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A b stract 

Nucleotide sequence data from several pea {Fisian sativum 
L.) seed storage p r o t e i n genes was obtained. Of two legumin 
genes sequenced, one was shown to be a pseudogene, apparently 
once coding f o r a polypeptide belonging t o the 'major' 
legumin class, w h i l s t the other was shown to be a f u n c t i o n a l 
gene coding f o r a polypeptide of the 'minor' legumin 
c l a s s . Sequence data was also obtained f o r two v i c i l i n 
genes. Complete sequencing of one revealed i t to be 
truncated by sequence of unknown o r i g i n at i t s 3' end, w h i l s t 
p a r t i a l sequence f o r the other suggested the presence of 
a stop codon i n the coding region. These f i n d i n g s implied 
t h a t both v i c i l i n genes are no longer f u n c t i o n a l . 

A d d i t i o n a l l y , various comparisons of nucl e i c acid and 
amino acid sequence data were made between these genes and 
also w i t h other legume seed storage p r o t e i n genes. Results 
showed these genes conform w i t h the major s t r u c t u r a l features 
of eukaryotic genes, and also revealed the presence of 
p o t e n t i a l t i s s u e - s p e c i f i c r e g u l a t o r y elements i n the 5' 
f l a n k i n g regions of the genes. Dendrograms f o r legume I IS 
and 7S classes of g l o b u l i n seed storage p r o t e i n genes c l e a r l y 
supported the model theory of each class having arisen by 
successive d u p l i c a t i o n s from a common anc e s t r a l gene. 
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CHAPTER 1 INTRODUCTION 



1.1 Eukaryotic Genes 

1.1.1. The Eukaryotic Genome 

Eukaryotic and p r o k a r y o t i c genomes show major dif f e r e n c e s i n the 

o r g a n i s a t i o n o f t h e i r DNA, the main d i f f e r e n c e being t h a t eukaryotic 

genomes i n general contain much more repeated sequence DNA and 

non-coding DNA than do p r o k a r y o t i c genomes. 

The DNA content o f the eukaryotic haploid genome i s known as the 
4 

C value, and ranges from a mere 10 bp f o r a mycoplasma, r i g h t up t o 

as much as approx. 10"''''" bp from some pla n t s and amphibians (Lewin, 

1983). However, from the f a c t t h a t DNA content w i t h i n genera can 

d i f f e r by up t o 10 f o l d (Rees and Hazarika, 1976, Jones and Brown, 

1976), i t seems evident t h a t genome s i z e i s not d i r e c t l y l i n k e d t o the 

complexity o f the organism. Indeed, studies using reassociation 

k i n e t i c s r e v e a l 3 components w i t h i n the DNA, which can be separated 

according t o speed o f h y d r i d i s a t i o n . These correspond t o non 

r e p e t i t i v e , middle r e p e t i t i v e and h i g h l y r e p e t i t i v e sequences ( B r i t t e n 

and Kohn, 1968). Of these components, the non r e p e t i t i v e element i s 

the smallest e.g. i n pea i t has been shown t o represent only 19% of 

the genome, w i t h only a small p o r t i o n of t h i s a c t u a l l y thought to 

represent p r o t e i n coding sequence (Murray e t a l . , 1981). I n mammalian 

g l o b i n genes, only 8% o f the DNA w i t h i n the gene c l u s t e r s i s thought 

to represent coding sequence, 8% representing i n t r o n s and the 

remaining 84% comprising a mix o f s i n g l e copy and repeat elements i n 

i n t e r g e n i c arrangement ( J e f f r e y s , 1981). 
The concept o f such excessive DNA being termed 'junk' DNA was 



suggested by Orgel and Crick, ( 1980 ) implying i t had no function. 

Several pieces of evidence and lines of thought since then however 

seem to refute t h i s suggestion. 

F i r s t l y , comparison of the entire & -globin gene cluster between 

man, g o r i l l a and baboon (Barrie, 1981) shows i t to be highly conserved 

in size and composition between the three species, implying a large 

degree of functional constraint, and prompting Bennett, ( 1982 ) to 

accord the status of the entire cluster as a sort of 'supergene' of 

single co-adapted function, his reasoning being that conservation of 

lengths of non coding DNA was acting to maintain spatial arrangements 

of the genes comprising the cluster on the chromosome. 

An additional consideration, related to the packaging of DNA into 

nucleosomes (Kornberg, 1974, 1977,) within chromatin filaments 

(reviewed by Igo-Kemenes, et a l . , 1982, and McGhee and Felsenfield, 

1980) , i s the notion of specific nucleosome phasing (ie specific 

placement of histone octamers with respect to DNA sequences,( Kornberg, 

1981) to p o t e n t i a l l y allow exposure of more desirable DNA sequences by 

location i n the more accessible li n k e r regions between the cores of 

adjacent nucleosomes. Noncoding and repeat sequences could well be 

considered to play a very important role i n maintaining t h i s phasing. 

Functional or not, i t seems safe to say that the presence of such 

large amounts of excess DNA has played, and w i l l continue to play an 

Important role i n genome evolution. In the Graminae, 75% of t o t a l DNA 

consists of repeated sequences (Rimpau, et a l . , 1978, 1980) and these 

can be c l a s s i f i e d into hybridisation families (where sequences 

belonging to the same family are s u f f i c i e n t l y homologous to form 



stable duplees under certain conditions - F l a v e l l , 1982). Repeats of' 

some families are clustered i n long tandem arrays occurring on several 

or a l l chromosomes (strong evidence that a translocation mechanism 

acts - Bedbrook, 1980a, 1980b, Gerlack and Peacock, 1980, Dennis, et 

a l . , 1980a, 1980b, John and Miklos, 1979) 

However most families of repeats are organised i n a much more 

complex way (F l a v e l l , 1980, Flavell et a l , , 1981, Wensking, 1979). 

Some of t h e i r members are interspersed with short non-repeat DNA 

segments and/or unrelated repeated sequences. Studies of t h i s kind 

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

such a genome composition are basically sequence amplification (by 

duplication), deletion, rearrsmgement and translocation, usually 

acting on small segments of DNA, acting i n a stochastic fashion, with 

some members surviving under selection, and others being deleted for 

the same reason ( F l a v e l l , 1982). A computer simulation of genome 

evolution (Loomis and Gilpin, 1986) led to the conclusion that genome 

size only stablised when the amount of dispensable sequences had 

increased to the point that most deletions did not affect v i t a l genes, 

and i n such genomes the number of copies of specific genes fluctuated, 

generating small multigene families. These results r e f l e c t the 

situa t i o n i n the real eukaryotic genome, and imply that when the 

genome size i s not c r i t i c a l to survival - as i s the case i n most 

eukaryotes the genome carries v e s t i g i a l sequences which may or may not 

be functional, and that the occurrence of multigene families may often 

happen by chance. 

The most f i t t i n g concept to apply to the eukaryotic genome i s 



that i t i s i n an ever continuing state of f l u x and that the 

constituent DNA i s 'turning over' by continuous cycles of 

amplification and deletion ( F l a v e l l , 1980, 1981, Thompson and Murray, 

1980, Dover, 1981, Dover et a l . , 1982). 

1.1.2. The Structure of Eukaryotic Genes 

Eukaryotic genes have been shown to contain several consistent 

features. Current understanding of t h i s subject has largely been based 

on comparisons between animal gene sequences. However, as the volume 

of data on plant genes has increased, i t has become apparent that 

plant and animal genes share many of these common features. 

1.1.2.1 Introns 

Introns are sequences of DNA present i n the gene which interrupt 

the transcribed, non-translated sequence. They are processed out of 

the i n i t i a l transcript from the gene, and as a result do not appear i n 

mature messenger RNA. They occur i n between the coding regions, or 

exons, of the gene to form a complex mosaic and can vary in length 

from 50 to 20,000 bp. (Gilbert, 1985). Since introns are often much 

larger than exons (an average coding length of 40 - 50 amino acids i s 

most common), genes can consequently be as large as 200 kilobases 

(Gilbert, 1985). 

Introns are common in higher eukaryotic genes, but some plant 

genes are notably ' intronless' , including a l l zein genes so far 

characterized (Hu et a l . , 1982, Wienand et a l . , 1981), 2 soybean 15 kd 

storage protein genes of unknown function (Fischer and Goldberg, 



1982), and a l l l e c t i n genes so far examined (Gatehouse et a l . , 1987). 

With the advent of nucleic acid sequencing the exact position, 

length and sequence of introns can now be determined. Most notable i s 

the conservation of sequence at 5' and 3' splice sites (Breathnach et 

a l . , 1978) common to both animal and plant genes. A more recently 

observed consensus sequence also thought to play a role i n splicing 

out of the introns from nascent mRNA is the branch point (Wallace and 

Edmonds, 1983, Keller and Noon, 1984, Brown, 1986). The consensus 

sequence d i f f e r s s l i g h t l y between animal and plant introns, and i n 

plants, i s of the form T(Pu) T(Pu) C/T T Pu A Py (Brown, 1986). I t is 

thought to act as the recognition s i t e for formation of a l a r i a t RNA -

an intermediate i n the splicing event - and operates i n conjunction 

with small nuclear ribonucleoprotein peirticles (sn RNPs) in achieving 

t h i s (Brown et a l . , 1986, Gerke and Steitz, 1986, Sharp, 1987). 

Conservation at the intron/exon boundaries also plays a contributory 

r o l e • i n s p l i c i n g , possibly involving the action of a single, common 

enzyme (Breathnach,et a l . , 1978). Any role for potential secondary 

structure formation within introns has yet to be ascertained, but 

studies by Thimmappaya and Schenk, 1979, using viable mutants of SV40 

lacking large regions of the large T intron seem to imply an absence 

of function for any potential secondary structure. 

Intron function remains unclear. As stated, they are usually 

situated between exons, however they have been found to occur i n 5' 

flanking sequence (e.g. Ovalbumin (Breathnach et a l . , 1978)), but not, 

as yet, i n 3' flanking sequence, implying there i s no selective 

advantage i n splicing the 3' end of a messenger RNA to bring i t closer 



to the termination codon (Breathnach et a l . , 1978). A further factor 

to consider i s the differences observed i n intron number between 

groups of genes e.g. a maximum i f 5 i n pea seed storage proteins (see 

section 4) compared to 33 i n vitellogenin genes of amphibians (Wahli 

et a l . , 1980). I t is not known why t h i s should be so, although i t may 

t i e i n with the concept of introns acting as delineators between 

functional domains coded by exons, and hence f a c i l i t a t i n g formation of 

new proteins or improvement of existing ones by exon shuffling (see 

Section 4.1.2.1) 

1.1.2.2. 5' Flanking Sequence 

Gene expression i s controlled at least partly at the level of 

transcription. Regulation mechanisms involve a variety of sequences i n 

the DNA specifying levels of transcription and s t a r t s i t e of the 

message. Comparison of 5' flanking sequence between genes reveals 

consistent presence and position of such signals, termed promoters. 

i ) The TATA Box 

The TATA or Goldberg - Hogness box i s the best characterised of 

eukaryotic promoter elements (Proudfoot, 1979) and has been shown to 

play a role i n transcription i n i t i a t i o n (see below). I t is the 

eukaryotic equivalent of the Pribnow box found i n prokaryotes 

(Pribnow, 1975a, 1975 b, Schaller et a l . , 1975), and i s consistently 

located 26-34 nucleotides (measured from the second T) upstream from 

the cap s i t e (see below) (Messing, et a l . , 1983). 
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I t functions by interacting with RNA Polymerase I I (which 

transcribes the message) and ensures that transcription is i n i t i a t e d 

i n the correct place (Breathnach et a l . , 1978). Evidence for thi s 

comes from deletions i n the TATA region at ElA i n Adenovirus (Osborne 

et a l . , 1982), showing that absence of the TATA element results i n a 5 

to 10 f o l d decrease of ElA mRNA, and also the appearance of a set of 

ElA messages of s l i g h t l y d i f f e r e n t lengths due to relaxation of 

stringency i n transcription i n i t i a t i o n . A similar r e s u l t was observed 

by Mathis and Chambon, 1981, with deletions i n the TATA box of the 

SV40 Early region. Creation of a point mutation i n the TATA box from 

conalbumin, fused to the sea urchin H2A histone gene (known to be 

e f f i c i e n t l y transcribed i n Xenopus oocytes) showed consistency of 

sta r t s i t e i n transcription i n i t i a t i o n between the normal TATA 

sequence and i t s mutation, but the level of transcription i n the 

l a t t e r was reduced by 5 times (Grosschedl et a l . , 1981). 

i i ) The CAAT Box 

Another sequence that may be involved i n the regulation of 

transcription of some eukaryotic genes i s the consensus sequence 

GGC/TCAATCT or 'CAAT-box' (Benoist et a l . , 1980) and is found 80-100 

nucleotides upstream of the cap s i t e (see below). 

The role of the CAAT box i n transcription regulation was 

suggested by deleting the CAAT box i n globin genes i n Mouse L cells 

(Dierks, et a l . , 1981) where transcription was consequently markedly 

reduced, and by similar work on the rabbit B -globin gene in vivo 

(Grosveld et a l . , 1981). 



Occurrence of t h i s sequence i n the equivalent position i n plant 

genes appears to be li m i t e d . Two zein genomic clones Z4 and Z7 (Hu et 

a l . , 1982, K r i d l et a l . , 1982) have sequences with limited homology to 

the CAAT box, and 3 sequences upstreeim from the coding region i n 

soybean leghaemoglobin genes have homology to the animal sequence 

(Brisson and Verma, 1982). Indeed, i t seems that cereal genes (with 

the exception of the maize ADH-2 gene, Dennis et a l . , 1984) commonly 

display t h i s feature, but i t was not found i n a manual survey of 15 

plant genes scanned (Kreis M, 1986). 

A possible counterpart of the CAAT box in plants was id e n t i f i e d 

by Messing et a l . , 1983. They termed the possible regulatory sequence 

element the 'AGGA box', and i t refers to the symmetry of adenines 

surrounding the trinucleotide G/T N G. Such a sequence was id e n t i f i e d 

in the 5' flanking sequence of the Legumin A gene of Pisum Sativium 

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

is yet to be elucidated. 

i j i ) Enhancers 

Enhancers were discovered i n 1981 (Gruss et a l . , 1981) and 

defined as potent gene activators of transcription i n both v i r a l and 

ce l l u l a r genes. They have been i d e n t i f i e d as sequences of DNA of 

varying length, and t h e i r effectiveness appears largely unaffected by 

orientation and positioning with respect to the gene and can act up to 

lOkb away. 

The f i r s t discovered enhancer was i n SV40, and took the form of a 

72 bp tandem repeat, 100 bp upstream from the Cap si t e of early v i r a l 
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genes and was found to act as a cis regulatory element (Benoist and 

Chambon, 1980). Deletion of t h i s region was shown to decrease early 

v i r a l gene expression by up to 100 times (Gruss et a l . , 1981). Similar 

decrease i n expression levels was obtained with deletions 138 to 194 

bp upstream of the genes involved i n amino acid biosynthesis i n yeast 

(Donahue et a l . , 1983). Further evidence for the potent action of 

enhancers came from the findings that the SV40 enhancer plus analogues 

isolated from other animal viruses can function not only when linked 

to t h e i r natural genes but also i n association with heterologous genes 

(Banerji et a l . , 1981). 

Several incidences of enhancers being found i n plant genes have 

now been documented. The f i r s t discovered was an upstream element of a 

Rubisco small subunit (rbcs) gene i n pea which could, i n both 

orientations, confer light-inducible expression on a heterologous 

promoter/gene (Timko et a l . , 1985). Additionally, the existence of a 

247 bp element from the l i g h t harvesting chlorophyll protein (Lhcp) 

gene i n pea was reported which appears to act not only as a l i g h t -

inducible enhancer, but also as a tissue-specific 'silencer' (Simpson 

et a l . , 1986). Additionally, the presence of a short 49 bp sequence 

element with enhancer l i k e properties was discovered upstream of 

the a submit gene of B -conglycinin i n soybean (Chen et a l . , 1986), 

and appears to play an important role i n c o n t r o l l i n g the expression of 

th i s embryo tissue-specific gene. 

The way i n which enhancers work i s s t i l l not ent i r e l y clear. One 

theory i s that, since v i r a l enhancers tend to be i n regions of 

increased DNase s e n s i t i v i t y , t h i s may cause am alter a t i o n i n the 
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chromatin structure, i n turn possibly causing increased 

tran s c r i p t i o n a l a c t i v i t y (Banerji et a l . , 1981). More evidence exists 

now though to suggest that the specific sequences present i n the 

cis-acting enhancer element provide a binding s i t e for some trans 

acting factor, consequently enhancing transcription possibly by an 

interaction with RNA Polymerase I I (Khoury and Gruss, 1983, Dynan and 

Tjian, 1985, Voss et a l . , 1986). Such a nuclear binding factor has 

been observed i n zein genes from maize (Maier et a l . , 1987). Specific 

binding was involved at a 22 nucleotide stretch, which includes 14 bp 

out of a 15 bp sequence conserved i n a l l zein genes (Brown et a l . , 

1986). Similar results were obtained with the Bl hordein gene i n oats 

(Kreis et a l . , 1986). 6 DNA binding proteins were i d e n t i f i e d that were 

thought to recognise and interact with p u t a t i t i v e regulatory sequences 

i d e n t i f i e d not only i n the Bl hord^n gene, but also in other prolamin 

genes (zeins i n maize, a gliadins i n wheat). Whatever th e i r mode of 

action, cis-acting enhancers are thought to play a major role in the 

specific expression of v i c i l i n and legumin genes i n pea, giving 

c h a r ^ e r i s t i c differences i n mRNA timing and patterns of accumulation 

within each (Higgins, 1984). 

Some l i g h t i s shed on possible origins of enhancers i n ce l l u l a r 

genes when one considers the observation that the organisation and 

structure of the enhancer element present i n the human metallothionein 

IIA gene i s very similar to that of the SV40 enhancer, suggesting a 

possible evolutionary l i n k between v i r a l enhancers and cel l u l a r 

upstream regulatory elements. Indeed, i n support of such a theory, a 

region homology to the SV40 core enhancer sequence has been observed 
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in the 5' flanking sequence of the legumin A gene ( Leg A) in pea 

(Lycett et a l . , 1985), along with the previous observation of another 

short sequence also i n LegA showing 80% homology to the adenovirus 

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

i v ) The Cap Site 

5' terminal capping of messenger RNA with 7 methyl guanosine to 

form a cap structure of m G(5')ppp(5')N was o r i g i n a l l y discovered i n 

1974 (Reddy et a l . , 1974). I t seems the 5' terminal cap structure i n 

eukaryotic mRNAs is d i f f e r e n t to that i n prokaryotes, i n that i t shows 

resistance to phosphorylation following treatment with alkaline 

phosphatase (Rottman et a l . , 1974). Capping i s present almost 

universally i n eukaryotic mRNAs, the only reported exceptions being 

the poly(A)-containing mRNAs isolated from HeLa c e l l mitochondria 

(Grohmann et a l . , 1978, Taylor and Dubin, 1975). 

The capping reaction occurs at the 5' triphosphate ends of 

nascent pre-mRNAs shortly after i n i t i a t i o n of transcription and is 

catalyzed by guanylyl and methyltransferases (Shatkin, 1985). During 

processing of nuclear transcripts, the cap is retained, serving as a 

s t a b i l i z i n g element both on pre-mRNAs i n the nucleus. (Green et a l . , 

1983) and mRNA i n the cytoplasm (Furuichi et a l . , 1977). The cap's 

importance i n ensuring normal messenger RNA splicing i s demonstrated 

by the use of cap molecule analogues, causing a marked i n h i b i t i o n of 

splic i n g (Konarska et a l . , 1984). The presence of the cap also appears 

to markedly enhance translation by promoting i n i t i a t i o n complex 

formation. Use of analogues has shown i n h i b i t i o n of attachment of the 
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40S ribosomal subunits to capped mRNAs, implying that recognition of 

the capped end of mRNA by specific protein(s) i s important for gene 

expression (Shatkin, 1985). 

1.1.2.3 3' Flanking Sequence 

The major feature of importance i n the 3' flanking sequence is 

the consensus sequence AATAAA. Commonly known as the Polyadenylation 

signal, t h i s sequence was discovered i n the mRNA's of several 

unrelated mammalian genes (Proudfoot and Brownlee, 1976). Since then, 

i t has become apparent that such a sequence i s present i n a l l 

eukaryotic genes apart from histones and yeast RNA Polymerase I I type 

genes (Proudfoot, 1982). 

Evidence for the sequence's roles as a poly^denylation signal came 

from work on SV40. Mutants lacking the late gene AATAAA, but with i t 

present further downstream showed no wild type 3' terminus, but one 

with a poly(A) t a i l 15 bases away from the AATAAA signal (Fitzgerald 

and Schenk, 1981). Generally the sequence i s found 11 to 30 bases away 

from the poly(A) t a i l (Gil and Proudfoot, 1982), however, i t seems i n 

plant genes, i t tends to d i f f e r s l i g h t l y i n i t s position i n being 

further away from the poly(A) t a i l , and neeu^er the stop codon. 

I t i s now thought that the sequence does not alone comprise the 

entire polyadenylation signal, but acts along with another factor(s) 

to cause the poly (A) t a i l i n g (Gil and Proudfobt, 1982). Such 

additional elements are thought to be possibly either specific 

secondary structures i n the message, or other significant linear 

sequences (Manley, 1983). What i s clear i s that polyadenylation occurs 
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at a single downstream s i t e from AATAAA, except i n the case of bovine 

prolactin (Sasavage et a l . , 1982) mouse ribosomal protein L30 

(Weidemann and Perry, 1984), and pea seed l e c t i n (Gatehouse, 1986) 

mRNAs, where i n each case there i s a single signal s i t e , but poly(A) 

is at several sites within a 12-14 nucleotide region. 

The following hexameric sequences have also been found from a 

search of the l i t e r a t u r e and data banks ( B i r n s t e i l et a l . , 1985) to 

occur naturally at the appropriate distance from poly (A) addition 

sites; AATTAA, AATACA, AATAAC, CATAAA (Wickens and Stephenson, 1984) 

ATTAAA, AGTAAA, TATAAG and AATATA, and i t i s plausible therefore, that 

they also may function as pplyadenylation signals. 

I t has also been observed that many plant genes have more than 

one potential polyad'enyiation signal eg. soybean leghaemoglobin has 

two (Messing, 1983) or pea legumin gene A, which appears to have 3 

double overlapping signals, with cDNA evidence strongly suggesting 

exclusive use only of the second of these signals (Lycett et a l . , 

1984). This legumin gene also offers a s i t e of potential secondary 

structure downstream of the signals which could play a role i n 

determining the choice of polyadenylation s i t e (Lycett et a l . , 1984). 

Data so far seems to suggest that multiple polyadenylation sites occur 

more i n plant genes than animal, where such a situation has rarely 

been observed (Early et a l . , 1980, Setzer et a l . , 1980, Tosi et a l . , 

1981). 

1.1.3 Organisation and Evolution of Eukaryotic Genes 

I t has become increasingly clear over the past few years that a 
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large range of transciptional products are encoded by more than jus t 

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

RNA i n Xenopus laevis where a gene copy number of 24,000 has been 

reported (Brown et a l . , 1971). Evidence gained so far points to a 

correlation between proteins present at high levels within a c e l l , and 

i t s corresponding gene(s) being present i n multiple copy number, thus 

allowing high levels of mRNA to be transcribed and hence high 

quantities of the protein to be produced. Examples of such functional 

families are the genes coding for chicken oviduct proteins (Axel et 

a l . , 1976), or contractile protein genes (rev. by Buckingham and 

Minty, 1983). 

Organisation of the genes i n these multigene families tends to be 

in 2 main patterns; arrays, of varying lengths, of tandem repeats 

interspersed with r e p e t i t i v e DNA, to form a cluster, with a l l the 

genes linked closely on one chromosome, or representation within 

clusters either widely spaced on the chromosome or even on entirely 

d i f f e r e n t chromosomes. (Jeffreys and Harris, 1982). An example of both 

these situations occurs i n the globin gene family i n mammals, with two 

unlinked gene clusters coding for the a and 3 globins. In the 

human 6 -globin gene cluster, there are 5 active genes 
G A 

- E - Y - Y - 3 - 3 plus two pseudogenes (see sections 1.1.4) and 

extensive tracts of non coding DNA between these genes (Efstratiadis 

et a l . , 1980). Nucleotide sequencing of an 11 kb fragment encompassing 

the two foe t a l g e n e s a n d ^ Y , gives clear evidence that duplication 

has been the major active mechanism i n creating the cluster (Smithies 

et a l . , 1981). Indeed, further analysis of t h i s segment showed the 
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presence of short dir e c t repeats at each end of the genes 
G A 

i e . r - Y - r - Y - r (Shen et a l . , 1981), suggesting a simple model of 

mispairing and unequal crossing over at meiosis between these repeat 

elements i n an ancestral r - Y - r DNA segment. Linking t h i s to the fact 

that short r e p e t i t i v e elements are extremely prevalent i n the 

mammalian genome suggests that large block duplications could occur 

quite commonly (Jeffreys and Harris, 1982). The presence of dispersed 

repeat elements could also lead to the excision of genes via 

intrachromosomal recombination, and resulting excised circles could 

then integrate elsewhere i n the genome by homologous recombination 

with another member of the repeat family (Jeffreys and Harris, 1982). 

The f a c t that members of a multigene family often maintain 

remarkable levels of homology, even when members are unlinked ( e.g. 

primate 3 - and .a -globin clusters), led to the suggestion that such 

'homogenisation' may have occurred via a recent gene conversion event 

(Slightom et a l . , 1980, Shen et a l . , 1981). A similar situation 

appears to exist i n the ribosomal RNA gene family of Xenopus (Dover 

and Coen, 1981). 

To summarise, i t seems the single most important mechanism 

occurring to produce multigene families i s that of duplication -

either by tandem gene duplication, chromosome duplication, or genome 

duplication (polyploidisation) ( L i , 1983). Subsequent to t h i s , members 

of the family could then move to other locations i n the genome 

(possibly by the above mentioned process of repeat sequence 

recombination), where they then may proceed to evolve independently, 

or be subjected to functional constraint or interchromosomal gene 

conversion. 
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1.1.4 Evolution of Pseudogenes 

The term 'pseudogene' was f i r s t proposed to described genes 

within the 5S feNA cluster of Xenopus laevis clearly related to the 

normal 5S genes, but incapable of producing functional 5S rNA copies 

(Jacq et a l . , 1977). Basically, pseudogenes are non-functional 

counterparts of once active genes, which, due to the gradual 

accumulation of mutations (such as point mutations, deletions and 

insertions) have l o s t the potential to be transcribed, or for th e i r 

mRNA to be translated (Lewin, 1983). 

There appear; to be two general categories to classify 

pseudogenes (Vanin, 1984). F i r s t l y there are those which retain the 

intron/exon arrangement of t h e i r productive counterparts e.g. cases 

within the globin gene family (Lacy and Maniatis, 1980, Proudfoot and 

Maniatis, 1980). The second category includes those which lack the 

intervening sequences found i n t h e i r active counterparts, t h i s type 

having been labelled 'processed pseudogenes' (Vanin, 1984). Examples 

of t h i s type are becoming more numerous, with the f i r s t found being i n 

mouse a -globin genes (Nishioka et a l . , 1980 Vanin et a l . , 1980). 

Aside from various genetic lesions present i n t h i s type of pseudogene, 

other interesting factors have emerged e.g. homology between them and 

t h e i r productive counterparts ceases at the points corresponding to 

i n i t i a t i o n and termination of transcription. Also, immediately 3' to 

the point at which t h i s homology breaks down, there i s often found an 

oligo (A) t r a c t anything from 11 to 38 nucleotides i n length. A l l t h i s 

strongly implies that the o r i g i n of processed pseudogenes must have 

been by a reverse transcription event from the or i g i n a l messenger RNA 
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from the a c t i v e gene (Vanin, 1984). Further support f o r t h i s theory 

comes from two sources. F i r s t l y , the observation i n the mouse 3 

processed pseudogene t h a t i t i s flanked by sequences homologous t o 

r e t r o v i r a l — l i k e mouse i n t r a c i s t e r n a l A p a r t i c l e RNA, suggesting a 

t r a n s p o s i t i o n (Lueders e t a l . , 1982). Indeed the presence of d i r e c t 

repeats on the f l a n k s o f these genes has been found i n many other 

instances ( r e v . by Vanin, 1984). Linked t o t h i s evidence i s the f a c t 

t h a t processed pseudogenes and t h e i r a c t i v e counterparts are not found 

on the same chromosome, whereas pseudogenes which r e t a i n the 

intron/exon s t r u c t u r e o f the a c t i v e counterparts, appear t o occur i n 

tandem arrays (Vanin, 1984) 

I n mammalian genomes, cases o f processed pseudogenes are now 

almost as numerous as those f o r non-processed, however no cases o f the 

processed type have been found outside mamhialian systems. (Vanin, 

1984) 

Plant examples o f pseudogenes have also been found e.g. the 

soybean leghaemoglobin pseudogenes (Brisson and Verma, 1982) and i n 

maize zeins (Spena e t a l . , 1983). 

I t would seem j u s t i f i a b l e t o assume a possible dual stage i n 

non-processed gene e v o l u t i o n ; F i r s t l y , a f t e r a gene d u p l i c a t i o n event, 

a slow r a t e o f mutation would ensue, according t o the degree of 

s e l e c t i o n pressure, u n t i l i n a c t i v a t i o n of the gene occurred. At t h i s 

p o i n t , any f u n c t i o n a l c o n s t r a i n t would cease t o operate, and the 

mutation r a t e would accelerate ( L i t t l e , 1982). I n the case of 

processed pseudogenes, i f the reverse t r a n s c r i p t i o n theory i s to be 

be l i e v e d , there would be no i n a c t i v a t i o n as such, since the reverse 
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t r a n s c r i p t l a c k i n g i n t r o n s would never be a c t i v e i n the f i r s t place 

and consequently mutation would occur a t a high r a t e from t h i s p o i n t . 

P o s t u l a t i n g a f u n c t i o n a l r o l e f o r pseudogenes i n the genome might 

seem in a p p r o p r i a t e but one suggestion has been t h a t t h e i r presence and 

p o s i t i o n i s maintained due t o the importance of not d i s r u p t i n g 

chromatin s t r u c t u r e ( J e f f r e y s , 1981). However, one might p r e f e r t o 

regard them as merely a component o f an everchanging genome, only 

disappearing a t a l l when t h e i r presence becomes delet e r i o u s t o the 

c e l l phenotype. 

1.1.5. Molecular Evo l u t i o n 

The concept o f molecular clocks t o describe the r a t e of 

e v o l u t i o n a r y change i n r e l a t e d molecules i s now w e l l established, and 

was f i r s t proposed a f t e r e v o l u t i o n a r y studies on g l o b i n genes 

(Zuckerlandl and Pauling, 1965, Jukes and Cantor, 1969). I n order t o 

constru c t a molecular clock, 3 basic requirements must be met; 

F i r s t l y , a measurable event must be involved. Secondly, such an event 

must occur r e g u l a r l y ( e i t h e r metronomic, or s t o c h a s t i c , the l a t t e r 

being more l i k e l y ) ( F i t c h , 1976). T h i r d l y , the clock must be 

c a l i b r a t e d by some e x t e r n a l event o f known date e.g. the divergence o f 

two species a t a time known from the f o s s i l record (Ferguson 1980). 

Consequently, i n recent years, w i t h the increasing a v a i l a b i l i t y of 

nu c l e i c a c i d sequence data, molecular clocks have been constructed 

using several classes o f genes e.g. chicken i n s u l i n genes (Perler et 

a l . , 1980), g l o b i n genes (Lacy' and Maniatis, 1980) and a c t i n genes 

(Shah e t a l . , 1983). The use of nuc l e i c acid sequence data instead of 
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amino aci d sequence i n comparisons i s obviously superior, i n t h a t the 

former r e f l e c t s s i l e n t mutations (those not causing a change i n an 

amino acid) as w e l l as replacement mutations (those which do cause a 

change), whereas, due t o the redundant nature of the amino acid code, 

comparisons between amino a c i d sequences cannot do t h i s . 

However, amino aci d sequence studies can s t i l l produce 

s i g n i f i c a n t f i n d i n g s . Comparisons between homologous genes can be 

c l a s s i f i e d i n 3 ways: Orthologous comparison r e s u l t s from equivalent 

genes i n d i f f e r e n t taxonomic groups, Paralogous from equivalent genes 

i n the same organism, and Metalogous from non equivalent genes i n 

d i f f e r e n t taxonomic groups (e.g. a-and B-globins between mouse and 

man) (Ferguson, 1980). 

Alignment o f the amino aci d sequences of orthologous polypeptides 

enables the determination o f a d i f f e r e n c e measure at t h i s l e v e l , which 

i s e quivalent t o a measure o f genetic distance since the two sequences 

shared a common ancestor. I f m u l t i p l e pairwise comparisons are made 

w i t h a group o f orthologous polypeptides, phenetic ( o v e r a l l 

s i m i l a r i t i e s a t the present time (Sneath and Sokal, 1973)) or 

c l a d i s t i c ( s e q u e n t i a l ordering of s p l i t t i n g o f i n d i v i d u a l lineages, 

(Henning, 1966)) r e l a t i o n s h i p s can be deduced. A f t e r c o n s t r u c t i n g a 

matr i x o f values r e s u l t i n g from each comparison, phylogenetic trees 

can be drawn up from such data, using a v a r i e t y of soph i s t i c a t e d 

algorithms, which g e n e r a l l y seek t o best represent the information, 

w h i l e a t the same time achieving maximum parsimony ( i . e . seeking t o 

minimise d i f f e r e n c e ) , i n ways t h a t best r e f l e c t the way the sequences 

are r e l a t e d and have descended from one another (Ferguson, 1980). A 
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v a r i e t y o f methods have been used t o produce such trees from globins 

(Czelusniak e t a l . , 1982), f i b r i n o p e p t i d e s and carbonic anhydrases 

(Goodman, 1973, 1974) and cytochrome c's (Peacock and Boulter, 1975) 

across a wide range o f taxorSnic groups. 

1.2 Seed Storage Proteins 

1.2.1 Major features o f seed storage p r o t e i n s 

Proteins o f seeds f a l l i n t o two major c a t e r g o r i e s , namely the 

storage p r o t e i n s , which are the major components o f t o t a l seed p r o t e i n 

and the so - c a l l e d 'housekeeping' p r o t e i n s e s s e n t i a l f o r normal 

f u n c t i o n i n g o f c e l l metabolism. A system of c l a s s i f i c a t i o n has been 

defined t o c l a s s i f y p r o t e i n s from seeds and grains on the basis of 

t h e i r s o l u b i l i t y (Osborne, 1924): 

( i ) Those soluble i n water - the Albumin class. 

( i i ) Those soluble i n d i l u t e s a l t s o l u t i o n s at n e u t r a l pH 

(phosphate or borate-buffered s a l i n e (0.15M NaCl) at pH 7.5 

i s o f t e n used (Croy and Gatehouse, 1985)) - the Globulin 

c l a s s . 

( i i i ) Those soluble i n alcohol (50% Propan-l-ol or 55% 

Propan-2-ol now p r e f e r r e d (Shewry et a l . , 1984)) - the 

Prolamin class. 

( i v ) Those soluble i n a l k a l i (an i l l - d e f i n e d term, generally 

used only f o r p r o t e i n s soluble i n s t r o n g l y denaturing 

s o l v e n t (Croy and Gatehouse. 1985) - the G l u t e l i n class. 

To adopt the components produced by such s o l u b i l i t y schemes under 
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the blanket term o f seed storage p r o t e i n would not be wholly 

c o r r e c t . The seed storage p r o t e i n s must also conform t o several 

d e f i n i t i o n s ( P e r n o l l e t and Mosse, 1983); Generally, these proteins 

must supply the source o f reduced n i t r o g e n needed during germination 

and e a r l y seedling growth. Consequently such components must be 

observed t o be r a p i d l y degraded a t the onset of germination (Boulter, 

1982). They accumulate i n a t i s s u e - s i j e c i f i c manner i n endosperm or 

cotyledon t i s s u e during seed development. They are found i n r e l a t i v e 

abundance to other seed n i t r o g e n compounds - indeed they may 

c o n s t i t u t e as much as 70% o f seed dry weight (Croy and Gatehouse, 

1985). They are l o c a l i s e d i n storage organelles c a l l e d p r o t e i n bodies, 

surrounded by a s i n g l e membrane o f tonoplast or endoplasmic r e t i c u l a r 

o r i g i n ( P e r n o l l e t , 1978, Weber and Neumann, 1980) t h i s packaging 

a f f o r d i n g p r o t e c t i o n during seed development. F i n a l l y , they usually 

show, e s p e c i a l l y i n the case o f legume and cereal seed storage 

p r o t e i n s , unusual p r o f i l e s o f amino acid composition e.g. i n legumes 

they are o f t e n r i c h i n the amino acids containing more n i t r o g e n atoms 

- Aspargine, Glutamine, Arginine and P r o l i n e , w i t h a consequent lack 

of amino acids such as Cysteine, Methionine and Tryptophan (Higgins, 

1984). 

Generally the major storage p r o t e i n s o f legumes- and many other 

d i c o t s are the g l o b u l i n s , whereas i n monocots. they are proleimins and 

g l u t e l i n s (oats being the only exception, having a high g l o b u l i n 

content (Higgins, 1984)). The storage g l o b u l i n s are usually present i n 

the seed as oligomeric molecules, and separation of c o n s t i t u e n t 

polypeptides a f t e r denaturation on SDS-PAGE shows a large degree of 
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heterogeneity i n terms o f s i z e , charge and composition. This complexity 

i s c o n s i s t e n t w i t h the large numbers o f genes thought t o code f o r 

these p r o t e i n s (see s e c t i o n 1.2). An example i s pea legumin or 

v i c i l i n , shown t o have up t o 30 separable polypeptides under 

two-dimensional lEF/SDS-PAGE (Matta e t a l . , 1981) 

At t h i s p o i n t , considering the major d i f f e r e n c e between the seed 

storage genes o f cereals and legumes, those o f cereals w i l l not be 

discussed f u r t h e r here. (Reviews on t h i s topic-see M i f l i n and Shewry, 

1979, M i f l i n and Shewry, 1981, or Payne and Rhodes, 1982.) 

1.2.2 Seed Storage P r o t e i n and Gene Structure o f some Legumes 

1.2.2.1. Pea, Pisum sativum L. 

Pea storage p r o t e i n s are 'comprised o f two main immunologically 

d i s t i n c t classes, the I I S , legumin and 7S, v i c i l i n g l o b u l i n s . 

Together, these classes c o n t r i b u t e up t o 70% of seed dry weight (Croy 

and Gatehouse, 1985). These p r o t e i n s are synthesized on membrane bound 

polysomes, c y t o l o g i c a l l y known as the rough endoplasmic r e t i c u l u m or 

R.E.R. ( B o l l i n i and Chrispeels, 1978). They are then packaged i n t o the 

p r o t e i n bodies. 
i ) Legumin 

Legumin i s a hexameric molecule o f Mr 360,000 - 400,000, 

c o n s i s t i n g o f 6 sub-unit p a i r s , each o f which consists o f a 

d i s u l p h i d e - l i n k e d a c i d i c ( a ) (Mr-38,000) and basic ( B ) (Mr-

21,000) polypeptide p a i r . Evidence from one and two dimensional gel 

e l e c t r o p h o r e s i s has shown the a -polypeptide t o e x h i b i t considerable 
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heterogeneity i n both s i z e and charge; while the B -polypeptide only 

shows major d i f f e r e n c e s i n chsirge, i t s size showing only minor 

v a r i a t i o n s (Casey, 1979a, 1979b, Croy e t a l . , 1979, Krishna e t a l , , 

1979). Based on t h i s , a c l a s s i f i c a t i o n has been developed (Matta et 

a l . , 1981) t o describe minor legumin classes w i t h 

l a r g e r a polypeptides ( b i g legumin, Mr 41,000 - 4 2,000), each 

associated w i t h s p e c i f i c 3 polypeptides, as opposed to the major 

legumin polypeptides w i t h a subunits o f Mr - 38,000. 

Synthesis o f the a and 3 subunits i s known t o occur i n the form 

o f a 60,000 Mr preproprotein precusor, containing both 

the a and 3 polypeptide chains and also a 21 amino acid leader 

sequence (Evans et a l . , 1979, Croy et a l . , 1980, Lycett et a l . , 1984). 

The molecule i s then subjected t o p o s t - t r a n s l a t i o n a l p r o t e o l y t i c 

cleavage and the r e s u l t i n g mature polypeptide chains then associate 

v i a non-covalent bonding t o form the mature legumin molecule. Such a 

model o f precursor-product r e l a t i o n s h i p has now been extended and 

confirmed t o operate i n the synthesis o f a l l legumin-type storage 

p r o t e i n s , mainly from the r e s u l t s of pulse-chase experiments 

(Chrispeels e t a l . , 1982a, 1982b). 

Nucleotide sequence data from legumin cDNAs revealed several 

other s i g n i f i c a n t f e a t u r e s (Croy e t a l . , 1982, Lycett e t a l . , 1984b ). 

F i r s t l y , i t was observed t h a t the a polypeptide i s synthesized before 

the 3 ,as i t i s encoded i n the 5' region o f the messenger RNA. 

Secondly, the presence o f 3 tandem repeats o f 18 polar amino acid 

residues was revealed i n the C t e r m i n a l region of some, but not a l l 

cDNAs. L a s t l y , the i m p l i e d amino a c i d sequence from the data suggested 



25 

a p o t e n t i a l cleavage s i t e f o r the a and 3 polypeptide chains adjacent 

to the N-terminal amino aci d o f 8 , where the sequence Asn-Gly 

conforms t o the cleavage s i t e found i n several other storage pr o t e i n s 

which have an exposed Asn-X bond ( L y c e t t . et a l , 1984). Indeed a 

h y d r o p h i l i c i t y p r o f i l e o f legumin (a p r e d i c t i o n o f secondary s t r u c t u r e 

based on v a r y i n g degrees o f h y d r o p h i l i c i t y i n the molecule) shows the 

Asn-Gly bond p o s s i b l y l y i n g on the surface o f the molecule, where i t 

would be accessible t o cleavage (Croy and Gatehouse, 1985). 

A f i n a l important f e a t u r e of-pea legumin i s t h a t i t i s 

non-glycosylated (Croy e t a l . , 1979), consistent w i t h legumin proteins 

i n general, which are known t o contain l i t t l e or no carbohydrate 

(Derbyshire et a l . , 1976). 

Recent st u d i e s on the legumin gene f a m i l y i n v o l v i n g h y b r i d i s a t i o n 

w i t h two new legumin cDNAs, pCD32 and pCD40 (Domoney and Casey 1984), 

combined w i t h e a r l i e r r e s u l t s using a d i f f e r e n t cDNA pRC 2.2.4., (Croy 

et a l . , 1982) i n d i c a t e the possible presence of 8 legumin genes i n the 

h a p l o i d pea genome. At l e a s t 4 o f these genes appear t o code f o r the 

major 60,000 Mr polypeptides (Croy et a l . , 1982), w i t h the others 

apparently representing 63,000, 65,000 and 80,000 Mr minor legumin 

species (Domoney and Casey, 1984). I t would be expected t h a t a copy 

number greater than e i g h t would be the only way t o account f o r the 

existence o f 'small' legumin polypeptides w i t h a subunits o f 24-25,000 

Mr (see above). 

Nucleotide sequence data from Legumin gene A (Lycett et a l . , 

1984) shows the presence o f a l l the consensus sequences c h a r a c t e r i s t i c 

o f eukaryotic genes. I n r e l a t i o n to the t r a n s c r i p t i o n s t a r t (34 bp 
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upstream from the i n i t i a t i o n codon), a TATA box a t -30, a CAAT box at 

-87, and a p o t e n t i a l AGGA box a t -103. A d d i t i o n a l l y the data enabled 

i d e n t i f i c a t i o n o f regions homologous t o v i r a l enhancer elements (see 

secti o n 1.1.2.2.). At the 3' end o f the gene are 3 sets o f double 

overlapping polyadenylation s i g n a l s . A l l polyadenylated cDNAs so f a r 

examined have a poly (A) t a i l 19-20 bp downstream from the second of 

these s i g n a l s (L y c e t t e t a l . , 1984), w i t h a s i m i l a r s i t u a t i o n also 

having been observed i n a soybean l e c t i n gene (Vodkin e t a l . , 1983). 

The sequence data also reveals the presence o f 3 short i n t r o n s , 

two i n the reg i o n coding f o r the a polypeptide, both o f 88 bp, and one 

in the 3 polypeptide coding region, o f 99 bp. A l l 3 i n t r o n s obey the 

GT/AG boundary r u l e (Breathnach e t a l . , 1978). 

Chromosome mapping studies (Matta and Gatehouse, 1982, Domoney et 

a l . , 1986) r e f e r t o chromosomal l o c a t i o n s o f the legumin genes, one 

being the s h o r t arm o f chromosome 7, near the r locus, termed Leg-1, 

and another (minor) one on chromosome 1, near the a locus, termed 

Leg-2. 

( i i ) V i c i l i n 

Unlike the I I S legumin f r a c t i o n o f pea, the 7S v i c i l i n f r a c t i o n 

i s not e s s e n t i a l l y homogeneous i n i t s composition, and evidence 

(Derbyshire e t a l . , 1976) suggested i t contains more than one major 

p r o t e i n . This was confirmed when a t h i r d storage p r o t e i n , c o n v i c i l i n , 

immunologically r e l a t e d t o v i c i l i n , was p u r i f i e d from the 7S f r a c t i o n 

using n o n - d i s s o c i a t i n g techniques (Croy e t a l . , 1980). 

The mature v i c i l i n molecule has an Mr value of 145,000 - 170,000, 

r e s u l t i n g from the t r i m e r i s a t i o n o f 3 50,000 Mr v i c i l i n polypeptide 

subunits (Gatehouse e t a l . , 1981). However, SDS-PAGE analysis shows 
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the presence o f a complex array o f c o n s t i t u e n t polypeptides ranging 

from Mr 50,000 t o species o f 33,000, 19,000, 16,000, 13,500 and 

12,500 Mr, along w i t h minor species o f 35,000 and 31,000 Mr (Croy et 

a l . , 1980 b., Chrispeels e t a l . , 1982b). 

Pulse-chase studies on the assembly o f v i c i l i n p r o t e i n oligomers 

(Chrispeels, e t a l . , 1982b), shows the 50,000 Mr species to carry the 

m a j o r i t y o f the r a d i o a c t i v e l a b e l . During the chase period, the l a b e l 

begins t o appear i n the smaller v i c i l i n polypeptides, and has also now 

moved from the R.E.R t o the p r o t e i n bodies. A simultaneous 

disappearance o f one o f the 50,000 Mr subunits, (47,000) c l e a r l y 

suggested a precursor-product r e l a t i o n s h i p . Thiis an o v e r a l l model o f 

t r i m e r i s a t i o n o f 50,000 Mr subunits some o f which are then susceptible 

to post t r a n s l a t i o n a l cleavage or 'nicking' w h i l s t s t i l l maintaining 

o v e r a l l s t r u c t u r a l i n t e g r i t y was b u i l t up (Gatehouse et a l . , 1981). 

The presence o f f u l l size 50,000 Mr subunits i n the mature p r o t e i n was 

explained by the lack o f s i t e s susceptible t o cleavage i n such 

polypeptides. Later studies on v i c i l i n cDNAs (see below) confirmed 

t h a t two p o t e n t i a l cleavage s i t e s were present i n some v i c i l i n 50,000 

Mr precursors ( _LcexLe_vy_e_d^ b.y Boulter, 1984). 

