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S u m m a r y .  The i n t e r r e l a t i o n s h i p s  among ten d i f ferent  A - g e n o m e  s p e c i e s  of the genus Oryza w e r e  s tudied  based  
on v a r i a t i o n s  in the e l e c t r o p h o r e t i c  pa t t e rn  of i s o e n z y m e s  of two non - spec i f i c  e n z y m e s ,  e s t e r a s e  and p e r o x i -  
da se .  The re  w e r e  16 i s o e n z y m e s  of e s t e r a s e  and 14 of p e r o x i d a s e .  The e s t e r a s e  pa t t e rn  could b e  c l a s s i f i e d  
into 3 d i f fe ren t  Z y m o g r a m s  l e ,  2e & 3e based  on the p r e s e n c e  a n d / o r  absence  of bands at p a r t i c u l a r  Rf v a l -  
u e s .  The pa t t e rn  l e  was found exc lu s ive ly  among the s p e c i e s  and v a r i e t a l  g roups  of sativa complex ,  whe r ea s  
2e and 3e w e r e  d i s t r ibu ted  exc lu s ive ly  among the spec i e s  of the glaberrima complex  and r e l a t e d  wild f o r m s .  
The p e r o x i d a s e  pa t t e rn  a lso  fe l l  into 3 d i f fe ren t  z y m o g r a m s  v i z .  lp ,  2p and 3p. Unlike e s t e r a s e ,  a l l  t h r e e  
z y m o g r a m s  w e r e  p r e s e n t  in both the sativa and glaberr~ma c o m p l e x e s .  

The s i m i l a r i t y  ind ices  (S) between the d i f fe ren t  pa i r s  of e n t r i e s  were  computed  taking into account  the 
p r e s e n c e  as  well  as  the r e l a t i v e  in tens i ty  of the c o r r e s p o n d i n g  i s o e n z y m e  bands .  The v a r i e t i e s  and s u b - s p e -  
c i e s  of O. sativa showed v e r y  high s i m i l a r i t y  va lues  with the As ian  perennls (O.perennis sub sp .  balunga), 
lending ev idence  for  the p robab le  d i f fe ren t ia t ion  of the f o r m e r  f r o m  the l a t t e r .  The Af r i can  cu l t iva ted  s p e c i e s  
O.glaber~ma showed v e r y  high s i m i l a r i t y  to the Af r i can  :perennis f o r m  O.perennis sub sp .  barthii,  O.brevili- 
gulata and O . s t a p f i i .  The only eubensis f o r m  s tudied  had the s a m e  e s t e r a s e  and p e r o x i d a s e  pa t t e rn  as that of 
the s p e c i e s  of the glaberrima complex  and a lso  a v e r y  high s i m i l a r i t y  with th is  g roup .  Thus, the e n t i r e  A - g e n -  
o m e  s p e c i e s  could be broadly  grouped  into the sativa and glaherrima c o m p l e x e s ,  and within the group these  
was a lot  of ove r l app ing  in s i m i l a r i t y  va lues  making it  diff icul t  to identify and p in-poin t  s p e c i e s  o r  s u b s p e c i e s  
based  on t he i r  i s o e n z y m e  pa t t e rn s  and s i m i l a r i t y  va lues .  
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In t roduct ion  

In sp i t e  of  ex t ens ive  s tud ies  on morpho log ica l  and 

phys io log ica l  d i f f e r e n c e s ,  d i s t r ibu t iona l  f e a t u r e s ,  

c r o s s a b i l i t y  and cy togene t i c  behav iour  of i n t e r s p e -  

c i f i c  hybr ids ,  the na tu re  of phylogenet ic  r e l a t i o n -  

sh ips  and evo lu t iona ry  dynamics ,  e s p e c i a l l y  in the 

' A '  genome s p e c i e s  of the genus Oryza, s t i l l  r e -  

mains  an unse t t l ed  ques t ion .  (IRRI Sympos ium on 

R ice  Gene t i c s  and Cy togene t i c s ,  1963).  In the r e -  

cent  pas t ,  extent  of homology in the e l e c t r o p h o r e t i c  

pa t t e rn  of  p ro t e in s  has been ex t ens ive ly  used  as a 

c r i t e r i o n  of in t r a  and i n t e r s p e c i f i c  r e l a t i onsh ips  in 

many plant s p e c i e s  ( c . f .  Johnson  1967; Johnson and 

Hall  1966; Johnson  et a l .  1967; and Siddiq et a l .  

1972).  It was sugges ted  by Wall and Whi taker  (1971) 

that  e l e c t r o p h o r e t i c  v a r i a t i o n  in i s o e n z y m e s  can r e -  

vea l  a much m o r e  de ta i l ed  p i c tu r e  of c h r o m o s o m e  

blocks  and loc i  d i f f e r e n c e s  than can  genome ana lys i s  

using s t o r a g e  p r o t e i n s .  An a t t empt ,  t h e r e f o r e ,  has 

been made to study the i s o e n z y m e  pa t t e rn  of two non-  

spec i f i c  e n z y m e s ,  namely  e s t e r a s e  and p e r o x i d a s e  

in r e p r e s e n t a t i v e  ' A '  genome s p e c i e s  of the genus 

Oryza, to gain a be t t e r  ins ight  into the s p e c i e s  i n t e r -  

r e l a t i onsh ips  with p a r t i c u l a r  r e f e r e n c e  to the o r i g i n  

of the cu l t iva ted  r i c e s  0. s a t i v a  and O. glaberrima. 

