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Chromosomes of Elaphe subocularis (Reptilia: Serpentes), with the 
Technique for Preparation of Snake Chromosomes 

Thi r ty - four  of the  th i r ty - f ive  species of snakes examined  
by  us have  a diploid n u m b e r  of 36 wi th  the  ka ryo types  of 
mos t  species divis ible  in to  16 macrochromosomes  and 20 
microchromosomes.  One species, Elaphe suboeularis, has 
a diploid n u m b e r  of 40 wi th  18 macro-s ized and 22 micro-  
sized chromosomes.  Descr ibed below is the  ka ryo type  of 
E. subocularis, with  suggested changes invo lved  in its evo-  
lut ion.  

Methods and materials. The  specifics of our  t echn ique  
are  as follows : 1. In j ec t  t he  l ive  snake i.p. w i th  a solut ion of 
p h y t o h emagg lu t i n in -P  a t  t he  fol lowing ra te :  0.02 ml /g  of 
body  we igh t  for t he  first  35 g and  0.01 ml  per  each addi-  
t iona l  gram. The  phy tohemagg lu t i n in -P  solut ion is pre- 
pared  by  d i lu t ing  a 5 ml  ampule  (of Difco) to a v o l u m e  of 
75 ml.  2. 24 h la ter  repea t  step 1. 3. A t  42 h af ter  the  first  
inject ion,  the  snake is in jec ted  i.p. w i th  a 0.025% solut ion 
of Velban  a t  a ra te  of 0.005 ml /g  of body  weight  (1 cm s 
max imum) .  4 . 6  h a i t e r  the  Velban  in jec t ion  the  an imal  is 
sacrificed and blood is r emoved  wi th  a hepar in ized syringe. 
A q u a n t i t y  of a t  least  1 cm s is desirable.  Af te r  a l lowing the  
blood to set for 15 min,  i t  is centr i fuged for 3 min  a t  500 g. 
5. The  supe rna t an t  and the  top  layer  of cells are p ipe t t ed  
and centr i fuged for 3 min  a t  1,500 g. 6. The  supe rna tan t  
is discarded and two cmz of a 1.0 % sodium c i t ra te  solut ion 
are  added,  and the  cell  b u t t o n  is resuspended and al lowed 
to  set  for 10 min.  7. Recent r i fuge  a t  1,500 g for 3 min  and  
discard the  superna tan t .  Add  2 ml  of freshly prepared  
f ixa t ive  (1 pa r t  acet ic  acid:  3 pa r t s  methanol) ,  resuspend 
cells and al low to  set  for 10 rain. 8. Centr i fuge a t  1,500 g 
for 3 rain and discard superna tan t .  Add  2 ml  of f ixa t ive  
and resuspend cells. Repea t  this  step 4 t imes.  9. Di lu te  
cell  b u t t o n  with  1-2 cm s of f ixa t ive  and  resuspend cells. 
Add  3-4 drops of  suspension to  a microscope slide. Ign i te  
and al low the  fire to  ex t inguish  itself. Sl ing residue f rom 
slides. 10. Af te r  slides dry,  s ta in  wi th  an  appropr ia te  stain. 

Description of an in v i v o  

Results. The chromosomes  of Elaphe subocularis, E. gut- 
tara, E. obsoleta, and Crotalus molossus are  described below. 
E. s~ocularis is t he  only  species t h a t  has the  un ique  2 N  = 
40 karyo type .  Elaphe guttata and E. obsoleta are  t he  closest  
re la t ives  of E. subocularis t h a t  we h a v e  karyo typed .  

The  ka ryo type  of Crotalus molossus is presented  because 
i t  is r epresen ta t ive  of the  mos t  c o m m o n  Crotal id  karyo- 
t y p e  which is essent ial ly like t h a t  of E. guttata and E. ob- 
soleta as well  as several  o ther  Colubrids x. A brief  des- 
c r ip t ion  of the  4 species follows. 

