Library
A 18 24 ~3.5%
B 22 | 26 ~3.8%
C 19 n23 v3.43
A+B 5
A+C 6
B+C 2
A+B+C 1
Total 73 73 10.6%

Specific positives represents the total number of colonies which
show most/equally strongly in the high stringency colony screens
when probed with the given probe/probes.

Total positives represents the total number of colonies which
carry cDNAas for the given vicilin type. The numbers were arrived
at by adding to the specific positives for each vicilin type a
share of the colonies specifically positive for more than one

vicilin type.
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is less homologous to the other two than those two to each
other, the vicilin positives were classified on the basis
of order of hybridisation intensities with the vicilin
probes (Table 37). Again, only those colonies showing

as vicilin positives at ~94% homology were considered,'but
the lower stringency probe data was used to distinguish
between these colonies hybridising equally to the vicilin
B and C probes at +v94¢% homology.

Due to the lack of low stringency screens with the
vicilin A probe some slight distortions may be expected,
'ice. there may be an excess of colonies to which vicilin A
hybridises equally as intensely as one of the other vicilins.
Actually only type C positives equally homologous to types
B and A vicilin probes show a significantly anomalous
value. These effects would be expected to balance out
somewhat. It would also be expected thét greater homology
between vicilins A and C and B and C than between vicilins
A and B wouldlbe observed due to the extent of overlap
between the probes (Fig.1l0).

Table 37 may be summarised as showing : 24 colonies
where vicilins A and B are most similar in hybridisation
strengths, 23 colonies where vicilins B and C are most
similar, 27 colonies where vicilins A and C are most
similar and 3 colonies where vicilins A, B and C are
equally'similar. This shows no real difference in
hybridisation strengths of CDNAS of one vicilin type to
probes for the other vicilins. This confirms Delauney's
(1984) estimate of ~85% homology between any two vicilin
types, although it should be remembered that colony

hybridisation screening is not the most sensitive of
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TABLE 37

Cross classification of vicilin positive clones with
each other.

Strongest (a) Next strongest (b) Number
A B 3
B A 1
A C 5
C A 5
B C 9
C B 3
A+B C 3
c - A+B 17
A+C B 6
B 4 A+C 11
B+C A ' 2
A B+C 9
A+B+C - ' 3

a) Type(s) of vicilin the colony hybridises most strongly
to

b) Type(s) of vicilin the colony hybridises second most
strongly to.

This table shows the total number of colonies which hybridise
most strongly to the given vicilin probe/probes and next most
strongly to the other given probesprobes. It should be read as
showing i¥ any one pair of vicilin probes and hence types are
more or less closely related to each other than they are to the
third.
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techniques.

The total number of vicilin positives in the library
when'probed at 94% homology is 73, representing 10.6%
of the library or ~25% of the 14 day "very abundant”
sequences of Morton et.al., (1983). The individual tybe
vicilins represent ~8.3% for type A, 9.1% for type B and
8.1% for type C of these "very abundant" sequences.

These vicilin cDNAs probably represent three of the
estimated six "very abundant" sequences. If one includes
vicilin positives found only in the lower stringency
screenings, the total number of vicilin positives
increases to 122, representing ~17.8% of the library and
v42.4% of the 14 day "very abundant" sequences. This may
increase still further if low stringency screens with the
vicilin A probe were performed. Strength of hybridisation
of mRNA to vicilin positives matches reasonably well with
the strengths of hybridisation with the relevant vicilin
probe.

No vicilin genes have been isolated and fully charac-
terised, but it seems clear that the vicilin gene family
consists of three closely related groups of main vicilin
genes, corresponding to the three vicilin types. More
distantly related would be a smaller group of convicilin
genes, and possibly some other distantly related genes,
e.g. the glycosylated Mrn65,000 minor component in con-

vicilin preparations.

4.5, Lectin cDNAs

The probe used to f£ind soluble seed lectin positives

was the insert of plasmid pRC2,2,26. This cDNA clone was
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isolated from a previously prepared pea seed cDNA library

and had been partially characterised by hybrid release

translation, where a polypeptide of Mrv25,000 was produced

by mRNA hybridising to the clone. From the size of the

polypeptide produced and the abundance of the correspoﬁd—

ing mRNA,it was thought to code for one of the major

albumins or the soluble seed lectin. The insert of pRC2,2,26

was extensively restriction-mapped and the map compared

with that deduced from the published sequence of a pea

lectin cDNA (Higgins et,al.; 1982) (Fig.ll). Corresponding

regions of the maps were identical and hence pRC2,2,26 is

a pea seed soluble lectin cDNA.

The insert of pRC2,2,26 was sequenced and found to

be identical to the published sequence of pea lectin

mRNA (Fig.12), thus confirming its identity. The insert

of pRC2,2,26 was also used to probe a Northern blot of

pea cotyledon mRNA (Fig.21l., Table 33). The only band to
which it hybridised was 1886 bases in length, the other
hybridisation in these trackks can be seen on the autoradiograph
to be unspecific, thus

confirming that the published lectin sequence is nearly

completé, lacking only some 5°' untranslated sequence.

This also suggests that any other lectin gene if present

is either 1) not transcribed in pea seeds at the mid

stage of development, 2) not closely homologous to the

soluble seed lectin, or 3) produces a message of almost

identical length to the one sequenced and published.

The lectin mRNA was only present in detectable amounts
in the mRNA isolated from pea cotyledons at the mid-
developmental stage (v14 days after flowering). None was

detected in the 18 and 20 day mRNA suggesting that lectin

is not synthesised in the later stages of seed development.
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In comparison, vicilin mRNA is also not detectable in
late-development stage cotyledons, however legumin mRNA
is detectable at 22 days after flowering (Gatehouse et.al.,
1984) .

A second probe used to find lectin positives was
the insert of pPVL134, which is a cDNA coding for

Phaseolus vulgaris lectin (Hoffman et.al., 1982). It was

originally selected from a Southern blot using a pea seed
soluble lectin cDNA. It was known however, that the degree
of homology between the lectins was not great and may well
be too little to be detected in a colony hybridisation
screen due to the relatively higher background. The

sequence of Phaseolus vulgaris lectin mRNA, which éxtends

from the translation start codon to the poly(3) tail is
given in Fig.26., along with one of the regions of homol-

ogy between pea and Phaseolus vulgaris lectin messages,

which corresponds to the 5' end of the plasmid pRC2,2,26
insert.

The regions of homology between the two lectin message
sequences were found using a dot matrix comparison program
on a computer (Figs.27 and 28). The DNA sequence com-
parison (Fig.27), was used to look for stretches of 30
bases in one sequence, where at least 18 bases in the
other sequence match. Whenever this occurs the computer
prints a dot. Regions of homology show up as diagonal
lines. Looking.for matches over longer stretches of
sequence reduces the background of chance homologies, and
changing the number of matches for a given sequence length
changes the degree of homology being probed for (similar

to washing blots at higher or lower stringencies) .
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Phaseolus vulgaris jectin message

ATGAATGLATGATCATGGCTTCCTCCAAGTTACTCTCCCTAGCCCTCTTCCTT GCGCTTCTCAGCCACGCARACTCAGCCACCGARRCCTCCTTCATCAT 180

o L] [

COATGCGTT CARCAAARCCAACCTTATCCTTCARGECBATGLCACCBTCTCATCCAACEBLAACTTACARCTATLLT ATAATTCATACGACTCTATGAGC 238

° H 2 [ o o . o

AGAGCCTTCTACT COBCCCCCATCCABT CABGBACABLACCACCECCAACGTCOCCABCTTCGACACCRACTTCACAATGAATATCLGLACTCACCGED 380

8 8 o ° o a °

AAGCARATTCCBCCETTGECCTTCACTTTGTTCTCCTCCCCGTCCAGCCCGAATCCARAGECBATACTGT GACTGTGCAGTTCGACACCTTCCTCAGCLG 483

° & 2 3 o e ° °

TRTTA&?ATCGACGTBAACMCMCGATATMG%TG&W%GATGTACP.CGACTAC&QCGCﬂMEGCCCﬁGGTTCGGQTCACCTATMCTCC 393

2 a o a ° o ° o L] o

TCCACGAAGETCTTCTCOBTTTCTCTGTCARMCCLTCCTACGEEAAAGAGCAACAACGTCTCT, ACCACAGTGGAGCTGGAGARAGRAGTTTACAACTGEE 689

© [ e @ o o . o L ° o

TCAGCETTG6ETTCTCTGLCACCTCABGGGCTTATCAATGEAGCTAT GAARCGCACGACGTCCTCTCTTGBTCTTTTICTT CCAAGTTCATCRATCTTAA 7089

GEACCAMAAATCT GMCGTTCCMCA?CGTCCT CAACAAGATCCTCTABRCTCCARRAACCACCTTCACTGTGACAGTCTCATTCTTCTTTTTCCTECTA 834

o o o ° o o

ATAATGTTCATCTGTCACACARCTAARATARTAMATGEARGCTCATATATTTACACAMMA 863

TCCAAGCAACAGAGATAGACATATTGOARTCBATGTRACAGTATCARATCLOTAAACACTRAG 549 Pea lectin message
% X I¥ OF FEEE ¥ BNEEE PROMNKX XXX % X%
GTTCRACACCTTCCTCAGCCGTATTABCATCRACGTEAACAACAACGATATCARRAGCETECCT 443 Phaseolus wulqaris lectin message

a ] ° o a ° °

Fig. 26. The seguence of Phaseolus vulgaris lectin message
and one of its regions of homology with pea lectin
message. -

Phaseolus vulgaris lectin message 1is from Hoffman
et.al., (1982), pea lectin message is from Higgins
et.al., (1982) and the illustrated region of
homology corresponds to the 5'end of the insert
of pRC2,2,26, * marks matching bases.
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The chosen conditions, a minimum score of 18 matches in
30 base stretches, corresponds to regions of 60% homology
extending over at least 30 bases, i.e. sufficient homology
over large enough regions to be detected in Southern blot
hybridisation probes.

The amino acid sequences of the two lectins were also
compared using a dot matrix program and a matrix scoring
system for the amino acid matching (Fig.28). The amino
acid residues are matched by the scoring system of Staden
(1982) which was developed to show homologies between
the regions of divergent sequence, but maintained function.
This shows somewhat more extensive homology than the DNA
sequence does, as would be expected on the basis of
conservation of functional domains in the protein. How-
ever, the homology is not very close.

bf the two putative lectin positives found with
pPVL134 neither were pRC2,2,26 lectin positive and none
of the pRC2,2,26 positives show above the non-specific
background in the pPvL134 colony hybridisation screens.
The rough restriction mapping carried out on these pP¥L 134
positives showed no similarities with the map derived from
the published pea lectin message of Higgins et.al., (1982).
Further when the insert of pRC2,2,26 was used as a probe
on a Southern blot of the pPvL134 positives (Table 30), no
specific hybridisation was detected. It was thus decided
that these two pPvL134 positives were not seed lectin
positives but spurious signals on the autoradiograph.

The colony hybridisation screen with the insert of
pRC2,2,26, at~94% homology showed 9 colonies as positives,

representing ~1.3% of the library and ~5.4% of the 14 day
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Fig.28. Dot matrix comparison of the amino acid sequences
of Pea and Phaseolus vulgaris lectins.

Pea lectin : Higgins et.al., (1982)
Phaseolus vulgaris lectin : Hoffman et.al., (1982)
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"abﬁndant" sequences of Morton et.al., (1983). This total
would probably rise if a more complete lectin probe was
used, as pRC2,2,26 coveré only ~% of the lectin mRNA.
Whether any further positives would be discovered at lower
stringencies would depend on there being other transcribed
lectin genes (see above). Most of the lectin positives
were mRNA positives thus lectin message is probably one

of the more cbmmoﬁ'of the 120 14 day “"abundant" sequences
of Morton et.al., (1983).

