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S u m m a r y .  F o u r  cathodal  bands (C 1, C2, Cs and C~ ) of e s t e r a s e  (E t, C z 3.1 ) w e r e  c o r r e l a t e d  with the g r a i n  
weight  of r i c e  (0ryza s a t i v a  L. ). Z y m o g r a m  pa t t e rn s  ind ica ted  in tens i ty  d i f f e r e n c e s  among the se  bands i n f i n e -  
g r a i n  and c o a r s e - g r a i n  v a r i e t i e s .  Bands C~ and C~. w e r e  dark in f ine g r a i n  v a r i e t i e s  w h e r e a s  C3 and C4 w e r e  
dark in c o a r s e  g r a i n  v a r i e t i e s .  These  bands w e r e  spec i f i c  to e n d o s p e r m .  O b s e r v a t i o n s  on f i n e - g r a i n  (Ka lana -  
m a k ) ,  c o a r s e  g r a i n  (SR(26)B)  v a r i e t i e s  and t h e i r  r e c i p r o c a l  hybr ids  ind ica ted  the p r e s e n c e  of 4 e s t e r a s e  loci  
G- ,  G~, G3 and G~, c o r r e s p o n d i n g  to bands C : ,  C~, C~ and C~, r e s p e c t i v e l y .  A p o s s i b l e  model  fo r  h e t e r o s i s  in 
g r a i n  weight of r i c e  was p r o p o s e d  which suppor t s  the dominance  theory  of h e t e r o s i s .  In hybr id  v igou r  the 4 e s -  
t e r a s e  loci  appea r  to be a s s o c i a t e d  with g r a in  weight  and they c o m p l e m e n t e d  each o the r  in an addi t ive  manne r .  

Introduction 

I s o z y m e s  have  been  used  as an e f f ic ien t  tool in i n t e r -  

p r e t i ng  the c o m l e x  phenomenon of hybr id  v igour  at 

the b iochemica l  l eve l  ( Beckman  et al .  1964) ; Schwar tz  

and Laughner  1969; Scanda l ios  et al .  1972; Schwar tz  

1973).  I s o z y m e  v a r i a t i o n s  r e v e a l e d  by the z y m o g r a m  

techn ique  a lso  p rov ide  built  in m a r k e r  s y s t e m s  fo r  

m orpho log i ca l  and phys io logica l  d i f f e r e n c e s ,  t i s s u e  

s p e c i f i c i t y ,  deve lopmenta l  and gene t i c  s tud ies  of a 

wide v a r i e t y  of plant s p e c i e s .  Non- spec i f i c  e s t e r a s e s  

( E l ,  C 1 - 3.1 ) a r e  one of the most  e x t e n s i v e l y  s tud ied  

g roups  of i s o z y m e s .  In genus  0 ~ s a  e s t e r a s e  z y m o -  

g r a m s  w e r e  o b s e r v e d  in 147 s t r a i n s  of 0. perennis 

and 0. 8ativa by Shahi et al .  (1969) .  The z y m o g r a m  

p a t t e r n s  ind ica ted  that t h e r e  were  n u m e r o u s  genes  

con t ro l l i ng  e s t e r a s e  i s o z y m e s  and s o m e  of them might  

have  been  subs t i tu ted  in the c o u r s e  of d o m e s t i c a t i o n  

and d i f f e r en t i a t i on  into indica and japonica t ypes .  

Lin and Li (1971 ) s tudied  the number  and in tens i ty  of 

e s t e r a s e  e n z y m e  in s o m a t i c  o rgans  of r i c e .  

However, no such studies have been undertaken 

so far in Indian varieties of rice. Therefore, the 

present experiment was undertaken to study the var- 

iation in esterase isozymes in fine grain (less weight/ 

gra in )  and c o a r s e - g r a i n  ( m o r e  w e i g h t / g r a i n )  Indian 

v a r i e t i e s  of r i c e .  

