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C o n s t r u c t i o n o f a cDNA l i b r a r y e n c o d i n g pea seed 
p r o t e i n s . 

LAURENCE NEIL GATEHOUSE 

ABSTRACT 

A cDNA l i b r a r y was c o n s t r u c t e d u s i n g mRNA i s o l a t e d 
f r o m t h e c o t y l e d o n s o f d e v e l o p i n g seeds o f pea (Pisum 
s a t i v u o ^ L.) 13-17 da y s a f t e r f l o w e r i n g , t h e m i d - s t a g e o f 
d e v e l o p m e n t . The l i b r a r y was s y s t e m a t i c a l l y s c r e e n e d f o r 
c l o n e s e n c o d i n g m o s t o f t h e more a b u n d a n t seed p r o t e i n s . 
R e p r e s e n t a t i v e c l o n e s o f ea c h c l a s s w e re i s o l a t e d and 
c h a r a c t e r i s e d b y r e s t r i c t i o n m a p p i n g , h y b r i d i s a t i o n e x p e r i ­
m e n t s and i n some c a s e s DNA s e q u e n c i n g . The abundcinces o f 
t h e v a r i o u s c l a s s e s o f c l o n e s were c o r r e l a t e d w i t h t h e 
knovm abundance c l a s s e s o f mRNA sequences a t t h i s s t a g e o f 
d e v e l o p m e n t and shown t o f i t w e l l . 

Two t y p e s o f cDNA c l o n e c o r r e s p o n d i n g t o l e g u m i n were 
f o u n d . One t y p e was f o u n d t o have s i m i l a r r e s t r i c t i o n maps 
t o legum.in genes A, B and C w h i c h encode " m a j o r " l e g u m i n 
p o l y p e p t i d e s . A r e p r e s e n t a t i v e o f t h e o t h e r t y p e o f l e g u m i n 
c l o n e v/as shovm t o c o r r e s p o n d t o l e g u m i n gene J w h i c h 
e n c o d e s a " m i n o r " l e g u m i n p o l y p e p t i d e . R e s t r i c t i o n mapping 
was u s e d t o show t h a t genes i n t h i s s u b f a m i l y a r e more 
d i v e r s e t h a n i n t h e L eg A,B,C s u b f a m i l y . 

C l o n e s f o r t h e t h r e e m a i n v i c i l i n t y p e s \\'ere f o u n d . 
From t h e i r a b u n d a n c e s and c r o s s h y b r i d i s a t i o n s , i t v/as 
shovm t h a t t h e t h r e e v i c i l i n s a r e r o u g h l y e q u a l l y homologous 
t o e a c h o t h e r and t h a t t h e i r mRNAs a r e r o u g h l y e q u a l l y 
a b u n d a n t a t t h i s s t a g e o f d e v e l o p m e n t . 

A c l o n e was f o u n d v / h i c h encodes one o f t h e m a j o r 
a l b u m i n s and v/as c o m p l e t e l y DNA s e q u e n c e d . The p r e d i c t e d 
p r o t e i n s e q u e n c e t h u s o b t a i n e d was shown t o mat c h w e l l w i t h 
t h e p a r t i a l p r o t e i n s e q u e n c e s p r e v i o u s l y o b t a i n e d f r o m t o t a l 
m a j o r a l b u m i n s . 

C l o n e s f o r t h e s o l u b l e s e e d l e c t i n w e r e f o u n d and t h e 
DNA s e q u e n c e o f one was shown t o be i d e n t i c a l v / i t h t h e 
p u b l i s h e d s e q u e n c e o f pea l e c t i n mRNA. However i t s p o l y A 
t a i l s t a r t e d 24 b a s e s f u r t h e r dov/nstream, a f t e r a s e r i e s o f 
o v e r l a p p i n g s e q u e n c e s c l o s e l y h omologous t o t h e consensus 
p o l y a d e n y l a t i o n s i g n a l . The s i z e o f t h e l e c t i n mRNA v/as 
f o u n d t o be 'V'lOOO b a s e s , c o n f i r m i n g t h e n e a r c o m p l e t e n e s s 
o f t h e p u b l i s h e d s e q u e n c e . 
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CHAPTER 1 

INTRODUCTION 

1.1. General I n t r o d u c t i o n 

Peas are members of the family of Leguminosae, a group 

of p l a n t s with p r o p e r t i e s of enormous importance to 

man. F i r s t l y they, along with the c e r e a l s , d i r e c t l y 

supply about 70% of mankinds d i e t a r y p r o t e i n (Oram and 

Brock,1972), most of the r e s t coming from animals which 

are often fed with seed meals. Although c e r e a l s (8-15% 

dry v/eight p r o t e i n content) account for more o v e r a l l pro­

t e i n consumption, legumes (20-50% dry weight p r o t e i n con­

t e n t (Danielson, 1949)), are a concentrated p r o t e i n source 

and are very important i n providing an adequate d i e t i n 

developing c o u n t r i e s where' p r o t e i n m a l n u t r i t i o n i s common 

(Shewry e t . a l . , 1981). 

Secondly, legumes by means of a symbiotic r e l a t i o n ­

s h i p b e t v 7 e e n t h e i r root nodules and v a r i o u s s t r a i n s of 

Rhizobium b a c t e r i a , are able to f i x atmospheric nitrogen. 

T h i s e l i m i n a t e s the need f o r the a d d i t i o n of r e l a t i v e l y 

expensive and sometimes harmful nitrogen f e r t i l i z e r s (Nit­

r a t e s i n the v/ater supply and a l g a l "bloom" i n r i v e r s . ) . I n 

a d d i t i o n when grown i n r o t a t i o n or i n mixed crops, such as 

the maize, squash, Phaseolus bean system of the red Indians 

of the North American southwest, legumes maintain or even 

improve s o i l f e r t i l i t y over many grov/ing seasons. N u t r i ­

t i o n a l l y animals r e q u i r e i n t h e i r d i e t s s u f f i c i e n t protein 

to supply the r e q u i r e d amounts of e s s e n t i a l amino acids as 

the "raw m a t e r i a l s " f o r p r o t e i n s y n t h e s i s . Nine of the 

tv/enty p r o t e i n amino a c i d s are e s s e n t i a l f o r mammalian, and 

hence human, n u t r i t i o n . These are l e u c i n e , i s o l e u c i n e , 

l y s i n e , methionine, phenylalanine, threonine, tryptophan, 

t y r o s i n e and v a l i n e . Legume seed storage proteins are i n 



general l i m i t i n g i n the sulphur amino acids methionine 

and c y s t e i n e (the l a t t e r has a sparing e f f e c t on methionine), 

where-as c e r e a l s are u s u a l l y l i m i t i n g i n l y s i n e , threonine 

and tryptophan (Boulter e t . a l . , 1975; Shewry e t . a l . , 1981; 

Croy e t . a l . , 1980; Casey and Short 1981). A l t e r a t i o n s and 

improvem-ents to the seed p r o t e i n s , or even the introduction 

of novel and/or a l i e n p r o t e i n s , to i n c r e a s e t h e i r over­

a l l n u t r i t i o n a l value could improve general healt h and 

w e l l being i n some p a r t s of the world. 

S i n c e the advent of a g r i c u l t u r e some 18,000 years ago 

(Wendorf e t . a l . , 1979), man has been s e l e c t i n g and breeding 

h i s crop p l a n t s f o r d e s i r a b l e p r o p e r t i e s with astounding 

s u c c e s s . Y i e l d s of seed from the ancient hybrid grasses 

do not begin to compare with those from the modern c e r e a l s 

which have been bred from them. I n p a r t i c u l a r the "green 

r e v o l u t i o n " of r e c e n t years i n much of A s i a , and the high 

energy and c a p i t a l - i n t e n s i v e farming p r a c t i c e s of the 

western world, coupled with the c a r e f u l l y bred s t r a i n s 

grown, have been producing v a s t y i e l d s , s u f f i c i e n t to 

feed the v;orld and to spare. 

The t r a d i t i o n a l method of improving s t r a i n s by cross 

f e r t i l i s a t i o n and s e l e c t i n g f o r d e s i r a b l e c h a r a c t e r i s ­

t i c s i s an e m p i r i c a l t r i a l and e r r o r process, and because 

the s e l e c t i o n i s a t the phenotypic r a t h e r than the gen-

o t y p i c l e v e l many c h a r a c t e r i s t i c s can a l s o be inadvertantly 

bred out, such as the l o s s of many i n s e c t r e s i s t a n c e f a c ­

t o r s i n the c u l t i v a t e d c e r e a l s compared to t h e i r more 

" p r i m i t i v e " r e l a t i v e s . While t h i s may be annoying for a 

farming system using h e r b i c i d e and i n s e c t i c i d e sprays, i t 

has been d i s a s t r o u s f o r some developing-v/orld farmers. 



E s s e n t i a l l y , conventional plant breeding being 

l i m i t e d to c r o s s e s of s e x u a l l y compatible c u l t i v a r s and 

often i n v o l v i n g much back c r o s s i n g to i s o l a t e the desired 

phenotype from v a r i o u s undesirable ones, causes an o v e r a l l 

decrease i n the ge n e t i c d i v e r s i t y of the plant and hence a 

g r e a t e r chance of v u l n e r a b i l i t y to s t r e s s e s , pests and 

pathogens a g a i n s t which r e s i s t a n c e v/as not s p e c i f i c a l l y 

s e l e c t e d . 

The e l u c i d a t i o n of the molecular b a s i s of genetics 

and the progress i n genetic engineering, promise the 

a b i l i t y to make c o n t r o l l e d changes to the genetic comple­

ment of a p l a n t such as switching on or o f f s p e c i f i c 

genes or gene f a m i l i e s , making s p e c i f i c changes i n genes 

or even i n t r o d u c i n g e n t i r e l y a l i e n genes i n t o a p l a n t , 

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

v a r s almost without l i m i t s . 

Various reviews of the p o t e n t i a l m.ethods to achieve 

these goals (Croy and Gatehouse, 1985; Barton and H i l l 

1983; L a r k i n s 1983; Shewry e t . a l . , 1981) show that the 

t e c h n i c a l problems are being slowly r e s o l v e d . Using the 

T i (tumour-inducing) plasmids of some Agrobacterium 

s t r a i n s , v e c t o r s have been produced which can introduce 

f o r e i g n DNA i n t o a p l a n t c e l l and s t a b l y i n t e g r a t e i t 

with the n u c l e a r DNA. Within the past two years the 

ex p r e s s i o n of a l i e n genes introduced by t h i s method has 

been achieved : a pha s e o l i n gene, coding f o r a storage 

p r o t e i n of Phaseolus v u l g a r i s , has been transformed into 

and expressed i n sunflower c e l l s (Murai et.al.,1983) as 

w e l l as the l i g h t - r e g u l a t e d pea r i b u l o s e 1,5-bisphosphate 

carboxylase gene i n petunia c e l l s CBroglie e t . a l . , 1 9 8 4 ) . 



Regenerating v i a b l e p l a n t s from the c a l l u s t i s s u e 

r e s u l t i n g from T i plasmid i n f e c t i o n has been achieved 

f o r tobacco (Horsch e t . a l . , 1984; De Block e t . a l . , 1984) 

and so i n p r i n c i p a l i t should be p o s s i b l e to apply 

these r e s u l t s to any p l a n t , although the t e c h n i c a l prob­

lems involv e d are formidable ( F l a v e l l and Mathias, 1984). 

The T i plasmid has a l i m i t e d host range, i n f e c t i n g 

only the dicotyledonous p l a n t s , but t h i s problem should 

be circumvented by some of the techniques being proposed 

such as using; the hybrid T i plasm.id - gemini v i r u s vec­

t o r s of Buck and Coults (1983), v e c t o r s containing plant 

tran s p o s a b l e elements (Federoff, 1983) or c a u l i f l o w e r 

mosaic v i r u s (Covey and H u l l , 1985). 

The choice of what genes to introduce i n t o a given 

p l a n t , with a few exceptions, i s a f a r more su b t l e prob­

lem, as the molecular b a s i s of many t r a i t s of i n t e r e s t 

to the p l a n t breeder are poorly understood. An excep­

t i o n i s the seed storage p r o t e i n s . Each p r o t e i n i s the 

product of a s i n g l e or small family of genes, they are 

t i s s u e s p e c i f i c and under s t r i c t developmental c o n t r o l , 

so t h a t these genes are only t r a n s c r i b e d i n the develop­

ing seed and only at c e r t a i n stages of seed development. 

Provid i n g t h i s degree of c o n t r o l can be maintained the 

removal, mutation, i n t r o d u c t i o n or s u b s t i t u t i o n of 

seed storage p r o t e i n genes should be p o s s i b l e without major 

m o d i f i c a t i o n s of or upset to the p l a n t s normal metabolism. 

Backing t h i s up i s an extensive body of r e s e a r c h int o seed 

storage p r o t e i n s , providing much of the information on 

t h e i r s y n t h e s i s , t r a n s p o r t , processing and deposition 

t h a t v/ould be needed to introduce c o n t r o l l e d modifications 



and changes. (Derbyshire e t . a l . , 1976; Boulter 1981; 

L a r k i n s 1981; Brown e t . a l . , 1982; Gatehouse e t . a l . , 1984; 

Higgins 1984; Croy and Gatehouse 1985; Spencer 1984). 

Much of the e a r l y work on seed storage proteins was 

done because of t h e i r great economic value as the m.ajor 

source of p r o t e i n i n the human d i e t . Hov/ever, s i n c e 

the e l u c i d a t i o n of the molecular b a s i s of genetic i n h e r i ­

tance , and the advent of the techniques for the manipulation 

of DNA, the seed p r o t e i n s are now seen as an i d e a l system 

i n v/hich to i n v e s t i g a t e the c o n t r o l of gene expression i n 

eukaryotes, a d e t a i l e d understanding of which i s probably 

the key problem i n biology today. Other s t u d i e s along 

these l i n e s have used the s y n t h e s i s of haemoglobin i n 

e r y t h r o i d c e l l s and ovalbumin i n chicken oviducts as model 

systems. (O'Malley e t . a l . , 1977). Progress with the seed 

p r o t e i n system has produced i s o l a t e d and c h a r a c t e r i s e d 

seed storage p r o t e i n genes from s e v e r a l legumes and ce r ­

e a l s , i n c l u d i n g legumin from pea ( S h i r s a t , 1984), 

Although the d e t a i l e d understanding of the c o n t r o l 

systems i s many yea r s away, some progress towards t h i s 

goal has been made (Goldberg e t . a l . , 1981; Gatehouse e t . a l . , 

1982; Evans e t . a l . , 1984) 

One of the ways to scree n a genomic l i b r a r y f o r a 

s p e c i f i c gene i s by means of a complementary DNA (cDNA) 

probe. To t h i s aim a cDNA l i b r a r y has been constructed 

from t o t a l poly (A) ̂  RNA from m.id-developmental pea 



cotyledons. A cDNA l i b r a r y c o n s i s t s of DNA copies of 

messenger RNAs, v/hich encode for p r o t e i n s , cloned u s u a l l y 

i n t o b a c t e r i a l plasmids whicli are used to transform sus-

ceptable b a c t e r i a and hence can be maintained or grown up 

as d e s i r e d . The cDNA l i b r a r y w i l l r e f l e c t the r e l a t i v e 

abundances of the mRNAs present, mid-developmental pea 

cotyledons contain three abundance c l a s s e s of mRNA, very 

abundant '\^7xlO^ copies per c e l l , abundant "^1,5 x 10*+ 

copies per c e l l and r a r e .̂7 x 10^ copies per c e l l (Morton 

e t . a l . , 1982) . 

The mRNA i s copied i n t o cDNA using the reverse 

t r a n s c r i p t a s e enzyme of avian m y e l o b l a s t o s i s v i r u s , 

the s y n t h e s i s being primed by o l i g o 22-18 ^^^^^ 

anneals to the polyA t a i l s of the mRNA thus providing a 

s t a r t p oint f o r the enzyme (Evans e t . a l . , 1980). The 

cDNA i s made double stranded and i n s e r t e d i n t o a vector 

by a v a r i e t y of methods (Land e t . a l . , 1981; Okayama and 

Berg 1982; Maniatis e t . a l . , 1982). By maintaining a l l 

the cDNA clones produced, the l i b r a r y w i l l s t a t i s t i c a l l y 

r e p r e s e n t the population of expressed mRNAs which should 

be the same as the population i n the c e l l s used f o r i s o ­

l a t i o n . T h i s l i b r a r y of cDNAs should r e f l e c t the pro­

t e i n s s y n t h e s i s e d i n the c e l l , assuming the amount of a 

mRNA i s c o r r e l a t e d v/ith the amount of the r e l e v a n t pro­

t e i n being s y n t h e s i s e d , a t the time the mRNA was i s o l a t e d . 

J u s t a few seed storage p r o t e i n s are produced, often 

i n l a r g e amounts compared v/ith other p r o t e i n s synthesised 

i n the seed and t h i s s y n t h e s i s i s developmentally regu­

l a t e d and t i s s u e s p e c i f i c . Thus m.RNAs ex t r a c t e d from 

developing seeds at a given stage of development should 



c o n t a i n l a r g e amounts of the mRNAs coding for the storage 

p r o t e i n s being s y n t h e s i s e d at that stage of development. 

Hence a cDNA l i b r a r y made from mRNA extract e d from develop­

ing seeds v / i l l contain many cDNA clones of seed storage 

p r o t e i n mRNAs. 

Having obtained a cDNA l i b r a r y the next problem i s 

to i d e n t i f y what i n d i v i d u a l cDNA clones encode, the 

si m p l e s t i n i t i a l method being colony h y b r i d i z a t i o n (Grun-

s t e i n and Hogness, 1975; Maniatis 1982). I n the absence of 

probes s p e c i f i c f o r p a r t i c u l a r messages, such as cDNA 

or genomic clones p r e v i o u s l y i d e n t i f i e d , l a b e l l e d mRNA 

may be used f o r s e l e c t i o n . Probing with the t o t a l mRNA 

used as a template f o r the cDNA l i b r a r y w i l l give strong 

s i g n a l s f o r cDNAs of common messages and weak ones or no 

s i g n a l s f o r cDNAs of r a r e messages, or cDNAs which are 

sho r t i n length. 

By s e l e c t i n g cDNA clones which give strong s i g n a l s 

and by v a r i o u s c r o s s h y b r i d i z a t i o n experiments to group 

the cDNAs i n t o c l a s s e s and then p o s i t i v e l y i d e n t i f y i n g 

a member of each c l a s s by techniques such as : r e s t r i c ­

t i o n mapping, DNA sequencing and hybrid r e l e a s e t r a n s ­

l a t i o n w ith the use of antibodies s p e c i f i c to given pro­

t e i n s , cDNA clones coding for the major seed storage pro­

t e i n s can be found f a i r l y e a s i l y . Finding cDNA clones 

of l e s s common mRNAs by t h i s method i s a very hit-or-miss 

o p e r a t i o n , as a la r g e number of clones must be screened 

to be reasonably c e r t a i n of f i n d i n g a clone of the required 

message and i s norm.ally considered i m p r a c t i c a l i n the 

absence of s p e c i f i c h y b r i d i z a t i o n probes of some kind. 

H y b r i d i z a t i o n probes f o r the r a r e r messages can be 



obtained i n a number of ways though often these probes 

are not very h i g h l y s p e c i f i c . Immunoprecipitating poly­

somes V 7 i t h a n t i b o d i e s s p e c i f i c to the p r o t e i n product of 

the r e q u i r e d message w i l l selectiveLy p r e c i p i t a t e those 

polysomes s y n t h e s i s i n g that p r o t e i n product and the mRNA 

ex t r a c t e d from these polysomes w i l l be enriched i n the 

r e q u i r e d message. The drawbacks of t h i s method are the 

s m a l l amounts of mRNA obtained and the need for s p e c i f i c 

a n t i b o d i e s which n e c e s s i t a t e s the i s o l a t i o n of s i g n i f i c a n t 

amounts of the r e l a t i v e l y pure p r o t e i n product, a d i f f i c u l t 

t a sk f o r the product of a r a r e message. However i n p r i n ­

c i p a l t h i s method can be highl y s p e c i f i c . A l e s s s p e c i f i c 

method i s to h y b r i d i z e with mRNA ex t r a c t e d from d i f f e r e n t 

t i s s u e s or from the same t i s s u e at d i f f e r e n t stages of 

development. Combining t h i s with some knowledge of where 

and when the r e q u i r e d message i s t r a n s c r i b e d w i l l eliminate 

many f a l s e p o s i t i v e s by showing they occur a t the wrong 

stages of developm.ent e t c . I n favourable systems t h i s 

method can be q u i t e s p e c i f i c . S i m i l a r l y mutants or v a r i e ­

t i e s which express/do not express the gene of i n t e r e s t may 

be used. 

1.2. The Seed Proteins.• of Pea (Pisum sativum L.) 

A seed storage p r o t e i n may be defined as a protein 

v/hich occurs e x c l u s i v e l y i n the seed, u s u a l l y i n large 

amounts and i s hydrolysed upon the germination of the 

seed to be used as a source of amino a c i d s for the develop­

ing s e e d l i n g . Seed storage p r o t e i n s are deposited within 

the c e l l i n the membrane bound o r g a n e l l e s c a l l e d pro­

t e i n bodies, by means of s p e c i f i c t r a n s p o r t processes. 



Storage p r o t e i n s tend to be i n e r t and often i n s o l u b l e 

i n aqueous media v;hich allows them to be deposited. This 

c o n s t r a i n t on s o l u b i l i t y combined with the need f o r depo­

s i t i o n and packing i n the p r o t e i n bodies means that most 

seed storage p r o t e i n s are l a r g e molecules which a s s o c i a t e 

i n t o multimers. T h e i r importance as a nitrogen source i s 

i n d i c a t e d by t h e i r high l e v e l s of nitrogen r i c h amino 

a c i d s i . e . amides and a r g i n i n e . 

Developing and germinating seeds need to continue 

w i t h normal metabolism, so seedA p r o t e i n s cou/<̂  be c l a s s i ­

f i e d as storage p r o t e i n s i f they are i n e r t and take no 

p a r t i n the metabolism of the c e l l . Another proposed 

method of c l a s s i f i c a t i o n i s by s o l u b i l i t y , metabolic pro­

t e i n s being i n general s o l u b l e i n water (the albumin 

f r a c t i o n ) and storage p r o t e i n s i n aqueous s a l t s o l u t i o n 

( the g l o b u l i n f r a c t i o n ) . However the pea seed major 

albumins which are often thought of as storage proteins 

are water s o l u b l e . These c l a s s i f i c a t i o n s are often not 

c l e a r c u t , a s enzymatic and other f u n c t i o n s have been 

ass i g n e d to some storage p r o t e i n s and some p r o t e i n s with 

no known metabolic r o l e which acciimulate i n seeds are not 

u t i l i s e d upon germination. 

The Osborn s o l u b i l i t y method, a system of c l a s s i f i ­

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

s o l v e n t s , shov/ed t h a t the major group of p r o t e i n s i n legume 

seeds were g l o b u l i n s , s o l u b l e i n 5% aqueous s a l t s o l u t i o n , 

Osborn and Campbell (1898) i n t h e i r pioneering work on 

legume storage p r o t e i n s , separated pea seed g l o b u l i n s i n t o 

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

s a l t and r e a c t i o n to h e a t i n g : The legumin f r a c t i o n . 
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i n s o l u b l e i n d i l u t e s a l t s o l u t i o n and unaffected by heat­

ing to 100°C; the v i c i l i n f r a c t i o n , s oluble i n d i l u t e s a l t 

s o l u t i o n s and coagulated by heating to 90°C; the legum.elin 

f r a c t i o n which had p r o p e r t i e s of both albumins and glob­

u l i n s and p r e c i p i t a t e d p a r t i a l l y upon a reduction i n s a l t 

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

Danielson (1949) separated t h i s g l o b u l i n f r a c t i o n 

i n t o 2 major f r a c t i o n s at sedimentation c o e f f i c i e n t s 

'\'11-13S corresponding to the pea legumin f r a c t i o n and 

'^7~8S corresponding to the pea v i c i l i n f r a c t i o n ; no legum-

e l i n f r a c t i o n could be found. The r a t i o s of these two 

f r a c t i o n s was a f u n c t i o n of the type of legume seed used; 

Phaseolus v u l g a r i s contains l i t t l e i f any of the -vlls 

f r a c t i o n ; V i c i a Faba_ , however, contains the l l S f r a c t i o n 

as i t s major storage p r o t e i n . (Gatehouse e t . a l . , 1984 ) . 

Pea, Pisum sativum L., i s a t y p i c a l legume with 

roughly equal amounts of each g l o b u l i n f r a c t i o n p r o t e i n . 

The r a t i o of the two p r o t e i n s i s under g e n e t i c c o n t r o l s 

and v a r i e s from l i n e to l i n e i n a Mendelian f a s h i o n . 

Mature pea seeds contain 18-32% dry weight as p r o t e i n 

(average 26%) (Schroeder 1982), of which i n v a r i o u s e s t i ­

mates 15-38% are albumin p r o t e i n s and 50-80% g l o b u l i n pro­

t e i n s , v/ith only s m a l l amounts of other p r o t e i n s (Davies 

1976). I n pea, ©ne major g l o b u l i n f r a c t i o n sediments 

a t 12.6S, apparent molecular weight 381,000 the legumin 

f r a c t i o n andAat 8.IS apparent molecular weight 186,000 the 

v i c i l i n f r a c t i o n . (Danielson 1949) , Other v/orkers have 

quoted a range of molecular v/eights; 380 - 410,000 f o r the 

legumin f r a c t i o n and 150 - 190,000 fo r the v i c i l i n f r a c t i o n . 

(Gatehouse e t . a l . , 1984 ) . The r a t i o of the legumin f r a c t i o n 



A 

11 

to the v i c i l i n f r a c t i o n varies, from 0.5 to 4,0 (Gatehouse 

e t . a l . , 1984 ) . These two p r o t e i n f r a c t i o n s are not pure 

p r o t e i n s , v/hich caused some confusion i n e a r l i e r work, as 

some authors have not d i s t i n g u i s h e d between f r a c t i o n s and 

pure p r o t e i n s . The legumin f r a c t i o n mainly c o n s i s t s of a 

s i n g l e p r o t e i n s p e c i e s c a l l e d legumin, the v i c i l i n f r a c ­

t i o n mainly c o n s i s t s of two d i s t i n c t , though r e l a t e d , 

p r o t e i n s p e c i e s c a l l e d v i c i l i n and c o n v i c i l i n , both of 

which can be p u r i f i e d f r e e of the other. 

The albumin f r a c t i o n i s a complex mix of proteins 

i n c l u d i n g s i g n i f i c a n t amounts of various enzymes such as 

carbohydrate hydrolases (Gatehouse e t . a l . , 1984 ) . The 

major f r a c t i o n s v/ithin the albumin f r a c t i o n are the seed 

l e c t i n f r a c t i o n r e p r e s e n t i n g '^4% of the t o t a l seed pro­

t e i n . (Gatehouse and Bown personal communication), the 

major albumin f r a c t i o n containing subunits of ^^-25,000 and 

r e p r e s e n t i n g '̂ --8-10% of the t o t a l seed p r o t e i n (Croy e t . 

a l . , 1984) and tv/o other s i g n i f i c a n t albumin f r a c t i o n s 

Mrs ^100,000 and '\^8000. (Gatehouse e t . a l . , 1984 ) . 

of these albumin f r a c t i o n s do not seem to be storage pro­

t e i n s as they are not deposited i n the p r o t e i n bodies and 

are not degraded upon germination. The albumin f r a c t i o n i s 

p r o p o r t i o n a t e l y r i c h e r i n sulphur amino acids than the 

g l o b u l i n f r a c t i o n and t h i s i s n u t r i t i o n a l l y important 

although i t accounts f o r only a f r a c t i o n of the t o t a l 

seed p r o t e i n . 

The s o l u b l e seed l e c t i n f r a c t i o n however, i s l o c a l ­

i s e d i n the p r o t e i n bodies (Van Dreissche e t . a l . , 1981) and 

i s r a p i d l y hydrolysed upon germination/\ Rouge and Labroue 

il977j (though s i g n i f i c a n t amounts of l e c t i n p e r s i s t long 

a f t e r the disappearance of the legumin and v i c i l i n f r a c t i o n s 
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Guldager(;L978) T y l e r (1981) . I t s function i s not thought 

to be t h a t of a storage p r o t e i n . 

L e c t i n s are g l y c o p r o t e i n s which s p e c i f i c a l l y bind 

to givensugars, v/ith pea seed l e c t i n being s p e c i f i c for 

D-mannose and D-glucose. ( L i s and Sharron 1981). They 

were f i r s t recognised i n p l a n t e x t r a c t s by t h e i r a b i l i t y 

to a g g l u t i n a t e e r y t h r o c y t e s , Sumner and Howell (1937) showed 
glycoproteins or sugar r e s i d u e s o-f pol ysaccar i des 

t h a t the e f f e c t was due to l e c t i n binding to A on the 
s u r f a c e of the red c e l l s . L e c t i n s can be detected i n 

v a r i o u s p a r t s of the pea p l a n t such as the roots where 

sugar s p e c i f i c i t y has been l i n k e d to the binding of the 

s y m b i o t i c rhizobium b a c t e r i a ( L i s and Sharron 1981). How­

ever the l e c t i n c o n centration i n the seed i s f a r higher 

than anywhere e l s e i n the p l a n t and i t i s thought these 

non seed l e c t i n s are c l e a r l y d i f f e r e n t to the soluble 

seed l e c t i n (Van D r e i s s c h e e t . a l . , 1981). L e c t i n s have 

been i m p l i c a t e d i n t o x i c i t y and impared growth r a t e s i n 

experimental animals fed unheated p l a n t p r o t e i n s , pre­

sumably the l e c t i n s bind to the animals gut w a l l s or 

d i g e s t i v e ^nzymes ( J a f f e 1969) . However not a l l l e c t i n s 

are s i m i l a r l y a c t i v e , the removal of soy bean seed l e c ­

t i n from the raw meal make no d i f f e r e n c e to growth r a t e s 

or p r o t e i n absorption e f f i c i e n c y i n experimental animals. 

T h e i r r o l e i n the seed i s probably to defend against 

fungal and b a c t e r i a l pathogens by binding to t h e i r c e l l 

v / a l l s and i n c o n t r o l l i n g animal, p a r t i c u l a r l y i n s e c t ^ 

p e s t s by t h e i r growth i n h i b i t o r y or t o x i c p r o p e r t i e s . 

The n u t r i t i o n a l s i g n i f i c a n c e of the seed l e c t i n f r a c t i o n 
s l i m i t e d due to i t s r e l a t i v e l y low contribution to total seed 
iroteiOo However i-f eaten uncooked l e c t i n s can inter-fere with 
Sigestionc The sugar binding a c t i v i t y o-f 
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l e c t i n s i s destroyed by cooking. 

1.2,1. The legumin f r a c t i o n 

Pea legiimins of molecular weight w i t h i n the range 

380 - 410,000 i n non-reducing denaturing s o l v e n t s such as 

SDS d i s s o c i a t e i n t o cnokcules of Mr-̂^ 60,000, as estimated 

by SDS polyacrylamide g e l e l e c t r o p h o r e s i s . I n the pres­

ence of a reducing agent such as 2-mercapto-ethanol a 

f u r t h e r d i s s o c i a t i o n occurs to subî n.Ts of molecular 

weights ^3^,000 and ^-21,000 (Casey 1979). 

Analogous experiments on the i l S p r o t e i n s of V i c i a 

faba had l e d Wright and Boulter (1974) to propose a model 

fo r the s t r u c t u r e of the legume l l S p r o t e i n s . The s t r u c ­

t u r e proposed t h a t the small subunits were held together 

i n p a i r s , one Mr 38,000 to one Mr 21,000, by d i s u l p h i d e 

bonds, one or more per subunit p a i r . These subunit p a i r s 

then aggregate i n t o hexamers which are not c o v a l e n t l y 

bonded to each other. T h i s model was confirmed for pea 

legumin by Croy e t . a l . , (1979). 

I n pea legumin the l a r g e r of the subunits (Mr'v̂ Sg ,000) 

i s c a l l e d the a-subunit or a c i d i c subunit having p i values 

i n the range 4.8-6.1, and the s m a l l e r (Mr'\̂ Z I ,000) i s c a l l e d 

the p-subunit or b a s i c subunit having p i values i n the 

range 6.2 - 8.0. Both types of subunits shov/ consider­

able v a r i a t i o n i n s i z e and charge under s u i t a b l y chosen 

c o n d i t i o n s of g e l e l e c t r o p h o r e s i s . Casey (.1979) who 

c l a s s i f i e d the a-subunits by t h e i r r e l a t i v e abundances 

and l a t e r Matta e t . a l . , (1981), showed that each a-sub­

u n i t type v/as a s s o c i a t e d v/ith a s p e c i f i c B-subunit type, 

and each subunit p a i r could be c l a s s i f i e d as e i t h e r 'main 
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legumin" the most abundant type with a subunits of Mr 

38,000, "big legumin" with a subunits of Mr 39-42,000 

or "small legumin" with a subunits of Mr'\'25,000. 

Each type of subunit p a i r showed f u r t h e r heterogeneity 

with a t o t a l of 22 a c i d i c and 11 b a s i c subunits being 

r e s o l v e d by SDS polyacrylaraide gel 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 i n g . T h i s d i v e r s i t y i s r e f l e c t e d i n the 

i s o l a t i o n of legumin hexamers of e n t i r e l y main legumin, 

of roughly equal amounts of "main" and "big" legumins, 

and of a l l three types. However the a s s o c i a t i o n of subunit 

p a i r s i s . under s t r i c t c o n t r o l , with only defined p a i r s 

o c c u r i n g . (&ateA<7use eX- o-l., '18') 

T h i s c l a s s i f i c a t i o n scheme i s supported by the segre­

gation of the SDS polyacrylcimide g e l band p a t t e r n s f o r 

legumin i n c r o s s e s of v a r i o u s pea l i n e s ^ (Gatehouse e t . â -y /'̂ ^O 
as the "main" "big" and °sma11° legumin types segregate 
independantly but the i n d i v i d u a l subunit p a i r s always segregate 
together = 

The amino a c i d content of the legumin f r a c t i o n i s 

t y p i c a l of a legume storage p r o t e i n with low l e v e l s of 

sulphurA J although genetic i / a r i a t i o n i n the l e v e l of 

methionine has been reported (Casey,1981). Legumin i s 

not g l y c o s y l a t e d (Casey,1979; Gatehouse e t . a l . , 1980), 

and r e p o r t s of c o v a l e n t l y attached sugars (Basha and 

Beevers 1976, Davey and Dudman 1979), were based on 

a n a l y s i s of impure legumin f r a c t i o n s . 

Antibodies r a i s e d a g a i n s t pea legumin s p e c i f i c a l l y 

r e a c t w i t h a l l the legumin subunit p a i r s (Matta e t . a l . , 

1981; Domoney and Casey 1983), and with l l S p r o t e i n s 

from c l o s e l y r e l a t e d s p e c i e s eg. V i c i a faba, (Croy e t . 

a l . , 1979), l e n t i l (Dudman and M i l l e r d 1975) but not with 

other pea seed p r o t e i n subunits. 
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1.2.2. The V i c i l i n F r a c t i o n . 

1 . 2 . 2 , 1 . V i c i l i n 

Pea v i c i l i n o f Mr 150-180,000 (Thomson e t . a l . , 1980; 

G a t e h o u s e e t . a l . , 1981) i n a d e n a t u r i n g s o l v e n t d i s ­

s o c i a t e s i n t o many s u b u n i t s , t h e m a j o r ones b e i n g o f MArs 

5 0 , 0 0 0 , 3 3 , 0 0 0 , 1 9 , 0 0 0 , 16,000, 13,500 and 12,500 as e s t i ­

m a t e d b y SDS 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 . Reduc­

i n g a g e n t s do n o t p r o d u c e any f u r t h e r s u b u n i t s , i n d i c a t ­

i n g n o d i s u l p h i d e b o n d ed s u b u n i t s , ( v i c i l i n c o n t a i n s no 

s u l p h u r a mino a c i d s ) . The m a j o r s u b u n i t s a r e p r e s e n t i n 

t h e a p p r o x i m a t e m o l e c u l a r r a t i o s 1 ( 5 0 , 0 0 0 ) : 1 (33,000) ; 

1 ( 1 9 , 0 0 0 ) : 2 ( 1 6 , 0 0 0 + 13,500 + 12,500) (Gatehouse 

e t . a l . , 1 9 8 4 ) , w i t h s m a l l amounts o f m i n o r s u b u n i t s o f 

Mrs '^31,000 and <35 ,000. O f t e n s u b u n i t s o f c o n v i c i l i n (/̂-e 12.^ Z] 

Mr 'v71,000 a r e p r e s e n t p a r t i c u l a r l y i n p r e p a r a t i o n s f r o m 

s o l u b i l i t y f r a c t i o n a t i o n ( G r a n t and L awrence 1964; Thomson 

e t . a l . , 19 8 0 ) , t h i s i s p r o b a b l y due t o m o l e c u l a r r e a r r a n g e ­

m e n t s c a u s e d by p a r t i a l d i s s o c i a t i o n i n t o s u b u n i t s i n t h e 

or to the low e-f-ficiency o-f - f r a c t i o n a t i o n by s o l u b i l i t y o 

e x t r a c t i o n p r o c e d u r e , A V i c i l i n and c o n v i c i l i n can be 

r e a d i l y s e p a r a t e d ( C r o y e t . a l . , 1 9 8 0 ) . 

E s t i m a t e s o f t h e m o l e c u l a r w e i g h t s o f t h e v a r i o u s 

v i c i l i n s u b u n i t s v a r y c o n s i d e r a b l y f r o m one l i t e r a t u r e 

s o u r c e t o a n o t h e r . A l s o v i c i l i n , u n l i k e l e g u m i n , c o n t a i n s 

s m a l l amounts o f c o v a l e n t l y bound c a r b o d y d r a t e w h i c h f u r t h e r 

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

n o n - d i s s o c i a t i n g c o n d i t i o n s can be s e p a r a t e d i n t o v a r i o u s 

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

t i o n , one o f v/hich c o n t a i n s no Mr 33,000 s u b u n i t (Gatehouse 

e t . a l . , 1 9 8 1 ; Thomson e t . a l . , 1978; G r a n t and L a w r e n c e , 1 9 6 4 ) , 
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I t c a n a l s o be s e p a r a t e d by c a r b o h y d r a t e a f f i n i t y 

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

f r a c t i o n s V7ith and v / i t h o u t s i g n i f i c a n t amounts o f c a r b o ­

h y d r a t e . The c a r b o h y d r a t e was shov/n t o be a s s o c i a t e d 

w i t h t h e Mr 16,000 s u b u n i t ( Gatehouse e t . a l . , 1 9 8 0 ; 

Davey and Dudman 19 76) s h o w i n g t h a t some v i c i l i n m o l e c u ­

l e s c o n t a i n t h e Mr 16,000 s u b u n i t and o t h e r s do n o t . 

H i g h r e s o l u t i o n 2 - d i m e n s i o n a l i s o e l e c t r i c f o c u s i n g 

r e v e a l s d i v e r s i t y i n t h e v a r i o u s s u b u n i t s and as many 

as 30 v i c i l i n s u b u n i t s h a ve b e e n o b s e r v e d ( H i r a n o and 

G a t e h o u s e , p e r s o n a l c o m m u n i c a t i o n ; Thomson e t . a l . , 1 9 7 8 ) . 

C o n v e r s e l y t h e c l o s e r e l a t i o n s h i p s b e t w e e n t h e 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 h a ve been shown b y t r y p t i c p e p t i d e 

m a p p i n g s t u d i e s ( G a t e h o u s e e t . a l , , 1982) and by s e r o l o g i ­

c a l s t u d i e s on t h e Mr 16,000, and Mr 12,500 s u b u n i t s , t h e Mr 16,000 

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

Mr 12,500 o r a n o t h e r v e r y c l o s e l y r e l a t e d p e p t i d e . 

I n h e r i t a n c e s t u d i e s on t h e v i c i l i n s u b u n i t s show 
s u g g e s t i n g a s e p a r a t e gene f o r each s u b u n i t s 

M e n d e l i a n s e g r e g a t i o n A t h o u g h no r i g o r o u s a n a l y s i s has 

b een p e r f o r m e d ( S h a r o n and L i s 1 9 7 9 ) . T h i s l a r g e a r r a y o f 

v i c i l i n s u b u n i t s c o m b i n e d w i t h t h e i n c o n s i s t e n c i e s i n some 

m o l e c u l a r w e i g h t e s t i m a t e s made t h e m o l e c u l a r s t r u c t u r e o f 

n a t i v e u n d i s s o c i a t e d v i c i l i n o b s c u r e . E a r l y m odels w h i c h 

a s s e m b l e d t h e m o l e c u l e f r o m s i x o r s e v e n s e p a r a t e sub-

u n i t s , a s s u m i n g e a c h t o be a s e p a r a t e e n t i t y (Thomson e t . 

a l . , 1980) w e r e t o o c o m p l i c a t e d t o seem l i k e l y and i t was 

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

l y i n g s i m p l i c i t y o f s t r u c t u r e . The s t r u c t u r a l m odel o f 

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

c u s s i t i n d e t a i l l a t e r . 
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A n t i b o d i e s r a i s e d a g a i n s t pea v i c i l i n r e a c t w i t h 

p e a c o n v i c i l i n ( C r o y e t . a l . , 1980; Domoney and C a s e y , 1 9 8 3 ) , 

and -with t h e 7S p r o t e i n s f r o m c l o s e l y r e l a t e d legume s p e c ­

i e s , e g : V i c i a f a b a , l e n t i l e t c . , (Dudman and M i l l e r d , 

1 9 7 5 ) , b u t t h e y do n o t r e a c t w i t h pea l e g u m i n . 

1 . 2 . 2 . 2 . C o n v i c i l i n . 

Pea c o n v i c i l i n o f Mr 210-280,000 (Croy e t . a l . , 1980) 

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

71,000 as e s t i m a t e d b y S D S - 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 ; r e d u c i n g a g e n t s do n o t p r o d u c e any f u r t h e r d i s s o ­

c i a t i o n . C o n v i c i l i n c o n t a i n s no s i g n i f i c a n t amounts o f 

c a r b o h y d r a t e and on t h e b a s i s o f t h e s e m o l e c u l a r w e i g h t 

v a l u e s i s t h o u g h t t o be a s i m p l e t e t r a m e r . I t c o n t a i n s 

s u l p h u r amino a c i d s , one c y s t e i n e and one m e t h i o n i n e 

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

H owever, a n t i b o d i e s r a i s e d a g a i n s t p u r e c o n v i c i l i n r e a c t 

w i t h v i c i l i n (Domoney and Casey 1 9 8 3 ) , t h e i r s e r o l o g i c a l 

s i m u l a r i t i e s h a v i n g a l r e a d y b e e n commented upon. 

C o n v i c i l i n c o n t a i n s s u b u n i t s o f more t h a n one p i v a l u e 

and a l s o shov/s v a r i a t i o n s b e t w e e n pea l i n e s i n s u b u n i t 

s i z e as e s t i m . a t e d by S D S - 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 . 

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

v i c i l i n . U s i n g SDS-PAGE, e o n v i c i l i n was shown t o map t o 

a s i n g l e M e n d e l i a n g e n e t i c l o c u s on chromosome t w o o f t h e 

p e a genome ( M a t t a and Gatehouse 1 9 8 2 ) , d e s i g n a t e d C v c , p r e ­

v i o u s l y r e f e r r e d t o i n c o r r e c t l y as VA.(Thomson and S c h r o e d e r 

1 9 7 8 ) . Cvc and L g - 1 (a l e g u m i n l o c u s ) w e r e t h e f i r s t b i o ­

c h e m i c a l m a r k e r s a c c u r a t e l y mapped on t h e pea genome. 
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1 . 2 . 3 . The A l b u m i n F r a c t i o n . 

1 , 2 . 3 . 1 . Maj o r A l b u m i n s . 

The p e a m a j o r a l b u m i n s f r a c t i o n c o n s i s t s o f two 

c l o s e l y r e l a t e d p r o t e i n s p e c i e s o f Mr'V'53,000 and ' u 4 8 , 0 0 0 , 

knov/n r e s p e c t i v e l y as PMA-L (Pea m a j o r a l b u m i n - L a r g e ) and 

PMA-S (- S m a l l ) , v/hich c a n be p u r i f i e d f r e e o f t h e o t h e r . 

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

Mr ' v 2 5 , 0 0 0 f o r PMJ^-L and ^-24,000 f o r PMA-S as e s t i m a t e d 

b y S D S - 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 ( C r o y e t . a l . , 

1 9 8 4 ) , i n d i c a t i n g a d i m e r s t r u c t u r e . No m i x e d d i m e r s , i . e , 

one o f e a c h s u b u n i t , v/ere i s o l a t e d d e s p i t e t h e t w o p r o ­

t e i n s b e i n g s t r u c t u r a l l y v e r y s i m i l a r . T h i s s t r u c t u r a l 

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

v a g e p a t t e r n s o n h i g h r e s o l u t i o n SDS-urea 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 , w h e r e b o t h m a j o r a l b u m i n s g i v e an 

i d e n t i c a l f r a g m e n t o f Mr 1 1 , 5 0 0 t o g e t h e r w i t h f r a g m e n t s 

o f Mr 8 , 4 0 0 and 7 , 2 0 0 f o r PMA-L and 7 , 6 0 0 and 6 , 6 0 0 f o r 

PMA-S. Cyanogen b r o m i d e c l e a v e s p r o t e i n a t t h e m e t h i o n i n e 

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

t i d e maps as d e t e r m i n e d b y H . p . l . c , and n e i t h e r c o n t a i n s 

s i g n i f i c a n t amounts o f c a r b o h y d r a t e , j'C'-f^ efaZ-^ '^^^) 

Some c h a r g e h e t e r o g e n e i t y v;as d e t e c t e d i n b o t h s u b -

u n i t s and t h i s seemed t o be u n c o n n e c t e d w i t h t h e known 

changesA t h a t o c c u r d u r i n g t h e i r s t o r a g e o r d u r i n g p r o -
(Crc^ <rw., ilSk) 

l o n g e d p u r i f i c a t i o n s . B o t h m a j o r a l b u m i n s shov/ a r e a c t i o n 

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

a g a i n s t a n t i t o t a l m a j o r a l b u m i n a n t i b o d i e s , and n e i t h e r 

g i v e c r o s s r e a c t i o n s w i t h o t h e r s e e d p r o t e i n s o r w i t h a n t i ­

b o d i e s t o l e c t i n ( w h i c h i s an a l b u m i n f r a c t i o n p r o t e i n ) , 
(cro^ «ira/. 

v i c i l i n o r legiominA . Pea m a j o r a l b u m i n a n t i b o d i e s c r o s s 
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r e a c t v ; i t h t o t a l s e e d a l b u m i n e x t r a c t s f r o m r e l a t e d 

s p e c i e s s u c h as l e n t i l , o r t o a l e s s e r e x t e n t s w e e t pea 

and c h i c k p e a . 

1.2.3.2. L e c t i n . 

The s o l u b l e pea s e e d l e c t i n , w h i c h i s i s o l a t e d f r o m 

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

c o n s i s t s o f t w o m a j o r p r o t e i n s p e c i e s b o t h o f Mr 4 9,000 

b u t o f d i f f e r i n g p i v a l u e s ( T r o w b r i d g e , 1 9 7 4 ) : The a c i d i c 

o r A t y p e l e c t i n , p l a , 4 . 1 as e s t i m a t e d by i s o e l e c t r i c 

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

l e c t i n , p l-ve.S, v;hich was r o u g h l y t w i c e as a b u n d a n t . I n 

d e n a t u r i n g s o l v e n t s s u c h as SDS, l e c t i n d i s s o c i a t e s i n t o 

e q u a l m o l e c u l a r p r o p o r t i o n s o f t w o s u b u n i t s o f Mr 17,000, 

t h e 3 s u b u n i t and 7,000 t h e a s u b u n i t , n e i t h e r s h o w i n g any 

s i z e h e t e r o g e n e i t y . I s o e l e c t r i c f o c u s i n g f u r t h e r r e s o l v e s 

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

i n t h e m o l e c u l a r r a t i o o f 2 : 1 . The more a c i d i c a s u b -

u n i t was e x c l u s i v e l y p r e s e n t i n t h e a c i d i c t y p e A l e c t i n 

a nd t h e l e s s a c i d i c i n t h e t y p e B l e c t i n . No c h a r g e 

h e t e r o g e n e i t y was o b s e r v e d i n t h e B s u b u n i t . L e c t i n does 

n o t c o n t a i n d e t e c t a b l e amounts o f c a r b o h y d r a t e . (''^ow/ir.^e ̂  /'?7̂ ) 

The s t r u c t u r e o f pea s e e d l e c t i n i s t h o u g h t t o be a 

t e t r a m e r o f two a and two B s u b u n i t s , w h i c h i s s u p p o r t e d 

b y c r o s s - l i n k i n g e x p e r i m e n t s , and by a n a l o g y v / i t h l e c t i n s 

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

e n s i f o r m i s (vzhose l e c t i n i s c a l l e d c o n c a n a v i l i n A) and 

V i c i a f a b a (v/hose l e c t i n i s c a l l e d f a v i n ) ( H i g g i n s e t . a l . , 

1 9 8 2 ; S h a r o n and L i s 1 9 7 9 ) . 

A n t i b o d i e s r a i s e d a g a i n s t t h e t o t a l s o l u b l e seed l e c t i n 
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0 
do n o t c r o s s - r e a c t w i t h t h e pea m a j o r a l b u m i n s o r t h e pea 
g l o b u l i n s ( C r o y e t . a l . , 1984) b u t do r e a c t w i t h l e c t i n s 
f r o m c l o s e l y r e l a t e d s p e c i e s ( L i s and S h a r o n 1 9 7 9 ) . 

1.3. B i o s y n t h e s i s o f t h e m a j o r s e e d p r o t e i n s . 

The i n v i v o s y n t h e s i s o f pea m a j o r s t o r a g e p r o t e i n s , 

t h e l e g u m i n f r a c t i o n and t h e v i c i l i n (and c o n v i c i l i n ) f r a c ­

t i o n , o c c u r s i n c e l l 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 

o f t h e c o t y l e d o n s . A c a l l e d t h e s t o r a g e parenchyma c e l l s . 

The p r o t e i n s a r e t h e n t r a n s p o r t e d and d e p o s i t e d i n t h e 

p r o t e i n b o d i e s , t h e w h o l e p r o c e s s t a k i n g a b o u t 1 h o u r 

( G a t e h o u s e e t . a l . , 1 9 8 4 ) , 

B o t h l e g u m i n and v i c i l i n a r e f o u n d i n t h e same p r o ­

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

1-2 l a r g e v a c u o l e s o r i g i n a l l y p r e s e n t i n t h e c e l l o r f r o m 

t h e d i c t y o s o m i e v e s i c l e s , w h i c h may a l s o be i n v o l v e d i n t h e 

t r a n s p o r t p r o c e s s , o r b o t h , as o c c u r s i n V i c i a f a b a 

( N i e d e n and Neumann 1982; Gate h o u s e e t . a l . , 1 9 8 4 ) . 

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

s i s , t r a n s p o r t and d e p o s i t i o n h a ve b e e n c a r r i e d o u t i n 

v i v o b y r a d i o a c t i v e p u l s e c hase t e c h n i q u e s , and i n v i t r o 

b y c e l l - f r e e t r a n s l a t i o n e x p e r i m e n t s o n mRNAs i s o l a t e d 

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

1 , 3 . 1 . The L e g u m i n F r a c t i o n 

B o t h m a i n l e g u m i n s u b u n i t s , a and B a r e s y n t h e s i s e d i n 

t h e d e v e l o p i n g c o t y l e d o n as shown b y t h e u p t a k e and f a t e 

o f ( ^ ^ S ) - l a b e l l e d m e t h i o n i n e i n d e v e l o p i n g pea p o d s . How­

e v e r c e l l - f r e e t r a n s l a t i o n s y s t e m s u s i n g mRNA i s o l a t e d f r o m 

c o t y l e d o n s a t t h e same s t a g e o f d e v e l o p m e n t p r o d u c e n e i t h e r 
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o f t h e s u b u n i t s , b u t do p r o d u c e p r o t e i n s o f Mr^60,000 
( Cratekcu,se anral^l^U/ 

b y S D S - 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 A - These p r o ­

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

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

n a t i v e m a i n l e g u m i n . They a l s o b i n d s p e c i f i c a l l y t o immo­

b i l i s e d l e g u m i n on an a f f i n i t y column i<^(i^^ouse / I ^ Q / I^SL}-

C r o y e t . a l . , (1980) p r o p o s e d t h a t each m a i n l e g u m i n 

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

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

i n t o t h e d i s u l p h i d e l i n k e d a and ' 3 s u b u n i t s f o u n d i n v i v o . 

F u r t h e r w o r k has c o n f i r m e d t h i s m o d e l and shown t h a t m a i n 

l e g u m i n i s s y n t h e s i s e d as a s i n g l e m o l e c u l e w i t h a l e a d e r 

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

r e m o v e d c o - t r a n s l a t i o n a l l y / < J o , T * l o u i € etal./ P u l s e chase e x p e r i ­

m e n t s s u g g e s t t h a t t h e a,B c l e a v a g e o c c u r s s e v e r a l h o u r s 

l a t e r i . e . i n t h e p r o t e i n b o d i e s . L e g u m i n m o l e c u l e s 

a s s e m b l e i n t o t r i m e r s o f Mr'^lBOjOOO i n t h e e n d o p l a s m i c 

r e t i c u l u m b e f o r e c o m p l e t i n g a s s e m b l y t o t h e hexamers o f 

Mr 360,000, as i s o l a t e d u n d e r non d i s s o c i a t i n g c o n d i t i o n s 

fromfipea seeds (6-a1eliouse e^- aly i^SL). 

1.3.2. The V i c i l i n F r a c t i o n . 

V i c i l i n a nd c o n v i c i l i n a r e s y n t h e s i s e d i n t h e c o t y l e ­

d o ns i n an e s s e n t i a l l y i d e n t i c a l manner t o l e g u m i n ; c e l l -

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

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

Mr'v71,000 b y S D S - 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 c o r r e S ' 

p o n d i n g t o c o n v i c i l i n and t h r e e a t Mr'^50,000 (Gatehouse 

e t . a l . , 1 9 8 4 ) . On h i g h r e s o l u t i o n g e l s t h e s e c a n be 

s e p a r a t e d i n t o one a t Mr 47,000 and t w o ht Mr 50,000, 
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c o l l e c t i v e l y t h e s e Mr'^-50,000 p r o t e i n s a r e known as v i c i l i n 

Cor m a i n v i c i l i n ) . None o f t h e s m a l l e r v i c i l i n s u b u n i t s 

v/as d e t e c t e d . S h o r t d u r a 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 show 

t h a t i n i t i a l l y o n l y Mr ' v50 ,000 p r o t e i n s become l a b e l l e d , 

and o v e r l o n g e r p e r i o d s a l l t h e s m a l l e r s u b u n i t s o f Mr 

3 3 , 0 0 0 - 1 2 , 5 0 0 become l a b e l l e d w h e r e a s t h e Mr 4 7 , 0 0 0 , and 

one o f t h e Mr 5 0 , 0 0 0 p r o t e i n s p e c i e s d i s a p p e a r (Gatehouse 

e t . a l . , 1 9 8 4 ) , T h i s s u g g e s t s t h a t t h e s m a l l e r s u b u n i t s 

a r e d e r i v e d f r o m t h e Mr 4 7 , 0 0 0 and one o f t h e Mr 5 0 , 0 0 0 

m a i n v i c i l i n s b y a p o s t - t r a n s l a t i o n a l c l e a v a g e s y s t e m . 

G a t e h o u s e e t . a l . , (1981) t h u s p r o p o s e d a model f o r 

v i c i l i n i n w h i c h e a c h m o l e c u l e i s a t r i m e r o f Mr 'v50 ,000 

s u b u n i t s ^ some o f w h i c h a r e p o s t - t r a n s l a t i o n a l l y c l e a v e d 

( F i g u r e 1 ) . D i f f e r e n t m a i n v i c i l i n s have d i f f e r e n t 

s u s c e p t i b i l i t i e s t o 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 v/hich 

may o c c u r o n a d i f f e r e n t t i m e s c a l e . Thus Mr 4 7 , 0 0 0 

v i c i l i n h a s a h a l f l i f e o f 6 h o u r s i n d e v e l o p i n g s e e d s , 

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

b e f o r e b e i n g p r o c e s s e d . No p r o d u c t c o r r e s p o n d i n g t o 

c l e a v a g e a t t h e a - 3 s i t e o n l y ( M r 2 6 , 0 0 0 o r 2 9 , 5 0 0 i f 

g l y c o s y l a t e d ) i s s e e n w h i c h f i t s w i t h t h e t h r e e Mr'̂ ' 

5 0 , 0 0 0 m a i n v i c i l i n s f o u n d . T h i s m o d e l has be e n c o n f i r m e d 

i n d e t a i l b y G a t e h o u s e e t . a l . , ( 1 9 8 4 ) . 

E v i d e n c e f o r a s e c o n d r a p i d p r o c e s s i n g s t e p f o r b o t h 

v i c i l i n and c o n v i c i l i n has b e e n f o u n d (Gatehouse e t . a l . , 

1 9 8 1 ; H i g g i n s a nd S p e n c e r 1980) w h i c h has been i n t e r ­

p r e t e d as t h e r e m o v a l o f a s h o r t l e a d e r o r s i g n a l p e p ­

t i d e c o - t r a n s l a t i o n a l l y i n a c c o r d a n c e w i t h t h e s i g n a l 

h y p o t h e s i s o f B l o b e l and D o b b e r s t e i n ( 1 9 7 5 ). The p r e s e n c e 

o f a s h o r t l e a d e r s e q u e n c e h as be e n c o n f i r m e d i n a m a i n 



23 

T y p e A 

Mr 50,000 

Type B 

|5 

/3 <r Mr33,000 

Mr 16,500 f a j ^ 

Type C 
o< 

<r Mr19,000 

Mr12,500 ^ 

^ Mr 13,500 

F i q . l . C l e a v a g e P a t t e r n s o f V i c i l i n s 

(a) t h i s s u b u n i t i s g l y c o s y l a t e d . 
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v i c i l i n by L y c e t t e t . a l . , ("198 3) v/ho showed t h a t i t was 

r i c h i n h y d r o p h o b i c amino a c i d s as v/ould be e x p e c t e d o f 

a s i g n a l f o r s e c r e t i o n t h r o u g h a membrane. A p a r t f r o m 

t h e l e a d e r p e p t i d e , c o n v i c i l i n does n o t u n d e r g o any 

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 . 

