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Besides  l ack ing  2 of t he  b a n d s  p r e s e n t  in  I m p e r i a l  rye  
(No. 4 a n d  7), t h e  a m p h i p l o i d  possessed a b a n d  (No. 5) 
n o t  p r e s e n t  in  e i t he r  p a r e n t  cu l t iva r .  These  d i f ferences  
in  p a t t e r n  could  be  due  e i t h e r  to  a n  i n t e r a c t i o n  b e t w e e n  
w h e a t  a n d  rye  p ro t e in s  w h e n  in a c o m m o n  c y t o p l a s m  or  
s i m p l y  to  t h e  I m p e r i a l  rye  used  as a con t ro l  in t h e  p r e s e n t  
s t u d y  d i f fe r ing  in  g e n o t y p e  f rom the  rye  p l a n t  used in 
c o n s t r u c t i n g  t h e  a m p h i p l o i d .  T h e  l a t t e r  e x p l a n a t i o n  is 
f a v o u r e d  8 because  i t  was  found  t h a t  t h e  p a t t e r n  of rye  
b a n d s  in F 1 seeds  de r ived  f rom cross ing Chinese  Spr ing  
w i t h  t h e  I m p e r i a l  rye  con t ro l  r e sembled  t h e  p a t t e r n  of 
t h e  rye  p a r e n t  r a t h e r  t h a n  t h a t  of Sears '  amph ip lo i d .  
However ,  i r r e spec t ive  of t h e  cause  of t h e  p a t t e r n  dif- 
ference,  i t  is c lear  t h a t  t h e  gene(s) con t ro l l i ng  all  of t h e  
rye  b a n d s  expressed  in  t h e  a m p h i p l o i d  are  loca ted  on  
rye  c h r o m o s o m e  E, s ince t h e  p a t t e r n  of t he  c h r o m o s o m e  E 
a d d i t i o n  l ine was  iden t i ca l  w i t h  t h a t  of t h e  a m p h i p l o i d  
(Figure  2). 

To summar i ze ,  i t  is e v i d e n t  t h a t  t h e  gene(s) con t ro l l i ng  
a l l  of t h e  s low-mov ing  p ro t e in s  of d ip lo id  K ing  I I  rye, 
a n d  p r o b a b l y  I m p e r i a l  rye  also, are  loca ted  on  one  pa r -  
t i cu l a r  rye  ch romosome ,  whereas  in  h e x a p l o i d  Chinese  
Sp r ing  w h e a t  t h e  gene t ic  con t ro l  of these  p ro t e in s  is 
a ssoc ia ted  w i t h  a t  l eas t  2 c h r o m o s o m e s  of each  genome.  
I t  is conc luded  t h a t  t h e  g e n o m e  of rye  m u s t  h a v e  evo lved  
a long  a s e p a r a t e  p a t h w a y  f rom t h a t  of t h e  3 w h e a t  gen-  
omes,  s ince  i t  is wide ly  accep t ed  t h a t  a c h a n g e  in t h e  
n u m b e r  of loci con t ro l l i ng  a p r o t e i n  p h e n o t y p e  is a 
re l iab le  i n d e x  of e v o l u t i o n a r y  d ive rgence  ~,1°. On t h e  
o t h e r  h a n d ,  ev idence  f rom s tud ies  of c h r o m o s o m e  h o m o -  
eology ind ica t e s  t h a t  t h e  rye  a n d  w h e a t  genomes  h a v e  
m o s t  l ike ly  been  de r ived  f rom a c o m m o n  ances t r a l  
g e n o m e  3. To  a c c o u n t  for  these  s epa ra t e  f i nd ings  i t  is 
p o s t u l a t e d  t h a t  t h e  gene(s) con t ro l l i ng  t h e  s l ow-mov i n g  
p r o t e i n s  in  t h e  o r ig ina l  d ip lo id  ances to r  of t h e  Tr i t i c inae  
were  loca ted  on  on ly  1 of t h e  7 ch romosomes ,  a n d  t h a t  
rye  was  de r i ved  f rom th i s  species. F u r t h e r  i t  is sugges ted  
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F ig .  2. Diagram of starch-gel electrophoretic patterns of slow- 
moving proteins extracted in 0.01 M sodium pyrophosphate from 
Chinese Spring wheat (C), Imperial rye (R), the amphiploid 
(C + R) and rye chromosome E addition line (C + RE). Electro- 
phoresis for 7.5 h at 11.5 V/cm. (Shaded rectangles, strong bands; 
clear rectangles, weak bands; dotted lines, faint bands often 
difficult to detect.) 