M a t e r i a l s  and Methods 

Eight  v a r i e t i e s  of r i c e  ( F i g .  1 ) w e r e  taken fo r  the 
p r e sen t  study.  Gra in  c h a r a c t e r s  and pho tosens i t iv i ty  
of t he se  v a r i e t i e s  a r e  g iven  in Table 1. Two gm.  dry 
and dehusked s e e d s  of each  v a r i e t y  w e r e  h o m o g e n i s e d  
with 3 ml .  d i s t i l l ed  wa te r  in p r e - c h i l l e d  p e s t l e s  and 
m o r t a r s .  T i ssue  spec i f i c i t y  was s tud ied  only in IR 8. 
E m b r y o s  and e n d o s p e r m s  w e r e  s e p a r a t e d .  Two gin.  
of e n d o s p e r m  w e r e  h o m o g e n i s e d  as above,  whe r ea s  
200 e m b r y o s  w e r e  h o m o g e n i s e d  in 4 d rops  of w a t e r .  
Homogena te s  of hybr id  s e e d s  w e r e  p r e p a r e d  s i m i -  
l a r l y  except  that only a few drops  of w a t e r  w e r e  ad-  
ded because  the quant i ty  of t he se  s e e d s  was l e s s .  

The homogena te s  w e r e  c e n t r i f u g e d  at 14,000 rpm 
for  30 minu tes  at 4~ and the supe rna t an t s  w e r e  used  
fo r  e l e c t r o p h o r e s i s .  

F i g .  1. Di f fe ren t  v a r i e t i e s  of r i c e .  N o t e t h e  d i f f e r ence  
in s i z e ,  shape  and c o l o u r  
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Table 1. Kerne l  c h a r a c t e r s  und photoper iod  s ens i t i v i t y  of d i f ferent  v a r i e t i e s  

Gra in  c h a r a c t e r s  

Gra in  type and name  Length of Bread th  of 
of the v a r i e t y  ke rne l  mm 

Rat io  of l e n g t h / b r e a d t h  I000 gra in  Pho tope r iod  
weight gin.  s e n s i t i v i t y  

C o a r s e  g r a in  
v a r i e t i e s  

IR8 9 .10  3 .15  2 .88  
SR(26)B 9.75 2 .80  3 .44  
Varuna  9.50 2 .70  3.51 
Ba la  6 .40  3 .00  2 .13 

F ine  g r a i n  v a r i e t i e s  

Kalanamak 7 .00  2 .25  3.11 
Sona 9 .50 2 .15  4.41 
Bas .  370 8 .75 2 .20  4.43 
T-3 9 .20 2 .30  4 .00 

Hybr ids  

KeSanamak x 9.00 2 .70  3.33 
SR(26)B  
S1R(26)B x 
K a l a n a m a k  10 .00  2 .81  3 .55  

29.00 I n s e n s i t i v e  
28.10 Sens i t i ve  
25.10 In sens i t i ve  
19.80 I n s e n s i t i v e  

14.80 S e n s i t i v e  
19.75 I n s e n s i t i v e  
20.15 In sens i t i ve  
20.26 I n s e n s i t i v e  

00. 23434 Not o b s e r v e d  

00. 2879 e Not o b s e r v e d  

Weight  of 10 g r a i n s  in c a s e  of hybr ids  

S ta rch  gel  e l e c t r o p h o r e s i s  and s ta in ing  

Hor izonta l  s t a r c h  gel e l e c t r o p h o r e s i s  (Smi th i e s  1955) 
using a d iscont inuous  buffer  s y s t e m  as modi f i ed  by 
Marsha l l  and A l l a r d  (1970) was p e r f o r m e d  us ing 12 
h y d r o l y s e d  potato s t a r c h  (V. P.  Ches t  Ins t i tu te ,  New 
Delh i ) .  The gel was p r e p a r e d  in T r i s - C i t r a t e  buf fe r .  
Superna tan ts  of the homogena t e s  w e r e  a b s o r b e d  on 
Whatman No. 3 f i l t e r  paper  and i n s e r t e d  6 c m  away 
f rom the cathodal  end of the ge l .  The gel was sub jec t ed  
to 8 V / c m  c u r r e n t  for  1 h r .  and then  s a m p l e  s t r i p s  
w e r e  r e m o v e d  and a cons tant  c u r r e n t  of 10 v / c m  was 
suppl ied  for  4 h r .  