Unlike legumin, pea v i c i l i n was found t o be glycosylated 

(Chrispeels e t a l . , 1982a), the process occurring i n the lumen of the 

R.E.R. Carbohydrate has been found i n the 50,000, 26,000 and 14,000 Mr 

polypeptides (Badenoch-Jones e t a l . , 1981), sind has been a t t r i b u t e d as 

causing the d i f f e r e n c e i n size between the 14000 and 12500 Mr 

polypeptides (Davey et a l . , 1981). 

Analysis o f v i c i l i n cDNA nucleotide sequence (Gatehouse et a l . , 

1982b, 1983, Lyce t t e t al.,1983a) plus i t s comparison w i t h polypeptide 
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sequence data revealed other important features. F i r s t l y , from the 

sequence o f a nearly f u l l l e ngth 47,000 Mr cDNA, the presence of a 15 

amino ac i d residue leader sequence was confirmed, which f a c i l i t a t e s 

t r a n s p o r t o f the nascent polypeptide i n t o the lumen o f the R.E.R. 

(Blobel and Dobberstein, 1975). Secondly,, comparison of predicted 

amino a c i d sequences w i t h those produced by d i r e c t polypeptide 

sequencing i m p l i e d the determination o f p o t e n t i a l cleavage sites, by 

amino ac i d sequence s p e c i f i c i t y . Two s i t e s , a : 3 and 3 : Y have been 

i d e n t i f i e d , and i t was suggested t h a t the amino acid sequence 

Gly-Lys-Glu-Asn immediately p r i o r t o the s i t e allows p r o t e o l y s i s , w i t h 

the presence o f Asn apparently c r u c i a l (Gatehouse et a l . , 1982b, 

1983). S e r o l o g i c a l studies plus comparison o f N terminal and cDNA 

pr e d i c t e d amino ac i d sequences has confirmed t h i s theory (Spencer et 

a l . , 1984). A h y d r o p h i l i c i t y p r o f i l e produced from amino acid sequence 

p r e d i c t e d from a v i c i l i n cDNA implies these s i t e s l i e on polar, 

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

These cDNAs contained no 5' f l a n k i n g sequence and only one 

(coding f o r 50,000 Mr v i c i l i n ) contained any 3' f l a n k i n g sequence and 

showed the presence o f only 1 polyadenylation s i g n a l . 

At the outset o f t h i s p r o j e c t less was known about the v i c i l i n 

gene f a m i l y than t h a t o f legumin. I t was thought t o consist of at 

l e a s t 11 genes (Domoney and Casey, 1984), located on 6 d i f f e r e n t l o c i 

i n the genome, 3 o f these l o c i , vc-1, vc-2, vc-3, located on 

chromosome 7 near the Leg-1 locus ( E l l i s e t a l . , 1986). The genes code 

f o r both 50,000 and 47,000 Mr polypeptides,. 

Even less i s known about c o n v i c i l i n and the gene(s) t h a t code f o r 
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i t . A l l i e d t o the f a c t t h a t c o n v i c i l i n i s o f t e n present i n 

preparations o f v i c i l i n , i s the l i k e l i h o o d o f 'hybrid' molecules 

composed o f v i c i l i n and c o n v i c i l i n polypeptides (Gatehouse et a l . , 

1981). 

The mature c o n v i c i l i n p r o t e i n has an Mr of 210,000-280,000 

c o n s i s t i n g o f 3 or 4 70,000 Mr subunits (Croy e t a l . , 1980) which show 

l i t t l e heterogeneity and are not disulphide bonded (Croy et a l . , 

1980b). A cDNA f o r c o n v i c i l i n has been i s o l a t e d (Domoney and Casey 

1983) and used t o show t h a t the mRNA coding f o r c p n v i c i l i n i s i n a 

d i f f e r e n t ( l a r g e r ) size class to t h a t o f v i c i l i n . The chromosomal 

l o c a t i o n o f the c o n v i c i l i n gene(s) has been mapped to chromosome 2 

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

1.2.2.2 Soybean 

The major storage p r o t e i n s o f soybean Glycine max are the 

g l o b u l i n s - g l y c i n i n (12.2S) and 6 conglycinin(7S). The r a t i o of 

g l y c i n i n t o 0 - c o n g l y c i n i n v a r i e s according t o c u l t i v a r , from 3:1 t o 

1:1 (Nielsen, 1984, P e r n o l l e t and Mosse, 1983). Together they 

c o n s t i t u t e approximately 70% o f t o t a l seed p r o t e i n . G l y c i n i n 

and B - c o n g l y c i n i n can be considered as homologues of legumin and 

v i c i l i n o f pea r e s p e c t i v e l y , and as such show a s i m i l a r passage 

through the c e l l , w i t h synthesis on membrane bound polysomes and 

eventual storage i n cotyledon p r o t e i n bodies (Barton et a l . , 1982, 

Sengupta e t a l . , 1981). 

( i ) G l y c i n i n 

Mature g l y c i n i n has an Mr value o f 360,000, and i s a hexamer of 

60,000 Mr subunits. Each subunit consists of an a c i d i c (A or a ) 



30 

polypeptide, Mr 37,000, dis u l p h i d e bonded t o a basic ( B 

or B )polypeptide, Mr 22,000 (Catsimpoolas et a l . , 1971). There are 5 

major d i f f e r e n t subunit groups, showing compositional polymorphism 

(Kitamura e t a l . , 1980). The polypeptides show extensive size and 

charge heterogeneity, w i t h a t l e a s t 6A and 5B having been separated 

and p u r i f i e d (Moreira e t a l . , 1979). Consistent w i t h the system o f 

precursor-product found i n other legumins (Bassuner et a l . , 1983, 

Brinegar and Peterson, 1982, Croy et a l . , 1980), the p a i r i n g of A and 

B subunit polypeptides has been shown t o be non-random, implying a 

precursor c o n t a i n i n g both polypeptides i s i n i t i a l l y produced and i s 

then s u b j e c t t o post t r a n s l a t i o n a l cleavage i n the p r o t e i n bodies 

(Staswick e t a l . , 1981, Turner e t a l . , 1981). 

Strong evidence f o r the presence o f a leader sequence has been 

obtained by comparing the s i z e o f g l y c i n i n subunits obtained by in 

vitro t r a n s l a t i o n o f messenger RNA i n both wheat germ t r a n s l a t i o n 

systems (Barton e t a l . , 1982) and r a b b i t r e t i c u l o c y t e s (Turner et a l . , 

1981), w i t h those subunits produced in vitro , which proved t o be 

smaller. I t seems l i k e l y t h a t t h i s i s due t o a post t r a n s l a t i o n a l 

cleavage o f s i g n a l peptide in vivo . Subsequent analysis of g l y c i n i n 

cDNAs suggest leaders o f 19-24 amino acids (Negoro et a l . , 1985, 

Fukazawa e t a l . , 1985). This data also showed the presence of a 4 

amino a c i d l i n k e r between the A and B polypeptides at Lys„„o and 

Arg^^g, suggesting a s i m i l a r cleavage s i t e t o t h a t of the C peptide i n 

p r o i n s u l i n (Docherty e t a l . , 1982). 

Comparison of the amino acid sequences (predicted from cDNA 

sequence data and also d i r e c t l y obtained by p r o t e i n sequencing) shows 

close homology between the N t e r m i n a l sequences o f the g l y c i n i n B 
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polypeptide and the corresponding Viaia faba legumin subunit 

polypeptide ( G i l r o y e t a l . , 1979) and also the N-terminal sequences of 

g l y c i n i n A and pea legumin a (Casey et al.,1981). 

A f i n a l i n t e r e s t i n g p o i n t has been noted t h a t regions o f i n t e r n a l 

homology w i t h i n the g l y c i n i n a subunit might r e f l e c t an analogous 

s i t u a t i o n t o the r e p e t i t i v e block s t r u c t u r e o f the cereal prolamins 

(Moreira e t a l . , 1981). 

Reports o f the number o f genes i n the g l y c i n i n gene family 

suggest a f i g u r e o f 4 (Moreira e t a l . , 1981) or possibly 5 (Fischer 

and Goldberg, 1982). As w i t h pea legumin, the genes appear t o encode 

both A and B polypeptides w i t h A being produced from the 5' end of the 

gene (Neilsen, 1984). 

Nucleotide sequence from a g l y c i n i n genomic clone corresponding 

to the primary s t r u c t u r e o f the A^ B polypeptide (Thanh et a l . , 

1984), together w i t h SI mapping data, show the t r a n s c r i p t i o n s t a r t a t 

43 bases upstream from the ATG i n i t i a t o r codon, w i t h a TATA box at 

-25, and a CAAT box at -115.. At the 3' end o f the gene there appear t o 

be 3 p o t e n t i a l polyadenylation s i g n a l s , w i t h the poly(A) t a i l i n A B 
£- l a 

message s t a r t i n g 15-17 bases a f t e r the l a s t o f these signals. The gene 

also contains 3 i n t r o n s o f 238, 292 and 624 bp r e s p e c t i v e l y . Although 

these are l a r g e r than those of legumin i n pea, t h e i r p o s i t i o n s 

correspond (Lycett et a I., 1984). The intron/exon boundaries conform t o 

the GT/AG r u l e {Breathnach e t a l . , 1978). 

L i t t l e i s known o f the chromosomal l o c a t i o n o f these genes, apart 

from some evidence t h a t they do not appear t o be cl o s e l y l i n k e d to 

each other, and t h a t , s u p r i s i n g l y some may be l i n k e d to l e a f t issue -

s p e c i f i c genes (Fischer and Goldberg, 1982). 
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i i £ c o n g l y c i n i n 

In soybean there are three immunologically d i s t i n c t 

c o n g l y c i n i n s ; a conglycinin-a 2S monomer, y congly c i n i n - a minor 

component o f the 7S g l o b u l i n f r a c t i o n and B co n g l y c i n i n (also known as 

soybean v i c i l i n ) - the major 7S g l o b u l i n (Catsimpoolas and Ekenstam, 

1969). 

Bi c o n g l y c i n i n , l i k e pea v i c i l i n , i s glycosylated a t an average 

l e v e l o f 5% (Thanh and Shibasaki, 1977), and, although a n t i g e n i c a l l y 

u n r e l a t e d , i t bears a close resemblance t o v i c i l i n p r oteins o f other 

legumes (Derbyshire e t a l . , 1976). 

I t has an Mr value ranging from 140,000 t o 210,000 and i s a 

t r i m e r i c molecule composed o f 3 subunits; a -Mr 54,000-76,000, a'-Mr 

54,000-86,000 and B -Mr 40,500-53,000. A l l 3 are a c i d i c and have very 

s i m i l a r amino acid composition (indeed a l l are devoid of c y s t e i n e ) . 

The B c o n g l y c i n i n subunits appear t o undergo a very complex process of 

CO- and p o s t - t r a n s l a t i o n a l m o d i f i c a t i o n . Leader sequences are cleaved 

c o t r a n s l a t i o n a l l y by the endoplasmic r e t i c u l u m (Sengupta et a l . , 

1981). The B subunit i s synthesised l a t e r i n development 

than a and a ' (Gayler and Sykes, 1981) and a l l 3 undergo complicated 

processes o f g l y c o s y l a t i o n and cleavage which w i l l not be considered 

f u r t h e r here. 

cDNAs from genes coding f o r the a and a ' subunits have been 

i s o l a t e d (Schuler e t a l . , 1982ab) but as y e t , none corresponding t o 

the B subunit have been found. I n a l l , 19 cDNAs were i s o l a t e d , and on 

the basis o f t h e i r n ucleotide sequence were c l e a r l y segregated i n t o 

two groups representing the a and a ' polypeptides. The two classes o f 
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sequences d i f f e r e d by only 6% i n t h e i r nucleotide sequence, and as 

such represent two c l o s e l y r e l a t e d multigene f a m i l i e s (Schuler e t a l . , 

1982). This r e p o r t also presented p a r t i a l DNA sequence from a genomic 

clone representing an a ' subunit gene. No 5' sequence was present, 

but the data d i d show the presence of 4 small i n t r o n s (as opposed t o 

1-2 pr e d i c t e d by R-loop mapping, Fischer and Goldberg, 1982) of 85, 

115, 132 and 40 bp, whose borders conform t o the intron/exon boundary 

r u l e (Breathnach e t a l . , 1978). Also the presence o f only 1 double 

overlapping polyadenylation s i g n a l was revealed, which appears t o l i e 

i n r e gion o f p o t e n t i a l secondary s t r u c t u r e , w i t h the poly(A) t a i l 

attached 29-32 bases downstreaim from here i n most o f the cDNAs (one 

exception being a poly(A) . t a i l only 17 bases downstream i n 

one a subunit cDNA). 

Gene copy number studies are complicated by the subunits of 

mature 3 c o n g l y c i n i n being encoded by separate multigene f a m i l i e s . An 

o v e r a l l estimate o f 5 copies o f 7S subunit genes has been made 

(Goldberg e t a l . , 1981) using probes common t o a l l 3 subunits. 

I s o l a t i o n o f 3 d i f f e r e n t genomic clones (Goldberg e t a l . , 1983a) each 

co n t a i n i n g 2 separate 3 c o n g l y c i n i n genes demonstrates the c l u s t e r i n g 

of the genes i n these multigene f a m i l i e s , but no f u r t h e r evidence on 

chromosomal l o c a t i o n or arrangement has been reported other than t h a t 

the genes are present on at l e a s t 3 d i f f e r e n t l o c i (Davies, 1985). 

1.2.2.3 Frenchbean ' • 

French bean ( Phaaeolus vulgaris ) , u n l i k e pea and soybean, has 

only one major seed storage p r o t e i n , phaseolin, a 7S g l o b u l i n . I t 
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accounts f o r up t o 50% o f the p r o t e i n i n mature seeds (Ma and B l i s s , 

1978) and has an Mr value o f 140,000-160,000 Mr (Derbyshire et a l . , 

1976). One dimensional SDS-PAGE reveals the presence of 3 d i s t i n c t 

polypeptide subunits - a (51-53,000 Mr), B (47-48,000 Mr) and.-Y 

(43-46,000 Mr) ( H a l l e t a l . , 1977, Brown e t a l . , 1981a, 1981b), and 

evidence has been presented (Pusztai and Stewart, 1980), t h a t these 

subunits are arranged i n t r i m e r i c form, which, along w i t h 3 - 5 % 

g l y c o s y l a t i o n ( H a l l e t a l . , 1978) c o n s t i t u t e the phaseolin molecule. 

Phaseolin subunits are synthesized on membrane bound polysomes 

( B e l l i n i and Chrispeels, 1978) and have leader sequences which are 

c o t r a n s l a t i o n a l l y removed by the E.R. ( B o l l i n i e t a l . , 1983) allowing 

the polypeptides t o be sequestered i n t o the lumen (Baumgartner e t a l . , 

1980). A system o f g l y c o s y l a t i o n and p r o t e o l y t i c processing analogous 

to t h a t o c c u r r i n g i n 3 - c o n g l y c i n i n (Sengupta et a l . , 1981) then 

appears t o occur ( B o l l i n i e t a l . , 1983). 

Two dimensional e l e c t r o p h o r e s i s o f phaseolin resolves 5 

polypeptides, i n d i c a t i n g both size and charge heterogeneity i n the 

phaseolin p r o t e i n pool (Brown e t a l . , 1981a). However, peptide mapping 

o f these phaseolin p r o t e i n s a f t e r p r o t e o l y t i c and chemical cleavage 

i m p l i e s t h a t they are a l l : h i g h l y homologous (Ma e t a l . , 1980, B o l l i n i 

and V i t a l e , 1981), s t r o n g l y suggesting t h a t they are encoded by a 

multigene f a m i l y . Since then, a f i g u r e o f 7 genes per haploid genome 

has been re p o r t e d (Talbot e t a l . , 1984). I n the developing cotyledon, 

phaseolin polypeptides have been found t o be encoded i n a 16S mRNA 

species r e p r e s e n t i n g approx. 40% o f t o t a l poly(A) RNA ( H a l l e t a l . , 

1980, Murray and Kennard, 1984). cDNA clones complementary t o t h i s 
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messenger RNA have been i s o l a t e d and t h e i r nucleotide sequence 

determined (Slightom e t a i . , 1985), demonstrating t h a t the phaseolin 

polypeptides are encoded by two d i s t i n c t phaseolin gene subfamilies, 

termed a and B phaseolin, w i t h a phaseolih polypeptides encoded by 

genes c o n t a i n i n g d i r e c t repeats coding f o r an a d d i t i o n a l 14 amino 

acids. Apart from t h i s , the two gene subfamilies show 98% homology. 

Sequence analysis o f a B -type phaseolin genomic clone ( H a l l e t 

a l . , 1983) ind i c a t e s the presence of 5 small i n t r o n s , which a l l 

conform t o the intron/exon boundary r u l e (Breathnach e t a l . , 1978). 

I n t e r e s t i n g l y t h i s data also reveals the presence o f 3 possible TATA 

boxes and 2 CAAT boxes (p o s s i b l y analogous t o a double promoter system 

found i n zein p r o t e i n s o f maize (Langridge and Feix, 1983)), and these 

are b e l i e v e d t o be responsible f o r the numerous cap s i t e s found i n 

pha:seolin mRNAs (Slightom e t a l . , 1985) 

Genetic analysis o f P.vulgaris c u l t i v a r s which e x h i b i t d i f f e r e n t 

two-dimensional PAGE p r o t e i n p a t t e r n s show no recombinant p r o t e i n 

phenotypes, suggesting a close l i n k i n g o f the genes (Brown et a l . , 

1981b), however at the molecular l e v e l , distsince between these genes 

could be considerable (Sun e t a l . , 1981, Talbot e t a l . , 1984). 

1.2.2.4 Broad bean 

A b r i e f mention w i l l be made here o f the storage proteins of the 

broad bean ( Vicia faba ) , since although reference i s made l a t e r i n 

the t e x t , l i t t l e documented infor m a t i o n has been published on t h i s 

subject. 

Vioia faba var. minor possesses two sub-families of I I S legumin 
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genes, termed A and B. The major subunits o f the V.faba legumin, A and 

B, were i n i t i a l l y d i s t i n g u i s h e d according t o the presence (A-type) or 

absence (B-type) o f Methionine, and subsequent t o t h i s , amino acid 

a n a l y s i s , sequence determination and peptide mapping (Horstmann, 

1983). F i n a l l y a t the DNA l e v e l , h y b r i d i s a t i o n studies and e s p e c i a l l y 

cDNA sequence data confirmed t h a t V.faba d i d indeed possess a legumin 

multigene f a m i l y , subdivided i n t o A and B subfamilies (Wobus et a l . , 

1986). 

Such an occurence o f two gene subfamilies f o r legume I I S storage 

p r o t e i n s i s also found i n soybean (Neilsen, 1984, Scallon e t a l . , 

1985) and pea (Wobus et a l . , 1986). 

A genomic clone, representing a B-type V.faba legumin has been 

i s o l a t e d (Baumlein et a l . , 1986), sind nucleotide sequence data from 

t h i s shows i n the 5' f l a n k i n g sequence, a cap s i t e which appears 

conserved i n l o c a t i o n and sequence between several other p l a n t genes 

(Vodkin e t a l . , 1983, Messing et a l . , 1983). 30 bp upstream from here 

i s a TATA box. At the 3' end of the gene are 3 pu t a t i v e 

polyadenylation s i g n a l s , w i t h a poly(A) t a i l 23 nucleotides downstream 

from the 3rd o f these elements found i n a cDNA clone pVfc 70. 

I n the coding sequence, t h i s data gave evidence of a 21 amino 

acid residue s i g n a l peptide, and the presence o f two short i n t r o n s of 

95 and 100 bp. These were designated i n t r o n s 2 and 3, as they exactly 

occupy the p o s i t i o n s o f i n t r o n s 2 and 3 i n the A-type legumin genes of 

soybean and pea (see sections 1.2.2.1, aind 1.2.2.2) Each i n t r o n obeys 

the normal intron/exon boundary r u l e (Breathnaotiet a l . , 1978). 
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1.3 Aims and Objectives o f the Proj e c t 

I n order t o f u r t h e r the knowledge of pea seed storage p r o t e i n 

gene s t r u c t u r e and r e g u l a t i o n , selected genomic clones coding f o r 

legumin and v i c i l i n were f u l l y characterised, and t h e i r nucleotide 

sequence determined. Subsequent t o t h i s , comparisons of the sequence 

of l i s and 7S genes o f main legume species were hoped t o show areas o f 

sequence important t o gene r e g u l a t i o n . I n t e g r i t y and t e r t i a r y 

s t r u c t u r e . 

A d d i t i o n a l l y , i t was intended t h a t nucleotide sequence data 

determined i n the p r o j e c t combined w i t h emy such data already 

determined on legume seed storage p r o t e i n s , might be used to 

e s t a b l i s h , i n the most appropriate way, the evolu t i o n a r y pathway i n 

which the cu r r e n t multigene f a m i l i e s f o r such p r o t e i n s , have 

developed. 

F i n a l l y , as a p a r t i a l augmentation of these p o t e n t i a l 

e v o l u t i o n a r y f i n d i n g s , i t was hoped by using m a t e r i a l from ancient or 

p r i m i t i v e pea l i n e s , the p a t t e r n o f development of multigene f a m i l i e s 

would be e l u c i d a t e d , along w i t h any r e l a t i o n s h i p between storage 

p r o t e i n gene copy number and the l e v e l s o f storage p r o t e i n deposition 

i n legume seed coiyledons. St. 
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CHAPTER 2 : MATERIALS AND METHODS 
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2.1 M a t e r i a l s 

2.1.1 B i o l o g i c a l and Chemical Reagents 

A l l reagents, w i t h the exception o f those noted below, were 

obtained from BDH Chemicals L t d . , Poole, Doreset, U.K., and were 

e i t h e r o f a n a l y t i c a l grade or the best a v a i l a b l e . 

A c r i d i n e Orange, A m p i c i l l i n , Adenosine triphosphate (ATP), Bovine 

Serum Albumen (BSA), D i t h i o t h r e i t o l (DTT), Ethidium Bromide (Et Br) 

Glyoxal, Herring Sperm DNA, I PTG, Lauroyl Seircosine, Lysozyme, 

N,N'-Methylene-bis-Acrylamide, P o l y v i n y l p y r r o l i d o n e (PVP), Pronase P, 

RNAase A, Spermidine, and t-RNA were from Sigma Chemical Co., Poole, 

Dorset, U.K. . •. 

Boric Acid, Caesium Chloride, Sodium Chloride and Sodium 

Dihydrogen Orthophosphate were from Koch-Light L t d . , H a v e r h i l l , 

S u f f o l k , U.K. 

F i c o l l 400, Klenow fragment, M13 17-mer primer, Sephadex G-50 and 

DNA Ligase were from Pharmacia Fine Chemicals, Uppsala, Sweden. 

N i t r o c e l l u l o s e f i l t e r s (BA 85, 0.45 um) were from Schleicher and 

S c h u l l , Anderman and Co. L t d . , Kingston-upon-Thames, Surrey, UK. 

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

Maidstone, Kent, UK. 

Bacto-Agar, Bacto-tryptone and Bacto-Yeast Extract were from 

Difco Laboratories, D e t r o i t , Michigan, USA. 

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

Cock e y s v i l l e , Maryland, USA. 
R e s t r i c t i o n enzymes were obtained from Bethesda Research 



40 

Laboratories (BRL), Bethesda, Maryland, USA, Northumbria Biochemicals 

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

and the Boehringer Corporation (London) L t d . , Lewes, East Sussex, UK. 

A l k a l i n e Phosphatase, Polynucleotide Kinase, T r i s (hydroxymethyl) 

aminomethane ( T r i s ) , and Xgal were from The Boehringer Corporation 

(London) L t d . 

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

DNA Sequencing K i t s (N 4502), Nick t r a n s l a t i o n k i t s (N 5000) and 

Radionucleotides were from Amersham I n t e r n a t i o n a l p i c , Amersham, 

Bucks, UK. 

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

Leaf Genomic DNA from Pisum sativum L var. Feltham F i r s t and Poly 

A+ Cotyledon RNA were g i f t s from Dr. J.A. Gatehouse and D. Bown. 

Plasmids and X NM258 were supplied by Dr. R. Croy from communal 

departmental stocks. 

A l l s o l u t i o n s (except those con t a i n i n g SDS, and those used as 

e l e c t r o p h o r e s i s or Southern and Northern b l o t t i n g b u f f e r s ) were 

s t e r i l i s e d by autoclaving. 
2.1.2 Growth of B i o l o g i c a l M a t e r i a l 

Seeds were germinated on damp t i s s u e paper f o r 3-4 days, i n 

darkness, a t room temperature. A f t e r t h i s time they were planted i n 

15cm pots f i l l e d w i t h Levington P o t t i n g Compost. Watering was at 3 day 

i n t e r v a l s , and the p l a n t s grown to m a t u r i t y under greenhouse 

c o n d i t i o n s . Leaf m a t e r i a l was harvested and stored i n s i l v e r f o i l a t 

-80°C. 
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2.1.3 Growth Media f o r Bacteria and Bacteriophage 

Table 1 presents a l i s t o f the n u t r i e n t composition of the 

various media used. 

TABLE 1 

Medium 

YT Broth 

2xYT Broth 

YT Agar 

YT Top lay e r Agar 

YT/Amp/Xg'al 

COMPOSITION OF GROWTH MEDIA 

Nu t r i e n t Composition (per l i t r e ) 

8g Trypticase-peptone 
5g Yeast e x t r a c t 
5g Na CI 

16g Trypticase-peptone 
lOg Yeast e x t r a c t 
5g Na CI 

As YT Broth, plus 25g Bacto-agar 

As YT Broth, plus 7.5g Bacto-agar 

As YT Agar, plus 50 ug/ml 
A m p i c i l l i n and 40 ug/ml Xgal 

2.1.4 B a c t e r i a l S t r a i n s and plasmid and bacteriophage vectors 

B a c t e r i a l s t r a i n s were d e r i v a t i v e s o f E.coli K12. Table 2 l i s t s 

these s t r a i n s , plus plasmid and phage vectors, w i t h sources or 

references accompanying each one. 
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TABLE 2 E. C o l i S t r a i n s , Plasmids and Bacteriophage 

B a c t e r i a l s t r a i n s 
JM 83 

JM 101 

Genotype 
ara, A (lac-proA,B,), 
r£sL(=strA) ^ 80,lacZ 
A M15 

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

supE,thi, A ( l a c proA.B) Yanisch-Peron et a l , 
/F' traD36,proA,B,laql^Z 1985 or B.R.L. 
A M15 

Plasmids 
pDUB 2 

pDUB9 

pDUB21 

pDUB24 

pUC8 

pBR322 

Bacteriphages 

M13 mp8 

M13 mp9 

M13 mpl8 

Ap^ Vic 50K(in pBR322) 

Vic 50K " 

Leg A ( i n pUC 8) 

Leg A 

Ap^ lacZ 

Ap« Tc« 

I I I I M 

Croy e t . a l , 1982 
Lycett e t . a l , 1983a. 
Delauney 1984 

Lycett et a l 1984 

Lycett e t a l 1984 

V i e i r a and Messing 
1982 

B o l i v a r e t a l 1977 

M u l t i p l e c l o n i n g s i t e Messing 1983 

Yanisch-Peron et a l 
1985 

M13 mpl9 
R R Key: Ap = a m p i c i l l i n r e s i s t a n c e , Tc = t e t r a c y c l i n e resistance 

v i e 50K = 50K v i c i l i n cDNA 
LegA = Legumin Gene A 

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

2.2 Glass and Plasticware 

A l l glass £ind plasticware was thoroughly washed i n Teepol 

s o l u t i o n , r i n s e d once i n tap water and a f u r t h e r 3 times i n d i s t i l l e d 

water, before use. Any vessels coming i n t o contact w i t h DNA or RNA 

were s i l i c o n i s e d w i t h Repelcote ( 2 % Dimethyldichlorosilane i n 1.1.1. 

Trichloroethane) r i n s e d once w i t h d i s t i l l e d water, and then 

autoclaved. A l l Eppendorf tubes were also s i l i c o n i s e d and autoclaved 

p r i o r t o use. 

2.3 Phenol E x t r a c t i o n and Ethanol P r e c i p i t a t i o n o f DNA 

E x t r a c t i o n o f p r o t e i n ( i n c l u d i n g modifying enzymes), removal of 

metal ions and p r e c i p i t a t i o n o f DNA i n large volumes of s o l u t i o n was 

achieved by Phenol E x t r a c t i o n and Ethanol p r e c i p i t a t i o n . 

2.3.1 Phenol E x t r a c t i o n 

F i r s t l y , e i t h e r water or TE b u f f e r (10mm T r i s , 1mm EDTA, adjusted 

t o pH8.0 w i t h HCl) was added t o ensure a minimum sample volume of 

200ul. An equal volvime of Phenol (saturated w i t h TE b u f f e r ) + 0.1% 

Hydroxyquinoline (preventing the o x i d a t i o n of Phenol i n 4°C storage) 

was added, the sample vortex mixed and then spun a t 12,000g. The 

aqueous phase was then r e - e x t r a c t e d i n the same way i n a f r e s h tube. 

The o r i g i n a l phenolic phase was then mixed w i t h an equal volume of TE 
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b u f f e r and a f t e r v o r t e x i n g and c e n t r i f u g a t i o n , the two r e s u l t i n g 

aqueous phases combined i n a f r e s h tube. An equal volume of 

Choroform/Isoamylalcohol (24:1) was then added to t h i s combined 

aqueous phase followed by v o r t e x i n g , and a b r i e f c e n t r i f u g a t i o n step 

t o separate phases. This step was then repeated t o ensure the complete 

removal o f any phenol. The f i n a l aqueous phase could now be 

p r e c i p i t a t e d w i t h Ethanol. 

2.3.2 Ethanol P r e c i p i t a t i o n 

A 1/lOth volume of 3M Sodium Acetate, pH5.2 (w i t h Acetic Acid) 

was added t o the sample and mixed, followed by the a d d i t i o n of 2 

volumes o f -20°C 100% Ethanol f o r a minimum of 1 hour. The DNA was 

then p e l l e t e d by spinning at 12,000g f o r 10 mins, the ethanol 

discarded, and the DNA sample washed w i t h -20°C 80% Ethanol (each wash 

being f o l l o w e d by spinning f o r 7 mins at 12,000 g a f t e r vortex 

mix i n g ) . F i n a l l y , the Ethanol was drained o f f , and the sample dried 

under vacuum f o r 10 minutes ( w i t h p e r f o r a t e d Nescofilm stretched over 

the sample v e s s e l ) . The r e s u l t i n g DNA p e l l e t was then ready f o r 

resuspension. 

2.4 Use o f DNA Modifying Enzymes 

2.4.1 R e s t r i c t i o n Endonucleases 

2.4.1.1 Plasmid DNA 

The u n i t d e f i n i t i o n f o r any r e s t r i c t i o n endonuclease enzyme i s 

t h a t 1 u n i t w i l l d igest 1 ug of DNA t o completion i n 1 hour. 

Generally, a 2-3 times u n i t excess was used over a 2 hour incubation 
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period t o d i g e s t DNA o f plasmid o r i g i n . Digests were always performed 

i n a volume a t l e a s t 10 times t h a t o f the enzyme volume used ( t h i s 

ensures adequate d i l u t i o n o f otherwise i n h i b i t o r y g l y c e r o l present i n 

the enzyme s o l u t i o n ) and under the b u f f e r conditions recommended f o r 

the p a r t i c u l a r enzyme by i t s manufacturer. Where necessary RNase 

(p r e v i o u s l y b o i l e d f o r 10 minutes t o destroy nucleases) was included 

i n the d i g e s t t o a f i n a l concentration of l u g / u l . 

2.4.1.2 Genomic DNA 

For Genomic DNA, an enzyme excess o f a t l e a s t 5 times was used, 

over a d i g e s t i o n period of 3 hours, w i t h the a d d i t i o n o f nuclease free 

BSA t o a f i n a l concentration of 0.l u g / u l . 

2.4.2 T^ DNA Ligase 

L i g a t i o n o f DNA fragments was performed i n b u f f e r concentrations 

of 0.6mM ATP, 0.066M Tris/HCI pH7.5, O.OlmM MgCl^, 

O.OlmM e -Mercaptoethanol w i t h 1 u n i t o f T^ DNA lig a s e (Weiss e t a l . , 

1968), u s u a l l y i n a f i n a l r e a c t i o n volume o f 10 u l . Incubation was f o r 

e i t h e r 2 hours a t room temperature, or overnight at 15°C. Such 

co n d i t i o n s proved s u i t a b l e f o r l i g a t i o n o f both ' s t i c k y ' and 'blunt' 

ended DNA fragments. 

2.4.3 A l k a l i n e Phosphatase 

5'-dephosphorylation using Calf I n t e s t i n a l Phosphatase was 

performed i n b u f f e r c o n d i t i o n s of 50 mM Tris/HCI pH 9.0, ImM MgCl2,0.1 

mM ZnCl^, ImM Spermidine. 5'-dephosphorylation of 5' overhanging ends 

was c a r r i e d out over 1 hour a t 37°C, using an enzyme concentration of 

0.2 un i t s / u g . For b l u n t ended molecules, an incubation of 15 minutes 

at 37° was fol l o w e d by one a t 56°C f o r the same period, a f t e r which a 

second a l i q u o t o f enzyme was then added and these incubation steps 

repeated. 
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2.5 Agarose Gel Electrophoresis 

2.5.1 Agarose Gels 

Agarose gels of var y i n g percentages (see Maniatis e t a l . , 1982 

f o r d e t a i l s ) were used t o separate, i d e n t i f y and i s o l a t e DNA 

fragments. Agarose was dissolved by b o i l i n g i n 200 mis of Tris/Acetate 

EDTA b u f f e r (0.04 M Tris/Acetate, O.OOIM EDTA, pH7.7 wi t h g l a c i a l 

a c e t i c a c i d ) . Et Br was added t o a f i n a l concentration o f lug/ml, and 

the gel cast i n a 150 x 185 mm perspex surround w i t h suspended w e l l 

former attached t o a polished glass p l a t e w i t h s i l i c o n e grease. Once 

set, the surround and w e l l former was removed, and the gel placed i n a 

h o r i z o n t a l submarine e l e c t r o p h o r i s i s tank, which was then flooded w i t h 

2.1 l i t r e s o f Tris/Acetate EDTA b u f f e r plus lug/ml Et Br. Samples were 

mixed w i t h v o l . Agarose beads (31.25% Glycerol, lOmM Tris/Mcl pH8.0, 

O.OIM EDTA pH8.0, 0.02% Aggurose, plus 0.01% Bromophenol Blue or Fast 

Orange G - Autoclaved and then extruded through a f i n e needle several 

times t o prevent s e t t i n g ) and loaded i n t o the w e l l s . Electrophoresis, 

i n the d i r e c t i o n o f the p o s i t i v e terminus, was e i t h e r f o r 4 hours at 

100-120 V, or overnight a t 35V. 

2.5.2 Minigels 

50 mis of gel s o l u t i o n (0.5-0.8% Agarose, TEE b u f f e r - 0.089M 

T r i s , 0.089M Boric Acid, 0.025M EDTA, plus 4ug/ml EtBr) was cast i n a 

Min i g e l Apparatus (Cambridge Uniscience). 50 mis o f TBE b u f f e r plus 

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

el e c t r o p h o r e s i s performed a t 60 mA f o r 1 hour. 
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2.5.3 LMP Agarose gels 

LMP-Low Me l t i n g Point - Agarose gels were cast i n a 50 x 185 mm 

perspex surround. Usually 60 mis o f gel s o l u t i o n (0.8% LMP Agarose, 

0.04 M T r i s acetate, O.OOIM EDTA, pH7.7 plus lug/ml Et Br) was used. 

Sample loa d i n g and electrophoresis were as d e t a i l e d i n section 2.5.1. 

2.5.4 V i s u a l i s a t i o n and Photography of DNA i n Gels 

Once e l e c t r o p h o r e s i s was completed, gels were t r a n s f e r r e d onto a 

U.V. trans i l l u m i n a t o r , X 254 nm, f o r DNA v i s u a l i s a t i o n . Where 

necessary, photographs were taken w i t h a Polaroid Land camera, using 

3,000 ASA Type 667 Pol a r o i d . f i l m , a t f l 6 f o r 5 seconds, through an 

orange f i l t e r . 

2.5.5 Glyoxal RNA Gels 

The method used was t h a t o f McMaster, 1977. F i r s t l y , RNA samples 

were g l y o x y l a t e d by combining, i n the f o l l o w i n g order, i n a 0.75 ml 

Eppendorf tube, 25 u l o f r e d i s t i l l e d Dimethyl Sulphoxide (DMSO), 2.5 

u l of 0.2M Sodium Phosphate b u f f e r (pH 7.0), 30% glyox a l (deionized 

w i t h Amberlite r e s i n f o r 1 hour under Nitrogen) and f i n a l l y the RNA 

sample i n 15.3 u l water. Incubation f o l l o w e d f o r 1 hour at 50°C. 

Next, a 1.5% High G e l l i n g Temperature (HGT) Agarose gel was 

prepared i n 120 mis o f 10 mM Sodium Phosphate B u f f e r , pH 6.8. The gel 

was cast on the h y d r o p h i l i c side of a sheet of Gel bond (FMC 

cor p o r a t i o n ) cut t o f i t i n s i d e an electrophoresis tank. An adjustable 

w e l l former was used t o ensure deep w e l l s . 

To run the g e l , a submarine electrophoresis tank w i t h no legs was 

placed on two magnetic s t i r r e r s on a l e v e l l i n g t a b l e . The g e l was 

placed i n the tank, two glass rods placed along i t s sides t o prevent 
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c u r l i n g o f the Gelbond, and the tank flooded w i t h 10 mM Sodium 

Phosphate B u f f e r , pH 6.8. Agarose beads (Section 2.5.1) made up i n 

running b u f f e r were added t o the samples before loading. A p e r i s t a l t i c 

pump was then set up t o c i r c u l a t e the b u f f e r during electrophoresis, 

which was c a r r i e d out a t 120V f o r 3 hours w i t h slow s t i r r i n g . 

Once run, the g e l was stained i n f r e s h l y prepared Acridine Orange 

(30 mg per l i t r e o f running b u f f e r ) f o r 15 minutes i n the dark a t 4°C, 

and then destained f o r 1 hour i n running b u f f e r w i t h gentle shaking. 

V i s u a l i s a t i o n and photography of RNA was then as i n section 2.5.4. 

2.6 I s o l a t i o n of DNA from Agarose Gel 

The f o l l o w i n g methods were r o u t i n e l y used arid proved successful. 

2.6.1 Glass Fibre Disc (Chen & Thomas, 1980) 

The band o f DNA was excised from the g e l , placed i n a preweighed 

Corex tube, and reweighed. 2 volumes o f 8M Sodium Perchlorate were 

added, f o l l o w e d by vor t e x mixing u n t i l the g e l s l i c e had dissolved. 

A 6mm Whatman GFC Glass Fibre disc was then placed on 2 layers of 

Whatman 3MM paper, 4 layers o f absorbent blue paper towel and 1 nappy 

l i n e r . The dissolved sample was then applied t o the GFC disc, drop by 

drop i n a l i q u o t s o f 20ul, ensuring complete absorption of each drop 

before a p p l i c a t i o n o f the next. Once a l l the sample had been applied, 

the disc was then washed, i n exa c t l y the same way w i t h 3 volumes of 6M 

Sodium Perchlorate followed by 3 volumes of 100% Ethanol. The disc was 

then a i r d r i e d , placed i n a 0.75 ml Eppendorf tube, thoroughly mixed 
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w i t h 30ul o f s t e r i l e water, and then incubated f o r 1 hour a t 37° C, 

al l o w i n g the DNA t o e l u t e . F i n a l l y , a small hole was made i n the base 

of the Eppendorf tube ( w i t h a f i n e gauge syringe needle), and the tube 

then placed i n a laurge, 1.5 ml Eppendorf tube, and cen t r i f u g e d f o r 5 

minutes a t top speed i n a MSE Microcentaur. The r e s u l t i n g DNA s o l u t i o n 

proved s u i t a b l e f o r r e s t r i c t i o n , l i g a t i o n and r a d i o l a b e l l i n g by 'nick 

t r a n s l a t i o n ' (Sections 2.7.1) 

2.6.2 LMP Agarose 

I n t h i s case, the DNA sample was run on LMP Agarose g e l , and 

a f t e r e x c i s i n g , weighing sind incubating the ge l s l i c e at 65°C f o r 5 

minutes, i t was then vortex mixed w i t h 2 volumes of e x t r a c t i o n b u f f e r 

(0.5 mM EDTA, 50 mM Tris/HCI pH8.0) and placed a t 37°C f o r 10 minutes. 

Agarose was then removed by twice e x t r a c t i n g w i t h Phenol, and twice 

w i t h Chloroform/Isoamyl alcohol (24:1) ( s e c t i o n 2.3.1.). The DNA was 

then Ethanol p r e c i p i t a t e d ( s e c t i o n 2.3.2). DNA i s o l a t e d t h i s way 

proved less s u i t a b l e f o r 'nick t r a n s l a t i o n ' ( s e c t i o n 2.7.1). 

2.6.3 The 'Freeze Squeeze' technique 

From the method o f Tautz and Renz, 1983, and s u i t a b l e f o r use 

w i t h o r d i n a r y agarose g e l s . 

The DNA g e l s l i c e was e q u i l i b r a t e d w i t h approx 1 ml of 0.3M 

Sodium Acetate (pH 4.8), O.OIM EDTA f o r 15 minutes, and then b l o t t e d 

dry on Whatman 3MM paper. A 0.75 ml Eppendorf tube was plugged w i t h 

s t e r i l e s i l i c o n i s e d glass wool, the g e l s l i c e introduced and the tube 

placed a t -80°C f o r 20 minutes. Following t h i s , the base of the tube 

was p i e r c e d w i t h a f i n e gauge needle, and then inside a 1.5 ml 

Eppendorf, spun f o r 15 minute a t top speed (MSE Microcentaur). The 
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s o l u t i o n thus c o l l e c t e d was f i r s t mixed w i t h approx l/20th v o l . IM 

MgCl^, 10% Acetic Acid, l / 5 t h v o l . 3M Sodium Acetate pH 4.8 and 

p r e c i p i t a t e d w i t h 3 v o l s -20°C 100% Ethanol f o r 1 hour at -20''C. A f t e r 

a 7 minute s p i n (again top speed, MSE Microcentaur), the p e l l e t was 

d r i e d o f f . Phenol e x t r a c t e d (Section 2.3.1.) and Ethanol p r e c i p i t a t e d 

( s e c t i o n 2.3.2). With t h i s method being quick t o carry out, give good 

y i e l d s , and provide DNA s u i t a b l e f o r a l l f u r t h e r experiments, i t was 

the one most commonly used. 

2.7 (i PdCTP L a b e l l i n g o f DNA 

2.7,1 Nick T r a n s l a t i o n o f Double Stranded DNA 

The p r o t o c o l used was as d e t a i l e d i n the Amersham Nick 

T r a n s l a t i o n K i t Booklet (Pl/141/84/2) f o r l a b e l l i n g t o a s p e c i f i c 

a c t i v i t y o f 1 x 10 c.p.m. per ug of DNA. However, only 0.1 - 0.2 ug 

DNA were used, and the f i n a l r e a c t i o n volume was reduced t o 50 u l . 

Reagent volumes were reduced accordingly u s u a l l y w i t h 50 uCi o f 

32 
a PdCTP. Incubation was f o r 2 hours a t 15°C, and the re a c t i o n 
stopped by the a d d i t i o n o f SDS t o a f i n a l concentration of 1%. 

32 

Separation of l a b e l l e d DNA from unincorporated a PdCTP was 

achieved on a 20 cm (approx. 7.7 mis v o l ) column o f Sephadex G-50. 

Approx I g o f Sephadex G-50 was swollen overnight i n column b u f f e r (150 

mM NaCl, 50mM Tris/HCl pH7.5, lOmM EDTA, 0.1% SDS), and then packed 

onto the column (plugged a t i t s base w i t h s t e r i l e s i l i c o n i s e d glass 

wool). Approx. 0.4 ml f r a c t i o n s were c o l l e c t e d i n 1.5 ml Eppendorf 

tubes, and a 1 u l a l i q u o t o f each was then taken f o r s c i n t i l l a t i o n 
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counting (Section 2.7.5) t o i d e n t i f y the f r a c t i o n s c o n t a i n i n g the 

l a b e l l e d DNA, and also f o r c a l c u l a t i o n o f the s p e c i f i c a c t i v i t y of the 

probe. DNA l a b e l l e d t h i s way was r o u t i n e l y of a high enough s p e c i f i c 

a c t i v i t y t o probe both genomic and plasmid DNA b l o t s (section 2.8.1) 

2.7.2 L a b e l l i n g Single Stranded Linear DNA By The 'Polymeraid' 

Method 

The Polymeraid l a b e l l i n g k i t (P a S biochemicals) was used on 

very small amounts o f s i n g l e stranded l i n e a r DNA (approx 25 ng). Using 
32 8 a a PdCTP, s p e c i f i c a c t i v i t i e s greater than 1 x 10 cpm/ug were 

r o u t i n e l y obtained. 

The method used was exactly as o u t l i n e d on the p r o t o c o l sheet 

accompanying the k i t . 

A f t e r running the sample on an LMP Agarose g e l , the required band 

was excised w i t h the minimum amount of extraneous agarose. The gel 

s l i c e was then placed i n a preweighed 0.75 ml Eppendorf tube and 

s t e r i l e Ĥ O added i n the r a t i o 1.5 ml per gram of agarose. The 

c o n c e n t r a t i o n of DNA was then estimated i n ng/ul (the gel s l i c e must 

be s u f f i c i e n t l y small so as t h i s f i g u r e does not exceed 1.85 ng/ul, or 

25 ng i n 13.5 u l - see l a t e r ) , and the sample placed i n a b o i l i n g 

water bath f o r 7 minutes t o melt the agarose and denature the DNA. 

Following t h i s , i t was t r a n s f e r r e d t o a 37° water bath f o r a minimum 

of 10 minutes. The l a b e l l i n g r e a c t i o n was then performed i n a new 0.75 
TM 

ml Eppendorf tube by adding 5 u l Polymerald-RH r e a c t i o n mix, 2 u l 
TM 

Polymeraid-RH Klenow fragment, 25 ng ( t o a maximum of 13.5 u l ) of 
32 

DNA/Agarose mixture, 25 uCi (2.5ul) a P-dCTP (@3000 Ci/mmole), 2 u l 

Nuclease f r e e BSA and Ĥ O t o give a t o t a l r e a c t i o n volume of 25 u l . 
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Incubation f o l l o w e d , u s u a l l y overnight, a t room temperature and the 

r e a c t i o n was terminated by the a d d i t i o n o f 10 u l of Reaction 

Termination B u f f e r plus 90 u l o f Ĥ O or Column b u f f e r (section 2.7.1), 

Unincorporated r a d i o n u c l e o t i d e was removed as i n section 2.7.1 - i . e . 

Sephadex G-50 Column Chromatography. 

2.7.3 L a b e l l i n g Single Stranded M13 w i t h a ^^PdCTP 

The method used i s e s s e n t i a l l y t h a t o f Hu and Messing (1982), 

enabling the preparation o f probes from s i n g l e stranded (s.s.) M13 

subclones, subsequently f o r use i n screening other M13 subclones on a 

hy b r i d o t f i l t e r ( s e c t i o n 2.8.3) 

T y p i c a l l y , i n a 0.75 ml Eppendorf tube, 100 ng o f S.S. M13 

subclone DNA and 7 ng M13 l a b e l l i n g primer were annealed i n b u f f e r 

c o n d i t i o n s o f 10 mM Tris/HCl pH7.5, 6mM MgCL̂ .SOmM NaCl, 10 mM DTT, 

f o r 15 minutes at 65°C fo l l o w e d by gentle c o o l i n g t o room temperature. 

