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ABSTRACT

A gene coding for legumin, a major storage protein of pea, was
isolated from a library of pea DNA, and partially sequenced. The
library was constructed by partially digesting pea leaf DNA with Sau
3A, and ligating 15 - 28 Kb size fractions into the Bam Hi cleaved
arms of the vector A L47. Ribosomal clones were isolated from the
library at a frequency which indicated that the sequence
representation was near complete. Screening of the library for
sequences encoding legumin was performed by using legumin

complementary DNA.

The coding sequence of this gene was localised using
restriction enzyme and hybridisation analysis, to a 2.7 Kb fragment
within the 15 Kb genomic insert in the phage vector. This 2.7 kb
fragment was subcloned into the plasmid vector pUC 8, and analysed by
restriction enzyme mapping and sequencing. This showed the presence
of three small intervening sequences within the legumin coding region.

Sequence data obtained for two of the intervening sequences indicated
that they were rich in adenine and thymine nucleotides, and that the

57 terminus of both introns began with the dinucleotide GT.

Hybridisation experiments using this gene to probe for
homologous sequences in pea leaf DNA detected 7 hybridising fragments,
suggesting the existence of more genes than were originally thought to

comprise the legumin gene family.
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Al abbreviations are as stated in the Biochemical Journal
Instructions to authors * (Biochemical Society 1975), apart from those

detailed below.
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c.p.m. - counts per minute
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p.a.g.e. - polyacrylamide gel electrophoresis
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INTRODUCT I ON



NUTRITIONAL VALUE QF SEED STORAGE PROTEINS

It has been estimated that the direct consumption of cereal
and leqgume seeds accounts for 70 /% of manKind’s food (FAQ 1970). The
remaining 30 / comes from animals, some of which are fed on seed
meals. The proteins present in seeds are therefore a major source of
protein in the diet of both man and his animals, and as such, merit
investigation from practical considerations alone. Cereals form the
major source of plant protein followed by legumes. However, as
expressed as a function of dry weight, the percentage of protein in
legume seeds (20 - 50 X)), is greater than that in cereals (8 - 153 / -
Danielsson 1949), and leqgume crops are therefore especially important
as a protein source in developing countries, where protein
malnutrition is often very common (Shewry et al 1981). Legumes also
play a key role in crop rotation as a break crop, and in improving

soil fertility by their ability to fix atmospheric nitrogen.

Protein is required in the diet as a source of essential amino
acids. Of the 20 amino acids commonly present in protein; nine are
essential for mammalian nutrition. These are leucine, isoleucine,
lysine, threonine, valine, methionine, tryptophan, tyrosine and
phenylalanine. Despite the fact that legume seeds maKe important
contributions to protein nutrition, they are limited by their content
of the sulphur amino acids, cysteiﬁe (which spares methionine),; and
methionine (Croy et al 1988a; Casey and Short 1981). This important
nutritional limitation offers scope for their improvement, either by
conventional breeding techniques, or ultimately, by the recently
developed techniques of genetic engineering. However, some of the

many problems which have to be overcome before direct plant genetic



manipulation becomes a reality have been pointed out by Cocking

(1981) .

Storage proteins of seeds are those proteins used as a
nitrogen source, to establish the seedliing upon germination (Basha and
Beevers 1975, Thompson et a] 1978), and usually constitute 50 - 90 /
of the seed protein (Shewry et al 1981). In Keeping with their role
as a nitrogen store, they normally contain a high proportion of the
amides glutamine and/or arginine (Derbyshire et al 1976). According
to the system of Osborne (1924), who classified proteins on the basis
of their solubility in different solvents, legume seed storage
proteins fall into the globulin class, i.e. those soluble in aqueous
salt solutions. The legume globulins are of two main types, legumin
and vicilin, and wide variation in the relative amounts of these types
occurs within the Leguminosae. For example, Phaseolus vulgaris
contains very littlie legumin, (Derbyshire et al 1978), while Vicia
faba contains an excess of legumin over vicilin (Gatehouse et al
1980a), and Pisum gativum contains about equal amounts of both types
(Schroeder 1983), but varies with genetic line. The globulin storage
proteins are widely distributed in other legumes e.g. occurting in
Blycine max, Viqna unquiculata, Vigna radiata, and Lupinus spp
(Derbyshire et al 1976). The overall similarity of the legumin and
vicilin proteins between closely related species of the Leguminosae
has been demonstrated by Croy et al 1979. Besides legumin and
vicilin, other proteins such as enzymes and lectins are present in
lesser amounts within seeds. Lectins are proteins which have the
ability of agglutinating human or animal! red blood cells, and are
synthesigsed during seed maturation along with the other seed storage

proteins (Bollini and Chrispeels 1978).




Conventional plant breeding techniques involve the crossing of
several variants followed by selection for the improved genotype.
This approach can be extended by using mutagenesis to artificially
extend the range of variability., An example of this is the series of
mutant high lysine genes which have been reported in cereals (reviewed
by Nelson 1980). However, although the mutants had increased lysine
content, they were identified by mutant endosperm phenotypes caused by
changes in carbohydrate metabolism, thus their designation as opaque,
floury,; sugary, shrunken and brittle (Nelson 1980). This disruption
of carbohydrate metabolism resulted in decreased seed weight and
yield. Al though these problems appear in part to have been overcome
(Shewry et al 1981), conventional breeding programmes involving the
screening of hundreds of cultivars are tedious,; and frequently result
in the production of plants which might have the desired trait, but
which also possess other undesirable characteristics such as decreased

yield.

Genetic engineering methodologies, on the other hand, have the
in 2 defined manner.

potential ability to alter the plant genotype n An essential
prerequisite of this strategy is the isolation of protein coding genes
from the plant genome, and their complete characterisation with
respect to coding and regulatory sequences. However, even if cloned
genes became available, their utilisation would depend upon
understanding the biology of the system in which they act. Hence, the

next section will give a brief outline of storage protein synthesis

and pea seed development.




PEA SEED DEVELOPMENT AND STORAGE PROTEIN SYNTHESIS.

The stages involved in the seed development of pea have been
reviewed by Boulter (1981), and will only be briefly summarised here,
In higher plants, the seed is the organ of dispersal, and is normally
produced by sexual reproduction. The end product of seed development
is a mature seed, which is capable of surviving long periods under
adverse conditions,; and still being able to support the growth of a
seedling upon germination. Usually, three phases can be identified
with the production of a mature seed. During the first phase, 1 - 4
days after floweringf cell division occurs and intermediates are built
up, but the rate of storage protein synthesis is very low (Boulter
1981) . By the beginning of the second phase, days 7 - 22, the
structures of the seed, the cotyledons and embryo, have appeared, but
DNA replication continues; leading to endoreduplication of the genoﬁe
and chromosome wvalues of up to 44C (Millerd and Spencer 1974, Spencer
and Higging 1979). Domoney et al (1980) have shown that legumin
synthesis starts from the initial stages of embryo development, and
that it can be detected in embryos weighing as little as 2 x 10-3 g, It
is probable that vicilin is also simitarly synthesised (Boulter 1981).

From this initial, subliminal rate of synthesis,; a sudden and massive
increase in the amount of storage protein occurs, unti) by day 20, it
comprises about 40 X of the total prrotein of the mature seed. This is
accompanied both by an increase in the amount of rough endoplasmic
reticulum (Boulter et al 1972, Chrispeels et al 1979), and an increase
in the ratio of polysomes to monosomes in cotyledon cells (Beevers and
Poulson 1972). At this stage, protein bodies which are 2 Hm diameter
single membrane bound organelles in which storage protein is

deposi ted, start to appear (Baumgartner gt al 198@). 1t is thought

¥ in Piszum sativum wvar Feltham First grown bt ZO00 and 12h Jdays.




(Baumgartner gt al 1986, Briarty et al 1969), that storage proteins
are synthesised onto the rough endoplasmic reticulum (RER) and
transported to the protein bodies via the smooth RER, in a manner
analogous to that of animal secretory proteins (Caro and Palade 1944).
The onset of the increased rates of synthesis and deposition of
vicilin and legumin are sequential (Thompson et al 1979, Boul ter
1981). Recently, it has been shown that vicilin is synthesised at 8
days, both vicilin and legumin at 13 days, and only legumin at 19 days
after flowering (Evans pers. comm.). The second phase of seed
development, involving the rapid synthesis and accumulation of storage
protein, is followed by the third phase ; developmental arrest and
dessication af the seed. Storage protein synthesis is not continued
into this stage, and it has been shown (Gordon and Payne 1974), that

storage protein mRNA does not appear to be present amongst the few

mRNAs stored in the dry seed.

Storage proteins, then, are laid down at a specific stage in
seed development in large amounts, to be used as a nitrogen supply on
germination. Since the synthesis of these storage proteins is
specific to the seed (Thompson et al 1978, Dure 1975 Gatehouse et al
1982) ; the developing seed provides a good model system for studying
developmental iy regulated gene expression. Analogous animal systems
are, amongst others, the egg white protein system in chicken oviducts
(Palmiter 1972), the fibroin protein system in Bombyx mori (Suzuki et
&l 1972), and the haemoglobin system in erythroid cells (Ross et al

1974) .

Lequmin, and its mode of synthesis; has been investigated by

studying the mRNAs responsible for its production. Morton et al
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(1983) have shown that the sequence compliexity of pea seed mRNA
decreases dramatically during the period 15 to 21 days after flowering
(when the synthesis of storage protein is at its greatest), from an
initial complexity of 20,000 sequences at day 9 to approximately 200
sequences at day 19. Corresponding with this decrease in complexity,
a limited number of mRNA sequences become superabundant. Studies by

Croy et al (1980a) on in vivo 355 labelled storage proteins showed that

immunoprecipitable legumin was not detected until 11 to 13 days after
flower opening. This coincidence between the superabundance of
certain mRNA classes and the accumulation of legumin makes it likely
that the increased rate of legumin synthesis is a direct result of
increasing amounts of legumin mRNA. Confirmation of this was obtained
by Croy et al (1980) who showed, using in vitro transiation systems
driven by mRNA extracted from 14 to 21 day cotyledons, that storage
protein precursors were prominent components of the polypeptides being
synthesised. A direct demonstration of the increase in storage
protein mRNA species during development of the seed was provided by
Gatehouse et 3] 1981. They showed, using the technique of ‘Northern’

hybridisation (Thomas 1988) that the levels of legumin and vicilin
mRNAs increased and decreased in agreementrgzximated rates of
synthesis of the respective polypeptides. The tissue specific
expression of legumin was also demonstrated, as legumin poly At mRNA
was found to be present in leaves at less than one - thousandth the
level in cotyledons. Casey (1979a), and Croy et al (1979) determined
the molecular weight of pea legumin to be 395,000 and 390,000
respectively, by using gel filtration techniques. Studies on the
subunit composition of legumins from pea have utilised polyacrylamide

gel electrophoresis under reducing and non reducing conditions.

Electrophoresis using non reducing denaturants like SDS; resulted in




the dissociation of native legumin into subunits of approximate Mr
48,000. On addition of reducing agents such as 2 - mercaptoethanol,
the Mr 48,000 subunits dissociated into smaller polypeptides of Mr
40,000 and Mr 26,000 (Croy 1979). Similiar studies on the legumin
from Vicia faba led Wright and Boulter (1974) to propose a model for

the legumin molecule which was shown to be correct for both the Vicia

faba and Pisum sativum legumins (Gatehouse et al 1988b). This model
proposed that legumin consisted of a hexamer of Mr 48,000 subunits.
Each subunit consisted of one large Mr 40,800 and one small Mr 28,000
subunit, held together by one or more disulphide bonds. In pea
legumin, the larger subunit was shown to have a pl value of between
4.8 and 4.1 and was called the “acidic’ subynit, while the smaller Mr
26,000 subunit had a pl value of between 4.2 and 8.0 and was referred
to as the ‘basic’ subunit (Krishna et al 1979, Matta et al 1981). The
acidic subunits were richer in aspartic acid, glutamine, and arginine,

while the basic subunits were richer in alanine, valine and leucine.

These acidic and basic subunits, could not, however, be
regarded as single polypeptide species. Each of the subunits could be
separated inte a number of component ponlypeptides by a combination of
SDS polyacrylamide gel electrophoresis and isoelectric focussing,
Heterogeneity with respect to molecular weight and charge was shown by
Croy gt al 1979 and Thompson et{ al 1978, while heterogeneity with
regard to the isocelectric points of the protein was shown by Krishna
et al 1979 and Casey 1979. Matta et al 1981 extended these
observations by showing that while Mr 54,880 disulphide bonded subunit
pairs constituted a major part of total legumin, subunit pairs with Mr

varying from 33,080 to 58,0808 were also present. These associated in

various ways to give at least three distinct molecular forms of




legumin. The main type (Mr 53,0688 to 54,880) corresponded to the
legumin subunit pair of the Wright and Boulter (1974) model, whilst
the other two types were present in smaller amounts and were
designated as big (Mr 55,8886 to 58,088), and small (Mr 35,080)
legumins. This heterogeneity was postulated to have arisen in three
possible ways 1) single substitutions in the amino acid sequence of
polypeptides, as has been reported for the primary structure of the
basic pea legumin subunit by Casey et al 1981ib), 2) extensive
differences in sequences among polypeptides including differences in
the total number of amino acide, and 3), formation of legumin
molecules from different combinations of subunits. The existence of
this heterogeneity, does not, however, challenge the original
hexameric model for legumin structure proposed by Wright and Boulter
(1974); i.e. the association of acidic and basic subunits into
polypeptide pairs. A structural model for vicilin, envisaging the
molecule as a trimer of Mr 38,889 subunits, has been put forward by
Gatehouse et al 1981. Considerable heterogeneity in the Mr of the

56,0088 subunit is also seen, a situation analogous to that in pea

legumin.

An interesting insight into the synthesis and modification of
legumin was gained by Croy et al (1988a), who used isolated poly A+
mRNA and in vitro protein synthesising systems. They showed that the
in vitro synthesised Mr 48,898 legumin would not dissociate into the
acidic and basic subunits under reducing conditions, while the

native legumin, isolated from pea seeds, would easily do so. They
concluded that legumin was synthesised as a Mr 40,868 polypeptide

precursor,; which was subsequently cleaved as a result of proteolysis

in vive into the observed Mr 46,8086 and Mr 20,088 species. The
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failure to observe this proteolysis using membrane bound pclysomes in
vitro, suggested that proteolysis occured after transport of the

polypeptide in vivo, and thus probably after assembly of the subunit

pairs into legumin molecules. MWorkK by Spencer and Higgins (1988)

using in vitro translation systems and high resolution polyacrylamide
gels, has shown that pea legumin precursor polypeptides were initially
assembled into a trimeric form of Mr 180,080 before complete assembly

into the hexamer.

The inheritance of the storage protein genes in Pisum sativum
L. was investigated by Matta and Gatehouse 1981, using SDS p.a.qg.e.
to study the proteins produced in crosses of various pea lines. They
concluded that the lequmin genes coding for the major Mr 33,886 to
54,0088 subunits in pea were localised on the short arm of chromosome
7. As at least five different band patterns were observed for the
major acidic subunits of legumin (Croy et al 1979, Casey 19792, it
was concluded that multiple alleles were present at this locus. Data
concerning the inheritance of the minor legumin genes suggested that

while some were present at the same locus as the major legumin gene,

others were not.

The elucidation of the structure of the legumin molecule, and
the finding that high levels of storage protein mRNA were present at a
specific stage in seed development, provided the impetus for the
beginning o studies on the genes involved in storage protein
synthesis. The prime requirement for isolating a gene from an
eucaryotic genome is the availability of a suitable probe ,
complementary to the gene in question. At first sight; mRNAs isolated

from pea seeds at the 14 to 21 day stage of development, appear to be




1

ideal probes for the isclation of genomic sequences. However, mRNA

preparations are heterogenous, and therefore cannot be used a:z
epecific probes, for fear that undesirable genomic clones,
corresponding to the contaminating mRNA may be selected. For this
reason, it is advisable to synthesize cONA copies of the mRNAs, and to
throughly characterise these coples before attempting to use them as
probes. In this way, one can be sure of having a pure prote,

complementary to the gene under investigation,

Evans et al (1979), described the isclation of poly A+ mRNA
from pea cotyledons harvested 14 days after flowering, when production
of storage proteiﬁ was at its greatest. Many eucarvotic mRNAs,
including those of wvicilin and legumin, have a terminal sequence of
adenosine residues at their 3° end, which is added post -
transcriptionally (Brawerman 1974). This enables separation of the
poly A+ fraction of polysomal mRNA on an oligo d - T celluloce column
(Aviv and Leder 1972). Evans et al (197% fractionated paly A+ RNA
(which constitutes 1 Y of total RNAR), on sucrose gradients, and
identified, using in - vitro translation techniques (Gordon and Payne
1974) 4 fractions which showed the greatest synthesis of storage
protein subunits. These partially purified mRN& fractions, enriched
in the mRNAs coding for storage proteins, were used to synthecize
complementary OMA“s (Evans et al 1988). The cloning of these cDNA‘s
into the plasmid wvector pBR322 (Bolivar et al 1977) wac reported by
Croy et al ©1982). Transformants obtained from thic cloning
experiment were selected on the basis of their hybridisation to poly
A+ MRNA, and to ¢DNA. Individual clones were identified using the
technique of hybrid selected translation (Smith et al 197%). Briefly,

poly A+ mRNA was hybridised to the denatured clones, and <specifically
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bound mRNAs eluted and translated in a rabbit reticulolysate in vitro
protein synthesising system. 2 clones coding foﬁ the Mr 46,000
precursor were selected. As a final means of identification, these
cDNAs were completely sequenced. Agreement between the predicted
amino acid composotion and the tryptic peptide and N terminal sequence
data, unequivocably identified the clones as legumin cDNAs (Croy et al
1982) . These clones provided further evidence for the synthesis of
legumin as a Mr 46,0888 precursor. The coding sequence of one of the
clones was shown to extend unbroken upstream beyond the N terminus of
the basic subunit, approaching or extending into the C terminus of the
acidic subunit (Croy et al 1982). No termination or initiation codons
were found in frame with the coding sequence in the pre - N terminal
sequence, confirming the precursor theory., The synthesis of pea
vicilin in a precursor form which was also proteolytically cleaved to
give the observed subunits (Gatehouse et al 1981) was confirmed by an
examination of the sequence of cloned vicilin cDNA’s (Lycett et al
1983a) . Sequences of the cDNAs coding for pea lectin (Higgins et al
1983a) showed that the characteristics of the synthesis of pea legumin
and vicilin in a precursor form were also true for this protein. The
large Mr 25,880 lectin precursor was found to give a and £ subunite of
Mr 17,888 and 6,886 upon post translational processing (Higgins et al
1983b) . Similiar precursor - product relationships have been
elucidated for the legumin like proteins of Vicia faba (Weber et al
1981) , soybean (Sengupta gt al 1981), a globulin protein of oat
(Brinegar and Petersen 1982), and rice glutelin (Yamgata gt al 1982).
Analysis of cDNA clones coding for napin, the rape seed storage
protein ( Crouch et al 1983) showed that both subunits of napin were

derived from a precursor polypeptide by proteolysis. [t thus seems

likely that the precursor - product relationship is a common one, at
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least in relation to seed proteins.

The cloning, isolation, and successful identification of the
pea legumin cDNAs provided a pure probe to isolate the homologous
sequences from genomic pea DNA,

the
next section will give a brief description of sequence organisation in

the eucaryotic genome, with specific reference to pea.

DNA SEQUENCE ORGANISATION IN THE EUCARYOTIC GENOME WITH SPECIFIC

REFERENCE TO PEA.

Eucaryotic genomes differ from procaryotic ones in two major
aspects: 1) the amount of DNA per nucleus, and 2) the organisation of
this DNA. The E. coli genome contains 4.4 x 186 bp (Klotz and Zimm
1972) , while the haploid human genome contains 2.8 x 18% bp (Lawn et al
1978>, which is an approximate increase of 488 {fcld. Plant genomes
generally have an even higher DNA content; e.g. 4.8 x 182 bp, 5.6 x 1@°%
bp and 8.6 x laqbp for the genomes of pea, wheat and ryg‘espectively

(Thompson and Murpray 1981).

Attempts to investigate the sequence of eucaryotic genomes have
centered on DNA reassociation experiments. The genome of any organism
can be characterised as to its DNA content, length and frequency of
DNA repetition classes and sequence complexity, by following the
reassociation of complementary DNA sequences over a range of Cot
values. The theory and practice of DNA reassociation experiments has
been reviewed by Britten gt al (i1974), and will not be mentioned here.

The renaturation Kinetics of procaryotic DNAs reveal that they are
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composed of DNA sequences which are prezent only once per genome, 1.=,
very little sequence homology exists between different parts ot the
genome. Loncequently, the number of qgenes in E. coli can be

calculated with reasonable accuracy. Assuming an average gene size of

(3
by

1588 bp ‘sutficent for 3 protein of Mr 95, 688 3, E. coll can

assumed to have 3888 genes. A substantial fraction of the E. coll

(%]

genome has been genetically mapped, and estimates of the =zame order of
magnitude as the above tiqure have been obtained (Bachmann and Low
196882 . A similiar calculation for the numberz of gene=z i1n a human and
a pea genome qgives figures of 1.3 x 18€ and 2 x 18€ genes respectively,
deUri1ec et al (1983) have estimated, using reassociation studies, that
approximately 26,868 genes are transcribed in pea. Thic agrees well
with values reported for other higher plants - 33,8668 in parsiley
root and callus, iKiper et al 1¥31), 24,6068 in cotton seedlings (Galau
and Dure 1%¥81), 231,880 1in barley shoots (Heinze et ali938) ang Z7,684
in tobacco leaves (Kamalay and Goldberg 1921). Assuming that the
polysomal RNA‘s used in these studies were mRMNA s, theze wvalues should
represent the numbers of expressed genes. The discrepancy between the
calculated wvalue for the number of genes and the ectimate ohtained

experimentally 15 co great, that the inescapable conclyzion iz that

the vast majority of DNA in higher eucaryotes does not code for mRHA,

Keasscciation experiments on eucaryotic genomes show that &
vartable and often large component reassociates relatively rapidly,
indicative of a high degree of reiteration (Britten and Kohne 1943).
These sequences may be genes for histones or ribosomal RN& which are
reiterated several times in the genome, (haploid pea has 3788 rRNA

genes ), and zome may be sequences which do not code for proteins.

