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ABSTRACT 

Genes encoding r e p r e s e n t a t i v e s of two s u b f a m i l i e s from the v i c i l i n 
s t o r a g e p r o t e i n gene f a m i l y i n pea (Pisum sativum L . ) have been 
sequenced and c h a r a c t e r i s e d . One, encoding c o n v i c i l i n , shows t h a t t h i s 
p r o t e i n d i f f e r s from v i c i l i n by the i n s e r t i o n of a h y d r o p h i l i c region 
near the N-terminus. The t r a n s c r i p t i o n s t a r t p o i n t has been determined 
and the p a t t e r n of e x p r e s s i o n i n deve l o p i n g seeds e l u c i d a t e d . By the 
e x p r e s s i o n of t h i s gene i n tobacco, the s p e c i f i c polypeptide product of 
the gene was i d e n t i f i e d as a minor component of c o n v i c i l i n , with a lower 
Mr than the major s p e c i e s . The o t h e r gene s u b f a m i l y i n v e s t i g a t e d was 
t h a t encoding the v i c i l i n 47,000 Mr poly p e p t i d e . A gene and a cDNA were 
sequenced, and the gene found t o di v e r g e from the cDNA i n the 3" region 
of the coding sequence. No product from t h i s d i v e r g e n t gene c o u l d be 
i d e n t i f i e d . 

A member of the legumin gene f a m i l y ( l e g K ) was sequenced and found 
to be i n a c t i v e due t o a mutation of the s t a r t codon. The reg i o n of DNA 
encoding the s t a r t codon of t h i s gene was a m p l i f i e d by polymerase c h a i n 
r e a c t i o n from a pea l i n e i n which the gene was known t o be a c t i v e . The 
sequence of t h i s r e v e a l e d the presence of a normal s t a r t codon. Two-
dim e n s i o n a l p r o t e i n g e l s were run wi t h seed e x t r a c t s from t h e s e two 
l i n e s , and the product of (legK) demonstrated by i t s occurrence i n the 
l i n e with the f u n c t i o n a l gene. 

A method f o r the e x t r a c t i o n and p u r i f i c a t i o n of the major pea root 
p r o t e i n was e s t a b l i s h e d . The p r o t e i n was shown to have a Mr of 16,000 
and not t o be s u s c e p t i b l e t o cleavage by cyanogen bromide. P a r t i a l amino 
a c i d sequence data was obtained from the p u r i f i e d p r o t e i n . 

A d i f f e r e n t i a l s c r e e n of cDNA from p u r p l e and green podded 
v a r i e t i e s of pea was conducted, and d i f f e r e n t i a l l y e x p r e s s e d cDNAs 
i s o l a t e d . The nature of the e x p r e s s i o n of these cDNAs was s t u d i e d i n the 
two l i n e s and the cause of i n s t a b i l i t y i n the pur p l e podded phenotype 
i n v e s t i g a t e d . A genomic l i b r a r y was c o n s t r u c t e d from the purple podded 
l i n e . Two genes were s e l e c t e d by the d i f f e r e n t i a l l y expressed cDNAs and 
t h e i r DNA sequences determined. A gene encoding a p e c t i n e s t e r a s e - l i k e 
sequence, and the pod expressed cDNA used t o s e l e c t i t , were found t o be 
two members of a s m a l l multigene f a m i l y i n pea. The second gene s e l e c t e d 
proved t o encode a p r o t e i n c o n t a i n i n g two d i s t i n c t domains; the N-
t e r m i n a l r e g i o n being of a r e p e t i t i v e p r o l i n e - r i c h n a ture and the C-
t e r m i n a l r e g i o n being hydrophobic and c y s t e i n e r i c h . T h i s gene was 
p r e s e n t as a s i n g l e copy i n the pea genome and i t s e x p r e s s i o n appeared 
to be l i n k e d t o pigmentation. 
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N-terminal amino-terminal 

NBRF N a t i o n a l Biomedical Research Foundation 

OD26O O p t i c a l d e n s i t y a t 260nm 

o l i g o d(T) o l i g o d e o x y t h y m i d y l i c a c i d 

ORF open reading frame 

PAGE polyacrylamide g e l e l e c t r o p h o r e s i s 

PBS phosphate b u f f e r e d s a l i n e 

PCR polymerase c h a i n r e a c t i o n 

pfu plague forming u n i t s 

PIPES piperazine-N,N'-bis(2-ethane-sulphonic a c i d ) 

PMSF phenylmethylsulphonyl f l o u r i d e 

poly(A) p o l y a d e n y l i c a c i d 

PP Purple Podded 

ppt p r e c i p i t a t e 

RNA r i b o n u c l e i c a c i d 

RNase r i b o n u c l e a s e 

rpm r e v o l u t i o n s per minute 

SDS sodium dodecyl sulphate 

SSC s a l i n e sodium c i t r a t e 

TBS T r i s b u f f e r e d s a l i n e 

TCA t r i c h l o r o a c e t i c a c i d 

TE Tris-EDTA 

T r i s tris(hydroxymethy1)methy1amine 

X I I I 



tRNA t r a n s f e r RNA 

UV u l t r a v i o l e t l i g h t 

X-gal 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside 

S i n g l e l e t t e r a b b r e v i a t i o n s f o r amino a c i d s and bases are as s p e c i f i e d 

i n ; Biochem. J . (1984) 219, 345-373 and Biochem J . (1985) 229, 281-286. 

r e s p e c t i v e l y . 
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CHAPTER ONE; INTRODUCTION 

General introduction and aims of the pr o j e c t 

A l l the c e l l s w i t h i n a given p l a n t o r i g i n a t e from a s i n g l e embryo 

c e l l and throughout subsequent d i v i s i o n and growth a l l r e t a i n the same 

basic genetic i n f o r m a t i o n . However, the p l a n t i s composed of numerous 

d i f f e r e n t i a t e d c e l l types i n the var i o u s separate organs, and w i t h i n 

these organs, i n s p e c i f i c t i s s u e types. The d i f f e r e n c e s between these 

c e l l types r e s u l t from d i f f e r e n t i a l expression of the genetic m a t e r i a l 

w i t h i n them, i e . i n the q u a l i t a t i v e and q u a n t i t a t i v e d i f f e r e n c e s i n the 

mRNA populations i n the c e l l s ( t h i s ignores cytoplasmic p r o t e i n s passed 

from mother t o daughter c e l l s and o r g a n e l l e s - c h l o r o p l a s t s and 

mi t o c h o n d r i a ) . mRNA produced w i t h i n p l a n t c e l l s can be d i v i d e d i n t o 

t h r e e classes (Goldberg, 1986); mRNA sequences shared between a l l c e l l s , 

encoding the p r o t e i n s r e q u i r e d by a l l c e l l s ; sequences s p e c i f i c t o a 

p a r t i c u l a r organ and sequences s p e c i f i c t o two o r more organs. An 

i n v e s t i g a t i o n o f genes encoding t h e l a t t e r types of mRNA formed t h e 

basis of t h i s p r o j e c t . Three d i f f e r e n t organs from pea were chosen f o r 

study i n t h i s work, one, the seed, has been the subj e c t of a great deal 

of previous work, whereas the other two, the pod and the r o o t have been 

comparatively l i t t l e s t u d i e d by the methods of molecular b i o l o g y . The 

p r o j e c t aimed t o i s o l a t e and c h a r a c t e r i s e t i s s u e - s p e c i f i c genes from 

these organs, and t o i n v e s t i g a t e t h e con n e c t i o n between gene and 

phenotype. 

Work on the pea seed has been mainly concentrated on genes encoding 

the storage p r o t e i n s . These are expressed i n a t i s s u e and developmental 

s p e c i f i c manner. By assembling a body of n u c l e o t i d e sequence data from 

th e f l a n k i n g regions of these genes, and s i m i l a r genes from r e l a t e d 

genera, i t should be p o s s i b l e t o i d e n t i f y sequences which have been 

conserved through t h e i r e v o l u t i o n . The conservation of such sequences 



i m p l i e s a f u n c t i o n a l s i g n i f i c a n c e f o r them which can then be t e s t e d i n 

tr a n s g e n i c p l a n t s . The t r a n s f e r of ge n e t i c m a t e r i a l i n t o t r a n s g e n i c 

p l a n t s has allowed the assumption t h a t c i s - a c t i n g elements w i t h i n the 5' 

f l a n k i n g regions of genes convey the i n f o r m a t i o n r e q u i r e d f o r t i s s u e -

s p e c i f i c expression t o be confirmed. Analysis of these regions, combined 

w i t h f u n c t i o n a l t e s t i n g through p l a n t t r a n s f o r m a t i o n w i t h d e l e t i o n 

mutants and r e p o r t e r gene f u s i o n s , should y i e l d p r e c i s e i n f o r m a t i o n on 

the nature of these elements. Conservation of these sequences may be 

expected on a family-wide basis as f a r as t i s s u e s p e c i f i c i t y goes, but 

both t h e major storage p r o t e i n s e x h i b i t d i f f e r e n t i a l developmental 

expression o f t h e i r s u b f a m i l i e s . This suggests t h e p o s s i b i l i t y o f 

sequences conserved w i t h i n s u b f a m i l i e s (but not w i t h i n the f a m i l y as a 

whole) and even between s u b f a m i l i e s of two d i f f e r e n t f a m i l i e s whose 

encoded p r o t e i n s share the same developmental p a t t e r n . 

The complex phenotype of the pea seed storage p r o t e i n s has been 

e x t e n s i v e l y s t u d i e d (see below). P o s t - t r a n s l a t i o n a l processing plays an 

i m p o r t a n t p a r t i n d e t e r m i n i n g t h e phenotype of s t o r a g e p r o t e i n 

p o l y p e p t i d e s . E l u c i d a t i o n of the r e l a t i o n s h i p s between storage p r o t e i n 

polypeptides and t h e i r precursors, and t h e i r r e s p e c t i v e coding genes 

should serve as a model f o r other p r o t e i n s . This aspect i s of p a r t i c u l a r 

relevance when " f o r e i g n " genes are expressed i n transgenic p l a n t s under 

heterologous promoters, as c o r r e c t processing of t r a n s l a t i o n products 

may be r e q u i r e d f o r optimal expression. 

The purple podded phenotype presented an example of se r i e s of genes 

(encoding the anthocyanin b i o s y n t h e s i s pathway) a t l e a s t some of which 

were being expressed i n a t i s s u e s p e c i f i c manner, and which might be 

i s o l a t e d by d i f f e r e n t i a l s c r e e n i n g . I s o l a t i o n of a s t r u c t u r a l o r 

r e g u l a t o r y gene from t h i s pathway would be i n t e r e s t i n g i n i t s e l f , but 

the presence of i n s t a b i l i t y i n the production of pigmentation i n t h i s 
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t i s s u e added an e x t r a i n c e n t i v e t o i n v e s t i g a t e t h i s phenotype. Although 

l i t t l e work has been conducted on e i t h e r pod or r o o t t i s s u e , s p e c i f i c 

expression i n these t i s s u e s may w e l l be r e q u i r e d of genes introduced 

i n t o p l a n t s t o confer, f o r example, pest or fungal r e s i s t a n c e . 

Pea seed storage proteins and t h e i r coding genes 

Legume and ce r e a l seed p r o t e i n s were c l a s s i f i e d by Osborne i n 1924 

on t h e basis of t h e i r s o l u b i l i t y , and although the o r i g i n a l c r i t e r i a 

used have been m o d i f i e d s l i g h t l y (Croy & Gatehouse, 1985), t h i s 

c l a s s i f i c a t i o n i s s t i l l used. The f o u r classes a r e: 1) Albumins -

p r o t e i n s s o l u b l e i n water or low i o n i c s t r e n g t h b u f f e r ; 2) Globulins -

s o l u b l e i n d i l u t e s a l t s o l u t i o n a t around n e u t r a l pH; 3) Prolamins -

s o l u b l e i n a l c o h o l ; 4) G l u t e l i n s - s o l u b l e i n A l k a l i or s t r o n g l y 

denaturing s o l v e n t . 

Seed storage p r o t e i n s may be defined as those p r o t e i n s which break 

down r a p i d l y a f t e r seed g e r m i n a t i o n t o p r o v i d e n u t r i e n t f o r t h e 

develo p i n g s e e d l i n g ( D e r b y s h i r e e t al.,1976). I n pea, as i n o t h e r 

legumes, the major seed storage p r o t e i n s occur i n the g l o b u l i n f r a c t i o n 

(Gatehouse et al.,1984). This g l o b u l i n f r a c t i o n may be d i v i d e d i n t o two 

groups w i t h sedimentation c o e f f i c i e n t s of l i s - the legumins, and 7S -

v i c i l i n s . The r a t i o of v i c i l i n t o legumin v a r i e s between legume species, 

between v a r i e t i e s w i t h i n species (Derby s h i r e , e t al.,1976) and al s o 

through seed development (Gatehouse et al.,1982b). 

Pea seed development may be d i v i d e d i n t o two phases ( f i g 1 ) . During 

the f i r s t phase, up t o around day e i g h t a f t e r f l o w e r i n g , c e l l d i v i s i o n 

occurs but l i t t l e storage m a t e r i a l i s accumulated. I n the second phase 

(8-21 daf) c e l l d i v i s i o n i s superseded by c e l l expansion and d e p o s i t i o n 

of storage m a t e r i a l ( s t a r c h and p r o t e i n ) takes place. These two phases 

are followed by developmental a r r e s t and seed d e s i c a t i o n . 
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Pea Lequmin 

1) The protein 

Pea legumin i s present i n i t s n a t i v e s t a t e as oligomers of Mr 330-

410,000 (Derbyshire et al.,1976, Casey, 1979, Croy e t al.,1979), which 

are composed of d i s u l p h i d e bonded subunit p a i r s w i t h a combined Mr of 

a p p r o x i m a t e l y 60,000 and are arranged as heterogeneous hexamers 

(Derbyshire et al.,1976, Matta e t al.,1981). The legumin subunit p a i r 

c o n s i s t s of an a-subunit of Mr around 40,000 w i t h a p i i n the range 

4.8-6.1 (also r e f e r r e d t o as the " a c i d i c " subunit) and a p-subunit of Mr 

around 20,000 and a p i i n the range 6.2-8.0 (the "basic" subunit) (Matta 

e t al., 1981). The h e t e r o g e n e i t y of these subunits leads t o a complex 

p a t t e r n when they are resolved by two dimensional e l e c t r o p h o r e s i s ( f i g . 

23, Casey, 1979, Krishna e t al.,1979). However, i t was shown t h a t each 

type of a-subunit was p a i r e d w i t h a s p e c i f i c p-subunit and t h a t assembly 

of these p a i r s i n t o oligomers was not a random process (Matta e t 

al.,1981). 

The legumin subunit p a i r s can be d i v i d e d i n t o two categories on the 

basis of t h e i r a-subunit Mr and p i (Casey, 1979). These c a t e g o r i e s 

comprise; t h e "major" p a i r s , a homogeneous, abundant group l a b e l l e d 

2egA-C on f i g . 23 (corresponding t o Casey's a M s u b u n i t s w i t h t h e i r 

r e s p e c t i v e p-subunits, or the L4 p a i r of Matta e t al., 1981), and t h e 

remaining s u b u n i t p a i r s , t h e "minor" subunits (or a m w i t h t h e i r p -

s u b u n i t s ) , more dispersed i n terms of Mr and p i . The minor subunit p a i r s 

were f u r t h e r c l a s s i f i e d i n terms of t h e i r a-subunit Mr i n t o " b i g " , Mr 

g r e a t e r than the a M - s u b u n i t (corresponding t o L l - 3 of Matta and legJ,K 

& X on f i g . 23), and " s m a l l " , Mr lower than the a M - s u b u n i t and of 

around 25,000 (corresponding t o L5 of Matta and legs on f i g . 23) (Matta 

e t al.,1981). 
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2) Genetics 

On the basis of segregation a n a l y s i s on the various subunit p a i r s , 

legumin genes were mapped t o three l o c i ; Lg-1 the major subunits which 

segregated as a s i n g l e locus, Lg-2 the b i g minor subunits, and Lg-3 the 

small minor subunits. (Thomson & Schroeder, 1978, Casey, 1979, Matta & 

Gatehouse, 1982). When cDNAs encoding these legumin s u b f a m i l i e s were 

i s o l a t e d these r e s u l t s were confirmed (Domoney e t al.,1986) and genomic 

clones were l a t e r i s o l a t e d c o n t a i n i n g two p a i r s of genes w i t h i n 2kbp 

(legA & legD, Bown et al.,1985) and 7kbp (legj & legK, Gatehouse e t al., 

1988) of each other. 

3) The genes 

As amino a c i d and n u c l e o t i d e sequence data became a v a i l a b l e i t 

became p o s s i b l e t o c o n f i r m the i n i t i a l work c a r r i e d out on the p r o t e i n 

and t o c o r r e l a t e the legumin phenotype t o i t s genotype. P r o t e i n sequence 

data was obtained from the major subunit p a i r (Casey e t a l . , 1 9 8 l a & 

1981b, Croy e t al.,1982) and f i v e corresponding genes were subsequently 

i s o l a t e d and sequenced ( L y c e t t e t al., 1984a & 1985, Mahmoud, 1985 legA-

C; Bown,et al.,1985, legD; Rerie e t al., 1990, Yaish,1990, l e g E ) , 

although one of these, legD, was found t o be a pseudogene. 

The p r o t e i n s encoded by these genes were found t o c o n s i s t o f a 

leader sequence f o l l o w e d by the a-subunit and i n the C-terminal r e g i o n 

the p-subunit. Cysteine residues were present i n both s u b u n i t s , which 

accounted f o r the d i s u l p h i d e bonding, the remaining aa composition being 

unremarkable except f o r the presence of a h i g h l y a c i d i c region a t the C-

t e r m i n a l end of the a-subunit. The genes w i t h i n t h i s subfamily proved 

t o be h i g h l y homologous t o each other, the only s i g n i f i c a n t v a r i a b i l i t y 

being i n the l e n g t h of the a c i d i c region mentioned above. 

P r o t e i n sequence from the L2 subunit p a i r of the b i g minor legumin 

subunits was found t o correspond t o t h a t encoded by two genes legj and 
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legK (Gatehouse et al.,1988), whereas no n u c l e o t i d e sequence encoding 

the p r o t e i n sequence from the L I subunits of b i g minor legumin (March e t 

al.,1988, LegX on f i g . 23) has been i s o l a t e d . cDNAs have been i s o l a t e d 

which encode the three subunits of small minor legumin ( l e g s on f i g . 23, 

Domoney, e t al.,1986b, Gatehouse,JA., & G i l r o y , J S . , u n p u b l i s h e d 

r e s u l t s ) . 

4) Legumin expression and b i o s y n t h e s i s 

The t i s s u e and developmental c o n t r o l of legumin gene expression has 

been shown t o be regulated p r i m a r i l y a t the t r a n s c r i p t i o n a l l e v e l (Evans 

e t al.,1984, Thompson e t al.,1989). Legumin accumulates i n the seed 

d u r i n g the l a t t e r p e r i o d of cotyledon expansion ( f i g . 1, Gatehouse e t 

al., 1982b) and t h i s accumulation can be seen t o be the r e s u l t of t h e 

onset of legumin mRNA production (Gatehouse et al.,1986). However, there 

i s v a r i a t i o n between the t i m i n g of expression of the d i f f e r e n t legumin 

genes. Wh i l s t the expression of the legA gene f a m i l y and legL increases 

t o a maximum between 16-20 daf and then decreases d u r i n g c o t y l e d o n 

d e s i c c a t i o n , legs mRNA l e v e l s peak a t an e a r l i e r stage d u r i n g 

development (16daf) and legJ l a t e r (22daf) (Domoney & Casey,1987, 

Thompson e t al.,1989 & 1991). 

Legumins are t r a n s l a t e d as precursor p r o t e i n s of Mr around 60-

65,000 and 80,000, these precursor p r o t e i n s are not r e d u c i b l e i n t o 

smaller subunits (Croy e t al.,1980b, Chrispeels e t al.,1982, Domoney & 

Casey,1984). I t appears t h a t these p r e c u r s o r s , s y n t h e s i s e d i n t h e 

endoplasmic r e t i c u l u m , are assembled i n t o oligomers and then t r a n s p o r t e d 

t o the p r o t e i n bodies where p r o t e o l y t i c cleavage occurs (Chrispeels e t 

al.,1982, Gatehouse et al.,1984). 
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Pea V i c i l i n 

1) The prote i n 

The pea 7S storage p r o t e i n s , the v i c i l i n s , have a Mr of 150-

190,000. When denatured w i t h SDS, v i c i l i n polypeptides w i t h Mr 50,000, 

35,000, 33,000, 30,000 19,000 16,000, 13,500 and 12,500 are observed 

(Thomson e t al.,1980, Gatehouse e t a i . , 1 9 8 1 ) . U n l i k e legumin, the 

v i c i l i n subunit Mrs are un a f f e c t e d by reducing agents, and some were 

shown t o c o n t a i n carbohydrate (Davey & Dudman, 1979, Gatehouse e t 

al.,1980). Another d i s t i n g u i s h i n g f e a t u r e of v i c i l i n from legumin i s 

t h a t i t lacks sulphur amino acids (Croy e t al.,1980a). 

A separable p r o t e i n which cross-reacted a n t i g e n i c a l l y w i t h v i c i l i n 

was c h a r a c t e r i s e d . This p r o t e i n a l s o appeared i n crude v i c i l i n 

p r e parations, and so was termed c o n v i c i l i n . I t has a n a t i v e Mr of around 

280,000 and a subunit Mr of 71,000 suggesting i t forms a simple tetramer 

(Croy e t al.,1980a). U n l i k e v i c i l i n , t h e aa com p o s i t i o n data f o r 

c o n v i c i l i n p r e d i c t e d t h a t i t contained one c y s t e i n e and one methionine 

residue per subunit (Croy e t al.,1980a). 

Both v i c i l i n and c o n v i c i l i n show considerable v a r i a b i l i t y between 

pea l i n e s and as many as 30 v i c i l i n subunit species could be separated 

on two di m e n s i o n a l i s o e l e c t r i c focusing/SDS- p o l y a c r y l a m i d e g e l s 

(Gatehouse e t al.,1984). Because of t h i s complexity, f u r t h e r r e s o l u t i o n 

of the v i c i l i n s u b u n i t r e l a t i o n s h i p s had t o await aa and n u c l e o t i d e 

sequence data. 

2) V i c i l i n subunit r e l a t i o n s h i p s 

In vitro t r a n s l a t i o n and pulse chase l a b e l l i n g had revealed t h a t 

a n t i - v i c i l i n immunoprecipitable p r o t e i n precursors were s y n t h e s i s e d 

p r i m a r i l y as 70,000, 50,000 or 47,000 Mr molecules of which a p r o p o r t i o n 

of the 50,000 and a l l the 47,000 Mr species were subsequently cleaved t o 

y e i l d the lower Mr species. From these r e s u l t s i t was proposed t h a t the 
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v i c i l i n molecules, l i k e legumin, were s y n t h e s i s e d as p r e c u r s o r s , 

assembled i n t o oligomers ( i n t h e case of v i c i l i n , t r i m e r s ) , and 

exported i n t o p r o t e i n bodies w i t h the simultaneous removal of the s i g n a l 

p e p t i d e . I n t h e p r o t e i n bodies t h e v i c i l i n i s t h e n s u b j e c t t o 

p r o t e o l y t i c cleavage a t a f a i r l y slow r a t e (Gatehouse e t a l . , 1 9 8 1 , 

Chrispeels e t al.,1982). 

When cDNA sequence and amino a c i d subunit sequence became a v a i l a b l e 

the conclusions p r e v i o u s l y drawn were confirmed. The subunits were shown 

t o be the r e s u l t of d i f f e r e n t i a l p r o t e o l y t i c cleavage of a precursor 

"model molecule" which contained two p o t e n t i a l cleavage s i t e s w i t h three 

p o l y p e p t i d e subunits a:fi:y of Mr 19,000, 13,500 and 12,000. D i f f e r e n t 

cDNAs were found t o encode different sequences a t the p o t e n t i a l cleavage 

s i t e s and i t appears t h a t t h i s sequence determines whether cleavage 

occurs. The observed subunit Mr can then be accounted f o r by cleavage, 

p a r t i a l cleavage, or non-cleavage of t h e precursor v i c i l i n molecule: 

50,000 - no cleavage, 35,000 & 33,000 - p a r t i a l cleavage a+fi, 30,000 -

p a r t i a l cleavage p+y, 19,000 13,500 and 12,000 complete cleavage 

(Gatehouse e t al.,1982a, 1983 & 1984, Spencer et al.,1983). The 16,000 

Mr s u b u n i t was found t o be the r e s u l t of g l y c o s y l a t i o n ( p r e v i o u s l y 

observed i n the 16k subunit) of the 12,000 Mr y-subunit w i t h only some 

cDNA species encoding the N - g l y c o s y l a t i o n sequence, N-A-S (Gatehouse e t 

al.,1984). 

3) V i c i l i n genes 

Three classes of v i c i l i n cDNAs were o r i g i n a l l y defined on the basis 

of t h e i r c r o s s - h y b r i d i s a t i o n and the products of t r a n s l a t i o n of h y b r i d -

s e l e c t e d mRNAs (Croy e t al.,1982, Domoney & Casey, 1983, E l l i s e t 

al.,1986). These t h r e e classes encoded the 47,000 and 50,000 Mr v i c i l i n 

p recursors and the c o n v i c i l i n 7 0,000 Mr pr e c u r s o r . H y b r i d i s a t i o n of 

these cDNAs t o genomic DNA revealed the presence of 5-7 genes encoding 



t h e 47k v i c i l i n , 4-6 encoding t h e 50k v i c i l i n and 1-3 e n c o d i n g 

c o n v i c i l i n (Domoney & Casey, 1985). 

Recently, a f u r t h e r c l a s s of v i c i l i n cDNA has been i s o l a t e d and 

sequenced (Domoney & Casey, 1990). This cDNA h y b r i d - s e l e c t s an mRNA 

encoding a 68,000 Mr precursor which i s p r e c i p i t a b l e by a n t i - v i c i l i n 

a n t i b o d i e s . The aa sequence p r e d i c t e d by t h i s cDNA i s only 33% i d e n t i c a l 

t o t h a t p r e d i c t e d by the c l o s e s t of the species p r e v i o u s l y i s o l a t e d , and 

d i f f e r s from the o t h e r v i c i l i n classes by being methionine r i c h . I t 

appears t h a t t h i s cDNA encodes a minor, methionine c o n t a i n i n g , v i c i l i n 

s p ecies, p o s s i b l y t h a t p r e v i o u s l y i d e n t i f i e d by C h r i s p e e l s e t al. 

(1982). Although of a minor nature as judged by p r o t e i n composition, 

genomic h y b r i d i s a t i o n suggests t h a t t h i s species i s a member of a three 

gene su b f a m i l y w i t h y e t another, d i s t i n c t s u b f a m i l y r e l a t e d t o i t 

(Domoney & Casey, 1990). 

Despite the l a r g e number of v i c i l i n genes shown t o e x i s t , few have 

been s u c c e s s f u l l y i s o l a t e d and sequenced. I n t h i s l a b o r a t o r y , a p o r t i o n 

of a 50k Mr v i c i l i n gene was i s o l a t e d and sequenced (Sawyer, 1986) 

tog e t h e r w i t h two pseudogenes ( B o u l t e r , e t al.,1990, Gatehouse JA., 

personal communication). One f u l l l e n g t h v i c i l i n gene encoding the 50k 

v i c i l i n has been i s o l a t e d and shown t o be f u n c t i o n a l i n t r a n s f o r m e d 

tobacco ( H i g g i n s e t al.,1988) and two c o n v i c i l i n genes have been 

sequenced and expressed i n tobacco (Bown e t al.,1988, t h i s work, 

Newbigin et al.,1990). 

Early work on the genetics of v i c i l i n coding genes defined two 

l o c i f o r v i c i l i n and one f o r c o n v i c i l i n (Thomson & Schroeder, 19 78, 

Matta & Gatehouse,1982). More r e c e n t l y the number of v i c i l i n l o c i has 

been increased t o f i v e w i t h each locus c o n t a i n i n g m u l t i p l e genes w i t h 

g r e a t e r homology w i t h i n , r a t h e r than between l o c i ( E l l i s e t al.,1986). 

The c o n v i c i l i n coding genes remain l i n k e d i n one locus ( E l l i s et 

al.,1986). 10 



4) V i c i l i n gene expression 

There i s d i f f e r e n t i a l developmental expression of the v i c i l i n gene 

s u b f a m i l i e s . V i c i l i n 50k and 4 7k encoding mRNA and p r o t e i n accumulates 

e a r l i e r d u r i n g cotyledon development than legumin and the other v i c i l i n 

s u b f a m i l i e s . 50k and 47k v i c i l i n encoding mRNAs reach peak l e v e l s at 14-

16 daf and decrease markedly t o 22 daf. C o n v i c i l i n and the methionine-

r i c h v i c i l i n accumulate i n the f i n a l stages of cotyledon developement 

(Gatehouse e t al.,1984, Domoney & Casey, 1990). 

Genes expressed i n pea pods - The purple podded phenotype 

The p u r p l e podded phenotype i n peas has been s t u d i e d since t h e 

beginning of t h i s century (see Blixt,1962 & 1976) and has been shown t o 

be the r e s u l t of two dominant, polymeric genes, Pur and Pu (Lamprecht, 

1953). Colour p r o d u c t i o n i n the pod, as i n the other t i s s u e s , i s a l s o 

dependent on dominance at the a. locus which governs o v e r a l l f l a v o n o i d 

production i n the p l a n t (Statham e t al.,1972). This locus has r e c e n t l y 

been shown t o r e g u l a t e the expression of chalcone synthase (Harker e t 

al.,1990), the i n i t i a l enzyme of the f l a v o n o i d s p e c i f i c b i o s y n t h e s i s 

pathway. Purple pods have been analysed and shown t o c o n t a i n glycosides 

of t h e anthocyanidins d e l p h i n i d i n and c y a n i d i n (Statham e t al.,1972). 

Anthocyanins are phenolic compounds w i t h i n the o v e r a l l group known as 

fl a v o n o i d s . 

The anthocvanin b i o s y n t h e s i s pathway 

The anthocyanin b i o s y n t h e s i s pathway has been w e l l c h a r a c t e r i s e d 

( F i g . 2, Ebel & Hahlbrock, 1982, H e l l e r , 1986, H e l l e r & Forkmann, 1988). 

Several genes have been i s o l a t e d encoding enzymes from t h i s pathway, 

p r i n c i p a l l y from A n t i r r h i n u m , maize, and Petunia and t h e i r associated 

phenotypes have been described (see Coen et al.,1988 & Dooner et 
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al.,1991 f o r reviews). 

As s t a t e d above, the i n i t i a l f l a v o n o i d s p e c i f i c step i s catalysed 

by chalcone synthase and i n v o l v e s t h e condensation of coumaryl CoA 

( d e r i v e d f r o n p h e n y l a l a n i n e ) and malonyl CoA molecules t o form a 

chalcone. The chalcone i s then r a p i d l y isomerised i n the presence of 

chalcone isomerase t o a c o l o u r l e s s flavanone. Subsequent m o d i f i c a t i o n of 

t h e flavanone by h y d r o x y l a t i o n and r e d u c t i o n r e s u l t s i n the s t i l l 

c o l o u r l e s s leucoanthocyanidin. The next step i n the pathway i s not w e l l 

c h a r a c t e r i s e d but r e s u l t s i n a coloured a n t h o c y a n i d i n . F i n a l l y , the 

a n t h o c y a n i d i n i s g l y c o s y l a t e d t o anthocyanin. F i g u r e 2 shows t h i s 

pathway i l l u s t r a t e d f o r p e l a r g o n i d i n . I n t h e case of p u r p l e pods 

cy a n i d i n and d e l p h i n i d i n are present, and they d i f f e r from p e l a r g o n i d i n 

by t h e a d d i t i o n of one or two h y d r o x y l groups, r e s p e c t i v e l y , t o the 

aromatic r i n g B. 

I n pea, a p a r t from A (see above), most of t h e pigmentation l o c i 

i n v e s t i g a t e d are i n v o l v e d w i t h c o l o u r m o d i f i c a t i o n r a t h e r than i t s 

i n i t i a l p r o d u c t i o n (Statham et al.,1972) and so are u n l i k e l y t o encode 

those enzymes in v o l v e d i n anthocyanin b i o s y n t h e s i s . Am, Ar, and Ce have 

q u a n t i t a t i v e e f f e c t s and so may encode r e g u l a t o r y p r o t e i n s , a l t h o u g h 

they may represent down mutations of s t r u c t u r a l genes. B appears t o 

encode the enzyme which h y r o x y l a t e s t h e B - r i n g of anthocyanins (so 

producing c y a n i d i n and d e l p h i n i d i n r a t h e r than p e l a r g o n i d i n ) and Cr 

encodes the enzyme which subsequently methylates these hydroxyl groups 

i n f l o w e r s . The Cgf phenotype r e s u l t s i n a d i v e r s i o n of the anthocyanin 

b i o s y n t h e s i s pathway, p e t a l s accumulate fla v o n e s (Statham & H u r f e t , 

1974) which are formed by the d e s a t u r a t i o n o f flavanones ( H e l l e r & 

Forkmann, 1988). Whether t h i s phenotype i s due t o a s e q u e s t r a t i o n of 

flavanone by a flavone synthase or t o a blockage o f the flavanone 3-

hydroxylase step i s unknown. 



Regulation of the anthocvanin b i o s y n t h e s i s pathway 

I n a d d i t i o n t o the s t r u c t u r a l genes i s o l a t e d from the anthocyanin 

b i o s y n t h e s i s pathway, r e g u l a t o r y genes have a l s o been c h a r a c t e r i s e d , 

again p r i m a r i l y from A n t i r r h i n u m , maize and P e t u n i a (Dooner e t 

al.,1991). The r e g u l a t o r y genes appear t o act i n a coordinate manner 

c o n t r o l l i n g t h e expression of more than one of the steps i n t h e 

anthocyanin b i o s y n t h e s i s pathway, (Dooner, 1983, Ludwig e t al.,1989, 

Goodrich e t al.,1992). The maize r e g u l a t o r y genes comprise a small 

multigene f a m i l y each member causing pigmentation of d i f f e r e n t t i s s u e s 

or groups of t i s s u e s (Ludwig & Wessler,1990) and a s i m i l a r s i t u a t i o n may 

occur i n A n t i r r h i n u m w i t h a member of the delila gene family (Goodrich 

et al.,1992). 

Both the maize R gene family and the A/itirrhinum delila gene encode 

p r o t e i n s w i t h homology t o each o t h e r and t o h e l i x - l o o p - h e l i x 

t r a n s c r i p t i o n f a c t o r s i s o l a t e d from other eukaryotes (Ludwig & Wessler, 

1990, Goodrich e t al.,1992). The i m p l i c a t i o n i s t h a t these r e g u l a t o r y 

genes encode DNA-binding t r a n s c r i p t i o n a l a c t i v a t o r s but t h i s remains t o 

be proven. I n pea the r e g u l a t o r y l o c i and 2 have been shown t o 

control chalcone synthase production i n petals (Harker et al.,1990) but 

as yet these l o c i have not been c h a r a c t e r i s e d <at a molecular I c ^ e l , nor 

i s i t known whether they r e g u l a t e other genes from the pathway. 

I n s t a b i l i t y i n the purple podded phenotype 

Whilst growing the commercial Purple Podded pea l i n e i t was n o t i c e d 

t h a t t h i s phenotype was unstable i n some p l a n t s . Pods appeared w i t h 

purple spots t o v a r y i n g d e n s i t y ( f i g . 3 ) , r a t h e r than the o v e r a l l purple 

of the phehotype. when seeds from these s p o t t e d podded p l a n t s were 

grown, some progeny p l a n t s r e t a i n e d the spotted pod c h a r a c t e r i s t i c , and 

some p l a n t s produced t o t a l l y green pods. No r e v e r s i o n from spotted or 
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F i g . 3 A purple spotted pod on a mutant p l a n t from the Purple Podded 
pea l i n e . 

green pod bearing p l a n t s t o purple pod bearing p l a n t s was seen. The 

pigmentation of the flowers and maculum r i n g s a t the a x i l of the s t i p u l e 

remained u n a f f e c t e d i n these p l a n t s (Bown,D. & Gatehouse,JA., 

unpublished r e s u l t s ) . This i n s t a b i l i t y of the phenotype had previously 

been noted by Lamprecht (1941), who described four a l l e l e s of the Pur 

locus; pur-Puj^-Pur^-pur w i t h mutation o c c u r r i n g at v a r y i n g frequencies 

i n the stages between Pur>pur. 

The nature of t h i s i n s t a b i l i t y i s very s i m i l a r t o colour mutations 

known t o be the r e s u l t of the a c t i o n of transposable elements. Such 

mutable a l l e l e s are found i n a wide v a r i e t y of pl a n t species and a f f e c t 
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many c h a r a c t e r i s t i c s (Nevers e t al.,1986), the most obvious being those 

which a f f e c t c o l o u r p r o d u c t i o n . The species i n which t r a n s p o s b l e 

elements and t h e i r e f f e c t s on anthocyanin b i o s y n t h i s have been most 

widely s t u d i e d are Zea mays (maize) and Antir r / i i n u m majus (Snapdragon). 

Many of the s t r u c t u r a l and r e g u l a t o r y genes from t h i s pathway have been 

found t o be mutated i n various l i n e s l e a d i n g t o v a r i e g a t e d phenotypes 

(Coen & Carpenter,1986, Coen et al.,1988, Wessler,1988). For example, i n 

maize, i n s t a b i l i t y a t the Al locus leads t o coloured sectors on the seed 

coat aleurone l a y e r and recessive mutations t o t o t a l l ack of colour. The 

Al locus has been shown t o encode d i h y d r o f l a v o n o l reductase ( f i g . 2) and 

the i n s t a b i l i t y t o be due t o the a c t i o n of transposable elements (Reddy 

et al.,1987, Schwartz-Sommer et al.,1987, O'Reilly et al.,1985). 

Transposable elements and t h e i r p o s s i b l e r o l e i n the unstable 

purple podded phenotype 

Transposable elements are sections of DNA which are able t o move 

w i t h i n the genome. This movement gives r i s e t o un s t a b l e genes w i t h 

m u t a t i o n r a t e s much g r e a t e r than t h a t a s s o c i a t e d w i t h spontaneous 

mutation (10 5-10^ generations, Coen & Carpenter, 1986) i n the otherwise 

very s t a b l e genome. Two classes of transposable elements occur; c l a s s 

one elements transpose v i a reverse t r a n s c r i p t i o n of an RNA in t e r m e d i a t e , 

whereas class two elements transpose d i r e c t l y from DNA t o DNA (Finnegan, 

1989). Most of the elements ch a r a c t e r i s e d i n p l a n t s belong t o the second 

c l a s s , although c l a s s one type elements have been found i n p l a n t s , 

i n c l u d i n g pea (Lee et al.,1990). 

The class two elements have t e r m i n a l i n v e r t e d repeats which range 

from 6 t o around 200bp i n l e n g t h and, upon i n s e r t i o n , cause a 

d u p l i c a t i o n of the host sequence r e s u l t i n g i n d i r e c t r e p e t i t i o n of 3-9bp 

e i t h e r side of the element (Vodkin, 1989). S i m i l a r i t y i n the sequence of 
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the t e r m i n a l r e p e a t s and i n the l e n g t h of t a r g e t s i t e d u p l i c a t i o n s can 

be seen between elements i s o l a t e d from d i f f e r e n t p l a n t s p e c i e s , and i t 

seems t h a t transposon f a m i l i e s span a wide range of host s p e c i e s . The 

i n t e r n a l s t r u c t u r e of t r a n s p o s a b l e elements i s l e s s w e l l c h a r a c t e r i s e d 

(Vodkin, 1989, Weil & W e s s l e r , 1990); i t v a r i e s w i t h i n and between 

f a m i l i e s and determines whether elements a r e autonomous (can t r a n s p o s e 

t h e m s e l v e s ) or non-autonomous ( r e q u i r e gene products from another, 

autonomous, element t o t r a n s p o s e ) . The autonomous element must c o n t a i n a 

t r a n s p o s a s e together w i t h a f a c t o r which r e c o g n i s e s the t e r m i n a l r e p e a t s 

whereas the non-autonomous elements have l o s t t h i s f u n c t i o n but r e t a i n 

the t e r m i n a l r e p e a t s . Apart from t h i s , t r a n s p o s o n s may c o n t a i n gene 

products t h a t suppress the t r a n s c r i p t i o n of host genes w h i l s t boosting 

t h e i r own. 

As s t a t e d above, i n t e g r a t i o n of t r a n s p o s a b l e elements l e a d s to the 

d u p l i c a t i o n of host t a r g e t sequence. Subsequent e x c i s i o n of the element 

r a r e l y r e s t o r e s the o r i g i n a l w i l d - t y p e sequence, as a l l or p a r t of the 

d u p l i c a t i o n remains (Wiel & W e s s l e r , 1990). W h i l s t t h i s a d d i t i o n a l 

sequence may not be d e l e t e r i o u s i n f l a n k i n g or i n t r o n sequence, i n 

c o d i n g sequence a r e s u l t a n t frame s h i f t would c a u s e p remature 

t e r m i n a t i o n or nonsense t r a n s l a t i o n . The p r esence of a t r a n s p o s a b l e 

element may a l s o a f f e c t gene e x p r e s s i o n not o n l y by i t s p h y s i c a l 

s e p a r a t i o n of the component p a r t s of the gene (although elements may be 

s p l i c e d from mRNA) but by the i n s e r t i o n of new r e g u l a t o r y s e q u e n c e s 

proximal t o the e x i s t i n g gene promoters. 

T r a n s p o s a b l e elements, once i s o l a t e d , may be u t i l i s e d t o c l o n e 

genes whose products a r e unknown but whose e x p r e s s i o n i s a l t e r e d by the 

i n s e r t i o n of a t r a n s p o s a b l e element. Depending on the frequency o f 

o c c u r r e n c e of t h e e l e m e n t s w i t h i n a genome, t h e p r e s e n c e of a 

t r a n s p o s a b l e element may be used as a "tag" to s e l e c t a gene c o n t a i n i n g 



the element. Such transposon tagging s t r a t e g i e s have been s u c c e s s f u l l y 

used t o i s o l a t e s t r u c t u r a l and r e g u l a t o r y genes from th e anthocyanin 

b i o s y n t h e s i s pathways of maize and Antirrhinum ( F e d o r o f f e t a l . , 1 9 8 4 , 

O ' R e i l l y e t al.,1985, Cone e t al., 1986, Goodrich e t al.,1992). 

I n t h e c a s e of the v a r i a b l e p u r p l e podded phenotype th e most 

obvious e x p l a n a t i o n would be t h a t a t r a n s p o s a b l e element was i n s e r t e d i n 

such a way as t o b l o c k the e x p r e s s i o n of a s t r u c t u r a l gene i n the 

anthocyanin b i o s y n t h e s i s pathway. E x c i s i o n of the element from the l o c u s 

i n somatic pod t i s s u e l e a d s t o r e s t o r a t i o n of gene f u n c t i o n i n some 

c e l l s and t h e i r progeny, g i v i n g r i s e t o purple s p o t s . However t h i s model 

f a i l s t o e x p l a i n the o b s e r v a t i o n t h a t the phenotype mutates from Pur 

( p u r p l e podded) v i a i n t e r m e d i a t e s t o pur (green podded) but not v i c e -

v e r s a ( s e e above). S t a b l e green podded mutants may be t h e r e s u l t of 

i m p r e c i s e e x c i s i o n of the element i n g e r m - c e l l s , but i n t h a t c a s e , why 

a r e s t a b l e p u r p l e r e v e r t a n t s not encountered? The model p r e d i c t s t h a t 

r e s t o r a t i o n of gene f u n c t i o n should occur i n the same way as i t does i n 

somatic t i s s u e . The n a t u r e of t h i s phenotypic i n s t a b i l i t y can o n l y 

s a t i s f a c t o r i l y be answered by molecular a n a l y s i s of t h i s l o c u s i n w i l d 

type, u n s t a b l e and s t a b l e green t i s s u e . 

T r a n s p o s a b l e e l e m e n t s i n pea and o t h e r legumes 

Elements c a r r y i n g the f e a t u r e s of t r a n s p o s a b l e elements have been 

i s o l a t e d from legumes but no a c t i v e systems have y e t been c h a r a c t e r i s e d . 

I n pea, legumin gene legC c o n t a i n s a 2.5 kbp i n s e r t i o n i n the 5' 

f l a n k i n g sequence with r e s p e c t to legB. The t e r m i n i of t h i s i n s e r t i o n 

form i n v e r t e d r e p e a t s w i t h sequence homology t o the t e r m i n i of 

t r a n s p o s a b l e e l e m e n t s En/Spm from maize and Taml and Tam2 from 

Antirrhinum, and t h e s e r e p e a t s are f l a n k e d by a 3bp d u p l i c a t i o n of the 

legB sequence ( S h i r s a t , 1988). The w r i n k l e d seed c h a r a c t e r i s t i c i n pea 
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was found t o be the r e s u l t of the i n s e r t i o n of a 0.8kbp element i n the 

3' coding sequence of the s t a r c h - b r a n c h i n g enzyme. Again t h i s i n s e r t i o n 

has i n v e r t e d t e r m i n a l r e p e a t s , t h i s time homologous to Ac/Ds elements 

fom maize and Tam3 from Antirrhinum, and i s f l a n k e d by 8bp r e p e a t s of 

the t a r g e t gene sequence (Bhattacharyya e t al.,1990). 

A r e t r o t r a n s p o s o n - l i k e element w i t h homology t o copia elements from 

Drosophila has a l s o been i s o l a t e d from pea between legumin genes leg J 

and legK and t h e r e a r e i n d i c a t i o n s t h a t t h i s element may be a c t i v e (Lee 

e t al.,1990). I n soybean, the l e c t i n l e s s phenotype was found t o be due 

to a 3.5kbp i n s e r t i o n w i t h i n l e c t i n encoding sequence w i t h s i m i l a r 

c h a r a c t e r i s t i c s t o those of the pea lege i n s e r t i o n (Vodkin e t al.,1983). 

F u r t h e r work has r e v e a l e d the presence of a f a m i l y of such elements, 

those i s o l a t e d being d e l e t i o n mutants of a p u t a t i v e 16kb p r o g e n i t o r 

element (Rhodes & Vodkin, 1988). H y b r i d i s a t i o n s t u d i e s w i t h a l l t h e s e 

legume elements have shown them to be repeated many times i n the genome. 

I n a d d i t i o n to t h e u n s t a b l e purple-podded l o c u s , v a r i o u s o t h e r 

u n s t a b l e phenotypes have been d e s c r i b e d i n pea. A s i n g l e p l a n t w i t h a 

mutation c a u s i n g s i m i l a r e f f e c t s i n f l o w e r s t o those seen i n pods was 

propagated, although no m a t e r i a l now remains. Flowers from an o r i g i n a l l y 

purple l i n e appeared white w i t h v a r y i n g degrees of purple s p o t t i n g . T h i s 

phenotype appears to have been due t o i n s t a b i l i t y a t the A l o c u s and 

t h e r e f o r e , u n l i k e the purple-podded mutation, pigm e n t a t i o n i n o t h e r 

t i s u e s , maculum r i n g and seed c o a t , was a l s o a f f e c t e d (De Haan, 1930). 

I n s t a b i l i t y has a l s o been noted i n the d i s t r i b u t i o n of c h l o r o p h y l l , pod 

schlerenchymus t i s s u e and t e s t a c o l o u r (De Haan, 1930, Lamprecht, 1941). 

While t h e s e a r e a l l obvious, n o n - l e t h a l m u t a t i o n s , presumably many 

o t h e r s occur which a r e unnoticed because they a f f e c t one of m u l t i p l e 

a l l e l e s or whose ge n e r a l e f f e c t i s obvious only as poor growth. 
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S p e c i f i c aims of t h e p r o j e c t 

As p a r t of the ongoing study of pea seed s t o r a g e p r o t e i n w i t h i n 

t h i s department, and i n c o l l a b o r a t i o n w i t h the John In n e s I n s t i t u t e , 

genes encoding v a r i o u s s t o r a g e p r o t e i n s had been i s o l a t e d . The i n i t i a l 

aim was t o determine the n u c l e o t i d e sequence of t h e s e genes and t o 

compare them w i t h o t h e r members of t h e i r gene f a m i l i e s i n pea and other 

legumes. Secondly, the e x p r e s s i o n of these genes was to be i n v e s t i g a t e d , 

t h e o r g a n i s a t i o n of t h e gene f a m i l i e s they belong to c l a r i f i e d , and 

t h e i r s p e c i f i c products i d e n t i f i e d . 

There had been so l i t t l e study of root p r o t e i n t h a t i t was decided 

t o i n v e s t i g a t e and c h a r a c t e r i s e p r o t e i n s t h a t accumulate t o high l e v e l s 

i n the pea r o o t and the genes which encode them. Some legume s p e c i e s 

e x i s t w i t h tuberous r o o t s which f u n c t i o n as s t o r a g e organs d u r i n g 

p e r i o d s of dormancy, f o r example, Phaseolus coccineus (runner b e a n ) , 

Psophocarpus tetragonolobus (winged bean), Vigna vexillata (cowpea), 

Sphenostylis stenocarpa and Pachyrrhizus erosus (yam b e a n s ) . These 

presumably c o n t a i n s t o r a g e p r o t e i n s , and i t would be i n t e r e s t i n g to 

determine whether legume s p e c i e s which do not form tuberous r o o t s 

accumulate any such s t o r a g e p r o t e i n s . T h e r e f o r e , w i t h r o o t t i s s u e t h e 

primary o b j e c t i v e was t o determine whether t h e r e were any abundant 

p r o t e i n s p r e s e n t , and i f so, t o p u r i f y and c h a r a c t e r i s e them. With t h i s 

i n f o r m a t i o n , genes encoding t h e s e p r o t e i n s c o u l d be i s o l a t e d u s i n g 

o l i g o n u c l e o t i d e probes generated from aa sequence d a t a . 

I n o r d e r t o i n v e s t i g a t e the purple-podded phenotype and t h e 

i n s t a b i l i t y w i t h i n i t , a d i f f e r e n t i a l s c r e e n was t o be conducted between 

cDNA from p u r p l e and green podded pea l i n e s . cDNAs i s o l a t e d by t h i s 

method could then be used (together w i t h cDNAs encoding enzymes from the 

anthocyanin b i o s y n t h e s i s pathway) to t r y t o determine the cause of the 

i n s t a b i l i t y i n the c o l o u r production by comparing t h e i r e x p r e s s i o n i n 
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t i s s u e from mutant and normal pod c o l o u r e d p l a n t s . These cDNAs could 

then be used as probes to i s o l a t e genes from a genomic l i b r a r y from the 

purple-podded l i n e . 
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CHAPTER TWO; MATERIALS 

C h e m i c a l and equipment s u p p l i e r s 

U n l e s s o t h e r w i s e s t a t e d , c h e m i c a l s were of a n a l y t i c a l grade and 

s u p p l i e d by BDH-Merck L t d . , L u t t e r w o r t h , L e i c s . , M e d i c e l l d i a l y s i s 

tubing was a l s o obtained from BDH. 

The f o l l o w i n g r e a g e n t s were s u p p l i e d by B o e h r i n g e r Mannheim UK 

L t d . , Lewes, E. Sussex: 

cDNA s y n t h e s i s k i t s , Caesium C h l o r i d e , Glycogen, MI3 mpl8 & 19 DNA, 

O l i g o d(T) c e l l u l o s e , R e s t r i c t i o n & DNA modifying enzymes. 

The f o l l o w i n g reagents were s u p p l i e d by Sigma Chemical Co. L t d . , 

Poole, Dorset: 

A c r y l a m i d e s , A n t i b i o t i c s , BSA, CNBr, DTT, E t h i d i u m Bromide, H e r r i n g 

sperm DNA, Iodoacetamide, L e u p e p t i n , PIPES, PMSF, P o l y a d e n y l i c a c i d , 

Pronase P, P r o t e i n a s e K, RNase, tRNA. 

The f o l l o w i n g r e a g e n t s were s u p p l i e d by G i b c o BRL, L i f e 

Technologies L t d . , P a i s l e y , S c o t l a n d : 

Agarose, DH5a competent c e l l s , HGT agarose, Manual DNA sequencing k i t s 

- i n c l u d i n g JM101 b a c t e r i a . 

The f o l l o w i n g reagents were s u p p l i e d by Pharmacia Biosystems L t d . , 

Milton Keynes: 

cDNA s y n t h e s i s k i t s , Eco RI - b l u n t end a d a p t o r s , F i c o l l , M i n i g e l 

apparatus, Random hexanucleotide DNA o l i g o , S e p h a c r y l S-200, Sephadex G-

50, Sepharose CL-4B, S I n u c l e a s e . 

The f o l l o w i n g reagents were s u p p l i e d by Promega L t d . , Southampton: 

X.GEM-12 Xho h a l f s i t e arms c l o n i n g system i n c l u d i n g KW251 b a c t e r i a , 

Packagene packaging e x t r a c t , Protoclone X.gtl0 i n c l u d i n g C600 b a c t e r i a , 

Tag polymerase. 

The f o l l o w i n g r e a g e n t s were s u p p l i e d by Northumbria B i o l o g i c a l s 

L t d . , Cramlington, Northumberland: 



DNA s i z e markers, IPTG, P l a s m i d s pUC18 & 19, R e s t r i c t i o n and DNA 

modifying enzymes, X-Gal. 

R a d i o c h e m i c a l s were s u p p l i e d by Amersham I n t e r n a t i o n a l p i c . , 

Aylesbury, Bucks. 

Na t i o n a l D i a g n o s t i c s " E c o s c i n t " , s c i n t i l l a t i o n f l u i d , was s u p p l i e d 

by B.S.& S ( S c o t l a n d L t d . ) , Edinburgh. 

N i t r o c e l l u l o s e , S c h l e i c h e r & S c h u e l l grade BA-85, was s u p p l i e d by 

Anderman & Co. L t d . , Kingston-upon Thames, Surrey. 

3MM f i l t e r paper was s u p p l i e d by Whatman L a b s a l e s L t d . , Maidstone, 

Kent. 

X-ray f i l m , F u j i - R X , was s u p p l i e d by F u j i Photo F i l m (UK) L t d . , 

London. 

X-ray c a s s e t t e s and ATTO p r o t e i n g e l and western b l o t t i n g apparatus 

were s u p p l i e d by G e n e t i c r e s e a r c h i n s t r u m e n t a t i o n L t d . , Dunmow, Ess e x . 

I n t e n s i f y i n g s c r e e n s , Cronex l i g h t n i n g - p l u s were s u p p l i e d by Dupont 

UK L t d . , Stevenage, H e r t s . 

Developer, I l f o r d p h e n i s o l , was s u p p l i e d by I l f o r d L t d . , 

Mobberly, Ches. 

F i x e r , Kodak U n i f i x , was s u p p l i e d by Phase s e p a r a t i o n s L t d . , 

Deeside, Clwyd. 

P e r f e c t match enhancer was s u p p l i e d by Stratagene L t d . , Cambridge. 

Quiagen DNA p u r i f i c a t i o n k i t s and PCR h e a t i n g block were s u p p l i e d 

by Hybaid L t d . , Teddington, Middlesex. 

Immun-Blot western b l o t t i n g k i t was s u p p l i e d by Biorad L a b o r a t o r i e s 

L t d . , Hemel Hempstead, H e r t s . 

DNA s y n t h e s i s e r and sequencers were s u p p l i e d by A p p l i e d Biosysterns 

I n c . , Warrington, Ches. 

M i c r o t i t r e p l a t e s and d i s p o s a b l e p i p e t t e s and p e t r i d i s h e s were 

s u p p l i e d by Bibby S t e r i l i n L t d . , Stone, S t a f f s . 
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Bacto-agar was s u p p l i e d by D i f c o L t d . , W. Molesey, S u r r e y . 

Oxoid Y e a s t e x t r a c t was s u p p l i e d by Unipath L t d . , B a s i n g s t o k e , 

Hants. 

Bacto-tryptone was su p p l i e d by Becton D i c k i n s o n , Cowley Oxon. 

Phostrogen was obtained from Phostrogen L t d . , Corwen, Clywd. 

F r e q u e n t l y used b u f f e r s , media and o t h e r s o l u t i o n s 

TAE b u f f e r 40mM T r i s - a c e t a t e pH 7.7 
lOmM EDTA 

Denaturing s o l u t i o n 1.5M NaCl 
0.5M NaOH 
ImM EDTA 

N e u t r a l i s i n g B u f f e r 3M NaCl 
0.5M T r i s - H C l pH 7.0 
ImM EDTA 

20xSSC 3M NaCL 
0.3M Tri-sodium c i t r a t e 
pH 7.0 with HC1 

Denhardt's s o l u t i o n ( l x ) 0.02% F i c o l l 400 
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 

TE b u f f e r 50mM T r i s - H C l pH 7.5 
lOmM EDTA 

Phage b u f f e r 20mM T r i s - H C l pH 7. 
0.1M NaCl 
lOmM MgSQ4 

LB medium, per l i t r e lOg Bacto-tryptone 
5g y e a s t e x t r a c t 
5g NaCl 

pH 7.5 with NaOH 

LB agar, as above + 15g l - 1 Bacto-agar 
TB top agar, per l i t r e lOg Bacto-tryptone 

5g NaCl 
8g Bacto-agar 

YT medium, per l i t r e 8g Bacto-tryptone 
5g Y e a s t e x t r a c t 
5g NaCl 

YT agar, as above + 15g 1 _ 1 Bacto-agar 
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YT top agar, YT medium + 6g l - i Bacto-agar 

2xYT medium, per l i t r e 16g Bacto-tryptone 
lOg Yeast e x t r a c t 
5g NaCl 

A m p i c i l i n was added to media and p l a t e s as r e q u i r e d , a t 50ug m l - * f i n a l 
c o n c e n t r a t i o n 

X-gal was added to p l a t e s as r e q u i r e d , a t 40^g m l - 1 f i n a l c o n c e n t r a t i o n 

SOC medium 2% Bacto-tryptone 
0.5% Y e a s t e x t r a c t 
lOmM NaCl 
2.5mM KC1 
lOmM MgCl 2 

lOmH MgS04 

20mM Glucose 

Phenol was r e d i s t i l l e d , s a t u r a t e d w i t h TE b u f f e r and s t o r e d frozen under 
N 2. 

Formamide was d e i o n i z e d by s t i r r i n g f o r 2hr wit h a m b e r l i t e MB1 r e s i n , 
then f i l t e r e d and s t o r e d f r o z e n . 

T r e a t m e n t o f g l a s s w a r e , p l a s t i c w a r e and s o l u t i o n s 

Glassware, p l a s t i c w a r e and s o l u t i o n s f o r use w i t h DNA and b a c t e r i a 

were s t e r i l i s e d by a u t o c l a v i n g f o r 20min a t 120°C. G l a s s w a r e was 

s i l i c o n i s e d before use wi t h n u c l e i c a c i d . Glassware f o r use wi t h RNA was 

baked o v e r n i g h t a t 170°C. S o l u t i o n s t o be used w i t h RNA were incub a t e d 

w i t h d i e t h y l p y r o c a r b o n a t e a t 0.1% f i n a l c o n c e n t r a t i o n , overnight a t room 

temperature, before a u t o c l a v i n g as above. 

P l a n t m a t e r i a l 

Garden pea (Pisum sativum L.) seed m a t e r i a l was obtained from the 

f o l l o w i n g s u p p l i e r s : Feltham F i r s t ( F F ) and P u r p l e podded (PP) c v s . 

from Sutton Seeds L t d . , Torquay, Devon; Dark ski n n e d p e r f e c t i o n (DSP) 

from Samuel Dobie & Son L t d . , L l a n g o l l e n , Clywd; B i r t e ( l i n e 2791) from 

The Nordic Gene Bank, Alnarp, Sweden. 

Seeds were germinated i n the dark, i n a spray room f o r 4-5 days. 

P l a n t s were then grown i n a growth c a b i n e t , h y d r o p o n i c a l l y i n Phostrogen 
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s o l u t i o n prepared a c c o r d i n g to the manufacturer's i n s t r u c t i o n s . Growth 

c a b i n e t c o n d i t i o n s were: temperature; 25°C 06.30-20.30hr, 17°C 20.30-

06.30hr; humidity, 70% r e l a t i v e humidity; f l o u r e s c e n t l i g h t i n g on 06.00-

18.00hr, doubled i n t e n s i t y 08.00-16.OOhr; i n c a n d e s c e n t l i g h t i n g on 

15.00-18.OOhr. Phostrogen s o l u t i o n was changed r e g u l a r l y and f l o w e r s 

were tagged when f u l l y open. 

B a c t e r i a l s t r a i n s 

The genotypes of the b a c t e r i a l s t r a i n s used a r e : 

JM101; supE, thi, A(lac proA,B)/F', traD36, proA,B, ( r K
+ , m K

+ ) , l a d ^ Z 
M15. 

DH5a; F-, endAl, hsdRll ( r K ~ , m K
+ ) , supE44, t h i - 1 , X.-, r e c A l , gyrA96, 

r e l A l , A(argF-2aczya)U169, <|>80dlacZAM15. 

CGOOHfl', hsdR-, hsdti+, supE44, l a c Y l , tonA21, A f i A l 5 0 , ( c A r t T n l O ) . 

KW251; F-, supE44, supF58, galK2, galT22, metBl, hsdR2, mcrBl, mcrA-, 
argA81:Tnl0, recDl014 
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CHAPTER THREE; METHODS 

P l a s m i d and phage DNA r e s t r i c t i o n s 

R e s t r i c t i o n of plasmid and phage DNA was performed a t 37°C f o r 2hrs 

using b u f f e r s u p p l i e d with the r e s t r i c t i o n enzymes. A r e s t r i c t i o n enzyme 

to DNA r a t i o of a t l e a s t 1 u n i t ug~^ was used and the f i n a l d i l u t i o n of 

enzyme was a t l e a s t lOx. 

Phenol e x t r a c t i o n and e t h a n o l p r e c i p i t a t i o n o f DNA 

Un l e s s o t h e r w i s e s t a t e d , DNA was phenol e x t r a c t e d as f o l l o w s , 

v o r t e x i n g f o r 15sec and s p i n n i n g i n a m i c r o c e n t r i f u g e f o r 3min a t 

12,000g a t each s t a g e . The volume was a d j u s t e d up t o 200^1 w i t h TE 

bu f f e r i f r e q u i r e d , and e x t r a c t e d w i t h 200^1 phenol. A f t e r v o r t e x i n g and 

c e n t r i f u g i n g t h e aqueous phase was t a k e n and r e t a i n e d . The p h e n o l i c 

phase was e x t r a c t e d w i t h 100^1 TE b u f f e r , v o r t e x e d and spun. T h i s 

aqueous phase was added t o the previous aqueous phase and e x t r a c t e d w i t h 

300^/1 c h l o r o f o r m / i s o a m y l a l c o h o l ( 2 4 : 1 ) , v o r t e x i n g and s p i n n i n g as 

above. The aqueous phase was removed, r e e x t r a c t e d as above and the f i n a l 

aqueous phase removed and ethanol p r e c i p i t a t e d . 

U n l e s s o t h e r w i s e s t a t e d , DNA was e t h a n o l p r e c i p i t a t e d u s i n g lul 

(20/jg) glycogen c a r r i e r , adding 1/25 volumes of 5M ammonium a c e t a t e 

0.25M MgCl2 pH 5.2 and two volumes of e t h a n o l cooled t o -20°C. T h i s was 

mixed and pl a c e d a t -20°C f o r a t l e a s t l h r followed by c e n t r i f u g a t i o n a t 

4°C, 12,000g f o r 20 mins. The ethanol was c a r e f u l l y poured from the tube 

and r e p l a c e d by 70% et h a n o l a t -20°C. Tubes were i n v e r t e d t o mix, spun 

as above f o r 5min and t h e l i q u i d poured o f f . The DNA was d r i e d under 

vacuum f o r 5min and resuspended i n H 20. 
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Agarose g e l e l e c t r o p h o r e s i s of DHA 

E l e c t r o p h o r e s i s of DNA was c a r r i e d out i n a Pharmacia GNA-100 
m i n i g e l apparatus or on 15.5x18.5x0.6cm g e l s i n tanks h o l d i n g 2.11 of 
b u f f e r as d e s c r i b e d i n Man i a t i s e t al.(1982). TAE b u f f e r was used, g e l s 
and running b u f f e r c o n t a i n e d l ^ g m l - 1 ethidium bromide. 0.2-0.5 volumes 
of dye mix (lOmM T r i s - H C l , lOmM EDTA, pH8.0, lmg m l - 1 f a s t orange G., 
30% g l y c e r o l ) were added t o samples b e f o r e l o a d i n g . C o m m e r c i a l l y 
p r e p a r e d r e s t r i c t i o n d i g e s t s of X DNA were run as s i z e markers. A 
vo l t a g e of 2-10 v o l t s cm -* was a p p l i e d and g e l s were photographed u s i n g 
t r a n s m i t t e d UV l i g h t a t 300nm. 

