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Abstract 

The exp re s s ion o f  t he gen e s  for t he sma l l  subun i t  ( S SU )  o f  

r ibu l o s e -l , 5 -bi sphosphate c arboxy l a s e / oxygenase ( Rub i s co ) ,  

a l cohol dehydrogenase (Adh ) and l e c t i n  i n  the white c l over 

p l ant was inve s t igated by Northern analys i s ,  u s ing 
hete r o l ogous p l ant p robe s . S SU was shown t o  be e xpre s s ed in 

the l eave s / st ems , Adh in t he root s and lect in i n  both the 

l eave s / st ems and the root s of the mature p l ant . 

A s e r i e s  o f  independent , white c l over ,  l e a f / stem and root 

cDNA l ib r a r i e s  was const ructed in the l ambda ve ct or Agt l O  

from p o lyaden y l a t e d  mes senger RNA i s o l at e d  from mature 

p l ant s . A number of SSU and Adh cDNA c l on e s  was i s o l at e d  from 

the s e  l ib r a r i e s  and the inserts from the s e  c l one s we re 

characte r i z ed by rest r i ct i on enz yme mapping and DNA s e quence 

ana ly s i s . The s e  c l on e s  inc luded a part i a l  S SU cDNA c l one from 

a l e a f / stem l ibrary and a ful l length Adh c l one from a root 

l ibrary . Two uncharact e r i z ed l e c t i n  cDNA c l ones we re a l s o  

i s o l ated from e ach o f  t he l e a f / s t em and root cDNA l ib r a r i e s .  

A fu l l y - represent at ive genomic l ibrary was c on s t ructed i n  the 
l ambda ve c t o r  AEMBL3 f rom t o t a l  whi t e  c l over DNA . Thi s 

l ibrary was s c reened with t he previ o u s l y  i s o l ated whi t e  

c l ove r S SU and Adh cDNA c l ones . One S S U  a n d  three Adh genom i c  

c l ones were i s o l ated and t h e  i n s e r t s  f r om the se c l one s wer e  

characte r i z ed by re s t ri ct i on e n z yme mapp ing a n d  S o uthe rn 

bl ott ing . Re s t r i ct i on fragment s ,  t o  whi ch the co rre sponding 

cDNA probe hybr i di z ed ,  were subcl oned and characte r i z ed by 

addit ional r e s t r i ct i on enzyme mapp ing and DNA sequence 

ana l y s i s . 

The one S SU genomic c l one rep resented a funct i on a l  whit e  

c l ove r rbcS gene , c o r r e sponding t o  t he whi t e  c l over S SU cDNA 

c l one , and was c omp l et e  with 5 '  and 3 '  non-t ran s c ribed 

reg i ons . Con s e rved sequence s  were ident i f ied i n  thi s gene 

that have been imp l i c ated in t he regu l at i on of p l ant gene 

e xpre s s i on in general and the regu l at i o n  of rbcS genes i n  



iv 

p a rt i cu l a r . The three Adh genomic c l ones repre sented 

di f fe rent , non-funct i onal , whi t e  c l ove r Adh ps eudogene s ,  e ach 

with regions o f  s t rong homo l o gy t o  only l imited regi ons of 

the whi t e  c l ove r Adh cDNA c l one . 
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Chapter 1 

Introduction 

1 . 1 White clover 

Whi t e  c l ove r ,  Tri fol i um repens L . , i s  the mo st agronom i c a l l y  

important o f  the 2 5 0  - 3 0 0  spe c i e s  i n  the genus Tri fo l i um .  

Thi s genu s , t ogether with Medi cago and Mel i l o t us ,  i s  u s ua l l y  

c l a s s i fied taxonomi c a l l y  i n  t r ibe T r i f o l i e ae o f  sub f ami l y  

P api l i onoideae o f  the fami l y  Legumin o s ae ( a l s o  re fe rred t o  a s  

fami l y  Fabaceae ) ( Co rby e t  al . ,  1 9 8 3 ;  Wi l l i ams , 1 9 8 7 ) . 

In  addit i on to Tri fol i um repen s ,  the genus Tri fol i um contains 

m ore than 20  other c l over spe c ie s  whi ch are cult ivated as  

forage s . Among the w i l d  spec i e s , about 54  occur on l y  i n  Nort h 

Ame r i c a  and about 3 3  occur only in Afr i c a  s outh o f  the 

S ahara . The rema inder are d i s t r ibuted ma i n l y  in Europe , 

no rthern and s outh-we s t  As i a ,  and north Afr i c a ,  with the 

heaviest concent r at i on ar ound the Mediterranean . T .  repens 

i t s e l f  i s  nat ive throughout Europe and i s  now wide l y  d i s t rib­

ut ed throughout the wo r l d  ( Wi l l i ams , 1 9 8 7 ) . 

Wh i t e  c l over has a chromo s ome number 2 n  = 3 2  ( B r it t en , 1 9 6 3 ;  

E l l i son et al . ,  1 9 8 6 ) . The ba s i c  chromo s ome number i n  the 

who l e  of the t r ibe T r i f o l ieae , inc luding Tri fo l i um ,  i s  8 

( S en n ,  1 9 3 8 ) , as it i s  f o r  a l l c l o s e l y  re l ated spe c i e s i n  

Sect i on Amori a whi ch have been c ount ed s o  far ( B r itten , 1 9 6 3 ;  

P r i t chard, 1 9 6 2 ; P r it chard, 1 9 6 9 ;  Chen and Gib s on ,  1 9 7 1 ) . 

Wh i t e  c l ove r i s  there fore c o n s i de red t o  be a t e t r ap l o i d  

spec i e s . The o r i g i n s  o f  white cl over and i t s  r e l a t i onships 

with othe r spec i e s  o f  Tri foli um rema in unc l e a r  but the 

t e chn iques o f  mo l e c u l a r  genet i c s  cou l d  we l l  c l a r i f y  the s e  

i s su e s  in the future . 
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1 . 2  Plant genome organi z ation 

The nuc l e a r  genome o f  eukaryote s  cont a i n s  most o f  the genes 

expre s s ed by a spec i e s . I n  addit i on t o  coding for RNA and 

prot e in c omponent s of the ce l l ,  the nuc l e a r  genome a l s o  

cont a i n s  s u f f i c i ent informat ional DNA t o  regu l at e  the 

exp r e s s ion of the s e  gene produ c t s  and st ructural DNA requ i red 

for the maintenance o f  chromo s omal morpho l ogy and funct i on . 

F rom studie s  o f  the DNA renaturat i o n  k i net i c s o f  fragmente d  

pl ant DNA ,  it h a s  been e s t ab l i shed that p l ant genome s c on s i st 

o f  a var i ab l e  but o ften l arge p ropo rt i on o f  repetit i ve DNA, 

wh i ch re a s s o c i at e s  re l a t i ve l y  r ap i d l y ,  and a sma l l e r  p r opo r ­

t i on o f  s in g l e  c opy DNA, whi ch rea s s o c i at e s  a s  i f  pre sent 

on l y  once per hap l o i d  genome ( Wa lbot and G o l dberg , 1 9 7 9 ; 

F l ave l l ,  1 9 8 0 ) . I n  the c a s e  o f  the pea genome , approx . 8 5 % o f  

the DNA i s  composed o f  repe t i t i ve s equences whi le o n l y  1 5 %  

behave s a s  i f  i t  i s  present i n  one o r  a few copies ( Mu r ray et 

al . ,  1 9 7 8 ) . The repet it ive DNA frac t i on of p l ant genome s has 

been furthe r subdivided into three k i nds o f  DNA s e quence 

organ i z at i on patte rn ( F l ave l l , 1 9 8 0 ;  F l ave l l  et a l . ,  1 9 8 1 ) . 

The f i r s t  k ind c on s i s t s  o f  repe t it i ve DNA segment s ,  u s ua l l y  

sho rter than 6 0 0  bp , i nt e r sper s ed with s ingle - or l ow-copy 

DNA s e gment s that are usua l l y  sho rt e r  than 1 2 0 0  bp . The 

s e c ond k ind cons i st s  of l o n g ,  tandem arrays of the s ame 

repeat ing unit , and the third c on s i s t s  of s t retches o f  

repeated DNA i n  wh ich dif fe rent short s equences are inter­

spe r sed with one anothe r in c omp l ex permut at i ons . Long t andem 

array s  of repeating un i t s  have been i s o l ated as " s at e l l it e s " 

by cent r i fugat i o n  o f  p l ant nuc l e a r  DNAs in ces ium s a l t  

gradi ent s ( I ngle et al . ,  1 9 7 3 )  , a l t hough t h i s  patt e rn o f  

repe t i t ive DNA i s  not l imited t o  s ate l l it e s . The lengths o f  

the repe ating u n i t s  in s ate l l it e  DNA arrays range from a few 

base p a i r s  t o  thous ands o f  base pai r s , and the number of such 

repeating un i t s  in the chromo s ome r ange s from a few hundred 
to over a mi l l i on ( F l ave l l ,  1 9 8 0 ) . There i s  no e xper iment a l  

evidence regarding the funct ion o f  s at e l l ite DNA . However i n  
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in si t u  hybr idi z at i on exper iment s ,  thi s DNA has been found 

a s s o c i at ed with het e ro chromat i c  regi ons a round the cent rome r e  

and t he t e l ome re o f  t h e  chromo s ome ( Bedbrook e t  a l . ,  1 9 8 0 a ;  

Peacock e t  al., 1 9 8 1 ;  Jone s and F l ave l l ,  1 9 8 2; Appe l s ,  1 9 8 3 ; 

Zhu e t  al., i n  prepara t i on ) . The se obse rvat ions sugges t  that 

sate l l i t e  DNA may be important for chromos ome st ructure and 

rep l i cat i on . 

Togethe r ,  interspe rsed and t andeml y  arranged,  highly r epet i ­

t i ve DNA c an const itute up t o  8 0% o f  pl ant nuc l e a r  DNA 

( Wa lbot and Go l dber g ,  1 9 7 9 ) The hap l o i d  genome s i z e o f  

var i ou s  p l ant s and t he proport ion o f  repe t i t ive DNA i n  each 

genome i s  g i ven in T ab l e  1 . 1 .  As can be s een from thi s t ab l e ,  

a l arge r genome s i z e  t ends t o  c o r re l at e  with a higher p r opor­

t i on of repet i t i ve DNA in the genome . The Arabi dopsis genome , 

at 7 0 , o b o  kb , i s  approx . 2 0  t ime s t he s i z e  o f  t he E .  col i  

gen ome and only f i ve t ime s l a rger than that o f  the yeast 

gen ome ( Leutwi l e r ,  1 9 8 4 ) .  

O f  the s ingl e  c opy DNA within a p l ant genome , not a l l  i s  

actua l l y t ra n s c r ibed into RNA . Thus i n  the t obacco p l ant , 

approx . 4 5 %  o f  the s i ngle c opy DNA i s  represented i n  the 

nuc l e a r  RNA of a l l  veget at ive and f l o r a l  organ s y stems . The 

ma j o r i t y  of  the s e  sequenc e s  are deve l opment a l l y regu l at e d  

w i t h  1 8 % o f  the s i ng l e  c opy DNA b e i n g  repre sented i n  the 

nuc l e a r  RNA of each organ ( Kama l a y  and G o l dberg,  1 9 8 4 ) .  As a 

re s ul t o f  p o s t -t r an s c r ipt i onal s e lect i on mechani sms , o n l y  1 1 %  

o f  the s i ngl e  c opy DNA,  equ i va l ent t o  6 0 , 0 0 0  dive r s e  s t ru c ­

tural gene s ,  i s  actu a l l y  expre s s ed i n  t h e  form o f  mRNA in t he 

ent i re t obacco p l ant during the dominant pha s e  o f  i t s  l i fe 

cyc l e . Thi s  amount o f  genet i c  i n f o rmat ion const itutes j ust 5 %  

o f  t he t ob a c c o  gen ome . 



4 

Tab l e  1 . 1 .  Hap l o id genome s i z e  in various p l ant s and the 
proport i on of repet itve DNA in e ach genome . The dat a have 
been t aken from Hake and Walbot ( 1 9 8 0) , Leutwi l e r  ( 1 9 8 4 ) , 
S o rensen ( 1 9 8 4 )  and Meyerowit z and P ruitt ( 1 9 8 5 ) . 

Hap l o i d  genome P ropo rt ion o f  

s i z e  repet i t ive DNA 

P l ant ( bp x 1 09) ( %  ) 

Arabidopsis 0 . 07 2 6  

Mi l l et 0 . 2 6 9  

Mung bean 0 . 4 7  3 4  

Cotton 0 . 7 8  4 0  

Spinach 0 . 8 7 4  

Tobacco 1 . 5  5 5  
, 

S oybean 1 . 8  6 1  

P a r s l e y  3 . 0  7 0  

P e a  4 . 5 7 0  

B a r l e y  5 . 0 7 0  

Whe at 5 . 9  7 5  

Ma i z e  6 . 3  7 7  

Rye 7 7 5  

Oat s 1 3  7 0  

Bro adbean 4 4  8 0  

1 . 3  Structure and expression of plant genes 

The st ructu re o f  a t yp i c a l  p l ant gene , the pea rb cS-3A gene , 

i s  shown in i n  F igu re 1 . 1  (based on F luhr e t  a l . ,  1 9 8 6 ;  

Gi u l i ano e t  a l . ,  1 9 8 8 ;  Kuh l eme i e r  e t  a l . ,  1 9 8 8 ) . F o r  de s c r ip­

t i ons of  the main st ructural f e ature s ,  see b e l ow . 
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F i gure 1 . 1 .  Schemat ic repre sent at i on o f  the ma in st ructural 
feature s of the pea rbcS-3A gene . Exons are in b l ac k ; 
unt rans l ated regions o f  the corre sponding mRNA are c r o s s­
hatched . 

1 . 3 . 1 RNA polyrnerases 

P l ant nuc lear DNA sequences are t rans c r ibed by three s eparate 

forms of RNA p o l yme r a s e ,  I ,  I I and I I I .  The en z yme s are 

st ructural l y  and funct ion a l l y  di st inct and c l o s e l y  r e s emb l e  

the RNA p o l ymer a s e s  f ound in animal c e l l nucl e i . RNA 

p o l yme rase I i s  l o cated in the nu c l e o lus where it t r an s c ribes 

the genes f o r  rRNA . RNA po lyme r a s e  I I  i s  l oc at e d  i n  the 

nuc l e opl asm and is import ant for t r a n s c r ibing the gen e s  

c oding f o r  p r o t e i n s  into mRNA . RNA po l yme r a s e  I I I  i s  b e l ieved 

t o  be re spon s ib l e  for the t ran s c r ipt i on of low mo l e c u l a r  

we i ght s equences in t h e  nuc l e op l a s m ,  inc luding the gene s f o r  

5 S  and t RNA ( Gr i e r s on and Cove y ,  1 9 8 4 ) . 

1 . 3 . 2 Transcription initiation 

T r a n s c r ipt ion init i at i on by RNA p o l yme rase I I  i s  cont r o l l e d  

b y  t wo types o f  regu l at o r y  sequence s ,  name l y  promot e r s  and 
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enhanc e r s . Both types o f  s e quences are typi c a l l y  c omp o s ed o f  

a variety o f  short s equence mot i f s  ( ci s  e l ement s )  t o  whi c h  

di f f e rent t ranscript i on fact o r s  bind . Such fact o r s  c an b e  

e ither gener a l  o r  gene spe c i f i c . The promot e r  u s u a l l y  

c on s i st s  o f  a sequence around the t ran s c r ipt ion init i at i o n  

s it e  ( c ap s i te ) , a n  AT -rich sequence ( TATA box ) and o n e  o r  

more up s t r e am e l ement s o f  about 1 0  bp ( see b e l o w ) . The 

upst ream promoter e l ement s and the i r  a s s o c iated t rans c r ipt i on 

fact ors  cont r o l  the frequency o f  t r a n s c r ipt i on init i at i on and 

therefore the l eve l of  tran s c r ipt s of the corresponding gene . 

Enhancers , on the othe r hand, i n c r e a s e  the rate o f  t r an s c r ip ­

t i on init i at i on and can b e  l o cated e ither ups t r e am o r  

downst ream o f  the init i at i on s it e , c l o s e  t o  the p romo t e r  o r  
tho u s ands o f  base p a i r s  away . 

The t rans c r ipt i on fact ors invo l ved i n  the init i at i on o f  gene 

t rans c r ipt i o n  cons i s t  of at l e ast three di f fe rent domai n s  

whi ch spe c i fy DNA b inding, t ran s l o cat e the prot e i n t o  the 

nuc l e u s , and interact with a c omponent , o r  component s ,  of the 

gene r a l  t rans c r ipt i on apparatu s .  A t rans c r ipt i on fact o r  c an 

a l s o  c ont ain an addit ion al domai n  f o r  interact ion with 

regu l at o ry proteins that c an up- or down -regu l at e  the t rans ­

c r ipt i o n a l  act ivity o f  the factor . 

Whi l e  cons iderab l e  progre s s  has been made i n  underst anding 

the st ruct u re and funct i on o f  t rans c r ipt i on factors that bind 

t o  promote r s  and enhancers , there is st i l l  l it t l e  known about 

the way the s e  fact o r s  interact with the gener a l  t r a n s c r ipt i o n  

apparat u s . Two prin c ipal mode l s , the l o op i ng and the s c anning 

mode l ,  have been proposed f o r  this pro c e s s  ( Mu l l e r  and 

S cha ffne r , 1 9 9 0 )  I n  the l o oping mode l , init i at i on o f  

t ra n s c r ipt ion i s  st imu l ated by the inte ract i on o f  enhan c e r  

e l ement s w i t h  promote r  e l ement s through prot e ins bound t o  the 

DNA . The DNA between the enhancer and promote r  e lement s i s  

the r eby l o oped out . I n  the s c ann ing mode l , enhancer s  a r e  

recogn i z ed by RNA po l yme rase I I  ( o r  a t rans c r ipt ion f a ct o r ) , 

wh i ch b i nds and then s l ides in e ither direct ion a l ong the DNA 
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unt i l  it reaches the promot e r  e l ement s where it fac i l i t at e s  

the format ion o f  a t ranscript i on i n i t i at i on complex . O f  the s e  

two mode l s , the ava i l ab l e  evidence t ends t o  support the 

l o oping mode l ( S chl e i f ,  1 9 8 8 ;  Mu l le r  and Schaffne r ,  1 9 9 0 ) . 

1 . 3 . 3  Gene regulatory sequences 

A number o f  r e l at i ve l y  short nuc l e ot i de sequences has been 

ident i f ied that are cons i dered t o  be imp o rt ant for cont r o l ­

l ing gene t r an s c r ipt i on ( s ee above ) as we l l  a s  for c o nt r o l ­

l ing mRNA proce s s ing and t rans l at i on . S ome o f  the s e  

sequence s ,  o r  var i at i on s on them, a r e  found in a l l  eukaryot i c  

gene s whi l e  othe r s  are spe c i f i c  for part i c u l ar gene s . 

One o f  the put at i ve t r a n s c r ipt ional c o nt r o l s  o f  most prote i n ­

encoding gen e s  i s  the TATA b o x  promot e r  e l ement . The b i nding 

of  t r an s c r ipt i o n  fact o r  l ID ( TF I I D )  t o  this e l ement is the 

f i r s t  step in t rans c r ipt i on from the s e  genes ( S chmidt e t  al . , 

1 9 8 9 ) . Thi s  i s  fo l l owed by the c on s ecut i ve binding o f  T F I IA,  

TF I I B ,  RNA p o l yme r a s e  II  and TF I IE t o  f o rm a t rans c r iption 

c omp l ex ( Buratowski e t  a i . ,  1 9 8 9 ) . I n  p l ant s ,  the TATA box 

promot e r  e l ement is  l o cated approx . 3 2  nuc l e ot i de s  up s t ream 

from the t ran s c r ipt i o n  init i at i on s it e  ( Joshi , 1 9 8 7 a ) . The 

sequence of the TATA box va r i e s  s l i ght l y  in d i f fe rent p l ant 

gene s but a consensus s equence of t h i s  e l ement and f l anking 

regions , TCACTATATATAG , has been ident i f i e d ,  where the region 

unde r l ined is  the actual TATA box ( Jo s h i , 1 9 8 7 a ) . The TATA 

box o f  animal gene s ,  with a c o n s ensus sequence o f  

TATA (A/ T ) A (A/ T ) , i s  a l s o  l oc ated i n  a s im i l a r  po s it i on 

re l at ive t o  the t rans c r ipt ion i n i t i at i on s it e  ( Breathnach and 

Chambon , 1 9 8 1 ) . 

I t  was o r ig i n a l l y  be l i eved that the TAT A box itself det er­

mined the actual s i te o f  t rans c r ipt i on i n i t i at i on ( Gr i e rson 

and Cove y ,  1 9 8 4 ) . However it is  now evide nt that an i ndepen­

dent init i at o r  e lement ( I n r ) , cont a in i n g  within itse l f  the 

t r a n s c r ipt i on i n i t i at i on s i te , i s  i nvo l ved in t ranscr ipt i o n  
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from t h i s  i n i t i a t i o n  s it e . When pres ent , the TATA box 

act ivat e s  t rans c r i pt i on i n i t i at i on from the Inr but t h i s  i s  

not e s sent i al ( Sma l e  and B a l t imore , 1 9 8 9 ) . A consensus 

sequence ,  5 ' -P yAPyPyPyPypy- 3 ' has been ident i fied around the 

t rans c r ipt i on i n i at i on s it e  o f  a number of animal gene s , with 

t rans c r ipt i on beginning at the A re s i due ( Breathnach and 

Chambon , 1 9 8 1 ) . The e quival ent consensus s equence f o r  p l ant 

gene s i s  5 ' -CTCATCA-3 ' , with t ran s c r ipt i on beginning at the 

unde r l ined A ,  a l t hough d i f fe rent group s  of gen e s  e xhibi t  

var i ed consensus sequences ( Joshi , 1 9 8 7 a ) . 

A s e c ond po s s ib l e  t r an s c ript i on regu l at i on sequenc e ,  the CAAT 

box i s  l oc ated approx . 7 0  nu c leot ides up s t ream from the 
t rans c r ipt ion init i at i on s ite . In s ome p l ant gene s ,  the CAAT 

box i s  �ep l aced by an AGGA box ( He i decker and Me s s in g ,  1 9 8 6 ) . 
, 

Evidence that t h i s  e l ement i s  important for gene regu l at i on 

come s from stud i e s  of animal gene e xpre s s i on whi ch indicate 

that it may regu l at e ,  a l ong with addit ional enhance r 

e l ement s ,  the extent o f  t rans c r ipt i o n  ( Gr i e r s on and Covey , 

1 9 8 4 )  . 

1 . 3 . 4 Gene introns 

A typ i c a l  eukaryot i c  gene cons i s t s  o f  short c o ding sequence s 

( ex on s )  int e r rupted by re l at ive l y  l ong non -c o ding sequence s  

( int ron s ) . P l ant introns are usua l l y  between 7 0  and 1 0 0 0  

nuc l e ot ides in l ength whereas vertebrat e int rons range from 
7 0  t o  thous ands o f  nuc l eot i de s , fungal introns from 4 0  t o  1 0 0  

nuc l e ot i de s  and i n s e ct introns from 5 0  t o  1 0 0  nuc l e ot ide s  

( Hawk i n s , 1 9 8 8 ) . A min imum funct ional l ength f o r  a p l ant 

intron has been det e rmined t o  be between 7 0  and 73 nuc l e o ­

t i de s ( Gooda l l  and F i l ipowi c z , 1 9 9 0 ) . 

The introns i n  a p r imary RNA ( pre -mRNA) f rom a t rans c ribed 

gene are removed by the sp l i c ing apparatus i n  the nuc leus , 

after wh i ch the sp l i ced RNA ( mRNA) i s  t ransported t o  the 

cytopl asm whe re it is t rans l at e d . The sp l i c ing p ro c e s s  i s  
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regu l ated by several sequences at the exon/ int ron j unct i on , 

as we l l  as by s equences within the int ron its e l f . The spl i c e  

s i t e s  o n  e ach s ide o f  a n  intron have been found t o  p o s s e s s  

consensus s equen ces that are probab l y  recogn i z ed b y  the 

sp l i c ing apparatus . In eukaryot i c  gene s in gene r a l , the 5 '  

sp l i c e j unct ion o f  the int ron c on s i st s  o f  the 8 -nuc l eot i de 

c o n s e rved s equence AG : GT (A/ G )  AGT whi l e  the 3 '  sp l i ce j unct i on 

cons i s t s  o f  a pyrimi dine - r i ch region o f  about 1 1  nuc l e ot ide s 

f o l l owed by ( C / T ) AG : G  ( Shap i ro and Senapathy , 1 9 8 7 ) , whe re 

( : )  indicates the intron / exon boundary . 

The sp l i ce j unct i on sequen ces o f  pl ant gene s are very s imi l a r  

t o  the an ima l consensus sequences ( Brown , 1 9 8 6 ;  Han l e y  and 

Schu l e r ,  1 9 8 8 ) . Howeve r s i gni f i c ant di ffe rence s between 

mono c ot and d i c ot gen e s  have been found i n  both the 5 '  and 3 '  

j unct i o n  regions whi ch may a c count for the l ow e f f i c i en c y  o f  

exp re s s i on o f  monocot genes in dicot p l ant s ( Han l e y  and 

S c hu l e r ,  1 9 8 8 )  On the other han d ,  a dicot gene c an be 

c o r re ct l y  sp l i ced i n  a mono c ot p l ant ( P et e rhans et a l . ,  

1 9 9 0 ) . P l ant introns i n  gene r a l  have a high AT c ontent 

re l at i ve to the introns of vertebrate gene s ( Gooda l l  and 

F i l ipowi c z , 1 9 8 9 )  and t end to l a c k  the pyrimidine -r i ch region 

at the 3 '  end of the int ron ( We ibauer et al . ,  1 9 8 8 ) . I t  has 

been postu l ated that the s e  two features o f  p l ant introns can 

a c c ount f or the inabi l it y  o f  p l ant c e l l s  t o  p r o c e s s  mo st o f  

the animal introns that have been t e sted ( Gooda l l  and 

F i l ipowi c z , 1 9 8 9 ) . 

L i t t l e  i s  known about the actual funct i on o f  i nt rons i n  the 

expre s s i on of genes in vi va . A l a rge number o f  gen e s  are 

known to unde rgo a l t e rnat i ve patterns of pre -mRNA sp l i c in g ,  

g i ving r i s e  t o  prot e i n  i s o f orms sha r i ng extens ive reg i ons o f  

i dent ity and vary i ng only i n  spe c i f i c  doma ins ( Smith et a l . ,  

1 9 8 9 )  . Thi s feature thus permi t s  an increase in the dive r s i t y  

o f  gene product s from a s in g l e  l o cus . I n  ma i z e  c e l l s ,  introns 

o f  the mai z e  Adh l  gene have been shown t o  increase the 

expre s s i on of both Adh l and a chime r i c  gene when l o c at ed near 
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the 5 '  end o f  the gene ( Ca l l i s  et a l . ,  1 9 8 7 ) . Thi s i s  i n  

cont rast t o  the f i nding that int ron l e s s  bean phase o l in gen e s  

t rans ferred t o  t obacco a r e  capab l e  o f  fu l l  expre s s i on o f  

pha s e o l in protein i n  c a l lu s t i s sue ( Chee et al . ,  1 9 8 6 ) . I n  

an imal c e l l s ,  both negat ive and p o s i  t i  ve gene regulat o r y  

e l ement s have been l o c ated within an int ron ( Bruhat e t  a l . ,  

1 9 9 0 )  . 

1.4 Structure of plant mRNAs 

Nuc l e a r  gene s coding f or prot e i n s  are t rans c r ibed by RNA 

po l yme r a s e  I I  into mRNAs . The mRNAs represent 2 - 4 %  o f  the 

c e l l u l a r  RNA and range in s i z e  f r om a few hundred t o  s e ve r a l  

thou s and nuc l e ot i de s  l ong . In  addit i on t o  the coding region , 

the mRNAs c ont a i n  5 '  and 3 '  sequenc e s  o f  unt ran s l at e d  

nuc l e ot ides o f  var i ab l e  l ength whi ch have part i c u l a r  feat ­

ure s . 

Chem i c a l  ana l y s i s  o f  some p l ant mRNAs has shown that they 

cont a in a 5 '  cap s t ructure r e l ated t o  that found in animal 

mRNAs ( Gr i e r s on and Cove y ,  1 9 8 4 ) . In this c ap s t ructu re , a 

t e rminal 7 -met hyl guano s ine re s i due and the penul t imat e 

nuc l eot i de are j o i ned by t he i r  5 ' -hydroxyl groups through a 

t r ipho sphat e b r i dge ( Shat k i n ,  1 9 7 6 ) . This 5 ' - 5 '  l inkage i s  

inve r t e d ,  re l at i ve t o  the n ormal 3 ' - 5 '  phopho di e s t e r  bonds i n  

the rema i nder o f  the p o l ynuc l e ot i de chain . The c ap s t ructure 

i s  adde d soon a f t e r  t he st art o f  mRNA s ynthe s i s  and before 

mRNA chain complet i on ( S a l ditt -Geo rgie f f  et a l . ,  1 9 8 0 ) . The 

c ap i s  not e s sent i a l  for mRNA t ran s l at i on in vitro but i s  

thought t o  funct i on by binding a spec i f i c  prot e i n  whi ch may 

regu l at e  i n i t i at i on of prot e in s ynthe s i s  ( Gr i e r s on and Cove y ,  

1 9 8 4 ) . I t  may a l s o  funct i on to  s t ab i l i z e  the pre -mRNA i n  the 

nuc leus , s ince mamma l i an e xt r act s appear t o  c ont ain a 5'  t o  

3 '  exonu c l e a s e  act ivity whi ch i s  b l ocked by the c ap st ructure 

( Green , 1 9 8 6 ) . 
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The l ength o f  p l ant mRNA l e ader sequences ( the di stance from 
the cap s ite t o  the t rans l at i on i n i t i at i on codon ) var i e s  from 

9 - 1 9 3 nuc l e o t i de s ,  with a predominant l ength o f  4 0  - 8 0  

nuc l e ot i de s ( Jo shi , 1 9 8 7b ) . Mo st o f  the l e ader sequence s  

ana l y z e d  we re found t o  b e  AT r i ch . 

The 3 '  ends o f  nea r l y  a l l  mRNAs in eukaryot i c  ce l l s  t e rminate 

in a homopol yme r of 2 0  - 2 5 0  adeno s ine nuc l e o t i de s . I n  

gene ral , most RNA p o l ymerase I I  t r a n s c r ipt s are p o l y ­

adenyl ated,  w i t h  mRNAs for h i s t one s in s ome o rgan i sms being 

the on l y  known except ions ( Hunt , 1 9 8 8 ) . P o l y adeny l at i on 

occurs in the nuc l e u s  and immediat e l y  f o l l ows a c l e avage 

react ion at the p o l y adeny l at i on s i t e  in whi ch a pho spho­

diester bon d in the mRNA precur s o r  is  c l e aved . Ade n o s i n e  

nuc l e ot i de s  a re then added t o  t h e  new 3 '  hydroxy l gr oup one 

at a t ime . T h i s  p o l y ( A )  ' t a i l '  is u s ua l l y  shortened once the 

mRNA ent e r s  the cyt op l asm . The p o l y (A)  t a i l  both st imu l at e s  

t rans l at i on and stabi l i z e s  the mRNA ( C a l l i s  e t  a i . ,  1 9 8 7 ;  

Wickens , 1 9 9 0 ) . 

1.5 Regulatory signals on plant mRNAs 

In addit i on t o  the regu l at o r y  sequences a s s o c i ated with p l ant 

genes that cont r o l  aspe cts of gene t rans c r ipt i on ( s ee above ) , 

othe r regu l at o ry s e quences a s s o c i ated with the p r ima ry 

tran s c r ipts o f  these genes cont r o l  post -t ran s c r ip t i on a l  

pro c e s se s . I n  t h e  int e re s t s  o f  s imp l i c i t y  in de s c r ibing the s e  

sequenc e s  both here and in the D i s c us s i on ( Chapter 3 ) , the 

se quence of the DNA c oding strand is u s e d  i n s t e ad of the mRNA 

s equence ( i . e . T in p l ace o f  U )  . 

1 .5. 1 Translation initiation 

I n  the ma j o r i t y  o f  p l ant mRNAs that have been analy z ed ,  the 

i n i t i at i on of t ran s l at i on occurs at the f i r st ATG t r ip l e t  

from the 5 '  e n d  ( He idecker and Me s s ing , 1 9 8 6 ;  Joshi , 1 9 8 7 ) . 

Thi s i s  a l s o  a feature of  eukaryot i c  mRNAs in general ( K o z ak , 
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1 9 8 4 ) . S ince addit i o n a l  ATG s  do occur i n  s ome mRNAs ups t re am 

o f  the funct i on a l  ATG ,  the sequence context within wh i ch the 

funct i on a l  ATG occurs i s  a l s o  cons i de red t o  be import ant f o r  

t ran s l at i on i n i t i at i on ( Ko z ak ,  1 9 8 4 ;  He idecker a n d  Me s s in g ,  

1 9 8 6 ;  Jo shi , 1 9 8 7 ) . Th i s  sequence context h a s  been r e f e rred 

t o  a s  the Ko z ak sequence . I n  animal mRNAs , the consen s u s  f o r  

t h i s  sequence i s  CACCATG and in p l ant mRNAs it i s  AACAATGGC 

( Ltit cke et a i . ,  1 9 8 7 ;  Jo shi , 1 9 8 7 ) , whe re the unde r l ined ATG 

is the func t i onal i n i t i at i on c odon . 

The modi f i e d  s c anning r i b o s ome mode l ( K o z a k ,  1 9 8 4 )  has  been 

proposed to e xp l a i n  how the c orrect ATG t r ans l at i o n  i n i t i at ­

i on co don i s  s e l ected . I n  t h i s  mode l ,  4 0 S  ribos omal subunit s 

s can a l ong f rom the 5 '  end o f  the mRNA in a l inear f a s h i o n  

unt i l  t4e f i r s t  ATG i s  l oc ated . I f  t he sequence preceding the 

f i r s t A:'TG conforms c l o s e l y  t o  the c onsensus s equence ,  the 

s earch for an ATG stops and t r ans l a t i o n  init i at i on occurs . 

1 .5. 2 Polyadenylation 

In anima l ce l l s ,  the p o l yadenyl at i on o f  mRNAs ( see S e ct i on 

1 . 4 ) requ i re s  the spec i f i c  hexanuc l eot ide s equence AATAAA . 

Thi s hexanu c l eot i de i s  t yp i c a l l y  l o c at ed 1 5  - 2 5  nuc l e ot ides 

up st ream o f  the actual s i te o f  p o l y aden y l at i on and is high l y 

con s e rved . Every base i n  t h i s  sequence i s  requ i red,  a l though 

the s t r ingency of the requ i rement va r i e s  with the po s i t i on o f  

the base subst ituted ( Shee t s  et a i . ,  1 9 9 0 ) . The o n l y  othe r 

requ i rement f o r  p o l y adenyl at i on bes ides AATAAA i s  a m i nimum 

d i s t ance between t h i s  s equence and the 3 '  end of the mRNA . 

However the actual i dent ity o f  the down s t ream sequence do e s  

not appear t o  b e  import ant f o r  po l y adeny l at i o n . 

The c l e avage react i o n  t hat no rma l ly precede s  p o ly adeny l at i o n  

requ i re s  both AATAAA and addit i on a l  sequences l o c at e d  down­

s t r e am o f  the p o l y  ( A )  addit i on s it e . The s e  down s t re am 

e l ement s are gene r a l l y  T- o r  TG- r i ch but are l e s s  h i ghl y 

conse rved than AATAAA . 
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The s equence requ i rement s f or the p o l yaden y l at i on o f  mRNAs i n  

p l ant s have n o t  been studi ed t o  the s ame extent a s  t h e y  have 

in anima l s . Sequence s s im i l a r  to AATAAA o c cur in a l arge 

number of p l ant genes at a d i s t ance f rom the p o l y (A)  addit i o n  

s i t e  comparable t o  that f ound i n  animal gene s but appear t o  

be ent i re l y  l acking from many othe r p l ant genes ( Hunt e t  al . ,  

1 9 8 7 ;  Jo shi , 1 9 8 7b ) . Howeve r ,  when the s earch f o r  t h i s  

s equence w a s  extended t o  2 0 0  nuc l e ot ides up st ream o f  the 

p o l y (A)  addit i on s ite , nea r l y  a l l  p l ant gen e s  were f ound t o  

c ont a i n  at l e a s t  one s equence r e l ated t o  AATAAA ( Hunt and 

McDona l d ,  1 9 8 9 ) . I n  addit i on t o  the pos it i on o f  AATAAA 

re l at ive t o  the po l yadenyl at i on s i t e , the de gree o f  var i at i on 

in t h i s  sequence i s  much gre ater in p l ant gen e s  than it  i s  i n  

an imal gene s ( D ean e t  a l . ,  1 9 8 6 ;  Hunt e t  a l . ,  1 9 8 7 ;  Joshi , 

1 9 8 7b )  . I n  many cas e s ,  mu l t ip l e  p o l y adenyl at i on s i gna l s  o ccur 

in p l aAt genes and the s e  g i ve r i s e  to a hete rogeneous 

popu l at i on o f  mRNAs f rom the one t r anscript i o n  unit ( De an e t  

a l . ,  1 9 8 6 ;  Hunt , 1 9 8 8 ) . The t o t a l  l ack o f  recogn i t i on ( B art a 

e t  a l . ,  1 9 8 6 ) , or  i n e f f icient and incorrect ut i l i z at i on ( Hunt 

e t  a l . ,  1 9 8 7 )  of animal p o l y aden y l at i on s i gnal s  in p l ant 
ce l l s  s ugge s t s  that the re are a l s o  pos s ib l e  funct i o n a l  

d i f fe rences between the po l y (A)  s i gna l s  o f  p l ant and an ima l 

gene s . 

1 .6 Codon usage in plant genes 

Codon us age i s  the s e l ect i ve and nonrandom u s e  o f  synonymous 

c odons by an  organi sm t o  encode the amino aci ds in the gen e s  

for i t s  proteins . Ana l y s i s  o f  a l arge group o f  p l ant gene 

sequences indicat e s  that the patterns of codon u s age in 

p l ant s are d i s t i nct f rom tho s e  of E .  col i ,  yeast and man 

( Mu r ray et a l . ,  1 9 8 9 ) . A c l e a r  d i s t i nct i o n  between dicot and 

mono c ot codon us age is a l s o  evi dent . D i cot genes use a s et o f  

4 4  preferred codons with a s l ight preference for codons 

ending i n  A o r  T whi l e  monocot c odon us age i s  more re st r icted 

w ith an aver age o f  38  codon s pre ferred which are predominan­

t ly tho s e  ending in C or  G ( Murray e t  a l . ,  1 9 8 9 ;  Campbe l l  and 
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Gowr i ,  1 9 9 0 ) . The s e  di f fe rence s c ou l d  we l l  i n fluence the 

abi l it y  of one group of p l ant s ( monocot or  dicot ) t o  

t rans l at e  gen e s  de r ived the other group . 

1 .7 Ribulose-1,5-bisphosphate carboxylase 

1 .  7 .1 Role of ribulose-1,S-bisphosphate 

carboxylase 

The e n z yme r ibu l o se - 1 , 5 -bi spho sphat e  c a rboxy l a s e /  oxy genas e  

( Rub i s c o ) c at a l y s e s  the init i a l  steps o f  two opp o s ing 

met abo l i c  pathway s ,  ca rboxy l at i on and oxygenat i on o f  

ribu l o s e- 1 , 5 -b i spho sphate . The carboxy l at i on react i on i s  the 

f i r s t s t ep in the phot os ynthe t i c  f ixat ion o f  CO2 • The 

react i on y i e lds two mo l e cu l e s  of pho sphogl y c e r at e , wh i ch are 

part l y  recyc l e d  in the C a l vin c y c l e  t o  regenerate ribu l o s e ­

l , 5 -b i spho sphate ,  and part l y  conve rted t o  st arch , t h e  ma i n  

s to r age form o f  photos ynthet i c  chem i c a l  energy . The oxygen­

at i on react i o n  y i e l ds one mo l e c u l e  e ach of phosphogly c e rat e 

and pho sphogl y c o l at e . Pho spho g l y c o l ate i s  met abo l i z e d  i n  the 

phot oresp i ratory pathway where reduced c a rbon is oxidi z ed t o  

CO2 • 

1 . 7 . 2  Synthesis and structure of Rubisco 

Rub i s co i s  a chlorop l ast e n z yme c on s i s t ing o f  1 6  subunit s ,  

e i ght l arge subun i t s  ( LSU ) o f  mo l e c u l ar we i ght approx . 

5 5 , 0 0 0 ,  and e ight sma l l  subun i t s  ( S S U )  o f  mo l e c u l ar weight 

approx . 1 4 , 0 0 0 . The l a rge subun i t  of the e n z yme c ont a i n s  the 

c at a l yt i c  s i t e , is encoded by a s i ng l e  gene ( rbcL) on the 

ch l orop l ast gen ome , and is synthe s i z ed on chloroplast r ibo­

s ome s . The sma l l  subunit ( rbcS) is encoded by the nu c l e a r  

genome a s  a sma l l  mu l t i gene fami l y  o f  5 t o  1 5  members i n  mo s t  

higher p l an t s  ( S ect i on 1 . 7 . 3 ) . 

The S S U  prote i n  i s  synthe s i zed on cyt op la smic r ib o s ome s as a 

l a rge precu r s o r  prot e i n  with an amino-terminal extens i o n , the 
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t ran s i t  pept ide , whi ch mediat e s  the t ransport o f  the p o l ypep­

t i de into the chloroplast and is c l e aved o f f  dur i ng or aft e r  

t ran sport . The mature S S U  a s s emb l e s  i n  the chloroplast s t roma 

with the LSU to f orm the h o l o e n z yme ( fo r  reviews , s e e  

M i z i o rko and Lorime r ,  1 9 8 3 ,  and Man z ara and Gru i s sem,  1 9 8 8 ) . 

The c ont r ibut ion o f  the S SUs t o  t he funct i on o f  the ho l o ­

enzyme i s  l a rge l y  unre s o lved but may inc lude modu l at i on o f  

sub s t rate binding and po s s ib l y  the c arboxyl a t ion/ oxygenat i o n  

rat i o  ( S chne i der e t  a l . ,  1 9 9 0 ) . The S S Us are n o t  d i rect l y  

invo l ved i n  the c a t a l yt i c  chemi s t ry but appear t o  have an 

e f fect by way of c o n f o rmat ional a l t e r at i on s  to the L SUs on 

a s s emb l y  of the ho l oe n z yme ( Andrews , 1 9 8 8 ) . 

1 .  7 . 3  Organi z ation and structure of rb cS genes 

I 

F o r  recent reviews on the o rgan i z at i on and s t ructure o f  rbcS 

gene s ,  see Man z ar a  and Gru i s sem ( 1 9 8 8 )  and D e an e t  a l . 

( 1 9 8 9 a ) . O f  the l arge number o f  rb cS genes that have been 

characte r i z e d ,  mo st of the s e  have been de r i ved from the gene 

fami l i e s  o f  the di c ot s  petun i a ,  t omat o ,  potat o ,  t obac c o ,  pe a ,  

s oybe an and Arabi dop s i s  and the mon o c ot s Lemna gibba ( duck­

wee d ) , wheat and ma i z e  ( s ee b e l ow ) . 

1 .7 . 3 . 1 Petunia 

Petun i a  has e i ght rbcS gene s ,  a l l  o f  whi ch have been c l oned 

and s equenced ( Turne r e t  al . ,  1 9 8 6 ;  D e an et al . ,  1 9 8 7 ) . The 

gen e s  are divided int o three sub fami l ie s  based on nuc l eo t i de 

s equence homo l ogy . One subfami l y  cont a i n s  s i x  gene s ,  f ive o f  

whi ch are c l o s e l y  l inked i n  the petun i a  gen ome , wh i l e  the 

othe r two cont ain s i ng l e  gene s . There is 1 0 . 2 % nuc l e o t i de 

sequence divergence in the mature S SU c oding regions among 

the gene s o f  the three di f fe rent sub f ami l i e s  and 0 %  to 3 %  

within e ach sub f ami l y . I n  gene ra l ,  the nuc l e ot ide sequenc e  

encoding t he t ra n s i t  pept i de shows a h i gher degree o f  

divergence among sub f ami l i e s  t han t he s e quence encoding the 

mature S S U . 
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1.7 . 3 . 2  Tomato 

Tomat o has f i ve rbcS gene s ,  a l l  o f  which have been c l oned and 

sequenced ( Sugita et a i . ,  1 9 8 7 ) . Two o f  the gene s are p r e s ent 

as s i ngle genes at  individual loci  and the three othe r s  are 

organ i z ed i n  a t andem array within 1 0  kb at a third i ndepen­

dent l o c u s . The coding sequence s o f  the l inked gene s d i verge 

by up to 4 . 7 %  in the t rans i t  pept ide region and 1 . 6 % in the 

mat ure S SU . The coding sequences of the two unl i nked gen e s  

diverge by 1 4 %  f r o m  e ach othe r and by 1 0 . 4 % and 1 3 . 3 % from 

one o f  the l i nked gen e s  ( Sugita et a i . ,  1 9 8 7 ) . 

1 . 7 . 3 . 3 Potato 

P ot at o  �as at l e a s t  f i ve rbcS gene s whi ch have been c l oned ,  

four a s  genomic c l one s and one as a cDNA c l one ( Wo l t e r  e t  

a i . ,  1 9 8 8 ) . Three o f  the gene s are o rgan i z ed i n  a t andem 

array and one of the others o c curs at a s ingle l o c u s . No 

s equence dat a are ava i l ab l e  for the s e  gene s . 

1 . 7 . 3 . 4 Tobacco 

The rbcS gene s  have been charact e r i z ed fr om three Ni c o t i a n a  

spec i e s : N .  t abacum ( M a z u r  and Chu i , 1 9 8 5 ;  0 '  N e a l  e t  a i . ,  

1 9 8 7 ) , N .  syi ve s t ri s  ( P inck et a i . ,  1 9 8 6 ) , and N .  

pi umbagi n i foi i a  ( P ou l s en et a i . ,  1 9 8 6 ) . F i ve unl inked N .  

t ab ac um rbcS gene s have been i s o l at e d  and, o f  the s e , three 

have been c omp l et e l y  s equenced ( Ma z u r  and Chu i , 1 9 8 5 ;  O ' Ne a l  

et a i . ,  1 9 8 7 ) . One o f  t he N .  t abacum gene s  h a s  been shown t o  

b e  a t rans c ript i on a l l y  act ive ps eudogene ( 0 '  N e a l  e t  a i . ,  

1 9 8 7 ) . I n  addit ion , there cou l d  be up t o  three othe r rbcS 

gen e s  in t h i s  spe c i e s  ( O ' Nea l  et a i . ,  1 9 8 7 ) . In N .  syi ves t ri s  

there are at l e a s t  s even rbcS genes a s  determined b y  S outhern 

ana l y s i s  ( P inck et a i . ,  1 9 8 6 ) . One N .  syi ves t ri s  genomi c 

c l one , encoding two genes s eparated by a 2 0 0  bp inte rgen i c  

re g i o n ,  has been i s o l ated and the genes have been s e quenced 

( Jamet e t a i . ,  1 9 9 0 ) . One of t he s e  genes has a high degree o f  
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homo l ogy t o  the t ranscript i ona l l y  act i ve N .  t abacum p s eudo ­

gene ( Jamet et a l . ,  1 9 9 0 ) . The one N .  pl umbagi n i fol i a  gene 

that has been sequenced ( P ou l sen et a l . ,  1 9 8 6 )  has a h i gh 

degree o f  homo l ogy t o  the sequence o f  anothe r N .  t abacum gene 

sequence . 

1 . 7 . 3 . 5  Pea 

Pea has at least f i ve rb cS gene s ,  which are c l u s t e red on 

chromo s ome 5 ( P o l an s e t  al . ,  1 9 8 5 ) . Al l o f  these gen e s  have 

been c l oned and sequenced ( C o ru z z i  et al . ,  1 9 8 4 ;  T imko e t  

a l . ,  1 9 8 5 ;  F luhr et a l . ,  1 9 8 6 a ) . There i s  l it t l e  nuc le ot i de 

sequence dive rgence between t he coding regi ons o f  the f i ve 

gene s  and a l l  encode an i dent ical matu r e  S SU . 

1 . 7 . 3 . 6  Soybean 

S oybean has 6 - 1 0  rbcS gene s and two o f  the s e  have been 

cl oned and sequenced ( Berry-Lowe e t  al . ,  1 9 8 2 ;  Grandb a s t i en 

e t a l . ,  1 9 8 6 ) . There i s  l i t t l e  nuc l e o t i de sequence dive r gence 

between t he coding regions o f  the two gene s ,  and the p r o t e i n s  

for wh ich t h e y  code d i f fe r  a t  only o n e  r e s i due . 

1 . 7 . 3 . 7  Arabi dops i s  

Arabi dopsi s has four rbcS gene s ,  a l l  o f  which have been 

cl oned and sequenced ,  and these can be divided int o t wo 

fami l i e s  based on l in kage and nuc l e o t ide sequence s imi l ar i t ­

i e s  ( Krebbe r s  et a l . ,  1 9 8 8 ) . Three o f  the gene s ,  sharing 

great e r  than 9 5 %  s im i l a r i t y  in nuc l e o t i de sequence , are 

organ i z ed i n  a t andem array and the rema ining gene occurs at 

a separate l ocu s . 

1 . 7 . 3 . 8  L emn a 

Lemna gibba has approx . twe lve rbcS gene s ,  s i x  o f  which have 

been c l oned and f i ve o f  which have been s equenced ( Wimpee e t  
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al . ,  1 9 8 3 ;  S i lve rthorne et a l . ,  1 9 9 0 ) . Two p a i r s  o f  the gene s 

that have been charact e r i z e d  show l inkage . 

1 . 7 . 3 . 9  Wheat 

The hexap l o i d  genome o f  Tri t i c um aes t i vum c ont ains at l e a s t  

ten rbcS gen e s  ( Br o g l i e  et al . ,  1 9 8 3 ;  S m i t h  et al . ,  1 9 8 3 ) . Of  

the s e ,  one gene has been characte r i z e d  a s  a genomi c c l one and 

four have been charact e r i zed a s  d i f fe rent cDNA c l ones ( Smith 

e t  al . ,  1 9 8 3 ;  Brog l i e  e t  al . ,  1 9 8 3 ) . 

1 . 7 . 3 . 1 0 Maiz e  

One genom ic rbcS c l one ( Lebrun e t  al . ,  1 9 8 7 )  and four 

di f feren� rbcS cDNA c l ones ( Sheen and Bogorad, 1 9 8 6 ; Mat suoka 

e t  a l . ,  1 9 8 7 )  have been i s o l ated from Zea mays , a lthough the 

nu c l eot ide s equenc e  of one of the cDNA c l ones i s  ident i c a l  t o  

the tran s c r ibed reg i on o f  the genomi c c l one w i t h  the sequence 

o f  the intron removed . 

1 . 7 . 3 . 1 1 I ntron positions 

Al l rbcS gen e s  f rom dicots sequenced s o  f a r  have at l e a s t  two 

int rons that are a l ways f ound in the s ame p o s i t ions ( Manz ara 

and Gru i s sem,  1 9 8 8 ;  Dean e t  a l . ,  1 9 8 9 ) . In the monocot 

spe c i e s , t he rbcS gene s  o f  Lemna gibba lack the f i r s t  o f  

thes e two int rons ( S i lverthorne e t  al . ,  1 9 9 0 )  whi l e  the 

s i ng l e wheat , mai z e  and r i c e  gene s charact e r i z e d  l ac k  the 

se cond of these introns ( X i e  and Wu , 1 9 8 8 ;  Dean et al . ,  

1 9 8 9 )  . One rbcS gene in each of  the spe c i e s  petun i a ,  t omat o ,  

potat o ,  and t obac c o ,  a l l  members o f  the fami l y  Solan a cea e ,  

c ont ains  a n  addit ional int ron down s t ream f rom the s e c ond 

i nt ron ( Man z a ra and Gru i s sem, 1 9 8 8 ;  D e an et al . ,  1 9 8 9 a ) . 
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1 . 7 . 4 Regulation of Rubis c o  gene expres s ion 

The e xpre s s ion of the rbcS gene i s  highly regu l at ed, with 

t ran s c r ipt s be ing most abundant in l e ave s and l e s s  abundant 

or undetect ab l e  in othe r organs ( Co ru z z i  et a l . ,  1 9 8 4 ;  F l uhr 

e t  a l . ,  1 9 8 6 a ) . In add i t i on, the expres s i on i s  at l e a st 2 0 -

f o l d  induced by l i ght . The e f fe ct ive wave l ength o f  the l i ght 
for induct ion depends on the deve l opment a l  st age o f  the 

p l ant . In immature pea p l ant s, the photorecept o r  phyt ochrome 

me diates the induct i on o f  one of the rbcS gene s, s i nce 

t ran s c r ipt i on i s  t u rned on by a pu l se of red l ight, whe reas 

the e f fect can be reve r s e d  by far-red l i ght ( F luhr et a l . ,  

1 9 8 6b ) . I n  mat ure p l ant s, however, there i s  evidence f o r  an 

addi t i on a l  blue phot o re cept o r  act ing in concert with phyt o ­

chrome ( F luhr and Chua, 1 9 8 6 ) . Wh i l e  regu l at i o n  o f  rbcS gene 

e xpre s s �on i s  prima r i l y  at the l eve l of t rans c r ipt i on, 

d i f fe rent i a l  mRNA s t ab i l it i e s  a l s o  appear t o  be invo lved 

s i nce s o ybean rbcS RNA is  degraded more r ap i d l y  in l i ght than 

in darkn e s s  ( Sh i r l e y  and Me agher, 1 9 9 0 ) . 

Nagy e t  a l . ( 1 9 8 8 )  propo s e  a mode l for phyt ochrome- regu l ated 

gene expres s i on . The f i rst step in this proce s s  invo l ve s  the 

conve r s i o n  o f  the red l i ght abs o rbing f o rm o f  phytochr ome t o  

the far -red l ight abs orb ing form in r e sponse t o  i l luminat i on . 

Changes i n  the s t ructur a l  f eatures o f  phyt ochrome a s  a result 

o f  t h i s  c onve r s ion in s ome way t r igger the chain o f  event s 

i nvo l ved in the s i gn a l  t r ansduct ion pathway i t s e l f . Thi s 

l e ads t o  the rep l acement o f  a repre s s o r, bound t o  mu l t ip l e  

c op i e s  o f  redundant l i ght -regu l at o ry e l ement s, by an 

act ivat o r  and t h i s  in turn l e ads t o  the induct i on o f  gene 

tran s c r ipt i on . 

1 . 7 . 5  RbcS up s tream regul atory el ement s 

A number of  c o n s e rved s equence e l ement s i nvo lved i n  the 

regu l at i on of rb cS gene e xpre s s i on has been ident i fi e d  within 

the up st ream s equence o f  rbcS genes from a va r i et y  o f  p l ant s 
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( Green e t a l . ,  1 9 8 7 ;  Giu l i ano et a l . ,  1 9 8 8 ;  Man z a r a  and 

Gru i s sem,  1 9 8 8 ) . The s e  are in addi t i on to the TATA and the 

CAAT boxes ( S ect i on 1 . 3 . 3 ) , a lthough sequence s in the 

vi c inity  o f  the TATA box i t s e l f  have a l s o  been imp l i c at e d  in 

l i ght -dependent expre s s ion of the pea rbcS gene s ( Mo r e l l i  et 

a l . ,  1 9 8 5 ;  Kuhl eme i e r  et a l . ,  1 9 8 9 ) . I n  s ome c a s e s , mU l t ip l e  

cop i e s  o f  the s e  ci s-act ing e l emen t s  o ccur within the upst ream 

s equence of a part i cu l a r  gene . For the l o c at i on of the s e  

c o n s e rved e l ement s in the pea rbcS-3A gene , s e e  F i gu r e  1 . 2 

(based on Green et a l . ,  1 9 8 7 ;  G i u l i ano e t  a l . ,  1 9 8 8 ;  Man z ar a  

and Gru i s sem,  1 9 8 8 ) . Add i t i o n a l  e l ement s ,  whi ch a r e  on l y  

c o n s e rved among the rbcS gene s o f  a spe c i f i c  rbcS gene f ami l y  

or  among rbcS gene s o f  c l o s e l y  re l ated spe c i e s , have been 

ident i f ied i n  some rbcS gene s ( F luhr et a l . ,  1 9 8 6 ;  Man z a r a  

and Gru:i s sem , 1 9 8 8 ) . I n  petun i a ,  p romot er sequence s that 

cont r ibut e to quant i t at ive d i f f e rences in expre s s i o n  between 

the members of the rbcS gene fami l y  have a l s o  been i dent i f i e d  

( D e an e t  a l . ,  1 9 8 9b ) . I t  shou l d  be noted that regu l at o r y  

e l ement s a r e  n o t  nece s s a r i l y  rest r i cted t o  the ups t ream 

reg i on of the rbcS gene . Sequenc e s  downst ream of t he i n it i at ­

ion c odon , and po s s ib l y  down s t ream o f  the coding region 

it s e l f ,  have been shown to c ont r ibut e t o  quant i t at i ve 

d i f ferences in expre s s i on between two rbcS gene s of petun i a  

( D e an e t  a l . ,  1 9 8 9 c ) . 

1 . 7 . 5 . 1  Box I 

The ' box  I '  sequence 5 ' -TTCAA- 3 '  has been i dent i fi e d  i n  a l l  

o f  the pea rbcS gene s ana l y z e d  ( F luhr e t  a l . ,  1 9 8 6 ;  Man z ara 

and Gru i s sem,  1 9 8 8 ) . Thi s  e l ement may be a component o f  a 

p o s i t ive regu l at ory fact o r  in t he pea rbcS gen e s  ( Green e t  

a l . ,  1 9 8 7 ) . 

1 . 7 . 5 . 2  Box I I  

The s equence 5 ' -GTGTGGT TAATATG- 3 ' , t e rmed 'box I I ' , i s  con­

s erved among a l l  rbcS genes ana l y z ed ( F luhr e t  a l . ,  1 9 8 6 ;  
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- 4 1 1  GAT CCAAAAGC T TGGACAGGAACAAATGT TACCCATACATAAAAGATATT 

- 3 6 1  TGTGAAGTAACAGTCACAAAATTCCATGAGGCCAACATACTACAATTGAA 

- 3 1 1  TTTTCATGGATACAATTCT TACAAAATAAAAATATCGACATAACCACCAT 

- 2 6 1  CACACATTTACACTCTTCACATGAAAAGATAAGATCAGTGAGGTAATATC 

G box 
-2 1 1  CACATGGCACTGTCCTATTGGTGGC T TATGATAAGGCTAGCACACAAAAT 

Box I Box I I  Box I I I  
- 1 6 1  TTCAAATCTTGTGTGGTTAATATGGCTGCAAACTTTATCATTTTCACTAT 

CAAT box 
- 1 1 1  CTAACAAGATTGGTACTAGGCAGTAGCTAAGTACCACAATATTAAGACCA 

TATA box 
- 6 1  TAATATTGGAAATAGATAAATAAAAACATTATATATAGCAAGTTTTAGCA 

I n i t i at i on 
- 1 1  GAAGCTTTGCAATTCATACAGAAGTGAGAAAAATG 

1 

F i gu re 1 . 2 .  Nuc l e ot ide sequence o f  the pea rbcS-3A ups t re am 
regi on . Con served s equence e l ement s ( see text ) are ind i c at e d  
b y  b o l d  t ype ; p o s i t i on 1 indicat e s  the st a rt o f  
tran s c r ipt i o n ;  the ATG start codon o f  the gene i s  unde r l ined . 

Man z ara and Gru i s sem,  1 9 8 8 ) . Th i s  e l ement has been shown t o  

funct ion a s  a ci s-act ing e l ement ( Kuhleme ie r  e t  a l . ,  1 9 8 7 a ,  

1 9 8 8 )  a s  we l l  a s i l en cer i n  the dark for the pea sma l l  

subun it genes ( F luhr e t  al . ,  1 9 8 6 ;  Kuhl eme ier e t  a l . ,  1 9 8 7 a ;  

Man z a ra and Gru i s sem,  1 9 8 8 ) . The box I I  e lement has s ig ­

n i f i c ant homo l ogy w i t h  the SV4 0 core enhance r ,  a c onst itut i ve 

mamma l i an enhancer e lement ( Co ru z z i  e t  a l . ,  1 9 8 4 )  I n  p e a ,  a 

nuc l e a r  p r ot e i n  factor that spe c i f i c a l l y  int e ract s with the 
box I I s equence ,  de s i gnated GT - 1 , has been ident i f ied i n  

nuc l e a r  e xt ract s b y  ge l retardat i o n  a s s ay ( Green e t  a l . ,  

1 9 8 7 )  . 
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1 . 7 . 5 . 3  Box I I I  

The s equence S ' -ATCATTTTCACT- 3 ' , t e rmed ' box I I I ' , i s  

c ons erved among a l l  o f  the pea and s oybean rbcS gene s 

ana l y z ed ( F luhr e t  a l . ,  1 9 8 6 ;  Man z ara and G ru i s sem,  1 9 8 8 ) . 

Thi s e l ement appea r s  t o  be anal ogou s t o  the box I I  e l ement i n  

pea ( Se c t i on 1 . 7 . 5 . 2 ) and i s  a l s o bound b y  the fact o r  GT - 1  

( Green e t  a l . ,  1 9 8 7 ) . 

1 . 7 . 5 .  4 G box a n d  I box 

F urthe r ups t re am f rom the box 

C /ACACGTGGC - 3 ' ) and ' I  box ' 

I e l ement , ' G  box ' ( 5 ' ­

( S ' -GGATGAGATAAGAYTA- 3 ' ) 

sequences have been ident i f ied ( Gi u l i ano et a l . ,  1 9 8 8 ;  

Man z ara and G ru i s sem,  1 9 8 8 ) , whi ch have a l s o  been imp l i cated 

in rbcS gene regu l at i on ( Ueda e t  a l . ,  1 9 8 9 ) . The G box has 

been ident i f ied in a l l  o f  the rbcS gene s ana l y zed whereas the 

comp l ete I box has been i dent i f ied o n l y  in t omat o ,  t obacco 

and s oybean rbcS gen e s  ( Gi u l i ano et a l . ,  1 9 8 8 ;  Man z ara and 

Gru i s s em,  1 9 8 8 ) . In both t omat o and Arabi dopsi s t h a l iana 

nuc l e a r  extract s ,  a prot e in fact o r , de s i gn ated GBF , that 

spe c i f i c a l l y  binds to the G box of rbcS genes of the s e  

p l ant s ,  a s  we l l  a s  t o  the G boxes o f  rbcS genes o f  

het e r o l ogous p l ant s ,  has been ident i f i e d  ( Giul i ano e t  al . ,  

1 9 8 8 ) . By s it e -spec i f ic mut agene s i s ,  a requi rement f o r  

conse rved G-box a n d  I -box e l ement s f o r  expr e s s i on f rom the 

Arabidopsi s rb cS-1A promot e r  has been e s t ab l i s hed ( D ona l d  and 

Cashmore , 1 9 9 0 ) . 

1 . 7 . 6 C o n s e rvat i o n  o f  rb cS r e gu l a t o ry e l ement s 

Of the above sequence e l ement s found up s t r e am o f  the whi t e  

c l ove r rbcS ATG i n i t i at i on c odon , the TATA box , t h e  CAAT box , 

the box I I and the G box e l ement s have been shown t o  be 

con s e rved among all  rbcS gen e s  of  d i c o t y ledenous p l ant s 

ex amined ( G i u l i ano et a l . ,  1 9 8 8 ;  Man z a r a  and Gru i s sem, 1 9 8 8 ;  

Hut chi s on e t  a l . ,  1 9 9 0 ) . The G-box , an o c t amer with perfect 
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dyad symmetry ( 5 ' -CCAC GTGG- 3 ' ) ,  has a l s o  been imp l i c ated i n  

the t ran s c r ipt i o n a l  regu l at i on o f  the Arabi dopsi s  t h a l i a n a  

Adh gene ( De L i s le and Fer l , 1 9 9 0 ;  McKendree e t  a l . ,  1 9 9 0 )  

( see S ect ion 1 . 8 . 2 )  and the pars l ey chal cone synthase gene 

( S chu l z e -Lefert et a l . ,  1 9 9 0 ) . It is int e rest ing t o  not e that 

the 5 ' -GTGG- 3 '  mot i f  o f  the G-box ,  wi thout the dyad s ymmet ry , 

occurs in the separate box I I  e l ement . I t  i s  l i ke l y  that the 

high l y  c on s e rved e l ement s within the promote r  o f  the rbcS 

gene p l ay an e s s ent i a l  role in the regu l at i o n ,  a s  we l l  as i n  

the l i ght - indu c i b l e  and / o r  organ- spe c i f i c  expre s s i o n , o f  t h i s  

gene . I t  i s  a l s o  l ik e l y  that addit i ona l , a s  y e t  unident i fi e d ,  

e l ement s wi l l  b e  f ound that cont ribute t o  t h e  regu l at i on o f  

the s e  gene s . The abi l ity o f  seve r a l  o f  the rbcS upstre am 

sequences t o  confer regul ated expre s s i on i n  het e r o l ogous 

p l ant spe c i e s  ( Brog l ie et a l . ,  1 9 8 4 ; Nagy e t  a l . ,  1 9 8 5 ;  F luhr 
J and Chua , 1 9 8 6 )  sugge s t s  that the mechani sms that medi ate 

l i ght -r e spo n s i ve t rans c r ipt i on are conserved t o  s ome degree . 

Howeve r ,  not a l l  o f  these mechani sms are con s e rved among a l l  

spe c i e s , a s  indi c at e d  b y  the obse rvat i o n  that a wheat rbcS 

gene unde r the cont r o l  o f  i t s  own promote r  is inact i ve in 

t ransge n i c  t obacco p l ant s ( Keith and Chu a ,  1 9 8 6 ) . 

1 .  7 . 7 Organ-specific e xpre s s ion of rb cS 

As we l l  as the i r  l i ght - re spon s i ve nature , rbcS gene s appea r  

t o  be expre s sed o n l y  in chlorop l a s t -cont a i n i n g  cel l s  

( Kuhleme i e r  e t  a l . ,  1 9 8 7 ;  Ao yagi e t  a l . ,  1 9 8 8 ) . Thi s o rgan 

spec i f i c i t y  is cont r o l led by cis- act ing e l ement s that are 

independent of the l i ght -regu l at o r y  e l ement s and are l ocated 

in the enhan c e r  region o f  the gene rathe r than the promot e r  

region ( Kuhleme i e r  et a l . ,  1 9 8 9 ) . 

1 . 8  A l c o h o l dehydrogen a s e  i n  p l ant s 

Alc oho l dehydrogena se (AD H )  c at al y s e s  the reve r s ib l e  inter­

conve r s i on of ethan o l  and acet a l dehyde with the c o fact o r s  NAD 

and NADH re spec t i ve l y . The p l ant e n z yme s are dime r i c  with 
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subun i t s  o f  app r o x . 4 0  kD s i z e  ( F reel ing and Bennett ,  1 9 8 5 )  

and can ut i l i z e many pr imary and s e c ondary a l coho l s  a s  

subs t rate s .  M o s t  p l ant s c ont ain t w o  o r  three i s o z yme s , a l l  

l oc ated i n  t he c yt o s o l  ( Gott l i eb ,  1 9 8 2 ) . ADH act ivity has 

been found in the root s ( S achs and F ree l ing,  1 9 7 8 ;  Kimme re r ,  

1 9 8 7 ;  Xie and Wu , 1 9 8 9 ) , seeds ( Y amashit a e t  a l . ,  1 9 7 6 ;  

Yama shita e t  a l . ,  1 9 7 8 ;  Woo dman and F re e l ing , 1 9 8 1 ;  D o l ferus 

and Jacobs , 1 9 8 4 ;  D o l ferus e t  a l . ,  1 9 8 5 ) , ge rminated seeds 

( Do l fe rus et a l . ,  1 9 8 5 ;  Ricard e t  a l . ,  1 9 8 6 ) , l e ave s 

( T anks ley and Jone s ,  1 9 8 1 ;  Kimme re r ,  1 9 8 7 ;  X i e  and Wu , 1 9 8 9 ) , 

po l l en ( F ree l ing , 1 9 7 6 ;  D o l fe rus and Jacob s ,  1 9 8 4 ;  X i e  and 

Wu , 1 9 8 9 )  and fruit ( B i c s ak et a l . ,  1 9 8 2 )  of mon o c o t  and 

dicot spe c ie s . ADH act ivity can be induced by anaerob i o s i s  

( F ree l i ng,  1 9 7 3 ;  T an k s l ey and Jone s ,  1 9 8 1 )  and 2 , 4 -d i c h l o r o -

phenoxyacet i c  a c i d  ( 2 , 4 -D )  ( F re e l ing,  1 9 7 3 ) . Adh gen e s  from 

Arabi dops i s  ( Chang and Me yerowit z ,  1 9 8 6 ) , b a r l e y  ( T r i c k  e t  

al . ,  1 9 8 8 ) , ma i z e  ( Denn i s  e t  a l . ,  1 9 8 4 ;  Denn i s  e t  a l . ,  1 9 8 5 ;  

S achs e t  a l . ,  1 9 8 6 ) , pea ( L l ewe l lyn e t  a l . ,  1 9 8 7 ) , r i c e  ( X i e  

and Wu , 1 9 9 0 )  a n d  st rawber ry ( Wo l yn and Je l enkovi c ,  1 9 9 0 )  

have been c l oned and sequenced . 

1 . 8 . 1 Regu l at i o n o f  p l ant A dh gene exp re s s i o n  

The most ext e n s i ve l y  studied p l ant ADH s y st em has been that 

of ma i z e . The Adh genes of t h i s  p l ant ( Adh l and Adh2)  are two 

o f  approx . 2 0  gene s whi ch are coordinat e l y  indu ced in p r imary 

root s unde r anaerob i c  c ondi t i on s  ( S achs et a l . ,  1 9 8 0 ) . I n  the 

ab sence of  ADH 1  act ivit y ,  ma i z e  seeds o r  s eedl ings are unab l e  

t o  survive t h e  anaerob i c  condit ions i nduced b y  f l o oding 

( S chwart z ,  1 9 6 9 ) . The e f fect o f  ADH2 act ivity on survival o f  

anaerob i o s i s  i s  min imal and only appa rent i n  p l ant s devo id o f  

ADH 1  act ivity ( F re e l ing and Bennett , 1 9 8 5 ) . The two Adh l o c i  

a r e  un l inked,  w i t h  Adh l l o cated o n  chromo s ome 1 ( S chwart z ,  

1 9 7 1 )  and Adh2 l o c ated on chromos ome 4 ( D l ouhy , 1 9 8 0 ,  c ited 

in T r i c k  e t  a l . ,  1 9 8 8 ) . 
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I n  t he ma i z e  p l ant , Adh l  e xpre s s i o n  i s  cont rol led b y  both 

deve l opment a l  and envi ronment a l  s i gna l s . ADH 1  act ivity i s  

con s t itut ive l y  expressed i n  p o l len a l eurone and s cut e l lum,  

but expre s s i on i s  at e ither l ow o r  undetect able l eve l s  i n  

root s ,  me s o c o t y l  a n d  e p i c o t y l  ( F ree l ing and Bennett , 1 9 8 5 ) . 

Unde r anaerob i c  c ondit i on s , Adh l expre s s i on i s  induc e d  in a 

var i e t y  o f  organ s ,  inc luding root s ,  endosperm and anthe r 

wal l ,  but not in mature l e ave s ( Ok imot o e t  a l . ,  1 9 8 0 ) . 

Nuc l ear run -on t rans c r ipt i on e xper iment s reve a l  t hat t rans ­

c r ipt i o n a l  induct i on o f  Adh l c an be det e cted within one hour 

o f  anaerob i c  t re atment and i s  max imal after f ive hou r s  

( Rowl and and Stromme r ,  1 9 8 6 )  When anaerob i c a l l y - s t r e s s e d  

seedl ings are returned t o  a n  aerobic environment , t rans c r ip­

t i on o f  Adh l  f a l l s  to almost undete c t ab l e  l eve l s  within one 

hou r ,  but Adh l  mRNA c an be det ect e d  for at l e a s t  2 6  hou r s  

( Rowlan� and Stromme r , 1 9 8 6 ) . 

In  t omat o ,  on l y  ADH 1  i s  synthe s i z ed du r i ng embryogene s i s ,  

whi l e  only ADH2 i s  synthe s i z e d  a f t e r  f l ooding ( Tanks l e y  and 

Jone s ,  1 9 8 1 ) . I n  Lupinus angu s t i fo l i u s ,  the Adh l  gene i s  

expre s s ed  both during embryogene s i s  and f l ooding,  whi l e  the 

Adh2 gene is  expre s sed only in root s o f  y oung seedl ings 

(Mars ha l l  e t  a l . ,  1 9 7 4 ) . I n  sunfl owe r  ( He l i an t h u s  ann u u s ) , 

both Adh l  and Adh2 gene s are expre s s ed during embryogen e s i s ,  

seed do rmanc y ,  and e a r l y  germinat i on whi l e  only Adh2 i s  

expre s s ed i n  f l ooded root s and i n  p o l len ( T orres e t  a l . ,  

1 9 7 7 ) . I n  s o ybean , o n l y  one ADH i s  s ynthe s i z e d  in root s ,  the 

act i v i ty  of which is high i n  the embryo and radi c l e  but 

dec r e a s e s  r apidly dur ing ge rminat i on and is not induced by 

anaerob i o s i s  ( B r z e z in s k i  et a l . ,  1 9 8 6 ) . The s ingle Adh gene 

of Arabi dopsi s t h a l i ana is expre s s e d  i n  po l l en , seeds , and 

root s of young s eedl ings and is i nduced by f l ooding ( D o l feru s 

and Jacob s ,  1 9 8 4 ) . 
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1 . 8 . 2 A dh up s t ream regu l at o ry e l ement s 

In the ma i z e Adh l gene , an anaerob i c  regu l atory e l ement (ARE ) 

has been l o cated within the promot e r  region and t h i s  e l ement 

has been fun ct i ona l l y  de f i ned by a de l et i on ana l y s i s  o f  

con s t ruct s expre s s ed i n  a t r ans i ent e xpre s s ion s y stem ( Howard 

e t  a i . ,  1 9 8 7 ;  Wa l ke r  et ai . ,  1 9 8 7 )  ( F igure 1 . 3 ) . Thi s 4 0  bp 

e l ement i s  c ompo s e d  of two e s s ent i a l  regions ( region I and 

region I I )  o f  appr o x . 15 bp each,  s eparated by a 1 0  bp region 

that doe s  not app e a r  t o  be import ant for anaerobic expre s s i on 

( Wa l ker e t  a i . ,  1 9 8 7 ) . A s e gment o f  the ma i z e  promot e r  

cont a i n i n g  t h i s  e l ement i s  s u f f i c i ent f o r  anaerob i c  

regu l at ion i n  t r an s gen i c  t obacco when i t  i s  comb ined with 

up st ream p romoter e l ement s from the o c t opine s ynt hase gene or 

the c au1 i fl owe r mo s a i c  v i rus 35S promoter ( E l l i s  et a i . ,  
I 

1 9 8 7 ) . Homo l o gous sequences a l s o o c cu r  within the pr omot o r  

region o f  t h e  pea Adh l gene ( L lewe l l yn e t  a i . ,  1 9 8 7 )  a n d  the 

Arabi dop s i s  Adh gene ( Ferl  and Laughner , 1 9 8 9 ) . In vi vo foot ­

print ing exper iment s indi cate that t rans-act ing regu l at o r y  

f a c t o r s  b i n d  t o  a DNA sequence within t h i s  e l ement in the 

ma i z e  gene ( Fe r l  and Nick , 1 9 8 7 )  as we l l  as t o  an homo l ogous 

se quence within the promot er region of the Arabi dopsi s  Adh 

gene ( Fe r l  and Laughn e r ,  1 9 8 9 ) . 

I n  addit i on t o  t he ARE , seve r a l  f a c t o r  binding s i t e s  occur 

within the promo t e r s  o f  both the ma i z e  Adh l and the 

Arabi dopsi s Adh genes ( F erl  and N i c k ,  1 9 8 7 ;  F e r l  and 

Laughne r ,  1 9 8 9 ) . The sequence mot i f  5 '  -GTGG- 3 '  is u s ua l l y  

a s s o c i at e d  with the s e  binding s it e s  ( Ferl  and Laughne r ,  

1 9 8 9 ) . At one po s i t i on i n  the Arabi dopsis Adh gene , t h i s  

mot i f  i s  p r e s ent in b o t h  st rands a s  t he perfect dyad 5 ' ­

CCACGTGG- 3 ' , but t h i s  doe s  not o c c u r  in the ma i z e  Adh l gene 

( F e r l  and Laughn e r ,  1 9 8 9 ) . The s equence of t h i s  dyad i s  

ident i c a l  t o  the s equence o f  t he G-box whi ch occurs i n  the 

S f - f l an k i n g  s e quence of a number of rbcS gene s a s  we l l  as 

seve r a l  other gene s ( see Se ct i on s  1 .  7 . 5 . 4  and 1 . 7 . 6 ) . I n  

genera l ,  t he fact ors wh ich b i nd t o  the GTGG s it e s  o f  the 
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- 3 2 2  CGCGCGCTCCGAGCCGCAGATCCGAGCTAGCGCAGGCGCATCCGACGGCC 

-2 7 2  ACGACAGCGTGCCGTCCTCCGCCGCCACCGCTTAGGCGATTGTCCGCACC 

- 2 2 2  CCACCAGTCCACCACCTCCCCCACGAGCGAAAACCACGTCCACGGACCAC 

Reg i on I 
- 1 7 2  GGCTATGTTCCACTCCAGGTGGAGCTGCAGCCCCGGTTTCGCAAGCCGCG 

Reg i on I I  CAAT box 
- 1 2 2  CCGTGGTTTGCTTGCCCACAGGCGGCCAAACCGCACCCTCCTTCCCGTCG 

TATA box 
-7 2  TTTCCCATCTCTTCCTCCTTTAGAGCTACCACTATATAAATCAGGGCTCA 

-2 2  TTTTCTCGCTCCTCACAGGCTCATCTCGCTTTGGAT CGATTGGTTT CGTA 
1 

3 2  ' ACTGGTGAAGGACTGAGGGTCTCGGAGTGGATGAT TTGGGATTCTGTTCG 

8 2  AAGATTTGCGGAGGGGGGCAATG 

F i gure 1 . 3 .  Nuc leot ide sequence o f  the mai z e  Adh-1 S ups t ream 
reg i on . Regu l at o ry regions are indi cated by b o l d  t ype ; the 
sequenc e i s  numbered f rom the t ran s c r ipt i on s t art s i t e  
(po s it i on 1 ) ; the ATG st art codon o f  the gene i s  unde r l ined . 

ma i z e  Adh promoter appear t o  be invo lved in regu l at i n g  the 

rate of t r a n s c r ipt i o n  f rom the gene but not in anaerob i c  

regu l at i on ( Fe r l  and Laughner ,  1 9 8 9 ) . Howeve r ,  the G-box 

binding fact o r  o f  the Arabi dopsis Adh gene is s eparate and 

di s t inct from t he GTGG binding fact o r s  ( Mc Kendree e t  a l . ,  

1 9 9 0 )  . 

