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Absence of Qualitative Genes Controlling Interspecific 
Pairing in Rye B Chromosomes 
R .  C a r m o n a  a n d  M . J .  P u e r t a s  
D e p a r t a m e n t o  de  G e n ~ t i c a ,  F a c u l t a d  de  B i o l o g { a ,  U n i v e r s i d a d  C o m p l u t e n s e ,  M a d r i d  ( S p a i n )  

S u m m a r ~ r .  The  m e i o t i c  b e h a v i o u r  of  h y b r i d s  b e t w e e n  S e c a l e  c e r e a l e  c a r r y i n g  B c h r o m o s o m e s  a n d  S. v a v i l o v i i  
h a s  b e e n  s t u d i e d  in  o r d e r  to  e s t i m a t e  t h e  e f f e c t s  of B c h r o m o s o m e s  on  h y b r i d  m e i o t i c  p a i r i n g .  The p o s s i b l e  e f -  
f e c t  of  B s  on  t he  m e i o t i c  p a i r i n g  o f  t h e  o f f s p r i n g  f r o m  b a c k c r o s s e s  w i th  S. v a v i l o v i i  h a s  b e e n  s t u d i e d  a l s o .  The 
r e s u l t s  o b t a i n e d  c l e a r l y  i n d i c a t e  t h a t  n o  d e t e c t a b l e  d i f f e r e n c e s  e x i s t e d  in  c h r o m o s o m e  p a i r i n g  of  h y b r i d s  w i th  o r  
w i t h o u t  B c h r o m o s o m e s .  The h y p o t h e t i c a l  e x i s t e n c e  of e p i s t a t i c  g e n e s  on  cereale g e n o m e  m a s k i n g  t h e  e f f e c t  of  
B s  h a s  b e e n  r e j e c t e d  a f t e r  t he  r e s u l t s  o b t a i n e d  in  b a c k c r o s s e s .  T h e r e f o r e ,  l a c k  of  q u a l i t a t i v e  g e n e s  c o n t r o l l i n g  
i n t e r s p e c i f i c  p a i r i n g  on  r y e  B c h r o m o s o m e s  h a s  b e e n  c o n c l u d e d .  A q u a n t i t a t i v e  e f f e c t  o L B  c h r o m o s o m e s  w a s  d e -  
t e c t e d  o n l y  w h e n  t h e y  w e r e  i n  a l i e n  c y t o p l a s m .  

Key  w o r d s :  B - c h r o m o s o m e s  - C y t o p l a s m a t i c - f a c t o r  - H o m o e o l o g y  - S e e a l e  - T r a n s l o c a t i o n s  

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

The  r e l a t i o n  of  B c h r o m o s o m e s  w i th  m e i o t i c  p a i r i n g  

of  A c h r o m o s o m e s  h a s  b e e n  i n v e s t i g a t e d  on  s e v e r a l  

o c c a s i o n s .  C o m p a r i s o n  of  d a t a  o b t a i n e d  in  d i f f e r e n t  

v a r i e t i e s ,  s p e c i e s  o r  i n t e r s p e c i f i c  h y b r i d s  l e a d s  to  

t he  c o n c l u s i o n  t h a t  B c h r o m o s o m e  e f f e c t ,  i f  a n y ,  i s  

v e r y  v a r i a b l e ,  w i th  t h e  r e s u l t s  e v e n  b e i n g  c o n t r a d i c -  

t o r y  in  s o m e  i n s t a n c e s .  T a b l e  1 s h o w s  a s u m m a r y  of  

t he  r e f e r e n c e s  c o n c e r n i n g  r y e  a n d  i n t e r s p e c i f i c  h y -  

b r i d s ,  w h e r e  i t  c a n  b e  c l e a r l y  o b s e r v e d  t h a t  the  v a r -  

i a t i o n  in  A c h r o m o s o m e  b e h a v i o u r  due  to B s  d e p e n d s  

on  m a n y  f a c t o r s :  t he  s p e c i e s  c o n s i d e r e d ,  t h e  n u m b e r  

of  B s ,  t he  g e n e t i c  b a c k g r o u n d ,  e t c .  

In  t h i s  p r e s e n t  w o r k ,  t he  m e i o t i c  b e h a v i o u r  of  t h e  

h y b r i d s  b e t w e e n  S e c a l e  c e r e a l e  c a r r y i n g  B s  a n d  S e -  

e a l e  v a v i l o v i l  h a s  b e e n  s t u d i e d  in  o r d e r  to  e s t i m a t e  

t h e  e f f e c t  of B c h r o m o s o m e s  on  h y b r i d  m e i o t i c  p a i r -  

i n g .  

The p o s s i b l e  e f f e c t  of  B s  on  t he  m e i o t i c  p a i r i n g  of  

t he  o f f s p r i n g  f r o m  b a c k c r o s s e s  w i th  S. vavilovii h a s  

b e e n  s t u d i e d  t oo .  I t  c o u l d  b e  p o s s i b l e  t h a t  e p i s t a t i c  

g e n e s ,  m a s k i n g  t h e  B c h r o m o s o m e  e f f e c t  on  h o m o e o -  

l o g o u s  p a i r i n g ,  e x i s t  in  S. c e r e a l e ;  t h u s ,  t he  b a c k -  

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

The m a i n  r e a s o n  f o r  c h o o s i n g  S. v a v i l o v i i  was  

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

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

h a v e  l ed  to a g r e a t e r  d i v e r g e n c e  b e t w e e n  t h e s e  s p e c i e s  

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

a l r e a d y  b e e n  d e m o n s t r a t e d  ( J a i n  1960;  K h u s h  a n d  S t e b -  

b i n s  1961)  t h a t  S. c e r e a l e  a n d  S. v a v i l o v i i  d i f f e r  by  

t h r e e  r e c i p r o c a l  t r a n s l o c a t i o n s  i n v o l v i n g  6 c h r o m o -  

s o m e s ;  t h e r e f o r e ,  t he  c r i t i c a l  c o n f i g u r a t i o n  of  h y -  

b r i d s  i s  one  h e x a v a l e n t  p l u s  f o u r  b i v a l e n t s .  

