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copy DNA. When 

a l l owed  t o  

r e a s s o c i a t e ,  t h e  r e a s s o c i a t i o n  was ,shown to+, . fol low , , a p p r o x i m a t e  

second o r d e r  r e a c t i o n  k i n e t i c s ,  wne'n mon i to red  by h y d r o x y a p a t i t e  

ch roma tog raphy .  Hence t h e ' r a t e  o f  r e a s s o c i a t i o n  was found  t o  be  ' -  
dependen t  on  t h e  c o n c e n t r a t i o n  o f  complementary ~ t r a n d ' s  i n  

- s o l u t i o n  (Marmur . c t  a l . ,  1963; "etmur and Q a v i d s o n ,  1 9 6 8 ) .  S i n c e  

, r a t e  o f  r e a c t i o n  is  d e p e n d e n t  on  s equence  c o n c e n t r a t i o n ,  
\ I .  

r e p e t i t i v e  s e q u e n c e s  a r e  obgerved  to, r e a c t  a t  r a t e s  p r o p o r t i o n a l  , I 

. t o  t h e j r  r e i t e r a t i o n  f r e q u e n c y .  Under s t a n d a r d  c o n d i t i o n s  o f  
t 

9 

\ r e a s s o c i a t i o n  ( s e e  Appeddix 1 )  i t  becomes p o s s i b l e  t o  make - 

e s t i m a t e s  o f  t h e  number and f r a c t i o n  s i z e  ot '  a  s e r i e s  o f  

f r e q u e n c y  componenks c o n t a i n e d  w i t h i n .  t h e  genome ( B r i t t e n  and 

~ o h n e ,  1968; Wetmur and ~ a v i d ~ o n ;  196%). F u r t h e r m o r e ,  t h e  r a t e  

o f  r e a s s o c i ~ a t i o n  o f  n o n - r e p e a t i n g  f r a g m e n t s  may b e  e x p e c t e d  t o  

b e  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  genome s i z e  ( B r i t t e n  and Kohne, 

1968) .  It  i s  t h e ~ e f o r ~ .  + p o s s i b l e  t o  e s t i m a t e  genome s i z e  based  on 

. . t h e  k i n e t i c ;  o f  r e a s s o c i a t i n g  f r a g m e n t s ,  a s  w e l l  a s  t h e  amount 
3 . -  

, , 
o f  un ique  s equence  p r e s C n t .  Tg, t h i s  e n d ,  my work was d e s i g n e d  

~. 

to: determl 'ne  t h e  r e a s s o c i a t i o n  k i n e t i c s  o f  r e p r e s e n t a t i v e  - - .  
. $alm&id<. The amount and r e p e t i t i o n  f r e q u e n c y  o f  r e i t e r a t e d  
+* 

D N A ,  a s  w e l l  a s  amount-6f s i n g 1 2  c o p y  D N A ,  w a s - c f e t e r m i ~ e d  irr 



R e c e n t  i n f o r m a t i o n  h a s  d e m o n s t r a t e d  ' t h a t  s h o r t  r e p e t i t i v e  

s e q u e n c e s  ( t h o s e  p r e s e n t  m o r e  t h a n  o n c e  p e r  genome)  a n d  l o n g e r  

s i n g l e  c o p y  s e q u e n c e s  ( t h o s e  p r e s e n t  o n l y  o n c e  p e r  g e n o m e ) ,  a r e  

i n t e r s p e r s e d  t h r o u g h o u t  t h e  e n t i r e  genome o f  most e u k a r y o t e s  

 avidso son e t  a 1  . , l 9 7 5 b ) .  If D N A  i s  r a n d o m l y  s h e a r e d  w i t h  r e s p e c t  

t o  s e q u e n c e ,  t h e  r e s u h t i n g  f r a g m e n t s  may b e  c o n s i d e r e d  t o  be  i n  

o n e  o f  t h r e e  c a t e g o r i e s :  

a )  t o t a l  s i n g l e  c o p y  s e q u e n c e  c o n t e n t  

b) t o t a l  r e p e a t e d  s e q u e n c e  c o n t e n t  

c )  r e p e a t  s e q u e n c e s  a d j a c e n t  t o  ' s i n g l e  c o p y  s e q u e n c e ' s .  

I n  l o n g e r  f r a g m e n t  l e n g t h s ,  o n e  would  e x p e c t  a  g r e a t e r  

p r o p o r t i o n  i n  c a t e g o r y  c ) ,  n a m e l y ,  r e p e a t  s e q u e n c e s  a d j a c e n t  t o  
P 

s i n g l e  c o p y  s e q u e n c e s .  E a r l y  i n  r e a s s o c i a t i o n  r e a c t i o n s  t h e s e  " 

l o n g e r  f r a g m e n t s  may t h e r e f o r e  b e  v i e w e d  a s  h a v i n g  some p o r t i o n  

o f  t h e i r  l e n g t h  a s  d u p l e x  s t r u c t u r e  ( t h e  r e a s s o c i a t e d  r e p e t i t i v e  

s e q u e n c e s ) ,  a n d ,  some  p o r t i o n  o f  t h e i r  l e n g t h  a s  s i n g l e  s t r a n d  

r e g i o n s  o r  " t a i l s l l  ( t h e  l e s s  r e p e a t e d  u n r e a s s o c i a t e d  s e q u b n c e s ) .  

A n a l y s e s  o f  t h i s  s o r t ,  h a v e  shown t w o  c h a r a c t e r i s t i c  

i n t e r s p e r s i o n  p a t t e r n s  of  r e p e t i t i v e  and  s i n g l e  c o p y  s e q u e n c e s  

i n  e u k a r y o t e s .  The  f i r s t  p a t t e r n  k n o w n ~ a s  t h e  s h o r t  p e r i o d  o r  

' lXenopusJt p a t t e r n  , -may  - b e  characterized by hwiw a l a r g e  - 

i n t e r s p e r s e d  w i t h  s i n g l e  c o p y  s e q u e n c e s  a p p r o x i m a t e l y  1.0-2.5 kb 

l o n g .  I n  t h i s  p a t t e r n  a  s u b s t a n t i a l  f r a c t i o n  o f  t h e  D N A  i s  e 

1 

f o u n d  i n  l o n g  r e p e t i t i v e  s e g m e n t s  of  g r e a t e r  t h a n  3.5 k b  i 



l e n g t h  ( D a v i d s o n  e t  a l . ,  1 9 3 3 ;  G o l d b e r g  e t  a l . ,  1 9 7 5 ) .  . 

G e n e r a l l y  t h i s  p a t t e r n  i s  a s s o c i a t e a  w i t h  o r g a n i s m s  h a v i n g  a  

l a r g e  g e n o m e  s i z e ,  b u t  h a s  a l s o  b e e n  o b s e r v e d  i n  t h e  s l ime m o l d ,  

D i c t y o s t e l i u m ,  h a s  a  g e n o m e  s i z e  o f  0 . 1  p g  ( F i r t e l  a n d  

K i n d l e ,  1 9 7 5 ) .  

A s e c o n d  p a t t e r n  o b s e r v e d  i n  s u c h  o r g a n i s m s  a s  D r o s o p h i l a  

m e l a n o g a s t e r  a n d  A p i s  m e l l i f e r a  may b e  r e f e r r e d  t o  a s  t h e  l o n g  

p e r i o d  o r  l f D r o s o p h i l a W  i n t e r s p e r - s i o n  p a t t e r a n .  T h i s  p a t t e r n  i s  

f r e q u e n t l y  o b s e r v e d  i n  o r g a n i s m s  w i t h  s m a l l e r  g e n o m e  s i z e s  

( M a n n i n g  e t  a l . ,  1 9 7 5 ;  C r a i n  e t  a l . ,  1 9 7 6 ;  Wells e t  a l . ,  1 9 7 6 ) .  

An e x c e p t i o n  t o  t h i s  may o c c u r  i n  c h i c k e n  D N A  w h i c h  h a s  a  1 . 0  p g  

g e n o m e  s i z e  ( A r t h u r  . and  S t r a u s ,  1 9 7 8 ) .  T h i s  p a t t e r n  i s  

c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  of l o n g  r e p e t i t i v e  s e q u e n c e s  

( 5 . 6  k b )  i n t e r s p e r s e d  w i t h  e v e n  l o n g e r  u n i q u e  D N A  s e q u e n c e s  

( 1 3 . 0  k b  i n  c e n g t h ) .  I t  i s  n o t  y e t  known w h a t  t h e  s i g n i f i c a n c e  

o f  t h i s  i n t e r s p e r s i o n  o f  r e p e t i t i v e  a n d  s i n g l e  c o p y  D N A  m i g h t  

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

r e g u l a t i v e  r o l e  ( B r i t t e n  a n d  D a v i d s o n ,  1 9 6 9 ;  D a v i d s o n  e t  a l . ,  

1 9 7 5 ) .  The s e c o n d  major o b j e c t  of t h i s  r e g e a r c n  i s  t h u s  t o  

d e t e r m i n e  t h e  s e q u e n c e  i n t e r s p e r s i o n  p a t t e r n  i n  a  r e p r e s e n t a t i v e  

-Two i n d e p e n d e n t  t e c h n i q u e s  h a v e  b e e n  e m p l o y e d  i n  t h i s  p a p e r  t o  

d e t e r m i n e  t h e  a m o u n t  a n d  i n t e r s p e r s i o n  p a t t e r n  o f  s u c h  

r e p e t i t i v e  a n d  s i n g l e  c o p y  s e q u e n c e s  p r e s e n t  h r e n a t u r e d  



a .  

f r a g m e n t s .  T h e  f i r  s t  i n v o l v e s  h y p e r c h r o m i c i t y  m e a s u r e m e n t s  of  

r a n d o m l y  s h e a r e d  r e a s s o c i a t e d  f r a g m e n t s .  S i n c e  h y p e r c h r o m i c i t y  

v e r y  n e a r l y  p r o p o r t i o n a l  t o  t h e  f r a c t i o n  o f  n u c l e o t i d e s  
+ 

i r e d ,  t h e r m a l  s t a b i l i t y  s t u d i e s  c a n  p r o v i d e  i n f o r A a t i o n  

a b o u t  t h e  a m o u n t  o? r e a s s o c i a t i o n  w h i c h  h a s  o c c u r r e d  ( G r a h a m  
, 

e t  a1 ,, 1 9 7 4 ) .  T h e  s e c o n d  t e c h n i q u e  e m p l o y s  a n  e n z y m e  w h i c h  

s e l e c t i v e l y  d i g e s t s  a w a y  t h e  s i n g l e  s t r a n d  r e g i o n s  o f  a  

r e a s s o c i a t e d  f r a g m e n t .  S i n g l e  s t r a n d  s p e c i f i c  n u c l e a s e s  

s u c h  a s  S 1 ,  t h e r e f o r e  p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  a c t u a I  

f r a c t i o n  o f  f r a g m e n t  w h i c h  i s  i n  d u p l e x  ( A n d o ,  1 9 6 6 ;  V o g t ,  

1 9 7 3 ) .  T h e s e  p h e n o m e n a ,  t o g e t h e r ,  e n a b l e  o n e  t o  a s c e r t a i n  b o t h  

t h e  a m o u n t  a n d  l e n g t h  o f  r e p e t i t i v e  a n d  s i n g l e  c o p y  D N A .  

O n c e  c a r e f u l  a n a l y s i s  o f  s e q u e n c e  r e p r e s e n t a t i o n  a n d  

o r g a n i z a t i o n  i s  c o m p l e t e ,  i t  b e c o m e s  p o s s i b l e  t o  s t u d y  m o l e c u l a r  

h y b r i d i z a t i o n  o f  v a r i o u s  s e q u e n c e s ,  b e t w e e n  s p e c i e s .  I n  t h i s  

s t u d y ,  s i n g l e  c o p y  s e q u e n c e s  o f  chum s a l m o n  were h y b r i d i z e d  w i t h  
4 

t r o u t ,  c o h o ,  a n d  s o c k e y e  DNA. To a c c o m p l i s h  t h i s ,  chum s a l m o n  

w a s  t h e r m a l l y  d e n a t u r e d  a n d  a l l o w e d  t o  r e a c t  t o  a  C o t  v a l u e  a t  

w h i c h  o n l y  r e p e t i t i v e  s e q u e n c e s  h a d  r e a s s o c i a t e d  . S i n g l e  c o p y  

s e q u e n c e s  were t h e n  e l u t e d  from h y d r o x y a p a t i t e  a n d  ' -  r a d i o a c t i v e l y  

l a b e l l e d  w i t h  1251 u s i n g  a  m o d i f i e d  C o m m e r f o r d  t e c h n i q u e  (see 
, -- 

- - -- - 

b e l o w ) .  T h i s  p r o b e  w a s  a l l o w e d  t o  r e a s s o c i a t e  w i t h  a  l a r g e  
- - - - - - - - - - - - - - - p- -- - pp - - - 

s c a l e  e x c e s s  o f  D N A  f r o m  t h e  o t h e r  s p e c i e s .  R e a s s o c i a t i o n  o f  

f r a g m e n t s  w i t h  m e m b e r s  f r o m  a n o t h e r  s p e c i e s  w a s  m o n i t o r e d  b y  

h y d r o x y a p a t i t e  c h r o m a t o g r a p h y .  I n  t h i s  way I w a s  a b l e  t o  



c o m p a r e  t h e  e x t e n t  o f  s i n g l e  c o p y  s e q u e n c e  c o n s e r v a t i o n  among 

f o u r  s a l m o n i d  s p e c i e s .  P r e v i o u s  s t u d i e s  o f  t h i s  n a t u r e  h a v e  b e e n  

p e r f o r m e d  on  s e a  u r c h i n s  ( A n g e r e r  e t  a l . ,  1 9 7 6 ;  H a r p o l d  a n d  

C r a i g ,  1 9 7 7 ;  H a r p o l d  a n d  C r a i g ,  1 9 7 8 ) ,  p l a n t s  ( S t e i n  a n d  
II 

T h o m p s o n ,  1 9 7 7 1 ,  primates ( r e v .  i n  K o h n e ,  1 9 7 0 ) ,  r o d e n t s  (R ice ,  
- 

l 9 7 4 ) ,  a n d  b i r d s  ( E d e n  e t  a l . ,  1 9 7 8 ) .  

. T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t h e r e f o r e  t o  e x a m i n e  DNA 

r e a s s o c i a t i o n  k i n e t i c s  a n d  t h e  s e q u e n c e  i n t e r s p e r s i o n  p a t t e r n  i n  

a  r e p r e s e n t a t i v e  species ,  t h e  chum s a l m o n .  T h e s e  f i n d i n g s  

p r o v i d e d  i n f o r m a t i o n  a b o u t  t h e  n u m b e r ,  f r e q u e n c y  a n d  o v e r a l l  

a m o u n t  o f  r e p e t i t i v e  s e q u e n c e s  p r e s e n t  i n  t h e  chum g e n o m e .  

R e a s s o c i a t i o n  k i n e t i c s  c o u l d  t h e n  b e  c o m p a r e d  w i t h  t h o s e  o f  
ha: 

s t e e l h e a d  t r o u t ,  c o h o  and  s o c k e y e  s a l m o n ,  K n o w l e d g e  o f  t h e  

f r a c t i o n  a n d  a r r a n g e m e n t  o f  chum s i n g l e  c o p y  s e q u e n c e s  a l l o w e d  

t h e  p r e p a r a t i o n  o f  a r a d i o a c t i v e l y  l a b e l l e d  p r o b e  w h i c h  c o u l d  

t h e n  b e  u s e d  i n  d e t e r m i n i n g  s i n g l e  c o p y  s e q u e n c e  h o m o l o g i e s  w i t h  

t r o u t ,  c o h o ,  a n d  s o c k e y e  D N A .  



M a t e r i a l s  a n d  M e t h o d s :  

DNA i s o l a t i o n ;  

T h e  D N A  u s e & - i n  t h i s  s-kudy-was e x t r a c t e d  f r o m  t h e  t e s t e s  o f  

O n c o r h y n c h u s  k e t a  ( c h u m  s a l m o n ) ,  - 0. k i s u t c h  ( c o h o  s a l m o n ) ,  3. 

n e r k a  ( s o c k e y e  s a l m o n ) ,  Salmo g a i r d n e r i  ( s t e e l h e a d  t r o u t ) ,  a n d  

Hexagra rnmos  d e c a g r a m m u s  ( k e l p  g r e e n l i n g ) .  S a l m o n i d  t e s t e s  were 

o b t a i n e d  from a n d  i d e n t i f i e d  b y  Q u e e n  Ch l o t t e  F i s h e r i e s  L t d .  4. 
a n d  k e l p  g r e e n l i n g  t e s t e s  were t h e  g i f t  6f  Dr. B .  H a r t w i , c k  o f  

t h e  B a m f i e l d  M a r i n e  S t a t i o n ,  V a n c o u v e r  I s l a n d .  A l l  t i s s u e  w a s  

r e f r i g e r a t e d  f o r  24  h o u r s  p o s t - d i s s e c t i o n  a n d  s t o r e d  a t  - 7 0 • ‹ c .  
- 

R e a g e n t  g r a d e  c h e m i c a l s  were u s e d  i n  t h i s  s t u d y  a n d  a l l  

s o l u t i o n s  were r o u t i n e l y  f i l t e r e d  w i t h  4 %  M i l l i p o r e  F i l t e r s .  

F r o z e n  r i p e  t e s t e s  were h o m o g e n i z e d  i n  a  W a r i n g  b l e n d e r  i n  5.0 x  

M Tris(hydroxymethyl)aminomethane ( T r i s )  , 2.5  x lo-* M 

KC1, 1 . 0  x 10-3  M MgC12, pH 7 . 4 ,  f o r  a p p r o x i m a t e l y  1  m i n u t e . .  

T h e  h o m o g e n a t e  w a s  p a s s e d  t h r o u g h  a d o u b l e  l a y e r  o f  g a u z e ,  a n d  

c e n t r i f u g e d  a t  4  x 1 0 3  G f o r  10 m i n u t e s  a t  ~ O C .  T h e  p e l l e t  

w a s  r e s u s p e n d e d  i n  o n e  h a l f  v o l u m e  - of  t h i s  - b u f f e r  - a n d  a g a i n  -- - - - -  

comm.). T h e  f i n a l  p e l l e t  c o n s i s t e d  o f  s p e r m  h e a d s  a n d  

s p e r m a t o c y t e  n u c l e i  a s  d e t e r m i n e d  b y  p h a s e  m i c r o s c o p y .  T h e  DNA 

w a s  e x t r a c t e d  b y  a m o d i f i e d  Marmur  m e t h o d  w h i c h  h a s  b e e n  . 



d e s c r i b e d  ( B r i t t e n  e t  a l . ,  1974) .  The p e l l e t  was suspended  i n  

0 .1  M NaC1, 0 . 0 5  M T r i s ,  0 .025  M e t h y l e n e d i a m i n e  t e t r a a c e t i c  

a c i d  (EDTA), pH 8 .0 .  P r o n a s e  B (Ca l  Biochem) was added t o  250 

y g  ml-l and sodium d o d e c y l  s u l f a t e  (SDS) t o  1 %  ( w / v ) .  The 

s u s p e n s i o n  became c l e a r  and v i s c o u s .  A f t e r  P r o n a s e  t r e a t m e n t  a t  / 
-- - - - - 

37OC f o r  2 h o u r s ,  sodium p e r c h l o r a t e  was added t o  1  . O  M ,  and 

t h e  s o l u t i o n  was e x t r a c t e d  by s h a k i n g  f o r  20  m i n u t e s  w i t h  a 
.r- 

m i x t u r e  o f  one part f r e s h l y - d i s t i l l e d ,  b u f f e r  e q u i l i b r a t e d ,  

phenol  and f o u r  p a r t s  c h l o r o f o r m  which was 4 %  ( v / v )  i soamyl  

a l c o h o l .  The e x t r a c t i o n  m i x t u r e  was c e n t r i f u g e d  a t  4 x 103 G 

f o r  10 m i n u t e s  and t h e  aqueous  phase  was t w i c e  r e s u b m i t t e d  t o  

e x t r a c t i o n  w i t h  a n  ' e q u a l  volume o f  c h l o r o f o r m : i s o a m y l  a l c o h o l  

(24 :  1, v / v ) .  The  r e s u l t i n g  m i x t u r e  was o v e r l a y e d  w i t h  2  volumes 

o f  95% e t h a n o 1  and t h e  D N A  p r e c i p i t a t e  was spooked f rom t h e  

i n t e r f a c e  on g l a s s  r o d s .  T h i s  p r o c e d u r e  was r e p e a t e d  a t  l e a s t  

t w i c e .  The DNA was d i s s o l v e d  i n  0 .01  M EDTA a t  pH 7 . 0 ,  and 

d i a l y z e d  i n t o  0 .12  M phospha t e  b u f f e r  ( e q u i m o l a r  sodium mono- 

and  d i b a s i c  p h o s p h a t e ,  pH 6 . 8 ) .  T h i s  p r o c e d u r e  t y p i c a l l y  y i e l d s  

.- , g r e a t e r  t h a n  2 mg o f  D N A  p e r  gram o f  g r a v i d  gonad t i s s u e .  

