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S u m m a r y .  E l ec t rophore t i c  p rof i l e s  of c rude  p ro te in  ex t r ac t s  f rom seed of Fz hybr ids  and r ec ip roca l  c r o s s e s  
among diploid,  t e t r ap lo id  and hexaploid wheats were compared  with those of t he i r  r e spec t i ve  pa ren t a l  s p e c i e s .  
The e l ec t rophore t i c  pa t t e rn s  within each of t h ree  p a i r s  of r ec ip roca l  c r o s s e s ,  T.boeotloum x T .u ra r tu ,  T.mono-  
coccum X T.urartu and T.dicoccumx T.araraticum, were  different  f rom one another  but were  ident ica l  with 
those  of the i r  r e spec t i ve  m a t e r n a l  p a r e n t s .  P r o t e i n  bands c h a r a c t e r i s t i c  of the pa te rna l  pa r e n t s  were  m i s s i n g  
in  Fz hybr id  seed  sugges t ing  that the ma jo r  seed  p ro te ins  in wheat were p r e s u m a b l y  regu la ted  by genotype of 
the m a t e r n a l  pa ren t  r a t h e r  than by the seed genotype.  However ,  in another  t h ree  p a i r s  of r e c i p r o c a l  c r o s s e s ,  
T~boeoticum X T.durum, T.dicoccum x T.aestivum and T. zhukovskyi x T.aestivum, pro te in  bands a t t r ibu tab le  to 
the pa t e rna l  pa r en t s  were  p r e s e n t  in the F~ hybr id  seeds  indica t ing  that the seed p ro te ins  were  not a lways 
exc lus ive ly  regu la ted  by the ma te rna l  genotype.  The exp res s ion  of pa te rna l  genomes  is  p r e s u m a b l y  d e t e r m i n e d  
by dosage and genet ic  aff ini ty of the ma te rna l  and pa te rna l  genomes  in  the hybr id  e n d o s p e r m .  The m a t e r n a l  r e -  
gulat ion of seed p ro te in  content  is  p robably  accompl i shed  through the ma te rna l  control  over  seed s i z e .  The seed 
pro te in  qual i ty may,  however ,  depend upon the extent of e x p r e s s i o n  of the pa te rna l  genome .  
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In t roduct ion  

Seed protein content of F 1 hybrid seed in bread 

wheat (Singh and Nanda 1976), corn (Garwood and 

Lambert 1967) and soybean (Singh and Hadley 1972) 

is reported to be regulated by genotype of the me- 

ternal parent rather than by that of the hybrid endo- 

sperm or hybrid seed. Worzella (1934) reported 

that the seed quality of hybrid seed of wheat was es- 

sentially like that of the maternal variety. Bingham 

(1961), however, reported that the milling quality 

in wheat was determined by genotype of the endo- 

sperm rather than by that of the maternal parents. 

As expected in the case of maternal genotypic con- 

trol of seed protein content and quality in wheat, F 2 seed 

within each of four pairs of reciprocal crosses did 

not differ from one another with respect to protein 

percentage, milling and baking quality (McNeal et 

eL1. 1968). Seed quality in wheat is principally de- 

termined by the storage proteins and other consti- 

tuents of the endosperm which contains 75 ~ of the 

total seed proteins. The endosperm is a triploid (3n) 

tissue comprising 2n chromosomes from the female 

(maternal) and n from the male (paternal) gamete. 

The me c ha n i sm  of control  of seed p ro te in  content  

and seed qual i ty of hybr id  seed in wheat by the m a -  

t e rna l  genotype is  not unders tood .  This may be due 

to the fa i lu re  of exp res s ion  of the pa te rna l  genome in 

the hybr id  e n d o s p e r m .  Al t e rna t ive ly ,  the ma te rna l  

regu la t ion  of seed  p ro te in  content  and seed  qual i ty 

may be e x c e r c i s e d  ind i r ec t ly  through the regu la t ion  

of seed s i ze  r a t h e r  than by s u p p r e s s i o n  of pa te rna l  

genome.  The seed p ro te in  content  in wheat and o ther  

c e r e a l s  is  negat ive ly  c o r r e l a t e d  with seed  s ize  and 

often the hybr id  seed  r e s e m b l e  se l fed  seed  with r e -  

spect  to the i r  s ize  and shape .  In addi t ion to these  

p o s s i b i l i t i e s ,  the m a t e r n a l  control  may also be a t -  

t r ibu ted  to cy top lasmic  fac to rs  o r  ex t ra  dosages  of 

the m a t e r n a l  genome (genes )  in the hybr id  endospe rm.  