Two lectin positives were chosen to be restriction
mapped because they had the largest inserts. The map of
pLG4,10 is identical with that derived from the published
sequence of pea lectin. However, the map of pLG2,73 is
very different and as it hybridised only weakly to
pRC2,2,26 it was initially thought to represent some
lectin-related message. However, in hybridisation probes
of Southern blots the insert of pRC2,2,26 hybridised
strongly the pLG4.10, but not significantly to pLG2,73
at~94% homology, the same stringency as the colony screen.

Also the insert of pPVL'134 (the Phaseolus vuigaris lectin

cDNA) hybridised to both pRC2,2,26 and pLG4,10 reasonably
well at~77% homology, but not specifically to pLG2,73.
These two lectin positives were sequenced (Fig.14),

and pLG4.lO was found to be identical to the published

pea lectin mRNA except that its poly(a) tail starts 24
bases further downstream. The sequence of pLG2.73 was
fdund to be very different tp that of pea lectin. In

dot matrix comparisons of the part of the insert of pLG2.73
sequenced, with pea lectin message at an eqguivalent to

60% homology over 30 base stretches (Fig.29), the complementary
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sequence of pLG2.73 shows a region of homology with pea
lectin message which corresponds to the 5' end of the
insert of pRC2,2,26, but few other regions of homology
were evident. This area of homology may explain why
pLG2,73 was found to be weakly positive in the colony
screen with pRC2,2}26. Thus pLG2.73 is not a pea seed
soluble lectin cDNA, and pLG4.10 is.

The six possible amino acid sequences of pLG2.73
‘were derived from the nucleic acid sequence (Fig.30), and
séme possible polyadenylation signals marked. There is one
open reading frame and one frame with a stop codon near the
end. No homology was seen between these protein sequences
‘and the protein sequences of the pea major albumins, pea
soluble seed lectin or main legumin. The DNA sequence of
pLG2.73 is compared with itself and with its complementary
_sequence (Fig.31l), by dot matrix program at an equivalent

stringency of 884, a repeat sequence can be seen.
The identity of this cDNA - . remains unknown.

The sequenced region of pLG4.10 and the derived
proteinlsequence is compared to that of pea lectin message
in Fig.32. As previously noted, the sequences are identical
except for the start of the poly(A) tail which is 24
bases further downstream in pLG4.10. The consensus poly-
adenylation signal in plants as in animals is AATAAA
except in‘the B49 sub-family of zein (a maize storage pro-
tein) where it is AATAAT (Messing et.al., 1983), but

whereas in animals the signal occurs 11-30 bases upstream

of the start of the poly(A) tail (Lewin, 1983), the

position of the signal in plants varies and there are often
mul tiple polyadenylation signalis.

All leghaemoglobin, most zein and alcohol dehydrogenase
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oL 2 73 seguencezd strand

CORSEEAATTCLLSTCTACTARG I TECTCATETTCCTCTETTICCCATLI CTTACSTCCAGRTTEAACTTECTTTIGNIE. &
P‘_.GNSRLLSSSSSSLSHLSRFGETCFCS
361 PVUYBVPHLPLFEISHYVIVELAFVY
REFFSTKFLIFLSFPSLTSRUNLLLF

CTTATITTCACETT SATATTGATACTTCTRETTCTCTTCTGEATCTTCCTTTTCACGTTGATRTCTATATTTCTEETTLT 168

LFSRERAYHEYFHFSSASSFSRETLYFCS
FYFHYDIDODTSGESLLHLPFHUYUDIY I SAS
LI FTLILILLVYVLFVIFLETLISIFLLL

CTTCTTCATCTTCTTOCTTTTCATAC G COETCOCCATTCTCCATOOBTTITTCCTCTTITTCACCTCTTUBCACCT 249

§$SS5SSSCFSYERSPFSVAFFLFFTSRHRP
LLHLLAFHTNGPHSPHRFSSFSPLGDL
FFI1FLLFIRTVPILRGVFPLFHLLAT

CTTTCTCTTTCGTCCATCTCCTTCATCTCTTCTTTICOTAGCAAGGTCTTCATIT - 295

LSLSSISFISSFRRKVEFI
FLFRPSPSSLLFVGRSSEF
SFSFVHLLHLFFSBEGLH

#L6 2,73 canplaientary strand

ToAGALCTTCCTACOAAAAEAGATAT GAAGGAGAT COACCARAGAGAHGAGETCOCLAMOAGETORCAEE &3
(pol/ml)
K3KRPSYEKKRBERRWUTKERKEVAKRHEKRE
NEDULPTKRRKD2EGDGRKRKRSPRGEKE
HKTFLRKEEMNKEMDERERGRIEVYKKE

{ polyat2 )
FAFACBLCALORABAATO06GACCETTCOTATGAAGTAAGASBAT GAACAAGAGRAGCAGAHATATARATATIASE 163

KTPRRARMGTVRHNKSKKNKKRSRNIDIN
EXRHBGEWGPFVHKARRARREAEILIRBIST
KNATENGDRSYEKOQEDEEEZHKGKYRYDOQR

C polyAtd ) ( palyhtd )
TO S SRR T GLAGNS A BAACCABAAGTAT A TATCAACO TR TARGE A CAAGTAAGTTCARLLTOC 248
{ polyatd)
VKRKMEKRTRSININVKIRNKSKFNLDLD
BXKGRERREPEVSISTHKDIGTKASSTHT
EXKEDAEENIGKYOQGYRBRENKEGROQUV OGP

GTGHGABRTCEGAABABABGARTAT GAGCAMCTTAGTAGACGIGAATTCCCTSD 275
VRERDGKERHKMNRNLUYUDGNSL

BEMGKRGRBGTHEITGIPH
F_?ERHEREEDEELSRR-FP

Fig.30. Possible amino acid sequences for pLG 2,73

Sequences close to the consensus polyadenylation
signal are marked polyA+, the black symbol stands
for a stop codon.
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PLGZ?2 ves PLGZ273....18 matches. Minimum score 8
BASE SEQUEMNCE WITH TRUE MATCHING
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PLGR2732 vs PLGZ273C....18 matches., Minimum score 8
BASE SEQUENCE WITH TRUE MATCHING

’

3

250

Qo

2

Sequenced strand

00

2]

[ flT rirrirririrerrirerirtTrerire b
ifo

~

AY

rT'l_{_ll]lz!wl[llll;ollllulwllif]llll_l—
3 Y Complementary strand % g

Ul

Fig. 31. (Continued)
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188

CGETAAGCATTGATTTCTCAGCTACCACABGAGCAGAATAT GLAGCACATGAAGTTCTTTCATGGTCTTTTCATICTOAS 88

B6GTAAGEATTOETTTCTCAGC TACCACAGBAGCAGAATATGLABCACATGARGTTCTTTCATGETCTTTTCATTCTEAG
VRIGFSATTGAEYAAHEVLSHSFHSE

TTGAGTEGAACTTCAAGTT CTAAGEAAGCTGCAGATGCATAGTTTTTTSCTTTTCATCATCATGCATGTCAAGTCATGTG
TTGAGTCEAACTTCAAGTTCTAAGCAAGCTGCAGATGCATABTTTTTTGCTTTTCATCATCATGCATGTCAAGTCATGTS
LSGETS5S5SS5KGAADATEK... sossmnosonoazans ssactsssass srsave

TGACABATCCABTTTCTATAAATARACTGLGCATATGCAGTACTTTTGTAATGTTGTTATGTATGTTACTTGATGCGTTT
TGACAGATCCAGTTTCTATARATARACTGCGCATATGCAGTACTTTTGTAATGTTGTTATGTATGTTACTTGATGLGTTT
CcoROYDOD ﬂnnnunﬂuﬂ( Polyg+ l)tﬂl'lﬂﬂﬂﬁﬂﬂnﬂﬂnﬂu DDDDDDD POoODBOOPOIDDOODOOIRDICDDOY

ATTAAAACAAAAARAAAA Pea lectin message ( Higgins et. al., 1982)
»»o{ Poly A tail)

(Polyt+ )

Fig.32.

~-2){ PolyAt 4){PolyAt 7)
ATTAATCAATGTGTGTCATTAATTGTTARARAAAAARAARAAAAAGGAATTC pLG 4,18
.( PolyAt 3).( Polyat 5).( Poly A tail )( Eco RI linker )

The 3' untranslated region of pLG 4.10 compared

148

249

with that of Pea lectin message.

Pea lectin message : Higgins et.al., (1982)
PolyA+ = Sequence homologous to the consensus
polyadenylation signal. (-=---- 2) see text.
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genes have an AATAAA polyadenylation signal closer to the
stop codon than the poly(A) tail region. Several have
two polyadenylation signals; leghaemoglobin genes have a
GATAAA signal and alcohol dehydrogenase genes a AATGAG
signal close to the polyadenylation region (Messing et;al.,
1983). However, legumin has a AATAAG signal near the stop
Cactually an ovehlapping double signal ARTAAATARAA)
codon and a consensus AATAAA signalAnear the polyadenyla-
tion region. More divergent are the wild type octopine
synthase genes of Ti plasmids which have AATAAT and
AATAATATA before its polyadenylation sites (Froman et.al.,
1984) .

The published pea lectin sequence has only one poly-
adenylation signal, marked (polyA+l), the consensus AATAAA
78 bases downstream of the stop codon and §'6 bases upstream
of the polyA tail. The pLG4,10 sequence shares this and
a further five possible polyadenylation signals, marked
(polyA+ 3-7) : 3) AATCAA is 19 bases upstream of the polyA
tail, well within the consensus distance, 4) AATGTG is
similar to the AATGAG of alcohol dehydrogenase genes, and
similarly it is close (14 bases) to the polyA tail, 5)
GATTAA is similar to the GATAAA of leghaemoglobin and is
very close (5 bases) to the polyA tail, 6) ATTAAT is
similar to the wild type octopine synthase genes and at
21 bases upstream from the polyA tail within the animal
consensus distance, 7) ATTAAT which is also similar to the
wild type octopine synthase genes but is very close (4
bases) to the polyA tail. Of the above possible poly-
adenylation signals only the GATAAA second signal of
leghaemoglobin occurs in the éoding sequence of pea lectin

message. Interestingly, in both sequences a complementary
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polyadenylation signal TTTATT, marked (--—--- 2), occurs
at the start of the poly(aA) tail in the published sequence
and 24 bases upstream in pLG4.10.

Whether the polyA+l signal was the signal used in
pLG4.10, where the polyA tail was initiated 102 bases -
downstream from it, or one of the cluster of putative
polyadenylation,signals was used, it seems significant
that the poly A tail initiates in an AT-rich region,
bearing many sequences close to the consensus polyadeny-
lation signal. Multiple overlapping polyadenylation

'signals are known to occur in plant genes (Croy et.al.,

1982; Schuler et.al., 1982; Edens et.al., 1982; Lycett et.al.,

1984), in particular in pea legumin, but not in pea vicilin.
However, for the legumin cDNAs with polyA tails investi-
gated (Lycett et.al., 1984) all the tails started 19 or

20 bases downstream of the second polyadenylation signal.
It is possible that the published lectin message has had
the extra 24 bases, which occur in pLG4.10, deleted in

some way. This would explain why the polyadenylation

signal is so.far from the polyadenylation site compared
with the consensus distance. This problem should be

resolved by sequencing other lectin cDNAs and by isolating

and sequencing the lectin gene.