Elaphe subocularis. 2 N  = 40. (1(~; 1~) F igure  1. The  
largest  pa i r  of chromosomes  are  submetacent r ic ,  w i th  t he  
on ly  o the r  d i s t inc t ly  b ia rmed  e lements  being the  Z and 
W, which are the  th i rd  largest  pa i r  in size. A l though  bo th  
the  Z and W are subte locentr ic  in nature ,  the  Z is dist in-  
guished by  its larger size. The  remainder  of the  chromo-  
somes are  acrocentr ic  or near  acrocentr ic .  There  are  11 
pairs  in the  micro-size range.  

Elaphe guttata. 2 N  = 36. (3~3; 2~?) F igure  2. The  5 
largest  pairs  of chromosomes  are  submetacent r ic .  The  6th 
largest  pair  is acrocentric,  and the  remain ing  2 pairs of 
macros  are  submetacen t r i c  and subtelocentr ic ,  respecti-  
vely.  There  are 10 pairs of micro  elements .  The  submeta -  
centr ic  Z is smal ler  t han  the  3 largest  pairs  of autosomes.  
The  W is smal ler  t h a n  the  Z and near ly  metacentr ic .  The  
au tosomes  and  Z chromosome of E. obsoleta (3c~c~; 3 ~ )  are  
indis t inguishable  f rom those  of E. guttata. The  W equals  
t he  Z in size b u t  is subtelocentr ic .  

Crotalus molossus. 2 N  = 36. (16~; 1~). F igure  3. The  8 
pairs  of macrochromosomes  are b ia rmed  wi th  pair  6 ap- 
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Karyotypes of 1. Elaphe subocularis, 2. Elaphe guttata, and 3. Crotalus molossus. Arrows indicate changes from the central karyotype. Pi = 
Pericentric Inversion; CFi = Centric Fission. 
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p r o a c h i n g  a sub t e locen t r i c  c e n t r o m e r e  p l a c e m e n t .  The  
s u b m e t a c e n t r i c  Z is smal le r  t h a n  t h e  3rd l a rges t  pa i r  of 
au tosomes ,  a n d  t h e  W is sma l l e r  t h a n  t h e  Z a n d  sub te -  
locentr ic .  10 pa i r s  are  in  t h e  m i c r o c h r o m o s o m e  size 
range .  

Discussion. The  ava i l ab l e  d a t a  on  snake  c h r o m o s o m e s  
were  r ev iewed  b y  BLEAK a n d  BECAK 1, a n d  t h e y  found  a 
k a r y o t y p e  w i t h  a 2 N  = 36 (wi th  8 pa i r s  m a c r o  a n d  10 
pa i r s  of mic ro  e l ement s )  in  t h e  fami l ies  Boidae ,  Colubr idae ,  
a n d  Crota l idae .  Such  a k a r y o t y p e  was  p r o b a b l y  cha rac -  
t e r i s t i c  of t h e  p r i m i t i v e  l ine of snakes  t h a t  gave  rise to  t he  
3 famil ies .  

A l t h o u g h  m o s t  Co lubr ids  h a v e  a d ip lo id  n u m b e r  of 361, 
v a r i a t i o n  w i t h i n  t h e  f a m i l y  in  d ip lo id  n u m b e r  r a n g e s  f rom 
50 in  Clelia ~ to  24 in Hydrodynastes s. Most  of t h i s  v a r i a t i o n  
is a c c o u n t e d  for  b y  r e d u c t i o n  of t he  n u m b e r  of mic rochro -  
mosomes  1. 

I n  F igures  1 -3  t h e  k a r y o t y p e s  of Elaphe subocularis, E. 
guttata, a n d  Crotalus molossus are  shown.  Ar rows  indi-  
ca te  changes  necessa ry  to  de r ive  one  k a r y o t y p e  f rom an-  
o ther .  A l t h o u g h  t h e  d i r ec t ion  of t h e  c h a n g e  b e t w e e n  t h e  
k a r y o t y p e s  of E. guttata a n d  Crotalus molossus is open  to  
ques t ion ,  i t  is p r o b a b l e  t h a t  t h e  2 N  ~ 36 k a r y o t y p e  is 
p r i m i t i v e  a n d  t h e  increase  in d ip lo id  n u m b e r  to  40 was due  
to  2 cen t r i c  f iss ions in  m a c r o c h r o m o s o m e s .  F u r t h e r  changes  
b e t w e e n  t h e  two  Elaphe k a r y o t y p e s  can  be  e x p l a i n e d  b y  3 
pe r i cen t r i c  invers ions .  F r o m  a gross morpho log ica l  bas i s  
o n l y  1 pe r i cen t r i c  i n v e r s i o n  is r equ i r ed  to  exp la in  t h e  dif-  
ferences  b e t w e e n  t h e  a u t o s o m e s  of E. guttata, E. obsoleta, 
a n d  Crotalus molossus. A s imi l a r  k a r y o t y p e  is cha rac t e r i s t i c  
of m a n y  o t h e r  Co lubr ids  a n d  Cro ta l ids l ,  *. 

