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S u m m a r y .  A new hypothes i s  on the a p p e a r a n c e  of exchange  c h r o m o s o m a l  a b e r r a t i o n s  has been sugges t ed .  
A c c o r d i n g  to th is  hypothes i s ,  t e m p o r a l  duplex po lynuc leo t ide  s t r u c t u r e  should a r i s e  dur ing Gz and G~ phases  
dur ing the c o r r e c t i o n  of DNA. The s i z e  of the duplex,  as  a r u l e ,  should be r e s t r i c t e d  to the s i z e  of c o m p l e -  
m e n t a r y  nuc leo t ide  s e q u e n c e s  in the r eg ions  of r e p e t i t i o n s .  Any polynuc leo t ide  b reak  in a duplex zone would 
r e s u l t  in c h r o m o s o m e  b r e a k a g e  and if c o m p l e m e n t a r y  broken  ends i n t e r a c t  with each o t h e r ,  then exchange  
c h r o m o s o m e  a b e r r a t i o n s  may be f o r m e d .  This hypothes i s  would expla in  such p r e v i o u s l y  o b s c u r e  phenomena  
as e x t r e m e l y  high f r e q u e n c i e s  of  exchanges  a f t e r  mutagen t r e a t m e n t ,  the na tu re  of mi to t i c  c r o s s i n g - o v e r ,  
nega t ive  i n t e r f e r e n c e ,  change of a b e r r a t i o n  types  be fo re  r ep l i c a t i on ,  the low f r equency  of  damaged  s t r u c t u r a l  
genes  dur ing a b e r r a t i o n  f o r m a t i o n ,  e tc .  
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In t roduct ion  

Two bas i c  p r o c e s s e s  a r e  involved  in the fo rma t ion  of  

new genotypes  - m u t a g e n e s i s  and r e c o m b i n a t i o n .  Mu- 

ta t ions  a r e  divided into t h r e e  bas ic  t ypes :  genic  o r  

point mu ta t i ons ;  s t r u c t u r a l  c h r o m o s o m a l  changes  o r  

a b e r r a t i o n s  of c h r o m o s o m e s  ; and n u m e r i c a l  changes  

o r  genome  muta t ions .  

S t r u c t u r a l  c h r o m o s o m a l  changes  play an i m p o r -  

tant pa r t  in na tura l  s e l e c t i o n .  Of la te ,  it has b e c o m e  

evident  that  c h r o m o s o m a l  r e a r r a n g e m e n t s  s e r v e ,  

even  to a g r e a t e r  extent  than point muta t ions ,  as  a 

s o u r c e  of l a r g e  evo lu t iona ry  changes  in h igher  o r -  

g a n i s m s  (Wilson et a l .  1974).  N u m e r o u s  data ( s e e  

fo r  r e v i e w  Vacht in  1973) a l so  ind ica te  that c h r o m o -  

soma l  a b e r r a t i o n s  play an impor t an t  r o l e  in c a r c i n o -  

g e n e s i s .  Studying the m e c h a n i s m s  of the a p p e a r a n c e  

of c h r o m o s o m a l  a b e r r a t i o n s  i s  a lso  v e r y  impor t an t  

fo r  a new branch  of mode rn  biology - gene t ic  eng i -  

n e e r i n g .  Recen t ly ,  c e r t a i n  advances  have been 

ach i eved  in gene t ic  eng inee r ing  of  p r o k a r y o t e s  and 

in i t ia l  s tud ies  have  been c a r r i e d  out on euka ryo t e s ,  

p a r t i c u l a r l y  on i n s e c t s  (Fox  and Yoon 1966 ; Nawa 

and Yamada  1968) and plants  (Ledoux et a l .  1974; 

Turbin et a l .  1975; Soyfe r  and Turbin 1974).  Until 

now, in the s tud ies  on euka ryo t e s ,  a t tent ion has been 

c e n t r e d  on the poss ib i l i t y  of changing he red i t y  by 

means  of DNA in jec t ion ,  and on the funct ions  of exo-  

genous nuc le ic  ac ids  and t he i r  f r a g m e n t s  in host 

c e l l s ,  whi le  the p o s s i b i l i t i e s  of c h r o m o s o m a l  eng i -  

n e e r i n g  have been left  out of c o n s i d e r a t i o n .  But in all  

p robab i l i ty ,  for  gene t ic  eng inee r ing  in e u k a r y o t e s ,  

t r ansp lan ta t ion  of c h r o m o s o m e s  o r ,  m o r e  impor tan t ,  

p a r t s  of c h r o m o s o m e s  may p rove  to be no l e s s  i m -  

por tant  a method than manipula t ion  of individual  s t r u c -  

tu ra l  genes ,  o r  f r a g m e n t s  of DNA. This will c e r t a i n l y  

r e q u i r e  a m o r e  p r e c i s e  knowledge of the m o l e c u l a r  

m e c h a n i s m s  of c h r o m o s o m a l  r e a r r a n g e m e n t s ,  p a r t i c -  

u l a r l y  the s t eps  leading to f o r m a t i o n  of new c h r o m o -  

somal  s t r u c t u r e s  and new se t s  of c h r o m o s o m e s .  It is  

obvious  that cont ro l  of he r ed i t y  and m o r p h o g e n e s i s  in 

euka ryo t e s  cannot be r e a l i s e d  without r e s o l v i n g  the 

m e c h a n i s m s  of  c h r o m o s o m a l  m u t a g e n e s i s  at the m o l e -  

c u l a r  l e v e l .  

Some p r o g r e s s  is  being made  in unders tand ing  

the na tu re  of the o r ig in  of  c h r o m o s o m e  b r e a k a g e s .  

One of the f i r s t  a t t empt s  to d e s c r i b e  the m o l e c u l a r  

m e c h a n i s m s  was made by Soyfe r  (1969) and Dubinin 

and Soyfe r  (1969) .  The au thors  p roposed  that c h r o -  

m o s o m a l  b r e a k s  appea red  as  a r e su l t  of e r r o r s  by 
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the n u c l e a s e s  (in p a r t i c u l a r ,  the  e n z y m e s  of e x c i -  

s ion  r e p a i r )  and pointed out the pos s ib l e  r o l e  of e r -  

roneous  cut t ing of DNA in the r eg ions  with an a l t e r e d  

s e c o n d a r y  s t r u c t u r e .  Af t e r  the d i s c o v e r y  in euka ryo te s  

of the endonuc lease  giving s i n g l e - s t r a n d  b r e a k s  (S lor  

and Lev 1973), B e n d e r  and c o - w o r k e r s  (1974) fu r the r  

deve loped  the idea and used  it to i n t e r p r e t e  many c y -  

togene t ic  f ac t s .  F u r t h e r  deve lopment  of the m o l e c u l a r  

gene t ic  theory  of c h r o m o s o m a l  m u t a g e n e s i s  b e c a m e  

pos s ib l e  a f t e r  the r e a l i s a t i o n  of the r o l e  in m u t a g e n e -  