I D N A  c h a r a c t e r i z a t i o n ;  

- - - - - - - - - - -- - - - -- - - - - - - - - - - - - -- 

U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  o f  DN~A 

from 220 t o  320 nm, u s i n g  a  G i l f o r d  Model 250 UV 

S p e c t r o p h o t o m e t e r .  Only DNA wi th -260 /230  r a t i o s  o f  > 2 .0  and 



260/280 r a t i o s  -of > 1.8 (see F i g u r e  1 )  w a h u s e d  fo r  
'P1 

e x p e r i m e n t a t i o n .  

DNA w h i c h  met t h i s  c r i t e r i a  w a s  t h e r m a l l y  d e n a t u r e d  i n  a G i l f o r d  

S p e c t r o p h o t o m e t e r  w i t h  a n  A n a l o g  Mu1 t i p l e x o r  , T h e r m a l  p r o g r a m m e r ,  

and T h e r m a l  ~ u v e t t e .  T h e  r e s u l t i n g  o p t i c a l  m e a s u r  emerrts- were 

c o r r e c t e d  f o r  t h e r m ' a l  e x p a n s i o n  o f  wa te r :  p r i o r  t o  c a l c u l a t i o n  o f  

h y p e r c h r o m i c i  t y  ( M a n d e l  a n d  Marmur , 1968). H y p e r c h r o m i c i t y  was 
T 

c a l c u l a t e d  a s  d e f i n e d  b y  ~ r i t t e n  e t  a l . ,  1974, w h e r e :  

( e q u a t i o n  1 )  

w h e r e  H s t a n d s  f o r  h y p e r c h r o m i c i t y  a n d  A260, t h e  a b s o r b a n c e  a t  

260 nm. 

T h e  Tm o r  t e m p e r a t u r e  ( O C )  a t  o n e  h a l f  t h e  maximum 

h y p e r c h r o m i c i t y  w a s  a l s o  d e t e r m i n e d  ( F i g u r e  2) M 0.12 M 

p h o s p h a t e  b u f f e r  (0.18 M s o d i u m  c o n c e n t r a t i o n ) .  T h e  

g u a n i n e + c y t o s i n e  (GC) c o n t e n t  may be q u a n t i f i e d  from t h e  Tm 

m e a s u r e m e n t  b y  t h e  r e l a t i o n s h i p :  

( e q u a t i o n  2) 

w h e r e  GC i s  t h e  g u a n i n e + c y t o s i n e  c o n t e n t  e x p r e s s e d  a s  a  m o l e  
B 

p e r c e n t a g e ,  Tm i s  t h e  t e m p e r a t u r e  a t  h a l f  -maximum 



h y p e r c h r o m i c i t y  a n d  M ,  tHe s o l v e n t  c a t i o n  c o n c e n t r a t i o n .  

( M a n d e l  a n d  Marmur ,  1 9 6 8 ) .  

D N A  s h e a r i n g  a n d a f r a g m e n t  l e n g t h  d e t e r m i n a t i o n ;  

D N A  w a s  s h e a r e d  t o  o n e  o f  t w o  f r a g m e n t  l e n g t h s ,  0 . 3  k b  o r  3.2 
A 

k b ,  i n  a  Vi r t i s  Hi-Speed  h o m o g e n i z e r  a s  d e s c r i b e d  ( B r i t t e n ,  e t  

a l . ,  1 9 7 4 ) .  T h e  s h o r t e r  f r a g m e n t  l e n g t h s  were a t t a i n e d  by 

* = r i n g  t h e  DNA i n  672 ( v / v )  g y c e r o l ,  3 3 % I v / v >  0.06 W s o d i u m  

a c e t a t e  (NaAc)  pH 7 . 2 ,  f o r  3 0  m i n u t e s  a t  5 x 104 rpm i n  a  - 
d r g - i c e  e t h a n o l  b a t h .  L o n g e r  f r a g m e n t  l e n g t h s  were p r o d u c e d  by 

s h e a r i n g  i n  a  0 . 0 3  M NaAc (pH 7 . 2 )  s o l u t i o n  f o r  20 m i n u t e s  a t  

104 rpm i n  an  i c e  w a t e r  b a t h .  The  D N A  was p a s s e d  o v e r  a  

C h e l e x  1 (B io -Rad ,  s o d i u m  f o r m )  co lumn  a n d  t h e  e l u a n t  was  

i n c r e a s e d  i n  s a l t  c o n c e n t r a t i o n  t o  0 .3  M .  DNA w a s  p r e c i p i t a t e d  

by t h e  a d d i t i o n  o f  t w o  v o l u m e s  o f  9 5 %  e t h a n o l  a n d  s t o r a g e  a t  

-20•‹C f o r  a minimum o f  3 h o u r s .  T h e  p r e c i p i t a t e  was  

c e n t r i f u g e d  a t  1 0 4  G ,  a i r  d r i e d ,  and  t a k e n  u p  i n  t h e  

a p p r o p r i a t e  b u f f e r .  + 
T h e  s i n g l e  s t r a n d  l e . n g t h  o f  t h e  s h e a r e d  D N A  was  d e t e r m i n e d  bya 

d e n a t u r i n g  a l k a l i n e  s u c r o s e  s e d i m e n t a t i o n  ( N o l l ,  1 9 6 7 ) .  T h e  
- 

- - -  - - - - - - - - 

s h e a r e d  DNA was d e n a t u r e d  for  3 m i n u t e s  i n  0.1 M NaOH a t  60•‹c  
- ~ -- ~ - -  - - 

w i t h  D N A  s t a n d a r d s  of known f r a g m e n t  l e n g t h ,  a n d  s e d i m e n t e d  ., 
t h r o u g h  e x p o n e n t i a l  a l k a l i n e  ( 0 . 1  N NaOH) s u c r o s e  g r a d i e n t g .  

T h e s e  g r a d i e n t s  were p r e p a r e d  u s i n g  14.2  m l  Beckman p o l y a l l o m e r  



t u b e s  a n d  a  9 .6  m l  m,ix v o l u m e  o f  7 . 5 %  (w/v )  a l k a l i n e  s u c r o s e .  

T h i s  was  m i x e d  w i t h  a  3 2 . 6 %  ( w / v )  a l k a l i n e  s u c r o s e  s o l u t i o n  t o  

p r o d u c e  g r a d i e n t s -  o f  7.5% ( w / v )  t o  25% ( w / v )  a l k a l i n e  s u c r o s e .  

T h e  g r a d i e n t s  w e r e  c e n t r i f u g e d  a t  5  x  1 0 5  G f o r  a p p r o x i m a t e l y  

24 h o u r s  a t  20•‹C i n  a  ~ e c k % a o  L2-658 u l t r a c e n t r i f u g e .  T h e  

p o s i t i o n  of t h e  DNA f r a g m e n t s  i n  t h e  g r a d i e n t s  was  d e t e r m i n e d  
- 

u s i n g  a n  ISCO UA-5 a b s o r b a n c e  m o n i t o r  w i t h  a  U V  T y p e  6 o p t i c a l  

u n i t  a t t a c h m e n t .  T h e  g r a d i e n t s  were c h a s e d  t h r o u g h  t h i s  f l o w  

c e l l  w i t h  a  60% s u c r o s e  s o l u t i o n  a n d  c o l l e c t e d  i n  0 . 4  m l  

f r a c t i o n s .  I n  t h e  c a s e  of 1 2 5 i o d i n e  l a b e l l e d  DNA ( see  b e l o w ) ,  

c t i o n s  were a n a l y z e d  f o r  gamma r a d i a t i o n  w i t h  a  N u c l e a r  

a g o  gamma c o u n t e r .  E s t i m a t e s  o f  t h e  m o l e c u l a r  w e i g h t  y e r e  

u l a t e d  by c o m p a r i s o n  of t h e  s e d i m e n t a t i o n  v a l u e s  a n d  

w e i g h t  o f  t h e  i n t e r n a l  s t a n d a r d s  a c c o r d i n g  t o  t h e  

S t u d i e r  ( 1 4 6 5 )  r e l a t i o n s h i p :  

( e q u a t i o n  3 )  

- i 
--d. 

w h e r e  Sstd a n d  Su r e p r e s e n t  t h e  S20,w c o e f f i c i e n t s  o f  

s t a n d a r d  a n d  unknown DNA, a n d  M ,  t h e  m o l e c u l a r  w e i g h t  of  t h e s e  
- - - - -- - - - 

f r a g m e n t s .  
-~ -- - 



- - - - 

D N A  r e a s s o c i a t i o n ;  

The sheared  DNA was d i a lyzed  i n t o  e i t h e r  0.12 M o r  0.41 M 

phosphate b u f f e r ,  the rmal ly  denatured a t  100•‹C f o r  3 m i n u t e s ,  

a n d  r e a s s o c i a t e d  a t  60% o r  6 7 O ~  r e s p e c t i v e l y .  The 

r e a s s o c i a t i o n  r a t e  a c c e l e r a t i o n  f a c t o r  f o r  t h e  h ighe r  s a l t  
- - 

c o n c e n t r a t i o n  was determined b y  t h e  method o f  B r i t t e n  e t  a l . ,  , 

1974, and a l l  d a t a  a r e  expressed i n  terms o f  e q u i v a l e n t  Cot 

( p roduc t  o f  moles per  l i t e r  times seconds;  M s ) .  A summary of 

c r i t e r i a  f o r  t h e  r e a s s o c i a t i o n  o f  D N A  may be found i n  Appendix 
3 

1. For convenience ,  120-150 j g  o f  D N A  were used Cor each sample. 

t A t  s e l e c t e d  o t  v a l u e s ;  t h e  r e a s s o c i a t i o n  was t e rmina t ed  b y  

Quenching t h e  r e a c t i o n  v i a l s  i n  a  d ry  i .ce:acetone ba t6 .  The * 

f r + t i o n  o f  t h e  DNA f ragments  which had r e a s s o c i a t e d  a t  each Cot 

was determined by hydroxgapat i  t e  CBio-Rad , D N A  g r ade  Bio-gel 

HTP) chromatdgraphy i n  0.12 M phosphate b u f f e r ,  0.06% sodium 

dodecyl s u l p h a t e  (SDS), a t  60•‹C. Reassocia ted  DNA f ragments  

were di1ut;d i n  3 m l  o f  0.12 M phosphate b u f f e r  and loaded o n  
# 

t h e  columns. T h i s  volume was r o u t i n e l y  used because it d i l u t e d  

t h e  DNA f ragments  t o  a c o n c e n t r a t i o n  e a s i l y  read i n  t h e  

spect rophotorneter  and was a l s o  convenient  f o r  t h e  e l u t i o n  of  

f r a c t i o n s .  Hydroxyapat i te  w i l l  bind DNA f ragments  which c o n t a i n  
- -- 

sme p6r t ion-of th -eG l e n g t h  as d u p l e x  0 ~ 4 ~ u b l e  s t r a n d D N A I p  - 

-BofA?%estrant-f kagmrnh -&*om t h e  hycW~xyapatite-------- - 

columns w i t h  0.5 I4 phosphate bu f f e r  o r  b y  e l e v a t i o n  o f  t h e  

column tempera tu re  t o  9 9 0 ~ .  The amount o f  DNA i n  t h e &  ' -  ' 



f r a c t i o n s  was m e a s u r e d  i n  t h e  G i l f a r d  S p e c t r o p h o t o m e t e r  a t  260 

nm. C o r r e c t i o n  f o r  l i g h t  s c a t t e r i n g  c a u s e d  by h y d r o x y a p a t i t e  i n  

s o l u t i o n  was  made b y  s u b t r a c t i n g  t h e  n e t  a b s o r b a n c e  a t  320 nm 

from t h e  260 nm v a l u e .  

- -- - - 

A n a l y s i s  o f  r e a s s o c i a t i o n  k i n e t i c s ;  

When t h e  d e g r e e  o f  r e a s s o c i a t i o n  i s  p l o t t e d  v e r s u s  l o g  
- - 

e q u i v a l e n t  C o t ,  r a n g e s  o f  s e q u e n c e  f r e q u e n c y  c a n  b e  o b s e r v e d  i n  

e u k a r y o t i c  o r g a n i s m s .  The r e a s s o c i a t i o n  o f  r3ndomly  s h e a r e d  DNA 

f r a g m e n t s  may t h e r e f o r e  b e  a n a l y z e d  a s  t h e  sum o f  a  number o f  C 

a p p a r e n t  s e c o n d  o r d e r  r e a c t i o n s  ( B r i t t e n  and Kohne,  1,968): 
D 

( e q u a t i o n  4 )  
- c, 

C 1  - . , 
4 

Where C r e p r e s e n t s  the c o n c e n t r a t i o n  o f  d o u b l e  s t r a n d  DNA and a 

i 
G 

Co t h e  i n i t i a l  c o n c e n t r a t i o n  o f  s i n g l e  s t r a n d  D N A ,  K t h e  r s o  

- 1 

n CQ 

componen t  r a t e  c o n s t a n t ,  and  f., t h e  componen t  f r a c t i o n  s i z e .  < * .  . - 
- .G r L J  

f ro 

- -  - - , r c  
'5 a -  

T h e  number ,  s i z e  a s  a f r a c t i o n  ofp t h e  t o t & i  D N A ,  and  second _ &$- *, 
. # ,-&, " 

-- 

. c- .: % . 
- @a- 

- - mferreassocia tiorrl-atcof t~es~frequen~yco~ponents-was-'T ':_. '1 *; ~- 

- - 

F 4 ', c ' h c  
b r 

d e t e r m i n e d  u s i n g  a  c o m p u t e r i z e d  l e a s t  s q u a r e s  f i t t i n g  prfcke.t$'r& . . -  6 f  ' ,  

n C ,  " b 
., 

- 9  D . ?  ,;- 
v b i c h  h a s  been  described in deta i l  ( P e a r s ~ ~  e t  a1. ,- 1977).  T& a # .  

<. = - - c  
I__ . r  , I .  9 - 

' a c o m p u t e r  programme fo r  t h i s  procedure a l l o w s  t h e  ? p e r a t o r  t h e  4; -. - r 

,. r 



c h o i c e  of  number , a n d  s i z e  o f  f r e q u e n c y  c o m p o n e n t s  a n d  p e r m i t s  

t h e s e  p a r a m e t e r s  t o  be v a r i e d  o r  f i x e d  i n  v a l u e .  D a t a  f r o m  t h e  

, h y d r o x y a p a t i t e  c h r o m a t o g r a p h i m s e p a r a t i o n  o f  r e a s s o c i a t e d  

f r a g m e n t s  c o u l d  t h e r e f o r e  b e  a n a l y z e d  by  a l l o w i n g  t h e  f i t t i n g  

p rog ramme t o  f l o a t  f r e e l y  ( h e r e a f t e r  r e f e r r , e d  t o  a s  a  " f r ee  

f i t f 1 ) ,  or b y - h o f d i n g  s e l e c t e d  p a r a m e t e r s  c o n s t a n t .  F o r  e x a m p l e ,  ' 

t h e  s i n g l e  c o p y  r a t e  c o n s t a n t  i n  a  t h r e e  c o m p o n e n t  f i t  c o u l d  b e  

f i x e d  i n  v a l u e  a n d  i t s  e f f e c t  o n  t h e  c o m p o n e n t  f r a c t i o n  s i z e ,  

d e t e r m i n e d .  T h e  r e s u l t i n g  s o l u t i o n s  w e r e  c o m p a r e a  on  t h e  b a s i s  

of  t h e i r  r o o t  mean s q u a r e  (RMS) d e v i a t i o n .  Component  f i t s  w h i c h  

d i d  n o t  d i f f e r  more t h a n  10% i n  t h e i r  RMS were t a k e n  t o  b e  

e q u a l l y  v a l i d  ( P e a r s o n  e t  a l . ,  1 9 7 7 ,  see  a l s o  A p p e n d i x  2 ) .  F o r  

c o m p u t e r i z e d  f i t s  o f  r e a s s o c i a t i o n  d a t a ,  see F i g u r e s  3 t h r o u g h  

I n t e r s p e r s i o n  p a t t e r n  m e a s u r e m e n t s ;  

R e a s s o c i a t e d  f r a g m e n t s  were t h e r m a l l y  d e n a t u r e d  t o  d e t e r m i n e  
d 

t h e i r  t . o t a l  h y p e r c h r o m i c i t y .  S i n c e  n y p e r c h r o m i c i t y  i s  d i r e c t l y  
-4 

r e l a t e d  t o  t h e  number  o f  b a s e s  w h i c h  a r e  i n  d u p l e x  (Graham e t  

a l . ,  19741, t h e s e  m e a s u r e m e n t s  a l l o w  o n e  t o  c o m p a r e  t h e  d e g r e e  of 

r e a s s o c i a t i o n - i n  fragments o f  d i f fe ren t  l e n g t h s -  Chum DNA 

f r a g m e n t s  0 . 3  k b  i n  l e n g t h  were r e a c t e d  t o  C o t  1, 10, a n d  100, 
- -- --- - - -- --- - - ---L- --- -- - -- 

and  p a s s e d  o v e r  h y d r o x y a p a t i t e  t o  i s o l a t e  d u p l e x  c o n t a i n i n g  
* 

f r a c t i o n s .  D o u b l e  s t r a n d  DNA w a s  e l u t e d  f r o m  t h e  c o l u m n s  w i t h  
L 
0 . 5  M p h o s p h a t e  b u f f e r  a n d  d i a l y z e d  i n t o  0 . 1 2  M p h o s p h a t e  b u f f e r  



o v e r n i g h t .  These  f r a c t i o n s  were t h e r m a l l ~ ~ d e n a t u r e d  i n  t h e ,  

G i l f o r d  s p e c t r  ophotometer  . T h i s  p r o c e d u r e  c o u l d  n o t  b e  used  f o r  

3.2 k b  f r a g m e n t s .  I n s t e a d ,  l o n g  f r a g m e n t s  were a l l owed  t o  r e a c t  

t o  Cot 1 ,  10 ,  and 100 ,  and d i v i d e d  i n t o  t w  r a c t i o n s .  T h e  

f i r s t ,  was run  o v e r  a  h y d r o x y a p a t k t e  colum ? , t o  d e t e r m i n e  t ,he  * 

amount i n  d u p l e x ,  w h i l e  t h e  r ema in ing  f r a c t i o n  was t h e r m a l l y  

d e n a t u r e d  d i r e c t l y  i n  t h e  s p e c t r o p h o t o m e t e r .  The c o r r e c t i o n  o f  
4 

G o l d b e r g ' e t  a l . ,  1975,  a l lowed me t o  make a  rough b s t i m a t e  o f  

t h e  o v e r a l l  h y p e r c h r o m i c i t y  o f  t h e s e  f r a c t i o n s ,  by t a k i n g  i n t o  

c o n s i , d e r a t i o n  t h e  f r a c t i o n  o f  f r a g m e n t s  c o n t a i n i n g  d o u b l e  s t r a n d  

m a t e r i a l .  Va lues  f o r  t h e  c a l c u l a t e d  h y p e r c h r o m i c i t i e s  o f  

f r a g m e n t s  r e a c t e d  t o  Cot 1 ,  10 ,  and 100 a r e  l i s t e d  i n    able 2.  

To d e t e r m i n e  t h e  l e n g t h  o f  D N A  dup lex  i n  a  l o n g e r  f r a g m e n t  

l e n g t h .  The r e a s s o c i a t i o n  p r o d u c t  was t r e a t e d  w i t h  t h e  s i n g l e  

s t r a n d  s p e c i f i c  n u c l e a s e ,  S1,  from A s p e r g i l l u s  o r y z a e .  T h i s  

enzyme, u n d e r  t h e  p r o p e r  r e a c t i o n  c o n d i t i o n s ,  s e l e c t i v ' e l y  ' 

d i g e s t s  s i n g l e  s t r a n d  D N A  (Ando, 1966; Vogt ,  1 9 7 3 ) .  The S1 

n u c l e a s e  p r e p a r a t i o n  u s e d  i n  t h i s  work was t h e  k ind  g i k t  o f  Dr. 
' 

R .  J .  B r i t t e n  and h a s  been e x t e n s i v e l y  c h a r a c t e r i z e d  ( B r i t t e n  

e t  a l . ,  1976) .  