t h a t  a d e s c e n d a n t  of th i s  a n c e s t r a l  d ip lo id  acqu i r ed  two-  
c h r o m o s o m e  con t ro l  of these  p ro te ins ,  poss ib ly  b y  a 
process  of gene d u p l i c a t i o n  a n d  c h r o m o s o m e  t r ans loca -  
t ion ,  ana logous  to  t h a t  sugges ted  for  t h e  or ig in  of t h e  
~, fl, y a n d  ~ p o l y p e p t i d e  cha ins  of h a e m o g l o b i n  9, a n d  
t h a t  t h e  w h e a t  g en o mes  h a v e  come  f rom th i s  de r ived  
species. 

I f  t h i s  mode l  is correct ,  t h e  c h r o m o s o m e  s e g m e n t s  
con t ro l l i ng  t h e  s l o w -mo v i n g  p ro t e in s  in  w h e a t  a n d  rye  
would  be  r e l a t ed  b y  descen t  and ,  consequen t ly ,  t h e  
respec t ive  p r o t e i n s  wou ld  be  expec t ed  to  h a v e  s imi la r  
a m i n o  acid sequences  a n d  s imi la r  chemica l  proper t ies .  
However ,  t h e  d i f f e r en t  b e h a v i o u r  of these  p r o t e i n s  d u r i n g  
p y r o p h o s p h a t e  e x t r a c t i o n  seemed  to  be  i n c o n s i s t e n t  w i t h  
th i s  ex p ec t a t i o n ,  a n d  a q u a n t i t a t i v e  s t u d y  of t h e i r  
so lub i l i ty  in  p y r o p h o s p h a t e  buf fe r  was  m a d e  to  resolve 
th i s  a n o m a l y .  I t  was  f o u n d  t h a t  a l t h o u g h  t h e ' s l o w -  
m o v i n g  p r o t e i n s  of rye  a re  more  soluble  in  t h i s  buf fe r  
t h a n  those  of whea t ,  t h e  d i f fe rence  is sma l l  a n d  p r o b a b l y  
does n o t  r e p r e s e n t  a f u n d a m e n t a l  d i f fe rence  in t h e i r  
chemica l  p rope r t i e s  n .  

The  p roposed  p a t h w a y  for t h e  e v o l u t i o n  of w h e a t  a n d  
rye  genomes  o b v i o u s l y  needs  f u r t h e r  t e s t i n g  a n d  addi -  
t i ona l  d a t a  a re  expec t ed  to  come  f rom d e t e r m i n i n g  t h e  
n u m b e r  of c h r o m o s o m e s  con t ro l l i ng  e n d o s p e r m  p ro t e in s  
in  o t h e r  g en o mes  w i t h i n  t h e  T r i t i c inae  or, ideally,  com- 
pa r ing  t h e  a m i n o  ac id  sequences  of t h e  p ro t e in s  i n v o l v e d  1,. 

Rdsumd. E n  c o m p a r a n t  les d i a g r a m m e s  d '61ect ropho-  
r~se en  gels d ' a m i d o n  de g l iad ine  o b t e n u s  ~ p a r t i r  d ' u n  
b16 hexaplo ide ,  d ' u n  seigle d ip lo ide  e t  de b16 + s e i g l e  
amphip lo~des  avec  les l ignes  d ' a d d i t i o n n e m e n t  des  chro-  
mo s o mes  bl6-seigle on  c o n s t a t a  q u ' u n  c h r o m o s o m e  de 
seigle contr61e t o u t e s  les g l iadines  du  seigle. 
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s A similar explanation may account for the faint band (No. 4, 
Figure 1) which was observed consistently in the pyrophosphate 
extracts from Holdfast + King II amphiploid and the chromo- 
some V addition lines, but which was absent from the wheat and 
rye controls. 
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M o d e s  o f  V a r i a t i o n  in  A l c o h o l  D e h y d r o g e n a s e  in  Drosophila melanogaster 
I t  h a s  p r e v i o u s l y  b e e n  s h o w n  x-3 t h a t  c rude  e n z y m e  

e x t r a c t s  of t h e  two  n a t u r a l l y  occur r ing  e lec t rophore t i c  
v a r i a n t s  of Drosophila melanogaster alcohol  dehyd ro -  
genase  can  differ  in  t h e i r  t h e r m o l a b i l e  p rope r t i e s  a n d  
specif ic  ac t iv i t ies .  W e  h a v e  c o m p a r e d  A d h  alleles ex- 
t r a c t e d  f rom s t e r n o p l e u r a l  se lec t ion l ines m a i n t a i n e d  b y  
Prof .  A. ROBERTSON, f rom a cage p o p u l a t i o n  poly-  
m o r p h i c  for  A d h  alleles i n i t i a t ed  b y  Prof.  J .  A. BEARD- 
MORE, a n d  also A d h  alleles o r ig ina l ly  i so la ted  b y  Prof .  

