
Durham E-Theses

A gene for legumin: a major storage protein of pisum

sativum L.

Shirsat, Anil Harishchandra

How to cite:

Shirsat, Anil Harishchandra (1984) A gene for legumin: a major storage protein of pisum sativum L.,
Durham theses, Durham University. Available at Durham E-Theses Online:
http://etheses.dur.ac.uk/7468/

Use policy

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

• a full bibliographic reference is made to the original source

• a link is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

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

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

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

http://etheses.dur.ac.uk

http://www.dur.ac.uk
http://etheses.dur.ac.uk/7468/
 http://etheses.dur.ac.uk/7468/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk


To my p a r e n t s 



A Gene For Legumin s a Major S t o r a g e P r o t e i n 

of Pi sum sa t i vum L . 

by 

A n i l H a r i s h c h a n d r a S h i r s a t , B . S c . ( E . A n g l i a ) 

The copyright of this thesis rests with the author. 

No quotation from it should be published without 

his prior written consent and information derived 

from it should be acknowledged. 

A t h e s i s submi t ted in a c c o r d a n c e w i t h the r e q u i r e m e n t s -for the 

degree oi Doctor o-f P h i l o s o p h y in the U n i v e r s i t y o-f Durham. 

March 1984 



ABSTRACT 

A gene cod ing f o r legumin , a major s t o r a g e p r o t e i n of p e a , was 

i s o l a t e d -from a l i b r a r y of pea DNA, and p a r t i a l l y sequenced . The 

l i b r a r y was c o n s t r u c t e d by p a r t i a l l y d i g e s t i n g pea l e a f DNA w i th Sau 

3A, and l i g a t i n g 15 - 28 Kb s i z e f r a c t i o n s i n t o the Bam HI c l e a v e d 

arms of the v e c t o r X L 4 7 . Ribosomal c l o n e s were i s o l a t e d from the 

l i b r a r y at a f requency which i n d i c a t e d that the sequence 

r e p r e s e n t a t i o n was near c o m p l e t e . S c r e e n i n g of the l i b r a r y fo r 

sequences encoding legumin was performed by u s i n g legumin 

complementary DNA. 

The cod ing sequence of t h i s gene was l o c a l i s e d u s i n g 

r e s t r i c t i o n enzyme and h y b r i d i s a t i o n a n a l y s i s , to a 2 . 7 kb fragment 

w i t h i n the 15 Kb genomic i n s e r t in the phage v e c t o r . T h i s 2 . 7 kb 

fragment was s u b c l o n e d i n t o the p l a s m i d v e c t o r pUC 8 , and a n a l y s e d by 

r e s t r i c t i o n enzyme mapping and s e q u e n c i n g . T h i s showed the p r e s e n c e 

of th ree smal l i n t e r v e n i n g sequences w i t h i n the legumin cod ing r e g i o n . 

Sequence da ta o b t a i n e d fo r two of the i n t e r v e n i n g sequences i n d i c a t e d 

that they were r i c h in aden ine and thymine n u c l e o t i d e s , and that the 

5 ' te rminus of both i n t r o n s began w i th the d i n u c l e o t i d e 6T . 

H y b r i d i s a t i o n e x p e r i m e n t s u s i n g t h i s gene to probe fo r 

homologous s e q u e n c e s in pea l e a f DNA d e t e c t e d 7 h y b r i d i s i n g f r a g m e n t s , 

s u g g e s t i n g the e x i s t e n c e of more genes than were o r i g i n a l l y thought to 

compr ise the legumin gene f a m i l y . 



ACKNOWLEDGEMENTS 

I s h o u l d l i k e to thank my s u p e r v i s o r , P r o f e s s o r D. B o u l t e r , 

•for h i s encouragement and support of t h i s work. 

I am e x t r e m e l y g r a t e f u l to D r . R . R . D . Croy -for numerous 

h e l p f u l and s t i m u l a t i n g d i s c u s s i o n s , and -for h i s c o n s t a n t gu idance 

throughout t h i s c o u r s e o-f s t u d y . Other members o-f the Botany 

Department , U n i v e r s i t y of Durham, e s p e c i a l l y D r . 6.W. L y c e t t , Dr . C . 

Shaw, and Mr. A . J . D e l a u n e y , a r e to be thanked f o r i n t r o d u c i n g me to 

v a r i o u s t e c h n i q u e s , and for c r i t i c a l l y r e a d i n g p a r t s of t h i s 

m a n u s c r i p t . Thanks a r e a l s o due to Dr . R . B . F l a v e l l of the P l a n t 

B r e e d i n g I n s t i t u t e , Cambridge, in whose l a b o r a t o r y I l e a r n e d to 

i s o l a t e pea DMA. 

I s h o u l d a l s o l i k e to thank Dr . J . Gatehouse and Dr . I .M. 

E v a n s f o r t h e i r h e l p . 

F i n a l l y , I am g r a t e f u l to Mr. D. Bown, Mrs . P. Brown, and Mrs . 

D.M. R i c h a r d s f o r t h e i r c o n s i d e r a b l e l a b o r a t o r y s k i l l s , p a t i e n c e and 

good humour. 

The S c i e n c e and E n g i n e e r i n g R e s e a r c h C o u n c i l p rov ided me wi th 

f i n a n c i a l support to c a r r y out t h i s s t u d y . 



Memorandum 

P a r t s of the work p r e s e n t e d in t h i s t h e s i s a l s o appear in the 

- fo l lowing p u b l i c a t i o n s : 

C r o y , R . R . D . , S h i r s a t , A . , B o u l t e r , D. ( 1 9 8 4 ) , C l o n i n g and 

c h a r a c t e r i s a t i o n of genes fo r legumin -from Pi sum s a t ivum L . N u c ) . 

A c i d s . R e s . ( submi t ted ) 

L y c e t t , G.W. , C r o y , R . R . D . , S h i r s a t , A . , B o u l t e r , D. ( 1 9 8 4 b ) , The 

complete n u c l e o t i d e sequence o-f a legumin gene from pea (Pisum sa t i vum 

L . ) . N u c l . A c i d s . R e s . ( s u b m i t t e d ) . 

L y c e t t , G.W. , C r o y , R . R . D . , De launey , A . J . , S h i r s a t , A . , B o u l t e r , D. 

( 1984c) M o l e c u l a r a n a l y s i s o-f the gene - f a m i l i e s cod ing -for the 

s t o r a g e p r o t e i n s of Pi sum sa t ivum L . H e r e d i t y ( s u b m i t t e d ) . 



CONTENTS 

ABBREVIATIONS 1 

INTRODUCTION 

N u t r i t i o n a l v a l u e o-f seed s t o r a g e p r o t e i n s 2 

Pea seed development and s t o r a g e p r o t e i n s y n t h e s i s 5 

DNA sequence o r g a n i s a t i o n i n the e u c a r y o t i c genome 

w i th s p e c i - f i e re - fe rence to pea 13 

Gene l i b r a r i e s 28 

S t r u c t u r e and r e g u l a t o r y e lements o-f some e u c a r y o t i c 

genes 29 

Cont ro l of s t o r a g e p r o t e i n s y n t h e s i s 33 

MATERIALS 36 

S t r a i n l i s t 38 

METHODS 

P r e p a r a t i o n of pea DNA 39 

P r e p a r a t i o n of p l a s m i d DNA 48 

P r e p a r a t i o n of phage DNA (maxiprep) 42 

Small s c a l e p r e p a r a t i o n of p l a s m i d DNA 43 

Smal l s c a l e p r e p a r a t i o n of phage DNA 44 

P r e p a r a t i o n of 15 - 28 kb f ragments of Sau 3A c l e a v e d 

pea DNA 45 

P r e p a r a t i o n of L 4 ? phage arms 46 

P r e p a r a t i o n of an i_n v i t r o packag ing system 47 

P r e p a r a t i o n of F r e e z e Thaw L y s a t e 47 

P r e p a r a t i o n of S o n i c a t e d E x t r a c t 48 

Packag ing p ro toco l f o r X DNA 49 

S c r e e n i n g of b a c t e r i o p h a g e X l i b r a r i e s by h y b r i d i s a t i o n 49 

S c r e e n i n g smal l numbers of b a c t e r i a l c o l o n i e s by 

h y b r i d i s a t i o n 52 



Southern b l o t t i n g and subsequent h y b r i d i s a t i o n 53 

Autorad iography 55 

L a b e l l i n g DNA w i th sap H» y j t ro 56 

Agarose gel e l e c t r o p h o r e s i s 57 

P o l y a c r y l a m i d e gel e l e c t r o p h o r e s i s 58 

Recovery o-f DNA f ragments from a g a r o s e g e l s 5 ? 

T r a n s f o r m a t i o n 68 

T r a n s f e c t i o n 68 

L i g a t i o n c o n d i t i o n s 61 

DNA s e q u e n c i n g 62 

F i r s t r e s t r i c t i o n s t e p 62 

Phosphatase t reatment 62 

K i n a s e l a b e l l i n g fo r p r o t r u d i n g 5 ' t e rmin i 63 

Second r e s t r i c t i o n s t e p 63 

P r e p a r a t i v e gel 64 

P r e p a r a t i o n of l a b e l l e d f ragments from the gel 64 

D i d e o x y n u c l e o t i d e r e a c t i o n s 65 

P r e p a r a t i o n and e l e c t r o p h o r e s i s of s e q u e n c i n g g e l s 66 

Autorad iography 67 

B u f f e r s f o r DNA s e q u e n c i n g 67 

B i o c h e m i c a l t e c h n i q u e s 

G l a s s w a r e and p l a s t i c w a r e 68 

R e s t r i c t i o n endonuc lease d i g e s t i o n 68 

Phenol e x t r a c t i o n 6 ? 

A l c o h o l p r e c i p i t a t i o n of n u c l e i c a c i d s 70 

C o n c e n t r a t i o n of n u c l e i c a c i d s by e x t r a c t i o n w i t h 

butanol 78 

S p e c t r o p h o t o m e t r y d e t e r m i n a t i o n of n u c l e i c a c i d s 71 

P r e p a r a t i o n of d i a l y s i s tub ing 71 



RESULTS 

P r e p a r a t i o n of the a n n e a l e d arms o-f X L47 DNA 72 

S t r u c t u r e o-f m o l e c u l e s -formed upon l i g a t i o n o-f the 

annea led arms w i th and wi thout -foreign DNA 72 

P r e p a r a t i o n and c h a r a c t e r i s a t i o n o-f an j_n v i t ro 

packag ing e x t r a c t 75 

C h a r a c t e r i s a t i o n o-f pea DNA 79 

I s o l a t i o n o-f 15 - 26 kb p a r t i a l l y c l e a v e d pea DNA 

f r a c t i o n s 79 

C o n s t r u c t i o n of the gene l i b r a r y : o p t i m i s a t i o n of 

l i g a t i o n s and i n v i t r o packag ing r e a c t i o n s 82 

S e p a r a t i o n of a n i c k t r a n s l a t i o n r e a c t i o n on a 

Sephadex column 85 

H y b r i d i s a t i o n of l a b e l l e d pBR 322 DNA and legumin 

i n s e r t cDNA to v a r i o u s p u t a t i v e genomic legumin c l o n e s 85 

P u r i f i c a t i o n of c l o n e number 4 ( X LEG3) 88 

P a r t i a l c h a r a c t e r i s a t i o n of genomic r ibosomal c l o n e s 

i s o l a t e d from the l i b r a r y 88 

R e l a t i o n of v a r i o u s cDNA c l o n e s to the legumin 

68 ,088 s u b u n i t 91 

R e s t r i c t i o n enzyme and h y b r i d i s a t i o n a n a l y s i s of x LEG3 91 

Comparison of the r e s t r i c t i o n enzyme c l e a v a g e maps 

of X LEG 1, 2 and 3 . 94 

R e s t r i c t i o n d i g e s t s of pea DNA h y b r i d i s e d to x LEG3 94 

R e s t r i c t i o n enzyme and h y b r i d i s a t i o n a n a l y s i s of pAS 2 95 

R e s t r i c t i o n enzyme c l e a v a g e map of pAS 2 96 

Comparison of the r e s t r i c t i o n enzyme c l e a v a g e maps 

of pAS 2 w i th p DUB 6 &< 8. 96 



Comparison of the s i z e s of homologous r e s t r i c t i o n enzyme 

f ragments between the cDNAs pDUB 6 & 8 w i th the legumin 

genomic fragment of pAS 2 . 182 

An a u t o r a d i o g r a p h produced d u r i n g the s e q u e n c i n g of 

pAS 2 182 

Sequence of the legumin cDNA c l o n e s pDUB 6 and 8 182 

P a r t i a l sequence from f i v e r e g i o n s of the 2 . 7 kb i n s e r t 

in pAS 2 183 

DISCUSSION 111 

REFERENCES 134 



FIGURES 

F i g u r e No. 

1 S t r u c t u r e of the X c l o n i n g v e c t o r L 4 7 , showing the 

•fragments produced upon Bam HI d i g e s t i o n 73 

2 S t r u c t u r e o-f the a n n e a l e d arms of L47 73 

3 Agarose gel a n a l y s i s o-f the s t a g e s in the -formation 

of a n n e a l e d , l i g a t e d X L47 arms DNA 74 

4 U l t r a v i o l e t absorbance p r o f i l e of a n n e a l e d , l i g a t e d 

L47 DNA f r a c t i o n s d u r i n g u n l o a d i n g from the g l y c e r o l 

g r a d i e n t 74 

5 Agarose gel a n a l y s i s o-f f r a c t i o n s of L47 DNA from 

the g l y c e r o l g r a d i e n t 74 

6 S t r u c t u r e of c o n c a t e n a t e s of 34 kb x L47 a n n e a l e d arms 76 

7 S t r u c t u r e of recombinant c a t e n a t e s of L47 arms 76 

8 S t r u c t u r e of a recombinant phage m o l e c u l e 77 

9 Growth c u r v e s of the X l y s o g e n s used to p r e p a r e i n v i t ro 

packag ing r e a c t i o n s 78 

18 U l t r a v i o l e t absorbance p r o f i l e of an a l i q u o t of p u r i f i e d 

pea DNA 88 

11 Agarose gel a n a l y s i s of p u r i f i e d pea DNA 88 

12 Agarose gel a n a l y s i s of p a r t i a l d i g e s t s of pea DNA 81 

13 Agarose gel a n a l y s i s of a l i q u o t s of l a r g e s c a l e pea 

DNA Sau 3A p a r t i a l d i g e s t s 81 

14 U l t r a v i o l e t absorbance p r o f i l e of f r a c t i o n s of Sau 3A 

c l e a v e d DNA d u r i n g u n l o a d i n g of a g l y c e r o l g r a d i e n t 83 

15 Agarose gel a n a l y s i s of Sau 3A c l e a v e d pea DNA f r a c t i o n s 

o b t a i n e d from the g l y c e r o l g r a d i e n t 83 

16 F u r t h e r agarose gel a n a l y s i s of f r a c t i o n s from F i g 15 83 



F i g u r e No. 

17 Agarose gel a n a l y s i s o-f the t e s t l i g a t i o n of x L47 arms 

and Sau 3A c l e a v e d , s i z e f r a c t i o n a t e d pea DNA 84 

18 A n a l y s i s of an a l i q u o t of the l i g a t e d m i x t u r e used to 

c o n s t r u c t the gene l i b r a r y 84 

19 S e p a r a t i o n of a n i c k t r a n s l a t i o n r e a c t i o n on a Sephadex 

column 86 

28 H y b r i d i s a t i o n of genomic pea DNA x c l o n e s to 3 2 P 

l a b e l l ed pBR 322 DNA 87 

21 H y b r i d i s a t i o n of genomic pea DNA X c l o n e s to 3 2 P 

l a b e l l e d legumin cDNA 87 

22 P u r i f i c a t i o n of X LE63 89 

23 P a r t i a l c h a r a c t e r i s a t i o n of genomic pea r ibosomal c l o n e s 98 

24 Autorad iograph of the gel in F i g 23 h y b r i d i s e d 

w i t h pHA 1 98 

25 R e l a t i o n of pDUB 6 k 8 to the mRNA c o d i n g fo r the 

legumin Mr 68 ,888 s u b u n i t 92 

26 R e s t r i c t i o n enzyme a n a l y s i s of X LE63 93 

27 Autorad iograph of the gel from F i g 26 h y b r i d i s e d to the 

i n s e r t from pDUB 6 93 

28 Comparison of the r e s t r i c t i o n maps of X LEG 1, 2 and 3 97 

29 R e s t r i c t i o n enzyme d i g e s t s of pea DNA h y b r i d i s e d 

to X LEG3 98 

38 Autorad iograph of the gel from F i g 29 h y b r i d i s e d 

to the genomic legumin sequence from pAS 2 98 

31 R e s t r i c t i o n enzyme a n a l y s i s of pAS 2 99 

32 Autorad iograph of the gel from F i g 31 h y b r i d i s e d 

w i t h the i n s e r t from pDUB 6 99 

33 R e s t r i c t i o n enzyme c l e a v a g e map of the 2 . 7 kb Hind 3 

i n s e r t from pAS 2 180 



F i g u r e No. 

34 Comparison o-f the map o-f the 2 . 7 kb Hind 3 i n s e r t -from 

pAS 2 w i th the legumin cDNA i n s e r t s -from pDUB 6 k 8 30 1 

35 Comparison o-f the s i z e s o-f homologous r e s t r i c t i o n 

enzyme -fragments between the cDNAs pDUB 6 tt 8 w i t h the 

legumin genomic -fragment of pAS 2 164 

36 Autorad iograph produced d u r i n g the s e q u e n c i n g of pAS 2 185 

37 Sequence of the legumin cDNA c l o n e s pDUB 6 & 8 186 

38 P a r t i a l sequence from f i v e r e g i o n s of the 2 . 7 kb i n s e r t 

in pAS 2 187 



TABLES 

T a b l e No. 

1 I_n v i t r o packag ing e-f-f i c e n c i e s u s i n g di-f-ferent 

s u b s t r a t e s 108 

2 De te rmina t ion o-f the optimum r a t i o of phage arms 

to pea DNA i n s e r t s which produced the maximum 

number o-f recombinants 188 

3 C o n s t i t u e n t s o-f a "min i " gene l i b r a r y l i g a t i o n 188 

4 Comparison o-f the r e s t r i c t i o n enzyme -fragments between 

r ibosomal c l o n e s 1, 2 and pHA 1, h y b r i d i s i n g to pHA 1 189 

5 Comparison o-f -fragments in genomic pea DNA h y b r i d i s i n g 

to the legumin c o d i n g sequence s o-f cDNA 2 . 2 . 4 . and 

pAS 2 189 

6 Comparison o-f the sequence around Iv"S 1 and IVS 3 w i t h 

p l a n t and animal i n t r o n / e x o n c o n s e n s u s sequences 118 



1 

ABBREVIATIONS 

A l l a b b r e v i a t i o n s a r e a s s t a t e d in the B i o c h e m i c a l Journa l " 

I n s t r u c t i o n s to a u t h o r s " ( B i o c h e m i c a l S o c i e t y 1975 ) , apar t -from those 

d e t a i l e d below. 

Py - p y r i m i d i n e 

Pu - p u r i n e 

cDNA - complementary or copy DNA 

dd NTP - d i d e o x y n u c l e o t i d e 

N - t e r m i n a l s Amino terminus of a p r o t e i n 

C - t e r m i n a l : Carboxy termina l of a p r o t e i n 

bp base p a i r s 

kb k i 1 o b a s e p a i r s 

c . p . m . c o u n t s per minute 

SDS - sodium dodecyl s u l p h a t e 

p . a . g . e . - p o l y a c r y l a m i d e gel e l e c t r o p h o r e s i s 

5 ' - 5 ' te rmina l p h o s p h a t e in a DNA or RNA m o l e c u l e 

3 ' - 3 ' t e rmina l hydroxy! in a DNA or RNA m o l e c u l e 



INTRODUCTION 



2 

NUTRITIONAL vttLUE OF SEED STORAGE PROTEINS 

I t has been e s t i m a t e d that the d i r e c t consumption o-f c e r e a l 

and legume s e e d s a c c o u n t s -for 70 V. o-f m a n k i n d ' s -food (FAO 1970 ) . The 

r e m a i n i n g 30 V. comes -from a n i m a l s , some of which a r e fed on seed 

m e a l s . The p r o t e i n s p r e s e n t in s e e d s a r e t h e r e f o r e a major s o u r c e of 

p r o t e i n in the d i e t of both man and h i s a n i m a l s , and a s s u c h , m e r i t 

i n v e s t i g a t i o n from p r a c t i c a l c o n s i d e r a t i o n s a l o n e . C e r e a l s form the 

major s o u r c e of p l a n t p r o t e i n f o l l o w e d by legumes. However, as 

e x p r e s s e d a s a f u n c t i o n of dry w e i g h t , the p e r c e n t a g e of p r o t e i n in 

legume s e e d s (20 - 50 '/.) , i s g r e a t e r than that in c e r e a l s (8 - 15 '/. -

D a n i e l s s o n 1949 ) , and legume c r o p s a r e t h e r e f o r e e s p e c i a l l y important 

a s a p r o t e i n s o u r c e in d e v e l o p i n g 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 o f t e n v e r y common (Shewry e_t aj_ 1 9 8 1 ) . Legumes a l s o 

p l a y a key r o l e in c rop r o t a t i o n a s a break c r o p , and in improving 

s o i l f e r t i l i t y by t h e i r a b i l i t y to f i x a tmospher ic n i t r o g e n . 

P r o t e i n i s r e q u i r e d in the d i e t a s a s o u r c e of e s s e n t i a l amino 

a c i d s . Of the 20 amino a c i d s commonly p r e s e n t in p r o t e i n , n i n e a r e 

e s s e n t i a l f o r mammalian n u t r i t i o n . These a r e l e u c i n e , i s o l e u c i n e , 

l y s i n e , t h r e o n i n e , v a l i n e , m e t h i o n i n e , t r y p t o p h a n , t y r o s i n e and 

p h e n y l a l a n i n e , . D e s p i t e the f a c t tha t legume s e e d s make important 

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

of the s u l p h u r amino a c i d s , c y s t e i n e (which s p a r e s m e t h i o n i n e ) , and 

m e t h i o n i n e (Croy et aj_ 1988a, Casey and Shor t 1981 ) . T h i s important 

n u t r i t i o n a l l i m i t a t i o n o f f e r s scope f o r t h e i r improvement, e i t h e r by 

c o n v e n t i o n a l b r e e d i n g t e c h n i q u e s , or u l t i m a t e l y , by the r e c e n t l y 

deve loped t e c h n i q u e s of g e n e t i c e n g i n e e r i n g . However, some of the 

many problems which have to be overcome b e f o r e d i r e c t p l a n t g e n e t i c 
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m a n i p u l a t i o n becomes a r e a l i t y have been p o i n t e d out by C o c k i n g 

(1981) . 

S t o r a g e p r o t e i n s o-f s e e d s a r e those p r o t e i n s used a s a 

n i t r o g e n s o u r c e , to e s t a b l i s h the s e e d l i n g upon germina t ion (Basha and 

B e e v e r s 1975, Thompson e i a j . 1978 ) , and u s u a l l y c o n s t i t u t e 50 - 90 V. 

o-f the seed p r o t e i n (Shewry e_t aj_ 1 9 8 1 ) . In keep ing w i th t h e i r r o l e 

a s a n i t r o g e n s t o r e , they n o r m a l l y c o n t a i n a high p r o p o r t i o n o-f the 

amides g lu tamine and /or a r g i n i n e ( D e r b y s h i r e e_t a i 1976) . A c c o r d i n g 

to the s y s t e m o-f Osborne ( 1 9 2 4 ) , who c l a s s i f i e d p r o t e i n s on the b a s i s 

o-f t h e i r s o l u b i l i t y i n d i f f e r e n t s o l v e n t s , legume s e e d s t o r a g e 

p r o t e i n s - fa l l i n t o the g l o b u l i n c l a s s , i . e . those s o l u b l e in aqueous 

s a l t s o l u t i o n s . The legume g l o b u l i n s a r e o-f two main t y p e s , legumin 

and v i c i l i n , and wide v a r i a t i o n in the r e l a t i v e amounts o-f t h e s e t y p e s 

o c c u r s w i t h i n the Leguminosae. For example , P h a s e o l u s vuI oar i s 

c o n t a i n s v e r y l i t t l e legumin , ( D e r b y s h i r e e i a i 1 9 7 6 ) , w h i l e v" ic ia 

-faba c o n t a i n s an e x c e s s of legumin over v i c i l i n (Gatehouse e_t a) 

1 9 8 0 a ) , and Pi sum sa t ivum c o n t a i n s about equal amounts of both types 

( S c h r o e d e r 1 9 8 3 ) , but v a r i e s w i t h g e n e t i c l i n e . The g l o b u l i n s t o r a g e 

p r o t e i n s a r e w i d e l y d i s t r i b u t e d in o ther legumes e . g . occurring in 

6 1 v c i n e max. V i o n a u n o u i c u l a t a . V i o n a r a d i a t a . and L u p i n u s spp 

( D e r b y s h i r e e_t a] . 1 9 7 6 ) . The o v e r a l l s i m i l a r i t y o-f the legumin and 

v i c i l i n p r o t e i n s between c l o s e l y r e l a t e d s p e c i e s o-f the Leguminosae 

has been demonstrated by Croy e t aj_ 1979. B e s i d e s legumin and 

v i c i l i n , o ther p r o t e i n s such as enzymes and l e c t i n s a r e p r e s e n t in 

l e s s e r amounts w i t h i n s e e d s . L e c t i n s a r e p r o t e i n s which have the 

a b i l i t y o-f a g g l u t i n a t i n g human or animal r e d b lood c e l l s , and a r e 

s y n t h e s i s e d d u r i n g seed m a t u r a t i o n a l o n g w i t h the o ther seed s t o r a g e 

p r o t e i n s ( B o l l i n i and C h r i s p e e l s 1978) . 
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Convent iona l p l a n t b r e e d i n g t e c h n i q u e s i n v o l v e the c r o s s i n g of 

s e v e r a l v a r i a n t s f o l l o w e d by s e l e c t i o n f o r the improved genotype . 

T h i s approach can be extended by u s i n g m u t a g e n e s i s to a r t i f i c i a l l y 

ex tend the range of v a r i a b i l i t y . An example of t h i s i s the s e r i e s of 

mutant high l y s i n e genes which have been r e p o r t e d i n c e r e a l s ( r e v i e w e d 

by Ne lson 1 9 8 0 ) . However, a l though the mutants had i n c r e a s e d l y s i n e 

c o n t e n t , they were i d e n t i f i e d by mutant endosperm phenotypes c a u s e d by 

changes in c a r b o h y d r a t e m e t a b o l i s m , thus t h e i r d e s i g n a t i o n a s opaque, 

f l o u r y , s u g a r y , shrunken and b r i t t l e (Ne lson 1 9 8 0 ) . T h i s d i s r u p t i o n 

of c a r b o h y d r a t e metabol ism r e s u l t e d i n d e c r e a s e d s e e d weight and 

y i e l d . A l though t h e s e problems appear in p a r t to have been overcome 

(Shewry §_t a_j_ 1 9 8 1 ) , c o n v e n t i o n a l b r e e d i n g programmes i n v o l v i n g the 

s c r e e n i n g of hundreds of c u l t i v a r s a r e t e d i o u s , and f r e q u e n t l y r e s u l t 

in the p r o d u c t i o n of p l a n t s which might have the d e s i r e d t r a i t , but 

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

y i e l d . 

G e n e t i c e n g i n e e r i n g m e t h o d o l o g i e s , on the o ther hand, have the 
i n a d e f i n e d manner . 

p o t e n t i a l a b i l i t y to a l t e r the p lan t genotype /\ An e s s e n t i a l 

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

from the p l a n t genome, and t h e i r complete c h a r a c t e r i s a t i o n w i t h 

r e s p e c t to c o d i n g and r e g u l a t o r y s e q u e n c e s . However, even i f c l o n e d 

genes became a v a i l a b l e , t h e i r u t i l i s a t i o n would depend upon 

u n d e r s t a n d i n g the b i o l o g y of the sys tem in which they a c t . Hence, the 

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

and pea seed deve lopment . 
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PEA SEED DEVELOPMENT AND STORAGE PROTEIN SYNTHESIS. 

The s t a g e s i n v o l v e d i n the s e e d development of pea have been 

r e v i e w e d by B o u l t e r ( 1 9 8 3 ) , and w i l l o n l y be b r i e f l y summarised h e r e . 

In h i g h e r p l a n t s , the seed i s the organ of d i s p e r s a l , and i s n o r m a l l y 

produced by s e x u a l r e p r o d u c t i o n . The end product of s e e d development 

i s a mature s e e d , which i s c a p a b l e of s u r v i v i n g long p e r i o d s under 

a d v e r s e c o n d i t i o n s , and s t i l l be ing a b l e to support the growth of a 

s e e d l i n g upon g e r m i n a t i o n . U s u a l l y , t h r e e p h a s e s can be i d e n t i f i e d 

w i t h the p r o d u c t i o n of a mature s e e d . Dur ing the f i r s t p h a s e , 1 - 6 
* 

days a f t e r f l o w e r i n g , c e l l d i v i s i o n o c c u r s and i n t e r m e d i a t e s a r e b u i l t 

up , but the r a t e of s t o r a g e p r o t e i n s y n t h e s i s i s v e r y low ( B o u l t e r 

1 9 8 1 ) . By the b e g i n n i n g of the second p h a s e , days 7 - 2 2 , the 

s t r u c t u r e s of the s e e d , the c o t y l e d o n s and embryo, have a p p e a r e d , but 

DNA r e p l i c a t i o n c o n t i n u e s , l e a d i n g to e n d o r e d u p l i c a t i o n of the genome 

and chromosome v a l u e s of up to 64C ( M i l l e r d and Spencer 1974, Spencer 

and H i g g i n s 1979 ) . Domoney e t aj_ (1980) have shown that legumin 

s y n t h e s i s s t a r t s from the i n i t i a l s t a g e s of embryo development , and 

that i t can be d e t e c t e d in embryos we igh ing a s l i t t l e a s 2 x 1 0 ~ 3 g . I t 

i s p r o b a b l e that v i c i l i n i s a l s o s i m i l a r l y s y n t h e s i s e d ( B o u l t e r 1981) . 

From t h i s i n i t i a l , s u b l i m i n a l r a t e of s y n t h e s i s , a sudden and m a s s i v e 

i n c r e a s e in the amount of s t o r a g e p r o t e i n o c c u r s , u n t i l by day 20 , i t 

c o m p r i s e s about 60 V. of the t o t a l p r o t e i n of the mature s e e d . T h i s i s 

accompanied both by an i n c r e a s e in the amount of rough endoplasmic 

r e t i c u l u m ( B o u l t e r et aj_ 1972, C h r i s p e e l s e t aj_ 1979 ) , and an i n c r e a s e 

in the r a t i o of polysomes to monosomes i n c o t y l e d o n c e l l s ( B e e v e r s and 

Poulson 1972 ) . At t h i s s t a g e , p r o t e i n b o d i e s which a r e 2 Mm diameter 

s i n g l e membrane bound o r g a n e l l e s in which s t o r a g e p r o t e i n i s 

d e p o s i t e d , s t a r t to appear (Baumgartner et. aj_ 1980) . I t i s thought 

* i n Pi sum s a t i vum v a r Fel tham F i r s t grown . i t 20 °C and 12h day's. 
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(Baumgartner et. aj_ 1988, B r i a r t y e t a j . 1969 ) , tha t s t o r a g e p r o t e i n s 

a r e s y n t h e s i s e d onto the rough endoplasmic r e t i c u l u m (RER) and 

t r a n s p o r t e d to the p r o t e i n b o d i e s v i a the smooth RER, in a manner 

ana logous to that of animal s e c r e t o r y p r o t e i n s <Caro and P a l a d e 1964) . 

The onset o-f the i n c r e a s e d r a t e s of s y n t h e s i s and d e p o s i t i o n o-f 

v i c i l i n and legumin a r e s e q u e n t i a l (Thompson e t a j . 1979, B o u l t e r 

1981) . R e c e n t l y , i t has been shown that v i c i l i n i s s y n t h e s i s e d at 8 

d a y s , both v i c i l i n and legumin at 13 d a y s , and o n l y legumin at 19 days 

a f t e r - f lower ing ( E v a n s p e r s . comm.). The s e c o n d phase of seed 

deve lopment , i n v o l v i n g the r a p i d s y n t h e s i s and accumula t ion of s t o r a g e 

p r o t e i n , i s f o l l o w e d by the t h i r d phase ; developmental a r r e s t and 

d e s s i c a t i o n af the s e e d . S t o r a g e p r o t e i n s y n t h e s i s i s not c o n t i n u e d 

i n t o t h i s s t a g e , and i t has been shown (Gordon and Payne 1976 ) , that 

s t o r a g e p r o t e i n mRNA does not appear to be p r e s e n t amongst the few 

mRNAs s t o r e d in the dry s e e d . 

S t o r a g e p r o t e i n s , t h e n , a r e l a i d down at a s p e c i f i c s t a g e in 

s e e d development i n l a r g e amounts, to be used a s a n i t r o g e n s u p p l y on 

g e r m i n a t i o n . S i n c e the s y n t h e s i s of t h e s e s t o r a g e p r o t e i n s i s 

s p e c i f i c to the s e e d (Thompson et a_L 1978, Dure 1975 Gatehouse et aj_ 

1982) , the d e v e l o p i n g s e e d p r o v i d e s a good model system for s t u d y i n g 

d e v e l o p m e n t a l l y r e g u l a t e d gene e x p r e s s i o n . Analogous animal s y s t e m s 

a r e , amongst o t h e r s , the egg w h i t e p r o t e i n sys tem in c h i c k e n o v i d u c t s 

( P a l m i t e r 1 9 7 2 ) , the f i b r o i n p r o t e i n system in Bombvx mori ( S u z u k i e t 

a l 1 9 7 2 ) , and the haemoglobin system in e r y t h r o i d c e l l s (Ross e t aj_ 

1 9 7 4 ) . 

Legumin, and i t s mode of s y n t h e s i s , has been i n v e s t i g a t e d by 

s t u d y i n g the mRNAs r e s p o n s i b l e fo r i t s p r o d u c t i o n . Morton et a_]_ 
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(1983) have shown that the sequence c o m p l e x i t y of pea seed mRNA 
d e c r e a s e s d r a m a t i c a l l y d u r i n g the p e r i o d 15 to 21 days a f t e r f l o w e r i n g 
(when the s y n t h e s i s of s t o r a g e p r o t e i n i s at i t s g r e a t e s t ) , from an 
i n i t i a l c o m p l e x i t y of 20 ,000 s e q u e n c e s a t day 9 to approx imate ly 200 
sequences at day 19 . C o r r e s p o n d i n g w i t h t h i s d e c r e a s e in c o m p l e x i t y , 
a l i m i t e d number of mRNA sequences become superabundant . S t u d i e s by 
Croy et aj_ (1980a) on i_n v i v o ^ 5 S l a b e l l e d s t o r a g e p r o t e i n s showed that 
immunoprecipi t a b l e legumin was not d e t e c t e d u n t i l 11 to 13 days a f t e r 
f l o w e r o p e n i n g . T h i s c o i n c i d e n c e between the superabundance of 
c e r t a i n mRNA c l a s s e s and the a c c u m u l a t i o n of legumin makes i t l i k e l y 
that the i n c r e a s e d r a t e of legumin s y n t h e s i s i s a d i r e c t r e s u l t of 
i n c r e a s i n g amounts of legumin mRNA. C o n f i r m a t i o n of t h i s was o b t a i n e d 
by Croy e_t aj_ (1980) who showed, u s i n g i n v i t ro t r a n s l a t i o n s y s t e m s 
d r i v e n by mRNA e x t r a c t e d from 14 to 21 day c o t y l e d o n s , that s t o r a g e 
p r o t e i n p r e c u r s o r s were prominent components of the p o l y p e p t i d e s b e i n g 
s y n t h e s i s e d . A d i r e c t demonst ra t ion of the i n c r e a s e in s t o r a g e 
p r o t e i n mRNA s p e c i e s d u r i n g development of the s e e d was p r o v i d e d by 
Gatehouse §_t aj_ 1981. They showed, u s i n g the techn ique of ' N o r t h e r n ' 
h y b r i d i s a t i o n (Thomas 1989) that the l e v e l s of legumin and v i c i l i n 
mRNAs i n c r e a s e d and d e c r e a s e d in a g r e e m e n t A e s t i m a t e d r a t e s of 
s y n t h e s i s of the r e s p e c t i v e p o l y p e p t i d e s . The t i s s u e s p e c i f i c 
e x p r e s s i o n of legumin was a l s o d e m o n s t r a t e d , a s legumin po ly A+ mRNA 
was found to be p r e s e n t in l e a v e s at l e s s than one - thousandth the 
l e v e l in c o t y l e d o n s . Casey ( 1 9 7 9 a ) , and Croy e_t aj_ (1979) de termined 
the m o l e c u l a r weight of pea legumin to be 395 ,000 and 390,000 
r e s p e c t i v e l y , by u s i n g gel f i l t r a t i o n t e c h n i q u e s . S t u d i e s on the 
s u b u n i t c o m p o s i t i o n of legumins from pea have u t i l i s e d p o l y a c r y l a m i d e 
gel e l e c t r o p h o r e s i s under r e d u c i n g and non r e d u c i n g c o n d i t i o n s . 
E l e c t r o p h o r e s i s u s i n g non r e d u c i n g d e n a t u r a n t s l i k e SDS, r e s u l t e d in 
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the d i s s o c i a t i o n o-f n a t i v e legumin i n t o s u b u n i t s o-f approximate Mr 

6 8 , 0 0 0 . On a d d i t i o n o-f r e d u c i n g a g e n t s such a s 2 - mercaptoethanol , 

the Mr 6 8 , 0 0 0 s u b u n i t s d i s s o c i a t e d i n t o s m a l l e r p o l y p e p t i d e s of Mr 

4 8 , 0 0 0 and Mr 28 ,000 (Croy 1 9 7 9 ) . S i m i l i a r s t u d i e s on the legumin 

from V i c i a f a b a l e d Wright and B o u l t e r (1974) to propose a model fo r 

the legumin m o l e c u l e which was shown to be c o r r e c t f o r both the V i c i a 

faba and Pi sum sa t i vum legumins (Gatehouse et aj_ 1988b)• T h i s mode) 

proposed that legumin c o n s i s t e d of a hexamer of Mr 6 0 , 0 0 0 s u b u n i t s . 

Each s u b u n i t c o n s i s t e d of one l a r g e Mr 40,880 and one smal l Mr 28 ,000 

s u b u n i t , h e l d together by one or more d i s u l p h i d e bonds . In pea 

legumin , the l a r g e r s u b u n i t was shown to have a p i v a l u e of between 

4 . 8 and 6.1 and was c a l l e d the ' a c i d i c ' s u b u n i t , w h i l e the s m a l l e r Mr 

28 ,000 s u b u n i t had a p i v a l u e of between 6 . 2 and 8 . 0 and was r e f e r r e d 

to a s the ' b a s i c ' s u b u n i t ( K r i s h n a e t a j . 1979, Matta et a i 1 9 8 1 ) . The 

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

w h i l e the b a s i c s u b u n i t s were r i c h e r in a l a n i n e , v a l i n e and l e u c i n e . 

These a c i d i c and b a s i c s u b u n i t s , c o u l d n o t , however , be 

regarded a s s i n g l e p o l y p e p t i d e s p e c i e s . Each of the s u b u n i t s c o u l d be 

s e p a r a t e d i n t o a number of component p o l y p e p t i d e s by a combinat ion of 

SDS p o l y a c r y l a m i d e 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 s i n g . 

H e t e r o g e n e i t y w i t h r e s p e c t to m o l e c u l a r weight and c h a r g e was shown by 

Croy e t aj_ 1979 and Thompson e_t a_l_ 1978, w h i l e h e t e r o g e n e i t y w i th 

r e g a r d to the i s o e l e c t r i c p o i n t s of the p r o t e i n was shown by K r i s h n a 

et a i 1979 and Casey 1979. Matta et a i 1981 extended t h e s e 

o b s e r v a t i o n s by showing that w h i l e Mr 54 ,888 d i s u l p h i d e bonded subun i t 

p a i r s c o n s t i t u t e d a major p a r t of t o t a l l egumin , s u b u n i t p a i r s w i th Mr 

v a r y i n g from 35 ,888 to 58 ,808 were a l s o p r e s e n t . These a s s o c i a t e d in 

v a r i o u s ways to g i v e at l e a s t t h r e e d i s t i n c t m o l e c u l a r forms of 
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legumin . The main type (Mr 53 ,008 to 54 ,800 ) cor responded to the 

legumin s u b u n i t p a i r of the Wright and B o u l t e r (1974) model , w h i l s t 

the o ther two t y p e s were p r e s e n t in s m a l l e r amounts and were 

d e s i g n a t e d a s b i g (Mr 55 ,888 to 5 8 , 0 0 8 ) , and smal l (Mr 35 ,888) 

l e g u m i n s . T h i s h e t e r o g e n e i t y was p o s t u l a t e d to have a r i s e n in t h r e e 

p o s s i b l e ways 1) s i n g l e s u b s t i t u t i o n s i n the amino a c i d sequence o-f 

p o l y p e p t i d e s , a s h a s been r e p o r t e d -for the p r imary s t r u c t u r e of the 

b a s i c pea legumin s u b u n i t by Casey e t a_l_ 1981b) , 2) e x t e n s i v e 

d i f f e r e n c e s in sequences among p o l y p e p t i d e s i n c l u d i n g d i f f e r e n c e s in 

the t o t a l number of amino a c i d s , and 3 ) , f o r m a t i o n of legumin 

m o l e c u l e s from d i f f e r e n t combina t ions of s u b u n i t s . The e x i s t e n c e of 

t h i s h e t e r o g e n e i t y , does n o t , however , c h a l l e n g e the o r i g i n a l 

hexameric model f o r legumin s t r u c t u r e proposed by Wright and B o u l t e r 

( 1 9 7 4 ) ; i . e . the a s s o c i a t i o n of a c i d i c and b a s i c s u b u n i t s i n t o 

p o l y p e p t i d e p a i r s . A s t r u c t u r a l model f o r v i c i l i n , e n v i s a g i n g the 

m o l e c u l e a s a t r i m e r of Mr 58 ,808 s u b u n i t s , h a s been put fo rward by 

Gatehouse e t a j . 1981. C o n s i d e r a b l e h e t e r o g e n e i t y in the Mr of the 

58 ,008 s u b u n i t i s a l s o s e e n , a s i t u a t i o n ana logous to that in pea 

legumin . 

An i n t e r e s t i n g i n s i g h t i n t o the s y n t h e s i s and m o d i f i c a t i o n of 

legumin was ga ined by Croy §_t aj_ ( 1 9 8 0 a ) , who used i s o l a t e d po ly A+ 

mF ĴA and i n v i t r o p r o t e i n s y n t h e s i s i n g s y s t e m s . They showed that the 

in v i t r o s y n t h e s i s e d Mr 68 ,888 legumin would not d i s s o c i a t e i n t o the 

a c i d i c and b a s i c s u b u n i t s under r e d u c i n g c o n d i t i o n s , w h i l e the 

n a t i v e legumin , i s o l a t e d from pea s e e d s , would e a s i l y do s o . They 

c o n c l u d e d that legumin was s y n t h e s i s e d a s a Mr 68 ,888 p o l y p e p t i d e 

p r e c u r s o r , which was s u b s e q u e n t l y c l e a v e d a s a r e s u l t of p r o t e o l y s i s 

in v i v o i n t o the o b s e r v e d Mr 40 ,808 and Mr 28 ,888 s p e c i e s . The 
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• f a i l u r e to o b s e r v e t h i s p r o t e o l y s i s u s i n g membrane bound polysomes in 
v j t r o . s u g g e s t e d that p r o t e o l y s i s o c c u r e d a f t e r t r a n s p o r t of the 
p o l y p e p t i d e j_n v i v o , and thus p robab ly a f t e r assembly of the s u b u n i t 
p a i r s i n t o legumin m o l e c u l e s . Work by Spencer and H i g g i n s (1988) 
u s i n g i_n v i t r o t r a n s l a t i o n s y s t e m s and h igh r e s o l u t i o n pol y a c r y l amide 
g e l s , has shown that pea legumin p r e c u r s o r p o l y p e p t i d e s were i n i t i a l l y 
assembled i n t o a t r i m e r i c form of Mr 188,888 b e f o r e complete assembly 
i n t o the hexamer. 

The i n h e r i t a n c e of the s t o r a g e p r o t e i n genes in Pi sum s a t ivum 

L . was i n v e s t i g a t e d by Matta and Gatehouse 1981, u s i n g SDS p . a . g . e . 

to s t u d y the p r o t e i n s produced in c r o s s e s of v a r i o u s pea l i n e s . They 

conc luded that the legumin genes c o d i n g fo r the major Mr 53,888 to 

54 ,888 s u b u n i t s in pea were l o c a l i s e d on the s h o r t arm of chromosome 

7 . As a t l e a s t f i v e d i f f e r e n t band p a t t e r n s were observed for the 

major a c i d i c s u b u n i t s of legumin ( C r o y et a ! 1979, Casey 1979) , i t 

was c o n c l u d e d that m u l t i p l e a l l e l e s were p r e s e n t a t t h i s l o c u s . Data 

c o n c e r n i n g the i n h e r i t a n c e of the minor legumin genes s u g g e s t e d that 

w h i l e some were p r e s e n t at the same l o c u s a s the major legumin gene , 

o t h e r s were n o t . 

The e l u c i d a t i o n of the s t r u c t u r e of the legumin m o l e c u l e , and 

the f i n d i n g that h igh l e v e l s of s t o r a g e p r o t e i n mRNA were p r e s e n t at a 

s p e c i f i c s t a g e in s e e d development , p r o v i d e d the impetus f o r the 

b e g i n n i n g of s t u d i e s on the genes i n v o l v e d in s t o r a g e p r o t e i n 

s y n t h e s i s . The pr ime requi rement f o r i s o l a t i n g a gene from an 

e u c a r y o t i c genome i s the a v a i l a b i l i t y of a s u i t a b l e probe , 

complementary to the gene i n q u e s t i o n . At f i r s t s i g h t , mRNAs i s o l a t e d 

from pea s e e d s at the 14 to 21 day s t a g e of development , appear to be 
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i d e a l p r o b e s -for t h e i s o l a t i o n o f genomic s e q u e n c e s . However , mRNA 

p r e p a r a t i o n s a r e h e t e r o g e n o u s , and t h e r e f o r e canno t be used as-

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

c o r r e s p o n d i n g t o t h e c o n t a m i n a t i n g mRNA may be s e l e c t e d . For t h i s 

r e a s o n , i t i s a d v i s a b l e t o s y n t h e s i z e cDNA c o p i e s o f t he mRNAs, and to 

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

p r o b e s . I n t h i s way , one can be s u r e o f h a v i n g a p u r e p r o b e , 

c o m p l e m e n t a r y t o t h e gene under i n v e s t i g a t i o n . 