The components of the genome which reassociate
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slowly, consist of sequences which behave as if present only once per
haploid genome and are termed single copy sequences. Sequences
which reassociate at rates faster than those observed for single copy
DNA are termed repetitive DNA sequences. Repetitive DNAR sequences
probably consist of two types of classes - those in which the
repeating units are very similiar and organised in tandem arrays, and
those which consist of dissimiliar repeating units organised in a

complex manner (Flavell 1988),

Buoyant density centrifugation of DN in caesium salt

gradients has identified a class of nuclear DNA sequences, termed
satellite DNRs in a wide variety of plants and animals (Skinner
1977) . Satellite DNAs consist of very similiar repeating units
tandemly arranged, of a length ranging from a few base pairs, to
thousands of base pairs (Flavell 1988). Satellite DNA sequences can
be separated away from the rest of the genome because of their
differential base composition, or their ability to differently bind
ligands e.g. Agt (Ingle et al 1973>. Amongst plant species, Ingle et
al (1973) found that cucumber had the largest amount of satellite DNA

- it comprised 44 Y of the nuclear genome.

Ribosomal cistrons, by virtue of the fact that they consist of
thousands of copies arranged in tandem clusters (Flavell 1988), might
be expected to form a dense satellite, if present in sufficent
quantity. However, Ingle et al (1975) showed that rDNA in plants
comprised only a small fraction of the satellite. The tomato
satellite DNA has so far been the only one found in which ribosomal
RNA cistrons constitute a significant fraction (58 /) of the

satellite, - this comprises about 3 % of the genome (Chilton 1975).
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Wall and Sryant (1981) have demonstrated the presense of satellite
DNA’s in the pea qgenome. Three satellites were isolated, which in
total comprised 33 % of the genome. Hybridisation of 3H labelled pea
rRNA to these satellites showed that none of them contained ribosomal
RNA cistrons. Tandem arrays of short repeated sequences such as are
found in satellite DNAs, have been shown, using in situ hybridisation
studies (Bedbrook et al 1988), to be distributed in a non random
manner throughout the genome; localisation frequently appears to be at

the ends of chromoscmes.

Several animal and plant genomes have been investigated using
reassociation techniques. Most animal genomes (Davidson et al 1973,
Crain et al 1976), show what is termed a short period interspersion
pattern in which a greater than 48 / fraction consists of repeated
sequences, 280 - 488 bp long, interspersed with single copy DNA at
intervals of less than 1068 to 40088 bp. Both short and long
repetitive sequences have been found in plants, distributions between
about 286 and several thousand bp have been found for repeats in DNA
from wheat (Flavell and Smith 1976), cotton (Walbot and Dure 1%976),
and parsley (Kiper and Herzfeld 1978). Data presented by Murray et al
(1978) showed that the pea genome was characterised by a very short
period interspersion pattern, in which single copy sequences 388 bp
long were extensively interspersed with repetitive sequence elements
alsc about 368 to 488 bp long. 78 / of the pea genome was found to
consist of repeated sequences of the moderate complexity, middle
repetitive type, in which 498 to 16,080 families had repetition
frequencies of between 308 to 18,888 copies per haploid genome. The

highly repeated fraction comprised 38 - 48 / of the genome, and

corresponded well with the Kinetics obtained for the satellite DNA of
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pea by HWall and Bryant (1981) .

Most structural genes in animal genomes are single copy
sequences of about 1,288 to 1,568 bp (Britten and Davidson 1974).
Similtarly, Gray and Cashmore (1974) have found that polysomal mRNA
molecules from peas frequently have lengths greater than 1868 bp.

This is in contradiction to the results obtained by Murray et al
(1978), indeed, these authors have stated that sequences longer than
1808 bp do not constitute a readily measurable fraction of the pea
genome. DNA renaturation studies do not therefore appear to be able
to identify this class of single copy sequences. Murray et al (1978,
have pointed out that since only a very small fraction of the DNA in a
typical eucaryote may be required to code for structural genes, it is
possible that the coding sequences in the pea genome form so small a
fraction as to be undetectable by renaturation experiments. If 3 % of
the pea genome consisted of sequences longer than 1888 bp, this would
provide coding capacity for 185 genes, which is well within the

estimates for the number of expressed genes provided by Goldberg et al

(1978) .

There is a wide variation in the DNA content of various
members of the legumes. There is a 7 fold variation in haploid DNA

content among the Vicia genus (Bennett and Smith 1974); pea and mung

bean genomes differ in size by 9 fold (Murray et al 1981); and pea has

enough DNA for 1.5 x 185 genes, while Vicia has enough for 6.5 x

186(Bennet and Smith 1974). One would have expected various members of
closely related species to have similiar genome sizes, but this is
apparently not the case. Some evidence towards explaining this

anomaly was provided by Murray et al (1981) who showed the existence
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of fossil repeats in the pea and mung bean genomes. They found
that essentially all the sequences in the pea genome which
reassociated with single copy kKinetics at standard criteria, formed
mismatched duplexes, and exhibited repetitive reassociation Kinetics
at lower, less stringent temperatures. These were termed fossil
repeats because they were postulated to represent members of ancient,
repetitive families which had diverged to such an extent, that they no
longer reassociated with one another under standard conditions.

True single copy sequences were defined as those which reassociated
with single copy Kinetics at both stringent and more permissive
criteria. Using this definition, the original value of 38 % for the
amount of single copy sequence in the pea genome (Murray et al 1978 ‘
was reduced to 1 - 3 /., deVries et al (1983) found, in confirmation

of the results of Murray et al (1981), that only 8.62 %X of the haploid

pea genome was transcribed into mRNA.

In the mung bean, however, true single copy sequences
appeared to constitute 78 Y of the genome (Murray et al 1981,
However , taking into account that the mung bean genome is 9 times
smaller than the pea, in absolute terms the fraction of true single
copy DNA is only slightly more than in the pea. This implies that the
amount of true single copy DNA in these two genomes is relatively

uniform, while the differ2nce in gencme size can be accounted for by

varying amounts of repetitive DNA sequences.

In order to investigate whether the pattern of extensive
sequence interspersion seen throughout the bulk of the pea genome was
also present in the vicinity of single copy genes, Murray and Thompson 1782

sheared pea DNA to an average length of 1388 bp, and separated these
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into fractions which contained highly repeated elements and fractions
which did not. The relative concentration of sequences complementary
to mRNA in both fractions was studied, by using each fraction to drive
the reassociation of a ¢DNA probe. It was shown that sequences which
coded for mRNA were mainly found in the fraction of 1308 bp fragments
which did not contain highly repeated sequences. Thus, it was
concluded that the pattern of sequence organisation in regions of the
pea genome coding for mRMN&, differed significantly from that found in

total DNA.

Several investigators have proposed theories to explain the

very large amounts of non coding repetitive DNA in eucaryotic genomes.
These can be divided into 2 groups, those which postulate a positive
function for repetitive sequences (Britten and Davidson 1949, 1971,
Jelinek et al 1986), and those which state that the only “function’ of
repetitive sequences is that of survival within genomes (Doolittle and
Sapienza 1988, Orgel and Crick 1988). At the present moment, none of
these theories have been conclusively proved. Studies on the
localisation of apparently non functional sequences,; their association
with flanking sequences of structural genes, and the similarity of
homologous nonfunctional sequences in different species and different

organisms , will have to be carried out before this problem can be

adequately resolved.

Attempts to isolate single copy genes from eucaryotic genomes
¢ have thus to take into account the fact that single copy DNA
constitutes a very small fraction of the genome. However, it is
possible to achieve this by constructing ‘gene libraries’ and

screening them with appropriate probes.
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GENE LIBRARIES

A gene library comprises a collection of recombinant clones
which together represent the entire DNA complement of the organism
under study. In principle, if a gene library is complete, one should
be able to isolate single copy genes from it i.e. genes which are
reiterated only a few times if at all. A gene library can be
constructed to various levels of completeness; if a library i1s spokKen
of as 80 7 complete, there is a 88 Z chance of finding any given
sequence within it. Clarke and Carbon (1974), have derived a formuia
which allows the calculation of the number of recombinants required to
construct libraries at various ievels of completeness. This number
depends upon the size of the genome and the average size of the cloned
insert. Thus, assuming a mean insert size of 16, 19 and 17 kb, and a
haploid genome size of 1.6 x 168, | x 189, and 3 x 182 bp for the
genomes of Drosophila, silkmoth and rabbit respectively, the number of
recombinants required for a complete (99 X library, are,
respectively, 4.8 x 182, 4 x 165, and 8.1 x 185 (Clarke and Carbon
1976) . Thus, it can be seen that as the size of the genome increases,
the size of the recombinant collection required to represent it also

increases.

The term recombinant refers to the hybrid formed between a
piece of genomic DMNA and a suitable wvector molecule. The vector
molecule is essentially a piece of DNA containing an origin of
replication. Ligation between the vector molecule and the fragment of
foreign DNA results in the formation of a recombinant, which, if
introduced into a host cell, is capable of making multiple copies of

itself. This process has been termed variously, genetic
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engineering , molecular cloning , or gene cloning , because the end
result is a line of genetically identical organisms, all of which
contain the same hybrid molecule. These organisms can be propagated
and grown in bulk, enabling the amplification of the hybrid molecule.
The recombinant can then be separated from its host organism,
resulting in the isolation of large amounts of the unique, foreign DNA

fragment which was originaily ligated into the vector.

The vectors available for the cloning and construction of gene
libraries fall into three types - plasmid, cosmid and bacteriophage.
Plasmids are extrachromosomal, self replicating, stably inherited
molecules. The ancestors of most plasmids in current use have been
isolated from E. coli, and have 2 main advantages 1) the plasmid is
maintained in growing bacterial cells at a high copy number, and 2
this copy number can be amplified several fold by growth in cells
inhibited for protein synthesis by chloramphenicol (Clewell 1972).
Plasmids constructed for cloning purposes have unique restriction
enzyme cleavage sites situated such that insertion of a foreign DNA
fragment at this site interrupts an antibiotic resistance gene,
resulting in a recombinant molecule which confers antibiotic
sensitivity to its host cell (Bolivar and Backman {979, Kahn et al
1979, Bernard and HelinsKy 1981>. Plasmid vectors are useful for
cloning unique pieces of DNA and for preparing gene banks from small
sized genomes such as E. coli, which has a genome size of 4.5 x 10¢ bp
(Klotz and Zimm 1972). ClarkKe and Carbon (1974) have estimated that a
bank size of 14688 colonies is sufficent to create a 99 / complete gene
bank, using fragments 13 kKb long cloned into the plasmid vector Col EI

(Hershfield et al 1974).
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Sherrat et al (1979) have reported that the transformation
frequency for plasmid DN@ molecules of about 15kb is 185 per Mg, so at
first sight it appears feasible to clone an eucaryotic genome in a
plasmid vector. For the pea genome, using fragments of 13kb cloned
into the vector pBR322 (Bolivar et al 1977), 1.7 x 18€ individual
recombinant clones would be required to construct a 9?2 “ complete
library. Assuming a transformation frequency of 185transformants per Hg
of DNA, 17 Hg of recombinant DNA would be needed, not an unreasonable
figure. However, this calculation assumes that all the DNA molecules
in the 17 Bg will be of a uniform size i.e. 17 Kb. Using conditions
which optimised the formation of hybrid, closed covalent circular
molecules, Gray (1979) and Clarke and Carbon (1978) reported that only
28 - 35 / of molecules in a ligation mixture would be the desired
hybrids. The remainder would consist of a variety of forms varying
from recircularised plasmids and inserts, to very long plasmids
resulting from multiple ligation events Assuming that molecules of
varying sizes in a ligation reaction all transform at the same rate,
and that 36 % of the ligation reaction consists of the desired
recombinant molecules, 56 Wg of recombinant DNA would be required to
construct the pea gene library (17 ilg of DNR out of the 56 Hg would be
the desired 17 kb recombinants). fgnoring the fact that this is a
relatively large amount of DNA to obtain easily, this calculation is
flawed, because DNA molecules of varying cizes do not all transform at
the same rate. Small molecules e.q. pBR322 (4.36 kb) transform at
high frequencies (i87? / Mg), while molecules larger than 16 kb transform
at frequencies of between 184 and 185 per Kg (Clarke and Carbon 1974).
Thus,; in a transformation system, small molecules will be
preferentially selected over larger ones. One way of overcoming this

problem is to isolate recombinant molecules of the right size from a
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ligation reaction, and to use these in a transformation, but the
recovery of large fragments, especially closed circular ones, from
agarose gels, is relatively poor (Dretzen et al 1981). Another way in
which the ligation mixture could be enriched for for the desired
recombinant sequences would be by phosphatasing the vector (Seeburg et
al 19772), or by the addition of homoupolymeric tails to the vector
and the DNA to be cloned (Wensink et al 1974), both of which should

result in the sole formation of recombinant molecules upon ligation,

but the problem still remains,

The other two cloning vector systems, bacteriophage and
cosmid, both rely on in vitro packaging of DNA in order to raise
transformation frequencies to a level where construction of eucaryotic
gene libraries becomes feasible. In vitro packaging, as the name
suggests, is the encapsidation of a DNA molecule by a phage in vitro,
to form a mature, infectious phage particle (Hohn 1979, Hohn and Hohn
1974) . Phage DNA in concatemeric form, produced by a “‘rolling circle’
mode of replication, is the substrate in vivg, for the packKaging
reaction. Hohn and Katsura (1977) have reviewed |ambda morphogenesis,
and only brief details of packaging, as it relates to in vitro
packaging, will be given here, In the presence of the phage head
precursor (the product of A qene E is the major capsid protein), and
the product of » gene A, the concatemeric DNA is cleaved into monomers
at cos sites. Cos (cohesive) sites are 12 bp long single stranded
complementary sequences present at each end of a monomeric phage DNA
molecule, and it has been shown (Matsubara and Takeshi 1982), that
sequences of 48 bp at the right and 45 bp at the left arm of the phage
are essential for cleavage. The rolling circle mode of replication

produces concatemers of DNA joined at their cos sites. After it is
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cleaved into monomers, the DNA is encapsidated and the product of x
gene D incorporated into what becomes a completed phage head. The
products of X genes W and F1! amongst others, then unite the head with
a separately assembled tail structure to form the mature phage

particle.

The principle of in vitro packaging is to supply the phage
DNA with high concentrations of phage head precursor, packaging
proteins, and phage tails in vitro. It is important to note that the
only requirements for packaging are that the DNA to be packaged be
between 37 - 52 Kb long, and bounded by cos sites (Feiss et al 1977,
Hohn 1973). In the case of cosmid vectors (see below), this DNA need
not have any lambda functions since a cosmid effectively behaves as a
very large plasmid. In the case of bacteriophage vectors, the length
of inserted foreign DNA rarely exceeds 28 Kb, because a proportion of
the DNA between the cos sites has to code for lambda lytic functions.
An in vitro packaging system is prepared by growing, inducing, and
concentrating two E. coli lambda lysogens, each of which has an amber
mutation in different steps of the 1ambda morphogenetic pathway (Hohn
1979) . When the 2 extracts are mixed, and DNA of the correct size
bounded by cos sites supplied, the 2 extracts complement each other,
and the DNA is packaged. The packaged phage are then allowed to
infect a host E. coli strain, producing plaques if a bacteriophage
vector has been used, and transformed bacterial colonies if a cosmid

has been used. The advantages of an in vitro packaging system are

that 1) it allows high transfection frequencies, typically values of
167 ~ 108 transformants per Ko, using intact 49 kb long lambda DNA are
obtained. In a gene cloning experiment, this figure is reduced to 18%

- 189 transformants per Kg of recombinant DNA. This is a consequence of
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the random association of fragments in a ligation reaction, producing
molecules with a variety of fragment combinations, some of which are
inviable. A second advantage is that due to the nature of the
packaging reaction, an automatic size selection of molecules is made,
only molecules 73 to 185 % of the size of wild type lambda being
packaged (Feiss et al 1977). This facilitates the preferential
cloning of large fragments of DNA, leading to a reduction in the

number of recombinants required to construct a library.

A plasmid which contains a cos site of bacteriophage lambda is
termed a cosmid (Collins and Bruning 1978, Collins and Hohn 1979).
The cosmid and the foreign DNA are cleaved with an appropriate
restriction endonuclease and ligated together at high DNA
concentrations, this tending to favour the formation of lona
concatenates of DNA which are the substrates for in vitro packaging
(Feiss et al 1977). The DNA forms most likKely to be packaged are
those which have cos sites at both ends, and whose total DNA length is
between 37 - 52 Kb. Small vector plasmids do not constitute a large
background in the transduced population, which is therefore markedly
enriched in large, hybrid plasmids. Using the cosmid vector pHC 79
(Hohn and Collins 1988), and 48 Kb long genomic fragments, only 5 x 185
recombinant clones are required to construct a complete pea gene

library,

The third type of cloning vector system uses bacteriophage
lambda vectors. Because bacteriophage 1ambda has been the object of
so much genetical research, it was natural that its genome would be

modified to produce a wide variety of vectors. Wild type lambda DNA

contains several sites for the commonly used restriction endonucleases
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(Bam H1, Eco Ri, and Hind 111), and so is not in itself useful as a
vector. Derivatives of lambda have been produced which either have a
single target site at which DNA can be introduced (insertion vectors),
or have a pair of sites defining a fragment which can be removed, and
replaced with foreign DNA (replacement vectors). The genome of lambda
is so organised that the central one third contains genes which are
entirely dispensable for lytic growth (Echols and Murialdo 1978).
Using this fact, many groups have produced vector derivatives of both
the insertional and replacement types (Blattner et al 1977, Murray and
Murray 1975, Thomas et al 1974, MWilliams and Blattner 1979). Various
methods have been employed in order to separate recombinant from non

recombinant phage. In Charon 164, the lac Z gene from E. coli has

been incorporated into the 1ambda genome (Blattner et al 1977). A
single Eco Ri site is located within this gene, and insertion of DNA
at this site results in the inactivation of the gene. The resultant
failure of the recombinants to produce £ galactosidase is detected by
their inability to hydrolyse a chromogenic substrate. Murray et al
(197?7) have constructed a vector in which insertion of foreign DNA
within the immunity region of the phage destroys its ability to
produce a functional repressor; with the result that recombinants give
clear plaques; which can be distinguished from the turbid plaques of
parental phage. Another important class of vectors developed by Karn
et al (1988), and Loenen and Brammar (1988), employ the Spi- phenotype
as a selection process. Wild type lambda cannot grow on E. coli |
strains lysogenic for phage P2 - they display the Spi* phenotype -
Sensitivity to P2 Inhibition (Lindahl et al 1970). This sensitivity
is due in part to the products of the lambda genes exo, bet, and gam
which are situated within the replaceable region of the vector.

Replacement of these genes by foreign DNA thus allows growth of the
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recombinant in a P2 lysogen .

In a bacteriophage replacement vector, the background of non
recombinant phage can be lowered by purification of the arms of the
vector (Maniatis et al 1978). [If the replaceable fragment which has
been cleaved out of the vector is allowed to be present in a ligation
reaction, it will compete with the foreign DNA for insertion into the
vector, resulting in a high bacKground of non recombinant phage. This
can be avoided by first annealing the vector by its cos sites,
restricting out the replaceable fragment, and separating out the two
on a glycerol or sucrose gradient. The vector arms can then be

purified from the gradient fractione and used in a ligation reaction.

One of the factors to be taken into account when constructing
gene libraries, whether using bacteriophage or cosmid vectors, is that
random cleavage of the eucaryotic DNA must be achieved. This is
desirable so as not to exclude any particular class of fragment, which
would then be under represented in the library. Large DNA fragments
such as are required by bacteriophage and cosmid systems, can be
obtained by non limit digestion of eucaryotic DNA, using a
hexanucleotide sequence recognising enzyme such as Eco Ri. However,
there is always the possibility that a nonrandom distribution of Eco
Ri sites near, or within the sequence of interest, might lead to its
loss from the size selected population., A restriction endonuclease
such as Sau 3A which recognises a tetra nucleotide sequence (Roberts
19810, is a better choice, since this sequence should be present,
assuming a random distribution, every 236 (49) nucleotides. fAs the

number of possible cleavage sites is very large, the number of ways of
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generating a 20 Kb fragment by non limit digestion is also very large.
This enzyme also has the advantage that its recognition sequence is
contained within the Bam HI recognition sequence, thus fragments
obtained by cleavage with Sau 3A can be ligated into the Bam H! site
of vectors such as A L47 (Loenen and Brammar 1986)>, or A185% (Karn et al
1988) . Alternatively, randomly cut fragments can be obtained by
mechanical shearing, and the appropriate linkers for cloning into a
vector molecule added on, but this process is inefficent (Maniatis et
al 1978). Once the eucaryotic DNA has been randomly cleaved with the
appropriate restriction endonuciease, it must be size fractionated
into molecules of the correct size for cloning into the relevant
vector. This has to be done in order to prevent the coming together
in one clone of fragments which were not initially adjacent in the
genome. For instance, if an unsized fractionated randomly cleaved DNA
population was ligated into a vector, the resultant clones might
contain several small fragments from different chromosomes, which had

come together in one clone due to multiple ligation events.

In contrast to cosmids, a much higher number of recombinant
clones is needed to represent the genome if a bacteriophage wvector is
vused. This is because lambda vectors can rarely accept DNA fragments
longer than 28 Kb, while a cosmid vector can accomodate 48 Kb long
fragments (Hohn and Collins 1988). Using the vector A L4? (Loenen and
Brammar 1988), 1.8 x 18% recombinant clones would be needed to
represent the pea genome, contrasting with 5 x 105 clones needed using
the cosmid pHC 79. However, this is not really a problem, since large
numbers of bacteriophage can be easily screened for the sequence of
interest, using the hybridisation technique of Benton and Davis

(1977) . The author has found low transformation frequencies using &
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cosmid system to clone nuclear DNA (results not shown), and this,
together with the problems associated with the stability of large
cosmids in bacterial cells (Hohn and Hinnen 1980), make a

bacteriophage system more desirable in gene library construction.

Few plant genes have been cloned to date, and most information
has been derived from studies on animal genes. Before embarking on
the isolation of the legumin gene from pea, it is useful to give a

brief outline of the genes which have been cloned.

