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Summar~r. A lbumins ,  g lobul ins ,  g l iad ins  and glu tenins  p r e s u m a b l y  c o m p r i s i n g  100 pe rcen t  of the wheat s eed  
p ro t e in s  were  sequen t i a l ly  e x t r a c t e d  and e l e c t r o p h o r e s e d  on SDS-po lyac ry l amide  ge l s .  The SDS~e lec t rophore -  
t ic  pa t t e rn s  within each  of the four  f r ac t i ons  f r o m  T. boeoticum, T. u~amtu, T. tumgidum, T. t imopheevii ,  T. 
aestivum, Ae. spe l to ides  and Ae. squarrosa w e r e  s i m i l a r .  They d i f fe red  f r o m  one s p e c i e s  to ano ther  only in a 
few mino r  componen t s  o r  dens i ty  of c e r t a i n  componen t s .  S im i l a r i t y  in MW's of componen t s ,  as  indica ted  by the 
S D S - e l e c t r o p h o r e t i c  p a t t e r n s ,  sugges t s  that  the wheats  and Aegilops exhibi t  no v a r i a b i l i t y  fo r  s t r u c t u r a l  genes  
coding seed  p r o t e i n s .  A m i n i m u m  of 60 to 70 and a m a x i m u m  of 360 to 420 s t r u c t u r a l  genes  with ma jo r  or  minor  
e f fec t s  con t ro l  the total  seed  p ro te in  in T. aestivum. P r e s u m a b l y ,  only one o r  the o ther  h o m o e o a l l e l e  was e x -  
p r e s s e d  in the polyplo ids .  D i f f e ren t  components  of a lbumins  and globul ins  p r e s u m a b l y  had d is t inc t  MW's  and 
amino ac id  compos i t i on ,  while the components  of g l iad ins  and glu tenins  could be c l a s s i f i e d  into a few groups  each 
conta ining one o r  m o r e  components  with the s a m e  MW and nea r ly  ident ica l  amino  acid  compos i t i on .  The genes  
fo r  componen t s  with s i m i l a r  MW's  and amino acid  compos i t i on  a r o s e  through mul t ip l i ca t ion  of a s ing le  o r ig ina l  
gene and pe rhaps  s h a r e  the s a m e  r e g u l a t o r y  m e c h a n i s m .  Seed pro te in  content  and quali ty in wheat might  be i m -  
p roved  through the i nco rpo ra t i on  of s t r u c t u r a l  genes ,  coding for  polypept ides  with d i s t inc t  MW's ,  f r o m  dis tan t ly  
r e l a t e d  s p e c i e s ,  r a t h e r  than by manipula t ion  of the s t r u c t u r a l  genes  within the Triticum-Aegilops group.  Regu l -  
a to ry  mutants  s i m i l a r  to opaque-2  of c o r n  could be used  to a l t e r  the p ropor t ion  of g l iad ins  in r e l a t ion  to a lbumins  
and g lobul ins ,  to i m p r o v e  amino acid  compos i t i on  of wheat p r o t e i n s .  
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In t roduc t ion  

The i m p o r t a n c e  of p ro te in  content  and qual i ty  of wheat 

g r a in  in our  nu t r i t ion  is  well  r e c o g n i z e d .  The i n f o r -  

mat ion  on the gene t i c s  and r egu la t i on  of the seed  p r o -  

t e ins ,  n e c e s s a r y  for  the i r  i m p r o v e m e n t ,  howeve r ,  i s  

v e r y  l im i t ed .  Ha l lo ran  (1975) r e p o r t e d  that  the seed  

p ro te in  content  in wheat was under  the con t ro l  of only 

a few m a j o r  genes  and a n u m b e r  of m o d i f i e r s .  Using 

i n t e r v a r i e t a l  c h r o m o s o m e  subs t i tu t ion  l i n e s ,  Kusp i ra  

and Unrau (1957) and Ha l lo ran  (1976) pos tu la ted  that  

many genes ,  each  of s m a l l  e f fec t ,  con t ro l l ed  the seed  

p ro te in  content  in wheat .  Low p ro t e in  content  i s  r e -  

po r t ed  to exhibi t  pa r t i a l  to c o m p l e t e  dominance  o v e r  

high p ro te in  content  ( Johnson  et a l .  1973; Ha l lo ran  

1975).  The d i s t inc t ion  be tween r e g u l a t o r y  and s t r u c -  

tu ra l  genes  con t ro l l i ng  seed  p ro te ins  appea r s  to be 

confused in these  gene t ic  a n a l y s e s  and needs  fu r the r  

c l a r i f i c a t i o n .  

Among the four  f r ac t i ons  of seed  p ro te in ,  i . e .  a l -  

b umins ,  g lobul ins ,  g l iad ins  and g lu ten ins ,  the a lbu-  

mins  and g lobul ins  a r e  concen t r a t ed  in the e m b r y o  and 

a re  r i c h  in e s s e n t i a l  amino a c i d s ,  while the g l iad ins  

and g lu ten ins ,  cons t i tu t ing  75 to 90 ~ of the seed  p r o -  

t e ins ,  a r e  p r e s e n t  in the e n d o s p e r m  and a r e  low in 

l y s ine .  C h r o m o s o m e  a s s i g n m e n t  of genes  con t ro l l ing  

va r i ous  components  of g l iad ins  has  been a t t empted  

through o n e - d i m e n s i o n a l  e l e c t r o p h o r e s i s  (So la r i  and 

F a v e r t  1967; Shepherd 1968; Boyd et a l .  1969) and a 

combina t ion  of e l e c t r o p h o r e s i s  and i s o e l e c t r i c  f o c u s -  

ing (Wr igh ley  and Shepherd 1973; Aragonc i l l o  et  a l .  

1975) us ing v a r i o u s  aneuploid s e r i e s  of wheat .  R e -  

cen t ly ,  S D S - e l e c t r o p h o r e s i s  has been employed  for  

c h r o m o s o m e  loca l i za t ion  of genes  con t ro l l ing  g lu tenins  

(Or th  and Bushuk 1974).  Components  of o the r  p ro te in  

e x t r a c t s ,  such as  a lbumins ,  puroth ionins  and c h l o r o -  

f o r m - m e t h a n o l  e x t r a c t s ,  have been a s s o c i a t e d  with d i f -  

f e r en t  c h r o m o s o m e s .  These  ana lyses  indica te  that  t he r e  

a r e  s e v e r a l  genes  coding for  d i f fe ren t  f r a c t i o n s  of seed  

p ro te ins  which a r e  d i s t r ibu ted  throughout  the seven  ho-  

moeologous  groups  c o m p r i s i n g  A,  B and D genome of 

T. aestivum. In fo rmat ion  on d i v e r g e n c e  of h o m o e o a l -  

l e l e s  f r o m  the r e l a t e d  genom es  and t he i r  e x p r e s s i o n  in 

the polyploids  i s  unknown. 
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F ig .  1. SDS-e lec t rophore t ic  pa t t e rns  of a l bumi ns :  
A) Triticum boeoticum; B) r. urartu; C) Ae. spelto- 
ides; D ) T. turgidum; E ) T. timopheevii; F) Ae. 
squarrosa; G) T. aestivum; H) boeoticum-urartu am- 
phidiploid~ and I) Albumin  mix tu re  ( I : I )  f rom T. 
boeoticum and T. urartu 