Next dGTP, dATP, and dTTP were added t o a f i n a l concentration o f 50uM, 
32 

along w i t h lOuCi a PdCTP (@ lOuCi/ul) and 4.5 u n i t s o f Klenow 

fragment from DNA polymerase 1. The r e a c t i o n was performed a t 15°C f o r 

90 minutes and terminated by adding EDTA (pH 8.3) t o a f i n a l 

c o n c e n t r a t i o n o f 25 mM. 

S p e c i f i c a c t i v i t y o f the probe was determined by TCA 

p r e c i p i t a t i o n ( s e c t i o n 2.7.4) on a 1 u l a l i q u o t o f the sample, and was 

u s u a l l y 1 X 10^ c.p.m./ug or great e r . 
2.7.4 TCA P r e c i p i t a t i o n o f ot "̂ P̂dCTP Labelled DNA 

This was confined t o use on s.s. M13 probes which had not been 

subjected t o Sephadex G-50 column chromatography. Labelled DNA was 

p r e c i p i t a t e d on ice w i t h 10% TCA and c o l l e c t e d on c e l l u l o s e acetate 
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discs over a vacuum. A f t e r washing w i t h 10% TCA and Ethanol, the discs 

were d r i e d i n an 80° vacuum oven p r i o r t o s c i n t i l l a t i o n counting. 

2.7.5 S c i n t i l l a t i o n Counting o f Labelled DNA 

This was performed on a Packard Prias T r i c a r b S c i n t i l l a t i o n 

Counter, model PL/PLD. Using white p l a s t i c s c i n t i l l a t i o n v i a l s w i t h 

screw on caps, non-TCA p r e c i p i t a t e d l i q u i d samples were counted i n 5 

mis o f L i q u i s c i n t , while c e l l u l o s e acetate discs containg TCA 

precipated samples were mixed w i t h 5 mis POPOP (300 mg/1 

1,4-2 (5-phenyloxazolyl) benzene / p r i o r t o counting. A l l seunple v i a l s 

were wiped w i t h damp t i s s u e t o destroy i n t e r f e r e n c e from s t a t i c 

e l e c t r i c i t y . Counting was u s u a l l y over a 1 minute i n t e r v a l , w i t h the 
32 

machine g i v i n g a 90% reading e f f i c i e n c y f o r a PdCTP. 

2.8 H y b r i d i s a t i o n o f Probes t o N i t r o c e l l u l o s e F i l t e r 

2.8.1 Southern B l o t t i n g 

The method used was e s s e n t i a l l y t h a t of Southern, 1975. 

2.8.1.1 Transfer o f DNA from Agaurose Gel t o N i t r o c e l l u l o s e F i l t e r 

The g e l was placed i n a glass dish and incubated a t room 

temperature, w i t h gentle shaking, f o r 1 hour i n 2 changes of 

Denaturing s o l u t i o n (1.5 M NaCl, 0.5 M NaOH, ImM EDTA) and then f o r 1)^ 

- 2 hours i n 3 changes o f N e u t r a l i s i n g s o l u t i o n (3 M NaCl, 0.5M T r i s , 

ImM EDTA, pH7.0 w i t h HCl) 

A deep sided p l a s t i c t r a y (approx 35 x 25 x 5 cms) was p a r t i a l l y 

f i l l e d w i t h 20 x SSC (3M NaCl, 0.3M Tri-Sodium C i t r a t e , pH 7.0 with 

HCl) and a 'wick' o f Whatman 3MM paper cut t o size was suspended over 
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the tank using a long glass p l a t e . Once the wick was thoroughly soaked 

i n 20 X SSC, the g e l was g e n t l y s l i d i n t o p o s i t i o n on the wick (a 

small corner was removed from the g e l t o allow o r i e n t a t i o n ) . A 

n i t r o c e l l u l o s e membrane f i l t e r , soaked f o r 2 minutes i n d i s t i l l e d 

water, and then 20 minutes i n 20 x SSC, was then c a r e f u l l y l a i d over 

the g e l avoiding the appearance o f bubbles beneath the f i l t e r . 6 

f i l t e r s i z e pieces o f Whatman 3 mm paper and 2 nappyliners cut i n h a l f 

were then placed over the f i l t e r , and covered w i t h a clean glass 

p l a t e . F i n a l l y a 5 l i t r e f l a s k c o n t a i n i n g approx. 1 l i t r e o f water was 

p o s i t i o n e d c e n t r a l l y on the glass p l a t e , and the apparatus l e f t 

o v e r n i g h t . Next day, a f t e r dismantling the apparatus, the wells and 

o u t l i n e o f the g e l were traced on the f i l t e r , which was then baked f o r 

2 hours a t 80°C i n a vacuum oven between two sheets of Whatman 3 MM 

paper. 

2.8.1,2 H y b r i d i s a t i o n o f DNA Probe t o the N i t r o c e l l u l o s e F i l t e r 

F i r s t l y , the f i l t e r was prehybridised i n 5 x SSC (section 

2.8.1.1), 5 X Denhardt's s o l u t i o n (0.02% F i c o l l , 0.02% 

P o l y v i n y l p y r r o l i d o n e , 0.02% BSA) and 200 ug/ml h e r r i n g sperm DNA, 

using 100 mis o f t h i s s o l u t i o n per whole f i l t e r , f o r 1 hour at 65°C i n 

a sealed p l a s t i c bag placed i n a f l a t based p l a s t i c container on a 

shaking water bath. 

H y b r i d i s a t i o n was c a r r i e d out i n a s i m i l a r fashion, using 50 ml 

per whole f i l t e r o f the f o l l o w i n g s o l u t i o n ; 5 x SSC,2 x Denhardt's 

s o l u t i o n , 100 ug/ml h e r r i n g sperm DNA plus the appropriate amount o f 

probe s o l u t i o n ( u s u a l l y approx. 1 x 10 counts was s u f f i c i e n t f o r 
7 

plasmid DNA b l o t s , and 5 x 10 or more was used f o r genomic DNA 
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b l o t s ) . Before a d d i t i o n , double stranded DNA probes were denatured by 

b o i l i n g f o r 7 minutes followed by r a p i d c ooling on i c e . H y b r i d i s a t i o n 

was performed overnight a t 65°C. 

Washes, each using 200 mis s o l u t i o n per whole f i l t e r were as 

f o l l o w s ; Once f o r 30 minutes i n 2 x SSC, twice f o r 15 minutes i n 1 x 

SSC and twice f o r 15 minutes i n 0.1 x SSC, F i n a l l y the f i l t e r was a i r 

d r i e d between 2 sheets o f Whatman 3MM paper p r i o r t o autoradiography. 

2.8.1.3 Autoradiography 

The f i l t e r was mounted on white card backed by a glass p l a t e . 

Small a l i q u o t s ( l - 2 u l ) o f r a d i o c a t i v e ink were applied assymetrically 

at e i t h e r side o f the o r i g i n and the f i l t e r assembly sealed i n a 

polythene bag. F u j i X-ray f i l m was then f l a s h s e n s i t i s e d , placed over 

the f i l t e r and covered w i t h a Dupont Cronex Lightning Plus 

I n t e n s i f y i n g screen (Laskey and M i l l s , 1977). A second glass p l a t e and 

3 e l a s t i c bands were then used to hold everything i n place, and 

exposure was then c a r r i e d out i n s i d e 3 black p l a s t i c bags and a l i g h t 

proof box a t -80°C. Films were developed i n I l f o r d Phenisol developer 

f o r 5 minutes a t room temperature, washed i n cold water and then 

immersed f o r 2 minutes at room temperature i n Kodak f i x e r . F i n a l l y , 

f i l m s were washed f o r 20 minutes i n cold running water and then a i r 

d r i e d . 

2.8.2 Northern B l o t t i n g 

2.8.2.1 Transfer o f RNA from Gel t o N i t r o c e l l u l o s e F i l t e r 

The method of Thomas, 1980, was used. A f t e r running the glyoxal 

gel ( s e c t i o n 2.5.5) samples to be t r a n s f e r r e d were not stained with 

A c r i d i n e Orange ( f o r s t a i n i n g purposes, d u p l i c a t e samples were usually 
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run on a separate s e c t i o n o f the g e l , which was then cut away). The 

b l o t t i n g procedure was as f o r Southern Blots ( s e c t i o n 2.8.1.1) but 

denaturing and n e u t r a l i s i n g was not necessary. 

2.8.2.2 H y b r i d i s a t i o n o f Probe To The F i l t e r 

Using formamide i n both p r e h y b r i d i s a t i o n and h y b r i d i s a t i o n 

s o l u t i o n s allowed incubation t o be c a r r i e d out at 42°C, which, 

although g i v i n g a slower annealing r a t e of probe t o f i l t e r , meant less 

damage t o the RNA bound t o the f i l t e r . 

P r e h y b r i d i s a t i o n was f o r 4-6 hours, at 42°C, i n 50% deionised 

formamide, 5 x Denhardt's s o l u t i o n , 5 x SSC (s e c t i o n 2.8.1.2) and 100 

ug/ml h e r r i n g sperm DNA at 100 ml per whole f i l t e r again i n a sealed 

polythene bag i n a box on a shaking water bath. 

H y b r i d i s a t i o n was performed overnight a t 42°C, the denatured 

probe being added to 50% formamide, 2 x Denhardt's s o l u t i o n , 5 x SSC 

and 200 ug/ml h e r r i n g sperm DNA i n a volume o f 50 ml per whole f i l t e r . 

Washing was twice f o r 10 minutes i n 2 x SSC, 0.1% SDS at 42°C, 

twice f o r 10 minutes i n 0.1 x SSC, 0.1% SDS at 42°C, and f i n a l l y a 

high stringency wash at 50°C i n 0.1 x SSC, 0.1% SDS, using 100 mis of 

wash s o l u t i o n per whole f i l t e r . 

The f i l t e r was then a i r d r i e d and autoradiographed as i n section 

2.8.1.3. 

2.8.3 Screening M13 Subclones by the Hybridot method 

2.8.3.1 F i l t e r Preparation 

This technique f a c i l i t a t e s the simultaneous screening o f large 

numbers o f M13 subclones ( s e c t i o n 2.9.1). 
The N i t r o c e l l u l o s e h y b r i d o t f i l t e r was prepared using Hybridot 
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TM 

apparatus (Hybri-Dot ,B.R.L.). The f i l t e r was cut t o s i z e , soaked f o r 

2 minutes i n water and then 20 minutes i n 20 x SSC ( s e c t i o n 2.8.1.1.), 

assembled i n the apparatus and attached to a water powered vacuum pump 

according to accompanying i n s t r u c t i o n s . A l u l a l i q u o t of each M13 

subclone d i l u t e d i n 39 u l o f 20 x SSC was enough t o produce d u p l i c a t e 

f i l t e r s . A f t e r loading (as d e t a i l e d i n i n s t r u c t i o n s ) each sample was 

washed twice w i t h an equal volume o f 20 x SSC. F i n a l l y the apparatus 

was dissembled and the f i l t e r d r i e d under vacuum a t 80°C. 

2.8.3.2 H y b r i d i s a t i o n o f Single Stranded M13 Probe t o the F i l t e r 

Single stranded M13 probe ( s e c t i o n 2.7.3.) was hybridised to the 

f i l t e r using e x a c t l y the method d e t a i l e d i n s e c t i o n 2.8.2.2 and 

washing was performed t o the highest stringency. 

2.8.4 M13 Plaque L i f t s Onto N i t r o c e l l u l o s e F i l t e r 

Using the method o u t l i n e d i n Maniatis et a l . , 1982, t h i s was 

another way o f screening large numbers of M13 subclones, w i t h the 

p o t e n t i a l advantage t h a t only the required subclone plaques need be 

miniprepped ( s e c t i o n 2.9.3). However t h i s was not o f t e n a feasable 

method, i f plaques were too densely spaced on the p l a t e . 

Gridded N i t r o c e l l u l o s e f i l t e r s were numbered w i t h b i r o , and then 

at room temperature, each l a i d onto a dish i n d i r e c t contact w i t h the 

plaques and w i t h no a i r bubbles. The f i l t e r and underlying agar were 

pierced w i t h a hole punch i n an assymetric p a t t e r n f o r l a t e r 

realignment. A f t e r 60 seconds, the f i l t e r was removed w i t h b l u n t ended 

forceps, and immersed, DNA side up, f i r s t l y i n denaturing s o l u t i o n 

( s e c t i o n 2.8.1.1) f o r 60 seconds, and then i n n e u t r a l i s i n g s o l u t i o n 

( s e c t i o n 2.8.1.1) f o r 5 minutes. F i n a l l y the f i l t e r was rinsed i n 2 x 
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SSC ( s e c t i o n 2.8.1.1), a i r d r i e d between 2 sheets o f Whatman 3MM 

paper, and baked i n a vacuum oven f o r 2 hours a t 80°C. 

H y b r i d i s a t i o n was then as d e t a i l e d i n section 2.8.1.2, using a 

denatured double stranded DNA probe. 

Following autoradiography, a t r a c i n g of the f i l t e r h y b r i d i s a t i o n 

p a t t e r n was made onto c l e a r polythene and by alignment w i t h holes made 

on the o r i g i n a l p l a t e , desired plaques were i d e n t i f i e d and picked o f f 

f o r miniprepping ( s e c t i o n 2.9.3). 

2.9 DNA Sequencing 

The Dideoxy chain t e r m i n a t i o n method using s i n g l e stranded 'phage 

Ml3 vectors, developed by Sanger e t a l . , 1977 was used. The protocol 

employed was b a s i c a l l y as o u t l i n e d i n the Amersham booklet 'M13 

c l o n i n g and sequencing Handbook' (Pl/129/84/10). 

2.9.1 Construction o f M13 Subclones 

Two d i f f e r e n t s t r a t e g i e s were employed i n the subcloning step. I n 

both cases a molecular r a t i o o f 23:1, i n s e r t : v e c t o r , was used. M13 

mp8, mp9, mpl8, mpl9 vectors ( s e c t i o n 2.1. Table 2) were used 

e x c l u s i v e l y . 

2.9.1.1 Shotgun Cloning (Messing 1981) 

The DNA was r e s t r i c t e d , u s u a l l y w i t h an enzyme having a 4 bp 

r e c o g n i t i o n s i t e , producing a range o f small fragments, which were 

then l i g a t e d i n t o s u i t a b l y r e s t r i c t e d M13 vector. 

2.9.1.2 D i r e c t (forced) Cloning 

Used t o subclone a s p e c i f i c DNA fragment, t h i s could be achieved 
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i n two ways. F i r s t l y by fragment i s o l a t i o n ( s e c t i o n 2.6) followed by 

l i g a t i o n i n t o compatably c u t M13, or secondly by r e s t r i c t i n g a t unique 

s i t e s encompassing the desired fragment ensuring t h a t i t be the only 

i n s e r t present i n the r e s u l t i n g M13 subclones. 

2.9.2 Transfection I n t o E . c o l i 

2.9.2.1 Preparation o f Competent Cells 

An overnight c u l t u r e o f JM 101 (see Table 2) was prepared by 

i n o c u l a t i n g 5 mis o f 2 x YT broth (see Table 1) w i t h JMlOl grown on 

minimal agar. 50 u l o f t h i s overnight was then used t o innoculate 50 

mis o f 1 x YT b r o t h (Table 1) i n a b a f f l e d f l a s k . The c e l l s were then 

grown a t 37°C w i t h constant shaking u n t i l the ^•^•QQQ i^eached 0.5 

(approx. 4 hours). The c e l l s were then spun a t 4000g f o r 5 minutes 

(MSE Highspeed 18). The supernatant was discarded and the p e l l e t 

resuspended i n 40 mis o f O.IM Ca C l ^ and then l e f t on ice f o r 1 hour. 

This was followed by a second spin at 4000g f o r 5 mins, disposal of 

supernatant, and f i n a l l y , resuspension o f the p e l l e t i n 1 ml o f O.IM 

CaCl 
2 The c e l l s could be used immediately or stored f o r up to 24 

hours on i c e . 

2.9.2.2 The Transfection Step 

F i r s t l y , 100 u l o f competent c e l l s were mixed w i t h the M13: 

i n s e r t l i g a t i o n and l e f t on i c e f o r 1 hour. The sample was then heat 

shocked by incubation a t 42°C f o r 3 minutes, and lOul of O.IM IPTG, 

50ul 2% XgaKin Dimethyl Formamide) and 200ul o f expone n t i a l l y growing 

JM 101 c e l l s were added and thoroughly mixed. This mixture was then 

combined w i t h 3 mis o f YT top layer agar (see Table 1) kept molten at 

42°C, mixed, and poured evenly onto a p l a t e o f YT Agar (Table 1 ) . Once 
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set, the p l a t e was incubated overnight at 37°C. 

2.9.3 Miniprepping o f Single Stranded M13 DNA 

M13 recombinant plaques were selected by i n a c t i v a t i o n of 

the 6 -galactosidase marker and consequent lack o f blue c o l o u r a t i o n 

(Messing 1983). A m p l i f i c a t i o n o f the recombinant DNA t o l e v e l s 

s u f f i c i e n t t o serve as a template f o r DNA sequencing was achieved by 

f o l l o w i n g the miniprep method o u t l i n e d i n the Amersham M13 cloning and 

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

2 mis o f 2xYT b r o t h was inoculated w i t h 2 u l of a fresh JMlOl 

overnight c u l t u r e ( s e c t i o n 2.9.2.1.) i n a Universal b o t t l e . A s t e r i l e 

c o c k t a i l s t i c k , touched onto the surface o f a selected plaque, was 

then introduced i n t o the b r o t h , followed by incubation overnight at 

37°C. 

1.5 mis o f the c u l t u r e was then t r a n s f e r r e d t o a 1.5. ml 

Eppendorf tube and c e n t r i f u g e d at 12,000g f o r 4 minutes (MSE 

Microcentaur). Approx. l.Smls of the r e s u l t i n g supernatant* was 

t r a n s f e r r e d t o a f r e s h Eppendorf tube and the above spin repeated. 1 

ml o f t h i s new supernatant was then combined w i t h 200 u l of 20% 

Polyethylene Glycol (PEG), 2,5M NaCl i n another f r e s h Eppendorf tube 

and v o r t e x mixed. The sample was then l e f t f o r a t l e a s t 20 minutes at 

room temperature, followed by a 4 minute spin at 12,000g. A l l 

supernatant was then c a r e f u l l y removed and discarded, the p e l l e t 

thoroughly resuspended i n 100 u l TE b u f f e r ( s e c t i o n 2.3.1), Phenol 

extracted once w i t h Phenol ( s e c t i o n 2.3.1.) and Ethanol p r e c i p i t a t e d 

( s e c t i o n 2.3.2). F i n a l l y the sample was resuspended i n 20 u l TE b u f f e r 

and stored a t -20°C. 

* The p e l l e t from t h i s spin was kept f o r up t o 2 months at 4°C i n case 

the c e l l s were needed f o r long term storage under g l y c e r o l (section 

2.10.3.) 
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2.9.4 Screening o f M13 Recombinants 

2.9.4.1 Agarose Gel 

l u l a l i q u o t s of each miniprep were run on a 0.7% Agarose gel 

against a standard sample o f s i n g l e stranded M13, allowing s e l e c t i o n 

o f recombinants by d i f f e r e n c e i n si z e . 

2.9.4.2 Hybridot screening 

Up t o 96 M13 minipreps could be screened,simultaneously using the 

Hybridot method ( s e c t i o n 2.8.3 d e t a i l s f i l t e r p r eparation, section 

2.7.3 describes l a b e l l i n g o f s i n g l e stranded probes) 

2.9.4.3 Plaque L i f t s 

As d e t a i l e d i n Section 2.8.4 t h i s method avoids i n d i s c r i m i n a t e 

miniprepping o f random M13 recombinant plaques, but could only be used 

when the density o f plaques was f a i r l y low. 

2.9.4.4 I n s e r t O r i e n t a t i o n 

A subclone c o n t a i n i n g an i n s e r t i n one o r i e n t a t i o n could be used 

to screen other recombinants t o show i f any contained the same i n s e r t , 

but i n the opposite o r i e n t a t i o n . 

The method used was t h a t o u t l i n e d i n Focus 1984. l u l of the t e s t 

subclone was reacted w i t h l u l o f the known o r i e n t a t i o n subclone under 

the f o l l o w i n g conditions - 0.3M NaCl, 0.6% SDS, 0.02% Bromophenol 

blue, 5 mM EDTA pH8.0, and 12% Formamide, incubated at 65°C f o r 1 

hour. This was then immediately loaded and run on a minigel, a 

p o s i t i v e r e s u l t being i n d i c a t e d by a succession o f bands, i n d i c a t i n g 

annealing between the two subclones. 
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2.9.5 DNA Sequencing 

The method was t h a t described i n the Amersham M13 cloning and 

sequencing handbook. The process consists o f two stages - annealing of 

primer t o the M13 template, followed by synthesis of r a d i o a c t i v e 

fragments from the template. 

2.9.5.1 The Annealing Reaction 

5 u l o f M13 template and 2 u l 17 mer primer were annealed i n 10 

mM Tris/HCl pH 8.0, 5mM MgCl^ f o r 5 minutes a t 85°C followed by slow 

c o o l i n g t o room temperature. The mixture was then spun b r i e f l y to the 

bottom o f the tube. 

2.9.5.2 The Sequencing Reaction 
35 

1 u l (8-lOuGi) of a S dATP and 1 u n i t o f Klenow fragment were 

added t o the annealed template and primer. Then, i n t o 4 long (0.5ml) 

Eppendorfs, l a b e l l e d A,C,G and T, was placed 2ul of the appropriate 

nucleotide mix (see Table 3 ) . The tubes were then spun b r i e f l y , and 

2.5 u l o f template primer mix added t o each and again spun 

b r i e f l y , s t a r t i n g the r e a c t i o n . Incubation was f o r 20 minutes a t 30°C, 

a f t e r which time 1 u l o f dATP chase s o l u t i o n ( t a b l e 3) was added t o 

each tube, spun down, and incubation continued f o r a f u r t h e r 15 

minutes a t 30°C. F i n a l l y , 4 u l of formamide dye mix (96% deionized 

formamide, 0.1% Xylene Cyanol F.F., 0.1% Bromophenol blue, 20 mM EDTA 

pH 8.0) was added t o each tube. Samples were then stored at -20°C 

p r i o r t o el e c t r o p h o r e s i s on polyacrylamide gel (s e c t i o n 2.9.6). 
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TABLE 3 Nucleotide Solutions f o r DNA Sequencing 

Deoxy NTP mixes (A°, C°, G°, T°) 

Ĉ  Ĝ  

0.5mM dCTP 20 u l 1 u l 20 u l 20 u l 

0.5mM dGTP 20 u l 20 u l 1 u l 20 u l 

0.5mM dTTP 20 u l 20 u l 20 u l 1 u l 

TE b u f f e r 20 u l 20 u l 20 u l 20 u l 

Dideoxy NTPs-working s o l u t i o n s (concentrations occasionally modified) 

dd ATP 0 125 mM 

dd OTP 0 5 mM 

dd TTP 1 0 mM 

dd GTP 0 5 mM 

Fi n a l Nucleotide mixes 

Equal amounts of deoxy NTP and the corresponding dideoxy working 
s o l u t i o n were added t o one another, mixed and stored a t -80°C 

dATP Chase S o l u t i o n 

dATP at a concentration o f 0.5 mM 

N.B. A l l d i l u t i o n s made i n double d i s t i l l e d deionized water. 
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2.9.6 Separation of Labelled Fragments Using Polyacrylamide Gel 

Electrophoresis 

Two 6% Polyacrylamide gels were prepared. 2 p a i r s o f glass plates 

(40 x 20 cm) were thoroughly cleaned w i t h 1, 2-Dichloroethane, and one 

p l a t e o f each p a i r s i l i c o n i s e d and polished w i t h water and Ethanol on 

i t s inner side. 0.4 cm t h i c k spacers were placed between the pl a t e s , 

and Scotch E l e c t r i c a l tape used t o tape each p a i r together and give a 

w a t e r t i g h t s e a l . 

Next, 100 mis o f g e l s o l u t i o n (enough f o r two gels) was prepared: 

A f t e r d e i o n i z i n g a 38% Acrylamide, 2% Bis-acrylamide 

(N,N'-Methylenebisacrylamide) s o l u t i o n , 15 mis o f t h i s was mixed with 

10 mis o f 10 x strength TBE b u f f e r (0.89 M T r i s , 0.88 M Boric acid, 

0.25 M EDTA). 50g Urea was added and dissolved (using gentle heat), 

water added t o give a f i n a l volume o f 100 mis, the s o l u t i o n f i l t e r e d 

through a c e l l u l o s e acetate f i l t e r , and degassed i n a side arm f l a s k . 

Gels were cast a f t e r adding 600 u l of f r e s h l y made O.IM Ammonium 

Persulphate and 35 u l TEMED (N,N,N,N, Tetramethylene Diamine) and 

allowed t o set f o r a t l e a s t 1 hour. Electrophoresis was performed on 

v e r t i c a l tanks i n TBE b u f f e r (0.089 M T r i s , 0.088 M Boric Acid, 0.025 

M EDTA) using Aluminium heat spreading p l a t e s . P r i o r t o sample 

lo a d i n g , gels were pre-electrophoresed f o r 1 hour at 1500 V, samples 

were then denatured f o r 5 minutes a t 90°C, r a p i d l y cooled on ic e , and 

then d u p l i c a t e 3ul a l i q u o t s loaded onto each g e l using a f i n e glass 

c a p i l l a r y tube. The cu r r e n t was then turned on t o approx. 50 mA (and 

1500V), one g e l run t o the p o i n t where the Bromophenol blue dye j u s t 

runs out o f the bottom o f the g e l (us u a l l y approx. 2 hours) and the 
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other f o r Vz hour a f t e r the Xylene Cysinol dye band had run out (approx. 

5 hours), 

2,9,7 Autoradiography 

F i r s t l y , the gels were d r i e d onto Whatman 3 mm paper under vacuum 

overnight, and then exposed t o X-ray f i l m (unflashed) between glass 

p l a t e s i n s i d e 3 layers o f black polythene f o r between 1 and 3 days. 

Films were developed as i n s e c t i o n 2.8.1.3. 

2,10 Transformation o f Plasmid DNA i n t o E.Coli 

2.10.1 Transformation Step 

Competents c e l l s o f JM 83 (see Table 2) were prepared using the 

method shown i n s e c t i o n 2,9,2,1. 100 u l o f the c e l l s were mixed w i t h 

approx 0.1 ug of plasmid DNA and l e f t on ice f o r 30 minutes. The 

sample was then heat shocked f o r 5 minutes at 37°C, 1 ml of I x YT 

bro t h (see Table 1) added, followed by a f u r t h e r 4.5-60 minutes 

incubation a t 37°C, 

100 u l a l i q u o t s o f the transformation mixture were then spread on 

YT/Xgal/Amp pl a t e s (Table 1) and when dry, the plates incubated 

overnight a t 37°C, Remaining transformation mixture was stored on ice 

f o r up t o 48 hours. I f r e q u i r e d , t h i s could be pl a t e d out by g i v i n g 

the s o l u t i o n a b r i e f spin (MSE Microcentaur), discarding the 

supernatant, and spreading the p e l l e t onto a f r e s h YT/Xgal/Amp p l a t e . 

2.10.2 Plasmid DNA Minipreps 

The method used was t h a t o f Birnboim and Doly (1979), 

A s t e r i l e t o o t h p i c k was touched onto the colony on the p l a t e , a 
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streak made on a gridded reference p l a t e ( YT/Xgal/Amp), and.the 

s t i c k introduced i n t o 10 mis o f 1 x YT broth (Table 1) supplemented 

w i t h 50 u l o f 10 mg/ml A m p i c i l l i n i n a McCartney b o t t l e , and the c e l l s 

grown up ove r n i g h t a t 37°C, on a r o t a r y shaker. The reference p l a t e 

was also incubated a t 37°C f o r the same per i o d , and then stored a t 4°C 

f o r up t o 2 months. 

The c u l t u r e b r o t h was then spun f o r 10 minutes a t 3000 rpm (MSE 

Centaur), the supernatent drained o f f and the p e l l e t resuspended i n 

200 u l o f s o l u t i o n 1 ( f r e s h l y prepared; 2 mg/ml lysozyme, 50mM 

glucose, 10 mM EDTA, 25 mM Tris/HCl pH 8.0), t r a n s f e r r e d to a 1.5 ml 

Eppendorf, and l e f t on i c e f o r 30 minutes. 600 u l of s o l u t i o n 2 

( f r e s h l y prepared; 0.2iyi NaOH, 1 % SDS) were then mixed i n , and the tube 

l e f t a f u r t h e r 15 minutes on i c e . Next, 450 u l of s o l u t i o n 3(3'M 

Sodium Acetate, pH 4.8 w i t h g l a c i a l a cetic acid) were added, mixed, 

and the sample put back on i c e f o r 1 hour. 

This was fol l o w e d by a 5 minute spin at 12000g (MSE 

Microcentaur), 1100 u l o f supernatant t r a n s f e r r e d t o a fresh Eppendorf 

tube, 500 u l o f Isopropanol added, and the DNA p r e c i p i t a t e d at -20°C 

f o r 30 minutes, and p e l l e t e d out by a 3 minute spin a t 12,000g. The 

supernatant was discarded, and the p e l l e t thoroughly resuspended i n 

200 u l o f O.IM Sodium Acetate /0.05 M Tris/HCl, pH 6.0. The DNA was 

then p r e c i p i t a t e d using 2 volumes of Ethanol a t -20°C f o r 20 minutes, 

spun down and resuspended as above, and f i n a l l y Ethanol p r e c i p i t a t e d 

again, t o give a p e l l e t which was d r i e d down, dissolved i n 100 u l of 

s t e r i l e water, i t s c o n c e n t r a t i o n determined ( s e c t i o n 2.12) and stored 

a t -80°C. 
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2.10.3 Longterm Storage o f Bacteria Under Glycerol 

A s t e r i l e loop was used t o t r a n s f e r c e l l s from e i t h e r p l a t e or 

M13 p e l l e t ( s e c t i o n 2.9.3) t o a small screwcap v i a l containing 1ml 80% 

g l y c e r o l and 1 ml 1 x YT b r o t h (Table 1 ) . Following thorough mixing 

the sample was stored a t -80°C. 

2.11 E x t r a c t i o n of Genomic DNA From Leaf M a t e r i a l 

2.11.1 Genomic DNA E x t r a c t i o n 

The method used was scaled down from t h a t o f Graham (1978). 

4g o f frozen l e a f m a t e r i a l ( s e c t i o n 2.1.2) was weighed out, and 

ground t o a very f i n e powder i n a pe s t l e and mortar using copious 

q u a n t i t i e s of l i q u i d Nitrogen. A f t e r t r a n s f e r to a s t e r i l e , 

s i l i c o n i s e d 100 ml beaker, the ma t e r i a l was mixed w i t h 10 mis of 

homogenizing b u f f e r (O.lM NaCl, 0.025 M EDTA, pHS.O, 2% SDS, 0.1% 

D i e t h y l Pyrocarbonate), 5 mis o f 5M Sodium Perchlorate, volume of 

r e d i s t i l l e d Phenol, volume o f Chloroform/Octanol (99:1), and shaken 

on i c e f o r 20 minutes. The r e s u l t i n g suspension was centrifuged a t 

12,000g ( S o r v a l l RC-5B) f o r 1 minute a t 10°C i n 30 ml Cprex tubes. The 

supernatant was then removed and shaken w i t h an equal volume of 

Chloroform/Octanol, and r e c e n t r i f u g e d as above. The new supernatant 

was then combined w i t h 2 volumes o f -20°C Ethanol, the DNA spooled 

out, using a s i l i c o n i s e d glass hook, and t r a n s f e r r e d t o a preweighed 

Corex tube t o be resuspended by shaking overnight on ice i n 2 mis of 

resuspension b u f f e r (50 mM Tris/HCl, lOmM EDTA, pH 8.0). Self-digested 

Pronase P (2 hours a t 37°C) was then added t o a f i n a l concentration o f 
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500 ug/ml, and the sample incubated at 37°C f o r 3 hours. 

The next stage was p u r i f i c a t i o n on a Caesium Chloride (CsCl) 

g r a d i e n t . F i r s t l y , the weight of the resuspended DNA s o l u t i o n was 

determined, and 30 u l of 10 mg/ml Et Br added per gram o f s o l u t i o n . 

A f t e r reweighing, CsCl was added i n the r a t i o o f 0.94g per gram o f DNA 

sample and dissolved. C e n t r i f u g a t i o n was then performed i n quickseal 

tubes, at 50,000g f o r 36 hours using a S o r v a l l U l t r a Centrifuge (Model 

OTD 65B). The r e s u l t i n g DNA band was v i s u a l i s e d over a U.V. 

t r a n s i l l u m i n a t o r , removed using a 19G2 gauge needle and a 10 ml 

syringe, and decolourised i n a Corex tube by mixing w i t h 7-8 changes 

o f Isoamyl alc o h o l added i n equal volume. 

2.11.2 D i a l y s i s o f the DNA So l u t i o n 

An appropriate l e n g t h o f d i a l y s i s tubing was b o i l e d i n d i s t i l l e d 

water w i t h a couple o f drops o f 0.2M EDTA pH8.0 f o r 15 minutes, then 

i n pure d i s t i l l e d water, again f o r 15 minutes. One end of the tubing 

was sealed w i t h a Medi-clip. D i a l y s i s was then performed i n 1 l i t r e o f 

resuspension b u f f e r ( s e c t i o n 2.11.1) changed 3 times, over 48 hours, 

w i t h constant magnetic s t i r r i n g . F i n a l l y , the DNA was Ethanol 

p r e c i p i t a t e d ( s e c t i o n 2.3.2) resuspended i n resuspension b u f f e r , and 

the c oncentration o f DNA determined using Spectrophotometry (Section 

2.12). 

2.12 Determination o f DNA Concentration Using Spectrophotometry 

Estimation o f the DNA Concentration o f a s o l u t i o n was determined 

using a Pye-Unicam SP8-150 u.v.-vis scanning spectrophotometer. At 
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O.D.^gg a reading o f 0.02 corresponds t o a DNA concentration o f 1 

ug/ul (using 1 ml quartz cuvettes i n a 1 cm l i g h t p a t h ) . Contamination 

of samples w i t h phenol or p r o t e i n was assessed by scanning the 

absorbance o f the s o l u t i o n between X t o A 
300n.m 200n.m. 

2.13 S t a t i s t i c a l Methods and Tests 

2.13.1 Construction o f Nucleic Acid sequence homology p r o f i l e s 

and determination of the l e v e l a t which homology becomes s i g n i f i c a n t 

The nuc l e o t i d e sequences t o be compared were aligned f o r maximum 

homology using the programme 'NUCALN' on an IBM Personal Computer. 

Percentage homology was then determined i n 20 base segments, 

overlapping each time by 10 bases and the r e s u l t i n g data p l o t t e d 

against the length o f the sequences on a graph, g i v i n g an o v e r a l l 

p r o f i l e o f areas of strongest sequence conservation. 

A t h r e s h o l d l e v e l a t which homology becomes s i g n i f i c a n t was 

determined as f o l l o w s : Over the 20 base s t r e t c h compared, each base 

has a 0.25(3^) chance o f matching and a 0.75{%) chance o f not matching. 
20 

Consequently the p r o b a b i l i t y o f a l l 20 bases matching = (0.25) 
_7 

9.536 x 10 , or 1 chance i n approx 1,050,000, which, assuming a 

s i g n i f i c a n c e value o f p < 0.05 (p = p r o b a b i l i t y ) causes a r e j e c t i o n of 

the N u l l Hypothesis. 
I n f a c t , the l e v e l o f homology which gives a p value closest t o 

0.05 was found t o be 40%. At t h i s l e v e l there are 8 matches and 12 
20 

non-matches. Hence the equation (p + q) was expanded, the term 
8 12 

r e l a t i n g to p ,q was found and m u l t i p l i e d out, g i v i n g a value of 
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0.06. Hence a l i n e was drawn on the homology p r o f i l e at 40%, 

i n d i c a t i n g t h a t any p a r t o f the p l o t occurring above t h i s l i n e shows 

s i g n i f i c a n t sequence homology. 

2.13.2 C a l c u l a t i o n o f Codon Adaption Index (CAl) Values f o r 

Storage P r o t e i n Genes. 

The method used was taken from t h a t o f Sharp and L i , 1987. A 

tab l e o f composite codon usage amongst a l l legume storage p r o t e i n s 

thus f a r sequenced was compiled (data not presented). 

Next, a reference t a b l e o f r e l a t i v e synonymous codon usage (RSCU) 

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

X i j 
RSCU = I n . 

n X 

X. . = number o f occurrences o f the j t h codon f o r the i t h amino 

ac i d , and n^ i s the number (from 1 t o 6) o f a l t e r n a t i v e codons f o r the 

i t h amino a c i d . 

The r e l a t i v e adaptiveness o f a codon Ŵ^ i s then the frequency of 

use o f t h a t codon compared t o the frequency o f the optimal f o r t h a t 

amino a c i d . 

Wij = RSCU. ./RSCU. = X. ./X. 
i j 1 max i j 1 max 

Where RSCU. and X. are the RSCU and X values f o r the most 1 max 1 max 

fr e q u e n t l y used codon f o r the i t h amino acid. Ŵ ^ values f o r the genes 

are also given i n Table 4. 
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The Codon Adaption Index (CAI) f o r a given gene i s then calculated as 

the geometric mean o f the RSCU values corresponding to each of the 

codons used i n t h a t gene, d i v i d e d by the maximum possible CAI f o r a 

gene of the same amino a c i d composition, i . e . 

CAI = CAI ̂  /CAI 
obs max 

where CAI ̂  = ( 4 l RSCÛ )"""̂ ^ 
"""̂  K=l ^ 

CAI = (^11 RSCU, ) ^ ^ ^ max Kmax K=l 

and where RSCU i s the RSCU value f o r the Kth codon i n the gene, K 
RSCU, i s the maximum RSCU value f o r the amino aci d encoded by the kmax 

Kth codon i n the gene, and L i s the number o f codons i n the gene. 

A d d i t i o n a l l y any X^^ o f value zero ( i e the codon i s never used 

i n the reference s e t ) i s assigned a value of 0.5, t o avoid the CAI 

value f o r a gene i n which t h i s codon appears becoming zero also. 

Secondly the number o f ATG and TGG codons are not included i n the 

f i n a l L value, since t h e i r RSC.U values are f i x e d a t 1.0 and so don't 

c o n t r i b u t e t o the CAI. 

There i s no i n t r i n s i c e f f e c t o f gene length (L codons) on CAI, 

however, CAI values f o r short genes may be more va r i a b l e due t o 

sampling e f f e c t s . 
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2.13.3 Compilation o f Dendrograms f o r Multi-Gene Families 

A l l amino aci d sequences a v a i l a b l e f o r members of a given 

multigene f a m i l y were aligned, by hand (Computer Algorithms proved 

u n r e l i a b l e f o r t h i s t a s k ) , t o give maximum homology. Sequences were 

then compared pa i r w i s e , the number o f residues not matching counted 

up, and t h i s f i g u r e d i v i d e d by the number o f residues compared (method 

from Miyata et a l . , 1980). Once completed t h i s procedure produced a 

m a t r i x o f values o f d i s s i m i l a r i t y encompassing a l l members o f the gene 

f a m i l y . 

Next, Single-Link C l a s s i f i c a t i o n was c a r r i e d out. The method was 

developed by Sneath, 1957, and e s s e n t i a l l y i t seeks to fuse i n t o 

c l u s t e r s the l e a s t d i s s i m i l a r i n d i v i d u a l s , or groups of i n d i v i d u a l s , 

a t each stage, u n t i l u l t i m a t e l y a l l i n d i v i d u a l s are contained w i t h i n 

one group. The v e r t i c a l height o f the nodes i n the dendogram i s 

p r o p o r t i o n a l t o the d i s s i m i l a r i t y c o e f f i c i e n t (DC) value between the 

i n d i v i d u a l s , or groups o f i n d i v i d u a l s , f u s i n g a t each node, and the 

method uniquely produces a c l a s s i f i c a t i o n f o r which the sum of the 

DC-values i s minimised. 

The procedure:-

N.B. Ignore t r i v i a l 0.0. values f o r D. . i n a l l cases (where D. . 

= DC value f o r genes i and j . 

i ) Set cycle number (C) t o 0. 

i i ) Find the smallest D̂ ^ i n the matrix not yet crossed out or 

boxed. Increment C by 1. Box the D̂ ^ value and l a b e l i t 

w i t h the value o f C. 

i i i ) For a l l other i n d i v i d u a l s k (k ?i i or j , and k not 



74 

c l u s t e r e d w i t h i or j ) , k = 1, n; 

I f both D., and D ., are not yet crossed out, cross out the i k j k 
l a r g e r of the two, and proceed t o next k. 

Otherwise, when e i t h e r or both of D., and D., are 
i k j k 

crossed out; i f k belongs t o a c l u s t e r , and any m k (where 

m are the other i n d i v i d u a l s w i t h which i t i s c l u s t e r e d ) , 

then proceed t o the next k. Else, f o r each crossed out 
value D , (where a i s i or i ) , seek an a l t e r n a t i v e DC-value ak 
by examining i n t u r n a l l D , D,, and D, (where m are the ^ am I k Im 

other i n d i v i d u a l s w i t h which k i s c l u s t e r e d , and 1 are 

other i n d i v i d u a l s w i t h which a i s c l u s t e r e d ) . When two 

values are lo c a t e d , cross out the l a r g e r o f the two and 

proceed t o the next k. 

i v ) Record the l i n k between i and j (conveniently be sketching 

a dendogram as the analysis proceeds). Unless a l l 

i n d i v i d u a l s are now l i n k e d r e t u r n t o step ( i i ) u n t i l 

l i n k age i s complete. 
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CHAPTER 3 - RESULTS 
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3.1 Nucleotide Sequencing of Legumin Gene D ( Leg D), and i t s f l a n k i n g 

regions 

3.1.1. R e s t r i c t i o n mapping o f Leg D 

X Leg 1 i s a genomic clone t h a t has been i s o l a t e d by h y b r i d i s i n g 

a legumin cDNA probe, pDUB3, (Croy et a l . , 1982) t o a 

bacteriophage X gene l i b r a r y containing fragments produced by p a r t i a l 

d i g e s t i o n o f pea l e a f DNA w i t h Eco Rl. 

Digestion o f the s i n g l e , 13.5 Kb, Eco Rl fragment contained 

i n X Leg 1, w i t h the r e s t r i c t i o n enzymes Hind I I I and Xbal, followed 

by h y b r i d i s a t i o n of pDUB3, i d e n t i f i e d the presence of two legumin 

genes; Leg A (whose complete coding, 5' and 3' f l a n k i n g sequences have 

pr e v i o u s l y been reported ( L y c e t t e t a l . , 1984) and Leg D 1.3 Kb away 

from the 3' end o f Leg A ( f i g . l ) . 

The 1.5 Kb Hind I I I fragment corresponding t o Leg D, and the 0.8 

Kb Hind I I I fragment immediately 5' t o i t , were then subcloned i n t o 

the plasmid vector pUC8, t o give the subclones 6.01 and 6.03 

r e s p e c t i v e l y (see f i g . l ) . These were then r e s t r i c t i o n mapped by 

di g e s t i o n w i t h a v a r i e t y o f 6 and 4 bp r e s t r i c t i o n enzymes to give the 

completed map shown i n f i g . 2. 



77 

F i g . l P a r t i a l r e s t r i c t i o n map o f the pea genomic clone X Leg 1. 
Bars represent areas corresponding t o the coding sequences 
p]us i n t r o n s o f Leg A and Leg D. Arrows a and b i n d i c a t e 
fragments used as probes on pea genomic DNA.6.01. 6.03 and 
6.06 i n d i c a t e subclones used f o r sequencing. R e s t r i c t i o n 
s i t e s : B = Bam HI, E = Eco Rl, H = Hind I I I , S = Sst I 
and X = Xho I . 
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Fig. 2 R e s t r i c t i o n and sequencing maps o f Leg D and f l a n k i n g 
sequences. R e s t r i c t i o n s i t e s : A = Alu I , C = Acc I , H = 
Hind I I I , P = Pst I , R ^ Rsa I , S = Sau 3A. Arrows 
i n d i c a t e d i r e c t i o n and length o f sequence obtained from 
each M13 subclone. Duplicated sequencing runs c a r r i e d out 
to check sequences are not shown. • • • = Leg D coding and 
i n t r o n sequence ,fZZ2=Leg D f l a n k i n g sequence. 
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3.1.2. The Complete Nucleotide Sequence o f Leg D and i t s f l a n k i n g 

regions 

Nucleotide sequence corresponding to a l l the coding region and 

800 bp o f 5' f l a n k i n g sequence, was obtained from M13 subclones 

co n t a i n i n g fragments of e i t h e r 6.01 or 6.03 digested w i t h Alu I , Acc 

I , Hind I I I , Pst I , Rsa I or Sau 3AI. The 0.5 Kb Hind I l l / S s t I 

fragment from pUC8 subclone 6.06 (see f i g . 1) was then subcloned i n t o 

M13 enabling the determination o f 204 bp o f 3' f l a n k i n g sequence. The 

M13 dideoxy chain t e r m i n a t i o n method of Sanger was used throughout t o 

determine nucleotide sequence (see se c t i o n 2.9.5). The exact 

sequencing s t r a t e g y employed i s included i n f i g . 2, and i s indicated 

by arrows showing the d i r e c t i o n of nucleotide sequence obtained from 

each M13 subclone. 

A f t e r alignment f o r maximum homology the coding sequences of 

both Leg D and Leg A, along w i t h t h e i r f l a n k i n g regions are shown i n 

f i g . 3 . 
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Fig. 3 Complete nuc l e o t i d e sequence o f Leg D and f l a n k i n g 
regions. The sequence o f Leg A(Lycett et a l . , 1984) i s 
also given over the regions where the genes are 
homologous. The complete amino a c i d sequence o f Leg A i s 
given; residues d i f f e r i n g i n Leg D are given above the 
sequence. Stop codons are i n d i c a t e d . A = base deleted 
i n Leg D; + = e x t r a base i n Leg D. 