STRUCTURE AND REGULATORY ELEMENTS OF SOME EUCARYOTIC GENES

The transcription of mRNA from the genome by DNA dependent RNA
polymerases is clearly an important stage in the regulation of gene
expression. 0Of the sequences Known to be important in transcription
initiation, the TATA box or Goldberg Hogness box has been the best
characterised (Breathnach and Chambon 1981). This sequence is located
approximately 38 bp 5° to the RNA transcription initiation site of
many genes, and deletions at this box drastically reduced the rate of
mRNA synthesis (Grosschedl et al 1981, Minty and Newmark 1986), and,
in SV 48, resulted in the initiation of transcription at multiple
sites instead of at a single, defined site (Mathis and Chambon 1981).
All plant genes so far described have a sequence analagous to the TATA
box (Messing et al 1983). Another sequence which may be involved in
transcription initiation is the CAAT box, located some 88 - 188 bp
upstream of the cap site of many aenes (Benoist et al 1988). Messing
et al (1983) have compared the 5° flanking regions of several plant

genes, and have found a conserved sequence showing aralogy to the

animal! CARAT box, which they have named the AGGA box.
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Recently, evidence has been found for the existence of
elements involved in gene transcription which are located far upstream
of the mRNA start site. Donahue et al(1983), found that deletion of a
short nucleotide sequence in yeast (TGACTC), located between 138 to
194 bp upstream of the cap site of genes involved in amino acid
biosynthesis, abolished the ability of the gene to be inductively
regulated. Similiar sequence elements have been identified upstream
of several co-ordinately expressed genes, e.g. the Drosophila heat
shock, silkmoth chorion, chicken egg white protein and rat growth
hormone genes (reviewed by Davidson et al 1983). Another type of
upstream regulatory element, termed a transcriptional enhancer, was
¢irst identified in the genome of Simian virus 48 (Benoist and Chambon
1981). This enhancer had the property of greatly increasing gene

expression in vivo, even when it was separated from its original site

(78 - 155 bp upstream of the cap site), and reinserted several
thousand base pairs away. Viral enhancers have been shown to increase
expression of several eucaryotic genes, even when inserted at various
points within, and downstream of the gene (reviewed by Khoury and
Gruss 1983), Sequences similiar to the core sequence of viral
enhancers proposed by Weiber et al (1983), have been found in an
intron of the immunoglobulin heavy chain gene (Gillies et al 1983),
and in the 3 flanking region of human interferon genes (Ragg and
Weissmann 1983). Conrad and Botchan (1982), isolated a human DNA
sequence which hybridised to SV 49 DNA, and which functioned as an
enhancer element in a thymidine Kinase transformation system. This
DNA sequence cross hybridised with many sequences in human DNA,
suggesting that a family of such elements exists. No enhancer like

element has been identified in plant genomes to date, but this may
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solely be due to the paucity of experimental! data on plant genes,

rather than any major difference between plant and animal systems.

Most eucaryotic genes which have been cloned to date, have
been found to contain intervening sequences (introns), which are
spliced out of the primary transcript before the mRNA reaches the
cytoplasm, where protein translation takes place (Breathnach and
Chambon 1981). Comparison of the splice junctions of several
eucaryotic genes has revealed that the intron junction begins with the
dinucleotide GT at ite 3 end, and ends with the dinucleotide AG at
its 37 end (Breathnach et al 1978). Amongst plant genes, the soybean
leghaemoglobin and actin genes each contain three introns (Brisson and
Verma 1982, Shah et al 1982), while the french bean phaseollin and
soybean glycinin genes contain five and three introns respectively
(Fischer and Goldberg 1982 , Nielsen 1984, Slightom et al 1983).
However, the eucaryotic split gene is not an universal phenomenom, and
cgveral exceptions have been found, notably the genes for histones
(Kedes 1976), interferon (Nagata 1988) , and, more recently, for zein,
the maize storage orotein (Pedersen et al 1982). More genes have to
be analysed bevore it can be decided whether split genes are common,

or rare, in plants.

In addition to the removal of introns, two other events take
place before the mRNA is exported to the cytoplasm; 1) the addition of
a methylated quanylate residue (cap) to the 5 end, and 2) the
addition of a poly A tail to the 3’ end. The cap structure has been
found in most eucaryotic and viral mRNAs, thus arguing for a positive
role 1n gene regulation (Shatkin 19748). Hentschel et al (1986) found

that a short conserved sequence (57 PyCATTCPu 3’) was located at the
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5/ terminus of embryonic histone mRNAs, which they termed a ‘cap box’.
Evidence reviewed by Breathnach and Chambon (1981) indicates that
transcription initiation occurs at the position corresponding to the
firet, capped nucleotide of the mature mRNA (cap sited. A role in
translation has been attributed to the cap site by Kozak (1988), who
prdposed a scanning model for the initiation of protein synthesis in
eucaryotes, according to which ribosomes bind at the 5’ end of a
message, and subsequently migrate along the RNA chain, searching for

the first AUG transltation initiation codon.

Most eucaryotic mRNAs, including those from higher plants,
contain a terminal 3/ poly A sequence of 38 - 288 residues (Brawerman
1974), which is added post transcriptionally. Sequence analysis of
cloned genes isolated using probes made from poly A* RNA, have revealed
the existence of a conserved sequence (AAUAAA) 15 - 38 bases from the
polyadenylation site, in the 3/ untranslated region of many animal
messages (Benoist et al 1988). This sequence has also been found in
thaumatin cDNA (Edens et al 1982), french bean phasecl!lin genes
(Slightom et al [983), soybean leghaemoglobin and actin genes (Brisson
1982, Shah et al 1982), maize zein and wheat gliadin genes (Bartels
1983, Hu et al 1982, Pedersen et al 1982), barley amylase cDNA
(Rogers and Milliman 1983), and the pea legumin and vicilin cDNAs
(Lycett et al 1983a). On the basis of this, the conserved sequence
has been assumed to be a2 polyadenylation signal. However, not all
mRiNAs are poly adenylated, the most widely quoted exception being the
genes for histones (Adesink and Darnell 1972). More recently, it has
been found that a number of proteins appear to be coded for by mRNAs
which are present in both the poly A% and poly A~ forms, e.q.

protamine, caesin, ovalbumin, B actin, human 8 globin, and albumin
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{reviewed by KatinakKis et al 1988). Amongst plants, a similiar
situation has been found for the mRNAs in cotton seeds (Galau et 3l
1981), and pea leaf mRNA (Gray and Cashmore 1%78)., The reaszons for the
exicstence of poly A+ and paly A- mRNAs rematinc unclear. However, as
polyadenylation of mRNAs 1s Known to increase their stability (Huez et
al 1978), 1t ic possible that poly A- mRNAs are required within

tissues where translation can be very rapidly turned off by messenger

degradation.

CONTROL OF STORAGE PROTEIN SYNTHESIS

Control of the process of storage protein synthesis could
occur at the transcriptional, post - transcriptional, translational,
or post - translational levels. Transcriptional contral could be
exercised by switching ‘on’ previously inactive storage protein genes
during embryogenesis, leading to the accumulation of large amounts of
mRNA. A demonstration of this type of control was shown amongst
others, by Korn and Gurdon (1981), who described how previcusly
inactive rRNA genes were reactivated by treatment with varicus
deprotenising agents. Similar conclusions on the transcription of
globin genes were reached by Rose et al 1974, who were able to induce
synthesis of haemoglobin in previously inactive erythroleukaemic
cells, by treatment with dimethylsulfoxide. Using Southern blot
analysis and DNA from both cotyledons and leaves, Croy et al (1982)
demonstrated- that only about 4 legumin genes were present per haploid
genome, arguing against selective amplification of legumin genes
during development. Using similar techniques, 3 - 7 genes have been
found for the pea vicilins (Gatehouse et al 1983), 4 for phaseollin
(Hall et al 1983), and 4 - 3 for the soybean glycinins (Fischer and

Goldberg 1982, Goldberg et al 1981), This lends further support to the
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hypothesis that increased transcription of storage protein genes is
probably a major control process. Other systems may also be involved
in regutating the expression of seed protein genes. It is possible
that after synthesis, seed protein hnRNA is selectively chosen over
others for processing into mRNA by the processes of splicing,
polyadenylation, methylation, or capping (Lewin 1975, Abelson 1979,
Mans 1947). This is termed a process vs discard decision (Darnell
1979, Korn and Gurdon 1981, but no detailed examples have been
described to date. Another possibility is that seed protein mRNAs
have a longer life in the cytoplasm, and are thus translated more than
other mRNAs, which are quickly degraded. This type of control system
has been shown to operate during erythroblast diffrentiation in
mammals, where specific preservation of globin mRNAs over the cellular
mRN& population is apparent (Volloch and Housman 1981). This system
also operates in oestrogenised roosters, where hormone withdrawl leads
to a decrease in the stability of vitellogenin mRNA (Wiskocil et al
1988) . Morton et al(1983) have shown that some seed mRNAs have a
relatively long half life (greater than 18 h), and so this is a
possible additional control mechanism. Post - translational
modifications involving phosphorylation, proteolytic processing or
glycosylation (Badenoch - Jones et al 1981), are all well established
events in the production of proteins and these processes may also play
a part in the control of the final production of the protein,

Howewver, transcriptional control is probably the primary mechanism, as
many studies (Galau and Dure 1981, Goldberg gt al 1981, Hall {979,
Meinke et al 1981), have shown that a few mRNAs become superabundant
when an increase in a specific set of proteins occurs. As stated above
(Morton et al 1983), the pea seed protein system also follows this

trend.
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This study aimed to isolate members of the family of genes coding for
pea legumin. The availability of such genes is important for several
reasons. The pea seed provides an excellent system for studying
developmentally regulated gene expression, and the isolation of seed
protein genes will make it easier to understand the precise nature of
this regulation, by a study of the control elements governing
transcription of the gene. This can be done, for example, by deleting
or adding sequences to the gene, and investigating the effect of this
on gene transcription. The availability of cloned genes also affords
the opportunity to investigate DNA sequences adjacent to the genes,
and thus to map the region of the chromosome where the storage protein
genes are located. This should help to confirm the clustering of the
major lequmin genes at a single locus on chromosome 7 , which was
found by classical mapping experiments (Matta and Gatehouse 1982).

It should also be possible to study the evolution of storage protein
genes throughout the Leguminosae, and thus to deduce whether or not
they are all descended from a common ancestral gene. Finally, the in
vitro modification of these genes to produce proteins of better
nutritional quality is possible, though major advances 1n gene
transfer and expression systems have to be made before this can be

done.

In this work, genomic pea DNA was purified, and ligated into
the isolated arms of the bacteriophage vector \ L47; to create a
gene library of pea DNA., A clone containing the legumin gene was
selected from this library by hybridisation with various cDNA probes.
The clone was characterised by restriction mapping, hybridisation to

lequmin cDNAs, and by sequencing.
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Seeds of Pisum sativum L. (var. Feltham first) were obtained from

Sutton Seeds Lo, Torquay, Devon, U.K.

Chemicais and reagents, apart from those listed below, were obtained

from BDOH PLC, Poole, Dorset, and were of analytical grade or the best

available.

Siagma Chemical Co. PLC, London, U.K.

Caesium chloride, Ethidium Bromide, Antibioctics, DMase, RNase,

Lysozyme, Putrecine, Spermidine trihydrochloride,

Pharmacia Fine Chemicals, Uppsala, Sweden.

Sephadex G358 Superfine,

Bethesda Research Laboratories (UK) PLC. Cambridge, CB4 4BE, U.K.

Agarose - electrophoresis grade, Restriction enzymes, AlKaline

phosphatase, polynucleotide Kinase, T4 ligase.

Boehringer Mannheim, Bell Lane, Lewes, Eacst Suscex. BN7 1LG.

Restriction enzymes, T4 ligase.

Boots (UK) PLC. NWottingham, U.K.

Disposable nappies.

Amersham International . White Lion Road, Amersham, U.K.

Nick translation Kit, 32P radio labelled nucleotides.
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Whatman PLC. Springfield Mill, Maidstone, Kent.

S

3MM paper, DEAE cellulose paper.

Fisons Horticul tural Division, Bramford, Ipswich.

Fisons Levington Universal Compost.

P.L. Biochemicale, PLC. F.0. Box 98, Northampton NN3 1AN.

beoxy and Dideoxynucleotides.

Schleicher and Schull, D.3354, Dassel, W. Germany,

BABS Nitrocellulose paper.

More Disposable, Dockfield Road, Shipley, W. Yorkshire, U.K.

1.5 ml and 8.5 m} dicsposable, plastic centrifuge tubes.

E.I. DuPont de Nemours and Co (Inc), Photo Products Dept. Wilmington,

D.E. U.5.A.

Intensifving screens - "Lightning Plus Cronex".

Fuji Photo Co. Japan.

Fuji RX 168 X-ray +i1lm.

Difco laboratories, Detroit, Michigan, U.5.4.

Bacto tryptone, Bacto agar, Yeast extract.

—

Bectom, Dickinson and Co. Cockeysville, Maryland 210308. U.5.A.

BBL Trypticase peptone.
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STRAIN LIST

In vitro packaging X lysogens.

BHB 2688 : N205 rec A, galt, ( » imm 434, clts, b 2? red 3, Eam 4, Sam
Y N

BHB 2498 : N283 rec A, gal*, ( X imm 434, clts, b 2, red 3, Dam 15, Zam
7)) 7 N

These packaging strains were & gift from Dr. D. Lonsdale, Plant

Breeding Institute, Cambridge, Engiand.

Phage A\ cloning wvectors and their host strains.

-3 -3

A L47 - (srl 2 1-2) , imm 434 cl, NIN 5, chi1 A13},

m

. coli 5K - sup E, rk-, mkt, thr-, leu-, Bl, ton A.

I

E. coli L95 - sup E, sup F, rk-, mkt, ton A, (P2).

These strains were a gift from Professor W.J. Brammar, Dept. of

Biochemistry, University of Leicester.

Recombinant clones

pHA | - a plasmid clone containing a pea ribosomal gene was a gift

¢rom Dr. R.E. Cuellar of the Plant Breeding Institute, Cambridge.

Plasmid vectors used in subcloning

puC 8, pBR 322 derivative, amp resistant, lac po z+.

E. coli JM 163 - lac pro, sup E, thi-,str A, sbc BIS, end A, hsp R4,
F7” tra D 34, pro AB, tac I Z MI13.
These strains were obtained from Bethesda Research Laboratories,

Cambridge, CB4, 4BE.

-
3
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PREPARATION OF PEA DNA,

The method used for the extraction of high mol.wt. DNA was
based on that of Graham (1977). Pea seeds (var. Feltham first) were
sown in sterilised compost at a density of 50 seeds per tray, and were
germinated in a temperature controlled (259C) spray room for 4 days,
after which they were transferred to an artificially illuminated
growth cabinet and allowed to grow for a further 9 days. Plants were
then transferred to a 4°C cold room and 48 g of leaves removed.
Sufficent liquid nitrogen was added to freeze the |leaves, which were
ground in a mortar to a size small enough to fit in an electric coftee
grinder, in which they were ground at full speed until a fine powder
resul ted. All steps from this point onwards were done as quickly as

possible, in order to Keep nuclease activity at a minimum.

46 m) of homogenising buffer were mixed in with the ground
tissue, quickly followed by 1@ ml of SM sodium perchlorate and 46 ml
of redistilled phenol. 46 ml of 3 1 % v/v octanol / chloroform
solution was added and the whole suspension gently shaken on a rotary
shaker for 1 h at 49C to ensure good mixing. The suspension was then
centrifuged at 8006 rpm for 5 min in an MSE High Speed 18 centrifuge
using a 6 x 188 m] rotor, in order to sediment leaf debris, and the
supernatant removed and extracted with an equal volume of chloroform /
octanol. After a further | min centrifugation at 8606 rpm to separate
the phases, the aqueous phase was collected and the nucleic acids
precipitated out by the addition of 3 volumes of ethanol at - 289C.
The nucleic acids were spooled out on a spatula, and redissolved by
shakKing very gently for 17 h, in order to minimise shearing of the

high mol .wt. nucleic acids. Pronase.at a concentration of 586Kg / ml
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was then added, and the‘solution gently shaken at 370C until
dissolution of the nucleic acids was complete. The nucleic acid
solution was made up to 8.3 ml with resuspension buffer, and 8 g of
CsC! added, along with ethidium bromide to a final concentration of
388 Kg / ml. The well mixed solution was centrifuged at 46,800 rpm in
a MSE Superspeed ultracentrifuge using a 18 x 186 m! rotor at 159C for
36 h. The DNA bands were collected from the tube by side puncture
using a wide bore hypodermic needle, pooled, at recentrifuged in fresh
CsCl solutions as before. The DNA bands were collected, and the
ethidium bromide removed by extensive partitioning against iso amyl
alcohol. The DNA solution was then extensively dialysed against
several changes of T.E. buffer over a 12 h period. DNA was then
alcohol precipitated the pellet vacuum dried, and redissolved in a

minimal volume of T.E. buffer.

Homogenising buffer Resuspension Buffer T.E. buffer

8. 1M NaCl 58 mM Tris - HCI 18 mM Tris ~ HC)! pH 8.9
8.825 M EDTA 18 mM EDTA pH 8.8 1 mM EDTA

2 7 SDs

PREPARATION OF PLASMID DNA,

Bacterial cultures were tested for the presence of the
required plasmid by streaking out for single colonies on L agar plates
supplemented with 28¥g / ml of the appropriate antibiotics. Single
colonies taken from these plates were used to make mini preparations
of plasmid DNA, which were analysed by restriction enzyme cleavage and
agarose gel electrophoresis, in order to ensure that the correct

restriction enzyme cleavage sites were present. 25 ml of antibiotic
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supplemented L broth was inoculated with the characterised single

colonies, and grown to saturation in an overnight incubation. This
overnight culture was used to inoculate 2 litres of antibiotic
supplemented L broth at a | / 588 dilution, and grown to a ASOO of
8.6, when chloramphenicol (158 Hg / ml) was added, and the culture
incubated for 14 - 16 h to amplify the plasmid (Clewel) 1972).
Routinely, a cleared lysate procedure based on that of Katz (1977) was
employed . Cells were harvested by centrifugation at 18,0808 rpm at 4¢C
for 18 min in a3 MSE 18 centrifuge using a 6 x 258 ml rotor, and
resuspended in a total volume of 25 ml iced 25 7 sucrose in 0.85 M
Tris - HCI pH 8.6, 18 m] of a 18 mg / m) solution of lysozyme in 8.23
M Tris - HCI pH 8.8 was then added to the resuspended cells, and the
whole shaken gentl!y in a 370C water bath for 38 s in order to promote
sphaeroplast formation. Lysis was achieved by adding 17.5 ml of
sterile 8.2 M EDTA and, after a further 5 min at 69C, 27 m! of Triton
X108 solution (2 % Triton in 86.65 M Tris - HC}, 8.8625 M EDTA pH 8.6).
After good mixing, the resultant viscous solution was left at 89°C for
20 min, whirlimixed for 18 s, stood on ice, and again whirlimixed for
a further 18 s. The sclution was then centrifuged at 18,806 rpm at 40C
for 1 h in a MSE 18 centrifuge using a é x 168 m! rotor, and the
supernatant carefully decanted off and saved. CsCl gradients were
prepared using the saved supernatant to give a refractive index of
between 1.3788 - 1.3985, and processed as for the pea DNA preparation.

Precipitated DNA was redissolved in T.E. buffer and stored in small

aliquots at - 8@9C,
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PREPARATION OF PHAGE DNA (MAXIPREP) .

The method used for the extraction of phage DNA was based on
that of Blattner (1977). 3 x 188 pfu of phage were preadsorbed to 8.3
ml of a fresh overnight bacterial culture (grown in L broth + 16 mM
MgSO , 8.4 ¥ maltose), for 15 min in a water bath at 370C. This was
diluted into 588 ml of prewarmed L broth (+186 mM MgS0,), and shaken
vigorously for 16 h at 37¢C. Bacterial debris was seen at this stage,
and chloroform at 2 ml / litre was added to promote lysis. This
unclarified phage lysate was concentrated by precipitation with
polyethyleneglycol according to the method of Yamamoto (1976). 48 ¢ /
litre of NaCl and 1 Kg / ml of DNase and RNase were added, dissolved,
and lteft at room temperature for at least | h. The phage lycate was
then clarified by centrifugation at 10,800 rpm for 18 min in the MSE
18 centrifuge, using a3 6 x 256 ml rotor. Supernatant was carefully
decanted, and the phage pellet resuspended in phage buffer by gentle
rotary shakKing in the cold. The volume of phage buffer was chosen so
as to concentrate the phage 58 fold.
This crude phage preparation was concentrated and purified by
centrifugation through a three step CsCl gradient with steps of 1.3,
1.5, and 1.7 g / ml of CsCl. Centrifugation was at 35,808 rpm at 200C
for 2 h, using a MSE Prepspin ultracentrifuge and a 3 x 25 ml rotor.
The phage band was seen at the interface between the 1.3 and the 1.5
step gradients, and was withdrawn by side puncture using a hypodermic
needle. nverhead illumination of the centrifuge tubes using a
collimated light source was found to be ideal for visualising the

phage bands.

CsCl was dialysed out several changes of T.E. buffer and the

phage solution extracted with an equal volume of phenol equilibrated
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in 8.5 M Tris - HC! pH 8.6. The extraction was performed by gentle
inversion and rolling of the tube, never by shaking, in order to
minimise shearing of the high mol.wt. DNA. After 4 phenol
extractions, the aqueous phase was removed and extensively partitioned
against chloroform in order to remove residual traces of phenol. The
solution was then dialysed extensively against T.E. buffer to remove
any remaining organic solvents, and the AZGO measured. After alcohol
precipitation, the phage DNA was redissolved in a minimal volume of

T.E. buffer, distributed into eppendorf tubes, and stored at - 88¢°C,.

SMALL SCALE PREPARATION OF PLASMID DNA.

The method used was based on that of Birnboim and Doly

(1979). A 18 ml culture of antibiotic supplemented L broth (26 Kg /
ml) was inoculated with the appropriate bacterial strain and grown to
saturation overnight. The cells were pelleted by centrifuging at
4,080 rpm for 168 min in a MSE bench centrifuge, after which they were
resuspended in 288 M) of a 4 mg / ml lysozyme solution and Kept on ice
for 38 min. 48@ M1 of a MNaOH - SDS solution (8.2 N NaOH, | “ SDS) were
then added. After 5 min, 458 R] of a 3 M sodium acetate

solution pH 4.8 was added and the tube shaken every 5 min until a
large clot of DNA and protein had formed. After a iS5 min
centrifugation in a benchtop Polska microcentrifuge, 1.1 ml of the
supernatant was taken and alcohol precipitated. The DNA pellet was
redissclved in 168 ¥1 of T.E. buffer ¢+ 1 Rg / ml boiled RMNase, and 18 M)

of this was used for restriction enzyme analysis,
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SMALL SCALE PREPARATION OF PHAGE DNA.