Fig .  2. SDS-e lec t rophore t ic  p rof i les  of g lobul ins :  
A) T. boeoticum; B) T. urartu; C) Ae. 8peltoides; 
D) T. turgidum; E) T. timopheevii; F) Ae. squarrosa; 
G) T. aestivum; H) boeoticum-urartu amphidiploid; 
and I) Globulin mix ture  (1: 1) f rom T. boeoticum and 
T. urartu 

Most of the genet ic  s tud ies  on seed p ro te ins  have 

been done exc lus ive ly  on T. aestivum. Due to l imi ted  

genet ic  va r i ab i l i t y  and high genotype • e n v i r o n m e n t  

i n t e rac t ion  for p ro te ins  in T. aestivum (Johnson et 

a l .  1973) and sens i t iv i ty  of exp re s s ion  of c e r t a i n  

genes  at d i f fe rent  gene and genome dosages  in the 

polyploids,  unambiguous  genet ic  ana ly s i s  through a 

convent ional  genet ic  approach is  v i r t ua l l y  i mposs i b l e .  

Among other  approaches  SDS-e lec t rophores i s  might 

be more  sui table  for such s tudies  than e lec t ropho-  

r e s i s  and i soe l ec t r i c  focusing,  s ince  the l a t t e r  r evea l  

i ncomprehens ib l e  genet ic  va r i ab i l i t y  among di f ferent  

genotypes as a r e s u l t  of minor  amino  acid subs t i t u -  

t ions .  F o r  a comple te  a n a l y s i s  of seed p ro t e in s ,  nu -  

t r i t i ona l ly  impor t an t  f r a c t i o n s - a l b u m i n s  and g lobu l ins -  

need to be inves t iga ted  as  thoroughly as  poss ib le .  

Studies on seed p ro te ins  in diploid and te t rap lo id  

wheats and diploid Aegilopsj f rom which T. aestivum 

was de r ived ,  may throw more  light on the na tu re  of 

genet ic  va r i ab i l i t y  and s t r a t egy  for  i m p r o v e m e n t  of 

seed prote in  in the Triticum-Aegilops group.  

This paper  r e p o r t s  the r e s u l t s  of SDS-e lec t ropho-  

r e s i s  of a l b u m i n s ,  g lobul ins ,  g l iad ins  and g lu tenins  

f rom T. boeoticum (2n = 14),  T. urartu (2n = 14),  

T. turgidum (2n = 28), T. timopheevii (2n = 28), Ae. 

spe l to ides  (2n = 14),  Ae. squarrosa (2n = 14),  T. 

aestivum (2n = 42) and boeoticum-urartu amphidiploid .  

The SDS-e lec t rophore t ic  pa t t e rns  for va r ious  spec i e s  

within each of the f rac t ions  were s i m i l a r  sugges t ing  

a l imi ted  va r i ab i l i t y  for the s t r u c t u r a l  genes  coding 

seed p ro t e in s .  A hypothesis  for the mul t ip l ica t ion  and 

exp re s s ion  of genes  for g l iadins  and g lu tenins  is  d i s -  

c u s s s e d .  

Mate r i a l s  and Methods 

Seed p ro te ins  c o m p r i s i n g  a l bumi ns ,  g lobul ins ,  g l i a -  
d ins  and g lu tenins  were ex t rac ted  f rom one or  more  
a c c e s s i o n s  of each of T. boeoticum (G 1758, G 1916, 
G 1937, G 2609, G 3120),  T. urartu (G 1545, G 1734, 
G 1754, G 1937, G 3135),  T. turgidum (G 4 9 7 , G 1 3 9 2 ,  
G 2122, G 2137, G 3058, G 3100),  T. t imopheevii  
(G 383, G 993, G 1763, G 2608, G 2660),  T. aestivum 
(G 357, G 524, G 529, G 531),  Ae. spe l to ides  (G 1273, 
G 1274), Ae. squarrosa (G 963) and boeoticum-urartu 
amphidiploid  (G i004 •  1545, G 1004 •  1754). 
These a c c e s s i o n s  were taken f rom the wheat co l l ec -  
t ion main ta ined  at the Un ive r s i ty  of Ca l i fo rn ia ,  R i -  
v e r s i d e .  

A lbumins  were  ex t rac ted  with d i s t i l l ed  water f rom 
the ground seed (1 :3  w/v)  for 30 min with cont inuous 
s t i r r i n g  in an ice bath .  The mix ture  was cent r i fuged  
at 10,000 • g for 15 rain.  The pal le t  was r e suspended  
and ext rac ted  for the second t ime with th ree  vo lumes  
of d i s t i l l ed  water  for 30 min  and cen t r i fuged .  The 
pooled supe rna tan t  f rom the two ex t rac t s  was d ia lysed  
aga ins t  d is t i l led  water  for 48 h r s  at  4~ The d ia ly -  
sate  was cent r i fuged  and f r e e z e - d r i e d .  
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F i g .  3. S D S - e l e c t r o p h o r e t i c  p a t t e r n s  of  g l i a d i n s :  
A) T. boeoticum; B) f. urartu; C)Ae. speltoides; 
D ) T. turgidum; E ) T. timopheevii; F ) Ae. squarrosa; 
G) T. aestivum; H) boeoticum-urartu amphidiploid; and 
I) G l i a d i n  m i x t u r e  ( 1 : 1) f r o m  T. boeoticum and T. 
urartu 

F i g .  4.  S D S - e l e c t r o p h o r e t i c  p a t t e r n s  of  g l u t e n i n s :  
A)  T. boeotic~n; B) T. urartu; C ) A e .  speltoides; 
D ) T. turgidum; E ) T. timopheevii; F ) Ae. squarrosa; 
G) T. aestivum; and H) boeoticum-urartu a m p h i d i p l o i d  

To e x t r a c t  g l o b u l i n s  the  p a l l e t ,  a f t e r  e x t r a c t i o n  of  
a l b u m i n ,  was  r i n s e d  t h o r o u g h l y  with d i s t i l l e d  w a t e r  
wi thout  r e s u s p e n s i o n  and f i na l l y  e x t r a c t e d  t w i c e  e a c h  
fo r  30 m i n  in 5 g a q u e o u s  NaC1 s o l u t i o n  ( 1 : 3 w / v ) .  
The s u p e r n a t a n t  ( 10 ,000  • g fo r  15 min )  was  d i a l y s e d  
a g a i n s t  d i s t i l l e d  w a t e r  f o r  48 h r s  a t  4 ~  The g l o b u -  
l i n s ,  b e i n g  i n s o l u b l e  in d i s t i l l e d  w a t e r ,  p r e c i p i t a t e  
in the  d i a l y s i s  tub ing .  The g lobu l in  p r e c i p i t a t e s  c o l -  
l e c t e d  a f t e r  c e n t r i f u g a t i o n  w e r e  d i s p e r s e d  in a l a r g e  
v o l u m e  of d i s t i l l e d  w a t e r  and v i g o r o u s l y  s h a k e n  to 
w a s h  t h e m  f r e e  f r o m  a l b u m i n s  which  a r e  o f ten  e x -  
t r a c t e d  in s a l t  s o l u t i o n s .  A f t e r  two w a s h i n g s ,  the p r e -  
c i p i t a t e s  w e r e  d i s p e r s e d  in a s m a l l  v o l u m e  of  d i s -  
t i l l e d  w a t e r  and f r e e z e - d r i e d .  

