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Protein Accumulation, RNA and Soluble Amino Nitrogen Content 
in Developing Endosperm of Two Varieties of Triticum aestivum 
with High and Low Protein Seed* 
A. B r u n o r i ,  P .  Mannino, G. Ancora  and A. Bozz in i  
Div i s ione  Appl icaz ione  de l l e  Rad iaz ion i ,  C . N . E . N . ,  CSN C a s a c c i a ,  Roma (I ta ly)  

S u m m a r y .  The k ine t i c s  of p ro t e in  accumula t ion ,  the va r i a t i on  in RNA, the so luble  amino n i t rogen  content  of  
developing  e n d o s p e r m  of two v a r i e t i e s  of T r ~ t i e u m  a e s t i v w ~ ,  with high and low pro te in  content  in the m a t u r e  
seed ,  sugges t  a poss ib l e  r e l a t ion  between main tenance  of the RNA content  and the abi l i ty  to s y n t h e s i z e  p r o -  
te in .  A sudden halt  in p ro t e in  accumula t ion  is  o b s e r v e d  as the RNA s t a r t s  to d e c r e a s e .  The hypothes i s  is  a lso  
advanced  that ma in tenance  of the RNA content  might ,  in turn ,  be dependent  on the p r e s e n c e ,  in the e n d o s p e r m  
of developing  wheat s eed ,  of a c e r t a i n  l eve l  of so luble  amino n i t rogen  which could then play the r o l e  of l imi t ing  
fac to r  fo r  p ro t e in  s y n t h e s i s .  
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In t roduc t ion  

A c o n s i d e r a b l e  amount  of e x p e r i m e n t a l  data a r e  a v a i l -  

ab le  on the v a r i a t i o n  in nuc le i c  ac id  and the k ine t -  

i c s  of p ro te in  accumula t ion ,  which take p lace  dur ing 

the p r o c e s s  of deve lopment  and r ipening  of s eed  of 

both monocoty ledons  and d ico ty ledons .  The d e v e l o p -  

ment  of the e n d o s p e r m  p r e c e d e s  that of the e m b r y o .  

In both of the s t o r a g e  t i s s u e s ,  e n d o s p e r m  o r  c o t y l e -  

dons,  the accumula t i on  of nuc le ic  ac ids  p r e c e d e s  that 

of s t o r a g e  p ro t e in  ( V a r n e r  1965; Dure  1975).  

In the e n d o s p e r m  of wheat ,  as  in that of m a i z e  

(Ingle et a l .  1965), once the DNA syn thes i s  is  o v e r ,  

the DNA content  is  qui te  s t ab le  dur ing  the fol lowing 

phases  of  s eed  deve lopment  ( Jenn ings  and Mor ton  

1963; B r u n o r i  et a l .  1972).  At v a r i a n c e  with DNA, 

the evolu t ion  of the RNA content  of the e n d o s p e r m  

fol lows a d i f fe ren t  t r end :  it r i s e s  sha rp ly  t o g e t h e r  

with the DNA dur ing  the e a r l y  s t a g e s  of  s eed  d e v e l -  

opment ,  s t ays  cons tan t  for  a while ,  and, as  the final  

s t age  of r ipen ing  a p p r o a c h e s ,  it c l e a r l y  d e c r e a s e s  

(Ma t sush i t a  1959; B runo r i  et a l .  1972; Nard i  et a l .  

1975).  

The r a t e  of  p ro t e in  accumula t ion  in the e n d o s p e r m  

of wheat i n c r e a s e s  f r o m  the beginning of s eed  d e v e l -  
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opment  until the RNA content  s t a r t s  to d e c r e a s e ;  

a f t e r  that t ime  the p r o c e s s  of p ro te in  accumula t i on  

s tops  within a few days (Nardi  et a l .  1975).  

A pos i t ive  r e l a t i on  be tween the l eve l  of RNA in 

the e n d o s p e r m  and the amount  of p ro t e in  accumula t ed  

has  been r e p o r t e d  in s o m e  v a r i e t i e s  of r i c e  with 

va ry ing  p ro te in  p e r c e n t a g e s  in the m a t u r e  seed  (Cruz  

et a l .  1970). In wheat ,  the v a r i a t i o n  in RNA content  

and the l eve l  of so lub le  a m i n o - n i t r o g e n  in r e l a t i on  to 

the e f f i c i ency  of p ro te in  accumula t i on  is  not known. 