The c h r o m o s o m e s  i n v o l v e d  in  t h e s e  t r a n s l o c a t i o n s  

h a v e  b e e n  i d e n t i f i e d  by  H e e m e r t  a n d  S y b e n g a  ( 1 9 7 2 )  

a n d  by  S ing  a n d  R S b b e l e n  ( 1 9 7 7 ) .  

The p r e s e n c e  of  m u l t i v a l e n t s  in  h y b r i d s  r e p r e s e n t e d  

twu d i f f e r e n t  a d v a n t a g e s .  F i r s t ,  t h e  h i g h e r  v a r i a t i o n  

of  m e i o t i c  c o n f i g u r a t i o n s ;  t h a t  i s ,  a h i g h e r  n u m b e r  of  

d i f f e r e n t  s i t u a t i o n s  w h e r e  t he  p o s s i b l e  e f f e c t  of B c h r o -  

m o s o m e s  c o u l d  b e  d e t e c t e d .  S e c o n d l y  v i a b l e  g a m e t e s  

f o r m e d  b y  h y b r i d s  a r e  d e p e n d e n t  on  m u l t i v a l e n t  c o -  

o r i e n t a t i o n  a t  M e t a p h a s e  I ,  w h i c h  i n c r e a s e s  t h e  p r o -  

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

in  b a c k c r o s s e s  t h a n  t h a t  o b t a i n e d  by  r a n d o m  s e g r e g a -  

t i o n  in  t h e  c a s e  of  b i v a l e n t  f o r m a t i o n .  F o r  i n s t a n c e ,  

t he  a l t e r n a t e  c o o r i e n t a t i o n  of t he  h e x a v a l e n t  wi l l  l e a d  

to a s e g r e g a t i o n  a t  A n a p h a s e  I of  t h r e e  cereale c h r o -  

m o s o m e s  to  o n e  p o l e  a n d  t h r e e  v a v i l o v i i  to  t h e  o t h e r  

p o l e .  B a c k c r o s s i n g  w i th  v a v i l o v i i ,  two t y p e s  of i n -  

d i v u d u a l s  wi l l  b e  o b t a i n e d ,  h a l f  of  t h e m  f o r m i n g  1VI + 

4 II and  h a l f  f o r m i n g  7 I I .  In  t he  l a t t e r ,  i t  wi l l  b e  c e r -  
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T a b l e  1. E f f e c t s  of  B c h r o m o s o m e s  on  A c h r o m o s o m e  m e i o t i c  p a i r i n g  

A u t h o r s  M a t e r i a l  O b s e r v e d  e f f e c t  

J o n e s  and  R e e s ,  
1967 

Z e c e v i c  and  
P a u n o v i c ,  1969 

T s u m o t o  and  
S a s a k i ,  1972 

E v a n s  a n d  
M a c e f i e l d ,  1972 ,  
1973 

E v a n s  and  
M a c e f i e l d ,  1974 

T a y l o r  a n d  
E v a n s ,  1976 

B o w m a n  and  
T h o m a s ,  1973 

D o v e r  and  R i l e y  
1972 a ,  b 
V a r d i  a n d  D o v e r  
1972 

R o o t h a a n  and  
S y b e n g a ,  1976 

S. cereale 

S. cereale 

S. cereale 

Lo l ium temu lentum 
X L. perenne 
h y b r i d s  

L. multiflorum 
x L. perenne 
h y b r i d s  

L. rigidum • 
L. temulentum 
h y b r i d s  

L. perenne • 
Festuca arundinacea 
h y b r i d s  

Tri ticum aestivum 
• Aegilops mutica 
and T. aestivum 
• Ae. speltoides 
h y b r i d s  

T. aestivum X 
S. cereale 
h y b r i d s  

B s  d id  no t  i n f l u e n c e  t h e  m e a n  c h i a s m a  f r e q u e n c y ,  bu t  t h e y  i n c r e a s e d  
t h e  v a r i a n c e  in  z i g z a g  d e p e n d i n g  on  odd  o r  e v e n  n u m b e r s  of  B s .  

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

In  o n e  l i n e ,  c h i a s m a  f r e q u e n c y  i n c r e a s e d  w h e n  t h e  n u m b e r  of  B s  i n -  
c r e a s e d ;  in  o t h e r  l i n e  i t  d e c r e a s e d .  

In  h y b r i d s  w i t h o u t  B s ,  m e i o s i s  was  r e g u l a r .  Wi th  B s ,  c h i a s m a  f r e -  
q u e n c y  d e c r e a s e d  d r a s t i c a l l y .  

B chromosomes reduced chiasma frequency and the number of bi- 
valents by a small but significant amount. 

