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S u m m a r y .  To c o n t r i b u t e  to k n o w l e d g e  on  t he  s i g n i f i c a n c e  of  B c h r o m o s o m e s  in  r y e  p o p u l a t i o n s ,  a c o m p o n e n t  
of  f e r t i l i t y  h a s  b e e n  e s t i m a t e d  by  a c o m p a r a t i v e  s t u d y  of  g e r m i n a t i o n  a n d  g r o w t h  of  p o l l e n  t u b e s  in  p l a n t s  w i th  
and  w i thou t  B c h r o m o s o m e s .  The h i g h e s t  p e r c e n t a g e  g e r m i n a t i o n  of  p o l l e n  a n d  m e a n  s p e e d  of p o l l e n  t u b e  
g r o w t h  was  s h o w n  by 14 + 2B p l a n t s ,  f o l l owed  by n o r m a l  p l a n t s .  

O b s e r v a t i o n s  of f i r s t  p o l l e n  m i t o s i s  i n d i c a t e d  t h a t  in  m o s t  c a s e s  t h e  c h r o m a t i d  c o n s t i t u t i o n  of  t h e  t u b e  n u -  
c l e u s  w a s  t h e  s a m e  in 14,  14 + 1 a n d  14 + 2B p l a n t s .  In c o n t r a s t ,  t h e  m e a n  g r o w t h  r a t e  of p o l l e n  t u b e s  d i f f e r e d  
s i g n i f i c a n t l y  a m o n g  t he  t h r e e  c a s e s .  F r o m  t h e s e  d a t a  i t  s e e m s  t h a t  t h e  d e t e r m i n a t i o n  of g e r m i n a t i o n  a b i l i t y  a n d  
p o l l e n  t u b e  g r o w t h  d e p e n d s  on  t h e  s p o r o p h y t e  an d  i s  r e l a t e d  to t h e  n u m b e r  of B s  c a r r i e d  b y  t h e  p l a n t .  

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

R ye  B c h r o m o s o m e s  h a v e  no q u a l i t a t i v e  i n f l u e n c e  on  t h e  

p h e n o t y p e ,  w h i l e  t h e  p r e s e n c e  of  3 o r  m o r e  B s  r e d u c e s  

v i g o u r  and  f e r t i l i t y  (Mt in tz ing  1963 ; K i s h i k a w a  1965; M o s s  

1 9 6 6 ) .  One m i g h t  a s s u m e  t h a t  B c h r o m o s o m e s  would  

t e n d  to b e  e l i m i n a t e d  by  n a t u r a l  s e l e c t i o n  bu t ,  i n s p i t e  

of  t h e i r  d e l e t e r i o u s  e f f e c t s ,  B s  c a n  b e  found  in  t h e  

o l d e s t  r y e  p o p u l a t i o n s  ( M i i n t z i n g  1950)  a n d  a r e  w i d e -  

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

t i o n s ,  t he  m a x i m u m  b e i n g  90% in  K o r e a ,  wh i l e  t h e y  

a r e  a b s e n t  f r o m  s o m e  S w e d i s h  v a r i e t i e s  s u b m i t t e d  to 

s t r o n g  s e l e c t i o n  f o r  f e r t i l i t y  ( M t i n t z i n g  1957,  1 9 6 3 ) .  

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

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

t r a n s m i s s i o n ,  w h i c h  c o n s i s t s  of  n o n - d i s j u n c t i o n  a n d  

p r e f e r e n t i a l  d i s t r i b u t i o n  to the  g e n e r a t i v e  p o l e  d u r i n g  

f i r s t  p o l l e n  m i t o s i s  ( M i i n t z i n g  1 9 4 6 ) .  Th i s  p h e n o m e -  

non  l e a d s  to t he  d u p l i c a t i o n  of  B c h r o m o s o m e  n u m b e r  

in  t h e  g a m e t e s .  It s e e m s  t h a t  e q u i l i b r i u m  c o u l d  be  

r e a c h e d  b e t w e e n  t h e  t e n d e n c y  t o w a r d s  B c h r o m o s o m e  

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

o c c u r r i n g  w h e n  t he  n u m b e r  o f  B s  i s  too  h i g h .  

The e x i s t e n c e  of  s u c h  p e c u l i a r  m e c h a n i s m s  l e a d s  

one  to q u e s t i o n  w h e t h e r  B c h r o m o s o m e s  a r e  o n l y  s u b -  

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

an  a c t i v e  r o l e  in  r y e  e v o l u t i o n .  

