
Durham E-Theses

Isolation of a vicilin gene from pea (pisum sativum
l.), and nuclease sensitivity of seed storage protein

genes in pea chromatin

Rosalind Mary Sawyer

How to cite:

Sawyer, Rosalind Mary (1986) Isolation of a vicilin gene from pea (pisum sativum l.), and nuclease
sensitivity of seed storage protein genes in pea chromatin. Doctoral thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

• a full bibliographic reference is made to the original source

• a https://etheses.durham.ac.uk/id/eprint/6873/ is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107

https://etheses.durham.ac.uk

https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/6873/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk


ISOLATION OF A V I C I L I N GENE 

FROM PEA {PISUM SATIVUM L . ) , AND 

NUCLEASE SENSITIVITY OF 

SEED STORAGE PROTEIN GENES I N PEA CHROMATIN 

A t h e s i s s u b m i t t e d by: 

ROSALIND MARY SAWYER, B.A. 

I n a c c o r d a n c e w i t h t h e r e q u i r e m e n t s f o r t h e d e g r e e o f 

D o c t o r o f P h i l o s o p h y i n t h e U n i v e r s i t y o f Durham. 

D e p a r t m e n t o f B o t a n y J a n u a r y , 1986 

The copyright of this thesis rests with the author. 

No quotation from it should be published without 

his prior written consent and information derived 

from it should be acknowledged. 

16. MAY 1986 





ISOLATiaSI OF A VICILIN GENE FROM PEA {PISUM SATIVUM L.} , AND NUCLEASE 
SENSITIVITY OF SEED STORAGE PROTEIN GENES IN PEA CHRCMATIN. 

by 

ROSALIND MARY SAWYER 

ABSTRACT 

A l i b r a r y o f pea genomic DNA i n the bacteriophage vector EMBL3 

was screened by h y b r i d i s a t i o n t o cDNAs encoding v i c i l i n , a major storage 

p r o t e i n o f pea {Pisum sativum L.) seeds. A v i c i l i n gene, vie A, was 

i s o l a t e d and c h a r a c t e r i s e d by r e s t r i c t i o n mapping and 13^ sequencing. 

The n u c l e o t i d e and p r e d i c t e d amino a c i d sequences o f vie A were canpared 

t o those o f v i c i l i n cDNAs, and the gene was found t o encode a 50,000 M^ 

non-glycosylated v i c i l i n subianit t h a t does not undergo post-trans l a t i o n a l 

p r o t e o l y t i c cleavage. The i n t r o n s i n vie A were t y p i c a l of those i n 

p l a n t genes, being small and high i n A+T content, and the nucleotide 

sequences a t t h e s p l i c e s i t e s showed good honology t o the p l a n t consensus. 

The p o s i t i o n s o f the i n t r o n s i n vie A were s i m i l a r t o those i n a gene 

encoding a st±iunitof phaseolin, a r e l a t e d p r o t e i n f r o n French bean 

{Phaseolus vulgaris). 

Methods were developed f o r the ana l y s i s o f nuclease s e n s i t i v i t y o f 

s p e c i f i c genes i n pea c h r c n a t i n . The DNAase I s e n s i t i v i t y o f the seed 

storage p r o t e i n genes was found t o be gre a t e r i n developing cotyledons, 

vhere t h e genes were t r a n s c r i p t i o n a l l y a c t i v e , than i n leaves, vAiere they 

were i n a c t i v e . The pea ribosomal genes shewed r e l a t i v e resistance t o 

CNAase I i n both t i s s u e s . The nucleosone repeat l e n g t h , determined by 

d i g e s t i o n o f c h r o n a t i n w i t h micrococcal nuclease, was s i m i l a r i n both tissues. 

No evidence was obtained f o r DNAase I hypers e n s i t i v e s i t e s i n pea 

c h r a t i a t i n . T h is r e s u l t supports the f i n d i n g s o f two other s t u d i e s , and 

suggests t h a t such s i t e s are absent f r a n p l a n t chrcmatin. 
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=5' t e r m i n a l p h o s p h a t e o f a DNA o r RNA m o l e c u l e 
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CHAPTER ONE 

INTRODUCTION 



1 . 1 G e n e r a l I n t r o d u c t i o n 

The e l u c i d a t i o n o f t h e r e g u l a t o r y mechanisms g o v e r n i n g 

d i f f e r e n t i a l gene e x p r e s s i o n i n e u c a r y o t e s i s a m a j o r o b j e c t ­

i v e o f modern m o l e c u l a r and d e v e l o p m e n t a l b i o l o g y . The s t u d y 

o f t h e c o n t r o l o f gene e x p r e s s i o n i n p l a n t s has been g r e a t l y 

f a c i l i t a t e d by t h e a d v e n t o f r e c o m b i n a n t DNA t e c h n o l o g y , and 

t h e a v a i l a b i l i t y o f p l a n t t r a n s f o r m a t i o n s y s t e m s . The l a r g e 

genomes o f most p l a n t s p r e s e n t d i f f i c u l t i e s i n t h e i s o l a t i o n 

o f s p e c i f i c g e n e s , b u t m o l e c u l a r c l o n i n g has e n a b l e d t h e i s o ­

l a t i o n o f a number o f t h e s e ( S o r e n s o n , 1 9 8 4 ) . The p l a n t 

t r a n s f o r m a t i o n s y s t e m a v a i l a b l e u s i n g t h e T i - p l a s m i d o f 

Agrobaoterium tumefaeiens ( B a r t o n and C h i l t o n , 1 9 8 3 , Shaw 

et al 1 9 8 3 , S c h e l l et al, 1 9 3 4 ) has been used t o s t u d y t h e 

r e g u l a t o r y s e q u e n c e s o f p l a n t p r o m o t e r s ( H e r r e r a - E s t r e l l a 

et al, 1 9 8 4 , M o r e l l i et al, 1 9 8 4 , B r o g l i e et al, 1 9 8 4 , 

Simpson et al, 1 9 8 5 ) , and t o o b t a i n d e v e l o p m e n t a l l y r e g u l a t e d 

e x p r e s s i o n o f p l a n t genes ( S e n g u p t a - G o p a l a n et al, 1 9 8 5 ) . 

T h i s s y s t e m has a l s o been p r o p o s e d . a s a means o f a c h i e v i n g 

t h e g e n e t i c m a n i p u l a t i o n o f c r o p p l a n t s (Shewry et al, 1 9 8 1 , 

M i f l i n and Lea, 1 9 8 4 ) , t o overcome some o f t h e p r o b l e m s , such 

as i n t e r - s p e c i f i c b a r r i e r s and l a c k o f g e n e t i c v a r i a t i o n i n 

i n b r e d l i n e s , w h i c h a f f e c t c r o p i m p r o v e m e n t by c o n v e n t i o n a l 

p l a n t - b r e e d i n g methods (Shewry et al, 1 9 8 1 ) . I t i s e n v i s a g e d 

h o w e v e r , t h a t g e n e t i c m a n i p u l a t i o n w i l l augment, r a t h e r t h a n 

s u p e r s e d e , t h e s e methods ( M i f l i n and Lea, 1 9 8 4 ) . One o f t h e 

m a j o r d r a w b a c k s t o t h e use o f Agrobaeterium p l a n t t r a n s f o r m a t i o n 

s y s t e m s i n c r o p i m p r o v e m e n t i s t h a t t h e h o s t - r a n g e o f t h e 

b a c t e r i u m was, u n t i l r e c e n t l y , t h o u g h t t o be l i m i t e d t o d i c o t y ­

ledonous p l a n t s , w h i l e many o f t h e i m p o r t a n t c r o p p l a n t s a r e 



c e r e a l s . Evidence has been p r o v i d e d f o r the i n f e c t i o n of 

monocotyledons by Agvobactevium (Drummond, 1984, Hooykaas-

Van S l o g t e r e n et al, 1984), b u t i t i s not known whether the 

f o r e i g n DNA i s i n t e g r a t e d i n t o t h e p l a n t genome (Jones, 1985) 

However, t h e t e c h n i q u e o f d i r e c t gene t r a n s f e r i n t o p r o t o ­

p l a s t s has proved s u c c e s s f u l (Jones, 1985) i n two species o f 

monocotyledonous p l a n t s , b o t h o f which are i n the Gramineae, 

as are t h e c e r e a l c r o p p l a n t s . 

The problem o f t h e i n t r o d u c t i o n o f f o r e i g n DNA i s n o t 

t h e o n l y one i n a c h i e v i n g the t r a n s f o r m a t i o n of p l a n t s . A 

s u i t a b l e system f o r r e g e n e r a t i o n o f whole, f e r t i l e p l a n t s , 

which have t h e f o r e i g n DNA s t a b l y i n s e r t e d i n t o the genome, 

i s r e q u i r e d . Such systems are a v a i l a b l e f o r some d i c o t s , 

i n p a r t i c u l a r t o b a c c o , Niootiana tahaoum, and are b e i n g devel­

oped f o r monocots ( F l a v e l l and Mathias, 1984). 

I n o r d e r f o r g e n e t i c m a n i p u l a t i o n t o achieve the d e s i r e d 

r e s u l t s i n c r o p improvement, i t i s i m p o r t a n t t h a t not o n l y 

t h e problems above be overcome b u t t h a t 

'the mechanisms employed should be based on good know­

ledge o f u n d e r l y i n g b i o c h e m i c a l mechanisms and g e n e t i c 

c o n t r o l s ' 

(Shewry et al, 1981). 

Research i n t o t h e m o l e c u l a r b i o l o g y o f p l a n t genes, t h e i r 

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

r e q u i s i t e f o r t h e g e n e t i c e n g i n e e r i n g of p l a n t s , as w e l l as 

p r o v i d i n g an i n c r e a s e d u n d e r s t a n d i n g of c o n t r o l mechanisms 

d u r i n g p l a n t growth and development. 



1.2 M o l e c u l a r b i o l o g y o f p l a n t genes 

Many o f t h e p l a n t genes which have been i s o l a t e d by 

m o l e c u l a r c l o n i n g have been those encoding the seed storage 

p r o t e i n s o f c e r e a l s o r legumes (Sorenson, 1984, H i g g i n s , 1984). 

The seeds o f these p l a n t s are an i m p o r t a n t source o f d i e t a r y 

p r o t e i n f o r human and animal p o p u l a t i o n s (Shewry et al, 1981). 

The h i g h l e v e l s o f amide amino a c i d s and a r g i n i n e ' i n these 

p r o t e i n s , c o n s i s t e n t w i t h t h e i r r o l e as a n i t r o g e n s t o r e f o r 

t h e g e r m i n a t i n g seed (Spencer, 1984), r e s u l t s i n a d e f i c i e n c y 

i n o t h e r amino a c i d s . The seed p r o t e i n s o f c e r e a l s u s u a l l y 

have a low l y s i n e c o n t e n t , a l t h o u g h some may be d e f i c i e n t i n 

t h r e o n i n e o r t r y p t o p h a n ; : w h i l e those of legumes are gener­

a l l y low i n c y s t e i n e and m e t h i o n i n e (Shewry et al, 1981, 

H i g g i n s , 1984). Improvement i n the n u t r i t i o n a l - q u a l i t y o f 

the s e p r o t e i n s by g e n e t i c m a n i p u l a t i o n (Shewry et al, 1981, 

Croy and Gatehouse, 1985) would reduce t he need f o r t he o t h e r , 

more e x p e n s i v e , sources o f e s s e n t i a l amino a c i d s (Shewry et al, 

1981) . 

Economic and n u t r i t i o n a l reasons are not however the 

o n l y ones f o r s t u d y i n g seed s t o r a g e p r o t e i n genes. Storage 

p r o t e i n s y n t h e s i s occurs o n l y i n a p a r t i c u l a r t i s s u e , the 

endosperm o f c e r e a l seeds ( M i f l i n et al, 1981, H i g g i n s , 1984) 

or t h e c o t y l e d o n s and embryonic a x i s o f legume seeds ( M i l l e r d , 

1975), and i s under s t r i c t developmental c o n t r o l . The s t o r ­

age p r o t e i n s may r e p r e s e n t as much as 70% of the t o t a l seed 

p r o t e i n i n legumes (Shewry et al, 1981) and the v a r i o u s 

f r a c t i o n s o f these p r o t e i n s accumulate a t d i f f e r e n t , s p e c i f i c 

times d u r i n g t h e c e l l expansion phase of development i n these 

seeds ( B o u l t e r , 1981). Thus the s y n t h e s i s of seed st o r a g e 



p r o t e i n s i n seeds p r o v i d e s an example o f de v e l o p m e n t a l l y 

r e g u l a t e d , t i s s u e - s p e c i f i c gene e x p r e s s i o n i n p l a n t s , and 

has been compared ( B o u l t e r , 1981) t o analogous systems such 

as haemoglobin s y n t h e s i s d u r i n g e r y t h r o p o i e s i s i n animals 

(O'Malley et al, 1977). 

1.3 Storage p r o t e i n s y n t h e s i s and r e g u l a t i o n i n pea 
(Pisum sativum h.) 

1.3.1 R e g u l a t i o n o f s y n t h e s i s 

As mentioned above, s t o r a g e p r o t e i n s y n t h e s i s i n 

seeds i s under s t r i c t developmental c o n t r o l . I n pea, as 

i n o t h e r legumes, t h e r e i s a r a p i d a c c u m u l a t i o n o f p r o t e i n 

d u r i n g t h e c e l l expansion phase of seed development ( B o u l t e r , 

1981) . 

The t h r e e major seed s t o r a g e p r o t e i n s of pea, 

v i c i l i n , legumin and c o n v i c i l i n ( S e c t i o n 1.4), are s y n t h e s i s e d 

i n t h i s o r d e r ( B o u l t e r , 1981), and p r o t e i n accumulation i s 

e s s e n t i a l l y complete by 22 d.a.f. ( B o u l t e r , 1981, Gatehouse 

et al, 1982a). D u r i n g t h i s c e l l expansion phase, the genomes 

of t h e c o t y l e d o n parenchyma c e l l s undergo e x t e n s i v e endoredup-

l i c a t i o n , r e s u l t i n g i n i n c r e a s e s i n n u c l e a r DNA c o n t e n t o f up 

t o 50C i n Pisum sativum ( M i l l e r d and Spencer, 1974) or 64C 

i n Pisum arvense (Smith, 1973) . The a d d i t i o n a l DNA above 

the 2C l e v e l does not appear t o a c t as a template f o r RNA 

s y n t h e s i s ( M i l l e r d and Spencer, 1974). 

T r a n s l a t i o n in vitro of polysomes and RNA i s o ­

l a t e d from pea c o t y l e d o n s a t v a r i o u s times a f t e r f l o w e r i n g 



shows t h a t the mRNA l e v e l s f o r t h e v a r i o u s p o l y p e p t i d e s 

p a r a l l e l t h e a c c u m u l a t i o n o f these p r o t e i n s (Evans et al, 

1979, Gatehouse et al, 1982a). I s o l a t i o n o f t o t a l RNA and 

h y b r i d i s a t i o n t o cDNAs encoding t h e seed s t o r a g e p r o t e i n s 

( S e c t i o n 1.4) g i v e s s i m i l a r r e s u l t s (Gatehouse et al, 1982a), 

and a l s o shows t h a t t h e l e v e l o f seed s t o r a g e p r o t e i n mRNA 

i n l e a f t i s s u e i s below t h e l i m i t s o f d e t e c t i o n o f t h i s 

assay, i.e. l e s s t h a n 0.01% o f th e l e v e l o f t o t a l p o l y (A"*") RNA 

(Gatehouse et al, 1982a). ' R u n - o f f t r a n s c r i p t i o n from i n ­

t a c t c o t y l e d o n n u c l e i (Evans et al, 1984), i s o l a t e d a t 

v a r i o u s stages o f development, shows t h a t the p a t t e r n o f 

t r a n s c r i p t s i s s i m i l a r t o t h a t o f p r o t e i n a c c u m u l a t i o n . No 

t r a n s c r i p t s c o d i n g f o r these p r o t e i n s were d e t e c t e d i n l e a f 

n u c l e i (Evans et al, 1984). These r e s u l t s suggest t h a t the 

r e g u l a t i o n o f pea seed s t o r a g e p r o t e i n s y n t h e s i s i s p r i m a r i l y 

a t t h e t r a n s c r i p t i o n a l l e v e l , a l t h o u g h the r e l a t i v e l y long 

h a l f - l i f e , o f these mRNAs (Gatehouse et al, 1982a) suggests 

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

opment i s dependent upon mRNA s t a b i l i t y r a t h e r than t r a n s ­

c r i p t i o n (Gatehouse et al, 1984). 

1.3.2 I n t r a c e l l u l a r s i t e s of s y n t h e s i s 

The seed s t o r a g e p r o t e i n p r e c u r s o r s o f pea 

(H i g g i n s and Spencer, 1980, and S e c t i o n 1.4) are s y n t h e s i s e d 

by polysomes on t h e endoplasmic r e t i c u l u m ( C h r i s p e e l s et al, 

1982a) and are t r a n s p o r t e d t o the G o l g i apparatus and thence 

t o the p r o t e i n bodies via e l e c t r o n - d e n s e v e s i c l e s (revie^^ed 

i n C h r i s p e e l s , 1984). The p o l y p e p t i d e s are assembled i n t o 

o l i g o m e r s i n the lumen of the endoplasmic r e t i c u l u m and 



g l y c o s y l a t i o n , where a p p r o p r i a t e , a l s o occurs here (Chrispeels 

et al, 1982a). The 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 o f the 

p r e c u r s o r s ( S e c t i o n 1.4) occurs i n the p r o t e i n - b o d i e s 

( C h r i s p e e l s et al, 1982b). Storage p r o t e i n s are thus u s u a l l y 

r e garded as those p r o t e i n s which are s y n t h e s i s e d t o v e r y h i g h 

l e v e l s d u r i n g seed development, d e p o s i t e d i n p r o t e i n bodies 

and h y d r o l y s e d r a p i d l y on g e r m i n a t i o n t o p r o v i d e a source o f 

reduced n i t r o g e n ( B o u l t e r , 1981, Spencer,1984) . This d e f i n ­

i t i o n excludes o t h e r seed p r o t e i n s which may be s y n t h e s i s e d 

a t m o d e r a t e l y h i g h l e v e l s d u r i n g embryogenesis, such as the 

major (Croy et al, 1984) and minor (Gatehouse et al, 1985) 

albumins o f pea. These p r o t e i n s are not d e p o s i t e d w i t h i n 

p r o t e i n bodies and are n o t h y d r o l y s e d r a p i d l y d u r i n g germin­

a t i o n (Gatehouse et al, 1985), a l t h o u g h p r e v i o u s r e p o r t s showed 

a r a p i d decrease i n t h e albumin p r o t e i n s o f pea d u r i n g germin­

a t i o n (Murray, 1979) . VJhether or not these p r o t e i n s have a 

s t o r a g e f u n c t i o n , t h e i r amino a c i d compositions are o f t e n more 

balanced than those o f t h e f r a c t i o n s g e n e r a l l y regarded as 

seed s t o r a g e p r o t e i n s (Shewry et al, 1981). Thus, inc r e a s e s 

i n t he l e v e l s o f these p r o t e i n s may be i m p o r t a n t i n i m p r o v i n g 

t h e n u t r i t i o n a l q u a l i t y o f t h e seed (Shewry et al, 1981). 

1.4' S t r u c t u r e o f pea seed s t o r a g e p r o t e i n s and t h e i r genes 

1.4.1 Legumin 

Legumin i s the name g i v e n t o the I I S s t o r a g e 

p r o t e i n f r a c t i o n o f peas and broad beans (Croy et aZ-,.1979 , 

W r i g h t and B o u l t e r , 1974), a l t h o u g h these p r o t e i n s occur i n 

o t h e r legumes, e.g. g l y c i n i n i n soyabean ( N i e l s e n , 1984), and 



i n c e r e a l s , e.g. a g l u t e l i n o f r i c e (Zhao et al, 1933). The 

homologies between these legumin-type p r o t e i n s ( D e r b y s h i r e 

et al, 1976, G i l r o y et al, 1979) have been e s t a b l i s h e d , and 

have l e d t o c a l l s f o r an improved nomenclature t o r e f l e c t 

these r e l a t i o n s h i p s (Croy and Gatehouse, 1985). 

Legumin i s a hexameric molecule o f M^ - 360,000. 

Each monomer c o n s i s t s o f an a c i d i c s u b u n i t (M^ - 40,000) 

c o v a l e n t l y l i n k e d via d i s u l p h i d e bonds t o a basic s u b u n i t 

(M^ - 20,000) ( W r i g h t and B o u l t e r , 1976, G i l r o y et al, 1979, 

Croy et al, 1979). I n pea, b o t h t he a c i d i c and basic sub-

u n i t s show h e t e r o g e n e i t y i n charge and m o l e c u l a r w e i g h t 

(Gatehouse et al, 1980). Legumin i s i n i t i a l l y s y n t h e s i s e d 

i n peas as a f a m i l y o f p r e c u r s o r s o f M̂  - 60-65,000 (Spencer 

and H i g g i n s , 1980, Croy et al, 1980a, Matta et al, 1981), 

r e p r e s e n t i n g t h e monomeric form o f t h e p r o t e i n . The v a r i o u s 

s u b u n i t p a i r s have been d i v i d e d i n t o 'major' and 'minor' 

legumin species (Casey et al, 1981, Matta et al, 1981), w i t h 

t h e l a t t e r s u b - d i v i d e d i n t o ' b i g ' and ' s m a l l ' legumins (Matta 

et al, 1981). The -60,000 M^ p r e c u r s o r s are cleaved p o s t -

t r a n s l a t i o n a l l y t o form t h e a c i d i c and b a s i c s u b u n i t s (Spencer 

and H i g g i n s , 1981, Croy et al, 1980a). An 80,000 M̂ . 

legumin p r e c u r s o r has a l s o been i d e n t i f i e d (Domoney and Casey, 

1984) . 

A number of cDNAs encoding legumin sequences 

have been made from p o l y ( A ^ ) RNA i s o l a t e d from d e v e l o p i n g 
sequences of 

pea c o t y l e d o n s (Croy et al, 1982, L y c e t t et al, 1983b). The 

tl^ese, cDNAs have c o n f i r m e d t h a t legumin i s s y n t h e s i s e d as a 

= 60,000 M.̂  p r e c u r s o r c o n t a i n i n g both a c i d i c and b a s i c s u b u n i t s 

(Croy et al, 1982),. These cDNAs have been used t o screen 



l i b r a r i e s o f pea genomic DNA i n bacteriophage v e c t o r s , and a 

number o f legumin genes have been i s o l a t e d ( S h i r s a t , 1984). 

One o f these genes, leg A, has been f u l l y sequenced ( L y c e t t 

et al, 1984). The c o d i n g r e g i o n i s i n t e r r u p t e d by 3 i n t r o n s , 
see 

each o f which b e g i n w i t h GT and end w i t h AG Breathnach et al, 

1 9 7 8 ) , and whose boundaries are s i m i l a r t o the consensus 

sequence f o r p l a n t s ( S l i g h t o m et al, 1 9 8 3 ) . The p o s i t i o n s 

o f t h e i n t r o n s are s i m i l a r t o those o f g l y c i n i n ( N i e l s e n 

et al, 1 9 8 4 ) b u t t h e i n t r o n s are s h o r t e r ( L y c e t t et al, 1 9 8 4 ) . 

The A+T c o n t e n t o f t h e i n t r o n s i s h i g h , as has been found 

f o r a number o f p l a n t genes ( S l i g h t o m et al, 1 9 8 3 ) . 

The 5' r e g i o n o f t h e leg A gene shows t h a t t h e r e 

i s a sequence upstream from t he N-terminus o f the mature 

p r o t e i n which encodes a 21 amino-acid p e p t i d e r i c h i n hydro­

phobic r e s i d u e s ( L y c e t t et al, 1984). T h i s i s b e l i e v e d t o 

be a s i g n a l p e p t i d e ( B l o b e l and D o b b e r s t e i n , 1975), c o n s i s t e n t 

w i t h t h e s y n t h e s i s o f legumin on the rough endoplasmic r e t i c ­

ulum ( C h r i s p e e l s et al 1982a). A number o f sequences i m p l i c ­

a t e d i n t r a n s c r i p t i o n a l r e g u l a t i o n are found upstream o f the 

t r a n s l a t i o n i n i t i a t i o n codon ( L y c e t t et al, 1984). A 'TATA 

box', shown t o be i m p o r t a n t i n d e t e r m i n i n g the s i t e o f t r a n s ­

c r i p t i o n a l i n i t i a t i o n i n many e u c a r y o t i c genes (Mathis and 

Chambon, 1981, B e n o i s t and Chambon, 1981, Breathnach and 

Chambon, 1981) , i s p r e s e n t 66 bp upstream, o f t h i s codon, and 

the s t a r t s i t e o f t r a n s c r i p t i o n has been shown, by SI nuclease 

mapping, t o be c e n t r e d on a sequence CATC 25 bp downstream o f 

the TATA box ( L y c e t t et al, 1984). A 'CAAT box', found up­

stream o f many e u c a r y o t i c genes ( B e n o i s t et al, 1980), i s 

p r e s e n t i n leg A a t -126 (+1 i s the s t a r t o f t r a n s l a t i o n ) and 
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the sequences on t h e 5' s i d e o f t h i s box show p a r t i a l homo­

lo g y t o t h e 'AGGA' box found upstream o f a number of p l a n t 

genes (Messing et al, 1983 ) . Two sequences showing p a r t i a l 

homology t o v i r a l enhancer elements are a l s o p r e s e n t i n the 

5^ f l a n k i n g r e g i o n s o f leg A ( L y c e t t et al, 1984). 

The 3" u n t r a n s l a t e d r e g i o n of leg A shows good 

homology t o t h e 3' ends of p r e v i o u s l y i s o l a t e d legumin cDNAs 

(Croy et al, 1982, Delauney, 1984). There are 3 p o l y a d e n y l -

a t i o n s i g n a l s w i t h i n t h i s r e g i o n ; i n a l l t h e legumin cDNAs, 

p o l y a d e n y l a t i o n occurs 19-20 bp downstream o f the second s i t e 

( L y c e t t et al, 1983b). The sequences around t h i s s i t e may 

be i m p o r t a n t i n t h e p o t e n t i a l secondary s t r u c t u r e o f t h e 

message ( L y c e t t et al, 1984). 

The presence o f 5' and 3^ r e g u l a t o r y sequences 

i n leg A, and i t s i d e n t i c a l sequence t o t h a t o f the cDNA 

pDUB8, suggest t h a t t h i s gene i s expressed in vivo.. This 

has been c o n f i r m e d by in vitro e x p e r i m e n t s , i n v/hich t h e 

leg A gene was t r a n s c r i b e d , a l b e i t p o o r l y , i n an e x t r a c t o f 

HeLa c e l l n u c l e i (Evans et al, 1985). T r a n s c r i p t i o n o f 

v a r i o u s r e s t r i c t i o n fragments showed t h a t the TATAbox was 

r e q u i r e d f o r i n i t i a t i o n a t t h e c o r r e c t s i t e , b u t sequences 

5' to-97 bp d i d n o t appear t o be r e q u i r e d (Evans et al, 1985), 

a t l e a s t i n t h i s system. 

A legumin pseudogene, leg D, has a l s o been 

c h a r a c t e r i s e d (Bown, et al, 1985). The sequence shows 

p a r t i a l homology t o leg A, and i s l o c a t e d 1.3 kb from the 

3^ end o f leg A on the recombinant b a c t e r i o p h a g e A l e g 1 

(Bown et al, 1985) . Compared t o leg A, t h e r e are a number 

of f r a m e - s h i f t e r r o r s and d e l e t i o n s i n 'Ĵ  leg D, and the 
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presence o f stop-codons a t codons 6 and 29 suggest t h a t 

t he gene i s n o n - f u n c t i o n a l ; t h i s i s supported by t h e a l t e r ­

a t i o n s t o t h e promoter sequences and absence o f homology t o 

leg A upstream o f - 1 4 5 bp (Bown et al, 1 9 8 5 ) . 

Comparison of the 5' sequences of l e g A with those of two other legumin genes, jeg_B 

and j_eg_C.( L y c e t t et al, 1 9 8 5 ) showsthat a l l t h r e e genes are homo­

logous u n t i l about - 3 0 0 bp, when leg A begins t o d i v e r g e . 

( I n t h i s r e p o r t t h e s t a r t o f t r a n s l a t i o n was taken as + 1 ) . 

A sequence p r e s e n t a t -405 t o -413 i n a l l t h e genes shows 

c l o s e resemblance t o a consensus sequence found i n a number 

of s e e d • s p e c i f i c genes (R. Goldberg and T. Sims, u n p u b l i s h e d 

r e s u l t s , c i t e d i n L y c e t t et al, 1 9 8 5 ) - Leg B and leg C remain 

homologous f o r a f u r t h e r 5 5 0 bp a f t e r t h e d i v e r g e n c e o f 

leg A. A t t h e p o i n t where these two genes b e g i n t o d i f f e r , 

t h e r e i s a sequence i n leg C which i s homologous t o a number 

o f t r a n s p o s a b l e elements. I t has been suggested t h a t i n ­

s e r t i o n o f such an element may be r e s p o n s i b l e f o r the d i f f e r : -

ence and may p l a y a r o l e i n g e n e r a t i n g sequence d i v e r s i t y 

( L y c e t t et al, 1 9 8 5 ) * i n t h e legumin genes. 

The number o f legumin genes i n pea has been 

v a r i o u s l y e s t i m a t e d t o be 4 (Croy et al, 1 9 8 2 ) , 7 ( S h i r s a t , 

1 9 8 4 ) or 8 (Domoney and Casey, 1 9 8 5 ) . The major legumins 

are encoded by a s m a l l number o f genes which are c l o s e l y 

l i n k e d (Casey and Domoney, 1 9 8 4 ) , w h i l e the minor legumins 

(Matta et al, 1 9 8 1 , Casey et al, 1981) are encoded by o t h e r 

genes (Casey and Domoney, 1 9 8 4 ) . The occurrence o f m u l t i g e n e 

f a m i l i e s encoding I'egumin p o l y p e p t i d e s , and the r e s u l t a n t 

charge and s i z e h e t e r o g e n e i t y , suggests t h a t s m a l l changes 
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i n p r i m a r y s t r u c t u r e can be t o l e r a t e d v / i t h o u t a f f e c t i n g 

p r o t e i n f u n c t i o n . However, the s t r o n g homology between 

l i s s t o r a g e p r o t e i n s i n d i f f e r e n t s p e c i e s , e.g. g l y c i n i n o f 

soyabean and legumin o f pea (Casey et al, 1981, Negoro et al, 

1985) suggests t h a t these genes are d e r i v e d from a common 

a n c e s t r a l sequence, and t h a t s t r u c t u r a l c o n s t r a i n t s i n the 

p r o t e i n s have p r e v e n t e d r a p i d d i v e r g e n c e o f sequences. 

1.4.2 V i c i l i n 

The v i c i l i n (7S) f r a c t i o n o f pea seed storage 

p r o t e i n s , l i k e l e gumin, has been found t o be heterogeneous 

(Thomson et al, 1978, Gatehouse et al, 1981). V i c i l i n i s o ­

l a t e d from mature pea c o t y l e d o n s g i v e s a range o f p o l y p e p t i d e s 

which show c o n s i d e r a b l e s i z e and charge h e t e r o g e n e i t y 

(Gatehouse et al, 1981). In vitro t r a n s l a t i o n o f polysomal 

RNA from d e v e l o p i n g pea c o t y l e d o n s g i v e s o n l y two v i c i l i n 

p o l y p e p t i d e s , one o f 50,000 M^ and one o f 4 7,000 M^ (Croy 

et al, 1980b). The 47,000 M̂  p o l y p e p t i d e i s not seen 

i n v i c i l i n i s o l a t e d from mature seeds and has been suggested 

t o be a p r e c u r s o r o f t h e s m a l l e r v i c i l i n p o l y p e p t i d e s (Croy 

et al, 1980b, Gatehouse et al, 1981), which are produced from 

t h i s s u b u n i t as a r e s u l t of 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 . 

T h i s model has been c o n f i r m e d by comparison o f t h e p a r t i a l 

amino-acid sequences o b t a i n e d f o r v a r i o u s v i c i l i n p o l y p e p t i d e s 

w i t h those p r e d i c t e d by a number of v i c i l i n cDNAs (Gatehouse 

et al, 1982b, 1983), as d e s c r i b e d l a t e r i n t h i s s e c t i o n . 

V i c i l i n i s a p r o t e i n o f M̂ . =150,000 and a t r i m e r i c 

s t r u c t u r e , c o n s i s t i n g o f s u b u n i t s of =50,000 Mj-, has been pro ­

posed (Gatehouse et al, 1981) . The s m a l l e r v i c i l i n polypep-
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t i d e s produced as a r e s u l t o f e n d o - p r o t e o l y t i c cleavage o f 

some o f these p r e c u r s o r s (see above) remain a s s o c i a t e d i n 

-50,000 Mr s u b u n i t s (Gatehouse et al, 1981). A s i m i l a r 

t r i m e r i c s t r u c t u r e has been d e s c r i b e d f o r the r e l a t e d 7S 

p r o t e i n o f Phaseolus vulgaris, p h a s e o l i n ( P u z t a i and St e w a r t , 

1980) . 

V i c i l i n i s g l y c o s y l a t e d ( D e r b y s h i r e et al, 1976), 

u n l i k e legumin which does n o t c o n t a i n carbohydrate (Gatehouse 

et al, 1980). The s i t e o f g l y c o s y l a t i o n appears t o be on 

th e 12,500 Mr p o l y p e p t i d e (Davey et al, 1981), and g l y c o ­

s y l a t i o n does n o t seem t o be e s s e n t i a l as i t s i n h i b i t i o n by 

t u n i c a m y c i n d i d n o t p r e v e n t t h e s y n t h e s i s and t r a n s p o r t o f 

v i c i l i n ( C h r i s p e e l s et al, 1982a, b ) . The appearance o f 

p o l y p e p t i d e s o f t h e c o r r e c t s i z e s f o r v i c i l i n and 

c o n v i c i l i n ( S e c t i o n 1.4.3) when microsomal membranes from dog 

pancreas ( H i g g i n s and Spencer, 1981) o r pea cot y l e d o n s 

(Gatehouse et al, 1981) were added t o an in vitro t r a n s l a t i o n 

system c o n t a i n i n g polysomal RNA from pea c o t y l e d o n s c o n f i r m s 

t h a t these p r o t e i n s are s y n t h e s i s e d on membrane bound r i b o -

somes ( S e c t i o n 1.3.2). 

A number o f cDNAs which encode pea v i c i l i n seq­

uences have been i s o l a t e d (Croy et al, 1982, L y c e t t et al, 

1983a, Delauney, 1984). These f a l l i n t o two c l a s s e s , those 

encoding a 47,000 M̂ . v i c i l i n p r e c u r s o r , e.g. pDUB4 (Croy et al, 

1982) and pDUB7 ( L y c e t t et al, 1983a, b ) , and those encoding 

50,000 p r e c u r s o r s , e.g. pDUB2 (Croy et al, 1982) and pDUB9 

(Delauney, 1984). These two classes o f cDNAs show about 86% 

homology i n t h e i r n u c l e o t i d e sequences and most of the changes 

r e s u l t i n no d i f f e r e n c e i n the p r e d i c t e d amino a c i d sequence, 
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or i n 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 ( L y c e t t et al 1983a). 

T h i s r e f l e c t s t h e r e l a t i v e l y wide codon-usage i n p l a n t genes 

( L y c e t t et al, 1983b). 

Comparison o f the amino a c i d sequences p r e d i c t e d 

by the two c l a s s e s o f cDNAs w i t h those o f v a r i o u s v i c i l i n 

p o l y p e p t i d e s ( L y c e t t et al, 1983a, Gatehouse et al, 1982b, 

1983) c o n f i r m e d t h a t t h e s m a l l e r v i c i l i n p o l y p e p t i d e s were 

d e r i v e d from t h e 47,000 M^ p r e c u r s o r . Cleavage o f t h i s sub-

u n i t r e s u l t s i n t h e 3 3,000 Mr ( a + B ) and 12,500 M̂ - ( o r 16,000 

i f g l y c o s y l a t e d , y) p o l y p e p t i d e s (Gatehouse et al, 1982b, 

L y c e t t et al, 1983a). The 50,000 M^ p r e c u r s o r s do not under­

go p o s t - t r a n s l a t i o n a l cleavage (Gatehouse et al, 1982b). A 

t h i r d c l a s s o f p o l y p e p t i d e s , c l e a v e d a t bot h t he a/6 and 

B/Y s i t e s , r e s u l t s i n t h e p r o d u c t i o n o f the a (19,000 M^) , 

B (13,500 M^) and y s u b u n i t s (Gatehouse et al, 1982b, 1983) b u t 

no message c o r r e s p o n d i n g t o t h i s p o l y p e p t i d e has been found 

( L y c e t t et al, 1983a). A f o u r t h type o f v i c i l i n p o l y p e p t i d e , 

c l e a v e d o n l y a t t h e a/B s i t e , has a l s o been proposed ( L y c e t t 

et al, 1983a). 

The amino a c i d sequences p r e d i c t e d from the cDNA 

sequences f o r t he 50,000 M^ and 4 7,000 M^ p o l y p e p t i d e s show 

c o n s i d e r a b l e d i v e r g e n c e around t he 6/Y cleavage s i t e (Gatehouse 

et al, 1983, L y c e t t et al, 1983a). There are two d e l e t i o n s , 

one each s i d e o f t h i s s i t e , i n the 47,000 M^ sequence ( L y c e t t 

et al, 1983a). These s i t e s are a l s o r e g i o n s o f c o n s i d e r a b l e 

d i v e r g e n c e between the sequences o f v i c i l i n and those o f 

p h a s e o l i n and a - c o n g l y c i n i n , a 78 p r o t e i n of soyabean 

(S c h u l e r et al, 1982a, b ) , a l t h o u g h most o f the remaining 

sequences show good homology f o r a l l t h r e e . 
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The two cDNAs encoding 50,000 M̂  p o l y p e p t i d e s , 

pDUB2 (Croy et al, 1982) and pDUB9 (Delauney, 1984) show 

some d i f f e r e n c e s i n t h e p r e d i c t e d amino a c i d sequences 

(Delauney, 1984) and i n t h e i r r e s t r i c t i o n maps, s u g g e s t i n g 

t h a t t h e y may encode d i f f e r e n t p o l y p e p t i d e s . 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 s t h a t a t l e a s t 4 fragments i n EcoRl 

d i g e s t s o f pea genomic DNA h y b r i d i s e t o the i n s e r t o f pDUB2, 

and pDUB4 h y b r i d i s e s t o a d i f f e r e n t fragment a t an i n t e n s i t y 

e q u i v a l e n t t o 2~3 gene copies (Gatehouse et al, 1983) shows 

t h a t each c l a s s o f v i c i l i n p o l y p e p t i d e s i s encoded by a 

number o f genes ( L y c e t t et al, 1983a). The v a r i o u s p o l y ­

p e p t i d e s o f t h e r e l a t e d 7S p r o t e i n s p h a s e o l i n and c o n g l y c i n i n 

have a l s o been shown t o be encoded by m u l t i g e n e f a m i l i e s 

( S l i g h t o m et al, 1985, Sc h u l e r et al, 1982a, b ) . 

A complete sequence f o r a v i c i l i n p r e c u r s o r 

' p r e p r o v i c i l i n ' , has been compiled ( L y c e t t et al, 1983a). 

The p r e d i c t e d amino a c i d sequence shows t h a t t h e r e are 15 

r e s i d u e s upstream from t he N-terminus o f t h e mature p r o t e i n . 

The sequence i s r i c h i n hydro p h o b i c r e s i d u e s , and i s thought 

t o be a s i g n a l sequence ( L y c e t t et al, 1983a). The methionine 

codon (AUG) a t t h e s t a r t o f t h e s i g n a l sequence i s thought 

t o be t h e p o i n t o f i n i t i a t i o n o f t r a n s l a t i o n ( L y c e t t et al, 

1983a), a l t h o u g h a 27 amino-acid s i g n a l sequence, c o n t a i n i n g 

a number o f m e t h i o n i n e r e s i d u e s , has been r e p o r t e d f o r a pea 

v i c i l i n cDNA (Chandler, P.M., A r r i f i n , Z and Bl a g r o v e , R.J., 

1984, c i t e d i n Spencer, 1984), and t h e complete sequence o f a 

p h a s e o l i n gene suggests a s i g n a l p e p t i d e o f 21-26 amino-acids 

i n l e n g t h ( S l i g h t o m et al, 1983). 

The C-terminus sequence p r e d i c t e d from the cDNAs 

d i d n o t agree w i t h t h a t determined f o r the mature p r o t e i n , 
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( L y c e t t et al, 1983a) and.the sequences p r e d i c t e d by the 

cDNAs pDUB2 and pDUB9 a l s o d i f f e r e d (Delauney, 1984). This 

suggests t he p o s t - t r a n s l a t i o n a l removal o f a C - t e r m i n a l 

p e p t i d e ( L y c e t t et al, 1983a, Delauney, 1984). Despite t h e 

d i f f e r e n t C - t e r m i n i , t h e two tandem s t o p codons i n pDUB2 

( L y c e t t et al, 1983a) are a l s o p r e s e n t i n pDUB9 (Delauney, 

1984) a l t h o u g h a s i n g l e s t o p codon i s found a t the end o f the 

co d i n g sequence. The pDUB9 Y non-coding sequence c o n t a i n s 

two o v e r l a p p 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 , as found i n a number 

of p l a n t genes ( L y c e t t et al, 1983b), w h i l e pDUB2 has a s i n g l e 

p o l y a d e n y l a t i o n s i g n a l , unusual i n a p l a n t gene ( L y c e t t et al 

19 83b, Messing et at, 19 83) . However, as neit±ier of these 

cDNAs c o n t a i n e d p o l y ( A ) t a i l s , t h e r e may have been a d d i t i o n a l 

p o l y a d e n y l a t i o n s i g n a l s downstream (Delauney, 1984). 

As y e t t h e r e have been no r e p o r t s o f genomic 

v i c i l i n sequences f o r pea, a l t h o u g h a complete p h a s e o l i n gene 

has been i s o l a t e d and c h a r a c t e r i s e d ( S l i g h t o m et al, 1983). 

A gene encoding a s u b u n i t o f t h e 7S st o r a g e p r o t e i n o f soyabean 

has a l s o been i s o l a t e d ( S c h u l e r et al, 1982a). I s o l a t i o n o f 

a pea v i c i l i n gene would extend t h e i n f o r m a t i o n a v a i l a b l e on 

the m u l t i g e n e f a m i l i e s encoding v i c i l i n p o l y p e p t i d e s and 

p r o v i d e more i n f o r m a t i o n about sequence r e l a t i o n s h i p s between 

pea v i c i l i n and r e l a t e d p r o t e i n s i n o t h e r s p e c i e s . 