The enzyme a c t i v i t y  w a s  found t o  b e  t h e  same a s  t h a t  r e p o r t e d  by 
- - -  

BrT€ten e l  aT. 7 1976-TM. T.- Smi th  per= TomiLT. A-np encyme t o  

s u b s t r a t e  r a t i o  o f  4000 uL o f  enzyme p r e p a r a t i o n  p e r  mg o f  D N A  

s u b s t r a t e  p e r  min o f  d i g e s t i o n  a t  3 7 * ~  (4000 uL mi-n m g - l )  
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- 

was u s e d .  Chum D N A ,  3 . 2  k b  i n  l e n g t h ,  was d e n a t u r e d  and r e a c t e d  

t o  Cot  v a l u e s  o f  1 ,  1 0 ,  and  1 0 0 ,  i n  0 . 3  M NaC1, .O1 M 

Piperazin&-N-Nt-bis[2-ethane] S u l f o n i c  Acid ( P i p e s )  b u f f e r  

(S igma  Co.) pH 6.8.  The r e a c t i o n  r a t e  and t e m p e r a t u r e  were 
,' 

a d j u s t e d  f o r  t h i s  s a l t  v a l u e  ( B r i t t e n  e t  a l .  , '  1974) .  A t  t h e  

s e l e c t e d  C o t  v a l u e s  t h e  r e a s s o c i a t i o n  r e a c t i o n s  were s t o p p e d  by 

f r e e z i n g  i n  a  d r y  i c e : a c e t o f n e  b a t h .  T h i s  was made t o  pH 4 . 3  

and 1  x 10-3 M ZnS04 w i t h  an  e q u a l  volume o f  a c e t i c  a c i d  and 

ZnS04. M e r c a p t o e t h a n o l  was a d d @  t o  5.0 x 10-3  M a n d  t h e  

a p p r o p r i a t e  amount o f  enzyme p r e p a r a t i o n  was added p e r  mg o f  

D N A .  T h i s  m i x t u r e  was i n c u b a t e d  a t  3 7 ' ~  f o r  4 5  m i n u t e s  a t  

which p o i n t  t h e  enzyme d i g e s t i o n  was t e r m i n a t e d  by t h e  a d d i t i o n  

o f  1 .0  M p h o s p h a t e  b u f f e r  t o  0 . 1  M .  S i m u l t a n e o u s l y  t h e  r e a c t i o n  

m i x t u r e  was c h i l l e d  i n  an i c e  w a t e r  b a t h .  The enzyme d i g e s t i o n  

p r o d u c t s  were d i a l y z e d  i q t o  0 . 1 2  M p h o s p h a t e  b u f f e r  a n d  p a s s e d  
8, 

'h o v e r  a * h y d r o x y a p a t i t e  column a t  60•‹C and t h e  f r a c t i o n  o f  D N A  

i n  d u p l e x  was n o t e d .  The DNA was e l u t e d  f rom t h e  h y d r o x y a p a t i t e  

i n  t h e  d u p l e x  fo rm w i t h  0 . 5  M p h o s p h a t e  b u f f e r .  The t h e r m a l  

d e n a t u r a t i o n  t e m p e r a t u r e s  and h y p e r c h r o m i c i t y  o f  t h i s  n u c l e a s e  

r e s i s t a n t  D N A  were m e a s u r e d .  I n  a l l  c a s e s ,  e n z y m i c  d i g e s t i o n  o f  

s i n g l e  s t r a n d  m a t e r i a l  was c o m p l e t e  a s  j u d g e d  by t h e  n e a r  n a t i v e ,  

h y p e r c h r o m i c i t y  o f  enzyme r e s i s t a n t  D N A  p r o d u c t s .  
- - - -  - -- - - - - 

- -- - - -- - - - - - - - - - -- - + - - - - - -- -- - - - - - - -- -- - - -- --- - - - -- - 

A l i q u o t s  o f  t h e  n u c l e a s e  r e s i s t a n t  DNA were p a s s e d  o v e r  a  

S e p h a r o s e  CL-2B ( S i g m a )  column t o  d e t e r m i n e  t h e  l e n g t b  o f  DNA 

d u p l e x ,  a s  i l l u s t r a t e d  i n  F i g u r e  8. S e p h a r o s e  CL-2B 



f r a c t i o n a t e s  D N A  i n  t h e  S i z e - r a n g e  2 . 0  t o  0 . 2  k b .  A l i n e a r  
i 

r e l a t i o n s h i p  e x i s t s  f o r  t h e  p a r t i t i o n  c o e f f i c i e n t  ( K a v )  o f , t h e  

D N A  f r a g m e n t s  b e t w e e n  g e l  a n d  e l u a n t  p h a s e s ,  a n d  t h e  l o g  o f  t h e  

D N A  f r a g m e n t  s i z e  i n  k b  (M.J. S m i t h ,  p e r s .  comm.) .  E a c h  
c 

S e p h a r o s e  c o l u m n  u s e d  i n  t h i s  s t u d y  w a s  p a l i b r a t e d  w i t h  D N A  

s t a n d a r d s  w h o s e  f r a g m e n t  l e n g t h  w a s  d e t e r m i n e d  b y  a l k a l i n e  

s u c r o s e  s e d i m e n t a t i o n ,  T h e  e l u t i o n  p o s i t i o n  of c a l f  t h y m u s ,  sea 

u r c h i n ,  s t a r f i s h ,  a n d  s a l m o n  D N A  o f  s i m i l a r  f r a g m e n t  l e n g t h  h a i e  

b e e n  f o u n d  t o  b e  r e p r o d u c i b l e  w i t h i n  f .O5 K a v  u n i t s .  T h e  

e x c l u s i o n  v o l u m e  w a s  n o t e d  fo r  n a t i v e  D N A  f r a g m e n t s  3 . 0  k b  o r  

g r e a t e r  i n  l e n g t h  a n d  t h e  c o l u m n  v o l u m e  w a s  m a r k e d  w i t h  A T P  o r  . > 

t r i t i a t e d  water. 

/ 

T r a c e r  p r e p a r a t i o n ;  

S i n g l e  c o p y  o r  u n i q u e  s e q u e n c e  D N A  w a s  i s o l a t e d  b y  r e a c t i n g  chum 

DNA, 0 . 4 6  k b  i n  l e n g t h ,  t o  Cot 3 0 0 0 ,  a n d  p a s s i n g  t h e  r e a c t i o n  

m i x t u r e  o v e r  a h y d r o x y a p a t i t e  c o l u m n  a t  6 0 • ‹ c .  D N A  f r a g m e n t s  

w h i c h  h a d  n o t  r e a s s o c i a t e d  were c o l l e c t e d  from t h i s  c o l u m n  b y  

e l u t i o n  w i t h  0 . 1 2  M p h o s p h a t e  b u f f e r .  T h i s  m a t e r i a l  w a s  d i a l y z e d  

i n t o  0 . 3  M Na a c e t a t e ,  pH 6 . 8  a t  4OC. T h e  D N A  w a s  p r e c i p i t a t e d  

a t  - 2 0 0 6  b y  t h e  a d d i t i o n  of two v o l u m e s  of e t h a n o l .  T h i s  w a s  

f o l l o w e d  b y  c e n t r i - g a t i o n - a t  1.6 x _  1 0 4  G f o r  30- m i n u t e s ,  a n d  

- 

* t h e  p e l l e t  w a s  a i r  d r i e d ,  d i s s o l v e d  i n  0.05 m l  of d i s t i l l e d  
p - - - - - p - - - - - - p p p - -  - 

w a t e r  t o  g i v e  a  f i n a l  c o n c e n t r a t i o n  of 1 . 0  mg/ml, a n d  d v e n a t u r e d  

b y  h e a t i n g  a t  100•‹C for  o n e  m i n u t e .  T h e  D N A  w a s  i o d i n a t e d  

u s i n g  a  m o d i f i e d  C o m m e r f o r d  t e c h n i q u e  ( C y m e r f o r d  e t  a l . ,  1 9 7 1 )  



by Dr. S. Hayash i .  Ten micrograms  o f  d e n a t u r e d  D N A  were 

i o d i n a t e d  f o r  30  m i n u t e s  a t  ~ O O C  i n  0 .14 M Na a c e t a t e ,  pH 4 . 8 ,  

0.018 M ThC13, 0 .022  M NaI, and 0 . 5  m C i  I%  (Amersham 

Corp . ,  c a r r i e r - f r e e ,  531 m C i  m l - l )  . The i o d i n a t i o n  r e a c t i o n  

was t e r m i n a t e d  by t h e  a d d i t i o n  o f  sodium phospha t e  b u f f e r ,  pH 

7 .0 ,  t o  a  c o n c e n t r a t i o n  o f  0.03 M and f r e s h l y  proepared 

Na2S03 t o  2 .0  x 10-3 M .  The m i x t u r e  was pas sed  o v e r  a 0 . 3  

m l  h y d r o x y a p a t i t e  co lumn,  and f r e e  1 2 5 ~  was e I u t e d  f rom t h e  

m i x t u r e  w i t h  0.03- M p h o s p h a t e  b u f f e r .  D N A  which had r e t a i n e d  t h e  

1251 was e l u t e d  from t h e  column w i t h  0.5 M p h o s p h a t e  b u f f e r .  

Approximate ly  82% o f  t h e  r e c o v e r e d  1 2 5 ~  was i n c o r p o r a t e d  i n t o  

t h e  D N A ,  which had a '  s p e c i f i c  a c t i v i t y  o f  1 .26  x 107 cpm 

~ g ' '  when a s s a y e d  i n  a  Nuclear  Chicago gamma c o u n t e r ,  a t  50% 

c o u n t i n g  e f f i c i e n c y .  

H y b r i d i z a t i o n  measurements ;  

U n l a b e l l e d  n a t i v e  c h u m ,  t r o u t ,  coho ,  and sockeye  D N A ,  were  
, * .  

i n d i v i d u a l l y  added t o  t h e  1251 Chum DNA i n  a  g r e a t e r  t h a n  

4  10 - f o l d  s i n g l e  copy  s e q u e n c e  e x c e s s .  For example ,  i n  t h e  c a s e  ' 

of  chum sa lmon,  i n  w h i c h . t h e  un ique  s e q u e n c e  component e q u a l s  

30% o f  t h e  0 . 3  k b  f r a g m e n t s ,  30 ug o f  d r i v e r  DNA were used f o r  Im t 

e v e r y  ng o f  t r a c e r ;  The i o d i n a t e a  o r  t r a c e r  D N A ,  h a d  a  m 6 a *  

D r i v e r  D N A  c o n s i s t e d  o f  chum, t r o u t ,  c o h o ,  s o c k e y e ,  and k e l p  
- 

g r e e n l i n g  DNA w i t h  a v e r a g e  f r agmen t  l e n g t h s  o f  0.50,  0 .46,  0.46, 

0 .45,  and 0 .50 k b ,  r e s p e c t i v e l y .  The h y b r i d i z a t i o n  m i x t u r e s  were  



d e n a t u r e d  a n d  a l l o w e d  t o  r e a s s o c i a t e  i n  1  M NaC1, 0 . 0 1  M 

p h o s p h a t e  b u f f e r ,  a n d  1  x M EDTA, a t  70• ‹c  ( A n g e r e r  e t  

a l . ,  1 9 7 6 ) .  T h i s  b u f f e r  c a u s e s  a  2 5 - f o l d  r e a c t i o n  r a t e  

i n c r e a s e ,  a l l o w i n g  t h e  r e a c t i o n  m i x t u r e  t o  a t t a i n  t h e  r e q u i r e d  

, l o n g  Cot v a l u e s .  I n  a  s e p a r a t e  e x p e r i m e n t ,  chum t r a c e r  DNA was  

r e a c t e d  i n  t h e  a b s e n c e  o f  a n y  d r i v e r  D N A  t o  d e t e r m i n e  t h e  amoun t  

o f  s e l f  r e a c t i o n  u n d e r  t h e s e  e x p e r i m e n t a l  c o n d i t i o n s .  T h e  

f r a c t i o n  of  1 2 5 ~  D N A  i n  d u p l e x  was  m e a s u r e d  by h y d r o x y a p i t i t e  

c h r o m a t o g r a p h y  a n d  r a d i o a c t i v e  c o u n t i n g  i n  a  N u c l e a r  C h i c a g o  

gamma c o u n t e r .  T h e s e  d a t a  were a n a l y z e d  w i t h  t h e  l e a s t  s q u a r e s  

f i t t i n g  p rog ramme o f  P e a r s o n  e t  a l . ,  1 9 7 7 ,  a n d  a r e  shown i n  

F i g u r e  9 .  \ 

T h e r m a l  d e n a t u r a t i o n  p r o f i l e s  were p r e p a r e d  t o  d e t e r m i n e  t h e  

d e g r e e  o f  s t r a n d  d u p l e x  f o r m a t i o n ,  a t  c o m p l e t i o n  of t h e s e  

r e a c t i o n s .  T h i s  was  a c c o m p l i s h e d  by r a i s i n g  t h e  t e m p e r a t u r e  o f  

t h e  h y d r o x y a p a t i t e  c o l u m n s  i n  ~ O C  i n c r e m e n t s  a n d  e l u t i n g  t h e  

D N A  w i t h  0 . 1 2  M p h o s p h a t e  b u f f e r  ( F i g u r e s  1 0 ,  1 1 ,  a n d  1 2 ) .  T h e  

l a b e l l e d  D N A  w a s  p r e p a r e d  a n d  e x p e r i m e n t s  c o m p l e t e d  i n  a  3 0  d a y  

p e r i o d .  T h e r e  w a s  n o  s i g n i f i c a n t  d e t e r i o r a t i o n  o f  t h e  i o d i n a t e d  

p r o d u c t . i n  t h i s  p e r i o d .  T h i s  was v e r i f i e d  by  t h e  l*51 

h o m o l o g o u s  Cot p o i n t s  r e a c t e d  t o  C o t  v a l u e s  g r e a t e r  t h a n  

1 0 0 , 0 0 0 ,  w h i c h  were r e p e a t e d  B t  t h k  c o n c l u s i o n  of the  

-- - - - - - e x p e r i m e n m - p e r i m L -  a n d  t h - a T k a l i m  s u c ~ s & ~ e n ~ a t i o n - o f  - - - 

b o t h  t r a c e r  a n d  d r i v e r  D N A .  



R e s u l t s :  

R e a s s o c i a t i o n  k i n e t i c s  o f  sa lmonid  DNA; 

Computer ized l e a s t  s q u a r e s  a n a l y s i s  p r o v i d e s  a  number of  e q u a l l y  

v a l i d  s o l u t i o n s '  f o r  t h e  s i z e  and r e p e t i t i o n  f r e q u e n c y  o f  

s e q u e n c e  components  w i t h i n  t h e  s a l m o n i d ,  genome. I n  F i g u r e  3 ,  

t h e  r e a s s o c i a t i o n  k i n e t i c s  o f  chum salmon D N A  a t  a  f r a g m e n t  

l e n g t h  o f  0 . 3  kb i s  p l o t t e d .  The f r a c t i o n  o f  t h e  genome which i s  

found i n  each  f r e q u e n c y  component ' an$  t h e  r e a s s o c i a t i o n  r a t e s  

a r e  l i s t e d  I n  T a b l e  "1 .  I n  a  t h r e e  component a n a l y s i s ,  i n  which 

no c o n s t r a i n t s  a r e  p l a c e d  on t h e  f i t t i n g  p r o c e d u r e ,  65% o f  t h e  

0 . 3  kb  f r a g m e n t s  r e a c t  a t  a  r e p e t i t i v e  r a t e .  I n  t h i s  s o l u t i o n ,  a  

[ m i d d l e  r e p e t i t i v e  f r a c t i o n  a c c o u n t s  f o r  a p p r o x i m a t e l y  20% o f  t h e  ' A 

D N A  and i s  r e i t e r a t e d  on t h e  o r d e r  o f  3 x 103 t i m e s .  A s l o w  - 
r e p e t i t i v e  component a c c o u n t s  f o r  40% and i s  r e i t e r a t e d  on t h e  

o r d e r  o f  30 t i m e s .  The r ema in ing  10% r e a c t s  a t  a  v e r y  f a s t  r a t e  

which c a n n o t  b e  measured a c c u r a t e l y  w i t h  o u r  e x i s t i n g  d a t a .  The 

s i n g l e  copy  o r  u n i q u e  component c o m p r i s e s  a b o u t  30% o f  t h e  DNA 

and h a s  a r a t e  c o n s t a n t  o f  3 .4  x M-'s-'* When t h e  

s i n g l e  copy component r a t e  i s  f i x e d  a t  a v a l u e  c o n s i s t e n t  w i t h  a  

- 3.2 pg genome s i z e ,  t h e  r a te  and f ~ a e t i o r t - s i z e  of these - 

/ 
componen t s  d o e s  n o L  change  c_ons ide rab lvLTa l iLe  0. - -  - ---- - - - 

- --- - 

i 



R e a s s o c i a t i o n  c u r v e s  p l o t t e d  a c c o r d i n g  t o  t h e  same l e a s t  s q u a r e s  

r i t t i n g  pr ,ocedure  a r e  r e p r e s e n t e d  f o r  t r o u t  D N A  ( F i g u r e  4 ) ,  coho 

DNA ( F i g u r e  5 ) ,  and sockeye  D N A  ( F i g u r e  6 ) .  A t  a  f r a g m e n t  

l e n g t h  o f  0 .45  kb , s t e e l h e a d  t r o u t  D N A  h a s  a p p r o x i m a t e l y  55% ,of  

i t s  f r a g m e n t s  a s  r e p e t i t i v e  D N A .  Aga in ,  t h e s e  r e p e t i t i v e  

components  can  b e  ana lyzed  a s  two g r o u p s ;  t h e  m i d d l e  r e p e a t  

component which a c c o u n t s  f o r  30% o f  t h e  D N A  and i s  r e i t e r a t e d  on 

t h e  o r d e r  o f  3 x 103 times, and t h e  s l o w  r e p e t i t i v e  component 

which makes up 20%,  and i s  obse rved  t o  have  a  r e p e t i t i o n  

f r e q u e n c y  o f  a b o u t  100. The f o l d b a c k  o r  h i g h l y  r e p e a t e d  

component i s  found t o  compr i se  abou t  5 %  o f  t h e  t o t a l  D N A .  The 
*a 

s i n g l e  copy component r a t e  is  a n a l y z e d  t o  b e  1.1 x 10'3 

M-'s-' which i s  c o n s i s t e n t  w i t h  t h e  s m a l l e r  genome s i z e  df 

2 .5  pg ( L o u i e  and Dixon,  1 9 7 2 ) .  

Analogous r e s u l t s  a r e  o b t a i n e d  f o r  cono and sockeye  r e a s s o c i a t e d  

f r a g m e n t s .  Coho D N A  s h e a r e d  t o  a  f r agmen t  l e n g t h  o f  0 .45  k b ,  

d e m o n s t r a t e s  60% o f  i t s  D N A  t o  b e  r e p e t i t i v e ,  w i t h  a  m i d d l e  

component r e p e a t e d  on t h e  o r d e r  o f  9  x l o 4  t i m e s ,  and a  s l o w e r  

component r e p e a t e d  abou t  800 times ( s e e  F i g u r e  5  and T a b l e  1 ) .  

T h e  f o l d b a c k  f r a c t i o n  a c c o u n t s  f o r  abou t  10% o f  t h e  t o t a l  D N A .  

T h e  s i n g l e  copy  component qompr ised  40% o f  t h e  D N A  and i t s  
I 

r e a s s o c i a t i o n  r a t e  3 s  measu red - t i  be  4.7 f 1 o ' ~  M-',-~. 

3.0 pg ( H i n e g a r d n e r  and Rosen,  1972) .  Sockeye D N A ,  0 .46 kb i n  

l e n g t h ,  i s  found  t o  be  v e r y  s i m i l a r  w i th  60% o f  i ts DNA 

r e p e t i t i v e ,  and two r e p e a t e d  components ;  t h e  m i d d l e  component 
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When t h e  s i n g l e  c o p y  r a t e  i s ' h e l d  c o n s t a n t  a t  t h i s  r a t e ,  t h e  RMS 

i n c r e a s e s  from 0 .024  t o  0 . 0 2 8 .  I n  T a b l e  1, i t  i s  shown t h a t  o n l y  

5% o f  t h e  t o t a l  DNA r e a c t s  a t  s u c h  a  r a t e .  I n  f a c t ,  b y  C o t  . 

0 . 0 0 4 ,  more t h a n  20% o f  t h e  l o n g  DNA f r a g m e n t s  a r e  bound  b y  

h y d r o x y a p a t i t e .  T h e &  a c c e l e r a t e d  v a l u e s  a r e  c . o n s i s t e n t  w i t h  

t h e  i n t e r s p e r s i o n  o f  r e p e t i t i v e  a n d  s i n g l e  c o p y  s e q u e n c e s .  

H y p e r c h r o m i c i t y  a n d  t h e r m a l  d e n a t u r a t i o n  m e a s u r e m e n t s ;  

As o u t l i n e d  i n  t h e  I n t r o d u c t i o n ,  r e l a t i v e  h y p e r c h r o m i c i t y  c a n  be  
J' 

u s e d  a s  a n  a s s a y  of  t h e  f r a c t i o n  o f  f r a g m e n t  l e n g t h  i n  d u p l e x .  

Chum DNA 0 . 3  or 3.2 k b  i n  l e n g t h ,  was r e a c t e d  ' to  C o t  1 ,  1 0 ,  a n d  

100: 0 . 3  k b  f r a g m e n t s .  a t  t h e s e  C o t  v a l u e s  w e r e ~ l u t e d  o v e r  

h y d r o x y a p a t i  t e  c o l u m n s  t o  i s o l a t e  d u p l e x  c o n t a i n i n g  f r a c t i o n s .  