1 . 9  Aim o f  t h i s  s t udy 

No work  has been reported on the mo l e c u l a r  st ructu re o r  

o rg an i z at i on o f  gene s fr om wh i t e  c l ove r . Thi s study w a s  a imed 

at det e rmin i ng the st ructure and the patterns of expre s s i o n  

o f  c e rt a in gene s from t h i s  p l ant . O f  primary int e re s t  we r e  

genes that were e xpre s sed in t h e  white c l over p l ant in an 

organ -spe c i f i c  manne r ,  such as  the rbcS and Adh gene s . 
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Chapter 2 

Materials and Methods 

2 . 1  Ge rmi nat i o n  and g r owt h o f  wh i t e  c l ove r 

2 . 1 . 1 Ge rmi nat i o n  o f  wh i t e  c l ove r s e e ds 

Seeds o f  wh ite c l over ( Tri fo l i um repens cv . Hui a )  were 

imme r s e d  in drum ethanol for 3 0  min and then the ethano l  wa s 

poured o f f . The s eeds were covered with ac idi f ied,  0 . 2 %  ( w / v )  

HgC 1 2  ( 5  ml o f  conc . HC l p e r  l i tre o f  HgC 1 2  s o lut i on ) , l e ft 

for 6 m+n and then rinsed 5 t ime s with s t e r i l e  H20 . 

2 . 1 . 2  Growt h o f  wh i t e  c l ove r 

Ge rmi nated s e eds we re p l anted out in t ra y s  cont a i n ing potting 

mix c on s i s t ing of  e ither 1 0 0 %  s and o r  equ a l  part s o f  s and and 

peat . The p l ant s were grown in a g l a s shou s e  and wat e red three 

t ime s per wee k  with Modi f i e d  Hoaglands S o l ut i on - � St rengt h . 

Requ i rement s 

• Modi f i ed Hoagl ands S o lut i on - � S t rength ( 1 0  l it re s )  : mix 

67  m l  S o l ut i on A ,  67  ml S o l ut i on B and 6 7  ml o f  

c oncent rated HC 1 . Make up t o  1 0  l i t re s  with H20 . Thi s 

s o lut i on sho u l d  have a pH o f  6 . 5  - 7 . 5 .  

S o l ut ion A ( 1 0  l it re s ) : di s s o lve 1 , 4 8 0  9 Ca (N03 ) 2 .  4 H20 , 5 2  

9 S eque s t rene 3 3 0  F e  in H20 . Make up t o  1 0  l i t re s  with H20 . 

• S o lut i on B ( 1 0  l it re s ) : di s s o l ve 1 7 0  9 KH2P 04 , 6 3 2  9 KN03 f  

6 1 6  9 MgS04 . 7 H2 0 ,  3 . 5 8 9 b o r i c  a c i d ,  2 . 2 6  9 MnC 12 . 4 H20 , 0 . 2 8 

9 Z n S 04 • 7H20 , 0 . 1 0 9 Cu S 04 • 5H2 0 ,  0 . 0 3 4  9 Na2Mo04 • 2H20 , 7 . 8 8 

9 KC l in H20 . Make up t o  1 0  l it r e s  with H20 . 
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2 . 1 . 3  H a rve s t i n g  o f  wh i t e  c l ove r p l an t s 

Aft e r  e i ght weeks o f  growth , leave s and s t ems o f  p l an t s  

growing in e ach t r ay were t r immed o f f  a t  t he surface o f  t he 

pott ing mix ,  we i ghed into 2 0  g lot s and s t ored at - 7 0 oe . 

Roo t s  were recove red by washing o f f  the pott ing mix with a 

st ream o f  wat e r  ( t h i s  was succ e s s fu l  for tho s e  p l ant s grown 

in 1 0 0 %  s and onl y ) , we i ghed into 2 0  g l o t s , and stored at -

7 0 oe .  

2 . 2 

2 . 2 . 1  

I s o l at i o n  o f  t o t a l  RNA f r om wh i t e  c l ove r 

t i s s u e s  

P h e n o l  ext ract i o n  p r o ce du re 

Thi s method was based on that of  L i chten s t e in and D rape r  

( 1 9 8 5 ) . F r o z en p l ant mater i a l  ( 1 0 0  g )  was g round t o  a fine 

powde r in a 9 0 0  ml Waring b l ender c ont a i n e r ,  prechi l le d  t o  -

2 0oe , with a sma l l  amount o f  dry i ce . Homogeni z at i on buffer 

( 3 0 0  ml ; s e e  be l ow )  was added and the pl ant mat e r i a l  wa s 

homogen i z ed i n  t he b l ende r  a s  the m i xture t hawed . Thi s 

mixture was t rans f e rred t o  s t e ri le 2 5 0  ml  cent ri fuge bott l e s  

( N a l gene ) and, in s ome c a se s ,  was further homogeni z e d  b r i e f l y 

with a P o l yt ron ( B rinkmann I n st rument s )  s e t  at e i ther 5 o r  at 

max imum speed . y i e lds o f  RNA were improved up to t e n - fo l d  

with t h i s  addit ional homogen i z at i on ( s ee S e ct i on 3 . 1 ) . The 

homogenate was t hen cent r i fuged in a S orva l l  GSA r o t o r  at 

5 , 0 0 0  rpm and 4°e f o r  1 0  min . The s upe rnat ant was f i l t ered 

through four layers of aut o c l aved che e s e c l ot h  into a 1 l i tre 

coni c a l  f lask an d S D S  was added from a 1 0 %  s t o ck ( S e c t i on 

2 . 2 2 . 6 ) t o  g i ve a f i n a l  concent rat i on o f  0 . 5 % . Equ a l  vo lume s 

of  water s at u rat ed pheno l and ch l o roform ( S ect i on 2 . 2 2 . 3 )  

were then added and mi xed with the f i lt rate f o r  2 0  min on a 

magnet i c  st i rre r ,  at room t empe rature , at a speed j u s t  

s u f f i c ient t o  keep t h e  pha s e s  emu l s i f i e d . The mixture wa s 

t ran s ferred to 2 5 0  ml  po lypropy l ene cent ri fuge bott l e s  

( N a l gene ) and the pha s e s  were s eparated by cent r i fugat i on at 
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8 , 0 0 0  rpm and 4°C for 1 0  min . The aqueous pha s e  was removed 

to a c l ean 1 l i t re f l a s k ,  an equal volume of chl o ro f o rm wa s 

added and t h i s  was mixed f o r  1 0  min on a magnet i c  s t i rrer a s  

above . The cent r i fugat ion s t ep was repeated and t h e  aqueous 

pha se was removed t o  50 ml cent r i fuge tub e s  ( Oak Ridge , 

N a l gene ) . S odium acetat e / acet i c  ac id,  pH 6 .  ° ( 3  M ,  1 / 2 0  

volume ) and 2 vo l . o f  abs o lute ethan o l  were added t o  each 

tube and the tubes we re incubated at -2 0 °C ove rn i ght t o  

pre c ip i t at e  the nuc l e i c  ac ids . The tub e s  were then cent r i ­

fuged in a S o rva l l  S S - 3 4  rot o r  a t  1 0 , 0 0 0  rpm and 4°C for 2 0  

min and the pe l l e t s were washed twi c e  with 5 ml o f  i c e - c o l d  

3 M so dium acetat e / acet i c  a c i d ,  p H  6 . 0  t o  remove t h e  ethanol 

and the DNA . The pe l l et s ( RNA) were wa shed twi c e  with 8 0 %  

et hano l ,  0 . 1  M pot a s s ium acet ate and s t o red unde r t h i s  

s o l ut i on at -2 0 °C unt i l  requ i red . 

Requ i rement s 

• Homogeni z at i on bu f fer : 0 . 2 M T r i s -HCl pH 8 . 5 , 0 . 2 M 

sucrose ( RNase free ) , 3 0  mM magne s ium acet at e ,  6 0  mM KC l . 

Aut o c l ave and e i ther u s e  f re sh or s t ore f r o z en at -2 0°C . 

Before u s e , add p o l yvinylpo lypy r o l idone ( S i gma ) t o  1 %  

( w/ v )  and 2 -me rcaptoethan o l  t o  0 . 3 1 %  ( v/ v )  

• Wat er s aturated pheno l : add H20 to  a 5 0 0  g bot t l e o f  

comme r c i a l  phe n o l  a n d  l e ave overn i ght t o  l i que fy . S t ore i n  

a l iquot s a t  -2 0°C . 

2 . 2 . 2 Gu a n i di n e  hydro ch l o r i de p r o c e du re 

Thi s  method was b a s e d  on that of  Logemann e t  a l . ( 1 9 8 7 ) . 

Fro z en p l ant mat e r i a l  ( 1 0 0  g )  wa s ground to a fine powde r ,  a s  

de s c r ibed above f o r  the phenol extract i on procedure , and then 

2 0 0  ml of guan i dine bu f fer was added . The mixture wa s 

homogeni z ed in the Waring b lender and further homoge n i z e d  

wi th a Po lytron ( s ee Sect ion 2 . 2 . 1 ) . The homogenate w a s  

t r a n s ferred t o  a 1 l i t re c o n i c a l  f l a s k  and 1 5 0  ml e a ch o f  

wate r- s aturated pheno l ( S ect i on 2 . 2 . 1 ) and chl o roform 
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( Se ct i on 2 . 2 2 . 3 ) were added . The homogenate was mixed on a 

magnet i c  st i r r e r  f or 2 0  min a s  above . The mixture was 

t ran s ferred to 2 5 0  ml po l ypropy lene cent ri fuge bot t l e s  and 

the pha s e s  were s eparated by cent ri fugat i on i n  a S o rva l l  GSA 

rotor at 8 , 0 0 0  rpm and 4°C for 6 0  min . The RNA- cont a i n i n g  
aqueous pha s e  wa s removed t o  c l e an 2 5 0  ml cent ri fuge bott l e s  

and mixed with 0 . 7  vo lume o f  c o l d  ethanol ( -2 0°C ) and 0 . 2  

vo l ume o f  1 M a cet i c  a c i d . The RNA was precipitated b y  

incubat i on a t  -2 0 °C ove rn i ght and then pel l eted by cent r i ­

fugat ion i n  a GSA rotor at 8 , 0 0 0  rpm and 4 °C for 1 5  min , 

l eaving DNA and r e s i du a l  prot e i n s  in the supernatant . The RNA 

pe l l et s we re washed with 1 0  ml o f  3 M s odium acetat e / acet i c  

a c i d ,  pH 5 . 2 a t  room t empe rature , c ombined i n  a 5 0  ml cent r i ­

fuge tube ( Oak Ri dge , Nalgene ) and cent r i fuged i n  a S o rva l l  

S S - 3 4  rot o r  a t  1 0 , 0 0 0  rpm and 4 °C for 1 0  min . The supe rnatant 

wa s d i s t arded and the pe l l et ( RNA ) was washed with 2 0  ml o f  

7 0 %  ethano l and r e cent ri fuged t o  remove re s i du a l  s a l t . The 

RNA pe l let was s ubsequent l y  dried for 5 min under vacuum, 

redi s s o lved in st e r i l e  H20 , and run on an o l igo ( dT )  c e l l u l o s e  

c o l umn as de s c r ibed in Sect i on 2 . 3 . 1 .  

Requ i rement s 

Guan i dine bu f fe r : 8 M guan i dine hydrochl o r i de , 2 0  mM Me s ,  

2 0  mM E D TA ,  5 0  mM 2 -merc apt oethano l ,  pH 7 . 0 .  

2 . 3  I s o l at i o n o f  P o l y ( A ) + RNA 

2 . 3 . 1  O l i g o ( dT )  ce l l u l o s e  chromat o g raphy 

The method used for s eparat ing po l y  (A)  + RNA ( mRNA )  from 

othe r spe c i e s  of RNA by a f f i n i t y  chromatography on an 

ol i go ( dT )  c e l l u l o s e  c o l umn was based on that o f  L i cht e n s t e i n  

and D r aper ( 1 9 8 5 ) . O l i go ( dT )  c e l l u l o s e ( 0 . 5  g ;  Boehr inger 

Mannheim ) was p r e s wo l len ove rn i ght i n  5 ml o f  binding buffer . 

The swo l len o l i go ( dT )  c e l lu l o s e  was then packed into a 4 . 0  cm 

x 0 . 7  cm ( int e r n a l  di amet e r )  c o l umn ( B i o -Rad ,  Econo -C o l umn ) 
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such that t he g l a s s  barre l wa s a l mo s t  fu l l . Thi s gave a 

c o l umn vo l ume o f  approx . 1 ml . The c o l umn wa s washed through 

sequent i a l l y  with 5 ml o f  s t e r i l e  d i s t i l l e d  wat e r ,  0 . 3  M NaOH 

unt i l  the e l u ent wa s a l k a l ine , and then 1 0  ml o f  b inding 

bu f fe r . The ethano l  precipitated t ot a l  RNA ( Sect i on s  2 . 2 . 1  

and 2 . 2 . 2 )  was  cent r i fuged for 1 0  min i n  1 . 5 ml  mi c ro fuge 

tube s . The supe rnatant s were removed and the p e l l e t s  we re 

dried for 5 min unde r  vacuum and then d i s s o l ved in a tot a l  

vo l ume o f  0 . 5 m l  o f  s t er i l e ,  di s t i l l e d  H20 ,  with heat ing t o  

6 5°C for 4 min . An equal vo l ume o f  2 x  b i nding buf fe r  was 

added and the s o lut i on was a l l owed to c o o l  t o  room t emp­

erature . The RNA s o l ut i on wa s then s l ow l y  added to the o l igo­

( dT )  co l umn , the c o l umn was washed through with 10  ml o f  

binding bu f fe r  and 1 ml fract ions were c o l le c t e d  in s t e r i l e  

mi c r o fuge tube s , unt i l  the A260 appro ached z e r o . The c o l umn 

was theA washed through with 5 ml o f  washing b u f f e r  and the 

po l y (A)  mRNA was t hen e luted with 5 ml  of e lut ing bu f fe r . 

Fract ions ( 0 . 5  ml ) were c o l lected i n  1 . 5 m l  m i c ro fuge tube s ,  
the A2 60 o f  each fract ion wa s det e rmined t o  l o c a t e  the p o l y  (A)  

mRNA-cont a i n i n g  f r act i on s  and t he s e  f r a c t i on s  we re c ombined 

in a s i l i c on i z ed 1 5  ml g l a s s  cent r i fuge t ube ( Core x ) . S odium 

acet at e / acet i c  ac i d ,  pH 5 . 2  ( 3  M ,  0 . 1  vo l ume ) and 2 vol . o f  

ab s o lute ethanol we re added t o  pre c ip i t at e  the mRNA . The mRNA 

was s t o r e d ,  a s  a precipitat e ,  at -2 0 °C unt i l  requ i re d . 

Requ i rement s 

• 

• 

B inding b u f fer : 2 0  mM T r i s -HC 1 ,  pH 7 . 5 ,  0 . 5 M NaCl , 1 . 0 mM 

E D TA, 0 . 0 5 %  S D S . 

Washing b u f f e r : 2 0  mM T r i s -HC 1 ,  pH 7 . 5 ,  0 . 1  M NaCl , 1 . 0 mM 
E D TA, 0 . 0 5 %  S D S . 

E lut ing b u f fe r : 2 0  roM T r i s -HCl pH 7 . 5 ,  1 . 0  mM EDTA,  0 . 0 2 %  

S D S . 

Aut oc l ave the bu f fe r s  be fore adding S D S  f rom a 1 0 %  s t o c k  

s o lut i o n  ( S e ct i on 2 . 2 2 . 6 ) . 
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2 . 3 . 2  Regene rat i o n o f  o l i g o ( dT )  c e l l u l o s e  

The o l igo ( dT )  c e l l u l o s e  c o l umn wa s washed t hrough 

sequent i a l l y  with 2 x  5 ml o f  binding buffer ( S ect i on 2 . 3 . 1 ) , 

1 0  m l  o f  s t e r i l e  H20 , S ml o f  0 . 3  M NaOH , 3 0  ml o f  s t e r i l e  

H20 , and 3 0  m l  o f  9 5 %  et hano l . The washed o l igo ( dT )  c e l l u l o s e  

was dried in the c o l umn overnight under vacuum and then 

removed from t he c o l umn and st ored at - 2 0°C . 

2 . 4  S ynthe s i s  o f  doub l e - s t rande d  cDNA 

The s ynthe s i s  of doubl e - s t r anded cDNA from mRNA was based on 

the methods o f  Gub l e r  and Hof fmann ( 1 9 8 5 )  and Wat s on and 

Ja ckson ( 1 9 8 5 ) . The procedure re l i e s  on the a c t i v i t y  o f  

reve r s e ; t ran s c r ipt a s e  t o  synthe s i z e  a c ompl ement a r y  DNA 

st rand from an o l i go ( dT ) -primed mRNA, and the c ombined 

act i vi t i e s  of E .  c o l i  RNa s e  H and DNA p o l ymerase I t o  

s ynthe s i z e  a s e c ond c omp lement ary cDNA st rand from t he mRNA­

cDNA hybrid by RNA-pr imed n i c k  t rans l at i on . As o r i g i na l l y  

de s c r ibed, the react i on product s o f  the f i r st st rand syn­

the s i s  need t o  be pu r i f i e d  before be ing used for the s e cond 

st rand s ynthe s i s  react i o n . A one-tube prot o c o l  based on the 

wo rk of Lapeyre and Amal r i c  ( 1 9 8 5 ) , D ' Al e s s i o  e t  al . ( 1 9 8 7 )  

and Gerard and D ' Ale s s i o  ( 1 9 8 7 ) , whereby the f i r st s t rand 

react ion was di luted to give a s o l u t i on o f  the c o rrect 

c ompo s i t i on f or the s e c ond st rand react ion , was deve l oped and 

us ed in t h i s  study . Subsequent steps i nvo lved making the 

doub l e- st randed product s o f  t he s e c ond st r and react i on b lunt ­

ende d ,  attaching EcoRI l i nke r s , and c l oning the l i nkered 

cDNAs int o the bact e r i ophage l ambda ve c t o r  Agt l 0 . 

In  order t o  opt imi z e  t he f i r st and s e c ond s t r and s ynthe s i s  

react ions , t r i a l  react i on s we re c a r r i e d  out with s ynthet i c  

RNA c on s i st ing o f  a s e r i e s  o f  s i x  p o l y ( A ) + RNAs ( 0 . 2 4 - 9 . 5  

kb RNA l adde r ,  BRL ) . The se RNAs , once l abe l le d ,  were a l s o  

u s e d  t o  provide s i z e  ma rkers f o r  sub s equent ana l y s i s  o f  

react i on produ c t s  o n  a l k a l ine agaro s e  ge l s . 
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2 . 4 . 1  F i r s t  S t r a n d  eDNA Synthe s i s  

A vo l ume o f  white c l over p o l y (A) + RNA ( Sect i on 2 . 3 . 1 ) 

equ i val ent t o  1 0  �g was c ent ri fuged in a ster i l e  1 . 5 ml  

mi c ro fuge tube in a S o rva l l  S S - 3 4  rot or with an appropr i at e  

adaptor ( S o rva l l ,  No . 0 0 3 8 1 )  a t  1 5 , 0 0 0  rpm and 4°C f o r  3 0  

min . The RNA pe l l et was r i n s ed with 7 0 %  ethano l ,  dried for 5 

min under vacuum and redi s s o lved in 1 9  �l o f  s t e r i l e  H20 . F o r  

t r i a l  react ions and react i ons t o  provide s i z e  marker s  f o r  

agaros e g e l  an a l y s i s  o f  react ion product s ,  5 � g  o f  synthet i c  

RNA, a s  supp l i ed b y  the manu facturer ( see above ) , was used 
for the react i on an d made up t o  1 9  �l  with s t e r i l e  H20 . 

Immediat e l y  be fore u s e , the RNA was heated at 6 5°C f o r  5 min 

and then chi l l ed on i ce . The f i r st st rand cDNA synthe s i s  

react i on was set up i n  a 1 . 5  m l  m i c r o fuge tube a s  f o l l ows : 

P o l y  (A )  + RNA 1 9  �l 

5 x  RT buffer 1 0  �l 

5 x  d ( ACGT ) TP s  5 � l  

2 0 0 �g/ml o l i go ( dT )  1 5  5 �l 

Reve r s e  t ran s c ript a s e  1 1  b!l 

TOTAL 5 0  �l  

A 1 0  � l  a l iquot o f  the react i o n  was t r a n s fe r red t o  a fresh 

tube cont a in i ng 1 � l  o f  [ a_32p] dCTP so that the e f f i c i ency o f  

the react i on could b e  mon i t o red . Both react i o n s  we re 

in cubated at 4 2°C for 2 h .  

Aft e r  2 h ,  the 1 0  �l react i on was ext racted with an equ a l  

vo l ume o f  pheno l / chl o r o f o rm ( Se ct i on 2 . 2 2 . 2 ) . The f i r s t  

st rand product f rom thi s react i o n  was pre c ip i t ated by adding 

0 . 5 volume of 7 . 5 M ammon i um a c e t at e  and 2 vo l . of ab s o lute 

ethan o l  and the t ube was cent ri fuged for 2 0  min i n  a 

mi c r o fuge at room t empe rat u re ( see S e ct i on 2 . 2 1 )  The p e l l e t  

w a s  redi s s o lved in 1 0  Jll o f  s t e r i l e  H 2 0  and t he ethan o l  

prec ip i t at i on from ammonium acet ate w a s  repeated . The p e l l e t  

w a s  then redi s s o lved in 2 5  Jl l  o f  TE ( S ect ion 2 . 2 2 . 4 ) f o r  
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s ub s e quent ana l y s i s  o f  the f i r s t  st rand produ c t s  b y  ge l 

e l e ct rophore s i s  ( S ect i on 2 . 1 1 . 1 ) . The 4 0  �l  react ion was u s e d  

f o r  t he s e c ond st rand cDNA synthe s i s  react i on ,  a s  de s c r ibed 

in S e ct i on 2 . 4 . 2 .  

Requ i rement s 

5 x  RT bu f fer : 2 5 0  mM Tri s -HC l , pH 8 . 3  at 4 2°C , 4 0  mM MgC 1 2 , 

2 5 0  mM KCl . 

5 x  d (ACGT ) TP :  d i s s o lve each deoxynu c l e o s i de t ripho sphate 

( B oehringer Mannhe im)  at a concent rat i on o f  5 mM; s t ore at 

- 7 0°C . 
• Reve r s e  t ran script a s e  ( avian mye l ob l a st o s i s  virus ) at a 

concent rat i on o f  9 U / �l was obt a ined from P romega . 
• [ a-32�] dCTP : see S e ct i on 2 . 1 4 . 1 .  

2 . 4 . 2  S e c ond S t rand cDNA S y n t h e s i s  

The s ec ond st rand cDNA s ynthe s i s  react i on was set up a s  

fo l l ows : 

1 s t st rand reac t ion 4 0  �l 

5 x  2nd st rand bu ffer 64  �l 

E .  coli DNA p o l yme rase 1 8 �l 

RNase H 1 �l 

5 mM d (ACGT ) TP s  1 2  �l 

[ a_32p] dCTP 2 �l 

H2O 1 9 3 I:! 1 
TOTAL 3 2 0  �l 

The react ion was incubated at 1 6°C for 2 h and then 1 0  � l  o f  

0 . 5 M E D TA was added and the react i on was extracted t w i c e  

w i t h  an e qu a l  volume o f  pheno l / ch l o ro form . The aqueous phas e  

was d i s t r ibut ed into two 1 . 5 m l  m i c r o fuge tubes and 0 . 5  

vo l ume o f  7 . 5 M ammon ium acet ate and 2 vol . o f  ab s o lute 

ethan o l  were added to each tube t o  precipitate t he DNA ( se e  

S ec t i on 2 . 2 1 ) . The tube s were cent ri fuged f o r  2 0  m i n  a n d  then 
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the supe rnat ant s were removed . The DNA pe l l et s we re re­

d i s s o l ved in a t ot a l  vo l ume of 1 0 0  fll  of H20 and combined 

into one tube . The ethan o l  pre c ip i t at i on from ammonium 

acet at e  was repeated and t he cDNA pe l l et was f i na l l y  re­

di s s o l ved in 25  fll  of H20 . As an a l t e rnat ive t o  ethan o l  

pre c ip it at i o n  o f  the doub l e  stranded cDNA ,  the DNA was 

pu r i f ied with Gene c l e an ( B I O  1 0 1 )  a s  de s c r ibed in S e ct i on 

2 . 1 1 . 8  and e luted from the powde red g l a s s  with two a l i qu o t s  

o f  1 2 . 5  fll o f  H20 . The DNA w a s  c ount ed by Ce renkov c ount ing 

in a l i qu id s c i nt i l l a t i on c ount e r . 

Requ i rement s 

5 x  2 nd st rand buffer : 9 4  mM T r i s -HC l ,  pH 8 . 3 , 4 7 0  mM KC l ,  

2 0  mM MgC l 2 f  2 0  roM DTT ( from 1 M s t o c k ; see S e c t i o n  

2 . 1 4 . 1 ) . 

• 5 x  d ( ACGT ) TP :  see S e ct i on 2 . 4 . 1 .  
• E .  coli DNA p o l yme rase 1 at a concent rat i o n  o f  1 0  U / fl l  was 

obt ained f rom New England B i o l ab s . 
• RNa s e  H at a concent rat i on o f  2 . 3 U / fll was obt ained from 

Boehringer Mannhe im . 

• [ a_32p] dCTP : see S e c t i on 2 . 1 4 . 1 .  

2 . 4 . 3  F i l l i ng i n  react i on 

The f i l l ing i n  react i on t o  make the doub l e - st randed cDNAs 

blunt -ended was set up as f o l l ows : 

cDNA ( from Sect i on 2 . 4 . 2 )  

5 x  d (ACGT ) T P s  

l O x  T 4  p o l yme rase buffer 

T 4  DNA p o l yme rase 

TOTAL 

2 5  fll 

1 fll 

3 fll 

1 Ul 

3 0  fll 

The react i on was in cubat ed at 3 7°C f o r  3 0  min and t hen i t  was 

e xt racted w i t h  60 fl l of pheno l / ch l o ro form ( Se ct i on 2 . 2 2 . 2 )  . 

The phenol pha s e  was re -ext racted with 3 0  fll TE ( S e ct ion 
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2 . 2 2 . 4 ) and the aqueous pha s e s  were combined i n  a 0 . 6  ml 

mi c r o fuge tube . The b l unt -ended c DNAs we re pur i f i e d  with 

Genec l ean ( Se ct i on 2 . 1 1 . 8 ) and e l uted from the powdered g l a s s 

with t wo 5 �l a l iquot s o f  H20 . 

Requ i rement s 

• 5 x  d (ACGT ) TP s : S e c t i on 2 . 4 . 1 .  

• l O x  T 4  DNA p o l yme r a s e  bu f fe r : 3 3 0  roM T r i s -a cet at e ,  pH 7 . 9 , 

6 6 0  mM pot a s s ium acet at e ,  1 0 0  mM magne s i um acet at e ,  1 

mg /ml BSA, 5 mM D T T  ( from 1 M s t o c k ;  see S e ct ion 2 . 1 4 . 1 ) . 

• T 4  DNA po lymerase at a concent rat ion o f  1 0  U / � l  was 

obt a ined from P romega . 

• BSA ( nu c l e a s e  f re e )  at a concent rat i on o f  5 0  mg/ m l  was 

obt a�ned f rom BRL . 

2 . 4 . 4 P h o s ph o ry l at i o n o f  E c oR I  l i nk e r s  

EcoRI l inkers are short , s e l f-compl ement a ry ,  chem i c a l l y  

synthe s i zed o l igome rs which form blunt end dup lexes c ont ain­

ing  an EcoR I  recogn i t ion s equence . Before u s e ,  t he l i nke r s  
were pho spho r y l ated a s  fo l l ows : 

D epho spho r y l ated EcoRI l i nker s  5 �l 

l O x  kinase bu f f e r  5 �l 

T4 p o l ynuc l eot ide k i n a s e  3 �l 

H2O 3 7  !,!l 

TOTAL 5 0  �l 

The react i on was incubat ed at 3 7 °C for 1 h and then 5 � l  

al iquot s were fro z en at - 7 0 °C . 

Requ irement s 

• Depho sphorylated EcoRI l i nke r s  ( New Engl and B i o l ab s i No . 

1 0 0 4 )  were di s s o l ved in ster i le H20 at a concent rat i on o f  

1 �g / �l . 
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• l O x  k i n a s e  bu f fe r : S O O  mM T r i s -HC1 ,  pH 7 . S ,  1 0 0  mM MgC 1 2 ,  

1 0 0  mM DTT ( from 1 M s t o c k ;  s e e  S e ct ion 2 . 1 4 . 1 ) , 1 0  mM ATP 

( f rom 0 . 1  M stock ) . 

0 . 1  M ATP : di s s o lve 6 0  mg o f  ATP in 0 . 8  ml of  H20 . Ad j u s t  

the p H  t o  7 . 0  w i t h  0 . 1  M NaOH . Adj ust the volume to 1 . 0 ml  

with H20 . D i spens e  the s o l ut i on i nt o  2 0 0  �l a l i quot s and 

s t o re a t - 7 0°C . 

2 . 4 . 5  Met hy l at i o n o f  E c oR I  s it e s  

EcoRI s it e s  within the doub l e -st r anded and end- f i l l e d  cDNAs 

( se c t i on 2 . 4 . 3 ) we re methy l ated to protect them from s ub s e ­

quent EcoRI digest i on a s  f o l l ows : 

D oub l e - s t randed cDNA 

8 0 0  �M SAM 

S x  methyl a s e  bu f f e r  

EcoRI methyl a s e  

H20 

TOTAL 

1 0 . 0  �l 

2 . 0  �l 

4 . 0  �l 

O . S �l 

3 . S  Ul 

2 0 . 0  �l 

The react i on was i ncubated at 3 7 °C f o r  30 min and then it  was 

ext racted with 40  � l  o f  phen o l / c h l o r o fo rm ( Se c t i on 2 . 2 2 . 2 ) . 

The pheno l  phase was re-ext racted with 2 0  �l o f  TE ( S e ct i on 

2 . 2 2 . 4 ) and the aqueous pha s e s  were combined i n  a 0 . 6  ml  

m i c r o fuge tube . The methy lated cDNAs were pur i f i e d  with 

Gene c l ean a s  de s c r ibed in S e ct i on 2 . 1 1 . 8 and e l ut ed f rom the 

powde red glass  with S �l o f  phospho r y l at e d  l inke r s  ( Se ct i on 

2 . 4 . 4 ) and then with S �l o f  H20 . 

Requ i rement s 

• SAM : 3 0  mM S -Adenosy lmethion i ne (New Eng l and B i o l ab s ) i n  

S mM sulphu r i c  a c i d : ethan o l  ( 9 : 1  v : v ) was s t o r e d  at -

2 0°C and di luted t o  8 0 0  �M in ste r i l e  H20 imme d i at e l y  

before u s e . 
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• 5 x  methy l a s e  bu f f e r : 5 0 0  roM T r i s -Hel pH 8 . 0 , 5 0 0  roM NaC l , 

S mM EDTA,  1 mg /ml BSA ( fo r  S O  mg /ml BSA, see S e c t i on 

2 . 4 . 3 ) . 

• EcoRI methyl a s e  ( New Engl and B i o l abs ) was at a concen­

t rat i on o f  20  U / � l . 

2 • 4 • 6 L i gat i o n o f  l i nk e r s  

The pho sphor y l ated EcoRI l i nkers ( Se c t i on 2 . 4 . 4 ) were l i gated 

ont o the doubl e -s t r anded cDNAs ( S e c t i on 2 . 4 . 5 )  a s  fo l l ows : 

Methylated cDNAs p l u s  l inkers 1 0 . 0  �l 

S x  l igase buffer 2 . 0  �l 

T4 DNA l i gase l . 2  b!l 

TOTAL 1 3 . 2  �l 

The react i on was incubated at 1 4 °C overnight and then heate d  
at 6 SoC for 1 0  min . 

Requ i rement s 

• S x  l igase bu f fe r : see s e c t i on 2 . 1 S . 2 .  

• T 4  DNA l i gase at a concent rat i on o f  O .  7 2  U / � l  ( Wei s s  

unit s )  was obt a i ned from BRL . 

2 . 4 . 7 D i ge s t i o n w i t h  E c oR I  

The l i nker l i gat i on re act i o n  ( S e ct i on 2 . 4 . 6 ) resulted i n  the 

coval ent attachment of o l igome r s  of  the EcoRI l inkers to the 

ends of the c DNAs . Exce ss l i nke r s  were remove d by dige s t i o n  

with EcoRI , l e aving a s ingle l i nker a t  e a ch e n d ,  a s  f o l l ows : 

L i gat ed cDNA/ l inkers 1 3 . 2  �l 

O . S M NaCl l . 2  �l 

High concent rat i on EcoRI l . 6  b!l 

TOTAL 1 6 . 0  �l 
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The react i on wa s i ncubated at 3 7 °C for 2 h .  TE ( 3 0  Ill ; 

Sect i on 2 . 2 2 . 4 ) wa s then added and the react ion was ext racted 

with 1 0 0  III of phen o l / ch l o r o form ( Sect i on 2 . 2 2 . 2 ) . The phen o l  

phas e  w a s  re-ext racted t w i c e  with 5 0  II I  o f  T E  and the aqueous 

pha s e s  were combined and di s t r ibuted into two 1 . 5 ml m i c r o ­

fuge tubes . EcoRI -dige sted Agt 1 0  DNA ( 1 0  Ilg ; Sect i on 2 . 4 . 8 )  

was added t o  e ach t ube and the DNAs were pre c ip it at e d  by the 

addit i on o f  0 . 1  volume o f  3 M s odium acetat e / acet i c  a c i d ,  pH 

5 . 2  and 2 vo l . of abs o l ute ethano l . The tube s were cent r i ­

fuged in a S o rva l l  S S - 3 4  rot or ( with a micro fuge tube 

adapt o r ,  S o rva l l ,  No . 0 0 3 8 1 ) , at 1 5 , 0 0 0  rpm f o r  2 0  min . The 

pe l l e t s  were r i n s e d  with 7 0 %  ethano l ,  dried f o r  5 min unde r 

vacuum and redi s s o l ved in 9 6  �l o f  s t e r i l e  H20 . 

Requi rem�nt s 

• High concent rat ion EcoRI , at a con cent rat i o n  o f  9 0  U / �l , 

was obt a ined f rom Boehringer Mannhe im . 

2 . 4 . 8  EcoRI d i ge s t i o n o f  Agt l O  D NA 

The Agt 1 0  vec t o r  DNA ( S e ct i on 2 . 5 . 4 ) was dige s t ed with EcoRI 

in preparat ion for cDNA c l on ing as f o l l ows : 

Agt 1 0  DNA ( 0 . 8 3 �g /�l ) 

l O x  M buffer 

EcoRI 

H20 

TOTAL 

6 0  �l 

3 0  �l 

2 0  �l 

1 9 0  Ul 

3 0 0  III 

The react ion was in cubat ed at 3 7°C for 3 h .  An a l i quot was 

an a l y zed by aga r o s e  ge l e l ect ropho re s i s  ( S ect i on 2 . 1 1 . 3 ) t o  

con f i rm that the EcoRI d i gest i o n  w a s  c omp l et e . EDTA ( 0 . 5  M ;  

1 . 5 �l ) was then added and the digest was heated at 6 5°C for 

1 0  m i n  and extracted three t ime s with an equ a l  volume of 

pheno l / ch l o r o f o rm ( S e c t i on 2 . 2 2 . 2 ) . The DNA wa s precip i t ated 

by the add i t i on o f  0 . 1  vo l ume of 3 M sodium a cet at e / acet i c  



4 1  

a c i d ,  pH 5 . 2  and 2 vo l . o f  ethano l  and pel l eted by cent r i ­

fugat i on f o r  2 0  m i n  ( s ee S e ct i on 2 . 2 1 ) . The DNA pe l l et was 

r i n s ed s equent i a l l y  with 1 ml of 7 0 %  ethan o l  and 1 ml o f  

ethe r and was then redi s s o lved i n  ste r i l e  H20 a t  a final 

con cent rat i on o f  1 �g/�l . The DNA s o l ut i on was st ored at -

2 0 °C unt i l  requ i red . 

Requ i rement s 

l O x  M :  see Sect i on 2 . 1 8 . 

EcoRI at a concent rat i on o f  2 0  U / �l was obt a ined f r om New 

Engl and B i o l ab s . 

2 . 4 . 9  Remova l o f  e x ce s s  l i n k e r s  

The e f fic i ency o f  c l oning cDNAs into the Agt 1 0  vec t o r  i s  

improved b y  the remova l  o f  competing l i nker f ragment s .  Thi s 

i s  u s ua l l y  achi eved by p a s s age ove r  an agaro s e -ba s e d  res i n ,  

B i o-Ge l A- 5 0 -m ( B i o -Rad) . Howeve r it  has been reported that 

t h i s  re s i n  c ont ain s a l igat i on inhib i t o r  whi ch i t se l f  reduce s 

c l on ing e f f i c iency ( P ape and K i m ,  1 9 8 7 ) . The re f o r e  f o r  thi s 

study , NACS PREPAC mini -c o l umn s ( BRL i c a rt r i dge s t y l e ) 

cont aning an i on exchange res i n  we re used t o  remove exce s s  

l i nk ers  f o l l owing the met hod de s c r ibed i n  the NACS P REPAC 

manu a l . 

NaCl ( 5  M i  4 � l ) wa s added t o  the redi s s o lved cDNAs p l u s  the 

EcoRI -digested Agt 1 0  DNA ( Se ct i on 2 . 4 . 7 ) to g i ve a NaC l 

concent rat ion ( 0 . 2  M )  equ i va lent t o  that o f  buf f e r  A .  Us ing 

a 5 ml disposab l e  s y ri nge , the NACS PREPAC c o l umn wa s 

hydrated with 3 ml  o f  buffer D and then equ i l ibrated with 3 

ml o f  buffer A .  E ach s amp l e  wa s l oaded ont o a c o l umn and the 

c o l umn was washed with 3 ml  of bu ffer A to separat e the bound 

cDNAs from the unbound l inke rs . The cDNAs were t hen e l ut ed 

from the c o l umn with 2x  1 0 0  �l o f  buf fer B fo l l owed by 2x  1 0 0  

�l o f  buf f e r  D .  The cDNA e f f luent s f r om e ach c o l umn we re 

comb i ned in a 1 . 5 ml m i c r o fuge tube . Ethan o l  ( 6 0 0  � l ) wa s 
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added t o  each t ube and the tube s were cent r i fuged i n  a 

S o rva l l  S S -3 4  rotor at 1 5 , 0 0 0  rpm ( with a m i c r o fuge tube 

adapt o r ,  S orva l l , No . 0 0 3 8 1 )  for 2 0  min . The p e l l e t s  we re 

then dried for 5 min unde r vacuum and redi s s o l ved in 7 �l o f  

1 0  mM T r i s  HC1 ,  pH 7 . 4 ,  1 0  mM MgC12 • 

Requ irements 

• Bu ffer A :  0 . 2 M NaC l , 1 0  mM T r i s -HC 1 ,  pH 7 . 2 ,  1 mM EDTA . 
• Bu ffer B :  1 . 0  M NaC l ,  1 0  mM T r i s -HC 1 , pH 7 . 2 ,  1 mM EDTA . 
• Buffer D :  2 . 0  M NaC l , 1 0  mM T r i s -HC1 , pH 7 . 2 ,  1 rnM EDTA . 

2 . 4 . 1 0 L i gat i o n  o f  cDNAs w i t h  vect o r  DNA 

The CDN� p l u s  the EcoRI digested Agt 1 0  DNA ( S ect ion 2 . 4 . 9 ) 

were in�ubat ed at 4 2 °C for 1 5  min t o  a l l ow the Agt 1 0  cohes ive 

ends t o  annea l  and then 2 �l of 1 0  mM ATP , 0 . 1  M DTT and 1 �l 

of  T4 DNA l i gase were added . The 

incubated overnight at 1 4 °C .  The 

packaged into phage part i c l e s  in 

Sect i on 2 . 4 . 1 1 .  

Requ irement s 

• 1 0  mM ATP , 0 . 1  M DTT : prepare 

l i gat i on react i o n s  we re 

l i gated DNAs we re then 

vi t ro a s  de s c ribed in 

from 0 . 1  M ATP ( Se ct i on 

2 . 4 . 4 ) and 1 M DTT ( S ect i on 2 . 1 4 . 1 ) s t o c k s . 
• T 4  DNA l i gase at a concent rat i o n  o f  0 . 7 2 U / �l ( We i s s  

unit s )  was obt a ined from BRL . 

2 . 4 . 1 1 In vi t ro p a c k a g i ng o f  Agt 1 0 / cDNA hyb r i d s  

In vi t ro packaging ref ers t o  the u s e  o f  a ce l l  e xt ract 

der ived f rom phage - i n fe cted E .  coli to supp l y  the mixture o f  

prote i ns and precu r s o r s  requ i red for encap s idat ing l ambda 

DNA . F or thi s study , the P ac kagene extract s y stem ( P r omega ) 

wa s us ed fo l l owing the prot o c o l  supp l i ed with the s y s t em . 
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Two packaging extract s we re used for e ach l i gat i o n . The 

extracts were thawed on i c e  and then the l i gated Agt 1 0 / cDNAs 

we re adde d . The contents were mi xed by gent l y  t app i n g  the 

bottom o f  e ach tube and the react ions we re i ncubated at 2 2°C 

for 2 h .  P SB ( 0 . 5  ml ) wa s then added to each tube and the 

tube s were gent l y  vortexed . Chl o r o form ( 2 5  �l ; S e ct i on 

2 . 2 2 . 3 ) was added and the tube s we re gent ly vortexed again . 

The packaged phage ( un amp l i f i ed cDNA l ibrary ) we re s t o red at 

4 °C ove r c h l o r o f o rm . 

Requ i rement s 

• P S B  (phage suspen s i on bu ffe r ) : 1 0  mM T r i s -HC 1 ,  pH 7 . 4 ,  1 0 0  

mM NaC l ,  1 0  rnM MgS04 , 0 . 0 5 %  ge l at in . The ge l at i n  i s  

di s s Q l ved separat e l y  i n  H20 with heat ing and then added t o  

the iemain ing c omponent s .  Aut o c l ave t o  s t e ri l i z e . 

2 . 4 . 1 2 As s ay o f  cDNA l ib r a r i e s  

Appropr i at e di lut ions o f  the packaged Agt 1 0 / cDNA were made i n  

P SB ( s ee S e ct i on 2 . 4 . 1 1 ) . Dup l i c ate 1 0  �l a l i quot s o f  each 

d i l ut i on were p l ated out with 1 0 0  �l o f  E .  col i C 6 0 0  and 1 0 0  

�l o f  E .  col i C 6 0 0�H f l  p l at ing bact e r i a  ( Se ct i on s  2 . 5 and 

2 . 9 . 1 ) a s  des c r ibed in  Sect i on 2 . 4 .' 1 4 . 

2 . 4 . 1 3 Amp l i f i c a t i o n  o f  cDNA l ib ra r i e s  

The l ibrar i e s  o f  recomb i n ant Agt 1 0 / c DNA phage ( S e c t i on 

2 . 4 . 1 2 )  were amp l i f i e d  by preparing p l ate s t o c k s  direct l y  

from the packaging m i xture s . P l at ing out o f  phage was a s  

de s c r ibed in Sect i on 2 . 4 . 1 4 except that each packaging 

mixture wa s mixed with 1 2 5  �l of E .  c o l i  C 6 0 0�H f l  ( Se c t i on s  

2 . 5  and 2 . 9 . 1 ) and p l ated out o n  1 5 0  mm diamet e r  p l at e s  with 

5 ml o f  l ambda t op agar . The p l at e s  we re incubated,  r i ght 

s ide up , overn i ght at 3 7 °C . The p l at e s  were then ove r l a i d  

with 1 0  m l  o f  P S B  ( S e ct i on 2 . 4 . 1 1 )  and i ncubated overni ght at 

4°C with gent l e  sha k i ng . The ove r l ay s o lut i on was t ran s f e r red 
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t o  5 0  m l  cent r i fuge tube s ( Oak Ridge , Na l gene ) and 2 0 0  �l o f  

ch l o roform was added t o  each tube . The tubes were cent r i fuged 

in a S o rva l l  S S - 3 4  rot or at 7 , 0 0 0  rpm and 4°C for 1 0  mi n . The 
supe rnat ant s were then t ransfe rred to steri l e ,  s crew-c apped ,  

1 0  m l  tubes ( K imax ) . Chl oroform wa s added t o  0 . 3 % and the 

tube s we re st ored at 4 °C . For l ong t e rm s t orage , dimethy l ­

su lphox i de was added t o  the aqueous phas e  t o  a f i n a l  c oncen­

t rat i on of 7 %  (v/v)  and the phage were st ored at -7 0 °C . The 

amp l i f i ed l ibrar i e s  were a s s ayed a s  de s c r ibed in S e ct i on 

2 . 4 . 1 2 .  

2 . 4 . 1 4 P l at i ng out A phage 

F or mo st purpo se s ,  8 5  mm di amet e r  p l ates were u s e d  f o r  

p l at ing .out A phage . The vo lume s o f  E .  col i p l at i ng bacte r i a  
.t 

and t op agar requ i red for l a rger p l at e s  are indicated i n  the 

rel evant s e ct i on ,  a s  is the t ype of container requ i r e d  f o r  

the ads o rpt i on o f  the phage t o  the E .  col i . 

An a l iquot o f  the A suspen s i on ( t yp i c a l l y  1 0  �l ) was mixed 

with 1 0 0  � l  of E .  coli p l at i ng bac t e r i a  ( Sect i on 2 . 9 . 1 ) i n  

ste r i l e ,  c apped, 1 6  mm ( extern a l  di amet e r ) , g l a s s  tube s . The 

tubes  we re in cubated at 3 7 °C in a c o n s t ant temperature b l o c k  

he ater f o r  2 0  m i n  t o  a l l ow the phage t o  ads o rb t o  the E .  col i 

ce l l s . Lambda top agar ( 3 . 5  ml ) , pre-equ i l ibrated at 5 5°C , 

was then added t o  each t ube . The c ontent s were qu i ck l y  

vo rtexed and t rans ferred t o  a n  L B  p l at e  pre-equ i l ibrat ed at 

3 7°C . The p l ate wa s gent l y  swi r led s o  that the t op agar wa s 

spread even l y  over the p l ate and then l e ft at room t emp­

erature unt i l  the t op agar had hardened . The p l at e  was 

inve rted and incubated overnight at 3 7°C to a l low p l aque s  t o  
deve l op . 

Re qu i rement s 

• L ambda t op agar ( 2 0 0  ml ) : 2 g Bacto-tryptone , 1 g yeast 

extract , 2 g NaC l ,  1 . 3 g agar . Adj u st the pH of the 
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s o lut i on t o  7 . 5  with NaOH and then aut oc l ave for 2 5  min . 

C o o l  t o  6 0 °C and add 2 ml  o f  s t e r i l e  1 M MgS04 • St ore at 

room tempe rature . Before u s e , me l t  the agar in a microwave 

oven ( l oo s en t op o f  bot t l e )  and then c o o l  to 5 5°C . 

• LB p l at e s  (pe r l it re ) : 1 0  g Bacto-t rypt one , 5 g yeast 

extract , 1 0  g NaCl . Ad j u s t  pH to 7 . 5 with NaOH and 

aut o c l ave for 25 min . Cool to 6 0°C and pour into p l at e s  i n  

a l aminar f l ow cabinet . Once the agar h a s  hardened,  the 

l i ds are removed and the p l at e s  a re a l l owed t o  dry for 2 0  

min in the l aminar f l ow cabinet . D r i ed p l ates are s e a l ed 

in a p l ast i c  bag and s t o red at room t empe rature . 

2 . 5 G r owt h o f  Agt l O  

For bac�ground on the phage l ambda vect o r , Agt 1 0 ,  as we l l  a s  
,I 

on the methods u s e d  f o r  constructing cDNA l ibraries i n  thi s 

ve ct o r ,  see Huynh e t  a l . ,  ( 1 9 8 5 ) . Agt 1 0  contains a s i ngle 

EcoRI c l e avage s it e  wi thin the phage repre s s or gene ( cI ) . 

I n s e rt i on o f  a DNA fr agment int o t h i s  gene generat e s  a c I ­

phage whi ch f orms a p l aque with a c le a r  cent re , whereas the 

cIt Agt 1 0  parent a l  phage forms a p l aque with a turbid c entre . 

Thi s a l l ows recomb inant cI- phage t o  be di st ingu i shed from 

the pa rent a l  phage . Spont aneous c l e ar-p l aque phage do occur 

in the c I t  Agt 1 0  popu l at i on and therefore a stock cont a ining 

the l owe st propo rt i on of c l ear-p l aque phage is s e l ected from 

a number of prepared s t o c k s . S t o c k s  of Agt 1 0 ,  E .  col i C 6 0 0 ,  

and E .  col i C 6 0 0�H f l  we re obt ai ned f r om D r  B .  Man s f i e l d ,  

Massey Un ive r s it y . 

Requ i rement s 

• E .  col i C 6 0 0  ( Jendr i s ak et a l . ,  1 9 8 7 )  F-,  t h i- 1 ,  l e uB 6 ,  

l a cY 1 , t onA2 1 ,  s upE 4 4 ,  A- . 

• E .  c o l i  C 6 0 0 �H f l  ( Jendr i s ak et a l . ,  1 9 8 7 ) : F-,  thi - 1 , 

l e uB 6 ,  l a cY 1 ,  t onA2 1 ,  s upE 4 4 ,  A-, hflA1 5 0 , [ chr . Tn 1 0 ] . 
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2 . 5 . 1  P rep a r at i o n o f  Agt 1 0  p l at e  s t o c k  

Methods f o r  the preparat i on o f  Agt 1 0  p l ate stocks we re based 

on those o f  Man i at i s  et a l . ( 1 9 8 2 ) . The o r i gi n a l  s t o ck o f  

Agt 1 0  wa s a s s ayed o n  E .  coli C 6 0 0  a s  de s c r ibed i n  S e ct i on 

2 . 4 . 1 2 .  F ive p lugs o f  t op aga r ,  each with a s ingle , turbid 

p l aque ,  were exc i sed from the a s s ay p l ate with a sma l l  
spat u l a  and trans fe rred t o  individu a l  1 . 5 m l  m i c r o fuge tube s 

conta ining 1 0 0  ).1 1  o f  P S B  ( Se ct i on 2 . 4 . 1 1 ) . One drop o f  

chl oro form was added t o  each tube and the tubes were s t ored 

ove rnight at 4 °C . A 2 0  ).11 a l iquot o f  each p l aque i s o l a t e  was 

then p l ated out with 1 0 0  ).1 1  o f  E.  coli C 6 0 0  ( Se ct i on 2 . 9 . 1 ) 

as de s c ribed in Sect i o n  2 . 4 . 1 4 .  Aft e r  overnight i ncubat i on at 

3 7 °C , when c o n f l uent l y s i s  was evident , 5 ml of P SB wa s added 

t o  e ach ,p l ate . The p l at e s  we re incubated for 5 h at 4°C with 
I 

int e rmitt ent shak ing t o  a l l ow the phage t o  di ffuse out o f  the 

t op agar and into the P S B . The P SB was then removed from each 

p l ate and t r ans ferred to s t e r i l e ,  1 0  ml , s c rew-capped tubes 

( K imax ) . E a ch o f  the s e  p l ate stocks was as s ayed on E .  coli 

C 6 0 0  as above . Dup l i c at e  a l iquot s o f  approp r i at e  di lut i ons o f  

each p l ate  stock we re then p l at e d  out on E .  coli C 6 0 0  t o  give 

approx . 5 x 1 0 3 pfu per p l ate . After overnight in cubat i on at 
3 7 °C , the p l at e s  we re s co red for the pre s ence o f  turb i d  

p l aques and the s t o c k  with t h e  l owe st number o f  t u rb i d  

p l aques w a s  s e l e cted f o r  subsequent u s e . 

2 . 5 . 2  P reparat i o n o f  Agt 1 0  

Methods f or the l arge - s c a l e  growth o f  Agt 1 0  p l ate l y s at e s  

were based o n  tho s e  o f  Huynh et al . ( 1 9 8 5 )  and Man i at i s  e t  

a l . ( 1 9 8 2 ) . Al iquot s o f  the Agt 1 0  p l ate stock , cont a i n i ng 2 . 5  

X 1 0 6  p fu ( S e ct i on 2 . 5 . 1 ) , were p l ated out with 2 0 0  ).11 o f  E .  

col i C 6 0 0  ( Se c t i on 2 . 9 . 1 ) and 5 ml o f  l ambda t op agar on ten 

1 5 0  mm LB g l u c o s e  p l at e s  as de s c ribed in Sect i on 2 . 4 . 1 4 .  The 

p l at e s  were inve rted and incubated at 3 7 °C for 6 h .  The 
p l at e s  were then c o o l ed to 4°C and 1 0  ml of l ambda di luent 

was added t o  each p l at e . The p l at e s  we re incubated at 4°C 
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ove rn ight t o  a l l ow the phage t o  di f fu s e  out o f  the t op agar 

and into the l ambda di luent . The ove r l ay so lut ion was then 

c are fu l ly removed from each p l ate and comb ined in a s t e r i l e ,  

2 5 0  m l  cent r i fuge bott l e  ( N a l gene ) . Bact e r i a l  deb r i s  was 

pe l leted by cent r i fugat i on i n  a Sorva l l  GSA rot o r  at 8 , 0 0 0  

rpm and 4°C for 1 5  min . The supern atant was t rans ferred t o  

two 3 8 . 5  ml c e l l u l o s e n it rate tubes ( Beckman , No . 3 0 2 2 3 7 )  and 

the phage were pe l l eted by cent r i fugat i on in a Be c kman SW2 7 

rotor at 2 3 , 0 0 0  rpm and 4 °C f o r  9 0  min . The phage pe l l et s  

we re then resu spended i n  a t ot a l  volume o f  2 m l  o f  l ambda 
d i l u ent and pur i f i ed on a C s C l  b l ock gradient a s  de s c r ibed in 

S e ct i on 2 . 5 . 3 .  

2 . 5 . 3  P u r i f i c at i o n  o f  Agt l O  

.1 
A C s C l  b l o c k  gradient was made up i n  an 1 1  ml  p o l ypropy lene 

tube ( Beckman , No . 3 3 1 3 7 2 )  by adding 3 ml  of 1 . 6  g/ml 

C s C l / P SB t o  the tube and t hen ove r l ay i ng thi s consecut ive l y  

with 3 m l  o f  1 . 5 and 1 . 4 g/ml C sC l / P S B  without m i x i n g  the 

l ay e r s . The resuspended Agt l 0  ( S ect i on 2 . 5 . 2 )  wa s c a r e fu l l y  

l ayered ont o the gradient and the gradient was cent r i fuged i n  

a Beckman SW4 1 rot o r  at 2 2 , 0 0 0  rpm and 4 °C f o r  2 h .  

F o l l owing cent ri fugat i on , the phage part i c le s ,  whi ch we re 

v is ibl e as a b l u i sh-whi t e  band in the gradi ent , were 

recovered by p i e rc ing the bottom of the t ube and c o l l e ct i ng 

0 . 5 ml fract i ons in 1 . 5 ml  m i c r o fuge tube s . F r a c t i o n s  

c ont a ining t h e  phage we re c ombined in a n  1 1  ml Be ckman tube 

and made up to 3 ml with 1 . 6  g/ml C s C l / P SB . The refract ive 

inde x  o f  t h i s  s o l ut i on wa s then adjusted t o  1 . 3 9 9 5  

( equ ivalent t o  1 . 7 g /ml C s C l / P S B )  by the addit ion o f  s o l i d  

C s C l . The phage so lut i o n  was ove r l ai d  consecut ive l y  with 2 . 5  

m l  o f  1 . 6 , 1 . 5 and 1 . 4 g/ml C s C l / P SB without a l l owing the 

l ay ers  t o  mix . Thi s s e c ond gradient wa s then cent ri fuged in 

a Beckman SW4 1 rot or and the phage band recovered a s  above . 

F ract ions cont ain ing the phage band we re c omb ined,  t rans ­

ferred t o  a d i al y s i s  s a c  and d i a l y sed a t  room t empe rature 



4 8  

aga inst 1 l it re o f  1 0  mM NaC l , 5 0  mM T r i s -HC l pH 8 . 0 , 1 0  mM 
MgC 1 2  for 2 x  1 h .  

Requ i rement s 

• C s C l  s o lut i ons : make up in 5 0  ml o f  P S B  ( Sect i on 2 . 4 . 1 1 )  

a c c o rding t o  Tab l e  2 . 1 .  Che c k  the re fract ive index o f  each 

s o lut i on i n  a re f ract omet e r . 
• D i a l y s i s  s a c : prepare by r i n s ing a p i e c e  o f  d i a l y s i s  

membrane intern a l l y  and ext e rna l l y  with de i on i z e d  H20 . 

Tab l e  2 . 1 .  Ces i um chl or ide s o lut i o n s  for A s t ep gradient . 

D e n s i t y  Re fract i ve C s C l  ( g / 5 0  

( g/ml ) index ml P S B )  

1 . 4  1 . 3 7 2 2  2 8 . 5  

1 . 5 1 . 3 8 1 5 3 7 . 2  

1 . 6  1 . 3 9 0 5  4 7 . 2  

2 . 5 . 4  Ext ract i o n o f  Agt l O  DNA 

Methods for the ext ract i on o f  Agt 1 0  DNA we re based on tho s e  

o f  Man i at i s  et al . ( 1 9 8 2 ) . The d i a l y s e d  phage ( Sect i on 2 . 5 . 3 ) 

we re t rans f e r red t o  a 1 5  ml , g l a s s ,  cent r i fuge tube ( Co rex ) , 

the volume wa s de t e rmined and 0 . 5 M EDTA, 1 0 %  S D S  ( S ec t i on 

2 . 2 2 . 6 ) and 2 0  mg/ml proteinase K we r e  added t o  final concen­
t r at i ons  o f  2 0  mM , 0 . 5 %  and 50 �g/�l re spect ive l y . The 

s o l ut i on was mi xed gent l y  by inve r s i o n  and incubated at 6 5°C 

for 1 h .  An equ a l  volume of pheno l  ( S ect i on 2 . 2 2 . 1 ) was then 

added and the t ube wa s mixed by inve r s i o n  and cent r i fuged i n  

a S o rva l l  S S - 3 4  rot o r  a t  4 , 5 0 0  rpm and room t empe rature f o r  

5 min . The aque ous pha s e  wa s re-ext r acted sequent i a l l y  with 

an equ a l  vo lume of pheno l /  chl o ro f o rm ( Sect i on 2 . 2 2 . 2 )  and 

with an equ a l  volume o f  chloro form ( S ect ion 2 . 2 2 . 3 ) , wi t h  

c ent r i fugat i on a s  above . The pheno l ,  pheno l / ch l o ro f o rm and 
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ch l o rofo rm pha s e s  were back-ext racted sequent i a l l y  w i th an 
equ a l  vo l ume of TE ( S e ct i on 2 . 2 2 . 4 ) . The aqueous phas e s  we re 

comb ined, t r an s ferred t o  a d i a ly s i s  s a c  ( Se ct i on 2 . 5 . 3 ) and 

d i a l ysed ove r  a p e r i od o f  4 8  h at 4 °C aga inst 1 l it re o f  TE 

( three change s ) .  The DNA s o lut i on was then t rans fe rred to a 

1 5  m l , g l as s ,  cent r i fuge tube ( Co r e x )  and the DNA wa s 

prec ipitated by the addit i o n  o f  0 . 0 5 vo l ume o f  5 M NaC l and 

2 vo l .  of abs o lute et hano l . The t ube was c ent r i fuged in a 

S o rva l l  S S - 3 4 rot o r  at 1 0 , 0 0 0  rpm and 4 °C for 1 5  min . The DNA 

pe l l et wa s then redi s s ol ved in 1 ml o f  TE and t he concen­

t r at i on o f  DNA in s o lut i o n  was det e rmined spe c t r o ­

phot omet r i c a l l y  ( S ect i on 2 . 1 9 ) . 

2 .  6 S c re e n i ng o f  wh i t e  c l ove r cDNA l ib r a r i e s  

.I 
The s c reening o f  a l ibrary o f  recomb inant phage invo l ve s  a 

s e r i e s  o f  s t eps : ( i )  growth o f  recomb inant phage on p l at e s  t o  

produce p l aque s ;  ( i i )  product i o n  o f  f i l t e r  rep l i c as o f  the 

surfac e s o f  the p l at e s ; ( i i i )  denaturat i on and immobi l i z at i on 

o f  phage DNA onto the f i l t e r s ; ( iv )  hybridi z at i on o f  the 

f i l t e r s  with radi o a c t i ve l y  l abe l led DNA p r obe s ; ( v )  ident i f i ­

cat ion and pur i f i c at i on of  pos i t ive recomb inant s .  The methods 

u s ed for s c reening the l ibrar i e s  were based on those o f  

Bent on and Davi s ( 1 9 7 7 ) , Kai ser and Murray ( 1 9 8 5 ) , Voge l i  and 

Kayt e s  ( 1 9 8 7 ) and Wahl and Berger ( 1 9 8 7 ) . 

2 . 6 .  1 P l at i n g  out cDNA l ib ra r i e s  

An a l i quot o f  each amp l i fied cDNA l ibrary , cont a i ning approx . 

1 x 1 0 4 p fu ,  was p l at e d  out with 1 ml  o f  2 x  c oncentrated E .  

col i C 6 0 0�H f l  p l at ing bact e r i a  ( Se ct ions 2 . 5 and 2 . 9 . 1 ) a s  

de s c r ibed in  S e ct i on 2 . 4 . 1 4 .  Ads o rpt i on w a s  c a r r i ed o u t  in a 

s t e r i l e  5 0  ml cent r i fuge tube ( Oak Ridge , Nalgene ) and 2 0  m l  

o f  l ambda t op aga r o s e  ( S ect i on 2 . 4 . 1 2 ) , pre -warmed t o  5 5°C , 

was added t o  the t ube . The phage we re p l at ed out on a 2 2 . 5  x 

2 2 . 5  cm LB p l at e , pre-warmed t o  4 5°C . 
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Requ i rement s 

• 2 2 . 5  x 2 2 . 5  cm LB p l at e s : pour into 2 2 . 5  x 2 2 . 5  cm p l at e s  

( B i o -Assay D i s h ,  Nunc ) as de s c r ibed i n  S e ct i on 2 . 4 . 1 4 .  

Approx . 2 5 0  ml o f  medium i s  requ i red per p l at e . Dry p l at e s  

with l ids removed f o r  1 h in a l aminar f l ow cabinet . 

2 . 6 . 2  P r ima ry s c re e n i ng o f  cDNA l ib r a ry 

A rep l i ca n i t roce l lu l o s e  f i l t e r  was t aken o f f  t he cDNA 

l ibrary p l at e  ( S e ct i on 2 . 6 . 1 ) a s  des c r ibed in Sect i on 2 . 6 . 8 .  

The p r imary p l aque hybr idi z at i on wa s c a r r i e d  out a s  de s c ribed 

in S e c t i on 2 . 6 . 9 , u s i ng 5 0  ml o f  p rehybr idi z at i on s o l ut ion 
per bag , with each bag cont a in ing one f i l t e r . 

2 . 6 . 3  S e c o n da r y  

i s o l a t e s  

s c re e n i ng o f  p o s i t i ve cDNA 

The method u sed to s c reen pos i t ive cDNA/ Agt 1 0  i s o l at e s  from 

the pr imary s c reen ( Sect i on 2 . 6 . 2 )  wa s based on that o f  

P o rteous ( 1 9 8 6 ) . A number o f  p l aques in the v i c i n i t y  o f  each 

pos i t i ve l y  hybr idi z ing p l aque ( t yp i c a l l y  4 - 6 )  was p i cked 

with a y e l low pipett e  t ip ( 2 0 0  �l ) and the p ipet t e  t ip wa s 

t rans ferred t o  1 0 0  �l  o f  SM in a mi c rot i t re p l at e  s c reening 

apparatu s .  A fresh l awn of E.  col i C 6 0 0  ( Se c t i on 2 . 5 )  wa s 

prepared by mi x i ng 1 0 0  �l  o f  2 x  concent rated c e l l s  ( S e ct i on 

2 . 9 . 1 ) with 3 ml of l ambda t op agar o s e  and p l at ing thi s on an 

85 mm LB p l at e  as des c ribed in Sect i on 2 . 4 . 1 4 .  The a r r ay o f  

t ips from t he s c reening apparatus was touched ont o the 

surface of the p l at e  and the p l at e  was then i nvert ed and 

incubat ed at 3 7 °C ove rn ight . A n i t r oc e l l u l os e  f i l t e r  r ep l i c a  

was then t aken o f f  the p l at e  as de s c r ibed in Sect i on 2 . 6 . 8 .  

P a i r s  o f  f i l t e r s  were prehybr i d i z ed a s  descr ibed in S e c t i on 

2 . 6 . 9 , u s ing 9 ml o f  p rehybridi z at i on so lut ion per bag . The 

prehybr idi z at i on s o l ut i on was then di s c arded and rep l aced 

with 9 ml o f  recyc led hybridi z at i on s o lut i on f rom t he p r imary 

s c reen ( see Sect i o n  2 . 6 . 9 ) . The f i l t e r s  we re hybridi z ed at 
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3 7 °C ove rn i ght . P o s t -hybridi z at i on r i n s i ng ,  aut o radi o graphy 

of t he f i l t e r s  and ident i f i c at i on of p o s i t ive p l aqu e s  were a s  

de s c r ibed in Sect i on 2 . 6 . 9 .  The microt it re p l at e  cont aining 

t he pr imary i s o lates was s e a l ed and st o red at 4°C . 

Requi rement s 

• M i c rot itre p l at e  s c reening apparat u s : this  apparatus 

cons i s t s  o f  one mic rot i t re p l at e  with the base o f  e ach 

we l l  dr i l led out whi ch is f i xed above a s e c ond mi c r o t i t r e  

p l at e ,  e a c h  we l l  o f  whi ch cont a i n s  1 0 0  �l  o f  P S B  ( S ect i on 

2 . 4 . 1 1 ) . The d i s t ance between t he two p l at e s  i s  a r r anged 

such that , when a ye l l ow p ipette t ip ( 2 0 0  �l ) is i nt ro ­

duced through a ho l e  in t h e  t op p l at e ,  the t ip l o c a t e s  i n  

t he � o rre sponding we l l  in t he bottom p l at e  a n d  i s  s u s ­

pend�d in the P S B . F o r  t h e  subsequent p l at ing ont o 8 5  rom 

d i amet e r  p l at e s , t he out l in e  of  such a p l at e  i s  ma rked on 

the t op m i c r ot i t re p l at e . 

2 . 6 . 4  P l a que p u r i f i c at i o n o f  i s o l at e s  

The method used t o  pu r i fy p o s i t ive cDNA/ Agt 1 0  i s o l at e s  wa s 

based on the methods o f  P o rt e o u s  ( 1 9 8 6 )  and C a r l o c k  ( 1 9 8 6 ) . 

The i s o l at e s  that showed up a s  p o s it i ve at the s e c ondary 

s c reen ing ( S ect i on 2 . 6 . 3 ) were t rans ferred from the m i c r o ­

t i t re p l ate we l l s  t o  individu a l  0 . 6  ml micro fuge tube s . One 

drop of chl o r o fo rm wa s added to each tube and the tube s wer e  

s t o red at 4 °C unt i l  requ i red . 

A 1 0  �l  a l i quot o f  each p o s it ive i s o l at e  was t rans fe rred t o  

1 0 0  � l  o f  P S B  ( Se ct i on 2 . 4 . 1 1 )  o n  a sheet o f  para f i lm . 

S uc c e s s ive 1 0  �l  di lut ions were then made t o  four a d j acent 

1 0 0  �l  a l i quot s o f  P S B . A 1 0  � l  a l i quot of e ach di lut i on was 

t rans f e r red t o  a fresh l awn of E.  coli C 6 0 0  ( s ee S e ct i on 

2 . 6 . 3 ) . The p l at e  was a l l owed t o  dry at room t empe rature and 

was then in cubat ed overnight at 3 7 °C . By that t ime , 

individu a l , we l l - i s o l ated p l aqu e s  we re usua l l y vi s ib l e  for 
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one o f  the di lut i on s . A n i t r o c el lu l o s e  f i l t e r  rep l i c a  was 

t aken off the p l at e  a s  de s c r ibed i n  S e c t i on 2 . 6 . 8 .  F i lt e r s  

we re prehybridi zed as de s c r ibed in S e ct i on 2 . 6 . 9 , us ing 9 m l  

o f  prehybri di z at i on s o lut ion p e r  bag . The p rehybridi z at i on 

s o lut i on was then dis c arded and rep laced with 9 ml o f  re­

cyc l e d hybridi z at i on s o lut i on from the p rimary s c reen ( se e  

Sect i on 2 . 6 . 9 ) . The f i lt e r s  we re hyb ri di z e d  a t  3 7°C ove r ­

n i ght . P o s t -hybr idi z at i on r i n s i ng ,  aut o radi ography o f  the 

f i lt e r s  and i dent i fi c at i on o f  i s o l at e d ,  p o s i t ive p l aqu e s  we re 

as de s c r ibed in S e c t i on 2 . 6 . 9 .  

2 . 6 . 5  Amp l i f i c at i o n  o f  p o s i t ive i s o l at e s  

A p lug o f  t op agar c ont a in ing a s i ngl e ,  we l l - i s o l at e d ,  

p o s i t ive p l aque w a s  e x c i s e d  f r om t he p l aque pur i f i c at i on 
.I 

p l at e  ( S ect i on 2 . 6 . 4 ) and t rans f e r red t o  1 0 0  III o f  P S B  

( S ect i on 2 . 4 . 1 1 )  in a 6 0 0  II I  m i c r o fuge tube . One drop o f  

chl o r o f o rm was added and t he tube was st o red a t  4 °C . A 1 � l  

a l iquot o f  t he i s o l at e  was spot t e d ,  i n  dup l i c at e ,  onto a 

fresh l awn o f  E .  col i C 6 0 0  ( s ee S e c t i on 2 . 6 . 3 ) . Aft e r  ove r ­

n i ght growt h  a t  3 7 °C , t he p l at e  w a s  s e a l ed and s t o red at 4°C . 

2 . 6 .  6 S ma l l - s c a l e  l i qu i d  l y s at e s  o f  p o s i t ive 

i s o l a t e s  

A p l ug o f  t op agar c ont a i n ing one o f  the amp l i f ied p l aqu e s  

wa s exc i sed from the amp l i f i cat i on p l ate ( Sect ion 2 . 6 . 5 )  and 

t rans f e r red to a 1 . 5 ml micro fuge t ube . A 1 0 0  III a l i quot o f  

2 x  concent rated E .  col i C 6 0 0  ce l l s  ( S ect i ons 2 . 5  and 2 . 9 . 1 ) 

was added and the tube was incubated at 3 7 °C for 2 0  m i n . The 

ads o rbed phage we re then inocu l at ed into 3 0  ml  of LAM medium , 

in a 1 5 0  ml  f l a s k ,  and incubated ove rnight at 3 7 °C with 

vigorous agi t at i on . 
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Requ irement s 

• LAM medium (per l i t re ) : 1 0  g Bact o -t rypt one , 5 g yeast 

extract , 1 0 9 NaCl , 1 .  2 g MgS04 • 

2 . 6 . 7  P u r i f i c at i o n  o f  A DNA f rom l i qu i d  l y s a t e s  

The method used t o  pu r i fy cDNA/ Agt 1 0  DNA from l i quid l ys at e s  

wa s based o n  that o f  Ka s l ov ( 1 9 8 6 ) . T o  t he overnight l iqu i d  

l y s ate ( Sect ion 2 . 6 . 6 ) ,  chl o r o f o rm was added t o  2 % ,  DNase I 

and RNas e A t o  1 �g/ml , and s o l i d NaCl t o  1 M final c oncen­

t rat i on . The culture was incubated on a shake r at 3 7°C for 3 0  

min . The aqueous phase was then t r ans fe rred t o  a 5 0  m l  

cent r i fuge tube ( Oak Ridge , N a l gene ) and cent r i fuged in a 

S o rva l l , S S - 3 4  rot o r  at 1 0 , 0 0 0  rpm and 4°C for 1 0  min . The 
.I 

supernat ant wa s t rans ferred t o  a l S O  ml f l a s k  and s o l id PEG 

6 0 0 0  was added to 1 0 %  ( w / v ) . The culture was gent l y  shaken at 

room temperature unt i l  the PEG had comp l et e l y  d i s s o l ved and 

was then incubat ed on ice for at l e a s t  1 h .  The culture was 

trans ferred t o  another 50  ml  cent r i fuge tube and the tube wa s 

cent r i fuged as above f o r  2 0  min . The supernat ant was then 

d i s c a rded and the t ube was comp l e t e l y  dra i ned . The phage 

pe l let wa s resuspended in 1 ml of P S B  ( Sect ion 2 . 4 . 1 1 ) , 

t rans fe r red t o  a 1 . 5 ml  mi c r o fuge t ube and cent r i fuged for 5 

min . The supernatant wa s t ran s fe r red t o  another tube , 0 . 5 m l  

o f  3 0 %  ( w/ v )  P E G ,  2 . 5  M NaCl was added and the tube wa s 

cen t r i fuged f or 5 min . The phage p e l l e t  wa s resuspended i n  

2 0 0  �l o f  P SB and 1 0  �l o f  1 0 %  SDS  ( Se ct i on 2 . 2 2 . 6 ) , 8 �l  o f  

0 . 5 M EDTA and 2 0  �l  o f  1 mg /ml prot e in a s e  K were adde d . The 

tube was incubated at 6 8°C for 30 min to remove the phage 

c oat prot e i n s  and the phage DNA was then ext racted s e quen­

t i a l l y  with an equ a l  volume o f  phen o l  ( S e c t i on 2 . 2 2 . 1 ) and an 

equ a l  vo lume of phen o l / chl o r o f o rm ( Se ct i on 2 . 2 2 . 2 ) . The DNA 

was pre c ip i t ated by adding 1 0 0  �l o f  7 . 5 M ammon i um a cetat e  

and 7 5 0  � l  o f  abs o lute ethano l and t he t ube was cent r i fuged 

for 15 min ( see S e c t i on 2 . 2 1 ) . The DNA pe l l et was r i n s e d  

sequent i a l l y  w i t h  1 ml o f  7 0 %  ethan o l  a n d  1 m l  o f  ethe r ,  with 
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a 1 min c ent r i fugat i on at e ach r i n s e . The pel let wa s then a i r  

dr ied and redi s s o l ved i n  5 0  �l  o f  T E  ( S ect i on 2 . 2 2 . 4 ) . An 

a l i quot ( t ypi c a l l y  2 � l ) o f  the DNA s o lut ion wa s ana l y z ed by 

aga r o s e  gel e l ect rophore s i s  ( S e ct i on 2 . 1 1 . 3 ) . 

2 . 6 . 8  Rep l i c a  f i l t e r s  f o r  p l aque h yb r i di z at i o n  

P l at e s  from which rep l i ca f i l t e r s  were t o  be t aken we re 

c o o l ed t o  4°C f or at l e ast 1 h to min imi z e  the po s s ib i l it y  o f  

the t op agar or  aga r o s e  t ea r ing . Al l manipu l a t i ons o f  f i l t e r s  

we re w i t h  gl oved hands o r  w i t h  a p a i r  o f  non- s e rrated 

forceps . Nit roce l l u l o s e  f i l t e r s , e i ther pre -c ut sheet s 

( Hybond-C ,  0 . 4 5 �m , Amersham ) o r  cut from a r o l l  o f  n i t r o ­

c e l l u l o s e  ( BA 8 5 ,  o .  4 5  �m , S c h l e i cher and S chue l l ) , we re 

l abe l l ed with a bal l -point pen . Large f i lt e r s  ( 2 2  x 2 2  cm)  
.I 

were comp l e t e l y  wetted in d i st i l led H20 and t hen t rans f e r red 

t o  paper t owe l s  t o  remove excess H20 . Sma l l  f i l t e r s  we re used 

dry . E ach f i l t e r  wa s gent l y  fo l ded and laid onto a plate such 

that the surface o f  t he p l at e  was f i rst t ouched in the c ent r e  

o f  t h e  p l at e  with t h e  f i l t e r  a l ong the f o l d  and then the 

edges of the f i l t e r  were a l s o  care fu l l y  l owered ont o the 

p l at e  s u r face . Any a i r  bubb l e s  between the f i l t e r  and the 
p l at e  s urface were removed by gent l y  rubb ing the f i l t e r  with 

a g l oved finge r . A s e r i e s  o f  ho l e s  was made as ymmet r i c a l l y  

around the pe rimeter o f  the f i l t e r  with a s y r inge needl e ,  

through both the f i l t e r  and the unde r l y ing agar , t o  enab l e  

the subsequent r e a l i gnment o f  the f i l t e r  w i t h  t he p l at e . 