E. H.  GRELL a n d  s u b s e q u e n t l y  p u t  on  a c o m m o n  gene t i c  
b a c k g r o u n d .  

H o m o g e n a t e s  of 20 t h i r d  i n s t a r  l a r v a e  in 1 ml  0 . 0 5 M  
o r t h o p h o s p h a t e  buf fe r  were  cen t r i fuged  a t  30,000g for  
20 min .  T h e  s u p e r n a t a n t s  were  a s sayed  for  a lcohol  
d e h y d r o g e n a s e  a c t i v i t y  in  a P e r k i n - E l m e r  124 spec t ro -  
p h o t o m e t e r  a t  25°C b y  t i m i n g  t h e  c h a n g e  in  0.1. O.D. 
u n i t s  a t  340 n m  assoc ia ted  w i t h  t h e  r e d u c t i o n  of n i co t in -  
a m i d e  a d e n i n e  d inuc leo t ide  (NAD) us ing  i s o p ro p an o l  as  
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s u b s t r a t e .  Fo l lowing  t h e  n o r m a l  a s says  t h e  e x t r a c t s  
were  i n c u b a t e d  a t  40 °C in  a w a t e r  b a t h  for  10 ra in  a n d  
t h e n  reassayed .  T o t a l  p r o t e i n  in  each  e x t r a c t  a s sayed  
was  d e t e r m i n e d  b y  a mod i f i c a t i on  of t h e  Fo l in  t e c h n i q u e  4. 

The  resu l t s  (Table) show t h a t  A d h  alleles e x t r a c t e d  
f rom d i f fe ren t  p o p u l a t i o n s  h a v e  d i f f e ren t  specif ic  ac t i -  
v i t i e s  a l t h o u g h  w i t h i n  a p o p u l a t i o n  t h e  e x t r a c t s  of A d h F  
h o m o z y g o t e s  h a v e  h i g h e r  e n z y m e  ac t iv i t i e s  t h a n  e x t r a c t s  
of A d h S  homozygo te s .  T he  e n z y m e  a c t i v i t y  of e x t r a c t s  
of h e t e r o z y g o t e s  r e l a t i ve  to  t h e  p a r e n t a l  h o m o z y g o t e s  
va r i e s  a n d  in t h r e e  i n s t a n c e s  is s ign i f i can t ly  d i f f e ren t  to  
t h e  m i d - p a r e n t a l  va lue .  

E n z y m e  e x t r a c t s  of A d h F  h o m o z y g o t e s  in  each  popu-  
l a t i on  are  more  t h e r m o l a b i l e  t h a n  e x t r a c t s  of A d h S  h o m o -  
zygotes .  H o w e v e r  t h e r e  is cons ide rab le  v a r i a t i o n  in 
t h e r m o l a b i l i t y  b e t w e e n  e n z y m e  e x t r a c t s  of A d h S  h o m o -  
zygotes  f rom d i f f e r en t  popu la t i ons ,  t h e  A d h S  e n z y m e  
f r o m  BEARDMORE'S p o p u l a t i o n  b e i n g  cons i de r ab l y  less 
h e a t  s t a b l e  t h a n  A d h S  e n z y m e  e x t r a c t s  f r o m  e i t h e r  
ROBERTSON'S o r  GRELL'S s tocks .  

Af te r  h e a t  t r e a t m e n t  e n z y m e  a c t i v i t y  in  e x t r a c t s  f rom 
G . A d h F / G , A d h S  h e t e r o z y g o t e s  is s ign i f i can t ly  h i g h e r  
t h a n  t h e  e n z y m e  a c t i v i t y  in  h e a t  t r e a t e d  e x t r a c t s  of 
e i t he r  of t he  2 h o m o z y g o u s  p a r e n t s  *. A l t h o u g h  t h e  
R . A d h F / R . A d h S  e n z y m e  e x t r a c t  is as  h e a t  s t ab l e  as  
t h e  e x t r a c t  of R . A d h S  h o m o z y g o t e s  t h e  e n z y m e  ac t iv i t i e s  
r e m a i n i n g  a f t e r  h e a t  t r e a t m e n t  a re  n o t  s i gn i f i c an t l y  
d i f ferent .  

