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T h e r e  a r e  as yet  no d i rec t  c r i t e r i a  to c h a r a c t e r i z e  the assoc ia t ive  potential  of each ac rocen t r i c  c h r o m o -  
some.  The f requenc ies  of  the different  types  of  assoc ia t ions  indicate the c h a r a c t e r  of  the quanti tat ive d i s t r ibu-  
t ion of assoc ia t ions  and give an indi rec t  idea of the a s soc ia t ive  potential  of  the par t ic ipat ing c h r o m o s o m e s .  
At tempts  a r e  being made  to detect  definite re la t ionships  between assoc ia t ive  potent ia ls  and ce r t a in  m o r p h o -  
logical  f ea tu res  of c h r o m o s o m e s .  The s ize  of the sa te l l i t e s  and the d imensions  of  the nuc leo la r  o r g a n i z e r s  
a r e  used  as  such fea tures ,  but c o m p a r i s o n  of sa te l l i te  s ize  and dimensions  of  nuc leo lar  o r g a n i z e r s  with f r e -  
quencies  of par t i c ipa t ion  of c h r o m o s o m e s  in a ssoc ia t ions  does not r evea l  a high degree  of co r r e l a t i on  [3-10]. 

The ma in  diff icult ies  a r i s ing  during co r r e l a t i on  ana lys i s  occu r  during de terminat ion  of the s ize  of  
sa te l l i t es  and the length of nuc leo la r  o r g a n i z e r s ,  and also during the identification of sa te l l i te  assoc ia t ions  
t hemse lves ;  d imensions  and lengths a r e  de te rmined  by eye,  and this  s ignif icant ly affects  the re l iab i l i ty  of the 
ca lcula t ions ,  but a m i s t a k e  during the identif ication of assoc ia t ions  on the bas i s  of  mutual  or ien ta t ion  int roduces  
quite cons iderable  additional e r r o r s .  The use  of s ta ins  to detect  f i b r i l l a ry  connect ions between sa te l l i t es  in 
c h r o m o s o m e s  par t ic ipat ing  in assoc ia t ions  has enabled the a s soc ia t ive  potent ial  of  a c rocen t r i c  c h r o m s o m e s  
to be studied in g r e a t e r  depth. 

This  pape r  gives the r e s u l t s  of a study of the  a s soc ia t ive  potential  of  a c rocen t r i c  c h r o m o s o m e s  in two 
ch romosoma l  assoc ia t ions  of lymphocy tes  f rom healthy blood donors .  

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 a l  p repa ra t ions  were  obtained in the usual  way f rom a 72-h cul ture  of pe r iphe ra l  blood f rom 
10 healthy donors .  These  were  s ta ined for  G bands, and on the bas i s  of  i t s  r e su l t s  pa i r s  of a c r o c e n t r i c s  were  
identified and the i r  spat ia l  a r r a n g e m e n t  in the m e t a p h a s e  plate  was drawn. F i b r i l l a r y  connections between 
sa te l l i t e s  of  a c r o c e n t r i c  c h r o m o s o m e s  par t ic ipat ing  in assoc ia t ions  were  detected by staining with ammoniaca l  
s i lver .  The m e t a p h a s e s  to be studied were  loca l ized  once again on the ve rn i e r  sca le  and c h r o m o s o m e s  p a r -  
t icipat ing in a ssoc ia t ions  were  de te rmined  f r o m  connect ions between sa te l l i tes .  A group of c h r o m o s o m e s  
l inked by in te r sa te l l i t e  connect ions was taken as an assoc ia t ion  r e g a r d l e s s  of t he i r  mutual  or ienta t ions  or  
dis tance f rom one another .  Assoc ia t ions  of  the DD and GG types  were  divided into those fo rmed  by homologous 
and nonhomologous c h r o m o s o m e s ,  whe reas  assoc ia t ions  of c h r o m o s o m e s  of different  groups  of the DG type 
were  subdivided,  depending on the par t ic ipat ing G ch romosome ,  into A2i .At3 , A2i "A14 , A21 .A15 , A22.AI3 , A22. 
At4 , and A22. The f requenc ies  of  all  15 types  of  t w o - c h r o m o s o m e  assoc ia t ions  were  de te rmined  and f rom 
them the cor responding  re la t ive  f requenc ies  were  ca lcula ted  [1, 2]. 

