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D e m o n s t r a t i o n  of la tera l  a s y m m e t r y  in G - b a n d e d  m o u s e  e m b r y o ! c h r o m o s o m e s *  
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Summary. Cells o b t a i n e d  f rom 10-day mouse  e m b r y o s  were cu l tu red  for  3 h in m e d i u m  c o n t a i n i n g  colcemid.  Chromo-  
some p r e p a r a t i o n s  were sub j ec t ed  to G - b a n d i n g  in  e i t he r  c M c i u m - m a g n e s i u m  free H a n k ' s  so lu t ion  or t h e  A S G  me t h od .  
F r o m  one to severa l  occur rences  o6 la te ra l  a s y m m e t r y  (unequal  b a n d i n g  of s is ter  ch roma t id s )  were obse rved  in t h e  
m a j o r i t y  of k a r y o t y p e s  ana lyzed .  

W h e n  5 - b r o m o d e o x y u r i d i n e  (BrdU)  is i nco rpo ra t ed  in to  
c h r o m o s o m a l  DNA,  a l t e r a t i o n s  in s t a in ing  p roper t i e s  of 
t he  ch romosomes  h a v e  b e e n  observed .  For  example ,  
f luorescence of t he  H o e c h s t  33258 f luorochrome  is 
p a r t i a l l y  q u e n c h e d  fol lowing b i n d i n g  to the  B r d U -  
s u b s t i t u t e d  c h r o m o s o m a l  D N A L  I n  add i t ion ,  G iemsa  
s t a i ned  ch roma t id s ,  c o n t a i n i n g  B r d U  in b o t h  s t r a n d s  of 
DNA,  s t a in  l igh te r  t h a n  t h e i r  s is ter  c h r o m a t i d s  w i t h  on ly  
un i f i l a r  s u b s t i t u t i o n K  If  t h e  H o e c h s t  33258 followed b y  
G i e m s a  (FPG) t e c h n i q u e  is used to  s t a in  ch romosomes ,  
B r d U - s u b s t i t u t e d  regions  aga in  s t a in  l igh te r  4. The  
o b s e r v a t i o n  t h a t  B r d U - c o n t a i n i n g  s egmen t s  of ch ro mo -  
somes  s t a in  l igh te r  ha s  also been  impl i ca t ed  in t he  p h e n o -  
m e n o n  of l a te ra l  a s y m m e t r y  (i.e., t h e  u n e q u a l  b a n d i n g  
of s is ter  ch romat ids ) .  Di f fe ren t ia l  b a n d i n g  of B r d U -  
c o n t a i n i n g  c h r o m a t i d s  in mouse  cells was  f i rs t  descr ibed  
b y  L in  e t  al. 5. Since i t  h a d  been  d e m o n s t r a t e d  ~ t h a t  t h e r e  
is a bias  in  the  t h y m i d i n e  (dT) a r r a n g e m e n t  in  mouse  
sa te l l i t e  DNA,  with one s t r a n d  con ta in ing  45% d T  a n d  
t he  o t h e r  2 2 0 ,  L in  e t  al. 5 sugges ted  t h a t  u n e q u a l  in- 
co r po ra t i on  of B r d U  in to  c o m p l e m e n t a r y  s t r a n d s  of 
D N A  in  th i s  reg ion  was respons ib le  for t he  obse rved  
l a t e ra l  a s y m m e t r y .  ]3ostock and  Chris t ie  7 sugges ted  t h a t  