G l i a d i n s  w e r e  e x t r a c t e d  t w i c e  with 70 ~ eh t ano l  
( 1 : 3 w / v )  f o r  t h r e e  h o u r s  wi th  c o n t i n u o u s  shak ing  
f r o m  the  p a l l e t  s a v e d  a f t e r  g lobu l in  e x t r a c t i o n .  The 
e x t r a c t i o n  m i x t u r e  was  c e n t r i f u g e d  a t  10 ,000  • g f o r  
i5  min  and the  s u p e r n a t a n t  was  d i a l y s e d  a g a i n s t  d i s -  
t i l l e d  w a t e r  f o r  48 h r s  a t  4 ~  The d i a l y s a t e  was  c e n -  
t r i f u g e d  in o r d e r  ot  ge t  r i d  of m i l k y  s u s p e n s i o n  and 
the  r e s u l t a n t  c l e a r  s u p e r n a t a n t  was  f r e e z e - d r i e d .  

F o r  e x t r a c t i o n  of p u r e  g l u t e n i n s ,  f r e e  f r o m  c o n -  
t a m i n a t i o n  with g l i a d i n s ,  the  m e t h o d  of  B i e t z ,  S h e p -  
h e r d  and Wall  (1975)  was  f o l l o w e d .  The p a l l e t  a f t e r  
g l i a d i n  e x t r a c t i o n  was  e x t r a c t e d  with  0 . 7  ~ a q u e o u s  
s o l u t i o n  of  a c e t i c  a c i d  fo r  2 h r s  ( 1 : 2 0  w / v ) .  The m i x -  
t u r e  was  b r o u g h t  to a c o n c e n t r a t i o n  c o n t a i n i n g  70 7~ 
e t h a n o l  by the  a d d i t i o n s  of  a c a l c u l a t e d  a m o u n t  of  95 % 
e t h a n o l  and was  s h a k e n  f o r  20 m i n .  The pH of the  m i x -  
t u r e  was a d j u s t e d  to 6 . 8  by the  a d d i t i o n  of  2N NaOH.  
The g l i a d i n s  b e i n g  s o l u b l e  in 70 % e thano l  s t a y  in s o -  
lu t ion  whi l e  t he  g l u t e n i n s  p r e c i p i t a t e .  The c o n t a i n e r  
was  p l a c e d  o v e r n i g h t  in a r e f r i g e r a t o r  to a l l o w  the  
g l u t e n i n  p r e c i p i t a t e  to s e t t l e .  The s u p e r n a t a n t  c o n -  
t a in ing  s o l u b l e  g l i a d i n s  was  d i s c a r d e d .  The r e s i d u e  
i n c l u d i n g  p r e c i p i t a t e s  was  l y o p h i l i z e d .  The d r y  r e s i d u e  

was  i n c u b a t e d  with  0 . 0 1  M s o d i u m  p h o s p h a t e  b u f f e r  
c o n t a i n i n g  O. 4 % SDS and  1 7~ 2 - m e r c a p t o e t h a n o l  at  40~  
f o r  16 h r s  and c e n t r i f u g e d .  The s u p e r n a t a n t  c o n t a i n i n g  
S D S - g l u t e n i n  c o m p l e x  was  f r a c t i o n a t e d  l i k e  the  o t h e r  
e x t r a c t s .  

The S D S - p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  was  
p e r f o r m e d  a c c o r d i n g  to the  m e t h o d  of  W e b e r  and O s -  
b o r n  (1969)  in 10 g p o l y a c r y l a m i d e  g e l s  u s i n g  s o d i u m  
p h o s p h a t e  b u f f e r  (pH 7 . 0 )  c o n t a i n i n g  0 . 1  7~ SDS. The 
S D S - p r o t e i n  c o m p l e x e s  w e r e  p r e p a r e d  by d i s s o l v i n g  
one  mg  of d r i e d  p r o t e i n  e x t r a c t s  in 0 . 5  ml  of  0 . 0 1  M 
s o d i u m  p h o s p h a t e  b u f f e r  c o n t a i n i n g  0 . 4  g SDS and 17~ 
2 - m e r c a p t o e t h a n o l .  The m i x t u r e  was  i n c u b a t e d  at  40~  
fo r  two h o u r s .  The s a m p l e s  f o r  the  ge l  c o l u m n s  w e r e  
p r e p a r e d  by m i x i n g  150 ~1 of  the  i n c u b a t e d  m i x t u r e ,  
25 ~1 of  2 - m e r c a p t o e t h a n o l  and 10 ~1 of  0 . 0 5  g b r o m o -  
phenol  b l u e .  Only 100 ~1 of  the  m i x t u r e  was  app l i ed  to 
e a c h  c o l u m n .  The e l e c t r o p h o r e s i s  was  p e r f o r m e d  a t  
one  m a / c o l u m n  f o r  15 min  and then  at  8 m a / c o l u m n f o r  
2 1/2 h r s .  The g e l s  w e r e  f ixed  and s t a i n e d  s i m u l t a n e -  
o u s l y  a c c o r d i n g  to K o e n i g  e t  a l .  ( 1 9 7 0 ) .  The s o l u t i o n  
c o n s i s t e d  of  1 p a r t  of  1% C o o m a s s i e  b r i l l i a n t  b l u e  and 
40 p a r t s  of  6 7~ t r i c h l o r o a c e t i c  a c i d  in a c e t i c  a c i d - m e -  
t h a n o l - w a t e r  ( 1 : 20 : 80,  v / v / v ) .  D e s t a i n i n g  was  done  
with t h r e e  c h a n g e s  of  a c e t i c  a c i d - m e t h a n o l - w a t e r  (20:  
120 :280 ,  v / v / v ) .  In c a s e s  of  p o o r  s t a i n i n g  the  g e l s  
w e r e  s t a i n e d  and d e s t a i n e d  f o r  a s e c o n d  t i m e .  T h e g e l s  
w e r e  s t o r e d  in 7 1 /2  7~ a c e t i c  a c i d  un t i l  p h o t o g r a p h e d .  