1.4.3 C o n v i c i l i n 

When t h e v i c i l i n f r a c t i o n o f peas i s examined by 

SDS/PAGE, a =71,000 p o l y p e p t i d e , i m m u n o - 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 i s seen i n a d d i t i o n t o the v i c i l i n p o l y ­

p e p t i d e s d e s c r i b e d i n S e c t i o n 1.4.2 (Gatehouse et al,l^?>l, 



17 

Croy e t al, 1980c). T h i s p o l y p e p t i d e i s a s u b u n i t o f con­

v i c i l i n , a t e t r a m e r i c p r o t e i n o f about 280-290,000 M^ 

(Croy et al, 1980c), w h i c h , u n l i k e v i c i l i n , i s n ot g l y c o s y l a t e d 

and can be s e p a r a t e d from v i c i l i n by n o n - d i s s o c i a t i n g techniques 

(Croy et al, 1980c, Gatehouse et al, 1981). C o n v i c i l i n 

accumulates l a t e r d u r i n g seed development than v i c i l i n (Croy 

et al, 1980c, Gatehouse et al, 1984). A cDNA encoding con­

v i c i l i n has been i s o l a t e d (Domoney and Casey, 1983) and shown 

t o h y b r i d - s e l e c t c o n v i c i l i n mRNA, b u t not v i c i l i n mRNA. How­

ever, t he p r e c i p i t a t i o n o f c o n v i c i l i n w i t h a n t i - v i c i l i n a n t i ­

b o d ies suggests t h a t t h e r e i s s u f f i c i e n t sequence homology 

between t h e p r o t e i n s f o r s i m i l a r a n t i g e n i c d e t e r m i n a n t s t o be 

p r e s e n t . A n a l y s i s o f t h e n u c l e o t i d e sequence o f a c o n v i c i l i n 

cDNA and i t s p r e d i c t e d amino a c i d sequence shows i t t o be 

p a r t l y homologous t o v i c i l i n , p h a s e o l i n and c o n g l y c i n i n seq­

uences (Casey et al, 1984)- ; t h e homology i s g r e a t e r t o v i c i l i n 

t h a n t o t h e o t h e r two genes, s u g g e s t i n g t h a t divergence o f 

these from t h e pea 7S p r o t e i n s o c c u r r e d b e f o r e t h e divergence 

o f c o n v i c i l i n and v i c i l i n (Casey et al, 1984).-

1.4.4 Summary o f f e a t u r e s o f pea seed s t o r a g e 
p r o t e i n s and t h e i r genes 

The p r e v i o u s s e c t i o n s have shown t h a t the major 

seed s t o r a g e p r o t e i n s o f pea are s y n t h e s i s e d as p r e c u r s o r s 

which s u b s e q u e n t l y undergo a v a r i e t y of p o s t - t r a n s l a t i o n a l 

cleavages ( C h r i s p e e l s et al, 1982b, 1984 , Gatehouse et al, 1984), 

The v a r i o u s s t o r a g e p r o t e i n s are s y n t h e s i s e d a t d i f f e r e n t 

t imes d u r i n g t h e c e l l expansion phase o f seed development 

( B o u l t e r , 1981, Gatehouse et al, 1982a, Gatehouse et al, 1984) 

and t h e c o n t r o l o f s y n t h e s i s seems t o be p r i m a r i l y a t the 

l e v e l o f t r a n s c r i p t i o n (Gatehouse et -il, 1982a, Evans et al, 
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1984) . The cDNAs and genes which have been i s o l a t e d show 

t h a t t h e p r e c u r s o r s are encoded by m u l t i g e n e f a m i l i e s and 

c o n t a i n a s i g n a l sequence ( B l o b e l and D o b b e r s t e i n , 1975), 

c o n s i s t e n t w i t h t h e i r s y n t h e s i s on membrane-bound ribosomes 

( C h r i s p e e l s et al, 1982a). The 5^ r e g i o n s o f the genes con­

t a i n a number o f r e g u l a t o r y sequences, i n c l u d i n g some which 

are p l a n t - s p e c i f i c (Messing et al, 1983)' w h i l e some o f the 

3' r e g i o n s show m u l t i p l e p o l y a d e n y l a t i o n sequences ( L y c e t t 

et al, 1983b, 1984, Delauney, 1984) which are thought t o be 

c h a r a c t e r i s t i c o f p l a n t messages (Messing et al, 1983). The 

i n t r o n s i n leg A are s m a l l and have a h i g h A+T c o n t e n t ( L y c e t t 

et al, 1984) as has been found f o r a number of p l a n t i n t r o n s 

( S l i g h t o m et al, 1983) . 

Thus t h e genes encoding pea seed s t o r a g e p r o t e i n s 

have a s i m i l a r s t r u c t u r e t o those o f most e.ucaryotes 

(Breathnach and Chambon, 1981) , and a l s o c o n t a i n some p l a n t 

s p e c i f i c sequences (Messing et al, 1983). As y e t t h e r e i s 

l i t t l e i n f o r m a t i o n on t h e f u n c t i o n o f t h e v a r i o u s r e g u l a t o r y 

sequences; most o f these are i n f e r r e d by analogy w i t h o t h e r 

genes. S t u d i e s o f more sequences encoding pea seed storage 

p r o t e i n s a re t h e r e f o r e r e q u i r e d i n o r d e r t o e s t a b l i s h whether 

p a r t i c u l a r r e g i o n s c o n f e r t i s s u e - s p e c i f i c i t y o r are o t h e r w i s e 

i n v o l v e d i n r e g u l a t i o n . 
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1.5 Chromatin s t r u c t u r e and the c o n t r o l of gene 
e x p r e s s i o n 

1.5.1 P o s s i b l e r o l e s of c h r o m a t i n s t r u c t u r e i n 
gene r e g u l a t i o n 

T here i s much e v i d e n c e t h a t the p r imary r e g u l ­

a t i o n of gene e x p r e s s i o n i n p l a n t s , as i n o t h e r e u c a r y o t e s , 

a c t s a t t h e l e v e l of t r a n s c r i p t i o n . The p r e s e n c e of 5" 

r e g u l a t o r y sequences i m p l i c a t e d i n the c o n t r o l of t r a n s ­

c r i p t i o n (Messing et at, 1983) s u g g e s t s t h a t r e c o g n i t i o n 

of t h e s e sequences by p a r t i c u l a r f a c t o r s , such as p r o t e i n s , 

i s i m p o r t a n t . As t h e s e sequences a r e p r e s e n t whatever 

the f u n c t i o n a l s t a t u s of the gene, d i f f e r e n t i a l e x p r e s s i o n 

must depend on p r o c e s s e s a f f e c t i n g t h i s r e c o g n i t i o n . T h i s 

might be a c h i e v e d by the p r e s e n c e of d i f f e r e n t p r o t e i n s 

w h i c h r e c o g n i s e t h e s e sequences i n v a r i o u s t i s s u e s ; t h o s e 

i n t h e t i s s u e ( s ) i n which the genes a r e t r a n s c r i b e d b e i n g 

a c t i v a t i n g p r o t e i n s , and t h o s e i n o t h e r t i s s u e s b e i n g r e ­

p r e s s o r s . The a c c e s s i b i l i t y of the c h r o m a t i n t e m p l a t e t o 

r e c o g n i t i o n f a c t o r s might th u s be a f u r t h e r i m p o r t a n t e l e ­

ment i n the r e g u l a t i o n of gene e x p r e s s i o n . 

The b i n d i n g o f f a c t o r s i n v o l v e d i n the f o r m a t i o n 

o f a p o t e n t i a l l y a c t i v e t r a n s c r i p t i o n complex has a l s o been 

s u g g e s t e d as a mechanism of 'marking' genes d u r i n g c e l l u l a r 

d e t e r m i n a t i o n (Brown, 1 9 8 4 ) . I t i s proposed t h a t once 

formed, such complexes can be s t a b l y propagated i n the p r e ­

s e n c e o f the b i n d i n g f a c t o r s (Brown,1984). I f , however, 

DNA i s r e p l i c a t e d i n the absence of such f a c t o r s , a g e n e r a l 

r e p r e s s o r mechanism, p r o b a b l y i n v o l v i n g h i s t o n e Hi 

(Weintraub, 1984, 1985) s e r v e s to package the gene i n t o 
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an i n a c t i v e s t r u c t u r e . Some a s p e c t s of ch r o m a t i n s t r u c t ­

u r e have the p r o p e r t y of s e l f - p r o p a g a t i o n (Weintraub, 1985, 

S e c t i o n 1.9) and a r e n e c e s s a r y , b ut not s u f f i c i e n t , f o r 

t r a n s c r i p t i o n . Such s t r u c t u r e s may t h e r e f o r e r e p r e s e n t 

the s t a b l e complexes mentioned above. I n v e s t i g a t i o n s i n t o 

the n a t u r e of t r a n s c r i p t i o n a l l y a c t i v e , or p o t e n t i a l l y 

a c t i v e , c h r o m a t i n a r e t h e r e f o r e an i m p o r t a n t p a r t of s t u d i e s 

on the c o n t r o l o f gene e x p r e s s i o n . 

1.5.2 Ch r o m a t i n s t r u c t u r e 

The s t r u c t u r e of c h r o m a t i n has been the sub­

j e c t o f r e c e n t r e v i e w s (Igo-Kemenes et at, 1982, Reeves, 

1984, C o n k l i n and Gro u d i n e , 1984) and t h e r e f o r e w i l l be 

d e s c r i b e d h e r e o n l y b r i e f l y . The DNA h e l i x i s packaged 

i n t o nucleosomes ( R o m b e r g , 1974) ; octamers c o n t a i n i n g two 

ea c h o f t he f o u r ' c o r e ' h i s t o n e s H2A, H2B, H3 and H4, a s s o c ­

i a t e d w i t h 146 bp o f DNA (Wang, 1 9 8 2 ) . The DNA i s wrapped 

around t h e o u t s i d e of t he nucleosome i n a l e f t - h a n d e d s u p e r -

h e l i x w i t h a p p r o x i m a t e l y 2 tmms p e r nucleosome ( F i n c h and 

K l u g , 1977, L u t t e r , 1 9 7 7 ) . The l e n g t h of DNA between the 

nucleosomes, the l i n k e r DNA, i s v a r i a b l e , and i s o f t e n 

a s s o c i a t e d w i t h h i s t o n e HI ( N o l l and Romberg, 197 7 ) . The 

f i b r e r e s u l t i n g from t h i s p a c k a g i n g has a d i a m e t e r of approx­

i m a t e l y lOnm (Re e v e s , 1984, C o n k l i n and Groudine, 1984). 

A second l e v e l o f p a c k a g i n g i s a c h i e v e d by the c o i l i n g of 

t h i s f i b r e i n t o a 30 nm f i b r e which i s now b e l i e v e d to form 

a s o l e n o i d s t r u c t u r e (Worcel, 1977, Thoma et al, 1979, 

McGhee et al, 1980, B u t l e r , 1984) w i t h about 6 nucleosomes/ 

t u r n . A f u r t h e r h i e r a r c h i c a l l e v e l of s t r u c t u r e i s the 



21 

f o r m a t i o n of loops o r domains of ch r o m a t i n (Igo-Remenes 

and Zachau, 1977, V o g e l s t e i n et al, 1 9 8 0 ) , a t t a c h e d a t the 

base t o a p r o t e i n a c e o u s m a t r i x ( L e w i s and Laemmli, 1982, 

r e v i e w e d i n Reeves, 1984, C o n k l i n andGroudine, 1 9 8 4 ) . 

The i n i t i a l models of ch r o m a t i n s t r u c t u r e were 

base d on d a t a o b t a i n e d from a n i m a l s ; however, the a v a i l a b l e 

i n f o r m a t i o n ( S p i k e r , 1984, 1985) s u g g e s t s t h a t t h e chr o m a t i n 

of p l a n t s shows a v e r y s i m i l a r s t r u c t u r e . T h i s i s to be 

e x p e c t e d i n view of t he s t r o n g c o n s e r v a t i o n of amino-acid 

s e q u e n c e s of h i s t o n e s ( P a t t h y et al, 1973) and of t h e i r 

b i n d i n g s i t e s ( S p i k e r and I s e n b e r g , 1977) and the r e q u i r e ­

ments f o r p a c k a g i n g o f the l a r g e genomes of h i g h e r e u c a r y -

o t e s i n t o d i s c r e t e chromosomes w i t h i n t h e n u c l e u s . The 

p a c k a g i n g o f DNA i n t o c h r o m a t i n • d o e s , however, p r e s e n t pro­

blems o f a c c e s s i b i l i t y t o enzymes and o t h e r f a c t o r s i n v o l v e d 

i n r e p l i c a t i o n and t r a n s c r i p t i o n . Many of the s t u d i e s on 

t r a n s c r i p t i o n a l l y a c t i v e c h r o m a t i n have used v a r i o u s 

n u c l e a s e s t o d e t e r m i n e t h e a c c e s s i b i l i t y of the DNA, and 

t h e s e e x p e r i m e n t s a r e d e s c r i b e d i n the f o l l o w i n g s e c t i o n s . 

1.6 M i c r o c o c c a l n u c l e a s e s e n s i t i v i t y and nu c l e o s o m a l 
s t r u c t u r e o f c h r o m a t i n 

M i c r o c o c c a l n u c l e a s e c l e a v e s the l i n k e r DNA between 

nucleosomes so t h a t m i l d d i g e s t i o n of ch r o m a t i n w i t h t h i s 

enzyme r e s u l t s i n t h e g e n e r a t i o n of a m i x t u r e of c l e a v a g e 

p r o d u c t s . When the DNA from t h e s e m o l e c u l e s i s p u r i f i e d 

and e l e c t r o p h o r e s e d , the l e n g t h s of the fragments a r e m u l t i ­

p l e s o f the l e n g t h of DNA a s s o c i a t e d v/ith a nucleosome 



22 

monomer. T h i s enzyme has been used to show t h a t many 

a c t i v e genes i n c h r o m a t i n have a n u c l e o s o m a l c o n f o r m a t i o n 

( R e e v e s , 1984, C o n k l i n and Groudine, 1 9 8 4 ) . A number of 

s t u d i e s have a l s o shown t h a t m i l d d i g e s t i o n of c h r o m a t i n 

w i t h m i c r o c o c c a l n u c l e a s e r e s u l t s i n the r e l e a s e of a c t i v e 

s e q u e n c e s , a l t h o u g h o t h e r r e s u l t s have shown no such p r e ­

f e r e n t i a l r e l e a s e ( C o n k l i n and Groudine, 1 9 8 4 ) . I t has 

been s u g g e s t e d t h a t t h e c o n f l i c t i n g r e s u l t s were o b t a i n e d 

b e c a u s e t h e s e n s i t i v i t y was dependent on a d i s r u p t i o n of 

s t r u c t u r e d u r i n g t r a n s c r i p t i o n i t s e l f ( C o n k l i n and Groudine, 

1984, Reeves, 1 9 8 4 ) . T h i s s u g g e s t i o n i s s u p p o r t e d by the 

f i n d i n g t h a t the n u c l e o s o m a l p a t t e r n of some genes becomes 

b l u r r e d o r l o s t on a c t i v a t i o n , f o r example the a h i s t o n e 

genes of s e a - u r c h i n s ( S p i n e l l i et al, 1982) show a n u c l e o ­

somal s t r u c t u r e s i m i l a r t o t h a t of b u l k c h r o m a t i n i n sperm 

o r mesenchyme b a s t u l a c e l l s , w hich do not e x p r e s s t h e s e genes 

I n 32-64 c e l l embryos however, where t h e s e genes a r e a c t i v e , 

t h e n u c l e o s o m a l s t r u c t u r e of t h e s e sequences i s l o s t . The 

b u l k c h r o m a t i n i n t h e s e embryos s t i l l shows a t y p i c a l n u c l e o ­

somal ' l a d d e r ' , a l t h o u g h w i t h an a l t e r e d r e p e a t l e n g t h 

( S p i n e l l i et al, 1 9 8 2 ) . Taken t o g e t h e r , the r e s u l t s of 

s u c h s t u d i e s show t h a t most a c t i v e genes remain a s s o c i a t e d 

w i t h nucleosomes, but t h a t the s t r u c t u r e may be g r e a t l y 

a l t e r e d d u r i n g t r a n s c r i p t i o n i t s e l f (Reeves, 1 9 8 4 ) . I n 

a d d i t i o n , s m a l l r e g i o n s of c h r o m a t i n may be n u c l e o s o m e - f r e e , 

as described l a t e r ( S e c t i o n 1.9, C o n k l i n and Groudine, 1984). 

The use o f m i c r o c o c c a l n u c l e a s e to d e t e c t c h r o m a t i n -

s p e c i f i c s t r u c t u r e s has been somewhat l i m i t e d by i t s sequence-

s p e c i f i c i t y ( B e r n a r d i et al, 1 9 7 5 ) , which r e s u l t s i n a p r e ­

f e r e n c e f o r p a r t i c u l a r s i t e s on p r o t e i n - f r e e DNA (Keene and 
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E l g i n , 1 9 8 1 ) . However, d i g e s t i o n s w i t h t h i s enzyme on 

p r o t e i n - f r e e DNA can be us e d t o d i s t i n g u i s h between sequence-

s p e c i f i c and c h r o m a t i n - s p e c i f i c c u t s (Worcel et al, 1983) 

and m i c r o c o c c a l n u c l e a s e i s s t i l l w i d e l y used to demonstrate 

a l t e r a t i o n s i n c h r o m a t i n s t r u c t u r e on gene a c t i v a t i o n {e.g. 

Udvardy et al, 1 9 8 5 ) . 

The problems of nucleosome p h a s i n g , i.e. the r e g u l a r 

p lacement of nucleosomes r e l a t i v e t o a r e p e a t i n g DNA s e q ­

uence, and o f p o s i t i o n i n g , i.e. the unique l o c a t i o n s of 

nucleosomes on n o n - r e p e t i t i v e DNA (Reeves, 1984), a r e o t h e r 

f e a t u r e s o f c h r o m a t i n s t r u c t u r e f o r which m i c r o c o c c a l nu­

c l e a s e h a s been u s e d as a probe. Chromatin i s f r a c t i o n a t e d 

i n t o nucleosomes by t h e enzyme and t h e i r l o c a t i o n along a 

segment of DNA mapped by a v a r i e t y of t e c h n i q u e s (Igo-Remenes 

et al, 1 9 8 2 ) , However, t h e s e q u e n c e - s p e c i f i c i t y of the 

enzyme, as mentioned above, n e c e s s i t a t e s c a r e f u l c o n t r o l s w i t h 

p r o t e i n - f r e e DNA, which have not always, been performed ( I g o -

Remenes et al, 1982, Reeves, 1 9 8 4 ) . There a r e many con­

f l i c t i n g r e s u l t s and much c o n t r o v e r s y o ver whether p h a s i n g 

and p o s i t i o n i n g a r e random or not (Igo-Remenes et al, 1982, 

Reeves, 1984) and t h i s f e a t u r e of ch r o m a t i n s t r u c t u r e w i l l 

not be f u r t h e r d e s c r i b e d h e r e . 

1.7 DNAase I s e n s i t i v i t y of t r a n s c r i p t i o n a l l y a c t i v e 
c h r o m a t i n 

A l a r g e number of s t u d i e s have shown t h a t a c t i v e genes 

i n c h r o m a t i n a r e more s e n s i t i v e to DNAase I than a r e i n a c t i v e 

genes. The g l o b i n genes i n c h i c k e n e r y t h r o c y t e n u c l e i a r e 

d i g e s t e d more r a p i d l y than a r e the i n a c t i v e ovalbumin genes 
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(Weintraub and Groudine, 1976, S t a l d e r et al, 1 9 8 0 a ) . T h i s 

p r e f e r e n t i a l s e n s i t i v i t y of t h e g l o b i n genes i s not found 

i n f i b r o b l a s t n u c l e i , i n which they a r e i n a c t i v e (Weintraub 

and Groudine, 1 9 7 6 ) . S i m i l a r r e s u l t s have been o b t a i n e d 

f o r the ovalbumin genes i n o v i d u c t n u c l e i ( G a r e l and A x e l , 

1 9 7 6 ) , t h e h e a t - s h o c k genes of Drosophila melanogaster (Wu 

et al, 1979b), t h e x i b o s o m a l genes of Physarum polycephalum 

( S t a l d e r et al, 1978 and a number o f o t h e r genes (Weisbrod, 

1982, Igo-Kemenes et al, 1982, C o n k l i n and Groudine, 1984, 

Reeves, 1 9 8 4 ) . Many o f the e x p e r i m e n t s use s o l u t i o n h y b r i d ­

i s a t i o n o f DNAase-I r e s i s t a n t DNA or of t o t a l DNA t o v a r i o u s 

cDNAs; t h e k i n e t i c s of r e a s s o c i a t i o n i n d i c a t e whether the 

seq u e n c e s c o r r e s p o n d i n g t o t h e cDNA have been p r e f e r e n t i a l l y 

d i g e s t e d . A second method i s t o e l e c t r o p h o r e s e the DNA 

through an a g a r o s e g e l , b l o t i t onto n i t r o c e l l u l o s e or a 

n y l o n membrane, and h y b r i d i s e t o a s p e c i f i c probe. The 

d i f f e r e n c e s i n h y b r i d i s a t i o n a t v a r i o u s l e v e l s of d i g e s t i o n 

between probes f o r a c t i v e and i n a c t i v e genes can be used to 

d e t e r m i n e t h e s e n s i t i v i t y of the a c t i v e sequences. There 

a r e few examples o f t h e DNAase I s e n s i t i v i t y of s p e c i f i c 

genes i n p l a n t s ( S p i k e r , 1984, 1 9 8 5 ) . The r e n a t u r a t i o n of 

cDNA from wheat embryos w i t h the r e s i s t a n t DNA p u r i f i e d from 

DNAase I t r e a t e d wheat embryo n u c l e i i s 40% s l o w e r than t h a t 

w i t h t o t a l DNA, i n d i c a t i n g a p r e f e r e n t i a l d i g e s t i o n of t r a n ­

s c r i p t i o n a l l y a c t i v e sequences ( S p i k e r et al, 1983). I n a 

s t u d y of t h e gene en c o d i n g 3 - p h a s e o l i n , a s u b u n i t of the 7S 

seed s t o r a g e p r o t e i n of F r e n c h bean, Phaseolus vulgaris , i t 

was found t h a t the a c t i v e genes i n c o t y l e d o n s were more sen­

s i t i v e to DNAase I than were the i n a c t i v e genes i n l e a v e s 
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(Murray and Rennard, 1984) . Thus i t appears t h a t an i n ­

c r e a s e d DNAase I s e n s i t i v i t y i s a g e n e r a l f e a t u r e of t r a n s ­

c r i p t i o n a l l y a c t i v e genes i n a n i m a l s and p l a n t s . However, 

i n y e a s t t h e r e a p p e a r s t o be no d i f f e r e n c e i n the DNAase I 

s e n s i t i v i t i e s of a c t i v e and i n a c t i v e genes (Lohr and H e r e f o r d , 

1979, L o h r , 1 9 8 3 ) , a l t h o u g h i n c r e a s e d s e n s i t i v i t y on gene 

a c t i v a t i o n has a l s o been r e p o r t e d {e.g. Bergman and Rramer, 

1983) . 

The s t r u c t u r a l b a s i s of t h i s p r e f e r e n t i a l s e n s i t i v i t y 

i s u s u a l l y r e g a r d e d as an u n f o l d i n g of h i g h e r - o r d e r c h r o m a t i n 

s t r u c t u r e s , s u c h as t h e 30 nm s o l e n o i d f i b r e ( S e c t i o n 1.5.2), 

i n a c t i v e genes ( C o n k l i n and Groudine, 1984, Rimura et al, 

1983) . However, changes i n the s t r u c t u r e or c o m p o s i t i o n 

of t h e nucleosomes a s s o c i a t e d w i t h a c t i v e genes a r e s u g g e s t e d 

by t h e DNAase I s e n s i t i v i t y of t h e g l o b i n genes i n nucleosome 

monomers from c h i c k e n e r y t h r o c y t e n u c l e i (Weintraub and 

Gr o u d i n e , 1 9 7 6 ) . T h i s i s sup p o r t e d by t he r e s t o r a t i o n of 

DNAase I s e n s i t i v i t y t o nucleosome monomers when HMG p r o t e i n s 

14 and 17, w h i c h a r e a s s o c i a t e d w i t h a c t i v e sequences and 

DNAase I s e n s i t i v i t y ( S e c t i o n 1.11, VJeisbrod et al, 1980), 

a r e added. Thus t h e s t r u c t u r a l changes which r e s u l t i n the 

i n c r e a s e d DNAase I s e n s i t i v i t y of a c t i v e genes a r e not y e t 

f u l l y u n d e r s t o o d . 

The i n c r e a s e d DNAase I s e n s i t i v i t y may a f f e c t sequences 

o u t s i d e o f t h e t r a n s c r i p t i o n u n i t . The ovalbumin m u l t i g e n e 

f a m i l y i n o v i d u c t n u c l e i i s i n a 100 kb DNAase I s e n s i t i v e 

r e g i o n , w h i l e t h e s e n s i t i v i t y of the chiclcen 3 - g l o b i n gene 

c l u s t e r e x t e n d s about 7 kb 5" and 8 kb 3" to the genes 

( S t a l d e r et al , 1980b). These l a r g e r e g i o n s of s e n s i t i v i t y 
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a r e o f t e n r e f e r r e d t o as domains, a l t h o u g h t h i s does not 

i m p l y t h a t they a r e e q u i v a l e n t t o the domains or loops of 

c h r o m a t i n p r e v i o u s l y mentioned ( S e c t i o n 1 . 5 . 2 ) . 

U n l i k e t h e a l t e r a t i o n s i n c h r o m a t i n s t r u c t u r e d e t e c t e d 

by m i c r o c o c c a l n u c l e a s e ( S e c t i o n 1 . 6 ) , t h o s e d e t e c t e d by 

DNAase I appear t o be independent of t r a n s c r i p t i o n . The 

a d u l t c h i c k e n 3 - g l o b i n gene i s s e n s i t i v e t o DNAase I i n 

embryonic r e d c e l l s , i n which i t i s not e x p r e s s e d ( S t a l d e r 

et al, 1 9 8 0 a ) ; t h e gene becomes a c t i v e i n a d u l t e r y t h r o c y t e s , 

The o b s e r v a t i o n t h a t f r e q u e n t l y t r a n s c r i b e d sequences show a 

s i m i l a r l e v e l o f DNAase I s e n s i t i v i t y t o t h a t of r a r e l y t r a n ­

s c r i b e d genes ( G a r e l et al, 1977) a l s o demonstrates t h a t the 

p r e s e n c e of t r a n s c r i p t i o n a l complexes i s not r e q u i r e d f o r 

s e n s i t i v i t y . Thus DNAase I s e n s i t i v i t y i s a p r o p e r t y of 

p o t e n t i a l l y , as w e l l as a c t u a l l y , t r a n s c r i p t i o n a l l y a c t i v e 

genes. 

1.8 DNAase I h y p e r s e n s i t i v e s i t e s i n c h r o m a t i n 

S p e c i f i c fragments a r e o b s e r v e d when DNA p u r i f i e d from 

Drosophila melanogaster embryo n u c l e i , p r e v i o u s l y t r e a t e d 

w i t h DNAase I,' i s e l e c t r o p h o r e s e d , b l o t t e d onto n i t r o c e l l u l o s e 
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and h y b r i d i s e d to P - l a b e l l e d probes (Wu, 1979a) . A unique 

p a t t e r n of fragments i s o b t a i n e d f o r each probe, and i s not 

o b s e r v e d w i t h p r o t e i n - f r e e DNA. R e s t r i c t i o n of the DNA from 

t r e a t e d n u c l e i p r i o r t o e l e c t r o p h o r e s e s , f o l l o w e d by h y b r i d ­

i s a t i o n t o a s h o r t probe a b u t t i n g a chosen r e s t r i c t i o n s i t e , 

a l l o w s mapping of the DNAase I c l e a v a g e s i t e s (Wu, 1980). 
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The s i t e s r e p r e s e n t d o u b l e - s t r a n d e d c l e a v a g e s a t v e r y low 

l e v e l s o f DNAase I , and a r e known as DNAase I h y p e r s e n s i t i v e 

s i t e s . The fragments r e s u l t i n g from such a c l e a v a g e w i t h i n 

a r e s t r i c t i o n fragment appear as a d d i t i o n a l sub-bands (Wu, 

1980) w h i c h a r e not p r e s e n t i n p r o t e i n - f r e e DNA or DNA from 

c o n t r o l , u n d i g e s t e d n u c l e i . 

DNAase I h y p e r s e n s i t i v e s i t e s have been found i n a 

number o f genes ( E l g i n , 19 8 1 ) , and a r e o f t e n , a l t h o u g h not 

a l w a y s , a s s o c i a t e d w i t h t h e 5' and 3^ f l a n k i n g r e g i o n s . I n 

v i e w of t h i s , t h e y have been i m p l i c a t e d i n the r e g u l a t i o n of 

gene e x p r e s s i o n ( E l g i n , 1 9 8 1 ) . The m a j o r i t y of the e x p e r i ­

m e n t a l e v i d e n c e a v a i l a b l e s u p p o r t s t h i s h y p o t h e s i s , a l t h o u g h 

much of i t shows o n l y a c o r r e l a t i o n between p r e s e n c e of t h e s e 

s i t e s and gene a c t i v a t i o n , p o t e n t i a l or a c t u a l . 

H y p e r s e n s i t i v e s i t e s a r e o f t e n p r e s e n t b e f o r e gene a c t i v ­

a t i o n (Weintraub and Groudine, 1982, Burch and VJeintraub, 1983, 

F r i t t o n et al, 1 9 8 4 ) , i n d i c a t i n g t h a t t r a n s c r i p t i o n i s not r e ­

q u i r e d f o r t h e i r f o r m a t i o n . T h i s i s a l s o shown by the p e r ­

s i s t e n c e o f t h e s i t e s i n t he absence of i n d u c i n g f a c t o r s 

( G r o u d i n e and Weintraub, 1 9 8 1 ) . These p r o p e r t i e s s u g g e s t 

( E l g i n , 1981, W eintraub, 19 8 5 ) , t h a t the s i t e s may be i n v o l v e d 

i n 'marking' p o t e n t i a l l y a c t i v e genes d u r i n g c e l l u l a r d i f f e r ­

e n t i a t i o n ( S e c t i o n 1.5.1, Brown, 1984). Most s t u d i e s on 

h y p e r s e n s i t i v e s i t e s s u p p o r t t h i s h y p o t h e s i s as many have 

been shown t o be t i s s u e - s p e c i f i c ( S t a l d e r et al, 1980b, 

Shermoen and B e c k e n d o r f , 1 9 8 2 ) . However, the p e r s i s t e n c e of 

some s i t e s , b u t l o s s of o t h e r s , a f t e r the c e s s a t i o n of t r a n s ­

c r i p t i o n ( B u r c h and W e i n t r a u b , 1983) and the p r e s e n c e of sub­

s e t s o f h y p e r s e n s i t i v e s i t e s depending on the f u n c t i o n a l 
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s t a t u s o f th e gene ( F r i t t o n et al, 1984), have l e d t o 

s u g g e s t i o n s t h a t t h e r e a r e a r r a y s of such s i t e s , each 

b i n d i n g v a r i o u s c o m b i n a t i o n s of t r a n s - a c t i n g f a c t o r s i n 

d i f f e r e n t t i s s u e s (Weintraub, 1 9 8 5 ) . 

Good e v i d e n c e f o r a r e g u l a t o r y r o l e f o r h y p e r s e n s i t i v e 

s i t e s i n gene e x p r e s s i o n i s p r o v i d e d by ex p e r i m e n t s on the 

Drosophila melanogaster gene f o r s a l i v a r y g l u e p r o t e i n , 

Sgs 4. T h i s p r o t e i n i s produced i n the s a l i v a r y g l a n d s 

of 3rd i n s t a r l a r v a e of Drosophila, and a number of mutant 

s t r a i n s a r e a v a i l a b l e i n which the p r o d u c t i o n of t h i s p r o t e i n 

i s r e d u c e d , or a b s e n t a l t o g e t h e r . There i s a group of 5 

DNAase I h y p e r s e n s i t i v e s i t e s upstream of the gene i n 3rd 

i n s t a r l a r v a e , b u t not i n embryos or t i s s u e c u l t u r e c e l l s 

i n w h i c h t h i s gene i s i n a c t i v e (Shermoen and Beckendorf, 1982) 

Mutant s t r a i n s p r o d u c i n g 1-3% of the w i l d - t y p e l e v e l s of 

gl u e p r o t e i n mRNA have a 50 bp d e l e t i o n 5' t o the gene which 

t r u n c a t e s one of t h e h y p e r s e n s i t i v e s i t e s , w h i l e the s t r a i n 

BER I , i n which t h e r e i s no d e t e c t a b l e g l u e p r o t e i n mRNA, 

has a d e l e t i o n c o v e r i n g the r e g i o n of two of the h y p e r s e n s i t ­

i v e s i t e s . T h i s s t r a i n however, l a c k s a l l f i v e of the hyper­

s e n s i t i v e s i t e s (Shermoen and Beckendorf, 1982) . These ob­

s e r v a t i o n s , s u g g e s t t h a t the sequences d e l e t e d i n BER I a r e 

im p o r t a n t f o r r e g u l a t i o n of e x p r e s s i o n of Sgs -4; w h i l e those 

d e l e t e d i n th e o t h e r s t r a i n s a r e i m p o r t a n t i n r e g u l a t i n g the 

l e v e l s of mRNA, but a r e not i n v o l v e d i n temporal r e g u l a t i o n 

as t h e s e mutants s t i l l produce the p r o t e i n a t the a p p r o p r i a t e 

d e v e l o p m e n t a l s t a g e (Shermoen and Beckendorf, 1982, Muskavitch 

and Hogness , 1 9 8 2 ) . The importance of the d e l e t e d r e g i o n s 
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i s s u p p o r t e d by t he e f f e c t s of s i n g l e - b a s e changes ne a r 

t h e h y p e r s e n s i t i v e r e g i o n s i n s e v e r a l g l u e p r o t e i n under-

p r o d u c e r s (McGinnis et al, 1 9 8 3 a ) . The r e g i o n appears to 

f u n c t i o n i n d e p e n d e n t l y o f d i s t a n c e as when a 1.3 kb t r a n s -

p o s a b l e element i n s e r t i o n j u s t upstream t o the TATA box i s 

p r e s e n t , t h e upstream h y p e r s e n s i t i v e s i t e s were s t i l l formed 

o v e r t h e u s u a l s e q u e n c e s (McGinnis et al, 1983b). mRNA 

p r o d u c t i o n i n t h i s s t r a i n was d e c r e a s e d t o 1-2% of w i l d - t y p e 

l e v e l s , b u t t h e d e v e l o p m e n t a l s p e c i f i c i t y of e x p r e s s i o n was 

m a i n t a i n e d . 

The examples g i v e n above s u g g e s t t h a t the chromatin 

s t r u c t u r e s p e r c e i v e d e x p e r i m e n t a l l y as DNAase I h y p e r s e n s i t ­

i v e s i t e s have a r o l e i n t h e c o n t r o l of e x p r e s s i o n of a 

number of genes, both d e v e l o p m e n t a l l y r e g u l a t e d {e.g. c h i c k e n 

g l o b i n genes, Sgs 4) and i n d u c i b l e {Drosophila h e a t - s h o c k 

g e n e s ) . I t i s s u r p r i s i n g , t h e r e f o r e , t h a t i n t h e o n l y s t u d ­

i e s t o d a t e w h i c h have attempted t o d e t e c t t h e s e s i t e s i n 

p l a n t c h r o m a t i n , none have been found (Murray and Rennard, 

1984, F e r l , 1985) . The s t u d y on a p h a s e o l i n gene i n c o t y ­

l e d o n s and l e a v e s o f F r e n c h bean showed no sub-bands r e ­

p r e s e n t i n g DNAase I s i t e s e i t h e r w i t h i n the gene, or i n a 

1.6 kb 5^ f l a n k i n g r e g i o n i m m e d i a t e l y a d j a c e n t t o i t (Murray 

and Rehnard, 1984) . G e n e r a l s e n s i t i v i t y , but no DNAase I 

h y p e r s e n s i t i v e s i t e s , were r e p o r t e d f o r the maize Adh-1 gene, 

( F e r l , 1 985), a l t h o u g h t h e p a t t e r n of a c c e s s i b i l i t y of a 

number o f r e s t r i c t i o n s i t e s i n the promoter of t h i s gene was 

found to v a r y w i t h i t s t r a n s c r i p t i o n a l s t a t u s . The f a i l u r e 

to d e t e c t h y p e r s e n s i t i v e s i t e s i n p l a n t c hromatin may r e ­

f l e c t a genuine d i f f e r e n c e i n chromatin s t r u c t u r e between 
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a n i m a l s and p l a n t s . A l t e r n a t i v e l y , t h e methods used may 

have p r e v e n t e d t h e d e t e c t i o n of such s i t e s , a l t h o u g h t h i s 

seems u n l i k e l y a s t h e c o n d i t i o n s p e r m i t t e d a s s e s s m e n t of 

g e n e r a l n u c l e a s e s e n s i t i v i t y (Murray and Kennard, 1 9 8 4 ) . 

F u r t h e r s t u d i e s on t h e s e a s p e c t s of p l a n t c h r o m a t i n s t r u c t ­

u r e , u s i n g s y s t e m s , such as legume seed s t o r a g e p r o t e i n 

s y n t h e s i s , w h i c h a r e analogous to th o s e s t u d i e d i n a n i m a l s 

( S e c t i o n 1 . 2 ) , a r e needed to determi n e whether h y p e r s e n s i t i v e 

s i t e s a r e p r e s e n t or a b s e n t from p l a n t c h r o m a t i n . 

1.9 DNA s t r u c t u r e s a s s o c i a t e d w i t h h y p e r s e n s i t i v e s i t e s 

The s i n g l e - s t r a n d e d n u c l e a s e S I has been shown to 

c l e a v e c h r o m a t i n a t o r c l o s e t o DNAase I h y p e r s e n s i t i v e 

s i t e s ( L a r s e n and Weintraub, 1 9 8 1 ) . Recombinant p l a s m i d s 

c o n t a i n i n g DNA from t h e s e r e g i o n s were a l s o c l e a v e d a t t h e s e 

s i t e s by S I n u c l e a s e when the p l a s m i d s were s u p e r c o i l e d 

( L a r s e n and Weintraub, 1981, N i c k o l and F e l s e n f e l d , 1 983). 

S u p e r c o i l i n g i s known t o f a v o u r the f o r m a t i o n of a l t e r n a t i v e 

s t r u c t u r e s t o B-DNA, su c h a s c r u c i f o r m s ( L i l l e y and Markham, 

1983, L i l l e y and Kemper, 198 4 ) , or Z-DNA (Nordheim et al, 

1982, Nordheim and R i c h , 1983, S i n g l e t o n et al, 1982), and 

i t has thus been s u g g e s t e d t h a t h y p e r s e n s i t i v e s i t e s c o n t a i n 

DNA sequences which can adopt such c o n f o r m a t i o n s under approp­

r i a t e c o n d i t i o n s (Weintraub, 1983). However, i t i s u n l i k e l y 

t h a t c r u c i f o r m s t r u c t u r e s can be formed in vivo (Courey and 

Wang, 1983 ) , and i t i s not known whether e u c a r y o t i c genomes 

a r e under t o r s i o n a l s t r e s s ( L i l l e y , 1 9 8 3 ) . The b i n d i n g of 

a r e a g e n t w i t h d i f f e r i n g a f f i n i t i e s f o r r e l a x e d and s u p e r -



31 

c o i l e d DNA s u g g e s t s t h a t t h e t e n s i o n g e n e r a t e d by n e g a t i v e 

s u p e r c o i l i n g i s c o n s t r a i n e d by nucleosomes i n e u c a r y o t i c 

genomes ( S i n d e n et al, 1 9 8 0 ) . Recent e v i d e n c e s u g g e s t s 

however t h a t a t l e a s t p a r t of the genome may be under t o r ­

s i o n a l t e n s i o n ( L i l l e y , 1983, S m a l l and V o g e l s t e i n , 1985), 

and t h e energy of t h i s t e n s i o n has been i m p l i c a t e d i n the 

c o n t r o l of gene e x p r e s s i o n (Weintraub, 1985). 

Although the c r u c i f o r m s t r u c t u r e s mentioned above may 

not be formed in vivo (Courey and Wang, 1983 ) , t h e r e i s d i r e c t 

e v i d e n c e t h a t t h e r e g i o n s around h y p e r s e n s i t i v e s i t e s have 

an u n u s u a l DNA sequence and may l a c k nucleosomes. The 5' 

end o f the c h i c k e n a d u l t 6 - g l o b i n gene, which has been shown 

to c o n t a i n h y p e r s e n s i t i v e s i t e s t o DNAase I ( S t a l d e r et al, 

1980b) and S I n u c l e a s e ( L a r s e n and Weintraub, '1982, N i c k o l 

and F e l s e n f e l d , 1 9 8 3 ) , i s e x c i s e d from chromatin by the r e 

s t r i c t i o n e n d o n u c l e a s e Msp 1 to y i e l d a 115 bp fragment 

(McGhee et al, 1 9 8 1 ) . T h i s r e s u l t s u g g e s t s t h a t the r e g i o n 

i s n u c l e o s o m e - f r e e , as the p r e s e n c e of such a s t r u c t u r e , 

a s s o c i a t e d w i t h -146 bp o f DNA, would be e x p e c t e d t o b l o c k 

a t l e a s t one o f the enzyme r e c o g n i t i o n s i t e s (McGhee et al, 

1981) . T h i s r e g i o n a l s o c o n t a i n s a s t r e t c h of 16 c o n s e c u t i v e 

guanosine residues (McGhee et al 19 81, N i c k o l and F e l s e n f e l d , 

1 9 8 3 ) . I t has been s u g g e s t e d (Drew and T r a v e r s , 1984, 1985) 

t h a t t h e r a t e o f DNAase I c u t t i n g a t a p o i n t where a sequence 

a l t e r s , e.g. from a (dA). (dT) s t r e t c h t o a (dG) . (dC) s t r e t c h , 

i s d e t e r m i n e d by changes i n the c o n f o r m a t i o n of the minor 

g r o o v e , to w h i c h DNAase I i s known to b i n d (Drev/, 1984 , Drew 

and T r a v e r s , 1 9 8 4 ) . Thus i t may be t h a t the j u n c t i o n between 

one type o f sequence and a n o t h e r , and r e s u l t i n g changes i n 
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the c o n f o r m a t i o n of t h e sugar-phosphate backbone of the h e l i x , 

a r e r e c o g n i s e d , r a t h e r t h a n the base sequence i t s e l f (Drew 

and T r a v e r s , 1 9 8 5 ) . I n t h i s c o n t e x t i t i s i n t e r e s t i n g t o 

note t h a t the j u n c t i o n s between B-DNA and Z-DNA i n n e g a t i v e l y 

s u p e r c o i l e d p l a s m i d s a r e s e n s i t i v e to S I n u c l e a s e ( S i n g l e t o n 

et al, 1 9 8 4 ) , a g a i n s u g g e s t i n g a s t r u c t u r a l r a t h e r than a 

sequence r e c o g n i t i o n . Thus sequences a t or a d j a c e n t to 

DNAase I h y p e r s e n s i t i v e s i t e s may be imp o r t a n t i n g e n e r a t i n g 

t h e a l t e r e d s t r u c t u r e s a t t h e s e s i t e s ( E l g i n , 1 984). 

A r e g u l a t o r y r o l e f o r l e f t - h a n d e d Z-DNA (Wang et al, 

1979) w h i c h u s u a l l y c o n s i s t s of an a l t e r n a t i n g p y r i m i d i n e -

p u r i n e sequence, has been proposed ( R i c h , 1982, R i c h et al, 

19 8 4 ) . A n t i b o d i e s t o Z-DNA b i n d t o s i t e s i n e u c a r y o t i c 

chromosomes (Nordheim et al, 1981, R i c h , 1982) and a sequence 

w i t h t h e p o t e n t i a l t o form Z-DNA has been shown to be w i d e l y 

d i s t r i b u t e d i n e n c a r y o t i c genomes (Hamada et al, 1 9 8 2 ) . 

M e t h y l a t i o n of c y t o s i n e r e s i d u e s can fa v o u r the B to Z-DNA 

t r a n s i t i o n ( M c i n t o s h et al, 1983, R i c h et al, 1984). Under 

m e t h y l a t i o n of CpG d i n u c l e o t i d e s i s a s s o c i a t e d w i t h t r a n ­

s c r i p t i o n a l a c t i v a t i o n i n many, but not a l l , e u c a r y o t i c genes 

( D o e r f l e r , 1 9 8 3 ) , and c l u s t e r s o f su c h d i n u c l e o t i d e s have 

been i m p l i c a t e d i n t h e n u c l e a s e s e n s i t i v i t y of c e r t a i n genes 

(Wolf and Migeon, 1 9 8 5 ) . Thus models f o r n e g a t i v e r e g u l a t i o n 

of gene e x p r e s s i o n by Z-DNA f o r m a t i o n have been f o r m u l a t e d 

( R i c h , 1982, R eeves, 1 9 8 4 ) . I n one model, the e f f e c t s a r e 

l o c a l , i.e. a f f e c t o n l y one or a few genes, and a r e mediated 

via changes such as m e t h y l a t i o n . The second model i n v o l v e s 

l o n g e r range e f f e c t s , p o s s i b l y mediated via s u p e r c o i l i n g , 

w i t h i n a loop or domain ( S e c t i o n 1.6) of chromatin ( R i c h , 1982) 
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A lthough most of the e v i d e n c e i m p l i c a t i n g Z-DNA, or o t h e r 

p e r t u r b a t i o n s o f DNA s t r u c t u r e , i n the r e g u l a t i o n of gene 

e x p r e s s i o n , i s c o r r e l a t i v e , t h e e x p e r i m e n t s summarised i n 

t h i s s e c t i o n i n d i c a t e t h a t DNA secondary s t r u c t u r e i s p r o ­

b a b l y i n v o l v e d i n e s t a b l i s h i n g d i f f e r e n t chromatin s t r u c t ­

u r e s s u c h as h y p e r s e n s i t i v e s i t e s . P o s s i b l e i n t e r a c t i o n s 

of s u c h s i t e s w i t h s p e c i f i c b i n d i n g p r o t e i n s , and e v i d e n c e 

f o r t h e r o l e o f t h e s e p r o t e i n s i n gene e x p r e s s i o n , i s p r e ­

s e n t e d below. 