Af t e r  e l e c t r o p h o r e s i s ,  the ge l s  w e r e  s l i c e d  and 
incubated  at 37~ in a s ta in ing  m i x t u r e  conta in ing 1 
naphthyl ace t a t e  in 50 ~ ace tone ,  40 rag. of F a s t  Blue - 
RR, 40 ml NaH~PO4 buffer  (pH 4 .3 ,  0 .2  m ) ,  10 ml 
Na~HPO4 buffer  (pH 9 .2 ,  0 .2  m)  and 40 ml .  w a t e r .  
E s t e r a s e  bands b e c a m e  c l e a r  a f t e r  2-3 h r .  The s t a ined  
ge ls  w e r e  washed  and t r a n s f e r r e d  to 50 ~ ethanol  fo r  
s t o r a g e .  

Resu l t s  and D i s c u s s i o n  

I s o z y m e  and a l l o z y m e  v a r i a t i o n s  a s s o c i a t e d  with 

g r a i n - w e i g h t  

A total  of  10 e s t e r a s e  bands was  s e e n  by s t a r c h  gel 

e l e c t r o p h o r e s i s .  Of t he se ,  5 m o v e d  towards  the anode 

and 5 t o w a r d s  the ca thode .  All  the  anodal bands (A1, 

A 5 , A 6 , A  7 & A 8) w e r e  p r e s e n t  in all 8 v a r i e t i e s  and 

gave  m o r e  o r  l e s s  s i m i l a r  p a t t e r n s .  This shows that ,  

i r r e s p e c t i v e  of the  m e t a b o l i c  r a t e ,  t h e s e  anodal bands 

a r e  equa l ly  impor tan t  for  all the  v a r i e t i e s .  

The cathodeS bands,  which w e r e  of spec i a l  i n t e r e s t  

in the p r e sen t  s tudy,  w e r e  a lso  f ive  ( C 1 , C 2 , C 3 , C  4 

and C 6 ) .  Var i a t ions  o b s e r v e d  in bands C 1 , C 2 , C  3 and 

C 4 w e r e  he lpful  in dividing the v a r i e t i e s  into two g roups .  

The d i f f e r ences  w e r e  qui te  m a r k e d  but not absolu te ,  

because  s o m e  bands w e r e  p r e sen t  (though v e r y  faint)  

in the types  whe re  they a r e  usua l ly  absent .  

In 'Kalanarnak ', bands C 1 and C 2 showed  g r e a t e r  

ac t iv i ty  (C 2 being d a r k e r  than C 1) and C 3 showed v e r y  

low ac t iv i ty .  In 'Sona ' ,  ' B a n s m a t i - 3 7 0 ' a n d  ' T 3 ' ,  C 1 

and C 2 showed high ac t iv i ty  (C 2 being d a r k e r  than C1) 

andC 3 andC 4 showed low ac t iv i ty .  In ' I . R . 8 ' ,  ' S R ( 2 6 ) B '  