B c h r o m o s o m e s  r e d u c e d  c h i a s m a  f r e q u e n c y  bu t  h o m o e o l o g o u s  p a i r -  
ing  c a n  b e  m o d i f i e d  q u i t e  s u b s t a n t i a l l y  b y  t h e  A c h r o m o s o m e  g e n o -  
t y p e .  

B s  r e d u c e d  h o m o e o l o g o u s  p a i r i n g .  

In  5B p r e s e n c e ,  no  d i f f e r e n c e s  w e r e  o b s e r v e d  i n  i n t e r s p e c i f i c  p a i r -  
ing  in  a b s e n c e  o r  p r e s e n c e  of  B c h r o m o s o m e s .  
In  5B a b s e n c e ,  h y b r i d s  w i th  B s  h a d  l ow  p a i r i n g  a n d  h y b r i d s  w i t h o u t  
B s  h a d  h i g h  p a i r i n g .  

B c h r o m o s o m e s  w e r e  e n t i r e l y  i n e f f e c t i v e  in  c o m p e n s a t i n g  f o r  t h e  
5B e f f e c t  in  n u l l i  5 B ,  2 B s  t y p e s .  

I. ~S .cerea ler 2Bs x ~S. vavi lovi i N/\N 
. ~S~)aviloviix ~S.cereale+2B$ 

. 

~ x~S'vavil~ ~ 

. 

N 

t a i n  t h a t  a t  l e a s t  3 of  t h e  7 p a i r s  wi l l  b e  vavilovii 

a l r e a d y .  A l t h o u g h  t h e r e  a r e  m a n y  o t h e r  p o s s i b l e  m e i -  

o t i c  c o n f i g u r a t i o n s  ( a d j a c e n t  c o o r i e n t a t i o n ,  p e n t a v a l -  

e n t s ,  q u a d r i v a l e n t s ,  e t c . ) ,  t h e y  wi l l  no t  b e  c o n s i d e r e d  

b e c a u s e  i t  c a n  b e  s u p p o s e d  t h a t ,  i n  o n l y  o n e  b a c k c r o s s  

g e n e r a t i o n ,  m o r e  eereale c h r o m o s o m e s  wi l l  b e  e l i m i -  

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

w i t h o u t  m u l t i v a l e n t s .  

M a t e r i a l  and  M e t h o d s  

Seeale eereale of t he  l i n e  JNK c a r r y i n g  B c h r o m o -  
s o m e s  a n d  Secale vavilovii h a v e  b e e n  u s e d .  The  f o r -  
m e r  was  p r o v i d e d  b y  D r .  H .  K i s h i k a w a  ( U n i v e r s i t y  
of S a g a ,  J a p a n )  and  t h e  l a t t e r  by  D r .  K u c k u c k  ( H a n -  
n o v e r ,  B R D ) .  

The c r o s s e s  c a r r i e d  ou t  a r e  i l l u s t r a t e d  in  F i g .  1 .  
F r o m  the  o f f s p r i n g  o b t a i n e d ,  a l l  i n d i v i d u a l s  w i th  a 
c h r o m o s o m e  c o n s t i t u t i o n  of  2n  = 14 a n d  2n  = 14 + 2B 
w e r e  s t u d i e d .  

A n t h e r s  w e r e  f i x e d  in  a c e t i c - a l c o h o l  1 :3  a n d  s t a i n -  
ed  b y  t he  u s u a l  F e u l g e n  m e t h o d .  The  p r e p a r a t i o n s  w e r e  
m a d e  p e r m a n e n t  wi th  S a n d e u r a l .  

30 P M C s  of  e a c h  i n d i v i d u a l  w e r e  o b s e r v e d .  S p e c i a l  
c a r e  was  t a k e n  to c o n s i d e r  o n l y  t h o s e  s l i d e s  in  w h i c h  

F i g .  1 .  S c h e m e  s h o w i n g  t h e  c r o s s e s  c a r r i e d  ou t  ( w h i t e  
b a r  r e p r e s e n t s  e e r e a l e  g e n o m e ;  b l a c k  b a r  r e p r e s e n t s  
v a v i l o v i i  g e n o m  e ) 
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Tab le  2 .  M e i o t i c  p a i r i n g  at  M e t a p h a s e  I o f  h y b r i d s  S e e a l e  e e r e a l e  + B s  X S e c a l e  v a v i l o v i i  (30 c e l l s  of  e a c h  
p l a n t  w e r e  s c o r e d )  

C e l l s  wi th  C e l l s  
h e x a v a l e n t  wi th  C e l l s  M e a n  P a i r s  o f  N u m b e r  of  C e l l s  F e m a l e  

P l a n t  p e n t a v a l e n t  q u a d r i -  wi th  c h i a s m a  V a r i a n c e  u n i -  B c h r o m o -  wi th  p a r e n t  
o r  2 v a l e n t  b i -  f r e q u e n c y  v a l e n t s  s o m e s  B b i -  
t r i v a l e n t s  o r  t r i -  v a l e n t s  v a l e n t  

va l  ent  

1 13 14 3 12 .56  0 . 4 5  0 2 28 cereale 
2 17 9 4 12 .33  0 . 8 2  1 2 26 cereale 
3 9 16 5 12 .06  0 . 6 6  0 2 26 c e r e a l e  
4 4 15 11 1 1 . 8 0  1 .03  5 2 27 cereale 

