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a n d  M.  richtersi found  nea r  Modena.  These  d a t a  a n d  t h e  
cytological  work  on  t he  p o p u l a t i o n  of M.  richtersi f rom 
Modena  show the  presence  of a geographic  p a r t h e n o -  
genesis.  As a m a t t e r  of fac t  the  b i sexua l  p o p u l a t i o n  of M.  
richtersi f rom P i s s  has  12 ch r onm s om es  in t h e  gonial  cells 
(Figure  a) a n d  in t he  m i d g u t  cells of bo th  males  and  fe- 
ma les ;  t he  obse rva t i on  of t he  f i rs t  m e t a p h a s e  of t he  
oocytes  shows 6 c h r o m a t i c  bodies  (Figure b) ;  eve ry  
c h r o m a t i c  b o d y  in t he  meio t ic  sp indle  c lear ly  appea r s  to  
be  fo rmed  b y  4 ch romat ides ,  2 of wh ich  are over  and  2 
u n d e r  the  equa to r i a l  p l a n e  (Figure c);  t hus  t he re  are  6 

Species Location ~ Total 

M. areolatus Murray 
M. hu/elandii Schultze 
M. hu/elandii Schultze 
M. interrnedius Plate 
M. richtersi Murray 
M. richters: Murray 

Appennin (Modena) : 13 38 
Appennin (Modena) 128 371 
Coastal plain (Ravenna) 0 41 
Appennin (Modena) 5 16 
Coastal plain (Pisa) 54 122 
Appennin (Modena) 0 80 
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Ripening eggs in bisexual (a-c) and parthenogenetic (d-f) M. richtersi ~1 
(Lactic-acetic-orcein. From mierophotography). 

b iva len t s .  Also 6 c lus te red  c h r o m a t i c  bodies  are observed  
in t he  f i rs t  m e t a p h a s e  of the  spe rma tocy t e s ,  b u t  in t h i s  
case i t  is no t  poss ible  to  see w h e t h e r  t h e y  are b iva len ts .  
The  un i sexua l  p o p u l a t i o n  of M.  richtersi f rom Modena  
shows 18 ch romosomes  b o t h  in t he  somat ic  a n d  gonial  
mi toses  (Figure d) : i.e. a t r ip lo id  n u m b e r .  In  t he  p rome ta -  
phases  a n d  m e t a p h a s e s  of t he  oocytes  (Figure e-f),  t he re  
are 18 c h r o m a t i c  bodies  w i t h o u t  l ong i tud ina l  cleft, which  
are to  be  i n t e r p r e t e d  as un iva len t s .  So t he  m a t u r a t i v e  
d iv i s ion  in M.  richtersi f rom Modena  is s imi la r  to  a mitos is  
and,  an3~ r educ t i on  of the  c h r o m o s o m e  n u m b e r  be ing  
absen t ,  a c o n s t a n t  p a r t h e n o g e n e t i c  b e h a v i o u r  is to  be 
inferred,  The  pa r thenogenes i s  in t h i s  T a r d i g r a d e  is ame-  
io t i c  as in some o the r  i n v e r t e b r a t e s :  t i le  t r ip lo id  p a t t e r n  
in t he  i n v e r t e b r a t e s  was connec ted  w i t h  a n  ameio t ic  
pa r thenogenes i s  eve ry  t i m e  where  t he  r ipen ing  eggs were 
s tud ied  b y  a caryological  p o i n t  of v iew n. Besides i t  m u s t  
be  r e m a r k e d  t h a t  in  a n o t h e r  Tard ig rade ,  H. dujardini, t he  
pa r thenogenes i s  is d iploid  a n d  meio t ic :  t he  c h r o m o s o m e  
n u m b e r  is dup l i ca t ed  b y  endomi tos i s  in t he  oocytes  before 
t he  second m a t u r a t i v e  d iv is ion  9. 

Riassunto. I n  Macrobiotus esis tono popolaz ioni  bises- 
sua te  con un  rappor to-sess i  di  c i rca  i :  1. Due  specie 
(M. richtersi e M .  hu/elandii), che in a lcune  localit& sono 
bisessuate ,  in  a l t re  p r e s e n t a n o  popolaz ion i  pr ive  di masehi .  
L ' e s ame  cariologico di M. richtersi m o s t r a  che la popola-  
zione pa r t enogene t i c a  ~ t r ip lo ide  e che le uova  m a t u r a n o  
in assenza  di meiosi.  
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M u l t i p l e  W C h r o m o s o m e  in a S e a  S n a k e ,  Enhydrina schistosa D a u d i n  