M a t e r i a l s  and Methods 

Sixty s t r a i n s  r e p r e s e n t i n g  ten d i f fe ren t  ' A '  genome 
s p e c i e s  of the genus Oryza w e r e  included in the p r e -  
sent  s tudy.  The seed l ings  w e r e  r a i s e d  under  uni -  
f o r m  condi t ions  of t e m p e r a t u r e  (30 + 2~ and m o i s -  
t u re  supply .  F o r  ex t r ac t ion  of e s t e r a s e  e n z y m e s ,  
O. 5 to 1.Og f r e s h  weight of f i v e - d a y - o l d  shoots  
were  ground with t h r e e  t i m e s  the v o l u m e  of 0 .2  M 
Tris-HC1 buffer  (pH 6 .0 )  conta ining 0.006 M 8- 
mercap toe thano l  in an i ce  cold  pes t l e  and m o r t a r  
kept in an i ce  bath.  F o r  p e r o x i d a s e  e n z y m e s ,  the 
whole of the s e e d s ,  72 hours  a f t e r  ge rmina t ion ,  was 
ground with the s a m e b u f f e r  conta ining no m e r c a p t o -  
e thanol .  The pas te  obtained was cen t r i fuged  at 
20,O00xg fo r  20 min .  at 4~ and the c l e a r  s u p e r -  
natent  was used  for  e l e c t r o p h o r e s i s .  The p ro t e in  con-  
tent  in the superna ten t  was d e t e r m i n e d  by the method  
d e s c r i b e d  by Lowry et a l .  (1951) .  
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P o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  with 7.5N 
a c r y l a m i d e  gel was employed ,  fol lowing the method 
out l ined by Davis  (1964) and Orns te in  ( 1 9 6 4 ) f o r  
anionic  s y s t e m s ,  with 0 . 2 M  T r i s - g l y c i n e  (pH 8 .3 )  
as  t r ay  buf fe r .  Crude  e x t r a c t  containing 150 mg of 
p ro te in  was appl ied o v e r  the s p a c e r  gel  and e l e c t r o -  
p h o r e s i s  was c a r r i e d  out with a constant  c u r r e n t  sup-  
ply of 3 mA p e r  gel tube using bromophenol  blue as 
the t r ack ing  dye.  As soon as the e l e c t r o p h o r e s i s  
was o v e r ,  the ge l s  w e r e  r e m o v e d  f rom the tubes 
and s ta ined  for  the enzymes  as fo l lows :  

E s t e r a s e s :  The ge ls  were  incubated in the s ta in ing 
m i x t u r e  conta ining,  pe r  ml of phosphate  buffer  (pH 
5 . 9 ) ,  0 . 4 m g  of fas t  blue RR sa l t  and 5rag alpha 
naphthyl ace t a t e  in 0 .5  ml of 50 N a c e t o n e ,  for  30 
rain. at r o o m  t e m p e r a t u r e .  

P e r o x i d a s e s :  The ge ls  w e r e  kept i m m e r s e d  in the 
s ta in ing  solut ion containing,  p e r  ml of  d i s t i l l ed  wa-  
t e r ,  O . l m l  of 0 . 2 M  ace ta t e  buffer  (pH 5.1)  and 
0 .17  mg O-dianis idine  for  30 min .  at r o o m  t e m p e r -  
a t u r e .  The ge ls  w e r e  then t r a n s f e r r e d  to a s ta in ing 
tube conta ining 0 .1  M He02 and s ta ined  for  5 min.  
In both c a s e s  the r eac t ion  was stopped with 7 7~ a c e t -  
ic  ac id  and the ge l s  were  a lso  s t o r e d  in 7 pe r  cent  
ace t i c  ac id .  

The i s o e n z y m e  bands in each v a r i e t y  w e r e  c h a r -  
a c t e r i s e d  by t he i r  r e s p e c t i v e  Rf va lues ,  where  

Dis t ance  t r a v e l l e d  by the band f r o m  the t ip of 
Rf = runnin~ ~el 

Di s t ance  t r a v e l l e d  by the t r ack ing  dye 

The homology o r  o t h e r w i s e  of the bands be tween 
s t r a i n s  was c o n f i r m e d  by sub jec t ing  the ' m i x e d  ex -  
t r a c t s  ' of p a i r s  of  v a r i e t i e s  to c o e l e c t r o p h o r e s i s .  
The ge ls  w e r e  scanned  in J o y c e  Lobell c h r o m o s c a n  

at a wave length of 490nM for  e s t e r a s e  and 465nM 
for  p e r o x i d a s e  to obtain the dens i tograph  p a t t e r n s .  

Two d i f fe ren t  methods  w e r e  used  to c l a s s i f y  the 
s ix ty  s t r a i n s .  One was the method of z y m o g r a m  an-  
a ly s i s  (Hunter  and M a r k e r t  1957), where  the i s o e n -  
z y m e  pa t t e rn s  a r e  c l a s s i f i e d  into d i f ferent  ' Z y m o -  
g r a m s  ' based  on the p r e s e n c e  a n d / o r  absence  of d i f -  
f e ren t  bands at p a r t i c u l a r  Rf v a l u e s .  

The second approach  was the computa t ion  of  s i m i -  
l a r i t y  ind ices  (S) ,  using the fo rm u la  of  Sokal and 
Sneath (1963) modif ied  to take the in tens i ty  of the 
bands into account .  In tens i ty  of the band was taken 
as the a r e a  enc losed  by a band in the dens i tograph .  

m ai 
S - m+d Ai where ,  

m = the n u m b e r  of  s i m i l a r  bands 
d = the number  of d i s s i m i l a r  bands 
ai = Min imum a r e a  of the ith band 
Ai = Maximum a r e a  of  the ith band between any pa i r  

of v a r i e t i e s .  

Resu l t s  

Z y m o g r a m  Ana lys i s  

The s ixty s t r a i n s  were  c l a s s i f i e d  on the bas i s  of t he i r  

z y m o g r a m  p a t t e r n s .  There  w e r e  16 i s o e n z y m e s  of 

e s t e r a s e ,  and e s t e r a s e  pa t t e rn  fell  into 3 d i f ferent  
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F i g .  1. Z y m o g r a m  and dens i tograph  t r a c i n g s  of  e s t e r a s e  i s o e n z y m e s  in the r e p r e s e n t a t i v e  A - g e n o m e  s p e c i e s  
of the genus 02,yza 
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z y m o g r a m s ,  name ly  l e ,  2e and 3e. l e  di f fered 

f rom 2e by the p r e s e n c e  of band 12 and absence  of 

band 14 r e spec t ive ly  a t  Rf 0.670 and 0 .745 ,  whe re -  

as 2e dif fered f rom 3e by the absence  of band 14 

only .  All the spec ies  of the sat~va complex  had zy-  

m o g r a m  l e  exc lus ive ly ,  whereas  2e and 3e were  
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jaoanica of Or~za satiua L. 
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F i g .  4. Z y m o g r a m  of p e r o x i d a s e  i s o e n z y m e s  in the s u b s p e c i e s  indica, 
japonica and jav~nica of Oryza sativa L. 

found e x c l u s i v e l y  among  the s p e c i e s  of glaberrima 

complex  and r e l a t e d  wild s p e c i e s  ( F i g s .  1, l a ,  2 & 

2a). 