R e s u l t s  

R e p r e s e n t a t i v e  S D S - e l e c t r o p h o r e t i c  p a t t e r n s  of a l b u -  

m i n s ,  g l o b u l i n s ,  g l i a d i n s  and g l u t e n i n s  f r o m  v a r i o u s  
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Table 1. Number  of m a j o r  and minor  components  in S D S - e l e c t r o p h o r e t i c  and i s o e l e c t r i c  
focus ing  ( IEF)  p ro f i l e s  of d i f fe ren t  seed  p ro te in  e x t r a c t s  of Trit icum and Aegilops s p e c i e s  

Number  of componen t s  

S D S - e l e c t r o p h o r e s i s  I s o e l e c t r i c  focus ing  

Spec ies  a lbumins  globul ins  g l iad ins  g lu tenins  Total Gl iadins  Alubmins  

T. boeoticum 21-23 19 9-10 17 64-67 16-18 33-37 
T. urartu 17-22 19 9-11 18 63-70 21-25 34-43 
T. turgidum* 22-24 19 10-12 16 67-71 20-24 34-35 
T. timopheevii** 20-23 18 9-10 14 61-65 19-30 34-35 
T. aestivum 22-25 18 11-12 16 67-71 25-26 34-43 
Ae. speltoides 20-21 15 11-12 17 64-66 23 47 
Ae. squarrosa 22-24 18 10 16 66-68 23 34 
boeoticum-urartu 
amphidip lo id  22 21 11 17 71 21-26 29-30 

* inc ludes  T. dicoccoides, T. durum and T. dicoccum 
** inc ludes  T. araraticum 

Triticum and Aegilops s p e c i e s  a r e  shown i n F i g s .  1-4 ,  

r e s p e c t i v e l y .  The mig ra t ion  of the SDS-pro te in  c o m -  

p lexes  in the ge l s  in a g iven t i m e  was s lower  in ge l s  

containing m o r e  p r o t e i n s .  B e c a u s e  p ro te in  c o n c e n t r a -  

t ions pe r  co lumn d i f fe red  f r o m  one s p e c i e s  to ano the r ,  

the f a s t e s t  but apparen t ly  homologous  bands in some  

ge l s  did not m i g r a t e  the s a m e  d i s tance  ( F i g s .  1 and 3 ) .  

With the excep t ion  of d i f f e r ence  in dens i ty  of the a l -  

bumin components  at 3 .6  and 4.0 cm in Ae. spe l to ides  

( F i g .  l c ) ,  mos t  of  the m a j o r  and minor  components  

were  e s s e n t i a l l y  ident ica l  in T. boeoticum, T. urartu,  

T. turgidum, T. timopheevii, T. aestivum, Ae. spelto- 

ides, Ae. squarrosa and boeoticum-urartu amphidiploid 

( F i g .  1) .  The total  number  of ma jo r  and minor  c o m -  

ponents of a lbumins  v a r i e d  f r o m  17 to 25 (Table 1) 

ove r  al l  the Trit ieum and Aegilops a c c e s s i o n  o b s e r v e d .  

The p rof i l e  of boeoticum-urartu amphidip lo id  ( F i g .  1H) 

was s i m i l a r  to that of the a lbumin mix tu re  (1 : 1) of 

T. boeoticum and T. urartu ( F i g .  l I ) .  

S i m i l a r l y  in the c a s e  of globul ins  ( F i g . 2 ) ,  with the 

except ion of the dens i ty  d i f f e rence  for  components  

at 3.6 and 4.3 c m ,  d i f fe ren t  s p e c i e s  of Trit ieum and 

Aegilops had s i m i l a r  p a t t e r n s .  The total  n u m b e r  of 

m a j o r  and minor  components  of globul ins  v a r i e d  f r o m  

15 to 21 among d i f fe ren t  a c c e s s i o n s  of the Trit ieum 

and Aegilops s p e c i e s .  As  for  the a lbumin p a t t e r n s ,  

the globulin pa t t e rn  of the boeoticum-urartu amphid ip-  

loid ( F i g .  2H) was the s a m e  as  that of the globul in m i x -  

t u r e  (1 :1 )  of T. boeoticum and T. urartu ( F i g . 2 I )  

and r e p r e s e n t e d  the addit ion of i t s  pa ren ta l  pa t t e rns  

( F i g .  2A, 2 B ) .  Although the a lbumin and globulin 

s p e c t r a  were  v e r y  s i m i l a r  with r e s p e c t  to MW d i s -  

t r ibu t ion ,  they c o m p r i s e d  components  with a l t oge the r  

d i f fe ren t  so lubi l i ty  c h a r a c t e r i s t i c s .  

The gl iadin pa t t e rns  ( F i g . 3 )  of d i f fe ren t  T r ~ t i c ~  

and Aegilops s p e c i e s  were  a l so  quite  s i m i l a r .  They 

d i f fe red  f r o m  each  o ther  only in concen t r a t ion  of a 

group of m a s s i v e  bands be tween 3 .5  and 4.5 c m .  P r o -  

te ins  e x t r a c t e d  with 70 % e thanol ,  al though f requen t ly  

r e f e r r e d  to as  g l i ad ins ,  a l so  contain a lbumins  and 

low MW glutenins  (Nie l son  et  a l .  1968).  Most  of the 

gl iadin  bands a r e  p r e s u m a b l y  be tween 3 .5  and 4.6 cm 

of the p r o f i l e s ,  while the f a s t e r  moving  bands with 

low MW's  c o m p r i s e  a lbumins  and the s l o w - m o v i n g  

faint ly  s ta in ing bands c o n s i s t s  of low MW glu ten ins .  

Once again ,  the gl iadin  s p e c t r a  of the boeotieum-urartu 

amphidiplo id  ( F i g .  3H) and gl iadin  m ix tu r e  ( 1 : 1) of 

T. boeoticum and T. ura2tu ( F i g .  3I) were  iden t i ca l .  

The total  number  of m a j o r  and mino r  components  of 

g l iad ins  v a r i e d  f r o m  9 to 12 among d i f fe ren t  a c c e s -  

s ions  t e s t ed .  The MW dis t r ibu t ion  of the gl iadin  c o m -  

ponents  was n a r r o w e r  than that of the a lbumins  and 

globul ins .  

Like the o ther  t h r e e  f r a c t i o n s ,  the glutenin p r o -  

f i l e s  ( F i g . 4 )  were  a lso  v e r y  s i m i l a r  f r o m  one s p e c i e s  

to ano the r ,  e s p e c i a l l y  in mig ra t i on  of va r i ous  c o m -  

ponents .  As  for  o ther  f r a c t i o n s ,  t he re  w e r e  the usual  

concen t ra t ion  d i f f e r e n c e s  of componen t s  at 1.5 and 

5.9 cm ( F i g . 4 )  among d i f fe ren t  s p e c i e s .  The n u m b e r  

of glutenin componen t s  v a r i e d  f r o m  14 in T. timo- 

pheevi i  ( F i g . 4 E )  to 18 in T. urartu ( F i g . 4 B ) .  The 

glutenin pa t t e rn  of the b o e o t i c ~ - u r a r t u  amphidiplo id  
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( F i g .  4H) r e p r e s e n t e d  a s i m p l e  addit ion of the pa ren ta l  

s p e c t r a  ( F i g .  4A, 4B) for  MW and dens i ty  of d i f fe ren t  

componen t s .  The g e n e r a l  appea rance  of the glutenin 

s p e c t r u m  was m o r e  l ike that  of the a lbumin and g lo -  

bulin s p e c t r a  than that  of i ts  c l o s e l y  r e l a t e d  g l i ad ins .  