The p r e sen t  pape r  r e p o r t s  data on the evolut ion  

of the RNA content ,  the l eve l  of so luble  a m i n o - n i t r o -  

gen,  and the r a t e  of p ro te in  accumula t ion  in the 

e n d o s p e r m  of developing  seed  of two v a r i e t i e s  of 

T r l t i e w ~  a e s ~ v w ~  c h a r a c t e r i z e d  by low and high p r o -  

te in  p e r c e n t a g e s  in the dry  s eed .  

M a t e r i a l s  and Methods 

Seeds  of two v a r i e t i e s  of Triticum aestivum, ' I r n e r i o  ' 
and 'A t l a s  66 ' ,  with low and high p ro te in  content  r e -  
s p e c t i v e l y ,  were  c o l l e c t e d ,  f r o m  4 days a f t e r  an the -  
s i s ,  throughout  the p r o c e s s  of s eed  deve lopmen t  and 
r ipen ing .  E m b r y o s  w e r e  r e m o v e d  f r o m  the s e e d s  as 
soon as  they were  l a r g e  enough to be handled under  
the s t e r e o m i c r o s c o p e .  The dry  weight and the wa te r  
content  w e r e  d e t e r m i n e d  for  s a m p l e s  of s eed  con ta in -  
ing the e m b r y o .  The p ro te in  content  was e s t ab l i shed  
by the method of Lowry et  a l .  (1951) .  Soluble  amino 
n i t rogen  was d e t e r m i n e d  by the ninhydrin  method of  
Moore  and Stein (1954) modif ied  by More  (1967) ;  
L-Leuc ine  was used  as the s t a n d a r d .  F o r  the ana lys i s  
of total  RNA content ,  s eeds  o r  e n d o s p e r m s  w e r e  ho-  
mogen ized  with an a l l - g l a s s  t i s sue  g r i n d e r  in 10 vo l -  
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u m e s  of  c o l d  b u f f e r  c o n t a i n i n g  0 . 1  M NaC1,  1 m M  
EDTA,  1% SDS,  0 . 1 M  N a - g l y c i n e  at  pH 9 . 5 .  The  h a r d  
d r y  s e e d s  w e r e  f i r s t  r o u g h l y  b r o k e n  up in  a m o r t a r .  
The  h o m o g e n a t e  w as  i n c u b a t e d  10 m i n u t e s  a t  7 0 ~  
t h e n  c e n t r i f u g e d  10 m i n u t e s  a t  2 0 , 0 0 0  % g to r e m o v e  
t he  c e l l  w a l l s  a n d  s t a r c h .  The s u p e r n a t a n t  w a s  p r e -  
c i p i t a t e d  wi th  two v o l u m e s  of  c o l d  95 % e t h a n o l  a n d  
t he  p r e c i p i t a t e  w a s h e d  t w i c e  wi th  70 % e t h a n o l .  The  
p e l l e t  was  s u s p e n d e d  in  0 . 3  M KOH a n d t h e  RNA w e r e  
p r e c i p i t a t e d  by a d d i n g  0 . 2  m l  of  5 M p e r c h l o r i c  a c i d  
to  e a c h  m i l l i l i t e r  of  0 . 3  M KOH.  B e c a u s e  s o m e  p r o -  
t e i n  c a n  not  be  p r e c i p i t a t e d  a f t e r  KOH i n c u b a t i o n  
( C h e r r y  1 9 6 5 ) ,  t he  s u p e r n a t a n t  c o n t a i n i n g  t he  n u c l e o -  
t i d e s  of  t he  h y d r o l i z e d  IRNA was  s h a k e n  wi th  c h l o r o -  
f o r m - i s o a m y l i c  a l c o h o l  2 4 : 1 .  The a m o u n t  of RNA 
was  c a l c u l a t e d  by  m u l t i p l y i n g  t h e  O p t i c a l  D e n s i t y  at  
2 6 0 n m  by t he  f a c t o r  3 1 . 7 .  