1.10 DNA-binding p r o t e i n s and i n t e r a c t i o n s w i t h hyper­
s e n s i t i v e s i t e s 

The p r o t e i n s d e s c r i b e d i n t h i s s e c t i o n a r e t h o s e which 

have been shown t o b i n d i n the v i c i n i t y of DNAase I hyper­

s e n s i t i v e s i t e s and/or whose b i n d i n g has been shown to be 

d i f f e r e n t t o a c t i v e and i n a c t i v e genes. Thus the v a r i o u s 

h i s t o n e m o d i f i c a t i o n s w h i c h have been c o r r e l a t e d w i t h a c t i v e 

s e q u e n c e s (Reeves, 1984) and the a s s o c i a t i o n s of h i g h m o b i l ­

i t y group (HMG) p r o t e i n s , such as HMG 14 and 17, w i t h a c t i v e 

genes and DNAase I s e n s i t i v i t y (Weisbrod et al, 1980,• 

Weisbrod and Weintraub, 1981) a r e not d e s c r i b e d f u r t h e r . 

1.10.1 P r o t e i n s t h a t b i n d t o Drosophila h e a t - s h o c k genes 

Two DNA-binding p r o t e i n s have been d e t e c t e d i n 

Drosophila n u c l e i ( P a r k e r and T o pol, 1984a,b). One of t h e s e , 

the B f a c t o r , b i n d s to 65 bp around the s t a r t of t r a n s c r i p t i o n 

of the h i s t o n e H3, H4 and the a c t i n 5C genes. T h i s r e g i o n 

i n c l u d e s the TATA box ( S e c t i o n 1.4.1) and p a r t of the l e a d e r 

sequence ( P a r k e r and Topol, 1984a). The second f a c t o r binds 
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t o a 5 5 bp r e g i o n 5^ t o the TATA box i n the h e a t - s h o c k gene 

hsp 70 ( P a r k e r and T o p o l , 1984b); t h i s r e g i o n c o n t a i n s a 

c o n s e n s u s sequence common to Drosophila h e a t - s h o c k genes 

(Pelham, 1 9 8 2 ) . T h i s h e a t - s h o c k t r a n s c r i p t i o n f a c t o r (HSTF) 

has been shown to be more a c t i v e i n h e a t - s h o c k e d than i n 

c o n t r o l n u c l e i ( P a r k e r and T o p o l , 1984b). The b i n d i n g 

a c t i v i t y o f t h e B - f a c t o r i s reduced i n n u c l e i from h e a t -

shocked c e l l s ; i t has been s u g g e s t e d t h a t t h i s may be a s s o c ­

i a t e d w i t h a d e c r e a s e i n t r a n s c r i p t i o n of most sequences o t h e r 

t h a n the h e a t - s h o c k genes ( P a r k e r and Topol, 1984b). 

S t u d i e s on DNA-binding p r o t e i n s o f t e n i n v o l v e 

the use of p r o t e c t i o n a s s a y s a g a i n s t v a r i o u s n u c l e a s e s . The 

HSTF b i n d i n g was shown by DNAase I f o o t p r i n t a n a l y s i s ( G a l a s 

and S c h m i t z , 1 9 7 8 ) . T h i s a s s a y r e v e a l s r e g i o n s p r o t e c t e d 

by p r o t e i n f a c t o r s as gaps i n the p a t t e r n of n u c l e a s e - g e n e r -

a t e d fragments compared t o t h o s e which r e s u l t from d i g e s t s 

on DNA i n the absence of p r o t e i n f a c t o r s . A second p r o t e c t ­

i o n method i n v o l v e s d i g e s t i o n of DNA, i n the p r e s e n c e of pro­

t e i n e x t r a c t s , w i t h e x o n u c l e a s e I I I , and a n a l y s i s of the r e ­

s u l t i n g fragments (Wu, 1 9 8 4 a ) . Use of t h i s method t o probe 

the s t r u c t u r e of the Drosophila hsp 70 and hsp 82 genes has 

r e v e a l e d a p r o t e c t e d r e g i o n i n non-induced c e l l s from. -12 to 

-40 bp i n hsp 70 and from -17 to -39 i n hsp 82 ( s i t e I ) (Wu 

et al, 1984a,b, 1 9 8 5 ) . These fragments a r e a l s o p r o t e c t e d 

i n h e a t - s h o c k e d c e l l s , as i s a n o t h e r r e g i o n upstream of each 

gene ( s i t e I I ) . The p r o t e c t e d r e g i o n s map w i t h i n the p o s i ­

t i o n s o f DNAase I h y p e r s e n s i t i v e s i t e s (Wu, 1980, 1984a). The 

i n i t i a l s t u d i e s i n v o l v e d m i l d d i g e s t i o n o f n u c l e i w i t h DNAase I , 

f o l l o w e d by e x o n u c l e a s e I I I d i g e s t i o n (Wu, 1984a). T h i s 

work was e x t e n d e d u s i n g a s s a y s in vitro on chromatin (Wu,1984b) 
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and DNA (V7u, 19 85) of hsp 82 or hsp 70 i n c u b a t e d w i t h erude 

n u c l e a r e x t r a c t s from non-shocked o r h e a t - s h o c k e d c e l l s . 

S i t e I i n c l u d e d the TATA box and the b i n d i n g a c t i v i t y was 

p r e s e n t i n both e x t r a c t s . S i t e I I , which i n c l u d e d the 

c o n s e n s u s sequence (Pelham, 1 9 8 2 ) , was p r o t e c t e d o n l y i n , 

or w i t h e x t r a c t s from, h e a t - s h o c k e d n u c l e i . These r e s u l t s 

s u g g e s t t h a t t h e TATA-binding a c t i v i t y may be i n v o l v e d i n 

e s t a b l i s h i n g a c h r o m a t i n s t r u c t u r e , d e t e c t e d as a hyper­

s e n s i t i v e r e g i o n , t h a t a l l o w s b i n d i n g by t he h e a t - s h o c k 

a c t i v a t i n g p r o t e i n (HAP) on i n d u c t i o n (Wu, 1985). The poor 

TATA-binding of hsp 82 compared w i t h hsp 70 may be due t o the 

h i g h a f f i n i t y of a 28 bp s y m m e t r i c a l dyad i n hsp 82 f o r HAP 

(Wu, 1 9 8 5 ) . HAP and HSTF b i n d to s i m i l a r r e g i o n s of DNA 5' 

to the h e a t - s h o c k genes but t h e i r b i n d i n g a c t i v i t i e s a r e 

d i f f e r e n t i n non-induced c e l l s (Wu, 1984b). 

The b i n d i n g of p r o t e i n s w i t h i n a h y p e r s e n s i t i v e 

r e g i o n and t h e consequent p r o t e c t i o n of DNA may not be c o n t r a ­

d i c t o r y as i t may be c o n f o r m a t i o n a l changes due to the pro-

tein/DNA i n t e r a c t i o n s which r e s u l t i n h y p e r s e n s i t i v i t y . I t 

has been shown (Udvardy et al, 1985) t h a t two r e g i o n s f l a n k i n g 

a 12 kb r e g i o n of the 87A7 l o c u s i n Drosophila show p r o t e c t i o n 

i n f o o t p r i n t i n g a s s a y s . T h i s l o c u s c o n t a i n s two hsp 70 genes, 

t r a n s c r i b e d i n o p p o s i t e d i r e c t i o n s . The p r o t e c t e d s i t e s a r e 

f l a n k e d by c u t t i n g s i t e s and a r e l o n g e r than e x p e c t e d f o r a 

n u c l e o s o m a l s t r u c t u r e ; e x t r a c u t s can be i n t r o d u c e d i n t o t h e s e 

r e g i o n s a f t e r h e a t - s h o c k . The s t r u c t u r e g r a d u a l l y r e t u r n s to 

the non-induced s t a t e a f t e r h e a t - s h o c k , w i t h a time c o u r s e 

s i m i l a r to t h a t of the g e n e r a l r e c o v e r y from h e a t - s h o c k (Udvardy 

et al, 1 9 8 5 ) . These p r o t e c t e d r e g i o n s have t h e r e f o r e been 
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proposed t o d e f i n e a r e g i o n w h i c h i s i n a c c e s s i b l e i n non-

i n d u c e d c e l l s , p o s s i b l y due t o i n t e r a c t i o n s of p r o t e i n s bound 

a t the two s i t e s , b u t which U n f o l d s d u r i n g h e a t - s h o c k . 

1.10.2 P r o t e i n s t h a t b i n d t o t h e c h i c k e n g - g l o b i n genes 

P r o t e c t e d r e g i o n s w i t h i n t h e 5^ h y p e r s e n s i t i v e 

domain i n the a d u l t B - g l o b i n genes o f c h i c k e n e r y t h r o c y t e s 

have a l s o been found ( J a c k s o n and F e l s e n f e l d , 1985) . Two 

s i t e s w i t h i n t h e r e g i o n a r e p r o t e c t e d i n a d u l t e r y t h r o c y t e s , 
day 

w h i l e t h e e n t i r e r e g i o n i n 5^ p r i m i t i v e r e d blood c e l l s , i n 

w h i c h t h e s e genes a r e i n a c t i v e , i s r e l a t i v e l y r e s i s t a n t t o 

DNAase I . R e c o n s t i t u t i o n o f p r o t e i n - f r e e g l o b i n DNA w i t h 

h i s t o n e s and an e x t r a c t from c e l l s e x p r e s s i n g the gene r e s t o r e d 

DNAase I s e n s i t i v i t y (Emerson and F e l s e n f e l d , 1984). Ex­

t r a c t s from n o n - e x p r e s s i n g c e l l s d i d not r e s t o r e the s e n s i t ­

i v i t y . F o o t p r i n t i n g e x p e r i m e n t s u s i n g p a r t i a l l y p u r i f i e d 

p r e p a r a t i o n s o f t h e f a c t o r r e s p o n s i b l e f o r c o n f e r r i n g s e n s i t ­

i v i t y have shown two r e g i o n s of p r o t e c t i o n (Emerson et al, 1985) 

The f i r s t c o n t a i n s p a l i n d r o m i c s e q u e n c e s , and p a r t of a con­

s e n s u s sequence found i n many 6 - g l o b i n promoters, and the 

second c o n t a i n s t h e s t r e t c h of 16 gua n o s i n e r e s i d u e s (McGhee 

et al, 1 9 8 1 ) , The p o s i t i o n s o f p r o t e c t e d r e g i o n s i n t h i s 

in vitro a s s a y c o r r e s p o n d e d to t h o s e in vivo ( J a c k s o n and 

F e l s e n f e l d , 1 9 8 5 ) . 

The c o r r e l a t i o n of the b i n d i n g s i t e s f o r the 

above p r o t e i n s w i t h r e g i o n s of DNAase I h y p e r s e n s i t i v i t y , and 

the a b i l i t y o f the f a c t o r from c h i c k e n e r y t h r o c y t e n u c l e i to 

c o n f e r s e n s i t i v i t y , a rgues s t r o n g l y f o r a r o l e f o r chromatin 
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s t r u c t u r e i n the c o n t r o l of gene e x p r e s s i o n , via r e c o g n i t i o n 

by p r o t e i n s i n v o l v e d i n t r a n s c r i p t i o n a l r e g u l a t i o n . 

1.11 Summary o f c h r o m a t i n s t r u c t u r e and gene r e g u l a t i o n 

The examples d e s c r i b e d ( S e c t i o n s 1.6 to 1.10) show 

t h a t c h r o m a t i n s t r u c t u r e , both over l a r g e domains which show 

i n c r e a s e d s e n s i t i v i t y t o DNAase I , and a t s p e c i f i c s i t e s i n 

the v i c i n i t y o f a c t i v e genes, i s i m p l i c a t e d i n the c o n t r o l of 

gene e x p r e s s i o n . I t i s p r o b a b l e t h a t both DNA secondary 

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

i n t h i s r e g u l a t i o n . The few s t u d i e s which have been c a r r i e d 

out on p l a n t c h r o m a t i n ( S e c t i o n 1.8) s u g g e s t t h a t a l t h o u g h 

t h e s t r u c t u r e of b u l k c h r o m a t i n may be s i m i l a r to t h a t of 

a n i m a l s , t h e r e a r e a number of d i f f e r e n c e s (Murray and Kennard, 

1 9 8 4 ) . I n v i e w of t h i s , f u r t h e r s t u d i e s on the chromatin 

s t r u c t u r e of s p e c i f i c p l a n t genes a r e r e q u i r e d . 

1.12, Aims and o b j e c t i v e s of t h i s work 

I n o r d e r t o e x t e n d the s t u d i e s of the m o l e c u l a r 

b i o l o g y o f pea s e e d s t o r a g e p r o t e i n genes, one of the aims 

of t h i s work was t o i s o l a t e a v i c i l i n gene from a pea genomic 

l i b r a r y and t o c h a r a c t e r i s e i t by r e s t r i c t i o n mapping and 

DNA s e q u e n c i n g . 

An i n v e s t i g a t i o n of the n u c l e a s e s e n s i t i v i t y of 

s p e c i f i c genes i n pea was seen as an i m p o r t a n t e x t e n s i o n of 

the s t u d i e s on p l a n t gene r e g u l a t i o n . At the time when t h i s 

work was begun t h e r e was v e r y l i t t l e i n f o r m a t i o n a v a i l a b l e 

on t he d i g e s t i o n of p l a n t genes by n u c l e a s e s . Thus i t was 
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n e c e s s a r y t o e s t a b l i s h a p p r o p r i a t e methodology f o r such 

an i n v e s t i g a t i o n . The g e n e r a l s e n s i t i v i t y of t he pea seed 

s t o r a g e p r o t e i n genes was examined by comparing the r a t e of 

d i g e s t i o n of t h e a c t i v e genes i n d e v e l o p i n g c o t y l e d o n s w i t h 

t h a t of the i n a c t i v e genes i n l e a v e s . Another o b j e c t i v e of 

t h i s work was t o e s t a b l i s h i f pea c h r o m a t i n c o n t a i n e d DNAase I 

h y p e r s e n s i t i v e s i t e s , a s a t the time t h e r e was no i n f o r m a t i o n 

about the p r e s e n c e o r absence of s u c h s i t e s i n p l a n t chromatin. 
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CHAPTER TWO 

I4ATERIALS AND METHODS 
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2.1 M a t e r i a l s 

2.1.1 C h e m i c a l s and b i o l o g i c a l r e a g e n t s 

A l l r e a g e n t s , w i t h t h e e x c e p t i o n of t h o s e l i s t e d 

below, were from BDH C h e m i c a l s L t d . , P o o l e , D o r s e t , U.K., and 

were o f a n a l y t i c a l grade o r t he b e s t a v a i l a b l e . 

A c r y l a m i d e , b i s - a c r y l a m i d e , adenosine 5 ' - t r i p h o s -

p h a t e (ATP), a m p i c i l l i n , b o v i n e serum albumin (BSA), 3',5'-

d i a m i n o b e n z o i c a c i d (DABA), DNAase I , d i t h i o t h r e i t o l (DTT), 

e t h i d i u m bromide ( E t B r ) , h e r r i n g sperm DNA, i s o p r o p y l t h i o g a l a c t -

o s i d e ( I P T G ) , l y sozyme, D-mannitol, m a l t o s e , MES (2[N-

M o r p h o l i n o ] e t h a n e s u l p h o n i c a c i d ) , p r o n a s e , PMSF, p r o t e i n a s e 

K, RNAase A, s p e r m i d i n e and spermine were from Sigma C h e m i c a l 

Co., P o o l e , D o r s e t , U.K. 

Sephadex G-50, F i c o l l 400 and P e r c o l l were from 

P h a r m a c i a F i n e C h e m i c a l s , U p p s a l a , Sweden. 

Caesium c h l o r i d e ( C s C l ) and sodium c h l o r i d e (NaCl) 

were from K o c h - L i g h t L t d . , H a v e r h i l l , S u f f o l k , U.K. 

N i t r o c e l l u l o s e f i l t e r s (BA85, 0.45)jm) were from 

S c h l e i c h e r and S c h u l l , Anderman and Co. L t d . , Kingston-upon-

Thames, S u r r e y , U.K. 

3MM paper and GFC d i s c s were from Whatman L t d . , 

Maidstone, Kent, U.K. 

Bacto-Agar was from D i f c o L a b o r a t o r i e s , D e t r o i t , 

M i c h i g a n , U.S.A. 

BBL t r y p t i c a s e peptone was from Becton D i c k i n s o n 

and Co., C o c k e y s v i l l e , M.D., U.S.A. 
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Y e a s t e x t r a c t was from S t e r i l i n L t d . , Teddington, 

U.K. 

R e s t r i c t i o n e r i d o n u c l e a s e s were from B e t h e s d a 

R e s e a r c h L a b o r a t o r i e s (U.K.) L t d . , ( B R L ) , Cambridge, U.K., 

The B o e h r i n g e r C o r p o r a t i o n (London) L t d . , Lewes, E a s t S u s s e x , 

U.K., o r New E n g l a n d B i o l a b s . , CP. L a b o r a t o r i e s L t d . , 

B i s h o p s S t o r t f o r d , H e r t s , U.K. 

T4 DNA l i g a s e , 5 - d i b r o m o - 4 - c h l o r o - 3 - i n d o y l g a l a -

c t o s i d e ( X g a l ) and T r i s ( h y d r o x y methyl)aminomethane were from 

The B o e h r i n g e r C o r p o r a t i o n (London) L t d . 

M i c r o c o c c a l n u c l e a s e (MNase) was from Worthington 

B i o c h e m i c a l s , M i l l i p o r e (U.K.) L t d . , London,, U.K. 

R a d i o c h e m i c a l s and n i c k - t r a n s l a t i o n k i t N.5000 

were from Amersham I n t e r n a t i o n a l p . I . e . , Amersham, Bucks, U.K. 

M13 s e q u e n c i n g k i t and a g a r o s e were from B e t h e s d a 

R e s e a r c h L a b o r a t o r i e s (U.K.) L t d . 

P l a s m i d s and ANM258 used i n the e x p e r i m e n t s de­

s c r i b e d were s u p p l i e d by Dr. R.R.D. Croy from communal s t o c k s . 

A l l s o l u t i o n s , w i t h the e x c e p t i o n of e l e c t r o p h o r e s i s 

b u f f e r s and s o l u t i o n s f o r S o u t h e r n b l o t t i n g , were s t e r i l i s e d 

by f i l t r a t i o n o r by a u t o c l a v i n g . 

2.1.2 B a c t e r i a l s t r a i n s and p l a s m i d and b a c t e r i o ­
phage v e c t o r s 

B a c t e r i a l s t r a i n s were d e r i v a t i o n s of E.coli K12. 

The t a b l e below l i s t s t h e s e s t r a i n s , p l a s m i d s and b a c t e r i o ­

phage used as v e c t o r s or probes, and the s o u r c e s or r e f e r e n c e s 

f o r e a c h . 
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TABLE 1 E.ooli S t r a i n s , p l a s m i d s and b a c t e r i o p h a g e 

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

JM83 

JMl O l 

K803 

Q359(P2) 

Q358 

P l a s m i d s 

pDUB2 

pDUB9 

pDUB7 

pDUB2 4 

pUC8 

G e n e t i c C h a r a c t e r s 

a r a , A ( l a c - p r o A B ) r p s L (=strA) 
(t)80, l a c Z A M15. 

A l a c p r o , supE, t h i , F'traD36, 
proAB l a c l ^ ZAM15. 

^k ' "̂ k 
+ _^R + 

^k ^k S° ^^11 
w i t h P2 l y s o g e n . 

r ^ - m / 80^ S u ^ / 

Ap^ V i c 50K ( C ^ p6«3aa) 

V i c 50K 

V i c 47K 

leg. A. 

R Ap , l a c Z 

pBR32 2 AP^ T c ^ 

B a c t e r i o p h a g e s 

EMBL3 s p i " , t r p E 

Ml3mpl8 m u l t i p l e c l o n i n g s i t e 

Ml3mpl9 m u l t i p l e c l o n i n g s i t e 

R e f e r e n c e or Source 

B e t h e s d a R e s e a r c h 
L a b o r a t o r i e s (BRL) 

Dr. J . Messing or 
BRL. 

Wood, W.B. (1966) 

Karn et al (1980) 

Karn et al (1980) 

Croy et al (1982) 
L y c e t t et al (1983a) 

Delauney (19 84) 

L y c e t t et al (1983a) 

L y c e t t et al (1984) 

V i e i r a and Messing 
(1982) 

B o l i v a r et al (1977) 

F r i s c h a u f et al 

(1983) 

BRL 

BRL 

•p 

KEY: Ap = a m p i c i l l i n r e s i s t a n c e , Tc = t e t r a c y c l i n e r e s i s t a n c e , 

V i c 50K = 50K v i c i l i n cDNA, v i e 47K = 47K v i c i l i n cDNA, 

leg A = legumin gene A. 
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2.1.3 P l a n t M a t e r i a l 

P l a n t s were grown as d e s c r i b e d by Evans et al (1979) 

Pea s e e d s {cv. F e l t h a m F i r s t , o b t a i n e d from S u t t o n Seeds L t d . , 

R eading, B e r k s , U.K.) were germinated on A l k a t h e n e p o l y e t h y l e n e 

g r a n u l e s ( I . C . I . P l a s t i c s D i v i s i o n , Welwyn Garden C i t y , H e r t s , 

U.K.) i n a d a r k s p r a y room a t 28°C, w i t h w a t e r m.lsting f o r 

5 min. i n e v e r y hour f o r 4-5d. S e e d l i n g s were t r a n s f e r r e d 

t o 21 w a t e r c u l t u r e b o t t l e s of n u t r i e n t s o l u t i o n and grown 

under c o n t r o l l e d c o n d i t i o n s as f o l l o w s : 16h t o t a l l i g h t i n g , 

28°C day t e m p e r a t u r e , 23°C n i g h t t e m p e r a t u r e , 75-80% r e l a t i v e 

h u m i d i t y . Leaves were h a r v e s t e d from s i m i l a r p o i n t s on p l a n t s 

of t h e same age, and pods h a r v e s t e d a t v a r i o u s tim>es (9-22 days) 

a f t e r f l o w e r i n g . F o r n u c l e i p r e p a r a t i o n s , t i s s u e was used 

a t once. F o r DNA p r e p a r a t i o n s , t i s s u e was f r o z e n i n l i q u i d 

n i t r o g e n and s t o r e d a t -80°C u n t i l r e q u i r e d . 

2.1.4 G l a s s w a r e and p l a s t i c w a r e 

G l a s s w a r e and p l a s t i c w a r e used i n m a n i p u l a t i o n s 

o f DNA, b a c t e r i a l c u l t u r e s and f o r s t o r a g e of s t e r i l e s t o c k 

s o l u t i o n s and media, was a u t o c l a v e d p r i o r to u s e . G l a s s w a r e , 

and p l a s t i c w a r e used f o r v e r y s m a l l amounts of DNA, or when 

v e r y good r e c o v e r y was r e q u i r e d , was s i l i c o n i s e d u s i n g 

' R e p e l c o t e ' (Hopkin and W i l l i a m s , Romford, U.K.). 

2.1.5 Growth media f o r b a c t e r i a and b a c t e r i o p h a g e 

The c o m p o s i t i o n of the v a r i o u s media used f o r 

growth of m i c r o - o r g a n i s m s i s g i v e n below: 
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TABLE 2 C o m p o s i t i o n of growth media 

Medium N u t r i e n t s (1£) 

BBL bottom 
l a y e r a g a r 

BBL top 
l a y e r a g a r 

YT b r o t h 

L b r o t h lOg t r y p t i c a s e 
5g y e a s t e x t r a c t 

lOg NaCl. 

lOg t r y p t i c a s e 
5g NaCl 
5g MgSO^. 7H2O 

lOg a g a r . 

As BBL agar but 
6.5g a g a r . 

8g t r y p t i c a s e 
5g y e a s t e x t r a c t 
5g NaCl 

As YT b r o t h but 
15g a g a r . 

As YT agar but 
7.Sgagar 

YT a g a r c o n t a i n i n g 50yg/ml 
a m p i c i l l i n and 40)jg/ml X - g a l . 

33g t r y p t i c a s e 
20g y e a s t e x t r a c t 
75g NaCl 
I g D -glucose 

F o r t h e gene l i b r a r y s c r e e n s ( S e c t i o n 2.2.10), BBL top l a y e r 

a g a r o s e was us e d i n s t e a d of agar as a g a r o s e was l e s s l i k e l y 

t o s l i p o r t o s t i c k t o t h e f i l t e r s d u r i n g plaque l i f t s 

( S e c t i o n 2 . 2 . 1 0 . 2 ) . Agarose was a l s o used i n p l a c e of top 

l a y e r a g a r f o r p l a t e l y s a t e s ( S e c t i o n 2.2.11.1) because agar 

c o n t a i n s i n h i b i t o r s of r e s t r i c t i o n e n d o n u c l e a s e s which a r e 

d i f f i c u l t t o e l i m i n a t e from DNA p r e p a r a t i o n s . 

YT a g a r 

YT top 
l a y e r a g a r 

YT/Amp/Xgal 

S - b r o t h 



45 

2.2 Methods 

2.2,1 B i o c h e m i c a l t e c h n i q u e s 

2.2.1.1 P h e n o l e x t r a c t i o n o f DNA samples 

Samples were d e p r o t e i n i s e d by a d d i t i o n 

of 1 v o l . o f r e d i s t i l l e d p henol e q u i l i b r a t e d w i t h T.E. b u f f e r 

(lOmM T r i s , ImZ e t h y l e n e d i a m i n e t e t r a c e t i c a c i d (EDTA)) pH8.0. 

P h a s e s were mixed by v o r t e x i n g f o r 3 0 s e c . and s e p a r a t e d by 

c e n t r i f u g a t i o n a t 12000 .g i n a m i c r o f u g e (MSE M i c r o C e n t a u r ) 

f o r 1 min., o r , f o r l a r g e r s a m p l e s , a t 10,000^ i n a S o r v a l l RC-5B 

c e n t r i f u g e f o r 5 min. The aqueous phases were r e - e x t r a c t e d 

w i t h 1 v o l . of 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 by v o l ) , 

I n some c a s e s , t h e o r g a n i c p h a s e s were r e - e x t r a c t e d w i t h 0.5 v o l 

of T.E. b u f f e r and t h e aqueous ph a s e s combined. Phenol was 

removed e i t h e r by 2-3 e x t r a c t i o n s w i t h d i e t h y l e t h e r , or by 1 

e x t r a c t i o n w i t h c h l o r o f o r m . 

2.2.1.2 P r e c i p i t a t i o n of DNA w i t h e t h a n o l 

0.1 v o l of 3M sodium a c e t a t e pH 4.8 and 

2.5 v o l o f e t h a n o l were added to the DNA s o l u t i o n and mixed. 

Samples werei kept a t -80°C f o r 30 min o r -20°C o v e r n i g h t . 

P r e c i p i t a t e s were 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 12000.g' f o r 

5 min i n a m i c r o f uge, or a t 12000^7 f o r 20 min a t 4°C i n the 

S o r v a l l RC-5B c e n t r i f u g e . P e l l e t s were washed i n 70% (v/v) 

e t h a n o l , d r i e d b r i e f l y under vacuum and resuspended i n a s m a l l 

volume of d i s t i l l e d w a t e r or T.E. b u f f e r . 

2.2.1.3 D i a l y s i s of DNA s o l u t i o n s 

D i a l y s i s t u b i n g ( M e d i c e l l I n t e r n a t i o n a l 

L t d . , London, U.K.) was p r e p a r e d by b o i l i n g f o r 10 min. i n 2% 
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(w/v) sodium c a r b o n a t e s o l u t i o n , r i n s i n g e x t e n s i v e l y i n d i s t i l l e d 

w a t e r , b o i l i n g f o r 5 min i n d i s t i l l e d w a t e r and r i n s i n g s e v e r a l 

t i m e s i n d i s t i l l e d w a t e r . One end of the t u b i n g was s e c u r e d 

and t h e DNA s o l u t i o n p i p e t t e d i n t o the t u b i n g . The o t h e r 

end was s e c u r e d , l e a v i n g a s p a c e t o a l l o w f o r an i n c r e a s e i n 

volume. The t u b i n g was p l a c e d i n 21 of T.E. b u f f e r and s t i r r e d 

a t 4°C f o r 24h, w i t h 2 f u r t h e r changes of b u f f e r . 

2.2.1.4 P r e p a r a t i o n of denatured h e r r i n g sperm DNA 

500mg DNA was d i s s o l v e d i n 50ml of 

d i s t i l l e d w a t e r by s t i r r i n g f o r 2-4 h a t room te m p e r a t u r e . DNA 

was s h e a r e d by p a s s i n g through a 19gauge hypodermic n e e d l e . 

The s o l u t i o n was b o i l e d f o r 10 min. and s t o r e d a t -20°C i n 

s m a l l a l i q u o t s . The DNA was b o i l e d f o r 5 min p r i o r t o u s e . 

2.2.1.5 S p e c t r o p h o t o m e t r i c q u a n t i t a t i o n of 
DNA s o l u t i o n s 

The o p t i c a l d e n s i t y (O.D) of DNA s o l u t i o n s 

were d e t e r m i n e d by adding l y l of DNA s o l u t i o n to a q u a r t z c u r -

v e t t e c o n t a i n i n g 1ml o f d i s t i l l e d w a t e r . l y l of the b u f f e r 

i n w h i c h t h e DNA was d i s s o l v e d was added t o 1 ml of wa t e r i n a 

r e f e r e n c e c u r v e t t e , and t he o p t i c a l d e n s i t y from 320 to 230nm 

r e c o r d e d u s i n g a Pye Unicam SP8-150 u v / v i s s p e c t r o p h o t ometer. 

The O.D.2gQ of a DNA s o l u t i o n of lyg/ml 

i s 0.02. A pure DNA sample has an 0•D.250/°*^'280 °^ 

%1.8 and t he 0.D.^g^/O.D.^3^ r a t i o i s g r e a t e r than t h i s The 

O.D.^2Q i s z e r o . D e v i a t i o n s from t h e s e v a l u e s i n d i c a t e d the 

p r e s e n c e o f c o n t a m i n a n t s such as phenol or p r o t e i n s i n the 

s o l u t i o n . 
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2.2.1.6 S t o r a g e of b a c t e r i a 

B a c t e r i a were s t o r e d f o r up t o 6 weeks 

a t 4°C on i n v e r t e d a g a r p l a t e s t i g h t l y s e a l e d w i t h N e s c o f i l m 

(Nippon S h o j i K a i s h a L t d . , Osaka, J a p a n ) . F or l o n g e r s t o r a g e , 

s i n g l e c o l o n i e s were s t r e a k e d out onto s e l e c t i v e agar p l a t e s 

and b a c t e r i a from t h e s t r e a k used t o i n o c u l a t e v i a l s con­

t a i n i n g 1 ml of L b r o t h ( S e c t i o n 2 . 1 . 5 ) . C e l l s were r e s u s ­

pended and 1 ml 80% (v / v ) g l y c e r o l added and mixed i n . V i a l s 

were s t o r e d a t -80°C. B a c t e r i o p h a g e were s t o r e d a t 4°C i n 

phage b u f f e r ( S e c t i o n 2.2.10) s a t u r a t e d w i t h c h l o r o f o r m . 

2.2.1.7 P r e - t r e a t m e n t of r i b o n u c l e a s e 

RNAase A was d i s s o l v e d i n wa t e r t o lOmg/ml 

and b o i l e d f o r 10 min. t o i n a c t i v a t e DNAases. S m a l l a l i q u o t s 

were s t o r e d a t -80°C. 

2.2.2 E n z y m a t i c r e a c t i o n s used i n m a n i p u l a t i o n s of DNA 

2.2.2.1 R e s t r i c t i o n e n d o n u c l e a s e d i g e s t i o n s 

The t h r e e - b u f f e r s ystem shown below was 

used ( M a n i a t i s et a l , 1982) . 

TABLE 3. R e s t r i c t i o n e n d o n u c l e a s e b u f f e r s 

B u f f e r NaCl Tri s / H C l p H 7 . 4 MgSO^ DTT 

Low 0 10 10 1 

Med 50 10 10 1 

High 100 50 10 1 

Sma I 20mM K C l 10 (pH8.0) 10 1 

C o n c e n t r a t i o n s a r e mM, and s t o c k s of lOx t h e s e were used. 
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DNA was d i g e s t e d w i t h a 2-3 f o l d e x c e s s of enzyme. 0.1 v o l 

of a lOx s t o c k of the a p p r o p r i a t e b u f f e r ( T a b l e 3) was added, 

and t h e volume made up w i t h d i s t i l l e d w a t e r t o lOx t h a t of 

th e enzyme. P l a s m i d and b a c t e r i o p h a g e DNAs were i n c u b a t e d 

f o r 2-3 h a t t h e a p p r o p r i a t e t e m p e r a t u r e , genomic DNAs f o r a t 

l e a s t 5 h. R e a c t i o n s were t e r m i n a t e d e i t h e r by h e a t i n g t o 

70°C f o r 5 min or by a d d i t i o n of a g a r o s e g e l l o a d i n g beads 

(20% ( v / v ) g l y c e r o l , lOmM T r i s / H C l , pH8.0, 10m£ EDTA pH8.0, 

0.2% (w/v) a g a r o s e , 0.1% (w/v) each of bromophenol b l u e , x y l e n e 

c y a n o l and orange G. The m i x t u r e was a u t o c l a v e d and f o r c e d 

through a 19 gauge hypodermic n e e d l e t o form the b e a d s ) . 

2.2.2.2 L i g a t i o n o f DNA fragments 

DNAs t o be l i g a t e d were d i g e s t e d w i t h 

a p p r o p r i a t e r e s t r i c t i o n e n d o n u c l e a s e s , phenol 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 r e s u s p e n d e d i n a s m a l l volume of T.E. b u f f e r 

pH8.0. Fragments were mixed t o g i v e a 3 - f o l d molar e x c e s s 

of i n s e r t o v e r v e c t o r . 0.1 v o l of lOx l i g a t i o n b u f f e r 

(0.66M T r i s . H C l pH7.5, 50mM MgCl2, 50mM DTT/lOmM ATP) and 2-5 

u n i t s of T4 DNA l i g a s e ( W e i s s , 1966) were added, mixed i n and 

the t u b e s i n c u b a t e d a t 15°C o v e r n i g h t . 0.1 to 0.5 v o l of the 

l i g a t i o n mixes was used t o t r a n s f o r m competent E.coli c e l l s , 

( S e c t i o n 2 . 2 . 1 4 . 2 ) . 

2.2.3 P r e p a r a t i o n o f pea genomic DNA from l e a v e s 
and c o t y l e d o n s 

A m o d i f i c a t i o n of the method of Graham (1978) was 

used. T i s s u e was weighed and ground i n l i q u i d n i t r o g e n i n a 

mortar and p e s t l e a t 4°C. Ground t i s s u e was mixed i n t o 
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5 v o l of O.IM NaCl, 0.025M EDTA pH8.0, 2% (w/v) SDS, and 0.1% 

d i e t h y l p y r o c a r b o n a t e ( D E P ) . 5M sodium p e r c h l o r a t e was added 

to IM and t h e s o l u t i o n mixed w e l l . 0.5 v o l c h l o r o f o r m : 

o c t a n o l (99:1 ( v / v ) ) and 0.5 v o l phenol were added. The 

m i x t u r e was shaken on i c e f o r 50 min, then c e n t r i f u g e d a t 

20,000^-. f o r 5 min a t 4°C ( S o r v a l l RC-5B c e n t r i f u g e ) . Aqueous 

pha s e s were p o o l e d and e x t r a c t e d w i t h an e q u a l v o l of c h l o r o f o r m : 

o c t a n o l by s h a k i n g a s above. P h a s e s were a g a i n s e p a r a t e d by 

c e n t r i f u g a t i o n . Aqueous ph a s e s were pooled, two v o l e t h a n o l 

added and t u b e s l e f t a t -20°C f o r 30 min. 

N u c l e i c a c i d s were s p o o l e d out u s i n g a s i l i c o n i s e d 

g l a s s r o d , p o o l e d and d r i e d b r i e f l y under vacuum. 20 t o 25 

ml o f r e s u s p e n s i o n b u f f e r (50mM T r i s , lOmM EDTA, pH8.0) were 

added and t h e s o l u t i o n shaken o v e r n i g h t on i c e . 

0.6 ml o f a 2% (w/v) s o l u t i o n of Pronase, p r e ­

v i o u s l y i n c u b a t e d a t 37°C f o r 2h t o s e l f - d i g e s t , was added t o 

t h e DNA s o l u t i o n and i n c u b a t e d a t 37°C f o r 3h. The sample 

was weighed and s o l i d c a e s i u m c h l o r i d e added to 0.94g/g s o l u t i o n . 

E t B r s o l u t i o n (lOmg/ml) was added t o lOOyg/g of s o l u t i o n , and 

t h e tube shaken g e n t l y u n t i l a l l the s o l i d had d i s s o l v e d . The 

s o l u t i o n was t r a n s f e r r e d t o q u i c k - s e a l tubes (Beckman) u s i n g 

s t e r i l e s y r i n g e s and n e e d l e s and c e n t r i f u g e d i n a Beckman 

V T i - 5 0 r o t o r i n a S o r v a l l OTD-65 u l t r a c e n t r i f u g e a t 44000 rpm 

f o r 20 h a t 15°C. DNA bands were removed and r e c e n t r i f u g e d . 

Bands were a g a i n withdrawn, E t B r removed by e x t r a c t i o n w i t h 

i s o a m y l a l c o h o l s a t u r a t e d w i t h r e s u s p e n s i o n b u f f e r , and the 

DNA s o l u t i o n d i a l y s e d a g a i n s t r e s u s p e n s i o n b u f f e r . DNA was 

e t h a n o l p r e c i p i t a t e d , and d i s s o l v e d i n r e s u s p e n s i o n b u f f e r . 
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DNA was s t o r e d i n s m a l l a l i q u o t s a t -80°C and the p u r i t y and 

c o n c e n t r a t i o n o f the s o l u t i o n determined s p e c t r o p h o t o m e t r i c a l l y 

o r by DABA f l u o r e s c e n c e as d e s c r i b e d i n S e c t i o n 2.2.20.2. 

2.2.4 Agarose g e l e l e c t r o p h o r e s i s 

A garose was d i s s o l v e d i n 200ml of T r i s / a c e t a t e 

e l e c t r o p h o r e s i s b u f f e r (0.04M T r i s - a c e t a t e , O.OOIM EDTA pH7.7) 

by h e a t i n g i n a microwave oven f o r 4-5 min. E t B r s o l u t i o n 

(lOmg/ml) was added t o 0.75yg/ml and the g e l poured i n a h o r i ­

z o n t a l 180 X 150mm p e r s p e x m.ould s e a l e d to a g l a s s p l a t e w i t h 

s i l i c o n g r e a s e . When s e t , the mould was removed and the g e l 

p l a c e d i n an e l e c t r o p h o r e s i s tank c o n t a i n i n g T r i s / a c e t a t e 

b u f f e r . Samples were mixed w i t h a g a r o s e g e l beads ( S e c t i o n 

2.2.2.1) and l o a d e d i n t o the w e l l s . E l e c t r o p h o r e s i s was 

o v e r n i g h t a t 30V, o r f o r 4-5h a t 100-120 V. 

A g arose m i n i g e l s were made u s i n g T r i s / b o r a t e b u f f e r 

(TBE, 0.089M T r i s , 0.089M b o r i c a c i d , 0.002M EDTA) and 

c a s t i n a m i n i g e l e l e c t r o p h o r e s i s a p p a r a t u s (Cambridge B i o ­

t e c h n o l o g y L a b o r a t o r i e s ) . M i n i g e l s were e l e c t r o p h o r e s e d a t 

50V f o r 45-90 min. 

G e l s were v i s u a l i s e d under short-wave u l t r a v i o l e t 

i l l u m i n a t i o n and photographed u s i n g a r e d f i l t e r and ASA 3000 

f i l m . Type 667 ( P o l a r o i d ) . 

2.2.5 T r a n s f e r of DNA onto n i t r o c e l l u l o s e f i l t e r s 

A m o d i f i c a t i o n of the method of Southern (19 75) 

was used. G e l s c o n t a i n i n g genomic DNA were soaked b r i e f l y 

i n O.lN HCl and rins:ed i n d i s t i l l e d w a t e r . T h i s s t e p was 

o m i t t e d f o r g e l s c o n t a i n i n g p l a s m i d or b a c t e r i o p h a g e DNA. G e l s 
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were soaked 45 m i n i n d e n a t u r i n g s o l u t i o n (1.5M NaCl, 0.5M 

NaOH), r i n s e d s e v e r a l t i m e s i n d i s t i l l e d w a t e r and soaked f o r 

45 min i n n e u t r a l i s i n g s o l u t i o n (3M NaCl, 0.5M T r i s / H C l , pH7.0), 

G e l s were e q u i l i b r a t e d i n 20xSSC (3M NaCl, 0.3M sodium c i t r a t e ) 

f o r 5 min and p l a c e d on top of a p i e c e of Whatman 3MM paper 

on a g l a s s p l a t e , a r r a n g e d so t h a t the ends of the paper dipped 

i n t o a r e s e r v o i r o f 20xSSC. A p i e c e of n i t r o c e l l u l o s e was 

soaked i n d i s t i l l e d w a t e r f o r a few min, then i n 20xSSC, and 

p l a c e d on top of t h e g e l . A p i e c e of Whatman 3MM paper soaked 

i n 20xSSC was p l a c e d on top of the f i l t e r , f o l l o w e d by s e v e r a l 

dr y p i e c e s of paper and l a y e r s of a b s o r b e n t m a t e r i a l such as 

d i s p o s a b l e n a p p i e s . The whole a p p a r a t u s was weighed down w i t h 

a g l a s s p l a t e and b r i c k and t r a n s f e r of DNA proceeded f o r 3h 

to o v e r n i g h t a t room t e m p e r a t u r e . 

The n i t r o c e l l u l o s e f i l t e r was removed and baked 

a t 80°C under vacuum f o r 30-120 min. F i l t e r s were s t o r e d 

between s h e e t s of 3MM paper u n t i l r e q u i r e d . 

2.2.6 I s o l a t i o n o f DNA fragments from a g a r o s e g e l s 

A number of methods were t r i e d ; t h e two g i v e n h e r e 

were t h o s e most commonly us e d . F o r both methods, the DNA 

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

e l e c t r o p h o r e s e d through an a g a r o s e g e l , and the r e q u i r e d f r a g ­

ment c u t out from t h e g e l , trimjning o f f e x c e s s a g a r o s e , 

2.2.6.1 I s o l a t i o n on g l a s s - f i b r e d i s c s 

T h i s was a m o d i f i c a t i o n of the method of 

Yang et al ( 1 9 7 9 ) , u s i n g sodium p e r c h l o r a t e t o d i s r u p t the g e l . 

A l l p e r c h l o r a t e s o l u t i o n s were f i l t e r e d on g l a s s f i b r e d i s c s 
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p r i o r t o u s e . The g e l s l i c e was weighed and 3 times t h i s 

w e i g h t i n volumes of 8M sodium p e r c h l o r a t e were added. The 

s l i c e was a l l o w e d t o d i s s o l v e f o r 10-30 min a t room te m p e r a t u r e . 

A 6mm d i s c c u t from a Whatman GFC g l a s s - f i b r e d i s c was 

p l a c e d on a s h e e t o f 3MM paper p l a c e d on top o f s e v e r a l l a y e r s 

of a b s o r b e n t t i s s u e , and was washed w i t h 5 x 3 0 y l of 6M sodium 

p e r c h l o r a t e d i s s o l v e d i n T.E. b u f f e r , pH7.5. The d i s s o l v e d 

g e l s l i c e was d r i p p e d s l o w l y onto the d i s c , f o l l o w e d by 

50X30M1 6M sodium p e r c h l o r a t e i n T.E. b u f f e r . The d i s c was 

washed w i t h 5 0 x 3 0 y l of 95% e t h a n o l , d r i e d i n a i r and p l a c e d i n 

a 0.5ml eppendorf. 2 0 y l of O .lxT.E. b u f f e r pH7.5 was added 

and t h e tube i n c u b a t e d a t 37°C f o r 30 min. A h o l e was 

p i e r c e d i n t h e b a s e and t h e e l u t e d DNA s o l u t i o n spun out i n t o 

a 1.5ml eppendorf. 

2.2.6.2 E l e c t r o e l u t i o n onto d i a l y s i s membranes 

T h i s method was adapted from t h a t of 

McDonnell et at (1977) by Dr. A. S h i r s a t . The g e l s l i c e was 

p l a c e d i n a p i e c e of d i a l y s i s t u b i n g s e c u r e d a t one end. 0.5ml 

of T r i s / a c e t a t e e l e c t r o p h o r e s i s b u f f e r ( S e c t i o n 2.2.4) was added, 

and the open end o f t h e t u b i n g c l o s e d , e x c l u d i n g a i r b u b b l e s . 