A l t h o u g h  cen t r i c  f iss ions  a re  n o t  f r e q u e n t l y  r e p o r t e d  as  
a m e c h a n i s m  of c h r o m o s o m a l  e v o l u t i o n  in  v e r t e b r a t e s ,  
such  seems to  be  t h e  m o s t  p l aus ib l e  m e c h a n i s m  in th i s  
case. I n  m o s t  species of snakes  s tud ied  b y  BLEAK et  al. x-8 
a n d  b y  us, t h e  4 th  l a rges t  pa i r  is t h e  sex  ch romosomes .  I n  
E. subocularis t h e  Z W  p a i r  is t h e  3rd l a rges t  in  size. A cen- 
t r ic  f ission in  t h e  3rd l a rges t  pa i r  of a u t o s o m e s  r e su l t i ng  

in 2 sma l l e r  ac rocen t r i c  pa i r s  would  exp l a in  t h i s  c h a n g e  in 
r e l a t i ve  size. I n  v iew of t h e  genera l ly  c o n s e r v a t i v e  n a t u r e  
of c h r o m o s o m a l  v a r i a t i o n  in  snakes,  t h e  degree  of ch romo-  
s o m a l  d ive rgence  b e t w e e n  Elapke subocularis a n d  t h e  o t h e r  
two  species  of Elaphe is e x t r a o r d i n a r y .  

The  genus  Elaphe is complex ,  a n d  i t  is poss ib le  t h a t  
c h r o m o s o m e  m o r p h o l o g y  m a y  be  a useful  p h y l o g e n e t i c  
i n d i c a t o r  w i t h i n  t h e  genus .  However ,  of t h e  o t h e r  species  
of t h e  genus  t h a t  h a v e  b e e n  s t u d i e d  b y  o t h e r  worke r s  (E. 
carinata ~, E. climacophora s, E. longissima s, E. obsoleta ~, 
E. quadrivirgataS), all  h a v e  h a d  diploid  n u m b e r s  of 36. 

All  v o u c h e r  spec imens  are  depos i t ed  in t h e  Collect ion of 
A m p h i b i a n s  a n d  Rept i les ,  D e p a r t m e n t  of Biology,  T e x a s  
Tech  U n i v e r s i t y .  

Zusammen/assung. 34 von  35 S c h l a n g e n a r t e n ,  die bei  uns" 
gepr i i f t  wu rden ,  h a b e n  eine doppe l t e  N u m m e r  36. N u r  
e ine Ar t ,  Elaphe subocularis, h a t  e ine  d o p p e t t e  N u m m e r  
40. Die  C h r o m o s o m e n  yon  E. subocularis, E. obsoleta, E. 
guttata, u n d  Crotalus molossus s ind  beschr ieben ,  u n d  m6g-  
l iche E v o l u t i o n s v e r A n d e r u n g e n  s ind  a n g e n o m m e n .  Alle 
v ie r  A r t e n  h a b e n  ein ZZ/ZW-Geschlechtschromosomen- 
sys tem.  K a r y o t y p i s c h e  Glasp lAt t chen  w u r d e n  d u r c h  e ine  
in v ivo  T e c h n i k  herges te l l t ,  die  in a l len  E i n z e l h e i t e n  be-  
s ch r i eben  ist.  
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S h o c k  E f f e c t s  o n  S o m e  Cryptogamic Plants 

Shock  s t imu l i  a re  k n o w n  t o  i n h i b i t  g r o w t h  in  h i g h e r  
p l a n t s  ~-3. Microchemica l  changes  were also obse rved  in 
l ichens*,  a n d  i nduced  t rop ic  responses  a f t e r  shock  t r e a t -  
m e n t  were h a s t e n e d  in  eug lenas  5. T h e  p r e s e n t  p a p e r  re- 
p o r t s  o n  f u r t h e r  cy to logica l  s tud ies  on  o t h e r  c r y p t o g a m s .  