The peroxidase pattern had 14 isoenzymes fall- 

ing into zymogram classes lp, 2p and 3p. lp dif- 

fered from 3p in the absence of band 5 at Rf 

0. 225, while 210 differed from 3p in the absence of 

band 1 at Rf 0.03. However, unlike the situation 

with esterases, the sativa and glaberrima complexes 

did not show any specific zymogram pattern of their 

own. O. sativa and 0. glaberr~ma strains shared all 

three zymograms, whereas 0. per~nni8 sub sp. 

balunga and O.b~ligulata included lp and 3p. 

O. perenni8 sub sp. barthii had 2p, while O.perennis 

sub sp. cubensi8 and O. 8tapfii had 3p and Ip re- 

spectively (Figs. 3, 3a & 4). 

Similarity indices and Species Relationships 

Rela t ionsh ip  among Wild ' A ' - G e n o m e  Spec ies  

Similarity indices (S) within and between the 3 sub- 

species of O.pe~nnis are presented in Table I. The 

three strains of Asian perennis (balu~ga) exhibited 

close similarity among themselves, their 'S' values 

ranging  f r o m  83.50 to 87.26 %, w he rea s  the two Af-  

r i c an  s t r a i n s  (b~ethii)  had a l ower  s i m i l a r i t y  of 

76.80 and 76.14 %, with the As ian  per~nni8, the on-  

ly cubensis type,  showing an i n t e r m e d i a t e  s i m i l a r i t y  

of 80.03 %. The two A f r i c an  (bc~thii)  types  had a 

v e r y  high s i m i l a r i t y  of 92.22 %, and 84.0  % with 

c ~ e n s i s .  

Relationships between the Cultivated Types and 

Related Wild Species 

It can be seen  (Table 2) that the Asian  cu l t iva ted  

type O . s a t i v a  exhibi ted  a high s i m i l a r i t y  of 86.09 % 

with balz~gaj and was c o m p a r a t i v e l y  m o r e  d ive rgen t  

f r o m  baPthii with a l ower  s i m i l a r i t y  of 79.14 %. On 

the o the r  hand, the Af r i can  cu l t iva ted  type O.glabeP-- 

r~ma had a high s i m i l a r i t y  of 85.27 ~ with bc~thi i  

c o m p a r e d  with a low s i m i l a r i t y  of 78.30 % with 

bal~ga.  

I n t e r r e l a t i o n s h i p s  among the Spec ies  of the sativa 

Complex  

Data on the cumula t i ve  a v e r a g e  s i m i l a r i t i e s  and the 

respective range values are summarised in Table 3. 
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T a b l e  1.  S i m i l a r i t y  i n d i c e s  b e t w e e n  t h r e e  s u b - s p e c i e s  of  0. perennis 

Name of species 0. p. O.p. O.p. O.p. O.p. O.p. 
balunga - I balunga -2 balunga -3 barthi i- I barthi i -2 cubensis 

O.perennis s u b  s p .  balwnga-I - 8 7 . 2 6  8 4 . 1 4  7 6 . 5 0  7 6 . 1 4  8 0 . 0 3  
O. perennis s u b  s p .  balunga-2 - 8 3 . 5 0  7 6 . 5 4  7 7 . 3 3  7 7 . 4 6  
O. perennis s u b  s p .  balunga-3 - 7 8 . 4 6  8 0 . 0 2  7 3 . 9 2  
O. perennis sub sp. barthii - 1 - 92.22 84.74 

O.perennis s u b  s p .  b a r t h i i - 2  - 8 4 . 2 3  
O. perennis sub sp. cubensis 

T a b l e  2.  A v e r a g e  s i m i l a r i t i e s  b e t w e e n  t h e  c u l t i v a t e d  
f o r m s  a n d  t h e i r  p r o b a b l e  p r o g e n i t o r s  in  t h e  G e n o m e -  
A 

S r .  N o .  N a m e  of  O. sat iva O. glaberrima 
s p e c i e s  C u m u l a t i v e  C u m u l a t i v e  

a v e r a g e  a v e r a g e  
p e r c e n t a g e  p e r c e n t a g e  
s i m i l a r i t y  s i m i l a r i t y  

1.  

2. 

O. perennis 
s u b  s p .  8 6 . 0 9  7 8 . 3 0  
balunga 

O. perennis 
s u b  s p .  7 9 . 1 4  8 5 . 2 7  
barthi i 

The  f o u r  w i l d  s p e c i e s  of  t h e  c o m p l e x ,  n a l e y  O.peren- 

nis s u b  s p .  balwnga, O. spontanea, O. rufipogon a n d  

O.nivara, e x h i b i t e d  h i g h  s i m i l a r i t y  a m o n g  t h e m -  

s e l v e s ,  r a n g i n g  f r o m  8 5 . 6 3  to 8 7 . 8 0 ~ .  Al l  t h e  s u b -  

s p e c i e s  a n d  v a r i e t a l  g r o u p s  of  0. sat iva a l s o  s h o w e d  

h i g h  s i m i l a r i t i e s  w i t h  O.perennis s u b  s p .  balun- 

ga, r a n g i n g  f r o m  8 5 . 5 9 %  f o r  javanica to  8 5 . 8 3 %  f o r  

indica. The  e x t e n t  of  s i m i l a r i t y  b e t w e e n  0. spontco~ea 

a n d  t h e  sat iva  v a r i e t a l  g r o u p s  r a n g e d  f r o m  8 0 . 8 6  

to  83.83 ~. 

A m o n g  t h e  s u b - s p e c i e s  g r o u p s  of  O.sativa, 

japonica w a s  t h e  c l o s e s t  o n e  to  indica wi th  a h i g h  

s i m i l a r i t y  of  8 9 . 9 2 % .  S i m i l a r l y  t h e  ' a u s '  a n d  

' a m a n  ' t y p e s  w e r e  c l o s e r  to  javanica, w i t h  ' S ' v a l -  

u e s  of  8 6 . 7 8  a n d  8 8 . 1 7 % ,  r e s p e c t i v e l y .  H o w e v e r ,  

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

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

d i f f e r e n t  g r o u p s  a s  s e e n  in  t h e  w i d e  r a n g e  of  ' S '  v a l -  

u e s .  F o r  i n s t a n c e ,  o n e  japonica s t r a i n  w a s  m o r e  

d i v e r g e n t  f r o m  indica, w i t h  a s i m i l a r i t y  o f  o n l y  

8 4 . 3 8  ~, t h o u g h  i n  g e n e r a l ,  japonica w a s  c l o s e s t  to  

indica a s  s e e n  f r o m  h i g h  a v e r a g e  s i m i l a r i t y  v a l u e s .  