T h e s e  were t h e r m a l l y  d e n a t u r e d  a n d  t h e i r  h y p e r c h r o m i c i t y ,  

m e a s u r e d .  3.2 k b  f r a g m e n t s  c o u l d  n o t  b e  s e p a r a t e d  i n t o  d u p l e x  

c o n t a i n i n g  f r a c t i o n s  b y  e l u t i o n  w i t h  0 . 5  M p h o s p h a t e  b u f f e r  on  
e 

h y d r o x y a p a t i t e .  1t was  t h e r e f o r e  n e c e s s a r y  t o  t h e r m a l l y  

d e n a t u r e  t h e  e n t i r e  r e a s s o c i a t i o n  f r a c t i o n  a n d  co r rec t  f o r  a n y  

u n r e a n n e a l l e d  f r a g m e n t s  w h i c h  may b e  p r e s e n t  ( G o l d b e r g  e t  a l . ,  

1 9 7 5 ) .  F i g u r e  7 -  i l l u s t r a t e s  t h e  h y p e r c h r o m i c i t y  of  0:3 k b  

f r a g m e n t s  , s and e s t i m a t e t i  h y p e r c h r o m i c i t y  o f  3+2 kb  f r a g m e n t s  
9 

- - 
r e a c t e d  t b  Cot 1 0  a n d  100 .  B o t h  t h e  0.3 a n d  3.2 k b r e a s s o c i a t e d  --  - 

- - - - - - - - - - 

p r o d u c t s  h a d  h y p e r c h r o m i c i t y  m e a s u r e m e n t s  l ess  t h a n  t h a t  o f  

n a t i v e  DNA. I n  a d d i - t i o n ,  i t  s h o u l d  be n o t e d  t h a t  3.2 k b  
f'? 

f r a g m e n t s  d e m o n s t r a t e d  h y p e r c h r o m i c i t i e s  s i g n i f i c a n t l y  l e s s  t h a n  



0 . 3  kb f r a g m e n t s  a t  t h e  same Cot value: For  example ,  T a b l e  2 

l i s t s  h y p e r c h r o m i c i t i e s  o f  23.0% and 11.9% f o r  0 . 3  and 3 .2  k b  

f r a g m e n t s ,  r b s p e c t i v e l y ,  r e a c t e d  t o  a  Cot v a l u e  o f  10.  

* - 

T h e  d e n a t u r a t i o n  t e m p e r a t u r e ,  o r  T m ,  of  n a t i v e  chum D N A  i n  

0 .12  M p h a s p h a t e  b u f f e r  is 8 7 & O ~ ;  T h i s  c o r r e s p o n d s  t o  a  44% 

g u a n i n e + c y t o s i n e  (GC) c o n t e n t  ( s e e  Equa t ion  2 ) .  A t  a  f r a g m e n t  

l e n g t h  o f  0 .3  kb t h e  Tm was 8 5 O ~ ,  o r  2 . 5 O ~  l e s s  t h a n  t h e  

Tm o f  l o n g e r  f r a g m e n t  l e n g t h s .  Duplex b e a r i n g  0 . 3  kb- - f ragments  
- 

a t  C o t s  o f  10 and 100 ,  have  T m l s  o f  7 5 . 5 0 ,  and 7 7 O ~ ,  

r e s p e c t i v e l y .  The m e l t i n g  t e m p e r a t u r e s  f o r  loZg DNA f r a g m e n t s  

r e a c t e d  t o  C a t  v a l u e s  o f  1 ,  10 ,  and 100,  a r e  a l s o  d e p r e s s e d  t o  

v a l u e s  o f  76O, 77O, and 7 8 . 5 O ~ ,  r e s p e c t i v e l y .  T a b l e  2 g i v e s  a  

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

S1 n u c l e a s e  . d i g e s t i o n  o f  r e p e t i t i v e  f r a c t i o n s ; '  

The S e p h a r o s e  2 B  e l u t i o n  p r o f i l e s  o f  enzyme r e s i s t a n t  DNA d u p l e x  

a t  Co t s  1 ,  10 ,  and 100 a r e  i l l u s t r a t e d  i n  F i g u r e  8 .  I n  each  

c a s e  t h e r e  a r e  c l e a r l y  two s i z e  c l a s s e s  o f  e,niyme r e s i s t a n t  

d u p l e x  - ( T a b l e  3 ) .  - - - -  A t  Cot - 1 ,  12% o f  t h e  3.2 k& d u q l e x  b e a r i n g  

f r a g m e n t s  a r e  r e s i s t a n t  t o  S1 n u c l e a s e .  T h a t  i s ,  a n  a v e r a g e  88% 
---  -- - ---- ~ 

-- --- - 

o f  t h e  i n i t i a l  f r a g m e n t  l e n g t h  a t  t h i s  Cot v a l u e  i s  f r e e  s i n g l e  

s t r a n d  D N A .  With an i n c r e a s e  i n  Cot v a l u e  t h e  f s a c t i o n  o f  *.:- 
f r agmen t  l e n g t h  i n  d u p l e x  i n c r e a s e s  t o  21% a t  ~ a t  10 and t o  44% 



a t  C o t  100 .  F u r t h e r m o r e ,  a t  C o t  1 0 ,  a p p r o x i m a t e l y  45% of t h e  
/ 

yme r e s i s t a n t  d u p l e x  i s  f o u n d  i n  f r a g m e n t s  w i t h  n  a v e r a g e  7 
l e n g t h  of  0 . 3 5  k b  ( T a b l e  3,  ~ i g G r e . 8 ) .  A l t h o u g h  t h m a t e r i a l  

h a s  a n e a r  n a t i v e  h y p e r c h r o m i c i t y  o f  30% ( a s  o p p o s e d  t o  3 2 . 2 1 1 ,  , 

s h o w i n g  c o m p l e t i o n  o f  t h e  e n z y m i c  d i g e s t i o n ,  t h e  me1 

t e m p e r a t u r e  is s i g n i f i c a n t l y  d e c r e a s e d  f r o m  8 7 . 5 O ~  t o  
- 

( T a b l e  3 ) .  S i m i l a r l y ,  a t  C o t  1 0 0 ,  a b o u t  46% of t h e  e n z y m e  
& 

r e s i s t a n t  DNA i s  a p p r o x i m a t e l y  0..3.5 k b  i n  l e n g t h  w i t h  a  

s u b s e q u e n t  . d e p r e s s i o n  i n  T, f r o m  8 7 - ~ O C  t o  7 2 . 0 ~ ~  ( T a b l e  

3 ) .  -   he d e n a t u r a t i o n  t e m p e r a t u r e s  o f  S e p h a r . o s e  e x c l u d e d ,  o r  

l o n g  r e p e t i t i v e  s e q u e n c e s ,  w h i c h  r e s u l t  fFom n u c l e a s e  d i g e s t i o n  

a r e  i d e n t i c a l  t o  t h a t  of  n a t i v e  D N A ,  i n  t h i s  c a s e ,  8 7 . 5 O ~  

( T a b l e  3 ) .  

H y b r i d i z a t i o n  of  s i n g l e  c o p y  s e q u e n c e s ;  

S i n g l e  c o p y  chum D N A  was  p r e p a r e d  b y  r e a s s o c i a t i n g  0.50 k b  

f r a g m e n t s  t o  a  Cot v a l u e  of  3000. DNA w h i c h  had  n o t  
3 

r e a s s o c i a t e d  w i t h  c o m p l e m e n t a r y  s t r a n d s ,  was  e l u t e d  from 

h y d r o x y a p a t i t e  and  r a d i o a c t i v e l y  l a b e l l e d  w i t h  '251. 

- - -  

A l k a l i n e  i u k r o s o  g r a d i e n t s  d e m o n s t r a t e  t h e  f i n a l  l e n g t h  o f  t h e  

e x c e s s  o f  h o m o l o g o u s  chum D N A ,  t h e  t o t a l  h y b r i d i z a t i o n  i s  

o b s e r v e d  t o  be 79P1.25 s t a n d a r d  d e v i a t i o n  ( S D ) .  A n a l y s i s ,  



using a  l e a s t  s q u a r e s  f i t t i n g  procedure ,  demons t ra tes  t h e  
*. I 

p resence  o f  a  s i n g l e  component w i t h  a  r a t e k o n s t a n t  o f  2.6 x 

M - ~ s - ~  a t  an RMS va lue  o f  1.7 x To c a l  h u  a t e  

t h e  expected  r a t e '  o f  

d r i v e r  D N A ,  one  muSt 

l eng th  o f  t h e  d r i v e r  

t he  r e l a t i o n s h i p :  

h y b r i d i z a t i o n  o f  s h o r t  t r a c e r  w i t h  a  longer  

t a k e  i n t o  account  t h e  l onge r  ' f r a & e n t  

DNA (Chamberlain e t  a l . ,  1978) accord ing  t o  
IP 

, 

where KT = r a t e  o f  t r a c e r  r e a c t i o n  when d r i ven  b y  e x c e s s  DNA 

of  fragment l e n g t h ,  LD 

KS = r a t e  o f  t r a c e r  r e a c t i o n  when d r i ven  w i t h  D N A  o f  .. 
an equal  fragment l e n g t h ,  i . e . ,  LT 

LT = t r a c e r  l e n g t h  

L D  = d r i v e r  l e n g t h  

t h e r e f o r e ,  KT = .00034 ( 2 8 0 / 5 0 0 ) ~ ' ~  

When t h e  same t r a c e r  was d r i v e n  w i t h  a  lo4-fold  sequence 

excess  o f  DNA from o t h e r  s p e c j e s  ( a  he terologous  r e a c t i o n ) ,  t h e  
- - - -  - -  -- - - -  - - - - - - - 

- - - - 

t e rmina t i on  o f  r e a c t i o n  i s  found t o  d i f f e r .  8021 . O %  S D  o f  t h e  ' 
--p ----- ~ ~ - -- -~ 

i o . d i n a t e d f s i n g l e  copy DNA from chum i s  observed t o  r e a c t  t o  
r) 

complet ion w i t h  t r o u t  d r i v e r ,  7 9 1 . 5 %  S D  w i t h  coho d r i v e r ,  and 

5721.6% S D  with  sockeye d r i v e r ,  DNA. These d a t a  a r e  r e p r e s e n t e d  



- - - - - -  A - - & - 

"I / 
b 

C * e  
i n  F igure  9 ,  and a l s o  Table 4 .  :The component'rat$s . a re  observed 

t o  be;  2 .6  x 3.6 x - W 4  and 2.3: x 19-4 ~ - l s - l , f o r  
,; c 

t r o u t ,  coho and sockeye dr  iveb .  r e a c t i o n s  r e s p e c t i v e l y .  To a s s e s s  
d 

t h e  s e l f  r e a c t i o n  o'f t h e  t r k c e r  DNA, a l x i q u o t s  were incubated t b .  z. 
. . 

5 
- b 

max$mum Cot va lues  o f  l o .  Thi,s-would cokrespond t o  a  Cot v a l u e 6  6 
L = 

of l o 5  i n  a  d r iven  r e a c t i o n  where a  s i m i l a r  ,amount of . ' t raSer  
- -9 - 

& .  

" A DNA was p re sen t .  The degree  o f  s e l f . r & a s s o c i a t i o n  is n o t  ' 

4 
e 

observed t o  change add remains a t  approxkmately 6%.  The  amount 

of t r a c e r  D N A  which is observed  t q r e e c t  w i t h  kelp green l ing-  DNA a 

P 
i s  no g r e a t e r  than t h a ' t  measured i n  t h e  s e l f  r 'eaction (6%):.   he + 

f r a c t i o n  o f  r e a c t i v e  chum'single copy .DNA sequences which i s  

%gous w i t h  t r o u t ,  coho, and sockeye D N A ,  i s -  100%, 931, and 

-. 

To determine t h e  n m b e r  o f  bases  w h i c h  a r e - m i s m a t c k d  iin such a  
'i 

hybr id i za t i on  react ion, ,  r e a s s o c i a t e d  fragments were e lu t ed  over * '  

hydroxyapa t i t e  by t h e  temperature  of  t h e  column - in  L . 
. . . 

5 ' ~  increments .  The thermal dena tu ra t i on  p r o f i l e s  f o r  
, 
'--. = .  

heterologous  D N A  r eac ted  t o  completion a r e  r ep re sen t ed  i n  
b. 

Figures  10; 1 1 ,  and 12.  Iod ina ted  s i n g l e  copy D N A  r e a c t e d ' w i t h  

t r o u t ,  coho and sockeye DNA i s  observed t o  hav,e a  2 ' ~  

depress ion  i n  mel t ing  temperature  from the-Tm of  t h e  
- - - -  - -  - - - - - - -- - -- - - - --  - - - -  

homologous li51 chum r e a c t i o n .  A l l  t emperatores  a r e  * 

n a t i v e  double s t randed  DgA. 



'x 

Discuss ion:  

~ e a s s o c i a t i o n  K i n e t i c s ;  

scIn 1968,- B r i t t e n  and Kohne in t roduced ' a  procedure known a s  t h e  
- 

"Cot methodn f o r  s tudying r e n a t u r a t i o n  k i n e t i c s  o f  the rmal ly  

denatured D N A .  Randomly sheared DNA'was allowed t o  r e a s s o c i a t e  

a t  c o n s t a n t  temperature  i n  s tandard s a l t  s o l u t i o n s .  The r a t e  
- t 

l i m i t i n g  s t e p  i n  r e n a t u r a t i o n  was found t o  be t h e  bimolecular  . . 

r e a c t i o n  of complementary singl-e s t randed sequences o f  D N A  

(Wetmur and Davidson, 1968) .  T h i s  base p a i r i n g  of complementary 

r eg ions  could  t h e r e f o r e  be descr ibed  by second-order r e a c t i o n  

k i n e t i c s  and i s  g iven b y  t h e  equa t ion ;  -- J-.---. 

C where C i s  t h e  concen t r a t i on  of s i n g l e  s t r a n d  nuc le  t i d e s  a t  - 

C 

t ime ,  t ,  Co i s  t h e  concen t r a t i on  a t  i n i t i a t i o n  of r e a c t i o n ,  
J 

and K ,  t h e  second order  r a t e  c o n s t a n t  f o r  t h e  r e a c t i o n .  

Graphic r e p r e s e n t a t i o n  of Cot versus  p e r c e n t  r e a s s o c i a t i o n  

euka ryo t i c  DNA ( B r i t t e n  and Kohne, 1968).  S ince  r a t e  o f  

reassociation i s  d e p e n d e n t  on sequence concen t r a t i on ,  r e p e t i t i v e  
& 



s e q u e n c e s  of  a  s p e c i e s ,  a r e  o b s e r v e d  t o  r e a c t  a t  r a t e s  

p r o p o r t i o n a l  t o  t h e i r  r e i t e r a t i o n  f r e q u e n c y .  S i m . i l a r l y ,  s i n g l e  

c o p y  s e q u e n c e s  r e a c t  a t  r a t e s  p r o p o r t i o n a l  t o  t h e  t o t a l  genome 

s i z e  ( B r i t t e n  and  Kohne ,  1 9 6 8 ) .  The " C o t w  c u r v e s  so p r o d u c e d ,  

a r e  a  c o m p o s i t e  of t h e s e  r e p e t i f i v e  and  s i n g l e  cop'y s e q u e n c e  

c o m p o n e n t s .  S t a t i s t i c a l l y  t h e  e n t i r e  c u r v e  c a n  b e  a n a l y z e d  a s  a  

s e r i e s  of  c o m p o n e n t s ;  t h e  number and  f r e q u e n c y  o f  r e p e t i t i o n  

b e i n g  d e p e n d e n t  o n  t h e  c r i t e r i a  u s e d  ( s e e  A p p e n d i x  1 ) .  

G e n e r a l l y ,  C o t  c u r v e s  a r e  a n a l y z e d  f o r  t h e  s m a l l e s t  number  o f  

f r e q u e n c y  c o m p o n e n t s  wh ich  a r e  c o n s i s t e n t  w i t h  t h e  d i s t r i b u t i o n  , 

o f  d a t a  ( P e a r s o n  e t  a l . ,  1 9 7 7 )  a t  d e f i n e d  o r  s t a n d a r d  c r i t e r i a  

( s e e  A p p e n d i x  1 ) .  

As i n  a l l  o b s e r v e d  e u k a r y o t i c  D N A ,  churn . r e a s s o c i a t i o n  c u r v e s  a r e  

f o u n d  t o  c o n s i s t  o f  t h e s e  s e r i e s  o f  s e c o n d  o r d e r  f r e q u e n c y  
'% 

c c o m p o n e n t s .  The  s l o w e s t  c o m p o n e n t ,  i . e .  t h e  o n e  i n  w h i c h  e a c h  

s e q u e n c e  i s  f o u n d  t o  a p p e a r  a p p r o x i m a t e l y  o n c e  p e r  h a p l o i d  

g e n o m e ,  i s  r e f e r r e d  t o  a s  t h e  s i n g l e  c o p y  o r  u n i q u e  s e q u e L n c e  

c o m p o n e n t .  T h o s e  fractions w h i c h  a r e  o b s e r v e d  t o  r e a s s o c i a t e  

f a s t e r  t h a n  t h e  s i n g l e  c o p y  s e q u e n c e  c o m p o n e n t  a r e  r e f e r r e  ,J 
a s  r e p e t i t i v e  c o m p o n e n t s  a n d  a r e  f o u n d  t o  b e  p r e s e n t  more t h a n  

o n c e  p e r  h a p l o i d  genome .  T h e i r  r e p e a t  o r  r e i t e r a t i o n  - f r e q u e n c y  - - 

- - 

t h a t  o f  t h e  s i n g l e  c o p y  r a t e  c o n s t a n t .  



K ( r e p e t i t i v e )  ( e q u a t i o n  7 )  . 

K ( s i n g l e  c o p y )  

w h e r e  K i s  t h e  i n v e r s e  of Cot a t  o n e  h a l f  t h e  maximum v a l u e  

(Wetmur a n d  D a v i d s o n ,  1 9 6 8 ) .  

. - 
- - 

I t  s h o u l d  b e  e m p h a s i z e d  t h a t  t h e  least s q u a r e s  f i t t i n g  p r o c e d u r e  
L 

a s  o u t l i n e d  a b o v e ,  i s  a  s t a t i s t i c a l  e s t i m a t e  fo r  a  minimum 

number  of  f r . equency  c o m p o n e n t s .  T h e s e  s t a t i s t i c a l  f r e q u e n c y  

c o m p o n e n t s  o n l y  d e m o n s t r a t e  a v e r a g e  r e i t e r a t i o n  f r e q u e n c i e s  o f  a - 
s e r i e s  o f  r e p e t i t i v e  D N A  s e q u e n c e s  i n  t h e  genome .  ,I 

Two i d e n t i f i a b l e  r e p e t i t i v e  c l a s s e s  c o u l d  b e  o b s e r v e d  i n  chum 

D N A ,  0 .3  k b  i n  l e n g t h .  T h e  f i r s t  i s  r e i t e r a t e d  on t h e  o r d e r  o f  3 

x  1 0 3  time% per g e n o m e  f s e e  e q u a t i o n  7 )  a n d  m a k e s  u p  

a p p r o x i m a t e l y  20% o f  t h e  DNA f r a g m e n t s .  T h e  s e c o n d  r e p e a t e d  D N A  

c o m p o n e n t  m a k e s  u p  a p p r o x i m a t e l y  4 0 %  o f  t h e  genome a n d  i s  

r e i t e r a t e d  on t h e  o r d e r  o f  30 t o  40 times per genome.  T h e s e  a r e  ' 
r e f e r r e d  t o  a s  t h e  m i d d l e  and  q l o w  r e p e t i t i v e  c o m p o n e n t s  

r e s p e c t i v e l y .  A t b i r d  c o m p o n e n t  r e a c t s  a t  a  v 'ery f a s t  r a t e .  

T h e r e  i s  i n s u f f i c i e n t  d a t a  a t  low Cot v a l u e s  t o  p r o v i d e  a c c u r a t e  

m e a s u r e m e n t  o f  i t s  r e i t e r a t i o n  f r e q u e n c y ,  b u t  i t  c o m p r i s e s  a b o u t *  
- 

1 0 %  o f  t h e  0.3 k b  f r a g m e n t s  a n d  i s  r e i t e r a t e d  a t l e a s t  a n  o r d e r  
- 3. - 

- -- 
-+ - - - 

- -,crfmagn iZudel.lmer %%an %re-m i d  &IF repet13 i v e  c o m p o n e n t  . Th i s 

may b e  r e f e r r e d  t o  a s  t h e  f a s t  r e p e t i t i v e  or  f o l d b a c k  c o m p o n e n t .  



O u r  l e a s t  s q u a r e s  a n a l y s i s  f o r  D N A  components  i n d i c a t e s  t h a t  a t  

l e a s t  30% o f  t h e  0.3 kb f r a g m e n t s  a r e  s i n g l e  copy  sequence-. 