LegA 3 ' <Ianl ( in9 5e<juence / LegD (2488) A A ( m A T ( X C n c n A G C A T C A A G ( n ' ( j n G K M > S a ^ T ( W » V ^ C ^ 
- 6 7 2 

LegO AAG^nGAAACA(VV^TCTCATAGGTAGnATGTT(TnATMCATGAG^^ -552 

LegD (»VV^6CAGGATCT)¥lT^W:(¥\TCAATAGGTGT(:TAT6f^CTCTC^ -432 

LegO A T A n ^ ^ A C A C T C C A n A T I ^ C T n G T A G A f ^ i C ^ T n ^ ^ ^ ^ ^ ^ -312 

LegD CM^^TACTf^^GG^HGATA^CTl^GGA^TinTGCT^^^ -192 
< AGGA / C ^ T 9QX> 

LegD TAQWtf»Ta^C^^Ta^TCACa¥»TGATGCAGT^WTGAGACAn6T(^ - 72 
L e 9 ^ G(jrAATGGA(WT&^Ta^WnAGCCACCT(XTaATCA6ACATA66T(jT<W»6C^ C - 7 3 

{ AG1» / m BOX) 

a A T A BOX) 1 S t a r K T 
LegD CT(»TCTGACGCljTCCCTCaA(mCTACTCTOTCCCCTAT(W»TATQ¥^TGCQV^ TATAnCTATCCmCTATGGCTAaiVlGCT 49 
LegA mC<¥»TGAC6TGTCC-ACCTTCACCACCCTCTmCTCATATAV^nA(XA{JrCT 44 

(TATA BOX) < S t a r t * i 8 R N A ) . . . . S t a r t O I A - K L 

L F S S S Och R N G C 
LegD TGCACTCTCTCmCCCmGTmCTACTTmAGTAGCTGCmGCTCTCAGAGAGt^ 168 
L e ^ TGCACmacmCAmGTmCTACrmGGGCGGCTGrmGCrrTMGAGAAC^^ 164 
A . A . A L S L S F C F L L L G G C F A L R E Q P Q Q N E C Q L E R L D A L E P O N R I 

Ihb V R y T L T P F 
LegD AGA6TCGa¥>GGCTGACT6(JTTQmn6»¥>TCC^MM>«^ 288 
L e ^ ^ AS«TCG»«6GT66GCTCATTGA<MCnGSV^TCCO«CW 284 
A . A . E S E G G L I E T H N P N N K Q F R C A G V A I S R A T L O R N A L R R P Y Y S 

K Y { IVS-1 > 
LegD C ^ « ^ T G C T C C C C A V ^ m A ( » T C C ^ « ^ S G n C G n A C m ( » T A n C ^ TACTACATI^nACTAG 396 
L e ^ D¥>TGCT(XCC(¥«iW»TTnCATC(M:«^6GnACnATm(»TOTATACCM^ 494 
A.A. N A P Q E I F I Q Q < IVS-1 ) 

I L R S 
LegD GTAATGa^TATTnGGCAnGTAnCCaGGnGTCCTGAGACCmGAaSAGCTACA^ 516 
ie^ GT(V^TGGATATm66CATGGTATT(XCC6GnGT(rrGAGACCTnQ¥^mO^^ 524 
A.A. S N G Y F G M y F P G C P E T F E E P Q E S E Q G E G R R Y R D R H O K y N R F 

S U I E T G i 
LegD GAGAGGGT»iTATCATTGCA6nCCTAGTGGTGnGTATmGGATGTAC<V^TGACCAAGACACTC^ 635 
L e ^ GAGAGGGTQ^TATWTTGCAGnCCTACTGGTATTGTATmGGATGTAQ^CGACCAAGACACTC^ 644 
A . A . R E G O I I A y P T G I V F N M Y N D Q O T P V I A V S L T D I R S S N N Q L D 

LegD A»»T6CCTA6G!nGAG«CT(V«CATfAnAAAmCCTIJTAT/WTATAnAGAT^ttT^^^ 755 
L e o ^ AGATG(rTA6GGT«GCACTGA6CATfWn(¥^CCCATATAAGAT(¥»TATGn6TCCf^ 764 
A . A . Q M P R < i y S - 2 )R F Y L A 6 N 



LegD T A H O a E T I G N TG 741 
LegA WCGA6CAASAIJmCTA0WTACCAGCAT(M>V^G(^^ 884 
A . A . H E Q E F L Q Y Q H O O G G K O E Q E N E G N N I F S G F K R O F L E O A F N V 

K R K R P H 
LegD AAa¥iGCATATAGTAGACAAACT(X(W36CAGG(V^CA¥«»TGA6GAGmGG 881 
LegA A A 0 ^ G M T A T A G T A G A ( : A G A ( T T C A A G G C A G G ( ¥ \ T G ^ ^ ( 1 W » « ^ 1884 

A . A . N R H I V O R L Q G R N E D E E K G A I V K y K G G L S I I S P P E K Q A R H Q 

K C 
LegD ^^GGCAGCAGACA O a E T I O N A»^TGA«AT»^GA»«3GCAGCCGTGTMT(M^GGAa^ ?35 
L e ^ A(3AGGCAG0^GAC^rtGAGG(WGATa«GATGl¥^GAaV^CCGCGC^ 1124 
A.A. R G S R Q E E 0 E 0 E E K Q P R H Q R G S R Q E E E E 0 E D E E R C P R K G R R 

E H C W H 1 Q 
LegO AGA6GAQ^GGAIMAA»^^(M3AC6AG^6AGC6CCAaG{MX^^ 1855 
L e ^ AGA6GAGAGGA6GV^GAMJV^GACA^GAG(mGCGGCAGCDW¥tt^ 1244 
A.A. R G E E E E E D K K E R G G S Q K 6 K S R R Q G 0 N G L E E T V C T A K L R L N 

S N V L F I 
LegD AnGGTTCATCnCATCACCTf^TCTACfACCCTGTTGCTHJTAO^TQV^ 1175 
L e ^ A n G G C C C G T C n a T ( m A G A C A T C T A C f W ( m a W 5 C T G 6 T A G A A T C ^ ^ 1364 
A . A . I G P S S S P D I Y N P E A G R I K T V T S L D L P V L R H L K L S A E H G S L 

LegD CA(M>6TACCATCATnCTCnTCI I iCI I III ICTCCTTrAnACTTTT W»mATmCCATGACn<¥^TTCTATGTC«¥C<WTmCATACA»^TGaATGn 1288 
L e ^ CAOVWrrATGTTTmCATCAmfV^mGTTTnCCATaWTCA^mCATGTC^ 1484 
A . A . H K < I V S - 3 ) N A M F V 

C V T I S 
LegO C C T C A C T A C M C C T C ( V ^ » ^ G C G T ( W T A T A C A C A C T G ( ^ ^ 1387 
L e ^ OTCACTACfWOTQWTGaV^TAT/V^TATACGCAnGAM^CGTGC^^^ 1494 
A . A . P H Y N L N A N S I I Y A L K G R A R L Q y V N C N G N T V F A G K L E A G R A 

+ K A T 
j_eg[) DELETION SmJTGC^^TCGCCAGGCnGCAGGGACATCCTCCACC 1427 
L e ^ nS«>^GTGC(>:«:»VW^CTATGCTGT66aGaW»GTCACTfVi^^ 1724 
A . A . L T V P Q N Y A V A A K S L S D R F S Y U A F K T N D R A G I A R L A G T S S y 

L A M y I S y P E 
LegO CT^TGaATGCCAGTGGATGT^WTAGCCGCTACATT&V^CnGCAGAGGAGTOm^ 1547 
L e ^ AT(^T/¥>TCTGCC6nG(»TGTG(rrTGCA6CTACAnC(¥«XT6CAGA6(^T8^^ 1844 
A . A . I N N L P L D U V A A T F N L Q R N E A R Q L K S N N P F K F L V P A R Q S E N 

K A S AAnib>Stop v P o I y A S i t e l v P o l y A S i t e 2 
LegD <VV^CrTCTGCTAGAM>V^CTGmCiyy^6CCTnnGfmeft»^GAC^^ 1&57 
L e ^ A ( » G ( T r C 6 6 m A & ^ m C G ( M M ^ T C ( ^ T a V V ^ G T ( ¥ » T G ^ T ( « a W W a ^ ^ 1964 

R A S A ABb>Stop * P o l y A S i t e l 

v P o i y A S i t e 3 
LegD ^VWCTATGTAT^^ACTATCTGAGTCACGmrrnCGV^GAAT^^^ (1757) 
L e ^ ^ « ^ T ( W > T ( W W 5 S T ( W ^ m ( > « T G C T C T A T G C T m C T A C T r a ^ 2984 

* P o l y A S i t e 2 <EntfniRNA> ' P o l y A S i t e 3 
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3.1.3. H y b r i d i s a t i o n o f Leg D to mRNA 

A Northern b l o t (see s e c t i o n 2.8.2.1.) was prepared using pea 

t o t a l RNA i s o l a t e d from cotyledons 12, 14 and 18 d.a.f. (days a f t e r 

f l o w e r i n g ) . The 1.5 Kb Hind I I I fragment corresponding t o Leg D Coding 

Sequence (see f i g . 2 ) was then h y b r i d i s e d t o the b l o t t o give the 

autoradiograph shown i n f i g . 4 , where h y b r i d i s a t i o n t o an mRNA species 

of approx 2000 bases appears t o have occurred, corresponding to a 

predi c t e d s i z e o f 1800 bases f o r legumin mRNA. No a d d i t i o n a l bands 

which might correspond t o Leg D message (pr e d i c t e d size approx. 

1400-1600 bases) were obtained. I n t e n s i t i e s o f the bands increased 

r e l a t i v e t o the increased number of d.a.f. a t which the samples were 

harvested, consistent w i t h previous estimations (Gatehouse et a l . , 

1982), also i n d i c a t i n g t h a t the only mRNA species detected was th a t 

of Leg A. I n order t o confirm t h i s theory, the 0.5 Kb Hind I l l / S s t I 

fragment from 6.06 (see f i g . l ) was hybridised t o a fre s h Northern b l o t 

of pea cotyledon t o t a l RNA. This fragment corresponds t o 3' f l a n k i n g 

sequence s p e c i f i c only t o Leg S , and i t s f a i l u r e t o hybr i d i s e t o the 

RNA confirmed the absence of Leg D t r a n s c r i p t s . ( r e s u l t not 

presented). 
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Fig.4. H y b r i d i s a t i o n o f Leg Ti (Hind I I I fragment a, f i g . l ) t o 
t o t a l RNA prepared from pea cotyledons. Tracks 1, 2 : 10, 
5 ug ( r e s p e c t i v e l y ) RNA from cotyledons 14 d.a.f. (days 
a f t e r f l o w e r i n g ) ; t r a c k s 3, 4 : 10, 5 ug RNA from 
cotyledons 18 d.a.f.; t r a c k s 5, 6 : 10, 5 ug RNA from 
cotyledons 12 d.a.f. 
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3.1.4. H y b r i d i s a t i o n o f Leg D t o Genomic DNA 

The Hind I I I fragments from the pUC8 subclones 6.01 and 6.03 (see 

f i g . 1) corresponding t o Leg D coding sequence and 5' f l a n k i n g 

sequence r e s p e c t i v e l y were hyb r i d i s e d i n d i v i d u a l l y t o two i d e n t i c a l 

Southern b l o t s ( s e c t i o n 2.8.1) each cont a i n i n g pea l e a f genomic DNA 

digested w i t h the same 4 r e s t r i c t i o n enzymes (see section 2.4.1.2.), 

namely Bam HI, Taq 1, Hind I I I and Eco RI - see f i g . 5 f o r the gel 

photograph. The coding sequence probe produced the r e s u l t shown i n 

f i g . 6 , w i t h intense bands a t 12.5 Kb i n the Eco RI digest, 2.4 Kb i n 

Hind I I I , 1.1 Kb i n Taq 1 and 3.6 Kb i n Bam HI. Less intense bands can 

be seen a t a size greater than 20 Kb i n the Eco RI digest , at 4.4 Kb 

and 1.5 Kb i n Hind I I I , a t 2.9 Kb Taq 1, and at greater than 20 Kb i n 

Bam HI. A strong band was obtained a t 1.5 Kb i n the 6.01 sin g l e copy 

standard t r a c k . The r e s u l t s obtained using 5' f l a n k i n g sequence as a 

probe are shown i n f i g . 7. Here several bands were present i n each 

t r a c k , the strongest being i n the Eco RI digest a t 3.5 Kb and 12 Kb, 

i n Hind I I I a t 0.8,Kb ( w i t h f e i n t bands at 4.4 Kb abd 2.7 Kb), i n Taq 

1 a t 3.0 Kb and i n Bam HI a t approx 15 Kb and 2.9 Kb. The 6.03 sin g l e 

copy standard gave a s t r o n g l y h y b r i d i s i n g band at 0.8 Kb. The presence 

of a band a t 2.7 Kb i n three o f the digests was possibly due to 

contamination o f these samples w i t h pUC8 h y b r i d i s i n g to traces of 

i t s e l f present i n the probe. 
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Fig.5. Pea Genomic DNA Digests: 

Track 1 and 7 10 ug Pea Leaf genomic DNA digested w i t h Eco RI 
2 and 8 " " " " " " " Hind I I I 
3 and 9 " • " " " Taq I 
4 and 10 ' " " " Bam H I 

" 5 Leg D s i n g l e copy 1 gene e q u i v a l e n t 
" 6 Gap 
" 11 Leg D 5' f l a n k i n g sequence s i n g l e copy equivalent 
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Fig.6. H y b r i d i s a t i o n o f Leg D (Hind I I I fragment a, f i g . l ) t o Pea 
genomic DNA: 

Track 1 10 ug Pea Leaf genomic DNA digested w i t h Eco RI 
" 2 " " " " " " " Hind I I I 
M 2 I I I I I I I I I I I I I I Taq I 
I I 4 I t I I I I I I I I I I . 1 1 pjj 
" 5 Leg D s i n g l e copy gene equivalent 
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Fig.7, H y b r i d i s a t i o n o f Leg D 5' f l a n k i n g sequence (Hind I I I 
fragment b, f i g . l ) t o Pea Genomic DNA: 

Track 1 10 ug Pea Leaf genomic DNA digested w i t h Eco RI 
M 2 " " " " " " " Hind I I I 
" 3 " " " " " " " Taq I 
" 4 " " " " " " " Bam HI 
" 5 Leg D 5' f l a n k i n g sequence s i n g l e copy equivalent 
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3.2 C h a r a c t e r i s a t i o n and Nucleotide Sequence o f Legumin gene K 

( Leg K) 

3.2.1. C h a r a c t e r i s a t i o n o f Leg K 

X JC-5 i s a genomic clone con t a i n i n g a 13.5 Kb fragment of pea 

genomic DNA produced by p a r t i a l d i g e s t i o n w i t h Eco RI. H y b r i d i s a t i o n 

o f pCD40, a cDNA coding f o r a 'minor' legumin polypeptide of 65,000 Mr 

(Domoney and Casey, 1984) t o an Eco RI d i g e s t i o n o f the genomic clone 

gave two separate h y b r i d i s i n g fragments of 1.9 and 3.5, Kb ( E l l i s 

T.H.N, pars, comm.) as i n d i c a t e d i n the r e s t r i c t i o n map of X JC-5 

shown i n f i g . 8 . 

The 1.9 Kb Eco RI fragment was subcloned i n t o pUC8 and named pJC 

5-2. F u l l c h a r a c t e r i s a t i o n by r e s t r i c t i o n mapping and nucleotide 

sequencing confirmed t h a t i t contained a gene, Legumin J ( Leg J ) , 

coding f o r a minor legumin polypeptide (Bown et a l . , i n press). On the 

str e n g t h o f t h i s , i t was postulated t h a t the 3.5 Kb Eco RI fragment 

might c o n t a i n a tandem repeat of t h i s gene, p r o v i s i o n a l l y 

termed Leg K, coding f o r another minor legumin polypeptide. Hence t h i s 

3.5 Kb fragment was subcloned i n t o pUC 8, named pJC 5-11 and 

r e s t r i c t i o n mapped using the f o l l o w i n g r e s t r i c t i o n enzymes; Alu I , Bal 

I , Eco RI, Hind I I I , Pst I , Kpn I , Sau 3A, Rsa I , and Xho I . The 

r e s u l t i n g map i s given i n f i g . 9, along w i t h a r e s t r i c t i o n map 

of Leg J, aligned by shared r e s t r i c t i o n s i t e s , g i v i n g the f i r s t 

evidence t h a t the two genes do appear t o be tandem repeats of each 

other. 

•4 
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Fig. 8. P a r t i a l r e s t r i c t i o n map o f the pea genomic clone X JC--5. 
Bars represent areas corresponding t o the coding sequences 
plus i n t r o n s o f Leg J and Leg K. Arrows l a b e l l e d 5.11 and 
5.2 represent subclones o f Leg K and Leg J r e s p e c t i v e l y , 
used f o r f u r t h e r r e s t r i c t i o n mapping and sequencing. 
R e s t r i c t i o n s i t e s : B = Bam HI, E = Eco RI, H = Hind I I I , X 
= Xho I . 
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Fig. 9. R e s t r i c t i o n and sequencing maps f o r Leg K, w i t h p a r t i a l 
r e s t r i c t i o n map o f Leg J showing comparable r e s t r i c t i o n 
s i t e s . R e s t r i c t i o n s i t e s : A = Alu I , B = Bal I , E = Eco 
RI, K = Kpn I , P = Pst I , R = Rsa I , S = Sau 3A. Arrows 
i n d i c a t e d i r e c t i o n and le n g t h o f sequence obtained from 
each M13 subclone. Duplicated sequencing runs c a r r i e d out 
to check sequences are not shown. 

= Leg K'coding sequence, CZZZ] = Le^ K i n t r o n sequence, 
ZZZH- Leg K 3' f l a n k i n g sequence. 
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3.2.2. Nucleotide Sequence of Leg K 

Nucleotide sequence accounting f o r 1260 bp o f coding sequence and 

273 bp of 3' f l a n k i n g sequence was determined by M13 sequencing. Using 

the f o l l o w i n g r e s t r i c t i o n enzymes - Sau 3A, Rsa I , Alu I , Bal I , Kpn 

I , Pst I fragments from the 3.5Kb Eco Rl i n s e r t o f pJC 5-11 were 

subcloned i n t o M13 and sequenced by the M13 dideoxy chain termination 

method (see se c t i o n 2.9). The nucleotide sequence obtained from Leg K 

i s given i n f i g . 10 where i t has been aligned f o r maximum homology 

against t h a t o f Leg J. The sequencing s t r a t e g y adopted t o achieve t h i s 

r e s u l t i s i n d i c a t e d by the Arrows i n f i g . 9 , showing subclones used, 

and the d i r e c t i o n of sequence given by them. 

Unfortunately, the 5' f l a n k i n g sequence and p a r t o f the 5' coding 

region were not a v a i l a b l e f o r sequencing as they had become detached 

from the r e s t of the gene during p a r t i a l EcoRI d i g e s t i o n of the 

genomic DNA p r i o r t o l i g a t i o n i n t o the X vector. Screening of the X 

gene l i b r a r y f a i l e d t o i s o l a t e the X genomic clone containing t h i s 

missing region o f Leg K. 
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Fig.10. Nucleotide sequence o f Leg J and a l l t h a t achieved 
f o r Leg K, al i g n e d f o r maximum homology. The amino acid, 
sequence encoded by Leg J i s shown, and those amino acids 
d i f f e r i n g i n Leg K are i n d i c a t e d above. The N-terminals o f 
the a- and b- subunits o f the mature p r o t e i n are i n d i c a t e d 
by colons. T r a n s c r i p t i o n s t a r t i s i n d i c a t e d by over-dots : 
the base designated by +1 i s shown by . Other features 
are as i n d i c a t e d : 'legumin box' designates the p u t a t i v e 5' 
enhancer sequence element. 



L e q J I-542).GTTAACACAfiBCTflfiAATTTfiTTTGT6CAATCftTCATCATGTCflTCTTCftTCnCTAATTTGAAATGfiAAftTTTflGCAflfiATflCfiTAfiCCfiGTCAflTCTflGAflT -459 

L e q J TTACCIAAAAGAGAGACAACTGTATCTAIATTAIATCAGGBAGTAAIACACCAGCAGTACATTTTGAGTGGAGGAGGCCAATTATTAAABTTIATAAAGIAGTAAAACATGCAAGAGTCE -339 

L e g J AATGAAATATATGCTCTAGACAGTAAATTAATAGTTGAGTTAAAGAGATAAATGCATAGAGTCGACGCAGAGAAAAGAACTAGAGAAGTGAAGGGGACCATCCACATATAAGAATflCCAA -219 

L e g J CAAATATTCATTGTCTCTTTGTGGTATTTGBATATATACTAATTATCAATCTGTGAAGAATGAATGAAGCGGCTACTTGCGCTGCGTCCCACATATGATGTGTATCAATTTAGGACTCCA -99 
<... 

L e g J TAGCCArGCATGCrGAACAAIGTCATACACAITCTGTCACACGTGTTCCTAICTCACCCTTCCCCTCriCCTAIAAATCACCACAACACAGCTrCTCCACrrCACCA^ 22 
. . . " L e g u t i n " BOX > <TATA B0)(> A 

L e g J TCTCTCCTTAGTAGTTTATGATCAGAGTCACAATGTCCAAACCTTTTCTATCTTTGCTTTCACTTTCCTTGCTACTCTTTGCAAGCGCATGTTTAGCAACTAGCTCTGAGITTGACAGAC 142 
A.A <H S K P F L S L L S L S L L L F A S A C L A :T S S E F D R 

L e g J TTAACCAATGCCAGCTAGACAGTATCAATGCATTGGAACCAGACCACCGTGTTGAGTCCGAAGCTGGTCTCACTGAGACATGGAATCCAAATCACCCTGAGCTAAAATGCGCCGGIGTGT 262 
A,A. L N 0 C 0 L D S I N A L- E P D H R V E S E A G L T E T W N P N H P E L K C A G V 

L e g J CACTTATTAGACGCACCATCGACCCTAATGGACTCCACTTGCCATCTTTCTCCCCCTCTCCACAGTTGATTTTCATCATCCAAGGAAAGGGTGTTCTTGGACITTCATTTCCTGGCTGTC 382 
A.A. S L I R R T I D P N G L H L P S F S P S P 0 L i F I J 0 G K G V L G L S F P B C 

L e g J CTGAGACTTATGAAGAGCCTCGTTCATCACAATCTAGACAAGAATCCAGGCAGCAACAAGGTGACAGTCACCAGAAGGTTCGTCGATTCAGAAAAGGTGATATCATTGCCATTCCATCGG 50 2 
A.A. P £ T Y E £ P R S S Q S R Q E S R Q 0 Q G D S H Q K V R fl F R K G D 1 I A 1 P S 

LegK GAATTCCTTATTGGACATATAACCATGGCGATGAACCTCTTGTTGCCATTAGCCTTCTTGACACTTCCAACATTGCAAACCAGCTCGATTCAACCCCAAGAGTAAGTBATAGTGTATCCA 
L e g J GAATTCCTTATTGGACATATAACCATGGCGATGAACCTCTTGTTGCCATTAGTCTTCTTGACACITCCAACATTGCAAACCAGCTCGATTCAACCCCAAGAGTAAGTAATAGTGTAICCA 622 
A.A. G I P Y H I y N H G D E P L V A I S L L D T S N I A N Q L D S T P R < 

LegK T T C A T — — ACAGTATGCTCTTTCGATTATAACTT-AAAAGTTTCTAAT GTAAATATGTGTATGCAGG 
L e g J TACATTACATTATCTCTTATAAATTGTTCATACAGCATGCTCATTCGATTATAACTTTAAAAGTTTCTAATGTAIAATTTGTTATACTAAATCAATCACACGTAAAIAIGTGTATGCAGG 742 
A.A Intron-l > 

LegK TATTTrACCTTGGTGGAAACCCAGAAACAGAGTTCCCCGAAACACAGGAGGAACAACAAGGAAGGCATCGGCAAAAGCATAGTTACCCIGTTGGACGTAGGAGTGGACATCACCAACAAG 
L e g J TATTTTACCTTGGTGGGAACCCAGAAACAGAGTTCCCCGAAACACAGGAGGAACAACAAGGAAGGCATCGGCAAAAGCATAGTTACCCTGTTGBACGTAGGAGTGGACATCACCAACAAG 862 
A.A. V F Y L G G N P E T E F P E T Q E E Q Q G R H R Q K H S y P V G R R S G H H 0 0 

A.A. V 
LegK AAGAGGAATCCGAAGAACAAAACGAAGGTAACAGCGTGCTGAGTGGCGTCAGCTCAGAGTTTTTAGCACAAACGTTCAACACTGAAGAGGATACAGCGAAGAGACTTC6ATCTCCACGAG 
L e g J AAGAGGAATCTGAAGAACAAAACGAAGGTAACAGCGTGCTGAGTGGCTTCAGCTCAGAGTTTTTAGCACAAACGTTCAACACTGAAGAGGATACAGCGAAGAGACTCCGATCTCCACGAG 982 
A.A. E E £ S E E 0 N E G N S V L S G F S S E F L A Q T F N T E E 0 T A K R L R S P R 

A.A. N £ E 
Le g K ACGAAAGGAGTCAAATTGIGCGA6TTGAGGGAGGTCTCCGCATTATCAACCCCAAGGGGAAGGAAGAAGAAGAAGAAAAA6AACAGAGTCATTCICACTCTCACAGAGAGGAGGAGGAAG 
L e g J ACGAAAGGAGTCAAATTGTGCGAGTTGAGGGAGGTCTCCGCATTATCAAACCCAAGGGGAAGGAA—GAAGAAGAAAAAGAACAAAGTCATTCTCACTCTCACAGAGAGGAGAAGGAAG 1099 
A.A. 0 E R S Q I V R V £ G G L R 1 1 K P K 6 K E - E E E K E 0 S H S H S H R £ E K E 



A.A. - - - . e 
LegK AfiGAAGAAG AABATGAGGAG—AAACAAAGAAGTGAGGAAAGAAAGAATGGTTTGGAAGAAACTATCTGTAGTGCCAAAATTCGAGAGAACATTGCGGACGCIGCAGGTG 
L e g J AAGAAGAAGAAGAAGAAGAAGArGAGGAGGAGAAACAAAGAAGTGAGGAAAGAAAGAATGGTTTGGAAGAAACTATCTGTAGTGCCAAAATTCGAGAGAACATTGCGGACGCTGCACGTG 1219 
A.A. E E E E E E E D E E E K Q R S E E R K N :G L E E T I C S A K I R E N I A 0 A A R 

A.A. R 
LegK CCGACCTCTATAACCCACBTGCTGGTCGTATCAGAACTGCAAACAGTTTAACTCTCCCAGTCCTCCGCTATTTACGCCTCAGCGCTGAGTATGTTCGTCTCTACAGGGTGTGTATfiGTAC 
L e g J CCGACCTTTATAACCCACGTGCTGGTCBTATCAGCACTGCAAACAGTTTAACTCTCCCAGTCCTCCGCTATTTACGCCTCAGTGCTGAGTATGTTCGTCTCTACAGBGTAACTATTAAAC 1339 
A.A. A 0 L Y N P R A G R I S T A N S L T L P V L R Y L R L S A E Y V R L Y R < 

LegK TAACTATTTAATCAATATATTTCCAATTGATGATT-GTTGAAAAAAATGAAA-TTTAATGAGCTAATTAATAflCATGTATATATGTATATGCAGAATGGTATATATGCTCCACACTGGAA 
L e g J TAATGTGTATATTTCCATGATATGATTAGTTACAT-AAATGATTTTTTAATAAACTAATCAATAACGTGTATGTATGTATATGCAGAftTGGTATATATGCTCCACACTGGAA 1450 
A.A I n t r o n - 2 > N G I Y A P H K N 

A.A. F D A 
LegK CATAAACGCCAACAGTCTGCTGTACGTGATTAGAGGAGAAGGAAGAGTTAGGATTGTGAACTTCCAAGGAGACGCAGTGTTCGACAACAAGGTCAGAAAGGGACAGTTGGT6GTGGTACC 
L e g J CATAAACGCCAACAGTCTGCTGTACGTGATAAGGGGAGAAGGAAGAGTTAGGATTGTGAATTGCCAAGBAAACACGGTGTTCGACAACAAGGTGAGAAAGGGACAGITGGTGGTGGIACC 1570 
A.A. I N A N S L L Y V I R G E G R V R I V N C Q G N T V F D N K V R K G Q L V V V P 

A.A. L A 
LegK ACAAAACTTTGTGGTGGCGGAACAAGCTBGGGAGGAAGAAGGATTAGAGTATGTGGTGTTCAAGACAAATGACAGAGCTGCGGTTAGCCACGTACAACAGGTGCTTA6GGCCACTCCTGC 

. L e g J GCAAAACTTTGTGGTGGCGGAACAA6CTBGGGAGGAAGAAGGATTAGAGTATGTTGTGTTCAAGACAAATGACAGAGCTGCTGTTAGCCACGTACAACAGGTGTTTAGGGCCACTCCTTC 1690 
A.A. Q N F V V A E Q A G E E E G L E Y V V F K T N D R A A V S H V Q Q V F R A T P S 

A.A. Q 
LegK AGAGGTTCTTGCAAATGCTTTTGGTCTTCGTCAACGCCAAGTCACGGAGTTAAAGCTCAGTGGflAACCGTGGCCCTCTGGTTCACCCTCAGTCGCAATCTCAATCTCATTGfiGATGATGC 
L e g J AGAGGTTCTTGCAAATGCTTTTGGTCTTCGTCAACGCCAAGTCACGGAGTTAAAGCTCAGTGGAAACCGTGGCCCGCTGGTTCACCCTCGGTCTCAATCTCAATCTCATTGA6AT6ATGC 1810 
A.A. E V L A N A F G L R O R Q V T E L K L S 6 N R G P L V H P R S O S 0 S H t > 

LegK TAT GGAGTATAATAATGAGATGGCCATCTTATCTT-- --AAATAATAAATTTTGAATGTACTGTA6AGAAGAATTTCAGTTCCGATAATAAAACAATAAAGTATGGC 
L e g J TATGATAATGCAATACAATAACAAGATGGCCATCTTGTCTTGAATAATAATGATAAAATAAATTTTGAATGAACTGTAGTAAAAAATTTCACTTCCTATAATAAAACAATAAAGTATCGC 1930 

; . . < P o l y A + > ( P o l y A + X P o l y A O 

LegK CTTAAAATCCCAATCTTAATCTAAATTTGTATGCATCTATA-AG6G6C6AATflACACTA6TTTTGTT-CACCTTGCAATT8CCATAflTAAAATG-CATA-CACTTTTTACTATTGCTIAT 
L e g J CCTACTACCCTGATCTTACTCTGAATTTGTATGCATGTAAAGAGGGGTGAATAACAATTGGTTTTGTACACCTTCCAATTGCCATAATAflAATGGCATATCACTTTTTAAAAAATTCTCC 2050 

( P o l y A O 

LegK ATGTTTGTTTGAATCATATAAAAAACACAACTACAAATCTGCATTTTTCTTCGGCATTTGATTATATATCTGCAG 

L e g J TTCATTATCTTCTTCATTAGTACTAATGATGAATTGTCTCAATAATAATATCAGCTTTTTGAATACAGCAACGAGACAGCAAACTTTAACAATCACAATTATAAGGTAGTGTTATTAATT 2170 

L e g J GTTTTCTAAAAATCTTTTCTGTGTGACGGAAGGAATCATTCATTTCCTTATCAATATAATTGTCAAACTATAAAGGATAAAAATAAATACTTGAGAGGCAAGAGGTAAGAAGATGTGGTT 2290 

L e g J AATCCCACTACTCGCTAGAGAATGAACACACTTGTCATGTTGATAAAAATGAGAACCGAAAAATCTACAAATAAATACTAGTTGATTAAATAAAGAATTTGTATTGTTGATAAATACTGA 2410 
L e g J A T T C . . . . ( 2 4 1 4 ) 
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3.2.3. H y b r i d i s a t i o n o f Leg K t o messenger RNA 

A 3' f l a n k i n g sequence probe s p e c i f i c t o Leg K was prepared by 

i s o l a t i n g and l a b e l l i n g the 2.3 Kb Bal 1/Eco RI fragment 3' to the Bal 

I s i t e i n pJC 5-11 (see f i g . 9 ) . This was then hybridised t o a Northern 

b l o t o f t o t a l pea cotyledon RNA, r e s u l t i n g i n the dete c t i o n of two 

bands. One was an intense band a t an i n d i c a t e d size of approx 2,300 

bases, and the other, f e i n t e r band was o f approx 4,200 bases, (see 

f i g . 1 1 ) . 

P i c t u r e d alongside the r e s u l t shown i n f i g . 1 1 are r e s u l t s 

produced by D. Bown, where probes corresponding t o Leg J coding 

sequence and 3' f l a n k i n g sequence ( s p e c i f i c only t o Leg J) were 

h y b r i d i s e d independently t o Northern b l o t s o f t o t a l RNA extracted from 

cotyledons i n varying degrees of development. The coding sequence 

probe h y b r i d i s e d t o a heterogeneous RNA population i n the approx. size 

range o f 2100 - 2400 bases, while the 3' f l a n k i n g sequence probe 

h y b r i d i s e d to a s i n g l e band of approx. 2100 bases. I n t e n s i t y of 

h y b r i d i s a t i o n increases as the stage o f development o f the cotyledons 

from which the RNA was ex t r a c t e d increases. 
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Fi g . 11. H y b r i d i s a t i o n o f Leg J and Leg K sequences t o t o t a l RNA 
prepared from developing pea cotyledons ('Northern' 
b l o t s ) . 

Tracks 1 - 6 , Leg J coding sequence probe h y b r i d i s e d t o 
t o t a l RNA from cotyledons 
1 - 8-9 d.a.f. (days a f t e r f l o w e r i n g ) 
2 - 10 
3 - 12 
4 - 14 
5 - 16 
6 - 18 

Tracks 7 - 11, 3' f l a n k i n g sequence probe from Leg J 
h y b r i d i s e d t o t o t a l RNA from cotyledons 
7 - 11 d.a.f. 
8 - 12 
9 - 14 
10 - 18 
11 - 20 

Track 12, 3' f l a n k i n g sequence probe from Leg K h y b r i d i s e d 
t o t o t a l RNA from pea cotyledons 18 d.a.f. 

Cotyledon expansion takes place over the p e r i o d 7.8 d.a.f. 
under the c o n d i t i o n s used (Gatehouse et a l . , 1982) 



1_L J 

<M <M O 

J3 
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3.3 C h a r a c t e r i s a t i o n and Complete Nucleotide Sequence of V i c i l i n Gene 

B ( Vic B), coding f o r a 50,000 Mr V i c i l i n Polypeptide 

3.3.1. C h a r a c t e r i s a t i o n of Yic B 

X JC-1 i s a genomic clone co n t a i n i n g a 13.8 Kb fragment, and was 

i s o l a t e d from a X gene bank cont a i n i n g fragments r e s u l t i n g from an 

Eco RI p a r t i a l digest on pea l e a f genomic DNA ( E l l i s e t a l . , 1986). A 

cDNA, pCD48, coding f o r a 50,000 Mr v i c i l i n polypeptide (Domoney and 

Casey, 1985) was used i n the screening process. Eco RI d i g e s t i o n of 

X JC-1 produced 4 fragments, one of which, at 4.7 Kb, proved 

homologous t o pCD48 i n f u r t h e r h y b r i d i s a t i o n s t u d i e s , (see f i g . 1 2 ) . 

This 4.7 Kb Eco RI fragment has been sub-cloned i n t o pUC9 ( E l l i s et 

a l . , 1986) and termed pJC 1-16. 

In order t o locate the gene on the 4.7 Kb Eco RI fragment and 

also t o determine i t s o r i e n t a t i o n t h e r e i n on both the genomic 

clone k JC-1 and the pUC9 subclone pJCl-16, a cDNA, p DUB9, encoding a 

50,000 Mr v i c i l i n polypeptide, (Delauney, 1984) was digested w i t h Bgl 

I I to produce 0.36 Kb 5' and 1.1 Kb 3' coding sequence s p e c i f i c 

probes. These were then h y b r i d i s e d separately t o two i d e n t i c a l 

southern b l o t s o f pJC 1-16 double digests c o n s i s t i n g of one enzyme -

e i t h e r Sst I (one s i t e i n the pJC-16 i n s e r t - see f i g . 12) or Bam HI 

(no s i t e s i n the i n s e r t but one s i t e i n pUC9) t o l i n e a r i s e the plasmid 

i n c o n j u n c t i o n w i t h one o f a range o f 6 bp r e c o g n i t i o n s i t e enzymes. 

An example of t h i s i s shown i n f i g . 13, showing the band sizes 

obtained from an agarose g e l co n t a i n i n g a set of digests on pJC-16, 

and from the r e s u l t i n g autoradiograph, those bands which hybridised to 
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the 5' coding sequence probe. A f t e r the gene had been located and 

o r i e n t a t e d on the fragment in t h i s way, r e s t r i c t i o n mapping was 

completed t o give the f i n a l map showing major r e s t r i c t i o n s i t e s , the 

approximate l o c a t i o n o f the gene, and the o r i e n t a t i o n w i t h i n pJC 1-16 

(see f i g 14). According t o these r e s u l t s , the gene appeared t o be 

contained i n i t s e n t i r e t y w i t h i n the 4.7 Kb Eco RI fragment. 
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Fig. 12. P a r t i a l r e s t r i c t i o n map o f the pea genomic clone X JC-1. 
The bar represents the area corresponding t o the coding 
sequence plus i n t r o n s o f Vic B. The arrow l a b e l l e d 1-16 
represents the subclone used f o r f u r t h e r r e s t r i c t i o n 
mapping and sequencing o f Vic B. R e s t r i c t i o n s i t e s : E = 
Eco RI, H = Hind I I I , S = Sal I , T = Sst I . 
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Fi g . 13. Example r e s t r i c t i o n d i g e s t i o n o f Vic B subclone pJC 
1-16(A) plus h y b r i d i s a t i o n o f the 5' Bgl I I s e c t i o n o f 
pDUB9 (see 3.3.1.) t o a Southern' b l o t o f these digests 
(B) 

A: Track 1 X DNA digested w i t h Eco RI + Hind I I I 
2 pJC 1-16 " " Hpa I + Sst I 
3 I t I I " Pvu I I + Bam HI 
4 I I I I " Xho I + Sst I 
5 " " " Bal I + Sst I 
6 I I I I " Bel I + Bam HI 
7 I I 1 1 " Stu I + I I 

8 I I 1 1 " Eco RV + I I 

9 I I 1 1 " Acc I + I I 

10 I I 1 1 " Hind I I I + 1 1 

B: Track pJC 1-16 Digested w i t h Hpa I 
Pvu I I 
Xho 
Bal 
Bel 
Stu 
Eco RV 
Acc I 
Hind I I I 

+ Sst I 
+ Bam HI 
+ Sst I 
+ Sst I 
+ Bam HI 

R e s t r i c t e d fragment sizes (Kb)+ h y b r i d i s i n g bands ( i n d i c a t e d 
pJC 1-16 digested w i t h (fragments i n brackets were of 
v i s i b i l i t y ) 

3.15 2.5* 1.2 0.52 
4.8* 
3.7* 
5.0 

w i t h *) 
dou b t f u l 

Hpa 
Pvu 
Xho 
Bal I 
Bel I 
Stu I 
EcoRV 
AccI 
Hind 

I + S s t I 
I I + Bam HI 
I + Sst I 

Sst I 
Bam HI 

+ 
+ 
+ 
+ 
+ 

I I I + 
,5 
,9 

2.5* 
2.3 
2.8* 
2.3* 
no Bel 
no Stu 

1.2 
(0.3) 
1.2 
0.8* 

I s i t e s 
T s i t e s 

0.92x2 0.74 0.52 

.8* 

.9* 
0.7 
0.5 

0.4 



I 6 7 8 9 

50 
4-5 

3-15 
2-8 
25 

1-8 

0 -8 
kb 

8 1 2 3 4 . 5 6 7 8 9 
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1-8 -
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kb 
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Fig. 14. R e s t r i c t i o n and sequencing maps o f Vic B coding and 
f l a n k i n g sequence. R e s t r i c t i o n s i t e s : A = Alu I , B = Bal 
I , E = Eco RI, G = Bgl I I , H = Hind I I I , P = Pst I , R = 
Rsa I , S = Sau 3A, T = Sst I . Arrows i n d i c a t e d i r e c t i o n 
and le n g t h o f sequence obtained from each M13 subclone. 
Duplicated sequencing runs c a r r i e d out t o check sequences 
are not shown. WKKM = Vic B coding sequence, ' i 
= Vic B i n t r o n sequence, M/J/A = Vic B 5' f l a n k i n g 
sequence, u-:.-.::..«<»yj = 3' sequence o f unknown o r i g i n . 
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3.3.2 Nucleotide Sequence of Vic B. 

The complete nucleotide sequence o f Vio B i s given i n f i g . 15, 

and includes 653 bp of 5' f l a n k i n g sequence, and a l l the coding 

sequence up t o 35 bp i n t o Exon 6, a t which p o i n t i t appears t o be 

i n t e r r u p t e d by sequence of unknown o r i g i n . Sequencing strategy f o r 

t h i s i s shown i n f i g . 14, again by a series of arrows i n d i c a t i n g 

d i r e c t i o n o f sequence obtained from a given, type o f subclone. As can 

be seen from t h i s , the bulk of sequence i n f o r m a t i o n was gleaned from 

Sau 3A, Rsa 1, and Alu 1 fragments shotgun cloned i n t o M13 (see 

sect i o n 2.9.1.1.). Remaining gaps i n the sequence were then f i l l e d i n 

by d i g e s t i o n o f the pJC 1-16 plasmid w i t h Eco Rl/Sst I , Eco RI/Hind 

I I I , Eco RI/Bal I , Eco Rl/Xba I , Hind I l l / P s t I , Hind I I I / B a l I , Hind 

I l l / X b a I and Hind I I I / B g l I I . Fragments from these digestions were 

then e i t h e r shotgunned or cloned by the d i r e c t method (see section 

2.9.1.2.) i n t o a p p r o p r i a t e l y cut M13. 

3.3.3 P a r t i a l Sequencing o f pJC 1-12 

I n an attempt t o locate the missing 3' end of Via B, the pUC 9 

subclone pJC 1-12 ( E l l i s e t a l . , 1986), c o n t a i n i n g the 6.4 Kb Eco RI 

fragment immediately adjacent t o the 3' end of the 4.7 Kb Eco RI 

fragment i n A JC-1 (see f i g . 12), was digested w i t h Eco RI/Bam HI. The 

1.1 Kb fragment from t h i s d igest was then subcloned i n t o the 

appropriate M13 vector t o allow 200 bp of sequence t o be read out from 

the Eco RI s i t e a t the 3' end o f Vio B, thus extending sequence a t the 

i n t e r r u p t e d end of the gene i n order t o see i f coding sequence resumed 

i n t h i s region (see f i g . 14 f o r the d i r e c t i o n of sequence obtained 

from t h i s subclone). As shown by the sequence given i n f i g . 15, coding 
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sequence d i d not resume w i t h i n t h i s e x t r a 200 bp s t r e t c h . 

3.3.4 H y b r i d i s a t i o n of pDUB9 t o pJC 1-12 

A Southern b l o t o f pJC 1-12 digested w i t h Eco RI was probed w i t h 

the homologous V i c i l i n cDNA pDUB9 (see sect i o n 3.3.1). No h y b r i d i s i n g 

bands were detected, ( r e s u l t not presented), i n d i c a t i n g t h a t the 

missing 3' end of Vic B was not present w i t h i n the 6.4Kb Eco RI 

fragment i n pJCl-12. 
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Fig.15 Complete n u c l e o t i d e sequence o f Vic B and i t s f l a n k i n g 
regions. The amino a c i d sequence i s given below each l i n e . 
Major fe a t u r e s are as i n d i c a t e d . 



t H » l l f » » f » i » m H t H I I H I i m i l » » t l H f t H l t l ^ 

» » 
I HUaEOTIDE SEQUENCE OF VICILIN 8ENE vie B • 

VicB 

VicB 

VicB 

Vic 

VicB 

Vic 
A.A 

Vic 
A.A 

A.A 

VicB 
A.A 

TATATATTATATTTTTCTTTTTAATATATAAAIAAA8TATA8IATAT6TAAA6TAAA 

CSGATAAATAATASATAAATAATTAAAT6ACATATATeTACAATTACATTTTTATATATAAATT6ACATATATATGTACAATTACATTTTTATATATTAA6TATA6TATAGTATATATAA 

A6TAGACGGATAAATAAT6ATA8ATAATTAAATGACGTATAT6TACAATTACATTTTTCACAT6ACAA6TACAAACATATGCACTTCTAAGTSCAA8TTTATG6AGTTATTTGCAT6TCT 

TAGA6CT6GAGCTT6AGTTGTAGGATACAACACTTGTTAAAATTCTCTA6TCAATTCATTAATTCATATACACAT6GCCGAA8ACAATAATAAAGCATCCTCCTTTTCCATAAGAATGTC 

CAAATTCATCAAATTCAAACAAAACTCCACCACCCAAGTAATGTTCTTTTCATTTTGCCACTTCAATTTTGTACATTTTAACACACGTCCATATSCATSGCACAACATGGCCAACTGITG 

V i c i 8TGCATGTTAATTATATA6TTTTATTTTTTATATCTATAAATACACTCATCTCACT6TACTTTATTCATCCA8AGCGACCAAAGTGA6ATATTAGTTTCAATCAACA66CT6CTA 
<TATA BOX) 

AT6AAA8CTTCATTTCCACTTTTGATSCTAAT686AATCTCTTTCCTA8CATCAGTGTGTGTTTCTTCTAGGTCTGATCCTCAAAATCCTTTTATCTTCAAGTC^^ 
<„ K A S F P L L H L H G I S F L A S V C V S S :R S D P Q N P F I F K S N K F Q T 
CTTTTT6AGAATGAAAATGGGCACATTCGACTTCTGCAGAAATTTGACCAACGTTCTAAAATTTTC8AGAATCTACAAAACTACCGTCTTTTGGAATATAA6TCCAAACCTCACAC 
L f E N E N 6 H I R L L Q K F D Q R S K I F E N L 8 N Y R L L E Y K S K P H T I 

120 

240 

VicMTTCTTCCACA6CACACC8AT8CC8AnACATCCTT6TT6TACTCA8T66TAATTTATTATTTATCTAA6TTATTATTTATTCTACATCTCTCTAT6A6CTTCATTCAAAT6C6CG6TAT 360 
A.A. F L P fl H T D A D Y I L V V L S < 
VicnTATTATTTGTGAG8AGCTGCGGTAGTAACACTCTCTTTCAACACTCTCAATCACTCACTTTTTATG6TT6AAACAT8T88CCTCGCTT6GAAATAGGCCCACATAAAGTG8^ « 0 

— — - — — — - — — — * ""IVS"! 