5 8 12 10 12 .23  0 . 6 5  0 0 cereale 
6 12 10 8 1 2 . 0 6  0 . 5 6  2 0 cereale 
7 13 12 5 1 2 . 0 0  0 . 5 3  0 0 cereale 

8 7 13 10 12 .43  0 . 7 8  2 2 13 vavilovii 
9 4 6 20 12 .10  1 .82  6 2 7 v a v i l o v i i  

10 11 16 3 1 2 . 1 0  0 . 6 9  1 2 23 v a v i l o v i i  
11 1 15 14 1 1 . 3 6  1 . 3 0  5 2 6 vavilovii 

12 7 13 10 11 .53  0 . 6 5  1 0 vavilovii 
13 6 15 9 11 .26  0 . 7 9  4 0 vavilovii 
14 2 11 17 11 .23  1 . 0 4  3 0 v a v i l o v i i  

c e l l s  a t  M e t a p h a s e  I w e r e  no t  t o g e t h e r  wi th  A n a p h a s e  I 
o r  o t h e r  p h a s e s .  

To c o u n t  t he  n u m b e r  of  c h i a s m a t a ,  2 c h i a s m a t a  
w e r e  c o n s i d e r e d  in r i n g  b i v a l e n t s ,  1 in  r o d  b i v a l e n t s  
and 0 in  t he  p a i r s  of  u n i v a l e n t s ;  t ha t  i s ,  one  c h i a s m a  
p e r  e a c h  p a i r  of  b o u n d e d  a r m s .  

R e s u l t s  

I .  H y b r i d s  

In Table  2 ,  the  m e i o t i c  b e h a v i o u r  of  h y b r i d s  i s  i l l u s -  

t r a t e d .  

The h e x a v a l e n t s  a t  M e t a p h a s e  I w e r e  a l w a y s  c h a i n  

s h a p e d ,  w h i c h  i n d i c a t e s  the  s m a l l  s i z e  of  one  of  t h e  

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

The f i r s t  e v i d e n c e  was  the  l a r g e  h o m o l o g y  b e t w e e n  

the  two s p e c i e s ,  a s  d e m o n s t r a t e d  by the  h igh  p a i r i n g  

in  a l l  h y b r i d s .  This  f a c t  had  b e e n  a l r e a d y  o b s e r v e d  by 

K h u s h  (1962 ,  1963) and by K h u s h  and S t e b b i n s  ( 1 9 6 1 ) .  

I t  i s  known tha t  t he  m e a n  c h i a s m a  f r e q u e n c y  i s  

abou t  13 .5  b o t h  in S. c e r e a l e  and S. v a v i l o v i i .  The 

c h a i n  m u l t i v a l e n t  in  h y b r i d s  d e c r e a s e s  1 c h i a s m a  p e r  

c e l l  in e v e r y  c a s e .  In a d d i t i o n ,  when  t r a n s l o c a t e d c h r o -  

m o s o m e s  do no t  f o r m  m u l t i v a l e n t s ,  t he  t r a n s l o c a t e d  

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

e n t s .  B e s i d e s  t hey  do no t  c o m p l e t e l y  p r e v e n t  t h e  f o r -  

m a t i o n  of  r i n g  b i v a l e n t s  ( o n l y  in 0 .1% of  the  P M C s ,  

w e r e  7 r i n g  b i v a l e n t s  o b s e r v e d ) .  In s u m m a r y ,  in h y -  

b r i d s  a d e c r e a s e  of a t  l e a s t  one  c h i a s m a  p e r  c e l l  was  

e x p e c t e d  due  only  to the  p r e s e n c e  of t r a n s l o c a t i o n s .  

In Table  2 i t  c a n  b e  e a s i l y  o b s e r v e d  tha t  no d i f f e r -  

e n c e s  e x i s t e d  b e t w e e n  h y b r i d s  wi th  o r  wi thou t  B c h r o -  

m o s o m e s  and tha t  m e i o t i c  p a i r i n g  w a s  v e r y  h igh  in  

e v e r y  c a s e .  

The a v e r a g e  of  m e a n  c h i a s m a  f r e q u e n c i e s  of  h y -  

b r i d s  wi th  B c h r o m o s o m e s  was  c o m p a r e d  wi th  tha t  o f  

h y b r i d s  wi thout  B s ,  by  a t t e s t .  The m e a n s  d id  no t  

d i f f e r  s i g n i f i c a n t l y  ( 0 . 4  > P > 0 . 2 ) .  The s a m e  c o m -  

p a r i s o n  was  m a d e  b e t w e e n  h y b r i d s  on c e r e a l e  c y t o -  

p l a s m  and  t h o s e  on v a v i l o v i i  c y t o p l a s m  ( i r r e s p e c -  

t i ve  of  the  p r e s e n c e  o r  a b s e n c e  of  B c h r o m o s o m e s ) ,  

when  the  t v a l u e  was  a t  the  l i m i t  of s i g n i f i c a n c e  

( 0 . I 0  > P  > 0 . 0 5 ) .  T h e s e  r e s u l t s  a r e  s h o w n  in  Table  3.  

O t h e r  d e t a i l s  o f  l e s s e r  i n t e r e s t  h a v e  a l s o  b e e n  

c o n s i d e r e d ,  n a m e l y :  

- The p o s s i b l e  i n f l u e n c e  of  B c h r o m o s o m e s  on m u l t i -  

v a l e n t  f o r m a t i o n  ( p r e s e n c e  o r  a b s e n c e  of B s  in r e l a -  

t ion  to h i g h e r  o r  l o w e r  m u l t i v a l e n t  f r e q u e n c y ) .  No 

d i f f e r e n c e s  c o u l d  be  d e t e c t e d .  