F i n a l l y , some v i c i l i n i s g l y c o s y l a t e d s u f f i c i e n t l y 

t o b i n d t o c o n c a n a v i l i n A, and i t has been shown ( H i g g i n s 

a n d S p e n c e r l 9 8 0 ; Badenoch-Jones e t . a l . , 1 981; C h r i s p e e l s 

e t . a l . , 1982) t h a t l a b e l l i n g o f m a i n Mr'v50,000 v i c i l i n 

i n v i v o by r a d i o - l a b e ( / e d s u g a r i s s u b s e q u e n t l y c h a s ed i n t o 

t h e Mr 16,000 s u b u n i t by t h e p r o t e o l y t i c c l e a v a g e s o u t ­

l i n e d a b o v e . G l y c o s y l a t i o n was f o u n d t o be a t v / o - s t e p 

p r o c e s s , f i r s t l y o n 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 t h e • 

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

p r o b a b l y i n t h e G o l g i a p p a r a t u s . C o n v i c i l i n i s n o t g l y -

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

a r a t i o n s o f Mr'^'65,-000 i s ; i t s r e l a t i o n t o c o n v i c i l i n i s u n ­

k nown. 

1.3.3. The A l b u m i n F r a c t i o n . 

1 . 3 . 3 . 1 . The M a j o r A l b u m i n s . 

The s m a l l and l a r g e m a j o r a l b u m i n s (PMA-S and PMA-L) 

s y n t h e s i s e d i n v i t r o a r e s i m i l a r t o t h o s e i s o l a t e d i n v i v o 

by i r a m u n o p r e c i p i t a t i o n (R.Croy and J.Gatehouse p e r s o n a l 
ccJJCTiunication, R= Ragab p e r s o n a l c o m m u n i c a t i o n ) , s h e w i n g o n l y 
t h e e x p e c t e d s i z e s u b u n i t s by SDS p o l y a c r y 1 amide g e l 
e l e c t r o p h o r e s i s - M a j o r a l b u m i n s s y n t h e s i s e d i n v i t r o c o n t a i n o n l y 
t h e M!—255000 s u b u n i t s and no Mr~505000 s p e c i e s under d i s s o c i a t i n g 
c o n d i t i o n s o t h i s p o s e s a p r o b l e m as t o why no m i x e d 
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m a j o r a l b u m i n s d i m e r s a r e found' i n ^ v i v o , p e r h a p s i n d i c a ­

t i n g s u b u n i t i n t e r a c t i o n l i m i t a t i o n s , 

1.3.3.2. The L e c t i n . 

H i g g i n s e t . a l . , (1982;1983) have shown t h a t , s i m i l a r 

t o l e g u m i n and v i c i l i n , l e c t i n i s s y n t h e s i s e d as a s i n g l e 

chain= T h i s i s s e c r e t e d w i t h the l o s s o-f a l e a d e r s i g n a l p eptide, 
then a s s e m b l e d i n t o d i m e r s and - f i n a l l y s u b j e c t to 

p o s t - t r a n s l a t i o n a l p r o t e o l y t i c c l e a v a g e i n t o t h e a and 3 

s u b u n i t s i n t h e p r o t e i n b o d i e s . T h i s p r o b a b l y i n v o l v e s 

t h e r e m o v a l o f a s m a l l 6 b ase l i n k e r s equence f r o m b e t w e e n 

t h e s u b u n i t s and a l s o a s h o r t 4 b a s e t a i l f r o m t h e end 

o f t h e a s u b u n i t . The a s u b u n i t c o r r e s p o n d s t o t h e 3' 

e n d o f t h e message and t h e 3 t o t h e 5', 

1.3.4. P o s t - t r a n s l a t i o n a l M o d i f i c a t i o n s . 

Whereas t h e r e m o v a l o f a l e a d e r s i g n a l sequence upon 

c r o s s i n g t h e e n d o p l a s m i c r e t i c u l u m membrane i s a known 

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

some v i c i l i n s and t h e s i g n i f i c a n c e o f t h e p o s t - t r a n s l a ­

t i o n a l c l e a v a g e p a t t e r n s o f l e g u m i n and some v i c i l i n s 

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

g l y c o s y l a t i o n o f d i f f e r e n t j v i c i l i n s may i n d i c a t e d i f f e r e n t 

t r a n s p o r t m e c h a n i s m s , p e r h a p s t y i n g i n w i t h t h e two 

o r i g i n s o f p r o t e i n b o d i e s h y p o t h e s i s ( N i e d e n and Neumann 

1982; G a t e h o u s e e t . a l , , 1 9 8 4 ) . I t seems t h a t t h e 

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

s u g a r b i n d i n g f u n c t i o n s ^ a n d t h o s e o f l e g u n \ i n seem t o be 

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

b e f o r e t h e l e g u m i n t r i m e r s a s s o c i a t e i n t o hexamers (Spencer 
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and H i g g i n s 1980; C h r i s p e e l s e t . a l . , 1 9 8 2 ) . The c l e a v a g e 
I 

p a t t e r n s o f t h e v i c i l i n s ' h o w e v e r seem t o have no f u n c t i o n 

u n l e s s t h e y s p e e d m o b i l i s a t i o n upon g e r m i n a t i o n . 

1.4. The S e e d - p r o t e i n Genes. 

C l o n e d c o m p l e m e n t a r y DNA (cDNA) and genomic DNA 

c o d i n g f o r v a r i o u s p e a s t o r a g e p r o t e i n s h a ve b e e n p r o ­

d u c e d c h a r a c t e r i z e d and some o f t h e i r DNA s e q u e n c e s d e t e r ­

m i n e d ( R e v i e w by S o r e n s o n 1 9 8 4 ) . B e f o r e t h e s e t e c h n i q u e s 

w e r e a v a i l a b l e s e q u e n c e i n f o r m a t i o n was s e v e r e l y l i m i t e d 

b y t h e p r a c t i c a l i t i e s o f t h e c h e m i c a l p r o t e i n s e q u e n c i n g 

m e t h o d s ; f o r e x a m p l e t h e l e g u m i n sequence was known 

f o r a p p r o x i m a t e l y 30 amino a c i d s f r o m t h e N t e r m i n u s o f 

e a c h s u b u n i t (Casey e t . a l . , 1981a; Casey e t . a l . 1981b) . A 

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

a l a r g e number o f r e l a t e d b u t n o t i d e n t i c a l DNA sequences 

due t o ; t h e r e d u n d a n c y o f t h e DNA c o d e , t h e p r e s e n c e o f 

i n t r o n s i n e u k a r y o t e genes and co and p o s t - t r a n s l a t i o n a l 
c l e a v a g e s o-f p r e c u r s o r p r o t e i n s to produce the mature p r o t e i n 

Thus a l t h o u g h t h e known m i c r o h e t e r o g e n e i t y 

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

d i f f e r e n c e s i n p r o t e i n s e quence and c l e a v a g e p a t t e r n s , 

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

e x i s t o n t h e DNA l e v e l and c a n o n l y be s t u d i e d i n d e t a i l 

a t t h a t l e v e l . These a v a i l a b l e c l o n e d genes a l l o w com­

p a r i s o n s betv/een t h e m s e l v e s and w i t h homologous genes 

f r o m o t h e r s p e c i e s t o be made, as w e l l as d e t e r m i n i n g t h e 

c o m p l e t e p r o t e i n s e q u e n c e s o f i n d i v i d u a l p r o t e i n s . 

Pea s t o r a g e p r o t e i n genes seem t o be a r r a y e d i n t o 

s m a l l f a m i l i e s o f v e r y c l o s e l y - r e l a t e d genes w h i c h have 

a more d i s t a n t r e l a t i o n s h i p w i t h o t h e r g r o u p s o f genes. 
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) 

U s i n g cDNA o r genom i c h y b r i d i s a t i o n p r o b e s on r e s t r i c t e d 

n u c l e a r DNA t h e number o f c o p i e s o f a gene c a n be e s t i m a -

ted/\^ and b y p r o b i n g chromosomes I n s i t u u s i n g t h e v e r y 

l a t e s t t e c h n i q u e s t h e genes may be l o c a t e d o n t o a chromo­

some. These e s t i m a t e s o f gene copy number m u s t be t r e a t e d 

v / i t h some c a u t i o n as q u i t e c l o s e l y r e l a t e d genes may d i f f e r 

s u f f i c i e n t l y i n s e q u e n c e so as n o t t o h y b r i d i s e . F o r 

e x a m p l e , v i c i l i n and c o n v i c i l i n show a c l e a r r e l a t i o n ­

s h i p i n p r o t e i n s e q u e n c e as j u d g e d b y t h e i r c r o s s r e a c ­

t i o n w i t h s p e c i f i c a n t i b o d i e s r a i s e d a g a i n s t each o t h e r , 

h o w e v e r t h e i r DNA sequence i s s u f f i c i e n t l y d i v e r s e t o 

show no c r o s s h y b r i d i s a t i o n b e t w e e n cDNA and mRNA u n d e r 

f a i r l y l o w s t r i n g e n c y c o n d i t i o n s , as u s e d b y Domoney and 

Casey (1983) i n t h e i r h y b r i d r e l e a s e t r a n s l a t i o n e x p e r i ­

m e n t s . 

P r o t e i n s e q u e n c e i s u n d e r e v o l u t i o n a r y c o n t r o l , as 

ch a n g e s w h i c h d i s r u p t t h e p r o t e i n s f u n c t i o n c a n be d i s ­

a d v a n t a g e o u s t o t h e o r g a n i s m . Thus t h e e x o n s e q u e n c e 

o f a gene w h i c h g i v e s r i s e t o t h e p r o t e i n sequence i s 

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

s e q u e n c e v/hich w i l l d r i f t r a n d o m l y w i t h t i m e ( t h e 

m o l e c u l a r c l o c k h y p o t h e s i s ) , and c o m p a r i s o n o f i n t r o n 

s e q u e n c e s f r o m r e l a t e d genes o r t h e same gene f r o m d i f ­

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

tv/o g e n e s v/ere i d e n t i c a l . S i m i l a r c o m p a r i s o n s o f t h e 

e x o n s e q u e n c e s and t h e f l a n k i n g s e q u e n c e s p o t e n t i a l l y c a n 

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

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

gene e x p r e s s i o n . 



1 . 4 . 1 . L e g u m i n g e n e s . 

V a r i o u s m a i n l e g u m i n cDNAs have been sequenced 

( C r o y e t . a l . , 1982; D e l a u n e y 1984) and u s i n g one o f t h e s e 

as a p r o b e Ihrge d i f f e r e n t m a i n l e g u m i n genes have been 

i s o l a t e d f r o m a pea genomic bank ( S h i r s a t 1984; Croy e t . 

a l . , 1985) a l l o f w h i c h have now been sequenced ( I L y c e t t 

e t . a l . , 1984 ; J.Gatehouse p e r s o n a l c o m m u n i c a t i o n ) . The 

ihree g e n e s , named l e g u m i n A, B and C ; a r e a l l v e r y 

s i m i l a r s h o w i n g b e t t e r t h a n 95% h o m o l o g y o f DNA sequence. 

A f o u r t h gene r e l a t e d t o the? rajaini 1 ogymisi gonos has a l s o boen 
-found, however i t cointaiinis d e S e t i o n S j -iFrajss s ? t i - f t e r r o r o j tmo 
s t o p c o d o n s n e a r t h e 5' end oi i t s c o d i n g GeqisoirtCG and i s n o t 
t r a n s c r i b e d (Bcwn e t = a l <• , 1985) = I t has boon nasmod legucrsin D ans 
i s a pseudogene= By c o m p a r i n g t h e socsjsncG -from t h o 

cDNAs and t h e g e n o m i c c l o n e s m a i n l e g u m i n genes have 

b e e n f o u n d t o h a v e t h r e e i n t r o n s , t w o each 88bp l o n g i n 

t h e c o d i n g s e q u e n c e o f t h e Mr'\/40,000 a - s u b u n i t and one 

99bp l o n g i n t h e Mr'\'20,000 3 - s u b u n i t c o d i n g s equence. 

The b o u n d a r y s e q u e n c e o f t h e i n t r o n s v/as t y p i c a l o f t h o s e 

o f h i g h e r p l a n t g e n e s . The f l a n k i n g s e q u e n c e s o f t h e 

genes c o n t a i n e d t h e e x p e c t e d t r a n s c r i p t i o n c o n t r o l s e q u ­

e n c e s ; i n t h e 5' f l a n k i n g s e q u e n c e ; a 'TATA' b o x , a 

'CAAT' b o x , an 'AGGA' b o x and a t r a n s c r i p t i o n s t a r t codone 

i n t h e 3' f l a n k i n g sequence a number o f p o l y a d e n y l a t i o n 

s i g n a l s ( L y c e t t e t . a l . , 1 9 8 4 ) . 

C r o y e t . a l . , (1982) e s t i m a t e d t h e number o f / \ l e g u m i n 

g e n e s a t 4 by p r o b i n g n u c l e a r DNA w i t h one o f t h e i r m a i n 

l e g u m i n cDNAs a t a s t r i n g e n c y c o r r e s p o n d i n g t o ^^^95% homology, 
as a probe 

S h i r s a t ( 1 984) u s i n g ^ a g e n o m i c m a i n l e g u m i n c l o n e ^ f o u n d 

w i t h one o f t h e m a i n l e g u m i n c D N A s , e s t i m a t e d t h e r e t o be a t 
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l e a s t 7 l e g u m i n g e n e s , Domoney and Casey (1985) i n s i m i l a r 

e x p e r i m e n t s u s i n g cDNA p r o b e s e s t i m a t e d t h o r G t o ' be 4 t o 6 genes 
f o r main l e g u m i n o T hey a l s o e s t i m a t e d t h e r e t o bo J t o 3 cjesDGs 
f o r b i g 1egumin, w h i c h has a raiolocular M o i g h t o f 63-65s©00 < main 
l e g u m i n h as a Mr o f 60 500© ) aind i t o 2 gesies f o r a n Mr S S g Q © © 
l e g u m i n r e l a t e d p o l y p o p t i d O o Hew t h o s e genos r e l a t e t o t h o °big° 
and " s m a l l " l e g y m i n m o l e c u l e s i s o l a t e d ijni yjyji not c e r t a i n = 
C r o s s h y b r i d i s a t i o n e x p e r i ­

m e n t s show t h a t t h e Mr'\'63-65,000 b i g l e g u m i n cDNA and t h e 

Mr'\^80,000 l e g u m i n cDNA a r e c l o s e l y r e l a t e d and c r o s s -

r e a c t i n h y b r i d s e l e c t i o n e x p e r i m e n t s (Dononey and Casey 

1 9 8 4 ) . b u t n o e v i d e n c e o f c r o s s r e a c t i o n i n t h e genomic 

p r o b e s was d e t e c t e d . No c r o s s h y b r i d i s a t i o n o f t h e s e 

w i t h t h e Mr-vecoOO m a i n l e g u m i n cDNA was o b s e r v e d u n d e r 

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

m i n t y p e s r e a c t w i t h a n t i l e g u m i n antibodies« 

Casey e t . a l . , ( P e r s o n a l c o m m u n i c a t i o n ) u s i n g t h e i r 

b i g l e g u m i n cDNA h a v e i s o l a t e d f r o m a pea genomic bank 

a c l o n e b e a r i n g 2 b i g l e g u m i n g e n e s , c a l l e d l e g u m i n J 

and K, I n i t i a l s e q u e n c i n g o f l e g u m i n J has shown s i m i l ­

a r i t i e s i n t h e c o d i n g s e q u e n c e t o t h e m a i n l e g u m i n genes 

b u t no s i g n i f i c a n t h o m o l o g i e s were f o u n d b e t w e e n t h e 5' 

f l a n k i n g s e q u e n c e s e x c e p t t h e t r a n s c r i p t i o n s i g n a l s 

( J . G a t e h o u s e p e r s o n a l c o m m u n i c a t i o n ) , 

A t h i r d l e g u m i n r e l a t e d p r o t e i n , a s m a l l l e g u m i n , i s 

knovm i n v i v o b u t no sequ e n c e d a t a has b e e n p u b l i s h e d . 

1,4.2. V i c i l i n Genes 

cDNA c l o n e s c o d i n g f o r v i c i l i n h a v e b e e n p r o d u c e d 

( C r o y e t . a l . , 1982; D e l a u n e y 1984) and on t h e b a s i s o f 

t h e i r s e q u e n c e s c a n be d i v i d e d i n t o t h r e e c l a s s e s . One 

o f t h e m c o r r e s p o n d s t o t h e M r 4 7 ^ 0 0 9 v i c i l i n and t h e o t h e r s t o 



Gatehouse e t . a l = (1983) s i m i l a r l y e s t i m a t e d 3-6 genes homologous 

to pRC2,2,l (pDUB2) a cDNA -for t h e Mr 50,680 t y p e A v i c i l i n and 

2-3 genes homologous to pRC2,2,10 <pDUB4) a cDNA -for the Mr47,000 

type B v i c i 1 i n. 
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the Mr5Q.ooovicilins, the DISTA sequence homologY between 
any two classes being about 85% (T^elauney 1984) . The 
amino a c i d sequences determined from the DNA sequences 
con f i r m the model of the synthesis of the v i c i l i n sub-
u n i t s found i n v i v o and su(^^ests why some v i c i l i n s 
are p r o t e o l y t i c a l l y cleaved and others are noto 

Hhe t^flP/OoOv±cil±n ( v i c i l i n B) contains a g l y c o s y l a t i o n 
s i t e i n i t s ̂  subunit (see Figure 1 . .) and a 
p r o t e o l y t i c cleavage s i g n a l at i t s g-^ j u n c t i o n , and 
i s processed t o the Mr 16,000 and 33,000 s u b u n l t S o One 
of the MrSQOCOvicilins ( v i c i l i n A) has no processing or 
g l y c o s y l a t i o n s i g n a l s and hence i s not processed. The 
other Mr5O,000vicilin ( v i c i l i n C) has no g l y c o s y l a t i o n 
s i t e but has two p r o t e o l y t i c cleavage signals a t the 
a-B and 3-^ subunit j u n c t i o n s and hence gives r i s e t o 
the Mr 12,500, 13,500 and 19,000 subunits. (Lycett et„ 
a l . , 1983; Delauney 1984; Croy e t . a l . , 1982). This f i t s 
t o l e r a b l y w e l l w i t h the estimates of the molecular r a t i o s 
of the subunits. No v i c i l i n D cleaved a t the a-3 j u n c t i o n 
but not a t the was detected. Thus, t h e A v i c i l i n gene 

f a m i l y c o n s i s t s of three types of v i c i l i n gene, each of 
which i s probably present i n more than one copy: Delauney 
(1984) found minor DNA sequences d i f f e r e n c e s i n two 
otherwise i d e n t i c a l v i c i l i n C cDNAs. Domoney and Casey 
(1985) estimated, by probing genomic DNA w i t h cDNA 
probes, 5-7 v i c i l i n B genes using t h e i r pCD4 Mr47,000 
v i c i l i n cDNA clone and 4-6 genes f o r a MrSqcOOvicilin 
using t h e i r pCD48 MrSQOOOvicilin cDNA clone, which 
v i c i l i n t h i s codes f o r i s as yet unknov/n. S i g n i f i c a n t 
cross h y b r i d i s a t i o n of the two probes was detected. 
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1.4.3. C o n v i c i l l n genes 
A cDNA coding f o r p a r t of a Mr 71,000 c o n v i c i l i n sub-

u n i t has been produced (Domoney and Casey 1983). I t s 
sequence has considerable homology w i t h t h a t of the v i c i l i n 
cDNAs but i t does not s e l e c t v i c i l i n mRNA i n h y b r i d 
release t r a n s l a t i o n experiments (Casey e t . a l . , 1984)„ 
An estimate of the number of c o n v i c i l i n genes by Domoney 
and Casey (1985) of 0.5 t o 1 seems a t variance w i t h the 
genetic mapping experiments of Casey and Sanger (1980) and 
Matta and Gatehouse (1982) which i n d i c a t e more than one. 

1.4.4. Major Albumin Genes 
U«t/( the present n/ork 

A no cDNAs or genomic clones of the major albumins 
have been i s o l a t e d , however, the microheterogeneity of 
both small and large major albumins suggest small gene 
f a m i l i e s f o r each p r o t e i n . 

1.4.5. L e c t i n genes 
cDNAs coding f o r a seed l e c t i n have been produced 

(Higgins e t . a l . , 1983), and the complete coding sequence, 
and the 3'-end u n t r a n s l a t e d sequence up t o the polyA 
t a i l , have been determined. I t was not s p e c i f i e d whether 
i t V7as the a c i d i c type A l e c t i n or the more abundant 
basic type B l e c t i n . The b i o s y n t h e t i c scheme f o r produc­
t i o n of p r e - p r o l e c t i n followed by the loss of a leader 
s i g n a l peptide t o give p r o l e c t i n , and the cleavage of pro-
l e c t i n v;ith the loss of a small l i n k e r peptide t o give the 
a and 6 s u b u n i t s , v/as confirmed. No estimates of l e c t i n 
gene number were made although the presence of two types 
of seed l e c t i n and the suggestion of heterogeneity i n the 
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5' u n t r a n s l a t e d sequence of the cDNAs i n d i c a t e a t l e a s t 
3 seed l e c t i n genes. There are. also a number of non-
seed l e c t i n s which may or may not be r e l a t e d t o the seed 
l e c t i n . 

1.5. Objectives and Content of the Research. 
For reasons o u t l i n e d above cDNA l i b r a r i e s are the 

most d i r e c t method t o o b t a i n p r o t e i n and DNA sequence 
data of i n d i v i d u a l gene products. They allow the deter­
m i n a t i o n of the or g a n i s a t i o n of sequence w i t h i n a gene, 
i . e . , the l o c a t i o n of i t s i n t r o n s and the t e r m i n i of i t s 
mRNA, by comparison of cDNA and genomic DNA nucleotide 
sequences. DNA sequencing i s much f a s t e r and easier 
than p r o t e i n sequencing and the sequence of a cDNA 
represents the product of a s i n g l e gene whereas p r o t e i n 
sequencing methods cannot be so s e l e c t i v e . Genomic clones 
also c a r r y t h i s i n f o r m a t i o n but the i n t r o n s cannot be 
unambiguously located w i t h o u t the cDNA or p r o t e i n sequence. 
Genomic clones are u s u a l l y selected from a gene bank by 
t h e i r a b i l i t y t o h y b r i d i z e t o a known cDNA. 

This t h e s i s describes the c o n s t r u c t i o n of a cDNA 
l i b r a r y from mRNA i s o l a t e d from 13-17 day o l d develop­
i n g pea cotyledons and the i s o l a t i o n of some cDNAs coding 
f o r various legumins and v i c i l i n s as w e l l as cDNAs coding 
f o r the seed l e c t i n and one of the major albumins. The 
methods used t o i s o l a t e and i d e n t i f y these clones were : 
h y b r i d i s a t i o n t o p r e v i o u s l y characterised DNAs, i n s e r t 
s i z i n g by agarose g e l s , r e s t r i c t i o n enzyme mapping and 
DNA sequencing (Maniatis e t . a l . , 1982; Maxam and G i l b e r t 
1980; Messing 1983; Davies 1982). The aim of t h i s research 
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was t o produce characterised pea seed cDNAs v/hich could 
be used t o s e l e c t genomic clones c a r r y i n g the correspond­
i n g genes from a pea gene bank. 

To c o r r e l a t e the abundances oi the di-f-ferent classes of 
cDfvJAs f A s i t h the messenger RJv!A sequence ccsiplexity data o-f Morton 
et» al = (1983)5 and the abundance o-f t h e i r p r o t e i n products in 
mature seedsc 

To cross c o r r e l a t e the colony h y b r i d i s a t i o n screen r e s u l t s 
w i t h the three dif-ferent v i c i l i n probes i n order to assign 
colonies as s p e c i - f i c a l l y p o s i t i v e f o r one v i c i l i n typo over the 
other types and hence i n v e s t i g a t e the r e l a t i v e abundances and 
i n t e r - r e l a t i o n s h i p s o-f the three v i c i l i n types at the mRiMlA level 



CHAPTER 2 
MATERIALS AND METHODS. 

2.1. M a t e r i a l s . 
2.1.1. Chemical and B i o l o g i c a l reagents. 

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

i c a l s L t d . , Poole, Dorset, U.K., and were of the purest 

grade a v a i l a b l e . 

The Sigma Chemical Co., Poole, Dorset, U.K. supplied; 
e t h i d i u m bromide, adenosine triphosphate (ATP), spermidine, 
bovine serum albumin (BSA), d i t h i o t h r e i t o l (DTT), HEPES 
(N-2-hydroxyethylpiperazine-N-2-ethane sulphonic a c i d ) , 
T r i s ( t r i s ( h y d r o x y m e t h y l ) aminomethane), a m p i c i l l i n , 
chloramphenicol, t e t r a c y c l i n e , RNAseA, E . c o l i ^RNA, 
pol y a d e n y l i c a c i d (poly A ) , h e r r i n g sperm DNA, a l l 
deoxynucleotide t r i p h o s p h a t e s , a l l dideoxynucleotide 
t r i p h o s p h a t e s , lysozyme. 

Koch-Light L t d . , H a v e r h i l l , S u f f o l k , U.K., supplied; 

sodium c h l o r i d e , caesium c h l o r i d e , a c e t i c anhydride, i s o -

amyl a l c o h o l , chloroform. 

Pharmacia Fine Chemicals, Uppsala, Sweden, supplied; 

Sephadex G-50, Sepharose 6S-CL, F i c o l l 400. 

Schleicher and S c h u l l , Anderman and Co., L t d . , 
Kingston-upon-Thames, Surrey, U.K., supplied; n i t r o ­
c e l l u l o s e f i l t e r s (BA85, 0.45um ) 
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Whatm.ann L t d . , Maidstone, Kent, U.K., supplied; 3MM 
paper, DEAE-cellulose (DE 81) paper, glass f i b r e (GF and 
GC) f i l t e r s . 

D i f c o L a b o r a t o r i e s , D e t r o i t , Michegan, U.S.A. supplied; 

Bactotryptone, Bacto-Agar, Bacto-Yeast E x t r a c t . 

Becton Dickinson and Co., Co c k e y s v i l l e , M.D., U.S.A., 

sup p l i e d ; BBL T r i p t i c a s e peptone. 

C o l l a b o r a t i v e Research I n c . , Waltham, M.A., U.S.A. 

supp l i e d ; Oligo dT^2_i8 

R e s t r i c t i o n endonucleases were supplied by : Bethesda 
Research Laboratories (UK) L t d . , Cambridge, U.K., ; The 
Boehringer Corporation (London) L t d . , Lewes, East Sussex, 
UK.; New England B i o l a b s , CP. Laboratories L t d . , Bishops 
S t o r t f o r d , H e r t s , U.K. 

The Boehringer Corporation (London) L t d . , also 
s u p p l i e d ; Calf i n t e s t i n e a l k a l i n e phosphatase, endonuclease-
f r e e E . c o l i DNA polymerase I , T4 po l y n u c l e o t i d e kinase, 
T4 DNA l i g a s e , SI nuclease. 

Bethesda Research Laboratories(UK) L t d . , also supplied; 
E . c o l i DNA polymerase I large fragment (Klenow polymerase) , 
EcoRI s y n t h e t i c l i n k e r s , agarose ( e l e c t r o p h o r e s i s grade). 

Pharmacia P.L, Biochemicals I n c . , Pharmacia (Great 
B r i t a i n ) L t d . , M i l t o n Keynes, Backs, U.K. supplied ; 
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Calf thymus t e r m i n a l deoxynucleotidy1 t r a n s f e r a s e , mung 

bean nuclease. 

Worthing Biochemicals M i l l i p o r e (U.K.) L t d . , London, 

U.K., supplied; DNAse I (DPFF). 

The D i v i s i o n o f Cancer Cause and Prevention, National 
Cancer I n s t i t u t e , N.I.H., Bethesda, MD, U.S.A., supplied; 
Avian myeloblastosis v i r u s (AMV) reverse t r a n s c r i p t a s e . 

Amersham I n t e r n a t i o n a l p i c , Amersham, Bucks, U.K., 
s u p p l i e d ; Radiochemicals, nick t r a n s l a t i o n k i t s . 

Mr. R. Sv/inhoe made a generous g i f t o f ; Poly A"̂  RNA 
prepared from 13-17 day o l d cotyledons of Pisum sativum 
L. v a r i e t y Eeltham f i r s t (Sutton Seeds L t d . , Reading, 
Berks, U.K.). 

2.1.2. B a c t e r i a l S t r a i n s Plasmids and Phages. 
A l l b a c t e r i a l s t r a i n s used were d e r i v a t i v e s of E. 

c o l i K-12 and are l i s t e d i n Table 1. - Plasmids and 
phages used are also l i s t e d i n Table 1.. 

2.2. Methods. 
2.2.1. Standard Biochemical Techniques. 
2.2.1.1. Plasticv/are, Glassv/are, General Apparatus and 

Reagents. 
A l l apparatus coming d i r e c t l y or i n d i r e c t l y i n con­

t a c t with n u c l e i c a c i d s , b a c t e r i a , enzymes, or any sen­
s i t i v e or s t e r i l e reagents e t c . , was s t e r i l i s e d by aiitoclaving, 



37 

TABLE 1 
Propert i e s of E.Coli S t r a i n s , plasm'ids and phages used, 

Item 

B a c t e r i a l S t r a i n s 
910 

TBI 

JMlOl 

Genetic C h a r a c t e r i s t i c s Reference/ 
Source 

Ap^Tc^ (803 SupE SupF 
RecBC) 

Ap Mac pro ara t h i strA 
08Od lacZ AM15 hsdR r' 
Alacpro supE t h i F' 
traD36 proAB l a d " lacZ 
AM15 

W.J.Brammar, 
Dept. of 
Biochemistry, 
U n i v e r s i t y of 
Leicester, U.K, 

Plasmids 
pBR32 2 

pUC8 

Ap^, Tc^ 

Ap , lac 

Boli v a r e t . a l . , 
1977 
V i e i r a and 
Messing,1982. 

pBR322-SV40 
(map u n i t s 0.71-0.86) 
pBR322-SV40 
(map u n i t s 0.19-0.32) 

Okayama and 
Berg, 1981. 

Phages 
ANM2 58 

M13 mp9 lac 

Key: Ap^, a m p i c i l l i n s e n s i t i v e , Ap^, 
R 

9-, 

Un i v e r s i t y . 
M13 Cloning/ 
Sequencing 
Manual, BRL (UK) 
Ltd. / ̂ •<e'.<'& ar><{ 

a m p i c i l l i n r e s i s t a n t . 

Tc , t e t r a c y c l i n e s e n s i t i v e . Tc , t e t r a c y c l i n e r e s i s t a n t 

l a c complements the lac system. 
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Those items v/hich cannot be autoclaved were s t e r i l ­
i z e d by prolonged immersion i n 80% ethanol and i f appro­
p r i a t e , flaming . A l l glassware and p l a s t i c eppendorfs 
were s i l i c o n i z e d before autoclaving using "Repelcote" 
(Hopkins and W i l l i a m s , Romford, U.K.). 

A l l s o l u t i o n s f o r DNA manipulations except g e l s , were 
autoclaved where possible or made up using s t e r i l e water 
and s t e r i l e stock s o l u t i o n s i n s t e r i l i s e d containers, 
m i n i m i s i n g the use of non s t e r i l e reagents. A l l water was 
d i s t i l l e d or v;here noted as HPLC grade, double d i s t i l l e d 
and deionised, a l l ethanol used i n DNA manipulations was 
r e d i s t i l l e d . 

2.2.1.2. Alcohol P r e c i p i t a t i o n of DNA 
DNA s o l u t i o n s were made t o Oi.3M sodium acetate, 

u s u a l l y by the a d d i t i o n of 1/lOth volume of 3M sodium 
acetate pH5.2, then 2-3 volumes of ethanol were added, 
mixed and the s o l u t i o n kept a t -2o''C overnight or-80°C 
f o r 15-20 minutes. 

The DNA V7as then 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 
smal l (up t o 2ml) samples at 'vl2,000g 4°C f o r 10-15 
minutes (M.S.E. Micro Centaur m i c r o c e n t r i f u g e or equiva­
l e n t ) , or f o r l a r g e r samples a t 'V'25,OOOg 4°C f o r 20-
30 minutes ( S o r v a l l RC-5B c e n t r i f u g e ) . The p e l l e t was 
then washed i n 70% ethanol 2 or 3 times and gently vacuum 
d r i e d before being resuspended u s u a l l y i n e i t h e r water 
or T.E.buffer (lOmM Tris-HCl pH7.5, ImM EDTA). When the 
co n c e n t r a t i o n of DNA v/as low or the size small (<200bp) 
t r a n s f e r RNA (tRNA) was added p r i o r t o the a d d i t i o n of 
the e t h a n o l . tJhen the sodium con c e n t r a t i o n i n the DNA 
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s o l u t i o n was high potassium acetate pH5;2 t o 0.5M or 
ammonium acetate and magnesium acetate pH5.2 t o 0.5M and 
O.IM r e s p e c t i v e l y were used instead of sodium acetate. 
When i t was necessary t o minimise the t o t a l volume 0.6-
1.0 volumes of iso-propanol were used i n place of ethanol 
and the mixture kept at -20°C f o r a t l e a s t 20 minutes. 

2.2.1.3. Phenol E x t r a c t i o n of DNA Solutions 
Proteins v/ere removed from DNA s o l u t i o n s by e x t r a c t ­

i n g twice w i t h '^'l volume of phenol sa t u r a t e d w i t h T.E 
b u f f e r (lOmM Tris-HCl pH7.5 ImM EDTA), then twice w i t h 
chloroform: iso-araylalcohol (24:1). The layers were 
mixed by b r i e f v o r t e x i n g and separated by b r i e f c e n t r i f u -
g a t i o n i f needed. The DNA remains i n the top aqueous 
phase i n each case. Occasionally the chloroform i s o -
amylalcohol e x t r a c t i o n steps were replaced w i t h 2 or 3 
e x t r a c t i o n s w i t h d i e t h y l ether, i n t h i s case the DNA con­
t a i n i n g aqueous la y e r i s on the bottom. This whole pro­
cess i s r e f e r r e d t o as phenol e x t r a c t i o n . 

2.2.1.4. T r i c h l o r o a c e t i c Acid P r e c i p i t a t i o n of DNA 
DNA s o l u t i o n s were t r i c h l o r o a c e t i c a c i d p r e c i p i t a t e d 

e s s e n t i a l l y according t o the p r o t o c o l i n the Amersham Nick 
T r a n s l a t i o n k i t handbook (Amersham I n t e r n a t i o n a l p i c , 
Amershaim, U.K.) using '̂ •30Mg o f phage A DNA as c a r r i e r and 
Whatman GFC glass f i b r e f i l t e r s . 

2.2.1.5. S c i n t i l l a t i o n ; Counting Of Radiolabe(led DNA 
Labelled DNA i n s o l u t i o n or p r e c i p i t a t e d onto glass 

f i b r e d i s c s v;as counted by l i q u i d s c i n t i l l a t i o n i n a 
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Packard PL Tri-Carb l i q u i d s c i n t i l l a t i o n counter. 
For ^̂ P and ̂ H samples p r e c i p i t a t e d on glass f i b r e 

discs 3.0 g m / l i t r e PPO (2,5-diphenoxazole) and 300mg/ 
l i t r e POPOP (1,4-di-2 (5-phenoxazoyl)benzene) i n t o l u e n e 
was used as s c i n t i l l a t i o n f l u i d and f o r ^̂ P samples i n 
s o l u t i o n 100:1 t o l u e n e t r i t o n c o n t a i n i n g 5.0gm/litre PPO. 

2.2.1.6. D i a l y s i s o f Solutions o f Macromolecules 
D i a l y s i s t u b i n g of various sizes (Medicell I n t e r ­

n a t i o n a l L t d . , London, UK.) was prepared by b o i l i n g f o r 
20 minutes i n lOmM EDTA followed by r i n s i n g w i t h d i s t i l l e d 
v/ater. The t u b i n g was knotted a t one end at l e a s t twice 
and then f i l l e d using two pasteur p i p e t t e s one as a p i p ­
e t t e and the other as a fu n n e l . A space was l e f t at the 
top of the t u b i n g to allow f o r changes i n volume of the 
s o l u t i o n and the t u b i n g sealed w i t h again a t l e a s t two 
knots. The d i a l y s i s t u b i n g was then placed i n a large 
volume of the r e l e v a n t b u f f e r which was s t i r r e d a t 4''c. 
D i a l y s i s proceeded f o r a t l e a s t 24 hours and two changes of 
b u f f e r . 

2.2.1.7. Es t i m a t i o n of DNA Concentration and P u r i t y by 
Spectrophotometry. 

Using a Pye Unicam SP8-150 u l t r a v i o l e t / v i s i b l e 
spectrophotometer and 1 cm path length quartz c e l l s both 
the c o n c e n t r a t i o n and p u r i t y of DNA s o l u t i o n s v/ere 

estimated. 
in uuolec 

The o p t i c a l d e n s i t y (O.D.) of a DNA solution/\at 
260 nm i s '\^0.02 times i t s c o n c e n t r a t i o n i n microgrammes 
per ml (yg/ml). A spectrum from 2 30 t o 370 nm was used t o 
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assess p u r i t y as f o l l o w s , f o r pure DNA: 
OD260/ OD280 , 1. 8 
OD260/OD2 35 > OD260/OD280 
0D320 0 

Should these three conditions not hold then the concentra­
t i o n estimate w i l l be i n e r r o r . 

2.2.1.8. The Storage of B a c t e r i a l S t r a i n s 
I n the shor t term (up t o 2 months) b a c t e r i a l colonies 

were st o r e d on agar p l a t e s kept i n v e r t e d a t 4°C and sealed w i t h 
Nescofilm (Nippon S h o j i Kaisha L t d . , Osaka, Japan). 
Permanent storage v/as e f f e c t e d by d i s p e r s i n g b a c t e r i a l 
lawns, grown from s i n g l e colom'e? on agar p l a t e s , i n 2ml 
s t e r i l e p o r t i o n s o f equal amounts o f L-broth and 80% 
g l y c e r o l and keeping at -80°C. 

2.2.2. Pre p a r a t i o n of DNA 
2.2.2.1. Plasmid Minipreps. 

The f o l l o w i n g method of r a p i d l y preparing plasmid 
DNA was used f o r a l l plasmids derived from pBR322 
i n c l u d i n g a l l pUC8 derived plasmids. Colonies were picked 
i n t o 10ml o f b r o t h (L-broth f o r pBR322 type plasmids, YT 
b r o t h f o r pUC8 plasmids) i n a McCartney b o t t l e containing 
the appropriate a n t i b i o t i c (50pg/ml a m p i c i l l i n f o r pUC8 
de r i v e d plasmids) and were grown ov e r n i g h t a t 37°C i n a 
r o t a r y i n c u b a t o r . . The c e l l s v;ere spun down, i n a bench 
c e n t r i f u g e i n the c u l t u r e b o t t l e s , -veoOOg 15 minutes, 
then resuspended i n 200ii 1 o f f r e s h l y prepared lysozyrae 
s o l u t i o n (50mM glucose, IQmM EDTA, 25mM Tris-HCI pH 8.0, 
2mg/ml lysozyme), t r a n s f e r r e d t o a 1.5ml eppendorf tube 
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and stood a t 0°C f o r 30 minutes'. Next 60OM 1 of f r e s h l y 

prepared a l k a l i n e SDS was added (0.2M sodium hydroxide, 

1% SDS) and gen t l y mixed u n t i l the s o l u t i o n became s t i c k y 

and viscous, the mix was then stood i n i c e f o r a t le a s t 

5 m.inutes. Sodium acetate s o l u t i o n (450yl of 3M pH4.8) 

was then added and mixed by i n v e r t i n g and standing on ice 

f o r 1 minute. The c e l l debris were then 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 12,000g f o r 5 minutes (M.S.E. Micro Centaur 

bench c e n t r i f u g e ) and 1,100M1 of clear supernatant was 

t r a n s f e r r e d i n t o a fres h eppendorf. Isopropanol (500^1) 

was added, mixed and the DNA p r e c i p i t a t e d a t -20°C f o r 

30 minutes follov/ed by c e n t r i f ugation a t 12,000g f o r 2 

minutes. The p e l l e t was resuspended i n 200nl of 100 mM 

sodium acetate, 50mM Tris-HCl pH6.0 and p r e c i p i t a t e d w i t h 

500M1 of ethanol i n the usual way, resuspended and r e -

p r e c i p i t a t e d , washed i n 80% ethanol t w i c e , vacuum d r i e d 

and resuspended i n 50yl of HPLC grade water. 

This method leaves large amounts of RNA i n the DNA, 
which could be destroyed hy treatment w i t h RhiAse A if desired. 

5)J1 i n a r e s t r i c t i o n d i g e s t allows down t o 200 bp t o be 

detected on agarose gels by ethidium bromide s t a i n i n g . 

2.2.2.2. Large Scale Preparation of Plasmid DNA 

10 -ml over n i g h t c u l t u r e s o f the plasmid bearing 

s t r a i n s were grown up i n L-broth c o n t a i n i n g the relevant 

a n t i b i o t i c ( s ) on a r o t a r y incubator. 250ml port i o n s of 

L-broth also c o n t a i n i n g the r e l e v a n t a n t i b i o t i c ( s ) i n 

b a f f l e d 1 l i t r e f l a s k s were innoculated w i t h the over­

n i g h t c u l t u r e s (1:25 d i l u t i o n ) and grown w i t h shaking 

a t 37°C t o an o p t i c a l d e n s i t y at 650nm (0D650) of 0.9. 

Chloramphenicol was then added t o 150-200yg/ml and the 
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i n c u b a t i o n continued overnight. 
The c e l l s were 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 15,000g 

f o r 10 minutes a t 4°C, and resuspended i n 5ml of 25% 
w/v sucrose i n 50mM Tris-HCl pH8.0 at Ô C. Freshly 
prepared lysozyme s o l u t i o n (1ml o f lOmg/ml lysozyme i n 
the same b u f f e r ) was added, mixed g e n t l y , and then i n c u ­
bated w i t h shaking a t 37°C f o r 2 minutes and then a t 0°C 
f o r 10 minutes. Next 5ml of 0.2M EDTA pHB.O was added 

for 

and shaking a t 0°C continued^a f u r t h e r 10 minutes, 
f o l l o w e d by the a d d i t i o n of 1ml of 20% w/v SDS and gentle 
mixing a t room temperature u n t i l the suspension c l a r i f i e d . 
Sodium e h l o r i d e (3ml of 5M i n 50mM Tris-HCl pH8.0) was 
then added and the whole was mixed t h r o u g h l y and kept on 
ic e f o r a t l e a s t 4 hours or us u a l l y o v e r n i g h t . C e l l 
d e b r i s was removed by c e n t r i f u g a t i o n a t 38,000g f o r 90 
minutes a t 4°C fol l o w e d by c a r e f u l removal of the super­
natant with a p i p e t t e . 

The plasmid DNA was p r e c i p i t a t e d from the supernatant 
by the a d d i t i o n o f 50% w/v polyethylene g l y c o l 6000 (PEG 
6000) i n 50mM Tris-HCl pH8.0 and 50mM Tris-HCl pH8.0 t o 
give f i n a l concentrations of 10% w/v PEG, 0.5M sodium 
c h l o r i d e and 50 mM Tris-HCl pH8.0. The mix was then 
stood a t o'c f o r a t l e a s t 4 hours or u s u a l l y overnight 
then g e n t l y c e n t r i f u g e d ('\^2000g) for 5-10 minutes a t 
4°C. The p e l l e t was drained throughly and resuspended 
i n 4-5 ml o f T.E. b u f f e r (lOmM Tris-HCl pH7.5, ImM EDTA) 
by g e n t l e shaking a t 0°C or i f necessary by using a wide 
bore p i p e t t e . I f t h i s suspension was not c l e a r i t was 
b r i e f l y spun, i t was kept at 0°C and could be stored. 

The plasmid was p u r i f i e d by density g r a d i e n t 
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c e n t r i f u g a t i o n ; f r e s h l y prepared ethidium bromide (lOmg/ 
ml i n T.E. b u f f e r ) v/as added t o a f i n a l c o n centration of 
300 yg/ml and caesium c h l o r i d e t o 48.4% w/v or a r e f r a c ­
t i v e index o f 1.3890, the mixture was then stood i n i c e 
f o r 30-60 minutes p r i o r t o c e n t r i f u g a t i o n ( S o r v a l l DTD65B 
U l t r a c e n t r i f u g e using a Beckmann VTi50 r o t o r ) at 13,000 
rpm f o r 30-60 minutes a t 0°C. The clear supernatant was 
then c e n t r i f u g e d i n the same apparatus cit 40,000 rpm f o r 
20 hours and the lower plasmid band removed w i t h a wide 
bore needle and syringe. This f i n a l step was repeated 
and the plasmid i s o l a t e d by e x t r a c t i n g 
w i t h caesi;ara c h l o r i d e saturated iso-propanol three times, 
d i a l y s i n g against T.E.buffer and ethanol p r e c i p i t a t i o n . 

2.2.2.3. Large Scale Preparation of Phage X DNA 
Bacteriophage A s t r a i n NM258 i s temperature 

inducable and only enters the l y t i c cycle when warmed 
above ^40°C. A . . . . b a c t e r i a l s t r a i n , c o n t a i n i n g 
phage X NM258/\was streaked f o r s i n g l e colonies. A colony 
was s e l e c t e d which grew a t 30''c but not a t 42°C and over­
n i g h t s i n 2YMT b r o t h (bactotryptone 16gm, yeast e x t r a c t 
lOgm, sodium c h l o r i d e 5gm, magnesi\am c h l o r i d e 2.5gm t o 
1 l i t r e ) were grown a t 30°C i n a r o t a r y i n c u b a t o r . 

250ml p o r t i o n s of 2YMT br o t h i n 1 l i t r e b a f f l e d 
f l a s k s were innoculated 1:25 w i t h the overnights and 
grov/n v/^th shaking a t 30°C t o an OD550 of 0.25. They 
were then induced by warming t o 45°C and incubated at 
4 4°C f o r 30 minutes w i t h gentle shaking, and then shaken 
at 37"c f o r 4 hours. A f t e r c e n t r i f u g a t i o n , 2 , 5 0 0 g a t 
4''c f o r 10 minutes^ the p e l l e t was resuspended i n 200ml 
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of lOmM Tris;HCl pH7.9., lOOmM potassium c h l o r i d e , 0.1 
ml-I EDTA and frozen overnight a t -70''c. I f when thav/ed 
the mixture v/as not viscous 2-3 ml o f chloroform was 

added and the mixture shaken. DNAsel (Img i n 2ml of 
the same b u f f e r ) v/as added and the mix s t i r r e d at 37 °C 
u n t i l i t s v i s c o s i t y was reduced. C e l l debris were r e ­
moved by tv/ice c e n t r i f u g i n g at 12p00g f o r 10 minutes at 
4°C i s o l a t i n g the supernatant each time. The phage 
was polyethylene g l y c o l (PEG) p r e c i p i t a t e d by adding 5M 
sodium c h l o r i d e , 50mM Tris-HCl pH8.0 and 50% w/v PEG 
6000, 50mM Tris-HCl pH8.0 t o f i n a l concentrations of 0.5M 
sodiiim c h l o r i d e and 10% PEG, s t o r i n g overnight at 0°C 
and g e n t l y c e n t r i f u g i n g a t 'v2000g f o r 10 minutes at 4''c. 
The p e l l e t was well drained and resuspended i n 20ml of 
c h l o r i d e phage b u f f e r (lOmM Tris-HCl pH8.0 lOmM magnesium 
c h l o r i d e , lOOmM sodium c h l o r i d e ) , a few drops of chloro­
form were added i f the suspension was t o be stored. The 
phage was p u r i f i e d on a caesium c h l o r i d e step gradient; 
caesium c h l o r i d e i n c h l o r i d e phage b u f f e r was made t o 
1.35, 1,55 and 1.7 gm/ml d e n s i t i e s and a step gradient 
created by c a r e f u l l y l a y e r i n g these s o l u t i o n s i n t o cen­
t r i f u g e tubes. To the top of the gradient was c a r e f u l l y 
added the phage suspension and the tubes were balanced by 
c a r e f u l a d d i t i o n of c h l o r i d e phage b u f f e r . The gradients 
were then c e n t r i f u g e d a t 25,OOOrpm i n a MSE Prepspin 
65 c e n t r i f u g e w i t h a 3x25ml r o t o r a t 8°C f o r 90 minutes 
and the phage which c o l l e c t s between the 1.55gm/ml and the 
1.7 gm/ml lay e r s removed w i t h a wide bore needle and 
s y r i n g e . The phage s o l u t i o n so obtained was saturated 
with caesium c h l o r i d e and layered onto the bottom of a 
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step g r a d i e n t made as before and r e c e n t r i f u g e d and i s o ­

l a t e d as before. 
The phage s o l u t i o n was then dialysed against phage 

b u f f e r (potassium dihydrogen phosphate 3.0gm, disodium 
hydrogen phosphate 7,0gm, sodiiim c h l o r i d e 5,0gm, mag­
nesium sulphate t o ImM, calcium c h l o r i d e t o O.lmM i n 1 
l i t r e ) . The d i a l y s e d phage was phenol e x t r a c t e d gently 
t o avoid shearing the DNA, ethanol p r e c i p i t a t e d w i t h 
potassium acetate, and resuspended i n T.E. b u f f e r by 
gent l e shaking a t o'c f o r 3-4 days. 

I n a t y p i c a l p r e p a r a t i o n 4 l i t r e s of 2YMT broth gave 
'^^lxlO^'* phage p a r t i c l e s , by s e r i a l d i l u t i o n and counting 
plaques on a lawn of susceptible b a c t e r i a , before the 
step g r a d i e n t and 4. 5mg of s p e c t r o s c o p i c a l l y pure DNA 
a f t e r the ethanol p r e c i p i t a t i o n . 

2.2.2.4. M13 Minipreps. 
The s i n g l e stranded form of phage M13 and de r i v a ­

t i v e s o f i t were prepared by the f o l l o w i n g method: 
Overnight c u l t u r e s of E . c o l i s t r a i n JM 101 were 

grown i n YT b r o t h made a t double the normal concentra­
t i o n s (2 X YT broth),2ral a l i q u o t s o f 2xYTbroth i n 
McCartney b o t t l e s were innoculated w i t h the overnights 
1:500 and i n f e c t e d w i t h the Ml3 plaque by stabbing the 
plaque w i t h a s t e r i l e t o o t h p i c k and dropping the pick 
i n t o the McCartney b o t t l e . The c u l t u r e s were grown over­
n i g h t a t 37°C on a r o t a r y incubator. 

The next day 1.5ml eppendorfs were f i l l e d w i t h the 
c u l t u r e s and spun i n a bench c e n t r i f u g e f o r 4 minutes, 
the supernatant was t r a n s f e r r e d t o a fres h tube and the 
p e l l e t V7as kept a t 4°C t o preserve the clone. The 
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supernatant was again spun and i s o l a t e d , g i v i n g 'vlml 
t o which was added 200^1 of 20% PEG 6000 and 225u.l of 
2.5M sodium c h l o r i d e . A f t e r mixing and standing a t room 
temperature f o r 'v20 minutes the phage was c o l l e c t e d by 
spi n n i n g i n a bench c e n t r i f u g e f o r 3 minutes, removing 
the supernatant, spinning again and c a r e f u l l y removing 
the l a s t dregs of supernatant w i t h a c a p i l l a r y . The 
p e l l e t was resuspended i n lOOpl o f T.E. b u f f e r (lOmM 
Tris-HCl pHS.O, ImM EDTA) phenol e x t r a c t e d , ethanol 
p r e c i p i t a t e d and resuspended i n 20pl of T.E. b u f f e r , 
l y l should be e a s i l y v i s i b l e by ethidium bromide s t a i n - , 
i n g on an agarose g e l . 

2.2.3. Standard Enzymatic Methods 
2.2.3.1. R e s t r i c t i o n Endonuclease Di g e s t i o n s . 

R e s t r i c t i o n s were c a r r i e d out normally i n one of 
the four b u f f e r s s e t out i n the Cold Spring Harbour Mol­
ecu l a r Cloning Manual (Maniatis e t . a l . , 1982). (Table 
2 . ) , the choice o f b u f f e r being determined by the manual 
and the 19 8 3 B.R.L. data poster (Bethesda Research Lab­
o r a t o r i e s , Cambridge , U.K.) which was e s p e c i a l l y use­
f u l f o r d e c i d i n g the appropriate b u f f e r f o r mixed enzyme 
d i g e s t i o n s . Normally enzymes v/ere used a t a concen­
t r a t i o n of l-3u/Mg of DNA except where higher r a t i o s 
were recommended by the BRL data sheet and were incubated 
a t the temperature recommended by the s u p p l i e r f o r 1-4 
hours. Nuclease f r e e BSA was added t o lOOyg/ml t o 
some d i g e s t i o n s p a r t i c u l a r l y those on a l a r g e scale or 
being incubated f o r a long time. RNAse A (lOug per 
re a c t i o n ) which had been b o i l e d f o r 15 minutes t o destroy 
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any DNAse a c t i v i t y , was added t o r e s t r i c t i o n s o f plasmid 
DNA prepared by the miniprep method. 

2.2.3.2. L i g a t i o n 
L i g a t i o n s , the j o i n i n g of dsDNA molecules i n the 

conventional manner by covalent bonds, were c a r r i e d out 
i n KLP B u f f e r (50mM Tris-HCl, pH7,5, lOmM magnesium 
c h l o r i d e , lOraM DTT) co n t a i n i n g ImM ATP with/\T4 DNA 
l i g a s e . For j o i n i n g two molecules the volume of the 
r e a c t i o n was kept t o a minimum, f o r c i r c u l a r i s i n g a 
molecule greater d i l u t i o n was used. B l u n t end l i g a t i o n s 
were incubated a t 12°C f o r up t o 2 days, o f t e n w i t h the 
a d d i t i o n of more ATP and enzyme a f t e r one day. S t i c k y 
end l i g a t i o n s were inci±iated a t 15 "c o v e r n i g h t . 

The enzyme E . c o l i DNA ligase/^was also used f o r 
l i g a t i o n s where i t was important t o l i g a t e DNA but not 
RNA.The b u f f e r used was 20mM Tris-HCl pHV.S, 4mM mag­
nesium c h l o r i d e , lOmM ammonium sulphate, lOOmM potassium 
c h l o r i d e , lOmM sodium c h l o r i d e , 50yg/ml BSA, 0.ImM 
":S-NAD, and the i n c u b a t i o n was a t 12°C overnight. 

2.2.3.3. Making Doi±ile Stranded DNA Blu n t Ended 
2.2.3.3.1. Using SI Nuclease. 

This method i s s u i t a b l e f o r use on dsDNA molecules 
w i t h p r o t r u d i n g 3' or 5' ends or h a i r p i n l o o p s , I t i s 
knov/n t o give dsDNA molecules w i t h ends b l u n t or 'vi base 
i n l e n g t h , prolonged incubations w i t h SI nuclease can 
s i g n i f i c a n t l y shorten dsDNA molecules. SI nuclease 
r e a c t i o n s were c a r r i e d out i n 200mM sodium, c h l o r i d e , 
50mM sodium acetate pH4.4, ImM zinc sulphate b u f f e r a t 
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37°C f o r 30 minutes and then 25°C f o r 30 minutes followed 
by the a d d i t i o n of ̂ 1/lOth volume of lOOmM EDTA t o stop 
the r e a c t i o n . A t y p i c a l r e a c t i o n c o n t a i n i n g '\'3]iq of 
dsDNA average length ^^lOOObp used 1000 u of SI nuclease 
i n 34yl v/ith "-lOpg of tRNA added. 

2.2.3.3.2. Using Mung Bean Nuclease. 
This method i s s u i t a b l e f o r use on dsDNA w i t h 

p r o t r u d i n g 3' or 5' ends or h a i r p i n l o o p s . I t s a c t i o n i s 
s i m i l a r t o t h a t o f SI nuclease but i t i s less a c t i v e and 
degrades dsDNA t o a lesser e x t e n t , Mung bean nuclease 
d i g e s t i o n s were c a r r i e d out i n 50mM sodium acetate pH5.2, 
50mM sodium c h l o r i d e , 2mM zinc c h l o r i d e , ImM DTT at 
22°C f o r 20 minutes using '\̂ 5u/yg DNA (Kroeker e t a l . , 
1976) . 

2.2.3.3.3. Using DNA Polymerase I 
This method i s s u i t a b l e f o r use on dsDNA w i t h pro­

t r u d i n g 3' or 5' ends, but not on dsDNA w i t h h a i r p i n ­
loops. I t was us u a l l y used a f t e r S I nuclease d i g e s t i o n 
and i s o f t e n r e f e r r e d to as " p o l i s h i n g " the ends of the 
dsDNA. The enzyme gives accurately b l u n t ends by i t s 
polymerase and exonuclease a c t i v i t i e s . DNA polymerase I 
p o l i s h i n g r e a c t i o n s were c a r r i e d out i n P.N.K. b u f f e r 
(50mM Tris-HCl pH7.5, lOmM magnesium Chl o r i d e , lOmM DTT) 
a t 12.5°C f o r 30 minutes i n the presence o f 0.2mM of 
each deoxynucleotide triphosphate and '̂ ^̂ u o f endonuclease 
f r e e DNA polymerase I per yg o f dsDNA. 
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2.2.3.4. Phosphorylation o f DNA a t the; 5' e.;nds; using 
Poly-Nucleotide Kinase 

Normally dsDNA has phosphate groups attached t o i t s 
5' enĉ s , and these are necessary f o r 
successful l i g a t i o n r e a c t i o n s . Should these phosphate 
groups have been removed or are missing e.g. commercial 
s y n t h e t i c l i n k e r s are supplied without 5' phosphate 
groups, p o l y - n u c l e o t i d e kinase may be used t o replace 
them, and i f supplied w i t h JT̂ p̂ ATP w i l l s p e c i f i c a l l y 
" l a b e l " the 5' end of the dsDNA molecule. 

Phosphorylation reactions were c a r r i e d out i n 
PNK b u f f e r (50mM Tris-HCl pH7.5, lOml^i magnesium c h l o r i d e , 
lOmM DTT) i n the presence of ATP. I n a t y p i c a l r e a c t i o n 
I p l (0.88yg) of EcoRI l i n k e r s v;ere phosphorylated using 
3 u o f enzyme and 40yCi (8 x 10~^2 mol) of ̂ f^^pATP. 

2.2.3.5. Dephosphorylation o f DNA a t the 5' Ends using 
A l k a l i n e phosphatase 

C a l f i n t e s t i n e akaline phosphatase s p e c i f i c a l l y 
removes the phosphate groups from the 5' £nds-

of DNA. 
Phosphatase r e a c t i o n s were c a r r i e d out i n 50mM T r i s -

HCl pH9.0, ImM magnesium c h l o r i d e , O.lmM zinc c h l o r i d e 
and ImM spermidine (Maniatis e t . a l . , 1982). For dsDNA 
molecules w i t h p r o t r u d i n g 5' ends i n c u b a t i o n was f o r 1 
hour a t 37°C using 0.2a/yg DNA o f enzyme. For b l u n t 
ended molecules or those w i t h recessed 5' ends i . e . 
p r o t r u d i n g 3' ends, i n c u b a t i o n was f o r 15 minutes at 37°C 
then 15 minutes at 56°C then a second a l i q u o t of enzyme 
was added and both incubations repeated. 
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2.2.3.6-. L a b e l l i n g dsDNA; by Nick; T r a n s l a t i o n 
dsDNA molecules may be radiolabelled evenly throughout 

the molecule by the a c t i o n of DNA Polymerasel and DNAsel 
i n the presence of deoxynucleotide triphosphates some 
of which c a r r y a r a d i o l a b e l , the process i s knovm as 
"Nick T r a n s l a t i o n " . Nick T r a n s l a t i o n reactions were 
c a r r i e d out according t o the p r o t o c o l from Amersham 
I n t e r n a t i o n a l p i c (Amersham UK) using the k i t s supplied 
by them. P r o t o c o l B was used withoc^Zp (jcTP as the 
r a d i o l a b e l and v/ith 2^ hour i n c i i b a t i o n s . The claimed 
s p e c i f i c a c t i v i t i e s were i n v a r i a b l y achieved unless the 
DNA used was impure. The DNA was i s o l a t e d from unin­
corporated nucleotides by column chromotography. 