I s o l a t i o n of DHA from a g a r o s e g e l 

S l i c e s of agar o s e g e l c o n t a i n i n g DNA were p l a c e d i n prepared 

d i a l y s i s t u b ing ( M a n i a t i s e t al.,1982) w i t h the minimum volume of TAE 

b u f f e r , a l l a i r exc l u d e d and the ends c l i p p e d s h u t . The t u b i n g was 

pl a c e d i n a Pharmacia GNA-100 m i n i g e l apparatus, p e r p e n d i c u l a r to t h e 

f i e l d and covered w i t h TAE b u f f e r . DNA was e l e c t r o p h o r e s e d from the g e l 

fo r 15min a t 50V. A f t e r checking under UV t h a t the DNA had migrated t o 

the edge of the d i a l y s i s membrane, the p o l a r i t y was r e v e r s e d f o r 15sec. 

Using a m i c r o p i p e t t e , b u f f e r c o n t a i n i n g the DNA was removed from around 

the g e l and the tubing was then r i n s e d with a s m a l l (50-100^1) volume of 

TAE. The DNA was the n p u i f i e d by phenol e x t r a c t i o n and e t h a n o l 

p r e c i p i t a t i o n . 

D e t e r m i n a t i o n o f n u c l e i c a c i d c o n c e n t r a t i o n 

Unless o t h e r w i s e s t a t e d , n u c l e i c a c i d c o n c e n t r a t i o n was determined 

s p e c t r o p h o t o m e t r i c a l l y on a Pye Unicam SP-800 d u a l beam 

spectrophotometer. A lmg m l - * s o l u t i o n of DNA was assumed t o g i v e an 

O D 2 6 0 °* 20 and a lmg m l - * s o l u t i o n of RNA an OD26O °* 25. When a very 
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a c c u r a t e d e t e r m i n a t i o n of DNA c o n c e n t r a t i o n was r e q u i r e d , f o r genomic 

b l o t s , t h i s was performed on plasmid and genomic DNA p r e p a r a t i o n s u s i n g 

diaminobenzoic a c i d by the method of Thomas and Farquhar (1978). 

G e n e r a l s u b l o n i n q p r o c e d u r e 

I n s e r t s t o be s u b c l o n e d were r e s t r i c t e d , p h e n o l and 

chloroform/isoamyl a l c o h o l e x t r a c t e d , and et h a n o l p r e c i p i t a t e d . V e c tor, 

u s u a l l y Ml3 mpl8 or 19 f o r sequencing and plasmid pUC18 or 19 f o r DNA 

r e q u i r e d double s t r a n d e d ( t o be used f o r l a b e l l i n g o r f u r t h e r 

s u b c l o n i n g ) , was a l s o p r o c e s s e d i n the same way. L i g a t i o n s c o n t a i n i n g 

equimolar amount of i n s e r t and v e c t o r ( u s i n g 0.1-0.2pg v e c t o r ) were s e t 

up i n 10/il volume and i n c u b a t e d o v e r n i g h t a t 15°C. l u n i t of T 4 DNA 

l i g a s e was used i n each r e a c t i o n w i t h b u f f e r s u p p l i e d with the enzyme. 

P h o s p h a t a s e t r e a t m e n t o f v e c t o r DMA 

Ve c t o r DNA, r e s t r i c t e d as above was phosphatase t r e a t e d u s i n g the 

method i n M a n i a t i s et al. (1982). Before being used i n c l o n i n g , DNA was 

phenol e x t r a c t e d and ethanol p r e c i p i t a t e d . 

P l a s m i d t r a n s f o r m a t i o n of competent c e l l s 

DH5a competent c e l l s were transformed f o l l o w i n g t h e s u p p l i e r ' s 

i n s t r u c t i o n s : an a l i q u o t of l i g a t e d plasmid (2-10ng) was g e n t l y mixed 

w i t h f r e s h l y thawed c e l l s and incubated on i c e f o r 30min. C e l l s were 

heat shocked f o r 90sec a t 45°C and then four volumes of SOC medium added 

and the c e l l s incubated a t 37°C f o r l h r t o express a m p i c i l i n r e s i s t a n c e . 

A l i q u o t s were then s p r e a d o v e r YT amp X g a l p l a t e s and i n c u b a t e d 

o v e r n i g h t a t 37°C. 

29 



M i n i p r e p a r a t i o n of p l a s m i d DHA f o r r e s t r i c t i o n a n a l y s i s 

S i n g l e c o l o n i e s from agar p l a t e s , or l o o p f u l l s from g l y c e r o l 

p r e s e r v e d c e l l s , were i n n o c u l a t e d i n t o 10ml a l i q u o t s of YTamp and 

i n c u b a t e d o v e r n i g h t a t 37°C on a r o t a t i n g wheel. P l a s m i d DNA was 

prepared from t h e s e c u l t u r e s by a s c a l e d up v e r s i o n of the method o f 

Birnboim and Doly (1979) using the s o l u t i o n s d e s c r i b e d t h e r e i n . 

B a c t e r i a were h a r v e s t e d by c e n t r i f u g a t i o n , resuspended i n 200^1 

s o l u t i o n I i n a m i c r o c e n t r i f u g e tube and kept on i c e f o r 30 mins. 600/JI 

of s o l u t i o n I I were added, the tube kept on i c e f o r 5min and 450^1 of 

s o l u t i o n I I I added. The tube was i n v e r t e d t o mix and incuba t e d on i c e 

f o r l h r . To 1.1ml of the c l e a r s u p e r n a t e n t from a 5min, 12,000g 

c e n t r i f u g a t i o n was added 500^1 of -20°C i s o p r o p a n o l and the c o n t e n t s 

mixed and pl a c e d a t -20°C f o r 30min. 

The p r e c i p i t a t e from a 2min, 12,000g c e n t r i f u g a t i o n was resuspended 

i n 400pl 0.1H sodium a c e t a t e , 50mM T r i s - H C l pH6.0 and r e p r e c i p i t a t e d 

w i t h 1ml of -20°C e t h a n o l f o r 10 min a t -20°C, c e n t r i f u g i n g as above. 

T h i s p e l l e t was resuspended and r e p r e c i p i t a t e d as i n the l a s t s t e p s and 

f i n a l l y d r i e d f o r 5min under vacuum and resuspended i n 100^1 H2O. 5^1 

a l i q u o t s were used f o r r e s t r i c t i o n a n a l y s i s . 

M i n i p r e p a r a t i o n o f p l a s m i d DHA f o r s e q u e n c i n g 

B a c t e r i a c o n t a i n i n g plasmid DNA was grown o v e r n i g h t as above and 

h a r v e s t e d by c e n t r i f u g a t i o n . DNA was p u r i f i e d f o r sequencing by a 

f u r t h e r m o d i f i c a t i o n of the Birnboim and Doly method (above). C e l l s were 

resuspended i n 200JJ1 of s o l u t i o n I , kept on i c e f o r 30min, 400^/1 of 

s o l u t i o n I I added and the tube mixed by i n v e r s i o n and kept on i c e f o r 

5min. 300JJ1 of a c i d potassium a c e t a t e (600pl 5M potassium a c e t a t e + 

115JJ1 g l a c i a l a c e t i c a c i d + 285JJ1 H2O) were mixed i n by i n v e r t i o n and 

the mixture place d on i c e f o r 30 min. 
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The tube was then c e n t r i f u g e d f o r 30min a t 12,000g and 700/J1 of the 

c l e a r s upernatent removed. To t h i s was added 2ul of 10 mg m l - * RNase 

(DNase f r e e ) and the tube incubated a t 37°C f o r 20min. The s o l u t i o n was 

then e x t r a c t e d once w i t h phenol/chloroform/isoamyl a l c o h o l (25:24:1) and 

once w i t h c h l o r o f o r m / i s o a m y l a l c o h o l ( 2 4 : 1 ) , v o r t e x i n g f o r 15sec and 

c e n t r i f u g i n g f o r 3min a t both s t a g e s . DNA was then ethanol p r e c i p i t a t e d 

as u s u a l . 

The DNA p e l l e t was resuspended i n 16.8/jl H2O, 3.2^1 of 5M NaCl were 

then mixed i n , followed by 20^1 of 13% po l y e t h y l e n e g l y c o l 8000 and the 

c o n t e n t s mixed and stood on i c e f o r 20min. DNA was r e c o v e r e d by 

c e n t r i f u g a t i o n f o r lOmin a t 12,000g and t h e s u p e r n a t e n t removed by 

m i c r o p i p e t t e . 1ml of -20°C 70% e t h a n o l was added, the tube spun f o r a 

f u r t h e r 5min and the sup e r n a t e n t decanted. The p r e c i p i t a t e was d r i e d 

under vacuum and resuspended i n 15^1 H 20. lul a l i g u o t s were r e s t r i c t e d 

and e l e c t r o p h o r e s e d w i t h known amounts of standard DNA t o e s t i m a t e the 

c o n c e n t r a t i o n p r i o r to sequencing. 

T r a n s f o r m a t i o n o f competent c e l l s w i t h M13 v e c t o r 

Commercially prepared f r o z e n DH5a c e l l s were transformed w i t h Ml3 

f o l l o w i n g the s u p p l i e r ' s p r o t o c o l . A l i q u o t s of d i l u t e d l i g a t i o n (2-10ng 

DNA) were mixed g e n t l y w i t h f r e s h l y thawed c e l l s and incubated on i c e 

fo r 40min. These were then heat shocked a t 45°C f o r 2min, cooled and 

mixed with 200^1 of f r e s h l y grown JM101 c e l l s , l O y l of 0.1M IPTG, 50^1 

2% X-Gal i n dimethylformamide and 3ml YT top agar a t 45°C. T h i s mixture 

was immediately poured onto YT agar p l a t e s , allowed t o s e t and incubated 

o v e r n i g h t a t 37°C. 
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M i n i p r e p a r a t i o n of M13 DHA 

Ml3 DNA f o r sequencing was minipreped u s i n g a method s u p p l i e d by 
A p p l i e d Biosystems (model 373A u s e r ' s manual). Recombinant ( c l e a r ) 
plaques were picked o f f u s i n g a s t e r i l e c o c k t a i l s t i c k , i n t o 1.8ml 2xYT 
broth c o n t a i n i n g l p l m l - 1 of a r e c e n t l y grown c u l t u r e of JM101 c e l l s , 
and i n c u b a t e d o v e r n i g h t a t 37°C. C u l t u r e s were t r a n s f e r r e d t o 
m i c r o c e n t r i f u g e t u b e s and c e n t r i f u g e d a t 12,000g f o r 5min. The 
su p e r n a t a n t s were t r a n s f e r r e d t o f r e s h tubes and the p e l l e t s s t o r e d a t 
4°C. The supernatants were then c e n t r i f u g e d f o r a f u r t h e r lOmin, 1.25ml 
removed t o f r e s h tubes, 125fjl of 5M NaCl and 125/JI of p o l y e t h y l e n e 
g l y c o l mixed i n and th e s e incubated a t room temperature f o r 20min. 

Phage was r e c o v e r e d by s p i n n i n g f o r 5min, p o u r i n g o f f t h e 

supernatant, r e s p i n n i n g f o r lOsec and then removing the l a s t t r a c e s of 

s u p e r n a t a n t w i t h a m i c r o p i p e t t e . The p r e c i p i t a t e was resuspended i n 

200^1 TE b u f f e r and e x t r a c t e d t w i c e w i t h phenol and once w i t h 

chloroform/isoamyl a l c o h o l (24:1) u s i n g 200fil each time, v o r t e x i n g f o r 

15sec and c e n t r i f u g i n g a t 12,000g f o r 3min. The f i n a l aqueous phase was 

then e x t r a c t e d t w i c e with H2O s a t u r a t e d e t h e r , v o r t e x i n g and spinn i n g as 

above. 20>jl of 3M sodium a c e t e t e pH4.8 and 500JJ1 of e t h a n o l a t -2 0°C 

were added and the contents mixed and incubated f o r a t l e a s t l h r a t 

-20°C. 

DNA was c o l l e c t e d by c e n t r i f u g a t i o n a t 12,000g f o r 15min, t h e 

p e l l e t r i n s e d w i t h 1ml -20°C 7 0% e t h a n o l - s p i n n i n g f o r 5min, d r i e d 

under vacuum f o r 5min and resuspended i n 20JJ1 TE b u f f e r . 1/J1 a l i q u o t s 

were e l e c t r o p h o r e s e d on agarose g e l a l o n g s i d e a known q u a n t i t y of 

untransformed M13 to a s s e s s c o n c e n t r a t i o n and s i z e of i n s e r t . 
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Complimentaritv t e s t on M13 transformants 

To assess which o r i e n t a t i o n i n s e r t s were w i t h respect t o each other 

i n M13, complimentarity or "C" t e s t s (Messing, 1983) were performed. 

a l i q u o t s of minipreped DNA from the clones t o be t e s t e d were mixed and 

t o them added 12yl TE b u f f e r , 7.5^il 1M NaCl, and 5/J1 dye mix (3% SDS, 

0.1% bromophenol b l u e , 60% deionized formamide, 25mM EDTA). This was 

mixed, incubated a t 65°C f o r l h r , and then electrophoresed on a 0.7% 

agarose g e l . When i n s e r t s of opposite o r i e n t a t i o n are present t h e i r 

sequence i s complimentary and the h y b r i d i s e d molecules have a lower 

m o b i l i t y through the g e l than s i n g l e c i r c u l a r transformed Ml3. 

Manual DHA sequencing 

Manual DNA sequencing was c a r r i e d o ut by t h e dideoxy c h a i n 

t e r m i n a t i o n method (Sanger e t al. , 1 9 7 7 ) , using 3 5S dATP and BRL Ml3 

sequencing k i t s , by Mr.P. Preston and Ms.J. Bryden. Where s u i t a b l e 

r e s t r i c t i o n s i t e s were u n a v a i l a b l e , s y n t h e t i c o l i g o - n u c l e o t i d e primers 

were synthesised against determined sequence and these used t o prime the 

sequencing reactions i n place of the Ml3 primers. 

Automated DMA sequencing 

Automated DNA sequencing was performed on an ABI model 373A DNA 

sequencer, by Ms.J. Bryden, using ABI reagents i n a m o d i f i c a t i o n of t h e 

dideoxy chain t e r m i n a t i o n method w i t h Tag polymerase (see 373A user's 

manual). 

E x t r a c t i o n of RNA from plant t i s s u e s 

P l a n t t i s s u e was harvested, immediately f r o z e n i n l i q u i d N2 and 

st o r e d a t -80°C u n t i l r e q u i r e d . RNA was e x t r a c t e d using the hot SDS 

method ( H a l l e t al.,1978) and stored a t -80°C. 
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S e l e c t i o n of poly(A) enriched RHA 

Poly(A) enriched RNA was selected on o l i g o d(T) c e l l u l o s e columns 
from t o t a l RNA prepared as above, f o l l o w i n g the method i n Maniatis e t 
al. (1982) and stored under l i q u i d N 2. 

Formamide RNA gel s 

RNA was electrophoresed i n agarose gels c o n t a i n i n g formaldehyde, 

a f t e r d e n a t u r a t i o n w i t h formamide ( M i l l e r , 1987). 15.5x18.5cm gels were 

prepared by b o i l i n g 1.4g HGT agarose i n 63ml H2O u n t i l d i s s o l v e d , t h i s 

was cooled t o 70°C, 9.3ml 0.5M MOPS, lOmM EDTA pH7.0 and 17ml 37% 

formaldehyde mixed i n and the g e l poured. 

RNA samples i n <3pl volume were denatured by adding 4.4pl b u f f e r A 

(see below), 11.6/J1 formamide/formaldehyde (see below) and heating t o 

70°C f o r lOmin. Samples were cooled on i c e before adding 1.5^1 g e l 

loadi n g b u f f e r (see below) and l o a d i n g . Gels were run a t 100V i n tanks 

ho l d i n g 2.11 of 50mM MOPS ImM EDTA pH7.0, which was c o n s t a n t l y s t i r r e d 

and c i r c u l a t e d . Pea and E.coli ribosomal RNA and cowpea c h l o r o t i c m o t t l e 

v i r u s RNA were used as standard s i z e markers. 

A f t e r e l e c t r o p h o r e s i s , the p o r t i o n of the g e l t o be b l o t t e d was 

placed d i r e c t l y on the b l o t t i n g apparatus (see g e l b l o t t i n g ) and the 

r e s t s t a i n e d f o r 5min i n 5fiq m l - 1 e t h i d i u m bromide, destained o v e r n i g h t 

i n H20, and photographed using t r a n s m i t t e d uv l i g h t a t 300nm. 

Buffe r A: 294/Jl 0.5M MOPS 10mM EDTA pH 7.0 
706^1 H 20 

Formamide/formaldehyde: 89fil 37% formaldehyde 
250/JI deionized formamide 

Gel loading b u f f e r : 2yl 37% formaldehyde 
5/J1 deionized formamide 
7^1 Gel dyes 

Gel dyes: 322^1 B u f f e r A 
5mg bromophenol blue 

400mg sucrose 
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B l o t t i n g of agarose qelB onto n i t r o c e l l u l o s e f i l t e r s 

Gels c o n t a i n i n g n u c l e i c a c i d were b l o t t e d onto n i t r o c e l l u l o s e 
f i l t e r s b a s i c a l l y as d e s c r i b e d i n M a n i a t i s e t al. (1982). Gels 
c o n t a i n i n g high Mr (>10kbp) DNA were f i r s t soaked i n 0.25M HC1 f o r 
2xl5min, gels c o n t a i n i n g DNA were then soaked f o r 2x30min i n denaturing 
s o l u t i o n f o l l o w e d by 2x30min i n n e u t r a l i s i n g b u f f e r . A l l gels were then 
placed on the apparatus as described, except t h a t nappy l i n e r s were used 
i n place of paper towels and 20xSSC was used as the t r a n s f e r b u f f e r . 
A f t e r b l o t t i n g , the p o s i t i o n of the w e l l s was marked on the f i l t e r w i t h 
i n k and n u c l e i c a c i d was bound t o the n i t r o c e l l u l o s e by baking a t 80°C 
under vacuum f o r 2 hr. 

Random primed l a b e l l i n g of DHA 

DNA f o r l a b e l l i n g was prepared by r e s t r i c t i o n and e l e c t r o e l u t i o n . 

DNA was l a b e l l e d w i t h a 3 2 P dCTP (lOOng q u a n t i t i e s l a b e l l e d w i t h 50>jCi 

of >400Ci nunol" 1 ) by t h e random primed method ( F e i n b e r g & 

Vogelstein,1984), i n c u b a t i n g o v e r n i g h t , t o a s p e c i f i c a c t i v i t y >10 7 cpm 

f i g - 1 . The r e a c t i o n was stopped w i t h 1/20 volumes of 20% SDS and DNA was 

separated from unincorporated l a b e l by g e l f i l t r a t i o n through a 5ml 

column of Sephadex G-50 (run i n 0.15M NaCl,10mM EDTA,0.1%SDS,50mM T r i s -

HC1 pH7.5). The excluded peak (judged w i t h gieger monitor) was c o l l e c t e d 

and samples taken f o r counting w i t h "Ecoscint" s c i n t i l l a n t . Before use, 

probes were b o i l e d f o r 5min t o render the DNA single-stranded. 

O l i g o n u c l e o t i d e s y n t h e s i s 

O l i g o deoxynucleotides were synthesised on an ABI model 381 DNA 

synthesiser by Mr. JS.Gilroy. 
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5' End L a b e l l i n g of DMA 

I f present, 5 ' - t e r m i n a l phosphate groups were removed from DNA 

using c a l f i n t e s t i n a l a l k a l i n e phosphatase (Maniatis et al.,1982). DNA 

was then phenol and chloroform e x t r a c t e d and ethanol p r e c i p i t a t e d (using 

sodium acetate pH4.8 t o 0.3M i n place of ammonium a c e t a t e ) . DNA was end 

l a b e l l e d w i t h T4 p o l y n u c l e o t i d e kinase using 3 2P yATP (6000 Ci mmol - 1) 

as per Maniatis e t al. (1982). The amount of r a d i o a c t i v i t y incorporated 

i n t o DNA was determined by TCA p r e c i p i t a t i o n and s c i n t i l l a t i o n counting 

(Maniatis e t al.,1982). 

H y b r i d i s a t i o n of DMA probes to f i l t e r s containing DNA 

N i t r o c e l l u l o s e f i l t e r s c o n t a i n i n g DNA were processed i n sealed 

polythene bags i n a shaking water bath a t 65°C w i t h s o l u t i o n s preheated 

t o t h i s temperature. 100ml of s o l u t i o n per 20x20cm f i l t e r was used 

except f o r h y b r i d i s a t i o n when the volume used was halved. 

F i l t e r s were prehybridised i n 5xSSC,5xDenhardt•s solution,100-200j/g 

m l ~ l denatured h e r r i n g sperm DNA (prepared as i n Maniatis et al.,1982) 

f o r a t l e a s t 2hr. This s o l u t i o n was then r e p l a c e d w i t h 5xSSC,l-

2xDenhardt's s o l u t i o n , lOOjjg m l - 1 denatured h e r r i n g sperm DNA, l a b e l l e d 

probe was added and h y b r i d i s a t i o n allowed t o proceed o v e r n i g h t or 

longer. 

H y b r i d i s a t i o n s o l u t i o n was then removed and t h e f i l t e r s washed 

s e q u e n t i a l l y w i t h the f o l l o w i n g s o l u t i o n s f o r 30min each u n t i l t h e 

r e q u i r e d s t r i n g e n c y was reached; 2xSSC, lxSSC t w i c e , O.lxSSC t w i c e . 

F i l t e r s were removed from the polythene bags, b l o t t e d dry and exposed t o 

X Ray f i l m . 
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H y b r i d i s a t i o n of RNA containing f i l t e r s with l a b e l l e d DNA 

N i t r o c e l l u l o s e f i l t e r s c o n t a i n i n g RNA were processed i n sealed 

polythene bags i n a shaking water bath a t 42°C, w i t h s o l u t i o n s preheated 

t o t h i s temperature. 100ml of s o l u t i o n per 20x20cm f i l t e r was used, 

except f o r h y b r i d i s a t i o n , when t h e volume was halved. When probes 

contained poly(A) t a i l s (or could p o s s i b l y do so) 100/jg m l - * poly(A) was 

added t o the 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 . 

P r e h y b r i d i s a t i o n was i n 50% d e i o n i s e d formamide, SxDenhardt's 

s o l u t i o n , 100/jg ml"* denatured h e r r i n g sperm DNA (prepared as i n 

Man i a t i s e t al.,1982), 0.1%SDS, f o r a t l e a s t 2hr. This s o l u t i o n was 

replaced w i t h 50% deionized formamide, 2xDenhardt's s o l u t i o n , lOOj/g m l - 1 

denatured h e r r i n g sperm DNA, 0.1% SDS, 5xSSC, and the probe added. 

H y b r i d i s a t i o n was allowed t o proceed a t l e a s t o v e r n i g h t before washing 

s e q u e n t i a l l y w i t h the f o l l o w i n g s o l u t i o n s , f o r 30min each u n t i l t h e 

r e q u i r e d s t r i n g e n c y was reached; (2xSSC 0.1%SDS) t w i c e , (O.lxSSC 

0.1%SDS) t w i c e . Higher s t r i n g e n c y was acheived by performing the f i n a l 

washes at 50°C. F i n a l l y , f i l t e r s were removed from the bags, b l o t t e d dry 

and exposed t o X-ray f i l m . 

H y d r i d i s a t i o n of o l i g o n u c l e o t i d e probes to northern b l o t s 

Northern b l o t s were probed w i t h end l a b e l l e d o l i g o n u c l e o t i d e s using 

the same methods as f o r longer probes except t h a t t h e s o l u t i o n s used 

were taken from Woods (1984). P r e h y b r i d i s a t i o n was performed f o r a t 

l e a s t 2hr a t t h e temperature s p e c i f i e d (see r e s u l t s ) i n 6xSSC, 

lxDenhardts s o l u t i o n , 0.5% SDS, 100^/g m l - 1 h e r r i n g sperm DNA, 0.05% 

sodium pyrophosphate. H y b r i d i s a t i o n was performed o v e r n i g h t at the same 

temperature i n 6xSSC, lxDenhardts s o l u t i o n , 20̂ /g ml~^ tRNA, 0.05% sodium 

pyrophosphate. Washing was as s p e c i f i e d ( r e s u l t s s e c t i o n ) , i n i t i a l l y a t 

5xSSC, 1%SDS and subsequently a t 3xSSC and lxSSC, 1%SDS a l l f o r 2x30min. 
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Exposure of f i l t e r s to X-Rav f i l m - Autoradiography 

N i t r o c e l l u l o s e f i l t e r s probed w i t h 3 2P l a b e l l e d DNA were secured t o 
car d , the o r i g i n of g e l s , or surround of f i l t e r s b e a r i n g b a c t e r i a , 
marked w i t h an asy m e t r i c a l p a t t e r n of r a d i o - a c t i v e i n k ( w r i t i n g i n k w i t h 
a small q u a n t i t y of 3 2 p ) a n c j t h i s assembly placed i n a polythene bag. A 
pre-flashed X-Ray f i l m was placed between the f i l t e r and an i n t e n s i f y i n g 
screen w i t h i n a cassette and exposed ( f o r periods longer than 6hr, a t 
-80°C). Films were developed f o l l o w i n g the manufacturer's i n s t r u c t i o n s 
f o r the developer and f i x e r used. 

Construction of pea pod cDMA l i b r a r y i n plasmid vector 

cDNA was made from Spiq of poly (A) enriched RNA from 5 daf. PP. pea 

pods u s i n g a Pharmacia cDNA s y n t h e s i s k i t , f o l l o w i n g t h e k i t 

i n s t r u c t i o n s and using the reagents supplied. The RNA was heat denatured 

f o r 10 min at 65°C i n a t o t a l volume of 20^1, then c h i l l e d on i c e . 

F i r s t - s t r a n d cDNA was synthesised using an o l i g o d(T)22_i8 primer and 

Moloney murine leukemia v i r u s reverse t r a n s c r i p t a s e . Second-strand cDNA 

was produced using DNA polymerase 1, a f t e r n i c k i n g the RNA w i t h RNase H, 

Klenow fragment of DNA polymerase was then used t o produce blunt-ended 

molecules. Enzymes were f i n a l l y denatured by heating a t 65°C f o r 10 min. 

The cDNA was e x t r a c t e d w i t h phenol/chloroform/isoamyl a l c o h o l 

(25:24:1 ) and th e n p u r i f i e d on a Sephacryl S-300 spun c o l u m n 

e q u i l i b r a t e d w i t h l i g a t i o n b u f f e r . B l u n t end t o Eco Rl adaptors were 

l i g a t e d t o t h e cDNA o v e r n i g h t a t 12°C, heated a t 65°C f o r 10 mins, 

phenol/chloroform/isoamyl a l c o h o l e x t r a c t e d and p u r i f i e d from non-

l i g a t e d l i n k e r s on another spun column. 

T r i a l l i g a t i o n s were performed using 1/25, 1/50, 1/75 and 0 of the 

l i n k e r e d cDNA, each l i g a t e d t o O.lpg o f dephosphorylated, Eco RI 

digested pUC19 vector, i n a t o t a l volume of 36/il, o v e r n i g h t a t 12°C. A l l 
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of each l i g a t i o n was then used t o t r a n s f o r m 200^1 of frozen competent 

DH5a c e l l s and 10 and lOOfjl a l i q u o t s (out of 1ml), p l a t e d onto YT amp 

Xgal agar and incubated overnight at 37°C. 

The remaining t e s t l i g a t i o n s were then p l a t e d i n 200^1 a l i q u o t s , 

grown o v e r n i g h t and the t o t a l l i b r a r y , r e p r e s e n t i n g 2 x l 0 4 c o l o n i e s , 

scraped o f f the p l a t e s w i t h YT medium and preserved by mixing w i t h an 

equal volume of 80% g l y c e r o l and s t o r i n g at -80°C. cDNA not used f o r 

c l o n i n g was store d a t -20°C f o r subsequent random prime l a b e l l i n g . 

P r e s e r v a t i o n of plasmid cDHA l i b r a r y i n m i c r o t i t r e p l a t e s 

S i n g l e c o l o n i e s of transformed b a c t e r i a were i n n o c u l a t e d i n t o 

m i c r o t i t r e p l a t e w e l l s c o n t a i n i n g 130^1 of 2xYTamp and these were 

incubated o v e r n i g h t a t 37°C. 130JJ1 of 80% g l y c e r o l was added t o each 

w e l l , mixed thoroughly and 130^1 t r a n s f e r r e d t o the same p o s i t i o n i n a 

second p l a t e . Both p l a t e s were then s t o r e d a t -20°C, one p l a t e being 

r e t a i n e d a t t h i s temperature as a master. 

A m p l i f i c a t i o n of b a c t e r i a l c o l o n i e s on n i t r o c e l l u l o s e f i l t e r s 

N i t r o c e l l u l o s e f i l t e r s c o n t a i n i n g b a c t e r i a l c o l o n i e s o r i g i n a l l y 

grown o v e r n i g h t on YTamp agar p l a t e s , were t r a n s f e r r e d t o p l a t e s 

c o n t a i n i n g YT agar supplemented w i t h 150pg m l - 1 chloramphenicol and 

incubated f o r 24hr a t 37°C. 

L y s i s of b a c t e r i a on n i t r o c e l l u l o s e f i l t e r s 

B a c t e r i a on n i t r o c e l l u l o s e f i l t e r s were l y s e d by p l a c i n g t h e 

f i l t e r s i n t u r n , f o r 5min each, onto b l o t t i n g paper soaked i n t h e 

f o l l o w i n g s o l u t i o n s , d r y i n g on b l o t t i n g paper between each step; 10% 

SDS, Denaturing s o l u t i o n , N e u t r a l i s i n g b u f f e r , 2xSSC. DNA was then bound 

t o the f i l t e r s by baking a t 80°C under vacuum f o r 2hr. 
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Preparation of pod cDMA for l a b e l l i n g 

l^jg of poly (A) enriched 5daf. FF. pod RNA was used t o make cDNA, 
using a Boehringer k i t as described i n the manufacturer's i n s t r u c t i o n s . 
F i r s t - s t r a n d synthesis u t i l i s e d an o l i g o d(T)^5 primer and AMV reverse 

t r a n s c r i p t a s e , second-strand s y n t h e s i s was c a r r i e d o ut w i t h DNA 

polymerase I , a f t e r n i c k i n g the RNA strand w i t h RNase H. lOyCi of a 3 2P 

dCTP was i n c l u d e d i n t h e r e a c t i o n mix and samples were counted t o 

monitor the e f f i c i e n c y of synthesis. This cDNA was stored b r i e f l y a t 

-20°C before random prime l a b e l l i n g . 

Phage lambda pod cDMA l i b r a r y c o n s t r u c t i o n 

cDNA was synthesised from 2yg of poly(A) enriched RNA from 5 daf PP 

pods, using a Boehringer k i t as described above, except t h a t T4 DNA 

polymerase was used (as per i n s t r u c t i o n s ) t o b l u n t the ends of the cDNA 

a f t e r s y n t h e s i s . This m a t e r i a l was p u r i f i e d by e x t r a c t i n g once w i t h 

p h e n o l / c h l o r o f o r m / i s o a m y l a l c o h o l (25:24:1) and t w i c e w i t h 

chloroform/isoamyl a l c o h o l (24:1), v o r t e x i n g and sp i n n i n g the tube a t 

12,000g f o r 3min a t each step. The f i n a l aqueous phase was loaded onto a 

5ml Sephadex G-50 column, e q u i l i b r a t e d w i t h TE + 0.1M NaCl. The excluded 

peak (judged w i t h Gieger c o u n t e r ) was pooled, samples taken f o r 

s c i n t i l l a t i o n counting, and the remainder ethanol p r e c i p i t a t e d . 

Adaptors from b l u n t end t o Eco RI c o n t a i n i n g a Not I s i t e were 

l i g a t e d t o the cDNA using 0.05units i n a t o t a l volume of 10yl, overnight 

at 15°C. This was heated a t 65°C f o r lOmin and phosph o r y l a t e d by 

inc u b a t i n g w i t h IOJJI lOmM ATP and lO u n i t s T 4 p o l y n u c l e o t i d e kinase, a t 

37°C f o r 30min. This was made up t o 200^1 w i t h TE b u f f e r and e x t r a c t e d 

w i t h phenol/chloroform/isoamyl a l c o h o l and chloroform/isoamyl a l c o h o l , 

as above. The f i n a l aqueous phase was run through a 5ml Sepharose CL-4B 

column, i n TE b u f f e r + 0.1M NaCl and the excluded ( r a d i o l a b e l l e d ) peak 
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pooled, ethanol p r e c i p i t a t e d , washed, d r i e d and resuspended i n 20^1 H2O. 

This cDNA was cloned i n t o XgtlO using the Promega Protoclone and 

Packagene systems. Following the s u p p l i e r ' s i n s t r u c t i o n s , t e s t l i g a t i o n s 

were prepared using v a r y i n g r a t i o s of cDNA t o Eco RI r e s t r i c t e d X.gtlO 

vect o r . A l i q u o t s were then packaged w i t h the supplied e x t r a c t , d i l u t i o n s 

of t h i s used t o i n f e c t an o v e r n i g h t c u l t u r e of C600flfl b a c t e r i a and 

p l a t e d . A scaled up l i g a t i o n and packaging was then performed and 

t i t r a t e d , y e i l d i n g a l i b r a r y o f 6x10^ plaques. The whole l i b r a r y was 

a m p l i f i e d on p l a t e s , e l u t e d w i t h phage b u f f e r and stored a t 4°C. 

T i t r a t i o n and screening of lambda phage l i b r a r i e s 

Stored k phage l i b r a r i e s were t i t r a t e d p r i o r t o screening, l y l of 

phage suspension was d i l u t e d w i t h phage b u f f e r and 100^1 of these 

d i l u t i o n s adsorbed, f o r 30min a t 37°C, t o an equal volume of the host 

b a c t e r i a (which had been grown o v e r n i g h t i n LB + 0.2% maltose, lOmM 

MgS04 and a n t i b i o t i c , i f r e q u i r e d , then stored a t 4°C). C e l l s were then 

mixed w i t h 3ml TB t o p agar a t 45°C, poured over LB agar p l a t e s , 

incubated overnight and plaques counted. 

Using the r e s u l t s from the t i t r a t i o n s , l a r g e (20x20cm) p l a t e s were 

prepared by adsorbing t h e r e q u i r e d q u a n t i t y of phage and p l a t i n g w i t h 

50ml TB over 300ml LB. Plates were incubated f o r 8-9hrs u n t i l d i s c r e t e 

plaques could be seen but before c o n f l u e n t l y s i s , then cooled t o 4°C. 

Dupli c a t e f i l t e r s were taken, o v e r l a y i n g the p l a t e s w i t h n i t r o c e l l u l o s e 

and, using a hole punch and i n k , marking t h e i r p o s i t i o n . These f i l t e r s 

were processed, h y b r i d i s e d w i t h 3 2P l a b e l l e d probe and autoradiographed. 

X-ray f i l m s were aligned w i t h the p l a t e s , agar plugs c o n t a i n i n g areas of 

d u p l i c a t i n g h y b r i d i s a t i o n removed w i t h a cork borer and s t o r e d w i t h 

phage b u f f e r a t 4°C. 
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P u r i f i c a t i o n of phage lambda transformants 

Phage suspended i n the b u f f e r surrounding the plugs removed a f t e r 

screening l i b r a r i e s was t i t r a t e d as above. Plates w i t h d i s c r e t e plagues 

were screened as above, using 82mm diameter n i t r o c e l l u l o s e f i l t e r s . 

D u p l i c a t e h y b r i d i s i n g regions were again removed and these t i t r a t e d and 

screened u n t i l w e l l separated s i n g l e plagues could be removed and a l l 

plaques t i t r a t e d from these were h y b r i d i s e d t o by the probe. 

Minipreparation of lambda phage DMA 

Lambda phage was prepared using a Quiagen>lambda<kit, f o l l o w i n g the 

manufacturer's i n s t r u c t i o n s . Phage was f r e s h l y t i t r a t e d from s t o r e d 

stocks and e l u t e d from a s i n g l e plaque-plug w i t h lOOjil phage b u f f e r . 

500fil of an o v e r n i g h t host b a c t e r i a l c u l t u r e (which had been grown 

o v e r n i g h t i n LB + 0.2% maltose, lOmM MgSG-4 and a n t i b i o t i c i f r e q u i r e d ) 

was added and incubated a t 37°C f o r 20mins w i t h shaking. This was 

innoculated i n t o prewarmed 50ml LB + lOmM MgSC>4 and incubated f o r 7hr a t 

37°C w i t h shaking. 

I f l y s i s had not occu r r e d , 250/J1 of c h l o r o f o r m was added and 

i n c u b a t i o n c o n t i n u e d f o r a f u r t h e r 15min. B a c t e r i a l d e b r i s was 

p r e c i p i t a t e d by c e n t r i f u g a t i o n a t 8,000g f o r lOmin and the supernatent 

removed and st o r e d overnight a t 4°C. The Quiagen "midi" method was then 

f o l l o w e d using t h e i r t i p 100 columns t o p u r i f y the phage DNA, f i n a l l y 

resuspending i n IOOJJI TE b u f f e r . 5;ul a l i q u o t s were used f o r r e s t r i c t i o n 

a n a l y s i s . 

General I s o l a t i o n of pea genomic DMA 

DNA t o be used f o r r e s t r i c t i o n a n a l y s i s and PCR a m p l i f i c a t i o n , 

r a t h e r than t o make genomic l i b r a r i e s was prepared from f r o z e n pea 

leaves and s t i p u l e s using the r a p i d method of E l l i s e t a l . (1984). 
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Genomic DMA digestion and electrophoresis for blotting 

lOpg samples o f p l a n t genomic DNA were r e s t r i c t e d using a t l e a s t 

5 u n i t s / j g ~ l DNA of r e s t r i c t i o n enzyme and i n c u b a t i n g f o r 6hrs a t 37°C, 

w i t h shaking (around lOOrpm). These were run o v e r n i g h t on 0.6% agarose 

ge l s , as normal. 

I s o l a t i o n of pea genomic DNA for use i n genomic l i b r a r i e s 

To recover genomic DNA o f s u f f i c i e n t s i z e s u i t a b l e f o r p a r t i a l 

d i g e s t i o n w i t h Sau 3A, generating fragments of approximately 9-23kbp i n 

l e n g t h w i t h Sau s i t e s a t both ends, the method of Graham (1978) was 

used. Leaves and s t i p u l e s were taken from PP plants p r i o r t o f l o w e r i n g , 

frozen i n l i q u i d N2 and store d a t -80°C. 

DNA e x t r a c t e d by t h i s method was suspended i n 50mM Tris-HCl lOmM 

EDTA pH 8.0 and incubated w i t h 0.5mg m l - 1 pronase P ( s e l f digested f o r 

2hr) f o r 3hr at 37°C. The DNA was then p u r i f i e d by c e n t r i f u g a t i o n , t w i ce 

through caesium c h l o r i d e g r a d i e n t s made up at 0.94g m l - 1 CsCl w i t h O.lmg 

m l - 1 e t h i d i u m bromide, c e n t r i f u g i n g at 50,000g f o r 36hr. DNA bands, 

v i s u a l i s e d under UV l i g h t (300nm), were removed, a f t e r p u n c t u r i n g t h e 

tube w a l l , through a 19 guage needle. DNA was e x t r a c t e d w i t h amyl 

al c o h o l u n t i l c o l o u r l e s s and d i a l y s e d against 50mM T r i s lOmM EDTA pH8.0 

w i t h many changes. F i n a l l y , t h e s o l u t i o n was e t h a n o l p r e c i p i t a t e d , 

washed, d r i e d and resuspended i n the same b u f f e r as used f o r d i a l y s i s . 

Size fractionation of genomic DNA 

DNA was s i z e f r a c t i o n a t e d using Sau 3A t o y e i l d molecules i n the 

range 9-23kbp s u i t a b l e f o r c l o n i n g i n t o the v e c t o r used. 180pg of 

genomic DNA was d i l u t e d t o 1ml w i t h Boehringer r e s t r i c t i o n enzyme b u f f e r 

"A" t o a f i n a l l x c o n c e n t r a t i o n , by gentle i n v e r s i o n a t 4°C f o r 2hr. To 

166^1 (30pg) a l i q u o t s of t h i s were added various f r e s h d i l u t i o n s of Sau 
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3A ( 0 . 4 - 2 . 5 u n i t s ) i n 1-1.5^1 volumes and these g e n t l y mixed and 

incubated at 37°C f o r 30min. The enzyme was denatured by heating at 7 0°C 

f o r lOmin and the DNA phenol and chloroform/isoamyl a l c o h o l e x t r a c t e d , 

ethanol p r e c i p i t a t e d , d r i e d and resuspended at 0.5jyg ^ 1 _ 1 i n H2O. 1^1 

a l i q u o t s were then electrophoresed through 0.4% agarose g e l w i t h lambda 

size markers. 

Cloning of genomic DMA i n t o lambda vector 

Size f r a c t i o n a t e d genomic DNA was cloned i n t o the Promega X.GEM-12 

Xho I h a l f s i t e arms vector and packaged using Promega Packagene e x t r a c t 

f o l l o w i n g the supplied p r o t o c o l s . The arms of t h i s v e c t o r have been cut 

w i t h Xho I , and t h e ends p a r t i a l l y f i l l e d i n using dTTP and dCTP t o 

leave TC- 5' s t i c k y ends. Sau 3A digested genomic DNA i s then p a r t i a l l y 

f i l l e d i n using dATP and dGTP t o leave GA- 5' s t i c k y ends ( i e . -AG 3' 

s t i c k y ends). These two species are now s e l f - i n c o m p a t i b l e but can be 

l i g a t e d t o each o t h e r , t h e r e f o r e a v o i d i n g both r e l i g a t i o n of arms t o 

s t u f f e r fragmant and m u l t i p l e i n s e r t s of genomic DNA being cloned. 

Sau 3A r e s t r i c t e d DNA f r a c t i o n s , whose size when viewed on agarose 

ge l was estimated t o be around 25kbp, had t h e i r Sau 3A ends h a l f f i l l e d 

i n . 20^1 of s i z e f r a c t i o n a t e d DNA (lOpg) was mixed w i t h 20pl H2O, 5^1 

lOx b u f f e r c o n t a i n i n g dGTP and dATP ( s u p p l i e d w i t h k arms) and 5^1 

( 5 u n i t s ) Klenow fragment of DNA polymerase I . This was incubated f o r 

30min a t 37°C and phenol and chloroform/isoamyl a l c o h o l e x t r a c t e d . DNA 

was ethanol p r e c i p i t a t e d using an equal volume of 5N ammonium acetate 

and two volumes of -20°C et h a n o l . The tube was placed at -7 0°C f o r 30min 

then c e n t r i f u g e d a t 12,000g f o r 15mins. The p e l l e t was then washed and 

d r i e d as usual and resuspended i n 30/J1 H 20. The DNA c o n c e n t r a t i o n of an 

a l i q u o t was determined s p e c t r o p h o t o m e t r i c a l l y . 
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Test l i g a t i o n mixes were then prepared using 0.5^g ve c t o r and 

various q u a n t i t i e s of genomic DNA (62.5-750ng). The 5/J1 l i g a t i o n mixes 

were incubated o v e r n i g h t a t 4°C. 1^1 a l i q u o t s from these were then 

packaged w i t h IOJJI of sup p l i e d e x t r a c t f o r 2hr at 22°C, t h i s was then 

d i l u t e d t o 100^1 and a l i q u o t s t i t r a t e d and p l a t e d as usual using KW251 

c e l l s . 

M u l t i p l e (5x) l i g a t i o n s were then set up using the optimum i n s e r t 

t o vector r a t i o (62.5ng i n s e r t t o 0.5pg v e c t o r ) . These were incubated as 

above, a l l of each l i g a t i o n packaged w i t h 50JJ1 e x t r a c t , pooled and an 

a l i q u o t t i t r a t e d . The remaining packaged e x t r a c t c o n t a i n i n g 9 x l 0 5 p f u was 

p l a t e d onto f o u r 20x20cm p l a t e s and grown o v e r n i g h t . The phage was 

e x t r a c t e d w i t h 100ml phage b u f f e r per p l a t e , o v e r n i g h t a t 4°C. T h i s 

s o l u t i o n was removed from the p l a t e s which were then r i n s e d w i t h phage 

b u f f e r , a l l t h i s t h e n c e n t r i f u g e d a t 5000g f o r lOmin and t h e 

supernat nts removed, mixed and stored a t 4°C. 

PCR a m p l i f i c a t i o n of lambda i n s e r t s 

I n s e r t from XgtlO was a m p l i f i e d by PCR t o f a c i l i t a t e c l o n i n g . 

O l i g o n u c l e o t i d e primers were synthesised complementary t o sequences 

f l a n k i n g the c l o n i n g s i t e of t h i s v e c t o r . A plug c o n t a i n i n g a f r e s h l y 

grown 'k plaque was e x t r a c t e d w i t h 1ml phage b u f f e r and 20yl from t h i s 

s o l u t i o n w b o i l e d f o r 5min. 

A 100/JI r e a c t i o n was set up using O.lnM of each o l i g o n u c l e o t i d e , 

5 u n i t s of Tag polymerase, lOpl of the s u p p l i e r s lOx b u f f e r , 16JJ1 of a 

1.25mM (of each) dNTP mix and the b o i l e d phage template. Mineral o i l was 

used t o o v e r l a y the s o l u t i o n and the tube placed i n t h e i n c u b a t i o n 

block. The sample underwent 29 cycles c o n s i s t i n g of the f o l l o w i n g steps; 

d e n a t u r i n g - 90sec a t 94°C, annealing - lmin a t 50°C and extension -

2min a t 72°C. This was followed by a s i n g l e cycle of 90sec a t 94°C, lmin 
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a t 50°C and 5min a t 72°C. 

A 20^1 a l i q u o t of the r e a c t i o n mix was electr o p h o r e s e d through 

agarose g e l , the band cut out and DNA i s o l a t e d by e l e c t r o e l u t i o n . The 

a m p l i f i e d p r o d u c t was r e s t r i c t e d u s i n g a l a r g e excess of Eco RI 

( 5 0 u n i t s ) , phenol and chloroform/isoamyl a l c o h o l e x t r a c t e d , e t h a n o l 

p r e c i p i t a t e d and subcloned i n t o plasmid and Ml3 v e c t o r s . 

PCR a m p l i f i c a t i o n of B i r t e genomic DMA 

O l i g o n u c l e o t i d e primers were synthesised against legK sequence (see 

f i g . 21) and these were used t o a m p l i f y sequence from 1.5jjg of B i r t e 

genomic DNA. Reactions were conducted as above w i t h the a d d i t i o n of 1/J1 

of Stratagene " p e r f e c t match enhancer" per r e a c t i o n . A m p l i f i e d product 

was p u r i f i e d as above followed by treatment w i t h T4 polymerase t o b l u n t 

the ends (Maniatis e t al.,1982). 

S I Nuclease mapping of t r a n s c r i p t i o n s t a r t points 

The t r a n s c r i p t i o n s t a r t p o i n t of genes was determined by p r o t e c t i n g 

s i n g l e stranded DNA fragments extending i n t o the 5' f l a n k i n g sequence of 

these genes, by h y b r i d i s a t i o n w i t h poly(A) enriched RNA from the t i s s u e 

of i n t e r e s t . Non-hybridised regions were digested w i t h SI nuclease and 

the remaining fragments sized on sequencing g e l s . 

The method was an a d a p t a t i o n of t h a t of Favaloro e t al. (1980). 

1 0 5 - 1 0 6 cpm of 5' -end l a b e l l e d DNA were mixed w i t h 5juq of Poly(A) 

e n r i c h e d RNA and 20fjg o f yeas t tRNA (RNase f r e e ) and e t h a n o l 

p r e c i p i t a t e d . The n u c l e i c a c i d was resuspended i n lOpl of h y b r i d i s a t i o n 

b u f f e r (40mM PIPES pH6.4, ImM EDTA, 0.4M NaCl, 80% formamide), placed a t 

75°C f o r ISmins and then t r a n s f e r r e d t o a water bath a t 50°C which was 

allowed t o coo l t o 42°C and maintained a t t h a t temperature o v e r n i g h t . 

300/J1 of i c e c o l d d i g e s t i o n b u f f e r (280mM NaCl, 50mM Na Acetate pH4.6, 
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4.5mM ZnCl2, 20fjg m l - 1 phenol e x t r a c t e d h e r r i n g sperm DNA, 200u m l - 1 SI 

nuclease) was added t o the nu c l e i c a c i d and t h i s incubated a t 37°c f o r 

30min. 

The r e a c t i o n was stopped by the a d d i t i o n of 75pl of 2.5M ammonium 

a c e t a t e , 50mM EDTA, t h e n e x t r a c t e d w i t h an equa l volume of 

phenol:choroform:IAA 25:24:1 and the aqueous phase p r e c i p i t a t e d w i t h an 

equal volume of isopropanol. The n u c l e i c a c i d was d r i e d and resuspended 

i n 5pl H2O. An equal volume of sequencing dyes were added and the sample 

run on a manual sequencing g e l . Standard Ml3 DNA was run as a s i z e 

ladder, (a c o n t r o l experiment using a sequence primed at the same p o i n t 

as the 3' end of the DNA fragment p r o t e c t e d , gave i d e n t i c a l size t o t h a t 

estimated using M13 sequence), c o n t r o l experiments using no RNA were 

al s o performed w i t h each probe. 

E x t r a c t i o n of pod prote i n 

Frozen pods were ground w i t h a cooled mortar and p e s t l e , thawed and 

e x t r a c t e d o v e r n i g h t a t 4°C w i t h g e n t l e i n v e r s i o n a t lOOmg m l - 1 i n PBS 

co n t a i n i n g 0.4mM EDTA, 2\iq m l - 1 l e u p e p t i n , 0.4mg m l - 1 PMSF. Debris was 

p r e c i p i t a t e d by c e n t r i f u g a t i o n a t 10,000g f o r lOmin, the supernatent 

removed and ammonium sulphate added t o 100% s a t u r a t i o n . A f t e r overnight 

i n c u b a t i o n a t 4°C w i t h g e n t l e i n v e r s i o n , p r o t e i n was recovered by 

c e n t r i f u g a t i o n a t 17,000g f o r 30min. The p e l l e t was resuspended i n PBS, 

d i a l y s e d e x h a u s t i v e l y a g a i n s t H 20 and l y o p h i l i s e d . Samples were 

resuspended a t 5mg m l - 1 i n SDS sample b u f f e r and b o i l e d f o r 5min before 

polyacrylamide g e l e l e c t r o p h o r e s i s . 

PBS-Phosphate bu f f e r e d s a l i n e 150mM NaCl 
9mM sodium phosphate pH 7.2 

SDS sample b u f f e r 0.2M Tris-HCl pH 6.8 
2% SDS 

10% Sucrose 
20/jg m l - * Bromophenol Blue 



E x t r a c t i o n of seed prot e i n 

Testas and embryonic axes were removed from mature seeds and the 

cotyledons ground i n a mortar and p e s t l e . P r o t e i n was e x t r a c t e d 

o v e r n i g h t a t 4°C w i t h g e n t l e i n v e r s i o n , a t 40mg m l - 1 i n SDS sample 

b u f f e r (see above). Samples were b o i l e d f o r 5min and d e b r i s was 

p r e c i p i t a t e d by c e n t r i f u g a t i o n a t 12,000g f o r 5min before l o a d i n g t h e 

supernatent onto polyacrylamide g e l . 

Polvacrvlamide p e l e l e c t r o p h o r e s i s 

P r o t e i n s were electrophoresed on polyacrylamide g e l s , run i n the 

d i s s o c i a t i n g SDS-PAGE b u f f e r system (Laemmli, 1970). 8x10cm gels were 

cas t and run i n an ATTO AE-6450 apparatus, they were prepared as 

described by Hames (1981). Samples prepared as above and Mr standards 

were loaded i n t o w e l l s , p-mercaptoethanol added i f r e q u i r e d f o r reducing 

(about 1/J1 per w e l l ) and electrophoresed a t 50V. Samples t o be b l o t t e d 

were run i n d u p l i c a t e and gels c u t i n h a l f a f t e r e l e c t r o p h o r e s i s . 

P r o t e i n s were s t a i n e d w i t h Kenacid blue o v e r n i g h t and destained as 

r e q u i r e d . Gels were photographed and d r i e d between cellophane under 

vacuum. 

Destain 50% Methanol 
7% Acetic Acid 

S t a i n Destain + 0.5g l - 1 Kenacid Blue 

Western b l o t t i n g of polvacrvlamide pro t e i n g e l s 

P r o t e i n was t r a n s f e r r e d from polyacrylamide gel t o n i t r o c e l l u l o s e 

f i l t e r using an ATTO AE-6670 semi dry western b l o t t i n g apparatus. Onto 

the anode of the apparatus were placed i n order: 2 sheets of 3MM paper 

( c u t s l i g h t l y bigger than the g e l ) soaked i n 0.3M Tris-HCl pH10.4, 20% 

methanol, 0.1% SDS; 1 sheet of 3MM soaked i n 25mM Tris-HCl pH10.4, 20% 

methanol, 0.1% SDS; 1 sheet of n i t r o c e l l u l o s e soaked i n H 20; the g e l ; 1 
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s h e e t o f 3MM soaked i n 25mM T r i s - H C l 40mM 6-amino-n-hexanoic a c i d pH 

9.6, 20% m e t h a n o l , 0.1% SDS; 1 s h e e t o f c e l l o p h a n e soaked i n H 20 and 2 

sh e e t s o f 3MM soaked i n 25mM T r i s - H C l 40mM 6-amino-n-hexanoic a c i d pH 

9.6, 20% m e t h a n o l , 0.1% SDS. The cat h o d e was p l a c e d on t h i s and p r o t e i n 

e l e c t r o p h o r e s e d a t 2.5mA cm~2 f o r l h r . The g e l was t h e n s t a i n e d w i t h 

K e n a c i d b l u e t o ensu r e a l l m a t e r i a l had been t r a n s f e r r e d and t h e f i l t e r 

was b l o t t e d d r y and s t o r e d . 

I m m u n o l o g i c a l d e t e c t i o n o f p r o t e i n on Western b l o t s 

To d e t e c t p r o t e i n s on n i t r o c e l l u l o s e f i l t e r s a Bio-Rad "Immun-Blot" 

k i t was used, f o l l o w i n g t h e i n s t r u c t i o n s p r o v i d e d . 

The f i l t e r was i n c u b a t e d a t room temp w i t h t h e f o l l o w i n g s o l u t i o n s , 

t h e volumes g i v e n were f o r a ( w h o l e ) 10x8cm g e l : TBS, 20ml, 5min; 3% 

g e l a t i n i n TBS, 10ml, l h r ; 0.05% Tween-20 i n TBS, 20ml, l O m i n ; 0.05% 

Tween-20 1% g e l a t i n i n TBS + p r i m a r y a n t i b o d y (2.5JJ1 a n t i - p e c t i n e s t e r a s e 

a n t i s e r u m o r 5/J1 a n t i - v i c i l i n a n t i b o d y ) , 10ml, o v e r n i g h t ; 0.05% Tween-20 

i n TBS 20ml, lOm i n , t w i c e ; 0.05% Tween-20, 1% g e l a t i n i n TBS + 3/vl 

a l k a l i n e p h o s p h a t a s e c o u p l e d a n t i - r a b b i t a n t i b o d i e s , 10ml, 2 h r ; 0.05% 

Tween-20 i n TBS, 20ml , l O m i n , t w i c e ; TBS, 2 0 m l , l O m i n ; C o l o u r 

developement s o l u t i o n , 10ml, u n t i l s t a i n e d ( u s u a l l y 3 0 m i n ) ; H2O, 5min, 

t w i c e . F i l t e r s were b l o t t e d d r y and s t o r e d i n t h e d a r k . 

TBS-Tris b u f f e r e d s a l i n e 20mM T r i s - H C l pH7.5 
0.5M NaCl 

E x t r a c t i o n and ammonium s u l p h a t e p r e c i p i t a t i o n o f r o o t 

p r o t e i n 

Roots were removed f r o m pea p l a n t s and r i n s e d w i t h H2O c o n t a i n i n g 

P -mercaptoethanol (0.5ml 1 " * ) , t h e n f r o z e n i n l i q u i d N 2 and l y o p h i l i s e d . 

The d r i e d m a t e r i a l was ground i n a m o r t a r and p e s t l e and e x t r a c t e d w i t h 
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25ml g " 1 t i s s u e i n PBS c o n t a i n i n g 4 32mg l " 1 PMSF, lOmg l _ i l e u p e p t i n , 

20mM 0- m e r c a p t o e t h a n o l , f i r s t homogenising w i t h a p o l y t r o n f o r 20sec a t 

maximum speed t h e n s h a k i n g a t 4°C f o r 4 h r . D e b r i s was removed by 

c e n t r i f u g a t i o n a t 25,000g. f o r 20min. Ammonium s u l p h a t e p r e c i p i t a t i o n 

was p e r f o r m e d by a d d i n g t h e d e s i r e d amount o f ammonium s u l p h a t e s l o w l y 

t o s t i r r i n g s o l u t i o n a t 4°C. The s o l u t i o n was l e f t s t i r r i n g a t t h i s 

t e m p e r a t u r e f o r a t l e a s t 90min and t h e p r e c i p i t a t e was c o l l e c t e d by 

c e n t r i f u g a t i o n as above. 

Cyanogen bromide c l e a v a g e o f r o o t p r o t e i n 

T r i a l CNBR c l e a v a g e was p e r f o r m e d on p u r i f i e d m a j o r r o o t p r o t e i n by 

t h e method o f A l l e n ( 1 9 8 1 ) . P r o t e i n was suspended a t 5mg m l - 1 i n 70% 

f o r m i c a c i d and an e q u a l w e i g h t ( t o p r o t e i n ) o f CNBr (suspended i n 

a c e t o n i t r i l e a t 2g ml"*) added. The s o l u t i o n s were mixed, f l u s h e d w i t h 

N2 and i n c u b a t e d a t room t e m p e r a t u r e i n t h e d a r k f o r 24hr. The r e a c t i o n 

was t h e n d i l u t e d a t l e a s t 15x w i t h and l y o p h i l y s e d . 

R e d u c t i o n and c a r b o x v m e t h y l a t l o n o f r o o t p r o t e i n 

To b r e a k d i s u l p h i d e bonds and p r e v e n t t h e i r r e f o r m a t i o n , r o o t 

p r o t e i n was re d u c e d and c a r b o x y m e t h y l a t e d by t h e method o f K o n i g s b e r g e 

( 1 9 7 2 ) . P r o t e i n was suspended a t 2% i n 6M G u a n i d i n e - H C l , 0.5M T r i s - H C l 

pH8.2, t h e n f l u s h e d w i t h N2 and h e a t e d a t 50°C f o r 30min. A 50x m o l a r 

e x c e s s o f DTT^was added, t h e s o l u t i o n a g a i n f l u s h e d w i t h N 2 a n d 

i n c u b a t e d f o r 4hr a t 50°C. A f t e r c o o l i n g t o room t e m p e r a t u r e a 1.5x 

mol a r excess o v e r DTT o f i o d o a c e t a m i d e was added and t h i s i n c u b a t e d a t 

room t e m p e r a t u r e f o r 40min. The r e s u l t i n g s o l u t i o n was t h e n d i a l y s e d 

t w i c e a g a i n s t a l a r g e volume o f 0.1M ammonium b i c a r b o n a t e and 

l y o p h i l y s e d . 
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CHAPTER FOUR: CONVICILIN RESULTS 

R e s t r i c t i o n mapping and s e q u e n c i n g o f t h e genomic c l o n e 

The genomic c l o n e X.JC4 and i t s s u b c l o n e pJC4-100 had p r e v i o u s l y 

been i s o l a t e d and i d e n t i f i e d as c o n t a i n i n g a c o n v i c i l i n r e l a t e d sequence 

( E l l i s e t a l . , 1 9 8 6 ) ; t h i s c o n v i c i l i n gene was d e s i g n a t e d cvcA. 

R e s t r i c t i o n s were p e r f o r m e d on pJC4-100 and t h e r e s u l t i n g r e s t r i c t i o n 

map i s p r e s e n t e d i n f i g . 4. R e s t r i c t i o n f r a g m e n t s w h i c h c o n t a i n e d 

r e g i o n s h y b r i d i s i n g t o t h e c o n v i c i l i n cDNA (pCD59; Casey e t al.,1984) 

were s u b c l o n e d i n t o p l a s m i d v e c t o r s and s u b s e q u e n t l y i n t o Ml3. These Ml3 

s u b c l o n e s were sequenced m a n u a l l y , and a map o f t h e sequ e n c i n g s t r a t e g y 

i s a l s o shown on f i g . 4. The genomic s u b c l o n e pJC4-100 i s a p p r o x i m a t e l y 

14kbp i n l e n g t h w i t h 8.5kbp l y i n g 5'and 3kbp 3' o f t h e c o n v i c i l i n gene. 

The sequenced r e g i o n ( f i g . 5) i s 3284bp i n l e n g t h , 589bp a r e 5' o f 

t h e s t a r t codon and 437bp 3' f r o m t h e s t o p codon. The p r e d i c t e d aa 

sequence i s a l s o p r e s e n t e d on f i g . 5. I t was deduced f r o m homology t o 

v i c i l i n ( L y c e t t , e t al.,1983a), and t h e presence o f an ORF a t t h e 5'end. 

There a r e f i v e i n t r o n s i n cvcA, t h e i r p o s i t i o n s were e s t a b l i s h e d by 

comparison o f t h e genomic sequence w i t h t h a t o f t h e c o n v i c i l i n cDNA and 

t h e v i c i l i n aa sequence. The i n t r o n s a r e 151,103,103,88 and 97bp i n 

l e n g t h and i n t e r s p e r s e exons o f 6 6 1 , 1 7 6 , 7 5 , 3 2 4 , 2 8 3 and 194bp 

r e s p e c t i v e l y . T h i s r e s u l t s i n a c o d i n g sequence o f 1713bp e n c o d i n g 571 

aa. 

The cvcA encoded p r o t e i n 

There i s a l e a d e r sequence a t t h e N - t e r m i n u s o f t h e cvcA encoded 

p r o t e i n , w h i c h has a h y d r o p h o b i c c o r e L L L F L ( G ) I I F L A and co n s e n s u s 

p a t t e r n s (von H e i j n e , 1 9 8 3 ) sug g e s t c l e a v a g e a f t e r t h e 2 8 t h r e s i d u e . The 

ma t u r e p r o t e i n w o u l d t h e n be 54 3aa i n l e n g t h and have an N - t e r m i n a l 

sequence NYDEGSETRV-, w h i c h i s i d e n t i c a l t o t h a t d e t e r m i n e d f r o m t h e 
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E XEvXHEv H S H K KEv HHH X EvHXB E 

K ft Ss KHpEv Bg D Bg Q HH S S Hp Sp Ss Bg Sp x 

3' 

200bp 

P i g . 4 R e s t r i c t i o n map o f pJC4-100 genomic s u b c l o n e (above) and t h e sequenced 
r e g i o n ( b e l o w ) . The cvcA c o d i n g r e g i o n i s h i g h l i g h t e d . R e s t r i c t i o n 
enzymes a r e a b b r e v i a t e d as: B, Bam H I ; Bg, Bgl I I ; D, Dra I ; E, Eco R l 
Ev, Eco RV; H, Hind I I I ; Hp, Bpa I I ; K, Kpn I ; N, Nsi I ; S, Sal I ; Sp, 
Ssp I ; Ss, Sst I ; X, Xba I . For c l a r i t y n o t a l l Dra I and Ssp I s i t e s 
a r e shown on t h e r e s t r i c t i o n map o f t h e sequenced r e g i o n . Arrows 
r e p r e s e n t i n d i v i d u a l s e q u e n c i n g r u n s . 