- The p o s s i b l e  r e l a t i o n  b e t w e e n  B c h r o m o s o m e  p a i r -  

ing  (B u n i v a l e n t s  o r  B b i v a l e n t  f o r m a t i o n )  wi th  a h i g h e r  

o r  l o w e r  A c h r o m o s o m e  p a i r i n g .  No r e l a t i o n  was  a p -  

p a r e n t .  

- The p o s s i b l e  i n f l u e n c e  of  B s  on m u l t i v a l e n t  c o o r i e n -  

t a t i o n  and s e g r e g a t i o n .  No e f f e c t  was  o b s e r v e d ,  A n a -  
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T a b l e  3 .  C o m p a r i s o n  b y  a t t e s t  of  d i f f e r e n t  t y p e s  
of  h y b r i d s  

Type of  A v e r a g e  V a r i a n c e  L e v e l  of  
p l a n t s  m e a n  s i g n i f i c a n c e  

H y b r i d s  
w i t h  Bs 1 2 . 0 9  0 . 1 8 5  | 
H y b r i d s  / 0 . 4 0  > P  > 0 . 2 0  
w i t h o u t  B s  1 1 . 7 2  0 . 5 2 6  

H y b r i d s  
in  oerea le  
c y t o p l a s m  1 2 . 1 5  0 . 0 1 8  | 

H y b r i d s  / 0 . 1 0  > P > 0 . 0 5  
in  vavilovii 
c y t o p l a s m  1 1 . 7 1  0 . 3 3 5  

p h a s e  I s e g r e g a t i o n  b e i n g  7 - 7  in  9 4 . 5  % of t h e  c a s e s .  

In  s o m e  i n s t a n c e s  (15%)  a n a p h a s i c  b r i d g e s  w i t h o u t  

f r a g m e n t s  h a v e  b e e n  o b s e r v e d ,  b o t h  in  h y b r i d s  wi th  

and  w i t h o u t  B c h r o m o s o m e s .  

- The m e i o t i c  p a i r i n g  of B c h r o m o s o m e s ,  w h i c h  was  

t y p i c a l  a c c o r d i n g  to  K i s h i k a w a  ( 1 9 6 5 ) ,  a l t h o u g h  on  

v a v i l o v i i  c y t o p l a s m  i t  was  d i m i n i s h e d .  

I I .  Backcrosses 

From backcrosses ~ (~ S. vavilovii • ~ S. cereale ) 

• d S. vaviloviij 20 s e e d s  w e r e  o b t a i n e d ,  12 of t h e m  

h a v i n g  a c h r o m o s o m e  c o n s t i t u t i o n  of  2n = 14 a n d  t h e  

r e m a i n i n g  8 h a v i n g  2n = 14 + 2B .  F r o m  b a c k c r o s s e s  

(~ S. cereale • ~ S. vavilovii ) X d S. vavilovii, 

31 s e e d s  w e r e  o b t a i n e d ,  4 h a v i n g  2n  = 14 a n d  27 h a v i n g  

2n = 14 + 2 B .  A l t h o u g h  no t  a l l  of t h e m  g r e w  to m a t u r -  

i t y ,  t h o s e  c o n s i d e r e d  in  T a b l e s  4 and  5 h a d .  

In  T a b l e s  4 and  5,  t h e  m e i o t i c  b e h a v i o u r  of  t h e  o f f -  

spring obtained from backcrosses with S. vavilovii 

is detailed. 

In 9 plants out of the total of 32 descendants studied, 

no multivalent was observed, indicating that the 3 ce- 

reale chromosomes involved in translocations had been 

eliminated; therefore, these plants carried at least 3 

vavilovii pairs. In 4 plants out of the remaing 23, no 

hexavalents but quadrivalents were formed, which im- 

plies that 2 of the translocated chromosomes had been 

l o s t .  

A m o n g  i n d i v i d u a l s  w i th  cerea le  c y t o p l a s m ,  no  d i f -  

f e r e n c e s  b e t w e e n  p l a n t s  w i th  o r  w i t h o u t  B c h r o m o s o m e s  

w e r e  o b s e r v e d ,  wh i l e  a m o n g  p l a n t s  w i th  v a v i l o v i i  c y -  

t o p l a s m  t h e r e  w e r e  o n l y  3 p l a n t s  w i th  a c e r t a i n  d e -  

c r e a s e  in  p a i r i n g ,  t h e  3 p l a n t s  c a r r y i n g  B s  ( 3 5 ,  36 a n d  

37 in  T a b l e  5 ) .  