Aft e r  5 m i n ,  one edge o f  the f i l t e r  was c a r e fu l ly l i ft e d  from 

the p l at e  with a p a i r  of fo rceps and t hen the f i l t e r  wa s 

c omp l e t e l y  removed . The f i l t e r  was p l aced p l aque - s ide up on 

a sheet of Whatman 3MM pape r ,  s l i ght l y  l a rger then the n it ro ­

ce l lu l o s e  f i l t e r ,  s at u rat ed (but n o t  ove r l y  wet ) w i t h  denat ­

urat ion s o lut i on . Aft e r  5 min , the f i l t e r  wa s t ran s fe r r e d  t o  

a sheet o f  3MM paper s atu rated with neut ra l i z at i on s o l ut i on 

for 5 min . The neut ral i z at i on s t ep was repeated and then the 

f i l t e r  was r i n sed b r i e f l y  i n  2x S S C ,  dried on a s heet of 3MM 

pape r at room t empe rature and baked for 4 h at 6 8°C between 
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two sheet s o f  3MM pape r . F i l t e r s  were s e a l e d ,  s i ng l y  o r  i n  

p a i r s  w i t h  p l aque - s i de s  fac ing outwa rds , in a p l as t i c  b a g  

w i t h  an impu l s e  heat s e a l e r ,  a n d  stored a t  4°C unt i l  

requ i red . The p l at e s  were s e a l e d  and s t o red at 4°C . 

Requ i rement s 

• Denaturat i on s o l ut i on : 0 . 5 M NaOH , 1 . 5  M NaCl . 
• Neut r a l i z at i on s o lut i on : 0 . 5 M T r i s -HC 1 ,  pH 8 . 0 ,  1 . 5 M 

NaCl . 

S S C ( 1  x ) : O .  1 5  M N a C 1 , O .  0 1 5  M s o d  i urn c i t  rat e , pH 7 .  0 ;  s e e  

S e c t i on 2 . 2 2 . 5 .  

2 . 6 . 9  P l aque hyb r i di z at i o n  

BackgroGnd r adi oact ivity i n  p l aque hybridi z at i on exper iment s 

was cont rol led by inc luding hepa r i n  in the p rehybridi z at i on 

and hyb r idi z at i on s o l ut ions as de s c r ibed by S i ngh and Jone s  

( 1 9 8 4 ) . One c o rner o f  t he bag conta in ing rep l i c a  n i t r o ­

c e l l u l o s e  f i l t e r s  w a s  cut o f f  and p rehybridi z at i on s o lut i o n  

w a s  added t o  the bag , u s ing a 1 0  ml p ipette att ached t o  a P i ­

Pump for sma l l  vo lume s and a p l a s t i c  funne l for l arge 
vo l ume s . The bag was r e s e a l e d  and t he f i l t e r s  were prehyb r i d­

i z ed f o r  at l e a st 2 h at 3 7 °C with gent l e  shaking in an 

incubat o r . Another c o rner wa s then cut off the bag,  the 

radioac t ive l y  l abe l l e d ,  denat u re d ,  DNA probe ( s ee S e c t i on 

2 . 1 4 . 2 )  was int roduced us ing an adj u s t ab l e  pipett e  and the 

bag was r e s e a l e d . Alternat i ve l y ,  t he prehybridi z at i on 

s o l ut i on wa s rep l aced with rec y c l e d  hybridi z at i on s o lu t i on 

from a previous round of  p l aque hyb r i di z at i on . The f i l t e r s  

were hyb r idi zed ove rnight as for the prehybri di z at i on s t ep . 

F o l l owing hyb r i di z at i o n ,  the hyb r idi z at i on s o lut i on was 

removed from t he bag and e ither di s c arded o r  t r an s fe r red t o  

a heat r e s i s t ant , g l a s s  bot t l e  ( S chot t ) for s t o rage at -2 0 °C . 

The bag was cut a l ong three s i de s ,  one s i de o f  the b ag was 

pee l e d  back with forceps and the f i l t e r ( s )  wa s l i fted o f f  and 
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t rans fe rred t o  a t ray c ont ain ing 2 x  S S C  ( 5 0 0  ml  for 2 2  x 2 2  

cm f i l t e rs , 2 5 0  ml f or 1 5 0  mm di amet e r  f i l t e r s  and 1 5 0  m l  f o r  

8 5  mm d i amet e r  f i l t e rs ) . The f i l t e r s  we re then r i n s e d  

sequent i a l l y  i n  the s ame vo lume o f  2 x  S S C ,  0 . 1 % SDS  f o r  2 x  1 5  

min at 3 7 °C and O . l x S S C ,  0 . 1 % SDS  f o r  2 x  1 5  min at 3 7°C . Thi s 

was f o l l owed by an opt i on a l  r i n s e  in 0 . 5 x S SC ,  1 %  S D S  f o r  3 0  

min at 6 5 °C ,  depending on bac kground l e ve l s ,  a s  indicated by 

a hand-he l d  radi at i on mon i t o r , a s  we l l  as on the requ i red 

s t r i ngency . The f i l t e r s  we re then p l aced on paper t owe l s  to  

remove e x c e s s  r i n s e  s o lut i o n  and wrapped,  whi l e  st i l l  damp , 

in p o l yethy lene f i lm . Each wrapped f i l t e r  was t aped t o  a 

p i e c e  o f  pape r a l ong it s edges and t rans ferred t o  an auto ­

radiography c a s sett e . Wo rking i n  a darkr oom with approp r i a t e  

s a f e l ight ing , a sheet o f  X- ray f i lm ( Fu j i  RX o r  Kodak XAR-5 )  

was cut , t o  a s i z e  s l ight l y  l a rger than the f i l t e r  and the 

f i l m  wa� then f i xed ove r  the f i l t e r ,  ont o the unde r l y ing 

paper , with pieces of t ape . The out l ine of the f i lm wa s 

marked onto t he unde r l y ing paper with a pen t o  a l l ow the 

subsequent r e a l i gnment of the f i l m  with t he f i lt e r . An 
int e n s i fying s c reen ( Cronex L i ght e n ing P lu s , DuPont ) wa s 

pl aced ove r  the f i l m  and the cas s et t e  wa s c l o sed . The f i l t e r s  

we re aut o radi ographed at -7 0°C for 2 - 7 days and t h e n  the 
aut o radi ograph was deve l oped ( Se ct i on 2 . 6 . 1 0 ) . The dri e d ,  

deve l oped f i lm w a s  a l igned w i t h  t he f i l t e r  a n d  t h e  o r i g i n a l  

p l at e / f i l t e r  a l i gnment marks we re t rans fe rred t o  t h e  f i l m . 

The f i lm wa s then a l i gned with t he c o r r e sponding p l at e  and 

any po s i t ive l y  hybr idi z ing p l aqu e s  on t he f i lm we re marked on 

the unde r s ide of the p l at e . 

Re qu i rement s 

• P rehybridi z at i on so lut i on : 4 0 %  o r  5 0 %  ( v/ v )  fo rmamide 

( depending on the hyb r i di z at i on s t r i ngency requ i re d ) , 5 x  

S S C ,  0 . 5 %  S D S , 1 0 0  �g/ml hepar i n . F i l t e r  the s o l ut i o n  

through a 0 . 4 5 �m c e l l u l o se a c et ate f i lt e r  and s t o r e  a t  -

2 0°C . Warm t o  3 7 °C bef ore u s e . 
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• Re c y c l ed hybridi z at i on s o l ut i on : thaw t he hybr idi z at i on 

s o l ut ion f rom a previous round o f  p l aque hybri di z at i on at 

3 7°C . Immedi ate l y  before use , heat an appropri at e  volume 

i n  a heat re s i s t ant gl a s s  bott l e  at 8 0°C for 5 min and 

then chi l l  in iced wate r .  

2 . 6 . 1 0 Deve l opme nt o f  aut o radi o g r ap h s  

The aut oradi ography c a s sette was removed f rom the - 7 0°C 

free z e r  and a l l owed t o  warm t o  room t empe rat u re i f  ne c e s sary 

and then t ransferred t o  a darkroom . Us ing an approp r i a t e  

s a fe l ight , the X-ray f i lm w a s  removed from t h e  cas sette and 

t r an s ferred sequent i a l l y  to a t ray of deve l oper s o l u t i o n  

( G 1 5 0 , Agf a )  f or 3 min , s t op s o lut i on ( 2 %  v / v  a c et i c  a c i d )  

for 3 0  . sec  and f i x e r  s o l ut i on ( G3 3 4 ,  Agf a )  , 2 . 5 %  ( v / v )  
I 

hardener ( Hypan Hardener ,  I l f ord)  for 6 min . The f i lm was 

then rinsed extens ive l y  with runn ing wat e r  and dried . The 

deve l oper and f i x e r  s o lut i o n s  were made up a c cording t o  the 

manu facture r ' s i n s t ruct i ons . 

2 . 7  I s o l a t i o n  o f  DNA f rom wh i t e  c l ove r 

During the course o f  t h i s  study , a var i e t y  o f  methods f o r  

i s o l at i ng t ot a l  DNA f rom white c l ove r  t i s sues w a s  t r i e d  

( De l l aporta e t  a l . ,  1 9 8 3 a ,  1 9 8 3b a n d  1 9 8 5 ;  H at t o r i  e t  a l . ,  

1 9 8 7 ;  L i cht e n s t e i n  and D r ape r ,  1 9 8 5 ;  Murray and Thompson , 

1 9 8 0 ;  Sut ton , 1 9 7 4 ) . The De l l aport a et al . ( 1 9 8 3 a ;  1 9 8 3b ;  

1 9 8 5 )  and the Hat t o r i  e t  a l . ( 1 9 8 7 ) methods c ons i s t ent l y  

pr oduced DNA t hat c o u l d  be eas i l y  dige s t ed with res t r i ct i on 

e n z yme s ,  as we l l  as being o f  a s i z e  s u i t ab l e  f o r  the con­

s truct i on o f  a genom i c  DNA l ibrary . Modi f i c a t i o n s  o f  the s e  

two met hods , both invol ving the i s o l at i on o f  DNA from f ree z e  

dried s eedl ings , are out l ined be l ow . The f o rmer method 

( S ec t i on 2 . 7 . 2 ) invo lve s  the use of pot a s s ium acet at e t o  

prec ipit ate prot e in s  and p o l y s ac charides f rom l y s e d  c e l l s  and 

the sub s e quent p r e c i p i t at ion of DNA with ethano l . The l at t e r  

method ( S ect i on 2 . 7 . 3 ) involve s  the u s e  o f  phe n o l  t o  denature 
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the prot e i n s  o f  l y s e d  c e l l s ,  i n s o lub l e  p o l yvinylpo l y ­

pyrrol idone ( PVP ) t o  remove pheno l i c  compounds and the 

sub sequent precipitat ion of DNA with polyethy l ene g l y c o l  

( P E G ) . F o r  both methods , t he DNA wa s further pur i f i e d  b y  t wo 

rounds o f  C s C l / ethidium b romide gradi ent cent r i fugat i on . 

2 . 7 . 1  F re e z e  dry i n g  wh i t e  c l ove r s eedl i ng s  

White c l over seeds ( 1 0  g )  were germinated i n  a s t e r i l e  2 5 0  m l  

g l a s s  bott l e  a s  de s c r ibed i n  S e ct i on 2 . 1 . 1 .  The seedl ings 

were grown f or 7 day s  with o c c a s i on a l  shaking t o  p revent 

c l ump ing . They were then t rans f e r red to a s t e r i l e  2 5 0  m l  

fre e z e  drier cont ainer (Vi rt i s ) .  The seedl ings were free z e  

dried f o r  approx . 4 8  h .  

2 . 7 . 2 DNA i s o l at i o n  - Met h o d  1 

Thi s method was based on the p l ant DNA miniprep arat i on 

procedure o f  De l l aport a e t  al . ( 1 9 8 3 a ;  1 9 8 3b ;  1 9 8 5 )  with 

modi f i c at i on s t o  make it s u i t ab l e  for the i s o l at i on of l arger 

amount s o f  DNA . F ree z e  dried mat e r i a l  ( 1  g ;  Sect ion 2 . 7 . 1 ) 

was mi xed with 4 g o f  a l umina ( S i gma , T ype A5 ) and ground t o  

a fine powder with la mort ar and pest l e . The mixture wa s 

t rans fe rred t o  a 1 2 5  ml  c o n i c a l  f l a s k  and 6 0  ml o f  D e l l aport a 

ext ract ion buffer wa s added . The mat e r i a l  was mixed gent ly on 

a magnet i c  s t i rrer unt i l  i t  wa s c omp l e t e l y  resuspended and i t  

wa s then t ransf erred t o  four 5 0  ml  cent r i fuge tubes ( N a l gene , 

Oak Ridge ) . S D S  ( 2ml o f  a 1 0 %  st o c k ; see Sect ion 2 . 2 2 . 6 ) was 

added t o  each tube , t he cont ent s we re mi xed by inve r s i on and 

the tubes were incubat ed at 6 5°C for 1 0  min . P o t a s s i um 

a c e t at e  ( 5  M ,  5 ml ) was then added,  the cont ent s we r e  mixed 

aga i n  and the tubes we re incubated on i ce for 2 0  min . Mo s t  

prot e i n s  and p o l y s accharide s  we re precip i t ated as a c omp l ex 

with the inso lub l e  pot a s s i um dode c y l  su lphat e at thi s st age 

and were removed by cent r i fugat i on in a So rva l l  S S - 3 4  rot o r  

at 1 6 , 0 0 0  rpm and 4°C f o r  2 0  min . The supernat ant s we re 

gent l y  poured off and the pe l let s were dried by i nvert ing the 
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tubes  on paper towe l s  f or 1 0  min . E ach p e l l et was then 

redi s s o l ved in 7 0 0  �l o f  5 0  mM T r i s -HC l , pH 8 . 0 ,  1 0  mM EDTA ,  

t rans f e r red t o  a 1 . 5 m l  mi c ro fuge tube and the t ube was 

cent r i fuged f or 1 0  min to p e l l et i n s o l ub l e  mate r i a l . The 

s upernat ant s were combined in a s i l i c o n i z e d ,  1 5  ml , g l a s s ,  

c ent r i fuge t ube ( C o r e x )  and 3 0 0  �l o f  3 M s odium acetat e ­

/ a cet i c  a c i d ,  p H  5 . 2  and 2 m l  o f  i s opropanol were added . The 

pre c ip i t at e d  DNA was pe l l eted by cent ri fugat ion at 1 0 , 0 0 0  rpm 

for 5 min . The supernatant was then dis carded,  5 ml o f  7 0 %  

ethano l  was added t o  the t ube and the tube wa s recent r i fuged 

for 5 min . The supernat ant wa s again d i s carded and the DNA 

pel let wa s dried f o r  5 min unde r vacuum and then redi s s o lved 

in 4 ml of 4 . 5 M CsCI s o l ut i on . Thi s so lut i on was t rans ferred 

t o  a 5 ml p o l y a l l omer cent r i fuge t ube ( Qu i c k - S e a l , B e c kman , 

No . 3 4 2;4 1 2 )  and the tube was s e a led . The DNA was further 
·1 

pur i f ied  on C s C l  gradient s as de s c ribed in Sect i on 2 . 7 . 4 .  

Requ i rement s 

• D e l l aport a ext ract ion bu f fe r : 1 0 0  mM T r i s -HC I ,  pH 8 . 0 , 5 0  

mM EDTA ,  5 0 0  mM NaCl . Aut oc l ave f o r  2 0  min and then add 2 -

me rcaptoethan o l  t o  1 0  mM . 

• 4 . 5 M C s C l : 4 . 5 M Cs C l , 5 0  roM T r i s -HC I ,  pH 8 . 0 , 1 0  roM 
E D TA ,  2 0 0  �g /ml ethi dium b r omide . Check the re f r a c t i ve 

index in a refractomet e r  and ad j ust t o  1 . 3 9 0 . 

2 . 7 . 3  DNA i s o l at i o n  - Met h o d  2 

Thi s method wa s based on that o f  Hat t o r i  et a l e ( 1 9 8 7 ) . 

F ree z e  dried p l ant mat e r i a l  ( 3  g i  S e ct i on 2 . 6 . 1 ) wa s mixed 

with 1 0  g o f  a l umina ( S igma , T ype AS ) and ground to a fine 

powde r with a mortar an d pes t l e . Hat t o r i  ext ract i on bu f f e r  

w a s  then s l owly added t o  a f i n a l  vo l ume o f  2 0 0  ml  w i t h  

const ant , gent l e  mi x i ng w i t h  a g l a s s  rod . The mixture was 

then t rans f e r red t o  two 2 5 0  m l  p o l ypropy l ene cent r i fuge 

bot t l e s  ( N a l gene ) . Pheno l  ( 4 0  m l ; S e ct i on 2 . 2 2 . 1 ) was added 

to e a ch cent r i fuge bot t l e  and the c ontent s we re mixed gent l y  
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by inve rs ion . The cent ri fuge bot t l e s  were incubated on i ce 

for 1 0  min with intermittent mixing and then cent r i fuged i n  

a S o rva l l  G S A  rotor a t  7 , 0 0 0  rpm and 4°C for 1 0  min t o  

separate the pha s e s . The aqueous phas e  from each bott l e  was 

t rans ferred to another cen t r i fuge bott l e , us ing a 1 0  ml  g l a s s  

pipet t e  inve rted i n  a 1 0  ml P i -Pump . Each aqueous pha s e  was 

then extracted s e quent i a l l y  with 4 0  ml  of  phenol ( Se ct i on 

2 . 2 2 . 1 ) , 4 0  ml  o f  pheno l / chl o r o form ( S e c t i on 2 . 2 2 . 2 )  and 4 0  

ml o f  chl o r o f o rm ( S ection 2 . 2 2 . 3 ) , with cent ri fugat i on at 

each step as above . The phen o l , phen o l / chloroform and c h l o r o ­

form pha s e s  we re sequent i a l l y  back-ext racted w i t h  2 0  ml o f  

Hat t o r i  ext r act i on buffer . Al l o f  t h e  aqueous pha s e s  we re 

combined in a 1 l it re f l a s k  and mixed with PVP ( s lu r r y  from 

2 g dry we ight ; see below )  for 5 min at room temperat u re . The 

mixture wa s then t rans ferred to 2 5 0  ml cent r i fuge bot t l e s  and 

cent r i fhged in a S o rva l l  GSA rotor at 7 , 0 0 0  rpm and 4 °C f o r  

1 0  m i n  t o  p e l l e t  the PVP . The supernat ant s we re f i l t e red 

through Whatman number 1 f i l t e r  paper and comb ined in one 2 5 0  

ml c ent r i fuge bott l e . NaC l and PEG 6 0 0 0  we re added t o  f i n a l  

concent rat i o n s  o f  0 . 5  M and 1 0 % ( w / v )  re spect ive l y  and 

a l l owed to di s s o l ve with gent l e  shak ing . 

F o l l owing ove r n i ght incubat i on on i c e  t o  a l l ow pre c ip i t a t i on 

of  DNA to o c c u r ,  the DNA wa s pel leted by cent ri fugat i o n  a s  

above but a t  8 , 0 0 0  rpm . The supernat ant w a s  di s c a rde d ,  the 

bot t l e  wa s recent r i fuged brie f l y ,  and r e s i dual supernatant 

wa s removed . The DNA pe l l et wa s redi s s o lved in 1 6  ml of TE 

( S ec t i on 2 . 2 2 . 4 ) with gent l e  shaking at 3 7°C for 1 h f o l l owed 

by a 5 min i ncubat i on at 6 5°C . The DNA so lut ion was then 

t rans ferred to a 5 0  ml cent ri fuge t ube ( Oak Ridge , Na l gene ) 

and cent ri fuged i n  a So rva l l  S S - 3 4  rot o r  at 1 0 , 0 0 0  rpm and 

4°C for 1 0  min to pe l l et i n s o lub l e  mate r i a l . The supernat ant 

was t ran s fe r red t o  a c lean 5 0  ml cen t r i fuge t ube and 1 5  g o f  

C s C l  and 3 4 0  � l  o f  1 0  mg /ml ethi dium bromide were added . The 

r e f ract ive index of the s o lut i on was checked in a 

re f ract ometer and adjusted t o  a re f ract ive index o f  1 . 3 9 0 . 

Th i s  produced a c l oudy s o lut i on wh i ch was cent r i fuged at 
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1 0 , 0 0 0  rpm and 4°C f o r  1 0  min . The c l ear supe rnat ant was 

t rans fe rred t o  5 ml  p o l y a l l ome r cent r i fuge tubes ( Qu i c k - S ea l , 

Beckman , No . 3 4 2 4 1 2 )  and the tube s we re sea led . The DNA was 

furthe r pur i f i e d  on C s C l  gradients as de s c r ibed in S e ct i on 

2 . 7 . 4 .  

Requi rement s 

• Hat t o r i  ext ract i o n  buf f e r : 0 . 1 M Tri s -HCl , pH 8 . 0 ,  0 . 0 5 M 

EDTA . Thi s s o l ut i o n  wa s aut o c l aved for 2 0  min and then S D S  

was added t o  1 %  f rom a 1 0 %  s t o c k  ( Sect i on 2 . 2 2 . 6 ) . 

• PVP ( P o lyvinylp o l ypyr r o l idone ; S i gma ) : t h i s  was washed 

with 0 . 1  M HCl , neut r a l i zed with 5 0  mM T r i s -HCl pH 8 . 0 ,  

and f i l t e red through Whatman number 1 f i lt e r  paper t o  

obt ain a s lu rry . 
,I 

2 • 7 • 4 P u r i f i c at i o n 

g radi e n t s  

o f  p l ant DNA o n  C s C l  

S e a l ed tubes cont a in i ng DNA/ C s C l / ethidium b romi de s o l ut i on 

( S ect ions 2 . 7 . 2 and 2 . 7 . 3 ) were cent r i fuged in a VT i 6 5  rot o r  

at 5 5 , 0 0 0  rpm and 2 0°C f o r  1 6  h .  U s i n g  proper e y e  prot e c t i on , 
the tube s we re then examined i n  a darkroom under l on g  wave­

l ength u . v .  i l luminat i on ( 3 6 6  nm)  from a hand-he l d  u . v .  l ight 

s ource ( Mode l UVL- 5 6 ,  UVP Inc . ) . The t op o f  e ach tube was 

punctured with a s y r i nge needle and the DNA band i n  each tube 

w as  removed by s ide puncture o f  the tube us ing a 2 ml s y ringe 

f i tted with an 1 8  gauge needl e . The DNA wa s t r an s fe r red t o  

two new cent r i fuge tube s , the tube s we re f i l led with 4 . 5 M 

C s C l  ( Se ct i on 2 . 7 . 2 ) , s e a led and cent r i fuged a s  above . The 

DNA bands were then removed from the tube s as above and 

comb ined in a 1 5  ml , g l as s ,  cent r i fuge t ube ( C o re x ) The 

ethi dium bromide was removed by part i t i on ing f ive t ime s 

aga ins t NaCl -s at u rated i s opropano l .  The DNA s o lut i o n  wa s then 

tran s fe r red t o  a di a l y s i s  sac ( see S e c t i on 2 . 5 . 3 ) and the 

C s C l  was removed by d i a ly s i s  aga inst two , four l i t r e ,  volume s 

o f  TE ( S ect i on 2 . 2 2 . 4 ) at 4°C ove r  a period o f  2 4  h .  The 
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vo l ume o f  the di a l ysed DNA wa s det e rmined and the DNA c oncen­

t r at i on was det ermined spe ct rophot omet r i c a l l y  ( Sect i on 2 . 2 0 )  . 

The DNA s o lut i on was then d i s t r ibuted in 4 0 0  � l  a l iquot s  into 

1 . 5 ml m i c ro fuge tube s and 4 0  � l  o f  3 M s odium acet at e / acet i c  

a c i d ,  p H  5 . 2  and 9 0 0  �l o f  ab s o lute ethano l were added t o  

each tube . The t ube s were stored at -2 0°C . Before u s e , the 

DNA was pe l l eted by cent r i fugat i on in a micro fuge for 1 0  min 

at  room t empe rature and redi s s o lved in steri l e  H 2 0  at a 

concent rat ion of 1 �g / �l . 

2 . 8 C o n s t ruct i o n  

l ib ra ry 

o f  wh i t e  c l ove r g e n omi c 

The met hods invo lved in the c o n s t ru ct i on o f  a wh ite c l ove r 

genomi c) l ibrary in the bacte r i ophage l ambda rep l a c ement 

ve ct o r ,  AEMBL3 ,  we re based on the met hods o f  F r i schauf e t  

a l . ,  ( 1 9 8 3 ) , Kai s e r  and Mu r r ay ( 1 9 8 5 )  and P romega Techn i c a l  

Bu l le t i n  Number 0 3 7 . The p r o cedure invo lve s  the fract i o n at i on 

o f  whi t e  c l over DNA by part i a l  dige s t ion with Sa u3A and the 

sub s equent c l on i ng o f  this f r a c t i onated DNA int o  AEMBL 3  arms 

generated by BamH I digest ion . 

2 . 8 . 1 Opt imi z at i o n o f  Sa u 3 A  p a rt i a l  d i ge s t i o n  

The opt imum s i z e  range f or c l on i ng int o AEMBL3 i s  1 8  - 2 2  kb . 

The opt imum concent r at i o n  o f  Sa u3A re s t r i ct i on e n z yme 

requ i red to gene rate wh ite c l ove r DNA f ragment s within thi s 

s i z e  ran ge wa s f i r st det e rmined in a set o f  sma l l -s c a l e  Sa u 3A 

dige s t ions . 

A 1 0  � l  a l iquot o f  white c l ove r DNA ( 1 0  �g ; S e c t i on 2 . 6 . 4 ) 

was mixed with 1 0  �l o f  l O x  H bu ffer ( Se ct i on 2 . 1 9 )  and 

adj u st e d  to 1 0 0  �l with s t e r i l e , di s t i l led H20 . A 2 0  �l 

a l i quot o f  thi s so lut i on was t ran s fe r red t o  a 1 . 5  m l  

m i c r o fuge t ube ( t ube 1 )  a n d  1 0  � l  a l i quot s were t rans f e r red 

t o  addi t ional tubes ( tube s  2 - 9 ) . A l l  t ube s we re incubated 

on i ce . I mmediat e l y  before u s e , the Sa u3A enz yme was di luted 
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t o  1 U / � l  i n  en z yme di lut i on bu f fe r . A 1 � l  a l i quot o f  the 

di luted enz yme was added t o  tube 1 ( 0 . 5  U / �g of  DNA) and the 

content s were mi xed . A 1 0  �l a l i quot was then t ran s fe r r e d  

from tube 1 t o  t ube 2 .  T h e  s e r i a l  d i l ut i on wa s cont i nued t o  

tube 8 ,  with the contents o f  e ach tube being m i x e d  thorough l y  

at each d i l ut ion . Tube 9 w a s  u s e d  a s  a n  undi ge sted c o nt ro l . 

Al l tube s were t hen incubated i n  a 3 7 °C wat e r  bat h f o r  1 h .  

Each dige st i on wa s s t opped by adding EDTA t o  2 0  mM from a 0 . 5 

M s t o c k . Al l the s amp l e s  were c o o l ed on i c e and then ana l y z ed 

by e l ect rophore s i s  on a 0 . 3 % agar o s e  gel ( S ect i o n  2 . 1 1 . 3 ) . 

The aga r o s e  gel was poured in a c o l d  room and, once the ge l 

was hardened,  it was ove r l a id with e lect rophore s i s  bu f fe r  

( Se c t i on 2 . 1 1 . 3 ) and the c omb wa s removed . 

Requ i re�ent s 
:I 

• En z yme di l ut i on bu ffer : 5 0 %  ( v / v )  glycer o l , 5 0 0  �g/ml B SA 

( f or 5 0  mg /ml s t o c k ,  see Sect i on 2 . 4 . 3 ) ,  1 0  mM T r i s -HC I , 

pH 7 . 4 ,  0 . 1  mM EDTA, 5 0  mM KCI . 

• Sa u 3A r e s t r i ct i on e n z yme at a concent rat i on of  5 U / � l  was 

obt a ined from New Engl and B i o l ab s . 

2 • 8 • 2 L a rge - s ca l e  p a rt i a l  Sa u 3 A  d i ge s t i o n  

The redi s s o lved white c l over DNA ( S ect i on 2 . 7 . 4 ) was d i s ­

t r ibut ed int o three 1 . 5 ml mi c r o fuge t ubes such t h a t  e a c h  

tube c ont ained 1 0 0  �g ( 1 0 0  �l ) o f  DNA ( t ubes 1 ,  2 a n d  3 ) . A 

1 0 0  �l a l iquot o f  l O x  H ( Se ct i on 2 . 1 9 ) and 8 0 0  � l  o f  s t e r i l e  

d i s t i l l ed H2 0 we re added t o  each tube and the tubes we re 

incubat ed at 3 7 °C . D i lut i ons o f  Sa u3A were made in enz yme 

di lut i on bu f fe r  ( S ect i on 2 . 8 . 1 )  t o  give e n z yme concent r a t i o n s  

o f  0 . 6 4 ,  0 . 3 2 and 0 . 1 6 U / �l . A 5 �1 a l iquot of  0 . 6 4 U/�l Sa u 3A 

was added t o  tube 1 ,  5 �l o f  0 . 3 2 U / �l Sa u3A was added t o  
tube 2 ,  and 5 �l o f  0 . 1 2 U / �l Sa u3A was added t o  t ube 3 .  The 

tubes  were then i ncubat ed at 3 7°C for 1 h .  The dige st i o n s  

we re st opped by a dding EDTA t o  2 0  mM . A 1 0  �l a l i quot o f  each 

digest was ana l y z ed by e l ect ropho re s i s  on a 0 . 3 % aga r o s e  g e l  
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( s ee S ect i on 2 . 8 . 1 ) t o  check that the c orrect DNA s i z e 

di s t r ibut i o n  had been obt ained . The digest i ons were then 

ext racted twice with equ a l  vo lume s of pheno l / ch l o ro f o rm 

( S ect i on 2 . 2 2 . 2 )  and the aqueous phas e s  were comb ined i n  an 

acid-washed,  s i l i co n i z e d ,  1 5  ml , g l a s s ,  cent r i fuge t ube 

( Co r e x )  . The dige sted DNA was pre c ip i t at e d  by the addit i on of 

0 . 1  volume of 3 M sodium acetat e / acet i c  a c i d ,  pH 5 . 2 and 2 

vo l . o f  ethano l . The tube was i ncubated ove rnight at -2 0 °C 

and then cent r i fuged in a S orva l l  HB4 r o t o r  at 1 0 , 0 0 0  rpm and 

4°C for 2 0  min . The DNA pe l let was r i n s e d  with 7 0 %  ethano l 

and the t ube wa s recent r i fuged for 5 m i n . The DNA was then 

redi s s o l  ved i n  4 ° ° III o f  steri l e  TE ( S ect i on 2 . 2 2 . 4  ) with 

heat ing at 6 5°C f or 10 min t o  ensure that the DNA wa s 

comp l et e l y  di s s o l ved . The DNA s o lut i on wa s t rans ferred t o  a 

1 . 5  ml � i c r o fuge t ube and st ored at 4°C . 

2 . 8 . 3 S i z e f r act i o nat i o n o f  DNA i n  a ve l o c i t y  

g r adi ent 

Two 5 - 2 5 %  ( w / v )  NaCl gradient s we re poured i n  1 2 . 5  ml  

cent r i fuge tubes ( Beckman , No . 3 3 1 3 7 2 ) , u s ing a st andard 
\ 

gradient fo rme r and pouring at approx . 1 ml  per minut e . A 2 0 0  

III a l iquot o f  Sa u3A digested wh ite c l ove r DNA ( Se ct i on 2 . 8 . 2 )  

was then l ayered onto the t op of  e ach gradient . The tube s 

we re cent ri fuged i n  a Be c kman SW4 1 rot o r  at 3 7 , 0 0 0  rpm and 

room temper ature for 4 . 5 h .  The bot t om o f  each tube was then 

pierced and 0 . 2 5  ml fract i ons were c o l l e ct ed in 1 . 5 ml 

mi c r o fuge tube s . A 25 III a l i quot wa s t aken from each a lt e r ­
nat e fract i on a n d  mixed w i t h  7 5  III  o f  TE ( Se ct ion 2 . 2 2 . 4 ) and 

1 0  III  of l O x  s ampl e  l o ading bu f fe r  ( Se c t i on 2 . 1 1 . 3 ) . The s e  

samp l e s  were ana l y z ed b y  e l e ct ropho re s i s  o n  a 0 . 3 % agar o s e  

g e l  ( s ee S e c t i on 2 . 8 . 1 ) t o  det ermine whi ch fract i o n s  con­

tained DNA of the requ i red s i z e- range . DNA was p re c i p i t at e d  

from t h e s e  fract i ons b y  adding 2 5 0  ml o f  H20 and 1 ml o f  

ethanol  t o  e ach t ube and i ncubat ing t h e  t ube s a t  - 2 0°C over­

ni ght . The t ubes were then cent ri fuged in a S o rva l l  S S - 3 4  

rot or ( with m i c r o fuge tube adapt o r ,  S o rva l l ,  No . 0 0 3 8 1 )  at 
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1 5 , 0 0 0  rpm and 4 °C f o r  2 0  min . The DNA pe l l ets were r i n s ed 

twice w ith 7 0 %  ethan o l  and dried for 5 min under vacuum . E a ch 

DNA pe l l e t  was redi s s o l ved in 2 0  � l  o f  ste r i le H20 and t he 

DNA s o lut i on s  de r i ved from equ i va lent f ract i ons of  the t wo 

gradient s were c ombined . The concent rat ion o f  DNA i n  e a ch 

s o lut i on was dete rmined by e l ect rophore s i s  o f  a 2 �l a l i quot 

on an a g a r o s e  ge l ( Sect ion 2 . 1 1 . 3 ) with known amount s o f  

undige s t e d  AEMBL3 DNA . 

2 . 8 . 4  L i gat i o n  o f  s i z e f r a ct i o n a t e d  DNA w i t h  

AEMB L 3  a rms 

The l i gat i o n  o f  s i z e  fract i onated white c l ove r DNA with 

AEMB L 3  BamH I  arms wa s carried out as f o l l ows ( 8  react i ons ) 

AEMBL3 BamH I a rms 1 . 2 �l 

1 8  - 2 2  kb white c l ove r DNA 2 . 3  �l 

l O x l ig ase bu f fe r  0 . 5  �l 

T4 DNA l igase 1 . 0  b!l 

TOTAL 5 . 0  �l 

The l i gat i on react i o n s  were i ncubat ed at room tempe rat u re for 

3 h and then t rans ferred t o  4°C ove rnight . 

Re qu i reme n t s  

• AEMB L 3  BamH I arms a t  a concent rat ion o f  O .  5 �g/ � l we re 

obt a i ne d  f rom P romega . 

1 8  2 2  kb wh ite c l ove r  DNA : fract ions sp ann i n g  the 

opt imum in s e rt l ength were c omb ined ( see S e ct ion 2 . 8 . 3 ) ; 

the DNA con cent rat i on was 0 . 2 �g /�l . 

l O x  l ig a s e bu f fe r : 4 0 0  mM T r i s -HC 1 ,  pH 7 . 5 ,  1 0 0  mM MgC 1 2 , 

1 0 0 mM DTT ( f rom 1 M s t o c k ; S e c t i on 2 . 1 4 . 1 ) , 1 0  mM ATP 

( from 0 . 1 M s t o ck ; Sect i on 2 . 4 . 4 ) , 5 0 0  �g/ml B S A . The 

bu f f e r  was fre shl y made . 



• 

6 6  

T 4  DNA l i gase at a concent r at i on o f  4 0 0  U / �l ( c ohe s ive end 

l i gat i on uni t ; one c ohes ive end l i gat i on unit equa l s  

0 . 0 0 2 5  We i s s  unit ) wa s obt ained from New Engl and B i o l ab s . 

B SA :  Sect i on 2 . 4 . 3 .  

2 . 8 . 5  In vi t ro p a c k a g i n g  o f  l i gat e d  DNA 

The methods i nvo l ved in packaging the l i gated DNA ( Se ct i on 

2 . 8 . 4 ) are de s c r ibed i n  Sect i on 2 . 4 . 1 1 .  One packaging e xt ract 

( P ac k agene ext ract sy stem , P romega ) was us ed f o r  each 

l i gat i on . The packaged phage ( white c l ove r ,  unamp l i f i e d  gene 

l ibrary ) were comb ined and s t o red at 4°C ove r chl o r o f o rm . 

2 . 8  . 6 As s ay o f  gene l ib ra ry 

:1 
Appr op r i at e  di lut i ons were made i n  P SB ( Sect i on 2 . 4 . 1 1 )  and 

1 0  �l o f  e ach di lut i on was p l ated out with 1 0 0  �l of E .  c o l i  

MB 4 0 6  p l at i ng bact e r i a  ( S ect i on 2 . 9 . 2 ) a s  de s c ribed in 

S e c t i on 2 . 4 . 1 4 .  

Requ i r ement s 

• E .  col i MB4 0 6  ( P romega Not e s  No . 1 1 ) : s upE , recB 2 1 ,  

recC 2 2 ,  sbcB1 5 ,  h flA, h flB , hsdR- . 

2 . 8  . 7 Amp l i f i c at i o n o f  gene l ib r a ry 

The l ibrar i e s  o f  recomb i n ant phage ( S ect i on 2 . 8 . 5 ) were 

amp l i f i e d  by prepar ing p l at e  s t o c k s  di rect ly from t he 

packaging mi xture s . The phage we re p l ated out a s  de s c r ibed i n  

S e c t ion 2 . 4 . 1 4 except that 1 ml a l iquot s o f  t h e  c ombined 

packaging m i xture were ads o rbed with 8 ml of E .  coli MB 4 0 6  

p l at ing bact e r i a  ( S ect i on 2 . 9 . 2 )  in 5 0  ml cent r i fuge tubes 

( Oa k  Ri dge , Nalgene ) and p l ated out with 40  ml o f  l ambda t op 

agar on 2 2 . 5  x 2 2 . 5  cm p l at e s  ( s ee S e ct i on 2 . 6 . 2 ) , pre -wa rmed 

to 4 5°C . The p l at e s  were incubat ed,  r i ght s ide up , ove r n i ght 

at 3 7 °C . The p l at e s  were then ove r l aid with 5 0  ml o f  P SB 
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( S ect i on 2 . 4 . 1 1 )  and incubat ed ove r n i ght at 4°C with gent l e  

shak ing . The ove r l ay s o l ut i on was t rans fe rred t o  a s t e ri l e  

2 5 0  m l  bott l e  ( S chott ) ,  chloro form wa s added to 5 %  and the 

bot t l e  was st ored at 4°C . For l ong t e rm st orage , dimethy l ­

su lphox i de was added t o  the aqueous phas e  t o  a final c oncen­

t rat i on o f  7 %  ( v / v )  and t he phage we re s t o red at - 7 0 °C . The 

amp l i f i e d  l ibrary wa s as sayed as de s c r ibed in Sect i on 2 . 4 . 1 2 

for cDNA l ib r a r i e s .  

2 .  9 P repa rat i o n o f  p l at i n g b a ct e r i a  

Two methods we re used f or prepa r ing E .  col i c e l l s  for p l at in g  

out with A bac t e r i ophage . E it he r  a 2 x  c oncent rated ce l l  

suspen s i on ( D avi s et al . 1 9 8 0 )  o r  a non-concent rated ce l l  

su spen s ton ( P romega Techn i c a l  Bul l e t in number 0 3 7 ) was u s e d . 

2 . 9 . 1 2 x  c o n c e n t rated p l at i ng b a ct e r i a  

A s ingle c o l ony o f  the requ i red E .  col i st rain , grown on a 

fre sh LB p l ate ( S e ct i on 2 . 4 . 1 4 ) , was used t o  inocu l at e  2 0  m l  

of  ma l t o se supp l emented L B  i n  a 1 2 5  ml  f l a s k . F o l l owing ove r ­

night incubat ion a t  3 7°C with vigorous shak i n g ,  t he culture 

was t rans f e r red t o  a 5 0  ml cent r i fuge tube ( O ak Ridge , 

Na l gene ) . The c e l l s  were pe l l eted by cent r i fugat i on in a 

S o rva l l  S S - 3 4  rot or at 8 , 0 0 0  rpm and 4°C for 5 mi n and then 

resu spended in 1 0  ml o f  0 . 0 1 M MgS 04 • The re suspended cel l s  

we re st ored at 4 °C for up t o  4 wee k s  but fresh c e l l s  wer e  

u s e d  when opt imum phage pl at ing e f f i c i e n c i e s  were requ i red . 

Requ i rement s 

Malt o se supp l emented LB (per l i t re ) : 1 0  g bact o-t ryptone , 

5 g yeast ext r act , 1 0  g NaCl . Ad j u st pH t o  7 . 5 with NaOH . 

Aut o c l ave for 2 5  m i n ,  c o o l  and then add mal t o s e t o  0 . 2 % 

f rom a ste r i l e  2 0 %  stock ( aut o c l ave ) . 
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2 . 9 . 2  N o n - c o n ce nt r a t e d  p l at i ng b a ct e r i a  

Ma l t o s e supp l emented LB ( 1 0  ml ) wa s inocu l ated a s  de s c r ibed 

i n Sect i o n 2 . 9 . 1 ,  in  a l o o s e l y  c apped 5 0  ml cent r i fuge tube 

( Oak Ri dge , Nalgene ) . The culture was gr own ove rni ght at 3 7 °C 

with vigorous shaking and then t rans fe r red di rect ly t o  4°C . 

The c e l l  suspens i on was us ed within one week . 

2 . 1 0 S c re e n i n g  o f  wh i t e  c l ove r g e ne l ib r a ry 

For background r e l at ing t o  the s c reening o f  rec omb i n ant A 
l ibrar i e s ,  s e e  Sect i on 2 . 6 .  

2 . 1 0 . 1  P l at i ng out t h e  gene l ib ra ry 

;I 

Al i quot s o f  the amp l i f i ed gene l ibrary were p l ated out on s i x  

2 2 . 5  x 2 2 . 5  c m  p l at e s  t o  give approx . 2 x 1 0 5 p l aqu e s  per 

p l at e ,  ( s ee Sect i on 2 . 8 . 7 ) as de s c r ibed in S e c t i ons 2 . 4 . 1 4 

and 2 . 8 . 7  e x c ept t hat 3 ml o f  a fresh overnight culture o f  E .  

col i MB 4 0 6  ( S e ct i on s 2 . 8 . 6  and 2 . 9 . 2 ) and 3 0  ml o f  TB t op 

agaros e ( Sect ion 2 . 1 0 . 4 )  we re used . The p l at e s  were i nverted 

and incubated at 3 7°C for approx . 1 1  h,  by whi ch t ime con­

f l uent l y s i s  was apparent , and then t rans ferred t o  4°C . 

2 . 1 0 . 3  P r i ma ry p l aque hyb r i d i z at i o n  

A rep l i ca n i t roce l l u l ose f i lt e r  was t aken o f f  e ach o f  the 

gene l ibrary p l at e s  ( S ect i on 2 . 1 0 . 1 ) as de s c r ibed in S e ct i on 

2 . 6 . 8 .  The p r imary p l aque hybridi z at ion was carried out a s  
de s c ribed i n  S e ct i on 2 . 6 . 9 .  

2 . 1 0 . 4  P l aque p u r i f i c at i o n o f  p o s i t i ve i s o l a t e s  

A plug o f  t op agaro s e ,  appro x . 0 . 5  c m  i n  di amet e r ,  was 

exc i s ed from the pr imary l ibrary plate at each mark , c o rre s ­

ponding t o  a po s i t ive hybr idi z at i on s i gnal , ( Sect i on 2 . 1 0 . 3 ) 
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and t rans fe rred t o  a 1 . 5 ml  mi c r o fuge tube c ont a i n ing 5 0 0  � l  

o f  P SB ( Se c t ion 2 . 4 . 1 1 ) . Chl o r o form ( 2 0  �l ) w a s  added t o  each 

tube and the tubes were st ored at 4°C . The i s o l at e s  we re 

as s a y e d ,  as de s c r ibed in S e ct i on 2 . 8 . 6 , by mak ing appropr i at e  

d i l ut i ons o f  each i s o l at e  ( t yp i c a l l y  1 0 -4 or  1 0 -5 d i l u t i o n s ) 

and p l a t i ng out 1 0  �l o f  e ach di lut i o n  with 1 0 0  �l of  E .  col i 

MB 4 0 6  ( S ect i on s 2 . 8 . 6  and 2 . 9 . 2 )  on TB p l at e s . An a l i quot o f  

each i s o l at e  c ont ain ing approx . 5 0 0 0  pfu wa s then p l ated out 

with 3 0 0  �l of E .  col i MB 4 0 6  and 1 1  ml  of TB t op aga r o s e  on 

1 5 0  mm d i amet e r  TB p l at e s  as de s c r ibed in Sect i on 2 . 4 . 1 4 .  

F i lt e r  rep l i c as we.re made o f  each p l at e  a s  de s c ribed i n  

Sect i on 2 . 6 . 8 .  P rehybr idi z at i on a n d  hybridi z at i on were a s  

de s c r ibed in Sect i o n  2 . 6 . 9  e xcept that 2 0  m l  o f  prehyb r i di z a­

t i on s o l ut i on was used per bag and t h i s  s o lut ion was rep laced 

w ith reyyc led hybr idi z at i on s o l ut i on f rom the pr imary s c reen 

( sec t i oh 2 . 1 0 . 3 ) . The f i l t e r s  we re hyb r i d i z e d  at 3 7 °C ove r -

night . P o s t -hybri di z at i on rins ing ,  aut o radi ography o f  the 

f i l t e r s  and ident i f i c at i on o f  pos it ive p l aque s  were as de s ­

c r ibed i n  Sect ions 2 . 6 . 9  and 2 . 6 . 1 0 .  

One further round o f  p l aque pur i f i c at ion was c a r r ied out a s  

above w i t h  m i n o r  modi f i cat i ons . A vo lume o f  a n  approp r i a t e  

di l ut i on o f  e ach s e c ondary i s o l at e  was p l ated out w i t h  1 0 0  � l  

o f  E .  c o l i  MB 4 0 6  ( Se ct i on s  2 . 8 . 6  a n d  2 . 9 . 2 )  and 3 ml  o f  TB 

top agarose on 85 mm TB p l at e s  to  give approx . 1 5 0  p fu per 

p l a t e  ( t yp i c a l l y  5 - 2 0  III  o f  a 1 0-4 dilut i on )  . Rep l i c a  n i t r o ­

ce l lu l o s e  f i l t e r s  ( BA 8 5 ,  O .  4 5  �m , S c h l e i cher and S c hue l l ) 

we re prehybr idi z ed in p a i r s  with 1 0  ml o f  p rehybridi z at i on 

s o lut i o n  per bag and then hyb r i di z ed with 10  ml o f  recyc l e d  

hybr idi z at ion so lut i on ( s ee Sect ion 2 . 6 . 9 ) . At a den s i t y  o f  

1 5 0  p fu per 8 5  mm p l at e ,  it w a s  po s s ib l e  t o  e x c i s e  indi ­

vidua l ,  we l l - i s o l at e d ,  pos it ive p l aque s . Each p l aque was 

t rans f e r red to a m i c r o fuge tube c ont aining 1 0 0  � l  P SB 

( S ect i on 2 . 4 . 1 1 ) , one drop o f  chl o r o f o rm wa s added and the 

i s o l at e s  were s t o red at 4 °C . 
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Requ i rement s 

• TB p l at e s  ( pe r  l it re ) : 1 0  g Bact o -t rypt one , 5 g o f  NaC l ,  

1 5  g o f  agar . Aut oc l ave f o r  2 5  m i n ,  c o o l  t o  6 0°C and then 

add 1 0  ml of steri le 1 M MgS04 • Pour a s  de s c r ibed in 

S e c t i on 2 . 4 . 1 4 for LB p l at e s . 
• TB t op agarose ( 2 0 0  ml ) : 2 . 0  g b a ct o-t rypt one , 1 . 0  g NaC l ,  

1 . 6  g agarose ( Ul t ra Pure , BRL ) . Aut o c l ave in a 2 0 0  ml  

bot t l e  ( S chott ) for 2 5  m i n ,  c o o l  t o  6 0°C and then add 2 ml  

o f  s t e r i l e  1 M MgS04 • S t o re at room temperature . B e f o re 

u s e , me lt agarose in a mi c rowave oven ( l oosen t op )  and 

c o o l  t o  5 0 °C i n  a waterbat h . 

2 . 1 0 . 5  P l at e  s t o c k s  o f  p o s i t i ve i s o l at e s  

;i 
The met hod used t o  prepare phage stocks from p o s it i ve 

i s o l a t e s  was based on that o f  M i l l e r  ( 1 9 8 7 ) . A 1 0  �l a l i quot 

of  e ach i s o l at e  wa s p l ated out with 1 0 0  �l o f  E .  c o l i  MB4 0 6  

( Se ct i on s  2 . 8 . 6  and 2 . 9 . 2 )  a s  de s cr ibed in Sect i on 2 . 4 . 1 4 

except that 2 . 5  ml o f  TB medium and 2 . 5 ml o f  TB t op aga r , 

both equ i l ibrated at 4 5°C , we r e  added t o  the tube and the 

phage we re p l ated out on TB p l at e s  ( Se ct i on 2 . 1 0 . 4 ) . The 

p l at e s  we re incubat e d ,  wi thout being i nverted,  at 3 7 °C f o r  

app r o x . 4 - 5 h unt i l  l y s i s  wa s f i r s t  apparent . The t op agar 

layer was then s c raped off the p l at e , with a f l at spatu l a ,  

int o a 1 5  m l  g l a s s  cent r i fuge tube ( Corex ) . Two drops o f  

chl o r o f o rm we re added t o  comp l e t e  the l y s i s  o f  the h o s t  E .  

co l i  ce l l s . The tube was b r i e f l y  vortexed and then c e nt r i ­

fuged in a So rva l l S S - 3 4  r o t o r  a t  1 0 , 0 0 0  rpm and 4°C f o r  1 0  

min . The supernat ant cont a i n ing the phage wa s t ran s f e r red t o  

a 1 0  m l  s c rew-capped tube ( Ki max ) and stored at 4 °C . The 

p l at e  s t o c k s  we re a s s ayed ( S e ct ion 2 . 4 . 1 4 )  by p l at ing out 1 0  

�l o f  approp r i at e  di lut ions ( t yp i c a l l y  1 0-6 and 1 0 -7 

di l ut i on s )  with 1 0 0 �l of  E .  c o l i  LE 3 9 2  ( Sect i on 2 . 9 . 2 ) and 

3ml o f  TB t op agar on TB p l at e s  ( Se ct i on 2 . 1 0 . 4 ) . 
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Requ i rement s 

TB medium ( p e r  l it re ) : 1 0  g Bacto-trypt one , 5 g NaC I . 

Aut o c l ave for 2 5  min and then add 1 0  ml o f  s t e r i l e  1 M 

MgS04 • 

• TB t op agar ( 2 0 0  ml ) : as for TB t op agaro s e  ( Sect i on 

2 . 1 0 . 4 )  but with 1 . 6  g o f  agar i n s t ead o f  agaro s e . 

• E .  c o l i  LE 3 9 2  ( Murray e t  a l . ,  1 9 7 7 ) : F - ,  hsdR5 7 4  ( rK- ,  m/ ) ,  

s upE 4 4 ,  s upF5 8 ,  l a cY 1 , or  � ( l a c1 ZY ) 6 ,  ga lK2 , ga lT2 2 ,  

metB 1 , t rpR5 5 ,  'A.- . 

2 . 1 0 . 6  L a rge -s c a l e  l i qu i d  l y s a t e s  o f  po s i t ive 

i s o l a t e s  

Large - spa l e  l i qu i d  lysates o f  p o s i t i ve i s o l a t e s  were prepared 

acc ording t o  the method o f  Mi l l e r  ( 1 9 8 7 )  with minor modi f i c ­

at i ons . A s in g l e  c o l ony o f  E .  c o l i  MB 4 0 6  ( Sect i on 2 . 8 . 6 ) was 

i n o cu l ated into 2 5 0  ml o f  ma l t o se supp l emented LB ( S e ct i o n  

2 . 9 . 1 ) , in a 1 l i tre f l a s k ,  and incubated ove rnight at 3 7°C 

with vigorous shaking . The Asso of the ove rn i ght culture was 

me asured and an approp r i at e  vo lume of t he culture was 

i n o c u l a t e d  into 5 0 0  ml of LB medium ( Se ct i on 2 . 1 5 . 8 ) , in a 2 

l it re f l a s k ,  such that the init i a l  AS50 was l e s s  than 0 . 2 .  The 

bact e r i a  we re grown unt i l  an AS50 of 0 . 2 was reached and then 

an a l iquot of the phage i s o l at e  equ ival ent to 5 x 1 0 5 pfu , 

based on the a s s ay of  e ach s t o c k  ( S ect i o n  2 . 1 0 . 5 ) , was added 

to the f l as k . The f l a s k  wa s incubat ed ove rni ght at 3 7 °C with 

vigorous s hak ing . Chl o rof orm ( 3  ml ) wa s then added to the 

f l a s k , whether or not the culture wa s a l re ady l y s e d . The 

f l a s k  was s t o red at 4°C unt i l  the culture could be furthe r 

pro c e s s e d  ( Se ct i on 2 . 1 0 . 7 ) . 

2 . 1 0 . 7  I s o l a t i o n  o f  phage DNA f r om l a rge - s c a l e  

l i qu i d  l y s a t e  

The methods used t o  pur i f y  phage f r om a large - s c a l e  l i qu i d  

l y s ate and t o  i s o l at e  DNA from the pur i f i ed phage we re based 
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on the methods o f  Z i ai et a i . ( 1 9 8 8 ) . The phage l i qu i d  l y sate 

( Sect i on 2 . 1 0 . 6 ) was  cent r i fuged i n  a S o rva l l  GSA r o t o r  at 

8 , 0 0 0  rpm and 4 °C for 10  min t o  pe l l et bact e r i a l  debr i s . The 

supernat ant wa s then t ran s ferred t o  a 1 l it e r  f l a s k . NaCl t o  

a conc ent rat i on o f  0 . 8  M and s o l i d PEG 6 0 0 0  t o  1 0 %  ( w / v )  we re 

added and t he f l a s k  was shaken at room t emperature to 

di s s o l ve t he PEG . The l y s at e  wa s l e ft at 4°C ove rn i ght and 

then cent r i fuged at 5 , 0 0 0  rpm and 4°C for 1 5  min . The p e l l e t s  

we re resuspended in a t o t a l  vo l ume o f  3 0  ml o f  phage buffe r ,  

t ransferred t o  5 0  ml cent r i fuge tubes ( O ak Ri dge , N a l gene ) 

and an equ a l  vo l ume o f  saturated ammonium acetate wa s added 

to each t ube . The tube s we re incubated on i c e  for 1 h and 

then cent r i fuged in a Sorva l l  S S - 3 4  rot o r  at 1 5 , 0 0 0  rpm and 

4°C for 2 0  min . The supernat ant s we re d i s c a rded and the phage 

pe l l et s , we re r e s u spended in a t ot a l  vo l ume of 5 ml of TE 

( S e c t i oh 2 . 2 2 . 4 ) . The phage suspens i on was t rans ferred to a 

1 5  ml g l a s s  cent r i fuge tube ( C o r e x )  and S D S  was added t o  a 

concent rat i on o f  0 . 1 % .  The suspens i on was then incubat ed 

sequent i a l l y  with RNase A at  a f i n a l  c oncent rat i on of  2 0  

�g /ml at r o om t empe rature for 3 0  min and prote inase K at a 

final  c oncent rat i o n  o f  2 0 0  �g /ml at 6 0 °C for 2 0  min t o  l y s e  

the phage . The phage lysate wa s then t rans fe rred t o  i c e  f o r  

5 min , m i x e d  w i t h  5 0 0  �l o f  1 M NaOH and incubat ed on i c e  f o r  

a furthe r 1 0  min . The phage l y s ate wa s then neut ra l i z ed by 

adding 2 ml of 1 0  M ammon ium acetat e / acet i c  a c i d ,  pH 6 . 0 , and 

cent ri fuged in a S o rva l l  S S - 3 4  rot o r  at 1 0 , 0 0 0  rpm and 4°C 

for 1 0  min . The s upe rnat ant was extracted twice with an equ a l  

volume o f  phen o l  ( S ect i on 2 . 2 2 . 1 ) and once with a n  equ a l  

vo lume o f  c h l o r o f o rm ( S ect i on 2 . 2 2 . 3 ) . The f i n a l  aqueous 

phase wa s t ran s f e r red t o  a 1 5ml g l a s s  cent r i fuge tube ( C o rex ) 

and mixed with an equ a l  vo lume o f  i s opropano l .  

F o l l owing ove rn i ght incubat i on at - 2 0°C to  prec ipit ate the 

phage DNA , t he t ube was cent r i fuged in a Sorva l l  S S - 3 4  rot o r  

at 1 0 , 0 0 0  rpm a n d  4°C f o r  2 0  min . The DNA pe l l et w a s  then 

rinsed t w i c e  with c o l d  7 0 %  ethano l ,  dried unde r vacuum for 5 
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min ,  and redi s s o l ved in 5 0 0  �l o f  H20 . The DNA s o lut i on was 

stored at - 2 0°C unt i l  requ i red . 

Requ i rement s 

• Phage bu f fe r : 2 0  mM T r i s -HC I , pH 7 . 4 ,  1 0 0  mM NaCI , 1 0  mM 

MgS 04 • 

2 . 1 0 . 8  Sma l l - s c a l e  l i qu i d  l y s at e s  o f  p o s it ive 

i s o l a t e s  

A s ma l l - s c a l e  culture o f  each p o s it ive l ibrary i s o l at e  

( S e ct i on 2 . 1 0 . 5 )  was gr own by inocu l at ing 2 0  m l  o f  T B  medium 

( S e ct i on 2 . 1 0 . 5 ) , in a l S O  ml f l a s k ,  with 1 ml o f  E .  c o l i  

MB 4 0 6  ( �ect i o n s  2 . 8 . 6  and 2 . 9 . 2 )  which had been preads o rbed 

with 1 0  � l  of each i s o l at e  ( s ee Sect i on 2 . 4 . 1 4 ) . The f l a s k  

wa s incubat ed ove rnight a t  3 7 °C with vigorous shak ing . Two 

drops of chl o ro f o rm were then added to the culture and the 

f l a s k  was s t o red at 4°C unt i l  the culture could be f u rther 

pr o c e s s ed ( S e ct ion 2 . 1 0 . 9 ) . 

2 . 1 0 . 9  I s o l at i o n  o f  phage DNA f rom s ma l l - s ca l e  

l i qu i d  l y s at e  

The methods u sed t o  pu r i f y  phage f rom a sma l l - s c a l e  l i qu i d  

l y s at e  o f  a AEMBL 3  recomb inant ( S ect i on 2 . 1 0 . 8 ) w i t h  DEAE­

c el l u l o s e  and t o  i s o l at e  DNA from the pur i f i ed phage we re 

bas ed on the methods of P ohl ( 1 9 8 8 )  and Z i ai  et al . ( 1 9 8 8 ) . 

The l y s ate was t ran s fe rred t o  a 5 0  ml cent r i fuge tube ( Oak 

Ri dge , N a l gene ) , an equ a l  vo lume of resuspended DEAE c e l l ­

u l o s e  was added and t he t ube was inve rted s eve r a l  t ime s t o  

mix the content s . The t ube was t hen cent r i fuged i n  a S o rva l l  

S S - 3 4  rot or at 1 5 , 0 0 0  rpm and 4°C for 1 0  min t o  p e l l e t  

ba c t e r i al debr i s  as we l l  a s  the bact e r i a l  DNA a n d  RNA bound 

to the DEAE c e l lu l ose . The supernat ant , c ont aining the phage 

part i c l e s ,  was t r ans f e r red to a f r e s h  tube and the phage we re 

pre c ip i t at e d  by adding NaC I to 1 M and PEG 6 0 0 0  to 1 0 % . The 
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tube was in cubat ed on i c e  for 1 h and then cent r i fuged i n  a 

S orva l l  S S - 3 4  rotor at 1 0 , 0 0 0  rpm and 4°C for 1 0  min . The 

phage p e l let wa s subsequent l y  r e s u spended in 2 0 0  �l of TE 

( S ec t i on 2 . 2 2 . 4 )  and t ran s ferred to a 1 . 5  ml m i c r o fuge tube . 

S D S  and proteinase K were added t o  0 . 1 % and 2 0 0  �g /ml r e spe c ­

t ive l y  and the tube was incubat ed at 6 0°C f o r  2 0  m i n  a n d  then 

t rans f e r red to i c e . Ammon i um acet at e / acet i c  a c i d ,  pH 6 . 0  

( 7 . 5  M ,  1 2 0  �l ) , wa s added and the tube was cent r i fuged f o r  

1 0  min . The supernat ant wa s sub s e quent l y  ext racted o n c e  with 

an e qu a l  volume of phenol ( S ect i on 2 . 2 2 . 1 ) and once w i th an 

equ a l  volume o f  chl oro form ( S e ct i on 2 . 2 2 . 3 ) . The a queous 

pha s e  was then mixed with 2 vo l . o f  ab so lute ethan o l  and the 

DNA was p el leted by cent r i fugat i o n  f o r  15  min . The DNA p e l l et 

wa s subs equent l y  rinsed with 1 ml o f  c o l d  7 0 %  ethan o l  with 

cent r i fvga t i on for 5 min . The DNA was f i n al l y redi s s o l ved in 
.J 

5 0  �l 'H20 . A 2 �l a l i quot o f  the DNA preparat i o n  wa s 

su f f i c i ent f or re s t r i c t i on enz yme dige s t i on and ana l y s i s  by 

aga r o s e  ge l e l ect rophore s i s  ( S e c t i o n  2 . 1 9 )  . 

Requi rement s 

• Re s u spended DEAE -c e l lu l o s e : su spend 1 0  g DEAE -c e l l u l o s e  

( Whatman , DE 5 2 , pre -swo l l e n ) i n  2 0 0  m l  o f  0 . 0 5 M HC 1 . 

Neut r a l i z e  the suspen s i on with 4 0 0  � l  o f  1 0  M NaOH and 

a l l ow t he DEAE -c e l l u l o s e part i c l e s  to sett le . D e c ant and 

d i s card the supe rnatant . Wash the DEAE-ce l lu l o s e  3 t ime s 

w ith 1 l i t re o f  s a l ine and resuspend so  that the f i n a l  

s uspen s i on c on s i s t s  of  7 5 %  ( v / v )  DEAE -c e l l u l o s e  a n d  2 5 %  

s a l ine . Add amp i c i l l in t o  2 0 0  �g /ml and s t o re at 4 °C . 

• S a l ine : 0 . 9 % ( w / v )  NaC l . 

2 . 1 1 Aga r o s e  ge l e l e c t ropho re s i s  

Agar o s e  ge l e l ect rophore s i s  was init i a l l y  carried out in an 

app a r at u s  purp o s e -bu i lt to accomodat e the l i d  of  a microt i t re 

p l at e  ( 1 2 7  mm x 8 5  mm x 4 mm ) , in e ither or ient at i on . Sub­

sequent l y ,  a c omme r c i a l  un it giving a ge l s i z e  o f  1 0  mm 
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( l engt h )  x 1 5  mm ( width)  was used ( W i de Mini - Sub Cel l ,  B i o ­

Rad ) . The c omb s i z e  used f o r  e ach g e l  depended upon t he 

samp l e  vo l ume to  be subsequent l y  l o aded on t he ge l and the 

number o f  s amp l e s  t o  be e l ect ropho r e sed . 

2 . 1 1 . 1  A l ka l i ne aga r o s e  ge l e l ect ropho re s i s  

Al k a l ine agar o s e  ge l s  f or the ana l y s i s  of  the f i r s t  and 

s ec ond st rand cDNA synthe s i s  re act i on product s ( S e ct i on s  

2 . 4  . 1  and 2 . 4 . 2 )  were prepared and e l e ct ropho resed a s  pe r 

Man i at i s  e t  al . ( 1 9 8 2 ) . Immediat e l y  before u s e , 0 . 2 vo l . o f  

5 x  a l k a l ine lo ading buffer wa s added t o  each DNA s amp l e . 

Equal c ount s o f  e ach s amp l e ,  up t o  a maximum o f  2 0  � l  p e r  

we l l ,  were l o aded o n  a 1 . 4 %  a l k a l ine agarose gel . The ge l was 

e l e ct ro�ho resed in a l ka l ine e lect rophore s i s  bu ffe r ,  at 
I 

approx .
'

2 . 5 V /cm f o r  5 h or  at approx . 1 V / cm overnight , with 

constant bu f f e r  r e c i rcu l at i on . 

F o l l owing e l ect ropho res i s , the gel  wa s s o aked in 2 0 0  ml  of  7 %  

t r i chloro acet i c  a c i d  in H20 for 3 0  m i n  at room temperature . 

The ge l wa s then dried in a vacuum dr i e r  ( B i o -Rad) at 6 0°C 

for 3 0  min , wrapped with pol yethy l e ne f i lm ,  and aut o radi o ­

gr aphed a t  e i ther room temperat ure o r  -7 0°C in a n  aut o r adi o ­

graphy c a s s et t e . Typ i c a l l y ,  aut oradi ography w a s  carr i ed out 

for from 2 h ( ro om t empe r ature ) to overn ight ( - 7 0°C ) . The 

aut o radiograph was deve loped as de s c r ibed in S e ct i on 2 . 6 . 1 0 .  

Requ i rement s 

5 x  a l k a l ine l o ading bu f fe r : 2 5 0  mM NaOH ,  5 mM EDTA, 2 5 %  

F i c o l l  ( t ype 4 0 0 ) , 0 . 1 2 5 % bromoc r e s o l  green . 
• Alka l ine e lect ropho re s i s  buf fe r : 3 0  mM NaOH , 1 mM EDTA . 

• 1 . 4 %  a l k a l ine agaro se gel : add 0 . 9 8 g agaro s e  t o  7 0  ml o f  

5 0  mM NaC l , 1 mM EDTA and me lt i n  a microwave oven ( se e  

Requi rement s ,  S e ct i on 2 . 1 1 . 3 ) . C o o l  t o  approx . 6 0°C and 

pour into a gel t ray with a c omb in p l ace . Soak the 
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hardened ge l in a l k a l ine e lect rophore s i s  buf f e r  for at 

least 30 m i n  be fore use . 

2 . 1 1 . 2 Ge l e l e c t rop h o re s i s  o f  RNA 

P o l y (A) + s e l e cted RNA spe c i e s  ( Sect i on 2 . 3 . 1 ) were separated 

by e l ect ropho re s i s  on an agarose gel with 2 . 2 M f o rma l dehyde 

in the presence of 5 0 %  f o rmamide . The method wa s based on 

that o f  Gerard and Mi l l e r  ( 1 9 8 6 ) . 

Al iquot s c ont a in i ng approx . 2 �g o f  p o l y  (A) +-enri ched wh i t e  

c l ove r RNA ( S e ct i on 2 . 3 . 1 ) we re cent r i fuged i n  1 . 5 m l  m i c r o ­

fuge tubes f o r  1 5  min . The supe rnat ant s were then di s c arded 

and t he RNA pe l le t s  we re rinsed twice with 7 0 %  ethano l ,  dr ied 

unde r vacuum f or 5 min and redi s s o lved in 2 . 2  �l of Bu f fe r  A .  
·1 

Forma l dehyde / fo rmamide ( 4 . 8  � l ; see be l ow )  was added t o  each 
samp l e  and the s amp l e s  we re heated at 7 0 °C for 1 0  min . The 

samp l e s  we re then t rans fe rred to ice and 1 .  5 �l o f  Ge l 

L o ading Bu f fe r  and 1 �l o f  1 mg/ml ethi dium bromide ( see 

Sect i on 2 . 1 1 . 3  f o r  1 0  mg /ml ; di lute 1 / 1 0  with H20 ) we r e  

added . The s amp l e s  we re e l e ct ropho resed o n  a 1 . 4 %  agaro s e  ge l 

i n  E l ect roph o re s i s  Bu ffer at 6 0  V unt i l  the l e ading dye had 

migrated approx . one third of the l ength of t he gel . H a l fway 

through the e le c t ropho re s i s  run , the buffer in the two 

chambers of the ge l t ank was mi xed t o gethe r . At the end o f  

the e l ect ropho re s i s  run t he ge l was phot ographed ( S ect ion 

2 . 1 1 . 4 )  . 

Requ i rement s 

E lect ropho r e s i s  Bu ffer : l x  MopS / E D TA Buffe r . 
• l O x  Mop s / ED TA Bu f fe r : 0 . 5 M Mops ( pH 7 . 0 ) ,  0 . 0 1 M E D TA (pH 

7 . 5 )  . 

Buffer A :  mix 2 9 4  �l o f  l O x  Mop s / EDTA Bu f f e r  with 7 0 6  � l  

of  H20 . 

F o rmaldehyde / f o rmami de : mix 8 9  �l o f  3 7 %  f o rmal dehyde 

( 1 2 . 3  M )  with 2 5  �l o f  de i o n i z e d  fo rmamide . 
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• D e i on i z e d  formamide : add 5 g o f  Amber l it e  MB 1 mixed bed 

r e s i n  t o  1 0 0  ml of  formamide and m i x  gent l y  on a magnet i c  

s t i r r e r  f o r  3 0  min . F i lt e r  through Whatman number 1 f i l t e r  

pape r t o  remove the r e s i n . S t o re a t  -2 0°C i n  1 0  m l  

a l i quot s . 

Ge l Loading Bu f fer : add 5 mg o f  xy lene cyano l ,  5 mg o f  

br omophe n o l  blue and 4 0 0  mg o f  s u c rose (Mo l ecul a r  B i o l ogy 

Reagent , S i gma ) to  3 2 2  �l of Bu f fe r  A and mix . Add 1 7 8  � l  

o f  3 7 %  f o rma ldehyde and 5 0 0  � l  o f  de ioni z ed formamide . 

1 . 4 %  agarose ge l : add 0 . 9 8 g agarose (Mo l e cul ar B i o l ogy 

Re agent , S i gma ) t o  7 0  ml  o f  1 x  Mop s / EDTA Buffer and me l t  

i n  a m i c rowave oven . C o o l  t o  approx . 6 0°C and pour i n t o  a 

ge l t ray with a comb in p l ace . Al l ow the ge l t o  harden and 

c a r e fu l l y  remove the c omb . T r a n s f e r  the gel t o  the 

e l e ctFopho re s i s  t ank and pour in E l ect ropho re s i s  Bu f f e r  t o  

c omp l1e t e l y  cove r the gel . 

2 . 1 1 . 3  Analyt i c a l  ge l e l e ct r oph o re s i s  o f  DNA 

DNA s amp l e s  to be e l e ct ropho r e s e d  we re mi xed with e i ther 0 . 2 

vo l ume o f  5 x  samp l e  l o ading bu f f e r  or  0 . 1  volume o f  l O x  
s amp l e  l o ading bu ffer . I f  the s amp l e  c on s i sted o f  A DNA ,  i t  

was heat ed at 6 5°C for 5 m i n  t o  denature the cohes ive ends 

and then c o o led on ice . An approp r i at e  a l iquot of each 

s amp l e , depending on the s i z e  of the we l l s ,  was l o aded int o 

a we l l  o f  the gel . F o r  most purpo se s ,  a 0 . 7 % agaro s e  g e l  wa s 

made w i t h ,  and e l e ct rophoresed in , 1 x  T r i s -acetate ( TAE ) 

e lec t rophore s i s  bu f fe r . Howeve r ,  f o r  spe c i f i c  app l i c at i ons , 

ge l s  o f  0 . 3  - 3 % ,  in e ither TAE e l e ct ropho re s i s  bu f fe r  o r  

T r i s -borate ( TBE ) e l e ct rophore s i s  bu f fe r ,  were a l s o  used 

depending on the s i z e  o f  the DNA fragment s t o  be r e s o l ved and 

the de gree of r e s o l u t i on requ i red . The gel wa s e l e ct ro ­

pho r e s ed a t  a volt age gradi ent o f  3 - 4 V/ cm f o r  2 - 4 h ,  

depending o n  t h e  degree o f  DNA f r agment separat ion requ i red . 

Alternat ive l y ,  the ge l was e l e ct r ophoresed ove rni ght at 

approx . 1 V/ cm . At the end of the e l e ct rophore s i s  run the ge l 

was phot ographed ( S ect i on 2 . 1 1 . 4 ) . 
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When a spe c i f i c  DNA f r agment from an analyt i c a l  ge l was t o  be 

pur i f i e d  and subc l oned,  the ge l wa s made up with and e l e c t r o ­

pho re s ed in TAE e le ct rophore s i s  buffer . The g e l  was then 

examined in a dark room unde r l ong wave length u .  v .  l i ght 

( S ec t i on 2 . 7 . 4 ) , before being phot ographed, and a ge l s l i c e  

cont a i n ing the band o f  int e rest wa s e x c i sed f rom t he g e l  with 

a s c a l p e l  and t rans ferred to a 1 . 5 ml  m i c r o fuge tube . The gel 

s l i c e  wa s st ored at 4°C unt i l  i t  c o u l d  be further proc e s s e d . 

The DNA was pur i fied from the aga r o s e  with Genec l e an a s  

de s c r ibed i n  Sect i on 2 . 1 1 . 8 .  

Requ i rement s 

• 5 x s amp l e  l oading bu f fe r : 5 0  mM T r i s -HCl , pH 8 . 0 , 1 0 0  mM 

E D TA ,; 1 %  ( w/ v )  SDS , 7 . 5 % F i c o l l  4 0 0 ,  0 . 0 5 %  bromopheno l  

b l ue l 0 . 0 5 %  x y l ene cyano l .  Thi s l o ading buffer l e ads t o  

u n s at i s fact ory banding o f  DNA fragment s when used with TBE 

e le ct rophore s i s  bu f fe r . 

• l O x s amp l e  loading bu f fe r : 1 2 5  mM EDTA,  0 . 1 % ( w / v )  SD S ,  

5 0 %  g l ycero l ,  0 . 0 5 %  bromopheno l b lue . 

S O x  TAE Buffer ( 5 0 0  ml ) : di s s o l ve 1 2 1  g T r i s  base , e i ther 

4 1  g of sodium acetate mw 8 2  o r  68  g of sodium acet ate mw 

1 3 6 ,  and 1 8 . 6  g EDTA ( di - sodium s a l t ) in approx . 4 0 0  ml o f  

H20 . Ad j u st pH t o  8 . 0  with g l a c i a l  acet ic a c i d  and make up 

t o  5 0 0  ml with H20 . S t o re at room temperat u re . 
• TAE e l e ct ropho re s i s  bu f f e r  ( 1  l it re ) : add 2 0  ml of  S O x  TAE 

b u f f e r  and 5 0  �l  of  1 0  mg /ml ethidium br omi de t o  9 8 0  ml o f  

H20 . Thi s gives a working s o lut ion o f  4 0  mM Tri s-acetate 

pH 8 . 0 , 20  mM  sodium acet at e ,  2 mM EDTA,  0 . 5  �g/ml 

ethi dium bromi de . 

l O x TBE e l e c t r opho re s i s  bu f f e r  ( 1  l i t re ) : di s s o lve 1 0 8  g 

T r i s  bas e , 55  g bor i c  a c i d ,  and 7 . 4  g EDTA ( di - s odium 

s a l t ) in H20 . Make up t o  a f in a l  volume o f  1 l it re with 

H20 . S t o re at  room t empe rature . 
• 1 x TBE Buffer ( 1  l i t re ) : add 1 0 0  ml  o f  1 0  x TBE Bu f f e r  and 

5 0  �l  of 1 0  mg /ml ethidium bromide to  9 0 0  ml of H20 . Thi s  
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gives a working s o lut i on o f  8 9  mM T r i s -bo r ate , 2 mM EDTA, 

0 . 5  �g /ml ethi dium bromide . 
• 1 0  mg /ml ethidium bromide : add 1 g o f  ethi dium bromide ( a  

mut agen wh i c h  requ i re s  the avo idance o f  s k i n  cont act ) t o  

1 0 0  m l  o f  H20 and st i r  for seve r a l  hours o n  a magnet i c  

s t i rre r t o  di s s o lve . St ore a t  4°C i n  a dark bott l e . 

Aga rose ge l : measure out the requ i red amount o f  e l ectro­

phore s i s  bu f f e r  ( l x TAE o r  1x  TBE ) into a 2 5 0  ml c o n i c a l  

f l a s k . The vo l ume u sed depends on t h e  t ray type a n d  the 

depth o f  we l l  requ i red ( 7 0  ml  for a mic rot itre p l at e  l i d  

and 5 0  - 1 0 0  ml  f o r  a 1 0  mm x 1 5  mm B i o-Rad t ray ) . we i gh 

out s u f f i c i ent agarose ( Ul t ra Pure , BRL ) t o  g i ve the 

requ i red ge l c oncent rat i on and add t o  the buffer . I nvert 

a sma l l  p l ast i c  beaker ove r t he t op o f  the flask and we i gh 

the f l a s k . P l ac e  the f l a sk in a m i c rowave oven and bring 
1 

the dontent s t o  the bo i l  by heat ing on high powe r ,  m i x  the 

content s by swi r l ing the f l a s k  and then he at for an 

addit i o n a l  3 - 4 min , depending on vo l ume , at approx . 3 0 %  

power ( 7 0 0  watt ove n ) . Re -we i gh the f l a s k  and add H20 t o  

the or i g i n a l  we i ght , thereby c ompe n s at ing for l o s s e s  

c aus ed  b y  evap o rat i on . A s  an a l t e rnat ive t o  me l t i n g  i n  a 

m i c rowave oven , add a magnet i c  s t i r r i n g  bar t o  the agaro s e  
and me lt the a g a r o s e  o n  a magnet i c  st i r r e r / hot p l at e . C o o l  

t o  approx . 6 0°C and p o u r  o n t o  a ge l t r ay w i t h  the comb s e t  

s o  that t h e  bott om o f  t h e  t eeth are approx . 1 mm ab ove the 

t ray . The ends o f  the B i o -Rad t r ay are f i r s t  s e a l e d  with 

a p i e c e  of aut o c l ave t ape . Al low the gel t o  harden and 

then remove the c omb and t rans fe r  the ge l to the e l e ct r o ­

phore s i s  t ank . Ge l s  o f  l e s s  than 0 . 5 % n e e d  t o  b e  poured 

and a l l owed to set in a co ldroom . 

