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The T6BnR t rans loca t ion  in the he terozygous  s ta te  does not cause  any s ignif icant  i nc rea se  in 
embryonic  mor ta l i ty  but gives r i se  to t r i somy  in 10% of fe tuses  at  the 16th-18th day of develop-  
ment .  All 19 embryos  with t r i s om y  were  cons iderably  r e t a rded  in development  and 9 of them 
had developed menta l  anomal ies :  6 had ma l fo rma t ions  of the bra in  of the exencephaly and 
hydrocephalus  types ,  1 had a cleft  ha rd  palate ,  2had extensive h e m o r r h a g e s  and edema of the 
subcutaneous ce l lu la r  t i s sue .  Underdevelopment  of the v a s c u l a r  network and villi  of the yolk 
sac  was found in all the t r i s o m i c s .  It is postula ted that mice  with the TG(9 , 14)BnR t r a n s -  
locat ion can be used as a convenient  bioIogical  model for  studying inher i ted anomal ies  of 
the cent ra l  nervous s y s t em  and, in pa r t i cu Ia r ,  exencephaly.  

Because of the high f requency with which the c h r o m o s o m e s  faiI to sepa ra t e  in me ios i s ,  mice  he te ro -  
zygous fo r  the Rober t son  t rans loca t ions  (centric fusion of the au tosomes)  a r e  a convenient model  with which 
to s t u d y t h e e f f e e t o f n u m e r i e a l  ch romosoma l  abe r r a t i ons  on embryon ic  development .  

T r i s o m y  in mice  with cent r ic  fusion TiIEM (8th-17th pa i r s )  and TIALD (6th-15th pai rs )  l eads  to c h a r a c -  
t e r i s t i c  changes in morphogenes i s  and is man i fes ted  as dominant Ie thals  in the per iod of act ive organo-  
genes is ,  the 8th-12th day of pregnancy [1, 2]. Meanwhile the additional 19th pa i r  of au tosomes  in mice  
he te rozygous  fo r  the Rober t son  t rans loea t ion  TI63H (9th-19th pa i r s )  and TlWh (5th-19th pa i r s )  in some cases  
is compat ib le  with complet ion of the in t rau ter ine  per iod.  Such t r i s o m i e s ,  however ,  a r e  r e t a rded  in develop-  
men t  and they often have anomal ies  of the facial  skull (cleft palate) and they die soon a f t e r  b i r th .  

This  p a p e r  desc r ibes  another  t r i s o m y  in mice  compat ib le  with complet ion of the antenatal  per iod of 
development .  This t r i s om y  is found in the progeny of mice  heterozygous  fo r  the TGBn~ t rans loea t ion  - one 
of 7 t rans loca t ions  of the Rober tson  type p r e sen t  in the karyotype  of the tobacco mouse  Mus poschiavinuso* 
These  mice  a r e  genet ical ly  s i m i l a r  to the o rd inary  l abo ra to ry  mouse  Mus musculus ,  the-y--can ma te  together ,  
but they have only 26 ch romosomes  in the i r  diploid set ,  including 7 pa i r s  of me tacen t r i c s  [7]. The flmda- 
menta l  number  (NF) -- the num ber  of c h r o m o s o m e  a r m s -  in Mus musculus  and Mus poschiavimls  is the s a m e  
namely  40. It has been shown that m e t a c e n t r i c  c h r o m o s o m e s  in the karyot~pe  of tobacco mice  a r e  the r e su l t  
of cent r ic  fusion of di f ferent  pa i r s  of au tosomes  in the normal  karyotype  of the house mouse  Mus musculus .  
In pa r t i cu l a r ,  c h r o m o s o m e s  involved in the TcBnR t rans loca t ion  co r respond  to the 9th and 14th lJairs [6, 9]. 

