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Haploidy from Hordeum Interspecific Crosses 
I. Polyhaploids of H. parodiiand H. procerum 
N . C .  S u b r a h m a n y a m  
G e n e t i c s  D e p a r t m e n t ,  R e s e a r c h  School  of B io log i ca l  S c i e n c e s ,  the  A u s t r a l i a n  Nat iona l  U n i v e r s i t y  
C a n b e r r a ,  A . C  .T. ( A u s t r a l i a )  

S u m m a r y .  I n t e r s p e c i f i c  c r o s s e s  of Hordeum parodii  (2n = 42) with H. bulboswn (2n = 14 o r  28) and H. vulgare 
(2n = 14) ,  and of H. p r o a e ~  (2n = 42) with  H. bulbosum, H. vulgare and H. parodii  w e r e  m a d e .  C r o s s e s  b e -  
tween  parodii  and d ip lo id  bulbosw~ r e s u l t e d  in hap lo ids  (2n = 21) of parodii ,  whi l s t  the  c r o s s e s  of parodii  
by t e t r a p l o i d  bulboswn o r  d ip lo id  vulgare gave  h y b r i d  p r o g e n y .  The p r o c e ~  by d ip lo id  bulbosum c r o s s  i n v a r i -  
ab ly  p r o d u c e d  h a p l o i d s  (2n = 21) of procerum, w h e r e a s  procer~Jn by t e t r a p l o i d  bulbosum o r  d ip lo id  vulgare c r o s -  
s e s  r e s u l t e d  in bo th  h y b r i d s  and  h a p l o i d s  of p r o c e ~ .  The c r o s s  b e tw een  p r o c e ~  and parodii  gave h y b r i d  
p r o g e n y  which  did not r e a c h  m a t u r i t y .  

Cy to log ica l  o b s e r v a t i o n s  on t w o - w e e k - o l d  e m b r y o s  o b t a i n e d  f r o m  r e c i p r o c a l  c r o s s e s  r e v e a l e d  c h r o m o s o m e  
v a r i a b i l i t y  (not  l e s s  than  21 in any c e l l )  in hap lo id  p r o d u c i n g  c r o s s e s .  This shows  tha t  c h r o m o s o m e  e l i m i n a -  
t ion  l e a d s  to hap lo id  f o r m a t i o n  i r r e s p e c t i v e  of which  s p e c i e s  was  u s e d  as  f e m a l e  p a r e n t .  

The r e s u l t s  i n d i c a t e  tha t  the  r a t i o  of the  p a r e n t a l  g e n o m e s  in the  zygote  d e t e r m i n e s  w h e t h e r  p r e d o m i n a n t l y  
h a p l o i d s  o r  h y b r i d s  will  be p r o d u c e d  in any c r o s s  c o m b i n a t i o n .  F u r t h e r m o r e ,  procerum a p p e a r s  to be not only 
m o r e  e f f i c i en t  in e l i m i n a t i n g  bulbosum c h r o m o s o m e s  in  c o m p a r i s o n  with parodi i ,  but a l so  c a p a b l e  of e l i m i n a t -  
ing vulgare c h r o m o s o m e s .  The p o s s i b i l i t y  of ' s t a b i l i t y  f a c t o r s '  in  o v e r c o m i n g  c h r o m o s o m e  e l i m i n a t i o n ,  a h i e r -  
a r c h y  of c h r o m o s o m e  e l i m i n a t i o n  and the  g e n e r a l  e x i s t e n c e  of g e n o m e  b a l a n c e  fo r  c h r o m o s o m e  s t a b i l i t y  in  i n -  
t e r s p e c i f i c  c r o s s e s ,  a r e  d i s c u s s e d .  

I n t r o d u c t i o n  

S e l e c t i v e  e l i m i n a t i o n  of Horderum bulbosum c h r o m o -  

s o m e s  fo l lowing h y b r i d i z a t i o n  with H. vulgare r e -  

s u l t s  in  h a p l o i d s  of vulgare ( S u b r a h m a n y a m  a n d K a s h a  

1973a ) .  Is s e l e c t i v e  c h r o m o s o m e  e l i m i n a t i o n  a wide -  

s p r e a d  p h e n o m e n o n  in Horde~n and o t h e r  g r o u p s  of  

p l a n t s ?  The e l i m i n a t i o n  of a p p a r e n t l y  whole  g e n o m e s  

was  r e p o r t e d  in a c r o s s  of Hordeum lepor4nw~ ~ (2n = 

4x = 28) • H. vulgare (2x)  by H a m i l t o n  et  a l .  (1955)  

and  in a c r o s s  of H. bulbosum (4x)  • H. secalinum by 

C a u d e r o n  and  C a u d e r o n  ( 1 9 5 6 ) .  The i m p o r t a n c e  of 

s u c h  a p h e n o m e n o n  as  a po ten t i a l  tool  fo r  p r o d u c i n g  

h a p l e i d s  h a s  only r e c e n t l y  b e e n  r e a l i s e d  (Kao and 

K a s h a  1969; K a s h a  and  Kao 1970; Lange 1971a, b ;  

S u b r a h m a n y a m  and K a s h a  1973a,  b ;  Symko 1969) .  