T a b l e  6 s h o w s  f o u r  d i f f e r e n t  c o m p a r i s o n s  m a d e  

a m o n g  t h e s e  i n d i v i d u a l s ,  n a m e l y :  

- P l a n t s  wi th  a n d  w i t h o u t  B c h r o m o s o m e s  i r r e s p e c -  

t i v e  of  t he  c y t o p l a s m  c a r r i e d .  They  d id  no t  d i f f e r  s i g n i -  

f i c a n t l y  ( 0 . 2 0  > P > 0 . 1 0 )  ; 

T a b l e  4 .  M e i o t i c  p a i r i n g  a t  M e t a p h a s e  I of  b a c k c r o s s e s  in  ce rea l e  c y t o p l a s m :  ~ (~ S. c e rea l e  + 
B s  XS.  v a v i l o v i i )  • a S .  v a v i l o v i i  (30  c e l l s  of  e a c h  i n d i v i d u a l  w e r e  s c o r e d )  

C e l l s  w i th  C e l l s  
h e x a v a l e n t  w i th  C e l l s  M e a n  P a i r s  of  N u m b e r  of  C e l l s  

P l a n t  p e n t a v a l e n t  q u a d r i -  w i t h  C h i a s m a  V a r i a n c e  u n i -  B c h r o m o -  w i t h  
o r  2 v a l e n t  h i -  F r e q u e n c y  v a l e n t s  s o m e s  B b i -  
t r i v a l e n t s  o r  t r i -  v a l e n t s  v a l e n t  

v a l e n t  

15 - - 30 1 2 . 3 0  1 . 7 4  2 2 22 
16 18 11 1 1 2 . 0 8  0 . 8 8  1 2 20 
17 7 18 5 1 2 . 0 2  0 . 8 2  1 2 21 
18 - 30 1 1 . 9 3  1 . 3 9  14 2 25 
19 - - 30 1 1 . 8 6  1 . 7 1  4 2 24 
20 10 17 3 1 1 . 8 0  1 . 0 9  5 2 28 
21 12 13 5 1 1 . 7 6  1 . 4 4  6 2 22 
22 16 9 5 1 1 . 7 0  1 . 0 1  6 2 22 
23 - - 30 1 1 . 7 0  2 . 8 1  7 2 23 
24 - - 30 1 1 . 2 3  2 . 1 8  11 2 30 
25 - - 30 1 0 . 4 3  1 . 8 4  14 2 27 

28 - 27 3 1 2 . 2 0  0 . 7 8  2 0 
27 14 13 3 1 1 . 9 8  0 . 9 6  2 0 

28 - 12 18 1 1 . 8 3  0 . 7 8  6 0 
29 18 11 1 1 1 . 7 6  0 . 8 8  2 0 



R .  C a r m o n a  a n d  M . J .  P u e r t a s :  R y e  B C h r o m o s o m e s  a n d  I n t e r s p e c i f i c  P a i r i n g  

T a b l e  5.  M e i o t i c  p a i r i n g  a t  M e t a p h a s e  I of  b a c k c r o s s e s  i n  v a v i l o v i i  c y t o p l a s m  : ~ (~ S. 
• d S. c e r e a l e  + B s )  • d S. v a v i l o v i i  (30  c e l l s  o f  e a c h  i n d i v i d u a l  w e r e  s c o r e d )  

vavilovii 

115 

C e l l s  w i t h  C e l l s  
h e x a v a l e n t  w i th  C e l l s  M e a n  P a i r s  of  N u m b e r  of  

P l a n t  p e n t a v a l e n t  q u a d r i -  w i t h  C h i a s m a  V a r i a n c e  u n i -  B c h r o m o -  
o r  2 v a l e n t  b i -  F r e q u e n c y  v a l e n t s  s o m e s  
t r i v a l e n t s  o r  t r i -  v a l e n t s  

va l  en t  

Ce l l  
w i th  
B b i -  
v a l e n t  

30 13 17 1 2 . 3 0  0 . 3 4  2 2 
31 7 13 10 1 2 . 1 3  0 . 5 1  5 2 
32 17 10 3 1 1 . 5 9  0 . 9 8  2 2 
33 - 21 9 1 0 . 8 0  1 . 8 9  9 2 
34 12 9 9 1 0 . 4 6  2 . 7 1  17 2 
35 9 12 9 9 . 7 3  1 . 2 0  9 2 
36 - 4 26 9 . 5 0  3 . 1 8  25 2 
37 - 3 27 8 . 2 3  5 . 7 8  42 2 

28 
18 
24 
14 
12 
13 

7 
22 

38 - - 30 1 2 . 9 3  2 . 1 0  0 0 
39 30 1 2 . 6 6  1 . 6 6  4 0 
40 8 15 7 1 1 . 8 0  0 . 7 4  4 0 
41 18 10 2 1 1 . 7 6  1 . 0 4  0 0 
42 - 30 1 1 . 4 6  1 . 4 5  7 0 
43 15 15 1 1 . 4 3  1 . 5 1  4 0 
44 12 16 2 1 1 , 0 0  1 . 2 0  4 0 
45 9 16 5 1 0 . 9 7  1 . 1 6  5 0 
46 12 16 2 1 0 . 7 0  1 . 5 4  6 0 

- P l a n t s  wi th  c e r e a l e  c y t o p l a s m  and p l a n t s  wi th  v a v i -  

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

s e n c e  of B s .  The t v a l u e  w a s  a t  the  l i m i t  of  s i g n i f i -  

c a n c e  ( 0 . 1 0  ~ P  : : - 0 . 0 5 ) ;  

- P l a n t s  wi th  B s  in  ce rea l e  c y t o p l a s m  a n d  p l a n t s  w i t h -  

ou t  B s  i r r e s p e c t i v e  of  t he  c y t o p l a s m .  They  d i d  no t  d i f -  

f e r  s i g n i f i c a n t l y  ( P  > 0 . 5 0 )  ; 

- P l a n t s  wi th  B s  in  v a v i l o v i l  c y t o p l a s m  a n d  p l a n t s  

w i t h o u t  B s ,  i r r e s p e c t i v e  of t he  c y t o p l a s m .  They  d i f -  

f e r e d  s i g n i f i c a n t l y  ( 0 . 0 2 5  > P > 0 . 0 1 0 ) .  

