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Triticum boeoticum and T. urartu 
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Summary. The boeoticum (9) • urartu (or) F~ hybrids gave small, plump and viable seeds while the reciprocal 
crosses with T. za, arCu as the female parent had long, shrivelled and non-viable seeds. Reciprocal nuclear-sub- 
stitutionlines comprising the nucleus of one species into the cytoplasm of the other were developed through re- 
peated backcrossing and were crossed as female parents with respective non-recurrent parents (the cytoplasm 
donors). The difference between the reciprocal crosses was presumably attributable to different boeoti~'~a~- 
tu genomic ratios in the triploid endosperm rather than to the cytoplasmic difference betweenthe diploid wheats. 
The endosperm with two doses of the boeotic~ and one of the ~rc~tu genome resulted in small, plump andviable 
seed while the endosperm of the reciprocal crosses with two doses of the urartu and one of the boeoti~ genome 
led to large but shrivelled and non-viable seeds irrespective of the cytoplasmic type. One dose of the paternal ge- 
nome in the triploid endosperm is probably not expressed in the presence of two doses of the maternal genome 
thereby leading to the difference between the reciprocal crosses. The results reported here indicate that dif- 
ference between reciprocal crosses may not always be attributed to cytoplasmic difference between the parental 
species. 

In t roduc t ion  

The difference between certain inter- and intra-spe- 

cific reciprocal crosses is usually attributed to the 

cytoplasmic difference between the parents. Novel 

pbenotypes, different from that of either parent, oc- 

casionally occur in certain crosses as a result of un- 

favourable nucleo-cytoplasmic relationships (Michae- 

lis 1954). The F I hybrid seeds of reciprocal crosses 

involving T. boeoticum and T. urartu were different 

from one another and from those of either parent (John- 

son and Dhaliwal 1976 ). The F 1 hybrid with T. boeotic~ 

as the female parent gave extremely reduced but plump 

and viable seeds (Fig. lc) while the reciprocal cross 

with T. m~tu as the female had long, shrivelled and 

non-viable seeds (Fig. ld). The difference between 

the phenotypes of the reciprocal crosses was tenta- 

tively attributedto the cytoplasmic difference between 

the diploid wheats (Johnson and Dhaliwal 1976). The 

reciprocal crosses, however, also differed with re- 

spect to genomic composition of their endosperms. 

Substitution of the urartu nucleus into the boeo~cum 

cytoplasm gavemalesterileplants, indicating that the 

boeoticum cytoplasm was different from that of 

~a,artu ( Dhaliwal 1976 ). The basis of the difference be- 

tween the reciprocal crosses, whether due to the cy- 

toplasmic difference or different genomic composi- 

tion of the endosperms, remains to be resolved. The 

cytoplasmic difference, if responsible for the recip- 

rocal crosses difference, can be verified by cros- 

sing reciprocal nuclear substitution lines with the 

parental species. 

This paper reports that the difference between the 

reciprocal crosses involving T. boeotiozw and T.za, artu 

was presumably due to their different endosperm con- 

stitutions rather than the cytoplasmic differences bet- 

ween the parental diploid wheats. 