The method used was based on that of Leder et al (1977). A
single, well isolated phage plaque was picked and put into 1 ml of
phage buffer (180 mM MgSOL, 18 MM Tris - HC1 pH 7.35) with chloroform.
8.5 ml of this bacteriophage suspension was mixed with 1.6 x 183
bacterial cells of the appropriate host strain, and incubated at 370C
for 1S min. 4 ml of L broth with maltose (8.4 ) was then added, the
broth transferred to a sterile 58 ml conical flask, and shaken
vigorously at 370C for 9 h. 8.1 ml of chloroform was then added, and
the culture shaken for a further 15 min to aid lysis. Lysate was then
centrifuged at 49C for 18 min in a MSE 18 centrifuge, using a 6 x 168
ml rotor. To the supernatant, i1Hg / ml of RNase and DNace | were added
and incubated at 379C for 15 min. An equal volume of a solution
containing 26 / w / v of polyethylene glycol and 2 M NaCl was added
and incubated at @9C for at least | h. The precipitated bacteriophage
particles were recovered by centrifugation at 10,808 rpm for 28 min at
40C in the Sorwvall RCSB centrifuge, using 2 4 x 25 m] rotor. The
supernatant was totally removed and the phage pellet resuspended in
8.9 mi of phage buffer. To the resuspended pellet, 5 Il of 18 % SDS
and S Ul of 8.5 M EDTA pH 8.8 were added, and incubated at 48°C for 18
min. This solution was extracted once with phenol, once with phenol /
chloroform, and once with chloroform. To the final aqueous phase, an
equal volume of isopropancl was added, and the tube stored at - 7990C
for 28 min, after which it was centrifuged in a Polska microcentrifuge

for 153 min. The pellet was washed once with 78 X ethanol, dried, and

resuspended in 58 W1 of T.E. buffer. 16 K1 of this solution was used in

restriction enzyme analysis.
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PREPARATION OF 1S5 - 20 Kb FRAGMENTS OF Sau 3A CLEAVED PEA DNA,

The procedure used was essentially that described by Maniatis
et al (1978). Restriction enzyme conditions were established which
yielded the maximum amount of DNA in the required size range. Large
scale digestions were then performed, using 188 kg of pea DNA per
digestion in a total volume of 588 Bl, and 8.5, 1, and 2 times the
amount of Sau 3A which yielded the maximum amount of 13 - 28 kb
fragments. After cleavage, the reactions were terminated by adding
EDTA to a concentration of 28 mM. Before loading onto the gradient,
the restriction enzyme digests were heated to 780C in a water bath for
186 min, and rapidly cooled, in order to separate annealed cohesive
ends. Glycerol gradients were chosen instead of the sucrose ones
used by Maniatis, because glycerol was easily autoclavable. 188 Hg
were carefully layered onto the top of a 25 ml 18 - 46 / glycerol
gradient (loading of more DNA onto a single gradient caused poor
separation of size fractions), and centrifuged at 25,008 rpm for 14 h
at 180C, in a MSE Prepspin 65 ultracentrifuge using a 3 x 25 ml rotor.
Gradients were unloaded using an ISCO fractionator attached to an ISCO
U.v. absorbance‘celi. Al ternate fractions from each gradient were
analysed by agarose gel electrophoresis and the appropriate size
fractions pooled. High concentration of glycerol were found to result
in poor recovery of DNA after alcohol precipitation, so the pooled
fractions were dialysed against T.E. buffer at 49C for 15 h, with
several changes of buffer. In order to further enhance DNA recovery,
the volume of the aqueous solution was reduced by extfaction with
butanol before alcohol precipitation, and the precipitated DNA

redissolved in a minimal volume of T.E. buffer.
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GRADIENT SOLUTIONS
Glycerol 18 7 and 68 X v/v
25 mM Nat)

16 ™M Tris - HCl pH 7.5,

t mM EDTA

%Otovam

PREPARATION OF L47 PHAGE ARMS.

The procedure used was a modification of that described by
Maniatis et al(1978). The phage was annealed, the annealed arms
ligated, and the “stuffer’ fragment removed by Bam HI digestion, as
described below. 114 Bg of X L47 were annealed for 2 h in annealing
buffer, cooled to room temperature, and put on ice. Ligation was
accomplished by the addition of 18X ligase buffer, ATP to 1 mM, and
11.4 WU (Weiss units) of T4 ligase. The total volume of the ligation
was 588 K1, and the ligation was continued at 259C for 7 h. The
reaction was then extracted twice with phenol / chloroform and twice
with ether. It was then alcohol precipitated, redissclved in 260 K] of
T.E. pH 7.9, and cleaved with 5688 U of Bam H! for 4 h. Three 180 - &8 %
23 ml glycerol gradients were made, and 38 Hg of annealed, ligated and
restricted DNA layered onto each. Centrifugation was at 25,888 rpm
for 14 h at 180C using the MSE Prepspin 63 ultracentrifuge with the 3 x
25 m) rotor. Gradients were unloaded, and the appropriate fractions
pooled, processed and stored as in the section on preparation of 5 -

28 kb fragments of restricted pea DNA.
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SX ANNEAL ING BUFFER
568 M1 1M Tris - HC) pH 8.8
56 K11 M MgCi

458 M1 HZO

PREPARATION OF AN IN VITRO PACKAGING SYSTEM.

This packaging system was prepared from two E, coli lysogens -
BHB 2498 (Dam) and BHB 2488 (Eam). These lysogens are described by
Hohn (1977) and Hohn (1979). Before starting a preparation, the
presence of the cl mutation was checked by streaking single colonies
of both lysogens at 320C and 42°C. Growth should only be observed at
320C, Extracts of the two lysogens were prepared in two ways - BHB
2688 was prepared using the freeze thaw lysate (FTL) method, while BHB

2699 was prepared using the sonicated extract (SE) method.

PREPARATION OF FREEZE THAW LYSATE

6 ml of L broth were inoculated with a single colony of BHB
2488 and grown to a ASOO of 8.64. 3 x 588 ml of L broth were then
inoculated with 16 ml of the culture and grown with vigorous aeration
at 320C unti) the ASBO reached 8.32. The cultures were then induced,
by placing them in a 78°C water bath until the culture temperature
reached 439C, and then shifted to a 459C water bath for 28 min.
Cul tures were equally distributed amongst & x 1088 m) flasks, shaken

at 370C for | h, and tested for the successful induction of Ilysogens

by shaking 2 m}l of the culture with 2 drops of chloroform. Induction
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was shown by complete clearing of the culture and the presence of

lysed bacterial debris. Cultures were cooled on ice for 28 min,
harvested by centrifugation in a 6 x 258 m} rotor i1n a MSE i8
centrifuge at 18,0809 rpm for 16 min, and the pellets resuspended in
8.9 ml cold 18 % sucrose, 30 mM Tris - HCl pH 7.5. The pcoled,
resuspended pellets were dispensed in 3 ml aliquots into

vl tracentrifuge tubes, to which 75 Kl of a fresh lysozyme solution ( 2
mg/ml in 6.25 M Tris - HClI pH 7.5 ) was added and mixed. the tubes
were then quick frozen in liquid nitrogen, stored at - 880C for 15 min,
and thawed out at room temperature. 14 the resuspended pellets at

this stage did not become extremely viscous, the freeze thaw cycle was
repeated. To each aliquot, 75 #1 of buffer M1 was added, mixed, and
the aliquot centrifuged at 35,080 rpm for [ h at 18°C ysing the MSE
Prepspin ultracentrifuge with the 18 x 18 ml rotor. Supernatant was
removed, dispensed in 188 Ml aliquots in eppendorf tubes, and stored at

- 889C as the FTL extract.

PREPARATION OF SONICATED EXTRACT

Growth, induction, and harvesting of cells of BHB 2498 was as
for BHB 2488. Each pellet after centrifugation was resuspended in 8.5
m! of Buffer A. Pellets were then pooled, diluted with 2.4 ml of
Buffer A, and dispensed into iml aliquots for sonication. Sonication
was performed using a MSE Soniprep sonicator at a power setting of 6.
18 x 3 s bursts were used for each aliquot. After 7 bursts, the
cul tures became extremely viscous. Sonication was continued until the
viscosity just disappeared. The lysed, sonicated cul tures were
centrifuged at full speed in the Hawksley Haematocrit microcentrifuge

for 18 min, and the supernatant stored in 10@ M1 amounts at - 88°0C.
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PACKAGING PROTOCOL FOR ) DNA.

7 K1 Buffer A After incubation at 25°C for 48 min, 3568 W)
2 K1 DNA (8.5 Hg ) of phage buffer was added. The packaging

1 ¥) Buffer MI was treated as a phage suspension and

i8 H1 S.E. titered on the appropriate bacterial host.
10 H1 F.T.L.

Buffer A Buffer Mi

118 #1 H,0 26 mM Tris - HC} pH 8.6

4 H1 8.5 M Tris - HCI pH 7.5 3 mM MgCl,

308 K1 spermidine / putrescine soln. .95 7~ wv/v B mercaptoethano!
? B 1M MgCl, f mM EDTA pH 7.0

75 Hls 8.1M ATP pH 7.8

1 H1 B - mercaptoethanol

Spermidine / Putrescine solution

8.85 M spermidine (neutralised in Tris)

8.1 M putrescine

SCREENING OF BACTERIOPHAGE LAMBDA LIBRARIES BY HYBRIDISATION

The procedure used was essentially that described by Benton
and Davis (1977), but screening of the library was carried out using
cafeteria trays as described by Blattner et al 1978. Aliquots of a
packaging mixture containing 3 x 18% bacteriophage in a volume of 3 ml
of phage buffer, were mixed with 3 ml of plating bacteria and
incubated at 379C for 15 min. A 38 cm x 48 cm plastic cafeteria tray
was ethanol sterilised, and 1.5 1 of mclten BBL bottom agar poured

into 1t. When the surface had completely dried;(a laminar flow
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cabinet was used to maintain sterile conditions), the transfected
cells were mixed with 58 ml of molten top layer agarose at 589C and
carefully poured over the surface of the cafeteria dish. Top layer
agarose was used rather than top layer agar, because it was found that
an agarose top layer was stronger than agar. MWhen the top layer agar
had set, another sterile cafeteria tray was taped into place to act as
a lid, and the megaplate incubated at 379C. Incubation was continued
for 18 h, until the phage plaques were a diameter of | mm, and just
beginning to come into contact with each other. At intervals during
the incubation period, the top 1lid of the cafeteria tray was
carefully removed, and the condensed moisture swabbed off with sterile
pads. At the end of the incubation period, the megaplates were placed
at 40C to harden the top layer agar, as this aided subsequent
manipulations.
A filter which would easily fit over the surface of the megaplate was
cut from a rol!l of nitrocellulose paper, and holes punched around its
periphery to act as orientation marks. The filter was then carefully
layered over the surface of the megaplate, being careful not to trap
any air bubbles, and the agar marked with ink at positions
corresponding to the holes punched in the filter. The filter was left
in contact with the agar surface for 5 to 18 min, after which it was
carefully peeled off and another substituted in its piace. Thus,
duplicate lifts were taken from each megaplate. The filters were
then sequentially layered plaque side up, on pads of blotting paper

soakked in the following solutions.
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SOLUTIONS TIME
8.5 M NaOH 5 min
8.1 M NaOH, 1.5 M NaCl S5 min
8.5 M Tris - HC! pH 7.5, 1.5 M NaCl S min
2 x SSCP 1 min

Filters were then blotted dry between pads of Whatman 3MM

paper and baked at 8060C for 2 h, after which they were ready to be
hybridised with an appropriate probe. Hybridisation of the
nitrocellulose filter replicas was carried out in heat sealed plastic
bags at 850C. Filters were prehybridised sequentially in 2868 ml of the
following solutions:

(1) 3 x 88C, (2) 3 x 5SC, 18 x Denhardts solution (Denhardt 1966,

(3) 3 x 85C, 18 x Denhardts solution, 168 Kg / m] denatured salmon
sperm DNA. The probes used were labelled by nick translation to a
specific activity of at least 168 / g, and 18?7 cpm of this was usually
used per meqgafilter. The probe was denatured before use by placing in
a 980C water bath for 18 min, and was immediately added tc 58 mi of pre
heated pre hybridisation solution (3). The probe was then added to the
megafilter, the bag heat sealed, and hybridised in a é50C water bath
for 18 - 12 h, with shaking. The probe was then poured off, and the
filters sequentially washed in 288 ml of the following solutions (1) 3
x SSC (2) 1 x 8SC (3) 8.1 x S8SC. The filter was then dried in a 889C
oven for 13 min, and prepared for autoradiography. Autoradiography

was carried out at - 88°C for 3 days, using a flashed film and one
_intensifying screen. After the film was developed, hybridising

signals which appeared in the same place on duplicate filters were
noted, and their position marked on a piece of tracing paper placed

over the films. The position of the filter orientation marks was also
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marked on the tracing paper. The approximate position of the
positive hybridising plaque was identified, by aligning the filter
orientation marks on the tracing paper and on the megaplate, and a 8.7
mm plug of agar was cut from the megaplate. The agar plug was stored
in 2 ml of phage buffer, and an aliquot replated so as to obtain
approximately 5808 plaques on a 85 mm agar petri dish. These plaques
were screened a second time by hybridisation, and a single, well

isolated positive plaque picked, and used to maKe a phage stock

Phage Buffer 28 x SSPE 98 x Denhardt’s
18 mM MqgS0 3.6 M NaCl Ficoll - 3gq.
18 mM Tris HC! pH 7.5 200 mM NaH PO pH 7.4 PUP - 35g.
26 mM EDTA pH 7.4 BSa - 5q.

HZO to 1itre

Denatured salmon sperm DNA was prepared according to the method of
Maniatis (19%2).

SCREENING SMALL NUMBERS OF BACTERIAL COLONIES BY HYBRIDISATION

This procedure, (Grunstein and Hogness 1975), was used
whenever it was necessary to screen small numbers of colonies, e.qg.
when subcloning a lambda fragment into a plasmid vector. The plasmid
vector used for all subcloning experiments was pUC 8 (Viera and
Messing 1982). The transformation mixture was plated out on selective
media plates and grown overnight at 379C.The following morning, a
nitrocellulose filter with an imprinted grid pattern was placed on to
a selective agar plate and up to 1868 transformants picked onto the
filter in an ordered pattern. The same transformants were also picked
onto a selective master plate in the same pattern. The plates
were inverted and incubated at 379C until the colonies had grown to 2mm

in diameter. The master plate was stored at 40C at this point. The
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filter was then transferred colony side up to an agar plate containing
chloramphenicol (18 Hg/ml), and incubated for a further 18 h at 370C for
amplification (Clewel) 1972). The nitrocellulose filter containing

the amplified bacterial colonies was processed by placing it colony

side up on blotting paper saturated with the following solutions:

Solutions Time

6.5 M NaOH 7 min
1.8 M Tris - HC) pH 7.4 2 min
1.8 M Tris - HC! pH 7.4 2 min
1.5 M NaCl, 8,5 M Tris - HCl pH 7.4 4 min

The filter was then dried by blotting with filter paper and
then bakKed under vacuum at 88°C for 2 h. Hybridisation conditions were
exactly as for screening gene libraries. Volumes of the solutions
were altered, however, so that 58 ml of solution were uced in all
washing and hybridisation steps. The time required for
autoradiography was defermined by the number of counts present on the
filter after the 8.1 x SSC wash. Once the positive colonies had been
identified on the filter, they were picked off, and stored in glycerol

at - 889C., Mini preparations of the plasmid were then per{ormed.

TECHNIQUE OF SOUTHERN TRANSFER AND SUBSEQUENT HYBRIDISATION

The technique used was essentially that described by Southern
(1975) . After gel electrophoresis was completed, the DNA was stained
with ethidium bromide and photographed under u.v. light. The gel was

transferred to a glass dish and denatured by soaking in a frequently

changed solution of 1.3 M NaC)l, 6.5 M NaOH, | mm EDTA for | h. It was
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then neutralised by soaking for another hour in a solution of 3 M
NaCl, 8.5 M Tris - HCl pH 7.5, Imm EDTA. After equilibration for a
third hour in 20 x SSC, it was transferred to a blotting apparatus as

detailed below:

Weight 1 1
Nappies
3MMpaper WP
Nitrocellulose ——___ =
— } Gel
Foam block

A= S 90xSSC

The gel was carefully placed on the porous foam block, and all air
bubbles expelled by gently squeezing the gel. A 28 x 28 cm sheet of
nitrocellulose paper was floated onto the surface of some distilled
water, and then submerged for 18 min. The distilled water was
replaced with 28 x SSC solution and the filter further equilibrated
for 8.5 h. It was then placed on top of the gel, expelling all air
bubbles, so that one edge extended icm over the line of slots at the
top of the gel. A piece of Whatman 3MM paper cut to the same size as
the gel was wetted in 28 x SSC solution and placed over the filter.
This was followed by three more layers of dry 3MM paper. 4 layers of
dry disposable nappies were then placed over the 3MM paper, and

finally, a glass weight of 568 g placed on top of the nappies. The
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The whole apparatus was then transferred to a cold room at + 49C and
transfer of DNA allowed to proceed for 12 - 24 h. After transfer had
been completed, the nappies and 3MM paper layers were removed. The
position of the gel slots was carefully marked on the filter and the
filter gently peeled away from the gel. It was then trimmed to size,
and baked at 869C in a vacuum oven for 2 h between two layers of
Whatman 3MM paper. After hybridisation had been performed, the filter

was autoradiographed.

AUTORADI OGRAPHY

The following procedure was applied to any DNA sample bound to
a solid support - e.qg. megafilters used in screening libraries, or
sheets of nitroceilulose used in Southern blots. The material to be
autoradiographed was dried in a vacuum oven for 18 min, and mounted on
a piece of blotting paper using autoclave tape. Radioactive marker
ink was spotted in a random orientation on the blotting paper which
was then taped to a glass plate. The whole was encased in a plastic
bag - this prevented contamination of intensifying screens and stopped
the sample from sticking to the 4ilm. [If the number of counts on the
sample was Jow (2 - 3 cpm), then the X ray film was preflashed, and an
intensifying screen used. Exposure times using flashed film and
intensifying screens varied depending on the counts present in the
sample ; 2 - 2 cpm meant an exposure time of at least 3 days, while
186 - 208 cpm could be exposed for 2 - 3 h. In the darkroom, a sheet
of X ray film was placed over the sample encased in it‘s plastic bag.
Flashing of the film was carried out using a Sunpak flashgun at a
distance of 3 feet. One DuPont Cronex intensifying screen was placed

over the flashed film, followed by a glass plate. The 2 plates were
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then held together with rubber bands or autoclave tape, wrapped in
several layers of black plastic bags to exclude light, and exposed at
-780C for the required time. At the end of the exposure time, the film
was removed from the sample in a dark room, and developed by immersing
in Kodak X 0 MAT developer for S min. [t was washed for | min, and
then fixed for 4 min in Kodak fixer. The developed film was then

dried at room temperature.

LABELLING DNA FRAGMENTS WITH 32P IN -~ VITRO

DNA was labelled in vitro to a specific activity of | x 168

cpm/Hg, using the nick translation Kit supplied by Amersham
International. The explanatory booklet supplied with the Kit detailed
protocols for labelling the DNA to higher and lower specific
activities. The nick transiation reaction was terminated and the
products separated from unincorporated label by separation on a 5 cm
column of Sephadex G58 superfine. The Sephadex was hydrated before
use by boiling for | h in an elution buffer containing 156 mM NaCl, 1@
mM EDTA, 58 mM Tris - HCl pH 7.5, and 8.1 / SDS. A sterile,
disposable plastic pipette was plugged with sterile, siliconised glass
wool, the column poured; and equilibrated with the elution buffer.

The nick translated DNA sample was carefully layered on top of the
column, and its progress through the column monitored with a Geiger
counter. 8.4 ml fractions were collected, 1 H1 amounts of the various
fractions dispersed in toluene scintillation fluid, and the
radioactivity counted in a Packard Tricarb Scintillation Counter. The
appropriate fractions were pooled, and used directly in hybridfsation

reactions.