A h igh  f r e q u e n c y  of hap lo id  f o r m a t i o n  f r o m  i n t e r -  

s p e c i f i c  c r o s s e s  of H. lechleri (6x)  • H. vulgare 

(2x)  and  H. jubatum (4x)  • H. bulbosum (2x)  ( R a j h a -  

thy  and  Symko 1974) ,  and  f r o m  i n t e r g e n e r i c  c r o s s e s  

1 leporinum l a t e r  c o n f i r m e d  as  mur/num ( R a j h a t h y  et  
a l .  1963) .  

of  Trit icum aestivw~ (6x)  • Hordeum bulboswn ( B a r c -  

lay  1975) ,  h a s  s i n c e  been  r e p o r t e d .  

The m a i n  o b j e c t i v e  of t h i s  s tudy was to e x a m i n e  

the  d i s t r i b u t i o n  of c h r o m o s o m e  e l i m i n a t i o n  l e ad ing  

to hap lo id  f o r m a t i o n  a m o n g  Hordewn i n t e r s p e c i f i c  hy -  

b r i d s  and to f ind a g e n e r a l  b a s i s  for  such  a p h e n o m e -  

non .  This  p a p e r  r e p o r t s  s e v e n  add i t iona l  i n t e r s p e c i f -  

ic  c r o s s e s ,  four  of which  p r o d u c e d  po lyhap lo ids  o r  

p o l y h a p l o i d s  and h y b r i d s .  

M a t e r i a l s  and Me th o d s  

The species listed in Table 1 were used. Hordeum 
vulgare plants were maintained throughout their 
growth period in a glasshouse (250 -+ 2~ As 
H. bulbosum, H. parodii and H. procerum are peren- 
nial with a w i n t e r  g rowth  hab i t ,  the  c l o n e s  of i n d i -  
v idua l  s p e c i e s  w e r e  p l a c e d  in a co ld  c h a m b e r  (10 ~ C 
with 10h .  day l e n g t h )  f o r  v e r n a l i z a t i o n .  A f t e r  a p e -  
r i od  of 2 m o n t h s ,  p l a n t s  w e r e  r e m o v e d  f r o m  the  cold 
c h a m b e r  and  r e p o t t e d  into f r e s h  so i l  m i x t u r e .  The 
p l a n t s  of parodii and procerum w e r e  t r a n s f e r r e d  to 
a g l a s s h o u s e ,  w h e r e a s  t h e  bulbosum p l a n t s  w e r e  t r a n s -  
f e r r e d  to a g r o w t h  c h a m b e r .  Diplo id  and t e t r a p l o i d  
c y t o t y p e s  of  buZbosum w e r e  m a i n t a i n e d  in two d i f f e r -  
en t  c o m p a r t m e n t s  to avo id  a d m i x t u r e  of  p o l l en .  

F o r  c o n t r o l l e d  p o l l i n a t i o n s ,  f l o r e t s  in s p i k e s  of 
s e e d  p a r e n t s  w e r e  e m a s c u l a t e d  1-2 days  p r i o r  to 
a n t h e s i s .  E m a s c u l a t e d  s p i k e s  w e r e  e n c l o s e d  in c e l l o -  
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Table 1. Spec i e s  of Hordew~ used in the study 

Spec i e s  Line P lo idy  Source  
des igna t ion  (x = 7) 

H. bulbosum L. ANU 1 2x 

H. bulboswn L. ANU 2 2x 

H. bulboswn L. ANU 3 4x 
H. vulgate L. C l ippe r  2x 
H. parodii  Covas  ANU 76 6x 

H. proce~an Nevski  ANU 81 6x 

Dr .  D . H . B .  Spa r row,  
Waite  A g r i c .  R e s .  Inst .  
U n i v e r s i t y  of Adela ide  
A u s t r a l i a  

D r .  R.  O r a m ,  Div.  of 
P lan t  Indus t ry ,  CSIRO 
C a n b e r r a ,  A u s t r a l i a  

t t  
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D r .  J . H .  Hunz iker ,  
A r g e n t i n a .  Obtained 
through D r .  D . R .  Dewey,  
Utah State  Un ive r s i t y ,  
Logan, U. S. A.  

Table 2. Seed se t  induced,  e m b r y o s  cu l tu red  and the p rogeny  plants  obta ined  f r o m  the i n t e r s p e c i f i c  c r o s s e s  

P a r e n t a l  s p e c i e s  and ploidy No. of P e r c e n t a g e  of s eed  se t  No.  of P e r c e n t a g e  
l eve l  f l o r e t s  e m b r y o s  of e m b r y o s  
(X = 7) po l l ina ted  A v e r a g e  Range cu l t u r ed  giving plants  

H. p a r o d i i 6 x  byH. bulbosum2x 1164 8 .1  0 - 9 6 . 5  70 50.0 
H. pax~dii 6x by H. bulbosum 4x 422 6 .9  0 - 3 8 . 9  24 54.2 
H. parodii  6x by H. vulgare 2x 172 11.1 0 - 2 8 . 4  11 90.9 
H. procerum6x byH. bulbosum2x 447 12.3 0 - 3 5 . 6  26 57.7 
H. proceewn6x byH. bulbosum4x 784 11.2 0 - 5 6 . 1  69 36.2  
H. procerum 6x by H. vulgare 2x 893 6.9 0 - 3 3 . 9  52 51.9 
H. proceeum 6x by H. parodii  6x 511 1.0 O- 4.1 5 80.0  

phane bags  to p reven t  s t r a y  po l l ina t ion .  One to t h r e e  
days a f t e r  each  e m a s c u l a t i o n ,  the bag was r e m o v e d ,  
while the s t i g m a s  w e r e  hand-po l l ina ted  with f r e s h  
pol len ,  and the bag i m m e d i a t e l y  r e p l a c e d .  P o l l e n  of 
only one s p e c i e s  and cytotype was used  on any one 
day, to avoid  the compl i ca t i on  of pol len m i x t u r e s .  