The t u b i n g was p l a c e d i n an e l e c t r o p h o r e s i s tank c o n t a i n i n g 

T r i s / a c e t a t e b u f f e r and e l e c t r o p h o r e s e d a t lOOV f o r '^^Ih u n t i l 

t h e DNA was v i s i b l e , under u.v. i l l u m i n a t i o n , as a t h i n l i n e 

on the t u b i n g . The c u r r e n t was r e v e r s e d f o r about 30 s e c . 

and the b u f f e r removed from the t u b i n g and p l a c e d i n a 1.5ml 

eppendorf. The b u f f e r was phenol e x t r a c t e d and the volume 

reduced by e x t r a c t i o n w i t h b u t a n o l u n t i l about 0.1ml remained. 
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B u t a n o l was removed by 3-4 e x t r a c t i o n s w i t h d i e t h y l e t h e r 

and DNA was p r e c i p i t a t e d w i t h e t h a n o l and resuspended i n d i s ­

t i l l e d w a t e r . 

32 
2.2.7 P - l a b e l l i n g o f DNA by n i c k - t r a n s l a t i o n 

The n i c k - t r a n s l a t i o n k i t ( S e c t i o n 2.1.1) was 

used a c c o r d i n g t o t h e m a n u f a c t u r e r ' s i n s t r u c t i o n s f o r l a b e l l i n g 

t o a s p e c i f i c a c t i v i t y of 10 c.p.ra./yg, e x c e p t t h a t the 

volumes were a d j u s t e d so t h a t 0.1 t o 0.2ijg of DNA was r o u t i n e l y 
32 

l a b e l l e d w i t h 50 y C i of a [ P]-dCTP i n a volume of 2 5 y l . 

I n c u b a t i o n a t 15°C was f o r 2-2^h. 

L a b e l l e d DNA was s e p a r a t e d from u n i n c o r p o r a t e d r a d i o -

n u c l e o t i d e by p a s s a g e through a 5-cm column of Sephadex G50 

e q u i l i b r a t e d i n ISOmM NaCl, lOmM EDTA, 50mM T r i s / H C l pH7.5, 

and 0.1% SDS. 0.4ml f r a c t i o n s were c o l l e c t e d and l y l 

a l i q u o t s c o u n t e d i n a B - s c i n t i l l a t i o n c o u n t e r . F r a c t i o n s 

c o r r e s p o n d i n g t o t h e 1 s t peak of r a d i o - a c t i v i t y c o n t a i n e d 

l a b e l l e d DNA, and were p o o l e d f o r use as a h y b r i d i s a t i o n probe. 
g 

S p e c i f i c a c t i v i t i e s o f > 1x10 c,p.m/yg were r o u t i n e l y o b t a i n e d . 

2.2.8 H y b r i d i s a t i o n t o n i t r o c e l l u l o s e f i l t e r s 

F i l t e r s were p r e h y b r i d i s e d i n the s o l u t i o n s i n d i c ­

a t e d below f o r 1 t o 4 h a t 65°C. 

The probe was d e n a t u r e d by b o i l i n g f o r 6-8 min, and 

was c o o l e d r a p i d l y on i c e . The p r e h y b r i d i s a t i o n s o l u t i o n was 

removed from genomic f i l t e r s and r e p l a c e d w i t h a s i m i l a r one 
s o l u t i o n 

c o n t a i n i n g 1.5 x Denhardts'/^before a d d i t i o n of probe. Probe 

vias added d i r e c t l y to t h e p r e h y b r i d i s a t i o n s o l u t i o n s of o t h e r 
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TABLE 4 P r e h y b r i d i s a t i o n s o l u t i o n s 

Type of f i l t e r 

Genomic DNA 

P l a s m i d or b a c t e r i o p h a g e 
DNAS, c o l o n y h y b r i d i s a t i o n s 

P l a q u e l i f t s 

S o l u t i o n 

5xSSC 

5xDenhardts' s o l u t i o n 

lOOpg/ml d e n a t u r e d h e r r i n g 
sperm DNA. 

0.1% SDS 

As above but 3xSSC. 

As above but 6xSSC. 

1 X D e n h a r d t s ' s o l u t i o n i s 0.02% (w/v) of each of F i c o l l 400, 

3SA and p o l y v i n y l p y r r o l i d o n e (PVP). 

f i l t e r s . U s u a l l y 1-5x10 c.p.m.from a probe of s p e c i f i c 
g 

a c t i v i t y >10 c.p.m/yg were added t o genomic DNA f i l t e r s , and 

H y b r i d i s a t i o n s were a t 5x10^ t o IxlO^c.p.in.to o t h e r f i l t e r s 

65^C o v e r n i g h t e x c e p t where i n d i c a t e d o t h e r w i s e . 

F i l t e r s were washed t o t h e s t r i n g e n c i e s i n d i c a t e d 

i n t h e f i g u r e l e g e n d s . Genomic DNA f i l t e r s were t y p i c a l l y 

washed 2x30 min a t 50°C i n 5xSSC, 0.1% SDS, 2x15 min a t 65°C 

i n O.lxSSC, 0.1% SDS. P l a q u e l i f t f i l t e r s were washed 2x30 min 

a t 65°C i n 3xSSC. P l a s m i d and b a c t e r i o p h a g e f i l t e r s , and 

c o l o n y h y b r i d i s a t i o n s were washed lx30min i n 3xSSC, 0,1% SDS, 

l x 3 0 m i n . i n 2xSSC, 0.1% SDS and 2x15 min i n O.lxSSC, 0.1% SDS, 

a l l a t 65°C. 

F i l t e r s were d r i e d i n a i r , or under vacuum a t 80°C 

f o r a few min. 
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2.2.9 A u t o r a d i o g r a p h y 

F i l t e r s were taped t o a p i e c e of Whatman 3MM paper 

on a g l a s s p l a t e , t h e o r i g i n and s i d e s marked w i t h r a d i o a c t i v e 

i n k , and t h e whole c o v e r e d w i t h c l i n g f i l m . P r e - f l a s h e d f i l m 

( F u j i RX S a f e t y ) and an i n t e n s i f y i n g s c r e e n (Dupont L i g h t n i n g 

P l u s ) were p l a c e d o v e r t h e f i l t e r ( L a s k e y and M i l l s , 1977), 

f o l l o w e d by a g l a s s p l a t e . The assembly was s e c u r e d w i t h tape 

or e l a s t i c bands, wrapped i n b l a c k p o l y e t h e n e bags and p l a c e d 

i n s i d e a l i g h t - t i g h t box. A u t o r a d i o g r a p h y was a t -80°C f o r 

30 min t o 3 weeks. F i l m s were developed i n P h e n i s o l d e v e l o p e r 

(Kodak) and f i x e d i n K o d a f i x (Kodak), 

2.2.10 S c r e e n i n g of a pea genomic l i b r a r y 

The l i b r a r y of pea genomic DNA was c o n s t r u c t e d 

i n t h e b a c t e r i o p h a g e v e c t o r EMBL3 ( F r i s c h a u f &t al, 1983) by 

Dr. A. S h i r s a t of t h i s department. The l i b r a r y was s c r e e n e d 

by t h e method o f Benton and D a v i s (19 7 7 ) . An o u t l i n e of 

th e s c r e e n i n g p r o c e d u r e i s shown i n F i g u r e 1, and d e t a i l s of 

ea c h s c r e e n a r e g i v e n i n S e c t i o n 2.2.10.4. 

2.. 2.10.1 T r a n s f e c t i o n of h o s t c e l l s w i t h 
b a c t e r i o p h a g e 

E.ooli h o s t c e l l s (Q359 or K803) were 

grown o v e r n i g h t i n L b r o t h supplemented w i t h 0.4% (w/v) m a l t o s e . 

The c u l t u r e was c e n t r i f u g e d 5 min a t 4000 g and the p e l l e t r e -

suspended i n 0.5 v o l of phage b u f f e r (50mM MgCl2>lOmM T r i s / H C l , 

pH7,5), Phage a t v a r i o u s d i l u t i o n s were mixed w i t h p l a t i n g 

c e l l s (2.5x10^ p . f . u . and 3ml of c e l l s i n the f i r s t s c r e e n , 

l O O y l of each phage d i l u t i o n and I O O I J I of c e l l s i n subsequent 
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s c r e e n s ) and i n c u b a t e d a t 37°C f o r 15 min. Top l a y e r BBL 

a g a r o s e a t 50°C was added t o each (30 ml p e r p l a t e i n the f i r s t 

s c r e e n , 3ml f o r subs e q u e n t s c r e e n s ) , mixed, and the c o n t e n t s 

poured onto BBL agar p l a t e s (20x20 cm sq u a r e i n the f i r s t 

s c r e e n , 9 o r 15 cm d i a m e t e r p e t r i d i s h e s i n subsequent s c r e e n s ) . 

When s e t , p l a t e s were i n v e r t e d and p l a c e d a t 37'^C o v e r n i g h t , 

t h e n s t o r e d a t 4°C. 

2.2.10.2 T r a n s f e r of p l a q u e s t o n i t r o c e l l u l o s e f i l t e r s 

F i l t e r s , marked w i t h a h o l e punch t o a i d 

i n o r i e n t a t i o n , were p l a c e d on the s u r f a c e of the agar p l a t e s 

f o r 5 min. Hol e s were punched through i n t o the agar via the 

h o l e s i n t h e f i l t e r s . F i l t e r s were removed, p l a c e d plaque 

s i d e up on b l o t t i n g paper soaked i n d e n a t u r i n g s o l u t i o n 

( S e c t i o n 2 . 2 . 5 ) , and l e f t f o r 3-4 min. F i l t e r s were t r a n s ­

f e r r e d t o b l o t t i n g paper soaked i n n e u t r a l i s i n g s o l u t i o n 

( S e c t i o n 2.2.5) f o r 3-4 min, and then t o b l o t t i n g paper soaked 

i n 2xSSC (0.3M N.aCl, 0.03M sodium c i t r a t e ) f o r a f u r t h e r 3-4 min. 

F i l t e r s were baked a t 80°C under vacuum f o r 1 h, h y b r i d i s e d 
3? 

( S e c t i o n 2.2.8) t o the P - l a b e l l e d i n s e r t of the v i c i l i n cDNA, 

pDUB2 (Croy et al, 1982, and F i g . 2 ) , and a u t o r a d i o g r a p h e d a t 

-80°C. I n each s c r e e n , a d u p l i c a t e s e t of f i l t e r s was h y b r i d ­

i s e d t o " ^ ^ P - l a b e l l e d pBR322. 

2.2.10.3 I d e n t i f i c a t i o n of recombinants 

P l a q u e s h y b r i d i s i n g t o pDUB2 were i d e n t i f ­

i e d by a l i g n i n g the a u t o r a d i o g r a p h s w i t h the h o l e s punched i n 

th e a g a r , p i c k e d o f f the p l a t e s , and phage e l u t e d i n 1-2 ml of 
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FIGURE 1 

O u t l i n e of p r o t o c o l f o r s c r e e n i n g of 

a pea genomic l i b r a r y -

Host c e l l s (K803 or Q359) i n f e c t e d w i t h 

phage a t v a r i o u s d i l u t i o n s . 

Top l a y e r a g a r o s e added,poured onto BBL agar 

p l a t e s . I n c u b a t e d o v e r n i g h t a t 37°C. 

P l a t e s t r a n s f e r r e d t o f r i d g e f o r 20 min. t o 

s t o p f u r t h e r growth and harden top l a y e r agarose, 

P l a q u e s t r a n s f e r r e d t o n i t r o c e l l u l o s e f i l t e r s 

F i l t e r s baked under vacuum and h y b r i d i s e d t o 

pDUB2, A u t o r a d i o g r a p h e d a t -80°C, 

P l u g s of agar removed from around p l a q u e s 

h y b r i d i s i n g t o t he probe. Phage e l u t e d i n t o 

b u f f e r and used i n subsequent rounds of 

s c r e e n i n g . 
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FIGURE 2 

R e s t r i c t i o n maps of v i c i l i n cDNAs 

The maps of the v i c i l i n cDNAs pDUB2 (Croy et al, 

1982, L y c e t t et al, 1 9 8 3 a ) , pDUB7 ( L y c e t t et al, 

1983a) and pDUB9 ( D e l a n e y , 1984 a r e a l i g n e d w i t h an 

i d e a l i s e d v i c i l i n message showing the a/B and 3/y 

p o t e n t i a l p r o c e s s i n g s i t e s . 

Key - L = l e a d e r s equence, 3'UT = u n t r a n s l a t e d 3" 

r e g i o n , D = Hind I I , N = B s t N l , B = B g l I I , 

P = P s t 1, X = Xba I , C = Acc I , H = Hind I I I , 

U = Sau 961, E = B s t E I I . 
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phage b u f f e r s a t u r a t e d w i t h c h l o r o f o r m . I n the f i r s t s c r e e n , 

a p l u g of a g a r was removed from around the p o s i t i v e plaque 

u s i n g a c o r k b o r e r , i n s u b s e q u e n t s c r e e n s s e v e r a l p l a q u e s were 

p i c k e d o f f from around each a r e a of h y b r i d i s a t i o n u s i n g p a s t e u r 

p i p e t t e s . T h i s was t o a l l o w f o r any m i s a l i g n m e n t of f i l m s 

w i t h the h o l e s i n t h e a g a r . I n the f i n a l s c r e e n , the number 

of p l a q u e s was such as t o a l l o w e x a c t i d e n t i f i c a t i o n w i t h 

h y b r i d i s a t i o n s p o t s on the a u t o r a d i o g r a p h . Three i n d i v i d u a l 

p l a q u e s were p i c k e d o f f and e l u t e d i n 4 0 0 y l of phage b u f f e r 

s a t u r a t e d w i t h c h l o r o f o r m . The e l u a t e s from the p l a q u e s p i c k e d 

o f f i n each s c r e e n were used as s o u r c e s of phage f o r the n e x t 

s c r e e n . 

2.2.10.4 V a r i a t i o n s i n s c r e e n i n g procedure 

I n t h e f i r s t s c r e e n , 2.5x10^ phage from the 

l i b r a r y were p l a t e d out. I n the second s c r e e n , the phage from 

t h e a g a r p l u g removed from a 1 s t s c r e e n p l a t e was used t o 

i n f e c t b oth K803 and Q359 c e l l s . I n subsequent s c r e e n s o n l y K803 

c e l l s were us e d as h o s t s as more i n t e n s e h y b r i d i s a t i o n s i g n a l s 

a ppeared t o be o b t a i n e d w i t h t h e s e c e l l s . The p l a q u e s around 

12 r e g i o n s o f h y b r i d i s a t i o n i n the second s c r e e n were p i c k e d 

o f f and e l u t e d . 5 y l o f each of t h e s e was s p o t t e d onto a lawn 

o f p l a t i n g c e l l s i n t he t h i r d s c r e e n . P o s i t i v e s were not 

p i c k e d o f f , b u t were used t o s e l e c t which of the 12 c l o n e s 

s h o u l d be s c r e e n e d f u r t h e r . 6 c l o n e s were s c r e e n e d a 4th time. 

P l a q u e s were p i c k e d from 4 of t h e s e (7 i n t o t a l ) and s c r e e n e d 

a 5th t i m e . I n d i v i d u a l p l a q u e s were p i c k e d o f f and 3 of t h e s e 

s c r e e n e d a 6th time. Three p l a q u e s were p i c k e d from a p l a t e 

on which >90% of the p l a q u e s h y b r i d i s e d (see p r e v i o u s s e c t i o n ) . 

One of t h e s e p l a q u e s was p l a t e d onto Q359 h o s t c e l l s and used 
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t o p r e p a r e s t o c k s o f b a c t e r i o p h a g e ( S e c t i o n 2.2.10.5). 

2.2.10.5 P r e p a r a t i o n of s t o c k s of 
p u r i f i e d b a c t e r i o p h a g e 

T r a n s f e c t i o n s were s e t up as i n S e c t i o n 

2.2.10,1, u s i n g t h e e l u a t e from one of the p l a q u e s p i c k e d o f f 

i n t h e f i n a l s c r e e n . The d i l u t i o n s used were such as t o g i v e 
-1 -2 

c o n f l u e n t l y s i s (10 and 10 ) . A f t e r o v e r n i g h t i n c u b a t i o n 

of t h e p l a t e s , 4 ml of phage b u f f e r was added to each and the 

p l a t e s shaken a t room t e m p e r a t u r e f o r 5h. B u f f e r was removed, 

p o o l e d and c e n t r i f u g e d b r i e f l y a t QOOOg t o remove b a c t e r i a l 

and a g a r d e b r i s . A few drops of c h l o r o f o r m were added and 

t h e phage s t o r e d a t 4°C. P l a t e s were r e - 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 3 ml of b u f f e r . 

Both e x t r a c t i o n s were t i t r a t e d by p l a t i n g 

out v a r i o u s d i l u t i o n s . The t o t a l volume was l e s s than t h e 

volume of phage b u f f e r added t o the p l a t e s due t o some ab­

s o r p t i o n by t h e a g a r . 

2.2.11 S m a l l - s c a l e p r e p a r a t i o n s of b a c t e r i o p h a g e DNA 

2.2.11.1 P l a t e - l y s a t e method 

The method was adapted from t h a t i n 

M a n i a t i s et al (1982; 

10^ p . f . u . from the s t o c k s were used to 

i n f e c t c e l l s i n p l a t e l y s a t e s as above. E x t r a c t i o n s were 

c e n t r i f u g e d 10 min. a t 8000 t o remove d e b r i s and DNAase I 

and RNAase A added to the s u p e r n a t a n t to l y g / m l . The m i x t u r e 

was i n c u b a t e d a t 37°C f o r 2 h and an e q u a l v o l . of 20% (w/v) 
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PEG, 2M NaCl i n phage b u f f e r was added. Tubes were l e f t a t 

0°C f o r 2h and PEG p r e c i p i t a t e s 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 10,000g f o r 20 min a t 4°C. P r e c i p i t a t e s were resuspended 

i n 1.5 ml phage b u f f e r , t r a n s f e r r e d t o Eppendorf tubes and 

c e n t r i f u g e d b r i e f l y i n t h e m i c r o f u g e . l O y l 10% SDS and 2 0 y l 

250mM EDTA pH8.0 were added, and tubes i n c u b a t e d a t 68°C f o r 

15 min. 0.5ml a l i q u o t s were e x t r a c t e d w i t h phenol, p r e c i p ­

i t a t e d w i t h e t h a n o l and resu s p e n d e d i n 5 0 y l of T.E. b u f f e r . 

2.2.11.2 L i q u i d l y s a t e m.ethod 

T r a n s f e c t i o n s were s e t up u s i n g v a r i o u s 

numbers o f phage (10^ t o 2x10^ p . f . u . ) . A f t e r 15 min a t 37°C, 

t r a n s f e c t i o n s were added t o 10ml of L b r o t h c o n t a i n i n g 50mM 

MgSO^ and 0.4% (w/v) m a l t o s e , and shaken v i g o r o u s l y a t 37°C 

o v e r n i g h t . 0.2ml c h l o r o f o r m was added to complete the l y s i s , 

and c u l t u r e s c e n t r i f uged f o r 10 min a t 8000. gr to remove b a c t e r ­

i a l d e b r i s . PEG p r e c i p i t a t i o n of b a c t e r i o p h a g e was as de­

s c r i b e d above. P e l l e t s were resuspended i n 2ml of phage 

b u f f e r and DNA p u r i f i e d by t h e method of Cameron et al ( 1 9 7 7 ) . 

0.2ml a l i q u o t s were removed and mixed w i t h 0.2ml phage b u f f e r , 

l y l o f DEP was added and tubes v o r t e x e d . l O y l 10% SDS and 

5 0 y l of 2M T r i s , 0.2M EDTA pH8.5 were added, tubes v o r t e x e d 

and i n c u b a t e d a t 70°C f o r 5 min. 5 0 y l p o t a s s i u m a c e t a t e was 

added and tu b e s c o o l e d and l e f t on i c e f o r 2h. P r o t e i n d e b r i s 

was p e l l e t e d by c e n t r i f u g a t i o n f o r 15 min. S u p e r n a t a n t s were 
w h i c h w e r e 

t r a n s f e r r e d t o f r e s h tubes f i l l e d w i t h e t h a n o l a t room 

t e m p e r a t u r e . DNA p r e c i p i t a t e s were c o l l e c t e d by c e n t r i f u g ­

a t i o n f o r 4 min. and tubes d r a i n e d onto absorbent t i s s u e . 

P e l l e t s were r e s u s p e n d e d i n T.E. b u f f e r c o n t a i n i n g 50yg/ml 

RNAase A. 
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2.2.12 L a r g e - s c a l e p r e p a r a t i o n of b a c t e r i o p h a g e DNA 

T r a n s f e c t i o n s were s e t up u s i n g 0.3 ml of p l a t i n g 

c e l l s and 5x10 phage from t h e s t o c k . 1.5ml of t h i s was added 

t o 250 ml of prewarmed S - b r o t h , supplemented w i t h 50mM MgSO^, 

i n a 2 £ f l a s k . C u l t u r e s were shaken a t 37°C o v e r n i g h t and 

c h l o r o f o r m added t o complete the l y s i s . C u l t u r e s were c e n t r i ­

fuged a t 8000 g f o r 10 min and DNAase I and RNAase A added to 

the s u p e r n a t a n t t o a f i n a l c o n c e n t r a t i o n of ly g / m l . PEG was 

added t o 10% (w/v), and NaCl t o IM. P r e c i p i t a t i o n was 

o v e r n i g h t a t 4°C. P r e c i p i t a t e s were 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 s f o r s m a l l - s c a l e p r e p a r a t i o n s and resuspended i n 

6-8ml phage b u f f e r . The s u s p e n s i o n was e x t r a c t e d once w i t h 

c h l o r o f o r m , t h e n t w i c e w i t h phenol u s i n g a r o t a r y s h a k e r a t 

4°C f o r 1 h. Pha s e s were s e p a r a t e d by c e n t r i f u g a t i o n and the 

aqueous phase e x t r a c t e d t w i c e w i t h c h l o r o f o r m , and p r e c i p i t a t e d 

w i t h e t h a n o l a t room t e m p e r a t u r e . DNA was p e l l e t e d by c e n t r i -

f u g a t i o n a t 12000.5' f o r 10 min a t 4°C, washed w i t h 70% e t h a n o l , 

d r i e d and r e s u s p e n d e d i n 1 ml of T.E. c o n t a i n i n g 50yg/ml RNAase A, 

2.2.13 R e s t r i c t i o n mapping of genomic c l o n e s 

The DNA o b t a i n e d from l a r g e - s c a l e p r e p a r a t i o n s was 

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

and double d i g e s t s ( S e c t i o n 2 . 2 . 2 . 1 ) . D i g e s t s were e l e c t r o -

p h o r i s e d through 0.5% a g a r o s e g e l s w i t h a v a r i e t y of s i z e 

m a r k e r s . From t h e r e s t r i c t i o n s i t e s i n the v e c t o r DNA and 

the bands s e e n on E t B r - s t a i n e d g e l s , a p a r t i a l map of the c l o n e 

was c o n s t r u c t e d . G e l s were b l o t t e d onto n i t r o c e l l u l o s e 

( S e c t i o n 2.2.5) and h y b r i d i s e d to the i n s e r t of pDuS2. The 
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bands s e e n on the a u t o r a d i o g r a p h s were used t o p r e d i c t the 

p o s i t i o n of t h e v i c i l i n gene w i t h i n the i n s e r t ( S e c t i o n 3.1.4). 

2.2.14 S u b - c l o n i n g i n t o b a c t e r i a l p l a s m i d s 

2.2.14.1 R e s t r i c t i o n and l i g a t i o n of DNA 

Two s e t s of s u b - c l o n e s were made, one 

from a S a l I d i g e s t of t h e b a c t e r i o p h a g e c l o n e and one from an 

Eco R]/Sal I d i g e s t . S a l I - d i g e s t e d DNA was l i g a t e d i n t o 

S a l I - d i g e s t e d pUC8, w h i l e Eco Rn/Sal I d i g e s t e d DNA was l i g a t e d 

i n t o e i t h e r E co RI, or Eco JU/Sal 1 d i g e s t e d pUC8 ( S e c t i o n 3.1.4.2). 

2.2.14.2 P r e p a r a t i o n of competent c e l l s 

T h i s was a m o d i f i c a t i o n of t he method of 

Mandel and Higa ( 1 9 7 0 ) . 100 ml o f YT both was i n o c u l a t e d 

w i t h 1 ml of an o v e r n i g h t c u l t u r e of JM83 c e l l s and shaken a t 

37°C u n t i l an O.D.,_^ of 0.3-0.4 was r e a c h e d ( a p p r o x . 2 ^ h ) . 
bUU 

C e l l s were c e n t r i f u g e d a t AOOOg f o r 4 rain a t 4°C and the 

p e l l e t s r e s u s p e n d e d i n 0.5 volumes of 0.05M i c e - c o l d C a C l 2 . 

Tubes were l e f t on i c e f o r 10 min and c e n t r i f u g e d a t 4000 g 

f o r 20 min a t 4°C. P e l l e t s were resuspended i n Vi5 of the 

o r i g i n a l c u l t u r e volume of i c e - c o l d 0.05M CaCl2 and l e f t on 

i c e f o r a t l e a s t 30 min p r i o r t o u s e . 

2.2.14.3 T r a n s f o r m a t i o n of h o s t c e l l s by 
p l a s m i d DNA 

2 . 5 y l (0.25 v o l . ) of the l i g a t i o n mix was 

added t o lOOy 1 of competent J.M83 c e l l s and i n c u b a t e d on i c e 

f o r 20 min. C o n t r o l s of the u n r e s t r i c t e d v e c t o r , r e s t r i c t e d 

and r e l i g a t e d v e c t o r , and c a l c i u m c h l o r i d e (0.05M) were i n c l u d e d . 
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C e l l s were h e a t - s h o c k e d a t 37°C f o r 5 min, and 1 ml YT b r o t h 

added and l e f t a t 37°C f o r 1 h t o a l l o w e x p r e s s i o n of a m p i c i l l i n 

r e s i s t a n c e . l O O y l o f c e l l s were p l a t e d out onto YT/Xgal/Amp 

p l a t e s ( S e c t i o n 2 . 1 . 5 ) . F o r Eco R V S a l I s u b - c l o n e s lo""*" 
d i l u t i o n s o f c e l l s were a l s o p l a t e d o u t . P l a t e s were i n c u b ­

a t e d a t 37°C o v e r n i g h t . Recombinants were i d e n t i f i e d as w h i t e 

c o l o n i e s , t h i s was because i n s e r t i o n of DNA onto the m u l t i p l e 

c l o n i n g s i t e of pUC8 p r e v e n t s t h e a c t i o n of t h e enzyme B-

g a l a c t o s i d a s e on t h e chromogenic s u b s t r a t e X g a l ( V i e i r a and 

Messing, 1 9 8 2 ) . T r a n s f o r m e d w h i t e c o l o n i e s were p i c k e d o f f 

onto f r e s h YT/Xgal/Amp p l a t e s . 

2.2.15 P r e p a r a t i o n o f b a c t e r i a f o r c o l o n y h y b r i d i s a t i o n s 

A m o d i f i c a t i o n of t h e method of G r u n s t e i n and Hogness 

(1975) was used. T r a n s f o r m e d c o l o n i e s were p i c k e d o f f onto 

a g r i d drawn on a s e l e c t i v e a g a r 'master' p l a t e . C o l o n i e s 

were a l s o s t r e a k e d i n t h e same p o s i t i o n s onto a n i t r o c e l l u l o s e 

f i l t e r p l a c e d on t h e s u r f a c e of a f r e s h p l a t e . The f i l t e r and 

p l a t e s were marked t o a i d o r i e n t a t i o n , and i n c u b a t e d a t 37°C 

u n t i l s t r e a k s were v i s i b l e . The 'master' p l a t e was then p l a c e d 

a t 4°C. The n i t r o c e l l u l o s e f i l t e r was p e e l e d o f f the p l a t e 

and p l a c e d , c o l o n y s i d e up, on f i l t e r paper soaked i n de­

n a t u r i n g s o l u t i o n ( S e c t i o n 2.2.5) and l e f t f o r 5 min. The 

f i l t e r was p l a c e d on b l o t t i n g paper soaked i n n e u t r a l i s i n g 

s o l u t i o n , and on b l o t t i n g paper soaked i n 2xSSC, f o r 5 min each 

t i m e . F i l t e r s were baked a t -80°C under vacuum f o r 1 h, and 
32 

h y b r i d i s e d t o t h e P - l a b e l l e d i n s e r t of pDUB2. P o s i t i v e 

c o l o n i e s were p i c k e d from the 'master' p l a t e and s t r e a k e d onto 

f r e s h p l a t e s , or used to p r e p a r e p l a s m i d DNA. 
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2.2.16 S m a l l - s c a l e p r e p a r a t i o n s of p l a s m i d DNA 

T h i s was e s s e n t i a l l y t h e method of Birnboim and 

Doly (19 7 9 ) . 2 ml a l i q u o t s o f YT c o n t a i n i n g 50yg/ml ampi­

c i l l i n were i n o c u l a t e d w i t h a s i n g l e b a c t e r i a l colony and 

grown o v e r n i g h t a t 37°C. 1.5ml of c e l l s were c e n t r i f u g e d f o r 

30 s e c i n a m i c r o f u g e , the s u p e r n a t a n t removed and the tube 

d r a i n e d onto a b s o r b e n t t i s s u e . l O O y l of s o l u t i o n I (50mM 

g l u c o s e , lOmM EDTA, 25mM T r i s / H C l pH8,0, 2mg/ml lysozyme) were 

added, t u b e s v o r t e x e d and k e p t on i c e f o r 20 min, 2 0 y l of 

s o l u t i o n I I (0.2N NaOH, 1% SDS) were added, tubes v o r t e x e d 

g e n t l y , and k e p t on i c e f o r 5 min, 1 5 0 y l of 3M sodium 

a c e t a t e , pH4,8, were added, t u b e s i n v e r t e d t o mix and l e f t on 

i c e f o r I h , B a c t e r i a l DNA and d e b r i s was p e l l e t e d by c e n t r i -

f u g a t i o n f o r 5 min, 4 0 0 y l of s u p e r n a t a n t were removed and 

p r e c i p i t a t e d w i t h 1 ml of e t h a n o l a t -20°C f o r 30 min. P r e ­

c i p i t a t e s were c o l l e c t e d by c e n t r i f u g a t i o n f o r 2 min and the 

s u p e r n a t a n t removed by i n v e r t i n g tubes onto f i l t e r paper. 

P e l l e t s were d i s s o l v e d i n lOOyl of O.lM sodium acetate/0.05M 

T r i s / H C l pH6.0 and r e p r e c i p i t a t e d . P e l l e t s were d r i e d under 

vacuum and d i s s o l v e d i n 5 0 y l of w a t e r or T.E. b u f f e r . 

2.2.17 R e s t r i c t i o n mapping of p l a s m i d s u b - c l o n e s 

C l o n e s i d e n t i f i e d as c o n t a i n i n g pea genomic i n ­

s e r t s were d i g e s t e d w i t h a number of r e s t r i c t i o n e n d o n u c l e a s e s . 

U s i n g known s i t e s i n the v e c t o r , the p a r t i a l r e s t r i c t i o n map 

of t h e b a c t e r i o p h a g e genomic c l o n e , and the r e s u l t s of h y b r i d ­

i s a t i o n s t o pDUB2 and pDUB9, maps were c o n s t r u c t e d of s e v e r a l 

p l a s m i d s ( S e c t i o n 3 . 1 . 4 . 2 ) . 



56 

2.2.18 C o n s t r u c t i o n o f M13 clones 

M13 c l o n i n g and dideoxysequencing were c a r r i e d 

o u t by s t a n d a r d methods (Messing, 1983) u s i n g t he BRL k i t . 

2.2.18.1 R e s t r i c t i o n and l i g a t i o n o f DNA 
i n t o M13 v e c t o r s 

DNA from plasmid sub-clones c o n t a i n i n g 

v i c i l i n sequences was c u t w i t h v a r i o u s r e s t r i c t i o n endonucleases 

(see sequencing s t r a t e g y . S e c t i o n 3.1.4.3). M13 v e c t o r s 

mpl8 o r mpl9 were c u t w i t h a p p r o p r i a t e r e s t r i c t i o n enzymes 

and t h e v i c i l i n DNA fragments l i g a t e d i n t o these v e c t o r s . 

2.2.18.2 T r a n s f o r m a t i o n o f E.coli c e l l s by M13 

JMlOl c e l l s , made competent as i n S e c t i o n 

2 . 2 .1.4 . 2, were used as t h e h o s t . 0.1-0.5 v o l of the l i g a t i o n 

mixes were added t o s e p a r a t e 0.3 or 0.2ml a l i q u o t s o f c e l l s , 

mixed, and l e f t on i c e f o r 40 min. C o n t r o l s o f u n r e s t r i c t e d 

v e c t o r , r e s t r i c t e d and r e l i g a t e d v e c t o r and 0.05M CaCl2 were 

i n c l u d e d . l O y l o f lOOmM IPTG, 5 0 y l o f 2% (w/v) X-gal, 0.2ml 

o f f r e s h e x p o n e n t i a l l y growing JMlOl c e l l s and 3ml o f YT t o p -

l a y e r agar a t 50°C were added, tubes mixed and the co n t e n t s 

poured o n t o YT p l a t e s . When s e t , p l a t e s were i n v e r t e d and 

i n c u b a t e d a t 37°C. 

2.2.18.3 S e l e c t i o n o f t r a n s f o r m a n t s 

C o l o u r l e s s plaques, produced as a r e s u l t 

o f i n s e r t i o n a l i n a c t i v a t i o n o f the 3- g a l a c t o s i d a s e gene 

(Messing, 1983) were e i t h e r p i c k e d o f f d i r e c t l y f o r template 
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p r e p a r a t i o n , or were p i c k e d o f f onto m a s t e r - p l a t e s and n i t r o ­

c e l l u l o s e f i l t e r s and t r e a t e d as f o r colony h y b r i d i s a t i o n 

( S e c t i o n 2.2.15). Plaques h y b r i d i s i n g t o the i n s e r t ofFDUB2 

were p i c k e d o f f f o r p r e p a r a t i o n o f t e m p l a t e DNA. 

2.2.18.4 P r e p a r a t i o n o f s i n g l e - s t r a n d e d DNA 
from t r a n s f o r m e d c e l l s 

50ml o f 2xYT b r o t h was i n o c u l a t e d w i t h 

0.1 ml o f an o v e r n i g h t c u l t u r e o f JMlOl c e l l s . 2ml a l i q u o t s 

were i n o c u l a t e d w i t h a s i n g l e plaque and grown a t 37°C over­

n i g h t . A b l u e plaque p i c k e d from a c o n t r o l p l a t e ( u n r e s t ­

r i c t e d v e c t o r ) was a l s o grown up. 1.5ml o f each c u l t u r e was 

c e n t r i f u g e d i n a m i c r o c e n t r i f u g e f o r 3 min, t h e su p e r n a t a n t s 

removed and t h e p e l l e t s s t o r e d a t 4°C. Supernatants were r e -

c e n t r i f u g e d , and 1 ml o f each t r a n s f e r r e d t o a f r e s h tube. 

2 0 0 y l o f 20%(w/v)PEG, 2.5M NaCl were added, mixed i n and tubes 

l e f t a t room t e m p e r a t u r e f o r 20-40 min. P r e c i p i t a t e s were 

c o l l e c t e d by c e n t r i f u g a t i o n f o r 3 min and the s u p e r n a t a n t s r e ­

moved. P e l l e t s were r e - c e n t r i f u g e d and excess PEG removed. 

P e l l e t s were resuspended i n lOOpl o f T.E, b u f f e r and e x t r a c t e d 

w i t h 5 0 y l o f p h e n o l , then w i t h 5 0 i j l o f c h l o r o f o r m . DNA was 

p r e c i p i t a t e d w i t h 0.1 v o l o f 3M sodium a c e t a t e (pH4.8) and 

3 v o l o f e t h a n o l a t -20°C f o r 1 h., p e l l e t e d by c e n t r i f u g a t i o n 

f o r 7 min and washed w i t h 1 ml o f e t h a n o l . P e l l e t s were d r i e d 

under vacuum and resuspended i n 2 0 y l o f T.E. b u f f e r . 2 y l 

a l i q u o t s were s u b j e c t e d t o g e l e l e c t r o p h o r e s i s f o r comparison 

o f s i z e s w i t h t h a t o f the c o n t r o l . 
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2.2.19 Sequencing o f DNA by the di-deoxy.nucleotide 
c h a i n t e r m i n a t i o n method 

2,2.19.1 A n n e a l i n g and l a b e l l i n g r e a c t i o n s 

DNA was sequenced a c c o r d i n g t o the method 

o f Sanger et al (19 77) u s i n g t h e BRL k i t and the manufacturers' 

i n s t r u c t i o n s . The lOmM s t o c k s o f dNTPs were d i l u t e d t o 0.5mM 

and used f o r t h e n u c l e o t i d e mixes i n Table 5. 

TABLE 5 S o l u t i o n s f o r dideoxy sequencing 

Stock 

10 X r e a c t i o n 
b u f f e r 

,o 

dGTP) 
) 

dTTP) 0.5mM 
) 

dCTP) 

ddGTP 

ddATP 

ddTTP 

ddCTP 

20 

1 

20 

20 

ddNTP s o l u t i o n s 

vol.lOmM s t o c k 

1 

1 

1 

1 

A 

20 

20 

20 

20 

V0I.H2O 

19 

79 

9 

19 

20 

20 

1 

20 

20 

20 

20 

1 

f i n a l c o n c e n t r a t i o n 

0.5mM 

0.125mM 

l.Oml'l 

0. SmiM 

A l l d i l u t i o n s were w i t h d i s t i l l e d and d e i o n i s e d water. A l l 

volumes are i n y l . 

For t h e a n n e a l i n g r e a c t i o n s S y l o f s i n g l e - s t r a n d e d tem­

p l a t e DNA ( S e c t i o n 2.2.18.4) was mixed w i t h 4.5yl water, 2IJ1 

M13 15 bp p r i m e r and l y l 10 x polymerase r e a c t i o n b u f f e r , 

h e a t e d t o 85-90°C f o r 5 min and al l o w e d t o c o o l s l o w l y t o 

room t e m p e r a t u r e . 

l y l DNA polymerase (Klenow fragment, d i l u t e d t o l ^ V p l 

w i t h t h e k i t d i l u t i o n b u f f e r ) , l y l O.lM DTT and l y l '^^S-dATP 
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were added t o each t e m p l a t e / p r i m e r mix. Equal volumes o f 

th e a p p r o p r i a t e N^ mix and ddNTP were mixed and 2M1 a l i q u o t s 

p l a c e d i n the a p p r o p r i a t e G,A,T or C sequencing tube f o r 

each t e m p l a t e . 3\il o f t e m p l a t e / p r i m e r mix were added t o each 

t u b e , mixed and tubes i n c u b a t e d a t 30°C f o r 20 min. l y l o f 

dATP was added t o each tube and tubes i n c u b a t e d f o r a f u r t h e r 

15 min a t 30°C. 3 y l o f formamide dyes ( 0 . 1 % (w/v) xyle n e 

c y a n o l , 0.1% (w/v) bromophenol b l u e , lOmM Na2 EDTA, 95% (v/v) 

d e r i o n i s e d formamide) were added, tubes i n c u b a t e d a t 90°C f o r 

5 min, and samples loaded d i r e c t l y onto DNA sequencing.gels. 

2.2.19.2 P r e p a r a t i o n o f p o l y a c r y l a m i d e g e l s 
f o r DNA sequencing 

A solution of 38% aerylamide, 2% bis-acrylamide 

was s t i r r e d f o r 2h w i t h A m b e r l i t e Monobed r e s i n , f i l t e r e d and 

s t o r e d a t 4°C u n t i l r e q u i r e d . 15ml o f t h i s s o l u t i o n was 

added t o 50g urea and 10ml lOx TBE b u f f e r ( S e c t i o n 2.2.4), 

t h e voliime made up t o 100 ml and t h e m i x t u r e heated t o d i s ­

s o l v e urea. The s o l u t i o n was f i l t e r e d t h r o u g h c e l l u l o s e 

a c e t a t e ('Nuflow', 0.22ym, Oxoid L t d . ) . 0.4ml 10% ammonium 

p e r s u l p h a t e s o l u t i o n and 2 0 y l o f TEMED (N ,N,N' , N ' - t e t r a m e t h y l -

e t h y l e n e diamine) were added t o 50ml o f s o l u t i o n , mixed r a p i d l y 

and poured between two g l a s s p l a t e s s e p a r a t e d by 0.4mm spacers 

and s e a l e d by Whatman, y e l l o w tape. Combs were i n s e r t e d and 

g e l s l e f t t o s e t f o r a t l e a s t I h a t room temperature. 

2.2.19.3 P o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s 
and a u t o r a d i o g r a p h y 

Combs were removed from g e l s and tape 

from t he base o f t h e g e l . Gels were s e t up v e r t i c a l l y so t h a t 
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the base d i p p e d i n t o a r e s e r v o i r o f TBE b u f f e r . The t o p 

was s e a l e d w i t h s i l i c o n grease t o a b u f f e r r e s e r v o i r . Wells 

were c l e a r e d w i t h a s y r i n g e and needle, a m e t a l p l a t e clamped 

across one g l a s s p l a t e and g e l s e l e c t r o p h o r e s e d a t 50mA u n t i l 

t h e a p p l i e d v o l t a g e reached 1500v (about 2-3h). Samples were 

loaded i n t h e o r d e r G,A,T,C f o r each t e m p l a t e , and were e l e c t r o ­

phoresed a t 50mA, 1500v. One g e l was r u n u n t i l t h e bromo-

phenol b l u e had j u s t reached t h e base (2h) and t h e o t h e r u n t i l 

30 min a f t e r t h e x y l e n e c y a n o l had reached t he base (5h) . 

Gels were removed from t h e e l e c t r o p h o r e s i s apparatus, one p l a t e 

l i f t e d o f f and a p i e c e o f Whatman 3MM paper pl a c e d over t h e 

g e l . The p o s i t i o n and i d e n t i f i c a t i o n o f samples was marked, 

t h e paper and g e l t u r n e d over and the g e l s u r f a c e covered w i t h 

a sheet o f p o l y e t h e r i e . Gels were d r i e d under vacuum f o r 

s e v e r a l hours t o o v e r n i g h t . A u t o r a d i o g r a p h y was as d e s c r i b e d 

i n S e c t i o n 2.2.9 except t h a t t h e f i l m was pl a c e d d i r e c t l y i n 

c o n t a c t w i t h t h e g e l s u r f a c e . 

2.2.19.4 A n a l y s i s o f DNA sequences 

5^ t o 3'' sequences were read d i r e c t l y 

from t h e a u t o r a d i o g r a p h s . The 3^ t o 5' sequence and amino 

a c i d sequences o f each s t r a n d i n a l l t h r e e r e a d i n g frames were 

o b t a i n e d u s i n g a programme 'Sequence T r a n s l a t e ' on a BBC m i c r o ­

computer. Sequences were compared t o those o f v i c i l i n cDNAs, 

and t o t h a t o f phas'eolin, t h e 7S p r o t e i n o f Phaseolus vulgaris, 

French bean. ( S l i g h t o m et al, 1983). 

2.2.20 Nuclease s e n s i t i v i t y o f pea ch r o m a t i n 

An o u t l i n e o f the methods used t o i n v e s t i g a t e the 
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nuclease s e n s i t i v i t y o f s p e c i f i c genes i n pea chromatin i s 

shown i n F i g u r e 3. 

2.2.20.1 I s o l a t i o n o f n u c l e i from pea leaves 
and c o t y l e d o n s 

The method was m o d i f i e d from t h a t o f 

W i l l m i t z e r a n d Wagner (19 8 1 ) . A known w e i g h t o f t i s s u e , 

t y p i c a l l y 4-5g, was used. Leaves were washed i n s t e r i l e 

w a t e r , c o t y l e d o n s were s e p a r a t e d from t h e t e s t a and embryonic 

a x i s . T i s s u e was chopped i n 5 volumes o f b u f f e r A (0.7M 

m a n n i t o l , lOmM MES, 5mM EDTA, 0.1% BSA, 0.2mM PMSF, pH5.8). 

Chopping was performed on i c e and a l l subsequent o p e r a t i o n s 

were c a r r i e d o u t a t 4°C o r on i c e except where s t a t e d . A l l 

c e n t r i f u g a t i o n s t eps used p r e - c o o l e d swing-out r o t o r s . 

Chopped t i s s u e was f i l t e r e d on N125 c l o t h , 

('Simonyl', Henry Simon, S t o c k p o r t , U.K.), ( b o i l e d f o r 5 min 

p r i o r t o use and a l l o w e d t o c o o l ) and resuspended i n 5-10 

volumes o f b u f f e r B ( b u f f e r A supplemented w i t h 0.05mg/ml 

p u r i f i e d p e c t i n a s e , O.lmg/ml c e l l u l a s e ) which had p r e v i o u s l y 

been i n c u b a t e d a t 25*̂ C f o r 15 min. Leaves were i n c u b a t e d 

f o r 2-3 h and c o t y l e d o n s f o r 4-5h a t 25°C. 

