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C h r o m o s o m e  S t r u c t u r e  a n d  M e i o s i s  in  a 
P e n t a t o m i d  B u g  

C o n s i d e r a b l e  a t t e n t i o n  h a s  of  l a t e  been  p a i d  to  
s t ud i e s  on  t h e  c h r o m o s o m e s  of h e t e r o p t e r a  (MAKINO 1, 
SVHITE2). I n  I n d i a ,  MANNA. a h a s  r e c e n t l y  p u b l i s h e d  q u i t e  
a n  e x h a u s t i v e  a c c o u n t  of c h r o m o s o m e s  of I n d i a n  h e t e r o -  
p t e r a  a n d  ha s  r ev i ewed  t h e  p r o b l e m  of c h r o m o s o m e  
n u m b e r  in as m a n y  as s ix sub- fami l i e s ,  c o m p r i s i n g  a to-  
t a l  of e l e v e n  t r i b e s  a n d  h a s  a lso d i scussed  t he  p r o b l e m  
of s u p e r g e n e r i c  c lass i f i ca t ion  in t h i s  g roup .  T h e  o b j e c t  
of t h e  p r e s e n t  p a p e r  is to  p r e s e n t  a b r ie f  a c c o u n t  of t h e  
s t r u c t u r e  of m i t o t i c  c h r o m o s o m e s  a n d  t h e i r  meio t ic  
b e h a v i o u r  in  a species  of I n d i a n  P e n t a t o m i d ,  Bagrada 
picta (F), b e l o n g i n g  to  t h e  s u b - f a m i l y  P e n t a t o m i n a e  a n d  
t r i b e  P e n t a t o m i n i .  T h e  m a t e r i a l s  were  co l lec ted  a t  De lh i  
a n d  t h e i r  t e s t e s  f ixed  in Sanfe l i ce ' s  f ixa t ive .  Sec t ions  
were  c u t  a t  12 /~ in t h i c k n e s s  a n d  s t a i n e d  in I o d i n e  
c r y s t a l  v io le t .  D i a g r a m s  h a v e  been  r e p r o d u c e d  a t  a uni-  
f o r m  m a g n i f i c a t i o n  of 3670. 

¢ 

l;ig. l.-Spermatogonial prophase showing the morphology of chro- 
I l lo~olnes,  

An i n s p e c t i o n  of t h e  s p e r m a t o g o n i a l  p r o p h a s e  (Fig.  1) 
or of m e t a p h a s e  p l a t e s  (Fig. 2) r evea l s  t h e  c h r o m o s o m e  
n u m b e r  to  be  2 n -- 14 in  t h e  male .  T h e  c h r o m o s o m e s  are  
t y p i c a l l y  h e t e r o p t e r a n  in f o r m  a t  t h e  s p e r m a t o g o n i a l  
m e t a p h a s e .  I t  h a s  b e e n  f o u n d  a f t e r  c r i t i ca l  e x a m i n a t i o n  
of a few s p e r m a t o g o n i a l  p r o p h a s e  t h a t  t h e  c h r o m o s o m e s  
a re  m o n o c e n t r i c .  T h e  v a r i o u s  c h r o m o s o m e s  on  t h e  bas is  
of t h e i r  s t r u c t u r e  a re  as fol lows : 

(1) X - c h r o m o s o m e - - L o n g e s t  in the  c o m p l e m e n t  a n d  
h a v i n g  a m e d i a n  p r i m a r y  c o n s t r i c t i o n  (X). 

(2) A pa i r  of long  c h r o m o s o m e s  w i t h  a s u b t e r m i n a l  
p r i m a r y  c o n s t r i c t i o n  (AA).  

(3) A pa i r  of long c h r o m o s o m e s  w i t h  a m e d i a n  p r i m a r y  
c o n s t r i c t i o n  ( 9 B ) .  

(4) Two  pa i r s  of m e d i u m  sized c h r o m o s o m e s  w i t h  a 
m e d i a n  p r i m a r y  c o n s t r i c t i o n  (CC, DD). 