Materials and methods. L i g h t  mic roscopy  was  used for  
all  o b s e r v a t i o n s  on  l iv ing  mate r ia l s .  A n  a i r  loader ,  pre-  
v ious ly  desc r ibed  ~, was  used for  deve lop ing  shock  pres-  
sures.  Un ia lga l  cu l tu re s  were  m a i n t i n e d  in  n u t r i e n t  solu- 
t i on  indoors  n e a r  a n o r t h w e s t  window.  Severa l  Spirogyra 
species, Chlamydomonas reinhardii, Euglena gracilis, 
Closterium sp. a n d  Cosmarium sp. were  s u b j e c t e d  to  shock  
p ressures  f r o m  10 to  75 ~a d e p e n d i n g  on  t h e  alga. T he  al-  
gae  were  s u s p e n d e d  in  n u t r i e n t  so lu t ion  d u r i n g  shock  t r e a t -  
m e n t .  Spore  caps  f rom a c o m m o n  moss,  Polytrichum sp. 
were s ter i l ized  in  25% e t h y l  alcohol,  t h e n  p u n c t u r e d  to  re-  
lease t h e  spores.  T h e  spores  were  c u l t u r e d  on  a n  en r i ched  
aga r  m e d i u m  6 u n d e r  a g ro- lux  f luo rescen t  t u b e  for  a 12-h 
l i gh t  pe r iod  a t  a m b i e n t  r o o m  t e m p e r a t u r e .  2 cu l t u r e s  of 
d i f fe ren t  ages  (12 d a y  a n d  40 d a y  p r o t o n e m a t a )  were  
shocked  a t  60 ~ for  a b o u t  6 sec d u r a t i o n .  B o t h  were 
shocked  w i t h i n  10 m i n  of e a c h  o t h e r  to  c r imina te  a n y  
c o m p l i c a t i o n s  f r o m  d i u r n a l  r h y t h m s  7. P r o t o n e m a t a  were  
t eased  off t h e  a g a r  o n t o  s l ides  5 -60  m i n  a f t e r  shock.  T h e  

microscopic  image  was p ro j ec t ed  o n t o  a d r a w i n g  b o a r d  to  
fac i l i t a t e  a ccu ra t e  d r awings  of t he  cell wal l  angles.  The  
angles  were  m e a s u r e d  b y  a p ro t r ac to r .  Pos t - shock  s tud ies  
were  n o t  a t t e m p t e d  because  t h e  cu l tu re s  were  exposed  t o  
t h e  a t m o s h e r e  d u r i n g  shock  t r e a t m e n t s  a n d  t h e  c u l t u r e s  
were  too  old  to  subcu l tu re .  F u n g u s  c o n t a m i n a t i o n  ensues  
s h o r t l y  a f t e r  such  exposure .  

F e r n  f ronds  b e a r i n g  s p o r a n g i a  f rom Polypodium poly- 
¢arpa a n d  a m a t u r e  s t rob i lu s  f rom Equisetum arvensis were  
c u t  in  half .  H a l f  of t h e  s p o r e b e a r i n g  s t r u c t u r e s  s e rved  as  
controls ,  whe reas  t h e  o t h e r  ha l f  was  shocked  a t  60 ~ w i t h  
a p ressure  d u r a t i o n  of 4 -6  sec. Spores  were  col lec ted  over-  
n i g h t  o n  p a p e r  t h e n  sp r ink l ed  on  a n  en r i ched  aga r  me-  
d i u m  e a n d  c u l t u r e d  s imi la r ly  as  t h e  moss  spores.  P r io r  to  
shock  t r e a t m e n t  t he  s t rob i lu s  was  p l aced  in a 35°C o v e n  
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