The suspension was f i l t e r e d on N53 c l o t h 

and washed w i t h b u f f e r C (0.25M sucrose, lOmM NaCl, lOmM MES 

pH6.0, 5mM EDTA, 0.15mM spermine, 0.5mM sp e r m i d i n e , 2ClnM mercapto-

e t h a n o l , 0.2mM PMSF, 0.6% Nonidet P40, 0.1% BSA). Tissue was 

resuspended i n b u f f e r C and a s m a l l volume homogenised i n a 

ground g l a s s homogenizer. 10 s t r o k e s were used f o r leaves 

and 15 f o r c o t y l e d o n s . T h i s was repeated u n t i l a l l t i s s u e 

had been homogenised. The homogenate v;as f i l t e r e d on N125 
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FIGURE 3 

O u t l i n e o f procedure used t o i n v e s t i g a t e t he nuclease 

s e n s i t i v i t y o f genes i n pea c h r o m a t i n . 

I s o l a t e d pea n u c l e i . 

D i g e s t e d w i t h nuclease, v a r y i n g e i t h e r 

enzyme c o n c e n t r a t i o n or time o f i n c u b a t i o n , 

R e a c t i o n t e r m i n a t e d and DNA p u r i f i e d . 

DNA r e s t r i c t e d and p u r i f i e d . 

A l i q u o t s removed f o r e s t i m a t i o n o f 

DNA c o n t e n t . 

'I 

S i m i l a r amounts o f DNA/well e l e c t r o p h o r e s e d 

t h r o u g h agarose g e l . 

Gel 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 , 

^ 32 F i l t e r h y b r i d i s e d t o s p e c i f i c P - l a b e l l e d 

probe. 

A u t o r a d i o g r a p h e d , 
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c l o t h , and t h e f i l t r a t e from t h i s f i l t e r e d on N53 c l o t h . 

The f i l t r a t e was c e n t r i f u g e d a t 2000 c 

f o r 5 min a t 4°C i n the MSE M i s t r a l c e n t r i f u g e . The p e l l e t 

was resuspended i n a s m a l l volume o f b u f f e r C , a d j u s t i n g t o a 

volume e q u i v a l e n t t o 3g a f t e r a d d i t i o n o f 4.5g o f b u f f e r D 

(6g o f 5x b u f f e r C, w i t h t h e Nonidet P40 c o n c e n t r a t i o n k e p t t o 

0.6%, added t o 20.5ml P e r c o l l and pH a d j u s t e d t o 6.0 w i t h IN 

HCl) . The s o l u t i o n s were mixed g e n t l y and t h o r o u g h l y and 

f i l t e r e d on N53 c l o t h . The f i l t r a t e was c e n t r i f u g e d a t 

1000 g f o r 5 min a t 4°C, The p e l l e t was resuspended i n a 

s m a l l v o l o f b u f f e r C and the s u p e r n a t a n t r e c e n t r i f u g e d a f t e r 

s h a k i n g t o a b o l i s h d e n s i t y d i f f e r e n c e s . This was repeated 

2-3 t i m e s . The resuspended p e l l e t s were combined and c e n t r i ­

f uged a t 1000(7 f o r 5 min a t 4°C, t h e r e s u l t i n g p e l l e t r e s u s ­

pended i n a s m a l l volume o f b u f f e r E (1.2g o f 5x b u f f e r C, w i t h 

the N o n i d e t P40 c o n c e n t r a t i o n a t 0.6%, added t o 7.97 ml P e r c o l l , 

pH a d j u s t e d t o 6.0 w i t h IN HCl) and c e n t r i f u g e d a t 5000 g f o r 

5 min a t 4°C u s i n g t h e S o r v a l l RC-5B c e n t r i f u g e . The f l o a t i n g 

l a y e r c o n t a i n i n g n u c l e i was removed, d i l u t e d w i t h b u f f e r C and 

c e n t r i f u g e d a t 1000. g f o r 5 min a t 4°C u s i n g the MSE M i s t r a l 

4L c e n t r i f u g e . The p e l l e t was washed s e v e r a l times w i t h 

b u f f e r C by c e n t r i f u g a t i o n a t 1000 g f o r 3-4 min a t 4°C and 

the f i n a l p e l l e t resuspended i n 500yl o f b u f f e r C. A s m a l l 

amount o f suspension ( l O y l ) was removed, s t a i n e d w i t h DAPl and 

examined under t h e f l u o r e s c e n c e microscope (Nikon D i a p h o t ) . 

N u c l e i were counted u s i n g a haemocytometer (Hawksley, Gallenkamp 

and Co., Stockton-on-Tees, U.K.), 500yl s t e r i l e g l y c e r o l added 

t o t h e r e m a i n i n g suspension and n u c l e i s t o r e d a t -80°C. DNA 

c o n t e n t was determined u s i n g t h e f l u o r e s e n c e assay d e s c r i b e d 

below. 

* the numbers of the membranes refer to the pore size in microns. 
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2.2.20.2 F l u o r i m e t r i c e s t i m a t i o n s o f DNA co n t e n t s 
I t was necessary t o know the DNA contents 

o f n u c l e i and DNA p r e p a r a t i o n s so t h a t equal amounts c o u l d be 
used i n each d i g e s t i o n . As d e t e c t i o n o f nuclease s e n s i t i v i t y 
depended on d i f f e r e n c e s i n i n t e n s i t i e s o f bands or a u t o r a d i o -
graphs ( S e c t i o n 2.2.20.7) i t was i m p o r t a n t t h a t s i m i l a r amounts 
o f DNA were loaded i n t o each w e l l o f the agarose g e l s . There­
f o r e , DNA c o n t e n t s o f n u c l e a s e - t r e a t e d and r e s t r i c t e d samples 
( S e c t i o n 2.2.20.7) were measured. 

DNA c o n t e n t s were e s t i m a t e d by a m o d i f i c ­

a t i o n o f t h e method o f Thomas and Farquhar (1978). S o l u t i o n s 

o f c a l f thymus o r h e r r i n g sperm DNA were made i n the range from 

20-lOOOyg/ml. l O y l a l i q u o t s were p l a c e d i n separate tubes. 

l O y l o f n u c l e i and 9 0 y l o f b u f f e r C and 50% (v/v) g l y c e r o l 

( S e c t i o n 2.2.20.1), or l y l of n u c l e a s e - t r e a t e d samples and 

9 y l o f w a t e r , were p l a c e d i n separate t u b e s . A l l standards 

and samples, except f o r n u c l e i p r e p a r a t i o n s when m a t e r i a l was 

i n s h o r t s u p p l y , were i n d u p l i c a t e . Two blanks c o n t a i n i n g no 

DNA were t r e a t e d i n t h e same way as t h e samples and st a n d a r d s . 

l O y l o f 5mg/ml BSA were added t o each 

tube and e i t h e r NaCl added t o 150mM ( n u c l e i ) o r sodium, a c e t a t e 

t o 50mM (DNA). Samples were p r e c i p i t a t e d w i t h 250yl e t h a n o l 

f o r 30 min a t -20°C. P e l l e t s were c o l l e c t e d by c e n t r i f u g ­

a t i o n f o r 10 min i n a h a e m a t o c r i t , washed t w i c e w i t h 80% e t h ­

a n o l , d r i e d in vacuo and resuspended by v o r t e x i n g i n 2 0 y l o f 

a 400mg/ml s o l u t i o n o f DABA. Tubes were i n c u b a t e d a t 60°C 

f o r 30 min, co o l e d and 1 ml IN HCl added. Tubes were v o r -

t e x e d , c o n t e n t s p i p e t t e d i n t o a 3ml q u a r t z c u v e t t e and the 

tube f i l l e d w i t h a f u r t h e r 1 ml IN HCl. This was added 

t o t he c u v e t t e , the s o l u t i o n mixed and f l u o r e s c e n c e i n ­

t e n s i t y determined a t an e x c i t a t i o n wavelength of 405nm and an 
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e m i s s i o n wavelength o f 505nm. 2ml o f IN HCl were used t o 

zero t h e f l u o r i m e t e r ( B a i r d Atomic F l u o r i p o i n t ) , and the 

background f l u o r e s c e n c e was o b t a i n e d from the b l a n k s . 

A graph o f f l u o r e s c e n c e i n t e n s i t y a g a i n s t 

DNA c o n t e n t was p l o t t e d f o r t h e s t a n d a r d s , and used t o d e t e r ­

mine t h e DNA c o n t e n t o f t h e samples. 

2.2.20.3 Storage c o n d i t i o n s o f nucleases 

The b u f f e r s used f o r s t o r a g e o f nucleases 

were those o f Wu et al (1979a), DNAasel was s t o r e d a t a con­

c e n t r a t i o n o f a t l e a s t Img/ml i n DNAase I d i g e s t i o n b u f f e r 

(60mM KCl, 15mM NaCl, 15mM T r i s / H C l , pH7.4, 0.5mM DTT, 0.25M 

sucrose, 0,05M CaCl2, 3.0mM MgCl2). MNase was s t o r e d a t 

Img/ml i n MNase d i g e s t i o n b u f f e r (as above b u t l.OmM CaCl2 

and no MgCl2). 

Small a l i q u o t s o f the s t o c k s were s t o r e d 

a t -20°C and thawed as r e q u i r e d . A l i q u o t s were s u b j e c t e d t o 

a maximum o f 2 freeze - t h a w c y c l e s b e f o r e d i s c a r d i n g . 

2.2.20.4 A c t i v i t y o f nucleases 

The a c t i v i t y o f nucleases- was determined 

from t h e e x t e n t o f d i g e s t i o n o f v a r i o u s s u b s t r a t e s . DNA or 

n u c l e i were d i g e s t e d f o r v a r y i n g t i m e s , o r w i t h d i f f e r e n t con­

c e n t r a t i o n s o f enzyme, t h e DNA p u r i f i e d and e l e c t r o p h o r e s e d 

t h r o u g h agarose g e l s . 

A c t i v i t y was e s t i m a t e d from the e x t e n t 

o f d i g e s t i o n o f DNA compared t o un d i g e s t e d c o n t r o l s , except f o r 

the d i g e s t i o n o f n u c l e i by MNase, which was shown by the p r o ­

d u c t i o n o f a 'l a d d e r ' o f DNA fragments whose l e n g t h s v/ere 
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m u l t i p l e s o f t h e l e n g t h o f DNA a s s o c i a t e d w i t h a nucleosome. 

A s p e c t r o p h o t o m e t r i c assay, which measured 

the r a t e o f change i n ̂ 2^0 h i g h l y p o l y m e r i s e d DNA was d i ­

ge s t e d i n t o s m a l l e r f r a g m e n t s , was a l s o used t o e s t i m a t e 

DNAase I a c t i v i t y ( K u n i t z , 1950, M i l l i p o r e C o r p o r a t i o n , 1979). 

A range o f DNAase I s o l u t i o n s , t y p i c a l l y 20, 40, 60 and lOOu/ml, 

were p r e p a r e d from t h e s t o c k by d i l u t i o n w i t h 0.15M NaCl. The 

spe c t r o p h o t o m e t e r (Pye Unicam SP8-150 u v / v i s ) was a d j u s t e d t o 

25°C and 260nm. 2.5ml o f s u b s t r a t e (lOmg h i g h l y p o l y m e r i s e d 

h e r r i n g sperm DNA d i s s o l v e d i n 200ml o f 6.25mM MgSO^, 25ml o f 

l.OM a c e t a t e b u f f e r added and made up t o 250ml w i t h s t e r i l e 

d i s t i l l e d w a t er) was p i p e t t e d i n t o each o f 2 c u v e t t e s and in c u b ­

a t e d i n t h e s p e c t r o p h o t o m e t e r t o e s t a b l i s h t h e bla n k r a t e . 

0.5ml o f 0.15M NaCl was added t o t h e r e f e r e n c e c u v e t t e , and 

0.5ml o f enzyme t o t h e sample c u v e t t e . The co n t e n t s were mixed 

r a p i d l y and t h e change i n absorbance a t 260nm mo n i t o r e d f o r 

8-lOmin. The r a t e o f change i n ̂ 2^0 c a l c u l a t e d from t h e 

l i n e a r p a r t o f t h e t r a c e . The r a t e o f change/ml o f assay 

m i x t u r e was c a l c u l a t e d f o r each d i l u t i o n and d i v i d e d by t h e 

number o f u n i t s / m l t o o b t a i n t he a c t i v i t y (AA.^^/min/unit) . 
z. bU 

The mean a c t i v i t y was c a l c u l a t e d f o r each s t o c k , and the d i f f e r ­

ences between t h e means were compared u s i n g a s m a l l - s c a l e s t a t ­

i s t i c a l t e s t ( s t u d e n t t t e s t ) . The t e s t assumed t h a t the 

samples were drawn from p o p u l a t i o n s w i t h a common v a r i a n c e ; 

t h i s assumption was j u s t i f i e d f o r t h i s assay as the main e r r o r s 

were i n t h e d i l u t i o n s and i n the measurement o f r a t e s from the 

t r a c e s . 



77 

2.2.20.5 D i g e s t i o n o f DNA and n u c l e i 
w i t h nucleases 

N u c l e i suspensions were washed i n 5-10 

v o l o f d i g e s t i o n b u f f e r by c e n t r i f u g a t i o n a t 1000 g f o r 5 min 

a t 4°C, and t h e p e l l e t resuspended i n t h i s b u f f e r t o a DNA 

c o n c e n t r a t i o n o f 0,5yg/ml- 15yg o f DNA was r o u t i n e l y used 

f o r each d i g e s t i o n , i n a f i n a l volume o f 40-150yl (samples t o 

be compared were always d i g e s t e d i n s i m i l a r volumes). 0.2 v o l 

o f 5x d i g e s t i o n b u f f e r was added t o each sample and the volume 

made up w i t h w a t e r . D i g e s t i o n s were begun by a d d i t i o n o f 

enzyme, and were i n c u b a t e d a t 2 5°C (DNAase I and MNase) or 

12-15°C (DNAase I ) f o r t h e a p p r o p r i a t e t i m e . Reactions were 

t e r m i n a t e d by a d d i t i o n o f EDTA t o 12mM and o f SDS t o 0.5%, 

t h e tubes p l a c e d on i c e and DNA p u r i f i e d as d e s c r i b e d below. 

P r o t e i n - f r e e DNA was d i g e s t e d as f o r 

n u c l e i except t h a t t h e i n i t i a l washing s t e p was o m i t t e d and 

u s u a l l y r e p l a c e d by e t h a n o l p r e c i p i t a t i o n and resuspension 

i n d i s t i l l e d w a t e r . 

For each s e t o f d i g e s t i o n s a c o n t r o l 

t ube c o n t a i n i n g d i g e s t i o n b u f f e r i n p l a c e o f enzyme was i n ­

cubated f o r t h e same l e n g t h o f t i m e as the l o n g e s t d i g e s t i o n , 

t h e n t r e a t e d i n t h e same way as the d i g e s t i o n s . 

2.2.20.6 P u r i f i c a t i o n o f DNA from nuclease-
t r e a t e d samples 

A m o d i f i c a t i o n of the method of S t a l d e r 

et al (1979) was used, RNAase A was added t o the t e r m i n a t e d 

d i g e s t i o n s and c o n t r o l s t o a c o n c e n t r a t i o n o f O.Img/ml, and 

tubes i n c u b a t e d a t 37°C f o r 30 min, SDS was added t o 0.5%, 
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NaCl t o 0.4M and p r o t e i n a s e K t o Img/ml. Tubes were 

i n c u b a t e d a t 37°C f o r a t l e a s t 2h. 0.5 v o l o f water was 

added and samples were e x t r a c t e d w i t h phenol ( S e c t i o n 2.2.1.1), 

r e - e x t r a c t i n g t h e o r g a n i c phases w i t h d i s t i l l e d water. DNA 

was p r e c i p i t a t e d w i t h e t h a n o l and r e - d i s s o l v e d i n d i s t i l l e d 

w a t e r . 

2.2.20.7 P v e s t r i c t i o n o f samples and d e t e c t i o n 
o f nuclease s e n s i t i v i t y 

DNA samples from n u c l e a s e - t r e a t m e n t s 

and c o n t r o l s were r e s t r i c t e d ( S e c t i o n 2.2.2.1) w i t h approp­

r i a t e enzymes. Reactions were t e r m i n a t e d by phenol ex­

t r a c t i o n and DNA p r e c i p i t a t e d w i t h e t h a n o l and d i s s o l v e d i n 

d i s t i l l e d w a t e r , A l i q u o t s were taken f o r e s t i m a t i o n o f 

DNA c o n t e n t ( S e c t i o n 2.2.20.2) and s i m i l a r amounts o f DNA 

loaded i n t o each w e l l o f an agarose g e l , e l e c t r o p h o r e s e d 

( S e c t i o n 2.2.4) and b l o t t e d onto n i t r o c e l l u l o s e ( S e c t i o n 2.2.5). 
32 

F i l t e r s were h y b r i d i s e d t o s p e c i f i c P - l a b e l l e d probes and 

a u t o r a d i o g r a p h e d as d e s c r i b e d i n S e c t i o n s 2.2.8 and 2.2.9. 

Nuclease s e n s i t i v i t y was de t e r m i n e d by comparing the i n t e n ­

s i t i e s o f t h e bands f o r a c t i v e sequences {e.g. seed storage 

p r o t e i n genes i n c o t y l e d o n s ) w i t h those f o r i n a c t i v e sequences 

{e.g. these genes i n l e a v e s ) . H y p e r s e n s i t i v e s i t e s , i f 

p r e s e n t , were d e t e c t e d by the presence, a t low l e v e l s o f 

d i g e s t i o n , o f band? i n a d d i t i o n t o the u s u a l r e s t r i c t i o n 

f r a g m e n t s . 
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CHAPTER THREE 

RESULTS 
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3.1 The i s o l a t i o n and c h a r a c t e r i s a t i o n o f a pea 
v i c i l i n gene 

3.1.1 S c r e e n i n g o f t h e pea genomic l i b r a r y 

The l i b r a r y o f pea genomic DNA i n t h e v e c t o r 

EMBL3 was screened by h y b r i d i s a t i o n o f plaques t o t h e i n s e r t 

o f pDUB2 as d e s c r i b e d i n S e c t i o n 2.2.10. A s i n g l e plaque 

was observed t o h y b r i d i s e t o pDUB2 on au t o r a d i o g r a p h s o f 

plaque l i f t s f r o m t h e 1 s t screen. F i g u r e 4 shows an auto-

r a d i o g r a p h o f a p l a q u e - l i f t from t h e 6 t h and f i n a l screen. 

The phage a t t h i s stage were e s s e n t i a l l y pure, as g r e a t e r 

t h a n 90% o f t h e plaques h y b r i d i s e d t o t h e probe. As o n l y 

one plaque h y b r i d i s e d i n t h e 1 s t s c r e e n , a l l o f t h e plaques 

h y b r i d i s i n g i n t h e f i n a l screen were d e r i v e d from t h i s plaque 

and t h e r e f o r e c o n t a i n e d s i m i l a r recombinant b a c t e r i o p h a g e . 

3.1.2 T i t r a t i o n o f s t o c k s o f b a c t e r i o p h a g e prepared 
from i n d i v i d u a l plaques 

Stocks o f recombinant b a c t e r i o p h a g e made by the 
p l a t e l y s a t e method ( S e c t i o n 2,2.11.1) from the plaques i s o ­
l a t e d f rom t h e 6 t h screen had a t i t r e o f a p p r o x i m a t e l y 

9 

1.6 x 10 p f u / m l f o r each e x t r a c t i o n . S u f f i c i e n t b a c t e r i o ­

phage were t h e r e f o r e a v a i l a b l e f o r t he t r a n s f e c t i o n s i n sub­

sequent DNA p r e p a r a t i o n s . 

3.1.3 P r e p a r a t i o n o f DNA from recombinant bacteriophage 

The recombinant b a c t e r i o p h a g e which c o n t a i n e d a 

pea genomic sequence h y b r i d i s i n g t o pDUB2 was de s i g n a t e d 

A V i c 1. I n o r d e r t o c h a r a c t e r i s e t h e v i c i l i n gene i n A v i e 1, 

i t was necessary t o o b t a i n a r e s t r i c t i o n map of the c l o n e , and 
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FIGURE 4 

A u t o r a d i o g r a p h o f a plaque l i f t f rom t h e f i n a l s c reen 
o f t h e genomic l i b r a r y . 

The f i l t e r was h y b r i d i s e d t o the l a b e l l e d i n s e r t 

o f pDUB2, and washed t o a h i g h e r s t r i n g e n c y (IxSSC, 

2x15 min. a t 65°C) t h a n f o r o t h e r plaque l i f t s 

( S e c t i o n 2.2.8). The f i l m was exposed t o t h e f i l t e r 

o v e r n i g h t a t -80°C, 
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Fig. 4 
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t o s u b - c l o n e f r a g m e n t s i n t o b a c t e r i a l p l a s m i d s . F or t h e s e 

p r o c e d u r e s a l a r g e q u a n t i t y o f DNA o f s u f f i c i e n t p u r i t y t o 

be c u t by r e s t r i c t i o n e n d o n u c l e a s e s was r e q u i r e d . A number 

o f d i f f e r e n t methods o f b a c t e r i o p h a g e DNA p r e p a r a t i o n w e re 

t h e r e f o r e t e s t e d f o r y i e l d and q u a l i t y . The r e s u l t s o f 

s m a l l - s c a l e p r e p a r a t i o n s a r e g i v e n i n t h e f o l l o w i n g T a b l e . 

TABLE 6 Ass e s s m e n t o f s m a l l - s c a l e b a c t e r i o p h a g e 
DNA p r e p a r a t i o n s 

M e t h o d Y i e l d o f DNA R e s t r i c t i o n D e g r a d a t i o n 
E n d o n u c l e a s e 

D i g e s t i o n 
1 . 5 
S m a l l - s c a l e 2 y g / 2 x l O p f u Poor No 
p l a t e l y s a t e s 

2. 6 
S m a l l - s c a l e 1 0 y g / 5 x l O pfu. Poor Yes 
l i q u i d - l y s a t e s 

* o I n c u b a t i o n o f a t u b e w i t h o u t exogenous enzymes a t 37 C 

f o r 2h r e s u l t e d i n d e g r a d a t i o n . N e i t h e r o f t h e s m a l l - s c a l e 

m e thods w e r e t h e r e f o r e s a t i s f a c t o r y . 

Two methods o f l a r g e - s c a l e DNA p r e p a r a t i o n were u s e d . 

When t h e method d e s c r i b e d i n S e c t i o n 2.2.12 was f o l l o w e d , t h e 

y i e l d o f DNA was 130yg f r o m 5 m l o f PEG p r e c i p i t a t e , w h i c h 

c o n t a i n e d 4x10"'"''" p f u / m l . The DNA was c u t i n t o d i s c r e t e 

f r a g m e n t s b y r e s t r i c t i o n e n d o n u c l e a s e s ( F i g u r e 5) and t h e r e 

was no v i s i b l e d e g r a d a t i o n . O m i t t i n g t h e c h l o r o f o r m ex­

t r a c t i o n p r i o r t o t h e p h e n o l e x t r a c t i o n s i n t h i s method r e ­

s u l t e d i n a v e r y p o o r y i e l d o f DNA, a l t h o u g h t i t r a t i o n o f an 

a l i q u o t o f t h e PEG p r e c i p i t a t e gave a v a l u e o f 1.3x10"'"^ p f u / 1 

o f c u l t u r e . When a l i q u o t s o f t h i s PEG p r e c i p i t a t e were 

p u r i f i e d as f o r t h e s m a l l - s c a l e l i q u i d l y s a t e s , a p p r o x i m a t e l y 

15ug o f DNA was o b t a i n e d f r o m 1.8x10^^ p f u . The DNA was 
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FIGURE 5 

R e s t r i c t i o n d i g e s t i o n s o f r e c o m b i n a n t phage DNA p u r ­
i f i e d f r o m l a r g e - s c a l e PEG p r e c i p i t a t e s by c h l o r o f o r m 

and p h e n o l e x t r a c t i o n s 

T r a c k s (a) and ( j ) , XNM258 r e s t r i c t e d w i t h Hind I I T / 

Eco R I ; t r a c k s (b) t o ( i ) r e c o m b i n a n t phage DNA r e ­

s t r i c t e d w i t h (b) Eco R l / S a l I , ( c ) H i n d I l l / S a l I , 

(d) H i n d I I I , (e) Bam H i / H i n d I I I , ( f ) Bam H l / S a l I , 

(g) S a l I / B g l I I , (h) S a l I , ( i ) B g l I I . Numbers on 

t h e r i g h t a r e s i z e - m a r k e r s ( k b ) . 
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c u t by r e s t r i c t i o n e n d o n u c l e a s e s as shown i n F i g u r e 6A. 

When t h e p r e c i p i t a t e s w e r e p u r i f i e d i n t h i s way a f t e r 20 

days o f s t o r a g e , t h e DNA was p a r t i a l l y d e g r a d e d d u r i n g 

r e s t r i c t i o n ( F i g u r e 6 B ) . The most r e l i a b l e method o f DNA 

p r e p a r a t i o n , w i t h a good y i e l d o f p u r i f i e d DNA, was t h e r e f o r e 

t h a t d e s c r i b e d i n S e c t i o n 2.2.12. 

3.1.4 C h a r a c t e r i s a t i o n o f t h e v i c i l i n gene i n A.vie 1 . 

3.1.4.1 R e s t r i c t i o n m a p p i n g o f A y i c 1 

A r e s t r i c t i o n map o f t h e b a c t e r i o p h a g e 

v e c t o r EMBL3 i s shown i n F i g u r e 7. I n o r d e r t o map t h e pea 

sequence i n s e r t e d i n t o A v i c 1 , r e s t r i c t i o n d i g e s t i o n s such as 

t h o s e i n F i g u r e 5 were p e r f o r m e d on X v i c 1 DNA. The r e ­

s t r i c t i o n s i t e s known t o be p r e s e n t i n t h e arms o f t h e v e c t o r 

( F r i s c h a u f et al, 1983) w e r e a l s o u s e d i n t h e c o n s t r u c t i o n o f 

t h e map f r o m t h e r e s t r i c t i o n d a t a . The l o c a t i o n o f t h e 

v i c i l i n g e ne, r e f e r r e d t o as vie A h e r e a f t e r , was d e t e r m i n e d 

f r o m t h e r e s u l t s o f h y b r i d i s a t i o n o f b l o t s o f g e l s such as 

t h a t i n F i g u r e 5, t o i n s e r t s o f pDUB2 o r pDUB9.. The ap p r o x i m ­

a t e s i z e s o f f r a g m e n t s o b t a i n e d f r o m r e s t r i c t i o n d i g e s t i o n s 

o f A v i c 1 , and t h e r e s u l t s o f h y b r i d i s a t i o n e x p e r i m e n t s , a r e 

s u m m a r i s e d i n t h e T a b l e b e l o w . 

The h y b r i d i s a t i o n o f t h e p r o b e t o t h e 

l a r g e f r a g m e n t s (>20kb) e x t e n d i n g f r o m t h e l e f t arm i n t o t h e 

i n s e r t i n s e v e r a l d i g e s t s ( e . g . H i n d I I I , Bam- H I , Eco RI) 

s u g g e s t e d t h a t t h e v i c i l i n gene was c l o s e t o t h e l e f t arm. 

T h i s was c o n f i r m e d by t h e l o s s o f h y b r i d i s a t i o n t o t h i s f r a g ­

ment i n d o u b l e d i g e s t s o f t h e s e enzymes w i t h S a l I , w h i c h has 
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FIGURE 6 

R e s t r i c t i o n d i g e s t i o n s o f r e c o m b i n a n t phage DNA 
p u r i f i e d f r o m a l a r g e - s c a l e PEG p r e c i p i t a t e b y t h e 
p o t a s s i u m a c e t a t e / DEP method 

A. I m m e d i a t e p u r i f i c a t i o n o f p r e c i p i t a t e . 

T r a c k (a) ANM258 r e s t r i c t e d w i t h H i n d I I I / 

Eco R I . 

T r a c k s (b) t o (g) r e c o m b i n a n t phage DNA 

r e s t r i c t e d w i t h (b) Xho I ( c ) H i n d I I I 

(d) Bam H I / H i n d I I I (e) Bam H I , ( f ) Eco R I / 

Bam H I , (g) Eco R I . 

T r a c k (h) ANM258 r e s t r i c t e d w i t h H i n d I I I . 

Numbers a t t h e r i g h t - h a n d s i d e o f t h e p h o t o ­

g r a p h a r e s i z e - m a r k e r s i n k b . 

B. P u r i f i c a t i o n o f p r e c i p i t a t e a f t e r 20 d a y s ' 

s t o r a g e a t 

T r a c k s (a) t o (h) r e c o m b i n a n t phage DNA r e ­

s t r i c t e d w i t h (a) Eco R l / S a l I , (b) B g l I I , 

( c ) S a l I / B g l I I , (d) S a l I , (e) H i n d I I I / 

S a l I , ( f ) H i n d I I I , ( g) Bam H I / H i n d I I I , 

(h) Bam H l / S a l I . 
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FIGURE 7 

R e s t r i c t i o n map o f t h e b a c t e r i o p h a g e v e c t o r EMBL3 
( F r i s c h a u f et at, 1983) 

B = Bam H I , E = Eco R I , H = H i n d I I I , G = B g l I I , 

K = Kpn I , S = S a l I , T = S s t I , LA = l e f t arm o f 

v e c t o r , RA = r i g h t arm, RF - r e p l a c e m e n t f r a g m e n t , 

PL = p o l y l i n k e r . 

I n t h e pea g e n o m i c l i b r a r y , t h e f r a g m e n t b e t w e e n 

t h e p o l y l i n k e r s was r e p l a c e d by 15-20 kb f r a g m e n t s 

f r o m a Sau 3A d i g e s t o f pea DNA, l i g a t e d i n t o t h e 

Bam H I s i t e s o f t h e p o l y l i n k e r s . 
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TABLE 7 R e s t r i c t i o n d i g e s t i o n s o f A v i c 1 

D i g e s t Band s i z e s (kb) 

Xho I 24.5, 10.5, 5.8 ( n o t h y b r i d i s e d ) 

H i n d I I I 
* 

20.5, 6.7, * 
6.2, 4.3, 2.9, 1.7, 1 . 45 

Bam H I 
* 

24.5, 9.4, 3.5, 1.95, 1-.7 

Eco R I 20. 5, 11.0, 2.85, 2.25, 1.7 

B g l I I 
* 

21.5, 7.2, 3 . 1 , 2.6, 1.5 

S a l I 20. 5, * 
6.6, 9.5 

Eco RI/Bam H I 20.6, 9.4, 2.85, 2,25, 1.9, 1.7, 1. 5 

Eco R l / S a l I 20. 5, 9.4, 2.65, * 
1.85 1.55, 1.35 

Bam H I / H i n d I I I 20.5, * 
6.2, 4.8, 4.3, 1.75, 1.45 

H i n d Ill/Sal I 20.5, * 
5.2, 4.7, 4.2, 2.85, 1.71, * 

1. 45 

Bam.. H l / S a l I 20.5, 1 0 . 1 , * 
6.3, 3.5, 2.0, 1.8, 1. 36 

B g l I l / S a l I 20.5, 7.2, * 
4.7, 3 . 1 , 2.6, 1.5, 1 . 2 

* 
I n d i c a t e s h y b r i d i s a t i o n t o t h e i n s e r t s o f pDUB2 and t o 

pDUB9 - no d i f f e r e n c e was o b s e r v e d i n t h e p a t t e r n s o f h y b r i d ­

i s a t i o n o b t a i n e d w i t h t h e two p r o b e s . 

a s i t e i n t h e p o l y l i n k e r a t e i t h e r end o f t h e i n s e r t ( s e e 

F i g u r e 7 ) . When t h e s i z e o f t h e i n s e r t was c a l c u l a t e d , c o n ­

s i d e r a b l e v a r i a t i o n was seen. F o r e x a m p l e , t h e s i z e o f t h e 

i n s e r t c a l c u l a t e d f r o m a H i n d I I I d i g e s t was 14.45 k b , t h a t 

f r o m t h e Bam H I d i g e s t s 11.4 k b , w h i l e t h a t f r o m a S a l I 

d i g e s t was o n l y 6.6 k b . P a r t o f t h e d i f f e r e n c e c o u l d be 

a c c o u n t e d f o r by t h e o b s c u r i n g o f s m a l l f r a g m e n t s on t h e g e l s 

by RNA, and by t h e d i f f i c u l t y o f d e t e r m i n i n g p r e c i s e l y t h e 

s i z e s o f t h e l a r g e (>;20kb) f r a g m e n t s . However, t h e r e were 

t o o many i n c o n s i s t e n c i e s f o r t h e s e t o e x p l a i n a l l t h e d i f f e r e n c e s ^ 



I n o r d e r t o c o n s t r u c t a more c o m p l e t e r e s t r i c t i o n map, t h e r e ­

f o r e , f r a g m e n t s o f A v i c 1 w e r e s u b - c l o n e d i n t o b a c t e r i a l 

p l a s m i d s . 

3.1.4.2 S u b - c l o n i n g o f A v i c 1 f r a g m e n t s 
i n t o b a c t e r i a l p l a s m i d s 

The S a l I d i g e s t o f A v i c 1 s u g g e s t e d an 

i n s e r t s i z e o f o n l y 6.6 k b . T h i s s i z e o f i n s e r t w o u l d r e s u l t 

i n a phage genome o f o n l y 3 6 . 1 k b , w h i c h i s n o t l a r g e enough 

t o be p a c k a g e d by t h e in vitro p a c k a g i n g s y s t e m used i n t h e 

c o n s t r u c t i o n o f t h e gene l i b r a r y . A s e t o f s u b - c l o n e s o f a 

S a l I d i g e s t o f A v i c 1 was t h e r e f o r e c o n s t r u c t e d i n pUC8 

( V i e i r a and M e s s i n g , 1 9 8 2 ) , as shown i n F i g u r e 8. 

When s m a l l - s c a l e p r e p a r a t i o n s o f p l a s m i d DNA 

( S e c t i o n 2.2.16) w e r e made f r o m t h e t r a n s f o r m a n t s ( S e c t i o n 

2.2.14.3) and r e s t r i c t e d w i t h S a l I , t w o c l o n e s , S4 and S23, 

c o n t a i n e d i n s e r t s . T h a t o f S4 was 6.4 kb i n s i z e and h y b r i d ­

i s e d t o pDUB2 and pDUB9 i n s e r t s . The i n s e r t o f S23 was 9.2 kb 

and d i d n o t h y b r i d i s e t o e i t h e r p r o b e . The 6.4 kb and 9.2 kb 

f r a g m e n t s w e r e a s s i g n e d t o t h e map p o s i t i o n s i n A v i c 1 shown 

i n F i g u r e 8. 

I n o r d e r t o l o c a t e t h e vie A gene more p r e ­

c i s e l y , and t o c o n s t r u c t a more d e t a i l e d r e s t r i c t i o n map o f 

A v i c 1 , t h e t w o S a l I s u b - c l o n e s S4 and 823 were d i g e s t e d w i t h 

a v a r i e t y o f r e s t r i c t i o n e n d o n u c l e a s e s . The r e s u l t s o f such 

d i g e s t i o n s on t h e w h o l e p l a s m i d s and on i s o l a t e d i n s e r t s , and 

o f h y b r i d i s a t i o n s t o i n s e r t s o f pDUB2 o r pDUB9 were used t o 

c o n s t r u c t t h e maps shown i n F i g u r e 9. 
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FIGURE 8 

C o n s t r u c t i o n o f pUC8 s u b - c l o n e s f r o m a S a l I d i g e s t 
o f A v i c 1 . 

E = Eco R I , A = Ava I , M = Sma I , B = Bam H I , 

I = H i n d I I , C = Acc I , S - S a l I , P = P s t I , 

H = H i n d I I I . 
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Lend ' S S S R e n d 
20-3 I 6-4 I 9-2 I 9-2 

cos X v i c 1 cos 

r e s f r icfe d 

with 

Sal I 

r e s t r i c t e d 

E M BS PH 

pUC8 
^2-7kb 

l i g a t e d a n d 

u s e d to t r a n s f o r m 

J M 8 3 c e l l s 

9-2 kb insert 

6-4kb insert 

+ arms 

Fig. 8 Not to s c a l e 
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FIGURE 9 

R e s t r i c t i o n maps o f S a l I s u b - c l o n e s i n pUC8 

E = Eco R I , B Bam H I , S = S a l I , X = Xba I , 

P = P s t I , G = B g l I I , H = H i n d I I I . 

L = S a l I s i t e a t l e f t - a r m e nd o f A v i c I . 

R = S a l I s i t e a t r i g h t - a r m e nd o f A v i c I . 

EZZZZZZZZZZ] = pUC 8 1 3 = pea DNA 

= r e g i o n o f h y b r i d i s a t i o n t o v i c i l i n 

cDNAs. 
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The E c o R I / S a l I f r a g m e n t o f 1.85 kb p r e ­

s e n t i n S4 was t h e o n l y Eco R l / S a l I f r a g m e n t t o h y b r i d i s e t o 

e i t h e r o f t h e v i c i l i n cDNAs. I n o r d e r t o o b t a i n a sub­

c l o n e c o n t a i n i n g t h i s f r a g m e n t , t h e p r o d u c t s o f an E c o R I / S a l I 

d i g e s t i o n o f A v i c 1 w e r e l i g a t e d i n t o pUC8 c u t w i t h EcoRl. 

o r Eco Bl/Sal I , and u s e d t o t r a n s f o r m c o m p e t e n t c e l l s ( F i g u r e 

10) . The t r a n s f o r m e d c e l l s w e r e s c r e e n e d by c o l o n y h y b r i d ­

i s a t i o n ( S e c t i o n 2.2.15) t o t h e i n s e r t o f pDUB2. S e v e r a l 

h y b r i d i s i n g c o l o n i e s w e r e p i c k e d o f f t h e p l a t e s and used t o 

p r e p a r e s m a l l amounts o f p l a s m i d DNA ( S e c t i o n 2 . 2 . 1 6 ) . When 

t h i s DNA was r e s t r i c t e d w i t h Eco RT/Sal I , 9 c l o n e s c o n t a i n e d 

t h e 1.85 kb f r a g m e n t w h i c h h y b r i d i s e d t o t h e i n s e r t o f pDUB 2. 

S e v e r a l o f t h e c l o n e s r e v e r t e d t o w i l d - t y p e b l u e c o l o n i e s (see 

S e c t i o n 2 , 2 . 1 4 . 3 ) . One s u b - c l o n e , ES 10, w h i c h r e m a i n e d w h i t e 

when s t r e a k e d o n t o f r e s h p l a t e s , was chosen f o r f u r t h e r c h a r a c t ­

e r i s a t i o n . T h i s c l o n e was d e r i v e d f r o m t h e l i g a t i o n i n t o 

Eco RI c u t pUC8 and c o n t a i n e d t h e 1.85 k b Eco RT/Sal I f r a g m e n t 

l i g a t e d t o a 1.3 kb Eco R l / S a l I f r a g m e n t , as shown i n F i g u r e 11, 

The c l o n e was mapped u s i n g r e s t r i c t i o n e n d o n u c l e a s e d i g e s t i o n s 

and h y b r i d i s a t i o n t o pDUB2 and pDUB9 i n s e r t s , and t h e map i s 

shown i n F i g u r e 1 1 . 

The f i n a l r e s t r i c t i o n map c o n s t r u c t e d f o r 

A v i c 1 i s shown i n F i g u r e 12. 

3.1.4.3 DNA s e q u e n c i n g o f vie A 

As t h e Eco m/Sal I 1.85 kb f r a g m e n t o f 

A v i c 1 was t h e o n l y f r a g m e n t i n such a d i g e s t t o h y b r i d i s e t o 

t h e v i c i l i n cDNAs i t was c h o s e n f o r DNA s e q u e n c i n g . A s e t o f 
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FIGURE 10 

C o n s t r u c t i o n o f s u b - c l o n e s i n pUC8 f r o m an Eco R I / 
S a l I d i g e s t o f A v i c I 

Symbols a r e as i n F i g u r e 8. 
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FIGURE 11 

R e s t r i c t i o n map o f t h e Eco R l / S a l I s u b - c l o n e , ES 10 

Symbols a r e as i n F i g u r e 9. 

• = pea DNA 

r e g i o n o f h y b r i d i s a t i o n t o v i c i l i n 

cDNAs. 

The Xba I s i t e i s now known t o be '̂ 2̂ 50 bp f r o m 

t h e S a l I s i t e 
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FIGURE 12 

R e s t r i c t i o n map o f X v i c 1 

The map was b a s e d on t h e d e t a i l s o f t h e v a r i o u s 

s u b - c l o n e s , and t h e r e s t r i c t i o n and h y b r i d i s a t i o n d a t a 

f o r A v i c 1 . 

Symbols a r e as i n F i g u r e s 7 t o 9. 

V//////X = EMBL3 ^ m i i m i ^ ^ g e n o m i c DNA. 

Expanded r e g i o n i s t h e 1.85 k b f r a g m e n t s u b s e q u e n t l y 

u s e d f o r DNA s e q u e n c i n g . 

The 9.2 k b S a l I f r a g m e n t h as n o t b e e n mapped i n as 

g r e a t d e t a i l as t h e 6.6 k b f r a g m e n t ; t h u s o n l y t h e 

Bam H I and H i n d I I I s i t e s a r e shown i n t h i s r e g i o n o f 

A v i c 1 . S c a l e o f X v i c 1 map i s 1 cm ^ 1 k b ; s c a l e 

o f e x p a n d e d r e g i o n i s 1 cm oilOO bp. 
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s u b - c l o n e s was c o n s t r u c t e d f r o m t h e p r o d u c t s o f an E c o R I / S a l 1 / 

H i n d I I I d i g e s t o f ES 10 ( S e c t i o n 3.14.2) l i g a t e d i n t o e i t h e r 

Eco R V H i n d I I I o r S a l l / H i n d I I I c u t M13 mpia ( S e c t i o n 2 . 2 . 1 8 ) . 

T r a n s f o r m a n t s w e r e s e l e c t e d b y c o l o n y h y b r i d i s a t i o n t o pDUB2 

( S e c t i o n 2 . 2 . 1 8 . 3 ) . Two c l o n e s , 48 ( S a l I / H i n d I I I ) and 

15 (Eco.R.i/Hind I I I ) h y b r i d i s e d v e r y s t r o n g l y u n d e r h i g h s t r i n g ­

e n c y c o n d i t i o n s (O.lxSSC, 0 . 1 % SDS, 68°C). When s i n g l e -

s t r a n d e d DNA p r e p a r e d f r o m t h e s e c l o n e s was e l e c t r o p h o r e s e d 

t h r o u g h an a g a r o s e g e l , 48 was c o n s i d e r a b l y l a r g e r t h a n t h e M13 

c o n t r o l , and 15 was o f a s i m i l a r s i z e t o t h e c o n t r o l . B o t h 

o f t h e s e c l o n e s w e r e u s e d as t e m p l a t e s f o r DNA s e q u e n c i n g , as 

shown i n F i g u r e 13. 

F u r t h e r s e t s o f s u b - c l o n e s were made f r o m 

Sau 3A d i g e s t s o f t h e 1.85 kb Eco.'RI/Sal I f r a g m e n t , l i g a t e d 

i n t o Bam H I c u t m p l 9 , and f r o m X b a l / E c o R l d i g e s t s o f S4 

( S e c t i o n 3 . 1 . 4 . 2 ) , l i g a t e d i n t o X b a l / E c o R l c u t mplS.. DNA 

was p u r i f i e d and seq u e n c e d as b e f o r e and t h e d i r e c t i o n s o f 

s e q u e n c i n g f r o m t h e v a r i o u s s i t e s a r e shown i n F i g u r e 13, t o ­

g e t h e r w i t h a p a r t i a l map o f t h e i n t r o n s and exons o f vie A. 

The p a r t i a l s e quence o f vie A i s shown i n F i g u r e 14, and i s 

compared w i t h t h e n u c l e o t i d e and p r e d i c t e d amino a c i d sequences 

o f pDUB9 i n F i g u r e 15. T h e r e i s a c l o s e match o v e r c o r r e s ­

p o n d i n g r e g i o n s b e t w e e n t h e two se q u e n c e s , c o n f i r m i n g t h e 

h y b r i d i s a t i o n d a t a . T h i s shows t h a t t h e vie A gene encodes 

a 50 K M:̂  v i c i l i n p o l y p e p t i d e . The gene i s o l a t e d i s i n c o m p l e t e ; 

c o m p a r i s o n o f t h e p o s i t i o n o f t h e Xba I s i t e i n t h e cDNA w i t h 

t h a t i n t h e genomic c l o n e shows t h a t some o f t h e 5'' c o d i n g s e q ­

uence must be m i s s i n g f r o m t h e l a t t e r ( F i g u r e 1 3 ) . The 

sequence i s d i s c u s s e d i n d e t a i l i n C h a p t e r Four. 
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FIGURE 13 

S e q u e n c i n g s t r a t e g y f o r vie A 

The r e s t r i c t i o n map o f vie A shows t h e s i t e s 

u s e d i n DNA s e q u e n c i n g , and t h e a r r o w s b e l o w i t 

show t h e d i r e c t i o n s o f s e q u e n c i n g . The a p p r o x i m a t e 

p o s i t i o n s o f t h e i n t r o n s and exons so f a r d e t e r m i n e d 

f o r via A a r e a l s o shown, as i s a r e s t r i c t i o n map 

o f pDUB9. 

