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Desynapsis in Coix tacryma-jobi 
Caused by Genotype-Environment-Interaction 
Panugant i  N.  Rao 

D e p a r t m e n t  of Botany,  Andhra  U n i v e r s i t y ,  W a l t a l r  (India) 

S u m m a r y .  Desynaps i s  leading to total  s t e r i l i t y  was  o b s e r v e d  in one plant of Job 's  t e a r s ,  Coax laax'yrnaffob~ L . ,  
dur ing s u m m e r  months ,  whi le  the o the r  ne ighbour ing  plants  w e r e  qui te  n o r m a l .  Pachy tene  c h r o m o s o m e  pa i r ing  
in the desynapt ic  was apparen t ly  n o r m a l  but a d i ak ines i s  and m e t a p h a s e  I s e v e r a l  un iva len t s  w e r e  found. P e r e n -  
nial s u c k e r s  of th is  plant in the r a iny  s ea son  showed r egu la  r m e i o s i s  and good f e r t i l i t y .  It i s  p robab le  that  d e s -  
ynaps is  was  c a u s e d  by an i n t e r ac t i on  of genotype and env i ronm en t ,  in which the desynap t ic  gene b e c a m e  ac t i va t ed  
by the rap id  i n c r e a s e  in s u m m e r  t e m p e r a t u r e s  whi ls t  i ts  e f fec t  on c h r o m o s o m e  synaps i s  was  c o m p l e t e l y  los t  in 
the c o o l e r  p e r i o d s .  

Introduction 

Desynapsis is the phenomenon in which the meiotic chro- 

mosomes pair at pachytene but begin to separate at di- 

plotene and remain completely unpairedat diakinesis and 

metaphase I. Such a phenomenon has been reported 

in many plant species and is known to be governed 

by a single or a few pairs of genes (Beadle, 1930; 

Clausen, 1931; Bergner, Cartledge and Blakeslee, 

1934; Richardson, 1935; Beasley and Brown, 1942; 

Prakken, 1943; Celarier, 1955, 1959; Swaminathan 

and Murty, 1959; Magoon, Ramanna and Shambulin- 

gappa, 1961; Koul, 1962; Het Ram Kalia, 1962; Sa- 

dasivaiah and Magoon, 1965; Stephens and Schertz, 

1965; Vasudevan, Jos and Magoon, 1967 and others). 

In some cases, desynapsis is believed to be brought 

about by environmental conditions (Heilborn, 1930; 

Katayama, 1931; Sax, 1931; Darlington, 1937; Prak- 

ken, 1943; Johnsson, 1944; Li, Pao andLi, 1945; 

Ehrenberg, 1949; Wang, Yeh, Lee and Lee, 1965; Ah- 

loowalia, 1969a,b; Sj6din, 1970; etc. ). The available 

evidence suggests that lack of chiasma formation is the 

major, if not the only, factor involved indesynapsis (see 

Celarier, 1955). Crossing over involves breakage and 

reunion of deoxyribonucleic acid strands and presumably 

also breaking of protein chains inwhich several enzymes 

are involved. The absence of certain enzymes mayinter- 

fere with these processes. Desynapsis probably also in- 

volves alterations in the chemical organization and func- 

tion of nucleoproteins (Ahloowalia, 1969b). These factors 

may explain how genes governing desynapsis and envi- 

ronmental factors can in f luence  chiasma formation. 

Desynapsis has been observed in one plant of Job's 

tears (Coix la~r.yma~-job~ L. ) and the cytological stud- 

ies made are reported below. 

Materials and Methods 

Some potted plants of Job's tears raised in June-Decem- 
ber, 1966, from seeds originally collected from plants 
that ran wild in the University Campus; were inadver- 
tently allowed to remain in pots even after the crop sea- 
son was over. Since the species is perennial through ba- 
sal stem suckers, new tillers came up in these as the 
old ones slowly dried away. A casual observation of these 
in midsummer, 1967, revealed that one plant had only 
sterile seeds, while others had apparently normal seed 
set. Except for the difference in sterility all looked 
alike. 

Acetocarmine squash technique was invariably em- 
ployed for cytological studies. 

Self-pollinations were made by enclosing the whole 
plant in a large cloth pollination bag. 

