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Monotelodisomics in Pearl Millet 
J . V .  P a n t u l u ,  M i s s  V.  Manga  and  M . V .  Subba Bao 

D e p a r t m e n t  of  B o t a n y ,  A n d h r a  U n i v e r s i t y ,  W a l t a i r ,  A . P .  ( Ind ia )  

S u m m a r y .  In t he  p r o g e n y  of  c r o s s e s  b e t w e e n  p l a n t s  wi th  t he  c h r o m o s o m e  n u m b e r  2n = 13 + 2 t e l o c e n t r i c s  a s  t he  
m a l e  p a r e n t s  and  t h e  n o r m a l  d ip lo id s  o f  Pennise~,um typhoides S.  & H . ,  two p l a n t s  wi th  2n = 13 + 1 t e l o c e n t r i c  c h r o -  
m o s o m e  w e r e  l o c a t e d .  T h e s e  two p l a n t s  w e r e  h e t e r o z y g o u s  f o r  an i n t e r c h a n g e ,  s i n c e  at d i a k i n e s i s  and  m e t a p h a s e  I 
a s s o c i a t i o n s  of  fou r  c h r o m o s o m e s  w e r e  o b s e r v e d .  T h e s e  p l a n t s  had 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 = 13 + t 
( o r  6" + t I " )  ; o n e  c h r o m o s o m e  of  a h o m o l o g o u s  p a i r  was  r e p r e s e n t e d  by a t e l o c e n t r i c  c h r o m o s o m e  so  was  m o n o -  
s o m i c  f o r  one  a r m ,  tha t  i s ,  t h e s e  p l a n t s  w e r e  " m o n o t e l o d i s o m i c s "  ( K i m b e r  and  S e a r s ,  1968) .  

In the  p r o g e n y  of  a s y n a p t i c  p e a r l  m i l l e t  (Penniset~m 

typhoides S . &  H . ) ,  p l a n t s  with c h r o m o s o m e  n u m b e r s  

2n = 13 + 2 f r a g m e n t  c h r o m o s o m e s  w e r e  o b t a i n e d .  On 

c y t o l o g i c a l  i n v e s t i g a t i o n s  t h e s e  f r a g m e n t  c h r o m o s o m e s  

p r o v e d  to be  C e l o c e n t r i c s  f o r m e d  by the  m i s d i v i s i o n  of  

t he  c e n t r o m e r e  of  one  of  the c h r o m o s o m e s  of  the  c o m -  

p l e m e n t .  As  t h e s e  t e l o c e n t r i c s  w e r e  c o m p o s e d  of  one  

a r m  e a c h  of  a c h r o m o s o m e ,  an  a s s o c i a t i o n  of  t h r e e  

c h r o m o s o m e s  ( t r i v a l e n t )  i nvo lv ing  the  two t e l o s  and the  

n o r m a l  c h r o m o s o m e  w a s  o b s e r v e d  at  d i a k i n e s i s  and  

m e t a p h a s e  I in the  P M C ' s ,  a s  e x p e c t e d .  One f r e q u e n t  

o r i e n t a t i o n  o f  s u c h  a t r i v a l e n t  a t  m e t a p h a s e  I r e s u l t e d  

in t he  d i s j u n c t i o n  of  the  n o r m a l  c h r o m o s o m e  f r o m  the  

two t e l o c e n t r i c  c h r o m o s o m e s ,  g iv ing  n u c l e i  wi th  7 n o r -  

m a l  and  6 + 2 t e lo  c h r o m o s o m e s .  O t h e r  t y p e s  of  o r i e n -  

t a t ion  wh ich  r e s u l t e d  in the  7 + 1 t e lo  and  6 + 1 t e lo  w e r e  

a l s o  o b s e r v e d .  In the  p r o g e n y ,  p l a n t s  wi th  2n = 13 + 1 

t e l o c e n t r i c ,  14 + 1 t e lo  and  14 + 2 t e l o c e n t r i c s  w e r e  o b -  

s e r v e d .  This  s h o w s  tha t  po l l en  o r  e g g s  wi th  n = 7 + 1 and  

6 + 1 t e l o c e n t r i c s  w e r e  f u n c t i o n a l .  

S o m e  of  the  p l a n t s  wi th  2n = 13 + 2 t e l o c e n t r i c s  w e r e  

c r o s s e d  a s  m a l e  p a r e n t  to n o r m a l  d i p l o i d s  and  the  p r o -  

geny  p l a n t s  w e r e  c y t o l o g i c a l l y  s c r e e n e d .  Two p l a n t s  w e r e  

found to h a v e  a c h r o m o s o m e  n u m b e r  of  2n = 13 + 1 t e l o -  

c e n t r i c ,  and  so  w e r e  m o n o s o m i c  f o r  one  a r m  of  a c h r o -  

m o s o m e .  T h e s e  p l a n t s  w e r e  a l s o  i n t e r c h a n g e  h e t e r o z y -  

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

s e r v e d  at d i a k i n e s i s  and m e t a p h a s e  I in  t h e  P M C ' s .  