Evans e t a_l_ ( 1 9 7 9 ) , d e s c r i b e d t h e i s o l a t i o n o f p o l y A+ mRNA 

f r o m pea c o t y l e d o n s h a r v e s t e d 3 4 days a f t e r f l o w e r i n g , when p r o d u c t i o n 

o f s t o r a g e p r o t e i n was a t i t s g r e a t e s t . Many e u c a r y o t i c mRNAs, 

i n c l u d i n g t h o s e o f v i c i l i n and l e g u m i n , have a t e r m i n a l sequence o f 

a d e n o s i n e r e s i d u e s a t t h e i r 3 ' e n d , w h i c h i s added p o s t -

t r a n s c r i p t i o n a l l y (Brawerman 1 9 7 4 ) . T h i s e n a b l e s s e p a r a t i o n o f t h e 

p o l y A+ f r a c t i o n o f p o l y s o m a l mRNA on an o l i g o d - T c e l l u l o s e column 

( A v i v and Leder 1 9 7 2 ) . Evans e t a j . (197?) f r a c t i o n a t e d p o l y A+ RNA 

( w h i c h c o n s t i t u t e s 1 V. o f t o t a l RNA), on s u c r o s e g r a d i e n t s , and 

i d e n t i f i e d , u s i n g i n - v i t r o t r a n s l a t i o n t e c h n i q u e s (Gordon and Payne 

1 9 7 6 ) , f r a c t i o n s w h i c h showed t h e g r e a t e s t s y n t h e s i s o f s t o r a g e 

p r o t e i n s u b u n i t s . These p a r t i a l l y p u r i f i e d mRNA f r a c t i o n s , e n r i c h e d 

i n t he mRNAs c o d i n g f o r s t o r a g e p r o t e i n s , we re used t o s y n t h e s i z e 

c o m p l e m e n t a r y DNA's (Evans e t aj_ 1 9 8 8 ) . The c l o n i n g o f t h e s e cDNA's 

i n t o t h e p l a s m i d v e c t o r pBR322 ( B o l i v a r e t aj_ 1977) was r e p o r t e d by 

Croy e_t aj_ ( 1 9 3 2 ) . T r a n s f o r m a n t s o b t a i n e d f r o m t h i s c l o n i n g 

e x p e r i m e n t were s e l e c t e d on t h e b a s i s o f t h e i r h y b r i d i s a t i o n t o p o l y 

A+ mRNA, and to cDNA. I n d i v i d u a l c l o n e s we re i d e n t i f i e d u s i n g t he 

t e c h n i q u e o f h y b r i d s e l e c t e d t r a n s l a t i o n ( S m i t h e_t aj_ 1 9 7 9 ) . B r i e f l y , 

p o l y A+ mRNA was h y b r i d i s e d t o t h e d e n a t u r e d c l o n e s , and s p e c i f i c a l l y 
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bound mRNAs e l u t e d and t r a n s l a t e d in a r a b b i t r e t i c u l o l y s a t e in. v i 

p r o t e i n s y n t h e s i s i n g s y s t e m . 2 c l o n e s c o d i n g -for the Mr 68,888 

p r e c u r s o r were s e l e c t e d . As a f i n a l means o-f i d e n t i f i c a t i o n , t h e s e 

cDNAs were c o m p l e t e l y s e q u e n c e d . Agreement between the p r e d i c t e d 

amino a c i d composotion and the t r y p t i c p e p t i d e and N te rmina l sequence 

d a t a , u n e q u i v o c a b l y i d e n t i f i e d the c l o n e s a s legumin cDNAs (Croy §_t a i 

1982 ) . T h e s e c l o n e s p r o v i d e d f u r t h e r e v i d e n c e fo r the s y n t h e s i s of 

legumin a s a Mr 68 ,888 p r e c u r s o r . The c o d i n g sequence of one of the 

c l o n e s was shown to extend unbroken upstream beyond the N terminus of 

the b a s i c s u b u n i t , a p p r o a c h i n g or e x t e n d i n g i n t o the C terminus of the 

a c i d i c s u b u n i t (Croy §_t a]_ 1982 ) . No t e r m i n a t i o n or i n i t i a t i o n codons 

were found i n frame w i th the c o d i n g sequence in the p re - N termina l 

s e q u e n c e , c o n f i r m i n g the p r e c u r s o r t h e o r y . The s y n t h e s i s of pea 

v i c i l i n in a p r e c u r s o r form which was a l s o p r o t e o l y t i c a l l y c l e a v e d to 

g i v e the observed s u b u n i t s (Gatehouse et aj_ 1981) was conf i rmed by an 

examinat ion of the sequence of c l o n e d v i c i l i n cDNA's ( L y c e t t e t aj_ 

1 9 8 3 a ) . Sequences of the cDNAs c o d i n g fo r pea l e c t i n ( H i g g i n s et aj_ 

1983a) showed that the c h a r a c t e r i s t i c s of the s y n t h e s i s of pea legumin 

and v i c i l i n in a p r e c u r s o r form were a l s o t r u e for t h i s p r o t e i n . The 

l a r g e Mr 25 ,888 l e c t i n p r e c u r s o r was found to g i v e ot and P s u b u n i t s of 

Mr 17,880 and 6,808 upon post t r a n s l a t i o n a l p r o c e s s i n g ( H i g g i n s et a_L 

1983b) . S i m i l i a r p r e c u r s o r - product r e l a t i o n s h i p s have been 

e l u c i d a t e d f o r the legumin l i k e p r o t e i n s of V i c i a faba (Weber et. aj_ 

3 9 8 1 ) , soybean (Sengupta et a_l_ 1 9 8 1 ) , a g l o b u l i n p r o t e i n of oat 

( B r i n e g a r and P e t e r s e n 1982) , and r i c e g l u t e i in (Yamgata et aj . 1982 ) . 

A n a l y s i s of cDNA c l o n e s c o d i n g fo r n a p i n , the rape seed s t o r a g e 

p r o t e i n ( Crouch e£ a i 1983) showed that both s u b u n i t s of napin were 

d e r i v e d from a p r e c u r s o r p o l y p e p t i d e by p r o t e o l y s i s . I t thus seems 

l i k e l y that the p r e c u r s o r - product r e l a t i o n s h i p i s a common one , at 
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l e a s t in r e l a t i o n to seed p r o t e i n s . 

The c l o n i n g , i s o l a t i o n , and s u c c e s s f u l i d e n t i f i c a t i o n of the 

pea legumin cDNAs p r o v i d e d a pure probe to i s o l a t e the homologous 

sequences from genomic pea DNA. 

the 

next s e c t i o n w i l l g i v e a b r i e f d e s c r i p t i o n of sequence o r g a n i s a t i o n in 

the e u c a r y o t i c genome, w i th s p e c i f i c r e f e r e n c e to p e a . 

DNA SEQUENCE ORGANISATION IN THE EUCARYQTIC GENOME WITH S P E C I F I C 

REFERENCE TO PEA. 

E u c a r y o t i c genomes d i f f e r from p r o c a r y o t i c ones in two major 

a s p e c t s : 1) the amount of DNA per n u c l e u s , and 2) the o r g a n i s a t i o n of 

t h i s DNA. The E j . co l i genome c o n t a i n s 4 . 6 x 1 8 6 bp ( K l o t z and Zimm 

1972) , w h i l e the h a p l o i d human genome c o n t a i n s 2 . 8 x 18* bp (Lawn et a_|_ 

1978) , which i s an approximate i n c r e a s e of 688 f o l d . P l a n t genomes 

g e n e r a l l y have an even h i g h e r DNA c o n t e n t , e . g . 4 . 8 x 1 0 9 bp, 5 . 6 x 1 8 s 

bp and 8 . 6 x 10̂  bp f o r the genomes of p e a , wheat and r y e / e s p e c t i v e l y 

(Thompson and Murray 1981 ) . 

At tempts to i n v e s t i g a t e the sequence of e u c a r y o t i c genomes have 

c e n t e r e d on DNA r e a s s o c i a t i o n e x p e r i m e n t s . The genome of any organism 

can be c h a r a c t e r i s e d a s to i t s DNA c o n t e n t , length and f requency of 

DNA r e p e t i t i o n c l a s s e s and sequence c o m p l e x i t y , by f o l l o w i n g the 

r e a s s o c i a t i o n of complementary DNA s e q u e n c e s over a range of Cot 

v a l u e s . The theory and p r a c t i c e of DNA r e a s s o c i a t i o n exper iments has 

been r e v i e w e d by B r i t t e n e_t aj_ ( 1974 ) , and w i l l not be mentioned h e r e . 

The r e n a t u r a t i o n k i n e t i c s of p r o c a r y o t i c DNAs r e v e a l that they a r e 
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composed o f DNA sequences w h i c h a r e p r e s e n t o n l y once per genome, 1 

v e r y l i t t l e sequence homology e x i s t s be tween d i f f e r e n t p a r t s o f the 

genome. C o n s e q u e n t l y , t h e number o f genes i n c o l i can be 

c a l c u l a t e d w i t h r e a s o n a b l e a c c u r a c y . Assuming an ave rage gene s i r e o f 

1500 bp ( s u f f i c e n t f o r a p r o t e i n o f Mr 5 5 , 000 ) , co l i can be 

assumed t o have 3008 g e n e s . A s u b s t a n t i a l f r a c t i o n o f t he c o l l 

genome has been g e n e t i c a l l y mapped, and e s t i m a t e s of the same o r d e r o f 

m a g n i t u d e as t he above f i g u r e have been o b t a i n e d (Bachmann and Lew 

1 9 8 0 ) . A s i m i l i a r c a l c u l a t i o n f o r t he numbers of genes i n a human and 

a pea genome g i v e s f i g u r e s o f l . S x 1 8 6 and 3 x 1 0 & genes r e s p e c t i v e l y 

d e U r i e s e_t aj_ (1983) have e s t i m a t e d , u s i n g reassoc l a 11 on s t u d i e s , t h a t 

a p p r o x i m a t e l y 2 0 , 0 0 0 genes a r e t r a n s c r i b e d i n p e a . T h i s a g r e e s w e l l 

w i t h v a l u e s r e p o r t e d f o r o t h e r h i g h e r p l a n t s - 35 ,000 i n p a r s l e y 

r o o t and c a l l u s , ( K i p e r e_t aj_ 1 9 8 1 ) , 2 6 , 0 8 0 i n c o t t o n s e e d l i n g s (Ga lau 

and Dure 1 9 8 1 ) , 31 ,000 i n b a r l e y s h o o t s CHeinze e t a_M?38) and 27 ,089 

i n t o b a c c o l e a v e s (Kama lay and G o l d b e r g 1 9 8 1 ) . Assuming t h a t t h e 

po lysoma) RNA's used i n t h e s e s t u d i e s we re mRNA's, t hese v a l u e s s h o u l d 

r e p r e s e n t t he numbers o f e x p r e s s e d g e n e s . The d i s c r e p a n c y between t h e 

c a l c u l a t e d v a l u e f o r the number o f genes and t h e e s t i m a t e o b t a i n e d 

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

t he v a s t m a j o r i t y o f DNA i n h i g h e r e u c a r y o t e s does no t code f o r mRNA. 

R e a s s o c i a t i o n e x p e r i m e n t s on e u c a r y o t i c genomes show t h a t a 

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

i n d i c a t i v e o f a h i g h deg ree of r e i t e r a t i o n ( B r i t t e n and Kohne 1 9 * 8 ) . 

These sequences may be genes f o r h i s t o n e s o r n b o s o m a l RNA w h i c h a r e 

r e i t e r a t e d s e v e r a l t i m e s i n t he genome, ( h a p l o i d pea has 3908 r-RNA 

genes ) , and some may be sequences w h i c h do no t code f o r p r o t e i n s . 

The components o f the genome w h i c h r e a s s o c i a t e 



15 

s l o w l y , c o n s i s t of sequences which behave a s i f p r e s e n t on ly once per 

h a p l o i d genome and a r e termed s i n g l e copy s e q u e n c e s . Sequences 

which r e a s s o c i a t e at r a t e s f a s t e r than those o b s e r v e d f o r s i n g l e copy 

DNA a r e termed r e p e t i t i v e DNA s e q u e n c e s . R e p e t i t i v e DNA sequences 

probab ly c o n s i s t of two types of c l a s s e s - those in which the 

r e p e a t i n g u n i t s a r e v e r y s i m i l i a r and o r g a n i s e d in tandem a r r a y s , and 

those which c o n s i s t of d i s s i m i l i a r r e p e a t i n g u n i t s o r g a n i s e d in a 

complex manner ( F l a v e l l 1988) . 

Buoyant d e n s i t y c e n t r i f u g a t i o n of DNA in caes ium s a l t 

g r a d i e n t s h a s i d e n t i f i e d a c l a s s of n u c l e a r DNA s e q u e n c e s , termed 

s a t e l l i t e DNAs in a wide v a r i e t y of p l a n t s and a n i m a l s ( S k i n n e r 

1977 ) . S a t e l l i t e DNAs c o n s i s t of v e r y s i m i l i a r r e p e a t i n g u n i t s 

tandemly a r r a n g e d , of a length r a n g i n g from a few base p a i r s , to 

thousands of base p a i r s ( F l a v e l l 1988) . S a t e l l i t e DNA sequences can 

be s e p a r a t e d away from the r e s t of the genome because of t h e i r 

d i f f e r e n t i a l b a s e c o m p o s i t i o n , or t h e i r a b i l i t y to d i f f e r e n t l y b ind 

l i g a n d s e . g . Ag+ ( I n g l e et aj . 1973 ) . Amongst p lan t s p e c i e s , I n g l e et 

a l (1973) found that cucumber had the l a r g e s t amount of s a t e l l i t e DNA 

- i t compr ised 44 V. of the n u c l e a r genome. 

Ribosomal c i s t r o n s , by v i r t u e of the f a c t that t hey c o n s i s t o f 

thousands of c o p i e s a r r a n g e d i n tandem c l u s t e r s ( F l a v e l l 1988 ) , might 

be e x p e c t e d to form a dense s a t e l l i t e , i f p r e s e n t i n s u f f i c e n t 

q u a n t i t y . However, I n g l e e t aj_ (1975) showed that rDNA i n p l a n t s 

compr ised o n l y a smal l f r a c t i o n of the s a t e l l i t e . The tomato 

s a t e l l i t e DNA has so f a r been the on ly one found in which r ibosomal 

RNA c i s t r o n s c o n s t i t u t e a s i g n i f i c a n t f r a c t i o n (58 '/.) of the 

s a t e l l i t e , - t h i s c o m p r i s e s about 3 X of the genome ( C h i l t o n 1975) . 
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Wall and Bryan t (1981) have demonstra ted the p r e s e n s e o-f s a t e l l i t e 

DNA's in the pea genome. T h r e e s a t e l l i t e s were i s o l a t e d , which in 

t o t a l compr ised 33 V. o-f the genome. H y b r i d i s a t i o n o-f 3 H l a b e l l e d pea 

rRNA to t h e s e s a t e l l i t e s showed that none o-f them c o n t a i n e d r ibosomal 

RNA c i s t r o n s . Tandem a r r a y s o-f s h o r t r e p e a t e d sequences such as a r e 

•found in s a t e l l i t e DNAs, have been shown, u s i n g jm s i tu h y b r i d i s a t i o n 

s t u d i e s (Bedbrook et a_l_ 1980) , to be d i s t r i b u t e d in a non random 

manner throughout the genome; l o c a l i s a t i o n - f requent ly appears to be at 

the ends o-f chromosomes. 

S e v e r a l animal and p l a n t genomes have been i n v e s t i g a t e d u s i n g 

r e a s s o c i a t i o n t e c h n i q u e s . Most animal genomes (Davidson §_t aj_ 1975, 

C r a i n e t aj . 1 9 7 6 ) , show what i s termed a s h o r t p e r i o d i n t e r s p e r s i o n 

p a t t e r n in which a g r e a t e r than 60 V. - f r ac t ion c o n s i s t s o-f r e p e a t e d 

s e q u e n c e s , 280 - 488 bp l o n g , i n t e r s p e r s e d w i t h s i n g l e copy DMA at 

i n t e r v a l s of l e s s than 1880 to 4000 bp . Both s h o r t and long 

r e p e t i t i v e s e q u e n c e s have been -found in p l a n t s , d i s t r i b u t i o n s between 

about 200 and s e v e r a l thousand bp have been found fo r r e p e a t s in DNA 

from wheat ( F l a v e l l and Smith 1976) , c o t t o n (Walbot and Dure 1976) , 

and p a r s l e y ( K i p e r and H e r z f e l d 1978) . Data p r e s e n t e d by Murray e_t a ! 

(1978) showed that the pea genome was c h a r a c t e r i s e d by a v e r y s h o r t 

p e r i o d i n t e r s p e r s i o n p a t t e r n , i n which s i n g l e copy sequences 300 bp 

long were e x t e n s i v e l y i n t e r s p e r s e d w i t h r e p e t i t i v e sequence e lements 

a l s o about 388 to 488 bp l o n g . 78 X of the pea genome was found to 

c o n s i s t of r e p e a t e d sequences of the moderate c o m p l e x i t y , m idd le 

r e p e t i t i v e t y p e , i n which 488 to 18,888 f a m i l i e s had r e p e t i t i o n 

f r e q u e n c i e s of between 388 to 18,888 c o p i e s per h a p l o i d genome. The 

h i g h l y r e p e a t e d f r a c t i o n compr ised 38 - 48 V. of the genome, and 

cor responded w e l l w i t h the k i n e t i c s o b t a i n e d f o r the s a t e l l i t e DNA of 
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pea by Wall and Bryan t ( 1 9 8 1 ) . 

Most s t r u c t u r a l genes in animal genomes a r e s i n g l e copy 

sequences of about 1,208 to 1,588 bp ( B r i t t e n and Davidson 1976) . 

S i m i l a r l y , Gray and Cashmore (1976) have found that polysomal mRNA 

m o l e c u l e s from peas f r e q u e n t l y have l e n g t h s g r e a t e r than 1888 bp. 

T h i s i s in c o n t r a d i c t i o n to the r e s u l t s o b t a i n e d by Murray et aj_ 

( 1 9 7 8 ) , i n d e e d , these a u t h o r s have s t a t e d that sequences longer than 

1888 bp do not c o n s t i t u t e a r e a d i l y measurab le f r a c t i o n of the pea 

genome. DNA r e n a t u r a t i o n s t u d i e s do not t h e r e f o r e appear to be a b l e 

to i d e n t i f y t h i s c l a s s of s i n g l e copy s e q u e n c e s . Murray §_t aj_ ( 1 9 7 8 ) , 

have p o i n t e d out that s i n c e on ly a v e r y smal l f r a c t i o n of the DNA in a 

t y p i c a l e u c a r y o t e may be r e q u i r e d to code f o r s t r u c t u r a l g e n e s , i t i s 

p o s s i b l e that the c o d i n g sequences in the pea genome form so smal l a 

f r a c t i o n a s to be u n d e t e c t a b l e by r e n a t u r a t i o n e x p e r i m e n t s . I f 3 V. of 

the pea genome c o n s i s t e d of sequences longer than 1880 bp, t h i s would 

p r o v i d e cod ing c a p a c i t y fo r 1 8 5 g e n e s , which i s w e l l w i t h i n the 

e s t i m a t e s f o r the number of e x p r e s s e d genes p r o v i d e d by Goldberg et al_ 

( 1 9 7 8 ) . 

T h e r e i s a wide v a r i a t i o n in the DNA c o n t e n t of v a r i o u s 

members of the legumes. T h e r e i s a 7 f o l d v a r i a t i o n in h a p l o i d DNA 

conten t among the V i c i a genus (Bennett and Smith 1976) ,• pea and mung 

bean genomes d i f f e r i n s i z e by 9 f o l d (Murray e_t aj_ 1981)5 and pea has 

enough DNA fo r 1.5 x 105 g e n e s , w h i l e U i c i a has enough f o r 6 .5 x 

18 6 (Bennet and Smith 1976 ) . On© would have expec ted v a r i o u s members of 

c l o s e l y r e l a t e d s p e c i e s to have s i m i l i a r genome s i z e s , but t h i s i s 

a p p a r e n t l y not the c a s e . Some e v i d e n c e towards e x p l a i n i n g t h i s 

anomaly was p r o v i d e d by Murray et, a_L (1981) who showed the e x i s t e n c e 
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o-f - f o s s i l r e p e a t s in the pea and mung bean genomes. They -found 

that e s s e n t i a l l y a l l the s e q u e n c e s in the pea genome which 

r e a s s o c i a t e d w i th s i n g l e copy K i n e t i c s at s t a n d a r d c r i t e r i a , -formed 

mismatched d u p l e x e s , and e x h i b i t e d r e p e t i t i v e r e a s s o c i a t i o n k i n e t i c s 

at l o w e r , l e s s s t r i n g e n t t e m p e r a t u r e s . These were termed - f o s s i l 

r e p e a t s because they were p o s t u l a t e d to r e p r e s e n t members o-f a n c i e n t , 

r e p e t i t i v e - f a m i l i e s which had d i v e r g e d to such an e x t e n t , that they no 

longer r e a s s o c i a t e d w i t h one another under s t a n d a r d c o n d i t i o n s . 

True s i n g l e copy s e q u e n c e s were de-fined a s those which r e a s s o c i a t e d 

w i t h s i n g l e copy k i n e t i c s a t both s t r i n g e n t and more p e r m i s s i v e 

c r i t e r i a . U s i n g t h i s d e f i n i t i o n , the o r i g i n a l v a l u e of 38 V. f o r the 

amount of s i n g l e copy sequence in the pea genome (Murray et aj . 1978) 

was reduced to 1 - 3 '/.. d e v r i e s et a_l_ (1983) found , in c o n f i r m a t i o n 

of the r e s u l t s of Murray et aj . ( 1 9 8 1 ) , that o n l y 0 .62 V. of the h a p l o i d 

pea genome was t r a n s c r i b e d i n t o mRNA. 

In the mung b e a n , however , t r u e s i n g l e copy s e q u e n c e s 

appeared to c o n s t i t u t e 70 V. of the genome (Murray et a_L 1981 ) . 

However, t a k i n g i n t o account that the mung bean genome i s 9 t imes 

s m a l l e r than the p e a , in a b s o l u t e terms the f r a c t i o n of t rue s i n g l e 

copy DNA i s o n l y s l i g h t l y more than in the p e a . T h i s i m p l i e s that the 

amount of t r u e s i n g l e copy DNA in t h e s e two genomes i s r e l a t i v e l y 

u n i f o r m , w h i l e the d i f f e r e n c e in genome s i z e can be accounted f o r by 

v a r y i n g amounts of r e p e t i t i v e DNA s e q u e n c e s . 

In o rder to i n v e s t i g a t e whether the p a t t e r n of e x t e n s i v e 

sequence i n t e r s p e r s i o n seen throughout the bulk of the pea genome was 

a l s o p r e s e n t i n the v i c i n i t y of s i n g l e copy g e n e s , Murray and Thompson 1982 

s h e a r e d pea DNA to an average length of 1388 bp , and s e p a r a t e d these 
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i n t o f r a c t i o n s w h i c h c o n t a i n e d h i g h l y r e p e a t e d e l e m e n t s and - f r a c t i o n s 

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

to mRNA i n b o t h - f r a c t i o n s w a s s t u d i e d , by u s i n g e a c h - f r a c t i o n to d r i v e 

t h e r e a s s o c i a t i o n o-f a cDNA p r o b e . I t w a s shown t h a t s e q u e n c e s w h i c h 

c o d e d -for mRNA w e r e m a i n l y f o u n d i n t h e f r a c t i o n o f 1308 bp f r a g m e n t s 

w h i c h d i d n o t c o n t a i n h i g h l y r e p e a t e d s e q u e n c e s . T h u s , i t w a s 

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

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

t o t a l DNA. 

S e v e r a l i n v e s t i g a t o r s h a v e p r o p o s e d t h e o r i e s t o e x p l a i n t h e 

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

T h e s e c a n b e d i v i d e d i n t o 2 g r o u p s , t h o s e w h i c h p o s t u l a t e a p o s i t i v e 

f u n c t i o n f o r r e p e t i t i v e s e q u e n c e s ( B r i t t e n a n d D a v i d s o n 1969, 1 9 7 1 , 

J e l i n e k e t a_l_ 1 9 8 8 ) , a n d t h o s e w h i c h s t a t e t h a t t h e o n l y ' f u n c t i o n ' o f 

r e p e t i t i v e s e q u e n c e s i s t h a t o f s u r v i v a l w i t h i n g e n o m e s ( D o o l i t t l e a n d 

S a p i e n z a 1 9 8 8 , O r g e l a n d C r i c k 1 9 8 8 ) . A t t h e p r e s e n t moment , n o n e o f 

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

l o c a l i s a t i o n o f a p p a r e n t l y non f u n c t i o n a l s e q u e n c e s , t h e i r a s s o c i a t i o n 

w i t h f l a n k i n g s e q u e n c e s o f s t r u c t u r a l g e n e s , a n d t h e s i m i l a r i t y o f 

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

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

a d e q u a t e l y r e s o l v e d . 

A t t e m p t s t o i s o l a t e s i n g l e c o p y g e n e s f r o m e u c a r y o t i c genomes 

, h a v e t h u s to t a k e i n t o a c c o u n t t h e f a c t t h a t s i n g l e c o p y DNA 

c o n s t i t u t e s a v e r y s m a l l f r a c t i o n o f t h e g e n o m e . H o w e v e r , i t i s 

p o s s i b l e t o a c h i e v e t h i s by c o n s t r u c t i n g ' g e n e l i b r a r i e s ' a n d 

s c r e e n i n g them w i t h a p p r o p r i a t e p r o b e s . 
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GENE L I B R A R I E S 

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

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

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

be a b l e to i s o l a t e s i n g l e c o p y g e n e s f r o m i t i . e . g e n e s w h i c h a r e 

r e i t e r a t e d o n l y a -few t i m e s i f a t a l l . A g e n e l i b r a r y c a n be 

c o n s t r u c t e d t o v a r i o u s l e v e l s o-f c o m p l e t e n e s s ; i-f a l i b r a r y i s s p o k e n 

o-f a s 88 V. c o m p l e t e , t h e r e i s a 88 'A c h a n c e o-f - f i n d i n g a n y g i v e n 

s e q u e n c e w i t h i n i t . C l a r k e a n d C a r b o n ( 1 9 7 6 ) , h a v e d e r i v e d a - fo rmu la 

w h i c h a l l o w s t h e c a l c u l a t i o n o-f t h e number o-f r e c o m b i n a n t s r e q u i r e d t o 

c o n s t r u c t l i b r a r i e s a t v a r i o u s l e v e l s o-f c o m p l e t e n e s s . T h i s number 

d e p e n d s upon t h e s i z e o-f t h e genome a n d t h e a v e r a g e s i z e o-f t h e c l o n e d 

i n s e r t . T h u s , a s s u m i n g a mean i n s e r t s i z e o-f 1 6 , 1? a n d 17 k b , and a 

h a p l o i d genome s i z e o-f 1 .6 x 1 0 * , 1 x 1 0 9 , and 3 x 1 0 * bp -for t h e 

genomes o-f D r o s o p h i l a , s i l k m o t h a n d r a b b i t r e s p e c t i v e l y , t h e number o-f 

r e c o m b i n a n t s r e q u i r e d f o r a c o m p l e t e ( 9 9 '/.) l i b r a r y , a r e , 

r e s p e c t i v e l y , 4 . 8 x 1 0 2 , 4 x 1 0 5 , a n c j 8 . 1 x 1 0 * ( C l a r k e a n d C a r b o n 

1 9 7 6 ) . T h u s , i t c a n b© s e e n t h a t a s t h e s i z e o f t h e genome i n c r e a s e s , 

t h e s i z e o f t h e r e c o m b i n a n t c o l l e c t i o n r e q u i r e d to r e p r e s e n t i t a l s o 

i n c r e a s e s . 

T h e t e r m r e c o m b i n a n t r e f e r s t o t h e h y b r i d f o r m e d b e t w e e n a 

p i e c e o f g e n o m i c DNA a n d a s u i t a b l e v e c t o r m o l e c u l e . T h e v e c t o r 

m o l e c u l e i s e s s e n t i a l l y a p i e c e o f DNA c o n t a i n i n g an o r i g i n o f 

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

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

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

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

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

c o n t a i n t h e same h y b r i d m o l e c u l e . T h e s e o r g a n i s m s c a n be p r o p a g a t e d 

a n d grown i n b u l k , e n a b l i n g t h e a m p l i f i c a t i o n o f t h e h y b r i d m o l e c u l e . 

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

r e s u l t i n g i n t h e i s o l a t i o n o f l a r g e a m o u n t s o f t h e u n i q u e , f o r e i g n DNA 

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

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

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

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

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

i s o l a t e d f r o m E_j. c o l i . a n d h a v e 2 m a i n a d v a n t a g e s 1) t h e p l a s m i d i s 

m a i n t a i n e d i n g r o w i n g b a c t e r i a l c e l l s a t a h i g h c o p y n u m b e r , a n d 2) 

t h i s c o p y number c a n be a m p l i f i e d s e v e r a l f o l d by g r o w t h i n c e l l s 

i n h i b i t e d f o r p r o t e i n s y n t h e s i s by c h l o r a m p h e n i c o l ( C l e w e l l 1 9 7 2 ) . 

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

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

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

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

s e n s i t i v i t y t o i t s h o s t c e l l ( B o l i v a r a n d Backman 1 9 7 9 , Kahn e t a_j_ 

1 9 7 9 , B e r n a r d a n d H e l i n s k y 1 9 8 1 ) . P l a s m i d v e c t o r s a r e u s e f u l f o r 

c l o n i n g u n i q u e p i e c e s o f DNA a n d f o r p r e p a r i n g g e n e b a n k s f r o m s m a l l 

s i z e d g e n o m e s s u c h a s c o l i , w h i c h h a s a genome s i z e o f 4 . 5 x I B 6 bp 

( K l o t z a n d Zimm 1 9 7 2 ) . C l a r k e a n d C a r b o n < 1974) h a v e e s t i m a t e d t h a t a 

bank s i z e o f 1488 c o l o n i e s i s s u f f i c e n t t o c r e a t e a 9 9 X c o m p l e t e g e n e 

b a n k , u s i n g f r a g m e n t s 13 kb l o n g c l o n e d i n t o t h e p l a s m i d v e c t o r C o l E l 

( H e r s h f i e l d e t a l 1 9 7 4 ) . 
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S h e r r a t §_t a l ( 1 9 7 9 ) h a v e r e p o r t e d t h a t t h e t r a n s f o r m a t i o n 

• f r e q u e n c y -for p l a s m i d DNA m o l e c u l e s o f a b o u t 15kb i s 1 8 s p e r Mo,, s o a t 

• f i r s t s i g h t i t a p p e a r s f e a s i b l e to c l o n e an e u c a r y o t i c genome i n a 

p l a s m i d v e c t o r . F o r t h e p e a g e n o m e , u s i n g f r a g m e n t s o f 13kb c l o n e d 

i n t o t h e v e c t o r p B R 3 2 2 ( B o l i v a r e t a i 1 9 7 7 ) , 1 .7 x 1 8 * i n d i v i d u a l 

r e c o m b i n a n t c l o n e s w o u l d be r e q u i r e d t o c o n s t r u c t a 9 9 V. c o m p l e t e 

l i b r a r y . A s s u m i n g a t r a n s f o r m a t i o n f r e q u e n c y o f 1 8 5 t r a n s f o r m a n t s p e r Mg 

o f DNA, 17 Mg o f r e c o m b i n a n t DNA w o u l d b e n e e d e d , n o t an u n r e a s o n a b l e 

f i g u r e . H o w e v e r , t h i s c a l c u l a t i o n a s s u m e s t h a t a l l t h e DNA m o l e c u l e s 

i n t h e 17 Mg w i l l be o f a u n i f o r m s i z e i . e . 17 k b . U s i n g c o n d i t i o n s 

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

m o l e c u l e s , G r a y ( 1 9 7 9 ) a n d C l a r k e a n d C a r b o n ( 1 9 7 6 ) r e p o r t e d t h a t o n l y 

28 - 3 5 '/. o f m o l e c u l e s i n a l i g a t i o n m i x t u r e w o u l d be t h e d e s i r e d 

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

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

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

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

a n d t h a t 38 °A o f t h e l i g a t i o n r e a c t i o n c o n s i s t s o f t h e d e s i r e d 

r e c o m b i n a n t m o l e c u l e s , 5 6 Mg o f r e c o m b i n a n t DNA w o u l d be r e q u i r e d to 

c o n s t r u c t t h e p e a g e n e l i b r a r y ( 1 7 i*g o f DNA o u t o f t h e 5 6 Mg w o u l d be 

t h e d e s i r e d 17 kb r e c o m b i n a n t s ) . I g n o r i n g t h e f a c t t h a t t h i s i s a 

r e l a t i v e l y l a r g e amount o f DNA t o o b t a i n e a s i l y , t h i s c a l c u l a t i o n i s 

f l a w e d , b e c a u s e DNA m o l e c u l e s o f v a r y i n g s i z e s do n o t a l l t r a n s f o r m a t 

t h e same r a t e . S m a l l m o l e c u l e s e . g . p B R 3 2 2 ( 4 . 3 6 kb) t r a n s f o r m a t 

h i g h f r e q u e n c i e s ( 1 0 7 / M g ) , w h i l e m o l e c u l e s l a r g e r t h a n 18 kb t r a n s f o r m 

a t f r e q u e n c i e s o f b e t w e e n 18^ a n d 1 8 * p e r Mg ( C l a r k e a n d C a r b o n 1 9 7 6 ) . 

T h u s , i n a t r a n s f o r m a t i o n s y s t e m , s m a l l m o l e c u l e s w i l l be 

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

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

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

a g a r o s e g e l s , i s r e l a t i v e l y p o o r ( D r e t z e n §_t a_l_ 1 9 8 1 ) . A n o t h e r way i n 

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

r e c o m b i n a n t s e q u e n c e s w o u l d be by p h o s p h a t a s i n g t h e v e c t o r ( S e e b u r g e t 

a l 1 9 7 7 ) , o r by t h e a d d i t i o n o f h o m o p o l y m e r i c t a i l s to t h e v e c t o r 

a n d t h e DNA to be c l o n e d ( W e n s i n k e t aj_ 1 9 7 4 ) , b o t h o f w h i c h s h o u l d 

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

b u t t h e p r o b l e m s t i l l r e m a i n s . 

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

c o s m i d , b o t h r e l y on i_n v i t r o p a c k a g i n g o f DNA i n o r d e r t o r a i s e 

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

g e n e l i b r a r i e s b e c o m e s f e a s i b l e , ljn v i t r o p a c k a g i n g , a s t h e name 

s u g g e s t s , i s t h e e n c a p s i d a t i o n of a DNA m o l e c u l e by a p h a g e i n v i t r o . 

t o f o r m a m a t u r e , i n f e c t i o u s p h a g e p a r t i c l e (Hohn 1 9 7 9 , Hohn a n d Hohn 

1 9 7 4 ) . P h a g e DNA i n c o n c a t e m e r i c f o r m , p r o d u c e d by a " r o l l i n g c i r c l e ' 

mode o f r e p l i c a t i o n , i s t h e s u b s t r a t e j_n v i v o , f o r t h e p a c k a g i n g 

r e a c t i o n . Hohn a n d K a t s u r a ( 1 9 7 7 ) h a v e r e v i e w e d lambda m o r p h o g e n e s i s , 

a n d o n l y b r i e f d e t a i l s o f p a c k a g i n g , a s i t r e l a t e s to i_n v i t r o 

p a c k a g i n g , w i l l be g i v e n h e r e . I n t h e p r e s e n c e o f t h e p h a g e h e a d 

p r e c u r s o r ( t h e p r o d u c t o f X g e n e E i s t h e m a j o r c a p s i d p r o t e i n ) , and 

t h e p r o d u c t o f X g e n e A , t h e c o n c a t e m e r i c DNA i s c l e a v e d i n t o monomers 

a t c o s s i t e s . C o s ( c o h e s i v e ) s i t e s a r e 12 bp l o n g s i n g l e s t r a n d e d 

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

m o l e c u l e , a n d i t h a s b e e n shown ( M a t s u b a r a a n d T a k e s h i 1 9 8 2 ) , t h a t 

s e q u e n c e s o f 48 bp a t t h e r i g h t a n d 4 5 bp a t t h e l e f t arm o f t h e p h a g e 

a r e e s s e n t i a l f o r c l e a v a g e . T h e r o l l i n g c i r c l e mode of r e p l i c a t i o n 

p r o d u c e s c o n c a t e m e r s of DNA j o i n e d a t t h e i r c o s s i t e s . A f t e r i t i s 
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c l e a v e d i n t o m o n o m e r s , t h e DNA i s e n c a p s i d a t e d a n d t h e p r o d u c t o f X 

g e n e D i n c o r p o r a t e d i n t o w h a t b e c o m e s a c o m p l e t e d p h a g e h e a d . T h e 

p r o d u c t s o-f X g e n e s W a n d F l l a m o n g s t o t h e r s , t h e n u n i t e t h e h e a d w i t h 

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

p a r t i c l e . 

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

DNA w i t h h i g h c o n c e n t r a t i o n s o-f p h a g e h e a d p r e c u r s o r , p a c k a g i n g 

p r o t e i n s , a n d p h a g e t a i l s i_n v i t r o . I t i s i m p o r t a n t to n o t e t h a t t h e 

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

b e t w e e n 37 - 5 2 k b l o n g , a n d b o u n d e d by c o s s i t e s ( F e i s s e_t aj_ 1 9 7 7 , 

Hohn 1 9 7 5 ) . I n t h e c a s e o f c o s m i d v e c t o r s ( s e e b e l o w ) , t h i s DNA n e e d 

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

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

o f i n s e r t e d f o r e i g n DNA r a r e l y e x c e e d s 28 k b , b e c a u s e a p r o p o r t i o n o f 

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

An i n v i t r o p a c k a g i n g s y s t e m i s p r e p a r e d by g r o w i n g , i n d u c i n g , a n d 

c o n c e n t r a t i n g two E . c o l i l a m b d a l y s o g e n s , e a c h o f w h i c h h a s an amber 

m u t a t i o n i n d i f f e r e n t s t e p s of t h e l ambda m o r p h o g e n e t i c p a t h w a y (Hohn 

1 9 7 9 ) . When t h e 2 e x t r a c t s a r e m i x e d , a n d DNA o f t h e c o r r e c t s i z e 

b o u n d e d by c o s s i t e s s u p p l i e d , t h e 2 e x t r a c t s c o m p l e m e n t e a c h o t h e r , 

a n d t h e DNA i s p a c k a g e d . T h e p a c k a g e d p h a g e a r e t h e n a l l o w e d to 

i n f e c t a h o s t E . c o l i s t r a i n , p r o d u c i n g p l a q u e s i f a b a c t e r i o p h a g e 

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

h a s b e e n u s e d . T h e a d v a n t a g e s o f an ijn v i t r o p a c k a g i n g s y s t e m a r e 

t h a t 1) i t a l l o w s h i g h t r a n s f e c t i o n f r e q u e n c i e s , t y p i c a l l y v a l u e s o f 

1 8 ? - 1 8 * t r a n s f o r m a n t s p e r (*g, u s i n g i n t a c t 4 9 k b l o n g lambda DNA a r e 

o b t a i n e d . I n a g e n e c l o n i n g e x p e r i m e n t , t h i s f i g u r e i s r e d u c e d t o 1 8 s 

- 1 8 * t r a n s f o r m a n t s p e r Mg o f r e c o m b i n a n t DNA. T h i s i s a c o n s e q u e n c e o f 
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t h e r a n d o m a s s o c i a t i o n o f f r a g m e n t s i n a l i g a t i o n r e a c t i o n , p r o d u c i n g 

m o l e c u l e s w i t h a v a r i e t y o f f r a g m e n t c o m b i n a t i o n s , some o f w h i c h a r e 

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

p a c k a g i n g r e a c t i o n , an a u t o m a t i c s i z e s e l e c t i o n o f m o l e c u l e s i s m a d e , 

o n l y m o l e c u l e s 7 3 to 185 V. o f t h e s i z e o f w i l d t y p e l ambda b e i n g 

p a c k a g e d ( F e i s s e t aj_ 1 9 7 7 ) . T h i s f a c i l i t a t e s t h e p r e f e r e n t i a l 

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

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

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

t e r m e d a c o s m i d ( C o l l i n s a n d B r u n i n g 1 9 7 8 , C o l l i n s a n d Hohn 1 9 7 9 ) . 

T h e c o s m i d a n d t h e f o r e i g n DNA a r e c l e a v e d w i t h an a p p r o p r i a t e 

r e s t r i c t i o n e n d o n u c l e a s e a n d l i g a t e d t o g e t h e r a t h i g h DNA 

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

c o n c a t e n a t e s o f DNA w h i c h a r e t h e s u b s t r a t e s f o r i n v i t r o p a c k a g i n g 

( F e i s s e t a_l_ 1 9 7 7 ) . T h e DNA f o r m s m o s t l i k e l y to be p a c k a g e d a r e 

t h o s e w h i c h h a v e c o s s i t e s a t b o t h e n d s , a n d w h o s e t o t a l DNA l e n g t h i s 

b e t w e e n 37 - 5 2 k b . S m a l l v e c t o r p l a s m i d s do no t c o n s t i t u t e a l a r g e 

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

e n r i c h e d i n l a r g e , h y b r i d p l a s m i d s . U s i n g t h e c o s m i d v e c t o r pHC 79 

(Hohn a n d C o l l i n s 1 9 8 8 ) , a n d 48 kb l o n g g e n o m i c f r a g m e n t s , o n l y 5 x 105 

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

1 i b r a r y . 

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

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

s o much g e n e t i c a l r e s e a r c h , i t w a s n a t u r a l t h a t i t s genome w o u l d b e 

m o d i f i e d t o p r o d u c e a w i d e v a r i e t y o f v e c t o r s . W i l d t y p e l ambda DNA 

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



26 

(Bam H I , E c o R l , a n d H i n d 1 1 1 ) , a n d s o i s n o t i n i t s e l f u s e f u l a s a 

v e c t o r . D e r i v a t i v e s of l ambda h a v e b e e n p r o d u c e d w h i c h e i t h e r h a v e a 

s i n g l e t a r g e t s i t e a t w h i c h DNA c a n be i n t r o d u c e d ( i n s e r t i o n v e c t o r s ) , 

o r h a v e a p a i r o f s i t e s d e f i n i n g a f r a g m e n t w h i c h c a n be r e m o v e d , and 

r e p l a c e d w i t h f o r e i g n DNA ( r e p l a c e m e n t v e c t o r s ) . T h e genome o f lambda 

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

e n t i r e l y d i s p e n s a b l e f o r l y t i c g r o w t h ( E c h o l s a n d M u r i a l d o 1 9 7 8 ) . 

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

t h e i n s e r t i o n a l a n d r e p l a c e m e n t t y p e s ( B l a t t n e r e t a j . 1 9 7 7 , M u r r a y a n d 

M u r r a y 1 9 7 5 , T h o m a s e t a_l_ 1 9 7 4 , W i l l i a m s a n d B l a t t n e r 1 9 7 9 ) . V a r i o u s 

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

r e c o m b i n a n t p h a g e . I n C h a r o n 16A, t h e l a c Z g e n e f r o m E_L c o l i h a s 

b e e n i n c o r p o r a t e d i n t o t h e l ambda genome ( B l a t t n e r e_t aj_ 1 9 7 7 ) . A 

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

a t t h i s s i t e r e s u l t s i n t h e i n a c t i v a t i o n o f t h e g e n e . T h e r e s u l t a n t 

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

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

( 1 9 7 7 ) h a v e c o n s t r u c t e d a v e c t o r i n w h i c h i n s e r t i o n o f f o r e i g n DNA 

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

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

c l e a r p l a q u e s , w h i c h c a n be d i s t i n g u i s h e d f r o m t h e t u r b i d p l a q u e s of 

p a r e n t a l p h a g e . A n o t h e r i m p o r t a n t c l a s s o f v e c t o r s d e v e l o p e d by K a r n 

e t a j . ( 1 9 8 8 ) , a n d L o e n e n a n d Brammar ( 1 9 8 8 ) , e m p l o y t h e S p i - p h e n o t y p e 

a s a s e l e c t i o n p r o c e s s . W i l d t y p e lambda c a n n o t g row on c o l i 

s t r a i n s l y s o g e n i c f o r p h a g e P 2 - t h e y d i s p l a y t h e S p i + p h e n o t y p e -

S e n s i t i v i t y t o P2 I n h i b i t i o n ( L i n d a h l e t a j . 1 9 7 0 ) . T h i s s e n s i t i v i t y 

i s due i n p a r t to t h e p r o d u c t s o f t h e l a m b d a g e n e s e x o , b e t , a n d gam 

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

R e p l a c e m e n t o f t h e s e g e n e s b y f o r e i g n DNA t h u s a l l o w s g r o w t h o f t h e 
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r e c o m b i n a n t i n a P 2 ] y s o g e n . 

I n a b a c t e r i o p h a g e r e p l a c e m e n t v e c t o r , t h e b a c k g r o u n d o f non 

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

v e c t o r ( M a n i a t i s e t a_j_ 1 9 7 8 ) . I f t h e r e p l a c e a b l e f r a g m e n t w h i c h h a s 

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

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

v e c t o r , r e s u l t i n g i n a h i g h b a c k g r o u n d o f non r e c o m b i n a n t p h a g e . T h i s 

c a n be a v o i d e d by f i r s t a n n e a l i n g t h e v e c t o r by i t s c o s s i t e s , 

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

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

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

One o f t h e f a c t o r s t o b e t a k e n i n t o a c c o u n t when c o n s t r u c t i n g 

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

random c l e a v a g e o f t h e e u c a r y o t i c DNA m u s t b e a c h i e v e d . T h i s i s 

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

w o u l d t h e n be u n d e r r e p r e s e n t e d i n t h e l i b r a r y . L a r g e DNA f r a g m e n t s 

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

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

h e x a n u c l e o t i d e s e q u e n c e r e c o g n i s i n g e n z y m e s u c h a s E c o R l . H o w e v e r , 

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

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

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

s u c h a s S a u 3A w h i c h r e c o g n i s e s a t e t r a n u c l e o t i d e s e q u e n c e ( R o b e r t s 

1 9 8 1 ) , i s a b e t t e r c h o i c e , s i n c e t h i s s e q u e n c e s h o u l d be p r e s e n t , 

a s s u m i n g a random d i s t r i b u t i o n , e v e r y 2 5 6 ( 4 « ) n u c l e o t i d e s . A s t h e 

number o f p o s s i b l e c l e a v a g e s i t e s i s v e r y l a r g e , t h e number o f w a y s o f 
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g e n e r a t i n g a 28 Kb f r a g m e n t by non l i m i t d i g e s t i o n i s a l s o v e r y l a r g e . 

T h i s e n z y m e a l s o h a s t h e a d v a n t a g e t h a t i t s r e c o g n i t i o n s e q u e n c e i s 

c o n t a i n e d w i t h i n t h e Bam HI r e c o g n i t i o n s e q u e n c e , t h u s - f r a g m e n t s 

o b t a i n e d by c l e a v a g e w i t h S a u 3A c a n b e l i g a t e d i n t o t h e Bam HI s i t e 

o f v e c t o r s s u c h a s x L 4 ? ( L o e n e n a n d Brammar 1 9 8 8 ) , o r X 1 0 5 9 ( K a r n e_t a j 

1 9 8 8 ) . A l t e r n a t i v e l y , r a n d o m l y c u t f r a g m e n t s c a n be o b t a i n e d by 

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

v e c t o r m o l e c u l e a d d e d o n , b u t t h i s p r o c e s s i s i n e f f i c e n t ( M a n i a t i s ejt 

a l 1 9 7 8 ) . O n c e t h e e u c a r y o t i c DNA h a s b e e n r a n d o m l y c l e a v e d w i t h t h e 

a p p r o p r i a t e r e s t r i c t i o n e n d o n u c I e a s e , i t m u s t b e s i z e f r a c t i o n a t e d 

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

v e c t o r . T h i s h a s t o be d o n e i n o r d e r to p r e v e n t t h e c o m i n g t o g e t h e r 

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

g e n o m e . F o r i n s t a n c e , i f an u n s i z e d f r a c t i o n a t e d r a n d o m l y c l e a v e d DNA 

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

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

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

I n c o n t r a s t to c o s m i d s , a much h i g h e r number o f r e c o m b i n a n t 

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

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

l o n g e r t h a n 28 k b , w h i l e a c o s m i d v e c t o r c a n a c c o m o d a t e 48 kb l o n g 

f r a g m e n t s (Hohn a n d C o l l i n s 1 9 8 8 ) . U s i n g t h e v e c t o r X L 4 7 ( L o e n e n a n d 

Brammar 1 9 8 8 ) , 1 .8 x 1 8 6 r e c o m b i n a n t c l o n e s w o u l d be n e e d e d to 

r e p r e s e n t t h e p e a g e n o m e , c o n t r a s t i n g w i t h 5 x 1 8 5 c l o n e s n e e d e d u s i n g 

t h e c o s m i d pHC 7 9 . H o w e v e r , t h i s i s n o t r e a l l y a p r o b l e m , s i n c e l a r g e 

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

i n t e r e s t , u s i n g t h e h y b r i d i s a t i o n t e c h n i q u e o f B e n t o n a n d D a v i s 

( 1 9 7 7 ) . T h e a u t h o r h a s f o u n d low t r a n s f o r m a t i o n f r e q u e n c i e s u s i n g a 
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c o s m i c ) s y s t e m t o c l o n e n u c l e a r DNA ( r e s u l t s n o t s h o w n ) , a n d t h i s , 

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

c o s m i d s i n b a c t e r i a l c e l l s (Hohn a n d H i n n e n 1 9 8 8 ) , make a 

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

Few p l a n t g e n e s h a v e b e e n c l o n e d t o d a t e , a n d m o s t i n - f o r m a t i o n 

h a s b e e n d e r i v e d -from s t u d i e s on a n i m a l g e n e s . B e - f o r e e m b a r k i n g on 

t h e i s o l a t i o n o f t h e l e g u m i n g e n e f r o m p e a , i t i s u s e f u l t o g i v e a 

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

STRUCTURE AND REGULATORY ELEMENTS OF SOME E U C A R Y O T I C GENES 

T h e t r a n s c r i p t i o n o f mRNA f r o m t h e genome by DNA d e p e n d e n t RNA 

p o l y m e r a s e s i s c l e a r l y an i m p o r t a n t s t a g e i n t h e r e g u l a t i o n of g e n e 

e x p r e s s i o n . Of t h e s e q u e n c e s known t o b e i m p o r t a n t i n t r a n s c r i p t i o n 

i n i t i a t i o n , t h e TATA box o r G o l d b e r g H o g n e s s box h a s b e e n t h e b e s t 

c h a r a c t e r i s e d ( B r e a t h n a c h a n d Chambon 1 9 8 1 ) . T h i s s e q u e n c e i s l o c a t e d 

a p p r o x i m a t e l y 36 bp 5 ' t o t h e RNA t r a n s c r i p t i o n i n i t i a t i o n s i t e o f 

many g e n e s , a n d d e l e t i o n s a t t h i s box d r a s t i c a l l y r e d u c e d t h e r a t e o f 

mRNA s y n t h e s i s ( G r o s s c h e d l et . a ! 1 9 8 1 , M i n t y a n d Newmark 1 9 8 8 ) , a n d , 

i n SV 4 8 , r e s u l t e d i n t h e i n i t i a t i o n o f t r a n s c r i p t i o n a t m u l t i p l e 

s i t e s i n s t e a d o f a t a s i n g l e , d e f i n e d s i t e ( M a t h i s a n d Chambon 1 9 8 1 ) . 