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

CBA mice ,  with a normal  karyotype ,  and mice  heterozygous  for  the Rober t son  t rans loea t ion  T6BnR 
were  used.  The la t te r  were  obtained by c ros s ing  F 1 hybrids  (Mus musculus • Mus poschiavinu_s), he terozygous  
fo r  7 Rober t son  t rans loca t ions  with CBA fema le s .  As a r e su l t  of a s e r i e s  of succes s ive  mat ings ,  mice  
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TABLE 1. Fer t i l i ty  of CBA Mice with Normal Karyotype and of Mice 
(d) Heterozygous for  the T6BnR Trans loca t ion  (results  for  the 18th 
day of pregnancy) 

Line of mice ;les 

9 

" [ 41 22 198 160 29,2 TeBnR/CBA CBA 26 18 163 142 58 CBA !CBA[ 20 ,24,9 

before ffter 
imphan mplan 
tatlon :ation 

28( 14,1 
21 12,8 

Number of living embryos 

delay_ edl mal- 
normal devel- . . ~ ~; - - ~  I ~  l~; 

130 118 90,7 ~6t 1 I 13,2  0201 ,   2212008,  281:0 [ 4 12,2 --[ 

Fig. 1. Control emhryo  on 18th day of development with diploid karyotype 
(NF = 40) and t r i somic  embryos  (NF = 41) with s imi la r  bra in  anomalies:  
exeneephaly (cFrJ9,14/BnR/+ • ? CBA). 

heterozygous for  the t rans locat ion T6BnR were  obtained, using the method of bone mar row biopsy for  
se lect ion [4]. 

Two se r i e s  of exper iments  were  c a r r i e d  out. In s e r i e s  t the fer t i l i ty  of the males  heterozygous for  
the T6BnR t rans locat ion was studied. Fo r  this purpose they were  mated with CBA females  and these were  
autopsied on the 18th day of pregnancy.  The number  of corpora  lutea in the ovar ies  and the number  of 
implantation si tes in the uterus were  counted. The number  of living and dead embryos  was noted. Living 
embryos  were  separa ted  f rom the membranes ,  weighed on tors ion  scales ,  the i r  c ranio-caudal  length mea-  
sured,  and examined under  the MBS-1 binocular Ioupe for  anomal ies .  In s e r i e s  II a cytogenetic analysis 
was made of 75 fetuses ,  including 59 normal  and 16 re ta rded  in development and deformed,  from the prog-  
eny of CBA females  ma tedwi th  T6BnR/+ males .  All embryos  with t r i somy were  fixed with Bouin's fluid 
and investigated microanatomica l ly  [3]. Six t r i somics  were  studied by examination of ser ia l  histological 
sect ions stained with hematoxyl in-eos in .  

E X P E R I M E N T A L  R E S U L T S  

The resul ts  of the exper iments  of s e r i e s  I (Table 1) show that the embryonic  mor ta l i ty  in CBA 
females  mated with T6BnR males  was 29.2%; m o r e o v e r  about equal numbers  of embryos  died before  and 
a f te r  implantation (about 15%). Spontaneous embryonic  mor ta l i ty  in the control  group was a l i t t le lower  
(24.9%), but the dif ference is not s ta t is t ica l ly  significant.  

The cranio-caudal length of 120 en~bryos on the 18th day of development in CBA mice was 18 :~2 rnrn 

and their weight about 800 rag. No anomalies were found in any of this series and only two were visibly 
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TABLE 2. Cytological Analysis of Normal Embryos, Embryos 
with Delayed Development, and Malformed Embryos from CBA 
Females Mated with T6BnR/+ Males (results for 18th day of 
pregnancy) 

Normal 
Length 14 mm 
Weight 600 mg 

Embryos 

With delayed development but no visible 
anomalies 

Length 15 mm 
Weight 600 mg 

With delayed development and with 
anomalies 

With exeneephaly 
With hydrocephalus 
With cleft palate 
With edema and hemorrhages 

Total 

diploid 
NF = 40 

Karyotype 

heteroploid 

57 

59 

(trisomy) 
NF = 41) 

1" 

16 

*Fused placentas. 

Fig. 2. Embryo at 18th day of development (efT6/ 
9,14/BnR/+ • 9 CBA). Trisomy 2n = 40, NF = 41. 
General delay in development, hemorrhages into 
subcutaneous cellular tissue. 

retarded in development. By contrast, in 10% of the 
embryos (12 of 130) in the experimental series the 
eranio-caudallengthwas less than 15 mm and their 
weight did not exceed 500 rag; 8 of the embryos were 
externally completely ~ormal, but the other 4 showed 
similar anomalies of the brain (exeneephaly; Fig. I). 