(5) Y - c h r o m o s o m e - -  A m e d i u m  sized c h r o m o s o m e  wi th-  
o u t  a n y  c o n s t r i c t i o n ,  a p p a r e n t l y  a r o d - s h a p e d  one  (Y), 

(6) Two  pa i r s  of s h o r t  c h r o m o s o m e s  w i t h  a m e d i a n  
p r i m a r y  c o n s t r i c t i o n  (EE, FF).  

A t  t h e  g r o w t h  p h a s e  of meiosis ,  t h e  sex  c h r o m o s o m e s  re- 
r e m a i n  fused  and ,  t he re fo re ,  a p p e a r  as a s ingle  h e t e r o p y c -  
no t i c  b o d y  ly ing  close to  t h e  n u c l e a r  m e m b r a n e ,  whi le  
o t h e r  c h r o m o s o m e s  are seen v e r y  fa in t ly .  T h e r e  is a lways  a 
s ingle  sphe r i ca l  nuc leo lus  wh ich  is seen as a b r o w n i s h  
b o d y  u n d e r  t h e  p h a s e  c o n t r a s t  mic roscope  whe re  t he  
sex c h r o m o s o m e  mass  a p p e a r s  as a d a r k  g reen  s t r u c t u r e  
a n d  o t h e r  c h r o m o s o m e s  as f i l a m e n t s .  Th i s  s tage ,  t h e r e -  
fore, c o r r e s p o n d s  to t he  ear l ie r  s tage  of meiosis .  T he  
s ingle  nuc leo lus  is r a r e l y  f o u n d  a s soc ia t ed  w i t h  t he  
h e t e r o p y c n o t i c  sex c h r o m o s o m e  mass  (R.M.).  At  
d ip lo t ene ,  t h e r e  is u sua l l y  a s ingle  c h i a s m a  pe r  b i v a l e n t  

whi le  occas iona l ly  two  are seen  in t h e  longes t  b i v a l e n t .  
T h e  t w o  sex  c h r o m o s o m e s  r e m a i n  as s e p a r a t e  u n i v a l e n t  
s t r u c t u r e s .  A t  m e t a p h a s e  I (Fig. 3), all  t h e  six a u t o s o m a l  
b i v a t e n t s ,  e ach  c o n t a i n i n g  a s ingle  t e r m i n M i z e d  c h i a s m a ,  
a re  f o u n d  a r r a n g e d  r e g u l a r l y  on  t h e  e q u a t o r i a l  p l a t e  

Fig. 2.-Spermatogonial metaphase. 

w i t h  t he  c e n t r a l  r eg ion  of t he  r ing- l ike  a r r a n g e m e n t  
b e i n g  a lways  occup ied  b y  one  or t h e  o t h e r  c h r o m o s o m e s  
(Fig. 4), t h e  X - c h r o m o s o m e  a l w a y s  r e m a i n i n g  on  t h e  
p e r i p h e r y .  T h e  f i rs t  d iv i s ion  a n a p h a s e  is e q u a t i o n a l  for  

 tt,3 
Fig. 3. Metaphase I, side view. 

t he  sex  c h r o m o s o m e s  (Fig. 5). A t  t h i s  s tage  s e p a r a t i o n  
is no t  f o u n d  to  be  para l l e l  s ince t h e  c h r o m o s o m e s  s h o w  
a b e n t .  The  second  d iv i s ion  m e t a p h a s e  p l a t e s  show o n l y  
s e v e n  c h r o m o s o m e s  (Fig. 6) wi th  t he  sex c h r o m o s o m e s  

0 

Fig.-l.-Metaphase I, polar view. 

fo rnf ing  a p s e u d o b i v a l e n t .  A n a p h a s e  I I  is r e d u c t i o n a l  
for t he  sex c h r o m o s o m e s  a n d  c o n s e q u e n t l y  one of t h e  
d a u g h t e r  nuc le i  c o n t a i n  the  X whi le  t he  o t h e r  the  Y 
c h r o m o s o m e  (Fig. 7). 

l"ig. 5. Anaphase I, showing equatorial division of the 
x - c h r o m o s o m e .  