a b ias  in t h e  d i s t r i b u t i o n  of i n c o r p o r a t e d  B r d U  was n o t  
t h e  sole cause  of a s y m m e t r i c a l  s t a in ing  since u n e q u a l  
cross ing over  du r ing  s is ter  c h r o m a t i d  exchanges  could 
also be  involved .  I n  t h e  p r e s en t  c o m m u n i c a t i o n ,  we 
r e p o r t  o u r  o b s e r v a t i o n s  t h a t  l a te ra l  a s y m m e t r y  occurs  
w h e n  mouse  e m b r y o  cells, o b t a i n e d  in vivo,  are G - b a n d e d  
w i t h o u t  p r io r  a d m i n i s t r a t i o n  of BrdU.  
For  th i s  expe r imen t ,  10-day p r e g n a n t  a lb ino  mice  of t he  
I C R  s t r u m  (Carom Resea rch  I n s t i t u t e ,  W a y n e ,  New 
Jersey)  were used. T h e  females  were ki l led b y  cerv ica l  
d is locat ion,  t h e  u t e rus  r emoved ,  a n d  t h e  e m b r y o s  were  
dissected free of all  e x t r a e m b r y o n i c  m e m b r a n e s .  A cell 
suspens ion  was p r e p a r e d  b y  mi ld  a g i t a t i o n  w i t h  a p a s t e u r  
p i p e t  in  a m e d i u m  c o n t a i n i n g  R P M I  1640, 15% fe ta l  calf  
s e r u m  (GIBCO) a n d  0.1 vg /ml  colcemid (GIBCO).  The  
cells were cu l t u r ed  in t h e  same  m e d i u m  for 3 h a t  37 ~ 
Fol lowing  t h e  cu l tu re  per iod,  cells were c o n c e n t r a t e d  b y  
mi ld  cen t r i f u g a t i o n  a n d  t h e  pel le t  r e suspended  in 0.075 M 
KC1 for  15 min .  T h e  ceils were  t h e n  f ixed  in  e t h a n o l :  acet ic  
acid (3:1).  Chromosome  sp reads  were m a d e  b y  d ropp ing  
a l iquo t s  of t h e  cell suspens ion  on to  cold slides wh ich  were 
t h e n  air-dr ied.  Chromosomes  were G - b a n d e d  b y  e i the r  
t h e  A S G  m e t h o d  s or b y  t r e a t m e n t  in H a n k ' s  ba l anced  sa l t  
so lu t ion  (wi thou t  ca lc ium a n d  magnes ium)  for 1 h a t  60 ~ 
Slides were s u b s e q u e n t l y  s t a ined  in  G iemsa  so lu t ion  
(GIBCO).  Cells were p h o t o g r a p h e d  w i t h  a Zeiss P h o t o -  
microscope  I I  on  P a n a t o m i c  X f i lm (Kodak) .  Diaf ine  
d e v e l o p m e n t  was  used to e n h a n c e  con t r a s t .  
M e t a p h a s e  ch ro mo s o mes  o b t a i n e d  f rom 10-day mouse  
e m b r y o  cells, b a n d e d  w i t h  H u n k ' s  or t h e  A SG  me t hod ,  
e x h i b i t e d  f rom one  to  severa l  occur rences  of l a te ra l  
a s y m m e t r y  in t h e  m a j o r i t y  of k a r y o t y p e s  e x a m i n e d  
(figure). I t  shou ld  be  n o t e d  t h a t  p r ev ious  s tud ies  ~,7,* 
h a v e  shown  t h a t  l a te ra l  a s y m m e t r y  occurs  in  C-band  
regions.  Since t h e  p r e p a r a t i o n s  used in t h i s  s t u d y  were 
sub jec t ed  to  G - b a n d  t echn iques ,  a s y m m e t r i c a l  b a n d s  
were revea led  in all  c h r o m o s o m a l  regions.  
Since B r d U  was n o t  e m p l o y e d  in our  s tudy ,  t h e  sugges t ion  
of L in  e t  a l )  t h a t  b ias  in  B r d U  i n c o r p o r a t i o n  in to  AT 
regions  is respons ib le  for l a t e ra l  a s y m m e t r y  does n o t  
a p p e a r  to  be  a n  essent ia l  e l emen t  in  t h e  occur rences  o6 

a ASG-banded karyotype of a 10-day mouse embryo cell. (-~) = 
asymmetrical band regions, b Selected chromosomes from kaxyo- 
types of 10-day mouse embryo cells demonstrating unequal staining 
of sister" ehromatids. Preparations banded in Ca-Mg free Hank's 
solution at 60 ~ 
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la tera l  a s y m m e t r y  in mouse  embryo  chromosomes .  A 
possible  exp lana t ion  for our observat ions ,  which  is 
cons i s t en t  wi th  cu r r en t  theories ,  is t h a t  la teral  a s y m m e t r y  
m a y  occur t h rough  the  process  of s is ter  c h r o m a t i d  
exchange  which  m a y  involve unequa l  crossing over.  Such 
an e v e n t  would  occur wheneve r  an unequa l  n u m b e r  of 
base pairs  are exchanged  be tween  sister  ch roma t ids  
dur ing  a crossing over  event .  Indeed ,  a t heo ry  p roposed  b y  
S m i t h  1~ suggests  t h a t  the  evolut ion  of r epea ted  D N A  

sequences  could have  deve loped  by  the  mechan i sm of 
unequa l  crossing over  while Bos tock  and Christ ie 8 
have  sugges ted  t h a t  unequa l  sister ch roma t id  exchange  
could also be impl ica ted  in the  occurrence of a symmet r i c  
b an d i n g  in mi to t ic  chromosomes .  The deve lopmen ta l  
significance of our obse rva t ion  remains  to  be de te rmined .  

