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A study of co r re l a t ion  between p r e s e r v a t i o n  of the t h r ee -d imens iona l  s t ruc tu re  of c h r o m o -  
somes  and the i r  abil i ty to undergo dif ferent ia l  s ta ining showed that c h r o m o s o m e s  shaped 
like a convex ha l f - cy l inde r  give a r egu la r  pa t te rn  of  longitudinal differentiat ion,  but those 
shaped like concave ha l f -cy l inders  do not. It was found that if the c h r o m o s o m e s  are  ex-  
posed for  a b r i e f  per iod to the action of wa te r  during the s taining procedure  the i r  outlines 
are  changed and they become shaped like concave ha l f - cy l inde r s .  Another  method of ob- 
taining c h r o m o s o m e  p repa ra t ions  - rul ing out poss ib le  exposure  to wa te r  and increas ing  
both the pe rcen tage  of metaphase  p la tes  with different ia l  s taining of the c h r o m o s o m e s  and 
a lso  the quality of the s t a i n i n g -  is thus suggested.  
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In recent  y e a r s  s e v e r a l  new methods of longitudinal d i f ferent ia l  s taining of metaphase  c h r o m o s o m e s  
have appeared  in cytogenet ics  [2-4, 6-8], and these  are  now subdivided into the Q- ,  G-,  R-,  and C-s ta ins .  
On the bas i s  of the p ic ture  of l inear  differentiat ion,  which is s t r i c t ly  specif ic  for  each  pa i r  of homologues,  
it is now possible  to identify the whole c h r o m o s o m e  set  of man and many  spec ies  of m a m m a l s .  

However,  when these methods and, in pa r t i cu la r ,  the G-s ta in  are  used, a number  of difficult ies may  
a r i s e .  F i r s t ,  d i f ferent ia l  staining of the metaphase  c h r o m o s o m e s  may  be obtained in not all  p repa ra t ions .  
Second, the pe rcen tage  of metaphase  cel ls  with c l ea r  different iat ion of all  c h r o m o s o m e s  is smal l .  Third,  
not all  c h r o m o s o m e s  can be di f ferent ia ted within the same plate and stain uniformly,  so that it is difficult 
to photograph them,  and this reduces  st i l l  fu r the r  the number  of cel ls  suitable for  ana lys i s .  P repara t ions  
obtained by the method of burning out the fixative on the slide cannot be stained dif ferent ia l ly  or  the resu l t s  
a re  poor .  In addition, as many  authors  have shown [2, 5, 6], c h r o m o s o m e  p repa ra t ions  made more  than 2 
months before s ta ining cannot be stained dif ferent ia l ly  by the G-technique.  

This accounts for  the fact that  the n u m b e r  of new modif icat ions of the different ia l  staining technique 
is i nc reas ing  all the t ime  and now amounts  to more  than 20. It mus t  be emphas ized  that all  these  methods 
are  concerned in some way o r  o ther  with the p r o c e s s  of di f ferent ia l  s ta ining of p repa ra t ions  a l ready  made.  

During a long per iod of work  a imed at improv ing  the G-technique the w r i t e r  concluded that one pos-  
sible r eason  for  difficulty in regu la r ly  reproducing  dif ferent ia l  s taining of high quality is concerned with the 
ac tual  p roce s s  of making the c h r o m o s o m a l  p repara t ion .  The w r i t e r  showed previous ly  that,  depending on 
the method used  to obtain the p repa ra t ions  and the nature  of the expe r imen ta l  p rocedures  used, the 3-di-  
mens ioned  s t ruc tu re  (relief) of the c h r o m o s o m e  may  undergo specif ic  changes [1]. Ill pa r t i cu la r ,  a f t e r  ex-  
posure  to wa te r  the re l ie f  is modif ied and, instead of the usual  shape of a convex ha l f -cy l inder ,  the c h r o m o -  
some a s s u m e s  the shape of a concave ha l f -cy l inder  (Fig. l a ,  b). If  the re l i e f  of the individual c h r o m o s o m e s  
is subsequently compared  in p repa ra t ions  made by the usual  method with the quality and degree  of d i f fe ren-  
t iat ion a f t e r  G-sta ining,  those c h r o m o s o m e s  with a r e l i e f  mos t  c lose ly  r e s e m b l i n g  the convex ha l f -cy l inder  
a re  found to different ia te  best  of all  (Fig.  l e ,  f, g, h). 

L a b o r a t o r y  of Genera l  Cytogenet ics ,  Insti tute of Medical Genetics ,  Academy of Medical Sciences of 
the USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical Sciences of the USSR N. A. 
Kraevski i . )  T rans l a t ed  f rom Byul le ten '  t~ksper imental 'noi  Biologii i Meditsiny, Vol. 78, No. 8, pp. 120-122, 
August, 1974. Or ig inal  ar t ic le  submit ted D e c e m b e r  11, 1973. 

stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
�9 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 

recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

961 



illl~iiii!iii 

ri~lil~liliriJiiiii!) 

