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Longitudinal different ia t ion of X - c h r o m o s o m e s  into s egmen t s  with d i f ferent  deg ree s  of coiling 
was demons t r a t ed  by means  of 5 -bromodeoxyur id ine  in the ce l l s  of women with 48 XXX-X and 
47 XXX ka ryo types .  All the s u p e r n u m e r a r y  X - c h r o m o s o m e s w e r e  dist inguished by the  g r e a t e r  
length of the i r  weakly coiled segments .  The pa t t e rn  of different ia t ion of these  c h r o m o s o m e s  
was constant  in al l  ce l l s  of both women and c h a r a c t e r i s t i c  of the l a t e - r ep l i ca t ing  X - c h r o m o -  
some of f emale  diploid somat ic  ce l l s .  The r e s u l t s  show conclusively  that  X - c h r o m o s o m e s  can 
be identified and the l a t e - r ep l i ca t ing  f o r m s  dist inguished among them without the use  of auto-  
rad iographic  methods .  

P r e v i o u s  inves t iga t ions  in the w r i t e r ' s  l abo ra to ry  showed that  the l a t e - r ep l i ca t ing  X - c h r o m o s o m e  can 
be identified toge ther  with i t s  homologue with the aid 5-bromodeoxyur id ine ,  added to a cul ture  of lympho-  
cy tes  f r o m  the p e r i p h e r a l  blood of women, without the need to r e s o r t  to au torad iographic  methods .  T h i s can  
be done because  of inhibition of the coil ing of the c h r o m o s o m a l  segments  with a late  rep l ica t ion  t ime,  so that 
the c h r o m o s o m e s  acqui re  the specif ic  p ic ture  of di f ferent ia t ion into s egmen t s  of d i f ferent  densi t ies  [1, 2]. 

The object  of the p resen t  invest igat ion was  to use  this method to demons t r a t e  the pa t te rn  of longitu- 
dinal dif ferent ia t ion of human X - c h r o m o s o m e s  in ca se s  of X-po lysomia  and to study the functional morpho l -  
ogy of these  c h r o m o s o m e s  when p re sen t  in a higher  than normal  number .  

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

C h r o m o s o m e s  of the p e r i p h e r a l  blood lymphocytes  of two women with c h r o m o s o m e  se ts  47 XXX and 
48 XXXX were  inves t iga ted .  The p r e s e n c e  of s u p e r n u m e r a r y  X - c h r o m o s o m e s  in these  pat ients  was demon-  
s t r a t ed  before  th is  invest igat ion began a s  the r e su l t  of cl inical  and ord inary  cytological  t e s t s .  Blood was 
cul tured in the usual  way. The 5 -bromodeoxyur id ine  was  given in the same way a s  in the p rev ious  inves t i -  
gation. Colcemide  was  added in a concentra t ion  of 0.3 p g / m l  1.5 h before  fixation to produce accumula t ion  
of m e t a p h a s e s .  C h r o m o s o m e  p repa ra t i ons  were  obtained by drying and staining with a z u r e - e o s i n .  The tech-  
nique of ana lys i s  of the p r e p a r a t i o n s  was  desc r ibed  prev ious ly .  

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

During total  ana ly s i s  of the p r e p a r a t i o n s  c h r o m o s o m e s  with the specif ic  morphologica l  pa t te rn  typical  
of X - c h r o m o s o m e s  were  found in a l m o s t  70% of ce l l s  examined f r o m  both pat ients .  In a la rge  propor t ion  of 
cel ls ,  bes ides  the X - c h r o m o s o m e s  the au tosomes  of the se t  we re  segmented .  In some  c a s e s  di f ferent ia l  de-  
lay of coiling was  obse rved  only in the X - c h r o m o s o m e s .  

* Mater ia l  for  the inves t igat ion was obtained f r o m  Doctor  Yu. I. Fi l ippov (Department  of Pathophysiology 
and Schizophrenia,  Inst i tute of Psych ia t ry ,  Academy of Medical Sciences of the USSR) and f r o m  the Inst i tute 
of P r o g e n e s i s  [7]. 
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Fig.  1. Chromo some set  of the 48 XXXX pat ient  
a f t e r  t r e a t m e n t  with 5-bromodeoxyur id ine :  
c l e a r  identif icat ion of four  X - c h r o m o s o m e s  in 
the set,  three  X - c h r o m o s o m e s  a r e  dis t inguished 
by the g r e a t e r  length of the weakly coiled seg-  
men t s .  

