
of concentrat ions by the method of least squares .  In this case  it was Eq. (1). Next on the basis of the fraction 
of aber ran t  metaphases  in the control ,  the upper 95% confidence limit was calculated by the equation given in 
the section "Experimental  Method." In the present  case,  three aberrant  metaphases  were found in the control  
ser ies  of 200 cells  (1.5%). The upper confidence limit was 4.025%. Let this figure be substituted in Eq. (1) and 
let the smal les t  effective concentrat ion be calculated: In this case  it is 0.120 ~g /ml .  This concentrat ion does 
not serve  as the threshold dose, as might be supposed, but it is in rea l i ty  the threshold of accuracy ,  depending 
on the choice and level of ch romosomal  aberra t ions  in the control .  

The wr i t e r s  are  grateful to Dr. R. Shram for kindly providing the TEPA preparat ion and to V. S. Zhurkov 
for expert  discussion of this paper.  
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A N A L Y S I S  OF T H E  M O R P H O L O G Y  O F  S H O R T  A R M S  

O F  H U M A N  A C R O C E N T R I C  C H R O M O S O M E S  BY 

S E Q U E N T I A L  S T A I N I N G  F O R  G A N D  C B A N D I N G  

V. P .  G u r b a n o v ,  A .  S.  B a r k h u d a r y a n ,  
a n d  N.  A.  M a l y g i n a  

UDC 612.014.24-086.15 

Sequential staining of ac rocen t r i c  ch romosomes  f rom eight individuals for G and C banding 
showed that a large he te rochromat in  region is present  more  often in homologs of ch romosome 
15 than of 13 and 14, and in the G group it is found more  often in pair 22 than in pair 21. As a 
rule  the size of the heterocheomat in  region does not cor respond to the size of the short  a rm of 
the ac rocen t r i cs  when stained for G banding. The frequency of occur rence  of satell i tes in all 
eight individuals was approximately the same for all five pairs of ac rocen t r ics .  Staining for 
constitutive he terochromat in  revea led  he te romorphism for the presence  of satell i tes frequently 
in the homologs.  
KEY WORDS: G and C banding of ch romosomes ;  ac rocent r ic  chromosomes ;  heterochromatin .  

The part icipation of human acrocent r ic  ch romosomes  in the formation of the nucleolus and, consequently, 
in r ibosome synthesis  is general ly accepted. This fact determines the approach to the study of function of the 
ac rocen t r i c  ch romosomes .  Ribosomal  c is t rons  are  located in secondary constr ic t ion bands (satellite threads) 
of ac rocen t r i c  ch romosomes .  A noteworthy feature is the extreme variat ion of the short  a r m s  of acrocent r ic  
ch romosomes  - the presence  or absence of a secondary constr ict ion,  an increase or decrease  in its size, the 
p resence  of absence of satel l i tes of different shapes: enlarged, double, and so on. It is interest ing to study the 
l imits of variabil i ty of human acrocent r ic  chromosomes ,  whether this ref lects  variabil i ty in the phenotype, and 
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Fig. 1. Metaphase plate and aeroeentr ie  ch romosomes  after dif- 
ferential Giemsa staining (G banding; A) and after  staining for 
constitutive heterochromat in  (C banding: B). 

whether it is pathological in nature. The study of the s t ruc ture  of the short  a rms  of each homolog of individual 
pairs  of acrocent r ic  chromosomes  will do much to facilitate the approach to the solution of these problems.  