4.6. Albumin cDNAs.

The probe used to find major albumins positives
(Sections 3.2.7 and 3.3.7) was only available in a very
small amount, so only filter number four was probed in a
colony hybridisation screen. The background on the

screen was quite high, but a large nunber of possible
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positives were found (Table 25). Nine of these were
selected for further investigation, including the two
colonies showing as fairly definite positives (Table 31).
No strong correlation was seen between the insert size
and strength of hybridisation to either the major albumins
probe or mRNA. This suggested that some, atleast, of the
positives were spurious. |
(pLG 4.133 has two inserts)
R.A.Ragab showed, that the large insert of pLG4,135,4A

one of the two fairly definite positives, in hybrid

release translation experiments did select a major albumins

message and he used it to select two other major albumin

cDNAs from another cDNA library. The large insert of
pLG4,135 was restriction mapped (Fig.1l5) and this map

was somewhat different to the maps of the other major
albumin positives isolated by R.A.Ragab (personal communi-
cation). He also found that the large insert of pLG4,135
did not cross hybridise to any of the other eight possible
albumins positives investigated in detail. Thus sugges-
ting that the major albumin sequence represents only 1 in
143, %0;7% of the library or ~2.9% of the 144day "abundant"
sequences of Morton et.al., (1983), when probing at~91%
homology.

This estimate is undoubtedly low as the major albumins
represent 8-10% of the total seed protein (Croy et.al.,
1984) , double the abundance of_the soluble seed lectin.
Had the large insert of pLG4,135 been used to probe the
library, a more representative number of positives would
have doubtless been detected. Also, it is known (Croy
et.al., (1984) that the two major albumins are similar, as

shown by their cyanogen bromide cleavage patterns.
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However, the degree of DNA sequence homology between them
is unknown and hence, lower stringency screening may find
both major albumins, whereas at higher stringency only
one may be detected.

It is suspected that pLG4,135 large insert codes for
the large major albumin (PMA-L) as the polypeptide produced
in hybrid release translation is closer in molecular
weight to PMA-L (subunit Mr~25,000) than PMA-S (subunit
Mrn24,000) (R.A.Ragab, personal communication).

The major albumins are produced without signal pep-
tides or leader sequences (R.A,Ragab),valthough molecular
weight estimations from protein gels are usually insuffi-
‘ciently accurate to decide unequivocally between proteins
'of such similar molecular weights.

The combined DNA and amino acid sequence of pLG4,135
large insert (Fig.16) shows a good match with the partial
protein sequences obtained from cyanogen bromide and tryp-
tic cleavage fragments (J.Gilroy and J.Gatehouse, personal
communication). The discrepancies are accounted for by
errors in the protein sequences and by the protein
sequence being derived from total major albumins and the
cDNA coding only for one of them.

The cyanogen bromide cleavage patterns observed for
the two major albumins; fragments of ~Mrll,500, 8,400 and
7,200 for PMA-L and~Mrll,500, 7,600 and 6,600 for PMA-S
(Croy et.al., 1984), can be fitted to the predicted amino
acid sequence tolerably well. Cyanogen bromide cleaves
polypeptides at the methionine (M) residues and sometimes
at tryptophan (W) residues. The cyanogen brecmide cleavages

expected from the predicted amino acid seguence would produce
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fragments: 1) greater than 85 amino acid residues corres-
ponding to the Mr~11,500 fragment; 2) 30 amino acid
residues which seems too short, but must correspond to
the Mrn7,200 or Mrv6,600 fragments; 3) 58 amino acid
residues corresponding to the Mr+8,400 or Mrv7,600 fraé—
ments; 4) 9 amino acid residues and 5) 1l amino acid
residues,both of which would not be detected.

The 3' untranslated sequence does not include the
polyA tail but does have 3 consensus polyadenylation
signals at 36, 120 and 202 bases downstream from the stop
codon. The first and third of these can be interpreted as
multiple overlapping signals such as occur in the legumin
gene (Lycett et.al., 1984; Croy et.al., 1982), and there
is a number of other sequences which are close to the
consensus polyadenylation signal. The final polyadeny-
lation signal is 17 bases upstream from the end of the
cDNA which is within the consensus distance from signal
to polyadenylation region. However, without a cDNA
having a poly(A) tail, this is a speculation.

Thus the large insert of pLG4,135 is a ﬁajor albumin

cDN& and the other colonies selected in the colony screen do not
carry cDNAs coding for the major albumins.

Colony 4,92 was the other reasonably definite major
albumins positive. However, as it does not hybridise to
pLG4,135 large insert it is not a major albumins cDNA.
Iit's inéert was 1070 bp in length and was used to probe a

Northern blot of pea cotyledon mRNA from various stages of

hod been
development. The intention4i . to size the major albumins
mRNAs . The results (Table 32, Fig.20) show the insert

of pLG4,92 hybridises to three different sizes of mRNA

which occur at differing stages of development. 1In addition
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two further bands show up in the 22day result at 1450
and ~1700 bases in length but these may be due to un-
specific hybridisation.

The strongest hybridisation occurs with the 2750 base
band and thus, this is probably the mRNA pLG4,92 codés

smeared signal

for. The weak an .- for this band for the 16 days after
_ . affears T be .

flowering mRNA' A due to a defect in the blot. A mRNA

of 2750 bases in length should code for a protein of

Mr~ 69,000. This polypeptide is only produced in the

later stages of development. The other two bands, 2250

bases and 1300 bases in length, must represent mRNAs

from related genes and should code for proteins of

Mr~ 56,000 and Mr~ 33,000 respectively.

This set of related messages show strong develop-
mental control with the 1300 base message gene being
switched off as the 2250 base message gene is switched
on at the start of the mid-stage of dévelopment and the
2750 base message 3ene being switched on at the start

of late stage development. Alternativiy this pattern may be due
to changes in transcription of one gene or changes in post
transcriptional processing of the mRNA. As the library was made
from 13-17 day poly(A)+RNA the smeared 16 day result for the 2758
base band most probably should be positive.

The supgested protein molecular weight of the 2736 base
message of about 79,0088 raise the speculation that the cDNA may
code for convicilin Mr 75,8868 or the Mr 88,8868 legumin related
polypeptide. Both of these possibilities would be expected to
show as MRNA positive in colony screens as does pLG4,92. Why
pLGE,P2 was a fairly definite positive in the colony screen with
the major albumins enriched probe is unexplained by these

hypothesises.
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4.7. Terminal Deoxynucleotidyl Transferase.

Much time and effort was expended in trying to find
conditions under which terminal transferase (TdT) added
homopolymer tails, to the 3' ends of DNA molecules
reliably and consistently and in trying to trace and elim-
inate all the factors which inhibit the action of TdT.
Workable results could be attained for dG and d4dC tails
by taking great care : 1) to purify the DNA, eliminating
all organics such as phenol or impurities in the ethanol
used for alcohol precipitation, 2) by using deionized
and double distilled (HPLC grade) water, 3) by using
commercially supplied reéction buffer, 4) by using
nuclease free BSA in the reactionmix and 5) by using
the other precautions listed in section 2.2.3.8. The
best conditions were however never fully reliable and the
results of Roychoudhury et.al., (1976) and Deng and Wu
(1981) proved unrepeatable despite the results in.the
assays of the TAT suppliers (BRL and PL) being repro-
duced reasonably consistently.

In particular the cDNA cloning scheme of Okayama
and Berg (1981) requires a plaémid fragment to be tailed
with tails of.%60 bases in length of dT residues (see
Fig.5). The total failure to produce samples of this
plasmid fragment bearing tails longer than 1-2 bases was

the reason for its abandonment as a method of producing
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a cDNA library despite its other major advantages.

From personal communications, various mentions in
the literature and commercial data sheets, it seems that
problems of reproducibility from one laboratory to another
are very common with TdT. However, the greater ease _
of tailing and shorter tails required with 4G and dC
cpmpared with 4T and the recent commercial availability
of ready tailed Okayama and Berg plasmid fragments make

this scheme for cDNA cloning very attractive.

4.8, Summary.

A cDNA library has been constructed and cDNAs for
various seed proteins isolated; thése for legumins,
vicilins, lectin and major albumins have been character-
ised. The relative abundancies of these cDNAs has been
correlated with the sequence complexity data of Morton
et.al., (1983) and shown to fit them well. The total
number of main legumin, big legumin and vicilins positive
clones represent over 75% of the "very abundant"”
sequences, and probes with convicilin, with the Mr~80,000
legumin related polypeptideiand with the probes already
used at lower stringencies will undoubtedly find the
remaining 25%. Thus the library corresponds statistically
and is a representation of the population of mRNAs in

the pea'cotyledons at the time they were harvested.
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TABLE 38

. cDNA Library Colony Hybridisation Screen Data Table.

Column

A Colony number, pLG number of plasmid.

B Noticeable growth on original master filter.

C ’ Blue colour when grown on plates containing
X-gal. Positive colonies have no inserts or
are mixed.

D Approximate size of the insert(s) in base pairs.

E) 14 day mRNA at ~94% homology. (Section 3.2.1).

F

G Main legumin cDNA pAD4.4 (pDUB6) at ~94% homology.
(Section 3.2.2).

H | Main legumin gene C pAS2 (pDUB26) at ~99% homology

4 (Section 3.2.2). The results are not complete.

I Main legumin gene A pRC3.1 (pDUB21l) at ~81%
homology (Section 3.2.2). The results are not
complete.

J Big legumin gene J pJC5-2 at +91% homology
(section 3.2.3).

K Vicilin B cDNA pAD3.4 (pDUB7) at +94% homology.
(Section 3.2.4.1). ;

L Vicilin B cDNA pAD3.4 (pDUB7) at ~81% homology.
(Ssection 3.2.4.1).

‘M Vicilin B cDNA pAD3.4 (pDUB7) at ~74% homology.
(Section 3.2.4.1). _

N Vicilin C cDNA pAD2.1 (pDUB9) at +94% homology.

_ (Section 3.2.4.2).

0 Vicilin C cDNA pAD2.l1 (pDUBY9) at ~81l% homology.
(section 3.2.4.2).

P Vicilin C cDNA pAD2.1 (pDUB9) at ~72% homology.
(Section 3.2.4.2).

Q Vicilin A cDNA pRC2,2,1 (pDUB2) at ~94% homology.
(Section 3.2.4.3). :

R Phaseolus vulgaris lectin cDNA pPLV134 at +82%
homology (Section 3.2.6).

S " Pea lectin cDNA pRC2,2,26 at +94% homology.
(Section 3.2.5).

T cDNA enriched in sequences coding for the major

albumins at ~91% homology (Section 3.2.7).

- Symbols used are : +++ = Strong, ++ = medium, + = weak,

o+ = very weak, o = not detectable,

? = dubious i.e. a signal but probably
spurious, n = a very weak signal which
seems non specific, - = this colony did
not appear to have grown or results from
this colony should be ignored, blank =
this colony was not screened with this

probe.

.
AN .
, .