52 



CvcA TAGACTAAATAC6A6ACCATAGAGAAG6TTCTTnAGAA6A6^ 1414 
A.A. " > T K Y E T I E K V L L E E Q E K K P Q Q L R D R K R T Q Q 6 E E R D A [ I K V 

CvcA TDMSGfiAACAAAnGAGGAATTGAGAAAGCTTGCAAAATCAAGCTDW^GA^ 1534 
A.A. S R E 0 1 E E L R K L A K S S S K K S L P S E F E P F N L R S H K P E Y S N K F 

CvcA GGCAAGTTGTTTGAGATTACTCCAGAGAAAAAATAIXCTIMTTCAftGAm 1654 
A.A. G K L F E I T P E K K Y P O L O D L D I L V S C V E I N K < 

+ 

CvcA AOTTTTAAnATATTACAGAAATATGTTAATGt^ 1774 
A.A. IVS-4 > G A L H L P H Y N S R A 1 V V L L V N E G K 

A.A. 6 N L E L L 6 L K N E Q 0 E R E D R K E R N N E V 0 R Y E A R L S P G D V V I I 
+ ^ 

CvcA TCOtGCAGGTOCCCAGTTGCCATTAGTGCTTCATCAAATCTGM 2014 
A.A. P A G H P V A I S A S S N L N L L 6 F G I N A K N N 0 R N F L S < 

CvcA ATTAGTTAATAATTTTQjATTAAATGAGAAATATTTGAATGrTATATTTCTAATTTGG66ATTGAAAATTT6AAGGATC^ 2134 
A.A. IVS-5 >G S D D N V I S Q I E N P V K 

CvcA AGCT(^TTT(XTGGATCTTCTCAAGAGGTAAATA^ 2254 
A.A. E L T F P G S S Q E V N R L 1 K N Q K Q S H F A S A E P E Q K E E E S Q R K R S 

CvcA CTCTGTCTTCAGTTCTGGftCAGTTTTTKTGAGTAATCAATATGAftAAATAATGCAGATGTATGAGCTAAGATCT^ 2374 
A.A. P L S S V L O S F Y t 

CvcA CTTACCTAn6AGCCtmTTTTCTAT(ff6Aj>TAAATAAATAATTAATAA^ 
< PolyA+ > <PolyA+> 

CvcA AAASACTAT6GATTCAATGAAS6AATTTTTAAAATTGTTTn 2614 

CvcA nGCTnAATnGTTTATGTTnTATATCTTnCTnAAAnAAAAAATTGGAAGTGTTnGTAATTTGTGAGT^ 2723 

F i g . 5 Nucleotide and derived aaino ac id sequences of cvcfl. The s igna l peptide cleavage s i t e i s narked ( : ) . Peptides sequenced 
froa the protein (Bow et dJ. ,1988) are aarked, with res idues d i f f e r i n g froa those predicted shown. Polyadenylation 
s i g n a l s and regions conserved between the 5' f lanking regions of v i c i l i n f a i i l y genes are under l ined. R e s t r i c t i o n s i t e s 
used to generate the " c o n v i c i l i n s p e c i f i c ' probe are a l s o aarked. The sequence against which the cvcft s p e c i f i c 
o l igonucleot ide, used to probe N b l o t s , was oade, together with the corresponding sequence froa pCD59 (shown above) i s 
boxed. 
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p r o t e i n (Bown e t a l . , 1 9 8 8 ) . 

P i g . 6 Amino a c i d c o m p o s i t i o n o f t h e mature p r o t e i n p r e d i c t e d by 
cvcA and t h a t d e t e r m i n e d f r o m c o n v i c i l i n (Croy e t a l . , 1980a) 

Residues Mole % Mole % 
p r e d i c t e d p r e d i c t e d d e t e r m i n e d 

a l a n i n e 18 3.3 4.2 
c y s t e i n e 1 0.2 0.1 
a s p a r t a t e 23) 

) 59 10.9 11.6 
a s p a r a g i n e 36) 
g l u t a m a t e 80) 

) 113 20.8 22.1 
g l u t a m i n e 33) 
p h e n y l a l a n i n e 20 3.7 3.3 
g l y c i n e 27 5.0 5.9 
h i s t i d i n e 12 2.2 2.2 
i s o l e u c i n e 24 4.4 3.9 
l y s i n e 43 7.9 8.2 
l e u c i n e 49 9.0 8.7 
m e t h i o n i n e 1 0.2 0.1 
p r o l i n e 25 4.6 5.5 
a r g i n i n e 53 9.8 8.2 
s e r i n e 40 7.4 6.4 
t h r e o n i n e 13 2.4 2.6 
v a l i n e 27 5.0 4.5 
t r y p t o p h a n 3 0.6 ND 
t y r o s i n e 15 2.8 2.6 

ND = n o t d e t e r m i n e d 

The amino a c i d c o m p o s i t i o n p r e d i c t e d by t h i s sequence ( f i g . 6) i s 

v e r y s i m i l a r t o t h a t d e t e r m i n e d on t h e p u r i f i e d c o n v i c i l i n p r o t e i n (Croy 

e t a l . , 1980a) and r e s u l t s i n a p r e d i c t e d Mr o f 63,986 f o r t h e m a t u r e 

p r o t e i n encoded by cvcA. 

E x p r e s s i o n o f c o n v i c i l i n i n t h e d e v e l o p i n g c o t y l e d o n 

I n o r d e r t o s t u d y t h e p a t t e r n o f e x p r e s s i o n o f c o n v i c i l i n i n t h e 

d e v e l o p i n g seed, a n o r t h e r n b l o t w i t h t o t a l RNA f r o m pea c o t y l e d o n s a t 

d i f f e r e n t d e v e l o p m e n t a l s t a g e s was p r o b e d , washing t o O.lxSSC, 0.1%SDS 

a t 50°C. The 700bp S s t I t o Bgl I I f r a g m e n t o f cvcA w h i c h c o v e r s t h e 5' 

r e g i o n o f t h e gene, e n c o d i n g aa sequence n o t f o u n d i n v i c i l i n ( f i g . 5 ) , 
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days a f t e r f l o w e r i n g 
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P i g . 7 N o r t h e r n b l o t s p r o b e d w i t h c o n v i c i l i n ; a ) c o t y l e d o n RNA t h r o u g h 
development probed w i t h t h e " c o n v i c i l i n s p e c i f i c " Sst I - Bgl I I 
fragment f r o m cvcA. b) 18 daf c o t y l e d o n RNA probed w i t h o l i g o s 
s p e c i f i c t o cvcA o r pCD59 - c o n v i c i l i n cDNA. The p o s i t i o n 
s t a n d a r d RNA r a n t o on t h e o r i g i n a l g e l s i s marked. 
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was used as a " c o n v i c i l i n s p e c i f i c " p r o b e . The r e s u l t ( f i g 7 a ) , i s t h a t 

two mRNA s p e c i e s a r e d e t e c t e d , a t 2.7 and 2.5kb. The r e l a t i v e i n t e n s i t y 

o f t h e s e two bands remains c o n s t a n t t h r o u g h d e v e l o p m e n t , s c a n n i n g t h e 

f i l m w i t h a l a s e r d e n s i t o m e t e r c o n f i r m s t h i s and g i v e s a r a t i o o f 3:1 

f o r t h e 2.7 and 2.5 kb bands r e s p e c t i v e l y . mRNA c o u l d n o t be d e t e c t e d by 

t h e c o n v i c i l i n probe i n RNA f r o m 8 d a f . c o y l e d o n s , b u t i t c o u l d be seen 

a t 10 d a f . and i n c r e a s e d t o a peak a t 16-18 d a f . t h e n d e c l i n e d t o 50% o f 

peak l e v e l a t 22 d a f . 

To a c c o u n t f o r t h e t w o mRNA s p e c i e s , o l i g o n u c l e o t i d e s were 

s y n t h e s i s e d w h i c h were s p e c i f i c f o r e i t h e r t h e cDNA o r t h e genomic 

sequence ( f i g . 5 ) . These o l i g o n u c l e o t i d e s were e n d - l a b e l l e d w i t h 32p and 

used s e p a r a t e l y t o probe t r a c k s f r o m t h e same b l o t c o n t a i n i n g RNA f r o m 

18 d a f . c o t y l e d o n s . 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 were p e r f o r m e d a t 

25°C and t h e f i l t e r s were washed t o 5xSSC a t 37°C. The cDNA s p e c i f i c 

o l i g o h y b r i d i s e d t o a mRNA s p e c i e s 2.3kb i n l e n g t h and t h e cvcA s p e c i f i c 

o l i g o t o an mRNA 2.1kb i n l e n g t h . B o t h o l i g o s a l s o d e t e c t e d a f a i n t band 

a t 1.8kb ( f i g . 7 b ) . 

P r o b i n g genomic b l o t s f o r c o n v i c i l i n s e q u e n c e s 

Genomic b l o t s were p e r f o r m e d t o i n v e s t i g a t e t h e c o n v i c i l i n gene 

s u b f a m i l y and t o a s c e r t a i n w h e t h e r t h e r e were d i f f e r e n c e s between t h e 

pea l i n e f r o m w h i c h t h e genomic c l o n e ( b u t n o t t h e cONA) was i s o l a t e d , 

Dark S k i n n e d P e r f e c t i o n (DSP) and t h e s t a n d a r d l i n e used i n t h i s 

l a b o r a t o r y , F e l t h a m F i r s t ( F F ) , f r o m w h i c h t h e RNA used above had been 

e x t r a c t e d . D i g e s t s o f DNA f r o m b o t h l i n e s were p r o b e d w i t h t h e same 

c o n v i c i l i n s p e c i f i c probe used f o r t h e n o r t h e r n b l o t s and t h e f i l t e r was 

washed t o O.lxSSC a t 65°C. 

B o t h pea l i n e s gave t h e same r e s u l t ( f i g . 8 ) : t h e r e a r e two genes 

p r e s e n t , w h i c h l i e on r e s t r i c t i o n f r a g m e n t s o f i d e n t i c a l s i z e i n t h e two 
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F i g . 8 B l o t s o f pea genomic DNA fr o m F F and DSP l i n e s r e s t r i c t e d w i t h 
v a r i o u s enzymes p r o b e d w i t h a c o n v i c i l i n s p e c i f i c f r a g m e n t o f 
cvcA. Gene e q u i v a l e n t amounts o f cvcA were a l s o r u n . The 
p o s i t i o n o f s i z e marker DNA bands on t h e o r i g i n a l g e l s i s 
i n d i c a t e d . 
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genomes. R e s t r i c t i o n f r a g m e n t s i z e s i n t h e Eco RI and Eco RV d i g e s t s , 

e q u i v a l e n t t o one gene copy, c o r r e s p o n d t o t h a t p r e d i c t e d by t h e genomic 

c l o n e ( f i g . 4 ) : Eco R I , 13kbp; and Eco RV, 7.1 and 3.6 kbp. The 

correspondence i n s i z e s f o r t h o s e d i g e s t s where t h e s i z e o f f r a g m e n t s i n 

t h e genomic c l o n e i s known d e m o n s t r a t e s t h a t no r e a r r a n g e m e n t s have 

o c c u r r e d d u r i n g t h e c l o n i n g p r o c e d u r e s . 

S I N u c l e a s e mapping o f t h e t r a n s c r i p t i o n s t a r t o f cvcA 

To c o n f i r m t h a t t h i s gene i s e x p r e s s e d and t o l o c a t e t h e 

t r a n s c r i p t i o n s t a r t p o i n t , S I n u c l e a s e mapping e x p e r i m e n t s were 

conducted. The 700bp Asp 718 and t h e 660bp Nsi I - Eco RV f r a g m e n t s 

.'0 

- I 

s 

P i g . 9 S I n u c l e a s e mapping o f t h e t r a n s c r i p t i o n s t a r t p o i n t o f cvcA. 
The p r o t e c t e d Asp 718 f r a g m e n t i s r u n i n t r a c k S and t h e o t h e r 
t r a c k s c o n t a i n t h e c o r r e s p o n d i n g r e g i o n o f t h e DNA sequence. 
The base c o r r e s p o n d i n g t o t h e s t r o n g e s t p r o t e c t e d f r a g m e n t i s 
l a b e l l e d + 1 . 
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c o v e r i n g t h e 5' f l a n k i n g r e g i o n o f cvcA and 5' c o d i n g sequence ( f i g . 5) 

were end l a b e l l e d f o r use i n t h e s e e x p e r i m e n t s {Asp 718 i s a n 

i s o s c h i z o m e r o f Kpn I w h i c h g e n e r a t e s 5 ' - p r o t r u d i n g ends f o r l a b e l l i n g ) . 

When d e n a t u r e d and h y b r i d i s e d t o b u l k e d ( m i d d e v e l o p m e n t , 1 4 - 1 5 d a f ) 

c o t y l e d o n p o l y ( A ) e n r i c h e d RNA, f r a g m e n t s o f 119 t o 130b f r o m t h e Asp 

s i t e and 254 t o 266b f r o m t h e Eco RV s i t e were p r o t e c t e d by t h e RNA 

( f i g s . 9 & 1 6 ) . The s t r o n g e s t p r o t e c t e d bands were 121b i n l e n g t h f r o m 

t h e Asp s i t e and 256b f r o m t h e Eco RV s i t e . These d i s t a n c e s were used t o 

a s s i g n t h e t r a n s c r i p t i o n s t a r t p o i n t . The sequence o f cvcA ( f i g . 5) i s 

numbered f r o m t h i s p o i n t w h i c h i s t h e u n d e r l i n e d base i n t h e sequence 

TTCATCCATCTAAAG. T h i s i s 28bp 5' f r o m t h e t r a n s l a t i o n s t a r t p o i n t and 

38bp d i s t a l t o t h e TATA box. 

E x p r e s s i o n of cvcA i n t r a n s g e n i c t o b a c c o seeds 

I n o r d e r t o i d e n t i f y t h e p r o d u c t o f cvcA and t o compare i t w i t h t h e 

p r o d u c t o f a second c o n v i c i l i n gene whose sequence p r o v e d t o be 

homologous t o t h e cDNAs ( N e w b i g i n e t al. , 1 9 9 0 ) , cvcA was used t o 

t r a n s f o r m t o b a c c o . The 3.1 kbp Nsi I t o Xba I f r a g m e n t c o n t a i n i n g cvcA 

c o d i n g sequence w i t h 0.4kbp 5'- and 0.4kbp 3'- f l a n k i n g sequence ( f i g . 

4) was s u b c l o n e d i n t o pDUB126A. T h i s v e c t o r i s a d e r i v a t i v e o f pBR322 

c a r r y i n g gentamycin/kanamycin r e s i s t a n c e and a m u l t i p u r p o s e c l o n i n g s i t e 

(Edwards, 1988). 

T h i s v e c t o r was m o b i l i s e d i n t o Agrobacterium tumifaciens and t h e s e 

used t o t r a n s f o r m t o b a c c o , Nicotiana tabacurn c v . P e t i t Havana S t r - r ^ 

( S R I ) , l e a f d i s c s (Jobes,D. and Croy,RRD., u n p u b l i s h e d w o r k ) . P l a n t s 

were r e g e n e r a t e d on s e l e c t i v e media, grown t o m a t u r i t y and t h e seeds 

c o l l e c t e d (Jobes,D. and Croy,RRD., u n p u b l i s h e d w o r k ) . C o n v i c i l i n 

e x p r e s s i o n was a s s a y e d by ELISA ( B r y d e n , J . a n d G a t e h o u s e , J A . , 

u n p u b l i s h e d w o r k ) . 
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F i g . 10a Gel ( l e f t ) and a n t i - v i c i l i n p r o b e d Western b l o t ( r i g h t ) o f d u p l i c a t e 
g e l c o n t a i n i n g seed e x t r a c t s f r o m t o b a c c o p l a n t s t r a n s f o r m e d w i t h 
cvcA, n o n - t r a n s f o r m e d tobacco (SRI) and pea ( T E ) . A sample o f 
v i c i l i n and c o n v i c i l i n (V+C) was a l s o r u n and t h e p o s i t i o n and Mr o f 
p o l y p e p t i d e s i n t h i s marked. 
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F i g . 10b G e l ( l e f t ) and a n t i - v i c i l i n p r obed Western b l o t t e d p o r t i o n o f t h e same 
g e l ( r i g h t ) . The g e l c o n t a i n e d seed e x t r a c t s f r o m t o b a c c o p l a n t s 
t r a n s f o r m e d w i t h cvcA ( T T ) , n o n - t r a n s f o r m e d t o b a c c o ( S R I ) and pea l i n e s 
1293, DSP, B i r t e (B) and FF. The p o s i t i o n and Mr o f p o l y p e p t i d e s i n t h e 
pea seed e x t r a c t i s i n d i c a t e d . The a r r o w marks t h e p o s i t i o n o f a 
c o n t a m i n a n t d e t e c t e d by t h e a n t i - v i c i l i n a n t i b o d i e s a c r o s s t h e e n t i r e 
f i l t e r . 
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5 seeds f r o m p l a n t s w i t h d e t e c t a b l e l e v e l s o f c o n v i c i l i n o r non-

t r a n s f o r m e d p l a n t s were homogenised i n SDS sample b u f f e r and e x t r a c t e d 

p r o t e i n e l e c t r o p h o r e s e d t h r o u g h p o l y a c r y l a m i d e g e l s . Western b l o t s o f 

t h e s e g e l s were t h e n p r o b e d w i t h a n t i - v i c i l i n a n t i b o d i e s w h i c h had 

p r e v i o u s l y been shown t o c r o s s - r e a c t w i t h c o n v i c i l i n ( C r o y e t 

al.,1980a). P r o t e i n e x t r a c t e d f r o m t r a n s f o r m e d p l a n t s c o n t a i n e d a band 

d e t e c t e d by t h e s e a n t i b o d i e s o f a p p r o x i m a t e l y 65k Mr w h i c h was n o t 

p r e s e n t i n t h e u n t r a n s f o r m e d t o b a c c o ( f i g . 1 0 ) . T h i s band i s e q u i v a l e n t 

t o a p o l y p e p t i d e i n t h e pea v i c i l i n and c o n v i c i l i n f r a c t i o n and 

c o t y l e d o n t o t a l e x t r a c t s , d e t e c t e d by t h e s e a n t i b o d i e s , and below t h e 

main (71k Mr) c o n v i c i l i n band. Bands o f around 50k Mr were a l s o p r e s e n t 

i n t h e t r a n s f o r m e d b u t n o t t h e u n t r a n s f o r m e d t o b a c c o e x t r a c t s and a band 

o f around 47k Mr was p r e s e n t i n a l l t o b a c c o e x t r a c t s . 
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CHAPTER FIVE: CONVICILIN DISCUSSION 

G e n e r a l r e m a r k s 

S i n c e t h e m a j o r i t y o f t h e i n v e s t i g a t i o n s i n v o l v i n g cvcA were 

c o m p l e t e d and p u b l i s h e d (Bown e t a l . , 1 9 8 8 , q.v., bound w i t h t h i s w o r k ) , 

t h e n a t u r e o f t h e p r o d u c t s o f cvcA and t h e gene e n c o d i n g t h e cDNA used 

t o i s o l a t e i t has been c l a r i f i e d by t h e work o f N e w b i g i n e t al. (1990) 

and f u r t h e r work by t h i s a u t h o r . The r e s u l t s w i l l t h e r e f o r e be d i s c u s s e d 

i n t h e l i g h t o f t h e s e l a t e r o b s e r v a t i o n s . 

The cvcA gene encodes a minor, lower Mr s p e c i e s o f c o n v i c i l i n 

The r e s u l t s o f t h e w e s t e r n b l o t s o f seed p r o t e i n f r o m t r a n s g e n i c 

t o b a c c o p l a n t s t r a n s f o r m e d w i t h t h e c o m p l e t e c o d i n g sequence o f cvcA and 

0.4kbp o f 5' f l a n k i n g sequence, d e m o n s t r a t e t h a t t h e i n s e r t e d gene 

encodes a v i c i l i n r e l a t e d p r o t e i n s p e c i e s w i t h a Mr o f around 65,000. 

The bands g e n e r a t e d a r e o f i d e n t i c a l m o b i l i t y t o a p r o t e i n d e t e c t e d by 

t h e v i c i l i n a n t i b o b i e s i n a v i c i l i n + c o n v i c i l i n e x t r a c t f r o m pea seeds 

and i n pea seed t o t a l e x t r a c t ( f i g . 1 0 ) . 

The p r o t e i n encoded by cvcA i s t h e r e f o r e o f l o w e r Mr t h a n t h e major 

c o n v i c i l i n p r o t e i n a t 71k (Croy e t al.,1980a) encoded by t h e gene 

t r a n s f o r m e d i n t o t o b a c c o by N e w b i g i n e t al.(1990). The gene (p5.1) used 

by t h e s e w o r k e r s p r e d i c t s a 57 8 r e s i d u e p r o d u c t w i t h a r e s u l t i n g Mr o f 

68.2k. I t s sequence i s homologous t o t h a t o f cvcA e x c e p t f o r two r e p e a t s 

i n t h e i n s e r t e d sequence (see below) o f p 5 . 1 , w h i c h a c c o u n t f o r t h e s i z e 

d i f f e r e n c e o f t h e p r e d i c t e d p r o d u c t s . The sequence o f t h i s (p5.1) gene 

i s , however, 98% i d e n t i c a l ( N e w b i g i n e t al.,1990) t o t h a t o f t h e cDNA 

pCD59 (Casey e t a l . , 1 9 8 4 ) , w h i c h i s i d e n t i c a l t o t h a t o f t h e cDNA pCD75 

used t o i s o l a t e t h e genomic c l o n e on w h i c h cvcA l i e s ( E l l i s e t al.,1986, 

Domoney & Casey,1990). 

I t appears t h e n t h a t t h e p5.1 gene encodes t h e l a r g e r c o n v i c i l i n 
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s p e c i e s e s t i m a t e d e x p e r i m e n t a l l y t o be 71k Mr ( b u t p r e d i c t e d by t h e 

sequence t o be 68.2k) and t h a t t h e cvcA gene p r o d u c t i s t h a t e s t i m a t e d 

t o be 65k and p r e d i c t e d by cvcA t o be 63.9k. The d i s c r e p a n c i e s between 

t h e p r e d i c t e d Mr and t h a t o b s e r v e d on SDS-PAGE a r e presumably due t o t h e 

h i g h l y c h a r g e d n a t u r e o f t h e r e s i d u e s i n t h e i n s e r t e d sequences (see 

below) a f f e c t i n g t h e m o b i l i t i e s , a f a c t o r more pronounced i n t h e h i g h e r 

Mr f o r m , w i t h i t s l o n g e r i n s e r t e d sequence (167 vs 121aa). 

A cDNA, pCD72, f r o m a d i s t i n c t c l a s s o f v i c i l i n r e l a t e d genes whose 

t r a n s l a t i o n p r o d u c t o c c u r s a t a s i m i l a r Mr t o t h a t o f cvcA has r e c e n t l y 

been r e p o r t e d (Domoney & Casey, 1990). T h i s cDNA encodes a v i c i l i n l i k e 

sequence w i t h i n t e r n a l m e t h i o n i n e r e s i d u e s b u t i n s u f f i c i e n t d a t a i s 

a v a i l a b l e t o d e t e r m i n e whether i t s h i g h Mr (compared t o v i c i l i n ) i s due 

t o a s i m i l a r i n s e r t e d sequence t o t h a t o f t h e c o n v i c i l i n genes. A l t h o u g h 

t h e gene p r o d u c t i s o f a s i m i l a r s i z e t o t h a t encoded by cvcA i t has 

been shown t h a t a m e t h i o n i n e r i c h v i c i l i n p r e c u r s o r o f t h i s Mr i s p o s t -

t r a n s l a t i o n a l l y c l e a v e d ( C h r i s p e e l s e t a l . , 1 9 8 2 ) . I t seems l i k e l y t h a t 

t h e p o l y p e p t i d e s encoded by t h e pCD72 t y p e gene a r e proc e s s e d t o l o w e r 

Mr s p e c i e s and t h a t t h e y do n o t encode t h e 65k Mr s p e c i e s a s c r i b e d here 

t o be t h e p r o d u c t o f cvcA. 

The t o b a c c o seed p r o t e i n e x t r a c t s on w e s t e r n b l o t s f r o m p l a n t s 

t r a n s f o r m e d w i t h cvcA ( f i g . 10) a l s o c o n t a i n bands a t around 50k Mr n o t 

p r e s e n t i n u n t r a n s f o r m e d p l a n t e x t r a c t . These bands a r e presumably t h e 

r e s u l t o f p r o c e s s i n g o f t h e c o n v i c i l i n by a mechanism n o t foun d i n pea 

( C h r i s p e e l s e t al.,1982) b u t w h i c h a l s o a f f e c t e d t h e p r o d u c t o f t h e 

o t h e r c o n v i c i l i n gene, p 5 . 1 , i n t r a n s g e n i c t o b a c c o ( N e w b i g i n e t 

a l . , 1 9 9 0 ) . The p o s s i b i l i t y t h a t t h e 65k Mr band i s t h e r e s u l t o f 

c l e a v a g e , by t h e s e t o b a c c o s p e c i f i c mechanisms, o f t h e l a r g e r Mr 

c o n v i c i l i n , i s a r g u e d a g a i n s t by b o t h t h e d i f f e r e n c e i n s i z e o f t h e 

p r o t e i n s p r e d i c t e d by t h e two genes and t h e d e t e c t i o n o f an i d e n t i c a l l y 
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s i z e d band, by v i c i l i n a n t i b o d i e s , i n pea seed t o t a l e x t r a c t . 

A 47k Mr p r o t e i n was d e t e c t e d by t h e v i c i l i n a n t i b o d i e s i n a l l 

t o b a c c o e x t r a c t s . T h i s p r e s u m a b l y r e p r e s e n t s a v i c i l i n - l i k e s t o r a g e 

p r o t e i n f r o m t o b a c c o seeds and has been d e t e c t e d i n n o n - t r a n s f o r m e d 

t o b a c c o p l a n t s by o t h e r w o r k e r s ( H i g g i n s e t a l . , 1 9 8 8 , N e w b i g i n e t 

a l . , 1 9 9 0 ) . 

The c o n v i c i l i n gene s u b f a m i l y i n pea 

The genomic b l o t probed w i t h t h e 5' " c o n v i c i l i n s p e c i f i c " r e g i o n o f 

cvcA ( f i g . 8) i n d i c a t e s t h e presence o f two c l o s e l y r e l a t e d genes i n t h e 

FF and DSP genomes. One gene i s r e p r e s e n t e d by t h e f r a g m e n t s p r e d i c t e d 

by cvcA and t h e o t h e r l i e s on an a p p r o x i m a t e l y 8kbp Eco R I r e s t r i c t i o n 

f r a g m e n t w h i c h was h y b r i d i s e d - t o by t h e cDNA, pCD59, i n DSP DNA (Domoney 

& Casey, 1985, E l l i s e t a l . , 1 9 8 6 ) . These two gene c o p i e s a r e g e n e t i c a l l y 

l i n k e d as t h e y have been f o u n d t o s e g r e g a t e t o g e t h e r i n c r o s s e s ( E l l i s 

e t a l . , 1 9 8 6 ) . The (p5.1) gene a l s o l i e s on a s i m i l a r l y s i z e d (7.5kbp) 

Eco R I f r a g m e n t i n pea l i n e " G r e e n f e a s t " genomic DNA ( N e w b i g i n e t 

a l . , 1 9 9 0 ) . 

Other w o r k e r s have n o t e d t h e presence, i n t h e i r genomic d i g e s t s , o f 

f r a g m e n t s h y b r i d i s e d t o w e a k l y by c o n v i c i l i n p r o b e s . I n Eco RI d i g e s t s 

bands a t 7kbp (Domoney & Casey, 1985) o r 5.5kbp ( N e w b i g i n e t al.,1990) 

have been r e p o r t e d b u t no such bands were v i s i b l e u s i n g t h e cvcA probe. 

E x p r e s s i o n o f t h e cvcA gene 

S I mapping e x p e r i m e n t s i n d i c a t e t h a t cvcA i s e x p r e s s e d i n pea 

seeds. The r e s u l t s o f t h e n o r t h e r n b l o t t i n g work r e f l e c t s t h e f i n d i n g 

t h a t cvcA r e p r e s e n t s t h e s m a l l e r Mr s p e c i e s o f c o n v i c i l i n . The p a t t e r n 

o f e x p r e s s i o n o f b o t h s p e c i e s i s i d e n t i c a l . The r e s u l t c o n f i r m s t h o s e 

o b t a i n e d p r e v i o u s l y on n o r t h e r n and d o t b l o t s ( C h a n d l e r e t al.,1984, 
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B o u l t e r e t al.,1987), t h a t peak e x p r e s s i o n o f c o n v i c i l i n mRNA o c c u r s 

l a t e r i n seed d e v e l o p m e n t t h a n t h a t o f v i c i l i n and more c l o s e l y 

resembles t h a t o f l e g u m i n . 

The p a t t e r n and r a t i o o f i n t e n s i t y o f t h e h y b r i d i s a t i o n t h r o u g h 

development i s a l s o m i r r o r ed a t t h e p r o t e i n l e v e l w i t h t h e 65k Mr 

s p e c i e s c o n s i s t a n t l y l e s s p l e n t i f u l t h a n t h e 70k s p e c i e s and b o t h 

a c c u m u l a t i n g l a t e r i n development t h a n v i c i l i n (Gatehouse e t al.,1982b). 

The r a t i o o f t h e amounts o f p r o t e i n f r o m t h e two c o n v i c i l i n s p e c i e s i n 

t h e mature FF seed i s a p p r o x i m a t e l y f i v e t o one when t h e upper and l o w e r 

band ( r e s p e c t i v e l y ) a r e compared (5.3 +/- 0.7 by s c a n n i n g by l a s e r 

d e n s i t o m e t e r , k e n a c i d b l u e s t a i n e d g e l s w i t h v a r y i n g q u a n t i t i e s o f 

p r o t e i n l o a d e d - d a t a n o t shown). The r a t i o o f t h e s e s p e c i e s i s s i m i l a r 

i n many pea l i n e s , i n c l u d i n g DSP ( f r o m w h i c h A.JC4 was i s o l a t e d ) , 

however, B i r t e ( f r o m w h i c h pCD59 & 70 were i s o l a t e d ) does n o t appear t o 

c o n t a i n a p o l y p e p t i d e o f t h i s Mr ( f i g . 1 0 ) . 

C o n v i c i l i n gene cvcA c o d i n g sequence 

The c o d i n g sequence o f t h i s gene p r e d i c t s a p r e c u r s o r p o l y p e p t i d e 

o f 571aa r e s i d u e s i n l e n g t h . The sequence p r e d i c t s t h e r e m o v a l o f a 

s i g n a l p e p t i d e w h i c h i s s u p p o r t e d by t h e o b s e r v a t i o n t h a t c o n v i c i l i n 

undergoes 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 ( H i g g i n s & Spencer, 1981). I t 

i s l i k e l y t h a t a s i g n a l p e p t i d e i s removed f r o m t h e p r e c u r s o r as i s t h e 

case w i t h t h e o t h e r m a j o r s t o r a g e p r o t e i n s o f pea, v i c i l i n ( L y c e t t e t 

al.,1983a) and l e g u m i n ( L y c e t t et al.,1884a). 

The aa c o m p o s i t i o n o f t h e mature p r o t e i n p r e d i c t e d by t h i s sequence 

matches v e r y w e l l t h a t d e t e r m i n e d p r e v i o u s l y on t h e c o n v i c i l i n p r o t e i n 

( f i g . 6 ) . The l o w f i g u r e p r e d i c t e d f o r E+Q presumably r e s u l t s f r o m t h e 

l a c k o f t h e g l u t a m a t e - r i c h r e p e a t s i n c v c A compared w i t h t h e gene 

e n c o d i n g t h e l a r g e r c o n v i c i l i n s p e c i e s (see b e l o w ) . A p a r t f r o m t h i s t h e 
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f i g u r e s r e f l e c t t h e s i m i l a r i t y o f t h e two s p e c i e s . T h i s i n c l u d e s two 

s u l p h u r c o n t a i n i n g r e s i d u e s , C and M, n e i t h e r o f w h i c h a r e f o u n d 

( o u t s i d e t h e l e a d e r sequence) i n v i c i l i n ( L y c e t t e t a l . , 1 9 8 3 a ) . The 

p r e d i c t e d sequence i s a l s o c o n f i r m e d by i t s agreement w i t h t h e sequence 

o f t r y p t i c p e p t i d e s i s o l a t e d f r o m t h e p r o t e i n (Bown e t a l . , 1 9 8 8 ) . 

Comparison w i t h o t h e r c o n v i c i l i n e n c o d i n g DHA s e q u e n c e s 

The cDNA c l o n e pCD59 has been i d e n t i f i e d as c o d i n g f o r c o n v i c i l i n 

(Domoney & Casey, 1983) and i s i d e n t i c a l , o v e r t h e r e g i o n o f o v e r l a p 

(Domoney & Casey, 1990), w i t h pCD75, t h e cDNA used t o s e l e c t t h e cvcA 

genomic c l o n e ( E l l i s e t a l . , 1 9 8 6 ) . However, when t h e cvcA and pCD59 

sequences a r e compared, t h e y a r e n o t t h e same. Over t h e 591bp o f t h e 

cDNA sequence (Casey e t al.,1984) t h e r e i s 94% i d e n t i t y t o cvcA, t h e r e 

are 18 s i l e n t base changes and 16aa changes. Two d e l e t i o n s o c c u r i n t h e 

cDNA sequence w i t h r e s p e c t t o t h e genomic c l o n e , one o f 18bp (6aa) and 

a n o t h e r o f a s i n g l e codon. The l a r g e r d e l e t i o n o c c u r s i n a r e g i o n 

p r e v i o u s l y n o t e d f o r i t s v a r i a b i l i t y w i t h i n t h e v i c i l i n gene f a m i l y , 

a r o u n d t h e a :0 p r o c e s s i n g s i t e o f t h e 47k Mr p r o t e i n ( L y c e t t e t 

al.,1983a) ( f i g . 1 1 ) . 

The p a r t i a l genomic sequence r e p o r t e d by N e w b i g i n et al. (1990) i s 

more homologous t o t h e pCD59 sequence, w i t h o n l y f o u r base d i f f e r e n c e s 

i n t h e 321bp o v e r l a p . The p a r t i a l cDNA (pPS15-28) sequence w h i c h extends 

t h e genomic sequence i n a 3' d i r e c t i o n , however, d e s p i t e h a v i n g o n l y 4 

n u c l e o t i d e d i f f e r e n c e s w i t h t h e genomic c l o n e i n t h e 516bp o v e r l a p , i s 

d i f f e r e n t f r o m b o t h cvcA and pCD59. T h i s d i f f e r e n c e o c c u r s w i t h i n t h e 

same r e g i o n as t h e d i f f e r e n c e between cvcA and pCD59 ( f i g . 1 1 ) . 
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vicB E H E K E T Q H R R S L K:D K R Q Q S Q E E N V I V K L 

cvcA E Q E K K P Q Q L R D R K R T Q Q G E E R D A I I K V S 

pCD E Q E K D R K R R Q Q G E E T D A I V K V S 

pPS E Q E K E P Q Q R R A I V K V S 

F i g 11 Comparison o f t h e p r e d i c t e d amino a c i d sequences f r o m : 
V i c i l i n gene vicB ( B o u l t e r e t a l . , 1 9 9 0 ) , (: denotes t h e 
p o s i t i o n o f t h e p o t e n t i a l ct:p c l e a v a g e s i t e i n v i c i l i n ) ; 
c o n v i c i l i n gene cvcA; c o n v i c i l i n cDNA pCD59 (pCD) 
(Casey e t al.,1984); and c o n v i c i l i n cDNA pPS15-28 (pPS) 
(Ne w b i g i n e t a l . , 1 9 9 0 ) . The sequences s t a r t a t r e s i d u e 13 
of exon f o u r o f t h e genomic sequences and f i n i s h a t t h e end 
of pCD59 

T h i s r e s u l t s u g g e s t s t h e r e may be more t h a n two s p e c i e s o f c o n v i c i l i n -

l i k e gene p r e s e n t i n t h e pea genome. A l t h o u g h o n l y two were d e t e c t e d on 

t h e genomic b l o t ( f i g . 8 ) , o t h e r w o r k e r s have r e p o r t e d t h e pre s e n c e o f 

a t l e a s t one o t h e r w e a k l y h y b r i d i s e d band ( s e e a b o v e ) . An added 

c o m p l i c a t i o n i s t h e d i f f e r r i n g pea l i n e s used t o i s o l a t e t h e v a r i o u s 

cDNAs, pCD59 and 75 f r o m B i r t e , pSP15-28 f r o m G r e e n f e a s t , and genomic 

c l o n e s cvcA (AJC4) f r o m DSP, and p5.1 f r o m G r e e n f e a s t (Domoney & Casey, 

1983, Chandler e t al.,1984, Domoney e t al.,1986a, Newb i g i n e t a l . , 1 9 9 0 ) . 

A p a r t f r o m t h e above me n t i o n e d r e g i o n , t h e pPS15-28 cDNA and p5.1 

genomic sequences a r e o t h e r w i s e homologous t o cvcA ( 9 5 % i d e n t i t y when 

gaps a r e i n t r o d u c e d f o r homology - Newbi g i n e t al.,1990). The o t h e r main 

d i f f e r e n c e b e i n g t h e o c c u r r e n c e o f two r e p e a t s a t t h e 5' end o f t h e 

i n s e r t e d sequence (see b e l o w ) , one o f 96bp and t h e o t h e r 75bp. 

Comparison w i t h o t h e r legume s t o r a g e p r o t e i n genes: 

I n s e r t e d s e g u e n c e 

On c o m p a r i s o n o f t h e c o n v i c i l i n c o d i n g sequence w i t h t h a t o f 

v i c i l i n , b o t h a t t h e aa and n u c l e o t i d e l e v e l , ( f i g . 12 shows a d o t 

m a t r i x comparison o f p r e d i c t e d aa sequences f r o m cvcA and v i c i l i n 50k Mr 

cDNA) i t i s i m m e d i a t e l y o b v i o u s t h a t , a l t h o u g h homologous t o v i c i l i n 
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F i g . 12 Dot m a t r i x c o m p a r i s o n o f t h e amino a c i d sequence encoded by 
cvcA w i t h t h a t o f v i c i l i n . (Gatehouse, e t a l . , 1 9 8 4 , B o u l t e r e t 
a l . , 1 9 9 0 ) U s i n g t h e m a t r i x o f Staden ( 1 9 8 2 ) , sequences were 
compared o v e r a span o f 8 r e s i d u e s w i t h a minimum s c o r e o f 102 

o v e r an e x t e n s i v e (500aa) r e g i o n , t h e cvcA gene c o n t a i n s an i n s e r t i o n 

near t h e 5' end o f t h e c o d i n g sequence. The e x a c t p o s i t i o n o f t h e end 

p o i n t s o f t h i s i n s e r t i o n a r e d i f f i c u l t t o d e t e r m i n e due t o t h e poor 

homology t o v i c i l i n i n t h i s r e g i o n . I t appears t h e i n s e r t i o n o c c u r s 

between t h e t h i r d and s i x t h aa o f mature v i c i l i n and i s t h u s r e p r e s e n t e d 

by r e s i d u e s 4 t o 124 ( n u c l e o t i d e s 122-484 on f i g . 5) o f t h e m a t u r e 

c o n v i c i l i n . 

T h i s i n s e r t e d sequence has l i t t l e homology t o t h e r e m a i n d e r o f t h e 

c o n v i c i l i n and v i c i l i n c o d i n g s equences, i t c o n s i s t s o f a l a r g e 

p r o p o r t i o n o f h y d r o p h i l i c r e s i d u e s , w i t h a t o t a l o f 80 c h a r g e d aa ( o u t 

o f 1 2 0 ) . A t t h e n u c l e o t i d e l e v e l i t i s A+G r i c h ( 7 8 % A+G). T h e s e 

f e a t u r e s a r e r e m i n i s c e n t o f t h e C - t e r m i n a l r e g i o n o f t h e a - s u b u n i t o f 
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l e g u m i n ( L y c e t t e t al.,1984b, Gatehouse e t al.,1988, R e r i e e t al.,1990) 

b u t when compared a t b o t h t h e n u c l e o t i d e and aa l e v e l s no d i r e c t 

sequence homology e x i s t s . V a r i a b l e r e p e a t s a r e f o u n d i n t h i s r e g i o n o f 

t h e a - s u b u n i t o f t h e pea l e g u m i n gene f a m i l y . A l t h o u g h t h e i n s e r t e d 

r e g i o n o f cvcA l a c k s any d i r e c t r e p e a t s , t h e i n s e r t e d r e g i o n o f t h e 

o t h e r c o n v i c i l i n gene ( p 5 . 1 , N e w b i g i n e t a l . , 1 9 9 0 ) does c o n t a i n two 

r e p e a t e d sequences (see a b o v e ) . 

I n s p e c t i o n o f t h e sequence f l a n k i n g t h e cvcA i n s e r t e d sequence and 

d o t m a t r i x c o m p a r i s o n f a i l e d t o d e t e c t any i n v e r t e d r e p e a t s i n t h i s 

r e g i o n . These f i n d i n g s w o u ld argue a g a i n s t t h i s i n s e r t i o n b e i n g a r e s u l t 

o f t h e a c t i o n o f a t r a n s p o s a b l e element as t h e s e f e a t u r e s a r e g e n e r a l l y 

a s s o c i a t e d w i t h such an e v e n t ( F r e e l i n g , 1 9 8 4 ) . 

The a ' - s u b u n i t o f { 5 - c o n g l y c i n i n (soybean c o n v i c i l i n ) a l s o c o n t a i n s 

an i n s e r t e d sequence near i t s N-terminus when compared t o o t h e r v i c i l i n 

t y p e genes ( D o y l e e t a l . , 1 9 8 6 ) . The c o n g l y c i n i n i n s e r t i o n i s 174aa i n 

l e n g t h when compared t o p h a s e o l i n (Phaseolus v i c i l i n ) and o c c u r s between 

r e s i d u e s 6 and 7 o f t h e m a t u r e p h a s e o l i n p o l y p e p t i d e . B o t h a t t h e 

n u c l e o t i d e and aa l e v e l s t h e s e i n s e r t i o n s a r e s i m i l a r , t h a t i n 

c o n g l y c i n i n a l s o b e i n g A+G r i c h and e n c o d i n g h y d r o p h i l i c and charged aa. 

D e s p i t e t h i s , as w i t h l e g u m i n , when t h e sequences a r e compared, no 

s i g n i f i c a n t sequence homology can be f o u n d . T h i s , t o g e t h e r w i t h t h e 

o b s e r v a t i o n t h a t t h e r e m a i n d e r o f t h e cvcA c o d i n g sequence i s c l o s e r t o 

t h a t o f v i c i l i n t h a n i t i s t o c o n g l y c i n i n (see b e l o w ) , i m p l i e s t h a t two 

s e p a r a t e i n s e r t i o n e v e n t s have o c c u r r e d . 

A c o t t o n v i c i l i n a l s o c o n t a i n s an i n s e r t i o n , a t a s i m i l a r p o s i t i o n 

t o cvcA, w i t h a h i g h p r o p o r t i o n o f g l u t a m a t e , g l u t a m i n e and a r g i n i n e (93 

o u t o f 162 r e s i d u e s ) , b u t a l s o w i t h a h i g h c y s t e i n e c o n t e n t (12 r e s i d u e s 

i n 162) a r r a n g e d i n C-XXX-C p e p t i d e s ( C h l a n e t al.,1986). I n s e r t i o n and 

re a r r a n g e m e n t ( t h r o u g h d u p l i c a t i o n s ) o f such h y d r o p h i l i c sequences 



appears t h e r e f o r e t o be a f r e q u e n t method o f m u t a t i o n o f p l a n t s t o r a g e 

p r o t e i n genes. Work on soybean { 5 - c o n g l y c i n i n has shown t h a t m u t a t i o n o f 

t h e h y d r o p h i l i c N - t e r m i n a l r e g i o n can be t o l e r a t e d t o a much g r e a t e r 

e x t e n t t h a n m u t a t i o n o f t h e con s e r v e d C - t e r m i n a l r e g i o n , d u r i n g o l i g o m e r 

assembly i n vitro ( L e l i e v r e e t al., 1992). 

The c o d i n g sequence 5' t o t h e i n s e r t i o n i n cvcA i s homologous t o 

t h a t o f v i c i l i n , t h e p r e d i c t e d aa l e a d e r sequence i s a much b e t t e r match 

t o t h a t o f v i c i l i n t h a n t o l e g u m i n o r o t h e r s t o r a g e p r o t e i n genes. T h i s 

c o n f i r m s t h a t cvcA does i n f a c t r e s u l t f r o m an i n s e r t i o n i n t o t h e 

v i c i l i n sequence, r a t h e r t h a n a f u s i o n o f t h e 3' r e g i o n o f a v i c i l i n 

gene w i t h t h e 5' r e g i o n o f a n o t h e r , u n r e l a t e d , gene. 

The v i c i l i n - l i k e s e q u e n c e 

The r e g i o n o f cvcA 3' o f t h e i n s e r t e d sequence has c l o s e homology 

t o v i c i l i n and t h e o n l y r e g i o n s where homology does b r e a k down a r e 

ar o u n d t h e p o t e n t i a l a:p s u b u n i t p r o c e s s i n g s i t e o f v i c i l i n ( r e s i d u e s 

297/298 bases 1563/4 on f i g . 5) and t h e fi-.y p r o c e s s i n g s i t e where 

c o n v i c i l i n has a 6aa d e l e t i o n w i t h r e s p e c t t o v i c i l i n 47k Mr ( i n t h e 

r e g i o n o f r e s i d u e s 425-431 bases 1 8 3 5 - 1 8 5 0 ) . These r e g i o n s have 

p r e v i o u s l y been n o t e d f o r t h e i r v a r i a b i l i t y i n t h e v i c i l i n gene f a m i l y 

and between r e l a t e d gene f a m i l i e s ( L y c e t t e t al.,1983a, Casey e t 

a l . , 1 9 8 4 ) . T h i s sequence homology between v i c i l i n and cvcA would account 

f o r t h e s i m i l a r p r o p e r t i e s s h a r e d by t h e s e p r o t e i n s (Croy e t a l . , 1 9 8 0 a ) . 

When compared t o o t h e r v i c i l i n r e l a t e d s t o r a g e p r o t e i n genes, 

p h a s e o l i n ( S l i g h t o m e t a l . , 1 9 8 3 ) and c o n g l y c i n i n ( D o y l e e t a l . , 1 9 8 6 ) , 

t h e n o n - i n s e r t e d c o d i n g sequence shows a s i m i l a r p a t t e r n o f homology as 

i t does t o v i c i l i n , w i t h t h e same r e g i o n s o f v a r i a b i l i t y a r o u n d t h e 

p o t e n t i a l p r o c e s s i n g s i t e s . However, when t h e n u c l e o t i d e sequences were 

compared, exon by exon, u s i n g a computer a l i g n m e n t program, c o n v i c i l i n 



and v i c i l i n showed t h e g r e a t e s t homology ( 7 3 % ) , compared w i t h c o n v i c i l i n 

t o c o n g l y c i n i n ( 6 7 % ) and c o n v i c i l i n t o p h a s e o l i n ( 5 9 % ) . I t i s 

i n t e r e s t i n g t o n o t e t h a t a l t h o u g h c o n v i c i l i n shows g r e a t e s t homology t o 

v i c i l i n t h i s i s l o w e r t h a n t h e h o m o l o g y b e t w e e n p h a s e o l i n and 

c o n g l y c i n i n ( 7 8 % ) and t h i s c o n f i r m s t h e p o s i t i o n o f c o n v i c i l i n s as a 

s u b f a m i l y o f t h e v i c i l i n f a m i l y r a t h e r t h a n b e i n g w i t h i n t h e main 

v i c i l i n f a m i l y . These r e s u l t s a l s o r e f l e c t t h e p o s i t i o n o f t h e genera 

Glycine and Phaseolus b e i n g w i t h i n t h e same t r i b e ( P h a s e o l a e ) , whereas 

Pisum i s s e p a r a t e f r o m them i n t h e V i c i e a e t r i b e ( P o l h i l l , 1981). 

The i n t e r v e n i n g and 3' f l a n k i n g sequence 

Comparison o f t h e sequences o f cvcA and v i c i l i n genes show t h a t t h e 

i n t r o n p o s i t i o n s a r e c o n s e r v e d and c o r r e s p o n d t o t h o s e o f p h a s e o l i n and 

c o n g l y c i n i n . N e i t h e r t h e i n s e r t e d sequence i n c o n v i c i l i n n o r t h a t o f 

c o n g l y c i n i n c o n t a i n any i n t r o n s . The i n t r o n b o u n d a r i e s f o l l o w t h e 

consensus p a t t e r n ( B r e a t h n a c h e t a l . , 1 9 7 8 ) and, as p r e v i o u s l y n o t e d f o r 

p l a n t genes ( S l i g h t o m e t al.,1983), t h e y a r e A+T r i c h . When t h e i n t r o n s 

o f cvcA a r e compared t o t h o s e o f a v i c i l i n gene, vicB ( B o u l t e r e t 

a l . , 1 9 90), i n t r o n by i n t r o n , t h e homology ( 4 3 % ) i s much l o w e r t h a n t h a t 

o f t h e exons ( 7 3 % ) . 

The 3' n o n - c o d i n g sequence o f cvcA e x t e n d s f o r 3kbp on t h e genomic 

c l o n e , t h e r e g i o n beyond t h a t sequenced w i l l n o t be d i s c u s s e d f u r t h e r . 

W i t h i n t h e 437bp sequenced 3" t o t h e s t o p codon t h e r e a r e a number o f 

p o l y a d e n y l a t i o n s i g n a l s c o n f o r m i n g t o t h e consensus A/G ATA A^_3 

(Messing e t a l . , 1 9 8 3 ) i n c l u d i n g t h e m u l t i p l e o v e r l a p p i n g t y p e f o u n d i n 

o t h e r p l a n t genes i n c l u d i n g s t o r a g e p r o t e i n s ( L y c e t t e t al.,1983b). T h i s 

r e g i o n b e a r s l i t t l e sequence homology t o t h e same r e g i o n o f t h e o t h e r 

c o n v i c i l i n gene beyond 45bp 3' f r o m t h e s t o p codon. 
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The 5' f l a n k i n g sequence of cvcA 

The t r a n s c r i p t i o n s t a r t p o i n t o f cvcA as d e t e r m i n e d by SI n u c l e a s e 

mapping c o v e r s a r e g i o n o f n u c l e o t i d e s 24-35 5' o f t h e s t a r t codon. 

D e s p i t e t h e f a c t t h a t t h i s r e g i o n i n c l u d e s two sequences c o n f o r m i n g t o 

t h e c o r e o f t h e consensus CGCATCA f o r t r a n s c r i p t i o n s t a r t r e g i o n s i n 

d i c o t s t o r a g e p r o t e i n s ( J o s h i , 1 9 8 7 ) , t h e S I m a p p i n g e x p e r i m e n t s 

r e p e a t e d l y gave t h e u n d e r l i n e d base i n t h e sequence CATCCATCT as t h e 

s t r o n g e s t t r a n s c r i p t i o n s t a r t p o i n t . T h i s u n u s u a l r e s u l t was a l s o f o u n d 

when s i m i l a r e x p e r i m e n t s were c o n d u c t e d t h e o t h e r c o n v i c i l i n gene 

( N e w b i g i n e t al., 1 9 9 0 ) . A TATA box i s p r e s e n t 38bp 5' f r o m t h e 

t r a n s c r i p t i o n s t a r t p o i n t , w h i c h i s a t t h e f a r end o f t h e ran g e o f 

d i s t a n c e s u s u a l l y f o u n d between t h e s e f e a t u r e s , 32+/-7 ( J o s h i , 1 9 8 7 ) . 

I n an a t t e m p t t o d i s c e r n p o s s i b l e r e g u l a t o r y r e g i o n s , t h e cvcA 

sequence was compared t o t h a t o f o t h e r v i c i l i n f a m i l y genes, w i t h t h e 

a i d o f a computer a l i g n m e n t program. A weak l y c o n s e r v e d sequence o c c u r s 

25-50bp upstream o f t h e TATA box, t h i s i n c l u d e s t h e p o t e n t i a l r e g u l a t o r y 

sequence CCAAAT w h i c h i s c o n s e r v e d between a l l genes compared. T h i s 

sequence has a w i d e s p r e a d o c c u r r e n c e i n t h i s l o c a t i o n e s p e c i a l l y amongst 

a n i m a l genes (Messing e t al,1983) and has been shown t o be r e q u i r e d f o r 

maximum a c t i v i t y o f t h e n o p a l i n e s y n t h a s e gene i n Agrobacterium i n f e c t e d 

t o b a c c o tumor c e l l s (Shaw e t a l . , 1 9 8 4 ) , a l t h o u g h o t h e r w o r k e r s have n o t 

f o u n d t h i s s e q u e n c e t o have a s i g n i f i c a n t e f f e c t i n o t h e r 

t r a n s c r i p t i o n a l assays in vitro ( G r o s v e l d e t al.,1981) o r i n t r a n s f o r m e d 

p l a n t t i s s u e ( M o r r e l l i e t al.,1985). 

A c o n s e r v e d sequence s t a r t i n g 88bp 5' o f t h e TATA box ( f i g . 5) 

o c c u r s i n cvcA and t h e o t h e r genes compared, and has been t e r m e d t h e 

" v i c i l i n box" (Gatehouse e t al.,1986). T h i s sequence may be d i v i d e d i n t o 

two r e g i o n s ; 1) a t t h e 5' end, a h i g h l y c o n s e r v e d C - r i c h sequence o f 

8bp, GCCACCTC, wh i c h i s a l s o f o u n d i n pea and Vicia faba l e g u m i n genes 
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( L y c e t t e t al.,1985, Baumlein e t al., 1986) and 2) a l e s s w e l l c o n s e r v e d 

sequence o f 34bp i n w h i c h t h e base c o m p o s i t i o n r e f l e c t s t h a t o f t h e 

whole 5* f l a n k i n g sequence. I t has been s u g g e s t e d t h a t t h i s l a t t e r 

r e g i o n , w h i c h i s n o t fo u n d i n t h e l e g u m i n genes, may p l a y a r o l e as a 

gene f a m i l y and t i s s u e s p e c i f i c t r a n s c r i p t i o n a l enhancer (Gatehouse e t 

al.,1986). A sequence, A/T/C AACACA A/C A/T/C, s i m i l a r t o t h e l a t t e r 

p o r t i o n o f t h e " v i c i l i n box" has a l s o been i d e n t i f i e d i n t h e 5' r e g i o n 

o f a l l soybean seed p r o t e i n genes (Goldberg,1986) and i t was s u g g e s t e d 

t h a t t h i s p l a y s a r o l e i n r e g u l a t i n g seed p r o t e i n gene e x p r e s s i o n . 

F u r t h e r 5' f r o m t h e v i c i l i n box a r e two o t h e r sequences c o n s e r v e d 

between cvcA, p h a s e o l i n and c o n g l y c i n i n , a t - 190 t o -183 f r o m t h e 

t r a n s c r i p t i o n s t a r t (CTCAACCC) and a t -293 t o -285 (GATCGCCGC). No 

sequences m a t c h i n g t h e p u r i n e - p y r i m i d i n e (RY) r e p e a t s w i t h consensus 

CATGCATG t h a t have p r e v i o u s l y been i d e n t i f i e d i n most legume s t o r a g e 

p r o t e i n genes ( D i c k i n s o n e t al.,1988) c o u l d be f o u n d i n e i t h e r t h e 5' 

f l a n k i n g sequence o f cvcA o r t h e o t h e r c o n v i c i l i n gene, p 5 . 1 . Comparing 

t h e s e two r e g i o n s r e v e a l s c l o s e homology ( 7 2 % i d e n t i t y ) c o n t i n u i n g t o 

t h e end o f t h e cvcA sequence (589bp f r o m s t a r t c o d o n ) . No o b v i o u s 

d i f f e r e n c e s c o u l d be f o u n d t o ac c o u n t f o r t h e d i f f e r e n t l e v e l s o f mRNA 

and p r o t e i n produced by t h e two genes. 

Comparison o f t h e s e sequences w i t h i n t h e v i c i l i n gene f a m i l y s h o u l d 

h e l p i d e n t i f y t i s s u e - o r f a m i l y - s p e c i f i c e l e m e n t s . However, f u n c t i o n a l 

t e s t i n g i n t r a n s g e n i c p l a n t s and D N A - p r o t e i n b i n d i n g assays w o u l d be 

r e q u i r e d t o assess t h e e f f e c t o f e l e m e n t s f o u n d by sequence a n a l y s i s . 

N o r t h e r n b l o t s t h r o u g h d e v e l o p m e n t , p r o b e d w i t h cvcA ( f i g 7a) and 

v i c i l i n cDNAs (Gatehouse e t al.,1982b), show t h a t t h e p a t t e r n s o f 

e x p r e s s i o n w i t h i n t h e f a m i l y a r e n o t i d e n t i c a l and t h e r e c o u l d p o s s i b l y 

be o t h e r t e m p o r a l r e g u l a t o r y e l e m e n t s c o n t r o l l i n g t h i s f e a t u r e o f 

e x p r e s s i o n . 



G+C r i c h sequences such as t h o s e i d e n t i f i e d above, i n c l u d i n g t h a t 

a t t h e 5' end o f t h e " v i c i l i n box", have been f o u n d t o be a s s o c i a t e d 

w i t h many d i f f e r e n t p r o m o t e r s (Dynan & T j i a n , 1985, D i e r k s e t al.,1983) 

and have been i d e n t i f i e d as D N A - p r o t e i n b i n d i n g s i t e s (Dynan & T j i a n , 

1 9 8 5 ) . In vitro t r a n s c r i p t i o n assays u s i n g d e l e t i o n m utants have shown 

such r e g i o n s t o be n e c e s s a r y f o r maximum t r a n s c r i p t i o n ( M c K n i g h t & 

K i n g s b u r y , 1 9 8 2 ) . A s i m i l a r r e g i o n has a l s o been i d e n t i f i e d i n t h e 

c o n g l y c i n i n gene where f o u r r e p e a t s o f t h e sequence A A/G/C CCCA have 

been fo u n d i n t h e -159 t o -257 bp r e g i o n 5' o f t h e t r a n s c r i p t i o n s t a r t . 

D e l e t i o n o f t h e s e causes a t w e n t y f o l d d e c r e a s e i n t h e e x p r e s s i o n o f 

t h i s gene i n t r a n s f o r m e d p e t u n i a p l a n t s (Chen e t al.,1986) and t h e 

i n c l u s i o n o f t h e s e e l e m e n t s caused a t i s s u e s p e c i f i c enhancement o f 

r e p o r t e r gene a c t i v i t y o f up t o t w e n t y f i v e f o l d (Chen e t al.,1988). 

Work u s i n g D N A - p r o t e i n b i n d i n g a s s a y s on legume seed s t o r a g e 

p r o t e i n genes has so f a r f a i l e d t o demonstrate b i n d i n g o f n u c l e a r p r o t e i n 

t o e l e m e n t s i d e n t i f i e d by sequence c o m p a r i s o n ; t h e v i c i l i n o r l e g u m i n 

boxes ( B u s t o s e t al., 1989, J o r d a n o e t a l . , 1989, Meakin & Gatehouse, 

1991) o r t h e RY r e p e a t s ( R i g g s e t al., 1 9 8 9 ) . I t has been s u g g e s t e d 

however, t h a t l e s s a b u n d a n t , more s p e c i f i c p r o t e i n s b i n d t o t h e s e 

r e g i o n s and t h a t t h e s e a r e masked e x p e r i m e n t a l l y by t h e presence o f t h e 

more abundant, g e n e r a l f a c t o r s o b s e r v e d so f a r (Me a k i n & Gatehouse, 

1991). 

The f a c t o r w h i c h was f o u n d t o b i n d t o t h e 5" f l a n k i n g r e g i o n o f 

legA (LABF1) b i n d s t o r e g i o n s 5' o f t h e l e g u m i n box w h i c h a r e r e q u i r e d 

f o r a c t i v a t i o n o f t h i s gene i n t r a n s g e n i c t o b a c c o ( S h i r s a t e t al.,1990). 

B i n d i n g t o LABF1 by t h e s e r e g i o n s o f legA i s competed a g a i n s t by t h e Kpn 

I f r a g m e n t f r o m cvcA ( f i g . 4:) w h i c h c o n t a i n s a l l t h e 5" f l a n k i n g r e g i o n 

sequenced and t h i s r e s u l t r e i n f o r c e s t h e g e n e r a l t i s s u e - s p e c i f i c n a t u r e 

o f LABFl. No h i g h l y c o n s e r v e d sequences c o u l d be f o u n d between legA and 
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cvcA (Meakin & Gatehouse, 1 9 9 1 ) . C o n t i n u i n g w o r k s h o u l d y i e l d t h e 

s p e c i f i c sequence bound t o by LABF1 i n t h e near f u t u r e and i t w i l l be 

i n t e r e s t i n g t o compare t h i s t o t h e sequence o f cvcA used as a 

c o m p e t i t o r . 
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CHAPTER SIX; V I C I L I N GENE, vicJ. SUBFAMILY - RESULTS 

S e q u e n c i n g o f t h e v i c i l i n 47k e n c o d i n g cDNA, pLGl.63 

The pea c o t y l e d o n cDNA pLG1.63 had been i s o l a t e d by homology t o a 

cDNA, pDUB7, e n c o d i n g 4 7k Mr v i c i l i n and r e s t r i c t i o n mapped (Gatehouse, 

1 9 8 5 ) . Fragments f r o m t h e i n s e r t were s u b c l o n e d i n t o M13 and s u b j e c t e d 

t o manual DNA s e q u e n c i n g . The w h o l e i n s e r t was sequenced i n b o t h 

d i r e c t i o n s and a l l r e s t r i c t i o n s i t e s sequenced t h r o u g h ( f i g . 1 3 ) . The 

sequence i s p r e s e n t e d i n f i g . 14; i t i s 1596bp i n l e n g t h and i n c l u d e s a 

44 base p o l y ( A ) t a i l a t t h e 3* end. 

The p r e d i c t e d aa sequence ( a l s o on f i g . 14) was deduced by homology 

t o v i c i l i n ( L y c e t t e t al.,1983a) and t h e pre s e n c e o f an ORF a t t h e 5' 

end. The cDNA c o v e r s t h e e n t i r e c o d i n g sequence o f 1314bp, e n c o d i n g 

438aa, i t has 12bp 5' t o t h e s t a r t codon and 226bp f r o m t h e end o f t h e 

c o d i n g sequence t o t h e p o i n t o f a t t a c h m e n t o f t h e p o l y ( A ) t a i l . The N-

t e r m i n a l sequence o f t h e m a t u r e v i c i l i n s u b u n i t encoded by t h i s 

s u b f a m i l y o f genes has been d e t e r m i n e d ( L y c e t t e t al.,1983a). Removal o f 

t h e s i g n a l p e p t i d e o f 24 r e s i d u e s r e s u l t s i n a p o l y p e p t i d e 414aa i n 

l e n g t h w i t h a Mr o f 47,163. 

The pLG1.63 sequence c o n t a i n s 11 base d i f f e r e n c e s w i t h r e s p e c t t o 

t h e p r e v i o u s cDNA sequence ( L y c e t t e t al.,1983a) r e s u l t i n g i n 9aa 

changes, none o f t h e s e a r e w i t h i n t h e p o t e n t i a l p r o c e s s i n g r e g i o n s o r 

g l y c o s y l a t i o n s i t e . 

I s o l a t i o n and s e q u e n c i n g o f vicJ 

The genomic c l o n e , XJC3 had p r e v i o u s l y been i s o l a t e d , r e s t r i c t i o n 

mapped and shown t o c o n t a i n sequences homologous t o a cDNA, pCD4, 

e n c o d i n g a 47k Mr s p e c i e s o f v i c i l i n (Domoney & Casey, 1983, E l l i s e t 

al., 1 9 8 6 ) . The gene on t h i s c l o n e has been d e s i g n a t e d vie J t o 

d i f f e r e n t i a t e i t f r o m t h e genes e n c o d i n g 50k Mr v i c i l i n , vie A,B,C e t c . 
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F i g . 13 R e s t r i c t i o n maps o f pJC3-100 genomic s u b c l o n e ( a b o v e ) , t h e sequenced 
r e g i o n f r o m i t and pLG1.63 cDNA ( b e l o w ) . R e s t r i c t i o n enzymes a r e 
a b b r e v i a t e d as: A, Alu I ; B, Bgl I I ; E, Eco R I ; Ev, Eco RV; H, Hind 
I I I ; Hp, Hpa I ; N, Wsi I ; P, Pst I ; R, Rsa I ; S, Sph I ; Sa, Sau 3A; 
Sn, Sna B I ; Sp, Ssp I ; Ss, Sst I ; X, Xba I ; Xo, Xho I . For c l a r i t y 
n o t a l l Ssp I and A l u I s i t e s a r e shown on t h e sequenced r e g i o n o f 
pJC3-100. The c o d i n g r e g i o n s a r e h i g h l i g h t e d , t h e v e r t i c a l a r r o w 
shows t h e p o i n t o f d i v e r g e n c e o f vieJ f r o m t h e cDNA sequences. 
H o r i z o n t a l a rrows below t h e r e s t r i c t i o n maps r e p r e s e n t i n d i v i d u a l 
s equencing r u n s , t h o s e marked * a r e p r i m e d f r o m o l i g o n u c l e o t i d e s 
s y n t h e s i s e d complementary t o t h e d e t e r m i n e d sequence. 