s i s  not only of r e p a i r  but a l so  of s o m e  o the r  e n z y m e s  

ope ra t ing  on the DNA ( s e e ,  for  example ,  Soyfe r  1970, 

1975). It was shown that o the r  e n z y m e s  which t r i g g e r  

gene t ic  p r o c e s s e s  such as r ep l i ca t i on  and r e c o m b i -  

nation may a lso  be involved  in c h r o m o s o m a l  m u t a g e n e -  

s i s .  The poss ib i l i t y  of the e n z y m e s  being involved  in 

the product ion  of point muta t ions  had been c o n s i d e r e d  

by a n u m b e r  of au thors  (Set low 1964; von B o r s t e l  

1969; Witkin 1969; Holl iday 1970; e tc .  ) and an ana-  

l y s i s  of the ro l e  of these  enzymes  in c h r o m o s o m a l  

m u t a g e n e s i s  was under taken  by Soyfer  (1976) .  To 

f o r m  exchange  a b e r r a t i o n s  two in t e r ac t i ng  c h r o m o -  

s o m e  f r a g m e n t s  should connect  with each  o t h e r .  Such 

connec t ion  was bound to happen due to the r e c o m b i -  

na t i on - l i ke  p r o c e s s .  

As was e s t ab l i shed  in e x p e r i m e n t s  with p r o k a r y -  

o t e s ,  two po lynuc leo t ide  cha ins  in the p r o c e s s  of r e -  

combina t ion  have to r e c o g n i s e  each o t h e r ;  in o the r  

words ,  the s i n g l e - s t r a n d e d  r eg ions  of  po lynuc leo t ide  

cha ins  should  be c o m p l e m e n t a r i l y  p a i r e d  (Szybalsky 

1964; H o w a r d - F l a n d e r s  and Boyce ,  1966).  A s i m i l a r  

c o m p l e m e n t a r y  i n t e r ac t i on  is p o s s i b l e  in euka ryo te s  

dur ing m e i o s i s ,  when the longi tudinal  fusion of DNA 

cha ins  of two homologous  c h r o m o s o m e s  t akes  p l ace .  

At th is  t i m e  the exchange  of c h r o m o s o m e  r e g i o n s ,  

i . e .  r e c o m b i n a t i o n ,  can  ~ and ac tua l ly  does - o c c u r ,  

but be fo re  r e c o m b i n a t i o n  the s i n g l e - s t r a n d e d  b r e a k s  

and the fol lowing degrada t ion  of s ing le  DNA s t r a n d s  

in each  of the two synapt ing c h r o m o s o m e s  take p l ace .  

The p r o c e s s  of c h r o m o s o m e  a b e r r a t i o n  in mi to t i c  

c e l l s  d i f f e r s  s ign i f i can t ly  f r o m  me io t i c  r e c o m b i n a t i o n .  

The exchanges  may a r i s e  both within one c h r o m o -  

s o m e  and be tween  two c h r o m o s o m e s  ; h o w e v e r ,  as  

a ru l e  t h e s e  c h r o m o s o m e s  a r e  non-homologous  and it 

s e e m s  that c o m p l e m e n t a r y  i n t e r ac t i ons  of the s i ng l e -  

s t r a n d e d  r e g i o n s  of the DNA of t he se  two c h r o m o -  

s o m e s  a r e  i m p o s s i b l e .  

The c l a s s i c a l  Sax-Lea  hypothes is  of c h r o m o s o m a l  

a b e r r a t i o n  (Sax 1938; Lea 1955) and R e v e l l ' s  ex -  

change hypothes is  (Reve l l  1954; s ee  a lso  Evans  1962), 

as  well as  s o m e  o the r  concep ts  of the o r ig in  of c h r o -  

m osom a l  r e a r r a n g e m e n t s ,  were  not in fact  c o n c e r n e d  

with m o l e c u l a r  change of the c h r o m o s o m a l  s t r u c t u r e s  

o r  the pa r t i c ipa t ion  of any e n z y m e s  in the p r o c e s s  of 

c h r o m o s o m a l  m u t a g e n e s i s ,  but t r e a t ed  these  pheno-  

mena  as pure ly  topo log ica l .  The c h r o m o s o m e s  w e r e  

c o n s i d e r e d  as an ideal  cont inuum,  i . e .  the c h r o m o n e -  

ma without any d i scon t inu i t i e s .  However ,  the study of 

the m o l e c u l a r  o rgan i sa t i on  of c h r o m o s o m e s  r e v e a l s  

s o m e  s t r u c t u r a l  p e c u l i a r i t i e s  changing dur ing ce l l  

c y c l e s .  These p e c u l i a r i t i e s  should be taken into con-  

s i de r a t i on  when expla in ing the m o l e c u l a r  na tu re  of 

c h r o m o s o m a l  r e a r r a n g e m e n t s .  B e s i d e s ,  the data on 

the i n t r a c e l l u l a r  ac t iv i ty  of e n z y m e s  i n t e r ac t i ng  with 

DNA (exo -  and e n d o n u c l e a s e s ,  p o l y m e r a s e s ,  po lynuc-  

l e o t i d l y g a s e s ,  e tc .  ) should be used  in this  a n a l y s i s .  

If it is  pos s ib l e  to out l ine  the u n i v e r s a l  m o l e c u l a r  

theory  of c h r o m o s o m a l  r e a r r a n g e m e n t s ,  then such 

theo ry  must  fit the k ine t ic  r e g u l a r i t i e s  o b s e r v e d  in 

the spontaneous  and induced mu tagenes i s  of h igher  

o r g a n i s m s  ; and this  theory  must  s a t i s f a c t o r l y  i n t e r -  

p re t  in m o l e c u l a r  t e r m s  d i f fe r ing  t e m p o r a r y  and topo-  

log ica l  p e c u l i a r i t i e s  of c h r o m o s o m a l  m u t a g e n e s i s .  

In the p r e s e n t  work the poss ib i l i t y  of using s o m e  

data on m o l e c u l a r - g e n e t i c  c h r o m o s o m e  o rgan i sa t i on  

and i ts  funct ioning a r e  d i s c u s s e d  in r e l a t ion  to the 

m e c h a n i s m s  of o r ig in  of  c h r o m o s o m e  r e a r r a n g e m e n t s .  

M o l e c u l a r  Organ i sa t ion  of C h r o m o s o m a l  DNA of 

E u k a r y o t e s  and F o r m a t i o n  of Exchange  A b e r r a t i o n s  

With the deve lopment  of b iochemica l  t echn iques  for  

p r e p a r i n g  and ana lys ing  nuc le i c  ac ids ,  i t  b e c a m e  p o s -  

s ib l e  to e l a b o r a t e  the p r o c e d u r e  fo r  i so la t ing  unbroken 

m o l e c u l e s  of DNA f r o m  c h r o m o s o m e s .  