and ' V a r u n a ' ,  bands C 3 and C 4 showed g r e a t e r  a c t i v -  

ity (C 4 being d a r k e r  than C3) , w h e r e a s  in ' IR 8 '  band 

C 2 showed equal ac t iv i ty  and, in ' S R ( 2 6 ) B '  and ' V a r u -  

na ' ,  it showed l o w e r  ac t iv i ty ,  when c o m p a r e d  with 

bands C 3 and C 4. In ' I R 8 ' ,  band C 1 was a l so  p r e s en t  

with v e r y  low ac t iv i ty  and, in o the r  c o a r s e - g r a i n  

' S R ( 2 6 ) B '  and ' V a r u n a '  it was absent .  At p r e s e n t  

we cannot draw absolu te  conc lus ions  about the r o l e  of 

these  i s o z y m e s  on g r a i n  weight ,  because  in  v ivo  sub -  

s t r a t e s  of e s t e r a s e s  a r e  not yet  known. But looking 

at the pa t t e rns  of bands C 1 , C 2 , C  3 and C 4 in f ine -  

g r a i n  r i c e ,  we may  conclude  that bands C 3 and C 4 

a r e  somehow a s s o c i a t e d  with m o r e  ac t i ve  m e t a b o l i s m  

than bands C 1 and C 2. This might  be one r e a s o n  why 

the v a r i e t i e s  w h e r e  C 3 and C 4 a r e  p r e sen t  a r e  c o a r s e -  
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g ra in  v a r i e t i e s  and whe re  C 1 and C 2 a r e  p r e s e n t  a r e  

f i n e - g r a i n  v a r i e t i e s .  

' B a l a  '( F ig .  3 ), t r ad i t i ona l l y  c l a s s i f i e d  as a c o a r s e -  

g r a in  v a r i e t y ,  gave  the pa t t e rn  c h a r a c t e r i s t i c  of f i ne -  

g r a in  v a r i e t i e s  (F ig.  2 ) in a s s o c i a t i o n  with l e s s e r  g r a i n  

weight  (Table 1 ). This o b s e r v a t i o n  ind ica t e s  that the 4 

cathodal  bands a r e  a s s o c i a t e d  with g r a i n  weight  of r i c e  

i r r e s p e c t i v e  of the g r a in  shape .  

Cathodal  band C 6 (de t a i l s  of which a r e  being s tud -  

ied) was spec i f i c  to p h o t o - i n s e n s i t i v e  v a r i e t i e s  ( ' Sona '  

' B a n s m a t i - 3 7 0  ', ' T 3 ' ,  ' IR8 ' ,  ' Va runa '  and ' B a l a '  ) 

and absent  in p h o t o - s e n s i t i v e  v a r i e t i e s  ( ' K a l a n a m a k '  

and 'SR(26)B'). 

Tissue  spec i f i c i t y  of i s o z y m e s :  This e x p e r i m e n t  

was p e r f o r m e d  to l o c a l i z e  the p r e s e n c e  of d i f ferent  

bands in d i f fe ren t  s e e d  t i s s u e s :  husk,  e m b r y o  and 

e n d o s p e r m .  ' IR8 ' ,  which con ta ined  al l  the 10 bands,  

was used  for  th is  pu rpose .  The re  was no e s t e r a s e  

ac t iv i ty  in husk of ' IR8 ' .  In the e m b r y o ,  al l  the bands 

except  A 1 w e r e  p r e s e n t  t owards  the anode,  w h e r e a s  

t owards  the ca thode  only C 6 was p r e s e n t .  In endo-  

s p e r m  al l  the anodal  and cathodal  bands w e r e  p r e s e n t  

except  bands A 5 and A 6 ( F i g .  4) .  Z y m o g r a m s  for  

t i s s u e  spec i f i c i t y  c l e a r l y  showed that bands A 5 and 

A 6 w e r e  s p e c i f i c  to e m b r y o  and A1,  C1, C2, C 3 and 

C 4 w e r e  spec i f i c  to e n d o s p e r m .  The p r e s e n c e  of bands 

F i g . 2 a .  Z y m o g r a m  showing the v a r i -  
a t ions in e s t e r a s e  ac t iv i ty  in s e e d s  of 
d i f ferent  f ine g r a in  v a r i e t i e s  of r i c e .  
Kalanamak (K),  Sona (S) ,  B a s m a t i  
(IBas) and T3 
b. S c h e m a t i c  d i ag ram of e s t e r a s e  i s o -  
z y m e s  in s eeds  of f ine g r a i n  v a r i e t i e s  
of r i c e .  Kalanamak (K) ,  Sone (S) ,  
B a s m a t i  (Bas )  and T~. Note the bands 
C~ and C2 show g r e a t e r  ac t iv i ty  than 
Ca and C4 in these  v a r i e t i e s  