78 



A.A. K S S S K K S V S S E S 6 P F N L R S R N P I Y S N K F G K F F E I T P E K N Q 

cm AA6TCCAGTTCCAAAAAAA6TBTATM^^ 825 
v i c J A A G T E A 6 n E A A A A A A A G T G T A T C A T ( ^ ^ '254 

A.A. Q L Q D L D I F V N S V D I K E 
cDNA CAACTTOWGACTTKACATATTTGTCAATTCTGTGGATATTAA6GAB< 873 
v i c J (^nWAGACTTGGACATATTTGTCAATTCTGTGWTATTAAGGAGGTATAACAAAATTATTTTATA^ 1374 

v i c J 6ATACnATAATMTTTTAAMTAATTTAA66fiGATTT6M 1495 

A.A. G S L L L P N Y N S R A I V I V T V T E 
cDNA >G6ATCTTTATTGTTGCCAAACTACAATTCAA6AGCAATT6TGATAGTAACT6TTACCGAA 933 
v i c J TMT6TTCTATTTAGAGAAT7GAGA6CTAr^ 1615 

A.A. 6 K G D F E L V B 0 R N E N 0 6 K E N :D K E E E 0 E E E T S K 0 V 0 L Y R A K L 
cDNA G6AAAAG6A6ATTTTGAACTT6T6GGTrilAA8 1053 
v i c J GGAAAAGGAGATTTTGAACn6TGGGTCAAAGAAATGAGAACCATGGAAAA 1735 

H 

A.A. S P G D V F V I P A 6 H P V A 1 IN ft 5 1 S D L N L 1 G F G I N A E N N E R N F L A 
cW\ TCTCCA6fiT6ATGTTTn6TSAnCCAGCAG6TCft(XCC6n6CCATftA^ 1173 
v i c J TCTCXAJ36J6 Bst E l l 
v i c J —fls(Nl~TAATATCEATATTCTCnAAATGCTDWTA6 1855 
A.A. V I S H I L L N A Q I V V S 1> 

A.A. 6 E E D N V I S 0 V E R P V K E L A F P G S S H E V D R L L K N 0 K 0 S Y F A N 
cDNA GGTGAGSAAGACAATGTCATAAGTCAAGrAGAftAGACCAGITAAAGftSCTTGM 1293 

A.A. A O P L Q R E t ) 

cDNA GCTCAGCCTCTGCAAAGAGAGTAAAGAAACCATCAAATAAGSSATDATCTATCnC^ 1413 

cDNA TAGTGAGCAAABBATGAAATGTCATTCTCTTGTA^ 1533 

cDNA 6m76T(A>44 (1594) 

. . (Cont inuat ion o( v i e J ) . . 

v i c J AAAT6n6TCAAnGG6MXAATA6A6TAA(IAGT6AACTCTGAAGAGATTM^ 1975 

v i c J TEBTOIATT66TACT66AA1MTAAAATATW 2095 

v i c J AGAGA66TGGTAG6TAAGA66AAA6TAGAGATATCAGAAAGAAAGAAAB 2215 

v i c J AG6AAGAAfl6AA6ATG6AAAATCATCTTUTC^ 2335 

F i g . 14 Nucleotide sequences of v i c J and pLG1.63 (cDNA). Derived a i i n o ac id sequence froo pLG1.63 i s shorn above the DNA sequence 
and residues deviat ing froa t h i s in v i c J are shorn beloit. The s igna l peptide and subunit cleavage s i t e s are u r k e d ( : ) . 
The potent ial N-glycosylat ion sequence and nucleot ides protected during SI sapping are boxed. Polyadenylation s i g n a l s and 
regions conserved between the 5 ' Hanking regions of v i c i l i n genes are under l ined. R e s t r i c t i o n s i t e s used to generate 
probes are a l s o Barked. 
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R e s t r i c t i o n s were p e r f o r m e d on pJC3-100, a s u b c l o n e c o n t a i n i n g t h e 

7.4kbp Eco RI f r a g m e n t f r o m XJC3 ( E l l i s e t al.,1986), and f r o m t h e s i z e s 

o f bands on agarose g e l , a r e s t r i c t i o n map was deduced ( f i g . 1 3 ) . 

The sequence homologous t o t h e cDNA l i e s on a 2.7kbp Eco RV 

f r a g m e n t , t h i s f r a g m e n t was s u b c l o n e d i n t o pUC8 v e c t o r and r e s t r i c t i o n 

mapped. Fragments f r o m t h i s were s u b c l o n e d i n t o Ml3 and s u b j e c t e d t o 

manual DNA s e q u e n c i n g . A d i a g r a m o f t h e c l o n e s sequenced i s a l s o 

p r e s e n t e d on f i g . 13 and t h e sequence o b t a i n e d appears on f i g . 14. The 

2629bp Eco RV f r a g m e n t was sequenced i n b o t h d i r e c t i o n s and a l l 

r e s t r i c t i o n s i t e s sequenced t h r o u g h . An a d d i t i o n a l 208bp 3* f r o m t h e Eco 

RV s i t e a r e a l s o p r e s e n t e d , sequenced i n t h e 5' t o 3' d i r e c t i o n ( w i t h 

r e s p e c t t o t h e gene) o n l y . 

The p r e d i c t e d aa sequence ( a l s o on f i g . 14) was deduced by homology 

t o pLG1.63 (see a b o v e ) . The n u c l e o t i d e sequence o f v i e J d e v i a t e s f r o m 

t h a t o f t h e pLG1.63 and o t h e r v i c i l i n 47K cDNA c l o n e s , pDUB4 and pDUB7, 

a t base 190 o f exon 5 (see f i g . 1 4 ) . T h i s d i v e r g e d sequence c o n t a i n s an 

i n - f r a m e s t o p codon 42bp 3' f r o m t h e p o i n t o f d e v i a t i o n . The aa sequence 

p r e d i c t e d by t h i s d i v e r g e d sequence bears no homology t o t h a t o f t h e 

v i c i l i n p r o t e i n o r t h a t p r e d i c t e d by v i c i l i n cDNAs f o r t h i s r e g i o n . The 

DNA sequence e x t e n d s f o r a p p r o x i m a t e l y 590bp 3' f r o m t h e p o i n t o f 

d i v e r g e n c e f r o m t h e cDNA and none o f t h i s sequence shows homology t o t h e 

3' end o f t h e v i c i l i n 47k cDNAs. 

When t h e n o n - d i v e r g e d ( v i c i l i n e n c o d i n g ) sequence o f vieJ i s 

compared w i t h t h e cDNA sequence, i t can be seen t h a t t h e r e a r e f o u r 

i n t r o n s w i t h i n t h e vicJ c o d i n g sequence, 148, 175, 106, and 252bp i n 

l e n g t h , t h e s e r e s u l t i n f i v e exons o f 294, 177, 8 1 , 324, and 231bp. 

These i n t r o n p o s i t i o n s a r e c o n f i r m e d by t h e i r i d e n t i c a l p o s i t i o n s i n 

cvcA ( q v . ) and vicB ( B o u l t e r e t al., 1 9 9 0 ) . T h ere a r e o n l y 3 base 

d i f f e r e n c e s i n t h i s (107 5bp) r e g i o n between vieJ and pLG1.63, r e s u l t i n g 
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i n 2aa s u b s t i t u t i o n s . 

Experiment t o l o c a t e t h e 3' c o d i n g sequence m i s s i n g from vie J 

To a s c e r t a i n w h e t h e r sequence homologous t o t h e cDNAs c o n t i n u i n g 

t h e i n t e r u p t e d v i c i l i n c o d i n g sequence l i e s f u r t h e r 3' a l o n g t h e genomic 

c l o n e , a s o u t h e r n b l o t c o n t a i n i n g d i g e s t s o f t h e genomic s u b c l o n e , pJC3-

100, t h e genomic c l o n e , XJC3, and pLG1.63 was p r e p a r e d . T h i s was probed 

w i t h t h e 450bp Bst E I I t o Eco R I f r a g m e n t f r o m pLG1.63 w h i c h e x t e n d s 

o v e r t h e a r e a o f v i c i l i n sequence m i s s i n g f r o m t h e r e g i o n o f vicJ 

sequenced ( f i g . 1 4 ) . The p r o b e h y b r i d i s e d o n l y t o t h e o r i g i n a l cDNA 

i n s e r t ( r e s u l t n o t shown) i n d i c a t i n g t h a t no homologous sequence l a y on 

t h e 5.6kbp o f t h e genomic c l o n e 3' o f t h e sequenced r e g i o n . 

The gene s u b f a m i l y e n c o d i n g 47k Mr v i c i l i n 

I n o r d e r t o i n v e s t i g a t e t h e n a t u r e o f t h e v i c i l i n 47k gene 

s u b f a m i l y , genomic b l o t s were p e r f o r m e d u s i n g FF and DSP DNA, washing t o 

O.lxSSC a t 65°C, t h e r e s u l t s a r e shown on f i g 15. when t h e 5' p o r t i o n o f 

pLG1.63 up t o t h e B s t E I I s i t e ( e n c o d i n g v i c i l i n sequence up t o t h e 

p o i n t o f d i v e r g e n c e w i t h vicJ, f i g . 14) was used as a probe ( f i g , 1 5 a ) , 

bands were h y b r i d i s e d t o i n d i c a t i n g t h e presence o f s e v e r a l homologous 

genes i n t h e pea genome. Fragments h y b r i d i z e d t o i n c l u d e d t h o s e 

p r e d i c t e d by XJC3 (Eco RV - 2.7kbp, Eco RI - 7.4kbp, Bam H I - 12kbp, Bgl 

I I - 3.8) d e m o n s t r a t i n g t h a t no r e a r r a n g e m e n t s had o c c u r r e d i n t h e 

c l o n i n g and s u b c l o n i n g o f vicJ. 

Genomic b l o t s probed w i t h t h e same r e g i o n o f vieJ ( d a t a n o t shown) 

and t h e 3 ' ( B s t E I I - Eco R I ) end o f pLG1.63 ( f i g . 15b) gave s i m i l a r 

r e s u l t s f o r gene copy number. However, when probed w i t h t h e 3" end o f 

vie J ( t h e 390bp B s t N I t o Eco RV f r a g m e n t , f i g . 14) genomic d i g e s t s 

c o n t a i n e d m u l t i p l e bands h y b r i d i s e d t o by t h i s probe ( f i g . 1 5 c ) . Many o f 
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Bgl I I Bam HI Eco RI ECO RV gene copy 
i i i i ! I 

F F DSP FF DSP F F DSP F F DSP 

kbp 
i 

1 9 

14 

8 . 6 

1 
6 .8 

F i g . 15a Genomic d i g e s t s o f Feltham F i r s t (FF) and Dark s k i n n e d P e r f e c t i o n 
(DSP) DNA probed w i t h t h e 5' (Eco R I - B s t E I I ) r e g i o n o f pLG1.63, 47k 
Mr v i c i l i n e n c o d i n g cDNA. Gene copy e q u i v a l e n t amounts o f pLG1.63 
were r u n . The p o s i t i o n s t a n d a r d DNA m i g r a t e d t o on t h e o r i g i n a l g e l 
i s i n d i c a t e d . 
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Bgl I I Bam HI Eco RI Eco RV gene copy 
i 1 i 1 i 1 i 1 i 
FF DSP FF DSP FF DSP FF DSP 1 2 5 

i i i i • 

kbp 

8 . 6 

6 . 8 

F i g . 15b Genomic d i g e s t s o f FF and DSP DNA probed w i t h t h e 3' ( B s t E I I - F c o RI) 
r e g i o n o f pLG1.63, 47k Mr v i c i l i n e n c o d i n g cDNA. Gene copy e q u i v a l e n t 
amounts o f pLG1.63 were r u n . The p o s i t i o n s t a n d a r d DNA m i g r a t e d t o on 
t h e o r i g i n a l g e l i s i n d i c a t e d . 

84 



gene copy e q u i v a l e n t s 
Bgl Hind Bam E I EV S t d 1 2 5 10 

k b p 

0 .9 

i 

F i g . 15c Genomic d i g e s t s o f FF DNA probed w i t h t h e 3' (Bst HI-Eco RV) d i v e r g e d 
r e g i o n o f vicJ. R e s t r i c t i o n enzymes used were Bgl I I , Bam H I , H i n d I I I , 
Eco R I ( E I ) and Eco RV (EV). Gene copy e q u i v a l e n t amounts o f vicJ were 
r u n . The p o s i t i o n s t a n d a r d DNA ( S t d ) bands m i g r a t e d t o on t h e o r i g i n a l 
g e l i s marked. 

85 



t h e s e bands had an i n t e n s i t y much g r e a t e r t h a n t h a t o f t h e 10 gene copy 

e q u i v a l e n t . When t h i s probe was used on d i g e s t s o f t h e XJC3 and pJC3-

100, o n l y t h e f r a g m e n t s c o n t a i n i n g t h e probe f r a g m e n t were h y b r i d i s e d 

t o , i n d i c a t i n g t h a t t h e sequence o f t h i s r e g i o n i s n o t r e p e a t e d on t h e 

genomic c l o n e ( d a t a n o t shown). 

E x p r e s s i o n o f t h e vie J gene H n h f a i n t i y 

An S I mapping e x p e r i m e n t was p e r f o r m e d t o d e t e r m i n e t h e 5' end o f 

t h e 47k v i c i l i n e n c o d i n g mRNAs. The 616bp Ssp f r a g m e n t , c o v e r i n g t h e 

f i r s t 185bp o f p u t a t i v e t r a n s l a t e d sequence and i t s a d j a c e n t f l a n k i n g 

sequence ( f i g . 1 3 ) , was h y b r i d i s e d t o b u l k e d (mid development 14-15daf) 

c o t y l e d o n p o l y ( A ) e n r i c h e d RNA. The h y b r i d s were s u b j e c t e d t o S I 

n u c l e a s e t r e a t m e n t and s i z e d on a s e q u e n c i n g g e l a g a i n s t DNA o f known 

sequence. The mRNA p r o t e c t e d f r a g m e n t s o f 227-235b i n l e n g t h ( f i g . 1 6 ) , 

p l a c i n g t h e t r a n s c r i p t i o n s t a r t 23-31bp 3'of t h e TATA box, 41-50bp 5' o f 

t h e s t a r t codon. Less i n t e n s e f r a g m e n t s were p r o t e c t e d i n t h e s i z e range 

48-78bp. The f r a g m e n t o f vicJ used i s i d e n t i c a l i n sequence t o pLG1.63 

i n t h e r e g i o n o f t h e i r o v e r l a p ( f i g . 1 4 ) . A r e s u l t i n d i c a t i n g an 

i d e n t i c a l s t a r t p o i n t was a l s o o b t a i n e d u s i n g t h e 300bp Sau 3A fr a g m e n t 

( f i g . 13) f r o m t h e same r e g i o n o f vicJ ( d a t a n o t shown). 

N b l o t s o f t o t a l RNA f r o m l B d a f DSP and 14daf FF c o t y l e d o n s probed 

w i t h b o t h t h e 5' and 3' r e g i o n s o f pLG1.63 c o n t a i n e d o n l y one mRNA 

s p e c i e s h y b r i d i s e d t o by t h e s e probes ( f i g 1 7 ) . T h i s 2.0kbp s p e c i e s i s 

i d e n t i c a l i n s i z e i n b o t h pea l i n e s and w i t h b o t h p r o b e s . 
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Ml3 STD +PolyA n 1 
PolyA 

A T C Cv VC Cv VC 
i i i 

680 
660 * 

bases 

270 ! 
250 

240 

230 
1 

220 

*•» S 

F i g . 16 SI mapping e x p e r i m e n t w i t h v i c J (Vc) and cvcA ( C v ) . L a b e l l e d fragments 
f r o m b o t h genes were d i g e s t e d w i t h S I n u c l e a s e i n t h e presence (+PolyA) 
o r absence (-PolyA) o f seed P o l y ( A ) e n r i c h e d RNA. S i z e s o f bands i n t h e 
Ml3 s t a n d a r d (Ml3 STD) a r e i n d i c a t e d t o g e t h e r w i t h fragments 
r e p r e s e n t i n g t h e f u l l - l e n g t h ( u n d i g e s t e d ) p r o b e s . 
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5' 3 ' 

DSP FF DSP 
- i 

k b 

2.1 
1.6 

F i g . 17 N o r t h e r n b l o t o f RNA f r o m Feltham F i r s t (FF) and Dark Skinned P e r f e c t i o n 
(DSP) c o t y l e d o n s probed w i t h f ragments 5' and 3' o f t h e Bst E I I s i t e i n 
pLG1.63, v i c i l i n 47k e n c o d i n g cDNA. The p o s i t i o n s t a n d a r d RNA r a n t o on 
t h e o r i g i n a l g e l i s marked 
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CHAPTER SEVEN; V I C I L I N GENE. v i c J . SUBFAMILY - DISCUSSION 

The vie J sequence 

As p r e v i o u s l y m e ntioned i n t h e r e s u l t s s e c t i o n and can c l e a r l y be 

seen f r o m t h e vicJ and cDNA c o m p a r i s o n ( f i g . 1 4 ) , t h e sequence o f t h i s 

gene d i v e r g e s f r o m t h a t o f t h e cDNA a t a p o i n t 1745bp f r o m t h e a p p a r e n t 

s t a r t codon. The sequence t h e r e f o r e w i l l be d i s c u s s e d i n t h r e e p a r t s ; 

t h e v i c i l i n 47k c o d i n g sequence (vicJ - up t o t h e p o i n t o f d i v e r g e n c e 

and p L G l . 6 3 ) , t h e 5" f l a n k i n g sequence, and t h e d i v e r g e d sequence. 

1) The v i c i l i n 47k c o d i n g sequence 

The p r e d i c t e d aa sequence o f vicJ matches v e r y c l o s e l y t h a t o f t h e 

f u l l l e n g t h cDNA, pLG1.63 e n c o d i n g t h e 47k Mr v i c i l i n , w i t h o n l y 3 base 

d i f f e r e n c e s and 2aa s u b s t i t u t i o n s ( f i g 1 4 ) . Between pLG 1.63 and t h e 

p r e v i o u s l y r e p o r t e d cDNAs, pDUB7 and pDUB4 ( L y c e t t e t aJ.,1983a), t h e r e 

i s more v a r i a t i o n ( 1 1 bases and 9aa) d e m o n s t r a t i n g t h a t t h e s e cDNAs 

d e r i v e f r o m s e p a r a t e , c l o s e l y r e l a t e d genes. The gene e n c o d i n g pLG1.63 

w i l l be r e f e r r e d t o as vicK and t h a t e n c o d i n g pDUB7 and pDUB4 vicL. 

The N-terminus o f t h e 33k Mr v i c i l i n s u b u n i t ( w h i c h i s d e r i v e d f r o m 

t h e v i c i l i n 47k p r e c u r s o r ) has been d e t e r m i n e d t o be R-S-D and i t was 

p r e v i o u s l y t h o u g h t t h a t t h e 47k v i c i l i n p r e c u r s o r had a 15aa l e a d e r 

sequence ( L y c e t t e t al., 1 9 8 3 a ) . From t h e vicJ sequence and t h a t o f 

pLG1.63, i t now appears t h a t t r a n s l a t i o n commences a f u r t h e r 27bp 5' and 

t h e cDNA e x t e n d s beyond t h e sequence p r e v i o u s l y s u g g e s t e d as a p o s s i b l e 

cap s i t e . The sequence f l a n k i n g t h e f u r t h e r 5' s t a r t codon matches 

e x a c t l y t h e p r e f e r r e d t r a n s l a t i o n s t a r t consensus A/C NNATGG, whereas 

YNNATGY was foun d t o be p r e d o m i n a n t l y n o n - f u n c t i o n a l (Kozak,1981). 

A second argument i n f a v o u r o f t h e extended l e a d e r sequence i s t h a t 

t h i s w o u l d r e s u l t i n a d i s t a n c e f r o m t h e cap s i t e , d e t e r m i n e d by SI 

mapping, o f around 50b t o t h e f i r s t ATG, w h i c h f a l l s w i t h i n t h e 
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consensus d i s t a n c e ( l l - 6 8 b ) (Messing e t al.,1983), a l t h o u g h w i t h such a 

v a r i a b l e range 77b t o t h e second ATG would n o t be t o t a l l y i m p l a u s i b l e . A 

l e a d e r sequence o f 24 r e s i d u e s compares w e l l w i t h t h o s e o f t h e o t h e r pea 

s t o r a g e p r o t e i n s , l e g u m i n 21aa ( L y c e t t e t al.,1984a) and c o n v i c i l i n 

28aa. The s h o r t e r l e a d e r sequence was however, s u f f i c i e n t t o d i r e c t t h e 

p r o d u c t o f a r e p o r t e r gene t o t h e i n s i d e o f t h e e n d o p l a s m i c r e t i c u l u m 

when t r a n s f o r m e d i n t o t o b a c c o (Pang e t al.,1992). 

S u r p r i s i n g l y t h e c l e a v a g e p o i n t w h i c h r e s u l t s i n t h e ob s e r v e d N-

t e r m i n u s i s i n t h e l e a s t f a v o u r a b l e p o s i t i o n , C - t e r m i n a l t o one o f t h e 

t h r e e s e r i n e r e s i d u e s i n t h i s r e g i o n o f t h e p r o t e i n , as j u d g e d by 

consensus p a t t e r n s ( v o n H e i j n e 1 9 8 3 ) . Removal o f t h e s i g n a l p e p t i d e 

w o u l d r e s u l t i n a 414aa p o l y p e p t i d e w i t h a Mr o f 47,163 (based on t h e 

pLG1.63 sequence), t h i s i s i n c l o s e agreement w i t h t h e o b s e r v e d Mr f o r 

t h i s p r o t e i n o f 47k (Gatehouse e t al.,1981). 

Some members o f t h e v i c i l i n gene f a m i l y have been shown t o undergo 

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 s i s (Gatehouse e t al.,1981, C h r i s p e e l s e t 

al.,1982). Two m a j o r , p o t e n t i a l , p r o t e o l y t i c c l e a v a g e p o i n t s have been 

i d e n t i f i e d , between t h e a, p and y s u b u n i t s (Gatehouse e t a l . , 1 9 8 2 a & 

1983). A t t h e a:p cl e a v a g e p o i n t b o t h vicJ and pLG1.63 p r e d i c t RSLK:DRRQ 

w h i c h i s n o t c l e a v e d b u t a t t h e fi:y c l e a v a g e p o i n t , b o t h s e q u e n c e s 

p r e d i c t GKEN:DKEE w h i c h s h o u l d be c l e a v e d (Gatehouse e t al. , 1984 ) . 

Cleavage a t t h i s second s i t e o f t h e pLG1.63 encoded p o l y p e p t i d e w o u l d 

r e s u l t i n s u b u n i t s o f 306 and 108 r e s i d u e s w i t h p r e d i c t e d Mrs o f 35,109 

and 12,072, a g a i n i n c l o s e agreement w i t h v i c i l i n s u b u n i t o b s e r v e d Mrs 

(Gatehouse e t al.,1981). 

When t h e h y d r o p h i l i c i t y p r o f i l e f o r pLG1.63 encoded p r o t e i n ( f i g . 

18) i s examined, i t i s o b v i o u s t h a t as e x p e c t e d , t h e c l e a v e d p.: J 

p r o c e s s i n g s i t e ( b e t w e e n r e s i d u e s 306 and 307 ) l i e s on a m a r k e d l y 

h y d r o p h i l i c r e g i o n . T h i s w o uld p r e d i c t t h a t t h i s r e g i o n i s l o c a t e d on 
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H y d r o p h i l i c i t y 
i n d e x 

100 200 300 400 

I I 1 I I 1 I I I I I I I I I I I I 1 I I 1 I I I I I I I 
- 1 

100 200 300 
amino a c i d s f r o m N-terminus 

400 

F i g . 18 Hopp Woods h y d r o p h i l i c i t y p l o t f o r pLG1.63 encoded p r o t e i n sequence 
( w i t h o u t s i g n a l p e p t i d e ) . The a r r o w shows t h e p o s i t i o n o f t h e p:y 
s u b u n i t p r o c e s s i n g s i t e between r e s i d u e s 306 and 307. 

t h e o u t s i d e o f t h e v i c i l i n m o l e c u l e and i s t h e r e f o r e s u s c e p t i b l e t o 

p r o t e o l y s i s . The sequence p r e d i c t e d by pLG1.63 r e t a i n s t h e N-

g l y c o s y l a t i o n s i t e n o t e d i n t h e p r e v i o u s cDNA sequence ( L y c e t t e t 

al.,1983a) and suggests t h a t t h i s cDNA encodes t h e 16k r a t h e r t h a n 12.5K 

v i c i l i n ysubunit (Gatehouse e t al.,1982a). 

The p o s i t i o n o f t h e s t o p codon i n pLG1.63 r e s u l t s i n a s h o r t e r 

p o l y p e p t i d e ( b y 17aa) t h a n t h a t p r e d i c t e d by t h e p r e v i o u s l y sequenced 

47k v i c i l i n e n c o d i n g cDNA ( L y c e t t e t al.,1983a). T h i s p r e d i c t e d C-

t e r m i n u s f o r pLG1.63 i s 5 r e s i d u e s upstream f r o m t h e ob s e r v e d C-terminus 

o f t h e 16k v i c i l i n s u b u n i t ( g l y c o s y l a t e d 12.5K). These d i f f e r e n c e s i n 

t h e cDNAs c a s t d o u b t s as t o w h e t h e r t h e v a r i a t i o n i n p o s i t i o n between 

o b s e r v e d and p r e d i c t e d C - t e r m i n i i s due t o C - t e r m i n a l p r o c e s s i n g and 

suggests t h a t t h i s i s due t o v a r i a t i o n i n gene c o d i n g sequence l e n g t h . 
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21 The 5' f l a n k i n g sequence o f vie J 

The sequence o f 502bp 5' f r o m t h e p r e d i c t e d s t a r t o f t r a n s l a t i o n i n 

vicJ has been d e t e r m i n e d . As cons e r v e d sequences w i t h i n t h e v i c i l i n gene 

f a m i l y and t h e i r r o l e s as p o s s i b l e r e g u l a t o r y sequences w i t h i n t h i s 

r e g i o n have been d i s c u s s e d w i t h r e s p e c t t o c o n v i c i l i n ( q v . ) , t h e s e w i l l 

o n l y be mentioned b r i e f l y h e r e . F e a t u r e s w i l l be d i s c u s s e d i n s u c c e s s i o n 

w o r k i n g i n a 5' d i r e c t i o n f r o m t h e s t a r t codon, t h e y a r e n o t e d on f i g 

14. 

The S I mapping e x p e r i m e n t w i t h vie J gave a p o s i t i v e r e s u l t and 

p r e d i c t s a t r a n s c r i p t i o n s t a r t p o i n t w i t h i n a r e g i o n CATCATCT c o n t a i n i n g 

t w o consensus sequences CATC f o u n d a t t r a n s c r i p t i o n s t a r t p o i n t s i n 

p l a n t genes ( J o s h i 1987). A TATA box o c c u r s a t aro u n d 32bp 5' f r o m t h e 

p r e d i c t e d t r a n s c r i p t i o n s t a r t r e g i o n o f vicJ and t h i s i s preceeded by a 

CCAAAT sequence, a g a i n o f a c o n v e n t i o n a l n a t u r e . The " v i c i l i n box" i n 

vicJ i s a l s o a good f i t t o t h e consensus (Gatehouse e t a l . , 1 9 8 6 ) . 

A l t h o u g h vicJ does n o t c o n t a i n t h e two G+C r i c h r e g i o n s f u r t h e r 

u p s t r e a m f r o m t h e " v i c i l i n box" w h i c h a r e c o n s e r v e d between p h a s e o l i n , 

c o n g l y c i n i n and c o n v i c i l i n , a s i m i l a r r e g i o n , CCACCACCC, i s f o u n d 39bp 

5' f r o m t h e " v i c i l i n box" and t h i s i s c o n s e r v e d between vicJ and pea 

v i c i l i n genes v i c B ( B o u l t e r e t al., 1990) and Vc-4 ( H i g g i n s e t a l . , 1 9 8 8 ) 

and Vicia faba v i c i l i n gene Vfvicl (Weschke e t al.,1987). VicJ appears 

t h e n t o c o n t a i n w i t h i n i t s 5' f l a n k i n g sequence t h o s e f e a t u r e s so f a r 

a s s o c i a t e d w i t h a f u n c t i o n a l legume seed s t o r a g e p r o t e i n gene (Gatehouse 

e t al.,1986). 

3) The d i v e r g e d sequence of vie J 

A l t h o u g h t h e 5 • sequence and c o d i n g sequence up t o t h e p o i n t o f 

d i v e r g e n c e appear f u n c t i o n a l , can t h e same be s a i d o f t h e r e g i o n a t t h e 

3' end? The sequence beyond t h e p o i n t o f d i v e r g e n c e c o n t i n u e s t o code 
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f o r a f u r t h e r 14 r e s i d u e s b e f o r e a s t o p codon i s r e a c h e d . The r e s i d u e s 

encoded a r e n o t a t y p i c a l when compared t o t h e r e s t o f t h e sequence and, 

a l t h o u g h t h e n u c l e o t i d e sequence i s r a t h e r A+T r i c h ( 7 1 % A+T), s i m i l a r 

r e g i o n s e x i s t w i t h i n t h e v i c i l i n e n c o d i n g sequence ( a t t h e 5' ends o f 

exons 3 and 5, f o r ex a m p l e ) . 

Beyond t h e s t o p codon t h e n u c l e o t i d e sequence c o n t i n u e s w i t h t h e 

s o r t o f c o m p o s i t i o n w h i c h w o uld n o t be r e m a r k a b l e a t t h e 3' end o f an 

mRNA and b e g i n n i n g a t 125,150,185 and 210bp beyond t h e s t o p codon a r e 

sequences w h i c h c o n f o r m t o t h e p l a n t consensus p o l y a d e n y l a t i o n s i g n a l 

G/A A T A A ( i _ 3 j ( M e s s i n g e t al.,1983). A l t h o u g h t h e r e i s no s e q u e n c e 

homology between t h e 3' n o n - t r a n s l a t e d sequences o f vicJ and pLG1.63, 

t h e r e appears t o be no r e a s o n , so f a r as i s known, why t h i s s h o u l d 

p r e v e n t t r a n s c r i p t i o n and e x p r e s s i o n o f vicJ. 

To d e t e r m i n e t h e n a t u r e o f t h e rearr a n g e m e n t a t t h e 3' end o f vicJ, 

t h e genomic c l o n e was probed w i t h t h e 3' end o f pLG1.63. No homologous 

sequence c o u l d be d e t e c t e d , i n d i c a t i n g t h a t e i t h e r a d e l e t i o n o f t h i s 

sequence has o c c u r r e d , o r e l s e an i n s e r t i o n o f more t h a n 5.6kbp ( t h e 

d i s t a n c e f r o m t h e p o i n t o f d i v e r g e n c e t o t h e 3' end o f t h e g e n o m i c 

c l o n e ) . L a r g e i n s e r t i o n s have been shown t o have o c c u r r e d i n p l a n t s , 

such as t h o s e o f 17 and 30kbp due t o t h e i n s e r t i o n o f t r a n s p o s a b l e 

e l e m e n t s i n Antirrhinum and maize (Bonas e t al., 1984, D o r i n g e t 

al., 1 9 8 4 ) . Due t o t h e number o f genes e s t i m a t e d t o be p r e s e n t i n t h e 

v i c i l i n 47k gene s u b f a m i l y , i t i s i m p o s s i b l e t o t e l l f r o m f r a g m e n t s 

h y b r i d i s e d t o by t h e 3' end o f t h e cDNA p r o b e , on t h e genomic b l o t ( f i g 

1 5 b ) , whether t h e r e i s a fr a g m e n t p r e s e n t i n t h e genome c o r r e s p o n d i n g t o 

t h a t m i s s i n g f r o m XJC3. 

I t i s p o s s i b l e t h a t t h e d i v e r g e d sequence f o r m s an e x t r a i n t r o n 

w h i c h i n c l u d e s t h e n u c l e o t i d e b e f o r e d i v e r g e n c e and so s t a r t s GT (see 

f i g . 14) b u t t h i s seems u n l i k e l y . F i r s t l y , no o t h e r e x p r e s s e d genes o f 
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t h e v i c i l i n f a m i l y so f a r sequenced have d e v i a t e d f r o m t h e " n o r m a l " 

i n t r o n p o s i t i o n and number. Secondly, i f t h i s were an i n t r o n , j u s t as i f 

i t were an i n s e r t e d sequence, i t must be g r e a t e r t h a n 5.6kbp i n l e n g t h , 

an e x c e p t i o n a l s i z e f o r an i n t r o n (Nasra & Deacon, 1982). F i n a l l y , t h e 

n u c l e o t i d e c o m p o s i t i o n , a l t h o u g h A+T r i c h ( 6 8 % ) , i s n o t t y p i c a l o f t h a t 

o f a p l a n t i n t r o n , e s p e c i a l l y t h e G+A r i c h r e g i o n 300-500bp f r o m t h e 

p o i n t o f d i v e r g e n c e . 

As has been s t a t e d above, l a r g e i n s e r t i o n s a r e known t o have 

o c c u r r e d as t h e r e s u l t o f t r a n s p o s i t i o n and i t i s p o s s i b l e t h a t t h i s i s 

t h e case i n vicJ. I n s e r t i o n s presumed t o have r e s u l t e d f r o m t h e a c t i o n 

o f t r a n s p o s a b l e elements have been f o u n d i n o r near pea genes ( S h i r s a t , 

1988, B h a t t a c h a r y y a e t al.,1990). w i t h o u t t h e o r i g i n a l 3" end o f t h i s 

gene ( i f p r e s e n t ) , i t i s n o t p o s s i b l e t o l o o k f o r t h e r e p e a t s around t h e 

i n s e r t i o n s i t e s w h i c h a r e symptomatic o f t r a n s p o s a b l e elements ( F r e e l i n g 

1984). 

When t h e d i v e r g e d sequence on vicJ was used t o pr o b e genomic DNA 

( f i g . 1 5 c ) , i t h y b r i d i s e d t o m u l t i p l e bands a t a h i g h l e v e l o f i n t e n s i t y 

i n d i c a t i n g t h a t i t ' s sequence i s r e p e a t e d many t i m e s i n t h e pea genome. 

Such r e p e t i t i v e sequences had p r e v i o u s l y been n o t e d on two Eco R I 

f r a g m e n t s f r o m t h i s genomic c l o n e , i n c l u d i n g t h e one c o n t a i n i n g vieJ, 

and i t was e s t i m a t e d t h a t t h e l e v e l s o f t h i s r e p e a t e d sequence w i t h i n 

t h e pea genome were s i m i l a r t o t h a t o f r i b o s o m a l genes - aro u n d 0.15% 

( E l l i s e t a l . , 1 9 8 6 ) ( e q u i v a l e n t t o 7,500 c o p i e s o f a l k b p f r a g m e n t i n 

t h e pea genome). When X.JC3 was p r o b e d w i t h t h e d i v e r g e d sequence f r o m 

vicJ, o n l y t h e f r a g m e n t s c o n t a i n i n g vicJ were h y b r i d i s e d t o , 

d e m o n s t r a t i n g t h a t t h e o t h e r r e p e a t sequence p r e s e n t i s d i f f e r e n t t o 

t h a t i n vicJ. The t e r m i n a l r e g i o n s o f t r a n s p o s a b l e e l e m e n t s a r e f o u n d 

r e p e a t e d i n t h e genome b u t u s u a l l y o n l y up t o 50 c o p i e s a r e f o u n d 

(Nevers e t a l . , 1 9 8 6 ) . 
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The v i c i l i n 47k gene s u b f a m i l y 

Probes f r o m t h e 47k gene s u b f a m i l y have been shown n o t t o c r o s s -

h y b r i d i s e w i t h t h o s e f r o m o t h e r t y p e s o f v i c i l i n genes a t t h e s t r i n g e n c y 

used t o wash t h e genomic b l o t s ( E l l i s e t al.,1986). Genomic b l o t s probed 

w i t h t h e v i c i l i n e n c o d i n g r e g i o n o f vicJ and pLG1.63 ( f i g 15) 

d e m o n s t r a t e t h e presence o f s e v e r a l members w i t h i n t h i s s u b f a m i l y and 

agre e w i t h t h e p r e v i o u s e s t i m a t e o f f i v e t o seven members (Domoney & 

Casey, 1985). Bands e q u i v a l e n t t o t h o s e p r e d i c t e d by KJC3 a r e p r e s e n t i n 

b o t h DSP and FF l i n e s , t h e r e f o r e ; a) t h e d i v e r g e n c e i n vieJ i s n o t due 

t o r e a r r a n g e m e n t d u r i n g c l o n i n g , and b) vieJ i s p r e s e n t i n t h e FF genome 

i n a d d i t i o n t o t h e d e f i n i t e l y f u n c t i o n a l genes vicK and v i c L e n c o d i n g 

t h e cDNAs f r o m t h i s l i n e . 

E x p r e s s i o n o f v i e J 

I n t h e S I mapping e x p e r i m e n t , t h e f r a g m e n t f r o m vie J used i s 

i d e n t i c a l t o pLG1.63 as f a r as t h e cDNA e x t e n d s . T h e r e f o r e t h e p o s i t i v e 

r e s u l t i s n o t s u r p r i s i n g and c a n n o t be t a k e n as i n d i c a t i n g t h a t vicJ 

i t s e l f i s e x p r e s s e d b u t presumably shows t h e t r a n s c r i p t i o n s t a r t p o i n t 

o f t h e gene e n c o d i n g pLG1.63 (vicK). The l e s s i n t e n s e , s m a l l e r bands 

seen on t h e S I mapping g e l may be due t o p r o t e c t i o n by t h e mRNA f r o m 

r e l a t e d genes. These may have sequence mismatches w h i c h would r e s u l t i n 

t h e n u c l e a s e n i c k i n g t h e DNA s t r a n d between t h e cap s i t e and t h e 

l a b e l l e d end, so p r o d u c i n g s h o r t e r l a b e l l e d f r a g m e n t s . 

As s t a t e d above t h e r e appears no r e a s o n why t h e vicJ gene s h o u l d 

n o t be t r a n s c r i b e d i n a t r u n c a t e d f o r m , t r a n s l a t e d and p r o c e s s e d . 

However, no t r u n c a t e d mRNA c o u l d be d e t e c t e d w i t h t h e cDNA pLG1.63 i n 

c o t y l e d o n RNA i n w h i c h t h e "normal" mRNA was b e i n g e x p r e s s e d ( f i g 1 7 ) . 

I t has g e n e r a l l y been f o u n d t h a t mRNA does n o t a c c u m u l a t e f r o m genes 

w h i c h c o n t a i n d e l e t e r i o u s m u t a t i o n s ( V o d k i n e t al.,1983, V o e l k e r e t 
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al.,1990, Thompson e t al.,1991), a l t h o u g h t h e mechanism w h i c h p r e v e n t s 
etovtcir\fc 

t h i s i s unknown. A t r a n s p o s a b l e ^ i n d u c e d m u t a t i o n o f t h e maize s u c r o s e 

s y n t h a s e gene however, r e s u l t s i n a s h o r t e n e n e d mRNA b e i n g t r a n s c r i b e d 

and a mutant p r o t e i n e x p r e s s e d ( F e d e r o f f e t al.,1983). 

Some f e a t u r e s o f t h e m u t a t i o n o f t h e s t a r c h b r a n c h i n g enzyme i n 

w r i n k l e d seeded peas ( B h a t t a c h a r y y a e t al.,1990) p a r a l l e l t h a t o f vicJ. 

I n w r i n k l e d seeded v a r i e t i e s t h e gene e n c o d i n g t h e s t a r c h b r a n c h i n g 

enzyme c a r r i e s an i n s e r t i o n ( w i t h r e s p e c t t o t h e nor m a l gene i n round 

seeded l i n e s ) i n t h e 3' end o f t h e c o d i n g sequence. L i k e t h e 3' end o f 

vicJ, t h e i n s e r t e d sequence i n t h i s gene i s r e p e a t e d many t i m e s w i t h i n 

t h e pea genome. However, u n l i k e vie J, m u t a n t mRNA i s t r a n s c r i b e d , 

a c c u m u l a t i n g a t l o w e r l e v e l s t h a n n o r m a l l e n g t h mRNA. The t e r m i n i o f 

t h i s i n s e r t e d sequence a r e homologous t o t h o s e o f A c - l i k e t r a n s p o s o n s 

b u t no homology c o u l d be f o u n d between t h e b e g i n n i n g o f t h e vicJ 

i n s e r t e d sequence and t h e i n v e r t e d r e p e a t sequences o f Ac o r any o t h e r 

p l a n t t r a n s p o s o n s ( V o d k i n , 1989). 
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CHAPTER EIGHT; LEGUHIN GENE. leqK. - RESULTS 

R e s t r i c t i o n mapping and s e q u e n c i n g of letrK 

A p a r t i a l sequence f o r legK had p r e v i o u s l y been d e t e r m i n e d 

(Gatehouse e t al., 1988) f r o m a genomic c l o n e , X.JC5, i s o l a t e d f r o m DSP 

pea p l a n t s (Domoney e t al.,1986a). A genomic c l o n e c o n t a i n i n g a complete 

legK gene had a l s o been i s o l a t e d f r o m FF pea p l a n t s and a Sal I 

s u b c l o n e , pNY2, c o n t a i n i n g t h i s gene produced ( Y a i s h , 1990). 

R e s t r i c t i o n s were p e r f o r m e d on t h i s genomic s u b c l o n e and f r o m t h e s e 
Sau3A-

a map o f t h e s i t e s was deduced ( f i g . 2 0 ) . T h i s Sal I s u b c l o n e i s 12.3 

kbp i n l e n g t h and f r o m t h e p r e v i o u s l y p u b l i s h e d r e s t r i c t i o n map o f X.JC5 

(Gatehouse e t al.,1988) t h e p o s i t i o n o f t h e legK c o d i n g sequence was 

e s t a b l i s h e d . O v e r l a p p i n g Eco RV and Sph I f r a g m e n t s were i s o l a t e d , 

s u b c l o n e d i n t o pUC18 and 19 r e s p e c t i v e l y and r e s t r i c t i o n mapped ( f i g . 

20) . 

Fragments f r o m t h e s e two c l o n e s were s u b c l o n e d i n t o Ml 3 and 

automated DNA se q u e n c i n g p e r f o r m e d on them. The 3.4 kbp Sph I t o Sph I 

r e g i o n was sequenced i n b o t h d i r e c t i o n s w i t h a l l r e s t r i c t i o n s i t e s 

sequenced t h r o u g h . The sequence ( f i g . 21) i s 3392bp i n l e n g t h , 1012bp 

l i e 5' o f t h e p o s i t i o n o f t h e s t a r t codon i n legJ and 700bp were 

sequenced 3' o f t h e s t o p codon. Over t h e 1533bp r e g i o n o f o v e r l a p 

between t h e p r e v i o u s l y d e t e r m i n e d legK sequence f r o m DSP and t h i s new 

sequence f r o m FF t h e r e were no d i f f e r e n c e s . 

Comparison o f t h e legK sequence w i t h t h a t of J e g J 

legK c o n t a i n s a 1500bp (500aa) ORF homologous t o t h a t o f leg J 

(Gatehouse e t al.,1988), however, a t t h e e x p e c t e d N - t e r m i n u s , l e g K l a c k s 

a m e t h i o n i n e r e s i d u e . T h i s i s due t o an A t o G s u b s t i t u t i o n r e s u l t i n g i n 

GTG, c o d i n g f o r v a l i n e , r a t h e r t h a n ATG. When t h e legK sequence 3* f r o m 

t h e TATA box i s i n s p e c t e d , t h e f i r s t ATG codon i s a t base 117 on f i g . 21 
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Ev/Sp SaSa NSp N XBEvE Sa P P N N P N^ Sp 
I I II B " * illinium i i i i i i i iMi i i iLm I I I I I 

5" 3' 

NSp N XB 

B i r t e 1 1 

200bp 

F i g . 20 R e s t r i c t i o n map o f t h e genomic s u b c l o n e pNY2 f r o m FF ( a b o v e ) , t h e 
r e g i o n sequenced f r o m i t ( c e n t r e ) and t h e PCR fr a g m e n t f r o m B i r t e 
( b e l o w ) a m p l i f i e d u s i n g p r i m e r s d e r i v e d f r o m t h e sequence. R e s t r i c t i o n 
enzymes a r e a b b r e v i a t e d as: B, Bam H I ; E, Eco R I ; Ev, JSco RV; H, 
Bind I I I ; N, Nsi I ; P, Pst I ; S, Sal I ; Sa, Sau 3A; Sp, Sph I ; X, 
Xba I . The c o d i n g sequence i s h i g h l i g h t e d and arrows r e p r e s e n t 
i n d i v i d u a l sequencing r u n s . 
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F i g . 21 ( O v e r l e a f ) N u c l e o t i d e sequence o f legK f r o m l i n e F e l t h a m 
F i r s t and legJ ( f r o m l i n e DSP), t h e d e r i v e d amino a c i d 
sequence o f legJ i s p r e s e n t e d below t h e n u c l e o t i d e sequences 
and r e s i d u e s d i f f e r i n g f r o m t h i s i n t h e legK encoded sequence 
a r e shown above. The s u b u n i t N - t e r m i n a l r e s i d u e s a r e boxed and 
t h e c l e a v a g e s i t e s marked ( : ) . Consensus sequences i n t h e 5' 
f l a n k i n g r e g i o n and p o l y a d e n y l a t i o n s i g n a l s a r e u n d e r l i n e d 
The sequences f r o m w h i c h t h e o l i g o n u c l e o t i d e s were s y n t h e s i s e d 
f o r a m p l i f i c a t i o n o f legK i n B i r t e a r e boxed. The 
t r a n s c r i p t i o n s t a r t s i t e i n l e g J i s arrowed. 
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A.A. V 
LeqK AAGA6eAATCC6AASAACAAAAC6AASGT 
LegJ AA6AG6AATCT6AA6AftOMAAOM$TAACAGCGTGCTG^ 982 
A.A. E E E S E E 0 N E 6 N S V L S G F S S E F L A 0 T F N T E E D T A K R L R S P R « , 

A.A. N E E 
LeqK ACGAAAGSAST(M>TT6TGCGAGTTGAGGGAGGTCT(X^ 
LeqJ ACGAAA6GA6TO^n6TG(^nBAGEGAG6ET( I8CATTATCAAA^ 1099 
A.A. D E R S Q I V R V E 6 G L R I I K P K G K E - E E E K E Q S H S H S H R E E K E » o 

A.A. . . . - 6 
LeqK AA6AAGAAG AABATSABSAB—AAACAAAGAAGTGAGGAAAGAAA6AATGGTTTGGAA6AAACTATC^ 
LeqJ WffiAAGAABAAfiAAeAA£AAGATGAS6AGfiAGAAADWAGft̂  1219 
A.A. E E E E E E E D E E E K 0 R S E E R K N £ ] L E E T I C S A K I R E N 1 A D A A R 3 2 c 

A.A. R 
LeqK CC6AttTCTATAA(XCAC6TGCTBCT^^ 
LeqJ (XGACCTTTATAACCCACGTICTIXTffl 1339 
A.A. A D 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 < 

LeqK TAACTATnAATCAATATATnCCAATT6AT6ATHn^ 
LeqJ TAATGTGTATATTTLXATGATATGATTA6TTACAT-AAATEAnmT^^ 1450 
A.A In t ron-2 > N G I Y A P H W N j a a 

A.A. F D A 
LeqK CATAAA{HXAACA6TCT6CTGTAl£TGATTAGAGGA6AAGGAAGA6n 
LeqJ MTAAACH3M^CTI06TAC6T()ATAAGGG6AGAA^ 1570 
A.A. I N A N S L L Y V I R 6 E G R V R I V N C Q 6 N T V F D N K V R K G Q L V V V P 4 0 3 

A.A. L A 
LeqK ADVM:nT6TGBTGGCGGAACAA6CT6GG6AGGMGAAGM 
LeqJ GCAAAACTTTGT66TGGCGGAAD^TG666A66AA6AAGGAnA6A6TATGTT6TGTT(^ 1690 
A.A. Q N F V V A E 0 A 6 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. 0 
LeqK /\GA66TTCnGCAAATKTTTTG6TCTTC6T(MHCAAGT^^ 
LeqJ Af^TTCnGCAAAT(£TTTTGSTCTTIETO)ACGCC^ 1910 
A.A. E V L A N A F 6 L R 0 R Q V T E L K L S G N R G P L V H P R S Q S 0 S H I 

LeqK TAT GGAGTATAATAATGAGATGGCCATCTTATCTT AAATAATAAATTTT6AATGTACT6TAGAGAAGAATTTCAGTTCC6ATAATAAAACAATAAAGTATGGC 
LeqJ TATGATAATGCAAT«MTAACAA6ATGG^^ 1930 

(PolyA+> <PolyAO<PolyA+> 

LeqK CnAAAATCXCAATCnAATCTAAATTTGTATGCATCTATA-AG&GGCGMTMOCTAGTTTT 
LeqJ CCTACTACJXTGATCTTACTCTGAATTTGTATGCAT6TAAAGAGG£BTGAATAACAATTGGTrTTGTAC^ 2050 

<PolyA+> 

LeqK ATGTTTGTTTGAATCATATAAAAA«^^ 

LeqJ TTCATTATCTTCTTCATTAGTACTAATGATGAATTGTCTC^ 2170 

LeqK AMTACCTTCMTGAA(IGA6TTGAAAAACT(XAAGCGGt^ 

LeqJ GTrTTCTAAAAATCTTTTCT6T6T6ACGGAAGGAATCATTCATTTCCTTATCAATATAATTGTCAA^ 2290 

LeqK TCTGAAATGCTTQM$CAAACATGflCTttTA6^ 
LeqJ AAT(XCACTACT(^TAGAGAAT(5AACA(^TTGO^ 2410 
LeqK TGCATATMMrCTACCTTACACTTTXAGCATCAi^ 
LeqJ ATTC. . . . I 2414) 
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56bp downstream f r o m t h e s t a r t o f legJ. T h i s ATG codon i s o u t o f frame 

w i t h t h e legJ sequence and i s f o l l o w e d a f t e r f i v e codons by a TGA s t o p 

codon. 

The r e m a i n i n g legK c o d i n g sequence i s h i g h l y homologous t o legJ 

w i t h o n l y 45 more n u c l e o t i d e changes ( i n t h e 1500bp o f legK) r e s u l t i n g 

i n 20 f u r t h e r aa s u b s t i t u t i o n s . There a r e a l s o f o u r codon d e l e t i o n s and 

one a d d i t i o n t o legK w i t h r e s p e c t t o legJ. The two i n t r o n p o s i t i o n s a r e 

c o n s e r v e d between t h e two genes, a l t h o u g h i n t r o n 1 i s 56bp s h o r t e r i n 

legK, as a r e s u l t o f two d e l e t i o n s and i n t r o n 2 c a r r i e s an 8bp a d d i t i o n 

w i t h r e s p e c t t o legJ. 

As can be seen f r o m f i g . 2 1 , t h e r e i s c o n s i d e r a b l e homology 

between t h e 5' f l a n k i n g r e g i o n s o f t h e two genes t o t h e f u l l e x t e n t o f 

t h e sequence, a l t h o u g h b o t h c o n t a i n c o n s i d e r a b l e d e l e t i o n s o r i n s e r t i o n s 

w i t h r e s p e c t t o each o t h e r . A t t h e 3* end o f t h e genes homology e x t e n d s 

f o r a b o u t 250bp f r o m t h e s t o p codons. A f t e r a p o i n t 16bp 3' o f t h e 

f o u r t h p o l y a d e n y l a t i o n s i g n a l , t h e sequences d i v e r g e c o m p l e t e l y . 

I s o l a t i o n and s e q u e n c i n g of t h e 5' r e g i o n of leaK from B i r t e 

A cDNA had been i s o l a t e d f r o m B i r t e pea c o t y l e d o n s w h i c h was 

i d e n t i c a l t o legK e x c e p t f o r 2bp i n t h e 910bp cDNA (Domoney e t 

al. , 1 9 8 6 b , Gatehouse e t a i . , 1 9 8 8 ) . I t was assumed t h e n t h a t t h e cv B i r t e 

c o n t a i n s a f u n t i o n a l legK gene. To t e s t t h i s h y p o t h e s i s , t h e 5' r e g i o n 

o f l e g K was a m p l i f i e d f r o m B i r t e DNA u s i n g t h e polymerase c h a i n r e a c t i o n 

(PCR). O l i g o n u c l e o t i d e p r i m e r s were s y n t h e s i s e d u s i n g t h e d e t e r m i n e d 

legK sequence, t h e i r p o s i t i o n s a r e shown on f i g . 2 1 . The 5* p r i m e r was 

s y n t h e s i s e d u s i n g sequence s p e c i f i c t o legK ( n o t f o u n d i n legJ) around 

530bp f r o m t h e s t a r t c o d on p o s i t i o n . The 3' p r i m e r was made 

c o m p l i m e n t a r y t o t h e legK sequence around 400bp 3' f r o m t h e same p o i n t , 

i t i n c l u d e d i n i t s c e n t r e a s i n g l e base s u b s t i t u t i o n w i t h r e s p e c t t o 



leg J. 

B i r t e genomic DNA was a m p l i f i e d u s i n g t h e s e p r i m e r s , t h e p r o d u c t 

e l e c t r o p h o r e s e d t h r o u g h a g a r o s e g e l , and t h e DNA i s o l a t e d b y 

e l e c t r o e l u t i o n . The ends o f t h e a m p l i f i e d p r o d u c t were " p o l i s h e d " u s i n g 

T4 polymerase and c l o n e d i n t o pUC18 v e c t o r . Automated s e q u e n c i n g was 

p e r f o r m e d d i r e c t l y on t h i s p l a s m i d , i n b o t h o r i e n t a t i o n s , and 

s u b s e q u e n t l y on s u b c l o n e s produced f r o m t h i s . The i n s e r t was sequenced 

f u l l y i n b o t h d i r e c t i o n s and a l l r e s t r i c t i o n s i t e s were sequenced 

t h r o u g h ( f i g . 2 0 ) . The sequence e x t e n d s t h r o u g h b o t h p r i m e r s and i s 

i d e n t i c a l t o t h a t o f t h e FF legK sequence e x c e p t f o r t h e codon a t 

r e s i d u e 1 o f t h e legJ sequence w h i c h i n t h i s case i s an ATG s t a r t codon. 

I d e n t i f i c a t i o n o f p r o t e i n s u b u n i t s c o r r e s p o n d i n g t o leaK 

To t r y and i d e n t i f y t h e l e g u m i n s p e c i e s encoded by legK, w h i c h 

s h o u l d be p r e s e n t i n an e x t r a c t f r o m FF seeds b u t n o t f r o m t h o s e o f 

B i r t e , two d i m e n s i o n a l p o l y a c r y l a m i d e g e l s were r u n . E x t r a c t s o f mature 

seeds were e l e c t r o p h o r e s e d i n t h e f i r s t d i m e n s i o n under n o n - r e d u c i n g 

c o n d i t i o n s and t h e n i n t h e second d i m e n s i o n under r e d u c i n g c o n d i t i o n s . 

F i g . 22 shows t h e r e s u l t a n t g e l s , i t can be seen t h a t t h e FF e x t r a c t 

l a c k s a s u b u n i t , w h i c h i s p r e s e n t i n t h e B i r t e e x t r a c t , o f h i g h e r non-

reduce d Mr t h a n t h e major l e g u m i n a - s u b u n i t s . The p - s u b u n i t s a r e n o t so 

c l e a r l y r e s o l v e d b u t t h e s u b u n i t o f e q u a l m o b i l i t y i n t h e f i r s t 

d i m e n s i o n t o t h a t o f t h e a - s u b u n i t p r e s e n t o n l y i n B i r t e , i s much 

reduced i n i n t e n s i t y i n FF compared t o B i r t e . 
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Feltham F i r s t 

F i g . 22 Two d i m e n s i o n a l p o l y a c r y l a m i d e g e l s o f seed e x t r a c t s f r o m pea l i n e s B i r t e 
and F e l t h a m F i r s t ( F F ) . Gels were r u n i n t h e f i r s t d i m e n s i o n ( I D ) under 
n o n - r e d u c i n g c o n d i t i o n s and i n t h e second di m e n s i o n (2D) under reducing 
c o n d i t i o n s . The Mr o f p o l y p e p t i d e s i n t h e seed e x t r a c t s r u n under both 
c o n d i t i o n s i s i n d i c a t e d . The a r r o w marks t h e legumin a - s u b u n i t present i n 
B i r t e b u t n o t FF. 
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CHAPTER NINE: LEGUMIN GENE. leaK. - DISCUSSION 

The f u n c t i o n a l leaK gene i n B i r t e 

From t h e r e s u l t s o f t h e PCR e x p e r i m e n t on DNA f r o m pea l i n e B i r t e , 

i t can be seen t h a t t h i s l i n e c o n t a i n s a f u n c t i o n a l legK gene. T h i s 

c o n c l u s i o n i s s u p p o r t e d by t h e p r e s e n c e o f a cDNA i d e n t i c a l t o legK 

( e x c e p t f o r 2bp i n 907)(Domoney e t al.,1986b Gatehouse e t al.,1988) and 

an e x t r a l e g u m i n p r o t e i n s u b u n i t p a i r p r e s e n t i n B i r t e compared t o FF 

(see b e l o w ) . The s t a r t codon i s i n t h e same p o s i t i o n as t h a t o f t h e 

o t h e r gene sequenced f r o m t h i s s u b f a m i l y , legJ ( f i g . 2 1 ) . A l t h o u g h t h i s 

sequenced f r a g m e n t f r o m B i r t e was a m p l i f i e d by PCR and e r r o r s m i g h t be 

e x p e c t e d i n t h e f a i t h f u l l n e s s o f c o p y i n g by Tag poly m e r a s e ( K a r l o v s k y , 

1990), none were o b v i o u s , as t h e sequence was i d e n t i c a l t o t h a t o f legK 

f r o m FF w h i c h had been s u b c l o n e d by c o n v e n t i o n a l means. I t seems h i g h l y 

u n l i k e l y t h a t t h e o n l y e r r o r i n 945bp s h o u l d be t h e r e t u r n o f t h e 

f u n c t i o n a l s t a r t codon1 

Comparison w i t h J c g J 

The c o d i n g sequence o f legK i s v e r y s i m i l a r t o t h a t o f legJ w h i c h 

has p r e v i o u s l y been shown t o encode a m i n o r l e g u m i n s u b u n i t p a i r 

(Gatehouse e t al.,1988). There i s c l o s e homology a t t h e n u c l e o t i d e l e v e l 

( 9 7 % ) w h i c h i s m i r r o r r e d a t t h e aa l e v e l by o n l y 20 aa s u b s t i t u t i o n s , 

w i t h 3 d e l e t i o n s and one a d d i t i o n i n legK compared t o legJ. T h i s 

homology a c c o u n t s f o r t h e d e t e c t i o n o f legJ mRNAs by legK c o d i n g 

sequence probe (Croy e t al.,1988 Thompson e t al.,1991). 

The n o n - c o d i n g sequence o f t h e two genes i s a l s o w e l l c o n s e r v e d , 

t h e i n t r o n s a r e 96% and 74% homologous i f d e l e t i o n s a r e i g n o r e d and 

s u g g e s t a r e l a t i v e l y r e c e n t d a t e f o r t h e d i v e r g e n c e o f t h e two genes. 

The 3' f l a n k i n g sequence i s w e l l c onserved f o r around 250bp and i n c l u d e s 

t h e f o u r p o l y a d e n y l a t i o n s i g n a l s f o u n d i n legJ. T h i s would suggest t h a t 
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legK d e r i v e d mRNAs t e r m i n a t e a t d i f f e r i n g p o i n t s as i s t h e case w i t h 
(pCX>3Z) 

legJ, legL (Thompson e t al., 1991) and l e g s (Domoney e t al. , 1986b, 

Gatehouse,JA., u n p u b l i s h e d r e s u l t s ) . 

The 5' f l a n k i n g sequences show homology o v e r t h e e n t i r e r e g i o n 

sequenced (600bp f r o m legJ), d e s p i t e t h e c o n s i d e r a b l e d e l e t i o n s i n b o t h 

w i t h r e s p e c t t o t h e o t h e r . Both genes c o n t a i n t h e conserved "legumin 

box" a l t h o u g h t h e r e i s one base mismatch i n t h e l e s s w e l l conserved 3' 

h a l f (Gatehouse e t a l . , 1 9 8 6 ) . The "l e g u m i n box" i n c l u d e s t h e RY re p e a t s 

f o u n d i n many legume s e e d - p r o t e i n genes ( D i c k i n s o n et al.,1988), i n legJ 

and legK t h e y t a k e t h e u s u a l f o r m , CATGCATG, compared w i t h CATGCAAG 

fo u n d i n t h i s r e g i o n o f t h e leg A s u b f a m i l y ( L y c e t t e t al., 1985). The 

legJ and legK sequences l a c k t h e "c o r e enhancer" sequence (CCGCCACC) 

fou n d i n t h e 5' r e g i o n s o f legA t y p e legumin genes and whic h forms p a r t 

o f t h e " v i c i l i n box" o f legume v i c i l i n genes (Gatehouse e t al.,1986). 

What b e a r i n g t h e s e l a s t t wo d i f f e r e n c e s have on t h e d i f f e r e n t i a l 

e x p r e s s i o n o f t h e s e two le g u m i n s u b f a m i l i e s i s n o t c l e a r a t p r e s e n t . 

The mutation of leqK i n Feltham F i r s t 

I n t h e FF pea l i n e , legK c a r r i e s a mutat e d s t a r t codon (ATG t o 

GTG) . T h i s i s t h e o n l y sequence d i f f e r e n c e found i n t h e legK genes i n 

t h e l i n e s FF, DSP and B i r t e i n t h e r e g i o n where t h e y o v e r l a p each o t h e r , 

e x c e p t f o r t h e 2bp d i f f e r e n c e s between t h e B i r t e cDNA and legK f r o m DSP 

and FF. T h i s c o n f i r m s t h e v e r y r e c e n t n a t u r e o f t h e legK m u t a t i o n which 

must have o c c u r r e d a f t e r t h e s e p a r a t i o n o f FF and B i r t e p a r e n t l i n e s . 

A l t h o u g h legK i s now a pseudogene i n l i n e FF, i t has n o t ac c u m u l a t e d 

f u r t h e r m u t a t i o n s , i n c o n t r a s t t o a n o t h e r l e g u m i n pseudogene, legD, 

found i n t h e legA gene s u b f a m i l y . LegD has i n - f r a m e s t o p codons b u t a l s o 

e x h i b i t s many o t h e r d i f f e r e n c e s when compared t o f u n c t i o n a l genes from 

t h i s s u b f a m i l y (Bown e t a l . , 1 9 8 5 ) . No mRNA o f a s i z e c o r r e s p o n d i n g t o 
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t h a t p r e d i c t e d f r o m legD c o u l d be d e t e c t e d when o t h e r members o f i t s 

s u b f a m i l y were b e i n g e x p r e s s e d . The m u t a t i o n i n legK r e s e m b l e s t h a t 

f o u n d i n a n u l l a l l e l e o f a soybean l e g u m i n gene, g l y c i n i n Gy4, where a 

s i m i l a r m u t a t i o n (ATG t o ATA) o f t h e s t a r t codon o c c u r s ( S c a l l o n e t 

a l . , 1 9 8 7 ) . T h i s m u t a t i o n i n Gy 4 i s accompanied by o n l y t w o o t h e r 

n u c l e o t i d e changes i n 3.5kbp sequenced. I n Gy4/ as i n legK, t h e r e i s 

an o t h e r p o t e n t i a l s t a r t codon (56bp) f u r t h e r 3' t o t h e muta t e d one, b u t 

t h i s i s o u t o f frame and encodes a r e a d i n g frame o f o n l y 6 r e s i d u e s . 

H y b r i d i s a t i o n o f a legK s p e c i f i c o l i g o n u c l e o t i d e t o mRNA f r o m FF 

f a i l e d t o d e t e c t any t r a n s c r i p t s f r o m t h i s gene in vivo (Thompson et 

al.,1991). T h i s work d e m o n s t r a t e s t h a t t r a n s l a t i o n a l l y i n e f f e c t i v e mRNAs 

f a i l t o a c c u m u l a t e , presumably due t o t h e i r f a i l u r e t o rem a i n bound t o 

polysomes, s i m i l a r r e s u l t s were o b t a i n e d w i t h t h e g l y c i n i n mutant gene 

(see above) where v e r y l o w l e v e l s o f mRNA c o u l d be d e t e c t e d , b u t n o t 

a t t a c h e d t o polysomes. A m u t a t i o n o f a Phaseolus l e c t i n gene, c a u s i n g a 

s i n g l e base d e l e t i o n , r e s u l t s i n i n - f r a m e s t o p codons. mRNA l e v e l s f r o m 

t h i s a r e a l s o d r a s t i c a l l y r e d u c e d , a l t h o u g h t h e gene's p r o m o t e r r e g i o n 

was shown t o be f u n c t i o n a l when t r a n s f o r m e d w i t h a r e p o r t e r gene i n t o 

t o b a c c o ( V o e l k e r e t al.,1990). 

There i s a 6bp r e p e a t i n t h e 5' f l a n k i n g r e g i o n o f legK, w h i c h i s 

n o t p r e s e n t i n leg J, t h i s l i e s 20bp f r o m t h e s t a r t codon p o s i t i o n . 