Mater i a l  and Methods 

R e c i p r o c a l  c r o s s e s  involv ing  s e v e r a l  l i ne s  of  T, boe- 
oticum and T. urartu ( F i g . / c ,  l d ) w e r e  made  and the  
o b s e r v a t i o n s  w e r e  r e c o r d e d  f rom the m a t u r e  F~ hy-  
b r id  s e e d s  as d e s c r i b e d  by Johnson  and Dhaliwal  (1976 ) .  
Subst i tu t ion  of the nuc leus  of one s p e c i e s  into the  c y t o -  
p l a sm of the o the r  was c a r r i e d  out as  r e p o r t e d b y  Dha l i -  
wal ( 1976 ).  The subs t i tu t ion  of the ur~rt-u nuc leus  
into the b o e o t i ~  cy top l a sm was c a r r i e d  out up to 
the 5th b a c k c r o s s  gene ra t i on  ( F i g .  l e )  while  that  of 
the boeoticum nucleus  into the  u ra r t~  c y t o p l a s m  up 
to the 2nd b a c k c r o s s  ( F i g .  I f ) .  The r e c i p r o c a l  nu-  
c l e a r  subs t i tu t ion  l ines  w e r e  c r o s s e d  as the  f e m a l e  
pa r en t s  with s e v e r a l  l i nes  of each  of  T. boeo t icum 
and T. urart-u as the m a l e  p a r e n t s .  O b s e r v a t i o n s  on 
the morpho logy  and g e r m i n a t i o n  w e r e  made  f r o m  the  
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Fig .  1. Genomic  cons t i tu t ion  of nuc leus  or  embryo  
(upper  half  of the i nne r  c i r c l e ) a n d e n d o s p e r m  ( lower  
half of the inner circle) of T. boeoticum and T. umomtu 
(top row), their reciprocal F~ hybrids (2nd row), 
reciprocal nuclear substitution lines (3rd row) and 
F~ hybrids involving the nuclear substitution lines 
and T. boeoticum and T. umomtu (bottom row). The 
cytoplasm of T. boeotiaum is represented by the shad- 
ed area between the outer and inner circle whilethat 
of T. umomtz~ by the clear area between the circles 

mature F~ hybrid seeds (Fig. lg, lh). In Fig. l, the 
genomes of T. boeotic~n and T. umom~u are repre- 
sented by letters A and B, respectively. These ge- 
nomic symbols, however, do not necessarily cor- 
respond to the A and B genome of the tetraploid 
wheats which are presumed to have evolved from 
boeo~m~-umom~u amphiploids (Johnson 1975; Dhali- 
wal and Johnson 1976). The identity of the parental 
genomes was lost due to modifications at the tetra- 
ploid level. 

Besul t s  and D i scus s ion  

Morphological  c h a r a c t e r i s t i c s  of the seed  of T. boe -  

o t i c ~ ,  T. ~ t u ,  the i r  r e c i p r o c a l  F 1 hybr ids ,  r e -  

c iprocal  nuc l ea r  subs t i tu t ion  l i ne s  and the i r  F 1 hy-  

brids with T. boeotioum and T. urartu are summa- 

r ized in Fig. 1. The genomic constitution of the nu- 

cleus/embryo (upper half of the inner circle) and 

endospe rm ( lower  half  of the i nne r  c i r c l e )  of the dif-  

fe ren t  types  of seeds  and the i r  cy top lasm donor a re  

also shown in F ig .  1. The cy top lasm of T. boeotieum 

is d i s t ingu i shed  f rom that of T. umomtu by the shaded 

a r ea  e n c l o s e d b y t h e  i n n e r  a n d o u t e r  c i r c l e s  (F ig .  1).  

The d i f fe rence  be tween F 1 hybr id  seeds  from the 

r e c i p r o c a l  c r o s s e s  involving T. boeoticum and 

T. uma~tu (F ig .  l c ,  ld)  may be a t t r ibu ted  to the dif-  

fe rent  genomic  cons t i tu t ion  of the i r  endospe rm or  to 

the cy top la smic  d i f fe rence  between the paren ta l  spe -  

c ies .  Endospe r m in wheat,  l ike other  monocots ,  is  

a t r i p lo id  (3n) t i s s u e  c o m p r i s i n g  2n complemen t  f rom 

the m a t e r n a l  pa ren t  and n f rom the pa te rna l  pa ren t .  

The e n d o s p e r m  of the F 1 hybr id  s eed  with T. boeoti- 

cure as the f ema le  pa ren t  (F ig .  l c )  had genomic  con -  

s t i tu t ion  AAB with two doses  of the boeoticum g e -  

nome and one of that of the ~ r t u .  The endospe rm of 

the r e c i p r o c a l  c r o s s  with T. umartu  a s  the f ema le  

had genomic  cons t i tu t ion  ABB c o m p r i s e d  of two doses 

of the umm~tu and one of the b o e o t i c u m  genome (F ig .  