In format ion  on the p r e c i s e  genet ic  cont ro l  of seed  

p ro te ins  will be advantageous in  handl ing seg rega t ing  

gene ra t ions  in  the b reed ing  p r o g r a m m e s  a imed  at i m -  

p rovemen t  of p ro te in  content  and g ra in  qual i ty in ce -  

r e a l s .  

This paper  deals  with the r e s u l t s  on p ro te in  e l e c -  

t rophore t i c  pa t t e rn s  of s ix  p a i r s  of r e c i p r o c a l  F 1 hy-  

b r i d s  among dif ferent  wheat spec ies  with an endea -  

your  to unde r s t and  the genet ic  control  of seed  p r o -  
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t e in s .  The e lec t rophore t i c  pa t t e rns  of c rude  seed  p r o -  

te in  ex t rac t s  were  highly diagnost ic  for each of the 

spec ies  used .  In the hybr id  e n d o s p e r m s ,  the e x p r e s -  

s ion  of the pa te rna l  genomes  with r e spec t  to s to rage  

p ro te ins  was found to be va r i ab l e .  In some case s ,  the 

p ro te in  qual i ty was regula ted  by the ma te rna l  geno-  

type and not by the seed genotype.  The ma te rna l  p a r -  

ent p r e s u m a b l y  regula ted  p ro te in  content  of the hy-  

b r id  seed  e i the r  through i ts  control  over  hybr id  seed 

s ize  o r  through i t s  physiological  support  of the deve l -  

oping seed .  

Mate r i a l s  and Methods 

Six pa i r s  of r ec ip roca l  c r o s s e s  among diploid 
( T. boeot icwn,  T. u rar tu  and T.monococcum ) , t e t rap lo id  
( e m m e r  and timopheevii) and hexaploid (T.aestivum 
and T . z hukovsky i )  wheats were  s tudied.  The seed m a -  
t e r i a l  used for  making c r o s s e s ,  v iz .  T.boeot iaum 
(G 1004, G 1916), T . u r a v t u  (G 1754, G 1834), T. 
monoeoeewn (G 3371), e m m e r  (T .d i eoeown-G 497, 
T.durum cv. 'Produra' ), timopheevii (T.araraticum- 
G 2507), T. aestiv~n (G 357) and T. zhukovskyi 
(G 986),  was taken f rom the wheat co l lec t ion  m a i n -  
ta ined at Univers i ty  of Cal i forn ia ,  R i v e r s i d e .  Re-  
c ip roca l  c r o s s e s ,  v iz .  T.boeot ieum (G 1004) x T. 
urartu (G 1754), T.monococcum (G 3371)•  T. urartu 
(G 1834), emmer (G 497) • timopheevii (G 2507), 
T.boeoticum (G 1916) • emmer ('Produra'), em- 
mer (G 497) • T.aestivum (G 357) and T. zhukovskyi 
(G 986) x T.aestivum (G 357), were made in the 
green  house in s u m m e r ,  1975. 

P r o t e i n s  f rom ground seed of the pa ren ta l  l i nes ,  
Fz hybr ids  and the i r  r ec ip roca l  c r o s s e s  were  ex-  
t r ac ted  with 70 g ethanol (1 :3  w/v)  for th ree  hours  
of cont inuous shaking.  The mix tu re  was cen t r i fuged  
at 10,000 • g for  30 rain.  The superna tan t  was d ia -  
lysed  agains t  d i s t i l l ed  water  for 48 h r s  at 4~ and 
the c l e a r  d ia lysa te  was f r e e z e - d r i e d .  The p ro te in  ex-  
t r a c t s  were  e l ec t rophoresed  on 14 g po lyac ry l amide  
gels  us ing  ~ - a l a n i n e - a c e t i c  acid buffer  (pH 4 . 3 ) f o l -  
lowing the method of Johnson et a l .  (1967) .  The gels  
were s ta ined  with amido black and des ta ined  e l e c t r o -  
phore t i ca l ly .  