B e f o r e t h i s r e g i o n o f legK had been sequenced f r o m B i r t e i t was 

s u g g e s t e d t h a t t h i s r e p e a t m i g h t a f f e c t mRNA s t a b i l i t y , as i t was 

l o c a t e d i n t h e area where r i b o s o m a l b i n d i n g would be e x p e c t e d (Thompson 

e t al., 1 9 9 1 ) . However, now t h a t t h i s r e p e a t has been f o u n d i n t h e 

f u n c t i o n a l legK gene f r o m B i r t e , i t i s shown t h a t t h i s c a n n o t be t h e 

case. T h i s a l s o r u l e s o u t any c o n n e c t i o n between o c c u r r e n c e o f t h i s 

r e p e a t and t h e m u t a t i o n o f t h e s t a r t codon. 
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The l e g x phenotype 

when p r o t e i n f r o m FF and B i r t e seeds was a n a l y s e d by t w o 

d i m e n s i o n a l g e l e l e c t r o p h o r e s i s i t c o u l d be seen t h a t B i r t e c o n t a i n e d an 

e x t r a m i n o r l e g u m i n s u b u n i t p a i r . A l t h o u g h t h e s e g e l s were r u n u s i n g 

t o t a l e x t r a c t t h e s u b u n i t p a t t e r n was e s s e n t i a l l y t h e same as t h a t 

o b t a i n e d u s i n g p u r i f i e d l e g u m i n ( M a t t a e t al.,1981) e x c e p t t h a t t h e u -

s u b u n i t s ( l a b e l l e d legJ and legX on f i g . 23) appear t o have been 

r e s o l v e d on t h e s e g e l s ( f i g . 2 2 ) . The s u b u n i t p a i r L2 ( M a t t a e t 

al.,1981) i d e n t i f i e d w i t h l e g J (Gatehouse e t al.,1988) was p r e s e n t i n 

b o t h e x t r a c t s b u t t h e s u b u n i t s p r e s e n t i n B i r t e and n o t i n FF cannot be 

t h o s e t e n t a t i v e l y a s c r i b e d t o legK by Croy e t al. ( 1 9 8 8 ) . The f i g u r e 

( f i g . 23) t h e s e a u t h o r s used shows p u r i f i e d l e g u m i n f r o m FF seeds and so 

does n o t c o n t a i n t h e legK s u b u n i t p a i r . P o s s i b l y t h e s u b u n i t p a i r 

a s c r i b e d t o legK c o u l d be t h e p r o d u c t o f a n o t h e r member o f t h i s 

s u b f a m i l y (see b e l o w ) . The presence and e x p r e s s i o n o f a t h i r d member o f 

t h i s s u b f a m i l y , legL, can be deduced by t h e number o f bands h y b r i d i s e d 

t o on genomic b l o t by leg J s u b f a m i l y s p e c i f i c p r o b e (Domoney & Casey, 

1985, L e v a s s e u r , 1988) and by FF mRNAs h y b r i d i s e d t o by legK c o d i n g 

sequence p r o b e s , b u t unaccounted f o r by leg J s p e c i f i c probes (Thompson 

e t al.,1991). 

The a - s u b u n i t o f legK appears on g e l t o be o f c o n s i d e r a b l y l o w e r 

Mr t h a n t h a t o f t h e s u b u n i t p a i r a s c r i b e d t o legJ ( f i g . 2 3, 

a p p r o x i m a t e l y 37.5k and 43k, r e s p e c t i v e l y , u s i n g t h e s i z e e s t i m a t e s o f 

M a t t a e t a l . , 1 9 8 1 ) . The legK sequence p r e d i c t s a s u b u n i t Mr o f 33,889 

compared t o 34,485 f o r legJ a - s u b u n i t (Gatehouse e t al.,1988), w h i c h 

does n o t a c c o u n t f o r t h e l a r g e s i z e d i f f e r e n c e on g e l . The r e a s o n f o r 

t h e s i z e d i s c r e p a n c y i s n o t c l e a r . I t has been shown t h a t l e g u m i n i s n o t 

g l y c o s y l a t e d ( Gatehouse et al.,1980), so d i f f e r e n t i a l c a r b o h y d r a t e 

a t t a c h m e n t c a n n o t be t h e cause. I t may be t h a t t h o s e s u b u n i t s a s c r i b e d 
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F i g . 23 Two dimensional polyacrylamide g e l of p u r i f i e d legumin from Feltham 
F i r s t , run i n the f i r s t dimen ion under non-reducing c o n d i t i o n s and i n 
the second, under reducing c o n d i t i o n s . The Mr of legumin polypeptides 
run s e p a r a t e l y under both c o n d i t i o n s i s i n d i c a t e d . Taken from Crov 
al. (1988). y 
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t o legJ are i n f a c t t h e p r o d u c t o f legL, whose homology t o l e g J would be 

h i g h , a c c o u n t i n g f o r t h e agreement o f t h e p e p t i d e sequences f r o m t h e s e 

s u b u n i t s w i t h t h a t d e r i v e d f r o m legJ, b u t w h i c h c o u l d c o n t a i n a 

d u p l i c a t i o n ( o r d u p l i c a t i o n s ) i n t h e v a r i a b l e C - t e r m i n a l r e g i o n o f t h e 

a - s u b u n i t , as i s t h e case i n t h e legA gene s u b f a m i l y ( L y c e t t e t 

al.,1984b) and l e g s (Domoney e t al.,1986b). T h i s h y p o t h e s i s i s s u p p o r t e d 

by two r e s u l t s . 1) a 2D i s o e l e c t r i c f o c u s i n g g e l o f l e g u m i n a - s u b u n i t s 

( K r i s h n a e t a l . , 1 9 7 9 ) w h i c h shows legS s u b u n i t s and t h e s u b u n i t 

p r e v i o u s l y a s c r i b e d t o legJ ( f i g . 23) t o have l o w e r p i s t h a n t h e main 

group o f l e g u m i n s u b u n i t s ; t h e e n l a r g e m e n t by d u p l i c a t i o n o f t h e a c i d i c 

r e g i o n a t t h e C - t e r m i n a l o f t h e s e s u b u n i t s would a c c o u n t f o r t h e l o w e r 

p i v a l u e s . 2) mRNA e n c o d i n g legL was shown t o have a s i g n i f i c a n t l y 

h i g h e r Mr t h a n t h a t e n c o d i n g legJ (Thompson e t al.,1991). I f t h e s p o t on 

f i g . 23 l a b e l l e d legJ i s , however legL, t h e n t h a t l a b e l l e d legK i s 

presumably legJ and i s o f a s l i g h t l y l o w e r Mr t h a n t h a t shown t o be legK 

i n B i r t e . T h i s i s a r e v e r s a l o f t h e r e l a t i v e s i z e s p r e d i c t e d by t h e 

sequences, b u t t h e s i z e d i f f e r e n c e s a r e s m a l l , and may r e f l e c t t h e 

s l i g h t l y changed amino a c i d c o m p o s i t i o n o f legK w i t h r e s p e c t t o legJ. 

The legumin gene f a m i l y i n F e l t h a m F i r s t 

T h i s work and o t h e r r e c e n t s t u d i e s have shed l i g h t on t h e n a t u r e o f 

t h e l e g u m i n gene f a m i l y and a f i n a l p i c t u r e can be drawn, a l t h o u g h 

f u r t h e r a d d i t i o n s o f d i s t a n t l y r e l a t e d genes c a n n o t be r u l e d o u t . The 

v a r i a b i l i t y between pea l i n e s and v a r i e t i e s (Casey, 1979, M a t t a & 

Gatehouse, 1982) means t h a t t h e s e s p e c i f i c comments can o n l y be a p p l i e d 

t o t h e FF l i n e , b u t t h e main f r a m e w o r k o f t h e f a m i l y s h o u l d b e 

a p p l i c a b l e t o o t h e r l i n e s . F i g . 24 shows t h e o u t l i n e o f t h e l e g u m i n 

f a m i l y t r e e based on t h e homology between t h e N - t e r m i n a l sequences o f 

b o t h s u b u n i t s ( a l l t h e a v a i l a b l e sequence f r o m legX). 
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F i g . 24 Legumin gene f a m i l y t r e e - d i a g r a m d e m o n s t r a t i n g t h e r e l a t i o n s h i p 
between, and c o m p o s i t i o n o f , t h e l e g u m i n gene s u b f a m i l i e s i n F e l t h a m 
F i r s t . The d i s t a n c e between t h e b r a n c h p o i n t s i n t h e v e r t i c a l a x i s 
i s based on t h e mean i d e n t i t i e s between t h e N - t e r m i n a l sequences o f 
t h e s u b u n i t s encoded by t h e s u b f a m i l y members. Sequences used e x t e n d 
as f a r as t h e sequence d e t e r m i n e d on t h e legX encoded p r o t e i n s u b u n i t s 
(March e t a l . , 1 9 8 8 ) . P o s i t i o n and s p a c i n g i n t h e h o r i z o n t a l a x i s i s 
a r b i t r a r y . 

The legA s u b f a m i l y c o n s i s t s o f f i v e members l y i n g on f o u r Eco RI 

f r a g m e n t s ( C r o y e t al.,1982, Domoney & Casey, 1 9 8 5 ) . legA and t h e 

pseudogene legD o c c u r on a 13.5kbp f r a g m e n t (Bown e t al.,1985), legE on 

t h e 4.3kbp f r a g m e n t ( R e r i e e t al.,1990, Y a i s h , 1990) and legB and legrC 

presumably on t h e o t h e r two f r a g m e n t s . The genes w i t h i n t h i s s u b f a m i l y 

encode t h e L4 s u b u n i t s ( M a t t a e t al.,1981) marked as LegA-C on f i g . 23. 

cDNAs have been i s o l a t e d w h i c h encode p e p t i d e s sequenced f r o m t h e L5 

s u b u n i t s ( M a t t a et a i . , 1 9 8 1 ) marked as Legs on f i g . 23. The t h r e e 

s u b u n i t s a r e a r r a n g e d aN-aC-p on t h e cDNA ( 5 ' - 3 ' ) , o n l y t h e aN and p 
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s u b u n i t s c o n t a i n i n g c y s t e i n e r e s i d u e s and r e m a i n i n g l i n k e d a f t e r 

p r o t e o l y t i c c l e a v a g e (Domoney e t al. ,1986b, Gatehouse,JA. & G i l r o y , J S . , 

u n p u b l i s h e d w o r k ) . There i s some doubt as t o t h e gene copy number of t h e 

legs s u b f a m i l y a l t h o u g h a maximum number o f two seems l i k e l y (Domoney & 

Casey, 1985, Domoney e t a l . , 1 9 8 6 a ) . 

A l t h o u g h N - t e r m i n a l sequences f r o m t h e L I ( M a t t a e t a l . , 1 9 8 1 ) 

s u b u n i t s , legX on f i g . 23 have been d e t e r m i n e d (March e t a l . , 1 9 8 8 ) , no 

cDNA o r genes have y e t been i s o l a t e d f r o m t h i s s u b f a m i l y so i t i s 

i m p o s s i b l e t o e s t i m a t e i t s s i z e . The r e m a i n i n g s u b u n i t p a i r s L2 and L3 

( M a t t a e t a l . , 1 9 8 1 ) , l e g J and legK on f i g . 23, c o m p r i s e Casey's a m 

s u b u n i t s (Casey, 1979). P e p t i d e s sequenced f r o m t h e s e match those o f t h e 

legJ gene s u b f a m i l y (Gatehouse e t a l . , 1 9 8 8 ) , t h e s u b j e c t o f p a r t o f t h i s 

work. From genomic b l o t s i t can be seen t h a t t h i s s u b f a m i l y c o n s i s t s o f 

t h r e e members (Domoney & Casey, 1985, L e v a s s e u r , 1 9 8 8 ) . I t has been 

shown t h a t legK i s n o t expressed i n FF and t h a t t h e p r o t e i n encoded by 

legJ i s o f s i m i l a r Mr t o t h a t encoded by legK. The p o s i t i o n o f t h e LegK 

a - s u b u n i t on t w o - d i m e n s i o n a l g e l has been e s t a b l i s h e d i n B i r t e as l y i n g 

c l o s e t o t h a t o f t h e L3 s u b u n i t o r legK on f i g . 23. The L3 s u b u n i t p a i r 

i s t h e r e f o r e a s c r i b e d t o legJ and t h e L2 s u b u n i t p a i r t o a r e l a t e d gene, 

legL, p o s t u l a t e d t o have an e n l a r g e d a c i d i c r e g i o n a t t h e C-terminus o f 

t h e a - s u b u n i t . 
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CHAPTER TEN; ROOT PROTEIN RESULTS 

I s o l a t i o n o f t h e major pea r o o t p r o t e i n 

Root p r o t e i n e x t r a c t i o n 

T o t a l r o o t p r o t e i n was e x t r a c t e d f r o m l g o f l y o p h i l i s e d r o o t s f r o m 

f l o w e r i n g FF pea p l a n t s and p r e c i p i t a t e d w i t h ammonium s u l p h a t e t o 90% 

s a t u r a t i o n . The p r e c i p i t a t e was r e s u s p e n d e d i n lxPBS 20mM p-

m e r c a p t o e t h a n o l , t h i s and t h e s u p e r n a t a n t d i a l y s e d a g a i n s t t h e 

r e s u s p e n s i o n b u f f e r and l y o p h i l i s e d . Samples o f t h e ammonium s u l p h a t e 

p r e c i p i t a t e and s u p e r n a t a n t s were e l e c t r o p h o r e s e d on 17.5% a c r y l a m i d e 

g e l under r e d u c i n g c o n d i t i o n s ( f i g . 2 5 a ) . No p r o t e i n c o u l d be seen i n 

t h e s u p e r n a t a n t , t h e p r e c i p i t a t e c o n t a i n e d many bands o f s i m i l a r 

i n t e n s i t y p r e d o m i n a n t l y i n t h e 23-80k Mr ran g e and a m a j o r band o f 

16,000 Mr. 

Ammonium s u l p h a t e f r a c t i o n a t i o n o f r o o t p r o t e i n 

To p u r i f y t h e major p r o t e i n , ammonium s u l p h a t e c u t s were p e r f o r m e d 

on p r o t e i n e x t r a c t e d f r o m lOg o f l y o p h i l i s e d r o o t s . Ammonium s u l p h a t e 

was added s u c c e s s i v e l y t o 45, 60, 75 and 90% s a t u r a t i o n . The 

p r e c i p i t a t e s were resuspended i n lxPBS 20mM p - m e r c a p t o e t h a n o l , d i a l y s e d 

a g a i n s t t h e r e s u s p e n s i o n b u f f e r and l y o p h i l i s e d . Samples o f t h e s e were 

e l e c t r o p h o r e s e d on 17.5% p o l y a c r y l a m i d e g e l under r e d u c i n g c o n d i t i o n s . 

The g e l , f i g . 25b, shows t h a t t h e m a j o r i t y o f t h e 16k Mr p r o t e i n i s i n 

t h e 60-75% ammonium s u l p h a t e f r a c t i o n b u t t h i s i s h e a v i l y c o n t a m i n a t e d 

w i t h o t h e r p r o t e i n s . 

P u r i f i c a t i o n o f t h e major p r o t e i n by g e l f i l t r a t i o n 

As t h e m a j o r p r o t e i n band appeared t o be r e a s o n a b l y w e l l s e p a r a t e d 

i n s i z e f r o m c o n t a m i n a t i n g p r o t e i n s on p o l y a c r y l a m i d e g e l o f t h e 60-75% 

ammonium s u l p h a t e f r a c t i o n ( f i g . 2 5 b ) , i t was d e c i d e d t o p u r i f y t h i s by 
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a) std AS 90 ppt Std b) 45p 45s 60 75 90 
i 1 i 1 i i i 1 i 1 i I I 1 i 

k D k D 

4 5 

F i g . 25 Poly a c r y l a m i d e g e l s of; a) 90% ammonium sulphate p r e c i p i t a b l e pea 
r o o t p r o t e i n , 100 and 500ng loaded, and b) ammonium sulphate 
f r a c t i o n s of pea root p r o t e i n , 300fig l o a d i n g s . Standard p r o t e i n s were 
r u n on g e l a) and t h e i r Mrs are i n d i c a t e d . F r a c t i o n s on g e l b) are 
t h e p r o t e i n p r e c i p i t a b l e a f t e r the s u c c e s s i v e a d d i t i o n of ammonium 
sulphate t o 45 ,60,75 and 90% s a t u r a t i o n . The 45% ppt was resuspended, 
d i a l y s e d and the ppt a f t e r d i a l y s i s run s e p a r a t e l y (45p) from the 
supernatant ( 4 5 s ) . 
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26 Absorbance of f r a c t i o n s from root p r o t e i n 60-75% ammonium s u l p h a t e 
f r a c t i o n s e p a r a t e d on g e l f i l t r a t i o n column (above) and 
po l y a c r y l a m i d e g e l of the r e g i o n s , A,B,C & D pooled from t h i s 
( b e l o w ) . A 500ng sample of the s t a r t i n g m a t e r i a l was run on g e l (AS 
75) and loadings of 200 and 500ug of each pool run. 
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g e l f i l t r a t i o n . To p r e v e n t a g g r e g a t i o n o f t h e p r o t e i n , 20mg o f t h i s 

f r a c t i o n was reduced and c a r b o x y m e t h y l a t e d . A 1cm d i a m e t e r , 180cm column 

was packed w i t h s e p h a c r y l S-200 i n 70% f o r m i c a c i d and t h e l y o p h i l i s e d 

sample r u n t h r o u g h under g r a v i t y . F r a c t i o n s were c o l l e c t e d and t h e 

absorbance a t 280nm m o n i t o r e d , peaks were p o o l e d ( f i g . 2 6 ) , d i l u t e d 15x 

w i t h H 20 and l y o p h i l i s e d . Samples f r o m t h e peaks were e l e c t r o p h o r e s e d on 

17.5% p o l y a c r y l a m i d e g e l under r e d u c i n g c o n d i t i o n s . The g e l , f i g . 26, 
una JOT* 

shows t h a t t h e t h i r d peak f r o m t h e column c o n t a i n e d p u r e ( s i n g l e band on 

g e l ) 16k Mr p r o t e i n . 

N - t e r m i n a l s e q u e n c i n g of t h e m a j o r r o o t p r o t e i n 

Manual N - t e r m i n a l sequencing was p e r f o r m e d on t h e p u r i f i e d 16k r o o t 

p r o t e i n u s i n g DABITC ( H i r a n o e t a l . , 1 9 8 2 , Chang e t al.,1978). The N-

t e r m i n a l sequence was G V F V F D/(W) D E Y V S T, w i t h t h e s i x t h 

r e s i d u e g i v i n g p r e d o m i n a n t l y a s p a r t a t e w i t h some t r y p t o p h a n . When t h e 

use o f an automated sequencer ( A p p l i e d B i o s y s t e m s model 471A p r o t e i n 

sequencer) became a v a i l a b l e , a s i m i l a r sample was r u n on t h a t , t h i s gave 

t h e N - t e r m i n a l sequence a s G V F V F D D E Y V S T V A A P ( P ) K L Y K 

A, an i d e n t i c a l r e s u l t t o t h a t o b t a i n e d m a n u a l l y . 

T r i a l CNBr t r e a t m e n t o f t h e major r o o t p r o t e i n 

To d e t e r m i n e w h e t h e r t h e p r o t e i n p u r i f i e d c o n t a i n e d any i n t e r n a l 

m e t h i o n i n e r e s i d u e s , an a t t e m p t was made t o c l e a v e i t w i t h CNBr. 0.2mg 

o f t h e g e l f i l t r a t i o n column f r a c t i o n were t r e a t e d w i t h CNBr, i n c u b a t i n g 

f o r 2 4 h r and r u n on p o l y a c r y l a m i d e g e l . No d i f f e r e n c e c o u l d be seen 

between CNBr t r e a t e d and n o n - t r e a t e d f r a c t i o n ( d a t a n o t shown). 
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S e q u e n c i n g o f t r y p t i c p e p t i d e s 

As CNBr had f a i l e d t o c l e a v e t h e 16k Mr r o o t p r o t e i n , no i n t e r n a l 

sequence d a t a c o u l d be o b t a i n e d f r o m i t s p r o d u c t s . The g e l f i l t r a t i o n 

column peak was d i g e s t e d w i t h t r y p s i n and t h e p r o d u c t s passed t h r o u g h 

HPLC, peaks were c o l l e c t e d and sequenced u s i n g DATBITC (as d e s c r i b e d i n ; 

Gatehouse e t al.,1982a & Chang e t a l . , 1 9 7 8 ) . U n f o r t u n a t e l y , due t o an 

e l e c t r i c a l f a u l t , t h e samples were d e s t r o y e d t h r o u g h o v e r h e a t i n g a f t e r 

a few c y c l e s . R e s u l t s o b t a i n e d were: 

D A D G D A 
E A Q A L / I E G Y 
G V F F V Q 

T r i a l o l i g o n u c l e o t i d e h y b r i d i s a t i o n t o r o o t RNA 

U s i n g t h e N - t e n n i n a l sequence, an o l i g o n u c l e o t i d e sequence w i t h t h e 

l e a s t redundancy was deduced: 

AA seq G V F V F D D E Y V S T V A P P K L Y K A 

DNA C C C C A C A C C A 
c o d i n g GGNGTNTT GTNTT GA GA GA TA GTNTCNACNGTNGCNCCNCCNAA TNTA AA GCN 
seq T T T T G T GT T G 

l e a s t r edundent 

G G G T G 
compliment AA CT CT CT AT CA 

A A A C A 

The sequence, A C G/A T A T/C T C G/A T C G/A T C G/A A A, t h e r > e v e y s e 

compliment o f t h e l e a s t r e d u n d a n t sequence was s y n t h e s i s e d . 

To check w h e t h e r t h i s c o u l d be used as a p r o b e a g a i n s t a cDNA 

l i b r a r y , a n o r t h e r n b l o t was p e r f o r m e d . RNA was i s o l a t e d f r o m r o o t s o f 

f l o w e r i n g FF pea p l a n t s , r u n on agarose g e l and b l o t t e d . The f i l t e r was 

p r o b e d w i t h t h e end l a b e l l e d o l i g o n u c l e o t i d e , p r e - h y b r i d i s i n g a n d 

h y b r i d i s i n g a t 40°C and w a s h i n g t o lxSSC 1%SDS a t 40°C f o r l h r . No 

h y b r i d i s a t i o n c o u l d be seen t o t h e f i l t e r ( d a t a n o t shown), a l t h o u g h 
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e x p e r i m e n t s under s i m i l a r c o n d i t i o n s had been s u c c e s s f u l w i t h c o n v i c i l i n 

o l i g o n u c l e o t i d e probes ( q v . ) - The h y b r i d i s a t i o n was r e p e a t e d a t 25°C, 

w a s h i n g a t t h i s t e m p e r a t u r e , i n i t i a l l y t o 5xSSC and t h e n 3xSSC, b u t 

a g a i n no h y b r i d i s a t i o n c o u l d be d e t e c t e d above background. 
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CHAPTER ELEVEN; ROOT PROTEIN DISCUSSSION 

P u r i f i c a t i o n of t h e major r o o t p r o t e i n 

The p u r i f i c a t i o n o f t h e 16k Mr p r o t e i n , w h i c h was t h e most abundant 

s p e c i e s p r e s e n t i n r o o t s f r o m f l o w e r i n g FF pea p l a n t s , p r o v e d t o be 

r e l a t i v e l y s t r a i g h t f o r w a r d . A 60-75% ammonium s u l p h a t e c u t f o l l o w e d by 

g e l f i l t r a t i o n y i e l d e d a s i n g l e band on p o l y a c r y l a m i d e g e l . To p r e v e n t 

o x i d a t i o n { J - m e r c a p t o e t h a n o l was used and t o p r e v e n t p r o t e o l y s i s 

l e u p e p t i n and PMSF were added i n t h e i n i t i a l e x t r a c t i o n . T h e r e w e r e 

s i g n s t h a t t h e p r o t e i n was a g g r e g a t i n g t o h i g h e r Mr f o r m s a f t e r 

e x t r a c t i o n and so t o p r e v e n t d i s u l p h i d e bond f o r m a t i o n , i t was reduc e d 

and c a r b o x y m e t h y l a t e d . 

I d e n t i f i c a t i o n o f t h e major r o o t p r o t e i n 

The N - t e r m i n a l sequence o f t h e i s o l a t e d p r o t e i n was used t o s e a r c h 

t h e NBRF p r o t e i n d a t a b a s e , b u t no sequence w i t h s i g n i f i c a n t homology 

c o u l d be f o u n d . Due t o t h e s m a l l amount o f work so f a r u n d e r t a k e n on 

r o o t p r o t e i n s , t h i s i s n o t a l t o g e t h e r s u r p r i s i n g , d e s p i t e t h e abundant 

n a t u r e o f t h i s p r o t e i n . Pea l e c t i n has been i s o l a t e d f r o m r o o t s and 

c o t y l e d o n s ( Gatehouse & B o u l t e r , 1 9 8 0 ) and c o n t a i n s a s u b u n i t o f a 

s i m i l a r Mr (17K) t o t h e r o o t p r o t e i n r e p o r t e d h e r e . However, t h e gene 

sequence o f pea l e c t i n (Gatehouse e t al.,1987) encodes a p r o t e i n w i t h no 

homology t o t h e p e p t i d e s o b t a i n e d f r o m t h i s p r o t e i n n o r c o u l d any 

homology be f o u n d t o o t h e r seed p r o t e i n s . T h i s p r o t e i n b e a r s no 

s i m i l a r i t y t o t h e h y d r o x y p r o l i n e - r i c h s t r u c t u r a l p r o t e i n s w h i c h a r e 

p r e s e n t i n q u a n t i t y i n r o o t c e l l w a l l s ( S h o w a l t e r & V a r n e r , 1989). The 

r o o t e x p r e s s e d enzymes s t u d i e d a r e presumably p r e s e n t a t l o w e r l e v e l s 

t h a n t h i s p r o t e i n . 

S t u d i e s have been u n d e r t a k e n on p r o t e i n f r o m s p e c i a l i s e d 

underground p l a n t organs such as t u b e r s and legume r o o t n o d u l e s . I n 
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p o t a t o t u b e r s , p a t a t i n a c c o u n t s f o r up t o 40% o f t h e s o l u b l e p r o t e i n 

(Edwards & C o r u z z i , 1990) and a l t h o u g h t u b e r s a r e d e r i v e d f r o m s t e m 

t i s s u e , e x p r e s s i o n o f p a t a t i n e n c o d i n g genes has been d e t e c t e d i n r o o t 

t i s s u e a l t h o u g h a t a s u b s t a n t i a l l y (lOOx) l o w e r l e v e l ( P i k a a r d e t al., 

1987). A g a i n t h e cDNA encoded p r o t e i n ( M i g n e r y e t al.,1984) b e a r s no 

homology t o t h a t i s o l a t e d here f r o m pea r o o t s and t h e same i s t r u e f o r 

t h e p r o t e a s e i n h i b i t o r s i s o l a t e d f r o m p o t a t o ( R i c h a r d s o n , 1 9 9 1 ) . 

A l t h o u g h most genes r e g a r d e d as n o d u l e s p e c i f i c have now been f o u n d t o 

be expressed i n o t h e r t i s s u e s (Edwards & C o r u z z i , 1990) t h i s i s a t a low 

l e v e l . No e v i d e n c e o f n o d u l a t i o n c o u l d be seen i n t h e p l a n t s grown 

h y d r o p o n i c a l l y f o r t h i s work. 

Attempt t o i s o l a t e a cDHA enco d i n g t h e major r o o t p r o t e i n 

As o n l y t h e N- t e r m i n u s o f t h e r o o t p r o t e i n had been s u c c e s s f u l l y 

sequenced f o r a r e a s o n a b l e d i s t a n c e , an o l i g o n u c l e o t i d e was p r e p a r e d 

a g a i n s t t h e l e a s t r e d u n d a n t DNA sequence e n c o d i n g r e s i d u e s f r o m t h i s . A 

17mer w i t h 32 f o l d redundancy was p r e p a r e d , l a b e l l e d and t e s t e d a g a i n s t 

r o o t RNA on a N b l o t . A l t h o u g h t h e c o n d i t i o n s used had been s u c c e s s f u l 

w i t h c o n v i c i l i n o l i g o s and t h e i n i t i a l t e m p e r a t u r e o f washing (40°C) was 

b e l o w t h a t c a l c u l a t e d f o r t h e m e l t i n g t e m p e r a t u r e o f t h e o l i g o 

c o n t a i n i n g t h e most (A+T), 42°C ( M a n i a t i s e t al.,1982), no h y b r i d i s a t i o n 

above b a c k g r o u n d c o u l d be seen. H y b r i d i s a t i o n and w a s h i n g a t l o w e r 

t e m p e r a t u r e a l s o f a i l e d t o g i v e a p o s i t i v e r e s u l t . 

As t h e d e t e c t i o n o f mRNA had f a i l e d w i t h t h i s o l i g o , i t was 

d e c i d e d n o t t o proceed t o a cDNA l i b r a r y s c r e e n e s p e c i a l l y as t h e 5 * end 

o f cDNA e n c o d i n g t h e N - t e r m i n u s o f p r o t e i n s i s t h a t most l i k e l y t o be 

l o s t d u r i n g s y n t h e s i s . Had more t i m e been a v a i l a b l e i t would have been 

p o s s i b l e t o p u r i f y more o f t h i s p r o t e i n f o r s e q u e n c i n g o f t r y p t i c 

p e p t i d e s . F u r t h e r o l i g o s c o u l d t h e n have been c o n s t r u c t e d f r o m i n t e r n a l 



p r o t e i n sequence and t h e s e used e i t h e r t o s c r e e n mRNA and cDNA d i r e c t l y 

o r , u s i n g PCR, t o a m p l i f y probes f o r s c r e e n i n g . 

120 



CHAPTER TWELVE: PURPLE POD PHENOTYPE - RESULTS 

Plaamid cDNA L i b r a r y 

A cDNA l i b r a r y was c o n s t r u c t e d i n t h e v e c t o r pUC18 u s i n g p o l y ( A ) 

e n r i c h e d RNA f r o m 5 d a f PP pea pods. DNA was p r e p a r e d f r o m t w e l v e random 

r e c o m b i n a n t s , and t h e i n s e r t s i z e d e t e r m i n e d . I n s e r t s r a n g e d i n s i z e 

f r o m 200 t o 1500bp, a l t h o u g h most i n s e r t s were i n t h e range 200-500bp. 

1152 r e c o m b i n a n t s were p r e s e r v e d i n 40% g l y c e r o l i n t w e l v e d u p l i c a t e 96 

w e l l m i c r o t i t r e p l a t e s , and were d e s i g n a t e d pPPl-pPP1152. 

T r i a l S c r e e n o f p l a s m i d cDNA l i b r a r y 

U s i n g a 48 pron g e d f o r k , 4 r e p l i c a t e s e t s o f c o l o n i e s f r o m t h e 

p r e s e r v e d cDNA l i b r a r y were grown and a m p l i f i e d on n i t r o c e l l u l o s e 

f i l t e r s . C o l o n i e s were l y s e d and t h e DNA bound t o t h e n i t r o c e l l u l o s e by 

b a k i n g . 

To t e s t w h e t h e r genes f r o m t h e a n t h o c y a n i n b i o s y n t h e s i s p a t h w a y 

c o u l d be i s o l a t e d f r o m t h i s l i b r a r y , one s e t o f f i l t e r s was probed w i t h 

t h e i n s e r t f r o m Phaseolus vulgaris c h a l c o n e s y n t h a s e cDNA, pCHSl (Ryder 

e t al., 1987), and a n o t h e r s e t w i t h a f r a g m e n t f r o m t h e maize Al gene, 

pMu0.6Pst f r o m clOMu ( O ' R e i l l y e t al.,1985). A f t e r w a s h i n g t h e f i l t e r s 

t o 2xSSC, 2x30mins a t 65°C, f o u r r e c o m b i n a n t s remained h y b r i d i s e d t o by 

t h e pCHSl probe b u t no c o n v i n c i n g h y b r i d i s a t i o n c o u l d be obs e r v e d on t h e 

f i l t e r s probed w i t h Al. 

DNA was i s o l a t e d f r o m t h e pCRSl p o s i t i v e c l o n e s , r e s t r i c t e d , 

e l e c t r o p h o r e s e d on agarose g e l , b l o t t e d o n t o n i t r o c e l l u l o s e f i l t e r and 

pr o b e d w i t h t h e probe used above, w a s h i n g t o lxSSC, 2x30mins a t 65°C. 

DNA i n s e r t s f r o m t h r e e o f t h e c l o n e s s t i l l h y b r i d i s e d t o t h e probe under 

t h e s e c o n d i t i o n s . The DNA sequences o f t h e t h r e e i n s e r t s were d e t e r m i n e d 

m a n u a l l y and t h e r e s u l t s a r e p r e s e n t e d i n f i g . 27. pPP166 i s i d e n t i c a l 

t o pPP888, h a v i n g an i n s e r t 193bp i n l e n g t h c o n t a i n i n g an ORF o f 117bp 
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0 V 0 H S I L S 
372 6AAIMM>Tfl(M)AC66GGAH^ 105 
166 GG«6AAGT(MyeT6AAG6^ 122 
AA. R K S K D E G H 1 T T B E G L E H 6 V L L B L G P G I T 1 D T V L V R S V A I t 
06 R K S V E N G L K T T 6 E G L E H 6 V L F 6 F 6 P G L T 1 E T V V I H S V A V I 

372 A n i l C A M T G n A C T A A S A A A A C A A B T T n A n ^ 227 
166 ATCCCOOTGnACTAAGA /WAJA^ 193 

372 nTATCTATAAnAATTAT6GTTflTCA6TGTTTTATGTAACCCTTTGATGTTCTATTCTCSAGCCAC 294 

Fig. 27 Nucleotide sequences for pea pod clulcone synthase cDNAs pPP166 and pPP372. The derived asino acid sequence froa 
pPP166 is shown belm the DNA sequence and those residues differing in the derived sequence froa pPP372 are shown 
above. The consensus sequence for this region froa Phaseolus vulgaris chalcone synthase cDNft (CHS) is also presented. 
A putative polyadenylation signal in the pPP166 sequence is underlined. 

e n c o d i n g 39 aa pPP372 has an i n s e r t 294bp i n l e n g t h w i t h an ORF o f 102bp 

(34 a a ) . The ORFs were c o n f i r m e d by homology t o t h e d e t e r m i n e d aa 

sequence f r o m Phaseolus vulgaris CHS (Ryder e t al.,1987). I n t h e 102bp 

r e g i o n o f o v e r l a p i n t h e c o d i n g sequence o f t h e two pea CHS cDNA c l o n e s 

t h e r e a r e 14 base d i f f e r e n c e s r e s u l t i n g i n e i g h t aa s u b s t i t u t i o n s . The 

sequence 3' f r o m t h e s t o p codon i s c o n s e r v e d between t h e two f o r 23bp 

b e f o r e t h e y d i v e r g e . 

D i f f e r e n t i a l s c r e e n o f p l a s m i d cDNA l i b r a r y 

The r e m a i n i n g two r e p l i c a t e s e t s o f f i l t e r s c o n t a i n i n g t h e cDNA 

l i b r a r y were i n d e p e n d e n t l y probed w i t h l a b e l l e d cDNA p r e p a r e d f r o m 5 d a f 

pea pods, f r o m e i t h e r t h e p u r p l e podded l i n e PP o r t h e s t a n d a r d ( g r e e n 

podded) l i n e FF. H y b r i d i s a t i o n was a l l o w e d t o p r o c e e d f o r 60 h r s and 

was h i n g was t o 2xSSC, 2x30mins, a l l a t 65°C. DMA was p r e p a r e d f r o m 37 

c l o n e s w h i c h appeared t o be h y b r i d i s e d t o more s t r o n g l y by t h e cDNA 

p r e p a r e d f r o m t h e p u r p l e podded l i n e t h a n t h e g r e e n podded l i n e . The 

i n s e r t s i z e s f r o m t h e s e when d e t e r m i n e d by r e s t r i c t i o n and agarose g e l 

e l e c t r o p h o r e s i s were i n t h e ra n g e 100-1000bp, 30 o f w h i c h were below 

300bp i n l e n g t h . 
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On t h e b a s i s o f s i z e and de g r e e o f d i f f e r e n t i a l h y b r i d i s a t i o n , 

i n s e r t s f r o m 13 o f t h e s e cDNAs were i s o l a t e d , l a b e l l e d and used t o probe 

n o r t h e r n b l o t s c o n t a i n i n g t o t a l RNA f r o m FF, PP and mutant gree n pods 

f r o m t h e PP l i n e (GP). Washing was t o O.lxSSC, 0.1%SDS a t 50 6C, f o r 2x20 

mins. DNA f r o m e i g h t i n s e r t s h y b r i d i s e d n o n - s p e c i f i c a l l y t o r i b o s o m a l 

RNA i n a l l l i n e s , two h y b r i d i s e d w i t h e q u a l i n t e n s i t y t o s i n g l e mRNAs 

f r o m a l l t h r e e pea l i n e s , and t h r e e h y b r i d i s e d t o s i n g l e mRNAs more 

s t r o n g l y i n t h e PP l i n e s t h a n t h e FF l i n e s . These r e s u l t s a r e p r e s e n t e d 

i n f i g . 28. 

D i f f e r e n t i a l l y e x p r e s s e d p l a s m i d cDNAs 

Clone pPP590 h y b r i d i s e d t o a 1.75-1.8kb mRNA, s t r o n g l y i n PP and 

weakly i n GP and FF RNAs, w i t h t h e i n t e n s i t y o f t h e band i n GP 16% o f PP 

and i n FF 2 1 % o f PP (mean p e r c e n t a g e s o f peak areas f r o m a u t o r a d i o g r a p h s 

o f d u p l i c a t e g e l s scanned by l a s e r d e n s i t o m e t e r ) . pPP812 h y b r i d i s e d t o a 

500b mRNA, s t r o n g l y i n PP, w e a k l y i n GP ( w i t h t h e i n t e n s i t y o f t h e GP 

band 16% o f t h e PP band) and no h y b r i d i s a t i o n c o u l d be d e t e c t e d t o FF 

RNA. pPP927 h y b r i d i s e d t o a 2.2kb mRNA, s t r o n g l y i n PP and GP RNAs and 

we a k l y i n FF, w i t h t h e i n t e n s i t y o f t h e FF band 5% o f t h a t i n t h e PP 

t r a c k (GP when scanned gave 8 1 % o f PP b u t t h i s f i g u r e i s l o w due t o 

i r r e g u l a r i t i e s i n t h e band see f i g . 2 8 ) . 

Manual s e q u e n c i n g was p e r f o r m e d on t h e s e cDNAs. pPP590 ( f i g . 32) 

c o n t a i n s an i n s e r t o f 37 4bp w i t h one c o n t i n u o u s ORF p r e d i c t i n g a 

p r o l i n e - r i c h aa sequence. pPP812 ( f i g . 29) c o n t a i n s a 274bp i n s e r t ORFs 

p r e s e n t i n t h i s sequence d i d n o t show s i g n i f i c a n t homology t o any 

p o l y p e p t i d e s e q u e n c e s i n t h e NBRF p r o t e i n d a t a b a s e . A consensus 

p o l y a d e n y l a t i o n s i g n a l o c c u r s i n a r e g i o n 50bp f r o m one end o f t h e 

pPP812 sequence. pPP927 ( f i g . 37) c o n t a i n s a 241bp i n s e r t . One p l a u s i b l e 

ORF o f 37 aa i s p r e s e n t , and t h i s i s f o l l o w e d by a consensus 

123 



GP FF ]->P FF PP GP PP GP FF 

kb 

kb kb 

• 

m 
0.9 

590 812 927 

F i g . 28 N o r t h e r n b l o t s o f t o t a l RNA from PP, GP, and FF pods probed w i t h 
l a b e l l e d pod cDNAs pPP590, pPP812 and pPP927. The p o s i t i o n s t a n d a r d 
RNAs m i g r a t e d t o on t h e o r i g i n a l g e l s i s i n d i c a t e d f o r each f i l t e r . 
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Sequenced strand 

GGAATACTCATCTCTGmTTATTGTTmCTTGTTTCTTC^ 
G I L I S V F I V F L V S S T V E G S T S 6 S G G 6 V T L P E S C T P P K C E C 
E Y S S L F L L F F L F L Q P H K V L L P V P 6 V E S P F L N H A L H R S V S A 
N T H L C F Y C F S C F F N R G R F Y F R F R G W S H P S t l H H S T E V t V Q 

A f t A f i T T r r ^ n i m T r m s T 6 a s 6 ^ 
K V P P C F P R A G A A S T T S A A L P P Q N D N t H Y H F Y V I N K N I C I S 
K F H L A F P V P A P P P P P P P L F H H R M I I S I I J S H t t l k ' I S V S L 
S S T L L S P C R R R L H H L R R S S T T E t t L A L S F L C M K t K Y L Y L Y 

ATGTTGTACCTATAATGAGTACAACCTC8TGCCG 
H L Y L t t V Q P R A 
C C T Y N E Y N L V P 
V V P I N S T T S C 

Cosplementary strand 

KGCACGAGGnGTACTCAnATAGGTATM^TAGAGATACAGATATTTnAn 
R H E V V L I 1 G T T I R Y R Y F Y L L H R N D N A N Y H S V V E E R R R H W R 
G T R L Y S L t V Q H R D T D I F I Y Y I E H I H L I I I L W W K S G 6 6 G 6 G 
A R G C T H Y R Y N I E I Q I F L F I T t K t t C t L S F C G G R A A E V V E A 

[MEQM:AC6G6GAAAG(MffiT66AACTTT& 
R R R H G E S K V E L C T H T S V E C H I Q E G I L H P R N R K I N L P R L K K 
6 A G T 6 K A R H N F A L T L R H S A J F R K 6 D S T P G T G S R T F H 6 t R N 
A P A R G K Q G G T L H S H F G G V H D S G R V T P P P E P E V E P S T V E E T 

CAAGAAAAACM[fl6^CAGAGATGAGTATTCC 
Q E K Q t K Q f i l V F 
K K N N K N R D E Y S 
R K T I K T E M S l 

F i g . 29 N u c l e o t i d e and d e r i v e d amino a c i d sequences f r o m pPP812 cDNA. 
Consensus p o l y a d e n y l a t i o n s i g n a l s a r e u n d e r l i n e d . 
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p o l y a d e n y l a t i o n s i g n a l i n a r e g i o n lOObp 3' f r o m t h e p o s s i b l e s t o p 

codon. On s e a r c h i n g t h e NBRF p r o t e i n database t h i s ORF was fou n d t o show 

homology t o t h e aa sequence encoded by a p e c t i n e s t e r a s e cDNA f r o m tomato 

(Ray e t al.,1988). 

T i s s u e s p e c i f i c i t y o f d i f f e r e n t i a l l y e x p r e s s e d cDNAs 

Samples o f pod, l e a f and p e t a l t o t a l RNA f r o m t h e PP l i n e were r u n 

on g e l , b l o t t e d and probed w i t h a m i x t u r e o f l a b e l l e d pPP590, pPP812 and 

pPP927 cDNAs, washing t o O.lxSSC 0.1%SDS a t 50°C. The r e s u l t ( f i g . 30a) 

i s t h a t a l l t h r e e cDNAs h y b r i d i s e s t r o n g l y t o t h e i r s o u r c e t i s s u e - pod, 

b u t n o t t o l e a f o r p e t a l RNA. The amount o f p e t a l RNA r u n on t h i s g e l 

was i n f a c t l e s s t h a n t h e o t h e r t i s s u e s (4.3^ig compared w i t h lO^ig o f pod 

and l e a f ) . A s i m i l a r e x p e r i m e n t was p e r f o r m e d u s i n g e q u a l amounts o f RNA 

( f i g . 30b) and p r o b i n g w i t h o n l y pPP590 and pPP812, washing t o t h e same 

s t r i n g e n c y . A g a i n b o t h cDNAs h y b r i d i s e d s t r o n g l y t o pod RNA and n o t t o 

l e a f RNA, b u t weak h y b r i d i s a t i o n c o u l d be seen, by pPP590 o n l y , t o p e t a l 

RNA. 

Phage lambda cDNA l i b r a r y 

As t h e p r e v i o u s cDNA l i b r a r y had produced p r e d o m i n a n t l y v e r y s h o r t 

cDNA, a second l i b r a r y was c o n s t r u c t e d , u s i n g mRNA f r o m t h e same 5 d a f 

PP pea pods, b u t t h i s t i m e , u s i n g t h e X.gtl0 v e c t o r . A l i b r a r y c o n t a i n i n g 

6xl0-> d i s t i n c t cDNA t r a n s f o r m a n t s was o b t a i n e d . D u p l i c a t e n i t r o c e l l u l o s e 

f i l t e r s each c o n t a i n i n g 2.7x10^ p l a q u e s were screened w i t h a m i x t u r e o f 

l a b e l l e d i n s e r t s f r o m t h e t h r e e cDNAs i s o l a t e d f r o m t h e p l a s m i d cDNA 

l i b r a r y ; pPP590, pPP812 and pPP927. P l u g s c o n t a i n i n g p o s i t i v e l y 

h y b r i d i s i n g p l a q u e s were removed and phage f r o m them p l a t e d and screened 

w i t h t h e t h r e e cDNAs s e p a r a t e l y . A l l p l u g s c o n t a i n e d pPP927 p o s i t i v e 

p l a q u e s b u t none were h y b r i d i s e d t o by pPP590 o r pPP812. 
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a) b) 

p e t a l l e a f pod pod p e t a l l e a f 
i 

kb 

kb 

2.4 927 

812 

812 

F i g . 30 N o r t h e r n b l o t s o f t o t a l RNA f r o m v a r i o u s t i s s u e s f r o m l i n e PP probed 
w i t h mixed pod cDNAs. B l o t a) i s probed w i t h pPP590, pPP812 and 
pPP927, b l o t b) i s probed w i t h pPP590 and pPP812. The p o s i t i o n 
s t a n d a r d RNAs r a n t o on t h e o r i g i n a l g e l s i s i n d i c a t e d . The i d e n t i t y 
o f t h e h y d r i d i s i n g s p e c i e s ( j u d g e d f r o m t h e s i z e s d e t e r m i n e d f o r t h e 
s e p a r a t e cDNAs, f i g . 28) i s shown f o r each f i l t e r . 
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PPP927 p o s i t i v e lambda cDNA 

Four o f t h e pPP927 p o s i t i v e p l a q u e s were p u r i f i e d , DNA p r e p a r e d 

f r o m them, r e s t r i c t e d t o e x c i s e t h e i n s e r t and e l e c t r o p h o r e s e d on 

agarose g e l . The g e l was b l o t t e d and t h e n i t r o c e l l u l o s e f i l t e r p r o b e d 

w i t h pPP927 i n s e r t . The X cDNAs c o n t a i n e d i n s e r t s h y b r i d i s e d t o by 

pPP927 i n t h e range 400-600bp. The i n s e r t f r o m one o f t h e l a r g e r c l o n e s 

was a m p l i f i e d by PCR and c l o n e d i n t o p l a s m i d v e c t o r . The DNA sequence o f 

t h e i n s e r t f r o m t h i s p l a s m i d , d e s i g n a t e d pPPL927, was d e t e r m i n e d by 

automated sequencing and i s shown on f i g . 37. 

T h i s cDNA i s 4 7 8bp i n l e n g t h . I t i n c l u d e s a l l o f t h e p l a s m i d cDNA 

sequence and c o r r e s p o n d i n g r e g i o n s a r e i d e n t i c a l . The X. cDNA sequence 

e x t e n d s an e x t r a 69bp 3', I t c o n t a i n s t w o f u r t h e r c o n s e n s u s 

p o l y a d e n y l a t i o n s i g n a l s , and a t t h e 3' end, a 15bp p o l y ( A ) t a i l . I t a l s o 

e x t e n d s an a d d i t i o n a l 168bp i n t h e 5' d i r e c t i o n e x t e n d i n g t h e ORF by 56 

aa; t h e a d d i t i o n a l aa sequence c o n t i n u e s t h e homology w i t h t o m a t o 

p e c t i n e s t e r a s e . I t i s i n t e r e s t i n g t o n o t e t h a t a l t h o u g h t h i s i n s e r t was 

a m p l i f i e d by PCR, no d i f f e r e n c e s were ob s e r v e d between t h e two sequences 

o v e r t h e 241bp o f t h e p l a s m i d cDNA. Tag p o l y m e r a s e e r r o r s s h o u l d be 

a n t i c i p a t e d i n t h e sequence f r o m t h e s e p r o d u c t s ( K a r l o v s k y , 1990). 

Genomic l i b r a r y c o n s t r u c t i o n 

As t h e cDNA l i b r a r i e s had f a i l e d t o produce f u l l l e n g t h cDNA, i t 

was d e c i d e d t o proceed t o a genomic l i b r a r y u s i n g PP genomic DNA and t h e 

v e c t o r ^GEM-11. A l i b r a r y c o n t a i n i n g 9 x l 0 5 d i s t i n c t t r a n s f o r m a n t s was 

o b t a i n e d . D u p l i c a t e s e t s o f n i t r o c e l l u l o s e f i l t e r s c o n t a i n i n g 4xl0*> 

plaques were screened i n t u r n w i t h l a b e l l e d i n s e r t s f r o m c l o n e s i s o l a t e d 

f r o m t h e X cDNA l i b r a r y ; pPPL927 and t h e p l a s m i d cDNA l i b r a r y ; pPP590 

and pPP812. P l u g s c o n t a i n i n g d u p l i c a t e p o s i t i v e l y h y b r i d i s i n g r e g i o n s 

were t a k e n and plaq u e s p u r i f i e d f r o m t h e pPP590 and pPPL927 s c r e e n s . No 
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p l a q u e s c o u l d be p u r i f i e d f r o m t h e a p p a r e n t l y p o s i t i v e p l u g s t a k e n a f t e r 

s c r e e n i n g w i t h pPP812. 

PPP590 p o s i t i v e genomic c l o n e 

S i x c l o n e s h y b r i d i s e d t o by pPP590 were p u r i f i e d t o s i n g l e p l a q u e s , 

DNA was p r e p a r e d f r o m t h e s e , r e s t r i c t e d and e l e c t r o p h o r e s e d on agarose 

g e l s . A l l s i x c l o n e s were i d e n t i c a l . U s i n g t h e r e s u l t s f r o m t h e g e l s and 

t h o s e o b t a i n e d f r o m p r o b i n g b l o t s o f t h e s e g e l s w i t h l a b e l l e d pPP590 

i n s e r t , a r e s t r i c t i o n map f o r t h i s genomic c l o n e , d e s i g n a t e d PP590, was 

p r e p a r e d ( f i g . 3 1 ) . The r e g i o n c l o n e d i s 15.2kbp i n l e n g t h . A l k b p Hind 

I I I f r a g m e n t 5.2kbp f r o m t h e l e f t \ arm was h y b r i d i s e d t o by t h e cDNA 

and t h i s and a d j a c e n t r e g i o n s were s u b c l o n e d i n t o a p l a s m i d v e c t o r . The 

p l a s m i d s u b c l o n e s were f u r t h e r r e s t r i c t i o n mapped, M13 s u b c l o n e s 

p r e p a r e d and au t o m a t e d DNA s e q u e n c i n g p e r f o r m e d on t h e s e . A d e t a i l e d 

r e s t r i c t i o n map and sequencing s t r a t e g y i s a l s o shown on f i g . 3 1 . 3234bp 

were sequenced, i n b o t h d i r e c t i o n s w i t h a l l r e s t r i c t i o n s i t e s sequenced 

t h r o u g h . 

PP590 s e q u e n c e 

The l o n g e s t ORF o c c u r r i n g i n t h e sequence o b t a i n e d c o r r e s p o n d i n g t o 

t h e ORF w i t h no s t o p codons i n t h e cDNA ( f i g . 32) i s 1056bp i n l e n g t h , 

e n c o d i n g 352 aa. There i s no e v i d e n c e f o r t h e pre s e n c e o f any i n t r o n 

sequences i n t e r u p t i n g t h e ORF. The s t a r t i s w i t h i n t h e Hind I I I f r a g m e n t 

h y b r i d i s e d t o by t h e cDNA and t h e 3' end o f t h e ORF e x t e n d s 95bp i n t o 

t h e a d j a c e n t 1.3kbp H i n d I I I t o Eco RI f r a g m e n t . The n u c l e o t i d e sequence 

i s i d e n t i c a l t o t h a t o f t h e cDNA c l o n e s u g g e s t i n g t h a t t h e cDNA i s a 

p r o d u c t o f t h i s gene. 
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L e f t R i g h t 
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5 1 3* 

CDNA 

F i g . 31 R e s t r i c t i o n maps o f PP590 genomic c l o n e and t h e sequenced r e g i o n f r o m 
i t . R e s t r i c t i o n enzymes a r e a b b r e v i a t e d as: B, Bam H I ; Bg, Bgl I I ; D, 
Dra I ; E, Eco R l ; H, H i n d I I I ; K, Kpn I ; M, Msg I ; R, Rsa I ; X, Xba I . 
The c o d i n g r e g i o n i s h i g h l i g h t e d , t h e p o s i t i o n o f t h e cDNA shown and 
arrows below t h e sequenced r e g i o n r e p r e s e n t i n d i v i d u a l s e quencing r u n s . 
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5 9 0 fl/HXTTflTTTMr^rrcrrimrnATnttm^ 1 2 0 

590 CTATTCAAA/ffiTCATTCAAAGTTTGT^ 240 

590 TAGGAATATCAAATCCAATATAAAflTCATAGTTGTCMTTACATACTCAATCAAGTCTCTTTCTTTT 360 

590 TCTAAAACTAGCAAAATGTTGTmi^ 480 

590 AflGCATCA^TGTGCAGflTTTflTGAAAAAAAGATTAAGATTGCCCCTTTCflTCACGGGTCGftAT^ 600 

590 TT(IflTrGAITCaXITAT(IATGAAAAAAATAAfltM>ITCTTAAGACM 720 

590 flCSAGSCCCACTAAAAATCAATCAATGflTTTAftCATAAAAAATGAflTAGTTTAflTTCCAATTTGCTG^^ 840 

590 TTCATA6TTTTTTTUCCATflTftAACCTCATCACTCATTCTATTTTTTTAAGTGCAAAGCTTCflTA6TA6TGAG 960 
< TATA > M A N F A I AA. 

590 AGCCAATGTTTTGATACTTCTCTTGAACTTGA6TACCTTACTCAATGTTCTT6CTTGTCCTTflTTGTCCCTAra 1080 
AA. A N V L I L L L N L S T L L N V L A 0 P Y C P Y P S P K P P T H K P P I V K P P 

590 AGTTCATAAA(XACCAAAGCCACAACCTTGTCCACCTCCTTCTTCATCAOCGAAACCACCA(^ 1200 
AA. V H K P P K Q P C P P P S S S P K P P H V P K P P H Y P K P P A V H P P H V P K 

590 AAftACCACCAGCAGTGCATCCACCCCATGTTCCAAftACCACCAGT^ 1320 
AA. K P P A V H P P H V P K P P V V H P P 1 V H P P Y V P K P P V V K P P V V K P P 

590 OTGT(XCTAAAIXGCCTGTTGTT(IA6TAA(MC^ 1440 
AA. H V P K P P V V P V T P P Y I P K P P I V F P P H V P I P P V V P V T P P Y V P 

590 GAAGCCACCAATTGTCTnCCAfXAMTGTTCCTCTTlXACCAGTTGTTlXGGTAAC^^ 1560 
AA. K P P I V F P P H V P L P P V V P V T P P Y V P K P P I V F P P H V P L P P V V 

590 ItmTAAfmACCTTAreTTOTCTTCCTCCTGTreTTO^TAACACCACCTTTTG 1680 
AA. P V T P P Y V P L P P V V P V T P P F V P T P P M T P P T P T V P V P S P P S 

590 T6AAACACCATGTCCACCACDUXAIIAACAGTT6TACCT 1800 
AA. E T P C P P P P P T V V P Y P P P A Q P T C S 1 D A L K L G A C V D V L G 6 L 1 

590 AMTATTG6AAT(^TG6AAGTGCTAAAUAACATGTT6TCCATTGCTTCAAGGACT 1920 
AA. H I G I G G S A K Q T C C P L L Q G L V D L D A A V C L C T T I R L K L L N I N 

590 CXTTGTTATTCCCCnGCTCTTCAGGTTCTTATCGACTGTGGCAAAACTCCACCAGAflTC 2040 
AA. L V I P l A L Q V L I D C G K T P P E G F K C P S S t 

590 TAACAATTCCACGTTATAGTTCnAGTATA6TT6TGTA(OT 2160 

590 AGGTTWWTACACAAGGTTTGAAAGAGATGTAGTGAAGAA^ 2280 

590 TAGCTI3GGTGCAI]AGTAGAAAGTTTTCTGCACTTT(»TGAAGTAGTTGTCGTCGT 2400 
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590 T6TTTGATTGETGTGAT6CTCT6TGTnH»TGTCAG^ 2520 

590 G C T A O m T G m c m c r m m G G T Q ^ 2640 

590 TAAAATT66ATrXATATAT(M)UAAAAAGTTAAATCACT^^ 2760 

590 T6TTGACG6ATAGTT6TAGTMTTCATTCTATTGCA^ 2880 

590 CTTT6ATCTTrmAAmACGnAA6TGTAOT^ 3000 

590 BACTC6TGA6TTCCTTTAAAAAMCMAAAGATATT6TTTTAAAftATAAAMTAAM 3120 

590 ATTAATATAT6AGt^TCCACAACnCTnACAACAGCCTA6CAA6CAAATATC^ 3234 

F i g . 32 Nucleotide (590) and derived a i ino acid sequence (A.A.) of PP590 (ptWJ) gene. The extent of the plasaid cDNA, pPP590 i s 

indicated thus G/C r i c h regions in the 5' flanking sequence and consensus polyadenylation s ignals are 

underlined. The N- ten ina l residue predicted for PP590 i s boxed. 



The p r o l i n e - r i c h s e q uence 

On i n s p e c t i o n o f t h e d e r i v e d aa sequence f r o m PP590 i t i s a p p a r e n t 

t h a t i t c o n t a i n s a major p r o l i n e r i c h r e g i o n . The f i r s t p r o l i n e o f t h i s 

r e g i o n i s a t r e s i d u e 26, and i t e x t e n d s t o r e s i d u e 266, a s t r e t c h o f 240 

aa. The r e s i d u e s N - t e r m i n a l t o t h e p r o l i n e - r i c h r e g i o n appear t o f o r m a 

s i g n a l p e p t i d e , w i t h a h y d r o p h o b i c c o r e , VLILLL. Consensus p a t t e r n s f o r 

s i g n a l p e p t i d e c l e a v a g e s i t e s (von H e i j n e , 1983) su g g e s t t h a t c l e a v a g e 

o c c u r s between r e s i d u e s 24 and 25 p r e d i c t i n g an N - t e r m i n a l sequence f o r 

t h e mature p r o t e i n o f CPYCPYPSPK. 

P i g . 33 Amino a c i d c o m p o s i t i o n o f t h e two r e g i o n s o f PP590 
p r e d i c t e d p r o t e i n ( w i t h o u t s i g n a l p e p t i d e ) . 

o r o l i n e - r i c h r e a i o n C - t e r m i n a l r e g i o n 

r e s i d u e s mole % r e s i d u e s mole % 

a l a n i n e 2 0.8 7 8.0 
c y s t e i n e 4 1.7 8 9.1 
a s p a r t a t e 0 0 5 5.7 
g l u t a m a t e 1 0.4 1 1.1 
p h e n y l a l a n i n e 5 2.1 1 1.1 
g l y c i n e 0 0 9 10.2 
h i s t i d i n e 14 5.9 1 1.1 
i s o l e u c i n e 8 3.3 8 9.1 
l y s i n e 17 7.1 5 5.7 
l e u c i n e 4 1.7 15 17.0 
m e t h i o n i n e 0 0 0 0 
a s p a r a g i n e 0 0 2 2.3 
p r o l i n e 112 46.9 6 6.8 
g l u t a m i n e 1 0.4 4 4.5 
a r g i n i n e 0 0 1 1.1 
s e r i n e 6 2.5 4 4.5 
t h r e o n i n e 12 5.0 5 5.7 
v a l i n e 44 18.4 6 6.8 
t r y p t o p h a n 0 0 0 0 
t y r o s i n e 9 3.8 0 0 

The p r e d i c t e d aa c o m p o s i t i o n o f t h e r e g i o n between r e s i d u e s 26-266 

o f t h e PP590 p r e d i c t e d p r o t e i n ( f i g . 33) c o n f i r m s i t s p r o l i n e r i c h 

n a t u r e , w i t h v a l i n e , l y s i n e , h i s t i d i n e and t h r e o n i n e making up 36% o u t 

o f t h e r e m a i n i n g 53% o f r e s i d u e s . The main body o f t h e sequence i s 
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composed o f r e p e a t s o f t h e t h r e e p e p t i d e s g i v e n b e l o w ( w i t h t h e i r 

f r e q u e n c y o f o c c u r r e n c e ) : 

P P T/I/V/A V/H K/H/F 12x 

P P H/Y V/Y/I P K/L 13x 

P P V V P V T 5x 

The r e p e a t s a r e l o c a t e d i n t h e c e n t r a l r e g i o n o f t h e p r o l i n e - r i c h 

sequence, a c c o u n t i n g f o r 72% o f t h e r e s i d u e s . However, t h e r e i s no 

cUacernlbl^to t h e i r d i s t r i b u t i o n w i t h i n t h i s r e g i o n . 

H y d r o p h o b i c r e g i o n 

The 86 r e s i d u e C - t e r m i n a l r e g i o n o f t h e PP590 encoded p o l y p e p t i d e 

has an o v e r a l l h y d r o p h o b i c c o m p o s i t i o n ( f i g . 34) due t o i t s h i g h l e v e l s 

o f l e u c i n e , i s o l e u c i n e and a l a n i n e ( f i g . 3 3 ) . When t h e NBRF p r o t e i n 

d a t a b a s e was s e a r c h e d u s i n g t h i s r e g i o n , a m a t c h t o a soybean 

h y d r o p h o b i c p r o t e i n (Odani e t a l . , 1 9 8 7 ) was f o u n d . 

h y d r o p h i l i c i t y 
i n d e x 

80 30 
amino a c i d number 

F i g . 34 Hopp Woods h y d r o p h i l i c i t y p l o t f o r C - t e r m i n a l r e g i o n o f PP590. Amino 
a c i d s a r e numbered f r o m r e s i d u e 267 o f t h e sequence 
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The o p t i m i s e d a l i g n m e n t ( f i g . 42) has a 34% i d e n t i t y and 69% homology 

when c o n s e r v a t i v e aa s u b s t i t u t i o n s a r e i n c l u d e d ( P e a r s o n & Lipman, 

1988). 

PP590 f l a n k i n g r e g i o n s 

The r e g i o n i n c l u d i n g t h e s t a r t codon o f PP590 c o n f o r m s t o t h e 

consensus f o r a f u n c t i o n a l t r a n s l a t i o n s t a r t (Kozak, 1986). A consensus 

TATA box ( J o s h i , 1987) i s l o c a t e d 80bp 5' o f t h e s t a r t codon. 943bp were 

sequenced 5' t o t h e s t a r t codon, a l t h o u g h t h i s r e g i o n i s p r e d o m i n a n t l y 

A/T r i c h t h e r e a r e s e v e r a l s h o r t G/C r i c h sequences w h i c h a r e marked on 

f i g . 32. A t t h e 3' end o f t h e ORF 1235bp have been s e q u e n c e d . A 

sequence, GAATAA, o c c u r s 154bp 3' f r o m t h e s t o p codon, w h i c h conforms t o 

t h e p o l y a d e n y l a t i o n s i g n a l consensus i n p l a n t s A/GAATA(A)^_3 (Messing e t 

a l . , 1 9 8 3 ) . A d d i t i o n a l p u t a t i v e p o l y a d e n y l a t i o n s i t e s o c c u r f u r t h e r 3', 

i n c l u d i n g t h e m u l t i p l e o v e r l a p p i n g t y p e f o u n d i n some p l a n t genes 

( L y c e t t e t al.,1983b). 