2.2.3.7. Labelling the 5' end of RNA 
RNA moleucles were labelled using the Bedbrook method 

(Bedbrook and Bogorad 1976, Grunstein and Wallace 1978) 
which uses T4 p o l y n u c l e o t i d e kinase t o s p e c i f i c a l l y l a b e l 
the 5' t e r m i n a l phosphate groups. More random l a b e l i n g 
was achieved by p a r t i a l l y h y d r o l y s i n g the RNA before 
l a b e l l i n g . 

P a r t i a l h y d r o l y s i s was c a r r i e d out i n h y d r o l y s i s 
b u f f e r (5mM Tris-HCl pH9.5, lOmM EDTA, O.lmM spermidine) 
by h e a t i n g t o 95^0 f o r 5 minutes then c o o l i n g the reac­
t i o n i n i c e . 

The l a b e l l i n g r e a c t i o n was c a r r i e d out i n kinase 
b u f f e r (50mM Tris-HCl pH9.5,/2'^ mM magnesium c h l o r i d e , 
lOmM DTT, 5% g l y c e r o l ) at 37°C f o r 30 minutes using lOpCi 
j(32p ^rpp (2 x 10~^'^mol) and l u of T4 polynucleotide k i n ­

ase per yg of RNA. The r e a c t i o n was stopped by the 
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a d d i t i o n o f excess EDTA and the. RNA i s o l a t e d by the 
a d d i t i o n o f 10Mg o f ̂ RNA per yg of RIJA, phenol extrac­
t i o n and e l e c t r o p h o r e s i n g the mixture through an agarose 
p l u g i n t o a piece of d i a l y s i s tube using TAES b u f f e r (400mM 
T r i s - a c e t i c a c i d pH7.8, 20mM sodium acetate, 2mM EDTA, 
0.2% SDS) as e l e c t r o l y t e . A f t e r e l e c t r o p h o r e s i s the 
contents of the d i a l y s i s t ubing were ethanol p r e c i p i ­
t a t e d and the l a b e l l e d RNA recovered. 

2.2.3.8. Adding Polynucleotide T a i l s t o the 3' end of 
DNA w i t h Terminal Deoxynucleotidy1 Transferase 

C a l f thymus t e r m i n a l deoxynucleotidy1 transferase 
(TdT) was used t o add " t a i l s " o f deoxynucleotides t o the 
3' ends o f DNA molecules. I t was found t o be extremely 
s e n s i t i v e t o i n h i b i t i o n by any i m p u r i t i e s i n the reac­
t i o n mix and the presence o f any nucleases, so a l l buf­
f e r s e t c . , used i n TdT re a c t i o n s were e i t h e r commercially 
s u p p l i e d or prepared w i t h great care using HPLC grade 
water. A l l DNA used was ex t e n s i v e l y p u r i f i e d by phenol 
e x t r a c t i o n , ethanol p r e c i p i t a t i o n and resuspension i n HPLC 
grade water. A l l r a d i o l a b e l was vacuum d r i e d and r e ­
suspended i n HPLC grade water. No T r i s or EDTA was 
allowed i n any TdT r e a c t i o n mix. The method used was 
based on those o f Roychoudhury e t . a l . , (1976), Deng and 
Wu (1981) and on the data sheets supplied by Bethesda 
Research Labor a t o r i e s L t d . (BRL) and P,L.Biochemicals 
i n c . 

TdT t a i l i n g r e a c t i o n s were, c a r r i e d out as f o l l o w s : 
DNA (22.5pg of P s t I cut pBR322, eq u i v a l e n t t o 1.65 x 
10~^^ moles of 3' ends) was suspended i n 39M1 of TdT 
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b u f f e r (100mi4 potassium cacodylate pH7.2, 2mM co b a l t 
c h l o r i d e , O.2mM DTT. Supplied as 5xTdT t a i l i n g 
b u f f e r by BRL) co n t a i n i n g 60mg/ml of nuclease free BSA and 
-̂ 0.3 mM dGTP and 5yCi dCTP. A f t e r gentle mixing i t 
was preincubated a t 37°C f o r 5 minutes and two samples 
taken; one was t r i c h l o r o a c e t i c acid (TCA) p r e c i p i t a t e d 
as zero counts, the other spotted onto a f i l t e r and allowed 

t o dry as r e a c t i o n counts. 
TdT enzyme l y 1 25u was added and ge n t l y mixed, 

i n c u b a t i o n continued a t 37"C f o r up t o 30 minutes, 
samples being taken and TCA p r e c i p i t a t e d , and the r e a c t i o n 
was stopped by the a d d i t i o n of 5 y l of O.IM EDTA. A f t e r 
s c i n t i l l a t i o n counting the samples,the f o l l o w i n g formula 
was used t o c a l c u l a t e the average length of the t a i l s : -

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

S i m i l a r c o n d i t i o n s were used f o r t a i l i n g DNA RNA h y b r i d 
duplexes, except f o r the a d d i t i o n of polyA t o mop up '̂^̂  
o l i g o dTy and when t a i l i n g w i t h dCTP and dTTP. 
which would o t h e r w i s e p r o v i d e S'ends a s p r i m e r s -for the t a i l i n g 
r e a c t i o n , 
2.2.4. Gel Electrophoresis 
2.2.4.1. Agarose Gel Electrophoresis 

DNA and RNA fragments of various sizes from lOObp 
up t o 50kb v/ere analysed f o r size on agarose gels of con­
c e n t r a t i o n s ranging from 0.5-1.5% (Table 3 ) . Horizon­
t a l s l a b gels submerged i n b u f f e r were used throughout. 
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Table 3 Approximate s i z e range of double stranded DNA fragments 
analysed on agarose gels of given concentrations 

Concentration of Size range of dsNDA 
agarose gel (%) analysed (kb) 

0.5 2 0 - 1 

0,7 10 - 0.5 

1.0 7 - 0-35 

1,2 7 - 0.2 

1.5. 5 - 0 . 1 
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2.2.4.1.1. F u l l Si ze; Agarbss Gels 
F u l l s i z e agarose gels of approximately 20x15 x 0.6cm 

were made using perspex moulds on clean glass plates 
and using a t h i n layer of vacuum grease t o obtain a seal. 

Perspex combs were suspended across the mould t o 
produce the s l o t s . A l l gels v/ere normaOly made containing 
lyg/ml o f ethidium bromide and using Alec's g e l b u f f e r 
(40mM T r i s - a c e t i c acid pH7.7, 2mM EDTA), or where close 
bands needed t o be resolved or very small amounts of DNA 
detected TBE b u f f e r (10.8gra T r i s , 5.5gm b o r i c acid,o.93gm EDTA 
(Na2-2H20) per l i t r e pH'v8.3) was used as i t gives sharper 
bands. I n a l l cases the g e l was run i n the same b u f f e r 
and e t h i d i u m bromide concentration as was used t o make i t . 
The gels were normally run a t 'V'1.6V/cm overnight. Normally 
the s l o t s i z e v/as chosen t o be the smallest which would 

(see i>elow) 

c o n t a i n the sample plus the beads/I so as t o allow the maxi­
mum number of s l o t s and the easier d e t e c t i o n of f a i n t 
bands. A l l DNA samples were loaded w i t h the a d d i t i o n of 
'\'l/3rd volume of beads (lOmM Tris-HCl pH8.0, lOmM EDTA, 
30% w/v g l y c e r o l , 0.1% w/v agarose and e i t h e r 0.1% w/v 
xylene cyanol and 0.1% w/v bromophenol b l u e , or 0.1% f a s t 
orange f o r V7hen fragments < 200bp are expected. The mix­
t u r e v/as prepared, autoclaved, allowed t o s e t , then e x t r u ­
ded through a f i n e needle w i t h a syringe tv;ice) . The DNA 
bands were detected by the orange fluorescence of the 
e t h i d i u m bromide DNA complex under UV l i g h t i l l u m i n a t i o n 
a t 254nm vrave length., and were recorded by photography 
through a red-orange f i l t e r (Kodak 23A Wratten) 

w i t h P o l a r o i d F i l m type 667 3000 
ASA. Gels w i t h high l e v e l s of background v/er-e destained at 
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room temperature f o r 45 minutes i n ImM magnesium sulphate. 
Exposure times v a r i e d w i t h the e f f i c i e n c y of the 

f i l t e r on the UV l i g h t source but normally an exposure 

of 7 seconds a t f4 was used and as l i t t l e as 5ng of dsDNA 

could be detected. 

2.2.4.1.2 Agarose M i n i g e l s . 
M i n i g e l apparatuses were used e s s e n t i a l l y as sug­

gested by the s u p p l i e r s (Uniscience of Cambridge, Cam­
br i d g e , U.K.) except normally the gels were poured t o 
gr e a t e r thicknesses than suggested, were run at lower 
c u r r e n t s t o reduce h e a t i n g , and ethidium bromide t o l u g / 
ml was added t o the gels and the b u f f e r t o el i m i n a t e the 
s t a i n i n g step. 

2.2.4.1.3. A l k a l i n e Agarose Gels. 
Two methods were used f o r a l k a l i n e agarose gels. 

The f i r s t method was t h a t of Maniatis (1982) where the 
e n t i r e g e l and running b u f f e r was made a l k a l i n e . The 
second method used an o r d i n a r y agarose g e l w i t h no 
ethid i u m bromide, the DNA being made s i n g l e stranded by 
treatment w i t h a l k a l i immediately before being loaded 
(McDonell, 1977). To I O M I of DNA mix was added 6M1 of 
IM sodium hydroxide a t 0°C, a f t e r 5 minutes 6y"l of IM 
HCl was added also at 0°C and the sample immediately 
loaded and run as normal. 

These gels were stained with a c r i d i n e orange 30yg/ 
ml i n the running b u f f e r f o r 30 minutes a t room tempera­
t u r e , then destained i n running b u f f e r f o r 'v.lhour also at 
room temperature. The DNA was detected by flourescence as f o r 
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ethidium bromide s t a i n i n g , dsDNA fluoresces green and 

ssDNA red when stained w i t h a c r i d i n e orange. N.B. a l k a l i n e 

gels destroy RNA. 

2.2.4.1.4. Glyoxal Gels. 
G l y o x a l a t i o n v/as used t o denature RNA (or DNA) 

p r i o r t o g e l e l e c t r o p h o r e s i s so t h a t the RNA would be 
f u l l y l i n e a r and i t s r a t e of m i g r a t i o n would accurately 
r e f l e c t i t s s i z e . The procedure used was e s s e n t i a l l y 
t h a t of Maniatis (1982). Deionised g l y o x a l 6M was pre­
pared as described, and was used t o g l y o x a l a t e up t o 20yg 
of RNA i n the f o l l o v / i n g mixture: 6M g l y o x a l 2.7M1, DMSO 
8.0yl, O.lM sodium dihydrogen phosphate pH7 ,0 1. 6y 1^ u/ater fo 
2 0 y l , w i t h i n c u b a t i o n at 5o''C f o r i hour. 

1% Agarose gels were made up using lOmM sodium 
dihydrogen phosphate pH7.0 b u f f e r and no ethidiura bro­
mide. The samples v/ere loaded w i t h the a d d i t i o n of l / 5 t h 
volume of loading b u f f e r (50% g l y c e r o l , lOmM sodium 
dihydrogen phosphate pH7.0, 0.4% w/v bromophenol b l u e ) . 
The g e l was run c o n v e n t i o n a l l y i n the same phosphate 
b u f f e r v;hich v;as r e c i r c u l a t e d t o maintain the pH. The 
RNA could be detected by s t a i n i n g w i t h ethidium bromide. 

2.2.4.1.5. Analysis of Band Patterns on Gels t o Determine 
Fragment Sizes. 

The sizes of dsDNA bands on agarose gels were estim­

ated using various standard s i z e markers; phage A NM258 

cut w i t h r e s t r i c t i o n endonuclease H i n d l l l , plasmid pBR322 

cut w i t h Rsal and plasm.id pBR322 cut w i t h A l u l . The i n ­

verse of the l o g a r i t h m ( t o the base 10) of the size of 

the fragment i n base p a i r s was p l o t t e d against the distance 
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of m i g r a t i o n of the band i n m i l l i m e t e r s . This gave a 
s l i g h t l y S-shaped curve which approximates very c l o s e l y 
t o three s t r a i g h t l i n e segments, and allows accurate 
estimates of dsDNA fragment sizes from 100-10,000 bp. 

Other gels v/ere analysed by s i m i l a r methods. 

2.2.4.1.6. The Recovery of DNA from Agarose Gels. 
DNA was recovered from agarose gels by the DEAE 

paper method of Dretzen e t . a l . , (1981). Whatmans" DE81 
chromatography paper was prepared by soaking i n 2.5H sodium 
c h l o r i d e f o r 3 hours, washing 5 times i n water f o r 10 
minutes each, washing i n 1 mM EDTA, vacuum d r y i n g a t 80°C 
and s t o r i n g dry and protected. The DNA was i s o l a t e d by 
c u t t i n g a s l o t next t o the DNA band wanted, i n s e r t i n g a 
piece of prepared DEAE paper and electrophoresing the DNA 
band onto the paper. The DNA s t i c k s e f f i c i e n t l y t o the 
DEAE paper unless very lar g e amounts of DNA are used when 
the paper w i l l s a t u r a t e , or i s subject t o prolonged el e c t r o ­
p h o r e s i s . The DNA was recovered from the paper by 
washing i t i n c o l d water b l o t t i n g dry and then v o r t e x i n g 
i t i n t o a s l u r r y i n e l u t i o n b u f f e r (20mM Tris-HCl pH7.5, 
ImM EDTA, 1.5M sodium c h l o r i d e ) followed by incub a t i o n a t 
37"c f o r 2 hours. The mix was c e n t r i f u g e d through a 
p i p e t t e t i p packed w i t h s i l i c o n i s e d glass wool, and the 
c l e a r s o l u t i o n e x t r a c t e d v/ith isoamyl a l c o h o l saturated 
w i t h e l u t i o n b u f f e r . The DNA was recovered by ethanol 
p r e c i p i t a t i o n . 

2.2.4.2. Acrylamide Gel E l e c t r o p h o r e s i s . 
Polyacrylamide slab gels v/ere used t o o b t a i n the end 
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l a b e l l e d DNA fragments f o r sequencing and other l a b e l l e d 
DNAs. Sequencing gels were used f o r a c t u a l DNA sequencing. 

2.2.4.2.1. Acrylamide Slab Gels. 
Polyacrylamide slab gels v;ere made i n two sizes :-

15 cm long x 18cm wide x 0.15cm t h i c k and 36cm long x 
18cm V 7 i d e x 0.15cm t h i c k , between glass p l a t e s and v/ere 
run v e r t i c a l l y top t o bottom. The acrylamide mix used was 
19:1 acrylamide bisacrylcimide and TBE b u f f e r (lO.Sgm T r i s , 

5.5gm b o r i c a c i d , 0.93gm EDTA (Na2.2H20) t o 1 l i t r e pH 
'\'8.3) V7as used f o r both the g e l and the two r e s e r v o i r s of 
running b u f f e r . The procedures used were e s s e n t i a l l y 
those given by Maniatis (1982) w i t h the DNA, i n v a r i a b l y 
r a d i o l a b e l l e d , loaded mixed w i t h l / 3 r d volume of g l y c e r o l 
dyes (lOmM Tris-HCl pH8.0, lOmM EDTA, 80% v/v g l y c e r o l , 
0.1% bromophenol b l u e , 0.1% xylene cyanol) and the g e l run 
a t approximately 14V/cm. The DNA bands were located by 
autoradiography normally a f t e r the g e l had been d r i e d , or 
fr o z e n , however, i f the DNA was t o be recovered the g e l 
was autoradiographed through a sheet of saranwrap immed­
i a t e l y . 

2.2.4.2.2. The Recovery of DNA from Acrylamide Slab Gels. 
VJhen the DNA band of i n t e r e s t had been located on 

the g e l by autoradiography, the band was c u t out of the 
g e l using a sharp razor and the autoradiograph as a 
template. The excised band was placed i n an eppendorf, 
mashed with a p i p e t t e t i p and the DNA e l u t e d w i t h 1 
volume of e l u t i o n b u f f e r (0.5M ammonium acetate pH8.0, 
ImM EDTA)at 37°C o v e r n i g h t . A f t e r c e n t r i f u g a t i o n a t 
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I0,000g, room temperature f o r 10 minutes the supernatant 
i s i s o l a t e d and a f u r t h e r \ volume of e l u t i o n b u f f e r added 
t o the p e l l e t , vortexed and c e n t r i f u g e d as before. The 
combined supernatants were c e n t r i f u g e d through a p i p e t t e 
t i p packed w i t h s i l i c o n i z e d glass wool and ethanol pre­
c i p i t a t e d . 

2.2.4.2.3. Acrylamide Gels f o r DNA Sequencing. 
DNA sequencing gels v/ere 38 x 18 x 0,035 cm i n size 

and were made t o 6% acrylamide mix (19 p a r t s acrylamide 
t o 1 bisacrylamide) and 8M urea, using TBE b u f f e r f o r the 
g e l and the r e s e r v o i r s , e s s e n t i a l l y as given by Davis 
(1982). The gels were pre-electrophoresed, p r i o r t o 
l o a d i n g , a t 'v25mA ('\'l,500v) f o r a t l e a s t 30 minutes t o 
e q u l i b r a t e and t o v/arm t o 'v70°C. Improved r e g u l a r i t y 
o f temperature across the g e l and hence reduced "smi l i n g " 
WQ5 a t t a i n e d by clamping a 3mm t h i c k metal p l a t e to one 
side of the g e l t o act as a heat spreader. 

Up t o three loadings of the same sample could be 
achieved f o r s u f f i c i e n t l y long DNAs using the migr a t i o n 
of the marker dyes t o allow an approximately 20 base over­
l a p i n sequence between loadings. Bromophenol blue migra­
t e d w i t h fragments of '-̂'24 bases and xylene cyanol w i t h 
fragments of ̂ -^lOO bases. 

2.2.4.3. Gel Drying. 
Agarose gels were d r i e d wrapped i n cellophane and 

acrylamide gels were d r i e d sandv/iched between a sheet of 
3MM paper and a sheet of polythene. A comn\ercial vacuum 
d r y i n g apparatus was used (Bio Rad l a b o r a t o r i e s ) and 
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n o r m a l l y h e a t ^60°C was a p p l i e d , 

2.2.4.4. S o u t h e r n B l o t t i n g t h e T r a n s f e r o f DNA f r o m A g a r o s e 
G e l s t o N i t r o c e l l u l o s e P a p e r . 

The m e t h o d u s e d was b a s i c a l l y t h a t o f S o u t h e r n 

( 1 9 7 5 ) . The DNA i n an a g a r o s e g e l was made s i n g l e s t r a n d e d 

b y s h a k i n g g e n t l y i n d e n a t u r i n g b u f f e r (1.5M s o d i u m c h l o r ­

i d e , 0.5M s o d i u m h y d r o x i d e ) t w i c e f o r 15 m i n u t e s . The 

g e l was t h e n n e u t r a l i s e d b y g e n t l e s h a k i n g i n n e u t r a l i s i n g 

b u f f e r (1.5M s o d i u m c h l o r i d e , 0.5M T r i s - H C l pH7.4) t w i c e 

f o r 15 m i n u t e s . A n i t r o c e l l u l o s e f i l t e r was p r e p a r e d by 

f l o a t i n g on d i s t i l l e d w a t e r u n t i l t h r o u g h l y w e t , t h e n 

s o a k i n g i n 20 x SSC (20xSSC i s 3M s o d i u m c h l o r i d e , 0.3M 

s o d i u m c i t r a t e a d j u s t e d t o pH7.0 w i t h s o d i u m h y d r o x i d e . ) 

A t no t i m e v/ere t h e f i l t e r s h a n d l e d e x c e p t w i t h r u b b e r 

g l o v e s and a t t h e e d g e s . 

The g e l was b l o t t e d i n t h e a p p a r a t u s shown i n 

F i g . 2. The n i t r o c e l l u l o s e f i l t e r was l a i d on t h e 

g e l , t h e p o s i t i o n and o r i e n t a t i o n o f t h e s l o t s m arked and 

a s h e e t o f 3MM p a p e r was w e t t e d and l a i d o n t o p , t a k i n g 

c a r e t o a v o i d " s h o r t c i r c u i t " l i q u i d p a t h s a r o u n d t h e 

g e l . C a p i l l i a r y a c t i o n d r a w s t h e 20 x SSC b u f f e r up t h r o u g h 

t h e g e l a n d f i l t e r i n t o t h e p a p e r n a p p i e s , t r a n s f e r r i n g 

t h e DNA t o t h e n i t r o c e l l u l o s e w h e r e i t s t i c k s . The a p p a r a ­

t u s was a l w a y s l e v e l l e d and g r e a t c a r e t a k e n t o e x c l u d e 

a n y a i r b u b b l e s t o a v o i d u n e v e n t r a n s f e r o f DNA. 

The p r o c e s s was c o m p l e t e a f t e r 12-24 h o u r s . The DNA 

was f i x e d t o t h e f i l t e r b y w a s h i n g i n 6xSSC f o r 5 m i n u t e s , 

a i r d r y i n g on a s h e e t o f 3MM p a p e r and b a k i n g , s a n d w i c h e d 

b e t w e e n 2 s h e e t s o f 3MM p a p e r , a t So'C i n a vacuum o v e n , 

f o r 2 h o u r s . The f i l t e r was s t o r e d d r y u n t i l u s e d . 
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p r o t e c t e d betv/een s h e e t s o f 3MM p a p e r . 

2.2.5. T r a n s f o r m a t i o n o f S t r a i n s o f E . c o l i 

2 . 2 . 5 . 1 . W i t h P l a s m i d s . 

E. c o l i c e l l s v/ere made c o m p e t e n t f o r t r a n s f o r m a ­

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

and E h r l i c h ( 1 9 7 9 ) . O v e r n i g h t s o f t h e r e l e v a n t s t r a i n 

w e r e g r o w n a t 37°C f r o m s i n g l e c o l o n i e s and were u s e d t o 

i n n o c u l a t e , a t a r a t i o o f 1:50, 100ml a l i q u o t s o f t h e r e l e ­

v a n t b r o t h , n o r m a l l y L b r o t h . These w e r e t h e n g r o w n t o 

an ODggQ o f 0.2 a t 37°C on a f a s t s h a k e r f o l l o w e d b y 

c h i l l i n g on i c e . The c e l l s w e r e h a r v e s t e d by c e n t r i -

f u g a t i o n a t 3000g, 4°C f o r 15 m i n u t e s , t h e s u p e r n a t a n t 

c a r e f u l l y r e m o ved and t h e c e l l s r e s u s p e n d e d i n 50ml o f i c e 

c o l d lOOmM c a l c i u m c h l o r i d e , g r e a t c a r e was t a k e n t o 

k e e p e v e r y t h i n g a t 0°C. A f t e r 20 m i n u t e s t h e c e l l s were 

t h e n i s o l a t e d as b e f o r e and r e s u s p e n d e d i n 1ml o f lOOmM 

c a l c i u m c h l o r i d e a t o'C and s t o r e d on i c e u n t i l u s e . 

C o m p e t e n t c e l l s w e r e k e p t l i k e t h i s f o r u p t o 30 h o u r s 

a l t h o u g h t r a n s f o r m a t i o n e f f i c i e n c i e s f e l l a p p r e c i a b l y by 

t h a t t i m i e . 

T r a n s f o 3 n n a t i o n s w e r e e f f e c t e d b y a d d i n g t o l O u l o f a 

s u i t a b l e d i l u t i o n o f DNA i n lOOmM c a l c i u m c h l o r i d e 

, lOOy1 o f c o m p e t e n t c e l l s u s p e n s i o n . The m i x t u r e 

was i n c u b a t e d a t 0°C f o r 10 m i n u t e s and a t 37°C f o r 5 

m i n u t e s , followed by t h e a d d i t i o n o f 1ml o f L b r o t h and 

i n c u b a t i o n v / i t h s h a k i n g a t 37 °C f o r 1 h o u r . Samples o f 

t h i s c u l t u r e , n o r m a l l y l O O y 1 , w e r e t h e n s p r e a d on n u t r i e n t 

a g a r p l a t e s c o n t a i n i n g t h e r e l e v a n t a n t i b i o t i c s and m a r k e r 

s y s t e m s , t h e r e s t o f t h e c u l t u r e was s t o r e d a t 4°C f o r up 
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t o 30 h o u r s b e f o r e b e i n g e i t h e r d i s c a r d e d o r s p r e a d o n t o 

o t h e r p l a t e s . 

2.2.5.2. T r a n s f o r m a t i o n o f E . c o l i S t r a i n s w i t h R e p l i c a t i v e 
Form M13. 

R e p l i c a t i v e f o r m (ds)M13mp9 and i t s d e r i v a t i v e s , may 

be t r e a t e d as a p l a s r a i d and i s t r a n s f o r m e d i n t o s u i t a b l e 

s t r a i n s o f E . c o l i i n t h e same way as f o r o t h e r p l a s m i d s 

w i t h a fev/ c h a n g e s i n m e t h o d . S t r a i n J M l O l was i n v a r i a b l y 

u s e d f o r M13, c o m p e t e n t c e l l s w e r e p r e p a r e d i n t h e u s u a l 

manner e x c e p t t h a t t h e y v/ere g r o w n t o an ODggQ o f 0.3-0.4 

and some e x p o n e n t i a l l y g r o w i n g c e l l s w e r e t r a n s f e r r e d t o a 

M c C a r t n e y b o t t l e c o n t a i n i n g n u t r i e n t b r o t h and g r o w n a t 

37°C d u r i n g t h e e x p e r i m e n t . 

The t r a n s f o r m a t i o n was e f f e c t e d b y m i x i n g l O p l o f a 

s u i t a b l e c o n c e n t r a t i o n o f DNA w i t h l O O p l o f c o m p e t e n t 

c e l l s a t 0°C and l e a v i n g . f o r a t l e a s t 40 m i n u t e s . The 

m i x was t h e n h e a t s h o c k e d a t 42°C f o r 2 m i n u t e s and t h e 

f o l l o w i n g w e r e added i n r a p i d s u c c e s s i o n : 

l O y l O.lM IPTG ( I s o p r o p y l - 3 - D - t h i o g a l a c t o p y r a n o s i d e ) 

5 0 y l 2%X-Gal ( 5 - B r o m o - 4 - c h l o r o - 3 - i n d o l y l - B - D - g a l a c t o -
p y r a n o s i d e ) i n d i m e t h y l f o r m a m i d e 

2 0 0 y l o f g r o w i n g c e l l s and 

3ml o f l i q u i d s o f t a g a r (made w i t h 6gm/l i n s t e a d o f 15gm/l 

o f a g a r ) a t 4 2°C, a f t e r m i x i n g i t was p o u r e d o n t o an a g a r 

p l a t e c o n t a i n i n g 5 0 y g / m l a m p i c i l l i n , v/hich h a d been a l l o v / e d 

t o warm t o room t e m p e r a t u r e , and i n c u b a t e d a t 37°C. B l u e 

p l a q u e s v/ere M13mp9, c l e a r p l a q u e s M13mp9 w i t h an i n s e r t 

i n t h e c l o n i n g s i t e . 
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2.2.6. The C o n s t r u c t i o n o f a Pea Seed cDNA l i b r a r y . 

The f o l l o w i n g p r o t o c o l v;as used t o p r o d u c e t h e cDNA 

l i b r a r y and i s b a s e d on t h e p e r s o n a l c o m m u n i c a t i o n s I 

r e c e i v e d f r o m I.M.Evans, R.R.D. C r o y , R . S w i n h o e , D.Bown, 

J.A . G a t e h o u s e and o t h e r s and M o l e c u l a r c l o n i n g a l a b o r a t o r y 

m a n u a l ( M a n i a t i s e t . a l . , 1 9 8 2 ) . 

2 . 2 . 6 . 1 . P r e p a r a t i o n o f p o l y (A) "'"RNA. 

Poly(A)"^RNA was k i n d l y p r e p a r e d b y Mr. R. Swin h o e , 

b y t h e m e t h o d o f H a l l e t . a l . , ( 1 9 7 8 ) , f r o m pea c o t y l e d o n s isoiated 

13-17 d a y s a f t e r f l o w e r i n g , and was s e l e c t e d f o r t h e p r e ­

s e n c e o f p o l y A t a i l s b y p a s s a g e down an o l i g o d T - c e l l u l o s e 

c o l u m n t w i c e (Evans e t . a l . , 1 9 8 0 ) . 

2.2.6.2. S y n t h e s i s o f S i n g l e S t r a n d cDNA. 

The p r o t o c o l was b a s e d on t h a t o f W i c k e n s e t . a l . , 

( 1 9 7 8 ) . 3.5)jg o f p o l y ( A ) \ i R N A was i n c u b a t e d a t 37°C f o r 

30 m i n u t e s i n l O O y l c o n t a i n i n g 4 0 y l o f m i x 1 ( T a b l e 4 ) . 

30iJ o f human p l a c e n t a l RNAse i n h i b i t o r , O. 377yg o f o l i g o 

dT-j^2_j_3 180u o f A v i a n m y e l o b l a s t o s i s v i r u s r e v e r s e 

t r a n s c r i p t a s e ( A M V ) . 

2.2.6.3. S y n t h e s i s o f D o u b l e S t r a n d cDNA. 

A f t e r t h e 1 s t s t r a n d i n c u b a t i o n t h e m i x t u r e v/as 

h e a t e d t o 100°C f o r 3 m i n u t e s t h e n c o o l e d r a p i d l y i n i c e 

t o d e n a t u r e t h e DNA:RNA d u p l e x e s . The s e c o n d s t r a n d v/as 

t h e n s y n t h e s i s e d b y i n c u b a t i o n a t 37°C f o r 1 h o u r by a d d i n g 

t o t h e sscDNA m i x ; 9 0 u l m i x 2 (see t a b l e 4 . ) , 5 0 y C i o f 

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

v e s s e l , 20.U o f DNA p o l y m e r a s e I l a r g e f r a g m e n t (Klenow 
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Table 4 Standard Mixes f o r cDNA S y n t h e s i s 

S o l u t i o n 

mix 1 

IM T r i s - H C l pH 8.3 

liM DTT 

IM Magnesium c h l o r i d e 

IM Potassium c h l o r i d e 

20mM dATP 

20mM dCTP 

20mM dGTP 

20m,M dTTP 

Water 

Volume ( M l ) 

25 

4 

4 

50 

20 

20 

20 

20 

37 

F i n a l c o n c entration 
i n r e a c t i o n mix 

50mM 

8mM 

8mM 

lOOraM 

0.8mM 

O.BmM 

0.8mM 

O.SmM 

200 

mix 2 

IM HEPES pH 6.9 

IM Potassium c h l o r i d e 

20mM dATP 

20mM dCTP 

20mM dGTP 

20m.M dTTP 

Water 

50 

100 

8 

8 

8 

8 

318 

lOOmM 

200mM 

0.3raM 

0.3mM 

0.3mM 

0.3mM 

500 
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p o l y m e r a s e ) , w a t e r t o 2 0 0 y 1 . The r e a c t i o n m i x t u r e was 

p h e n o l e x t r a c t e d and t h e dscDNA s e p a r a t e d f r o m t h e u n -

r e a c t e d n u c l e o t i d e s by passage down a 10ml c o l u m j i o f G50 

s e p h a r o s e u s i n g 300mM s o d i u m c h l o r i d e , bOMA T r i s - H C l pH7.5 

b u f f e r . F r a c t i o n s c o n t a i n i n g cDNA were d e t e c t e d by s c i n ­

t i l l a t i o n c o u n t i n g and were p o o l e d and e t h a n o l p r e c i p ­

i t a t e d v ; i t h t h e a d d i t i o n o f 2 0 i j g o f tRNA u s i n g ammoniimi 

a c e t a t e . 

2.2.6.4. M a k i n g t h e D o u b l e S t r a n d cDNA B l u n t Ended. 

The dscDNA was r e s u s p e n d e d i n 2 6 i j 1 o f r e s u s p e n s i o n 

b u f f e r (ImM T r i s - H C l pH7.6, lOmM s o d i u m c h l o r i d e , 0.05 mM 

EDTA) a n d t r e a t e d w i t h lOOOy o f S i n u c l e a s e i n 3 4 y l volume 

a t 37''C f o r 3 0 m i n u t e s and 25"'c f o r 30 m i n u t e s w i t h l O y g 

o f *'RNA and i n SL n u c l e a s e b u f f e r (200mM s o d i i i m c h l o r ­

i d e , 50mM s o d i u m a c e t a t e pH4.4, ImM z i n c s u l p h a t e ) . The 

r e a c t i o n was s t o p p e d b y t h e a d d i t i o n o f 1 . 5 y l o f 100 mT-l 

EDTA. The m i x was p h e n o l e x t r a c t e d e t h a n o l p r e c i p i t a t e d 

w i t h ammonium a c e t a t e and t h e DNA r e s u s p e n d e d i n 2 0 y l o f 

PNK b u f f e r (50mM T r i s - H C l pH7.5, lOmM magnesium c h l o r i d e , 

lOmM D T T ) . The ends o f t h e dscDNA were t h e n " p o l i s h e d " 

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

0.2 5mM a n d t r e a t m e n t w i t h 1 u o f e n d o n u c l e a s e - f r e e DNA 

p o l y m e r a s e I a t 12.5°C f o r 30 m i n u t e s . The r e a c t i o n was 

s t o p p e d b y c o o l i n g t o 0°C. 

2.2.6.5. The A d d i t i o n o f L i n k e r s and L i g a t i o n i n t o a 
V e c t o r o f t h e dsDNA. 

C o m m e r c i a l l y s u p p l i e d E c o R I l i n k e r s '\^lyg were p h o s -

p h o r y l a t e d i n l O y 1 and added t o t h e b l u n t - e n d e d dscDNA 

t o g e t h e r w i t h 5 y l o f 2 x PNK b u f f e r 'v3.5u o f T^ DNA l i g a s e 
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and ATP t o Imf'I. The m i x v/as i n c u b a t e d a t 15°C o v e r n i g h t 

i n a t o t a l v o l u m e o f ^^iOvl, a f u r t h e r l y l o f lOOmJ-'i ATP 

was added and i n c u b a t i o n v/as c o n t i n u e d a f u r t h e r 2 4 h o u r s , 

b e f o r e h e a t i n g t o 80°C f o r 5 m i n u t e s . The m i x was t h e n 

a d j u s t e d t o lOmM T r i s - H C l pH7.5, lOmM magnesium c h l o r i d e 

lOmM s o d i u m c h l o r i d e and 5mM DTT i n 2 0 0 u i , l O u 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 E c o R I added and t h e w h o l e i n c u b a t e d f o r 

1 h o u r a t 37° v/hen a f u r t h e r 10u o f E c o R I was added. 

A f t e r a f u r t h e r h o u r t h e m i x was h e a t e d t o 80°C f o r 5 

m i n u t e s t h e n c o o l e d i n i c e w i t h t h e a d d i t i o n o f 2 0 i j g o f 

tRNA a n d 5 M 1 o f 1 0 % SDS. 

The l i n k e r e d dscDNA was s e p a r a t e d f r o m u n l i g a t e d 

l i n k e r f r a g m e n t s b y p a s s a g e down a 10ml c o l u m n o f 6B-CL 

s e p h a r o s e i n lOmM T r i s - H C l pH7.6, 300mM s o d i u m c h l o r i d e , 

1mm EDTA b u f f e r . F r a c t i o n s c o n t a i n i n g dscDNA were d e t e c ­

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

t a t e d u s i n g ammonium a c e t a t e . 

A s a m p l e o f t h e v e c t o r pUC8 was p r e p a r e d f o r use by 

r e s t r i c t i o n v / i t h e x c e s s E c o R I and t h e enzyme d e s t r o y e d by 

h e a t i n g t h e m i x t u r e t o 75°C f o r 5 m i n u t e s . The e f f i c i e n c y 

o f r e s t r i c t i o n was t e s t e d f o r by a g a r o s e g e l e l e c t r o p h o r e s i s 

and b y t r a n s f o r m i n g c o m p e t e n t c e l l s w i t h t h e r e s t r i c t e d 

v e c t o r . The q u a l i t y o f t h e " s t i c k y e n d s " o f t h e p r e p a r e d 

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

by a g a r o s e g e l e l e c t r o p h o r e s i s and b y t r a n s f o r m i n g com­

p e t e n t c e l l s . 

The amount o f dscDNA made c o u l d be c a l c u l a t e d f r o m 
r a d i o l a b e l 1 e d n u c l e o t i d e i n the second s t r a n d s y n t h e s i s 

t h e u p t a k e o f f\ and s u f f i c i e n t v e c t o r t o g i v e 

a m o l e c u l a r r a t i o o f cDNA : v e c t o r o f 1:4 was added t o 

t h e dscDNA. T h i s m i x t u r e was i n c u b a t e d o v e r n i g h t a t 12°C 
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i n 2 0 y l o f l i g a s e b u f f e r (66mM T r i s - H C l pH7.5, ImM EDTA, 

lOmM magnesium c h l o r i d e , lOmM 3 - n i e r c a p t o e t h a n o l ) c o n ­

t a i n i n g ImM ATP a n d l y o f T^ DNA l i g a s e . 

2.2.6.6. T r a n s f o r m i n g and S c r e e n i n g . 

The l i g a t e d dscDNA v e c t o r m i x was 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 o f E. c o l i s t r a i n T B I . P o s i t i v e c o l o n i e s 

w e r e d e t e c t e d by t h e i r r e s i s t a n c e t o 50yg/ml o f a m p i c i l l i n 

i n t h e a g a r and b y t h e i r i n a b i l i t y t o c l e a v e X - G a l , w h i c h 

when c l e a v e d p r o d u c e s a b l u e d y e . 

2.2.6.7. P r e s e r v i n g t h e cDNA L i b r a r y . 

The cDNA l i b r a r y was p r e s e r v e d i n t w o f o r m s : 

I n d i v i d u a l w h i t e colonies were p i c k e d v / i t h s t e r i l e wooden 

t o o t h p i c k s a n d s t r e a k e d o n t o i d e n t i c a l p o s i t i o n s on each 

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

laid on a n u t r i e n t a g a r p l a t e (YT a g a r p l u s 5 0 y g / m l 

a m p i c i l l i n ) , a n d i n t o a u n i q u e l y numbered w e l l , i n a s t e r i l e 

m i c r o t i t r e p l a t e , c o n t a i n i n g 5 0 y l o f YT b r o t h p l u s 5 0 y g / 

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

Hanahan a n d M e s e l s o n ( 1 9 8 0 ) , t h e s e c o n d a v a r i a t i o n on 

n o r m a l g l y c e r o l s . By means o f a m a s t e r n u m b e r i n g s y s t e m 

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

c o u l d be u n i q u e l y l o c a t e d . 

The s t r e a k s w e r e g r o w n a t 37°C u n t i l w e l l d e v e l o p e d 

b u t n o t s p r e a d i n g over t h e f i l t e r s ^ a nd o v e r n i g h t f o r t h e 

p l a t e s ^ a n d w e r e t h e n p r e s e r v e d : The f i l t e r s w ere t r a n s ­

f e r r e d t o YT a g a r p l a t e s c o n t a i n i n g 25% v / v g l y c e r o l and 

5 0 y g / m l a m p i c i l l i n a nd a f t e r i n c u b a t i o n a t 37°C f o r 2 

h o u r s v/ere s e a l e d w i t h Nesco f i l m and s t o r e d i n v e r t e d a t 
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-20°C. The m i c r o t i t r e p l a t e s had 5 0 p l o f 80% g l y c e r o l 

a d d e d t o e a c h well with m i x i n g and a f t e r s e a l i n g w i t h 

Nesco f i l m v/ere s t o r e d a t -30°C. 

I n d i v i d u a l colonies o f i n t e r e s t w e r e n o r m a l l y p i c k e d 

f r o m t h e f i l t e r s o r m i c r o t i t r e p l a t e s w i t h s t e r i l e t o o t h ­

p i c k s , s t r e a k e d o u t on YT a g a r p l a t e s c o n t a i n i n g 50pg/ml 

a m p i c i l l i n a n d i n d i v i d u a l l y p r e s e r v e d as g l y c e r o l s . 

2.2.6.8. P r o d u c i n g R e p l i c a F i l t e r s . 

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

t i a l l y as d e s c r i b e d b y M a n i a t i s e t . a l . , ( 1 9 8 2 ) , A s e t o f 

m a s t e r f i l t e r s v/ere a l l o w e d t o warm t o room t e m p e r a t u r e 

a n d a s e t o f n i t r o c e l l u l o s e f i l t e r s w e r e s t e r i l i z e d w i t h 

6 p i e c e s o f 3.̂'LM p a p e r p e r f i l t e r e a c h s l i g h t l y l a r g e r 

t h a n t h e f i l t e r s . The n i t r o c e l l u l o s e f i l t e r s w e r e l i b ­

e r a l l y w e t t e d b e f o r e s t e r i l i s a t i o n and k e p t s e a l e d and 

f l a t t o p r e v e n t d r y i n g o u t and b u c k l i n g . T h r e e p i e c e s o f 

t h e s t e r i l e 3MM p a p e r w e r e l a i d on an a l c o h o l s t e r i l i s e d 

g l a s s p l a t e i n a s t e r i l e a i r c a b i n e t a n d w e r e w e t t e d 

l i g h t l y v / i t h s t e r i l e w a t e r . A m a s t e r f i l t e r was removed 

f r o m i t s p l a t e a n d p l a c e d c o l o n i e s up on t h e 3MM p a p e r , a 

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

o v e r t h e m a s t e r f i l t e r and m a r k e d u n i q u e l y t o a l l o w i n d ­

i v i d u a l colonies t o be l o c a t e d , a b i r o s t e r i l i s e d i n a l c o ­

h o l v/as u s e d . A f u r t h e r 3 s h e e t s o f s t e r i l e 3MM p a p e r 

w e r e p l a c e d o n t o p a n d t h e w h o l e s t a c k f i r m l y s q u eezed 

u n d e r a s e c o n d a l c o h o l s t e r i l i z e d g l a s s p l a t e . I t 

was i m p o r t a n t t o a p p l y p r e s s u r e e v e n l y t o o b t a i n an even 

t r a n s f e r o f t h e c o l o n i e s . The t w o f i l t e r s v/ere t h e n 

p e e l e d a p a r t , t h e m a s t e r f i l t e r v/as t r a n s f e r r e d t o a f r e s h 
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g l y c e r o l a g a r p l a t e (YT a g a r , 25% g l y c e r o l , 50yg/ml 

a m p i c i l l i n ) and g r o w n a t 37°C f o r 1 h o u r b e f o r e b e i n g r e -

f r o z e n . The r e p l i c a f i l t e r was t r a n s f e r r e d t o an a g a r 

p l a t e (YT a g a r , 5 0 y g / m l a m p i c i l l i n ) and grown a t 37°C 

u n t i l t h e c o l o n i e s were v i s i b l e , t h e n k e p t a t 4°C. 

2.2.6.9. P r o c e s s i n g R e p l i c a F i l t e r s f o r C o l o n y H y b r i d ­
i z a t i o n . 

R e p l i c a f i l t e r s w e r e p r o c e s s e d by t h e p r o c e d u r e o f 

M a n i a t i s e t . a l . , ( 1 9 8 2 ) ; s o a k i n g w i t h 10% SDS f o r 3 m i n ­

u t e s f o l l o w e d b y d e n a t u r i n g s o l u t i o n (0.5M sodium h y d r o x i d e , 

1.5m s o d i u m c h l o r i d e ) f o r 5 m i n u t e s , n e u t r a l i z i n g b u f f e r 

(1.5M s o d i u m c h l o r i d e , 0.5M T r i s - H C l pH7.4) f o r 5 m i n ­

u t e s and 2 x SSPE (0.36M s o d i u m c h l o r i d e , 20mM so d i u m 

d i h y d r o g e n p h o s p h a t e pH7.4, 2mM EDTA) f o r 5 m i n u t e s . 

The r e l e a s e d p l a s m i d DNA was f i x e d t o t h e f i l t e r s by a i r 

d r y i n g on 3MM p a p e r f o l l o w e d b y b a k i n g s a n d w i c h e d 

b e t w e e n s h e e t s o f 3MM p a p e r a t 80°C f o r 2 h o u r s i n a 

vacuum o v e n . The f i l t e r s w e r e t h e n s t o r e d i n t h e d r y u n t i l 

u s e d . 

2.2.7. H y b r i d i s a t i o n o f L a b e l l e d N u c l e i c A c i d P r o b e s t o 
F i l t e r Bound N u c l e i c A c i d s . 

T h i s p r o c e d u r e v/as u s e d t o d e t e c t n u c l e i c a c i d s , 

b o t h DNA and RNA, bound t o n i t r o c e l l u l o s e f i l t e r s , such 

as l y s e d c o l o n y f i l t e r s . S o u t h e r n b l o t s o r N o r t h e r n b l o t s . 

The h y b r i d i z a t i o n and a l l s u b s e q u e n t w a s h i n g s t e p s v/ere 

c a r r i e d o u t i n s e a l e d p l a s t i c bags i n a s h a k i n g v/ater 

b a t h a t t h e r e l e v a n t t e m p e r a t u r e s . N o r m a l l y t h e h y b r i d i ­

z a t i o n s t e p v/as c a r r i e d o u t a t 42°C. 

The f i l t e r s w e r e w e t t e d t h o r o u g h l y i n 6 x SSC, 
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(20 X SSC i s 3M s o d i u m c h l o r i d e 0.3M s o d i u m c i t r a t e t o 

pH7.0 v / i t h s o d i u m h y d r o x i d e ) , some c o l o n y f i l t e r s s t u c k 

t o t h e i r 3MM p a p e r p r o t e c t o r s d u r i n g t h e b a k i n g s t e p and 

a few m i n u t e s s o a k i n g f r e e d them. The c o l o n y f i l t e r s v/ere 

t r a n s f e r r e d t o p l a s t i c bags and 50ml o f prewash s o l u t i o n 

(50mM T r i s - H C l pH8.0, I M s o d i u m c h l o r i d e , ImM EDTA, 0 . 1 % 

SDS) a d d e d , t h e bags s e a l e d and t h e v/hole i n c u b a t e d w i t h 

s h a k i n g a t 42 ' 'c f o r 1-2 h o u r s . T h i s s t e p was u n n e c e s s a r y 

f o r t h e b l o t s . 

The f i l t e r s w e r e n e x t i n c u b a t e d a t 42°C f o r a t l e a s t 

4-6 h o u r s w i t h s h a k i n g i n p r e h y b r i d i s i n g s o l u t i o n ( 5 0 % 

d e i o n i z e d f o r m a m i d e , 5 x D e n h a r d t s s o l u t i o n , 5 x SSPE, 

0 . 1 % SDS, lOOpg/ml d e n a t u r e d s a l m o n o r h e r r i n g sperm DNA, 

I p g / m l p o l y A . 50x D e n h a r d t s i s 1 % F i c o l l 400, 1 % p o l y ­

v i n y l - p y r r o l i d i n e , 1 % BSA. 20 X SSPE i s 3, eiyi s o d i u m c h l o r ­

i d e , 200mM s o d i u m d i h y r o g e n p h o s p h a t e pH7.7, 20mJ4 EDTA) 

u s i n g '^20m.l f o r an 82ram f i l t e r d i s c and 'V'40ml f o r a b l o t 

f i l t e r . 

The l a b e l l e d p r o b e was t h e n added i n a s m a l l volum.e, 

DNA p r o b e s w e r e f i r s t d e n a t u r e d a t 100°C f o r a t l e a s t 6 

m i n u t e s , and h y b r i d i s a t i o n a l l o w e d t o t a k e p l a c e u n d e r 

t h e same c o n d i t i o n s as p r e h y b r i d i s a t i o n a c c o r d i n g t o t h e 

f o r m u l a ; 

- C o t ^ ( M a n i a t i s e t . a l . , 1982) 

C o t ^ i s t h e t i m e i n h o u r s f o r h a l f a dsDNA p r o b e t o 

r e h y b r i d i s e t o i t s e l f , X i s t h e w e i g h t o f p r o b e added i n 

y g , Y i s t h e c o m p l e x i t y o f t h e p r o b e v/hich i s n o r m a l l y i t s 

l e n g t h i n k i l o b a s e p a i r s and Z i s t h e v o l u m e t h e h y b r i d i ­

z a t i o n i s c a r r i e d o u t i n . H y b r i d i z a t i o n was n o r m a l l y 



A G+C r a t i o of 48% was assumed a s i t i s a t y p i c a l v a l u e -for p l a n t 

genes and when r o u g h l y c h e c k e d f i t t e d a legumin cDNA and a 

v i c i l i n cDNA which had been s e q u e n c e d i n t h i s d epartment. 
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c a r r i e d o u t f o r l-3xCot^. 

When t h e h y b r i d i s a t i o n s t e p was f i n i s h e d t h e m i x was 

p o u r e d o f f , i t c o u l d be r e - u s e d t o p r o b e o t h e r f i l t e r s 

a f t e r d e n a t u r i n g b y b o i l i n g f o r 6 m i n u t e s b u t t h e p r o t e i n 

i n t h e m i x t u r e t e n d e d t o c o a g u l a t e so t h i s was a v o i d e d 

w h e r e p o s s i b l e . 

D u r i n g t h e w a s h i n g p r o c e s s c a r e was t a k e n t o e n s u r e 

t h a t t h e f i l t e r s n e v e r became d r y . F i r s t t h e f i l t e r s were 

w a s hed 3 o r 4 t i m e s f o r '^^5 m i n u t e s a t room t e m p e r a t u r e i n 

2 X SSC, 0 . 1 % SDS u s i n g 'v50ml p e r 82mm d i s c and 'vlOOml p e r 

b l o t . 

N e x t t h e f i l t e r s w e r e washed t o t h e r e q u i r e d 

s t r i n g e n c y i n t h e a p p r o p r i a t e d i l u t i o n o f SSC p l u s 0 . 1 % 

SDS a s d e t e r m i n e d by the f o l l o w i n g formula©j assuming <6<-C)%=40o 

1) Tm = 69.3 + 0.41 (G+C)% (Marmur and D o t y 1962) 

2) The Tm o f a m i s m a t c h e d d u p l e x d e c r e a s e s by 1°C f o r 
e v e r y i n c r e a s e o f 1 % i n t h e number o f m i s m a t c h e d base 
p a i r s ( B o n n e r e t . a l . , 1 9 7 3 ) . 

3) (Tm) - (Tm) = 1 8 . 5 l o g y2 

Where y i and y2 a r e t h e i o n i c s t r e n g t h s o f t w o s o l u ­
t i o n s (Dove and D a v i d s o n ( 1 9 6 2 ) , 

4) Each i n c r e a s e of VA i n formamide c o n c e n t r a t i o n l o w e r s Tm by 
0=7 d e g r e e s C 

(McConaughty e t c a l = , 1969°, Casey and Davidson 1977} 

Tm i s t h e m e l t i n g p o i n t o f t h e d u p l e x and v/ashing was 

c a r r i e d o u t a t Tm-12°C. 

N o r m a l l y f i l t e r s w e r e washed a t h i g h e r i o n i c s t r e n g t h s 

r a t h e r t h a n l o v / e r t e m p e r a t u r e s as b e t t e r r e s u l t s w e r e 

o b t a i n e d . The f i l t e r s w e r e washed f o r 1 h o u r t w i c e u n d e r 

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

b e i n g m o u n t e d on 3MM p a p e r and c o v e r e d i n s a r a n v / r a p , r e a d y 
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f o r a u t o r a d i o g r a p h y . 

2.2.8. A u t o r a d i o g r a p h y 

A u t o r a d i o g r a p h y was u s e d t o d e t e c t ^^P and ^^S 

l a b e l l e d n u c l e i c a c i d s on f i l t e r s and g e l s . A l l m a n i p u ­

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

d a r k - r o o m u s i n g s a f e - l i g h t i l l u m i n a t i o n . The g e l s t o be 

a u t o r a d i o g r a p h e d w e r e a l w a y s e i t h e r d r i e d w r a p p e d i n 

c e l l o p h a n e o r c o v e r e d w i t h a s h e e t o f s a r a n w r a p e x c e p t 

^^S s e q u e n c i n g g e l s w h i c h w e re a l w a y s d r i e d and e x posed w i t h 

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

R a d i o a c t i v e i n k was u s e d t o mark s l o t s e t c . , and u n i q u e l y 

o r i e n t a t e t h e a u t o r a d i o g r a p h . 

X - r a y f i l m ( F u j i RX) v/as s e n s i t i s e d b y e x p o s u r e t o a stan^JcrJited 

low i n t e n s i t y f l a s h o f l i g h t and l a i d o n t o t h e g e l / f i l t e r 

w h i c h was m o u n t e d on a g l a s s p l a t e . An i n t e n s i f y i n g 

s c r e e n ( D u p o n t C r o n e x L i g h t i n g p l u s ) was l a i d on t o p o f 

t h e f i l m followed b y a s e c o n d g l a s s p l a t e , and t h e w h o l e 

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

The a s s e m b l y v/as t h e n w r a p p e d i n t h r e e b l a c k p l a s t i c d u s t ­

b i n l i n e r s a n d l e f t t o e x p o s e a t -80° f o r up t o a month. 

The f i l m v/as d e v e l o p e d b y w a s h i n g i n f r e s h Kodak 

X-Omat d e v e l o p e r a t room t e m p e r a t u r e f o r 5 m i n u t e s , c o l d 

w a t e r f o r 1 m i n u t e , Kodak f i x e r f o r 5 m i n u t e s , a t w h i c h 

p o i n t t h e f i l m c o u l d be e x p o s e d t o l i g h t , and c o l d w a t e r 

f o r a t l e a s t 30 m.inutes. The f i l m s w e r e d r i e d a t room 

t e m p e r a t u r e , 

2.2.9. R e s t r i c t i o n M a p p i n g 

P l a s m i d s c o n t a i n i n g unknown i n s e r t s v/ere r e s t r i c t i o n 
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mapped i n i t i a l l y b y c u t t i n g o u t t h e i r i n s e r t and a c c u r a t e l y 

d e t e r m i n i n g i t s s i z e , and b y f i n d i n g some r e s t r i c t i o n endo-

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

t o t h e c l o n i n g s i t e and t h e i n s e r t n o t a t a l l . The i n s e r t 

was t h e n mapped i n a s e r i e s o f m i x e d d i g e s t i o n s u s i n g one 

o f t h e s e enzymes and an enzyme w h i c h does n o t c u t t h e 

p l a s m i d . N o r m a l l y o n l y h e x a n u c l e o t i d e sequence r e c o g n i s i n g 

enzymes w e r e u s e d and p e n t a n u c l e o t i d e and t e t r a n u c l e o t i d e 

enzymes w e r e o n l y u s e d f o r e x h a u s t i v e m a p p i n g o r i f s i t e s 

f o r t h e m w e r e s u s p e c t e d f r o m o t h e r d a t a . The s i z e s o f 

a l l DNA f r a g m e n t s w e r e d e t e r m i n e d b y a g a r o s e g e l e l e c t r o ­

p h o r e s i s . 

2.2.10. DNA S e q u e n c i n g 

Two m e t h o d s o f DNA s e q u e n c i n g v/ere e m p l o y e d . 

2 . 2 . 1 0 . 1 . The M13 M e t h o d 

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

Ml3 mp9 v/as s e q u e n c e d by t h e d i d e o x y m e t h o d u s i n g DNA 

p o l y m e r a s e I a n d a c o m m e r c i a l l y s u p p l i e d 15 base p r i m e r 

e s s e n t i a l l y as g i v e n i n t h e m a n u a l s u p p l i e d b y J , M e s s i n g 

( U n i v e r s i t y o f M i n n e s o t a ) and B.R.L, L t d . HPLC g r a d e 

v / a t e r was u s e d t h r o u g h o u t . S t a n d a r d Ml3 s i n g l e s t r a n d 

m i n i p r e p s ( 2 . 5 y l ) v/ere a n n e a l e d t o l , 5 y l a l i q u o t s o f 

2 n g / y l M13 p r i m e r i n l O y l o f Amersham b u f f e r (lOmM 

T r i s - H C l pH8.5, 10mI4 magnesium, c h l o r i d e ) b y h e a t i n g t o 

85°C f o r 5 m i n u t e s i n a b e a k e r o f w a t e r a n d t h e n a l l o v / i n g 

t h e w h o l e a p p a r a t u s t o c o o l . A f t e r 15 m i n u t e s any evap­

o r a t e d l i q u i d was s p u n down i n a c e n t r i f u g e , t h i s m i x 

c o u l d be s t o r e d f r o z e n . 
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The f o l l o w i n g 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: 

f o u r tubes were l a b e l l e d G, A, T and C and l , 5 p l o f the 

a p p r o p r i a t e n u c l e o t i d e mix added (Table 5 ) . To t h e 

annealed mix was added l y l (lOpCi) o f ^̂ S dATP and l y l 

(4,5u) o f DNA polymerase I l a r g e fragment (Klenow p o l y ­

merase) , and a f t e r g e n t l e m i x i n g Spl a l i q u o t s were d i s ­

pensed t o each l a b e l l e d t u b e . A f t e r b r i e f c e n t r i f u g a -

t i o n i n c u b a t i o n was f o r 35 minutes a t 30°C w i t h l y l o f 

0.5mM dATP "chase" b e i n g added a f t e r 20 min u t e s . The 

r e a c t i o n s were stopped by t h e a d d i t i o n o f I p l o f 0.25M 

EDTA and f r e e z e d r y i n g . 

The DNA was resuspended i n 6 p l o f formamide dyes 

(80% formamide, lOmM sodium h y d r o x i d e , ImM EDTA, 0.1% 

x y l e n e c y a n o l , 0.1% bromophenol b l u e ) , a t 90°C f o r 3 

m i n u t e s , t h e n l o a d e d 2 y l / t r a c k onto a sequencing g e l . 

2.2.10.2. The End L a b e l l i n g Dideoxy Method 

T h i s i s based on t h e methods o f Maxam and G i l b e r t 

( 1 9 8 0 ) , S i e f e t . a l . , (1980) and Smith (1980) and was 

c o m p i l e d by G. L y c e t t . A dsDNA fragment i s end l a b e l l e d , 

c l e a v e d , t h e two fragments i s o l a t e d and i n two r e a c t i o n s 

per n u c l e o t i d e t r e a t e d w i t h DNA polymerase I and DNAsel 

and t h e a p p r o p r i a t e d i d e o x y n u c l e o t i d e . 