R e s u l t s  

The v a r i a t i o n  in  t o t a l  p r o t e i n  a n d  w a t e r  c o n t e n t  in  t h e  

e n d o s p e r m  of d e v e l o p i n g  s e e d  of  two v a r i e t i e s  of  

Tri t icum aestivum, ' I r n e r i o '  a n d  ' A t l a s  6 6 ' ,  i s  s h o w n  

in  F i g .  1. D u r i n g  t h e  i n i t i a l  s t a g e s  of  d e v e l o p m e n t  t h e  

e n d o s p e r m  of  ' I r n e r i o '  a c c u m u l a t e s  p r o t e i n  m o r e  e f f i -  

c i e n t l y ,  but  a s  t h e  w a t e r  c o n t e n t  f a l l s  b e l o w  50 %, t he  

p r o c e s s  of  p r o t e i n  a c c u m u l a t i o n  s t o p s  a b r u p t l y  in  

' I r n e r i o ' ,  w h i l e  i t  g o e s  on  in  ' A t l a s  6 6 '  t i l l  t h e  w a t e r  

c o n t e n t  r e a c h e s  t h e  v e r y  low v a l u e  of  28 %. The  f i n a l  

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

t h e  d r y  s e e d  i s  a b o u t  5 a n d  7 m g  in  ' I r n e r i o '  a n d  

' A t l a s  6 6 ' ,  r e s p e c t i v e l y ,  d e s p i t e  t he  d r y  w e i g h t  of 

t h e  s e e d ,  w h i c h  i s  5 0 m g  f o r  ' I r n e r i o '  a n d  3 5 m g  

f o r  ' A t l a s  66 ' .  

The  t o t a l  RNA c o n t e n t  a n d  t he  r a t e  of  p r o t e i n  a c -  

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

' I r n e r i o '  a n d  ' A t l a s  6 6 '  a r e  s h o w n  in  F i g . 2 .  In b o t h  

v a r i e t i e s  t h e r e  i s  a n  e a r l y  a n d  r a p i d  i n c r e a s e  of  t o t a l  

RNA c o n t e n t .  The  h i g h e s t  l e v e l  of  RNA c o n t e n t ,  o n c e  

r e a c h e d ,  i s  m a i n t a i n e d  f o r  s o m e  d a y s ;  l a t e r  t h e  RNA 

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

The t o t a l  RNA c o n t e n t  s h o w s  t he  s a m e  t r e n d  of  v a r i a -  

t i o n  in  t he  two v a r i e t i e s  a n d  e v e n  a t t a i n s  t h e  s a m e  

m a x i m u m  v a l u e  ( a b o u t  100 # g / e n d o s p e r m ) .  The  on ly  

d i f f e r e n c e  i s  t h e  way t h e  RNA c o n t e n t  d e c r e a s e s ,  w i th  

r e s u l t s  s o m e w h a t  d e l a y e d  in  ' A t l a s  66 ' .  The  a m o u n t  of  

p r o t e i n  a c c u m u l a t e d  p e r  day  p e r  e n d o s p e r m ,  c a l c u l a t e d  

f r o m  t h e  p r o t e i n  a c c u m u l a t i o n  c u r v e s  of  F i g .  1, r i s e s  

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

v a n c e d  s t a g e s  of  s e e d  d e v e l o p m e n t ,  w h e n  t h e  RNA 

c o n t e n t  b e g i n s  i t s  r a p i d  d e c l i n e ;  t he  p r o c e s s  of  p r o -  

t e i n  a c c u m u l a t i o n  t h e n  s t o p s  c o m p l e t e l y  w i t h i n  a few 
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F i g .  2.  RNA c o n t e n t  in  e n d o s p e r m  a n d  p r o t e i n  a c c u -  
m u l a t e d  p e r  day  in  two v a r i e t i e s  of  F. aesv%vum d u r i n g  
s e e d  d e v e l o p m e n t  

d a y s .  A l t h o u g h  in  b o t h  v a r i e t i e s  t h e  h i g h e s t  v a l u e  of  