D iscussion 

The species used in the present work, Secale cereale 

and Secale vavilovii~ differ morphologically and in 

their reproductive mechanisms. S. cereale is an al- 

logamous specie s carrying genetic systems of pollen- 

style incompatibility (Lundqvist 1956, 1958) while 

S. vavilovii  is an autogamous one. However, hy- 

brids showed a high degree of meiotic pairing with a 

decrease of mean chiasma frequency of about one 

chiasma per cell when compared with parental species. 

This diminution can be attributed only to reciprocal 

translocation heterozygosity. This indicates, in spite 

of the phenotypic divergences, a high degree of chro- 

mosome homology. 

The r e s u l t s  o b t a i n e d  c l e a r l y  i n d i c a t e  t h a t  no  d e t e c -  

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

M e t a p h a s e  I of  S. ce rea le  • S. v a v i l o v i i  h y b r i d s  wi th  

o r  w i t h o u t  B c h r o m o s o m e s .  In i n t e r s p e c i f i c  h y b r i d s  

p r e v i o u s l y  o b t a i n e d  b y  o t h e r  a u t h o r s  ( s e e  T a b l e  1) t h e  

T a b l e  6.  C o m p a r i s o n  by  a t t e s t  o f  d i f f e r e n t  t y p e s  
of  b a c k c r o s s e s  

Type  of  A v e r a g e  V a r i a n c e  Leve l  of  
plants  m e a n  s i g n i f i c a n c e  

Backcrosses 
with Bs I1.24 1.129 | 
Back. I 0.20 >P >0.10 
w i t h o u t  B s  1 1 . 7 3  0 . 3 2 5  

Backcrosses 
in cereale 
c y t o p l a s m  1 1 . 7 7  0 . 1 7 0  ] 
Backcrosses 
in vavilovii 0.10 > P > 0.05 

cytoplasm 11.14 1.440 

Back. with 
Bs in cereale 
c y t o p l a s m  1 1 . 7 1  0 . 1 8 6  | 
Back. I P > 0.50 
without Bs 1 1 . 7 3  0.325 

B a c k .  w i th  
Bs in vavilovii 
c y t o p l a s m  1 0 . 5 9  1.  780 | 
B a c k .  / 0 . 0 2 5  > P  > 0 . 1 0  
w i t h o u t  B s  1 1 . 7 3  0 .  325 
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ef fec t  of B c h r o m o s o m e s  on pa i r ing  was quite d r a s t i c ,  

with the except ion of r y e - w h e a t  hybr ids  obtained by 

lqoothaan and Sybenga (1976) .  T h e r e f o r e ,  two a l t e r -  

nat ive  hypotheses  could be made to expla in  our  r e s u l t s :  

i .  ) Rye B c h r o m o s o m e s  do not c a r r y  any gene (at  

l eas t  with qua l i ta t ive  effect )  nor  s u p p r e s s o r ,  nor  p r o -  

moto r  of homoeologous  pa i r ing ,  while it s e e m s  that 

they do in f~li~m and Aegilops s p e c i e s .  

i i .  ) Rye B c h r o m o s o m e s  r e a l l y  c a r r y  th is  hypo-  

thet ica l  gene or  genes ,  but they would not be e f fec t ive  

in the p r e s e n c e  of rye  A c h r o m o s o m e s ;  that  i s ,  cere-  

ale genome is  ep i s t a t i c  on B s ,  in the s a m e  way as  in 

Triticum • Aegilops hybr ids ,  in which B c h r o m o s o m e  

effect cannot be detected in the presence of 5B chro- 

mosome of Triticum~ but it can in the absence of 5B 

(Vardi and Dover 1972; Dover and Riley, 1972a,b; 

Dover, 1974). 

In order to eliminate one of these hypotheses, 

the S. cereale • 5. vavilovii hybrids were backcros- 

sed with S. vavilovii. If the second possibility were 

right, in the progeny (in which several cereale chro- 

mosomes would have been eliminated) one would be 

able to find plants in which the possible effect of B 

chromosomes would be manifested due to the segre- 

gation of those hypothetical epistatic genes. 

From 32 plants obtained from backcrosses, 19 

carried 2 Bs and in not one of them was a clear de- 

crease in mean chiasma frequency observed. Nothing 

similar to segregation of a few loci could be establish- 

ed. There were no significant differences between 

plants with or without B chromosomes, although plants 

carrying Bs had a mean chiasma distribution displaced 

to low classes (Tables 4,5 and 6). Therefore, the se- 

cond hypothesis can be rejected. 

On several occasions it has been suggested that B 

chromosomes increase the variance of chiasma distri- 

bution (Jones and Rees 1967; Taylor and Evans 1976). 

This has been interpreted as being caused by interac- 

tions between Bs with different A genotypes. In con- 

nection with this fact, there are two matters to be con- 

sidered from our results. 

Firstly, the variance of mean chiasma distribution 

increases (Tables 4 and 5) but the distribution dis- 

placement is asymetrical because of the existence of 

a top for chiasma formation. Counting one chiasma for 

each pair of bounded arms at Metaphase I, no more 

than 14 chiasmata per cell can be counted in rye, or 

13 due to translocation heterozygosity in this parti- 

cular case. Therefore an increase of variance due to 

Bs can only be detected at low classes of the distri- 

bution; seeming then B chromosomes decrease meio- 

tic pairing. 