Nk



206

loloflJojJojollojlojo]ololojojo|jo]o]|

| + ] 0]

1.1

30l ofo+fJojolojlollolo]~]0}l0ojO)JO||O]|O]|

|+ 0]

11,2

lolJotllojolo)lojlolol~]ofolo|Oo| O[O | |

| + | 0+

11,3

T

ltTolloJojlojlolojojol]ofo]]

P+ |+ ofojoljo]o]

1,4

+ 3
1 +
4 3
T t

toltoflrlolojoljoljolojlojololojof|o]|o]|

I
T

e
T

540/ 0JoOffJojo]ofJol]lojojojojololo|l|olo] |

I+ 1+

11,7

40l ojofjojolojjoljolojojojololoflojo]|

P+ | ++]

(1.8

lofoftjolololloljojol~]ojol2]|0||0|o0O] |

|+ 104 1050] + | + | | ]+ ]+ 10 lOo]lo]2|0fj0o]|o0ojo||O0]|oO] |

I1.9

loJojoljol]loJlolo]lo

o] o]

[1,10 | + | ++|

I
ollolJolo|l~|0o]lo]JOojOo]|O]O] |

O +| + ] O+

b ol

ojoftollojol |

ol lojojol]o

60l o o+l JoJolo} ol Jolo]o|~[2]+]O0}|0O]o0O] |
| o]o]o]

450| O | O+]

olojojtojol|

lollojJol~]o0

lolo]o|

0] o]

11,15 | + | O+

+—t
|
—t
(.
+—

960| ++|+++] JO | O | O] | O] [ 4 | | [ [ [ ] | O | 0 |

6ol ol + ] foJojollojlojo]l~]0O]oO

[1.18 | + | 0 |

o|~lojojojo||o]|o]|

580/ 0| 0] | 0|0 O]

1,19 | + | O |

[1,20 | + | O |

| + 1] 0]

[1,21

OJ~JOlO]JOJO]|O]|O] |
Ol~lO0JOoJoOoJo]|oOo]o]|

I o]

lojojol

01 0]
I+ 1+

l+1ollolojol o} |o]o+o+fojojo+fOo] |o0]|o0O] |

1,24 | + | 0]

olofjojojoj]olol|
~lojojlofjol]ojoj|

tolojol]
| ojojo]

lojo]
lojol]

11,25 | + | 0|
[1,26 | + | O |

lotoJofllofJlojJol~]o0ojoO]O|O||O]oO]|

lolofjoflf++lOofJOofl~]0lO]O]O||O]O]]

lolollojolollollolo|l~]loOo]lOolO|O|]O}oO]|

[1.29 | + ] 0 |




+—t—t +—t

—

I
+—t
I
[
+—
o
I
—t
I
+—t
I
I
+—t
|
+—t
|
|
[
e
I

——t

207

lolojlojojol[o]]ofJo|l~]O]O|O|O]}O]|O]J]

[1.30 | + | 0 |

lojlofloJojolJol]o]lo|~|o|o|osfoO]|O]|O]}|

I +101]

[1,31

lolojJlojJojollo]jojo|~]0jojo]jo|]o[|oO] |

11.32 | + ] 0|

lojojlojojofJo]jojJo|l~]Oo|O|lO|O]|]O]|O]|

(1,33 | + | 0]

lojotf JoJoJol|o}JJojo|Jojojlo|lo[o]||o]|oO] |

[1.34 | + | O+]

fojollojlojo]| |o]}

11,35 | + ] 0|

lojoflloloJojlojlojo|j~|0o|lO0O[O]O||O]|O]|

11.37 | + | O+]

lol+1llojotofllol]oJo|l~]|O|O|O]O|]O]O]|

|1,38 | + | 0|

lolojfoJojoljol]lojolojololo]o|]|o]o] |

11,39 | + | 0|

4701 ++| | 4+l O OOl ~[~]0]O0O]O]]O]O] |

[1,40 | + | O+|

lofl+ltojJoJollojjojoJoJojolo|ol]o|o]]

|+ | O+

11,41

0

0
O|l~tofjojolo]||o]o]|
Ol~loJoJojoljolo] |

ollojlolol~]Joflolo|o[|Oo]oO] |

[1.,45 | + | O |
f1.46 | + | 0 |

olflollolofl~]o|o]o+fo]||O]O] |

|oIo

Lol +|

[1.47 | + | O+]

ollollotoj~jojojojo|lofo] |

oll+]loJojJojololo|o||o]o] |

P — 4 — ]

b — 4 —

lolofjloJojofjlofjojol~|ofJojo]o]||Oo]oO] |

11,50 | + | O+

b+ 10}

[1,51

[1.53 | - |

I
T

+—

+—t

lojlollojolollollololojolofofol|o|oO] |

[1.54 | + ] O |

lojoltofojoljollofjo|~jOofloflojoOo||O]O]]

11,55 | + | 0|

tololfolojojjollojol~|O0floflofO||O|O]]

[1.56 | + | 0|

lol+11olojofloljojoJo|ofofjojo] oo} |

11.57 | + | O+

loft+tloloJofJollojof~]Oofofoflo]}oOo]|O] |

j1.,58 | + | 0|




208

lojojlojojoljlolloloj~]O]JOlOJO]]O]|O]|

Il +10]

|1.61

lojJotffotojoflojjoloj~]O0]lO}jOjO] O[O |

11,62 | + ] 0 |

[1.63 | + | 0] 1830] ++|+~+]| | O] O | O ]| | O | [+H+ ]|+ H| H] ++] ] | 0] 0] |

olltollojo|l~]O0ojOojo]oOo])ojol]|

ojtolloftof~jolojojo]jo]ol|

¥

ool

olofo}o]

o] o]

0j0]0]oO|

lofojlojJojlojolojojolojol]o]ol|

[ O} O+

f1.70 | + ] O |

tolof?2joflojojollo]o]

lojotlol o]

lo}o]

F+10]

1,71

tol+l?]ojojojol]ojol| ]| |

| 0|

oo ]o|

710 0 | ++)

[v.72 | + | 0]

o] o]
——t—t +—t

?]lolojolo]

—

olojojo]o]

lol]o]

tojotl~Jojojojol]o]oO]|

| o |

lojoloflojlojol~]O0ojofjo]o}]jo]o]|

[ojo]

|1,78 | + | © |

foflol |
——t +—t
folol] |

~]ojlo]ojo]
olojojojo]

S S—

b — 4 —

fojo+f~jojojojollo]jol]]

lolojlol o]

lojol

I+ 10|

[1,81

loJojJollo]lofJof~]O]lO]JOJO]]O]O]

| 0] o+]

[1.84 | + | O+]

lolofjof ol

lo]o]

j1.85 ] + | 0|

lolofj~JO0]lOlO O] lOof]O]]

[1.86 | + | O |

lotojllojJojol]ol}lojof~]JO]lO|O]O]|O]O]|

[1.87 | + 1 0110800 + | ++] | + | +[++] JOJjoOo]O]~]O]JOJO]O|]O]O]]




209

lo]o]

lojlolol~]O0OfjO]O]O|

lolofo]

lofo]

j1.88 | + | 0 |

ol o]

olojolo]

lofofoli

folol

[1.89 | + | O |

lololollo|l]JoJoloJo]Jo]jo]o]]O]oO]

ol o]

1,90 | + | O |

I

lojJo}l~jO0o]lO]lO]O]]O]O]

lojfolo]) ol

lo]o0]

l+10]

I1,91

fojol~]JO0ojolOo}joOo] |O]O]

folojo] o]

| ojo]

11,92 | + | O+]

fojftojol~jofofolo]|o}o]

lojolo]

| + | O+]

[1,93 | + | O |

loJo|~]O0olO]JO]lO]]|]O]O]

fojlojlo} o]

lolo]

1,94 | + | O |

oo

i
T

fojof~]O0]lO]O]O]

(e

lojol

loJojojJojlo|o}jo]

ool

lofolojJojolo]|o|

lojofo]f o]

lo]ol

1,97 | + | O |

—t
(.

folo]

fojJojJojojoflo]o|

fotojol o]

lofol]

[1,98 } + | O |

o]0}

ojlojojolo]o|

| o10]

olz]oflolofo]

folol=?]olojojol oo

loJojo]]o]

| ol o|

[1.,101] + | O+]

loJlojojlololojo] |o]o]

lofolo] |O]

| o] 0|

[1,102] + | O+]

folojojlo]o

[oJolo] o]

o] o0]

+

foflo]

[olol~]O0OlO]O]|?|

lojotof|oO]

ool

lolloJo]~]O0]OJOjoOo]]Oo]O]|

lolo]o]

| o] o0]

}1,108| + | 0 |

lojol+]Jojolof+]lo}o]

lofojol o]

o+

|1,109] + | O |

lojol|l~]Jojo]o|O] |O]O]

lojojol] ol

o] o]

]1,110] + | O |

loJoj~]O0O}jO]lO}lO]|O]O]

lotojol] ol

ol o]

[1,3111] + | O |

loJlol~]lo0o]lO]lO]O]]|]O]O]

l+1+1+1 10|

o+ 1

f1,112] + | 0 |

loJlojJojojJojolo]}lo]oO]

folojoj o]

lofol

[1,113] + | 0 |

tolo|

?10l0jo]o]

[1,114] + | O |

—
P

lojo|

2]10]0]0]0]

ool

lolol~]0]J0]0]O]

| 0|




210

tolo+flojojoljoljojo]Jojolojolo]jolo]]

11,117 + | O |

lojolloJojJoljofjojol?]o]lofo]Jof]l~]Ol|

|1,118] + | O |

loJo+sl jofJojJolJoljojol?2]o]lojo]o]||~]O] |

J1.119] + | O |

lolojllolojojjollojol?]olojolo]|~}0O]]|

[1,120] + | O+]

lolojlojojollollolofl?2]lolojolo||~]0O]]

[1,121] + | O+]

fojojoflollolol~]O]JOJO]JO}lO]O] |

T
3
1
I
T

+ | O+]

122
11,123

lojojJiotofjolloftofjol~]O}jO]O]JO]]O]O]|

[1,127} + | O |

tolollojlolojjolflofjol~]O0olOojOo]loOo]l]oO]oO]]

J1,128] + | 0 |

lollolol+]olol?]olfo]o]|
lojrtotol~tolojojlo])jo]ol]

[1,129] + | O |

lof+]llotoloffojlojol?]ololo}jo]j]o]o]]

11,133 + | O |

fojolol]

lolol
ool

11,134} + | 0 |

oo

lojol~tojlofojo]

lojojol| ol

folo]

[1,136] + | O |

lojlollojojollojJJojol~]O]JOJO]JO]]O]O]|

11,137 + | + |

ool

lojofj~]JojJolojo]

lojolo}f|o|

lo1]o0]

]1,138] + | O |

40| 0o f+ | JOoJofJof]Jo]]JoJo|~]OfO]JO}O| |[|O|++ |

[1,138] + | O |

loffojolojolojlo}lo]]o]ol]

fofofol]

o]+

,1401 + | O |

]

!

tojol~JloOolOolOJO]]O]O]

lojojof ol

Fol + |

b1,141] + | O+

lolo]

lolo|~|O0]JO]O]|] O]

lofojJlololo]| ]o]

.1421 + | O |

|1

ool

foJoj~]O0]O]|O] O]

fofoloj]o]

| 010 |

[1,143] + | O |

lolo]

lollojol~]O0O]O]O]O]

loJo]o]

ol o]

|1,144} + | O |

lot+ltojojollol]ojol~]OlO|lO]JO]]O]O]|]

|1,145] + | O |




211

lojoJlojoJolJol|ofjof~]OjO]O]O]l}O]|O]]

|1,146] +

P+ 1+ 1101010110100~ [+H|+t]++]+]||0]0] |

11,147 +

I

tolJofloJofJotlojlojol~]O)O]O]O]]|O}OY|

|1,148| + | 0 |

L+ 101+
lojo]o]

l ol o+]

o] ol

11,149 + |} 0 )
[1,150] + | O |

ojoj~]O0jlolo]|

|| HH ] O O |

|1,152] + | 0 |

lollojJlojJo]~JoOoJOo]oloOo]]oOo]oO]|

olojojjollojol~]o]lofJo]oOo|loOo|oO]|

folollojJojlojloj}ojol~]oOofjojojo}]|Oo]oO]|

|1,155] + | O |

lotottojJojofllofllojol~]O]JOjO]lO]|O]O]|

[1,156] + | O |

o|l~lo0ojoJoOoJo]|Oo]oO]]

O | ~ |+H+|+]|++|++] | O O | |

P+ 1+l 1 +]10sl+] 1Ok JOJO|~]O]O]JO|O]|O]O]|

[1,158] + | O |

J1.,161) + | O+]

P+t 101010 |0 |+ ]+ +]| +++] |+ [0]0]|

|1,162| + | O |}

lol+ 1 +=[2|+]}f2]]0fjo|l~]O0fO0]OJO|]|O]O]|

|1,163] + | O |

- —_— 4 —

[o]o]o]

I 0] O+

[1.164] + | O+

O 1010 |0 |++|+++] H|++] ++] 0| |O]O] |

| O {+++]

1,166 + | O |

folojlojplo}llojJol~jojlolojollofol | |

o] o]

|1,167] + | O |

fojofo|

lojo]
ol + |

[1,168] + | O |

lol+1lofJoJoOo| |+ JolOo]~]O]OJO]O]|O]Ol]