The amount  of DNA p e r  c h r o m o s o m e  in v a r i o u s  

o r g a n i s m s  was a c c u r a t e l y  m e a s u r e d  by highly s e n s i -  

t i r e  me thods .  F o r  i n s t ances  the r e s u l t s  of the v i s c o s -  

i m e t r i c  d e t e r m i n a t i o n  of the m o l e c u l a r  weight of DNA 

in ce l l  l y s a t e s  of Drosophila melanogaster (Kavenoff  et 

a l .  1974) d e m o n s t r a t e d  that the l a r g e s t  DNA m o l e -  

cu l e s  had a s i z e  equal  to the total  amount  of  DNA in 

the second  ch romosome~  the l a r g e s t  in the c h r o m o -  
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s o m e  c o m p l e m e n t .  Since  the degrada t ion  of c h r o m o -  

soma l  DNA takes  p l ace  only a f t e r  DNase  (and not 

p r o n a s e )  t r e a t m e n t ,  it was concluded that ,  in a g r e e -  

ment  with many o the r  f indings ( s e e  fo r  r e v i e w  P r e s -  

cot t  1970; Aki f iev  and Makarov  1974), only one DNA 

m o l e c u l e  extended along the euka ryo t i c  c h r o m o s o m e .  

If so ,  then each c h r o m o s o m e  exchange  must  be a t t end-  

ed not only by b r eakage  of  the DNA m o l e c u l e s  be fo re  

t h e i r  connec t ion  into a new c h r o m o s o m a l  s t r u c t u r e ,  

but a l so  by the local  syn thes i s  of DNA in the gaps r e -  

main ing  a f t e r  the connect ion  of  the f r a g m e n t s ,  and by 

jo in ing  the po lynuc lec t ide  cha ins  with l y g a s e s  to fo rm 

a s ing le  DNA s t r u c t u r e .  F r o m  this  point of v iew it 

is  v e r y  impor t an t  that Kavenoff  et a l .  (1974) a l so  de -  

m o n s t r a t e d  subsequent  joining of the f r a g m e n t s  into a 

s ing le  s t r u c t u r e  and showed that the m o l e c u l a r  weight 

of DNA in the r e c o m b i n a n t  c h r o m o s o m e s  changes  in 

a c c o r d a n c e  with the hypothes i s  of d i scont inu i ty .  F o r  

e x a m p l e ,  in s y m m e t r i c  t r a n s l o c a t i o n s  the m o l e c u l a r  

weight  of c h r o m o s o m a l  DNA was equal to the s u m -  

m a r y  m o l e c u l a r  weight of the f r a g m e n t s  involved  in 

the exchange .  This means  that the p r o c e s s  of f o rm ing  

exchange  a b e r r a t i o n s  should be c o m p l e t e d  by the jo in -  

ing of the r ecombinan t  pa r t s  of DNA into a s ing le  DNA 

m o l e c u l e .  It needs  to be under l ined  that the p r e s e r v a -  

t ion of the po la r i t y  of  the DNA chains  is  an ind i spen-  

sab le  condi t ion  of c h r o m o s o m a l  f r a g m e n t s  joining (Soy-  

f e r  1969, 1970, pp. 200-201;  B r e w e n  and P e a c o c k  

1969).  In the c a s e  of i n v e r s i o n s ,  e n z y m a t i c  d iges t ion  

of  t e r m i n a l  nuc leo t ides  must  take  p lace  to p e r m i t  

jo ining of the s u g a r - p h o s p h a t e  bonds in the new s i t e  

(Soyfe r  1970, 1971).  

The mos t  impor t an t  r e q u i r e m e n t  of a b e r r a t i o n  

f o r m a t i o n  is  c o m p l e m e n t a r y  a s s o c i a t i o n  of the ends 

of DNA m o l e c u l e s  of i n t e r a c t i n g  c h r o m o s o m e  f r a g -  

m e n t s .  E a r l i e r  g e n e t i c i s t s  be l i eved  that c h r o m o s o m e  

f r a g m e n t s  were  connec ted  a c c o r d i n g  to an "end to 

end"  type .  H o w e v e r ,  no e x a m p l e  of  the jo ining of two 

d o u b l e - s t r a n d e d  DNA m o l e c u l e s  without c o h e s i v e  

ends has been reported; and there is only one possi- 

bility of association of broken ends: the complemen- 

tary interaction of single-stranded ends of two duplex 

molecules, as was suggested in the first hypothesis 

on the molecular basis of recombination (Szybalsky 

1964~ H o w a r d - F l a n d e r s  and Boyce  1966).  In this  

c a s e  a b e r r a t i o n  f o r m a t i o n  may be p r o m o t e d  by the 

in t roduc t ion  of a point l e s ion  of  DNA which would in-  

i t i a te  r e p a i r  r e ac t i on  (Soyfer  1969).  At any r a t e  the 

n e c e s s a r y  condi t ion of exchange  i n t e r a c t i o n s  is  the 

a p p e a r a n c e  of  s i n g l e - s t r a n d e d  reg ions  at the DNA 

ends of i n t e r ac t i ng  f r a g m e n t s  conta ining c o m p l e m e n -  

t a r y  nuc leo t ide  s e q u e n c e s .  C o m p l e m e n t a r i t y  may be 

ful l ,  then apparen t ly  the p a i r e d  reg ion  may be shor t  

(a few dozen nuc leo t ide  p a i r s ) ,  o r  e l s e  a m o r e  o r  

l e s s  extended reg ion  of pa r t i a l  pa i r ing  (up to s e v e r a l  

thousands  of nuc leo t ides )  may o c c u r  in the r e c o g n i -  

t ion r eg ion .  

Until r e c e n t l y  it  was u n c l e a r  whether  c o m p l e m e n -  

t a r y  nuc leo t ide  s e q u e n c e s  ex i s t  capab le  of pa i r i ng  

t h e i r  s i n g l e - s t r a n d e d  chains  in the s a m e  c h r o m o -  

s o m e ,  o r  in s o m e  reg ions  of d i f fe ren t  c h r o m o s o m e s .  

The poss ib l e  e x i s t e n c e  of these  c o m p l e m e n t a r y  r e -  

gions was r e v e a l e d  by Br i t t en  and Kohne in 1968. They 

e s t a b l i s h e d  that the genome of euka ryo t e s  c o n s i s t s  of 

unique ( i .  e .  n o n - r e p e t i t i v e )  nuc leo t ide  s e q u e n c e s  and 

s o m e  pa r t s  of r e p e t i t i o n s .  About 50 7~ of the genome  

of euka ryo te s  is  r e g u l a r  a l t e rna t ion  ( s o - c a l l e d  i n t e r -  

s p e r s i o n )  of unique s e q u e n c e s  of 800-1100 nuc leo t ide  

p a i r s  and r e l a t i v e l y  shor t  r epe t i t i ons  of 200-400 nuc-  

l eo t ide  p a i r s  ; 20 7~ of the genome n o r m a l l y  has l onge r  

i n t e r v a l s  between r e p e t i t i o n s ;  and, f inal ly ,  in the r e -  

maining 20 g, r e p e t i t i v e  s e q u e n c e s  s e e m  to be a l to -  

g e t h e r  absent  ( C h a m b e r l i n  et a l .  1975).  