Secondly, from our results it seems that the in- 

crease of distribution variance is due to B chromo- 

some interactions with vavilovii cytoplasm more than 

interactions with A chromosome genotpyes. In other 

words, in both the hybrids and backcrosses studied 

here, it can be assumed that cytoplasm has a greater 

effect than B chromosomes on homoeologous pairing 

(Tables 3 and 6). In addition, the interaction between 

Bs and vavilovii cytoplasm is apparent. The average 

mean of backcrosses carrying Bs in cereale cytoplasm 

(11.71) was almost identical to that of plants without 

Bs is any cytoplasm (11.73), while plants with Bs in 

vavilovii cytoplasm had an average mean (10.59) 

which differed from that of plants without Bs, with in- 

dividuals ranging from 12.30 to 8.23 mean chiasma 

frequency. 

All data of the present work are in agreement with 

the hypothesis that rye B chromosomes do not carry 

any qualitative gene controlling interspecific pairing. 

However, in backcrosses their quantitative effect was 

apparent when they were present in an alien cytoplasm, 

This does not necessarily mean that B chromosomes 

carry quantitative genes involved in pairing, because 

other non-genetic effects cannot be exclnded. 

In con t rad ic t ion  with th is  a s sumpt ion ,  i t  would be 

poss ib le  that p lants  fo rming  many univa len ts  (34,  36 

and 37 in Table 5) were  those  in which the hypothe-  

t ica l  ep i s t a t i c  cereale gene o r  genes  inhibi t ing B c h r o -  

m o s o m e  ef fec t  would have been e l imina t ed .  But this  

poss ib i l i ty  can be r e j e c t e d  on two counts :  f i r s t ,  not 

one plant with Bs  in eereale cy top la sm ex i s ted  with a 

low mean  c h i a s m a  f requency ;  second,  among plants  

with Bs in v a v i l o v i i  cy top l a sm ,  the va r i a t i on  of mean  

c h i a s m a  f requency  was cont inuous,  while  i r a  qua l i t a t ive  

gene w e r e  involved ,  another  type of s e g r e g a t i o n  would be 

found. 

The quest ion is  then,  how do B c h r o m o s o m e s  and 

cy top la sm in t e r ac t  to d e c r e a s e  me io t i c  pa i r ing?  A 

poss ib le  coadapta t ion  be tween B c h r o m o s o m e s  and c y -  

t ep lasm of the c a r r i e r  s p e c i e s  could be sugges ted  but 

ce r t a in ly  with the data we have  up to now, no hypo-  

t he s i s  on the fine m e c h a n i s m s  involved can  be made .  
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Our data t oge the r  with that of Roothaan and Sybenga 

(1976) tend to r e j e c t  the idea of any o r ig ina l  r e l a t i o n s -  

hip be tween B c h r o m o s o m e s  and the gene t ic  s y s t e m s  

p reven t ing  homoeo logous  pa i r ing  in T r i t i c i neae ,  at 

l e a s t  conce rn ing  rye  B c h r o m o s o m e s .  

Since the cy toP lasm in i n t e r s p e c i f i c  pa i r ing  with B 

c h r o m o s o m e s  s e e m s  to be v e r y  impor t an t ,  it would be 

worth s t r e s s i n g  that f u r t he r  work on the m a t t e r  should 

ind ica te  the type of plant  used as  ma le  or  f ema le  p a r -  

ent .  F o r  i n s t ance ,  hybr ids  involving Lol ium s p e c i e s  

as  well as  those involving Triticum and Aegilops 

( s e e  Table 1) in which the ef fec t  of Bs  has  been r e -  

vea l ed  as  d r a s t i c  have been made (as  far  as  we know) 

us ing as  ma le  pa ren t  the spec i e s  c a r r y i n g  B c h r o m o -  

s o m e s  thus,  Bs  on hybr ids  were  in a l i en  c y t o p l a s m .  

What would occu r  with r e c i p r o c a l  c r o s s e s ?  

F i n a l l y ,  it i s  worth ment ioning that the r e s u l t s  ob-  

ta ined in this  p r e s e n t  work a r e  ind i r ec t  ev idence  for  

the p r o c e s s  of p r e f e r e n t i a l  d i s t r ibu t ion  of B c h r o m o -  

s o m e s  o c c u r r i n g  n o r m a l l y  in hybr ids ,  both in e e r e a l e  

and v a v i l o v i i  cy top l a sm.  That i s ,  the of fspr ing  ob-  

ta ined f r o m  b a c k c r o s s e s  was of a c h r o m o s o m e  c o n s -  

t i tut ion of 14 o r  14 + 2, but no plant of 14 + 1 was ob-  

ta ined .  If non-d i s junc t ion  and p r e f e r e n t i a l  d i s t r ibu t ion  

did not o c c u r ,  no plant  of 14 + 2, b u t a l l o f  14or  14+ 1, 

would be obta ined.  This might  be an indica t ion  that  

this  p r o c e s s  was con t ro l l ed  by the B c h r o m o s o m e  i t s e l f .  
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Note added in p roof  
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our  conc lus ions .  J a h u a r ,  P . P . ,  3rd Int .  Congr .  
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