In t h e  s a m e  way ,  t h o u g h  ' a u s '  a n d  ' a m a n '  a n d  

javanicas a s  a g r o u p  w e r e  d i v e r g e n t  f r o m  indica, 

t h e r e  w e r e  s o m e  t y p e s  w h i c h  w e r e  c l o s e r  to  indica, 

a s  e v i d e n t  f r o m  t h e  h i g h  s i m i l a r i t y  of  8 9 . 5 9  % b e -  

t w e e n  t h e  ' a m a n '  t y p e  a n d  a n  indica s t r a i n  a n d  

9 0 . 3 9  % b e t w e e n  o n e  of  t h e  ' a u s  ' t y p e s  a n d  a n  indica 

s t r a i n .  

The  i n t r a - g r o u p  s i m i l a r i t y  w a s  m a x i m u m  in  t h e  

japonica a n d  nivara, a s  s e e n  f r o m  t h e  h i g h e s t  a v e r -  

a g e  s i m i l a r i t i e s  of  9 2 . 0 7  a n d  9 3 . 2 2 %  w i t h  n a r r o w  

r a n g e s  of  8 9 . 4 0  to  9 5 . 1 0 %  a n d  9 2 . 2 2  to 9 4 . 2 4 ,  r e -  

s p e c t i v e l y .  The  j a w n i c a  a n d  ' a m a n '  t y p e s  o f  B e n -  

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

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

l a r i t y  v a l u e s  of  7 8 . 2 9  to 9 3 . 9 3  % f o r  javanica a n d  

8 1 . 2 8 -  9 3 . 2 4  % f o r  ' a m a n  ' t y p e s .  0. perennis s u b  s p .  

bal~nga a l s o  e x h i b i t e d  c o n s i d e r a b l e  i n t r a - g r o u p  v a r -  

i a t i o n .  The  m a g n i t u d e  of  i n t r a - g r o u p  v a r i a t i o n  in  'S' 

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

w a s  i n t e r m e d i a t e  b e t w e e n  t h o s e  of  japonica a n d  

j avc~ i ca. 

I n t e r r e l a t i o n s h i p s  among t h e  S p e c i e s  of  glaberrima 

C o m p l e x  

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

t h e  glaberrima c o m p l e x  a r e  p r e s e n t e d  in  T a b l e  4.  

The  two bar th i i  t y p e s  b e t w e e n  t h e m  h a d  t h e  h i g h e s t  

s i m i l a r i t y  of  9 2 . 2 2  %. On t h e  o h t e r h a n d  t h e r e  w a s  

a wide  i n t r a - g r o u p  v a r i a t i o n  in  t h e  brev i l igu la ta  

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

f r o m  8 1 . 8 6  to  9 2 . 1 5 %  i n  t h e  f o r m e r  a n d  8 1 . 7 2  to 

9 3 . 6 2  ~ i n  t h e  l a t t e r .  The  s i m i l a r i t y  b e t w e e n  t h e  two 

0. s t a p f i i  t y p e s  w a s  a l s o  of  a l o w e r  o r d e r  of  8 4 . 3 6  ~. 

The  s i m i l a r i t y  b e t w e e n  barthii a n d  breviligulata 



206 T h e o r .  App l .  G e n e t .  50 (1977)  

Tab l e  3. C u m u l a t i v e  a v e r a g e  s i m i l a r i t y  i n d i c e s  b e t w e e n  the  wi ld  and c u l t i v a t e d  s p e c i e s  of  t he  ' Sa t i va '  c o m p l e x  

N a m e  of  O. perennis sub  sp .  O. spontanea O. rufipogon O. nivara 
s p e c i e s  balunga 

O. perennis  8 4 . 9 7  86 .53  85 .86  
sub sp. (83.50-87.26) (82.86-90.88) (83.90-87.98) 
balunga 
O. spontanea 88.53 87.80 

(86.71-91.26) (83.80-91.17) 

O. rufipogon 

O. nivara 

O . sati va 
sub  sp .  
indica 

O. sativa 
sub  sp.. 
japonica 

O. sativa 
j avan i ca 

O. sati va 

O. sativa 
( 'Aman' ) 

sub  s p .  

( ' A u s  ) 

86 .63  
( 8 2 . 4 2 - 8 9 . 7 0  

87 .43  
(84.13-91.00 

85.86 
(84.16-86.78 

93.22 
( 9 2 . 2 2 - 9 4 . 2 4  

F i g u r e s  in p a r e n t h e s i s  a r e  r a n g e  o f  the  v a l u e s  

Tab le  4. P e r c e n t a g e  s i m i l a r i t y  a m o n g  the  s p e c i e s  of  the  'glaberrima' c o m p l e x  

N a m e  of  O. perennis Sub s p .  O. breviligulata 
s p e c i e s  barthi i - 1 barthi i -2 1 2 3 

O.perennis sub  sp .  
barth i i -1 
O.pex~nnis sub  sp .  
ba2 th i i  -2  
O . brevi l igulata- 1 
O. brevi l igulata- 2 
O. brevi l igulata- 3 
O. g laberrima- I 
O . g laberrima- 2 
O. g laberrima- 3 
O. g laberrima- 4 
O. glaberrima- 5 
O. g laberrima-6 
O. g laberrima- 7 
O. stapfl i- 1 
O. s tapfii- 2 

9 2 . 2 2  8 5 . 9 0  83 .77  83 .80  

- 84 .31  80o12 8 4 . 6 8  

- 92.15 83.98 
8 1 . 8 6  

t y p e s  v a r i e d  f r o m  8 0 . 1 2  to 85 .90  g a n d  that  of  

g l a b e ~ m a  and  b a r t h i i  r a n g e d  f r o m  8 0 . 0 2  to 

90 .06  ~. In t h i s  c a s e  a l s o ,  a lo t  of  o v e r l a p p i n g  in 

s i m i l a r i t y  v a l u e s  was  o b s e r v e d .  F o r  i n s t a n c e ,  one  

of  t he  glaberr~ma s t r a i n s  ( g l a b .  1) was  v e r y  c l o s e  

to barthii s h o w i n g  90.06% s i m i l a r i t y ,  w h e r e a s  few 

o t h e r  t y p e s  ( g l a b .  3) e x h i b i t e d  the  v e r y  h igh  s i m i -  

l a r i t y  o f  9 2 . 3 2 ~  with  O.breviligulata. S o m e  of  the  

glaberz~ma s t r a i n s  w e r e  a l s o  c l o s e l y  r e l a t e d  to O. 