l d ) .  A s s u m i n g  two doses  of one genome dominant  

over  one dose of the o ther ,  the pa te rna l  genomes  B 

and A, r e spe c t i ve l y ,  i n t h e  e n d o s p e r m s  of the r e c i p r o -  

cal c r o s s e s  would not be e x p r e s s e d  r e s u l t i n g  in the 

d i f fe rence  between the r ec ip roca l  c r o s s e s .  E l e c t r o -  

phore t ic  p ro f i l e s  of the 70 % ethanol seed  p ro te in  ex-  

t r a c t s  of F 1 hybr id  s eed  of the r e c i p r o c a l  c r o s s e s  

involving T. b o e o t i c u m  and T. umamtu r e s e m b l e d  c o m -  

ple te ly  the m a t e r n a l  pa ren t  indica t ing  that the p a t e r -  

nal genome  was indeed s u p p r e s s e d  in the hybr ids  

(Dhaliwal ,  unpub l i shed ) .  The hybr id  e n d o s p e r m s  

with di f ferent  genomic  cons t i tu t ions ,  although iden-  

t ical  with the m a t e r n a l  endosper rns  with r e spec t  to 

t he i r  chemica l  compos i t ion ,  showed the specif ic  in -  

t e r a c t i o n s  on ly  with the hybr id  e m b r y o s ,  as  the se l fed  

seed of both the p a r e n t s  were  no rma l  with the endo-  

s p e r m s  having all the th ree  doses  of the r e s p e c t i v e  

paren ta l  genomes  (F ig .  l a ,  l b ) .  Two genomes  in  the 

hybr id  e m b r y o s  p r e s u m a b l y  r e q u i r e d  spec ies  s p e c i -  

fic me tabo l i t e s  which were  not fu rn i shed  by the hy-  

b r id  e n d o s p e r m s  due to s u p p r e s s i o n  of the pa te rna l  

genome.  

A l t e rna t i ve ly ,  the d i f fe rence  be tween the r e c i p r o -  

cal  c r o s s e s  may be a t t r i bu t ed  to c y t op l a smi c  d i f fe r -  

ences between T. boeotic~m and T. umamtu (Fig. Ic, Id). 

Different cytoplasms, presumably, interacted differ- 

ently with the identical hybrid nuclei in the reciprocal 
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c r o s s e s .  Subst i tu t ion of the T. umartu nucleus  into 

the b v e o t i c u m  cy top l a sm ( F i g .  l e )  r e s u l t e d  in m a l e  

s t e r i l e  plants  ind ica t ing  that the diploid wheats  had 

d i f fe ren t  c y t o p l a s m s  (Dhal iwal  1976). C h a r a c t e r i s -  

t i c s  pure ly  under  c y t o p l a s m i c  cont ro l  usua l ly  fol low 

m a t e r n a l  i n h e r i t a n c e  and a r e  c o n s e r v e d  even  if the 

nuc leus  of a p a r t i c u l a r  s p e c i e s  is  subs t i tu ted  by that 

of  ano the r .  In th i s  s i tua t ion ,  r e c i p r o c a l  nuc l ea r  sub-  

s t i tu t ion  l ines  would be helpful  to decide  the bas is  of 

the d i f f e r ence  be tween  the r e c i p r o c a l  c r o s s e s .  

The nuc l ea r  subs t i tu t ion  l ines  on c r o s s i n g  with the 

pa ren ta l  as well  as o ther  l i ne s  of the n u c l e a r - d o n o r  

s p e c i e s  gave  e s s e n t i a l l y  no rma l  s eed  ( F i g .  l e ,  l f )  in-  

d ica t ing  that the cy top l a sm of e i the r  s p e c i e s  did 

not i n t e r ac t  unfavorab ly  with the intact  nucleus  f rom 

the o ther  s p e c i e s .  It may a l so  be i n f e r r e d  f rom this  

that the c y t o p l a s m s  also did not r eac t  unfavorab ly  

with the fo re ign  g e n o m e s  in the r e c i p r o c a l  F 1 hybr ids .  