The DNA t o be sequenced v;as r e s t r i c t e d a t t h e s i t e 

t o be end l a b e l l e d , enzymes g i v i n g 5' p r o t r u d i n g ends 

v/ere p r e f e r r e d . Then a f t e r p h e n o l e x t r a c t i o n and e t h a n o l 

p r e c i p i t a t i o n ^ l O y g was t r e a t e d w i t h phosphatase t o 

remove t h e 5' t e r m i n a l phosphate groups, k i n a s e and 

250yCi of^'3 2pATP t o s p e c i f i c a l l y end l a b e l t h e 5' t e r m i n i 

o f t h e DNA, r e s t r i c t e d a second t i m e t o produce two 
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35 Table 5 Nucleotide Mixes for M13 . S Sequencing Reactions 

Mix 
Solution o 

G 

O.SmM dTTP 20M1 20yl 20yl 

0.5mM dCTP 20yi l u i 20yl 2oyi 

0.5mM dGTP 201J1 2oyi I P I 201J1 

HPLC water 20P1 2oyl 20yl l y i 

6 i y i 61yl 61yl 61yl 

Dideoxynucleotide l.OmM O.SmM O.SraM 0.l25miM 

61yl 61yl 61yl 61 yl 

Each mix consists of equal volumes of the appropriate deoxynucleotide 

and the appropriate dideoxynucleotide mix. 

Table 6 Nucleotide Mixes for End Labelled Dideoxy Sequencing Reactions 

Mix 

BG ImM ddGTP 

BA ImM ddATP 

BT ImM ddTTP 

BC ImM ddCTP 

FG ImM ddGTP, 0.2n?,I dATP, 0.2mM dTTP, 0.2mM dCTP 

FA ImM ddATP, 0.2in.M dGTP, 0.2mM dTTP, 0.2mm dCTP 

FT ImM ddTTP, 0.2m?,I dGTP, 0.2raM dATP, 0.2raM dCTP 

FC ImM ddCTP, 0.2mM dGTP, 0.2mM dATP, 0.2mM dTTP 
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f r a g m e n t s o f unequal s i z e and these fragments separated 

and i s o l a t e d from a 4% a c r y l a m i d e s l a b g e l . 

The d i d e o x y sequencing r e a c t i o n s were s e t up a t 

4°C as f o l l o v / s : 

The DNA was resuspended i n 4 0 y l o f S i e f b u f f e r 

(6.6 mI4 T r i s - H C l pH7.5, 6. 6mM magnesium c h l o r i d e , 2mM 

DTT, 2mM sodium c h l o r i d e ) c o n t a i n i n g 40u o f DNA p o l y ­

merase I and O.lyg o f DNAsel. E i g h t t u b e s were marked as 

f o l l o w s ; BG, BA, BT, BC, FG, FA, FT, FC= The a p p r o p r i a t e 

n u c l e o t i d e mix ( l . l y l ) (Table 6) was dispensed i n t o t h e 

tubes t o g e t h e r w i t h 4,5y.l o f t h e DNA enzyme m i x t u r e . 

A f t e r g e n t l e m i x i n g t h e tubes were i n c u b a t e d a t 37°C 

f o r 30 min u t e s t h e n f r o z e n . To each o f t h e backward (B) 

m i x t u r e s was added l y l o f O.lM EDTA pH8,0 and t h e whole 

m i x t u r e mixed w i t h t h e a p p r o p r i a t e f o r w a r d (F) m i x t u r e , 

t h e m i x t u r e s were t h e n f r e e z e d r i e d . The DNA was r e -

suspended i n l O y l o f formamide dyes per t u b e (80% forma-

mide, lOmM sodium h y d r o x i d e , ImM EDTA, 0.1% x y l e n e c y a n o l , 

0.1% bromophenol b l u e ) by h e a t i n g a t 90°C f o r 5 minutes. 

The e n t i r e tube was the n p l a c e d i n a s c i n t i l l a t i o n v i a l 

and counted f o r Cherenkov c o u n t s , from t h i s approximate 

exposure t i m e s f o r t h e a u t o r a d i o g r a p h s were c a l c u l a t e d 

a c c o r d i n g uo t h e f o r m u l a ; 

Exposure t i m e = 5 x 10^ 
counts per m i n u t e . 

The DNA 1-2 . 5 y l was loaded onto a sequencing g e l a f t e r 

b e i n g h e a t e d t o 90°C f o r 1 minute and quenched i n i c e . 

Up t o 350 bases c o u l d be r e a d on each fr a g m e n t . 

2.2.11. P r e p a r a t i o n o f Nuclease Free BSA 

Nuclease f r e e BSA was pr e p a r e d a c c o r d i n g t o t h e 
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method o f Gonzales e t . a l . , (1977) i n whic h nuclease 

a c t i v i t y was d e s t r o y e d by t h e a c t i o n o f a c e t i c anhydride 

and t h e nuclease f r e e BSA p u r i f i e d by d i a l y s i s a g a i n s t 

double d i s t i l l e d and d e i o n i s e d w a ter and i s o l a t e d by 

f r e e z e d r y i n g . 

2.2.12. S u b c l o n i n g i n t o and D e t e r m i n i n g t h e O r i e n t a t i o n 
o f I n s e r t s i n M13 

N o r m a l l y i n s e r t s f r o m pUC8 t y p e p l a s m i d s were sub-

c l o n e d i n t o M13 mp9 by t a k i n g a m i x t u r e o f t h e p l a s m i d 

and t h e double s t r a n d e d form o f Ml3mp9 r e s t r i c t i n g w i t h 

t h e enzyme whose s i t e t h e i n s e r t was c l o n e d i n t o , phenol 

e x t r a c t i n g , e t h a n o l p r e c i p i t a t i n g and l i g a t i n g t h e mix­

t u r e . A f t e r t r a n s f o r m a t i o n t h e c l e a r plaques c o u l d be 

r o u g h l y s e l e c t e d as l a r g e i n s e r t s g i v e s m a l l plaques. 

Ml3mp9 a l s o s e l e c t i v e l y c l o n e s s m a l l e r DNA fragments. 

The o r i e n t a t i o n o f t h e i n s e r t i n an Ml3 subclone 

c o u l d be d e t e r m i n e d a b s o l u t e l y by p r e p a r i n g t h e double 

s t r a n d e d f o r m and r e s t r i c t i n g i t w i t h t h e a p p r o p r i a t e 
e n z y m e , o r r e l a t i v l y b y t h e °C t e s t " ( M a n i a t i s e t „ a K 1 9 8 2 ) = T h e 
° C t e s t " i s b a s e d on t h e e - f f e c t w h e r e b y r e c c s n b i c ^ a n t p h a g e s 

w i t h t h e i r i n s e r t s i n o p p o s i t e o r i e n t a t i o n s w i l l h y b r i d i z e 

v i a t h e i r i n s e r t s and t h e f i g u r e o f e i g h t s t r u c t u r e r e ­

s u l t i n g r u n s more s l o w l y on an agarose g e l than t h e un-

h y b r i d i z e d forms. 

G o o d s i n g l e s t r a n d M13 m i n i p r e p s a r e s e l e c t e d by r u n n i n g them 
on a n a g a r o s e g e l c o n t a i n i n g n o e t h i d i u m b r c j n i d e s s t a i n i n g t h e 
g e l f o r a p p r o x i m a t l y i h o u r i n n o r m a l r u n n i n g bu-f- fer c o n t a i n i n g 
lUi^g/ml o-f e t h i d i u m b r o m i d e a n d v i s u a l i s i n g u n d e r UV l i g i h t o Good 

m i n i p r e p s g i v e o n l y o n e b a n d w h i c h s h o u l d r u n s l o w e r t h a n s i n g l e 
s t r a n d M i 3 o T h e r a t e o-f m i g r a t i o n i s r e l a t i v l y i n s e n s i t i v e t o 
i n s e r t s i z e b u t s i z e d i f f e r e n c e s o f < 2 0 0 b p c a n b e d e t e c t e d . , 
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"C tJesTeJ" ̂ ^-"^ 

Good m i n i p r e p o rQt/ons were/I annealed t o g e t h e r by 
m i x i n g e q u a l amounts o f DNA and i n c u b a t i n g a t 65°C f o r 

to ikaTuiecl aiov/e. 

1 hour p r i o r t o r u n n i n g on a s i m i l a r g e l A a g a i n s t s i n g l e 

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

2.2.13. O l i g o D e o x y n u c l e o t i d e C e l l u l o s e Columns 

The p r o t o c o l used was based on t h a t k i n d l y s u p p l i e d 

by Mr. R. Swinhoe (Dept. o f Botany, U n i v e r s i t y o f Durham). 

A l l g l a s s w a r e was s i l i c o n i z e d and he a t s t e r i l i z e d a t 

170°C o v e r n i g h t , t h e p l a s t i c t u b i n g was f l u s h e d o u t 

v / i t h s t e r i l e b u f f e r and t h e b u f f e r s degassed. For DNA 

samples o f up t o 200yg o f l i n e a r i z e d and t a i l e d pBR322 

a column o f 50mg o f t h e a p p r o p r i a t e o l i g o d e o x y n u c l e o t i d e 

c e l l u l o s e i n a 1 ml s y r i n g e was used. The apparatus was 

s e t up as shown i n F i g . 3 u s i n g s h o r t runs o f s m a l l bore 

t u b i n g . The column was packed and e q u i l i b r a t e d i n s a l t 

b u f f e r (400mM sodium c h l o r i d e , lOmM T r i s - H C l pH7.4., ImM 

EDTA, 0.1% SDS) a t '\̂ 7. 5ml/hour. When u s i n g a new bat c h 

o f c e l l u l o s e t h e column was n e x t ^ e q u l i b r a t e d i n no 

s a l t b u f f e r ( lOmM T r i s - H C l pH7.4, ImM EDTA, 0.1% SDS) 

t h e n r e - e q u l i b r a t e d i n s a l t b u f f e r . The column v;as then 

r e g e n e r a t e d by piamping f o r 20 minutes s u c c e s s i v e l y w i t h 

s t e r i l e w a t e r , no s a l t b u f f e r and s a l t b u f f e r . When 

t h e o u t p u t f r o m t h e d e t e c t o r had s t a b i l i s e d t h e DNA was 

lo a d e d i n s a l t b u f f e r and t h e column r u n u n t i l t h e o u t ­

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

l i n e . The b u f f e r was t h e n changed t o no s a l t b u f f e r and 

as soon as t h e d e t e c t o r o u t p u t f e l l t h e c o l l e c t i o n v e s s e l 

v;as changed. When t h e d e t e c t o r o u t p u t had r e t u r n e d t o 

i t s b a s e l i n e c o l l e c t i o n was stopped and t h e e l u t e d dN + 
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DNA e t h a n o l p r e c i p i t a t e d . The column was then r e g e n e r a t e d 

as b e f o r e t h e n pumped w i t h a z i d e b u f f e r (20m-M sodium a z i d e , 

lOmT-l T r i s - H C l pH7.4, ImM EDTA, 0.1% SDS) and s t o r e d 

s e a l e d a t 4°C. 

2.2.14. Sephadex G50 and S i m i l a r Column Chromatography 

Column chromotography w i t h Sephadex G50 and s i m i l a r 

substances such as Sepharose CL-4B, f r a c t i o n a t e s DNA 

r o u g h l y by s i z e , such t h a t t h e s m a l l e r t h e molecules t h e 

sl o w e r t h e y pass t h r o u g h t h e column. N o r m a l l y t h e columns 

were r u n i n s t e r i l e lOml p l a s t i c p i p e t t e s w i t h a p l u g o f 

s i l i c o n i z e d g l a s s wool a t t h e b o t t o m u s i n g "^Sml o f 

Sephadex. The columns were p r e p a r e d by s l u r r y i n g Sephadex 

i n excess e l u t i o n b u f f e r (ISOmM sodium c h l o r i d e , 50mM 

T r i s - H C l pH7.5, lOmM EDTA, 0.1% SDS), and h e a t i n g t h i s 

mix t o 65°C f o r 2 h o u r s , t h i s was t h e n s t o r e d a t 4° C 

u n t i l used. The column was s e t t l e d and r u n u s i n g e l u t i o n 

b u f f e r . The DNA was loaded on by a l l o w i n g t h e column t o 

r u n n e a r l y d r y t h e n a d d i n g t h e DNA v ; i t h a s m a l l volume o f 

e l u t i o n b u f f e r . The p r o g r e s s o f t h e DNA t h r o u g h t h e column 

c o u l d be f o l l o w e d by a ffeiger c o u n t e r f o r ̂^P l a b e l l e d 

DNA and f r a c t i o n s o f •'^kml were c o l l e c t e d . L a b e l l e d DNA 

was d e t e c t e d by s c i n t i l l a t i o n c o u n t i n g and i s e l u t e d i n 

t h e f i r s t peak. The second peak c o n t a i n s u n r e a c t e d 

n u c l e o t i d e s o r l i n k e r f r a g m e n t s e t c . 
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CHAPTER 3 

RESULTS 

3.1. P r e p a r a t i o n o f t h e cDNA L i b r a r y . 

3.1.1. P r o d u c t i o n o f S i n g l e - s t r a n d e d Complementary DNA 

S i n g l e - s t r a n d e d complementary DNA (sscDNA) was made 

a c c o r d i n g t o e s t a b l i s h e d p r o t o c o l s : The RNA t e m p l a t e was 

pr e p a r e d f r o m d e v e l o p i n g pea c o t y l e d o n s a t t h e mid-

developm.ent stage (13-17 days a f t e r f e r t i l i z a t i o n ) . 

T o t a l RNA was pr e p a r e d from t h e c o t y l e d o n s by t h e method 

o f H a l l e t . a l . , (1978) and was t h e n f r a c t i o n a t e d by 

chromotography on an o l i g o ( d T ) - c e l l u l o s e column; t h e 

r e t a i n e d f r a c t i o n was re-chromatographed t o g i v e t h e f i n a l 

p o l y (A) "*'RNA p r e p a r a t i o n . E x a m i n a t i o n o f t h i s f r a c t i o n 

by g l y o x a l a t i o n and e l e c t r o p h o r e s i s on agarose g e l s showed 

t h a t i t was h i g h l y e n r i c h e d i n mRNA; l e s s t h a n 10% r i b o -

somal RNA c o n t a m i n a t i o n was apparent (R.Swinhoe p e r s o n a l 

c o m m u n i c a t i o n ) . 

The p o l y (A)'*'RNA was i n c u b a t e d w i t h a v i a n m y e l o b l a s ­

t o s i s v i r u s (AMV) r e v e r s e t r a n s c r i p t a s e i n a r e a c t i o n i n ­

c l u d i n g o l i g o (dT) ̂ 2 _ i 8 ^ p r i m e r , and human p l a c e n t a l 

r i b o n u c l e a s e i n h i b i t o r (RNAsein)to m i n i m i s e d e g r a d a t i o n o f 

t h e tem.plate d u r i n g t h e r e a c t i o n . The r e s u l t i n g sscDNA 

was a n a l y s e d by agarose g e l e l e c t r o p h o r e s i s sometimes 

a f t e r g l y o x a l a t i o n ; t h e cDNA was v i s u a l i s e d e i t h e r by 

e t h i d i u m bromide s t a i n i n g , o r , i f t h e sscDNA was made 

r a d i o a c t i v e by i n c o r p o r a t i o n o f l a b e l l e d n u c l e o t i d e , by 

a u t o r a d i o g r a p h y o f a d r i e d g e l ( F i g u r e 4 ) . The s i z e 

d i s t r i b u t i o n o f t h e sscDNA r e f l e c t e d t h a t o f t h e mRNA 

t e m p l a t e , and showed t h e presence o f s e v e r a l bands, i n d i c a ­

t i n g cDNA s p e c i e s o f a p p r o x i m a t e l y 3100, 1800, 1500, 1000 



85 

A B 

23,72 0 
.9460 
^670 

4,260 

2.250 
1,960 

590 

3100 
1800 
1500 
1000 

650 

F i g . 4 . S i n q - l e - s t r a n d e d cDNA s y n t h e s i s e d w i t h and w i t h o u t 
Pyrophosphate. 
A) S i z e marker: XNM258 c u t w i t h H i n d l l l , t h i s t r a c k was 

much c l e a r e r on t h e o r i g i n a l photograph. 
sscDNA s y n t h e s i s e d w i t h 4mM Sodium Pyrophosphate. 
sscDNA w i t h o u t Pyrophosphate. 
Band s i z e s i n bases. 

B) 
c) 
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and 650 bases i n l e n g t h . These bands were c o n s i d e r e d t o 

be f u l l l e n g t h t r a n s c r i p t s o f t h e major mRNA species 

p r e s e n t i n t h e o r i g i n a l p o l y (A) RNA. 

T h i s p a t t e r n was n o t q u a l i t a t i v e l y changed by the 

a d d i t i o n o f sodium pyrophosphate t o t h e sscDNA r e a c t i o n 

m i x t u r e (Murray e t . a l . , 1 9 8 3 ) . T h i s i n h i b i t s t h e produc­

t i o n o f over l e n g t h sscDNA, v/hich i s t h o u g h t t o a r i s e from 

t h e f o r m a t i o n o f a " h a i r p i n l o o p " a t t h e 3'end o f t h e 

sscDNA f o l l o v / e d by t h e AMV co p y i n g back dov/n the sscDNA 

t o produce an i n v e r t e d r e p e a t . 

A t t e m p t s t o produce sscDNA primed by fragments o f 

p l a s m i d s c a r r y i n g s i n g l e s t r a n d e d " t a i l s " o f dT r e s i d u e s 

on t h e i r 3'-end(s) (Okayama and Berg 1981) were e s s e n t i a l l y 

u n s u c c e s s f u l as i t was n o t found p o s s i b l e t o s u c c e s s f u l l y 

o r c o n s i s t e n t l y produce these d T - t a i l e d f r a g m e n t s , (See 

S e c t i o n 3.7, T e r m i n a l d e o x y n u c l e o t i d y l t r a n s f e r a s e ) . 
as c\ 

I n a t y p i c a l p r e p a r a t i o n o f sscDNAAthe y i e l d estima­

t e d from, t h e t r i c h l o r o a c e t i c a c i d p r e c i p i t a b l e r a d i o a c t i v i t y 

i s 60-70% o f t h e p o l y (A) "̂ RNA useci. 

3.1.2. P r o d u c t i o n o f Double-stranded Complementary DNA 

Do u b l e - s t r a n d e d complementary DNA (dscDNA) was made 

by a number o f d i f f e r e n t p r o t o c o l s ( F i g u r e 5 ) . The 

e s t a b l i s h e d h a i r p i n l o o p method uses t-he Klenow fragment o f 

DNA polymerase I (Klenow polymerase) on sscDNA which has 

been he a t e d t o d e n a t u r e t h e DNA-RNA d u p l e x . This method 

r e l i e s on t h e f o r m a t i o n o f a h a i r p i n l o o p a t the 3'-end 

o f t h e sscDNA v/hich a c t s as a p r i m e r f o r t h e s y n t h e s i s o f 

t h e second s t r a n d . T h i s l o o p was l a t e r removed by t r e a t ­

ment w i t h S I n u c l e a s e . T h i s v/as t h e method chosen f o r t he 
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p r o d u c t i o n o f t h e cDNA l i b r a r y . 

U s ing a ^^P l a b e l l e d d e o x y n u c l e o t i d e i n t h e second 

s t r a n d s y n t h e s i s w i t h c o l d sscDNA, t h e y i e l d e s t i m a t e d 

f r o m t h e t r i c h l o r a c e t i c a c i d p r e c i p i t a b l e r a d i o a c t i v i t y 

was 1-80% fro m sscDNA a^cl ^^50% from p o l y (A) "̂ RNA. The band 

p a t t e r n o b s e r v a b l e w i t h dscDNA on an agarose g e l was much 

more ill cZ&f/ned!' th a n f o r sscDNA ( F i g . 6 ) . The s i z e d i s ­

t r i b u t i o n ranged f r o m '̂ -3000 base p a i r s downwards. 

The o t h e r dscDNA methods t r i e d (Murray e t . a l . , 1983; 

Land e t . a l , , 1981; Okayama and Berg, 1981) use a p r i m e r t o 

i n i t i a t e s y n t h e s i s o f t h e second s t r a n d . T h i s i s annealed 

t o a t a i l o f d e o x y n u c l e o t i d e s on t h e sscDNA, which i s 

added u s i n g t e r m i n a l d e o x y n u c l e o t i d y l t r a n s f e r a s e (See 

s e c t i o n 3.7). The RNA i s cl e a v e d o f f w i t h sodium h y d r o x i d e 

b e f o r e t h e a n n e a l i n g s t e p o r u s i n g t h e Okayama and Berg 

method, d u r i n g t h e s y n t h e s i s u s i n g RNAse H. AMV r e v e r s e 

t r a n s c r i p t a s e i s used t o s y n t h e s i s e t h e second s t r a n d 

e x c e p t i n t h e Okayama and Berg method where a m i x t u r e o f 

e n d o n u c l e a s e - f r e e DNA polymerase!, E . c o l i l i g a s e and RNAse 

H i s used. 

Good r e s u l t s were o b t a i n e d u s i n g e i t h e r dG o r dC 

t a i l e d sscDNA and an o l i g o - d e o x y n u c l e o t i d e prim.erl2-18 

bases l o n g ( F i g . 7 ) . However, t a i l e d p l a s m i d fragments 

were v e r y i n e f f i c i e n t as p r i m e r s w i t h v e r y l i t t l e i n c o r ­

p o r a t i o n o f r a d i o l a b e l l e d d e o x y n u c l e o t i d e when u s i n g a 

d C - t a i l e d p l a s m i d f ragment and d G - t a i l e d sscDNA, as shovm 

by a u t o r a d i o g r a p h y ( F i g . 8 ) and by v i r t u a l l y no t r i c h l o r o ­

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

based on t h a t o f Okayama and Berg (1981) . 
As a consequence o f t h i s and o f t h e problems v ; i t h 



89 

Origin 

3000 

1800 

1000 

F i g . 6 n ^ . - s t r a n d e d cDNA made by t h ^ J ^ j ^ i r p i n 
l o o p " method. 

Approximate s i z e s of bands i n b a s e p a i r s , 
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Origin 

1500 

1000 

600 

F i g . 7 . Double-Stranded cDNA made f r o m d C - t a i l e d 
sscDNA pr i m e d w i t h o l i g o - d G . 

Band s i z e s i n base p a i r s . 
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Origin 

primer 

1500 possible 

900 
— bands 

650 
bp 

F i g . 8 Double-stranded cDNA made from dC-tallQd 
sscDNA primed with a d G - t a i l e d polv(G)"^ 
plasmid fragment. 

P r i m e r marks t h e e s t i m a t e d p o i n t to which the d 6 - t a i l e d p l a s m i d 
fragment r a n . ^ i . - . 
Any dscDNA primed by t h i s would have run s l o w e r than t h i s , and 
would have l e f t a t r a c e between t h i s p o i n t and the o r i g i n . 
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t e r m i n a l d e o x y n u c l e o t i d y l t r a n s f e r a s e ( S e c t i o n 3.7) the 

" h a i r p i n l o o p " method was adopted as method o f c h o i c e , 

3.1.3. cDNA C l o n i n g 

cD!N!A c l o n i n g was a t t e m p t e d by v a r i o u s methods, namely 

t h o s e o f Land e t . a l . , (1981), Okayama and Berg (1981), 

Murray e t . a l . , (1983) and t h e use o f s y n t h e t i c l i n k e r s 

(M.Evans, p e r s o n a l communication). 
The method o f c h o i c e was removal o f t h e dscDNA's 

h a i r p i n l o o p w i t h S I nuclease and t r e a t m e n t with DNA 
polymerase I t o make t h e ends b l u n t . S y n t h e t i c EcoRI 
l i n k e r s were l i g a t e d o n t o t h e dscDNA and a f t e r c l e a v i n g 
w i t h EcoRI r e s t r i c t i o n endonuclease, i t was l i g a t e d i n t o 
t h e EcoRI s i t e o f p l a s m i d pUC8. Upon t r a n s f o r m a t i o n o f 

E.cQli s t r a i n TBI (Which i s a r e s t r i c t i o n / m o d i f i c a t i o n minus 
d e r i v a t i v e o f J H 8 3 made e s p e c i a l l y f o r CD5N!A c l o n i n g w i t h puuo = ̂  

u/i^ h a l f t h e r e s u l t i n g m i x t u r e , a t o t a l o f 685 p o s i t i v e 

t r a n s f o r m a n t s were p i c k e d o u t s t a r t i n g f r o m 3.48yg o f 

p o l y (A) "'"RNA. T h i s i s an o v e r a l l e f f i c i e n c y o f 3,6 x 10^ 

t r a n s f ormants/ug o f p o l y (A) "*̂ RNA, The e f f i c i e n c i e s o f 

l i g a t i o n and t r a n s f o r m a t i o n are summarised i n Table 8, 

Ano t h e r method whi c h was i n v e s t i g a t e d was t h a t o f 

a n n e a l i n g homopolymer t a i l e d dscDNA i n t o a c o m p l e m e n t a r i l y 

t a i l e d l i n e a r p l a s m i d ; a model system was t r i e d u s i n g p l a s ­

mid pRB322. pBR322 was r e s t r i c t e d a t t h e P s t I s i t e , 

t a i l e d w i t h dG and passed down an o l i g o ( d C ) - c e l l u l o s e 

coluiTji t o s e l e c t f o r those molecules with a v i a b l e dG t a i l 

a t , a t l e a s t , one end. A second p o r t i o n o f pBR322 v;as dC 

t a i l e d and passed down an o l i g o ( d G ) - c e l l u l o s e column t o again 

s e l e c t t a i l e d m o l e c u l e s . The d C - t a i l e d l i n e a r plasmids 

w i l l a n n e a l t o t h e d G - t a i l e d l i n e a r p l a s m i d s t o form 
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Table 8 Transformation e f f i c i e n c i e s of the DNAs i n the cl o n i n g of 
the cDNA l i b r a r y 

DNA 

pUC8 

pUCS c u t with EcoRI 

pUC8 c u t then l i g a t e d 

pUC8 cDfJA l i g a t i o n 

Transformation e f f i c i e n c y 
Transformants per yg of pUCB 

5 
5,7 X 10 

2 
3.9 X 10 

4 
2,2 X 10 

7,0 X lo"* of which ^ 3 | % were 
white c o l o n i e s 

T a b l e 9 T r a n 5 f o r m a t i o n _ e f f i c l e n c i e s of DNAs i n the Jiggopoj^mer j t a ^ 
"annealing~model system of cDNA c l o n i n g 

DNA 

PBR322 

polyCG)"^ ? s t i c u t pBR322 

p o l y ( C ) ^ P s t I c u t pBR322 

Annealed mix 

Annealed mix a m p i c i l l i n s e n s i t i v e 

Transformation e f f i c i e n c y 
TrTnsformants per yg of pBR322 

6 
4 X 10 

3 

<5 X 10 

'^S.S X 10^ 

'̂ 2 X 10^ 4 
7 X 10 i 

i These e f f i c i e n c i e s were c a l c u l a t e d on the b a s i s of the amount of 

polyCC)"" P s t I cut - PBR322 so as to compare d i r e c t l y with other f i g u r e s . 
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c i r c u l a r s t r u c t u r e s c o n t a i n i n g t w o c o m p l e t e p l a s m i d s 

l i n k e d b y t h e a n n e a l e d homopolymer t a i l s i . e . d i m e r • 

p l a s m i d s . These v/ere u s e d t o t r a n s f o r m E . c o l i s t r a i n 
910 and t r a n s - f o r m a n t s s e l e c t e d f o r r e s i s t a n c e t o t e t r a c y c H n e o A 
s e c o n d s c r e e n was c a r r e d o u t t o f i n d t h o s e c o l o n i e s s e n s i t i v e t o 
a m p i c i l 1 i n = The r e s u l t s a r e sum m a r i s e d i n T a b l e 

A random s e l e c t i o n o f s i x a m p i c i l l i n s e n s i t i v e 

c o l o n i e s w e r e m i n i p r e p e d . R e s t r i c t i o n a n a l y s i s o f t h e s e 

p l a s m i d s shov;ed t h em t o be i d e n t i a l w i t h s i m i l a r l y r e s ­

t r i c t e d pBR322 b u t t h e u n r e s t r i c t e d p l a s m i d s w e r e c l e a r l y 

d i f f e r e n t t o u n r e s t r i c t e d pBR322 b y a g a r o s e g e l . e l e c t r o ­

p h o r e s i s . As p r e d i c t e d t h e P s t I s i t e s , w h e r e t e s t e d 

f o r , w e r e p r e s e n t , 

A s i g n i f i c a n t amount o f p B R 3 2 2 - s i z e d p l a s m i d c o u l d 

b e s e e n i n each d i m e r m i n i p r e p : presum.ably t h e s e a r i s e 

when a r e c o m b i n a t i o n e v e n t o c c u r s b e t w e e n t h e t w o homo-

p o l y m e r s t r e t c h e s i n t h e d i m e r p l a s m i d t o produce- t w o 

p l a s m i d s v/hich v / i l l be pBR322 w i t h s h o r t homopolymer 

i n s e r t s i n t h e i r P s t I s i t e . As t h e i n s e r t s a r e s m a l l 
t h e y w i l l a p p e a r t o be t h e same s i z e as pBR322 b u t 

as t h e c o l o n i e s a r e a m p i c i l l i n s e n s i t i v e t h e homopolymer i n s e r t 
m ust have c a u s e d a f r a m e s h i f t e r r o r i n t h e a m p i c i l l i n r e s i s t a n c e 
geneo flUk^au^^ recof^i:r^<c!^^f "^f^ '^'^^ occur 

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

I n t e r e s t i n g l y n o d i m e r s when r e s t r i c t e d w i t h E c o R I gave 

f r a g m e n t s o f tv;o d i f f e r i n g s i z e s s u g g e s t i n g , o n l y pBR322 

d i m e r s v / i t h t h e i r o r i g i n s o f r e p l i c a t i o n i n t h e same 

o r i e n t a t i o n a r e v i a b l e . 

The t h i r d m e t h o d t r i e d v/as t h a t o f Okayama a n d B e r g 

( 1 9 8 1 ) and v a r i a t i o n s upon i t . T h i s i n v o l v e d p r i m i n g t h e 

s y n t h e s i s o f one o r b o t h o f t h e cDNA s t r a n d s w i t h f r a g m e n t s 

o f p l a s m i d s b e a r i n g t h e a p p r o p r i a t e homopolymer t a i l s and 

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

The u n m o d i f i e d Okayama a n d B e r g m e t h o d p r o v e d u n s u c c e s s f u l 
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due t o i n a b i l i t y t o t a i l t h e f i r s t s t r a n d - p r i m e r p l a s m i d f r a g ­

ment w i t h dT. Hov/ever, t w o v a r i a t i o n s w e r e t r i e d . 

I n o n e , t h e s e c o n d s t r a n d s y n t h e s i s v/as p r i m e d w i t h 

P s t I - c u t , d C - t a i l e d , o l i g o ( d G ) - c e l l u l o s e r e t a i n e d pBR322, 

t h e sscDNA h a v i n g been d G - t a i l e d and t h e mRNA h y d r o l y s e d 

away v ; i t h s o d i u m h y d r o x i d e . The r e s u l t i n g p l a s m i d s w e re 

t r e a t e d w i t h mung bean n u c l e a s e t o p r o d u c e b l u n t e n d s , 

t h e n T4 l i g a s e was u s e d t o c i r c u l a r i s e t hem. T r a n s f o r m a t i o n 

o f E . c o l i s t r a i n 910 w i t h t h e r e s u l t i n g m i x gave no p o s i ­

t i v e c o l o n i e s . ( T a b l e 1 0 ) . I n t h e o t h e r m o d i f i c a t i o n , 

s e c o n d s t r a n d s y n t h e s i s was p r i m e d w i t h an o l i g o ( d C ) - c e l l u l o s e 

r e t a i n e d d G - t a i l e d f r a g m e n t o f pBR322. The Okayama and 

B e r g c o n d i t i o n s and m i x o f DNA p o l y m e r a s e I , E , c o l i l i g a s e 

a n d RNAse H w e r e u s e d f o r s e c o n d s t r a n d s y n t h e s i s . The 

r e s u l t i n g DNA h a d EcoRI l i n k e r s l i g a t e d o n t o i t , t h e 

l i n k e r s w e r e c l e a v e d and t h e p l a s m i d c i r c u l a r i s e d . T r a n s ­

f o r m a t i o n o f E . c o l i s t r a i n 910 w i t h t h i s m i x gave no 

p o s i t i v e c o l o n i e s ( T a b l e 1 1 ) . 

3.1.4. T r a n s f o r m a t i o n s 

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

c a l c i u m c h l o r i d e methodo P l a s m i d pUC8 has h a d E . c o l i s t r a i n s J M 8 3 
and TBS t a i l o r e d -for it, TBI was ch o s e n as i t i s 
r e s t r i c t i o n / m o d i - f i c a t i o n minuSn Phage M13 mp9 has had E o C o l i 
s t r a i n s JMiBl and J M i 0 3 t a i l o r e d -for i t , JMlBi was chosen as i t 
gave c o n s i s t e n t 

r e s u l t s when t r a n s f o r m e d w i t h t h e r e p l i c a t i v e f o r m ( d o u b l e 

s t r a n d e d ) o f Ml3mp9 ( J . G a t e h o u s e , p e r s o n a l c o m m u n i c a t i o n ) . 

F o r p B R 3 2 2 - l i k e p l a s m i d s w h i c h do n o t use t h e l a c s y s t e m , 

a r a n g e o f E . c o l i h o s t s t r a i n s a r e a v a i l a b l e , f r o m w h i c h 

s i x v/ere c h o s e n and t e s t e d f o r t r a n s f o r m i n g e f f i c i e n c y and 
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"Table 10 Transformation e f f i c i e n c i e s of DNAs I n the cl o n i n g by t a i l e d 
• plasmid-primed second s y n t h e s i s scheme 

DNA Transformation e f f i c i e n c y 
Transformants per y g of vector 

pBR 322 

P s t I c u t pBR 322 t r e a t e d w i t h 

mung bean n u c l e a s e and l i g a t e d 

cUnA. l i g a t i o n mix 

'\A.4 X 10^ 
3 

-x-S.S X 10 of which 
3 

^1.3 X 10 were a m p x c i l l i n 
s e n s i t i v e 

'vl.2 X 10 of which none were 
a m p i c i l l i n s e n s i t i v e 

T a b l e 11 Transformation e f f i c i e n c i e s of DNAs i n the cl o n i n g by 
Okayama and B e r g - l i k e c o n d i t i o n s scheme 

DNA 

pBR 322 

cDNA mix 

Transformation e f f i c i e n c y 
Transformants per yg of vector 

5 

< 1 X lO'*' 
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c o n s i s t e n c y . ( T a b l e 1 2 ) . The t w o s t r a i n s o f t e n recommended 

i n t h e l i t e r a t u r e H B l O l and DHl gave good t r a n s f o r m a t i o n 

e f f i c i e n c i e s and c o n s i s t e n c y , b u t were s l i g h t l y i n f e r i o r 

t o s t r a i n 910 v/h i c h was t h e s t r a i n o f c h o i c e . S t r a i n JM83 

gave l o w t r a n s f o r m a t i o n e f f i c i e n c i e s , s t r a i n GLBO gave p o o r 

r e p r o d u c i b i l i t y and was d i f f i c u l t t o r e s u s p e n d a f t e r 

c e n t r i f u g a t i o n ; s t r a i n RR28 gave e r r a t i c r e s u l t s . 

3.1.5. S e l e c t i n g , P r e s e r v i n g and R e p l i c a t i n g t h e cDNA L i b r a r y 

The cDNA l i b r a r y was p r o d u c e d b y l i g a t i n g dscDNA i n t o 

p l a s m i d pUC8 and t r a n s f o r m i n g E . c o l i s t r a i n T B I . E . c o l i 

s t r a i n T B I has a d i s a b l e d B - g a l a c t o s i d a s e gene w h i c h i s 

c o m p l e m e n t e d b y t h e l a c gene i n pUC8 t o p r o d u c e a f u n c t i o n a l 

enzyme, w h i c h i s a b l e t o c l e a v e X - g a l t o p r o d u c e a b l u e 

d y e . The i n s e r t i o n o f a f r a g m e n t o f DNA i n t o t h e c l o n i n g 

s i t e o f pUC8 d i s r u p t s t h e t r a n s l a t i o n o f t h e l a c gene, 

w h i c h c o n t a i n s t h e c l o n i n g s i t e , and hence t r a n s f o r m e d 

c o l o n i e s w i t h an i n s e r t w i l l p r o d u c e no f u n c t i o n a l B - g a l a c t o -

s i d a s e a n d w i l l be w h i t e . P l a s m i d pUC8 a l s o c o n t a i n s an 

a m p i c i l l i n r e s i s t a n c e gene and so t r a n s f o r m e d b a c t e r i a a r e 

s e l e c t e d f o r b y i n c l u d i n g a m p i c i l l i n i n t h e g r o w t h medium. 

P o s i t i v e t r a n s f o r m a n t s i . e . w h i t e o r p a l e b l u e 

c o l o n i e s w e r e p i c k e d w i t h s t e r i l e t o o t h p i c k s and s t r e a k e d 

i n a g r i d p a t t e r n o n t o a g a r p l a t e s c o n t a i n i n g b o t h X - g a l 

an d a m p i c i l l i n . 768 c o l o n i e s w e r e p i c k e d , o f w h i c h a l l 

grev/, a n d 146 w e r e o b v i o u s l y b l u e ; some o f t h e them v/ere 

m i x e d i . e . p a r t l y w h i t e , p a r t l y b l u e o r p a l e b l u e . 

The l i b r a r y v/as p i c k e d f o r a s e c o n d t i m e o n t o s t e r i l e 

g r i d d e d n i t r o c e l l u l o s e f i l t e r s l a i d on t o p o f a g a r c o n t a i n ­

i n g a m p i c i l l i n a n d X - g a l , and i n t o m i c r o t i t r e p l a t e s , each 
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Table 12 Transformation e f f i c i e n c i e s of v a r i o u s E. c o l i s t r a i n s w i t h 
plasmid pBR 322 

E. c o l i s t r a i n 
Transformation e f f i c i e n c y c o l o n i e s per yg-pBR 322 
Best Worst Average Consistency 

jm3 4.0 X 3 
10 1.1 X 10^ 2.5 X 10^ Good 

HBlOl 4.1 X 10^ 1.1 X 10^ 2,7 X 10^ Good 

GL80 1.9 X 
5 

10 2.8 X 10^ 6 X 4 
10 Poor 

DHl 1,1 X 
6 

10 1 X 10^ 6,9 X 5 
10 F a i r 

910 5 X 6 
10 3 X 10^ 2 X 10^ F a i r 

RR28 2 X 10^ 5,5 X 4 
10 7,1 X 5 

10 Poor 



99 

w e l l c o n t a i n i n g SOpg/ml o f a m p i c i l l i n a nd c a r e f u l l y num­

b e r e d , so as t o be a b l e t o f i n d any c o l o n y on a p l a t e f r o m 

i t s p o s i t i o n on a f i l t e r . The w h i t e , p a l e b l u e and v / h i t e 

p a r t s o f m i x e d c o l o n i e s w e re s e l e c t e d , t h i s l e f t 686 

c o l o n i e s . 

The l i b r a r y was p r e s e r v e d b y g r o w i n g up t h e p l a t e s 

a n d a d d i n g SOy1 o f 80% g l y c e r o l t o each w e l l o f t h e 

m i c r o t i t r e p l a t e s , m i x i n g and s t o r i n g s e a l e d a t -3 0 * 0 , and 

b y g r o w i n g up t h e f i l t e r s and t h e n t r a n s f e r r i n g them o n t o 

a g a r p l a t e s c o n t a i n i n g a m p i c i l l i n a nd 25% g l y c e r o l , and 

s t o r i n g t h e m s e a l e d a t -20°C. 
The l i b r a r y was r e p l i c a t e d b y p i c k i n g i n d i v i d u a l 

c o l o n i e s v / i t h s t e r i l e t o o t h p i c k s f r o m t h e m i c r o t i t r e p l a t e 
w e l l s o r t h e e n t i r e p l a t e w i t h a s p e c i a l l y made t o o l a l l o w i n g 48 
s a m p l e s t o be t a k e n s i m u l t a n e o u s l y o 

The l i b r a r y was a l s o r e p l i c a t e d b y m a k i n g c o p i e s o f 

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

m e t h o d s , on a s e c o n d n i t r o c e l l u l o s e f i l t e r . T h i s method 

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

u s e d f o r c o l o n y h y b r i d i z a t i o n . A f t e r r e g e n e r a t i n g t h e 

m a s t e r f i l t e r s f u r t h e r s e t s o f c o p i e s c o u l d be made up t o 

a p p r o x i m a t e l y 5 c o p i e s , b e f o r e t h e t r a n s f e r p r o c e s s became 

p a t c h y a n d s i g n i f i c a n t numbers o f c o l o n i e s w e r e n o t 

p r e s e n t on t h e r e p l i c a f i l t e r s . 

3.2. C o l o n y H y b r i d i s a t i o n 

S e t s o f r e p l i c a f i l t e r s v/hen l y s e d v / i t h SDS and a l k a l i , 

n e u t r a l i s e d and " f i x e d " c a n be h y b r i d i s a t i o n - p r o b e d w i t h 

s i n g l e - s t r a n d e d o r d e n a t u r e d d o u b l e - s t r a n d e d DNA o r RNA 

( G r u n s t e i n and W a l l i s , 1 9 7 9 ) . The c o n d i t i o n s o f l y s i s 

c o n v e r t t h e p l a s m i d DNA i n t h e c e l l s t o t h e s i n g l e s t r a n d e d 
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f o r m a n d when t h e f i l t e r i s d r i e d t h e DNA b i n d s e f f e c t i v e l y 

i r r e v e r s i b l y t o i t . Complem.entary ssDNA i n s o l u t i o n c an 

t h e n b i n d t o t h e f i x e d DNA b y c o n v e n t i o n a l b a se p a i r i n g , 

t h e / i / j ^ e r t h e h o m o l o g y i . e . t h e more c o r r e c t base p a i r s 

t h e s t r o n g e r t h e b i n d i n g . U s i n g r a d i o l a b e l l e d p r o b e s 

u n d e r c o n d i t i o n s v/here b i n d i n g i s f a v o u r e d and t h e n 

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

i o n i c s t r e n g t h c h o s e n t o r e f l e c t a c e r t a i n d e g r e e o f 

h o m o l o g y , t h o s e c o l o n i e s w i t h cDNAs s u f f i c i e n t l y homologous 

t o t h e p r o b e DNA w i l l b i n d i t and w i l l show up as d a r k 

s p o t s when t h e f i l t e r i s a u t o r a d i o g r a p h e d . The r e s u l t s 

o f a l l t h e c o l o n y - h y b r i d i s a t i o n s c r e e n s a r e c o l l e c t e d i n 

t a b l e 38 = 

3 . 2 . 1 . P r o b i n g w i t h mRNA 

P o l y (A) """RNA i s o l a t e d f r o m 14 day o l d c o t y l e d o n s o f 

P i s u m s a t i v u m L., t h e a p p r o x i m a t e l y same s t a g e o f d e v e l o p ­

m e n t as t h e RNA u s e d t o p r o d u c e t h e b a n k , was r a d i o -

l a b e l l e d and u s e d t o p r o b e a s e t o f r e p l i c a c o l o n y f i l ­

t e r s . The f i l t e r s w e r e washed i n 1 x SSC, 0 . 1 % SDS a t 68°C 

w h i c h r e p r e s e n t s a p p r o x i m a t e l y 94% h o m o l o g y . The r e s u l t s 

l i s t e d i n T a b l e 13 show t h a t 52% o f t h e l i b r a r y c o n t a i n s 

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

s a g e s s u f f i c i e n t l y common t o be d e t e c t e d u n d e r t h e s e c o n ­

d i t i o n s . The r e m a i n d e r r e p r e s e n t s cDNAs o f r a r e messages, 

s h o r t cDNAs, d e l e c t i o n s o r non-cDNA i n s e r t s . 
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Table 13 R e s u l t s of probing the CDNA l i b r a r y w i t h mRNA at'^"94% 
homology 

P o s i t i v e c o l o n i e s : -

I n t e n s i t y Number Percentage of the l i b r a r y 

Strong 55 8.0% 

Medium 45 6.6% 

Weak 144 21,0% 

Very Weak 112 16,3% 

T o t a l 356 52% 

Table 14 R e s u l t s of probing the cDNA l i b r a r y w i t h pAD 4,4 (pDUB6), 
a main legurain cDNA a t 'v947o homology 

P o s i t i v e c o l o n i e s : - mRNA probe 

I n t e n s i t y - Number Percentage of l i b r a r y s M W VW 0 

Strong (7 2,r% 3 6 5 1 2 

Medium 2.o;% 2 2 9 1 0 

Weak 28 4.1% 1 3 14 9 1 

Very V/eak 0 0% 0 0 0 0 0 

T o t a l U7o 6 11 28 11 3 

T h e s e t a b l e s s h o u l d be r e a d a s - f o l l o j A U S s 

I n t e n s i t y ? I n t e n s i t y o-f t h e s i g n a l on t h e a u t o r a d i o g r a p h -for a 
g i v e n c o l o n y when p r o b e d w i t h t h e p r o b e named i n t h e t i t l e a t t h e 
s t r i n g e n c y g i v e n -
Numbers The t o t a l number o-f c o l o n i e s s h o w i n o a s i g n a l o-f t h i s 
s t r e n g t h o 
P e r c e n t a g e o-f l i b r a r y . " The t o t a l number o-f c o l o n i e s s h o w i n g a 
s i g n a l o f t h i s s t r e n g t h g i v e n as a p e r c e n t a g e o-f t h e t o t a l number 
o-f c o l o n i e s i n t h e l i b r a r y . 

m Ri^ p r o b e s C r o s s i n d e x t o t h e r e s u l t s o-f t h e c o l o n y s c r e e n w i t h 
mRNAo The numbers r e p r e s e n t t h e t o t a l number o f c o l o n i e s s h o w i n g 
t h e g i v e n s t r e n g t h s o-f s i g n a l w i t h t h e g i v e n p r o b e and w i t h m^^. 
S= s t r o n g . M= medium. W= weak. VW= v e r y weak. 0= no d e t e c t a b l e 
s i g n a l . 
( D u b i o u s = d o u b t - f u l s i g n a l s , t h e s e a r e n o t i n c l u d e d i n t o t h e 
t o t a l s . ) 
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3.2.2. P r o b i n g w i t h DNAs C o d i n g f o r M a i n Legumin 

The l i b r a r y was i n t i a l l y p r o b e d w i t h t h e i n s e r t o f 

p l a s m i d pAD4.4 (pDUB 6) ( D e l a u n e y , 1 9 84) w h i c h i s a cDNA 

c o d i n g f o r m a i n l e g u m i n o f 1105 b ase p a i r s i n l e n g t h and 

c o v e r i n g t h e 3'-end o f t h e message. The f i l t e r s w e r e 

washed i n 1 x SSC, 0.1%SDS a t 68°C, w h i c h r e p r e s e n t s 

a p p r o x i m a t e l y 94% h o m o l o g y . The r e s u l t s a r e l i s t e d i n 'TaUe 1^. 
The ct>fs!A l i b r a r y was l a t e r p r o b e d w i t h two Qencmic c l o n e s o f 

m a i n l e g u m i n genes= These two e x p e r i m e n t s w e r e c a r r i e d o u t 
s u c c e s s i v e l y on t h e same s e t o f r e p l i c a f i l t e r s so as t o be a b l e 
t o d i r e c t l y compare t h e two s e t s o f r e s u l t S o The f i l t e r s u s e d 
w e r e s l i g h t l y p a t c h y a n d some c o l o n i e s w e r e m i s s i n Q o The l i b r a r y 
was p r o b e d a t h i g h s t r i n g e n c y w i t h t h e l e g u m i n C genomic c l o n e as 
i t was s u s p e c t e d a t t h e t i m e t h a t t h i s gene was n o t t r a n s c r i b e d 
a t t h i s s t a g e o f d e v e l o p m e n t and t h a t i t was s i g n i f i c a n t l y 
d i f f e r e n t t o l e g u m i n gene A w h i c h was known t o be t r a n s c r i b e d a t 
t h i s s t a g e o f d e v e l o p m e n t = Thus i f t h i s w e r e t r u e t h e n few o r no 
c o l o n i e s s h o u l d h y b r i d i s e t o t h e l e g u m i n C p r o b e a t h i g h 
s t r i n g e n c y o The l o w s t r i n g e n c y p r o b e w i t h l e g u m i n gene A was t o 
p r o v i d e a c o n t r o l t o compare t h e l e g u m i n C r e s u l t s t o a n d t o f i n d 
any c o l o n i e s b e a r i n g cDNAs f o r t h e 5'end o f t h e l e g u m i n mrê JA o r 
s h o w i n g weak homology t o l e g u m i n m ^ N i A o 

The f i l t e r s v/ere f i r s t p r o b e d w i t h t h e r a d i o l a b e l l e d 

H i n d l l l f r a g m e n t o f pAS2 (pDUB26) ( L y c e t t e t . a l . , 1985) 

w h i c h c o m p r i s e s t h e l e g u m i n C gene f r o m j u s t a f t e r t h e 

s t a r t o f t r a n s c r i p t i o n t o w e l l b e y o n d t h e end o f i t . The 

f i l t e r s w e r e washed i n 0.1 x SSC, 0 . 1 % SDS 65°C w h i c h 

r e p r e s e n t s a p p r o x i m a t e l y 99% h o m o l o g y . A f t e r a u t o r a d i o g ­

r a p h y t h e f i l t e r s w e r e p r o b e d w i t h t h e H i n d l l l t o BamHI 

f r a g m e n t o f pDUB21 ( L y c e t t e t . a l . , 1985) v/hich c o m p r i s e s 

t h e l e g u m i n A gene f r o m j u s t a f t e r t h e s t a r t o f t r a n s ­

c r i p t i o n t o w e l l b e y o n d t h e end o f i t . A p p r o x i m a t e l y t e n 

t i m e s t h e amount o f r a d i o a c t i v i t y was u s e d compared t o 

t h e l e g u m i n C p r o b e . The f i l t e r s v/ere washed i n 1 x SSC, 

0 . 1 % SDS a t 55°C w h i c h r e p r e s e n t s a p p r o x i m a t e l y 8 1 % 

h o m o l o g y . The r e s u l t s a r e s u m m a r i s e d i n T a b l e 15. 

One l e g u m i n C p o s i t i v e v/as n o t a l e g u m i n A p o s i ­

t i v e , t h i s v/as pLG2, 14 7 v / h i c h was a l e g u m i n C v e r y v/eak. 
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Table 15 R e s u l t s of probing a s e t of f i l t e r s s e q j u e n t j ^ j j j ; ^ ^ 
legumin C a f h i g h s t r i n g e n c y and legumin A at low 
s t r i n g e n c y 

I n t e n s i t y 

Strong 

Medium 

Weak 

Very Weak 

(Dubious) 

T o t a l 

Probe 
Legumin C Legurain A 

2 

7 

18 

14 

(2) 

41 

10 

11 

21 

3 

(4) 

45 

F o r i n f o r m a t i o n on i n d i v i d u a l c o l o n i e s see t h e d a t a t a b l e i n t h e 
a p p e n d i x . 

Table 16 R e s u l t s of probing the cDNA l i b r a r y w i t h a DNA coding f o r 
the ( b i g ) legumin J gene a t 91% homology C pJC 5^2 ] 

P o s i t i v e c o l o n i e s : 

I n t e n s i t y Number 

Strong 

Medium 

Weak 

Very weak 

(Dubious) 

T o t a l 

15 

4 

7 

2 

(6) 

28 

mRNA probe 

Percentage of l i b r a r y S M W VW 0 

2,2% 

0,6% 

1,0% 

0.3% 

(0,9%) 

4,1% 

7 3 3 2 1 

1 0 1 1 1 

1 1 3 2 0 

0 1 1 0 0 

(2) (1) (2) (0) (1) 

11 6 10 6 3 

See l e g e n d on page 101 
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a l s o pLG3, 114 w h i c h was a l e g u m i n C d u b i o u s i s n o t a 

l e g u m i n A p o s i t i v e . These p r o b a b l y r e p r e s e n t e r r o r s i n 

r e a d i n g t h e l e g u m i n C a u t o r a d i o g r a p h . 

Seven l e g u m i n A p o s i t i v e s w e r e n o t l e g u m i n C p o s i ­

t i v e s t h e y w e r e pLG 1,67, p L G l , 6 8 , pLG 1,149, pLG3,155 

and pLG 3,177 v/hich w e r e l e g u m i n A weak a n d p i G 4,7 and 

pLG 4,70 w h i c h w e r e l e g u m i n A v e r y weak. A f u r t h e r s i x 

l e g u m i n C p o s i t i v e s showed l a r g e i n c r e a s e s i n i n t e n s i t y 

when p r o b e d w i t h l e g u m i n A. They were pLG 2,133, pLG 3,20, 

pLG 3,186 and pLG 4,11 w h i c h w e r e l e g u m i n C weak and 

l e g u m i n A s t r o n g and pLG 3,16 3 and pLG 3,16 5 w h i c h were 

l e g u m i n C v e r y weak and l e g u m i n A medium. 

3.2.3. P r o b i n g v / i t h DNA C o d i n g f o r B i g L e g u m i n 

The i n s e r t o f p l a s m i d pJC5-2 i s a s u b c l o n e o f t h e 

g e n o m i c c l o n e XJC5 ((s/. e i L i s , p e r s o n a l c o m m u n i c a t i o n ) . 

I t c o n s i s t s o f t h e 1.9kb E c o R I f r a g m e n t o f AJC5 and 

r e p r e s e n t s p a r t o f t h e l e g u m i n J gene, one o f t h e b i g 

l e g u m i n g e n e s . 

A s e t o f r e p l i c a f i l t e r s w e r e p r o b e d w i t h t h i s 

i n s e r t a nd washed i n 1 x SSC, 0 . 1 % SDS a t 65°C w h i c h 

r e p r e s e n t s a p p r o x i m a t e l y 9 1 % h o m o l o g y . The r e s u l t s a r e 

s u m m a r i s e d i n T a b l e 16. Some d e g r e e o f o v e r l a p w i t h t h e 

m a i n l e g u m i n p o s i t i v e s i s s e e n b u t o n l y pLG 3,161 g i v e s 

c o n v i n c i n g r e s u l t s f o r b o t h , c o l o n y pLG 2,75 w h i c h i s a 

s t r o n g p o s i t i v e w i t h t h i s p r o b e was a l s o a s t r o n g p o s i t i v e 

f o r t h e i n s e r t o f pAD 3,4 (pDUB7) w h i c h i s a cDNA o f 47k 

v i c i l i n m e s s e n g e r RNA. 
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3.2.4. P r o b i n g w i t h DNAs C o d i n g f o r V i c i l i n 

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

m o l e c u l a r w e i g h t a r o u n d 50,000 a r e known t o o c c u r i n l a r g e 

a m o u n t s i n pea, d i f f e r i n g b y m i n o r d i f f e r e n c e s i n s i z e 

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

( L y c e t t e t . a l . , 1 983; D e l a u n e y 1 9 8 4 ) . T h e r e i s a l s o a 

r e l a t e d p r o t e i n o f h i g h e r m o l e c u l a r w e i g h t '^71,000, c a l l e d 

c o n v i c i l i n , 

3 . 2 . 4 . 1 . P r o b i n g w i t h DNA C o d i n g f o r t h e Mr^47k t y p e B 
V i c i l i n 

The i n s e r t o f p l a s m i d pAD3,4 (pDUB7) ( D e l a u n e y , 1 9 8 4 ) 

i s a cDNA o f a message c o d i n g f o r t h e 47k t y p e B v i c i l i n . 

I t i s -^^llOObp i n l e n g t h and l a c k s o n l y t h e l a s t 300-400 

b p f r o m t h e 3'-end. A s e t o f f i l t e r s was p r o b e d w i t h 

t h i s i n s e r t a nd washed i n 1 x SSC, 0 . 1 % SDS a t 68°C w h i c h 

r e p r e s e n t s a p p r o x i m a t e l y 94% h o m o l o g y . The r e s u l t s a r e 

s u m m a r i s e d i n T a b l e 17. The same s e t o f f i l t e r s was t h e n 

r e - p r o b e d v / i t h t h e same p r o b e and washed i n 1 x SSC, 

0 . 1 % SDS a t 55°C, r e p r e s e n t i n g a p p r o x i m a t e l y 8 1 % h o m o l o g y . 

The r e s u l t s a r e s u m m a r i s e d i n T a b l e 18. The same s e t o f 

f i l t e r s \jas t h e n r e - p r o b e d w i t h t h e same p r o b e and 

washed i n 1 x SSC, 0 . 1 % SDS a t 48"c r e p r e s e n t i n g a p p r o x ­

i m a t e l y 74% h o m o l o g y . The r e s u l t s a r e s u m m a r i s e d i n T a b l e 

19. Hov/ever, u n d e r t h e s e w a s h i n g c o n d i t i o n s t h e b a c k ­

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

o b s c u r e some o f t h e w e a k e r s i g n a l s and l i t t l e f u r t h e r 

i n f o r m a t i o n v/as o b t a i n e d . 

3.2.4.2. P r o b i n g w i t h DNA C o d i n g f o r t h e Mr'^SOk t y p e C 
V i c i l i n 

The i n s e r t o f p l a s m i d p AD2,l (pDUB9) ( D e l a u n e y , 1 9 8 4 ) 
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Table 17 R e s u l t s of probing the cDNA l i b r a r y w i t h a cDNA coding f o r 
'- type B v i c i l i n a t %94% homology [ 47k v i c i l i n ; pAD3.4 

(pDUB?) 1 

P o s i t i v e c o l o n i e s : -

I n t e n s i t y Number Percentage of l i b r a r y 

mRNA probe 

M W VW 0 

1 2 

2 4 

3 7 

0 0 

6 13 

Strong 

Medium 

Weak 

Very Weak 

T o t a l 

12 

13 

13 

1 

39 

1.8% 

1.9% 

1.9% 

0.1% 

5.7% 

9 

6 

1 

1 

17 

0 0 

1 

1 

0 

2 

0 

2 

0 

2 

Tab l e 18 R e s u l t s of probing the cDNA l i b r a r y w i t h a cDNA coding f o r 
type B v i c i l i n a t a. 81% homology C47k v i c i l i n ; pAD3.4 " 
(pDUB7): 

P o s i t i v e c o l o n i e s : -

A l s o p r e s e n t a t I n t e n s i t y v. , 
94% homology 

Not present a t 
94% homology T o t a l Percentage 

of l i b r a r y S 
mRNA probe 
M W VW 0 

Strong 27 0 27 3.9% 16 3 8 0 0 

Medium 12 3 15 2.2% 3 3 4 2 3 

Weak 1 21 22 3.2% 9 16 4 3 0 

Very Weak 0 9 9 1.3% 0 1 4 0 5 

T o t a l 40 37 73 10.6% 28 23 20 5 8 

See l e g e n d on page 101. 
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Table 19 R e s u l t s of probing the cDNA l i b r a r y w i t h a cDNA coding f o r 
type B v i c i l i n a t •^74% homology :47k v i c i l i n ; pAD3,4 
(pDUB7) J 

P o s i t i v e c o l o n i e s : - -

I n t e n s i t y Number Percentage of l i b r a r y 

Strong 36 5,2% 

Medium 8 1,2% 

Weak 17 2,5% 

Very Weak 3 0,4% 

(Dubious) (19) (2.8%) 

T o t a l 64 (83) 9.3% (12.1%) 

T a b l e 20 R e s u l t s of probing the cDNA l i b r a r y with a cDNA coding f o r 
type C v i c i l i n a t '\.947o homology C50k v i c i l i n ; pAD^,i 
(pDUB9)3 

P o s i t i v e c o l o n i e s : - mRNA probe 

I n t e n s i t y Number Percentage of S M W VW 0 
l i b r a r y 

Strong 22 3.2% 11 2 5 4 1 

Medium 15 2.2% 9 3 3 0 0 

Weak 8 i . 2 % 3 0 1 1 3 

Very Weak 12 1,7% 2 l ' 3 2 4 

T o t a l 57 8.3% 25 6 12 7 8 

See l e g e n d on page 101. 
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i s a cDNA o f a message c o d i n g f o r t h e MrSOk t y p e C 

v i c i l i n . I t i s 'v-1500bp l o n g and i s v e r y n e a r l y a c o m p l e t e 

c o p y o f t h e message. A s e t o f f i l t e r s was p r o b e d w i t h 

t h i s i n s e r t and v/ashed i n 1 x SSC, 0 . 1 % SDS a t 68°C w h i c h 

r e p r e s e n t s a p p r o x i m a t e l y 94% h o m o l o g y . The r e s u l t s a r e 

s u m m a r i s e d i n T a b l e 20. 