s t a p f i i  with  a s i m i l a r i t y  v a l u e  a s  h igh  a s  92 .40  %. 
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O.8ativa O.sativa 0. saViva O.sativa ('Aus') 0. satiVa 
sub sp .  sub sp.  sub sp .  ( ' A m a n ' )  
indica japonica japonica 

86.83 86.62 85.59 85.73 85.70 
(81.63-90.85) (84.21-88.09 (81.61-90.28) (80.66=91.03) (81.49-88.36) 

83.44 83.83 83.79 82.54 80.86 
( 7 8 . 9 8 - 8 6 . 4 5 )  ( 8 0 . 0 7 - 8 5 . 7 5 )  ( 78 .97 - 88 .24 )  ( 78 .41 - 86 .35 )  ( 7 8 . 7 1 - 8 3 . 2 7 )  

87.83 88.24 86.54 84.69 83.69 
( 8 3 . 4 9 - 9 3 . 1 0 )  ( 8 6 . 4 4 - 8 9 . 4 6 )  ( 80 .37 - 90 .31 )  (80 .01 -88 .49 )  ( 8 2 . 0 0 - 8 7 . 2 1 )  

85 .55 83.53 82.37 85.93 82.91 
( 8 3 . 8 7 - 8 8 . 8 0 )  ( 79 .83 -85 .15 )  ( 80 .40 - 85 .00 )  (81 .74 -90 .40 )  ( 79 .10 - 89 . 2 9 )  

86.37 89.92 87.15 86.31 87.49 
( 8 0 . 8 0 - 9 1 . 0 9 )  ( 8 4 . 3 8 - 9 2 . 3 9 )  ( 77 .97 - 90 .35 )  ( 81 .40 - 90 .39 )  ( 85 .85 - 89 . 5 9 )  

92.07 86.30 85.16 85.48 
(89.40-95.10) (77.00-90.43) (80.30-89.04) (82.83-88.72) 

85.56 86.78 
(78 .29 -93 .93 )  (82 .54 -92 .43 )  

87.73 
( 8 3 . 8 7 - 9 1 . 6 2 )  

88.17 
(83.45-92.33) 
84.54 

( 8 3 . 5 8 - 8 5 . 5 1 )  

87.10 
(81.28-93.24) 

O. g l a b e ~ a  O. s t ap  f i  i 
1 2 3 4 5 6 7 1 2 

90.06 84.60 85.84 83.27 88.49 87.42 87.97 89.16 90.47 

87.78 80.02 82.19 80.75 88.29 88.58 87.23 86.37 89.19 

84.02 88.25 91.59 89.19 87.28 85.92 86.88 39.34 87.46 
83.09 91.00 92.32 86.75 84.78 82.41 86.41 85.77 84.37 
81.28 80.45 83.02 87.09 86.92 86.87 85.61 79.90 88.90 

- 84.57 84.64 81.72 85.26 87.68 87.61 86.41 84.66 
- 93.62 86.87 84.86 85.84 87.19 87.27 85.55 

- 88.85 86.10 86.23 88.60 88.22 87.06 
- 86.06 84.77 86.32 87.22 86.26 

- 90.10 91.68 84.16 91.80 
- 92.74 83o12 92.80 

83.64 92.40 
- 84.36 

D i s c u s s i o n  

Genome Ana lys i s  

E l e c t r o p h o r e t i c a l l y  va r i an t  e n z y m e s  have provided 

su i t ab le  m a t e r i a l  for  s tudying genet ic  homologies  

and genome r e l a t i o n s h i p s .  F o r  i n s t a nc e ,  in  Triti- 

cinae Bhat ia  (1968) r e p o r t e d  that z y m o r g r a m s  of 

spec i e s  having the s a m e  genorne do not d i f fer  much 

f rom one ano ther .  The p r e s e n c e  of bas i ca l ly  iden t i -  

cal  z y m o g r a m  pa t t e rn s  of e s t e r a s e  and pe rox idase  

in the sa~iz, a and glabezu~ima complexes  c o r r o b o r a t e  
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the sugges t ion  of a s ing le  genome symbol  'AA'  for 

this  group by Mor inaga  and K u r i y a m a  (1960) .  How- 

eve r ,  though bas i ca l ly  s i m i l a r ,  s a t i r e  and glo2~er-- 

rime complexes  had specif ic  z y m o g r a m s  for  e s t e r -  

a se ,  which adds fu r the r  evidence  in suppor t  of the 

modified genome symbol  for 'AA ' ,  with su i t ab le  

super  o r  s u b s c r i p t s  to d i f fe rent ia te  the genomes  of 

sativa and glaberrima (AiA i )  ( c . f .  R ichhar ia  1960; 

Yeh and Henderson  1961, 1962; Bouharmont  1962). 

In the sympos ium on Rice Genet ics  and Cytogenet ics  

held in  the Ph i l i pp ines  in 1963, all  the spec ies  of the 

satire complex were as s igned  the genome ' A A ' ,  

whereas  in the glaber~ma complex,  the genomes  of 

the different  spec ies  were d i f ferent ia ted  by s u p e r -  

s c r i p t s  such as  AgA g for  O. glaberrima, O.breviligu- 

lata and O. stapfii, AbA b for  O.perennis sub sp .  

barthii, and ACUA cu for O.perennis sub sp .  euben- 
sis. However,  based on the p r e s e n c e  of the s a m e  

z y m o g r a m s  of e s t e r a s e  and pe rox idase  in all  these  

spec ies  and the higher  s i m i l a r i t y  and over lapping  in  

' S '  values  obse rved ,  it s e e m s  r ea sonab l e  to con-  

clude that all  these  spec ies  can be given a s ing le  gen-  

ome  des ignat ion ,  AgA g or  AbA b.  The obse rva t ions  

of Bhat ia  (1968) lend evidence to this  p roposa l .  The 

p r e s e n c e  of s i m i l a r  z y m o g r a m s  within spec ies  of 

the sativa and glabex~ima groups fu r the r  con f i rms  

the e a r l i e r  obse rva t ions  of some  workers  ( c . f .  Shahi 

et e l .  1969; Chu 1967), that it is  difficult  to identify 

and pinpoint  spec ies  based on the i r  z y m o g r a m  pa t -  

t e r n s .  However,  zymogram ana lys i s  provides  addi -  

t ional  taxonomic c r i t e r i a  for  broadly  grouping the 

spec ies  into di f ferent  complexes ,  for ins tance ,  into 

sativa and glaberrima groups based on e s t e r a s e  zy-  

m o g r a m s .  