From t h e  f r e e  f i t  r e a s s o c i a t i o n  c u r v e ,  t h e  h a p l o i d  genome s i z e  

o f  chum D N A  may b e  e s t i m a t e d  t o  b e  3 .2  pg which i s  a p p r o x i m a t e l y  

750 t i m e s  t h a t  o f  E. c o l i .  E s t i m a t i o n  o f  t h e  s i n g l e  copy  

r e a s s o c i a t i o n  r a t e  c o n s t a n t  f o r  chum salmon i s  g i v e n  be low.  The 

genome s i z e  f o r  t h i s  o rgan i sm h a s  n o t  been d i r e c t l y  measu red ,  

and t h e r e f o r e  v a l u e s  f o r  - 0. t s h a w y t s c h a  ( 3 . 3  pg genome s i z e )  

and 0. k i s u t c h  ( 3 . 0  pg genome s i z e )  have been s u b s t i t u t e d  - ,  
- 

( H i n e g a r d n e r ,  1972) .  / 

> 

1  b a s e  p a i r  = 618 D a l t o n s  

1  ~ 0 1 6  o f  b a s e  p a i r s  = 6 . 0 2  x 1023 mo lecu le s .  

F-' 3.3 x 10-12 g  is .  t h e r e f o r e  e q u a l  t o  3 .2  x 109 b a s e  p a i r s .  
t 

3.0 x 10-12 g  t h e r e f o r e  r e p r e s e n t s  2 .9  x 109 b a s e  p a i r s .  

S i n c e  such  p r o k a r y o t e s  a s  E s c h e r i c h i a  -9 c o l i  p o s s e s s  m o s t l y  

s i n g l e  copy  D N A ,  o n e  can  u s e  t h e  r a t e  c o n s t a n t  o f  t h e i r  D N A  

r e a s s o c i a t i o n  a s  a  s t a n d a r d  i n  t h e  c a l c u l a t i o n  o f  e x p e c t e d  r a t e s  

f o r  l a r g e r ,  e u k a r y o t i c  genomes. Under a u r  o p e r a t i n g  c o n d i t i o n s ,  

an E, c o l i  0.50 k b  r e a s s o c i a t i o n  c u r v e  h a s  a K value o f  Q,33 



E .  c o l i  d a t a ;  number o f  b a s e  p a i r s  pe r  genome = 4.2  x l o 6  -- 
( f rom Dav idson ,  1976)  

S i n g l e  copy r a t e  c o n s t a n t  = 0 . 3 3  M-ls-I 

Length c o r r e c t e d  r a t e  c o n s t a n t  = 0 . 3 3 ( 3 0 0 / 5 0 0 ) * 5  

= 0.26 M-1,-1 

Cot v a l u e  a t  h a l f  maximum = 3.9 M s 

Salmon d a t a ;  ( a )  e s t m a t e d  number o f  b a s e  p a i r s  p e r  genome 
F 

% ( b a s e d  on t h e  0. t s h a w y t s c h a  genome) - 

s i n g l e  copy r a t e  c o n s t a n t  = 3.4 x M - ~ s - ~  

( b )  e s t i m a t e d  number o f  b a s e  p a i r s  p e r  genome 

( b a s e d  on t h e  0. k i s u t c h  genome) - 

Cot v a l u e  a t  one  h a l f  t h e  maximum 



Cot value  a t  one ha l f  maximum 

, 

s i n g l e  copy r a t e  cons t an t  = 3.7 x M-1s-l 

Use of t h e  computerized l e a s t '  squares  f i t t i n g  procedure (Pearson 

e t  a l . ,  1977) allowed u s  t o  f i x  va r ious  parameters and d e t e c t  a 

any subsequent change i n  t h e  roo t  mean square  (RMS) dev i a t i on  of 

t h e  f i t .  The range of pos s ib l e  f r a c t i o n  s i z e s  f o r  t h e  s i n g l e  

copy 'c'omponent a r e  shown w i t h  t h e i r + e f f e c t i v e  RMS i n  Appendix 2 .  

According t o  t h i s  programme, a l l  f i t s  which d i f f e r  l e s s  than 10% 

i n  t h e i r  RMS va lue  may be taken a s  equa l ly  v a l i d .  The second 

order  r e a s s o c i a t i o n  r a t e  f o r  chum D N A ' s  s i n g l e  copy component i s  

found t o  be 3.4 x M - ~ s - ~  which i s  c o n s i s t e n t  w i t h  

t hose  c a l c u l a t e d  f o r  o ther  spe'cies of  salmon D N A .  

, 

Simi la r  k i n e t i c  ana lyses  were generated f o r  t r o u t ,  coho and 

sockeye D N A  ( s e e  Figures  4 , 5 ,  and 6 ) .  I n  Table 1 i t  may be seen 
I 

t h a t  f o r  each s p e c i e s ,  t h e  r e a s s o c i a t i o n  r a t e  o f  t h e  s i n g l e  copy 

component does no t  d i f f e r  b y  more than a  f a c t o r  of  two from 
- -- predlLctFKsingl-e c o p y  r a t e s .  Var ia t ioroT tKismagniru-decsn b e p  - 

- 
a t t r i b u t e d  t o . t h e  technique i t s e l f .  As expected,  t h e  salmon 

r e a s s o c i a t i o n  curves  were observed t o  be very s i m i l a r .  Coho and 



sockeye  D N A  a p p e a r  t o  ha a  s l i g h t l y  l a r g e r  m i d d l e  r e p e t i ' t i v e  ik" 
component s i z e .  T h i s  may b e  due  t o  t h e  l a r g e r  f r a g m e n t  s i z e  used 

* 

i n  t h e  s t u d y .  For example ,  i f  t h e s e  f r a g m e n t s  c o n t a i n e d  s l o w e r  

r e p e t i t i v e  components  ( o r  s i n g l e  copy " t a i l s l l ) ,  t h e i r  p r e s e n c e  

would n o t  b e  d e t e c t e d ,  s i n c e  hyd rox -yapa t i t e  o n l y  i s o l a t e s  

f r a g m e n t s  w i t h  some p o r t i o n  o f  t h e i r  l e n g t h  i n  d u p l e x :  T r o u t  

0 .46  kb f r a g m e n t s ,  however ,  seemed t o  have a  g r e a t e r  s i n g l e  copy 

component f r a c t i o n  s i z e .  Approximate ly  40% o f  t h e  e s t i m a t e d  2 . 5  

pg genome s i z e  ( L o u i e  and Dixon,  1972)  o r  1.0 pg o f  D N A ,  was 

o b s e r v e d  t o  r e a c t  a t  a  s i n g l e  copy  component r a t e .  Salmon DNA 

g e n e r a l l y  h q d  30% o f  t h e i r  a p p r o x i m a t e  3.0 pg genome s i z e ,  o r  

1 .0  pg o f  s i n g l e  copy  D N A .  

The r e s u l t s  s t a t e d  h e r e ,  a r e  i n  agreement  w i t h  t h o s e  o f  B r i t t e n  

and Kohne i n  t h e i r  f i r s t  r e p o r t  o f  r e p e a t e d  s e q u e n c e s  ' i n  1968. 

Salmon D N A  o f  u n s p e c i f i e d  s p e c i e s  was r e a c t e d  t o  a  maximum Cot 

v a l u e  o f  1000. However, t h e y  d i d  n o t  c a r r y  t h e s e  r e a c t i o n s  

f u r t h e r ,  i . e .  t o  t h e  s i n g l e  copy r e g i o n  o f  t.he c u r v e .  G h a r r e t t  

e t  a l . ,  ( 1 9 7 7 )  p u b l i s h e d  a  r e p o r t  on r e a s s o c i a t i o n  i n  f i s h  D N A .  

He employed an o p t i c a l  r e a s s o c i a t i o n  t e c h n i q u e ,  however ,  and h i s  

r e a s s o c i a t i o n  v a l u e s  d o  not  compare w i t h  one; g i v e n  i n  t h i s  1 
p a p e r .  He d i d  r e p o r t  t h e  o c c u r r e n c e  o f  r e p e t i t i v e  D N A  i n  c h i  ook 

- - - - - 4 
These  s e q u e n c e s  wer4 o b s e r v e d  t o  be  r e i t e r a t e d  on  t h e  o r d e r  o f  

50 t o  250 times pe r  genome.. Vladychenskaya e t  a l . ,  1978,  



r e p o r t e d  t h e  o c c u r r e n c e  o f  r e p e a t e d  s e q u e n c e s  w h i c h  c o m p r i s e d  5 0 %  

o r  m o r e  o f  D N A  i n  s e l e c t e d  s p e c i e s  o f  t h e  s a l m o n i d  g e n u s ,  

C o r e g o n u s .  

I n t e r s p e r s i o n  S t u d i e d  by R e a s s o c i a t i o n  K i n e t i c s ;  

The  i n t e r s p e r s i o n  p a t t e r n  o f  r e p e a t e d  and  s i n g l e  c o p y  s e q u e n c e s  

n a s  b e e n  t h e  s u b j e c t  o f  much i n t e r e s t  i n  r e c e n t  y e a r s .  

R e a s s o c i a t i o n  k i n e t i c s  o f  chum s a l m o n  a t  two f r a g m e n t  l e n g t h s ,  

i n d i c a t e s  t h a t  r e p e t i t i v e  a M  s i n g l e  c o p y  s e q u e n c e s  a r e  

I n t e r s p e r s e d  t h r o ' u g h o u t  t h e  genome .  Abou t  3 0 %  o f  t h e  s h o r t  

f r a g m e n t s  r e a c t e d  a t  r a t e s  c o n s i s t e n t  w i t h  t h a t  o f  t h e  s i n g l e  

c o p y  c o m p o n e n t  ( F i g u r e  3 ) .  ' A t  a  f r a g m e n t  l e n g t h  o f  3.2 k b ,  o n e  

c a n  c a l c u l a t e  t h e  l e n g t h  c o r r e c t e d  s i n g l e  c o p y  r a t e  t o  b e  

(Wetmur a n d  D a v i d s o n ,  1 9 6 8 ) :  

I H o w e v e r ,  on1.y 5% o f  t h e s e  l o n g  f r a g m e n t s  r e a c t e d  a t  s u c h  a  r a t e  

( F i g u r e  3 ) .  T h i s  a p p a r e n t  d e c r e a s e  i n  a m o u n t  of  s i n g l e  c o p y  D N A  

a n d  i n c r e a s e  i n  t h e  a m o u n t  of  r e p e t i t i v e  DNA s u g g e s t s  a n -  

t h e  r e a c t i o n ,  r e p e t i t i v e  DNA a d j a c e n t  t o  s i n g l e  c o p y  s e q u e n c e s  

would  b e  b o h d  by  h y d r ~ x y a ~ a t i ' t i ? ,  c a r r y i n g . w i t h  t h e m  r e g i o n s  

. b e s t  d e s c r i b e d  a s .  s i n g l e  s t k a n d  n t a i l s l l .  The  e n t i r e  f r a g m e n t  



would t h e r e f o r e  be  s c o r e d  a s  dupl 'ex,  l e a d i n g  t o  t h e  measurement  

o f  a p p a r e n t  i n c r e a s e  i n  amount o f  r e p e t i t i v e  o r  e a r l y  r e a c t i n g  

D N A .  

I n t e r s p e r s i o n  S t u d i e d  by Hype rch romic i ty  Measurements ;  

H y p e r c h r o m i c i t y  c a n  b e  used a s  a  measure  o f  t h e  f r a c t i o n  o f  , 

f r agmen t  i n  d u p l e x  ' ( ~ r a h a m  e t  a l . ,  1974) and can t h e r e f o r e  

p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  i n t e r s p e r s i o n  p a t t e r n  o f  t h e  

organi .sm.  DNA r e a c t e d  t o  a  r e p e t i t i v e  Cot ( a  Cot v a l u e  a t  which 
A 

o n l y  r e p e t i t i v e  s e q u e n c e s  have r e a c t e d ) ,  was t h e r e f o r e  t h e r m a l l y  

d e n a t u r e d  and a n a l y z e d  f o r  p e r c e n t  h y p e r c h r o m i c i t y .  F i g u r e  7  

i l l u s t r a t e s  t h e r m a l  d e n a t u r a t i o n  c u r v e s  f o r  0 . 3  and 3 .2  kb 

f r a g m e n t s  r e a c t e d  t o  Cot 10 and 100. 0.3 kb f r a g m e n t s  were  

r e a c t e d  t o  these r e p e t i t i v e  Cot v a l u e s ,  c o l l e c t e d  on 

h y d r o x y a p a t i t e  co lumns ,  and e l u t e d  w i th  0 .5  M p h o s p h a t e  b u f f e r .  

The i s o l a t e d  d u p l e x  f r a c t i o n  was d i a l y z e d  i n t o  0 .12  M p h o s p h a t e  

b u f f e r  and t h e r m a l l y  d e n a t u r e d  i n  t h e  G i l f o r d  s p e c t r o p h o t o m e t e r .  

H y p e r c h r o m i c i t y  o f  0 .3  kb fvagments  r e a c t e d  t o  Cot 10 ,  from 55O 

t o  9g0c i s  23 .0%.  T h e  h y p e r c h r o m i c i t y  o f  t o t a l l y  s i n g l e  s t r a n d  

DNA was s i m i l a r l y  measured t o  be  2.5% and o f  n a t i v e  D N A ,  29.9%. 

Using t h e  method o f  c a l c u l a t i o n  o f  Graham e t  a l . ,  1974,  t h e  
- - - 

f r a c t i o n  d o u b l e  s t r a l l d  i n  Cot 10 ,  0 .3  &b D N A ,  i s :  

23.0 - 2 .5  - - 0 .77 ,  o r  0.23 k b  i n  t o t a l ,  
* 

29.9 - 2.5  



A s i m i l a r  e s t i m a t e  f o r  DNA f r a g m e n t s  r e a c t e d  t o  C o t  100 i s  0.24 

k b ,  a s  l i s t e d  i n  T a b l e  2. 

It i s  d i ' f f i c u l t  t o  s h y  i f  t h i s  m e t h o d  o f  c a l c u l a t i o n  i s  i n d e e d  

v a l i d .  T h e o r e t i c a l l y ,  n o  f r ee  s i n g l e  s t r a n d  DNA s h o u l d  b e  

p r e s e n t  i n  n a t i v e  D N A .  I t  is  t h e r e f o r e  d i f f i c u l t  t o  assess  why a 

v a l u e  f o r  s i n g l e  s t r a n d  h y p e r c h r o m i c i t y  s h o u l d  b'e s u b t r a c t e d  

from t h e  n a t i v e  m e a s u r e m e n t .  W i t h o u t  t h i ' s  c o r r e c t i o n  f o r  n a t i v e  

Bing l ' e  s t r a n d  h y p e r c h r o m k c i t y , '  t h e  d u p l e x  l e n g t h  o f  Fat 10 a n d  

C o t  100 r e a s s o c i a t e d  f r a g m e n t s  c a n  be  e s t i m a t e d  t o  b e  206 a n d  

0.22 k b ,  r e s p e c t i v e l y . .  I n  e i t h e r  c a s e ,  a p p r o x i m a t e l y  t w o - t h i r d s  , 

o f  t h e  f r a g m e n t s  h a v e  r e a s s o c i a t e d .  E l e c t r o n  m i c r o g r a p h s  h a v e ,  

h o w e v e r ,  v e r i f i e d  t h e  o b s e r v a t i o n  o f  s e q u e n c e  i n t e r s p e r s i o n  i n  

r e a s s o c i a t e d  f ; a g r n e n t s  o f  X e n o p u s  D N A  ( C h a m b e r l a i n  e t  -a1. ,  
* 

19 f5) .  C a l c u l a t i o n s  o b t a i n e d  f r o m  t h e s e  m i c r o g r a p h s  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h o s e  o b t a i n e d  b y  t h e  a b o v e  m e t h o d  

( D a v i d s o n  e t  a l . ,  1973) .  P e r h a p s  i t  i s  s u f f i c i e n t  t o  s a y  t h a t  a 

v a r i e t y  o f  f a c t o r s  p l a y  a  r o l e  i n  h y p e r c h r o m i c i t y  m e a s u r e m e n t s  

a n d  t h a t  t h e s e  c a l c u l a t i o n s  a r e ,  t h e r e f o r e ,  o n l y  es t imates  o f  

t h e  f r a c t i o n  o f  f r a g m e n t  i n  d u p l e x .  

T h e  m e l t i n g  t e m p e r a t u r e s  o r  T, of 0.3 k b  r e a s s o c i a t e d  

f r a g m e n t s  a r e  s h o w n  i n  T a b l e  2. I n  e a c h  c a s e ,  I o b s e r v e d  a  

s i g n i f i c a n t  d e p r e s s i o n  i n  T,, b e y o n d  t h a t  e x p e c t e d  from 

f r a g m e n t  l e n g t h  c o n s i d e r a t i o n 3 .  T h i s  d e c r e a s e  may b e  a t t r i b u t e d  

t o  m i s m a t c h  o f  r e p e t i t i v e  s e q u e n c e s .  A t  C o t  10, f o r  e x a m p l e ,  t h e  



m e l t i n g  t e m p e r a t u r e  o f  r e p e t , i t i v e  d u p l e x  was  7 5 . 5 O ~ ,  o r  
L-, f. 

9 . 5 O ~  b e l o w  t h a t  m e a s u r e d  f o r  n a t i v e  0 . 3  k b  f r a g m e n t s .  

A c c o r d i n g  t o  K o h n e ,  1 9 7 0 ,  a  1•‹C d r o p  i n  Tm c o r r e s p o n d s  t o  1 %  

m i s m a t c h  o f  s e q u e n c e s  i n  h y b r i d  p r o k a r y o t i c  D N A  f r a g m e n t s .  If 
B 

o n e  a p p l i e s  t h i s  r e l a t i o n s h i p '  t o  r e a s s o c i a t e d  r e p e t i t i v e  

f r a g m e n t s ,  t h e  9.5OC d e p r e s s i o n  i n  Tm would  c o r r e s p o n d  t o  

9 . 5 %  m i s m a t c h  a t  Cot 1 0 ,  a n d  8 %  m i s m a t c h  a t  C o t  1 0 0 .  B a u t z  a n d  

B a u t z ,  1 9 6 4 ,  i n c r e a s e  t h i s  e s t i m a t e  t o  1 . 5 %  - b a s e  m i s m a t c h  p e r  

1•‹C d e p r e s s i o n s i n  Tm. Cot 1 0  a n d  C o t  1 0 0  r e a s s o c i a t e d  

f r a g m e n t s  may t h e r e f o r e  c o n t a i n  a s  much a s  1 4  a n d  1 2 %  
-4 

r e s p e c t i v e l y ,  m i s m a t c h  o f  s e q u e n c e s .  

I t  i s  d i f f i c u l t  t o  s a y  w h e t h e r  t h e s e  d i f f e r e n c e s   in'^, a r e  

s i g n i f i c a n t .  A c c o r d i n g  t o  B r i t t e n  and  Kohne ,  1 9 6 8 ,  p r e c i s e  

m a t c h i n g  of r e p e t i t i v e  s e q u e n c e s  s h o u l d  o c c u r  i n  s e q u e n c e s  m o s t  

r e c e n t l y  e v o l v e d ,  s i n c e  h e  p r o p o s e s  t h a t  t h e y  a r i s e  b y  s a l t a t o r y  - 
3 e p l i c a t i o n .  A e m b e r s  o f  a  r e l a t e d  s e t  o f  s e q u e n c e s  w o u l d  

s u b s e q u e n t l y  d i v e r g e  f r o m  e a c h  o t h e r ,  w i t h  t ime.  Our 

m e a s u r e m e n t s  show t h e  slower r e p e a t i n g  c o m p o n e n t  t o  h a v e  l e s s  

s e q u e n c e  m i s m a t c h  i n d i c a t i n g  t h a t  t h e s e  s e q u e n c e s  a r e  e i t h e r  

r e l a t i v e l y  new,  or  more h i g h l y  c o n s e r v e d .  Howeve r ,  i t  i s  n o t  

known w h a t  r o l e  s e l e c t i o n  m i g h t  p l a y  i n  d i v e r g e n c e  o f  r e p e t i t i v e  



E x p e r i m e n t a l l y  I w a s  u n a b l e  t o  i s o l a t e  d u p l e x  3.2 k b  f r a g m e n t s  

b y  e l u t i n g  f r o m  h y d r o x y z p a t i t e  w i t h  0 .5  M p h o s p h a t e  b u f f e r .  T h i s  - 

w a s  Most l i ' k e l y  d u e  t o  e x t e n s i v e  n e t w o r k s  o f  r e a s s o c i a t e d  

f r a g m e n t s ,  t h a t  f o r m  d u r i n g  r e n a t u r a t i o n .  I w a s  t h e r e f o r e  u n a b l e  

t o  t h e r m a l l y  d e n a t u r e  e x c l u s i v e l y  d u p l e x  f r a c t i o n s .  A p p r o x i m a t e  

e s t i m a t e s  for  t h e  a m o u n t  o f  d u p l e x  i n  l o n g  f r a g m e n t s  were 

o b t a i n e d  b y  t h e r m a l l y  d e n a t u r i n g  t h e  e n t i r e  r e a s s o c i a t i o n  

m i x t u r e ,  a n d  c o r r e c t i n g  o u r  m e a s u r e m e n t s  f o r  t h e  f r ee  s i n g l e  

s t r a n d s  a s  r e p o r t e d  by. G o l d b e r g  e t  a l . ,  1975. T h e  r e s u l t i n g  

h y p e r c h r o m i c i t y  c u r v e s  a r e  f o u n d  i n  F i g u r e  7 .  A l t h o u g h  I w a s  

u n a b l e  t o  d e t e r m i n e  a n  e x a c t  m e a s u r e m e n t  f o r  h y p e r c h r o m i c i t y  i n  
1 - 

3.2 k b  f r a g m e n t s  i t  i s  s i g n i f i c a n t  t h a t  t h e  e s t i m a t e s  a r e  

g r e a t l y  r e d u c e d  r e l a t i v e  t o  t h o s e  o f  0 .3  k b  f r a g m e n t s  a t  t h e  - 
same Cot v a l u e s .  F o r  e -xarnp le ,  3.2 k b  f r a g m e n t s  a t  Cot . I 0  h a d  , a n  

I 

- 

e s t i m a t e d  h y p e r c h r o m i c i t y  o f  1 1 . 9 %  a s  o p p o s e d  t o  0 .3  k b  

f r a g m e n t s  r e a c t e d  t o  t h e  s a m e  C o t  v a l u e  w i t h  a  h y p e r c h r o m i c i t y  , 

o f  23.0%. T h i s  i l l u s t r a t e s  t h a t  t h e  f r a c t i o n  of t h e  3.2 k b  

f r a g m e n t  l e n g t h  w h i c h  i s  i n  d u p l e x ,  i s  l e s s  t h a n  t h a t  o f  t h e '  

s h o r t e r  f r a g m e n t ,  a g a i n  d e m o n s t r a t i n g  t h e  i n t e r s p e r s i o n  o f  

r e a s s o c i a t e d  a n d  u n r e a s s o c i a t e d  DNA s e q u e n c e s .  