2 . 1 1 . 4  P h o t o g raphy o f  a g a r o s e  g e l s  

Ge l s  we re t r an s f e r re d  t o  a da rkroom and , us ing proper eye 

protect i o n , i l l uminated with u .  v .  l i ght on a t rans i l lumin at o r  

( 2 5 4  nm) . Ge l s  we re phot ographed through a r e d  f i lt e r  ont o 

P o l a r o i d  Type 6 6 7  f i lm us ing a P o l ar o i d  MP 4 camera . Ge l s  
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poured and e lect ropho resed in micr ot itre p l ate l i ds wer e  

inverted ont o the t rans i l luminator st age whi l e  ge l s  poured 

and run i n  B i o -Rad t rays were t r an s fe r red right - s i de up ont o 

the st age . A t yp i ca l  exposure sett ing wa s 1 second at f5 . 6 .  

The P o l a r o i d  f i lm wa s proces sed for 3 0  s e conds . 

2 . 1 1 . 5  P repa rat i ve e l e ct roph o re s i s  o f  DNA 

P reparat i ve agarose ge l e lect ropho re s i s  was used when s i gn i f­

icant amount s o f  a spe c i f i c  DNA f ragment we re requ i re d ,  e . g .  

for l abe l l ing t o  produce probe s . Low me l t i ng temp e r ature 

agaro s e  ge l s  of 0 . 5 - 1 . 5 % , depending on the s i z e  o f  the DNA 

fragment of interest , we re made up with I x  TAE us ing a prep ­

arat ive c omb . The DNA s amp l e  wa s mixed with 0 . 1  vol . o f  l O x  
Samp l e  Loading Bu f f e r  ( Sect i on 2 . 1 1 . 2 ) , heat ed at 6 5°C for 5 

., 
min and �chi l l ed on i ce . Al iquot s we re then l o aded into prep-

arat ive we l l s  in t he gel ( t ypi c a l l y  1 5 0  �l per we l l )  and the 

ge l was e l ect ropho resed a s  de s c ribed in Se ct i on 2 . 1 1 . 3 .  At 

the end of the run , the ge l was examined in a darkroom unde r 

l ong wave l ength U . v .  l i ght ( Se ct i on 2 . 7 . 4 ) . The band o f  

int e re s t  wa s e x c i sed f rom the ge l with a s c a lpel and t rans­

ferred to a 1 . 5 ml m i c r o fuge tube . The tube was weighed t o  

det e rmine t he v o l ume o f  the gel fragment and then s t o red at 

4 °C unt i l  it c ou l d  be furthe r proces s ed ( Sect i on 2 . 1 1 . 7 )  . The 

remainde r  of t he gel was phot ographed ( Sect i on 2 . 1 1 . 4 ) t o  

con f i rm that t h e  c o rrect f ragme nt had been e x c i s ed . 

Requ i rement s 

• Low me lt ing t empe rature agarose ge l s  are made in the s ame 

way as s t andard agarose ge l s  ( S e ct i on 2 . 1 1 . 3 ) ex cept that 

low me l t ing t empe rature agaro s e  ( S eaP l aque , FMC C o rp . ) i s  

used and t he ge l s  are poured in a c o l droom . 
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2 . 1 1 . 6  D e t e rmi n at i o n o f  f ra gment s i z e s  

A set o f  s t andard f ragment s wa s run i n  the ge l with each s e t  

o f  s amp l e s  ( S ect ions 2 . 1 1 . 2 a n d  2 . 1 1 . 3 ) . F o r  DNA ge l s ,  a 

Hin dI I I  digest of  A DNA was used f o r  fragment s l arge r than 

approx . 1 kb whi l e  an Al u I  dige st o f  pBR3 2 2  DNA wa s u s e d  f o r  

f ragment s sma l l e r  than approx . 1 kb . F o r  RNA ge l s ,  a 0 . 2 4  -

9 . 5  kb RNA l adder ( BRL )  wa s used . F o l l owing e l e ct r opho re s i s ,  

the g e l  wa s photographed onto P o l ar o i d  f i lm ( S ect i on 2 . 1 1 . 4 )  . 

On the phot ograph , the d i s t ance each fr agment had mi grated 

from the o r i gin ( a  l ine dr awn through t he we l l s )  wa s 

mea s u r e d . A st andard cu rve o f  the d i s t ances migrated by the 

st andard f r agment s as a funct i on o f  the l ogar ithm of t he i r  

s i z e s  was p l otted on semi - l o g  gr aph paper . The s i z e s  o f  

unknown t ragments we re det e rmined f rom the d i s t ances each had 
·1 

migrat e d ,  with re ference t o  the st andard curve . 

2 . 1 1 . 7  P u r i f i c at i o n  o f  DNA f rom l ow me l t i n g  

t empe rat u re a g a r o s e  

The e x c i sed g e l  f ragment c ont aining the DNA o f  int e r e s t  

( Se c t i on 2 . 1 1 . 5 ) w a s  heated a t  6 5 °C f o r  5 - 1 0  m i n ,  o r  unt i l  

the aga r o s e  had comp l et e l y  me l t e d ,  and then incubate d  at 

3 7 °C . An e qu a l  vo lume o f  pheno l ( Se c t ion 2 . 2 2 . 1 ) wa s adde d ,  

the t ube was vort exed for 3 0  s e c onds , and then cent r i fuged 

for 5 m i n . The aqueous phas e  and the c l oudy int e r f a c e  wer e  

t ran s fe r red t o  another tube and the phenol ext ract i on wa s 

repeated . The aqueous pha s e  was then ext racted with an e qu a l  

vo l ume o f  c h l o r of orm ( S ect i on 2 . 2 2 . 3 ) . The DNA w a s  p r e c i p i ­

t ated b y  t h e  addit i on 0 . 1  vo lume o f  3 M sodium acetat e / ac et i c  

a c i d ,  pH 5 . 2 and 2 vol . o f  ethan o l  and pel leted b y  c e nt r i ­

fugat i o n  f o r  2 0  m i n . The DNA pel let w a s  r i n s e d  with 7 0 %  
ethano l  and redi s s o l ved i n  an approp r i at e  vo l ume o f  H20 . 
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2 . 1 1 . 8  P u r i f i c at i o n  o f  DNA w i t h  Ge n e c l e a n  

The Gene c l ean k i t  ( B I O  1 0 1 )  w a s  u s e d  t o  pur i fy DNA f rom a 

s t andard agarose ge l s l i ce ( Sect i o n  2 . 1 1 . 3 ) a s  we l l  a s  from 

s o l ut i on as an a l t e rnat i ve t o  ethano l  pre c ip i t at i on . The 

pu r i f i c at i on proc edure fo l l owed those o f  the k i t  i n s t r u c t i o n s  

and Voge l s t e in and Gi l l e sp i e  ( 1 9 7 9 )  The DNA, e i t h e r  i n  

aga r o s e  o r  in so lut i on and c ont ained in a 1 . 5  m l  mi c r o fuge 

tube , was mixed with 2 - 3 vol . o f  6 M Na I s o l ut i on ( supp l i e d  

with k i t ) . Agaro s e ,  when pres ent , w a s  then d i s s o l ve d  b y  

incubat ing the tube at 4 5  - 5 5°C for 5 min . A 5 � l  a l i qu ot o f  

a s u spen s i on o f  powde red g l a s s  ( supp l ied with kit ) wa s added 

to t he t ube , the c ontent s were b r i e f l y  vortexed and the tube 

wa s incubated on ice for 5 min to a l l ow the DNA to b ind t o  

the g l a�s powder . The tube wa s then cent r i fuged i n  a m i c r o -
·1 

fuge f o r  the l ength of  t ime t aken f o r  the micro fuge t o  reach 

ful l  speed p l u s  an addit i on a l  5 s .  The supernat ant was 

removed by a s p i rat i on through a fine pipette t ip ( Co st a r ,  No . 

4 8 5 3 )  connected t o  a wat e r - j et a s p i r a t o r  pump . The DNA­

/powde red g l a s s  pe l l et was resu spended in 5 - 1 0  vo l . o f  wa s h  

s o l ut i on by pipet t ing u p  a n d  down i n  a 1 m l  pipett e  t ip and 

the t ube was recent r i fuged as above . The wa shing procedure 

was repeat ed twice more and then the pel l et was resuspended 

in an approp r i at e  volume of H20 or l o w- s a l t  bu f f e r  ( t yp i c a l l y  

5 �l ) and incubat ed a t  4 5  - 5 5 °C f o r  2 - 3 min t o  e l u t e  the 

DNA f r om t he powde red g l a s s . The t ube wa s cent ri fuged for 1 

min and the supernat ant cont aining t he e luted DNA was t ran s ­

ferred t o  another t ube . The e l ut i on step was repeated when 

max i mum rec ove ry of DNA wa s requ i red . The DNA wa s then ready 

for furthe r proce s s ing . 

Requ i rement s 

• Wash s o l ut ion ( s upp l ied with Genec l e an kit o r  made up ) : 1 0  

mM T r i s -HC 1 ,  pH 7 . 5 ,  0 . 1  M NaC l , in 5 0 %  et hano l . 
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2 . 1 2 T r an s f e r  o f  RNA and DNA t o  s o l i d s upp o rt s  

RNA and DNA we re t rans ferred from aga r o s e  ge l s  by cap i l l ar y  

tran s fe r  ( No rthe rn  and Southern b l ot t ing re spect ive l y )  onto 

either n i t roce l l u l o s e  or  n y l on membrane s .  

2 . 1 2 . 1  No rt h e rn b l ot t i n g  

RNA s amp l e s  were e l ect rophoresed o n  a f o rma l dehyde agar o s e  

ge l as de s c ribed in S e c t i on 2 . 1 1 . 2 .  The RNA w a s  then 

trans ferred from the gel to a sheet of Z e t a -P r obe nylon 

memb rane ( B i o-Rad ) a s  de s c r ibed in Sect i on 2 . 1 2 . 4 ,  us ing 3 mM 

NaOH as t he t r an s fe r  so lut ion . F o l l owing t ran s fe r ,  the 

membrane was l i ght l y  b l ot t e d ,  s e a l e d  i n  a p l a s t i c  bag and 

st ored �;t 4 °C . 

2 . 1 2 . 2 S o ut h e rn b l o t t i n g  ont o n i t ro c e l l u l o s e  

DNA s amp l e s  were e l e ct ropho resed on an aga r o s e  gel i n  TAE 

e l ec tropho re s i s  buf f er as de s c r ibed in S e c t i on 2 . 1 1 . 3 .  When 

digest s o f  wh ite c l ove r DNA had been e l e ct ropho resed on a 

gel , the gel wa s imme rsed in 2 vol . o f  0 . 2 5 M HC l f o r  2 x  5 

min with gent l e  a g i t at i on t o  part i a l l y  depur i nate the DNA . 

The gel wa s then r i nsed b r i e f l y  in dist i l led H20 and s oaked 

in 2 vo l . of 0 . 5  M NaOH , 1 . 5  M NaCl for 2 x  15 min to denature 

the DNA . F in a l l y ,  the ge l was neut r a l i z ed by s o ak ing in 2 

vol . o f  0 . 5  M T r i s  pH 7 . 4 ,  3 M NaCl f o r  2 x  1 5  min . When 

dige s t s  o f  rec omb i nant A DNA were run on a ge l ,  no  pre­

t reatment of the gel was requ i red . The DNA wa s t rans ferred to 

a nit roce l l u l o s e  membrane ( S ch l e i che r and S chue l l ,  BA 8 5 ,  

0 . 4 5 !lm ) a s  de s c ribed i n  Sect i on 2 . 1 2 . 4 ,  us ing 2 0 x  S S C  

( Sect i on 2 . 2 2 . 5 )  a s  the transfer s o lut i on . F o l l owing t rans­

fe r ,  the membrane was baked for 2 h at 8 0°C unde r vacuum to 

fix the denatured DNA ont o the n i t roce l l u l o s e . The baked 

f i l t e r  was s e a l e d  in a p l ast i c  bag with an impul s e  heat 

s e a l e r  and e ither u sed immediat e l y  for hybridi z at i on ( S e ct i on 

2 . 1 3 . 2 )  or  s t o red at -2 0°C unt i l  requ i red . The ge l wa s 
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re s t a i ned i n  TAE e l e c t ropho re s i s  bu f f e r  ( S ect i on 2 . 1 1 . 3 )  with 

gent le a g i t at i on f or 2 h and then rephotographed t o  c o n f i rm 

that e f f i c i ent t ran s fe r  of  DNA had o c cu rred . 

2 . 1 2 . 3  Al k a l i n e  S o uthern b l ot t i n g  

DNA samp l e s  we re e l ectropho resed o n  an agarose ge l a s  

de s c r ibed in S e ct i on 2 . 1 1 . 3 .  Ge l s  o n  whi c h  c l over DNA dige s t s 

had been e l e c t r opho resed we re immer s e d  in 0 . 2 5 M HC l and 

rinsed in d i s t i l led H20 as de s c r ibed in S e c t i on 2 . 1 2 . 2 ;  ge l s  

on wh ich d i ge s t s  o f  re combinant A. DNA had been e l e ct ro ­

pho resed were n o t  pret reated . The DNA was t ransferred t o  

e i t her Zet a-P robe ( B i o-Rad)  or  Bi o T race RP ( Ge lman ) , both 

pos i t ive l y  charged n y l on membrane s ,  a s  de s c r ibed in S e ct i on 

2 . 1 2 . 4 ,  . us i n g 0 . 4  M NaOH a s  the t ran s fe r  s o l ut i on . T r a n s f e r  
I 

o f  DNA t o the ny l on membrane wa s c a r r i e d  out for 4 - 1 6  h .  

F o l l owing t ran s f e r ,  the membrane was a i r  dr ied,  s e a l e d  in a 

pl as t i c  bag and e i ther used immed i a t e l y  for hybridi z at i o n  

( S ect ion 2 . 1 3 . 2 ) o r  s t o red a t  -2 0°C . 

2 . 1 2 . 4  C a p i l l a ry t r an s f e r  

The pret reated agarose ge l ( Se ct i ons 2 . 1 2 . 1 , 2 . 1 2 . 2 ,  and 

2 . 1 2 . 3 ) was p l aced on a piece of Whatman 3MM fi l t e r  pape r ,  

l arger than the ge l ,  whi ch wa s e l evated above a t r ay o f  

t ran s fe r  s o lut i on with i t s  ends imme rsed i n  the buffer ( F i g . 

2 . 1 ) . A p i e ce o f  n i t roce l lu l o s e  or  n y l on membrane , cut t o  the 

same s i z e  as the ge l ,  was complet e l y  wet t ed in de i on i z ed H20 

and t ran s fe r red t o  a t ray c ontaining t ran s fe r  so lut i o n . The 

membrane wa s then care fu l l y  ove r l a i d  onto the gel . Two p i e c e s  

o f  Whatman 3MM pape r ,  a l s o  cut t o  t h e  s i z e  o f  t he ge l and 

wetted i n  t r an s fe r  s o lut i on ,  we re l a i d  ont o the membrane . 

P i eces o f  P a r a f i lm were insert ed between the membrane and the 

ge l ,  around the e dges o f  the ge l ,  t o  prevent the upper l ayers 

from  cont act ing the t r ans fer s o lut i on direct l y . The a s s emb l y  

was p l aced ont o a l i ght box t o  v i s ua l i z e any t r apped a i r  

bubbl e s  and the s e  bubbles were removed b y  gent l y  ro l l ing a 
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p a p e r  

w e i g h t------________ � tl l �" r �. :;.ol fo,j . �  
, I�t o w e l s  

3 1111 w i c k  

t r a n s f e r 

s o l u t i o n 

t r a y  

�3tltl 
�m e mb r a n e  

-g e l  I� 

F i gure 2 . 1 .  Cap i l l ary t ran s fe r  o f  RNA (Northe rn b l ot ) o r  DNA 
( S outhe rn b l ot ) f rom an agar o s e  ge l to a nit roce l lu l o s e  o r  

nylon membrane . 

g l a s s  p ipett e over the f i l t e r  paper . A wad o f  paper t owe l s , 

cut t o  a s i z e  s l i ght y l arger than t he gel and approx . 1 0  cm 

thi c k ,  was p l aced ont o the 3MM f i lt e r  paper . A p l ast i c  t r a y  

with a we i ght o f  approx . 2 5 0  g w a s  p l a c e d  onto t he wad o f  

pap e r  t owe l s . The who l e  as semb l y  w a s  l e ft ove rnight for the 

t ran s f e r  of nuc l e i c  ac ids from the ge l to t he membrane t o  

occur . The upper l a ye rs we re then removed and the membrane 

was r i n s e d  f or 5 min in 2x SSC with gent l e  agitat i on and a i r  

dried . 

2 . 1 2 . 5  B i di re c t i o n a l  S ou t h e rn b l ot t i n g  

B i d i rect i on a l  Southern b l ott ing depends s o l e l y  upon the f l u i d  

with i n  t he ge l i t s e l f  t o  t ran s fe r  DNA and resu l t s  i n  t h e  

product i o n  o f  two rep l i c at e  b l ot s  from t h e  one ge l ( F i g . 

2 . 2 ) . Thus dup l i cat e  hybr idi z at i on e xpe r iment s c an be 

pe r f o rmed from the s ame ge l t ran s fer . Thi s procedu re wa s 

u s e d ,  a s  an a l t e rnat ive t o  c onvent i on a l  Southe rn b l ott ing 

( S ec t i o n s  2 . 1 2 . 2 and 2 . 1 2 . 3 ) , for  ge l s  on wh i ch dige s t s  o f  
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w e i g h t-----------4 

g e l  31111 
b e n C h� 

p a p e r  t o w e l s  

F i gu re 2: . 2 . B i di rect i on a l  c ap i l l ary t ransfer o f  DNA fragment s 
from an agaro s e  ge l t o  dup l i cate membran e s . 

rec omb inant A DNAs we re run . Both n i t roce l lu l o s e  ( s ee S e ct i on 

2 . 1 2 . 2 )  and Zeta-P robe ( s ee Sect i on 2 . 1 2 . 3 )  membranes wer e  

u s e d . F o r  t r ansfer t o  a n i t roce l lu l o s e  membrane , t h e  ge l wa s 

pret reated with gent l e  shak ing in 2 vol . of  1 . 5 M NaC l , 0 . 5  

M NaOH fo r 2 x  1 5  min t o  denature the DNA fo l l owed by 2 vol . 

o f  1 M ammon ium acet at e ,  0 . 0 2 M NaOH for 2 x  1 5  min t o  

neut r a l i z e the ge l .  N o  pret reatment was requ i red f o r  t ran s fe r  

t o  a Z et a-P robe membrane . 

A wad o f  paper towe l s , cut to  a s i z e s l ight ly l arge r than the 

ge l and approx . 5 cm thi c k ,  was p l aced di rect l y  on t he 

l aborat o ry bench . A p i e ce o f  Whatman 3MM paper wa s so aked i n  

e ither 1 M ammonium acet ate , 0 . 0 2 M NaOH for t rans fe r  t o  

n i t r o c e l l u l o s e , o r  di st i l led H20 for t rans fer t o  Z et a -P robe . 

The 3 MM pape r was pl aced ont o the paper t owe l s  and a mem­

brane , wetted in the s ame s o lut i on ,  was p l aced ont o the 3MM 

pape r . The ge l wa s c are fu l ly p l aced ont o t he membrane t o  

avo i d  t rapping a i r  bubb l e s  and another membrane and a p i e c e  

o f  3MM pape r ,  wett e d  as before , we re sequent i a l l y  p l ac e d  ont o 
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the gel . An other 5 cm thick wad o f  pape r t owe l s  wa s p l aced on 

top o f  the ge l sandwich and a p l as t i c  t ray with a we ight o f  

approx . 5 0 0  g wa s p l aced o n  t op o f  the wad o f  paper t owe l . 

Tran s fe r  o f  DNA was carried out f o r  1 - 2 h and then the 

as s emb l y  was di smant led and the membranes were removed . 

F o l l owing t r an s fe r ,  n i t r oc e l l u l o s e  membranes we re r i n s e d  f o r  

5 min in 2 x  S S C ,  air  dried and then baked for 2 h at 8 00e 

under vacuum ; Z e t a-P robe memb rane s we re t rans ferred to s heet s 

of  Whatman 3MM paper s atu rated with 0 . 4  M NaOH for 1 0  mi n ,  

rinsed i n  2 x  s s e  for 5 min ,  and then a i r  dried . Memb rane s  

we re s ealed i n  pl ast ic bags and st o red a t  -2 0oe . 

2 . 1 3 No rt h e rn and S ou t h e rn b l o t hyb r i di z at i o n s  

For c omprehen s i ve revi ews o f  the det ect ion o f  immob i l i z e d  
-, 

nuc l e i c  �cids , see Me inkoth and Wah l ( 1 9 8 4 )  and Wahl e t  a i . 

( 1 9 8 7 )  . 

2 . 1 3 . 1  N o rt h e rn b l ot hyb r i di z at i on 

Northern blots ont o nylon membrane s were prepared a s  

de s c ribed i n  Sect i on 2 . 1 2 . 1 .  Background r adi oactivity i n  the 

Nort he rn b l ot hybr idi z at i on was c ont r o l led by i n c l u ding 

heparin in t he prehybridi z at i on and hybr idi z at i on s o l ut ions 

( see Sect i on 2 . 6 . 9 ) . P rehybridi z at i on s o l ut i on was added t o  

the bag cont aining the membrane ( 1 0  ml p e r  1 0 0  cm2 o f  

membrane ) and the bag was r e s e a l ed . The membrane was pre­

hybr idi z ed f or 2 - 4 h in a 3 7°C in cubat o r  with gent l e  

shak ing . The denatured probe ( S ect i on 2 . 1 4 . 2 )  was then added 

to the bag and the membrane was hyb r i di zed ove rn i ght as f o r  

the prehybr idi z at i on step . 

F o l l owing hybridi z at i o n ,  the hyb r i di z at i on so lut i on was 

removed f rom the bag and the membrane was t rans ferred to a 

t ray c ontain ing 1 5 0  ml o f  2 x  S S C . The membrane wa s r i n se d ,  

with gent le shak i n g ,  sequent i a l l y  with 1 5 0  m l  o f  2 x  S S C ,  0 . 1 % 

SOS at 6 5°e f or 2 x 3 0 min and O . l x S S C ,  0 . 1 % SOS at 3 7°C f o r  
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3 0  min and then b l otted l i ght l y  on a p i e c e  o f  paper t owe l . 

The damp memb r ane wa s wrapped in p o l yethy lene f i lm ,  att ached 

to a sheet of paper and t rans ferred to an autoradiography 

c a s s et t e . Work ing in a darkroom with approp r i ate s a fe­

l i ght ing , a sheet o f  X-ray f i lm ( Kodak XAR-5 )  was  p l aced ove r 

the membrane , an inten s i fying s c reen ( DuP ont , Cronex 

L ightening P l u s )  was p l aced over the f i lm and the c a s s et t e  

was c l o s e d . T h e  membrane wa s aut o radiographed a t  - 7 0oe f o r  1 6  

- 4 8  h .  F o l l ow i ng aut oradiography , the c a s s et t e  was warmed t o  

ro om temp e r at u re and the f i lm wa s deve l oped a s  des c r ibed i n  

Sect i on 2 . 6 . 1 0 .  

Requ i rement s 

• P rehyp r i d i z at ion so lut i on : see S e c t i on 2 . 6 . 9 .  
• s s e  Cl x ) : 0 . 1 5 M NaC l , 0 . 0 1 5 M sodium c it rat e ,  pH 7 . 0 ;  see 

Sect i o n  2 . 2 2 . 5  f or 2 0 x s t o c k . 

2 . 1 3 . 2  S ou t h e rn b l ot hyb r i di z at i o n 

S outhern b l o t s  ont o n i t roc e l lu l o s e o r  n y l on membranes were 
prepared a s  de s c r ibed in Sect ions 2 . 1 2 . 2 ,  2 . 1 2 . 3 and 2 . 1 2 . 4 .  

P rehybridi z at i on s o l ut i on was added t o  the bag cont aining the 

membrane ( 1 0  ml  per 1 0 0  cm2 o f  membrane ) and the bag was 

s eal ed . The membrane wa s prehybr idi z ed at 4 2 °C i n  an 

in cubat o r  with gent l e  shaking for 2 - 4 h .  The den atured 

probe ( S ect i on 2 . 1 4 . 2 )  was then added to the bag and the 

membrane was hyb r i di z ed ove rnight a s  above . 

F o l l owing hyb ridi z at i o n ,  the hybridi z at i on s o l ut ion was 

removed f r om t he bag and t he membrane was t r ans fe rred to a 

t ray cont a i n i ng 1 5 0  ml o f  2 x  S S C . The membrane wa s then 

washed,  with gent l e  shak ing,  sequent i a l l y  in 1 5 0  ml of 2 x  

s s e ,  0 . 1 % S D S  at room t empe rature for 2 x  1 5  min and 0 . 1 x s s e , 

0 . 1 % S D S  at 4 2°e f o r  2 x  1 5  min and t hen b l otted l i ght l y  on a 

piece o f  paper t owe l ( s ee Sect i on 2 . 2 2 . 5  for 2 0 x s s e  s t o c k  

and S e ct i o n  2 . 2 2 . 6  f or 1 0 %  S D S  s t o c k ) . When a h i gher s t rin-
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gency was requ i red,  the membrane wa s washed at 5 5  - 6 5°C 

inst ead of 4 2 °C . The damp membrane wa s wrapped in p o l y ­

ethy l en e  f i lm ,  attached t o  a sheet o f  paper and aut o r adi o ­

graphed a s  de s c r ibed in S e ct i on 2 . 1 3 . 1 .  Typ i c a l l y ,  aut o ­

radiography wa s c arried out f o r  2 - 7 days . The aut oradi o ­

graph was subsequent l y  deve l oped a s  de s c r ibed i n  S e ct i on 

2 . 6 . 1 0 .  

Requi rements 

• P rehybridi z at i on s o lut i on ( n i t r o ce l l u l ose membrane ) :  a s  

f o r  prehybridi z at i on s o l ut i on used in p l aque hybridi z at i on 
( S ect i on 2 . 6 . 9 ) except that 25  - 5 0 %  formami de was u s e d ,  

depending on t h e  hybr idi z at i on s t r i ngency requ i red . 

P rehypridi z at i on s o lut i on ( ny l o n  membrane ) :  2 5  5 0 %  
I 

fo rmamide ( depending on the hybridi z at i on s t r i ngency 

requ i red ) , 5x S SC ( S ect i on 2 . 2 2 . 5 ) , 0 . 5 % SDS ( S ect ion 

2 . 2 2 . 6 ) ,  5x  Denhardt ' s  so lut i on , 1 0 0  �g/ml s o n i c a t e d ,  

denatured her r ing sperm DNA . 

• 1 0 0 x  Denhardt ' s s o l ut i on : 2 %  F i c o l l  4 0 0 ,  2 %  p o l yviny l ­

pyrro l i done and 2 %  bovine serum a lbumin ( Type I I I  s odium 

s a l t , S i gma ) . Make up s o lut i ons o f  individual comp onent s 

s eparat e l y  in s t e r i l e  H20 at 6 %  concent rat i on and then mi x 

t ogether equal volume s o f  each . Keep work ing a l iqu o t s  at 

4 °C and free z e  rema i nder at - 2 0°C . The s e  so lut i ons are t o o  

v i s c ou s  t o  b e  s t er i l i z e d  by f i lt rat ion and B S A  cannot b e  

aut o c l aved without c au s ing it t o  denature , so  free z ing i s  

nece s s ary t o  prevent microb i a l  growth . 
• 1 0 0  �g/ml son i c ated,  denatured he r r ing sperm DNA : di s s o l ve 

the DNA ( Boehringe r ,  Cat . No . 2 2 3  6 4 6 )  in s t e r i l e  H20 at 

a c oncent rat i on of 1 0  mg/ml . I f  nec e s s ary , st i r  the 

s o l ut i o n  on a magnet i c  s t i rrer for 2 4 h at room 

t empe rature to help the DNA to d i s s o lve . S oni c at e  t o  

redu c e  the mo l e c u l a r  s i z e  t o  1 - 5 kb ; the v i s c o s i t y  o f  

the s o l ut i o n  should de crease not iceab l y . St ore i n  1 m l  

a l iqu o t s  a t  -2 0°C . 
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2 . 1 3 . 3  Remova l o f  p robe f rom b l o t s  

Hyb r i di z ed probe was removed from both Northern and S outhern 

blot s ( n it roce l lu l o s e  and n y l on membrane s ) , a l l owing the s ame 

membranes to be reprobed with a l t e rnat ive probes . The mem­

brane wa s removed fr om the p o l yethyl ene f i lm used for aut o ­

radi ography and p l aced i n  a p l a s t i c  cont aine r . Bo i l ing O . l x 

s s e ,  0 . 1 % S D S  ( 2 0 0  ml ; see Sect i on 2 . 2 2 . 5  for 2 0 x  s s e s t o c k  

and S ec t i on 2 . 2 2 . 6  f or 1 0 %  S D S  s t o c k ) was poured ont o the 

membrane and the cont a iner was agit ated gent l y  for 1 5  min , 

a l l owing t he s o l ut i on t o  c o o l  t o  room tempe rat ure . The 

s o l ut i on was then removed and the t reatment was repeated . 

F o l l owing t h i s  treatment , t he membrane was r i n s e d  b r i e f l y  

with O . l x s se a t  room tempe rature , l i ght l y  b l ot t ed o n  a p i e c e  

o f  paper . t owe l ,  s e a l e d  in a p l a st i c  b a g  and then s t o r e d  a t  -

2 0 oe .  

2 . 1 4 L abe l l i ng o f  DNA 

2 . 1 4 . 1  N i ck t ra n s l at i o n 

The l abe l l ing of  doubl e -st randed DNA by n i c k  t rans l at i on 

depends on the combined abi l it i e s  of E .  col i DNA p o l ymerase 

I ( P o l  I )  to  add nu c l e ot ide r e s i dues t o  the 3 '  -hydroxyl 

t e rminus o f  a n i c k ,  gene rated by DNase I ,  and to r emove 

nuc l e ot ides f rom t he adj acent 5 '  phosphoryl t e rminus . The 

met ho d  us e d t o  make DNA probes by n i c k  t r ans l at i on wa s b a s e d  

o n  the methods of  Rigby e t  al . ( 1 9 7 7 )  and K .  Reed ( unpub­

l i shed) . The n i c k  t r ans l at i on react ion was set up in a 1 . 5 ml 

m icro fuge tube as fo l l ows : 
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DNA ( 0 . 2  Ilg )  + de ion i z ed H2O 1 8 . 0  III 
l O x  NTB 3 . 5  III 
0 . 1  M D T T  2 . 0 III 
1 mg /ml BSA 3 . 5  III 
0 . 5  mM dNTP mix l . 0  III 
[ a_32p] dCTP 2 . 0  III 
2 0 0  ng/ml DNase I 5 . 0  ul 

TOTAL 3 5 . 0  III 

The tube wa s vort exed,  cent ri fuged b r i e f l y  and incubat ed at 

1 4 °C for 1 5  min . A 0 . 5  III a l iquot was removed during thi s 

incubat ion f o r  subs equent ana l y s i s  by PE l -c e l l u l o s e  chrom­

at ography ( Se ct i on 2 . 1 4 . 3 ) , when requ i red . A 1 III a l i quot o f  

P o l  I was then added and the tube was vortexed b r i e f l y  and 

incubat ed at 1 4 °C for 1 5  min . The react i on was stopped by 

adding 4 1 111 of l O x  stop so lut ion and a second 0 . 5 III a l i quot 

was removed for P E l -c e l l u l o s e chr omat ography . The l abe l led 

DNA w as  pre c i p i t ated by adding 2 0  III o f  7 . 5  M ammonium 

acetate and 1 2 0  �l  of ethanol and pe l l e t e d  by cent r i fugat i o n  

f o r  2 0  min ( s ee Sect i on 2 . 2 1 ) . The supernatant was then 

d i s c a rded and the pe l l et was r i n s e d  with 8 0 %  ethan o l  and 

recent r i fuged for 5 min . The r i n s e  wa s repeated and the 

pe l l et wa s f in a l l y  redi s s o lved i n  5 0  II I TE ( Sect i on 2 . 2 2 . 4 ) . 

The tube cont a i n ing the pr obe was p l ac e d  i n s i de a l i qui d  

s c i nt i l l at i on vi a l  and counted ( Ce renkov) in a l i quid 

s c i nt i l l at i on c ount e r . The probe was then st ored at - 2 0°C 

unt i l  requ i red . 

Requ i rement s 

• l O x  NTB : 0 . 5 M T r i s -HC1 , pH 7 . 5 ,  0 . 0 7 5  M magn e s ium 

acet at e . S t e r i l i z e by f i l t rat i on ( 0 . 2  ).lm, TCM-2 0 0 ,  Ge lman ) 

and s t ore i n  2 0  ).ll a l iquot s at -2 0°C . 

1 M D TT : di s s o l ve 3 . 0 9 g of  D T T  in 2 0  ml o f  0 . 0 1 M s odium 

acetate / acet i c  a c i d ,  pH 5 . 2 .  S t e r i l i z e by f i l t rat ion ( 0 . 2  

).lm , TCM-2 0 0 ,  Ge lman ) and store in 2 0 0  III a l i quot s at -

2 0°C . D i lute 1 / 1 0  with H20 for 0 . 1  M st ock . 
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• 1 mg /ml BSA : d i l ut e  2 0  mg /ml s t o c k  o f  nuc l e a s e- f ree B SA 

( Boehringe r )  in steri l e , de i on i z e d  H20 and store i n  5 0  � l  

a l iquot s a t  - 2 0 °C . 

• 0 . 5 mM dNTP mix : mix 5 �l  o f  2 0  mM dATP , 5 � l  o f  2 0  mM 
dGTP , 5 � l  o f  2 0  mM dTTP and 1 8 5 �l o f  TE ( Se ct i on 

2 . 2 2 . 4 ) . St o re in 2 0  �l  a l iquot s at - 7 0°C , with one 

working a l i quot at -2 0°C . 

• [ a_32p]  dCTP ( aqueous so lut i on , Ame rsham) at 1 0  mC i / ml and 

a spe c i f i c  act ivity of approx . 3 0 0 0  Ci /mmo l was purchased 

mont h l y  and s t ored at -2 0 °C .  

• DNase I :  di s s o lve 5 mg of  deoxyribonu c l e a s e  I ( D 4 5 2 7 ,  

S i gma ) in 2 . 5 ml o f  0 . 1 5 M NaCI , 5 0 %  g l y c e ro l . S t o re in 5 0  

�l a l iqu o t s  at -7 0 °C , with one working a l i quot at -2 0°C . 

P repare a s o lut i o n  o f  2 0 0  ng / ml by two suc c e s s i ve 

di lut ions o f  1 : 1 0 0  into de i on i z ed H20 immedi at e l y  before 
I 

./ u s e . I 

• P o l  I :  E .  c o l i  DNA polymer a s e  I at a concent rat i o n  o f  5 

U / � l  was obt a i ned f r om Ame r s ham . 

• l O x  s t op so lut i on : 1 2 5  mM ED TA,  5 %  ( w/ v )  SDS , from 0 . 5 M 

EDTA and 1 0 %  S D S  ( S ect i on 2 . 2 2 . 6 ) s t o c k s . 

2 . 1 4 . 2  D e n a t u rat i o n  o f  p robe 

Labe l led DNA ( S e c t i on 2 . 1 4 . 1 ) was made s ing l e - s t r ande d 

immediat e l y  b e f o r e  being u sed in a hybridi z at i on exper iment . 

An equ a l  vol ume o f  formami de wa s added t o  the pr obe and the 

probe was heated at 7 0 °C for 5 min and then quenched on i ce . 

Alte rnat ive l y ,  0 . 1  volume o f  1 M NaOH wa s added t o  the probe 

and the p r obe was incubated at 3 7 °C for 5 min . 

2 . 1 4 . 3  P E l - ce l l u l o s e  ch r oma t o gr aphy 

The nick t r an s l at i on react i on was opt imi z ed and the qu a l it y  

of  di ffe rent bat ches o f  [ a_32p] dCTP were checked b y  ana l yz ing 

a l i quot s f rom t he react i on ( S e ct i on 2 . 1 4 . 1 )  with PE I ­

c e l l u l o s e  chroma t ography . The two s amp l e s  from each n i c k  

t rans l at i on react i on ( Se ct i on 2 . 1 4 . 1 ) were spotted ont o 
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o r i g i n  marks on a sheet o f  P E l -ce l lu l o s e  ( p o l yethy l ene imine­

c e l l u l o s e  c o at ed p l ast i c  she e t s  for thin l aye r chrom­

atography ; S ch l e i cher and S chue l l ,  F 1 4 4 0  PE l ) . and a i r ­

dr ied . The s amp l e s  were chromat ographed in a f o i l -cove red 

beake r  c on t a i n ing O .  75 M KH2P04 , adjusted t o  pH 3 . 5  with 

orthophosph o r i c  a c i d ,  t o  a depth o f  approx . 2 mm . The sheet 

wa s removed f rom t he beaker when the s o l vent front was ne a r  

the t op and wrapped in p o l yethyl ene f i lm . The sheet wa s then 

t rans ferred t o  an aut o radiography c a s sette and aut o radio ­

graphed onto X-ray f i lm ,  wit hout an inten s i fy ing s c re en , f o r  

1 0  - 3 0  m i n  at room t empe r ature . The aut o radi ograph wa s 

deve l oped a s  de s c ribed in S e ct i on 2 . 6 . 1 0 .  

2 . 1 5 S ubc l o n i n g  DNA f r agme n t s 

j 
DNA f r agmen t s  we re rout i n e l y  subc l oned int o the p l a smid 

ve c t o r s  pGEM- 3 Z  ( P romega ) , p SP 7 2  ( P r omeg a )  o r  pUB S ( pUC 1 9 

with the o r iginal p o l y l inker rep l aced by the KS p o l y l inker 

from B l u e s c r ipt ( St ratagene ) ;  obt a ined f rom R .  F o r s t e r , 

D S I R ) . Both pGEM- 3 Z  and pUB S encode the alpha fr agment o f  

bet a -gal act o s idase when expre s sed i n  a s t ra i n  encoding the 

comp l ement ing bet a f ragment , such a s  E .  coli  JM1 0 9 ,  E .  col i 

DH5a, or E .  col i M C1 0 2 2 . The a lpha fragment c oding sequenc e ,  

under cont r o l  o f  the l a c  promot e r ,  i s  int e r rupted by the 

p o l y l inker sequence that maint a i n s  the proper open re ading 

frame for p roduct i on of funct ional a lpha f ragment . I n s e rt i on 

o f  DNA f ragment s int o  the po l y l inker d i s rupt s  thi s open 

reading f r ame , r e s u l t ing in an inabi l it y  to p r oduce 

funct i o n a l  bet a- galact o s i da se ; thus c l on e s  cont a i n ing 

ins ert ions can be ident i f ied on appropriate indi cat o r  p l at e s . 

Requ i rement s 

• E .  col i JM1 0 9 ( Yan i s ch-P e rron et a l . ,  1 9 8 5 ) : endA1 , recA1 , 

syrA9 6 ,  t h i , h sdR1 7 ( rK- ,  m/ ) , relA1 , s upE 4 4 ,  'A.- , /). ( l a c­

proAB ) , [ F ' , t raD 3 6 ,  proAB , l a cIQZI1M 1 5 ] . 
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• E .  col i DH5a ( BRL ) : F- , <l>8 0 d ,  l a cZ6M1 5 ,  endA1 , re cAl , 

hsdR1 7 ( rK- ,  m/ ) , supE 4 4 ,  thi- 1 , d- , gyrA 9 6 ,  6 ( l a cZYA-argF )  , 

U 1 6 9 . 

• E .  col i MC 1 0 2 2  ( St an fo rd e t  a l . ,  1 9 8 9 ) : araD 1 3 9 ,  6 ( ara , 

l e u ) 7 6 9 7 ,  l a cZ.1M 1 5 , ga l U ,  ga l K ,  s t rA .  

2 . 1 5 . 1  D i ge s t i o n  o f  p l a sm i d  vect o r  DNA 

App r o x . 0 . 5 �g of vec t o r  DNA was dige s t ed with the app r o ­

p r i at e  rest r i ct i on enz yme ( s )  a t  3 7 °C ( S ect i on 2 . 1 9 )  . When t h e  

d i g e s t  w a s  w i t h  a s ingle rest r i c t i on enz yme , 0 . 5  Jll o f  

pho sphat ase w a s  added and the dige st wa s incubated f o r  a n  

addi t i on a l  3 0  min a t  3 7 °C . The dige s t ed DNA w a s  then pu r i f i e d  

w i t h  Gene c lean a n d  used in a l i gat ion react ion ( Se ct i on 

2 . 1 5 . 2 ) " When prob lems were enc ount ered with incomp l e t e  
J 

dige s t i on o f  vect o r  DNA ,  the digest was e l e ct ropho r e s e d  on an 

aga r o s e  ge l ,  without addit ional pur i f i c at i on , and the band 

con s i s t ing of l i near i z ed ve c t o r  DNA was exc i s ed from the ge l 

( se e  S ect ion 2 . 1 1 . 3 ) . The DNA fr agment was then pur i f i e d  with 

Genec lean and used i n  a l i gat i on react i on ( S ect ion 2 . 1 5 . 2 )  

Requ i rement s 

• Pho sphat a se : a l k a l ine pho sphat a s e  f rom c a l f  int e s t ine , 

mo l e c u l a r  b i o l ogy grade , at a con cent rat i on o f  2 2  U / � l  was 

obt ained f rom Boehr inge r . 

2 . 1 5 . 2  L i gat i o n  o f  c l o n e d  DNA w i t h  vect o r  DNA 

DNA s amp l e s , digested with the appropr i at e  r e s t r i ct i on 

enz yme ( s )  ( S e ct i on 2 . 1 5 . 1 ) , were e l e ct ropho resed on an 

aga rose gel ( 0 . 5  - 3% depending on the s i z e  of fragment to be 

sub c l oned) . The f r agment of  interest was exc i s ed from the ge l 

and t ransfe rred t o  a 1 . 5 ml micro fuge tube ( s ee S e ct i on 

2 . 1 1 . 3 ) . The dige sted vect or DNA ( S ect i on 2 . 1 5 . 1 ) was added 

to t he tube and the comb ined DNAs were pur i f i ed with 

Genec l e an and e luted with 15 �l o f  H20 as de s c r ibed i n  
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Sect i on 2 . 1 1 . 8 .  The e lut ed DNA wa s mixed with 4 II I  o f  5 x  

l i gase bu f f e r  and 1 �l of  T 4  DNA l i ga s e . Ligat i on s  invo lving 

ve c t o r  and f ragment DNAs with st i c ky ends ( comp l ement ary 3 '  

or  5 '  overhangs ) we re incubated at ro om t empe rat ure f o r  2 -

1 6  hi  l i gat i on s invo lving ve ct o r  and ins ert DNAs with b l unt 

ends we re incubat ed at 1 4°C for at least 1 6  h .  The l i gat i on 

was then either u sed immediat e l y  t o  t ran s fo rm c ompet ent E .  

col i c e l l s  ( S ect i on 2 . 1 5 . 4 ) or stored at - 2 0°C unt i l  

requ i red . 

Requ i rement s 

• 5 x  l igase bu f f e r  ( K ing and B l ake s ley , 1 9 8 6 ) : 5 0  mM Tri s ­

HC l ,  p H  7 . 6 , 1 0  mM MgC 1 2 , 5 %  P E G  8 0 0 0 ,  1 rnM ATP ( fr om 0 . 1  

M s t 9 c k i  S e ct i on 2 . 4 . 4 ) , 1 mM DTT ( from 1 M s t o c k ;  S e ct i on 

2 . 1 4 1. 1 ) . 
• T4  DNA l i gase at a concent rat ion o f  approx . 1 U / �l ( We i s s  

unit ) was obt a ined from BRL . 

2 . 1 5 . 3  P repa rat i o n o f  c omp e t ent E .  col i c e l l s  

Competent E .  col i c e l l s  we re p repared by CaC12  t re atment 

fol l owing the method of Mi l le r  ( 1 9 8 7 ) . I n i t i a l l y , E .  col i 

JM 1 0 9  was u sed but t h i s  st rain was subsequent l y  rep l aced by 

E .  coli s t r a i n s  DH5a and MC 1 0 2 2  ( S ect i on 2 . 1 5 ) , both of whi ch 

gave t rans f o rmat ion e f f i c ienc e s  o f  app rox . 1 0 0 x  that o f  E .  

coli JM1 0 9  when u s ing CaC 1 2 -t re ated , compet ent c e l l s . 

A 1 0  ml overn ight cult ure in LB medium ( Sect i on 2 . 1 5 . 8 ) wa s 

grown up ove rni ght at 3 7 °C with shak ing . The ove rnight 

culture was then di luted 4 0 - f o l d  int o 2 5 0  ml of LB medium in 

a 1 l i t re f l a s k  and the f l a s k  was incubated at 3 7 °C with 

vigorous agit at i o n  unt i l  an Asso o f  0 . 4 - 0 . 5 was reache d . The 

culture was chi l l ed by swi r l ing in an i ce -wat e r  bath and then 

t rans f e r red to two 2 5 0  ml cent r i fuge bot t l e s  (Na lgen e ) and 

cent r i fuged i n  a So rva l l  GSA rot or at 5 , 0 0 0  rpm and 4 °C f o r  

1 0  min . The supernat ant s were poured o f f  and e ach pe l l et was 
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resuspended in 6 0  ml of  i ce - c o l d  1 0 0  mM CaC12  by suck ing up 

and down with a 1 0  ml pipette att a ched to a P i -pump . The 

resu spended ce l l s  were combined i n t o  one cent ri fuge bott l e  

and incubated on ice for 3 0  min with o c c a s i onal agi t at i on . 

The c el l s  we re then cent r i fuged a s  above and resuspended i n  

2 0  ml o f  i c e -c o l d  1 0 0  mM CaC 1 2 ,  1 5 %  g l y c e ro l . Al iquot s o f  2 0 0  

�l we re di s t r ibut ed int o  s t e r i l e  1 . 5 m l  micro fuge tubes and 

the tube s were incubat ed on ice for approx . 2 4  h .  The 

competent ce l l s  were then frozen i n  an ethan o l -dry i c e  bath 

and stored at -7 0 °C . 

2 . 1 5 . 4  T ra n s f o rmat i o n  o f  E .  c o l i 

A t ube o f  f ro z en c ompet ent ce l l s  ( S e ct i on 2 . 1 5 . 3 ) was t hawed 

on i c e . ,  A 1 0  III al iquot of  the l i gat i on react i on ( S e ct i on 

2 . 1 5 . 2 ) 1 wa s gent l y  mixed with the c e l l s ,  and the c e l l s  wer e  

incubated o n  i c e  for a t  least 3 0  min . The c e l l s  were then 

heat sho cked for 2 - 3 min in a 4 3°C wat e r  bath and t rans ­

ferred t o  i c e  f o r  1 min . A 4 0 0  III a l i quot o f  SOC medium was 

mixed with the ce l l s  and the t ube was i ncubated for 1 h at 

3 7 °C without shaking . An a l iquot of t ransformed cel l s  

( t ypi c a l l y  1 0 0  - 2 0 0  �l ) was then spread on an LB Amp p l a t e  

and the p l at e  w a s  incubated ove rnight at 3 7 °C . P l at e  cu l t u r e s  

we re s t o red at 4 °C f o r  u p  to  1 mont h . 

Requ i rement s 

LB Amp p l a t e s  (per l it re ) : 1 0  g Bact o -t rypt one , 5 g yeast 

ext r ac t , 1 0  g NaCl 15  g agar . Ad j u s t  pH to 7 . 5  with NaOH 

and aut o c l ave f or 25 min . Cool t o  6 0°C . In a l aminar f l ow 

c abinet , add 5 0  mg of  amp i c i l l i n  ( s odium s a l t , S igma ) . 

Swi rl  t o  di s s o lve the ampi c i l l in and pour into p l at e s . 

Al l ow the p l at e s  t o  harden and then dry for 2 0  min i n  the 

l aminar f l ow c ab i net with the l i ds of the p l at e s  removed . 

S eal  p l at e s  in a p l a st i c  bag and s t o re at room tempe rature 

for up to 1 mont h . 



9 7  
• SOC me dium : LB medium ( S e ct i on 2 . 1 5 . 8 ) suppl emented with 

1 0  mM MgS04 1 10  mM MgC12 1 and 20  mM glucose . 

• 1 M MgS04 1 1 M MgC 1 2 : s t e r i l i s e  by f i l t ra t i on through a 

0 . 2 2 �m f i l t e r  ( TCM-2 0 0 ,  Ge lman ) . 

2 M g l u c o s e : fi l t e r  st e r i l i s e as for 1 M MgS04 • 

2 . 1 5 . 5  S e l e c t i o n  o f  t ran s fo rmant s 

C l oned i n s e rt s  in the p l asmids pGEM-3 Z  and pUB S were s e l e cted 

by b l u e / wh i t e  c o l our s c reen i ng ( s ee S e ct i on 2 . 1 5 ) . An LB Amp 

plate ( S e c t i o n  2 . 1 5 . 4 ) was spread with 3 0  �l each o f  X -G a l  

and I P T G  and the p l ate wa s a l l owed t o  dry for approx . 3 0  min . 

An a l i qu o t  o f  t ran s fo rmed c e l l s  ( Se c t i on 2 . 1 5 . 4 )  wa s then 

spread on t he p l at e . Aft er ove rn i ght growth,  c e l l s  that had 

been t ra�s f ormed with a p l asmid c ont a i ning an ins ert produced 

wh i t e  c oio n i e s  whi l e  ce l l s  t r an s f o rmed with a p l asmid l ac k i n g  

an i n s e rt p r o duced sma l l e r , b l u e  c o l on i e s . When nece s s ary , 

the bl ue c o l ou r  was made more intense by incubat ing the p l at e  

at 4 °C f o r  1 - 2 days . 

Requ i rement s 

• X-G a l : d i s s o lve 2 0  mg o f  X-Gal ( 5 -bromo -4 -chl o r o - 3 -

indo l y l -p-D -ga l a c t o s i de )  in 1 ml o f  N , N ' dimethy l formamide 

and s t o re at -2 0 °C .  

I P T G : di s s o lve 2 0  mg o f  I P TG ( i sopropy l -p-D -t h i o-

g a l a c t opyrano s i de )  in 1 ml o f  s t e r i l e  H20 and store f r o z en 

at -2 0 °C . 

2 . 1 5 . 6  C h a racte r i z at i o n  o f  t r a n s f o rmant s 

A numb e r  o f  c o l on i e s  ( t yp i c a l l y  6 white c o l on i e s , S e c t i on 

2 . 1 4 . 5  o r  1 2  non-c o lou r s e lected c o l on i e s )  was pat ched out 

ont o an LB Amp p l ate ( S ect ion 2 . 1 5 . 4 ;  see D avi s et a l . ,  

( 1 9 8 0 )  f o r  temp l at e s )  and the p l at e  was i ncubated ove rnight 

at 3 7 °C . P l a smid DNAs we re prepared from each pat ch culture 

( S ect i on 2 . 1 5 . 7 )  an d an a l iquot o f  e ach DNA preparat i on wa s 



characte r i zed by rest r i ct i on 

appropriate enz yme ( s )  and 

( S e ct i on 2 . 1 9 ) . 

e n z yme 

agaro s e  
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dige s t ion with the 

ge l e l e ct ropho re s i s  

2 . 1 5 . 7  L i C l -b o i l i ng me t h o d  f o r  p l a s m i d  m i n i ­

p reps 

The method u sed f or preparing mini -preps o f  p l asmi d DNAs was 

based on that of Wi l imz i g  ( 1 9 8 5 ) . C e l l s ,  e ither s craped o f f  

a n  overnight p l at e  or  pe l l eted from a n  overnight cu lture b y  

cent r i fugat ion f o r  5 min , were resu spended in 1 0 0  �l  o f  TELT 

bu f fe r  in a 1 . 5 ml micro fuge tube and 1 0  �l of a f r e s h l y  

prepa red aqueous s o lut i on o f  l y s o z yme ( 1 0  mg/ml ) w a s  added . 

The tube wa s vortexed and p l aced in a bo i l ing wat e r  bath f o r  

1 m i n . The tube was then c o o l ed on i c e  f o r  5 m i n  a n d  cent r i -1 
fuged f o r  1 0  min at room t empe r ature t o  pe l let c e l l debr i s  

a l ong with L i C l -pre c ip i t at e d  rRNA and protein aggregat e s . The 

pe l let was removed with a 2 0 0  �l p ipette t ip and 2 5 0  �l o f  

ethan o l  was added t o  the supe rnat ant . The tube was then 

cent r i fuged for 2 0  min to p e l let the p l a smid DNA . The s uper­

nat ant was removed and the pe l l et wa s rinsed with 5 0 0  � l  o f  

8 0 %  ethanol . The tube wa s recent r i fuged for 5 min and the 

supe rnat ant was again removed . The p l a smid DNA pe l l et wa s 

redi s s o lved in 3 0  �l o f  H20 with heat ing at 6 5°C for 1 0  min . 

An a l i quot o f  e ach DNA prepa rat i on ( t ypi c a l l y 3 � l ) was 

charact e r i z ed by re st r i ct i o n  en z yme dige s t i on and agaro s e  ge l 

e l ect rophore s i s  ( S ect i on 2 . 1 9 ) . 

Requ i rements 

TELT bu f fe r : 50 mM T r i s -HC 1 , 6 2 . 5  mM EDTA,  0 . 4 % T r i t on x-
1 0 0 ,  2 . 5 M L i C l ,  pH 7 . 5 .  

2 . 1 5 . 8  S t o rage o f  r e c omb i n ant c l o n e s  

The method u s ed f o r  the s t o rage o f  E .  col i rec omb i n ant c l one s 

was bas ed on the method o f  G .  L ims owt i n  ( p e r s o n a l  c ommun-
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ic at i o n ) . Each pos it ive i s o l at e  wa s i n o c u l at ed into 5 ml o f  

LB Amp medium in a Un ive r s a l  bot t le and incubated ove rnight 

at 3 7 °C with shaking at approx . 2 0 0  rpm . Two 5 0 0  �l a l i quot s 

we re then t rans fe rred to s t e r i l e  1 . 5  m l  mi cro fuge tubes and 

the tube s were c ent ri fuged for 2 min . The supernat ant s wer e  

removed and e ach ce l l  pe l l et w a s  resu spended in 2 5 0  � l  o f  

Revco medium . The tubes were then p l aced direct l y  i n t o  a -

7 0°C free z e r  f o r  s t o rage . 

Requ i rement s 

• LB Amp medium : LB medium supp l emented with ampi c i l l in from 

a 1 0 0  mg /ml s t ock t o  1 0 0  �g / m l . 
• LB medi um ( p e r  l it re ) : 1 0  g Bact o-t rypt one , 5 g yeast 

extract , 1 0  g NaC I . Adj u st pH t o  7 . 5 with NaOH . Aut o c l ave 
, 

for 2 5  min . 

1 0 0  mg /ml amp i c i l l in : d i s s o l ve 1 g o f  amp i c i l l i n ( s odium 

s a l t , S i gma ) i n  1 0  ml o f  H20 . S t e r i l i z e  by f i l t rat i on 

through a 0 . 2 2  �m f i l t e r  ( TCM-2 0 0 ,  Ge lman ) and s t o re i n  

2 0 0  �l  a l i quot s a t  - 2 0 °C . 

Revco medium : mix 1 0  ml o f  l O x  Revco s a l t s with 3 0  ml o f  

g l y c e r o l  and 6 0  ml o f  H20 and aut o c l ave . 

l O x  Revco s a lt s : d i s s o l ve 7 g K2HP04 , 3 g KH2P04 1 0 . 5 g 

s odium c i t r ate , and 0 . 1  g MgS04 . 7 H20 in H20 and make up t o  

1 0 0  mi . 

2 . 1 6 

2 . 1 6 . 1  

L a rge - s c a l e  p l a s m i d  DNA p repa r at i o n  

P l a sm i d  DNA i s o l at i o n  by a l k a l i ne l y s i s  -

Met h o d  1 

This method was based on that de s c r ibed in the P r omega 

Techn i c a l  Bu l l et i n ,  Number 0 0 9 . A s ingle c o l ony wa s 

inocu l at e d  int o 5 ml of  LB Amp medium ( S ect ion 2 . 1 5 . 7 ) and 

the culture was i ncubated overn i ght at 3 7°C with shak i ng . A 

0 . 5 ml a l i quot o f  t h i s  culture was then inocu l ated int o 2 5 0  

ml o f  the s ame medium i n  a 1 l it e r  f l a s k  and the f l a s k  was 
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incubat ed  ove rn i ght at 3 7°C with vigorous shaking . The c e l l s  

we re t rans fe r red t o  a 2 5 0  m l  cent r i fuge bot t l e  ( N a l gene ) and 

harve sted by c ent r i fugat i on in a S orva l l  GSA rotor at 5 , 0 0 0  

rpm and 4 °C f o r  1 5  min . The ce l l  pe l let wa s resuspended in 6 

ml o f  fre s h l y  prepared lys i s  buf fer by pipet t i ng up and down 

with a 1 0  ml  p ipet t e  att ached t o  a P i -pump . The resuspended 

ce l l s  we re t ra n s f e rred to a 50 ml  cent ri fuge t ube ( Oak Ridge , 

Nalgene ) and i ncubated in i c e  wat e r  for 2 0  min . F r e s h l y  

prepared 0 . 2 M NaOH , 1 %  SDS  ( 6  ml ) wa s adde d ,  t h e  tube was 

mixed by inve r s i o n  and incubat e d  in i ce wat e r  for 1 0  mins . 
S odium a c e t at e / acet ic a c i d ,  pH 4 . 6  ( 3  M with respect t o  

s odium ;  7 . 5 ml ) was adde d ,  the t ube wa s again mixed by 

inve r s i on and i ncubat ed for 2 0  min i n  ice wate r . The tube wa s 

then cent r i fuged in a Sorva l l  S S - 3 4  rot or at 1 5 , 0 0 0  rpm and 

4°C for
, 
1 5  min . The supernat ant wa s t rans fe r red to anothe r 

tube , m� xed with 5 0  �l  o f  RNase A ( 1  mg /ml ) and incubated at 

3 7 °C for 2 0  min . The tube was then a lmo st f i l led with 

phen o l / ch l oro f o rm ( S ect i on 2 . 2 2 . 2 ) , vortexed for 30 s e c onds 

and cent r i fuged as above for 5 min . The pheno l / ch l o r o form 

ext ract i on was repeated and the aqueous phase was distr ibuted 

into 2 tubes . Ethan o l  ( 2  vol . )  was  added t o  e ach tube , the 

tube s we re cent r i fuged at 1 0 , 0 0 0  rpm and 4°C for 1 0  min and 

the supe rnat ant s we re removed . The DNA pe l le t s  we re d i s ­

s o lved, w i t h  gent l e  agitat i on a t  3 7°C , i n  a t o t a l  vo l ume o f  

ei ther 1 . 6  ml  o f  H 2 0  f or furt he r pur i f i cat i on b y  P E G  p r e c i p i ­

tat ion ( S ect i on 2 . 1 6 . 3 ) o r  4 ml  TE ( Se ct i on 2 . 2 2 . 4 )  for  

furthe r pur i f i c at i o n  by C s C I  gradient cent r i fugat ion ( S e ct i on 

2 . 1 6 . 4 ) 

Requ i rement s 

• Ly s i s  b u f f e r : 

( w / v )  s u c ro s e ,  

2 5  mM T r i s -HC l ,  p H  7 . 5 ,  1 0  mM EDTA, 

2 mg /ml l y s o z yme ( S igma , No . L 6 8 7 6 ) . 

1 5 %  
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1 0 1  

P l a s m i d  DNA i s o l at i o n  by a l k a l i ne l y s i s  -

Met h o d  2 

Thi s method was based on that de s c r ibed by Grinsted and 

Bennett ( 1 9 8 8 ) . The y i e l d  of DNA obt ained us ing thi s method 

was l owe r than that of Method 1 ( Sect i on 2 . 1 6 . 1 ) but the DNA 

was found t o  be more sui t ab l e  for dige s t i o n  with E .  col i 

exonuc l e a s e  I I I ( S e ct i on 2 . 1 7 . 1 ) , probab l y  becau se o f  l e s s  

n i ck i ng o f  the p l a smid DNA from endogenous DNa s e s  du ring the 

init i a l  ce l l  l y s i s  s t ep . 

A 2 5 0  m l  overn ight culture wa s harvested a s  de s c r ibed in 

Sect i on 2 . 1 6 . 1 .  and the c e l l pe l l et was resu spended i n  13 ml 

o f  5 mM EDTA . The resu spended c e l l s  were t ran s fe rred to a 5 0  

ml cent �i fuge t ube ( Oak Ri dge , Nalgene ) and mixed with 1 ml  

o f  1 0 %  �D S  ( Sect i on 2 . 2 2 . 6 ) and 1 ml o f  2 M NaOH . Aft e r  a 5 

min incubat i on at room t empe rature , 7 . 5 ml  o f  pot a s s ium 

acetate s o l ut i on wa s added and t he tube was mixed by inve r ­

s i on and incubated a t  room t empe rature for a n  addit ional 5 

min . The tube was then cen t r i fuged in a Sorva l l  S S -3 4  rot o r  

a t  1 5 , 0 0 0  rpm and 4 °C f o r  5 min . The supernat ant was t ran s ­

ferred t o  �nother tube and mixed with 0 . 4 m l  o f  4 M s odium 

acet at e / acet i c  a c i d ,  pH 6 and 1 2  ml o f  i s opropano l .  The tube 

was cent ri fuged as above and then the supe rnat ant wa s 

removed . The tube was f i l led with ethano l ,  cent r i fuged a s  

above f o r  1 min and t he supernat ant was agai n  removed . The 

pe l l et was dr i e d  f o r  5 min under vacuum and redi s s o l ved in 4 

ml o f  TE ( Sect i on 2 . i 2 . 4 ) with gent le s hak i ng at 3 7 °C . The 

DNA wa s furthe r pur i f ied by C s C l  gradient cent ri fugat i o n  

( Sect i on 2 . 1 6 . 4 )  . 

Requ i rement s 

• P ot a s s ium acetate s o l ut i on : add 1 1 . 5  ml  o f  g l a c i a l  acet i c  

a c i d  and 2 8 . 5  ml  o f  H2 0 t o  6 0  ml o f  5 M pot a s s i um acetat e . 

The s o l ut i on i s  3 M with re spect to  pot a s s i um and 5 M with 

re spect to acet ate . 
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2 . 1 6 . 3  P l a sm i d  DNA p u ri f i cat i o n  by P E G  

p r e c i p i t at i o n  

Thi s method was based o n  that de s c r ibed i n  the P romega 

Techn i c a l  Bul l et i n ,  Numbe r 0 0 9 .  The DNA s o l ut i on in a tot a l  

vo l ume o f  1 . 6  ml  ( Se ct i on 2 . 1 6 . 1 ) wa s t rans fe rred to a 1 5  m l  

g l a s s  c ent r i fuge tube ( Co r e x )  and mixed with 0 . 4  m l  o f  4 M 

NaCl and 2 ml o f  1 3 %  ( w / v )  po l yethyl ene g l y c o l  6 0 0 0  PEG . The 

tube wa s i ncubat ed in ice wat� r for at l e a s t  1 h and then 

cent r i fuged in a S o rva l l  S S - 3 4  rot o r  at 1 0 , 0 0 0  rpm and 4 °C 

for 1 0  min . The s upe rnat ant wa s removed and the pe l l et was 

rinsed with 5 ml  of c o l d  ( -2 0°C ) 7 0 %  ethan o l  and redi s s o lved 

in 5 0 0  �l  of H20 . An e s t imate of the DNA con cent rat i on was 

made by di lut ing t he DNA s o lut i on 1 / 5  with H20 and e l e c t r o ­

pho r e s ing 1 �l o f  t h e  di luted DNA on a n  agarose ge l ( S e ct i on � 
2 . 1 1 . 3 ) : The DNA s o l ut i on was st ored at -2 0°C . 

2 . 1 6 . 4  P l a s m i d  DNA p u r i f i cat i o n by C s C l  g r a di e nt 

cent r i fugat i o n  

The DNA s o lut i on ,  in a t o t a l  vo lume o f  4 ml ( Sect i ons 2 . 1 6 . 1  

and 2 . 1 6 . 2') , wa s mixed with 4 0 0  �l  o f  1 0  mg lml ethidium 

bromide s o l ut i on ( Sect i on 2 . 1 1 . 3 ) and 4 . 4  g of C s C l . The C s C l  

w a s  di s s o lved b y  gent l e  agi t at i on . The den s i t y  o f  the 

s o lut i on was det e rmined by we ighing a 1 ml a l iquot and 

a d j u s t e d ,  i f  nece s s ary , t o  1 . 5 5 - 1 . 5 9  glml by adding TE 

( Se c t i on 2 . 2 2 . 4 ) o r  addi t i onal C s C l . The s o l ut i on wa s t rans ­

f e r red t o  a 5 ml p o l ya l l omer cent r i fuge tube ( Beckman , No . 
, 

3 4 2 4 1 2 )  and t he t ube was f i l l e d ,  i f  nece s s ary , with a C s C l , 

ethidium bromide s o lut i on o f  the s ame den s it y  ( s ee above ) and 

s e a led . The tube was cent r i fuged in a Beckman VT i 6 5 r o t o r  at 

4 8 , 0 0 0  rpm and 1 4 °C for 1 6  h or at 5 5 , 0 0 0  rpm and 1 4 °C for 5 

h .  The tube was then remove d from the rotor and e xamined i n  

a darkroom unde r l ong wave l ength u . v .  i l luminat ion ( S ect i on 

2 . 7 . 4 ) . Two bands o f  DNA we re u s ua l l y  vi s ible - a l owe r 

p l a smid band and an upper ,  faint e r ,  chromo soma l band . The 

tube was punctured at the t op with a s y r i nge needle and an 1 8  
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gauge need l e , att ached t o  a 5 ml s y r i nge , wa s inserted into 

the tube j ust be l ow the p l asmid band . The p l asmid band was 

removed and t r ans ferred t o  a se cond 5 ml po l ya l l omer cent r i ­

fuge tube . The s e cond t ube was f i l led with CsCl , e t h idi um 

bromide s o lut ion ( see above ) , s e a led and cent r i fuged a s  

above . 

F o l l owing the se cond cent r i fugat i o n ,  the pl asmid band was 
. 

removed from the tube as above . The p l a smid DNA wa s pur i f i e d  

f r o m  C s Cl  and ethidium bromide according t o  the method o f  

Grinsted and Bennett ( 1 9 8 8 )  with minor modi f i cat i on s . The DNA 

was t ransfe rred t o  1 . 5 ml micro fuge tube s such t hat each tube 

cont ained 2 7 0  �l  o f  the DNA so l ut i on . To  each tube wa s added 

5 3 0  �l o f  1 0  mM T r i s -HC 1 ,  pH 7 . 5 ,  7 0  �l o f  4 M s odium 

acet at e / acet ic a c i d ,  pH 6 ,  and 0 . 5  ml o f  i s opropano l .  The 
t 

tubes w�re mixed by inve r s i on and cent r i fuged f o r  5 m i n . The 

s upe rnat ant s we re then removed and the pe l l e t s  we re r i n s e d  

sequent i a l l y  w i t h  1 ml o f  4 0 %  ( v/ v )  i s opropan o l ,  0 . 2 M s odium 

acet at e / acet i c  a c i d ,  pH 6 and 1 ml o f  et hano l ,  with a 1 min 

cent r i fugat i on at each r i n s e . The pe l let s  were d i s s o l ved and 

c omb ined in a t o t a l  volume of 0 . 8  ml of 1 0  mM T r i s-HC 1 ,  pH 

7 . 5 in one of the tube s . An equ a l  volume of  pheno l  ( S e ct i on 
2 . 2 2 . 1 ) was then adde d ,  the tube wa s vo rtexed f o r  3 0  s e c  and 

c ent r i fuged for 1 min . The aqueous phas e  was t ran s fe r red t o  

another t ube and mixed w i t h  7 0  �l of  4 M sodium a c e t a t e ­

/ acet i c  a c i d ,  p H  6 ,  and 0 . 5 ml o f  i s opropan o l . T h e  t ube was 

mixed by inve r s i on and cent r i fuged for 1 min . The supernat ant 

was remove d and the pel l e t  was r insed sequent i a l l y  with 1 ml 

o f  ethan o l  and 1 ml o f  ethe r ,  with a 1 min cent r i fugat i on at 
., 

e ach r i n s e . The pel let was then dr ied for 5 - 1 0  min at 3 7 °C 

and redi s s o lved in 5 0 0  �l of H20 . The DNA concent rat i on was 

det e rmined spe c t r ophot ome t r i c a l l y  ( Sect i on 2 . 2 0 ) . The DNA 

s o l ut ion was st ored at -2 0°C . 
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Gene rat i o n  o f  de let i on de r i vat i ve s  f o r  

s e qu e n c i n g  

Ordered set s o f  de let i on s o f  a c l oned p l asmid i n s ert we re 

gene rated by methods i nvo lving e i ther E. coli exonu c l e a s e  I I I  

( E xo I I I )  or  B a 1 3 1  e xonuc l e a s e  dige s t i on o f  the double­

st r anded DNA . Exo I I I  c at a l y s e s  the s t epwi se removal i n  a 3 '  

- 5 '  di rect i on o f  nuc l e o t ides from the 3 '  t e rmini o f  b lunt or  
. 

5 '  prot ruding ends but not f rom 3 '  prot ruding ends . I n  

cont rast , B a 1 3 1  c at a l y s e s  t h e  st epwi s e  removal o f  nuc l e ot ide s  

from both 5 '  and 3 '  t e rmin i . Both methods can gene rate a set 

of de l et ions o r i ginat ing c l o s e  to  a sequenc i ng p r ime r and 

ext ending var i ous l engt h s  a l ong the i n s e rt DNA . Each s u c c e s ­

s i ve l y  l onger de l e t i on en�b l e s  a new regi on o f  the i n s e rt t o  

be s equeIllced from the s ame pr ime r s i t e . Thu s t he ent ire � 
i n s e rt c an be s equenced in a s e r i e s  o f  separate react i o n s  and 

the c ompl ete sequence c an be a s s emb led f r om the s equence o f  

e ach de l et i on der ivat i ve . The DNA fragment f r om wh i ch 

de let i on de rivat ives were t o  be subsequent l y  generate d  was 

c l oned into one of the vect o r s  pGEM- 3 Z ,  pUBS or  pS P 7 2  

( S ec t i on 2 . 1 5 ) . 

2 . 1 7 . 1  Un i di rect i o n a l  d i ge s t i o n  w i t h  Exo I I I  

The method us ed t o  generat e  de let i on de r i vative s  by dige s t i on 

with Exo I I I  was based on t he methods o f  Hen i k o f f  ( 1 9 8 4 ;  

1 9 8 7 )  and the inst ruct i on s supp l i ed with a c omme r c i a l  k i t  

( E r a s e -a-Base , ' P r omega ) . Re agent s w e r e  e ither prepared 

independent ly or  used a s  c omponent s of the P r ome ga k i t . 

An a l i quot of  C s C l  gradient -pu r i fied p l asmid DNA ( S e ct i on 

2 . 1 6 . 4 ) , equ ivalent t o  5 - 1 0 �g ,  was t rans ferred t o  a 1 . 5 ml 

m i c r o fuge t ube and the DNA was digested with t wo re s t r i c t i on 

en z yme s - one whi ch gene r ated a 4 -base 3 '  prot rus i on to  

protect the pr imer binding s it e  and the other wh ich gene rat ed 

a 5 '  prot rus i on o r  a b l unt end ad j acent to the i n s e rt . 

D i ge st i on was a c c o rding t o  the rest r i ct i on e n z yme manufac-
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turer ' s  i n s t ru ct i ons . Typ i c a l l y ,  1 0 0  U o f  re st r i ct i on e n z yme 

wa s us ed in a t ot a l  volume o f  1 0 0  �l in a 2 h digest i on . I f  

salt condi t i on s  did not a l l ow s imu lt aneous dige s t ion with two 

di fferent rest r i ct i on en z yme s , the f i rst dige s t i o n  wa s 

carried out i n  l ow s a l t  and t hen addit ional NaC I and the 

second en z yme were added . In c a s e s  where a rest r i c t i on e n z yme 

s i t e  generating a 3 '  prot rus i on did not o ccur adj acent t o  the 

pr imer binding s it e , 3 '  reces sed ends we re f i l led- i n  with a­

pho sphorothioate deoxynu c l e ot i de s  and Kl enow DNA p o l ymerase 

as de s c r ibed in S e ct i on 2 . 1 7 . 2 .  

Fo l l owing rest r i ct i on enz yme dige s t i on ,  an equal vo lume o f  

pheno l / ch l o r o f o rm ( S ect i on 2 . 2 2 . 2 )  was added t o  the tube , the 

tube wa s vortexed for 3 0  .s e c  and then cent ri fuged for 5 min . 

The aque,ous pha s e  was t lrans fe rred t o  another tube and the DNA 
, 

was pre c t p i t ated by adding 0 . 1  vo lume o f  3 M s odium a c e t at e -

/ a cet i c  a c i d ,  p H  5 . 2 and 2 vo l . o f  ethano l . The tube wa s 

cent r i fuged f o r  2 0  min and the pel let was r i n s ed with 5 0 0  � l  

of  8 0 %  ethanol and dried f o r  5 min under vacuum . The p e l let 

was redi s s o lved in 5 4  �l  o f  H20 and t hen 6 �l  of l O x  E x o  I I I  

bu f f e r  was added . 

The doub l y  dige s t ed ,  or  s ingl y  dige sted and a-pho spho ro­

thi oate protect e d ,  pl a smid DNA wa s warmed t o  3 7°C . A s e r i e s  

of  0 . 6  ml m i c r o fuge tube s ,  t he numbe r  depending o n  t h e  number 

o f  t ime po int s t o  be t aken ( t yp i c a l l y  2 5 ) , wa s pl aced on i c e  

and 7 . 5 �l  of  S l  mix w a s  added t o  each . A 2 . 5 �l a l iqu o t  o f  

pl asmid DNA w a s  removed i n t o  t he f i rst of  t he t ime p o i nt 

tube s J t ime zero ) . Approx . 5 0 0  U o f  Exo I I I  was then added t o  

the tube cont a i n i ng the p l asmid DNA . The tube was vortexed 

and returned t o  3 7 °C . At 30 s e c  int e rva l s , 2 . 5 �l  a l i quot s 

we re removed t o  the s e r i e s  o f  t ime po int tube s and mixed by 

b r i e f l y  p ipet t ing up and down . Aft er a l l  t he s amp l e s  had been 

t aken , the t ime point tube s were in cubated at room t emp­

erature f o r  3 0  m i n  s o  that the 5 '  prot rus i ons re s u l t i ng from 

the Exo I I I  dige s t i on could be removed by the Sl nuc l e a s e . A 

1 �l a l i quot o f  S l  stop bu f fe r  was t hen added t o  each tube 
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and the tubes we re incubated at 7 0°C f o r  1 0  min t o  inact i vat e 

the S l  nuc l e a s e . The tubes were t ran s ferred t o  i c e  and a 2 � l  

a l i quot o f  e ach w a s  e l ect rophoresed on a 1 %  aga r o s e  gel  

( S ect i on 2 . 1 1 . 3 ) t o  determine the ext ent o f  Exo I I I  dige s t i on 

of  the i n s e rt . The tube s were t ran s ferred t o  3 7 ° C ,  1 �l o f  

Klenow mix was added t o  each and the tube s were incubat ed f o r  

3 min . A 1 �l a l i quot o f  dNTP mix wa s then added t o  e a ch and 

the tubes we re incubat ed f o r  an addi t i on a l  5 min at 3 7°C . The 

tubes were then t r ans ferred to room t empe rature and 4 0  �l o f  . 

l i gase mix was added t o  e ach tube . The t ubes were incubated 

at room t emp e r at ure f o r  1 h .  Alternat ive l y ,  ana l y s i s  of  each 

t ime point on an agaro s e  gel was omi t t e d  and the who l e  o f  

each s amp l e  was run o n  a l ow me lt ing po int agarose ge l a s  

de s c ribed i n  Sect i on 2 . 1 6 . 3 .  

, 

Requ i rem�nt s 

• 

• 

• 

• 

• 

• 

• 

l O x  Exo I I I  bu f fe r : 6 6 0  mM T r i s -HC l , pH 8 . 0 ,  6 . 6  mM MgC 1 2 • 

7 . 4 x S l  bu f fe r : 0 . 3  M pot a s s ium acet ate / acet i c  a c i d ,  pH 

4 . 6 , 2 . 5 M NaC l , 1 0  mM ZnS04 , 5 0 %  g l y c e ro l . 

S l  mix ( fo r  2 5  t ime point s ) :  mix 1 7 2  � l  de i oni z e d  H20 , 2 7  

�l o f  7 . � x S l  buffer and 6 0  U o f  S l  nu c l e a se . Make fresh 
for each experiment . 