p r o t e i n  a c c u m u l a t e d  p e r  day  p e r  e n d o s p e r m  i s  a l m o s t  

t h e  s a m e  ( a b o u t  270 ~ g ) ,  t h e  k i n e t i c s  of  p r o t e i n  a c -  
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F i g .  3.  S o l u b l e  a m i n o  n i t r o g e n  c o n t e n t  in  t h e  e n d o s p e r m  
of  two v a r i e t i e s  of  T. aestivum d u r i n g  s e e d  d e v e l o p m e n t  

c u m u l a t i o n  d i f f e r  to  s o m e  e x t e n t ,  t h e  u s e f u l  p e r i o d  

of  p r o t e i n  a c c u m u l a t i o n  in  ' A t l a s  6 6 '  b e i n g  s e v e r a l  

d a y s  l o n g e r  t h a n  in  ' I r n e r i o '  

In  b o t h  ' I r n e r i o '  a n d  ' A t l a s  66 ' t h e  s o l u b l e  a m i n o  

n i t r o g e n  c o n t e n t  of  t h e  e n d o s p e r m  of  d e v e l o p i n g  s e e d  

c h a n g e s  in  t h e  s a m e  m a n n e r  a n d  no c l e a r  d i f f e r e n c e s  

a r e  e v i d e n t  ( F i g . 3 ) .  The  s o l u b l e  a m i n o  n i t r o g e n  c o n -  

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

m e n t ,  g r a d u a l l y  d e c r e a s e s  a n d  r e a c h e s  v e r y  low v a l -  

u e s  in  t h e  m a t u r e  c a r i o p s e s .  

D i s c u s s i o n  

The  d i f f e r i n g  p r o t e i n  c o n t e n t  in  t h e  d r y  s e e d  of  two 

v a r i e t i e s  of  Triticum aestivum, ' A t l a s  6 6 '  a n d  

' I r n e r i o  ' ,  - 17 a n d  10 g r e s p e c t i v e l y  - i s  t h e  r e s u l t  

o f  a n  e x t e n d e d  p e r i o d  of  p r o t e i n  s y n t h e s i s  r a t h e r  

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

t i o n .  The  a b i l i t y  o f  ' A t l a s  66 ' to a c c u m u l a t e  p r o t e i n  

u n t i l  t h e  w a t e r  c o n t e n t  d r o p s  b e l o w  30 7~, in  c o n t r a s t  

to  t h e  a p p a r e n t  c e s s a t i o n  of  p r o t e i n  a c c u m u l a t i o n  t h a t  

o c c u r s  in  ' I r n e r i o  ~ w h e n  t h e  w a t e r  c o n t e n t  i s  s t i l l  

a b o u t  50 ~ ( s e e  F i g .  1 ) ,  t e n d s  to r e d u c e  t h e  r e l e v a n c e  

of  w a t e r  c o n t e n t  a s  a c r i t i c a l  f a c t o r  f o r  t h e  s y n t h e s i s  

a n d  a c c u m u l a t i o n  o f  p r o t e i n  in  t h e  d e v e l o p i n g  e n d o -  

s p e r m  of w h e a t  s e e d .  D u r i n g  t he  i n i t i a l  s t a g e s  of  s e e d  

d e v e l o p m e n t ,  t he  e n d o s p e r m  of  ' I r n e r i o '  a c c u m u l a t e s  

p r o t e i n  m o r e  e f f i c i e n t l y .  Ten  d a y s  a f t e r  f l o w e r i n g ,  

a l t h o u g h  i t  h a s  t he  s a m e  c o n t e n t  of  lqNA, ' I r n e r i o  ' 

a c c u m u l a t e s  t w i c e  a s  m u c h  p r o t e i n  a s  ' A t l a s  6 6 '  

S i n c e  a m i n o r  f r a c t i o n  of  r i b o s o m e s  a p p e a r  a s  p o l y -  

s o m e s  in  d e v l o p i n g  w h e a t  s e e d  ( o u r  u n p u b l i s h e d  o b s e r -  

v a t i o n ) ,  t h e  l a c k  of  r e l a t i o n  b e t w e e n  t h e  RNA c o n t e n t  