The F 1 s e e d s  f rom the c r o s s e s  involving the sub -  

s t i tu t ion  l ine  c o m p r i s i n g  the u ra r tu  nucleus  into the 

boeoticum c y t o p l a s m  as the f e m a l e  paren t  and T. boe- 

o t i c u m  as  the m a l e  were  l a r g e ,  s h r i v e l l e d  and non-  

v i ab l e  ( F i g .  lg) ,  and were  iden t ica l  to these  of the F 1 hy-  

b r i d s e e d w i t h  T. umartu  as the f e m a l e  ( F i g .  ld) .  Both F 1 

hybr ids  (F ig .  l d ,  l g )  had iden t ica l  e m b r y o  and endo-  

s p e r m  genomic  cons t i t u t ions ,  but d i f fe red  with r e s p e c t  

to c y t o p l a s m .  S i m i l a r l y ,  the F 1 hybrid  involving the 

subs t i tu t ion  l ine  cons i s t i ng  of the boeoticum nucleus  

in umomtu cy top l a sm with T. u ra r tu  gave  s m a l l ,  

p lump and v iab le  s eeds  ( F i g .  lh)  l ike  that of the boe-  

o t i c u m  (2)  x uma2tu ( d) hybr id  (F ig .  l c )  i r r e s p e c t i v e  

of the c y t o p l a s m i c  d i f f e r ence  between t hem.  This 

c l e a r l y  d e m o n s t r a t e s  that the  boeoticum • urartu r e -  

c i p r o c a l  c r o s s e s  d i f f e r ence  is  due to d i f fe ren t  genomic  

cons t i tu t ion  of the e n d o s p e r m s  r a t h e r  than to the c y -  

t o p l a s m i c  d i f f e r e n c e  be tween  the p a r e n t s .  The behav-  

i o r  of the r e c i p r o c a l  n u c l e a r - s u b s t i t u t i o n  l ines  s i m i -  

l a r  to that of the n u c l e a r - d o n o r  s p e c i e s ,  howeve r ,  may 

be a t t r ibu ted  to two o the r  phenomena .  

( i )  The c y t o p l a s m i c  d e t e r m i n a n t s  r e s p o n s i b l e  for  

the r e c i p r o c a l  c r o s s e s  d i f f e r e n c e  might  have  been 

t r a n s m i t t e d  through the po l len  during the subs t i tu t ion  

of the uma2tu nuc leus  into the cy top lasm of T. boeo -  

t i c u m  (F ig .  l e )  and v i c e - v e r s a  (F ig .  l f ) .  A low f r e -  

quency  of po l len  t r a n s m i s s i o n  of c e r t a i n  c y t o p l a s m i c  

o r g a n e l l e s  such as p la s t ids  has  been r e p o r t e d  in Oeno- 

t h e r a  ( R e n n e r  1936) and E p i l o b i u m  (Michae l i s  1935).  

Even if it o c c u r s  at such a low r a t e  in wheat ,  the abun- 

dant m a t e r n a l  c y t o p l a s m i c  d e t e r m i n a n t s  s t i l l  would be 

p redominan t  a f t e r  s e v e r a l  g e n e r a t i o n s  of b a c k c r o s s -  

ing with the n u c l e a r - d o n o r  s p e c i e s  un less  the m a t e r -  

nal d e t e r m i n a n t s  a r e  s e l e c t i v e l y  e l i m i n a t e d  o r  sup-  

p r e s s e d .  

( i i )  The c y t o p l a s m i c  d e t e r m i n a n t s  r e s p o n s i b l e  for  

the d i f f e r ence  between the r e c i p r o c a l  c r o s s e s  might  

be under  the n u c l e a r  con t ro l  o r  s e l e c t i v e  in f luence  of 

the nuc leus .  With the subs t i tu t ion  of the nuc leus  of one 

spec i e s  into the cy top l a sm of the o the r ,  the c y t o p l a s -  

mic  d e t e r m i n a n t s  a r e  a l so  modi f ied  in a c c o r d a n c e  

with the nuc leus .  If one o r  both of t h e s e  highly unl ikely  

phenomena  a r e  p r e v e l a n t  in wheat ,  the c y t o p l a s m i c  

d i f f e r ence  could  s t i l l  be held  r e s p o n s i b l e  fo r  the r e -  

c ip roca l  c r o s s e s  d i f f e r ence .  