F i g .  1. E lec t rophore t i c  pa t t e rn s  of c rude  seed p r o -  
t e ins :  a .  T.boeoticum (G 1004), b.  T.boeoticum 
(G1004) • T.urartu (G 1754), c .  T. urartu (G1754) 
• T.boeoticum (G 1004), d. T. urartu (G 1754), e.  
T.monococcurn (G 3371), f.  T.monocoocum (3371) X 
T.urartu (G 1834), g. T.urartu (1834)•  
cure (3371),  h. T. urartu (G 1834) 

Resul t s  and D i scus s ion  

The e l ec t rophore t i c  p rof i l e s  of 70 % ethanol seed  p r o -  

te in  ex t rac t s  ( F i g s . l - 3 )  can be a r b i t r a r i l y  divided 

into a slow moving s e r i e s  of bands ( 0 -  5 . 5 c m )  c o m -  

monly r e f e r r e d  to as g l iadins  and a fast  moving s e -  

r i e s  of bands ( 5 . 0 - 1 0 . 7  cm)  p r e s u m a b l y  c o m p r i s i n g  

a l b u m i n s .  D i scuss ion  on the e l ec t rophore t i c  p rof i l e s  

will be r e s t r i c t e d  to the fast  moving a lbumin  bands 

as they a r e  highly d iagnost ic  for each of the wheat 

spec ies  used  in this  s tudy.  Tv/tiown boeoticwn ( F i g s ,  

l a ,  2e) has none or  occas iona l ly  one band at 9 . 0 c m  

Fig. 2. Electrophoretic patterns of crude seed pro- 
teins: a. T . dicoccum (G 497), b. T. dicoccum • T. ara- 
raticum (G 2507), c. T.araraticum (G 2507) • T.di- 
coccum (G 497), d. T.araraticum (G 2507), e. T. 
boeoticum (G 1916), f. T.boeoticum (G 1918) • 
T.durum cv. 'Produra', g. T.durum • T.boeoticum 
(G 1916), h. T.durum cv.  ' P r o d u r a '  
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F i g .  3. E l ec t rophore t i c  pa t t e rn s  of c rude  seed p ro -  
t e in s :  a. T. dicoccum (G 497),  b.  T. cicoccum (G 497)•  
T.eastivum (G 357),  c .  T.aestivum (G 357) • T. di- 
coccum (G 497),  d. T.aestivum (G 357),  e. T.zhukovs- 
ky/ (G 986),  f. T. zhukovzkyi (G 986) •  T.aestivum 
(G 357 ),  g. T. aestivum (G 357 ) • T, zhukovskyi (G 986 ), 
h. T.aest ivum (G 357) 

whereas  T.monococcum (F ig .  l e )  p o s s e s s e s  no band in 

the d iagnos t ic  par t  of the p ro f i l e .  T r i t i c ~  urartu 

has th ree  bands at 6 .5 ,  8 .5  and 9 . 7 c m  ( F i g s . l d ,  

l h ) .  Te t raplo id  e m m e r  ( F i g s .  2a, 3a) and t imopheevii  

(F ig .  2d) with 6-8 a lbumin  bands differ  f rom one a n -  

o the r  with r e spec t  to a band at 9 .0 cm which is  p r e -  

sen t  in e m m e r  but absent  in timopheevii. Triticum 

zhukovskyi (F ig .  3c) has a pa t t e rn  e s sen t i a l l y  s i m i l a r  

to that of the t imopheevii  t e t r ap lo ids .  Tr~ticum aestivum 

( F i g s .  3d, 3h) has a Conspicuous band at 10 .3 - 10 .7  cm 

con t r ibu ted  by Aegilops squarrosa, the D genome p a r -  

en t .  

