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DISTANCES BETWEEN TWO CHROMOSOMES I N INTERPHASE 
NUCLEI AS DETERMINED WITH DIGITAL IMAGE ANALYSIS. 

P . L o o s , T,Cremer , M.Hausmann , Α·«Jauch , 
P.Emmerich , W . S c h l e g e l 3 , C.Cremer 1 

1 ) I n s t i t u t e o f A p p l i e d P h y s i c s I 
2) I n s t i t u t e o f A n t h r o p o l o g y and Human G e n e t i c s 
3) I n s t i t u t e o f N u c l e a r M e d i c i n e , German Cancer 

R e s e a r c h C e n t e r 
H e i d e l b e r g , F.R.Germany 

I n t h e i n t e r p h a s e n u c l e i t h e i n d i v i d u a l c h r o m o ­
somes a r e l o c a t e d i n d i s t i n c t a r e a s : t h e y a r e n o t 
s p r e a d o v e r t h e w h o l e n u c l e u s ( 1 ) . R e c e n t l y i t 
has become p o s s i b l e t o s t a i n c e r t a i n i n t e r p h a s e 
chromosomes w i t h s p e c i f i c m a r k e r s ( 1 , 2 ) . T h i s 
s u g g e s t s t o d e t e r m i n e d i s t r i b u t i o n f u n c t i o n s o f 
d i s t a n c e s b e t w e e n c e r t a i n chromosomes by i n v e s t i ­
g a t i n g many n u c l e i ( 2 ) . 

A f t e r s t a i n i n g t w o c h r o m o s o m e s w i t h s p e c i f i c 
m a r k e r s , t w o s e p a r a t e c o l o r e d a r e a s c an be r e c o g ­
n i z e d i n t h e n u c l e u s . Now i t i s p o s s i b l e t o 
a n a l y s e t h e d i s t a n c e s b e t w e e n t h e s e a r e a s . I n 
t h i s c a s e o n l y t h e p r o j e c t i o n o f t h e n u c l e i i s 
ex a m i n e d . 

Due t o t h e l a r g e n u m b e r o f n u c l e i t h e m a n u a l 
i n v e s t i g a t i o n i s t i m e c o n s u m i n g . An a p p r o a c h t o 
s o l v e t h e p r o b l e m w i t h d i g i t a l i m a g e a n a l y s i s i s 
p r e s e n t e d h e r e b y . 

The d i g i t i z e d p i c t u r e o f t h e c e l l p r e p a r a t i o n , 
w h i c h can c o n t a i n s e v e r a l n u c l e i , i s p r e s e g m e n t e d 
w i t h a t h r e s h o l d s e l e c t i o n m e t h o d ( 3 ) . T h e n t h e 
n u c l e a r edge i n t h e s i n g l e s egments i s i d e n t i f i e d 
a f t e r t r a n s f o r m i n g t h e s e g m e n t s i n t o t h e p o l a r -
c o o r d i n a t e - s y s t e m w i t h t h e c e n t r e o f t h e n u c l e i 
as o r i g i n ( 4 ) . F i n a l l y t h e l o c a t i o n s o f t h e 
s t a i n e d chromosomes a r e d e t e r m i n e d . 

By i n v e s t i g a t i n g a l a r g e n u m b e r o f n u c l e i i t i s 
p o s s i b l e t o p e r f o r m a s t a t i s t i c a l a n a l y s i s o f t h e 
d i s t a n c e b e t w e e n t w o chromosomes o r t h e d i s t a n c e s 
b e t w e e n o n e c h r o m o s o m e a n d t h e c e n t r e o f t h e 
n u c l e i . 

I t i s a s s u m e d t h a t t h e n u c l e i h a v e t h e s h a p e o f 
e l l i p s o i d s o r c y l i n d e r s w i t h a n e l l i p t i c b a s i s . 
T h e r e f o r e t h e d i s t r i b u t i o n o f t h e a x e s p r o p o r -
C L I N 1 C A L C Y T O M E T R Y A N D H I S T O M E T R Y Copyright © 1987Academic Press Limited 
I S B N 0-12-143240-8 A11 rights of reproduction in any form reserved 
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t i o n s B / A ( B < A ) of t h e n u c l e i of t h e p r e p a r a t i o n 
i s d e t e r m i n e d by a d a p t i n g e l l i p s e s t o t h e p r o j e c ­
t i o n o f t h e n u c l e i . A , B , C a r e t h e m a i n a x e s of 
t h e e l l i p s o i d s and C i s p a r a l l e l t o t h e o p t i c a l 
a x i s . 

I n o r d e r t o g e t t h e t h e o r e t i c a l c u r v e s ( d i s t a n ­
c e s i n c a s e of a random d i s t r i b u t i o n ) , t h e d i s ­
t r i b u t i o n f u n c t i o n s f o r a) e l l i p s o i d s o r b) c y ­
l i n d e r s w i t h an e l l i p t i c b a s i s w i t h t h e same a x e s 
p r o p o r t i o n s a s t h e n u c l e i a r e c a l c u l a t e d by u s i n g 
a M o n t e - C a r l o - p r o c e d u r e (N=10000). The d i s t r i b u ­
t i o n f u n c t i o n s do not depend on t h e l e n g t h of t h e 
C a x i s . 
Two c u r v e s a r e d e t e r m i n e d : 

a) The d i s t a n c e between t h e p r o j e c t i o n of r a n ­
domly d i s t r i b u t e d p o i n t s and t h e c e n t r e o f t h e 
e l l i p s o i d o r t h e c y l i n d e r ( F i g . l ) . 

b) The d i s t a n c e b e t w e e n t h e p r o j e c t i o n o f two 
randomly d i s t r i b u t e d p o i n t s i n t h e e l l i p s o i d o r 
t h e c y l i n d e r ( F i g . 2 ) . 

These t h e o r e t i c a l c u r v e s a r e compared w i t h t h e 
e x p e r i m e n t a l c u r v e s (310 n u c l e i o f a m n i o n c e l l s , 
chromosome 15 l a b e l e d ) a s o b t a i n e d by d i g i t a l 
image a n a l y s i s . F i g . l and 2 show both c u r v e s . 

100-

e l l i p s o i d 

\ 
c y l i n d e r 

"1 1 1 1 1 1 1 1 1 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Distance/Major axis 
F i g . l D i s t r i b u t i o n of d i s t a n c e s between t h e p r o ­

j e c t i o n of one chromosome and t h e c e n t r e . 
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I n b o t h c a s e s , a l a r g e d e v i a t i o n o f t h e e x p e r i ­
m e n t a l c u r v e s f r o m t h e t h e o r e t i c a l c u r v e s was 
found, i n d i c a t i n g a non-random d i s t r i b u t i o n . 

The e x p e r i m e n t a l c u r v e s were o b t a i n e d by d i g i ­
t a l i m a g e a n a l y s i s of c a m e r a l u c i d a d r a w i n g s o f 
t h e s p e c i m e n d i s p l a y i n g t h e edge o f t h e n u c l e i 
and t h e l a b e l d s i t e s , r e s p e c t i v e l y . 

D i g i t i z a t i o n and a n a l y s i s was p e r f o r m e d on a 
VAX 11/780 c o m p u t e r . I t t o o k t h e c o m p u t e r two 
hours t o i n v e s t i g a t e t h e 310 n u c l e i ; m a n u a l i n ­
v e s t i g a t i o n had t a k e n s e v e r a l days. 
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