{1,170 + | 0 |

1
+
T

lo]o]
tolol~jojojlojollojol|

lojof~]O]JO]O]O]

| 0]
I 0|

l+1010]
foftolol

e — 4+ —

ol +1

j1,173] + | O |

[+1olollofJlojJo|l~]OfJO]JOJoO|]|O]O]|

loloJoltollol+l+}O0]O0|~ |+ ]OfOY}|

I O] O+]

[1.,174] + | O |




212

tolotl I 2lojofloljol+i+|ojojojol]ofo] |

[1,175] + | O+}

lololloJojofjoljolofj~jOo|lO}O]O]|]|O

|1.,176] + | 0 |

Foo— 4 — 4+ — A
F— + — 4+ —
b _— 4 = 4 —
F— + — + — A
F— 4+ — 4+ — 4
o o o
F— + — 4 — 4
o o o
r— 1T — 1T — 1
[ | |
t o— 4+ — 4 —
~ O 2]
~ ~ ~
Ll - -
-~ | <
F— T — T — 9

-l..vll.iln.-anw.-MUI..-
[l 1 ]=]e]
.IJTI..I%M%”-
..I#I:.I-..le--m.l
f— 4 — 4+ — 4 — { —
o | ¥
...... -l..M--HJ
F— T — 1+ — + — + — A
Ll R
o1
F— t+ — + — + + 1

lOof++l JOJOJO] O] |+

|+ 0]

[+ | O+

2,1
12,2

—t
(.

ool

++| 0 |

lofl?»llolofjojlolfj?2l2]~]o++]2]0}]0]o0]]

|2.5

lol+l1oflojlolJo}jlolojlojololo|loO||oO]|O]|

I+ | O+

12,6

lolojlojolojjolfoloJojlofo|?]o]||oO]O]|

|+ | O+

12,7

loJol~]l0]JOoJojol]o]o]|

I+ 10|

12,9

lol+1lojJojJoljojlojoJoj~]|2{2|0]|0]0O]]

b — 4+ — 4

b o— 4 — 4

tolojtojojojjojjlojolojojojofo]|jo]|o]|

4
1

(2,14 | + | O+]

lojoljlojolojjollojoto]Jolojlolo]|o]O]|

12,15 | + | O |

|
(.
—
oo

lolol]

0|

lojojoljollojlololojololo|l]ojo]|

tolollojJojoljoljojolojlojojojloflo]o}]|

[2,19 | + | 0 |

T
4

l+10]

2,21

F — + — 4

[+ [+ 1O 1010 0] |+ | +] |+t ] [O]O] ]

l2,24 | + ] O |




213

loJolJoJojol]JojloflolofjoloJojo|]o]oO]|

12,25 { + | 0|

lolofllojojojjo]lojoJojoJojojo]|l~]oO}]|

12,30 | + | O |

lojJojJloftojo]]Jollo]JoJolojJo+tfo+Jo] oo |

|+ 10|

12,31

ool

fojfolz?jolo]o]jol

fololol ol

| 0] 0|

[2,32 | + ] O |

lojfoltojotofloltojofojojojojojjo]ol}|

[2.33 | + | O |

b+l +1tojJojojjoljofofojojoj~]O]]oO}oO] |

2,34 | + ] 0|

l

[0l 0]

fojolojJojo]oj]o]

| 0|

lololo]

o]+

12,35 | + | 0]

4
t
n
t
i
1

ool
tofol]

loJoloJo]lo]o}o]
loj o]l ~|O0O]| O+ O] 0]

ol o]

doflof~lolo0o]o]o|

lolojlo] o]

| 0] 0+]

ool

ololo]o] o]

ol o]

cfolojo]o|

ool

lolojojojojol]o|

lo]o]

lojojJojojlolo]o|

b ol

T

o] o]

fojojJojolo]ojol

o]

:
t
I

| ofo]

fojoJolojolofol]

o

4+ — 4

T

oo}

lojojlojlojolo]o|

[2,44 | + | O |

ool

folofl~1O0]lO]O]oO|

P+ 1+

T

T

-+

T

12,47 | + | 0|

T

500
300

I
+

|+ 10|

loflolojlojololo}ol]

| O | ++]|+++]

folotoljollojJol~|+]|+|+|0]]O]O]

o+

|2,48 | + | O }

o] o]

I+l loJolo|o+l + ]| +]0O]}

tolojo]

| 0| O+

[2,49 | + | O |

lolol

ol o)~ 10|00 [++]

fololof o]

P+ 1+

12,50 | + | O |

n
T

L — 4 —

bo— 4+ — 4

toflojlojlol~f+]2]0]l]o}o]

lolo]o]

| O | O+]

12,83 | + | O |




214

lottotojlol+]?]0fjoOo]]O]oO]

folo]o]

foflo]

2,54 | + | 0}

lojollojJojollol]lojJojolo+f?|OfOLfO]O]]

12,55 | + | 0|

I~ 1+

lollo}to|l~lO0OfO]O]O]

210040} jojo]o]

{2,56 | + | 0 |

o] o]

lojlojojojojojotfo]

lolo}ol]

t 0| O+

12,57 | + | 0 |

lojojojlollolojJojolofJojojfo}jol]

| ofo]

[2,58 | + | 0 |

O+ |

o] o]

lololol~]0]?}0]

I o

fojlo}ol

12,59 | - | 0|

I +10]

|2,61

4 3
1 T
} t
T T
} }
T T
" i

IOiOI
[ol0]
IOTIOI
IOﬁIOI

folol~]0s +]+]0]
lolo o+ | +]+]0]

(I

ojojojojotoflofol]]

f O] O ]|~ |++|++|++[ 0] O] O] |

I o|

+ + +
bo— —_—+ — +
o o o
L — —_—+ — 4
(o] Q o
O o o

| 0] O+l

ol +|
| ofo]

2,66 | + | O+|

folojolojlojojojlofjo]]

lojojlof o]

l 0] O+

12,67 | + | 0|

ol loJo+tl~fo0jJofJojoljolol]]|
lojloJoJojoloJo]Joft|o]ol]|

T — T — 1 r
(=} o
T 7T 1
(o Oﬁ
+ -+ — +
Tlo
4 -4 — 4%
+ o
+ — 1+ - 1
@) +

folollojlolofllo]lflojololojJofojojlojol]

[2,70 | + | O |

lojJoJlojoJojlollo]lo|~]O}fO]O]JO]]O]O]]

l+ 101

2,71

lojlojJlolojoljol]ojo]Jo]Jojofo]Jollo}jol]]

2,72 | + | O+|

oflofjlojojojolojojol]o]+]]
ollojlojojlojojojolo|jolo]|

lojotlojlojoljol]lojlojojoflofjojoljolol]|

[2,77 | + | O |

lojloltolojojlojlolojololo]ojo]fo]ol]

12,78 | + | O+|

4
t
5
t

I
+ | O+
|+ 10}

|2,81

lojosflojojolloljojJojolofjojojollolol]]

2,82 | + | 0|




215
lol+llolofjoljoltoJoj~]OJO]O|O]]|O]O]|

l+1o¢fJoJojo] o] fojojojojojojofl]ojo]|
lofojlolofo]lo]lojojojolo]lojo|]|o]oO]]
lojollolojoljo]ljololojolojJojo]|O]|oO] |
lolojloloJo]jollojojlojoloflojol]o]o]|

12,86 | + | O+|
[2,.87 | + | O+]

(2,83 j + [ 0]
2,84 | + | 0]
12,85 | + | O |

+—t
I
+—t
o
oo
+—t
I
+—t
I
——t
I
+—t
I
+—t
I
+—t
|
I
[
+—t
[
I
[
+—t
[
I
o
[
oo
+—t
I
o
+—t
[
I
+—t
o
+—t

oo
lollojlojojojlojlojojlolo]]

tolol
I
!
I
I
ool

O+

O+l + | 0|

lolojolojJojoj+]lo]ol]]
lolojojJoJo+sf2|0o]jofol]l
fojojlojojojlojollo]ol]

lolojotolojo]ol

loJojoto]o
lolotl~]O]oO

lollolojojolol?2]of]o]o]]
lofjolo

| ol
I 0|
| o
I+
[ 01
[ 0]
I 2
—t

lolo]o]

+ |+
lojo]o]
lotof]o]
lojolo]

JjolojJtoloJo] ol |lojJoloJojo]Jo|Oo]|O|oO]|
[+++] O | O |

IOIOIIOIOIOIIOIIOIOIOIOIOIOIOIIOIOII
I0I0IIOIOIOIIOIIOIOIOIOIOIOIOIIOIOII
IOIOIIOIOIOII0I|0I0I~I0I0I0|0II0I0II
lolJolloJoJottol]o}jojojojlojolo]|lo]of]
lotojllofjofjotlojjojojojolojojofjjo]ol]

|

I
o]+ |
| oo
lofo]

210] 0 | O+|

|+ 10|

b — e —

12,94 | + | O+]

12,90 | = | 0|
12,92 | - | 0}
[2,93 | + | 0 |
12,97 | + | 0|
|2,100| + | 0 |
12,103} + | 0 |
}2,104{ + | ©

[2,91

|2,106| + | 0 |
|2,107I + | O+]
|2,108I + ] 0 |
|2,109I + | O+

{2,110



216

+ 3
T T

foj++l fOoJOjJO] |+ JO]l+]O0]JO]O+fo+jO] JoOo}oO]]

[2.112] + | O+|

fojol

ocjojlolo]o}ol

folojo]

lo)o]

12,113] + | O |

l+lo)lofjojJo]jol]oJojo}loJojo]o|]o]o]| |

{2,114 + | O |

lollojolojojojlojol{o]o]]|

lolo]o]

ol +|

|2,115] + | O+

30l o0+ o+ ]+l o] ]ojofo]JoOo|lO++]O0]]O]oO]|

12,116] + | O+]

I ~10]

ol loJoto] o] o+ o+ O]

lolo]o]

Lo+ |

12,117] + ) 0 |

oo}

Jol ool 1O | 0| + | O [+H|+++]|4+]|++]

PO [+++]

[2,118] + | O |

toltojojlofllolo]o}o

ol + 1]

[2,119] + | O |

lolo]

o|lo] o}

+—t

olojloloffofjo]

lolo}o

| 0|

[2,121] + | 0 |

3
t
I

folo]

fololoJofjo|oO]oO]

lollojJol~]O0OlO]JO]O]}lO]oO]|

folofo]
fotojol] o]

lol]o|
ot + |

+ 10

2,122
123

toloflof~l212]0]]0]O0]]

lotofof} o]

[o] 0]

12,124) + | O |

lol]o|

lojol~|~]2]2]0]|

lolojo]|=2|

| O [+++]

[2,125) + | 0 |

oo

lojlojoftojojojo]

lofolo] o]

o+

[2,126] + | O+]

ool

lolololJolojo]o]

[+10o10} o]

o]+ |

12,127| + | O |

ool

[+l 1oj+}lojo}lojojo]

tolojol]

| O | ++|

|2,128] + | O+

foJolojojotofoflfo]o]

lolo]o] o]

o]0

|2,128f + | 0 |

+
3
-+

:

<
1

lolo]
ool

lolojololojojo]
lojoJoloflo]o]o]

o— 4 — 4

12,131} +

lolltol+lofjojJofojojjo}ol]

lolo]o]

[ O] ++]

{2,132] + | 0 |

ool

lojolofoflo]o]o]

|44+ + |++] | O}

| O [+++]

[2,133] + | O |

I ~10]

fojJojJojJo]o|o| o]

lojofo] o]

ol +1

12,134] + | O |

Fol 2|

fojlolo|o} 0] o+ O]

b+ 1o+ + ] |0}

Pot+ 1|

|2,135] + | O+

ool

lofololojojo]o|

[ojojo] o]

lolo]

12,136] + | O |

lolo]

fojojolo]o]o+ 0]

lojolol]o]

ot o]