A l l p l a n t g e n e s s o f a r d e s c r i b e d h a v e a s e q u e n c e a n a l o g o u s t o t h e TATA 

box ( M e s s i n g e t aj_ 1 9 8 3 ) . A n o t h e r s e q u e n c e w h i c h may be i n v o l v e d i n 

t r a n s c r i p t i o n i n i t i a t i o n i s t h e CAAT b o x , l o c a t e d some 80 - 188 bp 

u p s t r e a m o f t h e c a p s i t e o f many g e n e s ( B e n o i s t e t aj_ 1 9 8 8 ) . M e s s i n g 

e t aj_ ( 1 9 8 3 ) h a v e c o m p a r e d t h e 5 ' f l a n k i n g r e g i o n s o f s e v e r a l p l a n t 

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

a n i m a l CAAT b o x , w h i c h t h e y h a v e named t h e AGGA b o x . 
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R e c e n t l y , e v i d e n c e h a s b e e n f o u n d -for t h e e x i s t e n c e of 

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

o f t h e rnRNA s t a r t s i t e . D o n a h u e e t a K 1983) , f o u n d t h a t d e l e t i o n o f a 

s h o r t n u c l e o t i d e s e q u e n c e i n y e a s t ( T G A C T C ) , l o c a t e d b e t w e e n 138 t o 

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

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

r e g u l a t e d . S i m i l i a r s e q u e n c e e l e m e n t s h a v e b e e n i d e n t i f i e d u p s t r e a m 

o f s e v e r a l c o - o r d i n a t e l y e x p r e s s e d g e n e s , e . g . t h e D r o s o p h i l a h e a t 

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

h o r m o n e g e n e s ( r e v i e w e d by D a v i d s o n e t a_l_ 1983) . A n o t h e r t y p e o f 

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

f i r s t i d e n t i f i e d i n t h e genome of S i m i a n v i r u s 48 ( B e n o i s t a n d Chambon 

1 9 8 1 ) . T h i s e n h a n c e r h a d t h e p r o p e r t y o f g r e a t l y i n c r e a s i n g g e n e 

e x p r e s s i o n ijn v i v o , e v e n when i t w a s s e p a r a t e d f r o m i t s o r i g i n a l s i t e 

( 7 8 - 155 bp u p s t r e a m o f t h e c a p s i t e ) , a n d r e i n s e r t e d s e v e r a l 

t h o u s a n d b a s e p a i r s a w a y . V i r a l e n h a n c e r s h a v e b e e n shown t o i n c r e a s e 

e x p r e s s i o n o f s e v e r a l e u c a r y o t i c g e n e s , e v e n when i n s e r t e d a t v a r i o u s 

p o i n t s w i t h i n , a n d d o w n s t r e a m o f t h e g e n e ( r e v i e w e d by K h o u r y a n d 

G r u s s 1 9 8 3 ) . S e q u e n c e s s i m i l i a r to t h e c o r e s e q u e n c e o f v i r a l 

e n h a n c e r s p r o p o s e d by W e i b e r e t a j . ( 1 9 8 3 ) , h a v e b e e n f o u n d i n an 

i n t r o n o f t h e i m m u n o g l o b u l i n h e a v y c h a i n g e n e ( G i l l i e s e t aj_ 1 9 8 3 ) , 

a n d i n t h e 5 ' f l a n k i n g r e g i o n o f human i n t e r f e r o n g e n e s ( R a g g a n d 

W e i s s m a n n 1 9 8 3 ) . C o n r a d a n d B o t c h a n ( 1 9 8 2 ) , i s o l a t e d a human DNA 

s e q u e n c e w h i c h h y b r i d i s e d t o SV 48 DNA, a n d w h i c h f u n c t i o n e d a s an 

e n h a n c e r e l e m e n t i n a t h y m i d i n e k i n a s e t r a n s f o r m a t i o n s y s t e m . T h i s 

DNA s e q u e n c e c r o s s h y b r i d i s e d w i t h many s e q u e n c e s i n human DNA, 

s u g g e s t i n g t h a t a f a m i l y o f s u c h e l e m e n t s e x i s t s . No e n h a n c e r l i k e 

e l e m e n t h a s b e e n i d e n t i f i e d i n p l a n t genomes t o d a t e , b u t t h i s may 
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s o l e l y be d u e t o t h e p a u c i t y o f e x p e r i m e n t a l d a t a on p l a n t g e n e s , 

r a t h e r t h a n a n y m a j o r d i f f e r e n c e b e t w e e n p l a n t and a n i m a l s y s t e m s . 

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

b e e n f o u n d t o c o n t a i n i n t e r v e n i n g s e q u e n c e s ( i n t r o n s ) , w h i c h a r e 

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

c y t o p l a s m , w h e r e p r o t e i n t r a n s l a t i o n t a k e s p l a c e ( B r e a t h n a c h a n d 

Chambon 1 9 8 1 ) . C o m p a r i s o n o f t h e s p l i c e j u n c t i o n s o f s e v e r a l 

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

d i n u c l e o t i d e 6T a t i t s 5" e n d , a n d e n d s w i t h t h e d i n u c l e o t i d e AG a t 

i t s 3 ' e n d ( B r e a t h n a c h e t aj_ 1 9 7 8 ) . A m o n g s t p l a n t g e n e s , t h e s o y b e a n 

1 e g h a e m o g l o b i n a n d a c t i n g e n e s e a c h c o n t a i n t h r e e i n t r o n s ( B r i s s o n a n d 

v e r m a 3 9 8 2 , S h a h e t a j . 1 9 8 2 ) , w h i l e t h e f r e n c h b e a n p h a s e o l l i n a n d 

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

( F i s c h e r a n d G o l d b e r g 1982 , N i e l s e n 1 9 8 4 , S l i g h t o m e t a_j_ 1 9 8 3 ) . 

H o w e v e r , t h e e u c a r y o t i c s p l i t g e n e i s n o t a n u n i v e r s a l phenomenon), a n d 

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

( K e d e s 1 9 7 6 ) , i n t e r f e r o n ( N a g a t a 1 9 8 8 ) , a n d , m o r e r e c e n t l y , f o r z e i n , 

t h e m a i z e s t o r a g e p r o t e i n ( P e d e r s e n e t a i 1 9 8 2 ) . More g e n e s h a v e t o 

b e a n a l y s e d b e v o r e i t c a n be d e c i d e d w h e t h e r s p l i t g e n e s a r e common, 

o r r a r e , i n p l a n t s . 

I n a d d i t i o n t o t h e r e m o v a l o f i n t r o n s , two o t h e r e v e n t s t a k e 

p l a c e b e f o r e t h e mRNA i s e x p o r t e d t o t h e c y t o p l a s m ; 1) t h e a d d i t i o n o f 

a m e t h y l a t e d g u a n y l a t e r e s i d u e ( c a p ) t o t h e 5 ' e n d , a n d 2) t h e 

a d d i t i o n o f a p o l y A t a i l to t h e 3 ' e n d . T h e c a p s t r u c t u r e h a s b e e n 

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

r o l e i n g e n e r e g u l a t i o n ( S h a t k i n 1 9 7 6 ) . H e n t s c h e l e t aj_ ( 1988) f o u n d 

t h a t a s h o r t c o n s e r v e d s e q u e n c e ( 5 ' P y C A T T C P u 3 ' ) w a s l o c a t e d a t t h e 
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5 ' t e r m i n u s o-f e m b r y o n i c h i s t o n e mRNAs, w h i c h t h e y t e r m e d a ' c a p b o x ' . 

E v i d e n c e r e v i e w e d by B r e a t h n a c h a n d Chambon ( 1 9 8 1 ) i n d i c a t e s t h a t 

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

• f i r s t , c a p p e d n u c l e o t i d e o f t h e m a t u r e mRNA ( c a p s i t e ) . A r o l e i n 

t r a n s l a t i o n h a s b e e n a t t r i b u t e d t o t h e c a p s i t e by K o z a k ( 1 9 8 0 ) , who 

p r o p o s e d a s c a n n i n g model f o r t h e i n i t i a t i o n o f p r o t e i n s y n t h e s i s i n 

e u c a r y o t e s , a c c o r d i n g to w h i c h r i b o s o m e s b i n d a t t h e 5 ' e n d of a 

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

t h e f i r s t AUG t r a n s l a t i o n i n i t i a t i o n c o d o n . 

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

c o n t a i n a t e r m i n a l 3 ' p o l y A s e q u e n c e o f 50 - 200 r e s i d u e s ( B r a w e r m a n 

1 9 7 4 ) , w h i c h i s a d d e d p o s t t r a n s c r i p t i o n a l l y . S e q u e n c e a n a l y s i s o f 

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

t h e e x i s t e n c e o f a c o n s e r v e d s e q u e n c e (AAUAAA) 15 - 30 b a s e s f r o m t h e 

p o l y a d e n y l a t i o n s i t e , i n t h e 3 ' u n t r a n s l a t e d r e g i o n o f many a n i m a l 

m e s s a g e s ( B e n o i s t e t a_j_ 1 9 8 8 ) . T h i s s e q u e n c e h a s a l s o b e e n f o u n d i n 

t h a u m a t i n cDNA ( E d e n s e t al_ 1 9 8 2 ) , f r e n c h b e a n p h a s e d 1 i n g e n e s 

( S l i g h t o m e t aj_ 1 9 8 3 ) , s o y b e a n I e g h a e m o g l o b i n a n d a c t i n g e n e s ( B r i s s o n 

1 9 8 2 , S h a h e t H]_ 1 9 8 2 ) , m a i z e z e i n a n d w h e a t g l i a d i n g e n e s ( B a r t e l s 

1 9 8 3 , Hu e t a j . 1 9 8 2 , P e d e r s e n e t a j . 1 9 8 2 ) , b a r l e y a m y l a s e cDNA 

( R o g e r s a n d M i l l i m a n 1 9 8 3 ) , a n d t h e p e a l e g u m i n a n d v i c i l i n cDNAs 

( L y c e t t e t aj_ 1 9 8 3 a ) . On i h e b a s i s o f t h i s , t h e c o n s e r v e d s e q u e n c e 

h a s b e e n a s s u m e d t o be a p o l y a d e n y l a t i o n s i g n a l . H o w e v e r , no t a l l 

mRNAs a r e p o l y a d e n y l a t e d , t h e m o s t w i d e l y q u o t e d e x c e p t i o n b e i n g t h e 

g e n e s f o r h i s t o n e s ( A d e s i n k a n d D a r n e l l 1 9 7 2 ) . More r e c e n t l y , i t h a s 

b e e n f o u n d t h a t a number o f p r o t e i n s a p p e a r t o be c o d e d f o r by mRNAs 

w h i c h a r e p r e s e n t i n b o t h t h e p o l y A - * a n d p o l y A - f o r m s , e . g . 

p r o t a m i n e , c a e s i n , o v a l b u m i n , £ a c t i n , human £ g l o b i n , and a l b u m i n 
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(reviewed b y K a t i n a k i s e_t a_l_ 1 9 8 8 ) . A m o n g s t p l a n t s , a = i m i l i a r -

s i t u a t i o n h a s b e e n - f o u n d - f o r t h e mRNAs i n c o t t o n s e e d s < G a l a u e_t a_l_ 

1 9 8 1 ) , a n d p e a 1 ea-f mRNA ( G r a y a n d C a s h m o r e 1 9 7 6 ) . T h e r e a s o n s f o r t h e 

e x i s t e n c e o f p o l y A+ a n d p o l y A - mRNAs r e m a i n s u n c l e a r . H o w e v e r , a s 

p o l y a d e n y l a t i on o f mRNAs i s k n o w n t o i n c r e a s e t h e i r s t a b i l i t y ( H u e z ejt 

a l 1 9 7 8 ) , i t i s p o s s i b l e t h a t p o l y A - mRNAs a r e r e q u i r e d w i t h i n 

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

d e g r a d a t i o n . 

CONTROL OF STORAGE P R O T E I N S Y N T H E S I S 

C o n t r o l o f t h e p r o c e s 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 c o u l d 

o c c u r a t t h e t r a n s c r i p t i o n a l , p o s t - t r a n s c r i p t i o n a l , t r a n s l a t i o n a l , 

o r p o s t - t r a n s l a t i o n a l l e v e l s . T r a n s c r i p t i o n a l c o n t r o l c o u l d be 

e x e r c i s e d by s w i t c h i n g ' o n ' p r e v i o u s l y i n a c t i v e s t o r a g e p r o t e i n g e n e s 

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

mRNA. A d e m o n s t r a t i o n o f t h i s t y p e o f c o n t r o l w a s shown a m o n g s t 

o t h e r s , by K o r n a n d G u r d o n ( 1 9 8 1 ) , who d e s c r i b e d how p r e v i o u s l y 

i n a c t i v e rRNA g e n e s w e r e r e a c t i v a t e d by t r e a t m e n t w i t h v a r i o u s 

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

g l o b i n g e n e s w e r e r e a c h e d by R o s s e t a]_ 1 9 7 4 , who w e r e a b l e t o i n d u c e 

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

c e l l s , by t r e a t m e n t w i t h d i m e t h y l s u l f o x i d e . U s i n g S o u t h e r n b l o t 

a n a l y s i s a n d DNA f r o m b o t h c o t y l e d o n s a n d l e a v e s , C r o y e t aj_ ( 1 9 8 2 ) 

d e m o n s t r a t e d 1 t h a t o n l y a b o u t 4 l e g u m i n g e n e s w e r e p r e s e n t p e r h a p l o i d 

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

d u r i n g d e v e l o p m e n t . U s i n g s i m i l a r t e c h n i q u e s , 3 - 7 g e n e s h a v e b e e n 

f o u n d f o r t h e p e a v i c i l i n s ( G a t e h o u s e e t a j . 1 9 8 3 ) , 4 f o r p h a s e o l l i n 

( H a l l e t aj_ 1 9 8 3 ) , a n d 4 - 5 f o r t h e s o y b e a n g l y c i n i n s ( F i s c h e r a n d 

G o l d b e r g 1 9 8 2 , G o l d b e r g e t a l . 1 9 8 1 ) . T h i s l e n d s f u r t h e r s u p p o r t t o t h e 
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h y p o t h e s i s t h a t i n c r e a s e d t r a n s c r i p t i o n o f s t o r a g e p r o t e i n g e n e s i s 

p r o b a b l y a m a j o r c o n t r o l p r o c e s s . O t h e r s y s t e m s may a l s o b e i n v o l v e d 

i n r e g u l a t i n g t h e e x p r e s s i o n o f s e e d p r o t e i n g e n e s . I t i s p o s s i b l e 

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

o t h e r s f o r p r o c e s s i n g i n t o mRNA by t h e p r o c e s s e s o f s p l i c i n g , 

p o l y a d e n y l a t i o n , m e t h y l a t i o n , o r c a p p i n g ( L e w i n 1 9 7 5 , A b e l s o n 1 9 7 9 , 

Mans 1 9 6 7 ) . T h i s i s t e r m e d a p r o c e s s v s d i s c a r d d e c i s i o n ( D a r n e l l 

1 9 7 9 , K o r n a n d G u r d o n 1 9 8 1 ) , b u t no d e t a i l e d e x a m p l e s h a v e b e e n 

d e s c r i b e d t o d a t e . A n o t h e r p o s s i b i l i t y i s t h a t s e e d p r o t e i n mRNAs 

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

o t h e r mRNAs, w h i c h a r e q u i c k l y d e g r a d e d . T h i s t y p e o f c o n t r o l s y s t e m 

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

m a m m a l s , w h e r e s p e c i f i c p r e s e r v a t i o n of g l o b i n mRNAs o v e r t h e c e l l u l a r 

mRNA p o p u l a t i o n i s a p p a r e n t ( V o l l o c h a n d Housman 1 9 8 1 ) . T h i s s y s t e m 

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

t o a d e c r e a s e i n t h e s t a b i l i t y o f v i t e l l o g e n i n mRNA ( W i s k o c i l e t a j . 

1 9 8 8 ) . M o r t o n e t al_( 1983) h a v e shown t h a t some s e e d mRNAs h a v e a 

r e l a t i v e l y l o n g h a l f l i f e ( g r e a t e r t h a n 18 h ) , a n d s o t h i s i s a 

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

g l y c o s y l a t i o n ( B a d e n o c h - J o n e s e t a i 1 9 8 1 ) , a r e a l l w e l l e s t a b l i s h e d 

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

a p a r t i n t h e c o n t r o l o f t h e f i n a l p r o d u c t i o n o f t h e p r o t e i n . 

H o w e v e r , t r a n s c r i p t i o n a l c o n t r o l i s p r o b a b l y t h e p r i m a r y m e c h a n i s m , a s 

m a n y s t u d i e s ( G a l a u a n d D u r e 1 9 8 1 , G o l d b e r g e t aj_ 1 9 8 1 , H a l l 1 9 7 9 , 

M e i n k e e t a j . 1 9 8 1 ) , h a v e shown t h a t a f e w mRNAs become s u p e r a b u n d a n t 

when an i n c r e a s e i n a s p e c i f i c s e t o f p r o t e i n s o c c u r s . A s s t a t e d a b o v e 

( M o r t o n §_t aj_ 1 9 8 3 ) , t h e p e a s e e d p r o t e i n s y s t e m a l s o f o l l o w s t h i s 

t r e n d . 
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T h i s s t u d y a i m e d to i s o l a t e members o f t h e - f a m i l y o f g e n e s c o d i n g •for 

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

r e a s o n s . T h e p e a s e e d p r o v i d e s an e x c e l l e n t s y s t e m f o r s t u d y i n g 

d e v e l o p m e n t a l I y r e g u l a t e d g e n e e x p r e s s i o n , a n d t h e i s o l a t i o n o f s e e d 

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

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

t r a n s c r i p t i o n o f t h e g e n e . T h i s c a n be d o n e , f o r e x a m p l e , by d e l e t i n g 

o r a d d i n g s e q u e n c e s t o t h e g e n e , a n d i n v e s t i g a t i n g t h e e f f e c t o f t h i s 

on g e n e t r a n s c r i p t i o n . T h e a v a i l a b i l i t y o f c l o n e d g e n e s a l s o a f f o r d s 

t h e o p p o r t u n i t y to i n v e s t i g a t e DNA s e q u e n c e s a d j a c e n t to t h e g e n e s , 

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

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

m a j o r l e g u m i n g e n e s a t a s i n g l e l o c u s on c h r o m o s o m e 7 , w h i c h w a s 

f o u n d by c l a s s i c a l m a p p i n g e x p e r i m e n t s ( M a t t a a n d G a t e h o u s e 1 9 8 2 ) . 

I t s h o u l d a l s o be p o s s i b l e t o s t u d y t h e e v o l u t i o n of s t o r a g e p r o t e i n 

g e n e s t h r o u g h o u t t h e L e g u m i n o s a e , a n d t h u s t o d e d u c e w h e t h e r o r n o t 

t h e y a r e a l l d e s c e n d e d f r o m a common a n c e s t r a l g e n e . F i n a l l y , t h e i n 

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

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

t r a n s f e r a n d e x p r e s s i o n s y s t e m s h a v e t o be made b e f o r e t h i s c a n be 

d o n e . 

I n t h i s w o r k , g e n o m i c p e a DNA w a s p u r i f i e d , a n d l i g a t e d i n t o 

t h e i s o l a t e d a r m s o f t h e b a c t e r i o p h a g e v e c t o r \ L 4 7 , t o c r e a t e a 

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

s e l e c t e d f r o m t h i s l i b r a r y by h y b r i d i s a t i o n w i t h v a r i o u s cDNA p r o b e s . 

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

l e g u m i n c D N A s , and by s e q u e n c i n g . 
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S e e d s o-f P i sum s a t ivum L . ( v a r . F e l tham f i r s t ) w e r e o b t a i n e d -from 

S u t t o n S e e d s C o , T o r q u a y , D e v o n , U . K . 

C h e m i c a l s and r e a g e n t s , a p a r t -from t h o s e l i s t e d b e l o w , w e r e o b t a i n e d 

•from BDH P L C , P o o l e , D o r s e t , a n d w e r e o-f a n a l y t i c a l g r a d e o r t h e b e s t 

a v a i 1 a b l e . 

S i g m a C h e m i c a l C o . P L C , L o n d o n , U . K . 

C a e s i u m c h l o r i d e , E t h i d i u m B r o m i d e , A n t i b i o t i c s , D N a s e , R N a s e , 

L y s o z y m e , P u t r e c i n e , S p e r m i d i n e t r i h y d r o c h I o r i d e . 

P h a r m a c i a F i n e C h e m i c a l s . U p p s a l a . S w e d e n . 

S e p h a d e x 658 S u p e r - f i n e . 

B e t h e s d a R e s e a r c h L a b o r a t o r i e s (UK) P L C . C a m b r i d g e , CB4 4 B E . U . K . 

A g a r o s e - e l e c t r o p h o r e s i s g r a d e , R e s t r i c t i o n e n z y m e s , A l k a l i n e 

p h o s p h a t a s e , p o l y n u c l e o t i d e k i n a s e , T4 l i g a s e . 

B o e h r i n g e r M a n n h e i m , B e l l L a n e , L e w e s . E a s t S u s s e x . BN7 1 L G . 

R e s t r i c t i o n e n z y m e s , T4 l i g a s e . 

B o o t s (UK) P L C . N o t t i n g h a m . U . K . 

D i s p o s a b l e n a p p i e s . 

Amersham I n t e r n a t i o n a l . W h i t e L i o n R o a d , A m e r s h a m , U . K . 

N i c k t r a n s l a t i o n k i t , 3 2 P r a d i o l a b e l l e d n u c l e o t i d e s . 
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Whatman P L C . S p r i n o f i e l d M i l l . M a i d s t o n e . K e n t . 

3MM p a p e r , DEAE c e l l u l o s e p a p e r . 

F i s o n s H o r t i c u l t u r a l D i v i s i o n , B r a m f o r d , I p s w i c h . 

F i s o n s L e v i n g t o n U n i v e r s a l C o m p o s t . 

P . L . B i o c h e m i c a l s , P L C . P . O . Box 9 8 . N o r t h a m p t o n NN3 I A N . 

Deoxy and D i d e o x y n u c 1 e o t i d e s . 

S c h l e i c h e r and S c h u l l . D . 3 3 5 4 . D a s s e l . W. G e r m a n y . 

BA85 N i t r o c e l l u l o s e p a p e r . 

More D i s p o s a b l e . D o c k f i e l d R o a d , S h i p l e y , W. Y o r k s h i r e , U . K . 

1 . 5 ml a n d 0 . 5 ml d i s p o s a b l e , p l a s t i c c e n t r i f u g e t u b e s . 

E . I . DuPont de N e m o u r s a n d Co ( I n c ) , P h o t o P r o d u c t s D e p t . W i l m i n g t o n , 

D . E . U . S . A . 

I n t e n s i f y i n g s c r e e n s - " L i g h t n i n g P l u s C r o n e x " . 

F u j i P h o t o C o . J a p a n . 

F u j i RX 180 X - r a y f i l m . 

D i - f c o l a b o r a t o r i e s , D e t r o i t , M i c h i g a n . U . S . A . 

B a c t o t r y p t o n e , B a c t o a g a r , Y e a s t e x t r a c t . 

B e c t o m , D i c k i n s o n a n d C o . C o c k e y s v i I 1 e , M a r y l a n d 2 1 6 3 9 . U . S . A . 

BBL T r y p t i c a s e p e p t o n e . 
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S T R A I N L I S T 

I n v i t r o p a c k a g i n g X l y s o g e n s . 

BHB 2 6 8 8 : N285 r e c A , g a l + , ( X imm 4 3 4 , c i t s , b 2 , r e d 3 , Earn 4 , Sam 

) / X . 

BHB 2699 : N285 r e c A , g a l + , ( X imm 4 3 4 , c i t s , b 2 , r e d 3 , Dam 1 5 , Sam 

7 ) / X . 

T h e s e p a c k a g i n g s t r a i n s w e r e a g i f t -from D r . D, L o n s d a l e , P l a n t 

B r e e d i n g I n s t i t u t e , C a m b r i d g e , E n g l a n d . 

P h a g e X c l o n i n g v e c t o r s and t h e i r h o s t s t r a i n s . 

X L 4 ? - ( s r l X 1 -2) , imm 4 3 4 c l , NIN 5 , c h i A 1 3 1 . 

E j . c o l i 5K - s u p E , r k - , mk + , t h r ~ , l e u - , B l , ton A . 

gj_ c o ) l L 9 5 - s u p E , s u p F , r k ~ , mk + , ton A , ( P 2 ) . 

T h e s e s t r a i n s w e r e a g i f t f r o m P r o f e s s o r W . J . B r a m m a r , D e p t . o f 

B i o c h e m i s t r y , U n i v e r s i t y o f L e i c e s t e r . 

R e c o m b i n a n t c l o n e s 

pHA 1 - a p l a s m i d c l o n e c o n t a i n i n g a p e a r i b o s o m a l g e n e w a s a g i f t 

f r o m D r . R . E . C u e l l a r o f t h e P l a n t B r e e d i n g I n s t i t u t e , C a m b r i d g e . 

P l a s m i d v e c t o r s u s e d i n s u b c l o n i n g 

pUC 8 , pBR 322 d e r i v a t i v e , amp r e s i s t a n t , l a c po z + . 

E_i c o l i JM 183 - l a c p r o , s u p E , t h i _ , s t r A , s b c B 1 5 , e n d A , h s p R 4 , 

F ' t r a D 3 6 , p r o A B , 1ac I Z M15. 

T h e s e s t r a i n s w e r e o b t a i n e d f r o m B e t h e s d a R e s e a r c h L a b o r a t o r i e s , 

C a m b r i d g e , C B 4 , 4 B E . 
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PREPARATION OF P E A DNA. 

T h e m e t h o d u s e d -for t h e e x t r a c t i o n o-f h i g h m o l . w t . DNA w a s 

b a s e d on t h a t o f Graham ( 1 9 7 7 ) . P e a s e e d s ( v a r . F e l t h a m f i r s t ) w e r e 

sown i n s t e r i l i s e d c o m p o s t a t a d e n s i t y o f 56 s e e d s p e r t r a y , a n d w e r e 

g e r m i n a t e d i n a t e m p e r a t u r e c o n t r o l l e d ( 2 5 ° C ) s p r a y room f o r 4 d a y s , 

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

g r o w t h c a b i n e t a n d a l l o w e d t o grow f o r a f u r t h e r 9 d a y s . P l a n t s w e r e 

t h e n t r a n s f e r r e d t o a 4 ° C c o l d room a n d 48 g o f l e a v e s r e m o v e d . 

S u f f i c e n t l i q u i d n i t r o g e n w a s a d d e d t o f r e e z e t h e l e a v e s , w h i c h w e r e 

g r o u n d i n a m o r t a r t o a s i z e s m a l l e n o u g h t o f i t i n an e l e c t r i c c o f f e e 

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

r e s u l t e d . A l l s t e p s f r o m t h i s p o i n t o n w a r d s w e r e d o n e a s q u i c k l y a s 

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

46 ml o f h o m o g e n i s i n g b u f f e r w e r e m i x e d i n w i t h t h e g r o u n d 

t i s s u e , q u i c k l y f o l l o w e d by 10 ml o f 5M s o d i u m p e r c h l o r a t e and 40 ml 

o f r e d i s t i l l e d p h e n o l . 48 ml o f a 1 V. v / v o c t a n o l / c h l o r o f o r m 

s o l u t i o n w a s a d d e d a n d t h e w h o l e s u s p e n s i o n g e n t l y s h a k e n on a r o t a r y 

s h a k e r f o r 1 h a t 4 ° C t o e n s u r e good m i x i n g . T h e s u s p e n s i o n w a s t h e n 

c e n t r i f u g e d a t 8 8 8 0 rpm f o r 5 min i n an MSE H i g h S p e e d 18 c e n t r i f u g e 

u s i n g a 6 x 198 ml r o t o r , i n o r d e r to s e d i m e n t l e a f d e b r i s , a n d t h e 

s u p e r n a t a n t r e m w e d a n d e x t r a c t e d w i t h an e q u a l v o l u m e o f c h l o r o f o r m / 

o c t a n o l . A f t e r a f u r t h e r 1 m i n c e n t r i f u g a t i o n a t 8 8 8 0 rpm t o s e p a r a t e 

t h e p h a s e s , t h e a q u e o u s p h a s e w a s c o l l e c t e d a n d t h e n u c l e i c a c i d s 

p r e c i p i t a t e d o u t by t h e a d d i t i o n o f 3 v o l u m e s o f e t h a n o l a t - 2 0 ° C . 

T h e n u c l e i c a c i d s w e r e s p o o l e d o u t on a s p a t u l a , a n d r e d i s s o l v e d by 

s h a k i n g v e r y g e n t l y f o r 17 h , i n o r d e r t o m i n i m i s e s h e a r i n g of t h e 

h i g h m o l . w t . n u c l e i c a c i d s . P r o n a s e a t a c o n c e n t r a t i o n o f 588Mg / ml 
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w a s t h e n a d d e d , a n d t h e s o l u t i o n g e n t l y s h a k e n a t 3 ? ° C u n t i l 

d i s s o l u t i o n o-f t h e n u c l e i c a c i d s w a s c o m p l e t e . T h e n u c l e i c a c i d 

s o l u t i o n w a s made up t o 8 . 3 ml w i t h r e s u s p e n s i o n b u f f e r , a n d 8 g o f 

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

386 Hg / m l . T h e w e l l m i x e d s o l u t i o n w a s c e n t r i f u g e d a t 4 0 , 0 8 6 rpm i n 

a MSE S u p e r s p e e d u l t r a c e n t r i f u g e u s i n g a 18 x 10 ml r o t o r a t 15°C f o r 

3 6 h . T h e DNA b a n d s w e r e c o l l e c t e d f r o m t h e t u b e by s i d e p u n c t u r e 

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

C s C l s o l u t i o n s a s b e f o r e . T h e DNA b a n d s w e r e c o l l e c t e d , a n d t h e 

e t h i d i u m b r o m i d e r e m o v e d by e x t e n s i v e p a r t i t i o n i n g a g a i n s t i s o amy 1 

a l c o h o l . T h e DNA s o l u t i o n w a s t h e n e x t e n s i v e l y d i a l y s e d a g a i n s t 

s e v e r a l c h a n g e s o f T . E . b u f f e r o v e r a 12 h p e r i o d . DNA w a s t h e n 

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

m i n i m a l v o l u m e o f T . E . b u f f e r . 

H o m o o e n i s i n Q b u f f e r R e s u s p e n s i o n B u f f e r T . E . b u f f e r 

6 .1M NaCI 56 mM T r i s - HC1 16 mM T r i s - HC1 pH 8 . 8 

0 . 0 2 5 M EDTA 18 mM EDTA pH 8 . 8 1 mM EDTA 

2 / . SDS 

PREPARATION OF PLASMID DNA. 

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

r e q u i r e d p l a s m i d by s t r e a k i n g o u t f o r s i n g l e c o l o n i e s on L a g a r p l a t e s 

s u p p l e m e n t e d w i t h 28Mg / ml o f t h e a p p r o p r i a t e a n t i b i o t i c s . S i n g l e 

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

o f p l a s m i d DNA, w h i c h w e r e a n a l y s e d by r e s t r i c t i o n e n z y m e c l e a v a g e a n d 

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 , i n o r d e r t o e n s u r e t h a t t h e c o r r e c t 

r e s t r i c t i o n e n z y m e c l e a v a g e s i t e s w e r e p r e s e n t . 2 5 ml o f a n t i b i o t i c 



41 

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

c o l o n i e s , a n d grown t o s a t u r a t i o n i n an o v e r n i g h t i n c u b a t i o n . T h i s 

o v e r n i g h t c u l t u r e w a s u s e d t o i n o c u l a t e 2 l i t r e s o f a n t i b i o t i c 

s u p p l e m e n t e d L b r o t h a t a 1 / 500 d i l u t i o n , a n d grown to a A Q ° f 

0 . 6 , when c h l o r a m p h e n i c o l ( 1 5 0 Hg / m l ) w a s a d d e d , a n d t h e c u l t u r e 

i n c u b a t e d f o r 34 - 16 h t o a m p l i f y t h e p l a s m i d ( C l e w e l ) 3 9 7 2 ) . 

R o u t i n e l y , a c l e a r e d l y s a t e p r o c e d u r e b a s e d on t h a t o f K a t z ( 1 9 7 7 ) w a s 

e m p l o y e d . 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 1 0 , 0 0 0 rpm a t 4 ° C 

f o r 10 min i n a MSE 18 c e n t r i f u g e u s i n g a 6 x 250 ml r o t o r , a n d 

r e s u s p e n d e d i n a t o t a l v o l u m e o f 2 5 ml i c e d 2 5 '/. s u c r o s e i n 0 . 0 5 M 

T r i s - HCI pH 8 . 0 . 30 ml o f a 10 mg / ml s o l u t i o n o f l y s o z y m e i n 0 . 2 5 

M T r i s - HCI pH 8 . 0 w a s t h e n a d d e d t o t h e r e s u s p e n d e d c e l l s , a n d t h e 

w h o l e s h a k e n g e n t l y i n a 3 7 ° C w a t e r b a t h f o r 30 s i n o r d e r to p r o m o t e 

s p h a e r o p l a s t f o r m a t i o n . L y s i s w a s a c h i e v e d by a d d i n g 1 7 . 5 ml o f 

s t e r i l e 0 . 2 M EDTA a n d , a f t e r a f u r t h e r 5 min a t 0 ° C , 27 ml o f T r i t o n 

X 1 0 0 s o l u t i o n ( 2 V. T r i t o n i n 0 . 8 5 M T r i s - H C I , 0 . 0 6 2 5 l i EDTA pH 8 . 8 ) . 

A f t e r good m i x i n g , t h e r e s u l t a n t v i s c o u s s o l u t i o n w a s l e f t a t 8 ° C f o r 

28 m i n , w h i r l i m i x e d f o r 18 s , s t o o d on i c e , a n d a g a i n w h i r l i m i x e d f o r 

a f u r t h e r 10 s . T h e s o l u t i o n w a s t h e n c e n t r i f u g e d a t 1 8 , 0 0 8 rpm a t 4 ° C 

f o r 1 h i n a MSE 18 c e n t r i f u g e u s i n g a 6 x 100 ml r o t o r , a n d t h e 

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

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

b e t w e e n 1 . 3 9 8 8 - 1 . 3 9 8 5 , a n d p r o c e s s e d a s f o r t h e p e a DMA p r e p a r a t i o n . 

P r e c i p i t a t e d DMA w a s r e d i s s o l v e d i n T . E . b u f f e r a n d s t o r e d i n s m a l l 

a l i q u o t s a t - 880C. 
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PREPARATION OF PHAGE DMA <MAXI P R E P ) . 

T h e m e t h o d u s e d f o r t h e e x t r a c t i o n o f p h a g e DNA w a s b a s e d on 

t h a t o f B l a t t n e r ( 1 9 7 7 ) . 5 x 1 8 * p f u o f p h a g e w e r e p r e a d s o r b e d to 0 . 3 

ml o f a f r e s h o v e r n i g h t b a c t e r i a l c u l t u r e ( g r o w n i n L b r o t h + 18 mM 

MgSO , 8 . 4 V, m a l t o s e ) , f o r 15 min i n a w a t e r b a t h a t 3 7 ° C . T h i s w a s 

d i l u t e d i n t o 588 ml o f p r e w a r m e d L b r o t h (+18 mM M g S O ^ ) , a n d s h a k e n 

v i g o r o u s l y f o r 16 h a t 3 7 ° C . B a c t e r i a l d e b r i s w a s s e e n a t t h i s s t a g e , 

a n d c h l o r o f o r m a t 2 ml / l i t r e w a s a d d e d t o p r o m o t e l y s i s . T h i s 

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

p o l y e t h y l e n e g l y c o l a c c o r d i n g to t h e m e t h o d o f Yamamoto ( 1 9 7 8 ) . 48 g / 

l i t r e o f NaCl a n d 1 Mg / ml o f DNase and R N a s e w e r e a d d e d , d i s s o l v e d , 

a n d l e f t a t room t e m p e r a t u r e f o r a t l e a s t 1 h . T h e p h a g e l y s a t e w a s 

t h e n c l a r i f i e d by c e n t r l f u g a t i o n a t 1 8 , 8 8 8 rpm f o r 18 min i n t h e MSE 

18 c e n t r i f u g e , u s i n g a 6 x 258 ml r o t o r . S u p e r n a t a n t w a s c a r e f u l l y 

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

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

a s t o c o n c e n t r a t e t h e p h a g e 58 f o l d . 

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

c e n t r i f u g a t i o n t h r o u g h a t h r e e s t e p C s C l g r a d i e n t w i t h s t e p s o f 1 . 3 , 

1 . 5 , a n d 1 .7 g / ml o f C s C l . C e n t r i f u g a t i o n w a s a t 3 5 , 8 8 8 rpm a t 2 8 ° C 

f o r 2 h , u s i n g a MSE P r e p s p i n u l t r a c e n t r i f u g e a n d a 3 x 2 5 ml r o t o r . 

T h e p h a g e b a n d w a s s e e n a t t h e i n t e r f a c e b e t w e e n t h e 1 .3 a n d t h e 1 . 5 

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

n e e d l e . O v e r h e a d i l l u m i n a t i o n o f t h e c e n t r i f u g e t u b e s u s i n g a 

c o l 1 i m a t e d l i g h t s o u r c e w a s f o u n d to be i d e a l f o r v i s u a l i s i n g t h e 

p h a g e b a n d s . 

C s C l w a s d i a l y s e d o u t s e v e r a l c h a n g e s o f T . E . b u f f e r a n d t h e 

p h a g e s o l u t i o n e x t r a c t e d w i t h an e q u a l v o l u m e o f p h e n o l e q u i l i b r a t e d 



4 3 

i n 0 . 5 M T r i s - HCI pH 8 . 0 . T h e e x t r a c t i o n w a s p e r f o r m e d by g e n t l e 

i n v e r s i o n a n d r o l l i n g o-f t h e t u b e , n e v e r by s h a k i n g , i n o r d e r t o 

m i n i m i s e s h e a r i n g o-f t h e h i g h m o l . w t . DNA. A f t e r 4 p h e n o l 

e x t r a c t i o n s , t h e a q u e o u s p h a s e w a s r e m o v e d and e x t e n s i v e l y p a r t i t i o n e d 

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

s o l u t i o n w a s t h e n d i a l y s e d e x t e n s i v e l y a g a i n s t T . E . b u f f e r t o r e m o v e 

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

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

T . E . b u f f e r , d i s t r i b u t e d i n t o e p p e n d o r f t u b e s , a n d s t o r e d a t - 8 8 ° C . 

SHALL S C A L E PREPARATION OF PLASMID DNA. 

T h e m e t h o d u s e d w a s b a s e d on t h a t o f B i r n b o i m a n d D o l y 

( 1 9 7 9 ) . A 10 ml c u l t u r e o f a n t i b i o t i c s u p p l e m e n t e d L b r o t h (20 Mg / 

m l ) w a s i n o c u l a t e d w i t h t h e a p p r o p r i a t e b a c t e r i a l s t r a i n a n d grown to 

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

4 , 0 8 0 rpm f o r 10 min i n a MSE b e n c h c e n t r i f u g e , a f t e r w h i c h t h e y w e r e 

r e s u s p e n d e d i n 200 Ml o f a 4 mg / ml l y s o z y m e s o l u t i o n a n d k e p t on i c e 

f o r 36 m i n . <400 Ml o f a NaOH - SDS s o l u t i o n ( 8 . 2 N NaOH, 1 V. SDS) w e r e 

t h e n a d d e d . A f t e r 5 m i n , 4 5 0 1*1 o f a 3 M s o d i u m a c e t a t e 

s o l u t i o n pH 4 . 8 w a s a d d e d a n d t h e t u b e s h a k e n e v e r y 5 m i n u n t i l a 

l a r g e c l o t o f DNA a n d p r o t e i n h a d f o r m e d . A f t e r a 15 m i n 

c e n t r i f u g a t i o n i n a b e n c h t o p P o l s k a m i c r o c e n t r i f u g e , 1.1 ml o f t h e 

s u p e r n a t a n t w a s t a k e n and a l c o h o l p r e c i p i t a t e d . T h e DNA p e l l e t w a s 

r e d i s s o l v e d i n 100 Ml o f T . E . b u f f e r + 1 Mg / ml b o i l e d R N a s e , a n d 10 Ml 

o f t h i s w a s u s e d f o r r e s t r i c t i o n e n z y m e a n a l y s i s . 
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SMALL S C A L E PREPARATION QF PHAGE DNA. 

T h e m e t h o d u s e d w a s b a s e d on t h a t o f L e d e r e t a_]_ ( 1977) . A 

s i n g l e , w e l l i s o l a t e d p h a g e p l a q u e w a s p i c k e d a n d p u t i n t o 1 ml o f 

p h a g e b u f f e r <10 mM MgSO^, 10 mM T r i s - HC1 pH 7 . 5 ) w i t h c h l o r o f o r m . 

0 . 5 ml o f t h i s b a c t e r i o p h a g e s u s p e n s i o n w a s m i x e d w i t h 1 .6 x 1 8 s 

b a c t e r i a ] c e l l s o f t h e a p p r o p r i a t e h o s t s t r a i n , a n d i n c u b a t e d a t 3 7 ° C 

f o r 15 m i n . 4 ml o f L b r o t h w i t h m a l t o s e < 8 . 4 A) w a s t h e n a d d e d , t h e 

b r o t h t r a n s f e r r e d t o a s t e r i l e 50 ml c o n i c a l f l a s k , a n d s h a k e n 

v i g o r o u s l y a t 3 7 ° C f o r 9 h . 0 . 1 ml o f c h l o r o f o r m w a s t h e n a d d e d , and 

t h e c u l t u r e s h a k e n f o r a f u r t h e r 15 m i n t o a i d l y s i s . L y s a t e w a s t h e n 

c e n t r i f u g e d a t 4 ° C f o r 10 m i n i n a MSE 18 c e n t r i f u g e , u s i n g a 6 x 180 

ml r o t o r . T o t h e s u p e r n a t a n t , IMg / ml o f R N a s e a n d DNase 1 w e r e a d d e d 

a n d i n c u b a t e d a t 3 7 ° C f o r 15 m i n . An e q u a l v o l u m e o f a s o l u t i o n 

c o n t a i n i n g 20 A w / v o f p o l y e t h y l e n e g l y c o l a n d 2 M NaCl w a s a d d e d 

a n d i n c u b a t e d a t 0OC f o r a t l e a s t 1 h . T h e p r e c i p i t a t e d b a c t e r i o p h a g e 

p a r t i c l e s w e r e r e c o v e r e d by c e n t r i f u g a t i o n a t 1 8 , 0 0 0 rpm f o r 20 m i n a t 

4 ° C i n t h e S o r v a l 1 R C 5 B c e n t r i f u g e , u s i n g a 4 x 2 5 ml r o t o r . T h e 

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

8 . 5 ml o f p h a g e b u f f e r . T o t h e r e s u s p e n d e d p e l l e t , 5 1*1 of 16 'A SDS 

a n d 5 HI o f 8 . 5 M EDTA pH 8 . 8 w e r e a d d e d , a n d i n c u b a t e d a t 6 8 ° C f o r 18 

m i n . T h i s s o l u t i o n w a s e x t r a c t e d o n c e w i t h p h e n o l , o n c e w i t h p h e n o l / 

c h l o r o f o r m , a n d o n c e w i t h c h l o r o f o r m . T o t h e f i n a l a q u e o u s p h a s e , an 

e q u a l v o l u m e o f i s o p r o p a n o l w a s a d d e d , a n d t h e t u b e s t o r e d a t - 7 8 ° C 

f o r 28 m i n , a f t e r w h i c h i t w a s c e n t r i f u g e d i n a P o l s k a m i c r o c e n t r i f u g e 

f o r 15 m i n . T h e p e l l e t w a s w a s h e d o n c e w i t h 78 'A e t h a n o l , d r i e d , a n d 

r e s u s p e n d e d i n 58 Ml o f T . E . b u f f e r . 18 HI o f t h i s s o l u t i o n w a s u s e d i 

r e s t r i c t i o n e n z y m e a n a l y s i s . 
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PREPARATION OF 15 - 26 Kb FRAGMENTS OF S a u 3A C L E A V E D PEA DNA. 

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

e t aj_ ( 1 9 7 8 ) . R e s t r i c t i o n e n z y m e c o n d i t i o n s w e r e e s t a b l i s h e d w h i c h 

y i e l d e d t h e maximum amount o f DNA i n t h e r e q u i r e d s i z e r a n g e . L a r g e 

s c a l e d i g e s t i o n s w e r e t h e n p e r f o r m e d , u s i n g 180 Mg of p e a DNA p e r 

d i g e s t i o n i n a t o t a l v o l u m e of 500 H I , a n d 0 . 5 , 1, a n d 2 t i m e s t h e 

amount o f S a u 3A w h i c h y i e l d e d t h e maximum amount o f 15 - 20 k b 

f r a g m e n t s . A f t e r c l e a v a g e , t h e r e a c t i o n s w e r e t e r m i n a t e d by a d d i n g 

EDTA t o a c o n c e n t r a t i o n o f 28 mM. B e f o r e l o a d i n g o n t o t h e g r a d i e n t , 

t h e r e s t r i c t i o n e n z y m e d i g e s t s w e r e h e a t e d t o 7 8 ° C i n a w a t e r b a t h f o r 

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

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

u s e d b y M a n i a t i s , b e c a u s e g l y c e r o l w a s e a s i l y a u t o c l a v a b l e . 100 Mg 

w e r e c a r e f u l l y l a y e r e d o n t o t h e t o p o f a 2 5 ml 10 - 68 V. g l y c e r o l 

g r a d i e n t ( l o a d i n g o f more DNA o n t o a s i n g l e g r a d i e n t c a u s e d p o o r 

s e p a r a t i o n of s i z e f r a c t i o n s ) , a n d c e n t r i f u g e d a t 2 5 , 0 0 0 rpm f o r 14 h 

a t 1 0 ° C , i n a MSE P r e p s p i n 6 5 u l t r a c e n t r i f u g e u s i n g a 3 x 2 5 ml r o t o r . 

G r a d i e n t s w e r e u n l o a d e d u s i n g an I S C O f r a c t i o n a t o r a t t a c h e d to an I S C O 

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

a n a l y s 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 a n d t h e a p p r o p r i a t e s i z e 

f r a c t i o n s p o o l e d . H i g h c o n c e n t r a t i o n o f g l y c e r o l w e r e f o u n d to r e s u l t 

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

f r a c t i o n s w e r e d i a l y s e d a g a i n s t T . E . b u f f e r a t 4 ° C f o r 15 h , w i t h 

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

t h e v o l u m e of t h e a q u e o u s s o l u t i o n w a s r e d u c e d by e x t r a c t i o n w i t h 

b u t a n o l b e f o r e a l c o h o l p r e c i p i t a t i o n , a n d t h e p r e c i p i t a t e d DNA 

r e d i s s o l v e d i n a m i n i m a l v o l u m e o f T . E . b u f f e r . 
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GRADIENT SOLUTIONS 

G l y c e r o l 19 V. a n d 68 '/. v / v 

2 5 mM N a C l 

18 mM T r i s - HC1 pH 7 . 5 . 

1 mM EDTA 

K, 0 to v o l ume 

PREPARATION OF L 4 7 PHAGE ARMS. 

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

M a n i a t i s §_t aj_( 1978) . T h e p h a g e w a s a n n e a l e d , t h e a n n e a l e d a r m s 

l i g a t e d , and t h e ' s t u f f e r ' f r a g m e n t r e m o v e d by Bam HI d i g e s t i o n , a s 

d e s c r i b e d b e l o w . 114 Cg o f X L 4 7 w e r e a n n e a l e d f o r 2 h i n a n n e a l i n g 

b u f f e r , c o o l e d to room t e m p e r a t u r e , a n d pu t on i c e . L i g a t i o n w a s 

a c c o m p l i s h e d by t h e a d d i t i o n o f 18X l i g a s e b u f f e r , ATP to 1 mM, a n d 

1 1 . 4 WU ( W e i s s u n i t s ) o f T4 l i g a s e . T h e t o t a l v o l u m e of t h e l i g a t i o n 

w a s 588 M l , a n d t h e l i g a t i o n w a s c o n t i n u e d a t 2 5 ° C f o r 7 h . T h e 

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

w i t h e t h e r . I t w a s t h e n a l c o h o l p r e c i p i t a t e d , r - e d i s s o l v e d i n 288 Ml of 

T . E . pH 7 . 5 , a n d c l e a v e d w i t h 588 U o f Bam HI f o r 4 h . T h r e e 18 - 68 '/. 