Bonner  et a l .  (1974) pos tu la ted  that each  unique s e -  

quence ,  in the par t  of the  genome in which i n t e r s p e r -  

s ion o c c u r s ,  has a p a i r  of shor t  t andem repe t i t i ons  

at both s i d e s .  Dena tura t ion  maps  of eukaryo te  DNA 

d e s c r i b e d  by Tay lor  and c o - w o r k e r s  ( s e e  Evenson  

et a l .  1972) a l so  b e a r  out the i n t e r s p e r s i a l  p r inc ip l e  

of genome  o rgan i s a t i on  in the r eg ions  of pa r t i a l  den-  

a tu ra t i on ;  and D e g t y a r e v  and Aki f jev  (1975) d e m o n -  

s t r a t e d  that  r epe t i t i ons  a r e  capab le  of c o m p l e m e n -  

t a r y  i n t e r ac t i on  with both s e q u e n c e s  in the adjacent  

dena tura t ion  reg ion ,  and the ident ica l  r eg ions  of at 

l e a s t  s o m e  o the r  c h r o m o s o m e s .  

These  data on thin DNA s t r u c t u r e s  sugges t  an i m -  

por tant  idea :  i f  p r i m a r y  b r e a k s  in c h r o m o s o m a l  DNA 

a r i s e  in unique ( n o n - r e p e t i t i v e )  s e q u e n c e s  of the nuc -  

l eo t ides  of two m o l e c u l e s  of DNA, then the p o s s i b i l i -  

ty of  the f o r m a t i o n  of exchange  a b e r r a t i o n s  is  much 

l e s s  than in the c a s e  a r i s i n g  f r o m  b r e a k s  in r e p e t i -  

t ive  g roups  of nuc l eo t ide s .  

If th is  s t a t e m e n t  i s  va l id ,  then fo r  the sake  of con-  

v e n i e n c e  of ca lcu la t ion  we shal l  d i s r e g a r d  the c a s e s  
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of un ique  s e q u e n c e s  and  c o n s i d e r  only  the  i n t e r a c -  

t i o n s  of the  f r a g m e n t s  hav ing  the  r e g i o n s  of r e p e t i -  

t ion  at  the  e n d s .  S ince  the  a v e r a g e  l eng th  of the  r e p e -  

t i t i v e  r e g i o n s  i s  one  t h i r d  of tha t  of the  un ique  one  

(Dav idson  et a l .  1974) ,  t he  p r o b a b i l i t y  of p r i m a r y  

b r e a k a g e  o c c u r r i n g  in the  r e g i o n  of r e p e t i t i o n s  i s  

P = 0 . 3 .  E v e n  if two c h a n c e  b r e a k s  c o i n c i d e  in t i m e  

and  in s p a c e ,  the  p r o b a b i l i t y  of e x c h a n g e  i n t e r a c t i o n  

will not  be  h i g h e r  t han  P = 0 . 3  • 0 . 3  = 0 . 0 9 .  In o t h e r  

w o r d s  the  m a x i m a l  f r e q u e n c y  of c h r o m o s o m e  a b e r r a -  

t i ons  of the  e x c h a n g e  type ,  which  may  be  c a l c u l a t e d  

on the  b a s i s  of the  da ta  on the  m o l e c u l a r  s t r u c t u r e  of 

the  g e n o m e  in e u k a r y o t e s ,  may  not  be  m o r e  t h a n  9 g. 

H o w e v e r ,  t he  e x p e r i m e n t a l l y  o b s e r v e d  quan t i ty  of ex -  

c h a n g e  a b e r r a t i o n s  i s  g e n e r a l l y  at  l e a s t  4 -5  t i m e s  

h i g h e r  than  e x p e c t e d .  In s o m e  c a s e s  [ e . g .  a f t e r  i r r a -  

d i a t ion  of d r y  s e e d s  of Crepis e~pillar~s ( N e m t s e v a  

1965) and  h u m a n  l e u c o c y t e s  in v i t r o  (Wolff  1973) 

o v e r  90 % of r e a r r a n g e m e n t s  w e r e  a t t r i b u t e d  to t h e  

e x c h a n g e  type .  At the  s a m e  t i m e ,  wi thout  t ak ing  into 

c o n s i d e r a t i o n  a s p e c i a l  m e c h a n i s m ,  i t  c an  be  s u p p o s e d  

tha t  bo th  s p o n t a n e o u s  and  induced  c h r o m o s o m e  b r e a k s  

m u s t  a r i s e  with the  s a m e  p r o b a b i l i t y  in un ique  and  in 

r e p e t i t i v e  r e g i o n s .  Only the  b r e a k s  l o c a t e d  in r e p e t i -  

t i ve  z o n e s  can  be  u s e d  as  a b a s i s  f o r  the  a p p e a r a n c e  

of e x c h a n g e  a b e r r a t i o n s ,  w h e r e a s  the  b r e a k s  of un ique  

r e g i o n s  do not  l e ad  to the  a p p e a r a n c e  of e x c h a n g e  r e a r -  

r a n g e m e n t s ,  if we c o n s i d e r  the  s p e c i a l  m e c h a n i s m .  

This  c o n c l u s i o n ,  t ak ing  into accoun t  the  m o l e c u l a r  

o r g a n i s a t i o n  of e u k a r y o t i c  DNA, s e e m s  to be  v e r y  i m -  

p o r t a n t ,  but t h r e e  c i r c u m s t a n c e s ,  a s  b e f o r e ,  n e e d  to 

be e x p l a i n e d .  F i r s t ,  f o r  a s i n g l e  e x c h a n g e  a b e r r a t i o n  

to a p p e a r ,  two b r e a k s  in the  r e p e t i t i v e  r e g i o n s  l o c a t -  

ed in d i f f e r e n t  p o i n t s  of a c h r o m o s o m e  shou ld  s i m u l -  

t a n e o u s l y  t ake  p l a c e  in the  DNA. Second ly ,  for  the  

s u b s e q u e n t  j o in ing  of c h r o m o s o m e  f r a g m e n t s  into  a 

s i n g l e  s t r u c t u r e  i t  i s  n e c e s s a r y  tha t  in  each  f r a g -  

m e n t ,  a t  t he  e n d s ,  one  of the  DNA c h a i n s  shou ld  be  

cut  by e x o n u c l e a s e s  to m a k e  p o s s i b l e  t he  c o m p l e m e n -  

t a r y  jo in ing  of t h e s e  c h r o m o s o m e  f r a g m e n t s .  How- 

e v e r ,  fo r  t h i s  p h e n o m e n o n  to t ake  p l a c e  e a c h  f r a g -  

m e n t  s h o u l d  have  at  the  ends  not  any  s i n g l e  s t r a n d e d  

r e g i o n  but  only t he  ends  c o m p l e n t i n g  e a c h  o t h e r .  And 

t h i r d ,  f o r  the  e x c h a n g e  a b e r r a t i o n s  to a p p e a r ,  i t  i s  

n e c e s s a r y  t ha t  the  f r a g m e n t s  shou ld  be  ab l e  to m e e t  

each other in the cell. But the realisation of this re- 

quirement would decrease the probability of the ap- 

pearance of chromosome aberrations. 