S l  s top bu f fe r : 0 . 3  M T r i s  base , 0 . 0 5 M EDTA . 

1 x  Kl enow bu f fe r : 2 0  mM T r i s -HC l ,  pH 8 . 0 ,  1 0 0  mM MgC 1 2 • 

Kl enow mix : mix 3 0  �l o f  1 x  Klenow buffer and 3 - 5 U o f  

Ki enow DNA p o l yme ra s e . Make fresh for each experiment . 

dNTP mix ( s uppl ied with the P rome ga k i t  or made up ) : 0 . 1 2 5  

mM each o f ' dATP , dCTP , dGTP , and dTTP ( see Sect ion 2 . 4 . 1  , 

for 5 mM s t o ck s )  . 
• l O x  l i ga s e  bu f f e r : 5 0 0  mM T r i s -HCl ,  pH 7 . 6 , 1 0 0  mM MgC 1 2 ,  

1 0  mM ATP ( fo r  0 . 1  M ATP , s e e  Sect ion 2 . 1 5 . 2 ) . 
• Ligase m i x : m i x  7 9 0  �l de i o n i z ed H20 ,  1 0 0  �l o f  l a x  l i gase 

bu ffer , 1 0 0  � l  of 5 0 %  ( w /v)  PEG,  1 0  �l 1 0 0  mM DTT ( f or 1 

M D TT , see Sect i on 2 . 1 4 . 1 ) , and 5 U T 4  DNA l i gase . Make 

fresh f o r  each experiment . 
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• Exo I I I was obt a ined from New Eng l and B i o l abs at a 

c oncentrat i on o f  1 0 0  U / � l  or  was supp l ied a s  a component 

of the P r omega k i t . 

• S l  nuc l e a se wa s obt a ined f rom Boehringer at a c oncen­

t rat ion o f  4 0 0  U/�l or was suppl ied as a c omponent of the 

P romega kit . 

• K lenow DNA po l yme r a s e  was obt ained from Boehr inge r at a 

c oncentrat ion o f  5 U / �l or  was supp l ied as a c omponent o f  

t he P romega k i t . 
. 

• T 4  DNA l igase was obt ained from BRL at a con cent rat i on o f  

0 . 7 2 U / � l  ( We i s s  �nit s )  or  wa s supp l ied as a c omponent o f  

t he P romega k i t . 

2 . 1 7 . 2 F i l l i ng - i n  w i t h  

deoxynu c l e o t i de s  

a-pho spho r o t h i o at e  

As a n  a l t e rnative t o  u s ing 3 '  prot ru s i on s  t o  b l o ck E x o  I I I  

dige s t i on o f  vec t o r  sequences ( S ect ion 2 . 1 7 . 1 ) , 3 '  rec e s sed 

ends were f i l led-in with a-pho spho rothioate deo xynu c l e o t ides 

and Kl enow DNA p o l yme ras e .  The p l asmid DNA was digested with 

a r e s t r i c t ion enz yme whi c h  gene rated a 5 '  protru s i on at a 
s it e  betwee:ri the pr imer binding s i t e  and t he i n s e rt a s  

de s cr ibed in Sect i on 2 . 1 7 . 1 .  The dige s t ed DNA w a s  s ubse­

quent l y  puri f ied as de s c r ibed i n  Sect i on 2 . 1 7 . 1 .  The DNA wa s 

redi s s o lved in 5 0  � l  o f  1 x  K l enow bu f fe r  ( see Sect i on 2 . 1 7 . 1 ) 

and a mixture o f  a l l four a-phospho rothioate deoxynu c l e o s ide 

t r ipho sphate s  was added to a f i n a l  concent r at i on of 4 0  �M 
each . D T T  ( s e� Sect ion 2 . 1 4 . 1  f o r  1 M s t o c k )  and K l enow DNA 

p o l yme ta s e  ( s ee S e c t i on 2 . 1 7 . 1 ) , to 1 mM and 5 0  U / m l  re spec­

t i ve l y ,  were added and t he s amp l e  was incubated at 3 7 °C for 

1 0  min . The samp l e  wa s then heated at 7 0°C for 10 min to 

inact ivat e t he Klenow . I f  t he s e c ond rest r i ct i on e n z yme wa s 

act i ve i n  I x  K l enow bu f f e r ,  the e n z yme was added t o  the 

s amp l e  and the DNA was digested a s  above . Alt e rnat ive l y ,  the 

DNA was pur i f ied by phen o l / ch l o r o form ext r act i on and ethan o l  

p re c ip i t at i on ( S ect i on 2 . 1 7 . 1 ) , redi s s o lved in t he appro­

p r i at e  bu f fe r  and the s e c ond r e st r i c t i on e n z yme was then 
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added . S ubsequent procedures were a s  de s c r ibed i n  S e c t i on 

2 . 1 7 . l .  

Requ i rement s 

• A mixture of  a l l four a-phosphorothioate deoxynu c l e o s i de 

t r ipho sphat e s  at a concent r at i on o f  0 . 4  mM each wa s 

obt a ined from P r omega . 

2 . 1 7 . 3  F r a ct i o n a t i o n  o f  Exo I I I -d i ge s t e d DNAs 

As an a l ternat ive t o  di rect l igat i on o f  E x o  I I I - digested DNAs 

( Sec t i on 2 . 1 7 . 1 ) , t he DNA f rom each t ime point wa s f i l l e d-in 

with Kl enow and dNT P s  a s  de s c ribed in Sect i on 2 . 1 7 . 1  and then 

the who l �  of each s amp l e  was run on a 1 %  l ow me l t ing po int 
I. . aga r o s e  gel ( see S e c t l on 2 . 1 7 . 5 ) , as sugge s t e d  by Nakayama 

and Nakauchi ( 1 9 8 9 ) . The ma j o r band in each l ane was then 

exc i sed from the ge l under l ong wave l ength u . v .  l ight ( see 

S ect i on 2 . 1 1 . 5 )  and t rans f e r red t o  a 1 . 5 ml m i c r o fuge tube . 

The DNA was e l u t e d  f rom e ach ge l s l i c e  a s  de s cribed in 

Sect ion 2 . 1 7 . 6  and redi s s o lved in 1 6  III o f  H20 . A 4 III 

a l i quot o f  �x l i g a s e  buffer and 0 . 2 5 III of  l ig a s e  ( S e ct i on 

2 . 1 5 . 2 )  were added t o  each s ampl e  and the s amp l e s  were 

incubated at room temperature for 4 h .  

2 . 1 7 . 4  T ran s f o rmat i o n o f  E .  c o l i  w i t h  Exo I I I  

p l a smi d de r i vat ive s 

A 1 0  Ili· a l iquot o f  e a ch d i re ct ly l igated p l asmid DNA ( Se c t ion 

2 . 1 7 . 2 )  was mixed i n  a 1 . 5 ml m i c r o fuge tube with 50  III of 

c ompet ent E .  col i c e l l s  ( S ect i on 2 . 1 5 . 3 ) . Alt e rnat i ve l y , 2 III 
of each s amp l e  of agaro s e  ge l - fract ionated and re l i gated 

p l a sm id DNA ( Sect i on 2 . 1 7 . 3 ) was mi xed with 2 0  III of com­

petent c e l l s . The s amp l e  was mi xed gent l y  and i ncubated on 

i ce for 30 min . The t ube was then heated t o  4 2°C for 2 min 

and p l aced on ice f o r  2 m i n . A 2 0 0  III  al iquot of S OC medium 

( S ec t i on 2 . 1 5 . 4 ) wa s added and t he tube was i ncubated at 3 7 °C 
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for 1 h .  The ent i re mi xture wa s then p l ated out on an LB Amp 

p l ate with X-ga l and I P TG a s  de s c r ibed in S e c t i on 2 . 1 5 . 5 .  

2 . 1 7 . 5  D i ge s t i o n w i t h  B a 1 3 1  

The method used t o  generate de let ion de rivat ive s by dige st i on 

with Ba 1 3 1  was based on the method o f  N i x o n ,  ( 1 9 8 9 ) . An 

a l iquot o f  C s C l -pu ri f i e d  p l asmid DNA {Sect ion 2 . 1 6 . 4 ) , 

equ i va l ent t o  3 0  �g,  was t r an s ferred t o  a 1 . 5 ml mi c r o fuge 

tube and the DNA was dige s t ed with a restrict i on e n z yme with 

a s i t e  near one end of the insert ( see Sect i on 2 . 1 9 ) . 

D i ge st ion with a part i c u l a r  rest r i ct i on enzyme , in a t ot a l  

volume o f  2 0 0  �l  and us ing 6 - 7 U / �g o f  DNA, was acco rding 

to the rest r i ct i on e n z yme manufacture r ' s inst ruct i ons . A 1 �l 

a l i quot Qf the digest was ana l y z ed by agarose ge l e l e c t ro­

pho re s i s f ( Sect i on 2 . 1 1 . 3 ) t o  c o n f i rm that the dige s t i on had 

gone to complet i on . The digest was then extracted with an 

e qu a l  vo lume of  pheno l / chl oroform ( Sect i on 2 . 2 2 . 2 )  and the 

DNA was p recipitat e d  from the aqueous phase by adding 0 . 1  

volume o f  3 M sodium acet at e / acet ic a c i d ,  pH 5 . 2 and 2 vo l . 

o f  ab s o lute ethano l .  The tube was cent r i fuged for 2 0  min and 

then the pe l l et was rinsed with 5 0 0  �l of 8 0 %  ethano l . The 

tube was cent r i fuged f o r  5 min and the pe l l et was redi s s o l ve d 

in H20 at a concent rat ion o f  1 �g/�l . 

The sen s it ivity o f  the l i near i zed p l asmid DNA t o  dige s t i on 

with Ba 1 3 1  was det e rmined before proceeding with the actual 

B a 1 3 1  digest ion . A 2 �l  a l i quot of t he l i neari z ed p l asmid DNA 

( 2  �g ; •.  see above ) wa s mixed with 3 8  �l of H20 and 5 �l o f  l O x  

B a 1 3 1  buffer . A 9 � l  a l iquot wa s t r an s fe rred t o  each o f  nine 
1 . 5  ml micro fuge t ubes and 1 �l o f  1 / 1 0 ,  1 / 2 0 ,  1 / 4 0 ,  or 1 / 8 0  

B a 1 3 1  nuc l e as e , di luted in Ba1 3 1  bu f f e r ,  was added t o  each 

t ube . The t ubes were incubated at 3 7 °C for 30  min and then 

the react i ons were st opped by adding 1 �l  of  2 0 0  roM EGTA t o  

eac h tube and heat ing the tube s a t  65°C f o r  5 min . The 

s amp l e s  were an a l y z ed by agarose gel e l e ct rophore s i s  ( S e ct i on 
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2 . 1 1 . 3 ) t o  det e rmine t he di lut i on o f  Ba 1 3 1  nuclease whi ch 

comp l e t e l y  d i ge sted t he DNA in t he 3 0  min incubat i on p e r i od . 

The l i neari z e d  p l asmid DNA wa s digested with Ba 1 3 1  nuc l e a s e , 

us ing the amount o f  e n z yme det e rmined above f o r  e ach 2 �g o f  

DNA . A 2 6  � l  a l i quot o f  the l i ne ari z e d  DNA was mixed with 5 5 9  

).1 1  o f  H20 and 6 5  ).1 1  o f  l O x  Ba 1 3 1  buf f e r  and the tube wa s 

incubat ed at 3 7°C for 1 0  min . A 5 ).11 a l iquot o f  2 0 0  mM EGTA 

was added to a s e r i e s  of thi rt een 1 . 5  ml micro fuge tube s . The 

det e rmined amount o f  Ba1 3 1  nu c l e as e  was added to the tube o f  

l ine a r i z e d  DNA a t  3 7 °C , the tube was vort exed gent l y  and 

returned to 3 7 °C . At 1 min int e rva l s ,  a 4 5  �l a l i quot o f  the 

dige s t i on was t r ans ferred to the appropri at e  t ime point tube 

cont ain ing 2 0 0  mM E GTA at room temperature . When a l l  the t ime 

po int s had been t aken , the tube s were incubat ed at 6 5°C f o r  
I 

5 min . TMe DNA in each t ube was then prec ipitated by adding 

5 ).11 of 3 M s odium acet at e / acet i c  a c i d ,  pH 5 . 2  and 1 1 0  ).11 o f  
ethano l . The t ube was cent ri fuged f o r  2 0  min and the DNA 

pe l l et wa s r i n s e d  with 8 0 %  ethan o l  and redi s s o lved in 1 7  �l 

o f  H20 . A 2 ).11 a l iquot of the appropriate l O x  r e st r i ct i on 

en zyme bu f fe r  ( Sect ion 2 . 1 9 )  and 1 ).11 o f  a re st r i c t i on e n z yme 

having a s iit e  a t  t h e  end o f  t he insert opp o s i t e  t o  that 

digested with Ba1 3 l  were added . The digest s were incubat ed at 

3 7 °C ( s ee Sect i on 2 . 1 9 )  and then e l e ctropho resed on a 0 . 7 % 

low me l t i ng t empe rature agarose gel . The ma j o r band in each 

l ane was individu a l ly e x c i s ed f rom the gel unde r l ong wave ­

l ength u . v .  l i ght ( see Sect i on 2 . 1 1 . 5 )  and t rans ferred t o  a 

1 . 5  ml m i c r o fuge t ube . The DNA was e l uted from each ge l s l i c e  

and re.di s s o l  ved in 3 0  ).1 1  o f  H20 a s  de s c r ibed in S e c t i on 

2 . 1 7 . 6  

Requi rement s 

• 

• 

l O x  Ba 1 3 l  bu f fe r : 0 . 3 M T r i s -HC 1 ,  pH 8 . 0 , 5 0  roM MgC 1 2 , 5 0  

mM CaC 1 2 ,  3 M NaCl . 

Ba1 3 l  nuc l e a s e  at a concent rat i on o f  2 . 5  U / ).1 1  was obt a ined 

f rom New Engl and B i o l ab s . 
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• Low me l t ing t empe rature agar o s e  ge l : thi s wa s poured as 

de s c ribed in Sect i on 2 . 1 1 . 5  except that a st andard comb 

was used . 

2 . 1 7 . 6  E l ut i o n  o f  DNA f r agment s f rom aga r o s e  

The method used t o  e l ute Exo 1 1 1 - and Ba 1 3 1 -dige s t ed DNA 
. 

fragment s from ge l s l i c e s  ( Sect ions 2 . 1 7 . 3 and 2 . 1 7 . 5 )  was 

s imi l a r  t o  that de s c r ibed in S e c t i on 2 . 1 1 . 7 for the rout ine 

pu r i f i cat ion o f  DNA f ragment s from l ow me l t i ng tempe rature 

aga r o s e  but on a sma l l e r  s c a l e . Each t ube c ont a ining a l ow 

me l t ing temperature agarose ge l s l i c e  was we ighed to det e r ­

mine t h e  vo l ume o f  the ge l s l i ce and then TE b u f f e r  ( S e c t i on 

2 . 2 2 . 4 ) wa s added t o  a t ot a l  vo l ume o f  4 0 0  �l . The tube was 

incubat�d at 6 5 °C unt i l  the agarose had comp l e t e l y  me lted . 

TE-s atuiated pheno l ( 1  ml ; Sect i on 2 . 2 2 . 1 ) was then added and 

the tube wa s vortexed for 3 0  sec and centri fuged for 5 min . 

The aqueous pha s e , c omb ined with the m i lky int e rface , was 

t rans fe rred to another t ube and the pheno l ext ract i on wa s 

repeated . The DNA was pre c ipit at ed from the aqueous phase by 

adding 0 . 1  vol ume of 3 M s odium acet at e / acet i c  ac id,  pH 5 . 2  

and 2 vol . D f  abs o l ute ethan o l  and the t ube wa s cent r i fuged 

for 2 0  m i n . The p e l let was rinsed with 8 0 %  e thano l ,  

redi s s o l ved i n  H20 and st o red at 4°C . 

2 . 1 7 . 7  P reparat i o n o f  p l a s m i d  vect o r  f o r  c l o n i ng 

Ba 1 3 1 -d i ge s t ed f r agme nt s  

An a i-iquot o f  PEG-puri f i e d  pGEM- 3 Z  DNA ( S e ct i on 2 . 1 6 . 3 ) 

cont aining 1 0  Ilg o f  DNA was mixed with 5 � l  o f  l O x  Sma 1  

bu f fe r ,  4 8  U o f  Sma 1  re s t r ict i on e n z yme and H20 t o  a final 

vo l ume o f  5 0  �l . The react ion was incub ated at 3 7°C f o r  1 h 

and was then ext racted with phenol / c h l o r o f o rm ( S e c t i on 

2 . 2 2 . 2 ) . The DNA was pre c ip i t at e d  with ethan o l  ( Se ct i on 2 . 2 1 )  

and t he pe l let was r insed with 8 0 %  ethan o l  and redi s s o l ved in 

40 II I  of H20 . The l ineari z ed vec t o r  was t hen dige sted,  at 3 7 °C 

in a t o t a l  vo l ume of 5 0 � 1 , with the same e n z yme u sed to cut 
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out the Ba1 3 1 -dige s t e d  i n s e rt s ( Se ct i on 2 . 1 7 . 5 ) . A O .  5 � l  

a l iquot of  pho sphat a s e  ( s ee S e c t ion 2 . 1 5 . 1 ) w a s  added f o r  the 

l a st 2 0  min o f  the digest i on . The react ion was then ext racted 

with an equ a l  volume of phen o l / ch l o ro form and the DNA wa s 

again precipitated with et hano l . The DNA pe l let was rinsed 

with 8 0 %  ethan o l  and redi s s o l ved in 50  �l  o f  TE ( S ec t i on 

2 . 2 2 . 4 ) . The s o lu t i on o f  doub l y  dige sted DNA was s t o r e d  at -

2 0°C unt i l  requi red . 

Requ i rement s 

• l O x  Sma I  buf fe r : 3 3 0  mM T r i s - acetat e ,  pH 7 . 9 , 1 0 0 mM 

magne s ium acetat e , 6 6 0  mM pot a s s ium acetat e ,  5 mM DTT 

( f rom 1 M stock,  Sect:,ion 2 . 1 4 . 1 ) . 
• Sma I  -re s t r i c t i on e n z yme at a concent ration o f  1 2  U / � l  was , 

obt a�ned f rom Boehringe r . 

2 . 1 7 . 8  L i gat i o n o f  Ba 1 3 1 -d i ge s t e d  

f r a gme nt s w i t h  p l a s m i d  vect o r  

i n s e rt 

A 7 �l  a l iquot o f  e ach eluted Ba 1 3 1 -digest ed fragment 

( Sec t i on 2 : 1 7 . 6 ) was mixed with 1 �l of p repared vect o r  DNA 

( Sec t i on 2 . 1 7 . 7 ) , 2 � l  o f  5 x  l i gase buffer and 1 � l  of l i gase 

( S ect i on 2 . 1 5 . 2 ) . The l igat ions we re incubated at 1 4°C ove r -

n i ght . 

2 . 1 7 . 9  T r a n s f o rmat i o n  o f  E .  

p �a sm i d  de r i vat ives 

c o l i  w i t h  B a 1 3 1  

The ent i re l igat i on react i on derived f rom e ach B a 1 3 1  t ime 

p o i nt ( Sect ion 2 . 1 7 . 8 ) was used to t r ans form 5 0  �l o f  

compet ent E .  col i DH5a ( Sect i on 2 . 1 5 )  a s  des c r ibed i n  S e c t i on 

2 . 1 7 . 4 .  
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C h a r a ct e r i z at i o n  o f  Exo I I I  and Ba 1 3 1  

de l et i o n  de r i vat i ve s  

A number o f  white c o l on i e s  ( typ i c a l l y  1 2 ; mo re f o r  non­

fra c t i onat ed Exo I I I  de rivat ive s )  re sult ing from each Exo I I I  

or Ba1 3 1  dige st ion t ime po int ( Se ct i ons 2 . 1 7 . 4 ,  2 . 1 7 . 5 , and 

2 . 1 7 . 9 ) were pat ched out on an LB Amp . p l at e  ( see S e ct i ons 

2 . 1 5 . 4  and 2 . 1 5 . 6 ) and the p l at e  was incubated overni ght at 

3 7 °C . P o s it ive t rans fo rman t s  we re character i z ed as de s c r ibed 

in Sect i on 2 . 1 5 . 6 .  G l y cero l st ocks of p o s it ive i s o l at e s  we re 

prepared f rom 5 0 0  �l of an ove rn i ght culture a s  de s c r ibed i n  

Sect i on 2 . 1 5 . 8 .  P l asmid DNA f o r  sequenc ing w a s  prepared from 

the rema inder of the ove rn ight culture a s  de s c r ibed in 

Sect ion 2 . 1 8 . 1 .  

2 . 1 8 DNA s e que n c i ng o f  p l a s m i d  DNA 

Modi f i c a t i on s o f  the o r i ginal enz ymat i c  chain terminat ion 

method ( S anger et a i . ,  1 9 7 7 )  we re used to  sequence c loned 

DNA . For rout ine sequen c ing , T 7  DNA p o l ymerase wa s used as 

t�e sequenc ing e n z yme but Ta q DNA p o l yme r a s e  wa s used t o  

sequence l ong p o l y ( A)  t ract s . Re c omb inant pl asmid DNA, e ither 

C s C l  pur i f i ed ( S ect i on 2 . 1 6 . 2 )  o r  from a rapid p l asmid 

preparat i on ( see b e l o w ) , was used di rect l y  a s  a t emp l at e  for 

a l l  DNA sequenc ing . 

2 . 1 8 . 1  P repa rat i o n  o f  t emp l at e  DNA by a l k a l i n e  

l y s i s  

Most sequence dat a we re obt ained f rom p l asmid DNA prepared 

us ing a method based on t he methods of Hat t o r i  and S akaki 

( 1 9 8 6 )  and Mie rendo r f  and P fe f fer ( 1 9 8 7 ) . A pos it ive t ran s ­

formant ( Sect i o n s  2 . 1 5 . 6  and 2 . 1 7 . 1 0 )  was inocu l ated f r om the 

original patch cu l t u re , o r  from a s ingle c o l ony de r i ved from 

that pat ch cul t ur e ,  into 5 ml of LB Amp medium ( Se ct i on 

2 . 1 5 . 8 ) in  a unive r s a l  bot t l e . 
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Fo l l owing overnight incubat i on at 3 7°C with shak ing at 

approx . 2 0 0  rpm , the unive r s a l  bot t le was cent r i fuged in a 

S o rva l l  S S - 3 4  rot o r ,  fitted with a rubbe r  cushion , at 4 , 0 0 0  

rpm and 4 °C f or 5 min . The supernat ant was removed and t he 

c e l l  pe l l et was re suspended in 1 0 0 III  o f  i c e - c o l d  l y s i s  

buf fer and t rans fe rred t o  a 1 . 5 m l  m i c r o fuge tube . The tube 

was incubated for 5 min at room t empe rature and t hen 2 0 0  II I  

o f  a fre s h l y  prepared so l ut i on o f  0 . 2 M NaOH , 1 %  S D S  was 

added ( see S e c t i on 2 . 2 2 . 6  for 1 0 %  SDS  s t o c k ) . The t ube wa s 

mixed by inve r s i o n ,  i ncubated on i c e  f o r  5 min and then 1 5 0  

� l  o f  i ce - c o l d  pot a s s ium acetate s o l ut i on ( S ect i on 2 . 1 6 . 2 ) 

was added . The t ube was again mixed by inve r s i on ,  incubat ed 

on ice f o r  5 min an d cent r i fuged f o r  1 0  min . The supernat ant 

was t ran s ferred to a fre sh tube , RNa s eA was added to a f i n a l  

concentrat ion o f  1 0 0  Ilg /ml and t h e  t ube w a s  incubated at 3 7 °C 
I 

for 2 0  �min . An equ a l  vo lume o f  pheno l / chl o r o f o rm ( S e ct ion 

2 . 2 2 . 2 ) wa s t hen adde d ,  the tube wa s vo rtexed for 3 0  sec and 

cent r i fuged for 5 min . The aqueous phas e  wa s transfe rred t o  

a fresh 1 . 5 m l  t ube and 2 . 5 vo l . o f  o f  ab so lute ethan o l  were 

added . The t ube wa s vortexed b r i e f l y ,  cent r i fuged for 2 0  min 

and the supe rnat ant was removed . The DNA pe l let was r i n s e d  

w i t h  1 ml 9 f c o l d ,  8 0 %  et hano l ,  t h e  tube w a s  cent r i fuged f o r  

5 min and t h e  supernat ant was aga in removed . The DNA pe l l et 

was redi s s o l ved i n  4 8  II I  o f  H20 with heat ing at 6 5°C for 1 0  

min . The tube was then p l aced on i ce and 1 2  II I  o f  4 M NaCI 

and 60 �l  of 1 3 %  PEG were added . The t ube was vort e xed and 

incubat ed  on i ce f or at least 2 0  min . The tube wa s then 

cent r i fuged f o r  15 min , the supernat ant was removed and t he 

DNA Be l l et was r i n s e d  with 8 0 %  ethan o l  as above . The DNA 

pe l l et was dr i ed f or 5 min under vacuum and redi s s o lved in 2 0  

�l H20 .  The amount o f  DNA present was e s t imat ed by agarose 

ge l e l ect rophore s i s  ( S ect i on 2 . 1 1 . 3 ) of  a 0 . 5 III a l iquot . The 

DNA s amp l e  was s t o red at - 2 0°C unt i l  requ i red . 
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Requi rement s 

• Ly s i s  bu f fer : 5 0  mM g l u c o s e , 1 0  mM EDTA,  2 5  mM T r i s -HC l ,  

pH 8 . 0 .  I mmedi at e l y  be f o re u s e ,  add l y s o z yme t o  2 mg /ml t o  

an a l i quot o f  bu f f e r  s u f f i c i ent for the number o f  c u l t u r e s  

t o  be p r o c e s sed . 

2 . 1 8 . 2  P reparat i o n o f  t emp l at e  DNA by b o i l e d  

l ys i s  

Towa rds the end o f  -thi s st udy and based on t he obse rvat i on s  

o f  Tonegu z z o  et a l . ( 1 9 8 8 ) , s ome sequence dat a were obt ained 

from temp l at e  DNA prepared us ing the L i C l -bo i l ing method 

( S e ct i on· 2 . 1 5 . 7 ) . DNA was prepared from a 5 ml  ove rnight 

culture 1 as de s c r ibed ( S e c t i on 2 . 1 5 . 7 )  and redi s s o lve d  in 5 0  
I. 

�l o f  H2D .  The amount o f  DNA pre s ent was e st imat ed by agaro s e  

gel e l ect rophore s i s  ( S ect i on 2 . 1 1 . 3 ) o f  a 1 � l  a l iqu o t . The 

DNA s amp l e  was st ored at - 2 0°C unt i l  requ i re d . 

2 . 1 8 . 3  A l k a l i  de n a t u rat i o n o f  t emp l a t e  DNA 

Temp l at e  L1NA was made s i ngle - stranded by t r eatment with 

a l k a l i ,  p r ima r i l y  a c c o rding to the method of Mi e rendo r f  and 

P fe ffer ( 1 9 8 7 ) . An a l i quot of t emp l ate DNA ( S ect i ons 2 . 1 6 . 2 ,  

2 . 1 8 . 1 , 2 . 1 8 . 2 ) , equ ival ent t o  2 - 4 �g , wa s t r a n s fe rred t o  

a 0 . 6  m l  m i c r o fuge t ube . H20 w a s  added t o  bring t he vo l ume up 

to 2 0  �l and then 2 �l o f  2 M NaOH , 2 roM EDTA was added and 

the tube was·  incubated f o r  5 min at room t empe rature . The 

s o lut'i on wa s neut r a l i z e d  by adding 3 �l of 3 M s odium 

acetat e / acet i c  a c i d ,  pH 5 . 2 ,  and t hen 7 �l  o f  H20 wa s added 

and the cont ent s we re m i xed . Ab s o lute etha n o l  ( 7 5  � l ) was 

added t o  precipitate the DNA and the tube was vortexed 

b r i e f l y  and cent r i fuged for 2 0  min . The supe rnat ant was 

removed and the pe l l et was r i n s ed with 2 0 0  �l of c o l d  8 0 % 

ethano l . The tube wa s cent r i fuged for 5 mi n ,  the supe rnat ant 

was removed and the p e l l e t  was dried for 5 min under vacuum . 

The dr i e d  DNA was either immedi at e l y redi s s o l ved in H20 and 
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ann e a l ed with a s equenc ing pr imer ( Sect i on 2 . 1 8 . 4 )  o r  s t ored 

at -2 0°C unt i l  requ i red . 

D u r i n g  the c o u r s e  o f  thi s study , seve r a l  modi f i c at i on s  we re 

made to  the above protoco l .  Based on t he met hod of Z hang et 

a l . ( 1 9 8 8 ) , t he denatured DNA was neut r a l i z e d  by adding 2 � l  

o f  2 M ammon i um acetat e / acet i c  acid� p H  4 . 6 , and imme d i a t e l y  

p r e c ipi t ated by adding 6 0  �l  o f  abs o lute ethano l .  Temp l at e  

DNA prepared by us ing t he L i C l -bo i l ing method ( S e ct i on 

2 . 1 8 . 2 )  was a l k a l i  denatu red with an incubat i on at 8 SoC f o r  

S m i n  ac cording t o  t h e  method o f  Tonegu z z o  e t  al . ( 1 9 8 8 ) . 

2 . 1 8 . 4  An n e a l i n g  o f  s e que n c i n g  

de n a t u re d  t emp l at e  

p r ime r  and 

The den�tured DNA ( Se c t i on 2 . 1 8 . 3 ) w a s  d i s s o lved in 7 � l  ( f o r  

T 7  D NA p o l yme r a s e  sequen c ing;  Sect i on 2 . 1 8 . S )  o r  1 0  � l  ( fo r  

T a q  DNA p o lme r a s e  sequen c i n g ;  S e c t i on 2 . 1 8 . 6 ) o f  H20 and 1 �l 

of s equencing pr imer was added t o  the tube . The t ube wa s 

. vo r t exed and i n cubat ed at 6 SoC for S min . The t ube wa s then 

cent r i fuged br i e f l y and 2 �l  of S x  T 7  sequen c ing buf f e r  or  2 

�l  o f  Taq 8NA p o lme r a s e  re act i on bu f f e r  ( Sect i on 2 . 1 8 . 6 ) was 

adde d . The tube was vortexed again and incubated at 3 7 °C for 

1 0  - i s  min . The annea l e d temp l at e  was then u s e d  imme d i at e l y  

f o r  a set o f  s equenc ing react ions . 

Requ i rement s 

• S e�uencing p rimer : SP 6 ( 1 9me r ) , T 3  ( 2 0me r ) and T7  ( 2 0me r )  

p r omote r  p r ime rs we re f rom P r omega or  New Engl and B i o labs 

a t  a concen t rat ion o f  1 0  n g / �l . 

• 5 x  T 7  s eque n c ing buffe r : 2 0 0  mM T r i s -HC1 , pH 7 . 5 , 5 0  mM 
M gC 1 2 1  2 5 0  mM NaCl . 
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2 . 1 8 . 5  S e qu e n c i n g w i t h  T 7  DNA p o l yme r a s e  

Sequencing with T 7  DNA po l ymerase wa s c a r r i e d  out with e ither 

the S equenase k i t  ( USB ) o r  the T7  DNA Po lyme r a s e  Sequencing 

S y stem ( P romega ) . The procedure used f o l l owed the i n s t ru c ­

t i ons  supp l ied w i t h  e a ch kit and the method o f  Tabor and 

Ri chardson ( 1 9 8 7 ) . 

For e ach set o f  four sequencing react i o n s  ( A ,  C ,  G ,  and T ) , 

a sequen cing mix was prepared on i c e  a s  f o l l ows : 

1 0 0  mM D T T  1 . 0  ).11 
di luted l abe l l i ng mix 2 . 0  ).11 
[ a-35sJ dATP 0 . 5 ).11 
di luted T 7  DNA p o l yme rase 2 . 0  ).11 

An a l iquot of 5 . 5  ).1 1  o f  t he sequenc ing mix was mixed with 

each anne aled t emp l at e -pr ime r ( Se ct i on 2 . 1 8 . 4 ) by pipett ing 

the s o l ut ion up and down . The tube was cen t r i fuged b r i e f l y  

and in cubated a t  r o om t empe rature f o r  5 - 1 0  m i n  ( l ab e l l i ng 

react i o n )  . 

Four 1 . 5 ml  m i c ro fuge tube s wer e  l abe l l ed A,  C ,  G ,  and T and 

2 . 5 ).1 1  of the app r op r i at e  nuc l e ot i de mix was added to e ach o f  

the four tube s . The s e  tubes were pre -warmed at 3 7°C for at 

l e ast 1 min and then 3 . 5 ).11  o f  t he l abe l l i ng react ion was 

added to e ach . The t ubes we re vortexed b r i e f l y  and incubat ed 

at 3 7 °C f or 5 1 0  min ( t e rminat i on react i o n s ) .  A 4 ).11 
a l iquqt o f  s t op s o l ut i o n  was then added t o  e ach of  t he 

t e rminat ion react i on s . The tube s were vortexed and then 

s t o red e ither on i ce ( hou r s ) or at -2 0°C ( day s )  unt i l  they 

were ready t o  be l oaded on a sequenc ing gel ( S ect i o n  2 . 1 8 . 8 ) . 

Requ i rement s 

• 1 0 0  mM D T T : supp l i ed with k i t . 
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D i luted l abe l l ing mix : di lute l abe l l ing m i x  ( 7 . 5  �M dCTP , 

7 . 5 �M dGTP , 7 . 5 �M dTTP i supp l i ed with k i t ) 5 - f o l d  with 

H20 . 
• [ a-35sJ dATP : 1 0  mC i /ml , 1 0 0 0  C i /mmol f rom Ame r sham or New 

Engl and Nuc l e a r  was s t o red at -2 0°C and used within 4 - 6 

weeks . 

• D i luted T 7  DNA p o l yme ra s e : dilute S equen a s e  ( US B )  1 : 8 or  

T7  DNA po l ymerase ( P r omeg a )  t o  1 . 5 U / �l i n  c o l d  TE 

( Sec t i on 2 . 2 2 . 4 ) immedi ate l y  be f o re u s e . 
• Nuc l e ot ide mi x ( supp l i e d  with k i t ) : A mix i s  8 0  �M e ach o f  

the four dNTP s ,  8 �M ( USB ) or  6 �M ( P rome g a )  ddATP ; C mix 

i s  8 0  �M each dNTP , 8 �M ddCTP i G mix i s  8 0  �M each dNTP , 

8 �M ddGTP i T m i x  i s  8 0  �M e ach dNTP , 8 �M ( US B )  o r  9 �M 

( P romega ) ddT TP ( dNTP : de oxynuc l e o s i de t ripho sphat e ;  

ddNTP : dide oxynu c l e o s i de t r ipho sphat e )  . 
, 

• S t op �  s o l ut i on ( supp l ied with k i t ) : 9 5 %  f ormamide , 0 . 0 5 %  

( USB ) o r  0 . 0 1 %  ( P romega ) bromophenol blue , 0 . 0 5 %  ( US B )  o r  

0 . 0 1 %  ( P romega ) x y l ene cyano l ,  2 0  mM EDTA . 

2 . 1 8 . 6  S e qu e n c i ng w i t h  Ta q DNA p o l yme r a s e  

Sequenc ing .with Taq DNA po l yme rase was c a r r i e d  out us ing t he 

TAQuence DNA sequ enc ing k i t  ( US B )  f o l l owing the i nst ruct ions 

supp l ied with t h e  k i t . The fo l l owing we re added t o  the 

annealed temp l at e -p r imer ( S ect i on 2 . 1 8 . 4 )  on i c e : 

Temp l a t e-p r imer 

Labe l l ing mix 

[ a-35sJ dATP 

D i l u t e d  Taq DNA po l ymerase 

1 3 . 0 �1 

2 . 0 �1 

0 . 5 �1 

2 . 0 �1 

The tube was vort e x e d  b r i e f l y  and incubated at 4 5°C f o r  5 min 

( l abe l l ing react i on )  . 

Four 1 . 5 ml m i c r o fuge tub e s  were l abe l led A ,  C ,  G ,  and T and 

a 4 �l a l i quot o f  t he appropri at e  nuc l e o t i de mix was added t o  

each o f  the f o u r  t ube s . A 4 �l  a l i quot o f  the l abe l l ing 
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react i on was then added t o  e ach o f  the four tube s and t he 

tubes  we re vort e xed b r i e f l y  and incubated at 7 0°C f o r  5 min 

( t e rminat i on react ions ) .  The react i ons were coo l ed to r o om 

tempe rature and 4 �l o f  st op s o lut i on was added t o  e a ch . The 

tub e s  we re vortexed and s t o red on ice unt i l  they wer e  ready 

t o  be l oaded on a sequencing ge l ( S ect i on 2 . 1 8 . 8 ) . 

Requ i remen t s  

L abe l l ing m i x  ( supp l i e d  w i t h  k i t ) : 1 . 5 �M dCTP , 1 . 5 �M 

dGTP , 1 . 5 �M dTTP . 

• [ o.-35s] dATP : see S e ct i on 2 . 1 7 . 5 .  
• D i l uted Ta g DNA p o l yme ras e : di lute Tag DNA po l yme rase 

( supp l ied with kit ) � : 8  in i ce - c o l d  enzyme d i l ut i o n  buffer 
( supp l i e d  with k i t ) . 

I 
• Nuc l�ot i de mi x :  supp l i e d  with k i t . 

• S t op s o l ut i on ( supp l i e d  with k i t ) : 9 5 %  formamide , 0 . 0 5 %  

bromophe n o l  b lue , 0 . 0 5 %  xyl ene cyano l ,  2 0  mM EDTA . 

2 . 1 8 . 7  P repa r at i o n  o f  s e quen c i n g ge l s  

A p a i r  o f  g l a s s  p l at e s  ( fo r  Mode l S 2 , BRL ) was c leaned with 

ethanol and a l lowed t o  dry . One s u r face o f  the sho r t e r  ( b ac k )  

p l at e  was wiped ove r  with a p i e ce o f  pape r t owe l so aked with 

a 2 %  ( v / v )  so lut i on of dimethy l -dichl o ro s i l ane in chl o r o form ,  

in a fume cupboard and wearing g l ove s . This p l at e  was a l l owed 

to dry for 1 0  min and then it was wiped over with a p i e ce o f  

paper t owe l s oaked with de ioni z ed H20 .  Both p l at e s  wer e  wiped 

ove r .�ith a dry , l i nt - free c l oth and t hen t aped t ogethe r ,  

s eparated b y  0 . 4  mm ( st andard)  or  0 . 4  - 1 . 2 mm ( wedge ) s i de 

space rs , with S leek t ape . The a s s emb l y  was p l aced i n  a 4 0  x 
5 0  cm t ray . The gel was poured by t i l t ing the a s s embl y  at 

approx . 3 0 ° f rom the ho r i z ont a l  and s l oped s l i ght l y  t o  one 

s ide and pour ing the sequencing ge l mix down the l owe r s i de . 

The p l at e s  were comp l et e l y  f i l led and were then l a i d  down i n  

the t ray s o  that t h e  t op e n d  w a s  s l ight ly e l evat e d . Two 

sharkstooth comb s ( st andard or doub l e fine , BRL ) were i n serted 
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between the p l at e s , f l at edge f i rst , t o  a depth o f  app r o x . 3 

mm . The t op c o rne r s  o f  the p l at e s  were c l amped,  ne a r  the 

comb s , with 2 fo ld-back sp r i ng c l ips and the ge l wa s a l l owed 

to set fo r at l e a s t  one hou r . The gel wa s then l e ft at room 

t empe rature unt i l  requ i red ( S e ct � on 2 . 1 8 . 7 ) . I f  the gel was 

t o  be l e ft ove rn i ght , the t op was wrapped i n  po l yethy l en e  

r f i lm . B e f o r e  u s e ,  the t ape w a s  removed from around t he g l a s s  

p l at e s  and t he c ombs were removed and rinsed with de i on i z e d  

H20 . 

Between run s , g l a s s  p l at e s , c ombs and s i de spac e r s  were 

s o aked i n  a s o lut i on of l aborat o ry c l e aner ( p yroneg ) . The 

g l a s s  p l at e s  we re rubbed with a synthet ic pot c l eane r and 

were then r i n sed s equent i a l l y  with warm H20 and di s t i l l ed H20 

and a l l owed to dry . The c omb s and s i de spacers we r e  a l s o  
, 

r i n s e d  with H20 and a l l owed t o  dry . 

Re qu i rement s 

We i gh out acry l am i de i n  a fume cupboard we aring g l ove s ;  

wea r  g l ove s wheneve r handl ing a c r y l amide s o lut i o n s . 
• 4 0 %  a c ry l am i de s t o c k  ( 5 0 0  ml ) : d i s s o l ve 1 9 0 g acy r l amide 

( E l ect ran , BDH ) and 1 0  g NN ' -methy l eneb i s ac r y l amide ( GP R ,  

BDH ) in H20 w i t h  s t i r r i n g . Ad j u s t t o  a fina l vo l ume o f  5 0 0  

m l  with H20 . F i lt e r  s o lut i on through a 0 . 4 5 f..1m f i l t e r  

( c e l l u l o s e  nit r at e , S ar t o r i u s ) under vacuum a n d  s t o re a t  

4°C . 
• 6 %  s equenc ing gel  m i x  - st andard gel ( 3 1 x 3 8 . 5  cm ; 0 . 4  mm 

spa,c e r s ) :  mix 1 5  m l  o f  4 0 %  acry l amide s t o c k ,  5 0  g urea , 

( an a l yt i c a l  reagent ) , 1 0  ml l O x  TBE e l e ct rophore s i s  buffer 

( S ect i on 2 . 1 7 . 7 ) , and 35 ml of  H20 on a shaker at 3 7°C 

unt i l  the urea has di s s o lved . F i l t e r  t he s o lut i on t hrough 

a 0 . 4 5 f..1m f i l t e r  ( c e l l u l o s e  n i t rat e ,  S a rt o r iu s ) unde r 

vacuum . Add 1 m l  o f  1 0 %  ammon ium persu lphat e  s o lut i on and 

2 0  f..11 of TEMED ( NNN ' N ' -t et ramethy lethy l enedi amine ; GP R ,  

BDH ) imme d i at e l y  be f o r e  u s e  and m i x  b r i e f l y  o n  a magnet i c  

s t i r r e r . 
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• 6 %  sequenc ing ge l mix - wedge -shaped ge l ( 0 . 4  - 1 . 2 mm 

spacers ) : as f or st andard ge l but u s e  2 2  ml o f  4 0 %  

ac ry l amide s t o c k ,  7 5  g ure a ,  1 5  ml o f  l O x  TBE e l e c t r o ­

phore s i s  buf f er and 1 4 9  m l  o f  H20 . Add 1 . 5  ml o f  TEMED and 

3 ml of 1 0 %  ammon i um persulpnat e s o l ut i on . 
• 1 0 %  ammon i um persu lphate so l u t i o n : di s s o l ve 0 . 5 g ammonium 

persu lphate ( AnaLar ,  BDH)  in 5 ml  o f  H20 . P repare fresh 

for each ge l ,  or  set o f  gel s ,  to be poured . 

2 . 1 8 . 8  D e n a t u r i ng g e l  e l ect rop h o re s i s  

A prepared 6 %  sequen c i ng gel ( S ect i o n  2 . 1 8 . 7 )  wa s a s s emb led 

in the sequencing apparatus ( Mode l S 2 ,  BRL ) and 5 0 0  ml o f  TBE 

e le ct rophore s i s  bu f f e r  �as added to both t he t op and the 

bot t om Ruffer chambe r s . The t op o f  the gel was r i n s e d  with 

bu ffer And then t he sharkst ooth comb s we re i n s e rt ed between 

the g l a s s  p l at e s  s o  that t he teeth of e a ch c omb made s l i ght 

indent at i on s in t he ge l .  The ge l wa s pre-run for 1 5  - 6 0  min 

at a const ant power of 65 watt s .  The s equenc ing rea c t i ons 

( S ect i ons 2 . 1 8 . 5 and 2 . 1 8 . 6 ) were heat ed at 8 0°C for 4 min 

immedi at e l y  b e f o r e  u s e  and then p l a c e d  on i c e . Be f o re l o ading 

each set q.f four re act i on s  onto the ge l ,  four we l l s  we re 

r insed with buffe r . An a l i quot o f  e ither 3 � l  ( fo r  st andard 

sharkstooth c omb i BRL ) or  1 . 5 � l  ( fo r  doub l e f ine sharkstooth 

c omb ; BRL ) f rom e ach reac t i on wa s l o aded ont o the ge l u s i ng 

a sequen c i ng p ipette t ip ( Cost a r ,  No . 4 8 5 4 ) at t ached t o  a P 2 0  

P ipetman ( G i l s on )  o r  a F innpipette D ig i t a l ,  0 . 5 - 1 0  � l  

(preferab l y  the l at t e r )  i n  the orde r A ,  C ,  G ,  T .  The g e l  was 

run at a constan t power of 65 watt s . 

To maximi z e  the amount o f  dat a gen e rated from each s et o f  

sequencing react i on s , dup l i c at e l o adings o f  each react i on 

we re e l ect r opho r e sed on e ither the s ame ge l or on separate 

ge l s . If e l ect ropho resed on the s ame ge l ,  the f i r st l o ading 

was elect ropho r e s ed for 3 h, the react i ons were reheated at 

8 0 aC for 4 min , p l aced on i ce and a s e c on d  a l iquot was l oaded 

ont o the ge l . The ge l wa s then e l e ct ropho resed f o r  an 
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addit ional 2 h o r  unt i l  t he blue dye from the second l o ading 

had reached the bot t om of the ge l . I f  e l e c t rophor e s e d  on 

separate ge l s ,  dup l i c at e  l o adings we re made at the s ame t ime 

and one gel was e l e ct r opho resed ' fo r  2 h, or unt i l  the blue 

dye had reached the bot t om o f  the ge l ,  and the othe r f o r  5 h .  

As an a l t e rnat ive to  dup l i c at e  lo adings , wedge -shaped ge l s  

we re s omet ime s u sed ( S e ct i o n  2 . 1 8 . 7 )  but the s e  did not y i e l d  

as much s equence dat a . I n  addit ion t o  the u s u a l  dup l i cate 

e l e ct rophore s i s  runs , ext ended e l e ct ropho re s i s  run s of up t o  

1 0  h we re s omet ime s requ i re d . The s e quenc ing re act i on s  were 

s t o red at - 2 0 °C af ter u s e  i n  c a s e  addit i on a l  e lect ropho res i s  

run s were subsequent l y  requ i red . 

Requ i rement s , 

r 
• TBE e l ect ropho re s i s  bu f fe r : mix 1 0 0  ml  o f  l O x  TBE buffer 

w ith 9 0 0  ml  o f  H20 .  

• l O x  TBE e lect ropho r e s i s  buffer : 1 2 1  g T r i s  b a s e , 55  g 

b o r i c  a c i d ,  7 . 4  g EDTA ( di - sodium s a lt ) . D i s s o l ve i n  H20 

and a d j u s t  f i n a l  vo l ume t o  1 l itre . S t o re at room tempera­

ture . 

2 . 1 8 . 9  F i x i n g ,  dryi ng , and aut o radi o g r aphy o f  

s e que n c i n g  ge l s  

The sequen c i ng gel ( S ect i o n  2 . 1 8 . 8 ) was removed from the 

s e quencing apparatus and l a i d ,  back p l at e  uppermo st , on the 

bench . iThe c omb s and t he s i de spac e r s  we re removed and the 

g l a s s  p l a t e s  were gent l y  p r i sed apart with a sma l l  spatu l a . 

The t op p l at e  wa s c a r e fu l l y  l i fted o f f  the ge l and t he bot t om 

p l at e  with the ge l att a ched was p l aced int o a t ray c ont a ining 

3 l i t re s  of 5 %  methano l ,  5 %  acet i c  a c i d  f i x i ng s o l u t i on . The 

ge l was f i xed for at l e a st 1 5  min for a st andard gel and 6 0  
m i n  for a wedge- s haped ge l ( ge l s  we re l e f t  ove r n i ght i n  

f i x ing so l ut i on i f  nece s s a ry ) . The g l a s s  p l at e  with the ge l 

on t op of i t , but not n e ce s s a r i l y  st i l l  attached, was care-
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fu l l y  l i fted out o f  t he t ray and p l aced on the bench . Two 

p i e c e s  of Whatman 3MM paper were cut to  the s i z e  o f  the g l a s s  

p l at e  and o n e  o f  them wa s wet ted i n  the f i x i ng s o lut i o n  and 

l a i d  onto the gel . A wad o f  paper towe l s  was used to s oak up 

exc e s s  s o l ut i on from the 3MM p aper on the gel . A c orner o f  

the 3MM pape r was then l i fted and , i f  the gel wa s s t u c k  t o  

t he paper , the paper and the ge l we re complet e l y  removed from 

the g l a s s  p l at e . I f  the ge l wa s not stuck to the 3MM pape r ,  

another c o rner wa s t ri e d . The g e l  was t ransferred,  pape r - s i de 

down , onto the second p i e ce o f  3MM paper and t he ge l was 

covered with pol yethy l ene f i l m . The edge s of the paper and 

the p o l yethyl ene f i lm were t r immed o f f  and the ge l was dr ied 

i n  a vacuum drier ( B i o-Rad) at 8 0°C for at l e a st 1 h o r  unt i l  

no c o l d  spot s cou l d  be f� l t  on t he neoprene gasket . The p o l y ­

ethyl ene f i lm w a s  then removed and the dried ge l w a s  t rans -
; 

f e r red t o  an aut o radiography c a s sett e . A sheet o f  X-ray f i lm 

( Fu j i  RX ) was p l aced ove r  the gel  i n  a darkroom ( no intens i ­

fy ing s c reen ) and the cas sette was c l osed . The g e l  wa s aut o ­

radiographed a t  room t empe rature for 4 8  - 6 2  h and then 

t he X-ray f i lm was deve l oped a s  de s c r ibed in Sect i on 2 . 6 . 1 0 .  

2 . 1 8 . 1 0 ,Re s o lut i o n o f  band comp re s s i o n s  

S ome DNA t emp l at e s  c ont a i ning s t rong s e c ondary st ruct u r e  were 

not fu l l y  denatured during e l e ct rophore s i s  ( Se ct i on 2 . 1 8 . 8 ) . 

Thi s  r e s u l t ed in abno rma l migrat ion o f  some DNA fragment s ,  

evi denced a s  band comp re s s i on s  on the subsequent aut o radi o­

graph . One method u sed to  e l iminate s e quence c ompre s s i ons 

invo lved the subs t itut i on o f  the nuc l eot ide analogue 7 -de a z a  

dGTP f o r  dGTP i n  the T 7  DNA p o l ymerase l abe l l ing and nuc l e o ­

t i de m ixes ( S ect i on 2 . 1 8 . 5 )  T h e  dea z a  dGTP s o l ut i o n s  were 

obt a i ned f rom P romega ( D e a z a  Re agent Kit )  . 

An a l  t e rnat i ve method t o  e l iminate sequence compre s s i ons 

invo l ved the use o f  a 7 M ure a ,  4 0 %  formamide s equenc ing ge l 

in p l ace o f  the st andard 8 M urea sequ enc ing ge l ( S e ct i on 

2 . 1 8 . 7 )  as de s c ribed by Mart in ( 1 9 8 7 ) . Such a ge l requ i red 
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t he use o f  8 0  II I  o f  TEMED t o  achieve the no rmal rate o f  

p o l yme r i z a t i on but run n i ng condit i on s  and subsequent 

t re atment we re the s ame as a s£andard ge l ( Se ct i ons 2 . 1 8 . 8  

and 2 .  1 8  . 9 )  . 

2 . 1 8 . 1 1 H andl i ng o f  s e que n c e  dat a  

Aut o radi ograms o f  sequen c i ng ge l s  ( Se ct ion 2 . 1 8 . 9 ) we re 

p l a ced on a sheet o f  whi t e  paper o r  on a l i ght box and the 

DNA s equence wa s read o f f . The s equence was then ent e re d ,  a s  

a n  i ndividu a l  f i l e ,  i n t o  a n  I BM P C  compat i b l e  compu t e r  i n  

ASC I I  format us ing a t e xt edit o r  ( S ide k i ck Notepad,  B o r l and 

I nt e rnat i on a l , or  P C -Wr it e ,  Ver s i on 3 . 0 3 ,  Qu i c k s o ft ) . 

Sequence ove r l ap s  betwe�n ad j o i ning s equences were det e rmined 

v i s u a l l y  o r  with s equence a l ignment so ftware ( Nuca l n ,  

Nat ional I n s t itut e s  o f  Hea l t h ,  o r  Al i gn ,  S c i ent i f i c  and 

E du c at i onal S o ft ware ) . F i l e s  c ontaining ad j o ining sequenc e s  

we re c ombined and the f i n a l  sequence wa s a s s embled u s i ng P C ­

Wr it e . Sequences o f  comp lement a r y  st r ands were compared us ing 

the s equence a l i gnment s o ftware . Rest r i ct i on e n z yme s i t e s  

we re dete rmined and re s t r i ct i on en z yme maps we re produced 

w i t h  mapp ipg s o ft ware ( Cl one 3 ,  S c i ent i f i c  and Edu c at ion a l  
S o ftware ) . 

2 . 1 8 . 1 2 S e quence a l i gnme nt 

P a i r s of  sequences were a l igned and the percent homo l ogy 

between the two sequences was c a l c u l ated with t he p rogram 

Al i gn.  ( S c i ent i f i c  and Educat i on a l  S o ftware ) . Mu l t ip l e  

s equences were a l i gned and dendrograms were const ruct e d  with 

the C l u s t a l  s u i t e  of programs ( H iggins and Sharp , 1 9 8 8 ;  

Hi ggins and Sharp , 1 9 8 9 ) . Al l o f  the s e  programs run on an I BM 

P C  c ompat ible compute r ;  t he u s e  o f  at least an AT c l a s s  

compute r  i s  de s i r ab l e  f o r  the C l u s t a l  programs though not 

e s s ent i a l . 
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2 . 1 9 Re s t r i ct i o n e n z yme d i ge s t i o n  o f  DNA 

DNA s amp l e s  were digested with re s t r i ct i on en z yme s ,  us ing 

e ither the bu f f e r  suppl ied by the manufacturer with each 

en z yme or  an a l t e rnat ive buffer ( L ,  M,  o r  H )  giving as c l o s e  

to  1 0 0 %  enz yme act ivity a s  po s s ib l e . When t h e  DNA w a s  to  b e  

digested with more than one enzyme , t he digest requ i ring 

l e a s t  s a lt was c a r r i e d  out fi rst and then addit i onal s a lt and 

the s e c ond en z yme were added . For mu l t ip l e  dige s t s  where thi s 

was not po s s ibl e ,  the DNA was pu r i f ied with Gene c l e an 

( S ect i o n  2 . 1 1 . 8 ) a f t e r  the f i rst digest and then digested 

with the second e n z yme . D i ge st s we re c a r r i e d  out i n  1 . 5 ml 

m i c r o fuge t ube s , e ither in a con s t ant t empe rature b l o c k  

heat er for dige s t s  o f  1; - 2 h or  in a l aboratory in cubat or 

for dig? s t s  o f  a l onge r du rat i on . D i ge s t s  were s t opped by 

adding �amp l e  l o ading bu f fe r  ( S ect i o n  2 . 1 1 . 3 ) and we re then 

e l e ct rophoresed,  e i ther on a standard aga r o s e  ge l as de s ­

c r ibed i n  Sect i on s  2 . 1 1 . 3 , o r  o n  a p reparat i ve aga r o s e  gel a s  

de s c r ibed i n  Sect i o n  2 . 1 1 . 5 .  D i ge s t s  o f  A DNA were usual l y  

heat ed a t  6 5°C f or 5 m i n  t o  denature the A cohes ive ends 

before be ing l oaded on the ge l . 

Requ i rements 

• l O x  L Bu f f e r : 1 0 0  mM T r i s -HC1 , pH 7 . 5 ,  1 0 0  mM MgC 1 2 •  

• l O x  M Buffer : 5 0 0  mM NaC l , 1 0 0  mM Tri s -HC 1 , pH 7 . 5 ,  1 0 0  mM 

MgC1 2  • 

• l O x  H Bu f fe r : 1 M Nac l , 5 0 0  mM Tri s -HC1 , pH 7 . 5 ,  1 0 0  mM 

Mg� 1 2  . 

2 . 2 0 Spect rophot omet r i c  quant i t a t i o n  o f  DNA 

and RNA 

S o l ut i ons of DNA or RNA we re quant i t ated by mea s u r ing the A2 60 
o f  each so l ut i on . The concent ration of nuc l e i c  a c i d  in t he 

s ampl e  was c a l cu l ated on the bas i s  t hat 1 A260 un i t  of  doub l e ­

s t r anded DNA corre sponds t o  approx . 5 0  �g/ml whi l e  1 A2 60 unit 
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o f  s ingle - st r anded RNA c o r r e sponds t o  approx . 4 0  �g/ml . DNA 

s o l ut i ons were usual ly di luted 1 / 2 0  i n  H20 f o r  A2 60 
mea s u rement s .  

2 . 2 1  E t h a n o l  p re c ip i t at i o n  o f  DNA 

In gene ra l ,  DNA was p r e c ip it ated from s o lut ion with ethan o l  

as the s odium s a l t . Th i s  was achi eved by adding e ither 1 / 2 0  

vo l ume o f  5 M NaCl o r  1 / 1 0  volume o f  3 M sodium a c et at e ­

/ ac et i c  a c i d ,  pH 5 . 2  and 2 vo l . o f  ab s o lute ethan o l  t o  t he 

DNA s amp l e . Alt e rnat ive l y , the DNA wa s prec ipitated a s  the 

ammonium s a l t  by adding 1 / 2  vo lume of 7 . 5 M ammon i um a cetate 

and 2 vo l . ( DNA s amp l e  plus ammon i um acet at e )  of ab s o lute 

ethanol ( C r o u s e  and Arr\o r e s e , 1 9 8 7 ) . The s ampl e  was then 

immedi a�e l y  c ent r i fuged at 1 2 , 0 0 0  g for 2 0  min at room temp­

e rature J When the h ighe st y i e l d  o f  precip i t ated DNA was 

requ i re d ,  s amp l e s  wer e  cent r i fuged i n  1 . 5 ml mi c r o fuge tube s 

in a S o rva l l  S S - 3 4  r ot o r  at 1 5 , 0 0 0  rpm for 2 0  min at 4 °C ,  

u s ing a m i c r o fuge t ube adapt o r  ( S o rva l l ,  No . 0 0 3 8 1 ) . F o r  

s amp l e s  cent r i fuged in m i c r o fuge tube s , the supe rnat ant w a s  

removed b y  a s p i r a t i o n  through a f i ne pipette t ip ( C ost a r , No . 

4 8 5 3 )  conn�c t e d  t o  a wat e r- j et asp i rat o r  pump . F o r  l a rge r 

vo l ume s , a P a st e u r  p ipette wa s used in p l ace of  the p ipett e  

t ip . The DNA pe l l et w a s  then r i n s e d  with a volume o f  7 0 %  o r  

8 0 %  ethano l ,  p r e - ch i l led to -2 0°C , approx . equal t o  the 

volume of the o r i g i n a l  supernat ant . The tube wa s then 

cent r i fuged f o r  5 min  and the supernat ant was removed as 

b e f o re . The tube was then cent r i fuged b r i e f l y  and any 

re s i d� a l  s upe rn at ant was a l s o  removed . The DNA pe l le t  was 

e i t he r  redi s s o l ve d  di rect l y  or  was dried for 3 - 5 min under 

vacuum and t he n  redi s s o l ved i n  H20 or  in an appropriate 

bu f fe r . 

2 . 2 2 B u f f e r s and s o l u t i o n s  

Bu f fe r s  a n d s o l u t i on s  f or spe c i f i c  app l i c at i ons are l i st e d  

under Re qu i rement s at the e n d  o f  e a ch r e l evant s e ct i on . 
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2 . 2 2 . 1  Bu f fe r  s at u r a t e d  phen o l  

The preparat i on o f  buffer s aturat e d  phenol was based o n  the 

method of G r insted and Bennet t , ( 1 9 8 8 ) . Add 7 . 5 ml of 2 M 

NaOH , 1 3 0  ml of  H20,  6 ml o f  1 M T r i s -HC1 , pH 7 . 5 t o  a 5 0 0  g 

bott l e  o f  c omme r c i a l  pheno l  and l eave ove rn i ght t o  l i quefy . 

Thi s  give s a so lut i o n  o f  pH 7 . 5 and 1 0  mM T r i s . When working 

with sma l l  vo lume s of s amp l e ,  i t  is  import ant t o  use pheno l  

that i s  comp l et e l y  s at u rated with buffer . This c an be 

achieved by ove r l ay i ng the phenol with TE ( Sect i on 2 . 2 2 . 4 ) . 

2 . 2 2 . 2  P h e n o l / ch l o r o f o rm 

Mix equ a l  vo lume s o f  phe n o l  and chl o roform and ove r l ay with 

TE ( S e ct i on 2 . 22 . 4 ) . t 

2 . 2 2 . 3 Ch l o ro f o rm 

Add o c t a n o l  t o  chloro f orm t o  a concent rat i on o f  4 %  ( v/ v ) . 

2 . 2 2 . 4  T E  

TE i s  1 0  mM Tr i s -HC 1 , pH 8 . 0 , 1 mM EDTA . Aut o c l ave t o  

s t e r i l i ze . 

2 . 2 2 . 5  2 0 x S S C  

D i s s o �ve 1 7 5 : 3  g o f  NaCl and 8 8 . 2  g o f  s odium c i t rate i n  8 0 0  
. 

ml o f  H20 . Ad j u s t  pH t o  7 . 0 with NaOH . Ad j u st volume t o  1 

l i t re . Thi s  give s  a s o l ut i on of  3 M NaC l , 0 . 3  M s odium 

c i t rate . Aut o c l ave t o  ste r i l i z e . 

2 . 2 2 . 6  1 0 %  S D S  

D i s s o l ve 2 5  g o f  s odium dode c y l  su lphate ( SD S )  i n  1 7 5  m l  o f  

H20 with heat ing t o  6 5 °C . Ad j us t  p H  to  7 . 2 with HC1 . Adj u s t  
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volume t o  2 5 0  mi . F o r  RNA work , inc ubat e  at 6 5°C for 1 - 2 hr 

t o  inactivate RNa s e s .  
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Chapter 3 

Results and D iscussion : 

RNA Analy sis and cDNA Cloning 

3 . 1  I s o l at i o n  o f  wh i t e  c l ove r RNA 

I n i t i al l y ,  RNA was i s o l ated from both l e a f / stern and root 

mat e r i a l  u s ing a st andard pheno l  e xt ra c t i on procedu re 

( Se ct ion 2 . 2 . 1 ) . Y i e l ds f rom l e a f / s t ern mat e r i a l  were sub s e ­

quen t l y  imp r oved by inQluding a n  addit i on a l  homogen i z at ion 

step ug�ng a P o l y t ron , with maximum y i e l ds achieved with the 

P O lytroA set at maximum speed ( Table 3 . 1 ) . Howeve r ,  l e a f / s t ern 

RNA preparat i on s  u s in g t he phe n o l  extract i on procedure t ended 

t o  be contaminated with a ge l at inous mat e r i a l  wh ich sub s e ­

quent l y  l e d  t o  di f f i c u l t i e s  in separat ing po l y  (A) + RNA from 

t he othe r spe c i e s  o f  RNA on o l i go ( dT )  c e l lu l o s e  c o lumns 

( Sect i on 2 . 3 . 1 ) . Th i s  was ove rcome by u s i ng a guanidine 

hydroch l o r ide p r o cedure ( Se ct i on 2 . 2 . 2 )  to i s o l at e RNA from 
l e a f  / s t em mat e r i a l . The guan i dine hydr o ch l o ride procedure 

resu lted in a y i e l d  of RNA s imi l a r  to that obt a ined us ing the 

pheno l ext ract i on procedu r e  when addit i on a l  homogeni z at i on 

us ing a P o l yt ron was i n c luded ( T abl e  3 . 1 ) . 

As c an be seen f rom Tab l e  3 . 1 ,  opt imum RNA y i e ld s  were 

achi eved u s ing e i ther the phe n o l  ext ra ct i on procedure or the 

guan idine e xt r act i on procedure with a b r i e f homogeni z at i on 

with a P o l yt ron s e t  at max . speed . 
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Tab l e  3 . 1 .  Y i e lds o f  RNA f rom whi t e  c l ove r . 

Cl ove r I s o l a t i on RNA y i e l d  

mat e r i a l  procedure ( J.lg / g  mat e r i a l ) 

l e a f / s t em # 1  st andard phe n o l  1 6 . 4  

l e a f / stem # 2  standard phe n o l  1 9 . 5  

root # 1  st andard phe n o l  1 9 . 5  

root # 2  st andard phe n o l  1 7 . 4  

l e a f / s t em # 3  pheno l  + P o l y t ron 1 1 2 

( s et at 5 )  

l e a f / s t em # 4  pheno l  + P o l y t ron 1 9 8 

( s e t  at max ) 

l e a f  A s tern # 5  guan idine + P o l yt ron 1 7 6  
i 

( se t  at max ) 

3 . 2  No rt h e rn b l ot a n a l y s i s  o f  l e a f / s t em a n d  

r o o t  RNAs 

S i nce one o f  t he ob j ect i ve s  o f  thi s study w a s  t h e  i s o l at i on 

o f  white c l ove r c DNA c l on e s  u s i n g  het e r o l ogous probe s , i t  was 

f i r s t  ne c e s s ary to det e rmine whether o r  not the se probes 

wou l d  hyb r i di z e  with whi t e  c l ove r mRNA spe c ie s . S amp l e s  of 

mRNA-enri ched l e a f / s t em and root RNA we r e  e l e ct r opho r e sed on 

a forma l dehyde a g a r o s e  ge l ( S e ct i o n  2 . 1 1 . 2 )  and a No rthe rn 

b l ot wa s made f rom thi s ge l ( S ect i on 2 . 1 2 . 1 ) . The b l ot was 
• 

probed s e quent i a l l y  with a petun i a  Rub i s c o  S S U  cDNA c l one 

( p S S U l 1 7 ;  Dunsmu i r  e t  a i . ,  1 9 8 3 ) , a pea cDNA c l one o f  Adh 1 

(pP s R5 4 6 ;  L l e we l l yn e t  a i . ,  1 9 8 7 )  and a pea seed l ect i n  cDNA 

c l one (pP S 1 5 - 1 0 4 ;  Higgins e t  a i . ,  1 9 8 3 ) . 

The petun i a  S S U  c DNA p r ob e  hyb r i d i z ed with a s in g l e  mRNA 

spe c i e s  o f  approx . 8 0 0  bp i n  the l e a f / s t em p o l y ( A ) + RNA l ane 

but no hybr i di z at i on wa s dete c t e d  i n  t he root p o l y ( A ) + RNA 
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l ane ( F igure 3 . 1 ) . The pea Adh 1 cDNA probe hyb r i d i zed with a 

s ing l e mRNA spe c i e s  o f  appr ox . 1 4 0 0  bp in the root p o l y ( A ) + 

RNA l ane ( F igure 3 . 2 ) . The background hyb r i d i z at i on apparent 

i n the l e a f / stern po l y (A) + RNA l ane probed with t he pea Adh 

cDNA ( F i gu re 3 . 2 ) probab l y  repre s ent s re s i dual S S U  probe 

wh i c h  had not been comp l et e l y  removed p r i o r  to  the p P s R5 4 6  

hyb r i di z at i on expe r iment . The pea lect in p robe hyb r idi z ed 

with two mRNA spe c i e s  o f  approx . 1 6 0 0  and 1 4 0 0  bp in the root 

p o l y (A) + RNA l ane and t o  three mRNA spe c i e s  of approx . 3 0 0 0 ,  

1 6 0 0 , and 6 4 0  bp in the l e a f / s t ern p o l y (A) + RNA l ane ( F i gu re 

3 . 3 ) . The l ow l eve l o f  sme a r ing be l ow t he predominant bands 

of hyb r i di z at ion in a l l  three Northern hybri d i z at i on e xpe r i ­

ment s indi cated t hat minima l  degradat i on of  p o l y (A) + RNA had 

o c cu r red dur ing RNA i s o + at i on . 

3 . 3  eDNA s yn t he s i s  

P r e l iminary experiment s were carried out to  che c k  the 

e f f i c i ency o f  the f i r st and second s t r and cDNA synthe s i s  

react i on s  us ing a c omme r c i a l  preparat i on o f  a mixt u re o f  

p o l y  (A)  + RNAs ( S ect i on 2 . 4 ) . The st andard cDNA synthe s i s  

procedu re i,uvo lved pur i fi c at i on o f  t he f i rst st rand synthe s i s  

react i on product s by e xt ract i on with pheno l / ch l o r o f o rm and 

p re c ip i t at i on with ethan o l  be f o r e  proceeding with the s e c ond 

st rand synthe s i s  react i on . The f i r st and s e c ond s t rand 

s ynthe s i s  react ion  product s  we re ana l y z ed on a gel and the 

ge l was subsequent ly aut o radi o graphed ( F igure 3 . 4 ) . I t  was 

evident from F i gu re 3 . 4  that the f i r st st rand synthe s i s  

react i on product s con s i st e d  o f  a set o f  d i s crete fr agme n t s  o f  

the e xpe cted s i z e  but the sec ond st rand synthe s i s  react i on 

product s did not c on s i s t o f  the c o r r e sponding set o f  di s cret e 

fr agment s and in st ead resu lted in the smear o f  bands evident 

i n t h i s aut oradi ograph . It was c o n c l uded from thi s expe r iment 

that the DNA po lyme r a s e  in t he second st r and s ynthe s i s  reac ­

t i o n  was be ing inh i b i t e d  by re s i du a l  pheno l ,  and a s  a r e su l t , 

a r ange o f  incomp l et e  second s t rands wa s synthe s i z ed . 
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F i gu re 3 . 1 .  Hyb r i di z at i on o f  a petun i a  S S U  cDNA probe 

( p S S U l 1 7 )  to a No rthern b l ot of whi t e  c l over mRNA . L ane 1 :  

root mRNA ; l ane 2 :  l e a f / s t em mRNA . 
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F i gure 3 . 2 .  Hybridi z at ion o f  a pea Adh 1 cDNA probe (pPsR5 4 6 )  

t o  a No rthern b l ot o f  whi t e  c l over rnRNA . Lane 1 :  root rnRNA ; 

l ane 2 :  l e a f / stern rnRNA . 
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F i gu re 3 . 3 .  Hybr i di z at i on o f  a pea l e ct in cDNA probe ( pP S 1 5 -

1 0 4 )  t o  a No rthern b l ot o f  wh i t e  c l ove r  rnRNA . Lane 1 :  root 

rnRNA ; l ane 2 :  l e a f / stern rnRNA . 
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i 
F i gure 3 . 4 .  T r i a l  f i rst and second st rand cDNA synthe s i s  

react i ons  - t wo -s t ep prot o c o l . F i r s t  st rand re act i on product s 

we re ext racted with pheno l and ethan o l  pre c i p i t at ed before 

being used for the s e c ond st r and re act i on . L ane s 1 and 2 :  

f i rs t st rand react i on react i on produ c t s  f rom di f ferent 

bat che s o f  reve r s e  t ran s c r ipt a s e ;  l ane 3 :  sec ond st rand 

react ion product s . 
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S i nce the two- step f i r st and s e c ond st r and cDNA react ions 

resu l t ed in unsat i s fact ory s e c ond st rand react i on produ ct s ,  

a one -tube prot o c o l  wh i ch d i d  not requ i re the int e rmed i a t e  

pur i f i cat i on o f  t h e  f i rst s t r and synthe s i s  reac t i on product s 

was deve l oped ( S ect ion 2 . 4 ) . T r i a l  react i ons us ing the one­

tube prot o c o l  produced d i s c rete bands of the c orrect s i z e s  

f o r  both the f i rst and the s e c ond st rand synthe s i s  reac t i ons 

( F i gure 3 . 5 ) . This f i gure c l e a r l y  i l l u s t rates that react i ons 

based on the one-tube prot o c o l  can e f fective l y  s ynthe s i se 

doub l e - st randed cDNAs o f  at l e a st 7 . 5  kb . Howeve r ,  the 

s ynthe s i s  o f  the 0 . 3  kb fr agment in the second st rand 

react i on doe s  appe ar to be impa i red . 

The one -t ube prot o c o l  was subsequent l y  u s ed for a s e r i e s  o f  

cDNA s ynthe s i s  react i ons with wh i t e  c l ove r l e a f / stem- and 

root -de r ived po ly ( A+ )  RNAs . A t yp i c a l  result of f i rs t  and 

s econd st rand s ynthe s i s  react ions is pres ented in F i gure 3 . 6 .  

A feature of  the wh i t e  c l ove r cDNA s ynthe s i s  react i o n s  

( F i gure 3 . 6 ) that i s  not apparent in t h e  t r i a l  one -tube 

prot o c o l  cDNA synthe s i s  react i ons ( F i gu re 3 . 5 ) , is the 

doub l i ng in s i z e of the second st rand react ion product s ( in 

F i gure 3 . 6 , compare the t op band in the f i r s t  s t r and 

l e a f / s t em react i on at approx . 1 . 5  kb with the equiva l ent b and 

in the s e c ond s t r and react i on at approx . 3 . 0  kb ) . Th i s  

i n c r e a s e  i n  s i z e was more pronounced i n  s ome react i ons t han 

in others and probab ly res u l t s  from the pr iming of the s e c ond 

s t rand synthe s i s  react i on from h a i rpin l o op structures at the 

3 '  t e rmini o f  the s ingle - st randed cDNAs . The absence o f  t h i s  

phenomenon i n  the t r i a l  re act i on s  po s s ib l y  re f l e c t s  s t ruc­

tural di f fe rences between the 5'  t e rm i n i  o f  the comme rc i al l y  

produced and the wh i t e  c l ove r-de r ived p o l y  (A+ ) RNAs . S e l f­

priming from ha i rp i n  l oop s t ructure s  can be ut i l i z ed f o r  the 

s ynthe s i s  of  doub l e- st randed cDNA ( Man i at i s  et a l . ,  1 9 8 2 ) , 

but t h i s  pro cedure requ i res the sub s e quent digest i on o f  the 

doub l e - s t r ande d cDNAs with nuc l e a se Sl to remove the ha i rp i n  

l oops . Nuc l e a s e  S l  dige s t ion c a n  in t u rn l e ad t o  t h e  l o s s  o f  

s equences corresponding to the 5 '  t e rmini of  the mRNAs . 
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F i gu re 3 . 5 .  T r i a l  f i rst and second st rand cDNA synthe s i s  

react i on s  - one-tube prot o c ol . Lane 1 :  f i r st st rand react i on 

pr oduct s ;  l ane 2 :  s e c ond st rand react ion product s .  
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F i gure 3 . 6 .  F i r st and s e c ond st rand cDNA re a ct i ons from whi t e  

c l ove r p o l y  ( A )  + RNAs us ing t he one -tube prot o co l . Lane 1 :  

l e a f / s t ern p o l y ( A) + f i r s t  st rand react i on ; l ane 2 :  r oot 

p o l y  (A) + f i r s t  st rand react i on ;  l ane 3 :  l e a f / s t ern p o l y  (A) + 

s e c ond st rand react i o n ;  l ane 4 :  root p o l y (A) + secon d  s t r and 

r e a c t i on ;  l an e  5 :  p o l y (A) + s i z e s t anda rds . 
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The inc l u s i on o f  a nu c l e a s e  S l  dige s t i on step was c on s ide re d  

for the cDNA synthe s i s  prot o c o l  i n  thi s study . Howeve r thi s 

dige s t i o'n was not inc luded s i nce it wa s not c l ear what e f fect 

a pr oport ion o f  doub l e - s t randed cDNAs with ha i rp i n  l oop 

s t ructures wou l d  have on the s i z e  of the subsequent cDNA 

l ib rary and how the s i z e  d i s t r ibut i on o f  c l oned cDNAs wou l d  

b e  a f fected b y  attempt i ng t o  remove the s e  s t ructure s . 

3 . 4  C o n s t ru c t i o n o f  cDNA l ib ra r i e s  i n  Agt l O  

A s e r i e s  o f  independent cDNA synthe s i s  react ions was c a r r i e d  

out with wh ite c l ove r lea f / s t em- a n d  root -der i ved mRNAs and 

the res ultant doub l e - st randed cDNAs were c l oned into Agt 1 0  

( Sec t i on 2 . 4 ) . The l ib r a r i e s  were a s s ayed on e i ther E .  c o l i  

C 6 0 0  or  E .  col i C 6 0 0�H f l  ( Se ct ion 2 . 5 ) be fore a n d  a ft e r  
I 

amp l i f i c at i on ( Tab l e  3 . 2 ) . 

Tab l e  3 . 2 .  As say o f  white c l over c DNA l ib r a r i e s  before and 
a f t e r  amp l i f i cat ion . 