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

l e a s t  t h e  r i b o s o m a l  RNA i s  in  l a r g e  e x c e s s .  The a p -  

p a r e n t  a b u n d a n c e  of  r i b o s o m a l  RNA in  d e v e l o p i n g  

w h e a t  s e e d  c o n t r a s t s  w i th  t h e  s i t u a t i o n  in  t h e  d e v e l -  

o p i n g  c o t y l e d o n s  of  l e g u m e s ,  w h e r e  m o r e  t h a n  80 % 

of  t h e  r i b o s o m e s  a r e  p r e s e n t  a s  p o l y s o m e s  ( P o u l s o n  

a n d  B e e v e r s  1 9 7 3 ) .  In b o t h  v a r i e t i e s  t he  p r o c e s s  of  

p r o t e i n  a c c u m u l a t i o n  s u d d e n l y  s t o p s  a s  s o o n  a s  RNA 

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

t h a t  m a i n t e n a n c e  of  t h e  RNA c o n t e n t  in  t h e  d e v e l o p -  

i ng  e n d o s p e r m  of  w h e a t  s e e d  i s  e s s e n t i a l  to  t he  p r o -  

c e s s  of  p r o t e i n  s y n t h e s i s  a n d  a c c u m u l a t i o n .  The  p o s -  

s i b l e  r e l a t i o n  b e t w e e n  m a i n t e n a n c e  of  t h e  RNA c o n -  

t e n t  a n d  s y n t h e s i s  of  p r o t e i n  i s  r e i n f o r c e d  by  t h e  

s i t u a t i o n  p r e s e n t  in  t h e  m a t u r i n g  c o t y l e d o n  of  l e -  

g u m e s ,  w h e r e  t h e r e  i s  no d e c r e a s e  in  RNA c o n t e n t  

a n d  a c c u m u l a t i o n  of  p r o t e i n  p r o c e e d s ,  a l m o s t  un t i l  

t h e  s e e d s  a r e  d r y  ( P a y n e  a n d  B o u l t e r  1969;  S m i t h  

1973;  W a l b o t  1973;  M i l l e r d  a n d  S p e n c e r  1 9 7 4 ) .  T h e r e  

a r e  h o w e v e r  s o m e  e x c e p t i o n s  to t h e  a p p a r e n t  r e l a -  

t i o n  b e t w e e n  RNA c o n t e n t  a n d  p r o t e i n  s y n t h e s i s .  In 

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

t h e  RNA i s  d e c r e a s i n g ,  a s  c a n  be  i n f e r r e d  f r o m  t h e  

d a t a  a v a i l a b l e  ( I n g l e  e t  a l .  1 9 6 5 ) .  In s o m e  v a r i e t i e s  

of  r i c e ,  w h e n  t h e  a c c u m u l a t i o n  of  p r o t e i n  s t o p s ,  t he  

RNA c o n t e n t  r e m a i n s  a l m o s t  c o n s t a n t  ( C r u z  e t  a l .  

1 9 7 0 ) .  A l t o g e t h e r ,  t h e  d i f f e r i n g  e v o l u t i o n  of  t he  RNA 

c o n t e n t  a t  t h e  e n d  of  p r o t e i n  a c c u m u l a t i o n  in  w h e a t  

a n d  in  o t h e r  s p e c i e s  s u g g e s t s  t h a t  t h e  c e s s a t i o n  of  

p r o t e i n  s y n t h e s i s  in  d e v e l o p i n g  s e e d  m i g h t  b e  m o r e  

c o m p l e x  t h a n  a m e r e  p r o b l e m  of  m a i n t e n a n c e  of  t he  

RNA c o n t e n t .  In  w h e a t  t h e  a b r u p t  c e s s a t i o n  of  p r o -  

t e i n  s y n t h e s i s ,  w h e n  t h e  RNA c o n t e n t  s t a r t s  to  d e -  