To c o n t r i b u t e  to k n o w l e d g e  on  t he  s i g n i f i c a n c e  of  B 

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

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

g e r m i n a t i o n  a n d  g r o w t h  of  p o l l e n  t u b e s  in  p l a n t s  wi th  

and  w i thou t  B c h r o m o s o m e s .  P o s s i b l e  d i f f e r e n c e s  in  

the behaviour of pollen tubes can be considered as a 

reflection of competitive ability in natural pollination. 

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

Rye  (Seeale eereale L. ) of  the  J a p a n e s e  v a r i e t y  JNK 
was  u s e d .  P o l l e n  g r a i n s  f r o m  p l a n t 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  2 n = 1 4 ,  1 4 + 1 ,  1 4 + 2 ,  1 4 + 3  a n d  
14 + 4 B s  w e r e  e x a m i n e d .  

F o l l o w i n g  t h e  m o d i f i e d  A h l o o w a l i a ' s  m e t h o d  ( 1 9 7 3 ) ,  
t h e  s p i k e s  w e r e  cu t  a p p r o x i m a t e l y  o n e  h o u r  b e f o r e  
a n t h e s i s  w as  s u p p o s e d  to o c c u r .  They  w e r e  i m m e r s e d  
in t ap  w a t e r  a n d  e x p o s e d  to t h e  l i g h t  of  a 60 W b u l b  
k e p t  a t  a b o u t  30 c m .  W h e n  a n t h e s i s  o c c u r r e d ,  p o l l e n  
g r a i n s  w e r e  a l l o w e d  to s e t  on  a s l i d e  c o v e r e d  w i th  the  
c u l t u r e  m e d i u m .  The m e d i u m  c o n s i s t e d o f  30 7~ s u c r o s e  
( w / w ) ,  1~ a g a r  ( w / w ) ,  a n d  1 0 p p m  e a c h  of  c a l c i u m  
c h l o r i d e ,  b o r i c  a c i d  a n d  t e t r a s o d i u m  s a l t  of  EDTA,  p H 6 . 3 .  

A f t e r  s o w i n g ,  p r e p a r a t i o n s  w e r e k e p t  f o r  5 , 2 0  o r  
40 m i n u t e s  a n d  t h e n  f ixed  w i th  s e v e r a l  d r o p s  of  a c e t i c -  
e t h a n o l  s o l u t i o n  ( 1 : 3 ) .  

P o l l e n  g r a i n s  c h o s e n  a t  r a n d o m  f r o m  d i f f e r e n t  
s l i d e s  a n d  d i f f e r e n t  p l a n t s  of  e a c h  c h r o m o s o m e  c o n -  
s t i t u t i o n  w e r e  s c o r e d .  P o l l e n  t u b e s  w e r e  m e a s u r e d  
i m m e d i a t e l y  a f t e r  f i x a t i o n  ( F i g .  1 ) .  

F i g .  1. P o l l e n  f r o m  14 + 2B p l a n t s :  a )  5 m i n  a f t e r  s o w -  
i n g ,  b )  20 m i n  a f t e r  s o w i n g  
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R e s u l t s  

R e s u l t s  of  p o l l e n  g e r m i n a t i o n  5 m i n  a f t e r  s o w i n g  a r e  

s h o w n  i n  Tab le  1. It c a n  b e  o b s e r v e d  t h a t  t he  h i g h e s t  

p e r c e n t a g e  of  g e r m i n a t i o n  c o r r e s p o n d s  to p o l l e n  f r o m  

2n = 14 + 2B p l a n t s .  It i s  f o l l o w e d  by p o l l e n  f r o m  p l a n t s  

2 n = 1 4 + 1 ,  14,  14 + 3 and  14 + 4 ,  in  t h a t  o r d e r .  

Tab le  2 s h o w s  m e a n  p o l l e n  t u b e  l e n g t h s  20 a n d  40 

ra in  a f t e r  s o w i n g .  P o l l e n  t u b e s  f r o m  14 + 2 p l a n t s  w e r e  

the  l o n g e s t .  T h e s e  w e r e  f o l l o w e d  by p o l l e n  f r o m  n o r -  

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

20 and  40 m i n .  Wi th  t h e s e  d a t a ,  t he  a v e r a g e  s p e e d  of  

p o l l e n  t ube  g r o w t h  w as  c a l c u l a t e d ,  b e i n g  2 . 8 7  ~ / m i n  

f o r  n o r m a l  p o l l e n  and  4 . 2 5  ~ / m i n  f o r  p l a n t s  w i th  2B.  