The  f i r s t  case of a mu l t i p l e  sex c h r o m o s o m e  complex  in 
v e r t e b r a t e  species w i t h  female  h e t e r o g a m e t y  was recorded  
b y  SINGVI et  al. 1, w h e n  t h e y  descr ibed t he  Z1ZIZ~Z26Z~Z 2 
W~ sex c h r o m o s o m e  com pl ex  in t h e  c o m m o n  I n d i a n  
kra i t ,  Bz~ngarus caeruleus. W e  are  p r e s e n t i n g  in th i s  p a p e r  
a n o t h e r  t y p e  of mul t ip le  sex c h r o m o s o m e  cons t i t u t i on  
in t h e  sea snake,  Enhydrina schistosa of t he  h igh ly  evo lved  
f ami ly  Hydroph i idae .  

The  spec imens  u n d e r  s tudy ,  12 females  a n d  7 males,  
were col lected f rom t he  coas t  of t he  B a y  of Benga l  a t  
D igha  in W e s t  Bengal ,  Ind ia ,  where  th i s  species is 
a b u n d a n t .  The  h e a r t  was  exposed f rom t he  v e n t r a l  side 
in l iv ing  cond i t ion  and  b lood was d r a w n  ou t  d i rec ty l  

f rom the  h e a r t  w i th  t he  he lp  of hepa r in i zed  syr inge  for  
leucocyte  cul ture .  Colcemid (0.25 m l / k g  body  wt.) was 
in jec ted  i m m e d i a t e l y  a f t e rwards  for c h r o m o s o m e  prepa-  
r a t i ons  f rom the  m a r r o w  of r ibs  a n d  f rom spleen.  The  
leucocyte  cu l tu re  was m a d e  accord ing  t o - t h e  p rocedure  
descr ibed b y  SINGH et  al. 1. 

For  the  s t u d y  of W c h r o m a t i n  (RAY-CHAUDHURI et  al. ~) 
bra in ,  k i d n e y  and  leucocyte  cu l tu re  were d i rec t ly  f ixed in 

1 L, SINGH, T. SHARMA and S.P. RAY-CHAUDHURI, Chromosoma 31, 
386 (1970). 
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ace to-a lcohol  (1 : 3) a n d  slides were p r epa red  b y  a i r -d ry ing  
procedure .  S ta in ing  was done in ca rbo l - fuchs in  a n d  micro-  
p h o t o g r a p h s  were t a k e n  in Carl-Zeiss Pho tomicroscope .  
Chromosomes  h a v e  been  classified accord ing  to t he  sys t em 
proposed  b y  LEVAN et  al. 3. 

Nea r ly  1200 good m e t a p h a s e s  were scored f rom spleen, 
m a r r o w  of r ibs  and  leucocyte  cu l tu re  of all  t h e  19 indi-  
v idua l s  used  in th i s  s tudy .  The  c h r o m o s o m e  ana lys i s  has  
revea led  32 as t he  diploid  n u m b e r  in  t he  males  a n d  33 in 
t he  females,  i nva r i ab ly .  There  is a sha rp  b i m o d a l i t y  
b e t w e e n  macro-  and  mic roch romosomes  (Figure 1). The  
n u m b e r  of mic roch romosomes  is 18 in t he  males  and  19 
in t he  females  whereas  14 m a c r o c h r o m o s o m e s  are p re sen t  
in  b o t h  t h e  sexes (Figures  2 and  3). Accord ing  to  t h e  
c e n t r o m e t r i c  posi t ions,  t he  m a c r o c h r o m o s o m e s  can  be  
classified in to  3 d i f fe ren t  groups.  Group  A consis ts  of 4 
pa i rs  of ch romosomes  h a v i n g  the i r  cen t romeres  in the  
m e d i a n  region (m). There  is a secondary  cons t r i c t ion  in 1 
of t he  a rms  of b o t h  t he  ch romosomes  of pa i r  No. 1 (Figure 
1). Occas ional ly  t he  secondary  cons t r i c t ion  is revealed  

more  c lear ly  in  1 of t h e  ch romosomes  on ly  (Figure 4). All 
t h e  4 pa i rs  of ch ro mo s o mes  of t h i s  group are sepa ra te ly  
iden t i f i ab le  b y  t h e i r  size and  cen t romer i c  posi t ions .  The  
ch romosomes  of pa i r  No. 5, h a v i n g  t h e i r  c en t romere  in the  
s u b m e d i a n  region (sin), a lone c o n s t i t u t e  group B. 