Tot a l  Rec omb inant 

L ibrary Sou rce o f  rec ombinant p fu pfu/ml 

# mRNA (unamp l i f i e d )  ( amp l i f i ed)  

1 root 2 . 7 x 1 0 5 3 . 0 X 1 0 9 

1 l e a f / stem 8 . 0  x 1 0 4 3 . 6  x 1 0 8 

2 root 5 . 8  x 1 0 5 1 . 8  x 1 0 10  

2 l e a f / stem 1 . 4  x 1 0 5 -

3 l e a f / stem 2 . 8  x 1 0 4 8 . 0  x 1 0 10  

4 l e a f / s t em 2 . 1  x 1 0 4 6 . 6  x 1 0 10 

The number 2 l e a f / s t em l ibrary fai l e d  t o  form p l aque s at the 

amp l i f i c at i on st age . Thi s was probab ly due t o  fai lure o f  the 

host E .  col i to grow , on a c c ount of the c omponent s of the 

l ambda in vi tro pac kaging mix be i ng at t o o  high a concen-
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t r at i on in the lambda / E .  col i p l at ing mix for thi s part i cu l a r  

exper iment . Al l othe r l ib r a r i e s  gave a s at i s factory l eve l o f  

ampl i f i c at i on . Both o f  the r o o t  l ib r a r i e s  a r e  of  such a s i z e 

that the probabi l i ty of  i s o lat ing c l ones repre s entat ive o f  

l ow- abundance root mRNA s e quen c e s  should be high ( Man i at i s  e t  

a l . ,  1 9 8 2 ) . Howeve r the probab i l i t y  o f  i s o l at ing c l on e s  
repre sent a t i  v e  of  low- abundan ce l e a f / stern mRNA sequen c e s  from 

the l e a f / s t ern l ib r a r i e s  shou l d  be s omewhat l owe r . 

As we l l  a s  con s i de r ing t he popu l at i on s i z e  o f  the cDNA 

l ib r a r i e s ,  the qua l ity of s ome o f  the l ibrar i e s  wa s a s s e s s e d  

b y  i s o l at ing c l ones at random , prepar ing DNA from the s e  

c l on e s  and det ermining the ins e rt s i z e  o f  each c l one . The s e  

r e s u l t s  are summar i z e d  i n  Tab l e  3 . 3 .  

Tab l e  3 . � .  I n s e rt s i z e s  o f  random cDNA i s o l at e s  f r om r o ot ( R ) 
and l e a f / s t em ( LS )  cDNA l ibra r i e s  . 

I s o l at e  Library # Source I n s e rt s i z e ( kb )  

R1 1 root 1 . 1  

R2 1 root 1 . 5 

R3 1 r o o t  0 . 7 2 

R4 2 root 0 . 4 0  

R5 2 root 1 . 3  

R 6  2 root 0 . 7 8 

R7 2 root 0 . 6 0 

R8 2 root 0 . 6 7 

R9  2 root 1 . 5  

LS I 1 l e a f / s t em 0 . 4 3 

L S 2  1 l e a f / s t em 0 . 6 6 
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Taken t ogethe r ,  the se r e su l t s  ind i c at e  that the ave rage 

i n s e rt s i z e is 0 . 8 8 kb for c l ones de r i ved from the number 1 

and numb e r  2 cDNA l ib r a r i e s  (predominant l y  root ) . S ince the 

ave r age s i z e  of  a mRNA i s o l ated from mamma l i an ce l l s  i s  

approx . 1 . 8  kb ( S ambrook e t  a l . ,  1 9 8 9 ) , i t  i s  l i k e l y  that the 

wh i t e  c l ove r cDNA l ibrar i e s  cons i s t  o f  c l ones with i n s e r t s  

that are n o t  fu l l  l ength re l a t i ve t o  t h e  c o rre sponding 

popU l at i on of wh i t e  c l ove r mRNAs . Thi s  sugge s t s  that the 

inc l u s i on of a doubl e -st randed c DNA s i z e  s e l ect i on s t ep 

be f o re c l on ing into Agt 1 0  wou l d  have been de s i rab l e  t o  

opt imi z e  the probab i l ity o f  subsequent ly i s o l at i ng near fu l l  

l ength, whi t e  c l over ,  cDNA c l ones . 

3 . 5  I s o l at i o n o f  wh i t e  c l ove r S S U cDNA c l on e s  

The Northern hyb r i d i z at i on re s u l t s  ( S ect i on 3 . 2 )  ind i c ated 

that the petun ia Rub i s c o  S S U  cDNA ( p S S U l 1 7 i  Dunsmu i r  e t  a l . ,  

1 9 8 3 )  wou ld be u s e fu l  f or i s o l at ing whi t e  c l ove r S S U  cDNA 

c l on e s  from the l e a f / stem cDNA l ib r a r i e s . Approx . 1 x 1 0 4 p fu 

o f  the amp l i f ied number 1 l e a f / stem cDNA l ib rary ( Tab l e  3 . 3 ) 

we re p l at e d  out on a 2 2 . 5  x 2 2 . 5  cm p l at e  and trans fe r red t o  

a n i t r oc e l lu l o se f i l t e r  ( Se c t i on 2 . 6 ) . The f i l t e r  was probed 

with the l abe l l e d ,  pur i f i ed i n s e rt f rom p S S U l 1 7 ,  us ing 

hyb r i di z at i on s o l ut i on cont a i n ing 4 0 %  fo rmamide and an 

incubat i on t empe rature of 3 7°C , and then aut o radiographed 

( F i gure 3 . 7 ) . Four p o s i t ive ly hyb r i d i z ing cDNA c l ones we re 

ident i f i e d  and sub j ected to a s econd c y c l e  of p l aqu e  

hyb r idi z at i o n ( Se c t i on 2 . 6 . 3 )  wh ich subs equent l y  con f i rmed 

the i s o l at i on of  a l l  four c l ones ( F i gu re 3 . 8 ) . A furthe r 

cyc le of  pl aque hyb r i di z at i on ( Sect i on 2 . 6 . 4 )  was c a r r i e d  out 
to i dent i fy indi vidu a l  p l aques of each of the po s it ive 

i s o l at e s  ( F i gure 3 . 9 ) . One of  the i s o l at e s  hyb r i d i z e d  on l y  

wea k l y  a t  t h i s  s t age and was not p r o c e s s e d  furthe r . DNA 

s amp l e s  we re prepared from the remai n ing three i s o l at e s  and 

digested with EcoRI . The digest s ,  when ana l y z ed on an agar o s e  

g el , indi cated that the three i s o l at e s  a l l  had i n s e r t s  o f  

i dent i c a l  s i z e o f  approx . 5 5 0  bp ( data not shown ) . 
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F i gure 3 . 7 .  P r imary s c reening o f  a white c l ove r  l e a f / s t ern 

cDNA l ibrary with a petun i a  S SU cDNA probe ( p S S U l 1 7 ) . 

Examp l e s  o f  put at ive , pos it i ve l y  hybr idi z ing p l aques are 

indicated by arro ws . 



• 
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F i gu r e  3 . 8 .  S e c o n d a r y  s c r e e n i ng o f  put at i ve wh i t e  c l ove r cDNA 

phage i s o l at e s . 



• 

... 
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F i gure 3 . 9 .  P l aque pur i f i c at i on o f  put at ive whi t e  c l ove r  cDNA 

i s o l at e s . S e r i a l  di lut ions o f  each o f  the original i s o l ates 

are ind i c ated . 



-

-
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The wh ite c l o ve r  S SU i s o l at e s  we re there fore con s i dered t o  be 

independent i s o l at e s  of  the s ame c l one . The se independent , 

ident i c a l , i s o l a t e s  probab ly a r o s e  through amp l i f i c at i on o f  

a s i ngl e S S U c l one i n  the o r i g i na l , unampl i f ie d ,  cDNA 

l ib rary . A S outhe rn b l ot o f  one o f  the dige s t s  probed with 

the petun i a  S SU c DNA c on f i rmed that this part i cu l a r  whi t e  

c l ove r  cDNA i s o l at e  ( ATrS 2 )  wa s a n  S SU c l one with a n  i n s e rt 

s i z e  o f  app r ox .  5 5 0  bp ( F i gure 3 . 1 0 ;  the 5 5 0  bp fragment doe s  

not show up i n  t h i s reproduct ion o f  the or iginal ge l pho t o ­

graph ) . A r e s t r i ct i on enz yme map o f  t h i s  c l one , based on thi s 

and sub s equent digest s ,  i s  pres ent ed in F i gure 3 . 1 1 .  

The i s o l at i on o f  j u s t  one pos it ive white c l ove r S S U  cDNA 

c l one f r om a pr imary s c reening o f  approx . 1 x 1 0 4 recom­

binant s der i ved f rom white c l over l e a f / stem mRNA indi c at e s  

that thi s part i cu l a r l ibrary i s  not a s  represent a t i ve a s  i t  

shou l d  be . I n  pe a ,  mRNA for the S SU has been shown t o  

repres ent app rox . 2 %  o f  the t o t a l  p o l yadenylat ed RNA i n  

i l luminated p l an t s ( Bedbrook et a l . ,  1 9 8 0b ) . I n  a s oybean 

l e a f  cDNA l ibrary , SSU s equence s  repres ent ed approx . 1 . 5 %  o f  

the recomb in ant phage ( Sh i r l ey et a l . ,  1 9 9 0 ) . On the b a s i s  o f  

the s e  r e s u l t s ,  s c reening 1 x 1 0 4 whi t e  c l ove r l e a f / s t em cDNA 

c l ones with a S SU probe shou l d  re s u l t  in the det ect i on o f  

approx . 2 0 0  whi t e  c l over S SU c l on e s . The reasons f o r  the 

unde rrepre sentat i on o f  SSU c l ones i n  this part i c u l a r  whi t e  

c l ove r l e a f / stem c DNA l ibrary rema i n  unc l e a r . 
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Figure 3 . 1 0 .  Ge l e l ect ropho re s i s  of  dige s t s on a 0 . 7 %  g e l  (A)  

and S o uthern b l ot ( B )  of  a wh i t e  c l ove r S SU cDNA i s o l ate . 

Lane 1 :  EcoRI digest o f  AT rA2 ( S ect i on 3 . 6 ) ;  l ane 2 :  EcoRI 

dige st of ATrS 2 ;  l ane 3 :  HindI I I  dige st o f  A DNA 
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F i gure 3 . 1 1 .  Re s t r i ct i on enzyme map o f  the i n s e rt o f  ATr S 2 , 
a wh i t e  c l ove r / Agt 1 0  Rub i s c o S S U cDNA c l one . 

3 . 6  I s o l a t i o n o f  wh i t e  c l ove r Adh cDNA c l o n e s 

The Northe rn hybr i d i z at i on re s u l t s  ( S ect i on 3 . 2 )  indicated 

that the pea Adh l cDNA ( pP s R5 4 6 ;  Llewe l l yn et al . ,  1 9 8 7 )  

wou l d  be u se ful f o r  i s o l at ing whi t e  c l ove r  Adh cDNA c l one s 

from the root cDNA l ibr a r i e s . Approx . 1 x l O q p fu o f  the 

amp l i f i e d  number 1 ,  and 5 x 1 0 3 p fu of the amp l i f ied numb e r  

2 root c DNA l ibr a r i e s  ( Tab l e  3 . 3 )  we re p l ated out o n  2 2 . 5  x 
2 2 . 5  cm p l at e s  and t rans ferred t o  n i t roce l lu l o s e  f i l t e r s  

( S ect i on 2 . 6 ) . The f i l t e r s  we re p robed with the l abe l l e d ,  

pu r i f i ed i n s e rt f rom pP sR5 4 6 ,  us ing hybridi z at i on s o lut i on 

cont a i n ing 4 0 %  fo rmamide and an i n cub at i on temperature o f  

3 7°C , and then aut oradi ographed ( fo r  t yp i c a l  pr imary 

s c re e n i n g  result , see F i gure 3 . 7 ) . Ten pos it ively hybr i d i z ing 

c l one s we re i dent i f i e d  from the number 1 l ibrary and f i ve 

from the number 2 l ibrary . The se c l ones we re pur i f i ed a s  

out l i ned in S e ct i o n  3 . 5  f or the i s o l at i on o f  wh i t e  c l over S S U 
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cDNA c l ones . Re s t r i c t i on e n z yme dige s t s  o f  DNA i s o l at e d  from 

each o f  the s e  f i fteen c l one s ,  when an a l y z ed on an agaro s e  

ge l ,  indi cated that t he i s o l at e s  de rived f rom t h e  number 1 

l ibrary a l l  had i n s e rt s  o f  the s ame s i z e  whe reas the i s o l at e s  

der i ved fr om the number 2 l ibrary had i n s e r t s  o f  di f ferent 

s i z e s  ( data not shown ) . The i so l at e s  from the number 1 

l ibrary thus appeared t o  be independent i s o l at e s  o f  the s ame 

c l one , result ing f r om amp l i f i cat ion of a s ingle c l one in the 

o r i g i n a l  cDNA l ib r ary ( see Sect i on 3 . S ) . I n  cont rast , the 

i s o l at e s  from the number 2 l ibrary were d i f fe rent . 

S outhern b l o t s  o f  dige s t s  o f  s ome o f  the p o s i t i ve i s o l at e s  

probed with the p e a  Adh 1 cDNA con f i rmed that t he s e  whi t e  

c l over cDNA i so l a t e s  were Adh c l one s ( F i gure 3 . 1 2 ) . I n s e rt 

s i z e s  o f  approx . 1 0 0 0 ,  8 0 0 ,  1 3 0 0 ,  1 2 0 0 ,  and 2 0 0  bp we re 

c a l cu l ated for AT rA2 , ATrA3 , ATrA4 , ATrAS , and ATrA6 respe c ­

t i ve l y . The addit i on a l  hybr i d i z ing bands above the ATrA4 1 3 0 0  

bp ins e rt ( F igure 3 . 1 2 B ,  l anes 3 and 9 )  represent incomplete 

dige s t i on of  thi s part i cu l a r  DNA s ample . Addi t i ona l r e s t r i c ­

t i on e n z yme mapp ing ( dat a not shown ) indicated t hat a l l  o f  

the c l ones shared a common Hi ndI I I s i te ( F i gure 3 . 1 3 ) , 

sugge st ing that t h e s e  c l on e s  were c l o s e l y  re l ated . S ince the 

i n s e rt o f  ATrA6 wa s s o  sma l l  compared with the i n s e rt s  o f  the 

othe r c l ones and did not rep re s ent a d i f f e rent port ion o f  the 

c o r re sponding mRNA, no furthe r charact e r i z at i on of thi s 

i n s e rt wa s c a r r i e d  out . 
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F i gu r e  3 . 1 2 .  Ge l e l e ct ropho re s i s  o f  dige s t s  on a 2 %  ge l (A)  

and S outhern b l ot ( B )  o f  whi t e  c l ove r  Adh eDNA i s o l at e s . Lane 

1 :  EeoRI p l u s  Hi n dI I I  digest o f  ATrA2 DNA; l ane 2 :  EcoRI plus 

HindI I I  digest of ATrA3 DNA ; l ane 3 :  EcoRI p l u s  Hi n dI I I  

dige s t  o f  AT rA4 DNA ; l ane 4 :  EcoRI p l u s  HindI I I  digest o f  

AT rA5 DNA; l ane 5 :  EcoRI p l u s  HindI I I  digest o f  ATrA6 DNA ;  

l ane 6 :  Hi n dI I I  d i g e s t  of  A DNA; l ane 7 :  EcoRI d i g e s t  o f  

ATrA2 DNA; l ane 8 : EcoRI d i g e s t  o f  ATrA3 DNA;  l ane 9 :  EcoRI 

d i ge s t  of AT rA4 DNA ;  l ane 1 0 : EcoRI digest of AT rA5 DNA;  l ane 

1 1 : EcoRI digest of ATrA6 DNA . 
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F i gure 3 . 1 3 .  Re s t r i ct i o n  e n z yme maps o f  the i n s e rt s o f  
whi t e  c l ove r / Agt 1 0  Adh cDNA c l one s . Al l ins ert s are bounded 
by EcoRI s it e s  as a consequence of l inker addit ion du ring 
c l oning . 

3 . 7  I s o l at i o n  o f  wh i t e  c l over l e ct i n  cDNA 

c l o n e s  

The Northern hybr idi z at i on re s u l t s  ( Sect i on 3 . 2 ) ind i c ated 

that the pea seed lect i n ,  cDNA c l one (pP S I 5- 1 0 4 ;  Higgins et 

al . ,  1 9 8 3 )  would be u s e fu l  f o r  i s o l at i ng wh ite c l over l ec t i n  

cDNA c l on e s  from b o t h  the l e a f / s t em and the root cDNA 

l ib r a r ie s . Approx . 1 x 1 0 4 p fu o f  each o f  the ampl i f i ed root 

number 2 and unamp l i f ied l e a f / s t em number 4 l ibra r i e s  ( T ab l e  

3 . 3 )  were probed w i t h  t h e  l abe l l e d ,  pu r i f i ed i n s e r t  f rom the 

pea s e ed lect in cDNA c l one , us ing hybr idi z at i on s o l ut i on 

c ont a i n i n g  2 5 %  formam i de and an incubat i on t emperature o f  

3 7°C . p o s i t ive c l ones were i dent i f ied a s  out l i ned i n  S e ct i on 

3 . 5  ( f or  t yp i c a l  primary s c reening resu l t , see F igure 3 . 6 ) . 

Two po s i t ive l y  hybr idi z ing c l one s we re pu ri f i e d  f r om e a ch o f  

the l ibr a r i e s , a s  out l ined i n  S e c t i on 3 . 5  for the i s o l at i on 

of wh ite c l ove r S SU c DNA c l ones . A S outhern b l ot of d i ge s t s 
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o f  DNA s amp l e s  prepared from each o f  these c l ones , probed 

with the pea seed l e ct i n  cDNA as above , is pre sented in 

F igure 3 . 1 4 .  Hybridi z at i on can be seen t o  each of  the i n s e r t s  

o f  the l e c t i n  c l ones but n o t  t o  t h e  ins ert o f  AT r S 2  ( S ect i on 

3 . 5 ) . Hybridi z at i on t o  the upper bands of  the AT rLR1 and 

AT rLR2 dige s t s  ( F igure 3 . 1 4 ,  l an e s  1 and 2 )  repre sent s 

inc omp l e t e  digest i on . I n s e rt s i z e s  o f  0 . 3 0 ,  3 . 6 , 0 . 6 6 and 2 . 6  

kb were det e rmined f or the ATrLR1 , A TrLR2 , ATrLL1 and ATrLL2 

i n s e r t s  re spect ive l y  ( t he ATrLR1 and ATrLL1 inserts do not 

show up in the reproduct i on o f  the o r i g i n a l  ge l phot ograph 

for F i gure 3 . 1 4A) . Addit i onal rest r i c t i on en z yme mapping 

fai l e d  t o  reveal any relat i onships between the s e  i s o l at e s . 

Whethe r  a l l  the s e  i s o l a t e s  repre sent genuine white c l ove r 

l e c t i n  cDNA c l one s rema ins unce rt ain , s ince the hybr idi z at i on 

s t r ingency used t o  i s o late and cha r a ct e r i z e  the c l on e s  was 

re lat ive l y  low . The i n s e r t s  from t he s e  lect in / Agt 1 0  cDNA 

i s o l at e s  were sub c l oned into p l a smids ( Sect ion 3 . 8 ) and 

s t o red . 

3 . 8  S ub c l o n i n g  Agt l O / CDNA i n s e rt s  i n t o 

p l a s m i d  vect o r s 

I n s e r t s  we re exc i sed from the o r i g inal Agt 1 0 / S SU ( S e c t i on 

3 . 5 ) , Agt 1 0 /Adh ( Se ct i on 3 . 6 ) and Agt 1 0 / 1 ect i n  ( S e c t i o n  3 . 7 )  

c l ones by digest ion with EcoRI and c l oned into the p l asmid 

vect o r  pGEM- 3 Z  ( S e ct i o n  2 . 5 ) . The ident it ies o f  the o r iginal 

Agt l O  c l ones and the c o r r e sponding pl asmid c l on e s  are 

pre s ented in Table 3 . 4 ; whe re an i n s e rt occurs in t he p l asmid 

in both o r i entat i on s ,  two ident i t i e s  are l i s ted for that 

part icu l ar ins ert . 
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F i gure 3 . 1 4 .  Ge l e l ect ropho re s i s  o f  dige s t s  o n  a 0 . 7 %  ge l ( A )  

and S outhern b l ot ( B )  of  wh i t e  c l o ve r  lect i n  cDNA i s o l at e s  

from l e a f / stem ( ATr LL ) and root ( AT rLR) cDNA l ibrari e s . Lane 

1 :  Hi n dI I I  digest o f  A DNA ;  l ane 2 :  EcoRI digest o f  ATrLR1 

DNA ;  l ane 3 :  EcoRI digest o f  AT rLR2 DNA;  l ane 4 :  EcoRI dige st 

o f  ATrLL 1 DNA; l ane 5 :  EcoRI digest of  AT rLL2 DNA; l ane 6 :  

EcoRI digest o f  AT r S 2  DNA . 
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Tab l e  3 . 4 .  I dent i t i e s  o f  wh ite c l ove r cDNA c l one s sub c l oned 
into the p l asmid pGEM- 3 Z . 

3 . 9  

Agt l 0  c l one Put at i ve i n s e rt pGEM- 3 Z  c l one 

A T r S 2  S S U p T r S 1 5 /pT r S 2 0  

A T rA2 Adh pTrA2 1 

ATrA3 Adh p T rA3 6 / pTrA3 8 

ATrA4 Adh pT rA4 5 /pTrA4 6 

ATrA5 Adh pT rA5 1 / pT rA5 8 

AT rLRl l e c t i n  pTrLRl 

ATrLR2 lect i n  pT rLR2 

ATrLL l l e c t i n  pTrLLl 

XTrLL2 l e c t i n  pTrLL2 

Re s t r i c t i o n e n z yme mapp i ng o f  Adh cDNA 

c l o ne s p T rA 4 5 a n d  pT rA5 8 

Re s t r ict ion e n z yme mapp ing o f  the f ive o r i g i n a l  Agt l 0 /Adh 

cDNA c l ones indicated that the s e  c l ones we re c l o s e l y  re l at e d  

( S e c t i on 3 . 6 ) . Addit i onal mapp ing o f  the t wo p l asmid sub­

c l ones with the l a rgest i n s e r t s  ( p TrA4 5 and pTrA5 8 ) wa s 

carr ied out to  more accurat e l y  de f i ne the re l at i onship 

between them . From the mapp ing re s u l t s  ( F igure 3 . 1 5 ) , it i s  

c l ear that t hese two c l ones are very c l o s e l y  related and 

cou l d  be di f fe rent s i z ed c l on e s  de rived from the s ame , 

ori gina l , mRNA spe c i e s . 

3 . 1 0 S e qu e n ce a n a l y s i s  o f  t he wh i t e  c l ove r S SU 

cDNA 

The st rategy adopted for sequencing pTrS2 0 ,  the put at i ve 

whi t e  c l ove r S SU cDNA c l one , i s  out l ined in F i gure 3 . 1 6 .  S ome 
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F i gure 3 . 1 5 .  Re st r i ct i on enzyme map o f  the i n s e r t s  o f  pTrA4 5 
and pTrA5 8 whi t e  c l over Adh cDNA sub c l one s . On l y  tho s e  
re s t r i ct i on e n z yme s ites that could b e  l o cated are indi cated . 

di f f i cu l t y  was encount e red sequenc ing from the T 7  promot e r  

pr imer due t o  the presence o f  a p o l y (A)  t ract at that end o f  

the i n s e rt and hence a port i on o f  the i n s ert was s equen ced i n  

one di rect i on on l y . 

The comp l e t e  nuc leot i de s equence o f  the cDNA i n s e rt o f  the 

pTr S 2 0  c l one , with the sequence o f  the EcoRI l i nker at each 

end de l e t e d ,  is  shown i n  F i gure 3 . 1 7 .  The i n s e rt , wh i ch 

i n c l ude s a 5 0  bp p o l y (A) t r act , i s  4 4 0  bp long . Th i s  c l one i s  

an i n comp l e t e  S S U  c DNA c l one l acking the sequences encoding 

the t ran s i t  pept i de and the f i r st 3 0  ami n o  ac ids o f  the 

mature prot e in ( see below) . The sequence c an be t ran s l at e d  

into a p o l ypept i de i n  reading frame two w i t h  a stop codon 

l o c ated at p o s i t i on 2 2 9 . Thi s s equence has been ent ered int o 

the EMBL dat aba s e  unde r acces s i on number X5 3 9 5 4 . 

A compar i s on o f  the se quence o f  pTr S 2 0 with that o f  p S SUl 1 7 ,  

the part i a l , petun i a  S S U ,  cDNA c l one ( Dunsmu i r  et al . ,  1 9 8 3 )  

used to  i s o l at e  the ori g i n a l  whi t e  c l ove r cDNA c l one , i s  



S P 6  

H 
H H H H 

� � H � o � (j 0 (j 0r-f (j (j � � � � 

�,..�� 
• 

• 

c==> p r o m o t e r  p r i m e r  

i n s e r t  

1 0 0  b p  

1 5 5  

T7 

F i gure 3 . 1 6 .  Re s t r i ct i on map and sequenc ing st rat egy of c l one 
pTr S 2 0 .  Sub c l ones were generated from the int e rnal AccI s it e . 
The ar rows below the rest r i ct i on map indi cate the di re ct i o n  
and approx . l ength o f  the DNA st rands s e quenced . 

1 AGGATTTGTC CACCGTCAGT ACAACAGTTC ACCAGGATAC TATGATGGAC 

5 1  GTTACTGGAC AATGTGGAGG TTGCCATTGT TTGGAACCAC TGATGCTGCT 

1 0 1  CAGGTGTTGA AGGAAGTTGC TGAATGTAAA GCAGAATACC CAGAAGCTTT 

1 5 1  CATCCGTATC ATCGGAT TTG ACAACGT TCG TCAAGTGCAA TGCATTAGTT 

2 0 1  TCATTGCAAG CACACCCAAA GTCTACTAAA TTTGATATTT GCACCACCCT 

2 5 1  TTATTACTAC TTTGTTTGTA CTTCACCATT GTAAGAACTA TATT TCCCAT 

3 0 1  TTGTTTTATG TTTTTTAATA TTTCATCATC AATATAGTAT CATCCTGTTG 

3 5 1  TATTTTTGGT TATTATGTAT TCGGATTTCC ATTGGAAATT 'A'A'A'A"A'A'A'A'A'A 

4 0 1 AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 

F i gure 3 . 1 7 .  DNA sequence o f  whi t e  c l over SSU cDNA c l one 
pTrS 2 0 .  The stop c odon ( TAA) is unde r l i ned . 

pre s ented in F i gure 3 . 1 8 .  The re i s  7 4 %  homo l ogy at the 

nuc l e ot i de l eve l between the sequences of the coding regions 

o f  the s e  two c l ones . 
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rTrS 2 0  

p S S U l 1 7  TACGAGACACTCTCATACTTTCCCGAT T TGACCGACGAACAATTGT TCAA 

pTrS 2 0  -- ---------- - - --------- ---- - ------- ----------- ----

p S SU l 1 7  AGAAGTTGAGTACCTTTTGAATAAGGGATGGGTTCCT TGTTTGGAATTCG 

pT r S 2 0 ----------AGGAT TTGTCCACCGTCAGTACAACAGTTCACCAGGATAC 
. . . .  . .  . . . . .  . . . . . . . . . . . . . .  . . .  

. . . . . . . . . . . .  

. . . . . . . . . . .  . 

p S S U l 1 7  AGCTGAAACACAAAT TTATCTACCGTGAATATCACGCATCACCAGGATAC 

pT r S 2 0 TATGATGGACGTTACTGGACAATGTGGAGGTTGCCAT TGTTTGGAACCAC 
· . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . 
· . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  rS S U1 1 7  TATGATGGAAGGTACTGGACAATGTGGAAGTTGCCCATGTTTGGTTGCAC 

pTr S 2 0  TGATGCTGCTCAGGTGTTGAAGGAAGT T GCTGAATGTAAAGCAGAATACC 
· . . . . . .  . . .  . . . . .  
· . . . . . . . . .  . . . . .  

p S S U l 1 7  TGATGCTACCCAAGTCTT GGGTGAGCT CCAAGAGGCCAAGAAGGCT TACC 

pT r S 2 0 tAGAAGCTTTCATCCGTATCATCGGATT TGACAACGTTCGTCAAGTGCAA 
. .  . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . 
. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

p S S U l 1 7  CAAATGCATGGATCAGGATCATCGGATTCGAGAACGTTCGTCAAGTGCAG 

pT r S 2 0 TGCATTAGTT TCAT TGCAAGCACACCCAAAGTCTACTAAATTTGATATT T  
· . . . . . . . . . . . . . . . 
· . . . .  . . . . . . . . . .  . 

p S S U 1 1 7  TGCATCAGTTTCATTGCC-- - - - - ------- ----------- -- -- - ---

pTrS 2 0  

p S S U l 1 7  

pT r S 2 0  

p S S U l 1 7  

pTrS 2 0  

p S S U l 1 7  

GCACCACCCTTTATTACTACTTTGTTTGTACTTCACCATTGTAAGAACTA 

TAT TTCCCATTTGTTTTATGTTTTTTAATATT TCATCATCAATATAGTAT 

CATCCTGTTGTAT T T TTGGT TAT TATGTATTCGGATTTCCATTGGAAATT 

F i gure 3 . 1 8 .  Compar i s on of  the white c l ove r ( p T rS 2 0 )  and 
petun i a  ( p S SU 1 1 7 i  Dunsmu i r  et a l . ,  1 9 8 3 )  S SU cDNA sequence s . 
The t rans l at i on s t op c odon ( TAA) o f  the wh ite c l ove r  s e quence 
i s  unde r l ined . 

A c ompa r i son o f  the sequence o f  pT r S 2 0  with that o f  p S S U 1 , a 

ne a r  fu l l  length, pea S S U ,  cDNA c l one ( Becibrook e t  a l . ,  

1 9 8 0 b ) , i s  presented i n  F i gure 3 . 1 9 .  
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pTrS 2 0  --------------- -- ------------ ---- - - - - - - - - - - - - - - - - -

p S S U 1  AACACTGACATTACAAGCAATGGTGAAAGAGTAAAGTGCATGCAGGTGTG 

pTr S 2 0  --- - ------------- - -------------------- -- --- - - - - - - -

p S S U 1  GCCTCCAATTGGAAAGAAGAAGTTTGAGACTCTTTCCTATT TGCCACCAT 

pTrS 2 0  ------------------ - - - - ----- ----- -- -- ----- - - - - - ----

pS S U1  TGACGAGAGATCAATTGTTGAAAGAAGTTGAATACCTTCTGAGGAAGGGA 

pTr S 2 0 - ---- - - - - -- --------- ----------- -AGGAT TTGTCCACCGTCA 
. . . . . . . .. . .. .. .. ..  .. 
.. .. .. .. .. .. .. .. .. .. .. .. ..  .. 

p S S U 1  TGGGTTCCATGCTTGGAATTTGAGTTGCTCAAAGGATTTGTGTACGGTGA 

pT r S 2 0 GTACAACAGTTCACCAGGATACTATGATGGACGTTACTGGACAATGTGGA 
.. .. .. .. .. .. ..  .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. 
.. .. .. .. .. .. ..  .. .. .. ..  " "  .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. 

p S S U 1  GCACAACAAGTCACCAAGATACTATGATGGAAGATACTGGACAATGTGGA 

pT r S 2 0 GGTTGCCAT TGTTTGGAACCACTGATGCTGCTCAGGTGTTGAAGGAAGTT 
.. .. .. ..  .. .. .. .. ..  " "  .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. ..  " "  .. .. .. .. .. .. ..  .. .. .. 
.. .. .. ..  .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. ..  .. ..  .. .. .. .. .. .. ..  .. .. .. 

p S S U 1  , AGCTTCCTATGTTTGGCACCACTGATCCTGCTCAAGTCGTGAAGGAGGTT 

pT r S 2 0  GCTGAATGTAAAGCAGAATACCCAGAAGCTTTCATCCGTATCATCGGATT 
.. .. .. ..  .. 
.. .. .. ..  .. 

.. .. .. .. ..  .. .. .. .. .. .. .. .. ..  .. .. ..  " .. .. .. .. .. .. ..  .. .. 
.. .. ..  " "  .. .. .. .. .. .. .. .. ..  .. .. .. ..  .. .. .. .. .. .. ..  .. .. 

p S S U 1  GATGAAGTTGTTGCCGCTTACCCCGAAGCTTTCGTTCGTGTCATC GGTTT 

p T r S 2 0  TGACAACGTTCGTCAAGTGCAATGCATTAGTTTCATTGCAAGCACACCCA 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. ..  .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. ..  .. 

p S S U 1  CAACAACGTTCGTCAAGTTCAATGCATCAGTTTCATT GCACACACACCAG 

pTrS 2 0  AAGTCTACTAAATTTGATATTTGCACCACCCTTTATTACTACTTTGTTTG 
.. .. .. .. .. .. ..  .. .. 
.. .. .. .. .. .. ..  " "  

.. .. ..  .. .. 
.. .. ..  .. .. 

.. .. ..  .. .. 
.. .. ..  .. .. 

p S S U 1  AATCCTACTAAGTTCACTGCATTGGAGTTCCTATT TATATGTTATGCTTT 

pT r S 2 0 TACTTCACCATTGTAAGAACTATATTTCCCATTTGTTTTATGTTTTTTAA 
.. .. .. .. 
.. .. .. .. 

p S S U 1  TAAGTTCCTTTTGTTGTGTATTTTTATAATTTCTGTTTTTGGATTTCCAA 

pTr S 2 0  TATTTCATCATCAATATAGTATCATCCTGTTGTATTTTTGGTTATTATGT 
.. .. .. .. .. ..  .. 
.. .. .. .. .. ..  .. 

p S S U 1  ATTGCAAATGGGATGTGTGTAAGAGTTAATGAATGATATGGTTAACTTTA 

pTr S 2 0  ATTCGGAT TTCCATTGGAAATT -------- ------- - -- -- - -- - ----

p S S U 1  TTCCCAAGTTTACTTGGCGGTTTGTACTGTGTGGCTTTCGTTGTTCAGTG 

F i gu r e  3 . 1 9 . Comp a r i son of the white c l over ( p T rS 2 0 )  and pea 
( p S S U 1 ; Bedbrook et a l . ,  1 9 8 Gb )  S SU cDNA s equenc e s . The 

proc e s s i ng s i te ( ATG ) between the s i gnal pept ide sequence and 
the mature S SU p o l ypept i de s equence of p S SU 1 , and the 
t ran s l at i on stop codons ( TAA ) of both sequen c e s  are 
unde r l ined . 
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The re i s  8 0 %  homo l ogy at the nuc leot i de l eve l between the 

sequence s  of the coding reg i ons of  the s e  two c l on e s . Howeve r ,  

the 3 '  unt r an s l ated regions o f  the two sequences are qu i t e  

divergent . S ince t h e  rbcS gene s o f  t omat o ,  petun i a ,  t obacco 

and pea all encode p o l ypept i de s  o f  1 8 0  or  1 8 1  amino a c i ds 

( Man z ara and Gru i s sem, 1 9 8 8 ) , i t  can be c o n c luded f rom F igure 

3 . 1 9 that the sequence of pTrS 2 0  encodes 6 1 %  of  the mature , 

wh i t e  c l ove r ,  S S U  p o l ypept i de . 

3 . 1 1 S e que n c e  a n a l y s  i s  o f  wh i t e  c l ove r Adh 

cDNA c l o n e s  

De let i on de r i vat i ve subc l ones of  t he i n s e rt o f  the wh i t e  

c l over Adh cDNA c l one , p T rA4 5 ,  we re generated by digest i on 

with exonuc l ea s e  I I I  in both di rect i ons ( Sect i on 2 . 1 7 ) . The I 

DNA se quence o f  e a ch of  the de r ivat ives wa s det e rmined and 

the comp l e t e  DNA sequence in both d i rect i o n s  was a s s embled 

from the sequences o f  ove r l app ing sub c l one s . The c omplete 

sequence ( F i gure 3 . 2 0 )  i n c lude s 85  bp of 5 '  non -t ran s l ated 

sequence , 1 1 4 0  bp of  t ran s l ated sequence and 43  bp o f  3 '  non­

t r an s l ated s equence . The t ran s l ated s equence ( 8 5 - 1 2 2 5 )  

c ode s for a po lypept i de o f  3 8 0  amino ac i ds . Th i s  i s  the s ame 

number of ami n o  a c i ds as in the Adh of pea ( L l ewe l l yn et a i ,  

1 9 8 7 )  and one more than that i n  the Adh o f  ma i z e  ( Denn i s  et 

a i ,  1 9 8 4 ) . The nuc leot i de sequence of p T rA4 5 has been entered 

into the EMBL dat ab a s e  unde r a c ce s s i on number X 1 4 8 2 6 . 

A compar i s on o f  the s equence o f  pTrA4 5 with the se quence o f  

pP sR5 4 6 ,  the part i a l  pea Adh 1 cDNA c l one ( pP sR5 4 6 rep r e sent s 

approx . 5 0 %  o f  the fu l l  l ength pea Adh 1 t r anscr ipt ) used t o  

i s o l ate the wh i t e  c l ove r Adh cDNA c l ones ( F i gure 3 . 2 1 ) , 

indicates that t here i s  9 2 %  homo l o gy at the nuc l e o t i de level 

between the s e  two sequenc e s . It is i nt e rest ing to not e that 

the two sequences shar ) high degree of homo l ogy down st ream 

o f  the t r an s l at i on S l  c odons . Comp a r i s on o f  the coding 

s e quence o f  pTrA4 5 wi the coding sequence o f  pZmL 7 9 3 ,  a 

fu l l  length ma i z e Adh _ eDNA c l one ( D enn i s  et a l . ,  1 9 8 4 ) , 
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1 CACAGAGT TA ACAAAACAAA GCAAAGCAAA GAAAAAGAAA AACAAAGCAA 

5 1  ACAAAGAACT CAGT CATCAT CATCATCTGA TAATCATGTC GAACACTGCT 

1 0 1  GGTCAGGTCA TCAAGTGCAG AGCTGCGGTT GCATGGGAGG CAGGGAAGCC 
1 5 1  AC TGGTGATT GAAGAAGTAG AGGTGGCGCC ACCACAGGCC GGTGAAGTCC 

2 0 1  GTCTTAAGAT ACTCTTCACC TCCCTTTGCC ACAC TGATGT TTAC TTCTGG 

2 5 1  GAAGCTAAGG GTCAGACTCC AT TGTTTCCT CGTATATTTG GTCATGAAGC 

3 0 1  TGGAGGGATT GTGGAGAGCG TAGGCGAAGG TGTGACTCAT CTGAAACCAG 

3 5 1  GAGACCATGC CCTGCCTGTA TTCACAGGCG AGTGTGGGGA ATGCCCACAT 

4 0 1  TGTAAGTCAG AGGAGAGTAA CATGTGTAAT CTTCT TAGGA TTAACACCGA 

4 5 1  CAGAGGTGTC ATGATCAATG ACAACAAGTC AAGATTCTCT ATTAAGGGAC 

5 0 1  AACCTGTACA CCATT TTGTC GGTACCTCTA CATTCAGCGA GTACACTGTC 

5 5 1  GT T CATGCGG GATGTGTTGC AAAGATCAAC CCTGATGCAC CAC T TGACAA 

6 0 1  AGT T TGTATT CTCAGCTGTG GAATATGCAC AGGTCTTGGT GCTACTGTCA 

6 5 1  ATG T TGCAAA ACCGAAACCC GGTTCTTCTG TTGCAATCTT TGGACT TGGA 

7 0 1  GC'i'GTTGGCC T TGCTGCTGC TGAAGGGGCA AGGATGTCTG GTGCATCTCG 

7 5 1  AATCATTGGA GTTGAT TTAG TTTCTAGCCG ATTTGAATTA GCTAAGAAGT 

8 0 1  TTGGGGTAAA TGAG T TCGTC AACCCGAAAG ATCATGACAA ACCTGTTCAA 

8 5 1  CAGGTAATTG CTGAAATGAC TGATGGAGGT GTGGATCGTG CTGTTGAATG 

9 0 1  TACCGGGAGC ATCCAGGCCA TGATCTCAGC ATTCGAATGT GTCCATGACG 

9 5 1  GATGGGGTGT TGCTG TAC T T  GTTGGAGTTC CAAAAAAAGA TGATGCATT C  

1 0 0 1  AAAACTCATC CTATGAATT T  CTTGAATGAG AGGACTCTTA AGGGTAC T T T  

1 0 5 1  CTATGGTAAC TACAAGCCTC GAACCGATCT TCCTAATGTT GTAGAGCAAT 

1 1 0 1  ACATGAAAGG GGAGCTGGAA CTTGAAAAAT TCATCACTCA CTCAATCCCA 

1 1 5 1  TTTTCAGAGA TTAACAAAGC TTTTGATTAC ATGCTGAAAG GGGAGTCCAT 

1 2 0 1  CAGATGTATC ATCCGAATGG AGGAGTAAAA CTGTAAAACA ATGATGAAAT 
1 2 5 1  AGTCCC TACT GGGGGACT 

F i gu re 3 . 2 0 . DNA s equence o f  the wh i t e  c l ove r Adh c DNA c l one 
pTrA4 5 . The t r ans l at i on s t a rt ( ATG)  and stop codons ( TAA )  are 
unde r l ined . 

indi c at e s  that the re i s  7 3 %  homo l ogy at the nu c le o t i de l eve l 

between t he s e  two sequ ences ( F i gure 3 . 2 2 )  . 

On the bas i s  o f  the above r e s u l t s ,  i t  i s  appa rent t hat pTrA4 5 

i s  a near fu l l  l ength c l one o f  a whi t e  c l ove r Adh cDNA, 

l a c k ing a sma l l  port i on o f  the 3 ' , non-coding sequence . S ince 

c l one pT rA5 8 appe ared t o  be c l o s e l y  re l at ed t o  c l one p T rA4 5 ,  
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w ith addit i onal s equence at the 3 '  end ( Sect i on 3 . 9 ) ,  the 3 0 0  
bp Hi ndI I I - EcoRI fragment was subcl oned f rom pTrA5 8 ( t o  

g i ve subc lone pTrA5 2 ) and the i n s e rt o f  t h i s  sub c l one was 

s e quenced in both di rect i on s . A compari son o f  the sequence o f  

pTrA5 2 with the sequence o f  the equiva l ent Hi n dI I I  - EcoRI 

f r a gment from pTrA4 5 ( F i gure 3 . 2 3 )  indi cates t hat minor 

s e quence d i f fe rences occur between them . Minor d i f fe renc e s  

have a l s o  been found between the sequence s o f  two independent 

pot a t o  Adh cDNA c l ones ( Mat t on and Bri s s on , 1 9 9 0 a ) . It has 

been sugge sted that , s ince potato has a tetrap l o i d  genome , 

s eve ra l  cop i e s  o f  the Adh gene are probably t ran s c r ibed i n  

pot at o ( Matton et al . ,  1 9 9 0 b ) . It  i s  l i k e l y  that a s i m i l a r  

s it u at i on e x i s t s  in white c l ove r ,  which i s  a l so t e t r ap l o i d ,  

thus ac c ount ing f o r  t he obse rved s e quence variat i on betwe en 

the two Adh cDNA c l ones . 
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F i gure 3 . 2 1 . Comp a r i s on o f  the whi t e  c l over ( pTrA4 5 )  and pea 
(pP s R5 4 6 ;  L l e we l l yn et a l . ,  1 9 8 7 )  Adh cDNA sequenc e s . The 

t ra n s l at i on start codon ( AT G )  o f  the wh ite c l ove r s equen ce 
and the stop codons ( TAA ) o f  both o f  the sequen c e s  are 
unde r l ined . 

pTrA4 5 

pP s R5 4 6  

pTrA4 5 

pP S R5 4 6 

pTrA4 5 

pP s R5 4 6 

pTrA4 5 

pP s R5 4 6 

p T rA4 5 

pP s R5 4 6  

pTrA4 5 

pP s R5 4 6  

pTrA4 5 

pP s R5 4 6  

p T rA4 5 

pP s R5 4 6 

pT rA4 5 

pP s R5 4 6 

p T rA4 5 

pP s R5 4 6  

p T rA4 5 

pP s R5 4 6  

p T rA4 5 

pP S R5 4 6  

CACAGAGT TAACAAAACAAAGCAAAGCAAAGAAAAAGAAAAACAAAGCAA 

ACAAAGAACTCAGTCATCATCATCATCTGATAATCATGTCGAACACTGCT 

GGTCAGGTCATCAAGTGCAGAGCTGCGGTTGCATGGGAGGCAGGGAAGCC 

ACTGGTGATTGAAGAAGTAGAGGTGGCGCCACCACAGGCCGGTGAAGTCC 

GTCTTAAGATACTCTTCACCTCCCTTTGCCACACTGATGTTTACTTCTGG 

GAAGCTAAGGGTCAGACTCCATTGTTTCCTCGTATATTTGGTCATGAAGC 

TGGAGGGATTGTGGAGAGCGTAGGCGAAGGTGTGACTCATCTGAAACCAG 

GAGACCATGCCCTGCCTGTATTCACAGGCGAGTGTGGGGAATGCCCACAT 

TGTAAGTCAGAGGAGAGTAACATGTGTAATCTTCT TAGGATTAACACCGA 

CAGAGGTGTCATGATCAATGACAACAAGTCAAGATTCTCTATTAAGGGAC 

AACCT GTACACCAT T T TGTCGGTACC TCTACAT TCAGCGAGTACACTGTC 

GTTCATGCGGGATGTGTTGCAAAGAT CAACCCTGATGCACCACTTGACAA 
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F i gu re 3 . 2 1 . ( Cont inued) 

pTrA4 5 AGTTTGTAT TCTCAGCTGTGGAATATGCACAGGTCTTGGTGCTACTGTCA 

pP s R5 4 6  ---- --- - ---- - - -------------------------- -- - -------

pTrA4 5 ATGTTGCAAAACCGAAACCCGGTTCTTCTGTTGCAATCT T TGGACTTGGA 

pPsR5 4 6  -------- - - - --------- ------------------------ ------

pTrA4 5 GCTGTTGGCCTTGCTGCTGCTGAAGGGGCAAGGATGTCTGGTGCATCTCG 

pPsR5 4 6  ------- ----------------------------- --------------

pTrA4 5 AATCATTGGAGTTGAT TTAGTTTCTAGCCGATTTGAATTAGCTAAGAAGT 
. . ,. . . . . . . ,. . . . .  ,. ,.  . . . . . . . . . .  . 
. . . . . . . . .  ,. . . .  ,. . ,.  . . . . . . . . . . . 

pPsR5 4 6 ------ -- --- - ----------TCCAGCCGATTTGAATTAGCTAAGAAGT 

pTrA4 5 TTGGGGTAAATGAGTTCGTCAACCCGAAAGATCATGACAAACCTGTTCAA 
· .. .. . . . .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. ..  .. .. .. .. ..  .. ..  .. .. .. .. .. .. .. .. .. .. ..  .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. ..  .. ..  .. .. .. .. .. .. .. .. .. .. ..  .. .. .. 

pP S R5 4 6, TTGGGGTAAAT GAGTTCGTAAACCCAAAAGAGCACGACAAACCTGTGCAA 

pTrA4 5 CAGGTAATTGCTGAAATGACTGATGGAGGTGTGGATCGTGCTGT TGAATG 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. ..  .. .. .. .. .. .. .. .. .. ..  .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. ..  .. .. .. .. .. .. .. .. .. ..  .. 

pP sR5 4 6  CAGGTAATTGCTGAAATGACGAATGGAGGTGTAGATCGAGCTGTTGAATG 

pTrA4 5 TACCGGGAGCATCCAGGCCATGATCTCAGCAT TCGAATGTGTCCATGACG 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. 
.. .. .. .. .. " .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. 

pP s R5 4 6 TACCGGTAGCATCCAGGCCATGATCTCAGCATTTGAATGTGTCCATGATG 

pTrA4 5 GATGGGGTGTTGCTGTACTTGT TGGAGTTCCAAAAAAAGATGATGCATTC 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. ..  .. .. .. .. .. .. .. .. .. .. ..  .. .. " 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. ..  .. .. .. .. .. .. .. .. .. ..  " .. ..  .. 

pP sR5 4 6 GTTGGGGTGTTGCTGTACTTGTTGGAGTGCCAAGCAAAGATGATGCCTTC 

pTrA4 5 AAAACTCATCCTATGAATTTCTTGAATGAGAGGACTCTTAAGGGTACTTT 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  " "  .. .. .. ..  ,. . . . .  ,. ,. ,.  . . ,. ,. . ,.  . . ,. . . .  ,. ,. . . . . ,. 
.. .  ,. . .. . . . . . . . . ,. . ,. .  . . ,.  . .  ,. . .  ,. ,. ,.  . . . ,. . . . . . .  ,. ,.  . . . . ,. .  ,. , 

pP sR5 4 6 AAAACTCATCCTATGAACTTCTTGAATGAGAGGACTCTTAAGGGTACCTT 

pTrA4 5 CTATGGTAACTACAAGCCTCGAACCGATCT TCCTAATGTTGTAGAGCAAT 
,. . .. .. .  . . . . . . . .  ,. ,.  ,. . . ,. . . . . .  ,. . . . . . . ,. . . . . . . . . . . 
· . .  . . . . . . . . . .  . .  . .  . .  . . . . . . . . . . . . . . . . . . . . . . . 

pP sR5 4 6 CTACGGAAACTACAAACCCCGCACTGATCTTCCTAATGTTGTAGAGAAGT 

pT rA4 5 ACATGAAAGGGGAGC TGGAAC TTGAAAAATTCATCACTCACTCAATCCCA 
· . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  
· . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . 

. . . . . . . 
pP sR5 4 6 ACATGAAAGGGGAGCTGGAACTGGAGAAAT TCAT TACACACACAATACCA 

p T rA4 S TTTTCAGAGAT TAACAAAGCTTTTGATTACATGCTGAAAGGGGAGTCCAT 

pP s R5 4 6 

pT rA4 5 

pP sR5 4 6 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

TTTTCAGAGAT TAACAAAGC TTTTGATTACATGCTGAAAGGGGAGTCCAT 

CAGATGTATCATCCGAATGGAGGAGTAAAACTGTAAAACAATGATGAAAT 

�l�l���l��l������l��l���T��C���TG��l��T�C 
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F i gure 3 . 2 1  ( Cont inued) 

p T rA4 5 

pP s R5 4 6  

pTrA4 5 

pP s R5 4 6  

pTrA4 5 

pP s R5 4 6  

AGTCCCTACTGGGGGACT------------------------------ - -
. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . 

AGTCCCTACTGGGGGACTGTGGTCACTCTCTAGTTTTGCAAAAATAAATT 

TCTTAAATAATCCCTTTTGTGTTGTTGAGTTTGTGAAATTTTTATGTAAA 

GAATTGTTGTCGCTGTATGGTAATTTAATAATATGTTGAAGGAATAAAAA 
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F i gure 3 . 2 2 . Compar i s on o f  the white c l ove r ( p T rA4 5 )  and 
ma i z e  ( pZmL7 9 3 ;  Denn i s  et a l . ,  1 9 8 4 )  Adh cDNA c oding 
sequenc e s . 

pTrA4 5 ATGTCGAACACTGCTGGTCAGGTCATCAAGTGCAGAGCTGCGGTTGCATG 
· . .  . . 

,. . .  ,. .  

,. ,. . ,. . .  . ,. . . ,. . .  ,. . .  ,. ,. ,. . . ,. . . . . . . . . . . .  . 

,. . . .  . .  . . . . ,. . . . ,. . . . . .  . . . . . . . . ,. . ,. . .  . 

pZmL 7 9 3  ATGGCG- - -ACCGCGGG GAAGGTGATCAAGTGCAAAGCTGCGGTGGCATG 

pTrA4 5 GGAGGCAGGGAAGCCACTGGTGATTGAAGAAGTAGAGGTGGCGCCACCAC 
,. . . . ,. . . ,.  ,. ,. . .  ,. ,. . ,. ,. . . .  . . . . . . . . . . . . ,. ,. . . . . . 

· . . . .  ,. . .  ,. . . . .  ,. . . .  . . .  . .  . ,. ,. . . . . . .  . . . . .  . . . 

p ZmL 7 9 3  GGAGGCCGGCAAGCCAC TGTCGATCGAGGAGGTGGAGGTAGCGCCTCC GC 

pTrA4 5 AGGCCGGTGAAGTCCGTCTTAAGATACTCTTCACCTCCCTTTGCCACACT 
· ,. ,. ,. . 

· . . . .  
,. .  ,. . . ,. . . . ,. . . . . . . . . . . . . . ,. . ,. . . .  ,. . . . . . . .  . . . .  . . . .  . . . . . . . . . . .  . .  . . . . . . .  . 

pZmL 7 9 3  AGGCCATGGAGGTGCGCGTCAAGATCCTCTTCACCTCGCTCTGCCACACC 

pTrA4 5 GATGTTTACTTCTGGGAAGCTAAGGGTCAGACTCCATTGTTTCCTCGTAT 
. . . . . . . .  ,. . . . .  ,. .  . .  . ,. . . . . . . . . . . .  . . . . . . . . .  . . . .  . . . . . ,. . ,. . . . . . . .  . . . . . . . . . . . . .  . . . .  . . .  ,. . . .  

pZmL 7 9 3  GACGTCTACTTCTGGGAGGCCAAGGGGCAGACTCCCGTGTTCCCTCGGAT 

pTrA4 5 AT TTGGTCATGAAGCTGGAGGGATTGTGGAGAGCGTAGGCGAAGGTGTGA 
. ,. ,. ,. .  ,. . . ,. . . . . . ,. ,. ,.  . ,.  . . . . ,. . . . . . . . . . . . . .  . 
,. ,. . ,. . . . . . . . . . . . ,. . . ,. . . . . . . . .  . . . . . . . . . . . 

pZmL 7 9 3  CTTTGGCCACGAGGCTGGAGGTATCATAGAGAGTGTTGGAGAGGGTGTGA 

pTrA4 5 CTCATCTGAAACCAGGAGACCATGCCCTGCCTGTATTCACAGGCGAGTGT 
. .  ,. ,.  . ,. ,. . . . .  . ,. . . . . . . . . ,. . .  . . . . . . . 
. .  . .  . . ,. . . . .  . . . . . . . .  . . . ,. ,.  . . . . . .  . 

pZmL 7 9 3  CTGACGTAGCTCCGGGCGACCATGTCCTTCCTGTGTTCAC TGGGGAGTGC 

pTrA4 5 GGGGAATGCCCACATTGTAAGTCAGAGGAGAGTAACATGTGTAATCTTCT 
. .  ,. . .  . . . ,. . . ,. ,. . . . . . . . . . . . . . . . . .  . . . . . . 
. . ..  . ,.  ,. ,. . . . . . ,. . . .  . ,. ,. . . . . ,. . . . . . . . . ,. . . .  

pZmL 7 9 3  AAGGAGTGTGCCCACTGCAAGTCGGCAGAGAGCAACATGTGTGATCTGCT 

pTrA4 5 TAGGATTAACACCGACAGAGGTGTCATGATCAATGACAACAAGTCAAGAT 
. . . . ..  .. .. .. .. .. .. .. .. ..  .. .. .. .. .. ..  .. .. .. ..  .. 

.. .. .. .. ..  .. .. .. .. .. .. .. .. ..  .. .. .. .. .. ..  . .. .. ..  .. 

. . .. . .  . 

. . .. .. . .. 

pZmL 7 9 3  CAGGATCAACACCGACCGCGGTGTGATGATTGCCGATGGCAAG TCGCGGT 

pTrA4 5 TCTCTATTAAGGGACAACCTGTACACCATTTTGTCGGTACCTCTACATTC 
.. .. ..  .. ..  .. ..  .. ..  .. ..  .. .. .. .. .. .. ..  .. .. .. .. ..  .. ..  .. ..  .. ..  .. ..  .. .. .. 

.. .. ..  .. ..  .. ..  .. ..  .. ..  .. .. .. .. . .. ..  .. .. .. .. ..  .. ..  .. ..  .. ..  .. ..  . .. .. 

pZmL 7 9 3  TTTCAATCAATGGGAAGCCTATCTACCACTTTGTTGGGACTTCCACCTTC 

pTrA4 5 AGCGAGTACACTGTCGTTCATGCGGGATGTGTTGCAAAGATCAACCCTGA 
.. .. .. .. .. . .. .. .. . .  .. .. .  . .. . .. . . .. .  . . . . . . .. . . .. . . . . .. .. . . . . .  . 
.. . . .. .. .. .. .. .. . ..  . . . . .. . . . . . . . . . . . . . . .. .. . . .. . .. .. .. . . . .  . 

pZmL 7 9 3  AGCGAGTACACCGTCATGCATGTGGGTTGTGTTGCAAAGATCAACCCTCA 

pTrA4 5 TGCACCACTTGACAAAGTTTGTATTCTCAGC TGTGGAATATGCACAGGTC 
.. ..  .. ..  .. .. .. .. ..  . .. . . .. . .. ..  .. .. .. .  . .. .. .. . .. ..  .. .. .. .. .. . . .. . 
.. ..  .. ..  .. .. .. .. ..  .. .. .. .. .. .. .. ..  .. .. .. . .. .. .. .. .. .. ..  .. .. .. .. .. .. .. ..  .. 

pZmL 7 9 3  GGCTCCCCTTGATAAAG TTTGCGTCCTTAGCTGTGGTATTTCTACCGGTC 

pTrA4 5 TTGGTGCTAC TGTCAATGTTGCAAAACCGAAACCCGGTTCTTCTGTTGCA 
.. .. .. . .. . .. 

.. . .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. . . . . . 

.. .. .. .. .. .. .. .. .. .. . .. .. ..  .. 

. . .  . . 
.. .. ..  .. .. 

pZmL 7 9 3  TTGGTGCATCAATTAATGTTGCAAAACCTCCGAAGGGTTCGACAGTGGCT 

pTrA4 5 ATCTTTGGAC TTGGAGCTGTTGGCCTTGCTGCTGCTGAAGGGGCAAGGAT 
.. .. ..  .. ..  .. ..  .. .. .. ..  .. .. .. .. ..  .. .. .. .. ..  .. .. .. .. ..  .. .. .. ..  .. .. .. .. .. . .. .. 

.. .. ..  .. ..  .. ..  .. . . .. .. . . . . .. .. .. . .. .. . .. .. .  . . . . . . . . . . . .. 

pZmL 7 9 3  GTTTTCGGTTTAGGAGCCGTTGGTCTTGCCGCTGCAGGAGGTGCAAGGAT 



1 6 5 

F i gu re 3 . 2 2 .  ( Cont inued) 

p T rA4 5 GTCTGGTGCATCTCGAATCATTGGAGTTGATT TAGTTTCTAGCCGATTTG 
.. .. .. ..  " "  .. ..  .. .. .. .. .. .. .. .. ..  .. ..  .. .. 

.. .. .. ..  .. ..  .. ..  .. ..  .. .. .. .. .. .. ..  .. ..  .. .. 

.. .. .. ..  .. .. .. ..  .. 

.. .. .. ..  .. .. .. ..  .. 

pZrnL7 9 3  TGCTGGAGCGTCAAGGATCATTGGTGTCGACCTGAACCCCAGCAGATTCG 

pTrA4 5 AAT TAGCTAAGAAGTTTGGGGTAAATGAGTTCGTCAACCCGAAAGATCAT 
.. .. ..  " "  .. .. .. .. .. ..  .. .. 

.. .. .. .. ..  " .. .. .. .. ..  .. .. 

.. .. .. ..  .. ..  .. ..  .. .. .. .. ..  .. .. .. .. ..  .. .. 

.. " " "  .. ..  .. ..  .. .. .. .. ..  .. .. .. .. ..  .. .. 

pZrnL 7 9 3  AAGAAGCTAGGAAGTTCGGTTGCACTGAATTTGTGAACCCAAAAGACCAC 

pTrA4 5 GACAAACCTGTTCAACAGGTAATTGCTGAAATGACTGATGGAGGTGTGGA 
.. .. .. ..  .. ..  .. ..  .. ..  .. .. .. .. ..  .. .. .. .. .. .. ..  .. .. .. .. ..  .. ..  .. .. .. ..  .. ..  .. .. 

.. .. " "  .. ..  .. ..  .. ..  .. ..  .. .. ..  .. .. .. .. .. .. ..  .. .. .. .. ..  .. ..  .. .. .. ..  .. ..  .. .. 

p ZrnL7 9 3  AACAAGCCAGTGCAGGAGGTACTTGCTGAGATGACCAACGGAGGCGTCGA 

p T rA4 5 TCGTGCTGTTGAATGTACCGGGAGCATCCAGGCCATGATCTCAGCATTCG 
.. .. ..  .. .. .. .. ..  .. ..  .. ..  .. .. .. ..  .. .. .. ..  .. .. .. .. .. .. .. ..  .. .. ..  .. 

.. .. ..  .. .. .. .. ..  .. ..  .. ..  .. .. .. ..  .. .. .. ..  .. .. .. .. .. .. .. ..  .. .. ..  .. 

pZrnL 7 9 3  CCGCAGTGTGGAATGCACTGGCAACATTAATGCTATGATCCAAGCTTTCG 

p T rA4 5 AATGTGTCCATGACGGATGGGGTGTT GCTGTACTTGTTGGAGTTCCAAAA 
.. .. .. .. .. .. ..  .. .. .. .. ..  .. ..  .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. ..  .. ..  .. ..  .. ..  .. .. ..  .. 

.. .. .. .. .. .. ..  .. .. .. .. ..  .. ..  .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. ..  .. ..  .. ..  .. ..  .. .. ..  .. 

p ZrnL7 9 3  AATGTGTTCATGATGGCTGGGGTGTTGCTGTGCTGGTGGGTGTGCCACAT 

pTrA4 5 AAAGATGATGCATTCAAAACTCATCC TATGAATTTCTTGAATGAGAGGAC 
.. ..  .. ..  .. .. ..  .. .. .. .. ..  .. ..  .. ..  .. ..  .. .. .. .. ..  .. .. ..  .. .. .. ..  .. ..  .. .. .. ..  .. 

.. ..  .. ..  .. .. ..  .. .. .. .. ..  .. ..  .. ..  .. ..  .. .. .. .. ..  .. .. ..  .. .. .. ..  .. ..  .. .. .. ..  .. 

pZrnL7 9 3  AAGGACGCTGAGTTCAAGACCCACCCGATGAACT TCCTGAACGAAAGGAC 

p T rA4 5 TCTTAAGGGTACTTTCTATGGTAACTACAAGCCTCGAACCGATCTTCCTA 
.. ..  .. .. .. .. ..  .. ..  .. .. .. ..  .. .. ..  .. .. .. .. ..  .. .. .. .. ..  .. ..  .. ..  .. .. .. .. ..  .. ..  .. 

.. ..  .. .. .. .. ..  .. ..  .. .. .. ..  .. .. ..  .. .. .. .. ..  .. .. .. .. ..  .. ..  .. ..  .. .. .. .. ..  " "  .. 

p ZrnL7 9 3  CCT GAAGGGGACCTTCTTTGGCAACTATAAGCCACGCACTGATCTGCCAA 

pTrA4 5 ATG T TGTAGAGCAATACATGAAAGGGGAGCTGGAAC TTGAAAAAT TCATC 
.. .. .. ..  .. ..  .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. ..  .. 

.. .. .. ..  .. ..  .. .. .. ..  .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. . . . . . . . . . . . . 
pZrnL 7 9 3  ATG TGGTGGAGCTGTACATGAAAAAGGAGCTGGAGGTGGAGAAGT TCATC 

p T rA4 5 AC TCACT CAATCCCAT T TTCAGAGATTAACAAAGCTTTTGATTACATGCT 
. . . . . .  . .  . . . .  . . . . .  . . . . . .  

. . . .  . . . . . . . .  . . . . .  . . . . . .  

p ZrnL 7 9 3  ACGCACAGCGTCCCGTTCGCCGAGATCAACAAGGCGTTCGACCTGATGGC 

pTrA4 5 GAAAGGGGAGTCCATCAGATGTATCATCCGAATGGAGGAG 
"' .  . . . . . .  . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . 

p ZrnL 7 9 3  CAAGGGGGAGGGCATCCGCTGCATCATCCGCATGGAGAAC 



TrA4 5 

T rA4 5 

TrA5 2 

TrA4 5 

T rA5 2 

T rA4 5 

TrA5 2 

pT rA4 5 

pT rA5 2 

pT rA4 5 

pTrA5 2 
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AAGCTTTTGATTACATGCTGAAAGGGGAGTCCATCAGATGTATCATCCG 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. ..  .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. .. .. ..  .. 

AAGCTTTTGATTACATGCTGAAAGGGGAGTCCATCCGATGTATCATCCGC 

ATGGAGGAGTAAAACT GTAAAACAATGATGAAATAGTCCCTACTGGGGG 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  .. .. .. .. ..  

ATGGAGGAGTAAAACTGTAAAACAATGATGAAATAGTCCCTACTAGGGG 

CT- ----- -------- - ---------------------- ------ -----

CTGAATTTTCTCTCTAGT TATGTATAAATAAATTTCATAAATAATCCCTT 

TGGATTATTCAGTTTGTGAGAGTTTTTGTATGTCAAGAATTGTGCTGCTG 

GGATTGTCTTAATATAAGATAAGCTAAATTT TGATTTTGTT����� 

F i gure 3 . 2 3 . Comp a r i s on o f  the 3 '  sequences o f  the whi t e  
c l over Adh cDNA c l one s p T rA4 5 and pTrA5 2 . 
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Chap ter 4 

Resul ts a nd D iscussion : 

DNA An a l y si s  a n d  G en e  Clon i n g  

4 . 1  I s o l a t i o n  o f  wh i t e  c l ove r DNA 

A var i e t y  o f  methods was t r ied for i s o l at ing t ot a l  DNA from 

white c l ove r t i s sues and o f  the s e ,  two methods c o n s i s t ent l y  

produced good qua l it y  DNA ( S ect i on 2 . 7 ) . Method 2 ,  based on 
the method of Hat t o r i  et a l . ( 1 9 8 7 ) , produced DNA o f  a 

s l ight l y  great e r  s i z e  than that o f  Method 1 ,  based on the 

method o f  D e l l aporta et a l . ( 1 9 8 3 a ,  1 9 8 3b ,  1 9 8 5 ) ( da t a  not 

shown ) . F o r  both methods , t he DNA was furthe r pur i f i e d  by two 

ro unds o f  C s C l  gradi ent cent r i fugat i on . F o r  subsequent u s e  i n  

const ruct ing whi t e  c l over genomic l ibrar i e s , i t  wa s c on­

s i de red that the DNA should be o f  such a s i z e  as to  comigrate 

with intact l ambda DNA ( approx . 50 kb ) when ana l y zed on an 
agaros e ge l . DNA sma l l e r  than this wou l d  give a l owe r y i e l d  

of  u s e fu l  f ragment s f or genomi c c l on ing aft e r  p a rt i a l  

rest r i c t i on e n z yme dige s t i on s ince a higher proport i on o f  the 

fragment s wou ld have one sheared end and one r e s t r i ct i on 

e nz yme -gene rated end . Such fragment s could not be succe s s ­

f u l l y  l i gat ed with rest r i ct ion enz yme digest ed,  vect o r  DNA . 

DNA i s o lat i ons were made from seeds and from germi nated 

s eedl ings . The y i e lds o f  DNA from seeds we re typi c a l l y  2 - 4 

�g DNA/ g  s eeds . Howeve r the l a rge amount of  ins o l ub l e  p o l y ­

s ac char ide i n  t h e  preparat ions made such DNA i s o l at i ons 

di f f i cu lt . The u s e  o f  f ree ze dr ied t i s sue o f fe r s  c e rt a i n  

advantages in the i s o l at i on of  p l ant DNA ( Murray and 

Thompson , 1 9 8 0 )  . F i r st l y ,  dry t i s sue can be e f f i c ient l y  

di s rupt ed whi le the DNA i s  not hydrated and the DNA i s  thus 
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l e s s  s us cept ible t o  shear . S e c ondly ,  nuc l e o l y t i c  degradat i on 

of  the DNA can be min imi z ed s ince the DNA i s  hydrat ed 

d i r e c t l y  in the presence o f  EDTA and SDS . F r e e z e  dried 

seedl ings proved t o  be a c onveni ent sou rce of  white c l ove r 

DNA . When used in c on j unct i on with the Method 2 DNA i s o l at i on 

procedure , a DNA y i e l d  o f  approx . 1 6 0 Ilg / g  dry we i ght o f  

seedl ing mat e r i a l  was achieved . 

4 . 2  Re s t r i ct i o n  

c l o ve r DNA 

e n z yme d i ge s t i o n  o f  wh i t e  

The i n i t i a l  steps i n  the ana l y s i s  o f  the organ i z at i on o f  

part i cu l a r  DNA s e quences within the wh ite c l ove r  genome 

invo l ved digest ing the DNA with va r i ous re st rict i on e n z ymes 

and runn ing the dige sted DNA on an agarose gel . Typ i c a l l y ,  1 0  

)lg o f  C s C l -pu ri f i e d  DNA was dige s t e d  with 5 0  u n i t s  o f  

r e s t r i ct i on en z yme at 3 7°C for 3 - 5 hou r s . Aft e r  separat i o n  

b y  agaro s e  ge l e l ect ropho r e s i s ,  e a c h  dige st shows a number o f  

cha r a ct e r i s t i c  d i s c rete f ragment s super imposed o n  a back­

ground of hete rogeneous re s t r i c t i on fragment s ( F igure 4 . 1A )  . 

The di s crete fr agment s that are vi s ib l e  probably repre s ent a 

comb i nat i on of  repeated nuc lear DNA sequences and DNA 

s equen c e s  of chl o ropl a st o r i g i n . It has been shown that 

chl o rop l a s t  DNA c an account for approx . 1 1 %  of the t o t a l  DNA 

prepared from mung bean l e ave s ( Murray et a i . ,  1 9 7 9 ) . 

Howeve r ,  by c l on ing and s e quenc ing repre sentat ive membe r s  

f r om the 3 5 0  bp and 7 0 0  bp fr agment s that are c l e a r l y  vi s ib l e  

in t he Hi n dI I I  dige st , the s e  fragment s have been shown t o  b e  

t andeml y arranged repe at e l ement s in the wh ite c l ove r n u c l e a r  

genome ( E l l i s on e t  a i . ,  1 9 8 6 ) . 

4 . 3 S o u t h e rn b l o t a n a l y s i s  o f  wh i t e  c l ove r DNA 

A S o uthe rn b l ot ana l y s i s  was performed on wh ite c l over DNA 

dig es ted with BamH I , EcoRI and Hi n dI I I  re s t r ict i on e n z yme s 

u s ing the l abe l l e d  insert from pTrS 2 0 ,  the whit e  c l ove r S SU 

cDNA c l one ( S ect i o n 3 . 8 ) , a s  a probe ( F igure 4 . 1 B ) . 
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F i gure 4 . 1 .  Ge l e l e ct rophore s i s  on a 0 . 7 % agarose ge l (A )  and 

S outhern b l ot of white cl over DNA digest s probed with the 

i n s e rt from the whi t e  c l over S SU cDNA c l one , p T r S 2 0  ( B ) . Lane 

1 :  HindI I I  digest of A DNA ; l ane 2 :  BamH I digest of whit e  

c l ove r DNA; l ane 3 :  EcoR I digest o f  white c l ove r DNA ;  l ane 4 :  

Hi ndI I I  digest o f  white cl ove r DNA . 



k b  
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In  the S outhern b l ot ( F igure 4 . 1B ) , four dist inct bands o f  

9 . 0 , 6 . 7 ,  5 . 6  and 0 . 4 kb were det e cted in the white c l ove r 

DNA HindI I I  digest . The l ower two HindI I I  bands we re 

s i gn i f i c ant l y  more inten s e  than the upper two bands . Two 

dis t inct bands we re detected in each of t he white c l ove r DNA 

BamH I and EcoRI dige s t s  and for the s e  two e n z yme s the upper 

band w as  s ign i f i cant l y  m ore int ense than the l owe r band . The 

uppe r ,  di ffu s e , band in the BamH I digest probab ly repre s ented 

incomp l e t e  dige s t i on o f  the DNA . BamH I is sub j e ct t o  l imited 

methy l at i on inhib it i on ( Wat s on and Thomp s on , 1 9 8 6 )  and this 

c o u l d  a c count f or the incomplete dige s t i on in thi s c a s e . The 

l owe r band in the BamH I dige s t  was found to have a s i z e  of 1 1  

kb wh i l e the l ower band in the EcoRI dige s t  wa s found t o  have 

a s i z e  of 1 3  kb . The s e  re s u l t s  sugge sted that white c l ove r 
has at l e a s t  two rbcS gene s with one gene represented by the 

mo re intense bands and the others repre sented by the l e s s  

int e n s e  bands i n  a l l  three digest s .  

Studi e s  in other highe r p l ant s have reve a led that the S SU i s  

enc oded a s  a mu lt igene fami ly c ont a i n ing fr om f ive t o  twe lve 

gene s  ( Sect i on 1 . 7 . 3 ) . In  both petunia and t omat o ,  the rbcS 

genes are encoded at three genet ic l o c i  ( Dean et a i . ,  1 9 8 5 a ;  
S u g i t a  e t  a i . ,  1 9 8 7 ) whereas i n  pea the rbcS gene fam i l y  i s  

enc oded at a s i ngle genet i c  l o c u s  ( P o l an s  e t  a i . ,  1 9 8 5 ) . 

4 . 4  P reparat i o n o f  wh i t e  c l ove r DNA f o r  c l o n i ng 

A s e r i e s  o f  t r i a l  Sa u3A dige s t s  o f  wh ite c l ove r DNA was 

c arr ied out t o  det e rmine the c oncentrat i on of  enz yme that 
wou ld generate DNA fragment s within the correct s i z e  range 

for c l oning into the ve ct o r ,  AEMBL3 ( Sect i on 2 . 8 . 1 ) . The 

dige s t s  we re subsequent l y  ana l y z ed on an agarose gel  ( F igu r e  

4 . 2 ) . F r om F i gure 4 . 2 ,  it wa s det e rmined that Sau3A a t  a 

concent rat ion o f  0 . 0 3 1  U / �g DNA produced the max imum f l u o r ­

e s cence in the 1 8  - 2 2  k b  s i z e  range . The inten s i t y  o f  

f l u o re s cence i s  re lated t o  the mas s  d i s t r ibut i on o f  the DNA . 

Opt imal represent at ion in the subsequent l ibrary depends upon 
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max imi z i ng the number o f  mo l e c u l e s  i n  the opt imum s i z e  range 

and this is achi eved by s e l e ct ing condi t i on s  which give ha l f  

the extent o f  digest i on nec e s s ary for max imum f luore s cence 

( Seed e t  a i . ,  1 9 8 2 ) . There f o r e ,  in the s c a led-up Sa u3A 

dige s t ion of whi t e  c l over DNA ( S ect i on 2 . 8 . 2 ) ,  the en z yme wa s 

us ed at a c oncent rat ion o f  0 . 0 1 6  unit s / �g DNA . 

The Sa u3A-dige s t e d  white c l ove r DNA was s i z e fra ct i onated on 

a NaCl gradi ent and each fract i on from the gradient wa s 

ana l y z ed on an agarose ge l ( F igu re 4 . 3 ) . From F i gu re 4 . 3 , i t  

was det e rmined t hat fract i on numbers 4 6 spanned the 

requ i re d  s i z e range and thus t he se frac t i ons we re u s e d  f o r  

t h e  subsequent c on s t ruct i on o f  a wh i t e  c l ove r genomic 

l i brary . 

4 . 5  C o n s t ru ct i o n o f  a wh i t e  c l ove r g e n omi c 

l i b r a ry 

Wh ite c l ove r DNA in the 1 8  - 2 2  kb s i z e r ange was l igated t o  

EMBL3 a rms at a m a s s  rat i o  o f  1 . 5 : 1  and the l i gated DNAs we re 

packaged us ing an in vi t ro packaging sy s t em . The re s u l t ing 

genomic l ibrary wa s a s s a yed on E.  c o l i  st rain MB4 0 6  ( S e ct i on 

2 . 8 . 6 ) . The t o t a l  number o f  rec omb i n ant s in t he white c l ove r 
genomic l ib r ary was det e rmi ned t o  be 9 . 2  x 1 0 5 . 
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F i gure 4 . 2 .  T r i a l  d i ge s t s  o f  wh ite c l ove r DNA with va rying 

concent rat i ons o f  Sa u3A e l ect rophoresed on a 0 . 3 % agaro s e  

gel . Lanes 1 and 1 0 : Agt l 0  DNA digested with BamH I p l u s  

Bgl I I ;  l ane 2 :  0 . 0 0 3 9  U / � l  Sa u3A; l ane 3 :  0 . 0 7 8  U / �l Sa u3A; 

l ane 4 :  0 . 0 1 6  U / � l  Sa u3A; l ane 5 :  0 . 0 3 1  U/�l Sa u3A; l ane 6 :  

0 . 0 6 5 U/�l Sa u3A ;  l ane 7 :  0 . 1 2 5  U / �l Sa u3A; l ane 8 :  0 . 2 5  U / � l  

Sa u 3A; l ane 9 :  0 . 5 0  U / � l  Sa u3A; l ane 1 1 : A DNA d i g e s t e d  with 
Hi n dI I I . 
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F i gu re 4 . 3 .  Ge l e l ect r ophore s i s  on a 0 . 3 % agarose ge l o f  

wh i t e  c l ove r DNA part i a l l y  dige sted with Sa u 3A and frac­

t i onated by ve l o c i t y  gradient sedimentat i on . Lane s 1 and 1 2 : 
a m i x t u re o f  A DNA dige sted with BamB I and A DNA digested 

wi th Bgl I I ;  l anes 2 - 1 1 : Sa u3A digested wh i t e  c l over DNA 

fract i on s . 
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The E .  coli s t r a i n  MB 4 0 6  i s  recB- recC- sbcB- . The u s e  o f  a 

recB- recC- sbcB- E .  col i host for amp l i fying and s c reening 

genomi c l ib r a r i e s  i s  ne c e s s ary for equa l i z ing the rep resen­

tat i on o f  genom i c  sequenc e s  contain ing inve rted and di rect 

repet it i o n s  ( Wyman and Wertman , 1 9 8 7 ) . It has been shown that 

the ma j o r ity o f  recomb inant phages in a l ibrary of  genomic 

Physarum DNA c ou l d  f orm p l aques only on a recB- recC- sbcB- E .  

coli host ( Nade r et al . ,  1 9 8 5 ) . 