2 5 ml g l y c e r o l g r a d i e n t s w e r e m a d e , a n d 38 Mg o f a n n e a l e d , l i g a t e d a n d 

r e s t r i c t e d DMA l a y e r e d o n t o e a c h . C e n t r i f u g a t i o n w a s a t 2 5 , 8 8 8 rpm 

f o r 14 h a t 18 °C u s i n g t h e MSE P r e p s p i n 6 5 u l t r a c e n t r i f u g e w i t h t h e 3 x 

2 5 ml r o t o r . G r a d i e n t s w e r e u n l o a d e d , a n d t h e a p p r o p r i a t e f r a c t i o n s 

p o o l e d , p r o c e s s e d a n d s t o r e d a s i n t h e s e c t i o n on p r e p a r a t i o n o f 15 -

28 Kb f r a g m e n t s o f r e s t r i c t e d p e a DNA. 
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5X ANNEALING B U F F E R 

588 Ml 1M T r i s - HCI pH 8 . 0 

50 HI 1 M MgCl 

458 Ml H „ 0 

PREPARATION OF AN IN v I T R O PACKAGING S Y S T E M . 

T h i s p a c k a g i n g s y s t e m w a s p r e p a r e d f r o m two c o l i l y s o g e n s -

BHB 2698 (Dam) and BHB 2 6 8 8 ( E a r n ) . T h e s e l y s o g e n s a r e d e s c r i b e d by 

Hohn ( 1 9 7 7 ) and Hohn ( 1 9 7 9 ) . B e - f o r e s t a r t i n g a p r e p a r a t i o n , t h e 

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

o-f b o t h l y s o g e n s a t 3 2 ° C a n d 4 2 ° C . G r o w t h s h o u l d o n l y be o b s e r v e d a t 

3 2 ° C . E x t r a c t s o-f t h e two l y s o g e n s w e r e p r e p a r e d i n two w a y s - BHB 

2 6 8 8 w a s p r e p a r e d u s i n g t h e f r e e z e thaw l y s a t e ( F T L ) m e t h o d , w h i l e BHB 

2 6 9 8 w a s p r e p a r e d u s i n g t h e s o n i c a t e d e x t r a c t ( S E ) m e t h o d . 

PREPARATION OF F R E E Z E THAN L Y S A T E 

68 ml o-f L b r o t h w e r e i n o c u l a t e d w i t h a s i n g l e c o l o n y o f BHB 

2 6 8 8 a n d grown t o a A 6 0 Q o f 0 . 6 4 . 3 x 500 ml o f L b r o t h w e r e t h e n 

i n o c u l a t e d w i t h 16 ml o f t h e c u l t u r e a n d grown w i t h v i g o r o u s a e r a t i o n 

a t 3 2 ° C u n t i l t h e r e a c h e d 0 . 3 2 . T h e c u l t u r e s w e r e t h e n i n d u c e d , 

by p l a c i n g them i n a 7 8 ° C w a t e r b a t h u n t i l t h e c u l t u r e t e m p e r a t u r e 

r e a c h e d 4 5 ° C , a n d t h e n s h i f t e d t o a 4 5 » C w a t e r b a t h f o r 28 m i n . 

C u l t u r e s w e r e e q u a l l y d i s t r i b u t e d a m o n g s t 6 x 1000 ml f l a s k s , s h a k e n 

a t 3 7 ° C f o r 1 h , a n d t e s t e d f o r t h e s u c c e s s f u l i n d u c t i o n of l y s o g e n s 

by s h a k i n g 2 ml o f t h e c u l t u r e w i t h 2 d r o p s o f c h l o r o f o r m . I n d u c t i o n 
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w a s shown by c o m p l e t e c l e a r i n g o f t h e c u l t u r e a n d t h e p r e s e n c e of 

l y s e d b a c t e r i a l d e b r i s . C u l t u r e s w e r e c o o l e d on i c e f o r 28 m i n , 

h a r v e s t e d by c e n t r i f u g a t i o n i n a 6 x 258 ml r o t o r i n a MSE 18 

c e n t r i f u g e a t 1 8 , 8 8 0 rpm f o r 18 m i n , a n d t h e p e l l e t s r e s u s p e n d e d i n 

8 . 5 ml c o l d 18 V. s u c r o s e , 50 mM T r i s - HCI pH 7 . 5 . T h e p o o l e d , 

r e s u s p e n d e d p e l l e t s w e r e d i s p e n s e d i n 3 ml a l i q u o t s i n t o 

u l t r a c e n t r i f u g e t u b e s , to w h i c h 7 5 1*1 o f a f r e s h l y s o z y m e s o l u t i o n ( 2 

mg/ml i n 6 . 2 5 M T r i s - HCI pH 7 . 5 ) w a s a d d e d a n d m i x e d , t h e t u b e s 

w e r e t h e n q u i c k f r o z e n i n l i q u i d n i t r o g e n , s t o r e d a t - 8 8 ° C f o r 15 m i n , 

a n d t h a w e d ou t a t room t e m p e r a t u r e . I f t h e r e s u s p e n d e d p e l l e t s a t 

t h i s s t a g e d i d n o t become e x t r e m e l y v i s c o u s , t h e f r e e z e thaw c y c l e w a s 

r e p e a t e d . T o e a c h a l i q u o t , 75 HI o f b u f f e r Ml w a s a d d e d , m i x e d , a n d 

t h e a l i q u o t c e n t r i f u g e d a t 3 5 , 0 8 0 rpm f o r 1 h a t 18°C u s i n g t h e MSE 

P r e p s p i n u l t r a c e n t r i f u g e w i t h t h e 18 x 10 ml r o t o r . S u p e r n a t a n t w a s 

r e m o v e d , d i s p e n s e d i n 100 Ml a l i q u o t s i n e p p e n d o r f t u b e s , a n d s t o r e d a t 

- 88<>C a s t h e F T L e x t r a c t . 

PREPARATION OF SONICATED EXT RACT 

G r o w t h , i n d u c t i o n , a n d h a r v e s t i n g o f c e l l s o f BHB 2 6 9 8 w a s a s 

f o r BHB 2 6 8 8 . E a c h p e l l e t a f t e r c e n t r i f u g a t i o n w a s r e s u s p e n d e d i n 8 . 5 

ml o f B u f f e r A . P e l l e t s w e r e t h e n p o o l e d , d i l u t e d w i t h 2 . 6 ml o f 

B u f f e r A , a n d d i s p e n s e d i n t o 1ml a l i q u o t s f o r s o n i c a t i o n . S o n i c a t i o n 

w a s p e r f o r m e d u s i n g a MSE S o n i p r e p s o n i c a t o r a t a power s e t t i n g of 6 . 

10 x 3 s b u r s t s w e r e u s e d f o r e a c h a l i q u o t . A f t e r 7 b u r s t s , t h e 

c u l t u r e s became e x t r e m e l y v i s c o u s . S o n i c a t i o n w a s c o n t i n u e d u n t i l t h e 

v i s c o s i t y j u s t d i s a p p e a r e d . T h e l y s e d , s o n i c a t e d c u l t u r e s w e r e 

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

f o r 10 m i n , a n d t h e s u p e r n a t a n t s t o r e d i n 180 Ml a m o u n t s a t - 8 8 ° C . 
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PACKAGING PROTOCOL FOR X DNA. 

7 HI B u f f e r A A f t e r i n c u b a t i o n at 25°C for 60 m i n , 568 HI 

2 Ml DNA ( 0 . 5 Hg ) of phage b u f f e r was added. The packag ing 

1 Ml B u f f e r Ml was t r e a t e d a s a phage s u s p e n s i o n and 

10 HI S . E . t i t e r e d on the a p p r o p r i a t e b a c t e r i a l h o s t . 

10 Ml F . T . L . 

B u f f e r A 

118 Ml H 2 0 

6 Ml 0 . 5 M T r i s - HCI pH 7 . 5 

300 Ml s p e r m i d i n e / p u t r e s c i n e s o l n . 

9 Ml 1M MgC? 2 

75 Mis 8 . 1M ATP pH 7 .8 

1 Ml P - mercaptoethanol 

B u f f e r Ml 

20 mM T r i s - HCI pH 8.0 

3 mM MgCl 2 

8 . 0 5 X v / v P mercaptoethanol 

J mM EDTA pH 7=0 

Spermid ine / P u t r e s c i n e s o l u t i o n 

0 . 0 5 M s p e r m i d i n e ( n e u t r a l i s e d in T r i s ) 

9 .1 M p u t r e s c i n e 

SCREENING OF BACTERIOPHAGE LAMBDA L I B R A R I E S BY HYBRIDISATION 

The p rocedure used was e s s e n t i a l l y that d e s c r i b e d by Benton 

and D a v i s ( 1 9 7 7 ) , but s c r e e n i n g of the l i b r a r y was c a r r i e d out u s i n g 

c a f e t e r i a t r a y s as d e s c r i b e d by B l a t t n e r e t a_j_ 1978. A l i q u o t s of a 

packag ing m i x t u r e c o n t a i n i n g 5 x 1 0 s b a c t e r i o p h a g e in a volume of 3 ml 

of phage b u f f e r , were mixed w i t h 3 ml of p l a t i n g b a c t e r i a and 

incuba ted at 37°C fo r 15 m i n . A 38 cm x 40 cm p l a s t i c c a f e t e r i a t r a y 

was e thanol s t e r i l i s e d , and 1.5 1 of molten BBL bottom agar poured 

i n t o i t . When the s u r f a c e had c o m p l e t e l y d r i e d , ( a laminar f low 
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c a b i n e t was used to m a i n t a i n s t e r i l e c o n d i t i o n s ) , the t r a n s f e c t e d 

c e l l s were mixed w i th 58 ml of molten top l a y e r a g a r o s e at 50°C and 

c a r e - f u l l y poured over the sur- face o-f the c a - f e t e r i a d i s h . Top l a y e r 

agarose was used r a t h e r than top l a y e r a g a r , b e c a u s e i t was -found that 

an agarose top l a y e r was s t r o n g e r than a g a r . When the top l a y e r agar 

had s e t , another s t e r i l e c a - f e t e r i a t r a y was taped i n t o p l a c e to ac t a s 

a l i d , and the megaplate i n c u b a t e d at 3 7 ° C . I n c u b a t i o n was c o n t i n u e d 

-for 16 h , u n t i l the phage p l a q u e s were a d iameter o-f 1 mm, and j u s t 

b e g i n n i n g to come i n t o c o n t a c t w i t h each o t h e r . At i n t e r v a l s d u r i n g 

the i n c u b a t i o n p e r i o d , the top l i d of the c a - f e t e r i a t r a y was 

c a r e - f u l l y removed, and the condensed m o i s t u r e swabbed o f f w i t h s t e r i l e 

p a d s . At the end o-f the i n c u b a t i o n p e r i o d , the megap la tes were p l a c e d 

a t 4°C to harden the top l a y e r a g a r , a s t h i s a i d e d subsequent 

m a n i p u l a t i o n s . 

A f i l t e r which would e a s i l y f i t over the s u r f a c e of the megaplate was 

cut from a r o l l of n i t r o c e l l u l o s e p a p e r , and h o l e s punched around i t s 

p e r i p h e r y to a c t a s o r i e n t a t i o n m a r k s . The f i l t e r was then c a r e f u l l y 

l a y e r e d over the s u r f a c e of the m e g a p l a t e , b e i n g c a r e f u l not to t rap 

any a i r b u b b l e s , and the agar marked w i t h ink at p o s i t i o n s 

c o r r e s p o n d i n g to the h o l e s punched in the f i l t e r . The f i l t e r was l e f t 

in c o n t a c t w i th the agar s u r f a c e fo r 5 to 19 m i n , a f t e r which i t was 

c a r e f u l l y p e e l e d o f f and another s u b s t i t u t e d in i t s p l a c e . T h u s , 

d u p l i c a t e l i f t s were taken from each m e g a p l a t e . The f i l t e r s were 

then s e q u e n t i a l l y l a y e r e d p laque s i d e up, on pads of b l o t t i n g paper 

soaked in the f o l l o w i n g s o l u t i o n s . 
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SOLUTIONS TIME 

0 . 5 M NaOH 5 min 

8.1 M NaOH,1.5 M NaCl 5 min 

0 . 5 M T r i s - HC1 pH 7 . 5 , 1.5 M NaCl 5 min 

2 x SSCP 1 min 

F i l t e r s were then b l o t t e d dry between pads of Whatman 3MM 

paper and baked at 88°C for 2 h , a f t e r which they were ready to be 

h y b r i d i s e d w i t h an a p p r o p r i a t e probe . H y b r i d i s a t i o n of the 

n i t r o c e l l u l o s e f i l t e r r e p l i c a s was c a r r i e d out in heat s e a l e d p l a s t i c 

bags at 4 5 ° C . F i l t e r s were p r e h y b r i d i s e d s e q u e n t i a l l y in 288 ml of the 

f o l l o w i n g s o l u t i o n s : 

(1) 3 x S S C , (2) 3 x S S C , 18 x Denhardts s o l u t i o n (Denhardt \?66), 

(3) 3 x S S C , 10 x Denhardts s o l u t i o n , 100 Mg / ml denatured salmon 

sperm DNA. The probes used were l a b e l l e d by n i c k t r a n s l a t i o n to a 

s p e c i f i c a c t i v i t y of at l e a s t 1 0 8 / Mg, and 10 7 cpm of t h i s was u s u a l l y 

used per m e g a f i l t e r . The probe was dena tured b e f o r e use by p l a c i n g in 

a ?8°C water bath fo r 10 m i n , and was immediate ly added to 50 ml of pre 

h e a te d p re h y b r i d i s a t i o n s o l u t i o n ( 3 ) . The probe was then added to the 

m e g a f i l t e r , the bag heat s e a l e d , and h y b r i d i s e d in a 65°C water bath 

f o r 18 - 12 h , w i t h s h a k i n g . The probe was then poured o f f , and the 

f i l t e r s s e q u e n t i a l l y washed in 200 ml of the f o l l o w i n g s o l u t i o n s (1) 3 

x SSC (2) 1 x SSC (3) 0.1 x S S C . The f i l t e r was then d r i e d in a 80°C 

oven f o r 15 m i n , and p r e p a r e d f o r a u t o r a d i o g r a p h y . Au torad iography 

was c a r r i e d out at - 88°C f o r 3 d a y s , u s i n g a f l a s h e d f i l m and one 

i n t e n s i f y i n g s c r e e n . A f t e r the f i l m was d e v e l o p e d , h y b r i d i s i n g 

s i g n a l s which appeared i n the same p l a c e on d u p l i c a t e f i l t e r s were 

n o t e d , and t h e i r p o s i t i o n marked on a p i e c e of t r a c i n g paper p l a c e d 

over the f i l m s . The p o s i t i o n of the f i l t e r o r i e n t a t i o n marks was a l s o 
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marked on the t r a c i n g p a p e r . The approx imate p o s i t i o n of the 

p o s i t i v e h y b r i d i s i n g p laque was i d e n t i f i e d , by a l i g n i n g the f i l t e r 

o r i e n t a t i o n marks on the t r a c i n g paper and on the megap la te , and a 8 . 7 

mm p l u g of agar was cu t from the m e g a p l a t e . The agar p lug was s t o r e d 

in 2 ml of phage b u f f e r , and an a l i q u o t r e p l a t e d so a s to o b t a i n 

a p p r o x i m a t e l y 500 p l a q u e s on a 85 mm agar p e t r i d i s h . These p l a q u e s 

were s c r e e n e d a second time by h y b r i d i s a t i o n , and a s i n g l e , w e l l 

i s o l a t e d p o s i t i v e p laque p i c k e d , and used to make a phage s t o c k . 

Phage B u f f e r 20 x SSPE 50 x D e n h a r d t ' s 

10 mM MgSO 3 . 6 M NaCl F i c o l l - 5 g . 

10 mM T r i s HC1 pH 7 . 5 200 mM NaH PO pH 7 .4 FVP - 5 g . 

26 mM EDTA pH 7 .4 BSA - 5 g . 

H 20 to 1 litre 

Denatured salmon sperm DNA was p r e p a r e d a c c o r d i n g to the method of 

M a n i a t i s (1962) . 

SCREENING SMALL NUMBERS OF BACTERIAL COLONIES BY HYBRIDISATION 

T h i s p r o c e d u r e , ( G r u n s t e i n and Hogness 1975 ) , was used 

whenever i t was n e c e s s a r y to s c r e e n smal l numbers of c o l o n i e s , e . g . 

when s u b c l o n i n g a lambda fragment i n t o a p l a s m i d v e c t o r . The p l a s m i d 

v e c t o r used f o r a l l s u b c l o n i n g e x p e r i m e n t s was pUC 8 ( U i e r a and 

Mess ing 1982 ) . The t r a n s f o r m a t i o n m i x t u r e was p l a t e d out on s e l e c t i v e 

media p l a t e s and grown o v e r n i g h t a t 37°C .The f o l l o w i n g morn ing , a 

n i t r o c e l l u l o s e f i l t e r w i t h an i m p r i n t e d g r i d p a t t e r n was p l a c e d on to 

a s e l e c t i v e agar p l a t e and up to 100 t r a n s f o r m a n t s p i c k e d onto the 

f i l t e r in an o r d e r e d p a t t e r n . The same t r a n s f o r m a n t s were a l s o p i c k e d 

onto a s e l e c t i v e master p l a t e in the same p a t t e r n . The p l a t e s 

were i n v e r t e d and i n c u b a t e d at 37°C u n t i l the c o l o n i e s had grown to 2mm 

in d i a m e t e r . Th© master p l a t e was s t o r e d at 4°C at t h i s p o i n t . The 



53 

f i l t e r was then t r a n s f e r r e d co lony s i d e up to an agar p l a t e c o n t a i n i n g 

ch lo ramphen ico l (18 l»g/ml) , and i n c u b a t e d f o r a fur ther 18 h at 3?°C for 

a m p l i f i c a t i o n ( C l e w e l l 1972) . The n i t r o c e l l u l o s e f i l t e r c o n t a i n i n g 

the a m p l i f i e d b a c t e r i a l c o l o n i e s was p r o c e s s e d by p l a c i n g i t co lony 

s i d e up on b l o t t i n g paper s a t u r a t e d w i t h the f o l l o w i n g s o l u t i o n s : 

S o l u t i o n s Time 

8 . 5 M NaOH 7 min 

1.9 M T r i s - HC1 pH 7 .4 2 min 

1.8 M T r i s - HC1 pH 7 .4 2 min 

1.5 M N a C I , 8 . 5 M T r i s - HC1 pH 7 .4 4 min 

The f i l t e r was then d r i e d by b l o t t i n g w i th f i l t e r paper and 

then baked under vacuum a t 88°C f o r 2 h . H y b r i d i s a t i o n c o n d i t i o n s were 

e x a c t l y a s fo r s c r e e n i n g gene l i b r a r i e s . Volumes of the s o l u t i o n s 

were a l t e r e d , however , so that 58 ml of s o l u t i o n were used in a l l 

wash ing and h y b r i d i s a t i o n s t e p s . The t ime r e q u i r e d f o r 

a u t o r a d i o g r a p h y was determined by the number of c o u n t s p r e s e n t on the 

f i l t e r a f t e r the 8.1 x SSC w a s h . Once the p o s i t i v e c o l o n i e s had been 

i d e n t i f i e d on the f i l t e r , they were p i c k e d o f f , and s t o r e d in g l y c e r o l 

at - 8 8 ° C . Mini p r e p a r a t i o n s of the p l a s m i d were then per formed. 

TECHNIQUE OF SOUTHERN TRANSFER AND SUBSEQUENT HYBRIDISATION 

The techn ique used was e s s e n t i a l l y tha t d e s c r i b e d by Southern 

( 1 9 7 5 ) . A f t e r gel e l e c t r o p h o r e s i s was comple ted , the DNA was s t a i n e d 

w i t h e t h i d i u m bromide and photographed under u . v . l i g h t . The gel was 

t r a n s f e r r e d to a g l a s s d i s h and dena tured by s o a k i n g in a f r e q u e n t l y 

changed s o l u t i o n of 1.5 M N a C I , 0 . 5 M NaOH, 1 mm EDTA f o r 1 h . I t was 
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then n e u t r a l i s e d by s o a k i n g fo r another hour in a s o l u t i o n of 3 M 

N a C l , 8 . 5 M T r i s - HC1 pH 7 . 5 , 1mm EDTA. A f t e r e q u i l i b r a t i o n f o r a 

t h i r d hour in 20 x S S C , i t was t r a n s f e r r e d to a b l o t t i n g a p p a r a t u s as 

d e t a i I e d be low: 

Weight — 

3MM paper-

Nitrocel lulose' 

"Nappies 

•Gel 

•Foam block 

•20xSSC 

The gel was c a r e f u l l y p l a c e d on the porous foam b l o c k , and a l l a i r 

bubb les e x p e l l e d by g e n t l y s q u e e z i n g the g e l . A 28 x 28 cm shee t of 

n i t r o c e l l u l o s e paper was f l o a t e d onto the s u r f a c e of some d i s t i l l e d 

w a t e r , and then submerged fo r 18 m i n . The d i s t i l l e d water was 

r e p l a c e d w i t h 28 x SSC s o l u t i o n and the f i l t e r f u r t h e r e q u i l i b r a t e d 

f o r 8 . 5 h . I t was then p l a c e d on top of the g e l , e x p e l l i n g a l l a i r 

b u b b l e s , so that one edge extended 1cm over the l i n e of s l o t s at the 

top of the g e l . A p i e c e of Whatman 3MM paper cut to the same s i z e as 

the gel was wet ted in 28 x SSC s o l u t i o n and p l a c e d over the f i l t e r . 

T h i s was f o l l o w e d by th ree more l a y e r s of d ry 3MM p a p e r . 4 l a y e r s of 

d ry d i s p o s a b l e n a p p i e s were then p l a c e d over the 3MM p a p e r , and 

f i n a l l y , a g l a s s weight of 588 g p l a c e d on top of the n a p p i e s . The 
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The whole a p p a r a t u s was then t r a n s f e r r e d to a c o l d room at + 4°C and 

t r a n s f e r of DNA a l l o w e d to proceed f o r 12 - 24 h . A f t e r t r a n s f e r had 

been comple ted , the n a p p i e s and 3MM paper l a y e r s were removed. The 

p o s i t i o n of the gel s l o t s was c a r e f u l l y marked on the f i l t e r and the 

f i l t e r g e n t l y p e e l e d away from the g e l . I t was then trimmed to s i z e , 

and baked at 80 °C in a vacuum oven fo r 2 h between two l a y e r s of 

Whatman 3MM p a p e r . A f t e r h y b r i d i s a t i o n had been per formed, the f i l t e r 

was a u t o r a d i o g r a p h e d . 

AUTORADIOGRAPHY 

The f o l l o w i n g procedure was a p p l i e d to any DNA sample bound to 

a s o l i d support - e . g . m e g a f i I t e r s used in s c r e e n i n g l i b r a r i e s , or 

s h e e t s of n i t r o c e l l u l o s e used in Southern b l o t s . The m a t e r i a l to be 

a u t o r a d i o g r a p h e d was d r i e d in a vacuum oven fo r 10 m i n , and mounted on 

a p i e c e of b l o t t i n g paper u s i n g a u t o c l a v e t a p e . R a d i o a c t i v e marker 

ink was s p o t t e d in a random o r i e n t a t i o n on the b l o t t i n g paper which 

was then taped to a g l a s s p l a t e . The whole was e n c a s e d in a p l a s t i c 

bag - t h i s p r e v e n t e d con tamina t ion of i n t e n s i f y i n g s c r e e n s and stopped 

the sample from s t i c k i n g to the f i l m . I f the number of counts on the 

sample was low <2 - 3 cpm) , then the X r a y f i l m was p r e f l a s h e d , and an 

i n t e n s i f y i n g s c r e e n u s e d . Exposure t imes u s i n g f l a s h e d f i l m and 

i n t e n s i f y i n g s c r e e n s v a r i e d depending on the c o u n t s p r e s e n t in the 

sample ; 2 - 3 cpm meant an exposure time of at l e a s t 3 d a y s , w h i l e 

100 - 280 cpm c o u l d be exposed for 2 - 3 h . In the darkroom, a sheet 

of X r a y f i l m was p l a c e d over the sample e n c a s e d in i t ' s p l a s t i c b a g . 

F l a s h i n g of the f i l m was c a r r i e d out u s i n g a Sunpak f l a s h g u n at a 

d i s t a n c e of 3 f e e t . One DuPont Cronex i n t e n s i f y i n g s c r e e n was p l a c e d 

over the f l a s h e d f i l m , f o l l o w e d by a g l a s s p l a t e . The 2 p l a t e s were 
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then h e l d toge ther w i t h rubber bands or a u t o c l a v e t a p e , wrapped in 

s e v e r a l l a y e r s o-f b l a c k p l a s t i c bags to e x c l u d e l i g h t , and exposed at 

- 7 8 ° C f o r the r e q u i r e d t ime . At the end of the exposure t ime , the f i l m 

was removed from the sample in a dark room, and deve loped by immersing 

in Kodak X 0 MAT deve loper fo r 5 m i n . I t was washed f o r 1 m i n , and 

then f i x e d f o r 4 min in Kodak f i x e r . The deve loped f i l m was then 

d r i e d at room tempera ture . 

LABELLING DNA FRAGMENTS WITH IN - VITRO 

DNA was l a b e l l e d i_n v i t r o to a s p e c i f i c a c t i v i t y of 1 x 1 8 8 

cpm/Mg, u s i n g the n i c k t r a n s l a t i o n k i t s u p p l i e d by Amersham 

I n t e r n a t i o n a l . The e x p l a n a t o r y book le t s u p p l i e d w i th the k i t d e t a i l e d 

p r o t o c o l s f o r l a b e l l i n g the DNA to h i g h e r and lower s p e c i f i c 

a c t i v i t i e s . The n i c k t r a n s l a t i o n r e a c t i o n was te rmina ted and the 

p r o d u c t s s e p a r a t e d from u n i n c o r p o r a t e d l a b e l by s e p a r a t i o n on a 5 cm 

column of Sephadex GS8 s u p e r f i n e . The Sephadex was h y d r a t e d b e f o r e 

u s e by b o i l i n g f o r 1 h in an e l u t i o n b u f f e r c o n t a i n i n g 1S0 mM N a C I , 18 

mM EDTA, 58 mM T r i s - HC1 pH 7 . 5 , and 8.1 V. SDS. A s t e r i l e , 

d i s p o s a b l e p l a s t i c p i p e t t e was plugged w i t h s t e r i l e , s i l i c o n i s e d g l a s s 

w o o l , the column poured , and e q u i l i b r a t e d w i t h the e l u t i o n b u f f e r . 

The n i c k t r a n s l a t e d DNA sample was c a r e f u l l y l a y e r e d on top of the 

column, and i t s p r o g r e s s through the column moni tored w i t h a G e i g e r 

c o u n t e r . 8 .4 ml f r a c t i o n s were c o l l e c t e d , 1 Ml amounts of the v a r i o u s 

f r a c t i o n s d i s p e r s e d i n to luene s c i n t i l l a t i o n f l u i d , and the 

r a d i o a c t i v i t y counted in a P a c k a r d T r i c a r b S c i n t i l l a t i o n C o u n t e r . The 

a p p r o p r i a t e f r a c t i o n s were p o o l e d , and used d i r e c t l y in h y b r i d i s a t i o n 

r e a c t i o n s . 
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AGAROSE GEL ELECTROPHORESIS 

H o r i z o n t a l , submerged, a g a r o s e s l a b g e l s were used to 

s e p a r a t e , i d e n t i f y , and i s o l a t e DNA f ragments ( A a i j and B o r s t 1972 ) . 

G e l s were c a s t when molten in a perspex mould o b t a i n e d from Shandon 

I n s t r u m e n t s , and a l l o w e d to cool fo r at l e a s t 30 min b e f o r e u s e . the 

f o l l o w i n g a g a r o s e gel c o n c e n t r a t i o n s were found to be u s e f u l ; 

Amt.of a g a r o s e (.'/.) S e p a r a t i o n ranoe of 

l i n e a r DNA m o l e c u l e s ( k b ) 

8 . 3 6 8 - 5 

8 .6 28 - 1 

8 . 7 18 - 8 . 8 

8 . 9 7 - 8 . 5 

1.2 6 - 8 .4 

1.5 4 - 8 . 2 

2 .8 3 - 8.1 

G e l s w i t h an a g a r o s e c o n c e n t r a t i o n lower than 8 .4 '/. were made at 4°C 

w i t h a b a s e of 1 '/. a g a r o s e (Fangman 1 9 7 8 ) , i n order to d e c r e a s e the 

t ime r e q u i r e d fo r the gel to s e t and to p r o v i d e r i g i d i t y to the g e l . 

Samples to be e l e c t r o p h o r e s e d were mixed w i t h a g a r o s e l o a d i n g beads 

(15 '/. v / v ) , and loaded i n t o the gel s l o t s u s i n g a G i l s o n m i c r o p i p e t t e . 

F a s t g e l s were u s u a l l y e l e c t r o p h o r e s e d at 158 v (15 v / c m ) , u n t i l 

the bromophenol b l u e marker dye in the samples had migra ted 2 / 3 of the 

way a long the g e l . Slow g e l s were run at 38 v (3 v /cm) fo r 12 - 16 

h . E t h i d i u m bromide at a c o n c e n t r a t i o n of 8 . 5 Mg/ml was i n c l u d e d in 

both the gel and the e l e c t r o p h o r e s i s b u f f e r in order to d e t e c t the DNA 

(Sharp e_t aj[ 1973 ) . A f t e r e l e c t r o p h o r e s i s was comple te , the g e l s were 

photographed u s i n g t r a n s m i t t e d u l t r a v i o l e t l i g h t a t 254 nm and 

P o l a r o i d f i l m ASA 3888. An exposure t ime of 9 s at f 5 .6 was u s u a l l y 
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found to be adequate . 

Aoarose oel b u f f e r 

T r i s base ?<S.8 g 

9 . 2 5 M EDTA - 80 mt 

A c e t i c a c i d - 32 ml 

H-0 to 2 1 

POLYACRYLAMIDE GEL ELECTROPHORESIS 

4 V. p o l y a c r y l a m i d e g e l s were u s u a l l y u s e d . G l a s s p l a t e s were 

throughly c l e a n e d u n t i l a h igh p o l i s h was o b t a i n e d , and clamped 

together w i t h perspex s p a c e r s and s i l i c o n e g r e a s e on 3 s i d e s . 6 ml of 

40 V. a e r y 1 amide (38 g a c r y l a m i d e , 2 g b i s - ae ry I amide) and 6 ml of 

18x TBE b u f f e r were made up w i t h d i s t i l l e d water to 45 m l , and 

d e g a s s e d . 15 ml of g l y c e r o l were then added, mixed , f o l l o w e d by 408 Ml 

of 18 'A ammonium p e r s u l p h a t e and 28 Ml of TEMED. The s o l u t i o n was 

taken up in a s y r i n g e and s q u i r t e d i n t o the space between the two 

g l a s s p l a t e s , t a k i n g c a r e to a v o i d the format ion of a i r b u b b l e s . A 

comb was then i n s e r t e d , and the gel a l l o w e d to p o l y m e r i s e f o r at l e a s t 

1 h . The comb was then removed, the p l a t e s clamped in a v e r t i c a l 

e l e c t r o p h o r e s i s a p p a r a t u s and the b u f f e r r e s e r v o i r s f i l l e d w i t h 1 x 

TBE b u f f e r . The DNA samples were made 1 X w i t h r e s p e c t to g l y c e r o l 

d y e s , and loaded i n t o the s l o t s . E l e c t r o p h a r e s i s was c o n t i n u e d u n t i l 

the bromophenol b l u e was 3 /4 of the way down the g e l . The gel p l a t e s 

were p r i s e d a p a r t , the gel soaked in a s o l u t i o n of 288 Mo/ml of 

e th id ium bromide f o r 38 m i n , d e s t a i n e d in d i s t i l l e d water f o r 38 m i n , 

and photographed under u . v . l i g h t . 
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16X TBE b u f f e r 

T r i s b a s e 168 g 

B o r i c a c i d 55 9 

EDTA 18.5 g 

H-,0 to 1 1 

RECOVERY OF DNA FRAGMENTS FROM AGAROSE GELS 

The method used was e s s e n t i a l l y that of D re t zen et aj . ( 1 9 8 1 ) . 

S t r i p s of Whatman DE81 DEAE c e l l u l o s e paper were soaked for s e v e r a l 

hours in 2 . 5 M N a C l , washed s e v e r a l t imes in d i s t i l l e d w a t e r , and 

s t o r e d d r y at room t e m p e r a t u r e . A f t e r e l e c t r o p h o r e s i s of DNA through 

a g a r o s e g e l s , s l i t s were cut both above and below the fragment to be 

i s o l a t e d , and s t r i p s of p r e p a r e d DEAE c e l l u l o s e paper s l i p p e d i n t o 

e a c h . The i n s e r t i o n of paper above the d e s i r e d fragment p revented 

c o n t a m i n a t i o n of t h i s fragment w i t h h i g h e r m o l . w t . DNA. 

E l e c t r o p h o r e s i s was c o n t i n u e d u n t i l the DNA bands had c o m p l e t e l y 

e n t e r e d the p a p e r . The paper was then removed, and e x t e n s i v e l y washed 

w i t h d i s t i l l e d water to remove a g a r o s e . A f t e r d r y i n g , the paper was 

p l a c e d in s i l i c o n i s e d Corex tubes and 388 - 788 Ml of a s o l u t i o n of 26 

mM T r i s - HC1 pH 7 . 5 , 1 mM EDTA, 1.5 M NaCl added per 58 mm* of p a p e r . 

A f t e r s h r e d d i n g the paper on a W h i r l i m i x e r u n t i l a t h i c k s l u r r y was 

o b t a i n e d , the tube was i n c u b a t e d a t 37°C f o r 2 h w i th o c c a s i o n a l 

a g i t a t i o n . The m i x t u r e was then t r a n s f e r r e d to a 1 ml p l a s t i c p i p e t t e 

t i p which had been p lugged w i t h s i I i c o n i s e d g l a s s w o o l . The t i p was 

p l a c e d i n s i d e a Corex tube , and c e n t r i f u g e d at 3888 rpm for 2 min in a 

S o r v a l I HB4 r o t o r at 4°C . The e l u a t e was then e x t r a c t e d w i t h n -

butanol to remove e t h i d i u m bromide , and a l c o h o l p r e c i p i t a t e d a s u s u a l . 

T h i s t echn ique y i e l d e d DNA of s u f f i c e n t p u r i t y f o r l a b e l l i n g , 
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r e s t r i c t i o n enzyme c l e a v a g e , and l i g a t i o n . 

TRANSFORMATION 

The method used was based on the p rocedure of Dagert and 

E h r l i c h (1973) who i n c u b a t e d E ^ c o l i c e l l s in c a l c i u m c h l o r i d e to 

i n c r e a s e the l e v e l of t rans - fo rmat ion . A s i n g l e co lony from a L agar 

p l a t e was i n o c u l a t e d i n t o 58 ml of L broth and i n c u b a t e d at 37°C wi th 

a g i t a t i o n u n t i l the A r e a c h e d 8 . 2 . The c u l t u r e was c h i l l e d on i c e 

f o r 18 m i n , and the c e l l s h a r v e s t e d by c e n t r i f u g a t i o n fo r 18 min a t 

f u l l speed in a MSE bench top c e n t r i f u g e . The p e l l e t was c a r e f u l l y 

suspended in 28 ml of c o l d f r e s h l y made up 8.1 M CaCl^ and i n c u b a t e d 

at 8°C f o r 28 - 25 min . The c e l l s were h a r v e s t e d by c e n t r i f u g a t i o n as 

b e f o r e and resuspended in 8.1 M C a C ^ . They were then kept on i c e fo r 

24 h , a f t e r which they were used fo r t r a n s f o r m a t i o n . T h i s was c a r r i e d 

out by adding 18 Ml of the DNA s o l u t i o n (18 - 188 ng) to 188 Ml of the 

c e l l s u s p e n s i o n . I f the DNA used had been s u b j e c t to l i g a t i o n , i t was 

r e c o v e r e d from the l i g a t i o n mix by a l c o h o l p r e c i p i t a t i o n and 

resuspended in 8.1 M c a l c i u m c h l o r i d e . The m i x t u r e was i n c u b a t e d on 

i c e f o r 18 m i n , and then at 37<>for 5 m i n . I t was then d i l u t e d i n t o 2 

ml of L broth and i n c u b a t e d at 37°C f o r 1 h w i th s h a k i n g . 18 Ml of t h i s 

was then s p r e a d on a cool dry L p l a t e c o n t a i n i n g , i f d e s i r e d , 188 Mg/ml 

of a n t i b i o t i c s . 

TRANSFECTIQN 

D i l u t i o n s of phage from 18~ z to 1 8 - 1 5 w e r e made in phage b u f f e r ( 

mM T r i s - HCI pH 7 . 5 , 18 mM MgSO^ ) . Host c e l l s competent f o r 

t r a n s f e c t i o n were made by h a r v e s t i n g a 18 ml e x p o n e n t i a l l y growing 
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c u l t u r e of c e l l s ( i n L broth + 8 .4 X m a l t o s e ) , by c e n t r i f u g a t i o n in 

MSE bench top c e n t r i f u g e at f u l l speed f o r 16 m i n . They were then 

resuspended in 2 ml of i c e c o l d 18 mM MgSO^ . 188 HI of t h e s e competent 

b a c t e r i a were mixed w i t h 108 HI of the v a r i o u s phage d i l u t i o n s , and 

i n c u b a t e d at 37°C in a water bath fo r 18 m i n . 2 . 5 ml of warm BBL agar 

was then added to the t r a n s f e c t i o n m i x t u r e , the c o n t e n t s m ixed , and 

poured e v e n l y over the s u r f a c e of a cool BBL agar p e t r i d i s h . The 

d i s h was i n v e r t e d and i n c u b a t e d at 37°C u n t i l phage p l a q u e s formed. 

For the gene l i b r a r i e s , 6 .8 x 10 4 pfu were adsorbed to 5 ml of 

competent ee l I s . 

LIGATION CONDITIONS 

C o n d i t i o n s f o r the l i g a t i o n of the c o n s t i t u e n t s of the gene 

l i b r a r y a r e d e s c r i b e d in the methods. For s u b c l o n i n g c l o n i n g 

f ragments w i t h c o h e s i v e te rmin i from X c l o n e s i n t o p l a s m i d s , 288 ng of 

l i n e a r i s e d pUC 8 ( V i e r a and Mess ing 1982) were mixed w i t h a th ree f o l d 

molar e x c e s s of the fragment to be c l o n e d . I f the volume of the DNA 

s o l u t i o n exceeded 8 H I , the DNA m i x t u r e was a l c o h o l p r e c i p i t a t e d and 

r e d i s s o l v e d in 8 HI of T . E . b u f f e r . 1 Ml of 18X l i g a t i o n b u f f e r was 

then added, f o l l o w e d by l i g a s e to a c o n c e n t r a t i o n of 1 We iss u n i t / H g of 

DNA. S o l u t i o n s were mixed by v o r t e x i n g b r i e f l y , and i n c u b a t e d at 15°C 

f o r 14 h . A f t e r t h i s , a smal l a l i q u o t was checked on an agarose gel 

to moni tor the ex ten t of l i g a t i o n . The remainder was a l c o h o l 

p r e c i p i t a t e d , r e d i s s o l v e d in 8.1 M c a l c i u m c h l o r i d e , and used to 

t rans fo rm competent b a c t e r i a . 
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10X 1 ioa t ion b u f f e r 

9 .64 M T r i s - HC1 pH 7 . 5 

58 mM MgCI 2 

58 mM DTT 

18 mM ATP 

DNA SEQUENCING 

T h i s s e q u e n c i n g method was based on that of Maxam and G i l b e r t 

( 1 9 7 7 ) , a s m o d i f i e d by Maat and Smith (1978) and S i e f et a ! ( 1 9 8 8 ) . 

(A) F i r s t r e s t r i c t i o n 

(B) Phospha tase t reatment 

(C) K i n a s e l a b e l l i n g fo r p r o t r u d i n g 5 ' te rmin i 

(D) Second r e s t r i c t i o n s t e p 

(E ) P r e p a r a t i v e gel 

( F ) P u r i f i c a t i o n of l a b e l l e d f ragments from the p r e p a r a t i v e gel 

(G) Dideoxy n u c l e o t i d e r e a c t i o n s 

(H) P r e p a r a t i o n and runn ing of s e q u e n c i n g g e l s 

( I ) Au torad iography 

( J ) B u f f e r s and s o l u t i o n s f o r DNA s e q u e n c i n g 

(A) F i r s t r e s t r i c t i o n s t e p 

18 - 12 Mg of DNA were d i g e s t e d t h r o u g h l y w i th a r e s t r i c t i o n 

enzyme which gave 5 ' p r o t r u d i n g t e r m i n i , in a t o t a l volume of 198 H I . 

The DNA was a l c o h o l p r e c i p i t a t e d and d r i e d . 

<B> P h o s p h a t a s e t reatment 

The r e s t r i c t e d and e thanol p r e c i p i t a t e d DNA was resuspended in 



63 

193 Ml of d H 2 0 , 5 Ml of 2 M T r i s - HCI pH 8 .8 added, f o l l o w e d by 7 Ml of 

8 . 6 U/Ml a l k a l i n e p h o s p h a t a s e , and the r e a c t i o n i n c u b a t e d at 37°C fo r 

45 m i n . The r e a c t i o n was t e r m i n a t e d by the a d d i t i o n of 2 Ml of 188 mM 

EDTA pH 8 . 8 , and the enzyme e x t r a c t e d by the a d d i t i o n of 288 Ml b u f f e r 

s a t u r a t e d p h e n o l , v o r t e x i n g , removing the lower phenol p h a s e , and 

r e p e a t i n g the phenol e x t r a c t i o n . The phenol was removed and the DNA 

a l c o h o l p r e c i p i t a t e d a s b e f o r e . A f t e r r e s u s p e n d i n g the r e s u l t a n t 

p e l l e t in 258 Ml of 8 . 3 M sodium a c e t a t e by v o r t e x i n g , a f u r t h e r two 

a l c o h o l p r e c i p i t a t i o n s were c a r r i e d out and the p e l l e t vacuum d r i e d . 

(C) K i n a s e l a b e l l i n o fo r prot rud ing . 5 ' t e r m i n i 

The phosphatased and e thanol p r e c i p i t a t e d DNA was resuspended 

in 3 Ml of H 2 0 , 2 . 5 Ml of k i n a s e b u f f e r f o l l o w e d by 1 Ml of 17.5 mM 

s p e r m i d i n e , 3 . 5 Ml of 4MM ATP, 13 Ml 3*p ATP (138 M C i ) , and 2 M1 of 

p o l y n u c l e o t i d e k i n a s e (28U) were added and i n c u b a t e d at 37°C fo r 45 

m i n . The r e a c t i o n was s topped by the a d d i t i o n of 288 Ml 2 . 5 M ammonium 

a c e t a t e . 1 Ml of a 1 mg/ml s o l u t i o n of tRNA f o l l o w e d by 758 Ml of 

e thano l were added, and the DNA r e c o v e r e d by per forming 3 c o n s e c u t i v e 

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

(D) Second r e s t r i c t i o n s t e p 

The purpose of t h i s was to g e n e r a t e f ragments w i th one 

l a b e l l e d end fo r s e q u e n c i n g . The l a b e l l e d , p r e c i p i t a t e d and d r i e d DNA 

was r e s u s p e n d e d in 82 Ml of H 2 0 by v o r t e x i n g . 4 Ml of t h i s wax taken 

and kept a s a c o n t r o l sample f o r the p r e p a r a t i v e g e l . 28 Ml of 5X 

a s s a y b u f f e r and 48U of r e s t r i c t i o n enzyme were added , and the DNA 

i n c u b a t e d and p r e c i p i t a t e d a s b e f o r e . 
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<E) P r e p a r a t i v e pel 

28 ml of 48 V. v / v a c r y l a m i d e s t o c k s o l u t i o n (19:1 a c r y l a m i d e / 

bi s a c r y l amide> and 16 ml of 18X T r i s b o r a t e EDTA were made up to 168 

ml w i t h dH 0 and d e g a s s e d . 1.1 ml o-f ammonium p e r s u l p h a t e f o l l o w e d by 

188 Ml of TEMED were added to the gel s o l u t i o n , m i x e d , and poured i n t o 

a 18 x 48 cm p o l y a c r y l a m i d e gel a p p a r a t u s ( 1 . 5 mm t h i c k ) , u s i n g a 

s y r i n g e . A f t e r the gel had s e t , i t was p re e l e c t r o p h o r e s e d fo r 38 min 

at 588v. The p r e c i p i t a t e d , d r i e d , DNA was resuspended in 7M1 T . E . 

b u f f e r and 5 Ml g l y c e r o l dyes added. 3 Ml of dyes were added to the 

sample from s t e p ( C ) , m ixed , and both samples loaded in s e p a r a t e 

w e l l s . E l e c t r o p h o r e s i s at 588 v" was c o n t i n u e d u n t i l the bromophenol 

b l u e was 3 cm from the bottom of the g e l . The gel p l a t e s were then 

s e p a r a t e d , and the gel c o v e r e d w i th c l i n g f i l m . P i e c e s of f i l t e r 

paper w i t h d i s t i n c t i v e p a t t e r n s of r a d i o a c t i v e ink were taped to the 

c l i n g f i l m , and the gel au to rad iographed at room temperature f o r 30 -

68 min u s i n g an i n t e n s i f y i n g s c r e e n and f l a s h e d f i l m . 

(F ) P r e p a r a t i o n of l a b e l l e d f ragments from the oel 

The a u t o r a d i o g r a p h from s t e p ( E ) was examined and the r e q u i r e d 

f ragments i d e n t i f i e d . Gel f ragments c o r r e s p o n d i n g to the 

a u t o r a d i o g r a p h i c images were e x c i s e d from the gel and trimmed so that 

the minimum amount of gel was p r e s e n t . B l u e 1 ml d i s p o s a b l e p i p e t t e 

t i p s were c a r e f u l l y s e a l e d over a bunsen f lame and plugged w i t h a 

p i e c e of s i I i c o n i s e d g l a s s w o o l . The gel s l i c e was p l a c e d in the 

s e a l e d t i p and mashed to a p a s t e w i t h a smal l r o d . 600 Ml of gel 

e l u t i o n b u f f e r were then added to each t i p , f o l l o w e d by 6 Ml tRNA (1 

m g / m l ) , the t i p s e a l e d w i t h two l a y e r s of p a r a f i l m , and hea ted at 37&C 
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•for at l e a s t 2 h . The para-f i lm was removed, the s e a l e d ends cut o f f , 
and the t i p s spun in Corex tubes fo r 2 m i n . at 3 ,886 rpm u s i n g a 
Sorva l1 HB4 r o t o r . The e l u a t e was c o l l e c t e d , 288 Ml of gel e l u t i o n 
b u f f e r added to the t i p , and c e n t r i f u g e d a s b e f o r e . The sample 
e l u a t e s were p o o l e d , and a l c o h o l p r e c i p i t a t e d The p e l l e t was 
resuspended in 388 Ml o-f 8 . 3 M sodium a c e t a t e and a l c o h o l p r e c i p i t a t e d 
t w i c e . The p e l l e t was then washed w i t h 1 ml of 98 V. e thanol and 
vacuum d r i e d . 

<6> D i d e o x v n u c l e o t i d e r e a c t i o n s 

The vacuum d r i e d and l a b e l l e d fragment was resuspended in 28 Ml 

H 2 0 , and 18 Ml of 5 x S i e f b u f f e r , 8 Ml of 5U/M1 e n d o n u c l e a s e f r e e Dnase 

1 added, and kept on i c e . Narrow p l a s t i c tubes were marked BG, BA, 

B T , B C , F G , F A , F T , F C , c o r r e s p o n d i n g to the f o r w a r d s and backwards 

r e a c t i o n s , and 1.1MI of the a p p r o p r i a t e n u c l e o t i d e t r i p h o s p h a t e 

d i s p e n s e d i n t o each tube . 4.5M1 of the DNA / enzyme m i x t u r e was then 

added to each tube , c e n t r i f u g e d b r i e f l y to mix the s o l u t i o n , and 

i n c u b a t e d at 37°C fo r 38 m i n . 

The r e a c t i o n s were f r o z e n , 1 Ml of 8.1 M EDTA pH 8 .8 added to each of 

the backwards <B) m i x t u r e s , c e n t r i f u g e d b r i e f l y , and the whole m i x t u r e 

t r a n s f e r r e d i n t o the a p p r o p r i a t e f o r w a r d s tube ; e . g . FDTA was added 

to BG and the c o n t e n t s t r a n s f e r r e d to the FG tube . Small h o l e s were 

made in the c a p s , and the tubes f r o z e n at - 8 8 ° C fo r 38 m i n , a f t e r which 

the samples were l y o p h i l i s e d f o r 1 h . 18M1 of formamide dyes were added 

to each tube , which was then hea ted at 98°C fo r 5 min , p l a c e d in 

s c i n t i l l a t i o n v i a l s and c o u n t e d , and then f r o z e n at - 28°C u n t i l the 
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s e q u e n c i n g g e l s were ready to be l o a d e d . 