A day a f t e r  pol l inat ion , t i l l e r s  w e r e  cut 1�88 - 2~ cm 
above the second node from the top and transferred 
to nutrient solution (Subrahmanyam and Kasha 1973c). 
Gibberellic acid (GA s ) at a concentration of 75ppm 
was added to the florets, 1 drop per day for two suc- 
cessive days after pollination (Subrahmanyam and 
Kasha 1971). 

The induced seeds 14-15 days after pollination 
were surface sterilized with 5 ~ sodium hypochlorite 
and rinsed with sterile water. The seeds were dis- 
sected and the embryos placed onto the culture me- 
dium described by Gamborg, Miller and Ojima (1968), 
but omitting 2, 4-dlchlorophenoxyacetic acid and se- 
questrene and adding 8g of bacto-agar, 28 mg FeS04 �9 
7H20 and 37 mg Na$-EDTA per litre of solution. 

The embryos were incubated at 22 ~ C in the dark. 
When root/shoot initiation occurred, they were trans- 
ferred to a light chamber at 22 ~ C. The seedlings at 
the 2-3 leaf stage were removed from the vials and 
potted in the soil mixture. 

Chromosome numbers of parental and progeny 
plants were determined by collecting and pretreating 
root tips in cold water (0-2 ~ C) for 20 hours and fix- 

ing in a c e t i c - e t h a n o l  ( 1 : 3) for  60 minu t e s .  The r o o t -  
t ips  w e r e  then r i n s e d  in d i s t i l l ed  wa te r ,  hydro lysed  in 
IN HC1 at 60~ for  15 minu tes ,  t r e a t e d  with 2~ c e l -  
lu lys in  (Ca lb iochem,  San Diego,  Ca l i fo rn i a )  for  15 
minu te s ,  and s ta ined  for  1 hour  in l eucobas i c  fuch-  
s in .  S l ides  w e r e  p r e p a r e d  by the squash  technique  in 
45 % a c e t i c  ac id .  T w o-w eek -o ld  e m b r y o s  f rom r e c i p -  
roca l  c r o s s e s  w e r e  cy to log ica l ly  examined  fol lowing 
an e a r l i e r  technique  (Subrahmanyam and Kasha  1973a).  

C h r o m o s o m e s  of d i f fe ren t  genomes  and s p e c i e s  
of Horde~ a r e  ind i s t ingu i shab le .  Thus, the p rogeny  
f r o m  each  c r o s s  were  c l a s s i f i e d  as e i t h e r  hybr ids  o r  
haploids ,  depending on t h e i r  morphology  and c h r o m o -  
s o m e  n u m b e r .  

Resu l t s  

The r e s u l t s  p r e s e n t e d  in Tables  2 and 3 r e v e a l  that  

four  out of the s even  c r e s s e s  gave  r i s e  to haploids  

of  one of the p a r e n t s .  

The data on the f l o r e t s  pol l ina ted ,  the s eeds  i n -  

duced,  the e m b r y o s  cu l tu red  and the s eed l ings  ob-  

ta ined from various crosses are presented in Table 
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T a b l e  3.  M o r p h o l o g i c a l  c h a r a c t e r i s t i c s ,  c h r o m o s o m e  n u m b e r s  a n d  t y p e s  of  p r o g e n y  p l a n t s  f r o m  t h e  i n t e r s p e c i f i c  
crosses 

P a r e n t a l  s p e c i e s  a n d  p l o i d y  N o .  of  M o r p h o l o g y  C h r o m o -  
l e v e l  p l a n t s  s o m e  N o .  
( x : 7 )  

Type 

H. parodi i  6x by  H. bulbosum 2x 
H. pamodii 6x by H. bulbosum 4x 
H. parodi i  6x b y  H. vulgame 2x 
H. procerum 6x b y  H. bulboswn 2x 
H. procevum 6x by  H. bulbosum 4x 

H. procerum 6x by H. vulgare 2x 

H. procerum 6x by H. parodii 6x 

35 p a r o d i i  l i k e  21 h a p l o i d s  
13 b u l b o s u m  l i k e  35 h y b r i d s  
10 i n t e r m e d i a t e  28 h y b r i d s  
15 p r o c e r u m  l i k e  21 h a p l o i d s  

5 p r o c e r u m  l i k e  21 h a p l o i d s  
18 b u l b o s u m  l i k e  35 h y b r i d s  

8 procerum like 21 haploids 
11 m o s t l y  p r o c e r u m  28 h y b r i d s  

l i k e  w i t h  i n t e r -  
m e d i a t e  s p i k e s  

4* p r o c e r u m  l i k e  42 h y b r i d s  

* Two p l a n t s  d i e d  p r i o r  to  c h r o m o s o m e  n u m b e r  d e t e r m i n a t i o n  a n d  t h e  r e m a i n d e r  d i e d  b e f o r e  r e a c h i n g  f l o w e r i n g .  

