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Replicat ion of eas i ly  identifiable c h r o m o s o m e s  Nos. 1, 2, 8, and 9 was studied in a pe r iphe ra l  
blood lymphocyte cul ture  of Macaca  mulat ta .  Replicat ion of the c h r o m o s o m e s  studied was 
not the end of the S per iod .  La te - r ep l i ca t ing  segments  co r responded  comple te ly  to dark ly  
stained segmen t s .  The cons tancy  of l inea r  different ia t ion of homologous c h r o m o s o m e s  in 
d i f f e ren t  types of somat ic  cel ls  indicates that darkly  stained segments  consis t  of s t ruc tu ra l  
he te rochromat in .  

KEY WORDS: lymphocyte  culture; thymidine-H3; repl icat ion.  

It  is now genera l ly  accepted  that gene t i ca l ly  inact ivated segments  of s epa ra t e  c h r o m o s o m e s  and even  
whole c h r o m o s o m e s  repl ica te  at the end of the S per iod  [5]. It is cons idered  that the phenomenon of late 
DNA repl ica t ion  has  been es tabl i shed p r e c i s e l y  for  segments  he t e rochromat in i zed  in in te rphase ,  i r r e s p e c -  
tive of whether  the segments  in quest ion belonged to he t e roch roma t i c  or  euchromat ic  regions of  the c h r o m -  
osomes  [6]. Compar i son  of the di f ferent ia l  staining pa t t e rns  of c h r o m o s o m e s  with the i r  late repl icat ion 
pa t t e rns  in di f ferent  an imals  has  yielded valuable informat ion for  the unders tanding of the functional organ-  
ization of c h r o m o s o m e s .  

The objects  of the p r e s e n t  investigation were:  1) to study late repl ica t ion of eas i ly  identifiable c h r o m -  
osomes  of M. mulatta;  2) to com pa re  the la te - labe l ing  and longitudinal different ia t ion pa t t e rns  of the c h r o m -  
osomes  studied. 

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

P e r i p h e r a l  blood lymphocyte  cul tures  f rom three  sexual ly  ma tu re  (2~ and lcr monkeys  (M. mulatta) 
obtained by the usual  method [9] were  used in the exper imen t s .  Considering that the mean durat ion of the 
G z per iod in lymphocyte  cul tures  of Mo mulat ta  is 5 h [4], thymidine-H 3 (2 #Ci /ml)  was added to the cul ture  
5 h or ,  in some  ca s e s ,  6 h before  fixation~ Colchicine was added 1 h before  hypotonic t r ea tmen t  of the cel ls  
with 0~ KC1 solution. The p rocedure  for  obtaining the p r epa ra t i ons  and autoradiographs  was as desc r ibed  
p rev ious ly  [4]. Metaphase  p la tes  with a s a t i s f ac to ry  sca t t e r ing  of the c h r o m o s o m e s  and with c l ea r  labeling 
(not l ess  than 150 s i l ve r  gra ins  p e r  metaphase)  were  photographed before  and a f t e r  r emova l  of the label.  
I n t e r c h r o m o s o m a l  asynchrony of DNA synthesis  was analyzed by S lez inger ' s  method [7]. The value of the 
index K was de te rmined  for  visual ly  identifiable c h r o m o s o m e s  Nos. 1, 2, 8, and 9 in accordance  with the 
w r i t e r s '  c lass i f i ca t ion  [3]~ Altogether  17 labeled metaphase  p la tes  we re  used in the ana lys i s .  To study the 
longitudinal o r d e r  of rep l ica t ion ,  c h r o m o s o m e  No. 1 was divided into six,  and c h r o m o s o m e s  Nos. 2, 8, and 
9 into f ive ,equa l  segments .  The number  of s i l v e r  gra ins  above each segment  was counted. The dis tr ibut ion 
of gra ins  of label  along the length of me tacen t r i c  c h r o m o s o m e s  Nos. 2 and 8 was analyzed,  as o ther  w o r k e r s  
[1, 7] a lso  did. Some c h r o m o s o m a l  p repa ra t ions  were  used for  di f ferent ia l  s taining by the method descr ibed  
e a r l i e r  [2]. 
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Distr ibut ion of K indices at end of S per iod.  Absc i s sa ,  No. of 
ch romosome ;  ordinate ,  mean  values  of K index. 

Fig.  2. In tensi ty  of  labeling of c h r o m o s o m a l  segments  in leukocytes:  
A) c h r o m o s o m e  No. 1; B) c h r o m o s o m e s  Nos.  2, 8, and 9. Absc i s sa ,  
segments  of c h r o m o s o m e s  ( C - c e n t r o m e r e s e g m e n t ,  2) region of s econ-  
da ry  cons t r ic t ion  of ch romosome  No. 9); ord ina te ,  mean  number  of 
gra ins  of s i l ve r  above segments  of c h r o m o s o m e s .  

Fig. 3. Compar i son  of l a t e - l a -  
beling pa t t e rns  and dif ferent ia l  
s taining pa t t e rns  of ch romo-  
somes  Nos. 1, 2, 8, and 9 (Ro- 
m a n o v s k y -  G iemsa  staining 
method, 630x): 1, 2, 8, and 9) 
No. of ch romosomes ;  I) labeling 
pa t t e rns  of c h r o m o s o m e s  at end 
of S period;  II) dif ferent ia l  
staining pa t te rns ;  III) labeling 
pa t t e rns  of c h r o m o s o m e s  Nos. 
1 and 9 before  end of S per iod .  

