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The f requency  of spontaneous heteroploidy in C3HA mouse e m b r y o s  on the 8th day of develop-  
ment  is 2.7% (5 of 181 embryos ) ,  three  e m b r y o s  exhibited tr iploidy,  and two had m o s a i c i s m  
of the c h r o m o s o m e s .  In the karyotype  of one mosa ic  there was an i soch romosome .  All the 
heteroploid embryos  were  anomalous  and were in a state of r e so rp t ion .  The f requency of 
spontaneous ch romosomal  abe r r a t i ons  in embryogenes i s  is much lower  in mice than in man.  
Considerable  s im i l a r i t y  was observed  between spontaneous heteroploidy in mice  and r a t s .  
A cha rac t e r i s t i c  fea ture  of mouse embryogenes i s  is the frequent  format ion  of i s o e h r o m o -  
s o m e s .  

The study of spontaneous ch romosoma l  abe r ra t ions  in the embryogenes i s  of different  m a m m a l s  is of 
cons iderable  in te res t  f rom the points of view both of compara t ive  cytogenet ics  and of developmenta l  biology 
f3, 71. 

In human e m bryogenes i s  ch romosomal  abe r r a t i ons  respons ib le  for  developmental  anomal ies  and 
death of the emb ryos  a re  frequently found. In spontaneous abor t ion in the ea- ' ly s tages  of pregnancy,  for  
instance,  the f requency of spontaneous heteroploldy may  reach  30% [1, 6, 9]. In the e a r l i e r  s tages  of 
development  the f requency of spontaneous ch romosoma l  abe r r a t i ons  in man is p robably  higher  stil l  [2, 5, 
101. 

Yet spontaneous heteroploidy is r e l a t ive ly  l e s s  common dur ing embryogenes i s  of l a b o r a t o r y  r a t s  [4]. 
The f requency of spontaneous heteroploidy in the embryogenes i s  of mice  has  not been adequately studied. 
By the end of the c leavage per iod heteroploidy was found in only 2.6% of mouse  e m b r y o s  [13]. The f r e -  
quency of ch romosoma l  abe r r a t i ons  dur ing that per iod of mouse e m b r y o g e n e s i s  when such vital m o r p h o -  
genetic p r o c e s s e s  as  gast rula t ion and neurulat ion take place and the axial  complex  is laid down has not 
been invest igated.  

The object  of the p re sen t  investigation was to study the karyotypes  of mouse e m b r y o s  in the ea r ly  
post implantat ion per iod,  i . e . ,  on the 8th day of development ,  and to de te rmine  the f requency and c h a r a c -  
t e r  of spontaneous heteroploidy and its effect  on embryogenes i s .  

E X P E R I M E N T A L  M E T H O D  

C3HA mice were  used. Since the spontaneous embryonic  mor ta l i ty  in l abo ra to ry  mice  undergoes 
cons iderable  seasonal  va r ia t ions  and depends on the conditions under which the an imals  a re  kept and on 
other  ex te rna l  f ac to r s  [8], all the observa t ions  were  made at the s a m e  t ime  of y e a r  and on the s ame  colony 
of an imals .  The day of d i scovery  of a vaginal  plug was taken as  the f i r s t  day of pregnancy .  

In the expe r imen t s  of s e r i e s  I the fer t i l i ty  of the mouse colony was studied f r o m  the r e su l t s  obtained 
at the end of pregnancy .  F em a l e s  were  autopsied on the 18th-19th day of pregnancy and the number  of 
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T A B L E  1. F e r t i l i t y  of C3HA Mice  

~ Number of em- 
o .~'~ ~ bryos dying before 

,ay of pregnancy ~ ~ ~ ~ implantauon 

abs 

8--9 22 217 27 12,4---2,2 
18--19 13 142 25 17,6-+ 3,1 

Number of implanted embryos 

total 

190 
117 

% 
abs, 

87,5 19 
82,3 

d yying 

4,7_+1,5 
14,5_+3,2 

Continuation 

total 
abs % 

181 95,3 
100 85,4 

Number of implanted embryos 
living 

normal [ ..... pathological 

abs % t abs % 

156 86,1• 25 13,8--+2,5 
100 100 - -  - -  

Number of abnormal embryos dying 
before and after implantation 

abs ~ 

61 28,1_+ 3 
42 29,5_+3,8 

F i g .  1o M e t a p h a s e  p l a t e s  of p a t h o l o g i c a l  C3HA m o u s e  
e m b r y o s  on 8th day  of d e v e l o p m e n t :  a) with n o r m a l  
m o d a l  c h r o m o s o m e  n u m b e r  (2n=40);  b) wi th  i s o -  
c h r o m o s o m e  (shown by  a r r o w )  ; c) wi th  t r i p l o i d y  
(3n) ; d) with m o s a i c i s m  of the  c h r o m o s o m e s  (2n= 
40 /41) .  

l i v i n g  and dead  e m b r y o s  and the n u m b e r  of c o r p o r a  l u t ea  in the o v a r i e s  w e r e  counted .  The l i v i n g  f e t u s e s  
w e r e  e x a m i n e d  unde r  the  MBS-1 b i n o c u l a r  loupeo A l t o g e t h e r  13 p r e g n a n t  f e m a l e s  w e r e  s tud ied ,  and 117 
f e t u s e s  w e r e  ob t a ined  f r o m  t h e m .  