H y b r i d i s a t i o n o f PP590 t o genomic DHA 

Genomic b l o t s w i t h DNA f r o m PP and FF l i n e s were p r o b e d w i t h t h e 

l k b p Hind I I I f r a g m e n t c o n t a i n i n g a l m o s t a l l t h e c o d i n g sequence o f 

PP590. I n i t i a l w a s h i n g was t o 2xSSC a t 65°C, t h e n s u b s e q u e n t l y t o 

O.lxSSC a t 65°C. A f t e r h i g h s t r i n g e n c y washing ( f i g . 35a) a s i n g l e band 

remained h y b r i d i s e d t o by t h e PP590 probe i n t h e PP DNA d i g e s t e d w i t h 

Hind I I I and Xba I . The s i z e s o f t h e s e f r a g m e n t s ( l . O k b p & 4.7kbp 

r e s p e c t i v e l y ) c o r r e s p o n d t o t h o s e c o n t a i n i n g t h e gene i n t h e genomic 

c l o n e ( f i g . 3 1 ) . I n t h e Eco RI d i g e s t o f PP DNA, a band a t 3.5 kbp was 

h y b r i d i s e d t o s t r o n g l y and f a i n t bands c o u l d be seen a t 2.6kbp and 

3.9kbp. The 3.9 and 3.5kbp bands r e p r e s e n t p a r t i a l d i g e s t i o n p r o d u c t s 

and t h e 2.6kbp band t h e fr a g m e n t p r e d i c t e d by co m p l e t e d i g e s t i o n o f t h e 
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Xba I d i g e s t s gene copy 

pp FF Pod c o l o u r m utant p l a n t s l 
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23 • 

k l l . 5 ' 
\- 9.7 ' 
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- 5.1 
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- 2.8 -A 
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2.3 H 
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2.0 

h 1.7 -1 

\- 1.1 

k 0.8 -1 

L. 0.5 

F i g . 35 Genomic d i g e s t s o f DNA f r o m Purple-Podded (PP), mutant p u r p l e - p o d d e d and 
F e l t h a m F i r s t (FF) p l a n t s probed w i t h PP590. R s t r i c t i o n enzymes used 
were; Eco RI ( E ) , H i n d I I I (H) and Xba I , gene copy e q u i v a l e n t amounts o f 
PP590 were a l s o r u n . a) shows t h e b l o t a f t e r w a s h i n g t o O.lxSSC and b) 
a f t e r w a s h i n g t o 2xSSC. The p o s i t i o n DNA s i z e markers m i g r a t e d t o on t h e 
o r i g i n a l g e l i s i n d i c a t e d . 
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genomic c l o n e . The correspondence o f t h e s i z e o f bands h y b r i d i s e d t o on 

t h i s b l o t and t h o s e p r e d i c t e d by t h e r e s t r i c t i o n map o f t h e genomic 

c l o n e d e m o n s t r a t e s t h a t no r e a r r a n g e m e n t s have o c c u r r e d d u r i n g t h e 

c l o n i n g and s u b c l o n i n g p r o c e d u r e s . 

The i n t e n s i t y o f t h e bands compared t o t h a t o f gene e q u i v a l e n t 

amounts o f PP590 i n d i c a t e t h a t i n t h e PP l i n e a s i n g l e copy o f t h e PP590 

gene i s p r e s e n t p e r h a p l o i d genome. A s i n g l e copy o f t h e PP590 gene i s 

a l s o p r e s e n t i n t h e FF genome a l t h o u g h t h e band h y b r i d i s e d t o was o f 

d i f f e r e n t s i z e t o t h a t i n t h e PP d i g e s t s (5.1kbp Eco RI and lOkbp XJt>a 

I ) . T r a c k s c o n t a i n i n g Xba I d i g e s t e d genomic DNA f r o m s i n g l e PP p l a n t s 

e x h i b i t i n g i n s t a b i l i t y i n t h e p u r p l e podded phenotype ( g r e e n and p u r p l e 

o r t o t a l l y g r e e n pods) c o n t a i n e d a range o f f a i n t bands ( 4 . 9 , 6.0, 7.8 & 

9 . 4 k b p ) , t h e s i z e s o f w h i c h c o u l d be a c c o u n t e d f o r by p a r t i a l 

r e s t r i c t i o n f r a g m e n t s p r e d i c t e d by t h e genomic c l o n e . 

When t h i s genomic b l o t had been washed t o l o w e r s t r i n g e n c y ( f i g . 

35b) one a d d i t i o n a l band was h y b r i d i s e d t o a t s i n g l e gene copy l e v e l i n 

a l l d i g e s t s o f a l l DNAs. T h i s e x t r a f r a g m e n t was o f d i f f e r e n t s i z e s i n 

t h e PP and FF d i g e s t s (Eco RI f r a g m e n t s o f 9.5 & 9.0kbp r e s p e c t i v e l y ) . 

There were no p a r t i a l d i g e s t i o n p r o d u c t s a s s o c i a t e d w i t h t h i s e x t r a band 

i n any d i g e s t s and t h e DNA appeared t o have d i g e s t e d t o c o m p l e t i o n when 

t h e g e l was s t a i n e d and photographed b e f o r e b l o t t i n g ( d a t a n o t shown). 
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PPPL927 p o s i t i v e genomic c l o n e 

A s i n g l e t r a n s f o r m a n t , d e s i g n a t e d PP927, was p u r i f i e d f r o m t h e 
genomic l i b r a r y s c r e e n w i t h pPPL927 i n s e r t . U s i n g t h e same s t r a t e g y 
employed f o r PP590, a r e s t r i c t i o n map f o r t h e genomic c l o n e was deduced 
and t h i s i s shown i n f i g . 36. The genomic f r a g m e n t c l o n e d i s 15kbp i n 
l e n g t h and t h e r e g i o n homologous t o pPPL927 l i e s a d j a c e n t t o t h e l e f t 
arm o f t h e X v e c t o r , w i t h i n a 2.7kbp f r a g m e n t , e x t e n d i n g f r o m t h e 
j u n c t i o n w i t h t h e v e c t o r t o a H i n d I I I s i t e w i t h i n t h e genomic DNA. T h i s 
f r a g m e n t was s u b c l o n e d i n t o p l a s m i d v e c t o r , r e s t r i c t i o n mapped and 
r e g i o n s f r o m t h i s s u b c l o n e d i n t o Ml 3 and s u b j e c t e d t o automated DNA 
s e q u e n c i n g . A d e t a i l e d r e s t r i c t i o n map and se q u e n c i n g s t r a t e g y a r e a l s o 
shown on f i g . 36. 2791bp. were sequenced ( i n b o t h d i r e c t i o n s and a l l 
r e s t r i c t i o n s i t e s sequenced t h r o u g h ) f r o m t h e Sau 3A s i t e used t o c u t 
t h e genomic DNA t o t h e Hind I I I s i t e w i t h i n t h e genomic c l o n e , t h i s 
sequence i s p r e s e n t e d i n f i g . 37. 

A p e c t i n e s t e r a s e - l i k e gene; Coding sequence 

An ORF e n c o d i n g a p o l y p e p t i d e w i t h h o m o l o g y t o t o m a t o 

p e c t i n e s t e r a s e (Ray e t al.,1988) was deduced, i t s s t a r t codon i s 440bp 

f r o m t h e j u n c t i o n o f t h e genomic c l o n e and t h e X arm, and t h e s t o p 

codon i s 2185bp f r o m t h e same p o i n t . The c o d i n g sequence i s i n t e r u p t e d 

by an i n t r o n o f 84bp w h i c h o c c u r s a t t h e same p o i n t i n t h e aa sequence 

as t h a t i n t h e p e c t i n e s t e r a s e - l i k e gene i s o l a t e d f r o m Brassica napus 

( A l b a n i e t a i . , 1 9 9 1 ) . T h i s r e s u l t s i n two exons o f 967bp and 695bp w i t h 

a t o t a l c o d i n g sequence l e n g t h o f 1662bp, e n c o d i n g 554 aa. 
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K arm E E HE B 

500bp 

Ns S S N Sp HC HC EvBg 

R i g h t 
k arm 

] CDNA 

F i g . 36 R e s t r i c t i o n maps o f PP927 genomic c l o n e , t h e r e g i o n sequenced f r o m i t and 
pPPL927 cDNA. R e s t r i c t i o n enzymes a r e a b b r e v i a t e d as: B, Bam H I ; Bg, Bgl 
I I ; E, Eco R I ; Ev, Eco RV; H, Hind I I I ; He, Hinc I I ; K, Kpn I ; N, Nhe I ; 
Ns, N s i I ; P, Pst I ; S, Sst I ; Sc, Sea I ; Sp, Sph I ; S t , Stu I ; X, Xba I . 
The c o d i n g r e g i o n i s h i g h l i g h t e d and arrows below t h e sequenced r e g i o n 
r e p r e s e n t i n d i v i d u a l sequencing r u n s . 
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927 GATtMTATATTAAAAAAAAAATTMA^ 120 

927 ACTTTCATACATATTAAAAAATTATTTATTAACATGAAAAGGAAA^ 240 

927 GTAACTAATATTTAATAAAAGAGGTTCTAGTAGTACATAAOT^ 360 

927 ATTITGTCTATATATTCAGTTT(MT(M3IftTACAAAGATCATATAGTGAGCAAACCM 480 
< TATA > M A I Q E T L I D K P R K S AA. 

927 ATTCCCAAAACTTTCTffiTTAATIITCTCTTTAttTGCTATCATA^TMTCAGCtt 600 
A.A. I P K T F H L I L S L A A I I G S S A Q I V S H t N K P I S F F P I' S S A P N I 

927 TGTGAGCATGCTGTTGATACAAAATCATGCTTAACT^^ 720 
A.A. C E H A V D T K S C L T H V 5 E V V 0 6 0 A L A N T K D H K L S T L I S L L T K 

927 TCCACCTCACACATTCAGflMGCCATGGAAACAGCCAATGTTATCAAA^^ 840 
A.A. S T S H I Q K A M E T A N V I K R R V M S P R E E I A L N D C E O L H D L S H D 
TPE L T D C L E L L D L S V D 

927 AGAGTTTGGGACTI^TGTTGACTTTAACAAAAMAAW 960 
A.A. R V W D S V L T I T K N N I D S Q Q D A H T H L S S V I T N H A T C L N G L E G 
TPE L V C D S I A A I D K R S R S E H A N A 0 S N L S 6 V L T N H V T C L D E S F -

927 AMTCTI^TCGTCATGfiAAAGTGAIXTTCAGW 1080 
A.A. T S R V V H E S D L Q D L I S R A R S S I A V L V S V I P A K S N D G F I D E S 
TPE T K A M I N G T N L D E L I S R A K V A L A H L A S V T T P - - N D E V L R P G 

927 T T G A A C G G T G A A T T T C C C T C A T G G G T A M M J T A A G G A ^ 1200 
A.A. L N G E F P S H V T S K D R R L L E S T V G D [T] K A N V V V A K D G S G K F K T 
TPE L - G K N P S N V S S R D R K L N E S S - K D l l j G A N A V V A K 0 6 T G K y R T 

927 GTGKTSA6£CIGTGGCATCT(}CACCAGO^TAAGGC^ 1320 
A.A. V A E A V A S A P D N G K A R Y V I Y V K R 6 T Y K E K V E I 6 K K K T N V M I 
TPE L A E A V A A A P D K S K T R Y V 1 Y V K R G T Y K E N V E V S S R K H N L H I 

927 6TTGGTGAT6GTATGGATGCAACAATAATUO)GGCAACTTGAATTTTATÎ  1440 
A.A. V G O G H D A T I I T G N L N F I D G T T T F N S A T V < IVS 
TPE I G D G M Y A T I 1 T G S L N V V D G S T T F H S A T L 

927 CAATATTTTTGT6/OACTAATTT6TGAATGTTTAATT^ 1560 
A.A. IVS >A A V G D 6 F I A Q D I 6 F Q N T A 6 P E K H Q 
TPE A A V G K 6 F I L 0 D I C I 0 N T A G P A K H 0 

927 GCAGTTGCTCTCCGCGTAGGTGCTGATCAATCTGTCATCAAQXTTGTAAAATTGflCGCATTTCAAGACACCC 1680 
A.A. A V A L R V G A D Q S V I N R C K I D A F Q D T I Y A H S N R O F Y R D S F I T 
TPE A V A L R V 6 A 0 K S V I N R C R I D A Y 0 0 T I Y A H S 0 R 0 F Y 0 S S Y V T 

927 G6TACT6TT6ACTTTATCTTTGGAAA(KA66TGTTC^ 1800 
A.A. G T V D F I F 6 N A 6 V V F Q K S K L V A R K P H S N Q K N H V T A 0 6 R E D P 
TPE 6 T I D F I F 6 N A A V V F Q K C Q I V A R K P 6 K Y Q Q N H V T A Q G R T D P 
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p 
cDNA GGAAACCCTACTCCftGGACT 
927 AACCAGAACACTGCAACTTCAATTCAGCAATGTAATGT^ 1920 
A.A. N Q N T A T S I Q Q C N V I P S S D L K P V Q 6 S I K T Y L G R P H K K Y S R T 
TPS N Q A T G T S I 0 F C D I I A S P D L K P V V K E F P T Y L G R P M K K Y S H T 

H P I G N T D A K P 
cDNA GTT6Tt»TGCAGTCtXCSATim^ 
927 Gn6TGTTH^THET(£TAGACftGf£ATATT^^ 2040 
A.A. V V L O S V V D S H I D P A G H A E H D A A S K D F L Q T I Y Y 6 E Y L N S 6 A 
TPS V V H E S S L 6 6 L .1.. D P S ft H-.A £ U H 6 - - - D F A L K T L Y Y G E F H N N G P 

A N V . . I . .N..T T A 
cDNA GGIGCTGGTAtXGtXAAAAGAGTGAACTGGCCTGGTIATCATGJCTIA ,. AATACT60|SAG6fM!8AA6ffl^ 
927 6GTGCT6STACCAfjCAA^TGAtf^ 2160 
A.A. 6 A 6 T S K R V T H P 6 Y H I I K T A A E A S K F T V T Q L 1 0 6 N V U L K N T 
TPE G A 6 T S K R V K M P G Y H V I T D P A E A H S F T V A K L I 0 6 6 S K I R S T 

cDNA 6fj6GTGfXCTTCATCGAAG6T£T6TAGAAAOM^^ 
927 6G66TAGfXnCATTGAAGGCCT6TA6AAATT6GCTT(^^ 2280 
A.A. G V A F I E 6 L t 
TPE D V A Y V D G L Y D Y S D I K L l F V Y V T R H l t 

cDNA TT6TAAAAnAT6CTCTATAfXA6fjAr£TTACAATA6TCTrXTAnG6GAn6AATAAA 

927 AGGnTAAnAAAAAAATTTr£TAr^TAr^T6TAArM^T6TCTTCTACCAAT6 2400 

927 ATCnAT^nAASfiAAAAAATTCTTATAAATAf^nAnATCTAGATTCGAATATO 2520 
927 ATTTG6AAGAKAAAATGTfmTA6AAAG6AT6A^ 2440 

927 G A A A C T G O ^ T A A G T G T f j A T T G W T T C m a m W T C O ^ ^ 2760 

927 nGATCTCTGATGTTTWnCAAGCAAGCn 2791 

F i g . 37 Nucleotide (927) and derived aaino acid sequence (A.A.) of PP927 pect inesterase- l ike gene. Nucleotide sequence of the pod 

expressed cDNA, pPPL927, (cDNA) i s shorn above the genooic sequence, with deviations froa the protein sequence derived 

f ro i genoiic DNA sequence show) above. The extent of the plasaid cDNA, pPP927 i s indicated thus and consensus 

polyadenylation s ignals are underlined. Derived amino acid sequence froo the toaato pectin esterase cDNA (Ray et a l . ,1988) 

i s also presented (TPEI with gaps introduced for nosology. The N-tersinal residue of the u t u r e pectinesterase protein 

IMarkovic and J o m v a l l , 19861 and N-ter i inal residue predicted far PP927 are boxed. 
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The f l a n k i n g s e q u e n c e s 

A match t o t h e c e n t r a l r e g i o n o f t h e consensus TATA box sequence i n 

p l a n t s , TCACTATATATAG ( J o s h i , 1987) i s l o c a t e d 65bp f r o m t h e s t a r t o f 

t h e ORF, C TAT AT AT. The s t a r t codon o f t h e ORF l i e s w i t h i n a sequence 

c o m p a t i b l e w i t h t r a n s l a t i o n i n i t i a t i o n (Kozak, 1 9 8 6 ) . No o t h e r r e g i o n s 

o f i n t e r e s t c o u l d be f o u n d i n t h e 5' f l a n k i n g r e g i o n and comparison o f 

t h i s a r e a w i t h t h e 5* f l a n k i n g r e g i o n f r o m t h e o t h e r p l a n t 

p e c t i n e s t e r a s e - l i k e gene sequenced ( f r o m Brassica napus) y i e l d e d no 

seq u e n c e s w i t h s i g n i f i c a n t h o m o l o g y . T h e r e a r e t w o c o n s e n s u s 

p o l y a d e n y l a t i o n s i g n a l s 60 and 170bp downstream f r o m t h e s t o p codon. 

Comparison w i t h t h e cDNAs 

The genomic sequence shows s i g n i f i c a n t d i f f e r e n c e s when compared 

w i t h t h a t o f t h e cDNA used t o i s o l a t e i t , t h e r e a r e 36 base changes i n 

t h e 281bp c o d i n g r e g i o n o v e r l a p , r e s u l t i n g i n 19 aa s u b s t i t u t i o n s . There 

i s a l s o a d e l e t i o n o f a s i n g l e codon f r o m t h e cDNA w i t h r e s p e c t t o t h e 

gene. The t w o 3' f l a n k i n g r e g i o n s d i v e r g e c o m p l e t e l y a f t e r t h e s t o p 

codon w i t h t h e o n l y homologous r e g i o n b e i n g t h a t i n c l u d i n g t h e f i r s t 

p o l y a d e n y l a t i o n s i g n a l i n b o t h sequences, GCAGGAAATAAAA. 
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F i g . 38 In situ h y b r i d i s a t i o n o f PP927 t o Arabidopsis f l o w e r . The 
pho t o g r a p h shows a t r a n s v e r s e s e c t i o n ( a t 2Ox m a g n i f i c a t i o n ) 
t h r o u g h an A r a b i d o p s i s f l o w e r p r i o r t o p o l l e n d e h i s c e n c e . 
H y b r i d i s a t i o n by t h e PP927 probe r e s u l t s i n a r e d 
c o l o u r a t i o n , t h i s i s c o n c e n t r a t e d i n t h e newly f u s e d septum 
i n t h e gynoecium ( c e n t r e ) . P o l l e n sacs (and p o l l e n ) can be 
seen s u r r o u n d i n g t h e gynoecium 

In situ h y b r i d i s a t i o n s t u d i e s w i t h PP927 

PP927 was d i g o x y g e n i n l a b e l l e d and used as a pro b e on s e c t i o n s 

t h r o u g h d e v e l o p i n g Arabidopsis thaliana f l o w e r s . H y b r i d i s e d probe was 

d e t e c t e d w i t h a l k a l i n e phosphatase l a b e l l e d a n t i - d i g o x y g e n i n a n t i b o d i e s 

and v i s u a l i s e d u s i n g n a p t h o l AS-MX phosphate and f a s t r e d TR dye. The 

probe h y b r i d i s e d t o mRNA i n c e l l s o f t h e t a p e t u m o f d e v e l o p i n g a n t h e r s 

p r i o r t o p o l l e n d e h i s c e n s e and s t r o n g l y t o t h e c e n t r a l a r e a o f t h e 

septum a f t e r t h e f u s i o n o f i t s two h a l v e s ( f i g . 3 8 ) . PP927 homologous 

mRNA r e m a i n e d p r e s e n t i n t h e c e n t r a l a r e a o f t h e septum a f t e r 

f e r t i l i z a t i o n . Low l e v e l s o f h y b r i d i s a t i o n were a l s o seen i n p e t a l c e l l s 

and i d e n t i c a l r e s u l t s were o b t a i n e d when tomato p e c t i n e s t e r a s e DNA was 

used as a probe (Spence,J., p e r s o n a l c o m m u n i c a t i o n ) . 
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39 p o l y a c r y l a m i d e g e l ( l e f t ) o f t o t a l p r o t e i n e x t r a c t e d f r o m seed and 
pods f r o m PP, GP and FF p l a n t s . W B l o t ( r i g h t ) o f t h e d u p l i c a t e 
h a l f o f t h e same g e l probed w i t h a n t i - ( t o m a t o f r u i t ) p e c t i n e s t e r a s e 
a n t i b o d i e s . The Mrs o f t h e s t a n d a r d p r o t e i n s on t h e g e l a r e 
i n d i c a t e d and t h e p o s i t i o n s t h e s e would have o c c u r r e d a t on t h e 
f i l t e r a r e shown. 

i m m u n o l o g i c " ! s t u d i e s w i t h a n t i - p e c t i n e s t e r a s e a n t i b o d i e s 

A n t i s e r u m r a i s e d a g a i n s t t o m a t o p e c t i n e s t e r a s e was used t o probe 

w e s t e r n b l o t s o f p o l y a c r y l a m i d e p r o t e i n g e l s r u n u n d e r r e d u c i n g 

c o n d i t i o n s . These g e l s c o n t a i n e d p r o t e i n s e x t r a c t e d f r o m 5 daf pods f r o m 

FF, PP and GP, e x t r a c t s o f p r o t e i n f r o m mature FF and PP c o t y l e d o n s were 

a l s o r u n . The r e s u l t s ( f i g . 39 and o t h e r s n o t p r e s e n t e d ) a r e somewhat 

ambiguous due t o t h e h i g h b a c k g r o u n d and unknown s p e c i f i c i t y o f t h e 

a n t i s e r u m used. A p r o t e i n o f 28k Mr i n a l l t h r e e pod e x t r a c t s r e a c t s 

s t r o n g l y w i t h t h e a n t i s e r u m and a p r o t e i n o f 34k Mr r e a c t s i n t h e seed 

e x t r a c t s . Running t h e g e l s under n o n - r e d u c i n g c o n d i t i o n s had no e f f e c t 

on t h e s i z e s o f t h e s e bands. P r o b i n g a b l o t w i t h phosphatase s u b s t r a t e 

and no a n t i s e r u m o r secondary a n t i b o d y f a i l e d t o account f o r any o f t h e 

background b e i n g due t o phosphatases i n t h e e x t r a c t s . 
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H y b r i d i s a t i o n of PP927 t o genomic DNA 

Genomic S o u t h e r n b l o t s w i t h d i g e s t s o f PP and FF genomic DNA were 

p r e p a r e d and p r o b e d w i t h t h e 1.8kbp Eco RV t o Hind I I I f r a g m e n t o f 

PP927. T h i s p r o b e i n c l u d e s a l l o f t h e r e g i o n e n c o d i n g t h e 

p e c t i n e s t e r a s e - l i k e sequence and 146bp 5' t o t h i s , i e . e x t e n d i n g i n t o 

t h e sequence e n c o d i n g t h e N - t e r m i n a l r e g i o n . Washing was i n i t i a l l y t o 

lxSSC a t 65°C t h e n t o O.lxSSC a t 65°C. R e s u l t s f r o m t h i s and t h e b l o t 

p r o b e d w i t h t h e 5' end o f PP927 a r e shown i n f i g . 40 and t a b u l a t e d i n 

f i g . 4 1 . 

The bands r e m a i n i n g h y b r i d i s e d t o by t h i s probe a t h i g h s t r i n g e n c y 

( f i g . 40a) were: I n t h e Nsi I d i g e s t e d PP DNA 3.0 and 4.5kbp; i n t h e Eco 

RV d i g e s t o f b o t h pea l i n e s , 13, 7.0 and 6.2kbp, p l u s an e x t r a band a t 

6.7kbp i n t h e FF DNA; and i n t h e Eco RI d i g e s t s 7.2 and 4.5kbp. Both t h e 

Nsi and Eco RV d i g e s t s o f PP c o n t a i n DNA f r a g m e n t s , h y b r i d i s e d t o by 

t h i s p r o b e , o f i d e n t i c a l l e n g t h (4.5 and 6.2kbp r e s p e c t i v e l y ) t o t h o s e 

h y b r i d i s e d t o i n s i m i l a r d i g e s t s o f t h e genomic c l o n e ( d a t a n o t shown). 

T h a t t h e s e i n t e r n a l f r a g m e n t s o f t h e genomic c l o n e a r e i d e n t i c a l t o 

t h o s e f o u n d i n genomic DNA shows t h a t no r e a r r a n g e m e n t s have o c c u r r e d 

d u r i n g t h e c l o n i n g and s c r e e n i n g p r o c e d u r e s . 

The i n t e n s i t y and number o f t h e bands h y b r i d i s e d t o i n each d i g e s t 

a t h i g h s t r i n g e n c y , when compared t o t h e gene copy e q u i v a l e n t d i g e s t s , 

i n d i c a t e t h a t t h e r e a r e t h r e e h i g h l y homologous genes i n t h e genomes o f 

b o t h t h e PP and FF l i n e s and a f u r t h e r h i g h l y homologous gene i n t h e FF 

l i n e . A t l e a s t two e x t r a bands c o u l d be seen i n each d i g e s t o f b o t h 

l i n e s a f t e r w a s h i n g a t l o w e r s t r i n g e n c y ( f i g . 4 0 a ) , s u g g e s t i n g t h a t 

o t h e r genes w i t h s i m i l a r sequence a r e p r e s e n t i n t h e genome o f b o t h 

l i n e s . 

A s i m i l a r genomic b l o t was p r o b e d w i t h t h e r e g i o n 5' t o t h e Eco RV 

s i t e , e n c o d i n g o n l y t h e n o n - p e c t i n e s t e r a s e - l i k e ( N - t e r m i n a l ) r e g i o n o f 
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NS1 Gene copy y Nsx Eco RI ECO RV ECO RI ECO RV 
FF Std PP PP FF PP PP PP FF PP FF 

i i 

Kbp 

9.4 

• 
: 

4 . 8 

2 . 8 

F i g . 40a Genomic d i g e s t s o f FF and PP DNA r e s t r i c t e d w i t h Nsi I , Eco R I o r 
Eco RV p r o b e d w i t h t h e 3' ( p e c t i n e s t e r a s e encoding) r e g i o n o f 
PP927. The f i l t e r was f i r s t washed t o 2xSSC and exposed ( r i g h t ) 
and s u b s e q u e n t l y t o O.lxSSC ( l e f t ) . Gene copy e q u i v a l e n t s o f 
PP927 were a l s o r u n and t h e p o s i t i o n s t a n d a r d DNA bands m i g r a t e d 
t o on t h e o r i g i n a l g e l i s marked. 
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Nsi ECO RI Eco RV ECO RI Eco RV 
i i • 

FF V F PP PP PP FF PP PP PP FF 
i i 

kbp 

4.8 

2.8 

1.1 

0.8 

0.5 

F i g . 40b Genomic d i g e s t s of Purple-Podded (PP) and Feltham F i r s t ( F F ) DNA 
d i g e s t e d w i t h Eco R I , Eco RV and Nsi I probed with the r e g i o n of 
PP927 5' of the Eco RV s i t e . The f i l t e r was washed to lxSSC 
( r i g h t ) and subseuently to O.lxSSC ( l e f t ) . The p o s i t i o n DNA s i z e 
marker bands ran to on the o r i g i n a l g e l i s i n d i c a t e d . 
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D i g e s t : Nsi I Eco RI ECO RV 

Probe: 

Wash: 

5' 3' 3 ' 5' 3' 

Hig h Low High Low High Low High Low High Low High Low 

7.3 

5.8 

5.0 

2.4 

7.2 

5.8 

5.0 

4.5 4.5 4.5 4.5 

3.0 3.0 

2.4 

1.1 

9.5 9.5 

7.2 7.2 7.2 7.2 

7.0 

3.5 

19 

13 

7.0 

4.5 4.5 

3.5 2.3 2.3 

19 

13 13 

7.0 7.0 7.0 

6.2 6.2 

2.3 

0.7 

F i g . 41 S i z e s o f genomic DNA f r a g m e n t s ( k b p ) f r o m v a r i o u s d i g e s t s o f 
PP DNA, h y b r i d i s e d t o by DNA probes e n c o d i n g t h e two r e g i o n s 
o f t h e p r o t e i n p r e d i c t e d by PP927. The 5' probe encodes t h e 
N - t e r m i n a l r e g i o n and t h e 3' probe t h e C - t e r m i n a l 
p e c t i n e s t e r a s e - l i k e r e g i o n . S t r i n g e n c y o f washing i s denote d 
by High - O.lxSSC and Low - lxSSC. Fragment s i z e s u n d e r l i n e d 
a r e t h o s e c o r r e s p o n d i n g t o i n t e r n a l f r a g m e n t s o f t h e genomic 
c l o n e o r , i n t h e case o f ECO R I and t h e 5' Eco RV f r a g m e n t , 
t h o s e deduced t o c o n t a i n t h e PP927 gene (see t e x t ) . 

t h e p r e d i c t e d p r o t e i n . When washed t o h i g h s t r i n g e n c y (O.lxSSC a t 65°C), 

o n l y one band remained h y b r i d i s e d t o i n a l l d i g e s t s , o f t h e same s i z e i n 

b o t h FF and PP l i n e s . The s i z e o f t h e band i n t h e Nsi d i g e s t (4.5kbp) 

c o r r e s p o n d s t o t h e i n t e r n a l f ragment f r o m t h e genomic c l o n e (see a b o v e ) . 

The band h y b r i d i s e d t o i n t h e Eco R I d i g e s t s c o r r e s p o n d s t o one 

h y b r i d i s e d t o by t h e Eco RV-flind I I I probe ( 7 . 2 k b p ) , t h i s f r a g m e n t must 

be t h e one w h i c h c o n t a i n s t h e PP927 gene (as t h e o t h e r a t 4.5kbp i s t o o 

s h o r t t o c o n t a i n t h e 6.5kbp Sau 3A~Eco RI f r a g m e n t c a r r y i n g t h e gene i n 

t h e genomic c l o n e F i g . 3 6 ) . I n t h e Eco RV d i g e s t a 2.3kbp band was 

h y b r i d i s e d t o by t h i s ( 5 1 ) probe w h i c h presumably encompasses t h i s Sau 

3A t o Eco RV p r o b e . 

When washed a t l o w e r s t r i n g e n c y (lxSSC a t 65°C) a t l e a s t t h r e e 

a d d i t i o n a l bands i n each d i g e s t were h y b r i d i s e d t o i n t h e genomic DNA 
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(see f i g . 40b) w i t h no d i f f e r e n c e s a p p a r e n t between t h e FF and PP l i n e s . 

A l l t h e f r a g m e n t s h y b r i d i s e d t o by t h i s p r o b e ( e x c e p t f o r a 0.7kbp Eco 

RV f r a g m e n t ) were a l s o h y b r i d i s e d t o by t h e 3' p r o b e . 
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CHAPTER THIRTEEN; PURPLE PODDED PHENOTYPE - DISCUSSION 

cDNA S c r e e n s 

The i n i t i a l s t r a t e g y used t o i d e n t i f y sequences s p e c i f i c t o p u r p l e 

pod t i s s u e was t o c a r r y o u t d i f f e r e n t i a l s c r e e n i n g o f a cDNA l i b r a r y . To 

t h i s end a p l a s m i d cDNA l i b r a r y was c o n s t r u c t e d , a l t h o u g h u n f o r t u n a t e l y 

t h e i n s e r t s i z e was g e n e r a l l y s m a l l ( 2 0 0 - 5 0 0 b p ) , d e s p i t e numerous 

a t t e m p t s t o c r e a t e a l i b r a r y c o n t a i n i n g l a r g e r i n s e r t s u s i n g d i f f e r i n g 

p r o t o c o l s . The p o l y ( A ) e n r i c h e d RNA used ( a g a i n p r e p a r e d s e v e r a l t i m e s ) 

d i d n o t appear t o be degraded, as j u d g e d by l a c k o f sm e a r i n g o f bands 

h y b r i d i s e d t o by probes on b l o t s o f g e l s ( d a t a n o t shown). A seed cDNA 

l i b r a r y was c o n s t r u c t e d w h i c h c o n t a i n e d c l o n e s w i t h i n s e r t s 400-2000bp 

i n s i z e u s i n g t h e same methods. P o s s i b l y t h e pod RNA i s o l a t e d c o n t a i n s a 

c o n t a m i n a n t w h i c h reduces t h e e f f i c i e n c y o f cDNA s y n t h e s i s . 

To t e s t w h e t h e r cDNAs e n c o d i n g enzymes l i k e l y t o be a f f e c t i n g t h e 

p u r p l e c o l o u r p r o d u c t i o n c o u l d be i s o l a t e d f r o m t h e p l a s m i d l i b r a r y , a 

t r i a l s c r e e n was c o n d u c t e d . DNA e n c o d i n g c h a l c o n e s y n t h a s e (CHS) and t h e 

maize Al gene e n c o d i n g d i h y r o f l a v o n o l - 4 - r e d u c t a s e (Reddy e t a l . , 1 9 8 7 ) 

were used. CHS cDNAs were i s o l a t e d (see bel o w ) b u t no Al homologous 

cDNAs. These p r o b e s were n o t c o n t i n u e d w i t h as when used on n o r t h e r n 

b l o t s c o n t a i n i n g RNAs f r o m 5 d a f PP, GP and FF pods, mRNA l e v e l s were 

t h e same i n a l l l i n e s . A s i m i l a r r e s u l t was a l s o o b t a i n e d u s i n g c h a l c o n e 

isomerase as a probe ( d a t a n o t shown). These r e s u l t s s u g g e s t t h a t t h e 

l a c k o f p i g m e n t i n t h e pods f r o m GP and FF l i n e s i s n o t t h e non

f u n c t i o n i n g o f one o f t h e s e enzymes. I t i s p o s s i b l e t h a t a m u t a t i o n 

c a u s i n g a frame s h i f t o r codon change t o a s t o p c o u l d o c c u r w i t h o u t 

a l t e r i n g t h e s i z e o f an mRNA. However, s t u d i e s i n t h i s l a b o r a t o r y on a 

pea l e g u m i n gene w i t h such a m u t a t i o n , e x p r e s s i o n s t u d i e s on a m u t a t e d 

soybean t r y p s i n i n h i b i t o r gene and p l a n t t r a n s f o r m a t i o n w i t h a soybean 

l e c t i n pseudogene w i t h i n - f r a m e s t o p codons, d e m o n s t r a t e t h a t such mRNAs 



f a i l t o accumulate (Thompson e t al.,1991, J o f u k u e t al.,1989, Vo e l k e r e t 

al.,1990). The i d e n t i c a l l e v e l s of c h a l c o n e synthase mRNA i n both g r e e n 

and p u r p l e t i s s u e a l s o shows t h a t t h e m u t a t i o n does not a f f e c t the a or 

a2 l o c i , as t h e s e a r e r e q u i r e d t o be f u n c t i o n a l f o r m a x i m a l , l e v e l s o f 

CHS mRNA to accumulate i n p e t a l s ( H a r k e r e t al.,1990). 

As t h e CHS s c r e e n had p r o v e d s u c c e s s f u l , a d i f f e r e n t i a l s c r e e n was 

pe r f o r m e d u s i n g FF cDNA as t h e " g r e e n " l i n e ( i n s u f f i c i e n t GP m a t e r i a l • 

was a v a i l a b l e t o make p o l y ( A ) e n r i c h e d RNA f r o m ) . Three d i f f e r e n t i a l l y 

e x p r e s s e d cDNAs were i s o l a t e d and sequenced (see b e l o w ) , a l l c o n t a i n i n g 

s h o r t (<4 00bp) i n s e r t s . I n an a t t e m p t t o o b t a i n l o n g e r cDNAs and 

t h e r e f o r e i n c r e a s e t h e e f f i c i e n c y o f h y b r i d i s a t i o n o f t h e probes t o a 

genomic l i b r a r y , a k cDNA l i b r a r y was c o n s t r u c t e d . A s l i g h t l y l o n g e r 

(478bp) c l o n e i d e n t i c a l t o pPP927 was o b t a i n e d b u t s t i l l n o t f u l l - l e n g t h 

and no c l o n e s were i s o l a t e d w i t h t h e o t h e r p r o b e s . I n r e t r o s p e c t , a 

b e t t e r b u t more t i m e consuming s t r a t e g y w o u ld have been t o sc r e e n t h e X 

cDNA l i b r a r y w i t h t h e probes s e p a r a t e l y , as t h e mixed p r o b e c e r t a i n l y 

seems t o have been b i a s e d i n f a v o u r o f pPP927. However, a t t h i s s t a g e i t 

was d e c i d e d t o p r o c e e d t o t h e genomic s c r e e n w i t h t h e cDNAs i s o l a t e d . 

Chalcone synthase cDNAs 

Two d i f f e r i n g t y p e s o f CHS cDNAs were i s o l a t e d , one (pPP166 and 

888) shows c l o s e homology ( 6 7 % i d e n t i t y ) t o t h e CHS sequence encoded by 

Phaseolus vulgaris cDNAs (Ryder e t a l . , 1 9 8 7 ) , w h i l e t h e o t h e r (pPP372) 

i s l e s s homologous ( 5 6 % i d e n t i t y ) . R e c e n t l y , t h e sequences o f t h r e e f u l l 

l e n g t h pea CHS cDNAs have been p u b l i s h e d ( I c h i n o s e e t al.,1992) w h i c h 

i n c l u d e t h e r e g i o n s c o v e r e d by t h e cDNAs r e p o r t e d h e r e . These cDNAs were 

i s o l a t e d f r o m a l i b r a r y p r e p a r e d f r o m e p i c o t y l t i s s u e a f t e r t r e a t m e n t 

w i t h f u n g a l e l i c i t o r . A l t h o u g h t h e encoded aa sequences f r o m t h e s e a r e 

homologous t o t h e pod cDNAs none o f them i s i d e n t i c a l , t h e c l o s e s t , pCC2 
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has 72% i d e n t i t y t o pPPl66 w h i c h i s s l i g h t l y l e s s t h a n t h e i d e n t i t y 

between t h e two pod cDNA s p e c i e s ( 7 6 % ) . Due t o t h e s h o r t n e s s o f t h e pod 

cDNAs and t h e s m a l l d i f f e r e n c e i n h o m o l o g i e s i t i s n o t p o s s i b l e t o 

e n l a r g e upon t h e o b s e r v a t i o n t h e s e a u t h o r s ( I c h i n o s e e t al.,1992) make, 

t h a t CHS c l o n e s f r o m e l i c i t o r t r e a t e d l i b r a r i e s a r e s t r u c t u r a l l y more 

s i m i l a r t o each o t h e r t h a n t o t h e one c l o n e p r e v i o u s l y i s o l a t e d f r o m an 

u n t r e a t e d l i b r a r y ( H a r k e r e t al.,1990). 

CHS i s an i m p o r t a n t r e g u l a t o r y enzyme, i t c a t a l y z e s t h e f i r s t s t e p 

i n t h e f l a v o n o i d s p e c i f i c b i o s y n t h e s i s p athway ( f i g . 2, E b e l & 

H a h l b r o c k , 1982, H e l l e r & Forkmann, 1 9 8 8 ) . M u t a t i o n s o f t h e genes 

e n c o d i n g t h i s enzyme can cause b l o c k a g e o f t h i s pathway and r e s u l t a n t 

l a c k o f p i g m e n t a t i o n (Coen & C a r p e n t e r , 1988, w i e n a n d e t a i . , 1 9 8 6 ) . 

N o r t h e r n b l o t s suggest t h a t t h i s i s n o t t h e case i n t h e g r e e n / p u r p l e pod 

m u t a t i o n (see above) and e x t r a c t s f r o m GP and FF pods were f o u n d t o 

c o n t a i n f l a v o n o i d s when r u n on t h i n l a y e r chromatograms ( d a t a n o t 

shown). 

I n Phaseolus, Petunia, soybean and pea, CHS i s a member o f a 

d i f f e r e n t i a l l y e x p r e s s e d , m u l t i g e n e f a m i l y (Ryder e t a l . , 1 9 8 7 , Koes e t 

al. ,1989, Wingender e t al.,1989, H a r k e r e t a i . , 1 9 9 0 ) . R e s u l t s f r o m 

p r o b i n g genomic DNA ( d i g e s t e d w i t h Eco R I ) f r o m t h e PP, GP and FF l i n e s 

w i t h Phaseolus CHS cDNA agree w i t h t h o s e p u b l i s h e d ( H a r k e r e t a l . , 1 9 9 0 ) . 

E i g h t f r a g m e n t s a r e h y b r i d i s e d t o by t h i s p robe a t low s t r i n g e n c y w i t h 

no s i z e d i f f e r e n c e s between t h e PP and GP l i n e s , o n l y f o u r o f t h e 

fr a g m e n t s were, however, conserved between FF and t h e o t h e r l i n e s ( d a t a 

n o t shown). 

PPP812 CDNA 

The pPP812 cDNA h y b r i d i s e s t o a s m a l l (500b) mRNA i n t h e pods f r o m 

t h e PP l i n e . No h y b r i d i s a t i o n c o u l d be d e t e c t e d t o t h e FF RNA and 
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e v i d e n c e f r o m genomic b l o t s ( n o t shown) suggests t h a t t h i s sequence i s 

abse n t f r o m t h i s l i n e . T h i s r e s u l t t o g e t h e r w i t h t h e decreased l e v e l o f 

mRNA i n t h e GP l i n e make t h e l a c k o f success i n i s o l a t i n g a l o n g e r cDNA 

o r genomic c l o n e d i s a p p o i n t i n g . Evidence f r o m n o r t h e r n b l o t s c o n t a i n i n g 

RNA f r o m c o l o u r e d p e t a l s s u g g e s t t h a t t h e gene p r o d u c t f r o m pPP812 i s 

n o t i n v o l v e d i n f l a v o n o i d b i o s y n t h e s i s as no h y b r i d i s a t i o n c o u l d be 

d e t e c t e d ( f i g . 3 0 ) . 

Genomic l i b r a r y 

A PP genomic l i b r a r y was c o n s t r u c t e d c o n t a i n i n g 9 x l 0 5 d i s t i n c t 

t r a n s f o r m a n t s . The p r o b a b i l i t y o f o b t a i n i n g a g i v e n DNA sequence f r o m 

t h e pea genome i n a l i b r a r y o f t h i s s i z e i s 0.94, assuming an average 

genomic c l o n e l e n g t h o f 15kbp ( C l a r k e & Carbon, 1976). On t h i s b a s i s i t 

was d e c i d e d t o proceed and sc r e e n t h e l i b r a r y . 

Clones homologous t o two o f t h e cDNA probes were i s o l a t e d f r o m t h e 

genomic l i b r a r y (see b e l o w ) , t h e t h i r d , pPP812, was u n s u c c e s s f u l , 

d e s p i t e r e p e t i t i o n o f t h e s c r e e n . T h i s cDNA had t h e s m a l l e s t i n s e r t and 

l a c k o f s p e c i f i c i t y o f t h e probe may be t h e rea s o n why no c l o n e s c o u l d 

be p u r i f i e d f r o m a p p a r e n t l y d u p l i c a t i n g p l a q u e s i n t h e i n i t i a l s c r e e n s . 

PP590 Genomic c l o n e p r o l i n e - r i c h sequence 

The n a t u r e o f t h i s sequence l e d t o many s i m i l a r l y p r o l i n e - r i c h b u t 

n o t n e c e s s a r i l y homologous p r o t e i n s b e i n g f o u n d when t h e NBRF p r o t e i n 

d a t a b a s e was s e a r c h e d . However, members o f t h e f a m i l y o f r e p e t i t i v e 

h y d r o x y p r o l i n e - r i c h p r o t e i n s i s o l a t e d f r o m soybean c e l l w a l l s (Hong e t 

al.,1987, A v e r y h a r t - F u l l a r d e t al.,1988, D a t t a e t a l . , 1 9 8 9 ) appeared t o 

be t h e b e s t match. These have r e p e a t i n g u n i t s o f P-P-v/I-Y-K o r P-P-V-Y-

K-P-P-V-E-K. 
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R e p e t i t i v e p r o l i n e - r i c h p r o t e i n s 

U n t i l r e c e n t l y , r e p e t i t i v e p r o l i n e - r i c h p l a n t p r o t e i n s had been 

d i v i d e d i n t o t h r e e c l a s s e s ( S h o w a l t e r & V a r n e r , 1989): 

1) A r a b i n o g a l a c t a n s , r i c h i n h y d r o x y p r o l i n e , a l a n i n e , and s e r i n e , t h o s e 

p e p t i d e s sequenced so f a r c o n t a i n a l t e r n a t i n g a l a n i n e and h y d r o x y p r o l i n e 

r e s i d u e s . These p r o t e i n s a r e e x t e n s i v e l y g l y c o s y l a t e d ( t o >90% o f M r ) , 

w i t h branched s i d e c h a i n s composed o f g a l a c t o s e and a r a b i n o s e . 

2) Solanaceous l e c t i n s , composed o f two domains, one p r o l i n e and s e r i n e 

r i c h , g l y c o s y l a t e d and p o s s i b l y s i m i l a r t o e x t e n s i n s . The o t h e r domain 

i s g l y c i n e and c y s t e i n e r i c h and c r o s s l i n k e d by d i s u l p h i d e b r i d g e s . 

3) E x t e n s i n s - see below. 

E x t e n s i n s 

The most w i d e l y s t u d i e d f a m i l y o f c e l l w a l l p r o t e i n s a r e t h e 

e x t e n s i n s (Cassab & V a r n e r , 1988, V a r n e r & L i n , 1 9 8 9 ) , t h e s e a r e 

h y d r o y p r o l i n e - r i c h g l y c o p r o t e i n s c h a r a c t e r i s e d by r e p e a t i n g u n i t s 

composed o f two p a r t s ; f i r s t l y S-P-P-P-P (w h i c h may o c c u r on i t s own), 

f o l l o w e d by a u n i t o f one t o seven r e s i d u e s , composed m a i n l y o f v a l i n e , 

h i s t i d i n e , t y r o s i n e , l y s i n e , t h r e o n i n e , and p r o l i n e . When t h e e x t e n s i n 

p e p t i d e s a r e i s o l a t e d i t i s f o u n d t h a t most o f t h e p r o l i n e s o f t h e S-

(P)4 r e g i o n a r e h y d r o x y l a t e d , and g l y c o s y l a t e d , w i t h a r a b i n o s e t r i - and 

t e t r a m e r s p r e d o m i n a t i n g ( L a m p o r t , 1 9 6 9 ) . The s e r i n e r e s i d u e s a r e a l s o 

g l y c o s y l a t e d , w i t h s i n g l e g a l a c t o s e u n i t s (Lamport e t al., 1973). 

I t i s t h o u g h t t h a t t h e e x t e n s i n m o l e c u l e s f o r m f l e x i b l e r o d s , w i t h 

t h e S-(P)4 u n i t s f o r m i n g r i g i d domains o f p o l y p r o l i n e I I h e l i c a l 

s t r u c t u r e s t a b i l i s e d by t h e i r c a r b o h y d r a t e component. The r e m a i n i n g 

r e s i d u e s o f t h e r e p e a t f u n c t i o n as f l e x i b l e s p a c e r s r e p o n s i b l e f o r 

i n t e r m o l e c u l a r c r o s s l i n k a g e , p o s s i b l y t h r o u g h t h e f o r m a t i o n o f 

i s o d i t y r o s y l l i n k s ( E p s t e i n & Lamport, 1984, K i e l i s z e w s k i & Lamport, 
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1986, S h o w a l t e r & V a r n e r , 1 9 8 9 ) . A model where e x t e n s i n f o r m s an 

i n d e p e n d e n t , s t r u c t u r a l , c r o s s l i n k e d n e t w o r k , a s s o c i a t e d w i t h t h e 

c e l l u l o s e m i c r o - f i b r i l s has been p r o p o s e d ( L a m p o r t & E p s t e i n , 1983, 

S t a f s t r o m & S t a e h e l i n , 1988, K i e l i s z e w s k i & Lamport, 1 9 8 8 ) . R e c e n t l y 

t h o u g h , d o u b t has been e x p r e s s e d as t o w h e t h e r such a r i g i d n e t w o r k 

e x i s t s and c o u l d adapt t o t h e needs o f c e l l g r o w t h ( V a r n e r & L i n , 1989, 

T a l b o t & Ray, 1992). 

I n t h i s l a b o r a t o r y two e x t e n s i n genes have been i s o l a t e d f r o m 

Brassica napus (Evans e t al.,1990, Gatehouse e t al.,1990). When cDNA 

homologous t o one o f t h e s e genes was used t o i s o l a t e e x t e n s i n - l i k e 

sequences f r o m an Arabidopsis thaliana genomic l i b r a r y ( Y a i s h , 1 990), a 

gene was i s o l a t e d w i t h a s i n g l e p o l y p r o l i n e pentamer and a s i m i l a r 

sequence t o t h a t o f t h e C - t e r m i n a l r e g i o n o f PP590 (see b e l o w ) . 

A fo u r t h c l a s s o f r e p e t i t i v e p r o l i n e - r i c h p r o t e i n s 

I t i s now emerging t h a t a f o u r t h c l a s s o f r e p e t i t i v e p r o l i n e - r i c h 

p r o t e i n s e x i s t s (Marcus e t al.,1991), and i t i s t h i s c l a s s t o w h i c h t h e 

p r o l i n e - r i c h sequence o f PP590 b e l o n g s . P r o t e i n s i n t h i s c l a s s a r e 

c h a r a c t e r i s e d by p r o l i n e - r i c h r e p e a t i n g u n i t s b u t l a c k t h e S-(P)4 u n i t s 

o f t h e e x t e n s i n s . I n a d d i t i o n t o t h e r e p e t i t i v e p r o l i n e - r i c h (RPRP) 

f a m i l y f r o m s o y b e a n , DNA sequences e n c o d i n g p r o t e i n s o f s i m i l a r 

c o m p o s i t i o n have a l s o been c h a r a c t e r i s e d i n t i s s u e s f r o m o t h e r d i c o t and 

monocot s p e c i e s : C a r r o t r o o t , w i t h r e p e a t i n g u n i t s o f P-P-I/V-H-K and P-

P-v-Y-T (Chen & v a r n e r , 1985b); soybean r o o t n o d u l e s , r e p e a t s o f P-P-

H/Y/L-E-K-P-P- ( X ) 3 _ 4 , where X=P,E,Y,Q o r H (F r a n s s e n e t a l . , 1 9 8 7 ) ; and 

maize c o l e o p t i l e s , r e p e a t s o f P-P-T-Y-T-P-S-P-K-P-P-T-P-K-P-T o r P-P-T-

Y-T-P-S-P-K-P-P-A-T-K-P-P-T-P-K-P-T ( S t i e f e l e t a l . , 1 9 8 8 ) , w i t h s i m i l a r 

genes a l s o f o u n d i n Sorghum (Raz e t al. , 1 9 9 1 ) , r i c e ( C a e l l e s e t 

al.,1992) and t h e gymnosperm, Douglas f i r ( K i e l i s e w s k i e t a l . , 1 9 9 2 ) . 
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R e c e n t l y , t h e sequence o f a gene e n c o d i n g a p r o l i n e - r i c h p r o t e i n 

e x p r e s s e d i n tomato f r u i t has been r e p o r t e d ( S a l t s e t a l . , 1 9 9 1 & 1992), 

t h i s c o n t a i n s a C - t e r m i n a l r e g i o n s t r i k i n g l y s i m i l a r t o t h a t o f PP590 

(see b e l o w ) and an N - t e r m i n a l r e g i o n o f s i m i l a r c o m p o s i t i o n w i t h 

r e p e a t i n g u n i t s o f P-P-H/Y/I/V-V-K/H/S/Y and P-P-S/T/F/V-T-P-K. 

E x p r e s s i o n and r o l e of c l a s s I V RPRPs. 

The soybean RPRP f a m i l y has been t h e most e x t e n s i v e l y s t u d i e d , 

c o n s i s t i n g o f a t l e a s t t h r e e members, d i f f e r e n t i a l l y e x p r e s s e d i n a 

l i m i t e d number o f c e l l s i n p a r t i c u l a r o r g a n s : 1) e x p r e s s e d s t r o n g l y i n 

t h e mature h y p o c o t y l , r o o t and immature seed c o a t ; 2) h i g h l y e x p r e s s e d 

i n t h e a p i c a l h y p o c o t y l , g e r m i n a t i n g c o t y l e d o n s and c u l t u r e d c e l l s ; 3) 

most abundant i n l e a v e s , stem, pods and seed c o a t . mRNA f r o m a l l t h r e e 

members was d e t e c t a b l e i n pods i n a l l s t a g e s t e s t e d b u t t h e t h i r d c l a s s 

was c o n s i s t e n t l y t h e most abundant and more abundant t h a n e x t e n s i n mRNA 

(Hong e t al.,1989). The l o c a l i s a t i o n o f t h e s e RPRPs d e m o n s t r a t e s t h a t 

t h e y have a d i f f e r e n t p a t t e r n o f e x p r e s s i o n t o o t h e r c e l l w a l l p r o t e i n s 

- g l y c i n e - r i c h p r o t e i n s and e x t e n s i n s ( W y a t t e t a i . , 1 9 9 2 ) . Wound 

i n d u c t i o n appears t o i n f l u e n c e t h e r e g u l a t i o n o f one c l a s s o f RPRP b u t 

n o t a n o t h e r ( K l i e s - S a n F r a n c i s c o & T i e r n e y , 1990). 

I m m u n o l o c a l i s a t i o n s t u d i e s u s i n g a n t i b o d i e s a g a i n s t t h e s e c o n d 

c l a s s o f RPRP showed i t t o be l o c a l i s e d t o t h e m i d d l e l a m e l l a and 

i n t e r c e l l u l a r spaces o f t h e 1-2 day h y p o c o t y l c o r t e x , a l t h o u g h 

e x t r a c t i o n s t u d i e s demonstated t h a t t h e p r o t e i n became l e s s s o l u b l e and 

assembled i n t o t h e c e l l w a l l by f o u r days (Marcus e t al., 1 9 9 1 ) . T h i s 

f i n d i n g i s borne o u t by s t u d i e s comparing mRNA l e v e l s t o i m m u n o l o g i c a l l y 

d e t e c t a b l e p r o t e i n l e v e l s ( K l i e s - S a n F r a n c i s c o & T i e r n e y , 1 9 9 0 ) . 

E x t r a c t i o n o f RPRPs f r o m soybean c e l l w a l l s r e v e a l s t h a t 50% o f t h e 

p r o l i n e r e s i d u e s a r e h y d r o x y l a t e d ( A v e r y h a r t - F u l l a r d e t al.,1988, D a t t a 
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e t al.,1989). The soybean r o o t n o d u l e RPRP appears t o be a s t r u c t u r a l 

p r o t e i n i n v o l v e d i n n o d u l e m o r p h o g e n e s i s r a t h e r t h a n i n b a c t e r i a l 

i n f e c t i o n i t s e l f ( F ranssen e t a2.,1987). 

E x p r e s s i o n o f RPRP f r o m o t h e r s p e c i e s has n o t been so w e l l s t u d i e d . 

I n c a r r o t , RPRP mRNA has been f o u n d t o i n c r e a s e a f t e r wounding b u t , i n 

c o n t r a s t t o e x t e n s i n , n o t as a r e s u l t o f e t h y l e n e o r f u n g a l e l i c i t o r 

(Chen & V a r n e r , 1985a, T i e r n e y e t al.,1988). I n maize, RPRPs have been 

e x t r a c t e d f r o m t h e c e l l w a l l f r a c t i o n i n a s i m i l a r way t o e x t e n s i n s and 

e x p r e s s i o n i s a s s o c i a t e d w i t h i n i t i a t i o n and d i f f e r e n t i a t i o n o f v a s c u l a r 

t i s s u e , s u g g e s t i n g a r o l e i n t h e e a r l y c o n s t r u c t i o n o f c e l l w a l l s . 

T r a n s i e n t h i g h l e v e l s o f mRNA a r e a l s o d e t e c t e d a f t e r wounding, p e a k i n g 

a t 1-2 hours ( S t i e f e l e t al.,1988 & 1990). 

I n summary, i t appears t h a t i n t h e s p e c i e s so f a r s t u d i e d , RPRPs 

compose s m a l l , d i f f e r e n t i a l l y e x p r e s s e d , s p a t i a l l y and t e m p o r a l l y 

r e g u l a t e d gene f a m i l i e s w i t h some members b e i n g wound i n d u c e d . 

E x p r e s s i o n o f t h e RPRPs i s s i m i l a r t o t h a t o f e x t e n s i n s w i t h t h e p r o t e i n 

b e i n g i n c o r p o r a t e d i n t o t h e c e l l w a l l o f s t r u c t u r a l c e l l s . The aa 

c o m p o s i t i o n o f t h e RPRPs w i t h h i g h l e v e l s o f s e r i n e , t h r e o n i n e , 

h y d r o x y p r o l i n e , l y s i n e , t y r o s i n e and h i s t i d i n e a l l o w s p l e n t y o f scope 

f o r i n t e r m o l e c u l a r i n t e r a c t i o n s ( V a r n e r & L i n , 1989), a l t h o u g h t h e l a c k 

o f p o l y p r o l i n e p e p t i d e s p o s s i b l y endows t h e s e p r o t e i n s w i t h a g r e a t e r 

f l e x i b i l i t y t h a n e x t e n s i n s . 

The C - t e r m i n a l r e g i o n of PPS90 

As p r e v i o u s l y mentioned t h e C - t e r m i n a l r e g i o n o f PP590 was f o u n d t o 

have homology t o a hy d r o p h o b i c p r o t e i n i s o l a t e d f r o m soybean seeds. T h i s 

soybean p r o t e i n i s p r e d o m i n a n t l y h y d r o p h o b i c w i t h a s h o r t h y d r o p h i l i c C-

t e r m i n a l p e p t i d e , l i k e t h e c o r r e s p o n d i n g r e g i o n o f PP590. T h i s p r o t e i n 

i s p r e s e n t a t h i g h l e v e l s i n t h e mature soybean seed (200mg/kg) b u t as 



y e t , no r o l e has been a s c r i b e d t o i t (Odani e t a l . , 1 9 8 6 ) . H y d r o p h o b i c 

c l u s t e r a n a l y s i s p l a c e s t h i s p r o t e i n w i t h i n a g r o u p i n c l u d i n g l i p i d 

t r a n s f e r p r o t e i n s and seed s t o r a g e p r o t e i n s , s h a r i n g s t r u c t u r a l 

s i m i l a r i t y ( H e n r i s s a t e t al.,1988). No DNA sequence d a t a i s a v a i l a b l e 

f o r t h i s p r o t e i n so i t i s i m p o s s i b l e t o t e l l w h ether i t forms p a r t o f a 

l a r g e r - p o s s i b l y p r o l i n e - r i c h - p r o t e i n ( l i k e PP590) w h i c h i s s u b s e q u e n t l y 

c l e a v e d . 

A n o t h e r p r o t e i n w i t h a s i m i l a r degree o f homology ( 4 8 % i d e n t i t y and 

87% homology) t o t h i s r e g i o n o f PP590 ( f i g . 42) i s encoded by a gene 

i s o l a t e d when an Arabidopsis l i b r a r y was screened w i t h an e x t e n s i n cDNA 

f r o m Brassica napus ( Y a i s h , 1 9 9 0 ) . T h i s gene has a 381bp ORF e n c o d i n g 

127 r e s i d u e s , c o m p r i s i n g a s i g n a l p e p t i d e , a s h o r t (23 r e s i d u e ) b a s i c 

and p r o l i n e r i c h r e g i o n i n c l u d i n g a p o l y p r o l i n e pentamer ( p r e s u m a b l y 

a c c o u n t i n g f o r i t s h y b r i d i s a t i o n t o t h e e x t e n s i n p r o b e ) , f o l l o w e d by t h e 

sequence homologous t o PP590 ( f i g . 4 2 ) . I t i s n o t known w h e t h e r t h i s 

gene i s e x p r e s s e d , i n t h e t i s s u e s t e s t e d , t h e o n l y mRNA h y b r i d i s e d t o by 

t h i s DNA was 1.3kb whic h seems t o o l a r g e t o be encoded by t h i s gene. 

The homology between PP590 and t h e t w o p r e v i o u s l y m e n t i o n e d 

sequences i s , however, c o m p l e t e l y e c l i p s e d by t h e homology between i t 

and t h e C - t e r m i n a l sequence o f a p r o l i n e - r i c h p r o t e i n encoded by a gene 

e x p r e s s e d i n t h e young t o m a t o f r u i t , TPRP-F1 ( S a l t s e t al.,1991 & 1992) 

( f i g . 4 2 ) . There i s 88% i d e n t i t y between t h e two sequences a t t h e aa. 

l e v e l and 79% between t h e two n u c l e o t i d e sequences e n c o d i n g them. T h i s 

h i g h l e v e l o f homology between sequences f r o m t w o d i s t i n c t p l a n t 

f a m i l i e s ( compared w i t h t h e 70% i d e n t i t y o f t h e p e c t i n e s t e r a s e 

sequences, see below) i n f e r s a s p e c i f i c f u n c t i o n a l r o l e f o r t h e whole o f 

t h i s r e g i o n . U n f o r t u n a t e l y , l i t t l e i s known o f t h i s t o m a t o sequence 

o t h e r t h a n t h e p a t t e r n o f e x p r e s s i o n o f i t s mRNA, b e i n g h i g h i n young 

t o m a t o f r u i t and low (below 3.5% o f t h i s ) i n stem, r o o t , e t i o l a t e d 
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F i g . 42 A l i g n m e n t o f t h e C - t e r m i n a l r e g i o n encoded by PP590 w i t h t h e 
C - t e r m i n a l r e g i o n s o f a tomato p r o l i n e r i c h p r o t e i n (TPRP-
F l ) , a p r o t e i n encoded f o r by an AraJbidopsis gene s e l e c t e d by 
an e x t e n s i n probe {ExtA) and t h e sequence o f a soybean 
h y d r o p h o b i c p r o t e i n (SHP). : denotes i d e n t i t y and . homology 
t o t h e PP590 r e s i d u e s , s t o p codons f r o m t h e DNA sequences a r e 
shown. 

TPRP-F1 AQPTCPIDALKIiGACVDVLGGLIHIGIGGSAKQTCCPLLGGLVDLDAAIC 

PP590 AQPTCSIDALKLGACVDVLGGLIHIGIGGSAKQTCCPLLQGLVDLDAAVC 

ExtA PKPTCK-DALKLKVCANVLD-LVKVSL—PPTSNCCALIKGLVDLEAAVC 

SHP ALITRPSCP DLSICLNILGGSL GTVDDCCALIGGLGDIE A l VC 

TPRP-Fl -LCTTIRLKLLNINIILPIALQVLIDDCGKYPPKDFKCPST* 

PP590 -LCTTIRLKLLNINLVIPLALQVLID-CGKTPPEGFKCPSS* 

ExtA -LCTALKANVLGINLNVPISLNWLNHCGKKVPSGFKCA* 

SHP VLCIQLRA-LGILNLNRNLQL-ILNS-CGRSYPSNATCPRT 

s e e d l i n g s , l e a f , and mature-green and r i p e f r u i t s ( S a l t s e t a l . , 1 9 9 1 ) . 

The h i g h l e v e l o f c y s t e i n e and i t s d i s t r i b u t i o n t h r o u g h o u t t h i s 

r e g i o n o f t h e s e p r o t e i n s i s r e m i n i s c e n t o f t h e sequences c o n s e r v e d 

w i t h i n f a m i l i e s o f enzyme i n h i b i t o r s f r o m p l a n t seeds ( R i c h a r d s o n , 

1 9 9 1 ). A l t h o u g h i t i s t e m p t i n g t o s p e c u l a t e a s i m i l a r f u n c t i o n c o u l d be 

a s c r i b e d t o t h i s m o i e t y o f PP590, anchored t o t h e pod c e l l w a l l by i t s 

RPRP r e g i o n , no f u r t h e r homology t o t h e s e i n h i b i t o r s c o u l d be f o u n d . I t 

i s p o s s i b l e t h a t t h i s c y s t e i n e d i s t r i b u t i o n denotes a shar e d s t r u c t u r a l , 

r a t h e r t h a n f u n c t i o n a l , s i m i l a r i t y . 

H y b r i d p r o l i n e - r i c h p r o t e i n s 

R e c e n t l y t h e sequences o f a number o f " h y b r i d " p r o t e i n s have been 

p u b l i s h e d . These, l i k e PP590 and t h e t o m a t o p r o l i n e - r i c h p r o t e i n , n o t 

o n l y c o n t a i n an e x t e n s i n - l i k e o r c l a s s I V RPRP-like p r o l i n e - r i c h 

sequence b u t a second, presumably f u n c t i o n a l r a t h e r t h a n s t r u c t u r a l 

159 



domain. I n s u n f l o w e r s , a f a m i l y o f a n t h e r e p i d e r m i s - s p e c i f i c genes i s 

e x p r e s s e d i n l a t e d e v e l o p m e n t and accompanied by p i g m e n t a t i o n and 

e l o n g a t i o n . These a r e f o u n d t o c o n t a i n s h o r t p r o l i n e - r i c h r e g i o n s w i t h 

t h e r e m a i n i n g sequence c o n t a i n i n g a s i m i l a r h i g h c y s t e i n e c o n t e n t t o t h e 

C - t e r m i n a l r e g i o n o f PP590 (Domon e t a l . , 1 9 9 0 , E v r a r d e t a l . , 1 9 9 1 ) . 

Two wound i n d u c e d genes f r o m Phaseolus f a l l i n t o t h i s c a t e g o r y , one 

has a C - t e r m i n a l e x t e n s i n - l i k e sequence and a 275+ aa N - t e r m i n a l r e g i o n 

o f unknown f u n c t i o n (Sauer et al.,1990), t h e o t h e r resembles a c l a s s IV 

RPRP ( w i t h r e p e a t s o f P-V-H-P-P-V-K-P-P-v and r e l a t e d p e p t i d e s ) b u t w i t h 

a n o n - r e p e t i t i v e C - t e r m i n a l r e g i o n l o w i n p r o l i n e (Sheng e t al.,1991). 