Thus although the account of the interspersial 

structure of DNA and the repetitions in DNA open 

the possibility of explaining in principle, the appea- 

rance of exchange aberrations, the total number of 

aberrations and the extremely high frequency of ex- 

change aberrations compared with the breakages of 

chromosomes are still to be interpreted. At the same 

time, many of these difficulties could be eliminated 

if we suppose that a certain process (such as the cor- 

rection of DNA) develops in the cells before DNA re- 

plication. In the course of this process the breaks 

arising in DNA induce simple chromosome aberra- 

tions as well as exchange aberrations. 

E x p l a n a t i o n  of the  M e c h a n i s m  of the  A p p e a r a n c e  of 

C h r o m o s o m e  A b e r r a t i o n s  on the  B a s i s  of the  Hypo-  

t h e s i s  of T e m p o r a r y  Dup lexes  

As mentioned before, chromosomal DNA has numer- 

ous repeated nucleotide sequences, frequently limit- 

ing on both sides the regions of unique sequences. It 

must be underlined that the correction (or "rectifica- 

tion') of genetic material may constitute an impor- 

tant mechanism providing for the identity of the chro- 

mosomal organisation in successive cell generations. 

According to the initial hypothesis of Callan (1967) 

and Whitehouse (1967), two complementary regions 

of chains of chromosomal DNAs may approach each 

other and be matched (corrected, or rectified) with 

the help of hypothetical correcting enzymes (of the 

repair enzyme type). Although these hypotheses do 

not have definitive experimental support so far, we 

may attempt to further develop the basic principle of 

correction to explain chromosome aberration forma- 

tion, paying special attention to the following. 

According to Callan (1967) and Whitehouse (1967), 

DNA regions in the course of correction are com- 

pared to one so-called master replica of the locus. 

We think the correction is an absolutely random pro- 

cess ; it may spread over any two complentary re- 

gions of DNA, adjacent or scattered along one or 

several homologous or even non-homologous chromo- 

somes. Let us consider this model in more detail. 

If chromosomal DNA has repetitive sequences, it 

stands to reason that the process of chromosomes' 

coming together and subsequent correction of their 
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F i g .  1. F o r m a t i o n  of  duplex s t r u c t u r e s  in the r e g i o n s  
of  d i f fe ren t  c h r o m o s o m e s  having ident ica l  r epea t ed  
nuc leo t ide  s e q u e n c e s  a) connec t ion  of c h r o m o s o m e s  
in homologous  r eg ions  ; b) s i n g l e - s t r a n d  cut t ing of 
DNA in oppos i te  s i t e s ;  c)  pa r t i a l  degrada t ion  of s i n g l e -  
s t r a n d s  of DNA in the c o m p l e m e n t a r i l y  r eg ions  of  r e -  
pea ted  nuc leo t ide  s e q u e n c e s ;  d) f o r m a t i o n  of synapse  

DNA may be in i t i a ted  jus t  in t he se  r e g i o n s .  As a r e -  

sul t  of  t h e i r  coming  t o g e t h e r ,  iden t ica l  r eg ions  may 

" r e c o g n i s e "  each  o the r  and f o r m  a synapt ic  s t r u c t u r e  

with the aid of  spec i a l  p ro t e in s  (of the type of the 

gene 32 product  of phage T4 fac i l i t a t ing  the unwind- 

ing of a d o u b l e - s t r a n d e d  DNA) .  

The poss ib i l i t y  of such a p r o c e s s  in euka ryo te s  

s e e m s  r e a l i s t i c  enough at l eas t  because  the DNA un-  

winding p ro te ins  have been found both in me io t i c  

(S te rn  and Hotta 1974) and mi to t i c  (A lbe r t s  1974) 

c e l l s .  Na tu ra l l y ,  c h r o m o s o m e  c o n v e r g e n c e  and f o r -  

mat ion  of synapt ic  c o m p l e x e s  (F ig .  1) a r e  mos t  e f -  

f e c t i ve  be tween the c o m p l e m e n t a r y  r e g i o n s  of c h r o -  

m o s o m a l  DNA. F ina l l y ,  in the synapt ic  reg ion  the 

two DNA m o l e c u l e s  of  d i f fe ren t  c h r o m o s o m e s  will  

jo in  t oge the r  to f o r m  a s ing le  s t r u c t u r e  with hydrogen  

bonds be tween  the cha ins  ( F i g .  l d ) .  The n e c e s s a r y  

p r o v i s i o n  is  the p r e s e n c e  of  s ing le  s t r and  b r e a k s  in 

both d o u b l e - s t r a n d e d  DNAs ( F i g .  lb)  and subsequent  

degrada t ion  of one s t r a n d  of  each  ( n e c e s s a r i l y  an t i -  

p a r a l l e l ,  F i g .  l c ) .  Dis tant  r eg ions  of a c h r o m o s o m e  

conta in ing  r e p e a t e d  s e q u e n c e s  may be involved  in the 

p r o c e s s  as wel l .  A f t e r  the f o r m a t i o n  of a duplex and 

match ing  of the DNA chain  of one c h r o m o s o m e  with 

the o t h e r ,  the duplex will d i s i n t e g r a t e ,  while the 

m a r k e d l y  l a r g e  s i n g l e - s t r a n d  gap will  be r e s y n t h e s i z e d .  

Aki f iev  and Aingorn  (1972) found that the syn thes i s  of 

DNA in g l  phase  of  human l e u c o c y t e s  in v i t r o  d i f f e r -  

ed f r o m  r e p l i c a t i v e  and r e p a r a t i v e  s y n t h e s i s .  Yet fo r  

a while the gaps will  undoubtedly r e m a i n  the t a r g e t  

fo r  endonuc lease  a t tack  ( e s p e c i a l l y  if  s e p a r a t e  mod i -  

f ied b a s e s  o r  t h e i r  g roups  a r e  p r e s e n t  in the r e g i o n ) ,  

resulting in hydrolysis of the sugar-phosphate chain 

of DNA and breakage of the chromosomes. 

Endonucleases may certainly produce single-strand 

breaks in the duplex also, which would promote re- 

combination of chromosomes due to erroneous join- 

ing of the DNA strands before the disintegration of 

the the duplex. 

As well as occurring spontaneously, breaks in the 

duplex regions may be induced by various chemical 

mutagens and by ionising radiation. 