Results 

Meiotic studies were made on the sterile plant, as well 

as on three other neighbouring plants having normal seed 

set. All four plants showed a diploid chromosome num- 

ber of 2n = 20. While the three fertile plants showed re- 

gular bivalent formation, the sterile plant exhibited ab- 

normal meiosis with several univalents at diakinesis and 

metaphase I, although the chromosome pairing at pachy- 

tene was more or less complete. The frequency of uni- 

valents per cell varied from 12 to 20 with a mean of 

15.4. Bivalents per cell varied between 0 and 4 with an 

average of 2.3. The plant apparently was a desynaptic. 

Chromosome associations at diakinesis and metaphase I 

are presented in Table 1. Only one nucleolus was found 

and two univalents were associated with it. Rod biva- 

lents were more frequent (69.3%) than ring bivalents 

(30.7%). The number of chiasmata per cell varied be- 

tween 0 and 6 with a mean frequency of 3.25. 

At anaphase I also, there were many abnormalities, 

such as irregular distribution of chromosomes at either 

pole, laggards, bridges, division of univalents etc. (Ta- 
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Table 1. Chromosome associations at diakinesis and 
metaphase I in the desynaptic plant of Job's 
tears (2n = 20) 

C h r o m o s o m e  N o .  of  P e r  
a s s o c i a t i o n s  c e l l s  c e n t  

II I 

4 12 8 18 .2  
3 14 11 2 5 . 0  
2 16 15 34 .1  
1 18 6 13 .6  
- 2 0  4 9 . 1  

Tota l  : 44 

T a b l e  2 .  C h r o m o s o m e  d i s t r i b u t i o n  at  a n a p h a s e  I in t he  
d e s y n a p t i c  p l a n t  of  J o b ' s  t e a r s  (2n  = 20) 

C h r o m o s o m e  N o .  of  P e r  
d i s t r i b u t i o n  c e l l s  c e n t  

10 :10  1 1 .25 
9 :11  5 6 . 2 5  
8 :12  8 10 .00  
7" 13 8 10 .00  
6 : 14 14 17 .50  
5 : 1 5  15 18.75 

10:9  + 1L 2 2 . 5 0  
9 : 9  + 2L 4 5 . 0 0  
9 : 8  + 3L 2 2 . 5 0  
8 :8  + 4L 3 3 .75  
7 : 8  + 5L 5 6 .25  
7 : 7  + 6L 9 11.25 
9 : 9  + 1B 2 2 . 5 0  
8 :9  + 1B + 1L 1 1 .25  
8 : 8  + 1B + 2L 1 1 .25  

Tota l  : 80 

L = L a g g a r d ;  B = B r i d g e .  

b l e  2 ) .  R e g u l a r  d i s t r i b u t i o n  of  10 : 10 c h r o m o s o m e s  w a s  

found  in  on ly  one  c e l l .  L a g g a r d s  r a n g i n g  f r o m  1 to 6 o c -  

c u r r e d  in 33 .5% of  t h e  c e l l s ,  and  b r i d g e s  w i th  and  w i t h -  

out  l a g g a r d s  w e r e  found  in 5 .0% of  t h e  c e l l s  s t u d i e d .  

M a n y  c e l l s  w i th  p e r s i s t e n t  l a g g a r d s  w e r e  o b s e r v e d  at t e -  

l o p h a s e  I .  S e c o n d  m e i o t i c  d i v i s i o n  w a s  a l s o  c h a r a c t e r -  

i s e d  by  s i m i l a r  i r r e g u l a r i t i e s .  The d i s t r i b u t i o n  of  c h r o -  

m o s o m e s  on the  s e c o n d  m e t a p h a s e  p l a t e  and  at  a n a p h a s e  

II w a s  h i g h l y  v a r i a b l e  w i t h  s o m e  of  t h e m  s t a y i n g  o u t s i d e  

t h e  s p i n d l e ,  so  t ha t  w h e n  t h e  p o l l e n  q u a r t e t  w a s  f o r m e d  

t h e s e  c h r o m o s o m e s  o f t e n  w e r e  not  i n c l u d e d  in t h e  d a u g h -  

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

s o m e  n u m b e r s .  P e r s i s t e n t  l a g g a r d s  o r g a n i z e d  t h e m -  

s e l v e s  in to  m i c r o n u c l e i .  In 5 3 . 3 4  of  t h e  60 p o l l e n  t e -  

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

1 to 3 p e r  t e t r a d .  