S i nce the gen ome o f  a p a rt i cu l a r  p l ant spe c i e s  can con s i s t o f  

up t o  8 0 %  repet it i ve DNA s equences ( s ee Tab l e  1 . 1 ) ,  the 

opt imi z at i on of  sequence repres entat i on i s  c le a r l y  an 

important feature of p l ant genomi c l ibrary const ruct i on . 

4 . 6  Amp l i f i c a t i o n and a n a l y s i s  

c l ove r ge n omi c l ib r a ry 

o f  a wh i t e  

The white c l ove r genomi c l ibrary wa s amp l i fied on E .  coli 

MB 4 0 6  ( see  S e c t i o n  4 . 5  for di s c u s s i o n )  . The amp l i f ied l ibrary 

was subsequent l y  a s s ayed on the s ame host and the c oncen­

trat i on o f  recomb inant phage wa s det e rmined t o  be 6 . 2  x 1 0 9 

pfu/ml . 

E i ght p l aques we re i s o l at ed at random from the amp l i fied 

l ibrary a s s ay p l a t e  and DNA preparat ions we re made fr om each 

of  the s e  i s o l ate s . Each DNA s amp l e  wa s dige sted with BamH I 

and Sa I l  and the ins e rt s i z e o f  each i s o l at e  wa s det e rmined 
by aga r o s e  ge l e l e ct r opho re s i s  with appropriate s i z e  

st andards ( T ab l e  4 . 1 )  

Tab l e  4 . 1 .  I n s e rt s i z e s  o f  random i s o l at e s  from the white 
c l over genom i c  l ibrary . 

i s o l ate 1 2 3 4 5 6 7 8 

s i z e  

( kb )  1 6 . 1  1 6 . 5  1 5 . 7  1 2 . 5  1 7 . 2  1 1 . 9 1 1 . 2  1 7 . 0  
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Based o n  the in sert s i z e s  o f  these random i s o l at e s ,  an 

ave rage i n s e rt s i ze o f  1 5  kb wa s c a l c u l ated . S ince the Sa u3A­

dige sted wh ite c l ove r DNA was s i z e s e lected in the 1 8  - 2 2  kb 

s i z e  range , the l ower va lue for the average insert s i z e  

sugge st s that the s i z e  s e l e ct i on pro cedu re was not as 

e f fe c t ive as it shou l d  have been . 

The s i z e  o f  a genomic l ibrary that wi l l  have an arbit rary 

probab i l it y  of  in c luding a part i cu l ar DNA sequence c an be 

c a l cu l at e d  f rom the f o rmu l a : 

N- 1n { 1 -P) 

1n(1 - �) 

whe re x i s  the average ins ert s i z e ,  y i s  the s i z e  o f  the 

hap l o i d  genome in the s ame un it s ,  N i s  the number o f  c l ones 

in the l ibrary and P i s  the probabi l ity o f  the l ibrary 

cont ain ing a part i cu l a r  DNA sequence ( C l a rke and C arbon , 

1 9 7 6 ) . The re fore , the probabi l i ty o f  having a given s e quence 

repre sented in the wh ite c l ove r genomic l ibrary reported 

above , b a s ed on a genome s i z e  ( y )  for wh ite c l over of 3 pg 

( D . Whi t e ,  personal communi cat i on ) , or  app rox . 3 x 1 0 9 bp , 

can be c a l c u l ated : 

9 . 2xl 0 5= 
1n ( 1 - p) 

l,J 1 -[ 1 .  5X1 0 4 ]) 
'\ 3 . 0xl 0 9 

:. P= 9 9 %  

It  wa s therefore c o n c l uded that the white c l ove r genomic 

l i brary wa s s u i t ab l e  for the i s o l at i on o f  spe c i f i c  wh ite 

c l ove r genomic s equence s .  
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4 . 7 I s o l at i o n  o f  a wh i t e  c l ove r S S U genomi c 

c l o ne 

A t o t a l  of approx . 1 . 2 X 1 0 6 p fu o f  the amp l i f ied wh ite 

c l ove r gene l ibrary wa s p l ated out on six 2 2 . 5  x 2 2 . 5  em 

p l at e s . Aft e r  overn i ght growth o f  the phage , near conf luent 

l y s i s  on each p l at e  was evident . The pl aque s we re t ra n s f e r red 

f rom e a ch pl at e t o  nit roce l l u l o s e  f i l t e r s  and the f i l t e r s  

we re probed with the l abe l l e d  ins e rt f rom pTrS 2 0 ,  the white 

c l ove r SSU cDNA c l one ( S e ct i on 3 . 8 ) . Afte r  aut o radi ography , 

a t ot a l  of  seven , putat ive , p o s i t ive l y  hybridi z ing p l a ques 

was i dent i f ied ( for t yp i c a l  re s u l t  see F i gure 4 . 4 ) . E a ch 

p o s i t i ve ly hybridi z i ng p l aque was i s o l ated and sub j e ct e d  t o  

a s econd round o f  p l aque hybr idi z at i on using the p T rS 2 0  

i n s e rt pro:be ( for t yp i c a l  r e s u l t  see F i gure 4 . 5 ) . At t h i s  
s t age , o n l y  two o f  the i n i t i a l  i s o l at e s  cont inue d  t o  show up 

a s  p o s i t ive . 

Aft e r  an addit i on a l  round o f  p laque hybridi z at i on ,  j us t  one 

o f  the s e  i s o l at e s  ( AT rS 6 4 ) c o u l d  s t i l l  be i dent i f ied as be ing 

de f i n i t e l y  p o s i t ive . DNA was prepared from AT r S 6 4  and 

ana l y zed by re s t r i c t ion enz yme dige s t ion and agarose ge l 

e l e ct r opho re s i s  ( F igure 4 . 6A) . A S outhern b l ot p repared f rom 

t h i s  ge l was hybridi z ed with the white c l ove r S S U  c DNA 

( p T r S 2 0 )  insert probe ( F i gure 4 . 6 B ) . Based on the s e  re s u l t s  

a s  we l l  as on addi t i on a l  rest rict i on e n z yme mappi ng ( dat a not 

shown ) , a rest r i ct i on enz yme map and hybr idi z at i on p r o f i l e  of 

AT rS 6 4  was constructed ( F igure 4 . 7 ) . The 3 . 8  kb BamH I - Ec oRI 

f ragment wa s shown t o  encomp a s s  the ent ire reg i on t o  wh i ch 

t he cDNA hybridi z ed ( F igure 4 . 7 ) . The 5 . 6  and 0 . 4  kb Hi ndI I I  

f ragments t o  whi ch the cDNA probe hybridi z e s  ( F igure 4 . 6 B )  

c o rre spond with the 5 . 6  and 0 . 4 kb HindI I I  fragment s i n  the 

S outhe rn b l ot o f  Hin dI I I  digested wh ite c l ove r  genomic DNA 

( F igure 4 . 1 ) . 
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F i gu r e 4 . 4 .  Typ i c a l  pr imary sc reening o f  the wh i t e  c l ove r 

genomic l i b rary with a wh i t e  c l ove r cDNA pr obe . E x amp l e s  of  

put at i ve ,  pos i t ive l y  hybr idi z ing p l aque s  are indicated by 

arrows . 
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F i gu r e  4 . 5 .  T yp i c a l  s e c ondary s c r e e n i ng o f  a p r i m a r y  whi t e  

c l o ve r  genom i c  l i b r a r y  i s o l at e . 
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F i gu re 4 . 6 . Ge l e l e c t r opho re s i s  on a 0 . 7 % agarose ge l (A )  and 

S o uthe rn b l ot ( B )  of di ge s t s  of the wh i t e  c l ove r S SU genomic 
c l one , AT rS 6 4 . Lane 1 :  BamH I ;  l ane 2 :  EcoRI ; l ane 3 :  Hi ndI I I ;  

l ane 4 :  Sa l I ;  l ane 5 :  BamH I  p l u s  EcoRI ; l ane 6 :  HindI I I  p l u s  

Sa l I ; l ane 7 :  Hi ndI I I  dige s t  o f  A DNA . 
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F i gure 4 . 7 .  Re st r i ct i on enz yme map o f  the i n s e r t  f r om the 

wh i t e  c l ove r S SU genom i c  c l one ATrS 6 4 . The rest r i c t i on 

fragment t o  which the whi t e  c l over S S U cDNA probe hybr i d i z e s  

( HYB ) i s  indicated bene ath the map . The s c a l e  i s  i n  b a s e  

pa i r s . Thi s i ns e rt i s  i n  the opp o s i t e  o r i ent at i on with 

respect t o  the l e ft and r i ght a rms of AEMBL3 .  



4 . 8  I s o l at i o n 

c l o n e s  

o f  wh i t e  

l S l  

c l ove r Adh ge n omi c 

The s e t  o f  genomic l ibrary p l aque hybr idi z at i on f i l t e r s  

prepared f o r  s creening w i t h  t h e  wh i t e  c l ove r S S U  cDNA probe 

( Se c t i on 4 . 7 ) was reused for the Adh s c reening f o l l owing t he 

removal o f  t he previous probe . The f i lt e r s  we re reprobed with 

t he l abe l led i n s e rt f rom pT rA2 1 ,  one of the white c l ove r Adh 

cDNA c l ones ( Sect i on 3 . 8 ) . Aft e r  aut oradi ography , a t o t a l  o f  

s event een , put a t i ve ,  p o s i t ive l y  hybridi z ing p l aques was iden­

t i f i ed ( f or t ypi c a l  re s u l t  see F i gure 4 . 4 ) . E ach p o s i t ive l y  

hybridi z ing p l aque w a s  i s o l ated and sub j e cted t o  a s e c ond 

round o f  p l aque hybr idi z at i on u s ing the pTrA2 1 insert probe 

( fo r  t yp i c a l  r e s u l t  see F igure 4 . 5 )  . At t h i s  st age , n ine o f  

t he ini� i al i s o l at e s  were st i l l  p o s i t ive . The f i ve i s o l at e s  

that g ave the st ronge st hybr i d i z ing s i gn a l s  a t  the se cond 

round ( AT rA1 1 ,  ATrA 1 2 , ATrA1 5 ,  ATrA2 1 and AT rA2 2 )  we re sub­

j ected t o  an addi t i onal round o f  pl aque hybr i di z at i on to 

further pur i fy the i s o l at e s . 

DNA was prepared from e ach o f  the pur i f i ed white c l over Adh 

genomi c i s o l at e s . Re s t r i c t i on e n z yme dige s t i on o f  e a ch DNA 

reve a led that ATrA1 1 and ATrA1 5 were ident i c a l , a s  we re 

ATrA1 2 and AT rA2 1 ( da t a  not shown ) . DNA s amp l e s  prepared from 

ATrA1 1 ,  ATrA 1 2 and AT rA2 2 we re ana l y z e d  further by r e s t r i c ­

t i on enz yme d i ge st i on and agar o s e  ge l e l e ct rophore s i s  ( F i gu re 

4 . S A) . A S outhern b l ot prepared from t h i s  ge l was hyb r idi z ed 

with the pT rA2 1 i n s e rt p robe ( F i gure 4 .  S B ) . L e s s  inten s e  

hybr i d i z at i on t o  l a rger fragment s i n  l ane s 3 ,  4 ,  9 ,  and 1 0  

( F i gure 4 . SB )  repres ent s in comp l e t e  dige s t i o n  with r e s t r i c ­

t i on e n z yme s . B a s e d  o n  the s e  re s u l t s  a s  we l l  a s  o n  addi t i o n a l  

r e s t r i ct i on en z yme mapping ( da t a  not shown ) , re s t r i ct i on 

e n z yme maps and hyb r i di z at i on pro f i l e s  o f  AT rA1 1 ,  ATrA 1 2  and 

AT rA2 2 were c onst ructed ( F i gures 4 . 9 , 4 . 1 0 and 4 . 1 1 ) . 
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F i gure 4 . 8 .  Ge l e l ect roph o re s i s  on a 0 . 7 % agarose ge l (A)  and 

S o uthern b l ot ( B )  of dige s t s  of the white c l ove r Adh gen omic 

c l on e s . Lane s 1 and 1 1 : Hi ndI I I  digest o f  A, DNA ; lane 2 :  

BamH I digest o f  A,TrA1 1 ;  l ane 3 :  Hi ndI I I  digest of  A,TrAl l ;  

l an e  4 :  BamH I p l u s  HindI I I  digest o f  A,TrA1 1 ;  lan e  5 :  Hi ndI I I  

digest o f  A,TrA1 2 ;  lane 6 :  Sa l I  digest o f  A,TrA1 2 ;  l ane 7 :  

HindI I I  plus Sa l I  digest o f  A,TrA1 2 ;  lane 8 :  Hi ndI I I  digest o f  

A,TrA2 2 ;  l ane 9 :  S a l I  dige s t of  A,T rA2 2 ;  l ane 1 0 : HindI I I  p l u s  

Sa l I  digest o f  A, T rA2 2 . 
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F i gure 4 . 9 .  Re st r i ct i on e n z yme map of  the i n s e rt f r om the 

wh i t e  c l ove r  Adh genomi c c l one AT rAl l .  The rest r i ct i on 

f r agment to wh i c h t he wh i t e  c l over Adh cDNA p robe hyb r i di zes  

( H Y B )  i s  i n d i cat e d  b eneath t he map . The scale is  in  ba s e 

pa i r s . T h i s  i n s e rt i s  i n  t he same o r i ent at i on w i t h  re spect to 

the l e ft and r i ght arms of AEMBL3 . 
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F i gure 4 . 1 0 .  Re s t r i c t i on en z yme map of  the i n s e rt fr om the 

whi t e  c l over Adh genomic c l one ATrA1 2 . The re s t r i ct i on 

fragment t o  wh i c h t he wh i t e  c l over S SU cDNA pr obe hyb r i d i z e s  

( HYB ) i s  indi c a t e d  beneath the map . The s c a l e  i s  i n  base 

p a i r s . Thi s i n s e r t  i s  in the opp o s i t e  o r i ent a t i on with 

respect t o  the l ef t and r i ght arms of  AEMBL 3 .  
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F i gu re 4 . 1 1 . Re s t r i c t i on e n z yme map of t he i n s e r t  f r om the 

wh i t e  c l ove r Adh genomic c l one ATrA2 2 . The re st r i ct i on 

f r agment t o  whi ch the wh i te c l ove r Adh cDNA probe hybr idi z e s  

( HYB ) i s  i n d i cated beneath the map . The s c a l e  i s  i n  ba s e  

p a i r s . Th i s  i n s e rt i s  i n  the opp o s i t e  or ient at i on w i th 

r e s p e c t  t o  t he l e f t and r i ght a rm s  o f  AEMBL 3 .  
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4 . 9  S ubc l o n i n g f r agme n t s  f rom AEMB L 3 / g e n om i c  

c l o n e s  i n t o  p l a sm i d  vect o r s 

For each o f  the whi t e  c l ove r S SU and Adh genom i c  c l ones 

i s o l at ed ( S e c t i ons 4 . 7  and 4 . 8 ) ,  fragment s spann i n g  the 

re g i on to wh i ch the corre sponding whi t e  c l over cDNA probe 

hyb r i d i z ed were subc loned into pGEM- 3 Z  and / o r pUBS p l a smid 

ve c t o r s  ( s ee S e c t i on 2 . 1 5 )  . For AT rS 6 4  ( F i gure 4 . 7 ) ,  the 3 . 1  

kb BamH I - EcoRI fragment was s ubc l oned t o  g i ve pTr S 6 4 0 i  for 

ATrA1 1 ( F i gu re 4 . 9 ) ,  the 7 . 6  kb BamH I - BamH I f r a gment was 

subc l oned t o  g i ve pTrA1 1 0 ;  for ATrA1 2 ( F i gure 4 . 1 0 ) , the 3 . 7  

kb Sa l I  - EcoRI fragment was s ubc l oned t o  g i ve pTrA1 3 1 i for 

ATrA2 2 ( F i gure 4 . 1 1 ) , the 4 . 8 kb BamH I - Sa l I  fra gment was 

subc l o ned t o  gi ve pTrA2 3 0 . 

4 . 1 0 S e qu e n ce a n a l y s i s  o f  t h e  wh i t e  c l ove r sma l l  

s ubun i t  g e n om i c  c l one 

De l et i on de r i vat i ve s ub c l ones o f  the wh i t e  c l ove r  S S U genom i c  

c l one p T r S 6 4 0  ( S e c t i on 4 . 9 ) we re gene rated by a c omb i n at i on 

o f  Ba 1 3 1  and exonuc l e a s e  I I I  di gest i on o f  the i n s e rt in both 

di rect i on s . The DNA s equ ence of  e ach of the de r i vat i ves wa s 

det e rm i ned and the comp l et e  DNA s e quence in both di rect i on s  

w a s  a s s emb led from the s equences o f  ove r l apping sub c l on e s  

( F  i g u re 4 . 1 2 )  . When the sequence of p T r S  6 4  0 w a s  c ompared with 

that of  p T r S 2 0 ,  the wh i t e  c l ove r S SU cDNA c l one ( S ect ion 

3 . 1 0 ) , the s e quence of  pT r S 2 0 was found t o  be ident i c a l  to 

the c orr e sponding reg i on from pTrS 6 4 0  ( F i gure 4 . 1 3 ) . It  wa s 

th e r e f o re c o n c l u ded that pTrS 6 4 0  repre s ented a t ran s c r ibed 

wh i t e  c l over rbc S  gene and that pT r S 2 0  rep resente d a part i a l  

cDNA c l o ne o f  t he t ran s c r ipt de r i ved from thi s gene . The 

nu c l eot i de s e quence of t h e  i n s e rt of pTrS 6 4 0  has been entered 

into the EMBL nu c l eot i de sequence dat aba se unde r a c c e s s i on 

number X S 2 2 9 3 . 



1 8 7  

F i gure 4 . 1 2 .  Nuc l e ot i de s equence o f  the i n s e rt f rom the wh ite 
c l over rbcS c l one , pTr S 6 4 0 . The three rbcS gene exons are 
under l i ned . 

1 
5 1  

1 0 1  
1 5 1  
2 0 1 
2 5 1 
3 0 1  
3 5 1  
4 0 1  
4 5 1  
5 0 1  
5 5 1 
6 0 1  
6 5 1  
7 0 1  
7 5 1  
8 0 1  
8 5 1  
9 0 1  
9 5 1  

1 0 0 1  
1 0 5 1  
1 1 0 1  
1 1 5 1  
1 2 0 1  
1 2 5 1  
1 3 0 1  
1 3 5 1  
1 4 0 1  
1 4 5 1  
1 5 0 1 
1 5 5 1 
1 6 0 1  
1 6 5 1  
1 7 0 1  
1 7 5 1  
1 8 0 1  
1 8 5 1  
1 9 0 1  
1 9 5 1  
2 0 0 1  
2 0 5 1  
2 1 0 1  
2 1 5 1  
2 2 0 1  
2 2 5 1  
2 3 0 1  
2 3 5 1  
2 4 0 1  
2 4 5 1  
2 5 0 1  

GGATCCGGCC GTCATCTGGC CGTACATCAT CAGACCGGCT TTATCCAGCT 
CGTGGAAG TG GTCCCAGGTG GCCCAGTGCG GCACCAGGTT AGAGTTGGCA 
ATCAGTACGC GTGGTGCATC GGCATGGGTA CGGAATACGC CCACCGGCTT 
ACCGGAC TGG ACCAGCAGCG TCTCTTCCGG C TGCAGCGCC TGCAGTGAAC 
GCAGGATCTG CTCGAAGCAC GCCCAGT TAC GGGCTGCTTT ACCAATGCCA 
CCGTATACCA CCAAATCCTC CGGGCGTTCG GCCACATCCG GGTCGAGATT 
GTTCTGGATC ATGCGGTAAG CGGCTTCGAT CAGCCAGTTG GCACAGTGCA 
GTTCACTGCC GTGCGGGGCA CGGATCGTGC GGGCGACGGC TTTGCTTACG 
GAATCAGTCA T TAT TTTT TC CTTTTCAAAC AGGCT TAGCG CGCGCGTGCA 
GGCTGCAGGG C GGCGATCGT TTCTGGCCAG TGGTCTGATG TCGCCCACAG 
GCGCATCTGC T CAATATCCG GGGCCATCAG GCGATC TTTT TCCAGATAAG 
CCACACGTTC GCGGACGCCG GCCAGCACCT GCTCCAGCTG TGGAGAGCTT 
TTCAGCGGAC G GATAAAATC AATACCCTGT GCGGCGGCCA TCGCCTCAAT 
CCCCACCACG GCAGCCGTGT TAAAGCACAT GGCCCCCAGG CGACGGGCCG 
CATAGGTGGC CATCGAAACG TGATCTTCCT GATTGGCGGA GGTAGGCAGG 
CTGTCCACGC TCCCCGGGTG GGCGAGGGAT T TGTTTTCAG AGGCCAGCGC 
CGCGGCGGTC AC CTGGGCTA TCATAAAACC GGAGTTCACC CCGCCATCGT 
TGACCAGGAA GGGCGGCAGG CCGGAAAGGC CGGTATCCAG CAGCAGGGCA 
AGCCGGCGCT CGGAAATCGC CCCGATTTCC GCCACGGCCA GGGCGATAAT 
ATCGGCGGCA AAGGCAACCG GCTCGGCATG GAAGT TCCCA CCGGAGATCT 
TATGTTTTCA ATATTGTATG TT TGGCTACT AATCAAACAA GGTTGATAAG 
CCCCATCTTT CTCTCTACCA CCCCTTATCT TATGTACACA CTTTGCTTAT 
CTTCAAT TTC CCCATTGTAA AT TCTAAACA AAATATAGTA ACAAAAAAAA 
ATGTTAATGA AAAT TATTGT TGTAATATTA AAAAGCATTG GTCCCATGCA 
ATGGTGAAGA TACAAACCTA TTTTCAAC TA TCCAACAAAA GGGATAAGAG 
TGTCAGTTGA AAGATTTTCT TTGAAGTTCT AT TCCTTCCC CAAGAAATTA 
ACAT TTAC TA T C TAACTTTC AAATT TGATA TTTGATACAT TGAC TAAATT 
ACATCAAC TA AA TTAACAAT TAAATTTGAT ATCTAAGTTA AT T T TATTAT 
TGTGTAATTT AAT TAT T T TA ATCTCAAATA AATAGTTAAG ATAATTTGTG 
TTTTTTACGG TATGTAGTTT GAAATCCTAA ATTTCACTCC TACACTATAA 
AACATAATTG TAGCAACAAA GGTACAAATG CTATTAGTAA TTCACTCAAT 
ATAGACATAA GAAATTATGG TCACAATT TC ACAAATATGT TAAGAAGTAA 
AATAGTGTGT GAATGTGAAA TAAAAAGATA TCAAC TTCAC CACAATCACA 
CATTTTATGT ACT TCCAAAG AAGAGATAAG AT TATGGAGC CAAATCCACG 
TGGCATTACC ATAGTGGTAC CTAACGATAA GGCTACCATT TCAAAACATT 
ACATTCTCTT GTGGCCAATA TCATCAAATA TTCAATCCAA CGGATGACAA 
TTTTCAGCCA CCAATTTTTT TCAATCCATA CCATTAGAT T AGTGACATCA 
AAATTTCTCC AT TATATATA GCAAGTTTGA GTTGAACTAT AAGCAGAAGC 
AAAAAGAAGA AGTACTTGGT GAACTAAGAA GGAAAAGAAG AAAAATGGCT 
TTGATTTCCT CCGCCGCAGT CACCACCATT AACCGCGCTC CGGTACAAGC 
CAAC TTGGCT AC TCCATTCA CCGGTCTCAA ATCCTCAGCT GGAT TCCCAG 
TCACCAAGAA GAACAATGAC AT TACCTCCA TCACAAGCAA TGGTTCAAGA 
GTTAAC TGCA TGCAGGTAAC ATACCTAATC CATATACCCC ATCAAAAATT 
AATTCAATTT CATGTTATGT TACATATATT TATGTACCTT AATGTTGCTT 
AATTTTTGGT T T TCGTAACC AATATCCGAC CCACTGAACC GTT TAATCTG 
TTTCGGTGGT CAGTTCTGAT TCAAAAAAAT GTTACAAAAA ATAAAATAAT 
TGATTTAATT GAAATTTTAT CTACTACAAT GTATGTATAC CAAAATTGAT 
ACAAGTAATT AAAATTGTTA AATTTTGCTA ACCCTTT TAC TTAATTTTAT 
GTATAATATT TATAGGTGTG GCCACCAGTT GGCAAGAAGA AGTTTGAGAC 
CCTT TCATAC C T TCCACCCC TCACTGATGA GCAATTGCTT AAGGAAGTAG 
AGTATCTTCT AAGGAAGGGA TGGGTTCCAT GTGTTGAATT TGAGTTGGAG 



1 8 8  

F i gu re 4 . 1 2 .  ( C ont inue d)  

2 5 5 1  GTTAAT TTTA TTTACTCTTG CAACCC T T T T  T TAAAATTTA TTAGTTTACG 
2 6 0 1  AGTT TAATTA CTATACACTA CCAATAAAAA AC TTTTCTAT AGATTGAATA 
2 6 5 1  TATCAACAAA TTATCTCTGT GGCAAAATAT GAT TGAATGA AATATTTTAC 
2 7 0 1  ATAGTCAGTA CATATAGGTC TTTTGAAAAT TATATTTTTA TATTGGTTAG 
2 7 5 1  AGAAATTAAG ATTGTC TAAA GTCGATAATC CTTTCATCCG CGCAGCTAGC 
2 8 0 1  ACATCAGTGA CTGTTCTAT T GAGATCAGTC CGAACAGTAC GATCTCAATC 
2 8 5 1  GAACAGTGTT CACAGATGTA CTGAC TGCGT GAATACTGAA GAT TTCTGAC 
2 9 0 1  TGCATATGAC AATATAAATT TGTGTTACGA G TTACAAATA TTTTAGGGTT 
2 9 5 1  GATGTATTTG TTTTGTATTT TATAGAAAGG AT TTGTCCAC CGTCAGTACA 
3 0 0 1  ACAGTTCACC AGGATACTAT GAT GGACGTT ACTGGACAAT GTGGAGGTTG 
3 0 5 1  CCATTGTTTG GAACCACTGA TGCTGCTCAG GTGTTGAAGG AAGTTGCTGA 
3 1 0 1  ATGTAAAGCA GAATACCCAG AAGCTTTCAT CCGTATCATC GGATTTGACA 
3 1 5 1  ACGTTCGTCA AGTGCAATGC ATTAGTTTCA T TGCAAGCAC ACCCAAAGTC 
32 0 1  TACTAAATTT GATATTTGCA CCACCCTTTA T TACTACTTT GTTTGTACTT 
3 2 5 1  CACCATTGTA AGAAC TATAT TTCCCATTTG T T T TATGTTT TT TAATATT T  
3 3 0 1  CATCATCAAT ATAGTATCAT CCTGTTGTAT T T T T GGTTAT TATGTATTCG 
3 3 5 1  GATTTCCAT T GGAAAT TATG AATGGATGAG AACTATCAAT AATAATAATA 
3 4 0 1  ATATGTTGTT TCTTTGTTCC CAAATTATAT TGCTTCAAAG TAGAGGGTGT 
3 4 5 1  AGG TAGTAAT TTATATATTT GTTGAAAC TA CCTAT TTCAA ACATTCATTA 
3 5 0 1  Cr TACT TACT ATC TTTTGAT TTCCCTCTAG TGGGTTGAAA GCTTCACTAA 
3 5 5 1  ATCAAAGTTT TTATCAAGAT TTCAAATTGA T T TTTGTTGC AAT TTTCAAT 
3 6 0 1  ATTATGAAAG T T TGCGGTTA ACATCAAAAA CATTGATGTT ACAATTGTAT 
3 6 5 1  TAGTTGATGT AACATCAAC T AATACAATTG TGAC TTAGTC ACGAAGACAT 
3 7 0 1  CAACAACATT GATGTCGCGG TCACAATTAT AGTCACATTT AAGAACTTAG 
3 7 5 1  TTATCATTCT TGTGTTAGTT ACTAAATGAG TGTTAACAAA GCAACTTTTA 
3 8 0 1 TGCATAGATG T TCTTATATA TACTTTGGTT ATTCATAAGC GAAATGAAG T 
3 8 5 1  ACATAGTATA ATTTGTGCTG AGCAAATATG ACTAGGGTGC ACACATTTTC 
3 9 0 1  TTGTCTAT TT AAGTAATATC TTGCATTCAT GT TATGAGGA AGCTACTAAA 
3 9 5 1  CATCCCAAAC CAAATTGTGA ATTC 



1 8 9  

F i gure 4 . 1 3 .  S e quence comp ar i s on o f  p a rt of  the S SU genom i c  
c l o ne , p T r S 6 4 0 ,  w i t h  the c omp l ete s e quence of  the S S U cDNA 
c l o n e ,  pT r S 2 0 .  The numbe r i ng o f  the p T r S 6 4 0  sequence c o rre s ­
ponds with the numbe ri ng in F i gure 4 . 1 2 .  The poly (A)  t a i l  o f  
the pTrS 2 0  s e quence ( F igure 3 . 1 7 )  has been de leted . 

2 9 6 0  2 9 7 0  2 9 8 0  2 9 9 0 3 0 0 0  
* * * * * 

p T r S 6 4 0  GATGTAT TTGTTTTGTAT TTTATAGAAAGGATTTGTCCACCGTCAGTACA 

pTr S 2 0  
. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

- - - - - - - - - ------- - - -------- -AGGATTTGTCCACCGTCAGTACA 

3 0 1 0  3 0 2 0  3 0 3 0  3 0 4 0  3 0 5 0  
* * * * * 

p T r S 6 4 0  ACAG TTCACCAGGATACTATGATGGACGTTACTGGACAATGTGGAGGTTG 

p T r S 2 0  
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

ACAG TTCACCAGGATACTATGATGGACGTTACTGGACAATGTGGAGGTTG 

3 0 6 0  3 0 7 0  3 0 8 0  3 0 9 0  3 1 0 0  
* * * * * 

p T r S 6 4 0  CCATTGTTTGGAACCACTGATGCTGCTCAGGTGTTGAAGGAAGTTGCTGA 

pTr S 2 0  
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

CCAT TGTTTGGAACCACTGATGCTGCTCAGGTGTTGAAGGAAGTTGCTGA 

3 1 1 0  3 1 2 0  3 1 3 0  3 1 4 0  3 1 5 0  
* * * * * 

p T r S 64 0 ATGTAAAGCAGAATACCCAGAAGCTTTCATCCGTATCATCGGAT TTGACA 

pT r S 2 0  
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

ATGTAAAGCAGAATACCCAGAAGCTTTCATCCGTATCATCGGATTTGACA 

3 1 6 0 3 1 7 0  3 1 8 0  3 1 9 0 3 2 0 0  
* * * * * 

pTrS 6 4 0  AC GTTCGTCAAGTGCAATGCATTAGTTTCATTGCAAGCACACCCAAAGTC 

p T r S 2 0  
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

AC GTTCGTCAAGTGCAATGCATTAGTTTCATTGCAAGCACACCCAAAGTC 

3 2 1 0  3 2 2 0  3 2 3 0  32 4 0  3 2 5 0  
* * * * * 

p T r S 6 4 0  TAC TAAATTTGATAT TTGCACCACCCTTTATTACTACTTTGTTTGTACTT 

p T r S 2 0  
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  

.. .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TAC TAAATTTGATAT TTGCACCACCCTTTATTACTACTTTGTTTGTACTT 

3 2 6 0  3 2 7 0  3 2 8 0  32 9 0  3 3 0 0  
* * * * * 

p T r S 6 4 0  CACCAT T GTAAGAAC TA TATTTCCCATTTGTTTTATGTTTTTTAATATTT 

p T r S 2 0  
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

CACCATTGTAAGAAC TATATTTCCCATTTGTTTTATGTTTTTTAATAT TT 

3 3 1 0  3 3 2 0  3 3 3 0  3 3 4 0 3 3 5 0  
* * * * * 

p T r S 6 4 0 CATCATCAATATAGTATCATCCTGTTGTATTTTTGGTTATTATGTATTCG 

p T r S 2 0  
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

CATCATCAATATAGTATCATCCTGTTGTATT TTTGGTTATTATGTATTCG 



1 9 0  

F i gure 4 . 1 3 .  ( C ont inu e d )  

3 3 6 0  3 3 7 0  3 3 8 0  3 3 9 0  3 4 0 0  
* * * * * 

p T r S 6 4 0 GAT TTCCAT TGGAAATTATGAATGGATGAGAACTATCAATAATAATAATA 

p T r S 2 0  
. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . 

GAT TTCCATTGGAAATTA-------- - - - - ------ ----- ------ - - -



1 9 1 

Based on the c ompa ri son between the whi t e  cl over genomic and 

cDNA S SU s e que n c e s  ( F igure 4 . 1 3 ) , the stop codon and the 

pol y aden y l at ion s i t e  have been l o cated within the rb c S  gene 

sequence at pos it i on s  3 2 0 4  and 3 3 6 7 respect i ve l y . A putat ive 

po l y ade nylat ion s i gna l ,  AATATA, has been ident i f ied between 

po s i t i on s  3 3 0 8  and 3 3 1 3 . The seque nce of the wh ite c l ove r 

rb cS po lyaden y l a t i on s i gn al i s  in  good agreement with the 

proposed c o n s e n sus p l ant pol yadeny l at i on s i gn a l ,  AATAAA 

( Joshi , 1 9 8 7 b ) . Addi t i on a l  put at ive pol y aden y l at i on s i gn al s ,  

AATAAT , are present between po s i t i on s  3 3 8 8  and 3 4 0 2 . The se 

pol yaden y l at i on s i gn a l s  are thus down st ream of the poly­

adeny l at i on s it e  used for the t ra n s c r ipt c o r responding to  the 

pT r S 2 0 cDNA c l one . Mu l t iple po lya den y l at i on s i t e s  wh i ch give 

ri se t o  t ran s c r i pt s di f fe r ing at the i r  3 '  ends have been 

shown to occur in a numbe r of pl ant gen e s  ( Dean et al . ,  1 9 8 6 ;  

Hunt and MacDon a l d ,  1 9 8 9 ) . 

It i s  not yet c l ear whether t ran s c r ipt s o f  the rbc S  gene 

wh i c h di f fe r  at t h e i r  3 '  ends , r e f lect ing the mu l t ipl e ,  

put at ive pol yaden y l at i on s i t e s , do occur i n  wh ite c l ove r . The 

n u c l eot i de in the wh i te c l o ve r rbcS sequen ce whi ch c o rre s ­

ponds w i t h  the f i r st A in  the p o l y  ( A )  t a i l o f  the cDNA 

s equence i s  an A r e s i due ( at p o s it i on 3 3 6 8 ) , as i s  the case 

f or all  of  the petunia sma l l  subun i t  gen e s  ana l y z e d ( Dean e t  

a l . ,  1 9 8 6 ) . 

4 . 1 1 C omp a r i s o n o f  t he wh i t e  c l ove r 
s e qu e n c e w i t h  o t h e r  rb cS s e qu e n c e s  

rb cS 

A c ompa ri son of  the sequence o f  p T r S 6 4 0  with the pub l i shed 

s equences of the coding regions of  rbcS gen e s  from a variety 

of p l ants ( F i gu re 4 . 1 4 ;  the ident i t i e s  o f  the rbcS sequences 

used are l i sted in Table 4 . 2 ) con f i rmed the iden t i t y  o f  the 

wh ite c l ove r sequence as a rb cS ge ne . 
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F i gure 4 . 1 4 . Compar i s on o f  rbcS gene c oding sequence s  f rom 
var i ous h i gher p l ant s . The i dent i t y  o f  e ach sequence i s  
l i s t e d in Tab l e  4 . 2 .  The proc e s s ing s i t e  ( AT G )  between the 
tr ans it pept i de and the mat ure S SU p o l ypept i de for each 
sequence is indi c at ed i n bold type . The wh i t e  c l ove r s e qu ence 
( TR) corresponds to pos i t i ons 1 9 4 5  - 32 0 6  in  F i gure 4 . 1 2 with 

the int r on s eque n c e s  ( 2 1 1 6  - 2 4 1 5  and 2 5 5 1  - 2 9 7 5 )  removed . 
Nu c l e ot i de s  wh i ch are conserved a c ro s s  a l l  sequen ces are 
ind i c ated ( * ) . 

AT l AT GGCT TCCTCTATGCTC------TCTTCCGCTACTATGGT--- ----- -
AT 2 ATGGC T TCCTCTATGCTC ----- �TCCTCTGCCGCTGTGGT ----- ----
AT 3 ATGGCTTCCTCTATGCTC ------TCCTC CACCGCTGTGGT--- ----- -
AT 4 ATGGC TTCCTCTATGCTC------ TCCTCCGCCGCTGTGGT --- - ---- -
GM l ATGGCTTCCTCAATGATC --- - - -TCCTCCCCAGCTGTTAC--CACCGTC 
GM2 ATGGC T T C CTCAATGATC--- ---TCTTCCCCAGCTGTTAC --CACTGTC 
P S i  ATGGC T T C T - --ATGATA--- ---TCCTCTTCAGCTGTGAC- - TACAGTC 
P S 2  ATGGC T T C T ---ATGATA---- - -TCCTCTTCCGCTGTGAC--AACAGTC 
TR ATGGCTT - - - - - -TGATT ------TCC TCCGCCGCAGTCAC - -CACCATT 
HA AT GGCT T C - - - ---GATC--- -- -TCCTCCTCAGT CGCG-----ACCGTT 
LE i ATGGCTTCCTCAAT TGTC -- ---- TCATCGGCAGCCGCTGC--TACCCGT 
LE2 ATGGCTTCCTCTGTCAT T - - - -- -TCT TCAGCAGCTGTTGC--CACACGC 
LE3 ATGGCTTCTTCAGTAATG--- - - -TCCTCAGCAGCTGTTGC--CACCCGC 
LE4 ATGGCT T C T T CAGTAATG--- ---TCCTCAGCAGCTGTTGC --CACCCGC 
LE5 ATGGC T TCCTCTATAGTT- --- - -TCTTCAGCTGCTGTTGC- -CACCCGC 
NT ATGGCT TCCTCAGTTCTT--- - --TCCTCTGCAGCAGTTGC--CACCCGC 
PE l ATGGC T T C C TCTGTGAT T ------TCCTCTGCAGCTGT TGC--TACTCGC 
PE2 ATGGC T TCCTCAGTGATG----- -TCCTCAGCTGCAGTTGC--CACAAGC 
LL ATGGC T TCCTCTATCATGGCTCTGTCCTCCACAGCTGCAGTGGCAGCGGT 
OS ATGGCCCCCTCCGTGATGGC- - -G---TCGTCGGC --- -- --------- -
ZM ATGGCGCCCACCGTGATGAT- - -GGCCTCGTCGGC - - - -- ---- - - -- - -

* * * * *  * * *  * 

AT l - -- - -TGCCTCTCCGGCTCAGGC - - - - -CACTATGGTCGCTCCTTTCAAC 
AT2 - - - --TACCTCCCCGGCTCAAGC-----CACCATGGTCGCTCCATTCACT 
AT 3 --- - -TACCTCCCCGGCTCAAGC -----CACCATGGTCGCTCCATTCACC 
AT4 - - - - - TACATCCCCGGC TCAGGC --- - -CACCATGGTCGCTCCATTCACC 
GM 1 AACCGTGC C - - - - -GGTGC --- ------CGGCATGGTTGCTCCATTCACC 
GM2 AACCGTGCC - - - --GGTGC--- ------CGGCATGGTTGCTCCATTCACT 
P S 1  AGCCGT G C T TCTACGGTGCAATC-----GGCCGCGGTGGCTCCATTCGGC 
P S 2  AGCCGTGCCTCTAGGGGGCAATC--- --CGCCGCAGTGGCTCCAT TCGGC 
TR AACCGCGCTCC- --GGTACAAGC-- - --CAACTTGGCTACTCCATTCACC 
HA AGCCGGACCGCCCCTGCTCAGGC-----CAACATGGTGGCTCCGT TCACC 
LE 1 AGCAATG T T - - - - - -GCTCAAGC -----TAGCATGGTCGCACCCTTCACC 
LE2 AGCAAT G T T - - -- - -ACACAAGC-----TAGCATGGTTGCACCTTTCACT 
LE 3 GGCAATGGT ------GCACAAGC -----TAGCAT GGTTGCACCCTTCACT 
LE4 GGCAATGGT - -- ---GCACAAGC---- -TAGCATGGTTGCACCCTTCACT 
LE5 GGCAATGGT - - - - - -GCACAAGC-----TAGCAT GGTTGCACCCTTCACT 
NT AGCAATG T T - --- --GCTCAAGC ----- TAACATGGTTGCACCT TTCACT 
P E l  ACTAATGTG - - - - - -GCTCAAGC- -- -- TAGCATGGT TGCACCTTTTAAT 
PE2 ACCAATG C T - - - -- -GCTCAAGC-----CAGCATGGTTGCACCCTTCACT 
LL AGCCGCGCC-CTCCAAGACAGGCAACAGCAATGTGGTGTCGGCGT TCACG 
O S  -- -- - -- - - - - - - - - - -- -- -- --- - - -CACCACCGTCGCTCCCTTCCAG 
ZM - - - - - -- - - - ----- - - ------- -- --CACCGCCGTCGCTCCGTTCCAG 

* * * * *  



1 9 3 

F i gure 4 . 1 4 .  ( Cont inued)  

AT I GGACTTAAGTCCTCCGCTGCCTTCCCAGCCACCCGCAAGGCTAACAA- - -
AT 2 GGTTTGAAGTCATCCGCTTCTTTCCCGGTTACCCGCAAGGCCAACAA---
AT 3 GGCTTGAAGTCATCCGCTTCTTTCCCGGTCACCCGCAAGGCCAACAA-- -
AT 4 GGC T TGAAGTCATCCGCTGCATTCCCGGTCACCCGCAAGACCAACAA---
GMI GGCCTCAAATCCATGGCTGGCTTCCCCACGA---GGAAGACCAACAA---
GM2 GGCCTCAAGTCCATGGCTGGCCTCCCCACCA---GGAAGACCAACAA- - -
P S I  GGCCTCAAATCCATGACTGGATTCCCAGTTA---AGAAGGTCAACAC- - -
P S 2  GGCCTCAAATCCATGACTGGATTCCCAGTGA- --AGAAGGTCAACAC- - -
TR GGTCTCAAATCCTCAGCTGGATTCCCAGTCA- --CCAAGAAGAACAA- - -
HA GGCCTTAAGTCCAACGCCGCCTTCCCCACCACCAAGAAGGCTAAC -- - - -
LE I GGACTCAAATCCGCCGCTTCTTTTCCCGTTACCAAGAAGAACAACAACGT 
LE2 GGTCTCAAATCTTCAGCCACTTTCCCTGTTACAAAGAAG--CAA-AACCT 
LE 3 GGACTCAAGTCCACCGCTTCTTTCCCTGTTTCAAGGAAG--CAA-AACCT 
LE 4 GGACTCAAGTCCACCGCTTCTTTCCCTGTTTCAAGGAAG--CAA-AACC T  
LE5 GGACTCAAGTCCACTGCTTCTTTCCCTGTTTCAAGGAAG--CAA-AACCT 
NT GGCCTTAAGTCAGCTGCCTCATTCCCTGTTTCAAGGAAG --CAA-AACC T  
PEl GGTCTTAAGTCTGCTGTCTCCTTCCCAGTTTCAAGCAA--GCAA-AACCT 
PE 2 GGCCTCAAGTCTGCAGCCTCCTTCCCTGTTTCCAGGAA--ACAG-AACCT 
LL I GGGCTCAAGTCCATGGCTCAATTCCCTTCCAGCAAGACGATGAGCAACGC 
OS GG-CTCAAGTCCACCGCCGGCATGCC-GTCGCCCG- --- -- ---CCGTCC 
ZM GGGCTCAAGTCCACCGCCAGCCTCCCCGTCGCCCG- --- -----CCGCTC 

* *  * * *  * *  * * *  

AT I CGACATTACTTCC---------ATCACAAGCAACGGCGGAAGAGTTAACT 
AT 2 CGACATTACTTCC---------ATCACAAGCAATGGGGGAAGAGT TAGCT 
AT 3 CGACATTACTTCC---------ATCACAAGCAACGGAGGAAGAGTTAGCT 
AT 4 GGACATCACTTCC---------ATCACAAGCAACGGGGGAAGAGT TAGCT 
GM I TGACATTACCTCC---------ATTGCTAGCAACGGTGGAAGAGTACAAT 
GM2 TGACATTACCTCC---- - - -- -ATTGCTAGCAACGGTGGAAGAGTGCAAT 
P S I  TGACATTACTTCC---------ATTACAAGCAATGGTGGAAGAGTAAAGT 
P S 2  TGACATTACTTCC---------ATTACAAGCAATGGTGGAAGAGTAAAGT 
TR TGACATTACCTCC---------ATCACAAGCAATGGTTCAAGAGT TAACT 
HA -GACTTCTCCACC---------CTTCCCAGCAACGGTGGAAGAGT TCAAT 
LE I TGACATTACCTCC---------CTTGCTAGCAATGGTGGACGCGTTAGAT 
LE2 TGACATCACTTCC----- ----ATTGCTAGCAATGGTGGAAGAGT TAGC T 
LE 3 TGACATTACCTCC-- -- - - ---AT TGCTAGCAACGGTGGAAGAGTCAGTT 
LE 4 TGACATTACCTCC------ -- -ATTGCTAGCAACGGTGGAAGAGTCAGTT 
LE5 TGACATTACCTCC---------AT TGCTAGCAACGGTGGAAGAGTCAGTT 
NT TGACATCAC T TCC---------ATTGCCAGCAACGGCGGAAGAGTGCAAT 
PEl TGACATCACTTCC---------ATTGCTAGCAATGGTGGAAGAGT CCAAT 
PE2 TGACATTACTTCC---------ATTGCTAGCAATGGTGGAAGAGTTCAAT 
LL TGGCGCTGAATGGGAGCAAAAGACAACGAGCAACGGCTCCCGCGTACGAT 
OS GAACTCCAGC TTCG-GCAA--- --CGTCAGCA-TGGCGGCAGGATCAGGT 
ZM CTCCAGAAGCCTCG-GCAA-----CGTCAGCAACGGCGGAAGGATCCGGT 

* * * * *  * *  * * * 



1 9 4 

F i gure 4 . 1 4 .  ( Cont inued) 

AT l GCATGCAGGTGTGGCCTCCGATTGGAAAGAAGAAGTTTGAGACTCTCTCT 
AT 2 GCATGAAGGTGTGGCCACCAATCGGAAAGAAGAAGTTTGAGACTCTATCT 
AT 3 GCATGAAGGTGTGGCCACCAATCGGAAAGAAGAAGTTTGAGACTCTATCT 
AT 4 GCATGAAGGTGTGGCCACCAATTGGAAAGAAGAAGTTTGAGACTCTATCT 
GMl GCATGCAGGTGTGGCCACCAATTGGCAAGAAGAAGTTCGAGACTCTTTCC 
GM2 GCATGCAGGTGTGGCCACCAGTTGGCAAGAAGAAGTTTGAGACTCTTTCC 
P S l  GCATGCAGGTGTGGCCTCCAATTGGAAAGAAGAAGTTTGAGACTCTTTCC 
P S 2  GCATGCAGGTGTGGCCTCC�TGGAAAGAAGAAGTTTGAGACTCTTTCC 
TR GCATGCAGGTGTGGCCACCAGTTGGCAAGAAGAAGTTTGAGACCCTTTCA 
HA GCATGAAGGTGTGGCCACCACTTGGATTGAAGAAGTACGAGACTCTCTCA 
LE l GCATGCAGGTGTGGCCACCAATCAACATGAAGAAATACGAGACATTGTCA 
LE2 GCATGCAGGTGTGGCCACCAATTAACATGAAGAAGTACGAGACACTCTCA 
LE 3 GCATGCAGGTGTGGCCACCAAT TAACATGAAGAAGTACGAGACTCTGTCG 
LE 4 GCATGCAGGTGTGGCCACCAATTAACATGAAGAAGTACGAGACTCTGTCG 
LE5 GCATGCAGGTGTGGCCACCAATTAACATGAAGAAGTACGAGACTCTGTCG 
NT GCATGCAGGTGTGGCCACCAATTAACAAGAAGAAGTACGAGACTCTCTCA 
P E l  GCATGCAGGTGTGGCCCCCATATGGCAAGAAGAAGTACGAGACTCTCTCA 
PE2 GCATGCAGGTGTGGCCACCATACGGCAAGAAGAAGTACGAAACTCTCTCA 
LL GCATGCAGGTGTGGCCTCCTTACGCGAATAAAAAGTTTGAGACTCTGTCG 
OS GCATGCAGGTGTGGCCGATTGAGGGCATCAAGAAGTTCGAGACCCTCTCC 
ZM GCATGCAGGTGTGGCCGGCCTACGGCAACAAGAAGTTCGAGACGC TGTCG 

* * * * *  * * * * * * * * * *  * *  * *  * * *  * *  * * *  

AT l TACCTTCCTGACCTTACCGATTCCGAAT TGGCTAAGGAAGTTGACTACCT 
AT2 TACCTCCCTGACCTTACTGACGTCGAAT TGGCTAAGGAAGTTGACTACCT 
AT 3 TACCTCCCTGACCTTAGTGACGTTGAATTGGCTAAGGAAGTTGACTACCT 
AT 4 TACCTCCCTGACCTTAGTGACGTCGAAT TGGCTAAGGAAGTTGACTACCT 
GMl TACTTGCCAGACCTCGATGATGCCCAAT TGGCCAAGGAAGTCGAATACCT 
GM2 TACC TGCCAGACCTTGATGATGCACAATTGGCAAAGGAAGTAGAATACCT 
P S l  TATTTGCCACCATTGACCAGAGATCAGTTGTTGAAAGAAGTTGAATACCT 
PS 2  TATTTGCCACCATTGACGAGAGATCAATTGTTGAAAGAAGTTGAATACCT 
TR TACCTTCCACCCCTCACTGATGAGCAATTGCTTAAGGAAGTAGAGTATCT 
HA TACTTACCACCACTAACTGAAACTCAGTTGGCTAAGGAAGTCGACTACTT 
LE l TACCTTCCTGACTTGTCCGATGAGCAATTGCTTAGCGAAATTGAGTATCT 
LE2 TACCTTCCTGATTTGTCTGACGAGCAAT TGCTTAGTGAAATTGAGTACCT 
LE 3 TACCTTCCTGATTTGTCCGACGAGCAAT TGCTCAGCGAAATTGAGTACCT 
LE 4 TACCTTCCTGATTTGTCCGACGAGCAATTGCTCAGCGAAATTGAGTACCT 
LE5 TACCTTCCTGATTTGTCCGACGAGCAATTGCTCAGCGAAATTGAGTACCT 
NT TACCTTCCTGATTTGAGCCAGGAGCAATTGCTTAGTGAAGTTGAGTACCT 
P E l  TACCTTCC TGATTTAACCGACGAGCAATTGCTCAAGGAGATTGAGTACCT 
PE2 TACCTTCCTGAT TTGAC TGACGAGCAGCTCCTCAAGGAAATTGAGTACCT 
LL TATCTCCCTCGCTTGACCCCGGAGCAACTGGTGAAGGAGGTGGAGTACCT 
OS TACCTGCCACCGCTCACCGTGGAGGACCTCCTGAAGCAGATCGAGTACCT 
ZM TACC TGCCGCCGCTGTCGACGGACGACCTGCTGAAGCAGGTGGACTACCT 

* *  * * *  * * * * * * * *  * *  * 



1 95 

F i gure 4 . 1 4 .  ( Cont inued) 

AT l T-ATCCGCAACAAGTGGATTCCTTGTGTTGAATTCGAGTTGGAGCACGGA 
AT 2 T-C TCCGCAACAAGTGGATTCCTTGTGTTGAATTCGAGTTGGAGCACGGA 
AT 3 T -C TCCGCAACAAGTGGATTCCTTGTGTTGAATTCGAGTTGGAGCACGGA 
AT4 T-CT CCGCAACAAGTGGATTCCTTGTGTTGAATTCGAGTTAGAGCACGGA 
GM I T -CTAAGGAAAGGATGGATTCC TTGC T TGGAATTCGAGTTGGAGCACGGT 
GM2 T-CTTAGGAAGGGATGGATTCCTTGCTTGGAATTCGAGTTGGAGCACGGT 
P S I  T -C TCAGGAAGGGATGGGTTCCTTGCTTGGAATTTGAGTTGGAGAAAGGA 
P S 2  T -CTGAGGAAGGGATGGGTTCCATGCT TGGAATT TGAGTTGGAGAAAGGA 
TR T-CTAAGGAAGGGATGGGTTCCATGTGTTGAATTTGAGTTGGAGAAAGGA 
HA G-CTCCGCAAAAAATGGGTTCCTTGTTTGGAATTCGAGTTGGAGCACGGT 
LE I T-TTGAAAAATGGATGGGTTCCTTGCTTGGAATTCGAGAC TGAGCGCGGA 
LE2 T -TTGAAAAATGGATGGGTTCCTTGCTTGGAATTTGAGACTGAGCACGGA 
LE 3 A-T T GAAAAATGGATGGGTTCCTTGCTTGGAATTCGAGACTGAGCACGGA 
LE4 A-T T GAAAAATGGATGGGTTCCTTGCTTGGAATTCGAGACTGAGCACGGA 
LE5 A-T TGAAAAATGGATGGGTTCCTTGCTTGGAATTCGAGACTGAGCACGGA 
NT T -T T GAAAAATGGATGGGTTCCTTGCTTGGAATTCGAGACTGAGCACGGA 
P E l  T -T TGAACAAGGGATGGGTTCCTTGCTTGGAATTTGAGACTGAGCACGGA 
PE2 T -T TGAACAAGGGATGGGTTCCTTGCTTGGAATTCGAGACTGAGCACGGA 
LL G-C TGAAGAACAAGTGGGTGCCCTGCCTGGAATTCGAG -- -GAGGATGGT 
OS I AGCTCCG T TCCAAGTGG- TGCCCTGCCTCGAGTTCAG---CAAGGTCGGA 
ZM G- - - -CGCAACGGCTGGATACCCTGCCTCGAGTTCAG-- -CAAGGTCGGC 

* * *  * * *  * *  * * *  * *  * *  * *  

AT I TTTGTGTACCGTGAGCACGGTAACTCACCCGGATACTATGATGGACGGTA 
AT 2 T T TGTGTACCGTGAGCACGGAAACACTCCCGGATACTACGATGGACGGTA 
AT 3 TTTGTGTACCGTGAGCACGGAAACACTCCCGGATACTATGATGGACGATA 
AT 4 TTTGTGTACCGTGAGCACGGAAACACTCCCGGATACTACGATGGACGGTA 
GM I T T CGTGTACCGTGAGCACAACAGGTCACCTxGATACTATGATGGACGCTA 
GM2 TTCGTGTACCGTGAGCACAACAGGTCACTAGGATACTACGATGGACGCTA 
P S l  T TTGTGTACCGTGAGCACAACAAGTCACCAGGATACTATGATGGAAGATA 
P S 2  TTTGTGTACCGTGAGCACAACAAGTCACCAGGATACTATGATGGAAGATA 
TR T TTGTCCACCGTCAGTACAACAGTTCACCAGGATACTATGATGGACGTTA 
HA T TTGTCTACCGTGAGAACGCCAGATC CCCCGGATACTATGACGGAAGATA 
LE I TTTGTGTACCGAGAGAACAACAGTTCCCCTGGATACTACGATGGTAGATA 
LE2 TTTGTCTACCGTGAGAACAACAAGTCACCAGGATACTATGATGGAAGGTA 
LE 3 TTTGTGTACCGTGAGAACCATAAGTCACCAGGATACTACGATGGCAGATA 
LE4 T TTGTGTACCGTGAGAACCATAAGTCACCAGGATACTACGATGGCAGATA 
LE 5 T TTGTGTACCGTGAGAACCATAAGTCACCAGGATACTACGATGGCAGATA 
NT T TTGTCTACCGTGAAAACAACAAGTCACCAGGATACTATGATGGCAGATA 
P E l  T T TGTCTACCGTGAATACCACGCCTCACCTAGATACTATGATGGAAGGTA 
PE2 TTCGTCTACCGTGAGTACCATGCAT C TCCAAGGTACTATGATGGCAGGTA 
LL GAAATAAAGAGAGTGTATGGGAATAGCCCAGGGTACTACGACGGGAGATA 
OS T T TGTCTACCGTGAGAACCACAAGTCCCCTGGATACTACGACGGCAGGTA 
ZM TTCGTGTACCGCGAGAACTCCACCTCCCCGTGCTACTACGACGGCCGCTA 

* * * * * * * * * * *  * *  * *  * * *  



1 9 6  

F i gure 4 . 1 4 . ( C ont inued)  

AT 1 CTGGACAATGTGGAAGCTTCCCTTGTTCGGTTGCACCGACTCCGCTCAAG 
AT2 CTGGACAATGTGGAAGCTTCCATTGTTCGGATGCACCGACTCTGCTCAAG 
AT 3 CTGGACAATGTGGAAGCTTCCATTGTTCGGATGCACCGACTCCGCTCAAG 
AT 4 CTGGACAATGTGGAAGCTTCCATTGTTCGGATGCACCGACTCCGCTCAAG 
GM 1 CTGGACCATGTGGAAGCTGCCTATGTTTGGCTGCAC TGATGCTTCTCAGG 
GM2 CTGGACCATGTGGAAGCTGCCTATGTTTGGTTGCACTGATGCTTCTCAGG 
P S 1  C TGGACAATGTGGAAGCTTCCTATGTTTGGTACCACTGATGCTTCTCAAG 
P S 2  CTGGACAATGTGGAAGCTTCCTATGTTTGGTACCACTGATGCTTCTCAAG 
TR CTGGACAATGTGGAGGTTGCCAT TGTTTGGAACCACTGATGCTGCTCAGG 
HA CTGGACAATGTGGAAATTGCCTATGTTCGGTTGCACCGACTCAGCCCAAG 
LE1 CTGGACCATGTGGAAGTTACCTATGTTTGGGTGCACTGATGCAACACAGG 
LE2 C TGGACCATGTGGAAGTTGCCTATGTTTGGGTGCACTGATGCAACCCAAG 
LE 3 CTGGACCATGTGGAAGTTGCCCATGTTCGGGTGCACTGATGCAACCCAGG 
LE 4 CTGGACCATGTGGAAGTTGCCCATGTTCGGGTGCACTGATGCAACCCAGG 
LE5 CTGGACCATGTGGAAGTTGCCCATGTTTGGGTGCACTGATGCAACCCAGG 
NT CTGGACCATGTGGAAGCTACCTATGT TCGGATGCACTGATGCCACCCAAG 
P E l  CTGGACCATGTGGAAGTTGCCCATGTTTGGGTGCACTGATGCAACTCAGG 
PE2 CTGGACCATGTGGAAGCTGCCCATGTTCGGGTGCACCGATGCCACCCAAG 
LL I CTGGGTGATGTGGAAGCTGCCTATGTTCGGATGCACAGAGGCATCGCAGG 
OS CTGGACCATGTGGAAGCTGCCCATGTTCGGGTGCACCGACGCCACCCAGG 
ZM CTGGACCATGTGGAAGCTGCCCATGTTCGGCTGCAACGACGCCACCCAGG 

* * * *  * * * * * * *  * * *  * * * *  * *  * *  * *  * * * *  * 

AT 1 TGTTGAAGGAAGTGGAAGAGTGCAAGAAGGAGTACCCCAATGCCT TCATT 
AT2 TAT TGAAGGAAGT TGAAGAATGCAAGAAGGAGTACCCGGGCGCCTTCATT 
AT 3 TGTTGAAGGAAGTTGAAGAATGCAAGAAGGAGTACCCTGGCGCCTTCATT 
AT 4 TGTTGAAGGAGGTTGAAGAATGCAAGAAGGAGTACCCGGGCGCCTTCATT 
GM 1 TGTTGAAGGAGCTTCAAGAGGCTAAGAC TGCATACCCCAATGGCTTCATC 
GM2 TGTTGAAGGAGCTTCAAGAGGCTAAGACTGCATACCCCAACGGCTTCATC 
P S 1  TCTTGAAGGAGCTTGATGAAGTTGTTGCCGCTTACCCCCAAGCTTTCGTC 
P S 2  TCTTGAAGGAGCTTGATGAAGTTGTTGCCGCTTACCCTCAAGCTTTCGTT 
TR TGTTGAAGGAAGTTGCTGAATGTAAAGCAGAATACCCAGAAGCTTTCATC 
HA TGATGAAGGAGCTTGCTGAATGCAAGAAGGAGTACCCCCAGGCCTGGATC 
LE 1 TGTTGGCTGAGGTTCAAGAGGCGAAGAAGGCGTACCCACAAGCCT GGGTT 
LE2 TGTTGGCTGAGGTTCAAGAGGCTAAAAAGGCATACCCACAAGCAT GGGTC 
LE3 TCTTGGCTGAGGTGCAGGAGGCAAAGAAGGCTTACCCACAGGCATGGGTC 
LE4 TCTTGGCTGAGGTGCAGGAGGCAAAGAAGGCTTACCCACAGGCATGGGTC 
LE5 TCTTGGCTGAGGTGCAGGAGGCAAAGAAGGCTTACCCTCAGGCATGGGTC 
NT TGTTGGCTGAGGTGGAAGAGGCGAAGAAGGCATACCCACAGGCCTGGATC 
P E l  TGTTGGGTGAGCTCCAAGAGGCCAAGAAGGCTTACCCTAATGCATGGATC 
PE2 TCTTGGGTGAGCTCCAAGAGGCCAAGAAGGCTTACCCCAATGCCTGGATC 
LL TGTTGAACGAGGTGAACGAGTGTGCGAAGGCATACCCCAACGCCT T CATC 
OS  TCGTCAAGGAGCTCGAGGAGGCCAAGAAGGCGTACCCTGATGCATTCGTC 
ZM TGTACAAGGAGCTGCAGGAGGCCATCAAATCCTACCCGGACGCCTTCCAC 

* * *  * * *  * * * * *  * * 
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F i gure 4 . 1 4 .  ( Cont inued) 

AT l AGGATCATCGGATTCGACAACACCCGTCAAGTCCAGTGCATCAGTTTCGT 
AT2 AGGATCATCGGATTCGACAACACCCGTCAAGTCCAGTGCATCAGTTTCAT 
AT 3 AGGATCATCGGATTCGACAACACCCGTCAAGTCCAATGCATCAGTTTCAT 
AT 4 AGGATCATCGGAT TCGACAACACCCGTCAAGTCCAATGCATCAGTTTCAT 
GMl CGTATCATTGGAT TTGACAACGTTCGCCAAGTGCAGTGCATCAGCTTCAT 
GM2 CGTATCATCGGATTCGACAACGTTCGCCAAGTGCAGTGCATCAGCTTCAT 
P S l  CGTATCATCGGTTTCGACAACGTTCGTCAAGTTCAATGCATCAGTTTCAT 
P S 2  CGTATCATCGGTTTCGACAACGT�CGTCAAGTTCAATGCATCAGTTTCAT 
TR CGTATCATCGGATTTGACAACGTTCGTCAAGTGCAATGCATTAGTTTCAT 
HA CGTATCATCGGATTTGACAATGTTCGTCAAGTTCAATGTATCATGTTCAT 
LE l CGTATTATCGGATTCGACAACGTTCGTCAAGTCCAGTGCATCAGCTTCAT 
LE 2 AGAATCATTGGATTCGACAATGTGCGTCAAGTGCAGTGTATCAGTTTCAT 
LE 3 CGTATCATCGGATTCGACAATGTTCGTCAAGTGCAGTGCATCAGTTTCAT 
LE4 CGTATCATCGGAT TCGACAATGTTCGTCAAGTGCAGTGCATCAGTTTCAT 
LE5 CGTATCATCGGATTCGACAATGTTCGTCAAGTGCAGTGCATCAGTTTCAT 
NT CGTATCATTGGATTCGACAACGTGCGTCAAGTGCAGTGCATCAGTTTCAT 
P E l  AGAATCATCGGATTCGACAACGTCCGTCAAGTGCAATGCATCAGTTTCAT 
PE2 AGAATCATTGGATTCGACAACGTGCGTCAAGTGCAATGCATCAGTTTCAT 
LL , CGCGTCATCGGATTCGACAACGTCCGCCAAGTGCAGTGCATCTCCTTCAT 
OS CGTATCATCGGCTTCGACAACGTTAGGCAGGTGCAGCTCATCAGCT TCAT 
ZM CGCGTCAT CGGCTTCGACAACATCAAGCAGACGCAGTGCGTCAGCTTCAT 

* * * *  * *  * *  * * * * *  * *  * *  

AT l TGCCTACAAGCC- ---- -ACCAAGCTTCACCGG---T TAA 
AT 2 TGCCTACAAGCC ------CCCAAGCTTCACTGATGCTTAA 
AT 3 TGCCTACAAGCC------CCCAAGCT TCACCGAAGCTTAA 
AT 4 TGCCTACAAGCC------CCCAAGCT TCACCGAAGCTTAA 
GMl CGCCTACAAGCC------CCCAGGCTTC-------- -TAA 
GM2 CGCCTACAAGCC - - --- -CCCAAGCTTC- - - - -- - --TAA 
P S l  TGCCCACACACC------AGAATCCTAC--- ----- -TAA 
P S 2  TGCACACACACC------AGAATCCTAC - --------TAA 
TR TGCAAGCACACC------CAAAGTCTAC --- ------TAA 
HA TGCTTCCAGGCC------AGATGGT TAC----- --- -TAA 
LE 1 TGCCTACAAGCC----- -AGAAGGATTC ---------TAA 
LE2 TGCCTACAAGCC- - - - --AGAAGGCTAC-------- -TAA 
LE3 CGCTTACAAGCC------CGAAGGATAC- - --- ----TAA 
LE4 CGCTTACAAGCC------CGAAGGATAC------ ---TAA 
LE 4 CGCTTACAAGCC------CGAAGGATAC- - -------TAA 
NT TGCCTACAAGCC ------AGAAGGCTAC- - -- -- - --TAA 
P E l  TGCCTACAAGCC------ACCAGGCT TC - - -------TAA 
PE2 TGCCTACAAGCC ------CCCAGGCTAC - - -- -- - --TAG 
LL CGTCCACAAGCC - ---- -TGAA--- TACAA-- -- --TTAA 
OS  CGCCTACAACCCGGGCTGCGAGGAGTCTGGTGGCAACTAA 
ZM CGCCTACAA- - - -GCCCCCG----- - - -GGCAGCGACTAG 

* * *  * *  

* * * *  * 



1 9 8  

Tab l e  4 . 2 .  I dent i t i e s  of  p l ant rbcS gene sequen c e s  used for 
the mu l t i p l e  a l i gnment pres ented in F i gure 4 . 1 4 and the 
dendrogram pre sented in F i gure 4 . 1 5 .  

EMBL/ Genbank 
S equence P l ant Ace s s i on No . 

AT 1 Arabidopsis X 1 3 6 1 1  

AT 2 Arabidopsi s X 1 3 6 1 0  

AT 3 Arabidopsis X 1 3 6 1 0  

AT4 Arabi dopsi s  X 1 3 6 1 0  

GMI s o ybean VO O 4 5 8  

GM2 s o ybean M1 6 8 8 9  

P S 1  pea X 0 4 3 3 3  

I 
P S 2  X0 4 3 3 4  pea 

TR wh i t e  c l ove r X5 2 2 9 3 

HA sunfl ower Y O O 4 3 1  

L E I  t omat o  X 0 5 9 8 2  

LE2  tomat o X 0 5 9 8 3  

LE 3 t omato X 0 5 9 8 4  

LE4  t omat o M1 3 5 4 4  

LE 5 tomat o X 0 5 9 8 5  

NT t obacco X 0 2 3 5 3  

P E l  petun i a  X 0 3 8 2 0  

P E 2  petunia X 0 3 8 2 1  

LL l arch X 1 6 0 3 9  

O S  r i c e  X 0 7 5 1 5  

ZM ma i z e Y O O 3 2 2  
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Thi s s equence compa r i s on a l s o  a l l owed the ident i f i cat i on o f  

the comp l e t e  coding region o f  the wh i t e  c l over rbcS gene 

( 1 9 4 5  - 3 2 0 6  in F i gure 4 . 1 2 )  in the absence of  a c omplet e 

cDNA s equence , a s  we l l  a s  the a s s ignment o f  int r on-exon 

bounda r i e s  within the gene . The t ran s l at i on s t a rt c odon (ATG ) 

of  the wh ite c l ove r gene i s  l oc at ed at po s i t i on 1 9 4 5  and the 

proce s s ing s i t e  between the t r an s i t  pept ide and the mature 

smal l subun it p o l ypept ide (ATG ) is l o c ated at p o s i t ion 2 1 1 0  

( F i gure 4 . 1 2 ) . 

As c an be seen from the mu l t ip l e  a l i gnment o f  rbcS sequences 

( F igure 4 . 1 4 ) , there is a high degree o f  s equence conser­

vat i on at the pro c e s s ing s i t e  between the t ran s it pept i de and 

the mature S S U p o l ypept ide as we l l  as to ei ther s i de o f  th i s  

s i t e . Within the sequence for the t ran s i t pept i de i t se l f ,  

there ate r e g i on s o f  homo l ogy l o cat ed i n  the amino-t e rmina l ,  

the cent ral and the carboxy-terminal port i ons o f  t he pept ide . 

By de l et i on ana l y s i s  o f  the t ran s i t  pept i de sequence , it has 

been shown t hat the amino-termina l region of the pept ide i s  

imp o rt ant f o r  t ransport int o chlorop l a s t s whi l e the c a rboxy­

t e rminal p o rt i on is import ant for both t ransport and for 

c o r rect proce s s i ng o f  the S SU precu rs o r  into the mature form 

of  the S SU ( Re i s s  e t  a l . ,  1 9 8 7 ) . I n  cont rast , the middl e 

port i on of  the t r an s i t  pept ide i s  di spe n s ab l e  for t ransport 

( Re i s s  e t  a l . ,  1 9 8 7 ) . Within the sequence for the mature S SU 

p o l ypept ide , approx . 3 7 %  o f  the nucleot ides are cons erved 

a c r o s s  a l l  o f  the rbcS sequenc e s . 

The coding reg ion of  the white c l ove r rbcS gene inc lude s two 

int rons and both o f  the se introns have the GT-AG dinuc l eot ide 

bo rde r e l ement s ( po s i t i on s 2 1 1 6 / 2 4 1 5  and 2 5 5 1 / 2 9 7 5  in F i gure 

4 . 1 2 )  whi ch are a lmost inva r i ab l y  found in pl ant introns 

( B rown , 1 9 8 6 ;  Han ley and S c hu l e r ,  1 9 8 8 )  ( Sect i on l . 3 . 4 ) . Two 

int rons o ccur within the c oding reg i ons of most of the rbcS 

gene s of d i c o t y ledenous p l ant s that have been sequenced , with 

the except i on of one of the f i ve rbcS gen e s  of tomat o ( Sugi t a  

e t  a l . ,  1 9 8 7 ) , o n e  o f  t h e  e i ght rbcS gen e s  o f  petun i a  ( Dean 



2 0 0  

et a l . ,  1 9 8 5 ;  Turner et al . ,  1 9 8 6 )  and the one t obacco rbcS 

gene that has been s equenced (Mazur and Chui , 1 9 8 5 )  ( se e  

Sect i on 1 . 7 . 3 . 1 1 ) . It  i s  probab l y  s i gni f i cant f rom an 

evo l ut ionary point of view that a l l  of the three intron rbcS 

genes have been i s o l ated from p l ant s bel onging to  one f ami l y ,  

the Sol anacea e . I n  c ontrast , rbcS genes cont a i n ing one intron 

have been report ed in the monoc o t y l edenous p l ant s rice ( X i e  

and Wu , 1 9 8 8 ) , ma i z e  ( Lebrun et al . ,  1 9 8 7 )  and whe at ( B rogl i e  

e t  a l . ,  1 9 8 3 ) . 

The p o s it i on o f  int rons in rbcS gen e s  has been found t o  be 

high l y  conserved within highe r pl ant s (Wo l ter et a l . ,  1 9 8 8 ) . 

The int ron p o s i t ions o f  the Sol a n a ceae three intron rbcS 

gen e s  are ident i c al with respect to the coding sequence o f  

the mature p o l ypept ide . Thi s i s  a l s o  the c a s e  with a l l  o f  the 

two intton rbcS gen e s , where the int ron p o s i t i ons co rre spond 

to the po s i t i ons of int ron 1 and 2 of the three int ron gene s . 

The p o s i t ion s o f  the s ingle int ron in the monocot rbcS gene s 

c orrespond t o  the p o s i t i on o f  int ron 1 o f  the di c ot gene s . I n  

al l c a s e s , the f i rst exon o f  the gene c ode s f o r  the t r an s i t  

pept ide and the f i rst codon o f  the mat ure S SU p o l ypept ide 

( F i gure 4 . 1 4 ) . 

The r e l at i onships bet ween the rbcS s equences u sed i n  the 

mu l t iple a l ignment of rbcS sequences ( F i gure 4 . 1 4 )  are 

pre s ent ed in the form o f  a dendrogram in F i gure 4 . 1 5 ( the 

ident it ies of the rbcS sequen ces u sed are l i sted in Tab l e  

4 . 2 ) . I n  the dendrogram, the white c l over sequence i s  c l e a r l y  

grouped with the rbcS sequences o f  other legumes . Within the 

group o f  legume rbcS sequen ce s , the wh ite c l over s equence i s  

most c l o s e l y  rel ated t o  the rbcS-3A ( P S I )  and rbcS-3C ( P S 2 )  

gen e s  o f  pea ( F l uhr et al . ,  1 9 8 6 a ) . 

The complete coding reg ion o f  the white c l ove r gene ( 1 9 4 5  -

3 2 0 6 in Figure 4 . 1 2 )  exhib i t s  7 9 %  ident i t y  t o  the pea rbcS-3A 

and rbcS-3C gene s ( F l uhr et al . ,  1 9 8 6 )  a lthough the mature 

pol ypept ide c oding region ( 2 1 1 0  3 2 0 6  in F i gure 4 . 1 2 )  
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F igure 4 . 1 5 .  Dendrogram o f  the rbcS s e quen c e s  used i n  the 
mu l t iple s equence a l ignment p r e s ented in F i gure 4 . 1 4 .  The 
i dent i t y  o f  e ach s equence i s  l i st e d  in Tab l e  4 . 1 .  
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exhib i t s  a s l i ght ly hi ghe r ident i t y  t o  the rbcS-3C gene ( 8 2 % )  

than it doe s t o  the rbcS-3A gene ( 8 1 % ) . The t rans i t  pept ide 

coding region o f  the whit e  c l ove r gene ( 1 9 4 5  - 2 1 1 0  in F i gu re 
4 . 1 2 )  exhib i t s 7 4 %  and 7 3 %  ident i t y  t o  the pea rbcS-3A and 

rbcS-3C gene s respect ive l y ,  r e f l e ct i ng t he higher dive rgence 

o f  tran s i t  pept ide sequen c e s  re l at ive to those o f  the mat ure 

pol ypept i de ( Ka r l in-Neumann and Tobin , 1 9 8 6 ;  Wo lter et a i . ,  

1 9 8 8 ) . No s i gn i fi c ant homo l ogy was detected between the 

int rons of the wh ite c l over gene and the co rre sponding 

introns o f  t he pea genes . 

4 . 1 2 An a l y s i s  o f  wh i t e  c l ove r rb cS 5 '  s e que n c e s  

A number o f  c on s e rved s equence e l ement s invo lved i n  the 

regu l at i on of gene expre s s i on has been i dent i fied within the 

ups t re�m s e quence o f  rbcS genes f rom a va riety o f  p l ant s 

( Green et a i . ,  1 9 8 7 ;  Man z ara and Gru i s sem,  1 9 8 8 ;  Giul i ano e t  

a i . ,  1 9 8 8 )  ( s ee S e c t i on 1 . 8 . 4 ) . An a l y s i s  o f  the upst ream 

sequence o f  the wh ite c l over rbcS gene revea led a number o f  

reg i o ns that exhibited st rong homo l ogy with s ome o f  the s e  

con s e rved e l ement s ( F i gure 4 . 1 6 ) . 

The whi t e  c l over rbcS sequence e l ement s i n c l ude the eukary­

o t i c  TATA box , a sequence s imi lar to the eukaryot i c  CAAT box , 

the box I I  s equence GTGTGGTTAATATG ,  the box I sequence , the 

G box sequen ce , and the I box sequence ( see a l s o F i gure 1 . 2 ) . 

It  i s  l i k e l y  that the s e conserved s e quence s in the whi te 

c l over rbcS gene have funct ions s imi l a r  t o  those det e rmined 

for con s e rved e l ement s in rbcS gen e s  o f  other pl ant spe c i e s  

( S e ct i on 1 . 8 . 4 ) . 
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1 4 0 1  TGTGTAATTT AAT TATTTTA ATCTCAAATA AATAGTTAAG ATAAT TTGTG 

1 4 5 1  TTTTTTACGG TATGTAGTTT GAAATCCTAA ATTTCACTCC TACACTATAA 

1 5 0 1  AACATAATTG TAGCAACAAA GGTACAAATG CTATTAGTAA TTCACTCAAT 

1 5 5 1  ATAGACATAA GAAATTATGG TCACAAT TTC ACAAATATGT TAAGAAGTAA 

1 6 0 1  AATAGTGTGT GAATGTGAAA TAAAAAGATA TCAACTTCAC CACAATCACA 

I box G 
1 6 5 1  CATTTTATGT ACTTCCAAAG AAGAGATAAG ATTATGGAGC CAAATCCACG 

box Box I 
1 7 0 1  TGGCATTACC ATAGTGGTAC CTAACGATAA GGCTACCATT TCAAAACATT 

Box I I  
1 7 5 1  ACATTCTCTT GTGGCCAATA TCATCAAATA TTCAATCCAA CGGATGACAA 

CAAT 
1 8 0 1  TTTTCAGCCA CCAATTTTTT TCAATCCATA CCATTAGATT AGTGACA� 

,I 

box TATA box 
1 8 5 1  AAATTTCTCC ATTATATATA GCAAGTTTGA GTTGAACTAT AAGCAGAAGC 

1 9 0 1  AAAAAGAAGA AGTACTTGGT GAACTAAGAA GGAAAAGAAG AAAAATGGCT 

1 9 5 1  TTGAT TTCCT CCGCCGCAGT CACCACCATT AACCGCGCTC CGGTACAAGC 

F i gure 4 . 1 6 .  Conserved sequ ence e l ement s ident i f i ed upst ream 
of  the wh i t e  c l ove r rbcS gene . The conse rved e l emen t s  are 
unde r l i n e d ;  the s t art c odon (ATG ) is  indicated by b o l d  type ; 
the numbe r i ng corresponds with that in F i gure 4 . 1 2 .  