Of t he  4 h e t e r o z y g o t e s  b e t w e e n  alleles e x t r a c t e d  f rom 
BEARDMORE'S p o p u l a t i o n  on ly  one  ha s  s ign i f i can t ly  
h i g h e r  e n z y m e  a c t i v i t y  a f t e r  h e a t  t r e a t m e n t  t h a n  e i t he r  
of t h e  h e a t  t r e a t e d  p a r e n t a l  ex t rac t s .  I t  is i n t e r e s t i ng  
t h a t  a l t h o u g h  b o t h  A d h S  alleles f r o m  t h i s  p o p u l a t i o n  
h a v e  s imi la r  specif ic  ac t iv i t i e s  a n d  t h e r m o l a b i l e  p rope r -  
t i es  in  h o m o z y g o t e s  t h e y  h a v e  d i f f e ren t  t h e r m o l a b i l e  
p r o p e r t i e s  in  h e t e r o z y g o t e s  w i t h  B . A d h F ,  one  los ing 70% 
of a c t i v i t y  a n d  t h e  o t h e r  86%.  

No a t t e m p t  was  m a d e  to  con t ro l  t h e  gene t ic  b a c k g r o u n d  
of t h e  al leles e x t r a c t e d  f rom e i the r  BEARDMORE'S or  RO- 
BERTSON'S popu la t ions .  H o w e v e r  BEARDMORE'S cage pop-  

Genotypes n Mean specific activities Activity 
in crude extracts remaining 

(%) 
Before heat After heat 

S.D. • S.D. 

BEARDMORE~S stocks 
B 1 AdhF 8 3.5 0.123 0.3 0.018 8.6 
B, AdhF 8 5.7 0.15 0.6 0.039 11.3 
B 1 AdhS 8 1.9 0.075 0.3 0.029 15.7 
Bz AdhS 8 1.9 0.068 0.3 0.029 16.4 
B 1 AdhF/B l AdhS 8 2.9 * 0.07 0.9 b 0.18 30.1 
B 1 AdhFIB z Adh s 8 2.7 0.14 0.4 0.023 14.1 
B, AdhF/B t AdhS 8 3.8 0.23 0.7 0.11 19.5 
B 2 AdhF/Bz Adh s 8 4.3 '~ 0.21 0.6 0.074 13.9 

ROBERTSON*S stocks 
R AdhF 10 8.0 0.37 0.5 0.072 6.7 
R AdhS 10 3.4 0.175 1.4 0.092 39.8 
R AdhFIR AdhS 10 4.3*' 0.101 1.6 0.068 38.1 

GRELL'S stocks 
G AdhF 8 8.5 0.33 1.2 0.092 14.1 
G AdhS 8 2.9 0.13 1.5 0.188 54.4 
G AdhF/G AdhS 8 5.4 0.32 2.0 b 0.108 38.4 

Heterozygote enzyme activity significantly different to the mid 
parental value, p<0.01,  b Heterozygote enzyme activity signifi- 
cantly higher than the enzyme activity in either of the 2 parental 
homozygotes, p < 0.01. 

u l a t i o n  h a d  b e e n  e s t a b l i s h e d  for  3 yea r s  p r io r  to  t h e  
e x t r a c t i o n  a n d  i t  seems  l ike ly  t h a t  t h e  gene t ic  b a c k -  
g r o u n d  of t h e  A d h  alleles f r o m  t h i s  p o p u l a t i o n  would  b e  
un i fo rm.  E a c h  of t h e  4 A d h F  alleles t e s t e d  f rom these  
3 p o p u l a t i o n s  were  p h e n o t y p i c a l l y  iden t i ca l  a f t e r  e lec t ro-  
phores i s  on  p o l y a c r y l a m i d e  gels r u n  a t  d i f f e ren t  p H  as 
also were t h e  4 A d h S  alleles t es ted .  S imi l a r ly  t h e r e  was  
no  v a r i a t i o n  in  e l ec t rophore t i c  m o b i l i t y  b e t w e e n  t h e  6 
h e t e r o z y g o t e s  t es ted .  