If  we ex ami n e  t h e  k a r y o t y p e  p r epa red  f rom m e t a p h a s e  
p la tes  f rom females  (Figure 2), we f ind a h e t e r o m o r p h i c  
pa i r  of ch romosomes  of which  t h e  larger  one, because  of 
i ts  s u b m e d i a n  c e n t r o m e r e  (sm), be longs  to  group t3. In  
the  ma le  p la tes  (Figure 3) we h a v e  2 such ch romosomes  
an d  t h e y  are t h e  Z chromosomes .  The  l a t t e r  the re fore  also 
falls in t h e  B group to  wh ich  pa i r  No. 5 belongs.  The  o the r  
m e m b e r  of t h e  h e t e r o m o r p h i c  pa i r  has  i ts c en t romere  a t  
t h e  t e r m i n a l  p o i n t  a n d  is t h e  smal les t  one a m o n g  t h e  
macrochromosomes .  Since th i s  c h r o m o s o m e  is r es t r i c ted  
to t h e  female  sex only,  i t  m u s t  be  t h e  W1 chromosome:  
Group  C consis ts  of pa i r  No. 6 h a v i n g  the i r  c en t romere  in 
s u b t e r m i n a l  region (st). All the  m a c r o c h r o m o s o m e s  can  be 
cons idered  as m a r k e r  ch romosomes  in th i s  species. T h e  
single ex t r a  m i c r o c h r o m o s o m e  wh ich  is found  only  in t h e  
females  of all  t h e  m e t a p h a s e  spreads  m u s t  be  the  W 2, 
a l t h o u g h  i t  c a n n o t  be  ident i f ied  defini tely.  

The  i n t e r p h a s e  nucle i  of b ra in ,  k idney  a n d  leucocyte  
cu l ture  of females  d i rec t ly  f ixed in aceto-a lcohol  (1:3) 
ex h i b i t  a d a r k l y  s t a ined  b o d y  (Figure 5) in a p p r o x i m a t e l y  
20%, 3 0 %  an d  35% of t h e  nucle i  respect ively ,  wh ich  we 
h a v e  t e r m e d  as W c h r o m a t i n  (RAY-CHAUDHURI et  al.~). 

I t  is d i f f icul t  to  sugges t  the  m e c h a n i s m  of t h e  or igin of 
the  mul t ip le  complex  in E.  schis tosa w i t h o u t  pr ior  s t u d y  
of t h e  ch romosomes  of o the r  sea snakes  w i t h  s imple  sex 

S.P. RAY-CHAUDHURI, L. SINGH and T. SHARMA, Cytogenetics, 9, 
410 (1970). 

$ A. LEVAN, K. KREDGA and A.A. SANOBURa, Hereditas 52, 201 
(1964). 

Fig. 1. Metaphase plate of somatic cell from leucocyte culture of E. 
schistosa male showing secondary constriction in both the chromo- 
somes of the largest pair. • 2000. 

Fig. 2. Female karyotype of E. schistosa from marrow of ribs showing Fig. 3. Male karyotype of E. schistosa showing homomorphic sex 
multiple sex chromosomes (Z W1W2). • 1555. chromosomes (ZZ). • 2000. 
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Fig. 4. Metaphase plate of somatic cell from spleen of E. schistosa 
female showing secondary constriction in 1 of the chromosomes of 
pair 1. x 2000. 

Fig. 5. Interphase nuclei of E. schistosa female from kidney showing 
single W chromatin body. • 2000, 

c h r o m o s o m e  m e c h a n i s m .  T h e  only  pub l i c a t i on  on  t h e  
ch romosomes  of sea snakes  is t h a t  of NAKAMURA 4, who 
s tud ied  on ly  t he  males  of Laticauda semi/asciata w i t h  t h e  
he lp  of classical  t echn iques  and  repor ted  38 as t he  d ip lo id  
n u m b e r  in  t h a t  species. A n u m b e r  of species of sea snakes  
h a v e  now been  col lected b y  us a n d  our  p r e l i m i n a r y  
obse rva t ions  revea l  t h a t  mu l t i p l e  sex c h r o m o s o m e  complex  
of t he  k ind  descr ibed  here  is qu i te  widespread  in  H y d r o -  
phi idae ,  specia l ly  in t he  genus  Hydrophis. A fuller  a c c o u n t  
of t he  ch romosomes  of al l  t h e  species, t o g e t h e r  w i t h  t h e  
p r o b a b l e  m e c h a n i s m  of t he  or ig in  of mul t ip le  m e c h a n i s m ,  
will be t he  sub jec t  of a fu tu re  c o m m u n i c a t i o n .  