12,137] + | O |

lojlojlolofo]Jojojo||o]O]

o] o]o]

| 0] O+

[2,138} + | O |

lolojolotolo]ol

lo]o]

lojotol|ol

|+ | O+

12,139 + | 0 |

JOTO O] | O |+ |[+j+t|++|+4]|++] =] |0 0] |

|+

|2,140] + | O |




217

fotolfojojofjjollolojojojojojol|olo]|

j2,141] + | 0 ]

[ofoO]

folo]ojo]o+ o+ 0]

fojolo] o]

lojol

12,142 + | O+

lo]o]

lojoloflo]o]| o+ O]

lolofol o]

oo}

12,143] + | 0 |

folojo]

ol + |

12,144 + | O |

|2,145] + | O+]

4t
I
[
I

lolojojojo]o]o|

KX

o1 00|

oo
00|
fofjol]

ocloflojo]fo]

o] o]

fojosfo ] o] |+ |+|++0]O0]O]+]

I+ 1+

+ 0]

2,148

ool

| + | +|++] Ol 0] O] O|

lolojol o]

o]+ ]

12,149] + | O+

o]0

| O] 0] O |+++|++|++] +|

folojol o]

o]+ ]

|2,150| + | O }

: 3
y 1
+ i
T T
3 3

lofo|

fololojolojo]o]
0
0

| ol

lotolflo]

12,151] + | O+

b
3
1
+
1

lolo|
folol

lojojJojJo]lo}jo}ol
folojolofo]o]ol

| 0]
| 0|

lolofo]
lolo]o]

lojolojolofoloffo]oO]

lolojol o]

lojol]

[2,156] + | O |

lolololjollolojojojo+lo+jo] ool

| 0] +|

12,157 + | O+

I
T

[o]o|

0] O] O] O] O] O+] O |

| oI

lojoJojolojojo]jo]ol]

| 0|

[2,159] + | O+|

lojlojojotojojo]tojol

lofoflo] ol

IO J+++]

12,160} + | O |

+ — 4+ — A o
o |
T - *r — 7T
+ — 4+ — +
o (@]

O (@]

+ — 1+ — A +
(@) (o]

+ — + — +
+ — 4+ — +
o |
121%]
o | T
12101
(@] (@)
T—1—1
| +
|
| 2]

Sl s

l[olJoJolojlojojo]||o]o]

lolotol o]

P+ 1+

[2,163] + | O |

4+ — + — 4
4 — e — +
T — T — T
o o
+ — 4+ — 4
o o]
+ -+ — T
+ — 4+ — +
Flo
+ — + — 3
o o
+ — 4+ — 4
o o
+ — + — +
Flo
t+ — + — +
2 o
4+ — 4+ — 4
+ o
4+ — 4 — 1
o o
+ — 4+ — +

[+++]

4
+
4
1

lojoljojojolloljojolojol?|?2[0o]]o]o]]

|2,166] + | O |

folJoJof~]lOojofofjjo]o]

fojfojol o]

ol +|

[2,167] + | O |

fojtotollojltojojojojojojollolol|

| 0| O+

[2,168] + | O |

lojosftoJoJol]lollojojojojolojollo]o]]|

12,169] + | O+




218

|

o] o]

ol o] ~]0]o0+ O+ O]

lololo] [0}

o]+ |

[2,170] + | O |

fojol

lofolojojolo}o]

tojojol o]

ol +1|

12,171 + | O |

lolofj~jojo+o+fO] [O]O]

| ol

lojotlo]

o]+ 1|

[2,172] + | O+

| oo

lojoJojJo]Jolojo]

fojJojojlo]

ol o]

12,173] + | O |

4
+
3
+
i
+

lofo]
lolo]

loJo]l~tO0ojO]O]O]

| + | ++] + |+ |+ |+ O |

| o]
| 0|

r—_— 1t —
131%
1+1 ] I
Ilo
| I
I|o
+ —+ — =+
+ —+ — T
+ +

— 4+ — 4
dio

+ — 1+ — T
+ +

t —t - T
< el
~ ~
- -
o~ ~N

+ — 4+ — +

fo]o]

lojlotof~[O0O[O]O]O]

lofJolo]

| 0] O+

|2,176] + | O |

ool

lojJojoJojo]o]oO]

folofof o]

o} o]

12,177] = | 0 |

| 010}

fojfolojojojo]o]

lololo] o]

lofol

[2,178] = | O |

lolo]

fololojojlo]o]o]

lojoloi]ol

o] 0]

|2,178] - | O}

lolo]

fojojJojlofjo|o]| o]

| 0|

|oflo]ol

folo]

12,180 - | O |

tol+llojojojlo]lolojojolojojofjolof]]

| + | O+]

3,1

ol lolo}o

lofJo]o]

folo]lo|

o]+
lo}jol

13,4

I 1
T T
4 +
- T

t
+
T

ol+|lojojollollolo]JolojJojojojjo]ol]]

+ | 0
| + | O+

13,6
13,7

0

+

13,8

lol+]JolololJol |+ |+[+#+fo0]loOo]JoOo]+|]O0]0O]]

—t
[

o]0

++|

| A+ ] ]

loftolo] o]

|+ [+

+

13,9

l[ojolololo]o

lolojol ol

| o] o]

|3,10 | + | + |

lo}ol

lotolololo]oO]oO|

lolojojf|ol

[ O [+++|

I+ 10|

3,11

F— 4 —— 4

[ojo]o|

| 0| O+]

[3,15 | + | O}

lotjojojojojojojo]lolol]]|

lojo+tffojJojo]lojlofolojojojojo}liolol]

[3.18 | + | O+|




219

fofo]

b+ H|++~ 2] 2]0]

lojojol ol

| 0] o+

13,19 | + | O+]

ol ol

lojJojojl~|O]lO]O]

| ++| + |+++] | O |

o] + |

3,20 | + | 0|

loloflolololofjojlo]oij]l

"
<+

lofo]

folojlolojlolofo]

folo]

P+ +H =~ +]1+]0]

lo}o]

lojlolol+|+]|+]0]

OMO OMO OHOM
+ — _—t — -t — —_
+r—+ 4+ — 4+ — 4+ — 4 r
[} o O o @] o
T T — T — T — 1 Fr— 1+ — +
o o o o @] o
+ — 4+ — 4 b oo + — o — 4 — 1
o o (@] o o o
+ =+t — T — 1+ =+ — T — +
Tttt —t1t1+— gn
O + o o m (o]
T— T — T — T — A F— T — +
o o o o o o
T — + — A r—+t — Tt — 1+ — T
o m o o o] o
.ﬁl.,-l%ll.-ll.-ll.-l.,.
+ + + + + +
+ — + — r—T—T—T— T
S| |3 ]&]&
L N e O )
+r+r—*T—+ =+ — t+ — F — T

fojlolojJojojolof)o}o]

| 0|

lolojo]

ool

13,27 | + | O |

lojoltolojofoflofJo}o]

fololof]o]

[ O |++|

3,28 1 + | 0|

lollolojololofo]o]|OfoO]

[ofo] O]

| O] O+

13,29 | + | 0O}

I I
< T
4 4
t T

ol ol
0] 0]

olololo]o]
Ol ~l0]0]oO]

oo

lolojo]o]| o+ o+ O]

—_ 4 — — +
o o O

+ — 4 — 4 — +
[ (o] O
(@] o] o

41 —_ T — T — 1 o
o o o ﬁ

lolojotolojofjo]|ojo]

lojolol]ol

Lol +|

13,33 | + | O+]

lotojojlojlojojoflo]o]]

lololof o]

ol ol

[3,34 | + | O+

lolol

fojlojo]|o]

| O |+++|

}3,35 | + | 0|

lojloJolojJojo}]ol]

ol o]

lojojo]l ol

|+

13,36 | + | 0|

| O+ ++| + [+ ]|+

lojol~jo0o]lO0olO]O]|O]O]

lololo]|o]

| 0] o+

tolol]

foJo|~]0] 0+ O+ O]

lojolof o]

olo]

lojotoltloljlojofjojlojojojoljo]ol]

lo]ol

13,39 | + | O |

3
u

lofololojlololo||o}o]

[ 0]

loloJlojJojJojojolfo]oO]

| o

[3,41

lolojojojo+?]0]

| o

lojo}]ol]

| ool

fojojofjofl~]2}]0]

| ol

folo] o]

I
+—t
I
+—t

|~ 10|
lolo]l~]ojJoOoJo]o]|]of|oO]]

lojofjojo]Oo]O]O]

| 0|
| o]

[3,44 | + | O+

13,45 | + | O |

01 0|

lol+|~]jo0]lO0]OjoO]

folol~lol2?l2l0]ll0}oO]

loJolo]| o]

| O |+++]

13,47 | + | O+]




[ofo]l

lollolojJoJojolojojlo]o]l
[oJo]Jo|lo|]ojo]oO]|

[ ol

220
o lo}ol
[ofo]o]

ool
oo}

3,48 | + | O |
13,49 | + | 0|

—t
I
+—
(I
+—t
[
At
|
[
+—t
ool
[
I
+——t
I
b
(.
[
+—t
[
+—t
[
+—t
[
+—t
o
+—t
oo
+—t
oo
(.
I
—t
o
(.
o
[
+——t
oo
I
+—t
(.

oo |
lotof|
[ ~10]
b ~10]
F~1011
[ 010]
[ol0]
IOIOI
| o]0
lofol

lolo]
IOIOI
|0I0I
I0I0I
I
I
IOIOI
[~ 10
0
0

ojolo|lo]o]| o]
ojlolo]lo]
ojJojof|o]

JoJlojlo]Jo]Jo]o] o]
loJofl~[O0]jO]O]O|
[oJoJojJo]o]o]o|
foJojlojJo]ojotol
JotojlojJoj2?2]2}o0|
lojJo|lojJo|Oo]o]|oO|
fojloJo]Jotolo]ol
lojojJojojo}fo

loJoJojJo|ojfjo]|oO|
jotojoJo]Jojoto|
[oJo|~]O}JO]O] 2|

folojolo}|~]?"

lojoJojlojo|ojo]
folojJolofolo]o]

l]ojo]ojo
olo|]O]| O
| +

I 0|
0
0

b ol

I o]

I 0|

| 0|

(e
I o}
| o]
| 0|
| 0|
| 0|
| 0|
ol
1ol
| 0|
| 0|

tolofo]
lolo]o]
| otojol
|olofo]
lolo}]o|
fojlofol]
lojo]o]
loto] ol
00| O0]
folo]o|
tojlo]o|
lojo]o|
[+ + |+
l210]o0|
lolojol]
folol]ol
loflo]o]
lolojol
lojJo]ol]

[+ ]++]

| 0| O+]
Fot + 1|
| ot o]
I
I
| O j+++]
lo]o]
| 0] 0|
| 01 0|
IO | ++]

|0I+I
IOIOI
010
01+l
IOIOI
o1+
IOIOI
I0I+I
IOIOI
IOIOI
IOIOI

l+ 101

}3,65 | + | O+
13.68 | + | O+

}3,56 | + | O |
13,61

f3,62 [ + | 0|
[3.63 | + | 0]
{3.64 | + | O |
|3,66 | + | O |
[3,67 | + ] O |
{3,70 | + | 0 |
72

13,73 | + | + |




221

}
+

| 0] 0|

lojololojojo]o]

ol

olo]o|

-+ —

T
4
T

fol]ol

fojojojlojofo]o]

2|

ojofo|

13,78 | + | O |

| oo

lolojlololo]o]o]

lololo]| o]

ool

13,79 | + | 0 |

00|

[+ JO0JOJO]OJO|O]O]

foloto]

|+ |+

|3,80 | + | 0 |

fojojolofjojo]o]|ofo]

lojofojf o]

lofo]

[+ 10]

|3,81

o o
-xM-INQ
;:M!M-.
-vm..M{

lololo]

| 0} O+]

lojololojojojoj|ofo]