Thus, the duplex formed for the correction of chro- 

mosomal DNA may represent a real molecular struc- 

ture giving the most favourable conditions for chro- 

mosomal r e a r r a n g e m e n t .  F u r t h e r m o r e ,  s i n c e  al l  

e a r l i e r  d i s c u s s i o n s  of the m e c h a n i s m s  of the f o r m a -  

tion of c h r o m o s o m a l  a b e r r a t i o n s  w e r e  based  on the 

a s sumpt ion  that s i n g l e - s t r a n d  gaps and d i f fe ren t  endo-  

n u c l e a s e s  p layed a c e r t a i n  par t  in the f o r m a t i o n  of 

breaks, none of these hypotheses took into account the 

specificity of the molecular organisation of chromo- 

somes or the possibility of regular formation of ex- 

tended gaps in the course of normal correction of DNA. 

The type of exchange, i.e. symmetrical or asym- 

metrical, is determined by the type of repeated se- 

quence forming a duplex. In the case of generally 

simple repetitions, symmetrical exchanges occur; 

when the duplex consists of interacting inverted repe- 

titions, asymmetrical exchanges take place. It should 

be mentioned that the only possible mechanism of join- 

ing of the two DNA molecules, which preserves the 

polarity of the strands in the course of asymmetrical 

exchanges, is complementary interaction of inverted 

repetitions (Fig. 2). 

Thus, the process of correction, apparently oc- 

curring in al l  eukaryo t i c  c e l l s  p r i o r  to DNA r e p l i c a -  

tion o r  fol lowing i t ,  may con t r ibu te  not only to e l i m i -  

nating p r em u ta t i ona l  l e s i o n s ,  but a l so  to produc t ion  

of c h r o m o s o m a l  a b e r r a t i o n s .  

When d i s c u s s i n g  the na tu re  of exchange  r e a r r a n g e -  

men t s ,  we noted that DNA conjugat ion  is  n e c e s s a r y  

fo r  in i t ia t ion  of c h r o m o s o m a l  r e c o m b i n a t i o n .  S ince  

conjugat ion is a t tended by c o m p l e m e n t a r y  i n t e r a c t i o n  

of  two DNA s t r a n d s  of d i f fe ren t  c h r o m o s o m e s ,  which 

is  f ac i l i t a t ed  (in non-homologous  c h r o m o s o m e s )  in 

the r eg ions  of r e p e a t e d  DNA s e q u e n c e s ,  it was r e a -  

sonab le  to r e s t r i c t  the ca lcu la t ion  of the m a x i m u m  ex -  

change f r equency  to r e c o m b i n a t i o n  involving only r e -  
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gions of r epe t i t i on .  Thus, a m a x i m u m  exchange  f r e -  

quency of 9 7~ was e s t i m a t e d .  The va lue ,  c a l cu l a t ed  

on the a s sumpt ion  of independent  and ful ly r andom in-  

t e r a c t i o n  of c h r o m o s o m a l  r e g i o n s ,  i s  a r e s u l t  of the 

mul t ip l i ca t ion  of p robab i l i t i e s  of the f r e q u e n c y  of r e -  

pe t i t ions  in the DNA of one c h r o m o s o m e .  

Howeve r ,  c o n s i d e r a t i o n  of the m e c h a n i s m  of duplex 

fo rma t ion  inva l ida tes  the sugges t ion  of independent  in -  

t e r a c t i o n  of nuc leo t ide  s e q u e n c e s  in the r epe t i t i on  r e -  

g ions .  If the a s sumpt ion  that DNA reg ions  a r e  c o r -  

r e c t e d  with the aid of t e m p o r a r i l y  f o r m e d  duplexes  in 

t r ue ,  then in t e r ac t ion  of DNA reg ions  will  take p lace  

dur ing each c o r r e c t i o n  event ,  and the p robab i l i t i e s  of 

o c c u r r e n c e  of such r e p e t i t i v e  r eg ions  mus t  be added 

up. But s ince  c o r r e c t i o n  may be mul t ip ly  r e p e a t e d  

dur ing one ce l l  c y c l e ,  the f r equency  of f o r m a t i o n  of 

t e m p o r a r y  duplexes  may i n c r e a s e ,  so that the p o s s i -  

b i l i ty  of exchanges  may be h igher  and approach  uni ty.  

In mutagen ic  t r e a t m e n t ,  the f r equency  of e x -  

changes  a lso  depends upon the na tu re  of the mutagen 

appl ied .  F o r  example ,  a d m i n i s t r a t i o n  of the agents  

inducing b reaks  of DNA at a high f requency  i n c r e a s e s  

the f r equency  of exchanges .  

Thus, the hypothes i s  of the f o r m a t i o n  of t e m p o r a r y  

duplexes  dur ing DNA c o r r e c t i o n  may be useful  in ex-  

pla ining one of the in t r igu ing  ques t ions  of c h r o m o s o -  

mal  m u t a g e n e s i s ,  name ly ,  the pa radox  of  "exchange  

a b e r r a t i o n s " .  It will be shown f u r t h e r  that the duplex 

hypothes i s  may be helpful in the explana t ion  of s o m e  

o the r  f e a t u r e s  of gene t ic  p r o c e s s e s .  

F ina l l y ,  we sha l l  out l ine  the r ea l  enzymic  s y s -  

terns  capab le  of c o r r e c t i n g  gene t ic  m a t e r i a l .  The d i s -  

c o v e r y  of a n u m b e r  of endonuc l ea se s ,  pa r t  of which 

i n t e r a c t s  only with d o u b l e - s t r a n d e d  and the r e s t  only 

with s i n g l e - s t r a n d e d  DNA m o l e c u l e s ,  the f inding of 

s e v e r a l  d i f fe ren t  types  of endonuc lease ,  DNA po ly -  

m e r a s e s  and of the e n z y m e s  p romot ing  e f fec t ive  un-  

winding of d o u b l e - s t r a n d e d  DNAs, ind ica te  the d i v e r s -  

ity of enzymic  r e a c t i o n s  with DNA, and the b road  

scope  of ope ra t i ons  of DNA in the c e l l .  Among the 

mos t  impor t an t  ev idence  of the e x i s t e n c e  of DNA c o r -  

r e c t i on  in euka ryo t e s  was,  undoubtedly,  the finding of 

a spec ia l  p r o c e s s  of ma in t enance  of  the m o l e c u l a r  

s t r u c t u r e  of DNA, i . e .  r e p a i r .  R e p a i r ,  r e c e n t l y  r e -  

po r t ed  to take p l ace  both in an ima l s  (Regan et a l .  

1968 ; Hor ikawa et a l .  1968 ; Soyfe r  and Yakovleva  

1972) and in plants  (Soyfer  and C i e m i n i s  1974; How- 
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F i g .  2. In t e r ac t ions  of nuc leo t ide  s e q u e n c e s  at the 
t i m e  of f o r m a t i o n  of s y m m e t r i c  and a s y m m e t r i c  
changes .  I) s y m m e t r i c  changes  a r i s i n g  in the r eg ions  
of s i m p l e  r e p e a t s ;  II) a s y m m e t r i c  changes  a r i s i n g  in 
the r eg ions  of i n v e r t e d  r e p e a t s  

land 1975), sugges t s  that th is  s y s t e m  of e n z y m e s  may 

be involved  in the p r o c e s s  of c o r r e c t i o n .  So c o r r e c -  

t ion,  p r e s u m a b l y ,  r e p r e s e n t s  s p e c i a l i s e d  r e p a i r  which 

c a m e  into being at a c e r t a i n  s tage  in the evolut ion  of 

l iv ing m a t t e r  to p rov ide  fo r  the p ro longed  funct ion of 

the gene t ic  m a t e r i a l  with such a c o m p l e x  o rgan i s a t i on  

as  the euka ryo t i c  c h r o m o s o m e .  