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

t h e  m R N A .  S u c h  a p o s s i b i l i t y ,  a l t h o u g h  s t i m u l a t i n g  

a n d  in  s o m e  way s u p p o r t e d  by  t h e  p r e s e n c e  o f  h i g h  

l e v e l s  of  r i b o n u c l e a s e  a c t i v i t y  ( M a t s u s h i t a  1958,  1959 ) ,  

r e m a i n s  to  b e  p r o v e n .  R e s u l t s  of  p r e l i m i n a r y  e x p e r i -  

m e n t s  u n d e r w a y  in  o u r  l a b o r a t o r y  on  t he  p r e s e n c e  of  
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mRNA in the e n d o s p e r m  of developing wheat s eed ,  

eva lua t ed  as po lyA-RNA and on the abi l i ty  to sus ta in  

p ro t e in  syn thes i s  in a ce l l  f r e e  s y s t e m ,  ind ica te  an 

a p p r e c i a b l e  p r e s e n c e  of mRNA even  at the advanced  

s t ages  of s eed  r ipen ing .  

The so luble  amino n i t rogen  content  of developing 

seed  is  obvious ly  the sum of the syn thes i s  a n d / o r  

t r a n s l o c a t i o n  and the p o l y m e r i z a t i o n  of amino ac ids  

into p ro t e in .  The high l eve l  of so luble  amino n i t rogen  

in the e a r l y  s t ages  of seed  deve lopmen t ,  i ts  p r o g r e s -  

s i v e  d e c r e a s e  as the r a t e  of p ro te in  accumula t ion  in -  

c r e a s e s ,  and the v e r y  low va lue  of amino ac ids  in the 

m a t u r e  seed  sugges t  that the ava i l ab i l i ty  of amino 

ac id  can play an impor tan t  r o l e  in d e t e r m i n i n g  the 

s u r v i v a l  of the abi l i ty  to syn the s i ze  p ro t e in  in the 

e n d o s p e r m  of developing wheat s e e d ;  and that the 

lack of amino ac ids  r a t h e r  than the e l imina t ion  of the 

RNA s y s t e m  may be the l imi t ing  fac to r  fo r  p ro t e in  

s y n t h e s i s .  F u r t h e r m o r e ,  a low leve l  of so luble  amino 

ac ids  might  t r i g g e r  the degrada t ion  of RNA, as hap-  

pens in the l i v e r  c e l l s  of r a t s  s t a r v e d  of p ro t e in  ( E n -  

wonwn and Munro 1970), thus p rov id ing  an exp lana -  

t ion of the fate of the RNA in the ma tu r ing  wheat 

seed. 

Ind i rec t  suppor t  for  the idea that the ma in tenance  

of the RNA leve l  in the e n d o s p e r m  of developing 

wheat s eed  may depend on the l eve l  of so luble  amino 

n i t rogen  c o m e s  f r o m  e x p e r i m e n t s  with n i t rogen  f e r t i -  

l i z e r s  (Nard i  et a l .  1975), where  a l a r g e  dose  of N 2 

(400 K g / h a )  does  not s ign i f i can t ly  change the l eve l  

of RNA while at the s a m e  t i m e  the total  amount  of 

p ro t e in  accumula t ed  in the m a t u r e  seed  is  i n c r e a s e d  

by up to 50 g. The h igher  p ro t e in  content  is  main ly  

the r e s u l t  of a long t e r m  pro te in  s y n t h e s i s .  S u r -  

p r i s i n g l y ,  the d e c r e a s e  of RNA content  in the r i p e n -  

ing s e e d  is  v e r y  low, so that the o v e r a l l  v a r i a t i o n  of 

the RNA content  r e s e m b l e s  that of l e g u m e s .  This 

r e i n f o r c e s  the concept  that RNA s tab i l i ty  depends on 

the p r e s e n c e  of a c e r t a i n  l eve l  of so lub le  amino n i t r o -  

gen.  F ina l l y  it must  be r e c a l l e d  that  the high p r o -  

te in  content  of 'A t l a s  66 ' s eed  has  been  r e l a t e d  to a 

b e t t e r  amino ac id  t r a n s l o c a t i o n  abi l i ty  f r o m  the plant 

to the developing  seed  ( Johnson  et a l .  1968) and this  

once  m o r e  points  to the ava i l ab i l i ty  of amino ac ids  as 

the l imi t ing  f ac to r  for  p ro t e in  accumula t ion  in the 

deve lop ing  wheat s eed .  
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