The p ro te in  e l ec t rophore t i c  pa t t e rn s  of the F 1 hy-  

b r id  seed  of t h ree  pa i r s  of r ec ip roca l  c r o s s e s ,  v iz .  

T.boeoticum • T.urartu ( F i g s .  l a - d ) ,  T.monococcum X 

T.urartu ( F i g s .  l e - h )  and T.dicoccum • T.araraticum 

( F i g s .  2 a - d ) ,  r e s e m b l e d  those of the i r  r e spec t i ve  

m a t e r n a l  pa r en t s  with comple te  absence  of the d iag-  

nos t i c  bands  f rom the pa t e rna l  p a r e n t s .  The F 1 hy-  

b r i d  seed  of c r o s s e s  T.boeotieum (~) • T. urartu (d) 

( F i g . l b )  and T.monococcum (9) • T.urartu (d) ( F i g .  

l f )  d idno t  p o s s e s s  any of the d iagnost ic  urartu bands 

be tween 8 . 5 - 9 . 7  c m .  A band of T. urartu at 6 .5  cm i s ,  

however ,  e xp r e s se d  to some  extent (F ig .  l b ) .  The 

poss ib i l i ty  that the seeds  might not be genuine  hybr id  

seed is  e l imina t ed  as  the seed of c r o s s e s  with T. urartu 

as the male  pa ren t  were e x t r e me l y  reduced in s ize  

(Johnson and Dhaliwal 1976) as compared  to the se l fed  

seed of the m a t e r n a l  p a r e n t s .  The c h a r a c t e r i s t i c  band 

of T.dicocc~w at 9 . 0 c m  ( F i g . 2 a )  was also not ex-  

p r e s s e d  in the r e c i p r o c a l  c r o s s ,  T.ar~ratic~w (~) • 

T . d i c o c c ~  (c~) (F ig .  2c) .  The absence  of c h a r a c t e r -  

i s t i c  pa te rna l  bands in the F 1 hybr id  seed of each of 

t h ree  c r o s s e s  sugges ts  that the pa te rna l  genome was 

p r e s u m a b l y  s u p p r e s s e d  in the hybr id  seed.  The f ind-  

ings of Singh and Nanda (1976) and Garwood and Lan-  

be r t  (1967) that the p ro te in  content  in wheat and 

maize ,  r e spec t iv l ey ,  was regula ted  by the ma te rna l  

r a t h e r  than by the hybr id  seed genotype,  may be ex-  

p la ined on the ba s i s  of lack of exp re s s ion  of the pa -  

t e rna l  genome.  The regula t ion  of seed quali ty or  

p ro te in  qual i ty by the ma te rna l  pa ren t  may also be 

due to a s i m i l a r  phenomenon .  Recent ly ,  Yang, So- 

r enson  and Scandal ios  (1977) have r epor t ed  that the 

i s o z y m e s  of mala te  dehydrogenase ,  pecu l i a r  to the 

pa t e rna l  p a r e n t s ,  were  e xp r e s se d  in the hybr id  endo-  

s p e r m  sugges t ing  that the pa te rna l  genome may not 

be en t i r e ly  s u p p r e s s e d  in the hybr id  e n d o s p e r m .  Only 

the genes  for  s to rage  p ro te ins  may be s ens i t i ve  to 

such s u p p r e s s i o n .  

E lec t rophore t i c  p rof i les  of another  t h ree  se t s  of 

r ec ip roca l  c r o s s e s ,  v iz .  T.boeotic~w • e m m e r  ( F i g s .  

2e -h ) ,  e m m e r  • T . a e s t i v ~  ( F i g s . 3 a - d )  and T.zhu- 

kovskyi • T . a e s t i ~  ( F i g s . 3 e - h ) ,  showed c l ea r ly  

the p r e s e n c e  of c h a r a c t e r i s t i c  bands of the pa t e rna l  

pa r e n t s  indica t ing  that the pa te rna l  genome is  not a l -  

ways comple te ly  s u p p r e s s e d  in  the hybr id  e n d o s p e r m .  