L+

2100}

O]+ |

13,84 | + | O |

totol]

fojJo]Jo|lo|o|o]|oO|

l[ololo|]oO]

| o] o]

[3.85 | + | 0|

I

| O | ++|

loJoJolojofjol]o]

| o

290 00l |00} O]

|13.86 | + | O |

lololojotojojo]| [O0]O]

loloflo]fol

lo}jo]

|13.87 | + | O |

Fol+ |+ 0+ 0+] +]0]

lojojo]]o]

| 0 j+++]

{3.88 | + | 0|

folol

o|l~loJofo]o|

lofol]

loJlolojoflo}lo}fol]

[+++]

| +10]

[3,91

lo]o]
At A+
folol

0]0]o0]

o}

lofolol]

} }
T +

ojo]o]|

lojlofof|o]

I 0] ++]

[3,83 | + | O |

I

lofo}

loJojololofolol

folofo] o]

lofjol]

|3,96 | + | O |

oo}

lojJo]~lo0ojoOo]oO]oO|

lolofoj o]

b+

13,97 | + | O |

(@] (e]

T -1 —
o (@]

+ -+ — +

[-1=]

T — 1T — 7T
@] o

T+ — F = 4
o ﬁ o

+ - 1T — +
o | ¥

T — T — T

+ — 4+ — +
3| +

T — T — T
o o

+ — 4+ — 1

T —— T — 9 -
o o

T — 1T — 7T
+ +

+ —+ — 4
1o} o]
()] o]
m |-

T — T — T

|3,100] + | O |

|[++} 0 | O |

lofol]

[3,101] + | O |

lojJoJolojojlojof|oO]oO|

folojlof ol

| 0f]o0]

}3,1021 + | 0 |

I~10l

lojojolo O[O O

lojolo] o]

lojol

[3,103] + | O |

ool

|oJos|~]O]lO]|O] O]

|[+++] + | +] | 0|

| O j+++]

|3,104| + | O |

lojlollojolollolfjojojolofjofojoflofjoOol]

13,105 + | O |




222

3
t

ool

| O} | O] O4] + |++|++|++] O |

lololol]

| O |++]

fofol

lotol?lolololof

folo]ol

l 01 o+

I +
T t
n 4
t T

fojojlofojo]o]o|

lololo]| o]

ol o]

|3,108] +

lo]o]

+
<+

|3,109
13,110

lolol

| ++|++|+++] O] OO | O]

lololo]l 0]

o+

I3,111] + | O |

:
t

ool

folo+l~JO0]O0]JoO]oO]

lojojol| o]

oo}

| o]o]

| + | +|++| 0| 0] O} O]

o]

lololol

ool

lofoloftolojol o]

l+1 20} o]

o]+

13,114] + | O |

|3,115] + | O+]

lolo]o]

ool

13,116 + | O |

-+
t

o]0}

lojJojolojo}lo} ol

lojtofol o]

tolo]

13,117 + | O |

lotol]

lofololojo}|~]|o0O]

| 0|

lolo]ol]

13,118

| ofo]

fojol~tOolOo]oO]|+]

| o |

lolo]o]

ool

lolo]

fololojlojolo]o|

| 0|

lofofo]

ool

13,120] + | O |

ool

ol lojlojlolojlofol}o]

lofolo]

| 0] o+l

}3,123] + | + |

0]o0]

fjolo|l~]o]Jo]o]oO]

lololo]|o]

lolol

|3,124] + | O+

fojol

olJofJo]Jojo]ol

|3,125] + | O+

I ofo]

clofojojo]fo]

lotlojojojojojojof|+]o]

folojol

550 O | ++|

[3,127) + | O |

4
1

lofol]

l[oJolo|lo]o]oOo]O|

fofolof o]

lojol

“ 13,128 + | O+

[ O |+++]

lojojlolojojolo]

I 0|

ol oo}

lofol

lojol~lO0]lOlO]| O]

| 0]

lofolo]

lojo+l | +]o++ O] JOo]JoJofJo]Jo]Jo]O]|]][O]O]]

|3,1311 + | O |

s
+

o] 0]

| | ]

3,132

ool

ojlojojo]ol

| ~10]

ol lolojojojojo]oO]

o] o]o]

| 0| O+

|3,134] + | O |




223

folJlolojfojolojo]o+ |O]|O]

o]+l {o| 0] O]

13,135] + | O+|

loJlol+|~]O]JOJO]JO]]O]O]}

lojo]o}

| O ++|

|3,136] + | O |

lojolojojojlojo|jo]ol

lojofol| ol

ol + 1|

13,137 + | O |

+
u
3
-+
N
T

| o}o|
oo

lojolo]lo]olo]o]
loJo|l~]O0]lO]O] O]

[ 0|
(I

N
T
—+
—
t

lolo]

fojol~}0}0]?]O]

lolojlol ol

oo}

}3,140] + | O |

lojjojJolojojolo]o]|[oO}oO]

lojo] o]

[ O] ++]

{3,141} + | O |

I ~1o0]

fjololotlo|OojoO] O]

[oto]of o]

| o]o0|

13,142] + | O+]

|~ 1ol

tojJoflofjo|?]|~]oO]

lolojol ol

[ 0] 0|

13,143] + | O+

ol o+fo+fOojojofoOo] |O|O}]

folojlol ol

|+ 10}

|3,144] + | O+]

loJo|~]lO0O]JO]JO]JO}|O]O]

loltolol o]

o]0

|3,145] + | O |

lojol~]lolojoloOo}| |O]oO]

lojojol o]

0] 0]

]3,146| + | O |

foJojojojlojlojo]|[O0]oO]

lolojol o]

o]0}

|3,147] + | O |

loJoJoJoJojJolo}ljolo]

fotojol o]

| 010}

3,148 - |. O+]

lol+]+ftofjojofo]jo]o]

l[ololo] O]}

[+ [+

}3,148] + | O |

folo+f+]O0jOo]O]O]|O]O]

lololol o]

ool

|3.150] + | O |

lojtolojlollojojojojojojloljo]ol]

ol o]

13,151 + | O |

i :
T t
I Il
T 1

lolo|
ool

e aadbaadbasdbazdEEsdBEEY|

fol +1

13,152 + | O |

o] o]

| |+ e e )

| 0|

loJoJojololojo]]oOo}oO]

L+1ol+1f1]0]

o] + 1

13,155} + | O+]

3
T
i
1
+
T

| ~10]

foloJoJojJoj]o]o]

+ + +
+ — —_— ¥
o M o
+ -+ — +
o (o]
4+ — 4 — 4
(@] o
b o+ — 1
o o
T = T — 7T

[3,156

loJojojol?]?]0]

| O | O+]

foflo]

| 0|

ool o]

|3,158] - | O+|

JojolojJoljojololojojojo]|ofo]

| 0| O+

13,159 + | O+}

o o
4+ — 1+ — 4
O (@]

+ — 4+ — 1
(@] ﬁ O

4+ — 4 — 4
(@] o
o | ¥

+ — 4+ — 4+

-+ |

250
30,

[3,161] + | O+

|3,160] + | O |

ltojtloloj+lojojJojo|}o}ol]]

lofo]
|
I

1700 +

l
e

lolo|l oo+ +] Ol lo]JoJoJojo|o+fo]| |ofoO]]

{3,163 + | O |

—
T

I
—+




224

|3.164] + | O |

lol++l Jojolo}Jojlo]+[+]|O0fjO|o+O]]O]|O] |

01 0|~ |++|++|++[ 0] O] O] |

lojo]o]

| O |+++]

[3,165] + | O |

O +] [+ O+ +] O] [O]O|~]OfJO|OJO]]O]|O]|

[3,166] + | O |

Ol +l 100 O] O] |+|++++]2?2]2]0]0]0]O0]]

13.167] + | 0 |

lototf lotoJoJJol|ojol+]ololojo]jofo]|

|3.,168| + | O |

lol+ljojlojJojloj]JojJo]o|l~]O)2]0]}0O]O]|

|3,169] + | O |

Fo—t —

13,171] +

lol+i1lotojojlojlofjojolojofjojo}]o]o] |

[3,172] + | O |

+ — 4+ — 4+ — 4+ — 4

+ — + — 4+ — 4+ — 4

+ — 4+ — 4+ — 4+ — 4
(o] o
o (o]

T+ — t+t — + — + — 4

+ -+ — 4+ — 4+ — 4
o o
o (@]

T+ — Tt — T+ — T — 1
o (@]

+ — 4+ — 4 — L -
o o

+ — F — 4 —_— + —
(o] o

G+ — 4 — L — L —
(@] o

o+ — 4+ — 4+ — 4+ — 4
(@] (@]

T - Tr — T — T+ — 4

+ — p— — 4+ — 4
o ]°]

T - - - r — 1

l.ll..vl.,ﬁl.,ﬁl.
(@] (e

[3,173] + | O |

13.175] - |
13.,176] - |

r — 4 — 4

+ | O+

13,178

b — 4 — 4

b — o — 4

13.180] + | O+|

olloflojof~]Oojolo+tfo]|O]oO]]

olloliloJojojojojojo}lo]ol]

b — 4 — 4

ol +] |+ + |+ O] JOJO|~]~]O]OH O] ]O]O]|

13,183 + | O+

loftotllojofjoljollojof~]ofJoJofo]lo]|o]|

|3.184] + | O |

|+ |+l lofjoJo]jo]Jojol+]o]ojojo|loOo]|oO]|

|3,185] + | O |

lojtollolojloltoljojol~]O]lOfJOJO}}lO]|O] |

|3.186] + | O |

ol o]
oo

0| 0] 0|
ocfjo}ol]

+ +
n ¢4
T

lototl~lofjofl?2]of|~]0]

lolojol o]

| O | o+]

13,189 + | O |

[+t | ] ]+ | 1 0] 0

fololol ol

|+ 4]

13,190] + | O |

lolojJjojofjoljollojol~]oOo]2]2]0]]lo]oO]]|

13,191 + | O |

lojlolofllol}lololofolofjojol ool | |

oo

[3,182) - | O |




225

1o
| o
y—

o
lo
1o
F=
1o
IS
p=
1o

lolo]ol}

o] o]

o
B R
|
%)
[o]
-
"
+ -

(@] o

+ — 4 — 4
o

+ — ¢+ — T
o

L1 ] s
(@] o

folo]o]
lolojol]

lo]o]
ool

I
I+ 10|

13,194 -

t4,1

T

lojof 0]

tol

loJlojojllo}llojolo]o} |

| 0] O+

b+ 101

[4,2

l ol
[+ |

lolol

00|

| 0|

loJo]l~]Jofo]o]oO]

fololo]ol]

| ol
t ol

|+ 01|
|+ 0]

4,3
[4,4

| o |

lolo]

loj+lJoJojojlollojojojololoO]oO]

f+10]

14,5

lojo]j o]

I+ 10| [+ 1+ J+=+lO0JO| ol JoJojolo] | o]

|4,6

I
T

10
0

147 1+ 101 5

I follolo]|+|
lolofl~lolOo]lO]O]

lojolo]ol

ol

oo+ | +1 0] 0+

4 3 3
~ T t

4
-t

| 0|

[o]o0]

l+1of10o] 0]

| O | O+

|+ 101

4.8

b+

oo

lolof~]O]O]O]O]

(I

lojoljol]

|+ 0| 870 0] 0|

14,9

Fo— 4 —

p o— 4+ — 4

F — 4+ — 4

Fo— 4 — 4

[ o]

[ O |+++]

olo}ol

| 0|

oo

lolo]l~]0O0]O]O]O]

fololo] o]

lolo]

4,16 | + | O |

+ — + — +
o o

T — .ﬂ —_ T
o o

T+ - 1+ — +
o o

T — T — T
o o

+ — 4+ — 1
3 4

4+ — 4+ — 4
o o

T — t+ — A o
o, o

+ — + — +

+ — —_— %
o H o

+ — — +

4 — 4+ — +
o o g

4+ —-— 4+ — +
o o

4+ — 4+ — +
o O

+ — + — T

lotollojojo]Jollololojojojojojlojof}ol

4,19 | + | O |

lojotlojolo]lloltojolojolojofjoljojollo]