2 .  The  p e r c e n t a g e  of  s e e d  s e t  in  e a c h  c r o s s  w a s  

v a r i a b l e ,  d e p e n d i n g  on  t h e  v i g o u r  of  t h e  p a r e n t s  a n d  

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

t i o n .  T h u s ,  i t  w a s  d i f f i c u l t  to  d e t e c t  d i f f e r e n c e s  in  

s e e d  s e t t i n g  a b i l i t y  a m o n g  d i f f e r e n t  c r o s s e s .  H o w -  

e v e r ,  t h e  h i g h e s t  p e r c e n t a g e  of  s e e d  s e t  in  e a c h  

c r o s s  r e p r e s e n t s  t h e  p o t e n t i a l  l e v e l  of  s u c c e s s .  A 

v e r y  h i g h  p r o p o r t i o n  of  e m b r y o s  g a v e  r i s e  to  fu l l  

s e e d l i n g s  ( 3 6 . 2  % i n  procerum X bulbosum 4x c r o s s  to  

9 0 . 9  % i n  parodi i  x vulgate c r o s s ) .  I r r e s p e c t i v e  of  

t h e  c r o s s  c o m b i n a t i o n ,  a n  a d d i t i o n a l  25 % of  t h e  t o t a l  

e m b r y o s  ( e x c e p t  in  t h e  parodi i -vulgare  c r o s s )  p r o -  

d u c e d  e i t h e r  r o o t s  a n d / o r  s h o o t s  bu t  d i d  not  p a s s  t h e  

c u l t u r e - v i a l  s t a g e .  

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

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

m a r i s e d  i n  T a b l e  3 a n d  i n d i v i d u a l  c r o s s e s  a r e  d e a l t  

w i t h  s e p a r a t e l y .  

The  c r o s s  i n v o l v i n g  t e t r a p l o i d  bulbosum r e s u l t e d  

in  h y b r i d  p l a n t s  w i t h  t h e  e x p e c t e d  c h r o m o s o m e  n u m -  

b e r  ( 2n  = 5x = 35,  F i g .  l d ) .  T h e s e  h y b r i d s  w e r e  

bulbosum-like o r  i n t e r m e d i a t e  in  v e g e t a t i v e  c h a r a c -  

t e r i s t i c s  a n d  h a d  not  r e a c h e d  f l o w e r i n g  e v e n  a f t e r  6 

m o n t h s ,  w h i l e  t h e  21 c h r o m o s o m e  p l a n t s  of  c o m p a r -  

a b l e  a g e  r e a c h e d  f l o w e r i n g  w i t h i n  3 m o n t h s  of  p o t t i n g .  

Hordeum parodii • H. vulgare cross 

All  t h e  p r o g e n y  f r o m  t h e s e  c r o s s e s  w e r e  f o u n d  to b e  

h y b r i d  w i t h  t h e  e x p e c t e d  h y b r i d  c h r o m o s o m e  c o m p l e -  

m e n t  ( 2 n  = 4x = 28,  F i g . l e )  d e r i v e d  f r o m  a h e x a p l o i d  

( 2 n  = 6x = 42)  a n d  a d i p l o i d  ( 2 n  = 2x = 14, F i g .  l f ) .  

The  s p i k e  ( F i g .  2d)  a n d  v e g e t a t i v e  c h a r a c t e r s  of  t h e s e  

h y b r i d s  w e r e  i n t e r m e d i a t e  b e t w e e n  parodii  ( F i g . 2 c )  

a n d  vulgate ( F i g . 2 e ) .  T h e s e  h y b r i d s  r e q u i r e d  9 0 - 1 0 0  

d a y s  to r e a c h  m a t u r i t y .  

Hordeum parodii • H. bulbosum cross 

Al l  t h e  p l a n t s  o b t a i n e d  f r o m  t h e  c r o s s  i n v o l v i n g  d i -  

p l o i d  bulbosum h a d  a c h r o m o s o m e  n u m b e r  of  2n = 21 

( F i g .  l a )  r a t h e r  t h a n  2n = 28,  w h i c h  wou ld  b e  e x -  

p e c t e d  in  h y b r i d s  d e r i v e d  f r o m  a h e x a p l o i d  ( 2 n  = 6x=  

42 ,  F i g .  l b )  a n d  a d i p l o i d  ( 2 n  = 2x = 14,  F i g . l c ) .  

M o r e o v e r ,  t h e  s p i k e s  ( F i g .  2b )  a n d  m o r p h o l o g y  of  

t h e s e  p l a n t s  w e r e  s i m i l a r  to  t h o s e  o f  H. pavodii  

( F i g .  2 c ) .  

Hordeum procemura • H. bulbosum c r o s s  

The  p r o g e n y  f r o m  t h e  c r o s s e s  i n v o l v i n g  d i p l o i d  bulbosum 

i n v a r i a b l y  h a d  a c h r o m o s o m e  n u m b e r  of  2n = 21 ( F i g .  3a )  

i n s t e a d  o f  a h y b r i d  n u m b e r  ( 2 n  = 4x = 28)  e x p e c t e d  

b e t w e e n  a h e x a p l o i d  ( 2 n  = 6x  = 42 ,  F i g . 3 b )  a n d  a 

d i p l o i d  ( 2 n  = 2x = 14, F i g .  l c ) .  On t he  o t h e r  h a n d ,  

t h e  c r o s s e s  w i t h  t e t r a p l o i d  buZbosum r e s u l t e d  in  a 

t o t a l  o f  23 m a t u r e  p l a n t s  of  w h i c h  f i v e  h a d  21 c h r o -  

m o s o m e  c o m p l e m e n t  ( 2n  = 5x = 35,  F i g . 3 c ) .  The  21 
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were morphologically similar to procerum (Fig.4d, 

e). Eleven plants were vegetatively very similar to 

procerum with an intermediate spike morphology (Fig. 