T h e  lower h y p e r c h r o m i c i t y  i n  r e a s s o c i a t e d  l o n g  f r a g m e n t s  i s  
- - - - -  - 

- - 
- 

c o n s i s t e n t  w i t h  t h e  t h e o r y  t h a t  r e p e t i t i v e  s e q u e n c e s  a r e  
_ p p  - -  - _- - _  - -- - 

- - 

i n t e r s p e r s e d  w i t h  u n i q u e  s e q u e n c e s .  By C o t  100, few o f  t h e  

s i n g l e  c o p y  o r  u n i q u e  s e q u e n c e s  w o u l d  h a v e  r e a s s o c i a t e d .  

F r a g m e n t s  c o n t a i n i n g  b o t h . r e p e t i t i v e  a n e  s i n g l e  c o p y  s e q u e n c e s  



- 

would  the re fo re  s h o w  a  s i g n i f i c a n t  f r a c t i o n  o f  t h e i r  l e n g t h  a s  

u n r e a s s o c i a t e d  o r  s i n g l e  s t r a n d  r e g i o n s .  T h e s e  i . i n d i n g s  a r e  

c o n s i s t e n t  w i t h  a  s h o r t  p e r i o d  o r  "Xenopusl t  i n t e r s p e r s i o n  

p a t t e r n  o f  r e p e t i t i v e  a n d  s i n g l e  c o p y  s e q u e n c e s .  

t 

~ n t e r s - p e r s i o n  S t u d i e d  by  S 1  N u c l e a s e  R e s i s t a n c e ;  

T h e  r e a s s o c i a t i o n  k i n e t i c s  o f  3.2 k b  f r a g m e n t s  a n d  

h y p e r c h r o m i c i t y  o f  s u c h  f r a g m e n t s  a t  r e p e t i t i v e  C o t  v a l u e s  
- 

i n d i c a t e  t h e  i n t e r s p e r s i o n  o f  r e p e t i t i v e  s e q u e n c e s  w i t h  s i n g l e  

c o p y  D N A .  Howeve r ,  t h e s e  m e a s u r e s  d o  n o t  r e v e a l  t h e  l e n g t h  o r  

a m o u n t  o f  r e p e t i t i v e  s e q u e n c e  i n  t h e  r e a s s o c i a t e d  p r o d u c t s .  I n  

o r d e r  t o  ' d e t e r m i n e -  t h e  l e n g t h  o f  t h e  r e p e t i t i v e  - s e q u e n c e  I n  
2 . 

d u p l e x  c p n t a i n i n g  l o n g  f r a g m e n t s , i r e a s s o c i a t e d  f r a g m e n t s  were 

d i g e s t e d  w i t h  t h e  single s t r a n d  s p e c i f i c  ~ u c l e a s e ,  S1 a t  C o t  1 ,  
2 

1 0 ,  a n d  100.  T h i s  enzyme  . u n d e r  t h e  p r o p e r  r e a c t i o n  c o n d i t i o n s ,  
- 

w i l l  d i g e s t  s i n g l e  s t r a n d  D N A ,  b u t  l e a v e  d u p l e x  i n t a c t  ( A n d o ,  
. e 

1966; Vogt, 1973).  D N A  r e a c t e d  t o  t h e s e  r e p e t i t i v e - c o t  v a l u e s  

a n d  t r e a t e d  w i t h  e n z y m e ,  was  p a s s e d  o v e r  h y d r o x y a p a t i t e  t o  

d e t e r m i n e  t h e  amoun t  w h i c h  was  r e s i s t a n t  t o  S 1  e n z y m e .  . 

E s t i m a t e s  of  t h e  a m o u n t  o f  d u p l e x  m a t e r i a l  a r e  l i s t e d  i n  T a b l e  

2. 

c o l u m n s ,  d i s t i n c t  s i z e  c l a s s e s  were o b s e r v e d  ( F i g u r e  8 ) .  
' 0  . 

S e p h a r o s e  CL-2B f r a c t i o n a t e s  d o u b l e  s t r a n d  gukaryot i c  DNA i n  t h e  
- w a  

P 



s i z e  r a n g e  2 . 0  t o  0 . 2  k b .  A l i n e a r  

p a r t i t i o n  c o e f f i c i e n t  ( K a v )  o f  t h e  DNA f r a g m e n t s  b e t w e e n  g e l  and . 
e l u a n t  p h a s e s ,  a n d  t h e  l o g  of t h e  DNA f r a g m e n t - i z e  i n  kb  (M.J. 

S m i t h  pers .  comm.). ..a 

b 

A t  C o t s  1 ,  1 0 ,  and  1 0 0  a p p r o x i m a t e l y  2 5 % ' o f  t h e  enzyme r e s i s t a n t  

f r a g m e n t s  were e x c l u d e d  f rom t h e  S e p h a r o s e  cblumn;  T h e s e  

f r a g m e n t s  would t y p i c a l l y  h a v e  a  l e n g t h  o f  g r e a t e r  t,han '2.0 k b  

The p e a k  of D N A  f r a g m e n t s  i n c l u d e d  by  S e p h a r o s e  m a y - b e  e s t i m a t e d  

i n  t h e  s i z e  r ' ange  o f  0.35 k b  2 0 . 1  k b .  D i s t i n c t i v e  t o  t h i s  

s e p a r a t i o n ,  i s  t h e  b i m o d a l  d i s t r i b u t i o n  o f  f r a g m e n t  s i z p .  T h i s  

d i s t i b u t i o n  o f  f r a g m e n t  s i z e s  i s  c h a r a c t e r i s t i c  o f  t h e  s h o r t  
0 ' i 

C - 

p e r i o d  i n t e r s p e r s i o n  p a t t e r n  ( D a v i d s o n  e t  a l : ,  1973 ;  Grgham e t  
d 

To e n s u r e  t h a t  t h e  S1 n u c l e a s e  r e a c t i o n  w a s ' c o r n p l e t e ,  G p h z i r o s e  . 
* -" 

T - -  1. -- . 
~ n c l i d e d  and e x c l u d e d  f r a c t i o n s - & i r e  t h e r m a l l y  d e n a t w e d  ih. a .;,:--- 

,. , : :, - " 3 - - 1 .r 

G i l f o r d  s p e c t r o p h o t o m e t e r  . . - CompJe t ion  o f  r e a c t i o n  Gas  . i n e d i c a f r g , . -  ' -% . 
* .  -_ . 

* by t h e  n e a r  n a t i v e  h y p e r c h r o m i c i t i e ' s  o f  b o t h  f r a c t i o n s .  Ih . - a . " .  -* 

a d d i t i o n ,  the m e l t i n g  t e m p e r a t u r e ,  Tm, o f  t h e  e x c l u d e d . ,  

f r a c t i o n  was o b s e r v e d  t o  be v e r y  n e a r  t h a t  of n a t i v e  DFIA.' T h i s  

wouf d s u g g e s t  a l m o s t  c o m p l e t e  b a s e  p a i r i n g  of t h e  r e a s s o c i a t e d  

s t r a n d s .  It i s  n o t  y e t  known why t h e s e  s t r a n d s  are s o  h i g h l y  

u r e b i n s  and  s t a r  f i s h  (Eden  e t  a l . ,  1977;  s m i t h -  a n d  Boal, 1 9 7 8 ) .  - 
The i n c l u d e d  f r a c t i o n s ,  h o w e v e r ,  showed 'a 1t;5% d e p r e s s i o n  i n  



Tm. ~ c c o r d i n g  t o  Kohne,  1970 ,  and  B r i t t e n  e t  a l . ,  1 9 7 4 ,  a  

11. ~ O C  d e c r e a s e  i n  7 '  would c o r r e s p o n d  t o  a p p r o 3 i m a t e l y  

11 .5%,  o r  0 . 0 3  k b ,  which  a r e  m i s m a t c h e d .  T h i s  e s t i m a t e  i s  i n  

a g r e e m e n t  w i t h  t h e  9.0-1 1 . 5 ' ~  d e p r e s s i o n  i n  Tm m e a s u r e d  
- 

u s i n g  h y p e r c h r o m i c i t y  o f  3. z r k b  f r a g m e n t s .  

H y b r i d i z a t i o n  o f  , S i n g l e  Copy S e q u e n c e s ;  

T h e r e  h a s  b e e n  much s p e c u l a t i o n  on  t h e  r o l e  o f  s i n g l e  c o p y  DNA 

s e q u e n c e s  i n  t h e  d e v e l o p m e n t  and m a i n t e n a n c e  o f  o r g a n i s m s .  

Recen t  f i n d i n g s  h a v e  shown t h a t  m o s t  s t r u c t u r a l  g e n e s  a r e  c o d e d  

i n  s i n g l e  c o p y  s e q u e n c e s  ( G a l a u  e t  a l . ,  5974; K l e i n  e t  a l . ,  

1974; Campo and B i s h o p ,  1974 ;  and A n g e r e r  e t  a l . ,  1 9 7 6 ) .  However 

t h e  l a r g e  q u a n t i t y  o f  s i n g l e  c o p y  D N A  ( a p p r o x i m a t e l y  1 . 0  pg i n  - 

s a l m o n i d s )  and t h e  v a r i a t i o n  i n  q u a n t i t y  f rom s p e c i e s  t o  

\ s p e c i e s ,  s u g g e s t s  t h a t  much o f  t h i s  D N A  i s  n o t  made up  of 

s t r u c t u r a l  g e n e s .  E v i d e n c e  f o r  l i m i t e d  t r a n s c r i p t i o n  o f  s i n g l e  

c o p y  g e n e s  h a s  b e e n  p r e s e n t e d  i n  p a p e r s  b y  Hough e t  a l . ,  1 9 7 5 ,  

and G a l a u  e t  a l . ,  1976.  

Measurement  o f  t h e  d e g r e e  o f  s i n g l e  c o p y  s e q u e n c e  homology c a n ,  

- - s a h m i L  wmnnirl l ~ e d ~ l e n p y s - e - ~ - ~  ckum_DU--- - -- -- 

were r a d i o a c t i v e l y  l a b e l l e d  and a l l o w e d  t o  r e a s s o c i a t e  w i t h  a  

l a r g e  e x c e s s  o f  .DNA f r o m  t h e  o t h e r  s p e c i e s .  T h e s e  homologous  and 

h e t e r o l o g o u s  r e a c t i o n s  were a s s a y e d  by h y d r o x y a p a t i t e  



c h r o m a t o g r a p h y  t o  d e t e r m i n e  t h e  e x t e n t  t o  w h i c h  t h e y  w o u l d  

h y b r i d i z e .  T h i s  t e c h n i q u e  h a s  b e e n  e m p l o y e d  f o r *  s u c h  g r o u p s  a s  

s e a  u r c h i n s  ( H a r p o l d  a n d  C r a i g ,  1 9 7 6 ;  ~ n g e r e r  e t  a l . ,  1 9 7 6 ) ,  

p r i m a t e s  ( K o h n e ,  1 9 7 0 1 ,  r o d e n t s  ( R i c e ,  1 9 7 4 ) ,  a n d  b i r d s  ( E d e n  e t  

a l . ,  1 9 7 8 ) .  I n  t h e s e  r e p o r t s ,  a  ' p o s i t i v e  c o r r e l a t i o n  i s  u s u a l l y  

f o u n d  b e t w e e n  m o r p h o l o g i c  d a t a ,  and. ,  s i n g l e  ' c o p y  r e l a t e d n e s s  i n  
.L- 

e v o l u t i o n .  If t h i s  i s  t h e  c a s e ,  t h e n  D N A  h y b r i d i z a t i o n  s t u d i e s  

may p r o v i d e  a d d i t i o n a l  a n d  much n e e d e d  i n f o r m a t i o n  o n  e v o l u t i o n  

i n  s a l m o n i d s .  7 

i 
Chum D$, 0 . 4 6  b b  i n  l e n g t h ,  w a s  r e a c t e d  t o  a  C o t  v a l u e  o f  3 0 0 0  

a n d  p a s s e d  ' o v e r  - h y d r o x y a p a t i t e  . t o  i s o l a t e  s i n g l e  c o p y  D N A  f r o m  

t h e  r e p e t i t i v e  s e q u e n c e s .  R e a s s o c i a t i o n  k i n e t i c  m e a s u r e m e n t s  
, 

- 

d e m o n s t r a t e  t h a t  t h e  r e p e t i t i v e  DNA w i l l  h a v e  r e a c t e d  b y  t h i s  
- 

v a l u e .  T h e  l o n g e r  f r a g m e n t  l e n g t h  w a s  u s e d  t o  e n s u r e  t h a t  a  

s u f f i c i e n t l y  l o n g ,  l a b e l l e d  D N A  p r e p a r a t i o n  w o u l d  b e  o b t a i n e d .  

T h e  i s o l a t e d  s i n g l e  c o p y  D N A  w a s  i o d i n a t e d  u s i n g  a  m o d i f i e d  

C o m m e r f o r d  ( 1 9 7 1  t e c h n i q u e .  T h i s  m e t h o d  c o v a l e n t l y  b o n d s  a n  

1251 m o l e c u l e  t o  c y t o s i n e  t o  m a k e  a  5 - i o d o  c y t o s i n e  d e r i v a t i v e  

( P r e n s k y ,  1 9 7 6 ) .  A p p r o x i m a t e l y  0 . 1 %  of t h e  c y t o s i h e  b a s e s  were 

i o d i n a t e d  i n  t h i s  p r e p a r a t i o n  ( s ee  A p p e n d i x  3 f o r  a d e t a i l e d  

L c a l c u i a t i o 6 o f  t h i s  v a l u e ) .  I o d i n a t i o n  w a s  t h e  m e t h o d  of c h o i c e  
- - - - - - - -  -- - - - - 

b e c a u s e  of i t s  h i g h  s p e c i f i c  a c t i v i t y  a n d  ease  of h a n d l i n g .  One 
- - - -  - -- - --- -- - - - - -- - - - -- - - - - - - - -- - - - - - -- 

d r a w b a c k  t o  t h i s  i s o t o p e  i s  i t s  s h o r t  h a l f - l i f e ,  a n d  a l l  

e x p e r i m e n t s  h a d  t o  be c o m p l e t e d  i n  a s  s h o r t  a p e r i o d  of  ti,me a s  

p o s s i b l e  ( i n  o u r  c a s e ,  o n e  m o n t h )  u n d e r  s t r i c t l y  c o n t r o l l e d  

c o n d i t i o n s  ( s e e  b e l o w ) .  



l*51 l a b e l l e d  chum s i n g l e  copy  D N A  was a l l owed  t o  r e a c t  w i t h  a  

4 10 - f o l d  s i n g l e  copy s e q u e n c e  e x c e s s  o f  h e t e r o l o g o u s  D N A .  By 

r e a c t i n g  w i t h  such  a  v a s t  amount o f  d r i v e r  D N A ,  t h e  p r o b a b i l i t y  

o f  t r a c e r  D N A  r e a c t i n g  w i t h  o t h e f  t r a c e r  m o l e c u l e s  becomes v e r y  

s m a l l .  Hence t h e  r a t e  o f  r e a c t i o n  was d i c t a t e d ,  o r  " d r i v e n m ,  by 

t h e  e x c e s s  h e t e r o l o g o u s  o r  " d r i v e r H ,  D N A .  We have  v e r i f i e d .  t h i s  

phenomenon by o u r  s e l f - r e a c t i o n  c o n t r o l s  ( s e e  b e l o w ) .  D i s p a r i t y  

i n  t h e  f r agmen t  l e n g t h  o f  t r a c e r  and d r i v e r  D N A  h a s  been shown 

t o  a f f e c t  t h e  r a t e  o f  r e a c t i o n  (Wetmur, 1971; Hu t ton  and Wetmur, 

1973;  B i s h o p ,  1975; and Chamberla in  e t  a l . ,  1978) ,  
* " - 

However o n e  can c o r r e c t  f o r  l e n g t h  e f f e c t s  w i t h  knowledge o f  

t r a c e r  and d r i v e r  f r a g m e n t  s i z e  (Chamber la in  e t  a l . ,  1 9 7 8 ) .  I n  

each  c a s e ,  h y b r i d i z a t i o n  r a t e s  o b t a i n e d  i n  t h i s  s t u d y ,  a r e  

e x t r e m e l y  c l o s e  t o  e x p e c t e d  v a l u e s  ( T a b l e  '4). These v a l u e s  

a t  o n l y  s i n g l e  copy s e q u e n c e s  a r e  r e a c t i n g .  
9 

I n  o r d e r  t o  d e t e r m i n e  t h e  maximum amount o f  r e a s s o c i a t i o n  

p o s s i b l e ,  chum t r a c e r  D N A  was a l l owed  t o  r e a c t  w i t h  an e x c e s s  o f  

chum d r i v e r  D N A .  F i g u r e  9 i l l u s t r a t e s  t h i s  homologous r e a c t i o n .  

The e x p e c t e d  r a t e  o f  r e a s s o c i a t i o n  f o r  t r a c e r  DNA w i t h  a  l o n g e r  

d r i v e r  D N A  i s  2.5 x M - ~ s - ~  (Chamber la in  e t  a l . ,  1978,  ,' - .+ 

%, 
s e e  e q u a t i o n  5 ) .  The r a t e  obse rved  was 2 .6  x M - ~ s - ~ '  . ?I 

- - - - - - - - -- - - - - - - - - 
w i t h  a  r o o t  mean s q u a r e  v a l u e  o f  1.*9 x la'*. The l e a s t  s q u a r e s  ' 

d e t e c t a b l e  c o n t a m i n a t i o n  o f  t h e  1 2 5 ~ - ~ ~ ~  w i t h  r e p e t i t i v e  < .  

s e q u e n c e s .  Approximate ly  79% o f  t h e  t r a c e r  D N A  was obsd rved  t o  
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Based  o n  f r e e  f i t  a n a l y s i s  o f  t h e  r e a s s o c i a t i o n  k i n e t i c s  o f  0.3. \ 

k b  chum D N A ,  o n e  c a n  p ~ e . d i c t  t h a t  a  0.28 - k b  t r a c e r  wou ld  h a v e  

1 . 0 1  p g  ( 3 1 . 7 %  ~f 3 . 2  p g )  p r e s e n t  a s  s i n g l e  c o p y  D N A .  T r o u t >  

d r i v e r ,  o n  t h e  o t h e r  h a n d ,  wou ld  h a v e  43 .5% o f  2.5 pg w h i c h  i s  

e q u a l  t o  1 . 0 9  pg i n  s i n g l e  c o p y  s e q u e n c e .  T h a t  i s  t o  s a y  t h a t  
.o 

v i r t u a l l y  a l l  o f  t h e  chum s i n g l e  c o p y  o r  u n i q u e  s e q u e n c e s - a r e  

c o n t a i n e d  i n  t r o u t  ( 1 . 0 9  - 1 . 0 1  = 0 . 0 8  pg  d i f f e r e n c e ) .  If time 

h a d  p e r m i t t e d ,  i t  wou ld  h a v e  b e e n  i n t e r e s t i n g  t o  e x a m i n e  t h e  

r e c i p r o c a l  e x p e r i m e n t  u s i n g  t r o u t  s i n g l e  c o p y  DNA a s - t h e  p r o b e .  