4 . 1 3 S e qu ence a n a l y s i s  o f  t he wh i t e  c l ove r Adh 

g e n omi c c l o n e s  

D e l et i on de r i vat i ve subc l o n e s  o f  the wh i t e  c l over Adh genom i c  

c l on e s  pTrA1 1 0 ,  pTrA1 3 1  and pTrA2 3 0  ( Sect i on 4 . 9 ) we re 

gene rated by exonu c l e a s e  I I I  dige s t i on of the i n s e rt and the 

sequence o f  e a ch de r i vat i ve was det e rmined . Where exonu c l e a s e  

I I I  de let i on de r i vat ives d i d  not span the ent i re reg i on o f  

int e re s t , addit i onal de r i vat i ve subc l ones were generated by 

subc l on i ng appropr i ate r e s t r i ct i on e n z yme -generated frag­

ment s . Whe re it was not p o s s ib l e  t o  r e s o lve s e quence 

amb i gu i t i e s  due to sequence c ompre s s i on s ,  the c ompl ement a ry 

st rands o f  part i cu l a r  subc l ones we re a l s o  sequenced . The DNA 
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sequence o f  each o f  the i n s e rt s f rom the o r i g i n a l  p l asmid 

subc l one s , pTrA1 1 0 ,  pTrA1 3 1  and pTrA2 3 0 ,  was a s s embl e d  f rom 

over l app ing subc l ones as we l l  as from the sequence o f  

compl ement a r y  st r ands where nece s s ary ( F i gures 4 . 1 7 ,  4 . 1 8 and 

4 . 1 9 ) . F o r  e ach of the pTrA1 1 0  and pTrA2 3 0  insert s ( se e  

S ec t i o n  4 . 9 ) I t h e  sequence o f  the ent i re ins e rt w a s  not 

det e rmined . 

A compar i s on o f  t he sequence o f  pTrA1 1 0  with that o f  p T rA4 5 ,  

the white  c l over Adh cDNA c l one ( Sect i on 3 . 1 1 )  revea l ed that 

there was st rong homo l ogy between these two sequence s within 

only a l imited region o f  the genomi c s equence ( F igure 4 . 2 0 )  . 

The gaps i n t r oduced by the a l i gnment program in the pTrA4 5 

sequence between p o s i t i ons 6 3 4  and 6 3 5  and between p o s i t ions 

7 1 6  and 7 1 7  sugge sted the p r e s ence of introns in the pTrA1 1 0  

sequence in the s e  region s . S imi l a r l y ,  compa ri sons o f  the 

pTrA 4 5  s equence with that of pTrA1 3 1  ( F i gure 4 . 2 1 )  and with 

that o f  pT rA2 3 0  ( F igure 4 . 2 2 )  a l s o  reve a l ed regions of st rong 

homo l ogy . I n  the case o f  t he pTrA1 3 1  s equenc e ,  no  put at i ve 

int r on sequences were apparent but the gap int roduced i n  the 

pTrA4 5 sequence between p o s it i ons 7 1 7  and 7 1 8  sugge s t ed the 

pres ence o f  one put at i ve int ron in the pTrA2 3 0  s equen ce . No 

addit i on a l  regions of  homo logy we re detected out s i de the 

region o f  e ach of the genomi c c l one sequenc e s  s e l e c t ed f o r  

the above a l i gnme nt s .  

C l e a r l y  the three white c l over Adh genomi c c l ones represent 

di f fe rent p o rt ions o f  the whi t e  c l over genome but do not 

repr e s ent funct i on a l  Adh gene s . No open reading f rames o f  

s i gn i f i c ant l ength were detected i n  any o f  the sequenc e s . The 

s t r o n g ,  though l imited,  sequence homo l ogy that each o f  the s e  

c l on e s  exhib i t s  w i t h  the wh ite c l ove r Adh cDNA sequence can 

a c c ount f or the i n i t i a l  i s o l at i on o f  t he s e  genomi c c l on e s  

w i t h  t h e  wh i t e  c l over Adh cDNA probe . 

S i nce a l l  three o f  the wh i t e  c l ove r Adh genomic c l on e s  did 

have s ome sequence homo l ogy with the wh ite c l ove r cDNA 
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sequence and two out o f  the three appeared t o  have at l e a s t  

o n e  intron , each sequence w a s  c ompared w i t h  the sequence o f  

a known Adh gene . The gene cho sen w a s  the pea Adhl gene , 

s ince the wh ite c l over Adh cDNA sequence had al ready been 

shown to exhibit st rong homo l ogy with the pea Adh1 cDNA 

sequence ( S e ct i on 3 . 1 1 ) . The c oding region o f  the pea Adh l 

gene spans 2 1 0 6  bp and i n c l udes 9 introns ( L l e we l l yn e t  a l . ,  

1 9 8 7 ) . A compar i s on o f  the sequence s ( F igure 4 . 2 3 )  indi cated 

that the pTrA1 3 1  s equence exhibited st rong homo l ogy with a l l  

o f  exon 3 and with approx . 4 0 %  o f  exon 4 o f  the pea gene . I n  

cont r ast , the pTrA 1 1 0  s equence e xhibi t e d  st rong homo l ogy with 

all o f  exon 4 ,  exon 5 and exon 6 of  the pea gene whi l e  

pT rA2 3 0  exhibited st rong homo l ogy with a l l  o f  exon 5 ,  e xon 6 

and exon 7 o f  the pea gene . No addit ional regions o f  homo l ogy 

with the pea gene sequences we re det e cted for any of the 
, 

wh ite c Vove r  sequence s .  Whe re put at i ve introns occur within 

the white c l ove r sequence s ,  the GT-AG dinu c leot ide b o rder 

e l ement s whi ch are a lmost inva r i ab l y  found i n  p l ant int rons 

( B rown , 1 9 8 6 ;  Han l e y  and S chu l e r ,  1 9 8 8 )  ( Sect i on 1 . 3 . 4 ) are 

pre s e rved . 
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1 TTTTTTAATC TTTGTCATTC ACCATCAAGA AATAAGCATT TGCGACATTT 
5 1  CATTTGCGAC CCTTAAGTCA AAACTGTCGC AATGTCTTTT TTTTCAAAAT 

1 0 1  TTGGCGACAC TGTATGCGAC AGTTTTGGCC ACCGTTGCAA CTTTTAGATC 
1 5 1  TAAAACCAAA TTTTAAGCTA GCGCCAAGTG AATATTTTTG TGAAATCTCT 
2 0 1  CACTTAGGCA AACTGAAATC CCTCTTCACT TTTTGTTACA GTATAAACCA 
2 5 1  AAAAAATCTC AAATCCCTAA ATTCCTTTTC CAAATCTCTT GAATCAACAA 
3 0 1  ACCAAGCTTC TCCTATATGA TAAATCACTC TCCAAATCGT GCTCCCCTCA 
3 5 1  TCGTTCCAAT CCCTACAAAT CCCTAAATCC CCTTCATCGT TCCCATCAAC 
4 0 1  GAAGCTTAAT CGTCTTCATC GTTTTGTGTC TCTTCTTGTT TCGTTATCTC 
4 5 1  TCATTATGTC TCCGATAACC AGGCTTCACT TTCACTACTC GGGTTCCCGC 
5 0 1  CGCACACCCG CCTGTCACGT CCATCTCCGC CGATACACCC TCCGCAGTTT 
5 5 1  ATACGTTCAG GTTCAGGTTT GTTTTCCCTT CTTCCTCCTT CCCTTTCATC 
6 0 1  GTTCTAC TTA GTTTTCCATT GGGT TTGAGA ATCACGATTA TGGATCTGAG 
6 5 1  GAATAGTGTT TGGTGGTCAG AGGGATGTGA GTTGAGTTTG AGAATCGCGA 
7 0 1  TTATGGGTAT GAGGAATGGG TTTGAGAAT T ACAGAATCAC TTGATGTTTA 
7 5 1  TTAGAAACGC ATAACCTCGT TTGTTTACCA GAATCAGTTG ATGTTTTCAT 
8 0 1  TTTATTCATT TTTTTCTTTT ATCTGTTATG TAGGTTTGGG TCCTCAAT TT 
8 5 1  GATAATGACC CTTTAATTTG CTTCAGTTCC ATTTGAGCTC TGAT T TCTTT 
9 0 1  TATGTGTTAA AGTAGGTAAT AATAATGAAG TTTAGATTGT CCATTGATAA 
9 5 1  AT TTCTAAAA TGCATGCTAT ATAATGTTTT TTCTTCAT TG AACCCCTATA 

1 0 0 1  TTTGGTTGTA TTGTATTTGA TTTATGTTGT GTTTCTTTAT TAGGTACATA 
1 0 5 1  GTGAAAGAAG TAGCATTATC GGTTCCATTA GTGTTAGTCA CTTTCACTAC 
1 1 0 1  T�AAATAAG ACATTTGGTT TGAATGAATG TTATTGATAA TTGTTGCCAT 
1 1 5 1  GATATTGATC AGGAT TGTGG AGAGCATAGG CGAGGGTGTG ACTCATCTGA 
1 2 0 1  AACCAGGGGA CACGCCCTGC CAGTATTCAC AGGGGAGTGT GGGGAATGTC 
1 2 5 1  CACATTGTTA AGTCAGAGGA GAGTAGCATG TGTGATCTTC TTAGAATCAA 
1 3 0 1  CACAGACAGA GGTGTCATGA TCAATGACAA CCAGTCTAGA TTCTCTATTA 
1 3 5 1  AGGGACAACT CGTACACCAT TTTGTCGGTA CTTCTACATT CAGCAAGTAC 
1 4 0 1  ACTGTGGTCC ATGCTGGTTG TGTTGCAAAG ATCAACCCTG ATGCACCACT 
1 4 5 1  TGACAAAGTT TGTATTCTCA GTTACGGATT ATGCACAGGT ATGAGCATGT 
1 5 0 1  TTAGATTGAT TTATTTGAGT TTTAT TGTTA GCATACATAT TTGTGAGACT 
1 5 5 1  GTTTGATAGA AT TTATGAAA CAACTTATGA CATGTTTTTT GAGCTTATTA 
1 6 0 1  TTATAAGCTT TCTTAAATAG CTTATGAAAA TAGTT TATAT CTTACATAAA 
1 6 5 1  AACAATTTGA CTTTAT TTTA TCCTTAGT GA TAAAAATAGC TTATACATAA 
1 7 0 1  AGACTTATAT GATAAGGGTT TAT TCCAAAC AT TTTAAAAG ATCCCTATCT 
1 7 5 1  TAAAATAT TA ATATGTAACT AGGTTGAGTT CATGCTTGTA GGTCTTGGTG 
1 8 0 1  CTACTGTCAA TGTTGCAAAA CCGAAACCCG GTTTATCCGC TTCTATCTTT 
1 8 5 1  GGACTAAGAG CCGCTGGCCT TGCTGTATGT TATTCTCATT CGCTTTAATA 
1 9 0 1  CAAATTTCAG GCTGCTGAAG GGGCAAGGAT ATCTGGTGCA TTGCAAATCA 
1 9 5 1  TTGGAGTTGA TTTAGTTTCC AGCCGATTTG AATTAGGTAC AATGGCACTC 
2 0 0 1  AATTTTAATC CAATGGCAC T CAATTTTAAT CCAAAATCAA AATCAAATTA 
2 0 5 1  ACTCAAACAC TAAACATGCT AAAACAACAC AACCACAATT TCAACTCAAA 
2 1 0 1  AATCAAAACA ACTAAGAAAA TAGAAAAATA TCAACAAGTC CATTAAT TGA 
2 1 5 1  TTTAATCTTA AAAAGTAGTA GCTACACTAT CTATAGTTCT TTT GAGTTCT 
2 2 0 1  CAATACTTGT TGTACTAAAC ATGACCATTA CATTTGTAGT AATGTGCTCC 
2 2 5 1  ATGAATTCTA GTTTTTTGCA AAATTAGTTG CTATGTGAGT TATATATATA 
2 3 0 1  TATCACTGTT GGATTTTCTT AGAGGTTAAT CAAATGAAAC AAGTTTTACT 
2 3 5 1  TTCATTTTGA ATGTAGCTTC GTTGTTAATT GGATGGTAAT GTCTTATATC 
2 4 0 1  ACTACTCAAG CAGATGCAGA GACGTTAGCG CAATTAGTAT GTTTGACTGC 
2 4 5 1  AACAAGTTGA TAAGATGATG AAAAAGAAAA TGAGAAGATG ATGAAAATG C  
2 5 0 1  AAGCTGAAAC AT TTCACCGA AGGATAAGGC TTCACGGGTT GATATCTTGA 
2 5 5 1  AGGAGCAAGT TGCAT TCTTA ATACAATGCA AATT 

F i gu re 4 . 1 7 .  Nuc l e ot ide sequence o f  the i n s e rt from the wh i t e  
c l ove r Adh genomi c c l one , pTrAl 1 0 . 
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F i gure 4 . 1 8 .  Nuc l e o t i de s equence o f  the i n s e rt from the whi t e  
c l ove r Adh genomi c c l one , pTrA1 3 1 . 

1 GTCGACCTGC AGGTCAACGG ATCATGATGA TGATGATGAT TTTGTAGTGT 
5 1  GAGTTTCTCT CTCTCTCTCT ATGTCTTGTT CTACCACGTT CTTTGTTCTG 

1 0 1  TTAAACAACG ATTGGTATTG GTTTTGTGTT CAAAGCTTCA AAGCTGGTCG 
1 5 1  TTGATGTTCT GTTTGGAAGA GTACAAATTT TGGTCCCTTG TTATCGAATT 
2 0 1  AATTTTTATT TTTTTTCACC GCCGGTTTAA TCTAATTCGG AAAT TAGCAA 
2 5 1  GTGGTTTCAG CTTTCTCTTA ATCATAATTA TGCTTATCAA ACTAATTTTT 
3 0 1  AATACATCAA AATTACAATT TCTAATAGTA TTTTTTATAG TCGAATGGCT 
3 5 1  AGAAATTTCA TCATTAAATG TGAAT TAAAT TTATAATACT CTCTAATATT 
4 0 1  TAATTTAATA GCAAGTCATT GAAAAATTGG AAACACACTT TTTTTTCCTT 
4 5 1  TTAATATCTT AGTGAGTGAC AAAGCAATGG AGTAGT TAAA TTTTAATTAA 
5 0 1  AAATATAAGA GTTTTTTTTT TGTTGATTTG GGAAACAGAG GATTCTGTGT 
5 5 1  CTACTAAAAC AGAATTTGGC ATAAAGGAAA TTTGGCATAT ACTAATCCTG 
6 0 1  CCATAATATG AAATCAATTT TGCACCTATT AAGTGAAATG GTTGACAGTA 
6 5 1  AATTATGTAT GAGAAGAAGT TGCTAACAAC TGTCTTAATT TCCATTTATA 
7 0 1  AACCAACATT AACTAATCTA AAAAATGGAC AT TGAT TATT TTTCTCAAGA 
7 5 1  TAAGGTAGAA TTATTTTAAA AAAT TGAACA TTAAGAGCAT TTTTTATGAA 
8 0 1  AGTACCTAAG GAAATTTTAT AGGCTAATTA TTTTATCATT GAAACATTAT 
8 5 1  A1GACTCAAG TACGTTATTT AAGGTGTCAT ATTATCAATT AACAATTTAA 
9 0 1  TATCGACTTA TTTAGTGAAT CATATTAAAT AATATATATA AGTTACATAA 
9 5 1  TTTTGAGCAA AATATGTATG AGTTATAAAA ATATTTTATG ACATT TAGAA 

1 0 0 1  ACCACGTATT AATAATGTTA CAAATAAAAG ATGAAGAATC AAAATGTTAC 
1 0 5 1  AAAAAAAATA AGATAAAGAA CTCCTGATGC TATTTTGCCA AATTGTTTTT 
1 1 0 1  ACATCTTATG AAAATTATTT TAAGAAAAAA ATACTACAAA TTATTTTATT 
1 1 5 1  TTTTATTTTT TTTCTATAAA TGTGATTTTT TTTTTCCTTA TAATTTGGGA 
1 2 0 1  AGAAAGTATT TTTATAAACT ACAT TGAAAA CTTATAAAAA TAAGTTGATA 
1 2 5 1  AAAACTTATA AAAATTGTCA TAAACTATTT CCTCCACAAA CAAT TTCACA 
1 3 0 1  AGACAAAACT TATGT TAATC GATAAAC TTA AATAAATTAA TCGAAACATA 
1 3 5 1  AACCTAAATA GTGAAAGGTA AAAAATCATA CCTTTTAGAA AAGAAAACAA 
1 4 0 1  CGTTTAAAGG ATGAAATTGA CCAAGACTCT GTTTGGTAAA CCAAATAAAT 
1 4 5 1  TAGCTTATAG CTTTTAGCTT ATAGCTAAAA GCTCTGTTTG GTAACAGTTT 
1 5 0 1  TTGAAAAAGA GCTTATAGCT TAT TTTTACT AGCTTATAGC TTAT TTTCCA 
1 5 5 1 AATGCTATTT CAAGTAGCTT ATAGCTTAT T ATCTTTTTTT CCAATTTTAC 
1 6 0 1  CCCTATCATC TTACTTGAAA AGAATTAAAT ATTAATTAAA CATATCAT TT 
1 6 5 1  TTATGTCATT TCATAC TTAT AGT TAACTCA ACCGCTAATT TTACCAAACA 
1 7 0 1  CTACACATTC AATCAGCTAG CTTATTCGCT ATAAGCTAAA AGCTAGCTTA 
1 7 5 1  TAGCTATCCG CTATAAGCTA GCTTATCAGC TATCCGCTAT TTTTTACCAA 
1 8 0 1  ACAGATCCTG TATGCAAAGC ATTAACCGTA ACGTACACAA CAATATGCTT 
1 8 5 1  AAGTATAAGG AAACATGCAT GAAATATCTA ATTCCTTTTG GATGTTTTTG 
1 9 0 1  CACTGGTAAA CCAGTTTTGG ATATCGATGT TTTTGGAAAA TACCAAGATT 
1 9 5 1  AAGTAAACAA GGGGCTTAAA ATT TTACAAA ACCATGAATA TGTATATAAA 
2 0 0 1  ATCCAAAAAA GAAGTAAATG AATGTAAACT ATAGGGAAAT TGCATAGTTA 
2 0 5 1  AATAGAGAAA TATAATTGAG TAGAGGACAA CGTGAAGGGA AATGGTGGTC 
2 1 0 1  CAAAAAATAT TATATCTACG TCGCTGATCA AGAAGAATAA TTTATTTTTT 
2 1 5 1  TCTAGTTGGT GTTTACACCC TTTTGTCTTG TCTTCAAAGT ACTTAATTAT 
2 2 0 1  GTGTTTATGG AT TGAGTACA AGTACTCCCT TATAATATAT TTTTCTTATA 
2 2 5 1  AAAATAATAA TTATATATAT TATAATTAAA AAGATGTAAA TTACTAAATT 
2 3 0 1  AGTAATGTGC AT TTTTTTAA TTGGATTAAA ATATCCCTTT AACAATTTTA 
2 3 5 1  AATTAAAGGA TAAT TTTGTA AAAT TAAAT T AATATTAAAA CATAAATCAT 
2 4 0 1  ACGAACAT TT TTTAATTGAT ATTAATTTTT GTTTCCAATT TATTTTTTGA 
2 4 5 1  AGTTGTTTAT TTTTTAT TTT TAAAATTGTC ATGTGTTTAT ATATATATAT 
2 5 0 1  ATATATATAT ATATATATGA TTGTTGGAGG TGATTGCAAT ATAAGTTCCA 
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F i gu re 4 . 1 8 .  ( Cont inued) 

2 5 5 1  CAT TGCCAAA CATAAAGT T T  CACAAAT TTT GATAT TAAGG ACCACCTAAT 
2 6 0 1  AT TAACCTTC TGGTTTTCAA GAAAGGGGCT CTGGGTCAAA CTCCGCTATT 
2 6 5 1  TCCTCGTATA TTTGGTCAT G AAGCTGGAGG GAATGTGGAG AGCGTAGGCG 
2 7 0 1  AGGGAGTGAC TCATCTGAAA CCAGTGGACA AGGCCCTGCC TGTATTCACA 
2 7 5 1  AGGGAGTGTG GGGAATGTCC ACATTGTAAG TCAGAGGAGA GTAATTAACA 
2 8 0 1  TGTGTAATCA TCTTAGGATC TGCAACAGTG CCAGAGCGAC CACGCGGCCC 
2 8 5 1  AGCCAGAGAA GTGCTTCATC TGTGCCACCA CGATGGTGTA AACAAACAAC 
2 9 0 1  CCCACCACAA TCGACGGCGC AGACAGCAGG ATGTCGTTAA TAAAGCGGGT 
2 9 5 1  GACTTCGGCC AGCCAGGATT TACGGCCATA TTCGGCCAGA TAGATGCCCG 
3 0 0 1  GATAATGCCC AGTGGCGTAC CGACGGCCGT TGACCAGAGA TCAGCAGCCC 
3 0 5 1  GCTGCCCGCC AGTTCGCCAG ACCACCGCCT GCCGTAT TCG GTGGCGGGGT 
3 1 0 1  ATT TTCGGTG AACAGCGACA TCGTCATGCC ATCAATACCG CGTGTGACGG 
3 1 5 1  TTGAAAACAG GATCCATACC AGCCAGAACA AACCAAATGC CATGGTCAGT 
3 2 0 1  AACGACAGGG TCAGGGCAAT CCGGTTTTTC ATCCGGCGCC ACGCCTGCAT 
3 2 5 1  T T T GCGGCGT GAGGCTAACA GTTCGTCACG CGACTGTAAT TCCATCGTGG 
3 3 0 1  TCATGAACGT GCTCCTTCAC TTTTCGCCAG GCGCAGGATC ATCAGTTTCG 
3 3 5 1  AACAGGCCAG CACGATAAAG GTAATCACAA ACAGGATCAG CCCCAGCTCC 
3 4 0 1  ATCAGCGCAG CGTATGCACA CCCGACTCGG CTTCAGCAAA TTCGT TGGCC 
3 4 5 1  ApCGCAGAGG TAATACTGTT GCCCGGCATA AACAGCGATG CGCTGTCGAG 
3 5 0 1  C�TGGTAGGTG TTACCGATAA TAAAGGTCAC CGCCATCGTT TCGCCCAGCG 
3 5 5 1  CACGCCCAGA CCCAGCATCA CGCCGCCAAT CACCCCATTT TTGGTGAATG 
3 6 0 1  GCAGTACCAC ACGCCACATC ACTTCCCAGG TGGTACAGCC GATACCGTAA 
3 6 5 1  GCGGACTCCT TCATCATGAC CGGCGTCTGC TCGAATACGT CACGCATCAC 
3 7 0 1  TGAGGCGATG TAAGGGATAA TCATAATCGC GAGGATAATC CCGGCGGCCA 
3 7 5 1  GAATTC 
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F i gu re 4 . 1 9 .  Nu c l e ot ide sequence o f  the i n s e rt f r om the white 
c l over Adh gen om i c  c l one , pTrA2 3 0 . 

1 GGATCCTGAG ATGATCAGGC CAGGTCACCG GCCTGTGAAA AGATGTTAGT 
5 1  CAGCGCGCAC GTCCACTAAC ACCGGACAGC TGGCACGTTC AATCACTGCC 

1 0 1  GCACTGCACG AACCTTTCAG CAGGCGGTTA AAAGAGGAGA GATGGCGACG 
1 5 1  CCCATGATAA TCATCGCCGC CTGAAGGCTG TTGATTCGGC CACGATGGTT 
2 0 1  TCTGCCGATT CCCCGGCGAC CACTCTGCCC CGCGCCACCA CGCCGGCCCG 
2 5 1  GTGCAGTTCC GCCAGCGCCT GGCGTACCAC CGCTTCGGCA GTGTTTTGCT 
3 0 1  CGTCCAGCGC CAGGCCAAAA TCACCAGGGT CTTCACCCGC CTCAATATCA 
3 5 1  AACGGGCCCG AGTCTGCGTA GTGGCATCCA CACAGCACAC CACCACGACT 
4 0 1  TCAGCCTGTA AGCGCAGCGC CTGTTCGCTC GCCAGTGAAA CAAC TTTGCG 
4 5 1  GGCGATGGCT GAAT TATCTA CAGCCACTAA AAGCGTTTTC ATCGTCTTCT 
5 0 1  CCTGTCAGTC CCGTAAGCAG CTTTACCAAT TTCATCGATT AATGCCTCTT 
5 5 1  TACACCGGAG ATCGCCTCCC GGT TACGCGC CTCATGCGCT GAAAGCGGGC 
6 0 1  GCCAGGAATT AACAAGACTG ATGGAAAAGC GTCCCAGAAT AGTGTCGATC 
6 5 1  GCCACCGCCA TGGTGGAGAT CCCTTCCAGT GTTTCTCCCC GGTCATAAGC 
7 0 1  CAGACCGGTA CGGCGAATTT CAGTCAGGTC GCCAGCAGCG CAGGGAAGTC 
7 5 1  GCGCACGGTC AGTTCAGTGA TGGCCTGAAA CGCCTCCCCG ACCCGCTCTC 
8 0 1  TGGCTGTCTC ATCGCTGTCC ACGCCAGCAG CGCGCGGCCA CCGGACGTGC 
8 5 1  T0TAAAGCGG CAGGTTCATG CCGATGCGCG GCACAACCCG CAGTTCCCGG 
9 0 1  TtTGCCACCA CATAGTGAAC AATGGCCAGC TGCAGGCCGC TGGGCGCGCT 
9 5 1  AGGGAAACTG TTTCTCCCGT CTGGTCGCAC AGTGCCTGAA GCCAGGGCTG 

1 0 0 1  GGCGATCGCC ACCACGTCAG TATGAACATT GGCGATCAGT CGCAGCAGAG 
1 0 5 1  CTGGCCCGAG GCGCACGCTG CTGCCGCACC GTGGCTGCGT ACCAGTTGAA 
1 1 0 1  CCGAGTCAAG CGCACGCAAT TCGCTGTACG GTGGAACGCG GCAGATCGAC 
1 1 5 1  CGCCTGGGCA ATTTCGCCCA GGTCATCCCG TCCGGTTTAG CCCCCAGCGC 
1 2 0 1  GTCAAGAATT TTCGCCGCGC GGGTGATCAC CTGAATGCCG CCGGAACGCT 
1 2 5 1  CGTCATCGCG GCACGCTGAA GACTCAAACA TAGGGATTCT TTTCCTTGTT 
1 3 0 1  ACCGGCCATT ACTGTAGCAC TGAATGTCTC ACTGGATACA GTGTACCGCA 
1 3 5 1  TTGCAATACA TCGCATCACC CTGTAATATT CCGCACAATG TATCACGATG 
1 4 0 1  CAATACAGTG CATCGATAAT AAAAATAGCG TTGGAGTCCC TGCAATGAAT 
1 4 5 1  GGCCAGCCTG CGGCAATGCC GCTCCGCACC CTTTCACCCT GCGCCTGGCG 
1 5 0 1  TGGGTCTGGT GGGTGTGTTG ATTGCCGCAC TCAGCTCCGG CCTCAACGAT 
1 5 5 1  CGGGTGACGG ACCTCGCCCT GGCCGATATC C GTGCCGCGC TGGGCATCGA 
1 6 0 1  TTTTGATACG GGCAGTTGGA TCACCTCCGC CTATCAGGCA GCGGAAGTGG 
1 6 5 1  CTGCCATGAT GGTGGCCCCT GGTTTGC GGT CACTTTTTCC CTGCGTCGTT 
1 7 0 1  TTACGCTGGC T GCCACGCTG GGTTTCTGCC T GATGGCGGC GATCCCTGTC 
1 7 5 1  TTAAAATAT T AATATATAAC TAGGTTGAGT TCATGCTTGT AGGTCTTGGT 
1 8 0 1  GCTACTGTCA ATGTTGCAAA ACCGAAACCC GGT TCATCCG TTTCTATCTT 
1 8 5 1  TGGACTCAGA GTTGTTGGCC TTGCTGTATA TTATTCTCAT TCGCTTTAAT 
1 9 0 1  ACAAATTTCT GGTTGCTGAA GGGACAAGGA TATCTGGTGC ATCGCGAATC 
1 9 5 1  AT TGGAGTTG ATTTAGTTTC CAGCCGATTT GAAT TAGGTA CAATGCTCTT 
2 0 0 1  TTATTTCATC AAATGCTTTA AGATTGAGGT CAACATAAAT TATATGACTA 
2 0 5 1  AATTTTTGTA CTGTTCTTGT TCTCAGCTAA GAAGTTTGGT GTGATTGAGT 
2 1 0 1  TTGTGAACCC AAAAGATCAT GACAAACCTG TACAACAGGT TAGTTTAGCT 
2 1 5 1  CAGCAATAAT TCTTATTTAT TTATTTATTT ATTTATTAAT TACATTTTTG 
2 2 0 1  TTATCTCTAA ACTTAT TACA TTTTCAACTT CCTTTGATTG AAATTTGAAA 
2 2 5 1  CCTTATT GAT ATTTGCTTTC CATGTTGCCT ATGGTATCAT CTGCTGTCCT 
2 3 0 1  TTGCTTTTAA GGTATATGTG CATCATTAAG ATGCTAAGAT TTAAT TTGTA 
2 3 5 1  ATGATACTAG GTATTAATTT TACAATTAAA TTGATATTCT GTAACCCCTT 
2 4 0 1  TT TAACCTCT ATGTGGTAGT AAT TGAAGGT ATATGTGGTA GTAATGATAC 
2 4 5 1  TAGGTATATG T GGTAGTAAT TGATATTCTT TAAGGTAT TC AT TTGCAATA 
2 5 0 1  CTTGTTTGTT ATTGTCTAAT AGCCTCTCTA TTCTTTAAGG TAGTATCGAG 



2 1 0  

F i gure 4 . 1 9 . ( Cont inued)  

2 5 5 1  TTGTGT TAAA TGTGAGTGTG TGTATGATAG TAAGATCAGT AGATAAAATT 
2 6 0 1  TTAATTAGGT AT TAAATGCA TTATAGGAAC T T CCTAGCAC TATT TAGTT T  
2 6 5 1  AGGATTGCCT TGTTTTTTTA ATGTATT TAT TCGATGTCAT AATCACAAAA 
2 7 0 1  CAAGACCAAC CAGGGGCAGG CACCTATGGG T T GGGAAGAA GAAATTTAAC 
2 7 5 1  AAGACT T T TA TTCAGCTTAG TGCACTAGGT TC TCTAT TTC TAGAGTGAAC 
2 8 0 1  CAATTATACA AAGACATAAT TGAATTGTAT ATACNCTATA TATATATATA 
2 8 5 1  TGCAGGACCA AACTAAATCT CAGTGCTAGT TC TAC TTCAT GGGTTGCAAT 
2 9 0 1  GAT T TTCCAG CACCCATTGT TTCAGAAGCA AATTCTAGTG GCTGGATTCG 
2 9 5 1  ATAACACATT TAATGATTTA GTAACACAAA AAT TAGATGA GCATTGAAAT 
3 0 0 1  TAGATGAT TT ACTTTTCTAA TTAATTATAT ACCAATCAAG AT TGTTTTAA 
3 0 5 1  TATGTTTTTT GAGATGCTAT TGTGTTTAGG TCCTTGTAAT TTGGAATATA 
3 1 0 1  TCTATAGTGC T TAGAAAAAA GATGTCATTA CGTTATGTTT AAAT GAACAT 
3 1 5 1  AT TAT TTTGT G GAAT TATAT GCCATATGGA CTCACTGTCT TCTTTAGGAA 
3 2 0 1  TGGTCGTTGG AACTTCTCTT GTGTATGGCT AGATAATTGT TCTCGTTATT 
3 2 5 1  TAAGTGTCTT T TTTTGGAGG CATTTAAGTA T CTAATCGAT ACTTATATTA 
3 3 0 1 TTTAGGAACT GCAT TAGAAG AGTCAATAAA TGAAA 



2 1 1  

F igure 4 . 2 0 . Sequence comp a r i s on o f  s e l e cted regions o f  each 
o f  the i n s e rt s  f r om the wh i t e  c l ove r Adh cDNA c l one , p T rA4 5 ,  
and genomic c l one , pTrA1 1 0 . The numbering o f  the pTrA4 5 
sequence c o rr e sponds with the number ing in F i gure 3 . 2 0 . The 
beginning o f  the pTrA1 1 0  s equence c o rre sponds with p o s i t i on 
1 1 6 2 in F i gu r e  4 . 1 7 .  

p T rA4 5 

3 1 0  3 2 0  3 3 0  3 4 0  3 5 0  
* * * * * 

TGGAGGGATTGTGGAGAGCGTAGGCGAAGGTGTGACTCATCTGAAACCAG 
. . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . 

pTrA1 1 0  --- --GGATTGTGGAGAGCATAGGCGAGGGTGTGACTCATCTGAAACCAG 

3 6 0 3 7 0  3 8 0  3 9 0  4 0 0  
* * * * * 

pTrA4 5 GAGACCATGCCCTGCCTGTATTCACAGGCGAGTGTGGGGAATGCCCACAT 
· . .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
· . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . 

pTrA1 1 0  GGGA-CACGCCCTGCCAGTAT TCACAGGGGAGTGTGGGGAATGTCCACAT 

4 1 0  4 2 0  4 3 0  4 4 0  
* * * * 

p T rA4 5 i TGT -AAGT CAGAGGAGAGTAACATGTGTAATCTTCTTAGGATTAACACCG 
· . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . .  . . . . . . 
· . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . 

pT rA1 1 0  TGTTAAGTCAGAGGAGAGTAGCATGTGTGATCTTCTTAGAATCAACACAG 

pTrA 4 5  

4 5 0  4 6 0  4 7 0  4 8 0  4 9 0  
* * * * * 
ACAGAGGTGTCATGATCAATGACAACAAGTCAAGATTCTCTAT TAAGGGA 

· . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . .  . 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

p T rA1 1 0  ACAGAGGTGTCATGATCAATGACAACCAGTCTAGATTCTCTAT TAAGGGA 

pTrA4 5 

5 0 0  5 1 0  5 2 0  5 3 0  5 4 0  
* * * * * 
CAACCTGTACACCATTTTGTCGGTACCTCTACATTCAGCGAGTACACTGT 

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . 

pTrA1 1 0  CAACTCGTACACCATTTTGTCGGTACTTCTACATTCAGCAAGTACACTGT 

5 5 0  5 6 0  5 7 0  5 8 0  5 9 0  
* * * * * 

p T rA4 5 CGT TCAT GCGGGATGTGTTGCAAAGATCAACCCTGATGCACCACTTGACA 
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
. .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. .. . . . . . . . 

pTrA1 1 0  GGTCCATGCTGGTTGTGTTGCAAAGATCAACCCTGATGCACCACTTGACA 

pTrA4 5 

6 0 0  6 1 0  6 2 0  6 3 0  
* * * * 
AAGTTTGTATTCTCAGCTGTGGAATATGCACAG------- -- -- - ---- -

.. . . . .. .. .. .. .. .. . . . . .  ' . . . .  . . . . . .. . . . 
· . . . . . . . . . . . . . . . . . . .  . . . . . . . .. . 

pTrA1 1 0  AAGTTTGTATTCTCAGTTACGGATTATGCACAGGTATGAGCATGTTTAGA 

pTrA4 5 --- - - - - - - -- - -- - - - - - - -- - - ---- - - ---- ------ - -- - -- ----

pTrA1 1 0  TTGAT TTATTTGAGTTTTATTGTTAGCATACATATTTGTGAGACTGTTTG 



2 1 2 

F i gure 4 . 2 0 . ( Cont inu e d )  

pT rA4 5 

pTrAl 1 0  

pTrA4 5 

pTrAI I O  

pTrA4 5 

pTrA1 1 0  

pTrA4 5 I 

pTrA I I O  

pTrA4 5 

ATAGAATT TATGAAACAACT TATGACATGTTTTTTGAGCTTAT TAT TATA 

AGCTTTCTTAAATAGCT TATGAAAATAGT T TATATCT TACATAAAAACAA 

TTTGACTTTATT T TATCCTTAGTGATAAAAATAGCTTATACATAAAGACT 

TATATGATAAGGGTTTATTCCAAACAT TTTAAAAGATCCCTATCTTAAAA 

6 4 0  
* 

-- ------ - - - - - ---- - -------- ----- --- - -GTCTTGGTGCTACT 
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . . 

pTrAI I O  TATTAATATGTAACTAGGTTGAGTTCATGCTTGTAGGT CTTGGTGCTACT 

pT rA4 5 

6 5 0  6 6 0 6 7 0  6 8 0  6 9 0 
* * * * * 

GTCAATGTTGCAAAACCGAAACCCGGTTCTTCTGTTGCAATCTTTGGACT 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . 

pTrAl 1 0  GTCAATGTTGCAAAACCGAAACCCGGTTTATCCGCTTCTAT C T T TGGACT 

pTrA 4 5  

7 0 0  7 1 0  
* * 

TGGAGCTGT TGGCCTTGCT -- ---- ------ --------- --------- -
. . . .  . . . . . . . . . . . 
. . . . . . . . . . . . . .  . 

pTrA I I O  AAGAGCCGCTGGCCTTGCTGTATGTTATTCTCAT TCGCTT TAATACAAAT 

pTrA4 5 

7 2 0  7 3 0  7 4 0  7 5 0  7 6 0 
* * * * * 

-----GCTGCTGAAGGGGCAAGGATGTCTGGTGCATCTCGAATCATTGGA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . 

pTrA 1 1 0  TTCAGGCTGCTGAAGGGGCAAGGATATCTGGTGCATTGCAAATCATTGGA 

pTrA4 5 

7 7 0  7 8 0  7 9 0  8 0 0  
* * * * 

GTTGATTTAGTTTCTAGCCGATTTGAAT TAGCTAAGAAG------- -TTT 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

pTrAl 1 0  GTTGATTTAGTTTCCAGCCGATTTGAATTAGGTACAATGGCACTCAAT TT 



2 1 3  

F i gure 4 . 2 1 . S e quence compar i son o f  s e l e ct e d  regions o f  each 
o f  the i n s e r t s  f rom the white c l ove r Adh cDNA c l one , pTrA4 5 ,  
and genomic c l one , pTrA1 3 1 . The numbe r i n g  of  the pTrA4 5 
sequence c o r r e sponds with the number i n g  i n  F i gure 3 . 2 0 .  The 
beginning of the pTrA1 3 1  s e quence c o rre sponds with po s i t i on 
2 6 1 5  in F igure 4 . 1 8 .  

1 6 0 1 7 0  1 8 0  1 9 0 2 0 0  
* * * * * 

pTrA4 5 ACTGGTGAT TGAAGAAGTAGAGGTGGCGCCACCACAGGCCGGTGAAGTCC 

pTrA1 3 1  - -- - - -- -- - ------ ------ -- - - - -- ---------- ---- - --- -- -

pTrA4 5 

2 1 0  2 2 0  2 3 0  2 4 0  2 5 0  
* * * * * 

GTCTTAAGATACTCTTCACCTCCCTTTGCCACACTGATGTTTACTTCTGG 
. . . . . . . . . . . . .  . 

pTrA1 3 1  -TTTCAAGAAA------ ---------- - - - - --- ----------------

2 6 0  2 7 0  2 8 0  2 9 0  3 0 0  
* * * * * 

pTrA4 5 i GAAGC TAAGGGTCAGACTCCATTGTTTCCTCGTATATTTGGTCATGAAGC 
. . . . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

pTrA1 3 1  GGGGCTCTGGGTCAAACTCCGCTATTTCCTCGTATATTTGGTCATGAAGC 

pTrA4 5 

3 1 0  3 2 0  3 3 0  3 4 0  3 5 0  
* * * * * 

TGGAGGGATTGTGGAGAGCGTAGGCGAAGGTGTGACTCATCTGAAACCAG 
· . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . 

pTrA1 3 1  TGGAGGGAATGTGGAGAGCGTAGGCGAGGGAGTGACTCATCTGAAACCAG 

3 6 0  3 7 0  3 8 0  3 9 0  4 0 0  
* * * * * 

pTrA4 5 GAGACCATGCCCTGCCTGTATTCACAGGCGAGTGTGGGGAATGCCCACAT 
. . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . 
. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . 

pTrA1 3 1  TGGACAAGGCCCTGCCTGTATTCACAAGGGAGTGTGGGGAATGTCCACAT 

pTrA4 5 

4 1 0  4 2 0  4 3 0  4 4 0  
* * * * 

TGTAAGTCAGAGGAGAGTAA----CATGTGTAATCTTCTTAGGATTAACA 
· . . . . . . . . . . . . . . . . . .  . 
· . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . .  . . . . . . . .  . 

pTrA1 3 1  TGTAAGTCAGAGGAGAGTAATTAACATGTGTAATCATCT TAGGAT-----

4 5 0  4 6 0 4 7 0  4 8 0  4 9 0  
* * * * * 

pTrA4 5 CCGACAGAGGTGTCATGATCAATGACAACAAGTCAAGAT TCTCTATTAAG 

pTrA1 3 1  

5 0 0  5 1 0  5 2 0  5 3 0  5 4 0  
* * * * * 

pTrA4 5 GGACAACCTGTACACCATTTTGTCGGTACCTCTACATTCAGCGAGTACAC 

pTrA1 3 1  - -- - - - - - - - - - - ---- ----------- - - -- - - --------------- -



2 1 4  

F i gure 4 . 2 2 . S e quence compa ri s on of  s e lected reg i ons o f  each 
of  the in s e rt s  f rom the white c l over Adh cDNA c l one , p T rA4 5 ,  
and genomi c c l one , pTrA2 3 0 . The number ing of  the pTrA4 5 
sequence c o r re sponds with t he numbe r ing in F i gure 3 . 2 0 . The 
beginn ing of the pTrA2 3 0  se quence c o rre sponds with p o s i t ion 
1 7 7 9  in F i gu r e  4 . 1 9 .  

pTrA4 5 

pTrA2 3 0  

pTrA4 5 

5 1 0  5 2 0 5 3 0  5 4 0  5 5 0  
* * * * * 

AACCTGTACACCATTTTGTCGGTACCTCTACATTCAGCGAGTACACTGTC 

5 6 0  5 7 0  5 8 0  5 9 0  6 0 0  
* * * * * 

GTTCATGCGGGATGTGTTGCAAAGATCAACCCTGATGCACCACTTGACAA 
· . . . . . .  . 
· . . . . . .  . 

pTrA2 3 0  GTTCATGC---------- -- - - - -- - --------- -- ----------- - -

6 1 0  6 2 0  6 3 0  6 4 0  6 5 0  
* * * * * 

pTrA4 5 I AGT TTGTATTCTCAGCT GTGGAATATGCACAGGTCTTGGTGCTACTGTCA 
. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . 

pTrA2 3 0  - - -TTGT - ---------------- - -- -- -AGGTCTTGGTGCTACTGTCA 

pTrA4 5 

6 6 0 6 7 0  6 8 0  6 9 0  7 0 0  
* * * * * 

ATGTTGCAAAACCGAAACCCGGTTCTTCTGTTGCAATCTTTGGACTTGGA 
· . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . .  . 
· . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . 

pTrA2 3 0  ATGTTGCAAAACCGAAACCCGGTTCATCCGTTTCTATCTTTGGACTCAGA 

7 1 0  

pTrA4 5 
* 

GCTGTTGGCCTTGCT ---------------- --- -------- - - -- ----
· . . . . . . . . . . . . . 
· . . . . . . . . . . . .  . 

pTrA2 3 0  GTTGTTGGCCTTGCTGTATATTATTCTCATTCGCTTTAATACAAATTTCT 

7 2 0  7 3 0  7 4 0  7 5 0  7 6 0  
* * * * * 

pTrA4 5 -GCTGCTGAAGGGGCAAGGATGTCTGGTGCATCTCGAATCATTGGAGTTG 
. . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

pTrA2 3 0  GGTTGCTGAAGGGACAAGGATATCTGGTGCATCGCGAATCATTGGAGTTG 

pTrA4 5 

7 7 0  7 8 0  7 9 0  8 0 0  8 1 0  
* * * * * 

AT TTAGTTTCTAGCCGAT TTGAATTAGCTAAGAAGTTTGGGGTAAATGAG 
· . . . . . . . . .  . . . . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

pTrA2 3 0  ATTTAGTTTCCAGCCGATTTGAATTAGGTACAA- - ----TGCTCTTTTAT 

pTrA4 5 

8 2 0  8 3 0  8 4 0  8 5 0  8 6 0  
* * * * * 

TTCGTCAAC--CCGAAAGATCATGACAAACC TGTTCAACAGGTAATTGCT 
· . .  . . . . 
· . .  . . .  . 

. . . . .  . 

. . . . . . 

pTrA2 3 0  TTCATCAAATGCTTTAAGAT --TGA- - - --- -GGTCAAC-- ---ATAAAT 



2 1 5  

F i gure 4 . 2 3 . Comp a r i s on o f  the s equences o f  exons 3 ,  4 ,  5 ,  6 
and 7 o f  the pe a Adh l gene ( L l ewe l l yn et al . ,  1 9 8 7 ;  he re 
refe rred to as PsAD H1 ) with homo l ogous regions o f  the three 
whi t e  c l ove r Adh genomi c c l on e s  p T rA1 3 1  ( T rA1 3 1 ) , pTrA1 1 0  
( T rA1 1 0 )  and p T rA2 3 0  ( T rA2 3 0 ) . Onl y  s equence d i f fe rences are 
shown ; ( . )  indicates s equence ident i t y  with the pea Adh l 
sequence . Thi s F igure was const ructed with a t e xt edit o r  from 
independent a l ignment s (Al ign ) o f  e a ch white c l ove r sequence 
with t he pea sequence . 

P sADH 1  
T rA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

PsAD H 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

PsADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

1 1 1 0  1 1 2 0  1 1 3 0  1 1 4 0  1 1 5 0  
* * * * * 

GCAATAGCTTAAAATGGTTTTCTTTTTTCCCCTTGTTTCAGGGTCAGACT 
- -- -- ---------- ---- -------- ------ -- - ---- - . . . . .  A . . .  

1 1 6 0 1 1 7 0  1 1 8 0  1 1 9 0 1 2 0 0  
* * * * * 

CCATTGTT TCCTCGTATAT TTGGTCATGAAGCTGGAGGGTATGCTTCTCT 
· . GC . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ----- - - - - -- -

1 2 1 0  1 2 2 0  1 2 3 0  1 2 4 0  1 2 5 0  
* * * * * 

TCTCAACACTGAAAGTTAAATCACACATATTATATACTTTGTCTTATAT T 

1 2 6 0  1 2 7 0  1 2 8 0  1 2 9 0  1 3 0 0  
* * * * * 

ATTAT TGAT TGAAGCATTTGATTATCTTAGTAAT T TAGTATGTAATGTGA 

1 3 1 0  1 3 2 0  1 3 3 0  1 3 4 0  1 3 5 0  
* * * * * 

ATGAATGTTATTGATAATTGT TGGGATAATGTTGATCAGGATTGTGGAGA 
- - - - - - - - ---------- - -- - - --- - - - ------ - - - - • .  A • . . . . . . •  

1 3 6 0  1 3 7 0  1 3 8 0  1 3 9 0  1 4 0 0  
* * * * * 

G TGTAGGT GAGGGTGT GACACATCT TAAACCAGGGGATCATGCTC TGCCG 

· C . . . . .  C . . . . .  A . . . . .  T . . . . .  G . . . . . . .  T . . .  CA . G . .  C . . . . . T 
· CA . . . .  C . . . . . . . . . . .  T . . . . .  G . . . . . . . . . . .  - . .  C . .  C . . . . .  A 



2 1 6  

F i gure 4 . 2 3 . ( Cont inued) 

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH1 
T rA1 3 1  
T rA1 1 0  
T rA2 3 0  

P sADH 1  
TrA1 3 1  
T rA1 1 0  
TrA2 3 0  

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH1 
TrA1 3 1  
T rA1 1 0  
TrA2 3 0  

1 4 1 0  1 4 2 0  1 4 3 0  1 4 4 0  
* * * * 

GTAT TCACGGGGGAAT GTGGGGAATGTCCACATTGT -AAGTCAGAGGAAA 
. . . . . . . .  AA . . . .  G . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . .  G .  
. . . . . . • .  A • . . . .  G . . . . • . . • . . • • . . . . . . • . .  T . . . . . • • . . . •  G .  

1 4 5 0  1 4 6 0  1 4 7 0  1 4 8 0  1 4 9 0 
* * * * * 

GCAA-- - -CATGTGTGATCTTCTTAGGATCAACACAGATAGAGGTGTAAT 
. T . .  TTAA . . . . . . .  A . . .  A . . . . . . . . . .  TG  . .  ACAG . GCCA . A . CG . C  
. T . G- - - - . . . . . . . . . . . . . . . . . .  A . . • • • . . . . . •  C . . . . . . . .  C . .  

1 5 0 0  1 5 1 0  1 5 2 0  1 5 3 0  1 5 4 0 
* * * * * 

GCTCAATGACAACAAGTCCAGAT TCTCTATTAAGGGACAACCTGTACACC 
CACGCGGCC . .  G . C  . .  AGA . .  TGCT . .  ATC . GT . CC . CC . .  GATGGTGTA 
. A  . . . . . . . . . . .  C . . . .  T . . . . . . . . . . . . . . . . . . . . . .  TC . . . . . .  . 

1 5 5 0  1 5 6 0  1 5 7 0  1 5 8 0  1 5 9 0  
* * * * * 

AT T TCGTCGGCACCTCCACGTTCAGCGAATACACTGTGGTTCATGCTGGT 
. ACAAACAAC . CC . C . ACAA . CG . CG . CGC . G . .  A . CA . GATG . CG . TAA 
. . . .  T . . . . .  T . .  T . .  T . .  A . . . . . .  A . G  . . . . . . . . . . .  C . . . . . . . .  . 

1 6 0 0  1 6 1 0  1 6 2 0  1 6 3 0  1 6 4 0  
* * * * * 

TGTGT TGCAAAGATCAATGCTGATGCACCGCTTGACAAAGTTTGTATTCT 
. AAAGC . GGTGAC . TCGGC . A . CCAGGATT TAC . G . C . TA . .  C . GCCAGA 
. . . . . . . . . . . . . . . . .  CC . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . .  . 

1 6 5 0  1 6 6 0 1 6 7 0  1 6 8 0  1 6 9 0  
* * * * * 

CAGCTGTGGAATATGCACTGGTATATATATACAACATCTC TAACTTCAGA 
T . .  A . .  CCCGGATAATG . CC- - - - - - - - - - - - - - -- --- - - - - - - - - - --
. . .  T . AC . . .  T . . . . . . .  AG----- - -- -- - -- ----- ----- - - - - - - -

1 7 0 0  1 7 1 0  1 7 2 0  1 7 3 0  1 7 4 0  
* * * * * 

CAT TAATATATAACTAGGCTGAATC TATGTT T TCCTAATCCAAT TTGCAT 



2 1 7  

F i gure 4 . 2 3 . ( Cont inue d)  

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH1 
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH 1  
TrA1 3 1  
TrA1 1 0  i 
TrA2 3 0  

P sADH1 
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

PsADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

PsADH1 
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH1 
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

1 7 5 0  1 7 6 0 1 7 7 0  1 7 8 0  1 7 9 0  
* * * * * 

TGATGCTCATAGGTCTTGGTGCTACCATCAATGTTGCAAAACCAAAACCT 

- ------ ----- . . . . . . . . . . . . .  TG . . . . . . . . . . . . . . . .  G . . . . .  C 
- - - - - - - - - --- . . . . . . . . . . . . .  TG . . . . . . . . . . . . . . . .  G . . . . .  C 

1 8 0 0  1 8 1 0  1 8 2 0  1 8 3 0  1 8 4 0  
* * * * * 

GGCTCTTCTGTTGCTATCTTTGGACTTGGAGC TGTTGGTCTTGCTGTATG 

. .  T . TA . .  C .  C .  T . . . . . . . . . . . . .  AA . . . .  C .  C . . .  C . . . . . .  - - - - -

. .  T . .  A . .  C . . .  T . . . . . . . . . . . . .  CA . . .  T . . . . . .  C . . . . . .  - - -- -

1 8 5 0  1 8 6 0  1 8 7 0  1 8 8 0  1 8 9 0  
* * * * * 

TTACTCT TATACCTTTATCTGTATACGTGTGTTACTTTTGCAGTTATGAT 

1 9 0 0  1 9 1 0  1 9 2 0  1 9 3 0  1 9 4 0  
* * * * * 

TGGAAATGAAATGAGCCAATATTAAAATCTGCTCTTCTCTTTAAACCATA 

1 9 5 0  1 9 6 0 1 9 7 0  1 9 8 0  1 9 9 0 
* * * * * 

ATATAGGCTGCTGAAGGGGCAAGAAT TTCTGGTGCATCAAGAATCATTGG 

- - - --- . . . . . . . . . . . . . . . . .  G . .  A . . . . . . . . . .  TGCA . . . . . . . .  . 
- -- -- - . T . . . . . . . . . .  A . . . .  G . .  A . . . . . . . . . . .  GC . . . . . . . . .  . 

2 0 0 0  2 0 1 0  2 0 2 0  2 0 3 0  2 0 4 0  
* * * * * 

AGTTGATT TAGTTTCCAGCCGAT TTGAATTAGGTACAACGCTTTTAACTT 

2 0 5 0  2 0 6 0  2 0 7 0  2 0 8 0  2 0 9 0  
* * * * * 

CTCTGAAATCCTTGATGATTCGGATCAACATAAATTCAATGAATGTTCTT 
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F i gure 4 . 2 3 . ( C ont inued)  

P sADH1 
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH1 
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

P sADH 1  
TrA1 3 1  
TrA1 1 0  
TrA2 3 0  

2 1 0 0  2 1 1 0  2 1 2 0  2 1 3 0  2 1 4 0  
* * * * * 

TTGTTGACGGCAATTCCTATTCTTT T CATGTTGGCAGCTAAGAAGTTTGG 

2 1 5 0  2 1 6 0 2 1 7 0  2 1 8 0  2 1 9 0  
* * * * * 

GGTAAATGAGT TCGTAAACCCAAAAGAGCACGACAAACC TGTGCAACAGG 

T . .  G . T  . . . . . .  T . .  G . . . . . . . . . . .  T . .  T . . . . . . . . . . .  A . . . . . .  -

2 2 0 0  2 2 1 0  2 2 2 0  2 2 3 0  2 2 4 0  
* * * * * 

TTAGTTCAT TGATAAT TTAT TATAT TTCTCTTTTCTATTATAATTT TTGA 
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Homo l ogy s e a rches o f  the Genbank and EMBL nuc l e ot i de s e quence 

dat abas es ( Genbank release numbe r 6 3 . 0 ; EMBL re l e a s e  number 

2 3 . 0 ) w ere carri ed ou t with each o f  t he pTrA 1 3 1 ,  pTrA 1 1 0  and 

pTrA2 3 0  s equence s  us ing the FAS TA program ( P e a r s on and 

L ipman , 1 9 8 8 )  and the comp l e t e  s equence det e rmined f o r  each 

i n s e rt . Al c oho l dehydrogenase sequences account ed for the t op 

2 1  s c o res i n  the pTrA1 1 0  search,  the t op 1 6  s c o res i n  the 

pT rA2 3 0  s e a rc h  and the t op 2 s c o r e s  i n  the pTrA 1 3 1  s earch 

( dat a not shown ) . I n  none of the s e a rche s were sequenc e s  

othe r than Adh sequences found wh i ch exhib i ted s i gn i f i cant 

ident i t y  to t he sequences o f  the wh i t e  c l over c l on e s . 

C l e ar l y ,  the three put at i ve whi t e  c l over Adh c l on e s  i s o l ated 

from the genom i c  l ibrary do not repre sent funct i o n a l  Adh 

gene s . furthermore , based on the l a c k  o f  open reading f rame s 

in the te g i on o f  e ach c l one sequenced a s  we l l  as on the l a c k  

o f  s equence homo l ogy w i t h  sequences othe r than Adh s equences 

in the nuc l e ot i de sequence dat aba s e s , i t  mu st be c o n c l uded 

that none o f  these c l on e s  repre sent s  a funct i o n a l  wh i t e  

c l ove r  gene o f  any t ype and that the regions s e quenced 

repre sent whi t e  c l ove r Adh ps eudogene s .  

A s e arch o f  t he the Genbank nuc l e o t i de sequence dat abase 

( Genbank release number 6 4 . 0 ) for  p l ant pseudogenes u s i n g  the 

Informat i on Ret r i eva l Expe r iment al Wo rkbench ( I RX )  program 

( Genbank On l ine Servi ce s )  l o cated 4 2  ent r i e s . P l ant p s eudo ­

gene s that have been repo �ted inc lude gene s that have become 

inact i vat ed through a s i ngle base p a i r  de let i o n  or addi t i on 

leading to  a frame - shi ft mut at i on and hence t he inab i l i t y  t o  

code f o r  a fu l l - l en gth prot e i n  ( P i k a ard et a i . ,  1 9 8 6 ;  

S l i ght om e t  a i . ,  1 9 8 5 ;  Vo e l ker et a i . ,  1 9 8 6 ) . A mut at i on has 

a l s o  been reported t o  occur i n  an up st ream sequence i mp o rt ant 

for t r ans c r ipt i on of the gene ( Wiborg et ai . ,  1 9 8 3 )  and i n  

the c oding r e g i on o f  the gene t o  p roduce a prematu r e  stop 

codon ( O ' Ne a l  et a i . ,  1 9 8 7 ) . Other p l ant ps eudogenes i n c l ude 

gen e s  that have become inact ivated through l a rge de l e t i ons 

(Heim et a i . ,  1 9 8 9 ;  Lee and Ve rma , 1 9 8 4 ;  Wa l l i ng e t  a i . ,  



1 9 8 8 )  . P seudogene s 

integrat ion into the 

cyt op l asmic poly ( A )  + 

expres sed in the ge rm 

l ac k ing i nt rons can re sult 

genome o f  reve r s e  t r ans c r ipt s 

me s senge r RNA o f  genes that 

l ine ( D rouin and D ove r ,  1 9 8 7 )  
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from 

o f  

are 

O f  t he c l as s e s  of p l ant pseudogenes that have been rep o r t e d ,  

the t h r e e  whi t e  c l ove r Adh p seudogenes appear t o  be l ong t o  

the c l a s s  r e s u l t ing f r om l a rge de l et i ons . I t  i s  appa rent 

that , for each of the white c l over Adh sequence s ,  a l a rge 

de l e t i on has o c curred in both t he 5 '  and the 3 '  regi on s  o f  

the gene and the se de l e t ions have caused the inact i vat i on o f  

the respect ive Adh gene . The p re c i s e  r e l at i onship between 

these Adh sequen c e s  and the sequence of t he funct i o n a l  white 

c l over Adh gene mu st awa it t he i s o l at i on and charact e r i z at ion 

o f  the f�nct i on a l  gene . 
I 
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Chapter 5 

G eneral D iscussion 

Thi s s tudy i s  the f i rst to  examine gene st ruct u re and 
exp re s s i on in whi t e  c l ove r . The study has invo lved the 

deve l opment o f  a number of  t e chn i que s nec e s s ary f o r  the 

an a l y s i s  o f  gene expre s s i on ,  t he cons t ruct ion o f  cDNA and 

genom ic l ibrar i e s , i s o l at i on of rec ombinant c l ones and the 

characte r i z at i on of i s o l at e s  by DNA sequence anal y s i s . 

A s e r i e s  o f  white c l ove r l e a f / stem- and root -spe c i f i c  cDNA 
, 

l ibrarie s has been c o n s t ructed in the l ambda vec t o r  Agt l O . 

One Rub i s co S S U ,  f i ve Adh and four l e c t i n  cDNA c l on e s  wer e  

succe s s fu l l y  i s o l ated from the s e  cDNA l ibrar i e s  us ing 

het e r o l ogous p l ant probes after f i rst e s t ab l i shing that the s e  

probes hybridi z ed t o  wh ite c l ove r mRNA t rans c r i pt s i n  

Northern b l ot ana l y se s . I n s e rt s from e ach o f  t he p o s i t ive 

Agt l O  i s o l at e s  were sub c l oned into p l asmids f o r  rest r i c t i on 

enz yme mapp i n g  and DNA sequen c i ng . 

The S SU cDNA c l one , p T r S 2 0 ,  subcl oned f r om an i s o l at e  from 

one o f  the l e a f / s t em cDNA l ibrari e s , repres ent s approx . 5 0 %  

o f  t he fu l l  l ength whi t e  c l over S S U  t ran s c ri pt , based on a 

t r an s c r ipt s i z e  o f  app rox . 8 0 0  bp a s  det e rmined by No rthern 

b l ot ana ly s i s  ( S ect i on 3 . 2 ) . As di s cu s sed above ( Se c t i o n  

3 . 5 ) , t h e  i s o l at i on o f  a s i ngl e  S S U  c l one f rom one o f  the 

l e a f / stem l ib r a r i e s  was unexpected . A number of fact ors c ou l d  

account f or the l ow repre s entation o f  S SU c l one s i n  the 

l e a f / stem l ibrary inc luding i n s t ab i l it y  of  t he t ran s c r ipt , 

l ow a f f in i t y  o f  S S U  p o l y (A) + t ran s c r i pt s  for o l igo ( dT )  

c e l l u l o s e ,  i ne f f i c ient f i r st and/ o r  s e c ond st rand cDNA 

s ynthe s i s  f or t h i s  part i cu l a r  l e a f / s t em l ibrary , i ne f f i c ient 

f i r s t and / o r  second st rand cDNA s ynthe s i s  f rom l e a f / stem-
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de r i ved p o l y ( A ) + RNA i n  gene ra l ,  o r  poor amp l i f i cat ion o f  S S U  

cDNA c l ones during l ibrary amp l i f i c at i on . I n s u f f i c ient 

evidenc e  is ava i l ab l e  to  c l e a r l y  dist ingu i s h  between the s e  

po s s ib i l i t ie s  but s ome conc l u s i on s  can b e  drawn . S ince two 

put at ive lect in c l one s were i s o l ated from a d i f fe rent , 

unamp l i f i e d ,  l e a f / s t ern cDNA l ibrary ( Se c t i o n  3 . 7 ) , i t  wou l d  

appear that the poor repre sent at i on o f  S SU c l on e s  i s  

a s s o c i at ed with e ither the cDNA s ynthe s i s  react i o n s  them­

s e lves or  poor amp l i fi c at i on of S SU c l on e s  within t he 

part i cu l a r  cDNA l ibrary t hat was s c reened with the petun i a  

S SU cDNA c l one . Thi s i s  based o n  the a s sumpt i on that S SU 

trans c r ipt s are more abundant than l e c t i n  t r an s c r ipt s i n  

whi t e  c l ove r l e a f / stern mat e r i a l . The sma l l  i n s e rt s i z e s  o f  

the S S U  cDNA and t he random cDNA c l on e s  i s o lated from the 

l ea f / stern number 1 cDNA l ibrary ( S e ct i on 3 . 4 ) sugge s t s  that 
, 

the prcb l em o f  poor repre sent a t i on i s  a s s o c i at e d  with the 

e f f i c iencies of the f i rst or  second st rand cDNA s ynthe s i s  

re act ions f o r  t h i s  part icu l a r l ibrary rathe r than di f feren­

t i a l  growth o f  recomb inant s during l ibrary amp l i f i c a t i o n . 

Thi s cou ld be c o n f i rmed by s c reening one o f  the other l e a f ­

/ s t em cDNA l ibrar i e s  w i t h  a S SU probe . O f  t h e  rema ining 

po s s ibi l i t i e s , i t  has been suggested that subt l e  c o n f o rm­
at ional  dif ferences between the RNAs de r ived f r om t wo 

di f fe rent soybean rb cS genes l e ading t o  d i f f e rent i a l  reten­

t i on on o l igo ( dT )  c e l l u l o s e  cou l d  account for the l ow 

frequency of  one c l a s s  o f  cDNA c l one r e l at i ve t o  the othe r 

( Sh i r l ey et a l . ,  1 9 9 0 ) . 

I n  the case o f  the wh ite c l over root cDNA l ibrar i e s  probed 

with a pea Adh c DNA, ten ident i c a l  Adh cDNA i s o l at e s  were 

obt a ined a ft e r  s c reening 1 0 , 0 0 0. recombinant s from one 

amp l i f i ed l ibrary ( i . e .  one p o s it i ve per 1 0 0 0  recomb in ant s 

s c reened)  and f i ve independent Adh cDNA i s o l at e s  we re 

obt a ined a ft e r  s c reening 5 , 0 0 0  recomb in ant s from a s econd,  

amp l i f i ed l ibrary . Taken t ogethe r ,  the se r e s u l t s  indicate 

that Adh cDNA c l on e s  repre sent 0 . 1 % o f  the t o t a l  root cDNA 

c l ones . The actua l  l eve l of expre s s i on of Adh in wh ite c l over 
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has not been det e rmined but the va lue for the proport i o n  o f  

Adh c l ones i n  the root cDNA l ibraries c ompares favou r ab l y  

with the 0 . 0 7 %  of  Adh1 c l on e s  in p e a  anaerob ic root cDNA 

l ib r a r i e s  ( L l ewe l l yn et a l . ,  1 9 8 7 ) . In pea the Adh l gene i s  

i n duc ed b y  anaerobic condit i o n s , Adh l  transcr ipt s being 

bare l y  det e c t able in aerob i c  r o o t s  ( L l ewe l lyn et a l . ,  1 9 8 7 ) . 

Howeve r f o r  this  white c l ove r study ,  no attempt wa s made t o  

induce Adh gene e xpre s s i on b y  sub j ect i ng the whi t e  c l over 

root s to  anaerob i c  condit i o n s . I t  i s  the re f ore con c l uded that 

e i t he r  the wh ite c l ove r Adh cDNA c l ones repre s ent a gen e  that 

is expre s s ed const itut i ve l y  in the root s of  white c l over o r  

t h e  wate r ing regime dur i n g  the growth o f  t h e  whi t e  c l over 

p l an t s  ( Se ct i on 2 . 1 . 2 ) was such that anaerob i o s i s  wa s 

inadve rt ant ly induced . The re i s  no evidence t o  support e ither 

of these a l t e rnat ives but it is pos s ible that the fun c t i on a l  

whi t e  c 1 0ve r  Adh gene c o r r e sponding to  the cDNA i s o l at e  i s  

expre s s e d  under aerob i c  condit i ons in t h e  root a n d  do e s  not 

requ i re anaerob i c  induct i o n ,  a s  is the case in part i cu l a r  

o rgans o f  s ome othe r p l ant s ( see Sect i on 1 . 8 . 2 ) . C l e ar l y ,  the 

regu l at i on o f  Adh gene e xpre s s i on in t he root s o f  whi t e  

c l ove r ,  whether it i s  const itut ive or  anaerob i c a l l y  induce d ,  

requ i re s  fu rthe r inve s t i gat ion . 

Amongst the five Adh cDNA c l ones i s o l ated from the whi t e  

c l ove r  root cDNA l ib r a r i e s  t h e r e  i s  c on s i derable vari at i on i n  

b o t h  the i r  3 '  and 5 '  t e rmin i  ( F i gure 3 . 1 1 )  . F r om t h e  s e quence 

dat a ava i l able f or the sub c l ones from c l ones ATrA4 and ATrA 5  

( S e ct ion 3 . 1 3 ) , i t  i s  apparent that on l y  the AT rA5 i n s e rt 

inc l ude s  s equence c o r r e sponding to  the p o l y ( A )  t a i l  o f  t he 

mRNA and that only the ATrA4 ins e rt inc ludes s e quence c o r re s ­

ponding t o  the 5 '  region o f  the mRNA . However ATrA4 doe s  

rep r e s ent a n  almost fu l l  l ength Adh gene t ran s c r ipt and 

i n c l ude s t he ent i re c o ding reg i on corresponding t o  the gene . 

S ince the f i rst s t r and cDNA synthe s i s  i s  init iated from o l igo 

( dT ) -pr imed mRNA ( S ect i o n  2 . 4 ) , it i s  l i k e l y  that t he 

var i abi l it y  at the 5 '  t e rmini represent s e i the r  i n c omp lete 

f i r s t  st rand synthe s i s  by reve r s e  t ran s c r ipt a s e  o r  inc omp l e t e  
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s ec ond s t rand s ynthe s i s  f rom t he mRNA-cDNA hyb r i d ,  whereas 

the va r i ab i l i t y  at  the 3 '  t e rmini repres ent s incomp l e t e  

second s t rand synthe s i s  f rom t h e  mRNA- cDNA hybr id . 

The problem o f  in comp lete and var i ab l e - s i zed i n s e rt s i s  

common t o  a l l  o f  the white c l ove r  S SU and Adh cDNA c l one s 

that have been i s o l ated and charact e r i z ed du r i ng the course 

o f  this  study ( s ee above ) . I t  is  pr obab l e  that t h i s  problem 

i s  a s s o c i ated i n  s ome way with t he apparent s e l f-priming from 

ha i rpin l o op s t ructures du r ing t he s e c ond st rand cDNA 

synthe s i s  react i on ( S ect ion 3 . 3 ) ,  a l though t he me chan i sm 

whe reby var i ab l e - s i z ed cDNAs are produced remai n s  unc l ear . I n  

the method u sed i n  t h i s  study , the s e c ond st rand cDNA 

s ynthe s i s  f rom the mRNA-cDNA hyb r i d  i s  c a t a l y s ed by the 

comb ine� act ivit i e s  o f  E .  c o l i  RNa s e  H and DNA p o l yme rase I 

by RNA-pr imed n i c k  t r ans l a t i on ( Sect i on 2 . 4 ) . F o r  t h i s  method 

to be succe s s fu l ,  s e c ond-st rand synthe s i s  by DNA po l ymer a s e  

I mu s t p rime f rom t he 5 '  ( c appe d )  e n d  o f  the mRNA . F a i l u re t o  

prime f rom t h i s  ol igonuc l e ot i de c an l e a d  t o  ha i rpin-primed 

synthe s i s  of s e c ond st rand cDNA ( D ' Al e s s i o and Gerard,  1 9 8 8 ) , 

wh ich c ou l d  g ive r i s e  t o  variable- s i z e d  se cond st rand 

react i on product s .  

I n  addi t i on t o  the white c l ove r l e a f / s t em- and root -spe c i f i c  

cDNA l ibrarie s ,  a fu l l y  repre sentat ive whi t e  c l ove r genomi c 

l ibrary has been c on s t ructed in the l ambda ve c t o r  AEMBL3 .  The 

wh ite c l ove r S S U  and Adh cDNA c l ones we re used to i s o l at e  one 

S SU and three Adh genomic c l one s from t h i s  l ibrary . Re s t r i c ­

t i on enzyme fragment s f rom each o f  the s e  c l one s ,  ident i f ied 

by S outhern b l ot ana l y s i s  to cont a i n  sequence s homo l o gous t o  

the cDNA c l on e s , were subc l oned and sequenced . 

A s c reening o f  the white c l ove r genom i c  l ibrary with the 

wh ite c l ove r SSU cDNA resulted in the i s o l at i on o f  one 15 kb 

S SU genomic c l one . The sequence of  a 4 kb fr agment sub c l oned 

from this i s o l at e  ( p T r S  64 0 )  cons i s t s  o f  a 1 2 5 9  bp whit e  

c l ove r rbcS gene coding reg i on , 1 9 4 4  bp o f  s equence up st ream 
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from the t rans l at ion init i at ion codon and 7 7 1  bp o f  s e quence 
down s t ream f rom the t rans l at i on t e rminat i o n  codon . The c oding 

region o f  the wh ite c l over rbcS gene inc lude s  two introns . 

I n  petun i a ,  pea and t omat o ,  most o f  the rbcS gene s o f  the 

mu l t i gene f ami l y  of each p l ant have been sequenced and the 

organ i z at i on and/ o r  t he chromo soma l l o c a l i z at i on has been 

det e rmined ( Dean et a l . ,  1 9 8 5 ;  P o l an s  e t  a l . ,  1 9 8 5 ;  Ve l l ego s 
e t  al . ,  1 9 8 6 ;  Sugit a e t  al . ,  1 9 8 7 )  ( S ect i on 1 . 7 . 3 ) . I n  

t omat o ,  the f ive rbcS gene s are encoded at three separate 

genet i c  l o c i  l ocated on chromo s ome 2 and on chromo s ome 3 

( Sugit a e t  al . ,  1 9 8 7 ) . The e i ght rbcS genes o f  petu n i a  are 

a l s o  encoded at three genet i c  loci  ( De an e t  a l . ,  1 9 8 5b ) . In  

cont ra s t , the f i ve member pea rbcS gene f am i l y  maps t o  a 

s i n g l e  � o c u s  on chromo s ome 5 ( P o l an s  e t  a l . ,  1 9 8 5 ) . Ac c ordi n g  

to  t h e  'S outhern b l ot anal y s i s  o f  wh ite c l over DNA ( S e ct i on 

4 . 3 ) , wh ite c l over appears t o  have at l e a s t  two rbcS gene s  

whi ch a r e  encoded a t  two genet i c  l o c i . Howeve r ,  in a whi t e  

c l ove r i n  si t u  hyb r i di z at i on exp e r iment u s ing t h e  wh i t e  

c l over S S U  cDNA p robe , hybridi z at i on wa s det e c t e d  on 

chromo s ome s 6 ,  11  and 12  ( J . M .  Zhu , personal commun i c at i on ) , 

sugge s t ing three rbcS genet i c  l o c i  f o r  whi t e  c l ove r . The 

reasons for thi s d i s c repency remain unc l e a r  but could r e f l e c t  

di f fe rences in the hybridi z at i on s t r ingen c i e s  u s e d  f o r  t he 

f i l t e r  hybridi z at i on and the i n  si t u  hybridi z at i on 

expe r iment s .  

The three Adh c l ones i s o l ated fr om t he whi t e  c l over genom i c  

l ibrary ( AT rA1 1 ,  ATrA1 2 and ATrA22 ) a l l  c ontain regions whi ch 

exhibit st rong homo l ogy with the whi t e  c l ove r Adh cDNA probe 

used to i s o l at e  them . Howeve r none of the s e  i s o l at e s  

represent s a funct i o n a l  white c l over Adh gene . 

Based on the re sult s pre sented i n  thi s study , a number o f  

avenue s f o r  future work can b e  ident i f i e d . One o f  a fami ly o f  

whi t e  c l ove r rbcS genes has been characte r i z e d  and i t  wou l d  

b e  o f  int e re s t  t o  i s o l at e  the rema i n ing members o f  t h i s  gene 
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fami l y ,  a l ong with a cDNA c l one o f  e ach o f  the i r  t ran s cript s ,  

s o  that the relat ive leve l s  o f  rb cS gene expre s s i o n  i n  wh i t e  

c l ove r cou ld b e  det e rmined . I t  wou l d  a l s o  b e  o f  i nt e re s t  t o  

charact e r i z e  promot e r  e l emen t s  a s s o c i ated w i t h  the rbc S  gene s 

s o  t hat those e l ement s re spon s ible for conferring di f feren­

t i a l  gene expre s s i on c o u l d  be ident i f ied . S ince h i gh l y  con­

s e rved regions in  rbcS genes f rom a var i e t y  o f  p l ant s have 

been i dent i f ied,  it shoul d  be pos s ib l e  t o  use p o l ymerase 

chain re act i on ( p eR)  t echn i que s with pr ime rs t o  the se 

c o n s e rved regions to  i so l at e  the fu l l  compl ement of wh i t e  

c l ove r S SU cDNA c l ones di rect l y  from RNA . The s e  c l on e s  cou l d  

i n turn be u s e d  t o  s c re en t he genom i c  l ibrary d i r e ct ly . 

A l t e rnat i ve l y ,  p rime r s  spec i fi c  for e ach cDNA c o u l d  be 

s ynthe s i zed and used with peR techn i ques t o  i s o l at e  e ach o f  

the gen:e s di rect l y  from wh i t e  c l ove r  DNA . 
I 

I n  t he c a s e  of  the whi t e  c l over Adh gene , it  wou l d  be o f  

i n t e re s t  t o  ana l y s e  gene regulat i on and to  i s o late a 

funct ional gene s o  that p romo t e r  e l ement s re spon s i b l e  for 

c o n f e r r ing root- spec i fi c  expre s s ion o f  the gene c o u ld be 

i dent i f i ed . S ince the region of  homo l o gy with the whi t e  

c l ove r cDNA c l one f or each o f  the non-fun c t i o n a l  genom i c  

c l one s that have been i s o l ated corre sponds t o  t h e  cent r a l  

p o rt i on o f  the cDNA,  it  shou l d· b e  p o s s i b l e  t o  choose a 

sub c l one from the cDNA c l one for u s e  as a probe which woul d  

p r e c lude the re - i s o l at i on o f  the se c l ones i n  any fut ure 

s c reening of  the genom i c  l ibrary . Al t e rnat i ve l y ,  p r ime r s  

spe c i f i c  f o r  each end o f  the Adh cDNA c l one c o u l d  b e  

s ynthe s i z ed and u sed with p e R  t e chn i ques to  i s o l at e  t h e  gene 

d i r e c t l y  from whi t e  c l ove r DNA . 
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