57

AGAROSE GEL ELECTROPHORESIS

Horizontal, submerged, agarose slab gels were used to
separate, identify, and isolate DNA fragments (Raij and Borst 1972).
Gels were cast when molten in a perspex mould obtained from Shandon
Instruments, and allowed to cool for at least 38 min before use. the

following agarose gel! concentrations were found to be useful:

Amt.of agarase (/) Separation range of

linear DNA molecules(kb)

8.3 e 68 - 5
8,6 o 28 - 1

8.7 ——— e 18 - 8.8
8.9 A 7 - 8.5
1.2 6 - 0.4
1.5 R 4 -8.2
2.6 e 3-8.1

Gels with an agarose concentration lower than 6.4 “ were made at 40C
with a base of 1 /X agarose (Fangman 1978), in order to decrease the
time required for the gel to set and to provide rigidity to the gel.
Samples to be electrophoresed were mixed with agarose loading beads
(15 4 v/Vv), and loaded into the gel slots using a Gilson micropipette.
Fast gels were usuvally electrophoresed at 158 v (15 vw/cm), until
the bromophenol blue marker dye in the samples had migrated 2/3 of the
way along the gel. Slow gels were run at 38 v (3 vw/cm) for 12 - 16
h. Ethidium bromide at a concentration of 6.5 Kg/ml was included in
both the gel and the electrophoresis buffer in order to detect the DNA
(Sharp et al 1973). After electrophoresis was complete, the gels were
photographed using transmitted ultraviolet light at 254 nm and

Polaroid film ASA 3888. An exposure time of 95 at f 5.6 was usuvally




58
found to be adequate.
fAgarose qel buffer
Tris base - ?6.8 g
8.25 M EDTA -- 88 ml
Acetic acid -- 32 m!
H,0 - to 2 1

2

POLYACRYLAMIDE GEL ELECTROPHORESIS

4 /. polyacrylamide gels were usually used. Glass plates were
throughly cleaned until a high polish was obtained; and c!amped
together with perspex spacers and silicone grease on 3 sides. & ml of
48 % acrylamide (38 g acrylamide, 2 g bis - acrylamide) and & ml of
18x TBE buffer were made up with distilled water to 45 ml, and
degassed. 15 m! of glycerol were then added, mixed, followed by 488 HI
of 18 % ammonium persulphate and 28 Hl of TEMED. The solution was
taken up in a syringe and squirted into the space between the two
glass plates, taking care to avoid the formation of air bubbles. A
comb was then inserted, and the gel allowed to polymerise for at least
{ h. The comb was then removed, the plates clamped in a vertical
electrophoresis apparatus and the buffer reservoirs filled with 1 x
TBE buffer. The DNA samples were made | % with respect to glycerol
dyes, and loaded into the slots. Electropharesis was continued until
the bromophenol blue was 3/4 of the way down the gel. The gel plates
were prised apart, the gel soaked in a solution of 288 Kg/m) of
ethidium bromide for 38 min, destained in distilled water for 38 min,

and photographed under u.v. light.
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18X TBE buffer

Tris base 168 g
Boric acid 59 g
EDTA 18.5 g

H,0 to 11

RECOVERY OF DNA FRAGMENTS FROM AGAROSE GELS

The method used was essentially that of Dretzen et al (1981).,
Strips of Whatman DE81 DEAE cellulose paper were scaked for several
hours in 2.5 M NaCl, washed several times in distilled water, and
stored dry at room temperature. After electrophoresis of DNA through
agarose gels, slits were cut both above and below the fragment to be
isolated, and strips of prepared DEAE cellulose paper slipped into
each. The insertion of paper above the desired fragment prevented
contamination of this fragment with higher mol. wt. DNA.
Electrophoresis was continued until the DNA bands had completely
entered the paper. The paper was then removed, and extensively washed
with distilled water to remove agarose. After drying, the paper was
placed in siliconised Corex tubes and 388 - 788 Hl of a sclution of 28
mM Tris - HCl pH 7.5, | mM EDTA, 1.5 M NaCl added per 58 mm2 of paper.
After shredding the paper on a Whirlimixer until a thick slurry was
obtained, the tube was incubated at 379C for 2 h with occasional
agitation. The mixture was then transferred to a |1 ml plastic pipette
tip which had been plugged with siliconised glass wool. The tip was
placed inside a Corex tube, and centrifuged at 3808 rpm for 2 min in a
Sorvall HB4 rotor at 4°C . The eluate was then extracted with n -
butanol to remove ethidium bromide, and alcohol precipitated as usual.

This technique yielded DNA of sufficent purity for labelling,
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restriction enzyme cleavage, and ligation.

TRANSFORMAT I ON

The method used was based on the procedure of Dagert and
Ehrlich (1973) who incubated E. coli cells in calcium chloride to
increase the level of transformation. A single colony from a L agar
plate was inoculated into 38 m! of L broth and incubated at 370C with
agitation until the A reached 6.2, The culture was chilled on ice
for 18 min, and the cells harvested by centrifugation for 18 min at
full speed in a MSE bench top centrifuge. The pellet was carefully
suspended in 28 ml of cold freshly made up 8.1 M CaCl2 and incubated
at 80C for 286 - 25 min. The cells were harvested by centrifugation as
before and resuspended in 8.1 M CaCIZ . They were then Kept on ice for
24 h, after which they were used for transformation. This was carried
out by adding 16 Kl of the DNA solution (18 - 1806 ng) to 188 Kl of the
cell suspension. If the DNA used had been subject to ligation, it was
recovered from the ligation mix by alcohol precipitation and
resuspended in 8.1 M calcium chioride. The mixture was incubated on
ice for 18 min, and then at 37%for 3 min. It was then diluted into 2
ml of L broth and incubated at 37°C for 1 h with shaking. 18 K1 of this
was then spread on a cool dry L plate containing, if desired, 1808 Hg/ml

of antibiotics.

TRANSFECTION

Dilutions of phage from 18-2 to 18-15were made in phage buffer (1@
mM Tris - HC! pH 7.5, 18 mM Mgsq.). Host cells competent for

transfection were made by harvesting a 18 ml exponentially growing
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culture of cells (in L broth + 8.4 / maltose), by centrifugation in a
MSE bench top centrifuge at full speed for 18 min. They were then
resuspended in 2 ml of ice cold 18 mM Mgsqz. 188 K] of these competent
bacteria were mixed with 168 H1 of the various phage dilutions, and
incubated at 370C in a water bath for 16 min. 2.5 ml of warm BBL agar
was then added to the transfection mixture, the contents mixed, and
poured evenly over the surface of a cool BBL agar petri dish., The
dish was inverted and incubated at 370C until phage plaques formed.

For the gene libraries, 6.8 x 184 pfu were adsorbed to 5 ml of

competent cells.

LIGATION CONDITIONS

Conditions for the ligation of the constituents of the gene
library are described in the methods. For subcloning ¢loning
fragments with cohesive termini from A\ clones into plasmids, 208 ng of
linearigsed pUC 8 (Viera and Messing 1982) were mixed with a three fold
molar excess of the fragment to be cloned. [f the volume of the DNA
solution exceeded 8 M1, the DNA mixture was alcohol precipitated and
redissolved in 8 Wl of T.E. buffer. 1 Hl of 18X ligation buffer was
then added, followed by ligase to a concentration of 1 Weiss unit/kqg of
DNA. Solutions were mixed by vortexing briefly, and incubated at 150C
for 14 h. After this, a small aliquot was checked on an agarose gel
to monitor the extent of ligation. The remainder was alcohol
precipitated, redissolved in 9.1 M calcium chloride, and used to

transform competent bacteria.
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18X ligation buffer

8.66 M Tris - HCI pH 7.5

56 MM MgCl,
58 m4 OTT
18 mM ATP

DNA_SEQUENCING

This sequencing method was based on that of Maxam and Gilbert

(1977), as modified by Maat and Smith (1978) and Sief et al (1988,

(A) First restriction

(B) Phosphatase treatment

(C) Kinase labelling for protruding 5’ termini

(D) Second restriction step

(E) Preparative gel

(F) Purification of labelled fragments from the preparative gel
(G) Dideoxy nucleotide reactions

(H) Preparation and running of sequencing geis

(I) Autoradiography

(J) Buffers and solutions for DNA sequencing

(A) First restriction step

16 - 12 kg of DNR were digested tﬁ}oughly with a restriction
enzyme which gave 3‘ protruding termini, in a total wvolume of 189 Ki.

The DNA was alcohol precipitated and dried.

(B> Phosphatase treatment

The restricted and ethanol precipitated DNA was resuspended in
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193 #1 of d H,0, 5 K1 of 2 M Tris - HCl pH 8.8 added, followed by 7 H1 of
8.6 UsH1 alkaline phosphatase, and the reaction incubated at 37¢C for

45 min. The reaction was terminated by the addition of 2 Kl of 188 mM
EDTA pH 8.8, and the enzyme extracted by the addition of 268 M1 buffer
saturated phenol, vortexing, removing the lower phencl! phase, and
repeating the phenol extraction. The phenol was removed and the DNA
alcohol precipitated as before. After resuspending the resul tant

peliet in 258 K} of 8.3 M sodium acetate by vortexing, a further two

alcohol precipitations were carried out and the peliet vacuum dried.

(C) _Kinase labelling for protruding 95 termini

The phosphatased and ethanol precipitated DNA was resuspended
in 3 Kl of H20, 2.5 Bl of Kinase buffer followed by 1 1 of 17.5 mM
spermidine, 3.3 K] of 4UM ATP, 13 H#1 32P ATP (138 HCi), and 2 Wil of
polynucleotide Kinase (28U) were added and incubated at 379C for 45
min. The reaction was stopped by the addition of 268 H1 2.5 M ammonium
acetate. I Ml of a 1 mg/ml solution of tRNA followed by 756 B} of
ethanol were added, and the DNR recovered by performing 3 consecutive

alcohol precipitations.

(D) Second restriction step

The purpose of this was to generate fragments with one
labelled end for sequencing. The labelled, precipitated and dried DNA
was resuspended in 82 K1 of H,0 by vortexing. 4 Kl of this waz taken
and Kept as a control sample for the preparative gel. 28 Ml of 5X
assay buffer and 46U of restriction enzyme were added , and the DNA

incubated and precipitated as before.
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(E) Preparative gel

286 ml of 48 / v/v acrylamide stock solution (19:1 acrylamide /
bisacrylamide> and 16 ml of 18X Tris borate EDTA were made up to 148
ml with dH 0 and degassed. 1.1 ml of ammonium persulphate followed by
168 H1 of TEMED were added to the gel solution, mixed, and poured into
a 18 x 48 cm polyacrylamide gel apparatus (1.5 mm thick), using a
syringe. After the gel had set, it was pre electrophoresed for 38 min
at 58@v. The precipitated, dried ; DNA was resuspended in 7kl T.E.
buffer and 5 K1 glycerol dyes added. 3 Kl of dyes were added to the
sample from step (L), mixed, and both samples loaded in separate
welle. Electrophoresis at 308 V was continued until the bromophenol
blue was 3 cm from the bottom of the gel. The gel plates were then
separated, and the gel covered with cling film. Pieces of filter
paper with distinctive patterns of radiocactive ink were taped to the
cling film, and the gel auvtoradiographed at room temperature for 3@ -

48 min using an intensifying screen and flashed film.

(F) Preparation of labelled fragments from the gel

The autoradiograph from step (E) was examined and the required
fragments identified. Gel {fragments corresponding to the
auvtoradiographic images were excised from the gel and trimmed so that
the minimum amount of ge) was present. Blue 1 ml disposable pipette
tips were carefully sealed over a bunsen flame and plugged with a
piece of siliconised glass wool. The gel slice was placed in the
sealed tip and mashed to a paste with a smal)l rod. é68 K1 of ge!
elution buffer were then added to each tip, followed by é K1 tRNA (1

mg/ml), the tip sealed with two layers of parafilm , and heated at 370C
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for at least 2 h. The parafilm was removed, the sealed ends cut of¥,
and the tips spun in Corex tubes for 2 min. at 3,668 rpm using a
Sorvall HB4 rotor. The eluate was collected, 288 K] of gel elution
buffer added to the tip, and centrifuged as before. The sample
eluates were pooled, and alcohol precipitated The pellet was
resuspended in 388 B! of 8.3 M sodium acetate and alcohol precipitated
twice. The pellet was then washed with 1 m) of 98 / ethanol and

vacuum dried.

(G) Dideoxynucleotide reactions

The vacuum dried and labelled fragment was resuspended in 28 HI
H,0, and 18 i of 5 x Sief buffer, 8 Rl of SU/M) endonuclease free Dnase
1 added, and Kept on ice. Narrow plastic tubes were marked BG, BA,
BT, BC, FG, FA, FT, FC, corresponding to the forwards and backwards
reactions, and 1.1h} of the appropriate nucleotide triphosphate
dispensed into each tube. 4.3511 of the DNA / enzyme mixture was then
added to each tube, centrifuged briefly to mix the solution, and
incubated at 379C for 38 min.
The reactions were frozen, 1 H] of 8.1 M EDTA pH 8.8 added to each of
the backwards (B) mixtures, centrifuged briefly, and the whole mixture
transferred into the appropriate forwards tube ; e.q. FP'TA was added
to BG and the contents transferred to the FG tube. Small holes were
made in the caps, and the tubes frozen at -880C for 38 min, after which
the samples were lyophilised for 1 h. 18R]l of formamide dyes were added
to each tube; which was then heated at 980C for 5 min, placed in

scintillation vials and counted, and then frozen at - 280C until the
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sequencing gels were ready to be loaded.

(H) Preparation and electrophoresis of sequencing gels

6 4, thin polyacrylamide gels were used for sequencing.

Glass plates were cleaned extensively with decon, water, and ethanol
until a high polish was obtained. 2 glass plates separated by 8.5 mm
perspex spacers were taped together, the gel solution prepared, and
the gel poured free of bubbles by holding the plates almost horizontal
and pouring the solution down one edge. A 14 tooth comb was placed in
the top and the gel allowed to set. The top of the gel was then
flooded with buffer and the comb carefully removed. The tape sealing
the bottom of the gel plates was cut away and the plates clamped in a
vertical electrophoresis apparatus. The wells were cleared of debris
by flooding with a syringe.
Gels were pre electrophoresed at 1566 v for | h before sequencing
samples were loaded. The gels were switched off for as short a time
as possible during loading of samples.Samples to be loaded were heated
at 980C for 1 min, cooled rapidly in ice, and 2.5 K1 of the separate
nucleotide reactions loaded in 4 separate tracks using a drawn out
capillary attached to a mouth tube. The first loading was run until
the xylene cyanol in the sample had migrated toc the bottom of the gel.
The second loading was runp until the bromophenol blue was at the
bottom, and the third loading until the bromophencol blue was 3 cm from

the bottom.
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(1) Autoradiography

The gel plates were removed from the apparatus and placed on
the bench with the siliconised plate uppermost. The tape hoiding the
plates together was cut; and the perspex spacers removed. The plates
were then levered apart, the gel adhering to the larger, non
siliconised plate. The gel was covered with cling film and
autoradiographed at -86°C wusing a preflashed film and an intensifylng

screen, Exposure times were calculated using the formula

x = 5x185 / vy

where x = exposure time in h.

cpm per gel track as determined earlier.

~
1

Buffers for DNA sequencing

18 x Kinase buffer

508 mM Tris - HC! pH 7.6, 168 mM MqgCl 36 mM DTT,1 mM EDTA.

2 3

18 x Tris Borate buffer / litre, pH 8.3

Tris base 188 g, Boric acid 533 g, EDTA 2H,0 18.3 g.

Formamide dyes

88 7 v/v formamide, 18 mM NaOH, | mM EDTA, 8.1 % xylene cyancl, 0.1 X

bromophenol blue

9 x Sief buffer

33 mM Tris - HCl pH 7.5, 33 mM MgCl, , 18 mM DTT, 18 mM NaCl.

é /4 polyacrylamide ge)

Urea 3@ g, 48 / acrylamide / bisacrylamide 9 ml, 18 x Tris borate EDTA

é ml, water to final volume of 68 m!. Filter through a millipore
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filtration apparatus, degas, add 499 H1 18 / ammonium persulphate, 20

#1 TEMED, and pour.

Nucleotide mixes

BG --—-- 1 mM dd GTP
BA - 1 mM dd ATP
BT ----- 1 mM dd TTP
BC ----- 1 mM dd CTP
FG  —=--- 1 mM dd GTP, 2686 KM d ATP, 2688 PM d TTP, 208 MM d CTP.
FA - 1 mM dd ATP, 2806 WM d GTP, 266 HM d TTP, 208 M d CTP.
FT - 1 mM dd TTP, 206 WM d GTP, 286 UM d ATP, 268 KM d CTP.
FC  —==-- 1 mM dd CTP, 286 MM d GTP, 2086 UM d ATP, 200 KM d TTP.

BIOCHEMICAL TECHNIQUES

Glassware and plasticware

All glassware was throughly washed in detergent, rinsed with
several changes of distilled water, and autoc)aved before use, Items
of glassware and plasticware e.g. eppendorf tubes, pipette tips, Corex
centrifuge tubes etc, were siliconised by first degreasing in
chloroform, and then immersing in Repelcote ;, a solution of
dichlorodimethylsilane. They were then baked at 166°C for 2 h and

autoc)aved before use.

Restriction endonuclease digestion

The following 4 buffers were used for restriction enzyme
cleavage. A 18X solution was usvally made, and stored at - 28°C in { ml

aliquots.
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Low salt Medium salt High salt

1t mM Tris HC! pH7.5 18 mM Tris HC! pH7.5 356 mM Tris HCl pH7.5

1 mM MgCl, pH7.5 18 mM MgCl, pH7.5 18 mM MgCl, pH?.5
1 mM DTT 1 mM DTT 1 mM DTT
56 mM NaCl 168 mM NaCl

Smal buffer

18 mM Tris HC! pH 8.9
16 mM MqCl,

1 mM DTT

28 mM KCI

1 BHg of DNA was usuvally digested in a final volume of 38 Bi,
with 5 U of restriction enzyme for 2 h. MWhere inactivation of the
enzyme was desired, the restriction digest was made 10 mM with respect
to EDTA. I removal of the enzyme was desired, e.g. prior to ligation,
the enzyme was extracted into phenol and the phencl extracted into
ether. MWhere dissociation of cohesive ends was decsired, the digest

was heated to 709C for 3 min, and rapidly cooled on ice. Prior to

aqarose gel electrophoresis, samples were made 1/3 v/v with respect

to agarose beads.

Phenol extraction

A mixture of 23 : 24 : 1 of phenol : chloroform :
isnamylalcohol was usually used to depfotenise nucleic acids and to
inactivate enzymes involved in nucleic acid manipulations. An equal
volume of the phenol! mixture was added to the solution, vortexed, and
the lower phenol phase removed. A second phenol extraction was then

performed. After removal of the phenol phase, residual phenol was
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removed by extracting twice with water saturated ether (the phenol
used in the mix was pre equilibrated with 18 mM Tris - HCI pH 7.5, 1@
mM EDTA). After the ether extraction, the DNA was usuvally
precipitated with ethanol and vacuum dried. Vortexing was avoided

when the DNA size exceeded 286 kb.

Alcohol precipitation of nucleic acids

The volume of the nucleic acid solution was estimated, and if
necessary, made 8.25 M with respect to sodium acetate. After mixing,
exactly 2 volumes of ethanol at - 200C were added, mixed, and stored
at - 800C for IS min. If the DNA was of a small size (lkb), or present
in low concentrations (8.1 KRg/ml); the storage at - 88°C was extended up
to S h. The precipitated DNA was recovered by centrifugation for 18
min at full speed in a microcentrifuge for small samples, or for 20
min at 12,008 rpm 1n a Sorvall HB4 rotor for larger samples. The
- alcohol was carefully decanted, pellet washed with 88 / ethanol and
dried under vacuum. The recovered DNA was usually redissolved in a

emall amount of T.E.buffer.

Concentration of nucleic acids by extraction with butanol

As recovery of DNA from very dilute solutions by alcohol
precipitation 1s poor, this technique was used to concentrate nucleic
acid solutions to a level where they were easily precipitated. The
zolution was extracted with 2 - butanol which partitions water inta
the organic phase, excluding DNA or solutes. An equal volumeof 2 -
butanol was added to the DNA solution and well mixed. After a brief
centrifugation to separate the phases, the uppeb butancl phace was

removed and the extraction repeated with fresh 2 - butanol until the
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the volume of the solution had been reduced to a point where the DNA

could be easily recovered by alcohol precipitation.

Spectrophotometric determination of nucleic acids

To determine the amount of DNA or RNA, readings were takKen of
a 1 ml sample in a Pye Unicam SP8 - 158 spectrophotometer at 268 nm
and 286 nm. The reading at 248 nm allowed calculation of the amount
of nucleic acid in the sample _ an 0.D. of 1 corresponding to 58 Kg/ml
of double stranded DNA, 48 Hg/m) of single stranded DNA and RNA, and 28
Rg/ml for oligonucleotides. Readings at 248 nm and 2880 nm were takKen,
and the sample purified to give an Aygp 7/ Axpp ratio for double

stranded DNA > 1.8,

Preparation of dialysis tubing

Dialysis tubing (Medicell) was cut into pieces of convenient
length and boiled for 18 min in a large volume of § mM EDTA. It was
then rinsed throughly in distilled water and stored under water at ¢
40C , Before use, the tubing was again throughiy washed inside and out

with distilled water.
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Preparation of the annealed “arms’ of )\ L47 DNA

The preparation of the arms is described in the methods. Fig
1 shows the fragments produced upon digestion of the vector with Bam
Hi. When X L47 DNA was annealed via its cos sites, cleaved with Bam
H1, and centrifuged through a qglycerol gradient, the annealed arms
were separated from the 6.6 kb replaceable fragment. The structure of
the resultant arms is shown in Fig 2. Fig 3 shows an agarose gel
analysis of the annealing of X L47 DNA. The annealed and ligated DiNA
(tracks 4 & 5 was of significantly higher mol. wt. than either the
native x L47 DNA (track 3), or the MM 258 marker (track 2), and gave
the 34 kb fragment consistent with the formation of annealed DNA upon
cleavage with Bam H1 (track 6). Appreciable quantities of both the
left and right arms were also present. After centrifugation of the
annealed, ligated and cleaved DNA through a glycerol gradient,
fractions were collected (Fig 4) and analysed on an agarose gel (Fig
S). Clear separation between the 4.6 Kb replaceable fragment, the
16.4 kb right arm, 24.8 Kb left arm and the 34.8 Kb annealed vector
arms was clearly seen. Tracks 7 to 18 (Fig S, contained 34 kb
annealed arms which were only minimally contaminated with the 23 Kb
left arm. HNo visible trace of the 6.6 Kb replaceable fragment was

seen.

Structure of molecules formed upon ligation of the annealed arms with

and without foreign DNA

Fig 6 shows the structure of one of the forms produced when
the annealed arms of X\ L47 were ligated at their Bam HI é%mini.

Cleavage at the cos sites of these molecules by the in vitro packaqing

system led to the formation of two sorts of structures 1) Cleavage
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occuring at cos sites | and 3 leading to a 54.8 kb molecule too large
to be packaged; and 2) cleavage occuring at cos sites 2 and 3 leading
to a 26.8 Kb molecule too small to be packaged into phage particles,
The ligation of foreign DNA at the Bam Hl1 sites of the arms led to the
structure shown in Fig 7. Cleavage at cos sites | and 2 Fig 7) led to
the formation of the packageable, recombinant structure shown in Fig
8, with an overall size of 53 kb, the upper size limit for packaging

into phage X.

Preparation and characterisation of an in_vitro packaqing extract.

In vitro packaging extracts were prepared from induced cultures of the
) lysogens BHB 2688 and BHB 2498 as detailed in the methods section.
Fig 9 shows the growth curves of the two lysogens, before, during, and
after induction. Successful induction of the lysogens was seen by the
rapid cessation of bacterial growth after the application of the
induction stimulus. The efficency with which the pacKaging extracts
formed mature, viable phage particles using various DNA substrates is
shown in Table 1. Packaging due to endogenous phage DNA present in
the extracts was nil (line 1), and DNA molecules which did not have
the cos sites of bacteriophage A were not packaged (lines 2 and 3). X\
DNA molecules of the incorrect size and orientation were packaged at
very low levels (line 4>, while native L47 DN& was packaged at high
efficencies (line 3), this efficency being reduced if the X L47 DNR was

cleaved with Bam H! before ligation and packaging.
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nin 5 srl A 1=2
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Fig 8

Structure of a recombinant phage molecule, with an insert of 19 Kb,
after packaging into a phage particle.