These  d a t a  show t h a t  t h e r e  a re  a t  l eas t  3 m o d e s  of  
v a r i a t i o n  in a lcohol  d e h y d r o g e n a s e  in  D. melanogaster 
popu la t i ons .  T h e r e  are  2 n a t u r a l l y  occur r ing  e lect ro-  
pho re t i c  v a r i a n t s  w h i c h  c i r c u m s t a n t i a l  ev idence  ind ica t e s  
are  d e t e r m i n e d  b y  d i f f e ren t  alleles a t  t h e  s ame  locus. 
I n  a d d i t i o n  t h e r e  is v a r i a t i o n  in e n z y m e  a c t i v i t y  a n d  
t h e r m o l a b i l e  p r o p e r t i e s  b o t h  w i t h i n  a n d  b e t w e e n  electro-  
pho re t i c  fo rms  w h i c h  m a y  be  due  e i t h e r  to  s t r u c t u r a l  
gene  d i f ferences  or  to  b a c k g r o u n d  mod i f i ca t ion .  

HARRIS s h a s  d i scussed  some  of t h e  w a y s  in  w h i c h  t h e  
p o l y p e p t i d e  d e t e r m i n e d  b y  a p a r t i c u l a r  gene  c a n  sub-  
s e q u e n t l y  be  mod i f i ed  to  give rise to  e n z y m e  molecules  
w h i c h  a re  e l ec t rophore t i ca l l y  d i s t ingu i shab le .  Similar ly ,  
mod i f i c a t i on  of t h e  p o l y p e p t i d e  a f t e r  t r a n s l a t i o n  m i g h t  
a f fec t  o t h e r  p r o p e r t i e s  of t h e  e n z y m e  w i t h o u t  a l t e r i ng  
t h e  e l ec t rophore t i c  m o b i l i t y  a n d  may ,  a t  l eas t  in  p a r t ,  
b e  t h e  e x p l a n a t i o n  for  some  of t h e  v a r i a t i o n  desc r ibed  
in  a lcohol  d e h y d r o g e n a s e  ac t i v i t y .  

These  d a t a  f u r t h e r  i n d i c a t e  t h a t  t h e  p r o p o r t i o n  of 
p o l y m o r p h i c  loci e s t i m a t e d  in p o p u l a t i o n s  of m a n y  dif- 
f e r en t  o r g a n i s m s  b y  e l ec t rophore t i c  t e c h n i q u e s  to  be  
a b o u t  30% ~, s m a y  c o n s i d e r a b l y  u n d e r e s t i m a t e  t h e  t o t a l  
v a r i a t i o n  p resen t .  One  a spec t  of t h e  p h e n o t y p e  on  w h i c h  
n a t u r a l  se lec t ion will n o t  ope ra t e  is e l ec t rophore t i c  
m o b i l i t y  pe r  se arid in  t e r m s  of select ion,  v a r i a t i o n  in  
e l ec t rophore t i c  m o b i l i t y  m a y  be  less i m p o r t a n t  t h a n  
v a r i a t i o n  in  o t h e r  p r o p e r t i e s  of t h e  e n z y m e  w h i c h  a re  
n o t  necessa r i ly  co r r e l a t ed  w i t h  t h e  c h a r g e  o n  t h e  e n z y m e  
molecule .  Thus ,  a l t h o u g h  t h e  s ame  e l ec t rophore t i c  f o rm 
of an  e n z y m e  m a y  ex is t  in  two  or  more  popu la t i ons ,  i t  
is conce ivab le  t h a t  t h e  b iochemica l  p rope r t i e s  of t h i s  
v a r i a n t  m a y  di f fer  b e t w e e n  t h e  p o p u l a t i o n s  a n d  n a t u r a l  
se lec t ion  m a y  b e  m a i n t a i n i n g  t h e  s a m e  e l ec t rophore t i c  
f o r m  for  d i f f e ren t  r easons  in  d i f f e ren t  p o p u l a t i o n s L  

Zusammenlassung. N e b e n  zwei e l e k t r o p h o r e t i s c h  ver -  
s c h i e d e n e n  V a r i a n t e n  de r  Drosophila-Alkoholdehydro- 
genase  k o m m e n  i n n e r h a l b  d ieser  V a r i a n t e n  wei te re  Va-  
r i a t i o n e n  vor ,  die s ich  in  ih re r  spez i f i schen  Ak t iv i tA t  u n d  
T e m p e r a t u r e m p f i n d l i c h k e i t  u n t e r s c h e i d e n .  Es  wi rd  dar -  
aus  geschlossen,  dass  de r  G r a d  des P o l y m o r p h i s m u s  y o n  
P o p u l a t i o n e n  gr6sser  sei, a ls  a u f g r u n d  e l e k t r o p h o r e t i s c h e r  
U n t e r s u c h u n g e n  g e s c M t z t  wird.  
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