The 48 XXXX C h r o m o s o m e  Set. Al toge ther  30 me taphase  p la tes  showing c l ea r  d i f ferent ia t ion of X- 
c h r o m o s o m e s  along the i r  length were  examined.  This p a r t i c u l a r  cul ture ,  it will be noted, was  dis t inguished 
by i ts  e x t r e m e l y  slow reac t ion  to 5 -b romodeoxyur id ine .  In mos t  m e t a p h a s e s  a weak degree  of segmenta t ion  
was  obse rved  along the length of the X - c h r o m o s o m e s  and a l so  of the a u t o s o m e s .  Neve r the l e s s  in al l  ce l l s  
examined it was  poss ib le  to detec t  all  four  X - c h r o m o s o m e s  with the i r  c h a r a c t e r i s t i c  pat tern ,  and the degree  
of delay of coiling in t h r ee  c h r o m o s o m e s  was  m o r e  m a r k e d  (Fig. 1). The c h a r a c t e r  of longitudinal d i f fe ren-  
t iat ion of these  c h r o m o s o m e s  r e m a i n e d  unchanged f r o m  one cell  to another ,  and in th ree  of the X - c h r o m o -  
s o m e s  it  co r r e sponded  to the fine morphologica l  pa t t e rn  of the l a t e - r ep l i ca t ing  X - c h r o m o s o m e s  of no rma l  
diploid ce l l s .  These  c h r o m o s o m e s  were  dis t inguished by having a dense region in both a r m s  nea r  the cen-  
t r o m e r e .  Two o ther  dense ly  coiled but s m a l l e r  segments ,  s epa ra t ed  by a smal l  cons t r i c t ion  band, were  ob- 
s e rved  in the dis ta l  p a r t  of the long a r m .  The whole of the cen t ra l  pa r t  of this a r m  was  occupied by a r e -  
gion with cons iderab le  delay in coil ing.  In the shor t  a r m  the dense region nea r  the c e n t r o m e r e  and the 
equally condensed t e l o m e r e  segment  we re  sepa ra t ed  by a not ve ry  wide but suff icient ly deep cons t r i c t ion  
band.  The fine morpho logy  of the four th  X - c h r o m o s o m e  co r re sponded  to the morphology  of X~ in no rma l  
diploid ce l l s .  Jus t  a s  in the p rev ious  invest igat ions ,  ana lys i s  of the morphology of the X - c h r o m o s o m e  f r o m  
di f ferent  ce l l s  r evea l ed  some  va r i ab i l i t y  in longitudinal different ia t ion of the s u p e r n u m e r a r y  X - c h r o m o -  
somes ,  but this  va r i ab i l i t y  did not a l t e r  the bas ic  pa t t e rn  of segmentat ion,  but m e r e l y  r e f l ec ted  d i f f e rences  
in the degree  of delay of coil ing along the length of these  c h r o m o s o m e s .  

C o m p a r i s o n  of the t h r ee  c h r o m o s o m e s  desc r ibed  above in each cel l  r evea led  ce r t a in  d i f fe rences  in 
the fine morphology  of one c h r o m o s o m e  by compar i son  with the other  two. They w e r e  mani fes ted  a s  the 
lower  densi ty  of the segmen t s  n e a r  the c e n t r o m e r e  and t e l o m e r e  in one of the th ree  homologues  (Fig. 2). 

The 47 XXX C h r o m o s o m e  Set. In 30 me taphase  p la t e s  i t w a s  easy  to identify th ree  c h r o m o s o m e s  with 
the c h a r a c t e r i e  p a t t e r n  of longitudinal segmenta t ion  of X - c h r o m o s o m e s  (Fig. 3). The longitudinal d i f fe ren-  
t ia t ion pa t t e rn  of two of these ,  because  of the lower  densi ty  of coil ing in individual segments ,  co r r e sponded  
fully to the pa t t e rn  of the l a t e - r ep l i c a t i ng  X - c h r o m o s o m e  of normal  ce l l s .  These  c h r o m o s o m e s  were  iden-  
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Fig.  2. E x a m p l e s  of pa t te rn  of longitudinal d i f fe ren-  
t iation of X - c h r o m o s o m e s  f r o m  the ce l l s  of women 
with 48 XXXX and 47 XXX se t s  of c h r o m o s o m e s .  