D i s c u s s i o n  

Number  of genes  coding seed  p ro te ins  

The p ro te in  e x t r a c t i o n  p r o c e d u r e  fol lowed h e r e  i s  e x -  

pec ted  to e x t r a c t  100 pe r cen t  of the seed  p r o t e i n s ,  

al though the absence  of p ro te inous  n i t rogen  in the r e -  

s idue pa l le t  was not t e s t ed .  Assuming  that (i)  a l l  the 

po lypep t ides ,  the product  of the s t r u c t u r a l  genes  c o -  

ding seed  p r o t e i n s ,  a r e  r e p r e s e n t e d  e i t h e r  as  a m a j o r  

or  as  a m ino r  component  in one,  and only one,  f r a c -  

tion of the seed  p ro t e in  e x t r a c t s ,  i . e .  a lbumins ,  g lo -  

bu l ins ,  g l iad ins  and g lu ten ins ,  and ( i i )  t he re  i s  no 

pes t  t r ans l a t i on  modi f ica t ion ,  the total  number  of 

m a j o r  and minor  componen t s  of the four  f r ac t i ons  of 

seed  p ro t e in s  should c o r r e s p o n d  to the number  of 

genes  con t ro l l i ng  the seed  p r o t e i n s .  Most of the above 

requirements are adequately fulfilled. The four frac- 

tions were very distinct with respect to their solubil- 

ity. Sufficient precautions were taken to avoid extrac- 

tion of the same components in two different extracts. 

Albumins were extracted twice before the salt extrac- 

tion, which is otherwise known to extract albumins 

besides globulins. The globulin precipitates were wash- 

ed to get rid of any contaminant albumin. 

The glutenins are frequently contamined with glia- 

dins. The method for glutenin extraction followd here 

reduces their contamination with gliadins. This is evi- 

dent from the glutenin spectrum (Fig. 4) which is very 

different from that of the gliadins (Fig.3). Further- 

more, similarity of the electrophoretic patterns among 

different accessions of a given species and among dif- 

ferent species for each of the fractions suggests the 

absence of any random modification of polypeptides of 

the storage proteins. Specific modification, mostly 

comprising inter- and intra-molecular disulfide brid- 

ges, is nullified on complexing of proteins with SDS 

in the presence of 2-mercaptoethanol. 

Fractionation of the polypeptides in the SDS-elee- 

trophoretic system is purely a function of their MW's 

and not the native charge (Reynolds and Tanford 1970). 

Therefore, more than one polypeptide corresponding 

to d i f fe ren t  s t r u c t u r a l  genes  but with the s a m e  MW 

would m i g r a t e  as  a s ingle  band in the S D S - e l e c t r o p h o -  

r e t i c  pa t t e rn .  With the p r e s e n t  approach ,  t h e r e f o r e ,  

one can only e s t i m a t e  a m in im um  number  of genes  

coding seed  p ro t e in s  in wheat .  By pooling the number  

of m a j o r  and minor  components  of S D S - e l e c t r o p h o r e t i c  

pa t t e rn s  of the four  f r a c t i o n s  in individual  s p e c i e s ,  the 

m in im um  number  of genes  coding seed  p ro t e in s  ranged  

f r o m  60 to 70 in e v e r y  Triticum and Aegilops s p e c i e s  

t e s ted  (Table 1).  I s o e l e c t r i c  focus ing  of the seed  p r o -  

te ins  o r  two-d imens iona l  f r ac t iona t ion  combining  e l e c -  

t r o p h o r e s i s  and i s o e l e c t r i c  focus ing  r e v e a l s  m o r e  c o m -  

ponents and hence  genes  coding seed  p ro te ins  (Wr igh ley  

and Shepherd 1973). The number  of components  in 

the IEF  pa t te rn  of the a lbumin e x t r a c t  ( B . S .  Gill  

and H . S .  Dhal iwal ,  unpublished)  was c l o s e  to that 

of the i r  SDS-pa t te rn  (Table 1) but the n u m b e r  of 

componen t s  in the I E F - p a t t e r n  of the g l iad ins  was as  

high as 30 aga ins t  9 to 12 in the S D S - e l e c t r o p h o r e t i c  

s p e c t r a  (Table 1) ,  sugges t ing  that t he r e  a r e  m o r e  gen-  

es coding g l iad ins  than indica ted  by the S D S - e l e c t r o -  

phore t i c  s y s t e m .  By combining  e l e c t r o p h o r e s i s  and 

i s o e l e c t r i c  focus ing ,  Aragonc i l l o  et  a l .  (1975) r e s o l v -  

ed the non-g l iad in  component  of 70 % ethanol  e x t r a c t ,  

p r e s u m a b l y  c o m p r i s i n g  2 to 3 bands in the SDS-pa t te rn  

be tween  5 and 8.0 cm ( F i g . 3 ) ,  into 21 componen t s .  

A s s u m i n g  that the globul ins  behave l ike a lbumins  and 

glu tenins  l ike g l i ad ins ,  we can add about 60 to 70 m o r e  

genes  coding the seed  p ro te ins  in addit ion to the 60 to 

70 genes  a l r eady  e s t i m a t e d  f r o m  the S D S - e l e c t r o p h o r e -  

t ic  p a t t e r n s .  Thus, t he r e  a r e  120 to 140 genes  coding 

for  s eed  p ro te ins  in each of the diploid Triticum and 

Aegilops s p e c i e s .  Te t rap lo id  and hexaploid  wheats ,  

combin ing  two and t h r e e  genomes  f r o m  d i f fe ren t  d i -  

ploid Tr i t i cu~-Aeg i lops  s p e c i e s ,  r e s p e c t i v e l y ,  mus t  

p o s s e s s  two and t h r ee  t i m e s  as  many s t r u c t u r a l  genes  

for  the seed  p ro t e in s  as  in the diploid s p e c i e s .  T r i t / -  

cure aest ivum (AABBDD) ,  t h e r e f o r e ,  p o s s e s s e s  about 

360 to 420 genes  coding for  i t s  seed  p r o t e i n s .  This e s -  

t ima te  of the n u m b e r  of genes  is  obvious ly  too high to 

be r e a l i z e d  by any b i o m e t r i c a l  approach  or  manipula ted  

by any b reed ing  method.  

Variability and expression of structural genes for 
proteins 

SDS-electrophoretic patterns of each of the four frac- 

tions from different Tr~tic~w and Aegilops species 
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were  s i m i l a r .  They d i f f e red  f r o m  one s p e c i e s  to an-  

o ther  o c c a s i o n a l l y ,  m o r e  in the concen t r a t i on  of c e r -  

ta in componen t s  than qua l i t a t ive ly .  This sugges t s  that  

among d i f fe ren t  s p e c i e s  of Triticum and Aegilaps the 

s t r u c t u r a l  genes  for  the seed  p ro te ins  have not d i v e r g -  

ed f r o m  one s p e c i e s  to ano the r .  This may be expec ted  

b e cause  the T r ~ t i ~  and Aegilops s p e c i e s  i n v e s t i -  

gated h e r e  a r e  c l o se ly  r e l a t e d  to each  o ther  by d e s -  

cent  e i t he r  through conve rgen t  o r  d ive rgen t  evolu t ion .  