CACATATTTCAACAAAT6AAA8A8T6TGT6TTTGAGAGAGTGTTGAAAAGAGAGTATTATTA8CATTTCTCTTATTACTTTACATATTT6TTTT8TAASGATAAATTAAATW^^^^^^^ 600 

720 VicB AAATCTAATGTCATT6TAATTTCCA6GAAAA6CTATACTCACA6T8TT6AATCCC6AT6ATA6AAACTCCTTCAACCTT6A8C6C88A6ATAC8ATAAAACTTCCT8CT88CACAATTGC 
A . A I >8 K A I L T V L N P D D R N S F N L E R G D T I K L P A G T I A 
VicB TTATTT68TTAACA8AGAT6ACAAC6A6GAGCTTAGA8TATTA6ATCTC6CCATT6CC6TAAATAGACCTGGCCAACTTCAGGTAATATAACCAATGTTTATCTATTCTCATATCAAATA 840 
A . A I Y L V N R D D N E E L R V L D L A I A V N R P G Q L 9 < — - -

VicB TGCTAT6CATTCTAAT8TACAAACAAAT6TTA6666CCICTACCATAACATCACAACAAAAATTeC8CCTeTACATATTTTTCT6TAATATTTTCCTAATATTTTCTTTATTTTTTTTGT 960 
A. A I ivs-2 --
VicB CCTTTTTCAACA6TCTTTCTTATT8TCT86AAATCAAAACCAACAAAACTACTTATCT868TTCA6TAA6AACATTCTA6AGGCTTCCTTCAATGTAA6CATAACACACAATTTTTTTTT 1080 
A . A I > S F L L S 8 N 8 N fl fl H Y L S 8 F S K N I L E A S F N < 
VicB CATTTAT6TAT8TATTA8TTT88TATT6TATAT8TTAATACTCACTTT8TCAATGTAT6TACTGTAAAAAAATATAGACT8ATTATGAA6AGATA8AAAAG8TTCTTTTA6AA6AGCATG 1200 
A.A. IVS-3 > T D Y E E I £ K V L L E E H 
VicB AGAAAGAGACACAACACA8AA8AA8CCTTAA68ATAA8A68CA6CAAAGrCAA6AA6A8AAT6TAATA&TAAAATTATCAA68GSACAAATT8A68AATT6A8TAAAAAT8CAAA8TCTA 1320 
A . A I E K E I fl H R R S L K D K R Q 0 S fl E E N V I V K L S R 6 fl I E E L S K N A K S 

Vi?B tcTCCAAAAAA6GT8TTTCCTCT6AATCTGAACCATTCAACTT8A8AA8TC6C8GTCCTATCTATTCCAACGAGTTTGGAAAATTCTTTGAAATCACCCCAGAGAAAAATCCACA8CTT 1440 
A.A. T S k K 8 V S S E S E P F N L R S R 8 P I Y S N E F 8 K F F E I T P E K N P fl L 
VicB AA6ACTTe6ATATATTTGTCAATTCT8TA6A6ATTAA6SAGGTATGATAAAATTATTTTATAATATA68AAATTCACCAAATIACACAATGAGATTTCACTTGATCAAATTACAATTGTT 1560 
A.A. fl D L D I F V N S V E I K E < 
VicB CTAAATGATTT8AnTTT6TCCTTT6AAGTTATAAT6TCAAACTTTT6TTACTAACTT8ACATCTCATACACAACAA6TTTTACATACTCAATAACAT8TTTTATTTATAGAACATATAT 1680 
A.A. IVS-4 



r 
V i b CTAAT6TATTTATTTAATTATTCTTTCAAATTAAATATTAGGGATCTTTATTGTT6CCACACTACAATTCAAG8GCCATAGTAATAGTAACAGTTAACGAAGGAAAAGGAGATTTTGAAC 1800 
A.A. > 6 S L L L P H y N S R A 1 V I V T V N E G K 6 D F E 
Vil:B TTGTGGGTCAAAGAAATGAAAACCAACAAGAGCAGAGAAAAGAAGATGACGAGGAAGAGGAACAAGGAGAAGAGGAGATAAATAAACAAGTGCAAAATTACAAAGCTAAATTATCTTCAG 1920 A.L L V G Q R N E N Q 0 E Q R K E D D E E E E Q 6 E E E I N K 8 V Q N Y K A K L S S 
VicB GAGATGTTTTTGTGATTCCAGCAGGCCATCCAGTTGCCGTAAAAGCAACCTCAAATCTTGATTTGCTTGeGTTTGGTATTAATGCTGAGAACAATCAGAGGAACTTTn 2040 
A.A. G D V F V I P A G H P V A V K A T S N L D L L G F 6 I N A E N N e R N F L A < 

B TATATTATCACCCAGTCTCTGTCACTATTTATTCATTTTAAGTGTGTATTTTAAAAGTCGACTTCTATTTAAATCAAGGGGAAAATATTAAGATATGCTTATTATTTTGGTGATTAAAAA 2160 Vi 
A J . —IVS-5-

Viifi TTT8AAGGCGATGAGGATAATGTGATTAGTCAGATACACCGAGTATATTCTTGGAGCTGAAACTATCCGTTGCATGTTAGAGCTCTCTGAAACCAAGATTTTTAAGATTCCCTAAGCTAA 2280 
A i . >G D E D N V I S Q I H R < —- IVS-6?-

Vi(B CAACAGCCTCCTCTTTATAATCACCAATATACAAGATAACTCCATGCCGGTTCCAATGCAGGTTCCTCTTCTTCAGGTTCATATGCTTCCGCAAGCTTACCATCATGATTCGAACACGGT 2400 
A.A. " 

Vi(jB AGAGTTCGAAACAATTTTGCCGCTGCCATCTTAGTGATCTCCTGCATTGTCGCTTCACTGAACTTTGAATTCGCTGAAATATAATCAACAAGTTCAAGCAAAGTTTGCCTCTCTCCAATG 2520 
A.A. - - - - - - -

VicB ATACGATCCCTGTTCCTTCTACTACCG8CAAGAACTTTTGGTATTTTCCTTTAACTTGTTCTGTTTCTGCAGGTTCGGCGGTTTTATGCATAATGGCTTTTGGTCGTAGTCAAAACCGTG 2640 
h.L --

Vic B CTCTCACACCAAGCTTCCTAACAACATCATCAAACTGTGGCAAC 2684 
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3.3.5 H y b r i d i s a t i o n of Vic B t o Genomic DNA 

The 1.95 Kb Hind I I I fragment from pJC 1-16, containing nearly 

a l l the Vic B coding sequence (see f i g . 14) was hybridised to a 

Southern b l o t o f pea l e a f genomic DNA r e s t r i c t e d w i t h 5 d i f f e r e n t 6 bp 

r e c o g n i t i o n s i t e r e s t r i c t i o n enzymes. The r e s u l t i n g autoradiograph i s 

p i c t u r e d i n f i g . 16, w i t h the most intense h y b r i d i s a t i o n occurring at 

4.7 Kb i n the Eco RI d i g e s t , and a t 2.3 Kb w i t h Hind I I I . Feint bands 

can be observed a t 5.5 Kb i n the Eco RI t r a c k , at approx 22, and 11.5 

Kb i n the Bam HI, a t 9.4 Kb i n Hind I I I , a t approx. 24, 18.5 and 10.2 

Kb i n Eco RV and at 4.5 and 3.0 Kb i n the Bgl I I t r a c k . 
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Fig. 16 H y b r i d i s a t i o n o f Vic B coding sequence t o genomic DNA 

Track 1 10 ug Pea l e a f genomic DNA digested w i t h Eco RI 
2 " " " " " " " Bam HI 
3 " " " " " " " Hind I I I 
4 " " " " " " " Eco RV 
5 " " " " " " " Bgl I I 
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3.3.6 H y b r i d i s a t i o n o f the 3' 0.25 Kb Eco Rl/Sst I Fragment of 

pJC 1-16 t o Genomic DNA 

I n order t o assess whether the sequence of unknown o r i g i n at the 

3' end o f Vic B might be repeated t o any degree i n the pea genome, the 

3' 0.25 Kb Eco Rl/Sst I fragment from pJC, 1-16 (see f i g 14) was used 

as a probe s p e c i f i c t o t h i s region. When hyb r i d i s e d to a Southern b l o t 

of pea l e a f genomic DNA digested w i t h the same 5 enzymes used i n 

s e c t i o n 3.3.5, the autoradiograph shown i n f i g . 17 r e s u l t e d . Comparing 

t h i s r e s u l t w i t h t h a t achieved by h y b r i d i s i n g only Vic B coding 

sequence t o genomic DNA (see f i g . 1 6 ) , fragments detected by the Vic B 

probe appear also w i t h the 3' s p e c i f i c probe. However, t h i s probe does 

appear t o have h y b r i d i s e d t o several other bands i n a l l 5 tracks. Of 

possible i n t e r e s t also i s a r e l a t i v e l y intense 7.4 Kb band appearing 

i n the Eco RI d i g e s t i o n . 
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F i g . 17 H y b r i d i s a t i o n o f the 3' 0.25 Kb Eco Rl/Sst I fragment from 
pJC 1-16 (see f i g . 14) t o genomic DNA 

Track 1 10 ug Pea l e a f genomic DNA digested w i t h Eco RI 
2 " " " " " " " Bam HI 
3 " " " " " " " Hind I I I 
4 " " " " " " " Eco RV 
5 " " " " " " " Bgl I I 
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3.4 C h a r a c t e r i s a t i o n and P a r t i a l Nucleotide Sequence o f a Second 

V i c i l i n Gene, Vic C, also coding f o r a 50,000 Mr Polypeptide 

3.4.1. C h a r a c t e r i s a t i o n 

X JC-2 i s another genomic clone i s o l a t e d from a gene bank 

constructed by the l i g a t i o n o f fragments produced by an Eco RI p a r t i a l 

d i g e s t i o n o f pea l e a f genomic DNA i n t o a bacteriophage X vector. By 

dispJaying a d i f f e r e n t p a t t e r n o f h y b r i d i s a t i o n s t a b i l i t y t o the 

cDNA's pCD48 (see se c t i o n 3.3.1) and pCD4 (encoding a 47,000 Mr 

V i c i l i n polypeptide) than observed f o r X JC-I t h i s genomic clone 

appears t o represent a d i f f e r e n t v i c i l i n gene t o t h a t contained 

i n X JC-I ( E l l i s e t a l . , 1986). 

X JC-2 contains a 12.8 Kb i n s e r t , c o n s i s t i n g o f 5 Eco RI 

fragments. When a Southern b l o t o f X JC-2 digested w i t h Eco RI was 

probed w i t h pCD 48, h y b r i d i s a t i o n occurred w i t h Eco RI w i t h the 4.1 Kb 

fragment (see f i g . 18, showing a r e s t r i c t i o n map o f X JC-2 and the 

area o f cDNA homology), which as a r e s u l t was subcloned i n t o pUC9 and 

termed pJC 2-7. 

A s t r a t e g y s i m i l a r t o t h a t used i n sec t i o n 3.3.1 f o r Vic B was 

used t o discover the l o c a t i o n and o r i e n t a t i o n o f t h i s p o t e n t i a l l y 

d i f f e r e n t v i c i l i n gene (termed Vic C) i n the 4.1 Kb fragment both i n 

pJC 2-7 and also X JC-2. This time however, i n order to t r y and 

account f o r the d i f f e r e n t p a t t e r n s o f h y b r i d i s a t i o n observed between 

the Vic C and Vic B genomic clones, the cDNA pDUB 2, encoding a 

d i f f e r e n t 50,000 MR v i c i l i n polypeptide t o t h a t of pDUB9 (used i n 

sec t i o n 3.3.1) was used. Digestion o f pDUB2 w i t h Bgl I I was shown to 
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produce 0.677 Kb 5' and 0.17 Kb 3' coding sequence s p e c i f i c fragments. 

These were then h y b r i d i s e d separately t o i d e n t i c a l Southern b l o t s 

c o n t a i n i n g pJC 2-7 double digests w i t h one enzyme known t o l i n e a r i s e 

the plasmid, and another selected from a range kiiown. t o have 6bp 

r e c o g n i t i o n s i t e s . Once located and o r i e n t a t e d t h i s way, r e s t r i c t i o n 

mapping was completed using f u r t h e r various r e s t r i c t i o n digests t o 

give the map shown i n f i g . 19. 



108 

Fig. 18 P a r t i a l r e s t r i c t i o n map o f the pea genomic clone X JC-2. 
The bar represents the area corresponding t o Vic C coding 
sequence and i n t r o n s . R e s t r i c t i o n s i t e s : E = Eco RI, S = 
Sph I . 
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Fig. 19 R e s t r i c t i o n map and sequencing s t r a t e g y f o r Vic C and i t s 
f l a n k i n g regions. R e s t r i c t i o n s i t e s : A = Alu I , B = Bal I , 
C = Bel I , E = Eco RI, G = Bgl I I , H = Hind I I I , K = Kpn 
I , P = Hpa I , S = Sph I . Arrows i n d i c a t e d i r e c t i o n and 
length o f sequence obtained from each M13 subclone. 
Duplicated sequencing runs c a r r i e d out t o check sequences 
are not shown. MB^H = Vic C coding sequence. ' ' 
= i n t r o n sequence, u/z/z/y = f l a n k i n g sequence. 
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3.4.2 P a r t i a l Nucleotide Sequencing o f Vic C 

Nucleotide sequence corresponding t o 553 bp of 5' f l a n k i n g 

sequence (spanning the i n i t i a t i o n codon), 151 bp of 3' f l a n k i n g 

sequence (spanning the t e r m i n a t i o n codon) and 1287 bp of coding and 

i n t r o n sequence i s presented i n f i g . 20. The bulk of t h i s data was 

obtained by shotgun c l o n i n g o f Sau 3A, Alu I and Rsa I fragments o f 

the 4.1 Kb Eco RI i n s e r t from pJC 2-7 i n t o M13 sequencing vectors.. 

A d d i t i o n a l sequence was obtained by d i g e s t i n g the i n s e r t from pJC 2-7 

w i t h Hind I I I and Sph 1 and sub.cloning the fragments i n t o an 

a p p r o p r i a t e l y cut M13 vector. A summary of the sequencing strategey i s 

included i n f i g . 19. 
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F i g . 20 P a r t i a l n u c l e o t i d e sequence o f Vic C and i t s f l a n k i n g 
regions. The amino a c i d sequence i s given below, each l i n e . 
Major fe a t u r e s are as i n d i c a t e d . , 



f NUCLEOTIDE SEQUENCE OF VICLIN 6ENE C t 
tiimtittttnttttittntittiumtttmt 

V i c e kAAATCAAAAAGCTTTAATTAAATTTCACTAGTTGTAAATATATTTATTTATTTTTSTeTATATAATATTTATCACTTAAATTAATTTCTTAATGTTACTTTAAATTAAATTAATTC^ 

V i c e ;CTA8TTTC6GTAGTAATGCATTTAGTA6TGAATTTTTTCAAGTCTTTATTCTCATAATAGAAGAAGTTCA6GTGAGAGACAATTTGTGG6ACCCTTCATTTATIAACSTrCTCTAGCA 

' v i c C ;TTCAGAGTAATTCATAACACCAAAATCTA6CCATTfiTTAACATTCTTCTTTTCCT6AA6AAT8TCCAGATTCATCAAATTCAAACTTTTCTTCACCACCCATSTTATGTTCTTTTC6C 

V i c e IfTTGCCAeCTCAATTTTGTAeATTTCAAeACACGTCCATATGCATGGCACAAeATGGeCAAATGTTGGTCATGTTAATTTATATAGCTTTeTGTTTTATACCTATAAATATCATTTGAT 
<TATA m> 

V i c e t;TC6GTGTATTTTATTCATCCAAA6T6AGTAAAGCGAGACATTAAATCAAATTAACAT6GCT6CTGCTAeAAeAATGAAA6eTTCATTTCCACTTTT6ATGGT6CT6GGAATTGCTTTe 
A.A. 
V i c C 
A.A 

V i c C 
A.A. 

V i c C 
A.A. 

V i c C 
A.A 

V i c C 
A.A. 

V i c C 
A.A. 

V i c C 
A.A. 

.H K A S F P L L N V L G I A F 
JAGCTTCAGTATGTGTTTCTTCTAGATCCGATCAAGATAACCCATTTATCTTTGAGTCTAAAAGGTTeCAAACTCTTTTCGAGAATGAAAAGGTTCACATTCGTCTTCTCeAAAAGTT 
L A S V C V S S R S D Q D N P F I F E S K R F Q T L F E N E K V H I R L L 0 K F 

rGATCAGCGTTCTAAAATATTTGAGAATCTTCAAAATTACCGTCTTTTGGAATATAAGTCAAAACCTCACACCATATTTCTTCCACAACAAACGGATGCAGATTTCATTCTTGTTGTCC 
D Q R S K I F E N L Q N Y R L L E Y K S K P H T I F L. P 9 Q T D A D F I L V V 

tTTAGCGGTAATTTATTATTTATCAAGTTATATATTATAAATTAATCCCTAAATCGATTATTTAAAAAAAGTATA 
I s <-- IVS-1 

CGTTCCTCGTCAATAGCCGGTCTATTCGGTATTATAACAAGTCTTCCTTTCTTAGTATGCAACTTeATAAAATAATTTTAGAGGTCTTTTCCATAACATTATAACAACAATTGTGATCG 
? < — I V S - 2 —-

nTTTAATCATAATTTACGACAAAAATTTCTATTGATATTATAATTATTTTTTGTCATTTCAACAGTCTTTCTTATTGTCTGGAAATCAGAACCAACAATCTATCTTATeTGGATTCAG 
> S F L L S G N 9 N Q Q S I L S G F S 

•AAGAACATTeTAGAAGCTTCeTTCAATGTAAGTATAAAGCACATTCTTTCTTCATTTTTTATGTATTAGTTTGATTTACTCTGTATAAATATTCCTTTTGTCATTGTAAAATATAeA^ 
K N I L E A S F N< — IVS-3 > 

i\CAGATTATGAAGAGATAGAGAAGATTCTCTTAGAAGAGCAT8AGAAAGAGACACATCACAGAAGAG6CCTTA8GGATAAGA6ATAACAGAGeCAAGAAAAGAATGTAATAGTCAAAGT 
T D Y E E I E K I L L E £ H E K E T H H R R G L- R D K R » 9 S Q E K N V I V K V 

Vic C ATCAATGAAACAAATTGAAGAATTAAGTAAAAACGCAAA 
A.A. 

V i c C 
A.A. 
V i c C 
A.A. 

V i c C 
A.A. 

S N K 9 I E £ L S K N A 

iTATAGATAAAACAACTCTCCCAeACACACACACACGTATATATATATATATATATATATATTTATTTATTTATTTAGTTAGTTAGTTATTCTTTCAAATTTTATCTTAGGGGTeTCTAT 
- I V S - 4 — — - - - - > 6 S L 

iTGTTGCCACACTATAATTCAAGGGCCATAGTGATAGTAACAGTTAATGAAGGAAAAGGGGGCTTTGAACTTBTGGGTCAAAGAAATGAGAACCAACAAGGCTTGAGAGAAGAAGATGAC 
L L P H Y N S R A I V I V T V N £ 6 K G 6 F E L V 8 Q R N E N 9 9 6 L R E E D D 

6A6GAA6A6GAGC 
E E £ E 

VicCiAGATCTTACATTCCCTGGATCAGCTCAAGAGGTTGACAGGCTACTASAGAATCAAAAACAATCTTATTTTGCAAATGCTCAACCTCAACAAAGAGAGACAAGAAfiCCAAGAAATAAAGG 
A.A. D L T F P G S A 9 E V D R L L E N 9 K 9 S Y F A N A 9 P 9 9 R E T R S 9 £ I K 
Vic C AACATCTGTATTCAATTTTGGGGGCCTTTTAATGAGTGATeAAATATTTTGCATGTATGCTATAAAGAACTATAGCTCATAATGAGCAAGGAATAAAACATCGTTCTCTTGTACTATAA 
A.A.'E H L Y S I L S A F • ( P o l y A O 

i 
VicClTTArAACTCCACCTTTCTACrATGAATAATAATCAAAGATGTTATGTGCTCCTACTATGTFTT 
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3.4.3 H y b r i d i s a t i o n o f Vic C t o Genomic DNA 

The 4.1 Kb Eco RI fragment from pJC 2-7, containing the Vic C 

gene i n i t s e n t i r e t y , was h y b r i d i s e d t o a Southern b l o t o f pea genomic 

DNA digested w i t h the same 5 enzymes used i n the corresponding 

experiment f o r Vic B (see section 3.3.4). The r e s u l t i n g 

autoradiograph i s shown i n F i g . 21 - the r a t h e r complex band patterns 

obtained can best be summarised as f o l l o w s ; The Eco RI digest g i v i n g a 

s t r o n g l y h y b r i d i s i n g band a t 7.4 Kb, w i t h less intense bands at 8.9, 

6.9, 5.0, 4.7 and 4,1 Kb. With Bam HI r e l a t i v e l y strong bands appear 

at 25 and 18.0 Kb w i t h f e i n t e r b l u r r e d bands a t 6.9, 5.0 and 4.7 Kb. 

With Hind I I I h y b r i d i s a t i o n has occurred r e l a t i v e l y weakly at 2.1 and 

1.7 Kb, w i t h an even f e i n t e r band at 5.0 Kb. 5 bands of medium 

i n t e n s i t y are found i n the Eco RV tr a c k a t > 30, 12.0, 9.0, 6.2 and 

3.6 Kb, and w i t h Bgl I I two r e l a t i v e l y strong bands occur a t 4.1 and 

3.0 Kb, w i t h much f e i n t e r bands at 5.5 and 4.8 Kb. 
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Fig. 21 H y b r i d i s a t i o n o f Vic C coding sequence t o pea genomic DNA. 

Track 1 10 ug Pea Leaf genomic DNA digested w i t h Eco RI 
2 " " " " " " " Bam HI 
3 " " " " " " Hind I I I 
4 " " " " " " " Eco RV 
5 " " " " " " " Bgl I I 
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3.5. Analysis o f Gene Copy Number I n Several D i f f e r e n t Lines of Pea 

Genomic DNA was ex t r a c t e d from the leaves o f plants of the 

f o l l o w i n g pea l i n e s ; Mangetout, J . I . 81, 851, 807, 808, 809^ ,1263 and 

1552. Taxonomic status gind genotype f o r . these l i n e s i s summarised i n 

Appendix 1. 

A se r i e s of Southern b l o t s was then prepared, i n each case 

c o n s i s t i n g o f DNA from each pea l i n e plus a sample from the c u l t i v a r 

Feltham F i r s t , a l l digested w i t h the .same enzyme. Alongside these 

t r a c k s , an appropriate s i z e marker was included, and also a range of 

gene copy equivalents corresponding t o the gene used t o probe the 

blot.(Young e t a l . , 1981). These gene copy equivalents were calculated 
9 

assuming a ha p l o i d pea genome s i z e o f 4.8 x 10 bp (Murray et a l . , 

1978). Various d i f f e r e n t genes were then h y b r i d i s e d i n d i v i d u a l l y t o 

these Southern B l o t s thus: 

3.5.1 Leg A 

The 2.36 Kb Hind I I I fragment from the cDNA clone p DUB21, which 

contains nearly a l l the Leg A coding sequence (Lycett et a l . , 1984) 

was l a b e l l e d and used t o probe Southern b l o t s containing samples 

digested w i t h e i t h e r Eco RI or Hind I I I t o give the autoradiographs 

shown i n f i g s . 22 (Eco RI di g e s t s ) and 23 (Hind I I I d i g e s t s ) . 

3.5.2 Leg K 

F i r s t l y , the e n t i r e 3.5 Kb Eco RI i n s e r t from the plasmid pJC 

5-11, c o n t a i n i n g most o f the Leg K coding sequence and also approx. 

2.2 Kb o f 3' noncoding sequence (see f i g . 9 ) , was l a b e l l e d and used to 
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probe a Southern b l o t c o n t a i n i n g samples digested w i t h Eco RI. The 

autoradiograph obtained from t h i s i s shown i n f i g . 24. 

Next, a probe c o n s i s t i n g only o f Leg K coding sequence was made 

by i s o l a t i n g the 1.3 Kb Ball/Eco RI fragment of pJC 5-11. (see f i g . 9 ) . 

The autoradiographs r e s u l t i n g from probing Southern b l o t s containing 

samples digested w i t h Eco RI and Hind I I I are shown i n f i g s . 25 and 26 

r e s p e c t i v e l y . 

3.5.3 Vic B 

The 1.95 Kb Hind I I I fragment from the plasmid pJC 1-16, 

corresponding t o almost a l l the Vic B coding sequence (see f i g . 14) 

was used t o probe a Southern b l o t containing samples digested w i t h Eco 

RI t o give the autoradiograph shown i n f i g . 27. 

Sizes and i n t e n s i t i e s o f a l l the h y b r i d i s i n g bands obtained on 

these autoradiographs are summarised i n Table 5. 



T.ibl.' 5 Summary of hyhr idi sal,ion patterns for the poa l ine; b l o t s 

Leg u 

M'Tout J I 81 851 807 808 . 809' 1263 •1552 F. F. 

16.3(1) 15.6(5) 14.4(3) 17 5(2) 9.2(2) 16.3(2) 18.8(2) 15.2(1) 14.4(5) 
6.9(1) 12.0(3) 12.5(3) 12 5(3) 6.7(4) 13.3(2) 10.7( 1) 13.0(2) 12.5(5) 
4.2(1) 10.5(3) 8.0(3) 10 5(1) 5.35(5) 10.5(3) 8.9(7) 10.7(5) 8.0(5) 

10.5(5) 
8.7(2) 4.4(3) 5 1(3) 4.9.3 5.1(4) 7.35(2) 5.0(5) 4.4(5) 

4.45(4) 5.2(4) 4.2(4) 
4.4(3) 

12 0(1) 
9.0(3) 14.5(1) 4.9(3) 10 75(4) 7.45(3) 10.75(3) 7.45(3) 7.45( 1 ) 7.95(4) 

10.75(4) 
4.0(1) 9.9(4) 3.55(4) 9 90(4) 4.49(3) 9.9(3) 3.55(4.) 3.55(4) 3.55(4) 
3.8(2) 3.55(2) 3.00(2) 3.55(2) 3.0(3) 3.0(2) . 3.0(2) 3.0(2) 
3.55(2) 3.3(3) 2.55(2) 3.3(1) 2.9(3) 2.55(2) 2.55(2) 2.55(2) 
2.9(5) 1.9(5) 1.9(4) 3 55(2) 2.7(2) 1.9(4) 1.9(4) 1.9(5) 1.9(5) 

3. 3(2) 1.9(4) 
1.9(4) 

Vic B 20 5(2) 15 05(2) 16.0(1) 18.5(1) 19.0(4) 17.1(1) 11 15(1) 11.7(1) 15 0(3) 
12 35(2) 12 35(2) 9.45(2) 13.0(1) 12.35(3) 12.35(2) 8.85(1) 9.9(2) 12 35(3) 
9 05(1) 10 1(3) 7.8(3) 11.15(2) 7.5(1) 10.6(3) 7 5(4) 8.85(2) 8 5(3) 
7 25(1) 8 0(3) 5.85(4) 8.85(1) 4.7(2) 9.9(2) 5 85(4) 7.5(4) 7 5(4) 
3 9(4) 5.85(4) 4.7(5) 7.8(3) 3.7(2) .8.5(2) 4 7(5) 6.5(3) 6 7(3) 

4 7(5) 4.2(2) 7.0(1) 3.1(2) 7.8(3) 4 1(3) 4.7(3) 5 85(4) 
4 2(3) 4.1(2) 5.85(4) 1.9(3) 5.85(4) 3 7(1) 4.2(3) 4 7(5) 

4.7(5) 4.7(5) 4. 2(3) 
4.2(3) 4.2(3) 3. 7(1) 

3. 5(1) 

[,eg K + 3' noncoding: 
multiple bands obtained i n each track, too numerous to give d e t a i l s , of each - see 

Discussion. ' • . 

Hind I I I 
Leg A - 11.0(3) 

7.7(2) 
C . 9 ( l ) 
5.1(4) 
2.8(5) 
1.85(4) 

7.0(2) 8.0(2) 7.0(1) -15?(1) 9.1(2) 4.7(4) 7.7(2) 6.0(1) 
5.7(1) 4.7(4) 4.65(4) 6.9(4) 5.7(1) 2.8(5) 5.7(2) 4.7(5) 
4.65(4) 2.8(5) 2.8(5) 2.8(5) 4.65(4) 1.85(3) 4.7(4) 2.8(5) 
2.8(5) 1.6(3) 1.85(3) 1 . 8 5 ( 3 ) 2 . 8 ( 5 ) 2.8(5) 1.6(3) 
1.85(4) 1.85(3) 1.85(4) 

Leg K 11.5(3) 
10.3(2) 
10.2(2) 
8.3(3) 
5.45(2) 
5.3(3) 
2.5 

13(5) 
8.3(4) 
5.6(4) 
4.7(3) 
2.5 

11.5(4) 
10.3(4) 
8.3(2) 
6.6(3) 
5.6(2) 
2.5 

13(4) 
8.3(4) 
5.6(4) 
4.7(2) 
2.5 

11(4) 
10.3(4) 
8.3(3) 
2.5 

13(4) 
12.5(1) 
8.3(4) 
6.6(2) 
5.6(4) 
2.5 

11(4) 
10.3(4) 
8.3(2) 
6.6(4) 
5.6(2) 
2.5 

11(4) 
10.3(4) 
8.3(2) 
5.6(2) 
4.3(4) 
2.5 

11(5) 
10.3(4) 
8.3(3) 
G.C(5) 
5.6(3) 
2.5 

Hybridising band s i z e s are in kilobases 
Figures in brackets r e f e r to i n t e n s i t y of h y b r i d i s a t i o n , on a s c a l e from 1 to 5, 
1 strongest and 5 the weakest. 

wi th 
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Fig. 22 H y b r i d i s a t i o n o f Leg A coding sequence t o genomic DNA from 
various pea l i n e s digested w i t h Eco RI. 

Track 1 10 ug Mangetout l e a f genomic DNA 
2 " J . I . 81 
3 " 851 
4 " 807 
5 " 808 
6 " 809^ 
7 " 1263 
8 " 1552 
9 " Feltham 
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Fig. 23 H y b r i d i s a t i o n o f Leg A coding sequence t o genomic DNA from 
various pea l i n e s digested w i t h Hind I I I . 

Track 1 10 ug Mangetout l e a f genomic DNA 
2 " J . I . 81 
3 " 851 
4 " 807 
5 " 808 
6 " 809' 
7 " 1263 
8 " 1552 
9 " Feltham 
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Fig. 24 H y b r i d i s a t i o n o f Leg K 3' f l a n k i n g sequence t o genomic DNA 
from various pea l i n e s digested w i t h Eco RI. 

Track 1 10 ug Mangetout l e a f genomic DNA 
2 
3 
4 
5 
6 
7 
8 
9 

J . I . 81 
851 
807 
808 
809' 
1263 
1552 

Feltham F i r s t 



1 _2 3 4 5 
{ -

7 8 9 
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51 
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F i g . 25 H y b r i d i s a t i o n of Leg K coding sequence to genomic DNA from 
various, pea l i n e s d i gested with Eco R I . 

Track 1 10 ug Mangetout l e a f genomic DNA 
2 J . I . 81 I I I I 1 

3 851 I I I I 1 

4 " 807 I I 11 1 

5 808 I I I I 1 

6 809^. I I I I 1 

7 " 1263 I I I I 1 

8 1552 I I I I 1 

9 Feltham F i r s t " ." ' 
10 1 Leg K gene copy e q u i v a l e n t 
11 2 I I . I I " e q u i v a l e n t s 
12 5 I I I I I I I I 
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F i g . 26 H y b r i d i s a t i o n of Leg K coding sequence to genomic DNA from 
v a r i o u s pea l i n e s d i g e s t e d w i t h Hind I I I . 

Track 1 10 ug Mangetout l e a f genomic DNA 
2 " J . I . 81 
3 851 
4 807 
5 808 
6 809' 
7 1263 
8 " 1552 
9 " Feltham 
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F i g . 27 H y b r i d i s a t i o n o f Vic B coding sequence to genomic DNA from 
v a r i o u s pea l i n e s d i g e s t e d with Eco R I . 

Track 1 5 Vic B gene copy e q u i v a l e n t s 
2 2 " " " " 
3 1 " " " e q u i v a l e n t . 
4 10 ug Feltham F i r s t l e a f genomic DNA 
5 
6 
7 
8 
9 
10 
11 
12 

1552 
1263 
809' 
808 
807 
851 
J . I . 81 
Mangetout 



19 
123 

7-5 
5 « 
47 

31 

1^ 
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CHAPTER 4 

DISCUSSION 
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4.1 Storage P r o t e i n Gene S t r u c t u r e 

4.1.1. Leg D 

the most s i g n i f i c a n t f e a t u r e of Leg D emerges from the comparison 

of i t s n u c l e o t i d e sequence with t h a t of Leg A ( f i g . 3 ) , which r e v e a l s , 

due to c e r t a i n c r u c i a l d i f f e r e n c e s , that Leg D appears to be a 

p^tudogene, (see s e c t i o n 1.1.4.) 

Se v e r a l observations confirm t h i s ; f i r s t l y the presence of two 

in-frame stop codons i n the coding sequence of Leg D, corresponding to 

amino acLd p o s i t i o n s 6 and 29 i n Leg A. Secondly, there Is a s i n g l e 

base p a i r d e l e t i o n in Leg D, ( a t amino a c i d 150 i n Leg A) which would 

lead to an e r r o r In the reading frame were the gene to be t r a n s c r i b e d 

and t r a n s l a t e d . F i n a l l y , Leg D c o n t a i n s 3 s i z e a b l e d e l e t i o n s ; i ) the 

3' intron/exon boundary of IVS-2 along with amino a c i d s 159-205 

of Lpg A (coupled with a d d i t i o n a l sequence in IVS-2 in Leg D), i i ) the 

region corresponding to amino a c i d s 251-272 i n Leg A, I I I ) amino a c i d s 

406-439 of Leg A r e s u l t i n g , due to an e x t r a base i n Leg D, to another 

f r a m e s h i f t . From t h i s evidence, and a l s o the observation that Leg D 

r e t a i n s the 3 introns found i n Leg A in corresponding p o s i t i o n s , i t i s 

c l e a r t h a t Leg D i s a non-processed type pseudogene (see s e c t i o n 

1.1.4) 

As f a r as b a s i c homology between the two genes, there i s c l o s e 

agreement a t the n u c l e o t i d e sequence l e v e l , with 150 base 

s u b s t i t u t i o n s over comparable regions of coding sequence ( e q u i v a l e n t 

to 90.3% homology over the 1554 bases of coding sequence). Of these 

base s u b s t i t u t i o n s , 69 r e s u l t i n amino a c i d changes ('replacement' 
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s u b s t i t u t i o n s ) , with the remaining 81 g i v i n g no a l t e r a t i o n i n amino 

a c i d sequence ( ' s i l e n t ' s u b s t i t u t i o n s ) . F urther evidence of the 

nonfunctional nature of Leg D might be implied by a comparison of i t s 

leader sequence with t h a t of Leg A, B and C ( L y c e t t e t a l . , 1985) a l l 

of which appear to be members of a c l o s e l y conserved gene family. This 

shows no changes i n amino a c i d sequence i n the 21 amino a c i d residue 

leader between the 3 f u n c t i o n a l genes, Leg A, B and C, but 4 amino 

a c i d changes, the i n s e r t i o n of a Threonine residue (betwen a.a.s -20 

and -19 i n Leg A), and d e l e t i o n of a Leucine r e s i d u e (-17 i n Leg A) in 

the l e a d e r region of Leg D. For a region which would normally be 

expected to be under c o n s i d e r a b l e f u n c t i o n a l c o n s t r a i n t , the 

d i f f e r e n c e s shown i n Leg D suggest t h a t t h i s f u n c t i o n a l c o n s t r a i n t no 

longer e x i s t s s i n c e Leg D has ceased to code for a mature polypeptide, 

and mutations i n t h i s region are no longer s e l e c t e d a g a i n s t . 

Examination of the 5' f l a n k i n g sequence of Leg D a l s o r e v e a l s 

some i n t e r e s t i n g f e a t u r e s . A 'TATA' box i s present i n a comparable 

p o s i t i o n to Leg A, but homology between the CAAT box of Leg A and the 

comparable region i n Leg D appears to have broken down. Homology 

around the t r a n s c r i p t i o n s t a r t s i t e has been conserved, but i n Leg D 

the s i t e i s p o s i t i o n e d d i f f e r e n t l y r e l a t i v e to the s t a r t codon due to 

a 7 base p a i r d e l e t i o n downstream of t r a n s c r i p t i o n s t a r t . As f a r as 

the p u t a t i v e r e g u l a t o r y element s p e c i f i c to legumin genes, the 

'legumin box' (Baumlein e t a l . , 1986) i s concerned, present i n Leg A, 

B and C as a 29 bp region of homology s t a r t i n g a t -118 ( r e l a t i v e to 

the t r a n s c r i p t i o n s t a r t s i t e ) , the corresponding region i n Leg D shows 

3 base changes, only 2 of which d i f f e r from the 'box' i d e n t i f i e d by 
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Baumlein using Vicia /afca Legumin gene LE B ^, Leg A from Pisum 

Sativum and Gl, a g l y c i n i n gene from Glycine max, and thus 

apparently not y e t d i f f e r i n g s i g n i f i c a n t l y from t h i s conserved 

sequence. G e n e r a l l y , using dot matrix comparison ( r e s u l t s not 

pr e s e n t e d ) , sequence homology between the 5' f l a n k i n g regions of Leg D 

and Leg A breaks down upstream of p o s i t i o n -145 i n Leg D. 

Consequently, the region of 8bp showing 90% homology to the SV40 

enhancer core sequence (reported by Weiher et, a l . , 1983) observed 

In Leg A, B and C ( L y c e t t e t a l . , 1985) i s a l s o present i n Leg D. 

However, f u r t h e r upstream, and now i n the region where homology 

between Leg D and Leg A has broken down, the lObp region showing 80% 

s i m i l a r i t y to the adenovirus enhancer core element (Hearing and Shenk 

1983) p r e s e n t i n Leg A, B and C ( L y c e t t e t a l . , 1985) i s not observed 

in Leg D. 

The 3' f l a n k i n g sequence of the two genes shows complete 

divergence a f t e r the stop codon. Leg D has 3 p o t e n t i a l polyadenylation 

s i g n a l s , but i n completely d i f f e r e n t p o s i t i o n s to the 3 i n Leg A. 

Also, i n Leg D the 1 s t and 2nd s i g n a l s are overlapped, whereas i n Leg 

A t h i s o ccurs with the 2nd and 3rd s i g n a l s ; 

Sequence divergence between the i n t r o n s of Leg A and D v a r i e s . 

I n t r o n 1 shows g r e a t e s t c o n s e r v a t i o n with 49/88 bases remaining 

I d e n t i c a l (55.7% homologous). Only p a r t of the 2nd in t r o n i s 

comparable, with 34/40 bases a t the 5' end being the same, then 

followed by complete divergence. I n t r o n 3 shows even l e s s s i m i l a r i t y . 

With only 3 bases a t the 5' end and 15 a t the 3' end being the same 

(see s e c t i o n 4.1.6 f o r p o t e n t i a l s i g n i f i c a n c e ) . These observations 
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confirm the view t h a t i n t r o n sequence w i l l diverge more r a p i d l y than 

coding sequence between two comparable genes due to lower f u n c t i o n a l 

c o n s t r a i n t (Shah et a l . , 1982). A d d i t i o n a l l y i t can be observed that 

the intron/exon boundaries of Leg D (where present) obey the 

Breathnach-Chambon r u l e (Breathnach e t a l . , 1978). 

4.1.1.1 H y b r i d i s a t i o n of Leg D to Genomic DNA 

H y b r i d i s a t i o n of. the coding sequence probe for Leg D to 
•of 

r e s t r i c t i o n enzyme d i g e s t s genomic DNA detected v a r i o u s fragments, 

as shown in f i g 6. The probe detected i t s matching fragment in the 

Hind I I I d i g e s t e d DNA, a t 1.5 kb, but a t much lower i n t e n s i t y than was 

obtained f o r the s i n g l e copy Leg D standard. The probe a l s o h y b r i d i s e d 

s t r o n g l y to the 12.5 kb Eco RI fragment ( c o n t a i n i n g both Leg D 

and Leg A, represented i n the X Leg 1 genomic clone - see s e c t i o n 

3.1.1), and to the 2.4 kb Hind I I I and 3.5 kb Bam HI fragments 

corresponding to the e q u i v a l e n t fragments from A Leg 1, 

c o n t a i n i n g Leg A (see f i g 1 ) . A s i m i l a r r e s u l t was obtained with the 

5' f l a n k i n g sequence probe (see f i g 7 ) , with the matching 0.8 kb Hind 

I I I fragment being detected a t lower i n t e n s i t y than was the s i n g l e 

copy e q u i v a l e n t . Such d i s p a r i t y i n h y b r i d i s a t i o n i n t e n s i t i e s observed 

between t h a t detected f o r the gene fragment i n the genomic DNA and 

th a t f o r a s i n g l e gene copy e q u i v a l e n t might p o s s i b l y be put down to 

poor t r a n s f e r of s m a l l e r fragments r e l a t i v e to l a r g e r ones i n the 

genomic DNA during Southern b l o t t i n g , (as suggested i n the stronger 

i n t e n s i t i e s of other, l a r g e r , bands c o n t a i n i n g Leg D or Leg A, which 

are a p p a r e n t l y present a t approx s i n g l e copy l e v e l i n the genome). 

A l t e r n a t i v e l y , an exp l a n a t i o n might be incomplete d i g e s t i o n of the 
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genomic DNA i n t o a l l i t s c o n s t i t u e n t fragments - however as no l a r g e r 

bands of strong i n t e n s i t y were present other than those already 

accounted f o r , plus the f a c t t h a t the genomic DNA d i g e s t s appeared 

complete on the g e l (see f i g . 5 ) , t h i s hypothesis i s u n l i k e l y . 

4.1.2 Leg K 

Alignment and comparison of the n u c l e o t i d e sequences of Leg K 

and Leg J ( f i g . 10) shows t h a t unfortunately the 5' end of Leg K, 

i n c l u d i n g both f l a n k i n g sequence, the l e a d e r sequence, and 154 amino 

a c i d r e s i d u e s from i t s p r e d i c t e d N terminal end are truncated by the 

genomic clone X JC5. The p r e d i c t e d amino a c i d sequence from Leg J 

corresponds to N-terminal sequences i d e n t i f i e d i n 'minor' legumin 

polypeptide s p e c i e s (Gatehouse e t a l . , 1988). The two genes show a 

high l e v e l of homology between t h e i r coding regions, with 1023 out of 

1050 bases matching (=97%). The d i f f e r e n c e s i n coding sequence 

between Leg J and Leg K g i v e a t o t a l of 5 in-frame codon-deletions (4 

i n Leg K, 1 i n Leg J , with the remaining 27 base changes due to 16 

' s i l e n t ' s u b s t i t u t i o n s and 11 ' a c t i v e ' s u b s t i t u t i o n s . 

Comparison of sequences between the gene and homologous cDNAs 

shows the two i n t r o n s to be i n corresponding p o s i t i o n s . In Leg J , they 

are 138 and 98 bases long, i n Leg K, 81 and 105. Highest conservation 

of sequence i s shown a t the 3' ends of the i n t r o n s (see a l s o s e c t i o n 

4.1.6) Homology at the 5' ends i s lower, e s p e c i a l l y i n i n t r o n 2 

Intron/Exon boundaries are f a i t h f u l to the r u l e of Breathnach et a l . , 

1978. O v e r a l l , homology a c r o s s the i n t r o n s is 56% f o r I n t r o n 1 and 71% 

fo r I n t r o n 2, however i f d e l e t i o n s are excluded, these f i g u r e s r i s e to 

96 and 74% r e s p e c t i v e l y . Such a high degree of homology between 
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introns i s very s i g n i f i c a n t , and points very s t r o n g l y to the genes 

having only r e c e n t l y diverged. 

F u r t h e r evidence of r e c e n t divergence of the two genes comes from 

a comparison of 3' f l a n k i n g sequence, where i n the f i r s t 217 bases 

a f t e r the stop codon, there are 163 matching bases (75% homology), 

ignoring d e l e t i o n s . Homology seems to break down i n the f i n a l 60 bases 

of Leg K, with 45/60 mismatches. Both genes have a t l e a s t 4 p o t e n t i a l 

p o l y d e n y l a t i o n s i g n a l s ( p o s s i b l y 5 i n Leg K) i n corresponding 

p o s i t i o n s , w i t h the f i r s t overlapping i n Leg K. Using data from a cDNA 

homologous to Leg J (Domoney e t a l . , 1987), the i n d i c a t i o n i s that the 

2nd or 3rd s i g n a l s are l i k e l y to be used, s i n c e t h i s cDNA shows a poly 

A t a i l in a p o s i t i o n e q u i v a l e n t to 1935 i n Leg J . 

4.1.2.1 Sequence Comparisons 

To achieve a more comprehensive . p i c t u r e , sequence comparisons 

with other storage p r o t e i n genes were made using Leg J , r a t h e r 

than Leg K, owing to l a c k of sequence data from the 5' end of Leg K. 

i ) Leg J vs Leg A 

Alignment of these two sequences shows a 48% l e v e l of homology, 

consequently g i v i n g a s i g n i f i c a n t degree of s i m i l a r i t y between the 

r e s u l t i n g amino a c i d sequences: T h i s homology appears to be g r e a t e s t 

in the N-terminal h a l f of the a -subunit ( e x c l u d i n g the 8 N-terminal 

r e s i d u e s ) . 

D i f f e r e n c e s i n n u c l e o t i d e sequence r e s u l t i n 66 codon d e l e t i o n s 

between the two genes, plus 2 s i n g l e base p a i r d e l e t i o n s causing 

a l t e r a t i o n of the reading frame over s h o r t regions. 

Two l a r g e d e l e t i o n s occur i n the C-terminal end of the a subunit 
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- one of 19 codons i n Leg A with r e s p e c t to Leg J , and one of 35 

codons i n Leg J corresponding to the region of sequence repeats 

i n Leg A. Indeed, t h i s repeated region d i s p l a y s extensive divergence 

d e s p i t e a broad o v e r a l l s i m i l a r i t y i n n u c l e o t i d e and amino ac i d 

composition. Any matching of codons i n t h i s region show replacement 

s u b s t i t u t i o n s outnumbering s i l e n t . ones although often the r e s u l t i n g 

amino a c i d changes are c o n s e r v a t i v e ( i e changes r e s u l t i n amino a c i d s 

of s i m i l a r charge p r o p e r t i e s ) . 

When comparing the low l e v e l of homology shown between Leg J 

and Leg A, a g a i n s t the much higher l e v e l shown by Leg J and Leg K, i t 

I s apparent t h a t divergence of the two gene s u b f a m i l i e s must have 

happened much e a r l i e r i n e v o l u t i o n than did the divergence of genes 

w i t h i n the s u b f a m i l i e s . 

A comparison of the non-coding regions of Leg. J and Leg A shows 

no apparent homology i n the 3' f l a n k i n g sequences (even the 

p o l y d e n y l a t i o n s i g n a l s d i f f e r i n t h e i r p o s i t i o n i n g with r e s p e c t to the 

termination codon). Corresponding i n t r o n s (namely IVS-1 of Leg J vs 

IVS-2 of Leg A, and IVS-2 of Leg J vs IVS-3 of Leg A) show very low 

l e v e l s of homology, even when d e l e t i o n s are ignored. Indeed any 

homology shown must be of very l i m i t e d s i g n i f i c a n c e s i n c e c e r t a i n 

regions (boundary re g i o n s , branch p o i n t s ) are bound to show s i m i l a r i t y 

due to c o n s i d e r a b l e c o n s t r a i n t operating f o r f u n c t i o n a l reasons (see 

s e c t i o n 4.1.6). I t i s i n t e r e s t i n g to note t h a t there i s no marked 

divergence In sequence between the two genes around the f i r s t intron 

i n Leg A (which i s absent i n Leg J ) , suggesting that the gain (or 

l o s s ) of IVS-1, and the e v o l u t i o n of i n t r o n sequences i n general seems 
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to be a process which has occurred independent o f coding sequence 

e v o l u t i o n . 