Fig .  3. C h r o m o s o m e  set  of a 47 XXXpa t i en t a f t e r  t r e a t m e n t  
with 5-bromodeoxyur id ine :  c l e a r  identif icat ion of three  X-  
c h r o m o s o m e  s, delay of coiling in two X - c h r o m o s o m e s  i s m o r e  
marked .  

t iffed a s  s u p e r n u m e r a r y  X - c h r o m o s o m e s  in the X-XX sys t em.  The fine morphologica l  pa t te rn  of these chro-  
m o s o m e s  was exact ly  the same as  that desc r ibed  above, and in this  case  the delay of coiling between these  
c h r o m o s o m e s  was  only slightly asynchronous .  The thi rd  X - c h r o m o s o m e ,  by i ts  morphology,  couldbe c lassed  
a s  the e a r l y - r e p l i c a t i n g  homologue (Fig. 2). 

The r e su l t s  of the inves t igat ion show conclus ively  that  the method of d i f ferent ia l  delay of coiling using 
5 -b romodeoxyur id ine  can be used to identify with cons iderable  re l iabi l i ty  not only the ea r ly - r ep l i ca t i ng  hom- 
ologue, but a l l  the s u p e r n u m e r a r y  l a t e - r ep l i ca t ing  X - c h r o m o s o m e s  in the se t  without the need to r e s o r t  to 
au torad iography .  The new methods  used nowadays to detect  longitudinal different ia t ion of c h r o m o s o m e s  
make  it poss ib le  to identify the X - c h r o m o s o m e s  in the set,  but without the use  of au torad iography  it is  i m -  
poss ib le  to dist inguish the l a t e - r ep l i ca t i ng  homologue among them [3, 4, 11, 12]. 

Ana lys i s  of the fine morphology of the X - c h r o m o s o m e s  in the c a s e s  desc r ibed  above showed that the 
segmenta t ion  pa t t e rn  was  identical  in al l  the X - c h r o m o s o m e s ,  but coiling of one c h r o m o s o m e  (X~) was sub- 
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ject to less delay in each cell studied from both patients. The three X-chromosomes in the 48 XXXX set 
and two in the 47 XXX set were distinguished by their  part icularly marked delay of coiling in the middle 
part  of the long arm.  Complete agreement between the segmentation pattern along the length of these X- 
chromosomes and the pattern obtained in the late-replicating X-chromosome of normal diploid cells sug- 
gested that they were included among the late-replicating chromosomes of the set. The preliminary auto- 
radiographic findings have confirmed the validity of this identification. Numerous autoradiographic studies 
have shown that all the supernumerary X-chromosomes in cases of X-polysomia always incorporate the 
label intensively at the end of the S-period [6, 8, 9]. 

It was shown previously that the degree of delay of coiling along the length of the chromosomes gives 
indirect evidence of the replication time of some of the segments relative to the others [1, 2]. Analysis of 
the distribution of label along the length of the morphologically normal late-replicating X-chromosome dif- 
ferentiated by means of this method showed that it contained clearly localized segments of early replication, 
which corresponded to the densely coiled regions of this chromosome. The presence of analogous segments 
in the supernumerary X-chromosomes is indirect evidence of the incompleteness of inactivation of the het- 
erochromatinized X-chromosome when changes are  found in its number. 

The asynchronous character  of the delay in coiling of the late-replicating X-chromosomes, observed 
in both cases, even though very slight in degree, is part icularly interesting. Some degree of interchromo- 
somal asynchrony of replication of the supernumerary X-chromosomes has been described [5, 10]. It is 
possible that in this case there was a true difference between the supernumerary X-chromosomes in their 
time of DNA replication, which may possibly reflect  differences in their  degree of genetic inactivation. 
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