(H) P r e p a r a t i o n and e l e c t r o p h o r e s i s of s e q u e n c i n g g e l s 

6 X , t h i n p o l y a c r y l amide g e l s were used -for s e q u e n c i n g . 

G l a s s p l a t e s were c l e a n e d e x t e n s i v e l y w i t h decon , w a t e r , and e thanol 

u n t i l a h igh p o l i s h was o b t a i n e d . 2 g l a s s p l a t e s s e p a r a t e d by 8 . 5 mm 

perspex s p a c e r s were taped t o g e t h e r , the gel s o l u t i o n p r e p a r e d , and 

the gel poured f r e e of bubb les by h o l d i n g the p l a t e s almost hori2ontal 

and pour ing the s o l u t i o n down one edge. A 14 tooth comb was p l a c e d in 

the top and the gel a l l o w e d to s e t . The top o-f the gel was then 

f l o o d e d w i t h b u f f e r and the comb c a r e f u l l y removed. The tape s e a l i n g 

the bottom of the gel p l a t e s was cut away and the p l a t e s clamped i n a 

v e r t i c a l e l e c t r o p h o r e s i s a p p a r a t u s . The w e l l s were c l e a r e d of d e b r i s 

by f l o o d i n g w i t h a s y r i n g e . 

G e l s were p r e e l e c t r o p h o r e s e d at 1589 v fo r 1 h b e f o r e s e q u e n c i n g 

samples were l o a d e d . The g e l s were s w i t c h e d o f f f o r a s s h o r t a t ime 

a s p o s s i b l e d u r i n g l o a d i n g of s a m p l e s . S a m p l e s to be loaded were hea ted 

at 98°C fo r 1 m i n , c o o l e d r a p i d l y in i c e , and 2 . 5 Ml of the s e p a r a t e 

n u c l e o t i d e r e a c t i o n s loaded in 4 s e p a r a t e t r a c k s u s i n g a drawn out 

c a p i l l a r y a t t a c h e d to a mouth tube . The f i r s t l o a d i n g was run u n t i l 

the x y l e n e cyanol in the sample had m i g r a t e d to the bottom of the g e l . 

The second l o a d i n g was run u n t i l the bromophenol b l u e was at the 

bottom, and the t h i r d l o a d i n g u n t i l the bromophenol b l u e was 3 cm from 

the bottom. 
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( I ) A u t o r a d i o g r a p h y 

The gel p l a t e s were removed -from the a p p a r a t u s and p l a c e d on 

the bench w i t h the s i l i c o n i s e d p l a t e uppermost . The tape h o l d i n g the 

p l a t e s together was c u t , and the perspex s p a c e r s removed. The p l a t e s 

were then l e v e r e d a p a r t , the gel a d h e r i n g to the l a r g e r , non 

s i l i c o n i s e d p l a t e . The gel was c o v e r e d w i th c l i n g f i l m and 

a u t o r a d i o g r a p h e d at - 8 8 ° C u s i n g a p r e f l a s h e d -film and an i n t e n s i f y i n g 

s c r e e n . E x p o s u r e t imes were c a l c u l a t e d u s i n g the formula 

x = 5x105 / y 

where x = exposure t ime in h . 

y = com per gel t r a c k a s determined e a r l i e r . 

B u f f e r s fo r DNA s e q u e n c i n g 

18 x K i n a s e b u f f e r 

508 mM T r i s - HC1 pH 7.6, 180 mM MgCl 2 , 58 mM DTT,1 mM EDTA. 

18 x T r i s B o r a t e b u f f e r / l i t r e . pH 8 . 3 

T r i s base 108 g , B o r i c a c i d 55 g , EDTA 2H 2 0 10 .3 g . 

Formamide dyes 

88 '/. v / v formamide, 18 mM NaOH, 1 mM EDTA, 8.1 '/. x y l e n e cyanol , 0 . 1 V. 

bromophenol b l u e 

5 x S i e f b u f f e r 

33 mM T r i s - HC1 pH 7 . 5 , 33 mM MgCl 2 , 18 mM DTT, 18 mM N a C l . 

6 '/. p o ) y a c r y l a m i d e oel 

Urea 38 g , 48 V. a c r y l a m i d e / b i s a c r y l amide 9 ml , 18 x T r i s b o r a t e EDTA 

6 m l , water to f i n a l volume of 68 m l . F i l t e r through a mi 11 ipore 
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• f i l t r a t i o n a p p a r a t u s , d e g a s , add 488 Ml 18 X ammonium p e r s u l p h a t e , 

Ml TEMED, and pour . 

Nuc1eot ide mixes 

BG 1 mM dd 6TP 

BA 1 mM dd ATP 

BT 1 mM dd TTP 

BC 1 mM dd CTP 

F6 1 mM dd GTP, 288 MM d ATP, 288 MM d T T P , 288 MM d CTP. 

FA 1 mM dd ATP, 288 MM d GTP, 288 MM d T T P , 288 MM d CTP. 

FT 1 mM dd T T P , 288 MM d GTP, 288 MM d ATP , 288 MM d CTP. 

FC 1 mM dd CTP, 288 MM d GTP, 288 MM d ATP, 288 MM d T T P . 

BIOCHEMICAL TECHNIQUES 

G l a s s w a r e and p l a s t i c w a r e 

A l l g l a s s w a r e was t h r o u g h l y washed in d e t e r g e n t , r i n s e d w i th 

s e v e r a l changes of d i s t i l l e d w a t e r , and a u t o c l a v e d b e f o r e u s e . I tems 

of g l a s s w a r e and p l a s t i c w a r e e . g . eppendorf t u b e s , p i p e t t e t i p s , Corex 

c e n t r i f u g e tubes e t c , were s i 1 i c o n i s e d by f i r s t d e g r e a s i n g in 

c h l o r o f o r m , and then immersing in R e p e l c o t e , a s o l u t i o n of 

d i c h l o r o d i m e t h y l s i I a n e . They were then baked at 188°C f o r 2 h and 

a u t o c l a v e d b e f o r e u s e . 

R e s t r i c t i o n e n d o n u c l e a s e d i g e s t i o n 

The f o l l o w i n g 4 b u f f e r s were used fo r r e s t r i c t i o n enzyme 

c l e a v a g e . A 18X s o l u t i o n was u s u a l l y made, and s t o r e d at - 28°C in i ml 

a l i q u o t s . 
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Low s a l t 

1 mM T r i s HCI pH7.5 

18 mM MgC12 pH7.5 

1 mM DTT 

Smal bu-ffer 

18 mM T r i s HCI pH 8 . 

18 mM MgCI2 

1 mM DTT 

28 mM KC1 

Medium s a l t 

18 mM T r i s HCI pH7.5 

18 mM MgCI2 pH7.5 

1 mM DTT 

58 mM NaCI 

Hioh s a l t 

58 mM T r i s HCI pH7.5 

18 mM MgCl 2 pH7.5 

1 mM DTT 

188 mM NaCI 

1 Mg o-f DNA was u s u a l l y d i g e s t e d in a - f inal volume of 38 Ml, 

w i th 5 U of r e s t r i c t i o n enzyme f o r 2 h . Where i n a c t i v a t i o n of the 

enzyme was d e s i r e d , the r e s t r i c t i o n d i g e s t was made 18 mM wi th r e s p e c t 

to EDTA. I f removal of the enzyme was d e s i r e d , e . g . p r i o r to l i g a t i o n , 

the enzyme was e x t r a c t e d i n t o phenol and the phenol e x t r a c t e d i n t o 

e t h e r . Where d i s s o c i a t i o n of c o h e s i v e ends was d e s i r e d , the d i g e s t 

was hea ted to 78°C fo r 5 m i n , and r a p i d l y c o o l e d on i c e . P r i o r to 

a g a r o s e gel e l e c t r o p h o r e s i s , samples were made 1/3 v / v wi th r e s p e c t 

to agarose b e a d s . 

Phenol e x t r a c t i o n 

A m i x t u r e of 25 s 24 : 1 of phenol : c h l o r o f o r m : 

i s o a m y l a l c o h o l was u s u a l l y used to d e p r o t e n i s e n u c l e i c a c i d s and to 

i n a c t i v a t e enzymes i n v o l v e d in n u c l e i c a c i d m a n i p u l a t i o n s . An equal 

volume of the phenol m i x t u r e was added to the s o l u t i o n , v o r t e x e d , and 

the lower phenol phase removed. A second phenol e x t r a c t i o n was then 

per formed. A f t e r removal of the phenol p h a s e , r e s i d u a l phenol was 
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removed by e x t r a c t i n g t w i c e w i t h water s a t u r a t e d e t h e r ( the phenol 

used i n the mix was pre e q u i l i b r a t e d w i t h 18 mM T r i s - HCI pH 7 . 5 , 18 

mM EDTA) . A f t e r the e t h e r e x t r a c t i o n , the DNA was u s u a l l y 

p r e c i p i t a t e d w i t h e thanol and vacuum d r i e d . V o r t e x i n g was avoided 

when the DNA s i z e exceeded 28 k b . 

A l c o h o l p r e c i p i t a t i o n o-f n u c l e i c a c i d s 

The volume o-f the n u c l e i c a c i d s o l u t i o n was e s t i m a t e d , and i f 

n e c e s s a r y , made 8 . 2 5 M w i th r e s p e c t to sodium a c e t a t e . A f t e r m i x i n g , 

e x a c t l y 2 volumes of e thanol at - 28°C were added, mixed , and s t o r e d 

at - 88°C fo r 15 m i n . I f the DNA was of a smal l s i z e ( I k b ) , or p r e s e n t 

in low c o n c e n t r a t i o n s (8 .1 H o / m l ) , the s t o r a g e at - 88°C was extended up 

to 5 h . The p r e c i p i t a t e d DNA was r e c o v e r e d by c e n t r i f u g a t i o n f o r 18 

min at f u l l speed in a m i c r o c e n t r i f u g e f o r smal l s a m p l e s , or fo r 28 

min at 12,886 rpm in a Sorva l1 HB4 r o t o r fo r l a r g e r s a m p l e s . The 

a l c o h o l was c a r e f u l l y d e c a n t e d , p e l l e t washed w i th 88 V. e thanol and 

d r i e d under vacuum. The r e c o v e r e d DNA was u s u a l l y r e d i s s o l v e d in a 

smal l amount of T . E . b u f f e r . 

C o n c e n t r a t i o n of n u c l e i c a c i d s by e x t r a c t i o n w i th butanol 

As r e c o v e r y of DNA from v e r y d i l u t e s o l u t i o n s by a lcoho l 

p r e c i p i t a t i o n i s poor , t h i s techn ique was used to c o n c e n t r a t e n u c l e i c 

a c i d s o l u t i o n s to a l e v e l where they were e a s i l y p r e c i p i t a t e d . The 

s o l u t i o n was e x t r a c t e d w i t h 2 - butanol which p a r t i t i o n s water i n t o 

the o r g a n i c p h a s e , e x c l u d i n g DNA or s o l u t e s . An equal volumeof 2 -

butanol was added to the DNA s o l u t i o n and w e l l m ixed . A f t e r a b r i e f 

c e n t r i f u g a t i o n to s e p a r a t e the p h a s e s , the upper butanol phase was 

removed and the e x t r a c t i o n r e p e a t e d w i t h f r e s h 2 - butanol u n t i l the 
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the volume of the s o l u t i o n had been reduced to a po in t where the DNA 

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

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

To de termine the amount of DNA or RNA, r e a d i n g s were taken of 

a 1 ml sample in a Pye Unicam SP8 - 158 spect rophotometer a t 268 nm 

and 288 nm. The r e a d i n g at 268 nm a l l o w e d c a l c u l a t i o n of the amount 

of n u c l e i c a c i d in the sample _ an O.D. of 1 c o r r e s p o n d i n g to 58 Ho/ml 

of double s t r a n d e d DNA, 48 1»g/ml of s i n g l e s t r a n d e d DNA and RNA, and 28 

Mg/ml f o r o l i g o n u c l e o t i d e s . Read ings a t 268 nm and 288 nm were t a k e n , 

and the sample p u r i f i e d to g i v e an A 2 6 0 / A?&o r a * i ° * o r double 

s t r a n d e d DNA > 1 .8 . 

P r e p a r a t i o n of d i a l y s i s tub ino 

D i a l y s i s tub ing ( M e d i c e l l ) was cu t i n t o p i e c e s of conven ien t 

l eng th and b o i l e d fo r 18 min in a l a r g e volume of 1 mM EDTA. I t was 

then r i n s e d th rough ly in d i s t i l l e d water and s t o r e d under water at + 

4°C . B e f o r e u s e , the tub ing was aga in th rough ly washed i n s i d e and out 

w i t h d i s t i l l e d w a t e r . 



R E S U L T S 
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P r e p a r a t i o n of the a n n e a l e d ' a r m s ' of X L47 DNA 

The p r e p a r a t i o n of the arms i s d e s c r i b e d in the methods. F i g 

1 shows the f ragments produced upon d i g e s t i o n of the v e c t o r w i th Bam 

H I . When X L47 DNA was a n n e a l e d v i a i t s c o s s i t e s , c l e a v e d w i th Bam 

H I , and c e n t r i f u g e d through a g l y c e r o l g r a d i e n t , the annea led arms 

were s e p a r a t e d from the 6.6 kb r e p l a c e a b l e f ragment . The s t r u c t u r e of 

the r e s u l t a n t arms i s shown in F i g 2 . F i g 3 shows an a g a r o s e gel 

a n a l y s i s of the a n n e a l i n g of X L47 DNA. The annea led and l i g a t e d DNA 

( t r a c k s 4 fk 5) was of s i g n i f i c a n t l y h i g h e r m o l . w t . than e i t h e r the 

n a t i v e X L47 DNA ( t r a c k 3 ) , or the XNM 258 marker ( t r a c k 2 ) , and gave 

the 34 kb fragment c o n s i s t e n t w i t h the format ion of annea led DNA upon 

c l e a v a g e w i t h Bam HI ( t r a c k 6 ) . A p p r e c i a b l e q u a n t i t i e s of both the 

l e f t and r i g h t arms were a l s o p r e s e n t . A f t e r c e n t r i f u g a t i o n of the 

a n n e a l e d , l i g a t e d and c l e a v e d DNA through a g l y c e r o l g r a d i e n t , 

f r a c t i o n s were c o l l e c t e d ( F i g 4) and a n a l y s e d on an agarose gel ( F i g 

5 ) . C l e a r s e p a r a t i o n between the 6 .6 kb r e p l a c e a b l e f ragment , the 

18.4 kb r i g h t arm, 24 .8 kb l e f t arm and the 34 .8 kb a n n e a l e d v e c t o r 

arms was c l e a r l y s e e n . T r a c k s 7 to 18 ( F i g 5 ) , c o n t a i n e d 34 kb 

annea led arms which were on ly m i n i m a l l y contaminated w i t h the 23 kb 

l e f t arm. No v i s i b l e t r a c e of the 6.6 kb r e p l a c e a b l e fragment was 

s e e n . 

S t r u c t u r e of m o l e c u l e s formed upon l i g a t i o n of the annea led arms wi th 

and w i thout f o r e i o n DNA 

F i g 6 shows the s t r u c t u r e of one of the forms produced when 

the a n n e a l e d arms of X L47 were l i g a t e d at t h e i r Bam HI t ^ m i n i . 

C l e a v a g e at the c o s s i t e s of t h e s e m o l e c u l e s by the i n v i t r o packag ing 

system l e d to the format ion of two s o r t s of s t r u c t u r e s 1) C l e a v a g e 
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o c c u r i n g at c o s s i t e s 1 and 3 l e a d i n g to a 5 4 , 8 kb m o l e c u l e too l a r g e 
to be packaged; and 2) c l e a v a g e o c c u r i n g at c o s s i t e s 2 and 3 l e a d i n g 
to a 2 8 . 8 kb m o l e c u l e too smal l to be packaged i n t o phage p a r t i c l e s . 
The l i g a t i o n o-f - foreign DNA at the Bam HI s i t e s o-f the arms led to the 
s t r u c t u r e shown in F i g 7 . C l e a v a g e at c o s s i t e s 1 and 2 F i g 7) l ed to 
the -formation o-f the p a c k a g e a b l e , recombinant s t r u c t u r e shown in F i g 
8 , w i t h an o v e r a l l s i z e o-f 53 k b , the upper s i z e l i m i t -for packag ing 
i n t o phage x . 

P r e p a r a t i o n and c h a r a c t e r i s a t i o n o-f an in v i t r o packag ing e x t r a c t . 

In v i t r o packag ing e x t r a c t s were p r e p a r e d from induced c u l t u r e s o-f the 

X l y s o g e n s BHB 2688 and BHB 2698 a s d e t a i l e d in the methods s e c t i o n . 

F i g 9 shows the growth c u r v e s o-f the two l y s o g e n s , b e f o r e , d u r i n g , and 

a f t e r i n d u c t i o n . S u c c e s s f u l i n d u c t i o n of the l y s o g e n s was seen by the 

r a p i d c e s s a t i o n of b a c t e r i a l growth a f t e r the a p p l i c a t i o n of the 

i n d u c t i o n s t i m u l u s . The e f f i c e n c y w i t h which the packag ing e x t r a c t s 

formed m a t u r e , v i a b l e phage p a r t i c l e s u s i n g v a r i o u s DNA s u b s t r a t e s i s 

shown in T a b l e 1. Packag ing due to endogenous phage DNA p r e s e n t in 

the e x t r a c t s was n i l ( l i n e 1 ) , and DNA m o l e c u l e s which d i d not have 

the c o s s i t e s of b a c t e r i o p h a g e x were not packaged ( l i n e s 2 and 3 ) . x 

DNA m o l e c u l e s of the i n c o r r e c t s i z e and o r i e n t a t i o n were packaged at 

v e r y low l e v e l s ( l i n e 4 ) , w h i l e n a t i v e L47 DNA was packaged at h igh 

e f f i c e n c i e s ( l i n e 5 ) , t h i s e f f i c e n c y b e i n g reduced i f the x L47 DNA was 

c l e a v e d w i th Bam HI b e f o r e l i g a t i o n and p a c k a g i n g . 
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Fig 8 

F i Q 8 

S t r u c t u r e of a recombinant phage m o l e c u l e , w i t h an i n s e r t of 1? k b , 

a f t e r p a c k a g i n g i n t o a phage p a r t i c l e . 

I f c o s s i t e s 1 and 2 of the s t r u c t u r e shown in F i g 7 a r e c l e a v e d , t h i s 

m o l e c u l e i s p r o d u c e d . 

The o r d e r of the f ragments i s r i g h t arm f o r e i g n DNA 

l e f t arm. The s i n g l e s t r a n d e d c o s t e r m i n i produced a r e shewn. 
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C h a r a c t e r i s a t i o n of pea DNA. 

Pea DNA was p r e p a r e d a s d e s c r i b e d i n the methods s e c t i o n . F i g 

10 shows the u . v . absorbance of a sample of t h i s DNA. A c l a s s i c a l 

n u c l e i c a c i d s p e c t r u m , w i t h a peak a t 268 nm and a trough a t 238 nm 

was o b t a i n e d . The O.D. 268 / 288 r a t i o was 1 .97 . F i g 11 shows the 

e l e c t r o p h o r e s i s of DNA through a 8 . 3 V. a g a r o s e g e l , u s i n g i n t a c t X DNA 

a s a h igh m o l . w t . m a r k e r . E l e c t r o p h o r e s i s was a t 38 v f o r 15 h . The 

m a j o r i t y of pea DNA was g r e a t e r than 58 Kb i n s i z e ( t r a c k s 3 and 4 ) , 

and d i d not show the p r e s e n c e of n u c l e a s e a c t i v i t y ( t r a c k 5 ) . DNA was 

e a s i l y c l e a v e d by the enzymes Bam HI ( t r a c k 6 ) , and Sau 3A ( t r a c k 7) 

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

I s o l a t i o n of 15 - 28 kb p a r t i a l l y c l e a v e d pea DNA f r a c t i o n s . 

C o n d i t i o n s f o r the p a r t i a l c l e a v a g e of pea DNA were 

e s t a b l i s h e d a s d e s c r i b e d in the methods. 8 . 5 Mg a l i q u o t s of the 

v a r i o u s r e s t r i c t i o n s were a n a l y s e d on an a g a r o s e gel ( F i g 12) to 

de te rmine the e x t e n t of d i g e s t i o n . A range of d i g e s t i o n s were 

a c h i e v e d , r a n g i n g from incomple te ( t r a c k 9) to complete ( t r a c k 2 ) . 

The maximum amount of DNA in the c o r r e c t s i z e range appeared to be in 

t r a c k 7 , however , the maximum number of m o l e c u l e s were i n the 

d i g e s t i o n ( t r a c k 8) which used h a l f the enzyme g i v i n g the maximum 

f l u o r e s c e n c e i n the 15 - 28 kb s i z e range (Seed e t a ! 1982 ) . 

T h e r e f o r e , the d i g e s t i o n shown i n t r a c k 8 , which used 9 .8154 U of Sau 

3A per l*g of pea DNA was chosen a s the optima) d i g e s t i o n , and 4 l a r g e 

s c a l e d i g e s t i o n s of pea DNA were per formed , u s i n g 188 l*g of DNA per 

d i g e s t i o n and 8 . 5 , 8 , 1 and 2 t imes the amount of enzyme / DNA r a t i o 

a s in t r a c k 8 . An a n a l y s i s of t h e s e d i g e s t i o n s i s shown in F i g 13. 

The d i g e s t i o n s were p o o l e d , and c e n t r i f u g e d through a g l y c e r o l 
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g r a d i e n t ( F i g 1 4 ) . The a n a l y s i s of the f r a c t i o n s o b t a i n e d from the 

g r a d i e n t ( f i g 15) showed good s e p a r a t i o n of the v a r i o u s s i z e c l a s s e s , 

and i n d i c a t e d tha t f r a c t i o n s i n t r a c k s 3 , 4 , 8 , and 9 were in the 

d e s i r e d 15 - 28 kb s i z e r a n g e . F i g (16) shows a f u r t h e r a g a r o s e gel 

a n a l y s i s of f r a c t i o n s from F i g 15 t r a c k s 3 , 4 , 8 and 9, c o n f i r m i n g 

that they were a l l in the d e s i r e d s i z e r a n g e . 

C o n s t r u c t i o n of the pea oene l i b r a r y : o p t i m i s a t i o n of l i o a t i o n s and 

i n v i t r o p a c k a Q i n o s . 

A l i q u o t s of Sau 3A c l e a v e d DNA and X L47 phage arms were 

checked a s to t h e i r a b i l i t y to l i g a t e in order to s e e i f the c o h e s i v e 

te rmin i of the v e c t o r and pea DNA m o l e c u l e s were s t i l l p r e s e n t , and i f 

a l l i n h i b i t o r s of l i g a t i o n had been removed. An a g a r o s e gel a n a l y s i s 

( F i g 17) showed that the l s l m i x t u r e of L47 arms and Sau 3A c l e a v e d 

pea DNA ( t r a c k 3 ) , L47 arms a l o n e ( t r a c k 4 ) , and Sau 3A c l e a v e d pea 

DNA a l o n e ( t r a c k 5) a l l showed e v i d e n c e of l i g a t i o n , a s judged by the 

f o r m a t i o n , in a l l t h r e e t r a c k s , of DNA m o l e c u l e s l a r g e r than e i t h e r 

the u n l i g a t e d L47 arms ( t r a c k 1 ) , or u n l i g a t e d Sau 3A c l e a v e d pea DNA 

( t r a c k 2 ) . The r a t i o of L47 arms to Sau 3A c l e a v e d pea DNA which 

would produce the maximum number of recombinan ts upon l i g a t i o n and in 

v i t r o packag ing a s judged by the e f f i c e n c y of p laque format ion on the 

s e l e c t i v e P2 lysogen c o l i was i n v e s t i g a t e d - T a b l e 2 . A 1 : 1 

r a t i o of phage arms to c l e a v e d pea DNA was found to be opt imal ( l i n e 

2 ) , w h i l e a r a t i o of 3 s 1 produced the l e a s t number of recombinants 

( l i n e 4 ) . U n l i g a t e d v e c t o r arms produced no p l a q u e s at a l l ( l i n e 6), 

but arms l i g a t e d i n the a b s e n c e of Sau 3A c l e a v e d pea DNA produced a 

smal l number of p l a q u e s on the non s e l e c t i v e host s t r a i n E . c o l i 5K 

( l i n e 5 ) . The compos i t ion of a l i g a t i o n r e a c t i o n f o r a 
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F i g 17 

A n a l y s i s of the t e s t l i g a t i o n of X L47 arms and Sau 3A c l e a v e d , s i z e 

• f r a c t i o n a t e d pea DNA. 

1 Hg o-f DNA was run in a l l t r a c k s . 

1) X L47 arms DNA (41 Kb) 
2) 15 - 28 kb Sau 3A c l e a v e d pea DNA 
3) 1 : 1 m i x t u r e o-f X L47 arms and Sau 3A c l e a v e d pea DNA l i g a t e d at 25 
OC f o r 2 h . 
4) X L47 arms l i g a t e d . 
5) Sau 3A c l e a v e d pea DNA l i g a t e d . 

F i o 18 

A n a l y s i s o-f an a l i q u o t of the l i g a t e d m i x t u r e used to c o n s t r u c t the 

gene 1 i b r a r y . 

T r a c k 1 = X L47 DNA (41 kb) 

T r a c k 2 = 1 l*g of the l i g a t e d m i x t u r e . 

C o n s t i t u e n t s of the l i g a t i o n m i x t u r e a r e shown in T a b l e 3 . 
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'm in i - l i b r a r y ' i s shown in T a b l e 3 . L i g a t i o n was at 12°C for 48 h , 

a f t e r which a smal l a l i q u o t was a n a l y s e d to monitor the ex ten t of 

l i g a t i o n ( F i g 1 8 ) . The gene l i b r a r y l i g a t i o n mix ( t r a c k 2) was of 

a p p r e c i a b l y h i g h e r m o l . w t . than the L47 arms in t r a c k 1, showing that 

s u c c e s s f u l l i g a t i o n had been a c h e i v e d . 

S e p a r a t i o n of a n i c k t r a n s l a t i o n r e a c t i o n on a Sephadex column 

The s e p a r a t i o n of 3 2 P l a b e l l e d DNA from u n i n c o r p o r a t e d 

n u c l e o t i d e s i s shown in F i g 19. 48 V. of the t o t a l r a d i o a c t i v i t y was 

found in f r a c t i o n s 2 and 3 (peak A ) . 

H y b r i d i s a t i o n of l a b e l l e d pBR 322 DNA and leoumin i n s e r t cDNA 

to v a r i o u s p u t a t i v e oenomic leoumin c l o n e s . 

Phage c l o n e s i s o l a t e d u s i n g the whole p lasmid pDUB 6 a s a 

probe were h y b r i d i s e d a g a i n s t pBR 322 DNA to check fo r c o n t a m i n a t i o n 

of the c l o n e s w i t h pBR 322 v e c t o r sequences a s f o l l o w s . A l i q u o t s of 

four p u t a t i v e genomic c l o n e s were d i l u t e d and s p o t t e d onto lawns of E . 

c o l t s t r a i n 5K as r e s c r i b e d in the methods. A f t e r p laques were 

p roduced , n i t r o c e l l u l o s e f i l t e r r e p l i c a s were made and h y b r i d i s e d 

s e p a r a t e l y w i t h 3 2 p l a b e l l e d pBR 322 DNA ( F i g 2 6 ) , and the legumin cDNA 

i n s e r t from pDUB 6 ( F i g 2 1 ) . C l o n e s 1, 2 , and 3 h y b r i d i s e d to pBR 322 

DNA , w h i l e c l o n e number 4 d i d not ( F i g 2 8 ) , whereas F i g 21 showed 

that c l o n e number 4 h y b r i d i s e d to the legumin cDNA i n s e r t w h i l e c l o n e s 

1, 2 , and 3 d i d n o t . 
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Fie . 19 

S e p a r a t i o n of a n i c k t r a n s l a t i o n r e a c t o n on a Sephadex 6 - 5 8 

S u p e r f i n e co lumn. 

Peak A = L a b e l l e d DNA 

Peak B = U n i n c o r p o r a t e d l a b e l l e d n u c l e o t i d e s 

1 HI amounts of the column f r a c t i o n s were a n a l y s e d i n a s c i n t i l l a t i o n 

c o u n t e r to d e t e r m i n e the r a d i o a c t i v i t y . 
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P u r i f i c a t i o n of c l o n e number 4 (x LEG 3) 

X LEG 3 was p u r i f i e d by r e p e a t e d c y c l e s of p l a t i n g out and 

h y b r i d i s a t i o n u n t i l g r e a t e r than 95 V. of the p l a q u e s on a p l a t e were 

seen to h y b r i d i s e to pDUB 6. Two types of s i g n a l were s e e n , one 

r e f l e c t i n g the normal p laque morphology and the o ther showing a head 

a t t a c h e d to a comet l i k e t a i l ( F i g 2 2 ) . T h i s presumably a r o s e due to 

s p r e a d i n g of DNA from a phage p laque d u r i n g the p laque l i f t 

p r o c e d u r e s . 

P a r t i a l c h a r a c t e r i s a t i o n of oenomic r ibosomal c l o n e s i s o l a t e d from 

the 1 i b r a r y 

In order to check whether the l i b r a r y c o n t a i n e d sequences 

p r e s e n t at the same f r e q u e n c y as t h e i r o c c u r e n c e in the pea genome, 

the gene l i b r a r y was s c r e e n e d fo r genomic r ibosomal DNA c l o n e s u s i n g 

the pea r ibosomal c l o n e pHA 1 ( C u e l l a r 1982) a s a p robe . S c r e e n i n g of 

10,800 phage r e s u l t e d in the i s o l a t i o n of 85 h y b r i d i s i n g c l o n e s . 

Phage m i n i p r e p s were performed on two i s o l a t e d c l o n e s a s d e s c r i b e d in 

the methods and the DNA a n a l y s e d by r e s t r i c t i o n enzyme c l e a v a g e and 

Southern h y b r i d i s a t i o n . F i g 23 shows the c l e a v a g e p a t t e r n of the 

c l o n e s w i t h v a r i o u s r e s t r i c t i o n enzymes, and F i g 24 shows an 

au to rad iograph of the same gel a f t e r h y b r i d i s a t i o n w i t h S 2 P l a b e l l e d pHA 

1. T a b l e 4 shows a compar ison of the s i z e s of the r e s t r i c t i o n enzyme 

f ragments between r ibosomal c l o n e s 1, 2 and pHA 1. I t can be seen that 

they a r e a lmost i d e n t i c a l . 
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Fig 22 
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F i o 22 

P u r i f i c a t i o n of x L E 6 3 . 

T h i s shows the f i n a l s t a g e in the p laque p u r i f i c a t i o n of LEG3 , when > 

95'/. of p l a q u e s on a p l a t e h y b r i d i s e d to pDUB 6 under c o n d i t i o n s of 

h igh s t r i n g e n c y (8 .1 x S S C , 6 5 ° C , 1 h ) . Two types of p laque morphology 

a r e ev i den t . 
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R e l a t i o n of v a r i o u s cDNA c l o n e s to the leciumin 66 .986 s u b u n i t 

The two legumin cDNAs used -for s c r e e n i n g the gene l i b r a r y and 

c h a r a c t e r i s i n g the i s o l a t e d c l o n e s were pDUB 6 and pOUB 8 ( L y c e t t e_t 

a ! 1984 ) . F i g 25 shows the e x t e n t to which the two cDNA c l o n e s pDUB 6 

& 8 r e l a t e to the legumin mRNA and the legumin s u b u n i t . pDUB 6 codes 

•for the e n t i r e b a s i c and a p p r o x i m a t e l y 46 '/. of the a c i d i c s u b u n i t , 

i n c l u d i n g the 3 ' non cod ing r e g i o n and p a r t of the po ly A t a i l , w h i l e 

pDUB 8 codes f o r a lmost the whole of the a c i d i c and approx imate ly 28 7. 

of the b a s i c s u b u n i t . Taken t o g e t h e r , the two c l o n e s almost 

c o m p l e t e l y code fo r the e n t i r e 68,888 s u b u n i t , w i t h the e x c e p t i o n of 

some sequence at the 5 ' t e r m i n u s . 

R e s t r i c t i o n enzyme and h y b r i d i s a t i o n a n a l y s i s of X. LEG 3 

X LEG 3 was mapped w i th r e s p e c t to r e s t r i c t i o n enzyme c l e a v a g e 

s i t e s by a combinat ion of h y b r i d i s a t i o n a n a l y s i s and an examinat ion of 

the s i z e s of the f ragments produced . One of the mapping g e l s used fo r 

t h i s a n a l y s i s i s shown in F i g 2 6 . L47 v e c t o r DNA d i g e s t e d w i t h the 

same enzymes a s X L E 6 3 was i n c l u d e d a s an a i d to mapping on t h i s g e l , 

a s i t s i m p l i f i e d the task of i d e n t i f y i n g v e c t o r f ragments in x L E G 3 . 

Southern b l o t t i n g of these f ragments and subsequent h y b r i d i s a t i o n 

a g a i n s t the i n s e r t from pDUB 8 gave the a u t o r a d i o g r a p h produced in F i g 

2 7 . The s i z e s of the h y b r i d i s i n g f ragments a r e g iven below : 

Bam HI - Eco R l -- - 4 . 8 k b . 

Bam HI - Bgl 2 - - 3 . 7 Kb. 

Eco R l - Bgl 2 - - 6 .8 k b . 

Hind 3 — - - 2 . 7 kb . 

Xho 1 — - - 1.8 k b . 

P s t 1 — 3 . 7 k b , 

Bgl 1 — - - 1.8 k b , 
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Comparison of the r e s t r i c t i o n enzyme c l e a v a g e maps of x LEG 1. 

2 . and 3 . 

In order to con f i rm that x LE63 was a c l o n e which had not 

p r e v i o u s l y been i s o l a t e d , the r e s t r i c t i o n enzyme c l e a v a g e maps of x LEG 

1 and 2 ( C r o y e t aj_ 1984) were compared w i t h the map of X LE63 ( F i g 

2 8 ) . The s i z e s of the Eco R l and Hind 3 f ragments between the t h r e e 

c l o n e s were d i s s i m i l a r . The Eco R l f ragments c o n t a i n i n g the legumin 

cod ing sequence in X LEG 1, 2 , and 3 w e r e , r e s p e c t i v e l y , 1 2 . 5 , 7 . 6 , and 

6 .4 k b , w h i l e the Hind 3 f ragments were 2 . 3 , 2 . 3 , and 2 . 7 k b . 

R e s t r i c t i o n d i o e s t s of pea DNA h y b r i d i s e d to x LEG 3 

In o rder to i n v e s t i g a t e the s i"zes of f ragments in genomic pea 

DNA which were complementary to the legumin gene in x L E G 3 , pea DNA was 

c l e a v e d to comple t ion w i t h Eco R l , Hind 3 , and Eco R l / H i n d 3 , 

s e p a r a t e d on 0 . 5 '/. agarose g e l s , t r a n s f e r r e d to n i t r o c e l l u l o s e p a p e r , 

and h y b r i d i s e d a g a i n s t the 3 2 P l a b e l l e d Xho 1 fragment of x LEG3 , which 

c o n t a i n e d the legumin c o d i n g s e q u e n c e . F i g 29 shows v a r i o u s 

r e s t r i c t i o n d i g e s t s of pea DNA which were u s e d in t h i s e x p e r i m e n t . In 

order to e s t i m a t e the approximate gene copy number of the r e s u l t i n g 

h y b r i d i s i n g f r a g m e n t s , v a r i o u s amounts of pAS 2 l i n e a r i s e d w i th Hind 

3 were e l e c t r o p h o r e s e d in t r a c k s 7 , 8 , and 9 . The au torad iograph of 

the h y b r i d i s e d gel i s shown in F i g 3 0 . The s i z e s of the h y b r i d i s i n g 

f ragments o b s e r v e d in the v a r i o u s d i g e s t s a r e g iven below : 

Eco R l Hind 3 Bam HI / Eco R l 

14.8 kb 4 . 2 kb 12.8 kb 

12.8 " 2 . 6 " 9 . 2 0 
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E c o R l Hind 3 Bam HI / Eco R l 

11.8 kb 6 .4 kb 

9 . 5 " 4 . 9 5 0 

8 . 6 8 4 . 2 " 

6.6 " 3 .4 0 

4 . 2 u 3 . 5 8 

T a b l e 5 shows a compar ison of the s i z e s of the E c o R l f ragments from 

pea DNA h y b r i d i s i n g to <a) the Xho 1 fragment of X LEG3 and ( b ) , the 

legumin cDNA 2 . 2 . 4 which codes m a i n l y f o r the legumin b a s i c s u b u n i t 

(Croy et aj_ 1982 ) . I t i s apparent t h a t c e r t a i n f ragments which a r e 

seen in the x LEG3 h y b r i d i s a t i o n a r e not seen i n the DNA h y b r i d i s e d 

w i t h cDNA 2 . 2 4 , and v i c e v e r s a . 

R e s t r i c t i o n enzyme and h y b r i d i s a t i o n a n a l y s i s of pAS 2 . 

The 2 .7 kb Hind 3 fragment of x LE63 wh ich h y b r i d i s e d to the 

pDUB 6 and pDUB 8 legumin cDNAs was s u b c l o n e d i n t o the p l a s m i d v e c t o r 

pUC 8 ( V i e r a and Mess ing 1982) . The r e s u l t a n t c l o n e was named pAS 2 . 

One of the g e l s used in the mapping e x p e r i m e n t s i s shown in F i g 31 . 

An au to rad iograph of the same gel a f t e r Southern b l o t t i n g and 

h y b r i d i s a t i o n a g a i n s t pDUB 6 i s shown in F i g 3 2 . The s i z e s of the 

f ragments b i n d i n g to the cDNA a r e g iven below s 

Ava 1 / P s t 1 — 8 .84 kb 

P s t 1 / Bam HI — 1.8 k b , 1.56 kb. 

Ava 1 / Bam HI — 1.8 k b . 
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Bam H I / Xho 1 1.95 Kb. 

Bam H I / Eco R5 — 1.8 kb . 

Xho 1 / Eco R5 — 1.5 Kb 

Pst 1 / Xho 1 — 1.75 Kb. 

Pst 1 / Eco R5 — 1.4 kb , 1.1 Kb. 

Ava 1 / Xho 1 — 1.1 Kb, 8.96 kb . 

Ava 1 / Eco R5 — 1.85 k b , 8.5 kb . 

T h i s d a t a , a long w i t h tha t f rom other exper iments , a l lowed the 

c o n s t r u c t i o n of a r e s t r i c t i o n enzyme c leavage map f o r pAS 2 . 

R e s t r i c t i o n enzyme c leavaoe map of pAS 2 . showing, f ragments chosen -for 

sequencing 

F ig 33 i l l u s t r a t e s the r e s t r i c t i o n enzyme map of pAS 2 , showing the 

s i z e s of the v a r i o u s f ragments in d e t a i l . Fragments chosen f o r 

sequencing are a l so shown. 

Comparison of the r e s t r i c t i o n enzyme cleavacte maps of pAS 2 w i t h 

DDUB 6 tt 8 

The r e s t r i c t i o n enzyme cleavage maps of pDUB 6 and 8 ( Lyce t t 

et a l 1984) were compared w i t h tha t of pAS 2 to examine p o i n t s of 

s i m i l a r i t y . A l though most of the r e s t r i c t i o n enzyme s i t e s appeared to 

be in the same l o c a t i o n i n a l l th ree c l o n e s , c e r t a i n f ragments in pAS 

2 seemed to be l a r g e r . F i g 34 compares these r e s t r i c t i o n maps. The 

Bst N l - Pst 1 fragment i n pDUB 6 was approx imate ly 96 bp smal le r than 

the cor respond ing fragment i n pAS 2 , w h i l e the Eco R5 - Acc 1 fragment 

in pDUB 8 was approx imate ly 80 bp smal le r than i t s homologue i n pAS 2 . 
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Comparison of the s i zes of homologous r e s t r i c t i o n enzyme -fragments 

between the cDNAs pDUB 6 &< 9 w i t h the lequmin genomic fragment of 

PAS 2 ( F i g 35) 

Data -from N ie lsen ( p e r s , comm.), i n d i c a t e d that i n t e r v e n i n g sequences 

were present in the soybean g l y c i n i n gene (which codes -for a p r o t e i n 

analagous to pea legumin ) , in -fragments de-fined by the r e s t r i c t i o n 

enzyme s i t e s Bst Nl - Pst 1 and Acc 1 - Eco R5. A comparison o-f the 

r e s t r i c t i o n enzyme maps o-f pDUB 6 i< 8 ( L y c e t t e_t aj_ 1984a) w i t h the 

map o-f LE63 ( F i g 33 and 3 4 ) , showed tha t these pea legumin cDNA 

fragments were smaller- than t h e i r homologues in pAS 2. A d i r e c t 

demonstrat ion of the occurence of i n t e r v e n i n g sequences in the pea 

legumin coding sequence by a comparison of homologous fragments 

between the cDNAs and pAS 2 was t h e r e f o r e a t tempted . Tracks 2 & 3 

( F i g 35) show tha t the Bst Nl - Pst 1 fragment of pDUB 6 was 

approx imate ly 90 bp smal le r than i t s homologue in pAS 2. S i m i l a r l y , 

t r acks 4 & 5 showed tha t the Acc 1 - Eco R5 fragment of pDUB 8 was 

approx imate ly 86 bp smal le r than i t s homologue in pAS 2. 

An example of an au torad iograph produced d u r i n g the sequencing of 

pAS 2 ( F i g 3 6 ) . 

Sequencing was performed by the method of S ie f e_t a]_ (1988) . 

Sequence of the legumin cDNA c lones pDUB 6 & 8 ( F i g 3 7 ) . 

Th is diagram was adapted from Lyce t t §_t aj_ 1984. Al though complete at 

the 3 ' t e rm inus , the sequence was incomplete at the 5' end, s ince pDUB 

8 lacked coding sequence f o r the 47 more amino ac ids r e q u i r e d to reach 

the N terminus of the a c i d i c legumin s u b u n i t . The sequence 
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d i f f e r e n c e s between pDUB 6 & 8 show tha t they must have been 
syn thes ised from in lWs coding f o r n o n i d e n t i c a l legumin genes. Regions 
of r e p e t i t i o n of the amino ac id sequence are shewn. 

P a r t i a l sequence from 5 reg ions of the 2.7 Kb i n s e r t in pAS 2 

(F io 3 8 ) . 

Fragment 1 extended \? amino ac ids beyond the 5' terminus of pDUB 8, 

approaching the N terminus of the a c i d i c legumin s u b u n i t . I t a l so 

inc luded pa r t of an i n t e r v e n i n g sequence (IMS 1 ) . The f i r s t two 

n u c l e o t i d e s of the i n t e r v e n i n g sequence were 6T. The i n t e r v e n i n g 

sequence was r i c h in A/T n u c l e o t i d e s . F ive d i f f e r e n c e s between the 

amino ac id sequence between LEG 3 and pDUB 8 were found in Fragment 1 

and a f u r t h e r f i v e in Fragment 2 . Fragment 3 possessed par t of the 

Repeat 1 sequence found in the legumin cDNAs, the whole of Repeat 2 , 

and par t of Repeat 3. The remainder of the repeat reg ions were not 

sequenced. Fragment 4 showed the beg inn ing of another i n t e r v e n i n g 

sequence (IUS 3 ) , the f i r s t two n u c l e o t i d e s of the i n t r o n again 

beg inn ing w i t h 6T. Fragment 5 con ta ined 174 bp of sequence coding f o r 

the legumin basic s u b u n i t , an amber t r a n s l a t i o n t e rm ina t i on codon, and 

156 bp of 3' non coding sequence. No polyadeny1 a t i o n s i g n a l s were 

found in t h i s r e g i o n . 
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F ig 35 

Comparison of homologous f ragments between the cDNAs pDUB 6 & 8 w i t h 

the legumin genomic fragment f rom pAS 2. 

pDUB 6 &< 8 were c leaved w i t h Bam HI to i s o l a t e the cDNA i n s e r t s , and 

pAS2 was c leaved w i t h Hind 3 to i s o l a t e the genomic f ragment . 

1) pBR 322 c leaved w i t h Bam HI and Bgl 1 
2) pDUB 6 • Bam H I , Bst N l , and Pst 1 
3) pAS 2 " Hind 3 , Bst N l , and Pst 1 . 
4) pDUB 8 Bam H I , Eco R5, and A c c l . 

5) pAS2 " Hind 3 , Eco R5, and A c c l . 

The s i zes of the homologous f ragments between pDUB 6 and pAS 2 ( t r a c k 

2 k 3) , and pDUB 8 and pAS 2 ( t r a c k s 4 8* 5) are shown. 
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FiQ 37 

The sequence o-f the cDNA c lones pDUB 6 & 8 i s shown (adapted from 

Lyce t t e_t aj_ 1984a). The uppermost sequence i s shown in - fu l l and the 

o ther sequence i s shown on l y where i t di-f- fers -fron tha t sequence. The 

p o s i t i o n s o-f the repeats i s i n d i c a t e d below the sequences, and the 

presence o-f the small i n t e r n a l d u p l i c a t i o n in the second repeat i s 

shown by b racke t s . The amino ac id sequence p r e d i c t e d -from the DNA 

sequence i s a lso shown ( A . A . ) . A s t e r i s k s <*) i n d i c a t e the reg ion -for 

which comparable sequence data was ob ta ined from the legumin genomic 

c lone ( F i g 3 8 ) . The -fragment numbers 1 - 5 re-fer to the reg ions 

sequenced in the genomic legumin c lone ( F i g 3 8 ) . 



PDUB8 C G C C C T C T C r ^ r . T G C T A C C C T T r A A C G C A A C G C C C T T C G C A C A C C T ^ A C T A C T C C A A T f l C T C C C C A A G A A A T T ^ C A T C C A A C A A n G T A A 90 
A . A . A L S R A T T , Q R H A L R R P Y Y S M A P O E I F - I ' Q Q G N 

* * « * • * * * • * • * * • * * * • • • • « • • * • • • • « . « « • • * • * • « • « « « « * « « « « * « » * « * * * * * « * * * * * * * « * » * * « « « t t « f i * « a * f t « > 

• ~- Fragment 1 
pDUBS T G G A T A T T T T G G C A r G G T A T T C C C r G G T T T . n r C T G A G A C C T - r T G A A C A G C C A C A A r . A A T C ^ A A C A A G G A G 180 
A . A . G Y F G N V F P G C P E T P E E P Q E S E Q G E G R R Y R D 

pDUBS • C A G A C A T C A A A A G G T T A A C C G A T T C A G A G A G G G T G A T A T C A T T G C A G ^ ^ C T A r ^ G T A ' ' T G T A T n ^ ^ G A ' ^ T A f ' A A C G A r C A A G A C " A C 270 
A . A . R H Q K V N R P R E G D I I A V P T G I V P W M Y N D Q D T 

pDUB8 T C C A G T T A T T G C C G T C T C T C T T A C T C A C A ^ A G A A G C T C C A A T A A C C A C C T T G A T C 3 6 0 
A . A . P V I A V S L T D I R S S N M Q t D Q M P R R F Y L A G N H 

PDDB8 CGAGCAAGAGTTTCTACAATACCAGCATCAACAAGGAGGAAAGCAAGAACAAGAAAATGAAGGCAACAACATTTTCAGTGGCTTCAACAG 4 50 
PDUB6 S t a r t : 
A . A . E Q E P L Q Y Q H Q O G G K Q E Q E N E G N N I P S G P K R 

• Frogment 2 
PDDB8 GGATTACTTGGAAGATGCTTTCAACGTGAAC AGGCATATAGTAGACAGACTTCAAGGCAGGAATG AAGACGAAGAGAAGGGAGCCATTGT 540 
PDUB6 
A . A . O F L E D A F M V N R H I V D R L Q G R N E D E E K G A I V 

pDUBS CAAAGTGAAAGGTGGACTCAGCATCATAAGCCCACCCGAGAAGCAAGCGCGCCACCAGAGAGGCAGGAGACAAGAGGAAGATGAAGATGA 6 3 0 
PDUB6 A 
A . A . K V K G G L S \ R I I S P P E K Q A R H O R G S R \ K Q E E D E D E 

Repeat I 1 

• —Fragment 3 
PDOB8 AGAGAAGCAGCCGCGCCACCAGAGAGGCAGCAGACAAGAGGAAGAGGAAGATGAAGATGAAGAGAGGCAGCCGCGTCATCAAAGCAGAAG 7 20 
pDOB6 

A . A . E K Q P R H Q R G S R Q E E E E D E D E E R Q P R H Q R R R 

| Repeat I I ( ) 1| Repeat I I I -

pDUB8 AGGAGAGGAGGAAGAAGAAGACAAGAAAGAGCGCGGCGGCAGCCAAAAAGGCAAAAGCAGAAGGCAAGGAGACAATGGGCTTGAGGAAAC 8 1 0 
pD(IB6 C 
A . A . G E E E E E D K K E R G \ R G S Q K G K 3 R R Q G D N G L E E T 

pDUB 8 A G T T T G C A C T G C T A A A C T T C G A T T G A A C A T T G G C C C G T C r r C A T C ^ 9 0 C 
pDOBfi 

A . A . V C T A K L R L N I G P S S S P D I Y N P E A G R I K T V T 

pDUB8 C A G C C T G G A C C T C C C A G T T C T C A G G T G G C T C A A A C T : E n d 

PDUB6 A A G T G C T G A G C A T G G A T C T C T C C A C A A A A A T G ' T r A T G T T r G T G C C T f ; A C T A C A A "»90 
A . A . S L D L P V L R W L K L S A E H G S L H K N A M F V P H Y N •Fragment <* 
pOOBS CCTGAAn;CAAACAG' 'ATAATA' -ACGCATTGAAGGGACGTGCAAGGCTACAAGTAGTG A A C G C A A T G G C A A C ACCG~GTTTG A T . G A A A 1 0 8 0 
A . A . L N A N S I I Y A L K G R A R L Q V V N C N G N T V F A G K 

pDUB6 GCTAGAAGCCGGACGTCCATTGACAGTGCCAr ^ A A A C T A f ^ C T G T G G C 7 G C A A A G T C A C T A A G C C A C A G G T ? C T C A T A r G T A G C A T T C A A 1.17 0 
A . A . L E A G R A L ' V P Q N Y A V A A K S I . S D R F S Y V A F K 

PDUB6 G A C C A A T G A T A G A G C T G G T A T ^ X A A G A r T ^ G C A G G G A C A T C A T C A G T T A T A A A T A A T C T G C C G T T G G A T G T G G T T G C A G C T A G A T T C A A 1 2 6 0 
A . A . ' T N D R A G I A R T J A G T g s V I N M L P L D V V A A ' r P N 

• •• Fragment 5 
PDUB6 CCTGCAGAGGAA^GAGGrAAGGCAGCTCAAGTCCAACAATCCCTTCAAATTTCTAGTTCCAGCT' rGTCAGTCTGAGAACAGAGCTTCGGC 1 3 5 0 
A . A . L Q R N E A R Q L K S M N P F K P L V P A R Q S E N R A S A 

PDUB6 T T A G A T n ^ T ; G C A C C A A A T C A A T G A ^ A G T A A T G A A T A A G A A A A C T A A G G C T T A G A T G C C T T T G T T A C T T G T G T A A A A T A A C T C G A G T C A T G 1 4 4 0 

pDUB 6 T A C C T T T T T G C G G A AAC AGAATAAAT AAAAGGT AAAATTTCAGTGCTCTA AAAAA AAAAAAAAAAAAA AAAAAAAAA AAAAAAAAA 

Fig 37 
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F id 38 

P a r t i a l sequence -from -f ive reg ions o-f the 2.7 Kb i n s e r t in pAS 2 i s 

shown. The p o s i t i o n o-f these reg ions i s shown in F ig 33. Homology 

between the cDNA sequence ( F i g 37) and the genomic sequence can be 

seen by comparing reg ions 2 , 3 , 4 and 5 in F ig 38 w i t h the 

cor respond ing reg ions in F ig 37. The cDNA sequence of Fragment 1 ( F i g 

37) commences 57 bp a f t e r the s t a r t of the genomic sequence of 

fragment 1 ( F i g 3 8 ) . Thus, data f o r 1? amino ac ids 5 ' to the end of 

the pDUB 8 sequence i s shown. D iscrepanc ies between the amino ac id 

sequences between LEG3 and the cDNA sequence are u n d e r l i n e d . S i l e n t 

base changes in the genomic sequence are i n d i c a t e d by ( v ) . 