The 5' f l a n k i n g sequences show a high l e v e l of homology (50%) 

r e l a t i v e to the r e s t o f the areas of the genes compared. Strongest 

c o n s e r v a t i o n occurs around the 'TATA' box and a region immediately 5' 

to the CAAT box (see below). T h i s , however, i s not the case around the 

p u t a t i v e 'enhancer' sequence elements observed i n Leg A by L y c e t t e t 

a l . , 1985. The s t r o n g l y conserved region (25/28 bases) 5' to the 

'CAAT' box a t -80 to -108 in Leg J , -90 to -118 i n Leg A, corresponds 

to t h a t observed by Baumlein e t a l . , 1986 f o r s e v e r a l other storage 

p r o t e i n genes (see a l s o s e c t i o n 4.1.1). An a d d i t i o n a l sequence with as 

ye t unknown s i g n i f i c a n c e i s a s t r e t c h of 10 bases from -247 to -238 i n 

Leg J , AGGGGACCAT, a l s o present i n Leg A, but i n the opposite 

o r i e n t a t i o n , running from -235 to -226, notable as the area in which 

homology between the sequences disappears. (Comparisons are summarised 

in Table 6) 

F i g u r e 28 shows 2-dimensional r e p r e s e n t a t i o n s of the two genes 

(Gates, 1985) with the 4 bases being p l o t t e d as u n i t d i s t a n c e s of the 

4 v e c t o r s +x, -x, +y, -y (see f i g u r e f o r d e t a i l s ) , and c l e a r l y 

d i s p l a y s not only the A-G r i c h c e n t r a l s e c t i o n s of the genes (coding 

f o r the h y d r o p h i l i c C-terminal ends of the a s u b u n i t s ) , but a l s o the 

o v e r a l l g e n e r a l l e v e l o f homology. The two i n t r o n s common to Leg J and 

Leg A border the A-G r i c h c e n t r a l s e c t i o n , which may suggest an 

agreement with the theory of i n t r o n s d e f i n i n g f u n c t i o n a l domains of 

the p r o t e i n s t r u c t u r e . Stone e t a l . , 1985, suggested a s i m i l a r r o l e 

f o r i n t r o n s i n the e v o l u t i o n o f the chicken Glyceraldehyde Phosphate 
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Dehydrogenase gene, and 2 re p o r t s by Sudhof et a l . , 1985a, 1985b, 

proposed t h a t by d e f i n i n g f u n c t i o n a l domains encoded by exons, the 

presence o f i n t r o n s allowed s h u f f l i n g o f these domains t o take place, 

and, i n the case of the Low Density L i p o p r o t e i n receptor and Epidermal 

Growth Factor precursor i n humans, could have f a c i l i t a t e d the 

'recruitment' of important f u n c t i o n a l domains from other genes (see 

sect i o n 4.1.7 f o r f u r t h e r d i s c u s s i o n ) . 
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F i g 28 Comparison o f coding and immediate f l a n k i n g n u c l e o t i d e 
sequences o f Leg A and Leg J by the 'dimensional p l o t ' 
method (Gates, 1985). A i s represented as a vec t o r (0, 
- 1 ) , C as (-1, 0 ) , G as ( 1 , 0) and T as (0, 1 ) ; the p l o t 
i s produced by j o i n i n g the end p o i n t s o f the r e s u l t a n t 
v ectors a f t e r each base i s added t o the sequence. I n t r o n s 
have been o m i t t e d f o r c l a r i t y , but t h e i r p o s i t i o n s are 
i n d i c a t e d by corresponding numerals. The ends o f the 
coding sequence (5' and 3') are also i n d i c a t e d . Note the 
asymmetry and s i m i l a r i t y of sequence composition i n the 
h i g h l y v a r i a b l e a-subunit C - t e r m i n a l regions o f the 
coding sequences (between i n t r o n s 2 and 3 i n Leg A, 1 and 
2 i n Leg J ) . 



I 
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i i ) Leg J and Leg K vs yiaia faba Legumin Gene LeB ^ 

The p u b l i c a t i o n o f sequence f o r a 'B-type Legumin' gene, 

termed LeB^, from Vicia faba (Baumlein et a l . , 1986) now permits 

d e t a i l e d comparisons between t h i s and corresponding genes from other 

species t o be made. 

F i r s t l y i t i s evident t h a t LeB^ . shares much greater homology 

w i t h Leg J and K than i t does w i t h Leg k (data not presented) and one 

can thus conclude t h a t LeB^, and Leg J and. K are members of the 

corresponding sub-family o f genes, w i t h i n t h e i r respective species. 

Homology between LeB^ and Leg J extends from -450 bp i n the 5' 

f l a n k i n g r e g i o n downstream t o 265 bp beyond the stop codon i n the 3' 

f l a n k i n g r egion of Leg J, a t o t a l o f approx 2500 bp. Compared 

to Leg K, homology continues f u r t h e r i n the 3' d i r e c t i o n , i n f a c t as 

f a r as the 3' sequence was determined i n Leg K ( i . e . an extr a 35 bp as 

shown i n f i g . 12, plus a f u r t h e r 50 bp not presented) Table 7 gives 

data f o r f u l l analyses o f homology. 

With respect t o coding sequence, the genes show a high degree of 

homology, e s p e c i a l l y i n eixons 1 and 3 where i t i s i n excess of 90%. 

I n t e r e s t i n g l y , t h i s f i g u r e drops t o approx. 75% f o r exon 2, which 

contains the C-terminal region o f the a subunit and shows strong 

v a r i a b i l i t y both i n terms o f del e t i o n s and s u b s t i t u t i o n s . This 

c h a r a c t e r i s t i c also emerged i n the comparison o f Leg J. wi t h Leg A 

(s e c t i o n 4.1.2.1,p.130), c l e a r l y i n d i c a t i n g t h i s region t o be evolving 

i n a d i f f e r e n t way t o the r e s t o f the coding sequence of legumin 

genes, and as such a region under considerably less f u n c t i o n a l 

c o n s t r a i n t . 



136 

O v e r a l l , the coding sequence o f LeB^ shares greater homology 

with Leg K than i t does w i t h Leg J, notably i n b e t t e r matching of 

de l e t i o n s i n the C-terminal region o f the a -subunit. 

With respect t o non-coding sequence, the corresponding i n t r o n s , 

of s i m i l a r lengths i n the P. sativum and V.faba genes show a 

s i g n i f i c a n t degree o f homology, w i t h divergence appearing t o have 

occurred p r i m a r i l y by d e l e t i o n r a t h e r than s u b s t i t u t i o n . The 60% l e v e l 

of homology shown suggests a r e l a t i v e l y recent divergence f o r 

these P.sativum and V.faba legumin genes. Again, confirming coding 

sequence homology, LeB^ i s more homologous t o Leg K than Leg J i n IVS 

-2 (the f a c t t h a t t h i s i s not so i n IVS-1 i s due t o deletions rather 

than s u b s t i t u t i o n s ) 

The 5' non-translated sequences of the two genes appear to be 

h i g h l y homologous, w i t h both genes having the same indicated 

t r a n s c r i p t i o n s t a r t s i t e which also appears t o be conserved i n Leg A, 

(L y c e t t e t a l . , 1984) and Gl from Glycine rrax (Baumlein et a l . , 1986). 

Overall Leg J' s 5' f l a n k i n g sequence shows 80% homology to Vfa LeB^ 

u n t i l -250, a higher l e v e l than t h a t shown between i n t r o n s , and 

suggesting some degree o f f u n c t i o n a l c o n s t r a i n t t o cause t h i s sequence 

conservation. Indeed, homology continues t o -450 a t a comparable l e v e l 

to t h a t i n the i n t r o n s , i n d i c a t i n g a l i m i t f o r the extent of immediate 

5' f l a n k i n g regions o f the genes. 

Even more s t r i k i n g i s the l e v e l o f homology shown by the 3' 

f l a n k i n g sequences o f Leg K and Vfa LeB^ - a t approx 90%, i t i s 

comparable t o the l e v e l shown by the coding sequences, and i s 

s i g n i f i c a n t l y higher than the conservation between Leg J and Leg K i n 

t h i s r egion ( s e c t i o n 4.1.2) (a s i m i l a r s i t u a t i o n e x i s t s i n exon 
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3, VfaLeB^ and Leg K showing s l i g h t l y higher homology than Leg J 

and Leg K i n t h i s region) (Possible patterns o f sequence divergence 

w i l l be discussed i n se c t i o n 4.2). Since convergent e v o l u t i o n i n the 

3' f l a n k i n g regions i s extremely u n l i k e l y , the conservation shown i n 

t h i s region suggests a strong evolutionary c o n s t r a i n t , possibly i n 

accordance w i t h some f u n c t i o n a l r o l e . 

i i i ) Sequence Comparisons o f Leg J and Leg K wit h Soybean 

G l y c i n i n cDNA Species. 

the sequences o f two f u l l length g i y c i n i n cDNA species, encoding 

the A„ B. and A_ A. B„ subunits, have been published (Fukazawa et a l . , 3 4 5 4 3 

1985, and Momma et a l . , 1985, r e s p e c t i v e l y ) . The cDNA species are 

c l e a r l y more c l o s e l y r e l a t e d t o Leg J, K and Vfa LeB^ than Leg 

A,B,C,D ( f i g u r e 34 shows alignment of amino acid sequences of a l l 115 

storage p r o t e i n genes so f a r determined). Conversely, sequence from 2 

other g l y c i n i n CDNA species encoding subunits A^Bla (Marco et a l . , 
1nQ/ l^ A ^^ n (Negoro et a l . , 1985) shows much greater homology iyo4J and Ala Bx 
wi t h Leg A types genes from pea. This in d i c a t e s a clear d i v i s i o n of 

legumin genes i n t o 2 subfamilies and applies t o the Pisum, 

Vicia, and Glycine genera. According t o Baumlein e t a l . , 1986, genes 

more homologous t o the pea 'major' legumin genes ( Leg A class) may 

be designated A type, whereas genes more homologous t o the pea 'minor' 

legumin genes ( Leg J class) may be designated B type. Further 

discussion on o r i g i n s o f these subfamilies i s presented i n section 

4.2. 

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

to each other (Momma et a l . , 1985) but the l e v e l i s much lower when 
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comparison i s w i t h Leg J, K and VfaLeB^ (approx 60%j cJata not 

presentecJ: homologies t o a l l three o f these genes aire not 

s i g n i f i c a n t l y c J i f f e r e n t . 

Once again comparisons show almost complete divergence of 

sequence a t the C-terminal region o f the legumin a subunit, agreeing 

w i t h observations i n s e c t i o n 4.1.2.1 t h a t t h i s region varies g r e a t l y 

amongst the legumin genes, the only c o n s t r a i n t being a shared richness 

of A-G nuc l e o t i d e composition, w i t h encoded, amino acids being mainly 

polar and h y d r o p h i l i c . Table 8 gives f u l l d e t a i l s of homology 

comparisons. 

3' f l a n k i n g sequences o f the soybean cDNA species show 

s i g n i f i c a n t homology t o those o f Leg J and K (40 - 51%; Table 8 ). 

Strongest conservation i s a t the 3 p u t a t i v e polyadenylation s i t e s , but 

i s also evident i n several r e l a t i v e l y G-C r i c h regions (e.g. bases 

1838 - 1848, 1924 - 1932, 1972 - 1979 i n Leg J), possibly suggesting 

some f u n c t i o n a l importance a t these s i t e s . A comparison of the l e v e l s 

o f homology between 3' f l a n k i n g sequences i n A- and B- type legumin 

genes ( f o r pea Leg A against soybean A^Bla, 46% t o the l i m i t of 

homology, compared w i t h 40 - 51% quoted above f o r pea Leg J, K against 

soybean A^ and A^ A^ B^) suggests a s i m i l a r r a t e o f e v o l u t i o n i n 

t h i s r e g i o n between A- and B- type legumin genes. 
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4.2.1 Expression o f Legumin genes 

4.2.1.1 Leg D 

Hy b r i d i s a t i o n experiments d e t a i l e d i n sections 3.1.3 and 3.1.4. 

give c l e a r evidence t h a t the Leg D gene i s . n o t t r a n s c r i b e d . Using a 

probe s p e c i f i c only t o the 3' • f l a n k i n g region o f Leg D no 

h y b r i d i s a t i o n t o pea messenger RNA was detected, i n accordance with 

the assignment o f Leg D as a pseudogene. The messenger RNA species of 

2000 bases h y b r i d i s i n g t o the e n t i r e Leg D (see f i g . 4) gene must 

th e r e f o r e represent c r o s s - h y b r i d i s a t i o n w i t h t r a n s c r i p t s of Leg A. The 

f a i l u r e t o detect an mRNA species corresponding t o Leg D does not 

prove t h a t no t r a n s c r i p t i o n o f t h i s gene occurs, t r a n s c r i p t i o n may 

occur a t a very low l e v e l , or may r e s u l t i n a h i g h l y unstable RNA 

species. 

4.2.1.2 Leg J and Leg K 

The 2300 base band obtained by h y b r i d i s i n g a 3' f l a n k i n g sequence 

probe from Leg K t o pea cotyledon RNA corresponds to message 

tr a n s c r i b e d from Leg K, hence i n d i c a t i n g i t s status as an expressed 

gene. The less intense 4200 base band i s o f unknown o r i g i n (see f i g . 

1 ] ) . , 

The r e s u l t s o f h y b r i d i s a t i o n o f coding and 3' f l a n k i n g sequence 

probes from Leg J t o messenger RNA suggest t h a t the coding sequence 

h y b r i d i s e d t o mRNA species expressed from a l l members of the 

subfamily, g i v i n g a heterogeneous range of bands from 2100-2400 bases, 

whereas the 3' f l a n k i n g sequence probe was pi c k i n g up mRNA species 
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s p e c i f i c a l l y expressed from Leg J t o give a s i n g l e band of approx. 

2100 bases. The increased s t r e n g t h of h y b r i d i s a t i o n c o r r e l a t i n g with 

advance i n cotyledon development mimics s i m i l a r f i n d i n g s w i t h Leg A 

(Gatehouse et a l . , 1982), i n t h a t expression i s at a low l e v e l i n 

cotyledons i n the e a r l y stages o f cJevelopment and s t e a d i l y increases 

during cotyledon expansion. 

Further evidence f o r the expression of these genes can be taken 

from the sequences o f two cDNA clones, i s o l a t e d by screening cDNA 

].ibraries prepared from poly A+ RNA p u r i f i e d from developing seeds. 

One cDNA, pLG 3.121. (Gatehouse, 1986) corresponds exactly i n i t s 

n u c l e o t i d e sequence t o bases 503-1456 i n Leg J (excluding i n t r o n s ) . A 

second cDNA, pCD40, i s o l a t e d from pea v a r i e t y ' B i r t e ' (Domoney and 

Casey, 1984, corresponds t o bases 919 - 1940 i n Leg K (excluding 

IVS-2), w i t h only one base s u b s t i t u t i o n between cDNA and genomic clone 

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

4.1.3 V i c i l i n Genes 

Analysis of the important features o f pea v i c i l i n genes was made 

possible by determination o f the complete nucleotide sequence of Vic B 

(see f i g . 15) and p a r t i a l nucleotide sequence o f Vic C (see f i g . 20) 

4.1.3.1. Vic_ B 

This 50,000 Mr polypeptide encoding gene appeared to contain most 

of the features c h a r a c t e r i s t i c t o a l l eukaryotic genes. 

However, o f p r i o r importance, i n t h a t i t may have influenced such 

features i n the gene, i s the i n t e r r u p t i o n o f the coding sequence at 
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the 3' end o f the gene a f t e r only 12 amino acid residues of exon 6 by 

sequence o f unknown o r i g i n . Indeed, the experiment c a r r i e d out i n 

se c t i o n 3.3.4, where no evidence was found t o suggest t h a t the missing 

3' end of the gene was present i n the 6.4 kb of sequence adjacent t o 

the 3' end of the gene, seems t o suggest t h a t the gene may no longer 

to t r a n s c r i b e d . Although no evidence e x i s t s t o substantiate t h i s 

theory, the f a c t t h a t the gene no longer possesses a polyadenylation 

si.te(s) implies t h a t any message tr a n s c r i b e d would be unstable, since 

absence o f a poly (A) t a i l would render the message susceptible to 

ex o n u c l e o l y t i c a t t a c k (Bergmann and Brawerman, 1977). Also absence o f 

a t e r m i n a t i o n codon i n any s u r v i v i n g message would p o t e n t i a l l y 

i n t e r f e r e w i t h the e f f i c i e n c y o f t r a n s l a t i o n . S u r p r i s i n g l y , a s i m i l a r 

s i t u a t i o n of i n t e r r u p t i o n i n 3' coding sequence appears to e x i s t i n 

another pea v i c i l i n gene, Vic J, coding f o r a 47,000 Mr polypeptide 

(Bown e t a l . , manuscript i n prep). Here the i n t e r r u p t i o n occurs at an 

even e a r l i e r p o i n t than i n Vic B, t h i s time a t the end of Exon 5, and 

again no evidence f o r the existence o f the missing 3' end could be 

found w i t h i n the next 5.7 kb o f sequence. 

As s t a t e d , the o r i g i n s o f t h i s i n t e r r u p t i n g sequence are unknown. 

However, when a fragment s p e c i f i c t o t h i s region at the end of Vic B 

was r a d i o l a b e l l e d and h y b r i d i s e d t o pea genomic DNA, the r e s u l t s 

i n d i c a t e some degree or r e p e t i t i o n o f t h i s sequence i n the pea genome. 

These f i n d i n g s do lead t o one possible explanation f o r the o r i g i n s of 

t h i s sequence, namely t h a t i t may be due t o a transposon i n s e r t i o n 

event, i n t h a t transposons can be as long as 10-12 kb, and also t h a t 

sequences a t each end o f the transposon near but not i n c l u d i n g the 
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short i n v e r t e d repeats, have been found t o occur as repeats (of up t o 

50 copies) i n the genome i n which the transposon i s present (Nevers et 

a l . , 1984). 

P o t e n t i a l l y as a r e s u l t o f t h i s damage t o the 3' end of the gene, 

i t was considered a p o s s i b i l i t y t h a t other important features of the 

gene may have become a l t e r e d due t o an implied lack of f u n c t i o n a l 

c o n s t r a i n t . However, the only possible example o f t h i s i s at the s i t e 

o f g r e a t e s t homology t o the 'CAAT' box, occurring i n Vic B as the 

sequence CAAC,/^ bp away from the cap s i t e (see below). Indeed, not 

only i s the i.ast T o f the element s u b s t i t u t e d f o r by a C, but the 

nucleotides surrounding the box also d i f f e r s l i g h t l y from those 

associated w i t h a conventional 'CAAT' box; i e . i n Vic B the sequence 

runs GGCCAACTGT, w h i l s t the c l a s s i c consensus sequence i s GGC/T 

CAATTCT. As t o whether such an a l t e r e d sequence would s t i l l be 

f u n c t i o n a l i s not known. 

Also present i n the 5' f l a n k i n g sequence i s a 'TATA' box, the 

second T being 30 bp upstream o f the cap s i t e . Other p o t e n t i a l 

r e g u l a t o r y elements i n t h i s region w i l l be discussed i n section 

4.1.3.4. 

The gene appears t o have 5 i n t r o n s , as has been found f o r other 

7S storage p r o t e i n genes - both B and a type Phaseolins (Slightom et 

a l . , 1983, Slightom e t a l . , 1985) a 'type 6 -co n g l y c i n i n (Gma a ' 

Doyle et a l . , 1986) and Vic J (Bown et a l . , manuscript i n 

pr e p a r a t i o n ) . Relative p o s i t i o n i n g of these i n t r o n s between these 

genes w i l l be discussed i n section 4.1.7. Lengths of each of the 

in t r o n s d i f f e r between the genes considerably. I n Vic B, they are as 

f o l l o w s , w i t h f i g u r e s f o r a phaseolin B -type gene ( Pvu B Slightom et 
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a l . , 1983) i n brackets as an example f o r comparison: IVS - 1, 337 bp 

(72), IVS - 2, 171 bp (88), IVS - 3, 103 bp (124), IVS - 4, 240 bp 

(128), and IVS - 5, 133 bp (103). I n a l l cases, the i n t r o n s i n Vic B 

conform t o the GT/AG boundary r u l e (Breathnach et a l . , 1978). 

I n the coding region, presence o f a 23 amino acid residue leader 

sequence i s i n d i c a t e d by comparison o f the deduced amino acid 

sequences obtained by N-terminal sequencing o f several mature v i c i l i n 

polypeptides ( L y c e t t e t a l . , 1983). The amino acid residues e i t h e r s i e 

of the cleavage s i t e (see f i g . 15) do not conform t o those i d e n t i f i e d 

by Von Heijne (1983) as the most s u i t a b l e f o r these p o s i t i o n s i n 

eukaryotes. I t would seem from a comparison o f amino acid sequences 

around the two p o t e n t i a l other regions o f p o s t - t r a n s l a t i o n a l cleavage 

t h a t Vic B encodes a polypeptide designated as Type A (Lycett et a l . , 

1983) - i e no cleavage a t e i t h e r the a - 3 or 6 - y s i t e s , since i n 

both these regions, Ser-Leu-Lys a t a - 6 , and Lys-Glu-Asp at 3 - J . 

the amino acid composition appears s u f f i c i e n t l y d i f f e r e n t from the 

suggested sequence Lys-Glu-Asn ( w i t h Asn appearing t o be the c r u c i a l 

residue) (Gatehouse et a l . , 1982) as t o imply t h a t these are 

non-cleavage s i t e s i n Vic B. A d d i t i o n a l l y , no s i t e s w i t h consensus t o 

the p o t e n t i a l g l y c o s y l a t i o n s i g n a l N(Asn)-X-T(Tyr)/S(Ser) (Marshall, 

1974) were found. 

4.1.3.2 Vic C 

Unfortunately due t o time l i m i t a t i o n s , nucleotide sequencing 

of Vic C was not complete when t h i s t h e s i s was w r i t t e n . However, as 

can be seen from f i g . 20, sequencing d i d cover approx 0.5 kb of 5' 

f l a n k i n g sequence, continuous w i t h coding sequence extending 68 bp 
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i n t o IVS-1, a c e n t r a l s e c t i o n covering a l l of IVS-2 and IVS-3 

and i n c l u d i n g a l l of exon 3 anci 159 bp of exon 4, another 

s e c t i o n g i v i n g 110 bp a t the 3' end of IVS-4 along w i t h 143 

bp of exon 5, and f i n a l l y a section at the 3' end of the gene 

covering the l a s t 149 bp of exon 6, along w i t h 1<1 bp of 3' 

f l a n k i n g sequence. 

Several i n t e r e s t i n g features emerge from these data on 

t h i s second gene coding f o r a 5 0,000 Mr polypeptide. F i r s t l y , 

unlike Vic B (and indeed 7tc J ) , the 3' end of Vic C 

appears t o be i n t a c t , complete w i t h a termination codon and 

a polyadenylation s i g n a l 59 bp downstream of t h i s . Hence 

i n t h i s respect at l e a s t , the gene would appear to be f u n c t i o n a l . 

However, a t e r m i n a t i o n codon does seems to e x i s t a f t e r 28 

amino acid residues of exon 4. Further confirmation of t h i s 

i s r e q u i red from sequencing of the opposite strand of DNA 

I n t h i s region to be sure t h i s stop codon i s present. Should 

t h i s prove to be the case, then the i m p l i c a t i o n would be that 

Vic C i s a pseudogene, presumably having only r e c e n t l y 

achieved nonfunctional s t a t u s , since t h i s t e r m i n a t i o n codon 

appears t o be the only i n d i c a t i o n t h a t the gene may no lotiger 

be f u n c t i o n a l . The only other possible area of the gene 

under question i s the 28 bp s t r e t c h before the presumed s t a r t 

of IVS-2. The deduced amino acid sequence i n t h i s region 

doesn't appear to match that observed i n the corresponding 

regions of Vic B or Vic J i n any way. Again though, 

before any conclusions can be drawn, sequence from the 

opposite strand i n t h i s region i s also needed, as i s sequence 

f u r t h e r upstream, which may w e l l 
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i n d i c a t e t h a t IVS-2 i n f a c t s t a r t s f u r t h e r upstream than i s at present 

assumed. 

Apart from these f i n d i n g s the r e s t o f the data from the gene 

i n d i c a t e the f o l l o w i n g : 

I n the 5' f l a n k i n g region, there i s c l e a r l y a 'TATA' box present, 

w i t h the second T 31 bp upstream o f the cap s i t e (see below). 

Comparison of the region o f p o t e n t i a l 'CAAT' box homology i n Vic B 

wi t h the corresponding region i n Vic C, shows there t o be a good 

degree o f sequence conservation. However, the sequence i n t h i s region 

o f Vic C, namely GGCCAAATG, 49 bp upstream o f the 'TATA' box, shows 

even less agreement t o the 'CAAT' box consensus sequence, GGT/CAATCT 

than does Vic B (see s e c t i o n 4.1.3.1). The remarkable conservation of 

sequence i n t h i s area o f these genes i s discussed f u r t h e r i n section 

4.1.2.4., along w i t h any other areas o f p o t e n t i a l regulatory 

importance. Within the coding region 4 o f the 5 i n t r o n s found i n other 

7 S storage p r o t e i n genes are shown t o be present ( r e l a t i v e 

p o s i t i o n i n g w i l l be discussed i n s e c t i o n 4.1.7) but w i t h the data only 

d e f i n i t e l y g i v i n g complete sequence f o r IVS-3, 90 bp i n length (as 

compared t o 104 bp i n Via B and 124 bp i n phaseolin - see section 

4.1.3.1). Of the intron/exon borders determined, each conforms t o the 

GT/AG boundary r u l e (Breathnach et a l . , 1978). 

As i s the case w i t h Vic B (see se c t i o n 4.2.3.1), Vic C appears t o 

code f o r a Type A polypeptide - no s i t e s resembling the Lys-Glu-Asn 

amino aci d sequence required f o r cleavage appear t o be present, 

instead the polypeptide has the amino acid sequences Arg-Gly-Leu-Arg 

a t the region corresponding t o the a - 6 s i t e , and Arg-Glu-Glu-Asp at 
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Arg-Glu-Glu-Asp at the B - s i t e . Unfortunately the region 

corresponding t o t h a t i d e n t i f i e d as a g l y c o s y l a t i o n s i t e i n 50,000 Mr 

V i c i l i n ( L y c e t t a t a l . , 1983) i s not present i n the data so f a r 

obtained f o r Vic C. 

4.1.3.3 H y b r i d i s a t i o n of Vic B and Vic C t o Genomic DNA 

H y b r i d i s a t i o n o f Vic B t o a Southern.blot containing r e s t r i c t i o n 

d i gests o f genomic DNA (see section 3.3.5 and f i g . 16) showed strong 

h y b r i d i s a t i o n t o the corresponding 4.7 kb Eco Rl fragment. 

Unfortunately, gene copy equivalents on t h i s Southern b l o t f a i l e d to 

hy b r i d i s e p r o p e r l y , consequently the number of gene copies i n t h i s 

band could not be deduced. However, the r e s u l t does seem t o conform to 

the p a t t e r n shown when the cDNA pCD48 (see section 3.3.1) was 

hyb r i d i s e d t o Eco Rl digests of genomic DNA from 6 d i f f e r e n t pea 

genotypes (Domoney and Casey, 1985). Here a band representing 3 - 4 

gene copies was detected a t approx 5kb, along w i t h a f e i n t e r b^nd, at 

the 1 or 2 copy l e v e l , a t 5.5 kb. Such a secondary f e i n t e r band was 

also detected a t 5.5 kb by Vic B i n the Eco Rl digested genomic DNA. 

As w e l l as the 4.7 Kb Eco Rl band, one of almost equal i n t e n s i t y was 

detected by Vic B at 2,3 kb i n the Hind I I I digest, corresponding to 

the equivalent fragment present w i t h i n the Eco Rl fragment of pJCl-16 

(see f i g 14), thus representing most of the Vic B coding sequence. 

Other bands detected i n the other digests appear r e l a t i v e l y weak i n 

comparison, but since most are greater than 9 kb t h i s might be 

explained by incomplete t r a n s f e r of the l a r g e r DNA fragments during 

t r a n s f e r from agarose g e l t o N i t r o c e l l u l o s e f i l t e r . 

H y b r i d i s a t i o n of Vic C t o an equivalent Southern b l o t resulted i n 
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an a l t o g e t h e r more complicated p a t t e r n of bands on the autoradiograph 

(see s e c t i o n 3.4.3 and f i g . 21). Again, f o r an unknown reason, the 

gene copy equivalents f a i l e d t o be detected. Of those bands detected 

i n the genomic digests i t was s u r p r i s i n g t o f i n d so many i n the Eco Rl 

t r a c k . A t e n t a t i v e assignment o f 1 gene copy might be made f o r the 4.1 

kb Vic C equivalent fragment, w i t h bands of stronger i n t e n s i t i e s 

(approx 2 - 4 copies?) a t 4.7, 5.0, 6.9, 7.8 and 8.9 kb. The band at 

7.8 kb i s the strongest o f a l l , and possibly represents cross 

h y b r i d i s a t i o n t o another set o f v i c i l i n genes y e t t o be i s o l a t e d . 

However, i t might also be due t o cross h y b r i d i s a t i o n w i t h a set 

of Vic J type genes. Vic J has been shown t o e x i s t w i t h i n a 7.4 kb Eco 

Rl fragment (Bown e t a l . , manuscript i n press). Such a strength of 

cross h y b r i d i s a t i o n would not have been expected though. Patterns of 

h y b r i d i s a t i o n i n the other digests do l i t t l e t o shed more l i g h t on the 

gene copy number s i t u a t i o n - one p o i n t possibly worth noting though i s 

the two r e l a t i v e l y strong, large bands (approx 25 and 17.5 kb) i n the 

Bam HI t r a c k . These would seem t o i n d i c a t e high l e v e l s o f copy number, 

since even though t r a n s f e r from the agarose g e l t o the n i t r o c e l l u l o s e 

f i l t e r may have been incomplete, the i n t e n s i t y of these bands i s s t i l l 

s t r o ng r e l a t i v e t o l e v e l s o f h y b r i d i s a t i o n i n the other digests. 

O v e r a l l , the f i n d i n g s from these two experiments suggest t h a t 

f u r t h e r experiments may be necessary t o confirm the published t o t a l 

gene copy number f o r pea v i c i l i n genes o f 11 (Domoney and Casey 1985), 

w i t h these r e s u l t s suggesting only limited support. _ " 
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4.1.3.4 Other P o t e n t i a l Regulatory Elements i n the 5' Flanking 

Regions o f . V i c i l i n Genes 

Apart from the features o f the 5' f l a n k i n g sequences from Vic B 

and Vic C which have already been discussed, comparison of these 

sequences w i t h corresponding regions of Vic Z (Bown et a l . , manuscript 

i n preparation) a c o n v i c i l i n gene from pea, OVA (Bown et a l . , 1988), 

Pvu B from Phaseolus vulgaris ( S l i g h t o n et a l . , 1983),and the Gma a ' 

gene from Glycine max (Doyle e t a l . , 1986), i n d i c a t e the presence o f 

some other p o t e n t i a l r e g u l a t o r y elements. Such comparisons were 

performed i n 3 ways: scanning by eye, use o f Dot Matrix comparison 

(using a BBC microcomputer), and w i t h the nucleic acid sequence 

alignment program NUCALN (on an IBM personal computer) 

F i r s t l y , these analyses confirmed the presence of a conserved 

sequence o f 42 bp p r e v i o u s l y termed the ' V i c i l i n box' (Gatehouse et 

a l . , 1986). I t appears t o be present i n a l l 6 o f the genes studied, at 

a p o s i t i o n ranging from 88 t o 106 bp r e l a t i v e t o the 'TATA' box (see 

f i g 29). As can be seen from t h i s , the sequence can conveniently be 

d i v i d e d i n t o two regions; a 5' region o f 13 bases, where a l l 6 genes 

match i n 12 o f the 13 p o s i t i o n s , and which also includes a sequence 

i d e n t i f i e d i n Leg A as being homologous to the adenovirus core 

enhancer element ( L y c e t t et a l . , 1984) - also shown i n f i g . 29. The 

second, less conserved, 3' region shows no homology w i t h the legumin 

box (Baumlein e t a l . , 1986). Overall t h i s ' v i c i l i n box' appears to be 

a good example o f a conserved upstream sequence s p e c i f i c t o the 7S 

storage p r o t e i n gene f a m i l y . As such, i t i s possibly analogous t o the 

t i s s u e - s p e c i f i c t r e i n s c r i p t i o n a l enhancer sequences found i n s i m i l a r 
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p o s i t i o n s i n other eukaryotic genes (another possible example of t h i s 

i n p l a n t genes has been i d e n t i f i e d by Kreis et a l . , 1986 i n barley 

prolamin storage p r o t e i n genes). 

Another important conserved sequence found was t h a t at the cap 

s i t e , or t r a n s c r i p t i o n s t a r t (see section 1.1.2.1) No SI mapping 

experiments (Berk and Sharp, 1977) were performed on Vic B or Vic C to 

determine t h i s s i t e , but r e s u l t s from such work done on the Vic J(Bown 

e t a l . , manuscript i n preparation) and CVA (Bown e t a l . , 1988) genes 

and also Pvu B (Slightom et a l . , 1983) and Gma a ' (Doyle et a l . , 

1986) showed i n i t i a t i o n o f t r a n s c r i p t i o n t o occur at the sequence CATC 

i n each case. Such a sequence was also observed i n both Vic B 

and Vic C, at p o s i t i o n s corresponding t o those found i n the other 

genes (see f i g . 30). Although t h i s region would not possess enhancer -

l i k e p r o p e r t i e s , i t i s i n t e r e s t i n g t o note the same sequence being 

involved w i t h t r a n s c r i p t i o n i n i t i a t i o n i n a l l these 7S genes, as well 

as i n the case o f Leg A (Lycett et a l . , 1986). Such a f i n d i n g 

i n d i c a t e s t h a t a s i m i l a r mechanism of i n i t a t i o n and capping i s used i n 

a l l storage p r o t e i n genes. 

F i n a l l y , the 5' f l a n k i n g sequences were scanned f o r sequences 

homologous to the Mammalian virus enhancer element (Weiher et a l . , 

1983, Gruss, 1984) ( w i t h several already having been found f o r Pvu B 

and Gma a (Doyle et a l . , 1986), and also t o the Adenovirus core 

enhancer element (Hearing and Schenk 1983). Since enhancers can work 

in e i t h e r o r i e n t a t i o n w i t h respect t o a gene (see section 1.1.2.1) 

both the sequenced strand and i t s deduced complementary strand were 
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Fig. 29 The p u t a t i v e ' v i c i l i n box'. The conserved sequence region 
i n the 5' f l a n k i n g sequences o f 3 pea v i c i l i n genes. 1 pea 
c o n v i c i l i n gene (CVA), 1 phaseolin gene ( Pvu B ) and 1 
soybean B c o n g l y c i n i n gene ( Gma a ) plus pea Leg A i s 
boxed (see t e x t f o r re f e r e n c e s ) . The 'legumin box' 
i n Leg A i s i n d i c a t e d by broken l i n e s . The sequence 
i n Leg A i d e n t i f i e d as being homologous t o the adenovirus 
enhancer core element i s underlined. 



66CACUC *=ieObp to 'TATI* 

G G U C U C )9bp t o 'TATA* 

66CAAACT >= )8bp to 'TATA* 

? I c B nanriimCTrCAAtTneTACAITITAAaCACGTCCATATGCA' 

f i c C nCWirnpaCCTCAATrnGTAamCAAaCACGICCATATCCA' 

T i c J mAATTKCCACCICAATmGtTamCTAaCTAGTCAACATGC* 

CTA ACTCAGrKCaCCrCTATTneTTanTCAACACTCeTCAAlimCA' 6ACACAAT *> )9bp to 'TATA' 

PfU b TCTCrramCCTCAAITT-CTTCACTTCAACACACeTCAACnGCA' ITGC6T6T J5bp t o •TATA*|l),10Sbp to •TATA*|2) 
r 

G u a TCTCTTClfacACCTCAmTT6TTTAttTCAiCACCCGTCAAACT6CAyCCACCCC »= l l b p t o 'TATA* t 
l e g A AGCCATTAGCCACCTCCTCTATCACAaTAGGTGTAAAGCATTATGCfcaTAW^^ 125bp to 'TATA' 
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scanned, w i t h the f i n d i n g s summarised i n f i g . 3 0 , showing t h a t several 

sequences o f d i f f e r i n g l e v e l s o f homology t o these two v i r a l enhancers 

were found. The p o s i t i o n s o f some o f these sequences are found much 

f u r t h e r upstream i n the 5' f l a n k i n g sequence than i s the case f o r the 

f u n c t i o n a l v i r u s enhancers (generally w i t h i n 100 bp upstream from the 

mRNA cap s i t e - Gruss, 1984). Indeed, experiments i n v o l v i n g d e l e t i o n 

mutants o f an a ' type 8 -c o n g l y c i n i n gene followed by assessment of 

l e v e l s o f expression o f the gene i n transgenic petunia p l a n t s , showed 

t h a t presence of the region containing the exact match t o the 

Mammalian v i r a l enhancer (GTGGATAG, 611 bp upstream of ATG, see f i g 

30) appeared t o cause no enhancement o f expression r e l a t i v e t o the 

l e v e l obtained from the gene where t h i s area o f sequence had been 

deleted (Chen et a l . , 1986). This seems t o suggest t h a t such sequences 

d i s p l a y i n g homology t o v i r a l enhancers do not appear to exert a 

s i m i l a r e f f e c t on the p l a n t gene concerned. I t must also be said t o 

c o n t r a d i c t w i t h f i n d i n g s i n other p l a n t genes, where sequences 

homologous t o GTGGA/TA/TA/TG i n the 5' f l a n k i n g region have been shown 

to have an important enhancing e f f e c t on expression o f these genes i n 

transgenic plants (Timko et a l . , 1985, Kaulen et a l . , 1986, Odell et 

a l . , 1985). 
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Fig. 30 Other p o t e n t i a l r e g u l a t o r y sequence elements and consensus 
sequences i n 7S storage p r o t e i n genes. Sequences 
represented; Vic B, C and J, v i c i l i n genes from pea, CVA a 
c o n v i c i l i n gene from pea, Vvu B a phaseolin gen^ 
from Phascolus vulgaris , Gma a 'a B c o n g l y c i n i n a 
subunit gene from soybean, and Leg A the Legumin A gene 
from pea (see t e x t f o r references) 
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Whether or not these sequences homologous t o v i r a l enhancers play 

a f u n c t i o n a l r o l e i n the 7S storage p r o t e i n genes, i t i s i n t e r e s t i n g 

to note t h a t the region homologous w i t h the adenvirus core enhancer 

l i e s a t the 5' end o f the p o t e n t i a l ' v i c i l i n box' o f each o f the 6 

genes. I t remains open t o speculation as t o whether t h i s f i n d i n g i s of 

any s i g n i f i c a n c e , but one possible theory might be t h a t the v i r a l 

enhancer may have been i n s e r t e d o r i g i n a l l y i n t o the 5' f l a n k i n g 

sequence o f a long d i s t a n t a n c e s t r a l gene, possibly g i v i n g a degree of 

enhancement o f expression. Subsequent e v o l u t i o n of the sequence at 

t.his region may then have l e d t o the enhancer developing a tissue 

s p e c i f i c r o l e , s t i l l present i n these 7S genes due t o conservation of 

t h i s sequence during the divergence o f the genes during e v o l u t i o n . 

Such a pathway would not seem appropriate f o r the evol u t i o n of the 

'legumin' box i n the I I S storage p r o t e i n genes - f i r s t l y because the 

region o f homology t o the adenovirus enhancer i n Leg A i s 32 bp from 

t:he legumin box, and secondly t h a t such a region of homology t o the 

v i r a l enhancer does not seem t o be present i n the B type Vicia faba 

Legumin gene ( Vfa Le B ^ Baumlein et a l . , 1986). 

4.1.3.5 Comparison of the nucleic acid sequences of Vic B 

and Vic C wi t h those o f other 7S storage p r o t e i n genes. 

By once again using the nuc l e i c acid sequence alignment programme 

NUCALN, i t was possible t o compare separately the 5' and 3' f l a n k i n g 

sequences, each exon, and each i n t r o n of Vic B and Vic C against the 

corresponding regions o f Vic J, CVA, Pvu 6 and Gma a '. Each 

i n d i v i d u a l comparison was analysed t o give a percentage l e v e l of 
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homology (where gaps occurred i n the alignment, t o maximise base 

matching, these were excluded from the c a l c u l a t i o n s ) . The r e s u l t s o f 

these c a l c u l a t i o n s are given i n Table 9. Unfortunately, f o r some 

unknown reason, the programme f a i l e d t o produce alignments between the 

5' f l a n k i n g sequences o f Vic B and Vic C against Gma a ' . As f a r as 

other comparisons i n t h i s 5' region were concerned, i t was deemed 

appropriate t o d i v i d e the alignment i n t o two p a r t s , since i n each case 

a f a i r l y d i s t i n c t d i v i d i n g l i n e e x i s t e d between two d i f f e r e n t l e v e l s 

of homology, thus g i v i n g the two f i g u r e s shown f o r each comparisons i n 

Table 9. Had time p e r m i t t e d , the alignments would have been f u r t h e r 

analysed t o give f i g u r e s f o r s i l e n t and replacement sub\;itutions i n 

regions o f coding sequence comparison. Also, i n t r o n comparisons were 

l i m i t e d t o those between Vic C and Vic B, Vic C and CVA and Vic B and 

CVA. 

The r e s u l t s reveal several p o i n t s o f i n t e r e s t : 

i ) Vic C vs Vic B: O v e r a l l , a very high l e v e l o f homology between 

these two genes can be observed, w i t h l e v e l s around or above 85%-for 

a l l the exons, above 80% f o r the f i r s t 278 bp o f 5' f l a n k i n g sequence 

and nearly 50% f o r the remaining 247, and even an appreciable l e v e l 

s t i l l e x i s t i n g between the i n t r o n s - as high as 67% i n i n t r o n 3. A 

more r i g o r o u s assessment o f relatedness between a l l the genes w i l l be 

made i n s e c t i o n 4.2.2., but these f i g u r e s c l e a r l y i n d i c a t e t h a t these 

two genes both coding f o r 50,000 Mr polypeptides, have diverged 

r e l a t i v e l y r e c e n t l y i n e v o l u t i o n a r y h i s t o r y . 

i i ) Vic C and Vic B vs Vic J: This represents a comparison o f two 

genes coding f o r 50,000 Mr polypeptides, w i t h one coding f o r one of 
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47,000. Hence i t i s i n t e r e s t i n g t o note t h a t o v e r a l l , Vic C appears t o 

be more homologous t o Vic J than does Vic B. Of the regions compared, 

only exon 4 shows Vic B t o have the higher l e v e l of homology - other 

than t h i s , l e v e l s observed f o r Vic C are c o n s i s t e n t l y s l i g h t l y higher. 

The d i f f e r e n c e s i n l e v e l s observed do not appear t o be s u f f i c i e n t l y 

high to c o n t r a d i c t the theory t h a t the 50,000 and 47,000 Mr genes 

arose by a d u p l i c a t i o n o f a. common ancestor. Following t h i s , 

e v o l u t i o n a r y m o d i f i c a t i o n would cause the genes t o diverge, w i t h the 

two observed 50,000 Mr genes then r e s u l t i n g from a f u r t h e r d u p l i c a t i o n 

event, and as a consequence d i s p l a y i n g s i m i l a r (but not i d e n t i c a l ) 

l e v e l s o f homology t o the 47,000 Mr gene. 

i i i ) Vic C and Vic B vs CVA: A s i m i l a r s i t u a t i o n t o th a t observed 

i n the comparison w i t h Vic J seems t o e x i s t w i t h CVA, espe c i a l l y i n 

the exon comparisons, suggesting an analogous p a t t e r n of gene 

e v o l u t i o n t o t h a t suggested above w i t h Vic J, i e d u p l i c a t i o n from a 

common ancestor, subsequent m o d i f i c a t i o n of one of the duplicates 

(possibly by some i n s e r t i o n event - Bown et a l . , manuscript i n press) 

to produce the much l a r g e r c o n v i c i l i n gene, and then l a t e r d u p l i c a t i o n 

to produce two 50,000 Mr genes. 

I t i s i n t e r e s t i n g t o note however the r e l a t i v e l y large 

d i f f e r e n c e s i n l e v e l s o f homology between v i c i l i n genes and CVA shown 

i n the 5' f l a n k i n g sequence - 53.6% f o r Vic C over the f i r s t 186 bp as 

against 73.9% f o r Vic B over the f i r s t 184 bp, and 46.6% f o r Vic C i n 

the remaining 313 bp, but 66.6% f o r Vic B on the remaining 314 bp. The 

reason f o r such a d i f f e r e n c e i n l e v e l s of sequence conservation i n 

t h i s region i s unknown. I t i s also i n t e r e s t i n g t o note the d i f f e r e n t 
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l e v e l s o f homology observed i n the f i r s t two i n t r o n s - Vic C vs CVA 

shows 61.2% i n IVS-1 compared t o 47.3% here f o r Via B vs CVA, while 

Vic B vs CVA shows 70.9% i n IVS-2 as against only 46.8% f o r Vic C vs 

CVA. This seems t o suggest t h a t the i n t r o n sequences are r e l a t i v e l y 

f r e e o f sequence c o n s t r a i n t - also p a r t l y borne out by the generally 

low l e v e l s observed w i t h both genes i n the other i n t r o n s (generally 

around 40-50%). Analysis l a t e r i n t h i s discussion (see Section 

4.1.7.2) showing t h a t the i n t r o n p o s i t i o n s remain h i g h l y conserved i n 

a l l 73 storage p r o t e i n genes tends t o bear out the p r i n c i p l e t h a t i t 

i s i n t r o n position, r a t h e r than sequence, which i s important f o r gene 

f u n c t i o n (Shah et al 1983). Also any homology shown between 

i n t r o n s tended i n general t o be located near the 3' and 5' s p l i c e 

s i t e s , r a t h e r than the c e n t r a l region, implying t h a t conservation of 

sequence i s most important i n these areas (see also Section 4.1.6). 

i v ) Via C and Vic B vs Pvu B : Here the l e v e l s of homology are 

broadly s i m i l a r across the 5' f l a n k i n g regions and exons 1 and 3. 

However notable d i f f e r e n c e s i n l e v e l can be observed between Vic C 

and Vic B over exon 4 and 5, where Via B i s more homologous to Pvu B , 

and i n exon 6, where the reverse i s t r u e . A ra t h e r u n s a t i s f a c t o r y 

explanation f o r t h i s might j u s t be t h a t these (ra t h e r pronounced) 

di fferences are simply a consequence o f the p a r t i c u l a r pathways of 

ev o l u t i o n embarked on by the genes a f t e r t h e i r presumed o r i g i n s from a 

common ancestor. As p a r t i a l support f o r t h i s , the l e v e l s of homology 

shown i n the data are s u f f i c i e n t l y high as t o agree with the 

prev i o u s l y suggested concept o f a common ancestral o r i g i n f o r these 7S 

storage p r o t e i n genes ( B o r r o t t o and Dure, 1987). Also, here one can 
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observe a marked general drop i n l e v e l s of homology compared w i t h 

those observed when Vic C and Vic B are compared w i t h genes i n the 

same species, implying t h a t s p e c i a t i o n between pea and french bean 

occurred before the d u p l i c a t i o n o f these genes i n pea. 

v) Vic C and Vic B vs Gma a ' : I n t h i s case, only the exon data 

was a v a i l a b l e f o r comparison. Generally, o v e r a l l homology l e v e l s are 

comparable w i t h those achieved w i t h Pvu B (indeed both Vic Cand Vic B 

show ex a c t l y the same l e v e l s i n exon 3 ) . One apparent d i f f e r e n c e 

between Gma a 'and Pvu B i s i n exon 6, the former showing an increase 

i n homology here w i t h Vic C and an even greater increase w i t h Vic 3 -

the only i m p l i c a t i o n t h a t can be taken from t h i s i s t h a t some s o r t of 

f u n c t i o n a l c o n s t r a i n t common t o pea and soybean operates on exon 6 

(possibly i n terms o f common packaging or degradation processes) which 

i s not present i n french bean. 