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

The re su l t s  of ana lys is  of i n t e r c h r e m o s o m a l  asynchrony  of 
repl icat ion of the c h r o m o s o m e s  chosen for  study a re  i l lus t ra ted  in 
Fig. 1. Clear ly  c h r o m o s o m e s  NOSe 2 and 8 contained many more  
gra ins  of label than was expected theore t ica l ly .  In c h r o m o s o m e  No: 
1 at the end of the S per iod ,  on the o ther  hand, the n u m b e r  of gra ins  
of label was significantly s m a l l e r  than the theore t ica l ly  expected 
number .  Ch romosome  No. 9 (nucleolus-forming) contained label in 
a quantity cor responding  to its re la t ive  length. Consequently,  the 
c h r o m o s o m e s  in pe r iphe ra l  blood lymphocyte  cul tures  f r o m  M~ mu-  
lat ta  complete  repl icat ion highly asynchronously:  ch romosome  No. 1 
e a r l i e r ,  but c h r o m o s o m e s  Nos. 2 and 8 l a t e r  than c h r o m o s o m e  No. 9. 

The resu l t s  of ana lys is  of the longitudinal nonsynchronizat ion 
of repl ica t ion of the segments  of c h r o m o s o m e s  Nos. 1, 2, 8, and 9 
a re  i l lus t ra ted  in Fig. 2. In c h r o m o s o m e  No. 1, the c e n t r o m e r e  seg-  
ment  was mos t  intensively labeled at the end of the S per iod.  The 
mean  number  of gra ins  of label  in segments  n e a r e s t  to the cen t r e -  
m e r e  and a lso  in the t e l omere  of the shor t  a r m  was reduced.  The 
number  of gra ins  in the t e lomere  of the long a r m  was sharp ly  r e -  
duced. Unlike ch romosome  No. 1, in c h r o m o s o m e s  Nos. 2 and 8 it  
was imposs ib le  to distinguish a single segment  labeled definitely 
m o r e  intensively than the r e s t .  In c h r o m o s o m e  No. 9 the l a rges t  
number  of gra ins  at the end of the S per iod was found in the region 
of the c e n t r o m e r e  and adjacent  por t ion of the long a r m .  In the region 
of the secondary  const r ic t ion (the o rgan i ze r  of the nucleolus) and in 
the shor t  a r m  the concentra t ion of label  was minimal .  

Compar i son  of the o rde r  of repl ica t ion along the length of the 
c h r o m o s o m e s  with the dis tr ibut ion of darkly  stained segments  
showed (Fig. 3) that at the end of the S per iod in c h r o m o s o m e  No. 1 
the c e n t r o m e r e  segment  is la te - rep l ica t ing  and, correspondingly ,  is 
darkly  stained.  When the isotope was added 6 h before  fixation of the 
cu l tu res ,  i=e., be fore  the end of the S per iod,  the middle of the long 
a r m  was intensively labeled,  in a region cor responding  to the darkly  
stained segment  of that a r m .  Chromosomes  Nos. 2 and 8 were  in- 

tensively  labeled throughout the i r  length. They were  a lso  darkly  stained throughout the i r  length. In chro-  
m o s o m e  No. 9, the c e n t r o m e r e  and adjacent  a r e a  of the long a r m  were  intensively labeled and, c o r r e s p o n -  
dingly, they were  the darkly  stained segments  of that c h r o m o s o m e .  Consequently,  good co r r e l a t i on  was ob- 
se rved  between the pa t t e rns  of late labeling and of di f ferent ia l  staining: l a t e - r ep l i ca t ing  segments  of these  
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chromosomes corresponded exactly to the darkly stained Segments. On the basis of late replication of the 
darkly stained Segments, they can be classed as heterochromatinized regions. However, heterochromatin- 
ized regions may include both structural  heterochromatin [8, 10] and temporari ly heterochromatiaized 
areas of euchromatin [6, 7]. To study this problem in more detail, the patterns of differentiation of homo- 
logues were compared in several  species of monkeys with 42 chromosomes~ 

Observations showed that longitudinal differentiation of homologous chromosomes was identical in 
different types of cells (bone marrow, lymphocytes, epithelial cells of the kidneys) and in different species 
of macaques (M. mulatta, M. nemestrina, M. arctoides). Structural differentiation of most of the homony- 
mous pairs of homologous chromosomes is also similar  in M~ mulatta and Papio hamadryas belonging to 
different genera of the Cercopithecidae family. The constancy of structural  differentiation of homologous 
chromosomes of different types of somatic cells in the species of monkeys studied suggests that the darkly 
stained segments, distinguishable on differential  staining by the Romanovsky-Giemsa method, evidently 
consists of structural  heterochromatin. Autoradiography combined with differential staining revealed at 
least two types of structural heterochromatin in chromosome No~ 1, terminating DNA synthesis at different 
stages of the end of the S per iod  of the mitotic cyc le .  Results also showed that analysis of linear chromo- 
somal replication can be studied by the more sophisticated method of counting si lver grains above lightly 
and darkly stained segments~ This approach may perhaps help to reveal late-replicating heterochromatin- 
ized segments of euchromatin~ 
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