M e a s u r e m e n t s  of  p o l l e n  t u b e s  f r o m  14 + 3 p l a n t s  

20 ra in  a f t e r  s o w i n g  and  14 + 4, 40 m i n  a f t e r  s o w i n g ,  

c o u l d  no t  be  m a d e  b e c a u s e  of  t he  low f e r t i l i t y  of  t h e s e  

i n d i v i d u a l s .  

T a b l e  1. P o l l e n  g r a i n  g e r m i n a t i o n  5 m i n u t e s  a f t e r  
sowing 

Chromosome constitution of plants 

14 1 4 + 1  1 4 + 2  1 4 + 3  1 4 + 4  

N u m b e r  of  
pollen grains 326 100 500 123 360 
observed 

30.67 43.00 48.00 20.32 18.91 Germination 
(~) 

By observing first p o l l e n  mitosis, the chromatid 

constitution of pollen nuclei can be estimated. In 

14 + 2 plants at the stage of first pollen mitosis, some 

anthers were excised from the same spikes which were 

going to be used for pollen culture. At metaphase, pol- 

len with 7 chromosomes (1 7~), 7 + 1 (98%) and 7 + 2B 

(I $ ) were observed. 78.5 7~ of anaphases showed non- 

disjunction. These results indicate that meiosis was 

very regular in this material. That is, at Anaphase I 

chromosome segregation was mainly 7 + 1 : 7 + 1 to 

each pole. They also indicate that non-disjunction took 

place with high frequency; in other words, 80 7~ of 

sperm nuclei carried 2Bs, while gametes lacking Bs 

were very rare. 

Discussion 

From the progeny obtained by natural pollination of 

crosses involving rye plants with a chromosome con- 

stitution of 14, 14 + 1 and 14 + 2B, the competitive 

ability of pollen carrying B chromosomes was de- 

duced (Puertas and Lacadena, 1974). The results ob- 

tained indicated firstly that when competition between 

pollen from 14 + 1 and 14 plants is established, cer-  

tation is totally favourable for normal pollen (the 

progeny had 14 chromosomes in every case).  Second- 

ly, when pollen from 14 + 2B plants competes withpol- 

len from normal plants, pollen carrying B chromo- 

somes fertilizes more frequently than does normal pol- 

len. 

The above data clearly coincide with those obtained 

in the present work. It was found that pollen grains 

from 14 + 2 plants showed a significantly higher ger- 

mination percentage and mean growth rate of pollen 

tubes than did pollen from both 14 and 14 + I plants. 

The special behaviour of B chromosomes during 

microsporogenesis allows the formation of gametes 

with either 7, 7+I,  7§ 7+3 or 7+4Bs in 14+2 

plants. Consequently, the tube nucleus can also carry 

a variable number of Bs. To estimate the frequency 

of each type of gametophyte, first pollen mitosis was 

observed in anthers excised from the same spikes 

which were going to be used for pollen culture. The 

results indicated that almost 80 Z of pollen grains had 

their sperm nuclei with 2B, while the tube nucleus had 

none. This also means that in 80 ~ of the cases the 

tube nucleus had the same chromatid constitution in 

beth 14 and 14 + 2B plants. 

The results of pollen culture in 14 + I plants showed 

that the pollen germinated with quite high frequency 

but pollen tube growth was very slow, even slower 

than that of 14 + 4 plants. On the other hand, it should 

be realized that where no meiotic elimination of the 

B-univalent occurred, 50 Z of the pollen grains would 

lack B chromosomes. The loss of the B-univalent has 

been demonstrated by Kishikawa (1965) in the same 

material. He found that at metaphase of first pollen 

mitosis there were 7 chromosomes in 60~ of the 

cases. 

Therefore, the chromatid constitution of sperm 

nuclei is always 7 in 2n= 14 plants, generally (80~) 

7+2 in 2n=14+2 plants, and 7, 7+I or 7+2(fre- 

quencies of each type of gamete are not known) in 

2n= 14 + 1 plants. However, in most cases, the chro- 

matid constitution of the tube nucleus is the same (7) 

in 14, 14+ I and 14+2 plants. 