Diagnost ic  bands of e m m e t  at 7, 8 and 9 . 7 c m  (F ig .  

2h) a r e  e xp r e s se d  in the F 1 hybr id  T.boeotic~n (~)• 

e m m e r  (ct) ( F i g . 2 f ) .  The fast  moving band of 

T . a e s t i v ~  at 1 0 . 3 c m  ( F i g s . 3 d ,  3 h ) i s  ex p re s sed  in 

the c r o s s e s  e m m e r  (~) • T.aestiv~w (d) ( F i g . 3 b )  and 

T. zhukovskyi (~) • T.aestivum (~) ( F i g . 3 f ) .  Resu l t s  

f rom the e l ec t rophore t i c  p rof i l e s  suggest  that the 

seed  p ro te in  content ,  p ro te in  qual i ty and g r a in  qual i ty 

may not a lways be regu la ted  en t i r e ly  by the m a t e r n a l  

genotype.  The con t r ibu t ion  of the pa t e rna l  genome ap-  

pe a r s  to be,  however ,  highly v a r i a b l e .  

As s ta ted  e a r l i e r ,  e ndospe r m in wheat and o ther  

c e r e a l s  is  a t r ip lo id  t i s sue  conta in ing  2n c h r o m o -  
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s o m e s  f r o m  the ma te rna l  and n f r o m  the pa te rna l  

p a r en t .  If the ma te rna l  and pa te rna l  genom es  c o n t r i -  

bute to the e n d o s p e r m  p ro t e in s  p ropo r t i ona t e ly ,  p r o -  

te ins  of the pa te rna l  o r ig in  will have half  the c o n c e n -  

t r a t ion  c o m p a r e d  to that of the ma te rna l  p ro t e ins  in 

the p ro te in  e x t r a c t s .  The re fo r e ,  in e l e c t r o p h o r e t i c  

p r o f i l e s ,  p ro t e ins  of the pa te rna l  o r ig in  may not be 

de tec ted  at the usual  concen t ra t ion  of p ro t e in s  p e r  

co lumn.  In the r e c i p r o c a l  c r o s s e s ,  where  the c h a r -  

a c t e r i s t i c  pa te rna l  bands w e r e  absent ,  e l e c t r o p h o r e -  

t ic  pa t t e rn s  at twice  the n o r m a l  amount  of p ro t e ins  

p e r  co lumn did not show the c h a r a c t e r i s t i c  pa te rna l  

bands .  This sugges t s  that the f a i l u r e  to detec t  the 

pa te rna l  p ro t e ins  in those  c r o s s e s  was not due to 

t he i r  low concen t ra t ion  in the e n d o s p e r m  but p r e -  

sumably  due to s u p p r e s s i o n  of the pa te rna l  g e n e s .  

F u r t h e r m o r e ,  mos t  of the seed  p ro te ins  in soybean 

a r e  concen t r a t ed  in diploid cotyledons  where ,  t heo -  

r e t i c a l l y ,  the ma te rna l  and pa t e rna l  genomes  should 

con t r ibu te  equal ly  to the seed  p ro te in  content .  The 

p r e s e n c e  of s t rong  ma te rna l  e f fec t s  on p ro te in  con-  

tent  in soybean  (Singh and Hadley 1972) sugges t s  

that the pa te rna l  genome  was a lso  probably  not e x -  

p r e s s e d  in soybean .  E x t r a  dosages  of the ma te rna l  

genome  in the t r i p lo id  e n d o s p e r m ,  t h e r e f o r e ,  do not 

s e e m  to be impor tan t  fo r  ma te rna l  genotypic  cont ro l  

of s eed  p r o t e i n s .  