EXPERIMENTAL RESULTS 

The bes t  objec ts  for  the study of a s soc ia t ive  potential  in ac rocen t r i c  c h r o m o s o m e s  cons i s t s  of  a s s o c i -  
a t ions in which only two c h r o m o s o m e s  in te rac t  and the re  a r e  no poss ib le  ndisturbing" influences of o ther  
c h r o m o s o m e s .  Among them,  assoc ia t ions  f o r m e d  by c h r o m o s o m e s  of the s a m e  group  - DD and GG - a r e  
pa r t i cu l a r ly  in te res t ing .  T h e r e  a r e  t h r e e  poss ib le  va r i an t s  of  a s soc ia t ions  among those of the DD type,  con-  
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TABLE 1. Calcula t ion  of  A s s o c i a t i v e  Po ten t i a l s  of  A c r o e e n t r i c  C h r o m o s o m e s  f r o m  F r e -  
quenc ies  o f  T w o - H o m o l o g  A s s o c i a t i o n s  and Tes t ing  by the X 2 Method  the Hypothes i s  o f  
E x t s t e n c e  of  a Second  Leve l  of  A s soc i a t i ve  Potent ia l  in A c r o c e n t r i c s  in A s soca t ions  o f  Non-  
homologous  C h r o m o s o m e s  Belonging to Di f fe ren t  Groups  
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Type of of 
associations iassociations 
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h o . . . .  frequencies c tom - correspond- It . . . . . .  ~o |associa- [coefficient 
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t Isomes I |tent:al 
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F r e q u e n c y  of  a s soc i a t i ons  g iven  in p a r e n t h e s e s .  
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)/2 o b s e r v e d  12.96, X 2 c r i t i c a l  23.7. 

s i s t ing  o f  homologous  c h r o m o s o m e s  (A13"A13 , A14 -At4 , Al5 .Ai~ ) and the  s a m e  n u m b e r  o f  va r i an t s  cons i s t ing  o f  
nonhomologous  c h r o m o s o m e s  (AIR.A14 , A l s ' A l 5  , and A14 .AIR). In a s s o c i a t i o n s  of  the GG type t h e r e  a r e  two 
poss ib le  v a r i a n t s  f r o m  homologs  (A21 "A2i , A22 .A22 ) and one f r o m  nonhomologs  (A2i .A22 ). 

Given the  s t r i c t  cons t ancy  o f  the n u m b e r  o f  a c r o c e n t r i c  c h r o m o s o m e s  in the cel l ,  the t heo re t i c a l  f r e -  
quenc ies  of  a s s o c i a t i o n s  f r o m  homologous  and nonhomologous  c h r o m o s o m e s  in the D and G g roup  ought  to be 
rough ly  the s a m e  in the cel l  populat ion.  HoweVer, e m p i r i c a l  data  do not  a g r e e  with t heo re t i c a l  p r ed i c t i ons  
(Table 1). F r e q u e n c i e s  of  a s s o c i a t i o n s  of  two G homologs  (0.0359) w e r e  2.6 t i m e s  l o w e r  than f r equen c i e s  
of  a s s o c i a t i o n s  o f  two nonhomologous  G c h r o m o s o m e s  (0.0951). This  m e a n s  that  a s soc i a t i ons  of  two G h o m o -  
logs  a r e  f o r m e d  2.6 t i m e s  i e s s  f r equen t ly  than a s s o c i a t i o n s  o f  two G nonhomologs .  

C o m p a r i s o n  of  f r e q u e n c i e s  o f  a s s o c i a t i o n s  o f  homologous  (0.0740) and nonhomologous  (0.2685) D c h r o m o -  
s o m e s  showed a m u c h  g r e a t e r  (3.6) d e c r e a s e  in f r e q u e n c i e s  of  a s soc i a t i ons  of  two D homologs .  The  ques t ion  
a r i s e s  w h y , d u r i n g  in t e rac t ion  o f  two D o r  two G h o m o l o g s  with one another ,  s e v e r a l  t i m e s  f e w e r  a s s o c i a t i o n s  
a r e  f o r m e d  than dur ing i n t e r ac t i on  between two nonhomologous  c h r o m o s o m e s  o f  the  s a m e  g r o u p s .  Given 
quant i ta t ive  cons t ancy  o f  D and G c h r o m o s o m e s  in the  ce l l ,  the  fac t  tha t  a s s o c i a t i o n s  of  nonhomologous  c h r o -  
m o s o m e s  a r e  2.5 and 3.5 t i m e s  m o r e  f requen t  m a y  be due to a change  in t h e i r  a s s o c i a t i v e  potent ia l .  

