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W Chromosome in the Indian Water Snake (Checkered Keel Back) Natrix piscator (Colubridae) 

Female heterogamety has been definitely established 
at least in 2 families of serpents, Colubridae and Viperi- 
dae, through cytological studies (BE~AK1). In all the 
species of the above families, whenever the chromosomes 
of the females have been studied, a Z W  chromosome 
complex has been obtained, except in Natrix rhombi/era 
reported by VAN BRINK % where no heterogamety was 
reported either in males or in females. In the Indian 
water snake, N. piscator, on the other hand, the Z and W 
chromosomes could be definitely identified by us in the 
females; and the chromosomes of both males and females 
of this species form the subject of this communication. 

Two males and 2 females of N. piscator were used for 
the study. The slides were prepared by air drying proce- 
dure from the colchicinized marrow of ribs and stained in 
1% unna blue. The centromeric positions on the chromo- 
somes are described according to the system proposed 
by LEVAN et al. 8. 

Slides prepared from all 4 individuals yielded nearly 
100 good metaphase plates. The diploid number of chro- 
mosomes is almost invariably 40 in the males (Figure 1), 
as well as in the females (Figure 2). A sharp difference in 
'size between the 5 pairs of macrochromosomes (1-4 and 
ZW,  Figure 3) and 15 pairs of microchromosomes is evi- 
dent from the plates. A further classification of the micro- 
chromosomes into 2 groups is possible. The first group 
(Figure 3, 4-9) are slightly bigger in size compared with 
the rest of the 11 pairs of microchromosomes. In  the 
female plates the chromosomes of one of the pairs are 
heteromorphic (Figure 3) in all the cells. One of the 
members of the heteromorphic pair, with its centromers in 
the median region in the female plates, is similar to 1 of 
the homomorphic pairs in male plates and is the Z chro- 
mosome. The other member, distinctly smaller in size and 
having a subterminal centromere, must be the W chromo- 
some. Both the Z and W chromosomes, as the case may 
be, can be distinguished in every metaphase plate of 
either sex by their size and centromeric position. 

The centromeric position in the first pair of autosomes 
is at the median point, in the second and third pairs it is 
in the median region, and in the fourth pair it is in the 

All 5 pairs of macrochromosomes can be individually 
identified in all the cells. 

Thirty-six appears to be the most common diploid 
chromosome number in the 70 species of snakes studied 

1 W. BEQAR, Mammalian Chromosomes Newsletter 8, 1, 4 (1967). 
J. M. VAN BRINK, Chromosoma I0, 1 (1959). 

8 A. LEVAN, K. FREDGA and A. A. SA~DSUR6, Hercditas 52, 201 
(1964). 
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Fig. 2. A female inetaphase plate of Natrix piscator showing hetero- 
morphic sex chromosomes {ZW). X 2000. 

subterminal region. The centromere in the larger micro- 
chr°m°s°mes  appears t °  be in the terminal regi°n'  l ~  ~ 1  
whereas in the smaller ones it is in the terminal point. 
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Fig. 1. Metaphase plate of somatic cell from bone marrow of Natrix Fig. 3. Karyotype corresponding to Figure 2. × 2000. 
piscator male showing homomorphie sex chromosomes (ZZ). x 2000. 
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so far. F o u r  species of t h e  genus  Natrix h a v e  b e e n  s t ud i ed  
a n d  all b u t  N. tigrina (]X]AKAMURA 4's) h a v e  36 c h r o m o -  
somes.  N. stolata, t h e  on ly  o t h e r  I n d i a n  species s tud ied  
(BHATNAGARS), h a s  also t h e  s a m e  c h r o m o s o m e  n u m b e r .  
T h e  c h r o m o s o m e  n u m b e r  40 found  in t he  p r e s en t  species 
is exac t ly  t h e  s ame  as in N. tigrina s tud ied  b y  NAKAMURA 
in  J a p a n .  B o t h  t h e  species h a v e  t h e  s ame  n u m b e r  of 
c h r o m o s o m e  arms ,  which  is 50. A n y  f u r t h e r  c o m p a r i s o n  
of t he  2 k a r y o t y p e s  c a n n o t  be  m a d e  because  N. tigrina 
was s tud ied  b y  us ing  classic t echn iques .  

T w e n t y - f i v e  species of Natrix h a v e  been  i n c o r p o r a t e d  
b y  SMITH ~ in  t h e  f a u n a  of t he  Br i t i s h  I n d i a  Volume.  
BOULENGER has  g rouped  t h e  species w i t h i n  t h e  genus  
in to  3 species g roups  (SMITHT), w i t h  N. piseator in  g roup  
I I  a n d  N. stolata in  g r o u p  I I I .  O u r  f ind ing  of ch romo-  
somal  d i f ferences  b e t w e e n  t h e  species of 2 species g roups  
of Natrix is in te res t ing ,  a n d  the re fo re  i t  will be  w o r t h -  
whi le  to  s t u d y  m a n y  more  species of  th i s  genus  to  t h r o w  
some l igh t  if poss ible  on  t h e i r  n a t u r a l  r e l a t i ons h i p  s . 