4f) and the chromosome number of 2n = 4x = 28 

(Fig.3d) expected of a hybrid between a hexaploid 

and a diploid. The plants with 21 chromosomes 

reached flowering in 3 months. The hybrids required 

a minimum of 4 months to reach flowering. One hy- 

brid plant showed 21 chromosomes in the roots and 

produced a mixture of procerum-like and hybrid til- 

lers. 

Hordeum procerum X H. parodii c r o s s  

It  w a s  r e l a t i v e l y  d i f f i c u l t  to  i n d u c e  s e e d s  f r o m  t h i s  

c r o s s .  A m o n g  t h e  f o u r  s e e d l i n g s  o b t a i n e d ,  two d i e d  

b e f o r e  t h e  c h r o m o s o m e  n u m b e r  c o u l d  b e  d e t e r m i n e d  

a n d  the  r e m a i n d e r ,  w h i c h  h a d  2n = 42 c h r o m o s o m e s ,  

d i e d  a f t e r  2 m o n t h s  in  p o t s .  

Al l  t h e  F 1 p l a n t s  f r o m  d i f f e r e n t  c r o s s e s  e x h i b i t e d  

o v u l e  s t e r i l i t y  ( i . e .  no  s e e d  s e t ) .  S t u d i e s  o n  t h e  

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

a n d  t h e i r  c o n s e q u e n c e s  a r e  u n d e r w a y .  

Fig. la-f. Somatic chromosomes of parents and pro- 
geny for crosses involving H. parodii. (a) Haploid 
parodii (21) from H. parodii by diploid bulbosum 
cross. (b) H. parodii(42). (c) H. bulbosum(14). 
(d) Hybrid (35) between parodii and tetraploid bul- 
bosum. (e) Hybrid (28) between parodii and vulgare. 
(f) H. vulgare (14) 

c h r o m o s o m e  p l a n t s  r e s e m b l e d  procerum ( F i g . 4 c ,  d ) ,  

w h e r e a s  t h e  h y b r i d s  w e r e  m o r e  b u l b o s ~ w - l i k e  v e g e -  

t a t i v e l y ,  w i th  a s p i k e  m o r p h o l o g y  ( F i g . 4 b )  i n t e r m e -  

d i a t e  b e t w e e n  proaerum ( F i g . 4 d )  a n d  bulbos~w ( F i g .  

4a). 

Hordeum procerum • H. vulgare cross 

Two k i n d s  of  p r o g e n y  w e r e  o b t a i n e d  f r o m  t h i s  c r o s s .  

E i g h t  p l a n t s  c o n t a i n e d  21 c h r o m o s o m e s  ( F i g . 3 e ) a n d  

Chromosome variation in hybrid embryos 

A v a l i d  e s t i m a t i o n  of  t h e  p r o p o r t i o n s  of  c e l l s  w i th  

d i f f e r e n t  c h r o m o s o m e  n u m b e r s  in  2 - w e e k - o l d  e m -  

b r y o s  f r o m  r e c i p r o c a l  c r o s s e s  w a s  d i f f i c u l t  b e c a u s e  

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

N e v e r t h e l e s s ,  t h e  o b s e r v a t i o n s  on  t h e  f ew c o u n t a b l e  

c e l l s  in  v a r i o u s  c r o s s e s  r e v e a l e d  t h e  f o l l o w i n g :  

( 1 )  H a p l o i d  ( 2 1 )  to  h y p e r h a p l o i d  c o m p l e m e n t  in  

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

procerum; ( 2 )  h a p l o i d  to h y p e r h a p l o i d ,  a n d  n e a r  h y -  

b r i d  to  h y b r i d  c o m p l e m e n t  (28  o r  35)  in  c r o s s e s  b e -  

t w e e n  procerum a n d  vulgate o r  t e t r a p l o i d  bulbosum; 

(3 )  o n l y  h y b r i d  c h r o m o s o m e  n u m b e r  (28  o r  35)  in  

crosses between parodii and vulgare or tetraploid 

bulbosum; and (4) micronuclei in interphase cells and 

occasional chromosome fragments in dividing cells in 

embryos from the crosses between diploid bulbosum 

and parodii and between procerum and bulbosum or 

vulgare. 
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F i g .  2 a - e .  Sp ikes  of p a r e n t s  and p rogeny  f rom c r o s s e s  involving H. parodii e m b e d d e d  
in p l a s t i c  r e s i n  p r i o r  to pho tograph ing .  (a )  H. bulbosum. (b)  Haplo id  parodii. (c)  
H. parodii. (d)  H. parodii-vulgare h y b r i d .  (e) H. vulgare 

F i g .  3 a - e .  S o m a t i c  c h r o m o s o m e s  of p rogeny  fo r  c r o s -  
s e s  involving H. procerum. (a) Haploid procer.~n (21) 
f r o m  procerwrmbulbosum c r o s s .  (b)  H. procerum (42 ) .  
(c )  H y b r i d  (35) be tween  procerum and t e t r a p l o i d  bul- 
bosum. (d)  H. proceruzrmvulgare h y b r i d  (28 ) .  (e )  Ha-  
p lo id  procerum ( 21 ) f r o m  procerum-vulgare c r o s s  