Or ig in  of the Cul t ivated Species  

It has been demons t r a t ed  that c lose ly  re la ted  plant  

spec i e s  sha r e  more  i s o e n z y m e s  in common than s p e -  

c ies  which evolved d ivergen t ly  (West and G e r b e r  

1967; Bhat ia  1968; Sheen 1970, 1972). It is  obvious 

that the higher  the s i m i l a r i t y  va lues  the higher  will 

be the genet ic  homology and the c l o s e r  the phyloge-  

ne t ic  r e l a t i onsh ip .  On this  b a s i s ,  the p r e s e n c e  of 

ident ica l  z y m o g r a m s  in  the cu l t iva ted  spec ies  O. 

satioa and the As ian  wild form O.perennis sub sp .  

balz~4ga and the higher  s i m i l a r i t y  of 86.09 % lend 

addi t ional  evidence to the proposal  of some  of the 

e a r l i e r  r i c e  worke r s  (o . f .  Sampath and Rao 1951; 

Richhar ia  1960 ; Yeh and Henderson  1962; Sampath 

1962; and Oka and Chang 1962) that O.perenni8 sub 

sp.  b a l ~ g a  is  the p robab le  ances to r  of O.sat iva .  

In the s a m e  way, though the s i m i l a r i t y  between 

O.g~o]per~ma and O.perennis sub sp.  b ~ t h i i  is  

ve ry  high, this  study does not s u b s c r i b e  to the e a r -  

l i e r  view that the l a t t e r  is  the p rogen i to r  of the fo r -  

m e r .  This is  main ly  due to the fact that the glo~ber- 

r~rna types exhibited ve ry  high s i m i l a r i t i e s  withboth 

barthii as well as O.breviligulata (90 .06  and 

93.75% r e s p e c t i v e l y ) .  It may be poss ib le  that 0. 

breviligulata could also have been the i m m ed ia t e  

p rogen i to r  of 0 .glaberr ima.  This view is  s u b s t a n -  

t ia ted by e a r l i e r  r epo r t s  of very  c lose  s i m i l a r i t y  

among these  th ree  spec i e s .  Moreover ,  the r ecove ry  

of glaberrima-type mutants  f rom breviligulata by 

Sampath and Jachuck (1969) also points  to a s i m i -  

l a r  conc lus ion .  

Taking into account  the e a r l i e r  p roposa l s  (Sam-  

path and Rao 1951) that O.perennie sub sp.  balunga 

is  the oldest  spec i e s ,  and the c lose  s i m i l a r i t y  be-  

i 
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tween the glaberr~ma and sativa c o m p l e x e s  o b s e r v e d  

on the bas i s  of i s o e n z y m e  s tud ies ,  the fol lowing 

s c h e m e  may be p roposed  to expla in  the p robab le  

mode of o r ig in  of both 0. sativa and 0. gL~e~ma  f r o m  

a pre-perennis f o r m  which should have c l o s e l y  r e -  

s e m b l e d  the s u b - s p e c i e s  balunga. 

A s ing le  muta t ion  af fec t ing  the mobi l i ty  and a c -  

t iv i ty  of band 16 of e s t e r a s e  of the sativa com plex  

might  expla in  the o r ig in  of  the zy rnog rams  of 2e o r  

3e found in barthii, which might  have  g iven  r i s e  by 

mu l t i s t ep  muta t ions  to glaber~ima e i t h e r  d i r e c t l y  o r  

through the i n t e r m e d i a t e  s tep of 0 . b r e v i l i g u l a t a .  

I n t e r r e l a t i o n s h i p s  among the Spec ies  of the 

Glaberz~ma and Sativa C o m p l e x e s  

As pointed out e a r l i e r ,  the s p e c i e s  of the glaber~ma 

complex ,  name ly  O. gl~ber~ma, O. breviligulata, 

O. s tapf i i  and O.barthii types ,  exhib i ted  h igher  in -  

t e r -  and i n t r a - s p e c i f i c  s i m i l a r i t i e s  and a lot of o v e r -  

lapping,  be s ide s  sha r ing  the s a m e  z y m o g r a m s  for  

both e s t e r a s e s  and p e r o x i d a s e s ,  r e n d e r i n g  i m p o s s -  

ib le  the s e p a r a t i o n  into d i s t inc t  s p e c i e s  g roups .  The 

e a r l i e r  o b s e r v a t i o n s  of B a r d e n a s  and Chang (1966) ,  

that O. stapfii is a synonym of O.breviligulata, 

the reports of Yeh and Henderson (1962) and Cheva- 

l ier  (1932) that 0.stapfii is a synonym of O.brevi- 
ligulata, that of C h e v a l i e r  (1932) and P o r t e r e s  

(1956) that O. glaber~ma is a cu l t iva ted  f o r m  of 0. 

breviligulata and the r e p o r t s  of Yeh and Hender son  

(1962) and C h e v a l i e r  (1932) that O.stapfii i s  a v a r -  

ie ty  of 0. glabezu~ima a lso  suppor t  the p r e s e n t  p r o p o -  

sal  that grouping them into d i s t inc t  s p e c i e s  may be 

fa r  f r o m  r e a l i t y .  

A s i m i l a r  s i tua t ion  could be o b s e r v e d  in the sa- 

tiva complex  too,  where  the d i f fe ren t  s p e c i e s  e x -  

h ibi ted  h igher  i n t e rg roup  s i m i l a r i t i e s  and o v e r l a p p -  

ing apa r t  f r o m  having iden t ica l  z y m o g r a m  p a t t e r n s .  

M o r e o v e r ,  in s o m e  groups  the i n t r a - g r o u p  v a r i a t i o n  

t r a n s c e n d e d  the l i m i t s  of the i n t e rg roup  v a r i a t i o n  in 

the o the r  group and hence  c l a s s i fy ing  them into d i s -  

t inct  s p e c i e s  b e c o m e s  a l m o s t  i m p o s s i b l e .  The e n t i r e  

sativa complex  s e e m s  to be a s ing le  c o m p l e x .  It 

should be ment ioned  that in the sativa c o m p l e x ,  only 

O.sativa has been r e c o g n i s e d  as a va l id  s p e c i e s  at 

the In te rna t iona l  R ice  Gene t i c s  and Cy togene t i c s  S y m -  

pos ium held  in the Ph i l ipp ines  in 1963. 