M e i o t i c  b e h a v i o u r  was  s t u d i e d  in t h e s e  two p l a n t s  and  

da t a  on the  t y p e s  of  a s s o c i a t i o n  tha t  o c c u r r e d  at  d i a k i n e -  

s i s  and  m e t a p h s e  I a r e  p r e s e n t e d  in Table  1. A s s o c i a -  

t i o n s  of  four  c h r o m o s o m e s  w e r e  o b s e r v e d  in  190 Cel ls  

( 9 5 p )  out o f  200 e x a m i n e d  at  d i a k i n e s i s ,  and  in 129 

c e l l s  ( 8 6 p )  of  150 e x a m i n e d  at  m e t a p h a s e  I; t h e s e  a s -  

s o c i a t i o n s  w e r e  a l w a y s  c h a i n s  and  n e v e r  r i n g s  ( F i g .  1 ) .  

One of  t h e s e  fou r  c h r o m o s o m e s  was  m u c h  s h o r t e r  and 

was  a t e l o c e n t r i c .  The h igh  frequency of  a s s o c i a t i o n s  o f  

fou r  was  due  to the  r e g u l a r  f o r m a t i o n  of  a c h i a s m a  in  

the  t e l o c e n t r i c  c h r o m o s o m e .  This in  t u r n  migh t  be c a u s e d  

by l o c a l i z a t i o n  o f  c h i a s m a t a  in t he  t e r m i n a l  o n e - t h i r d  o f  

the  c h r o m o s o m e  a r m  which  i s  c h a r a c t e r i s t i c  of  t h i s  s p e -  

c i e s  ( B u r t o n  and  P o w e l l ,  1968) .  I n t e r s t i t i a l  c h i a s m a t a  

w e r e  not  o b s e r v e d .  The c h i a s m a  f r e q u e n c y  p e r  ce l l  was  

11.91 at  d i a k i n e s i s  and  11.81 at  m e t a p h a s e  I, s i g n i f i -  

c an t l y  l o w e r  than  in  a n o r m a l  d ip lo id  (d ip lo id s  about  

1 2 . 8 7 ) .  This  d e c r e a s e  was  due  to t he  f o r m a t i o n  of  a 

cha in  of  fou r  c h r o m o s o m e s  o r ,  w h e r e  two a s s o c i a t i o n s  

of  two w e r e  p r e s e n t ,  bo th  the  b i v a l e n t s  be ing  open  b i v a -  

l e n t s .  The d e c r e a s e  in  c h i a s m a  f r e q u e n c y  was  p r o p o r -  

t iona l  to t he  d e c r e a s e  in  the  n u m b e r  of  p a i r i n g  a r m s .  

Of 1 3 0 P M C ' s  e x a m i n e d  at  m e t a p h a s e - I ,  the  o r i e n t a -  

t ion  of  t h e  c h a i n  of  f o u r  was  a l t e r n a t e  in  38 c e l l s  

( 2 9 . 2 3 g ) ,  a d j a c e n t  in  73 c e l l s  ( 5 6 . 1 6 g ) a n d l i n e a r i n  

19 c e l l s  (14.  61g ) ( F i g .  2 ) .  A n a p h a s e  I c h r o m o s o m e  

d i s t r i b u t i o n s  w e r e  7 - 7  in  97 c e l l s  and 8 - 6  in  3 c e l l s  

out of  100 c e l l s  s t u d i e d  ( F i g . 3 ) .  

M o r r i s o n  (1954)  r e p o r t e d  a p lan t  wi th  an i n t e r c h a n g e  

and a t e l o c e n t r i c  in the  p r o g e n y  o f  the  m o n o s o m i c  

Tritia~ aestivum v a r i e t y ,  C h i n e s e  S p r i n g .  He a t t r i b u t -  

ed  the  c y t o l o g i c a l  s i t u a t i o n  to t he  m i s d i v i s i o n  of  the  c e n -  

t r o m e r e s  of  two u n i v a l e n t s  wi th  s u b s e q u e n t  fu s ion  of  two 

n o n h o m o l o g o u s  c e n t r o m e r e s  and l o s s  of  one  t e l o c e n t r i c .  