I n t e r v e n i n g sequences in f ragments 1 and 4 are shown by ( ) . The 

beg inn ing of the i n t e r v e n i n g sequence i s i n d i c a t e d by ( > ) . The 3 ' 

u n t r a n s l a t e d reg ion in Fragment 5 i s shown by ( ) . 



Fraoment 1 

LEG 3 AGGTGGGCTCATTGAGACTTGGAATCCCAACAACAAGCAATTCC6ATGTGCTGGTG 
A.A. G G L I E T W N P N N K Q F R C A G 

LEG 3 GCATCATCTCGCGAGCTACCCTTC^CGCAACGCCCTTCGCAGACCTTGCTACTCCAA 
A - A ' G I i , S R A T L Q R N A L R R P £ Y S N 

LEG 3 TGCTCCCCAAGAAATTTTCGACCAAC^CAAG>GTTACTTATTTTGATCTTATACCT 
A.A. A P Q E I F ^ Q ^ Q 

LEG 3 TCTTCTTTACGTACATTACATGCATATTAGCATA 
A.A . 

Fraoment 2 

LEG 3 TTTCTACGATACCAGCATC^ACAAGGAGGAAAGCAAGAACAAGAAAATGAAGGCAAC 
A.A. F L J R Y Q H Q Q G G K Q E Q E N E G N 

V 

LEG 3 AACATTTTCAGTGGCTTCAAGAGGGTTTTCTTGGAAGATGCTTTCAACGT6AACG6C 
A.A. N I F S G F K R ^ F L E D A F N v N G ^ 

LEG 3 TATATAGTAGACA6ACTTCAAGGCAG6AATGAAGACGAAGAGATTGGAGCCATTGTC 
A.A. Y I V D R L Q G R N E D E E I G A I U 

Fraoment 3 

LEG 3 CAA6A6GAAGATGAAGAT6AA6AGAAGCAGCC6CGCCACCAGAGAGGCAGCAGACAA 
A.A. Q E E D E D E E K Q P R H Q R G S R Q 

LEG 3 GAGGAAGAGGAAGAT6AAGATGAAGAGAGGCAGCCGCGTCATCAAA6GAGAAGAGGA 
A.A. E E E E D E D E E R Q P R H Q R R R G 

LEG 3 6A6GAG 
A.A. E E 

Fig 38 
Fragment 4 

LEG 3 CTCAAACTAAGTGCTGAGCATGGATCTCTCCACAAA>GTAT 
A.A . L K L S A E H G S L H K 

Fragment 5 

LEG 3 GATAGAGCTGGTATTGC^AGACTTGCAGGGACATCATCAGTTATAAATAATCTGCCG 
A . A . D R A G I A R L A G T S S v I N N L P 

LEG 3 TTGGAT6TGGTTGCA6CTACATTCAACCTGCAGAGGAATGAGGCAAGGCAGCTCAAG 
A.A. L D V V A A T F N L Q R N E A R Q L K 

LEG 3 TCCAACAATCCCTTCAAATTTCTA6TTCCAGCTCGTCAGTCT6AGAACAGAGCTTCG 
A.A. S N N P F K F L v P A R Q S E N R A S 

LEG 3 GCTTAGATTTCGCACCAAATCAATGAAAGTAATGAATAA6AAAACTAA6GCTTA6AT 
A.A. A Amb. 

LEG 3 GCCTTTGTTACTTGTGTAAAATAACTCGAGTCATGTACCTTTTTGCGGAAACAGAAT 
A a A B B e a a t o a a o a a a t i B o a o a a o a a o a m m o m o o o a a a a a a v a a a B a B a a t B o w B a a o t o a 

LEG 3 AAATAAAAGGTAAAATTTCAGTGCTCTATGCTTTTCTACTCCAAGTTA 
A.A. 



TABLES 



1 0 8 

T a b l e 1 

I n v i t r o p a c k a g i n g , e f f i c e n c i e s u s i n g d i f f e r e n t s u b s t r a t e s . 

S U B S T R A T E P l a q u e s / u g 

1 P h a g e b u f f e r 8 
2 p B R 3 2 2 DNA 0 
3 P e a DNA 8 
4 L 4 7 a r m s DNA 1 x 10 2 
5 L 4 7 n a t i v e DNA 4 >: 18« 
6 L 4 ? DNA, r e s t r i c t e d 

w i t h BamHl a n d l i g a t e d 2 x 1 8 7 

T a b l e 2 

D e t e r m i n a t i o n of t h e opt imum r a t i o o f p h a g e a r m s t o p e a DNA i n s e r t s 

w h i c h p r o d u c e d t h e maximum number o f r e c o m b i n a n t s . 

A r m s : I n s e r t s 5K L 9 5 '/. R e c o m b i n a n t 

1 0 . 5 : 1 2 . 4 x 1 0 " 9 . 6 x 1 0 3 40 
2 1 : 1 4 . 7 x 1 8 * 3 . 6 x 1 0 4 76 
3 2 : 1 6 . 4 x 1 0 4 1 . 7 x 1 0 4 26 
4 3 : 1 6 . 3 x 1 0 4 1 . 9 X 1 0 4 38 
5 L i g a t e d a r m s 3 . 8 x 1 0 3 8 8 

U n l i g a t e d a r m s 8 0 8 
t' L 4 7 v e c t o r 6 . 6 x 1 8 * 0 0 

T o t a l DNA c o n c e n t r a t i o n i n l i g a t i o n s w a s 200 V-q / m l . T i t r e s a r e 

e x p r e s s e d p e r l l g . 

T a b l e 3 

C o n s t i t u e n t s o f a / m i n i ' o e n e l i b r a r y l i o a t i o n 

R e a c t a n t s V o l u m e / H I s . 

5 Mg L 4 7 a r m s DNA 1 4 . 3 
3 Mg S a u 3A c l e a v e d p e a DNA 6 . 0 
10X L i g a s e b u f f e r 3 . 2 
10mM ATP 3 . 2 

T4 1 i g a s e <4WU) 4 . 8 
H 0 1 . 3 

T o t a l DNA c o n c e n t r a t i o n i n t h e l i g a t i o n w a s 280 I'g/rnl . 
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T a b l e 4 

c l o n e s 1, 2 a n d D H A 1 h y b r i d i s i n o to pHA 1. 

Bam HI / H i n d 3 B g l 1 / H i n d 3 H i n d 3 
R i b o 1 R i b o 2 pHA 1 R i b o 1 R i b o 2 pHA 1 R i b o 1 R i b o 2 pHA 

4 . 8 4 . 0 4 . 1 4 . 1 4 . 2 8 . 3 8 . 3 8 . 8 
8 . 1 

3 . 0 
2 . 5 2 . 5 3 . 8 2 . 2 2 . 2 2 . 4 
2 . 4 2 . 4 2 . 6 1 . 9 1 .9 2 .1 
1 . 3 1 .4 1 .4 
1 .2 1 .4 1 . 3 
8 . 6 5 1.4 0 . 4 5 

Bg l 2 / H i n d 3 

R i b o 1 R i b o 2 pHA 1 
4 . 2 4 . 2 4 . 6 
4 . 1 
2 . 8 2 . 0 2 . 2 

T a b l e 5 

A c o m p a r i s o n o f t r a o m e n t s i n a e n o m i c p e a DNA h y b r i d i s i n o . t o t h e 

l e o u m i n c o d i n o s e q u e n c e s o-f cDNA 2 . 2 . 4 . ( C r o y e t a l 1982) . a n d pAS 2 . 

P r o b e 2 . 2 . 4 . pAS 2 2 . 2 . 4 . pAS 2 pAS 2 

DNA c l e a v e d w i t h E c o R l E c o R l H i n d 3 H i n d 3 Bam H l / E c o R l 

F r a g m e n t s i z e s ( K b ) 1 4 . 0 1 4 . 0 4 . 2 4 . 15 1 0 . 2 
1 2 . 0 1 2 . 0 2 . 5 2 . 6 9 . 5 

1 1.0 3 . 5 6 . 4 
9 . 5 4 . 9 5 
8 . 6 4 . 15 

7 . 7 3 . 6 
6 . 6 

4 . 2 4 . 2 



1 1 0 

T a b l e 6 

C o m p a r i s o n o-f t h e s e q u e n c e a r o u n d IMS 1 a n d 1US 3 w i t h p l a n t a n d 

a n i m a l i n t r o n / e x o n b o u n d a r y c o n s e n s u s s e q u e n c e s . 

- 3 - 2 -1 

P l a n t X T G 
An imal A / C A G 
L E G I V S 1 A A G 
L E G I V S 3 T A T 

EXON 

+ 1 *2 +3 + 4 +5 +6 

G T A A G T 
G T A A 6 T 
G T T A C T 
G T T T T T 

— > 
INTRON 

X = a n y n u c l e o t i d e 
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B e f o r e t h e a d v e n t o f r e c o m b i n a n t ONA t e c h n o l o g y , t h e i s o l a t i o n 

o f s i n g l e c o p y s t r u c t u r a l g e n e s -from e u c a r y o t i c genomes w a s c o n s i d e r e d 

an i m p o s s i b l e t a s k . H o w e v e r , a l o n g w i t h t h e d i s c o v e r y o f DNA 

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

h e l p e d to make t h i s g o a l a p r a c t i c a l r e a l i t y . F i r s t p r o c e d u r e s f o r 

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

r e c o m b i n a n t s w e r e d e v e l o p e d ( B e n t o n a n d D a v i s 1 9 7 7 ) . S e c o n d , a 

v a r i e t y o f v e c t o r s i n w h i c h l a r g e a m o u n t s o f DNA c o u l d be c l o n e d w e r e 

c o n s t r u c t e d ( B l a t t n e r e_t aj_ 1 9 7 7 , L e d e r §_t aj_ 1 9 7 7 , Hohn a n d M u r r a y 

1 9 7 7 ) . T h i r d , i n v i t r o p a c k a g i n g s y s t e m s w e r e d e v e l o p e d , w h i c h 

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

d e r i v e d v e c t o r s c o u l d be i n t r o d u c e d i n t o b a c t e r i a l c e l l s (Hohn a n d 

M u r r a y 1 9 7 7 , S t e r n b e r g e t aj_ 1977) . 

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

l ambda v e c t o r s w a s r e p o r t e d by M a n i a t i s e t a_l_ ( 1 9 7 8 ) , and t h e 

p r i n c i p l e s e l u c i d a t e d i n t h i s p a p e r h a v e b e e n u s e d i n a l l s u b s e q u e n t 

l i b r a r y c o n s t r u c t i o n s . C e n t r a l to t h i s i s t h e c h o i c e of c l o n i n g 

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

DNA f r o m t h e genome u n d e r s t u d y . I n t h e M a n i a t i s m e t h o d , ( M a n i a t i s e t 

a l 1 9 7 8 ) , a C h a r o n p h a g e ( B l a t t n e r e t aj_ 1 9 7 7 ) , w a s u s e d a s an E c o R l 

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

s h e a r i n g o r by non l i m i t d i g e s t i o n w i t h r e s t r i c t i o n e n z y m e s w h i c h 

p r o d u c e d b l u n t e n d s . T h e s e f r a g m e n t s w e r e t h e n s i z e f r a c t i o n a t e d , 

m e t h y l a t e d w i t h E c o R l m e t h y l a s e , a n d h a d E c o R l l i n k e r s l i g a t e d to 

t h e i r t e r m i n i , b e f o r e b e i n g c l e a v e d w i t h E c o R l a n d t h e r e s u l t a n t 

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

u s e d i n an a t t e m p t t o c o n s t r u c t a random l i b r a r y i n w h i c h no 

p a r t i c u l a r s e q u e n c e w a s u n d e r r e p r e s e n t e d . O t h e r w o r k e r s h a v e u s e d 
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t h e C h a r o n s e r i e s o-f v e c t o r s to c o n s t r u c t g e n e l i b r a r i e s (Kemp e_t a l 

1 9 7 9 , R o b b i n s §_t a_l_ 1 9 7 9 , B l a t t n e r e_t a_l_ 1 9 7 8 , L e w i s s± a_j_ 1 9 8 1 , 

F i s c h e r a n d G o l d b e r g 1 9 8 2 , N a g a o e t a j . 1 9 8 1 ) , b u t i n mos t c a s e s , t h e s e 

l i b r a r i e s h a v e been non random i n t h e o r y , s i n c e d i g e s t i o n o-f t h e 

g e n o m i c DNA w i t h E c o R l w a s p e r - f o r m e d b e - f o r e l i g a t i o n i n t o t h e v e c t o r 

( s e e b e l o w ) . 

A n o t h e r v e c t o r w h i c h h a s b e e n w i d e l y u s e d to c l o n e - f r a g m e n t s 

o-f e u c a r y o t i c DNA i s xg tWES ( L e d e r e t a j . 1 9 7 7 ) . A l t h o u g h t h s v e c t o r 

h a s b e e n u s e d i n c l o n i n g u n i q u e p i e c e s oi DNA, i t i s l e s s u s e - f u l i n 

t h e c o n s t r u c t i o n o-f random g e n e l i b r a r i e s , s i n c e i t l a c k s s i t e s -for 

Bam H I , a n d t h u s - f r a g m e n t s p r o d u c e d by random c l e a v a g e u s i n g non l i m i t 

d i g e s t i o n w i t h t h e enzyme S a u 3A c a n n o t be c l o n e d . A s e x p l a i n e d i n 

t h e i n t r o d u c t i o n , p a r t i a l c l e a v a g e o-f DNA w i t h a f r e q u e n t l y c l e a v i n g 

e n z y m e s u c h a s S a u 3A w h i c h r e c o g n i s e s a 4 b a s e p a i r s e q u e n c e , i s t h e 

e a s i e s t m e t h o d o-f p r o d u c i n g r a n d o m l y c l e a v e d DNA. I n a d d i t i o n , i t h a s 

t h e a d v a n t a g e t h a t - f r a g m e n t s w i t h S a u 3A c o h e s i v e e n d s c a n be l i g a t e d 

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

t i n k e r i n g , o r m e t h y l a t i o n o-f g e n o m i c DNA, a s w a s n e c e s s a r y i n t h e 

M a n i a t i s 1 i b r a r y . 

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

l i b r a r i e s , by c l o n i n g S a u 3A p a r t i a l d i g e s t s o-f g e n o m i c DNA i n t o t h e 

Bam HI s i t e o-f t h e v e c t o r , h a v e b e e n d e s c r i b e d ( K a r n a n d B r e n n e r 1 9 8 8 , 

L o e n e n a n d Brammar 1 9 8 8 , M i z u s a w a a n d Ward 1 9 8 2 , Rimm e_t aj_ 1 9 8 8 ) . 

T h e v e c t o r s d e s c r i b e d by K a r n £_t i j _ ( 1 9 8 8 ) a n d L o e n e n a n d Brammar 

( 1988) r e l y on t h e r e p l a c e m e n t o-f t h e c e n t r a l r e g i o n o-f p h a g e l ambda 

d e r i v a t i v e s , w h i c h c o n t a i n s t h e r e d a n d gam g e n e s , by - f o r e i g n DNA. 

R e c o m b i n a n t s p r o d u c e d u s i n g t h e s e v e c t o r s a r e t h e r e - f o r e r e d - g a m - , and 
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c o n s e q u e n t l y e x h i b i t t h e S p i - p h e n o t y p e , i . e . t h e y w i l l grow i n 

b a c t e r i a l h o s t s l y s o g e n i c -for t h e p h a g e P2 ( s e e i n t r o d u c t i o n ) . Non 

r e c o m b i n a n t s a r e t e r m e d S p i + , s i n c e t h e p r o d u c t s of t h e e x o , b e t , a n d 

gam g e n e s o f X i n t e r a c t w i t h t h e o l d g e n e p r o d u c t o f p h a g e P 2 , l e a d i n g 

to i n h i b i t i o n o f g r o w t h ( L i n d a h l e t aj_ 1 9 7 8 ) . T h u s , g r o w t h of a 

r e c o m b i n a n t on a h o s t l y s o g e n i c f o r p h a g e P 2 p r o v i d e s a s e l e c t i o n 

s y s t e m . A l t h o u g h b o t h t h e s e v e c t o r s c a n be u s e d t o c l o n e l o n g 

f r a g m e n t s o f DNA, X 1959 ( K a r n e t a j . 1986) h a s a m a j o r 

d i s a d v a n t a g e i n t h a t i t c o n t a i n s t h e pBR 3 2 2 o r i g i n o f r e p l i c a t i o n . 

A l t h o u g h t h i s a l l o w s t h e c l o n e t o be p r o p a g a t e d a s a p l a s m i d ( p h a s m i d ) 

i n X l y s o g e n s , t h e p r e s e n c e of t h e p B R 3 2 2 s e q u e n c e i n t h e v e c t o r m a k e s 

t h e s c r e e n i n g o f l i b r a r i e s c o n s t r u c t e d i n x 1059 d i f f i c u l t i f n o t 

i m p o s s i b l e , s i n c e m o s t cDNA p r o b e s a r e c o n s t r u c t e d u s i n g pBR 3 2 2 o r 

i t s d e r i v a t i v e v e c t o r s . A s cDNA i n s e r t s c a n n e v e r be c o m p l e t e l y 

p u r i f i e d away f r o m t h e v e c t o r s e q u e n c e , s p u r i o u s h y b r i d i s a t i o n ( f a l s e 

p o s i t i v e s ) d u e to pBR 322 h o m o l o g y b e t w e e n p r o b e a n d c l o n e i s bound to 

o c c u r . F o r t h i s r e a s o n , X L 4 7 ( L o e n e n a n d Brammar 1 9 8 8 ) , w h i c h d o e s 

n o t h a v e t h i s p B R 3 2 2 s e q u e n c e , w a s c h o s e n a s a v e c t o r to c o n s t r u c t t h e 

P i sum s a t i v u m L . g e n e l i b r a r y . 

I t i s d e s i r a b l e , i n a c l o n i n g e x p e r i m e n t , t o r e d u c e t h e number 

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

i n t h e t o t a l number o f c l o n e s w h i c h h a v e t o be s c r e e n e d f o r t h e 

s e q u e n c e o f i n t e r e s t . T h i s i s u s u a l l y d o n e , i n t h e c a s e o f a 

b a c t e r i o p h a g e v e c t o r , by i s o l a t i n g t h e a n n e a l e d a r m s of t h e p h a g e . I n 

t h i s w o r k , t h e r i g h t a n d l e f t e n d s o f x L 4 7 ( F i g 1) w e r e a n n e a l e d by 

t h e i r c o s e n d s , a n d T 4 l i g a s e u s e d t o c o v a l e n t l y s e a l t h e s i n g l e 

s t r a n d e d n i c k s l e f t a f t e r a n n e a l i n g . A f t e r c l e a v a g e w i t h Bam HI to 

e x c i s e t h e c e n t r a l r e p l a c e a b l e f r a g m e n t ( F i g 1 ) , t h e a r m s ( F i g 2) w e r e 
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s e p a r a t e d -from t h e r e p l a c e a b l e - f ragment by c e n t r i - f u g a t i o n t h r o u g h a 

g l y c e r o l d e n s i t y g r a d i e n t . T h e s u c c e s s f u l a n n e a l i n g and l i g a t i o n of 

t h e X L 4 7 a r m s i s shown i n F i g 3 , and an a n a l y s e s o f f r a c t i o n s o b t a i n e d 

f r o m t h e g l y c e r o l g r a d i e n t ( F i g 4) i n d i c a t e s t h a t t h e a r m s w e r e 

p u r i f i e d , a s j u d g 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 ( F i g 5 ) . 

A s o n l y DNA m o l e c u l e s o f t h e c o r r e c t l e n g t h ( b e t w e e n 38 a n d 5 3 

Kb l o n g ) w i l l be p a c k a g e d ( F e i s s e_t a j . 1 9 7 7 ) , t h e u n l i g a t e d v e c t o r 

a r m s s h o u l d n o t be p a c k a g e d , a s t h e y a r e o n l y 34 k b i n l e n g t h ( F i g 2 ) . 

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

o f c o n c a t e n a t e s o f DNA, w h i c h a r e t h e s u b s t r a t e s f o r i_n v i t r o 

p a c k a g i n g ; h o w e v e r , c l e a v a g e a t t h e c o s s i t e s o f t h e s e m o l e c u l e s w i l l 

p r o d u c e f o r m s w h i c h a r e e i t h e r t o o s m a l l o r t o o l a r g e to be p a c k a g e d 

( F i g 6 ) . H e n c e , o n l y r e c o m b i n a n t m o l e c u l e s , i n w h i c h DNA h a s b e e n 

i n s e r t e d a t t h e Bam HI s i t e s , w i l l be t h e r i g h t s i z e f o r p a c k a g i n g 

i n t o p h a g e p a r t i c l e s ( F i g 7 a n d 8 ) . 

A s s t a t e d e a r l i e r , a n o t h e r e s s e n t i a l f a c t o r i n t h e 

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

p a c k a g i n g s y s t e m , a s i t a l l o w s e f f i c e n c i e s of a t l e a s t two o r d e r s o f 

m a g n i t u d e a b o v e t h o s e o b t a i n e d by C a C ^ t r a n s f e c t i o n ( T h o m a s e t aj_ 

1974 a n d i n t r o d u c t i o n ) . B e f o r e i t c a n b e u s e d i n p a c k a g i n g DNA f o r a 

g e n e l i b r a r y , t h e s y s t e m m u s t a ) h a v e e f f i c e n c i e s of 1 8 7 p f u / M g or 

h i g h e r when i n t a c t x DNA i s u s e d a s a s u b s t r a t e a n d b) m u s t n o t show 

a n y p a c k a g i n g d u e t o t h e p r e s e n c e of e n d o g e n o u s X DNA i n t h e e x t r a c t s . 

T h e p a c k a g i n g s y s t e m u s e d i n t h i s p r o j e c t s a t i s f i e d b o t h t h e a b o v e 

c r i t e r i a , s i n c e 1) t h e p a c k a g i n g e f f i c e n c y w a s 4 x 1 8 s p f u / H g ( T a b l e 

1) , a t l e a s t 2 o r d e r s o f m a g n i t u d e a b o v e t h a t r e p o r t e d by M a n i a t i s e_t 

a l ( 1 9 7 8 ) , a n d 2) no e n d o g e n o u s DNA w a s p a c k a g e d ( T a b l e 1) . T h e 
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e f f i c e n c y of p a c k a g i n g , a l t h o u g h h i g h , v a r i e d b e t w e e n p r e p a r a t i o n s , 
a n d i t w a s f o u n d t h a t t h e m o s t c r i t i c a l s t e p i n d e t e r m i n i n g t h i s w a s 
t h e s o n i c a t i o n o f t h e i n d u c e d p r e p a r a t i o n o f s o n i c l y s a t e . T o o l i t t l e 
s o n i c a t i o n r e s u l t e d i n i n s u f f i c e n t l y s i s o f c e l l s , a n d t h e r e f o r e 
d e c r e a s e d a v a i l a b i l i t y o f p h a g e p a r t i c l e s , w h i l e t o o much s o n i c a t i o n 
l e d t o t h e d i s r u p t i o n of t h e l i b e r a t e d p h a g e c o m p o n e n t s ( r e s u l t s n o t 
s h o w n ) . B o t h f a c t o r s l e d t o a d e c r e a s e i n p a c k a g i n g e f f i c e n c y . T h e 
o t h e r c r i t i c a l s t e p i n t h e p r e p a r a t i o n o f p a c k a g i n g e x t r a c t s w a s 
i n d u c t i o n ; c e l l s h a d t o b e i n t h e e x p o n e n t i a l p h a s e o f g r o w t h a n d t h e 
h e a t s t i m u l u s h a d t o be r a p i d l y a p p l i e d , o t h e r w i s e t h e c u l t u r e s w e r e 
n o t e f f i c e n t l y i n d u c e d . T y p i c a l g r o w t h c u r v e s of t h e two e x t r a c t s , 
w h i c h l e d t o h i g h p a c k a g i n g e f f i c e n c i e s , a r e shewn i n F i g 9 . T h e 
s p e c i f i c i t y o f t h e s y s t e m f o r DNA m o l e c u l e s w i t h c o s s i t e s w a s 
d e m o n s t r a t e d , s i n c e m o l e c u l e s l a c k i n g t h e s e s i t e s , e . g . pBR 3 2 2 a n d 
p e a DNA, w e r e n o t p a c k a g e d . T h e p a c k a g i n g e f f i c e n c y f e l l to a b o u t 2 x 
1 8 7 p f u / l ' g when c l e a v e d a n d r e l i g a t e d X L 4 7 DNA w a s u s e d a s a s u b s t r a t e 
( T a b l e 1 ) ; t h i s i s b e c a u s e a v a r i e t y o f d i f f e r e n t c o m b i n a t i o n s o f 
f r a g m e n t s a r e made i n a l i g a t i o n r e a c t i o n , o n l y a few of w h i c h f o r m 
v i a b l e p h a g e . I n a n y c a s e , t h i s v a l u e w a s 4 o r d e r s o f m a g n i t u d e 
h i g h e r t h a n t h a t o b t a i n e d when a s i m i l i a r c l e a v e d and r e l i g a t e d DNA 
s u b s t r a t e w a s u s e d i n a C a C l . , t r a n s f e c t i o n ( M a n d e l a n d H i g a 1970) . 

T h e p r e p a r a t i o n o f t h e a n n e a l e d a r m s o f x L 4 7 and t h e 

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

o n e a d d i t i o n a l component - t h e p a r t i a l l y d i g e s t e d p e a DNA, w a s 

n e c e s s a r y , b e f o r e t h e g e n e l i b r a r y c o u l d be c o n s t r u c t e d . DNA u s e d i n 

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

n u c l e a s e c o n t a m i n a t i o n , a n d w i t h f e w o r no s i n g l e s t r a n d b r e a k s . I t 

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

c h I o r o p l a s t s . S i n c e t h e a i m o f t h i s work w a s to p r e p a r e a t o t a l g e n e 

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

t i s s u e w a s c h o s e n a s an a b u n d a n t a n d c o n v e n i e n t s o u r c e o f m a t e r i a l . 

T h e u l t r a v i o l e t a b s o r b a n c e s p e c t r u m o f a s a m p l e o f t h i s DNA, t o g e t h e r 

w i t h t h e A 2 5 Q / A 2 £ , o r « t i ° o b t a i n e d , s h o w e d t h e h i g h p u r i t y o f t h e DNA 

p r e p a r a t i o n , a n d i n d i c a t e d t h a t c o n t a m i n a t i o n w i t h p r o t e i n a n d p h e n o l 

w a s n e g l i g i b l e ( F i g 1 8 ) . A s j u d g e d by g e l e l e c t r o p h o r e t i c a n a l y s i s , 

t h e m a j o r i t y o f t h e DNA w a s of a s i z e g r e a t e r t h a n 58 kb ( F i g 1 1 ) . I t 

i s i m p o s s i b l e t o a c c u r a t e l y e s t i m a t e DNA s i z e s g r e a t e r t h a n 58 k b , a s 

t h e r e s o l u t i o n o f a g a r o s e g e l s i n t h i s r e g i o n i s v e r y p o o r . No 

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

i n c u b a t i o n o f a s a m p l e o f t h i s DNA i n r e s t r i c t i o n e n z y m e b u f f e r a t 3 7 ° C 

f o r 1 h s h o w e d no a p p r e c i a b l e d e g r a d a t i o n ( F i g 1 1 ) . H o w e v e r , i t w a s 

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

r e q u i r e d c o n d i t i o n s d i f f e r e n t t o t h o s e p r e s e n t i n t h i s e x p e r i m e n t . 

T h e DNA w a s e a s i l y c l e a v e d by r e s t r i c t i o n endonuc1 e a s e s , i n d i c a t i n g 

t h a t no i n h i b i t i n g m a t e r i a l s w e r e p r e s e n t i n t h e p r e p a r a t i o n , i n d e e d , 

t h e p r e s e n c e o f f a m i l i e s o f s e q u e n c e s b o u n d e d by Bam HI s i t e s w a s 

c l e a r l y s e e n ( F i g 11 t r a c k 6 ) . T h e e x t e n t o f s i n g l e s t r a n d n i c k i n g o f 

t h e p e a DNA p r e p a r a t i o n w a s a l s o t e s t e d by u s i n g t h e DNA i n a DNAse 

f r e e n i c k t r a n s l a t i o n r e a c t i o n , to a s s a y t h e p e r c e n t i n c o r p o r a t i o n o f 

l a b e l , t h i s w a s f o u n d to be 3 X o f t h a t o b t a i n e d when DNAse 1 w a s u s e d 

i n t h e e x p e r i m e n t ( r e s u l t s n o t s h o w n ) . T h u s , s i n g l e s t r a n d b r e a k a g e 

of t h e DNA w a s a s s u m e d to be n e g l i g i b l e . 

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

e s t a b l i s h e d ( F i g 1 2 ) . T h e maximum amount o f 15 - 28 kb f r a g m e n t s 

a p p e a r e d t o b e i n t r a c k 7 a s j u d g e d by t h e i n t e n s i t y o f f l u o r e s c e n c e . 



117 

H o w e v e r , a s S e e d e t aj_( 1982) h a v e c a l c u l a t e d , t h i s f r a c t i o n r e p r e s e n t 

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

s e q u e n c e s i n a l i b r a r y . T h e r e f o r e , t r a c k 8 , w h i c h u s e d h a l f t h e 

amount o f e n z y m e a s i n t r a c k 7 a c t u a l l y y i e l d e d t h e g r e a t e s t number o f 

m o l e c u l e s i n t h e d e s i r e d s i z e r a n g e . On t h e b a s i s o f t h i s , 4 l a r g e 

s c a l e d i g e s t i o n s o f p e a DNA w e r e p e r f o r m e d ( F i g 13) a n d p o o l e d , u s i n g 

6 . 5 , 8 , 1 a n d 2 t i m e s t h e amount o f S a u 3A w h i c h y i e l d e d t h e maximum 

amount o f 15 - 28 Kb f r a g m e n t s . T h i s w a s d o n e i n o r d e r to r a n d o m i s e 

t h e 15 - 28 k b s i z e f r a c t i o n a t e d DNA p o p u l a t i o n , by e n s u r i n g t h a t 

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

by S a u 3A w e r e i n c l u d e d i n t h e p r e p a r a t i o n f o r c l o n i n g e . g . t h e 15 _ 

20 k b f r a c t i o n i n t r a c k 3 F i g 13 c o n t a i n e d m o l e c u l e s w h i c h w e r e 

r e l a t i v e l y e a s i l y c l e a v e d by S a u 3 A , w h i l e t r a c k 6 c o n t a i n e d a 

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

A f t e r u n l o a d i n g t h e g r a d i e n t < F i g 1 4 ) , t h e f r a c t i o n s w e r e c h e c k e d t o 

o b t a i n t h e c o r r e c t s i z e r a n g e f o r c l o n i n g . Good s e p a r a t i o n of t h e 

v a r i o u s s i z e s o f DNA w a s o b t a i n e d ( F i g 1 5 ) , a n d a p p r e c i a b l e 

q u a n t i t i e s o f DNA i n t h e c o r r e c t s i z e r a n g e w e r e o b t a i n e d ( F i g 1 6 ) . 

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

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

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

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

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

l i b r a r i e s w h i c h w e r e p r e v i o u s l y c o n s i d e r e d t o be c o m p l e t e ( L a w n ejt a j , 

1 9 7 8 ) , a n d new l i b r a r i e s , u s i n g d i f f e r e n t r e s t r i c t i o n e n z y m e s a n d 

d i g e s t i o n c o n d i t i o n s , h a v e h a d to be c o n s t r u c t e d b e f o r e t h e d e s i r e d 

s e q u e n c e c o u l d be i s o l a t e d . 

When l i g a t i n g t o g e t h e r t h e v e c t o r a r m s and S a u 3A c l e a v e d DNA, 
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two - f a c t o r s h a v e t o be c o n s i d e r e d 1) t h e m o l a r r a t i o o-f a r m s to 

i n s e r t s a n d 2 ) t h e c o n c e n t r a t i o n o-f t h e two DNA s p e c i e s . A s shown i n 

F i g 7 , t h e i d e a l s u b s t r a t e -for XD. v i t r o p a c k a g i n g i s a c o n c a t e m e r o-f 

t h e -form Ie - f t arm — i n s e r t — r i g h t a r m . S i n c e e a c h v e c t o r h a s o n l y 

o n e t e r m i n u s c o m p a t i b l e w i t h t h e two t e r m i n i o-f t h e i n s e r t , i n t h e o r y , 

a 2 : 1 m o l a r r a t i o o-f a r m s t o i n s e r t s s h o u l d g i v e an e q u i m o l a r amount 

o-f t h e two s p e c i e s o-f l i g a t a b l e t e r m i n i . H o w e v e r , t h i s a s s u m e s an 

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

h a v e c o h e s i v e t e r m i n i . S i n c e some m o l e c u l e s w i l l h a v e l o s t t h e i r 

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

w i l l a l t e r , a n d a s e r i e s o-f t e s t l i g a t i o n s w i t h v a r y i n g a r m s : i n s e r t 

r a t i o s w a s s e t up t o m o n i t o r t h i s ( T a b l e 2 ) . T h e DNA c o n c e n t r a t i o n i n 

t h e l i g a t i o n s w a s c h o s e n s o a s t o - f avour i n t e r m o l e c u l ar l i g a t i o n 

l e a d i n g t o t h e - f o r m a t i o n o-f c o n c a t e m e r s , o v e r s e l - f l i g a t i o n w h i c h 

l e a d s t o t h e c i r c u l a r i s a t i o n o-f t h e DNA s p e c i e s ( D u g a i c z a k §_t a_L 

1 9 7 5 ) . I n o r d e r to show t h a t a l l p o s s i b l e i n h i b i t o r s o-f l i g a t i o n h a d 

b e e n r e m o v e d , a n d t h a t t h e c o h e s i v e t e r m i n i g e n e r a t e d on t h e v e c t o r 

a n d p e a DNA w e r e c a p a b l e o-f l i g a t i o n , s m a l l a l i q u o t s o-f b o t h DNA 

s a m p l e s w e r e l i g a t e d a n d t h e p r o d u c t s a n a l y s 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 ( F i g 1 7 ) . B o t h v e c t o r a n d a r m s DNA w e r e s e e n to fo rm 

m o l e c u l e s o f x s i z e o r l a r g e r , i n d i c a t i n g t h a t c o n c a t e n a t e s h a d been 

f o r m e d . A l t h o u g h t h e s e t e s t l i g a t i o n s w e r e p e r f o r m e d a t 2 3 ° C f o r 2 h , 

i t i s g e n e r a l l y b e t t e r t o l i g a t e a t l o w e r t e m p e r a t u r e s ( 1 2 ° C ) f o r up t o 

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

a n d s t a b i l i s e s a n n e a l e d s e q u e n c e s ( D u g a i c z a k e_t aj_ 1 9 7 5 ) . 

T h e r e s u l t s o b t a i n e d i n T a b l e 2 s h o w e d t h a t a 1 : 1 m o l a r 

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

a s j u d g e d by t h e a b i l i t y o f t h e S p i - p h a g e t o f o r m p l a q u e s on t h e P 2 
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l y s o g e n E . c o l i s t r a i n L 9 5 . H o w e v e r , d i f f i c u l t i e s w e r e e x p e r i e n c e d 

when u s i n g L 9 5 a s a h o s t s t r a i n , and i t i s p o s s i b l e t h a t t h e f i g u r e o f 

76 V. r e c o m b i n a n t i s an u n d e r e s t i m a t e . When u s i n g 108 1*1 of p r e p a r e d 

c e l l s p e r t r a n s f e c t i o n ( s e e m e t h o d s ) , no p l a q u e s w e r e s e e n a f t e r an 

o v e r n i g h t i n c u b a t i o n on E . c o l i L 9 5 , a n d p l a q u e s w e r e o n l y s e e n i f t h e 

p l a t i n g b a c t e r i a w e r e r e d u c e d t o l / 3 8 8 t h t h e o r i g i n a l . E v e n s o , 

p l a q u e s w e r e g e n e r a l l y s m a l l , p o o r l y d e f i n e d , and d i f f i c u l t to s e e . 

O t h e r w o r k e r s u s i n g t h e X L 4 7 s y s t e m h a v e a l s o e x p e r i e n c e d s i m i l a r 

p r o b l e m s , a n d w o r k e r s i n t h i s l a b o r a t o r y h a v e f o u n d a s i m i l i a r 

s i t u a t i o n w i t h t h e c l o n i n g v e c t o r X g t W E S . B and t h e h o s t s t r a i n E . 

c o l i L E 3 9 2 ( C r o y . p e r s . c o m m . ) . A p o s s i b l e e x p l a n a t i o n of t h i s 

s i t u a t i o n m i g h t be t h a t E . c o l i L 9 5 h o s t c e l l s i n f e c t e d by 

r e c o m b i n a n t p h a g e do no t h a v e t h e same g r o w t h c h a r a c t e r i s t i c s a s 

u n i n f e c t e d c e l l s . I t i s known t h a t t h e i n t r o d u c t i o n of r e c o m b i n a n t 

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

t r a n s f o r m e d c e l l s . S i n c e b a c t e r i o p h a g e o n l y i n f e c t a n d 1 y s e c e l l s i n 

e x p o n e n t i a l p h a s e , i t i s p r o b a b l e t h a t by t h e t i m e l y s i s o f one 

i n f e c t e d E . c o l i L 9 5 c e l l o c c u r s , t h e s u r r o u n d i n g c e l l s h a v e a l r e a d y 

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

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

o f h o s t c e l l s w i l l be i n t h e e x p o n e n t i a l p h a s e a s l y s i s o c c u r s , 

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

A n o t h e r way o f a s c e r t a i n i n g t h e number of b a c k g r o u n d (non 

r e c o m b i n a n t ) p h a g e i s to p a c k a g e a l i g a t e d p r e p a r a t i o n o f v e c t o r a r m s . 

T h i s g a v e a f i g u r e o f 3 x 103 p f u / Hg - o n l y 8 . 0 8 1 V. o f t h a t 

o b t a i n e d when i n t a c t v e c t o r DNA w a s u s e d a s a s u b s t r a t e ( T a b l e 2 ) . No 

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

t h a t t h e non r e c o m b i n a n t p h a g e w e r e n o t d u e to t h e p r e s e n c e , i n t h e 

a r m s p r e p a r a t i o n , o f u n r e s t r i c t e d i n t a c t x DNA. T h u s , t h e b a c k g r o u n d 
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m u s t h a v e b e e n due t o t h e p r e s e n c e o-f s m a l l a m o u n t s o-f c o n t a m i n a t i n g 

r e p l a c e a b l e - f r a g m e n t , a l t h o u g h no b a n d s c o r r e s p o n d i n g to t h i s - f ragment 

w e r e s e e n i n an a g a r o s e g e l a n a l y s i s o-f t h e a r m s p r e p a r a t i o n ( F i g 5 ) . 

T i t e r i n g o-f t h e l i g a t e d p r e p a r a t i o n on E . c o l i s t r a i n L 95 r e s u l t e d 

i n no p l a q u e s , s h o w i n g t h a t - f o r e i g n DNA h a d n o t b e e n l i g a t e d i n t o t h e 

a r m s ( T a b l e 2 ) . O t h e r w o r k e r s ( M a n i a t i s e t a ! 1 9 7 8 , B l a t t n e r e_t a j . 

1 9 7 8 ) , h a v e a l s o r e p o r t e d t h e p r e s e n c e o-f a s m a l l p r o p o r t i o n o-f non 

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

l o w e r t h i s - f r a c t i o n b y , f o r e x a m p l e , p h o s p h a t a s i n g t h e v e c t o r a n d 

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

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

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

p r o p o r t i o n of non r e c o m b i n a n t s i s s o s m a l l t h a t i t c a n s a f e l y be 

i g n o r e d . 

T h e number o f r e c o m b i n a n t p h a g e p r o d u c e d p e r Hg o f l i g a t e d DNA 

w a s i n e x c e s s o f 3 x 19" p f u / u g ( T a b l e 2 ) , t h i s w a s a b o u t t h e same a s 

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

l i b r a r i e s by M a n i a t i s e t aj_( 1978) . U s i n g t h e e q u a t i o n d e r i v e d by 

C l a r k e a n d C a r b o n ( 1 9 7 6 ) , a n d a s s u m i n g t h a t 1) t h e P i sum s a t ivum L . 

genome h a s a s i z e o f 4 . 8 x 18? bp ( T h o m p s o n a n d M u r r a y 1981) a n d t h a t 

2 ) , t h e a v e r a g e s i z e o f t h e c l o n e d i n s e r t i s 16 k b , 1 .8 x 16 s-

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

s e q u e n c e w i t h a p r o b a b i l i t y of 99 'A. A s 3 x 1 8 4 r e c o m b i n a n t p h a g e p e r 

l*g w e r e p r o d u c e d i n t h e m o s t e f f i c e n t p a c k a g i n g , t h i s meant t h a t 48 Mgs 

of l i g a t e d DNA w e r e n e e d e d to c o n s t r u c t t h e c o m p l e t e p e a l i b r a r y . I n 

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

c l o n e s , i t w a s d e c i d e d to c o n s t r u c t t h e l i b r a r y i n a s e r i e s o f 8 m i n i 

l i b r a r i e s , e a c h o f w h i c h w o u l d be s c r e e n e d b e f o r e p r o c e e d i n g to t h e 
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c o n s t r u c t i o n o f t h e n e x t . T h e c o m p o s i t i o n o f t h e l i g a t i o n r e a c t i o n 

f o r o n e o f t h e s e m i n i l i b r a r i e s i s shown i n T a b l e 3 , and i t s 

s u c c e s s f u l l i g a t i o n , a s j u d g e d by t h e f o r m a t i o n o f DNA m o l e c u l e s 

l a r g e r t h a n X s i z e i s shown i n F i g 1 8 . S i x t e e n in v i t r o p a c k a g i n g 

r e a c t i o n s w e r e u s e d , e a c h to p a c k a g e 0 . 5 l*g o f l i g a t e d DNA. M a n i a t i s 

e t a l ( 1 9 7 8 ) c o n c e n t r a t e d and p u r i f i e d t h e p a c k a g e d p h a g e on C s C l s t e p 

g r a d i e n t s , bu t t h i s w a s no t d o n e i n t h e p r e s e n t work i n o r d e r to a v o i d 

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

f r a c t i o n s f r o m t h e g r a d i e n t . 

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

a s m a l l p o r t i o n ( 1 0 E p h a g e ) w a s p l a t e d o u t u s i n g t h e non s e l e c t i v e E . 

c o l i s t r a i n 5K a s a h o s t , a n d h y b r i d i s e d w i t h a l a b e l l e d pBR 3 2 2 

p r o b e . T h i s w a s d o n e t o c h e c k f o r c o n t a m i n a t i o n o f t h e l i b r a r y w i t h 

pBR 3 2 2 s e q u e n c e s , an o c c u r r e n c e w h i c h a p p e a r s t o be common i n m o s t 

l a b o r a t o r i e s w h e r e e x t e n s i v e work w i t h pBR 322 h a s t a k e n p l a c e d s n 

H o r o w i t z p e r s . c o m m . ) . F rom s u c h a s c r e e n i n g , two c l o n e s w e r e i s o l a t e d 

w h i c h c o n t a i n e d t h e w h o l e o f t h e pBR 3 2 2 m o l e c u l e p r e s e n t a s p a r t of a 

16 kb i n s e r t ( d a t a n o t s h o w n ) . T h i s c o n t a m i n a t i o n o c c u r r e d d e s p i t e 

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

r e a g e n t s a n d c l e a n l i n e s s of g l a s s w a r e . I t i s t h e r e f o r e i m p o r t a n t to 

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

common c l o n i n g v e c t o r s , e s p e c i a l l y pBR 3 2 2 , i n o r d e r t o g u a r d a g a i n s t 

t h i s k i n d o f c o n t a m i n a t i o n . T h e c h a n c e o f d e t e c t i n g s u c h 

c o n t a m i n a t i o n c a n be r e d u c e d i f p u r i f i e d i n s e r t DNA i s u s e d a s a p r o b e 

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

c a n n e v e r be w h o l l y s e p a r a t e d away f r o m v e c t o r s e q u e n c e s , t h e p r o b l e m 

s t i l l r e m a i n s . Due to t h e p o s s i b l e p r e s e n c e o f pBR 3 2 2 c o n t a m i n a n t s , 
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t h e l i b r a r y w a s no t a m p l i f i e d , a s t h i s w o u l d h a v e l e d to t h e 

a m p l i f i c a t i o n o f t h e pBR 322 c o n t a i n i n g c l o n e s and a c o n s e q u e n t 

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

r e s c r e e n e d . I n s t e a d , t h e l i b r a r y w a s p l a t e d o u t d i r e c t l y u s i n g E 

c o l i 5K a s a h o s t , to g i v e a b o u t 6 . 8 x 1 8 4 p h a g e p e r m e g a p l a t e . 

A l t h o u g h a h i g h e r p l a q u e d e n s i t y c o u l d h a v e b e e n u s e d ( B e n t o n a n d 

D a v i s 1 9 7 7 ) , t h i s w o u l d h a v e r e s u l t e d i n s m a l l p l a q u e s , and p l a t i n g 

o u t a t t h e l o w e r d e n s i t y a l l o w e d r e l a t i v e l y l a r g e p l a q u e s to f o r m , 

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

s i g n a l . 

T h e l i b r a r y w a s s c r e e n e d u s i n g i n t a c t 3 * P l a b e l l e d l e g u m i n cDNA 

p l a s m i d pDUB 8 ( l e g u m i n cDNA c l o n e d i n t o pBR 3 2 2 - L y c e t t e t aj_ 1984 

- F i g 2 5 ) , a s a p r o b e . T h e s e p a r a t i o n o f a t y p i c a l n i c k t r a n s l a t i o n 

l a b e l l i n g r e a c t i o n on a S e p h a d e x c o l u m n i s shown i n F i g 1 9 . 