I n  t h e  c a s e  o f  c o h o  D N A ,  92% ( 6 7 % / 7 3 %  = 9 2 % )  o f  t h e ,  chum 

s e q u e n c e s  r e a c t e d .  T h i s  wou ld  a c c o u n t  f o r  0 . 9 3  pg  o f  t h e  t o t a l  

' 1 . 2  pg p r e s e n t  a s  c o h o  $ i n g l e  c o p y  D N A .  The d i f f e r e n c e  of  0 . 2 7  

pg i s  e n o u g h  DNA t o  c o d e  f o r  5 0  times t h e  i n f o r m a t i o n  c o n t e n t  of  

t h e E .  c o l i  genome .  S o c k e y e  DNA was  f o u n d  t o  h y b r i d i z e  w i t h  73% 

o f  t h e  chum s i n g l e  c o p y  s e q u e n c e s .  T h e r e f o r e  0 .74  pg i s  

h o m o l o g o u s  w i t h  a n  e s t i m a t e d  0 . 9  pg s o c k e y e  s i n g l e  c o p y  

c o m p o n e n t .  A d i f f e r e n c e  of 0 . 1 6  pg  c a n  be c a l c u l a t e d  f r o m  t h e s e  

f i g u r e s .  I t  is  i m p o r t a n t  t o  n o t e  t h a t  t h e s e  d a t a  d o  n o t  i n d i c a t e  

t h e  s e q u e n c e  homology  b e t w q  c o h o  and  s o c k e y e ,  .f% ,it c a n n o t  b e  

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

- - - -  - - - - - -  - 

 one-of t h e  chum s i n g l e  c o p y  s e q u e n c e s  were o b s e r v e d  t o  r e a c t  

exp la inbed  i f  t h e  c r i t e r i a  of my c o n d i t i o n s  a r e  t a k e n  i n t o  

a c c o u n t .  s i n c e  e l u t i o n  f r o m  h y d r o x y a p a t i t e  t o o k  p l a c e  a t  60•‹c 



( 1 6 . 0 ~ ~  below t h e  Tm of t h e  homologous r e a c t i o n ) ,  mismatch 

of 16.0% of  t h e  sequences would lead t o  e l u t i o n  from t h e  column. 

T h i s  l a c k  of sequence hyb r id i za t i on  may be explained i f  one 

examines evo lu t iona ry  divergence between t h e  two groups.  

McAl l i s te r ,  1968, i l l u s t r a t e s  i n  a  c h a r t  o f  o r d i n a l  phylogeny of  

t h e  Teleostomi ,  l a s t  common ances to r s  occur r ing  i n  t h e  l a t e  

J u r a s s i c  pe r iod ,  approximately 160-180 mi l l i on  yea r s  ago. I f  a s  

much a s  1% sequence divergence per m i l l i o n  years  has  occu r r ed ,  

than t h i s  f a c t o r  a lone  could account f o r  l ack  of h y b r i d i z a t i o n  

under my exper imental  cond i t i ons .  T h u s  t h i s  measurement served 

as  a  c o n t r o l  o f  s p e c i f i t y  f o r  t h e  1*51 chum probe. 

T 

Reassociated t r a c e r - d r i v e r  mix tures  were thermal ly  denatured i n  

5 ' ~  increments  on hydroxyapat i te  columns. Since  t h e  Tm of  a  

r e a s s o c i a t e d  fragment i s  d i r e c t l y  r e l a t e d  t o  t he  f r a c t i o n  of 

bases  p a i r e d ,  t h i s  technique allowed u s  t o  measure any mismatch 

t h a t  might have occurred i n  t h e  heterologous  r e a c t i o n s  (La i rd  e t  

a l . ,  1969; B r i t t e n  e t  a l . ,  1974). 

I 
The Tm f o r  t he  chum tracer-chum d r i v e r  DNA r eac t ed  t o  

completion (Cot = 225,000) i s  76.0•‹c. T h i s  r e p r e s e n t s  a  g O c  
- - - - - - 

depressi;n i n  temperature  from t h a t  measured f o r  n a t i v e  0 .3  k b  
-- - -- -- - - - - - - - - - --- - - - 

f r a c t i o n s .  I t  i s  no t  known why t h i s  depress ion  occur red ;  i t  may 

be r e l a t e d  t o  thermal i n s t a b i l i t y  caused by t h e  i o d i n a t i o n  

r e a c t i o n .  However, s i n c e  only  0 .1% of a  0.3 k b  fra'gment was 



i o d i n a t e d ,  t h i s  would o n l y  a c c o u n t  f o r  a  0 .  1•‹c d e p r e s s i o n  i n  

Tm, a t  maximum. T h i s  phenomenum h a s  b e e n  r e p o r t e d  by o t h e r  

w o r k e r s  u s i n g  o t h e r  r a d i o a c t i v e  l a b e l s .  For  e x a m p l e ,  H a r p o l d  e t  

a l . ,  1 9 7 8 ,  r e p o r t e d  a  7 8 . 5 O ~  m e l t i n g  t e m p e r a t u r e  f o r  

3 ~ - l a b e l l e d  D N A  r e a c t e d  t o  l o n g  Cot  v a l u e s .  

A r- 
More l i k e l y ,  t h e  l o w  m e l t i n g  t e m p e r a t u r e  o f  t r a c e r  f r a g m e n t s  may 

b e  a t t r i b u t e d  t o  a  c o m b i n a t i o n  o f  f a c t o r s .  I n  a  p a p e r  by  S m i t h  
- 

e t  a l . ,  1975 ,  e x p e r i m e n t s  were  p e r f o r m e d  t o  m e a s u r e  t h e  

n u c l e a t i o n  r a t e  o f  s i n g l e  s t r a n d s  on  p a r t i a l l y  r e a s s o c i a t e d  

s t r u c t u r e s .  S i n c e  t h e  a v e r a g e  f r a c t i o n  o f  t h e  t r a c e r  f r a g m e n t  

t h a t  i s  i n  d u p l e x  w i t h  d r i v e r  D N A ,  i s  a b o u t  5 5 % ,  o n e  may e x p e c t  

a  4 ' ~  d e p r e s s i o n  i n  Tm f rom t h a t  o f  n a t i v e  D N A  ( B r i t t e n  e t  

a l . ,  1 9 7 4 ) .  In  a d d i t i o n ,  c o n t r i b u t i o n s  from po lymorph i sm and 

h e t e r o z y g o s i t y  'have  a c c o u n t e d  f o r  a s  much a s  4 ' ~  d e p r e s s i o n  i n  

Tm i n  s e a  u r c h i n s  ( B r i t t e n  e t  a l . ,  1 9 7 8 ) .  

H e t e r o l o g o u s  r e a c t i o n s  u s i n g  t r o u t ,  c o h o ,  and s o c k e y e  d r i v e r  

D N A ,  w e r e  o b s e r v e d  t o  h a v e  a  ~ O C  d e p r e s s i o n  i n  Tm r e l a t i v e  

t o  t h e  chum r e a c t i o n  ( F i g u r e s  1 0 ,  1 1 ,  . a n d  1 2 ) .  A c c o r d i n g  t o  t h e  

L a i r d  e t  a l . ,  1969 ,  a n d  B a u t z  and B a u t z ,  1964 ,  r e l a t i o n s h i p s ,  

t h i s  would- c o r r e s p o n d  t o  a p p r o x i m a t e l y  2-3%-mismatcJ-  af 

r e a s s o c i a t e d s e q u e n c e s .  T h i s - r e p r e s e n t s  s i g n i f i c a n t  d i v e r g e n c e  _ 

i n  t h e  e v o l u t i o n  o f  s u c h  s e q u e n c e s .  Neave,  1958, d a t e s  t h e  last 

common a n c e s t o r  i n  Oncorhynchus  a t  1 . 0  m i l l i o n  y e a r s  a g o .  The 
- - 



.' 
e v o l u t i o n a r y  t i m e  s e p a r a t i n g  t h e s e  s p e c i e s  would t h e r e f o r e  b e  a t  - 
maximum; 2 m i l l i o n  y e a r s .  I f ,  a s  i n  t h e  c a s e  o f  r e a s s o c p a t e d  

chum- t rou t  h y b r l d s ,  t h e r e  i s  2% mismatch i n  s i n g l e  copy 

s e q u e n c e s ,  one  can  c a l c u l a t e  t h a t  1% d i v e r g e n c e  p e r  m i l l i o n  

y e a r s ,  h a s  o c c u r r e d .  

8 

T h i s  v a l u e  i s  h i g h e r  t h a n  t h o s e  r e p o r t e d  f o r  s e a  u r c h i n s  
% 

(Ange re r  e t  a l . ,  1976;  Harpold  and C r a i g ,  1 9 7 8 ) .  Based on a  

minimum d i v e r g e n c e  t i m e  o f  s e v e n  m i l l i o p  y e a r s ,  t h e i r  f i n d i n g s  

s u g g e s t  0.06-0.35% s i n g l e  copy change  p e r  m i l l i o n  y e a r s .  Kohne, 

1970,  measured  a  s i n g l e  copy d i v e r g e n c e  r a t e  o f  0 .7% p e r  m i l l i o n ,  
b 

y e a r s  i n  p r i m a t e s ,  and Galau e t , ,  a l . ,  1976, u s i n g  s i m i l a r  

e x p e r i m e n t a l  p r o c e d u r e s  o b s e r v e d  a  r a t e  c f  0 .2% s i n g l e  copy . 
i 

d i v e r g e n c e  p e r  m i l l i o n  y e a r s ,  i n  two Xenopus s p e c i e s .  However, 

v a l u e s  p u b l i s h e d  by R i c e ,  1974,  s u g g e s t - a s  much a s  1 .6% 
4 

d i v e r g e n c e  p e r  m i l l i o n  y e a r s  i n  r a t - m i c e  s i n g l e  copy h y b r i d s .  f f 

In  t e r m s  o f  s i n g l e  copy s e q u e n c e  homology, t h i s  s t u d y  

d e m o n s t r a t e s  t h a t  chum h a s  more s i n g l e  copy s e q u e n c e s  i n  common 

w i t h  c o h o ,  t h a n  i t  d o e s  w i t h  sockeye .  F u r t h e r m o r e ,  i t  
* 

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

s e q u e n c e s  o f  t r o u t  and chum salmbn.  It d o e s  n o t  however ,  
- - 

d e m o n s t r a t e  t h a t  t h e  same s e q u e n c e s  have been c o n s e r v e d ,  n o r  
- 

-- - - 

~ e s - i t  d W n s t i ; a t <  t h e p ~ i i ' i o ~ t i % n  o f  s e q 6 6 G & i  p ; e c G  i n t h e  

r e c i p r o c a l  c a s e .  O u r  f i n d i n g s  do  n o t  seem t o  s u p p o r t  
-L 



m o r p h o l o g i c a l  d  t a r e  m o r e  c o n s i s t e n t  w i t h  s t u d i e s  b a s e d  

on b i o c J e m i c a 1 ,  g e n e t i c ,  and  c y t o l o g i c a l  e v i d e n c e .  

F o r  e x a m p l e ,  S i m o n ,  1 9 6 3 ,  h a s  o r r e l a t e d  ch romosome  m o r p h o l o g y  P 
w i t h  s p e c i e s  e v o l u t i o n  i n  f i v e  s p e c i e s  of P a c i f i c  S a l m o n .  He ' 

c o n c l u d e d  t h a t  chum s a l m o n ,  w i t h  2n=74 ,  was  t h e  m o s t  p r i m i t i v e  

f o r m ,  w i t h  t h e  r e m a i n i n g  s p e c i e s  o c c u p y i n g  p o s i t i o n s  o f  

i n c r e a s i n g  s p e c i a l i z a t i o n  c h a r a c  e r l z e d  by d e c r e a s e s  i n  4, 
/ 

c h r o m o s o m e  n u m b e r s .  If t h i s  i s  t r u e ,  t h e n  c o h o ,  w i t h  2 n = 6 0 ,  

wou ld  o c c u p y  a n  i n t e r m e d i a t e  p o s i t i o n ,  a n d  s o c k e y e  w i t h ' 2 n = 5 6 ,  
dl 

w o u l d  r e p r e s e n t  t h e  most a d v a n c e d  f o r m .  T h i s  i.s i n  a g r e e m e n t  

w i t h  o u r  r e s u l t s .  

T h i s  h y p o t h e s i s  was  f u r t h e r  s u p p o r t e d  i n  a  p a p e r  o n  g e n e t i c  

v a r i a t i o n  i n  P a c i f i c  s a l m o n  b y  Utter e t  a l . ,  1 9 7 3 .  T h i s  g r o u p  

e x a m i n e d  1 2  l o c i  f o r  g v e r a g e  h e t e r o z y g o s i t y ,  u s i n g  h o r i z o n t a l  

s t a r c h  g e l  e l e c t r o p h o r e s i s .  I n  a  d e n d o g r a m  p l o t  of  r e l a t i v e  

' g e n e t i c  s i m i l a r i t y ,  chum,  c o h o ,  a n d  c h i n o o k  (0 .  t s h a w y t s c h a )  - 
s a l m o n  s e p a r a t e  o u t  a s  a  d i s t i n c t  g r o u p  from a  s o c k e y w i n k  stem 

% 

g r o u p .  I n t e r e s t i n g l y ,  chum s a l m o n  i s  t h e  f iLrst  t o  b r a n c h  from 

t h e s e  l i n k a g e  p o i n t s .  These r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  o u r  

-rer5t-ingevorut1'-cn aryy ttFeFds 6eebba-sis ss60f - moFFhoTog~ 

a n d  b e h a v i o u r  o f  s a l m o n i d s ,  s h o w  less a g r e e m e n t .  F o r  e x a m p l e ,  

i n  1 9 6 2 ,  H i k i t a  ( a s  r e v i e w e d  b y  H o a r ,  1976) ,  l i n k e d  chum and 



s o c k e y e  a s  a  d i s t i n c t  g r o u p  f r o m  c o h o  s a l m o n .  C l e m e n s ,  1 9 5 3 ,  

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

h a n d  ,, p i n k  a n d  chum o n  t h e  o t h e r '  h a n d ,  a n d  s o c k e y e  a t  a  p o s i t i o n  

i n t e r m e d i a t e  t o  t h e  two p a i r s .  ~ i l n e ' ,  a s  r e v i e w e d  b y  H o a r ,  1 9 7 6 ,  

p o s e s  a n o t h e r  p o i n t  o f  v i e w .  B a s e d  o n  m o r p h o l o g i c  

c h a r a c t e r i s t i c s ,  h e  f e l t  t h a t  c o h o  s a l m o n  were most l i k e  

s t e e l h e a d  t r o u t ,  w i t h  s o c k e y e  n e x t ,  a n d  chum t h e  m o s t  a d v a n c e d .  - 

P r o b l e m s  seem t o  a r i s e  f r o m  j u d g i n g  w h i c h  f e a t u r e s  c o n t r i b u t e  o r  

r e s u l t  f r o m  t h e  d e v e l o p m e n t  o f  a  s p e c i e s = .  F o r  e x a m p l e ,  i t  c a n  

b e  a r g u e d  t h a t  b e h a v i o u r  a 1  a n d  m o r p h o l o g i c a l  c h a r a c t e r s  r e s u l t  

f r o m  e n v i r o n m e n t a l  m o d u l a t i o n  o f  g e n e t i c  i n f o r m a t i o n .  How much 

e n v i r o n m e n t a l  i n f l u e n c e  may o b s c u r e  t h e s e  c h a r a c t e r s ,  i s  

d i f f i c u l t  t o  d e t e r m i n e .  I t  i s  o u r  b e l i e f  t h a t  D N A  s e q u e n c e  

h o m o l o g y  s t u d i e s ,  w i l l  p r o v i d e  v a l u a b l e  i n s i g h t  w i t h  t h i s  

r e s p e c t .  

. I n  c o n c l u s i o n ,  o n e  may s t a t e  t h a t  chum DNA e x h i b i t s  a  " s h o r t  

p e r i o d n  i n t e r s p e r s i o n  p a t t e r n  o f  r e p e t i t i v e  a n d  s i n g l e  c o p y  

s e q u e n c e s .  T h i s  f o r m  of s e q u e n c e  o r g a n i z a t i o n  i s  t y p i c a l  o f  many 

m e t a z o a  so f a r  e x a m i n e d  ( D a v i d s o n  e t  a l . ,  1 9 7 5 a ) .  R e a s s o c i a t i o n  

k i n e t i c s  d e m o n s t r a t e d  t h a t  r e p e a t e d  s e q u e n c e s  m a d e  u p  a  , 

s i g n i f i c a n t  f r a c t i o n  ( a s  m u c h  a s  70% of r e a n n e a l l e d  f r a g m e n t s )  

r e i t e r a t i o n  f r e q u e n c y  o f  t h e s e  s e q u e n c e s  were m e a s u r e d  u s i n g  t h e  



t e c h n i q u e s  m e n t i o n e d  a b o v e .  S i n g l e  c o p y  s e q u e n c e  h o m o l o g y  

s t u d i e s  d e m o n s t r a t e d  a  

t r o u t ,  i nd t o  a 

s o c k e y e  D N A .  

lesser 

c l o s e  r e l a t i o n s h i p  b e t w e e n  chum a n d  

d e g r e e ,  chum a n d  c o h o  a n d  chum a n d  



T a b l e  1 F o o t n o t e s .  

a ;  The f r a c t i o n  o f  t h e  genome which r e a s s o c i a t e s  a t  t h e  

i n d i c a t e d  r a t e .  It i s  e x p r e s s e d  a s  a  f r a c t i o n  of t h e  t o t a l  

genomic  D N A  u s e d  i n  t h e  r e a c t i o n .  

ti; The s e c o n d  o r d e r  r e a s s o c i a t i o n  r a t e  c o n s t a n t  ( M - ~ s - ~ )  f o r  

t h e  i n d i c a t e d  c o m p ~ n e n t s .  The r e c i p r o c a l  o f  t h e  s e c o n d  o r d e r  

r a t e  i s  C o t t j 2 ,  w h i c h  i s  t h e  Cot  a t  which  50% o f  a  componen t  

h a s  r e a n n e a l e d  . 

c ;  RMS i s  t h e  r o o t  mean s q u a r e  d e v i a t i o n  o f  t h e  d a t a  f rom t h e  

l e a s t  s q u a r e s  s o l u t i o n  .- 

d ;  The r e a s s o c i a t i g n  r a t e  was f i x e d  i n  t h e - l e a s t  s q u a r e s  

a n a l y s i s  a t  a v.alue a p p r o p r i a t e  t o  t h e  f r a g m e n t  l e n g t h  and 

e s t i m a t e d  genome s i z e  of '  t h e  o r g a n i s m .  

e ;  The v a l u e  o f  t h e  s e c o n d  o r d e r  r a t e  c o n s t a n t  was c a l c u l a t e d  on 

t h e  b a s i s  o f  t h e  r e l a t i o n s h i p  e s t a b l i s h e d  by Wetmur and D a v i d s o n  

(1968)  f o r  t h e  e f f e c t  o f  f r a g m e n t  l e n g t h  i n  r e a s s o c i a t i o n  r a t e .  
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2 f o t n o t e s .  P 
i s  t h e '  t e m p e r a t u r e  

-dT, refers  

n a t i v e  Tm,  f o r  

a t  h a l f  maximum h y p e r c h r o m i c i t y .  

t o  t h e  d i f f e r e n c e  b e t w e e n  m e a s u r e d  Tm a n d  

t h e  i n d i c a t e d  f r a g m e n t  l e n g t h s .  7 

c ;  H i s  t h e  h y p e k , c h r o m i c i t y  a s  d e f i n e d  b y  B r i t t e n  e t  a l . ,  1974, ' - 

J s e e  E q u a t i o n  1 .  
- - - 

T 

d ;  % b a s e s  i n  d u p l e x  r e p r e s e n t s  t h e  r a t i o  o f  m e a s u r e d  

h y p e r c h r o m i c i t y  t o  n a t i v e  h y p e r c h r o m i c i t y .  

e ;  N u m b e r - o f  b a s e s  i n  

f r  act-ion- of t h e  total 

d u p l e x  .is c a l c u l a t e d  from t h e  e s t i m a t e d  

3 e n g t h  tha t  i s  B a s e  p a i r e d .  - - - 
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T a b l e  3 F o o t n o t e s .  
8 

a ;  Chum D N A  w a s  , s h e a r e d  t o  a  f r a g m e n t  l e n g t h  o f  3.2 k b ,  

d e n a t u r e d ,  a n d  r e a s s o c i a t e d  t o  C o t  1, 1 0 ,  o r  100 .  A t  t h e  

d e s i r e d  ~ b t  v a  ub  a n  a l i q u o t  o f  t h e  r e a s s o c i a t i o n  m i x t u r e  was  2 - - - 
p a s s e d  o v g r  h y d r o x y a p a t i t e  ( H A P )  a n d  t h e  f r a c t i o n  of  f r a g m e n t s  

\ 

b e a r i n g  d u p l e x  was  s c o r e d  a s  bound  t o  H A P  b e f o r e  S 1  n u c l e a s e  

d i g e s t i o n .  The  r e m a i n d e r  of t h e  r e a s s o c i a t i o n  m l x t u r e -  w a s  

- s u b m i t t e d  t o  S 1  n u c l e a s e  d i g e s t i o n .  A t  t h e  c o m p l e t i o n  of  t h e '  
, 

e n z y m a t i c  d i g e s t i o n ,  t h e  r e a c t i o n  m i x t u r e  was  p a s s e d  o v e r  H A P  

a n d  therDNA w h i c h  b o u n d  was  s c o r e d .  The  S e p h a r o s e  p a r t i t i o n  i s  

e x p r e s s e d  i n  terms o f  t h e  f r p c t i o n  o f  p o s t - n u c l e a s e  D N A  d u p l e x .  
i 

' b; T h e  m e l t i n g  t e m p e r a t u r e ' o f  t h e  t?xcluded a n d  i n c l u d e d  

f r a c t i o n s  w a s  d e t e r m i n e d  d i r e c t l ; .  F r a c t i o n s  w h i c h  c o n t a i n e d  
G 

t h e s e  p o r t i o n s  o f  t h e  S e p h a r o s e  e l u a n t  were p o o l e d ,  d i a l y z e d  

i n t o  0 . 1 2  M p h o s p h a t e  b u f ' f e r ,  a n d  t h e r m a l l y  d e n a t u r e d  i n  t h e  

~ i l f o r d  S p e c t r o p h o t o m e t e r  ( s e e  ' M a t e r i a l s  and  M e t h o d s ) .  
-2 
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Figu re  1. A r e p r e s e n t a t i v e  absorbance  spectrum of chum n a t i v e  

D N A .  Pur , i f ied  chum n a t i v e  D N A  was d i l u t e d  i n  0.12 M phosphate 

bu f f e r  and placed i n  a  G i l fo rd  Spectrophotometer .  The 

absorbance spectrum from 220 nm t o  320 nm was recorded .  DNA 

w i t h  260/230 and 260/280 r a t i o s  o f  g r e a t e r  than 2.0 and 1 .8 ,  

r e s p e c t i v e l y ,  were -used T6r exper imenta t ion .  