E i g h t e e n o f t h e s e p o s i t i v e s w e r e n o t p o s i t i v e s i n 

t h e t y p e B v i c i l i n s c r e e n s . The same s e t o f f i l t e r s was 

r e - p r o b e d w i t h t h e same p r o b e and washed i n 1 x SSC, 0 , 1 % 

SDS a t 55°C r e p r e s e n t i n g a p p r o x i m a t e l y 8 1 % homology. The 

r e s u l t s a r e s u m m a r i s e d i n T a b l e 2 1 . 

The same s e t o f f i l t e r s was r e - p r o b e d w i t h t h e same p r o b e 

and washed i n 3 x SSC, 0 . 1 % SDS a t 55 ' ' c w h i c h r e p r e s e n t s 

a p p r o x i m a t e l y 72% h o m o l o g y . The r e s u l t s a r e summarised i n 

T a b l e 22. 

Of t h e p o s i t i v e s d e t e c t e d 3 weak, 4 v e r y weak and 

1 d u b i o u s w e r e g o o d p o s i t i v e s f o r o t h e r p r o b e s and hence 

w e r e p r o b a b l y s p u r i o u s . 

3.2.4,3. P r o b i n g v / i t h DNA C o d i n g f o r t h e Mr'v50k Type A 
V i c i l i n , 

The i n s e r t o f p l a s m i d pRC 2,2,1 (pDUB2) (Croy e t . a l . , 

1982; L y c e t t e t . a l . , 1983) i s a cDNA o f a message c o d i n g 

f o r t h e Mr50k t y p e A v i c i l i n I t i s '^'900bp i n l e n g t h and 

s t r e t c h e s f r o m t h e 3'-end t o j u s t i n t o t h e a - s u b u n i t , i . e . 

i t l a c k s '^^600bp f r o m t h e 5'-end. A s e t o f f i l t e r s w a s 

p r o b e d w i t h t h i s i n s e r t and v/ashed i n 1 x SSC, 0 . 1 % SDS a t 

68°C, r e p r e s e n t i n g a p p r o x i m a t e l y 94% h o m o l o g y . The r e s u l t s 
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Table 21 Results of probing the cDNA lib r a r y with a cDNA coding for 
type C v i c i l i n at ^81% homologyE50k v i c i l i n ; pAD2.1 
(pDUBS) 3 

Positive colonies: 

Intensity Also present at Not present at 
94% homology 94% homology Total Percentage 

of l i b r a r y S 
mRNA probe 
M W VW 

Strong 27 0 27 3.9% 14 4 5 3 

Medium 13 0 13 1.9% 8 1 3 1 

Weak 6 4 10 1,5% 1 1 1 2 

Very Weak 6 20 26 3.8% 6 3 7 5 

Total 52 24 76 11.1% 29 9 16 11 

Table 22 Results of probinj I the cDNA l i b r a r y with a cDNA coding for 
type C v i c i l i n at '^72% homology L 50k v i c i l x n ; pAD2.1 

Positive colonies:-

Previously 
i n t e n s i t y ^g^ected 

Nev/ly 
detected Total Percentage mRNA 

of l i b r a r y positive 
mRNA 
zero 

Strong 23 0 23 3. 4% 22 1 

Medium 16 0 16 2, .3% • 16 0 

Weak 11 2 13 1. ,9% 9 4 

Very Weak 18 20 38 5. .5% 26 12 

(Dubious) (9) (24) (33) (5. .Cffo) (20) (13) 

Total 68(77) 22(46) 90(123) 13, ,1%(18.1%) 73(93) 17( 

See legend on page 
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a r e s u m m a r i s e d i n T a b l e 23. Of t h e p o s i t i v e s d e t e c t e d 

t h i r t e e n v/ere n o t d e t e c t e d w i t h t h e o t h e r t w o v i c i l i n 

p r o b e s . 

3.2.5. P r o b i n g w i t h t h e I n s e r t o f P l a s m i d pRC2,2,26 

The i n s e r t o f p l a s m i d pRC2,2,26 i s a cDNA o f a b o u t 

2 40bp a n d was c l o n e d i n t o t h e BamHI s i t e o f p l a s m i d pBR322. 

I t i s knovm t o s e l e c t , i n h y b r i d r e l e a s e t r a n s l a t i o n ^ f o r a 

message p r o d u c i n g a w a t e r s o l u b l e ( a l b u m i n ) p r o t e i n o f 

M r v 2 5 , 0 0 0 (R.R.D.Croy and J.A.Gatehouse, p e r s o n a l communi­

c a t i o n ) . T h i s message was known t o be r e a s o n a b l y a b u n d a n t 

and t o code f o r n e i t h e r l e g u m i n n o r v i c i l i n . I t was s u s ­

p e c t e d t h a t i t c o u l d c o de f o r one o f t h e m a j o r a l b u m i n s 

Mr^25,000 and '\.24 ,000 o r t h e seed l e c t i n Mr'\^23,000 b e f o r e 

p o s t - t r a n s l a t i o n a l c l e a v a g e . 

A s e t o f f i l t e r s WQJ p r o b e d w i t h t h i s i n s e r t and 

washed i n 1 x SSC, 0 , 1 % SDS a t 68°Cf r e p r e s e n t i n g a p p r o x ­

i m a t e l y 94% h o m o l o g y . The r e s u l t s a r e sum m a r i s e d i n T a b l e 

24. N i n e c o l o n i e s c o n s t i t u t i n g ' v l . 3 % o f t h e l i b r a r y were 

c o n v i n c i n g l y p o s i t i v e , a l l o f w h i c h e x c e p t tv/o w e r e a l s o 

mRNA p o s i t i v e . 

3.2.6. P r o b i n g w i t h DNA C o d i n g f o r t h e Seed L e c t i n o f 
P h a s e o l u s v u l g a r i s . 

The i n s e r t o f p l a s m i d pPVZ. 134 i s a cDNA o f t h e 

message c o d i n g f o r t h e s e e d l e c t i n o f P h a s e o l u s v u l g a r i s 

w h i c h i s know t o have a n t i g e n i c a n d seq u e n c e s i m i l a r i t i e s 

t o t h e pea s e e d l e c t i n ( H o f f m a n e t . a l . , 1 9 8 2 ) , The i n s e r t 

i s '^'960bp l o n g and c o n t a i n s t h e e n t i r e c o d i n g sequence 

f r o m j u s t 5' o f t h e s t a r t c o d o n t o t h e p o l y A t a i l . A s e t 
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Table 23 Results of probing the cDNA li b r a r y with a cDNA coding for 
type A v i c i l i n at 94% homology C 50k v i c i l i n ; pRC 2,2,1 
(pDUB2) 3 

Positive colonies:-

Inte n s i t y Number 

Strong 

Medium 

Weak 

Very Weak 

(Dubious) 

Total 

11 

17 

16 

2 

(2) 

46 

Percentage of l i b r a r y 

1.6% 

2.5% 

2„3% 

0.3% 

(0,3%) 

6.7% 

S 

5 

10 

3 

0 

mRNA probe 
M W V.V 0 

3 2 1 0 

2 3 1 1 

4 6 2 1 

1 0 0 1 

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

18 10 11 4 3 

Table 24 Results of probing the cDNA l i b r a r y _with_thej£isert of the 
plasmid pRC 2,2,26_ 

Colony 
pLG number 

pRC 2,2,26 
probe intensity 

mRNA 
probe intensity 

1,139 strong weak 

2.56 weak zero 

2.73 weak weak 

2.107 medium very weak 

3,86 medium zero 

3.129 strong very weak 

4,10 strong weak 

4,14 strong weak 

4.71 strong weak 

(4.81 dubious 

See legend on page iiSl = 

very weak) 



112 

o f f i l t e r s was p r o b e d w i t h t h i s i n s e r t and washed i n 3 x 

SSC, 0 . 1 % SDS a t 65,5°C., w h i c h r e p r e s e n t s a p p r o x i m a t e l y 

8 2 % h o m o l o g y . No s t r o n g s i g n a l s w e r e seen on t h e a u t o -

r a d i o g r a p h a n d t h e b a c k g r o u n d was f a i r l y h i g h , hov;ever 

t w o p o s s i b l e p o s i t i v e s w e r e d e t e c t e d ; pLG 2,47 w h i c h i s 

a mRNA weak p o s i t i v e and pLG3,127 w h i c h i s a mRNA medium 

p o s i t i v e . The f i l t e r s w e r e t h e n r e - p r o b e d w i t h t h e same 

p r o b e a n d washed i n 3 x SSC, 0,1%SDS a t 55°C w h i c h r e p r e ­

s e n t s a p p r o x i m a t e l y 72% ho m o l o g y . No p o s i t i v e s i g n a l s 

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

r o u g h l y u n i f o r m b a c k g r o u n d l a b e l l i n g , 

3.2.7. P r o b i n g w i t h cDNA E n r i c h e d i n Sequences C o d i n g f o r 
t h e Pea Seed M a j o r A l b u m i n s 

S i n g l e - s t r a n d e d , l a b e l l e d cDNA made f r o m mRNA en­

r i c h e d i n s e q u e n c e s c o d i n g f o r pea s e e d m a j o r a l b u m i n s was 

p r e p a r e d b y Mr. R, A. Ragab. The e n r i c h e d RNA was p r e ­

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

p e a c o t y l e d o n s v / i t h a n t i b o d i e s r a i s e d a g a i n s t pea seed 

m a j o r a l b u m i n s , e x t r a c t i n g t h e RNA and p a s s i n g i t down an 

o l i g o ( d T ) - c e l l u l o s e c o l u m n a n d , c o l l e c t i n g t h e r e t a i n e d 

p o l y ( A ) f r a c t i o n . Due t o t h e v e r y l i m i t e d amount and low 

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

s e t (Number 4) was p r o b e d . The f i l t e r was washed i n 1 x 

SSC, 0 . 1 % SDS a t 65°C w h i c h r e p r e s e n t s a p p r o x i m a t e l y 

9 1 % h o m o l o g y . The r e s u l t s , w h i c h w e r e o b s c u r e d b y a 

s i g n i f i c a n t b a c k g r o u n d on t h e a u t o r a d i o g r a p h , a r e summar­

i s e d i n T a b l e 25. The e i g h t r e a s o n a b l y c e r t a i n p o s i t i v e s , 

i , e , 2 medium a n d 6 weak w h i c h w e r e n o t p o s i t i v e s f o r 

o t h e r p r o b e s , r e p r e s e n t '^1,2% o f t h e l i b r a r y . 
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Table 25 Results of probing the cDNA li b r a r y with cDNA enriched i n 
• sequences coding for the pea seed major albumins 

Colony albumins mRNA Other 
pLG number probe intensity probe intensity probes 

4.4 weak zero -

4,7 weak very weak -
4.9 weak zero -

(4.11 dubious weak legumin) 

4,18 weak zero -

(4.25 dubious weak ) 
(4,28 dubious very weak legumin) 

(4,30 dubious weak possible v i c i l i n ) 

4,44 weak zero possible legumin 

4,45 weak zero possible v i c i l i n 

(4.47 dubious very weak ) 

4.52 weak weak -

4.61 weak zero legumin 

(4.74 dubious weak v i c i l i n ) 

(4.83 dubious zero ) 

4.91 weak weak possible v i c i l i n 

4.92 medium weak -
(4.96 dubious strong v i c i l i n ) 

(4.104 dubious very weak ) 

(4.111 dubious weak possible big legumin ) 

4.115 weak very weak -

(4.127 dubious weak legumin) 

(4.131 dubious strong legumin) 

(4.132 dubious medium ) 

4ol35 medium medium -
(4.137 dubious medium possible v i c i l i n ) 

2 medium and 6 weak positive colonies which were not positives for other 

probes. 
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3.3. I n v e s t i g a t i o n o f C o l o n i e s o f I n t e r e s t 

3 . 3 . 1 . Some Randomly S e l e c t e d C o l o n i e s 

A random s e l e c t i o n o f 11 w h i t e and 1 b l u e c o l o n i e s 

w e r e m i n i p r e p e d . T h e i r i n s e r t s w e r e s i z e d b y r e s t r i c ­

t i o n w i t h E c o R I t o c u t o u t t h e i n s e r t and a g a r o s e g e l 

e l e c t r o p h o r e s i s a nd by r e s t r i c t i o n w i t h BamHI t o l i n e a r i s e 

t h e m o l e c u l e a nd a g a r o s e g e l e l e c t r o p h o r e s i s . The second 

g e l V7as b l o t t e d as i n t h e S o u t h e r n T e c h n i q u e ( S o u t h e r n 

. b l o t t e d ) a n d t h e f i l t e r p r o b e d w i t h r a d i o l a b e l l e d mRNA 

and v/ashed i n 1 x SSC, 0 . 1 % SDS a t 68''c, w h i c h r e p r e s e n t s 

a p p r o x i m a t e l y 94% h o m o l o g y . The r e s u l t s a r e s u m m a r i s e d i n 

T a b l e 26. The a v e r a g e i n s e r t s i z e was '^SSOhp. 

3.3.2. Some mRNA P o s i t i v e C o l o n i e s 

A s e l e c t i o n o f mRNA p o s i t i v e c o l o n i e s w e re m i n i ­

p r e p e d t o g e t h e r w i t h one b l u e c o l o n y . T h e i r i n s e r t s w e r e 

s i z e d b y r e s t r i c t i o n v / i t h E c o R I w h i c h c u t s o u t t h e i n ­

s e r t s , and a g a r o s e g e l e l e c t r o p h o r e s i s . The r e s u l t s a r e 

s u m m a r i s e d i n T a b l e 27, 

3.3.3. Some M a i n L e g u m i n P o s i t i v e C o l o n i e s 

Of t h e c o l o n i e s m i n i p r e p e d t h r e e h a d been shown t o 

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

w i t h t h e i n s e r t o f p l a s m i d pAD4,4 (pDUB6) as a p r o b e . Two 

v/ere r e s t r i c t i o n - m a p p e d and t h e i r maps compared v / i t h t h a t 

o f t h e l e g u m i n A gene a n d t h e i n s e r t o f pAD4,4 i n F i g . 9 . 

The c o l o n y h y b r i d i s a t i o n s c r e e n w i t h t h e genomic 

c l o n e s o f l e g u m i n C and l e g u m i n A f o u n d t h r e e c o l o n i e s 

w h i c h v/ere p o s i t i v e f o r t h e s e genomic c l o n e s b u t n o t f o r 

t h e i n s e r t o f pAD4,4 (pDUB6), and we r e s u s p e c t e d t o r e p r e s e n t 
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Table 26 Insert s i z e s and res u l t s of mRNA probing a Southern blot 
at '\.94% homology of some randomly selected colonies 

Colony 
pLG number 

1.2 

1.6 

1.7 

1.11 

1.13 

1.14 

1.16 

1.17 

1.18 

1.19 

1.20 

Insert s i z e 
base pairs 

300 

540 

450 

1180 

690 

450 

960 

440 

600 

580 

330 

mRNA colony 
hybridisation probe 

very weak 

zero 

zero 

medium 

very weak 

very weak 

strong 

zero 

weak 

zero 

weak 

mRNA probe of 
Southern blot 

weak 

zero 

zero 

strong 

very weak 

weak 

strong 

zero 

zero 

medium 

1.4 1 O zero zero 

1 A blue i . e . i n s e r t l e s s colony 
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Table 27 Insert s i z e s of a selection of mRNA positive colonies 

Colony 
pLG number 

Insert s i z e 
base pairs 

1 A blue i . e . i n s e r t l e s s colony 

mRNA colony 
hybridisation probe 

1.9 1050 weak 

1,11 1180 medium 

1.16 960 strong 

1.18 600 weak 

1,20 330 weak 

1.40 470 medium 

1.46 600 medium 

1.60 840 medium 

1.63 1530 strong 

1.72 710 medium 

1.87 1090 medium 

1.4; i 0 zero 

Table 28 Insert s i z e s and some colony screen r e s u l t s of possible 
• cDNAs for the 5'-end of main legumin 

Colony 
pLG number-

Insert s i z e 
base pairs 

Colony screen r e s u l t s 
pAD4,4(pDUB6) Legumin C Legumin A mRNA 

2.116 

4,11 

390 

230 

zero 

zero 

weak medium medium 

weak strong weak 
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p a r t s o f t h e message n o t p r e s e n t i n pAD4,4 (pDUB6), i . e . 

t h e 5'-end o f t h e message. Two o f them v/ere m i n i p r e p e d 

and t h e i r i n s e r t ' s s i z e d by r e s t r i c t i o n w i t h EcoRI and 

a g a r o s e g e l e l e c t r o p h o r e s i s . The r e s u l t s a r e summar­

i s e d i n T a b l e 28. The i n s e r t s i z e s w e r e c o n s i s t e n t w i t h 

t h e known l e n g t h o f pAD4,4(pDUB6) and hence w i t h b e i n g 

cDNAs o f t h e 5' e n d o f t h e m a i n l e g u m i n message. 

3.3.4. Some Type B V i c i l i n P o s i t i v e C o l o n i e s 

Of t h e c o l o n i e s m i n i p r e p e d , t w o h a d been shovm t o 

be t y p e B v i c i l i n p o s i t i v e i n c o l o n y h y b r i d i s a t i o n s c r e e n s 

u s i n g t h e i n s e r t o f p l a s m i d pAD3,4(pDUB7) as a p r o b e . 

They w e r e r e s t r i c t i o n - m a p p e d and t h e i r maps compared, i n 

F i g . 1 0 , w i t h t h o s e o f : 1) pAD3,4(pDUB7) and pRC2,2,10 

(pDUB4), a c o m b i n a t i o n o f w h i c h r e p r e s e n t s a l l b u t lOObp 

o f t h e t y p e B v i c i l i n message; 2) pAD2,1(pDUB9), w h i c h 

r e p r e s e n t s n e a r l y a c o m p l e t e t y p e C v i c i l i n message and 

3) pRC2,2,l(pDUB2) w h i c h r e p r e s e n t s 'v900bp o f t h e Type A 

v i c i l i n message, w i t h '^'600bp o f t h e 5'-end o f t h e message 
m i s s i n g , 

3.3.5. P l a s m i d pRC2,2,2 6 a n d some pRC2,2,2 6 P o s i t i v e C o l o n i e s 

3 . 3 . 5 . 1 . P l a s m i d pRC2,2,26 

P l a s m i d pRC2,2,26 (R.R.D. C r o y , p e r s o n a l communi­

c a t i o n ) c o n s i s t s o f a s h o r t cDNA i n s e r t , c l o n e d i n t o t h e 

BamHI i n s e r t o f p l a s r a i d pBR322, w h i c h i n h y b r i d - r e l e a s e 

t r a n s l a t i o n e x p e r i m e n t s s e l e c t s a message c o d i n g f o r a 

p r o t e i n o f m o l e c u l a r w e i g h t '^25,000, w h i c h i s r e a s o n a b l y 

a b u n d a n t . I t was t h o u g h t t o code f o r one o f t h e m a j o r 

a l b u m i n s Mr 2 5,000 and 24,000 o r t h e seed l e c t i n v/hich may 

h a v e t h i s Mr b e f o r e p o s t - t r a n s l a t i o n a l c l e a v a g e . A f u l l 
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s c a l e p r e p a r a t i o n o f pRC2,2,26 was p e r f o r m e d and t h e i n s e r t 

was e x t e n s i v e l y r e s t r i c t i o n - m a p p e d ( F i g . 1 1 ) , andADNA 

s e q u e n c e d ( F i g . 1 2 ) b y t h e e n d - l a b e l l i n g d i d e o x y method. 

3.3.5.2. Some pRC2,2,26 P o s i t i v e C o l o n i e s 

M i n i p r e p a r a t i o n s w e r e made o f a s e l e c t i o n o f t h o s e 

c o l o n i e s w h i c h h y b r i d i z e d t o t h e i n s e r t o f p l a s m i d pRC 

2,2,26 i n a c o l o n y h y b r i d i s a t i o n s c r e e n . T h e i r i n s e r t s 

w e r e s i z e d b y r e s t r i c t i o n w i t h E coRI and a g a r o s e g e l 

e l e c t r o p h o r e s i s , ( T a b l e 29) and e x t e n s i v e r e s t r i c t i o n -

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

pLG2,73/ i n s e r t s i z e 800bp, and pRC2,2,26 and mRNA weak) 

and pLG 4 , 1 0 f i n s e r t s i z e 860bp, pRC2,2,26 s t r o n g and 

mRNA w e a k ) ( F i g . 1 3 ) , A S o u t h e r n b l o t o f t h e i n s e r t s i z i n g 

g e l was p r o b e d w i t h t h e i n s e r t o f p l a s m i d pPVL 134/lat 37''c ^^^^ 

( i n s t e a d o f 42''C) a n d washed i n 3 x SSC, 0 , 1 % SDS. a t 60°C 

w h i c h r e p r e s e n t s a p p r o x i m a t e l y 77% h o m o l o g y , A S o u t h e r n 

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

w i t h l a r g e i n s e r t s (pLG2,73 a n d pLG4,lO) and pRC2,2,26 

was p r o b e d w i t h t h e i n s e r t o f pRC2,2,26 and washed i n 

1 x SSC, 0 . 1 % SDS a t 68°C, w h i c h r e p r e s e n t s a p p r o x i m a t e l y 

94% h o m o l o g y . These r e s u l t s a r e s u m m a r i s e d i n T a b l e 29. 

P l a s m i d pLG 2,7 3 and pLG 4,10 we r e s u b c l o n e d i n t o Ml3mp9 

and s e q u e n c e d b y t h e d i d e o x y m e t h od ( F i g . 1 4 ) 

3.3.6. Some P h a s e o l u s v u l g a r i s Seed L e c t i n cDNA P o s i t i v e 
C o l o n i e s . 

The tv/o c o l o n i e s pLG 2,47 and pLG 3,127, t h a t may 

ha v e b e e n p o s i t i v e s i n t h e c o l o n y h y b r i d i s a t i o n s c r e e n 

w i t h t h e i n s e r t o f p l a s m i d pPVL134, w h i c h i s a cDNA o f 

t h e message c o d i n g f o r P h a s e o l u s v u l g a r i s s e e d l e c t i n . 
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A T O G C n C T C T T C f t V ^ C C C A ^ ^ i T C A T C T C G T T C T A C G C G ^ ^ ^ It: 

CnCCTTCnGiTCACC^t^GTTCAGCCCC&^CCAACAAAACCTAATCnc&¥!GGA 26: 

AAAGAACACTGTTGGCASsHGCCCTCTHlTCCTCACCTATCCATATCTGGiS 33^ 

A T A A A T G C A C C C A A C A G n A C / y i C G n G C C G A C G G G m A C G T T C T T C A T C G C A C C T G T A G ^ ^ 4S5 

TCAATAGCQCAGAGTAT&^TFA¥iCaACTijWlCTGTTGCTGTGC^GTna^ 5^--
G'isTCCA^GCAACAGAGATAGACATAT 

TGGjiATC&^TGTC^ijiGTATCAAATCCGTi¥«CACTt¥*GTCGTGi5¥iGnG!:Ai^^ 6i'i 
TGGAATCî TGTGf̂ CAGTATCf¥5ATCCGTAAACACTAAGTCGTGGAAGTTGCAGAATG 

AATGTGnAACTGTTAijmGAD:TATCCTAAnCACnCv5.Gi3AAGAa^TGTAACiA8nAT^^ 7-].; 
AATGTGTTAACTGTTAGTTTiGA.CCTATCCT 

CTiS^GTG3GT;*GiJ^MG!jmirrCAGCTACD îJ5G»iGiJ^GAATATGCH 88? 
. > end o i pRC2,2,24 i n s e r t . . . . . . . 

(¥ iG~CTA^:Gi j iAGCT&j^:-ATGMTAG^^ 

ATGCAGTfiCnnGTAATGnGnATGTATGTTACTTGATGC6mHTTAAAA.AftAA^^>^¥\^ 964 

F i g . 1 2 . The DNA Sequence o f t h e I n s e r t o f P l a s m i d pRC2,2,26 
Compared w i t h t h a t o f Pea L e c t i n Message 

The p e a l e c t i n s e quence ( H i g g i n s e t . a l . , 1982) r u n s 
f r o m t h e s t a r t c o d o n t o t h e p o l y A t a i l , and i s t h e u p p e r 
s e q u e n c e . 
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Table 29 Insert s i z e s and res u l t s of various hybridisation screens of 
some plasmid pRC 2, 2,26 positive colonies 

Colony 
pLG number 

pRC 2,2,26 Insert s i z e 
colony screen base pairs 

mRNA 
colony screen 

pRC 2,2,26* 
Southern 

blot 

PPVL134** 
Southern 

blot 

1.139 strong 420 weak - zero 

2.56 weak 210 zero - zero 

2.73 weak 800 weak zero zero 

2,107 medium 210 very weak - very weak 

3,85 medium 290 zero - very weak 

4,10 strong 850 weak strong weak 

4.14 strong 210 weak - zero 

4.71 strong 290 weak - very weak 

(4.88 dubious 300 very weak - zero) 

plasmid pRC2,2,26 - 240 - strong weak 

* Washed i n 1 XSS C, 0.1% SDS at 68°C representing '^94% homology 

Washed i n 3 xSSC, 0.1% SDS at 60°C representing '^7% homology 

- Not d o n s o 

I n each c a s e the probe used was the cD^!A i n s e r t o-f the given 
pi asmido 

Table 30 Inse r t s i z e s and the res u l t s of various screenings for the 
pPVi.134 positive colonies 

pPLV134 colony screen 
mRNA colony screen 
I n s e r t s i z e base pairs 
pPV/L134 Southern b l o t * 
pRC2,2,26 Southern blot ** 

pLG 2.47 

weak 
weak 

300 and 500 
very weak 
zero 

pLG 3.127 

weak 
medium 

550 
very weak 

* Washed to ^̂ 7̂7% homology. ** washed to '^94% homology, 
blot hybridisation i n t e n s i t i e s were r e l a t i v e to the siz e markers. 

- Not done= 
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Pea iectir. n-essag; 

ATGGCTTCTC~Q^CCD¥iAT&^7CTCGTTCTACGiGATATTTaHTCC^^^ ! 

CnCCirmGATCACî GITCAGCCCCSCCAACAAAACCTAATCnCD̂  2i: 
< end of pL84.18 insert 

Ai¥i(^CACTGnGG.CAi3AGCCCTCTATTCCTCACCTATCfflTATCTGGKTAGA&^ 

ATi¥^TGij^CCD¥ii>^.6nACAACGn6CCi3ACGGi3TnACGncn!:ATCGC«C 4?? 

TD¥iTA6C6CA6AGTATC^TAA,AACCACTijWiCTGnGCT6TGC^^Gmffi&^ 

TGSiî iTCa^TGTLî CAGTHTa'ViATCCGTiVsACACTAAGTCGTGGAAGn^^ m 

(y^TGTGTTf¥iCTGnAGmC^CCTATCCTAATTffiCnGAG&¥i&^GAAT!r^ 7?;? 

CTffiGTGGGT.AAGGAnGiSTTTCTiĵ GCTACffliĵ GGAGCAGAArATGCAGu^U^ 83: 
GGTf¥sa3AnG^TTTCTCA,GCTACCACKGwG!jS-GAi^TATGCAGCACATGAA!3n^^ pLGi.. 

f^GTTCTAA6D¥iGCTG!jiGATGDiTAGTTTTnGCTTnCATCAT'^^ 

f^GnCT;¥!Gi:i¥ii3CTGCA!3ATGCATAGTTTmGCTTnteT pLG4.. 

ATGQiGTACTTnGTAATGnGnATGTATGnACnGATGC6mAnAft: ; jWi^^^ 944 

ATGCAGTACTTnGT.^ATGnGnAT6TATGnACnGATGCGmAnAATCf^TGTGT6TGAnAATTGnAi¥AAAAft^ pLG4. 

pLG 2,73 

CCAGGGAAnCCaJTCTACTAAGnCCTCATCTTL€TCTCmCKATCTCTQ^CGTCCAGGnGi¥iCTTGCTm 193 

GATACnCTGGnCTCnCTGCATCnCCTmCACGTT!3ATATCTATAmCTGCnCTCncnCATCnmGCTm m 

CTCCGTGGCGTTTnCCTCTmTC,ACCTCnG6Ci]ACCTCmCTCTnCGTCCAiCTCCn!:ATCTCncmTCGTAGS^ 2?5 

Fig.14. DNA Sequences o f Two Plasmid pRC2,2,2 6 P o s i t i v e s 
Compared w i t h t h a t of Pea L e c t i n Message 

The sequence of pea l e c t i n message (Higgins e t . a l . , 1982) 
runs from the s t a r t codon t o the poly A t a i l , and i s the 
upper sequence. 
The i n s e r t of pLG 2,73 runs on t o '̂ -800 
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were minipreped and the i n s e r t s sized by r e s t r i c t i o n and 
agarose g e l e l e c t r o p h o r e s i s . A Southern b l o t of these 
plasmids v/as probed w i t h the i n s e r t of plasxnid pPVL134 
and v;ashed i n 3 x SSC, 0.1% SDS at 60"C which represents 
approximately 77% homology, and one of pLG2,47 was probed 
w i t h the i n s e r t of pRC2,2,26 (See section 3.3.5) and 
washed i n 1 x SSC, 0,1% SDS a t 68°C, which represents 
approximately 94% homology. These r e s u l t s are summarised 
i n Table 30. Some rough r e s t r i c t i o n - m a p p i n g was c a r r i e d 
out : Plasmid pLG2,47 has i n i t s i n s e r t s : 1 Hpal s i t e , 
2 EcoRV s i t e s approximately 270bp apart and 1 P s t I s i t e 
approximately 470bp from the P s t I s i t e i n the multipurpose 
c l o n i n g s i t e of pUC8. I t has no s i t e s f o r BamHI, C l a l or 

PvuII i n i t s i n s e r t . R e s t r i c t i o n w i t h PvuII gave only two 
^FragjTients and as PvuII cuts pUC8 twice e i t h e r side o-f the c1onin< 
s i t e t h i s con-firms that pLG2,47 has two i n s e r t s . 

Plasmid pLG3,12 7 has no Hpal s i t e . Thus n e i t h e r i n s e r t s 

r e s t r i c t i o n map f i t s t h a t of pea l e c t i n . 

3.3.7. Some Major Albumins P o s i t i v e Colonies 
M i n i p r e p a r a t i o n s were made of a s e l e c t i o n of those 

c o l o n i e s which h y b r i d i s e d t o the cDNA enriched w i t h sequ­
ences coding f o r the major albumins (Section 3.2.7.). 
Their i n s e r t s were sized by r e s t r i c t i o n w i t h endonuc(eases 
and agarose g e l e l e c t r o p h o r e s i s (Table 31). No strong 
c o r r e l a t i o n was seen between i n s e r t size and strength of 
h y b r i d i s a t i o n s i g n a l w i t h the major albumins probe. 

R.A, RagabAinvestigated some of these f u r t h e r and 

showed by h y b r i d - r e l e a s e t r a n s l a t i o n t h a t the l a r g e r of 

the i n s e r t s o f pLG 4,135 s e l e c t s a message f o r a p r o t e i n 

o f Mr ^^.25,000, the same si z e as the pea seed large major 
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Table 31 I n s e r t s i z e s and the r e s u l t s of v a r i o u s s c r e e n i n g s j o r j h e 
ma j o r albumins p o s i t i v e c o l o n i e s 

Colony Major albumins I n s e r t s i z e 
pLG colony s c r e e n base p a i r s 

number 

4.7 

4.9 

4.44 

4.45 

4.52 

4.61 

4.92 

4.115 

4.135 

weak 

weak 

weak 

weak 

weak 

weak 

medium 

weak 

medium 

410 and 230 

870 

580 

720 

580 

640 

1070 

<200 i 

840 and 330 

raRNA 
colony s c r e e n 

very weak 

zero 

zero 

zero 

weak 

medium 

weak 

very weak 

medium 

Other 
colony screens 

weak legumin 

p o s s i b l e v i c i l i n 

legumin p o s i t i v e 

1 i . e . no i n s e r t v i s i b l e on the g e l 
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albumin. This p r o t e i n was f u r t h e r shown t o react w i t h a n t i ­
bodies r a i s e d against the pea seed major albumins. The 
large i n s e r t of plasmid pLG 4,135 d i d not cross hy b r i d i s e 
w i t h the other possible albumin p o s i t i v e s , but i t was used 
t o s e l e c t two colonies from another cDNA l i b r a r y . 

The la r g e i n s e r t of pLG 4,135 was r e s t r i c t i o n -
mapped (Fig.15) and DNA sequenced (Fig.16). This r e s t r i c ­
tion-map was found t o be s i m i l a r t o but not i d e n t i c a l t o 
the maps of the two albumin p o s i t i v e colonies i t has 
sele c t e d from the other cDNA l i b r a r y . 

3.3.8 Plasmid pJC5-2, pJC5-2 P o s i t i v e Colonies, and 
(big) Legumin Genes J and K 

3.3.8.1. Plasmid pJC5-2 and (big) Legumin Genes J and K 
Plasmid pJC5-2 i s a subclone of the 1,9kb EcoRI f r a g ­

ment of genomic clone AJC5 (W. Eli;s • , personal communication) 
i n the EcoRI s i t e o f plasmid pUC9. Plasmid pUC9 i s 
e s s e n t i a l l y i d e n t i c a l t o plasmid pUC8 but w i t h the 
multipurpose c l o n i n g s i t e i n the opposite o r i e n t a t i o n . 
This 1.9kb fragment was shown t o h y b r i d i s e t o a cDNA 

(pCD40; Domoney and Casey, 1984) of a message coding f o r 
a Mr '̂ '65,000 legumin-related p r o t e i n , i . e . b i g legumin, 
and the gene, of v/hich t h i s fragment was p a r t o f , was 
c a l l e d legumin J. A second EcoRl fragment o f 3.5 kb, which 
d i d not border the 1.9kb fragment also h y b r i d i z e d w i t h 
the b i g legumin cDNA probe and was s i m i l a r l y subcloned i n 
pUC9 as plasmid p J C 5 - l l . This gene was named legumin K 

(Fi g . 1 7 ) . 
The i n s e r t o f pJC5-2 (legumin J) v/as ext e n s i v e l y 

restriction-m.apped. The i n s e r t of pJC5-ll (legumin K) and 

p a r t o f the legumin J gene not on pJG5-2 were also mapped 
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i n less d e t a i l by myself, D. Bown, I.M. Evans and M. 

Levasseur (Fig.18). The two maps are s i m i l a r , but not 

i d e n t i c a l . 

3.3.8.2. Plasmid pLG 3,121 a pJC5-2 Big Legumin P o s i t i v e 
Colony 

A miniprep of plasmid pLG 3,121, which hybridised 
s t r o n g l y t o the i n s e r t of plasmid pJC5-2 and t o mRNA i n 
colony h y b r i d i s a t i o n screens, was prepared. I t s i n s e r t 
v/as sized and restriction-mapped^, i t s map was found t o be 
e s s e n t i a l l y s i m i l a r t o t h a t of legumin J, t a k i n g i n t o 
account the i n t e r v e n i n g sequences and d i f f e r e n t t o those 
of legumin K and pCD40, which were s i m i l a r t o each other 
(Fi g . 1 8 ) . 

3.4. Cross H y b r i d i s a t i o n of Main and Big Legumin DNAs 
A Southern b l o t of an agarose gel of EcoRI digests 

o f some main legumin p o s i t i v e c o l o n i e s , i . e . the i s o l a t e d 
i n s e r t s of these p o s i t i v e c o l o n i e s , was probed w i t h the 
legumin J gene (a b i g legumin gene) probe, the i n s e r t of 
plasraid pJC5-2 (Section 3.2.3). The f i l t e r was washed 
i n 1 X SSC, 0.1% a t 65"C, which represents approximately 
91% homology. No cross h y b r i d i s a t i o n could be seen. 
(Fig.19). 

3.5. S i z i n g the Message Corresponding t o the cDNA In s e r t s 
o f Plasmids 

Northern b l o t s of agarose gels of the rel e v a n t mRNA 

can be probed w i t h a cDNA and from the h y b r i d i s a t i o n p a t t e r n 

the s i z e of the mRNA from which the cDNA was made can be 

estimated from various standard size markers. 
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1 2 3 4 1 2 3 4 

•Slots 

-pUC8 

( 

Inserts 

gel blot 

F i g . 19. PitLempted. h y b r i d i s a t i o n of b i g t o main legumin 
a t ^91% homology. 

I t was a t t e m p t e d to h y b r i d i s e a b i g legumin probe ( the i n s e r t of 
p l a s m i d pJC5-2 ) t o the i n s e r t s of two main legumin p o s i t i v e s 
w hich had been S o u t h e r n b l o t t e d . The washing c o n d i t i o n s 
c o r r e s p o n d to a p p r o x i m a t e l y 9V/. homology. 

1) S i z e marker pBR322 A l u l 
2) S i z e marker pBR322 R s a l 

3) ic 4) Main legumin p o s i t i v e s 

I n s e r t s i . e . main legumin c[»^s. 
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3.5.1. Estimating the Size of the mRNA Corresponding t o 
the I n s e r t o f Plasmid pLG 4,92 

Plasmid pLG 4,92 was a p l a u s i b l e major albumin p o s i t i v e 
(Sections 3.3.7 and 3.2.7), a sample of which was n i c k -
t r a n s l a t e d and used t o probe a Northern b l o t of an agarose 
ge l of pea cotyledon polysomal RNA from various stages of 
development (Fig.20). The size markers were run on the 
same g e l , but i n s t e a d of being b l o t t e d were ethidium 
bromide s t a i n e d and photographed i n the conventional manner. 
The f i l t e r was washed i n 0.1 x SSC x 0.1% SDS at 50°C, 
which represents approximately 84% homology. The r e s u l t s 
are summarised i n Table 32. 

3.5.2. Es t i m a t i n g the Size of the mRNA Corresponding t o 
the I n s e r t of Plasmid pRC 2,2,26 ffectm) 

A sample of plasmid pRC 2,2,26 (Sections 3.2,5 and 
3.3.5) was n i c k - t r a n s l a t e d and used t o probe a Northern 
b l o t o f an agarose g e l o f pea cotyledon RNA from various 
stages of development, and i s o l a t e d by d i f f e r e n t methods. 
(F i g . 2 1 ) . The size markers were run on the same g e l , but 
i n s t e a d o f being b l o t t e d were ethidiura bromide stained and 
photographed i n the conventional manner. The f i l t e r was 
washed i n 0.1 x SSC, 0.1% SDS a t 50°C, which represents 
approximately 84% hom.ology. The r e s u l t s are summarised i n 
Table 33. 

3.6. L i g a t i o n of DNA 
I n a se r i e s of experiments t e s t l i g a t i o n s v/ere c a r r i e d 

out on plasmid pBR322 r e s t r i c t e d w i t h endonuclease P v u I I , 

which produces b l u n t ends. I t V7as found t h a t the con­

d i t i o n s suggested by Maniatis e t . a l . , (1982) gave good 
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10 12 14 16 18 20 22 

•Slots 

I •2750 

-2250 

•1700 
•1450 
•1300 

Fig.20. S i z i n g the mRNA f o r pLG4,92 at %84% homology. 
Tracks are pea cotyledon polysomal RNA i s o l a t e d 
the given number of days a f t e r f l o w e r i n g . Band 
sizes are i n bases. 
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Table 32 
R e s u l t s of probing a Northern b l o t of .pea cotyledcpn ENA 

at ^ 84% homology 

Stage of development 
when BNA i s o l a t e d 

(days a f t e r f l o w e r i n g ) 

I n t e n s i t y of h y b r i d i s a t i o n w i t h 
bands of 

'^ISOO 
bases bases 

'\.2750 
bases 

10 medium zero zero 

12 medium zero zero 

14 very weak medium zero 

16 zero medium -

18 zero medium strong 

20 zero medium strong 

2 2 i dubious medium strong 

1 A l s o '^noo weak and '^1450 very weak 
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3S00-
3300-

1600-

CCMV 

150-
-VOObMS 

F i g . 2 1 . S i z i n g t h e mRNA f o r pea s o l u b l e seed L e c t i n . 

CCMV = Cowpea c h l o r o t i c m o t t l e v i r u s RNA.E.coli = 
E . c o l i RNA. <«/<̂  = / « * " • f ; / e / « / ifoUtJ 13-17J.^ . 

P o l y A~ = P o l y A RNA from pea c o t y l e d o n s ( H a l l e t . 
a l . , 19 7 8 ) . 18/20 day RNA = pea c o t y l e d o n RNA 
i s o l a t e d 18/20 days a f t e r f l o w e r i n g . P o l y HAP 
P o l y A"*̂  = P o l y A"*" RNA from pea c o t y l e d o n s '^14 days 
a f t e r f l o w e r i n g i s o l a t e d by d i f f e r i n g methods 
( H a l l e t . a l . , 1978). 
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Table 33 R e s u l t s of probing a Northern b l o t o£jraTi^pea_cotn^^ 
• RNAs wi t h p T i i ^ p R C 2,2,26 at -v84% homology 

Pea cotyledon 
RNA 

j-

p o l y ( A ) ' RNA mid-development 

HAP p o l y ( A ) ^ RNA mid-development 4 

po l y (A) Ktl\ mid-development 
18 day RNA 

20 day RNA 

S i z e of band 
( b a s e s ) 

^ 1000 

^ 1000 

I n t e n s i t y 
of 

H y b r i d i s a t i o n 

medium 

medium 

zero 

z e r o 

zero 

1 HAP poly(A)-' RNA i s prepared by the a l t e r n a t e method of H a l l e t . a l . , ( 1 9 7 8 ) 

P o l y C A ) - RNA i s the RNA which i s not ^ ^ ^ ^ f by an 
c e l u l o s e column and hence c a r r i e s no poly<A) ^^'^^y 
c o n s i s t s of rib o s o m a l Rfv!A, t r a n s f e r RNA and degraded messenger 
RNAc 
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r e s u l t s and were adopted as the method of choice. 

3.7. Terminal Deoxynucleotidyl Transferase T a i l i n g 
Reactions 

C a l f thymus t e r m i n a l deoxynucleotidyl transferase v/as 

used t o add homopolymer t a i l s t o the 3'-ends of s i n g l e -

and double-stranded DNA. 

3.7.1. Terminal Transferase Commercial Assay. 
Terminal t r a n s f e r a s e was assayed according t o the 

p r o t o c o l supplied by BRL (Bethesda Research Laboratores) 
on t h e i r data sheet. The subs t r a t e was a sample o f phage X 
NM258 r e s t r i c t e d w i t h endonuclease H a e l l l and p u r i f i e d by 
m u l t i p l e phenol e x t r a c t i o n s and ethanol p r e c i p i t a t i o n using 
HPLC-purity grade water throughout. 

F o l l o w i n g the p r o t o c o l f o r t a i l i n g w i t h dG residues, 
r e s u l t s e s s e n t i a l l y i d e n t i c a l w i t h those given i n the data 
sheet could be obtained, but not r e p r o d u c i b l y . The best 
assay gave t a i l s of 197, 217 and 233 base a f t e r 30, 60 
and 120 minutes compared w i t h 118, 113 and 110 bases 
claimed i n the data sheet f o r the same c o n d i t i o n s . Using 
an i d e n t i c a l p r o t o c o l w i t h dCTP instead of dGTP very r a p i d 
i n i t i a l uptakes o f r a d i o l a b e l a f t e r 2 minutes v;ere followed 
by apparent loss of the t a i l , i . e . e s s e n t i a l l y no uptake 
of r a d i o a c t i v i t y a f t e r 5-10 minutes and subsequently. 

3.7.2. Terminal Transferase a Func t i o n a l Assay 
A f u n c t i o n a l assay of TdT was devised : Plasmid pBR322 

was cu t a t i t s P s t I s i t e t o leave exposed 3'-ends, the 
best s u b s t r a t e f o r TdT, and p u r i f i e d c a r e f u l l y by phenol 
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e x t r a c t i o n s and e t h a n o l p r e c i p i t a t i o n u s i n g HPLC w a t e r 

t h r o u g h o u t . 

Samples o f P s t I c u t pBR322 were t a i l e d w i t h dC and 

dG ( S e c t i o n 3 . 7 . 4 ) , and were p u r i f i e d b y p a s s i n g down t h e 

a p p r o p r i a t e o l i g o ( d e o x n u c t e o t i d y l ) - c e l l u l o s e c o l u m n 

( S e c t i o n 3 , 8 ) . The DNA r e t a i n e d b y t h e c o l u m n was i d e n ­

t i c a l t o t h e o r i g i n a l s u b s t r a t e when e x a m i n e d b y a g a r o s e 

g e l e l e c t r o p h o r e s i s and i n each case t h e o v e r a l l y i e l d 

was a p p r o x i m a t e l y 1 2%. 

The r e s u l t s o f t h e a s s a y a r e c o n t a i n e d i n s e c t i o n 3.1,3 

a n d i n p a r t i c u l a r T a b l e 9, w h i c h shows t h e r e s u l t s o f 

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

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

7 X l O ^ / y g o f v e c t o r compares b a d l y w i t h t h a t of -

L a n d e t . a l , , (1981) o f 8 x 10 ^ / y g o f v e c t o r However t h e 

o l i g o ( d e o x y n u c l e o t i d y l ) - c e l l u l o s e c o l u m n r e s u l t w o u l d 

s u g g e s t o n l y 1 2 % o f t h e DNA h a d f u n c t i o n a l t a i l s a t b o t h 

e n d s . Thus t h e t r a n s f o r m a t i o n r a t e i s 4 x 10^/yg v e c t o r 

f o r m o l e c u l e s v / i t h v i a b l e t a i l s a t b o t h e n d s . 

3.7.3. T a i l i n g S i n g l e - s t r a n d e d cDNA 

sscDNA/mRNA h y b r i d d u p l e x e s and sscDNA f r o m v/hich 

RNA h a d be e n c l e a v e d w e r e t a i l e d w i t h b o t h dC and dG 

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

p l a s m i d DNA ( S e c t i o n 3 , 7 . 4 ) . T y p i c a l r e s u l t s w e r e t h e 

a d d i t i o n o f a p p r o x i m a t e l y 1 base p e r 3'-end o f DNA. B e s t 

r e s u l t s v/ere 1.5 and 3 f o r dG and dC b a s e s r e s p e c t i v e l y . 

D e s p i t e t h e d i s a p p o i n t i n g l y l o w t a i l i n g e f f i c i e n c y ^ v i a b l e 

t a i l s v/ere p r o d u c e d as shown b y t h e r e s u l t s i n S e c t i o n 3.1.2, 
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3.7.4. T a i l i n g P l a s m i d and o t h e r D o u b l e S t r a n d e d DNA 

I n a s e r i e s o f e x p e r i m e n t s i t was d e t e r m i n e d t h a t t h e 

maximum i n c o r p o r a t i o n o f r a d i o l a b e l i n t o dsDNA s u b s t r a t e s , 

u s i n g e i t h e r dGTP o r dCTP, occun-ed a f t e r a p p r o x i m a t e l y 2h 

m i n u t e s i n t h e p r e s e n c e o f 6 0 u g / i j l o f n u c l e a s e f r e e b o v i n e 

s e r u m a l b u m i n (BSA). 

3.8. O l i g o ( d e o x y n u c l e o t i d y l ) - C e l l u l o s e Columns 

I n a s e r i e s o f e x p e r i m e n t s i t was f o u n d t o be 

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

u n t a i l e d DNA u s i n g t h e a p p r o p r i a t e o l i g o ( d e o x y n u c l e o t i d y l ) -

c e l l u l o s e . The r e t a i n e d " t a i l p o s i t i v e " f r a c t i o n was 

e l u t e d i n a s u f f i c i e n t l y s m a l l v olume t o be r e a d i l y 

e t h a n o l - p r e c i p i t a t e d , t h o u g h l O y g tRNA was added as a 

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

b y t h e a b s o r p t i o n o f UV l i g h t , a t 254 nm w a v e l e n g t h , o f 

t h e e l u a t e ( F i g . 2 2 ) and was s e n s i t i v e enough t o d e t e c t 

s u b - m i c r o g r a m q u a n t i t i e s o f DNA. 

3.9. A R e s t r i c t i o n Map o f P l a s m i d pUC8 

P l a s m i d pUCB ( V i e r a and M e s s i n g , 1982) i s a p u r p o s e -

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

hov/ever no d e t a i l e d r e s t r i c t i o n map o f pUC8 was a v a i l a b l e . 

F rom t h e d e t a i l s o f c o n s t r u c t i o n o f p l a s m i d pUC8 t h e DNA 

s e q u e n c e v;as a s s e i n b l e d and e x / i a u s t i v e l y s e a r c h e d f o r t h e 

p r e s e n c e o f s i t e s f o r m o s t common 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 vjell as some l e s s common ones . F i g u r e 23, F i g u r e 24, 

T a b l e 34. 
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.pUCS 

C^GT^CCCftCTCGTuCACCCftiCTt^TgTKGCATCT^ 193 

GGG*¥iTf^G6GaaffiCG&iriHTGTTa¥sTACTCrtTAC 233 

Tni>«TGTATnA.5fWi^T/¥t^i>*¥iTH0GG 333 
. . . . . . Odel . 

CCTATfWiAATAGGCGTATi>VCa^GG(XCmCGTCTT^^ 433 

(̂ GAH5GTCACAGCTTGTCTGTi«GCGKTGCCGGGAG'CSGAD¥»GCCCi]TCAGGGCGCGTC^ 533 
Fokl . . . . . . . 

AGTCACGTAGO^TAGtGC^GT5TACTGGCnAACTATGCGGCATCA6A;G^ 638 
. ' f i a i . . . .ojsi . w«r . 

i r rA^ iGC^&^TACCGmT&mG^nCGCaTTiy iGGCTACGimCTGnGGi ]^ 733 
. H a e i t . 6 a ( . £ . . . . . / ' ^^ . ja - . 

DS¥!GGGGGGATCTGCTGC:/^i3i3C!3AnAAGnGGGTAACGC^1T^ 383 
H;>cir/ '^^^"^ • ' • ̂ ^fi^^ • • • • H,Adm est% 

GTCGACG&^TCKCGGa^iTTuGTAATCATGGTCATAGCTGmCCTGTGTGAAATTGnATCCGCTa 533 
f<.,ĵ r 6a/»iwr tioK . . . . . . . . 

A*«GTGTAj«!GCCTGGGGTGCCTftAT{̂ GTGAGG 1839 
. 8 s f A/X . . . . . . . . Pv^-Jt . 

AHAAT^ imCDWGCGCGGGGAwGGCGGmGCGTAnGG^^ 1139 

&j3AGCGGTATi:>^GCT&^CT!JW;GGC8GT.'¥<TACGGmTCtAC^GMT^ 1233 

.Ai;&Vi)X13T.Afe¥bAGGCC13CGTTGCTGSCGTTmC!>i7AGGCTCCG^^ 1363 
esthJi . . . . . . . ra<^ . 

OysCAGiaGTATi¥\A6^7ACiyGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCT 1438 
.Bst Ni . BftNl. . . . . . . 

CCCTICGGGAAGCGTGGCGCjnCTC{¥iTGCTCACGCTgTAGGTATCXCaGTTCGGTGTAGGTC^ 1588 
H a e 2 . . . D i e l . . . . . • 

GnCAGCCCGACCGCT6CGCCmTCCG6Tr^CTATCGTCn(>iijTCCAACCCGGm^ 1489 
. W-v.fI . . . . . . . 

F i g . 2 4 . DNA Sequence and R e s t r i c t i o n E n d o n u c l e a s e R e c o g n i t i o n 
S i t e s o f P l a s m i d pUC8 

The DiSiA s e q u e n c e o f pUC8 was e o m p i l e d -from t h e d e t a i l s o-f i t s 
c o n s t r u c t i o n and t e s t e d by some r e s t r i c t i o n mappingo No e x a u s t i v e 
r e s t r i c t i o n m a p p i n g o r DNA s e q u e n c i n g was c a r r i e d o u t o 
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pUC8 c c n t i n u i d 

TTAG»&i5Ca«GTAT0TAGGD3GT6CTACAGAGTTCn6AAGTG6TG 1738 

GAAGCCAGTTAiXnCG&VWt^;>^GnGGTAGCTCTTGATCCGGCf¥^ 1388 

CGCj^aW^WV^GC^Tuiy^-a^GATCCmC^TCTTn 1?38 

TATDWV^^Gii^TCTMXTAa^ 2998 
. ^ . . . . . 

CTTAATiCAGTt^jGaACaATOCAGCfflTCTGTCTAmCGTTCfm^ 2 ! 88 
. Ddet , . fokZ, .H-oft . . . . 

CCATCTGiGCC(XAGT.GCTGD^7i>)TACCGCC^0^CCi:aCGCTaACCGGCTCt̂  2233 
. . . . , flgtl . 

6TG^lXCTGC^i^CTTTAT(XGCCTC^TCCA.6^ 2383 
A v c c n : . . f o f f f . . . . . . . 

CAnGCTACAi2?ffiTCGT&l;Ti3TCJiCGCTCGTCGmGGTATGGCTTCAnCAGCTCCGGnCCCA^C^^ 2493 

TOl ijiAi^tWiGCGmAiXTCmCGGTCGTCCi^TCGnGTCAL^^ 2538 

nACTOTi:ATGC^V[KGTMaTGCTmCTGTa^CTGGTW 2fi88 
. F o k l , , .H/>/>r . . D J e l . . . . 

GGCGTCftiTHC6Gt^TAATAD:6C6CGACATAGCAmmf¥^GTGCTM^ 2783 

CT67Ti>iiMTCCAG]T 27 Id 

F i g u r e 24 C o n t i n u e d 
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Table 34 A r e s t r i c t i o n map of plasmid pUC8 

The multipurpose c l o n i n g s i t e has unique r e s t r i c t i o n s i t e s for:-

A c c I , A v a l , BamHI, EcoRI, H i n d i , H i n d l l l , P s t I , S a i l , Smal 

R e s t r i c t i o n 
endonuclease 

Number of 
s i t e s 1 P o s i t i o n ( s ) Fragment s i z e s * 

(base p a i r s ) 

A c c I 

A l u l 
Apal 
A p y l 
A v a l 
A v a i l 
A v r l l 
B a l l 
BamHI 

B e l l 
B g l l 
B g l l l 
B s t E I I 
BstNI 

C l a l 
Ddel 
EcoRI 
E c o R I I 
EcoRV 
F o k l 

H a e l l 
H a e l l l 
Hhal 
H i n d i 
H i n d i I I 
H i n f I 

Hpal 

H p a l l 

HphI 

1 
14X 
0 

up to 4* 
1 
2 
O 
0 
1 
0 
2 
0 
0 
5 

0 
6 
1 
5 
0 
5 

3 
17X 
17X 

1 
1 

5 
0 

13X 

7 

2716* 

814 
2203, 2425 

807 

630, 2186 

743, 913, 1200, 
1321, 1334 

817 
see BstNI 

430, 710, 2050, 
2230, 2515 

627, 1050, 1420 

-^803 

787 

2716* 
2494*, 222 

2716* 

1160, 1556* 

2125, 170*, 287, 121 
23 

2716* 

613, 280, 1340*, 
180, 285 

1923, 423*, 370 

2716* 
2716* 
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T a b l e 34 (Continued) 

i 

* 

• i c t i o n 
Luclease 

Number of 
s i t e s i 

P o s i t i o n ( s ) Fragment s i z e s * 
(base p a i r s ) 

Kpnl 0 - -
Mbol 15X 

MboII 8 

Mlul 0 - -
N a r l 1 624 2716* 

N e i l 6X 

Ndel 1 573 2716* 

P s t I 1 799 2716* 

P v u I I 2 696, 996 2416, 300* 

Rs a l . i i 3 or 2 524?, 558, 2545 695, 34?, 1987* 

S a i l 1 '\̂ 803 2716* 

Sau3A 15X 

Sau96I 6X 

Smal 1 '\^14 2716* 

SphI 0 - • — 

S s t I 0 - — 

S s t l l 0 - — 

S t u I 0 - -
TaqI 3 1, 802, 1272 ' 1445, 80?.*, 470* 

Xbal 0 - — 

Xhol 0 

X i n d i c a t e s t h e s e s i t e s a r e not marked on the wheel map. 

Fragments marked thus c o n t a i n a l l or p a r t of the multipurpose c l o n i n g 
s i t e . 
A pyl only c u t s s p e c i f i c a l l y methylated DNA, 

The R s a l s i t e a t p o s i t i o n 524 may have been d e l e t e d i n the 
c o n s t r u c t i o n of pUC8. 
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CHAPTER 4 

DISCUSSION 

4 . 1 . M ethods and S t r a t e g i e s f o r P r o d u c i n g a cDNA L i b r a r y . 

An i d e a l m e t h o d f o r t h e s y n t h e s i s o f cDNA v/ould c o n ­

s i s t o f t h e f o l l o w i n g s t e p s : 

F i r s t s t r a n d s y n t h e s i s w o u l d h a v e t o i n i t i a t e f r o m 

t h e 3' e n d o f u n d e g r a d e d mRNA; t h i s i s e f f i c i e n t l y a c h i e v e d 

b y p r i m i n g t h e p o l y m e r a s e w i t h o l i g o ( d T ) 1 2 - 1 8 , and s h o u l d 

p r o c e e d w i t h no " m i s t a k e s " c o m p l e t e l y t o t h e 5' end o f - t h e 

mRNA w h e r e i t w o u l d s t o p . The enzyme u s e d f o r t h i s p r o c e s s , 

a v i a n m y e l o b l a s t o s i s v i r u s (AI4V) r e v e r s e t r a n s c r i p t a s e , 

has a number o f p r o p e r t i e s and r e q u i r e m e n t s w h i c h a r e b o t h 

a d v a n t a g e o u s and d i s a d v a n t a g e o u s . The AMV enzyme w i l l o n l y 

i n i t i a t e f r o m a p r i m e r and w i l l p o l y m e r i s e DNA 5' t o 3' 

i n t h e c o n v e n t i o n a l manner u s i n g e i t h e r ssDNA o r ssRNA as 

a t e m p l a t e . The p r i m e r may be e i t h e r DNA o r RNA w i t h a 3' 

h y d r o x y l g r o u p a nd m u s t f o r m a r e g i o n o f d o u b l e s t r a n d e d 

n u c l e i c a c i d . The new DNA s t r a n d i s f o r m e d on t h i s 3' 

h y d r o x y l g r o u p and p r o g r e s s e s a l o n g t h e t e m p l a t e . 