F r a c t i o n a t i o n  in IEF  is  the funct ion of na t ive  c h a r g e  

of po lypep t ides .  But the IEF pa t t e rns  of t e t r ap lo id  and 

hexaploid  wheats for  each  of the f r a c t i o n s  did not show 

m o r e  bands when c o m p a r e d  with those  of the diploid 

wheats  and Aegilops (Table 1) ,  e s p e c i a l l y  when the 

polyploids  contain genomes  f r o m  two and th ree  d i s -  

t inct  diploid s p e c i e s ,  r e s p e c t i v e l y .  This may be due 

to one or  both of the fol lowing r e a s o n s :  ( i)  The homo-  

e o a l l e l e s  f r o m  d i f fe ren t  s p e c i e s  code fo r  polypept ides  

which, be s id e s  the i r  homogene i ty  for  MW's ,  have  a lso  

not d ive rged  in the i r  amino  ac id  compos i t i on .  ( i i )  In 

polyploids  only one o r  the o ther  homoeoa l l e l e  is  ex -  

p r e s s e d .  

During a t t empt s  to loca te  c e r t a i n  pro te in  c o m p o -  

nents  on c h r o m o s o m e s ,  s o m e  of the componen t s  in 

two-d imens iona l  f r ac t iona t ion  were  n e v e r  absent  when 

each  of the th ree  homoeo logues  was m i s s i n g  at a t i m e  

(Aragonc i l l o  et  a l .  1975),  sugges t ing  that s o m e  of the 

polypept ides  coded by h o m o e o a l l e l e s  f r o m  d i f fe ren t  

genomes  of hexaploid wheats had not d ive rged  in t he i r  

MW's  and amino acid  compos i t i on .  But this  may be 

t rue  only for  a sma l l  f r ac t ion  of h o m o e o a l l e l e s .  Mos t -  

ly,  the homoeologous  c h r o m o s o m e s  f r o m  A, B and D 

g enomes  had d i s t inc t  components  (Wr igh ley  and Shep-  

herd  1973; Aragonc i l lo  et a l .  1975) p r e s u m a b l y  r e -  

p r e sen t ing  d ive rged  h o m o e o a l l e l e s .  

Ava i l ab le  ev idence  sugges t s  that  s o m e  of the ho-  

m o e o a l l e l e s  may not be e x p r e s s e d  in the polyplo ids .  

Orth and Bushuk (1974) r e p o r t e d  s u p p r e s s i o n  of syn -  

t h e s i s  of the subuni ts  of g lu tenins  coded by genes  on A 

and B genomes  in l ines  t e t r a s o m i c  for  c h r o m o s o m e s  

2B, 3B and 6B. S i m i l a r l y ,  component  2 of the non-  

gl iadin  f r ac t ion  of 70 ~ ethanol  e x t r a c t ,  coded by a 

gene on c h r o m o s o m e  6B, was s u p p r e s s e d  in t e t r a s o -  

mic  7B (Aragonc i l l o  et a l .  1975).  B e c a u s e  of the e x -  

t r a  dosages  of homoeo logues  in the polyplo ids ,  the 

phenomenon of s u p p r e s s i o n  may be opera t ing  m o r e  

u n i v e r s a l l y  for  v a r i o u s  components  of al l  the p ro te in  

f r a c t i o n s ,  so that only one of the h o m o e o a l l e l e s  i s  e x -  

p r e s s e d  in the polyploids .  

There  i s  a p r o g r e s s i v e  d e c r e a s e  in the seed  p r o -  

te in  content  f r o m  diploid to polyploid wheats  in spi te  

of obvious i n c r e a s e s  in the number  of s t r u c t u r a l  genes  

for  seed  p ro te ins  in the polyploids .  The d e c r e a s e  in 

p ro te in  content  in the polyploids  is  mainly  a t t r ibu ted  

to the i r  i n c r e a s e d  seed  s i z e ,  as  the re  i s  a nega t ive  

c o r r e l a t i o n  be tween seed  s i z e  and pro te in  conten t .  The 

p r e c i s e  m e c h a n i s m  for  d e c r e a s e  in p ro te in  content  

with i n c r e a s e  in seed  s i z e ,  h o w e v e r ,  i s  unknown. It 

may be due to:  ( i )  a l im i t  to total  seed  p ro te in  content  

pe r  seed  imposed  by a gene ra l  feedback inhibi t ion i r -  

r e s p e c t i v e  of the seed  s i ze :  ( i i )  e x p r e s s i o n  of one o r  

m o r e  h o m o e o a l l e l e s  in the polyploids  in such a way 

that t he i r  cumula t i ve  product  is  cons tant :  or  ( i i i )  a 

l im i t ed  s t o r age  space  for  p ro t e ins  in the seed  which 

may be loca l i zed  p e r i p h e r a l l y  so that the s t o r age  space  

d e c r e a s e s  with per  unit i n c r e a s e  in seed  vo lume .  E v i -  

dence  r e p o r t e d  h e r e  ind ica tes  that only a l imi ted  num-  

b e r o f  h o m o e o a l l e l e s  a r e  e x p r e s s e d  in the polyploids .  

F u r t h e r m o r e ,  the a l eu rone  l aye r  is  r i c h  in p ro t e ins  

and is  d i s t r ibu ted  p e r i p h e r a l l y ,  but it accounts  for  only 

a s m a l l  p ropor t ion  of the total  seed  p r o t e i n s .  Gl iadins  

and g lu ten ins ,  cons t i tu t ing  80 to 90 % of the s t o r a g e  p r o -  

te in  in wheat ,  a r e  v e r y  s i m i l a r  to ze in  of co rn  in a -  

mino ac id  compos i t i on .  Ze in  is  r e p o r t e d  to be syn the -  

s i zed  p r i m a r i l y  by p o l y r i b o s o m e s  ( B r i a n  et a l .  1976) 

which a r e  bound to the m e m b r a n e s  of p ro te in  bod ies ,  

the s i t e s  of zein  depos i t ion  ( B u r r  and B u r r  1976). 

The p ro te in  content  in wheat may be regu la ted  through 

the n u m b e r ,  s i z e ,  d i s t r ibu t ion  o r  m R N A ' s  spec i f i c i ty  

of p ro te in  bodies  in wheat e n d o s p e r m .  

Evo lu t ion  of s t r u c t u r a l  genes  for  seed  p ro t e in s :  a 
hypothes is  

D i f f e ren t  componen t s  of each  of the four  f r ac t i ons  e x -  

hibit  a wide s p e c t r u m  of MW's  rang ing  f r o m  12,000 to 

150,000.  Our knowledge of a r e l a t i onsh ip  among d i f f e r -  

ent componen t s  of a p a r t i c u l a r  e x t r a c t ,  o r  components  

f r o m  d i f f e ren t  e x t r a c t s ,  with r e s p e c t  to the i r  amino  

acid  c o m p o s i t i o n / s e q u e n c e  is  v e r y  l i m i t e d .  P u r i f i c a -  

tion and c h a r a c t e r i s a t i o n  have been done for  only a few 

componen t s  of g l iadins  ( B i e t z ,  Huebner  and Rothfus 

1970) and glutenins  (B ie tz  and Rothfus 1970).  C o m p o -  

nents  of d i f fe ren t  e x t r a c t s  with the s a m e  MW's usua l ly  
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have a d i f f e ren t  amino acid  compos i t i on ,  while the c o m -  

ponents  of a p a r t i c u l a r  e x t r a c t  with d i f fe ren t  MW's  

have a s i m i l a r  amino ac id  compos i t i on .  