In the whole of the d i s cus s ion  we w e r e  c o n c e r n e d  

with DNA c o r r e c t i o n  in the r eg ion  of r e p e a t e d  s e -  

quences .  It is  becoming  m o r e  and m o r e  evident  that  

th is  r eg ion ,  in con t r a s t  to the r eg ions  of unique (non-  

r e p e t i t i v e )  s e g m e n t s ,  f o r m s  the r e g u l a t o r y  zone  of 

the genom e .  Eff ic ien t  c o r r e c t i o n  in th is  zone must  be 

of g r e a t  i m p o r t a n c e  fo r  such p r o c e s s e s  as ce l l  d i f f e r -  

ent ia t ion  in h igher  o r g a n i s m s ,  aging,  r e m o v a l  of p r i -  

m a r y  c a r c i n o g e n i c  changes ,  so it is  quite  obvious  

that the r i g o r o u s  c o r r e c t i o n  of the r e g u l a t o r y  zone  of  

the g e n o m e  may not be l e s s  im por t an t ,  on the evo lu -  

t iona ry  l e v e l ,  than r e p a i r  of s t r u c t u r a l  g e n e s .  It 

should be s t r e s s e d  that th is  hypothes i s  might  c l a r i f y  

the d i f f e r e n c e s  in f r equency  and s p e c t r u m  of the a b e r -  

r a t ions  a r i s i n g  at d i f fe ren t  s t ages  of the c e l l u l a r  c y -  

c l e .  

It is quite obvious that such an approach to the 

nature of chromosomal aberrations must take into 
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c o n s i d e r a t i o n  the phases  of the ce l l  c y c l e .  Since  at 

d i f fe ren t  phases  of the cel l  cyc l e  i n t r a c h r o m o s o m a l  

p r o c e s s e s  a r e  ma in ta ined  by the p h a s e - s p e c i f i c  en -  

z y m e s ,  d i f fe ren t  e n z y m e s  will be involved  in a b e r r a -  

t ion f o r m a t i o n  at d i f fe ren t  p h a s e s .  F o r  i n s t ance ,  if 

r e p a i r  e n z y m e s  a r e  involved  in the f o r m a t i o n  of t e m -  

pora l  dup lexes ,  t he i r  ( r e p a i r  e n z y m e s )  inhibi t ion be -  

f o r e  S - p h a s e  will  in f luence  the m u t a g e n e s i s  f requency,  

not only through d i r e c t  ac t ion  on r e p a i r  ac t iv i ty  but 

a l so  v ia  n o r m a l  fo rma t ion  of dup lexes .  That d i f fe ren t  

e n z y m e s  a r e  invo lved  in c h r o m o s o m a l  m u t a g e n e s i s  

at d i f fe ren t  phases  has  been p r o v e d  in s e v e r a l  e x p e r i -  

menta l  mode l s .  F o r  ins tance ,  a f t e r  s tudying the d u r a -  

t ion of the phases  of the ce l l  c y c l e  in g e r m i n a t i n g  b a r -  

ley  s e e d s  by d i r e c t  b i o c h e m i c a l  methods  (Soyfe r  et 

a l .  1973), and the d e t e r m i n a t i o n  of the h y d r o x y u r e a  

c o n c e n t r a t i o n s  most  e f f ec t ive ly  inhibi t ing r e p l i c a t i v e  

syn thes i s  of  DNA in p lan ts ,  the  au thors  showed that 

the mos t  p ronounced  cy togene t i c  effect  of r e p a i r  in -  

hibi t ion by ca f fe ine  o c c u r r e d  in G 1, w h e r e a s  the 

g r e a t e s t  i n c r e a s e  of the a b e r r a t i o n  f r equency  as a r e -  

sul t  of r ep l i c a t i on  inhibi t ion by h y d r o x y u r e a  was in 

the S - p h a s e  (Soyfe r  et a l .  1977).  

Using a spec i f i c  method of inhibi t ing the beginning 

of DNA r e p l i c a t i v e  syn thes i s  in m e r i s t e m  c e l l s  of  

Crepis capillaris, Shavelzon  et a l .  (1976) s u c c e e d e d  

in synch ron i s i ng  a m a j o r i t y  of c e l l s  o v e r  a r a t h e r  

shor t  pe r iod  of the c y c l e ,  i . e .  at the boundary of G 1 

and S p h a s e s .  Since r e c o m b i n a t i o n  of s i n g l e - s t r a n d e d  

DNAs is  ha rd ly  f ea s ib l e ,  i t  could be expec ted  that  

ioniz ing  r ad ia t ion ,  which n o r m a l l y  induces  exchanges  

of the c h r o m o s o m e s  in this  c a s e .  The expec ta t ion  was 

fully c o n f i r m e d  by e x p e r i m e n t .  Upon i r r a d i a t i o n  of 

n o r m a l  s eeds  with al l  c e l l s  in e a r l y  G1, al l  a b e r r a -  

t ions  in the f i r s t  m i t o s i s  w e r e  c h r o m o s o m a l  e x -  

changes .  Af t e r  synch ron iza t i on  of  c e l l s  at the bound- 

a ry  G 1 - S, the s p e c t r u m  of r ad i a t i on - induced  mu ta -  

t ions changed d r a s t i c a l l y :  of the total  of 107 r e a r -  

r a n g e m e n t s  induced by r ad ia t ion ,  only 6 w e r e  c h r o -  

m o s o m a l  e x c h a n g e s ;  among  the o the r  101 c h r o m a t i d  

a b e r r a t i o n s  t h e r e  w e r e  no exchanges ,  but only s i m p l e  

and i so locus  b r e a k s .  Thus it was shown that t h e r e  

was a pe r iod  of the ce l l  cyc le  o v e r  which the c o n t r i -  

bution of  exchanges  was neg l i g ib l e .  It i s  pos s ib l e  that 

the t e m p o r a l  duplexes  of c h r o m o s o m e s  lead ing  to the 

exchange  a b e r r a t i o n s  were  f o r m e d  in e a r l y  and middle  

G 1 phase  but not at the end of G 1. 

I n t e rp re t a t i on  of Some Unc lea r  P h e n o m e n a  of A b e r r a -  

tion P roduc t i on  and C r o s s i n g o v e r  in T e r m s  of  the 

Hypothes i s  of T e m p o r a r y  Duplexes  

The hypothes i s  of t e m p o r a r y  duplexes  may be used in 

expla ining s o m e  vague  ques t ions  of c h r o m o s o m e  a b e r -  

ra t ion  theo ry .  