Bot h t h e s e genes a r e p r e s e n t as s i n g l e c o p i e s i n t h e Phaseolus genome 

and a r e t h o u g h t t o encode c e l l w a l l p r o t e i n s i n v o l v e d i n r e m o d e l l i n g t h e 

p l a n t c e l l w a l l d u r i n g t h e defence response. 

The solanaceous l e c t i n s (see above) a l s o b e l o n g t o t h i s g r o u p . I t 

has been s u g g e s t e d , b o t h f o r t h e s e and t h e Phaseolus defence genes, t h a t 

t h e y have a r i s e n as a r e s u l t o f a gene f u s i o n ( S h o w a l t e r & V a r n e r , 

1 9 8 9 ) . The r e p e t i t i v e n a t u r e o f t h e DNA sequence e n c o d i n g RPRPs must 

i n c r e a s e t h e l i k e l i h o o d o f r e c o m b i n a t i o n o c c u r r i n g and t h i s forms an 

e q u a l l y p l a u s a b l e e x p l a n a t i o n f o r t h e o r i g i n o f PP590. 

Comparison o f t h e 5' r e g i o n of PP590 w i t h t h a t o f i t s tomato 

c o u n t e r p a r t 

As s t a t e d above, t h e C - t e r m i n a l r e g i o n o f PP590 i s h i g h l y 

homologous t o t h a t o f t h e tomato p r o l i n e - r i c h p r o t e i n , TPRP-F1, and t h e 

p r o l i n e - r i c h r e g i o n s a l s o have a s i m i l a r s t r u c t u r e . A t f i r s t s i g h t t h e 

r e c e n t p u b l i c a t i o n o f t h e genomic sequence ( S a l t s e t al.,1992) r e v e a l e d 

s u r p r i s i n g d i f f e r e n c e s i n t h e 5' r e g i o n o f t h e c o d i n g sequence w h i c h had 

n o t been c o v e r e d by t h e cDNA. An aa sequence i s p r e d i c t e d by TPRP-F1 

(CPYCPYPPST) r e s e m b l i n g t h e p u t a t i v e N - t e r m i n a l sequence o f PP590 
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(CPYCPYPSPK), b u t t h i s b e g i n s a t r e s i d u e 7 o f t h e TPRP-F1 sequence 

compared t o r e s i d u e 25 i n PP590. I t would appear t h e n t h a t TPRP-F1 l a c k s 

a s i g n a l p e p t i d e , however, when t h e immediate 5" f l a n k i n g r e g i o n o f t h e 

gene was t r a n s l a t e d , a r e a d i n g frame s i m i l a r t o t h a t o f t h e PP590 s i g n a l 

p e p t i d e was f o u n d : 

PP590 M A N F A I A N V L I L L L N L S T L L N V L A:C P 

TPRP-F1 M E K F N L A R V L L L L L Q L G T L F I A H A:C P 

The r e a d i n g f r a m e above i s n o t c o n t i n u o u s i n t h e p u b l i s h e d 

sequence, i t i n c l u d e s a frame change and a d e l e t i o n o f f o u r r e s i d u e s 

f r o m t h o s e p r e d i c t e d by t h e DNA sequence. I f t h e DNA sequence i s 

examined, a d i r e c t r e p e a t o f 13bp (GCATGTCCTTATT) o c c u r s i n t h e r e g i o n 

o f t h e p r o p o s e d s i g n a l p e p t i d e c l e a v a g e s i t e (: above) o f PP590. I f 

t h i s r e p e a t i s removed f r o m t h e TPRP-Fl DNA sequence, t h e above aa 

sequence i s p r e d i c t e d . These r e s i d u e s c o n s t i t u t e a p l a u s a b l e s i g n a l 

p e p t i d e w i t h h y d r o p h o b i c c o r e , LA(R)VLLLLL, and c l e a v a g e s i t e ( v o n 

H e i j n e , 1983) r e s u l t i n g i n t h e same mature N - t e r m i n a l p e p t i d e (CPCPCY) 

as t h a t proposed f o r PP590. 

As t h i s gene i s o t h e r w i s e so homologous t o PP590 and ( f o r t h e same 

reasons as ar g u e d f o r PP590 - see below) i s f u n c t i o n a l , i t w o u ld appear 

t h a t t h i s r e p e a t i s an a r t i f a c t . Such an a r t i f a c t may have a r i s e n b y 

r e c o m b i n a t i o n d u r i n g s u b c l o n i n g o r (more l i k e l y ) d u r i n g t h e c o m p i l a t i o n 

o f t h e sequence d a t a . No sequences homologous t o PP590 c o u l d be f o u n d i n 

t h e r e m a i n i n g s h o r t (94b) 5' f l a n k i n g sequence p u b l i s h e d . 

E x p r e s s i o n o f PP590 

Genomic b l o t s i n d i c a t e t h a t PP590 i s p r e s e n t as a s i n g l e copy i n 

t h e PP genome and t h a t a n o t h e r s i n g l e copy gene i s p r e s e n t w h i c h has 

homology t o i t . L i k e PP590, TPRP-Fl i s f o u n d as a s i n g l e copy w i t h i n t h e 

tomato genome ( S a l t s e t al.,1991). The f a c t t h a t PP590 i s p r e s e n t as a 
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s i n g l e copy, t o g e t h e r w i t h t h e i d e n t i t y o f t h e cDNA and genomic 

sequences, i n d i c a t e s t h a t PP590 encodes t h e cDNA i s o l a t e d and i s 

t h e r e f o r e e x p r e s s e d i n pods. 

A mRNA o f 1.75-1.8kb was d e t e c t e d i n pod RNAs, t h i s i s l o n g e r t h a n 

w o u l d be e x p e c t e d w i t h a 1056bp ORF. A h y d r o x y p r o l i n e - r i c h g l y c o p r o t e i n 

e n c o d i n g cDNA f r o m Phaseolus has a 608bp 3' u n t r a n s l a t e d r e g i o n d e s p i t e 

c o n t a i n i n g p o l y a d e n y l a t i o n s i g n a l s 180 and 320bp d i s t a l t o t h e s t o p 

codon (Sauer e t a l . , 1 9 9 0 ) . I t may be t h a t t h e f i r s t p o l y a d e n y l a t i o n 

s i g n a l a t 154bp 3' t o t h e s t o p codon i s d i s r e g a r d e d and e i t h e r t h a t a t 

685bp, o r t h e m u l t i p l e o v e r l a p p i n g s i g n a l a t 730bp, a r e u s e d 

p r e f e r e n t i a l l y , w h i c h would account f o r t h e s i z e d i s c r e p a n c y . The tomato 

f r u i t e x p r e s s e d RPRP gene and t w o o t h e r p r o l i n e - r i c h p r o t e i n genes 

c o n t a i n i n t r o n s i n t h e i r 3' f l a n k i n g r e g i o n s (Chen & V a r n e r , 1985a, 

S t i e f e l e t al.,1990, S a l t s e t al.,1992). As t h e cDNA d i d n o t e x t e n d i n t o 

t h i s r e g i o n , i t i s n o t p o s s i b l e t o t e l l w h e t h e r t h i s i s t h e case i n 

PP590. 

When n o r t h e r n b l o t s f r o m o t h e r t i s s u e s were p r o b e d w i t h t h e cDNA, 

e x p r e s s i o n was d e t e c t e d i n p e t a l s b u t n o t l e a v e s . I t i s i n t e r e s t i n g t h a t 

h y b r i d i s a t i o n o c c u r r e d t o t h e o t h e r p i g m e n t e d t i s s u e ( e s p e c i a l l y i n t h e 

c o n t e x t o f t h e d i s c u s s i o n b e l o w ) , a l t h o u g h f u r t h e r w o r k w i t h non-

p i g m e n t e d p e t a l s and o t h e r t i s s u e s i s r e q u i r e d b e f o r e d e f i n i t e 

c o n c l u s i o n s can be drawn. The PP590 gene has t e n t a t i v e l y been a s s i g n e d 

t h e name ptxA as i t appears t o be p i g m e n t e d t i s s u e e x p r e s s e d and o f 

unknown f u n c t i o n . 

PP590 and t h e p u r p l e podded phenotype 

The d i f f e r e n c e i n l e v e l s o f PP590 mRNA i n t h e pods o f t h e gr e e n and 

p u r p l e p l a n t s f r o m t h e PP l i n e i s d i f f i c u l t t o e x p l a i n . The sequence 

bears no homology t o any o f t h e enzymes i s o l a t e d f r o m t h e a n t h o c y a n i n 
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b i o s y n t h e s i s pathway and i t seems u n l i k e l y t h a t a r e g u l a t o r y p r o t e i n 

should c o n t a i n a p u t a t i v e s t r u c t u r a l region or t h a t i t s mRNA should be 

pre s e n t a t such high l e v e l s as ar e found i n the purple l i n e . I t may be 

t h a t t r a n s c r i p t i o n of PP590 i s c o n t r o l l e d by the same f a c t o r as t h a t 

r e g u l a t i n g the pro d u c t i o n of pigment but t h i s begs the q u e s t i o n why? 

Problems were encountered producing complete ( n o n - p a r t i a l ) d i g e s t s of 

t h i s r e g i o n of the genomic DNA. I t i s p o s s i b l e t h a t m e t h y l a t i o n or 

another f a c t o r i s p r e v e n t i n g t r a n s c r i p t i o n from t h i s r e g i o n i n the green 

p l a n t s and t h a t PP590 by chance l i e s near t o a gene i n , or r e g u l a t i n g , 

the anthocyanin b i o s y n t h e s i s pathway which i s a l s o a f f e c t e d . Methylation 

of DNA has been shown to be a mechanism by which transposable elements 

are i n a c t i v a t e d both i n t h e i r normal host p l a n t s and when i n s e r t e d i n t o 

t r a n s g e n i c p l a n t s ( F e d o r o f f , 1989, M a r t i n e t al.,1989, L i n n e t 

a l . , 1 9 9 0 ) . However, two f a c t o r s argue a g a i n s t m e t h y l a t i o n being t h e 

cause of the poor d i g e s t i o n ; f i r s t l y , the Xba I r e c o g n i t i o n sequence 

(TCTAGA) s h o u l d not be a f f e c t e d by p l a n t m e t h y l a t i o n (CG and CNG, 

Gruenbaum e t al.,1981) and secondly, the p l a n t s showing poor d i g e s t i o n 

a r e those e x h i b i t i n g i n s t a b i l i t y and so presumably c o n t a i n an a c t i v e 

unmethylated element. I t i s not c l e a r whether the "normal" mRNA l e v e l i s 

t h a t found i n the PP or GP pods. The l e v e l i n FF pods suggests t h a t the 

lower l e v e l i s more u s u a l and the purple t o green mutation i s c a u s i n g a 

r e t u r n t o normal l e v e l s found i n pods. 

I n t e r e s t i n g l y , i n soybean, the e x p r e s s i o n of a p r o l i n e - r i c h p r o t e i n 

has a l s o been found t o be l i n k e d t o anthocyanin b i o s y n t h e s i s (Lindstrom 

& Vodkin, 1991). I n t h i s c a s e the l e v e l of the p r o t e i n - the c l a s s IV 

RPRP (SbPRPl) expressed i n mature hypocotyl, root and immature seed c o a t 

(see above) - was c o n s i d e r a b l y reduced i n the mutant pigmented seed coat 

c u l t i v a r when compared t o i t s i s o g e n i c c u l t i v a r without pigment. mRNA 

l e v e l s m i r r o r the s i t u a t i o n a t the p r o t e i n l e v e l . These authors 
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e x t r a c t e d the RPRP u s i n g i t ' s a f f i n i t y t o p o l y v i n y l p o l y p y r r o l i d o n e 

(PVPP). However, t h i s method f a i l e d to y i e l d any p r o t e i n , v i s i b l e on 

SDS-polyacryamide g e l , when attempted on p u r p l e pods. The reason f o r 

t h i s may be the low t y r o s i n e content of PP590 compared t o SbPRPl (2.8% 

v s . 1 6 % ) , as PVPP binds p h e n o l i c h y d r o x y l r e s i d u e s , or d i f f e r e n t i a l 

complexing of p h e n o l i c compounds t o the p r o t e i n s , which causes SbPRPl t o 

bind but not PP590. 

The r e v e r s a l of the r e l a t i o n s h i p of RPRP mRNA l e v e l to pigmentation 

i n t h e s e two i n s t a n c e s l e n d s weight t o the argument t h a t a f a c t o r i s 

c o n t r o l l i n g the s y n t h e s i s of mRNAs encoding both the RPRP and p a r t of 

t h e a n t h o c y a n i n b i o s y n t h e s i s pathway r a t h e r t h a n t h e RPRP i t s e l f 

s e q u e s t e r i n g p r e c u r s o r s from t h i s pathway. A comparison of the f l a n k i n g 

r e g i o n s of t h e SbPRPl gene (Hong e t al.,1987) and PP590 r e v e a l s 

s i m i l a r l y G/C r i c h sequences i n the 5' f l a n k i n g regions ( f i g . 32) but no 

d i r e c t homology. 
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I d e n t i f i c a t i o n of PP927 as a p e c t i n e s t e r a s e - l i k e gene 

The d e r i v e d aa sequences of the cDNAs and p a r t of t h a t d e r i v e d from 

genomic c l o n e i s o l a t e d were found, on s e a r c h i n g t h e NBRF p r o t e i n 

database, t o show homology t o tomato p e c t i n e s t e r a s e . T h i s enzyme has 

been i s o l a t e d from tomato f r u i t and sequenced (Markovic & J o r n v a l l , 

1986); i t i s 305 r e s i d u e s i n l e n g t h p r e d i c t i n g a Mr of 33,200. A 

sequence matching t h a t of the N-terminal r e g i o n of the mature p r o t e i n 

(11ANAWAQDGTG) o c c u r s i n the PP927 d e r i v e d sequence (IKANVWAKDGSG) 

beginning a t t h e 238th r e s i d u e . The aa sequence C - t e r m i n a l t o t h i s 

c o n t a i n s r e g i o n s homologous t o p e p t i d e s sequenced from t h e tomato 

enzyme. 

The C - t e r m i n a l r e g i o n of PP927 appears t h e r e f o r e t o encode a 

p e c t i n e s t e r a s e . I t c o n s i s t s of 317 r e s i d u e s p r e d i c t i n g , on i t s own, a Mr 

of 34,400. There i s c l o s e homology w i t h tomato (70% i d e n t i t y to tomato 

cDNA d e r i v e d aa sequence, Ray e t al.,1988) and the aa sequences d e r i v e d 

from p e c t i n e s t e r a s e encoding genes from p r o k a r y o t i c s p e c i e s a r e a l s o 

homologous (20-25% i d e n t i t y ) Erwinia chrysanthemi (Plastow, 1 9 8 8 ) , 

Aspergillus niger (Khanh e t al.,1991) and Pseudomonas solanacearum (Spok 

et al.,1991). 

Expression of PP927 and other p e c t i n e s t e r a s e - l i k e genes 

The d i f f e r e n c e s found between the cDNA d e r i v e d from pod t i s s u e and 

the genomic clone i n d i c a t e t h a t t h i s gene does not encode t h i s cDNA, and 

i t f o l l o w s t h a t the gene i s not n e c e s s a r i l y expressed i n pods. The gene 

on the genomic c l o n e has been designated pmeA and t h a t encoding the cDNA 

pmeB. The i d e n t i t y between t h e cDNA encoded and t h e genomic c l o n e 

encoded aa sequences i s 80%. T h i s f i g u r e i s l e s s than t h a t found between 

the tomato f r u i t p e c t i n e s t e r a s e cDNAs and between them and the p r o t e i n 

sequence, 87-93% i d e n t i t y (Harriman e t al.,1991), d e s p i t e the d i f f e r e n t 
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v a r i e t i e s used i n each c a s e . T h i s would tend t o suggest t h a t pPP927 i s 

ex p r e s s e d e l s e w h e r e i n the pea p l a n t , a l t h o u g h , i n tomato, f r u i t 

e x p r e s s e d cDNA does not h y b r i d i s e t o mRNA from o t h e r t i s s u e s showing 

s i m i l a r l e v e l s of p e c t i n e s t e r a s e a c t i v i t y (Harriman e t al., 1991). There 

i s no evidence t o suggest t h a t PP927 i s not t r a n s c r i b e d , i t has a l l the 

f e a t u r e s n o r m a l l y a s s o c i a t e d w i t h a f u n c t i o n a l gene, but u n t i l an 

i d e n t i c a l cDNA i s i s o l a t e d or SI n u c l e a s e mapping conducted, i t i s 

impo s s i b l e t o say t h a t i t i s f u n c t i o n a l . 

Northern b l o t s w i t h RNA from 5 daf pods c o n t a i n an mRNA of 2.2kb 

h y b r i d i s e d t o by pPP927 cDNA ( f i g . 2 8 ) . T h i s i s somewhat longer than 

would be expected from PP927, w i t h a 1662bp ORF. P o s s i b l y the gene which 

encodes the pod cDNA i s lo n g e r than PP927, i t may have a long 3" 

u n t r a n s l a t e d r e g i o n as i s the cas e w i t h a c a r r o t h u d r o x y p r o l i n e - r i c h 

g l y c o p r o t e i n ( s e e above) or t h e r e may be a d i s c r e p a n c y i n the s i z i n g of 

the bands on g e l . C e r t a i n l y the mRNA i s much longer than t h a t p r e d i c t e d 

by j u s t the p e c t i n e s t e r a s e region p l u s f l a n k i n g sequence and longer than 

t h a t found i n tomato f r u i t (1.6 kb, Ray e t a J . , 1988). There i s no 

d i f f e r e n c e i n mRNA l e v e l s between the purple and green podded l i n e s of 

PP as might be expected, but the FF l i n e c o n t a i n s much l e s s ( 5 % ) , which 

accounts f o r the s e l e c t i o n of the cDNA i n the d i f f e r e n t i a l s c r e e n . 

When RNAs from d i f f e r e n t t i s s u e s were probed w i t h pPP927 ( f i g . 30a) 

no e x p r e s s i o n c o u l d be seen i n p e t a l or l e a f t i s s u e , c e r t a i n l y not a t 

the l e v e l s seen i n pod. As wit h tomato i t may be t h a t o t h e r t i s s u e s 

express d i f f e r e n t genes whose products cannot be dete c t e d w i t h pod cDNA. 

More work i s r e q u i r e d t o probe, a t v a r y i n g s t r i n g e n c y , RNA from ot h e r 

t i s s u e s and those examined so f a r and t o a s s e s s mRNA l e v e l s i n the pod 

through development. 

Western b l o t s appear t o i n d i c a t e the presence of p e c t i n e s t e r a s e i n 

both pod and seeds from both PP and FF l i n e s , although the r e s u l t i s 
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r a t h e r ambiguous. The b l o t s have high backgrounds and the s p e c i f i c i t y of 

these tomato a n t i b o d i e s i s unknown i n pea. Even w i t h i n the tomato p l a n t , 

l e a f , stem and root p e c t i n e s t e r a s e c o u l d not be d e t e c t e d w i t h f r u i t 

p e c t i n e s t e r a s e a n t i b o d i e s , although a c t i v i t y c o u l d be d e t e c t e d a t 

s i m i l a r l e v e l s (Harriman et a l . , 1 9 9 1 ) . 

P e c t i n e s t e r a s e - l i k e genes i n the pea genome 

The genomic b l o t ( f i g . 40) i n d i c a t e s t h a t t h e r e a r e t h r e e 

p e c t i n e s t e r a s e - l i k e genes i n the purple podded l i n e and four i n the FF 

l i n e , w i t h a t l e a s t two more s i m i l a r genes p r e s e n t i n both genotypes. I n 

tomato a f a m i l y c o n t a i n i n g up t o t h r e e members was i d e n t i f i e d (Ray e t 

al.,1988, Harriman & Handa, 1990) and i n Brassica a t l e a s t two members 

are p r e s e n t ( A l b a n i e t al.,1991). I n tomato i t has been r e p o r t e d t h a t 

t h r e e p e c t i n e s t e r a s e genes l i e on a s i n g l e 12kbp genomic clone (Harriman 

& Handa, 1990). Two of the PP and t h r e e of the FF p e c t i n e s t e r a s e - l i k e 

sequences l i e on i d e n t i c a l s i z e d Eco R l an Nsi I fragments, t h i s 

suggests t h a t a s i m i l a r tandem repeat of the genes may occur i n pea. 

The probe encoding the non p e c t i n e s t e r a s e - l i k e r e g i o n of PP927 when 

washed a t high s t r i n g e n c y , only d e t e c t s a s i n g l e band i n each d i g e s t . 

These a r e t h e bands p r e d i c t e d by the genomic c l o n e . At low s t r i n g e n c y 

the r e s u l t i s more d i f f i c u l t to i n t e r p r e t , one of other Eco RV fragments 

h y b r i d i s e d t o a t high s t r i n g e n c y by the 3' probe i s d e t e c t e d but n e i t h e r 

m u l t i p l e copy band i n the Eco RI and N s i I d i g e s t s i s d e t e c t e d . T h i s 

suggests a t l e a s t one copy of a p e c t i n e s t e r a s e - l i k e gene i n the PP 

genome, and two i n the FF genome, a r e p r e s e n t without an N-terminal 

re g i o n s i m i l a r to PP927. These r e s u l t s demonstrate t h a t the N-terminal 

p o r t i o n of^PP927 encoded sequence i s l e s s w e l l c o n s e r v e d t h a n t h e 

p e c t i n e s t e r a s e r e g i o n and t h a t some p e c t i n e s t e r a s e genes may e x i s t 

without such a r e g i o n a t a l l . Both probes a t low s t r i n g e n c y d e t e c t the 
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same s e r i e s of bands suggesting t h a t t h e r e may be a second gene f a m i l y 

whose sequences show s i m i l a r i t y t o both regions of PP927. 

Occurrence and function of p e c t i n e s t e r a s e 

P e c t i n e s t e r a s e a c t i v i t y has been found i n a l l p l a n t s t e s t e d f o r i t 

(Cassab & Varner, 1988). A c t i v i t y has been demonstrated i n pea seeds 

(Kim & Love, 1990) and Phaseolus vulgaris pods (Summers, 1989), hence i t 

would not be s u r p r i s i n g t o f i n d p e c t i n e s t e r a s e e x p r e s s e d i n pea pods. 

P e c t i n e s t e r a s e i s a p e c t o l y t i c enzyme which c a t a l y s e s the demethylation 

of p o l y g a l a c t u r o n i c a c i d w i t h i n h i g h l y e s t e r i f i e d p e c t i n , r e n d e r i n g i t 

s u s c e p t i b l e t o c l e a v a g e by p o l y g a l a c t u r o n a s e and p e c t a t e l y a s e s (Lee & 

Macmillan, 1970, Rexova-Benkova & Markovic, 1976). P e c t o l y t i c enzymes 

cause c e l l w a l l s o f t e n i n g during f r u i t r i p e n i n g i n tomato, they a l s o 

play a major r o l e i n p l a n t c e l l w a l l degredation by pathogenic organisms 

(Collmer & Keen, 1986). 

P e c t o l y t i c a c t i v i t y has been found i n i s o l a t e d p l a n t c e l l w a l l s 

( K i v i l a a n e t al.,1971, Koch & Nevins, 1989) and i n c r e a s e d p e c t i n e s t e r a s e 

a c t i v i t y has been found t o be a s s o c i a t e d w i t h growth p o t e n t i a l i n 

hypocotyl c e l l s of Vigna radiata (Goldberg, 1984). I t has been suggested 

t h a t t h i s enzyme p l a y s a c r u c i a l p a r t i n the p r o c e s s of p l a n t c e l l w a l l 

growth and r e o r g a n i s a t i o n (Yamaoka e t al.,1983, Varner & L i n , 1989), 

p o s s i b l y through i t s e f f e c t on c e l l w a l l c h a rge d e n s i t y and C a 2 + 

d i s t r i b u t i o n ( R i c a r d & Noat, 1986, Moustacas e t al.,1991), although a 

complete p i c t u r e of t h e mechanisms i n v o l v e d has not y e t emerged. 

P e c t i n e s t e r a s e a c t s t o d e - e s t e r i f y p e c t i n l i n e a r l y along th e c h a i n 

(Rexova-Benkova & Markovic, 1976) and d e - e s t e r i f i c a t i o n of b l o c k s o f 

p e c t i n i s r e q u i r e d before s t r o n g g e l s can be formed i n the presence of 

C a 2 + (Rees, 1982). A model f o r the i n t e r a c t i o n of d e - e s t e r i f i e d p e c t i n 

c h a i n s and C a 2 + t o form an "egg-box" l i k e s t r u c t u r e has been proposed 
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(Grant e t al.,1973). A c i d i c , d e - e s t e r i f i e d p e c t i n molecules have been 

proposed as a p o s s i b l e s i t e f o r i n t e r - m o l e c u l a r c r o s s l i n k a g e w i t h the 

b a s i c l y s i n e r e s i d u e s of e x t e n s i n m o l e c u l e s ( V a r n e r & L i n , 1989), 

although the d i s t r i b u t i o n of the two components ( e x t e n s i n i n the c e l l 

w a l l and p e c t i n i n the middle l a m e l l a ) argues a g a i n s t t h i s (Varner & 

Hood, 1988). 

In situ h y b r i d i s a t i o n e x p e r i m e n t s u s i n g PP92 7 as a probe i n 

d e v e l o p i n g Arabidopsis f l o w e r s r e i n f o r c e t h i s r o l e i n c e l l w a l l 

m o d i f i c a t i o n w i t h p e c t i n e s t e r a s e mRNA being l o c a l i s e d t o the r e g i o n of 

the gynoecium where the two ha l v e s of the septum have j u s t fused ( f i g . 

3 8 ) . T h i s f u s i o n of the two p a r t s of t h e septum i s fo l l o w e d by the 

formation, i n thes e r e g i o n s , of aerenchyma t i s s u e , a l s o a s s o c i a t e d w i t h 

high l e v e l s of p e c t i n e s t e r a s e mRNA (Spence,J., p e r s o n a l communication). 

The middle l a m e l l a r e g i o n between p l a n t c e l l w a l l s i s thought c o n t a i n 

high l e v e l s of p e c t i n s ( D a r v i l l e t al.,1980) and i t seems l i k e l y t h a t 

p e c t i n e s t e r a s e a c t i v i t y would be r e q u i r e d i n the p r o c e s s " s o f t e n i n g " 

t h i s p e c t i n d u r i n g aerenchyma c e l l f o r m a t i o n . A b u i l d up of 

p e c t i n e s t e r a s e mRNA a l s o occurs i n the tapetum of the p o l l e n s a c p r i o r 

t o i t s d e g e n e r a t i o n . R e c e n t l y , a p e c t i n e s t e r a s e - l i k e gene e x p r e s s e d i n 

de v e l o p i n g p o l l e n from Brassica napus has been i s o l a t e d ( A l b a n i e t 

al.,1991) and other p e c t o l y t i c enzyme encoding genes from tomato and 

Oenothera have been found t o be p o l l e n - e x p r e s s e d (Wing e t al.,1990, 

Brown & Crouch, 1990). I n a d d i t i o n , p e c t o l y t i c enzymes, or t h e i r 

a c t i v i t y , has been d e t e c t e d i n p o l l e n from s e v e r a l o t h e r p l a n t s p e c i e s 

i n c l u d i n g monocots (P r e s s e y & Reger, 1988, Brown & Crouch, 1990), these 

enzymes may play a r o l e i n the growth and p e n e t r a t i o n of the p o l l e n tube 

i n the gynoecium. 

I t appears then t h a t r a t h e r than j u s t being an enzyme which he l p s 

" s o f t e n up" r i p e n i n g f r u i t , p e c t i n e s t e r a s e p l a y s an important r o l e i n 
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c e l l w a l l growth and r e o r g a n i s a t i o n i n the whole p l a n t . The i n i t i a l 

a c t i o n of p e c t i n e s t e r a s e probably l e a d s t o a " f i n n i n g " of the t i s s u e due 

to t h e formation of a more r i g i d p e c t i n g e l s t r u c t u r e . The f u r t h e r 

a c t i o n of p e c t i n e s t e r a s e coupled w i t h t h a t of p o l y g a l a c t u r o n a s e t h e n 

leads t o t i s s u e s o f t e n i n g . 

Phenotypic e f f e c t s of p e c t i n e s t e r a s e 

There seems t o be l i t t l e phenotypic d i f f e r e n c e betweeen PP and FF 

pods t h a t can be equated to the d i f f e r i n g l e v e l s of p e c t i n e s t e r a s e mRNA. 

I t may be t h a t l e v e l s of p e c t i n e s t e r a s e mRNA i n c r e a s e l a t e r i n 

development of the FF pod, h y b r i d i s a t i o n s t u d i e s on RNA from both l i n e s 

of pod through development are r e q u i r e d t o c l a r i f y t h i s . I n tomato f r u i t 

a t l e a s t two genes a r e e x p r e s s e d (Ray e t a l . , 1 9 8 8 , Harriman e t 

a l . , 1 9 9 1 ) , although i t seems u n l i k e l y t h a t product of a second pod 

expre s s e d gene would not be d e t e c t e d on the n o r t h e r n b l o t s of FF RNA. 

E v i d e n c e from w e s t e r n b l o t s t e n d s t o s u g g e s t t h a t a t 5 d a f , 

p e c t i n e s t e r a s e p r o t e i n l e v e l s a r e u n r e l a t e d t o mRNA l e v e l s and t h a t 

e q u a l amounts of the enzyme a r e p r e s e n t i n both l i n e s . The unknown 

s p e c i f i c i t y of the an t i s e r u m used and t h e g e n e r a l high background on 

these b l o t s makes them r a t h e r i n c o n c l u s i v e , but no p r o t e i n was dete c t e d 

i n the two PP t r a c k s t h a t was not a l s o d e t e c t e d i n the FF t r a c k . 

Pods from the PP l i n e t w i s t as they d e s i c a t e , p o s s i b l y t o a i d seed 

d i s p e r s a l , a f e a t u r e not found i n the FF l i n e , whether t h i s i s r e l a t e d 

t o p e c t i n s t r u c t u r e i s as y e t unknown. Premature seed l o s s i s an 

economically important f a c t o r i n some cr o p s , such as o i l seed rape, and 

i t has been suggested t h a t p e c t o l y t i c enzymes p l a y a r o l e i n t h i s 

t hrough t h e i r a c t i o n i n c e l l w a l l d e g r a d a t i o n . Although r a i s e d 

p o l y g a l a c t u r o n a s e l e v e l s were not found t o be a s s o c i a t e d w i t h dehiscence 

(Meakin & Roberts, 1990), the presence of p e c t i n e s t e r a s e mRNA i n the 



septum of Arabidopsis pods a f t e r f e r t i l i z a t i o n may w e l l be worth 

i n v e s t i g a t i n g f u r t h e r i n t h i s c o n t e x t . 

The l e v e l of p e c t i n e s t e r a s e i n pods from d i f f e r e n t v a r i e t i e s of 

Phaseolus vulgaris has been found to v a r y by up t o f o u r - f o l d and 

i n c r e a s e d enzyme a c t i v i t y i s a s s o c i a t e d w i t h f i r m podded v a r i e t i e s 

(Summers, 1989). P e c t i n e s t e r a s e l e v e l s have a l s o been i n v e s t i g a t e d i n 

c o n j u n c t i o n w i t h seed t e x t u r e and cooking q u a l i t y (Jones & B o u l t e r , 

1983, Kim & Love, 1990, Bhatty, 1990). Firmness and t e x t u r e of e d i b l e 

pods and legume seeds i s o b v i o u s l y of g r e a t importance t o the food 

i n d u s t r y . 

Comparison of p e c t i n e s t e r a s e s 

Alignment of the d e r i v e d p e c t i n e s t e r a s e aa sequences determined so 

f a r ( f i g . 43) confirms the presence of h i g h l y conserved regions between 

and w i t h i n the e u k a r y o t i c and p r o k a r y o t i c sequences ( A l b a n i e t al.,1991, 

Spok e t al.,1991). These regions presumably form p a r t of the f u n c t i o n a l 

s i t e of the p e c t i n e s t e r a s e enzyme. The p o s i t i o n of t h e s e r e g i o n s w i t h i n 

the sequence does not c o r r e l a t e w i t h r e g i o n s of h y d r o p h i l i c i t y or 

hydrophobicity. S i m i l a r i t y has been shown between the aa sequence of the 

p e c t i n e s t e r a s e gene from Erwinia chrysanthemi and t h a t of p e c t a t e l y a s e 

genes from Erwinia s p e c i e s and tomato (Wing e t a l . , 1 9 9 0 ) . However, the 

conserved r e g i o n s of t h e p e c t a t e l y a s e genes a r e not those conserved 

between the p e c t i n e s t e r a s e genes. 

The H-terminal region of PP927 

As p r e v i o u s l y s t a t e d , t h e p r o t e i n sequence of t h i s gene has 

homology to cDNAs encoding tomato p e c t i n e s t e r a s e . Homology ex t e n d s 

beyond the N-terminal aa of the mature p r o t e i n i n tomato (Markovic and 

J o r n v a l l , 1986) and beyond the p r e v i o u s l y a s s i g n e d s t a r t codon, t o the 
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927 1 K A N V V V A K D G S 6 K F K T V A E A V A S A P D N G K A R Y V 1 Y V K R 6 T Y K E K V E I G K K K T N V H L V 927 
TPE I G A N A V V A K D G T 6 K Y R T L A E A V A A A P D K S K T R Y V I Y K R G T Y K E N V E V S S R K M N L f l ! 1 TPE 
BPE I K P T H V V A K D G D 6 0 F K T I S E A V K A C P E K N P G R C I I Y 1 K A G V Y K E 0 V T 1 P K K V N N V F H F BPE 
EPE T T Y N A V V S K S S S D G K T F K T I A D A I A S A P A G S T P F V I L I K N 6 V Y N E R L T I T R N N L L L K E P E 
APE P S 6 A I V V A K S 6 G D Y D T I S A A V D A L S T T S T E T 0 T I F I E E G S Y D E O V Y I P A L S 6 K L I V Y APE 
PPE F R A N ¥ A V A A D G S A 0 Y K T V Q A A I D A A V A D G G V A R K Y I S V K A G T Y N E L V C V P E S A P P I T L Y PPE 

927 6 D G H D A T I I T 6 N L N F I 0 G T T T F N S A T V A A V 6 D G F I A D D I 8 F 927 
TPE 6 D 6 M Y A T I I T G S L N V V D G S T T F H S A T L A A V G K G F I L Q D 1 C I TPE 
BPE 6 D 6 A T G T I I T F D R S V 6 L S P G T T T S L S G T V Q V E S E G F I L O O I G F BPE 
EPE G E S R N G A V I A A A T A A G T L K S D G S K U G T A G 5 S T I T 1 S A K D F S A O S L T I R N D F D F E P E 
APE 6 0 T E D T T T Y T S N L V N I T H A I A L A D V D N D D E T A T L R N Y A E G S A I Y N L N 1 A APE 
PPE 5 L D A N A N N T V I V Y N N A N P T P A S 6 A K T N P C H G T S S N A T V G T V R S A T A 11 V R A S N F N A R N L T F K PPE 

927 Q N T A 6 P E K H 0 A V A L R V 6 A D 0 S V I N R C K I D A F O D T L Y A H S N R 0 F Y R 927 
TPE 0 N T A 6 P A K H Q A V A L R V G A D K S V I N R C R I D A Y Q D T L Y A H S O R O F Y 0 TPE 
BPE 0 N T A G P L 6 H Q A V A F R V N G D R A V I F N C R F D 6 Y O D T L Y V N N 6 R Q F Y R BPE 
E P E P A N Q A K S D S D S S K I K D T O A V A L Y V T K S 6 D R A Y F K D V S L V 6 Y O D T L Y V S G G R S F F S E P E 
APE N T C 6 0 A C H Q Q A L A V 5 A Y A S E O G Y Y A C O F T 6 Y Q D T L L A E T G Y 0 V Y A APE 
PPE N S Y V E G T F A D N N O S A V A L A V R 6 D K A I L E N V S V I G N O D T L Y L G A T N T H V I R A Y F K PPE 

D S F I 
S S Y V T 
N I V V S 
D C R I S 
G T Y I E 
N S F I 

T 6 T V D F I F G 
G T I D F I F 6 
G T V D F I F G 
6 T V D F I F 
6 A V D F I F 

T D F I F 0 6 D 

N A 6 V V F O K S K L V A R K P n S N O K N n V T A O G R E D P N O N T A T S I Q Q C 9 2 7 
N A A V V F 0 K C 0 L V A R K P 6 K Y 0 0 N M V T A 0 6 R T D P N 0 A T 6 T S I 0 F C TPE 
K S A T V 1 O N S L I L C R K G S P G Q T N H V T A D 6 N E K 6 K A V K I 6 I V L H N C BPE 

6 D 6 T A L F N N C D L V S R Y R A D V K S 6 N V S 6 Y L T A P S T N 1 N Q K Y 6 L V I T N S E P E 
6 0 H A R A H F H E C D I R V L E G P S S A S I T A N 6 R S S E S D D S Y Y V I H K S APE 
G A G T A V F H 6 C T I 0 Y T A A R L 6 A R A T S Y V F F A P S T A P D N P G H F L A I N S PPE 

cD 
927 
TPE 
BPE 
E P E 
APE 
PPE 

N V 1 P S S D L K P V Q G S I K 
D I I A S P D L K P V V K E F P 
R I N A D K E L E A D R L T V K 
R V 1 R E S D S V P A K 
T V A A A D G N D V S S 6 
T F N A T 6 N A S N N S 

P Y S R T V V H Q S P I 6 N H 1 D P T 
K K Y S R T V V L 0 S V V D S H 1 D P A 
K K Y S R T V V H E S S L 6 L I D P S 

T Y L 6 R P M 
T Y L 6 R P U I 
S Y L 6 R P N K P F A T T A V I G T E I G D L I O P T 
S Y 6 L 6 R P H H P T T T F S D G R Y A D P N A I 6 Q T V F L N T S H D N H I Y 
T Y Y L G R P H S Q Y A R V C F Q K T S H T D V I N H L l G M T 
T H L G R A t i D O V S G T S A Y I N 6 S 5 P N 6 Q V V I R D S S L 6 A H I R L A D P 

6 U A 
6 N A 
6 H A 
6 6 N 
6 U D 

E H 
E H 
E 
E 
K n 
E H 

K G 

H H 6 D 
H 0 6 E 

S G 

A F L K T L 
D F L O T L 
F A L K T L 
F H L T A 
D K N G N T I 
N P N T E N V 
6 R P Y C S S 

V 

G E Y L N S G P 6 A G 
6 E Y L N S 6 A 6 A 6 
6 E F B N N 6 P 6 A G 
V E F N N R 6 P 6 A N 

E Y K S Y 6 A 6 A A V S K 
E Y 6 N T 6 T G A E 
E Y N N T 6 A G S G J N 

T A K R V N H P G Y H V L N T A E A T K F T V A Q L cD 
T S K R V T H P G Y H I I K T A A E A S K F T V T Q L 927 
T S K R V K H P 6 Y H V I T D P A E A H S F T V A K L TPE 
T A A R V P H A K H A K S A A E V E R F T V A K L BPE 

D R R O L T D A Q A A E Y T Q S K V L E P E 
G P R A N F S S E L T E P I T 1 APE 

t PPE 

cD I Q 6 N V M L K N T 6 V A F I E G L I 
927 I Q G N V W L K N T 6 V A F I E 6 L I 
TPE 1 0 6 G S N L R S T D V A Y V D G L Y D Y S D I K L L F V Y V T R H L I 
BPE I T P A N H I Q E A N V P V 0 L 6 L I 
E P E 6 D M T P T L P I 
APE S M L L 6 S D H E D H V D T S Y I N t 

F i g . 4 3 C o a p a r i s o n of deduced u i n o a c i d s e q u e n c e s o f p e c t i n e s t e r a s e genes ( o r p e c t i n e s t e r a s e - l i k e r e g i o n s ) f r o o d i f f e r e n t 
s p e c i e s . Genes a b b r e v i a t e d a s f o l l o n : c D , pPPL927; 9 2 7 , P P 9 2 7 ; T P E , t o n a t o p e c t i n e s t e r a s e ; B P E , Brassica 
p e c t i n e s t e r a s e , ' E P E , Erwinia p e c t i n e s t e r a s e ; A P E , Aspergillus p e c t i n e s t e r a s e ; P P E , Pseudomnas p e c t i n e s t e r a s e . C o n s e r v e d 
r e g i o n s a r e boxed . 
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end of the cDNA which extends f u r t h e r i n t h i s r e g i o n , p P E l (Ray e t 

al.,1988). T h i s i n d i c a t e s t h a t pPEl i s i n f a c t , not a f u l l l e n g t h cDNA. 

There a r e 237 r e s i d u e s C-terminal from the s t a r t of the PP927 ORF t o the 

N-terminus of the mature p e c t i n e s t e r a s e p r o t e i n from tomato, using t h i s 

r e g i o n t o s e a r c h t h e NBRF p r o t e i n d a t a b a s e y i e l d e d no homologous 

p r o t e i n s . The sequence has 45% i d e n t i t y w i t h the HOaa encoded by the 

tomato cDNA 5' reg i o n and optimised alignment of the PP927 N-terminal 

r e g i o n w i t h t h e same r e g i o n encoded by t h e Brassica napus 

p e c t i n e s t e r a s e - l i k e gene r e v e a l e d 15% i d e n t i t y and 61% homology (when 

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 were i n c l u d e d ) . T h i s shows a s i g n i f i c a n t 

match (8.5 standard d e v i a t i o n s above the mean f o r randomised sequence) 

u s i n g t h e FASTA package (Pearson & Lipman, 1988). H y d r o p h i l i c i t y p l o t s 

(Hopp & Woods, 1981) f o r t h e s e two regions ( f i g . 44) show they share a 

s i m i l a r composition but no outstanding f e a t u r e s . 

There appears t o be a s i g n a l p e p t i d e a t t h e N-terminus w i t h a 

hydrophobic c o r e F W L I L ( S ) L A A I I and a p r e d i c t e d c l e a v a g e s i t e (von 

H e i j n e , 1983) between t h e 33rd and 34th r e s i d u e s . The N - t e r m i n a l 

sequence of t h e whole p r o t e i n would then be LIVSHLNKPI and i t s Mr 

56,800, 34,4 00 accounted f o r by t h e p e c t i n e s t e r a s e - l i k e r e g i o n and 

22,400 by the N-terminal r e g i o n . 

The f u n c t i o n of the N-terminal r e g i o n encoded by PP927 i s u n c l e a r 

(as i s t h a t f o r t h i s r e g i o n encoded by the Brassica gene); i t may be 

t h a t t h i s region f u n c t i o n s t o l o c a t e the enzyme - presumably i n the c e l l 

w a l l , o r i t may a c t t o i n a c t i v a t e the enzyme u n t i l i t s a c t i v i t y i s 

r e q u i r e d and c l e a v a g e o c c u r s . The l e v e l s i n t h i s r e g i o n of t h e aa 

( s e r i n e 13%, t h r e o n i n e 8%, p r o l i n e 3%, l y s i n e 5%, t y r o s i n e 0, & 

h i s t i d i n e 3.5%) u s u a l l y a s s o c i a t e d w i t h c e l l w a l l i n t e r a c t i o n s (Varner & 

L i n , 1989) do not s t r o n g l y i n f e r a r o l e i n s i t u a t i n g t h i s p r o t e i n w i t h i n 

t h e c e l l w a l l . 
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PP927 N-terminal region 

h y d r o p h i l i c i t y 
index 

100 200 

2 — 

1 — 

-1 — 

-2 — 

I I I I | I I I I I I I I I | I I I I I I I I 

PA 

— 2 

— 1 

I I I I I I I I I I I I 1 1 I I I I 1 I I I 

— -1 

— -2 

100 200 
amino a c i d s from N-terminus 

Brassica napus p e c t i n e s t e r a s e - l i k e gene N-terminal region 

100 200 
h y d r o p h i l i c i t y 

index 

2 — 

1 — 

-1 — 

-2 — 

I I I I | I I I I I I I I I | I I I I I I I I I | 

I I I I 1 I I I I I I I I I 1 I I I I 1 I I I I I I 
100 200 

amino a c i d s from N-terminus 

_ 2 

— 1 

— -1 

2 

P i g . 44 Hopp Woods h y d r o p h i l i c i t y p l o t s f o r N-terminal regions 
(N-terminal to t h r p e c t i n e s t e r a s e - l i k e r e g i o n s ) encoded by PP927 
(above) and the Brassica napus p e c t i n e s t e r a s e - l i k e gene (below) 
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Whatever the f u n c t i o n of t h i s N-terminal region, genomic b l o t s show 

t h a t i t i s not h i g h l y conserved between the p e c t i n e s t e r a s e - l i k e genes i n 

pea. T h i s supports a r o l e r e q u i r i n g a s i m i l a r o v e r a l l aa composition or 

f i n a l s t r u c t u r e , r a t h e r than a conserved a c t i v e s i t e such as t h a t i n the 

p e c t i n e s t e r a s e - l i k e r e g i o n . The Mrs of p r o t e i n s detected on western b l o t 

(28k pod & 34k seed) suggest t h a t p e c t i n e s t e r a s e s p r e s e n t i n the 5 daf 

pod and mature seed do not have N-terminal e x t e n s i o n s , although i t i s 

not p o s s i b l e t o t e l l whether PP927 i s expressed i n t h e s e organs. I t may 

be t h a t the presence of the N - t e r m i n a l r e g i o n would i n h i b i t antiboby 

from binding t o the p e c t i n e s t e r a s e r e g i o n . 
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CHAPTER FOURTEENt CONCLUDING DISCUSSION 

Two of the t h r e e s t o r a g e p r o t e i n genes i n i t i a l l y sequenced proved 

t o be pseudogenes, t h i s , t o g e t h e r w i t h t h e r e s u l t s from o t h e r s i m i l a r 

genes, demonstrates a f a i r l y h i g h l e v e l of redundancy amongst pea 

s t o r a g e p r o t e i n genes. The l i n e to l i n e v a r i a b i l i t y i n the composition 

of the s t o r a g e p r o t e i n component of pea seeds s u g g e s t s t h a t a wide 

v a r i a b i l i t y can be t o l e r a t e d and t h a t the l o s s of f u n c t i o n of i n d i v i d u a l 

genes i s not c a t a s t r o p h i c . Comparison of t h e sequences from t h e 

c o n v i c i l i n and legumin gene f a m i l i e s s u g gest t h a t the a d d i t i o n and 

rearrangement of a c i d i c h y d r o p h i l i c r e g i o n s i s a mechanism f o r mutation 

of these genes which has o c c u r r e d a number of times i n e v o l u t i o n . 

The 5' f l a n k i n g r e g i o n s of t h e s e genes have been compared w i t h 

t h o s e of o t h e r v i c i l i n and legumin encoding genes and c o n s e r v e d 

sequences i d e n t i f i e d . W h i l s t t h i s has not r e v e a l e d any major new 

consensus sequences, t h i s work confirms p r e v i o u s f i n d i n g s and adds t o 

the data which may be used t o a s s e s s the r e s u l t s obtained by DNA-protein 

b i n d i n g a s s a y s and p l a n t t r a n s f o r m a t i o n w i t h d e l e t i o n / s u b s t i t u t i o n 

mutants. Two r e s u l t s a r e p a r t i c u l a r l y i n t e r e s t i n g i n t h i s c o n t e x t ; 

f i r s t l y the f i n d i n g t h a t sequences i n the 5' f l a n k i n g r e g i o n of cvcA 

compete f o r binding t o a n u c l e a r p r o t e i n which binds t o the 5' f l a n k i n g 

region of legA, and secondly, t h a t d e s p i t e the s i m i l a r i t y i n the p a t t e r n 

of e x p r e s s i o n i n the developing seed between cvcA and legK, no s p e c i f i c 

sequences w i t h s i g n i f i c a n t homology c o u l d be found between t h e i r 5' 

f l a n k i n g r e g i o n s . 

The s p e c i f i c gene product of cvcA was determined by t r a n s f e r of the 

gene to t r a n s g e n i c tobacco, i t was a minor component of c o n v i c i l i h with 

a lower Mr than the more abundant s p e c i e s . The presence of a f u n c t i o n a l 

legK gene i n pea l i n e B i r t e was confirmed and with t h i s i n f o r m a t i o n the 

product of t h i s gene was i d e n t i f i e d by i t s absence from the p r o t e i n 
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e x t r a c t of the l i n e w i t h the pseudogene. I d e n t i f i c a t i o n of t h i s gene's 

product i n c o n j u n c t i o n with other work has enabled f u r t h e r e l u c i d a t i o n 

of the legumin phenotype. vie J appears to be a pseudogene i n the l i n e s 

i n v e s t i g a t e d due t o sequence rearrangement a t the 3' end of the coding 

sequence and no evidence f o r i t s e x p r e s s i o n could be found. 

The i s o l a t i o n of the major root p r o t e i n was s u c c e s s f u l although the 

sequence d a t a o b t a i n e d from i t c o u l d not be matched t o any known 

sequences. F u r t h e r work i s n e c e s s a r y t o i s o l a t e more p r o t e i n and o b t a i n 

f u r t h e r sequence from i n t e r n a l t r y p t i c p e p t i d e s . A t o t a l amino a c i d 

composition might help t o c l a s s i f y t h e p r o t e i n i t s e l f . E x t r a i n t e r n a l aa 

sequence c o u l d be used to s y n t h e s i s e another o l i g o n u c l e o t i d e , w i t h the 

aim of u s i n g PCR to a m p l i f y sequence encoding t h i s p r o t e i n which could 

then be used as a probe fo r the whole gene. 

The s e a r c h f o r the cause of t h e i n s t a b i l i t y i n the p u r p l e podded 

phenotype has so f a r been u n s u c c e s s f u l . S i m i l a r l e v e l s of mRNA were 

p r e s e n t i n both the mutant green and purple podded l i n e s when probed 

w i t h sequences encoding c h a l c o n e s y n t h a s e , c h a l c o n e i s o m e r a s e and 

d i h y d r o f l a v o n o l r e d u c t a s e enzymes from t h e anthocyanin b i o s y n t h e s i s 

pathway. Two of the cDNAs i s o l a t e d by t h e d i f f e r e n t i a l s c r e e n show 

reduced e x p r e s s i o n i n the mutant green podded l i n e compared t o the 

purple l i n e but whether they are i n v o l v e d i n the production of pigment 

i s u n c l e a r , i t cannot be determined from the r e s u l t s o b t a i n e d so f a r 

whether t h e s e sequences a r e a f f e c t e d d i r e c t l y by t h e p r e s e n c e of a 

t r a n s p o s a b l e element or whether t h e i r e x p r e s s i o n i s r e g u l a t e d by a gene 

product which i s . There does not appear t o be any polymorphism i n the 

sequence a d j a c e n t to the PP590 (ptxA) gene i n the pea p l a n t s e x h i b i t i n g 

i n s t a b i l i t y , although the problems w i t h c l e a v a g e of the DNA i n t h i s 

r e g i o n may i n d i c a t e t h a t i t i s the o b j e c t of s e l e c t i v e m e t h y l a t i o n . 

The two genes i s o l a t e d as a r e s u l t of the d i f f e r e n t i a l s c r e e n both 
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proved to be i n t e r e s t i n g i n themselves. The p e c t i n e s t e r a s e - l i k e gene i s 

p r e s e n t as p a r t of a s m a l l multigene f a m i l y i n pea and i s not i d e n t i c a l 

to the cDNA from pod used t o i s o l a t e i t . The r o l e of p e c t i n e s t e r a s e i n 

p l a n t c e l l w a l l rearrangement i s not c l e a r a t p r e s e n t . The i n c r e a s e d 

e x p r e s s i o n i n the P u r p l e Podded l i n e compared w i t h the Feltham F i r s t 

l i n e suggests t h a t i t has a s p e c i f i c r o l e i n PP pods i n a d d i t i o n t o i t s 

r o l e i n c e l l growth. The t i s s u e s p e c i f i c e x p r e s s i o n of t h e 

p e c t i n e s t e r a s e - l i k e sequences and the PP590 sequence i s a t p r e s e n t under 

i n v e s t i g a t i o n but i n i t i a l r e s u l t s l i n k PP590 t o pigmented t i s s u e and 

show high l e v e l e x p r e s s i o n of t h e p e c t i n e s t e r a s e genes t o be pod 

s p e c i f i c . The p r o l i n e - r i c h nature of the N-terminal r e g i o n of the PP590 

sequence suggests t h a t i t i s l o c a t e d i n the c e l l w a l l but the f u n c t i o n 

of the C - t e r m i n a l r e g i o n i s u n c l e a r . The i s o l a t i o n of t h e s e two pod 

genes, both w i t h c o u n t e r p a r t s e x p r e s s e d i n the young tomato, s u g g e s t s 

t h a t d e s p i t e t h e i r d i v e r g e n t morphologies, s i m i l a r p a t t e r n s of s e l e c t i v e 

gene e x p r e s s i o n occur i n t h e s e two f r u i t . 
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Fig. 3. A. Analysis of the expression of the legJ subfamily by Northern blotting. Total cotyledon RNA 
from the indicated days after flowering (DAF) were treated with ol igo(dT)i 2 - i8 and RNaseH, to 
remove the poly(A) tail. 1 u.g samples of RNA, with and without poly(A) tail, labelled - and + 
respectively, were run on agarose-formaldehyde gels and Northern blotted. The blots were probed as 
follows: (a), (b), legK cDNA (pCD40), 5 h and 16 h exposure respectively (detects expression of all 
genes in the legJ subfamily); (c), leg] oligol; (d) leg] oligo2; (e) legK oligo. Blots (c) and (e) also 
included, in tracks labelled cRNA, 1 fmol each of synthetic RNAs produced by transcribing inserts 
from leg] and legK coding and 3' flanking sequence (plasmids pJC5.2 and pCD40 respectively), cloned 
into the expression vector pGEM-blue (Promega Biotech), using T7 RNA polymerase in vitro. Vertical 
axes represent size markers (pea rRNA and pBR322 Alu I DNA restriction fragments). 

sequence oligo probes show that both bands of higher mobility are products of legJ, and that 
no m R N A corresponding to legK can be detected. 

When the 3' f lanking sequence oligo, leg] oligo2, was used as probe, only 1 of the 2 
bands detected by the legJ coding sequence o l igo l hybridised. This was the band at 72 mm 
(Fig. 3 A (d) and Fig . 3B (c)). 
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I . A . V 
## M̂ĜUGMTCCGAAGAACAAAACGtV̂ TAACASCGTOCrBW 
e g j AAGA3TMTCTGAA[iAACAAAACGAA6GTAACA^ 982 

I . A . E E E S E E O N E G N S V L S G F S S E F L A Q T F N T E E D T A K R L R S P R H I 

I . A . M E E 
.egK ACGAAftGGAGfCAMTTGTGCGAGTTGAGGG^ 
egJ ACGAflASJAGrDW^TTGfGCGAGTTGAGGGflGGTCTCCGCArTATDWCCCfiAGGGGfiAGGAA—(WWGiWGflAAAAGA/C^W^ICfllTCTCWTCrCACAGAGAGGAGAAGGAAG 1099 
I.A. D E R S 0 I V R V E G G L R I 1 K P K G K E - E E E K E Q S H S H S H R E E K E 

I.A. . . . . G 
. eg* AAGAAGAAG -AAGATGAGGAG—ftflACAAAGAAGTGflKWtflG^WCAATGGTI rGCAAGflA^TftTCTGIflGTQCCAAMTTOWGfiGAfiCATtGCGGACGCfGCAGGTG 
. e g j MfiAAGAAGAA»WMAGAAGAT(iAGGA^ 1219 
I.A. E E E E E E E D E E E K Q R S E E R K N : 6 L E E T I C S A K I R E N I A 0 A A R , „ 

l . f l . R 
.egK CC6AaTCTATAACCCAC6T6tT6fiT(XTATCA6AACTGCAftAC^ 
- e g j CCGACCTTTATAACCCMXTKTG6TCGTATMGCACTGCAAACAfiTTT 1339 
U . A D L V N P R A 6 R 1 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 < 

.egK TAflCIATTTAAICAAIATATITCmTTGAT6ATT-6TT6AAA«IAATGAAA-TTIAA16AG^ 

. e g j T A A T 6 T 6 T A T A m f X A T G A T A T 6 A l T A T f l T A C A H W ^ 1450 
U I n t r m - 2 > N G I Y A P H N N u o 

U. F D A 
.egK CATAAAC8CCAACA6rCTSCT6TAC6T6ATrAfiAfi6AGAA66AA6tf 
. e « J CATAMC6tmA6TCTGCTGTAC8TGATAAGGGGAGAA6GMGAGTTAG6ATTGT^ 1570 
U. I N A N S L L Y V 1 R 6 E 6 R V R I V N C 0 6 N T V F D N K V R K G 0 L V V V P . O 9 

M . L A 
LegK ACAflAftCTI16T&GI6GCSGAfiCfiAGCTG(iGGAGGAAGfifl()6Al IAGAG(ftlGll^TurTCAAGW(¥lAlLiACAG6&CIbtGGl IflGCCACGTACAACAGGrdCTTAGGGCCACTCCTbC 
. e g j SCflflflflCTTTGTGGTG6C66AACAAGCTG6GGAGGAAGAA(^TTAGA6TAT6TTGTGTTCAAGACAAAT6ACAGAGCTGCTGTTAGCCAC6TACAACAGGT6TT1AGGGCCACTCCTIC 1690 
H. A. 0 N F V V A E 0 A 6 E E E 6 L E Y V V F K T H D R A A V S H V 6 Q V F R A T P S . . , 

A.A. G 
-egK A6AG6TTCTIGCAMTfXTTTTG61CTIC6TOIACGrXAA6TCACBGAGT 
LegJ AGAGGlTCTIGCAAAIfXiniGGTCTTCGTCAAĈ  1810 
A.A. E V L A N A F 6 L R 0 R D V T E L K L S G N R 6 P L V H P R S 0 S Q S H t) 

LegK IAT-—-G6AGTATAATAAT6AGATEGCCATCTTATCTT AAATAATAAA!Tl T6AAT6TACT6TA6AGAA6AATTFCAGTTCC8ATAATAAAACAATAAAGTATG6C 
LeqJ TATGATAATGT^TACMTAACAAfjATGGCCATCTTGTCTTGAATAATAATSATAAM 1930 

<PolyA»> < P o l y A * X P o l y A » > 

I. egK CnAAAATCCMATnTAATCTAAATIIGIATGCATCTATAWIGGGGCGAAT 
LeqJ CCTttTACffiT6ATCTTACTCT6AATTTGTAT6W 2050 

( P o l y A O 

LegK ATBTTTBTTTGAATCATATAAAAAACAC^TACAAAICTBCATTTTIC7TCB6«TIT6ATTATATATC 

L e g J 1TCA1 TATCTTCTTCATTAGTfiCIAAT6A1GAATTGTCTCAATAATAATATCAGCT TI f TGAAT^AGCAACGAGfsCAGCAAACTTrAACAATCACAAl 1ATAA6G1AGTG1 TAT IAAT F 2170 

LegK AAATAC£TTCAATGAACC6A6TTGAAAAACTCCAA£C666AA67TATATTCTACMGAB 

LegJ GTTT1CTAAMATCTTTTUGT6T6AC66AAGGAATCATT^ 2290 

LegK TCTGAAATTXTTftlAACACAAACATGACTrcW 
LegJ AATTXCACTACTCSCTAGAGAATGAACACACTTGTCATGTTGATAAftAATE^AACCGAAAAAlCTACAAfiTAAATACTAGTTfjATTAAATAAATWiTTTGTflTTGTTGATAAATACTGA 2410 
LegK TGCATATACATCTAKTTAC/OTCCAGMT^^ 
LegJ A T T C . . . . 1 2 4 1 4 1 
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.GCATGCAMTAAGTAATTAAAAA^CCTTTATAGTAAAATATTATTATGCTTGAT6TAAGCGT6TAGTTTATATC<WCTTCAATTTATAAATTT 

LeqK ACATAAATACTAAAAAG6TGTGA«MrTTGAICACAAAATIW«TGCACTM 
LegJ -GTTAACACAAGCTAAAATTTATTTGTGCAATCATCATCATGTCATCTTCATCTTCTAATTTG 

LegK S O C A A G A T G T i m m r G A G A A A r G A A M T I G A G C A A M F A ^ -
LegJ —-- AAATGAAAATnAGCAAAAIACATAALTAGTCAATCIA^ - « 

LeqK WUTCGAGTGAMTATATXTAGAGACMTAMTTAATAATTGAATTAAAGAGATAAAT 
LeqJ G C A G T A C A T T T T G A G T G G A G G A G G a ^ T T f l T T A A A G T T T f t T A f t A G T f t G T A A A A C A r G C A f l G A G T C G A A T G A ^ -2t 

LegK GCTATAAATAACCAGAAATAAGATTAAGrGTATAnGTGTfOAGGTMTAATGTrDTATTATACAGAGA 
LegJ - - — 

LegK A A C G A C G M A T T T A C T A M C C M T G G T ^ ^ 
LegJ -

LegK 6AATATAACTAftTAArCACT6AATTGAAGAGATACGCAGAGAGriXATGCAGAGAAGAGAAG 
L e 9 j G C A T A G A G T L m G C A G A G A W ^ T A G A G A A 6 T 6 A ^ — - A C A T A T A A G A A T A C C A A C A A A T A T T C A T T - 2 0 

LegK CTGTTTCTCTGTGGIAATATGfiATATATACTAAtMTMICW^ 
LegJ --GTCTCTTTGTGGT-ATTTGGATATATACTAATI—ATCAATCTGTSAAGAATGAATGAAGCGGCTACTTGCHITGCGTCCCACATATGATGTGIATCM -1 

< 

LegK TGCATGCTCAACAAJGTCACACAMTrCTGICACACGTGT^^ 
LegJ IGUTGCTGAACAATGTCATACACATTCTGTCACACGTGTTIXTATCTCACCCTTCCrc 21 

" L e g u i i n 1 B O X . . ) <TATA BOO A 

A . A . ( V S F R 
LegK ATTAGTATTAGTAGTGTAT»TCACACTCAO»TGTLXAAALXTTCTCTATCTTTGTrTTCACrTTCCTTGCT^ 
LegJ CTTAGT A S T T T A T B A T C A G A G T C A C A J H G T I ^ ^ | « 
A . A 0 1 S K P F L S L L S L S L L L F A S A C L A s T S S E F D R 

A . A . N N 
LegK r C A A t t A A T G C C A A C T A G A C A A n n M 6 L 7 i n 
LegJ riflACCAATGCCAGCTftGfiCfiGTflTCAATGCATTGGflfiCCAGACCACCGTGTTGAGrCCGAAGCTGGTCrC^TGfiGfiCATGGAATCCflMICflCCCIGAGCTAAAflTGCGCCGGrGrGr 26; 
A . A . L N 0 C Q L D S I N A L E P D H R V E S E A G L T E T I I N P H H P E L K C A 6 V 

A . A . L 
LegK C A C T T A T G A G A C G C A C C A T T G A C C C T A A T G G A C T C C A C T T G C U T C T T T C T C A C C C T C r C C A C A G T T G A T r T T C A T C A T C C A A G G A A A G G G ^ ^ ICCTGGTTGIC 
LegJ LVttTTATTA3ACGCACCATCGACCCTAAT6GACTLXACTTGCCATCTTrcr 3 K 
A . A . S L I R R I I D P N G L H L P S F S P S P 0 L I F I I O 6 K G V L G L S F P 6 C m 

A . A . 6 1 
LegK CCGAGACTTATGAAGAGCC^TTUrCACMTCIAGACAAG^ 
LegJ CrGAGACTFATGAAGAGaTCGTTUTCACAATCTAGACAAGAATCX^^ 50 ; 
A . A . P E T Y E E P R S S 0 S R Q E S R 0 0 0 6 I S H 0 K V R R F R K G D I I A I P S , „ 

LegK GAATTLXTIAriGGAMTAIAACCAIGGCGATGAACCrCIIGIIGCCATIAGCCTICTTGAOT 
LegJ GAATfCCTTATTGGACATATAACCATGGCGATGAACCrc tZ 
A . A . G 1 P Y H T Y N H G D E P L V A I S L L D T S H 1 A N Q L D S T P R < 

LegK T I C A I —ACAGTATGCTCTTTCGATTATAACFTAAAAAGTTTCTAAT -GTAAATATGTGTATGCAGG 
LegJ l A M T I A C A I I A I C I C T I A I A A A T r G n C A I A C A G M T G C I M T I C S A T I A I A A C I I I A A A A G T I I C I A A I G I A I W 741 
A . A I n t r o n - I ) 

LegK TATniACCTTIKIGGAAACCCAGAAACAGAGnCCttGAA^ 
LegJ TATTTTACCUGGTGGGAACKAGAAACAGAGTTIXC^^ 8 6 ; 
A . A . V F Y L G G N P E T E F P E T Q E E O Q G R H R O K H S Y P V G R R S G H H Q Q TC, 
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rticular, the "legumin box" ( B A U M L E I N et al. 1986; G A T E H O U S E et al. 1986) shows only 1 
se difference between the 2 genes. 