Whereas until recent ly  all human ac rocen t r i cs  were divided into two groups, D and G, and identification 
of chromosomes  within the groups was impossible,  with the appearance of methods of differential staining of 
ch romosomes  this task has become quite pract icable.  Each pair of acrocent r ic  ch romosomes  can now be easily 
identified both by f luorescence staining of the chromosomes  and by differential Giemsa staining [3, 14, 15]. 
Staining for constitutive he terochromat in  (C banding of chromosomes)  is of great  interest  [7-9, 12]. Staining 
for he terochromat in  has revealed polymorphism of the human karyotype [4, 5, 10]. Considerable variat ion has 
been found on staining human acrocent r ic  ch romosomes  for heterochromat in .  For  instance, some acrocen t r ics  
have a large heterochromat in  region, whereas in others it is only a single point: satell i tes are  somet imes  
stained and somet imes  not [5, 10]. However, by staining for he terochromat in  it is impossible to identify chro-  
mosome pairs .  Only a combination of staining for G and C banding makes it possible to determine to what ex- 
tent variat ion in size of the he terochromat in  of ac rocent r ic  ch romosomes  is connected with any part icular  pair.  
An appropriate  investigation was accordingly undertaken. 

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

Chromosomes  were stained in preparat ions  of human peripheral  blood lymphocyte cul tures obtained by 
the standard method. Fixation was ca r r i ed  out after cultivation for 72 h, the hypotonic solution consis ted of 
0.075 M KC1, fixative was methanol : acetic acid (3 : 1), and drying was ca r r i ed  out without ignition. The quality 
of staining depends essential ly on the t ime the preparat ion has been kept. Best resul ts  were obtained with 
6-10-day preparat ions kept at room tempera ture .  

Acrocen t r i cs  were identified by differential Giemsa staining (G band). The preparat ion was t reated with 
0.2 M CsC1 solution at 60-65~ for 40 min. The hot sections were placed in dye made up from standard Giemsa 
stain in phosphate buffer (0~ M KH2PO 4 + 0.067 M Na2HPO4),pH6.8, in the rat io of 1 : 40 and staining con- 
tinued for 10-15 min. The sections were analyzed, photographed, and then decolorized in acidified alcohol (con- 
centrated HC1 : HzO : C2HhOH absolute ethanol in the rat io of 1 : 12 : 37). The sections were then r insed in ethanol of in-  
c reas ing  concentrat ions (70, 96, and 100%), dried, and stained for constitutive he terochromat in  (C band). To do 
this, the sections were t reated with 0.2 N HC1 solution for 10 min, washed with water,  and dried. The sections 
were then placed in 0.07 N NaOH solution for 40 sec and then taken through ethyl alcohols of increas ing concen- 
tration. The dried preparat ion was kept in 0.2 M CsC1 solution for 10-15 rain at 60-65~ It was stained for 
45-50 min in Giemsa stain, made up as described above. 
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Fig. 2. Some variants  of short  a r m s  of human 
aerocent r ic  ch romosomes  after staining for 
constitutive he te rochromat im p) he t e roch ro -  
matin region equal in size to that in other  
autosomes excluding 1, 9, and 16; s) p r e s -  
ence of palely stained satellite; p+) he te ro -  
ehrom~tin approximately doubled in size; s +) 
darkly stained satel l i tes.  

TABLE 1. Morphology of Short Arms  of 
Human Acrocent r ie  Chromosomes  Stained 
for Constitutive Heterochromat in  

o~ Group D Group G 

13 14 15 21 22 

I 
1 p-s./p- ~ p.s./p- p~s-lp, p.s-/p.s. 
2 p . s . / p . ]  p -~s - /P  p _ s . / p ~ -  p- /p.s .  
3 p . s . / p .  | p . s . / p - r  P-i-/P'  IP*S'/P. 
4 [ p . s . / p -  | p,/p- p- l -s . /p-~  |p-s- /p .  
5 1 p,s-/p- ~ p,[p- p~s*/p~- |p-/p" 
76 [ p . / p .  ! p-s-/p-}- p - ~ s . / p -  [p , /p ,  

|p.s~/P-I p,s,/,p, p-{-s~/p , s. |p.s./p. 
p.s,/p, p.s./p~ Ip.s.lp. 8 I P's'/P" [ 

Legend. Symbols as in Fig. 2. 

p-s-/p- - -  
p-~-s./p.q- 
p Ws'/P ,-~- 
p.s./p-~ 
P%[P- p~-/p. 
p--l-s*/p.s. 
p-~s./p. 