E m b r y o s  a t  the  8th day  of d e v e l o p m e n t  w e r e  i n v e s t i g a t e d  in the e x p e r i m e n t s  of s e r i e s  II .  The u t e r i n e  
e o r n u a  w e r e  opened ,  the f e t u s e s  with the  m e m b r a n e s  w e r e  e x t r a c t e d  u n d e r  the c o n t r o l  of the  b i n o c u l a r  
l oupe ,  and  the f e t u s e s  w e r e  m e a s u r e d  with a m i c r o m e t e r  and p h o t o g r a p h e d ,  Next ,  c h r o m o s o m e  p r e p a r a -  
t ions  w e r e  ob t a ined  f r o m  e a c h  e m b r y o  s e p a r a t e l y  by  the m e t h o d  of W r o b l e w s k a  and Dyban [14]. In th i s  
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way it was possible to compare the microanatomical  s t ructure  of each embryo with its karyotype.  The 
chromosome preparat ions  were stained with orcein lactate, studied, and photographed by means of the NF 
microscope  with camera  attachment (objective 100, oil immersion) .  On the average 15-20 nletaphase 
plates were counted for each embryo .  All metaphase plates were analyzed in fetuses with mosa ie i sm of 
the chromosomes  and in pathological fetuses.  Altogether 181 fetuses were obtained from 22 pregnant 
females .  These fetuses were studied microanatomica l ly  and cytogenetically.  

EXPERIMENTAL RESULTS 

On the 18th-19th day of pregnancy in C3HA mice 29.5% of the fetuses were dead (Table I); 17.6% of 
the fetuses died before and during implantation, and the rest were eliminated at later stages of embryogene- 
sis .  All the living fetuses at this time of pregnancy appeared normal .  

More detailed information on spontaneous death of the C3HA mouse embryos  was obtained by analysis  
of the resul ts  on the 8th day of pregnancy, i . e . ,  soon after  implantation. As Table 1 shows, 12.4% of 
the ovulated oocytes were unferti l ized Or they died and were eliminated before implantation. In 9 cases  
implantation took place but the deciduomas were empty and some of them contained only the remnants  of 
resorbed  embryos  which were unfit for cytogenetic analysis .  Summing up for the ear ly  periods as a whole, 
i . e . ,  before and during implantation, about 17% of the embryos  died, in agreement  with the resul ts  of 
the experiments  of se r ies  I. 

Implanted embryos  (181) were alive, and 156 of them were normal  and at the stage of neurulation and 
laying down of the axial complex of organs,  while 25 (13o 8%) showed obvious signs of pathology. They were  
approximately half the normal  size,  the neural grooves were greatly flattened, and as a rule the anlage of 
the allantois was absent.  The presence  of maternal blood in the cavity of the crypt  and the absence of 
at tachment of these germinal vesic les  to the walls of the implantation chamber  indicated their nonviability. 
All the normal  embryos  had the karyotype 2n=40. Among the malformed embryos  20 (80%) had the ka ryo-  
type 2n=40, three (12%) had the karyotype 3n=60, and two (8%) had the karyotype 2n=40/41 ( isochromosome,  
mosaic) .  Five embryos ,  or 2.7% of the total number  and 20% of the number of ma l fo rmed  embryos ,  had 
chromosomal  aberra t ions .  

All the 156 female typically normal  embryos  at the 8th day of development thus had no visible 
numerical  chromosomal  abe r r a t i ons .  A normal  karyotype was also charac te r i s t i c  of most  (20 of 25) m a l -  
formed embryos  (Fig. la)o Only 4 mal formed embryos  were heteroploid.  Three embryos  were triploid, 
and 2 had mosa ic i sm of the chromosomes  (Fig. lb, c, d). In 1 mosaic  approximately one-third of the 
metaphase plates had t r i somy (2n---4I), while the other had clones of cells  with an unusual, small  m e t a -  
centr ic  chromosome,  although the number of ch romosomes  still remained 40, i . e . ,  some ceils of this 
embryo had t r i somy on account of a superfluous small  chromosome,  consis t ing ei ther  of an i soch romo-  
some or centr ic  fusion of two small autosomeso 

The frequency of spontaneous heteroploidy in C3HA mice  in the ear ly  postimplantation period (Sth 
day) was only 2o 7% of the total number of embryos  investigated, i . e . ,  it was within the same l imits  as in 
the rat  embryos  at the ear ly  postimplantation stages of development [4]. 

It can be concluded from these resul ts  that the frequency of spontaneous chromosomal  aberra t ions  
dur ing embryogenes is  in mice, just as in rats ,  is much lower than in man, and that in these mouse- l ike  
rodents all embryos  with numerical  dis turbances of the karyotype die during or  soon after  implantation. 

The frequency of spontaneous triploidy in mice is known to depend on the genetic features  of the 
s t ra ins  and to va ry  between 0.46 and 7% [11, 12]. In C3HA mice the frequency of spontaneous tr iploidy 
was 1.6%. Predominance of triploids among embryos  with chromosomal  aberra t ions  in the present  ex-  
per iments  is in good agreement  with resul ts  published in the l i te ra ture  [13] and it indicates the existence 
not only of quantitative, but also of considerable qualitative s imi lar i ty  between spontaneous heteropoloidy 
in mice and ra ts  [4]. 

At the same time, spontaneous heteropoloidy in mice also had its own charac te r i s t i c  features and, 
in par t icular ,  a high frequency of formation of i sochromosomes  in the initial s tages of cleavage. Chro-  
mosomal  aberra t ions  of this type are ext remely  r a re  in man [2] and are not found in ra ts  [4]. The f o r m a -  
tion of i sochromosomes  in mice is a widespread phenomenon~ Such cases  have previously been observed 
in mice of lines RDF t13] and TIIEM (with centr ic  fusion of autosomes).  
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