The AMV enzyme a l s o has 5'-3' e x o r i b o n u c l e a s e and 

3'-5' e x o r i b o n u c l e a s e (RNAse H) a c t i v i t i e s , w h i c h s p e c i f i ­

c a l l y d e g r a d e RNA i n DNA:RNA d u p l e x e s . These p r o p e r t i e s , 

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

s t r u c t u r e s , f r o m w h i c h AMV r e v e r s e t r a n s c r i p t a s e i s known 

t o p r i m e i f somewhat i n e f f i c i e n t l y ( L a n d e t . a l . , 1 9 8 1 ; 

M u r r a y e t . a l . , 1 9 8 3 ) , may g i v e r i s e t o i n v e r s e r e p e a t 

a r t i f a c t s (Fagan e t . a l , , 1980; V o l c k a e r t e t . a l . , 1 9 8 1 ; 

Weaver e t . a l . , 19 8 1 ; G e r a g h t y e t . a l . , 19 82; Rasmussen e t . 

a l . , 1 9 8 3 ; D e l a u n e y 1 9 8 4 ) . M u r r a y e t . a l . , ( 1 9 8 3 ) e x p l o i t e d 

t h i s t o p r o d u c e n e a r c o m p l e t e dscDNA i n one s t e p . The AMV 
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enzyme i s a l s o s l i g h t l y p r o n e t o m a k i n g p o i n t " m i s t a k e s " 

w h e r e t h e w r o n g base i s added t o t h e c h a i n ( G o p i n a t h e n e t . 

a l . , 1979) . 

The AMV enzyme i s t h o u g h t t o be r e a s o n a b l y e f f i c i e n t 

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

u n d e g r a d e d . However, s e c o n d a r y s t r u c t u r e s f o r m e d b y t h e 

mRNA o r some s p e c i f i c s equences w i t h i n i t , may cause t h e 

AMV enzyme t o pause w h i c h w o u l d cause u n d e r r e p r e s e n t a t i o n 

o f 5' ends i n cDNA l i b r a r i e s . 

C o n t r o l o f t h e u n d e s i r a b l e RNAse a c t i v i t i e s i s 

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

w i t h human p l a c e n t a l o r r a t l i v e r RNAse i n h i b i t o r . B o t h 

i n h i b i t RNAse a c t i v i t y w i t h o u t i n t e r f e r i n g w i t h o t h e r 

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

o f Mr 'v40,000 i s e a s i l y r e m o ved b y p h e n o l e x t r a c t i o n , 

w h e r e a s t h e v a n a d y l r i b o n u c l e o s i d e c o m p l e x e s r e q u i r e 

m u l t i p l e e x t r a c t i o n s t o remove them e f f i c i e n t l y ( B e r g e r 

and B i r k e n m e i r 1979; M a n i a t i s e t . a l . , 1982; S c h e e l and 

B l a c k b u r n 1979; de M a r t y n o f f e t . a l . , 1 9 8 0 ) . The 3'-end 

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

r e p e a t s i s i n h i b i t e d b y i n c l u d i n g 4 mM s o d i u m p y r o p h o s p h a t e 

i n t h e r e a c t i o n m i x ( M u r r a y e t . a l . , 1 9 8 3 ) ; h o w e v e r , t h e s e 

e x p e r i m e n t s u s e d no RNAse i n h i b i t o r o r v a n a d y l r i b o n u c l e o s i d e 

c o m p l e x e s . T^ie. M n v e s t i g a t i o n s showed no s i z e d i f f e r e n c e s 

( o n a g a r o s e g e l ) f o r sscDNA made w i t h and w i t h o u t p y r o ­

p h o s p h a t e , u s i n g RNAse i n h i b i t o r i n t h e r e a c t i o n m i x 

( F i g . 6 . S e c t i o n 3 . 1 , 1 ) , The use o f p y r o p h o s p h a t e w i l l 

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

t h e h a i r p i n - l o o p m e t h o d . 

The scheme o f Okayama and B e r g (1981) ( F i g . 5 ) d i f f e r s 
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b y p r i m i n g v / i t h a f r a g m e n t o f p l a s m i d c a r r y i n g a t one end 

a t a i l o f dT r e s i d u e s a b o u t 60 ba s e s l o n g , and a 1,5-3 

t i m e s m o l e c u l a r e x c e s s o f p o l y (A)"*" RNA. T h i s has t h e 

a d v a n t a g e o f alv/ays u n i q u e l y o r i e n t a t i n g t h e cDNA i n t h e 

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

m e t h o d s o f sscDNA s y n t h e s i s . T h e / s r e s u l t s ( F i g . 4.) show t h a t 

t h e sscDNA s y n t h e s i s m e t h o d u s e d g i v e s sscDNA bands o f 

s i m i l a r s i z e t o t h e m a j o r bands i n t h e pol y ( A ) ' ' ' RNA (Evans 

e t . a l . , 1 9 8 0 ) . 

Second s t r a n d s y n t h e s i s s h o u l d , as f o r t h e f i r s t 

s t r a n d s y n t h e s i s , i n i t i a t e a t t h e 3'-end o f t h e f i r s t 

s t r a n d cDNA and p r o c e e d w i t h o u t e r r o r s t o t h e 5'-end, v/here 

i t s h o u l d s t o p . To a c c o m p l i s h t h i s s t e p many methods have 

b e e n u s e d and s u g g e s t e d , as w e l l as a v o i d i n g i t e n t i r e l y 

b y l i g a t i n g t h e sscDNA:mRNA h y b r i d d u p l e x i n t o a p l a s m i d 

and u s i n g t h i s t o t r a n s f o r m a s u i t a b l e s t r a i n o f b a c t e r i a 

(Wood and Lee 1976; Z a i n e t . a l . , 1 9 7 9 ) . However, t h i s 

m e t h o d i s a t l e a s t 10 t i m e s l e s s e f f i c i e n t t h a n u s i n g 

dscDNA; e . g., Okayama and B e r g (1981) o b t a i n e d j u s t 50 

t r a n s f o r m a n t s p e r m i c r o g r a m o f mRNA by e s s e n t i a l l y t h i s 

m e t h o d c o m p a r e d w i t h 100,000 f o r t h e i r f u l l s y n t h e s i s 

m e t h o d 

The p r o c e s s o f s e c o n d s t r a n d s y n t h e s i s can be b r o k e n 

down i n t o t h r e e p r o c e s s e s w h i c h do n o t n e c e s s a r i l y o c c u r 

i n a s e t o r d e r : r e m o v a l o f t h e RNA f r o m t h e DNA:RNA h y b r i d 

d u p l e x , t h e p r o d u c t i o n o f a p r i m i n g s i t e a nd t h e s y n t h e s i s 

o f t h e cDNA f r o m t h i s p r i m i n g s i t e . 

G e n e r a l l y , one o f t h r e e m e t h o d s f o r t h e r e m o v a l o f 

t h e RNA i s e m p l o y e d : 1) h e a t - d e n a t u r i n g , v/hich m e l t s t h e 

d u p l e x f o l l o v / e d b y r a p i d c o o l i n g t o p r e v e n t r e h y b r i d i s a t i o n ; 
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2) a l k a l i n e h y d r o l y s i s , w h e r e b y t h e RNA i s c o m p l e t e l y 

h y d r o l y s e d b y m i l d a l k a l i (e.g.0.3M NaOH): 3) t r e a t m e n t 

w i t h RNAse H v/hich s p e c i f i c a l l y d e g r a d e s RNA i n RNA:DNA 

d u p l e x e s (Okayama and B e r g 1 9 8 1 ) . However some schemes 

do n o t s p e c i f i c a l l y remove t h e RNA and p r e s u m a b l y r e l y on 

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

s e c o n d s t r a n d s y n t h e s i s . 

The Okayama and B e r g scheme t a k e s t h e sscDNA:mRNA 

d u p l e x , f o r m e d on t h e end o f a p l a s m i d f r a g m e n t , and t a i l s 

i t v / i t h '\'20 dC r e s i d u e s , u s i n g t e r m i n a l d e o x y n u c l e o t i d y l 

t r a n s f e r a s e . The p l a s m i d f r a g m e n t i s t h e n c l e a v e d w i t h 

r e s t r i c t i o n e n d o n u c l e a s e H i n d l l l , ( H i n d l l l c l e a v e s s i t e s 

i n DNA:RNA d u p l e x e s v e r y i n e f f i c i e n t l y ) a n d i n one s t e p 

p r i m e d v / i t h a s e c o n d p l a s m i d f r a g m e n t c a r r y i n g a H i n d l l l 

" s t i c k y " e nd a t one end and a dG t a i l '̂ 2̂0 b a s e s l o n g a t 

t h e o t h e r ; t h e RNA i s removed; t h e s e c o n d s t r a n d i s s y n t h e -

s i s e d ; and t h e t o t a l p l a s m i d i s c i r c u l a r i s e d u s i n g a m i x 

o f DNA p o l y m e r a s e I , E . c o l i DNA l i g a s e a nd RNAse H ( F i g . 5 ) . 

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

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

t h o u g h o t h e r s h a v e been s u g g e s t e d . 

The h a i r p i n - l o o p o r s e l f - p r i m i n g m e t h o d r e l i e s on t h e 

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

t h e 3'-end o f t h e sscDNA, w h i c h p r o v i d e a l e n g t h o f d u p l e x 

DNA v / i t h a 3' h y d r o x y l g r o u p f r o m w h i c h a p o l y m e r a s e can 

p r i m e . T h e r e h as been much s p e c u l a t i o n b u t t h e mechanism 

o f f o r m a t i o n o f t h e s e s t r u c t u r e s r e m a i n s l a r g e l y unknov/n. 

The s e c o n d m e t h o d u s e s TdT t o t a i l t h e sscDNA a t i t s 

3'-end a n d t h e n a n n e a l s i t w i t h a p r i m e r , e i t h e r an o l i g -

d e o x y n u c l e o t i d e o r a t a i l e d p l a s m i d f r a g m e n t (Land e t . a l . , 

1 9 8 1 ; M u r r a y e t . a l . , 1983; Okayama and B e r g 1 9 8 1 ) . 
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A n o t h e r p o s s i b l e method w o u l d be t o l i g a t e a p i e c e 

o f dsDNA t o t h e sscDNA:mRNA d u p l e x u s i n g T4 DNA and T4 

RNA l i g a s e s . The dsDNA r e g i o n w o u l d p r o v i d e t h e p r i m i n g 

s i t e a f t e r t h e r e m o v a l o f t h e RNA f r o m t h e sscDNA:mRNA 

r e g i o n , t h e polym.erase e f f e c t i v e l y f i l l i n g i n a r e g i o n o f 

ssDNA on one end o f a p i e c e o f dsDNA, D e l a u n e y (1984) 

s u g g e s t e d u s i n g s y n t h e t i c l i n k e r s as t h i s dsDNA p r i m e r , 

w h i c h w o u l d p r o d u c e dscDNA w i t h l i n k e r s r e a d y a t t a c h e d . 

The p r o b l e m s o f u s i n g l i n k e r s a r e d i s c u s s e d b e l o w . 

A number o f p o l y m e r a s e enzymes have been used t o 

p r o d u c e t h e s e c o n d s t r a n d . DNA p o l y m e r a s e I was o r i g i n a l l y 

u s e d i n t h e m e t h o d o f E f s t r a t i a d i s e t . a l . , ( 1 9 7 6 ) , b u t 

b e c a u s e o f i t s 5'-3' e x o n u c l e a s e a c t i v i t y i s now n o r m a l l y 

s u p e r c e d e d b y i t s l a r g e f r a g m e n t (Klenow p o l y m e r a s e ) , 

w h i c h l a c k s t h i s a c t i v i t y . B o t h enzymes have 3'-5' 

e x o n u c l e a s e a c t i v i t i e s b u t t h e y a r e b l o c k e d by t h e 

p o l y m e r a s e a c t i v i t i e s . AMV r e v e r s e t r a n s c r i p t a s e i s a l s o 

u s e d and h a s no e x o n u c l e a s e a c t i v i t i e s , b u t i s n o r m a l l y 

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

i n e f f i c i e n t l y f r o m h a i r p i n l o o p s (Land e t . a l . , 1 9 8 1 ; 

M u r r a y e t . a l . , 1 9 8 3 ) . M a n i a t i s e t . a l . , (1982) recommend 

t h e u se o f b o t h enzymes s e q u e n t i a l l y t o o vercome any 

p r o b l e m s o f enzymes p a u s i n g a t c e r t a i n s e q u e n c e s ; p r e ­

s u m a b l y t h e tv/o enzymes pause a t d i f f e r e n t s e q u e n c e s . 

The c h o s e n h a i r p i n - l o o p scheme gave a s i g n i f i c a n t i n c r e a s e 

i n t h e number o f m o l e c u l e s o f s i z e s d i f f e r i n g f r o m t h o s e 
o-f t h e m a j o r bands i n t h e p o 1 y < A ) * Rî SA as shown by t h e i l l 
d e f i n e d band p a t t e r n i n F i g u r e 6o 

Hov/ever, t h e r e seems t o be m a i n l y c o m p l e t e o r n e a r 

c o m p l e t e dscDNAs as t h e b a n d p a t t e r n s t i l l p e r s i s t s t o a 

c e r t a i n e x t e n t . 
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H a v i n g p r o d u c e d dscDNA t h e n e x t s t e p v/as t o i n s e r t 

i t i n t o a s u i t a b l e v e c t o r . T h i s s t e p s h o u l d be e f f i c i e n t 

and s h o u l d n o t d e g r a d e t h e cDNA. T h i s v e c t o r ( i n c o m b i n a ­

t i o n v / i t h i t s h o s t ) s h o u l d c a r r y some c o n v e n i e n t r e c o g n i t i o n 

s y s t e m s so t h a t v e c t o r s c o n t a i n i n g i n s e r t s a r e e a s i l y 

s o r t e d f r o m t h o s e w i t h o u t , and a " s e l e c t a b l e gene" s u c h 

as an a n t i b i o t i c - r e s i s t a n c e gene t o s e l e c t h o s t s c a r r y i n g 

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

m a i n t a i n t h e v e c t o r . The v e c t o r s h o u l d be r e l a t i v e l y 

s m a l l and c o n t a i n a u n i q u e r e s t r i c t i o n s i t e i n t h e r e c o g ­

n i t i o n s y s t e m t o c l o n e t h e cDNA i n t o . I t s h o u l d be s t a b l e 

i n t h e h o s t u s e d 

so t h a t i n s e r t s a r e n o t d e l e t e d o r m u t a t e d and c a r r y a 

c o n v e n i e n t r a n g e 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 t e s t o 

a l l o w t h e i n s e r t t o be m a n i p u l a t e d and mapped. H i g h copy 

number t o g i v e good y i e l d s i n p r e p a r a t i o n s , ease o f 

h a n d l i n g and s t o r a g e , s a f e t y and o t h e r p r o p e r t i e s must 

a l s o be c o n s i d e r e d . 

The c h o s e n v e c t o r , p l a s m i d pUC3 ( V i e i r a and M e s s i n g , 

1982) , c a r r i e s an a m p i c i l l i n r e s i s t a n c e gene and a m u l t i ­

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

by t h e i n s e r t i o n o f DNA i n t o t h e c l o n i n g s i t e . T h i s l a c 

gene i n c o m b i n a t i o n w i t h t h e c h o s e n h o s t E . c o l i s t r a i n T B I 

p r o d u c e s an enzyme w h i c h c l e a v e s X - g a l t o p r o d u c e a b l u e 

d y e . Thus c o l o n i e s w i t h p l a s m i d b e a r i n g i n s e r t s g rown on 

m e d i a c o n t a i n i n g X - g a l a r e w h i t e and t h o s e w i t h o u t i n s e r t s 

a r e b l u e . 

Many o t h e r p l a s m i d s a r e a v a i l a b l e f o r cDNA c l o n i n g , 

c a r r y i n g a v a r i e t y o f a n t i b i o t i c r e s i s t a n c e genes and o t h e r 

m a r k e r s . M o s t o f t h e s e a r e e s s e n t i a l l y v e r y s i m i l a r t o 

pUC8( and he n c e pBR322 ( B o l i v a r e t . a l . , 1977; S u t c l i f f e 
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1978, 1979)) b e i n g p l a s m i d s b a s e d on a common o r i g i n o f 

r e p l i c a t i o n . One o t h e r c l a s s o f v e c t o r s f o r m s a s t r o n g 

c o n t e n d e r f o r n o r m a l cDNA c l o n i n g , n a m e l y t h o s e d e r i v e d 

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

DNA phage M l 3 . M e s s i n g ̂ BRL L t d , M13 c l o n i n g / d i d e o x y 

s e q u e n c i n g m a n u a l ) has d e v e l o p e d t h e s e as v e c t o r s u s i n g a 

s i m i l a r l a c gene s y s t e m c o n t a i n i n g a m u l t i p u r p o s e c l o n i n g 

s i t e as f o r pUC8. 

The l i f e c y c l e o f phage M13 t a k e s i t t h r o u g h b o t h 

s i n g l e and d o u b l e s t r a n d e d c i r c u l a r f o r m s . The e x i s t a n c e 

o f t h e d o u b l e s t r a n d e d r e p l i c a t i v e f o r m (RF) a l l o w s M13 

t o be t r e a t e d as a p l a s m i d and a l l o w s i t s m a n i p u l a t i o n 

w i t h r e s t r i c t i o n e n d o n u c l e a s e s , l i g a s e and o t h e r enzymes. 

RF M13 n a t u r a l l y e x i s t s o n l y w i t h i n a h o s t b a c t e r i u m f r o m 

w h i c h i t c a n be i s o l a t e d ( s i m i l a r l y t o p l a s m i d s ) and 

c o m p e t e n t b a c t e r i a c a n be t r a n s f o r m e d w i t h RF M13 as w i t h 

a p l a s m i d . A b a c t e r i u m c o n t a i n i n g M13 w i l l be c o n s t a n t l y 

s e c r e t i n g , w i t h o u t l y s i s , s i n g l e s t r a n d e d M13 p a c k a g e d i n 

a p r o t e i n c o a t , t h e phage f o r m . O n l y one s t r a n d ( t h e + 

s t r a n d ) i s s e c r e t e d i n t h i s manner and t h e s e phage p a r t i c l e s 

a r e a b l e t o i n f e c t o t h e r s u s c e p t i b l e b a c t e r i a . 

M e s s i n g ' s M l 3 v e c t o r s a r e r e l a t i v e l y s m a l l , 7-7,5 kb 

i n l e n g t h , e x i s t i n a h i g h c o p y number a t '̂ 2̂00 c o p i e s p e r 

c e l l o f t h e RF, have a s i m p l e s y s t e m f o r s e l e c t i n g b a c t e r i a 

b e a r i n g phage v / i t h an i n s e r t ( e s s e n t i a l l y t h e l a c s y s t e m 

as i n pUC8) and have i n t h e i r m u l t i p u r p o s e c l o n i n g s i t e s 
a v a r i e t y o-f u n i q u e r e s t r i c t i o n s i t e s . S e l e c t i o n p r e s s u r e t o 
m a i n t a i n M i 3 i n i t s h o s t i s p r o v i d e d by i t s phage l i f e c y c l e . Any 
h o s t c e l l n o t c o n t a i n i n g a phage w i l l be s u s c e p t a b l e t o i n f e c t i o n 
by t h e phage p a r t i c l e s b e i n g c o n s t a n t l y s e c r e t e d i n t o t h e medium 
by i n f e c t e d c e l l s . The phage f o r m o f M i 3 i s a l s o i d e a l f o r EX^iA 

s e q u e n c i n g a n d h y b r i d - r e l e a s e t r a n s l a t i o n e x p e r i m e n t s 
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( C h a n d l e r , 1 9 8 2 ) . 

The m o s t s i g n i f i c a n t d e f e c t i n M13 v e c t o r s i s t h a t 

t h e y a r e a p p r e c i a b l y more e f f i c i e n t a t c l o n i n g s m a l l DNA 

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

d i s t o r t i o n s o f r e p r e s e n t a t i o n i n a cDNA l i b r a r y . I t has 

a l s o b e e n s u g g e s t e d t h a t i n s e r t s i n M13 v e c t o r s a r e more 

p r o n e t o p a r t i a l o r c o m p l e t e d e l e t i o n t h a n i n s e r t s i n 

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

s t r a i n . A l l h o s t s t r a i n s f o r M13 a r e r e c ^ and t h i s i n c r e a s e s 

t h e p o s s i b i l i t y o f a r t i f i c i a l d e l e t i o n s i n t h e cDNA c l o n e s . 

The p r e p a r a t i o n o f RF M13 i s f a i r l y i n e f f i c i e n t as 

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

t h u s m a k i n g r e s t r i c t i o n m a p p i n g l e s s c o n v e n i e n t . The 

s e c r e t i o n o f t h e phage f o r m i n t o t h e m e d i a makes i s o l a t i o n 

o f t h e + s t r a n d e a s y , however s h o u l d b o t h s t r a n d s o f t h e 

i n s e r t b e r e q u i r e d , e i t h e r t h e RF f o r m o r a s u b c l o n e c a r r y ­

i n g t h e i n s e r t i n t h e o p p o s i t e o r i e n t a t i o n w o u l d have t o 

be i s o l a t e d . 

The v e c t o r o f c h o i c e , pUC8, was p r e f e r r e d o v e r o t h e r 

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

s y s t e m a n d o v e r M13 v e c t o r s , as e x t e n s i v e r e s t r i c t i o n 

m a p p i n g o f p r o m i s i n g c l o n e s was e n v i s a g e d . 

The m e t h o d c h o s e n f o r i n s e r t i n g t h e cDNA i n t o ^ t h e 

v e c t o r was t o make t h e cDNA b l u n t - e n d e d , a t t a c h s y n t h e t i c 

l i n k e r s a n d i n s e r t i n t o t h e r e l e v a n t s i t e i n t h e v e c t o r ' s 

m u l t i p u r p o s e c l o n i n g s i t e . E coRI l i n k e r s w e r e chosen as 

t h e y a r e c u t by a v e r y " w e l l b e h a v e d " enzyme and because 

p r e v i o u s l i b r a r i e s made i n Durham h a d u s e d BamHI l i n k e r s . 

The " b l u n t - e n d i n g " was a c h i e v e d b y s e q u e n t i a l use 

o f S I n u c l e a s e and DNA p o l y m e r a s e I . S I n u c l e a s e i s a 
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s i n g l e - s t r a n d s p e c i f i c nuclease which w i l l t r i m o f f 

lengths of s i n g l e stranded DNA on the ends of duplex DNA 

to leave b l u n t or near-blunt ends. The h a i r p i n - l o o p 

s t r u c t u r e as i t i s base-mismatched w i l l a l s o be cleaved. 

Unfortunately S I nuclease w i l l a l s o cleave duplex DNA 

a t " n i c k s " or small gaps (Kroeker and Kowalski, 1976) 

and exposure to l a r g e amounts of enzyme w i l l completely 

d i g e s t dsDNA. T h i s i s an acknowledged major defect i n 

the s e l f - p r i m e d method of producing dsDNA; even should the 

S I n u c l e a s e perform p e r f e c t l y removing only the base 

mismatched h a i r p i n loop, i n e v i t a b l y p a r t of the 5'end 

of the message i s l o s t . I n p r a c t i c e . S i nuclease 

shortens the dscDNA, presumably by n i b b l i n g off t r a n s i e n t 

s i n g l e stranded regions of the duplex, p a r t i c u l a r l y at 

the ends. C e r t a i n l y t h i s l o s s of some of the 5' end of 

the message introduces an over r e p r e s e n t a t i o n of the 3' 

end of messages i n cDNA l i b r a r i e s . 

An a l t e r n a t i v e enzyme i s a v a i l a b l e f o r c l e a v i n g the 

h a i r p i n loop, namely mung bean nuclease which has essen­

t i a l l y the same a c t i v i t i e s as S i nuclease. However, i t 

i s thought (Kroeker and Kowalski, 1976) t h a t mung bean 

nuc l e a s e i s more gentle i n i t s a c t i o n , being unable to 

c l e a v e DNA duplexes a t n i c k s u n t i l they a r e enlarged into 

gaps of s e v e r a l n u c l e o t i d e s . 

The second step i n the production of a c c u r a t e l y blunt 

ends i s " p o l i s h i n g " v/ith DNA polymerase I , using i t s 5'-

3' polymerase and 3'-5' and 5'-3' exonuclease a c t i v i t i e s 

to f i l l i n or c l e a v e o f f any small i r r e g u l a r i t i e s . Maniatis 

e t . a l . , (1982) obtained improved transformation e f f i c i e n c i e s 

u s ing t h i s step. However, again the cDNA fnaybe s l i g h t l y 
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degraded. 

The attachment o f , s y n t h e t i c l i n k e r s to the dscDNA 

i s an e f f i c i e n t process, as a lar g e molecular excess of 

l i n k e r s over dscDNA makes the chance of a dscDNA molecule 

not having l i n k e r s attached to both ends, being c i r c u l a r ­

i s e d or being attached to another dscDNA molecule, remote. 

However, the use of l i n k e r s involves a p o s s i b l e major 

degradation of the dscDNA. I n order to produce s t i c k y 

ends f o r the l i g a t i o n of the dscDNA i n t o the vector, the 

l i n k e r s must be cleaved with the appropriate r e s t r i c t i o n 

enzyme and any s i t e s f o r the enzyme w i t h i n the dscDNA 

v / i l l a l s o be cleaved. Treatment of the dscDNA with the 
1o /top it ie'^J cJ&a'Je.el '̂•e cloning ei2^»Te 

appropriate methylase/l before a t t a c h i n g the l i n k e r s would 

r a i s e another problem : should a plasmid be i s o l a t e d and 

found to have two i n s e r t s , i t would be impossible to 

simply t e l l v/hether there are genuinely two i n s e r t s or 

one i n s e r t c o n t a i n i n g a s i t e for the c l o n i n g enzyme. For 

a cDNA l i b r a r y made from non methylase-treated dscDNA 

any clone bearing m u l t i p l e i n s e r t s may be t r e a t e d as 

c a r r y i n g two independant and unconnected i n s e r t s . The 

complete sequences of cDNAs c a r r y i n g r e c o g n i t i o n s i t e s 

f o r the c l o n i n g r e s t r i c t i o n enzyme can be deduced from 

comparisons of sequence and c r o s s h y b r i d i s a t i o n data with 

a second cDNA l i b r a r y made using a d i f f e r e n t cloning 

r e s t r i c t i o n enzyme, or with a genomic bank. 

F i n a l l y , the dscDNA i s l i g a t e d with the chosen 

v e c t o r , prepared by r e s t r i c t i o n w ith the c l o n i n g r e s t r i c ­

t i o n enzyme, to produce c i r c u l a r plasmid molecules, s u i t a b l e 

f o r transforming competent c e l l s of the chosen host s t r a i n . 

Normal p r a c t i c e i s to use a molecular excess of vector over 
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dscDNA. R a t i o s between 1.5:1 and 5:1 being commonly 

employed. T h i s w i l l reduce the incidence of m u l t i p l e 

i n s e r t s . Plasmid pUC8's l a c i n s e r t d e t e c t i n g system makes 

phosphatase treatment of the vector to prevent r e c i r c u l a r -

i s a t i o n unnecessary; phosphatase treatment reduces l i g a t i o n 

e f f i c i e n c y . 

A l t e r n a t i v e methods of i n s e r t i n g dscDNA i n t o a vector 

ar e : Attachment of d i f f e r e n t l i n k e r s to e i t h e r end of the 

cDNA, one before one a f t e r S I nuclease treatments . Here, 

S I n u c l e a s e may w e l l destroy the f i r s t l i n k e r s , and tv/o 

s e t s of l i n k e r s double the chances of the dscDNA being 

cleaved a t r e c o g n i t i o n s i t e s f o r the c l o n i n g r e s t r i c t i o n 

enzymes, making i t more d i f f i c u l t to r e c o n s t r u c t the 

sequences of complete messages. The o r i e n t a t i o n of the 

cDNA i n the v e c t o r i s hov/ever uniquely d e f i n e d . Another 

method i n v o l v e s annealing homopolymer-tailed dscDNA with 

complementarily homopolymer-tailed ve c t o r ; y e t another 

method i s the scheme of Okayama and Berg (1981). 

These l a t t e r tv/o methods r e l y on t e r m i n a l deoxy-

n u c l e o t i d y l t r a n s f e r a s e (TdT) to produce the homopolymer 
f 

t a i l s . TdT i s n o t o r i o u s l y d i f f i c u l t and e r r a t i c and w i l l be 

d i s c u s s e d l a t e r ( S e c t i o n 4.7). These t a i l i n g schemes are 

normally designed to regenerate r e s t r i c t i o n s i t e s a t the 

ends of the i n s e r t . S l i g h t nuclease a c t i v i t y which i s 

o f t e n found i n even e x t e n s i v e l y p u r i f i e d TdT preparations, 

may d e s t r o y these s i t e s and make i s o l a t i o n of the i n s e r t 

extremely d i f f i c u l t . The use of t a i l s i n any case, makes 

the e x a c t ends of the message u n c e r t a i n . F i n a l l y , i t has 

been reported t h a t polymerases read through extended 

regions of G or C bases poorly. T h i s would be a bi g draw-
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back i n DNA sequencing and nick t r a n s l a t i o n . I n 

a d d i t i o n i t has been reported that annealed plasmids do not 

transform competent b a c t e r i a as e f f i c i e n t l y as l i g a t e d 

plasmids, but t h i s may merely r e f l e c t a poor choice of host. 

Having produced plasmids containing i n s e r t s the next 

s t e p i n the procedure i s to choose a s t r a i n of b a c t e r i a 

and to transform i t with the plasmids. There i s a v a s t 

range of s t r a i n s of E . c o l i , mostly derived from E . c o l i K-12, 

which have been used f o r transformation. For those vectors 

u s i n g host s p e c i f i c systems, such as the l a c complementa­

t i o n system of pUC8 with TBI or JM83, the host s t r a i n i s 

f i x e d . Otherwise ease of handling, high transformation 

e f f i c i e n c i e s , s a f e t y and the d e l e t i o n or i n c l u s i o n of 

s p e c i f i c t r a i t s are the c r i t e r i a for c h oice. 

Two major methods (with v a r i a t i o n s ) a r e used to make 

c e l l s competent f o r transformation with plasmid DNA. The 

c a l c i u m c h l o r i d e method (Mandel and Higa, 1970), which was 

the method used here, can give up to 10'' transformants per 

yg of plasmid pBR322 with E . c o l i s t r a i n HE 101. E f f i c i e n ­

c i e s approaching t h i s were achieved i n the t e s t transforma­

t i o n s . The major v a r i a t i o n of t h i s method i s the prolonged 

i n c u b a t i o n method of Dagert and E h r l i c h (1979) where the 

optimum transformation e f f i c i e n c y i s achieved a f t e r 

i n c u b a t i o n f o r 24 hours a t 0°C i n 100 mM c a l c i u m c h l o r i d e . 

/ i r e s u l t s show reduced transformation e f f i c i e n c y a f t e r 

t h i s procedure, however t h i s e f f e c t i s probably a function 

of the s t r a i n used. 

The other method i s the rubidium c h l o r i d e method of 

Kushner (1978), which was designed f o r E . c o l i s t r a i n SK1590 

but does give higher transformation e f f i c i e n c i e s than does 
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the c a l c i u m c h l o r i d e method fo r some s t r a i n s . 

M a niatis e t . a l . , (1982) recommends a method developed 

by D.Hanahan (unpublished) f o r use on E . c o l i %1776, which 

w i t h minor changes gives transformation e f f i c i e n c i e s of 

10''-10^ transformants per yg of pBR322 with some s t r a i n s . 

The commonly used s t r a i n HBlOl does not respond w e l l to 

t h i s method. 

The f i n a l steps i n the production of a cDNA l i b r a r y 

are the s e l e c t i o n of those b a c t e r i a l c o l o n i e s c a r r y i n g 

plasmids with i n s e r t s and t h e i r p r e s e r v a t i o n i n some con­

v e n i e n t form. Maniatis e t . a l . , (1982) provides a s e r i e s 

of methods. The choice of a method i s d i c t a t e d e s s e n t i a l l y 

by p r a c t i c a l i t i e s and purpose for the l i b r a r y produced. 

4.2. General Assessment of the cDNA L i b r a r y . 

The cDNA l i b r a r y produced contained 686 colonies a f t e r 

f i n a l p i c k i n g , of which '̂ 5̂2% showed as p o s i t i v e i n colony 

h y b r i d i s a t i o n screens with mRNA as a probe. This agrees 

w e l l w i t h the sequence complexity data of Morton e t . a l . 

(1983) which, f o r 14 days a f t e r flowering pea seed mRNA, 

show the "very abundant" sequences r e p r e s e n t i n g '̂ '42% and 

the "abundant" sequences 'v24% of the mRNA. Not a l l of the 

"abundant" sequences w i l l be abundant enough to give a 
sig n a l in the mRNfi> colony screen? cDi\'As which are short r e l a t i v e 
to the length o-f the probe w i l l give 

r e l a t i v e l y v/eak s i g n a l s f o r t h e i r abundance c l a s s ; there 

w i l l be some non-cDNA i n s e r t s and some c o l o n i e s with no 

i n s e r t s . Not a l l blue c o l o n i e s were r e j e c t e d and some 

c o l o n i e s may contain pUC8 with a short d e l e t i o n . Thus 

the mRNA probe should have found a l l the "very abundant" 

cDNAs and about h a l f the "abundant" cDNAs. 



162 

The average i n s e r t s i z e of '\̂ 590bp i s s i g n i f i c a n t l y 

s h o r t e r than any estimate of the average mRNA length/*. The 

i s o l a t i o n of many cDNAs which represented only p a r t s of 

t h e i r mRNAs confirmed that the cDNA had been s i g n i f i c a n t l y 

degraded before being cloned. However, the i n s e r t of pLGl, 

63, a v i c i l i n B p o s i t i v e , a t 1530bp i n length could be a 

very n e a r l y complete cDNA ( F i g . 1 0 ) . 

The method chosen for screening the l i b r a r y , i . e . 

colony h y b r i d i s a t i o n screening, was shown to be f u l l y 

e f f e c t i v e by the r e s u l t s i n t a b l e s 26, 27 and coliamns E 

and F i n t a b l e 38. Only a weak c o r r e l a t i o n between i n s e r t 

s i z e and str e n g t h of h y b r i d i s a t i o n to mRNA, and a strong 

c o r r e l a t i o n between strength of h y b r i d i s a t i o n to mRNA 

between colony h y b r i d i s a t i o n screens and Southern b l o t s 

are seen. The d i f f e r e n c e s between the colony h y b r i d i s a t i o n 

s c r e e n and the Southern b l o t r e s u l t s may be explained by 

the higher " s i g n a l to no i s e " r a t i o of Southern b l o t s . 

Columns E and F of t a b l e 38 show i d e n t i c a l mRNA colony 

h y b r i d i s a t i o n screenings of d i f f e r e n t s e t s of r e p l i c a 

f i l t e r s . The r e s u l t s c o r r e l a t e w e l l , t a k i n g i n t o account 

the g r e a t e r s e n s i t i v i t y of the autoradiography technique 

used f o r the column F r e s u l t s . The r e s u l t s i n column E 

were obtained from a s i n g l e autoradiograph exposure, and 

the f i l t e r s were unf o r t u n a t e l y destroyed, so a second 

longer exposure to f i n d weaker s i g n a l s was not performed. 

The d i f f e r e n c e s between the r e s u l t s i n columns E and F 

are mainly weak and very weak s i g n a l s not being detected 

i n column E, other g r e a t e r d i f f e r e n c e s , due to uneven 

growth of the c o l o n i e s on the f i l t e r s , a r e r a r e . 

The mRNA p o s i t i v e s v/ere c l a s s i f i e d (Table 35) according 



163 

TABLE 35 

I d e n t i f i c a t i o n of clones t h a t are p o s i t i v e with the 
mRNA probes. 

mRNA p o s i t i v e s I d e n t i f i c a t i o n 

Strength Number P o s i t i v e Dubious Un i d e n t i f i e d 

Strong 55 41 7 7 

Medium 45 29 8 8 

Weak 144 63 28 53 

Very Weak 115 30 20 65 

T o t a l 359 163 63 133 
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to s t r e n g t h of h y b r i d i s a t i o n and homology v/ith other probes. 

The trend observed i s t h a t , the strong and medium p o s i t i v e s 

are mainly i d e n t i f i e d as p o s i t i v e s for one of the other 

probes used, the weak roughly h a l f - i d e n t i f i e d h a l f -

u n i d e n t i f i e d and the very weak mainly u n i d e n t i f i e d . These 

screens are not p e r f e c t as some strong p o s i t i v e s f o r legumin 

and v i c i l i n probes have not shown up as mRNA p o s i t i v e s , 

which i s probably caused by uneven growth of the colonies 

on the f i l t e r . 

The abundant seed p r o t e i n s not s p e c i f i c a l l y probed 

f o r were : the major albumins on f i l t e r s 1, 2 and 3. 

These would not be expected to show up more s t r o n g l y than 

mRNA medium,as major albumins c o n s t i t u t e only '^'8-10% of 

the t o t a l seed p r o t e i n (Croy e t . a l . , 1984). The Mr '\/8000 

albumin v;hich r e p r e s e n t s ^̂ 4% of the t o t a l seed p r o t e i n 

( J . Gatehouse, p e r s o n a l communication) would, probably show 

as mRNA weak, as i t V70uld have a short mPUSIA. C o n v i c i l i n 

however, i s known to be roughly h a l f to a t h i r d as abundant 

as any one type of v i c i l i n , as estimated from gene copy 

numbers, and v/ould have a longer mRNA than v i c i l i n . Thus 

i t would be expected to account f o r some of the mRNA strong 

unknovms. F i n a l l y , the Mr '^80,000 legumin-related poly­

peptide (Domoney and Casey 1984), which i s thought to 

give r i s e to the s m a l l legumin subunits i s o l a t e d i n v i v o , 

would have a s i m i l a r abundance, by gene copy number, and an 

even l a r g e r mRNA than c o n v i c i l i n and hence, should account 

f o r some more mRNA strong unknowns. 

4.3. Legumin cDNAs 

4.3.1. Main Legumin cDNAs. 

The tv;o main legumin p o s i t i v e s which were r e s t r i c t i o n 
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mapped (Fig.9) share the same r e s t r i c t i o n p a ttern as the 

main legumin cDNA used as a probe, pAD4.4 (pDUB6), and the 

legumin A gene t a k i n g i n t o account i n t r o n s . Legumin genes 

A, B and C have n e a r l y i d e n t i c a l r e s t r i c t i o n maps, and 

hence these two p o s i t i v e s are main legumin cDNAs. 

The other two main legumin screens, u s i n g as probes 

the legumin C gene at ^-99% homology and the legumin A 

gene at ^̂ 8̂1% homology, found a f u r t h e r three main legumin 

p o s i t i v e c o l o n i e s over the screen with pAD4.4 (pDUB6). 

The i n s e r t s of two of those were s i z e d (Table 28) and found 

to be s m a l l enough to be cDNAs of the 5' end of main legumin 

message, which i s not covered by the cDNA probe pAD4.4 

(pDUB6). Thus they are not cDNAs of some a t y p i c a l main 

legumin message. 

The st r e n g t h s of h y b r i d i s a t i o n of the main legumin 

cDNA probe (Table 14) on the whole r e f l e c t the strengths 

of h y b r i d i s a t i o n of the mRNA probe to the same c o l o n i e s . 

The t o t a l number of 6 7 main legumin p o s i t i v e s i n the 

l i b r a r y , when probed a t 'V'94% homology, r e p r e s e n t s 9.8% 

of the l i b r a r y or ^^23% of the 14 day "very abundant" 

sequences of Morton e t . a l . , (1983). T h i s t o t a l may w e l l 

r i s e i f low s t r i n g e n c y s c r e e n s were performed and more 
legumin cDNAs corresponding to small p a r t s o-f the probe -found. 
Thus main legumin message 

r e p r e s e n t s a t l e a s t one of the estimated s i x "very abundant" 

sequences. 

I t i s known (Domoney and Casey, 1985) t h a t main 

leguminAdo not c r o s s h y b r i d i s e with e i t h e r b i g legumin/, 

which was confirmed ( F i g . 19) , or with the Mr'\^80,000 legumin-

r e l a t e d polypeptide/. fl'so nope of the c o l o n i e s which shov/ed a 

l a r g e i n c r e a s e i n h y b r i d i s a t i o n i n t e n s i t y betv/een the 
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the legumin C at ^99% homology and the legumin A a t 

'^81% homology sc r e e n s , or only showed as p o s i t i v e s i n the 

legumin A screen, were big legumin p o s i t i v e s . Since 

legumin A and C are v e r y c l o s e l y homologous (J.Gatehouse, 

p e r s o n a l communication) the d i f f e r e n c e s between the two 

s c r e e n s are due to the general i n c r e a s e i n h y b r i d i s a t i o n 

i n t e n s i t y a t the lower stri n g e n c y . T h i s occurs p a r t i c u -

l a r l y f o r GC poor andyi short i n s e r t s , as they are washed at 

e f f e c t i v e l y higher stringency than the average i n s e r t . 

fAuj •ft-e/-e,2 i s no evidence f o r the presence of main legumin 

r e l a t e d cDNAs from the colony screens. 

4.3.2. B i g Legumin. 

The big legumin p o s i t i v e which was r e s t r i c t i o n 

mapped (Fig.18) had a r e s t r i c t i o n map s i m i l a r to that of 

legumin gene J and d i f f e r i n g from, t h a t of legumin gene 

K. The two ends of i t s i n s e r t were sequenced (J.Gatehouse, 

p e r s o n a l communication) and the sequences found to match 

p e r f e c t l y w i t h t h a t of legumin gene J , d e s p i t e the legumin 

J gene being i s o l a t e d from a d i f f e r e n t v a r i e t y of pea Sc^rL ^L'^^aJ 

ia«̂ G(fi»̂  than the cDNA l i b r a r y (Feltham f i r s t ) . Plasmid 

pCD40, the b i g legumin cDNA used - to i s o l a t e 

legumin genes J and K has an 

i d e n t i c a l r e s t r i c t i o n map to t h a t of legumin gene K, 

t a k i n g i n t o account i n t r o n s and as f a r as s i t e s have been 

t e s t e d f o r , except f o r one e x t r a P s t I s i t e A . T h i s d i f ­

f erence may be due to the cDNA l i b r a r y pCD40 was i s o l a t e d 

from being made from mRNA from the - ' .̂vfe " . . • 

v a r i e t y of pea. Hov/ever, i t i s known th e r e i s a t h i r d big 

legumin gene (Legumin L) which could be as s i m i l a r to 
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legumin K as are the main legumin genes to each other. 

The stre n g t h s of h y b r i d i s a t i o n of the big legumin 

probe to p o s i t i v e c o l o n i e s i s g r e a t e r than t h a t of the 

mRNA probe to the same c o l o n i e s ; however, nearly a l l big 

legumin p o s i t i v e s are mRNA p o s i t i v e s (Table 16). When 

probing the l i b r a r y at-^91% homology, the t o t a l number of 

2 8 b i g legumin p o s i t i v e s represents 4,1% of the l i b r a r y 

or '^9.8% of the 14 day "very abundant" sequences, (Morton 

e t . a l . , 1983), T h i s number may in c r e a s e i n a lower s t r i n ­

gency probe as legumin genes J and K are much l e s s homolo­

gous than the main legumin genes. Big legumin message 

thus r e p r e s e n t s one of the s i x "very abundant" sequences. 

The cDNA f o r the Mr'\^80,000 legumin-related polypeptide 

of Domoney and Casey (1984,1985) i s known not to cross 

h y b r i d i s e w i t h b i g legumin genes i n genomic b l o t s , v/hich 

were washed i n 0.1 x SSC, 0,1% SDS a t 65°C, This c o r r e s ­

ponds to '̂'9 9% homology. However, i n hybrid s e l e c t i o n 

experiments and Northern b l o t a n a l y s e s , considerable cross 

h y b r i d i s a t i o n was seen. I n these experiments the v/ashing 

was t o s i m i l a r s t r i n g e n c i e s to t h a t of the colony h y b r i d i s a ­

t i o n s c r e e n . Thus v/eak and very weak p o s i t i v e s for the big 

legumin probe, p a r t i c u l a r l y those with l a r g e i n s e r t s may 

be cDNAs of the Mr'^^80,000 legumin r e l a t e d polypeptide. 

A l t e r n a t i v e l y , a lower st r i n g e n c y colony screen with the 

b i g legumin probe may f i n d some of these ,000 legumin 

cDNAs. 

4.3.3. The legumin genes. 

S i x legumin genes have been i s o l a t e d and the e x i s ­

tence of a t l e a s t three more can be deduced from the evidence 
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of genomic b l o t s and i n d i r e c t l y , from the heterogeneity 

i n s i z e and p l v a l u e s of legumin subunits. From cross 

h y b r i d i s a t i o n data and DNA sequence homologies an 

" e v o l u t i o n a r y " diagram of the legumin gene family has 

been compiled ( F i g , 2 5 ) , The i s o l a t e d main legumin genes 

A, B and C are so homologous they have not been separated 

on the diagram, and a l l are c l o s e l y r e l a t e d to the pseudo 

legumin gene D, Legumin genes J and K are much l e s s 

homologous to each other than are the m.ain legumin genes 

and are c l o s e r to the p u t a t i v e legumin X gene which 

g i v e s r i s e to the Mr80,000 legumin-related polypeptide 

than to the main legumin genes. 

4,4. V i c i l i n cDNAs. 

The two v i c i l i n - p o s i t i v e clones restriction-mapped 
vici/in 6 

( F i g . 1 0 ) , have the same r e s t r i c t i o n p a t t e r n as the/lCpAD3,4 

pl u s pRC2,2,lO (pDUB7 plus pDUB4); composite map. The 
of 

three/t v i c i l i n - have d i f f e r i n g r e s t r i c t i o n maps, 

thus the tv70 v i c i l i n p o s i t i v e s mapped are both cDNAs of 

type B (47kj v i c i l i n . The r e s t r i c t i o n map of pLG 1,63 

suggests t h a t i t must be c l o s e to being a f u l l length 

cDNA, being, a t 15 30 bp long, 100 bp longer than the 

i d e a l i s e d v i c i l i n mRNA of L y c e t t e t . a l . , (1983 ) . 

Colony 1,6 3 showed stronger h y b r i d i s a t i o n to pAD3.4 

(pDUB7), the v i c i l i n B probe, than to the other v i c i l i n 

probes a t '̂ '94% homology. However, colony 1,9 showed 

str o n g h y b r i d i s a t i o n a t '̂ '94% homology to a l l the v i c i l i n 

probes. T h i s suggested t h a t colony h y b r i d i s a t i o n screens 

were s u f f i c i e n t l y s e n s i t i v e to a t l e a s t p a r t i a l l y discrim­

i n a t e betv/een cDNAs of d i f f e r e n t types of v i c i l i n . 
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main legumin 

polypeptides 

Leg(X) 

big and small legumin 

polypeptides 

F i g u r e 25: The legumin gene family. 

( ) = Genes knov/n to be pr e s e n t from genomic 
b l o t s but not i s o l a t e d . 
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Delauney (1984) has estimated the sequence homology between 

any tv;o types of v i c i l i n mRNA to be ''i'85% and t h i s c l o s e 

homology i s demonstrated by the extensive overlapping 

of p o s i t i v e s f o r the d i f f e r e n t v i c i l i n probes, e s p e c i a l l y 

i n those screens washed a t lower s t r i n g e n c i e s . 

The r e l a t e d p r o t e i n , c o n v i c i l i n , does not show 

s u f f i c i e n t DNA sequence homology to the v i c i l i n s to s e l e c t 

v i c i l i n message i n h y b r i d - r e l e a s e t r a n s l a t i o n experiments 

(Domoney and Casey, 1983) . Thus c o n v i c i l i n cDNAs v/ould 

not show as p o s i t i v e s i n colony h y b r i d i s a t i o n screens with 

a v i c i l i n cDNA as probe, except p o s s i b l y a t very low 

st r i n g e n c y . 

Thus, using the r e s u l t s from the colony h y b r i d i s a t i o n 

screens a t d i f f e r e n t s t r i n g e n c i e s f o r the d i f f e r e n t v i c i l i n 

type probes, the v i c i l i n p o s i t i v e s were c l a s s i f i e d accord­

ing to the i n t e n s i t y of h y b r i d i s a t i o n i n t o type A, B or C 

v i c i l i n cDNAs (Table 36). Only those c o l o n i e s which showed 

p o s i t i v e a t '^94% homology were considered to avoid a bia s 

a g a i n s t type A v i c i l i n f o r which there were no lower 

s t r i n g e n c y s c r e e n s . The lower s t r i n g e n c y data was used 

to d i s t i n g u i s h between c o l o n i e s h y b r i d i s i n g e q u a l l y intensely 

to two probes a t 'v94% homology. T h i s i s r e f l e c t e d i n 

the low number of c o l o n i e s e q u a l l y p o s i t i v e f o r types B 

and C v i c i l i n s . The t o t a l number of p o s i t i v e s for each 

probe, which was obtained by s p l i t t i n g evenly the numbers 

of c o l o n i e s e q u a l l y p o s i t i v e f o r more than one probe, are 

roughly equal. T h i s r e f l e c t s the roughly equal amounts 

of the t h r e e v i c i l i n type p r o t e i n s i s o l a t e d i n vivo and 

found i n i n v i t r o t r a n s l a t i o n s of t o t a l mRNA. 

I n order to t r y to decide i f any of the v i c i l i n types 
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TABLE 36 

- C l a s s i f i c a t i o n of v i c i l i n p o s i t i v e clones at A'-94% 
homology i n t o type A, B or • C v i c i l i n cDNAs 

V i c i l i n 
type 

S p e c i f i c 
P o s i t i v e s 

T o t a l 
P o s i t i v e s 

Percentage 
of L i b r a r y 

A 18 'V.24 ^3.5% 

B 22 -̂26 ^3,8% 

C 19 'X'23 '\̂ 3.4% 

A-t-B 5 

A-fC 6 

B-fC 2 

A+B+C 1 

T o t a l 73 73 10.6% 

Speci-fic p o s i t i v e s r e p r e s e n t s the tot a l number of c o l o n i e s which 
shew most/equally s t r o n g l y in the high stringency colony screens 
when probed with the given probe/probes. 

Total p o s i t i v e s r e p r e s e n t s the to t a l number of c o l o n i e s which 
c a r r y cDMAs -for the given v i c i l i n type. The numbers were a r r i v e d 
at by adding to the speci-fic p o s i t i v e s -for each v i c i l i n type a 
share of the c o l o n i e s spe c i - f i c a l 1 y p o s i t i v e for more than one 
v i c i 1 in type. 
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i s l e s s homologous to the other two than those two to each 

other, the v i c i l i n p o s i t i v e s were c l a s s i f i e d on the b a s i s 

of order of h y b r i d i s a t i o n i n t e n s i t i e s with the v i c i l i n 

probes (Table 37) . Again, only those c o l o n i e s showing 

as v i c i l i n p o s i t i v e s a t -^94% homology were considered, but 

the lower s t r i n g e n c y probe data was used to d i s t i n g u i s h 

between these c o l o n i e s h y b r i d i s i n g e q u a l l y to the v i c i l i n 

B and C probes a t ̂ .̂94% homology. 

Due to the l a c k of low stringency screens with the 

v i c i l i n A probe some s l i g h t d i s t o r t i o n s may be expected, 

i . e . t h e re may be an excess of c o l o n i e s to which v i c i l i n A 

h y b r i d i s e s e q u a l l y as i n t e n s e l y as one of the other v i c i l i n s 

A c t u a l l y only type C p o s i t i v e s e q u a l l y homologous to types 

B and A v i c i l i n probes show a s i g n i f i c a n t l y anomalous 

v a l u e . These e f f e c t s v/ould be expected t o balance out 

somev/hat. I t would a l s o be expected t h a t greater homology 

between v i c i l i n s A and C and B and C than between v i c i l i n s 

A and B would be observed due to the extent of overlap 

between the probes ( F i g . 1 0 ) . 

Table 37 may be summarised as showing : 2 4 colonies 

where v i c i l i n s A and B are most s i m i l a r i n h y b r i d i s a t i o n 

s t r e n g t h s , 23 c o l o n i e s where v i c i l i n s B and C are most 

s i m i l a r , 27 c o l o n i e s v/here v i c i l i n s A and C are most 

s i m i l a r and 3 c o l o n i e s where v i c i l i n s A, B and C are 

e q u a l l y s i m i l a r . T h i s shows no r e a l d i f f e r e n c e i n 

h y b r i d i s a t i o n s t r e n g t h s of cDNAs of one v i c i l i n type to 

probes f o r the other v i c i l i n s . T h i s confirms Delauney's 

(1984) estimate of ^85% homology between any two v i c i l i n 

t y pes, although i t should be remembered t h a t colony 

h y b r i d i s a t i o n s c r e e n i n g i s not the most s e n s i t i v e of 
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TABLE 37 

C r o s s c l a s s i f i c a t i o n of v i c i l i n p o s i t i v e c l o n e s w i t h 
e a c h o t h e r . 

S t r o n g e s t (a] Next s t r o n g e s t (b) Number 

A B 3 

B A 1 

A C 5 

C A 5 

B C 9 

C B 3 

A+B C 3 

C A+B 17 

A+C B 6 

B A+C 11 

B+C A 2 

B+C 9 A 

A+B+C 3 

a) T y p e ( s ) o f v i c i l i n t h e c o l o n y h y b r i d i s e s most s t r o n g l y 
t o 

b) T y p e ( s ) of v i c i l i n t h e c o l o n y h y b r i d i s e s second most 
s t r o n g l y t o . 

T h i s t a b l e shows the t o t a l number o-f c o l o n i e s which h y b r i d i s e 
most s t r o n g l y to the g i v e n v i c i H n probe/probes and next most 
s t r o n g l y to the o t h e r g i v e n probe/probes= I t s h o u l d be r e a d a s 
showing i-f any one p a i r o-f v i c i l i n p r obes and hence t y p e s a r e 
more or l e s s c l o s e l y r e l a t e d to each o t h e r than they a r e to the 
t h i r d -
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t e c h n i q u e s . 

The t o t a l number of v i c i l i n p o s i t i v e s i n the l i b r a r y 

v/hen probed a t 94% homology i s 73, r e p r e s e n t i n g 10.6% 

o f t h e l i b r a r y o r ^^25% of the 14 day " v e r y abundant" 

s e q u e n c e s o f Morton e t . a l . , ( 1 9 8 3 ) . The i n d i v i d u a l t y p e 

v i c i l i n s r e p r e s e n t 'v8.3% f o r t y p e A, 9.1% f o r t y p e B and 

8,1% f o r t y p e C of t h e s e " v e r y abundant" s e q u e n c e s . 

T h e s e v i c i l i n cDNAs p r o b a b l y r e p r e s e n t t h r e e of t h e 

e s t i m a t e d s i x " v e r y abundant" s e q u e n c e s . I f one i n c l u d e s 

v i c i l i n p o s i t i v e s found o n l y i n t h e lower s t r i n g e n c y 

s c r e e n i n g s , t h e t o t a l number of v i c i l i n p o s i t i v e s 

i n c r e a s e s t o 122, r e p r e s e n t i n g '^17.8% of t h e l i b r a r y and 

'̂'4 2,4% o f t h e 14 day " v e r y abundant" s e q u e n c e s . T h i s may 

i n c r e a s e s t i l l f u r t h e r i f low s t r i n g e n c y s c r e e n s w i t h t h e 

v i c i l i n A probe were p e r f o n n e d . S t r e n g t h o f h y b r i d i s a t i o n 

o f mRNA t o v i c i l i n p o s i t i v e s matches r e a s o n a b l y w e l l w i t h 

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

p r o b e . 

No v i c i l i n genes have been i s o l a t e d and f u l l y c h a r a c ­

t e r i s e d , b u t i t seems c l e a r t h a t the v i c i l i n gene f a m i l y 

c o n s i s t s o f t h r e e c l o s e l y r e l a t e d groups o f main v i c i l i n 

g e n e s , c o r r e s p o n d i n g t o t h e t h r e e v i c i l i n t y p e s . More 

d i s t a n t l y r e l a t e d would be a s m a l l e r group o f c o n v i c i l i n 

g e n e s , and p o s s i b l y some o t h e r d i s t a n t l y r e l a t e d genes, 

e.g. t h e g l y c o s y l a t e d Mr'v6 5,000 minor component i n con­

v i c i l i n p r e p a r a t i o n s . 

4.5. L e c t i n cDNAs 

The probe u s e d t o f i n d s o l u b l e s e e d l e c t i n p o s i t i v e s 

was t h e i n s e r t o f p l a s m i d pRC2,2,26. T h i s cDNA c l o n e was 
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i s o l a t e d from a p r e v i o u s l y p r e p a r e d pea s e e d cDNA l i b r a r y 

and had been p a r t i a l l y c h a r a c t e r i s e d by h y b r i d r e l e a s e 

t r a n s l a t i o n , where a p o l y p e p t i d e o f Mr'V'2 5,000 was produced 

by mRNA h y b r i d i s i n g t o th e c l o n e . From t h e s i z e o f t h e 

p o l y p e p t i d e produced and the abundance of th e c o r r e s p o n d ­

i n g mRNA,it was thought t o code f o r one o f t h e major 

a l b u m i n s o r t h e s o l u b l e s e e d l e c t i n . The i n s e r t o f pRC2,2,26 

was e x t e n s i v e l y r e s t r i c t i o n - m a p p e d and t h e map compared 

w i t h t h a t deduced from t h e p u b l i s h e d sequence of a pea 

l e c t i n cDNA ( H i g g i n s e t . a l . , 1982) ( F i g . 1 1 ) . C o r r e s p o n d i n g 

r e g i o n s o f t h e maps were i d e n t i c a l and hence pRC2,2,2 5 i s 

a pea s e e d s o l u b l e l e c t i n cDNA. 

The i n s e r t o f pRC2,2,2 6 was sequenced and found t o 

be i d e n t i c a l t o t h e p u b l i s h e d sequence o f pea l e c t i n 

mRNA ( F i g . 1 2 ) , t h u s c o n f i r m i n g i t s i d e n t i t y . The i n s e r t 

o f pRC2,2,2 6 was a l s o u s e d t o probe a N o r t h e r n b l o t of 

pea c o t y l e d o n mRNA ( F i g . 2 1 . , T a b l e 3 3 ) . The o n l y band t o 
which i t h y b r i d i s e d was IQBQ b a s e s i n l e n g t h , the o t h e r 
h y b r i d i s a t i o n i n t h e s e t r a c k s can be seen on the a u t o r a d i o g r a p h 
to be u n s p e c i - f i c , t h u s 

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

c o m p l e t e , l a c k i n g o n l y some 5' u n t r a n s l a t e d sequence. 