I+ cos sites | and 2 of the structure shown in Fig 7 are cleaved, this
molecule is produced.

The order of the fragments is right arm --- {oreign DNA ---

left arm. The single stranded cos termini produced are shown,
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Growth curve of the X\ lysogens used to prepare the in vitro packaging

extracts.
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F® = duration of the heat stimulus required for induction.
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Characterisation of pea DNA.

Pea DNA was prepared as described in the methods section. Fig
18 shows the u.v. absorbance of a sample of this DNA. A classical
nucleic acid spectrum, with a peak at 2480 nm and a trough at 238 nm
was obtained. The 0.D. 248 / 288 ratio was 1.97. Fig 11 shows the
electrophoresis of DNA through a 8.3 “Z agarose gel, using intact X DNA
as a high mol. wt. marker. Electrophoresis was at 38 v for 1S h . The
majority of pea DNA was greater than 59 kKb in size (tracks 3 and 4,
and did not show the presence of nuclease activity (track 5). DNA was
easily cleaved by the enzymes Bam Hi (track 6>, and Sau 38 (track 7)

indicating its suitability for cloning purposes.

Isolation of 13 - 20 Kb partially cleaved pea DNA fractions.,

Conditions for the partial cleavage of pea DNA were
established as described in the methods. 8.5 Hg aliquots of the
various restrictions were analysed on an agarose gel (Fig 12) to
determine the extent of digestion. A range of digestions were
achieved, ranging from incomplete (track 9) to complete (track 2).

The maximum amount of DNA in the correct size range appeared to be in

track 7, however, the maximum number of molecules were in the
digestion (track 8) which used half the enzyme giving the maximum
fluorescence in the 15 - 28 kb size range (Seed et al 1982).
Therefore, the digestion shown in track 8, which used 8.8158 U of Sau
3A per Kg of pea DNA was chosen as the optimal digestion, and 4 large
scale digestions of pea DNA were performed, using 186 Kg of DNA per
digestion and 8.3, @8, 1 and 2 times the amount of enzyme / DNA ratio
as in track 8. An analysis of these digestions is shown in Fig 13.

The digestione were pooled;, and centrifuged through a2 glycerol
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gradient (Fig 14). The analysis of the fractions obtained from the
gradient (Fig 15) showed good separation of the various size classes,
and indicated that fractions in tracks 3, 4, 8, and ¢ were in the
desired 15 - 28 kb size range. Fig (16) shows a further agarose gel
analysis of fractions from Fig 15 tracks 3, 4, 8 and 9, confirming

that they were all in the desired size range.

Construction of the pea gene library : optimisation of ligatigns and
in vitro packagings.

Aliquots of Sau 3A cleaved DNA and X\ L47 phage arms were
checlked as to their ability td ligate in order to see if the cohesive
termini of the vector and pea DNA motecules were still present, and if
all inhibitors of ligation had been removed. An agarose gel analysis
(Fig 17) showed that the 1:1 mixture of L47 arms and Sau 3A cleaved
pea DNA (track 3), L47 arms alone (track 4), and Sau 3A cleaved pea
DNA afone (track 5 all showed evidence of ligation, as judged by the
formation, in all three tracks, of DNA molecules larger than either
the unligated L47 arms (track 1), or unligated Sau 38 cleaved pea DNA
(track 2). The ratio of L47 arms to Sau 3R cleaved pea DNA which
would produce the maximum number of recombinants upon ligation and in
vitro packaging as'Judged by the efficency of plaque formation on the

selective PZ lysogen E. coli was investigated - Table 2. AT s

ratio of phage arms to cleaved pea DNA was found to be optimal (line
2), while a ratio of 3 : | produced the least number of recombinants
(line 4). Unligated vector arms produced no plaques at all (line &),
but arms tigated in the absence of Sau 3A cleaved pea DNA produced a
small number of plaques on the non selective host strain E. coli 5K

(line 5). The composition of a ligation reaction for a
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‘mini - library’ is shown in Table 3. Ligation was at 129C for 48 h,
atter which a small aliquot was analysed to monitor the extent of
ligation (Fig 18). The gene library ligation mix (track 2) was of
appreciably highér mol. wt. than the L47 arms in track {, showing that

successful ligation had been acheived.

Separation of a nick translation reaction on a Sephadex column

The separation of 32P labelled DNA from unincorporated
nucleotides 15 shown in Fig 19. 48 / of the total radioactivity was

found in fractions 2 and 3 (peak A).

Hybridisation of labelled pBR 322 DNA and lequmin insert cONA

to various putative genomic lequmin clones.

Phage clones isolated using the whole plasmid pDUB 6 as a
probe were hybridised against pBR 322 DNA to check for contamination
of the clones with pBR 322 vector sequences as follows. Aliquots of
four putative genomic clones were diluted and spotted onto lawns of E.
coli strain 5K as rescribed in the methods. After plaques were
produced, nitrocellulose filter replicas were made and hybridised
separately with 32P labelled pBR 322 DNA (Fig 28), and the legumin cDNA
insert from pDUB 6 (Fig 21>, Clones 1, 2, and 3 hybridised to pBR 322
DNA , while clone number 4 did not (Fig 29), whereas Fig 2! showed
that clone number 4 hybridised to the legumin cDNA insert while clones

1, 2, and 3 did not.
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Fig 19

Separation of a nick translation reacton on a Sephadex G - 38
Superfine column.

Peak A = Labelled DNA

Peak B = Unincorporated labelled nucleotides

1 K1 amounts of the column fractions were analysed in a scintillatio

counter to determine the radioactivity.
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Purification of clone number 4 () LEG 3)

A LEG 3 was purified by repeated cycles of plating out and
hybridisation until greater than 95 % of the plaques on & plate were
seen to hybridise to pDUB é. Two types of signal were seen, one
reflecting the normal plaque morphology and the other showing a head
attached to a comet liKe tail (Fig 22). This presumably arose due to
spreading of DNA from a phage plaque during the plaque 114t

procedures.

Partial characterisation of qgenomic ribosomal clones isolated from

the library

In order to check whether the library contained sequences
present at the same frequency as their occurence in the pea genome,
the gene library was screened for genomic ribosomal DNA& clones using
the pea ribosomal clone pHA 1 (Cuellar 1982) as a probe. Screening of
16,8086 phage resulted in the isolation of 85 hybridising clones.

Phage minipreps were performed on two i1sclated clones as described in
the methods and the DNA analysed by restriction enzyme cleavage and
Southern hybridisation. Fiq 23 shows the cleavage pattern of the

clones with various restriction enzymes, and Fig 24 shows an
avtoradiograph of the same gel after hybridisation with 22P labelled pHA
1. Table 4 shows a comparison of the sizes of the restriction enzyme
fragments between ribosomal clones I, 2 and pHA 1. It can be seen that

they are almost identical.
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Relation of various ¢DNA clones to the lequmin 60,888 subunit

The two legumin cDNAs used for screening the gene library and
characterising the isolated clones were pDUB & and pOUB 8 ( Lycett et
al 1984). Fig 25 shows the extent to which the two cDNA clones pDUB 6
&% 8 retate to the legumin mRNA and the legumin subunit. pDUB &6 codes
for the entire basic and approximately 48 X of the acidic subunit,
including the 3‘ non coding region and part of the poly A tail, while
pDUB 8 codes for almost the whole of the acidic and approximately 28
of the basic subunit. Taken together, the two clones almost
completely code for the entire 68,860 subunit, with the exception of

some sequence at the 5’ terminus,

Restriction enzyme and hybridisation analysis of A LEG 3

» LEG 2 was mapped with respect to restriction enzyme cleavage
sites by a combination of hybridisation analysis and an examination of
the sizes of the fragments produced. 0One of the mapping gels used for
this analysis is shown in Fig 246. L47 vector DNA digested with the
same enzymes as A LEG3 was included as an aid to mapping on this gel,
as it simplified the task of identifying vector fragments in X\ LEG3.
Southern blotting of these fragments and subsequent hybridisation
against the insert from pDUB 8 gave the autoradiograph produced in Fig

27. The sizes of the hybridising fragments are given below :

Bam Hi - Eco Rl =--- 4.8 Kb,
Bam H! - Bg! 2 --- 3.7 ¥b.
Eco Ri - Bgl 2 -—~ 6.8 Kb,
Hind 3 --- 2.7 kb.
Xho 1 --= 1.8 kb.
Pst 1 --- 3.7 Kb, 12.5 ¥b.

Bgl 1 --- 1.8 Kb, 1.5 Kb.
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Comparison of the restriction enzyme cleavage maps of » LEG I,

2, and 3.

In order to confirm that A LEG3 was a clone which had not
previously been isolated, the restriction enzyme cleavage maps of X LEG
1 and 2 (Croy et al 1984) were compared with the map of X LEG3 (Fig
28), The sizes of the Eco Rl and Hind 3 fragments between the three
clones were dissimilar. The Eco R1 fragments containing the legumin

coding sequence in X LEG 1, 2, and 3 were, respectively, 12.5, 7.6, and

6.4 Vb, while the Hind 3 fragments were 2.3, 2.3, and 2.7 Kb.

Restriction digests of pea DNA hybridised to A LEG 3

In order to investigate the sizes of fragments in genomic pea
DNA which were complementary to the legumin gene in X\ LEG3, pea DNA was
cleaved to completion with Eco R1, Hind 3, and Eco Ri/Hind 3,
separated on 8.5 / agarose gels, transferred to nitrocellulose paper,
and hybridised against the 32P labelled Xho | fragment of X LEG3, which
contained the legumin coding sequence. Fig 29 shows wvarious
restriction digests of pea DNA which were used in this experiment. In
order to estimate the approximate gene copy number of the resulting
hybridising fragments, various amounts of pAS 2 linearised with Hind
3 were electrophoresed in tracks 7, 8, and 9. The autoradiograph of
the hybridised gel is shown in Fig 38. The sizes of the hybridising

fragments observed in the various digests are given below :

Eco R1 Hind 3 Bam H! / Eco RI

14.8 Kb 4.2 kb 12.98 kb

i2z.8 " 2.6 " $.2 °
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Eco Ri Hind 3 Bam H1 / Eco Ri
11.8 kb 6.4 kb
2.5 ¢ 4,95 °
8.6 °* 4,2 °
.6 " 3.6 ¢
4,2 " 3.5 °®

Table 5 showe a comparison of the sizes of the Eco R! fragments from
pea DNA hybridising to (a) the Xho | fragment of A LEG3 and (b), the
legumin cDNA 2.2.4 which codes mainly for the legumin basic subunit
(Croy et al 1982). It is apparent that certain fragments which are
seen in the A LEG3 hybridisation are not seen in the DNA hybridised

with cDNA 2.2 4, and vice versa.

Restriction epzyme and hybridisation analysis of pAS 2.

The 2.7 kb Hind 3 fragment of N LEG3 which hybridised to the
pDUB & and pDUB 8 legumin cDNAs was subcloned into the plasmid vector
pUC 8 (Viera and Messing 1982). The resultant clone was named pAS 2.
One of the gels used in the mapping experiments is shown in Fig 31.
An autoradiograph of the same gel after Southern blotting and
hybridication against pDUB & is shown in Fig 32. The sizes of the

fragments binding to the cDNA are given below :

fva | / Pst 1 --- 8.84 kb
Pst 1 / Bam H! --- 1.8 kb, 1.56 Kb.

Ava 1 /7 Bam H1 --- 1.9 kb.
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Bam H1/ Xho 1| --- 1.93 kb.
Bam H{/ Eco RS --- 1.8 Kb.
Xho § / Eco RS --—- 1.3 kb
Pet 1 / Xho 1 -—— 1.75 Kb.
Pst | / Eco RS --—- 1.4 Kb, 1.1 Kb.
fva 1 / Xho t --- 1.1 kb, 6.96 kb,
Ava ! / Eco RS --- 1.85 kb, 8.5 Kb.

This data, along with that from other experiments, allowed the

construction of a restriction enzyme cleavage map for pAS 2.

Restriction enzyme cleavaqe map of pAS 2. showing fragments chosen for

sequencing

Fig 33 illustrates the restriction enzyme map of pAS 2, showing the
sizes of the various fragments in detail. Fragments chosen for

sequencing are also shouwn.

Comparison of the restriction enzyme cleavage maps of pAS 2 with

pDUB & & 8

The restriction enzyme cleavage maps of pDUB é and 8 (Lycett
et al 1984) were compared with that of pAS 2 to examine points of
similarity. Although most of the restriction enzyme sites appeared to
be in the same location in all three clones, certain fragments in pAS
2 seemed to be larger. Fig 34 compares these restriction maps. The
Bst N1 - Pst | fragment in pDUB 6 was approximately 98 bp smaller than
the corresponding fragment in pAS 2, while the Eco RS - Acc 1 fragment

in pDUB 8 was approximately 88 bp smaller than its homologue in pAS Z.

i
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Comparison of the sizes of homologous restriction enzyme fragments

between the cDNAs pDUB & & 3 with the lequmin genomic fragment of

S 2 (Fig 3%

Data from Nielsen (pers. comm.), indicated that intervening sequences
were present in the soybean glycinin gene (which codes for a protein
analagous to pea legumin), in fragments defined by the rectriction
enzyme sites Bst NI - Pst 1| and Acc | - Eco RS. A comparison ot the
restriction enzyme maps of pDUB 4 & 8 (Lycett et al 1984a) with the
map of LEG3 (Fig 33 and 34), showed that thece pea legumin cDNA
fragments were smaller than their homologues in pAS Z. A direct
demonstration of the occurence of intervening sequences in the pea
legumin coding sequence by a comparison of homologous fragments
between the cDNAs and pAS 2 was therefore attempted. Tracke 2 & 3
(Fig 35 <how that the Bst N{ - Pet | fragment of pDUB &4 was
approximately 98 bp smaller than its homologue in pA5S 2. Similarly,
tracks 4 & 5 showed that the Acc 1 - Eco RS fragment of pDUB 8 was

approximately 8@ bp smaller than its homologue in pAS Z.

An example of an autoradiograph produced during the sequencing of

pAS 2 (Fiq 36 .

Sequencing was performed by the method of Sief et al (1784),

Sequence of the lequmin cDNA clones pDUB 6 & 8 (Fig 37).

This diagram was adapted from Lycett et al 1984. Although complete at
the 2° terminus, the sequence was incomplete at the 57 end, since pDUR
2 lacked coding sequence for the 47 more amino acids required to reach

the N terminus of the acidic lequmin subunit. The sequence
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differences between pDUB 6 & 8 show that they must have been
synthesised from mRNAs coding for nonidentical legumin genes. Regions

of repetition of the amino acid sequence are shown,

FPartial sequence from S regions of the 2.7 kKb insert in pAS 2

(Fig 38 .

Fragment 1 extended 1% amino acids beyond the 5’ terminus of pDUE 3,
approaching the N terminus of the acidic legumin subunit. It also
included part of an intervening sequence (IVUS 1). The first two
nucleotides of the intervening sequence were GT. Thg intervening
sequence was rich in A/T nucleotides. Five differences between the
amino acid sequence between LEG 3 and pDUB 8 were found in Fragment |
and a further five in Fragment 2. Fragment 3 possecsed part of the
Repeat | sequence found in the legumin cDNAs, the whole of Repeat 2,
and part of Repeat 3. The remainder of the repeat reqgions were nof
sequenced. Fragment 4 showed the beginning of another intervening
sequence (IVUS 3), the first two nucleotides of the intron again
beginning with GT. Fragment 5 contained 174 bp of sequence cading for
the legumin basic subunit, an amber translation termination codon, and
156 bp of 3° non coding sequence, No polyadenylation cignals were

found in thic reqion.
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Comparison of homologous fragments between the cDNAc pDUB 6 & 8 with

-

the legumin genomic fragment from pAS Z.
pDUE & & 8 were cleaved with Bam H! to isolate the cDNA inserts, and
pASZ was cleaved with Hind 3 to isolate the genomic fragment.

1) pBR 322 cleaved with Bam H1 and Bgl !

2y pbuB & . Bam Hi, Bst Ni, and Pst |

3) pAS 2 * Hind 3, Bst N1, and Pst {.
4y pbUB 8 . Bam Hi, Eco R3S, and Accl.

3) pASZ2 ! Hind 3, Eco RS, and Acct.

The sizes of the homol ogous fragments between pDUB & and pAS 2 (tracks

2 & 3, and pDUB & and pAS 2 (tracks 4 & S) are shown.
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Fig 37

The <equence of the cDMNA clones prB é & 8 is shown (adapted from
Lycett et al 1984a). The uppermost sequence is shown in full and the
other sequence i1s shown only where 1t differs fron that sequence. The
positions of the repeats is indicated below the sequences, and the
presence of the esmall internal duplication in the second repeat is
shown by brackets. The amino acid sequence predicted from the DNA
sequence 1s also shown (R.A.). Asterisks (X) indicate the region for
which comparable sequence data was obtained from the legumin genomic

clone (Fig 38). The fragment numbers 1 - 5 refer to the regions

sequenced in the genomic legumin clone (Fig 38).
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GGCCCTCTC™CGTGCTACCCTTIAACGCAACGCCCTTCGCAGACCTTACTACTCCAATGCTCCCCAAGAAATT T CATCCAACAAGGTAA -

AL S RATILOQRUHNALTRTPERTEYTYSNAPOTETITF.I'"QQ G N
...‘.....i.'..t..t"".'..."'Q."'.""'Q.O'Q...""'.t....I.."Q...'...Q.Q.Qﬁ..‘...)
s~ Fragment 1 v

TGGATATTTTGGCATGGTATTCCCOCGGTTGTCCTGAGACCTTTCGAAGAGCCACAAGAATC MGAACAAGGAGAGRGACGCAGGTACAGAGA
G Y P G M VP P GCUPETUPEEU®P QE S EBE QG EGZRURYURD

*CAGACATCAAAAGCGTTAACCGATTCAGAGAGGGTGATATCATTGCAGT TCCTANTGGTATTGTAT T T ™ GGATGTACAACCACCAAGACAC

R HQ KV NRPR B GDITIAVET G I VF W MY NDGOGDT™

TCCAGTTATTGCCGTCTCTCTTACTGACATTAGAAGCTCCAATAACCAGCTTGATCAGATGCCTAGGAGATTCTATCTTGC™GGGAACCA
P VI AV S L TDT RS S NNOQTLUDOQMU®PRRBRUPY L AGNM™H

CGAGCAAGAGTTTﬁTACAATACCAGCATCAACAAGGAGGAAAGCAAGAACAAGAAAATGAAGGCAACAACATTTTCAGTGGCTTCAACAG
Start:

E Q B P L Q Y QR Q QO G G K Q EQ 2 N E G NDNTITUP S G P K R

IR 2 X2 2 R R R R SRR R R AR 2 R 2 2 R R R R R R R R T R Y R R R R FF RS RN Y R R X R R R R X R RS RSS2 T

s——— Fragment 2
GGATTACTTGGAAGATGCTTTCAACGTGAACAGGCATATAGTAGACAGAC TTCAAGGCAGGAATGAAGACGAAGAGAAGGGAGCCATTGT

D P L F DAVP NV NIR RUETIUVD RTILUG QQGR RNWNTZEDTETERTI KTGA ATV

“..."'.".'.'..t"'.“"'i.".i.Q'..Q‘...."'..'..."O.'t'ﬂ‘it."...'.it.'...Qﬁ‘....".'.
'

CAAAGTGAAAGGTGGACTCAGCATCATAAGCCCACCCGAGAAGCAAGCGCGCCACCAGAGAGGCAGCAGACAAGAGGAAGATGAAGATGA

A
K V K G G LS\RI I S P P E K Q A RHQ R G SRKQ EEDETD E

(2222222222222 X )
| Repeat I e ettt

~———=Fragment 3
AGAGAAGRAGCCGCGCCACCAGAGAGGCAGCAGACAAGAGGAATAGGARGATGAAGATGAAGAGAGGCAGCCGCGTCATCAAAGCAGAAG

E X Q P RHAQRG S R QEEEZEEDTEDTET ERU QPR RIHEAOQRTRR

AR AR N A RN P AR A O R A R R AR P AN E R AN A DN O R P AN A G RN RN AR AN AR R AN AN S AR PRI AR AN AR SO RO R b AR AARNS D

| Repeat II ( ) [ |=m=mmmmmm e Repeat III -

AGGAGAGGAGGAAGAAGAAGACAAGAAAGAGCGCGGCGGCAGCCAAAAAGGCAAAAGCAGAAGGCAAGGAGACAATGGGCTTGAGGAAAT
(o

G BE BE B BE BE D K KB RG\RG S Q K G K S RRQGODU®GTLETET

L XX L2222 22

AGTTTGCACTGCTAAACTTCGATTGAACATTGGCCCGTCTTCATCACCAGACATCTACAACCCTGAAGCTGGTAGAATCAAAACTGTTAC

v ¢T™AKULURTLW®NTIGUPS S S PDIYNUPEAGT RTII KTUVT

CAGCCTGGACCTCCCAGTTCTCAGGTGGCTCAAACT : End
AAGTGCTGAGCATGGATCTCTCCACAAAAATGCTATGTTTGTGCCTCACTACAA

S L DL PV L R WILKTILSAU®TMH®RGSTLHKNAMPV PHYN
I R I I I I I I ITIIIIIT S

e————=Fragment &

CCTGAATGCAAACAGTATAATATACGCATTGAAGGGACGTGCAAGGCTACAARGTAGTGAACTGCAATGGCAACACCSTGTTTGATHGANA
L N AN S I I Y ALIKGU RARILUGOQUVVNICNGNT®T®TTUVFPAG K

GCTAGAAGCCGGACGTGCATTGACAGTGL.CATAAAACTATGCTGTAGGCTGCAAAGTCACTAAGCGACAGGT ™CTCATATGTAGCATTCAA
L B A G RATL =V P QN Y AV A AK SL S$ DRZFPF S Y V A P K

GACCAATGATAGAGCTGGTATTGCAAGACTTGCAGGGACATCATCAGTTATAAATAATCTGCCGTTGGATGTGGTTGCAGCTACATTCAA
T ¥ DR A G I A RTL AG ™S8 8 VI NNULLPLDV V A AT-TTZPN

I I I R R Y YR R 2 Ry e R P R Y R R X X S 2SR R R )
o——————=Frogment S

COTGCAGAGGAATGAGGCAAGGCAGCTCAAGTCCAACAATCCCTTCAAATTTCTAGT TCCAGCETCGTCAGTCTGAGAACAGAGCTTCGGC

L QRNEARGOQTLTESTSH®NN@PTPI KT PTLUVPARGQSTEHNT RAMASA

2223222 RS A2 ERARAXERRRRYERRAREERERER22RXRRR0RRRRRRERR RS2 RSRRRRR R 2R 0 2-2-2-2

TTAGAT™TCGCACCAAATCAATGAAAGTAATGAATAAGAARACTAAGGCTTAGATGCCTTTG TTACTTGTGTAAAATAACTCGAGTCATG

(2222222222022 222220 222222 222222223 R X2 222X X 22X

TACCTTTTTGCGGAAACAGAATAAATARAAGGTAAAATTTCAGTGCTC TAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR

Fig 37
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Fig 38

Partial sequence from five regions of the 2.7 Kb insert in pAS 2 is
shown. The position of these regions 1s shown in Fig 33. Homology
between the cDNA sequence (Fig 37) and the genomic sequence can be
seen by comparing reqions 2, 3, 4 and 5 in Fig 38 with the
corresponding regions in Fig 37. The cDNA sequence of Fragment | (Fig
37) commences 57 bp after the start of the genomic sequence of
fragment 1 (Fig 38). Thus, data for 1? amino acids 5° to the end of
the pDUB 8 sequence is shown. Discrepancies between the aminc acid
sequences between LEG3 and the cDNA sequence are underlined. Silent
base changes in the genomic sequence are indicated by (v) ,
Intervening sequences in fragments 1| and 4 are shown by (-—--- . The
beginning of the intervening sequence is indicated by (>). The 3

untranclated region in Fragment S is shown by (....... ).