The  W c h r o m o s o m e  in snakes,  w h e n e v e r  i t  is d i s t in -  
gu i shab le  f rom t h e  Z e i the r  b y  i ts  m o r p h o l o g y  a n d / o r  b y  
i ts  a l locycly in i ts  D N A  repl ica t ion ,  forms a he te ro-  
pycno t i c  b o d y  in  cells a t  t h e  i n t e r p h a s e  s tage in va r ious  
soma t i c  t i ssues  wh ich  ha s  been  t e r m e d  W c h r o m a t i n  a. 
Therefore  t he  W ch romosomes  in E. sehistosa should  show 
in t he  i n t e r p h a s e  nuclei  two  W c h r o m a t i n  bodies,  one 
bigger  and  one smal le r  co r respond ing  in size to  W 1 a n d  
W~ respect ively .  F u r t h e r ,  our  u n p u b l i s h e d  obse rva t ions  on  
t h e  ch romosomes  of va r ious  species of snakes  of t he  genus  
Hydrophis reveal  t h a t  t he re  is a n  exac t  co r respondence  
be tween  the  n u m b e r  of W ch romosomes  a t  m e t a p h a s e  

a n d  t h e  W c h r o m a t i n  bodies  in  the  i n t e r p h a s e  nuclei .  
C o n t r a r y  to o u r  expec ta t ion ,  on ly  1 W c h r o m a t i n  b o d y  
h a s  been  de tec ted  in t h e  i n t e r p h a s e  nuclei  of b ra in ,  
k i d n e y  a n d  leucocyte  cul ture .  P e r h a p s  t h e  v e r y  m i n u t e  
size of t h e  W 2 p r e v e n t s  t h e  de t ec t ion  of t h e  second W 
c h r o m a t i n  body.  

Rdsumd. U n  se rpen t  m a r i n  (Enhydrina ehistosa Daudin ,  
Hydroph i idae )  a 32 c h r o m o s o m e s  chez le c~, 33 chez la  ~, 
ce t te  derni6re  a y a n t  u n  W - c h r o m o s o m e  supp l6menta i re .  
La  d igam6t ie  se ra i t :  6-ZZ ; ~ Z WI W v 
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Discrepancies between the Sites of Replication and Cytocidal Action of Encephalitogenic Viruses 

I t  is genera l ly  t a k e n  for g r a n t e d  t h a t  in  such  v i ra l  ence-  
pha lomye l i t i de s  as resu l t  in  a severe  a n d  widespread  ne rve  
cell des t ruc t ion ,  t he  v i rus  is r ep l i ca ted  m a i n l y  b y  t h e  
neurons .  H o w  er roneous  t h i s  a s s u m p t i o n  is b e c a m e  e v i d e n t  
in  t he  course  of c o m p a r a t i v e  s tud ies  on t he  u l t r a s t r u c t u r a l  
p a t h o m o r p h o l o g y  of severa l  e x p e r i m e n t a l  v i ra l  in fec t ions  
of t h e  s i m i a n  and  rou t ine  cen t r a l  ne rvous  sys tem.  

I n  t he  f irst  p a r t  of our  expe r imen t s ,  adu l t  c y n o m o l g u s  
m o n k e y s  were inocu la t ed  i.m. or  s.c. w i t h  a h igh ly  v i ru -  
l en t  s t r a in  of t y p e  3 pol iovirus .  Beg inn ing  w i t h  t he  4 t h  
or 5 th  pos t - i nocu l a t i on  day,  t he  an ima l s  deve loped  a 

r a p i d l y  progress ive  pa ra lys i s  of the  l imbs  of ten  t e r m i n a t -  
ing in a to t a l  t e t rap leg ia .  E l e c t r o n  microscopical ly ,  
n u m e r o u s  sp ina l  m o t o n e u r o n s  of t h e  p a r a l y t i c  m o n k e y s  
exh ib i t ed  u n e q u i v o c a l  s igns of i nc ip i en t  or  a d v a n c e d  
necrobiosis .  R a t h e r  f requen t ly ,  ne rve  cells in t h e  s tage of 
comple t e  cytolysJs  and ]o r  u n d e r g o i n g  ac tua l  neurono-  
p h a g i a  were observed .  However ,  no  one u l t r a s t r u c t u r a l  
f ind ing  could be  observed  in  t h e  more  or less d a m a g e d  
neu rons  w h i c h  would  h a v e  b e e n  d i rec t ly  i nd i ca t i ve  of t h e  
in t r ace l lu la r  p resence  of pol iovi rus .  On the  o the r  h a n d ,  
m a n y  m o n o n u c l e a r  e l emen t s  of t h e  i n f l a m m a t o r y  infil-  