The  a s s o c i a t i v e  potent ia l s  in a c r o c e n t r i c  c h r o m o s o m e s  w e r e  ana lyzed  in a s amp le  o f  473 t w o - c h r o m o -  
s o m e  a s s o c i a t i o n s .  O t h e r  condi t ions  being the  s a m e ,  s l a r g e r  n u m b e r  of  a s s o c i a t i o n s  was  f o r m e d  by a c r o -  
c e n t r i c s  with h ighe r  a s s o c i a t i v e  potent ia l .  I f  the f r e q u e n c y  of  a s s o c i a t i o n s  depends  on a s s o c i a t i v e  potent ia l  
o f  the c h r o m o s o m e s ,  i t  can  be u s e d  f o r  quant i ta t ive  a s s e s s m e n t s .  In tha t  case  , the a s soc i a t i ve  potent ia l  is 
e x p r e s s e d  in a c o n c r e t e  m a n n e r  t h rough  e m p i r i c a l  f r e q u e n c i e s  and,  consequen t ly ,  the f r e q u e n c i e s  o f  t w o -  
c h r o m o s o m e  a s s o c i a t i o n s  in which the a c r o c e n t r i c  c h r o m o s o m e s  p a r t i c i p a t e .  

A n y  t w o - c h r o m o s o m e  a s s o c i a t i o n  was  r e g a r d e d  as  the  combined  p e r f o r m a n c e  of  two independent  events  
A i and Aj ,  whe re  A i (A j) r e p r e s e n t s  an event  cons i s t ing  of  the en t ry  o f  c h r o m o s o m e  i (j) into an a s soc i a t i on .  
The p roduc t  A i .Aj  when i ~ j is an event  leading  to the  f o r m a t i o n  of  an a s soc i a t i on  of  nonhomologous  a c r o -  
c e n t r i c s  be longing  to d i f fe ren t  g r o u p s .  The  p roduc t  A i -Aj when i = j  is an even t  cons i s t ing  of  the f o r m a t i o n  of  
a s s o c i a t i o n s  f r o m  a p a i r  o f  homologous  c h r o m o s o m e s .  Other  condi t ions  be ing  the  s a m e ,  homologous  c h r o m o -  
s o m e s  in a s s o c i a t i o n s  will p o s s e s s  s i m i l a r  and, pe rhaps ,  equal a s s o c i a t i v e  potent ia l .  Tak ing  this  and the  
f r equenc i e s  o f  f o r m a t i o n  of  a s soc i a t i ons  by homologs  into account ,  t h e i r  a s s o c i a t i v e  potent ia l s  w e r e  ca lcu la ted .  
I f  they  a r e  des igna ted  a . .  w h e r e  i, j = c h r o m o s o m e s  13, 14, 15, 21, and 22, the  p robab i l i ty  of  a p p e a r a n c e  of lj, 
an a s s o c i a t i o n  o f  two homologs  (i ~-j) will  be g iven  by a i a j  = a i 2, and the  a s s o c i a t i v e  potent ia l s  of  each  homolog  

will be 
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If each acrocentric chromosome has its characteristic associative potential, it should exhibit this po- 
tential not only during interaction with its own homolog, but also during interaction with nonhomologous and 
mixed acrocentrics. In that case the frequencies of associations of mixed and nonhomologous chromosomes 
(i ~ j) ought to be determined by the product of the associative potentials of the participating chromosomes 

(a i "~j). 
Accordingly,  f requencies  of associa t ions  of nonhomologous and mixed ch romosomes  were  calculated 

f rom the value of  assoc ia t ive  potential  thus obtained (Table 1). The theore t ica l  f requencies  which were  found 
were  about 4 t imes  less  than the empir ica l  f requencies  of the corresponding associat ions  (Table 1). The dis-  
cove ry  that the empir ica l  f requencies  were 4 t imes  g r e a t e r  could be due to the twofold increase  in associa t ive  
potential of each ac rocen t r i c  in the composi t ion of associa t ions  of two nonhomologous and mixed ch romosomes  
(Table 1). 