Acrocen t r i c s  were identified in accordance with the Pa r i s  nomenclature [11] (Fig. 1). The size of the 
he te rochromat in  region was est imated in accordance  with the scheme in Fig. 2. 

The technique of sequential staining for G and C banding of ch romosomes  is readi ly reproducible  pro-  
vided that the t imes  of t rea tment  of the preparat ions  are s t r ic t ly  adhered to. Constitutive heterochromat in  
also was investigated in all cells  analyzed by the G method. The stain is best made up a few minutes before 
use, and the "film" which somet imes  forms on its surface must be removed with filter paper. 

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

Lymphocytes  of eight individuals were analyzed by sequential staining for G and C banding of the chromo-  
somes.  A minimum of 50 cells  was analyzed for each individual. The resul t s  of the analysis are  given in Ta-  
ble 1. Clearly in homologs of ch romosome 15 a large he terochromat in  region was found more  often than in 
ch romosomes  14 and 13. In all individuals studied at least one homolog of chromosome 15 had a large he te ro-  
chromat in  region,  and two were  present  in four individuals. Four individuals had a large he terochromat in  r e -  
gion in chromosome 14, but no large he terochromat in  regions  were observed at all in chromosome 13. In 
group G chromosomes  21 and 22 also differed in their he terochromat in  content. A large he terochromat in  r e -  
gion was observed only in pair 22. The size of the he terochromat in  region usually did not cor respond  to the 
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size of the short  a rm  observed on staining for G banding. The frequency of d iscovery of satell i tes was about 
the same for all five pairs  of ac rocen t r i cs  in the individuals studied; homologs were often heteromorphic  for 
the presence  of satel l i tes.  It was also found that in some cases  of differential staining for G banding that the 
satell i tes were c lear ly  defined in both homologs,  whereas staining for C banding showed absence of satell i tes 
in these homologs.  This could probably be indirect evidence that the stained substances determining the G and 
C banding differed in nature and even that the satel l i tes of acrocent r ic  ch romosomes  are  heterogeneous in na- 
ture,  for some of them stained for he terochromat in  whereas others  did not. 

The tendency for chromosomes  15 and 22 to have a Iarge he terochromat in  region more often than chro-  
mosomes  13, 14, and 21 is in agreement  with observations of other workers  [1, 13]. According to some wr i te rs ,  
for example, the size of the he terochromat in  region corresponds  to the degree of repeti t ion of the cor respond-  
ing DNA fractions [6, 9], and this determines  the nonspecific conjugation of the acrocent r ic  chromosomes .  Non- 
specific conjugation, on the other hand, determines  the degree of part icipation of a given acrocent r ic  ch romo-  
some in the formation of satellite associat ions [2]. These ideas naturally suggest  that ch romosomes  15 and 22 
take part  in associat ion more  often than the res t ,  as appropriate  investigations have confirmed [1, 13]. It will 
be noted that the tendency thus observed is by no means absolute. Each of the individuals studied had his own 
charac te r i s t i c  distribution of he terochromat in  among the ac rocen t r ics .  Consequently, the frequency of part i-  
cipation of each of the homologs of the different individuals in associat ion differed somewhat [13]. The f re -  
quency with which aerocent r ics  part icipate in associat ions  is probably largely  determined by the quantity of 
he terochromat in  in their short  a rm.  It is not yet  c lear ,  however,  to what degree the frequency of associat ions 
depends on the functional activity of the cell, and to what it is determined by the heredi ta ry  constitution of the 
organism (the size of the he terochromat in  region is an inherited character ) .  The technique of sequential stain- 
ing of ch romosomes  for G and C banding may help to solve these problems.  

The authors are  grateful to G. V. Deryagin, of the Labora tory  of Human Cytogenetics,  Institute of Medical 
Genetics, Academy of Sciences of the USSR, for recommending the method of staining ch romosomes  for G 
banding, and to O. A. Podugol 'nikova, of the same laboratory,  for help with the method of staining for consti tu- 
tive heterochromat in .  
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