10 G.P. Smith, Science 191, 528 (1976). 

I n h e r i t a b l e  p r e c o c i o u s  o p e n i n g  of  t h e  v a g i n a  in  l a b o r a t o r y  r a t s  e x p o s e d  to  300 R a n d  200 R 
of  X - r a y s  on  d a y  6 o f  t h e i r  i n t r a u t e r i n e  l i fe  
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Summary. A highly  s ignif icant  inher i tab le  a d v a n c e m e n t  in opening  of t he  vagina  in l abo ra to ry  ra t s  has  been induced  
b y  the  X - r a y  appl ica t ion  to  p r e g n a n t  females  of d i f fe rent  filial genera t ions  or ig ina t ing  f rom the  X- i r rad ia ted  F 0 
embryos .  The reac t ion  to  X- rays  has  so far been  fol lowed t h r o u g h  9 filial genera t ions .  

As far as we know the re  are no da t a  to  show how X-  
i r rad ia t ion  acts  on the  factors  control l ing the  onset  of 
p u b e r t y  in filial genera t ions  of l abora to ry  animals ,  as 
measured  by  opening  of the  vaginal  orifice. Mandel  and  
Griesewood 1 have  c la imed t h a t  the  vag ina  of ra t  opened  
precociously  af ter  i r rad ia t ion  of the  ovar ian  region, b u t  
B e a u m o n t  * has  failed to  conf i rm this  f inding. On the  
o the r  hand ,  we know t h a t  advanced  opening  of t he  
vag ina  can be effected by  more  t h a n  one expe r imen ta l  
approach ,  b u t  the  p h e n o m e n o n  is no t  t r a n s m i t t e d  to  
filial genera t ions  3-6. 
Material and methods. The animals  used in th is  exper i -  
m e n t  belonged to a s t ra in  of close-bred Wis ta r  rats ,  in 
our  possession since 1929. All ma t ings  were carr ied out  
be tween  animals  belonging to  the  same li t ter .  The X-i r ra-  
d ia t ion  was pe r fo rmed  on e ther ized animals  w i th  the  use 
of a Siemens set  under  t he  following condi t ions :  200 kV, 
14 mA, Cu 0.5 m m  filter, 42 cm FSD,  dose ra te  100 R/min .  
The region of t he  u te rus  of no rma l  p r e g n a n t  females was  

exposed  to 300 R of X - r ay s  on day  6 of pregnancy .  The 
young  of these  animals  r epresen ted  F 0 generat ion.  All 
memb er s  of the  F ,  genera t ion and  a n u m b e r  of F 5 
offspr ing were also exposed  to  X- rays  a t  day  6 of the i r  
in t rau te r ine  life, using th is  t ime dose of 200 R. The 
opening  of t he  vaginal  orifice was followed in all an imals  
t h r o u g h  9 filial genera t ions ,  s t a r t ing  f rom F 0. Only those  
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Opening of the vagina in experimental rats through a number of filial generations 

F~ E 1 F1 F2 E~ F3 
�9 f O @ /  �9 
1" 5* 16" 17" 

I 42.0-t-1.3 35.54-0.9 34.34-1.1 

II 38-46 30-40 28-41 

III 0.00 18.75 41.18 

F 4 F 5 F e F 7 F 8 F~ 

0 .0 0 O ,O O 

50" ~ , ~  91" 114" 109" 129" 60* 

34.0 4- 0.9 40.4 4- 0.6 34.7 4- 0.5 31.6 4- 0.4 31.4 4- 0.5 31.0 4- 0.6 

22-53 27-59 24-52 23-46 22-48 21-39 

40.00 6.59 36.84 63.30 59.69 60.00 

�9 .o o o, o 

13" 19" 41" 37* 20* 

I 35.9 4- 1:4 31.5 4- 1.2 31.9 4- 0.7 28.9 4- 1.0 27.2 4- 1.1 

II 30-45 23--42 24-40 19-37 20-37 

III 38.46 57.89 63.41 72.97 80.00 

F0_9, Filial generations; �9 E t, E~, E3, exposure to X-rays. *No. of rats; I, vaginal opening - days (mean 4- SE); II, range; III, percent of 
rats with advanced opening of the vagina. 