IVS = i n t e r v e n i n g s e q u e n c e , S = Sau 3A, 

X = Xba I , H = H i n d I I I , G = B g l I I , E = Eco R l . 
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FIGURE 14 

P a r t i a l n u c l e o t i d e s e q u e n c e o f vio A 

The s e q u e n c e s shown a r e t h o s e o b t a i n e d as shown 

i n F i g u r e 13. 

(1) Sequence f r o m a r o u n d t h e Xba I s i t e . 

(2) Sequence f r o m a r o u n d t h e H i n d I I I a nd Sau 3A 

s i t e s . 
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FIGURE 15 

C o m p a r i s o n o f n u c l e o t i d e s e q u e n c e s o f 
vie A and pDUB9 

The p a r t i a l n u c l e o t i d e s e quence o f vie A i s 

shown above t h a t o f t h e cDNA pDUB9. The a m i n o - a c i d 

s e q u e n c e shown i s t h a t p r e d i c t e d f r o m pDUB9; d i f f e r ­

e n c es i n t h e a m i n o - a c i d sequence p r e d i c t e d by vie A 

a r e d i s c u s s e d i n C h a p t e r F o u r . 

IVS = p o s i t i o n o f i n t e r v e n i n g s e q u e n c e i n vie A 

The v e r t i c a l a r r o w i n d i c a t e s t h e p o s i t i o n o f t h e 3/y 

c l e a v a g e s i t e i n a 47,000 v i c i l i n p o l y p e p t i d e . 
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cm mOTCTAGCTCTGATCCTCAW>TCCTmATlTrDttljTa/ViOM(mrT(^^ iS 
A.A , S S R S D P Q N P F I F K S N K F D T L F E 

cDt« (WT(iWy^TGG(»^CAnCGACTTaeCAGftWm(i^CC(tt^ m 
A.A. N E N 6 H I R L L Q K F D 0 R S K I F E N L Q N Y R L L E Y K S K P H T 1 F L P 

cD̂ W CA6CACACCCATGCCeAnACATCOTGnGTAaMTGGAA(¥^ 388 
A.A. O H T D A D Y I L V V L S G K A I L T V L K P D B R N S F N L E R G D T I K L P 

SauJA lVS-2 
uicA ^icmcnmsjawimcM 
ct t« 6 C T G e C A D W n G O T A m G G n ( ^ m i W T ( W M » ^ < ^ ^ 428 
A.A. A G T I A Y L V N R D D N E E L R U L D L A I P V N R P G Q L , O S F L L S G N Q 

Xba 1 IVS-3 
Vi cA A«»^TCaAOTATCTGGGTTTAGTAAGAACAnaAGA6GCnCOTC^ttTAaGA^^ 
ctttt AACCAAC^^aAOTATCTGGGnCAGTAAGAACATTCTAGAGGOTOTIC^ttTACTM^ 548 
A.A. N Q Q N Y L S G F S K H I L E A S F N T D Y E E I E K y L L E E H E K E T O H R 

VicA AGMGCCTTMCGATtVlGGA 
cDHA AGAA6COT(¥lGGATAAGAGGCA6C(¥«^CAWfWGAG(^TGT<¥lT^ ii6 
A.A. R S L K D K R Q Q S Q E E N V I U K L S R G Q I E E L S K N A K S T S K K S U S 

cOW TCTGAATCTGAACCAntMrnCAGAAGTCCCCGTCCTATCTAnCC^mACmGGAAfrt 788 
A.A. S E S E P F N L R S R G P l Y S N E F G K F F E I T P E K N P Q L Q D L O I F y 

IUS-4 
VicA .WaATAnGnCCCACAaACMnCMGGGCCATAGTMTAGT(MCACn^M:&¥)C(^^ 
cm AATTaGTAGAanAACGAGGGATIJnAnGTIGCCACACTACAAnC/ytfiCGCCATAeT^^ 988 
A.A. N S U E I K E 6 S L L L P H Y N S R A I U I V T U N E G K G D F E L V G 0 R N E 

VicA ^^)C(M:»)GAGCAGAG&¥MGMGnGA(XAGGMGAA(MD^^ 
cONA /V^Cl¥;CAAlVUiGAGAG«¥kVi(M(MT(^GAGGMGAG^ 1828 
A.A. N Q Q E O R K E O O E E E E O G E E E I N K Q V Q N Y K A K L S S G O U F U I P 

Hind i n 
VicA GCAGGCCATCCAGnG(m(«^Gm'CaCA(WTCnGAm6CTTGGCmGGTAn^^ 
cDt« GCAG6CCATCCAGnGCCaA(WmT(X:TCA(WTOTWmGOT6GGmGGTAnfWTGCT&^^ 1148 
A.A. A G H P V A L K A S S N L D L L G F G I N A E N N Q R N F L A G D E D N V I S Q 

SauJA 
VicA ATACAGCtMCCACT&VM^mGCAnCCaCGATCAGaCfV^GGnGATAGM^ 
cm ATACAGCMCCAGTGW^GOTGCAnCCaCGATtmTOWMGCnGATAGGATACTAGAGM^ 1 2 ^ 
A.A. l O R P V K E L A F P G S A O E V O R I L E N Q K Q S H F A O A Q P Q Q R E R G 

Sau 3A 
VvcA AGTCGTGAAACfAGAGATC 
cDNA AGTCGIG(WAD¥^aGATCGTCTATCTTCmTr(iWTGmOT(ttTGAGTGGACA*^ 1388 
A.A. S R E T R D R L S S V J f 

cm TTATCnATAACTATAAnATATATCCACrmCTAaATGAATA....(1433) 

F i g u r e 15 
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3.2' N u c l e a s e s e n s i t i v i t y o f genes i n pea c h r o m a t i n -
p r e l i m i n a r y r e s u l t s 

C o m p a r i s o n s o f n u c l e a s e s e n s i t i v i t y b e t w e e n v a r i o u s 

s a m p l e s were made u s i n g s t a n d a r d c o n d i t i o n s o f d i g e s t i o n ; 

t h e r e s u l t s o f i n v e s t i g a t i o n s i n t o e s t a b l i s h i n g t h e s e c o n ­

d i t i o n s a r e p r e s e n t e d b e l o w . 

3.2.1 Y i e l d and DNA c o n t e n t o f i s o l a t e d n u c l e i 
p r e p a r a t i o n s 

I n t a c t n u c l e i w e r e u s e d i n d i g e s t i o n s t o e n s u r e 

t h a t c h r o m a t i n was m a i n t a i n e d , as f a r as p o s s i b l e , i n i t s 

n a t i v e s t a t e . F i g u r e 16 shows i s o l a t e d n u c l e i s t a i n e d w i t h 

DAPI and seen u n d e r t h e f l u o r e s c e n c e m i c r o s c o p e . Y i e l d s 

o f n u c l e i w e r e t y p i c a l l y 10^/g o f l e a f t i s s u e , t h o s e f r o m 

c o t y l e d o n s w e r e more v a r i a b l e , and were l o w f r o m o l d e r 

(18-22 d . a . f . ) c o t y l e d o n s . The DNA c o n t e n t s o f n u c l e i p r e ­

p a r a t i o n s , as m e a s u r e d by DABA f l u o r e s c e n c e ( S e c t i o n 2 . 2 . 2 0 . 2 ) , 

w e r e 0.2-0.4yg/ml f o r l e a f and 0.05 t o 0 . 4 i i g / m l f o r c o t y l e d o n 

n u c l e i . Low c o n c e n t r a t i o n s o f DNA d i d n o t a l w a y s c o r r e l a t e 

w i t h p o o r y i e l d s o f n u c l e i f r o m c o t y l e d o n s ; t h i s may have been 

b e c a u s e o f t h e i n c r e a s e d amount o f DNA/nucleus due t o e n d o m i t -

o s i s a nd e n d o r e d u p l i c a t i o n ( B o u l t e r , 1981) . The n u c l e i i n 

o l d e r c o t y l e d o n s a r e l a r g e r b e cause o f t h i s i n c r e a s e i n DNA 

c o n t e n t , and may have been e a s i l y b r o k e n d u r i n g i s o l a t i o n by 

t h e f o r c e s r e q u i r e d t o d i s r u p t t h e t i s s u e , so r e s u l t i n g i n p o o r 

y i e l d s o f i n t a c t n u c l e i . DNAase I d i g e s t i o n s were c a r r i e d o u t 

on s i m i l a r amounts o f DNA r a t h e r t h a n numbers o f n u c l e i . 

3.2.2 S t o r a g e c o n d i t i o n s and e f f e c t s on a c t i v i t y o f Pr-lAase I 

The a c t i v i t i e s o f s t o c k s o f DNAase I s t o r e d i n 
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FIGURE 16 

F l u o r e s c e n c e m i c r o g r a p h o f 

i n t a c t pea n u c l e i 

N u c l e i f r o m 11 d . a . f . c o t y l e d o n s w e r e s t a i n e d 

w i t h t h e f l u o r e s c e n t dye DAPI and e x a m i n e d as 

d e s c r i b e d i n t h e t e x t . 

M a g n i f i c a t i o n = a p p r o x . 400x 
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F i g u r e 16 
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d i g e s t i o n b u f f e r , as measured b y t h e s p e c t r o p h o t o m e t r i c assay 

d e s c r i b e d i n S e c t i o n 2.2.20.4, a r e g i v e n i n T a b l e 8. D i f f e r ­

ences b e t w e e n t h e mean a c t i v i t i e s were n o t f o u n d t o be s i g n i f ­

i c a n t . T h i s r e s u l t s u g g e s t e d t h a t DNAase I s o l u t i o n s s t o r e d 

u n d e r t h e s e c o n d i t i o n s r e t a i n e d f u l l a c t i v i t y . However, t h e 
-4 

a c t i v i t y o b t a i n e d h e r e , a p p r o x i m a t e l y 6.6 x 10 / m i n / u , was 

a b o u t t w o - t h i r d s o f t h a t o b t a i n e d u n d e r o p t i m a l c o n d i t i o n s , i.e 

u n d e r t h e s e c o n d i t i o n s , one K u n i t z u n i t g i v e s a change i n 

A2gQ o f 1 X 10~"^/min. S t o r a g e o f DNAase I a t -20°C i n 0.1 N 

HCl l e d t o c o m p l e t e i n a c t i v i t y i n t h i s a s s a y ( d a t a n o t shown). 

* 
TABLE 8 Mean a c t i v i t i e s o f DNAase I s t o c k s as a s s a y e d 

s p e c t r o p h o t o m e t r i c a l l y 
S t o c k P e r i o d o f A„,^/min/unit o f 

c o n c e n t r a t i o n s t o r a g e ^ „ r „ , T r , ^ 

(mg/ml) a t -20°C ^^"^"^^ 
-4 

1.66 none 6.6 x 10 

1.66 10 months 6.31 x l o " " * 

1.0 none 6.63 x 10~^ 
* 

Each f i g u r e i s t h e mean o f 8 d e t e r m i n a t i o n s ; two f o r each 

d i l u t i o n o f t h e s t o c k . A s m a l l - s a m p l e s t a t i s t i c a l t e s t 

( S t u d e n t t t e s t ) was u s e d t o compare t h e means ( S e c t i o n 2.2.20.4:) . 

3.2.3 D i g e s t i o n o f DNA and c h r o m a t i n by n u c l e a s e s 

The e l e c t r o p h o r e s i s assay f o r n u c l e a s e d i g e s t i o n 

was d e s c r i b e d i n S e c t i o n 2.2.20. F i g u r e 17 shows t h a t DNAase I 

s t o r e d a t -20°C i n 0.1 N HCl was i n a c t i v e ; no r e d u c t i o n was 

o b s e r v e d i n t h e s i z e o f t h e DNA f r a g m e n t s t o w h i c h enzyme was 

added ( t r a c k s (a) and ( c ) t o ( h ) ) compared t o t h a t o f t h e 

c o n t r o l ( t r a c k ( b ) ) . 
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FIGURE 17 

A c t i v i t y o f DNAase I s t o c k s t o r e d i n O.IN HCl 

lOu g o f ANM258 were d i g e s t e d a t 25°C w i t h 

DNAase I a t 5u/ml f o r (a) and ( c ) , 0, (d) 2, 

(e) 5, ( f ) 10, (g) 15 and (h) 30 m i n . DNA was 

p u r i f i e d and e l e c t r o p h o r e s e d t h r o u g h a 0.5% (w/v) 

a g a r o s e g e l . (b) i s a c o n t r o l c o n t a i n i n g b u f f e r 

i n s t e a d o f n u c l e a s e , i n c u b a t e d f o r 30 m i n . ( i ) 

and ( j ) a r e d i g e s t s o f ANM258 w i t h Eco R I and H i n d 

I I I r e s p e c t i v e l y . 

Numbers on t h e r i g h t a r e s i z e - m a r k e r s i n k b . 
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b e d e f g h ' j 

Fig. 17 
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The g e l s i n F i g u r e 18 show t h e a c t i v i t y o f 

DNAase I s t o r e d i n d i g e s t i o n b u f f e r w i t h ANM258 ( F i g u r e ISA) 

pea genomic DNA ( F i g u r e 18B) and pea c h r o m a t i n ( F i g u r e 18C) 

as s u b s t r a t e s . I n each c a s e , t h e r e was an i n c r e a s e i n 

d i g e s t i o n , shown by a r e d u c t i o n i n s i z e compared t o t h e 

c o n t r o l t r a c k s , as t h e t i m e o f i n c u b a t i o n ( F i g u r e s ISA and 

18C) o r c o n c e n t r a t i o n o f enzyme ( F i g u r e 18B) was i n c r e a s e d . 

The l a c k o f d e g r a d a t i o n i n t h e c o n t r o l o f 11 d . a . f . c o t y l e d o n 

n u c l e i ( F i g u r e 18C, t r a c k ( a ) ) , s u g g e s t s t h a t t h e r e was l i t t l e 

e ndogenous n u c l e a s e a c t i v i t y w i t h i n t h e s e n u c l e i . A s i m i l a r 

r e s u l t was f o u n d f o r l e a f n u c l e i ( d a t a n o t shown). 

The e x t e n t o f d i g e s t i o n o f pea DNA i n t r a c k ( c ) , 

F i g u r e 18B, was s i m i l a r t o t h a t o f pea n u c l e i i n t r a c k ( d ) , 

F i g u r e 18C. From t h e amount o f DNA and enzyme i n each d i g e s t 

(see l e g e n d t o F i g u r e 18) t h e r e were a p p r o x i m a t e l y 1.6 x 10 ^ 

u n i t s o f enzyme/yg DNA f o r pea DNA, and 0.67 u n i t s / y g f o r 

11 d . a . f . c o t y l e d o n n u c l e i . I f each s u b s t r a t e was e q u a l l y 

a c c e s s i b l e t o t h e n u c l e a s e , t h e n t h e d i g e s t i o n o f pea l e a f DNA 

a t t h e 4-500 f o l d l o w e r enzyme t o DNA r a t i o m i g h t have been 

e x p e c t e d t o t a k e 4-500 t i m e s as l o n g as t h a t o f t h e c h r o m a t i n , 

i.e. 800 t o 1000 m i n . As t h e DNA was d i g e s t e d t o t h i s e x t e n t 

w i t h i n 10 m i n , i t a p p e a r e d t o be 80 t o 100 t i m e s as s e n s i t i v e 

t o DNAase I as was t h e c h r o m a t i n i n 11 d . a . f . c o t y l e d o n n u c l e i . 

The r e s u l t s showed t h a t t h e DNAase I s t o c k s s t o r e d 

i n d i g e s t i o n b u f f e r d i g e s t e d l i n e a r DNA (ANM 2 5 8 ) , genomic DNA 

and c h r o m a t i n i n i s o l a t e d n u c l e i u n d e r t h e c o n d i t i o n s d e s c r i b e d 

i n S e c t i o n 2.2.20.5. 

The a c t i v i t y o f MNase w i t h DNA and c h r o m a t i n as 

s u b s t r a t e s i s shown i n F i g u r e 19. D i g e s t i o n o f DNA ( F i g . l 9 A ) 
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FIGURE 18 

A c t i v i t y o f DNAase I s t o r e d i n d i g e s t i o n b u f f e r as 
a s s a y e d by g e l e l e c t r o p h o r e s i s 

A. B a c t e r i o p h a g e DNA as s u b s t r a t e 

2yg o f ANM258 DNA w e r e d i g e s t e d a t 25°C w i t h 

DNAase I a t l O u / m l f o r ( b ) 0, ( c ) 1 , ( d ) 2, (e) 5, 

( f ) 10 and (g) 15 m i n . (a) i s a c o n t r o l i n c u b ­

a t e d f o r 15 m i n . w i t h b u f f e r i n s t e a d o f n u c l e a s e , 

DNA was p u r i f i e d and e l e c t r o p h o r e s e d t h r o u g h a 0.5% 

(w/v) a g a r o s e g e l . 

B. Pea genomic DNA as s u b s t r a t e 

6vq o f pea l e a f DNA was d i g e s t e d a t 25°C f o r 

10 m i n . w i t h DNAase I a t (b) O, ( c ) 0 . 1 , (d) 0.05, 

(e) 0.2, ( f ) 0.5 and (g) l . O u / m l . DNA was p u r i f i e d 

and e l e c t r o p h o r e s e d t h r o u g h a 0.7% (w/v) a g a r o s e g e l , 

C. Pea c h r o m a t i n as s u b s t r a t e 

15 i j g o f DNA i n 11 d . a . f . c o t y l e d o n n u c l e i w e r e 

d i g e s t e d a t 25°C w i t h DNAase I f o r (a) O, (b) 0.5, 

(c ) 1.0 and (d) 2.0 m i n , (e) i s a c o n t r o l c o n t a i n i n g 

b u f f e r i n s t e a d o f n u c l e a s e . DNA was p u r i f i e d and 

1.5)jg e l e c t r o p h o r e s e d t h r o u g h a 1 % (w/v) a g a r o s e 

m i n i g e l . 
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a b c d e f g h i 

6 

a b c d e f 

c d t 

Fig. 18 
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FIGURE 19 

A c t i v i t y o f m i c r o c o c c a l n u c l e a s e on DNA and 
c h r o m a t i n 

A. D i g e s t i o n o f pea l e a f DNA 

l O y g o f pea l e a f DNA w e r e i n c u b a t e d a t 25°C 

w i t h MNase a t (b) and ( c ) 50, (d) 100, (e) and 

( f ) 2 0 0 u / m l . I n (b) and ( f ) r e a c t i o n s w e r e t e r ­

m i n a t e d i m m e d i a t e l y a f t e r a d d i t i o n o f enzyme, o t h e r 

r e a c t i o n s w e r e i n c u b a t e d f o r 6 m i n . (a) i s a c o n ­

t r o l c o n t a i n i n g b u f f e r i n s t e a d o f n u c l e a s e . (g) and 

(h) a r e XNM258 r e s t r i c t e d w i t h Eco R I and H i n d I I I 

r e s p e c t i v e l y . 

B. D i g e s t i o n o f (1) pea l e a f and (2) pea 11 d . a . f . 
c o t y l e d o n n u c l e i 

l O pg o f n u c l e i w e r e i n c u b a t e d a t 25°C f o r 6 m i n . 

w i t h MNase a t (a) 50, (b) 100 and (c) 200 u / m l . 

(a) i s a c o n t r o l c o n t a i n i n g b u f f e r i n s t e a d o f nuclease 

Numbers a t t h e r i g h t a r e s i z e m a r k e r s i n k b . 
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a b c d e f g h 

B 

Fig. 19 
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was r a p i d ; e ven t h e z e r o t i m e t r a c k a t 50u/ml MNase ( t r a c k ( b ) ) 

shows an a p p r e c i a b l e d e c r e a s e i n s i z e o f DNA r e l a t i v e t o t h e 

c o n t r o l ( t r a c k ( a ) ) . C h r o m a t i n ( F i g u r e 193) was more r e ­

s i s t a n t t o MNase d i g e s t i o n t h a n was DNA, as was f o u n d i n t h e 

DNAase I d i g e s t i o n s . D i s c r e t e bands o f d e f i n e d s i z e s were 

p r e s e n t i n d i g e s t s o f c h r o m a t i n a t each o f t h e enzyme c o n c e n ­

t r a t i o n s used ( F i g u r e 1 9 B ) . The s i z e s o f t h e bands were 

s i m i l a r i n b o t h l e a f and c o t y l e d o n n u c l e i . The mean s i z e 

d i f f e r e n c e b e t w e e n bands was f o u n d t o be 171 bp f o r b o t h t i s s u e s , 

The l a r g e s t a n d a r d e r r o r , ±25 bp, was due t o t h e d i f f i c u l t y o f 

e s t i m a t i n g t h e s i z e s o f t h e b a n d s , and t h e d i f f e r i n g s i z e s 

w i t h i n e ach band c a u s e d by t h e a c t i o n o f MNase a t d i f f e r e n t 

s i t e s i n t h e l i n k e r DNA. T h e r e f o r e t h e c h r o m a t i n i n n u c l e i 

i s o l a t e d as d e s c r i b e d i n S e c t i o n 2.2.20.1 r e t a i n e d a n u c l e o -

s o m a l c o n f o r m a t i o n . 

3.2.4 A c t i v i t y o f DNAase I f r o m d i f f e r e n t s o u r c e s , 
and e f f e c t s o f a p r o t e i n a s e i n h i b i t o r 

The a c t i v i t i e s o f DNAase I f r o m Sigma C h e m i c a l Co. 

and f r o m W o r t h i n g t o n B i o c h e m i c a l s were compared u s i n g t h e 

e l e c t r o p h o r e s i s a s s a y . A t s i m i l a r c o n c e n t r a t i o n s , b o t h 

enzymes d i g e s t e d pea DNA and n u c l e i , a l t h o u g h t h e e x t e n t o f 

d e g r a d a t i o n was s l i g h t l y g r e a t e r w i t h t h e W o r t h i n g t o n enzym.e 

t h a n w i t h t h e Sigma enzyme ( d a t a n o t shown). 

The e f f e c t o f t h e p r o t e i n a s e i n h i b i t o r , PMSF, 

was i n v e s t i g a t e d i n o r d e r t o d e t e r m i n e w h e t h e r a c o n t a m i n a t i n g 

p r o t e i n a s e was p r e s e n t i n t h e n u c l e i p r e p a r a t i o n s . The p r e ­

sence o f PMSF i n d i g e s t i o n s o f pea l e a f n u c l e i r e s u l t e d i n a 

s l i g h t l y g r e a t e r e x t e n t o f d i g e s t i o n t h a n i n i t s absence ( d a t a 
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n o t s h o v m ) . However, a s i m i l a r r e s u l t was o b s e r v e d when 

PMSF was p r e s e n t i n d i g e s t s o f pea l e a f DNA, s u g g e s t i n g t h a t 

t h e i n h i b i t o r was a f f e c t i n g o t h e r p r o c e s s e s b e s i d e s p r o t e i n a s e 

a c t i v i t y . 

3.2.5 E f f e c t o f t e m p e r a t u r e on DNAase I d i g e s t i o n s 

D e t e c t i o n o f DNAase I h y p e r s e n s i t i v e s i t e s , i f 

p r e s e n t i n pea c h r o m a t i n , r e q u i r e d v e r y m i l d d i g e s t i o n o f 

n u c l e i . Low l e v e l s o f d i g e s t i o n w e r e o b t a i n e d e i t h e r by 

r e d u c t i o n o f t h e t e m p e r a t u r e o f i n c u b a t i o n o r by t h e use o f 

v e r y l o w c o n c e n t r a t i o n s o f enzyme, o r by a c o m b i n a t i o n o f 

t h e t w o . The r e s u l t s o f DNAase I d i g e s t i o n s a t 12°C o f pea 

l e a f DNA and n u c l e i a r e shown i n F i g u r e 20, As a t 25°C, 

c h r o m a t i n was more r e s i s t a n t t o d i g e s t i o n t h a n was DNA; a l l 

o f t h e pea DNA was d e g r a d e d t o s m a l l f r a g m e n t s a f t e r 5 m i n , 

( F i g u r e 17A, t r a c k ( f ) ) , w h e r e a s l a r g e - s i z e d f r a g m e n t s r e m a i n e d 

i n t h e c h r o m a t i n a f t e r 7 m i n o f d i g e s t i o n ( F i g u r e 17B, t r a c k 

( d ) ) . F o r e a c h s u b s t r a t e , d i g e s t i o n was s l o w e r a t 12°C t h a n 

a t 25°C. 

3.3 G e n e r a l DNAase I s e n s i t i v i t y o f genes i n pea c h r o m a t i n 

DNAase I s e n s i t i v i t y was i n v e s t i g a t e d by g e l e l e c t r o p h o r e s i s 

and h y b r i d i s a t i o n t o s p e c i f i c p r o b e s as p r e v i o u s l y d e s c r i b e d 

( S e c t i o n 2.2.20, F i g u r e 3 ) ; d i f f e r e n t i a l s e n s i t i v i t y was d e t e r ­

m i n e d by c o m p a r i s o n s o f t h e i n t e n s i t i e s o f bands seen on t h e 

a u t o r a d i o g r a p h s . 

3.3.1 DNAase I s e n s i t i v i t y o f r i b o s o m a l genes 

D e t e c t i o n o f t h e m u l t i p l e copy r i b o s o m a l genes was 
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FIGURE 20 

DNAase I d i g e s t i o n s a t 12°C 

A. 15yg o f pea l e a f DNA w e r e d i g e s t e d a t 12°C 

w i t h DNAase I a t l O u / m l f o r (b) 0, ( c ) 1 , (d) 2, 

(e) 3 and ( f ) 5 m i n . (a) i s a c o n t r o l c o n t a i n i n g 

b u f f e r i n s t e a d o f n u c l e a s e . 

B. 6yg o f DNA i n pea l e a f n u c l e i w e r e d i g e s t e d a t 

12°C w i t h DNAase I a t 4u/ml f o r (b) 0, ( c ) 1 and 

(d) 7 m i n . (a) i s a c o n t r o l w i t h b u f f e r i n s t e a d 

o f n u c l e a s e . 
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r e a d i l y o b t a i n e d compared t o t h a t o f t h e low copy number 

seed s t o r a g e p r o t e i n genes ( S e c t i o n 3 . 3 ; 2 ) . F i g u r e 21 shows 

a map o f p H A l ( C u e l l a r , 1 9 8 2 ) , a p l a s m i d c o n t a i n i n g t h e pea 

r i b o s o m a l r e p e a t i n s e r t e d i n t o t h e v e c t o r pACYC 184 (Chang 

and Cohen, 1978) . T h i s p l a s m i d v/as l a b e l l e d and used as a 

p r o b e t o a s s a y t h e DNAase I s e n s i t i v i t y o f r i b o s o m a l c h r o m a t i n 

i n pea l e a v e s and c o t y l e d o n s . 

The g e l i n F i g u r e 22A shows t h e Bam H I d i g e s t i o n s 

o f DNA p u r i f i e d f r o m DNAase I t r e a t m e n t s o f l e a f DNA, l e a f 

n u c l e i and 11 d . a . f . c o t y l e d o n n u c l e i . The r e s t r i c t i o n p r o ­

f i l e s o f t h e sam p l e s were s i m i l a r e x c e p t f o r t h e c o n t r o l s 

( t r a c k s ( b ) , ( f ) , ( j ) ) w h i c h h a d r e s t r i c t e d p o o r l y , t h e 15u/ml 

t r a c k s f o r l e a f DNA ( t r a c k ( d ) ) and c o t y l e d o n n u c l e i ( t r a c k (m)) 

w j i c h showed a r e d u c t i o n i n f r a g m e n t s i z e s , and t h e 5u/ml t r a c k 

f o r c o t y l e d o n n u c l e i ( t r a c k ( k ) ) w h i c h was i n c o m p l e t e l y r e ­

s t r i c t e d . 

The r e s u l t o f h y b r i d i s i n g a s o u t h e r n b l o t o f t h i s 

g e l t o pH A l i s shown i n F i g u r e 22B. The s i z e s o f t h e f r a g m e n t s 

i n genomic DNA w h i c h h y b r i d i s e d t o t h e p r o b e were 7.4, 4.9 and 

4.5 ( d o u b l e t ) , 2.8, 1.95, 1.18 and 0.63 kb ( t r a c k s (b) t o (e) ) . 

A d d i t i o n a l bands o f 9.0 and 6.7 kb were seen i n some t r a c k s 

when t h e f i l m was e x p o s e d f o r 30 m i n ( d a t a n o t shown). The 

l a r g e r bands were a b s e n t f r o m t r a c k s i n w h i c h r e s t r i c t i o n was 

e s t i m a t e d t o be c o m p l e t e {e.g. t r a c k s (g) t o ( i ) and ( 1 ) ) and 

were t h e r e f o r e p a r t i a l d i g e s t i o n p r o d u c t s . F i g u r e ' 2 3 shows 

t h e f r a g m e n t s e x p e c t e d i f c e r t a i n Bani H I s i t e s were n o t c l e a v e d . 

The 4.5 kb band p r o b a b l y r e p r e s e n t e d t h e d i s t a n c e f r o m t h e l a s t 

Bam H I s i t e i n one r e p e a t t o t h e 1 s t s i t e i n t h e n e x t (Fig.23). 
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FIGURE 21 

Map o f Bam H I and H i n d I I I s i t e s i n t h e p l a s m i d pHAl 

pHAl ( C u e l l a r , 1982) c o n t a i n s a H i n d I I I f r a g m e n t 

o f pea DNA, c a r r y i n g t h e r i b o s o m a l r e p e a t , i n s e r t e d 

i n t o t h e v e c t o r pACyC184 (Chang and Cohen, 1 9 7 8 ) . 

S i z e s o f f r a g m e n t s a r e i n b p . B = Bam H I , 

H = H i n d I I I , = pACYC184 ( 3 . 7 5 k b ) 

I Z3 = r i b o s o m a l r e p e a t o f pea. 

I n a d d i t i o n t o t h e i n t e r n a l f r a g m e n t s o f 2.65, 

1.18 and 0.63kb, a 1.7 k b f r a g m e n t f r o m t h e Bam H i 

s i t e i n t h e v e c t o r t o t h e f i r s t s i t e i n t h e i n s e r t , 

and a 6.4 k b f r a g m e n t f r o m t h e 4 t h s i t e i n t h e i n s e r t 

t o t h e s i t e i n t h e v e c t o r , w i l l r e s u l t f r o m a Bam H I 

d i g e s t i o n o f t h i s p l a s m i d . A l l o f t h e s e f r a g m e n t s 

c a n be seen i n t r a c k ( a ) , F i g u r e 22A. 
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FIGURE 22 

DNAase I s e n s i t i v i t y o f t h e r i b o s o m a l genes i n pea 
c h r o m a t i n 

A. DNAase I d i g e s t i o n s and Bam H I r e s t r i c t i o n s o f 

pea l e a f DNA, n u c l e i and 11 d . a . f . c o t y l e d o n n u c l e i . 

Track (a) Bam H I r e s t r i c t i o n o f p H A l . 

T r a c k s (b) t o (e) pea l e a f DNA, ( f ) t o ( i ) 

l e a f n u c l e i , ( j ) t o (m) 1 1 d . a . f . c o t y l e d o n n u c l e i . 

7yg o f DNA w e r e d i g e s t e d f o r 6 m i n . a t 25°C w i t h 

DNAase I a t ( c ) , ( g ) , ( k ) 5 u / m l , ( d ) , ( h ) , ( 1 ) , l O u / m l 

and (e) , ( i ) , (m) 15u/ml. (b) , ( f ) and ( j ) a r e 

c o n t r o l s c o n t a i n i n g b u f f e r i n s t e a d o f n u c l e a s e . O t h e r 

t r a c k s a r e s i z e m a r k e r s . 

B. A u t o r a d i o g r a p h o f a b l o t o f t h e g e l i n (A) a b o v e , 

h y b r i d i s e d t o p H A l . T r a c k s a r e as i n ( A ) . The 

f i l t e r was washed t o h i g h s t r i n g e n c y ( 0 . 1 x SSC, 0 . 1 % 

SDS, 65°C). F i l m was e x p o s e d f o r 3h a t -80°C. 
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FIGURE 23 

P a r t i a l Bam HIcleavage o f t h e r i b o s o m a l r e p e a t i n pea 

The 9.0 kb band seen i n Fig.23B may a r i s e i f only-

s i t e i s c u t ( p r e d i c t e d f ragment l e n g t h 8.74kb). The 

7.0 and 6.7 kb fragments m i g h t a r i s e i f s i t e 1 i s n o t 

c u t ( p r e d i c t e d fragment l e n g t h 6.93 k b ) ; h e t e r o g e n e i t y 

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

two f r a g m e n t s . The 4.5 and 4.9 kb bands may r e ­

p r e s e n t the d i s t a n c e from s i t e 4 t o s i t e 1 (4.3 k b ) ; 

a g a i n , spacer l e n g t h h e t e r o g e n e i t y c o u l d account f o r 

the two d i f f e r e n t f r a g m e n t s . A l t e r n a t i v e l y , t h e 

4.9 k b band might r e s u l t f r o m s i t e 4 b e i n g b l o c k e d 

( p r e d i c t e d fragment l e n g t h 4.93 k b ) . The 1.95 kb 

bond may r e s u l t i f s i t e 3 i s n o t c l e a r e d ( p r e d i c t e d 

f ragment l e n g t h 1.81 kb) . The 1.95 kb. band may 

r e s u l t i f s i t e 3 i s n o t c l e a v e d ( p r e d i c t e d fragment 

l e n g t h 1.81 k b ) . 
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The d i f f e r e n c e s i n the smears of fragments on 

the e t h i d i u m - b r o m i d e s t a i n e d g e l ( F i g u r e 22A) r e s u l t e d i n 

v a r i a t i o n s i n i n t e n s i t i e s o f t h e bands between t r a c k s ( F i g u r e 

22B). For example, t h e l o s s o f bands from l e a f DNA ( t r a c k 

( e ) ) and 11 d.a.f. c o t y l e d o n n u c l e i ( t r a c k (m)) was a s s o c i a t e d 

w i t h t h e decrease i n fragment s i z e o f t o t a l DNA i n these 

samples ( t r a c k s (e) and (m), F i g u r e 22A). For t r a c k s i n 

which t h e r e s t r i c t i o n p r o f i l e s were s i m i l a r ( F i g u r e 22A, 

t r a c k s (g) t o ( i ) and ( 1 ) ) , t h e i n t e n s i t i e s o f the bands on 

the a u t o r a d i o g r a p h showed l i t t l e d i f f e r e n c e between t r a c k s 

( F i g u r e 22B, t r a c k s (g) t o ( i ) and ( 1 ) ) . Thus the d i f f e r e n c e s 

i n band i n t e n s i t i e s c o u l d be a t t r i b u t e d t o v a r i a t i o n s i n t o t a l 

DNA fragment s i z e s r a t h e r than t o d i f f e r e n c e s i n nuclease 

s e n s i t i v i t y . The s i m i l a r band i n t e n s i t i e s f o r l e a f n u c l e i 

a t 5u/ml ( t r a c k ( g ) ) and 15u/ml ( t r a c k ( i ) ) , and f o r c o t y l e d o n 

n u c l e i a t lOu/ml ( t r a c k ( 1 ) ) , suggest t h a t t h e r e i s no d i f f e r ­

ence i n s e n s i t i v i t y o f r i b o s o m a l c h r o m a t i n i n the two t i s s u e s , 

and t h a t i t i s r e l a t i v e l y r e s i s t a n t t o DNAase I . 

The genomic DNA ( t r a c k s (b) t o (e) ) i n t h i s ex­

pe r i m e n t was s i m i l a r i n s e n s i t i v i t y t o c h r o m a t i n , i n c o n t r a s t 

t o p r e v i o u s r e s u l t s ( S e c t i o n 3.2.3). T h i s was pr o b a b l y be­

cause t h e DNA was resuspended i n 50mM T r i s , lOm-M EDTA ( S e c t i o n 

2.2.3) r a t h e r than d i s t i l l e d w ater ( S e c t i o n 2.2.20.5) and 

t h e r e f o r e t h e r e l a t i v e l y h i g h l e v e l s o f EDTA may have c h e l a t e d 
2 + 

some o f t h e .Mg ions r e q u i r e d f o r DNAase I a c t i v i t y . 

3.3.2 Legumin genes 

A map o f p l a s m i d pDUB24, which has a Bam HI i n ­

s e r t c o n t a i n i n g the leg A gene from A l e g 1 (Lycettgi!; al (1984), 
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i s shown i n F i g u r e 24. The i n s e r t was used t o probe Hind 

I I I d i g e s t s o f pea l e a f DNA i n o r d e r t o e s t a b l i s h the usu a l 

r e s t r i c t i o n p a t t e r n f o r t h i s sequence. The probe h y b r i d i s e d 

t o fragments o f 4.15, 3.15, 2.75, 2.4 and 1.6 kb i n s i z e 

( d a t a n o t shown). The most i n t e n s e was the 2.4 kb fragment. 

The 2.4 kb fragment corresponds t o the Hind I I I fragments con­

t a i n i n g t h e c o d i n g r e g i o n s and some 3' f l a n k i n g sequences o f 

legumin genes A, B and C ( S h i r s a t , 1984, Croy et al, i n p r e ­

p a r a t i o n ) . The 1.6 kb band p r o b a b l y r e p r e s e n t s the pseudogene, 

T\) leg D (Bown et al, 1985) , w h i l e t he o t h e r bands may r e p r e s e n t 

h y b r i d i s a t i o n between t he 5' f l a n k i n g sequences o f l.0.g A i n 

the probe, and those o f t h e v a r i o u s legumin genes. The d i s t ­

ance f r o m t h e Hind I I I s i t e j u s t w i t h i n t h e te-g: A gene (see 

F i g u r e 24) t o t h e n e x t s i t e 5' t o the gene i s unknown as t h e 

A genomic c l o n e does n o t i n c l u d e t h i s s i t e ( F i g u r e 24). Thus 

the 4.15 kb band may r e p r e s e n t t h i s fragment. 

T h i s probe was used t o determine t h e DNAase I 

s e n s i t i v i t y o f legumin genes i n l e a f and 11 d.a.f. c o t y l e d o n 

n u c l e i by h y b r i d i s a t i o n t o a b l o t o f t h e g e l i n F i g u r e 25A. 

The r e s u l t i n g a u t o r a d i o g r a p h i s shown i n F i g u r e 25B. The 

s i z e s o f the fragments d e t e c t e d by the probe i n the c o n t r o l s 

( t r a c k s (a) and ( f ) ) were 4.2 and 2.5 kb. A band of 1.7 kb 

was a l s o v i s i b l e i n some t r a c k s when the a u t o r a d i o g r a p h was 

exposed f o r 2 weeks. The i n t e n s i t y o f the bands was 

2.5>4.2>1.7, as f o r t he genomic DNA r e s t r i c t i o n s . 

The gel- i n F i g u r e 25 shows t h a t pea l e a f DNA was 

d i g e s t e d t o v e r y s m a l l fragments ( t r a c k s (k) t o (n)) by the 

l e v e l s o f DNAase I used here. D i g e s t i o n o f l e a f and 11 d.a.f. 

c o t y l e d o n n u c l e i w i t h these l e v e l s o f DNAase I d i d not markedly 
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FIGURE 24 

Map o f pDUB2 4, a p l a s m i d c o n t a i n i n g legumin gene A 

A. Xleg 1 genomic c l o n e showing legumin gene A and 

pseudogene leg D, and t h e 3.4 kb Bam HI fragment 

t h a t was sub-cloned i n t o pDUB24. 

B. Expanded map o f i n s e r t o f pDUB24. The mature 

message i s shown below t h e map. 

= Hind I I I , = Xho I I , = Bam H I , J = Acc I , 

= Xho I , \ = Ava I , [ = Pst I , I = B s t N l , 

9 t 
- B g l I , I = Hinc I I . 

IVS - i n t e r v e n i n g sequences. 

(Not t o s c a l e ) . 
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a f f e c t t h e r e s t r i c t i o n p r o f i l e ( t r a c k s (b) t o (e) and (g) t o 

( j ) ) . No bands were observed on the a u t o r a d i o g r a p h f o r the 

p r o t e i n - f r e e DNA samples ( d a t a n o t shown). 

Comparison o f t h e i n t e n s i t i e s o f t h e bands i n 

l e a f and c o t y l e d o n n u c l e i ( F i g u r e 25B) shows t h a t t h e 2.51 kb 

fragment i n l e a f n u c l e i was p r e s e n t on t h e a u t o r a d i o g r a p h 

a f t e r 1 min o f d i g e s t i o n ( t r a c k ( d ) ) . At t h i s l e v e l i n 

11 d . a . f . c o t y l e d o n n u c l e i , however, the band was o n l y j u s t 

v i s i b l e ( t r a c k ( i ) ) . A f t e r 2 min, t h i s band was j u s t v i s i b l e 

i n t h e l e a f n u c l e i sample ( t r a c k ( e ) ) b u t was c o m p l e t e l y absent 

from t h e c o t y l e d o n n u c l e i ( t r a c k ( j ) ) . The l e v e l s o f h y b r i d ­

i s a t i o n t o t h e 4.2 and 2.5 kb bands i n the c o n t r o l , z e r o - t i m e 

and 30 second d i g e s t s ( t r a c k s (a) t o (c) and ( f ) t o ( h ) ) were 

s i m i l a r f o r t h e two t i s s u e s , a l t h o u g h r e s t r i c t i o n o f the con­

t r o l t r a c k f o r c o t y l e d o n n u c l e i was inc o m p l e t e ( t r a c k ( f ) ) . 

The d i f f e r e n c e s i n i n t e n s i t y o f h y b r i d i s a t i o n d e s c r i b e d above 

cannot be a t t r i b u t e d t o d i f f e r e n c e s i n DNA c o n t e n t . Thus 

e x a m i n a t i o n o f t h e g e l photograph i n F i g u r e 2 5 shows t h a t t he 

I min d i g e s t i o n t r a c k s f o r l e a f ( t r a c k (d)) and c o t y l e d o n ( t r a c k 

( i ) ) n u c l e i show t h a t each c o n t a i n e d s i m i l a r amounts o f DNA. 

T h e r e f o r e , t h e d i f f e r e n c e i n i n t e n s i t y o f the 2.5 . kb band 

between leaves and c o t y l e d o n s r e p r e s e n t e d an i n c r e a s e d s e n s i t ­

i v i t y o f the legumin genes i n c o t y l e d o n n u c l e i . 

S i m i l a r r e s u l t s were o b t a i n e d u s i n g t h i s probe i n 

o t h e r experiments (data n o t shown) w i t h l e a f , 9 d.a.f., 10 and 

I I d . a . f. c o t y l e d o n n u c l e i . The legumin genes i n c o t y l e d o n 

n u c l e i always appeared t o be 2-4 times as s e n s i t i v e t o DNAase I 

as those i n l e a f n u c l e i . The s e n s i t i v i t y o f the legumin genes 

was s i m i l a r i n 9, 10 and 11 d.a.f. c o t y l e d o n n u c l e i . • 



117 

FIGURE 25 

DNAase I s e n s i t i v i t y o f legumin genes i n pea c h r o m a t i n 

A. Ethidium-bromide s t a i n e d g e l o f samples f r o m 

(1) l e a f n u c l e i , (2) 11 d.a.f. c o t y l e d o n n u c l e i and 

(3) p r o t e i n - f r e e DNA. 15ijg o f DNA were d i g e s t e d 

w i t h DNAase I a t lOu/ml f o r ( b ) , ( g ) , (k) 0, ( c ) , 

(h) , (1) 0.5, ( d ) , ( i ) , (m) 1.0 and ( e ) , ( j ) , (n) 

2.0 min. a t 25°C. Tracks (a) and ( f ) are c o n t r o l s 

c o n t a i n i n g b u f f e r i n s t e a d o f n u c l e a s e , i n c u b a t e d 

f o r 2.0 min. Samples were p u r i f i e d , r e s t r i c t e d w i t h 

Hind I I I and e l e c t r o p h o r e s e d t h r o u g h a 0.5% (w/v) 

g e l . Numbers a t t h e r i g h t are s i z e - m a r k e r s i n kb. 