Table  1. Types  and f r e q u e n c y  o f  a s s o c i a t i o n s  at d i a k i n e -  
s i s  and m e t a p h a s e + I  

IV III+ 1 

Total 
2 h e t e r o m o r p h i c  1 h e t e r o m o r p h i c l I  n u m b e r  

IIS +2 IS o f  c e l l s  

d i a k i n e s i s  

190 10 . . . .  200 

metaphase I 

129 12 6 3 150 
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w i t h  t e l o c e n t r i c s  h a d  a c h r o m o s o m e  c o n s t i t u t i o n  n = 6 + 1 

t e l o c e n t r i c .  C y t o l o g i c a l  s c r e e n i n g  of  t h e  s i b s  of  t h e  p l a n t s  

s h o w i n g  2n = 13 + 2 t e l o c e n t r i c s  s h o w e d  two p l a n t s  to  b e  

t r a n s l o c a t i e n  h e t e r o z y g o t e s ,  bu t  w i t h o u t  t e l o c e n t r i c s .  

S tudy  of  t h e  s e l f e d  p r o g e n y  of  t h e  f e m a l e  p a r e n t  u s e d  in  

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

In Pennisetum typhoides, t h e  s p o n t a n e o u s  o c c u r r e n c e  of  

t r a n s l o c a t i o n s  w a s  n o t e d  o c c a s i o n a l l y  ( P a n t u l u ,  u n p u b -  

l i s h e d ) ,  so  i t  m a y  b e  a s s u m e d  t h a t  s o m e  of  t he  p l a n t s  

of  t h e  s t a n d a r d  l i n e  w i t h  i n t e r c h a n g e  m i g h t  h a v e  f u n c -  

t i o n e d  a s  t h e  f e m a l e  p a r e n t s .  A s  a l r e a d y  i n d i c a t e d ,  p o l -  

l e n  w i t h  6 + 1 t e l o c e n t r i c  s e e m s  to b e  f u n c t i o n a l .  Of t h e  

r e s u l t a n t  z y g o t e s  s o m e  wou ld  h a v e  a c h r o m o s o m e  c o n s -  

t i t u t i o n  o f  2n = 13 + 1 t e l o c e n t r i c ,  a n d  two i n t e r c h a n g e  

c h r o m o s o m e s .  T h i s  w o u l d  r e s u l t  a t  d i a k i n e s i s  a n d  m e -  

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

o n e  of  t h e  f o u r  c h r o m o s o m e s  w a s  a t e l o c e n t r i c  c h r o m o -  

s o m e ,  o n l y  c h a i n  t y p e  a s s o c i a t i o n s  wou ld  b e  p o s s i b l e .  

Thus  t h e s e  two p l a n t s  h a d  t h e  c h r o m o s o m e  c o n s t i t u -  

t i o n  of  2n = 1 3 + t  ( o r  6 " + t 1 " ) .  One  h o m o l o g o u s  p a i r  

w a s  r e p r e s e n t e d  by  o n e  fu l l  c h r o m o s o m e  i n v o l v e d  in  i n -  

t e r c h a n g e  a n d  t h e  o t h e r  c h r o m o s o m e  w a s  r e p r e s e n t e d  

by  a t e l o c e n t r i c  c h r o m o s o m e  a n d  so  w a s  m o n o s o m i c  f o r  

t h e  o t h e r  a r m ,  t h a t  i s ,  t h e y  w e r e  " m o n o t e l o d i s o m i c s " ,  

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

K i m b e r  a n d  S e a r s  ( 1 9 6 8 ) .  

F i g . 1 .  D i a k i n e s i s  s h o w i n g  o n e  a s s o c i a t i o n  of  4 a n d  5 
b i v a l e n t s  

F i g .  2.  M e t a p h a s e  I s h o w i n g  a n  a l t e r n a t e  o r i e n t a t i o n  of  
a s s o c i a t i o n  of  4 

F i g .  3 .  A n a p h a s e  I s h o w i n g  7 - 6 + 1 t e l o  d i s t r i b u t i o n  of  
c h r o m o s o m e s  

In t h e  p r e s e n t  c a s e ,  t h e  o r i g i n  of  t h e  p l a n t s  w a s  d i f f e r e n t  

f r o m  t h a t  r e p o r t e d  in  w h e a t  by M o r r i s o n .  In a l l  p r o b a b i -  

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

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

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

A c k n o w l e d g e m e n t s  

One  of  u s  (M.V.S.R.) i s  t h a n k f u l  to  t h e  C o u n c i l  of  
S c i e n t i f i c  a n d  I n d u s t r i a l  R e s e a r c h ,  N e w  D e l h i ,  f o r  t h e  
a w a r d  of  a J u n i o r  R e s e a r c h  F e l l o w s h i p .  
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