Let us c o n s i d e r  b r i e f ly  s o m e  phenomena  of c h r o -  

mosomal  mu tagenes i s  so far  unexpla ined .  

1) Mitot ic  C r o s s i n g o v e r  

Dur ing m e i o s i s  homologous  c h r o m o s o m e s  join toge the r  

(conjuga te )  to fo rm a synap tonemal  com p lex  ( s e e  for  

r e v i e w  Lyapunova and Bogdanov (1975) ], t he reby  p r o -  

ducing a m o l e c u l a r  s t r u c t u r e  to med ia t e  me io t i c  c r o s s -  

i n g o v e r .  As ment ioned  p r e v i o u s l y ,  dur ing  m e i o s i s  a 

s ing le  s t r u c t u r e  is  f o r m e d  (conjugat ion  o c c u r s  between 

homolcgous  c h r o m o s o m e s  o v e r  all  t he i r  l eng th ) .  

It s e e m e d  that in m i to s i s  t h e r e  was no such s tage  

at which c h r o m o s o m e  conjugat ion  could be pos s ib l e ,  

so it was r ea sonab ly  sugges t ed  that mi to t i c  c r o s s i n g -  

o v e r  in s o m a t i c  c e l l s  was not f e a s i b l e .  But then p a r -  

t ial  c h r o m o s o m e  conjugat ion was d e m o n s t r a t e d  by 

C.  S te rn  ( i936)  in Prvsophilaj and l a t e r  by w o r k e r s  

using o the r  sub j ec t s ,  al though i ts  m o l e c u l a r  m e c h -  

a n i s m  has so fa r  not been under s tood .  

We may a t t empt  to expla in  mi to t i c  c r o s s i n g o v e r  

on the ba s i s  of the t e m p o r a r y  duplex model  p roposed  

h e r e ;  the b r e a k s  in the duplex,  fol lowed by e r r o n e o u s  

joining of the broken  ends of the s t r a n d s ,  may g ive  

r i s e  to r ecombinan t  c h r o m o s o m e s .  

2) Nega t ive  I n t e r f e r e n c e  

It was a hard and fast rule of classical genetics that 

the probability of crossingover of the two markers of 

homologous chromosomes was higher the farther 

apart the loci of the markers were spaced. Yet it was 

found by a study of crossingover of tightly linked genes 

that, with a decreasing distance between them and 

upon passing through a certain limit, the frequency 

of exchanges between several tightly linked genes 

tended to increase. This phenomenon was called nega- 

tive interference. Its nature remains unexplored. We 
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suppose  that  r e g a r d l e s s  of where  a duplex is  f o r m e d  

- in s o m a t i c  o r  g e n e r a t i v e  c e l l s  ( including p rophase  

of the f i r s t  m e i o s i s )  - the p robab i l i ty  of exchange  

with the pa r t s  of t ight ly  l inked genes  will  i n c r e a s e ,  

hence  the p r o c e s s ,  r e f e r r e d  to as nega t ive  i n t e r f e r -  

ence ,  will take p l a c e .  In pass ing ,  i t  a l so  fol lows that  

a s i m i l a r  phenomenon must  take p lace  in s o m a t i c  

c r o s s i n g o v e r .  

3) Quantitative Proportion of Exchange and Breakage 

Rearrangements of Chromosomes 

A spontaneous or induced single strand break of chro- 

mosomal DNA formed outside the duplex region and 

not subjected to the action of repair enzymes, may 

give rise only to chromatid breakage mutations. Un- 

der the action of repair enzymes, broken strands will 

be resynthesised, or in the case of their erroneous 

operation, chromosomal breakage will ensue. 

The situation will be quite different in the case of 

breakage in the duplex region. If the breakage per- 

sists to the beginning of the duplex divergence, chro- 

mosomal aberration will ensue. If breaks occur in 

both strands, an exchange aberration may arise. Fi- 

nally, upon the divergence of the duplex, even with 

several breaks in both strands, exchange aberrations 

will hardly take place. 

The ratio of breakage and exchange aberrations 

will, therefore, be determined not only by the num- 

ber of breaks, but also by the stage at which the du- 

plex is formed. 

It seems that the hypothesis of temporary duplexes 

permits an explanation of several observations involv- 

ing aberration types, and also helps to explain the 

reason for the sharp shift in the proportion of the 

types of chromosome mutation caused by the use of in- 

hibitors of nucleic acid metabolism (Soyfer et al. 1977; 

Shavelson et al. 1976). 

The temporary duplex hypothesis also allows an 

explanation of the observation that an increase in the 

frequency of chromosomal deletions and exchanges 

will not necessarily submit to a standard and quater- 

nary dependence, as required by the calculations of 

Leenhouts and Chadwick (1974), because the probabil- 

ities of chromosome deletions and exchanges, upon 

the appearance of single-strand breaks in the newly 

formed duplex, are quite close. 

4) Changes  in the A b e r r a t i o n  Types under  Mutagenic  

T rea tmen t  Long be fo re  and I m m e d i a t e l y  be fo re  

Repl ica t ion  

It was demonstrated by Evans and Savage (1963) that 

the proportions of chromosome and chromatid aberra- 

tions after the mutagenic treatment at different periods 

of G I varied. For example, if the cells entering the 

synthetic phase were exposed to X-rays, only chroma- 

tid and isochromatid aberrations were induced. This 

fact, which seems strange at first, may be easily ex- 

plained from the standpoint of the temporary duplexes 

hypothesis. Since all duplexes disintegrate before the 

beginning of DNA synthesis and the gaps occurring 

in them are resynthesised until a double-stranded 

DNA structure is recovered, quite obviously, at this 

stage only chromatid breaks, and no other types, may 

appear. 

5) Low Frequency of Lesions of the Structural Genes 

in the Course of Chromosomal Exchanges 

It has been a long t i m e  s ince  g e n e t i c i s t s  paid a t t en -  

tion to the fact  that the f r equency  of l e s i ons  in the 

s t r u c t u r a l  genes  i s  neg l ig ib le  ( e . g .  Thomas 1970; 

L e fev re  1974).  It s e e m s  that t h e r e  a r e  no s t r u c t u r a l  

genes at the point of convergence of two chromosomes. 

This becomes comprehensible if it is considered that 

chromosomal rearrangements [not only exchanges, 

but also deletions, as was stressed by Thomas (1970)] 

may predominantly occur in the duplex regions con- 

sisting of complementary sequences, making up a 

middle or highly repetitive fraction (a regulatory 

zone) of the genome. So, one of the functions of the 

repetitions is prevention of the unique segments, con- 

taining structural genes, from participating in chro- 

mosomal breaks. Conceivably, the low frequency of 

changes in the structural genes in contrast to the high 

frequency of aberrations in the repetitive sequences, 

causing changes in the regulation and coordination of 

individual genes in eukaryotes, was an important 

acquisition to the genetic apparatus of higher organ- 

isms in the course of the evolution of living matter. 
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