Cytogenetic analysis showed that the karyot~(pe 
of these embryos always contained 40 chromosomes, 
including I submetacentrie chromosome, whereas the 
number of chromosome arms was 41, i.e., all these 
embryos were trisomics. The frequency of appearance 
of embryos with trisomy in the progeny of CBA fe- 
males mated with T6BnR/+ males was thus almost 10%o 

Altogether 19 trisomies, including 16 embryos 
on the 18th day of development, 2 on the 16th day of 
development, and ! newborn mouse, were identified 
and subjected to morphological analysis. The most 
constant distinguishing feature of the embryos with 
trisomy was generalized delay in development (Table 
2). For instance, the eranio-caudal length of 15 of the 
16 trisomics on the 18th day of development was about 
15 mm while their weight was below 600 mg (Fig. 2). 
The only exception was a trisomic sharing a common 
placenta with another embryo with normal karyotype. 
Both embryos were phenotypically indistinguishable 
from the controls and their identification was possible 
only by cytogenetic analysis. All the other trisomies 
were almost one-third smaller in length and weight 
than normal; considerable retardation in development 
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Fig.  3. Sagittal histological  sect ions through embryos :  A) control  embryo  
on 18th day of development ,  with diploid karyotype  (2n = 40, NF = 40); B) 
t r i s o m i c  embryo  with exceneephaly (2n = 40, NF = 41). 

could be noted as ea r l y  as on the 15th day of pregnancy.  It is impor tan t  to note, however,  that the weight 
of the placentas  of the t r i s o m i c s  d i f fered  only a l i t t le f rom the control  (135 mg  and 147 mg, respec t ive ly) .  
Consequently,  this t r i somy  does not af fec t  growth of the chor io-aHanto ic  placenta ,  but it does lead to m a r k e d  
delay of embryon ic  development .  This  t r i somy  also gives r i s e  to f requent  and s eve re  developmental  anom-  
a l ies .  Fo r  instance,  9 of the 16 t r i s o m i e s  had developmental  anomal ies  on the 18th day; 6 had b ra in  anom-  
a l ies  (exencephaly,  hydrocephalus) ,  1 had a defect  of the hard pala te  (cleft palate) ,  and 2 had extensive  
h e m o r r h a g e s  and edema of the subcutaneous ce l lu la r  t i s sue .  Final ly ,  i t  is in teres t ing  to note that  the only 
newborn mouse  with t r i s o m y ,  although al ive,  died soon a f t e r  b i r th .  Microana tomiea l  examinat ion of this 
mouse  r e v e a l e d  hydrocephalus  and clef t  pa la te .  The uninflated lungs revea led  that  the newborn t r i somie  
was unable to brea the ,  and this was the d i rec t  cause  of i ts  e a r l y  death. 

During the invest igat ion of 6 t r i s o m i c s  on the 16th-18th day of development  the only abnormal i ty  d i s -  
covered  in the histological  sect ions was marked  underdevelopment  of the va scu l a r  network and villi  of the 
yolk sac ,  indicating a d is turbance of the function of the omphaloid placenta .  Meanwhile no o ther  d is turbance 
of morphogenes i s  speci f ic  for  this pa r t i cu l a r  karyo type  pathology could be found e i ther  in the embryo  i tse l f  
o r  in thep tacen ta  (Fig. 3). 

Jus t  as with t r i somy  of the 19th pa i r  of au tosomes  [8], t r i s o m y  of the au tosomes  involved in the T6BnR 
t rans loca t ion  (the 9th and 14th pai rs )  thus leads to genera l ized  delay in development  and  to death soon a f t e r  
b i r th .  Meanwhile there  a r e  definite d i f ferences  between these  t r i s o m i e s .  In newborn mice  with t r i s o m y  
of the 19th p a i r  a defect  of the hard  palate (cleft palate) is compara t ive ly  common,  whereas  in the t r i s o m i c s  
in the expe r imen t s  descr ibed  in this pape r  de fo rmi t i e s  of the nervous  s y s t e m  were  without question the dominant 
fea ture  and exencephaly was pa r t i cu l a r ly  f requent .  Mice with the T6BnI~ t rans loca t ion  can evidently be used  
as  a convenient  biological  model  for  studying the pathogenesis  of inher i ted anomal ies  of the centra l  nervous 
s y s t e m  and, in pa r t i cu la r ,  of exencephaly.  
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