Compar ison  by the X 2 method revea led  good agreement  between the empir ica l  and theoret ica l  f requencies  
calculated with allowance for  the twofold increase  in associa t ive  potential of the ch romosomes ,  so that the 
hypothesis  of the twofold increase  in assoc ia t ive  potential of each ac roeen t r i c  in the composit ion of a s soc ia -  
tions of two nonhomologous and mixed ch romosomes  was not upset  (Table 1). 

The increase  in associa t ive  potential could a r i se  both as a resu l t  of an increase  in the associa t ive  ac-  
tivity of the ch romosomes  themse lves  and, probably, also as a r e su l t  of the p resence  of conditions in the ce l l  
favoring format ion  of  associa t ions  of nonhomologous and mixed  chromosomes .  The t e r m  "associat ive  poten-  
t ia l"  which we use  takes  into account not only the intr insic  activity of ac rocen t r i c  chromosomes ,  but also the 
influence of extraehromosomal factors. 

At the present time the property of acrocentric chromosomes of participating in associations is described 
by the terms: "associative tendency," nprobability," and "activity." In my opinion the term nassociative 
tendency" [4, 7] cannot be used in this case because the formation of associations is not a tendency, but a regu- 
lar property of acrocentrie chromosomes. The term "associative probability" [8, i0] is more theoretical in 
its meaning, for the word "probability" endows it with the sense of an expected, theoretically calculated prob- 
ability of participation in association. The term "associative activity" ought to characterize only the intrinsic 
activity of acrocentric chromosomes. It does not take into account possible effects of extrachromosomal 
factors of the formation of associations. I prefer the term "associative potential" because it takes into account 
not only the intrinsic associative activity of the chromosomes, but also the influence of the cell. The concept 
of "associative potential" incorporates the notion of the ability of each acrocentric chromosome to participate 
in the formation of an association or to maintain associative connections under the influence of forces capable 
of breaking them. 

The presence of two levels of associative potential of the chromosomes was thus discovered in two- 
chromosomeassociations. During interaction between two nonhomologous and mixed chromosomes their higher 
associative potentials are manifested, but these are reduced approximately by half during interaction between 
two homologous chromosomes. The character of the changes is more likely to be discrete, for the levels of 
associative potential possess quite definite values: for homologs ~-i = 0.1462 and ~ = 0.028; for nonhomologous 
and mixed chromosomes ~ri=K �9 0.1462, where K=2.066, and ~ = 0.1944. 

L I T E R A T U R E  C I T E D  

1. E . S .  VentseI ' ,  Theory  of Probabi l i ty  [in Russian], Moscow (1964), p. 29. 
2. N . V .  Smirnov and I. V. Dunin-Barkovskii ,  Course  in Probabi l i ty  Theory  and Mathematical  Stat is t ics  fo r  

Engineer ing  Applications [in Russian] ,  Moscow (1969), pp. 21-41. 
3. D . J .  Curt is ,  Hurnangenetik, 22, 17 (1974). 
4. H. Ga lpe r in -Lemai t r e ,  L. Hens, M. Ki rch-Volders ,  et al., Hum~ Genet., 35, 261 (1977)o 
5. I. Hayata, M. Oshimura,  and A. A. Sandberg, Hum. Genet., 3._~6, 55 (1977). 
6. P . A .  Jacobs,  M. Mayer ,  and N. E.  Morton, Am, J.  Hum. Genet., 288, 567 (1976). 
7. C. Nilsson,  A. Hansson, and G. Nilsson, Heredi tas ,  800, 157 (1975), 
8. S. 1% Pati l  and H. A~ Lubs,  Humangenetik,  13, 157 (1971)o 
9. M. Schmid and W. Krone, Humangenetik, 2_33, 267 (1974). 

10. H. Zankl and K. D. Zang, Humangenetik, 2_~3, 259 (1974). 

825 