Ii!I!i!!I!ii I!i I 

~iii:ii!:ii li:!!iiii~ 

: ,I l i i! i  ~>I!Iiili~1 !!ilii-~! ~QI'I~II+iI!= " ! l l i i i ! . ;  i l l i i i I  ' 

I+i~(!iii: iil:~: i J l  =i~AI~i= Y.~;:~ii'Ilii=i~;II 
|'~11iI!Iii'~1.iiiiiiliI Iii i i ii!ilii!,~iiii~#!i Iliiiliili 

Ii ! ( ;  i + ! i  I i i  
, ~,: :::> :i:is i:i I~:i i 1!:i;11(ii,i:i ~) i . . . . .  I11; i(i~ 1:~iii111 ..i i !i: iiii11! :i~ii~1 

: ~11i i  ili ii~#!li!~l:ii=!: ; I i  ='" ~ i ii:i:ii! i I 

�9 1! , i i~,i;::: i i i :~i:~, I :i~I: ~!:ii:: : : : :  I,:i:=:: i(~i: • 
~ i ~  I i }iI?#11iiiI~Ii>,~II I}I; i~ II 11~ i i  Ii ~i}i}; i 

iliiiii!i| 11iii)iI~' '=~ }<iilllii, ~( ; i i l i  I i f 

iiiiii~:iiIiiiiiil =~ i!iiiiliiiii'==iiiil~'.>I?.,iiili "'>Iii: Illl!il+~!I'!iiiill!iiii Iii!Iiliiir 
i ~  I I  i i i  ! I ~ >  'I : I = = ~ i i  

I I iiiI ',IIi~ I!iii ii! ii =II Iili~I ~i = ~i 

IiiliiilI~ I i i  ~ =  ~='!iI= is163 i~'I Iii  ! i i  I i : i ~ i  ~'~i!~ ~,= i 
~iiiii lliiililii i I i Ilii Iiiii I I!= iiilii i i ~  

ii ':= = ==~ iii i!11 i) = }ii!l!Ii I a')iii i!iI I ii!i" !II i ~ i ! ! ~ I i i i i i i l i :  ! i!I i i~I<~i I I)s !i~ ~ } iI  li:!!~iiiiiii iili i~ " i i l i ~ ,  ' i l ia iii~'~ .... 
i : i  :::i:i::iii:i,}i#iiii~.il,Z"~,'.<.'(:i !~]IiiIiii!:ii::i:i ~I:~II]i::Ui: : =: 

F ig .  1. Changes  in r e l i e f  and qual i ty  of  d i f ferent ia l  
s ta in ing  of  me taphase  c h r o m o s o m e s  a f t e r  b r i e f e x -  
posure  to w a t e r  (explanation in text). 

In p r e p a r a t i o n s  made  in the usua l  way,  i .e . ,  on s l ides  wet ted with wa te r ,  al l  the types  of  c h r o m o s o m e  
re l i e f  ment ioned  above can be seen.  If  the r e l i e f  of  the c h r o m o s o m e  shaped like concave  h a l f - c y l i n d e r s  is 
r e s t o r e d  by expos ing  the p r e p a r a t i o n s  in f r e s h  m e t h a n o l - a c e t i c  acid fixative fo r  20-30 min (Fig.  l e ,  d), 
a f t e r  t r e a t m e n t  in this  way the p r epa ra t i ons  can be d i f fe rent ia l ly  s ta ined with G i e m s a  stain.  

The above obse rva t ions  sugges ted  that  the abil i ty of  c h r o m o s o m e s  to undergo  d i f fe ren t ia l  s ta ining is 
af fec ted  by the ac t ion of  w a t e r  on them.  It was t h e r e f o r e  decided to abandon the t r ad i t iona l  method of appIy-  
ing the ce l l  suspens ion  to s l ides  wet ted with water .  Ins tead ,  c lean,  defat ted,  d ry  s l ides  were  p laced  in f r e sh  
m e t h a n o l - a c e t i c  ac id  fixative (3 :1)  and left fo r  a few hours  in the f r e e z i n g  c o m p a r t m e n t  of  a r e f r i g e r a t o r .  
The ce l l  suspens ion  was applied to cold s l ides  wet ted with the fixative and quickly d r ied  above the f lame 
of  a b u r n e r .  Since the ce l ls  do not s p r e a d  out in a l a y e r  immed ia t e ly  if the cel l  suspens ion  is dropped on 
a sl ide wetted with the f ixative,  the slide mus t  be t i l ted s e v e r a l  t i m e s  unti l  the f i r s t  s ign of "gra in ing"  ap -  
p e a r s  on the su r face ,  indica t ing that  the ce l l s  a re  s t a r t i n g  to adhere  to the su r face  of  the s l ide .  To obtain 
d i f fe ren t ia l  s ta in ing, the  p r e p a r a t i o n s  a re  f i r s t  exposed  for  8-10 min  to a solut ion containing 50 ml  phosphate  
buffer  (pH 6.8) and 0.05 ml  of 0 .25%tryps in  solution.  They  a re  then t r a n s f e r e d  into a buf fe red  solut ion of  
o r d i n a r y  R o m a n o v s k y - G i e m s a  stain,  diluted with phosphate  buf fe r  in the ra t io  of  1 : 100, and s ta ined for  
30-40 rain at r o o m  t e m p e r a t u r e .  

Definite c o r r e l a t i o n  thus ex i s t s  be tween the abi l i ty  of  me taphase  c h r o m o s o m e s  to undergo  d i f fe ren t ia l  
s ta in ing and the na ture  of  the i r  t h r e e - d i m e n s i o n a l  s t r u c t u r e .  C h r o m o s o m e s  with a r e l i e f  of  the convex 
h a l f - c y l i n d e r  type r e g u l a r l y  give l inea r  d i f fe ren t ia l  s ta ining.  Of al l  the f ac to r s  inf luencing the t h r e e - d i -  
m e n s i o n a l m o r p h o l o g y  of the  c h r o m o s o m e s  dur ing  the p roduc t ion  of  c h r o m o s o m e  p r e p a r a t i o n s  the m o s t  i m -  
por tan t  was the effect  of  wa te r .  By p reven t ing  exposure  of  the fixed c h r o m o s o m e s  to wa te r  t he i r  n o r m a l  
r e l i e f  can be p r e s e r v e d  and in that  way the condit ions fo r  r e gu l a r  and un i fo rm  di f fe ren t ia l  s ta ining can be 
e n s u r e d .  
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