4,20 | + 1 0|

| ol

lojoJojo|ojo+|O][|]O]O]

[oJojol o]

| oo

| + 10|

[4,21

010
lolo]

+++| O |

ojtoljololol+]o|?2]o}lo}lol]O]

+ — 41 — + 1
o (@]

+ — 4+ — -
o o o

T+ — 1+ — T — A1
o (@] (@]

lotojojlfjollojofl~)O0)OjOjO}lO]O]][O]

P — 4 — +
o o M

P — + — t -+
o o

A I & +
o o

Fo— 4+ — 4 +
(@] O

F — 4 — 4+ +

F — T — T — 1 r
+ 1 &1

...... F— T
o o o

F— + — 4+ — 4

b o— o — -
Elo|o

r— 4+ — 1+ — T
+ + +

rF — 1+ — 4+ — T
1 RIR
< | < |«

r— + — + — +



226

lolol |2l

foljolol~|O0fO]0O]O]|

b+ 0] 0]

1+ | o+

|4,28 | + | O |

| ol

ool

lollofjojojojojolo|]

[+ 1 [+

| 0| o+

4,29 | + | 0|

l 2|

folojJolfojlolofl~]OfjOfjo+Of[O]O]

Fol +|

4,30 | + | 0|

| ol

lolo]

fotojJolo|lo]o] ol

lotollojlojof o]

| + | o+

[4,31

lol

ool

lojojojojojol]o|

fojfojojf ol

oo

14,32 | + ] 0|

lolol o]

lotolojolojo]o]

lolojlol o]

ool

|4,33 | + | 0|

tol

lojot~JO0}j0o]oOo]O] foOo]O]

[oJoJof o]

lolol

[4.34 | + | O |

ol

lojjoflojofoflojojol|o]oO]

lololo|

| 0| o+

14,35 | - | 0|

toflo]
[ o]o]

ol
ol

Foloflof]~]o+ 0+ 0]
loJof|~|~]0]0O]O|

loflolo] o]

rl
i

P— + —

ol

tolo]

lojojoff++loJo]JojJolo}lo]oO]

| 0] +|

|4,38 | + | O+]

tolol o]

lolofl~|O0OfJOjoO]oO]

| 0|

ol

lojol

lojojlololo]foO]oO|

ol

ol

folo]

~lolojofo]

lolo] o]

ool

I+ 10|

[4,41

ol

ool

~]oJojojo]

4
T

[ ol

lollolojojolofjol+]]o]o]

ol ofo]

| 01 o+

|4,43 | + | O |

560l 0 lo | lojotfosl JojJojJolojojolojolfjojol|+]

|4,44 | + ] 0|

b+

lolo]

fololofto| o] o+ O]

loloflof o]

7201 0 | O |

|4,45 | + | 0|

ol

[ o0]0]

folojfojojo]fo]oO|

lololofl o]

lolo]

j4,46 | + | O |

3
T

| 0| O+

P2

| o] o]

fojolotolo|o]oO]

| o}

loto] o]

14,47 | + | O |

lojolJolojoljoljolol~}OfOfO}O]]OjO]]O]

14,50 | + | O+]

ol

lojlololojJololo]|lo]oO]

fojofjoj ol

| 0] o+

F+10]

j4,51

lollojojloJojojojof ool l+]|

580] 0|+ ] o] O] O]

|4.52 | + | O |

lojJotl fojolojlolfjoJojoJolojololfjojol]]oO]

4,53 | + ] 0|

lojJollojolojlol]Jojojojojojolofjjolol]jo]

[4,54 | + | O+

lojojjlojojojloljojotojojojojollo]of}fol

|4,55 | + | o |

—t

lojo+jjojojojloflojolojJojojojollolol]|oO]

—.
4

I

|4,.56 | + | O |




227
lolojjoJojojlol]lo]Jo|loJojo]Jo]lo|]lofjo]]|o|

14,57 | + | O]

| O+]
b ol
[ 0]
| o
(O
| o]
ol
| o]
(!
| 0|
ol
| o]
2
o
+—t
| 0|
| 0|
b ol
| o]
[ O]
| o|

o]0
lolo0]
Ioiol
00|
100
|

|
|0i0|
loiol
o]0
o]0
| 0 |+l
lo]o]
|0i0|
|01|0|
oo
1o]0|
|0i0|
|0i0|
oo

oJojlo] o]

JoJlo]Jojlo|oflo|oOl|
foJo|l~]O}JO}oO] O]
lololojolo]|o]| o]
foloJoJojo|ojol
Jojof|~]O]O]O] O]
foloi~]l0]lO}JoO]| O]
lojolojJo]lo]o] o]
folof|l~lO0O]O]JO] O
foloJololo]o]| o]
lojojfo]Jo|Jo]o] ol
f0ojJojJo]loj]o]| o+ o]
| ++|+++]|4++] +]| ++] ] O] O] O]

| ++|+++ |+ O+ O+] O+] O |

|
I
| O] 0] 0] O+ O+ O+] O |

lotojo|~|0ojofjo}jo}ol
loJofl~]O0]O]lOoJO] |O]O]

loJoJoJolo]ol]|+|
folojJojojo]o]+]

b ol
| 0|
| o+l
| 0|
I o
b ol
I o

[ 0]
| o |
I o
| o
(O
| ol
| 0|
o]
lol

lolo]o]
fojolol
loflo]| o}
folofol
[+10]o0|
toflof]o]
lojo]ol
0jo] o]
0
toto] o]
lojolo|
lolol]o]
oo o]
lolol o]
ol o] o]
lojo]o|

lojofloJoJofJl]o|llojoloJoJoJoJo|J|oJo]|]|oO]|
|++} 0 | O |

IOiOI
jolo
|+ | ++]
|+ 10
| +10]
lolo
|0]0+|
IOiOI
oio;
oio|
IOiOI
I01I+I
IOiOI
10i+l
IOiOI
jolo|
IOiOI
l+i+l
|0 o+l

640l 0O JO|+]+]]JO]]O}lOoJOofjojoloJo}l|oOo}oO]||+|
o[+ |

b+ | o+

14,77 | + | O+]

58

59
[4,60 | + | O |
{4,862 | + | 0 |
[4.63 | + | O |
4,65 | + | O |
|4.66 | + | O |
|4.69 | + | O |
70

72

73
14,74 | + | 0 |
(4,75 | + | O |
[4,78 | + | O |
14,79 | + | O |
[4,80 | + | 0]

|4,61

2|
[ o]
| 0|

lolol]
lolol]
lolol

fojloftojojojo]ol]
fofojoJo]oj|o}o]
lollolol~]0]0]| O] o0+

| 0|
| 0|

lojolo|
lolol ol
ol O0]O]

010
lolol
lofo]

|4.84 | + | 0]
|4.85 | + | 0|

[4.83 | + | 0|




228

loJojolojo+fotJo] jo]o] o]

lolofol ol

| 0] O+]

[4.86 | + | O |

ol

lojJojlojJojojojolo]]o]o]

lojojo|

1 01 o+

14.87 | + ] 0|

i o]

totolojlolojolo] o] ?]

I ol

lolo]o|

300| O | O+|

(4,88 | + | O |

Ol +11O0FOT O] O |+ |++[++] 0+ O+ O+ O] | ~]O]]O|

|4.89 | + | 0|

lololjololollojlojlo|l~]O]JO]JO]O]]O|O][]oO|]

(4,90 | + | 0 |

l+l+1lloJojojjollol+]olo]~]|~]O)|O]O]]|+|

|+ 10|

14,91

folol~Jojlo]l~]0]lO0]O] ]| +]

| o |

lotololoJoJojJollojol]]o

fojojJol o]

o] o]

l4.84 | + | O |

lojJojJojojo]o]o|

b ol

lolo}ol]

| O] + |

14,95 | + | 0|

2|

[ ~1{o0]

Folol ol T2 1O+ |+ |+ +]| +]| +]

I+ [+

4,96 | + | O |

lojololo]JojJojollojol|]o]

fojJoJo}fol]

[ojol

14.87 | + | 0|

lojlojojojojojoljojo]]ol

fofjofjoj|o]

I O] O+

4,98 | + | O |

(R

lojojojlojojolollo]|o]

lotolo] o]

lofo]

{4,101 + | O |

[4,102] + | O |

fojololojololojlolo]]o]

l[oJolo] o]

| O | O+]

14,104 + | O |

folojJojolotojofllolo]]o]

| [ | ] OO ] 2

| 0}

lojol

O] O |++|++] 2] 0|

| 0|

o] ol

| + |[+H+|++] 0] 0] 0| ++

lojJojto] o]

b+ 1+

|4,108] + | O |

| +

| 0|

lolol o]

|4,108| + | O+]

| O] + |

fofojof ol

lo]o]

[4,110] + | O |

lojofl o]

fojof~]O0]lO]O]O|

?

lolo]o]

PO + |

[4,111] + | O |

[ 0]

[ojotf~]O0]JOJOJO]]O]|O]

| 0|

| 0|

lojol~}lO0flolojo]]Oo]oO]

| 0|

I o]

0] 0|

Eeedbasikasdbasikesdband Baad

lofofjo] o]

I O |++t]

{4,114] + | O |




229

|4.115] + | 0 | <200] 0 | O+] [OojOofo ] O} JoJo}l~]jOJOlO]O}|O|O]|]|+]

| ol

foflotojJolololojo]|o]o]

lolojol

[ 0| o+

l4.,116] + | O |

lolotff+]olof|ofjjojJojolojojojoljo]o}]]o]

|4,117] + | O |

lojollojJojojlollojlojolojojJolo]lo|o] |oO|

|4.118] + | 0 |

tol
[ 01

ol

ool

| O | +|+++]+H]|++]|+H+] O |

ol

o] o]

] O O} O |+++|+++]|++]| O |

lolo]o]

P o] o+

l4,122] + | O |

loloflolojJoflolloto]l~]oOojo]JOo]JoOo]l]oOo]JO]|]|O]

]4,123} + | O |

| ol

lojol~]JoJoJolo]|o]o]

I o |

I+ | O+] O+]

o]+ |

|4.124] + | O |

[0l

o] o]

|+ |+t |++] O+] O} O] O |

| 0|

lojolo]

o} + |

|4,125] + | O |

lotojojlojojlojoljojof]lo]

[++] + | +] | 0|

Lo + |

14,126} + | O |

(I

ool

lolol~]olo]o+ o]

|+l + 1+ 1]0]

o]+

14.127] + | O |

ol

lolo|

cfojJojo]o]

| 0l

ool

PO L | +l+t+] ~ | ~ 1 ~ | 0]

lolofo]

o+

ol

[+ lojo|~]O0O]JO]JOjO]]O]|O]

loflo]o]

| O] +|

o]0
lolol ol

o |

lojolo]
ol |++

lolofo]

o] o]

[t ]

|4.133] + | O |
}4,134] + ] 0 |

14,1351 + | O |

840
330

[+

lofol

loJol~]O0}lO|lO]O]

lolojJo]|o]

| O] ++|

}
T

Il
~t

}
T

—_
+

4
T

lolloloj~]oOolOo]JOoJOo]|Oo]oO]||oO]|

[o]olol]

| 01 0]

(N

o} o]

loJof~]ojo]oO]+]

lojJolo] o]

P+ 1+

|4,137] +

| ofo]
toloi o]

|

lolo}o

|+ ]+++]

[4,139] + | O |

| +

fololo] o]

| O | O+]

|4,140| + | O |

el

ool

loJlolo]Jo]o]o]o]

| o |

lojojol]

o]+ |

14,142] + | 0 |

ol

lojo]

lolojofolo]o]o]

| oI

lolojol]

| ofo]

|4,143] + | O |




