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Genetic Control of Rye Endosperm Proteins 

I t  has  been shown t h a t  the  genetic  control  of m a n y  
of the  e lec t rophore t ica l ly  s low-moving  prote in  bands  
(gliadins) in the  endosperm of hexaplo id  Chinese Spr ing 
whea t  is associated wi th  the  chromosomes  of homoeologous  
groups 1 and 6 z. Hence  i t  m a y  be inferred t h a t  a t  least  
2 chromosomes  were  associated wi th  the  equ iva len t  
pro te ins  of the  ances t ra l  diploid species f rom which the  
3 genomes  of whea t  are  be l ieved  to  be der ived  z. Since 
the  genome of diploid rye, Secale cereale, is t hough t  to  
be der ived f rom this  same diploid progeni tor  S , i t  was 
expec ted  t h a t  2 chromosomes  would  also be  concerned 
wi th  the  s low-moving  endosperm prote ins  in rye. I n  an  
analysis  of whea t - rye  add i t ion  lines, invo lv ing  single 
ch romosome  pairs  of  K ing  I I  rye  added to  Ho ld fas t  
wheat4,  ~, only  one rye  ch romosome  (V) could be asso- 
c ia ted wi th  these  prote ins  z. However ,  a t  least  2 of the  
rye  bands  had  s imilar  mobi l i t ies  to  whea t  bands  and 
t h e y  could no t  be  clear ly  d is t inguished in the  amphip lo id  
or  t he  add i t ion  lines. I n  t he  p resen t  s tudy,  more  cr i t ical  
tes ts  h a v e  been m a d e  to  de t e rmine  whe the r  t he  gene(s) 
cont ro l l ing  these  2 rye  bands  are  loca ted  on a ch romosome 
o the r  t h a n  V and thus  to  check whe the r  t he  ch romosomal  
cont ro l  of endosperm proteins  in rye  is s imi lar  to  t h a t  
in wheat .  

I m p r o v e d  resolut ion of rye  bands  was ob ta ined  by  
using 0 .01M sodium pyrophospha te  buffer  (pH7.4)  6 
instead of 2 M  urea as the  prote in  ex t r ac t an t .  W i t h  2 M  
urea  the  s low-moving  proteins  of rye  and whea t  appeared  
to be ex t r ac t ed  in a p p r o x i m a t e l y  equal  amoun t s  as 
judged  by  the  s ta in ing in tens i ty  of t he  bands  in s tarch  
gels 1. However ,  when py rophospha t e  buffer  was used 
as the  solvent  the  s low-moving  bands  of Hold fas t  whea t  
did no t  s ta in  or  a t  mos t  s ta ined faint ly,  whereas  the  
equ iva len t  bands  of K ing  I I  rye  were observed  to  s ta in  
qui te  s t rongly  (see F igure  1). I t  follows t h a t  if this  dif- 
ference in solubi l i ty  of whea t  and rye  proteins  also applies 
when  t h e y  are mixed  together ,  as in the  amphip lo id  and 
re l evan t  add i t ion  lines, i t  would  be possible to differen- 
t i a t e  rye  bands  f rom whea t  bands  even  if t h e y  have  the  
same mob i l i t y  in gels. 

Thus  the  mate r ia l  p rev ious ly  compared  using a 2 M  
urea  ex t rac t  f rom single grains 1 has been compared  
aga in  using py rophospha te  buffer  as the  prote in  solvent .  

This  mate r ia l  consists of Holdfas t  whea t  (2n = 42), 
K ing  I I  rye  (2n = 14), the  Hold fas t  + King  I I  amphi -  
ploid (2n = 56), and seven separa te  whea t - rye  add i t ion  
lines (2n = 44). The  condi t ions  of electrophoresis  were 
t he  same as before excep t  the  runn ing  t i m e  was reduced 
f rom 7.5 to 2.5 h in some tests  to show the  fas t -moving  
prote ins  as well  as the  s low-moving  f rac t ion (e.g. F igure  1). 

The  gel pa t t e rn  of the  s low-moving  prote ins  in pyro-  
phospha te  ex t rac t s  f rom the  amphip lo id  usual ly  did no t  
possess any  well  def ined whea t  bands,  bu t  was com-  
parab le  wi th  t he  pa t t e rn  of t he  rye  parent ,  excep t  for an  
addi t iona l  fa in t  band  (No. 4, F igure  1), and  included those  
rye  bands  (No. 5, 6 and  7) no t  resolved in 2 M  urea  extracts .  
Since the  pa t t e rn  of t he  ch romosome  V add i t ion  lines 
(complete  and shor t -a rm telo) appeared  to  be  i d e n t i c a l  
w i th  t h a t  of t he  amphip lo id ,  i t  is concluded t h a t  al l  of 
t he  s low-moving  pro te ins  of rye  are  contro l led  b y  gene(s) 
on the  shor t  a rm of rye  ch romosome  V. R y e  bands  were  
no t  de tec ted  in any  of t he  py rophospha t e  ex t rac t s  f rom 
the  o ther  six add i t ion  lines, thus  suppor t ing  this  con- 
clusion. 

Fol lowing the  success of the  above  analysis,  s imi lar  
tes ts  were m a d e  on add i t ion  lines invo lv ing  Impe r i a l  rye  
and Chinese Spr ing whea t  7, b u t  t he  compar isons  were  
res t r ic ted to  t he  whea t  and  rye  parents ,  t he  amphiplo id ,  
and  the  add i t ion  l ine (E) known to  possess rye  endosperm 
proteins  z. 

The  gel pa t t e rns  ob ta ined  (Figure 2) were  more  dif- 
f icul t  to  in te rpre t  t h a n  those  descr ibed above,  because 
of a grea ter  in terference f rom whea t  bands  and  because 
the  pa t t e rn  of rye  bands  f rom the  amphip lo id  did no t  
agree closely wi th  t h a t  f rom the  Imper i a l  rye  control .  
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Fig. 1. Starch-gel electrophoretic patterns of 
slow-moving (SMP),and fast-moving (FMP) 
endosperm proteins from Holdfast wheat (H), 
King II rye (R), the amphiploid (H + R) and 
rye chromosome V disomic addition line 
(H + Rv) extracted in 0.0i M sodium pyro- 
phosphate (NaPP) or 2M urea. Electrophore- 
sis for 2.5 h at 11.5 V/cm. 
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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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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  