F i g .  3a. Z y m o g r a m  showing the v a r i -  
a t ion in e s t e r a s e  ac t iv i ty  in s e e d s  of 
d i f fe ren t  c o a r s e  g r a i n  v a r i e t i e s .  IR8 
( I ) ,  SR(26)B  (SR) ,  Va runa  (V) and 
B a l a  ( B ) .  Note that  Ba la  shows ban-  
dir~ pa t t e rn  l ike  f ine g r a i n  v a r i e t i e s  
b. Schema t i c  d i ag ram of e s t e r a s e  a c -  
t iv i ty  in s eeds  of c o a r s e  g r a i n  v a r i -  
e t i e s  of r i c e .  IR8 ( I ) ,  SR(26 )B  (SR) ,  
Varuna  (V) and B a l a  ( B ) .  Note that  
the bands Cs and C4 a r e  d a r k e r  than 
C~ and Cz in c o a r s e  g r a i n  v a r i e t i e s  
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F ig .  4a. E s t e r a s e  i s o z y m e s  in  dif-  
fe rent  t i s s u e s  of the seeds  of IR8. 
Embryo  (EM) and Endospe r m (End)  
b. Schemat ic  r e p r e s e n t a t i o n  of e s -  
t e r a s e  ac t iv i ty  in  embryo  (EM) and 
endospe rm (End) .  Refe r  text for  de-  
t a i l s  

F ig .  Sa. Photograph showing e s t e r a s e  
i sozymes  i n K a l a n a m a k  (K) andSR(26)B  
(SIR) and the i r  r e c i p r o c a l  hybr ids  
b. Schemat ic  d iag ram of e s t e r a s e  ac -  
t ivi ty  in f ine g r a i n  Ka lanamak  (K) and 
c o a r s e  g r a i n  SIR (26) B v a r i e t i e s  of r i c e  
and the i r  r e c ip roca l  hybr ids  

C1, C2, C 3 and C 4 only  in endospe rm prov ides  fu r the r  

suppor t  to our  hypothes is ,  because  endospe rm is the 

m a i n  cons t i tuen t  of r i c e  g r a in  weight .  

I sozymic  pa t t e rns  in  r ec ip roca l  hybr ids  of f i n e - g r a i n  

and c o a r s e - g r a i n  v a r i e t i e s  

To s tudy the mode of i n h e r i t a n c e  of the cathodal  bands 

C1, C2, C 3 and C 4, r e c ip roca l  c r o s s e s  of f i n e - g r a i n  

( ' K a l a n a m a k ' )  and c o a r s e - g r a i n  'SIR(26)B'  v a r i e t i e s  

were  made  in the g reenhouse .  The i sozymic  v a r i a t i o n s  

in  the two pa ren t s  o c c u r r e d  only in  cathodal bands 

(F ig .  5 ) .  In both the pa ren t s ,  2 dark and 1 faint  ca tho-  

dal bands were  v i s i b l e .  In ' K a i a n a m a k ' ,  C 1 and C 2 

were  dark,  C 3 was faint ,  and C 4 was absen t ,  whereas  

in 'S IR(26)B ' ,  C 3 a n d C  4 were  dark,  C 2 was faint and 

C 1 was absent .  In hybr ids  all the 4 bands  were  p r e s -  

ent with the in tens i ty  d i f fe rence  in r e c i p r o c a l  c r o s -  

s e s .  The in tens i ty  of these  bands in p a r e n t s  and the i r  

r ec ip roca l  hybr ids ,  in  descending  o r d e r ,  was 

Kalanamak :C 2 >C 1 >C 3 ( v e r y  faint)  

SIR(26)B :C 4 >C 3 >C 2 ( v e r y  faint)  