Fragment 1

LEG 3 AGGTGGGCTCATTGAGACTTGEAATLCCAACRACAAGCAATTCCGATGTGLTGETG
ALA. G G L I ET WNWPNNIKGTFIRTELCASG

v vV

LEG 3 GCATCATCTCGCGAGCTACCCTTCAACGCAACGCCLCTTCGCAGACCTTGCTACTLCAA
AA. 6 T I S RA T L @ RNALRRPLCY SN

LEG 3 TGCTCCCCAAGARATTTTCGACCAACARCAAG>GTTACTTATTTTGATCTTATACCT

ALA. AP Q@ E I F D @ Q @ =--———-—--mmmommommmooms
- L}

LEG 3 TCTTCTTTACGTACATTACATGCATATTAGCATA

AL, o e e

Fragment 2

LEG 3 TTTCTACGATACCAGCAT CAACAAGGAGGARAGCAAGAACAAGAAAART GRAGGCAAC
A.A. F L R Y g H @ & G 6 K @ E @ £ENE G N

LEG 2 AACATTTTCAGTGGCTTCAAGAGGGTTTTCTTGGARAGATGCTTTCAACGTGAARCHGL
AA, N I F 8 6 F KRUYVUFLEDAFNUVNGE

LEG 3 TATATAGTAGACAGACTTCAAGGCAGGAATGAAGACGAAGAGATTGGAGCCATTETC
AA. Y I U D R L @ G RNED EE I G A I V

Fragment 3

LEG 3 CAAGAGGAAGATGAAGAT GAAGAGAAGCAGCCECGLCACCAGAGAGGCAGCAGACAA
A.A, @ E E D E D E E K Q@ P R H Q@ K G 5 R @

LEG 3 GAGGAAGAGGAAGATGAAGAT GAAGAGAGGLAGCCGCET CAT CARAGGAGAAGAGGA
A.A. E E EEDEDEER@PRHQARRRG

LEG 3 GAGGAG
A.A. E E

Fig 38
Fragment 4 —_— e
LEG 3 CTCAAACTAARGTGCTGAGCATGGATCTCTCCACAAADGTAT

A.A. L K L 8 A E H G S L H K ==
Fragment S

LEG 3 GATAGAGCTGGBTATTGCAAGACTTGCAGGGACATCATCAGTTATAAATARTCTGLLG
A.A. D R A G I A RLAGT S S5 Y I NNL P

LEG 3 TTGGATGTGGTTGCAGCTACATTCAACCTGCAGAGGAAT GAGGCAAGGLAGLTCARG
AA. L DV VYV A ATFNULIGGRNIEA ARUGQQL K

LEG 2 TCCAACAATCCCTTCAAATTTCTAGTTCCAGCTCGTCAGTCT GAGRACAGAGCTTCG
A.A. S NNPF K F L VP ARIQSENRAS

LEG 3 GCTTAGATTTCGCACCARATCAAT GAAAGTAAT GAATAAGAAARCTARGGCTTAGAT

LEG 3 AAATAARARGGTAARATTTCAGTGCTCTATGCTTTTCTACTCCAAGTTA
fleFle  csusscnscessscsassneneaaasassansseassnscsennnnna
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Table 1

In vitro packaqing efficencies using different substrates,

SUBSTRATE Plaques /uq

Phage buffer 9
pBR322 DNA 7
Fea DNA 2
1 x 182
4 x 189

L47 arms DNA

L4?7 native DNa

47 DNA, restricted
with BamHl and ligated 2 x 187

[N & ) I O % T

Table 2

Determination of the optimum ratio of phage arms to pea DNA insert

=

which produced the maximum number of recombinants.

armse:Inserts SK L9S 7 Recombinant
1 8.5 : 1 2.4x 104 ?.4x1@3 40

2 1 s 1 4.7x 194 3.é6x1a4 74

3 z2 | &,4x 169 1.7x134 26

4 3 : 1 46.3x104¢ 1.9x 104 30

3 LLigated arms 3.8x103 ] é

4 Unligated arms a %] 8

7 L47 vector 4d.6x10% 8 8

Total DNA concentration in ligations was 208 Hg / ml. Titres are

expressed per Hq.

Table 3

7

Constituents of a mini

s

qgene library ligation

Reactants Yolume /Hls.
3 Mg L47 armes ONA 14.3

3 Kg Sau 3A cleaved pea DNA 6.8

18X Ligase buffer 3.2
18mM ATP 3.2

T4 ligase (4WlD) 4.6
HO 1.3

Total DNA concentration in the ligation was 288 Kg/mi.
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Table 4

Comparison of the restriction enzyme fragments between Ribosomal

clones i, 2 and pHA | hybridising to pHA 1.

Bam H1 / Hind 3 Bgl 1 / Hind 3 Hind 3
Ribo 1 Ribo 2 pHA | Ribo 1 Ribo 2 pHA 1 Ribo 1| Ribo 2 pHA !
4.8 4.0 4.1 9.1 4.2 8.3 8.3 3.%
8.1
3.0
2.5 2.3 3.0 2.2 2.2 2.4
2.4 2.4 2.6 1.9 1.9 2.1
1.3 1.4 1.4
1.2 1.4 1.3
8.635 1.4 8.49

Bgl 2 / Hind 3

Ribo 1| Ribo 2 pHA 1
4.2 4,7 4.6
4.1 »

2.8 2.8 2.2
Table S

A comparison of fragments in qgenomic pea DNA hybridising to the

lequmin coding sequences of cDNA 2.2.4. (Croy etal 1982), and pAS 2.

Probe 2.2.4. pAS 2 2.2.4. pRS 2 pAS 2
DNA cleaved with Eco Rt Eco R1 Hind 3 Hind 3  Bam Hi/Eco RI
Fragment sizes (kb 14.8 14.98 4.2 4.15 i6.2
12.9 12.0 2.9 2.6 9.3
11.8 1.5 é.4
9.9 4.95
8.6 4.15
7.7 3.6

6
4.2 4.
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Table &

Compariscon of the sequerice arcund IVS 1| and VS 3 with plant ang

animal intron/exon boundary consensus sequences,

=3 =2 -1 41 42 +3 44 45 +§
Plant X T & 6 T A A G T
Animal ACA G 6 T A A 6 T
LEG IVS 1 A A 6 6 T T A C T
LEG IVUS 3 T A T 6 T T T T T
(mmmmmmmmm e >

EXON INTRON

X = any nucleotide



DISCUSSION
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Before the advent of recombinant DNA technology, the isclation
of single copy structural genes from eucaryotic genomes was considered
an impossible task. However, along with the discovery of DNA
vestriction / modification systems, three important technical advances
helped to make this goal a practical reality. First,procedures for
the rapid isolation of the desired sequence from many thousands of
recombinants were developed (Benton and Davis 1977). Second, a
variety of vectors in which large amounts of DNA could be cloned were
constructed (Blattner et al 1977, Leder et al 1977, Hohn and Murray

1977 . Third, in vitro packaging systems were developed, which

allowed a substantial increase in the efficency with which )ambda
derived vectors could be introduced into bacterial cells (Hohn and

Murray 1977, Sternberg et al 1977).

The construction of the first eucaryotic gene libraries in
lambda vectors was reported by Maniatis et al (1978), and the
principles elucidated in this paper have been used in all subsequent
library constructions. Central to this is the choice of cloning
vector, which influences the method chosen to generate fragments of
DNA from the genome under study. In the Maniatis method, (Maniatic et
al 1978, a Charon phage (Blattner et al 1977), was used as an Eco RI
replacement vector, and DNA fragments generated either by mechanical
shearing or by non limit digestion with restriction enzymes which
produced blunt ends. These fragments were then size fractionated,
methylated with Eco R1 methylase, and had Eco Rl linkers ligated to
their termini, before being cleaved with Eco R1 and the resultant
cohesive termini ligated into the vector. This involved procedure was
used in an attempt to construct a random library in which no

particular sequence was under represented. Other workers have used
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the Charon series of vectors to construct gene libraries (Kemp et al
1979, Robbins et al 1979, Blattner et al 1978, Lewis et al 1981,
Fischer and Goldberg 1982, Nagao et al 1981), but in most cases, these
libraries have been non random in theory, since digestion of the

genomic DNA with Eco R1 was performed before ligation into the vector

(see below).

Another vector which has been widely used to clone fragments
of eucaryotic DNA is AatWES (Leder et al 1977). Althqugh ths vector
has been used in cloning unique pieces of DNA, it is less useful in
the construction of random gene libraries, since it lacks sites for
Bam H1, and thus fragments produced by random cleavage using non limit
digestion with the enzyme Sau 3A cannot be cloned. As explained in
the introduction, partial cleavage of DNA with a frequently cleaving
enzyme such as Sau 3A which recognises a 4 base palr sequence, ic the
easiest method of producing randomly cleaved DNA. In addition, 1t has
the advantage that fragments with Sau 3A cohesive ends can be ligated
directly into a Bam Hi cleaved vector, thus obviating the need for
linkering, or methylation of genomic DNA, as was necessary in the

Maniatis library.

Vectors which allow the easy construction of random gene
libraries, by cloning Sau 3A partial digests of genomic DNA into the
Bam HK! site of the vector, have been described (Karn and Brenner 1988,
Loenen and Brammar 1988, Mizusawa and Ward 1982, Rimm et al 198@0).

The vectors described by Karn =t oai (1988) and Loenen and Brammar
(1988) rely on the repiacement of the central region of phage !ambda

derivatives, which contains the red and gam genes, by foreign DNA.

Recombinants produced using these vectors are therefore red- gam-, and
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consequent!y exhibit the Spi- phenotype, i.e. they will grow in
baﬁterial hosts Iysbgenic for the phage P2 (see introduction). Non
recombinants are termed Spit , since the products of the exo, bet, and
gam genes of x interact with the old gene product of phage P2, leading
to inhibition of growth (Lindah! et al 1978). Thus, growth of a
recembinant on a host lysogenic for phage PZ provides & selection
system. Although both these wvectors can be used to clone long
fragments of DNA, x 10859 (Karn =21 z} 19868) has a major
disadvantage in that it contains the pBR 322 origin of replication.
Although this allows the clone to be propagated as a plasmid (phasmid)
in X lysogens,; the presence of the pBR322 sequence in the vector makes
the screening of libraries constructed in A 1859 difficult if not
impossible, since most c¢DNA probes are constructed using pBR 322 or
its derivative vectors. As cDNA inserts can never be completely
purified away from the vector sequence, spurious hybridisation (false
positives) due to pBR 322 homology between probe and clone i1s bound to
occur. For this reason, A L47 (Loenen and Brammar 1988), which does

not have this pBR322 sequence, was chosen as a vector to construct the

Pisum sativum L. gene library.

It 1s desirable; in a cloning experiment, to reduce the number
of non recombinant transformants, since this will lead to a reduction
in the total number of clones which have to be screened for the
sequence of interest. This is usually done, in the case of a
bacteriophage vector, by isolating the annealed arms of the phage. In
this work, the right and left ends of A L47 (Fig 1) were annealed by
their cos ends, and T4 ligase used to covalently seal the single
stranded nicks left after annealing. After cleavage with Bam H1 to

excise the central replaceable fragment (Figq 1), the arms (Fiq 2} were
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separated from the replaceable fragment by centrifugation through &
glycerol density gradient. The successful annealing and ligation of
the » L47 arms is shown in Fig 3, and an analyses of fractions obtained
from the glycerol gradient (Fig 4) indicates that the arms were

purified, as judged by agarose gel electrophoresis (Fig 3.

As only DNA molecules of the correct length (between 38 and 53
kb long) will be packaged (Feiss et al 1977), the unligated vector
arms should not be packaged, as they are only 34 kb in length (Fig 2).

Ligation of these arms at their cos ends will lead to the formation
of concatenates of DNA, which are the substrates for in vitro
packaging; however, cleavage at the cos sites of these molecules will
produce forms which are either too small or too large to be packaged
(Fig 8). Hence, only recombinant molecules, in which DNA has been
inserted at the Bam H] sites, will be the right size for packaging

into phage particles (Fig 7 and 8).

As stated earlier, another essential factor in the
construction of gene libraries is the development of an in vitroe
packaging system, as it allows efficencies of at least two order:s of
magni tude above those obtained by CaCll transfection (Thomas et al
1974 and introduction). Before it can be used in packaging DNA for a
gene library, the system must a) have efficencies of 187 pfus/lg or
higher when intact X DNA is used as a substrate and b) must not show
any packaging due to the presence of endogenous A DNA in the extracts.
The packaging system used in this project satisfied both the above
criteria, since 1) the packaging efficency was 4 x 189 pfu/HKg (Table
1), at least 2 orders of magnitude above that reported by Maniatis et

al ¢1978), and 2 no endogenous DNA was packaged (Table 1) . The
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efficency of packaqing, although high, varied between preparations,
and it was found that the most critical step in determining this was
the sonication of the induced preparation of sonic lysate, Too little
sonication resulted in insufficent lysis of cells, and therefore
decreased availability of phage particles, while too much sonication
led to the disruption of the liberated phage components (results not
shown). Both factors led to a decrease in packaging efficency. The
other critical step in the preparation of packaging extracts was
induction; cells had to be in the exponential phase of growth and the
heat stimulus had to be rapidly applied;, otherwise the cultures were
not efficently induced. Typical growth curves of the two extracts,
which led to high packaging efficencies; are shown in Fig ?. The
specificity ot the system for DNA molecules with cos sites was
demonstrated, since molecules lacking these sites, e.g. pBR 322 and
pea DNA, were not packaged. The packaging efficency fell to about 2 x
187 pfu/HBg when cleaved and religated » L47 DNA was used as a substrate
(Table 1); this is because a variety of different combinations of
fragments are made in a ligation reaction, only a few of which farm
viable phage. In any case, this value was 4 orders of magnitude
higher than that obtained when a similiar cleaved and religated DNA

substrate was used in a CaCl2 transfection (Mandel and Higa 1978).

The preparation of the annealed arms of X L47 and the
production of an efficent in vitro packaging system meant that only
one additional component - the partially digested pea DNA, was
necessary, before the gene library could be constructed. DNA used in
library constructions must be of high molecular weight, free of
nuclease contamination, and with few or no single strand breaks. It

can be prepared from whole tissues such as leaf, embryo, and root, or
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from isolated cellular organelles such as nuclei, mitochondria, or
chloroplasts. Since the aim of this work was to prepare a total gene
library, in which all DNA sequences would be represented, pea leaf
tissue was chosen as an abundant and convenient source of material.
The ultraviolet absorbance spectrum of a sample of this DNA, together
with the A260 7/ A ratio obtained, showed the high purity of the DNA
preparation, and indicated that contamination with protein and phencl
was negligible (Fig 18). 4s judged by gel electrophoretic analysis,
the majority of the DNA& was of a size greater than 58 kb (Fig 11). It
is impossible to accurately estimate DNA sizes greater than 58 Kb, as
the resolution of agarose gels in this reqgion is very poor, No
endogenous nuclease activity was present in the preparation, since
incubation of a sample of this DNA in restriction enzyme buffer at 370C
for 1| h showed no appreciable degradation (Fig 11). However, 1t was
not possible to absolutely rule out the presence of nucleases which
required conditions different to those present in this experiment.

The DNA was easily cleaved by restriction endonucleases, indicating
that no inhibiting materials were present in the preparation, indeed,
the presence of families of sequences bounded by Bam H!l sites was
clearly seen (Fig 11 track 8). The extent of single strand nicking of
the pea DNA preparation was also tested by using the DNA in a DNAse
free nickK translation reaction, to assay the percent incorporation of
label,; this was found to be 3 /X of that obtained when DNAse 1| was used
in the experiment (results not shown). Thus, single strand breakage

of the DNA was assumed to be negligible.

Conditions for the partial cleavage of the pea DNA were
established (Fig 12). The maximum amount of 15 - 28 kb fragments

appeared to be in track 7 as judged by the intensity of fluorescence.
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However, as Seed et al(1982) have calculated, this fraction represents
twice the extent of digestion necessary for optimal representation o+
sequences in aAIibrary. Therefore, trac;us, which used haif the
amount of enzyme as in track 7 actually yielded the greatest number of
molecules in the desired size range. On the basis of this, 4 large -
scale digestions of pea DNA were performed (Fig 13) and pooled, using
8.5, 8, 1 and 2 times the amount of Sau 3A which yielded the maximum
amount of 15 - 28 kb fragments. This was done in order to randomise
the 15 - 28 kb size fractionated DNA population, by ensuring that
molecules which varied in their degree of susceptibility to cleavage
by Sau 3A were included in the preparation for cloning e.q. the 15 _
20 Kb fraction in track 3 Fig 13 contained molecules which were
relatively easily cleaved by Sau 3R, while track 6 contained a
fraction of molecules which were relatively resistant to clieavage.
After unloading the gradient (Fig 14), the fractions were checked to
obtain the correct size range for cloning. Good separation of the
various sizes of DNA was obtained (Fig 15, and appreciable
quantities of DNA in the correct size range were obtained (Fig 16).
‘Never theless, despite care takKen in library construction, the
randomness of a gene library can only be judged by the end product;
i.e. the ability to isolate from that library, sequences present at
about the same frequency as their occurence in the original genome.
Investigators have sometimes failed to isolate certain sequences from
libraries which were previously considered to be complete (Lawn et al
1978>, and new libraries, using different restriction enzymes and
digestion conditions, have had to be constructed before the desired

sequence could be isolated.

When ligating together the vector arms and Sau 3R cleaved DMNA,
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two factors have to be considered 1) the motar ratio of arms to
inserts and 2) the concentration of the two DNA species. As shown in
Fig 7, the idea3 substrate for in vitro packaging 1s a concatemer of
the form left arm -—— insert —-- right arm. Since each vector has only
one terminus compatible with the two termini of the incert, in theory,
a 2 : 1 molar ratio of arms to inserts should give an equimolar amount
of the two species of ligatable termini. However, this ascumes an
ideal situation, in which all the molecules in the ligation reaction
have cohesive termini. Since some molecules will have lost their
cohesive ends in extraction and purification procedures, this ratio
will alter, and a series of test ligations with varying arms : insert
ratios was set up to monitor this (Table 2)>. The DNA concentration in
the ligations was chosen so as to favour intermolecular ligation
leading to the formation of concatemers, over self ligation which
leads to the circularisation of the DNA species (Dugaiczak et al
1979 . In order to show that all possible inhibitors of ligation had
been removed, and that the cohesive termini generated on the vector
and pea DNA were capable of ligation, smal) aliquots of both DNA
samples were ligated and the products analysed by agarose gel
electrophoresis (Fig 17) . Both vector and arms DNA were seen to form
molecules of A size or larger, indicating that concatenates had been
formed. Although these test ligations were performed at 239C ¢ar 2 h,
it is generally better to ligate at Jower temperatures (120C) for up to
48 h, since this minimises breakage due to contaminating nucleases,

and stabilises annealed sequences (Dugaiczak et al 1975 .

The results obtained in Table 2 showed that a I : | molar
ratio of arms to inserts produced the greatest number of recombinants,

as judged by the ability of the Spi- phage to form plaques on the P2
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lysogen E. coli strain L95S. However, difficulties were experienced
when using L?S as a host strain, and it is possible that the figure of
76 7 recombinant is an underestimate. MWhen using 1868 K1 of prepared
cells per transfection (see methods), no plaques were seen after an
overnight incubation on E. coli L95, and plagues were only seen if the
plating bacteria were reduced to 1/188th the original. Even so,
plaques were generally small, poorly defined, and difficult te see.
Other workers using the A\ L47 system have also experienced similar
problems, and workKers in this laboratory have found a similiar
situation with the cloning vector N gtWES.B and the host strain E.
coli LE392 (Croy.pers.comm.). A possible explanation of this
situation might be that E. coli L95 host cells infected by
recombinant phage do not have the same growth characteristics asg
uninfected cells. [t is Known that the introduction of recombinant
DNA into bacteria sometimes results in a slow growth rate of the
transformed cells. Since bacteriophage only infect and lyse celis in
exponential phase, it is probable that by the time lysis of one
infected E. coli L95 cell occurs, the surrounding cells have already
reached stationary phase, and are thus unable to be infected. If a
smaller amount of plating cells are used, however, a larger proporticon
of host cells will be in the exponential phase as lysis occurs,
leading to further infection and ultimately larger plaquec<.
Another way of ascertaining the number of background (non
recombinant) phage is to package a ligated preparation of wvector arms.
This gave a figure of 3 x 162 pfu / Bg - only 6.881 ¥ of that
obtained when intact vector DNA was used as a substrate (Table 2). No
such background was seen when unligated arms were packaged, indicating
that the non recombinant phage were not due to the presence, in the

arms preparation, of unrestricted intactx DNA. Thus, the backKground
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must have been due to the presence of small amounts of contaminating
replaceable fragment, although no bands corresponding to this fragment
were seen in an agarose gel analysis of the arms preparation (Fig 3.