I n c o r p o r a t i o n r a t e s o f 4 8 V. w e r e r o u t i n e l y o b t a i n e d . A f t e r 

a u t o r a d i o g r a p h y o f t h e s c r e e n e d f i l t e r s , 4 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 a m o n g s t 6 x 1 8 * p h a g e . I n o r d e r t o c h e c k w h e t h e r a n y o f t h e s e 

c o n t a i n e d c o n t a m i n a t i n g pBR 3 2 2 s e q u e n c e s , a l i q u o t s o f p h a g e w e r e 

h y b r i d i s e d s e p a r a t e l y a g a i n s t l a b e l l e d pBR 3 2 2 and t h e p u r i f i e d i n s e r t 

f r o m pDUB 8 ( F i g 28 a n d 2 1 ) . 3 o f t h e s e c l o n e s w e r e f o u n d t o 

h y b r i d i s e to pBR 3 2 2 , a n d w e r e no t a n a l y s e d f u r t h e r , w h i l e one 

h y b r i d i s e d t o t h e l e g u m i n cDNA i n s e r t a l o n e . T h i s c l o n e ( \ L E G 3 ) , w a s 

p u r i f i e d by r e p e a t e d s c r e e n i n g s a n d h y b r i d i s a t i o n s u n t i l 95 '/. o f t h e 

p l a q u e s on a p l a t e s h o w e d p o s i t i v e s i g n a l s ( F i g 2 2 ) . 

W i t h a p e a genome s i z e o f 4 . 8 x 18 * bp and a c l o n e d i n s e r t s i z e 

o f 16 k b , o n l y o n e i n 3 x 1 8 5 i n d e p e n d e n t r e c o m b i n a n t p h a g e w i l l c a r r y 

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

file:///LEG3
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DNA h a s shown t h a t a p p r o x i m a t e l y 4 c o p i e s o f t h e l e g u m i n g e n e a r e 

p r e s e n t i n t h e P i sum s a t i v u m L . genome ( C r o y e_t a l 1 9 8 2 ) , a n d s o o n e 

w o u l d e x p e c t t o i s o l a t e one o-f t h e s e i n e v e r y 7 . 5 x 1 8 * i n d e p e n d e n t l y 

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

I n o r d e r t o - f u r t h e r c h e c k t h e s e q u e n c e r e p r e s e n t a t i o n w i t h i n t h e 

l i b r a r y , s c r e e n i n g -for r i b o s o m a l DNA s e q u e n c e s u s i n g t h e p e a g e n o m i c 

r i b o s o m a l c l o n e pHA 1 a s a p r o b e ( C u e l l a r 1982) w a s c a r r i e d o u t . 

S c r e e n i n g o f 1 8 , 0 0 8 p h a g e -from t h e l i b r a r y r e s u l t e d i n t h e i s o l a t i o n 

o f a p p r o x i m a t e l y 8 5 h y b r i d i s i n g c l o n e s . A s s u m i n g t h a t t h e r e a r e 

a p p r o x i m a t e l y 3880 rRNA g e n e s i n t h e P i sum s a t ivum L . g e n o m e , ( I n g l e 

a n d S i n c l a i r 1 9 7 2 ) , o n e w o u l d e x p e c t t o i s o l a t e o n e i n e v e r y 188 

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

o b t a i n e d i n p r a c t i c e . A n a l y s i s o f two of t h e s e c l o n e s u s i n g 

r e s t r i c t i o n e n z y m e c l e a v a g e and S o u t h e r n b l o t t i n g ( F i g s 2 3 and 2 4 ) 

c o n f i r m e d t h a t t h e y w e r e i n d e e d r i b o s o m a l g e n e s , due to t h e c l o s e 

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

pHA 1 and r i b o s o m a l c l o n e s 1 and 2 ( T a b l e 4 ) . T h u s , i t w a s c o n c l u d e d 

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

A r e s t r i c t i o n c l e a v a g e map o f X L E 6 3 c o n s t r u c t e d u s i n g a 

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

e n z y m e s , s h o w e d t h a t t h e s m a l l e s t s i n g l e f r a g m e n t w h i c h h y b r i d i s e d to 

t h e l e g u m i n cDNA i n pDUB 6 w a s t h e 1 .8 Kb m o i e t y p r o d u c e d upon 

c l e a v a g e o f t h e c l o n e w i t h Xho 1 ( F i g s 2 6 a n d 2 7 ) . S i n c e t h e l e g u m i n 

s u b u n i t h a s a Mr o f a p p r o x i m a t e l y 6 8 , 8 8 8 ( C r o y e t a_L 1 9 7 9 ) , c o n s i s t i n g 

t h e r e f o r e o f a b o u t 5 8 8 a m i n o a c i d s ( e q u i v a l e n t to 1580 bp o f c o d i n g 

s e q u e n c e ) , i t w a s c o n s i d e r e d l i k e l y t h a t t h i s 1 .8 kb Xho 1 f r a g m e n t 

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

w e r e s m a l l . I n c o n f i r m a t i o n o f t h i s , h y b r i d i s a t i o n o f t h e l e g u m i n 
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cDNA pDUB 8 ( L y c e t t e t a_U984 and F i g s 2 5 it 3 7 ) , w h i c h c o d e d f o r mos t 

o f t h e b a s i c a n d 9 5 V. o f t h e a c i d i c s u b u n i t , t o a Xho 1 d i g e s t o f x L E G 

3 , f a i l e d t o show b i n d i n g to a n y a d d i t i o n a l f r a g m e n t ( d a t a no t s h o w n ) . 

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

s e q u e n c e w o u l d h a v e e x t e n d e d p a s t t h e 1 . 8 Kb X h o 1 f r a g m e n t , a n d 

h y b r i d i s a t i o n w i t h pDUB 8 s h o u l d h a v e d e t e c t e d t h i s . H o w e v e r , pDUB 3 

i s n o t a c o m p l e t e cDNA c l o n e ; i t l a c k s some of t h e s e q u e n c e e n c o d i n g 

t h e N t e r m i n u s of t h e a c i d i c l e g u m i n s u b u n i t . I f t h i s a d d i t i o n a l 5 ' 

s e q u e n c e h a d b e e n p r e s e n t on a f r a g m e n t a d j a c e n t to t h e 1 .8 Kb Xho 1 

m o e i t y o f x L E 6 3 , i t w o u l d be d i f f i c u l t t o d e t e c t by h y b r i d i s a t i o n 

m e t h o d s a l o n e . 

C r o y e t aj_ ( 1 9 8 2 ) , f o u n d 4 E c o R l f r a g m e n t s h y b r i d i s i n g to t h e 

l e g u m i n cDNA 2 . 2 . 4 , a n d t h e r e f o r e p o s t u l a t e d t h e e x i s t e n c e of a t l e a s t 

4 g e n e s c o d i n g f o r t h e f a m i l y o f l e g u m i n p r o t e i n s . I n o r d e r to s e e 

w h e t h e r x L E G 3 c o r r e s p o n d e d to a n y o f t h e s e f r a g m e n t s , g e n o m i c p e a DMA 

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

a g a i n s t t h e l a b e l l e d 1 .8 kb X h o 1 f r a g m e n t o f X L E G 3 ( F i g 2 9 ) . T h e 

a u t o r a d i o g r a p h p r o d u c e d ( F i g 3 0 ) , i n d i c a t e d t h a t a 6.6 kb s t r o n g l y 

h y b r i d i s i n g f r a g m e n t w a s p r e s e n t i n t h e E c o R l d i g e s t w h i c h d i d no t 

c o r r e s p o n d to a n y of t h e b a n d s o b t a i n e d by C r o y e t a l ( 1 9 8 2 ) . I n 

a d d i t i o n , t h e 7 . 7 Kb E c o R l f r a g m e n t s e e n by C r o y e_t aj_ ( 1 9 8 2 ) w a s no t 

o b s e r v e d i n t h i s e x p e r i m e n t . T h r e e w e a k l y h y b r i d i s i n g E c o R l 

f r a g m e n t s o f m o l . w t . 1 1 . 8 K b , 9 . 5 k b , a n d 8 . 6 k b w h i c h w e r e a l s o n o t 

p r e v i o u s l y o b s e r v e d , w e r e d e t e c t e d i n t h i s e x p e r i m e n t . I n c o n t r a s t , 3 

E c o R l f r a g m e n t s o f m o l . w t . 1 4 . 0 k b , 1 2 . 8 k b , a n d 4 . 2 kb w e r e f o u n d to 

be i d e n t i c a l i n b o t h e x p e r i m e n t s . T h e s e 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 5 . I t t h u s s e e m s l i k e l y t h a t t h e l e g u m i n g e n e f a m i l y c o n s i s t s 

o f m o r e t h a n f o u r q e n e s . ^ n e 
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a b s e n c e o f t h e p r e v i o u s l y s e e n 7 . 7 Kb - f ragment a n d t h e p r e s e n c e o f 

t h e p r e v T o u s l y u n o b s e r v e d 6 . 4 k b m o i e t y i n g e n o m i c E-eo R l d i g e s t s 

p r o b e d w i t h X L E G 3 ( F i g 3 0 ) , s u g g e s t s t h a t d i f f e r e n c e s b e t w e e n t h e 

n u c l e o t i d e s e q u e n c e s o f 2 . 2 . 4 a n d X L E G 3 m u s t e x i s t . A s i m i l i a r 

s i t u a t i o n m u s t a r i s e i n t h e c a s e o f t h e o t h e r 3 p r e v i o u s l y u n o b s e r v e d 

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

X L E G 3 i s e s s e n t i a l . 

C o m p a r i s o n o f t h e r e s t r i c t i o n map o f X L E G 3 w i t h t h e map o f 

t h e o t h e r 2 g e n o m i c l e g u m i n c l o n e s s h o w e d p o i n t s o f s i m i l a r i t y a n d . 

d i v e r g e n c e ( F i g 2 8 ) . T h e c l o n e s X L E G 2 a n d X L E G 1 ( C r o y e t a_l_ 1984) 

w e r e i s o l a t e d f r o m a l i b r a r y o b t a i n e d by i i g a t i n g p e a DNA p a r t i a l l y 

c l e a v e d w i t h E c o R l i n t o t h e b a c t e r i o p h a g e v e c t o r x gtWES ( T i e m e i r e t 

a l 1 9 7 6 ) . T h e E c o R l f r a g m e n t s c o n t a i n i n g t h e l e g u m i n g e n e w i t h i n 

t h e s e two c l o n e s c o r r e s p o n d e d t o t h e 12 Kb a n d t h e 7 . 6 kb f r a g m e n t s 

o b s e r v e d by C r o y gt, aj_ ( 1 9 8 2 ) i n d i g e s t s o f g e n o m i c DNA, t h u s s h o w i n g 

t h a t t h e y w e r e d i f f e r e n t f r o m t h e 6 . 4 k b E c o R l f r a g m e n t o f x L E G 3 , a s 

a l r e a d y f o u n d u s i n g g e n o m i c DNA h y b r i d i s a t i o n s t u d i e s ( F i g 3 9 ) . 

C o n v e r s e l y , x L E G 1, 2 a n d 3 a l l h a d a s m a l l H i n d 3 f r a g m e n t c o n t a i n i n g 

m o s t o f t h e l e g u m i n c o d i n g s e q u e n c e . H o w e v e r , t h e 2 . 7 kb H i n d 3 

f r a g m e n t i n x L E 6 3 w a s l o n g e r by a b o u t 9 . 4 6 k b a t i t s ?' e n d t h a n t h e 

c o r r e s p o n d i n g f r a g m e n t s i n x LEG1 and x L E G 2 ( F i g 2 8 ) . 

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

o f x L E G 3 , t h e 2 . 7 k b H i n d 3 f r a g m e n t ( F i g s 2 7 & 2 8 ) w a s l i g a t e d i n t o 

t h e p l a s m i d v e c t o r pUC 8 ( Y i e r a a n d M e s s i n g 1 9 8 2 ) , a n d t r a n s f o r m a n t s 

s e l e c t e d a s d e s c r i b e d i n t h e m e t h o d s . pUC 8 i s a u s e f u l v e c t o r to u s e 

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

p r e s e n t on t h e l i n k e r f r a g m e n t w i t h i n t h e p l a s m i d a l l o w s t h e i n s e r t i o n 
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o f - f o r e i g n DNA - f r a g m e n t s w i t h a w i d e v a r i e t y o-f t e r m i n i . 

H y b r i d i s a t i o n o-f pDUB 6 t o s i n g l e a n d d o u b l e r e s t r i c t i o n d i g e s t s o f 

pAS 2 ( F i g s 31 a n d 3 2 ) , e n a b l e d t h e c o n s t r u c t i o n o-f a d e t a i l e d 

r e s t r i c t i o n e n z y m e c l e a v a g e map ( F i g 3 3 ) . F i g 34 c o m p a r e s t h i s map 

w i t h t h a t o-f t h e cDNAs pDUB 6 he 8 . T h e s t r i k i n g s i m i l a r i t y b e t w e e n 

t h e d i s t r i b u t i o n o-f r e s t r i c t i o n s i t e s i n b o t h t h e cDNAs a n d t h e 

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

to t h e cDNA. T h e p r e s e n c e o-f two s m a l l i n t e r v e n i n g s e q u e n c e s 

( i n t r o n s ) i n t h e g e n o m i c s e q u e n c e w a s i n f e r r e d by a c l o s e e x a m i n a t i o n 

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

c l o n e ( F i g 3 5 ) . T h e E c o R5 - A c c 1 f r a g m e n t i n pAS 2 w a s a p p r o x i m a t e l y 

88 bp b i g g e r t h a n t h e c o r r e s p o n d i n g f r a g m e n t i n pDUB 8 , w h i l e t h e B s t 

N l - P s t 1 f r a g m e n t w a s a p p r o x i m a t e l y 99 bp b i g g e r t h a n i t s h o m o l o g u e 

i n pDUB 6. T h e s e p a r t i c u l a r f r a g m e n t s w e r e c h o s e n to l o o k f o r t h e 

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

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

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

p e r s . c o m m . ) . A n o t h e r i n t r o n , a t t h e 5" e n d o f t h e p e a l e g u m i n g e n e , 

w h o s e e x i s t e n c e w a s i m p o s s i b l e to d e d u c e d u e to t h e l a c k of t h e 

a p p r o p r i a t e r e s t r i c t i o n s i t e s , w a s l a t e r d i s c o v e r e d by DNA s e q u e n c i n g 

( s e e b e l o w ) . I t w a s r e c e n t l y s h e w n t h a t t h e s o y b e a n g l y c i n i n g e n e w a s 

s p l i t by t h r e e i n t r o n s o f 2 3 8 , 2 9 2 , a n d 6 2 4 bp ( N i e l s e n 1 V 8 4 ) . 

A l t h o u g h t h e s i z e s o f t h e i n t r o n s i n t h e x L E G 3 g e n e w a s n o t a c c u r a t e l y 

k n o w n , i t w a s o b v i o u s t h a t t h e y w e r e c o n s i d e r a b l y s m a l l e r than t h e 

o n e s i n t h e g l y c i n i n g e n e . S i n c e t h e p o s i t i o n o f t h e i n t r o n s i n t h e 

two g e n e s a p p e a r s to be i d e n t i c a l ( N i e l s e n p e r s . c o m m . ) , i t i s p o s s i b l e 

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



127 

d u p l i c a t i o n -from an a n c e s t r a l g e n e . T h i s t y p e o-f r e l a t i o n s h i p h a s 

b e e n s h o w n , a m o n g s t o t h e r s , -for t h e p l a n t a c t i n g e n e f a m i l y ( S h a h e t 

a l 1 9 8 3 ) . T h e d i f f e r e n c e i n i n t r o n l e n g t h b e t w e e n t h e c l o s e l y r e l a t e d 

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

i n t r o n e v o l u t i o n a r e l e s s s t r i n g e n t t h a n t h o s e g o v e r n i n g t h e e v o l u t i o n 

of s t r u c t u r a l c o d i n g s e q u e n c e s . 

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

f r e n c h b e a n s t o r a g e p r o t e i n p h a s e o l i n , r a n g i n g i n s i z e f r o m 72 to 188 

bp ( S u n e t a l 1 9 8 1 , S I i g h t o m e t a i 1 9 8 3 ) , f o u r ( b e t w e e n 8 5 to 132 

bp) i n t h e g e n e f o r s o y b e a n c o n g l y c i n i n ( S c h u l e r e t aj_ 1982) a n d t h r e e 

i n t h e s o y b e a n l e g h a e m o g l o b i n g e n e ( H y l d i g - N i e l s e n e_t a_|_ 1 9 8 2 ) . 

H o w e v e r , t h e o c c u r r e n c e o f i n t r o n s i n p l a n t g e n e s i s no t a u n i v e r s a l 

phenomenom, s i n c e t h e g e n e s f o r t h e m a i z e s t o r a g e p r o t e i n z e i n (Hu e t 

a i 1 9 8 2 , P e d e r s e n e t a i 1 9 8 2 , W i e n a n d e t a i 1 9 8 1 , P i n t o r - T o r o e t a i 

1 9 8 2 ) , h a v e b e e n shown t o l a c k i n t r o n s . T h e g e n e s f o r a n o t h e r s o y b e a n 

s e e d p r o t e i n - l e c t i n , a n d t h o s e f o r t h e s o y b e a n k u n i t z t r y p s i n 

i n h i b i t o r a l s o c o n t a i n no i n t r o n s ( P e d e r s e n 1 9 8 2 , - p e r s . comm. 

G o l d b e r g ) . T h u s , t h e s i t u a t i o n i n p l a n t s w i t h r e s p e c t to i n t r o n 

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

f o u n d i n a n i m a l s , w h e r e some g e n e s , n o t a b l y t h o s e f o r h i s t o n e s ( K e d e s 

e t a l 1974) and i n t e r f e r o n s ( N a g a t a e t a i 1980) a r e i n t r o n f r e e , 

w h i l s t o t h e r s a r e s p l i t t o v a r y i n g e x t e n t s ( s e e l a t e r ) . 

S e q u e n c i n g w a s u s e d a s a f i n a l a n d d e f i n i t i v e m e t h o d of g e n e 

i d e n t i f i c a t i o n . T h e s e q u e n c i n g s t r a t e g y u s e d i s shown i n F i g 3 3 and a 

t y p i c a l s e q u e n c i n g a u t o r a d i o g r a p h o b t a i n e d f o r X L E 6 3 i s shown i n F i g 
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36. A c o m p a r i s o n o f t h e l e g u m i n g e n o m i c s e q u e n c e w i t h t h e p u b l i s h e d 

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

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

w a s i n d e e d i s o l a t e d ( F i g s 3 ? & 3 8 ) . A l t h o u g h b a s e d i f f e r e n c e s b e t w e n 

t h e cDNA s e q u e n c e and t h e g e n o m i c s e q u e n c e c a n be s e e n , f u r t h e r 

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

s e q u e n c e d r e g i o n e x t e n d s f o r some 5 7 bp ( 1 9 a m i n o a c i d s ) b e y o n d t h e 5 ' 

e n d o f pDUB 8 , a p p r o a c h i n g t h e N t e r m i n u s o f t h e a s u b u n i t , w h i c h i s 

84 bp f u r t h e r on ( C a s e y e_t a j . 1 9 7 9 ) . A l t h o u g h i t w a s no t p o s s i b l e to 

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

pOUB 8 w a s n o t a c o m p l e t e cDNA, p r o t e i n s e q u e n c e f o r t h e f i r s t 12 

a m i n o a c i d s 5 ' to t h e e n d o f p DUB8 ( C a s e y e t &]_ 197?) i n d i c a t e d t h a t 

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

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

i t w a s n o t p o s s i b l e to s p e c u l a t e on t h e e x i s t e n c e o f a s i g n a l p e p t i d e 

r e g i o n ( B l o b e l a n d D o b b e r s t e i n 1 9 7 5 ) . H o w e v e r , a s p h a s e d 1 i n 

( S l i g h t o m e t aj_ 1 9 8 3 ) , v i c i l i n ( L y c e t t e t a j . 1 9 8 3 ) , c o n g l y c i n i n 

( S c h u l e r e t aj_ 1 9 8 2 ) , z e i n ( P e d e r s e n e t aj_ 1 9 8 3 ) , g l y c i n i n ( N i e l s e n 

1984) a n d g l i a d i n , t h e w h e a t s t o r a g e p r o t e i n ( B a r t e l s and Thompson 

1 9 8 3 ) , h a v e b e e n shown t o p o s s e s s s i g n a l p e p t i d e s , i t i s l i k e l y t h a t 

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

F u r t h e r m o r e , p r o t e i n c e l l f r e e t r a n s l a t i o n p r o d u c t s d r i v e n by p o l y A + 

mRNA a n d m i c r o s o m e s i n d i c a t e a l e a d e r s e q u e n c e i n l e g u m i n . A t t h e 3 y 

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

t h e b a s i c s u b u n i t , i n t o t h e 3 ' non c o d i n g r e g i o n . P o l y a d e n y l a t i o n 

s i g n a l s w e r e n o t f o u n d i n t h i s r e g i o n , a n d i t w a s be a s s u m e d t h a t t h e y 

w e r e p r e s e n t f u r t h e r a l o n g i n t o t h e u n s e q u e n c e d 3 ' non c o d i n g r e g i o n . 

T h e o c c u r e n c e of two o f t h e t h r e e p o s t u l a t e d i n t r o n s w a s 
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c o n f i r m e d by c o m p a r i s o n o f t h e cDNA a n d g e n o m i c s e q u e n c e d a t a ( F i g 37 

a n d 3 8 ) . S e q u e n c e d a t a w a s n o t a v a i l a b l e to c o n f i r m t h e e x i s t e n c e of 

t h e t h i r d i n t r o n , p r e d i c t e d by t h e f i n e m a p p i n g of t h e cDNA a n d t h e 

g e n o m i c c l o n e . T h e 5 ' e n d o f b o t h i n t r o n s b e g a n w i t h t h e d i n u c i e o t i d e 

G T , c o n f o r m i n g t o t h e u n i v e r s a l GT / AG d i n u c i e o t i d e s e q u e n c e s 

o b s e r v e d f o r t h e 5 ' a n d 3 ' i n t r o n b o u n d a r i e s i n e u c a r y o t i c p r o t e i n 

c o d i n g g e n e s ( B r e a t h n a c h §_t a j . 1 9 7 8 , L e r n e r e t a ! 1980) . T h e s e q u e n c e 

a r o u n d t h e 5 ' s p l i c e j u n c t i o n i n I V S 1 a p p e a r e d to b e a r g r e a t e r 

h o m o l o g y t o t h e a n i m a l g e n e c o n s e n s u s s e q u e n c e ( B r e a t h n a c h e_t aj_ 

1 9 7 8 ) , t h a n t o t h e p l a n t g e n e c o n s e n s u s s e q u e n c e ( S l i g h t o m e t aj_ 1983) 

- T a b l e 6. P l a n t d o n o r 5 ' s e q u e n c e s f r e q u e n t l y show a s t r o n g 

p r e f e r e n c e f o r T r a t h e r t h a n A i n p o s i t i o n - 2 ( S l i g h t o m e_t a l 3 9 8 3 ) , 

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

( T a b l e 6 ) . A l s o , t h e s e q u e n c e o f I V S 1 i s u n u s u a l i n h a v i n g C i n s t e a d 

o f G i n p o s i t i o n + 5 - t h i s i s n o t shown by e i t h e r t h e f r e n c h b e a n 

p h a s e o l l i n ( S l i g h t o m e_t aj_ 1 9 8 3 ) , s o y b e a n l e g h a e m o g l o b i n ( H y l d i g -

N i e l s e n e t aj_ 1 9 8 2 ) , o r t h e s o y b e a n a c t i n g e n e s ( S h a h e t aJL 1 9 8 2 ) . 

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

h o m o l o g o u s t o e a c h o t h e r , t h e d i f f e r e n c e w a s p r o b a b l y no t s i g n i f i c a n t . 

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

common RNA s p l i c i n g m e c h a n i s m b e t w e e n a n i m a l a n d p l a n t s p e c i e s , 

p e r h a p s m e d i a t e d by t h e s m a l l n u c l e a r RNAs ( L e r n e r e t a l 1988) e . g . U 

1 RNA ( R e d d y e t aj_ 1 9 7 4 ) . F u r t h e r i n s i g h t s i n t o t h e s p l i c i n g 

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

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

e x t r a c t s h a s a l r e a d y b e e n d e m o n s t r a t e d (Hamada e t a_l_ 1 9 8 0 , G o l d e n b u r g 

a n d R a s k a s 1 9 8 0 ) . I t i s i m p o r t a n t t o n o t e t h a t t h e GT / AG i n t r o n / 

e x o n b o u n d a r i e s a n d a s s o c i a t e d c o n s e n s u s s e q u e n c e s a r e n o t f o u n d i n 

s p l i t r i b o s o m a l ( B o s e t a l 1980) o r tRNA g e n e s ( r e f e r e n c e s i n 
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A b e l s o n 1 ? ? ? ) , a n d t h u s i t i s l i k e l y t h a t t h e p r o c e s s i n g o f t h e s e 

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

p r o t e i n c o d i n g g e n e s . 

T h e n u c l e o t i d e c o m p o s i t i o n o f t h e i n t r o n I V S 1 s h o w e d t h a t i t 

w a s v e r y r i c h i n A / T n u c l e o t i d e s w h i c h c o m p r i s e d 67 'A o f t h e s e q u e n c e d 

l e n g t h . I n c o n t r a s t , t h e A / T c o m p o s i t i o n o f t h e c o d i n g r e g i o n s o f t h e 

g e n e a v e r a g e d 4 8 '/. . T h i s i s i n a g r e e m e n t w i t h t h e c o m p o s i t i o n o f 

o t h e r p l a n t g e n e i n t r o n s e . g . p h a s e o l i n , w h e r e t h e a v e r a g e A / T 

c o m p o s i t i o n i s 7 2 . 4 '/. ( S l i g h t o m e_t aj_ 1 9 8 3 ) . S o y b e a n a c t i n g e n e 

i n t r o n s ( S h a h e t aj_ 1982) a v e r a g e 6 9 . 3 V. A / T , w h i l e s o y b e a n l e g 

h a e m o g l o b i n g e n e i n t r o n s ( H y l d i g - N i e l s e n e t aj_ 1982) h a v e 7 6 . 8 '/. , 

a n d s o y b e a n g l y c i n i n g e n e i n t r o n s a r e 72 V. A / T r i c h . T h e A / T r i c h n e s s 

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

g e n e r a l l y h a v e a much l o w e r l e v e l o f A / T c o n t e n t e . g . t h e human 

f o e t a l g l o b i n g e n e s a v e r a g e 55 '/. ( S m i t h i e s e_t a j . 1 9 8 1 ) . T h e 

s i g n i f i c a n c e , i f a n y , o f t h i s d i f f e r e n c e i s n o t y e t k n o w n . 

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

number o f i n t e r v e n i n g s e q u e n c e s . A n i m a l s t o r a g e p r o t e i n g e n e s , s u c h 

a s t h o s e f o r o v a l b u m i n , h a v e 7 i n t r o n s ( B e n o i s t e t aj_ 1 9 8 8 ) , w h i l e 

v i t e l l o g e n i n g e n e s h a v e 33 i n t r o n s ( Wahl i^DawidOSBOJ.The p r o a 2 ( 1 ) 

c o l l a g e n g e n e (Wozney e_t aj_ 1981) h a s 58 i n t r o n s . By c o n t r a s t , t h e 

number o f i n t r o n s i n p l a n t g e n e s r a n g e s f r o m 8 t o 5 ( s e e a b o v e ) . T h e 

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

p l a n t g e n e s a r e c l o n e d a n d s e q u e n c e d , some w i l l b e f o u n d w i t h many 

i n t r o n s . 

An i n t e r e s t i n g f e a t u r e shown by t h e x L E G 3 c l o n e w a s t h e 
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o c c u r e n c e o f s e q u e n c e s o f tandem r e p e a t s i n t h e r e g i o n c o d i n g f o r t h e 

C t e r m i n a l o f t h e a c i d i c l e g u m i n s u b u n i t ( F i g 3 8 ) . T h e s e r e p e a t s w e r e 

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

e i t h e r s h o w e d t o t h e t h i r d . A l t h o u g h s e q u e n c i n g of g e n o m i c r e p e a t No 

1 w a s i n c o m p l e t e , i t i s l i k e l y t h a t t h e w h o l e o f t h e 54 bp r e p e a t 

s e o u e r r c c shown by pDUB 8 w a s p r e s e n t , a s h o m o l o g y b e t w e e n t h e r e s t of 

t h e r e p e a t g e n o m i c s e q u e n c e a n d t h e cDNA s e q u e n c e w a s t o t a l . I t i s 

u n l i k e l y t h a t t h e s e r e p e a t s r e p r e s e n t some k i n d o f c l o n i n g a r t e f a c t , 

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

c o n f i r m s t h e e x i s t e n c e o f p a r t o f t h e tandem r e p e a t s e q u e n c e ( L y c e t t 

e t a l 1 9 8 4 ) . S i n c e t h e p r e v i o u s l y i s o l a t e d l e g u m i n cDNA pDUB 3 

( C r o y e t a U 9 8 2 ) l a c k s t h e r e p e a t r e g i o n w h i c h c l o n e pDUB 8 p o s s e s s e s , 

L y c e t t e t aj_ ( 1 9 8 4 a ) p u t f o r w a r d t h e s u g g e s t i o n t h a t t h e e x i s t e n c e of 

t h e s e two t y p e s o f cDNA r e p r e s e n t e d t h e e x i s t e n c e o f 2 c l a s s e s o f 

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

l a c k i n g i t . T h e c o r n s t o r a g e p r o t e i n z e i n (Hu e_t aj_ 1982) i s a n o t h e r 

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

T h i s r e p e a t i s a tandem d u p l i c a t i o n o f a 96 bp s e q u e n c e , w h i c h i s 

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

s e q u e n c e . T h i s s i t u a t i o n i s e x a c t l y a n a l o g o u s t o t h e o c c u r e n c e o f 

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

I n c o n t r a s t , r e p e a t e d s e q u e n c e s h a v e n o t b e e n f o u n d i n t h e s o y b e a n 

g l y c i n i n g e n e ( N i e l s e n 1 9 8 4 ) . 

L y c e t t et . a]_ ( 1 9 8 4 a ) s u g g e s t t h a t t h e e x i s t e n c e o f t h e s e two 

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

by t h e l e g u m i n m o l e c u l e ( M a t t a e t a j . 1 9 8 1 ) . I t i s i n t e r e s t i n g t h a t 

more h e t e r o g e n e i t y i s s e e n a m o n g s t t h e l e g u m i n a c i d i c s u b u n i t s ( M a t t a 
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e t a l 1 9 8 1 ) , w h e r e t h e two p r o p o s e d c l a s s e s o f l e g u m i n cDNA a r e s a i d 

to d i f f e r , t h a n a m o n g s t t h e b a s i c s u b u n i t , w h e r e no r e p e a t s e q u e n c e i s 

s e e n . I t i s o b v i o u s t h a t c o n f i r m a t i o n o f t h i s t h e o r y d e p e n d s upon t h e 

i s o l a t i o n o f a l e g u m i n g e n e w h i c h i s 1 a c k i n o t h e r e p e a t s e q u e n c e , and 

i s h o m o l o g o u s t o p 0 U B 3 . S i n c e t h e p o s i t i o n s o f t h e E c o R l f r a g m e n t s 

w i t h i n g e n o m i c DNA h y b r i d i s i n g t o l e g u m i n cDNAs a r e k n o w n , ( C r o y e_t a 1 

1 9 8 2 , t h i s t h e s i s ) , a p r e l i m i n a r y e x p e r i m e n t t o show t h e l a c k of 

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

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

DNA. T h e t h e o r y w o u l d g a i n w e i g h t i f some o f t h e E c o R l f r a g m e n t s 

h y b r i d i s e d t o t h i s s e q u e n c e , w h i l s t o t h e r s d i d n o t . T h e f i n d i n g t h a t 

o n e o f t h e g e n e s c o d i n g f o r s o y b e a n g l y c i n i n d i d no t c o n t a i n a 

r e p e a t e d s e q u e n c e r e g i o n ( N i e l s e n 1984) l e n d s s u p p o r t to t h e i d e a t h a t 

two t y p e s o f l e g u m i n g e n e e x i s t . I t i s a l s o p o s s i b l e a s p o i n t e d ou t 

by L y c e t t e t a K 1 9 8 4 a ) , t h a t t h e a b s e n c e of r e p e a t s f r o m pDUB 3 i s a 

c l o n i n g a r t e f a c t . I f t h i s i s s o , t h e n o n l y o n e c l a s s o f g e n e , a l l 

c o n t a i n i n g t h e r e p e a t s e q u e n c e , w i l l b e i s o l a t e d . T h e f i r s t member o f 

t h i s c l a s s i s X L E 6 3 . T h e h e t e r o g e n e i t y i n t h e l e g u m i n a c i d i c a n d 

b a s i c s u b u n i t s may h o w e v e r , s t i l l be d u e to an a l t e r a t i o n i n t h e 

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

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

( N i e l s e n 1 9 8 4 ) . T h i s m e a n s t h a t more t h a n o n e c o d i n g s e q u e n c e m u s t 

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

( 1 9 8 4 ) s p e c u l a t e d t h a t t h e h e t e r o g e n e i t y m i g h t r e f l e c t t h e e x i s t e n c e 

o f a l l e l e s o f a s m a l l number o f g e n e s , s i n c e o n l y 4 o r 5 g l y c i n i n 

g e n e s w e r e shown t o be p r e s e n t ( F i s c h e r a n d G o l d b e r g 1 9 8 2 , G o l d b e r g e_t 

a l 1 9 8 1 ) . H o w e v e r , a s shown i n t h e p r e s e n t w o r k , t h e number o f g e n e s 
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p i c k e d o u t i n h y b r i d i s a t i o n s t u d i e s d e p e n d s on t h e t y p e o f p r o b e 

u s e d , a n d i t i s p o s s i b l e t h a t m o r e t h a n 5 g l y c i n i n g e n e s w i l l 

e v e n t u a l l y b e shown to be p r e s e n t . T h i s , c o m b i n e d w i t h p o s s i b l e 

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

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

T h e p a t t e r n s o-f c o d o n u s a g e i n t h i s g e n e a r e d i f f e r e n t f r o m 

t h o s e shown by m o s t a n i m a l m e s s a g e s , a n d f o l l o w t h e u s a g e p a t t e r n of 

l e g u m i n cDNA ( L y c e t t e t aj_ 1 9 8 3 ) . S i n c e m o s t o f t h e s e d i f f e r e n c e s a r e 

common t o o t h e r p l a n t g e n e s , t h i s may be a u n i v e r s a l d i f f e r e n c e 

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

d i f f e r e n c e s i s u n k n o w n . 

T h i s w o r k h a s d e s c r i b e d t h e i s o l a t i o n o f one o f t h e g e n e s 

c o d i n g f o r l e g u m i n , a m a j o r s t o r a g e p r o t e i n o f P i sum s a t i v u m L . A s 

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

g e n e s c o d i n g f o r i t s s e e d p r o t e i n s o p e n s t h e way f o r d i r e c t 

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

s e q u e n c e of t h e g e n e . I n d o i n g t h i s , o n e m u s t n o t g r o s s l y a l t e r t h e 

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

i n e f f i c e n t p a c k a g i n g of t h e a l t e r e d p r o t e i n i n t o p r o t e i n b o d i e s . 

B e f o r e t h i s c a n be d o n e , h o w e v e r , s i g n i f i c a n t a d v a n c e s i n t h e s t a b l e 

i n h e r i t a n c e and e x p r e s s i o n of t r a n s f e r r e d g e n e s i n t h e h o s t p l a n t h a v e 

t o be m a d e . A s t h e b u i l d up o f s t o r a g e p r o t e i n s w i t h i n t h e s e e d m u s t 

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

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

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

p o s s i b l e g e n e r a l u s e i n p l a n t g e n e e x p r e s s i o n s y s t e m s . 
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e u c a r y o t i c s p l i t g e n e s c o d i n g f o r p r o t e i n . A n n . R e v . B i o c h e m . 5 8 , 

3 4 9 - 3 8 3 . 

B r i a r t y , L . G . , C o u l t , D . A . , B o u l t e r , D. ( 1 9 6 9 ) , P r o t e i n b o d i e s of 

d e v e l o p i n g s e e d s o f V i c i a f a b a . J . E x p . B o t . 2 0 , 3 5 8 - 3 7 2 . 
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B r i n e g a r , A . C . , a n d P e t e r s e n , D . M . ( 1 9 8 2 ) , S y n t h e s i s o-f o a t g l o b u l i n 

p r e c u r s o r s . A n a l o g y t o l e g u m i n 11 S s t o r a g e p r o t e i n s y n t h e s i s . 

P l a n t . P h y s i o l . _ 7 8 1 7 6 7 -

B r i s s o n , N . a n d v e r m a , D . P . S . < 1 9 8 2 ) , S o y b e a n 1 e g h a e m o g i o b i n g e n e 

• f a m i l y : n o r m a l , p s e u d o a n d t r u n c a t e d g e n e s . P r o c . N a t . A c a d . S c i . 

U . S . A . 7 9 , 4 8 5 5 - 4 8 5 9 . 

B r i t t e n , R . J . a n d D a v i d s o n , E . H . ( 1 9 6 9 ) , G e n e r e g u l a t i o n f o r h i g h e r 

c e l l s - a t h e o r y . S c i e n c e 165, 3 4 9 - 3 5 7 . 

B r i t t e n , R . J . , a n d D a v i d s o n , E . H . ( 1 9 7 6 ) , DNA s e q u e n c e a r r a n g e m e n t 

a n d p r e l i m i n a r y e v i d e n c e on i t s e v o l u t i o n . F e d . P r o c . 3 5 , 2 1 5 1 - 2 1 5 7 , 

B r i t t e n , R . J . , G r a h a m , D . E . , N e u - f e l d , B . R . ( 1 9 7 4 ) I n " M e t h o d s i n 

E n z y m o l o g y " v o l 2 9 , 3 6 3 - 4 1 8 . E d s . G r o s s m a n a n d M o l d a v e . A c a d e m i c 

P r e s s , New Y o r k . 

B r i t t e n , R . J . a n d K o h n e , D . E . ( 1 9 6 8 ) R e p e a t e d s e q u e n c e s i n DNA. 

S c i e n c e 161, 5 2 9 - 5 4 8 . 

C a r o , L . G . a n d P a l a d e , G . E . ( 1 9 6 4 ) , P r o t e i n s y n t h e s i s , s t o r a g e , a n d 

d i s c h a r g e i n t h e p a n c r e a t i c e x o c r i n e c e l l . J . C e l l . B i o l . 2 8 , 

4 7 3 - 4 9 5 . 

C a s e y , R. ( 1 9 7 9 a ) G e n e t i c v a r i a b i l i t y i n t h e s t r u c t u r e o-f t h e a 

s u b u n i t s o-f l e g u m i n - f r om P i s u m , a 2 - d i m e n s i o n a l g e l e l ec t r o p h o r e t i c 

s t u d y . H e r e d i t y 4 3 , 2 6 5 - 2 7 2 . 
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C a s e y , R. ( 1 9 7 9 b ) , I m m u n o a f - f i n i t y c h r o m a t o g r a p h y a s a m e a n s o-f 

p u r i - f y i n g l e g u m i n - f rom P i sum ( p e a ) s e e d s . B i o c h e m . J . 1 7 7 , 5 8 9 - 5 2 8 . 

C a s e y , R. a n d S h o r t , M . N . ( 1 9 8 1 ) , V a r i a t i o n i n t h e a m i n o a c i d 

c o m p o s i t i o n o-f l e g u m i n - f rom P i s u m . P h y t o c h e m i s t r y 2 8 , 2 1 - 2 3 . 

C a s e y , R . , M a r c h , J . F . , S h a r m a n , J . E . , S h o r t , M . N . ( 1 9 8 1 ) , T h e 

p u r i - f i c a t i o n , N - t e r m i n a l a m i n o a c i d s e q u e n c e a n d some o t h e r 

p r o p e r t i e s o-f an a m s u b u n i t o-f l e g u m i n f r o m t h e p e a P i sum s a t l v u m L . 

B i o c h e m . B i o p h y s . A c t a . 6 7 8 , 4 2 8 - 4 3 2 . 

C h i l t o n , M . D . ( 1 9 7 5 ) , R i b o s o m a l DNA i n a n u c l e a r s a t e l l i t e o-f t o m a t o . 

G e n e t i c s 8 1 , 4 6 9 - 4 8 3 . 

C h r i s p e e l s , M . J . , Bo M i n i , R . , H a r r i s , N . ( 1 9 7 9 ) , B i o s y n t h e s i s , 

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

B e r . D t . B o t . G e s . 9 2 , 5 3 5 - 5 5 1 . 

C l a r k e , L . a n d C a r b o n , J . ( 1 9 7 6 ) , A c o l o n y b a n k c o n t a i n i n g s y n t h e t i c 

C o l E l h y b r i d p l a s m i d s r e p r e s e n t a t i v e o-f t h e e n t i r e c o l i g e n o m e . 

C e l 1 9 , 9 1 - 9 9 . 

C l e w e l l , D . B . ( 1 9 7 2 ) , N a t u r e ( L o n d o n ) o-f p l a s m i d r e p l i c a t i o n i n 

c o l i i n t h e p r e s e n c e o-f c h l o r a m p h e n i c o l . J . B a c t . 1 1 8 . 667-676. 

C o c k i n g , E . C . , D a v e y , M . R . , P e n t a l , D . , P o w e r , J . B . ( 1 9 8 1 ) , A s p e c t s 

o-f p l a n t g e n e t i c m a n i p u l a t i o n . N a t u r e ( L o n d o n ) 2 9 3 , 2 6 5 - 2 7 8 . 
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C o l l i n s , J . a n d B r u n i n g , H . J . ( 1 9 7 8 ) , P l a s m i d s u s e a b l e a s g e n e 

c l o n i n g v e c t o r s i n an r n v i t r o p a c k a g i n g b y c o l i p h a g e X : ' c o s m i d s ' . 

Gene 4 , 8 5 - 1 8 7 . 

C o l l i n s , J . a n d H o h n , B . < 1 9 7 9 ) , C o s m i d s : a t y p e o f p l a s m i d g e n e 

c l o n i n g v e c t o r t h a t i s p a c k a g e a b l e i_n v i t r o i n b a c t e r i o p h a g e x h e a d s . 

P r o c . N a t . A c a d . S c i . U . S . A . 7 5 , 4 2 4 2 - 4 2 4 6 . 

C o n r a d , S . E . a n d B o t c h a n , M . R . ( 1 9 8 2 ) , I s o l a t i o n a n d c h a r a c t e r i s a t i o n 

o f human DNA - f r a g m e n t s w i t h n u c l e o t i d e s e q u e n c e h o m o l o g i e s w i t h t h e 

S i m i a n V i r u s 4 0 r e g u l a t o r y r e g i o n . M o ! . C e l l . B i o l . 2 , 9 4 9 - 9 4 5 . 

C r a i n , W . R . , D a v i d s o n , E H . , B r i t t e n , R . J . ( 1 9 7 6 ) . C o n t r a s t i n g 

p a t t e r n s o-f DNA s e q u e n c i n g a r r a n g e m e n t i n A p i s met 1 i f e r a ( h o n e y b e e ) 

a n d M u s c a d o m e s t i c a ( h o u s e f l y ) . C h r o m o s o m a 5 9 , 1 - 1 2 . 

C r o u c h , M . L . , T e n b a r g e , K . M . , S i m o n , A . E . , F e r l , R. ( 1 9 8 3 ) , cDNA 

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

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

• f rom a p r e c u r s o r p o l y p e p t i d e . J . M o l . A p p . G e n e t . 2 , 2 7 3 - 2 8 3 . 

C r o y , R . R . D . , D e r b y s h i r e , E . , K r i s h n a , T . G . , B o u l t e r , D. ( 1 9 7 9 ) , 

L e g u m i n o f P i sum s a t i v u m a n d V i c i a f a b a . N e w . P h y t o l . 8 3 , 2 9 - 3 5 . 

C r o y , R . R . D . , G a t e h o u s e , J . A . , E v a n s , I . M . , B o u l t e r , D, ( 1 9 8 8 ) , 

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

b y p o l y r i b o s o m e s a n d RNA f r o m d e v e l o p i n g p e a P i sum s a t i v u m L . 1 . 

L e g u m i n . P l a n t a 1 4 8 , 4 9 - 5 6 . 
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C r o y , R . R . D . , L y c e t t , 6 . W . , G a t e h o u s e , J . A . , Y a r w o o d , J . N . , B o u l t e r , 

D . ( 1 9 8 2 ) , C l o n i n g a n d a n a l y s i s o f cDNAs e n c o d i n g p l a n t s t o r a g e 

p r o t e i n p r e c u r s o r s . N a t u r e ( L o n d o n ) 2 9 5 , 7 6 - 7 9 . 

C r o y , R . R . D . , S h i r s a t , A . , B o u l t e r , D . ( 1 9 8 4 ) , C l o n i n g a n d 

c h a r a c t e r i s a t i o n o-f g e n e s - f o r l e g u m i n - f rom P i sum s a t i v u m L . N u c l . 

A c i d s . R e s . ( i n p r e s s ) . 

C u e l l a r , R . E . ( 1 9 8 2 ) , P h . D T h e s i s , S t a n f o r d U n i v e r s i t y . 

D a g e r t , M. a n d E h r l i c h , S . D . ( 1 9 7 9 ) , P r o l o n g e d i n c u b a t i o n i n c a l c i u m 

c h l o r i d e i m p r o v e s t h e c o m p e t e n c e o f E ^ c o l i c e l l s . Gene 6, 2 3 - 2 8 . 

D a n i e l s s o n , C . E . ( 1 9 4 9 ) , S e e d g l o b u l i n s o f t h e G r a m i n a e a n d 

L e g u m i n o s a e . B i o c h e m . J . 4 4 , 3 8 7 - 4 8 8 . 

D a r n e l l , J . E . ( 1 9 7 9 ) , T r a n s c r i p t i o n u n i t s f o r mRNA. P r o g . N u c l e i c . 

A c i d . R e s . M o l . B i o l . 2 2 , 3 2 7 - 3 5 3 . 

D a v i d s o n , E . H . a n d B r i t t e n , R . J . ( 1 9 7 9 ) , R e g u l a t i o n o f g e n e 

e x p r e s s i o n : p o s s i b l e r o l e o f r e p e t i t i v e s e q u e n c e s . S c i e n c e 2 8 4 , 

1 8 5 2 - 1 8 5 9 

D a v i d s o n , E . H . , G a l a u , G . A . , A n g e r e r , R . C . , B r i t t e n , R . J . ( 1 9 7 5 ) , 

C o m p a r a t i v e a s p e c t s o f DMA o r g a n i s a t i o n i n m e t a z o a . C h r o m o s o m a 5 1 , 

2 5 2 - 2 5 9 . 

D a v i d s o n , E . H . , J a c o b s , H . T . , B r i t t e n , R . J . ( 1 9 8 3 ) , v e r y s h o r t 

r e p e a t s a n d c o o r d i n a t e i n d u c t i o n o f g e n e s . N a t u r e ( L o n d o n ) 3 8 1 , 

4 6 8 - 4 7 8 . 
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D e n h a r d t , D . T . ( 1 9 6 6 ) . A m e m b r a n e f i l t e r t e c h n i q u e f o r t h e d e t e c t i o n 

o f c o m p l e m e n t a r y DNA. B i o c h e m . B i o p h y s . R e s . Commun. 2 3 , 6 4 1 - 6 4 6 . 

D e r b y s h i r e , E . , W r i g h t , D . J . , a n d B o u l t e r , D . ( 1 9 7 6 ) , L e g u m i n a n d 

v i c i l i n , s t o r a g e p r o t e i n s o f l e g u m e s e e d s . P h y t o c h e m i s t r y ^ 5 , 3 - 2 4 . 

D o m o n e y , C , D a v i e s , D . R . , C a s e y , R. ( 1 9 8 8 ) , T h e i n i t i a t i o n o f 

l e g u m i n s y n t h e s i s i n i m m a t u r e e m b r y o s o f P i sum s a t i v u m L . g r o w n i n 

v i v o a n d i n v i t r o . P l a n t a 1 4 ? , 4 5 4 - 4 6 8 

D o n a h u e , T . F . , D a v e s , R . S . , L u c c h i n i , G . , F i n k , 6 . R . ( 1 9 8 3 ) , A s h o r t 

n u c l e o t i d e s e q u e n c e r e q u i r e d f o r r e g u l a t i o n o f H I S 4 b y t h e g e n e r a l 

c o n t r o l s y s t e m o f y e a s t . C e l l 3 2 , 8 9 - 9 8 . 

D o o l i t t l e , W . F . a n d S a p i e n z a , C . ( 1 9 8 8 ) , S e l f i s h g e n e s , t h e 

p h e n o t y p e p a r a d i g m a n d g e n o m e e v o l u t i o n . N a t u r e ( L o n d o n ) 2 8 4 , 

6 8 1 - 6 8 3 . 

D r e t z e n , G . , B e l l a r d , M . , S a s s o n e - C o r s i , P . , C h a m b o n , P . ( 1 9 8 1 ) , A 

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

a c r y l a m i d e g e l s . A n a l . B i o c h e m . 1 1 2 , 2 9 5 - 2 9 6 . 

D u g a i c z y k , A . , B o y e r , H . W . , G o o d m a n , H . M . ( 1 9 7 5 ) , L i g a t i o n o f E c o R l 

e n d o n u c l e a s e g e n e r a t e d DNA f r a g m e n t s i n t o l i n e a r a n d c i r c u l a r 

s t r u c t u r e s . J . M o l . B i o l . 9 6 , 1 7 1 - 1 8 4 . 