Expression of Members of the legj Gene Subfamily in Developing Pea Cotyledons 

Hybridisation o f coding sequences of legJ and legK, and cDNA species derived f rom 
; m , to total R N A f rom developing pea cotyledons has previously been shown to detect 2 
-defined hands o f size approx. 1660 and 1860 nucleotides ( G A T E H O U S E et al. 1988). In 
der to improve the resolution of the bands, R N A samples were hybridised to o l igo (dT) | 2 - i8 
d then incubated wi th RNaseH to remove poly(A) tails which may contribute to size 
terogeneity. Analysis o f total RNAs with and without this treatment by Northern blotting is 
own in Fig. 3A . Probing such a blot with the complete legK coding sequence, as shown in 
g. 3 A (a) and (b) shows that the treatment with RNaseH reduced the mean size o f the 
•bridising region by approx. 100 nucleotides, consistent with the removal of poly(A) tails, 
le RNaseH-treated samples show 3 clear hybridising bands, with a fourth present at low 
tensity ; this is more clearly visualised on the densitometric scans of the blot shown in 
g. 3B (a). The densitometric scans clearly show that the different bands fall into 2 groups; 
bands o f lower mobili ty (approx. 68 mm and 70 mm in Fig. 3B (a)), maintained at an 
•proximately constant ratio, which are present at maximum amount at 16 daf ( i . e. towards 
e end o f the cotyledon expansion phase), and 2 bands o f higher mobility (approx. 72 mm 
id 74 mm), again maintained at an approximately constant ratio, which are present at 
aximum amount at 24 daf (i.e. during the desiccation phase). The lower mobility bands 
us represent m R N A species which accumulate and decay approximately 8 d earlier in 
ityledon development than the higher mobility bands. 

Identification of mRNA Species 

The legK c D N A probe used to obtain the data described above has previously been 
lown to hybridise to all 3 members of the legJ gene subfamily with approximately equal 
f iciency at high stringency, and thus the above results represent the total expression of 
:nes in this subfamily ( D O M O N E Y and C A S E Y 1985). In order to distinguish different 
embers o f the gene family more specific probes are required. It had previously been shown 
at the 3' non-coding region of leg] hybridised to the more mobile band in untreated R N A 
JATEHOUSE et al. 1988). Oligonucleotides were synthesised complementary to regions of 
;quence that diverged between genes leg] and legK in order to distinguish mRNA species 
oduced by the different genes; these oligos covered bases 1516—1530 in leg} and the 
r e spond ing region in legK (coding sequence; legJ o l igo l , 5 ' -ACACcGtGTtTCCT-3\ and 
gK o l igo, 5 ' -ACACtGcGTcTCCT-3 ' ; small letters indicate mismatched bases between the 

genes), and bases 1988-1910 in legJ (3 ' flanking sequence; legJ oligo), 
- T A T a G G A A g T G A A A T T t T T t a C T - 3 ' ; small letters indicate mismatches with correspond-

ig legK sequence). The specificity of these oligos was checked by hybridisation to synthetic 
N A species. Hybridisation of leg] o l igol is shown in Fig . 3A (c) and 3B (b); binding only 
.kes place to the higher mobility bands, i.e. those at 72 and 74 mm. No hybridisation above 
ickground was observed with the legK oligo, as shown in Fig. 3A (e). Thus the coding 
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5 ' \ / ; / / / A 3' 

legJ 

Fig. I . Partial restriction map of the region of pea genomic DNA covered by genomic clone 
lambda JC5 (Gatehouse et al. 1988) and LEGJ2. Positions of the coding sequences of genes leg. 
and legK are indicated. B = Bam HI; E = Eco RI; H = Hind III; S = Sal I. 

entire sequence of gene legK, which had previously been partially characterised via thi 
3' portion o f its sequence present on genomic clone JC5; the 2 genomic clones overlaj 
to cover a region of approx. 17 kb. 

The determined sequence of legK and its 3' and 5' flanking regions is given in Fig 
2. Despite the 2 genomic clones having been isolated f rom different pea lines (JC5 wa: 
isolated f rom pea line Dark Skinned Perfection) no differences between the previousl; 
reported partial sequence of legK ( f rom Dark Skinned Perfection) and the new completi 
legK sequence ( f rom Feltham First) were observed. 

The sequence of legK shows a high degree of homology to legJ, with only 2( 
amino acid substitutions, 1 addition and 4 deletions over a total of 482 amino acids 
However, one substitution in legK is o f primary significance; the start codon A T G it 
legJ is mutated to G T G , a valine codon. The first subsequent A T G in legK is out o 
frame relative to legJ, at base 117 (legJ numbering), and gives an open reading frami 
of only 6 amino acids. The other changes in the legK coding sequence are within thi 
normal range of variation observed in storage proteins of this type. Significant homol 
ogy between the 3' flanking sequences of leg J and legK extends, for approx. 250 base 
after the stop codons, with a sharp " c u t - o f f approx. 20 bases 3' to the fourth poly 
adenylation signal sequence; in contrast, homology between the 5' flanking sequence 
of the 2 genes is significant over the entire region determined (to approx. —560 base 
in legJ), although each gene has sizeable insertions relative to the other (Fig. 2). Con 
served sequence elements in the legJ 5' flanking sequence are also present in legK; ii 

Fig. 2. Sequences of genes legJ (Gatehouse et al. 1988) and legK, aligned for maximum homol 
ogy. Base 1 in leg] is indicated by a circumflex ("). Polyadenylation signal sequences are indi 
cated by <PolyA+>. Sequences complementary to oligonucleotides leg] oligos 1 and 2 , and legl 
oligo are overlined. Other features are as indicated. Amino acids are only given for legK wher 
they differ from legJ. The 5' flanking sequences of the genes, and the 3' flanking sequences t 
base 2039 in legJ, are aligned for maximum homology. There is no significant homology in th 
3' flanking sequences of the genes beyond base 2039 in leg]. 
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abelled deoxy- and dideoxy-nucleotides; Taq polymerase was used in the extension reactions, 
ording to the protocols supplied by Applied Biosystems. Sequences were determined on an Applied 
systems Model 370A automated DNA sequencer. Both strands of the DNA were fully sequenced. 
|uence analysis was carried out using software kindly supplied by Dr. W. PEARSON. 

gonucleotides 

They were produced on an Applied Biosystems Model 381A DNA synthesiser and purified by 
erse phase chromatography. 10 pmol amounts were end-labelled using 100 uCi (20 pmol) of [y-
]ATP under standard reaction conditions (40 mM Tris-HCl, pH 7.5, 10 mM MgCl 2 , 5 mM DTT, 5 
ts T4 polynucleotide kinase; incubate at 37°C for 60 min), and unincorporated nucleotide was 
loved by gel filtration on a column of Sephadex G-25. 

raction and analysis of RNA 

Total RNA was extracted from pea tissues by the "hot SDS" method of H A L L et al. (1978). Tissues 
:e frozen in liquid air immediately on harvesting and stored at - 80°C . RNA was analysed by 
:trophoresis through denaturing agarose gels containing 2.2 M formaldehyde (MILLER 1987); DNA 
! RNA size markers were used interchangeably). 

noval of poly(A) sequences from RNA 

Poly(A) sequences were removed from mRNA by treatment with RNaseH in the presence of 
•o (dT) i 2 - i8 , as described by VOURNAKIS et al. (1975). 12 u.g of total RNA was incubated in 25 mM 
C l 2 , 20 mM Tris-HCl pH 8.0 with 2 ug of ol igo(dT) | 2 _ 1 8 at 25°C for 15 min in a volume of 40 ul. 
units of RNaseH were added, and the solution was incubated at 37°C for 20 min. RNA was 

overed by 2 phenol/chloroform extractions and ethanol precipitation. 

'them blotting 

After electrophoresis, RNA was blotted onto nylon membranes (Hybond-N, Amersham Interna-
lal pic) using 20xSSC ( lxSSC is 0.15 M NaCI, 0.015 M sodium citrate, pH 7.2) as transfer 
fer. RNA was fixed onto the membranes after blotting by uv-crosslinking (2 min exposure to 300 

uv on a transilluminator), followed by baking in vacuo at 80°C for 20 min. Blots were 
hybridised in 20 ml of 50% deionised formamide containing 0.5 M NaCI, 1 mM EDTA, 40 mM 
'ES-NaOH pH 6.5, 0.4% SDS, 100 ug • m l " 1 denatured herring sperm DNA, 100 ug • m i - 1 

yadenylic acid and 5xDenhardt's solution, at 41 °C for 8—16 h. DNA probes were produced by 
dom-primed labelling of isolated DNA fragments with [a- 3 2P]dCTP, separated from unincorporated 
.leotide by gel filtration on Sephadex G-50, denatured, and added to the blot in a volume of 0.8— 1.2 
After hybridisation for 40-48 h blots were washed at 60°C in 1.4XSSC, 0 .1% SDS for 4x30 min 

>hes, then 2 x 3 0 min washes in 0. lxSSC. Blots were then autoradiography while wet. 
gonucleotide probes were hybridised to blots under similar conditions, except that the solution 
itained 0.9 M NaCI, 90 mM Tris-HCl pH 7.5 as buffer and no Denhardt's solution, at a lower 
iperature (T m -8°C) predicted by the T m for the oligonucleotide. Washing was to a stringency of T m -
: in6xSSC, 0 . 1 % SDS. Blots were autoradiographed at - 8 0 ° C using flashed x-ray film (Fuji RX) 
I an intensifying screen (DuPont Lightning Plus). Autoradiographs were analysed visually and by 
isitometric scanning on an LKB Ultroscan X L densitometer. 

Results 

Isolation, Characterisation and Sequence of legK 

A partial restriction map of the region of pea genomic D N A covered by the clones 
nbda JC5 and LEGJ2 is given in Fig. 1. The newly isolated clone, LEGJ2, contains the 
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evidence that legA must be expressed as it is active in transgenic plants. The very high 
degrees o f homology of the sequences of genes in this subfamily ( > 9 9 % in coding 
sequence) has made measurements of individual gene expression by nucleic acid hybridisa
tion d i f f icul t . These genes, and the polypeptides they encode, have been mapped to a single 
genetic locus, Lg-1, near to r on chromosome 7 of the pea genome ( M A T T A and G A T E H O U S E 
1982; D O M O N E Y et al. 1986b). In contrast, the "minor" subunits did not segregate as a single 
locus (CASEY 1979), and subsequent investigation showed the presence of 3 distinct 
subfamilies of genes encoding these polypeptides (THOMPSON 1989). Of these "minor" 
legumin gene subfamilies, one is fairly well characterised. It contains 3 genes; a fu l ly 
characterised and sequentced gene, leg], and part of a second gene, legK, were found on the 
same genomic clone ( G A T E H O U S E et al. 1988). The third gene, tentatively designated legL, 
has been identified by Southern blots of pea genomic D N A whith subfamily-specific probes 
( D O M O N E Y and C A S E Y 1985). The leg] subfamily genes map to a locus, Lg-2, near a on 
chromosome 1 of the pea genome ( D O M O N E Y et al. 1986b). The differences in sequence 
between the genes of the legJ subfamily are greater than between those in the legA 
subfamily; the present paper reports experiments that distinguish the expression patterns of 
single genes within the leg] subfamily. 

Materials and Methods 

Plant material 

Pea (Pisum sativum L . , cv. Feltham First; Suttons Seeds, Torquay, U.K.) plants were grown 
hydroponically in pots containing Phostrogen (0.55 g • l _ l ) under standardised conditions as previously 
described (EVANS et al. 1979; THOMPSON 1989). 

Reagents and enzymes 

Unless otherwise specified, DNA restriction and modification enzymes were from Northumbrian 
Biologicals Ltd. (Cramlington, U.K.). DNA sequencing reagents were from Applied Biosystems 
(Warrington, U.K.) . 
Radiochemicals were supplied by Amersham International pic, as was nylon membrane for Northern 
blotting. Other reagents were of analytical quality, or best grade available. 

Isolation and characterisation of genomic clone 

The genomic clone LEGJ2 was isolated from a genomic library of Sau3A I fragments of pea (cv. 
Feltham First) DNA, produced by partial restriction and size-selection, cloned in the lambda vector 
EMBL3; this library was the gift of Dr. A. H. SHIRSAT, and has been described previously (LYCETT et 
al. 1986). The library was screened with a probe (pJC5.2; GATEHOUSE et al. 1988) corresponding to 
the coding sequence of gene legJ; positive plaques on duplicate screens were plaque-purified. The 
clone giving the strongest hybridisation signal was selected for further study, and was designated 
LEGJ2. DNA was prepared from this phage, and was restriction-mapped. Selected fragments were 
subcloned into pUC18 and 19 plasmid vectors for further analysis. 

DNA sequencing 

DNA fragments produced by restriction enzyme digestion were subcloned in M13mpl8 and 19 
vectors, and used to produce single stranded templates for sequencing. DNA sequencing was carried 
out by the dideoxynucleotide chain termination method, using fluorescent labelled primers and 
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differential Expression of Seed Storage Protein Genes in the Pea legJ 
Subfamily; Sequence of Gene legK 
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ey Term Index : DNA sequence, gene regulation, seed storage proteins, Pisum sativum L . 

The legJ subfamily of genes in garden pea, Pisum sativum L . , encodes "minor" legumin seed 
orage protein polypeptides. Data on the differential expression of the 3 genes (legJ,K,L) within this 
tbfamily is reported. The expression of one gene {leg}) is specifically upregulated during the 
esiccation phase of cotyledon development, when other storage protein genes are downregulated. The 
implete sequence of a second gene in the subfamily, legK, shows that the failure to observe any 
tpression of this gene is due to the mutation of its initiator ATG (methionine) codon to a GTG (valine) 
adon. The third gene in the subfamily, legL, shows maximal expression during the cotyledon 
xpansion phase of seed development, i.e. like other storage protein genes. Evidence for the use of 
Iternative polyadenylation addition signal sequences in these genes is also presented. 

Legumin is a major seed protein in pea {Pisum sativum L . ) , and is representative of a type 
f storage protein widely distributed throughout the plant kingdom. The protein is the 
roduct o f a multi-gene fami ly , and is inherently heterogeneous, like many other storage 
roteins. The basic unit of legumin is a disulphide-bonded subunit pair, synthesised as a 
ingle precursor polypeptide of approx. 500 amino acids. The precursor contains, in order 
rom its N-terminus, a leader sequence which directs its transport into the endoplasmic 
; t iculum, f rom where the protein is transported to the storage organelles (protein bodies) via 
ie Golgi apparatus, the a- or acidic polypeptide (usually approx. 40,000 M r ) and the P- or 
•asic polypeptide (usually approx. 20,000 M r ) ; the formation of the disulphide bond between 
ne a- and P-polypeptides precedes their separation, so that specific a-polypeptides are 
lways linked to specific P-polypeptides. The leader sequence is removed in a cotranslational 
iroteolytic cleavage, and the a- and P-polypeptides are separated by a post translational 
iroteolytic cleavage that probably takes place in the protein bodies. Subunit pairs in pea are 
ssembled into hexameric molecules, M r 380-400,000, which can be homo- or heteropoly-
ners (reviewed by C R O Y and G A T E H O U S E 1985). 

Legumin subunit pairs have been classified into 2 types, "major" and "minor" on the 
iasis of the relative abundances of their a-polypeptides (CASEY 1979). The "major" subunit 
iairs were subsequently shown to be the products o f a highly homologous sub-family of 
;enes designated legA-E, which have been characterised and sequenced ( L Y C E T T et al. 1984; 
. Y C E T T et al. 1986; S H I R S A T , A . H . and G A T E H O U S E , J. A . , unpublished results). N o data 

>n expression of individual genes in the legA subfamily has been obtained, apart f rom 

Summary 

Introduction 
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The observation that the single legJ gene produces multiple R N A species on Northern 
blots, even after removal of the heterogeneity caused by different poly (A) tail lengths, can be 
shown to be due to the use o f different polyadenylation signal sequences. LegJ oligo 2 w i l l 
only detect m R N A species that continue beyond base 1910; i.e. it w i l l detect mRNA species 
that use the polyadenylation signals at bases 1909-1923, and 2015-2020, but not those that 
use the polyadenylation signal at bases 1869-1874 (which terminate approx. 20 bases after 
the poly(A) signal sequence). In contrast, LegJ o l igo l w i l l detect all legJ mRNA species. 
The data presented show that legJ oligo2 detects only the lower mobility band (72 mm) of the 
2 bands detected by legJ o l igo l (72 and 74 mm); thus the higher mobility (74 mm) band, 
corresponding to a shorter R N A , must represent m R N A species that use the first polyadeny
lation signal sequence, at 1869—1874. The observed difference in mobility suggests that the 
72 mm band represents R N A species using the last poly(A) signal sequence, at 2015 — 2020. 
There is not a strong prefence for one or the other signal sequence, although the 3' one is 
slightly favoured, nor does the preference change significantly with stage of seed develop
ment, and is thus unlikely to represent a mechanism for controlling expression. The 
occurrence of multiple poly(A) signal sequences in plant genes is common ( D E A N et al. 
1986), and use of alternative poly(A) signal sequences may not be uncommon; a minor 
legumin gene in a different subfamily, designated legS, has been shown to use alternative 
poIy(A) signal sequences by sequence data fo rm different c D N A clones ( D O M O N E Y et al. 
1986a; G A T E H O U S E , J. A . , unpublished data). Additionally, the multiple RNA species 
observed in Northern blots as products of legL in the present paper suggest that it also uses 
alternative signal sequences. 
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member of this gene subfamily whose expression is increased during the desiccation phase. 
The increase in amount leg] m R N A as a proportion of total RNA can be estimated as approx. 
8-fold between 14 daf (midexpansion phase) and 24 daf (desiccation phase); as desiccation 
proceeds, expression of leg] decreases again, so that the proportion of mRNA has fallen by 
approx. 4-fold f rom 24 to 28 daf. 

Discussion 

The failure to observe expression f rom gene legK is explained by the mutation of its start 
codon to a G T G valine codon. Under these circumstances, an mRNA produced by 
transcription of legK w i l l be translationally ineffective, and wi l l consequently have a very 
short half- l i fe , and a low steady state level. Recent experiments with the lectin gene Pdlecl 
f rom Phaseolus vulgaris ( V O E L K E R et al. 1990) in transgenic plants have shown that the 
presence of stop condons in the reading frame of an mRNA decrease its steady state level 40-
f o l d ; the failure to detect legK mRNA under the conditions used in the present paper suggests 
a decrease in its steady state level, relative to leg], at least as great as this. The presence of a 
small insertion in the legK sequence (relative to legJ) in the region where the ribosome would 
be expected to bind (base +34) may also affect the stability of the legK mRNA. Evidence 
f rom experiments with other similarly "damaged" genes suggests that the promotor sequence 
of legK should be active, so that the gene is expressed, but no gene product accumulates; the 
maintenance of the homology between the 5' flanking sequences of legJ and legK supports 
this assumption. Further, legK must be expressed in other pea lines, since the legK c D N A 
pCD40 must represent a viable m R N A ; this c D N A was produced from pea line "Birte". The 
mutation in legK, preventing its gene product f rom accumulating, present in pea line Feltham 
First but presumably absent in Birte, can account for some of the line-line variation seen in 
minor legumin a-polypeptides. Interestingly, an analogous mutation has been observed in 
the legumin (glycinin) genes of soya bean; a null allele of the G y 4 gene observed at the 
protein level was correlated with a change in the start codon of the mRNA from ATG to A T A 
( S C A L L O N et al. 1987). 

Since no mRNA f rom gene legK can be detected in pea line Feltham First the observed 
m R N A species must be produced by 2 genes only, leg] and the as yet uncharacterised legL. 
No other genes of sufficient homology are present on the pea genome to give cross-
hybridising n iRNA species. Since the legJ oligos have clearly identified the higher mobility 
R N A species as products of leg], the lower mobility R N A species, at 68 and 70 mm, must be 
products of legL. Interestingly, whereas leg] is upregulated during the desiccation phase o f 
cotyledon development, legL is regulated more like a "normal" storage protein gene with 
maximal levels of its m R N A present at 16—20 daf (i.e. the latter period of cotyledon 
expansion) and declining levels thereafter. The increase in the expression of leg] subfamily 
genes observed at 22—24 daf (THOMPSON et al. 1989) is due to leg] alone. The basis o f this 
differential expression may become more clear i f the sequence of legL is determined; it is, 
however, noteworthy that the legJ gene lacks the "core enhancer" sequence GCCACCTC in 
its 5' flanking region; this sequence is present in all the pea legA family genes, and in the pea 
vic i l in family genes sequenced, and homologous genes in other species as well as other 
highly expresed seed protein genes such as Phaseolus vulgaris lectin (GATEHOUSE et al. 
1986), and may have an important influence on developmental control of expression. 
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•ij>. 3.B. Densitometry analysis of autoradiographs shown in fig. 3 A. Individual tracks of autoradio-
;raphs shown in f ig . 3 A were scanned by laser densitometer LKB Ultroscan). Only tracks containing 
INA treated to remove poly(A) tails ( " - " tracks) were scanned. Numbers on vertical axes indicate 
levelopmental stage (DAF) of RNA samples. Dotted lines indicate the baseline for each scan. Scans 
ire from autoradiographs probed as follows: (a), legK cDNA (detects expression of all genes in the legJ 
ubfamily); (b), leg] oligol; (c), leg] oligo2. 

The relative strengths o f the hybridisation signals of leg] oligo2 to the 72 mm band over 
I N A samples f rom different stages of seed development, and legJ o l igo l to the 72 mm and 
'4 mm bands were not significantly different to each other, nor to the whole coding sequence 
>robe (legk c D N A ) to the 72 and 74 mm bands. These data show that the 72 and 74 mm 
>ands represent R N A species that are products of leg], and clearly establish leg] as the 
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The sequence of a gene encoding convicilin from pea 
{Pisum sativum L.) shows that convicilin differs from vicilin 
by an insertion near the /V-terminus 
D a v i d B O W N , * T . H . Noe l E L L I S f and John A . G A T E H O U S E * J 
*Department of Botany, University of Durham, South Road, Durham DH1 3LE, and tJohn Innes Institute, Colney Lane, 
Norwich NR4 7UH, U .K . 

The sequence o f a gene encoding convic i l in , a seed storage protein in pea (Pisum sativum L . ) , is reported. 
This gene, designated cvcA, is one o f a sub-family o f two active genes. The transcript ion start o f cvcA was 
mapped. Convic i l in genes are expressed in developing pea seed cotyledons, w i t h maximum levels o f the 
corresponding m R N A species present at 16-18 days after f lowering. The gene sequence shows that convici l in 
is similar to v ic i l in , but differs by the insertion o f a 121-amino-acid sequence near the A'-terminus o f the 
protein. This inserted sequence is very hydrophi l ic and has a high p ropor t ion o f charged and acidic residues; 
i t is o f a similar amino acid composi t ion to the sequences found near the C-terminal o f the a-subunit in pea 
legumin genes, but is no t directly homologous w i t h them. Comparison o f this sequence wi th the ' inserted ' 
sequence in soya-bean (Glycine max) conglycinin (a homologous vici l in-type protein) suggests that the two 
insertions were independent events. The 5' flanking sequence o f the gene contains several putative regulatory 
elements, besides a consensus promoter sequence. 

I N T R O D U C T I O N 

Convic i l in has been termed a ' t h i r d storage p r o t e i n ' in 
pea seeds, in addi t ion to legumin and vic i l in [1]. I t can be 
pur i f ied f r o m bo th legumin and v ic i l in , and i t consists 
solely o f polypeptides o f M r approx. 71 000. I t does not 
thus contain polypeptides f o u n d in either o f the two 
major storage proteins [2]. O n the other hand, convici l in 
is antigenically similar to v ic i l in [1], and i t is possible to 
produce molecules containing both v ic i l in and convici l in 
polypeptides; f o r this reason, some authors have con
sidered that convic i l in and vic i l in are the same protein 
[3]. Sequence data fo r a par t ia l c D N A clone, p C D 59, 
identif ied as encoding convic i l in by hybrid-release trans
la t ion , supported this view, since the deduced amino acid 
sequence was strongly homologous w i t h that o f vici l in 
[4,5]. However, p C D 59 d id not hybridize to vici l in 
c D N A species [5] or v ic i l in genes [6]. 

Var ia t ion in the mobi l i ty o f convici l in polypeptides, on 
SDS/polyacrylamide-gel electrophoresis, between pea 
lines has allowed a convic i l in locus, designated 'cue' , to 
be mapped to chromosome 2 in pea [7 ] ; i t is distinct f r o m 
any v ic i l in locus so far identif ied [8,9]. Convic i l in has 
been shown to be encoded by a small gene f a m i l y ; 
hybr idizat ion o f the c D N A clones p C D 59 and p C D 75 
(a longer version o f p C D 59; [5]) to genomic D N A 
restricted w i t h endonucleases detected one or two 
hybr id iz ing fragments, depending on which probe was 
used [5,6,9], 

The isolation o f a genomic clone containing a convici l in 
gene, putatively corresponding to the eve locus, has been 
described [9]. The present paper reports the sequence o f 
this gene and its flanking regions, and shows that 
convici l in genes in pea (Pisum sativum L . ) f o r m a sub
fami ly o f the total fami ly o f vici l in-type genes. 

M A T E R I A L S A N D M E T H O D S 

Materials 

Pea seeds o f the cul t ivar (cv.) Feltham First were 
obtained f r o m Suttons Seeds, Torquay, Devon, U . K . ; 
seeds o f cv. D a r k Skinned Perfection were f r o m S. Dobie 
and Son, Torquay , Devon , U . K . The isolation o f the 
genomic clone lambda JC4, and its sub-clone pJC 4-100, 
f r o m a genomic l ibrary prepared f rom D N A isolated 
f r o m Pisum sativum cv. Dark Skinned Perfection has 
been described previously [9]. Reagents and enzymes fo r 
M 1 3 D N A sequencing were f r o m G i b c o / B R L (Gibco, 
Paisley, Renfrewshire, Scotland, U . K . ) ; restriction 
enzymes were supplied by Nor thumbr ian Biologicals, 
Craml ington , N o r t h d . , U . K . SI nuclease and other 
enzymes were f r o m B C L , Lewes, East Sussex, U . K . 
Radiochemicals were supplied by Amersham Inter
national, Amersham, Bucks., U . K . Other reagents used 
were o f analytical qual i ty wherever possible. N i t r o 
cellulose filters were type BA85 (Schleicher und Schuell) 
f r o m Anderman and Co. , East Molesey, Surrey, U . K . 

Methods 

D N A sequencing. Restriction mapping on pJC 4-100 
was carried out by conventional methods [10]. Pre
paration o f subclones f r o m pJC 4-100 in pUC18 or 
pUC19, preparation o f sequencing subclones in 
M13 m p l 8 or m p l 9 , preparation o f single-stranded 
D N A , and dideoxynucleotide D N A sequencing using 
[ a - 3 5 S] th io -dATP were also carried out by standard 
techniques [11-14]. The sequence given was determined 
by overlapping sequences f r o m subclones; both strands o f 
the D N A were f u l l y sequenced. Sequences were analysed 
by diagonal dot -mat r ix comparisons [15], using a 

These sequence data have been submitted to the EMBL/GenBank Data Libraries under the accession number Y0072I. 
t To whom correspondence and reprint requests should be addressed. 
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program wri t ten by ourselves and by manual com
parisons supplemented by sequence-handling software 
(programs N N C A L N and FASTP, k ind ly supplied by 
D r . W . Pearson). Hydroph i l i c i ty profiles were plotted 
using the method o f H o p p & W o o d [16]. 

Blotting techniques. Restriction fragments f r o m pJC 
4-100 or its subclones were isolated f r o m low-gelling-
temperature agarose gels [17] and labelled with 
[ a - 3 2 P]dCTP ( 4 0 0 C i / m m o l ; 100 fiC\ used/0.2-0.5/<g o f 
D N A ) by nick translation [18]. ' Sou the rn ' blots o f 
agarose-gel separations o f restriction fragments, or 
digests o f pea leaf genomic D N A (pur i f ied as in [19]) wi th 
restriction enzymes, were prepared and hybridized to 
denatured labelled probes in 5 x SSC (1 x SSC is 0.15 M -
NaCI/0 .015 M-sodium citrate buffer , p H 7.2)/2 x Den-
hardt 's solution (1 x Denhardt 's solut ion is 0.02% 
F i c o l l / 0 . 0 2 % bovine serum a l b u m i n / 0 . 0 2 % polyvinyl -
pyrrol idone) /denatured herring sperm D N A (100 / t g / 
m l ) , at 65 ° C as described in [20]; subsequent washes 
were to a hybridizat ion stringency o f 0.1 x SSC at 
65 ° C . ' N o r t h e r n ' blots o f agarose-gel separations o f 
glyoxalated total R N A samples (prepared f r o m pea (cv. 
Fel tham First) cotyledons at different developmental 
stages as previously described [21] were prepared and 
hybridized to denatured labelled probes in 5 x SSC, 
2 x Denhardt 's solut ion/denatured herring sperm D N A 
( 2 0 0 / t g / m l ) / 5 0 % ( v / v ) formamide , at 42 °C [22]; 
subsequent washes were to a hybr idizat ion stringency o f 
0.1 x S S C / 0 . 1 % SDS at 50 °C . Densitometry o f auto-
radiographs, obtained by exposing the washed blots to 
preflashed X-ray film at —80 °C, was carried out on an 
L K B (Bromma, Sweden) Ultroscan X L densitometer. 

S I mapping. SI mapping was carried out as described 
by Favaioro et al. [23]. Each assay mixture contained 
5 fig o f polyadenylated R N A , prepared f r o m pea (cv. 
Fel tham First) cotyledons at a mid-development stage 
(14-15 days after flowering) as previously described [24], 
and at least 0 .2 / ig (approx. 2 x 1 0 " c.p.m.) o f D N A 
probe, 5' end-labelled [25] w i t h [ y - 3 2 P ] - A T P (6000 C i / 
m m o l ; 50 / tCi used/0.2-0.5 fig o f D N A ) . The protected 
fragment after S1 digestion was run on a D N A sequencing 
gel, and its 3' end was mapped by running a D N A 
sequencing reaction that covered the same region o f 
sequence on the same strand, and had been primed by an 
oligonucleotide primer whose 5' end corresponded to the 
site o f labelling, in adjacent tracks. Controls omi t t ing 
R N A were carried out. 

Protein sequencing. Convic i l in was purif ied as pre
viously described [1]. Portions (2 mg) o f the protein, 
dissolved in 0.1 % trifluoroacetic acid, were subjected to 
h.p.l.c. (Vydac reverse-phase C 1 8 c o l u m n ; elution wi th a 
gradient o f acetonitrile in 0.1 % trifluoroacetic acid) to 
remove traces o f v ic i l in . Convic i l in polypeptides were 
digested wi th t rypsin, and the resulting peptides were 
separated by h.p.l.c. and sequenced by the manual 
diaminobenzoyl isothiocyanate method, as previously 
described [26]. A'-Terminal sequences fo r convicil in were 
obtained by automated sequence determination on an 
App l i ed Biosystems model 371A protein sequencer, wi th 
online h.p.l.c. residue identif icat ion. A 0.3 mg sample o f 
protein was used per determination. 

R E S U L T S 

Genomic clone 

A partial restriction map for the genomic subclone 
pJC 4-100 has been published previously [9]. A revised 
and detailed map, showing the position o f the gene and 
the region sequenced, is given in Fig. 1(a). The clone 
contains approx. 8 kb o f sequence 5' flanking the 
convici l in coding sequence, and approx. 3 kb o f 3' 
flanking sequence; these regions do not contain sequences 
hybr idiz ing to probes f r o m the cvc coding sequence [9; 
results not shown]. Regions o f this clone outside the 
sequenced region are not discussed further in the present 
paper. 

The convicilin gene 

The sequencing map for the convicilin gene is given in 
Fig. 1(b), and the complete sequence o f the gene and its 
immediate 3' and 5' flanking regions is given in Fig. 2. 
We have designated this gene lcvcA\ The predicted 
sequence o f the encoded protein was deduced by 
homology wi th vici l in and by the presence o f an open 
reading f rame at the 5' end, and is also shown in Fig. 2. 
The coding nucleotide sequence is interrupted by five 
introns, whose positions could be inferred f r o m the 
predicted and determined protein sequence (the present 
paper) and f r o m the nucleotide sequences o f the convicilin 
c D N A species p C D 59 [5], the homologous Phaseolus 
vulgaris (French bean) vici l in (phaseolin) gene [27] and 
homologous pea vici l in c D N A species and genes ([28,29]; 
J. A . Gatehouse, D . Bown, M . Levasseur, R. Sawyer & 
T. H . N . Ellis, unpublished work) . The sequence f rom 
start codon to stop codon thus contains six exons, o f 661, 
176, 75, 324, 283 and 197 bases respectively, and five 
introns, o f 151, 103, 103, 88 and 97 bases respectively. 
The encoded amino acid sequence is 571 amino acids 
in length, and predicts a precursor polypeptide o f 
Mr 66986; when the leader sequence o f 28 amino acids 
(see below) is subtracted the predicted Mr for the mature 
polypeptide is 63928. The discrepancy between this 
value and the polypeptide MT determined for convicil in 
(71000) is discussed below. 

The 3' flanking sequence given extends for 428 bases 
after the stop codon; a fur ther 450 bases o f sequence 
have been determined, but do not show any significant 
features and wi l l not be discussed further. T w o poly-
adenylation sites are present in the 3' flanking sequence, 
119 and 134 bases after the stop codon; the first o f these 
is o f the mult iple overlapping type ( A A T A A A T A A A ) 
often found in plant genes [30]. The 5' flanking sequence 
contains a good match to the consensus sequence for a 
plant gene ' T A T A ' box [31] 66 bases before the start 
codon ( C T A T A A A T A ) . Other sequence features in this 
region are discussed below. 

Partial sequence of convicilin 

The identity o f the gene cvcA was confirmed by 
comparing its predicted protein sequence wi th partial 
protein sequence data f r o m convicil in. In all , 16 residues 
at the /V-terminus o f convicil in and an additional 75 
residues f r o m 14 tryptic peptides were determined. 
Results are shown in Fig. 2. The determined sequences 
agree fu l ly wi th the sequence predicted by cvc A and show 
that the first 28 residues o f the predicted sequence are not 
present in the mature polypeptide. These removed 
residues constitute a typical ' leader' sequence [32]. A t 
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Fig. 1. Restriction map of the clone pJC4-100 containing cvcA, and sequencing map of cvcA 

Key to restriction site symbols on sequencing map; B, BglU; D, Dral; E, £coRV; H , / / w d l l l ; Hp, Hpa\\ K, Kpn\ (= Asp718\\ 
N , M i l ; S, Sst\; Sp, Sspl; X, Xbal. 

amino acid 209, two residues were found in t rypt ic 
peptides; N , as predicted by cvcA, and Q (one-letter 
notat ion) . Peptides were obtained f r o m all six exons, 
showing that the assignment o f in t ron positions was 
va l id . 

Expression of cvcA 

A n SI mapping experiment was carried out to con f i rm 
the expression o f cvcA and to locate the transcription 
start. The Asp718\ restriction fragment, covering 
bases —561 to 143 in cvcA, was isolated and 5'-end-
labelled. A f t e r hybr id iza t ion o f the labelled fragment to 
polyadenylated R N A isolated f r o m developing pea 
cotyledons, the nucleic acids were treated wi th SI 
nuclease and analysed by gel electrophoresis. Results are 
shown in F ig . 3(a). Protected fragments o f 139-150 bases 
were obtained, suggesting that an m R N A had identical 
sequence w i t h the probe f r o m base 143 in cvcA to a 
region 24-35 bases 5' to the A T G start codon. The base 
designated ' + 1 ' was that giving the most intense band 
in the SI mapping assay, i.e. the underlined base in 
the protected sequence region, C A T C A T C T A A A G . 
Protected fragments extending to the A bases in the 
consensus t ranscript ion start sequences - C A T C - [31] in 
the above region were observed, but gave less intense 
bands in the SI mapping assay. Cont ro l experiments 

w i th no R N A present gave no protected fragment. A 
fur ther SI mapping experiment, wi th the Nsil-EcoRV 
restriction fragment, covering bases - 3 8 2 to 257 in 
cvcA, gave protected fragments ending in the region —8 
to + 2 . I n this case both the SI mapping assay and its 
control wi th no R N A present gave protected fragments 
corresponding in length to the original probe. 

The developmental expression o f convicil in genes was 
also studied by hybridizat ion o f part of the sequence o f 
this gene to total R N A prepared f r o m pea cotyledons at 
different stages o f seed development. The probe fragment 
was chosen to include only the 5'-end o f the coding 
sequence o f the gene to avoid cross-hybridization to 
vici l in m R N A species. Pea cotyledon R N A was 
glyoxalated, size-fractionated by electrophoresis and 
blotted on to nitrocellulose before hybridization to the 
Sstl-BglU (bases —176 to 462) fragment o f cvcA, 
labelled by nick translat ion. The results o f this experiment 
are shown in Fig. 3(b). The probe hybridized to two 
bands o f similar mobi l i ty on the Northern blot , cor
responding to m R N A species o f approx. 2650 and 2500 
bases; the larger o f the two species consistently gave 
a more intense hybridizat ion signal, the rat io o f the 
integrated peak areas o f the two bands being approx. 
3:1 ( + 0.7) in all tracks. N o evidence o f hybridizat ion to 
vic i l in m R N A species, which have been previously 

V o l . 251 



7 2 0 D . B o w n , T . H . N . E l l i s a n d J . A . G a t e h o u s e 

C v c A ( - 5 M ) . 6 6 T A C C T T G A A A C T T T A A T C T A G T A C A A A C T T T T T A T A T C A A A C A 6 T B A A A 6 T A C - 5 0 7 

C v c A TAATTABTAATGABATTGTTTCACATGCABAAG6ACCGATCAATCAAGTTTTCTTGCTTCGCC6TAATTTTAT6TTTATTTBTTTCACTACAASTBGCTTCATTCATAABTATTAATTTA - 3 B 7 

C v c f l TSCATAAAAAATTAAC6AATTTAAATATTAAABAATTTCCAGATTCATTCATTCATCAAATTAAAACAAAAAACTTGACATAATCATGBTCATGATCGCCGCATCCATGTAAATCTAAAA - 2 6 7 

C v c f l GAACT6GACCCCAAACTCCATGAATBAAAACACGTACAACCAATGTGTCACACATBCAGCTCAAAATAATCAACAACTCAACCCGCBAGCTCATCC6CACCTTTCTAACAGTTACAATAC - 1 4 7 

C v c f l AACTCAGTTGCCACCTCTATTTTGTTCATTTCAACAC1CGTCAAGTTACAT6ACACAAT6TACCCAAATGACCATCCACB7TA7TCATCTAGCTTTACGTTCTATCACTATAAATA1CCT - 2 7 
( T A T A B 0 J > . . . 

C v c f l TCAACTTAATCTTTTATTTCATCATCTAAAGTTCGAACTAGTGAAATACAAATCATGGCGACCACTGTCAAATCACGATTTCCACTTTTGTrGTTTCTGGGAATIATATTCCTGGCTTCT 9 4 
A . A * <H A T T V K S R F P L L L F L 6 I 1 F L A S 

C v c A 6TTT6C6TCACTTAT6CCAATTACGAT6AA66TTCA6AAACTA666TACC6GGACAAA6A6AAA6A66TCGCCAA6A6G6TGAGAAAGAAGAAAAACGCCATGGA6AATGGAGACCTTCA 2 1 4 
A . A . v C V 1 Y A : N Y D E G S E T R v P 6 Q R E R 6 f i Q E 6 E K E E K R H 6 E H R P S 

C v c A TAT6AAAA66AA6AACAT6AAGAA6A6AA6CAGAAATATC6ATATCAAC6T6AAAAGAA66AACAAAAG6AA6TTCAACCTGGAC6TGAGAGATGGGAAAGAGAGGAAGAT6AGGAACAA 3 3 4 
A . A . Y E K E E H E E E K O K Y R Y Q R E K K E Q K E V Q P G R E R I I E R E E D E E Q 

t • • • 

C v c A 6TA6AG6AAGAGrGGAGAG6AAGTCAACGTCGTGAAGATCCCGAA6AAA666CAAGGCTAA6GCATAGAGA66AGA6AACAAAAA6A6ACA6AC6CCATCAACGTGAAGGAGAG6AGGAA 4 5 4 
A . A . V E E E M R 6 S Q R R E D P E E R A R L R H R E E R T K R D R R H Q R E G E E E 

C v c A GAAAGATCTTCAGAATCACAA6AACACAGAAACCCCTTTTTATTCAA6TCTAACAAGTTTCTGACACTCTTT6AAAACGAAAAC6GTCACATTCGTCGCCTTCAAAGGTTCGACAAACGT 5 7 4 
A . A . E R S S E S Q E H R N P F L F K S N K F L T I F E N E N G H I R R L D R F D K R 

C v c A TCA6ACTTATTTGAAAATCTCCAAAACTATC6TCTT6TGGAATATAGAGCCAAACCCCACACCATCTTCCTTCCTCAACACATAGAT6CTGACTTAATCCTT6TAGTCCTCAATG6TAAT 6 9 4 
A . A . S O L F E N L Q N Y R L V E Y R A K P H T I F L P O H I D A D L I L V V L N < — -

C v c A T T T T A T T T T T C T T T A T A A T A T T A T T A T A A C A A A T C C T T T B I T I I A T A G A A A T A T G A C T A T I I A A A A T A A A A A T A T I G I A A A 6 T T C A f l T T T A 6 C A A T A T T I C T r A l A r i r C A T A A f I A A A T 8 1 4 
A . A . - - 1 V S - 1 -

C v c A TTT66T6T66TTAATAT6TACTACA666AAAGCCATATT6ACA6T6TT6AGTCCCAAT6ATA6AAACTCCTATAATCTT6A6C6TGGTGATACCATCAAAATTCCCGCAGGAACAACATC 9 3 4 
A . A . >G K A I L T V L S P N D R N S Y N L E R G D T I K 1 P A G T T S 

• Q / N * - — 

C v c A n A T C T A G T T A A C C A A G A T G A T 6 A A G A A 6 A T C T T A G A 6 T G 6 T G G A T T T T G T A A T A C C C G T 6 A A C A 6 6 C C T 6 6 T A A A T I T G A G 6 T A A I A A T T ) I C T T C A C A A G T T l T A ) T C T I A l T A A A A C 1 0 5 4 
A . A . Y L V N Q D D E E D L R V V D F V I P V N R P G K F E ( - -

C v c A A C C T C C T T T A l A T I A C T T I T A T I ! T T G T C T G G A T T G A A A A A T I G A T C T T T A T C C l T C T l C T A C A G 6 C I T T r 6 6 I C T A T C T G A A A A T A A A A A C C A A T A C T T A C G A G G A T T C A G C A A G A A C A 1 1 7 4 
A . A . — - 1 V S - 2 - - - > A F 6 L S E N K N D Y L R G F S K N 

• » 

C v c A T T T T A G A G G C C T C C T T A A A T G T A A 6 T A T G C A A A C A A C A C A T G T T A A G C T I A A T 6 T G T G A T T T I T I I T A T C A A A I G T T T A A I A A A T A T A A C C A T I A T A A T T I G T A T C C T T I I I C G C A G A T A 1 2 9 4 
A . A . I L E A S L N ( - - - I V S - 3 

C v c A TA6ACTAAATACGA6ACCATA6AGAA6GTTCTTTTAGAA6A6CAAGA6AAAAAACCACAACAATT6A6A6ATC66AAAA66ACACAACAA6G6GAAGAAAGAGACGCAATAATCAAAGTA 1 4 1 4 
A . A . - - > T K Y E T I E K V L L E E 0 E K K P 0 0 L R D R K R T 0 0 G E E R D A I I K V 
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S e q u e n c e o f p e a c o n v i c i l i n g e n e 7 2 1 

C v c A TCAAGGGAACAAATT6A66AATTGA6AAA6CTTGCAAAATCAAGCTCAAAGAAAAGCTTACCCTCTGAATTTGAACCTTTCAACTT6AGAAGCCACAAGCCAGAATATTCIAATAA6TTT 1 5 3 4 
A . A . G R E Q I E E L R K L A K S S S K K S L P S E F E P F N L R S H K P E Y 5 N K F 

t • t 

C v c A 66CAA6TTGTTTGA6ATTACTCCAGA6AAAAAATACCC1CA6CTTCAA6ATTTAGATATACTT6TTAGTTGT6TG6AGATTAACAAG6TATGTACACAACACTAAATATATATAAAACAC 1 6 5 4 
A . A . G K L F E I T P E K K Y P O L O D L D I L V S C V E I N K < 

C v c A A T C A T T T T A A T T A T A T T A C A G A A A T A T 6 T T A A T G C 6 T T T T T G C T T A A A T T T T T A 6 6 6 A 6 C T C T A A T G T T G C C A C A C T A C A A T T C A A G 6 G C A A T A G T T 6 T A C T A T T A G T T A A T G A A G 6 A A A 1774 
A . A . I V S - 4 - > G A L M L P H Y N S R A I V V L L V N E 6 K 

C v c A A66AAACCTT6AACTTCTG6GTTTAAAAAATGA6CAACAA6AGA6G6AAGATA6AAAA6AAAGAAACAATGAAGT6CA6A6ATAT6AA6CTAGATTGTCTCC66GTGAC6TT6TTATCAT 1894 
A . A . 6 N L E L L 6 L K N E Q 0 E R E D R K E R N N E V 0 R Y E A R L S P 6 D V V I I 

• 1 

C v c A TCCAGCAGGTCACCCAGTTGCCATTA6TGCTTCATCAAATCT6AATTTGCTT6GATTTG6TATCAATGCCAAGAACAATCA6AGAAACTTCCTTTCAG6TATIAA6TGAATAGTAATATC 2 0 1 4 
A . A . P A G H P V A I S A S S N L N L L G F G I N A K N N O R N F L S < 

C v c A ATTAGTTAATAATTTTCGATIAAATGA6AAATATTTGAATGTTATATTTCTAATITGGGBATTGAAAATTTGAAG6ATC6GAT6ACAATGTGATAAGCCAAA1AGAAAATCCAGTAAAGG 2 1 3 4 
A . A . I V S - 5 >6 S D D N V I S O I E N P V K 

C v c A AGCTCACATTTCCT66ATCTTCTCAAGA6GTAAATAGATTAATCAAGAATCAAAAACAATCTCACTTTGCAAGTGCT6AACCTGAACAAAAGGAGGAAGAAAGCCAAAGAAAAAGGAGTC 2 2 5 4 
A . A . E L T F P 6 S S Q E V N R I I K N Q K Q S H F A S A E P E Q K E E E S Q R K R S 

C v c A C T C I G T C T T C A G n C T G G A C A G T I T T T A C T G A G T A A T C A A I A T G A A A A A T A A T 6 C A 6 A T 6 T A T 6 A G C T A A G A T C T A G C T A G C T C I T C G I 6 A G C I A A G A G T A A A I A A T G G A I C T T G T A A C I 2 3 7 4 
A . A . P L S S V L D S F Y t> 

C v c A C T T A C C T A T T G A G C C C C A C T T T I C T A T A C 6 A A T A A A T A A A T A A T I A A T A A A A C T T 6 T G C T T T T T T I T T A C I I T A A C T A C A A G G A T A A T A T T A A T I T G T G T T C T I G G G G I A A G T C T T A A A A 2 4 9 4 
< P o l y A t > . . . < P o l y A » > 

C v c A A A A G A C T A T G 6 A T T C A A T G A A G 6 A A T T T T I A A A A T I G T T T I T A A T A A T G G I T A I I G G T T G T G T T A n A T T G I A A T G 6 T I C A I A A C A I G C A G T G C C T T A C I C T T G I A l T A G T l G C T I T A A T 2 6 1 4 

C v c A T I G C T T I A A T I T G T T I A T G T I T T r A T A T C T T T I C T T T A A A T T A A A A A A T T G 6 A A G T G T T T I G T A A T T T 6 T G A G T T A A G A C G A 6 G T T G T G C A A T T T C T T I I C I C T C l A G A 2 7 2 3 

Fig. 2. Sequence of gene cvcA ('CvcA'), with the predicted sequence of the convicilin precursor polypeptide ('A.A.') 

T h e p r e d i c t e d s i t e o f c l e a v a g e o f t h e l e a d e r s e q u e n c e i s i n d i c a t e d by a c o l o n ( : ) . T h e b a s e d e s i g n a t e d + 1 i s i n d i c a t e d by a 
c i r c u m f l e x ( A ) . O t h e r s e q u e n c e f e a t u r e s a r e a s i n d i c a t e d o n t h e F i g u r e . T h e / V - t e r m i n a l s e q u e n c e d e t e r m i n e d f o r c o n v i c i l i n , a n d 
t h e s e q u e n c e s o f c o n v i c i l i n t r y p t i c p e p t i d e s , a r e i n d i c a t e d by d o u b l e a n d s i n g l e u n d e r l i n i n g s r e s p e c t i v e l y ; v e r t i c a l l i n e s i n d i c a t e 
t h e t e r m i n i o f t h e p e p t i d e s . 

identified as approx. 1700 bases in size [33], was obtained, 
showing that the probe was specific for convicilin mRNA 
species. The relative intensities of the hybridizing bands 
from different developmental stages show that the 
proportion of convicilin mRNA species in total RNA 
increases as cotyledon expansion proceeds, to a maximum 
at 16-18 days after flowering, and decreases thereafter. 
The peak in convicilin mRNA levels agrees with previous 
observations that convicilin synthesis is maximal during 
the second half of cotyledon expansion [34]. 

Hybridization to genomic DNA 

Pea genomic DNA from cvs. Feltham First and Dark 
Skinned Perfection was digested with various restriction 
enzymes, size-fractionated by agarose-gel electrophoresis 

and blotted on to nitrocellulose. The blots were then 
hybridized with the labelled convicilin specific probe 
{Sstl-Bglll; bases — 176 to 462) described above. Results 
are shown in Fig. 4. The two cultivars gave identical 
band patterns in all restriction digests made. Digests with 
EcoRI gave two bands, one of approx. 13 kb, corres
ponding to the £coRI fragment in pJc 4-100, and one 
of approx. 9.0 kb, corresponding to the EcoRl fragment 
previously identified as hybridizing to the convicilin 
cDNA species pCD 59 and pCD 75 [5]. Both these bands 
were present at an indicated level of approx. one copy per 
haploid genome, as shown by a reconstruction assay 
where gene copy equivalents of pJC 4-100 were hybridized 
on the same filters. All other restriction digests gave two 
or more hybridizing bands, consistent with the restriction 
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(a) 

B G 1 

i 
20 

S i z e 

(kb) 

+ 1 

2.1 

1.7 

-20 

Fig. 3. Expression of convicilin gene cvcA 

(a) SI mapping experiment to locate the transcription start in cvcA. The protected fragment is run in track S; other tracks are 
the corresponding region of DNA sequence (the sequence is given in complement, and must be read down the sequencing gel). 
(b) 'Northern' blot, showing hybridization of Sstl-BglU probe (bases -176 to 462) from cvcA to total RNA isolated from 
developing pea cotyledons (line Feltham First) at 8 days after flowering (d.a.f.) (track 1), 10 d.a.f. (track 2), 12 d.a.f. (track 3), 
14 d.a.f. (track 4), 16 d.a.f. (track 5), 18 d.a.f. (track 6), 20 d.a.f. (track 7) and 22 d.a.f. (track 8). Under these conditions the 
cotyledon expansion phase of development lasts from 7-8 d.a.f. to 21-22 d.a.f. [24,32]. A 10 fig portion of total RNA was loaded 
per track in the original gel electrophoresis. The molecular-size scale is taken from standard RNA species (ribosomal RNAs) 
run on the original gel. 

map of cvcA (see Fig. 1), at intensities consistent with the 
conclusion that two convicilin genes were present per 
haploid genome, in agreement with previous reports [6]. 

DISCUSSION 

Coding sequence 
The amino acid sequences predicted by cvcA, and 

found for convicilin, confirm the presence of a ' leader' 
sequence on the precursor polypeptide, as had been 
previously suggested by translation experiments in vitro 
[35]. The sequence for the mature polypeptide predicted 
by cvcA is then in good agreement with the amino acid 
composition of convicilin, as shown in Table 1. The 
presence of one methionine residue in the mature 
polypeptide is correctly predicted by cvcA, and its 
position (amino acid 388) is consistent with the observed 
results of CNBr cleavage of convicilin, which generates 
two fragments of approx. 55000 and 15000 M r [1]. 

Despite the evidence that cvcA is a convicilin gene and 
that it is expressed, it differs in its sequence from the 
convicilin cDNA identified by Domoney & Casey [4], 
which was used to select the genomic clone containing 
cvcA. The overall homology between the two sequences 
is 94% over 590 corresponding bases. The main 
difference between the two sequences is a deletion of 18 
nucleotides (six amino acids) in pCD59 relative to cvcA, 
corresponding to a region near the hypothetical a:/? 
subunit processing site in vicilin [26]. There are also a 
number of conservative amino acid substitutions in the 
remainder of the sequence (not shown). These sequence 
differences are sufficient to account for the previous 
observation [5] that pCD 59 hybridized to only one of the 
two convicilin genes detected by the cvcA probe in the 
present study. The data suggest that pCD 59 represents 
the second convicilin gene detected by hybridization to 
genomic D N A , cvcB, which is thus shown to be 
functional. When pCD 59 was hybridized to RNA from 
developing pea cotyledons [5], only one band was detected 
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Sequence of pea convicilin gene 723 

F D 2 F D F D F D 1 2 5 

Size 
(kbp) 
24.8 
21.2 

5.1 
5.0 
4.3 
3.5 

2.7 

2.0 

A B C D E F G H I J K L 

Fig. 4. Southern blot showing hybridization of Sstl-BglU probe (bases —176 to 462) from cvcA to restriction digests of genomic DNA 
from lines Feltham First (F) and Dark Skinned Perfection (D) 

A 10 fig portion of DNA was loaded per track on the original gel electrophoresis. Restriction enzymes used were as follows; A 
and B, EcoRl; D and E , Bglll; F and G , BamHI; H and I EcoKV. The blot is calibrated with gene equivalent amounts [33] 
of digested pJC4-100; the indicated copy numbers per haploid genome are given above tracks C , J, K and L. Tracks A - C are 
from a different gel to the remainder. The molecular-size scale is from restriction digests of standard DNA species run on the 
original gels. 

on a 'Northern' blot, as opposed to the two detected 
by the cvcA probe, suggesting that cvcA and cvcB each 
gives rise to a distinct m R N A species. Further data will 
be necessary to confirm this conclusion. 

Homology with vicilin. A dot-matrix comparison of the 
polypeptide sequences predicted for convicilin, and for a 
vicilin 50000-A/r polypeptide is given in Fig. 5. The 
sequences are strongly homologous over most of their 
length, with short areas of low homology apparent at 
regions corresponding to the sequences around the 
putative a:fi and /?:y subunit processing sites in vicilin. 
These areas have previously been noted as being of low 
homology when pea vicilin polypeptides are compared 
with those from different species [28]. The major 
difference between the two sequences is apparent as a 
large insertion in the convicilin sequence near its TV-
terminus, corresponding to sequence being inserted 
between amino acids 3 and 6 of the mature vicilin 
polypeptide. Homology over the region —3 to +3 is 

weak at the amino acid level, but significant at the 
nucleotide level; outside this region, and the insertion, 
homology is strong in both directions (see Fig. 5). The 
convicilin leader sequence is homologous with that in 
vicilin, but not to leader sequences in other seed proteins 
(results not shown), showing that the extra sequence in 
convicilin represents an insertion into a vicilin gene 
rather that a 5' addition to it. The strong homology of 
convicilin with vicilin outside the inserted sequence 
accounts for the overall similarity in properties between 
the two proteins and their antigenic similarity [1]; it 
would also account for their ability to form molecules 
containing polypeptides of both vicilin and convicilin. 

The homology in amino acid and corresponding 
nucleotide sequences between cvcA and vicilin genes in 
pea (results not shown; homology at the nucleotide level 
between the vicilin cDNA pAD2.1 [29] and corresponding 
sequence regions in cvcA is 79%) shows that the cvcA 
gene should be regarded as belonging to a sub-family of 
the vicilin gene family; this designation supports both 
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Table 1. Amino acid composition of convicilin; comparison of 
predicted and experimental compositions 

Composition (mol/100 mol) 
Residues 

Amino acid predicted Predicted Found* 

D 
N g } » 10.87 11.64 
T 13 2.39 2.55 
S 40 7.37 6.39 
E 
Q £ } • » 20.81 22.08 
p 25 4.60 5.47 
G 27 4.97 5.90 
A 18 3.31 4.23 
C 1 0.17 0.13 
V 27 4.97 4.46 
M 1 0.17 0.13 

I 24 4.42 3.85 
L 49 9.02 8.71 
Y 15 2.76 2.59 
F 20 3.68 3.30 
W 3 0.55 NDt 
K 43 7.92 8.18 
H 12 2.21 2.22 
R 53 9.76 8.15 

* From [1]. 
t ND, not determined. 

previous views that convicilin was distinct from [1], or 
was essentially the same as [3], vicilin. 

Nature of the inserted sequence in convicilin. The 
inserted sequence in convicilin will be considered as 
amino acids ( + )4-124 or nucleotides 121-483. At the 
amino acid level, the sequence contains a high proportion 
of charged and hydrophilic residues (from 121 amino 
acids, there are 38 glutamate residues, 24 arginine residues 
and 9 lysine residues; only 10 residues are strongly 
hydrophobic). It is similar in its composition to the 
C-terminal regions of the a-subunits encoded by both 
'major' and 'minor' pea legumin genes ([36,37]; J. A. 
Gatehouse & D. Bown, unpublished work), but the 
actual amino acid sequences are not significantly homo
logous when compared by a dot-matrix homology plot 
(results not shown). This additional sequence is 
presumably responsible for the differences in physical 
properties between vicilin and convicilin, e.g. solubility 
and binding to hydroxyapatite [1]. The predicted Mr 

values for the mature convicilin polypeptide, and its N-
terminal CNBr fragment, are not in complete agreement 
with those observed on SDS/polyacrylamide-gel 
electrophoresis. This discrepancy is a consequence of 
abnormal migration on electrophoresis, possibly due to 
the atypical ami no acid composition of these polypeptides 
caused by the 'inserted' sequence. 

cvcA residue no. 

i 100 200 300 400 500 
I M I I I I I i I I I i I M I I 1 I I I I I I I I I ! I I l I M I I I I I M . I 1 I I I I I I I I M I I I 

1 -
— V — 

cvc 
insert 

100 -

£ 200 J 

300 -

400-

\ 

\ 

\ 

Fig. 5. Dot-matrix comparison of the amino acid sequences of vicilin (from pAD 2.1 plus vicB) and convicilin 

Sequences were compared over a span of eight amino acids, with a minimum score of 102 using the correlation matrix given 
by Staden [15]. 
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Sequence of pea convicilin gene 725 

At the nucleotide level, the inserted sequence is A + G 
rich, again like the C-terminal regions of legumin 
a-subunits; however, overall homology of nucleotide 
sequence in these regions is not more than marginally 
significant by dot-matrix comparison. No introns are 
present in the inserted sequence. There is no evidence of 
inverted repeats at the ends of the inserted sequence, nor 
strong evidence for direct repeats in or near the sequence 
itself (results not shown). The origin of this sequence is 
therefore unclear; it may represent a sequence inserted 
by a transposable element or by some other mechanism. 

Relationship to vicilin-family genes in other species 
The relationships of the coding sequences of vicilins 

in pea, Phaseolus vulgaris (phaseolin) and soya bean 
(conglycinin) have been extensively analysed, and part of 
the coding sequence of convicilin has been shown to be 
homologous with those of phaseolin and conglycinin 
[38]. Both convicilin and conglycinin have large inserted 
coding sequences (121 and 174 amino acids respectively) 
near the Af-terminus of the mature protein, relative to 
the vicilin/phaseolin type. The inserted sequences in 
convicilin and conglycinin also show similarity at the 
nucleotide level in that both sequences are A + G-rich. 
However, the inserted sequences in the two genes are not 

significantly homologous at either the amino acid or the 
nucleotide sequence level. Further, the remaining coding 
sequences of the two genes, although homologous, are 
less homologous with each other than convicilin in pea is 
with pea vicilin, suggesting that the divergence of the pea 
gene sub-families took place after the separation of pea 
and soya bean as species. If this is the case, the insertion 
events were independent of each other. Further analysis 
of other storage-protein gene sequences (results not 
shown) suggests that the insertion of hydrophilic, 
predominantly acidic, amino acid sequence regions is a 
frequent mechanism of storage protein mutation in 
legumes. 

The flanking sequences 
3' Flanking sequence. The 3' flanking sequence of cvcA 

does not show any unusual features when compared with 
other plant storage-protein genes. 

5' Flanking sequence. Features of potential interest in 
the 5' flanking sequence of cvcA were shown by dot-
matrix sequence comparisons between this gene and 
other plant storage-protein genes. Comparisons of the 5' 
flanking sequence of cvcA with those of conglycinin and 
phaseolin genes show three areas of sequence con-

' V i c i l i n b o x ' region 

Pvuphas b 

Gma cgly a 

Psa cvcA 

Upstream region 1 

Pvuphas b 

Gma cgly a 

Psa cvcA 

Upstream region 2 

Pvuphas b 

Gma cgly a' 

Psa cvcA 

: v ( 1 0 6 ) 
C C : G C C A C C T C A A T T 1 C - T T C A C T T C A A C A C A C G T C A A C C T G C A T 

: v ( 8 8 ) 
C C : G C C A C C T C A T T T T T G T T T A T T T C A A C A C C C G T C A A A C T G C A T 

: v ( 9 9 ) 
T T : G C C A C C T C T A T T T T G T T C A T T T C A A C A C T C G T C A A G T T A C A T 

: * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

~ (distance to ' T A T A ' box) 

A T 

C C 

G A 

G G C 

C A T 

T A A 

v ( 1 8 0 ) 
T C A C C C A T C T C A A C C C 

v ( 1 5 3 ) 
T C A C - C A A C T C A A C C C 

v ( 1 5 2 ) 
T C A A - C A A C T C A A C C C 
* * * * * * * * * * * * * 

A C A C 

A T C A 

G C G A 

(distance to ' T A T A ' box) 

G G C 

A G C 

T C A 

v < 2 5 7 ) 
T G A T C A A G A T C G C C G C G T C C A 

v ( 2 5 1 ) 
T G A T C A G G A T C G C C G C G T C A A 

v ( 2 5 5 ) 
T G G T C A 7 G A T C G C C G C A T C C A 
* * * * * * * * * * * * * * * * * 

T G T A 1 G 

G A A A A A 

T G T A A A 

" (distance to ' T A T A ' box) 

Fig. 6. Putative enhancer sequences in the 5' flanking regions of cvcA 

The three corresponding regions of high sequence homology between pea convicilin (Psa cvcA), Phaseolus vulgaris phaseolin b 
(Pvu phas b) and soya-bean conglycinin a' (Gma cgly a') gene 5' flanking sequences are given. Bases the same in all three 
sequences are indicated by an asterisk. Homologous regions around the transcription start and the 'TATA' box are not 
shown. 
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servation besides the ' T A T A ' box promoter element 
(considered previously); the conserved regions are shown 
in Fig. 6. There is also a conserved region around the 
transcription start, which has an obvious functional role, 
and a possible further conserved region or approx. 15 
bases, at 30-50 bases 5' to the ' T A T A ' box. This latter 
region is not as well conserved or defined as other 
regions, but does include the putative CCAAT sequences 
of phaseolin and conglycinin [39]. 

The 'vicilin box' region [39] in all three genes is in a 
similar position (approx. 100 bases 5' to the ' T A T A ' 
box), and is strongly homologous; it can be divided 
into two regions, separated by 11-12 bases of T-rich 
sequence. The 5' region is a highly conserved C-rich 
sequence (GCCACCTC), whereas the 3' region is more 
typical of the 5' flanking sequence as a whole 
( T T C A A C A C N C G T C A A N N T G / A C A T ) . It has been 
suggested that this region, present also in pea vicilin 
genes, is involved in determining tissue-specificity of 
expression of the gene family [39]. The other two 
conserved regions are approx. 150-200 bases and 250 
bases 5' to the ' T A T A ' box; like the 'vicilin box', both 
seem to have a highly conserved C-rich core sequence 
(CTCAACCC and GATCGCCGC respectively) and are 
associated with less highly conserved sequence more 
typical of the 5' flanking sequence as a whole. The 
hypothesis that such C-rich sequences are acting as 
'enhancers' of gene expression may be advanced, and is 
supported by the observation that the ' vicilin-box' C-
rich sequence is present in the pea legumin gene legA 
also, and has been previously observed to be homologous 
with a viral enhancer sequence [39,40]. However, func
tional assays such as those carried out with the 
conglycinin gene in transgenic petunia plants [41] are 
needed to test this conclusion. 
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