B. A u t o r a d i o g r a p h o f a b l o t o f t h e g e l i n ( A ) , 

h y b r i d i s e d t o t h e i n s e r t o f pDUB24. ( S t r i n g e n c y 

o f washing was 0.1 x SSC, 0.1% SDS, 65°C). Sizes 

o f fragments are kb. F i l m was exposed f o r 1 week 

a t -80°C. 
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Fig. 25 
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3.3.3 V i c i l i n genes 

The r e s t r i c t i o n maps o f 3 v i c i l i n cDNAs are 

shown i n F i g u r e 2, Methods. pDUB7 which encodes 47K M^ 

v i c i l i n p o l y p e p t i d e , was used as a probe t o assay the nuclease 

s e n s i t i v i t y o f v i c i l i n genes i n c h r o m a t i n . 

The l a b e l l e d i n s e r t o f pDUB7 was h y b r i d i s e d t o 

s o u t h e r n b l o t s o f g e l s o f v a r i o u s r e s t r i c t i o n d i g e s t s o f pea 

DNA. The f o l l o w i n g bands were seen on t h e a u t o r a d i o g r a p h : 

Eco EI, 6.7 kb. Bam H I , 6.5kb and Ava I , 4.8 and 3.0 kb. 

A s i m i l a r e x p e r i m e n t , i n which a b l o t o f DNA p u r i f i e d from 

DNAase I t r e a t e d 11 d.a.f. c o t y l e d o n n u c l e i and r e s t r i c t e d 

w i t h Eco RI was h y b r i d i s e d t o t h i s probe, gave a band of 

6.6 kb i n t h e c o n t r o l ( d a t a n o t shown). This band was a l s o 

p r e s e n t , b u t a t a g r e a t l y reduced i n t e n s i t y , i n t r a c k s where 

n u c l e i were d i g e s t e d w i t h 10 or 15u/ml DNAase I f o r 6 min a t 

25°C. T h i s suggested t h a t t h e v i c i l i n genes i n c o t y l e d o n 

n u c l e i are s e n s i t i v e t o DNAase I , b u t as t h e s e n s i t i v i t y i« 

l e a f n u c l e i was n o t assayed, no comparisons can be made between 

the a c t i v e and i n a c t i v e v i c i l i n genes. 

3.4 DNAase I h y p e r s e n s i t i v e s i t e s i n pea chr o m a t i n 

The l e v e l s o f enzyme used i n S e c t i o n 3.3.2 (lOu/ml) may 

have r e s u l t e d i n c o n s i d e r a b l e d i g e s t i o n o f t o t a l c h r omatin 

even d u r i n g t h e s h o r t i n c u b a t i o n times (0,5-2 m i n ) . Hyper­

s e n s i t i v e s i t e s , i f p r e s e n t , might t h e r e f o r e have been masked 

by t he d e g r a d a t i o n o f b u l k c h r o m a t i n . I n ord e r t o reduce 

the e x t e n t o f d i g e s t i o n , the temperature and/or enzyme concen-

t r a c t i o n was reduced ( S e c t i o n 3.2.4) . 
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The g e l photograph i n F i g u r e 26 shows the e x t e n t o f 

d i g e s t i o n o f c h r o m a t i n i n l e a f and 13 d.a.f. c o t y l e d o n n u c l e i 

by v e r y low l e v e l s o f DNAase I f o r 30 min a t 15°C. Over a 

5 0 - f o l d i n c r e a s e i n enzyme c o n c e n t r a t i o n , t h e r e was no s i z e 

r e d u c t i o n i n the r e s t r i c t i o n p r o f i l e s o f d i g e s t e d samples as 

compared w i t h the c o n t r o l s ( t r a c k s (a) and ( b ) ) . However, 

t h e r e were some d i f f e r e n c e s i n t h e amounts o f DNA; t h i s was 

due t o t h e d i f f i c u l t y i n d e t e r m i n i n g a c c u r a t e l y t h e s m a l l 

amounts o f DNA i n t h e a l i q u o t s taken f o r f l u o r e s c e n c e a n a l y s i s 

( S e c t i o n 2.2.20.2). 

A b l o t o f t h i s g e l was h y b r i d i s e d t o the l a b e l l e d p l a s m i d 

pDUB9, c o n t a i n i n g a v i c i l i n 50K cDNA i n s e r t ( F i g u r e 2, 

Methods) . A l t h o u g h some bands v;ere d e t e c t e d (data n o t 

shown) no c o n c l u s i o n s about any p u t a t i v e DNAase I hyper­

s e n s i t i v e s i t e s c o u l d be drawn from t h i s experiment as h y b r i d ­

i s a t i o n was poor and t h e background h i g h due t o prolonge d 

exposure o f t h e f i l m (3 weeks). 

F u r t h e r e x p e r i m e n t s , employing these very m i l d d i g e s t i o n 

c o n d i t i o n s and u s i n g probes o f h i g h s p e c i f i c a c t i v i t y com­

plementary t o t h e 5' and 3' f l a n k i n g sequences of t h e genes, 

are r e q u i r e d t o e s t a b l i s h t h e presence or absence o f hyper­

s e n s i t i v e s i t e s i n pea c h r o m a t i n (see Chapter F o u r ) . 
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FIGURE 26 

DNAase I d i g e s t i o n s o f l e a f and 13 d.a.f. c o t y l e d o n 
n u c l e i a t 15°C 

15yg o f DNA were d i g e s t e d a t 15°C f o r 30 min, 

t h e DNA p u r i f i e d and r e s t r i c t e d w i t h Bam H I , and 

e l e c t r o p h o r e s e d t h r o u g h a 0.8% (w/v) g e l . 

L = l e a f n u c l e i , C = 13 d . a . f . c o t y l e d o n n u c l e i . 

Numbers above each p a i r o f t r a c k s are the DNAase I 

c o n c e n t r a t i o n s , i n u/ml, and those on t h e r i g h t a re 

siz e - m a r k e r s i n kb. 
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CHAPTER FOUR 

DISCUSSION 
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4.1 I s o l a t i o n and c h a i M c t e r i s a t i o n of a v i c i l i n 
gene from pea 

4.1.1 General assessment 

The vio A gene ( S e c t i o n 3.1.4.1) was shown t o 

have a r e s t r i c t i o n map s i m i l a r t o t h a t o f pDUB9 ( F i g u r e 13) 

and i t s sequence shows over 98% homology w i t h t h a t o f the 

cDNA ( F i g u r e 1 5 ) . The gene t h e r e f o r e encodes a 50K M^ 

v i c i l i n p o l y p e p t i d e t h a t does n o t undergo p o s t - t r a n s l a t i o n a l 

cleavage t o g i v e the s m a l l e r v i c i l i n p o l y p e p t i d e s (Gatehouse 

et al, 1982b, L y c e t t et al, 1983a). 

There i s a p p r o x i m a t e l y 450 bp o f coding sequence 

5' t o the Xba I s i t e i n pDUB9 (Fi g u r e s 13 and 15) b u t t h e r e 

i s o n l y about 250 bp 5' t o t h i s s i t e i n vie A ( F i g u r e 13). 

The gene c o n t a i n s an i n t r o n , IVS2, upstream o f t h i s s i t e 

( F i g u r e 13) and thus a c o n s i d e r a b l e p r o p o r t i o n o f the coding 

r e g i o n , t h e 5' u n t r a n s l a t e d sequence and promoter and o t h e r 

r e g u l a t o r y s i g n a l s , are m i s s i n g from t h i s gene ( S e c t i o n 

3.1.4.3, F i g u r e 1 3 ) . 

The gene l i b r a r y was screened ( S e c t i o n 2.2.20) 

by h y b r i d i s a t i o n t o a s h o r t v i c i l i n cDNA, pDUB2 (F i g u r e 2, 

Methods) which i s complementary t o a p p r o x i m a t e l y t w o - t h i r d s 

o f t h e cod i n g r e g i o n ( L y c e t t et al, 1983a). This cDNA 

shoul d have h y b r i d i s e d t o a l l complete v i c i l i n gene sequences, 

as w e l l as t o the 3' p a r t o f the sequence. The i s o l a t i o n 

o f o n l y one gene from a screen o f 2.5 x 10^ phage from t h e 

l i b r a r y ( S e c t i o n 2.2.10.1) suggests t h a t no complete v i c i l i n 

gene sequences complementary t o pDUB2 were p r e s e n t . Screen­

i n g o f t h i s number of recombinant phage g i v e s a p r o b a b i l i t y 

o f o n l y 58% o f d e t e c t i n g a s i n g l e - c o p y gene {Majuatis et al, 
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1982); the screen was o r i g i n a l l y i n t e n d e d o n l y as a t e s t 

f o r a subsequent l a r g e r one, but the h y b r i d i s a t i o n o f a 

plaque i n t h i s t e s t screen meant t h a t a l a r g e r screen was 

not necessary. When a p p r o x i m a t e l y 10^ phage from the 

l i b r a r y were screened w i t h a v a r i e t y o f probes, about t h r e e 

v i c i l i n genes were o b t a i n e d (I.M. Evans and R.R.D. Croy, 

p e r s o n a l communcation), w h i l e a p p r o x i m a t e l y 30 legumin clones 

were i s o l a t e d . The number o f v i c i l i n genes i n the pea genome 

has been v a r i o u s l y e s t i m a t e d t o be 5-6 (Gatehouse et al, 1983), 

7 (Delauney, 1984) and 11 (Domoney and Casey, 1985), w h i l e 

the e s t i m a t e s o f legumin gene numbers are about 4 (Croy 

et al, 1982), 7 ( S h i r s a t , 1984) o r 8 (Domoney and Casey, 1985). 

Thus t h e i s o l a t i o n o f f a r fewer v i c i l i n than legumin genes 

suggests t h a t the l i b r a r y may be d e f i c i e n t i n v i c i l i n genes. 

The l i b r a r y was c o n s t r u c t e d by l i g a t i n g 15-20 kb fragments 

from a p a r t i a l Sau 3A d i g e s t o f pea DNA i n t o t h e Bam HI s i t e s 

o f EMBL3 (A.H. S h i r s a t , p e r s o n a l communication). I f t h e 

v i c i l i n genes were c u t ve r y f r e q u e n t l y by Sau 3A, the s m a l l 

fragments c o n t a i n i n g t h e genes would have been excluded from 

t h i s f r a c t i o n o f t h e DNA. A l t e r n a t i v e l y , i f the genes were 

i n r e g i o n s o f DNA i n which c u t t i n g by Sau 3A was i n f r e q u e n t , 

the recombinant phage genomes c o n t a i n i n g these sequences 

m.ight have been t o o l a r g e t o be packaged i n t o b a t eriophage 

p a r t i c l e s . A l t h o u g h i t i s not p o s s i b l e t o determine whether 

e i t h e r o f these e x p l a n a t i o n s i s c o r r e c t , t h e r e i s a Sau 3A 

s i t e i n t h e cDNA 37bp 5' t o the p o s i t i o n o f IVS2 i n vie A 

( F i g u r e 1 5 ) . F u r t h e r sequencing o f vie A w i l l determine 

whether t h i s i s the s i t e a t which the pea genomic fragment 

was c u t by Sau 3A and l i g a t e d i n t o the v e c t o r . The e x p l a n ­

a t i o n o f t l i e apparent d e f i c i e n c y o f t h i s l i b r a r y i n v i c i l i n 
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genes as b e i n g due t o t h e r e s t r i c t i o n enzymes used i n i t s 

c o n s t r u c t i o n i s s u p p o r t e d by t h e i s o l a t i o n o f s e v e r a l such 

genes f r o m a l i b r a r y c o n s t r u c t e d f r o m a p a r t i a l Eco R l 

d i g e s t o f pea DNA (N. E l l i s , u n p u b l i s h e d r e s u l t s ) . Seq­

u e n c i n g o f t h e s e genes i s i n p r o g r e s s i n t h i s l a b o r a t o r y . 

4.1.2 C o m p a r i s o n o f n u c l e o t i d e and p r e d i c t e d amino 
a c i d sequences o f vio A and v i c i l i n cDNAs 

C o m p a r i s o n o f t h e p a r t i a l n u c l e o t i d e sequence 

o f via A w i t h t h e c o r r e s p o n d i n g sequence o f pDUB9 ( F i g u r e 15) 

shows t h a t t h e r e a r e 11 base d i f f e r e n c e s . T a k i n g t h e f i r s t 

a r g i n i n e r e s i d u e o f t h e sequence p r e d i c t e d f r o m pDUB9 as 

codon 1 , t h e N--terminus o f t h e m a t u r e v i c i l i n p o l y p e p t i d e 

( L y c e t t et at, 1 9 8 3 a ) , t h e amino a c i d changes i n t h e sequence 

p r e d i c t e d f r o m via A w h i c h r e s u l t f r o m t h e s e base d i f f e r e n c e s 

a r e as f o l l o w s : a s p a r a g i n e t o s e r i n e a t codon 144, i s o -

l e u c i n e t o t h r e o n i n e a t 165, l e u c i n e t o i s o l e u c i n e a t 270, 

a s p a r t i c a c i d t o v a l i n e a t 309 and l e u c i n e t o v a l i n e a t 347 

( F i g u r e s 14 and 1 5 ) . A t codon 137, t h e r e a r e o n l y 2 bases 

a v a i l a b l e f r o m t h e via A s e q u e n c e . These a r e GA_ i n s t e a d 

o f AGG f o u n d i n t h e cDNA and s u g g e s t t h e r e p l a c e m e n t o f 

a r g i n i n e w i t h a s p a r t i c o r g l u t a m i c a c i d . The amino a c i d 

c h a n g e s , w i t h t h e e x c e p t i o n o f l e u c i n e t o i s o l e u c i n e and 

l e u c i n e t o v a l i n e , l e a d t o changes i n c h a r g e o r i n number 

o f p o l a r g r o u p s . Charge h e t e r o g e n e i t y i n t h e v i c i l i n f r a c t ­

i o n o f peas has been shown by i o n - e x c h a n g e c h r o m a t o g r a p h y , 

two 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 and i s o - e l e c t r i c f o c u s s ­

i n g ( G a t e h o u s e et al, 1981) and i t has been s u g g e s t e d t h a t 

each c l a s s o f v i c i l i n p r e c u r s o r s ( S e c t i o n 1.4.2, Gatehouse 
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et at, 1 9 8 1 , L y c e t t et al, 1983a) c o n t a i n s a number o f 

p o l y p e p t i d e s , e ach b e i n g t h e p r o d u c t o f a d i f f e r e n t gene. 

Two cDNAs, pDUB2 and pDUB9, w h i c h encode v i c i l i n 50K .M̂  

p o l y p e p t i d e s t h a t d i f f e r s l i g h t l y i n sequence ( D e l a u n e y , 

1984) r e p r e s e n t one c l a s s o f ge n e s , t y p e A, w h i l e t h e cDNAs 

pDUB4 (C r o y et al, 1982) and pDUBV ( L y c e t t et al, 1983a) 

r e p r e s e n t a s e c o n d c l a s s , t y p e B, e n c o d i n g t h e 47K p r e ­

c u r s o r ( S e c t i o n 1 . 4 . 2 ) . Two o t h e r c l a s s e s have a l s o been 

p r o p o s e d ( L y c e t t et al, 1 9 8 3 a ) . Thus t h e d i f f e r e n c e s 

b e t w e e n t h e vie A gene and t h e cDNA pDUB9 s u g g e s t t h a t t h e 

gene encodes a 50K v i c i l i n p o l y p e p t i d e o f t y p e A, w h i c h 

may be d i f f e r e n t t o t h o s e e n c o d e d by pDUB9 o r pDUB2. The 

d e t e c t i o n o f s e v e r a l 50,000 t y p e v i c i l i n genes i n S o u t h e r n 

b l o t s o f pea genomic DNA (Gat e h o u s e et al, 19 83, D e l a u n e y , 

1984, S e c t i o n 1.4.2) shows t h a t each c l a s s o f v i c i l i n p o l y ­

p e p t i d e s i s encoded by a number o f ge n e s , and t h e i s o l a t i o n 

o f t h r e e s u c h s e q u e n c e s , via A, pDUB2 and pDUB9, c o n f i r m s 

t h i s . 

The sequence i d e n t i t y o f leg A and t h e cDNA 

pDUB8 ( L y c e t t et al, 1984, S e c t i o n 1.4.1) showed t h a t t h i s 

gene was e x p r e s s e d i n pea c o t y l e d o n s . The absence o f a 

CDNA i d e n t i c a l t o vie A p r e v e n t s a s s e s s m e n t o f i t s f u n c t i o n a l 

s t a t u s . However, t h e e v i d e n c e f o r m u l t i g e n e f a m i l i e s en­

c o d i n g t h e pea v i c i l i n f r a c t i o n , and t h e c h a r g e h e t e r o g e n e i t y 

o f t h e v i c i l i n p o l y p e p t i d e s ( s e e above and S e c t i o n 1.4.2) 

s u g g e s t s t h a t a number o f v i c i l i n genes a r e t r a n s c r i p t i o n a l l y 

a c t i v e . The good homology o f vie A w i t h pDUB9, and t h e 

absence o f d e l e t i o n s , f r a m e s h i f t e r r o r s o r s t o p codons w i t h i n 

t h e c o d i n g r e g i o n , v/hich have been f o u n d i n a l e g u m i n pseudo-
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gene (Bown et al, 1 9 8 5 ) , s u g g e s t t h a t t h i s gene i s e x p r e s s e d 

i n pea c o t y l e d o n s . 

4,1.3 A n a l y s i s o f p r e d i c t e d amino a c i d r e s i d u e s 
a d j a c e n t t o t h e i n t r o n p o s i t i o n s i n vie A 

The s i t e s o f t h e f o u r i n t r o n s w h i c h have been 

f o u n d t o i n t e r r u p t t h e c o d i n g sequence o f vie A a r e shown 

i n F i g u r e 15, and t h e i r s equences i n F i g u r e 14. The number­

i n g o f t h e i n t r o n s was by a n a l o g y w i t h t h e p o s i t i o n s o f t h o s e 

i n p h a s e o l i n ( S l i g h t o m et al, 1 9 8 3 ) . A c o m p a r i s o n o f t h e 

amino a c i d sequences a t t h e b o u n d a r i e s o f t h e i n t r o n s i n 

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

i s shown i n F i g u r e 27. A l t h o u g h t h e sequences o f v i c i l i n 

and p h a s e o l i n show some r e g i o n s o f d i v e r g e n c e ( L y c e t t et al, 

1983a) , t h e r e i s c o n s i d e r a b l e c o n s e r v a t i o n o f amino a c i d 

s e q u e n c e s a r o u n d t h e i n t r o n / e x o n b o u n d a r i e s ( F i g u r e 2 7 ) . 

The a v e r a g e homology a t t h e s e b o u n d a r i e s i s 48.5% b u t f o r 

IVS 5 i t i s o v e r 70% a t b o t h donor and a c c e p t o r b o u n d a r i e s , 

w h i l e a t t h e d o n o r b o u n d a r y o f IVS 3 t h e homology i s 100%. 

Where t h e r e a r e d i f f e r e n c e s , t h e r e s i d u e s i n t h e two sequences 

a r e o f t e n s i m i l a r t y p e s o f amino a c i d s (see F i g u r e 2 7 ) . 

T h e r e w o u l d a p p e a r t o be no f u n c t i o n a l r e a s o n f o r t h i s c o n ­

s e r v a t i o n , as t h e i n t r o n s a r e s p l i c e d o u t o f t h e p r i m a r y 

t r a n s c r i p t b e f o r e t h e m a t u r e message i s t r a n s p o r t e d o u t o f 

t h e n u c l e u s ( B r e a t h n a c h and Chambon, 1 9 8 1 ) . The consensus 

n u c l e o t i d e s equences a t t h e s p l i c e s i t e s i n p l a n t ( S l i g h t o m 

et al, 1983) and a n i m a l ( L e w i n , 1 9 8 0 ) , B r e a t h n a c h and 

Chambon, 1981) genes i n c l u d e o n l y two n u c l e o t i d e s i n t h e 

c o d i n g r e g i o n on e i t h e r s i d e o f t h e s p l i c e s i t e . The c o n -
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FIGURE 27 Amino a c i d sequences a t s p l i c e s i t e s 
i n vie A and p h a s e o l i n 

Donor 

1. V N N P Q I H 

2 . V N R P , Q L Q 
G 

3. I L E A S F N 

4. I L E A S F N 

5. S S I E M E E 

6. N S V E I K E 

N N R N L L A 

8. N Q R N F L A 

A c c e p t o r 

E F F L_S S T 

S F L L_S G N 

S K F E E I N 

T D y E E T E 

G A L F V P_H 

G S L L L P H 

G K T D N V I 

G D E D N V I 

1. P h a s e o l i n IVS 2 1 . Vic A IVS 2 3. P h a s e o l i n IVS 3 
4. Via A IVS 3 5. P h a s e o l i n IVS 4 6. Vie A IVS 4 
7. P h a s e o l i n IVS 5 8. via A IVS 5 

U n d e r l i n i n g i n d i c a t e s s i m i l a r sequences i n b o t h genes. 

D o t t e d l i n e i n d i c a t e s i n t r o n / e x o n ( a c c e p t o r ) o r e x o n / i n t r o n 

( d o n o r ) b o u n d a r y . The d o n o r b o u n d a r y o f vie A IVS 2 has 

been a l i g n e d t o g i v e maximum homology t o t h a t o f p h a s e o l i n ; 

t h e r e i s however an e x t r a G r e s i d u e i n t h e f o r m e r sequence. 

V e r t i c a l a r r o w s b e t w e e n r e s i d u e s i n d i c a t e c o n s e r v a t i v e amino 

a c i d c h a n g e s . 
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s e r v a t i o n o f t h e a m i n o - a c i d sequences i s t h u s u n l i k e l y t o 

be r e l a t e d t o t h e r e q u i r e m e n t s o f a s p l i c i n g s y s t e m . I t 

i s p r o b a b l e t h a t t h e i n t r o n s were a t t h e s e p o s i t i o n s i n an 

a n c e s t r a l gene f r o m w h i c h b o t h t h e v i c i l i n and p h a s e o l i n 

genes were d e r i v e d . D i v e r g e n c e o f t h e s e r e g i o n s may have 

been l i m i t e d by c o n s t r a i n t s on t h e s t r u c t u r e o f t h e p r o t e i n s , 

r e l a t e d t o t h e i r r o l e as a s t o r e o f r e d u c e d n i t r o g e n . The 

r e q u i r e m e n t s o f s y n t h e s i s o f t h e p o l y p e p t i d e s on t h e r o u g h 

e n d o p l a s m i c r e t i c u l u m , a s s e m b l y i n t o o l i g o m e r s and p o s t -

t r a n s l a t i o n a l p r o c e s s i n g ( C h r i s p e e l s , 1984) a l s o p l a c e r e ­

s t r i c t i o n s on t h e s e c o n d a r y , and t h e r e f o r e t h e p r i m a r y , 

s t r u c t u r e s o f t h e s e p r o t e i n s . The o c c u r r e n c e o f m u l t i g e n e 

f a m i l i e s e n c o d i n g seed s t o r a g e p r o t e i n s ( H i g g i n s , 1984, 

C r o y and G a t e h o u s e , 19 8 5 ) , and t h e r e s u l t i n g c h a r g e and 

s i z e h e t e r o g e n e i t y w i t h i n e ach f r a c t i o n ( S e c t i o n 1 . 4 ) , 

i n d i c a t e s t h a t some changes i n p r i m a r y s t r u c t u r e a r e n o t 

d e l e t e r i o u s t o f u n c t i o n . However, t h e good homology between 

t h e s equences o f pea v i c i l i n , p h a s e o l i n and c o n g l y c i n i n , 

( L y c e t t et al, 1 9 8 3 a ) , e x c e p t a t t h e r e g i o n s o f t h e v i c i l i n 

p r o c e s s i n g s i t e s , and t h e sequence c o n s e r v a t i o n o b s e r v e d 

i n seed p r o t e i n s f r o m a w i d e r a n g e o f s p e c i e s ( S p e n c e r , 1 9 8 4 ) , 

s u g g e s t s t h a t f u n c t i o n a l c o n s t r a i n t s on p r o t e i n s t r u c t u r e 

have l i m i t e d t h e i r d i v e r g e n c e ( S p e n c e r , 1 9 8 4 ) . 

4.1.4 A n a l y s i s o f n u c l e o t i d e sequences a t t h e 
s p l i c e s i t e s i n via A 

The n u c l e o t i d e s p r e s e n t a t t h e d o n o r and a c c e p t o r 

b o u n d a r i e s o f t h e i n t r o n s i n vie A have been d e t e r m i n e d 

( S e c t i o n 3.1.4.3, F i g u r e s 14 and 15) and t h e n u c l e o t i d e 
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p r e f e r e n c e s a t each p o s i t i o n a r e shown i n F i g u r e 28, t o ­

g e t h e r w i t h t h e c o n s e n s u s sequences d e r i v e d f r o m 20 p l a n t 

s p l i c e s i t e s ( S l i g h t o m et al, 1983) and f r o m o t h e r s p l i t 

genes ( L e w i n , 1980, B r e a t h n a c h and Chambon, 1 9 8 1 ) . A l l o f 

t h e i n t r o n s i n vie A f o r w h i c h t h e sequences a r e a v a i l a b l e 

b e g i n w i t h GT and end w i t h AG ( B r e a t h n a c h et al, 1 9 7 8 ) . 

The sequences a r o u n d t h e s p l i c e s i t e s i n vie A show g r e a t e r 

h o m o l o g y t o t h e p l a n t t h a n t o t h e a n i m a l consensus sequences, 

w i t h a f e w e x c e p t i o n s ( F i g u r e 2 8 ) . The two d o n o r s i t e s 

b o t h have an A a t -2 i n s t e a d o f a T, w h i c h i s c o n s i s t e n t 

w i t h t h e p l a n t r a t h e r t h a n t h e anim.al c o n s e n s u s . The p r e f e r ­

ence f o r C a t p o s i t i o n +2 o f t h e a c c e p t o r s i t e ( F i g u r e 28) 

does n o t f i t w i t h e i t h e r o f t h e c o n s e n s u s s e q u e n c e s . Com­

p a r i s o n o f t h e i n t r o n / e x o n b o u n d a r y sequences o f i n d i v i d u a l 

i n t r o n s o f vie A w i t h t h o s e o f t h e c o r r e s p o n d i n g i n t r o n s i n 

p h a s e o l i n ( S l i g h t o m et al, 1983) shows t h a t t h e d i f f e r e n c e s 

f r o m t h e p l a n t c o n s e n s u s s e q u e n c e s a r e o f t e n common t o b o t h 

genes ( F i g u r e 29),e,g, the p r e s e n c e o f G i n s t e a d o f T a t 

p o s i t i o n +2 o f t h e a c c e p t o r s i t e i n IVS 4, and A i n s t e a d o f 

G a t p o s i t i o n + 1 o f t h i s s i t e i n IVS 3. However, t h e 

p r e f e r e n c e f o r C i n s t e a d o f T a t t h e +2 p o s i t i o n i n t h e 

a c c e p t o r s i t e s o f 3 o f t h e vie A i n t r o n s (see above) i s n o t 

shown by t h e c o r r e s p o n d i n g p h a s e o l i n s e quences. 

H o m o l o g i e s a t t h e exon s i d e s o f t h e b o u n d a r i e s 

a r e u n s u r p r i s i n g , i n v i e w o f t h e c o n s e r v a t i o n o f i n t r o n 

p o s i t i o n w i t h r e s p e c t t o amino a c i d sequence between vie A 

and p h a s e o l i n ( S e c t i o n 4.1.3) . H o m o l o g i e s a t t h e i n t r o n 

s i d e o f t h e b o u n d a r i e s may r e f l e c t p o s s i b l e r e q u i r e m e n t s o f 

a s p l i c i n g mechanism; t h e s e a r e l i k e l y t o i n v o l v e t h o s e nucleo-
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t i d e s w h i c h a r e s i m i l a r t o t h e p l a n t consensus sequence. 

The h o m o l o g i e s b e t w e e n vie A and p h a s e o l i n sequences a t t h e 

s p l i c e s i t e s a r e o v e r a l l l e s s t h a n t h o s e between vie A and 

t h e p l a n t c o n s e n s u s sequence ( F i g u r e 2 8 ) , however, t h e homo­

l o g y f o r IVS 5 i s 82% a t t h e a c c e p t o r s i t e and 92% a t t h e 

d o n o r s i t e ( F i g u r e 2 9 ) . T h i s s u p p o r t s t h e h y p o t h e s i s t h a t 

b o t h genes have d i v e r g e d f r o m a common a n c e s t o r , as s u g g e s t e d 

by t h e c o n s e r v a t i o n o f i n t r o n p o s i t i o n s , t h e sequence homo­

l o g y ( L y c e t t et al, 1983a, S p e n c e r , 1984) and t h e w i d e d i s t ­

r i b u t i o n o f 7S p r o t e i n s amongst t h e legume f a m i l y ( D e r b y s h i r e 

et al, 1 9 7 6 ) . The c o n s e r v a t i o n o f i n t r o n p o s i t i o n s and 

c l o s e h o m o l o g y o f n u c l e o t i d e sequences a t t h e s p l i c e s i t e s 

s u g g e s t s t h a t t h e i n t r o n s w e r e p r e s e n t i n t h e a n c e s t r a l gene 

a t t h e s e p o s i t i o n s . 

4.1.5 S i z e and A+T c o n t e n t o f i n t r o n s i n vie A 

The s i z e s o f t h e c o m p l e t e l y sequenced i n t r o n s 

i n vie A ( F i g u r e 14) a r e , IVS 3, 104 bp and IVS 5, 131 bp, 

compared w i t h 124 bp and 103 bp f o r t h e c o r r e s p o n d i n g i n t r o n s 

i n p h a s e o l i n ( S l i g h t o m et al, 1 9 8 3 ) . These i n t r o n s a r e 

s m a l l compared t o many f r o m n o n - p l a n t s p e c i e s ( B r e a c h n a c h 

and Chambon, 1981) and t h o s e o f g l y c i n i n ( N i e l s e n , 1984) o r 

so y b e a n l e g h a e m o g l o b i n ( Je n s e n et al, 1 9 8 1 ) , b u t 

a r e s i m i l a r i n s i z e t o t h o s e o f l e g u m i n ( L y c e t t et al, 1984) 

and s o y b e a n a c t i n (Shah et al, 1 9 8 2 ) . 

I t has been n o t e d ( S l i g h t o m et al, 1983, L y c e t t 

et al, 1984) t h a t i n t r o n s o f h i g h e r p l a n t s t e n d t o be A+T 

r i c h . The t w o i n t r o n s o f vie A f o r w h i c h c o m p l e t e sequences 

a r e a v a i l a b l e , IVS 3 and IVS 5 ( F i g u r e 1 4 ) , have A+T c o n t e n t s 
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of 74.5% and 75% r e s p e c t i v e l y . The c o r r e s p o n d i n g f i g u r e 

f o r t h e c o d i n g sequence, t a k e n from t h a t of pDUB9, i s 60.5% 

and so t h e a v e r a g e d i f f e r e n c e i n A+T c o n t e n t between t h e s e 

i n t r o n s and t he exons i s 14.25%. T h i s i s not such a l a r g e 

d i f f e r e n c e as o b s e r v e d f o r p h a s e o l i n , where t h e A+T c o n t e n t 

of t h e exons was 55.3% and the d i f f e r e n c e between t h i s v a l u e 

and t h a t of t h e i n t r o n s was 17.1%. However, the vie A 

sequence i s n o t y e t complete and the f i n a l d i f f e r e n c e may 

be g r e a t e r . The r e a s o n f o r the h i g h A+T c o n t e n t of p l a n t 

i n t r o n s i s not y e t a p p a r e n t ( S l i g h t o m et al, 1983). 

4.1.6 Other sequences of i n t e r e s t i n vie A 

The d i v e r g e n c e of amino a c i d sequences between 

v i c i l i n 47,000 and 50,000 p o l y p e p t i d e s around the 

p o t e n t i a l 6/Y p r o c e s s i n g s i t e (Gatehouse et al, 1983, L y c e t t 

et al, 1983a) has l e d t o s u g g e s t i o n s t h a t p r e c u r s o r s w i t h 

t h e sequence n e u t r a l amino a c i d r e s i d u e - h y d r o p h o b i c amino 

a c i d r e s i d u e - b a s i c a m i n o - a c i d r e s i d u e a t t he c l e a v a g e s i t e 

do. n o t undergo p r o t e o l y s i s (Gatehouse et al, 1983). However, 

t h i s sequence i s not found i n t h i s r e g i o n i n the amino-acid 

sequence p r e d i c t e d by pDUB9 (Delauney, 1984) , nor i s i t p r e s e n t 

i n t h a t p r e d i c t e d by vie A ( F i g u r e 1 5 ) , and i s t h e r e f o r e not 

u n i v e r s a l i n u n c l e a v e d p r e c u r s o r s (Delauney, 1984). 

An a n a l y s i s of the sequences i n the v i c i n i t y of 

c l e a v a g e s i t e s of a number of seed p r o t e i n s (Delauney, 1984) 

showed t h a t c l e a v a g e o c c u r s w i t h i n h i g h l y h y d r o p h i l i c r e g i o n s , 

s u g g e s t i n g t h a t the s i t e s a r e on the o u t s i d e of the p r o t e i n 

m o l e c u l e (Gatehouse et al, 1 9 8 3 ) . C l e a v a g e o c c u r s on the 

C- t e r m i n u s of an a s p a r a g i n e r e s i d u e (Delauney, 1984), and a 
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c o n s e n s u s sequence N4--X^-X2-D/E-E a t t h e c l e a v a g e s i t e has 

been d e t e r m i n e d ( D e l a u n e y , 1984) where X-ĵ  i s o f t e n a s m a l l 

n e u t r a l r e s i d u e and X 2 a h y d r o p h o b i c r e s i d u e . The p r e s e n c e 

o f t h i s s e quence does n o t a l w a y s i m p l y c l e a v a g e , w h i c h may 

be d e t e r m i n e d by t h e a c c e s s i b i l i t y o f t h e s i t e t o p r o t e a s e s 

( D e l a u n e y , 1 9 8 4 ) . The vie A amino a c i d sequence, l i k e t h a t 

p r e d i c t e d f r o m pDUB9, l a c k s t h e s e r e s i d u e s i n t h i s p o s i t i o n . 

The f u n c t i o n s o f t h e p r o t e o l y t i c c l e a v a g e o f v i c i l i n 

p r e c u r s o r s i s n o t known, a l t h o u g h i t has been s u g g e s t e d 

( L y c e t t et al, 1983a; D e l a u n e y , 1 9 8 4 ) , t h a t i t may make 

p a r t i c u l a r s u b - u n i t s more a c c e s s i b l e t o h y d r o l y s i s a t d i f f e r ­

e n t t i m e s d u r i n g g e r m i n a t i o n . The abundance o f u n c l e a v e d 

50,000 p r e c u r s o r s i n v i c i l i n i s o l a t e d f r o m m a t u r e pea 

seeds ( G a t e h o u s e et al, 1 9 8 1 , 1982.a) shows t h a t 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 i s n o t e s s e n t i a l f o r p r o t e i n a s s e m b l y , 

t r a n s p o r t and f u n c t i o n . P u l s e - c h a s e e x p e r i m e n t s u s i n g r a d i o ­

a c t i v e s u g a r s h ave shown t h a t g l y c o s y l a t i o n o f v i c i l i n o c c u r s 

i n i t i a l l y on a v i c i l i n s u b - u n i t o f ==50,000 ( C h r i s p e e l s 

et al, 1 9 8 2 a ) , The l a b e l s u b s e q u e n t l y a c c u m u l a t e s i n t h e 

-16,000 ( y ) v i c i l i n p o l y p e p t i d e , i n d i c a t i n g p r o t e o l y t i c 

c l e a v a g e o f t h e p r e c u r s o r ( C h r i s p e e l s et al , 1982a, 1 9 8 4 ) . 

A p o t e n t i a l g l y c o s y l a t i o n s i t e , N-X-T/S,has been i d e n t i f i e d 

i n t h e -47,000 p r e c u r s o r amino a c i d sequence. T h i s sequence 

i s a b s e n t f r o m t.he n o n - g l y c o s y l a t e d 50,000 v i c i l i n p o l y ­

p e p t i d e ( L y c e t t et al, 1 9 8 3 a ) . The a m i n o - a c i d sequence a t 

t h i s s i t e p r e d i c t e d f r o m t h e vie A gene, i s K-A-S, as i s t h a t 

p r e d i c t e d f r o m pDUB9 ( D e l a u n e y , 1 9 8 4 ) , c o r r e s p o n d i n g t o a 

sequence R/K-A-S i n t h e p o l y p e p t i d e ( L y c e t t et al, 1 9 8 3 a ) . 
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T h i s shows t h a t t h e vie A gene encodes a n o n - g l y c o s y l a t e d 

v i c i l i n p r e c u r s o r . G l y c o s y l a t i o n does n o t seem t o be 

e s s e n t i a l f o r s y n t h e s i s , a s s e m b l y and t r a n s p o r t o f v i c i l i n 

( S e c t i o n 1.4.2, C h r i s p e e l s et al, 1982a, b. Spencer, 1 9 8 4 ) , 

and n e i t h e r l e g u m i n n o r c o n v i c i l i n c o n t a i n s c a r b o h y d r a t e . 

The p r e s e n c e o f a m i x t u r e o f g l y c o s y l a t e d and n o n - g l y c o s y l ­

a t e d p e p t i d e s i n t h e v i c i l i n f r a c t i o n o f pea may t h e r e f o r e 

be a s s o c i a t e d w i t h d i f f e r e n t i a l b r e a k d o w n o f t h e v a r i o u s 

c omponents d u r i n g g e r m i n a t i o n , as s u g g e s t e d f o r t h e 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 o f v i c i l i n ( s e e a b o v e ) . 

4,2 A s s e s s m e n t s o f methods u s e d t o d e t e r m i n e t h e n u c l e a s e 
s e n s i t i v i t y o f genes i n pea c h r o m a t i n 

The methods u s e d t o i n v e s t i g a t e t h e n u c l e a s e s e n s i t i v i t y 

o f genes i n pea c h r o m a t i n w e re b a s e d on t h o s e d e s c r i b e d f o r 

o t h e r s y s t e m s , e.g. g l o b i n genes i n c h i c k e n e r y t h r o c y t e n u c l e i 

( S t a l d e r et al, 1980a, b ) , v a r i o u s genes i n Drosophila em­

b r y o n i c n u c l e i (Wu et al, 1979a) and r i b o s o m a l genes i n 

Physarum polycephalum ( S t a l d e r et al, 1978, 1 9 7 9 ) . 

4.2.1 N u c l e i i s o l a t i o n s 

D i g e s t i o n s were c a r r i e d o u t on i n t a c t n u c l e i 

r a t h e r t h a n i s o l a t e d c h r o m a t i n i n o r d e r t o m . a i n t a i n t h e 

n a t i v e c h r o m a t i n s t r u c t u r e . I t has been shown ( P r e n t i c e 

and G u r l e y , 1983, P r e n t i c e et al, 1983) t h a t n u c l e i i s o l a t ­

i o n p r o c e d u r e s can a f f e c t t h e k i n e t i c s o f s u b s e q u e n t DNAase I 

d i g e s t i o n s . The most i m p o r t a n t p a r a m e t e r was t h e c e l l c o n ­

c e n t r a t i o n ; t h e l e v e l o f d i v a l e n t c a t i o n s , e.g. Mĝ """ and 
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Ca^^ a l s o h ad a s m a l l e f f e c t ( P r e n t i c e and G u r l e y , 1 9 8 3 ) . 

The n u c l e i i s o l a t e d i n t h e s e e x p e r i m e n t s were f r o m c u l t u r e d 

C h i n e s e h a m s t e r c e l l s ; i t i s t h e r e f o r e d i f f i c u l t t o p r e d i c t 

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

a t i o n o f n u c l e i f r o m pea t i s s u e s . The number and c o n c e n ­

t r a t i o n o f t h e p l a n t c e l l s , f o r e x a m p l e , w i l l depend n o t o n l y 

on t h e w e i g h t o f t i s s u e and v o l u m e o f b u f f e r , b u t on t h e ex­

t e n t o f d i s r u p t i o n o f t i s s u e a f t e r c u t t i n g w i t h r a z o r b l a d e s , 

and t h e e x t e n t o f d i g e s t i o n o f t h e c e l l w a l l s by p e c t i n a s e 

and c e l l u l a s e ( S e c t i o n 2 . 2 . 2 0 . 1 ) . C e l l d i v i s i o n i n pea 

c o t y l e d o n s c e a s e s by a b o u t 7 d . a . f . , and seed d e v e l o p m e n t 

e n t e r s t h e c e l l e x p a n s i o n phase ( B o u l t e r , 1 9 8 1 ) . Thus t h e 

9-18 d . a . f . c o t y l e d o n s u s e d h e r e c o n t a i n e d s i m i l a r numbers 

o f c e l l s , b u t as s i m i l a r w e i g h t s o f t i s s u e were used i n each 

i s o l a t i o n , t h e c e l l c o n c e n t r a t i o n s w e re v a r i a b l e . H i g h c e l l 

c o n c e n t r a t i o n s d u r i n g i s o l a t i o n o f n u c l e i r e s u l t e d i n a de­

c r e a s e i n t h e DNAase I s e n s i t i v i t y o f c h r o m a t i n i n C h i n e s e 

h a m s t e r c e l l s ( P r e n t i c e and G u r l e y , 1983) and i t has been 

shown t h a t d i f f u s a b l e c y t o p l a s m i c and n u c l e a r f a c t o r s can 

a f f e c t DNAase I s e n s i t i v i t y ( P r e n t i c e et al, 1 9 8 3 ) . I f 

t h e e f f e c t s o f h i g h c e l l c o n c e n t r a t i o n a r e due t o r e l e a s e o f 

t h e s e d i f f u s a b l e f a c t o r s , t h e n a s i m i l a r e f f e c t m i g h t be ex­

p e c t e d f o r t h e l a r g e c e l l s o f o l d e r c o t y l e d o n s , v/hich w o u l d 

c o n t a i n more o f s u c h f a c t o r s t h a n s m a l l e r c e l l s . Thus t h e 

l o w e r c o n c e n t r a t i o n s o f c e l l s i n t h e i s o l a t i o n s f r o m o l d e r 

c o t y l e d o n n u c l e i p r o b a b l y r e d u c e d t h e e f f e c t i v e c o n c e n t r a t i o n 

o f any s u c h f a c t o r s . 

C h r o m a t i n s t r u c t u r e i n C h i n e s e h a m s t e r c e l l s was 

shown t o be a f f e c t e d by s w e l l i n g o f c e l l s i n b u f f e r p r i o r t o 
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d i s r u p t i o n ( P r e n t i c e and G u r l e y , 1983) . T h i s c o r r e s p o n d s 

t o t h e i n c u b a t i o n o f pea t i s s u e w i t h c e l l u l a s e and p e c t i n a s e 

p r i o r t o h o r a o g e n i s a t i o n ( S e c t i o n 2 . 2 . 2 0 . 1 ) ; t h i s p e r i o d was 

ho w e v e r , c o n s i d e r a b l y l o n g e r t h a n t h e 5 m i n . i n c u b a t i o n f o r 

C h i n e s e h a m s t e r c e l l s ( P r e n t i c e and G u r l e y , 1 9 8 3 ) . Re­

a r r a n g e m e n t s o r a l t e r a t i o n s i n c h r o m a t i n s t r u c t u r e may t h e r e ­

f o r e h a ve o c c u r r e d d u r i n g t h i s p e r i o d . However, t h e i s o l ­

a t i o n m e t h o d u s e d h e r e ( S e c t i o n 2.2.20.1) has been shown t o 

p r o d u c e i n t a c t , f u n c t i o n a l n u c l e i ( W i l l m i t z e r and Wagner, 

1 9 8 1 , Evans et al, 1 9 8 4 ) , and t h e r e s u l t s o f MNase d i g e s t i o n s 

( S e c t i o n 3.2.3) showed t h a t t h e n u c l e o s o m a l s t r u c t u r e o f 

c h r o m a t i n was m a i n t a i n e d i n t h e s e n u c l e i . As b o t h l e a f and 

c o t y l e d o n n u c l e i w e r e i s o l a t e d by t h e same p r o c e d u r e , and t h e 

r e s u l t s w e r e r e p r o d u c i b l e ( S e c t i o n 3 . 3 . 2 ) , i t i s u n l i k e l y 

t h a t t h e o b s e r v e d d i f f e r e n c e s i n s e n s i t i v i t y o f l e g u m i n genes 

i n t h e t w o t i s s u e s ( S e c t i o n 3.2.3) were due t o t h e n u c l e i i s o ­

l a t i o n m e t h o d s . The r e s u l t s o b t a i n e d w i t h t h e r i b o s o m a l 

genes ( S e c t i o n 3 . 3 . 1 ) , w h i c h a r e s i m i l a r l y a c t i v e i n t h e l e a v e s 

and c o t y l e d o n s and were r e l a t i v e l y r e s i s t a n t t o DNAase I i n 

b o t h t i s s u e s ( S e c t i o n 4 . 4 ) , a l s o s u g g e s t t h a t DNAase I s e n s i t ­

i v i t y was u n a f f e c t e d b y n u c l e i i s o l a t i o n p r o c e d u r e s . 