T h i s a l s o s u g g e s t s t h a t any o t h e r l e c t i n gene i f p r e s e n t 

i s e i t h e r 1) n o t t r a n s c r i b e d i n pea s e e d s a t th e mid 

s t a g e o f development, 2) n o t c l o s e l y homologous t o the 

s o l u b l e s e e d l e c t i n , o r 3) pro d u c e s a message of alm o s t 

i d e n t i c a l l e n g t h t o t h e one sequenced and p u b l i s h e d . 

The l e c t i n mRNA was o n l y p r e s e n t i n d e t e c t a b l e amounts 

i n t h e mRNA i s o l a t e d from pea c o t y l e d o n s a t the m i d -

d e v e l o p m e n t a l s t a g e ('\/14 d a y s a f t e r f l o w e r i n g ) . None was 

d e t e c t e d i n t h e 18 and 20 day mRNA s u g g e s t i n g t h a t l e c t i n 

i s n o t s y n t h e s i s e d i n t h e l a t e r s t a g e s o f s e e d development. 
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I n c o m p a r i s o n , v i c i l i n mRNA i s a l s o n o t d e t e c t a b l e i n 

l a t e - d e v e l o p m e n t s t a g e c o t y l e d o n s , however legumin mRNA 

i s d e t e c t a b l e a t 22 days a f t e r f l o w e r i n g (Gatehouse e t . a l . , 

1 9 8 4 ) . 

A s e c o n d probe used t o f i n d l e c t i n p o s i t i v e s was 

t h e i n s e r t o f pPVL134, which i s a cDNA c o d i n g f o r 

P h a s e o l u s v u l g a r i s l e c t i n (Hoffman e t . a l . , 1982). I t v/as 

o r i g i n a l l y s e l e c t e d from a So u t h e r n b l o t u s i n g a pea seed 

s o l u b l e l e c t i n cDNA. I t was known however, t h a t t h e degree 

o f homology between t h e l e c t i n s was no t g r e a t and may w e l l 

be t oo l i t t l e t o be d e t e c t e d i n a c o l o n y h y b r i d i s a t i o n 

s c r e e n due t o t h e r e l a t i v e l y h i g h e r background. The 

sequen c e o f P h a s e o l u s v u l g a r i s l e c t i n mRNA, which extends 

from t h e t r a n s l a t i o n s t a r t codon t o t h e p o l y ( A ) t a i l i s 

g i v e n i n F i g . 2 6 . , a l o n g w i t h one o f t h e r e g i o n s of homol­

ogy between pea and P h a s e o l u s v u l g a r i s l e c t i n messages, 

w h i c h c o r r e s p o n d s t o t h e 5' end of t h e p l a s m i d pRC2,2,26 

i n s e r t . 

The r e g i o n s o f homology between t h e two l e c t i n m.essage 

s e q u e n c e s were found u s i n g a dot m a t r i x c o m p a r i s o n program 

on a computer ( F i g s . 2 7 and 2 8 ) . The DNA sequence com­

p a r i s o n ( F i g . 2 7 ) , v/as u s e d t o look f o r s t r e t c h e s o f 30 

b a s e s i n one se q u e n c e , where a t l e a s t 18 b a s e s i n the 

o t h e r s e q u e n c e match. Whenever t h i s o c c u r s t h e computer 

p r i n t s a d o t . R e g i o n s o f homology show up a s d i a g o n a l 

l i n e s . L o o k i n g f o r matches o v e r l o n g e r s t r e t c h e s o f 

se q u e n c e r e d u c e s t h e background o f chance homologies, and 

c h a n g i n g t h e number o f matches f o r a g i v e n sequence l e n g t h 

c hanges t h e de g r e e o f homology b e i n g probed f o r ( s i m i l a r 

t o w a s h i n g b l o t s a t h i g h e r o r lower s t r i n g e n c i e s ) . 
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Phaseolus vulgaris lectin message 

AT&¥iTGCATGATCAT(mTCCTKAAGTTACTCTCCCTA6C0:TCnCCTTGâ ^ 180 

C{̂ T6CGnC(WiiAAACCAACCnAT(XnCAA6GC^̂  233 
o • a 0 n o o o o a 

A G A 6 C O T C T A a C C 6 C C C C C A T C C A ^ A T ( m ( ^ ( m 383 

AAGCAAAnCC6CC6nGGCCn&^CmGnCTCGTCmGT(XAGC^ 193 

TAHASî iTCQ T̂GAACAACAACGATATQWiAGl̂ ^ 533 

TCCACG^^GTOTCTC66mCTa6TCAAACCCTCCTAC66{ (̂M^ 683 
o Q o D 0 O D o a a 

TĜ CGnGGGTTCTCT6CCACCTCAG6GGCTTATCAAT6GAGCTATGAAftC6(̂  789 
0 0 P O O f f O D O O 

GGACCAAAĴ TCTGAAOjnCimATCGTCCTCÂ  889 

ATAATGnCATCTGTCACACftAACTf̂ TAAATAAAATGGAAGCTCATATATnÂ  863 

TCCf«6CAACAGAKTAGA(̂ TAnG(̂ TC&^TGTayiCAGTATD^ 549 Pea lectin message 

GTTCimCCnCCTCAGCCGTATTA6CATC6Aa5rGAACiî .CM;(̂ TATC^ 443 Phaseolus vulgaris lectin message 

F i g . 26. The sequence o f P h a s e o l u s v u l g a r i s l e c t i n message 
and one o f i t s r e g i o n s o f homology w i t h pea l e c t i n 
message. 

P h a s e o l u s v u l g a r i s l e c t i n message i s from Hoffman 
e t . a l . , ( 1 9 8 2 ) , pea l e c t i n message i s from H i g g i n s 
e t . a l . , (1982) and t h e i l l u s t r a t e d r e g i o n of 
homology c o r r e s p o n d s t o t h e 5'end o f t h e i n s e r t 
o f pRC2,2,26, * marks m a t c h i n g b a s e s . 
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The c h o s e n c o n d i t i o n s , a minimum s c o r e o f 18 matches i n 

30 b a s e s t r e t c h e s , c o r r e s p o n d s t o r e g i o n s of 60% homology 

e x t e n d i n g o v e r a t l e a s t 30 b a s e s , i . e . s u f f i c i e n t homology 

o v e r l a r g e enough r e g i o n s t o be d e t e c t e d i n Southern b l o t 

h y b r i d i s a t i o n p r o b e s . 

The amino a c i d s e q u e n c e s of t h e two l e c t i n s were a l s o 

compared u s i n g a dot m a t r i x program and a m a t r i x s c o r i n g 

s y s t e m f o r t h e amino a c i d m a t c h i n g ( F i g . 2 8 ) , The amino 

a c i d r e s i d u e s a r e matched by t h e s c o r i n g s y s t e m of Staden 

(1982) w h i c h was d e v e l o p e d t o show homologies between 

t h e r e g i o n s of d i v e r g e n t sequence, but m a i n t a i n e d f u n c t i o n . 

T h i s shows somewhat more e x t e n s i v e homology than t h e DNA 

se q u e n c e d o e s , a s v;ould be e x p e c t e d on t h e b a s i s of 

c o n s e r v a t i o n o f f u n c t i o n a l domains i n t h e p r o t e i n . Hov/-

e v e r , t h e homology i s n o t v e r y c l o s e . 

Of t h e two p u t a t i v e l e c t i n p o s i t i v e s found w i t h 

pPV^L134 n e i t h e r were pRC2,2,26 l e c t i n p o s i t i v e and none 

o f t h e pRC2,2,2 6 p o s i t i v e s shov; above t h e n o n - s p e c i f i c 

b a c k g r o u n d i n t h e pP\^L134 c o l o n y h y b r i d i s a t i o n s c r e e n s . 

The rough r e s t r i c t i o n mapping c a r r i e d o u t on t h e s e pPVL'134 

p o s i t i v e s showed no s i m i l a r i t i e s w i t h t h e map d e r i v e d from 

t h e p u b l i s h e d pea l e c t i n message of H i g g i n s e t . a l . , ( 1 9 8 2 ) . 

F u r t h e r v/hen t h e i n s e r t o f pRC2,2,26 was u s e d as a probe 

on a S o u t h e r n b l o t o f t h e pPVL134 p o s i t i v e s ( T a b l e 3 0 ) , no 

s p e c i f i c h y b r i d i s a t i o n was d e t e c t e d . I t v/as th u s d e c i d e d 

t h a t t h e s e two pPVLl3A p o s i t i v e s were n o t s e e d l e c t i n 

p o s i t i v e s b u t s p u r i o u s s i g n a l s on t h e a u t o r a d i o g r a p h . 

The c o l o n y h y b r i d i s a t i o n s c r e e n w i t h t h e i n s e r t of 

pRC2,2,26, at'^'94% homology showed 9 c o l o n i e s a s p o s i t i v e s , 

r e p r e s e n t i n g ' v l . 3 % o f t h e l i b r a r y and 'V'5.4% o f t h e 14 day 
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A.PsaLEC v s A . P V U L E C . . . . 1 3 m a t c h e i 
AMINO ACID TEST NITH MATRIX S C O R E 

n i n i f n u m s c o r e i^-J 

ISO 

\ 

too ISO 

_ P e a l e c t i n 
- a 

£0 
i i i 1 

P h a s e o l u s v u l g a r i s l e c t i n 5 ' 

F i g . 2 8 . Dot m a t r i x c o m p a r i s o n o f t h e amino a c i d sequences 
o f Pea and P h a s e o l u s v u l g a r i s l e c t i n s . 
P e a l e c t i n : H i g g i n s e t . a l . , (1982) 
P h a s e o l u s v u l g a r i s l e c t i n : Hoffman e t . a l . , (1982) 

ScaU ftrv);r,o ad<i residues. 
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"abundant" s e q u e n c e s o f Morton e t . a l , , ( 1 9 8 3 ) . T h i s t o t a l 

would p r o b a b l y r i s e i f a more complete l e c t i n probe was 

u s e d , a s pRC2,2,26 c o v e r s o n l y o f th e l e c t i n mRNA. 

Whether any f u r t h e r p o s i t i v e s would be d i s c o v e r e d a t lower 

s t r i n g e n c i e s would depend on t h e r e b e i n g o t h e r t r a n s c r i b e d 

l e c t i n genes ( s e e a b o v e ) . Most o f th e l e c t i n p o s i t i v e s 

v/ere mRNA p o s i t i v e s t h u s l e c t i n message i s p r o b a b l y one 

o f t h e more common o f t h e 120 14 day "abundant" sequences 

o f Morton e t . a l . , ( 1 9 8 3 ) . 

Two l e c t i n p o s i t i v e s were c h o s e n t o be r e s t r i c t i o n 

mapped b e c a u s e t h e y had t h e l a r g e s t i n s e r t s . The map of 

pLG4,lO i s i d e n t i c a l w i t h t h a t d e r i v e d from t h e p u b l i s h e d 

s e q u e n c e o f pea l e c t i n . However, t h e map of pLG2,73 i s 

v e r y d i f f e r e n t and a s i t h y b r i d i s e d o n l y w e a k l y t o 

pRC2,2,2 6 i t was i n i t i a l l y thought t o r e p r e s e n t some 

l e c t i n - r e l a t e d message. However, i n h y b r i d i s a t i o n probes 

o f S o u t h e r n b l o t s t h e i n s e r t o f pRC2,2,2 6 h y b r i d i s e d 

s t r o n g l y t h e pLG4.lO, b u t n o t s i g n i f i c a n t l y t o pLG2,73 

a t " 9 4 % homology, t h e same s t r i n g e n c y a s t h e c o l o n y s c r e e n . 

A l s o t h e i n s e r t o f pPVL'134 ( t h e P h a s e o l u s v u l g a r i s l e c t i n 

cDNA) h y b r i d i s e d t o b o t h pRC2,2,26 and pLG4,10 r e a s o n a b l y 

w e l l at'^77% homology, b u t n o t s p e c i f i c a l l y t o pLG2,73. 

T h e s e tv/o l e c t i n p o s i t i v e s were s e q u e n c e d ( F i g . 1 4 ) , 

and pLG4.10 was found t o be i d e n t i c a l t o t h e p u b l i s h e d 

pea l e c t i n mRNA e x c e p t t h a t i t s p o l y ( A ) t a i l s t a r t s 24 

b a s e s f u r t h e r downstream. The sequence o f pLG2.73 was 

found t o be v e r y d i f f e r e n t t o t h a t of pea l e c t i n . I n 

d o t m a t r i x c o m p a r i s o n s o f t h e p a r t o f t h e i n s e r t o f pLG2.73 

s e q u e n c e d , w i t h pea l e c t i n message a t an e q u i v a l e n t t o 

60% homology o v e r 30 b a s e s t r e t c h e s ( F i g . 2 9 ) , t h e complementary 
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s e q u e n c e o f pLG2.73 shows a r e g i o n of homology w i t h pea 

l e c t i n message whi c h c o r r e s p o n d s t o t h e 5' end o f the 

i n s e r t o f pRC2,2,26, b u t few o t h e r r e g i o n s of homology 

were e v i d e n t . T h i s a r e a of homology may e x p l a i n why 

pLG2,73 was found t o be wea k l y p o s i t i v e i n t h e c o l o n y 

s c r e e n v / i t h pRC2,2,26. Thus pLG2.73 i s n o t a pea seed 

s o l u b l e l e c t i n cDNA, and pLG4.10 i s . 

The s i x p o s s i b l e amino a c i d s e q u e n c e s o f pLG2.73 

were d e r i v e d from t h e n u c l e i c a c i d sequence ( F i g . 3 0 ) , and 

some p o s s i b l e p o l y a d e n y l a t i o n s i g n a l s marked. There i s one 

open r e a d i n g frame and one frame w i t h a s t o p codon n e a r t h e 

end. No homology was s e e n between t h e s e p r o t e i n sequences 

and t h e p r o t e i n s e q u e n c e s o f t h e pea major a l b u m i n s , pea 

s o l u b l e s e e d l e c t i n o r main legumin. The DNA sequence of 

pLG2.7 3 i s compared w i t h i t s e l f and w i t h i t s complementary 

s e q u e n c e ( F i g . 3 1 ) , by dot m a t r i x program a t an e q u i v a l e n t 

s t r i n g e n c y o-f a r e p e a t sequence can be seen = 

The i d e n t i t y of t h i s cDNA r e m a i n s unknown. 

The s e q u e n c e d r e g i o n of pLG4,10 and t h e d e r i v e d 

p r o t e i n s e q u e n c e i s compared t o t h a t o f p e a l e c t i n message 

i n F i g , 3 2 , As p r e v i o u s l y n o t e d , t h e s e q u e n c e s a r e i d e n t i c a l 

e x c e p t f o r t h e s t a r t o f t h e p o l y ( A ) t a i l w h i c h i s 24 

b a s e s f u r t h e r downstream i n pLG4.10<, The c o n s e n s u s p o l y ­

a d e n y l a t i o n s i g n a l i n p l a n t s a s i n a n i m a l s i s AATAAA 

^ e x c e p t i n t h e B49 s u b - f a m i l y o f z e i n ( a ma i z e s t o r a g e pro­

t e i n ) where i t i s AATAAT (Messing e t . a l , , 1 9 8 3 ) , b ut 

w h e r e a s i n a n i m a l s t h e s i g n a l o c c u r s 11-30 b a s e s upstream 

o f t h e s t a r t o f t h e p o l y (A) t a i l ( L e w i n , 1983)^ t h e 
p o s i t i o n o-f the s i g n a l i n p l a n t s v a r i e s and t h e r e a r e o-ften 
m u l t i p l e pol yadenyli a t i o n s i g n a l s o 

A l l l e g h a e m o g l o b i n , most z e i n and a l c o h o l dehydrogenase 
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fib 2,73 Siqijenctd s l rar id 

ccH0G&v,TrccaTCTACTA^Gfrara<TcnccTCTcmcccATciCTi>iC3TCfaGGne^cnGc^ 8a 

P , G N S R L L S S S S S S L S H L S R P G a T C F C S 
Q " G ! P y y a V P H L P L F P I 3 H V G y £ L A F y 

R E F P S T K F L I F L S F P S L T S R L N L L L F 

CUAimCACGnGrtThTTGATACnCTGGTrCTCrrCTGiIATCnCCTTTTCHCGnte^^^ Hi 

L F S R g Y B Y F W F S S A S S F S R a T L Y F C 3 
P Y F H M D I D T S G S L L H L P F H U D I Y I S A S 

L I F T L I L t L L V L F y i F L F T L I S I F L L L 

CncnCATOTCnGlTrnCATACGAACGGTCCCCATTCTCCGTGGCGTTTTTCCTCT^ 243 

S S S S S C F S Y E R S P F S V A F F L F F T S t i R P 
L L H L L A F H T N G P H 3 P W R F S 3 F S P L G D L 

F F I F L L F I R T U P I L R G y P P L F H L L A T 

CmCTCTnCGTCCATCTCCnCATCTCTTCTrrrCGTAGGAAGGTCnCrtTn 295 

L S L S 3 I S F I S S F R R K U F I 
F L F R P S P S S L L F V G R S S F 

S F S F V H L L H L F F S B E G L H 

pLG 2,73 cciplKentary strand 

A^iTi3AAG^mTCaAC3VWiG(:*^GAC^TGAAGGAGriTG^ S3 
( pol/rt+l ) 
K a R P S Y E K K R g R R W T K E K E V A K R S K R G 
N E D L P T K R R I E G D G R K R K R S P R G E K E 

M K T F L R K E E H K E M D E R E R G R Q E y K K R 

( polyAt2 ) 
Af¥<̂ACGCCACGâGAATGGGGACCGnCGTATGAAAAGCAAGAAGATGAAGAAGAGAAGCfi \6i 

K T P R R M G T V R H K S K K H K K R S R N I D I N 
E K R H C E W G P F V S K A R R a R R E A E I B l S T 

K N A T E N G D R S Y E K Q E D E E E K G K Y R Y Q f t 

( pal>A+3 ) ( po lyAH ) 
TGA(¥ViGii«3ATGCAG^GAGAACffiGAAGTATCiWTAT(ft^CGTGAAA^ 248 

( polyfi»5 ) 
U K R K H Q K R T R S I N I N y K I R U K S K F N L D 

B K ' G R C R R E P E V S I S T a K D G T K A S S T H T 
E K t O A E E N G K Y Q Y Q R E N K E Q K Q U O P G 

GT&5.GriGATGGGft¥iGAGfiGQAAGATGAGGAACTrAGTAGACCGG;WrrCCCTGG 2 « 

V R D 6 K E R K M R N L U D G N S L 
3 E M G K R G R S G T f l a T G l P H 

R E R W E R E E D E E L S R R E F P 

F i g . 3 0 . P o s s i b l e amino a c i d s e q u e n c e s f o r pLG 2,73 

Se q u e n c e s c l o s e t o t h e c o n s e n s u s p o l y a d e n y l a t i o n 
s i g n a l a r e marked polyA+, t h e b l a c k symbol s t a n d s 
f o r a s t o p codon. 
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PLG273 v s PLG273....18 matches. Minimum s c o r e 8 
BASE SEQUENCE WITH TRUE MATCHING 

I - 3 

I I i I i I I I I I i I I I M I i I I i M i I M i i I 
^» 2,50 MO 'ff 100 60 ^ 

F i g . 31. Dot m a t r i x c o m p a r i s o n o f pLG 2,73 w i t h i t s e l f . 

pLG 2,73 sequenced s t r a n d v ' s pLG 2,73 
se q u e n c e d s t r a n d . Scale, b^. 
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PLG273 V 5 PLG273C....10 matches. Minimum s c o r e 8 
BASE SEQUENCE NITH TRUE MATCHING 

U3 

Sequenced s t r a n d 

I I I I I M I I I I I I I I I i I I I I I I i I 1 
3 Complementary s t r a n d 

T T 

F i g . 31, ( C o n t i n u e d ) 

pLG 2,73 sequenced s t r a n d v ' s pLG 2,73 
complementary s t r a n d . Scali- i>j}. 
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GGGTAAG(^nGGrrTCTCA6CTACCACAG6AGCA(^TAT6CA6CA«TGAAGTTCmCATG6TCT^ 88 
6GGT(«GGAnGSTnCTCAGCTACO^CAGGAGCA(^TATGCAGCfiCATGAA6ncmCATGGTC^ 

V R I 6 F S A T T G A E Y A A H E V L S W S F H S E 

nGAGTGGAACnCAAGnCTAAGO^GCTGCAf̂ TGCATAGTITrnGCTTrrCATCATCATGffî ^ 169 
nGACTGGAAmCAAGnCTAAGCAAGCTGCAGATGCATAGlTTTTTGCnTrM̂  
L S G T S S S K G A A D A 3 S . . . . . . . . . . . 

( ~ 
TGACA(̂ TCCA6mCTAT/¥!AT(̂ CTKmTATGCAGTACTTrT6TAAT6TTGnATGTATĝ ^ 
TI^CAGATCCAGmCTATAAATAAACTGCGCATATGCAGTAirmGTAATGTrGTrATGTAT 
. . . . . . . . . . . . , . . . . . ( PoIyA* 1 ) 

— 2 ) 
m(mmmmPA Pea lectin message ( Higgins et. a h , 1982 ) 
. . . ( Poly A ta i l ) 

(Pol>^^ 6 ) 
— 2 ) ( PolyA+ 4)(PolyAt 7 ) 
AnAATCAATGTGTGT&^nAAnGnAAA^̂ lAAAA^^m¥iAAAGGAA^̂  pLG 4,13 
.( PolyA+ 3 ) . ( PolyA+ 5 ) . ( Poly A ta i l ) ( Eco RI linker ) 

F i g . 3 2 . The 3' u n t r a n s l a t e d r e g i o n o f pLG 4.10 compared 
w i t h t h a t of Pea l e c t i n message. 

Pea l e c t i n message : H i g g i n s e t . a l . , (1982) 
PolyA+ = Sequence homologous t o t h e c o n s e n s u s 
p o l y a d e n y l a t i o n s i g n a l . ( 2) see t e x t . 
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genes have an AATAAA p o l y a d e n y l a t i o n s i g n a l c l o s e r t o the 

s t o p codon t h a n t h e p o l y ( A ) t a i l r e g i o n . S e v e r a l have 

two p o l y a d e n y l a t i o n s i g n a l s ; leghaemoglobin genes have a 

GATAAA. s i g n a l and a l c o h o l dehydrogenase genes a AATGAG 

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

1983) . Hov/ever, legumin has a AATAAG s i g n a l near t h e stop 
( a c t u a l l y an o v e r l a p p i n g double s i g n a l AATAAATAAAA) 

codon and a consensus AATAAA s i g n a l A n e a r t h e p o l y a d e n y l a ­

t i o n r e g i o n . More d i v e r g e n t are t h e w i l d t y pe o c t c p i n e 

s y n t h a s e genes o f T i plasmi d s v/hich have AATAAT and 

AATAATATA b e f o r e i t s p o l y a d e n y l a t i o n s i t e s (Froman e t . a l . , 
1984) . 

The p u b l i s h e d pea l e c t i n sequence has o n l y one p o l y ­

a d e n y l a t i o n s i g n a l , marked ( p o l y A + 1 ) , t h e consensus AATAAA 

78 bases dovmstream o f t h e s t o p codon and S"6 bases upstream 

o f t h e p o l y A t a i l . The pLG4,lO sequence shares t h i s and 

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

(polyA+ 3-7) : 3) AATCAA i s 19 bases upstream o f t h e polyA 

t a i l , w e l l v / i t h i n t h e consensus d i s t a n c e , 4) AATGTG i s 

s i m i l a r t o t h e AATGAG o f a l c o h o l dehydrogenase genes, and 

s i m i l a r l y i t i s c l o s e (14 bases) t o t h e p o l y A t a i l , 5) 

GATTAA i s s i m i l a r t o t h e GATAAA o f leghaemoglobin and i s 

v e r y c l o s e (S'bases) t o t h e polyA t a i l , 6) ATTAAT i s 

s i m i l a r t o t h e w i l d t y p e o c t o p i n e synthase genes and a t 

21 bases upstream f r o m t h e p olyA t a i l w i t h i n t h e animal 

consensus d i s t a n c e , 7) ATTAAT which i s a l s o s i m i l a r t o the 

w i l d t y p e o c t o p i n e synthase genes b u t i s v e r y c l o s e (4 

bases) t o t h e polyA t a i l . Of t h e above p o s s i b l e p o l y ­

a d e n y l a t i o n s i g n a l s o n l y t h e GATAAA second s i g n a l o f 

le g h a e m o g l o b i n o c c u r s i n t h e co d i n g sequence o f pea l e c t i n 

message. I n t e r e s t i n g l y , i n b o t h sequences a complementary 
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p o l y a d e n y l a t i o n s i g n a l TTTATT, marked ( 2 ) , occurs 

a t t h e s t a r t o f t h e p o l y ( A ) t a i l i n t h e p u b l i s h e d sequence 

and 2 4 bases upstream i n pLG4.lO, 

Whether t h e polyA+1 s i g n a l v/as t h e s i g n a l used i n 

pLG4.lO, where t h e polyA t a i l was i n i t i a t e d 102 bases 

downstream f r o m i t , or one o f t h e c l u s t e r o f p u t a t i v e 

p o l y a d e n y l a t i o n s i g n a l s was used, i t seems s i g n i f i c a n t 

t h a t t h e p o l y A t a i l i n i t i a t e s i n an A T - r i c h r e g i o n , 

b e a r i n g many sequences c l o s e t o t h e consensus polyadeny­

l a t i o n s i g n a l . M u l t i p l e 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 a r e known t o occur i n p l a n t genes (Croy et„al., 

1982; S c h u l e r e t . a l . , 1982; Edens e t . a l . , 1982; L y c e t t e t . a l . , 

1 9 8 4 ) , i n p a r t i c u l a r i n pea l e g u m i n , b u t n o t i n pea v i c i l i n . 

However, f o r t h e legumin cDNAs w i t h polyA t a i l s i n v e s t i ­

g a t e d ( L y c e t t e t . a l . , 1984) a l l t h e t a i l s s t a r t e d 19 or 

20 bases downstream o f t h e second p o l y a d e n y l a t i o n s i g n a l . 

I t i s p o s s i b l e t h a t t h e p u b l i s h e d l e c t i n message has had 

t h e e x t r a 24 bases, wh i c h occur i n pLG4,10, d e l e t e d i n 

some V 7 a y . T h i s would e x p l a i n why t h e p o l y a d e n y l a t i o n 

s i g n a l i s so f a r from t h e p o l y a d e n y l a t i o n s i t e compared 

w i t h t h e consensus d i s t a n c e . T h i s p roblem sh o u l d be 

r e s o l v e d by sequencing o t h e r l e c t i n cDNAs and by i s o l a t i n g 

and sequencing t h e l e c t i n gene, 

4.6. A l b u m i n cDNAs. 

The probe used t o f i n d m a j o r albumins p o s i t i v e s 

( S e c t i o n s 3.2.7 and 3.3.7) was o n l y a v a i l a b l e i n a v e r y 

s m a l l amount, so o n l y f i l t e r number f o u r was probed i n a 

c o l o n y h y b r i d i s a t i o n s c r e e n . The background on t h e 

s c r e e n was q u i t e h i g h , b u t a l a r g e number o f p o s s i b l e 
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p o s i t i v e s were found (Teible 25) , Nine o f these were 

s e l e c t e d f o r f u r t h e r i n v e s t i g a t i o n , i n c l u d i n g t h e tv/o 

c o l o n i e s showing as f a i r l y d e f i n i t e p o s i t i v e s (Table 31). 

No s t r o n g c o r r e l a t i o n was seen between t h e i n s e r t s i z e 

and s t r e n g t h o f h y b r i d i s a t i o n t o e i t h e r t h e major albumins 

probe o r mRNA. Th i s suggested t h a t some, a t l e a s t , o f t h e 

p o s i t i v e s were s p u r i o u s . 
(pLG 4=135 has tif-so i n s e r t s ) 

R.A.Ragab showed, t h a t t h e l a r g e i n s e r t o f pLG4,135,A 
one o f t h e two f a i r l y d e f i n i t e p o s i t i v e s , i n h y b r i d 

r e l e a s e t r a n s l a t i o n experiments d i d s e l e c t a major albumins 

message and he used i t t o s e l e c t two o t h e r major albumin 

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

pLG4,135 was r e s t r i c t i o n mapped (Fig.15) and t h i s map 

was somewhat d i f f e r e n t t o t h e maps o f t h e o t h e r major 

a l b u m i n p o s i t i v e s i s o l a t e d by R.A.Ragab ( p e r s o n a l communi­

c a t i o n ) . He a l s o found t h a t t h e l a r g e i n s e r t o f pLG4,135 

d i d n o t c r o s s h y b r i d i s e t o any o f t h e o t h e r e i g h t p o s s i b l e 

a l b umins p o s i t i v e s i n v e s t i g a t e d i n . d e t a i l . Thus sugges­

t i n g t h a t t h e m ajor albumin sequence r e p r e s e n t s o n l y 1 i n 

143, '^0.1% o f t h e l i b r a r y o r ^^2.9% o f t h e 14 day "abundant" 

sequences o f Morton e t . a l . , ( 1 9 8 3 ) , when p r o b i n g at-'91% 

homology. 

T h i s e s t i m a t e i s u n d o u b t e d l y low as t h e major albumins 

r e p r e s e n t 8-10% o f t h e t o t a l seed p r o t e i n (Croy e t . a l . , 

1 9 8 4 ) , d o u b l e t h e abundance o f t h e s o l u b l e seed l e c t i n . 

Had t h e l a r g e i n s e r t o f pLG4,135 been used t o probe t h e 

l i b r a r y , a more r e p r e s e n t a t i v e number o f p o s i t i v e s would 

have d o u b t l e s s been d e t e c t e d . A l s o , i t i s known (Croy 

e t . a l . , ( 1 9 8 4 ) t h a t t h e two major albumins ar e s i m i l a r , as 

shov/n. by t h e i r cyanogen bromide cleavage p a t t e r n s . 
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Hov/ever, t h e degree o f DNA sequence homology betv/een them 

i s unknown and hence, lower s t r i n g e n c y s c r e e n i n g may f i n d 

b o t h m ajor a l b u m i n s , whereas a t h i g h e r s t r i n g e n c y o n l y 

one may be d e t e c t e d . 

I t i s suspected t h a t pLG4,135 l a r g e i n s e r t codes f o r 

t h e l a r g e major albumin (PMA-L) as t h e p o l y p e p t i d e produced 

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

w e i g h t t o PMA-L ( s u b u n i t Mr'v25,000) th a n PMA-S ( s u b u n i t 

Mr'>^24,000) (R.A.Ragab, p e r s o n a l communication) . 

The major albumins a r e produced w i t h o u t s i g n a l pep­

t i d e s o r l e a d e r sequences (R.A.Ragab), a l t h o u g h m o l e c u l a r 

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

c i e n t l y a c c u r a t e t o d e c i d e u n e q u i v o c a l l y between p r o t e i n s 

o f such s i m i l a r m o l e c u l a r w e i g h t s . 

The combined DNA and amino a c i d sequence o f pLG4,135 

l a r g e i n s e r t ( Fig.16) shows a good match w i t h t h e p a r t i a l 

p r o t e i n sequences o b t a i n e d f r o m cyanogen bromide and t r y p -

t i c c l e a v a g e f r a g m e n t s ( J . G i l r o y and J.Gatehouse, p e r s o n a l 

c o m m u n i c a t i o n ) . The d i s c r e p a n c i e s are accounted f o r by 

e r r o r s i n t h e p r o t e i n sequences and by t h e p r o t e i n 

sequence b e i n g d e r i v e d from t o t a l major albumins and t h e 

cDNA c o d i n g o n l y f o r one o f them. 

The cyanogen bromide cleavage p a t t e r n s observed f o r 

t h e two major a l b u m i n s ; fragments o f '\'Mrll,500, 8,400 and 

7,200 f o r PMA-L a n d - M r l l , 500, 7,600 and 6,600 f o r PiMA-S 

(Croy e t . a l . , 19 8 4 ) , can be f i t t e d t o t h e p r e d i c t e d amino 

a c i d sequence t o l e r a b l y w e l l . Cyanogen bromide cleaves 

p o l y p e p t i d e s a t t h e m e t h i o n i n e (M) r e s i d u e s and sometimes 

a t t r y p t o p h a n (W) r e s i d u e s . The cyanogen bromide cleavages 

e x p e c t e d f r o m t h e p r e d i c t e d amino a c i d sequence would produce 
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f r a g m e n t s : 1) g r e a t e r than 85 amino a c i d r e s i d u e s c o r r e s ­

p o n d i n g t o t h e M r ^ l l , 5 0 0 fragment; 2) 30 amino a c i d 

r e s i d u e s w h i c h seems t o o s h o r t , b u t must correspond t o 

t h e Mr'^'7,200 o r Mr'^6,600 fr a g m e n t s ; 3) 58 amino a c i d 

r e s i d u e s c o r r e s p o n d i n g t o t h e Mr'^8,400 or Mr'^'7,600 f r a g ­

ments; 4) 9 amino a c i d r e s i d u e s and 5) 11 amino a c i d 

r e s i d u e s , b o t h o f which would n o t be d e t e c t e d . 

The 3' u n t r a n s l a t e d sequence does n o t i n c l u d e t h e 

po l y A t a i l b u t does have 3 consensus p o l y a d e n y l a t i o n 

s i g n a l s a t 36, 120 and 202 bases downstream from t h e stop 

codon. The f i r s t and t h i r d o f these can be i n t e r p r e t e d as 

m u l t i p l e o v e r l a p p i n g s i g n a l s such as occur i n t h e legumin 

gene ( L y c e t t e t . a l . , 1984; Croy e t . a l . , 1982), and t h e r e 

i s a number o f o t h e r sequences which are c l o s e t o the 

consensus p o l y a d e n y l a t i o n s i g n a l . The f i n a l polyadeny­

l a t i o n s i g n a l i s 17 bases upstream from t h e end o f t h e 

cDNA w h i c h i s w i t h i n t h e consensus d i s t a n c e from s i g n a l 

t o p o l y a d e n y l a t i o n r e g i o n . However, w i t h o u t a cDNA 

h a v i n g a p o l y ( A ) t a i l , t h i s i s a s p e c u l a t i o n . 

Thus t h e l a r g e i n s e r t o f pLG4,135 i s a major albumin 
cDiv!A and t h e o t h e r c o l o n i e s s e l e c t e d i n the colony screen do not 
c a r r y cDfsJAs c o d i n g -for the major albuminso 

Colony 4,92 was t h e o t h e r r e a s o n a b l y d e f i n i t e major 

albumins p o s i t i v e . However, as i t does n o t h y b r i d i s e t o 

pLG4,135 l a r g e i n s e r t i t i s n o t a major albumins cDNA. 

I t ' s i n s e r t v/as 1070 bp i n l e n g t h and was used t o probe a 

N o r t h e r n b l o t o f pea c o t y l e d o n mRNA f r o m v a r i o u s stages o f 
been 

development. The i n t e n t i o n ^ t o s i z e t h e major albumins 

mRNAs , The r e s u l t s (Table 32, Fig.20) show t h e i n s e r t 

o f pLG4,92 h y b r i d i s e s t o t h r e e d i f f e r e n t s i z e s o f mRNA 

whi c h o c c u r a t d i f f e r i n g stages o f development. I n a d d i t i o n 
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two f u r t h e r bands shov/ up i n t h e 22day r e s u l t a t -̂ 1̂450 

and ^1700 bases i n l e n g t h b u t these may be due t o un-

s p e c i f i c h y b r i d i s a t i o n . 

The s t r o n g e s t h y b r i d i s a t i o n occurs w i t h t h e 2750 base 

band and t h u s , t h i s i s p r o b a b l y t h e mRNA pLG4,92 codes 

f o r . The ûea/c /\ f o r t h i s band f o r t h e 16 days a f t e r 
app&ars To 

f l o w e r i n g mRNA A due t o a d e f e c t i n t h e b l o t . A mRNA 

o f 2750 bases i n l e n g t h s h o u l d code f o r a p r o t e i n o f 

Mr'v6l,000. T h i s p o l y p e p t i d e i s o n l y produced i n the 

l a t e r stages o f development. The o t h e r two bands, Z'ZSO 

bases and 1300 bases i n l e n g t h , must r e p r e s e n t mRNAs 

fr o m r e l a t e d genes and sh o u l d code f o r p r o t e i n s o f 

Mr'\'5'^,000 and Mr'v 51,000 r e s p e c t i v e l y . 

T h i s s e t o f r e l a t e d messages show s t r o n g develop­

m e n t a l c o n t r o l w i t h t h e 1300 base message gene b e i n g 

s w i t c h e d o f f as t h e 2250 base message gene i s s w i t c h e d 

on a t t h e s t a r t o f t h e mid-stage o f development and t h e 

2750 base message ^e^e- b e i n g s w i t c h e d on a t t h e s t a r t 

o f l a t e s t a g e development= A l t e r n a t i v l y t h i s p a t t e r n may be due 

t o changes i n t r a n s c r i p t i o n o-F one gene or changes i n post 

t r a n s c r i p t i o n a l p r o c e s s i n g o-f the mRisJAo As the l i b r a r y was made 

•from 13-17 day pol y (A)+RfsJA the smeared 16 day r e s u l t -for the 2755 

base band most p r o b a b l y s h o u l d be p o s i t i v e ^ 

The suggested p r o t e i n m o l e c u l a r w e i g h t o-f the 2750 base 

message o-f about 79,900 r a i s e the s p e c u l a t i o n t h a t the cDJMA may 

cod© f o r c o n v i c i l i n Mr 75,000 or the Mr 80,000 legumin r e l a t e d 

p o l y p e p t i d e - Both of these p o s s i b i l i t i e s would be expected t o 

show as mRivSA p o s i t i v e i n c o l o n y screens as does pL64,92= Why 

pLG4592 was a f a i r l y d e f i n i t e p o s i t i v e i n the colony screen w i t h 

t h e major albumins e n r i c h e d probe i s u n e x p l a i n e d by these 

h y p o t h e s i ses-
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4.7. T e r m i n a l D e o x y n u c l e o t i d y l T r a n s f e r a s e . 

Much t i m e and e f f o r t was expended i n t r y i n g t o f i n d 

c o n d i t i o n s under wh i c h t e r m i n a l t r a n s f e r a s e (TdT) added 

homopolymer t a i l s , t o t h e 3' ends o f DNA molecules 

r e l i a b l y and c o n s i s t e n t l y and i n t r y i n g t o t r a c e and e l i m ­

i n a t e a l l t h e f a c t o r s which i n h i b i t t h e a c t i o n o f TdT. 

Workable r e s u l t s c o u l d be a t t a i n e d f o r dG and dC t a i l s 

by t a k i n g g r e a t c a r e : 1) t o p u r i f y t h e DNA, e l i m i n a t i n g 

a l l o r g a n i c s such as pheno l o r i m p u r i t i e s i n t h e e t h a n o l 

used f o r a l c o h o l p r e c i p i t a t i o n , 2) by u s i n g d e i o n i z e d 

and d o u b l e d i s t i l l e d (HPLC grade) w a t e r , 3) by u s i n g 

c o m m e r c i a l l y s u p p l i e d r e a c t i o n b u f f e r , 4) by u s i n g 

n u c l e a s e f r e e BSA i n t h e r e a c t i o n mix and 5) by u s i n g 

t h e o t h e r p r e c a u t i o n s l i s t e d i n s e c t i o n 2,2.3,8. The 

b e s t c o n d i t i o n s were however never f u l l y r e l i a b l e and t h e 

r e s u l t s o f Roychoudhury e t . a l . , (1976) and Deng and Wu 

(1981) p r o v e d u n r e p e a t a b l e d e s p i t e t h e r e s u l t s i n t h e 

assays o f t h e TdT s u p p l i e r s (BRL and PL) b e i n g r e p r o ­

duced r e a s o n a b l y c o n s i s t e n t l y . 

I n p a r t i c u l a r t h e cDNA c l o n i n g scheme o f Okayama 

and Berg (1981) r e q u i r e s a p l a s m i d fragment t o be t a i l e d 

w i t h t a i l s o f '^60 bases i n l e n g t h o f dT r e s i d u e s (see 

F i g . 5 ) . The t o t a l f a i l u r e t o produce samples o f t h i s 

p l a s m i d f r a g m e n t b e a r i n g t a i l s l o n g e r t h a n 1-2 bases was 

t h e r e a s o n f o r i t s abandonment as a method o f p r o d u c i n g 
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a cDNA l i b r a r y d e s p i t e i t s o t h e r major advantages. 

From p e r s o n a l communications, v a r i o u s mentions i n 

t h e l i t e r a t u r e and commercial d a t a s h e e t s , i t seems t h a t 

problems o f r e p r o d u c i b i l i t y f r o m one l a b o r a t o r y t o another 

are v e r y common w i t h TdT, However, t h e g r e a t e r ease 

o f t a i l i n g and s h o r t e r t a i l s r e q u i r e d w i t h dG and dC 

compared w i t h dT and t h e r e c e n t commercial a v a i l a b i l i t y 

o f r e a d y t a i l e d Okayama and Berg p l a s m i d fragments make 

t h i s scheme f o r cDNA c l o n i n g v e r y a t t r a c t i v e . 

4.8. Summary. 

A cDNA l i b r a r y has been c o n s t r u c t e d and cDNAs f o r 

v a r i o u s seed p r o t e i n s i s o l a t e d ; t h ose f o r l e g u m i n s , 

v i c i l i n s , l e c t i n and major albumins have been c h a r a c t e r ­

i s e d . The r e l a t i v e abundancies o f these cDNAs has been 

c o r r e l a t e d w i t h t h e sequence c o m p l e x i t y d a t a o f Morton 

e t . a l . , (1983) and shown t o f i t them w e l l . The t o t a l 

number o f main l e g u m i n , b i g legumin and v i c i l i n s p o s i t i v e 

c l o n e s r e p r e s e n t over 75% o f t h e "ver y abundant" 

sequences, and probes w i t h c o n v i c i l i n , w i t h t h e Mr'\'80,000 

le g u m i n r e l a t e d p o l y p e p t i d e and w i t h t h e probes a l r e a d y 

used a t low e r s t r i n g e n c i e s w i l l u n d o u b t e d l y f i n d t h e 

r e m a i n i n g 25%. Thus t h e l i b r a r y c orresponds s t a t i s t i c a l l y 

and i s a r e p r e s e n t a t i o n o f t h e p o p u l a t i o n o f mRNAs i n 

t h e pea c o t y l e d o n s a t t h e t i m e t h e y were h a r v e s t e d . 
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TABLE 38 

cDNA L i b r a r y Colony H y b r i d i s a t i o n Screen Data Table, 

Column 

A 
B 
C 

D 
E 
F 

H 

K 

M 

N 

0 

Q 

R 

Colony number^ pLG number of plasmid. 
Noticeable growth on o r i g i n a l master f i l t e r . 
Blue colour when grown on p l a t e s containing 
X-gal. P o s i t i v e c o l o n i e s have no i n s e r t s or 
are mixed. 
Approximate s i z e of the i n s e r t ( s ) i n base p a i r s . 
14 day mRNA a t '^94% homology. (Section 3.2.1), 

Main legumin cDNA pAD4.4 (pDUB6) a t '\'94% homology. 
(Se c t i o n 3.2.2). 
Main legumin gene C pAS2 (pDUB26) a t -^99% homology 
(Se c t i o n 3,2.2). The r e s u l t s are not complete. 
Main legumin gene A pRC3,l (pDUB21) a t ^81% 
homology (Section 3.2.2). The r e s u l t s are not 
complete, 
Big legumin gene J pJC5-2 at '^91% homology 
(Sect i o n 3.2.3). 
V i c i l i n B cDNA pAD3.4 (pDUBV) at -^94% homology. 
(Se c t i o n 3.2.4.1), 
V i c i l i n B cDNA pAD3.4 
(Se c t i o n 3.2.4.1). 
V i c i l i n B cDNA pAD3.4 
(Se c t i o n 3,2.4.1), 
V i c i l i n C cDNA pAD2,l 
(Sect i o n 3.2.4.2), 
V i c i l i n C cDNA pAD2.1 
(Se c t i o n 3.2.4.2). 

(pDUBV) a t ̂ Sl% homology. 

(pDUB7) a t homology. 

(pDUB9) a t ̂ ^94% homology. 

(pDUB9) at '\̂ 81% homology. 

(pDUB9) a t ̂ 12% homology. V i c i l i n C cDNA pAD2.1 
(Se c t i o n 3.2,4.2), 
V i c i l i n A cDNA pRC2,2,l (pDUB2) a t '\'94% homology. 
(S e c t i o n 3.2,4,3). 
Phaseolus v u l g a r i s l e c t i n cDNA pPLVl34 a t '\^82% 
homology (Section 3.2.6), 
Pea l e c t i n cDNA pRC2,2,26 a t 'v94% homology. 
(Se c t i o n 3.2.5). 
cDNA enr i c h e d i n sequences coding f o r the major 
albumins a t '̂ '91% homology (Section 3.2.7). 

Symbols used are 

i . - i . 

+++ = Strong, ++ = medium, + - weak, 
o+ = very weak, o = not det e c t a b l e , 
? = dubious i . e . a s i g n a l but probably 
spurious, ^ = a very weak s i g n a l which 
seems non s p e c i f i c , - = t h i s colony did 
not appear to have grov/n or r e s u l t s from 
t h i s colony should be ignored, blank = 
t h i s colony was not screened v;ith t h i s 
probe. 
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i 1 -
1 0 1 

h H h 
o i l 1 

1 1 , 2 6 1 
H 1-

+ 1 0 1 0 1 0 1 0 1 0 1 0 1 j 1 

1 0 1 
1 > 

1 1 

1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 
I 1-

0 1 
^ H h 

o i l 1 
M . 2 7 1 

H 1-
+ 1 0 1 0 1 0 + 1 0 1 0 1 0 1 

\ T 

I + + + I i h -
0 1 

1 

0 1 ~ 1 0 1 0 1 0 1 0 1 
1 1-

0 1 
h H h 

o i l 1 

1 1 . 2 8 1 
H 1-

+ 1 0 1 0 1 0 1 1 0 1 0 1 0 1 
1 

0 1 
1 

r-

0 1 
1 

0 1 ~ 1 0 1 0 1 0 1 
h H 

0 1 
1 1-

0 1 
h H h 

o i l 1 

1 1 . 2 9 1 
H h 

+ 1 0 1 0 1 0 1 1 0 1 0 1 0 1 
h H 

1 

0 1 
1 h H 

1 

0 1 
1 1-

0 1 ~ 1 0 1 0 1 0 1 
(• H 

0 1 
— h ^ 

1 H 
0 1 

1- H h 
o i l 1 

h H h 



207 

B C E F G H I K L M N 0 . P Q 

1 1 . 3 0 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 
^ H 1 

1 0 
h H 

1 0 1 0 1 M 1 0 1 0 1 0 
H 1-

1 0 1 

11 , 3 1 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 
• + ~ — H 

1 0 
- -j 

1 0 1 0 1 ~ 1 0 1 0 1 0+ 
H h 

1 0 1 

11 , 3 2 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 
H f 

1 0 1 
- 4 

1 0 1 0 1 ~ 1 0 1 0 1 0 
H h 

1 0 1 

1 1 . 3 3 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 
H 
1 0 1 0 1 ~ 1 0 1 0 1 0 

H h 

1 0 1 

1 1 . 3 4 1 + 
-1 

1 C H | 1 0 1 0 + 1 1 0 1 0 1 0 1 1 0 1 
H 
1 0 1 0 1 0 1 0 1 0 1 0 

H h 

1 0 1 

1 1 , 3 5 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 
"1 1 

1 0 1 
H 

1 0 1 0 1 ~ 1 0 1 0 1 0 
i K 

1 0 1 

1 1 , 3 6 1 - 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 
H t 
1 0 1 

H 

1 0 1 0 1 0 1 0 1 0 1 0 
) ^ 
1 0 1 

1 1 , 3 7 1 + 1 0 + 1 1 0 1 0 1 1 0 1 0 1 0 1 
H 1-

1 0 1 
H 
1 0 1 0 1 ~ 1 0 1 0 1 0 

1 h 

0 1 

1 1 , 3 8 1 + 1 0 1 0 1 + 1 1 0 1 0 1 0 1 
"i • + 
1 0 1 
1 1 

H 
1 0 1 0 1 ~ 1 0 1 0 1 0 

1 h 

0 1 

1 1 , 3 9 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 
"I r 
1 0 1 

H 
1 0 1 0 1 0 1 0 1 0 1 0 

1 h 

0 1 

1 1 , 4 0 1 + 1 0 + 1 4 7 0 + + 1 + + 1 I + + + I + + + I + + + I 
H h 
1 0 1 

•1 — 
1 0 I 0 1 ~ 1 ~ 1 0 1 0 

1 h 

0 1 

1 1 . 4 1 1 + t o + i 0 + 1 1 0 0 0 1 
H h 
1 0 1 

H 
1 0 0 0 1 0 0 0 

y 

0 1 

1 1 , 4 2 1 + 0 1 0 0 1 1 0 0 0 1 
H K 
1 0 1 

H 
1 0 0 1 0 0 0 

h 

0 1 

1 1 , 4 3 1 + 0 1 0 0 + 1 1 0 ? 0 1 
H h 
1 0 1 

^ 
1 0 0 0 0 0 0 1 

h 

^ ^ 1 

1 1 . 4 4 + 0 1 + O + I 1 0 0 0 1 
H (-

I + + + I 
H 

1 0 0 0 0 0 1 
V 

0 1 

1 1 , 4 5 + 0 1 0 0 + 1 1 0 0 0 1 
H h 

1 0 1 
H 

1 0 0 0 0 0 1 
h 

0 1 

1 1 , 4 6 + 0 1 6 0 0 1 0 + + I 1 0 0 0 1 
) 1 

1 0 1 
H 
1 0 1 0 0 0 0 1 

1-

0 1 

1 1 , 4 7 + O + I 0 + 1 1 0 1 0 1 0 1 
1 

1 0 1 
H ! 
1 0 1 0 1 0 0 1 O + I 

^ 
0 1 

1 1 , 4 8 + 0 1 0 1 + 1 1 0 1 0 1 0 1 
H h 
1 0 1 

H 1 

1 0 1 0 1 0 1 0 1 0 1 
h -

0 1 

1 1 , 4 9 + 0 1 + 1 + 1 1 0 1 0 1 0 1 
H f-

1 + 1 
-\ 1 
1 0 1 0 1 0 0 1 0 1 0 1 

1- -

0 1 

1 1 . 5 0 + 1 0 + 1 0 1 0 1 1 0 1 0 1 0 1 
i \ 
1 0 1 

H f-
1 0 1 0 1 ~ 1 0 1 0 1 0 1 

h H 

0 1 

| 1 . 5 1 + 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 t 
1 0 1 

H h 
1 0 1 0 1 ^ 1 0 1 0 1 0 1 

h H 

0 1 

| 1 , 5 2 1 + 1 0 1 0 1 0 1 0 1 0 1 0 1 
"1 - "t 

1 0 1 
^ i 
\ 0 1 0 1 ~ 1 0 1 0 1 0 1 

h H 

0 1 

1 1 , 5 3 1 - 1 0 1 0 1 
H h 

1 1 
i •! 

1 1 
V 4 

1 1 

| 1 , 5 4 1 + 1 0 1 0 1 0 1 0 1 0 1 0 1 
H h 
1 0 1 

4 t 

1 0 1 0 1 0 1 0 1 0 1 0 1 
—^ -t 

0 1 1 

M . 5 5 1 + 1 0 1 0 1 0 1 0 1 0 1 0 1 •i h 
1 0 1 

•i h 

1 0 1 0 1 ~ 1 0 1 0 1 0 1 
h + 

0 1 1 
1 1 , 5 6 1 + 1 0 1 0 1 0 1 0 1 0 1 0 1 

1 1 

1 0 1 
1 \ -

1 0 1 0 1 ~ 1 0 1 0 1 0 1 
h + 

0 1 1 

M . 5 7 1 + 1 0 + 1 0 1 + 1 0 1 0 1 0 1 f- -
0 1 

+-
0 1 0 1 0 1 0 1 0 1 0 1 

—y + 

0 1 1 

1 1 , 5 8 1 + 1 0 1 0 1 + 1 0 1 0 1 0 1 
h H 

h " 

0 1 
1 h -

\ " 

0 1 
1 H 

0 1 ~ 1 0 1 0 1 0 1 
h + 

0 1 1 
— h + 

S T 

H 



208 

B C E F G H I K L M N 0 P 0 R S 

|1 , 5 9 1 + 1 0 0 1 0 1 r 0 1 0 1 0 1 1 0 1 1 0 1 0 1 1 0 1 0 1 0 0 1 1 0 1 0 I I 1 

|1 . 6 0 1 + 1 0 1 8 4 0 ++ 1 + + ! 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 ? 1 0+ 0 1 1 0 1 0 1 1 ' 1 

1 1 . 6 1 1 + 1 0 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 0 1 1 0 1 0 1 1 1 

|1 , 6 2 1 + 1 0 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 0 1 1 0 1 0 1 1 1 

M , 6 3 1 + 1 0 1 1 5 3 0 + + I + + + I 1 0 1 0 1 0 1 1 0 1 I + + + I + + + I + + + 1 + + 1 + + 1 + + •H-j 1 0 1 0 1 1 1 

M , 6 4 1 + 1 0 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 0 1 1 0 1 0 1 1 1 

1 1 , 6 5 1 + 1 0 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 0 1 1 0 1 0 1 1 1 

1 1 . 6 6 1 + 1 0 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 0 1 1 0 1 0 1 1 1 

1 1 . 6 7 + 1 0 0 1 O + I 1 + 1 + 1 + 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 0 1 1 0 1 0 1 1 1 

1 1 , 6 8 + 1 0 0 1 0 1 1 + 1 0 I + 1 1 0 1 1 0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 1 1 1 

M . 6 9 + 0 0 1 O + I 1 0 1 0 + 1 1 0 I 1 0 1 0 0 1 0 0 0 0 1 1 0 1 0 1 1 1 

1 1 , 7 0 + 0 0 O + I 1 0 1 0 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 o i l 1 

1 1 . 7 1 + 0 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 ? 0 0 0 1 0 1 1 0 o i l 1 

1 1 , 7 2 + 0 7 1 0 | 0 + + ! 1 0 1 0 0 1 1 0 1 1 0 + 9 0 0 0 1 0 1 1 0 o i l 1 

1 1 , 7 3 + 0 1 0 0 i 1 0 1 0 0 1 1 0 1 1 0 0 ? 0 0 0 1 0 1 1 0 o i l 1 

1 1 . 7 4 - 0 i 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 o i l 1 

1 1 . 7 5 + 0 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 ~ 0 0 0 1 0 1 1 0 o i l 1 

|1 . 7 6 + 0 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 1 0 0 0 1 0 1 1 0 o i l 1 

|1 ,77 + 0 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 j 0 0 0 1 0 1 1 0 o i l 1 

1 1 , 7 8 + 0 1 0 1 0 1 1 0 t 0 1 0 1 1 0 1 1 0 0 1 ~ 0 j 0 0 1 0 1 1 0 o i l 1 

1 1 . 7 9 1 + 1 0 1 0 1 + 1 1 0 0 1 0 1 1 0 1 1 0 1 + 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 1 , 8 0 1 + + 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

M , 8 1 1 + 1 0 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 O + I ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

| 1 . 8 2 1 + 1 0 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 1 , 8 3 1 + 1 0 1 0 1 + 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 1 , 8 4 1 + 1 O + I 0 1 O + I 0 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 1 . 8 5 1 + 1 0 1 0 1 0 1 0 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 1 . 8 6 1 + 1 0 1 0 1 0 1 0 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

M . 8 7 1 + 1 0 1 1 0 9 0 1 + 1 + + I + •H-l + + + I 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 
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11 .88 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

11 .89 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

11 .90 + 1 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

1 1 ,91 + 1 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

1 1 .92 + 1 0+1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 ! 0 1 1 0 1 0 1 

1 1 .93 + 1 0 1 1 + O + I 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 1 1 0 1 0 1 

11 .94 + 1 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 1 0 0 1 

1 1 .95 + 0 1 1 0 + 1 1 + + + + 1 1 0 1 1 0 0 ~ 0 0 0 0 1 1 0 0 1 

1 1 .96 + 0 1 1 0 O + I 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

1 1 .97 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

11 ,98 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

1 1.99 j + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

11.1001 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ? 0 0 0 0 1 1 0 0 1 

11.1011 + 0 + 1 1 0 . 0 1 1 0 0 0 1 1 0 1 1 0 0 ? 0 0 0 0 1 1 0 0 1 

|1.1021 + 0+1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

11.103| + 0 1 1 + 0 1 1 0 0 0 1 1 0 1 1 0 0 ? 0 + 0 1 1 0 0 1 

h , 1 0 4 | - 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

11,105| + 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 ~ 0 0 0 ? 1 1 0 0 1 

11.106| - 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

11.107| + 0 1 1 0 + 1 1 0 1 0 0 1 1 0 1 1 0 0 0 0 0 + 1 1 0 0 1 

1 1 . 1 0 8 | + 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 1 0 0 0 0 1 1 0 0 1 

1 1 .109 1 + 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 + 0 0 0 + 1 1 0 1 0 1 

11 . 1 i o | + 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 1 ~ 1 0 0 0 0 1 1 0 0 1 

[1.1111 + 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 t 0 1 0 0 1 1 0 j 0 1 

1.1121 + 1 0 1 1 0 1 + 1 + 1 + 1 + 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 0 1 1 0 1 0 1 

1,113| + 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 0 1 1 0 1 0 1 

1.1141 + 1 0 1 1 0 1 + 1 ++1 + + 1 ++1 1 0 1 1 0 1 0 1 9 1 0 1 0 1 0 0 1 1 0 1 0 1 

1.1151 + 1 0 i 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ? 1 0 1 0 1 0 i 0 1 1 0 1 0 1 

1,116| + 1 0 1 1 + 1 + 1 
1- -

+ 1 + 1 + 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 
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|1 .117 
1 

+ 1 0 1 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

|1 . 1 1 8 
^ -

+ 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ? 1 0 1 0 1 0 1 0 1 1 ~ 1 0 1 1 1 

11.119 
^ 

+ 1 0 1 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ? 1 0 1 0 1 0 1 0 1 1 ~ 1 0 1 1 1 

11.120 
^ 

+ 1 O + I 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ? 1 0 1 0 1 0 1 0 1 1 ~ 1 0 1 1 1 

11 .121 
^ 

+ 1 O + I 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ? 1 0 1 0 1 0 1 0 1 1 ~ 1 0 1 1 1 

11.122 
1 

+ 1 0 1 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

11 ,123 + 1 O + I 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

11 .124 
1 1 

+ 1 + 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 0 1 0 1 0 0 1 0 1 1 0 1 0 1 1 1 

1 1.125| 
j 1 

+ 1 0 1 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 + 0 0 ? 0 1 1 0 0 1 1 1 

1 1.126| 
1 1 

+ 1 O + I 1 0 O + I 1 0 1 0 0 1 1 0 1 1 0 0 + 0 0 0 1 0 1 1 0 0 1 1 1 

11.127| 
1 j 

+ 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 1 

11.128| 
1 I 

+ 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 1 

|1.1291 
I j 

+ 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 + 0 0 ? 0 1 1 0 0 1 1 1 

11,1301 
1 1 

+ O + I 1 + + 1 1 -H- 0 0 1 1 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 1 

1 1 ,1311 
1 1 

+ 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 0 0 0 1 1 0 0 1 1 1 
1 1 

|1.1321 
1 1 

+ O + I 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 1 1 
1 1 

11,133| 
1 • 

+ 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 • 7 0 0 0 0 1 1 0 0 1 1 1 
1 1 

1 1 .134| 
1 1 

+ 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 1 0 0 0 0 1 1 0 0 1 1 1 
1 1 

1 1 ,135| 
1 I 

- 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 1 0 0 ! 0 1 0 1 1 0 1 0 1 1 
I 1 

I I . 136| 
1 1 

+ 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 i 0 1 0 1 0 1 1 0 1 0 1 1 
1 1 

1 1 ,137| 
1 1 

+ + 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 
1 1 

1 1 .138| 
< • 

+ 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 

|1.1391 
1 1 

+ 1 0 1 4201 0 1 + 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 + + + I 1 
1 1 

11.1401 
I I 

+ 1 0 1 1 0 1 + 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 
1 1 

1 1 . 141 1 + 1 O + I 1 0 1 + 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 
1 1 

1 1 .1421 
• > 

+ 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 
1 1 

1 1 . 143| 
1 1 

+ 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 • 1 
1 1 

1 1 . 1441 
I I 

+ 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 
1 1 

11.145| 
H 1-

+ 1 0 1 1 0 1 + 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 
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H 

11 , 1 4 6 
^ 1 

+ 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

1 1 . 1 4 7 
H 

+ 1 0 1 1 + 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ I + + + I + + + I + + + 
1 h 

+ + I 1 0 1 0 1 1 1 

1 1 , 1 4 8 
-1 

+ 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 
i h 

0 1 1 0 1 0 1 1 1 

1 1 , 1 4 9 
_| 

+ 1 0 1 1 0 1 O + I 1 + 1 0 1 + 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 0 1 1 0 1 0 1 1 1 

1 1 , 1 5 0 
H 

+ 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 ? 1 0 + 0 1 1 0 1 0 1 1 1 

1 1 , 1 5 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 ~ 0 1 1 0 1 0 1 1 1 

1 1 , 1 5 2 + 1 0 1 1 - H - 1 + + + 1 1 0 1 0 1 0 1 1 0 1 1 + + ! + + + I + + + I + + + I + + + I + + + + + + I 1 0 1 0 1 1 1 

1 1 , 1 5 3 ] 
-J 1 

+ 1 0 1 1 0 1 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 0 0 1 1 0 1 0 1 1 1 

| 1 . 1 5 4 | 
.j j 

+ 1 0 1 1 + + + I 1 0 1 0 0 1 1 0 1 1 0 1 0 1 ~ 1 0 0 0 0 1 1 0 o i l 1 

1 1 . 1 5 5 | 
1 i 

+ 1 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 1 ~ 0 0 0 0 1 0 o i l 1 

1 1 . 1 5 6 | 
H 1-

+ 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 o i l 1 

M . 1 5 7 1 
] ^ 

+ 0 1 1 + + 1 1 0 0 0 1 1 0 1 1 0 0 + + + +++ + + + + + + I 0 o i l 1 

1 1 . 1 5 8 | 
-j (-

+ 0 1 1 + + + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 o i l 1 

| 1 , 1 5 9 | 
-J f-

+ 0 1 1 + + 1 1 + 0 + + 1 1 O + I 1 0 0 ~ 0 0 0 1 0 1 0 o i l 1 

1 1 . 1 6 0 1 
.j 

+ 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 o i l 1 

1 1 , 1 6 1 1 
^ L. 