Fig. 4a-g. Spikes of parents and progeny from cros- 
ses involving H. procerum (embedded in plastic resin 
prior to photographing). (a)H. bulbosum. (b)Hybrid 
between procerum and tetraploid bulbosum. (c) Ha- 
ploid procerum from procerum-bulbosum cross. (d) 
H. procerum. (e) Haploid procerum from procerum- 
vulgate cross. (f) H. procerum-vulgare hybrid. (g) 
H. vulgare 
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D i scus s ion  

The main ob jec t ive  of  this  study was to e luc ida te  the 

phenomenon of c h r o m o s o m e  e l imina t ion  lead ing  to 

haploid fo rma t ion  among Hordeum i n t e r s p e c i f i c  hy-  

b r ids  and to find a gene ra l  bas i s  for  such a phenom-  

enon.  The r e s u l t s ,  in that 4 out of 7 c r o s s e s  gave 

r i s e  to haploids of one of the p a r e n t s ,  a r e  cons i s t en t  

with the obse rva t i ons  on c h r o m o s o m e  v a r i a b i l i t y  in 

the e m b r y o s  for  the c o r r e s p o n d i n g  c r o s s e s .  F r o m  

the parodii (6x) by bulbosum (2x) and procerum (6x) 

by bulbosum (2x) c r o s s e s ,  the p r e s e n c e  of c h r o m o -  

s o m e  n u m b e r s  va ry ing  down to 21 in the e m b r y o n i c  

ce l l s  expec ted  to have 28 c h r o m o s o m e s ,  the absence  

of c e l l s  with l e s s  than 21 c h r o m o s o m e s  and the m o r -  

phological  r e s e m b l a n c e s  of the p rogeny  to one of the 

pa r en t s  (parodii or  proce2~um), a r e  ind ica t ive  of s e -  

l e c t i ve  e l imina t ion  of bulbosum c h r o m o s o m e s  leading 

to haploid fo rma t ion .  P roduc t ion  of haploids  r e s e m b l -  

ing p r o c e ~  and hybr ids  f r o m  the c r o s s e s  proce2n~m 

by t e t r ap lo id  bulbosum and procez~n by diploid v u l -  

gax~, and the apparen t  c h r o m o s o m e  v a r i a b i l i t y  in 

the hybr id  e m b r y o s  f r o m  the s a m e  c r o s s e s ,  a l so  

sugges t  that  e l imina t ion  of bulbosum and vulgare 

c h r o m o s o m e s  must  have r e s u l t e d  in the haploids  f r o m  

the r e s p e c t i v e  c r o s s e s .  Se l ec t i ve  e l imina t ion  of bul-  

bosum c h r o m o s o m e s  f r o m  vulgare-bulbosum hybr ids  

has  been e x t e n s i v e l y  d e m o n s t r a t e d  (Subrahmanyam 

and Kasha 1973a, b;  Bennet t  et a l .  1976).  The phe -  

nomenon of c h r o m o s o m e  e l imina t ion  is  known in s ix  

o the r  Hordeum i n t e r s p e c i f i c  combina t ions  (Kasha  

1974).  P r e l i m i n a r y  r e s u l t s  (Subrahmanyam 1976 

and unpubl i shed) ,  ind ica te  c h r o m o s o m e  e l imina t ion  

in at l ea s t  four  m o r e  Hordeum c r o s s e s .  It i s  p robab le  

that s e l e c t i v e  e l imina t ion  of a s ing le  genome is  o c -  

c u r r i n g  in such c r o s s e s ,  f r o m  the fact  that the m i n i -  

mum c h r o m o s o m e  n u m b e r  has  a lways  been 7 be tween 

diploid by diploid c r o s s e s .  Thus a total  of f i f teen 

Hordeum i n t e r s p e c i f i c  c r o s s  combina t ions  exhibi t  c h r o -  

m o s o m e  e l im ina t i on .  

Genome Balance 

F o r m a t i o n  of haploids  f r o m  parodii (6x) by bulbosum 

(2x) c r o s s ,  hybr ids  f r o m  parodii (6x) by bulbosum 

(4x) and s i m i l a r l y  haploids  f r o m  procer~m (6x) by 

bulbosum (2x) ,  hybr ids  (and a few haploids)  f r o m  

procerum (6x) by bulbosum (4x) s t rong ly  sugges t  that 

a ba lance  be tween the ra t io  of the pa ren ta l  genomes  

in each  hybr id  d e t e r m i n e s  whe ther  p redominan t ly  

haploid o r  hybr id  p rogeny  a r e  p roduced .  F o r  ins tance ,  

a ra t io  of 3 parodii (pa r )  genomes  to 1 bulbosum 

(blb) genome leads  to the e l imina t ion  of bulbosum 

c h r o m o s o m e s  and subsequent  fo rma t ion  of parodii 

haplo ids ,  whils t  the 3 p a r : 2  b l b  r a t io  r e s u l t s  in 

s t ab le  hyb r id s .  S i m i l a r l y  a r a t io  of 3 procerum 

(prc): 1 blb g e n o m e s  g ives  haplo ids ,  while the 

3 p r c :  2 blb ra t io  r e s u l t s  mos t ly  in hyb r id s .  It is  well 

documented  in vulgare-bulbosum c r o s s e s  (Kasha  and 

Sadas iva iah  1971; Subrahmanyam and Kasha  1973a, b) 