The  ex i s t ence  of a local ised c e n t r o m e r e  in t he  he te ro -  
p t e r a n s  h a s  b e e n  d o u b t e d  b y  SCIIRAI)ER 1, HUGHES- 
~CHRADER 2 a n d  HUGHES-SCHRADER a n d  R i s  3, w h o  h a v e  
m o s t l y  s t u d i e d  coccids  b e l o n g i n g  to  h o m o p t e r a .  T h e  

1 S. MA~INo, An atlas o! the chromosome numbers in animals 
(Iowa, 1951). 

2 M. J. D. WroTE, Animal Cytology a~zd Evolution ~nd Ed. (Cam- 
bridge University Press, 1954). 

3 G. IK. MANNA, Proe. zool. Soc. Bengal. 4, 1 (1951). 

1 F. SC]tRAI~ER, Cytologia 6,422 (1935). 
2 S. HUGHES-SCHRADER, Z. Zellforsch. t3, 742 (1931); Biol. Bull. 

Woods Hole 78, 312 (1940); J. Morph. 70, 261 (194~); Advances in 
Genetics. 2, (1948). 

S. HI~GHES-SCUR.~,DV:R and H. RIs, J. exp. Zool. 87, 429 (1941). 



224 Br~ves communications - Brevi comunicazioni [ExPE~taxw~a VOL. XIi6] 

c h r o m o s o m e s  of coccids ()bey qui te  a d i f f e ren t  law 
pa r t i cu l a r l y  in r e spec t  to  o r i en t a t i on  a n d  a n a p h a s e  
d i s junc t ion ,  which  is paral lel .  I t  is, therefore ,  no t  unl ike ly  
t h a t  these  c h r o m o s o m e s  h a v e  a " d i f f u s e "  c e n t r o m e r e  

Fig, 6. Mctaphase tI, polar view. 

steri le  in b o t h  sexes,  b u t  female  h y b r i d s  are sa id  to  come  
on h e a t  and  ve ry  ra re ly  p roduce  foals to  the  s ta l l ion  or 
the  jack-ass .  There  are no records  of fert i le  male  mules  
or h innies .  

s imi la r  to t h a t  of L c p i d o p t e r a  (FEDELEY l, SUOMALAI- 
SEN 2) and  LUZULA (CASTRO, CAMARA and  MALHEIROS3). 
*-'~IENDES a has  for t he  f i rs t  t i m e  r e p o r t e d  to  have  seen the  
pos i t ion  of p r i m a r y  cons t r i c t ion  as a n o n - s t a i n i n g  gap  in 
an h e t e r o p t e r a n  species,  Dysdercus, be long ing  to t he  
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Fig. 7.-Anaphase 11. 

fami ly  Py r rhoco r idae .  I t  is, the re fore ,  no t  qu i te  im- 
p robab le  to  e x p e c t  a s imi la r  c e n t r o m e r i c  cons t r i c t i on  in 
the  c h r o m o s o m e s  of o the r  h e t e r o p t c r a n s  as well. An 
e x p e r i m e n t a l  ve r i f i ca t ion  s imi la r  to  t h a t  of LACOUR ~ in 
LUZVLA and  HUGHES-SCHRADER and  RIS s in Steatococcus 
is indeed  des i rab le  to  s u p p o r t  th is  s t a t e m e n t .  

t aill greatly indebted to Dr. M. L. BHATIA, Head of the Depart- 
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Rdsumd 
Bagrada picla F, m~le poss~de 14 c h r o m o s o m e s  d o n t  

une pai re  X - Y ,  T o u s l e s  c h r o m o s o m e s  s o n t  monocen -  
t r iques  g l ' e x c e p t i o n  de I 'Y chez lequel  il es t  imposs ib le  
de t r o u v e r  un cen t rom~re  localis6. Les au t r e s  616ments 
p e u v e n t  ~tre, selon leurs  d imens ions  e t  la pos i t ion  du 
cen t rom~re ,  r a t t a c h 6 s  ~t six t y p e s  di f f6rents .  
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N o t e s  on  the  C y t o l o g i c a l  F e a t u r e  of  M a l e  
S t e r i l i t y  in  t h e  M u l e  ~ 