The otherwise broad s i m i l a r i t y i n l e v e l s o f homology 

between Gma a 'and Pvu B again supports the theory of a common 

ance s t r a l gene, and pos s i b l y even suggests t h a t the 7S genes of 

soybean and french bean evolved on a separate pathway r i g h t a f t e r the 

f i r s t d u p l i c a t i o n from the ancestral gene (see section 4.2.2 f o r 

f u r t h e r discussion) 

4.1.5 Sequences oc c u r r i n g around the t r a n s l a t i o n i n i t i a t i o n 

I t i s now a f a i r l y w e l l established f a c t , due t o several 

extensive surveys on t h i s subject, t h a t the sequence of bases 

oc c u r r i n g around i n i t i a t o r codons i n eukaryotic genes i s non random 

(eg Kozak 1981, Kozak 1984, Heidecker and Messing 1986, Cavener 1987). 
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As a r e s u l t of t h i s work, i t became cle a r t h a t consensus sequences 

e x i s t e d i n t h i s region, and t h a t thse sequences were seen to d i f f e r 

between p l a n t s and animals (Lutcke et a l . , 1987): 

- 4 - 3 _2 -1 +1 +2 +3 +4 +5 +6 

Animal consensus C A C C A T G 

Plant consensus A A C A A T G G C 

Comparison over a wider span o f sequences can be seen i n f i g 31. 

Here percentage frequencies f o r each of the 4 bases were p l o t t e d f o r 

p o s i t i o n s -17 t o +6 ( w i t h the A o f ATG being +1) f o r p l a n t genes, and 

-12 t o +6 f o r animal genes. The data f o r animal genes was obtained 

from the sequences i n the paper by Kozak, 1984. Plant gene data was 

combined t o give a greater sample si z e , from two sources - f i r s t l y the 

f i g u r e s presented by Heidecker and Messing, 1986, obtained from 47 

p l a n t nuclear genes, together w i t h the data, compiled by myself, from 

a f u r t h e r 19 p l a n t genes (references f o r these genes were obtained 

from Brown 1986 - a l l gene references were checked, and any containing 

sequence data f o r the i n t i a t i v e codon were used, and were as follows 

1) From soybean - Leghaemoglobin Lb (Brisson and Verma, 1982), Lbc 2 

and Lbs 3 (Wiborg et a l . , 1982), plus Nodulin 23 (Mauro et a l . , 1985) 

and Nodulin 24 (Katinakis and Verma 1985) i i ) From maize - Sucrose 

synthetase (Werr et a l . , 1985), WX + (Klosgen et a l . , 1986), hsp (heat 

shock p r o t e i n ) 70 (Rochester et a l . , 1986) and Triose phosphate 

isomerase (Marchionni and G i l b e r t , 1986). i i i ) From potato 

Patatins pg T5 (Rosahl e t a l . , 1986) Sb 6B and 5-4 IOC (Pikard et a l . , 

1986) and Proteinase i n h i b i t o r I I ( K e i l et a l . , 1986) i v ) From c a r r o t 

- Extensin (Chen and Varner, 1985) v) From tobacco - ATP synthase 
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(Boutry and Chua, 1985) v i ) From a l f a l f a - Glutamine synthetase 

(Tischer at a l . , 1986) v i i ) From ant i r r h i n u m - Chalcone synthase 

(Sommer and Saedler, 1986) v i i i ) From chlamydamonas - Rubisco small 

subunit rbos 1 and rbcs 2 (Goldschmidt-Clermont and Rahire 1986). As 

can be seen from the two p r o f i l e s , outside the consensus regions given 

above, l i t t l e d i f f e r e n c e appears t o e x i s t between p l a n t and animal 

genes, apart from a s l i g h t l y greater prevalence o f C's i n p o s i t i o n s 

-12 t o -5 o f the animal genes. Within the confines o f the consensus 

sequences, i t has been shown t h a t w h i l s t animal genes show a marked 

preference f o r A a t -3, t h i s i s not quite as pronounced i n pl a n t 

genes, w h i l s t i n p l a n t genes the prevalence o f G at +4 i s not 

r e f l e c t e d a t a l l i n animal genes. Since a mechanism of i n t e r a c t i o n 

between the consensus sequence and a homologous region on 18S rRNA has 

been suggested (Sargan e t a l . , 1982), any d i f f e r e n c e s shown between 

p l a n t and animal i n t h i s region suggest s l i g h t l y d i f f e r e n t sequences 

in the corresponding regions o f p l a n t and animal 18S rRNAs. 
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Fig 31. Percentage frequency d i s t r i b u t i o n o f each nucleotide 
around the f u n c t i o n a l i n i t i a t o r codon i n a large number of 
p l a n t and animal mRNAs ( f o r sources, see t e x t ) . The 
nucleotide immediately p r i o r t o the ATG codon i s number 
- 1 , nucleotides +4 t o +6 represent the s t a r t o f the 
p r o t e i n coding sequence. Dotted l i n e s d e lineate regions 
comparable by n u c l e o t i d e p o s i t i o n . 

a = p l a n t 
b = animal 
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I n order t o assess the s i t u a t i o n i n the pea seed storage p r o t e i n 

genes, sequences a v a i l a b l e f o r t h i s region were compiled as shown i n 

Table 10, w i t h the number o f bases occurring i n each p o s i t i o n recorded 

f o r comparison against the pleint consensus sequence, and also the most 

frequent base observed from the p l a n t gene data c o l l a t e d as above. The 

most i n t e r e s t i n g p o i n t t o emerge from t h i s data i s the apparent lack 

of preference shown by the pea genes f o r having an A residue at -3, 

where only 5/9 genes have As, the others a l l having Ts. Also 

i n t e r e s t i n g are p o s i t i o n s -4 (C = 4/9, A only 3/9), -2 (T = 5/9, C 

only 3/9) amd -1 (C = 4/9, A only 2/9). Although these f i g u r e s only 

come from a small sample s i z e , i t i s nevertheless i n t e r e s t i n g t o note 

t h a t o v e r a l l the pea genes seem to show a greater s i m i l a r i t y to the 

animal consensus than t o the p l a n t . However, since i t has been stated 

t h a t the most important p o s i t i o n i n the pea consensus i s at +4, where 

G i s g r e a t l y favoured, and t h a t having an A at -3 i s of lesser 

importance than i n animal genes (Lutcke et a l . , 1987), then by showing 

6/9 G's at +4, the pea genes conform t o the p l a n t consensus. As to 

whether d i f f e r e n c e s observed i n the other p o s i t i o n s would be 

s i g n i f i c a n t i n i n h i b i t i n g t r a n s l a t i o n i n i t i a t i o n , nothing can be said 

f o r sure - data would be needed on the t r a n s l a t i o n a l e f f i c i e n c i e s of 

genes d i f f e r i n g i n sequence at each one o f these p o s i t i o n s . Any s o r t 

of evidence o f this, k i n d could i n f a c t prove valuable i n f u t u r e work 

i n v o l v i n g e f f i c i e n t t r a n s l a t i o n o f f o r e i g n genes, perhaps a l t e r e d i n 

t h i s r egion during i n s e r t i o n i n t o a vector, i n transgenic p l a n t s . 
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4.1.6 I n t r o n Consensus Sequences 

The i n t e r r u p t i o n o f p r o t e i n coding sequence by i n t r o n s i n a large 

v a r i e t y o f eukaryotic genes d i c t a t e s t h a t these i n t r o n s must . be 

p r e c i s e l y removed from i n i t i a l mRNA precursors (pre-mRNA or 

heteronuclear RNA),. before the message can be e f f i c i e n t l y t r a n s l a t e d . 

The process by which t h i s e x c i s i o n takes place i s known as s p l i c i n g . 

I t has now been established t h a t i n order t o achieve e f f i c i e n t 

s p l i c i n g , several important features must be conformed t o by the 

i n t r o n and i t s bordering exon sequences. A f t e r the i n i t i a l 

establishment o f the GT/AG boundary r u l e (Breathnach et a l , 1978), 

subsequent more extensive consensus sequences r e l a t i n g t o the 5' and 

3' boundaries o f i n t r o n s have been derived (Mount, 1982, Brown 1986). 

Following t h i s , a suggestion f o r a general mechanism of s p l i c i n g 

was made, whereby i n t r o n s are removed i n the form o f a ' l a r i a t ' RNA, 

where the 5' end o f the i n t r o n forms a 5' - 2' phosphodiester bond 

w i t h the 2' -OH o f a conserved region containing an adenosine residue 

(the branch p o i n t ) , o c c u r r i n g between 18 t o 40 n t upstream of the 3' 

s p l i c e s i t e (Ruskin e t a l . , 1984., Z e i t l i n and E f s t r a t i a d i s 1984., 

Reed and Maniatis, 1985). This concept has now been expanded upon with 

the e l u c i d a t i o n of the order o f events involved i n pre-mRNA processing 

(Gerke and S t e i t z , 1986); F i r s t l y , cleavage occurs at the 5' s p l i c e 

s i t e o f the i n t r o n , which i n t u r n i s followed by the formation of a 

branched s t r u c t u r e i n which the G at the 5' terminus of the i n t r o n 

forms the phosphodiester bond w i t h the A i n the branch p o i n t . Next, 

e x c i s i o n o f the l a r i a t s t r u c t u r e occurs by cleavage at the 3' s p l i c e 

s i t e , and f i n a l l y the exons are l i g a t e d together. 
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I t i s now also known t h a t the s p l i c i n g events are dependent on 

the abundant U-type small nuclear RNAs (U-sn RNAs) present i n the form 

o f r i b o n u c l e o p r o t e i n complexes (U-sn RNPs) (Frendewey and K e l l e r , 

1985. Grabowski e t a l . , 1985). Indeed, there appears t o be increasing 

evidence t h a t a l l species o f U-snRNP - Ul, U2, U5 and U4/U6 (which 

e x i s t as a s i n g l e complex - Bringmann et a l . , 1984, Hashimoto and 

S t e i t z , 1984) are involved i n the various stages o f processing (Lerner 

et a l . , 1980., Black and S t e i t z 1986), possibly i n the form of a 

so-ca l l e d 'spliceosome' complex (Grabowski e t a l . , 1985) apparently 

c o n t a i n i n g a t l e a s t 3 o f the U-sn RNPs (Sharp, 1987). The importance 

o f these U-sn RNPs i s underlined by two observations - f i r s t l y t h a t 

snRNP's from f u n g i , the yeast Saocharomyces cerevisiae and also from 

peas, can be immunoprecipitated by antibodies r a i s e d against human 

U-snRNPs (To l l e r v e y and M a t t a j , 1987), implying a considerable degree 

o f e v o l u t i o n a r y conservation. Secondly, the e l u c i d a t i o n o f the e n t i r e 

n u cleotide sequence o f broad bean U2 RNA (Kiss et a l . , 1987), shows 

t h a t i t s secondary s t r u c t u r e matches t h a t o f a model proposed t o 

accommodate a l l other f u l l y sequenced higher eukaryotic U2 RNAs 

(Reddy, 1985), again implying considerable f u n c t i o n a l c o n s t r a i n t has 

operated during e v o l u t i o n i n order t o allow maintainance of an act i v e 

r o l e i n the s p l i c i n g process. 

Some evidence also e x i s t s f o r the i n d i v i d u a l r o l e s played by the 

U-snRNPs w i t h i n the spliceosome complex. Rat U2 - sn RNA has been 

shown t o possess a s i n g l e stranded region w i t h sequences homologous t o 

both the branch p o i n t and the 3' s p l i c e s i t e consensus sequences i n 

mammalian i n t r o n s (Reddy and Busch, 1983, K e l l e r and Noon 1984), Also, 
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i t appears t h a t Ul-sn RNA u t i l i z e s s p e c i f i c base-pairing i n i t s 

r e c o g n i t i o n o f the 5' s p l i c e s i t e (Zhuang and Weiner, 1986). 

Considerably more evidence e x i s t s t o subs t a n t i a t e these and other 

i n d i v i d u a l r o l e s o f U-sn RNPs but w i l l not be discussed f u r t h e r here. 

I n view o f the f a c t t h a t a considerable degree o f conservation 

has operated on the U-sn RNA sequences, a comparison between p l a n t and 

animal i n t r o n consensus sequences (Brown 1986) not s u r p r i s i n g l y shows 

. a considerable degree o f s i m i l a r i t y between the corresponding 

regions:-

i ) 5' s p l i c e s i t e -

-3 -2 -1 +1 +2 +3 +4 +5 +6 

Plant C/A A G : G T A A G T ( : = s p l i c e s i t e ) 

-3 -2 -1 +1 +2 +3 +4 + 5 + 6 

Animal C/A A G : G T A/G A G T 

- Here we can see the sequences are v i r t u a l l y i d e n t i c a l . 

i i ) 3' Splice s i t e -
-10 -4 -1 +1 

Plant T T T T T T T T T T T G C A G : G 
Pu Pu Pu Pu Pu 

-10 -4 -1 +1 

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

- Here the emphasis on a poly (T) s t r e t c h , present i n the animal 

consensus, i s less pronounced i n the p l a n t counterpart, and also 

s i g n i f i c a n t i s the d i f f e r e n c e a t p o s i t i o n -4. 

The percentage composition o f bases at each p o s i t i o n f o r both 

p l a n t and animal 5' and 3' s p l i c e s i t e s i s shown i n f i g . 32 ( f i g s 
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taken from Brown, 1986) i l l u s t r a t i n g c l e a r l y the poi n t s made above -

g e n e r a l l y very s i m i l s i r p r o f i l e s are observed f o r both a t the 5' s i t e , 

w h i l s t a t the 3' s i t e animal genes show a high l e v e l of Ts 

c o n s i s t e n t l y from -15 t o -5, w h i l s t i n p l a n t s , although Ts tend t o 

predominate i n a l l these p o s i t i o n s , A and G also occur i n many 

p o s i t i o n s a t s i g n i f i c a n t l e v e l s . The d i f f e r e n c e a t p o s i t i o n -4 i s also 

c l e a r i n the 3' s i t e , w i t h p l a n t genes having a 50% presence o f G at 

t h i s s i t e , w h i l s t animal genes show approx 25% o f each base here. 
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Fig. 32 Percentage frequency d i s t r i b u t i o n of each nucleotide 
around the 5' and 3' intron/exon boundaries of p l a n t and 
animal genes ( f o r sources, see t e x t ) . At the 5' 
(exon/intron) boundary, the GT consensus nucleotides are 
numbered +1 and +2 r e s p e c t i v e l y . At the 3' (intron/exon) 
boundary the AG consensus nucleotides are numbered -2 and 
-1 r e s p e c t i v e l y . Dotted l i n e s delineate regions comparable 
by nucleotide p o s i t i o n . 

a = p l a n t 
b = animal 
1 = 5' 
l i = 3' 
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i i i ) The branch p o i n t -

-3 -2 -1 0 +1 

Plant C T Pu A Py 

Animal C T Pu A Py 

These sequences were taken from the data f o r p l a n t genes (Brown, 

1986) and animal genes ( K e l l e r and Noon, 1984) and again i s 

represented g r a p h i c a l l y i n f i g . 33 by p l o t t i n g the percentage 

occurrence o f each base f o r each p o s i t i o n ( p o s i t i o n s are numbered 

r e l a t i v e t o the branch p o i n t nucleotide i t s e l f a t 0 ) . I t i s 

i n t e r e s t i n g t o note t h a t the p r o f i l e s t h a t r e s u l t are v i r t u a l l y 

i d e n t i c a l f o r both p l a n t and animal genes. 



169 

Fig. 33 Percentage frequency d i s t r i b u t i o n o f each nucleotide 
around the i n t r o n branch p o i n t s o f several animal and 
p l a n t genes (see t e x t f o r sources o f sequence data). The 
consensus A n u c l e o t i d e o f the branch p o i n t (see t e x t f o r 
r e f . ) i s numbered 0, w i t h p o s i t i o n +1 i n d i c a t i n g the next 
nucleotide downstream i n the 3' d i r e c t i o n w i t h i n the 
i n t r o n . Dotted l i n e s d e l i n e a t e regions comparable by 
n u cleotide p o s i t i o n . 

a = p l a n t 
b = animal 
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- J -2 -1 •! O +4 45 +6 
Li«A IV8-1 A A 8 I e T T A C T 

-2 A a B I 8 T 8 A 8 C 
•3 A A A I 8 T A T 8 T 

LigB IV8-1 A A 8 I 8 T T A C T 
-2 A 8 8 I 8 T 8 A 8 C 
-3 A A A I 8 T A T 8 T 

LigC tV8-l A A 8 I 8 r T A C T 
•2 A 8 8 I 8 T 8 A 8 C 
-3 A A A I 8 T A T 8 T 

LigO IV8-1 A A 8 I 8 T T C 8 T 
•2 A 8 8 t 8 T 8 A 8 A 
•3 A A A I 8 T A C C A 

Li g J IV8-1 A 8 A I 8 T A A 8 T 
-2 A 8 8 I 8 T A A C T 

LtgK IV8-1 A 8 A I 8 T A A 8 T 
-2 A 8 8 I 8 T 8 T 8 T 

VicA IVS-3 A A r I 8 T A A 8 T 
-5 C A 8 I 8 T A T A T 

VlcB IV9-1 8 T 8 I 8 T A A T T 
-2 C A 8 I 8 T A A T A 
•3 A A T I 8 r A A 8 C 
-4 8 A 6 I 6 T A T 8 A 
-S C A 6 I 8 T A r A T 

VlcC IV9-1 8 C 8 I 8 T A A T T 
-2 T C 8 I 8 T A T T A 
•3 A A T I 8 T A A 8 r 

VicJ IVS-1 6 T 6 I 8 T A A T 8 
-2 C A 8 I 8 T A A T A 
-3 A A T I 8 T A A 8 C 
-4 8 A 8 I 8 T A T A A 
-3? 8 8 T I 8 T A A T A 

CvA IV8-1 A T 8 I 8 T A A T T 
-2 8 A 6 I 8 r A A T A 
-3 A A T J 8 T A A 8 T 
-4 A A 6 I 6 T A T 8 T 
-5 C A 8 I 8 T A T T A 

T o t i l i A 23 22 6 I • • 27 23 3 10 
8 7 9 24 i38 - 9 - 18 1 
C 5 2 - I - - - 2 9 5 
T 1 3 6 I • 36 4 11 10 20 

P f i ConiMiui 
A A 8 I 8 T A A 8 r 

Plant ConiMiui 
C A 6 I 8 T A A 8 r 
A 



TABLE 12 c n . . n , t i n , of ,^n,nr' »nn,H t h . i . t m V m,iipft HHB \i m iiPfd Btomffi nrfltfiiM tePM. 
-15 

T o t i l i A 14 10 11 
8 3 6 2 
C 7 4 9 
T 12 16 14 

PBI C o n i i n i u i 

P l i n t Constnsui 
T T T 

•10 -1 •! 
LigA IV8-1 C T A T A C C A A T T A C A 8 1 8 LigA 

-2 A T C T A T 8 T T T 8 A ( A 6 1 A 
-3 A C A A T C T T C A T A C A 8 1 A 

LigB IVS-1 C T A T A C C A A T T A C A 6 1 8 LigB 
-2 A T C T A T 6 T T T 6 A ( A 8 i A 
-3 A C A A T C T T C A T A C ! A 8 1 A 

LigC IV8-1 C T A T A C C A A T T A C A 6 1 8 LigC 
-2 A T C T A T 6 T T T 8 A ( ; A 8 1 A 
-3 A C A A T C T T C A T A ( ; A 6 1 A 

LegD IVS-1 T A C A T C A A T T A C ] [ A 8 1 8 
-2 
-3 A C A A T T T T C A T A ( : A 8 1 A 

LagJ IV8-1 A A T A T 8 T 8 T A T 8 ( ; A 8 1 6 LagJ 
-2 T 8 T A T 6 T A T A T 8 1 ; A 8 1 A 

LtgK IV8-1 A A T A T 8 T 8 T A T 8 1 ; A 8 1 8 LtgK 
-2 A A T A T 6 T A T A T 8 1 : A 8 1 A 

VicA IVS-2 T 6 T C C T T T T C A T 1 ; A 8 1 T 
-3 T 8 T A A A A A A A C A 1 ; A 8 A 
-4 T T C A A A T T A A T A 1 r A 8 8 
-3 A T T 8 A A A A T T T 8 1 A 6 8 

VicB IV8-i C A T T 8 T A A T T T C ( : A 8 8 
-2 8 T C C T T T T T C A A C A 8 1 T 
-3 T 8 T A A A A A A A T A r A 8 A 
-4 C A A A T T A A A T A T r A 8 1 8 
-5 8 T C A 8 A T A C A C C S A 8 T 

Vice IV8-2 T T 8 T C A T T T C A A C A 8 1 T 
-3 T T 8 T A A A A T A T A C A 8 1 A 
-4 C A A A T T T T A T C T T A 8 1 8 

Vic J IV8-1 A A T T 8 C A A T A T 8 C A 8 1 8 
-2 T 8 T A A T T T T t A A T A 8 1 T 
-3 8 T T C A A A A T A T A A A 6 i A 
-4 C A A A T T T A A T T T T A 8 : 8 

CvA IV8-1 T A A T A T 8 T A C T A C A 6 1 8 
-2 A T C C T T C T T C T A C A 8 : 6 
-3 T T T T C 6 C A 6 A T A T A 8 1 A 
-4 T 6 C T T A A A T T T T T A 8 1 8 
-5 A T T 8 A A A A T T T 8 A A 8 i 8 

10 11 19 10 16 6 21 
5 4 2 1 - 3 7 
8 5 - S 9 3 3 
13 16 15 20 15 24 5 8 

36 
36 

14 
17 

A A A A A T A C A 8 i X 
T T T T T 

T T T T T T T 8 C A 8 I 8 
lilt 



Cann«t<Aii of RMnnnr** »rtmni ihtk Intrnn fcranfth Doint in Ma aeed i t o r a n Brot«ia ttltt. 

-5 0 t l sp-
le g i I?S-1 I A C T A A T 27 

-2 C A 6 T A A C 30 
-3 1 6 C r A A C 22 

legB ITS-1 I A C T A A I 27 
-2 c A 6 T A A C 30 -3 I 6 C T A A C 22 

lege ITS-1 T A C t A A T 27 
-2 C A 6 r A A C 30 -3 i 6 C r A A C 22 

legD ITS-1 T A T r T A C 2{ 
-3 6 A C T T A A 28 

legJ ITS-1 T A C T A A A 30 
-2 i A C T A A T 2J 

l e g l lTS-1 T T C r A A T 20 
-2 1 6 C T A A T 2) 

TicA ITS-2 T T C T T A T 22 
-3 T 6 r r A A T 40 
-5 f 6 C T T A T 27 

TlcB ITS-1 1 T C T A A ! i J 
-2 T C T T t A t 24 
-3 t 6 T I A A T 40 
•4 A T t T A A T 25 
-5 T 6 C T T A T 27 

TlcC ITS-2 T A T r 6 A T 31 
-3 6 A T T T A C 41 
-{ t A T T T A T 38 

TICJ ITS-1 A T C T T A A 15 
-2 C T C T T A C 28 
-3 C I I T T A T 22 -4 A 6 C r A A A 25 

Cvl ITS-1 6 I T T A A T 13 
-2 6 A t T G A A 29 
-3 6 t r T A A T 44 
.4 T 6 t T A A T 24 
-5 T T C T A A I 23 

Totals 
A 1 14 - - 22 35 5 
6 S 10 3 - 2 - -
C 5 1 19 3 
t 17 10 13 35 11 - 21 

CoDsensQs T I I T A A t 

Plaot CoosensQs T T r T X A I 
I I 

SF : Distance to 3' s p l i c e s i t 
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Overa l l the s i m i l a r i t y shown between p l a n t and animal genes i n 

the 5' s p l i c e s i t e and branch p o i n t regions, along w i t h a lower degree 

of s i m i l a r i t y a t the 3' s p l i c e s i t e , suggests possibly t h a t the U-sn 

RNAs involved at the f i r s t two regions may show more sequence 

conservation than those involved a t the l a t t e r . 

A survey o f pea seed storage p r o t e i n genes was then compiled f o r 

these 3 regions i n order t o assess the degree o f conformation t o the 

corresponding p l a n t consensus sequences: 

i ) 5' s p l i c e s i t e - Table 11 shows a compilation f o r pea storage 

genes i n t h i s region along w i t h the r e s u l t i n g implied consensus 

a t each p o s i t i o n , compared along w i t h the p l a n t consensus. The 

only apparent d i f f e r e n c e i s a t p o s i t i o n -3, where the pea genes 

show a stronger preference f o r A, as opposed t o an approx equal 

r e p r e s e n t a t i o n o f A and C at t h i s p o s i t i o n i n the pl a n t sequence. 

i i ) 3' s p l i c e s i t e - A s i m i l a r compilation o f data f o r t h i s region i s 

given i n Table 12. Here good agreement i s shown between the pea 

and p l a n t consensuses from p o s i t i o n s -15 t o -5. However a major 

d i f f e r e n c e i s seen t o occur a t -4, where instead o f showing a 

prevalence o f G's, the pea genes have A's i n 21 out of the 

possible 36 places. One can say f o r sure whether t h i s i ndicates a 

tolerance f o r A's as w e l l as G's i n t h i s p o s i t i o n i n pl a n t gene 

i n t r o n s , or whether i t i n f a c t implies t h a t the U-Sn RNA involved 

at the 3' s p l i c e s i t e i n peas i s d i f f e r e n t t o t h a t occurring i n 

other p l a n t s . However, the observation t h a t broadbeans and pea 

U2-Sn RNAs (thought t o be involved a t the 3' s p l i c e s i t e , see 
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above) show near p e r f e c t homology throughout 121 nt at t h e i r 3' 

ends (Kiss et a l . , 1987) implies the l a t t e r theory may be 

i n c o r r e c t . Another s l i g h t d i f f e r e n c e also appears to occur at 

p o s i t i o n +1, w i t h pea genes apparently t o l e r a t i n g A or G here, i n 

c o n t r a s t to a preference f o r only G here i n the o v e r a l l p l a n t 

consensus sequence, 

i i i ) The Branch p o i n t - Table 13 shows a compilation of sequences, i n 

pea gene i n t r o n s , of maximum homology t o the consensus branch 

p o i n t sequence common t o both animal and p l a n t genes, i . e . C T Pu 

A Py (see above). The r e s u l t s show p e r f e c t agreement at p o s i t i o n s 

-5, -4, -2, 0 and +1. Some disagreement can be observed at -3, 

where a general preference f o r Pyrimidines i s shown i n peas, 

r a t h e r than the more usual C i n the p l a n t consensus, and at -I, 

where the pea genes show a higher than expected proportion of 

T's, w i t h correspondingly less G's. Such s l i g h t d ifferences would 

appear f a i r l y t r i v i a l i n the l i g h t of evidence from in vivo 

and in vitro studies on a p o i n t mutation on the i n v a r i a n t A at 

p o s i t i o n 0 i n the yeast branch p o i n t sequence. Results showed 

s u r p r i s i n g l y t h a t mutation o f t h i s A t o a C gave a high 

e f f i c i e n c y o f branch formation (Vijayraghavan et a l . , 1986). This 

suggests t h a t i f a mutation o f such an important p o s i t i o n can be 

t o l e r a t e d , then mutations elsewhere i n the consensus might also 

be t o some degree acceptable. 
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As a reference t o pea genes i n general, i t i s worth noting t h a t 

the normal mechanisim o f i n t r o n s p l i c i n g v i a l a r i a t formation at the 

pr e d i c t e d branch p o i n t , and cleavage a t predicted s p l i c e j u n c t i o n s has 

a c t u a l l y been observed in vivo f o r Leg J i n t r o n + exon f l a n k i n g 

sequences from pea, cloned behind an SP6 promoter (Brown et a l . , 1986) 

F i n a l l y a p o i n t p o s s i b l y worth considering i s the e f f i c i e n c y with 

which the pre-mRNAs from f o r e i g n genes might be processed i n a 

heterologous gene system. Should the mechanism prove to have some 

c h a r a c t e r i s i t i c s unique t o c e r t a i n p l a n t species, i t could prove 

important i n determining l e v e l s o f f o r e i g n gene expression i n 

transgenic p l a n t s . 

4.1.7 Amino Acid and n u c l e i c a c i d sequence alignments 

Alignments were made, f i r s t l y , by eye, of a l l a v a i l a b l e amino 

acid sequence data f o r both I I S and 7S g l o b u l i n legume seed storage 

p r o t e i n s (the I I S alignment i s shown i n f i g . 34 along w i t h an example 

from a Brassica species - C r u c i f e r i n { Bn Cr ) from Brassica napus 

(Simon e t a l . , 1985) and t h a t f o r 7S, p a r t l y taken from Doyle et a l . , 

1986, i n f i g , 3 5 . Regions o f conservation of amino acid residues are 

boxed, w i t h various other features also i n d i c a t e d (see f i g u r e legends 

f o r d e t a i l s ) . Secondly, using the NUCALN computer programme, 3 nucleic 

acid sequence alignments f o r I I S genes were made from genomic and cDNA 

sequence data encoding a g l y c i n i m A B subunit from soybean 
^ 13. 

(GMA2Bla, Marco et a l 1984) against sequence data from the legumin 

cDNA clones pDUBl and pDUB3, encoding the basic subunit of a 60,000 Mr 
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legumin polypeptide (Croy e t a l . , 1982), and Leg A against Leg J, plus 

one f o r 7S genes, where Vic B was aligned against Fvu B . The r e s u l t s 

o f these comparisons are i l l u s t r a t e d g r a p h i c a l l y (see section 2.13.1) 

i n f i g . 36 (GMA2Bla vs Legumin cDNAs), f i g . 37 ( Leg A vs Leg J) and 

f i g . 3 8 ( Vic B vs Fvu B ). 

The f i n d i n g s from these analyses were as f o l l o w s : 

4.1.7.1 11 S Globulins 

The r e s u l t s o f amino ac i d alignment ( f i g . 34) o f the 118 seed 

storage p r o t e i n s showed t h a t many gaps, some of considerable s i z e , had 

to be introduced t o maximise homology i n a l l exons. This homology can 

be seen t o vary g r e a t l y between i n d i v i d u a l exons. 

i ) The s i g n a l peptide region - Here a good degree o f conservation can 

be seen t o e x i s t between each p r o t e i n , and also t h a t each has an Ala 

residue next t o the cleavage s i t e - t h i s appears t o be i n accordance 

w i t h the f i n d i n g s o f von Heijne (1985) who observed a pr o p o r t i o n a t e l y 

high number o f Ala residues i n t h i s p o s i t i o n i n a large number of 

pr o t e i n s from both prokaryotes and eukaryotes. 

i i ) The r e s t o f exon 1 - f i r s t l y , there appears to.be no conservation 

at the residue o c c u r r i n g at the NH^ t e r m i n i o f the mature 

polypeptides. However, throughout the r e s t o f t h i s exon, considerable 

sequence conservation can be seen t o e x i s t , w i t h even Bn Cr , 

C r u c i f e r i n p r o t e i n from a p l a n t i n a d i f f e r e n t extant subclass to the 

legumes, namely D i l l e n i i d a e as opposed t o the Rosidae (Cronquist, 

1981) showing some areas o f homology t o the legume p r o t e i n s . This 

conservation appears g r e a t e s t a t residues from p o s i t i o n s 46 to 73, 

where d i f f e r e n c e s (see f i g u r e legend f o r the c r i t e r i a by which 
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d i f f e r e n c e i s judged) occur a t only 5 out of these 28 p o s i t i o n s . 

R e l a t i v e l y few gaps were needed t o achieve maximum alignment i n t h i s 

region. 

i i i ) Exon 2 - r e f e r r e d t o as such, but since some of the genes are 

known t o lack the f i r s t i n t r o n present i n Leg A, B, C, D (eg Leg J 

and VfLe B), t h i s i s merely a convenient term o f reference. 

This region also shows a large degree o f conservation and again 

only a small number of gaps had t o be ins e r t e d t o maximise the 

alignment. BnCr shows some s i m i l a r i t i e s again, but i s d i s t i n c t i n 

i t s possession o f a large i n s e r t i o n o f sequence i n the middle of the 

region (marked on the f i g u r e by an exclamation mark). Assuming th a t 

the present day genes coding f o r these p r o t e i n s may have arisen from a 

common a n c e s t r a l gene (purely on the basis o f the amino acid homology 

which s t i l l appears t o e x i s t ) , t h i s i n s e r t i o n must obviously have 

occurred subsequent t o divergence from the ancestral gene, 

i v ) Exon 3 - This region corresponds t o the C-terminus of the aci d i c 

polypeptide. Here the conservation o f sequence present i n the f i r s t 

two exons i s seen t o break down a short way i n t o t h i s exon consistent 

w i t h observations made i n se c t i o n 4.1.2.1. Some degree of homology 

resumes midway from p o s i t i o n s 288 t o 307, but i n general few residues 

are shared between the p r o t e i n s , and large gaps have been inserted t o 

achieve the degree o f alignment shown. A f u l l a nalysis and discussion 

on the e v o l u t i o n a r y r e l a t i o n s h i p between these p r o t e i n s i s presented 

l a t e r (see s e c t i o n 4.2.1), but purely by looking a t the p o s i t i o n i n g of 

these gaps i t would seem possible t h a t Leg J and K, VfLe B and GM A3 

B4, GMA5A4B3 and GMAlABx are more c l o s e l y r e l a t e d t o each other then 
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arc Leg A, B, C, D and p o s s i b l y GMA2Bla. Indeed gaps were needed 

in Leg J, K and Vf Le B t o account f o r the 18 a.a. repeats present 

in Leg A B and C ( s t a r t i n g a t p o s i t i o n 326). A gap spanning nearly a l l 

t h i s r egion o f repeats was needed i n Bn Cr, and extended r i g h t t o the 

cleavage p o i n t between the a c i d i c and basic polypeptides. Here a l l the 

p r o t e i n s show conservation s t a r t i n g at the Asn residue of the cleavage 

sit;e and c o n t i n u i n g u n i n t e r r u p t e d f o r a f u r t h e r 8 residues, implying 

that, s t r u c t u r a l i n t e g r i t y a t t h i s region, presumably on the surface of 

the p r o t e i n molecule, i s extremely important. Indeed, a good degree of 

conservation continues from here, corresponding t o the N-terminal 

region o f the basic polypeptide. 

v) Exon 4 - This region can be seen to maintain the degree of 

conservation seen to commence at the N-terminal of the basic 

polypeptide i n exon 3. The homology eventually t a i l s o f f towards the 

C-terminal region, where a v i r t u a l l y i n s i g n i f i c a n t l e v e l o f sequence 

conservation can be observed, implying t h a t t h i s region i s of l i t t l e 

importance t o the o v e r a l l s t r u c t u r a l i n t e g r i t y o f each molecule. 

Observing the alignment as a whole, other s i g n i f i c a n t features 

emerge. F i r s t l y , when the known p o s i t i o n s o f common in t r o n s are 

compared (bearing i n mind the Leg J and VfLe B are l a c k i n g the f i r s t 

i n t r o n ) , they are seen t o exactly correspond. However, l i t t l e 

conservation o f a.a sequence i s observed around the i n t r o n s i t e s - the 

g r e a t e s t degree o f conservation o f t h i s nature i s shown around IVS-1, 

p o s i t i o n 110, which i s only so f a r known to occur i n Leg A, B, C, and 

D. 

Secondly, the observation t h a t sizes o f conserved blocks of a.a 
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residues are o f t e n q u i t e small suggests t h a t evolutionary conservation 

i s operating on u n i t s much smaller than whole exons, implying l i t t l e 

r e l a t i o n s h i p between exons and evolutionary domains. 

F i n a l l y , i d e n t i f i c a t i o n o f these e v o l u t i o n a r i l y important 

domains, p a r t i a l l y p ermitted by the r e s u l t s o f t h i s alignment, along 

w i t h p o t e n t i a l 'hot spots' where amino acid s u b s t i t u t i o n , i n s e r t i o n or 

d e l e t i o n i s apparently permitted, suggests t h a t f u t u r e p r o t e i n 

engineering work might take advantage o f these regions of the p r o t e i n 

molecules t h a t permit change without d e l e t e r i o u s e f f e c t t o t h e i r 

o v e r a l l f u n c t i o n . 
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Fig 34 Comparison o f I I S storage p r o t e i n amino ac i d sequences 
from three legumes plus one Brassica species; Data was 
pred i c t e d from e i t h e r genomic or cDNA nu c l e o t i d e sequence 
data and alignment was performed by hand. PS Leg J, K, A, 
B, C and D are legumin genes from Pisum Sativum (pea), 
VfLe B i s a B type legumin gene from Vicia faba 
(broadbean), GMA3B4, GMA5A4B3, GMAlaBx and GMA2Bla are 
g l y c i n i n genes from Glycine max (soybean), and BNCr i s 
C r u c i f e r i n from Brassica napus (see t e x t f o r references). 
The sequences have been aligned w i t h gaps (represented by 
dashes) included where r e q u i r e d t o give maximum homology. 
A large i n s e r t i o n i n BNCr i s not shown, but i t s p o s i t i o n 
i s i n d i c a t e d by an exclamation mark. I n t r o n p o s i t i o n s are 
i n d i c a t e d by arrows. The N-terminal o f each mature a c i d i c 
polypeptide i s i n d i c a t e d by a colon, as i s the border 
between each a c i d i c and basic p o l y p e p t i d e . An a s t e r i s k 
denotes the C t e r m i n a l o f each mature basic polypeptide. 
Amino a c i d residues shared by a t l e a s t one storage p r o t e i n 
i n each o f the three legume genera are boxed. 
A d d i t i o n a l l y , due t o observations made on the r a d i c a l l y 
d i f f e r i n g nature o f the Leg A (so c a l l e d A type legumins) 
and Leg J (so c a l l e d B type legumins) type p r o t e i n s (see 
Section 4,1.2), i t was decided, f o r the purposes o f t h i s 
a n alysis only, t o t r e a t Leg J and Leg K genes as a f u r t h e r 
genera, t o be boxed according t o the above mentioned 
c r i t e r i a . BNCr was included i n boxes were amino a c i d 
conservation was observed Conservative s u b s i t u t i o n s 
(V=I=L; E=D; Y=F; S=T) were considered as shared residues. 
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I n comparison w i t h the a.a. alignment, the p r o f i l e s of nucleic 

acid homology f o r Leg A vs Leg J ( f i g . 3 7 ) and 60,000 Mr Legumin cDNA 

vs GMA2Bla ( f i g . 3 6 ) confirm many o f the f i n d i n g s l i s t e d above, 

e s p e c i a l l y t h a t conservation o f sequence i s greatest i n the N-terminal 

h a l f o f the a c i d i c polypeptide, t h a t there i s a h i g h l y v a r i a b l e region 

i n the C t e r m i n a l region o f t h i s polypeptide, and t h a t there i s again 

good homology shown a t the N-terminal of the basic polypeptide. The 

Leg A vs Leg J p r o f i l e also seems t o imply t h a t sequence conservation 

at regions bordering the i n t r o n s common to the two genes i s strong -

t h i s tends t o r e f u t e the theory o f exon s h u f f l i n g (see section 

4.1.2.1), where one would expect homology to be strongest i n the 

c e n t r a l r e g i o n o f the exon and t o break down at i n t r o n border regions, 

t;hus a l l o w i n g f u n c t i o n a l u n i t s t o be t r a n s f e r r e d i n the ' s h u f f l i n g ' 

process w i t h o u t damage oc c u r r i n g t o them. 

4.1.7.2. 7S Globulins 

O v e r a l l , fewer gaps were needed f o r t h i s alignment (see f i g . 35) 

than were used i n t h a t f o r the I I S g l o b u l i n s . Again homology varied 

between i n d i v i d u a l exons. 

i ) The s i g n a l peptide - Some degree o f conservation can be observed 

here, but the cleavage s i t e and residues around i t do not appear 

to show u n i f o r m i t y . Unlike the I I S g l o b u l i n p r o t e i n s , none of 

these s i g n a l peptides conform to the described p a t t e r n of 

residues a t t h i s s i t e observed i n a range o f eukaryotic and 

p r o k a r y o t i c p r o t e i n s (von Heijne, 1983). There also appears to be 

a broad s i m i l a r i t y i n the lengths o f each s i g n a l peptide, with 

only the c o n v i c i l i n (CVA) leader showing a d i f f e r e n c e i n t h i s 
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reg i o n . The d i f f e r e n c e between CVA and Psa3, an a.a. sequence 

pr e d i c t e d from pea c o n v i c i l i n cDNA (Casey et a l . , 1984) i n t h i s 

r e gion i s o f i n t e r e s t . Since the copy number f o r c o n v i c i l i n genes 

i n the haploid pea genome has been estimated as 1 f o r pea 

(Domoney and Casey, 1985), exact correspondence o f a.a. sequences 

between CVA and Psa 3 might have been expected. The diff e r e n c e 

observed may be due e i t h e r t o damage of the Psa3 cDNA at i t s 5' 

end, g i v i n g an a l t e r e d p r e d i c t e d a,a, sequence, or t o the f a c t 

t h a t the cDNA encoding Psa3 and the CVA genomic clones were 

i s o l a t e d from d i f f e r e n t pea l i n e s , B i r t e and Dark Skinned 

P e r f e c t i o n r e s p e c t i v e l y . Another possible reason i s t h a t there 

may i n f a c t be more than the estimated 1 gene copy of c o n v i c i l i n 

i n h a p l o i d pea genome, (Recent f i n d i n g s now i n f a c t support the 

l a s t theory i n conf i r m i n g t h a t there are indeed 2 c o n v i c i l i n 

genes i n the pea genome, Bown et a l . , 1988). 

i i ) The remaining s e c t i o n o f exon 1 - As i s the case with the I I S 

pr o t e i n s a high degree o f conservation can be observed i n t h i s 

r e gion. Indeed from p o s i t i o n 47 t o 116, 42 of these 69 residues 

are conserved, w i t h blocks o f conservation occurring over as many 

as 8 and 9 residues. The N-terminal region shows no conservation 

however, and gaps are needed i n order t o achieve the alignment 

f o r the r e s t of t h i s r egion. Indeed, two of the prot e i n s contain 

large i n s e r t i o n s o f amino acid sequence not shown i n t h i s 

f i g u r e . Gma a ' has a 174 a.a i n s e r t 7 residues from the 

N-terminus o f the mature p r o t e i n , and CVA has one of 121 a.a's 4 

residues away from i t s N-terminus. Studies have shown (Bown et 
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a l . , 1988) t h a t no homology e x i s t s between these two i n s e r t s , 

implying t h a t each i s the r e s u l t of a separate i n s e r t i o n event 

during gene e v o l u t i o n . I t has been observed t h a t the i n s e r t 

present i n Gma a ' i s also found i n a gene encoding the a subunit 

o f B - c o n g l y c i n i n (Schuler et a l . , manuscript i n pre p a r a t i o n ) , 

and since i t i s not present i n any of the other genes represented 

here, represents an i n s e r t i o n event t h a t occurred subsequent to 

the divergence o f 3 c o n g l y c i n i n a and a ' subunit genes from t h a t 

encoding Gma 6 (Doyle e t a l . , 1986) - see section 4.2.2. f o r 

f u r t h e r discussion on t h i s p o i n t . 

i i i ) Exon 2 - Here the conservation i s seen t o be much less 

pronounced, and large gaps were needed t o take account of 

a d d i t i o n a l sequence i n Gma a ' and Gma B - t h i s section suggest 

p o s s i b l y t h a t i n s e r t i o n s i n equivalent regions o f the other 

p r o t e i n s might be t o l e r a t e d i n f u t u r e p r o t e i n engineering work. 

i v ) Exon 3 - Extensive conservation can be seen i n t h i s short exon, 

and only two small gaps had t o be i n s e r t e d i n the alignment 

procedure. 

v) Exon 4 - Conservation i n t h i s region breaks down a f t e r the f i r s t 

15 residues, and a f t e r t h i s p o i n t , many gaps had to be inserted 

t o i d e n t i f y the only other area o f homology e x i s t i n g i n the 

centre o f t h i s exon. 

v i ) Exon 5 - I n t e r e s t i n g l y , conservation appears t o e x i s t only at the 

border regions o f t h i s exon. The c e n t r a l region required the 

i n s e r t i o n o f gaps i n many o f the sequences and would appear to 

present another p o t e n t i a l t a r g e t f o r p r o t e i n engineering. 
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v i i ) Exon 6 - Unlike the C-terminal region o f the basic polypeptides 

i n the I I S g l o b u l i n s , t h i s region shows a s u r p r i s i n g l y high 

degree o f conservation extending r i g h t t o the C-terminal residue 

o f many o f the polypeptides, implying t h a t t h i s region i s o f some 

importance t o the proper f u n c t i o n i n g o f each p r o t e i n . 

Considering the alignment across a l l regions, other features can 

be observed. F i r s t l y , i d e n t i f i c a t i o n o f p r o t e o l y t i c cleavage s i t e s i n 

the pea v i c i l i n s ( L y c e t t e t a l . , 1983) enabled the i d e n t i f i c a t i o n of 

one at p o s i t i o n 375 i n both 47,000 Mr Polypeptides Psal and Vic J, 

which can be seen t o be a region of low conservation between the 7S 

polypeptides. This might imply t h a t i n d i v i d u a l regions of conservation 

unique t o the 7S polypeptides o f one species but not t o others, may 

s t i l l be subjected t o strong e v o l u t i o n a r y c o n s t r a i n t and thus although 

apparently i n a h i g h l y v a r i a b l e region w i t h respect t o polypeptide of 

other species, would not be good s i t e f o r m o d i f i c a t i o n i n the species 

where they are conserved. 

Secondly, a number o f p o t e n t i a l N-glycosylation s i t e s have been 

i d e n t i f i e d i n these polypeptides (Doyle et a l . , 1986). Of the 3 

i n d e n t i f i e d i n Gma a ', only 1 i s common t o any of the other 

polypeptides - i t i s a t p o s i t i o n 418-420 and occurs also 

i n Gma a Gma B and Psa 1, but i s not present however i n any of the 
p 

other polypeTbides. A s i t e i d e n t i f i e d a t p o s i t i o n 424-426 i n 

both Pvu a and Pvu 0 i s not present i n any of the other p o l y p e p t i d e s . 

I f these s i t e s i d e n t i f i e d are f u n c t i o n a l , these f i n d i n g s seem t o imply 

t h a t p o s i t i o n i n g o f these s i t e s i s not c r u c i a l t o polypeptide 

f u n c t i o n , and also p o s s i b l y t h a t the o r i g i n a l purported ancestral 
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polypeptide may not have been g l y c o s y l a t e d a t a l l (or conversely i t 

had s e v e r a l s i t e s which have been l o s t to v a r y i n g degrees during the 

e v o l u t i o n a r y process which produced the modern day descendant 

p o l y p e p t i d e s . 