Mate rna l  genotypic  cont ro l  of s e e d  p ro te ins  con-  

tent  may a lso  be v i sua l i z ed  if  e i t h e r  the seed  p ro t e in s  

a r e  syn thes i zed  in ma te rna l  t i s sue s  and subsequen t ly  

t r a n s l o c a t e d  to the developing  s eeds  o r  con t ro l l ed  by 

c y t o p l a s m i c  o r g a n e l l e s .  It i s ,  however ,  e s t ab l i shed  

in co rn  that ze in ,  the m a j o r  s t o r a g e  p ro te in ,  is  

l a r g e l y  syn thes i zed  in the m e m b r a n e - b o u n d  po ly-  

s o m e s  of the developing k e r n e l s  (Larkins  et a l .  1976).  

F u r t h e r m o r e ,  r e c i p r o c a l  n u c l e a r  subs t i tu t ion  l ines  

of T,boeotiaum and T.urartu (Dhaliwal  1977), in the 

cy top la sm of one ano the r ,  gave p ro te in  pa t t e rns  iden-  

t ica l  to that of the n u c l e a r - d o n o r  s p e c i e s  (H .S .  Dha-  

l iwa l ,  unpubl ished)  sugges t ing  that the cy top l a sm s  of 

the diploid wheats  did not r egu l a t e  t h e i r  s e e d  p r o -  

t e in s .  This may also be t r u e  fo r  o the r  wheat s p e c i e s .  

Most  of the p r ev ious  conc lus ions  about the m a t e r -  

nal genotypic  r egu la t ion  of the s e e d  p ro t e in s  w e r e  

based  on c o m p a r i s o n s  of p ro t e in  content  in the r e c i p r o -  

cal  F 1 hybr id  s eeds  with one ano ther  and with that  of 

the s e l f ed  s e e d  of the pa ren ta l  l i n e s .  I r r e s p e c t i v e  of 

the fact whether paternal genome was expressed or 

not, protein content of F I hybrid seed was approxi- 

mately the same as that of the selfed seed (H.S. Dha- 

liwal, unpublished). Therefore, similar protein con- 

tent of the F 1 hybrid seed and selfed seed of its ma- 

ternal paren t  may not be taken as the ev idence  that 

the seed  p ro te ins  a r e  r egu la t ed  by the ma te rna l  geno-  

type and not by the seed  genotype .  P r o t e i n  content  

may be r egu la t ed  r a t h e r  i nd i r ec t l y  e i t he r  through 

seed  s i z e  o r  phys io log ica l  suppor t  of the developing 

seeds  by the m a t e r n a l  p a r e n t .  

E x p r e s s i o n  of pa te rna l  genome with r e s p e c t  to 

p ro t e in  syn thes i s  appea r s  to be s e n s i t i v e  to the 

genome dosages  in the e n d o s p e r m  and gene t ic  a f f in i -  

t i e s  between the ma te rna l  and pa te rna l  g e n o m e s .  Te-  
eeee tttt 

traploid emmer (AABB) and timopheevii (AABB) wheats 

probably originated as an amphiploid between 

T.boeotiaum and T.urartu (Dhaliwal  and Johnson  

1976; Dhaliwal  1976).  A band at 9 . 7 c m  in the t e t r a -  

ploid pa t t e rns  ( F i g s .  2a, 2d) was p r e s u m a b l y  d e r i v e d  

f r o m  T . u r a r t u .  That band of T, u r a r t u  did not e x p r e s s  

in c r o s s e s  of T . u r a r t u  as the m a l e  pa ren t ,  with 

T.boeot icum or  T.monococcum ( F i g s .  lb ,  l f ) ,  but it 

was e x p r e s s e d  when t e t r ap lo id  e m m e r  (with the 

u r a r t u  genome)  was used as the m a l e  paren t  in c r o s -  

s e s  with T.boeot icum.  The e n d o s p e r m s  in the two c a s -  

es  had d i f fe ren t  doses  of the boeot icum and urar tu  

g e n o m e s .  F u r t h e r m o r e ,  the genes  f r o m  c lose ly  r e -  

la ted  pa te rna l  genom es  a r e  not e x p r e s s e d  while  the 

ones  f rom dis tant ly  r e l a t e d  g e n o m e s  a r e  e x p r e s s e d .  