D u r e I I I , L . S . ( 1 9 7 5 ) , S e e d f o r m a t i o n . A n n R e v . P l a n t . P h y s i o l . 2 6 , 

2 5 9 - 2 7 8 . 
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E c h o l s , H . a n d M u r i a l d o , H . ( 1 9 7 8 ) . G e n e t i c map o-f b a c t e r i o p h a g e X . 

M i c r o b i o l . R e v . 4 2 , 5 7 7 - 5 9 1 . 

E d e n s , L . , H e s l i n g a , L . , K l o k . , L e d e b o e r , A . M . , M a a t , J . , T o o n e n , 

M . Y . , V i s s e r , C , v e r r i p s , C . T . < 1 9 8 2 ) , C l o n i n g o t cDNA e n c o d i n g t h e 

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

Gene . 1 8 , 1 - 1 2 . 

E v a n s , I . M . , C r o y , R . R . D . , H u t c h i n s o n , P . , B o u l t e r , D . , P a y n e , P . I . , 

G o r d o n , M . E . ( 1 9 7 9 ) , C e l l - f r e e s y n t h e s i s o-f some s t o r a g e p r o t e i n 

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

t h e p e a ( P i s u m s a t i v u m L . ) . P l a n t a , 1 4 4 , 4 5 5 - 4 6 2 . 

E v a n s , I . M . , C r o y , R . R . D . , B r o w n , P . , B o u l t e r , D . ( 1 9 8 8 ) , S y n t h e s i s 

o-f c o m p l e m e n t a r y DNAs t o p a r t i a l l y p u r i - f i e d mRNAs c o d i n g - f o r t h e 

s t o r a g e p r o t e i n s o-f P i s u m s a t i v u m L . B i o c h i m . B i o p h y s . A c t a . 6 1 8 . 

8 1 - 9 5 . 

F a n g m a n , W . L . ( 1 9 7 8 ) , S e p a r a t i o n o-f v e r y l a r g e DNA m o l e c u l e s b y g e l 

e l e c t r o p h o r e s i s . N u c l . A c i d s . R e s . 5 , 6 5 3 - 6 6 5 . 

F e i s s , M . , F i s c h e r , R . A . , C r a y t o n , M . A . , E g n e r , C . ( 1 9 7 7 ) , P a c k a g i n g 

o-f t h e b a c t e r i o p h a g e x c h r o m o s o m e : e - f - f e c t o-f chromoso iT ie l e n g t h . 

V i r o l o g y 7 7 , 2 3 3 - 2 9 3 . 

F i s c h e r , R . L . a n d G o l d b e r g , R . B . ( 1 9 8 2 ) , S t r u c t u r e a n d f l a n k i n g 

r e g i o n s o-f s o y b e a n s e e d p r o t e i n g e n e s . C e l l , 2 9 , 6 5 1 - 6 6 8 . 

F l a v e l l , R . B . a n d S m i t h , D . B . ( 1 9 7 6 ) , N u c l e o t i d e s e q u e n c e 

o r g a n i s a t i o n i n t h e w h e a t g e n o m e . H e r e d i t y . 3 7 2 3 1 - 2 5 2 . 
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F l a v e l l , R . B . ( 1 9 8 8 ) . T h e m o l e c u l a r c h a r a c t e r i s a t i o n a n d 

o r g a n i s a t i o n o f p l a n t c h r o m o s o m a l DNA s e q u e n c e s . A n n . R e v . P l a n t . 

P h y s i o l . 3 1 , 5 6 9 - 5 9 6 . 

F o o d a n d A g r i c u l t u r e O r g a n i s a t i o n o-f t h e U n i t e d N a t i o n s ( 1 9 7 8 ) , 

A m i n o a c i d c o n t e n t o-f - f o o d s a n d b i o l o g i c a l d a t a on p r o t e i n s . 

N u t r i t i o n a l S t u d i e s , 2 4 , R o m e . 

G a l a u , 6 . A . a n d D u r e , L , I I I . ( 1 9 8 1 ) , D e v e l o p m e n t a l b i o c h e m i s t r y o-f 

c o t t o n s e e d e m b r y o g e n e s i s a n d g e r m i n a t i o n : c h a n g i n g m e s s e n g e r RNA 

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

h y b r i d i s a t i o n . B i o c h e m i s t r y 2 0 , 4 1 6 9 - 4 1 7 8 . 

G a l a u , G . A . , L e g o c k i , A . B . , G r e e n w a y , S . C . , D u r e , L , I I I . ( 1 9 8 1 ) , 

C o t t o n mRNA s e q u e n c e s e x i s t i n b o t h p o l y a d e n y l a t e d a n d n o n 

p o l y a d e n y l a t e d - f o r m s . J . B i o l . C h e m . 2 5 6 , 2 5 5 1 - 2 5 6 8 . 

G a t e h o u s e , J . A . , C r o y , R . R . D . , M c i n t o s h , R . , P a u l , C , B o u l t e r , D . 

( 1 9 8 8 a ) , Q u a n t i t a t i v e a n d q u a l i t a t i v e v a r i a t i o n i n t h e s t o r a g e 

p r o t e i n s o f m a t e r i a l - f rom t h e EEC j o i n t - f i e l d b e a n t e s t . I n " M i c i a 

- faba f e e d i n g v a l u e , p r o c e s s i n g a n d v i r u s e s " . B o n d , D . A . e d . 1 7 3 - 1 9 8 

E . C . S ' . C , E . E . C . , E . A . E . C . B r u s s e l s , L u x e m b o u r g . 

G a t e h o u s e , J . A . , C r o y , R . R . D . , B o u l t e r , D . ( 1 9 8 8 b ) , I s o e l e c t r i c 

• f o c u s s i n g p r o p e r t i e s a n d c a r b o h y d r a t e c o n t e n t o f p e a P i sum s a t l v u m L 

l e g u m i n . B i o c h e m . J . 1 8 5 , 4 9 7 - 5 8 3 . 
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G a t e h o u s e , J . A . , E v a n s , I . M . , B o w n , D . , C r o y , R . R . D . , B o u l t e r , D. 

( 1 9 8 2 ) , C o n t r o l 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 d u r i n g s e e d d e v e l o p m e n t 

i n p e a ( P i s u m s a t i v u m L . ) . B i o c h e m . J . 2 8 8 . 1 1 9 - 1 2 7 . 

G a t e h o u s e , J . A . , L y c e t t , 6 . W . , D e l a u n e y , A . J . , C r o y , R . R . D . , B o u l t e r , 

D . ( 1 9 8 3 ) , S e q u e n c e s p e c i f i c i t y o f t h e p o s t t r a n s l a t i o n a l p r o t e o l y t i c 

c l e a v a g e o f v i c i l i n , a s e e d s t o r a g e p r o t e i n o f p e a ( P i s u m s a t i v u m L . ) . 

B i o c h e m . J . 2 1 2 , 4 2 7 - 4 3 2 . 

G e r l a c h , W . L . , P r y o r , A . J . , D e n n i s , E . S . , F e r l , R . J . , S a c h s , M . < . , 

P e a c o c k , W . J . ( 1 9 8 2 ) , cDNA c l o n i n g a n d i n d u c t i o n o f t h e a l c o h o l 

d e h y d r o g e n a s e g e n e ( A d h 1) o f m a i z e . P r o c . N a t . A c a d . S c i . U . S . A . 

7 9 , 2 9 8 1 - 2 9 8 5 . 

G i l l i e s , S . D . , M o r r i s o n , S . L . , O i , v " . T . , T o n e g a w a , S . ( 1 9 8 3 ) , A 

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

i n t r o n o f a r e a r r a n g e d i m m u n o g l o b u l i n h e a v y c h a i n g e n e . C e l l 3 3 , 

7 1 7 - 7 2 8 . 

G o l d b e r g , R . B . , H o s c h e k , G . , K a m a l a y , J . C . ( 1 9 7 8 ) , S e q u e n c e 

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

p l a n t . C e l l 14, 1 1 3 - 1 3 1 . 

G o l d b e r g , R . B . , H o s c h e k , G . , Tarn , S . H . , D i t t a , G . S . , B r i e d e n b a c h , R.W. 

( 1 9 8 1 ) , A b u n d a n c e , d i v e r s i t y , a n d r e g u l a t i o n o f mRNA s e q u e n c e s e t s i n 

s o y b e a n e m b r y o g e n e s i s . D e v . B i o l . 8 3 , 2 8 1 - 2 1 7 . 



146 

G o l d e n b e r g , C . J . , a n d R a s k a s , H . J . ( 1 9 8 8 ) , I_n v i t r o p r o c e s s i n g o f 

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

f o r a d e n o v i r u s 2 d e o x y r i b o n u c l e i c a c i d b i n d i n g p r o t e i n . B i o c h e m i s t r y 

1 9 , 2 7 1 9 - 2 7 2 3 . 

G o r d o n , M . E . a n d P a y n e , P . I . ( 1 9 7 6 ) , I n v i t r o t r a n s l a t i o n o f t h e l o n g 

l i v e d m e s s e n g e r r i b o n u c l e i c a c i d o f d r y s e e d s . P l a n t a 1 3 8 . 

2 6 9 - 2 7 3 . 

G r a f , H . ( 1 9 7 9 ) , O p t i m i s a t i o n o f c o n d i t i o n s f o r t h e i_n v i t r o 

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

A c t a . 5 6 4 , 2 2 5 - 2 3 4 . 

G r a h a m , D . E . ( 1 9 7 8 ) , T h e i s o l a t i o n o f h i g h m o l e c u l a r w e i g h t DNA f r o m 

w h o l e o r g a n i s m s o r l a r g e t i s s u s m a s s e s . A n a l . B i o c h e m . 8 5 , 6 8 9 - 6 1 3 . 

G r a y , R . E . , a n d C a s h m o r e , A . R . ( 1 9 7 6 ) , RNA s y n t h e s i s i n p l a n t l e a f 

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

c o n t a i n i n g p o l y a d e n y l i c a c i d . J . M o l . B i o l . 1 8 8 , 5 9 5 - 6 8 8 . 

G r o s s c h e d l , R . , W a s y l y k , B . , C h a m b o n , P . , B i r n s t e i l , M . L . <, 1981 ) , 

P o i n t m u t a t i o n i n t h e TATA box c u r t a i l s e x p r e s s i o n o f s e a u r c h i n H2 A 

h i s t o n e g e n e s j_n v i v o . N a t u r e ( L o n d o n ) 2 9 4 , 1 7 8 - 1 8 8 . 

G r u n s t e i n , M . a n d H o g n e s s , D . S . ( 1 9 7 5 ) , C o l o n y h y b r i d i s a t i o n : a 

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

P r o c . N a t . A c a d . S c i . U . S . A . 7 2 , 3 9 6 1 - 3 9 6 5 . 

H a l l , T . C . ( 1 9 7 9 ) , P l a n t mRNA. I n " N u c l e i c A c i d s I n P l a n t s " V o l . 1 

2 1 7 - 2 5 1 . E d s . H a l l , T . C . a n d D a v i e s , J . W . CRC p r e s s . 



147 

H a l l , T . C . , S I i g h t o m , J . L . , E r s l a n d , D . R . , M u r r a y , M . 6 . , H o f f m a n , 

L . M . , A d a n g , M . J . , B r o w n , J . W . S . , M a , Y . , M a t t h e w s , J . A . , C r a m e r , 

J . H . , B a r k e r , R . F . , S u t t o n , D . W . , K e m p , D . J . ( 1 9 8 3 ) , P h a s e o l l i n . 

N u c l e o t i d e s e q u e n c e e x p l a i n s m o l e c u l a r w e i g h t a n d c h a r g e h e t e r o g e n e i t y 

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

g e n e e x p r e s s i o n i n a l i e n t i s s u e . I n " S t r u c t u r e a n d f u n c t i o n o f p l a n t 

g e n o m e s u E d s . C i f e r r i a n d D u r e . New Y o r k . P l e n u m P r e s s 1 9 8 4 . 

H a m a d a , H . , I g a r a s h i , T . , M u r a m a t s u , M . C 1 9 8 8 ) , I_n v i t r o s p l i c i n g o f 

S i m i a n V i r u s 40 mRNA i n i s o l a t e d n u c l e i f r o m C V - 1 c e l l s . N u c l . A c i d s . 

R e s . 8 , 5 8 7 - 5 9 9 . 

H e i n z e , H . , H e r z f e l d , F . , K i p e r , M . < 1980 ) , L i g h t i n d u c e d a p p e a r a n c e 

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

p l a n t s . E u r . J . B i o c h e m . J _ H , 1 3 7 - 1 4 4 . 

H e n t s c h e l , C , I r m i n g e r , J . C . , B u c h e r , P . , B i r n s t e i l , M . L . ( 1 9 8 8 ) , 

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

f r o m p u t a t i v e r e g u l a t o r y s e q u e n c e s . N a t u r e ( L o n d o n ) 2 8 5 , 1 4 7 - 1 5 1 . 

H e r s h f i e l d , V . , B o y e r , H . W . , Y a n o f s k y , C , L o v a t t , N . , H e l i n s k i , D . R . 

( 1 9 7 4 ) , P l a s m i d C o l E l a s a m o l e c u l a r v e h i c l e f o r c l o n i n g a n d 

a m p l i f i c a t i o n o f DNA. P r o c . N a t . A c a d . S c i . U . S . A . 7 1 , 3 4 5 5 - 3 4 5 9 . 

H i g g i n s , T . J . v \ , C h a n d l e r , P . M . , Z u r a w s k i , G . , B u t t o n , S . C . , S p e n c e r , 

D . ( 1 9 8 3 a ) , T h e b i o s y n t h e s i s a n d p r i m a r y s t r u c t u r e o f p e a s e e d 

l e c t i n . J . B i o l . C h e m . 2 5 8 , 9 5 4 4 - 9 5 4 9 . 



148 

H i - g g i n s , T . J . v \ , C h r i s p e e l s , M . J . , C h a n d l e r , P . M . , S p e n c e r , D. 

( 1 9 8 3 b ) , I n t r a c e l l u l a r s i t e s o-f s y n t h e s i s a n d p r o c e s s i n g o+ l e c t i n i n 

d e v e l o p i n g p e a c o t y l e d o n s . J . B i o l . C h e m . 2 5 8 . 9 5 5 8 - 9 5 5 2 . 

H o h n , B . ( 1 9 7 5 ) , DNA a s s u b s t r a t e - fo r p a c k a g i n g i n t o b a c t e r i o p h a g e 

l a m b d a i n v i t r o . J . M o l . B i o ! . 9 8 , 9 3 - 1 8 6 . 

H o h n , B . ( 1 9 7 9 ) , . In v i t r o p a c k a g i n g o-f X a n d c o s m i d DNA. I n " M e t h o d s 

i n E n z y m o l o g y " V o l 6 8 2 9 9 - 3 8 9 . E d s . G r o s s m a n a n d M o l d a v e . A c a - f e m i c 

P r e s s . New Y o r k . 

H o h n , B . a n d C o l l i n s , J . ( 1 9 8 8 ) , A s m a l l c o s m i d - f o r e - f - f i c e n t c l o n i n g 

o-f l a r g e DNA - f r a g m e n t s . Gene J_l 2 9 1 - 2 9 3 . 

H o h n , B . a n d H i n n e n , A . ( 1 9 8 8 ) , C o s m i d s i n E^ c o l i a n d y e a s t . I n " 

G e n e t i c E n g i n e e r i n g " V o l 2 1 6 9 - 1 8 3 . E d s . S e t l o w a n d H o l l a e n d e r , 

P l e n u m P r e s s . 

H o h n , B . a n d H o h n , T . ( 1 9 7 4 ) , A c t i v i t y o-f e m p t y , h e a d l i k e p a r t i c l e s 

• fo r p a c k a g i n g o-f DNA i n t o b a c t e r i o p h a g e X i_n v i t r o . P r o c . N a t . A c a d . 

S c i . U . S . A . 7 1 , 2 3 7 2 - 2 3 7 6 . 

H o h n , T . a n d K a t s u r a , I . ( 1 9 7 7 ) , S t r u c t u r e a n d a s s e m b l y o-f 

b a c t e r i o p h a g e l a m b d a . C u r r . T o p . M i c r o b i o l . I m m u n o l . 78, 6 9 - 1 1 8 . 

H o h n , B . a n d M u r r a y , K. ( 1 9 7 7 ) , P a c k a g i n g r e c o m b i n a n t DNA m o l e c u l e s 

i n t o b a c t e r i o p h a g e p a r t i c l e s j_n v i t r o . P r o c . N a t . A c a d . S c i . U . S . A . 

7 4 , 3 2 5 9 - 3 2 6 3 . 



149 

H u , N . , P e i f e r , M . A . , H e i d e c k e r , 6 . , M e s s i n g , J . , R u b e n s t e i n , I . 

( 1 9 8 2 ) , P r i m a r y s t r u c t u r e o-f a g e n o m i c z e i n s e q u e n c e o-f m a i z e . T h e 

EMBO J I , 1 3 3 7 - 1 3 4 2 . 

H u e z , G . , M a r b a i y , 6 . , G a l l w i t z , D . , W e i n e b e r g , E . , D e v o s , R . , H u b e r t , 

e . , C l e u t e r , Y . ( 1 9 7 8 ) , F u n c t i o n a l s t a b i l i s a t i o n o f HeLa c e l l h i s t o n e 

mRNAs i n j e c t e d i n t o X e n o p u s o o c y t e s b y 3 ' OH p o l y a d e n y I a t I o n . N a t u r e 

( L o n d o n ) 2 7 1 , 5 7 2 - 5 7 3 . 

H y l d i g - N i e l s e n , J . J . , J e n s e n , E . O . , P a l u d a n , K . , W i b o r g , 0 . , G a r r e t , 

R . , J o r g e n s e n , O . P . , M a r c k e r , K . A . ( 1 9 8 2 ) , T h e p r i m a r y s t r u c t u r e o f 

t w o 1 e g h a e m o g l o b i n g e n e s f r o m s o y b e a n . N u c l . A c i d s . R e s . 

6 8 9 - 7 0 1 . 

I n g l e , J . , P e a r s o n , G . G . , S i n c l a i r , J . ( 1 9 7 3 ) , S p e c i e s d i s t r i b u t i o n 

a n d p r o p e r t i e s on n u c l e a r s a t e l l i t e DNA i n h i g h e r p l a n t s . N a t u r e 

( L o n d o n ) N e w . B i o l . 2 4 2 , 1 9 3 - 1 9 7 . 

I n g l e , J . a n d S i n c l a i r , J . ( 1 9 7 2 ) , R i b o s o m a l RNA g e n e s a n d p l a n t 

d e v e l o p m e n t . N a t u r e ( L o n d o n ) 2 3 5 , 3 0 - 3 2 . 

I n g l e , J . , T i m m i s , J . N . , S i n c l a i r , J . ( 1 9 7 5 ) , R e l a t i o n s h i p b e t w e e n 

s a t e l l i t e DNA, r i b o s o m a l RNA g e n e r e d u n d a n c y a n d genome s i z e i n 

p l a n t s . P l a n t P h y s i o l . 5 5 , 4 9 6 - 5 0 1 . 

J e l i n e k , W . R . , T o o m e y , T . P , L e i n w a n d , L . , D u n c a n , C . H . , B i r o , P . A . , 

C h o u d a r y , P . v ' , , W e i s s m a n , S . M . , R u b i n , C M . , H o u c k , C M , D e i n i n g e , 

P . L . ( 1 9 8 8 ) , U b i q u i t o u s , i n t e r s p e r s e d , r e p e a t e d s e q u e n c e s i n 

m a m m a l i a n g e n o m e s . P r o c . N a t . A c a d . S c i . U . S . A . 7 7 , 1 3 9 8 - 1 4 0 2 . 



150 

J e n s e n , O . E . , P a l u d a n , K . , N i e l s e n , H . J . J . , J o r g e n s e n , P . , M a r c k e r , 

K . A . ( 1 9 8 1 ) , T h e s t r u c t u r e o f a c h r o m o s o m a l 1 e g h a e m o g l o b i n g e n e - f rom 

s o y b e a n . N a t u r e ( L o n d o n ) 2 9 1 , 677-679. 

K a h n , M . , K o l t e r , P . , T h o m a s , C , F i g u r s k i , D . , M e y e r , R . , R e m a u t , E . , 

H e l i n s k i , D . R . ( 1 9 7 9 ) , P l a s m i d c l o n i n g v e h i c l e s d e r i v e d - f rom 

p l a s m i d s Co l E l , F , R 4 5 , a n d RR 2 . I n " M e t h o d s i n E n z y m o l o g y " V o l . 

6 8 2 6 8 - 2 8 1 . 

K a m a l a y , J . C . a n d G o l d b e r g , R . B . ( 1 9 8 6 ) , R e g u l a t i o n o f s t r u c t u r a l 

g e n e e x p r e s s i o n i n t o b a c c o . C e l l J 9 , 9 3 5 - 9 4 6 . 

K a r n , J . , B r e n n e r , S . , B a r n e t t , C e s a r e n i , G . ( 1 9 8 8 ) . N o v e l 

b a c t e r i o p h a g e X c l o n i n g v e c t o r . P r o c . N a t . A c a d . S c i . U . S . A . 7 7 , 

5 1 7 2 - 5 1 7 6 . 

K a t i n a k i s , P . K . , S l a t e r , A . , B u r d o n , R . H . ( 1 9 8 8 ) , Non p o l y a d e n y I a t e d 

mRNAs f r o m e u c a r y o t e s . FEBS L e t t . J J 6 , 1 - 7 . 

K a t z , L . , W i l l i a m s , P . H . , S a t o , H . , L e a v i t t , R .W, H e l i n s k y , D . R . 

( 1 9 7 7 ) , P u r i f i c a t i o n a n d c h a r a c t e r i s a t i o n o f c o v a l e n t l y c l o s e d 

r e p l i c a t i v e i n t e r m e d i a t e s o f Co) E l DNA f r o m E_. c o ) i . B i o c h e m i s t r y 

J 6 , 1 6 7 7 - 1 6 8 3 . 

K e d e s , L . H . ( 1 9 7 6 ) , H i s t o n e m e s s e n g e r s a n d h i s t o n e g e n e s . C e l l 8 , 

3 2 1 - 3 3 1 . 



151 

K e m p . D . J . , C o r y , S . , A d a m s , J . M . ( 1 9 7 9 ) , C l o n e d p a i r s o-f v a r i a b l e 

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

l i b r a r y o-f t h e e n t i r e m o u s e g e n o m e . P r o c . N a t . A c a d . Sc 1 . U . S . A . 7 6 , 

4 6 2 7 - 4 6 3 1 . 

K h o u r y , G. a n d G r u s s , P. ( 1 9 8 3 ) , E n h a n c e r e l e m e n t s . C e l l 3 3 , 

3 1 3 - 3 1 4 . 

K i p e r , M . a n d H e r z f e l d , F . ( 1 9 7 8 ) , DNA s e q u e n c e o r g a n i s a t i o n i n t h e 

g e n o m e o-f P e t r o s e l enum s a t i v u m . C h r o m o s o m a 6 5 , 3 3 5 - 3 5 1 . 

K i p e r , ( 1 . , B a r t e l s , D. , H e r z f e l d , F . , R i c h t e r , G . ( 1 9 7 9 ) , T h e 

e x p r e s s i o n o f a p l a n t g e n o m e i n hnRNA a n d mRNA. N u c I . A c i d s . R e s . 6 , 

1 9 6 1 - 1 9 7 8 . 

K l o t z , L . C . , a n d Z i m m , B . H . ( 1 9 7 2 ) , S i z e o f DNA d e t e r m i n e d b y 

v i s c o e l a s t i c m e a s u r e m e n t s : r e s u l t s on b a c t e r i o p h a g e s , B a c 1 1 I u s 

s u b t i 1 i s . a n d E s c h e r i c h i a c o l i . J . M o l . B i o l . 7 2 , 7 7 9 - 8 6 0 . 

K o r n , L . J . a n d G u r d o n , J . B . ( 1 9 8 1 ) , T h e r e a c t i v a t i o n o f 

d e v e l o p m e n t a 1 1 y i n e r t 5S g e n e s i n s o m a t i c n u c l e i i n j e c t e d i n t o X e n o p u s 

o o c y t e s . N a t u r e ( L o n d o n ) 2 8 9 , 4 6 1 - 4 6 5 . 

K o z a k , M . ( 1 9 8 0 ) , E v a l u a t i o n o f t h e s c a n n i n g m o d e l f o r i n i t i a t i o n o f 

p r o t e i n s y n t h e s i s i n e u c a r y o t e s . C e l l 2 2 , 7 - 8 . 

K r i s h n a , T . G . , C r o y , R . R . D . , B o u l t e r , D . ( 1 9 7 9 ) , H e t e r o g e n e i t y i n 

s u b u n i t c o m p o s i t i o n o f t h e l e g u m i n o f P i sum s a t i v u m L . P h y t o c h e m i s t r y 

J18, 1 8 7 9 - 1 8 8 8 . 



152 

L a w n , R . M . , F r i t s c h , E . F . , P a r k e r , R . C . , B l a k e , 6 . , M a n i a t i s , T . 

< 1978 ) , T h e i s o l a t i o n a n d c h a r a c t e r i s a t i o n o-f l i n k e d a n d P g l o b i n 

g e n e s - f rom a c l o n e d l i b r a r y o-f human DNA. C e l l , 15, 1 1 5 7 - 1 1 7 4 . 

L e d e r , P . , T i e m i e r , D . , E n q u i s t , L . ( 1 9 7 7 ) , EK 2 d e r i v a t i v e s o f 

b a c t e r i o p h a g e 1 ambda u s e - f u l i n t h e c l o n i n g o-f DNA f r o m h i g h e r 

o r g a n i s m s : t h e x g tWES s y s t e m . S c i e n c e 1 9 6 , 1 7 5 - 1 7 7 . 

L e r n e r , M . R . , B o y l e , J . A . , M o u n t , S . M . , W o l i n , S . A . , S t e i t z , J . A . A r e 

snRNAs i n v o l v e d i n s p l i c i n g ? N a t u r e ( L o n d o n ) 2 8 3 , 2 2 8 - 2 2 4 . 

L e w i n , B . ( 1 9 7 5 ) . U n i t s o f t r a n s c r i p t i o n a n d t r a n s l a t i o n : t h e 

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

C e l l 4 , 1 1 - 2 0 . 

L e w i s , E . D . , H a g e n , 6 . , M u l l i n s , J . I , M a s c i a , P . N . , P a r k , W . D . , 

B e n t o n , W . D . , R u b e n s t e i n , I . ( 1 9 8 1 ) , C l o n e d g e n o m i c f r a g m e n t s o f Z e a 

m a y s h o m o l o g o u s t o z e i n mRNAs. Gene . 1 4 , 2 0 5 - 2 1 5 . 

L i n d a h l , G . , S i r o n i , 6 . , B i a l y , H . , C a l e n d a r , R. ( 1 9 7 8 ) . 

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

p h a g e P 2 . P r o c . N a t . A c a d . S c i . 6 6 , 5 9 2 - 5 9 6 . 

L o e n e n , W . A . M . a n d B r a m m a r , W . J . ( 1 9 8 8 ) , A b a c t e r i o p h a g e l a m b d a 

v e c t o r f o r c l o n i n g l a r g e DNA f r a g m e n t s made w i t h s e v e r a l r e s t r i c t i o n 

e n z y m e s . Gene 2 0 , 2 4 9 - 2 5 9 . 



153 

L y c e t t , G . W . , D e l a u n e y , A . J . , G a t e h o u s e , J . A . , G i l r o y , J . , C r o y , 
R . R . D . , B o u l t e r , D . ( l ? 8 3 a > , T h e v i e i J i n g e n e - f a m i l y o f p e a ( E i . s u m 
s a t w u m L . ) ; a c o m p l e t e cDNA c o d i n g s e q u e n c e - fo r p r e p r o v i c 1 l i n . N u c l . 
A c i d s . R e s . J i ? 2 3 6 7 - 2 3 7 9 . 

L y c e t t , G . W . , D e l a u n e y , A . J . , C r o y , R . R . D . ( 1 9 8 3 b ) . A r e p l a n t g e n e s 

d i f f e r e n t ? FEBS L e t t . J 5 3 , 4 3 - 4 5 . 

L y c e t t , G . W . , D e l a u n e y , A . J . , Z h a o , W . , G a t e h o u s e , J . A . , C r o y , R . R . D , 

B o u l t e r , D. ( 1 9 8 4 a ) . Two cDNA c l o n e s c o d i n g - f o r t h e l e g u m i n p r o t e i n 

o-f P i sum s a t i v u m L . c o n t a i n s e q u e n c e r e p e a t s . P l a n t . Mo I . B i o l , ( i n 

p r e s s ) . 

L y c e t t , G . W . , C r o y , R . R . D . , S h i r s a t , A . , B o u l t e r , D. ( 1 9 8 4 b ) . T h e 

c o m p l e t e n u c l e o t i d e s e q u e n c e o-f a l e g u m i n g e n e f r o m p e a ( P i sum s a t i v u m 

L . ) . N u c l . A c i d s . R e s . ( s u b m i t t e d ) . 

M a n d e l , M. a n d H i g a , A . ( 1 9 7 8 ) , C a l c i u m d e p e n d e n t b a c t e r i o p h a g e DNA 

i n f e c t i o n . J . M o l . B i o l . 5 3 , 1 5 9 - 1 6 2 . 

M a n i a t i s , T . , H a r d i s o n , R . C . , L a c y , E . , L a u e r , J . , O ' C o n n e l , C , O u o n , 

D . ( 1 9 7 8 ) , T h e i s o l a t i o n o f s t r u c t u r a l g e n e s f r o m l i b r a r i e s o f 

e u c a r y o t i c DNA. C e l l 15, 6 8 7 - 7 8 1 . 

M a n s , S . R . J . ( 1 9 6 7 ) , P r o t e i n s y n t h e s i s i n h i g h e r p l a n t s . A n n . R e v . 

P l a n t . P h y s i o l . 18, 1 2 7 - 1 4 6 . 

Ma t h i s , D . J . a n d C h a m b o n , P . ( 1 9 8 1 ) , T h e SU 48 e a r l y r e g i o n TATA box 

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

( L o n d o n ) 2 9 8 , 3 1 8 - 3 1 5 . 



154 

Matsubara, K. and Takesh i , M. ( 1982), Ident i - f i cat ion o-f sequences 
necessary -for packaging DNA i n t o lambda phage heads, bene 20, 
247-279. 

M a t t a , N . K . , Gatehouse, J . A . , B o u l t e r , D. (1981) , Molecular and 

subuni t he t e rogene i ty o-f legumin ot Pi sum sat ivum L . (garden pea) - a 

mu l t i d imens iona l gel e l e c t r o p h o r e t i c s tudy . J . Exp. Bo t . 32, 

1295-1387. 

M a t t a , N .K. and Gatehouse, J .A . (1982) , I n h e r i t a n c e and mapping o-f 

s torage p r o t e i n genes in Pi sum sat ivuro L . Hered i ty 48, 383-392. 

Maxam, A.M. and G i l b e r t , W. (1977) , A new method -for sequencing DNA. 

Proc. Na t . Acad. S c i . 74, 560-564. 

Meincke, D.W., Chen, J . , Beachy, R.N. (1981) , Expression o-f s torage 

p r o t e i n genes d u r i n g soybean development. P lanta 153, 138-139. 

Messing, J . , Geraghty, D . , Heidecker , G. , Hu, N . T . , K r i d l , J . , 

Rubenste in , I . (1983) , Plant gene s t r u c t u r e . In " Genetic 

eng inee r ing o-f p l a n t s " ed. M e r e d i t h , C P . , Kosuge, T . , Hol laender , A 

M i l l e r d , A. and Spencer, D. (1974 ) , Changes in RNA s y n t h e s i z i n g 

a c t i v i t y and template a c t i v i t y i n n u c l e i -from coty ledons o-f developin 

pea seeds. A u s t . J . P l a n t . P h y s i o l . \ , 331-341. 

M i n t y , A. and Newmark, P. Gene r e g u l a t i o n : new, o l d and remote 

c o n t r o l s . Nature 288, 219-211 . 



155 

Mizusawa, S. and Ward, D.F . (3982) , A bacter iophage vec to r f o r 
c l o n i n g w i t h Bam HI and Sau 3A. Gene 29, 317-322. 

Mor ton , H . , Evans, I . M . , Gatehouse, J . A . , B o u l t e r , D. (1983) , 

Sequence complex i ty and abundance classes i n messenger RNA -from 

coty ledons of deuel oping pea (Pi sum sa t i vum L . ) seeds. Phy tochemi s t r y 

22, 887-812. 

Murray, M . G . , C u e l l a r , R . E . , Thompson, W.F . , ( 1978 ) , DNA sequence 

o r g a n i s a t i o n i n the pea genome. B iochemis t ry _17j 5781-5796. 

Murray , M . G . , Pe te rs , D . L . , Thompson, W.F. ( 1981 ) , Ancient repeated 

sequences i n the pea and mung bean genomes and i m p l i c a t i o n s f o r genome 

e v o l u t i o n . J . Mol . B i o l . J_7, 31-42. 

Murray , M.G. and Thompson, W.F. (1982) , Repeat sequence i n t e r s p e r s i o n 

in coding DNA of peas does not r e f l e c t that i n t o t a l pea DNA. P l a n t . 

M o l . B i o l . i , 143-153. 

Murray, N . E . , Brammar, W . J . , Murray, K. Lambdoid phaged that s i m p l i f y 

recovery of jm v i t r o recombinants . M o l . Gen. Genet. 156, 53-61 

Murray, K. and Murray , N . E . (1975) . Phage lambda receptor chromosomes 

f o r DNA fragments made w i t h r e s t r i c t i o n endonuclease 3 of Haemophi1 us 

i n f Iuenzae and r e s t r i c t i o n endonuc1 ease 1 of Esche r i ch ia c o l I . 

Nagao, R . T . , Shah, D . M . , Eckenrode, U . K . , Meagher, R.B. (1981) , 

Mul t igene f a m i l y o f a c t i n r e l a t e d sequences i s o l a t e d f rom a soybean 

genomic l i b r a r y . DNA 2 , 1-9. 



156 

Nagata ,S . , M a n t e i , M . , and Weiss/nann. C. (1989) , The s t r u c t u r e of one 
of e igh t -or more d i s t i n c t chromosomal genes f o r human i n t e r f e r o n . 
Nature (London) 287, 481-488. 

Nelson , O.E. (1988) , Advances i n cereal science and technology. 3, 

4 1 . 

N i e l s e n , N.C. (1984) , The chemis t ry of legume s torage p r o t e i n s . 

P h i l . Trans . R. Soc. Lond. B. 384, 287-296. 

O r g e l , L . E . and C r i c k , F .H.C. (1988) , S e l f i s h DNA: the u l t i m a t e 

p a r a s i t e . Nature (London) 284, 684-607. 

Osborne, T . B . (1924) , "The vege tab le p r o t e i n s " Longmans, Green and 

Company. London. 

P a l m i t e r , R.D. (1972) , Regula t ion of p r o t e i n syn thes i s i n chick 

o v i d u c t . J . B i o l . Chem. 247. 6458-6459. 

Pedersen, K . , Devereux, J . , W i l s o n , D.R, Sheldon, £ . , Lark i n s , 8 .A. 

(1982) , C lon ing and sequence a n a l y s i s reveal s t r u c t u r a l v a r i a t i o n 

among r e l a t e d ze in genes in maize. Cel l 29, 1815-1826. 

P i n t o r - T o r o , J . A . , Langr idge , P . , and F e l i x , G. (1982) , I s o l a t i o n and 

c h a r a c t e r i s a t i o n of maize genes coding f o r ze in p r o t e i n s of the 21,888 

d a l t o n s i ze c l a s s . N u c l . A c i d s . Res. 18, 3845-3868. 

Ragg, H. and Weissmann, C. (1983) , Not more than 117 base p a i r s of 5 ' 

f l a n k i n g sequence are r e q u i r e d f o r i n d u c i b l e express ion of a human i f n 

- a gene. Nature (London) 383, 439-442. 



157 

Reddy, R. , Ro-Choi T . S . , Henning, D . , Busch, H. (1974) , Pr imary 

sequence of U 3 nuclear r i b o n u c l e i c a c i d of Novikof~f hepatoma a sc i t e s 

c e l l s . J . B i o l . Chem. 249, 6486-6494. 

Rimtn, D . L . , Horness, D. , Kucera, J . , B l a t t n e r , F.R. (1986) , 

Cons t ruc t i on of co l iphage lambda Charon v e c t o r s w i t h Bam HI c l o n i n g 

s i t e s . Gene \2, 381-389. 

Rober ts , R . J . (1981) , R e s t r i c t i o n and m o d i f i c a t i o n enzymes and t h e i r 

r e c o g n i t i o n sequences. N u c l . A c i d s . Res. 9, 75-96. 

Robbins, J . , Rosteck, P . , Haynes, J .R . , Freyer , G. , C lea ry , M . L . , 

K a l t e r , H . D . , Smi th , K . , L i n g r e l l , J . B . C1979), The i s o l a t i o n and 

p a r t i a l c h a r a c t e r i s a t i o n of recombinant DMA c o n t a i n i n g genomic g l o b i n 

sequences f rom the goa t . J . B i o l . Chem. 254. 6187-6395. 

Rogers, J .C . and M i l l i m a n , C. (1983) , I s o l a t i o n and sequence a n a l y s i s 

of a b a r l e y ot amylase cDNA c l o n e . J . B i o l . Chem. 258, 8169-8174. 

Ross, J . , G i e l e n , J . , Packman, S., Ikawa, Y . , Leder, P. (1974) , 

Globin gene expression i n c u l t u r e d e ry thro leukaemic c e l l s . J . Mol . 

B i o l . 87, 697-714. 

Schroeder, H.E. (3 982) , Q u a n t i t a t i v e s t u d i e s on the coty1edonary 

p r o t e i n s i n the genus Pisum. J . S c i . Food. A g r i c . 33, 623-633. 

Schu le r , M . A . , Schmi t t , E .S . , Beachy, R.N. (1982) , C lose ly r e l a t e d 

f a m i l i e s of genes code f o r the a and a' subun i t s of the soybean 7S 

s torage p r o t e i n complex. N u c l . A c i d s . Res. J8 , 8225-8244. 



158 

Seeburg, P . H . , Shine, J . , M a r s h a l ) , J . A . , Bax te r , J . D . , Goodman, H.M. 

(1977) , N u c l e o t i d e sequence and a m p l i f i c a t i o n in b a c t e r i a o-f the 

s t r u c t u r a l gene -for r a t growth hormone. Nature (London) 276, 

486-499. 

Seed, 6 . , Parker , R . , Davidson, N . (1982) , Representat ion o-f DNA 

sequences i n recombinant DNA l i b r a r i e s prepared by r e s t r i c t i o n enzyme 

p a r t i a l d i g e s t i o n . Gene J9 , 281-269. 

Sengupta, C , Deluca, v \ , B a i l e y , D . S . , verma, D.P.S. (1981) , Post 

t r a n s l a t i o n a l process ing o-f 7S and I I S components o-f soybean s torage 

p r o t e i n s . P l a n t . M o i . B i o l , i , 19-34. 

Shah, D . M . , Hightower , R .C . , Meagher, R.B. (1982) , Complete 

n u c l e o t i d e sequence o-f a soybean a c t i n gene. Proc. Na t . Acad. S c i . 

U.S.A. 79, 1822-1826. 

Shah, D . M . , Hightower , R .C . , Meagher, R.B. (1983) , Genes encoding 

a c t i n i n higher p l a n t s : i n t r o n p o s i t i o n s are h i g h l y conserved but th 

coding sequences are n o t . J . M o l . A p p l . Genet. 2, 111-126. 

Sharp, P . A . , Sugden, B . , Sambrook, J . ( 1973), De tec t ion o-f two 

r e s t r i c t i o n endonuclease a c t i v i t i e s i n Haemophi 1 us parain-f 1 uenzae 

us ing a n a l y t i c a l agarose. B i o c h e m i s t r y . _12, 3855-3863. 

S h a t k i n , A . J . (1976) , Capping o-f euca ryo t i c mRNAs. Cel l 9, 645-653 

She r r a t , D . J . ( 1979), Plasmid v e c t o r s -for genet ic m a n i p u l a t i o n in 

v i t r o . Biochem. Soc. Symp. ( 1979), 44, 29-36. 



159 

Shewry, P .R. , M i f l i n , B . J . , Forde, B . G . , B r i g h t , S.W.J. (1981) , 
Conven t i onai _ and-novel approaches to the improvement of the 
n u t r i t i o n a l q u a l i t y o-f cereal and legume seeds. S c i . Prog. Gxf. 67, 
575-688. 

S e i f , I . , Khoury, G. , Dhar, R. (1988) , A r a p i d enzymatic DNA 

sequencing technique : de t e rmina t i on o-f sequence a l t e r a t i o n s i n e a r l y 

SV 48 temperature s e n s i t i v e d e l e t i o n mutan ts . N u c l . A c i d s . Res. 8, 

2225-2248. 

Sk inner , D.M. (1977 ) , S a t e l 1 i t e DNAs. Biosc ience 27, 798-796. 

S l i g h t o m , J . L . , Sun, S .M. , H a l l , T .C. (1983) , Complete n u c l e o t i d e 

sequence o-f a -french bean s torage p r o t e i n gene - phased 1 i n . Proc. 

Na t . Acad. S c i . U.S.A. 88, 1897-1981. 

Smith , D . F . , Sea r l e , P . F . , W i l l i a m s , J .G. ( 1979), C h a r a c t e r i s a t i o n o-f 

b a c t e r i a l c lones c o n t a i n i n g DNA sequences d e r i v e d -from Xenopus 

v i t e l l o g e n i n mRNA. N u c l . A c i d s . Res. 6, 487-586. 

S m i t h i e s , 0 . , Engels , W.R., Devereux, J . R . , S l i g h t o m , J . L , Shen, S. 

(1981) , Base s u b s t i t u t i o n s , length d i f f e r e n c e s , and DNA s t r and 

asymmetries i n the human Y and Y f e t a l g l o b i n genes. Cell 26, 345-353. 

Southern, E.M. (1975) , De tec t ion of s p e c i f i c sequences among DNA 

fragments seprated by gel e l e c t r o p h o r e s i s . J . M o l . B i o l . 98, 

583-517. 

Spencer, D. and H i g g i n s , T.J.v". (1979) , Molecular aspects of seed 

p r o t e i n b i o s y n t h e s i s . Cur r . Adv. P I . S c i . 34, 1-13. 



160 

Spencer, D, and H i g g i n s , T . J . V . (1988) , The b i o s y n t h e s i s of legumin 

i n ma tu r ing pea seeds. Biochem. I n t e r n a * . J., 582-589. 

S te rnberg , N . , T iemeie r , D . , Enqu i s t , L . ( 1977), In v i t r o packaging 

of a X Dam vec to r c o n t a i n i n g f ragments of E . c o l i and phage P I . Gene 

1, 255-288. 

Sun, S .M. , S l i g h t o m , J . L , H a l l , T.C. (1981) , I n t e r v e n i n g sequences i n 

a p l an t gene - comparison of the p a r t i a l sequence of cDNA of f r e n c h 

bean p h a s e o l l i n . Nature (London) 289, 3 7 - 4 1 . 

Suzuk i , Y . , Gage, P . , Brown, D .D . (1972) , The genes f o r s i l k f i b r o i n 

i n Bombyx m o r i . J . Mol . Bio) 78, 637-449. 

Thomas, M . , Cameron, J .R . , Dav i s , R.W. (1974) , V i a b l e molecular 

h y b r i d s of bacter iophage lambda and euca ryo t i c DNA. Proc. Nat . Acad. 

S c i . U.S.A. (1974) , 7 1 , 4579-4583. 

Thomas, P.S. (1988) , H y b r i d i s a t i o n of denatured RNA and small DNA 

fragments t r a n s f e r r e d to n i t r o c e l l u l o s e . Proc. Nat . Acad. S c I . U.S.A. 

77, 5282-5285. 

Thompson, J . A . , Mi H e r d , A . , Schroeder, H.E. ( 1979), Seed p r o t e i n 

improvement i n ce rea l s and g r a i n legumes. Proc. Symp. Neuberberg. 1, 

231-248 .1 .A.E .A. Vienna. 

Thompson, J . A . , Schroeder, H . E . , Dudman, W.F. (1978) , Coty1edonary 

s torage p r o t e i n s i n Pi sum sat ivum L . 1) Molecular h e t e r o g e n e i t y . 

A u s t . J . PL. P h y s i o l . 5, 263-279. 



161 

Thompson, W.F. and Murray , M.G.<1981), The nuclear genome: s t r u c t u r e 

and - f u n c t i o n . In " The b iochemis t ry of p l a n t s " Vol 16, ed. Marcus, 

A . Acaderriic Press, London. 

V i e r a , J . and Messing, J . (1982) , The pUC plasmids , an M13 mp 7 

d e r i v e d system f o r i n s e r t i o n mutagenesis and sequencing w i t h un ive r sa l 

p r i m e r s . Gene J_9, 259-268. 

Vol l o c h , V, and Housman, D. (1981) , S t a b i l i t y of g l o b i n mRNA i n 

t e r m i n a l l y d i f f e r e n t i a t i n g murine e ry thro leukaemia c e l l s . C e l l . 23, 

589-514. 

deVr ies , S.C., Sp r inge r , J . , Wessels, J .G .H. (1983) , Sequence 

d i v e r s i t y of polysomal mRNAs i n r o o t s and shoots of e t i o l a t e d and 

greened pea s e e d l i n g s . P lanta 158, 42-58. 

W a h l i , W. and Dawid, I . G . (1988) , Comparative a n a l y s i s of the 

s t r u c t u r a l o r g a n i s a t i o n of two c l o s e l y r e l a t e d v i t e l l o g e n i n genes in 

Xenopus l a e v i s . Ce l l 28, 187-117. 

Walbot , V. and Dure, L . S . (1976) , Developmental b iochemis t ry of 

co t t on seed embryogenesis and g e r m i n a t i o n . J . M o l . B i o l . 181, 

583-586. 

W a l l , L . V . M . and Bryan t , J ,A. (1981) , I s o l a t i o n and p r e l i m i n a r y 

c h a r a c t e r i s a t i o n of c r y p t i c s a t e l l i t e DNA i n pea. Phytochem. 28, 

1767-1771. 



162 

Weber, E. et a j . (1981) , T rans fe r of j_n v i t r o synthes ised v11 c i a faba 
g l o b u l i n s and b a r l e y pro lamins across the endoplasmic r e t i c u l u m 
membrane of v ' i c i a f aba . Ca r l sbe rg . Res. Comm. 46, 383 

Weiber, H . , Konig , M . , Gruss, P. (1983) , M u l t i p l e p o i n t muta t ions 

a f f e c t i n g the Simian V i r u s 48 enhancer. Science 219, 626-631. 

Wensink, P .C. , Finnegan D . J . , Donelson, J . E . , Hogness, D . S . U 9 7 4 ) , A 

system f o r mapping DNA sequences i n the chromosomes of Drosophi1 a 

melanoqaster . Cel l 3, 315-326. 

Wienand, U . , Langr idge , P . , F e l i x , G. (1981) , I s o l a t i o n and 

c h a r a c t e r i s a t i o n of a genomic sequence of maize coding f o r a ze in 

gene. M o l . Gen. Genet. 182, 448-444. 

W i l l i a m s , B . 6 . and B l a t t n e r , F.R. (1979) , Cons t ruc t ion and 

c h a r a c t e r i s a t i o n of the h y b r i d bacter iophage lambda charon vec to r s f o r 

DNA c l o n i n g . J . V i r o l . 29, 555-575. 

W i s k o c i l , R. , Bensky, P . , Dower, W., Goldberger , R . F . , Gordon, J . I . 

(1980) , Coordinate r e g u l a t i o n of two estrogen dependent genes in 

avian l i v e r . Proc. Nat . Acad. S c i . U.S.A. 77, 4474-4478. 

Wozney, J . , Hanahan, D . , Ta te , U . , Boedtker , H. , Doty, P. (1931) , 

S t r u c t u r e of the pro a 2 (1) co l l agen gene. Nature (London) 294, 

129-135. 



163 

W r i g h t , D . J . and B o u l t e r , D. (1974) , P u r i f i c a t i o n and subuni t 

s t r u c t u r e of legumin of V i c i a faba (Broad bean) . Biochem. J . 141, 

413-418. 

Yamagata, H . , Sugimoto, T . , Tamaka, K . , Kasa i , Z. (1982) , 

B iosyn thes i s of s torage p r o t e i n s i n deve lop ing r i c e seeds. P l a n t . 

P h y s i o l . 78, 1894-1188. 

Yamamoto, K . R . , A l b e r t s , B . M . , Benzinger , L . , Lawhorne, L . , T r e i b e r , 

6. (1978) , Rapid bacter iophage sedimenta t ion i n the presence of 

po lye thy l ene g l y c o l and i t s a p p l i c a t i o n to l a rge scale v i r u s 

p u r i f i c a t i o n . V i r o l o g y , 48, 734-744. 