+ O + I 1 + + 1 1 + + + + + I 1 0 1 1 0 0 0 0 0 1 0 1 0 o i l 1 

1 1 . 1 6 2 1 
1 ] 

+ 0 1 1 + + + I 1 0 0 0 1 1 0 1 1 + + + + + + + + + + + + I + + + I 0 o i l 1 

1 1 , 1 6 3 | + 0 1 1 0 + 1 1 + + ? 1 + 1 1 ? 1 1 0 0 0 0 0 1 0 1 0 o i l 1 

1 1 , 1 6 4 | 
j [ 

+ O + I 1 0 O + I 1 0 0 1 0 1 1 0 1 1 0 0 0 1 0 0 1 0 1 0 o i l 1 

1 1 . 1 6 5 | 
1 1 

+ 0 1 1 0 1 O + I 1 0 0 1 0 1 1 0 1 1 0 + ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 1 , 1 6 6 | + 0 1 1 0 1 + + + 1 1 0 1 0 1 0 1 1 0 1 I + + + + + + I + + + I + + 1 + + + I + + I 0 1 1 0 1 o i l 1 

1 1 , 1 6 7 | + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

M , 1 6 8 | 
1 1 

+ 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

M , 1 6 9 | 
1 1 

+ 1 0 1 1 0 1 + 1 1 + 1 + 1 + + I 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 ~ 1 0 1 1 0 1 o i l 1 
1 1 

1 1 . 1 7 0 | 
1 1 

+ 1 0 1 1 0 1 + 1 0 1 0 1 0 1 I + + + 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 
1 1 

1 1 , 1 7 1 1 + 1 0 1 1 0 1 + + 1 + 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 1 , 1 7 2 | 
1 1 

+ 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

M . 1 7 3 1 
1 1 

+ 1 0 1 1 0 1 + 1 + 1 0 1 0 1 1 0 1 1 0 1 0 1 ^ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 
1 1 

|1 . 1 7 4 | 
H H 

+ 1 0 1 1 0 1 O + I 0 1 0 1 0 1 1 0 1 1 0 1 + 1 + 1 0 1 0 1 I - + + I 1 0 1 o i l 1 
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1 1 .175 + 1 O + I 1 0 1 O + I 1 ? 1 0 1 0 1 1 0 1 1 0 1 + 1 + 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

11 ,176 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ^ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

1 1 .177 - 1 1 1 0 1 0 1 1 1 1 1 

1 1.178 - 1 1 1 0 1 0 1 I N I 

1 1,179 - 1 0 1 0 1 1 1 1 1 

| 2 , 1 + 1 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 I + + + 1 0 0 1 0 1 0 1 1 0 1 0 1 1 1 

| 2 , 2 + 1 O + I 1 0 I + + + 1 1 0 1 0 1 0 1 1 0 1 1 + + I + + + I + + + 1 + + + 1 + + 1 + 1 1 0 1 0 1 1 1 

| 2 , 3 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 I + + + 1 0 0 1 0 0 1 1 0 1 0 1 1 1 

| 2 . 4 1 + 1 0 1 1 + [ + + + I 1 0 1 0 1 0 1 I + + + I 1 + + + I + + + 1 + + ++ 1 + + 1 0 1 1 0 1 0 1 1 1 

| 2 . 5 1 + 1 0 1 1 0 ? 1 1 0 1 0 i 0 1 1 0 1 1 ? ? 1 ~ I 0+ + 1 ? 0 1 1 0 o i l 1 

| 2 . 6 1 + O + I 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 1 0 0 1 0 0 1 1 0 o i l 1 

| 2 . 7 1 + O + I 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 ? 0 1 1 0 o i l 1 

| 2 . 8 1 + o+l 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 0 1 0 0 1 1 0 o i l 1 

| 2 . 9 1 + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 0 1 1 0 o i l 1 

1 2 . 1 0 1 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 1 0 1 0 0 1 1 0 o i l 1 

1 2 . 1 1 1 + O + I 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 ~ 1 ? 7 0 1 1 0 o i l 1 

1 2 . 1 2 1 + O + I 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 0 0 1 1 0 o i l 1 

1 2 . 1 3 1 + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 1 ? 0 1 1 0 o i l 1 

1 2 . 1 4 1 + O + I 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 0 1 0 1 1 0 o i l 1 

| 2 , 1 5 1 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 o i l 1 

1 2 . 1 6 1 + + 1 1 0 1 + 1 1 0 j 0 i 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 1 o i l 1 

1 2 . 1 7 1 + 1 0 1 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 1 o i l 1 

1 2 . 1 8 1 + 1 0 1 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0+ O + I 0 1 1 0 1 o i l 1 

1 2 . 1 9 1 + 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 1 o i l 1 

1 2 . 2 0 1 - 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 1 o i l 1 

2 ,21 1 + 1 0 1 1 0 1 + 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 1 o i l 1 

2 , 2 2 1 - 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

2 , 2 3 1 + 1 O + I 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

2 . 2 4 1 + 1 0 1 1 + 1 + + + 1 0 1 0 1 0 1 1 0 1 1 + 1 + + I + + I + + + I - + + + 1 + + + I + + 1 1 0 1 o i l 1 
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| 2 ,25 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

|2 .26 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 ~ 1 0 0 0 1 1 0 1 0 1 

|2 ,27 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

|2 ,28 1 + 1 0 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

|2 ,29 1 + 1 0 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

| 2 .30 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 ~ 1 0 1 

1 2 . 3 1 1 + 1 0 1 0 1 0 1 1 0 t 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0+ 0+ 0 1 1 0 0 1 

|2 ,32 1 + 1 0 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 0 ? 1 0 0 0 0 1 1 0 0 1 

|2 .33 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

1 2 . 3 4 + 0 1 + + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 ~ 1 0 1 1 0 0 1 

| 2 .35 + 0 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

|2 .36 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

1 2 . 3 7 + 0 1 0 O + I 1 0 0 0 1 1 0 1 1 0 0 ~ 0 O + I 0 1 0 1 1 0 0 1 

|2 .38 + 0 1 0 O + I 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 1 0 0 1 

1 2 . 3 9 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 2 ,40 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

1 2 . 4 1 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

|2 .42 + O + I 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 1 0 1 0 1 0 1 0 1 1 0 0 1 

1 2 . 4 3 + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 1 0 1 1 0 0 1 

|2 .44 + 0 1 1 0 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 i 0 1 0 1 0 1 1 0 0 1 

1 2 . 4 5 + 0 1 0 1 O + I 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 0 1 

|2 ,46 1 + O + I 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

1 2 . 4 7 1 + 1 0 1 5 0 0 
300 + 1 + 1 1 0 1 + + I + + - + 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 + 1 0 1 

1 2 . 4 8 1 + 1 0 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 + 1 + + I + + I 0 1 1 0 1 0 1 

1 2 . 4 9 1 + 1 0 1 0 1 O + I 1 0 1 0 1 0 1 t + + I 1 0 1 0 1 0 1 O + I + 1 + 1 0 1 1 0 1 0 1 

1 2 . 5 0 1 + 1 0 1 + 1 + + I 0 1 0 1 0 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 + + - + I 1 0 1 0 1 

2.51 1 + 1 0 1 + 1 + 1 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

2,52 1 + 1 0 1 0 1 + 1 + + I + 1 + 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

1 2 . 5 3 1 + 1 0 1 0 1 O + I 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 ~ 1 + 1 ? 1 0 1 1 0 1 0 1 
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1 2 . 5 4 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 + ? 1 0 1 0 1 1 0 1 0 1 

| 2 . 5 5 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 O + I ? 1 0 0 1 1 0 1 0 1 

|2 .56 1 + 1 0 1 210 0 I 0 1 1 0 0 0 1 1 0 1 1 0 1 0 1 ~ 0 1 0 1 0 0 1 1 *v 1 + 1 

1 2 . 5 7 1 + 1 0 1 0 1 O + I 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0 0 1 1 0 0 1 

|2 .58 1 + 1 0 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

1 2 . 5 9 1 - 1 0 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 1 0 ~ 1 0 ? 0 1 1 0 0 1 

|2 .60 1 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 O + I ? 0 1 0 0 0 1 1 0 0 1 

|2.61 1 + 0 1 0 + + I I + + + 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

|2 .62 1 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 ~ O + I + + 0 1 1 0 0 1 

[2.63 1 + 0 1 0 O + I 1 0 0 0 1 1 0 1 1 0 0 1 0 + 1 + + + + 0 1 1 0 0 1 

|2 .64 1 + 0 1 0 O + I 1 0 0 0 1 1 0 1 1 0 0 1 + + + I + + + + + + 0 1 1 0 0 1 

|2 .65 1 + 0 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 1 ~ 0 1 0 0 0 1 1 0 0 1 

|2 ,66 1 + O + I 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

2.67 1 + 0 1 0 O + I 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

2,68 1 + 0 1 + + + I 1 0 0 0 1 1 0 1 1 0 O + I ^ 0 1 0 0 0 1 1 0 0 1 

2,69 1 + + 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 t 1 0 0 1 

2,70 1 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

2,71 1 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 ~ 0 1 0 0 0 1 1 0 0 1 

2.72 1 + O + I 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

2.73 1 + 0 1 8001 0 + 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 + 1 

2.74 1 + 0 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

2.75 1 + 0 1 0 + + + I 1 0 0 0 1 I + + + I I + + + + + + I + + + + 1 + + 0 1 1 0 0 1 

2.76 1 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

2.77 1 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 

2.78 1 + O + I 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 1 0 1 

2.79 1 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 ? 0 0 1 1 0 1 0 1 

2,80 1 + O + I 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 ~ 0 1 ? 0 1 0 1 1 0 1 0 1 

2.81 1 + 0 1 0 1 + 1 1 0 0 0 1 1 + + I 1 0 0 1 0 0 1 0 0 0 1 1 0 i 0 1 

2,82 1 + 0 1 0 O + I 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 1 0 1 
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|2 ,83 1 + 1 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 j 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

|2 ,84 1 + 1 0 1 1 + 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

| 2 ,85 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

1 2 . 8 6 1 + 1 O + I 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

|2 .87 1 + 1 O + I 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 1 0 1 1 1 

|2 .88 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 + + I 1 0 1 0 1 0 1 0+ 0+ + 1 0 1 1 0 1 0 1 1 1 

|2 .89 1 + 1 O + I 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 1 0 1 1 1 

|2 .90 1 - 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 1 0 1 1 1 

|2,91 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 0 1 0 1 1 ~ 1 0 1 1 1 

1 2 . 9 2 - 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 0 0 1 1 0 o i l 1 

|2 .93 + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 o i l 1 

1 2 . 9 4 + O + I 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 o i l 1 

1 2 . 9 5 + 0 1 1 0 O + I 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 + 1 1 0 o i l 1 

, 1 2 . 9 6 + O + I 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 0 1 1 0 o i l 1 

1 2 . 9 7 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 1 0 1 0 0 1 1 0 o i l 1 

1 2 . 9 8 + 0 1 1 0 + + I 1 0 0 0 1 1 0 1 1 0 0 0 0 1 O + I ? 0 1 1 0 o i l 1 

|2 .99 + 0 1 1 + - • " + + I I + + + + + 1 1 0 1 1 0 0 0 0 1 0 1 7 0 1 1 0 o i l 1 

1 2 ,100 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 0 1 1 0 o i l 1 

| 2 . 1 0 1 1 + 0 1 1 0 0 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 1 0 1 1 0 j o i l 1 

1 2 , 1 0 2 1 + 1 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 j 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 2 . 1 0 3 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 2 . 1 0 4 1 + 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 1 

1 2 ,1051 + 1 0 1 1 0 1 + 1 + 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

| 2 .106 | + 1 0 1 1 0 1 + 1 + + + I 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

| 2 ,107 | + 1 O + I 210| 0 1 O + I 0 1 0 1 0 1 1 + 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 + + I 1 1 

1 2 , 1 0 8 1 + 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

1 2 .109 1 + 1 O + I 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 

| 2 ,110 | + 1 O + I 1 0 1 + + + I 0 1 0 1 0 1 1 ? 1 1 0 1 0 1 0 1 0 1 O + I O + I O + I 1 0 1 o i l 1 

1 2 . 1 1 1 1 + 1 O + I 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 o i l 1 
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1 2 . 1 1 2 + 1 O + I 1 0 I + + + I 1 0 1 0 1 0 1 1 + 1 1 0 1 + 1 0 1 0 1 0+ 0 + 0 1 1 0 1 0 1 

1 2 . 1 1 3 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 t 0 1 0 1 0 0 0 1 1 0 1 0 1 

1 2 . 1 1 4 + 1 0 1 1 + 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

1 2 . 1 1 5 + 1 O + I 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

1 2 . 1 1 6 + 1 O + I 3 9 0 1 0 1 + + I 1 0 1 + 1 + + I 1 0 1 1 0 1 0 1 0 1 0 1 0+ + 0 1 1 0 1 0 1 

1 2 . 1 1 7 + 1 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 O + I 0+ 0 1 1 ~ [ 0 1 

1 2 . 1 1 8 + 1 0 1 1 0 + + + I 1 0 1 0 0 1 1 0 1 1 0 + 1 0 [+++ + + + I + + + I + + + I 1 0 0 1 

| 2 . 1 1 9 | + 0 1 1 0 + 1 1 0 1 0 0 1 1 0 1 1 0 0 1 0 0 + 1 ? 1 0 1 1 0 0 1 

| 2 , 1 2 0 | + O + I 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0 1 0 1 0 1 1 0 0 1 

| 2 , 1 2 1 1 + 0 1 1 0 O + I 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

1 2 . 1 2 2 1 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 0 1 0 1 0 1 1 0 0 1 

| 2 , 1 2 3 | + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 2 , 1 2 4 | + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 ? 1 ? 1 0 1 1 0 0 1 

| 2 , 1 2 5 | + 0 1 1 0 + + + I 1 0 0 0 1 1 ' 1 1 0 0 ~ ? 1 ? 1 0 1 1 0 0 1 

| 2 . 1 2 6 | + O + I 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 2 . 1 2 7 | + 0 1 1 0 + 1 1 + 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 2 . 1 2 8 | + O + I 1 0 + + I 1 0 0 0 1 1 + 1 1 0 + 0 0 0 1 0 1 0 1 1 0 0 1 

| 2 . 1 2 9 | + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

1 2 . 1 3 0 1 + O + I 1 0 + 1 1 0 1 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 2 . 1 3 1 1 + 0 1 1 0 1 ++1 1 + 0 1 0 1 1 0 1 1 0 0 0 1 0 0 1 0 1 0 1 1 0 0 1 

1 2 . 1 3 2 1 + 0 1 1 0 + + I 1 0 1 0 1 0 1 1 0 1 1 0 1 + 0 1 0 1 0 1 0 1 0 1 1 0 0 1 

| 2 . 1 3 3 1 + 0 1 1 0 1 + + + I I + + + I + 1 + + + I 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

| 2 . 1 3 4 | + 1 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 ~ 1 0 1 

1 2 . 1 3 5 1 + 1 O + I 1 0 1 + 1 1 + 1 O + I + 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 O + I 0 1 1 0 1 ? 1 

| 2 . 1 3 6 | + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

| 2 , 1 3 7 | + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 O + I 0 1 1 0 1 0 1 

2 , 1 3 8 | + 1 0 1 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

1 2 . 1 3 9 1 + 1 0 1 1 + 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

2 . 1 4 0 | + 1 0 1 1 •'-••1 +++1 1 0 1 0 1 0 1 1 0 1 1 + 1 + + + I +++1 +++1 + + + I - +++1 + + I 1 0 1 0 1 
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|2,141 + 1 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 1 0 1 

12.142 + 1 O + I 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0+ O + I 0 1 1 0 1 0 1 

|2 ,143 + 1 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 O + I 0 1 1 0 1 0 1 

|2.144 + 1 0 1 1 0 + 1 1 0 1 0 0 1 1 0 1 1 0 0 1 0 0 0 0 1 0 1 1 0 1 0 1 

| 2 ,145 | + O + I 1 0 + + I 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 1 0 1 

|2,146i + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

|2 .147 | + O + I 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

12.1481 + 0 1 1 + + + I 1 0 0+ 0 1 1 0 1 1 + ++ +++ 0 0 1 0 1 + 1 1 0 0 1 

12.1491 + O + I 1 0 + 1 1 0 0 1 0 1 1 0 1 1 + + + ++-+ 0 0 1 0 1 0 1 1 0 0 1 

12,1501 + 0 1 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 0 +++ + + + I + + + I + + I 1 0 0 1 

| 2 . 1 5 1 1 + O + I 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

1 2.1521 + O + I 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

|2 .153 | + 0 1 1 + + 1 1 0 0 1 0 1 I + + + I 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

2.154| + O + I 1 + 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

2,155| + 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

2 .156| + 0 1 1 0 j 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

1 2.1571 + O + I 1 0 1 -H-| 1 0 0 1 0 1 1 0 1 1 0 0 0 0 O + I O + I 0 1 1 0 0 1 

|2 ,158 | + 0, 1 1 + 1 + + + I 1 0 0 1 0 1 1 0 1 1 0 0 0 0 O + I O + I 0 1 1 0 0 1 

|2 ,159 | + O + I 1 0 1 + + + I 1 + + + 1 + 1 1 0 1 1 0 0 0 1 0 0 1 0 1 0 1 1 0 0 1 

2 ,1 601 + 0 1 1 0 1 +++1 1 0 0 1 0 1 1 0 1 1 0 0 0 1 0 0 1 0 1 0 1 1 0 0 1 

2.161 1 - 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 0 1 0 0 1 0 1 0 1 1 0 0 1 

2.1621 + 0 1 1 + + I + + + I 1 0 0 1 0 1 I + + + I 1 0 1 0 ~ 1 0 0 1 O + I 0 1 1 0 0 1 

2 ,163| + 0 1 1 + 1 + 1 1 0 0 1 0 1 1 0 1 1 0 0 0 1 0 0 1 0 1 0 1 1 0 0 1 

2,164| + 0 1 1 + 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 i + ~ 1 ++ ? 1 ? 1 + + + I 1 0 0 1 

2 .165| + O + I 1 0 1 0 1 1 0 1 0 1 0 1 I + + + I 1 0 1 0 0 1 0 1 0 1 0 1 0 1 1 0 0 1 

2,166| + 0 1 1 0 1 0 1 1 0 i 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 ? 1 ? 1 0 1 1 0 0 1 

2 ,167| + 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 ~ 1 0 1 0 1 0 1 1 0 0 1 

2,168| + 1 0 1 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 0 1 

2 ,1691 + O + I 1 0 1 O + I 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 0 1 
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2 . 1 7 0 1 + 0 1 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 ~ 1 0 O + I O + I 0 1 1 0 0 1 

1 2 . 1 7 1 1 + 0 1 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

2 . 1 7 2 | + O + I 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 ^ 1 0 O + I O + I 0 1 1 0 0 1 

| 2 , 1 7 3 | + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

2 . 1 7 4 | + O + I 1 0 + 1 1 + + + + I + + + I 1 0 1 1 0 0 1 ~ 1 0 0 1 0 1 0 1 1 0 0 1 

2 . 1 7 5 | + 0 1 1 + + 1 1 0 0 1 0 1 1 0 1 1 + + + I + + I +++ + + + I + + + I 0 1 1 0 0 1 

2 . 1 7 6 | + 0 1 1 0 O + I 1 0 0 1 0 1 1 0 1 1 0 0 1 ~ 1 0 0 1 0 1 0 1 1 0 0 1 

2 . 1 7 7 1 - 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

2 . 1 7 8 1 - 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

2 . 1 7 9 | - 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

2 . 1 8 0 1 - 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 . 1 1 + O + I 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 , 2 1 + 0 1 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 ~ ~ 1 0 1 0 1 1 0 0 1 

3 , 3 1 + 0 1 1 0 O + I 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 7 1 7 1 0 1 1 0 0 1 

3 , 4 1 + 0 1 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 , 5 1 + O + I 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 ~ 1 0 0 1 0 1 0 1 1 0 0 1 

3 , 6 1 + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 . 7 1 + O + I 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 . 8 1 + 0 1 1 0 + 1 1 0 0 1 0 1 1 0 1 1 + + + I + + + I 0 0 1 0 1 + 1 1 0 0 1 

3 . 9 1 + 0 1 1 + + + + I 1 0 0 1 0 1 1 0 1 1 ++ + + + I + + + I ++ ++1 + + I + + I 1 0 0 1 

3 . 1 0 1 + + 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 . 1 1 1 + 0 1 1 0 + + - + I 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 . 1 2 1 + O + I 1 0 0 1 1 0 0 1 0 1 1 0 1 1 + + + I + + I ~ ~ 1 0 1 0 1 1 0 0 1 

3 . 1 3 1 + 0 1 1 0 O + I 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 1 1 0 0 1 

3 . 1 4 1 + 0 1 1 0 O + I 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 , 1 5 1 + 0 i 1 0 O + I 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 ~ ~ 1 ~ f 0 1 1 0 0 1 

3 , 1 6 1 - 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 . 1 7 1 + 0 1 1 0 + + + I 1 + O + I + 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3 , 1 8 1 + O + I 1 0 O + I 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 
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A B C D E F G H I J K L M N 0 p 0 R s 

|3 .19 1 + 1 O + I 1 0 O + I 1 0 0 0 1 1 0 1 1 + ++ I + + + 1 ~ I ? ? 0 1 1 0 1 0 1 

|3 ,20 1 + i 0 1 1 0 + 1 1 -H- + +-H-I 1 0 1 1 0 0 i 0 1 0 0 0 1 1 0 1 p 1 

|3,21 1 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

|3 ,22 + 1 O + I 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 

1 3 . 2 3 i + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 + ++ ++ + + 0 1 1 0 0 1 

|3 ,24 1 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 + + + 0 1 1 0 0 1 

| 3 ,25 + 0 1 1 0 j O + I 1 0 0 0 1 1 0 1 1 0 0 0 0 + + 0 1 1 0 0 1 

|3 .26 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 1 

|3 .27 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 1 

|3 ,28 + 0 1 1 0 1 • H - + I 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 1 

1 3 , 2 9 + 0 1 1 0 1 O + I 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 

1 3 . 3 0 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

3,31 - 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 ~ 0 1 0 1 0 1 1 0 0 1 

3.32 + 0 1 1 0 1 O + I 1 0 0 0 1 1 0 1 1 0 1 0 0 0 O + I O + I 0 1 1 0 0 1 

3,33 + O + I 1 0 1 + 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 

3.34 + O + I 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 

3,35 + 0 1 1 0 1 + + + 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 

3,36 + 0 1 1 + + I + + + 1 1 0 0 0 1 1 0 1 1 O + I ++ + +++ + + + I + + + I + + + I 1 0 0 1 

3,37 + 0 1 1 0 1 O + I 1 0 0 0 1 1 0 1 1 0 1 0 0 0 1 0 1 0 1 1 0 0 1 

3,38 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 O + I O + I 0 1 1 0 0 1 

3,39 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 

3,40 + 0 1 1 0 1 O + I 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 

3,41 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 

3,42 + O + I 1 0 1 + 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 O + I ? 1 0 1 1 0 1 0 1 

3,43 + 0 1 1 0 1 + + + I 1 0 0 0 1 1 0 1 1 0 1 0 0 0 ~ 1 7 1 0 1 1 0 0 1 

3 ,44 + O + I 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 1 0 1 0 1 0 1 1 ~ 1 0 1 

3,45 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 1 0 ~ 1 0 0 1 0 1 0 1 1 0 1 0 1 

3,46 + 0 1 1 0 1 + + + I 1 0 0 0 1 1 0 1 1 0 1 + ~ 1 0 0 1 0 1 0 1 1 0 1 0 1 

3,47 + O + I 1 0 1 + + + 1 1 0 0 0 1 1 0 1 1 0 1 0 0 ? 1 7 1 0 1 1 0 1 0 1 
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A B O D E F . G H I J K L M N 0 p 0 R s 

| 3 . 4 8 1 + 1 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

| 3 . 4 9 1 + 1 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

| 3 . 5 0 1 + 1 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

| 3 . 5 1 1 + 1 0 1 1 + + + + + I 1 0 1 0 0 1 1 0 1 I + + + I + + + I + + + 1 + 1 + + ++ + + I 1 0 1 0 1 

| 3 , 5 2 1 + 1 0 1 1 0 O + I 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

| 3 . 5 3 1 + 1 O + I 1 0 + 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 

1 3 . 5 4 1 + 1 0 1 1 0 O + I I + + + 1 0 0 1 1 0 1 1 0 1 0 0 1 0 0 0 0 1 1 0 1 0 1 

| 3 , 5 5 1 + 1 0 1 1 + + 1 1 + + 1 0+ + 1 1 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 

| 3 . 5 6 + 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 0 0 0 0 1 1 ~ 1 0 1 

1 3 . 5 7 1 + 0 1 1 0 1 0 1 1 0 1 0 0 1 1 0 1 1 0 0 ~ 0 0 0 1 0 1 1 ~ 0 1 

| 3 . 5 8 + 0 1 1 0 1 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 ~ 0 1 

| 3 . 5 9 + O + I 1 0 1 + + + I 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 3 . 6 0 - 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 3 ,61 + 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 7 1 7 1 0 1 1 0 0 1 

| 3 , 6 2 + 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 3 , 6 3 + 0 1 1 0 1 + + I 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 3 . 6 4 + 0 1 1 0 1 + 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 ~ 1 7 1 0 1 1 0 0 1 

| 3 , 6 5 + O + I 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 1 0 0 1 

1 3 . 6 6 + 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 

| 3 , 6 7 + 0 1 1 0 1 + + I I + + + + 1 + + 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 0 1 

1 3 . 6 8 + O + I 1 0 1 0 1 1 ? 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 7 1 1 0 1 0 1 

1 3 . 6 9 + 0 1 1 0 1 + 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

1 3 . 7 0 + j 0 1 1 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

3,71 + 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

3 , 7 2 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 ~ 1 0 1 

3 , 7 3 1 + 1 + 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

3 , 7 4 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

3 . 7 5 1 + 1 0 1 1 0 1 + + + 1 1 0 1 0 1 0 1 1 0 1 1 - n - l + + + 1 + + + I + + I + + I + + I + + I 1 0 1 0 1 

3 , 7 6 1 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 
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A B C D E F G H I J K L u N 0 p Q R s 

| 3 . 7 7 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 0 1 0 0 0 1 0 1 1 0 1 0 

| 3 , 7 8 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 ? 1 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 1 0 

| 3 , 7 9 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 0 1 0 0 0 1 0 1 1 0 1 0 

|3,80 + 1 0 1 1 + 1 + + I 1 0 1 0 1 0 1 I + + + I 1 0 1 0 0 1 0 0 0 1 0 1 1 0 1 0 

|3,81 + 0 1 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 

|3,82 + 1 0 1 1 0 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 0 

|3,83 + 0 1 1 0 0 1 1 ? 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 

|3,84 + 0 1 1 0 + 1 1 ? 0 0 1 1 + 1 1 0 0 0 0 0 0 0 1 1 0 0 

|3,85 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 0 0 1 1 0 0 

|3,86 + 0 1 2901 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 ++ 

|3,87 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 0 1 1 0 0 

1 3 . 8 8 + 0 1 1 0 + + + I 1 0 0 0 1 1 0 1 1 0 + ++ 0 + 1 0 + 1 + 0 1 1 ~ 0 

|3,89 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 1 0 1 0 0 1 1 0 0 

|3,90 + 0 1 1 0 + + + I 1 0 0 0 1 1 0 1 1 0 0 ~ 0 1 0 1 0 0 1 1 0 0 1 

|3,91 1 + 0 1 1 0 + + + I 1 0 0 0 1 I + + + I 1 0 0 0 0 1 0 1 0 0 1 1 0 0 1 

|3,92 1 + 0 + 1 1 0 0 + 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 1 0 1 0 0 1 1 0 0 1 

|3,93 1 + 0 1 1 0 + + I 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 0 1 1 0 0 1 

|3,94 1 + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 1 0 + + I + + I ++ 0 1 1 0 0 1 

|3,95 1 + 0 1 1 0 + + I 1 0 0 0 1 1 0 1 1 0 0 1 0 0 ' 1 0 1 0 + 1 1 0 0 1 

|3,96 1 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1 

|3,97 1 + 0 1 1 + + + + 1 1 0 0 0 1 1 0 1 1 0 0 1 ~ 0 1 0 1 0 0 1 1 0 0 1 

|3.98 1 + 0 1 1 0 0 + 1 1 ? 0 0 1 1 + 1 1 0 0 1 ~ 1 0 1 0 1 0 0 1 1 0 0 1 

|3,99 1 + 0 1 1 0 1 + 1 I + + + 0 1 0 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 0 1 1 0 j 0 1 

|3,100| + 0 1 1 0 1 0 1 I + + + 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

|3,1011 + 0 1 1 0 j 0 1 I + + + 0 1 0 1 1 0 1 1 0 j 0 1 0 1 0 1 0 1 0 0 1 1 0 1 0 1 

|3,102| + 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 0 1 1 0 1 0 1 

|3,103| + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 ~ 1 0 1 

H h 
|3,104| + 1 0 1 1 0 1 + + + I I + + + 1 + 1 + + I 1 0 1 1 0 1 CH-I ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

13,1051 
-1. , , -, 1 

+ 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 
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A B C D E F G H I J K L N 0 p 0 R s 

|3,106| + 1 0 1 0 I + + + I 0 1 0 0 1 1 0 1 1 0 1 o + l + I + + + I + + + I + + + 1 0 1 1 0 1 0 1 

|3,107| + 1 0 1 0 1 0 + 1 0 1 0 0 1 1 0 1 1 0 1 0 1 ? 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

|3,108 + 1 0 + 1 0 1 0 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

|3.109| + 1 o+l 0 0 1 0 1 0 0 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

|3,110| + 0+1 0 0 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 1 0 1 

|3.1111 + 0 + 1 0 0 0 1 1 0 1 1 + + + + + I +++ 0 1 0 0 0 1 1 0 1 0 1 

|3.112| + o+l 0 0 1 0 0 0 1 1 0 1 1 0 o+l ~ 0 0 0 0 1 1 0 1 0 1 

|3,113| + 0 1 0 + 1 0 0 0 1 1 0 1 1 + + + I +++ 0 0 0 0 1 1 0 0 1 

|3,114| + 0 1 0 + 1 + ? 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 

|3,115| + o+l 0 + + I ++ 0 0 1 1 0 1 1 0 + 1 + +++ +++ +++ + + I 1 0 0 1 

|3.116| + 0 1 0 0 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 + + I 1 0 0 1 

|3.117| + 0 1 0 0 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 

|3,118| + 0 1 0 0 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0 ~ 0 1 1 0 0 1 

|3.119| + 0 1 0 0 1 0 0 0 1 1 0 1 1 0 0 1 ~ 0 0 0 + 1 1 0 0 1 

|3,120| + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 

|3,1211 + 0 1 7901 0 + + + I 1 0 0 0 1 I + + + I 1 0 0 1 0 0 ^ ~ 0 1 1 0 0 1 

|3,122| + O+j 0 + + + I 1 0 0 1 0 1 I + + + 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 

|3,123| + + 1 0 o+l 1 0 0 1 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 

|3.124| + o+l 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 ~ 0 0 0 0 1 1 0 0 1 

|3,125| + o+l 0 o+l 1 0 0 1 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 

|3,126| + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 

13.1271 + 0 1 5501 0 + + I 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 0 0 1 1 + 0 1 

|3.128| + o+l 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 0 0 0 0 1 1 0 0 1 

|3,129| + o+l 0 1 o+l 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 0 0 1 0 1 0 1 1 0 + + + I 

13 ,1301 + 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 i 0 1 

|3,1311 + 0 1 0 1 o+l 1 + o+l + 1 1 0 1 1 0 1 0 1 0 0 0 0 1 0 1 1 0 0 1 

1 3.1321 + o+i 0 1 + + I 1 0 1 0 1 0 1 1 0 1 I + - H - I + + + 1 +++- ++! + + + I + + + I + + I 1 0 1 0 1 

|3,133| + 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 

13 ,1341 + 0 1 0 1 o+l 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 ! 0 1 0 1 0 1 0 1 1 ~ 1 0 1 
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| 3 , 1 3 5 | + 1 O+l 1 0 + + I 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 0 o+l 1 0 1 0 1 

| 3 , 1 3 6 | + 0 1 1 0 •H - l 1 0 0 0 1 1 0 I I 0 + 0 1 0 0 0 1 1 0 1 0 1 

| 3 . 1 3 7 | + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 1 0 1 

| 3 , 1 3 8 | + 0 1 1 0 + + I 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 

| 3 , 1 3 9 | + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 ~ 1 0 0 0 0 1 1 0 0 1 

1 3 , 1 4 0 1 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 ~ 1 0 0 9 0 1 1 0 0 1 

| 3 ,1411 + 0 1 1 0 + + I 1 0 0 0 1 1 0 1 1 0 0 0 1 0 0 0 0 1 1 0 0 1 

| 3 , 1 4 2 | + o+l 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 o+l 0 0 0 0 1 1 ~ 0 1 

| 3 , 1 4 3 | + o+l 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 1 0 ? 0 1 1 ~ 0 1 

| 3 , 1 4 4 | + o+l 1 + 0 1 1 0 0 0 1 1 0 1 1 0 o + l o + l 0 0 0 0 1 1 0 0 1 

! 3 , 1 4 5 | + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 ~ 1 0 0 0 0 1 1 0 0 1 

| 3 , 1 4 6 | + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 ~ 1 0 0 1 0 0 1 1 0 0 1 

[ 3 . 1 4 7 | + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 0 0 1 1 0 0 1 

3 , 1 4 8 | - .0+1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 i 0 0 1 1 0 0 1 

3 , 1 4 9 | + 0 1 1 + + + + I 1 0 0 1 0 1 1 0 1 1 0 1 + 1 + 1 0 0 1 0 1 0 1 1 0 0 1 

3 ,1501 + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 1 o+l + 1 0 0 1 0 1 0 1 1 0 0 1 

3, 1511 + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 0 1 1 0 0 1 

3 , 1 5 2 | + 0 1 1 0 + 1 1 0 0 1 0 1 1 0 1 1 
I 1 j 

0 1 0 1 ~ 1 0 0 1 0 0 1 1 0 0 1 

3 .1531 + 0 1 1 ++ + + - + I 1 0 0 1 0 1 1 0 1 1 + + + I + - H - I ++-+1 +++ + + + I + + + I + + I 1 0 0 1 

3 , 1 5 4 | + 0 1 1 ++ +++1 1 0 0 1 0 1 1 0 1 1 + + I + + + I + + + I +++ +++1 + + + I + + I 1 0 0 1 

3 , 1 5 5 | + o+l 1 0 + 1 1 + 0 1 + 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 

3, 1561 + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 1 0 1 1 ~ 1 0 1 

3 , 1 5 7 | + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 
1 1 1 

0 1 0 1 0 1 0 ? 1 ? 1 0 1 1 0 0 1 

3 . 1 5 8 | - o+l 1 0 o+l 1 0 0 1 0 1 
1 1 1 

1 0 1 1 0 1 0 1 0 1 0 ? 1 ? 1 0 1 1 0 1 0 1 

3 , 159 | + o+l 1 0 o+l 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 1 0 1 1 0 1 0 1 

3 , 1 6 0 | + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 1 0 1 1 0 1 0 1 

3 ,1611 + 
• 7 ^ 5 0 

^^30,170 + + + + 1 1 0 1 0 1 I + - H - I 1 0 1 0 1 0 1 ~ o+l + 1 0 1 1 0 1 0 1 

3,1621 + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 + 1 0 0 1 0 1 0 1 1 0 1 0 1 

3 , 1 6 3 | + 0 1 1 0 0 1 1 0 o+l ++1 1 0 1 1 0 1 0 1 0 1 0 0 1 o+l 0 1 1 0 1 0 1 
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| 3 . 1 6 4 + 1 0 1 1 0 I + + + I 1 0 1 0 0 1 1 0 1 1 0 1 + 1 + 1 0 1 0 
H 1 ^ 

1 o+ l 0 1 1 0 1 0 1 1 1 

1 3 . 1 6 5 + 1 0 1 1 0 I + + + I 1 0 1 0 0 1 1 0 1 1 0 1 0 1 ~ I + + + I + + + 
H 1 h 
l-t-H-l 0 1 1 0 1 0 1 1 1 

1 3 . 1 6 6 + 1 0 1 1 0 1 + + I I + + + 1 o t + + I 1 0 1 1 0 1 0 1 ^ 1 0 1 0 
H 1 h 
1 0 1 0 1 1 0 1 0 1 1 1 

| 3 . 1 6 7 + 1 0 1 1 0 1 • ' ^ " 1 1 0 1 0 0 1 1 0 1 1 + + I + + + I + + + 1 ? 1 ? 
t 1 H 

1 0 1 0 1 1 0 1 0 1 1 1 

| 3 . 1 6 8 + 1 0 1 1 0 1 0 + 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 + 1 0 1 0 
H 1 1-
1 0 1 0 1 1 0 1 0 M 1 

| 3 . 1 6 9 + 1 0 I 1 0 1 + 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 ^ 1 0 
H 1 h 
1 ? 1 0 1 1 0 1 0 1 I 1 

| 3 . 1 7 0 + 1 0 1 1 0 1 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 ~ 1 0 
H 1 h 
1 ? 1 0 1 1 0 1 0 I 1 1 

| 3 . 1 7 1 1 + 1 0 1 1 0 1 -t-^l 1 0 1 0 0 1 1 0 1 1 + 1 + + + 1 + + 1 + + 
H 1 1-
I + + + I 0 1 1 0 1 0 1 1 1 

| 3 , 1 7 2 | + 1 0 1 1 0 1 + 1 1 0 1 0 0 1 1 0 1 1 0 1 0 0 1 0 1 0 
1 1 h 
1 0 1 0 1 1 0 1 0 1 1 1 

| 3 , 1 7 3 | + 1 0 1 1 0 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 1 0 0 1 0 0 
1 1 !-
1 0 1 0 1 1 0 1 0 1 1 1 

| 3 , 1 7 4 | + 0 1 1 0 + + + I 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 
1 

0 1 0 1 1 0 1 0 1 1 1 

| 3 , 1 7 5 | - 1 1 1 
1 [. 
1 1 1 1 1 

| 3 , 1 7 6 | - 1 1 1 
1 H 
1 1 1 1 1 

| 3 , 1 7 7 | - 1 1 1 
1 f-

1 1 1 1 1 

| 3 , 1 7 8 | + C H | 1 0 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 
1 - 1 

~ 1 0 1 1 0 o i l 1 

| 3 , 1 7 9 | + 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0+ + 0 0 
1 (-

0 1 0 1 1 0 o i l 1 

1 3 , 1 8 0 1 + CH-I 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 0 0 
1 [. 

0+1 0 1 1 0 o i l 1 

| 3 , 1 8 1 1 + 0 + 1 1 0 + 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 0 0 1 
1 1-

0 1 0 1 1 0 o i l 1 

| 3 , 1 8 2 | + 0 1 1 0 0 + 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 ~ 1 0 j 
\ 

0 1 
1 y. 

0+1 0 1 1 0 1 O i l 1 

| 3 , 1 8 3 | + 0 + 1 1 0 1 + + 1 1 - l - t - l + 1 + + + I 1 0 1 1 0 1 0 1 ~ 1 ~ 1 
1 

0 1 
1 1 

0+1 0 1 1 0 1 o i l 1 

| 3 , 1 8 4 | + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 
\ 

0 1 
1 1-

0 1 0 1 1 0 1 o i l 1 

| 3 , 1 8 5 | + 1 0 1 1 + 1 + + + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 + 1 0 1 
h 

0 1 
1 1-

0 1 0 1 1 0 1 O i l 1 

| 3 , 1 8 6 | + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 t 0 1 1 0 1 0 1 ^ 1 0 1 0 1 
i •\ 

0 1 0 1 1 0 1 O i l 1 

| 3 , 1 8 7 | + 1 0 + 1 1 0 1 0 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 
f-

0 1 
1 h 

0 1 0 1 1 0 1 o i l 1 

| 3 , 1 8 8 | - 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 
— • -i 

0 1 
1 (-

0 1 0 1 1 0 1 O i l 1 

| 3 , 1 8 9 | + 1 0 1 1 0 1 0 + 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 
(-

0 1 
1 j, 

? 1 0 1 1 ~ 1 o i l 1 

| 3 , 1 9 0 | + 1 0 1 1 + 1 + + + 1 0 1 0 1 0 1 1 0 1 I + + + I + + + I + + + 1 + + I 
f 

+ + + I 
1 1 

+ + I + 1 1 0 1 o i l 1 

| 3 , 1 9 1 1 + 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 
1-

? 1 
- i 1-

? 1 0 1 1 0 1 o i l 1 

| 3 , 1 9 2 | - 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 
- •• - 4 

0 1 
h 

1 i 

0 1 0 1 
1 h 

1 0 1 o i l 1 
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|3,193| - 1 0 1 0 0 1 1 0 0 0 1 1 0 1 .1 0 0 0 0 0 0 0 1 1 0 1 0 1 

|3,194| - 1 0 1 0 0 1 1 0 1 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 1 0 1 

K . I 1 + ! 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 1 0 1 0 1 1 0 1 

|4.2 1 + 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 1 0 1 0 1 1 0 1 

1 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 1 0 1 0 1 1 0 1 

K . 4 1 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 1 1 0 1 0 1 1 +• 1 

1 4 . 5 1 + 0 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 1 0 1 1 0 1 

|4,6 1 + 0 1 + + 1 I + + + 0 1 0 1 1 0 1 1 0 0 0 0 0 1 1 0 1 0 1 1 0 1 

|4,7 1 + 0 1 
470 1 
230 ' 0 o + l 1 + 0 1 o + l 1 0 1 1 0 0 0 0 0 1 1 0 1 0 1 1 + 1 

|4.8 1 + 0 1 0 o + l 1 + 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 0 1 

|4,9 1 + 0 1 8701 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 + 1 

|4,10 1 + 0 1 8501 + + 1 1 0 o + l ? 1 1 0 1 1 0 0 ? 0 0 o + l 0 1 1 0 I + + + I 1 0 1 

K ,11 1 + 0 1 2301 0 + 1 1 0 + 1 + + + 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 1 0 1 1 ? 1 

|4,12 1 + 0 1 + 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 1 0 1 1 0 1 

|4,13 1 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 1 0 1 1 0 1 

|4,14 1 + 0 1 210| 0 + 1 1 ? o + l ? 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 I + + + I 1 0 1 

|4.15 1 + 0 1 + + 1 I + + + o + l 9 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 1 0 1 1 0 1 

|4.16 1 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 ~ 0 0 0 1 0 1 1 0 1 0 1 1 0 1 

K , 1 7 1 + 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 0 1 

|4,18 1 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 ~ 0 0 0 1 0 1 1 0 1 0 1 1 + 1 

|4,19 1 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 0 1 1 0 1 

|4,20 1 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 0 1 1 0 1 

|4,21 1 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 o + l 0 1 1 0 1 0 1 1 0 1 

|4,22 1 + + 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 1 0 1 1 0 0 1 1 0 1 

|4.23 1 + 0 1 + + 1 1 0 0 1 0 1 1 0 1 1 0 + ? +++ +++ + + + I 0 1 1 0 0 1 1 0 1 

|4,24 1 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 + 0 ? 1 0 1 1 0 0 1 1 0 1 

|4,25 1 + 0 + 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 ~ 1 ~ 1 0 0 1 0 1 1 0 0 1 1 ? 1 

|4.26 1 + 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 ~ 1 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,27 1 + 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 ~ 1 0 0 1 0 1 0 1 1 0 0 1 1 0 1 
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|4,28 1 + 1 0 1 + 1 o + l 1 + + 1 0 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 0 0 1 1 0 1 0 1 1 ? 1 

|4,29 1 + 1 0 1 0 1 o + l 1 + 1 + + + + + I 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 1 0 1 

|4.30 1 + 1 0 1 0 1 + 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 o + l 0 1 1 0 1 0 1 1 ? 1 

|4.31 1 + 1 o + l 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 t 0 1 0 1 0 1 0 0 1 0 1 1 0 1 0 1 1 0 1 

|4,32 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 0 1 0 1 1 0 1 0 1 1 0 1 

|4.33 1 + 1 0 1 0 I 0 1 1 0 0 j 0 1 1 0 1 1 0 1 0 0 0 0 0 1 0 1 1 0 0 1 1 0 1 

|4,34 1 + I 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 ~ 0 1 0 0 1 0 1 1 0 0 1 1 0 1 

|4.35 - 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4.36 + 0 1 + + 1 1 + 0 1 0 1 1 0 1 1 0 0 0 0+ o + l 0 1 1 0 0 1 1 0 1 

|4,37 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 ~ 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,38 + o + l 0 + + I 1 0 0 1 0 1 I + + + I 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,39 + 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 ~ 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4.40 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,41 + 0 1 0 0 1 1 0 0 1 0 1 1 0 |. 1 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,42 + o + l 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 ~ 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,43 + 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 + 1 1 0 0 1 1 0 1 

|4.44 + 0 1 5801 0 0 1 1 0 o + l o + l 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 + 1 

|4.45 + 0 1 7201 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 o + l 0 1 1 0 0 1 1 + 1 

|4.46 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,47 + 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 ? 1 

|4,48 + 0 1 0 + 1 1 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4.49 + 0 1 0 0 1 1 0 0 1 0 1 1 0 1 1 0 0 0 1 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,50 + o + l 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 ~ 1 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4.51 + 0 1 0 o + l 1 0 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4.52 + 0 1 5801 0 1 + 1 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 1 + 1 

|4.53 1 + 0 1 0 1 o + l 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

14.54 1 + j o + l 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

4,55 1 + 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

4,56 1 + 1 0 1 0 1 o + l 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 
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|4,57 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 0 1 1 0 1 0 1 1 0 

|4,58 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0 0 1 1 0 1 0 1 1 0+ 

j4.59 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 ~ 1 0 0 0 0 1 1 0 1 0 1 1 0 

|4,60 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 1 0 0 0 0 1 1 0 1 0 1 1 0 

|4.61 1 + 1 o + l 640 0 1 0 1 1 0 1 + + + I 1 0 1 1 0 0 1 0 1 0 0 0 0 1 1 0 1 0 1 1 + 1 

|4.62 1 + 1 0 1 + 1 + - + 1 I + + + 1 0 0 1 1 o + l 1 0 0 1 0 1 0 0 0 0 1 1 0 1 0 1 1 0 1 

|4.63 1 + 1 0 1 + I 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 1 0 1 1 0 1 

|4.64 + 1 0 1 + 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 1 0 1 

|4,65 1 + ! 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 1 0 1 

|4,66 + 0 1 0 o + l 1 + 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 1 0 1 

|4,67 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 0 0 0 1 1 0 0 1 1 0 1 

|4,68 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 1 0 0 1 1 0 1 

|4,69 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4.70 + 0 1 0 0 1 1 0 0 + 1 1 0 1 1 0 0 ~ 0 1 0 0 1 0 1 1 0 0 1 1 0 1 

|4.71 + 0 1 2901 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 1 0 + + + I 1 0 1 

|4.72 + 0 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4.73 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 1 0 1 o + l 0 1 1 0 0 1 1 0 1 

|4.74 + 0 1 0 + 1 1 0 0 0 1 1 0 1 1 + + I + + + + + + o + l o + l o + l 0 1 1 0 0 1 1 ? 1 

|4,75 + 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

|4.76 + 0 1 0 0 1 1 0 0 9 1 1 0 1 1 0 1 0 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

|4,77 + o + l 0 0 1 1 0 0 0 1 1 0 1 1 0 1 0 0 o + l o + l o + l 0 1 1 0 1 0 1 1 0 1 

|4,78 + 0 1 + + 1 1 0 1 0 1 0 1 1 0 1 1 + - ' • 1 + + + + + + I + + I + + I + + I 0 1 1 0 1 0 1 1 0 1 

|4,79 + 0 1 0 1 o + l 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 ~ 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

|4,80 + 0 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 + 1 1 0 1 0 1 1 0 1 

|4,81 + 0 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 + 1 1 0 1 0 1 1 0 1 

|4,82 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

[4,83 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 ? 1 

4,84 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

4,85 1 + 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 o + l 1 0 1 0 1 1 0 1 
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|4,86 - + 1 0 1 1 0 1 o+ l 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0+ 0+ 0 1 1 0 1 0 1 1 0 

|4,87 + 1 0 1 1 0 1 o+l 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 0 0 0 1 1 0 1 0 1 1 0 

|4,88 + 1 0 1 3001 0 1 o+l 1 0 1 0 1 0 1 1 0 1 1 0 1 0 0 1 0 0 0 0 1 1 0 1 ? 1 1 0 

|4,89 + 1 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 + l++-t- ++-I- 1 0+ 0+ 0+ 0 1 1 ~ 1 0 1 1 0 

|4,90 + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 ~ 1 0 0 0 0 1 1 0 1 0 1 1 0 

|4,91 + t 0 1 1 + + 1 1 0 1 0 1 0 1 1 0 1 1 0 I + 0 1 0 1 ~ 1 ~ 1 0 1 1 0 1 0 1 1 + 

|4,92 + 0 1 10701 0 + 1 1 0 0 1 0 1 1 0 1 1 0 1 0 0 1 0 1 ~ 1 0 1 1 0 0 1 1 + + 

|4,93 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 1 0 1 0 1 0 1 1 0 0 1 1 0 

|4,94 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 

|4,95 + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,96 + 0 1 1 + + - H - I 1 0 0 0 1 1 ' 1 1 0 + + ++! + + I + + I + + I 1 ~ 0 1 1 ? 1 

|4,97 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,98 1 + 0 1 1 0 o+l 1 0 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,99 1 + 0 1 1 0 o+l 1 + 0 0 1 1 0 1 1 0 0 ~ 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

14,1001 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,1011 + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,102| + 0 1 1 0 o+l 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,103| + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,1041 + 0 1 1 0 o+l 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

14,1051 + 0 1 1 0 + 1 1 0 0 0 1 1 o+l 1 0 0 1 0 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

|4,106| + o+l 1 0 + + I 1 0 1 0 0 1 1 0 1 1 + + + + + 1 + + + + + + I + + + I + + + 1 + + + I 1 0 1 0 1 1 ? 1 

14,1071 + 0 1 1 0 1 o+l 1 0 0 1 0 1 1 0 1 1 0 1 0 1 0 1 + + + 1 + + + I ? 1 0 1 1 0 1 0 1 1 0 1 

|4,108| + 0 1 1 + + 1 1 0 0 1 0 1 1 0 1 1 + 1 + + + 1 + + + I 0 1 0 1 0 1 + + I 1 0 1 0 1 1 0 1 

14,1091 + o+l 1 0 + i 1 0 1 0 1 0 1 1 0 1 1 + 1 + + + I + + - + I 0 1 0 1 0 1 + 1 1 0 1 0 1 1 0 1 

|4,110| + j 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

|4,1111 + 1 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 ' 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

[ 4 , 1 1 2 1 + 1 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 o+ l ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

4,113| + 1 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 rv 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

4,114| + 1 0 1 1 0 1 + + + I 1 0 1 0 1 0 1 1 0 1 I + + + I + + + I + + + I +++l-+ + + 1 - H H - I + + I 1 0 1 0 1 1 0 1 
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| 4 , 1 1 5 + 1 0 1 <200| 0 1 o+l 1 0 1 0 0 1 1 0 1 1 0 1 0 1 *̂  1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 + 1 

1 4 . 1 1 6 + 1 0 1 1 0 1 o+l 1 0 0 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 0 1 1 0 1 0 1 1 0 1 

| 4 . 1 1 7 + 1 0 1 1 0 o+l 1 + 0 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 0 0 1 1 0 1 0 1 1 0 1 

|4,118 + 1 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 1 0 1 0 1 0 0 0 0 1 1 0 1 0 1 1 0 1 

|4.119 + 1 0 1 1 0 + + + I 1 0 0 0 1 1 0 1 1 0 1 0 1 ~ 1 0 0 0 0 1 1 0 1 0 1 1 0 1 

| 4 , 1 2 0 + 1 0 1 1 0 + + + I 1 0 0 0 1 1 + + I 1 0 1 0 1 ~ 1 0 0 0 0 1 1 0 1 0 1 1 0 1 

|4 ,1211 + 1 o+l 1 0 0 1 1 0 0 0 1 1 0 1 1 0 •++ +++ +++ +++ +++ 0 1 1 0 0 1 1 0 1 

|4.122| + 0 1 1 0 o+l 1 0 0 0 1 1 0 1 1 0 0 0 +++ +++ +++ 0 1 1 0 0 1 1 0 1 

|4,123| + 0 1 1 0 0 1 1 0 0 0 1 1 0 1 1 0 0 ~ 0 0 0 0 1 1 0 0 1 1 0 1 

|4,124| + 0 1 1 0 + 1 1 + 0+ o+l 1 0 1 1 0 0 ~ 0 0 0 0 1 1 0 0 1 1 0 1 

|4, 125| + 0 1 1 0 + 1 1 0 0 0 1 1 0 1 I + + + +++ +++ 0+ 0 0 0 1 1 0 0 1 1 0 1 

|4,126| + 0 1 1 0 + 1 I + + + + 1 + + I 1 0 1 1 0 0 0 0 0 0 0 1 1 0 0 1 1 0 1 

|4,127| + 0 1 1 0 + 1 1 + + + 1 + + I 1 0 1 1 0 0 ~ 0 0 o+l 0 1 1 0 0 1 1 ? 1 

|4,128| - 0 1 1 0 0 1 1 0 ! 0 1 0 1 1 0 1 1 0 0 0 0 1 0 0 1 0 1 1 0 J 0 1 1 0 1 

|4,129| + 0 1 1 0 1 + 1 1 0 1 0 1 0 1 1 0 1 1 • + + +++ +++ ~ 1 ~ 1 ~ 1 0 1 1 0 0 1 1 0 1 

14,1301 + 0 1 1 0 + + 1 1 0 1 0 1 0 1 I + + + I 1 0 0 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,1311 + 0 1 1 + + 1 + + + 1 I + + + 1 + + + I + + + 1 1 0 1 1 0 0 0 1 o+l o+l 0 1 1 0 0 1 1 ? 1 

|4.132| + 0 1 1 + " 1 + + I 1 0 1 0 1 0 1 1 0 1 1 0 0 ~ 0 1 0 1 0 1 0 1 1 0 0 1 1 ? 1 

|4,133| + 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 ~ 1 0 1 0 1 0 1 0 1 1 0 0 1 1 0 1 

|4,134| + 0 1 1 + + I + + + I 1 0 1 0 1 0 1 1 0 1 I + + + +++ +++ • + + I + + + I + + I 0 1 1 0 1 0 1 1 0 1 

|4,135| + 0 1 "^'^ 1 0 1 3 3 0 ' ' 
+ + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 + - + I 

|4,136| + 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 i ~ 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

|4, 137| + o+l 1 + 1 + + 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 ~ 1 0 1 0 1 0 1 + 1 1 0 1 0 1 1 ? 1 

|4.138| + o+l 1 0 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

|4.139| + 1 0 1 1 + + I + + + I 1 0 1 0 1 0 1 1 0 1 1 0 1 + + I + - + I + + I + + I + + I + + + I 1 0 1 0 1 1 0 1 

[4,140| + 1 0 1 1 0 1 o+l 1 0 1 0 1 0 1 1 0 1 1 + + 1 + + + I o+l o+l ? 1 0 1 1 0 1 0 1 1 0 1 

4, 141 1 + 1 0 1 1 0 1 o+l 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

4,142| + 1 0 1 1 0 1 + 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 

4,143| + 1 0 1 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 1 0 1 