The number  of components  in IEF and S D S - e l e c t r o -  

phore t i c  s p e c t r a  of a lbumins  a r e  a p p r o x i m a t e l y  the 

s a m e  ( F i g .  1~ Table 1),  while the number  of c o m p o -  

nents  in IEF s p e c t r u m  (Table 1) or  two-d im ens iona l  

f r ac t iona t ion  (Wr ig l ey  and Shepherd 1973) of g l iad ins  

i s  3 to 5 t i m e s  m o r e  than that  of the i r  SDS-pa t t e rn .  In 

th is  r e s p e c t ,  g l iadin  i s  v e r y  s i m i l a r  to ze in ,  i ts  ana-  

logous p ro te in  f r o m  c o r n .  Ze in  g ives  4 to 5 bands in 

S D S - e l e c t r o p h o r e s i s  but 24 to 30 on IEF  (Soave et a l .  

1976).  Ze in  i s  a l so  e x t r a c t e d  with 70 ~ e thanol .  It c o n s -  

t i tu tes  50 to 55 ~ of the total  seed  p ro te in  and, l ike g l i a -  

d ins ,  i s  low in l y s ine .  The amino acid  compos i t ion  of 

d i f fe ren t  IEF  components  of ze in  is  v e r y  s i m i l a r  (Gia -  

nazza  et  a l .  1971). Also  d i f fe ren t  componen t s  of g l i a -  

dins and glu tenins  show c o n s i d e r a b l e  s i m i l a r i t y  in 

amino  ac id  s e q u e n c e s  (B ie t z  et a l .  1970~ Bie tz  and 

Rothfus 1971).  The m a j o r i t y  of the g l iadin  componen t s  

have been a s s igned  to homoeologous  groups  1 and 6 of 

T. a e s t i v ~  (Wr igh ley  and Shepherd 1973).  S i m i l a r  

c h r o m o s o m a l  a s s i g n m e n t  has  not been  poss ib l e  for  d i f -  

f e r e n t  componen t s  of ze in .  It i s  highly l ike ly  that d i f -  

f e r en t  componen t s  of ze in ,  g l iad ins  and g lu tenins  with 

the s a m e  MW, but s l igh t ly  d i f fe ren t  amino acid c o m p o -  

s i ton ,  a r e  coded by genes  evo lved  as a r e s u l t  of mu l t i -  

p l ica t ion  of a s ing le  o r ig ina l  gene .  Di f fe ren t  r e p l i c a t e s  

of a s ing le  gene a c c r u e d  independent  amino acid subs t i -  

tut ions dur ing the c o u r s e  of evolut ion which can be r e -  

so lved  as d i s t inc t  components  on I E F .  The wide r ange  

in MW Is of d i f fe ren t  components  of a g iven e x t r a c t  

with s i m i l a r  amino acid compos i t i on  and c o m m o n  s e -  

quences  (B ie tz  et  a l .  1970) might  have been a c c o m -  

p l i shed  as a r e s u l t  of unequal c r o s s o v e r  be tween  s i s t e r  

c h r o m a t i d s  (Smith  1976) in the s t r u c t u r a l  genes  for  

seed  p r o t e i n s .  

All  the s t r u c t u r a l  genes  which o r ig ina ted  through 

mul t ip l i ca t ion  of a s ing le  gene p r e s u m a b l y  c o m p r i s e  

one t r a n s c r i p t i o n  unit ( p o l y c i s t r o n i c  mRNA) or  at l ea s t  

s h a r e  the s a m e  or  a c o m m o n  r e g u l a t o r y  s y s t e m .  Br i an  

et  a l .  (1976) have r e p o r t e d  m e m b r a n e - b o u n d  po lyso-  

m e s ,  that syn thes i ze  ze in ,  of l a r g e  enough s i ze  to syn -  

t hes i ze  m o r e  than one Z23 po lypep t ides .  The opaque-2 

mutant  of c o r n  s t rong ly  r e p r e s s e s  the Z23 cha ins  with 

only a l i t t l e  ef fec t  on o ther  chains  of ze in  (Soave et  a l .  

1976) sugges t ing  that d i f fe ren t  Z23 polypept ides  p r e -  

sumably  haven p o l y c i s t r o n i c  mRNA.  Other  e n d o s p e r m  

mutants  of c o r n ,  o7, f12, a l t e r  amino  acod c o m p o s i -  

t ion by r e p r e s s i n g  un i fo rmly  al l  the ze in  polypept ides  

without adding or  de le t ing  any polypept ide .  This sug-  

ge s t s  that a group or  al l  the s t r u c t u r a l  genes  fo r  ze in  

s h a r e  the s a m e  r e g u l a t o r y  m e c h a n i s m .  The s a m e  may 

be t rue  fo r  o ther  s t o r a g e  p ro te in  f r a c t i o n s  of co rn  and 

va r i ous  f r ac t i ons  of wheat .  

P a r t i a l  to c o m p l e t e  dominance  of low p ro te in  con-  

tent  ove r  high p ro te in  content  in wheat and o ther  c e -  

r e a l s  is  p r e s u m a b l y  the e x p r e s s i o n  of a dominance  r e -  

la t ionship  be tween r e g u l a t o r y  genes  r a t h e r  than b e t -  

ween s t r u c t u r a l  genes  for  s eed  p r o t e i n s .  E l e c t r o p h o r e -  

t ic  s p e c t r a  of c u l t i v a r s  and mutants  d i f fe r ing  in p r o -  

te in content  n o r m a l l y  do not d i f fe r  qua l i t a t ive ly ,  sug -  

ges t ing  that the s t r u c t u r a l  genes  do not exhibi t  d o m i -  

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

among  many s t r u c t u r a l  genes  fo r  s t o r age  p r o t e i n s ,  

f a i l u re  of e x p r e s s i o n  of a few cannot  p roduce  de tec tab le  

d i f f e r e n c e s  in total  p ro te in  content .  Regu l a to r y  genes  

a r e  few in number  and con t ro l  the quant i ta t ive  e x p r e s -  

s ion of s e v e r a l  s t r u c t u r a l  genes .  

I m p r o v e m e n t  of s eed  p ro te ins  

S i m i l a r i t y  of the S D S - e l e c t r o p h o r e t i c  pa t t e rns  ( F i g s .  