Kalanamak ~ x SIR(26)Bd:C 2 >C3>~C 1 >C 4 

SIR(26)B9 x Ka lanamakd  :C 3 >C4>/C 2 >C 1 

Schwartz et al.  (1965) o b s e r v e d  that e s t e r a s e  o c c u r -  

r ed  in  plants  as a d i m e r ,  composed  of homologous 

subun i t s .  However,  in  homozygotes  t he r e  is  no ind i -  

ca t ion  of d i m e r i z a t i o n  with o ther  nona l l e l i c  e s t e r a s e .  
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F i g . 6 .  Model to expla in  the d i f f e r e n c e s  in in tens i ty  
of d i f fe ren t  bands ( e s t e r a s e  ac t iv i ty )  in the p a r e n t s -  
Ka lanamak  and SR(26)B  and t h e i r  r e c i p r o c a l  hybr ids .  
R e f e r  text  fo r  de ta i l s  

T h e r e f o r e ,  in homozygo te s  each  band r e p r e s e n t s  one 

gene l ocus .  

As  we have  a l r e a d y  a s s u m e d ,  i s o z y m e s  C 3 and 

C 4 a r e  ac t ive  m e t a b o l i c a l l y  when c o m p a r e d  with C 1 

and C2;  the r e c i p r o c a l  d i f f e r e n c e s  ( m a t e r n a l  e f f ec t s )  

o b s e r v e d  in g r a in  weight  could be a s c r i b e d  to d i f f e r -  

ent gene  dosage  ( p r e s e n t  in the  e n d o s p e r m  to which 

t he se  4 bands a r e  spec i f i c  F ig .  4) .  These  bands a r e  

c o n t r i b u t e d  by the g e n o m e  of two p a r e n t s  fo r  d i f fe ren t  

l oc i .  

In r i c e  v a r i e t i e s  (which a r e  homozygous  fo r  mos t  

of the  genes  because  of the inb reed ing  na tu re  of the  

c rop )  we suppose  that  t h e r e  a r e  4 e s t e r a s e l o c i  g iv ing 

r i s e  to C 1 , C 2 , C  3 and C 4 cathodal  bands.  We f u r t h e r  

a s s u m e  that the p r e s e n c e  o r  absence ,  and the d i f f e r -  

e n c e s  in the i n t e n s i t i e s ,  of t h e s e  bands ind ica te  the 

d i f f e r en t i a l  amount  of u l t ima te  product  of c o r r e s -  

ponding genes  (Scandal ions  1974).  

The h e t e r o z y g o t e s  of  f i n e - g r a i n  and c o u r s e - g r a i n  

v a r i e t i e s ,  whe re  both the types  of g e n o m e s  w e r e  p r e s -  

ent,  g a v e  r i s e  to all the  4 bands but with d i f fe ren t  in -  

t e n s i t i e s .  The r e s u l t s  obta ined with hybr ids  can  be e x -  

p la ined  with the help  of a hypothet ica l  model ,  as  g iven  

in F i g . 6 .  We have denoted the 4 loc i  G1 ,G2 ,G  3 and G4, 

c o r r e s p o n d i n g  to C1, C2, C 3 andC 4 bands,  r e s p e c t i v e l y .  

R e c i p r o c a l  d i f f e r e n c e s  due to the m a t e r n a l  genome  

' K a l a n a m a k '  x ' S R ( 2 6 ) B '  showed h e t e r o s i s  in g r a i n  

weight (0.  2343 g/10 g r a i n s )  o v e r  the m i d - p a r e n t a l  

value  (21 .45  g /100 g r a i n ) .  The h e t e r o t i c  effect  ob-  

s e r v e d  could  be a t t r ibu ted  to the p r e s e n c e  of all the 

cathodal  bands in the hybr id  geno type .  The in tens i ty ,  

in descend ing  o r d e r ,  was C 2 > C  3 >~C 1 > C  4. Band 

C 2 was mos t  in tense  in this hybr id  because  it was 

p roduced  by 2 highly ac t i ve  dosages  of the G 2 locus ,  

con t r ibu ted  by e n d o s p e r m  nucle i ,  and 1 l e s s  ac t ive  

dose  of G 2 con t r ibu ted  by the m a l e  g a m e t e  nuc leus .  