Zusammen]assung. Die diploide  C h r o m o s o m e n z a h t  bei-  
de r  Gesch t ech t e r  betr~igt  4 0 : 1 0  M a c r o c h r o m o s o m e n  u n d  
30 Mic roch romosomen .  Die G e s c h l e c h t s c h r o m o s o m e n  ZZ 
(~) u n d  Z W  (~) s ind  cy to log iseh  e r k e n n b a r .  
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T h e  E f f e c t s  o f  I P C ,  C I P C ,  S e v i n  a n d  Z e c t r a n  o n  B a c i l l u s  s u b t i l i s  

M a n y  c o m m e r i c a l  pes t ic ides  a n d  herb ic ides  be ing  used 
wide ly  in  a g r i c u l t u r e  a re  of t h e  c a r b a m a t e  t ype .  T h e i r  
chemica l  r e l a t i onsh ip  to  e thy l  c a r b a m a t e  m a k e  t h e m  
w o r t h y  of s t u d y  for t h e i r  poss ible  de le te r ious  effects  on  
biological  sys tems .  Tw o  herb ic ides ,  i s o p r o p y l - N - p h e n y l  
c a r b a m a t e  (IPC) a n d  i ts  ch lor ine  d e r i v a t i v e  i sopropyl -  
N - c l o r o p h e n y l  c a r b a m a t e  (CIPC) a n d  2 insect ic ides ,  N-  
m e t h y l - l - n a p t h y l  c a r b a m a t e  (Sevin)  a n d  m e t h y l - N - d i -  
m e t h y l - a m i n o  3, 5-xylyl  c a r b a m a t e  (Zec t ran)  were s tud ied  
for t h e i r  p h e n o t y p i c  a n d  geno typ i c  effects  on  Bacillus 
subtilis 168i -1, a long  w i t h  severa l  s imple  c a r b a m a t e s  ~'. 
T h e  c o m p o u n d s  h a v e  t h e  s ame  basic  c a r b a m y l  m o i e t y  b u t  
differ  in t h e i r  s u b s t i t u e n t s  a t  t h e  c a r b o a m i n o  p o r t i o n  (R1) 
a n d  c a r b o e t h o x y  p o r t i o n  (R~) of t h e i r  molecules,  as l i s ted  
in T a b l e  I. The  c o m p o u n d s ,  because  of t h e i r  poor  solu- 
b i l i ty  were  t e s t e d  a t  low levels,  h o w e v e r  some i n h i b i t i o n  
of g r o w t h  a n d  a t e n d e n c y  for long cha in  f o r m a t i o n  was 
no ted .  M u t a t i o n  ana lyses  r evea l ed  t h a t  t h e  c o m p o u n d s  
were  n o t  m u t a g e n i c  a t  t h e  indole  locus of B. subtilis. 

The  degree  of g r o w t h  i n h i b i t i o n  was scored b y  t h e  use 
of a B a u s c h  a n d  L o m b  Spec t ron ic  '20 '  pho toe lec t r i c  
co lor imeter .  T u b e s  c o n t a i n i n g  va r ious  c o n c e n t r a t i o n s  of 
c o m p o u n d s  were i nnocu la t ed ,  i n c u b a t e d  w i t h  a e r a t i o n  a t  
37 °C a n d  t u r b i d i t y  m e a s u r e m e n t s  were  r e a d  a t  6 h.  T h e  
va lues  o b t a i n e d  expressed  as p e r c e n t a g e  of con t ro l  g rowth ,  
were p l o t t e d  on  a p r o b i t  scale aga i n s t  t he  l o g a r i t h m  of 
c o m p o u n d  c o n c e n t r a t i o n .  T h e  m e t h o d  h a s  b e e n  used b y  
o t h e r s  to  s t u d y  bac t e r i a l  s ens i t i v i t y  to  d rugs  3,4. F r o m  
t h e  g r a p h  one is t h e n  able  to  c o m p a r e  a n d  q u a n t i t a t e  t h e  
degree  of bac te r i a l  g r o w t h  i n h i b i t i o n  i n d u c e d  b y  va r i ous  
c o m p o u n d s .  The  c o n c e n t r a t i o n  levels  which  p e r m i t t e d  
50% of con t ro l  g r o w t h  are  l i s ted  in  T a b l e  I I .  I t  m a y  be  
seen t h a t  all  t h e  c o m p o u n d s  were  more  i n h i b i t o r y  to  B. 
subtilis 168i-  g r o w t h  t h a n  e t h y l  c a r b a m a t e  a n d  t h a t  t h e  
c h l o r i n a t e d  C I P C  is m o r e  i n h i b i t o r y  t h a n  t h e  r e l a t ed  
c o m p o u n d  IPC.  Th i s  f i ts  in  w i t h  t h e  f ind ing  t h a t  g rea t e r  
g r o w t h  i n h i b i t i o n  occurs  w h e n  t he  bas ic  e t h y l  c a r b a m a t e  
c o m p o u n d  becomes  more  complex ,  a n d  w h e n  a ch lor ine  
a t o m  is a d d e d  2. 

T h e  bac te r i a ,  w h e n  g rown  for 24 h in i n h i b i t o r y  levels 
of t h e  c o m p o u n d s  showed  a t e n d e n c y  to  fo rm e longa t ed  
chains ,  as was  r e p o r t e d  w i t h  e t h y l  c a r b a m a t e  a n d  r e l a t ed  
c o m p o u n d s  ". 

Table I. Structures of carbamates under study 

O 
H... II 

/ ,N--C--O--R 2 
Rx 

Name Substituent 

R1 R2 

Ethyl H C2H s 
IPC Phenyl iC3H 2 
CI PC Chlorophenyl iC3H ~ 
Sevin CH 3 Napthyl 
Zectran CH a Dimethylamino 

3, 5 -xylyl 

Table II. Growth inhibition of B. subtilis 

Compound IC 50 a 
% 

Ethyl carbamate 2.09 
IPC > 0.025 b 
CIPC 0.005 
Sevin 0.07 
Zeetran 0.012 

a Concentration that permits 50% of control growth, b Higher dose 
level not possible due to insolubility of compound. 
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