1-4) of each  of the four  f r ac t i ons  within and among 

d i f fe ren t  Triticum and Aegilops s p e c i e s  sugges t s  that  

t he re  i s  p r a c t i c a l l y  no v a r i a b i l i t y  for  s t r u c t u r a l  genes  

coding for  s eed  p r o t e i n s .  H o w e v e r ,  e l e c t r o p h o r e t i c  

and IEF s p e c t r a  r e p o r t e d  so fa r  r e v e a l e d  c o n s i d e r a b l e  

v a r i a t i o n  for  the s t r u c t u r a l  g e n e s ,  which is  mos t ly  

a t t r ibu tab le  to minor  amino acid  subs t i tu t ions .  Mani-  

pulat ion of genes  for  potypept ides  d i f fe r ing  in only a 

few amino  ac ids  would hard ly  change amino acid  c o m -  

posi t ion of the total  s eed  p r o t e i n s .  C o m p a r i n g  the 

SDS- and I E F - p a t t e r n s  of d iploid ,  t e t r ap lo id  and hexa -  

ploid wheats ,  it appea r s  that the polypept ides  with 

s l ight ly  d i f fe ren t  amino acid compos i t i on  but the s a m e  

MW a r e  r egu la t ed  in such a way that t he i r  cumula t i ve  

product  i s  independent  of the i r  n u m b e r ,  s ince  the hexa -  

ploid wheat with t h r e e  h o m o e o a l l e l e s  ins tead  of one in 

the diploids  gave  the s a m e  in tens i ty  of componen t s  of 

d i f fe ren t  seed  p ro te in  f r a c t i o n s .  Manipulat ion of th is  

s e e m i n g l y  t r em endous  but p r a c t i c a l l y  e lu s ive  v a r i a b i l -  

i ty within the Tr~tic~w-Aegilops group does  not offer  
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a good p rospec t  fo r  i m p r o v e m e n t  of p r o t e i n s .  This i s  

c o r r o b o r a t e d  by the r e s u l t s  of p ro te in  ana lys i s  of 

17,000 durum and common  wheat c u l t i v a r s  ( Johnson  

and Lay 1974),  where  the gene t ic  component  of the 

total  g ra in  p ro te in  v a r i a t i o n  was neg l ig ib le ,  in sp i te  

of 7 to 22 % va r i a t i on  for  p ro te in  content .  The s a m e  

was t rue  for  lys ine  p e r c e n t a g e .  Their  c l a i m  of a t r a n s -  

g r e s s i v e  s e g r e g a t e  for  high p ro te in  content  f r o m  a 

c r o s s  of ' A t l a s  66'  x 'Nap H a l '  was mos t  probably  

due to d i f fe ren t  s t r u c t u r a l  genes  for  p ro t e ins  in the 

pa ren ta l  l i ne s .  

Seed pro te in  content  in wheat can probably  be i m -  

proved  by inco rpora t ing  s t r u c t u r a l  g e n e s ,  f rom r e -  

la ted  gene ra  such as Secale and Agropyron, which code 

for  components  with MW's  d i f fe ren t  f r o m  these  of  the 

c o r r e s p o n d i n g  f r ac t i ons  of Tr, itieum or  Aegilops. SDS- 

e l e c t r o p h o r e s i s  can be used  for  s c r e e n i n g  such genes  

and to subsequent ly  fol low the i r  i nco rpo ra t i on  in wheat 

dur ing  s e g r e g a t i n g  g e n e r a t i o n s .  It i s  l ike ly  that such  

genes  would not be h o m o e o a l l e l i c  to those  of the T r i t i -  

cure o r  AegiZops g e n o m e s  and would probably  exhibi t  

d i f fe ren t  s e n s i t i v i t y  to feedback inhibi t ion and gene or  

g e n o m e - d o s a g e  dependent  e x p r e s s i o n .  F o r t u n a t e l y ,  

wheat can be c r o s s e d  e a s i l y  with o ther  r e l a t e d  g e n e r a ,  

and with the help of aneuploid s e r i e s  ava i l ab le  in wheat 

a l i en - subs t i t u t i on  or  addit ion l ines  can be produced to 

t es t  the effect  of  spec i f i c  s t r u c t u r a l  genes  f r o m  o the r  

g e n e r a  on p ro te in  content .  Reduced c h r o m o s o m e  p a i r -  

ing be tween d is tan t ly  r e l a t e d  g e n o m e s ,  howeve r ,  would 

i n t e r f e r e  with the t r a n s f e r  of spec i f i c  genes .  With the 

deve lopmen t  of  advanced  techn iques  for  gene t ic  a l t e r -  

a t ion,  such as c loning the d e s i r e d  genes  and the i r  in-  

t egra t ion  to o the r  genomes  through su i tab le  v e c t o r s ,  

i t  would be poss ib le  to exchange  s t r u c t u r a l  genes  for  

p ro te ins  among s p e c i e s  which n o r m a l l y  to not  h y b r i -  

d ize  or  whose genomes  show no meio t i c  pa i r ing .  

The quali ty as well as quanti ty of wheat p ro te ins  

can a l so  be i m p r o v e d  by the use  of r e g u l a t o r y  mutants  

s i m i l a r  to opaque-2  of co rn  ( M e r t z  et  a l .  1964).  G! ia -  

dins of wheat being s i m i l a r  to ze in  of co rn  would p r e -  

sumably  respond  to such a mutant  in the s a m e  fashion .  

Mutants which would d e c r e a s e  the amount  of g l iad ins  

in r e l a t i on  to a lbumins  and globul ins  would pe rhaps  be 

m o r e  su i t ab le ,  as  glutenin of wheat i s  v e r y  s i m i l a r  to 

g l iadins  (B ie tz  and Rothfus 1971) and is  not r i c h  in 

lys ine  l ike  g lute l in  of co rn .  D i f f e r e n c e s  in dens i ty  of 

c e r t a i n  components  in the SDS-pa t t e rns  of va r ious  

f r ac t ions  sugges t  v a r i a t i o n  within and among d i f fe ren t  

s p e c i e s  for  the r e g u l a t o r y  genes .  ' A t l a s  6 6 ' ,  a c u l t i -  

v a r  of c o m m o n  wheat ,  p r e s u m a b l y  p o s s e s s e s  a r e g u -  

l a to ry  gene which i n c r e a s e s  the p ro te in  p e r c e n t a g e  by 

2 to 3 ~ in any background (Johnson  et a l .  1973). S i -  

m i l a r l y  the v a r i e t y  'Nap H a l '  p o s s e s s e s  a r e g u l a t o r y  

gene which s u p p r e s s e s  c e r t a i n  glutenin components  

(B ie t z ,  Shepherd and Wall 1975) and g ives  high lys ine  

and high p ro t e in  conten t .  Such r e g u l a t o r y  mutants  can 

be ea s i l y  induced (Bhat ia  et  a l .  1970).  With thorough 

unders tand ing  of evo lu t ionary  and l inkage r e l a t i ons h ip s  

among genes  con t ro l l ing  m a j o r  seed  p r o t e i n s ,  and the 

m e c h a n i s m s  of t he i r  r egu la t ion  by e n d o s p e r m  mutants ,  

it would be poss ib le  to a l t e r  ob jec t ive ly  the content  and 

quali ty of wheat p r o t e i n s .  
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