In spite of the similar constitution of the tube nuc- 

leus in 0, 1 or 2B plants, pollen germination and 
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T a b l e  2. P o l l e n  t u b e  l e n g t h  (~)  a t  20 and  40 m i n u t e s  a f t e r  s o w i n g  

m i n u t e s  
a f t e r  
s o w i n g  

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

14 14+ 1 1 4 + 2  1 4 + 3  1 4 + 4  

m e a n  r a n g e  m e a n  r a n g e  m e a n  
20 5 9 . 1 8  1 7 . 5 - 2 1 0  2 2 . 6 8  1 7 . 5 - 5 2 . 5  1 0 0 . 8 0  

• • • 

40 1 1 4 . 9 0  1 7 . 5 - 2 2 7  7 0 . 7 7  1 7 . 5 - 2 8 0  1 6 9 . 9 9  
+ 3 . 1 5  -+4.55 +4 .90  

r a n g e  m e a n  r a n g e  m e a n  r a n g e  
1 7 . 5 - 2 4 5  - - 3 5 . 3 1  1 7 . 5 - 7 0  

+2. I0 

3 5 - 4 0 2  1 0 . 2 9  8 . 5 - 3 5  
-+0.00 

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

c a s e s .  B e c a u s e  of  t he  e x t r e m e  c o n d e n s a t i o n  of  c h r o -  

m a t i n  in  s p e r m  n u c l e i ,  i t  d o e s  not  s e e m  p o s s i b l e  to 

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

d i f f e r e n c e s .  On t he  c o n t r a r y ,  i t  s e e m s  t h a t  the  g e -  

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

t ube  g r o w t h  d e p e n d s  on  t he  s p o r o p h y t e ,  and  i s  e v i d e n t -  

ly  r e l a t e d  to t he  n u m b e r  of  B s  c a r r i e d  by  t he  p l a n t .  

If p o l l e n  t u b e s  of  p o l l e n  c a r r y i n g  B s  g r o w  f a s t e r  

t h a n  n o r m a l  p o l l e n ,  i t  s e e m s  t h a t  g a m e t e s  wi th  B s  

wil l  f e r t i l i z e  t he  egg  c e l l  w i th  a h i g h e r  f r e q u e n c y ;  in  

o t h e r  w o r d s ,  t h e  e x i s t e n c e  of p r e f e r e n t i a l  f e r t i l i z a -  

t i on  f o r  t h e s e  g a m e t e s  c a n  be  i n t e r p r e t e d  in  t e r m s  of  

a s e l e c t i v e  a d v a n t a g e  f o r  p l a n t s  c a r r y i n g  2 B s .  

D e l e t e r i o u s  e f f e c t s  of  B c h r o m o s o m e s  on  v i g o u r  

a n d  f e r t i l i t y  h a v e  b e e n  d e m o n s t r a t e d  by  a n u m b e r  of  

a u t h o r s  ( M f i n t z i n g  1963;  K i s h i k a w a  1965;  M o s s  1 9 6 6 ) .  

H o w e v e r ,  B c h r o m o s o m e s  h a v e  c y t o l o g i c a l  m e c h a -  

n i s m s  f o r  B m u l t i p l i c a t i o n  ( n o n - d i s j u n c t i o n  a n d p r e -  

f e r e n t i a l  d i s t r i b u t i o n  d u r i n g  f i r s t  p o l l e n  a n a p h a s e ) .  

K i m u r a  a n d  K a y a n o  (1961)  p r o p o s e d  t h a t  t he  c o n c e p t  

of d i s t o r t i o n a l  l o a d  ( o r  l o a d  due  to  m e i o t i c  d r i v e )  c o u l d  

b e  a p p l i e d  to t h e  m a i n t e n a n c e  of B c h r o m o s o m e s  of  

L i l i u m  ea l l o sum.  The r e s u l t s  o b t a i n e d  in  t he  p r e s e n t  

work  s u g g e s t  t h a t  e q u i l i b r i u m  in  r y e  p o p u l a t i o n s  c o u l d  

be  r e a c h e d  t a k i n g  in to  c o n s i d e r a t i o n  a t  l e a s t  t h r e e  

d i f f e r e n t  f a c t o r s :  f i r s t ,  d e c r e a s e  in  v i g o u r  a n d  f e r t i -  

l i t y  w h e n  3 o r  m o r e  B s  a r e  p r e s e n t ;  s e c o n d ,  t he  

d i s t o r t i o n a l  l o a d  due  to t h e  s p e c i a l  b e h a v i o u r  of  B s  

d u r i n g  g a m e t o g e n e s i s  ; and  t h i r d ,  t he  s e l e c t i v e  a d v a n -  

t a g e  of  i n d i v i d u a l s  w i th  2B c h r o m o s o m e s  due  to p r e f -  

e r e n t i a l  f e r t i l i z a t i o n  of  t h e i r  p o l l e n .  
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