The D genome of T . a e s t i v u m  (AABBDD) was d e r i v e d  

f r o m  Aegilops squarrosa. A band at 1 0 . 3 c m  in T. 

aes t i vum,  a t t r ibu tab le  to the D genome ,  was e x p r e s s e d  

( F i g s . 3 b ,  3f) when T . e a s t i v u m  was used  as  the ma le  
eeee 

parent in crosses with T. dicocoum (AABB) and T. zhu- 
zzt t t t  

kovsky i  (AAAABB ) . T h e p r o t e i n b a n d s  of  T . u r a r t u  a r e  

not e x p r e s s e d  when it is  used  as  the pa t e rna l  paren t  

in c r o s s e s  with o the r  c l o se ly  r e l a t ed  s p e c i e s  T .boeo-  

t ieum and T.monococcum ( F i g s .  lb ,  I f ) .  The e x p r e s -  

s ion of genes  f r o m  a d i s tan t ly  r e l a t e d  pa te rna l  genome 

may be due to i t s  d is t inc t  s t r u c t u r a l  and r e g u l a t o -  

r y  genes  for  p ro t e in  s y n t h e s i s .  

The r e s u l t s  r e p o r t e d  h e r e  sugges t  that a b r e e d e r  

i n t e r e s t e d  in i m p r o v i n g  p ro te in  content  and qual i ty  of  

c e r e a l s  and l egum es  mus t  know the gene t ic  con t ro l  of 

p ro t e in  content  and the r o l e  of individual  polypept ides  
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in  a m i n o - a c i d  compos i t ion  and seed  qual i ty in his set  

of b reed ing  l i n e s .  Such in fo rma t ion  will be c r uc i a l  in 

p lanning se l ec t ion  s t r a t egy  in the seg rega t ion  g e n e r a -  

t i ons .  If the seed  p ro te in  content  and p ro te in  quali ty 

a r e  r egu la ted  by m a t e r n a l  and not by the seed  geno-  

type,  seed  bo rne  on any he te rozygous  plant  such as  

F 1 will not s eg rega t e  for p ro te in  c h a r a c t e r s .  P r o t e i n  

and a m i n o - a c i d  ana ly se s  of whole o r  par t  of individual  

F 2 seed,  t he re fo re ,  will be u s e l e s s  in this  s i tua t ion .  

Selec t ion for  such t r a i t s  will have to be de fe r r ed  un -  

til  F 3 seed  is  obta ined .  The F 3 seed f rom a given F 2 

p lant ,  although gene t ica l ly  seg rega t ing ,  will be homo-  

geneous with r e spec t  to p ro te in  t r a i t s .  Qual i ty  t e s t s  

r e q u i r i n g  l a r g e r  seed  s a m p l e s  can be p e r f o r m e d  u s -  

ing F 3 seed  lo t s .  Based  on F 3 seed ana l y s i s ,  only 

d e s i r a b l e  F 2 p rogen ies  may be c a r r i e d  fo rward .  The 

s a m e  p rocedu re  will have to be followed unti l  the de-  

s i r a b l e  c h a r a c t e r s  a r e  f ixed.  

With the e l ec t rophore t i c  s y s t e m  used  in this  s tudy,  

only a s m a l l  f rac t ion  of the genomes  coding for  the 

s to rage  p ro t e in s  could be ana lysed .  Two-d imens iona l  

f r ac t iona t ion  through 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  focuss ing  may be useful  to study the 

regu la t ion  of m o r e  polypept ides .  Nut r i t iona l ly  i m p o r -  

tant  p ro te in  f r ac t ions ,  v iz .  a l bumins  and g lobul ins ,  

may a lso  be included in such s tud i e s .  By the use  of 

va r i ous  combina t ions  of diploid genomes  of Triticum 

and Aegilops and ava i l ab le  aneuploid  s e r i e s  in  T. 

aestivum it would be poss ib le  to unde r s t and  thorough-  

ly the regu la t ion  of seed  p ro te ins  in  the polyploid 

wheats .  
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