R e c i p r o c a l  c r o s s e s  involving T. u r a r t u  and the  

t e t r a p l o i d  wheats  T. dicoccoldes or  T. araraticum 

behave s i m i l a r l y  to the boeoticum • urartu r e c i p r o -  

ca/  c r o s s e s .  Hybr ids  involv ing  T. u r a r tu  as the  f e -  

m a l e  and the t e t r a p l o i d s  as m a l e  had l a r g e ,  s h r i v e l l e d  

and non -v i ab l e  s eeds  while  the r e c i p r o c a l  c r o s s  had 

s m a l l ,  p lump and v iab le  s e e d  ( Johnson  and Dha/iwal 

1976). Howeve r ,  the r e c i p r o c a l  c r o s s e s  involving 

T. b o e o t i c w ~  and the t e t r a p l o i d s  had a l m o s t  no rma l  

s e e d  in e i t h e r  d i r ec t ion .  The nuc lea r  subs t i tu t ion  l ine  

cons i s t ing  of  the urartu nucleus  in the boeoticum c y -  

top lasm when c r o s s e d  as f e m a l e  with two l ines  of each 

of the t e t r a p l o i d s  gave  l a r g e  s h r i v e l l e d  and non -v i ab l e  

seed ,  f u r t h e r  con f i rm ing  the p r e v i o u s  f indings that the 

d i f f e r ence  be tween  the r e c i p r o c a l  c r o s s e s  was not a t -  

t r i bu tab le  to the c y t o p l a s m i c  d i f f e r e n c e .  O the r wi s e ,  

the n u c l e a r  subs t i tu t ion  l ine  with the b o e o t i c u m  cy to -  

p lasm on c r o s s i n g  with the t e t r a p l o i d s  should have had 

normal  s e e d  l ike  that of the b o e o t i ~  (g) x t e t r a p l o i d  

(d) hybr id .  

The t e t r a p l o i d  wheats  (AABB) w e r e  p r e s u m a b l y  

evo lved  f rom the b o e o t i c w w - u r a r t u  amphip lo ids  ( John -  

son 1975; Dhal iwal  and Johnson  1976).  As  ment ioned  

p r e v i o u s l y ,  the F 1 hybr id  s eeds  of the r e c i p r o c a l  

c r o s s e s  involv ing  T. b o e o t i c w ~  and the t e t r a p l o i d s  

AA (Q) • AABB (c~) and AABB (Q) • AA (d) were nor- 

real with the endosperm genomic constitution AAAB 

and AAABB, respectively. However, the reciprocal 

crosses involving 2'. urartu and the tetraploids BB(~) 

• AABB (d) and AABB (9) x BB (d) with the endosperm 

genomic constitution ABBB and AABBB, respectively, 
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were  d i f ferent  f rom each o ther  as expla ined  e a r l i e r .  

The i n fo rma t ion  on the phenotypes and e n d o s p e r m i c  

genomic  cons t i tu t ion  f rom the r e c i p r o c a l  c r o s s e s  be-  

tween T. boeoVicum and T. umomtu and between the 

diploid and t e t r ap lo id  wheats  sugges ts  that no s imp le  

r e l a t i onsh ip  exis t s  be tween the endospe rm boeoticum: 

umomtu genomic  r a t i o s  and the phenotypes of the hy-  

b r id  s e e d s .  The hyb r id  seeds  were  long,  s h r i v e l l e d  

and n o n - v i a b l e  as long as the endospe rm b o e o t i a :  

umomtu genome  ra t io  was l e s s  than or  equal to 0 .5 ,  

while the seeds  were  n o r m a l  or  at the mos t  reduced  

in s i ze  when the ra t io  was g r e a t e r  than 0 .5 .  The t e t -  

r ap lo id  wheats  and boeoticum-urartu amphiplo ids  with 

the endospe rm (AAABBB) boeoticum: urartu genomic 

ra t io  I had per fec t ly  no rma l  seeds .  
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