Sub - spec i f i c  Di f f e ren t i a t ion  in 0.sat iva 

Anothe r  c o n t r o v e r s i a l  a spec t  of the phylogeny of 

Or~za is the probable mode of subspecific differen- 

tiation in O.sativa. Japanese workers (c.f. Morina- 

ga 1955, 1956; Mor inaga  and K u r i y a m a  1955, 1960; 

and Nakao 1957) c o n s i d e r e d  that japonica v a r i e t i e s  

of China and Japan  and ' b u l u '  v a r i e t i e s  of  Indones ia  

a r e  d e r i v e d  f r o m  ' aus  ' types ,  and ' t j e r a h '  v a r i e t i e s  

of javanica a r e  the d e r i v a t i v e s  of the ' a m a n  ' types  

of  Benga l .  On the o the r  hand, Sampath  and S e e t h a r a -  

man (1962) r e g a r d e d  japonica v a r i e t i e s  as  d e r i v a -  

t i ves  of hybr ids  be tween indica v a r i e t i e s  and As ian  

O.perennis f o r m s  found in South China and Taiwan.  

The c l o s e s t  s i m i l a r i t y  of  japonica to indica and 

the h ighe r  i n t r a - g r o u p  homogeni ty  in japonica ob-  

s e r v e d  in the p r e s e n t  s tudy might  ind ica te  the pos s ib l e  

d i f fe ren t i a t ion  of the f o r m e r  f r o m  the l a t t e r ,  as  r e -  

po r t ed  e a r l i e r  by Siddiq et a l .  (1972) based  on e l e c -  

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

s i m i l a r i t y  between ' a m a n '  and javanica f u r t h e r  sug -  

ges t s  the pos s ib l e  d i f f e ren t i a t ion  of javanica f r o m  

' a m a n '  r i c e s  of Benga l ,  as  r e p o r t e d  by the J a p a n e s e  

w o r k e r s  ( c . f .  Mor inaga  1955, 1956; Mor inaga  and 

K u r i y a m a  1960; and Nakao 1957).  However ,  the e x -  

t en s ive  ove r l app ing  in s i m i l a r i t y  va lues  be tween 'aus ' ,  

' a m a n '  and indica types  b r ings  out the fact  that 

' aus ' and ' aman  ' a r e  nothing but f o r m s  of indica, 

and it s e e m s  r e a s o n a b l e  to a s s u m e  that the s u b - s p e -  

c i e s ,  n a m e l y  japonica and javanicaj have  d i f f e r e n -  

t i a ted  f r o m  p redominan t ly  indica - l ike  f o r m s .  The 

homogene i ty  of  the japonica f o r m s  may be due to the 

fact  that  they a r e  of r e c e n t  o r ig in ,  as  sugges t ed  by 

e a r l i e r  w o r k e r s  l ike  Ramiah  and Ghose  ( 1951 ) ,  w h e r e -  

as  the wide v a r i a t i o n  among the d i f fe ren t  javanica 

s t r a i n s  may be e i t h e r  due to t h e i r  o r i g i n  f r o m  d i f f e r -  

ent indica f o r m s  o r  to the p r o c e s s  of p a r a l l e l  evo lu -  

tion in the newer  habi ta t s  a f t e r  t h e i r  in i t ia l  d i f f e r e n -  

t ia t ion  f r o m  indica. 

Acknowledgement  

The f inancia l  suppor t  of  the Indian Nat ional  Sc i ence  
A cadem y  ( B a s i c  Sc i ences  S c h e m e :  s tudy of  s p e c i e s  
r e l a t i onsh ip  in the genus Oryza using v a r i a b i l i t y  in 
p ro t e in  f r ac t i on  and e n z y m e  p a t t e r n s )  for  the  i n v e s -  
t iga t ion is  g ra te fu l ly  acknowledged .  



210 Theor .  Appl.  Genet .  50 (1977) 

L i t e r a tu re  

Ba rdenas ,  E . A .  ; Chang, T.T.  : Morphotaxonomic 
s tud ies  of Oryza glaber~ma Steud. and i ts  r e l a t ed  
wild taxa,  O.brevil lgulata A. Chev. et Rochr .  and 
O.s tap f i i  Rosche r .  Bot.  Mag. 7.._99, 791-798 (1966) 

Bhat ia ,  C . R .  : E l e c t r o p h o r e s i s  of analogous enzymes  
in Tri~ieinae In: P r o o .  In t e rn .  Wheat Genet .  
Symp.  3rd,  pp. 111-115. C a n b e r r a  1968 

Bouharmon t ,  J .  : R e s e a r c h e s  cytogenet iques  chez 
quelques hybr ides  in t e r  speci f iques  d '  Orysa. Cel -  
lu le  6_.~3, 53-132 (1962) 

Cheva l i e r ,  A. : Nouvelle  cont r ibu t ion  a L' chide s y s t e -  
mat ique  des Oryza. Rev. Int.  Bot .  Appl.  Agr i c .  
Trop.  12, 1014-1032 (1932) 

Chu, Y . E .  : Var ia t ions  in perox idase  i s o e n z y m e s  of 
Oryza perennis and O. sativa.  Japan,  J .  Genet .  4-2, 
233-244 (1967) 

Davis ,  B . J .  : Disc e l e c t r o p h o r e s i s .  II. Method and 
appl ica t ion  to s e r u m  p ro t e in s .  Ann.  N .Y.  Acad.  
Sci .  121, 404-427 (1964) 

Hunter ,  R .L .  ; Marke r t ,  C .L .  : His tochemica l  d e m o n -  
s t r a t i on  of enzymes  s epa ra t ed  by Zone e l e c t r o -  
pho re s i s  in s t a r ch  ge l s .  Science 12__~5, 1294 (1957) 

In t e rna t ions l  Rice Resea rch  Ins t i tu te :  Rice Genet ics  
and Cytogenet ics .  P r o c .  Symp. Los. Ba~os,  P h i -  
l ipp ines ,  274pp. A m s t e r d a m :  E l s e v i r  1963 

Johnson,  B .L .  : Tetraploid  wheat - seed p ro te in  e l e c -  
t rophore t i c  pa t t e rn  of E m m e r  and Timophevi 
g roups .  Science 158, 131-132 (1967) 