WAVELENGTH (am) - - 



F i g u r e  

i n  l e n g t h  was  d i l u t e d  t o  a p p r o x i m a t e l y  40 ug /ml  i n  0 .12  M 

p h o s p h a t e  b u f f e r  and  l o a d e d  i n  a  G i l f o r d  T h e r m a l  C u v e t t e .  

P h o s p h a t e  b u f f e r  was  u s e d  a s  a  r e f e r e n c e  b a s e l i n e  ( d o t t e d  l i n e ) .  

The  c u v e t t e  was  p l a c e d  i n  a  G i l f o r d  S p e c t r o p h o t o m e t e r  w i t h  a n  

A n a l o g  M u l t i p l e x o r  a n d  T h e r m a l p r o g r a m m e r ,  a n d  h e a t e d  a t  a  r a t e  
- - -  - - 

o f  0 . 5 ' ~ / m i n .  T h e  a b s o r b a n c e  o f  t h e  s a m p l e  was  m e a s u r e d  

r e l a t i v e  t o  t h e  b u f f e r  r e f e r e n c e .  T, i s  shown a s  t h e  

t e m p e r a t u r e  at h a l f  the mdximum a b s o r b a n c e ,  





Figure  3. The r e a s s o c i a t i o n  kjvletics  of chum salmon D N A .  Chum 

salmon DNA, sheared t o  fragmenc l e n g t h s  o f  0.3 and 3.2 k b  was 

denatured and r e a s s o c i a t e d  a s  ggec i f ied  i n    ate rials and 

Methods. Duplex formation was determined on hydroxyapapt i te  

columns a t  60•‹c i n  0.12 'M phosphate b u f f e r ,  0.06% SDS. So l id  
\ - 

cir21ies r e p r e s e n t  a  0.3 k b  readaoc ia t lon  curve while open 

c i r c l e s  d e s i g n a t e  a 3.2 k b  curve ,  The s o l i d  l i n e s  i n d i c a t e  

computer f i t t e d  l e a s t  squares  ~ v l ~ t i o n s  f o r  m u l t i p l e  

second-order . r e a s s o c i a t i o n  compboents. The dashed l i n e s  a r e  t h e  

bes t  f i t  l i n e s  f o r  t h r e e  such 6.~rhponeht8 a t  a fragment l eng th  o f  

0.3 k b  ( s e e .  Table 1 ) .  





F i g u r e  4 .  T h e  r e a s s o c i a t i o n  k i n e t i c s  o f  s t e e l h e a d  t r o u t  ,DNA. 

T r o u t  D N A ,  s h e a r e d  t o  0 . 4 6  k b  f r a g m e n t  l e n g t h s ,  w a s  d e n a t u r e d  

a n d  r e a s s o c i a t e d  a s  s p e c i f i e d  i n  M a t e r i a l s  a n d  M e t h o d s .  D u p l e x  

f o r m a t i o n a  was  d e t e r m i n e d  on h y d r o x y a p a t i t e  c o l u m n s  a t  60 • ‹c  i n  
4" 

0.12 M p h o s p h a t e  b u f f e r ,  0 .06% SDS. The  s o l i d  l i n e  i s  a  
% 

c o m p u t e r - f i t % F d  l e a s t  s q u a r e s  s o I u t i o n  f o r  mu1 t i p l e  s e c o n d - o r d e r  

'I r e a s s o c i a t i o n  c o m p o n e n t s .  The d a s h e d  l i n e s  r e p r e s e n t  f i t  l i n e s  

f o r  t h r e e  s u c h  c o m p o n e n t s  The  s e c o n d  o r d e r  r a t e  c o n s t a n t  f o r ,  t h e  
- - - - - - 

s i n g l e  c o p y  c o m p o n e n t  was  h e l d  c o n s t a n t  t h r o u g h o u t  ( see  T a b l e  





F i g u r e  5. The r e a s s o c i a t i o n  k i n e t i c s  o f  c o h o  s a l m o n  D N A .  C&O 
f# 

DNA,  s h e a r e d  t o  0.46 k b  frag-ment l e n g t h s ,  was  d e n a t u r e d  and 

r e a s s o c i a t e d  a s  s p e c i f i e d  i n  M a t e r i a l s  and Methods .  Duplex  

f o r m a t i o n  was d e t e r m i n e d  on h y d r o x y a p a t i t e  c o l u m n s  a t  60•‹c i n  

0.12 M p h o s p h a t e  b u f f e r ,  0.06% SDS. The s o l i d  l i n e  i s  a 
- - - 

- - - - -  - 

-- - -- 

& & p u t e r - f i t t e d  l e a s t  s q u a r e s  s o l u t i o n  f o r  m u l t i p l e  s e c o n d  o r d e r  

r e a s s o c i a t i o n  c o m p o n e n t s .  The d a s h e d  l i n e s  r e p r e s e n t  f i t  l i n e s  ' 





F i g u r e  6. The r e a s s o c i a t i o n  k i n e t i c s  o f  sockeye salmon DNA. 

Sockeye salmon,  sheared t o  0.45 k b  fragment l e n g t h s ,  was 

denatured and r e a s s o c i a t e d  a s  s p e c i f i e d  i n  M a t e r i a l s  and 

Methods. Duplex format ion was determined on hyd roxyapa t i t e  

colu&n,,siat 60•‹c i n  0 .12  M b u f f e r ,  0.06% SDS. T h e  
4 - - - - - - 

s o l i d  l z m e t - i s  a  compute;-fit ted l e a s t  squa re s  s o l u t i o n  f o r  
-%, 

5 
m u l t i p l e  second o rde r  r e a s s o c i a t i o n  components. T h e  dashed l i n e s  

r e p r e s e n t  P i t  l i n e s  for three such cmpcments  ( - seeTab le -  I ) .  - 

-",a 



LOG EQCHVAtENT Q T  



F i g u r e  7.  T h e  

-~ - 

t h e r m a l  d e n a t u r a t i o n  o f  chum D N A .  Chum DNA 

s h e a r e d  t o  f r a g m e n t  l e n g t h s  o f  0.3 a n d  3 . 2  k b  was d e n a t u r e d  a n d  
\ 

r e a s s o c i a t e d  t o  C o t  10,  s o l i d  c i r c l e s  a n d  t r i a n g l e s ,  o g  Cot'TUO, 

o p e n  c i r c l e s  a n d  t r i a n g l e s .  A t  e a c h  Cot, r e a s s o c i a t e d  f r a g m e n t s  

were t h e r m a l l y  d e n a t u r e d  i n  t h e  G i l f o r d  ~ ~ e c t r o ~ h o t o m e t e r  a s  \ 

- -  - 

- oi,itTined i n - M a t e r i i i l s  a n d  M e t h o d s .  The t h e r m a l  d e n a t u r a G o n  

p r o f i l e  of n a t i v e  chum D N A ,  c l o s e d  s q u a r e s ,  i s  shown f o r  

r e f e r e n c e .  
- - - - - - - 



TEMPERATURE OC 



F - i g u r e  8 .  The  S e p h a r o s e  CL-2B e l u t i o n  of S 1  n u c l e a s e  r e s i s t a n t  
--- - - -- - - -- - - 

r e a s s o c i a t e d  chum DNA. Chum DNA, 3.2 kb in l e n g t h ,  w a s  r e a c t e d  
- - r 

- - 

t o  C o t  1 ,  1 0 ,  o r  160  and  d i g e s t e d  w i t h  S1  n u c l e a s e  a s  s p e c i f i e d  - - 

i n  M a t e r i a l s  a n d  M e t h o d s .  The  S 1  n u c l e a s e  r e s i s t a n t  d u p l e x  was  
- . 

- 

c o l l e c t e d  f r o m  h y d r o y x a p a p t i t e  c o l u m n s  and  c h r o m a t o g r a p h e d  on- - 
- - - 

S e p h a r o s e  - CL-2B - - c o l u m n s .  The  amoun t  o f  S1  r e s i s t a n t  DNA was- - -  u 

- 

m e a s u r e d  i n  e a c h  e l u t e d  f r a c t i o n  and  p l o t t e d  a s  a  f u n c t i o n  o f  

K a v ,  t h e  p a r t i t i o n  c o e f f i c i e n t  b e t w e e n  g e l  and  s o l v e n t  p h a s e s .  
C, 

- - 

Yo i s  t h e  e x c l u s i o n  v o l u m e ;  Vt  i s  t h e  c o l u m n  v o l u m e .  T h e  

f r a c t i o n  i n  w h i c h  a  0 . 3 3  k b  d o u b l e  s t r a n d  DNA m a r k e r  e l u t e s  i s  
- --- - 

- - - 

i n d i c a t e d .  P a n e l  a  i s  t h e  e n z y m e  r e s i s t a n t  d u p l e x  a t  Cot 1 ,  
" 

P a n e l  b a t  C g t  1 0 ,  a n d  P a n e l  c a t  C o t  100 .  





66A - - - - - - - - - - - 

- - - 
- 

- 
- 

- - 

Figure  9 .  The r e a s s o c i a t i o n  k i n e t i c s  o f  chum 1 2 5 ~ - ~ ~ ~  3=riven 

w i t h  a  l0"fold sequence excess  of  chum (Panel  A ) ,  t r o u t  

(Panel  B), coho (Panel  C ) ,  and sockeye (Panel  D )  DNA.  Mixtures 

o f  t r a c e r  and d r i v e 3  were thermal ly  denatured and allowed t o  

r e a s s o c i a t e  a s  s p e c i f i e d  i n  Ma te r i a l s  and Methods. Duplex 

forma-t ia was a v a y e d  on hydroxyapa t i t e  c o l  & s a t  60•‹€ i n  

0.12 M-phosphate b u f f e r ,  0.06% SDS. The s o l i d  l i n e s  r e p r e s e n t  

computer- f i t ted  l e a s t  squares  s o l u t i o n s  f o r  s i n g l e  component 

second order  r e a c t i o n s .  The dashed l i n e s  i n  Panels  A through D 

i n d i c a t e  t h e  s i n g l e  copy component region of t h e  r e a s s o c i a t i o n  

curve of  t h e  excess  DNA d r i v i n g  t h e  hyb r id i za t i on  r e a c t i o n .  The 

open -c i r c l e s  iw-Pa=& A i n d i c a t e - a  -- chum t r a c e r  s e l f  r e a c t i o n  
- 

- 
-- 

curve .  Here, chum t r a c e r  was allowed t o  r e a c t  under i d e n t i c a l  

r e a c t i o n  c o n d i t i o n s ,  w i t h  no d r i v e r  D N A  p r e sen t .  Chum t r a c e r  
- - - 

dr iven  w i t h  k e l p  g reen l ing  D N A  i s  i l l u s t r a t e d  by c losed  

t r i a n g l e s  i n  Panel A .  





- - 

~ i g u r e  10. T h e r m a l  d e n a t u r a t i o n  p r o f i l e  o f  125~-chi im D N A  a n d  

t r o u t  d r i v e r  DNA h y b r i d s .  Chum t r a c e r  D N A  was  r e a c t e d  w i t h  a 

4 10 - f o l d  s e q u e n c e  ess o f  t r o u t  D N A  t o  a  Cot o f  1 6 9 , 0 7 4 ,  a n d  
*I 

l o a d e d  on  h y d r o x y a  c o l u m n s  a s  o u t l i n e d  i n  M a t e r i a l s  a n d  

M e t h o d s .  R e a s s o c i a t e d  f r a g m e n t s  were t h e r m a l l y  e l u t e d  b y  

r a i s i n g  t h e  t e m p e r a t u r e  o f - t h e  c o l u m n  i n  ~ O C  i n c r e m e n t s .  T h e  

g r a p h  i n  t h e  l e f t  p a n e l  is  a  p l o t  o f  t h e  c u m u l a t i v e  p e r c e n t  

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

b e e n  p l o t t e d  from t h e  p e r c e n t  o f  t o t a l  c o u n t s  e l u t e d  a t  e a c h  

t e m p e r a t u r e .  D a t a  from a chum d r i v e n  r e a c t i o n  i s  r e p r e s e n t e d  by  

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

g r a p h  o n  t h e  r i g h t .  





F i g u r e  T h e r m a l  d e n a t u r a t i o n  p r o f i l e  a n d  

c o h o  d r i v e r  D N A  h y b r i d s .  Chum t r a c e r  D N A  was  r u e a c t e d  w i t h  a  
1 

l o 4 - f o l d  s e q u e n c e  e x c e s s  o f  c o h o  D N A  t o  a  C o t  o f  1 2 9 , 0 8 2 ,  a n d  
- 

- loaded m - h y d r o x y a p a t i t e  c o l u m n s  a s  o u t l i n e d  i n  M a t e r i a l s  a n d  - - 

Methods .  R e a s s o c i a t e d  f r a g m e n t s  were t h e r m a l l y  e l u t e d  by 

raising t h e - t e m p e r a t u r e  of t h e  c o l u m n - i n  5 ' ~  i n c r e m e n t s .  The  

g r a p h  i n  t h e  l e f t  p a n e l  i s  a  p l o t  o f  t h e  c u m u l a t i v e  p e r c e n t  

e l u t e d  f r o m  t h e  c o l u m n ,  w h i l e  t h e  b a r  g r a p h s  o n  t h e  r i g h t  h a v e  
- 

. b e e n  p l o t t e d  f r o m  t h e  p e r c e n t  o f  t o t a l -  c o u n t s  e l u t e d  a t  e a c h  

t e m p e r a t u r e .  D a t a  f r o m  a  chum d r i v e n  r e a c t i o n  i s  r e p r e s e n  e d  by f 
c l o s e d  c i r c l e s  i n  t h e  l e f t  p a n e l ,  a n d  o p e n  b o x e s  o f  t h e  b a r  

g r a p h  o n  t h e  r ' i g h t .  
=---% 



CUMULATIVE FRACTION ELUTED 

fWCRON ELUTED AT EACH TEARPERATURE 



F i g u r e  12. T h e r m a l  d e n a t u r a t i o n a  p r o f i l e  o f  1 2 5 ~ - c h u m  DNA a n d  

s o c k e y e  d r i v e r  DNA h y b r i d s .  Chum t r a c e r  D N A  w a s  r e a c t e d  w i t h  a  

1 0 ~ - f o l d  s e q u e n c e  e x c e s s  o f  s o c k e y e  DNA t o  a  C o t  of 1 5 0 , 0 0 0 ,  

and  l o a d e d  on h y d r o x y a p a t i t e  c o l u m n s  a s  o u t l i n e d  i n  M a t e r i a l s  

a n d  M e t h o d s .  R e a s s o c i a t e d  f r  ag rnen t s  were t h e r m a l l y  e l u t e d  by  

r a i s i n g  t h e  t e m p e r a t u r e  o f  t h e  c o l u m n  i n  ~ O C  i n c r e m e n t s .  -The . 
- - A - 

g r a p h  i n  t h e  l e f t  p a n e l  i s  a  p l o t  o f  t h e  c u m u l a t i v e  p e r c e n t  

e l u t e d  f r o m  t h e  c o l u m n ,  w h i l e  t h e  b a r  g r a p h s  o n  t h e  r i g k t  h a v e  

b e e n  - p l o t t e d  - from - t h e  p e r c e n t  -- - o f  - t o t a l  c o u n t s  - e l u t e d  a t  - e a c h  --- - 

t e m p e r a t u r e .  D a t a  f r o m  a  chum d r i v e n  
t 
1 

c l o s e d  c i r c l e s  i n  t h e  l e f t  p a n e l ,  a n d  

g r a p h  o n  t h e  r i g h t .  

r e a c t i o n  is  r e p r e s e n t e d  by  

o p e n  b o x e s  o f  t h e  b a r  ' 



'. CUMULATIVE FRXTION ELUTED 
. . 
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 end$- 1. DNA r eassoc ia t ion  c r i & e r i a .  < 
The r a t e  a t  which complementary sequences r e a s s o c i a t e  depends 

4 
b a s i c a l l y ,  on four parame-ters: 

1) t h e  concent ra t ion ,of  monovalent c a t i o n s ,  which a c t  t o  - 

2 )  t h e  incubation temperature which i s  optimally 2 5 O ~  below 
+ 

3 )  t h e  DNA concentrat ion which a f f e c t s  t h e  frequency of 2 
s t r and  c o l l i s i o n s ,  and, 

4 )  t h e  length of the  D N A  fragment whic-h determines how many 
.r 

c h a r a c t e r i s t i c  sequences w i l l  be present a t  a n y ' c ~ l l i s i o n . ~  

By keeping a l l  four parameters constant;  a  r eassoc ia t ion  curve 

can be generated which w i l l  be c h a r a c t e r i s t i c  of t h e  sequences 
* 

> t 

t o  be examined. Standard c r i t e r i a  of reassocia t ion  a re ;  0.18 M 
- 

ca t ion  concentrat ion (0 .12  M phosphate buf fe r )  a t  60•‹c. 
.- \ 

Incubation w i t h  0.41 M phosphate buffer  r equ i res  a  reassocia t ion  

temperature of 67% and causes a f ive-fold inc rease  i n  

r eac t ion  r a t e .  Reactions of t h i s  na ture  a r e  t h e r e f o r e  expressed 



~ d ~ e n d i x  2 .  T a b l e  i l l u s t r a t i n g  c o m p u t e r - g e n e r a t e d  RMS v a l u e s .  

T h i s  t a b l e  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  b e t w e e n  f i x e d  f r a c t i o n  

s i z e  and s u b s e q u e n t  RMS, o f  chum 0.3 kb  f r a g m e n t s .  Data  was 
r 

g e n e r a t e d  u s i i i g  a  c o m p u t e r i z e d  l e a s t  s q u a r e s  P i t t i n g  p r o c e d u r e  

a s  outl ine_d__in_'_Mate_ri~als-and M e t m d s .  The_ s e c o n d  r a t e  _ c o n s t a n t  -_- A 

c o p y  component  was h e l d  c o n s t a n t  a t  3 . 4  x loo4 f o r  t h e  s i n g l e  

F r a c t i o n  Fragment L e n g t h  ( k b )  

S i z e  



percent Appendix 3. Sample 
e 

ca lcu la t ion  of cy tos ine  bases 
e - 

iodina ted .  

= 1.26 x 107 dpm / 
* 1c 

s p e c i f i c  a c t i v i t y  ug D N A .  

(assuming 50% counting e f f i c i e n c y )  
- A - 

1251 h a l f - l i f e  

therefore-K = - -- 

= 80 days = 8.64 x lo4 rnin .  

DNA = 7-79 x 1 0 ~ 5  nucleot ides  

Gq content  o f  chum salrnon = 44.0% 

cytos ine  molecules . .  



Therefore  0.4% of the c y t o s i n e  molecules o r  0.1% o f  t h e  t o t a l  
\ 

number of b a s e s  a r e  iod ina ted .  
- < - - - - - - - - - - 
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