The mule and  h i n n y  are n o t e d  for t he i r  s t r e n g t h  and  
e n d u r a n c e ;  t h e y  are good workers ,  be ing  ac t ive  and  
r e s i s t an t  to  s ickness.  In  genera l ,  mules  a n d  h innies  are 

1 Contribution No. 326 from the Zoological Institute, Faculty 
of Science, Hokkaido University, Sapporo, Japan. With a financial 
aid from the Scientific Research Fund of the Ministry of Education. 

1 
Fig. l. Spermatogonial chromosomes of the horse. 

The cy to logica l  s t u d y  of the  mule  has  r e m a i n e d  in- 
comple te .  The  c h r o m o s o m e s  of the  mule  h a v e  been  
s tud ied  by  "vVoDSEDALEK 1 and  LEON 2 who r e p o r t  51 a n d  
38 c h r o m o s o m e s ,  respec t ive ly .  In  the  l ight  of t h e  resul ts  
of the  c h r o m o s o m e  inves t iga t ions  on t h e  horse  a n d  ass 
by MAKINO e, the  r e inves t i ga t i on  of t h e  m u l e  c h r o m o -  
somes  is desi rable ,  because  the  work  of b o t h  WODSEDA- 
LEK and  LEON is u n s a t i s f a c t o r y  by  p r e s e n t - d a y  s t a n d a r d s .  
The p r e s e n t  s t u d y  b e c a m e  possible  t h r o u g h  the  c o u r t e s y  
of Dr, Y. NlSHIKAWA who p laced  the  t e s t i cu la r  ma te r i a l  
of a mule  a t  t he  a u t h o r ' s  disposal .  The s p e c i me n  which  
fu rn i shed  the  mater ia l  for th is  s t u d y  was a male  mule,  
t h r ee  years  of age, p r o d u c e d  by  cross ing  of a j ack-ass  
wi th  a mare .  

2 
Fig. 2.-Spermatogonial chromosolnes of the ass. 

Before dea l ing  wi th  the  a c c o u n t  of t he  mule,  it seems 
necessa ry  to  p r e s e n t  some desc r ip t ions  on the  cy to -  
logical fea tures  of t he  horse  and  ass, hased  on the  resul ts  
of t he  p r e s e n t  a u t h o r ' s  fo rmer  s tudies .  The  n u m b e r  of 
c h r o m o s o m e s  of t he  horse  was r e p o r t e d  to  be 66 in 
diploid (MAKINO4). The  d ip lo id  c o m p l e m e n t  shows  a t  
least  12 V - s h a p e d  c h r o m o s o m e s ,  each be ing  cha rac te r i z -  
ed by  s u b m e d i a n  c e n t r o m e r e s  w i t h  d iss imi lar  a r m s  
(Fig. 1). T h e y  are very  p r o m i n e n t  in a p p e a r a n c e  in 
c o n t r a s t  to  the  o the r s  w i th  t e r m i n a l  c e n t r o m e r e s .  

The  a u t h o r ' s  obse rva t i ons  (MAKINO ~) r evea l ed  t h a t  in 
genera l  m o r p h o l o g y  the  c h r o m o s o m e s  of t he  ass were  
v e r y  s imi lar  to  those  of the  horse  t h o u g h  no t  en t i r e ly  
ident ical .  The diploid  c o m p l e m e n t  of t he  ass cons is t s  of 
66 c h r o m o s o m e s  which reduce in meiosis  in to  33 b iva-  
lents .  There  are, as in t he  horse,  a t  leas t  12 e l e m e n t s  
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