Titering of the ligated preparation on E. coli strain L 95 resulted

in no plaques, showing that foreign DNA had not been ligated inte the
arms (Table 2). Other workers (Maniatis et al 1978, Blattner et al
1978) ., have also reported the presence of a small proportion of non
recambinant phage in their libraries. Although it is possible to
lower this fraction by,for example, phosphatasing the vector and
replaceable fragment after cleavage, or by loading smaller amounts of
annealed DNA onto the gradients and thereby enhancing the resclution
between the arms and the replaceable fragment, in practice, the
proportion of non recombinants is so small that it can safely be

ignored.

The number of recombinant phage produced per Hg of ligated DNA
was in excess of 3 x 18¢ pfus/ug (Table 20, this was about the same as
the titre obtained in the construction of the rabbit and Drosophila
libraries by Maniatis et al(1978). Using the equation derived by

Clarke and Carbon (19762, and assuming that 1) the Pisum sativum L.

genome has a size of 4.8 x 182 bp (Thompson and Murray 1781) and that
2) ; the average size of the cloned insert is 14 Kb, 1.8 x 16¢
recombinant phage will be required to find any given single copy
sequence with a probability of 99 X. As 3 x 18¢% recombinant phage per
Pg were produced in the most efficent packaging, this meant that 48 Hgs
of ligated DNA were needed to construct the complete pea library. In
order to simplify the problem of screening such a large ccllection of

clones, it was decided to construct the library in a seriecs of 8 mini

libraries, each of which would be screened before proceeding to the
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construction of the next. The composition of the ligation reaction
for one of these mini libraries is shown in Table 3 , and its
successful ligation, as judged by the formation of DNA molecules
larger than » size is shown in Fig 18. Sixteen in vitro packaging
reactions were used, each to package 8.3 Hg of ligated DN, Maniatis
et al (1978 concentrated and purified the packaged phage on CsCl step
gradients, but this was not done in the present work in order to avoid

loss of the phage during unloading and subsequent processing of

fractions from the gradient.

Before a full scale screening of this library was carried out,
a small portion (185 phage) was plated out using the non selective E.
coli strain 9K as a host, and hybridised with a 22P labelled pBR 322
probe. This was done to check for contamination of the library with
pBR 322 sequences, an occurrence which appears to be common in most
laboratories where extensive work with pBR 322 has taken place (Ish
Horowitz pers.comm.). From such a screening, two clones were isclated
which contained the whole of the pBR 322 molecule present as part of a
16 ¥b insert (data not shown). This contamination occurred despite
the fact that stringent precautions were taken to ensure purity of
reagents and cleanliness of glassware. [t is therefore important fo
check all putative clones isolated from genomic libraries against
common cloning vectors, especially pBR 322, in order to guard against
this Kind of contamination. The chance of detecting such
contamination can be reduced if purified insert DNA is used as a probe
rather than whole recombinant plasmids, but even so, since inserts
can never be wholly separated away from vector sequences, the problem

still remains. . Due to the possible presence of pBR 322 contaminants,
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the library was not amplified, as this would have led to the
amplification of the pBR 322 containing clones and a consequent
increase in the number of putative clones which would have to be
rescreened. Instead, the library was plated out directly using E
coli 5K as a host, to give about 4.8 x 184 phage per megaplate.
Al though a higher plaque density could have been used (Bentcn and
Davie 1977>, this would have resulted in small plagues. and plating
out at the lower density allowed relatively large plaques to form,
with a consequent increase in the strength of the hybridisation

signal.

The library was screened using intact 32P labelled legumin cDNA
plasmid pDUB 8 (legumin cDNA cloned into pBR 322 ~ Lycett et al 1¥84
- Fig 29), as a probe. The separation of a typical nick translation
labelling reaction on a Sephadex column i€ shown in Fig 7.
Incorporation rates of 48 /X were routinely obtained. After
autoradiography of the screened filters, 4 positive signals were
detected ambngst 4 x 184 phage. In order to check whether any of these
contained contaminating pBR 322 sequences, aliguots of phage were
hybridised separately against labelled pBR 322 and the purified insert
from pDUB 8 (Fig 26 and 21). 3 of these clones were found to
hybridise to pBR 322, and were not analysed further, while one
hybridised to the ltequmin cDNA insert alone. This clone (ALEG3), was
purified by repeated screenings and hybridisations until 95 % of the

plaques on a plate showed positive signals (Fig 22).

With a pea genome size of 4.8 x 189 bp and a cloned insert size
of 16 Kb, only one in 3 x 10% independent recombinant phage will carry

a particular single copy sequence. Southern blot analysis of genomic
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DNA has shown that approximately 4 copies of the legumin gene are

present in the Pisum sativum L. genome (Croy et al 1982), and so one

would expect to isolate one of these in every 7.5 x 1089 independently
generated phage screened, a value close to that obtained in practice,

In order to further check the sequence representation within the
library, screening for ribosomal DNA sequences using the pea genomic
ribosomal clone pHA 1 as a probe (Cuellar 1982) was carried out.
Screening of 18,088 phage from the library resulted in the isolation
of approximately 85 hybridising clones. Assuming that there are

approximately 3680 rRNA genes in the Pisum sativum L. genome, (Ingle

and Sinctlair 1972), one would expect to isolate one in every 186
independently generated phage screened, a value very similar to that
obtained in practice. Analysis of two of these clones using
restriction enzyme cleavage and Southern blotting (Figs 23 and 24)
confirmed that they were indeed ribosomal genes, due to the close
correspondence between the sizes of the restriction fragments between
pHA 1 and ribosomal clones 1 and 2 (Table 4). Thus, 1t was concluded

that the pea gene !library was near complete,

A restriction cleavage map of X LEG3 constructed using a
combination of single and double digests with various restriction
enzymes, showed that the smallest single fragment which hybridised to
the lequmin cDNA& in pDUB 4 was the 1.8 kb moiety produced upon
cleavage of the clone with Xho | (Figs 26 and 27). Since the legumin
subunit has a Mr of approximately 60,888 (Croy et al 1979), consisting
therefore of about 588 amino acids (equivalent to 1568 bp of coding
sequence), it was considered likely that this 1.8 Kb Xho 1 fragment
contained a major part of the gene, assuming that introns, 1f present,

were small. In confirmation of this, hybridisation of the lequmin
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cDNA pDUB 8 (Lycett et al1984 and Figs 25 & 37), which coded for most
of the basic and 95 /% of the acidic subunit,to a Xho | digest of » LEG
3, failed to show binding to any additional fragment (data not shown).

I1¥ long introns had been present, a significant portion of the coding
sequence would have extended past the 1.8 kb Xho ! fragment, and
hybridisation with pDUB 8 should have detected this. However, pDUB 8
is not a complete cDNA clone; it lacks some of the sequence encoding
the N terminus of the acidic lequmin subunit. If this additional 5’
sequence had been present on a fragment adjacent to the 1.8 kKb Xho |
moeity of X LEG3, it would be difficult to detect by hybridisation

methods alone.

Croy et al (1982), found 4 Eco R1 fragments hybridising to the
legumin cDNA 2.2.4, and therefore postulated the existence of at least
4 genes coding for the family of legumin proteins, In order to see
whether A LEG 3 corresponded to any of these fragments, genomic pea DNA
digests cleaved with various enzymes were blotted and hybridised
against the labelled 1.8 kb Xho 1 fragment of A LEG 3 (Fig 29). The
avtoradiograph produced (Fig 38), indicated that a 6.6 kb strongly
hybridising fragment was present in the Eco R! digest which did not
correspond to any of the bands obtained by Croy et al (1982). In
addition, the 7.7 Kb Eco Rl fragment seen by Croy et al (1982) was not
observed in this experiment. Three weakly hybridising Eco R{

fragments of mol.wt. 11.8 Kb, 9.3 kb, and 8.4 kb which were also not
previously observed, were detected in this experiment. In contrast, 3
Eco R1 fragments of mol.wt. 14.8 kb, 12.8 kb, and 4.2 Kb were found to
be identical in both experiments. These results are summarised in

Table 5. It thus seems likely that the legumin gene family consists

of mers than four genes, The
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absence of the previously seen 7.7 Kb fragment and the presence of
the previously unobserved 4.4 Kb moiety in genemic Eco R digests
probed with N\ LEG 3 (Fig 38), suggests that differences between the
nucleotide sequences of 2.2.4 and X\ LEG 3 must exist., A similiar
situation must arise in the case of the other 3 previously unobserved
fragments. Before this can be proved, however, complete sequencing of

X LEG3 is essential.

Comparison of the restriction map of A LEG 3 with the map of
the other 2 genomic legumin clones showed points of similarity and.
divergence (Fig 28)., The clones A LEG 2 and X LEG | (Croy et al 1984
were isolated from a library obtained by ligating pea DNA partially
cleaved with Eco R1 into the bacteriophage vector A gtWES (Tiemeir et
al 1978). The Eco Rl fragments containing the legumin gene within
these two clones corresponded to the 12 kb and the 7.6 kb fragments
observed by Croy et al (1982) in digests of genomic DNA, thus showing
that they were different from the 6.4 kb Eco R1 fragment of X LEG3, as
already found using genomic DNA hybridisation studies (Fig 38).
Conversely, X LEG I, 2 and 3 al! had a small Hind 3 fragment containing
most of the lequmin coding sequence. However, the 2.7 Kb Hind 3
fragment in A LEG3 was longer by about 8.4é kb at its 2 eno than the

corresponding fragments in A LEG] and A LEG2 (Fig 28).

In order to further characterise the legumin coding sequence
of A LEG 3, the 2.7 Kb Hind 3 fragment (Figs 27 & 28) was ligated into
the plasmid vector pUC 8 (Viera and Messing 1982), and transformants
selected as described in the methods. pUC 8 is a useful vector to use
in sub cloning experiments, since the variety of restriction sites

present on the linker fragment within the plasmid allows the insertion
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of foreign DNA fragments with a wide variety of termini.
Hybridisation of pDUB & to single and double restriction digests of
pAS 2 (Figs 31 and 32), enabled the construction of a detailed
restriction enzyme cleavage map (Fig 33). Fig 34 compares this map
with that of the cDNAs pDUB 6 & 8. The strikKing similarity between
the distribution of restriction sites in both the cDNAs and the
genomic clone indicated that the genomic sequence was closely related
to the cDNA. The presence of two small intervening sequences
(introns) in the genomic sequence was inferred by a close examination
of the sizes of homologous fragments between the cDNAs and the genomic
clone (Fig 35). The Eco RS - Accl fragment in pAS 2 was approximately
88 bp bigger than the corresponding fragment in pDUB 8, while the EBst
N1 - Pst 1 fragment was approximately 98 bp bigger than its homologue
in pDUB 6. These particular fragments were chosen to look for the
existence of introns because data for the soybean glycinin gene (which
codes for a protein closely homologous to pea legumin) indicated that
introns were present within these glycinin gene fragments (Nielsen
pers. comm.). Another intron, at the 3’ end of the pea legumin gene,
whose existence was impossible to deduce due to the lack of the
appropriate restriction sites, was later discovered by DN& sequencing
(see below). It was recently shown that the soybean glycinin gene was
split by three introns of 238, 292, and 424 bp (Nielsen 1984).,
Al though the sizes of the introns in the X LEG3 gene was not accurately
Known, it was obvious that they were considerably smaller than the
ones in the glycinin gene. Since the position of the introns in the
two genes appears to be identical (Nielsen pers.comm.), it 1s possible

that both the soybean glycinin and pea legumin genes arose by
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duplication from an ancestral gene. This type of relationship has
been shown, amongst others, for the plant actin gene family (Shah et
al 1983). The difference in intron length between the closely related
glycinin and legqumin genes may indicate that the parameters governing
intron evolution are less stringent than those governing the evolution

of structural coding sequences.

Five small introns have been detected in the gene for the

french bean storage protein phaseolin, ranging in size from 72 to 168
bp (Sun et al 1981, Slightom et al 1983), four ( between 85 to 132
bp) in the gene for soybean conglycinin (Schuler et al 1982) and three
in the soybean leg haemoglobin gene (Hyldig - Nielsen et al 1982).
However, the occurrence of introns in plant genes is not a universal
phenomenom, since the genes for the maize storage protein zein (Hu et
al 1982, Pedersen et al 1982, Wienand et al 1981, Pintor - Toro et al
1982) , have been shown to lack introns. The genes for another soybean
seed protein - lectin, and those for the soybean Kunitz trypsin |
inhibitor also contain no introns (Pedersen 1982, - pers. comm.
Goldberg). Thus, the situation in plants with respect to intron
occurrence within protein coding genes appears to be similiar to that
found in animals, where some genes, notably those for histones (Kedes
t al 1974) and interferons (Nagata et al 1988) are intron free,

—_— =

whilst others are split to varying extents (see later).

Sequencing was used as a final and definitive method of gene
identification. The sequencing strategy used is shown in Fig 33 and a

typical sequencing autoradiograph obtained for X LEG3 is shown in Fig
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34. A comparison of the legumin genomic sequence with the published
legumin cDNA sequences shows that the amino acid coding regions
between the two are ailmost identical, confirming that a legumin gene
was indeed isolated (Figs 37 & 38). Although base differences betwen
the cDNA sequence and the genomic sequence can be seen, further
sequencing runs are required to confirm these differences. The
sequenced region extends for some 57 bp (19 amino acids) beyond the 5°
end of pDUB 8 , approaching the N terminus of the a subunit, which is
84 bp further on (Casey et al 1979). Although it was not possible to
obtain confirmatory cDNA sequence in this region due to the fact that
pDUB 8 was not a complete cDNA; protein sequence for the first 12
amino acids 5’ to the end of p DUB8 <(Casey et al 1979) indicated that
the obtained legumin genomic sequence in this region was correct. As
the sequence data did not pass the N terminus of the acidic subunit,
it was not possible to speculate on the existence of a signal peptide
region (Blobel andADobberstein 1975) . However, as phasecllin
(Slightom et al 1983), vicilin (Lycett et al 1983), congiycinin
(Schuler et al 1982), zein (Pedersen et al 1983), glycinin (Nielsen
1984) and gliadin, the wheat storage protein (Bartels and Thompson
1983) , have been shown to possess signal peptides, it is likKely that
legumin, which is also a secretory protein, follows this trend.
Furthermore, protein cell free transliation products driven by poly A*
mRNA and microsomes indicate a leader sequence in legumin. At the 3¢
end of the clone, sequence data werec obtained past the C terminus of
the basic subunit, into the 3 non coding region. Polyadenylation
signals were not found in this reqgion, and it was be assumed that they

were present further along into the unsequenced 3 non coding region.

The occurence of two of the three postulated introns was
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confirmed by comparison of the cDNA and genomic sequence data (Fig 37
and 38). Sequence data was not available to confirm the existence of
the gﬁird intron, predicted by the fine mapping of the cDNA and the
genomic clone. The 3’ end of both introns began with the dinucleotide
GT, conforming to the universal GT / AG dinucleotide sequences
observed for the 37 and 3/ intron boundaries in eucaryotic protein
coding genes (Breathnach et al 1978, Lerner et al 1988). The sequence
around the 57 splice junction in IVS | appeared to bear greater
homology to the animal gene consensus sequence (Breathnach et a)

1978) , than to the plant gene consensus sequence (Slightom et al 1983)
- Table é. Plant donor 57 sequences frequently show a strong
preference for T rather than & in position - 2 (Slightom et al 1983,
whereas both the pea legumin donor sequences have A in this position
(Table 4). Also. the sequence of IVS | is unusual in having C instead
of G in position + 5 - this is not shown by either the french bean
phaseollin (Slightom et al 1983), soybean leg haemoglobin (Hyldig -
Nielsen et al 1982), or the soybean actin genes (Shah et al 1982).
However as the animal and plant consensus sequences are fairly
homologous to each other, the difference was probably not significant,
The similarity between the two consensus sequences also argues for a
common RNA spiicing mechanism between animal and pliant cspecies,
perhaps mediated by the small nuclear RNAs (Lerner et al 1988) e.g. U
1 RNA (Reddy et al 1974). Further insights into the splicing
mechanism will be obtained once splicing enzymes have been purified;
indeed, splicing in vitro using isolated nuclei and cytoplasmic
extracts has already been demonstrated (Hamada et al 1988, Goldenburg
and Raskas 1980). It is important to note that the GT / AG intron /
exon boundartes and asscciated consensus sequences are not found in

split ribosomal (Bos et al 198@) or tRNA genes (references in
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Abelson 1979), and thus it is likely that the processing of these
genes requires splicing enzymes different from those which process

protein coding genes.

The nucleotide composition of the intron IVUS] showed that it
was very rich in A/T nucleotides which comprised 67 % of the zequenced
length. In contrast, the A/T composition of the coding regions of the
gene averaged 48 ¥ . This is in agreement with the composition of
other plant gene introns e.g. phaseolin, where the average A / T
composition is 72.4 /X (Slightom et al 1983). Soybean actin gene
introns (Shah et al 1982) average 6%9.3 /4 A/T, while soybean leg
haemoglobin gene introns (Hyldig — Nielsen et al 1982) have 76.8 4 ,
and soybean glycinin gene introns are 72 % A/T rich. The A/T richness
of plant introns is a feature in variance with animal introns, which
generally have a much lower level of A/ T content e.g. the human
foetal globin genes average 59 % (Smithies et al 1981). The

significance, if any, of this difference i1s not yet Knoun.

Another difference between plant and animal genes lies in the
number of intervening sequences. Animal storage protein genes, such
as those for ovalbumin, have 7 introns (Benoist et al 1988), while
vitellogenin genes have 33 introns ( WahliDawid(1930.The pro a 2 (1)
coilagen gene (Wozney et al 1981) has 58 introns. By contrast, the
number ot introns in plant genes ranges from 9 to 5 (see above). The
reason for this difference is unknown, and it is possible that as more
plant genes are cloned and sequenced, some will be found with many

introns.

An interesting feature shown by the » LEG 3 clone was the
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occurence of sequences of tandem repeats in the region coding for the
C terminal of the acidic legumin subunit (Fig 38). These repeats were
imperfect, the first two showing more homology between each other than
either showed to the third. Although sequencing of genomic repeat No
! was incomplete, it is likely that the whole of the 54 bp repeat
seguence shown by pDUB 8 was present, as homology between the rect of
the repeat genomic sequence and the cDNA sequence was total. It is
unlikely that these repeats represent some Kind of cloning artefact,
since actual amino acid sequence data in this region of the protein
confirms the existence of part of the tandem repeat sequence (Lycett
et al 1984). Since the previously isolated legumin cDNA pDUB 3
(Croy et al1982) lacks the repeat region which clone pDUB 8 possesses,
Lycett et al (1984a) put forward the suggestion that the existence of
these two types of cDNA represented the existence of 2 classes of
legumin gene, one class having the repeated region, and one class
tacking it. The corn storage protein zein (Hu et al 1982) is another
case where a sequence of repeats has been demonstrated in the gene.
This repeat is a tandem duplication of a 96 bp sequence, which is
interestingly absent from the cDNA probes used to 1solate the genomic
sequence. This situation is exactly analogous to the occurence of
repeats in the legumin gene, and the absence of them from the cDNA.
In contrast, repeated sequences have not been found in the soybean

glycinin qene (Nielsen 1984).

Lycett et al (1984a) suggest that the existence of these two
classes of legumin cDNA might account for the heterogeneity exhibited
by the legumin molecule (Matta et ai 1981). It is interecting that

more heterogeneity is seen amongst the legumin acidic subunits (Matta
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et al 1981, where the two proposed classes of legumin cDNA are said
to differ, than amongst the basic subunit, where no repeat sequence is
seen. [t is obvious that confirmation of this theory depends upon the
isolation of a legqumin gene which is lacking the repeat sequence, and
is homologous to p DUB3. Since the positions of the Eco RI fragments
within genomic DNA hybridising to lequmin c¢DNAs are Known, (Croy et al
1982, this thesis), a preliminary experiment to show the lack of
repeats amongst some of the legumin genes would be to hybridise a
labelled copy of the cDNA repeat sequence to a genomic digest of pea
DNA. The theory would gain weight if some of the Eco R! fragments
hybridised to this sequence, whilst others did not. The finding that
one of the genes coding for soybean glycinin did not contain a
repeated sequence region (Nielsen 1984) lends support to the idea that
two types of legumin gene exist. It is also possible as pointed out
by Lycett et al(1984a), that the absence of repeats from pDUB 3 1s a
cloning artefact. If this is so, then only one class of gene, all
containing the repeat sequence, will be isolated. The first member of
this class is A LEG3. The heterogeneity in the lequmin acidic and
basic subunits may however, still be due to an alteration in the
nucleotide sequence of the various legumin genes, as analysis of the
glycinin polypeptides revealed considerable sequence heterogeneity
(Nielsen 1984). This means that more than one coding sequence must
direct the synthesis of the glycinin subunit polypeptides. Nielsen
(1984) speculated that the heterogeneity might refliect the existence
of alleles of a small number of genes;, since only 4 or 3 giycinin
genes were shown to be present (Fischer and Goldberg 1982, Goldberg et

al 1981>., However, as shown in the present work, the number of genes
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picked out in hybridisation studies depends on the type of probe
vsed, and it is possible that more than 5 glycinin genes will
eventually be shown to be present. This, combined with possible
allelism and post translational modifications, probably accounts tor

most of the heterogeneity shown by both glycinin and legumin.

The patterns of codon usage in this gene are different from
those shown by most animal messages, and follow the usage pattern of
legumin cDNA (Lycett et al 1983). Since most of these differences are
common to other plant genes;, this may be a universal difference
between plant and animal systems, but the significance of these

differences is unknown.

This work has described the i1solation of one of the genes

coding for legumin, a major storage protein of Pisum sativum L. As

the pea is a nutritionally important seed, the isolation of one of the
genes coding for its seed proteins opens the way for direct
manipulation of the protein quality , by alteration of the nucleotide
sequence of the gene. In doing this, one must not qrossly alter the
tertiary structure of the new protein, since this might result in
inefficent packaging of the altered protein into protein bodies.
Before this can be done, however, significant advances in the stable
inheritance and expression of transferred genes in the host plant have
to be made. As the build up of storage proteins within the seed must
be due to the action of highly efficent gene promoters, it is possible
that these promoters and their associated sequences, will function as
efficent transcribers of other plant genes , thus leading to their

possible general use in plant gene expression systems.
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