By J u l y ,  1967, a s  t h e  o ld  t i l l e r s  s t a r t e d  d r y i n g ,  new 

t i l l e r s  b e g a n  c o m i n g  up .  When  f l o r e t s  f r o m  t h e s e ,  in the  

d e s y n a p t i c  p l a n t ,  w e r e  c y t o l o g i c a l l y  e x a m i n e d  at  t he  e n d  

of t h e  r a i n y  s e a s o n  in O c t o b e r ,  1967, t h e y  s h o w e d  n o r -  

rnal  m e i o s i s  a n d ,  s u b s e q u e n t l y ,  good  s e e d  s e t  on s e l l -  

i n g .  T w e n t y - t h r e e  p l a n t s  of t he  s e l f e d  p r o g e n y  w e r e  

e x a m i n e d  c y t o l o g i c a l l y  in  O c t o b e r ,  1968. Al l  s h o w e d  

n o r m a l  m e i o s i s  and  good f e r t i l i t y .  

D i s c u s s i o n  

S i n c e  one  o r  m o r e  b i v a l e n t s  w e r e  p r e s e n t  in a m a j o r i t y  

of  t he  c e l l s ,  t he  d e s y n a p s i s  o b s e r v e d  b e l o n g s  to  t h e  " m e -  

d i u m - s t r o n g "  t y p e  of P r a k k e n  ( 1943) ,  and  the  o t h e r  i r -  

r e g u l a r i t i e s  w e r e  o b v i o u s l y  a c o n s e q u e n c e  of  u n i v a l e n t  

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

t y .  D e s y n a p s i s  l e a d i n g  to  c o m p l e t e  s t e r i l i t y  w a s  a l s o  o b -  

s e r v e d  by  W h i t t i n g t o n  (1958)  in r e d  c l o v e r .  A s  t h e  p a -  

c h y t e n e  s t u d i e s  s t r o n g l y  s u g g e s t  t ha t  t h e r e  i s  no h i n -  

d r a n c e  to p a i r i n g ,  t he  o c c u r r e n c e  of  a l a r g e  n u m b e r  of  

u n i v a l e n t s  at d i a k i n e s i s  and  m e t a p h a s e  I m u s t  h a v e  b e e n  

due  to f a i l u r e  of c h i a s m a  f o r m a t i o n .  E n v i r o n m e n t a l  f a c -  

t o r s  l ike  s u m m e r  t e m p e r a t u r e  c a n  not  a l o n e  a c c o u n t  f o r  

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

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

ing  u n d e r  s i m i l a r  c o n d i t i o n s  and  f i x a t i o n  of  m a t e r i a l s  w a s  

done  at t h e  s a m e  t i m e  on the  s a m e  d a y .  N o r  c a n  t h i s  be  

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

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

p l an t  s u b s e q u e n t l y .  

That a g e n o t y p e - e n v i r o n m e n t  i n t e r a c t i o n  w a s  p r o b a b -  

ly i n v o l v e d  in c a u s i n g  d e s y n a p s i s  s e e m s  to be  a m o r e  

p l a u s i b l e  e x p l a n a t i o n .  D a r l i n g t o n  (1958)  p r e s u m e s  tha t  

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

f l u c t u a t i o n s .  S e n s i t i v i t y  of  s y n a p t i c  g e n e s  to  v a r i a t i o n s  

in  t e m p e r a t u r e  h a s  b e e n  r e p o r t e d  m o r e  r e c e n t l y  by  A h -  

l o o w a l i a  ( 1 9 6 9 a , b )  and  SjSdin  ( 1 9 7 0 ) .  The u l t r a s e n s i -  

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

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

s h o r t  l i f e  ( s e e  A h l o o w a l i a ,  1969b) .  It i s ,  t h e r e f o r e ,  

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

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

c h r o m o s o m e  s y n a p s i s  at d i a k i n e s i s  and  m e t a p h a s e  I in 

J o b ' s  t e a r s .  Th i s  g e n e  w a s  p r o b a b l y  t i g g e r e d  in to  a c t i o n  

by  t h e  r a p i d  r i s e  in s u m m e r  t e m p e r a t u r e s  f r o m  t h e  

m o n t h  of  M a r c h  o n w a r d s ,  c a u s i n g  d e s y n a p s i s ,  but  wi th  

t h e  o n s e t  of  r a i n s  and  fa l l  in t e m p e r a t u r e s  t h r o u g h  t h e  

w i n t e r  m o n t h s ,  i t s  e f f e c t  w a s  c o m p l e t e l y  l o s t  and  n o r -  

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