that a 1 vulgate : 1 bulbosum genome ra t io  r e s u l t s  in 

vu~jare haplo ids ,  while 1 vulgare :2 bu lbos~  gen-  

omic  ra t io  r e s u l t s  in s tab le  hybr ids .  F u r t h e r m o r e ,  

the genomic  combina t ion  of 1 vulgate :4 bulbosum is  

m o r e  s tab le  than that of  1 vulgate : 2 bulbosu~ in hy-  

b r id  e n d o s p e r m  t i s s u e s  (Subrahmanyam and Kasha  

1973a).  Hybr ids  f r o m  j u b a t ~  (4x) by bu lbos~  (4x) 

c r o s s  (Wagenaar  1960) and haploids  of jubatuTa by 

c r o s s i n g  with diploid bulbosum (Rajhathy and Symko 

1974) were  obta ined .  Thus a ra t io  of 2 j u b a t ~  to 

2 bu lbos~  genom es  r e s u l t s  in hybr ids ,  whe reas  a 

2 j u b a t ~  :1 bu lbos~  genome ra t io  r e s u l t s  in ha-  

ploids  through e l imina t ion  of bulbosum c h r o m o s o m e s .  

Resu l t s  (unpubl ished)  f rom the c r o s s e s  of brachy- 

a n t h e ~  (4x) with diploid and t e t r ap lo id  bu lbos~  

indica te  genome ba lance  as with j ~ b a t ~ .  The s u c -  

c e s s fu l  p roduc t ion  of t torde~ i n t e r s p e c i f i c  hybr ids  

at spec i f i c  ploidy l e v e l s  (Rajhathy et a l .  1963) is  

cons i s t en t  with the sugges t ion  that the genome ba lance  

is  impor t an t  to obtain s tab le  h y b r i d s .  Thus, one can 

p ropose  that c r o s s e s  involving o t h e r  s p e c i e s  in a 

spec i f i c  genome ba lance  may a lso  exhibi t  c h r o m o -  

s o m e  e l im ina t i on .  

Genet ic  Contro l  of C h r o m o s o m e  E l i m i n a t i o n  and 

Stabi l i ty  

It has been p roposed  that spec i f i c  c h r o m o s o m e s  c a r r y  

f a c t o r s  which a r e  c r i t i c a l  for  c h r o m o s o m e  e l i m i n a -  

t ion in i n t e r s p e c i f i c  hybr ids  be tween H. vuZgare and 

H. bulbo8~ (Kasha et a l .  1970). Subsequent ly ,  i t  was 

d e m o n s t r a t e d  that c h r o m o s o m e s  2 and 3 of  vulgare 
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carry gene t ic  f a c t o r s  con t ro l l i ng  e l im ina t i on  of  

bulbosum c h r o m o s o m e s  ( B a r c l a y  et  a l .  1972; Kasha 

et a l .  1972; Ho and Kasha  1975).  F u r t h e r m o r e ,  it has  

been  shown that at l e a s t  two, and poss ib ly  t h r e e ,  such 

f a c t o r s  a r e  invo lved  in con t ro l  (Ho and Kasha 1975).  

F r o m  the o b s e r v a t i o n s  on genome ba lance  (Kasha  

and Sadas iva iah  1971) and the ev idence  fo r  i t s  gene t ic  

con t ro l  by spec i f i c  c h r o m o s o m e s  (Ho and Kasha  1975), 

it i s  c l e a r  that  the f a c t o r s  caus ing  the e l imina t ion  of  

the bulbosum c h r o m o s o m e s  (hence  ' e l i m i n a t i n g  f a c -  

t o r s ' )  a r e  loca ted  on the vulgare c h r o m o s o m e s .  P o s -  

s ib ly  such f a c t o r s  a r e  w i d e s p r e a d  among  Hordewn 

s p e c i e s .  Resu l t s  of Sub rahmanyam and Kasha  (1973a) 

sugges t  that  bulboswn c h r o m o s o m e s  a l so  c a r r y  g e n e t -  

ic  f a c t o r ( s )  to o v e r c o m e  o r  of fse t  the f a c to r s  on the 

vulgaye c h r o m o s o m e s  govern ing  c h r o m o s o m e  e l i m i -  

na t ion .  The r e l a t i v e l y  s tab le  t r i p lo id  hybr ids  and the 

g r e a t e r  s t ab i l i t y  in the e n d o s p e r m  with 4 bulboswn : 1 

vulgare genomes  p rov ide  f u r t h e r  ev idence  of ' s t ab i l i -  

ty f a c t o r s '  on bulbosum c h r o m o s o m e s .  As gene t ic  

and cy togene t i c  knowledge on bulboswn i s  o b s c u r e ,  it 

has  not been pos s ib l e  to l oca t e  ' s t ab i l i z ing  f a c t o r ( s ) '  

on any s p e c i f i c  c h r o m o s o m e ( s )  of bulbosum. In the 

p r e s e n t  s tudy,  it is  impor t an t  that the prvcezn~n (6x) 

by vulgate (2x) c r o s s  r e s u l t e d  in hybr ids  as  well  

as  haploids  of  procerum. This s u g g e s t s  that a procerum 

(6x) by v~ulgare (4x) c r o s s  should r e s u l t  in s t ab le  

h y b r i d s .  To tes t  th is  pos s ib i l i t y ,  au to t e t r ap lo id  

vulgate s tocks  a r e  being p roduced  o r  a c q u i r e d .  