Johnson,  B .L .  ; B a r n h a r ,  O. ; Hall ,  O. : Ana lys i s  of 
genome and spec ies  re la t ionsh ip  in the polyploid 
wheat by p ro te in  e l e c t r o p h o r e s i s .  A m e r .  J .  Bot.  
5_.44, 1078-1089 (1967) 

Johnson,  B .L .  ; Hall ,  O. : E lec t rophore t i c  s tudies  of 
spec ies  r e l a t ionsh ip  in Trlticum. Acta Agr ic .  
Scand.  Suppl. 16 (1966) 

Lowry, O .M.  ; Posebrough ,  N . I .  ; F a r r ,  A.L.  ; Ran -  
dal l ,  R . J .  : P r o t e i n  m e a s u r e m e n t  with F o l i n  P h e -  
nol r eagen t .  J .  Biol .  Chem.  193, 265-275 (1951) 

Mor inaga ,  T. : The genealogy of J apanese  r i ce .  Agr i c .  
Hor t .  ( Japan)  30, 1275-1277 (1955) 

Mor inaga ,  T. : Rice---of China .  Agr i c .  Hor t .  (Japan)  
3..I_1, 513-516 (1956) 

Morinaga, T. ; Kuriyama, H. : Japonica type rice in 
the subcontinent of India and Java. Japan. J. 
Breed. 7, 253-259 (1955) 

Morinaga, 7. ; Kuriyama, H. : Interspeoific hybrids 
and genomic consitution of various species in the 
genus Oryza. Agric. Hort. (Japan) 3__55, 936-938, 
1091-1094, 1245-1247 (1960) 

Nakao, S. : R ice .  In:  Peop les  of Nepal Himalaya  
(ed.  Kihara ,  H . ,  Fauna  F l o r a  Res .  Soc. Kyoto 
4, 398-400 (1957) 

Oka, H . I .  ; Chang, W.T.  : Rice v a r i e t i e s  i n t e r m e d i a t e  
between wild and cul t iva ted  fo rms  and the o r ig in  

of the japonica type.  Bot.  Ba l l .  Acad.  Sin.  3, 
109-131 (1962) 

Orns t e in ,  L. : Disc e l e c t r o p h o r e s i s .  I. Background 
and theory .  Ann.  N . Y .  Acad.  Sci .  121, 312-349 
(1964) 

P o r t e r e s ,  R. : Taxonomic agrobotanique  des r i z .  cu l -  
t i r e s  0. s a t i v a  Linne.  e tc .  O. glaber~ma s t ende l .  
J .  Agr ic .  Trop.  Bot.  Appl.  3, 341-384, 541-580, 
627-700, 821-856 (1956) 

Ramiah ,  K. ; Ghose,  R . L . M .  : Or ig in  and d i s t r i b u -  
t ion of cu l t iva ted  plants  of South As ia  r i c e .  Indian.  
J .  Genet .  11, 7-13 (1951) 

R ichha r i a ,  R.-N-. : The o r ig ins  of cul t ivated r i c e s .  In -  
d ian .  J .  Genet .  2__O0, 1-14 (1960) 

Sampath,  S. : The genus Oryza i ts  taxonomy and spe -  
c i e s  interrelationships. Oryza 1, 1-29 (1962) 

Sarnpath, S. ; Jachuck, P .T. : The uses of wild rices 
in mutation breeding. In: Proc. Syrup. Radiations 
and Radiomimetric Substances in Mutation Breed- 
ing, pp. 263-270. Trombay Bombay: BARC 1969 

Sampath, S. ; Rao, N. : Interrelationships between 
species in the genus Orysa. Indian. J. Genet. 11, 
14-17 (1951) 

Sampath, S. ; Seetharaman, R. : The formation of 
geographical races in the cultivated rice, Oryza 
sativa.  Rice News Tel le r  l__0_0, 17-19 (1962) 

Shahi, B . B .  ; Chu, Y . E .  ; Oka, H . I .  : A s u r v e y  of 
v a r i a t i o n s  in pe rox idase ,  acid phosphatase  and 
e s t e r a s e  i soenzymes  of wild and cul t iva ted  Oryza 
s p e c i e s .  Japan .  J .  Genet .  4_.44, 321-328 (1969) 

Sheen, S . J .  : P e r o x i d a s e  in  the genus Nicotiana. 
Theor.  Appl.  Genet .  40, 18-25 (1970) 

Sheen,  S . J .  : I sozymic  evidence  bea r ing  on the o r ig in  
of Nieotiana t~baceum L. Evolut ion 2_.66, 143-154 
(1972) 

Siddiq, E . A .  ; N e r k a r ,  Y.S.  ; Mehta,  S .L.  : In t ra  and 
i n t e r  subspec i f ic  va r i a t ion  in so luble  pro te in  of 
O. sat iva L. Theor .  Appl.  Genet .  4-2, 351-356 
(1972) 

Sokal,  R . R .  ; S n e a t h ,  P . H .  : P r i n c i p l e s  of n u m e r i c a l  
taxonomy.  San F r a n s i s c o :  W.H.  F r e e m a n &  Co. 
1963 

Wall ,  J . R .  ; Whitaker ,  T .W.  : Genet ic  control  of l eu -  
c ine  amino pept idase  and e s t e r a s e  i s o z y m e s  in the 
i n t e r spec i f i c  c r o s s  Cucurbita ecuadorensis X C. 
maxima. Biochem.  Genet .  5,  223-229 (1971) 

West,  N . B .  ; G a r b e r ,  E . D .  : An e lec t rophore t i c  s u r -  
vey of e s t e r a s e s  in the genus Phaseolus. Can.  J .  
Genet .  Cytol .  9 ,  640-645 (1967) 

Yeh, B. ; Henderson ,  M.T.  : Cytogenet ic  r e l a t ionsh ip  
between cul t iva ted  r i c e  Oznjza sat iva L. and five 
wild diploid f o r ms  of Oryza. Crop.  Sci .  1, 445- 
450 (1961) 

Yeh, B.  ; Henderson ,  M.T.  : Cytogenet ic  r e l a t ionsh ip  
between Afr ican  annual  diploid spec ies  of Oryza 
and cul t ivated r i ce  0. s a t i v a  L. Crop.  Sci.  --2, 463- 
467 (1962) 

Received March 2, 1977 
Communicated by B.R. Murty 

K. Palanichamy 
E.A. Siddiq 
Division of Genetics 
Indian Agricultural Research Institute 
New Delhi-ll0012 (India) 