The next mos t  in tense  band was C 3 because  two l e s s  

ac t ive  dosages  of C 3 and one l e s s  ac t i ve  dose w e r e  

p r e s e n t .  Band C 1 had an in tens i ty  equa l  to C 3. This 

band was the product  of 2 ac t ive  dosages  of G 1 and an 

inac t ive  t h i r d  dose .  Band C 4 was the l e a s t  in t ense ,  

which was the product  of only one highly ac t ive  dose  

of G 4 ( F i g . 6 ) .  

'SR(26 ) B '  x 'Ka lanamak  ' s h o w e d h e t e r o s i s  i n g r a i n  

weight ( .2879  g /10  g ra in )  o v e r  the be t t e r  paren t  

(28 .10  g /100  g r a i n ) .  Hybr id  v igou r  in this  c a s e  can  

a lso  be a t t r ibu ted  to the  p r e s e n c e  of all the 4 cathodal  

bands,  but with d i f fe ren t  in tens i ty  o r d e r ,  v iz .  C 3 > 

C 4 >~C 2 > C  1. This o r d e r  can be exp la ined  in the s a m e  

m a n n e r  as fo r  the c r o s s  ' K a l a n a m a k '  x ' S R ( 2 6 ) B '  

It is  c l e a r  that the in tens i ty  of the bands was de-  

pendent not only on the  ac t iv i ty  of the genes  but a lso  

on the gene  dosage  by which the p a r t i c u l a r  band was 

p roduced .  Our o b s e r v a t i o n s  a r e  in a c c o r d a n c e  with 

those  o b s e r v e d  and exp la ined  by B e c k m a n  et a l .  (1964) 

and Scanda l ios  (1969) .  

While o b s e r v i n g  the  g r a in  weight  of pa ren t s  and 

hybr ids  (Table 1 ) with t h e i r  i s o z y m i c  pa t t e rn  (F ig .  5 ,6  ), 

it a p p e a r s  that 4 e s t e r a s e  loc i ,  G1, G2, G 3 and G4, 

c o m p l e m e n t  each  o the r  in an addi t ive  m a n n e r  to br ing  

about the hybr id  v igour  in g r a i n  weight .  ' Ka lanamak ' 

• ' S B ( 2 6 ) B '  ( F i g . 6 )  hybr id  r e c e i v e d  four  highly a c -  

t i ve  genes  - G 1 and G 2 f r o m  the f e m a l e  paren t  and 

G 3 and G 4 f r o m  the m a l e  pa ren t .  The r e c i p r o c a l  hy-  

b r id  a l so  r e c e i v e d  the s a m e  number ,  but in r e v e r s e  

order. 
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The r e c i p r o c a l  d i f f e r e n c e s  o b s e r v e d  in g r a i n  weight 

of h y b r i d s ,  which w e r e  a l so  c o n s i s t e n t  in t h e i r  i s o z y -  

m i c  p a t t e r n s ,  g ive  f u r t h e r  suppo r t  to our  hypo thes i s  

tha t  4 e s t e r a s e  loc i  a r e  a s s o c i a t e d  with g r a i n  weight 

of r i c e  and they  c o m p l e m e n t  each  o t h e r  in addi t ive  

manner. 

Detailed ontogenetic variations are to be worked 

out to explore the pleiotropic effect of these loci on 

other yield components, if any. 

Our results may be helpful in screening desirable 

parents for grain weight in the hybridization pro- 

gramme. According to our conclusions one can ex- 

pect heterosis in at least grain weight in a cross of 

coars • fine grain varieties, rather than in crosses 

fine • fine or coarse • coarse varieties. 
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