4.2.2 D i g e s t i o n s o f n u c l e i 

4.2.2.1 Use o f s i m i l a r amounts o f DNA p e r d i g e s t i o n 

The use o f s i m i l a r amounts o f DNA i n 

each d i g e s t i o n , r a t h e r t h a n numbers o f n u c l e i ( S e c t i o n 3.2.1) 

was j u s t i f i e d h e r e because o f t h e l a r g e i n c r e a s e i n DNA con­

t e n t o f c o t y l e d o n n u c l e i d u r i n g seed m a t u r a t i o n ( M i l l e r d and 

S p e n c e r , 1974, S m i t h , 1973, B o u l t e r , 1981 and S e c t i o n 1 . 3 . 1 ) . 



138 

I f s i m i l a r numbers o f n u c l e i were used, up t o 50-64 t i m e s 

more DNA ( M i l l e r d and S p e n c e r , 1974, S m i t h , 1973) w o u l d be 

p r e s e n t i n c o t y l e d o n r a t h e r t h a n l e a f n u c l e i . As t h e r e i s 

no e v i d e n c e t h a t DNA above t h e 2C l e v e l a c t s as a t e m p l a t e 

f o r RNA s y n t h e s i s ( M i l l e r d and S p e ncer, 1 9 7 4 ) , t h e e x c e s s 

o f DNA m i g h t mask any s e n s i t i v i t y o f t h e f r a c t i o n o f DNA 

w h i c h does a c t as a t e m p l a t e . The l a r g e amount o f DNA sub­

s t r a t e i n t h e o l d e r c o t y l e d o n n u c l e i m i g h t a l s o have caused 

t h e enzyme c o n c e n t r a t i o n t o become l i m i t i n g , r e s u l t i n g i n a 

f a l s e e s t i m a t i o n o f t h e r a t e o f d i g e s t i o n . S i m i l a r amounts 

o f DNA, r a t h e r t h a n numbers o f n u c l e i , were a l s o used i n an 

i n v e s t i g a t i o n o f t h e n u c l e a s e s e n s i t i v i t y o f t h e 6 - p h a s e o l i n 

gene i n c o t y l e d o n s and l e a v e s o f Phaseolus vulgaris ( M u r r a y 

and K e n n a r d , 1 9 8 4 ) . 

4,2.2.2 A c t i v i t i e s o f DNAase I s o l u t i o n s 

The r e s u l t s o f t h e s p e c t r o p h o t o m e t r i c 

a s s a y f o r DNAase I a c t i v i t y ( S e c t i o n 3.2.2) showed t h a t i t 

was a p p r o x i m a t e l y 2 / 3 r d s o f o p t i m a l a c t i v i t y . The r e a s o n s 

f o r t h i s may have been p a r t l y due t o t h e d i l u t i o n s ; t h e 

DNAase I s o l i d c o n t a i n e d 2000 o r 2670u/mg and t h u s t h e Img/ml 

( o r g r e a t e r c o n c e n t r a t i o n ) s t o c k s had t o be d i l u t e d e x t e n s ­

i v e l y t o o b t a i n t h e r a n g e f r o m 20-lOOu/ml. I n a d d i t i o n , t h e 

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

be d e t e r m i n e d once i t i s i n s o l u t i o n ( M i l l i p o r e C o r p o r a t i o n , 

1979) and t h u s i n o r d e r t o d e t e r m i n e p r e c i s e l y t h e a c t i v i t y 

o f an unknown DNAase I s o l u t i o n i t i s u s u a l t o compare t h e 

a c t i v i t y w i t h t h a t o f a s t a n d a r d s o l u t i o n ( M i l l i p o r e C o r p o r ­

a t i o n , 1979) . T h i s was n o t p e r f o r m e d f o r t h e s o l u t i o n s h e r e 

as o n l y t h e r e l a t i v e a c t i v i t i e s , b e f o r e and a f t e r s t o r a g e , 
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w e r e r e q u i r e d . The r e t e n t i o n o f a c t i v i t y d u r i n g s t o r a g e 

i n d i g e s t i o n b u f f e r ( T a b l e 8) showed t h a t c o m p a r i s o n s o f 

n u c l e a s e s e n s i t i v i t y b e t w e e n s a m p l e s d i g e s t e d v / i t h enzyme 

s t o r e d f o r d i f f e r e n t t i m e s w e r e s t i l l v a l i d ; i n p r a c t i c e , 

h o w e v e r , s a m p l e s t o be compared were u s u a l l y d i g e s t e d a t 

t h e same tim.e w i t h t h e same a l i q u o t o f enzyme. The DNAase I 

s t o c k v/hich was s t o r e d i n O.IN HCl was d i s c a r d e d as i t was 

shown t o be i n a c t i v e i n b o t h t h e s p e c t r o p h o t o m e t r i c ( S e c t i o n 

3.2.2) and e l e c t r o p h o r e s i s a s s a y s ( S e c t i o n 3 . 2 . 3 ) . 

The v a r i o u s i n v e s t i g a t i o n s i n t o t h e e s t a b ­

l i s h m e n t o f d i g e s t i o n c o n d i t i o n s showed t h a t b o t h DNAase I 

and MNase d i g e s t e d DNA and c h r o m a t i n s u b s t r a t e s u n d e r t h e co n ­

d i t i o n s u s e d ( S e c t i o n 3 . 2 . 3 ) . The 80 t o 1 0 0 - f o l d g r e a t e r 

DNAase I s e n s i t i v i t y o f DNA compared t o t h a t o f c h r o m a t i n has 

been f o u n d p r e v i o u s l y ( K u n n a t h and L o c k e r , 1985) . A l t h o u g h 

p r e l i m i n a r y i n v e s t i g a t i o n s showed t h a t a s l i g h t l y g r e a t e r ex­

t e n t o f d i g e s t i o n was o b t a i n e d w i t h t h e W o r t h i n g t o n enzyme 

( S e c t i o n 3 . 2 . 4 ) , t h e DNAase I o b t a i n e d f r o m Sigma was used 

t h r o u g h o u t ; t h i s was bec a u s e l i m i t e d , r a t h e r t h a n e x t e n s i v e 

d i g e s t i o n was r e q u i r e d . The use o f PMSF, w h i c h a p p e a r e d t o 

i n c r e a s e t h e r a t e o f d i g e s t i o n , was a l s o a v o i d e d because o f 

t h i s r e q u i r e m e n t . The e f f e c t s o f PMSF on pea DNA as w e l l as 

on pea n u c l e i s u g g e s t t h a t i t a f f e c t s o t h e r p r o c e s s e s b e s i d e s 

a c t i n g as a p r o t e i n a s e i n h i b i t o r . A p h o s p h a t a s e i n h i b i t o r 

has been f o u n d t o r e d u c e t h e r a t e o f DNAase I d i g e s t i o n 

( P r e n t i c e and G u r l e y , 1 9 8 3 ) ; i t t h u s seems a d v i s a b l e t o o m i t 

a l l t y p e s o f i n h i b i t o r s f r o m b u f f e r s used f o r n u c l e a s e d i ­

g e s t i o n s . 
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4.2.2.3 Comparison of DNAase I d i g e s t i o n 
c o n d i t i o n s w i t h those used i n 
o t h e r s t u d i e s 

The DNAase I and MNase I d i g e s t i o n 

b u f f e r s used h e r e ( S e c t i o n 2.2.20.3) were s i m i l a r t o t h o s e 

used f o r the d e t e c t i o n of a l t e r e d c h r o m a t i n s t r u c t u r e s i n 

Drosophila embryo n u c l e i (Ku et at, 1 9 7 9 a ) . The method of 

p u r i f i c a t i o n o f DNA from n u c l e i was based on t h a t used f o r 

Physarum polycephalum ( S t a l d e r et al, 1978, 1 9 7 9 ) . The 

p u r i f i e d DNA v/as c l e a v e d by r e s t r i c t i o n e n d o n u c l e a s e s , as 

shown by t h e c o n t r o l t r a c k s i n the a u t o r a d i o g r a p h s ( F i g u r e 

22B, t r a c k s f , j . F i g u r e 25B, t r a c k s a, f ) . The methods sub­

s e q u e n t l y d e s c r i b e d f o r n u c l e i i s o l a t i o n s , d i g e s t i o n s w i t h 

n u c l e a s e s and DNA p u r i f i c a t i o n s i n p l a n t s ( S p i k e r , 1983, 

Murray and Kennard, 19 84, F e r l , 19 85) a r e s i m i l a r t o t h o s e 

u s e d i n t h i s work. 

The l e v e l s of enzyme used i n DNAase I 

d i g e s t i o n s i n t h e l i t e r a t u r e v a r y over a wide range from l e s s 

t h a n l u / m l (Murray and Kennard, 1984) t o 16u/ml (Wu et al, 

1 9 7 9 a ) . Many o f the c o n c e n t r a t i o n s a r e g i v e n as yg of 

DNAase I / m l , and so t h e a c t i v i t y cannot be compared w i t h those 

used h e r e u n l e s s t h e u n i t s / m g of s o l i d enzyme a r e g i v e n . The 

range of c o n c e n t r a t i o n s used i n t h i s work was i n i t i a l l y from 

2 t o 15u/m,l, u s u a l l y lOu/ml, a l t h o u g h l a t e r a range of 0.01 

t o 0. 5u/ml was used ( S e c t i o n 3 . 4 ) . 

The am.ounts of DNA per d i g e s t i o n a l s o 

v a r y from Img/ml (Wu et aZ, 1979a, S t a l d e r et al, 1980a, b) 

t o 0.3-0.4mg/ml ( S t a l d e r et al, 1978) or O.lmg/ml (Murray and 

Kennard, 1 9 8 4 ) . The c o n c e n t r a t i o n s used h e r e were from 

O.lmg/ml to 0.3 8mg/inl, i.e. i n the lov/er end of the range. 
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The two o t h e r major v a r i a b l e s i n d i g ­

e s t i o n s a r e the t i m e s and t e m p e r a t u r e s of i n c u b a t i o n . The 

d i g e s t i o n s i n a n i m a l s y s t e m s a r e o f t e n a t 37°C f o r 10 min. 

( S t a l d e r et al, 1980 a, b, Burch and V\/eintraub, 1983) a l ­

though some were d i g e s t e d f o r s h o r t e r t i m e s a t lower temper­

a t u r e s , e.g. 25°C f o r 3 min (Wu et al, 1 9 7 9 a ) . I n p l a n t s 

d i g e s t i o n s ranged from 37°C f o r 10 s e c . t o 10 min. (Leber 

and Hemleben, 197 9 ) , t o 15°C f o r 30 min. (Murray and Kennard, 

1 9 8 4 ) . I n the p r e s e n t work, the t e m p e r a t u r e s of d i g e s t i o n 

v a r i e d from 25°C t o 12°C and the t i m e s of i n c u b a t i o n from 

30 s e c . t o 30 min. The c o n d i t i o n s r e q u i r e d f o r the d i g e s t i o n 

o f p l a n t c h r o m a t i n were m i l d e r than t h o s e f o r a n i m a l chromatin 

(Murray and Kennard, 1984); t h i s was s u p p o r t e d by the r a p i d 

l o s s o f even t h e i n a c t i v e s e e d s t o r a g e p r o t e i n genes i n pea 

l e a f n u c l e i ( F i g u r e 25B and S e c t i o n 4 . 5 ) , when d i g e s t e d w i t h 

DNAase I a t lOu/ml f o r s h o r t p e r i o d s of time. 

O v e r a l l , the methods d e s c r i b e d h e r e 

( S e c t i o n 2.2.20) were such as t o p e r m i t d e t e c t i o n of n u c l e a s e 

s e n s i t i v i t y of s p e c i f i c genes i n pea. The c o n d i t i o n s employed 

to o b t a i n m i l d l e v e l s of d i g e s t i o n ( S e c t i o n 3.4) were s i m . i l a r 

t o t h o s e used f o r F r e n c h bean c o t y l e d o n s and l e a v e s (Murray 

and Kennard, 1 9 3 4 ) . T h i s s u g g e s t s t h a t s u c h c o n d i t i o n s may 

be the most a p p r o p r i a t e f o r n u c l e a s e d i g e s t i o n s of chromatin 

from leguminous p l a n t s . 

4.3 M i c r o c o c c a l n u c l e a s e d i g e s t i o n s of p l a n t c h r o m a t i n 

The n u c l e o s o m a l r e p e a t l e n g t h f o r pea c h r o m a t i n was 

171+25 bp ( S e c t i o n 3.2.3) and was s i m i l a r i n both c o t y l e d o n 
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and l e a f n u c l e i . A s i m i l a r r e p e a t l e n g t h , 170±30 bp, has 

been o b t a i n e d f o r c h r o m a t i n from pea s e e d i n g s (McGhee and 

E n g e l , 1975) . These r e s u l t s c o n t r a s t w i t h t h o s e o b t a i n e d 

f o r t h e c h r o m a t i n of Phaseolus vulgaris (Murray and Kennard, 

19 8 4 ) ; the r e p e a t l e n g t h was 191+6 bp i n n u c l e i from l e a v e s 

and mature c o t y l e d o n s , and 177±7 bp i n n u c l e i from d e v e l o p i n g 

c o t y l e d o n s . T h i s d i f f e r e n c e was o b s e r v e d both i n t o t a l 

c h r o m a t i n on an E t B r - s t a i n e d g e l and when probes f o r r i b o -

somal o r p h a s e o l i n gene sequences were h y b r i d i s e d t o a b l o t 

of t h e g e l , (Murray and Kennard, 1 9 8 4 ) . A s i m i l a r s h o r t e n ­

i n g o f t h e n u c l e o s o m a l r e p e a t l e n g t h has been obse r v e d d u r i n g 

s e a - u r c h i n embryogenesis ( S p i n e l l i et al, 1982, S e c t i o n 1 . 6 ) . 

I t has been s u g g e s t e d t h a t the change i n r e p e a t l e n g t h 

i s a s s o c i a t e d w i t h DNA r e p l i c a t i o n r a t h e r than t r a n s c r i p t i o n 

(Murray and Kennard, 1 9 8 4 ) , as both young l e a v e s and develop­

i n g c o t y l e d o n s a r e h i g h l y a c t i v e t r a n s c r i p t i o n a l l y . I f t h i s 

i s c o r r e c t , then t h e r e s u l t s f o r pea a r e s u r p r i s i n g , as the 

c o t y l e d o n c e l l s , l i k e t h o s e of bean, undergo e x t e n s i v e r e p l i c ­

a t i o n o f DNA ( M i l l e r d and S p e n c e r , 1979, Smith, 1973) d u r i n g 

seed development. The w i d t h of some of the bands i n the 

n u c l e o s o m a l l a d d e r ( F i g u r e 19, S e c t i o n 3.2.3) c o m p l i c a t e s the 

measurement of the s i z e of the fragments w i t h i n the band, r e ­

s u l t i n g i n t he l a r g e s t a n d a r d e r r o r i n r e p e a t l e n g t h ( S e c t i o n 

3 . 2 . 3 ) . The d a t a f o r F r e n c h bean c h r o m a t i n were o b t a i n e d by 

s c a n n i n g n e g a t i v e s o r a u t o r a d i o g r a p h s w i t h a d e n s i t o m e t e r . 

A s i m i l a r approach i s r e q u i r e d i n o r d e r to e s t a b l i s h whether 

or not the r e p e a t - l e n g t h i n pea c h r o m a t i n changes d u r i n g seed 

m a t u r a t i o n . 
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4.4 DNAase I s e n s i t i v i t y o f r i b o s o m a l genes i n 
pea c h r o m a t i n 

The r e s u l t s of e x p e r i m e n t s d e s i g n e d to t e s t the n u c l e a s e 

s e n s i t i v i t y of r i b o s o m a l genes i n l e a f and c o t y l e d o n n u c l e i 

( S e c t i o n 3.3.1) a l s o showed t h a t t h e c o n d i t i o n s of h y b r i d i s ­

a t i o n a l l o w e d t h e d e t e c t i o n of s p e c i f i c fragments w i t h i n the 

smear o f DNA ( F i g u r e 22B, S e c t i o n 3 . 3 . 1 ) . T h e r e f o r e the 

methods were s u i t a b l e f o r t he s t u d y of n u c l e a s e s e n s i t i v i t y 

i n pea c h r o m a t i n , a t l e a s t f o r m u l t i p l e copy genes. 

The p r e s e n c e of bands i n the genomic DNA and n u c l e i which 

h y b r i d i s e d t o pHAl but were not d e t e c t e d i n the Bam HI d i g e s t 

of pHAl ( t r a c k , ^ ) , F i g u r e 22B) and c o u l d not be e x p l a i n e d from 

t h e map o f the r i b o s o m a l r e p e a t ( F i g u r e 2 3 ) , has been e x p l a i n e d 

as due t o p a r t i a l r e s t r i c t i o n ( S e c t i o n 3 . 3 . 1 ) . T h i s i s 

s u p p o r t e d by the DNA r e s t r i c t i o n p r o f i l e s on the E t B r - s t a i n e d 

g e l ( t r a c k s ( b ) , ( f ) , ( j ) . F i g u r e 22B). The poor r e s t r i c t i o n 

may have been due to i n s u f f i c i e n t enzyme or too s h o r t a time 

of d i g e s t i o n , however, i t i s p o s s i b l e t h a t s i t e s may not have 

been c u t ( F i g u r e 23) b e c a u s e they were m o d i f i e d i n some way 

which p r e v e n t e d r e c o g n i t i o n by the enzyme. There i s e v i d e n c e 

t h a t the r i b o s o m a l genes i n both l e a v e s and c o t y l e d o n s of 

pea a r e h e a v i l y m e t h y l a t e d (Waterhouse, 1 9 8 5 ) . Thus a t l e a s t 

some of t h e bands may be due to m e t h y l a t i o n of CpG d i n u c l e o t i d e s 

a t the Bam Hi s i t e s , r e n d e r i n g them r e f r a c t o r y to c l e a v a g e by 

t h i s enzyme. The l o s s of t h e s e bands i n some t r a c k s may 

t h e r e f o r e have been due to DNAase I d i g e s t i o n , r a t h e r than 

r e s t r i c t i o n . A l l the bands p r e s e n t i n the ONAase I d i g e s t s 

of c o t y l e d o n and l e a f n u c l e i were a l s o found i n a t l e a s t one 

d i g e s t o f p r o t e i n - f r e e DNA ( F i g u r e 2 2 3 ) , so t h e r e was no e v i d -
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ence f o r c h r o m , a t i n - - s p e c i f i c c l e a v a g e s by DNAase I , i.e. 

h y p e r s e n s i t i v e s i t e s , i n t he r i b o s o m a l genes. 

D i f f e r e n c e s i n t h e n u c l e a s e s e n s i t i v i t y between a c t i v e 

and i n a c t i v e genes a r e u s u a l l y d e t e c t e d by the r e l a t i v e r a t e s 

of d i s a p p e a r a n c e of the r e s t r i c t i o n fragments c o r r e s p o n d i n g 

to t h e genes ( S e c t i o n s 1.7 and 2.2.20.7). The d i f f e r e n c e s 

i n i n t e n s i t i e s of t h e bands h y b r i d i s i n g t o the r i b o s o m a l genes 

can be l a r g e l y e x p l a i n e d by the v a r i a t i o n s i n the e x t e n t of 

r e s t r i c t i o n and by the s i z e d i s t r i b u t i o n s of DNA fragments 

( F i g u r e 22B and S e c t i o n 3 . 3 . 1 ) . I t thus appears t h a t the 

r i b o s o m a l genes i n pea l e a f and c o t y l e d o n n u c l e i show s i m i l a r 

e x t e n t s o f d e g r a d a t i o n by DNAase I , and a r e i n f a c t r e l a t i v e l y 

r e s i s t a n t t o d i g e s t i o n by t h i s enzyme as fragments s t i l l p e r ­

s i s t i n t h e 15u/ml t r a c k s ( F i g u r e 22B, t r a c k s ( i ) , (m)). 

Comparison of t h e r a t e of DNAase I d i g e s t i o n of r i b o s o m a l 

genes i n c h r o m a t i n o f Brassica pekinensis and Matthiola incana 

t o t h a t o f t o t a l chrom.atin showed t h a t t h e r e was no p r e f e r ­

e n t i a l d i g e s t i o n of r i b o s o m a l sequences ( L e b e r and Hemleben, 

1979) . The i n i t i a l r a t e o f d i g e s t i o n of r i b o s o m a l genes 

was s l i g h t l y s l o w e r t h a n t h a t of t o t a l c h r o m a t i n , s u g g e s t i n g 

t h a t t h e y were more r e s i s t a n t t o low l e v e l s of enzyme than 

was b u l k c h r o m a t i n . A s i m i l a r r e s u l t was found f o r r i b o s o m a l 

genes i n l e a f and c o t y l e d o n n u c l e i of Phaseolus vulgaris 

(Murray and Kennard, 1 9 8 4 ) . VJhen the b l o t which had been 

used t o d e m o n s t r a t e the s e n s i t i v i t y of the a c t i v e p h a s e o l i n 

gene ( S e c t i o n 1.7) was washed to remove the p h a s e o l i n probe, 

and r e h y b r i d i s e d t o pHAl, no l o s s of fragments h y b r i d i s i n g to 

the l a t t e r probe was d e t e c t e d a c r o s s an 8 - f o l d range of DNAase I 

c o n c e n t r a t i o n s (Murray and Kennard, 1984). 
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T h i s a p p a r e n t r e s i s t a n c e of p l a n t r i b o s o m a l chromatin 

t o DNAase I d i g e s t i o n c o n t r a s t s w i t h r e s u l t s o b t a i n e d i n a 

number of o t h e r o r g a n i s m s . The r i b o s o m a l genes of the s l i m e 

mould Physarum polyceph.alum have been shown t o be p r e f e r e n t ­

i a l l y s e n s i t i v e to DNAase I ( S t a l d e r et al, 1978) and DNAase I 

h y p e r s e n s i t i v e s i t e s have been d e t e c t e d i n the r i b o s o m a l 

c h r o m a t i n of Tetrahymena, a p r o t o z o a n (Bonven and Westergaard, 

1 9 8 2 ) . DNAase I s e n s i t i v i t y i s c o r r e l a t e d w i t h the ex­

p r e s s i o n o f r i b o s o m a l genes of o n l y one s p e c i e s i n h y b r i d s 

between Xenopus laevis and X. horealis; the genes from the 

o t h e r s p e c i e s a r e t r a n s c r i p t i o n a l l y i n a c t i v e and r e s i s t a n t 

t o DNAase 1 (Macleod and B i r d , 1 9 8 2 ) . The c o n f l i c t i n g r e s u l t s 

may be r e c o n c i l e d by t he s u g g e s t i o n (Murray and Kennard, 1984) 

t h a t most of t h e r i b o s o m a l genes i n p l a n t s a r e i n a c t i v e even 

i n t i s s u e s where t h e t r a n s c r i p t i o n r a t e i s h i g h , and t h a t the 

r e s i s t a n c e of t h e s e i n a c t i v e genes masks the p r e f e r e n t i a l 

s e n s i t i v i t y of t h e few a c t i v e ones. T h i s i s supported by 

t h e o b s e r v a t i o n ( G a r e l et al, 1977) t h a t both r a r e l y and f r e ­

q u e n t l y t r a n s c r i b e d genes show s i m i l a r s e n s i t i v i t i e s t o 

DNAase I ; th u s i t m.ight be p r e d i c t e d t h a t the s e n s i t i v i t y of 

a c t i v e r i b o s o m a l genes would be s i m i l a r to t h a t of the legumin 

genes i n c o t y l e d o n s ( F i g u r e 25, S e c t i o n 3 . 3 . 2 ) . D e s p i t e the 

d i f f e r e n c e s i n copy number, i.e. 'X'8 genes f o r legumin (Domoney 

and C a s e y , 1985) and 7,800 genes f o r r i b o s o m a l RNA ( I n g l e , 

1979) t h e p e r s i s t e n c e of t h e ribosom.al bands a f t e r 6 min. of 

d i g e s t i o n w i t h 15u/ml DNAase 1 ( F i g u r e 22B, t r a c k s ( i ) , (m)) 

compared t o the l o s s of legumin genes i n c o t y l e d o n s a f t e r 

1 min. of d i g e s t i o n w i t h lOu/ml DNAase 1 ( F i g u r e 25B, t r a c k ( i ) ) 

s u g g e s t s t h a t i t i s the i n a c t i v e r i b o s o m a l genes which are 

b e i n g d e t e c t e d . 
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4.5 DNAase I s e n s i t i v i t y of pea seed s t o r a g e p r o t e i n genes 

The d i f f e r e n t r a t e s of d i g e s t i o n by DNAase I of the 

legumin genes i n pea c o t y l e d o n s and l e a v e s ( F i g u r e 25B, and 

S e c t i o n 3.3.2) c o r r e l a t e w i t h t h e t r a n s c r i p t i o n a l a c t i v i t y 

of t h e s e genes i n t he two t i s s u e s (Gatehouse et al, 1982, 

Evans et al, 1 9 8 4 ) . The bands i n c o t y l e d o n s d i s a p p e a r a t 

about 1 min. of d i g e s t i o n ( F i g u r e 25B, t r a c k ( i ) ) whereas 

bands a r e s t i l l j u s t v i s i b l e i n the l e a f samples a f t e r 2 min. 

of d i g e s t i o n ( F i g u r e 25B, t r a c k ( e ) ) . These r e s u l t s s u g g e s t 

t h a t t h e genes i n c o t y l e d o n s a r e 2T4 t i m e s as s e n s i t i v e t o 

DNAase I as t h o s e i n l e a v e s ; t h i s i s s i m i l a r t o the 5 - f o l d 

d i f f e r e n c e r e p o r t e d f o r the a c t i v e and i n a c t i v e ovalbumin 

genes ( G a r e l and A x e l , 1976) but i s somewhat lower than the 

o r d e r of magnitude d i f f e r e n c e s e e n i n most examples (Reeves, 

1 9 8 4 ) . F u r t h e r e x p e r i m e n t s i n v o l v i n g m i l d d i g e s t i o n con­

d i t i o n s o v e r a wide range of enzyme c o n c e n t r a t i o n s , such as 

t h a t i n S e c t i o n 3.4, combined w i t h d e n s i t o m e t r i c a n a l y s i s of 

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

t h e r e l a t i v e s e n s i t i v i t i e s of t h e a c t i v e and i n a c t i v e genes. 

The dem.onstration t h a t a c t i v e pea seed s t o r a g e p r o t e i n 

genes a r e more s e n s i t i v e than i n a c t i v e genes i s s i m i l a r t o the 

r e s u l t s o b t a i n e d f o r the 3 - p h a s e o l i n gene i n F r e n c h bean 

(Murray and Kennard, 1 9 8 4 ) , t h e Adh-1 gene promoter i n maize 

( F e r l , 1985) and t r a n s c r i p t i o n a l l y a c t i v e c h r o m a t i n i n wheat 

embryos ( S p i k e r et al, 1 9 8 3 ) . Thus i t appears t h a t , f o r 

c l a s s I I genes a t l e a s t , t h e s t r u c t u r e of t r a n s c r i p t i o n a l l y 

a c t i v e p l a n t c h r o m a t i n i s a l t e r e d such t h a t i t i s more a c c e s s ­

i b l e t o n u c l e a s e s ( S e c t i o n 1 . 7 ) . 
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The e x p r e s s i o n of legumin and 3 - p h a s e o l i n i s develop-
m e n t a l l y r e g u l a t e d ( S e c t i o n 1 . 2 ) . Analogous systems such 

as g l o b i n s y n t h e s i s d u r i n g e r y t h r o p o i e s i s ( S t a l d e r et al, 

1980a, b ) , were among t h e f i r s t t o be s t u d i e d w i t h r e s p e c t 

to DNAase I s e n s i t i v i t y of a n i m a l c h r o m a t i n (Weintraub and 

G roudine, 1976, G a r e l and A x e l , 1976, S t a l d e r et al, 1980a,b, 

Shermoen and B e c k d o r f , 19 8 2 ) . However, a number of i n d u c ­

i b l e genes have a l s o been i n v e s t i g a t e d such as the h e a t - s h o c k 

genes i n Drosophila melanogaster (Wu et al, 1979 a, b, Wu, 

1980) , a g l u c o - c o r t i c o i d - d e p e n d e n t v i r a l enhancer element 

( Z a r e t and Yamamoto, 1984) and i n d u c e d g l o b i n s y n t h e s i s i n 

murine e r y t h r o l e u k a e m i a c e l l s ( S h e f f e r y et al, 1984, S a l d i t t -

G e o r g i e f f et al, 1 9 8 4 ) . The promoter of the maize Adh-1 

gene, w h i c h i s i n d u c e d i n a n a e r o b i c r o o t s , has been shown to 

be DNAase I s e n s i t i v e ( F e r l , 1 9 8 5 ) , a l t h o u g h i t was not s t a t e d 

w hether t h i s s e n s i t i v i t y was a s s o c i a t e d w i t h i n d u c t i o n . The 

a c c e s s i b i l i t y o f v a r i o u s r e s t r i c t i o n s i t e s w i t h i n t h i s pro­

moter does however change on the i n d u c t i o n of t h i s gene i n 

a n a e r o b i c r o o t s ( F e r l , 1985) and i s d i s c u s s e d i n more d e t a i l 

i n S e c t i o n 4.6. A number of p l a n t genes, such as the s m a l l 

s u b - u n i t of r i b u l o s e b i s p h o s p h a t e c a r b o x y l a s e , a r e r e g u l a t e d 

by l i g h t (Tobin and S i l v e r t h o r n e , 1985) . T h e r e f o r e , s t u d i e s 

of n u c l e a s e s e n s i t i v i t y of l i g h t - i n d u c i b l e genes i n p l a n t s 

a r e p o s s i b l e , p r o v i d e d t h a t s u i t a b l e methods f o r the i s o l a t i o n 

of n u c l e i from dark-grown and l i g h t - g r o w n t i s s u e s , is.g . 

G a l l a g h e r and E l l i s , 1 9 8 2 ) , and a p p r o p r i a t e h y b r i d i s a t i o n 

p r o b e s , a r e a v a i l a b l e . Such an a n a l y s i s of the c h r o m a t i n 

s t r u c t u r e of l i g h t - r e g u l a t e d and o t h e r i n d u c i b l e genes i n 

p l a n t s w i l l d e t e r m i n e whether the p r e f e r e n t i a l DNAase I 
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s e n s i t i v i t y of a c t i v e genes i n p l a n t s i s a g e n e r a l phenom.enon, 

as a p p e a r s to be the c a s e i n a n i m a l c h r o m a t i n . 

4.6 DNAase I h y p e r s e n s i t i v e s i t e s - a r e t h e s e s t r u c t u r e s 
p r e s e n t i n p l a n t c h r o m a t i n ? 

The r a p i d d i g e s t i o n of t he i n a c t i v e s eed s t o r a g e pro­

t e i n genes i n l e a f n u c l e i ( S e c t i o n 3.3.2, F i g u r e 25B, t r a c k s 

(a) t o ( e ) ) s u g g e s t s t h a t t h e o v e r a l l d e g r a d a t i o n of chromatin 

was f a i r l y e x t e n s i v e , and thu s may have masked any hyper­

s e n s i t i v e s i t e s ( S e c t i o n 3.4) as t h e s e a r e o f t e n two o r d e r s 

of magnitude more s e n s i t i v e than b u l k c h r o m a t i n (Reeves, 1984). 

However, had such s i t e s been p r e s e n t , sub-bands i n a d d i t i o n 

t o t h o s e d e t e c t e d i n t h e c o n t r o l s ( F i g u r e 25B, t r a c k s (b) and 

( f ) ) might have been e x p e c t e d i n the 0.5 m.in. or z e r o - t i m e 

samples of c o t y l e d o n n u c l e i ( t r a c k s (k) and ( 1 ) ) . No such 

bands were o b s e r v e d i n t h i s e x p e r i m e n t , and the h y b r i d i s a t i o n 

o f a v i c i l i n cDNA t o a b l o t of v e r y m i l d DNAase I d i g e s t i o n s 

( F i g u r e 26) a l s o s u g g e s t e d t h a t no sub-bands were p r e s e n t , 

a l t h o u g h the r e s u l t s h e r e were d i f f i c u l t t o i n t e r p r e t ( S e c t i o n 

3 . 3 . 4 ) . Thus t h e d a t a a v a i l a b l e f o r pea s u g g e s t s t h a t t h e r e 

a r e no DNAase I h y p e r s e n s i t i v e s i t e s i n c h r o m a t i n . 

T h i s r e s u l t i s s i m i l a r t o t h a t o b t a i n e d f o r the B-

p h a s e o l i n gene i n Phaseolus vulgaris (Murray and Kennard, 1984) 

i n which g e n e r a l DNAase I s e n s i t i v i t y ( s ee p r e v i o u s s e c t i o n ) 

was d e t e c t e d but DNAase I h y p e r s e n s i t i v e s i t e s were not. I t 

i s u n l i k e l y t h a t c o n d i t i o n s which p e r m i t t e d t h e d e t e c t i o n of 

g e n e r a l DNAase I s e n s i t i v i t y would not have d e t e c t e d hyper­

s e n s i t i v e s i t e s i f they were p r e s e n t (Murray and Kennard,1984) 
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However, i t i s p o s s i b l e t h a t the probe and r e s t r i c t i o n endo­

n u c l e a s e s used were i n a p p r o p r i a t e i n both t h a t s t udy and the 

p r e s e n t work. The probe used t o a s s a y f o r h y p e r s e n s i t i v e 

s i t e s i n p h a s e o l i n was a 1.6 kb fragment e x t e n d i n g from 

110 bp w i t h i n the gene to 1471 bp 5" t o the s t a r t of t r a n s ­

c r i p t i o n (Murray and Kennard, 1 9 8 4 ) . The DNA p u r i f i e d from 

F r e n c h bean n u c l e i was r e s t r i c t e d so t h a t the gene was c u t 

i n t o two f r a g m e n t s , one c o r r e s p o n d i n g t o the probe and the 

o t h e r from the s i t e 110 bp v / i t h i n the gene to a s i t e w e l l 

p a s t t h a t o f p o l y ( A ) a d d i t i o n (Murray and Kennard, 1984). 

I n t h e e x p e r i m e n t s on legumin genes i n pea, d i g e s t i o n of 

t h e DNA w i t h Hind I I I gave two fragments, one of which ('̂ -2.5 

kb. S e c t i o n 3.3.2) c o n t a i n e d a l l of the l e g A gene downstream 

of t h e s i t e j u s t a f t e r t h e t r a n s l a t i o n a l s t a r t p o i n t ( s e e 

F i g u r e 24 and L y c e t t et al, 1 9 8 4 ) . The second fragment, 

thought t o be t h a t of 4.15 kb ( S e c t i o n 3 . 3 . 2 ) , c o n t a i n s a l l 

of t h e 5' promoter and f l a n k i n g sequences of l e g A ( F i g u r e 24) 

The probe used t o a s s a y f o r h y p e r s e n s i t i v e s i t e s was the 

i n s e r t o f pDUB24 ( F i g u r e 24, S e c t i o n 3 . 3 . 2 ) . I f t h e r e had 

been any 5' h y p e r s e n s i t i v e s i t e s i n e i t h e r gene, then the 

r e s t r i c t i o n f ragments c o r r e s p o n d i n g t o the f l a n k i n g r e g i o n s 

would have been c u t i n t o two o r more bands d e t e c t e d by the 

p r o b e s . The absence o f such bands ( F i g u r e 25B, and Murray 

and Kennard, 1984) s u g g e s t s t h a t t h e r e are no such s i t e s 5 

t o the gene, however, i f the s i t e s were v e r y c l o s e to the 

s t a r t of the gene i t i s p o s s i b l e t h a t the s m a l l e r fragment 

g e n e r a t e d by a d o u b l e - s t r a n d e d DNAase I c l e a v a g e , and the 

r e s u l t i n g change i n s i z e of t he l a r g e r fragment, would not be 

d e t e c t e d . H y p e r s e n s i t i v e s i t e s a r e d e t e c t e d c l o s e to the 
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cap s i t e i n t h e h e a t - s h o c k genes of Drosophila (Wu, 1980, 

Wu, 1984a) as w e l l as f u r t h e r upstream. As many genes which 

have been s t u d i e d have more th a n one 5' h y p e r s e n s i t i v e s i t e , 

e.g. Drosophila h e a t - s h o c k genes (Wu, 1980,.Wu, 1984a), 

Drosophila Sgs 4 genes (Shermoen and Beckendorf, 1982), 

c h i c k e n 3 - g l o b i n genes ( S t a l d e r et al, 19 80b), i t would be 

e x p e c t e d t h a t even i f s i t e s c l o s e t o t h e cap s i t e were not 

d e t e c t e d i n legumin and p h a s e o l i n because of the probe and 

r e s t r i c t i o n enzyme c o m b i n a t i o n used, o t h e r s i t e s f u r t h e r up­

s t r e a m would have been d e t e c t e d i f p r e s e n t . However, f u r t h e r 

e x p e r i m e n t s u s i n g p r o b e / r e s t r i c t i o n enzyme combinations t h a t 

w i l l a l l o w t h e d e t e c t i o n of s i t e s c l o s e to the s t a r t of t h e 

gene, a r e n e c e s s a r y . 

VJhen the B - p h a s e o l i n gene was l i g a t e d i n t o pBR322 and 

t e s t e d f o r S I s e n s i t i v i t y ( s e e S e c t i o n 1 . 9 ) , i t v/as found 

t h a t t h i s enzyme c u t a t a number of s i t e s 5' and 3 t o the 

gene when the p l a s m i d was s u p e r c o i l e d (Murray and Kennard, 

1 9 8 4 ) . A c o r r e l a t i o n c o u l d be made between sequences w i t h 

the p o t e n t i a l f o r c r u c i f o r m f o r m a t i o n , and S l - s e n s i t i v e s i t e s ; 

however, t h e absence o f both DNAase I and S l - h y p e r s e n s i t i v e 

s i t e s in vivo s u g g e s t s t h a t such s t u d i e s on s u p e r c o i l e d p l a s -

mids a r e of l i m i t e d v a l u e i n p r e d i c t i n g the chromatin s t r u c t ­

u r e of t h e s e sequences (Murray and Kennard, 1984) . S i m i l a r 

e x p e r i m e n t s were t h e r e f o r e not performed f o r the pea seed 

s t o r a g e p r o t e i n genes. 

The l a c k o f any DNAase I h y p e r s e n s i t i v e s i t e s i n the 

maize Adh-1 gene ( F e r l , 1985) s u p p o r t s the r e s u l t s from the 

legumin and p h a s e o l i n genes. However, e x a m i n a t i o n of the 

a c c e s s i b i l i t y of t h r e e r e s t r i c t i o n s i t e s upstream of the 
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promoter of t h i s gene s u g g e s t s t h a t the chromatin s t r u c t u r e 

of t h i s r e g i o n changes on i n d u c t i o n of the gene. The or d e r 

of the s i t e s i s P s t I , Xba I and Bam. H i , w i t h P s t I b e i n g 

n e a r e s t t o t h e gene. Comparison of the c u t t i n g by each 
in 

enzyme i n c h r o m a t i n from a n a e r o b i c roots,/(which the gene i s 

in d u c e d , w i t h t h a t i n a e r o b i c r o o t s , i n which the gene i s 

i n a c t i v e , showed t h e P s t I and Xba I s i t e s were much more 

a c c e s s i b l e i n c h r o m a t i n from a n a e r o b i c r o o t s . T h i s shows 

t h a t t h e c h r o m a t i n was i n a more open conformation i n the 

a c t i v e gene. I n n u c l e i from l e a v e s , a t i s s u e i n which the 

Adh-1 gene i s not e x p r e s s e d , the Bam HI and Xba I s i t e s were 

i n a c c e s s i b l e , but the P s t I s i t e was c u t to the same e x t e n t 

as i n a n a e r o b i c r o o t s . I t has t h e r e f o r e been suggested t h a t 

on i n d u c t i o n d u r i n g a n a e r o b i o s i s t h e e n t i r e promoter r e g i o n 

becomes more a c c e s s i b l e t h a n i n a e r o b i c r o o t s , but t h a t i n 

l e a v e s , s p e c i f i c b i n d i n g of a p r o t e i n r a t h e r than g e n e r a l 

c h r o m a t i n c o n d e n s a t i o n r e p r e s s e s the gene ( F e r l , 1985). 

At f i r s t , t h e s e r e s u l t s seem a t v a r i a n c e w i t h the l a c k of 

DNAase I h y p e r s e n s i t i v e s i t e s i n p l a n t c h r o m a t i n . However, 

the p a t t e r n s of a c c e s s i b i l i t y t o r e s t r i c t i o n e n d o n u c l e a s e s , 

which a r e by d e f i n i t i o n s i t e - s p e c i f i c , can be e x p l a i n e d i n 

terms of a g e n e r a l opening up of c h r o m a t i n on i n d u c t i o n ( F e r l , 

1985), as s u g g e s t e d by the g e n e r a l i n c r e a s e i n DNAase I se n ­

s i t i v i t y of the a c t i v e pea legumin and F r e n c h bean p h a s e o l i n 

genes. The p a t t e r n of c u t t i n g i n l e a v e s can be e x p l a i n e d 

i f t h e p u t a t i v e r e p r e s s o r p r o t e i n ( F e r l , 1985) b i n d s to a 

r e g i o n c o v e r i n g the Bam HI and Xba I s i t e s , but not t h e P s t I 

s i t e . 

The i n f o r m a t i o n so f a r a v a i l a b l e f o r s p e c i f i c genes i n 

p l a n t c h r o m a t i n s u g g e s t s t h a t , u n l i k e a n i m a l genes, they l a c k 
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DNAase I h y p e r s e n s i t i v e s i t e s . However, the p r e s e n c e of 

t h e s e s i t e s i n a n i m a l c h r o m a t i n i s o n l y i n d i c a t i v e of a 

p a r t i c u l a r s t r u c t u r e w h i c h r e s u l t s i n v e r y h i g h s e n s i t i v i t y 

of the DNA t o t h i s enzyme, and t h e r e may be many o t h e r 

c h r o m a t i n s t r u c t u r a l a l t e r a t i o n s which cannot be d e t e c t e d 

by t h i s n u c l e a s e . More e x p e r i m e n t s on a range of genes i n 

d i f f e r e n t p l a n t s p e c i e s , u s i n g v a r i o u s n u c l e a s e s , and o t h e r 

probes of c h r o m a t i n s t r u c t u r e such as copper p h e n a n t h r o l i n e 

(Drew, 1984, C a r t w r i g h t and E l g i n , 1 9 8 2 ) , a r e r e q u i r e d t o 

e s t a b l i s h t h e d e t a i l e d c h r o m a t i n s t r u c t u r e of p l a n t genes. 

The m i l d c o n d i t i o n s r e q u i r e d f o r d i g e s t i o n of p l a n t c hromatin 

(Murray and Kennard, 1984) s u g g e s t t h a t i t may be g e n e r a l l y 

m.ore s e n s i t i v e t o n u c l e a s e s than a n i m a l c h r o m a t i n , and t h i s 

h i g h l e v e l of g e n e r a l s e n s i t i v i t y may mask any s p e c i f i c h y per­

s e n s i t i v e r e g i o n s . E x p e r i m e n t s i n v o l v i n g one of the f o o t -

p r i n t i n g a s s a y s used t o d e t e c t p r o t e c t i o n by DNA-binding 

p r o t e i n s ( S e c t i o n 1.10) may t h e r e f o r e be more u s e f u l than 

n u c l e a s e d i g e s t i o n s i n p r o b i n g the d e t a i l s of p l a n t chromatin 

s t r u c t u r e , and protein/DNA i n t e r a c t i o n s . Such an a s s a y may 

a l s o be u s e f u l i n d e t e r m i n i n g whether t h e r e i s a p r o t e i n i n 

pea c o t y l e d o n s v;hich b i n d s t o the p u t a t i v e t i s s u e - s p e c i f i c 

sequence i n t h e legumin genes ( S e c t i o n 1.4.1). 

A number of d i f f e r e n c e s a t the sequence l e v e l have been 

d e t e c t e d between a n i m a l and p l a n t genes ( S e c t i o n s 1.4 and 

4.1.3 to 4.1.5, L y c e t t et al, 1983b, Messing et al, 1983) 

and i t would not be s u r p r i s i n g i f d i f f e r e n c e s e x i s t e d a t 

h i g h e r l e v e l s of s t r u c t u r e . I n v e s t i g a t i o n s i n t o chromatin 

s t r u c t u r e s h o u l d t h e r e f o r e be combined w i t h those on DNA 

s e q u e n c e s i n e f f o r t s t o u n d e r s t a n d the mechanisms i n v o l v e d 

i n r e g u l a t i n g d i f f e r e n t i a l gene e x p r e s s i o n i n p l a n t s . 
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