F i n a l l y , looking a t t h i s , data i n conjunction with the n u c l e i c 

a c i d sequence alignment p r o f i l e , ( f i g . 3 8 ) of Vic B vs P U M 6 i t i s 

c l e a r t h a t the p o s i t i o n of each i n t r o n i s conserved across the whole 

range o f 7 S genes. However, s i n c e areas of a.a. r e s i d u e conservation 

are o f t e n seen to span i n t r o n p o s i t i o n s (e.g. i n t r o n s 1 , 4 and 5 ) , and 

a l s o t h a t from the n u c l e i c a c i d sequence alignment p r o f i l e , areas of 

sequence homology continue from one exon i n t o the next, a s i m i l a r 

s i t u a t i o n to t h a t suggested f o r the I I S p r o t e i n s seems to e x i s t (see 

s e c t i o n 4 . 1 . 7 . 1 . ) . Here i t was suggested t h a t such f i n d i n g s r e f u t e d 

the i d e a of exon s h u f f l i n g , and t h i s again appears to be the case f o r 

7 S p r o t e i n s . One could not conclude from t h i s data that the exons 

r e p r e s e n t the d i s c r e e t f u n c t i o n a l domains r e q u i r e d for the s h u f f l i n g 

theory. 
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F i g . 35 Comparison of 7S storage p r o t e i n amino a c i d sequences from 
3 legumes. Data has been p r e d i c t e d from e i t h e r genomic or 
cDNA n u c l e o t i d e sequence data. The alignment was compiled 
by a d d i t i o n to and s l i g h t m o d i f i c a t i o n of, t h a t p u b l i s h e d 
by Doyle e t a l . , 1986, and was performed by hand. Pvu a 
and Pvu b are alpha and beta type ( r e s p e c t i v e l y ) p h a s e o l i n 
genes from^ Phaseolus vulga.ris, Gma a', Gma a, and Gma b 
are alpha , alpha and beta s u b u n i t genes r e s p e c t i v e l y 
f o r 6 - c o n g l y c i n i n o f Glycine max, Psa 1 and Psa 2 
r e p r e s e n t 47 and 50,000 Mr v i c i l i n cDNAs r e s p e c t i v e l y , 
from Pisum sativum ( L y c e t t e t a l . , 1983), Psa 3 i s a cDNA 
clone r e p r e s e n t i n g a c o n v i c i l i n gene from Pisum Sativum 
(Casey e t a l . , 1984), PSCVA i s a genomic clone 
r e p r e s e n t i n g a pea c o n v i c i l i n gene and PS V i c J , A, B, C 
are a l l v i c i l i n genomic c l o n e s from pea ( r e f e r e n c e s not 
documented here can a l l be found i n the t e x t ) . The 
sequences have been a l i g n e d with gaps (represented by 
dashes) i n c l u d e d where r e q u i r e d to g i v e maximum homology. 
The l a r g e i n s e r t i o n i n exon 1 of Gma a' i s not shown. The 
N-terminal of each mature polypeptide i s i n d i c a t e d by a 
colon, and the C-terminus by the arrows. Amino a c i d 
r e s i d u e s shared by a t l e a s t one storage p r o t e i n i n each of 
the t h r e e genera a r e boxed; c o n s e r v a t i v e s u b s t i t u t i o n s 
(V=I=L; E=D; Y=F; S=T) are c o n s i d e r e d shared r e s i d u e s . 



Fvoa 
Fvnb 
Giaa' 
Giab 
Fsal 
F3a3 
PSCvi 
FSVicJ 
PSFlcB 
PS7IcC 

Fvoa 
F?ob 
Giaa' 
Giaa 
Giab 
Psal 
Fsa2 
Fsa3 
PSCvA 
FS71cJ 
FS7lcA 
PS7ICB 
FSFlcC 

FvQa 
FVDb 
Gua' 
Giaa 
Gub 
Fsal 
Fsa2 
Psa3 
PSCvl 
PSVicJ 
PSVicA 
PSVicB 
FSFicC 

"HEJIVFlIUCItfLiSLSiS-

M-iii 

'11S7S7S-

iim-

•-F-:iTSlBEEKESQD—-dip 

-H-FliS7CV-
E8-

--F-:GIlIIEIEEPEEMi 
"S-:ll?EEDEI 
--SS:8SDQE 
--SS:ES-flE E8-

II$ITVISfiFtlIfttGjIjIFliSVC?IIiSS:ES-QE HE-

-SS.-ESDPO 
-SS:ESOQO • 

HiFLlSFCY-
G|(lFHS7CV-

IFLfl 
IFL-ffLi 
EFQ-ffL 
iFO-k: 

EgIEFQfl| 

KBIElLQEnill^LF^qopLTE 
RHIBELQEFDI 
KBIBLLQKFbli|AlFfflI||)fiBLLE 
KfllTLlOIFbQBsklFail MEILEI 
tjyBIBLLQICfPQIffllFgrijQyBLLEi 

ISr]^LF|ii]ltflIBVLQEF|)Q(^BL|] 
isiKLnm! ; B I E V L Q B F m m 
EFO-kFnpi ;BVB T L Q E F (IK IQIO 
BSFlirLFBfil TEIEllOBF lIBSQOLBBlktfrBIVO: 
EFQ-ffLlOiljBIElLQIF IKEBIIFfflUiffiElLE 

ijrBll 

nrEiLEi 

UIFpQipiELlLVmGEBI 
HLUmLLVWSGEUI 
i:,fflBjl)iDILI7IUGSB[ 
liLmBibiDFlLFfBisGCUI 
ippiipiDFiirafGnr 

in,FpBib&DLiLvn£Gnii, 
in.PpBipiOLILTfUGIM 

PpTipjLDFILVWSGnn 
LPpBTbiDIILmGIHI 
tPfaOTpADFILV^ 

(0 120 

TIKP-QIB 
mi -QIH 

mum 
mimmm 

nmw LQS-aULBTPiGTTFimPDHDEILBHUCW DUEHmixmn 

WIDDBD LBP-CniQBIPTGITIILVKPBD 
OMfSDHimEE-aUIKLP 

EnmcfflDBimEE-aiTiiLF 
EnnrUSRIDB8S!BLEB-(MIIIP 

kirn miimnmm-miiiLt 

mimmmmiq muimwmm-miiit 

]iG$2{rFiip)i|ppBviff,i(ipm{jG0LQ-sw miM m 

mETtoifyiBi ffiFE-A iskiiAsts- - * s i y [LEISI I i nmMssm 
mimiw^W-sm-s ;TOB mu st 'si mtm j rEBiMEofi)! 

S »01 lOSn SC '51H [LEiSf II rEEffiMEEflBE 
S ;iQB lOlII SC 'SI) [LEiSF ffl rEESIVIf EEi 

^TEADQE^SI Etii 
smminmi PEAS 

SEniEASSfllFEEffi 
l-GBTD[n!̂ £TQ$QSrii9(»SpLETSFy#EEin GEÊ Q 
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A comparison of the trends shown i n both the I I S and 7S amino 

a c i d sequences alignments r e v e a l s c e r t a i n c h a r a c t e r i s t i c s c o n s i s t e n t 

with those described i n a comparison of s t r u c t u r a l s i m i l a r i t i e s 

between legumin and v i c i l i n storage p r o t e i n s from legumes (Argos e t 

a l . , 1985). The main common f e a t u r e between I I S and 7S p r o t e i n s i s the 

v a r i a b i l i t y shown by both i n the c e n t r a l region of the polypeptides, 

a l s o the s i t e o f l a r g e i n s e r t i o n s i n some o f the legumin p r o t e i n s and 

some s m a l l e r i n s e r t i o n s i n an number of v i c i l i n p r o t e i n s . 

A d d i t i o n a l l y , the r e s i d u e s i n both these types of i n s e r t i o n are mainly 

Asp and Glu. 

S i m i l a r high degrees of c o n s e r v a t i o n were a l s o observed i n t h i s 

study f o r the NH^ and COOH terminal regions of both I I S and 7S 

p o l y p e p t i d e s . 
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F i g . 36 Percentage homology p l o t f o r most of the b a s i c subunit 
from a pea legumin 60,000 Mr cDNA a g a i n s t soybean g l y c i n i n 
gene GMA2Bla (alignment from Momma e t a l . , 1985) according 
to the method o u t l i n e d i n s e c t i o n 2.13.1. The dotted l i n e 
i n d i c a t e s the s i g n i f i c a n t l e v e l of homology. The arrow 
i n d i c a t e s the end o f the coding sequence. 
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F i g . 37 Percentage homology p l o t f o r Leg A vs Leg J coding 
sequences, a c c o r d i n g to the method of s e c t i o n 2.13.1. The 
dotted l i n e i n d i c a t e s the s i g n i f i c a n t l e v e l of homology, 
and numbered arrows i n d i c a t e p o s i t i o n s o f i n t r o n s 1, 2, 
and 3 i n Leg A, and of i n t r o n s 1 and 2 i n Leg J . 
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F i g . 38 Percentage homology p l o t f o r pea v i c i l i n gene Vic B 
a g a i n s t P h a s e o l i n gene Pvu 6 from Phaseolus vulgaris (see 
t e x t f o r r e f e r e n c e ) , according to the method o u t l i n e d i n 
s e c t i o n 2.13.1. The dotted l i n e i n d i c a t e s the s i g n i f i c a n t 
l e v e l of homology, and numbered arrows i n d i c a t e p o s i t i o n s 
of the 5 corresponding i n t r o n s o f the two genes, 
( c o d i n g s e q u e n c e s o n l y c o m p a r e d ) 
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4.2 A n a l y s i s of E v o l u t i o n a r y r e l a t i o n s h i p s amongst the I I S and 7S 

seed storage p r o t e i n s 

I n order to determine p o s s i b l e p a t t e r n s by which the genes coding 

for l i s and 7S storage p r o t e i n s might have evolved, dendrograms for 

both c l a s s e s were derived u s i n g the method o u t l i n e d i n s e c t i o n 2.13.3. 

F i g . 39 shows the two d i s s i m i l a r i t y matrices obtained, and then using 

the s i n g l e l i n k c l a s s i f i c a t i o n algorithm on each of these matrices, 

the r e s u l t i n g dendrograms f o r I I S and 7S storage p r o t e i n s are shown i n 

F i g . 40. These dendrograms e f f e c t i v e l y r e p r e s e n t orthologous 

comparisons to give phenetic r e l a t i o n s h i p s between the polypeptides 

concerned (see s e c t i o n 1.1,4). 
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F i g . 39 DC matr i c e s f o r S i n g l e Link c l u s t e r a n a l y s e s on both I I S and 
amino a c i d alignments ( f o r method, see s e c t i o n 2.13.3). Numbering 
f o l l o w s : 

No. A = l i s genes 

1 Leg J (Legumin, pea) 
2 Leg K (Legumin, pea) 
3 VfLe B(Legumin, Vicia faba ) 
4 Leg A (Legumin, pea) 
5 Leg B (Legumin, pea) 
6 Leg C (Legumin, pea) 
7 Leg D (Legumin, pea) 
8 GMA3B4 ( G l y c i n i n , soybean) 
9 GMA5A4B3 ( G l y c i n i n , soybean) 
10 GMAlaBx ( G l y c i n i n , soybean) 
11 GMA2Bla ( G l y c i n i n , soybean) 
12 BNCr ( C r u c i f e r i n , Brassica 

napus ) 
13 

B = 7S genes 

Pvu a ( p h a s e o l i n , type a, P.vulgaris ) 
Pvu b ( p h a s e o l i n , type b, P.vulgaris ) 
Gma a ( B c o n g l y c i n i n , a' subunit, soybea: 
Gma a ( 5 c o n g l y c i n i n , a subunit, soybean 
Gma b ( B c o n g l y c i n i n , b subunit, soybean 
Psa 1 ( v i c i l i n 47000 Mr, pea) 
Psa 2 ( v i c i l i n 50,000 Mr, pea) 
Psa.3 ( c o n v i c i l i n , pea) 
CVA ( c o n v i c i l i n , pea) 
Vic J ( v i c i l i n 47,000 Mr pea) 
Vic A ( v i c i l i n 50,000 Mr pea) 
Vic B ( v i c i l i n 50,000 Mr pea) 

Vic C ( v i c i l i n 50,000 Mr pea) 

- f o r r e f e r e n c e s , see t e x t . 
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F i g . 40 Dendrograms produced from the DC-matrices of f i g . 3 9 f o r I I S and 
storage p r o t e i n s a c c o r d i n g to the method o u t l i n e d i n s e c t i o n 2.13 
Numbering as f o l l o w s : 

No. A = l i s 

1 Leg J (Legumin, pea) 
2 Leg K (Legumin, pea) 
3 VfLe B (Legumin Vicia faba 
4 Leg A (Legumin, pea) 
5 Leg B (Legumin, pea) 
6 Leg C (Legumin, pea) 
7 Leg D (Legumin, pea 
8 GMA3B4 ( G l y c i n i n , soybean) 
9 GMA5A4B3 ( G l y c i n i n , soybean) 
10 GMAlaBx ( G l y c i n i n soybean) 
11 GMA2Bla ( G l y c i n i n soybean) 
12 BNCr ( C r u c i f e r i n , B r a s s i c a 

napus) 
13 

B = 7S 

Pvu a ( p h a s e o l i n , type a, P.vulgaris ) 
Pvu b ( p h a s e o l i n , type b, P. vulgaris ) 
)Gma a' ( B c o n g l y c i n i n , a' subunit, soybe; 
Gma a ( B c o n g l y c i n i n , a subunit, soybean 
Gma b ( B c o n g l y c i n i n , b subunit, soybean 
Psa 1 ( v i c i l i n 47,000 Mr, pea) 
Psa 2 ( v i c i l i n 50,000 Mr, pea) 
Psa 3 ( c o n v i c i l i n , pea) 
CVA ( c o n v i c i l i n , pea) 
Vic J ( v i c i l i n 47,000 Mr pea) 
Vic A ( v i c i l i n 50,000 Mr pea) 
Vic B ( v i c i l i n 50,000 Mr pea) 

Vic C ( v i c i l i n 50,000 Mr pea) 

- f o r r e f e r e n c e s , see t e x t 
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Construction o f dendrograms using data extracted from amino acid 

sequence does have i t s l i m i t a t i o n s (see section 1.1.4.). However, i n 

order t o perform the analysis a t nucleic acid sequence l e v e l , 

i n d i v i d u a l pairwise sequence comparisons f o r 12 I I S genes and 13 7S 

genes would have had t o be c a r r i e d out using the method described by 

Perler et a l . , 1980 t o estimate the divergence time between each p a i r 

o f genes. Such an extremely lengthy set o f c a l c u l a t i o n s was considered 

beyond the scope o f t h i s p r o j e c t . Also, t h i s process could not have 

provided absolute times o f divergence f o r each o f the genes anyway, 

since no event o f known date was a v a i l a b l e (such as the time of 

s p e c i a t i o n f o r pea and soybean) t o f a c i l i t a t e c a l i b r a t i o n of an 

ev o l u t i o n a r y clock f o r these genes. 

However, despite the acknowledged drawbacks o f the method used to 

derive the dendrograms, they do s t i l l represent a systematic analysis 

of the data, and as such reveal some i n t e r e s t i n g features r e l a t i n g to 

how the present day I I S and 7S genes may have o r i g i n a t e d . 

4.2.1 l i s genes 

F i r s t l y , from t h i s dendogram, an i n t e r e s t i n g p a t t e r n of gene 

divergence w i t h respect t o s p e c i a t i o n emerges. Clearly the genes 

coding f o r Leg A, B and C show the l e a s t divergence. However, the 

branching p a t t e r n i n d i c a t e s t h a t soybean GMA2Bla and GMAlaBx (plus not 

s u r p r i s i n g l y pea Leg D) are more c l o s l e y r e l a t e d t o t h i s class of gene' 

then they are t o the other g l y c i n i n genes from soybean, GMA3B4 and 

GMA5A4B3. Indeed these l a t t e r two soybean genes are shown t o be more 

c l o s e l y r e l a t e d t o the group c o n t a i n i n g not only pea Leg J and K, but 

also Vf Le B from broadbean. Hence one can conclude t h a t the 
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c l a s s i f i c a t i o n o f I I S genes i n t o A and B classes (Baumlein et a l . , 

1986) i s c o r r e c t . Class A represents Leg k, B, C, D plus GMA2Bla and 

GMAlaBx, and Class B Leg J and K, Vf Le B, plus GMA3B4. and GMA5A4B3. 

Since d i f f e r e n t species are represented i n the classes, i t i s clear 

t h a t s p e c i a t i o n between soybean, broadbean and pea must have occurred 

subsequent t o the d u p l i c a t i o n event which gave r i s e t o the two 

d i f f e r e n t classes o f gene. This i s consistent w i t h observations on the 

relatedness o f Leg J and K w i t h Vf Le B, GMA5A4B3 and GMA3 B4 and 

of Leg A, B, C, D, w i t h GMA2Bla and GMAlaBx made i n section 4.1.2.1; 

However, the suggestion made i n se c t i o n 4.1.7.1, t h a t GMAlaBx might be 

more c l o s e l y r e l a t e d t o the Leg J, K class thein t o t h a t 

r epresenting Leg A etc., appears t o have been erroneous. 

Furthermore, on the basis o f lengths o f branches between the 

internodes, i t appears f i r s t l y t h a t Vf Le B, Leg J and Leg K are more 

c l o s e l y r e l a t e d t o each other than any i s t o GMA3B4, and t h a t these 

soybean genes diverged from each other before the d u p l i c a t i o n ( s ) which 

gave r i s e t o Vf Le B and Leg J eind K. On the other hand w i t h i n the 

A-type subfamily, the two soybean genes GMA2Bla and GMAlaBx are 

c l e a r l y more c l o s e l y r e l a t e d t o one another than t o any o f Leg A, B, C 

or D. The dendrogram also shows t h a t the o r i g i n o f legumin and 

g l y c i n i n subclasses occurred a t roughly the same time i n ev o l u t i o n . 

The distance shown, by Leg D t o the r e s t o f the members o f i t s subclass 

may be misleading due t o i t s nature as a pseudogene (see section 

4.1.1.) subjected t o r e l a t i v e l y l i t t l e f u n c t i o n a l c o n s t r a i n t compared 

to Leg A, B or C. 

Not s u r p r i s i n g l y , since i t represents a gene from a p l a n t i n a 

d i f f e r e n t extant subclass t o the r e s t o f the genes analysed, Bn Cr 
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shows only a d i s t a n t relatedness, and appears t o have o r i g i n a t e d by a 

very d i s t a n t d u p l i c a t i o n event, w i t h the other gene from t h i s 

d u p l i c a t i o n going on t o f u r t h e r diverge and d u p l i c a t e to produce the 

11 S genes present i n legume species. This i s consistent w i t h the 

observation made i n s e c t i o n 4.1.7.1. o f an i n s e r t i n exon 2 unique t o 

Bn Cr also suggesting i t s e a r l y divergence, and o v e r a l l agrees with 

the p a r t o f the c l a s s i f i c a t i o n o f Angiosperms by Cronquist (1981) 

p l a c i n g Brassica napus (rape) i n a d i f f e r e n t extant subclass t o t h a t 

o f soybean and pea. 

4.2.2 7S genes 

Here a d i f f e r e n t p i c t u r e emerges t o the one presented by the I I S 

genes. I n t h i s case, none o f the many pea genes are more clo s e l y 

r e l a t e d t o genes from other species than they are t o themselves. Each 

one appears t o have o r i g i n a t e d v i a d u p l i c a t i o n events which occurred 

after s p e c i a t i o n from soybean and frenchbean. However i t i s 

i n t e r e s t i n g t o note t h a t soybean and frenchbean appear more clo s e l y 

r e l a t e d t o one another than e i t h e r does to pea - however spacing of 

the internodes, which i n d i c a t e s t h i s f a c t , i s f a i r l y close, i n d i c a t i n g 

t h a t the s p e c i a t i o n process which gave r i s e t o Soybean and frenchbean 

occurred only s h o r t l y a f t e r s p e c i a t i o n from pea. This f i n d i n g i s 

c o n s i s t e n t f i r s t l y w i t h the taxonomy suggested by P o l h i l l (1981), and 

secondly w i t h observations on l e v e l s o f homology between the t h i r d 

exon o f genes from each o f these species (Doyle et a l . , 1986). 

Several other observations made e a r l i e r i n t h i s discussion are 

c o n s i s t e n t w i t h the f i n d i n g s from the 7S dendrogram. F i r s t l y , from 

sequence comparisons i n s e c t i o n 4.1.3.5. t h a t Via C i s most clo s e l y 
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r e l a t e d t o Via B, ( r a t h e r than t o Vic J, CVA Pvu B or Gma a ' ) , and 

t h a t CVA had ari s e n from a d u p l i c a t i o n event which occurred p r i o r to 

subsequent d u p l i c a t i o n s g i v i n g r i s e t o Via C,B and J. These sequence 

comparisons also agree w i t h the conclusion made above t h a t soybean and 

frenchbean are more c l o s e l y r e l a t e d t o each other than e i t h e r i s to 

pea. Also, i n r e l a t i o n t o the soybean 7S genes, the suggestion made i n 

sec t i o n 4.1.7.2. on the basis o f the plac i n g o f unique i n s e r t i o n s 

i n Gma a and Gma a ', t h a t these two genes are more c l o s e l y r e l a t e d t o 

one another, than e i t h e r i s t o Gma 6 i s borne out by f i n d i n g s from the 

dendrogram. Gma a and Gma a ' appear t o have arisen from a d u p l i c a t i o n 

event a f t e r divergence from Gma 6 . S i m i l a r l y the suggestion t h a t pea 

CVA was a product o f the f i r s t d u p l i c a t i o n o f a 7S protogene i n peas 

also appears t o be c o r r e c t . A p o i n t o f i n t e r e s t r e l a t e d to t h i s i s this 

s u r p r i s i n g l y large e v o l u t i o n a r y distance implied from the dendrogram 

f o r pea CVA and Psa 3, another c o n v i c i l i n sequence. This distance 

appears t o confirm the suspicion r a i s e d e a r l i e r ( s e c t i o n 4.1.7.2) t h a t 

there may indeed be 2 gene copies f o r c o n v i c i l i n i n the haploid pea 

genome. 

F i n a l l y , data from the dendrogram also appears t o concur w i t h the 

conclusions o f Casey et a l . , 1984, i n t h a t i t implies t h a t pea, 

soybean and french bean 7S p r o t e i n s diverged p r i o r t o the divergence 

of v i c i l i n and c o n v i c i l i n i n pea. 

On a general note, conclusions drawn from both I I S and 7S 

dendrograms agree w i t h an e a r l i e r suggestion (made from comparisons of 

repr e s e n t a t i v e s from a wide range o f Angiosperm 11 and 7S g l o b u l i n 

seed storage p r o t e i n s ) t h a t these two p r o t e i n types are descendants of 
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two a n c e s t r a l genes (Borroto and Dure 1987). 

4.3 Codon Usage and i t s p o t e n t i a l s i g n i f i c a n c e i n pea storage p r o t e i n 

genes 

4.3.1 Patterns o f codon usage 

I t i s now widely recognised t h a t usage o f synonymous codons i n a 

given organism i s non random, and t h i s codon usage p a t t e r n has been 

shown t o have c h a r a c t e r i s t i c a l l y d i f f e r e n t patterns between animal and 

b a c t e r i a l genes (Grantham e t a l . , 1981) and also between animal and 

pl a n t genes (Lycett e t a l . , 1983b). I n E.coli codon usage has been 

shown t o c o r r e l a t e w i t h abundance o f corresponding t RNAs f o r each 

synonymous codon (Ikemura 1985), and a sim i l c i r r e l a t i o n s h i p has been 

suggested f o r mammalian systems from observations on r a b b i t and 

human 6 g l o b i n mRNAs (Kafatos e t al.,1977). This l a t t e r suggestion has 

been questioned however, since each B g l o b i n mRNA i n f a c t has a 

d i f f e r e n t p a t t e r n o f codon usage, making a l i n k w i t h l e v e l s o f 

iso-accepting t RNAs seem u n l i k e l y (Jukes and Lester King, 1979). 

Table 14 shows a comparison between codon usage patterns observed 

i n animals and pl a n t s i n general (Lycett e t a l . , 1983b) alongside 

those observed f o r several i n d i v i d u a l pea seed storage p r o t e i n genes. 

Several fe a t u r e s o f s i g n i f i c a n c e appear t o emerge when the table i s 

studied c l o s e l y . F i r s t l y , c o n s i s t e n t w i t h patterns observed i n animal 

and p l a n t genes i n general, there appears t o be a d i s t i n c t lack of 

preference f o r codons c o n t a i n i n g the d i n u c l e o t i d e CG - e.g. Ser TCG, 
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Pro CCG, Thr ACG, Ala GCG and also the 4 codons f o r Arg beginning CG. 

However, i n t e r e s t i n g l y , Leg J and Vic J both show higher l e v e l s of 

usage f o r Arg CGT and CGA than do any other o f the other pea, storage 

p r o t e i n genes (See below f o r f u r t h e r d iscussion). This general 

avoidance o f codons c o n t a i n i n g CG dinucleotides i s presumably l i n k e d 

w i t h the w e l l e stablished phenomenon o f CG suppression, observed i n 

both animal and p l a n t genes i n general, ( B i r d . , 1980, McClelland knd 

I v a r i e . , 1982, and McClelland, 1983.) and also s p e c i f i c a l l y i n pea 

seed storage p r o t e i n s (Waterhouse 1985). 

Secondly, i t has been observed t h a t p l a n t genes only tend to 

avoid TA i n p o s i t i o n s 2 and 3 o f the codon, as opposed t o animal genes 

which show avoidance o f AA, AT, TA and TT i n these p o s i t i o n s (Lycett 

et a l . , 1983b). Some o f the pea seed genes don't even seem t o show 

avoidance o f TA - e.g. Via 6 and Vic J f o r Val GTA, and He ATA. This 

seems t o s t r o n g l y suggest t h a t any c o n s t r a i n t which might be ac t i n g on 

animal genes causing them t o avoid usage o f the above dinucleotides, 

i s not apparently a c t i v e i n plaint genes. 

T h i r d l y , several observations cam be made by comparison of 

patt e r n s only i n the pea seed genes. 

i ) Leg A and Leg J employ opposite patterns of usage f o r the two 

synonymous codons f o r Tyr 

i i ) Both Vic J and CVA demonstrate extremely high l e v e l s of 

preferrence f o r CAA r a t h e r than CAG t o code f o r Gin. 

i i i ) Leg J i s the only gene t o show preference f o r GAC rat h e r than 

GAT i n coding f o r Asp. 

i v ) P a r t i c u l a r l y CVA, but also Leg J and Via J show a much lower 
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preference f o r Val GGC than t h a t observed f o r Leg A (and also t o a 

lesser e x t a n t , Vic B). 

v) F i n a l l y , i t should be pointed out t h a t patterns observed f o r Cys 

are not s i g n i f i c a n t due t o the very small number of residues 

c o n t r i b u t i n g t o these f i g u r e s . 

A d d i t i o n a l l y , r e s u l t s from t h i s t a b l e can be compared w i t h codon 

usage f i g u r e s f o r Gma 6 and Pvu 6 (Doyle e t a l . , 1986). Gma 6 

and Pvu 6 show preference f o r AAC r a t h e r than AAT f o r Asn, w i t h the 

opposite being the case f o r Vic B, Via J and CVA. Also Gma B 

and Pvu favour GTT and GTG over GTC and GTA f o r Val, whereas GTA i s 

s t r o n g l y favoured i n Vic B, Vic J and CVA, w i t h GTC also being of 

s u r p r i s i n g l y high p r e f e r ence i n Vic J. 

The s i g n i f i c a n c e o f these observations i s debatable. They could 

imply t h a t i n d i v i d u a l p a t t e r n s o f codon usage have evolved since 

divergence o f the genes from t h e i r common ancestor, t o explain the 

d i f f e r e n t p a t t e r n s observed between the more c l o s e l y r e l a t e d Gma 6 

and Pvu B as opposed t o the pea v i c i l i n genes (see section 4.2.2.). 

However, since d i f f e r e n c e s i n usage p a t t e r n are also observed between 

j u s t the pea seed genes, one might also conclude t h a t the l e v e l s of 

d i f f e r e n c e observed are not s i g n i f i c a n t i n terms o f r e g u l a t i n g l e v e l s 

o f expression v i a t r a n s l a t i o n , as opposed t o b a c t e r i a l genes, where 

achieving maximum t r a n s l a t i o n r ates i s extremely important, and 

t h e r e f o r e the r e l a t i o n s h i p between codon usage and l e v e l s of various 

tRNAs i s maintained t o a much greater degree (Bulmer, 1987). Indeed 

the s i t u a t i o n i n storage p r o t e i n genes may be s i m i l a r t o t h a t 

discussed e a r l i e r i n mammalian. B g l o b i n genes (see above). A possible 
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way o f e l u c i d a t i n g the s i t u a t i o n might be use of synthetic 

o l i g n o n u c l e o t i d e i n s e r t i o n s c o n t a i n i n g normally avoided codons, 

fol l o w e d by analysis o f the t r a n s l a t i o n a l e f f i c i e n c y of the r e s u l t i n g 

protein.. Such an approach proved successful f o r E.coli , where 

i n s e r t i o n o f such o l i g o n u c l e o t i d e s i n t o a h i g h l y expressed gene caused 

a r e d u c t i o n i n i t s t r a n s l a t i o n r a t e (Robinson et a l . , 1984). 

F i n a l l y , i t i s o f i n t e r e s t t o note the d i f f e r e n t patterns of 

usage observed between Leg A, coding f o r a 'major' legumin polypeptide 

species, and Leg J, encoding a 'minor' legumin polypeptide. The two 

genes represent the two legiimin gene sub-families, and although the 

r e s u l t s are not given i n Table 14, Leg B, C and D show v i r t u a l l y 

i d e n t i c a l p a t t e r n s o f usage t o t h a t o f Leg A, while Leg K shares a 

s i m i l a r p a t t e r n t o Leg J. From observations made above on usage 

d i f f e r e n c e s between Leg A and Leg J, one thoery might be t h a t the J 

and K genes occupy a 'mopping up' r o l e i n storage p r o t e i n synthesis 

i . e . Leg A type genes would be responsible f o r the bulk o f p r o t e i n 

synthesis, and t h a t any r e s i d u a l abundant tRNA species l e f t over from 

t h e i r t r a n s l a t i o n , along w i t h those less abundant tRNAs perhaps not 

favoured by the Leg A type genes, would then, r a t h e r than be wasted, 

get used i n t r a i n s l a t i o n o f Leg J and Leg K. This i s obviously a h i g h l y 

s p e c u l a t i v e theory, and much confirmatory work would be needed to 

support i t . 

4.3.2 Codon Adaptation Index Values f o r Pea Seed Storage Protein 

Genes 

A po s s i b l e method o f analysing the p o t e n t i a l f o r the involvement 

o f codon usage i n gene expression i s the n o t i o n o f the Codon Adaption 
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Index or CAI (Sharp and Wen-Hsuing, 1987). A method f o r c a l c u l a t i n g 

the CAI o f a p a r t i c u l a r gene i s given i n section 2.13.1. B a s i c a l l y , 

the theory behind the method i s t h a t by using patterns of codon usage 

from a set o f h i g h l y expressed genes as a reference, then a f i g u r e f o r 

r e l a t i v e s u i t a b i l i t y o f each codon from a synonymous set can be 

c a l c u l a t e d , and using the method o u t l i n e d , an o v e r a l l f i g u r e 

representing the p a t t e r n o f codon bias, the CAI, can be calculated. So 

f a r the method has only been performed tor E.coli and S.cerevisiae 

where a c l e a r c o r r e l a t i o n between the degree o f codon bias and l e v e l 

o f gene expression has already been established (Gouy and Gautier, 

1982., and Bennetzen and H a l l , 1982). Such a r e l a t i o n s h i p i s yet to be 

confirmed i n any eukaryotic gene system, l e t alone s p e c i f i c a l l y i n 

legume seed storage p r o t e i n s , so w i t h t h i s i n mind, the c a l c u l a t i o n of 

CAI values f o r pea seed storage p r o t e i n genes using reference values 

obtained from codon usage f i g u r e s from a l l a v a i l a b l e legume storage 

p r o t e i n genes (see Table 4, sec t i o n 2.13.1) was obviously h i g h l y 

s p e c u l a t i v e . The r e s u l t i n g values are given below i n Table 15. 
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Table 15 : CAI values o f pea seed storage p r o t e i n s . 

Gene CAI value 

Leg k 0.6519 

Leg J 0.6313 

Leg K 0.6129 

Via B 0.6478 

Vic J 0.6343 

CVA 0.6377 

N.B. Values f o r Leg B, C and D were v i r t u a l l y i d e n t i c a l t o t h a t 

o f Leg A and are thus not given. 

The a p p l i c a t i o n o f t h i s method t o any eukaryotic system w i l l 

always be f r a u g h t w i t h d i f f i c u l t i e s , not l e a s t i n s e l e c t i n g a s u i t a b l e 

set of h i g h l y expressed reference genes. I n t h i s case, i t was 

considered inadequate t o use pea seed storage p r o t e i n s only as the 

reference s e t , since not only would such a reference set be too small, 

but also genes such as those o f the Leg A type would obviously be 

r e f l e c t e d as having a more favourable CAI than would Leg J or K, since 

there would be more Leg A type genes i n the reference set. 

Consequently, a set o f R.S.C.U. values was constructed using data from 

a l l a v a i l a b l e legume seed storage p r o t e i n genes (see Table 4 ) . Such an 

approach was considered at l e a s t p a r t l y j u s t i f i a b l e from the 
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observations made i n higher eukaryotes (sheep haemoglobins, L i t t and 

Kabat, 1972., r a b b i t and bovine l i v e r and b r a i n , H a t f i e l d et a l . , 1979 

and s i l k g l a n d s of Bombyx mori , Garel 1974) i n t h a t changes i n tRNA. 

p r o f i l e s can be observed t o occur i n a t i s s u e - s p e c i f i c manner 

(Bennetnen 1982), t o the extent t h a t the r e s u l t i n g isoacceptor tRNA 

d i s t r i b u t i o n matches the codon usage bias o f abundant t i s s u e - s p e c i f i c 

mRNAs. Thus, a p u t a t i v e assumption was made t h a t , since legumes have 

evolved from a common ancestor (see sec t i o n 4.2) i t i s possible t h a t 

some degree o f conservation (already observed t o have been operating 

at the nu c l e i c acid and amino acid sequence l e v e l s ) may also have 

operated on the o v e r a l l l e v e l s o f isoaccepting tRNAs i n legume embryo 

t i s s u e . Assuming t h i s t o be so, then c a l c u l a t i o n of CAI values i n the 

way s t i p u l a t e d above could p o t e n t i a l l y r e v e a l , i n a s i m i l a r way to 

t h a t observed i n b a c t e r i a and also a lower eukaryote, yeast (Sharp et 

a l . , 1986, Sharp and Wen-Hsuing, 1987), the r e l a t i v e l e v e l s of 

expression o f each of the pea seed storage p r o t e i n genes, ( i . e . Those 

genes using g e n e r a l l y p r e f e r r e d codons most o f t e n would achieve the 

highest CAI values, and would be expressed at higher l e v e l s due to the 

greater abundaince o f the tRNA species t h a t t h e i r codon usage p a t t e r n 

demands. Correspondingly, genes showing a preference f o r codons not 

g e n e r a l l y i n favour amongst other legume genes would consequently 

achieve a lower CAI value, and be expressed a t a lower l e v e l due to 

lower a v a i l a b i l i t y o f the r e q u i r e d tRNA species). 

Bearing t h i s i n mind, the f i n d i n g s given i n Table 15 appear quite 

i n t e r e s t i n g . Perhaps most s i g n i f i c a n t o f a l l i s the di f f e r e n c e i n CAI 

value observed between Leg A and Leg J, suggesting Leg A to be 
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expressed t o a higher degree then Leg J, g i v i n g a p o t e n t i a l numerical 

c o n f i r m a t i o n o f a s i m i l a r sugestion made e a r l i e r ( s e c t i o n 4.3.1). I t 
A 

i s also i n t e r e s t i n g - t o note t h a t Leg K i s assigned a CAI value 

considerably lower than t h a t o f Leg J, despite being a member o f the 

same sub-gene f a m i l y . This could even be. i n t e r p r e t e d as a f u r t h e r 

extension o f the 'mopping up' theory (s e c t i o n 4.3.1), w i t h Leg 

p l a y i n g a secondary r o l e t o t h a t o f Leg J i n such a p o t e n t i a l system 

of t r a n s l a t i o n . 

Figures f o r the v i c i l i n genes are less r e v e a l i n g , and since 

both Vic B and Via J are no longer thought t o be expressed anyway, 

f o r reasons mentioned e a r l i e r , these f i g u r e s w i l l not be discussed 

f u r t h e r . 

Obviously, before any f i n d i n g s o f t h i s k i n d can be r o u t i n e l y 

accepted, f u r t h e r data on the e f f i c i e n c y of t r a n s l a t i o n in vivo , of 

the genes i n question, would be needed. However, should i t one day be 

confirmed t h a t l e v e l s o f expression of a gene can indeed be modulated 

v i a tRNA l e v e l s i n r e l a t i o n t o patterns o f codon usage, such a f i n d i n g 

could be s i g n i f i c a n t i n e x p l a i n i n g observed l e v e l s o f expression of 

f o r e i g n genes i n heterologous systems, where l e v e l s of tRNA species 

may not be i d e a l f o r e f f i c i e n t t r a n s l a t i o n o f the f o r e i g n gene. 

4.4 Gene H y b r i d i s a t i o n Studies of Several D i f f e r e n t Pea Lines 

The o r i g i n a l o b j e c t i v e o f t h i s study was t o i n v e s t i g a t e whether 

any detectable gene d u p l i c a t i o n events could be observed i n a 

comparison o f gene copy numbers o f s p e c i f i c storage p r o t e i n genes from 
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a range o f pea l i n e s o f var y i n g age. As w i l l be discussed below, t h i s 

o b j e c t i v e was a t l e a s t p a r t l y achieved, although, perhaps not quite 

showing the r e s u l t s expected. However, i t d i d not prove possible t o 

accompany these studies w i t h any conclusions on the relatedness of 

gene copy number t o l e v e l o f gene product i n any o f the pea l i n e s . I n 

order t o i n v e s t i g a t e t h i s area f u r t h e r , d e t a i l e d analysis on the 

amounts o f I I S and 7S storage p r o t e i n deposition i n each of the l i n e s 

would be needed. 

Several observations can be made on t h i s work from the 

autoradiographs and Table 5 presented i n section 3. 

F i r s t l y , a l l o w i n g f o r one or two possible ainomalies i n the 

b l o t t i n g or h y d r i d i s a t i o n procedure (e.g. Leg A hybridised to 

Mangetout DNA cut w i t h Eco Rl appeared t o give only 3 very f e i n t 

bands, whereas the same probe h y b r i d i s e d t o the same DNA cut w i t h Hind 

I I I gave a much stronger and more complex band p a t t e r n . The former 

r e s u l t was thought t o be anomalous). A d d i t i o n a l l y , consideration was 

given t o the accuracy w i t h which the concentration of genomic DNA i n 

each pea l i n e e x t r a c t was determined (using the spectrophotometric 

method o u t l i n e d i n s e c t i o n 2.12.). Assuming t h a t such a method was 

i n e v i t a b l y prone t o a c e r t a i n degree of inaccuracy, consequently, some 

s l i g h t d i f f e r e n c e i n amounts of DNA loaded onto the gels from each 

l i n e was a n t i c i p a t e d . However, anomalies apart, i t seemed clear from 

an o v e r a l l assessment o f the r e s u l t s of each b l o t , t h a t l e v e l s of gene 

copy number f o r each o f the genes studied d i d not appear t o d i f f e r t o 

any s i g n i f i c a n t degree i . e . each pea l i n e appeared t o possess equal 

copy numbers f o r each o f the genes. This conclusion i s obviously only 
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of a t e n t a t i v e nature, since comparisons between l i n e s became much 

more d i f f i c u l t i n cases where band patterns d i f f e r e d f o r a given probe 

between each o f the l i n e s . Indeed the conclusion might be consolidated 

by l a s e r scanning desitometry i n order t o assess and compare o v e r a l l 

band i n t e n s i t i e s f o r each gene between the l i n e s . 

The only case where i t was considered t h a t a d u p l i c a t i o n event 

might have occured was i n the case o f Vic B hybridised t o EcoRl 

digested DNA samples. Here i t appeared t h a t a band of 4.7 kb 

(representing Vic's i t s e l f , see section 4.1.3.3.) was approximately 

twice as intense i n Feltham F i r s t , 1263, J I 8 1 , 851, 807 and 809 as i t 

was i n 1552, which was i n t u r n approximately twice as intense as t h i s 

band i n 808, implying a possible double d u p l i c a t i o n event. However, 

these f i n d i n g s are extremely t e n t a t i v e , and the observed differences 

i n i n t e n s i t i e s o f t h i s band could also be due t o mutations at the Eco 

Rl s i t e s around t h i s r e g i o n o f the genome, g i v i n g consequent 

d i f f e r e n c e s i n band h y b r i d i s a t i o n p a t t e r n s . 

This apart, the f i n d i n g s t h a t gene copy numbers appear s i m i l a r 

f o r each gene i n each o f the pea l i n e s i s consistent w i t h a s i m i l a r 

observation made on several pea genotypes by Domoney and Casey, 1985. 

Here DNA from each genotype was probed w i t h representative genes from 

both the l i s and 7S multigene f a m i l i e s and gene copy numbers appeared 

s i m i l a r i n each genotype.; Indeed these studies were l i n k e d to an 

analysis o f I I S and 7S storage p r o t e i n deposition which i n t e r e s t i n g l y 

was shown, t o d i f f e r f o r each genotype, implying t h a t product l e v e l s 

appear t o be regulated by t r a n s c r i p t i o n a l / t r a n s l a t i o n a l processes, 

r a t h e r than simply by gene number. Such a conculsion cannot be drawn 
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from the data presented here f o r the reasons mentioned above, but, 

assuming t h a t l e v e l s o f p r o t e i n deposition do vary considerably 

between each pea l i n e , based on the great d i f f e r e n c e i n average seed 

diameter observed, between the l i n e s , (see Table 16) a s i m i l a r 

conclusion might be drawn - i . e . t h a t r e g u l a t i o n occurs a t the 

t r a n s c r i p t i o n / t r a n s l a t i o n l e v e l , and t h a t gene copy number has no 

d i r e c t i n f l u e n c e on l e v e l s o f p r o t e i n deposition. 

Table 16 Average Sizes (diameters) o f Seeds from the 

pea l i n e s studied 

Line Average Diameter*(mm) Standard Dev 

Feltham F i r s t 8.07 1.12 

J I 81 5.1 0.7 

851 6.34 1.52 

807 4.6 0.56 

808 5.12 0.73 

809^ 3.89 0.40 

1263 5.87 0.71 

1552 7.39 0.91 

Mangetout 7,06 0.82 

* Sample size o f 6, t a k i n g 5 random diameter measurements on each 

using a micrometer screw gauge. 
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A second i n t e r e s t i n g observation made from these r e s u l t s i s the 

considerably greater degree o f conservation i n h y b r i d i s a t i o n patterns 

shown on Hind I I I digested samples as compared t o those digested with 

Eco RI. Such a f i n d i n g would seem t o be adequately explained by the 

f a c t t h a t Hind I I I s i t e s tend t o occur i n or near the coding sequences 

of the genes examined, and are thus subjected t o more evolutionary 

c o n s t r a i n t , as opposed t o Eco RI s i t e s , which tend t o l i e outside the 

coding regions, where c o n s t r a i n t acts t o a much lesser extent, and are 

thus more prone t o the c o n t i n u a l process of mutation. 

A f i n a l observation from t h i s work was made when comparing the 

r e s u l t s o f h y b r i d i s i n g Leg K plus approximately 2kb of i t s 3' 

noncoding sequence t o samples digested w i t h Eco RI, and of h y b r i d i s i n g 

purely Leg K coding sequence t o samples digested i n the same way. From 

the f i n d i n g s i t was c l e a r t h a t the 2Kb of sequence 3' t o Leg K 

contains sequence(s) t h a t are very h i g h l y repeated throughout not only 

the Feltham F i r s t genome, but also the genomes o f a l l the other pea 

l i n e s , i mplying an e a r l y o r i g i n f o r the repeated sequence(s) detected 

here. 
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APPENDIX 

CHARACTERISTICS OF THE PEA LINES USED FOR DNA EXTRACTIONS 

Genetic markers 

807 Kp, D < ma, M 
808 p a f l , up, D < ma, f l , d i , P I , u 
809 kp, t d , D < ma, M, F, Fs 
851 pa, vim, b, K, d t , p r , wb, t l < w, s t , t d , D < co, 

f l , pro, l e , d i mif o , s, oh, cor, F, Fs, i , r 
1256 C i t , Cm, kp, p a f l , d t , p r , up, Ser, d, f r u , pro, 

A s t r , wp, P I , M, Umb, F, Fs 
1263 a, Br, d t , Tra 
1552 / r 
J I Not known 
Mangetout Not known 

S p e c i f i c a t i o n 
807 L K CO P. arvense 
808 L K CO P. abvssinlcum 
809 L K CO P. aslaticum 
851 L K MU P. procumbens 
1256 L K CO P. fulvum 
1263 L K CV P. w e l t o r 
1552 E K CO Ubamer P. speclosum 

L = Line 
E = w l l d f o r m c o l l e c t i o n s , p r i m i t i v e v a r i e t i e s , landraces 
K = normal constant m a t e r i a l ( w i t h respect to mode of 

maintenance) 
MU = mutant 
Cr = c u l t i v a r 
CO = c o l l e c t i o n 
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Genesymbols of Plsum 

Kp Keel w i t h AB CV coloured w i t h anthocyanin Dom. 

D < ma Disappearance of a x i l colour : two spots Rec. 

M Brown marbling of t e s t a Dom. 

p a f l Small flower size Inc. Dom. 

up Only one p a i r of l e a f l e t s Rec. 

f l No f l e c k i n g on l e a f l e t s and s t i p u l e s Inc. Dom. 

d i More or less deep impressions i n t e s t s and 

cotyledons Rec. 

PI Black i n hilum colour Dom. 

u Testa uniform v i o l e t Rec. 

t d No dent a t i o n or occasional s i n g l e t o o t h 

on l e a f l e t Inc. Dom. 

F V i o l e t spots on t e s t a Dom. 

Fs V i o l e t spots bleached w i t h b Dom. 

pa Medium green colour of f o l i a g e , pods and 

immature seeds Rec. 

Vim Medium dark green f o l i a g e and pod colour Rec. 

b Pink flowers Rec. 

k Wings reduced, adpressed t o keel Rec. 

dt Shortens pedunele l e n g t h from a x i l t o 1st 
flow e r Rec. 

pr Shortens inflorescence Rec. 
wb Pods waxless, s t i p u l e s on both sides and 

under l e a f l e t s waxless Rec. 

t l < v T e n d r i l s converted t o leaves Inc. Dom. 

S t S t i p u l e s l a n c e o l a t e , s l i g h t l y bent, surface 

reduced by approx. 80% Rec. 

D < c Disappearance of a x i l colour - a s i n g l e r i n g Rec. 

pro Basal branches growing at 45° angle Rec. 
l e Short internodes, z i g zag p a t t e r n , l a t e r 

f l o w e r i n g and shor t e r r o o t s . Leaf and 
pod colours darker. Rec. 
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mifo Close set small and ahsllow impressions Rec. 
on t e s t a 

s Seeds glued together i n pod Rec. 

oh Testa reddish brown. Dark spot near hilum Rec. 

cor Ochraceous coloured hllum region Inc. Dom. 

i Cotyledons green Rec. 

r Cotyledons w r i n k l e d . Starch grains compound. 

Amylose sugar content and water uptake higher. Rec. 

C i t Flower colour c i t r u s yellow to cream Dom. 

Cm Flower colour coral-rose Dom. 

Ser Serratus d e n t a t i o n , saw toothed Inc. Dom. 

d Disappearance of a x i l colour Rec. 

f r u Increased number of basal branches Rec. 

Astr Pods w i t h p u r p l e - v i o l e t , s h o r t , l o n g i t u d i n a l 

s t r i p e s Dom. 

wp Pods waxless Inc. Dom. 

Umb Umber coloured t e s t a Dom. 

a Absence of anthocyanin production Rec. 

Br With bracts of varying size Dom. 

Tra Tragacanth on Inside of t e s t a , v i s i b l e 
from outside as only spot Inc. Dom. 
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