F u r t h e r m o r e ,  the p r o b l e m  of which c h r o m o s o m e ( s )  

of  vulgare c a r r y  ' s t ab i l i z ing  f a c t o r ( s ) '  in c r o s s e s  

be tween  procerum and vulgar~ r e m a i n s  to be so lved .  

H i e r a r c h y  of  C h r o m o s o m e  E l i m i n a t i o n  in Hordeum 

With the increasing awareness of selective chromo- 

some e l imina t i on  in s o m a t i c  ce l l  hybr ids  of m a m -  

m a l s  (Wei s s  and E p h r u s s i  1966; Weiss  and Green  

1967; H a n d m a k e r  1971; W e s t e r v e l d  et  a l .  1971; Rao 

and Johnson  1972) a h i e r a r c h y  in c h r o m o s o m e  e l i m i -  

nat ion ( h a m s t e r  > mouse  > ra t  > man c h r o m o s o m e )  

is  a p p a r e n t .  Based  on the p r e s e n t  s tudy and on the in -  

f o r m a t i o n  d i s c u s s e d ,  (page  6 ) ,  the fol lowing o r d e r  

of  c h r o m o s o m e  e l im ina t i on  in i n t e r s p e c i f i c  hybr ids  

of Hor~um i s  ev iden t :  

arizonicum (6x) 1 > vulgate (2x) > bulbosum (2x) 
procerum (6x) l 

lechleri (6x) > vulgare (2x) 

parodii (6x) 1 

jubatum (4x) I > bulbosum (2x) 

brachyantherum (4x) 

vulgare (4x) > bulbosum (4x or 2x) 

bulbosum (4x) > secalinum (4x) 

In the haploid producing  c r o s s e s  of procerum (6x) ,  

lechler4 (6x) and a z 4 z ~ i c u ~  (6x) with vulgate (2x) ,  

it a p p e a r s  that the ' e l imina t ing  f a c t o r ( s ) '  a r e  m o r e  

o r  l e s s  of the s a m e  s t r eng th  in e l imina t ing  vulgate 

c h r o m o s o m e s .  The r e s u l t s  f r o m  the c r o s s e s  with 

diploid and t e t r ap lo id  bulbos~w indica te  that procerum 

(6x) has a s t r o n g e r  gene t ic  m e c h a n i s m  in e l i m i n a t -  

ing bulbosum c h r o m o s o m e s  than does  parodil (6x) ,  

j ~a tum  (4x) o r  brachyanther~m (4x) ,  s ince  only the 

p r o c e ~  (6x) by bulbos~w (4x) c r o s s  r e s u l t s  in both 

haploids  and hybr ids ,  al though no d i f f e r e n c e s  a r e  ap-  

pa ren t  in c r o s s e s  with diploid bulbos~w. F u r t h e r  e x -  

p e r i m e n t a t i o n  is  needed to d e t e r m i n e  whe ther  c h r o -  

m o s o m e  e l im ina t i on  o c c u r s  in c r o s s e s  be tween s p e -  

c i e s  of  s i m i l a r  'genet ic  potent ia l '  in e l imina t ing  

bulbosum chromosomes. 

M e c h a n i s m  of C h r o m o s o m e  E l i m i n a t i o n  

The widespread occurrence of selective chromosome 

elimination and a common genetic basis (genome 

balance) for chromosome stability or elimination in 

different Hor~]~w interspecific hybrids suggest that 

the mechanism of elimination is similar to that for 

vulgare-bulbosum hybrids. Various hypotheses, such 

as asynchrony of mitotic cell cycle times due to dif- 

ferences between parental species (Gupta 1969; Lange 

1971b; Subrahmanyam and Kasha 1973a), spindle ab- 

normalities (Handmaker 1973) and a 'modification- 

restriction system' (Davies 1974) have been pro- 

posed. Bennett et al. (1976) found that the chromo- 

somes of the parent with a longer mean cell genera- 

tion time are eliminated. They also pointed out the 

failure of chromosomes to initiate or complete either 

congression at metaphase or migration to th~j poles 
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at anaphase  as the cause  of e l im ina t i on .  Trea tment  

of bulbosum and vulgare roo t - t ip  ce l l s  with bac te r i a l  

r e s t r i c t i o n  endonuc leases  r e su l t s  in ch romosome  de-  

gradat ion  (Subrahmanyam et a l .  1976) which is  s i m -  

i l a r  to the occas ional  degradat ion  of whole c h r o m o -  

somes  in vulgare-bulbosum hybr id  ce l l s  (Sub rahman-  

yam and Kasha 1973a).  Whether  a se lec t ive  endoge-  

nous nuc lease  ac t iv i ty  in in t e r spec i f i c  hybr ids  leads  

to the fa i lure  of specif ic  c h r o m o s o m e s  to c o n g r e s s  

or  migra te  dur ing cell  d iv is ion ,  or  the c h r o m o s o m e s  

that fail to cong re s s  o r  migra te  a re  degraded,  r e -  

ma ins  to be r e so lved .  

The polyhaploids and hybr ids  thus obtained a r e  

being u t i l ized  for meio t ic  s tud ies .  
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