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ABSTRACT

T h e r e s t r i c t i o n e n z y m e s H h a l a n d H p a l l , w h o s e a c t i v i t y i s
i n h i b i t e d b y c y t o s i n e m e t h y l a t i o n w i t h i n t h e i r r e c o g n i t i o n s i t e s ,
h a v e b e e n u t i l i s e d a s p r o b e s t o s t u d y m e t h y l a t i o n i n t h e v i c i n i t y
o f t h e o v a l b u m i n g e n e i n D N A f r o m v a r i o u s c h i c k e n t i s s u e s . T h i s
w a s c o m p l e m e n t e d b y a p r e l i m i n a r y s t u d y o f m e t h y l a t i o n i n t h e
r e g i o n s o f c h i c k e n o v o t r a n s f e r r i n ( c o n a l b u m i n ) , o v o m u c o T d a n d
g - g l o b i n g e n e s . F r o m o u r d a t a w e c o n c l u d e t h a t H h a l o r H p a l l sites
c a n b e d i v i d e d i n 3 c l a s s e s a c c o r d i n g t o t h e i r p a t t e r n o f m e t h y -
l e t i o n in d i f f e r e n t t i s s u e s . In t h e f i r s t c l a s s o f s i t e s ( m v

c l a s s ) t h e e x t e n t o f m e t h y l a t i o n v a r i e s i n d i f f e r e n t t i s s u e s . T h e
p a t t e r n s o b t a i n e d s h o w t h a t m e t h y l a t i o n a t t h e s i t e s l o c a t e d
w i t h i n a n d a r o u n d t h e 3 g e n e s w h i c h c o d e f o r e g g w h i t e p r o t e i n s
i s i n g e n e r a l l o w e s t in o v i d u c t o f l a y i n g h e n , w h e r e t h e s e g e n e s
a r e e x p r e s s e d . H o w e v e r s o m e s i t e s a r e n o t m e t h y l a t e d ( m ~ c l a s s )
a n d o t h e r s a r e 9 5 t o 1 0 0 $ r e s i s t a n t ( m + c l a s s ) t o d i g e s t i o n b y
H h a l o r H p a l l i n t h e D N A s o f a l l t h e t i s s u e s w h i c h w e r e t e s t e d .
O u r s t u d y h a s a l s o r e v e a l e d a r e m a r k a b l e n u m b e r o f a l l e l i c
v a r i a n t s f o r t h e p r e s e n c e o f H h a l o r H p a l l s i t e s i n t h e r e g i o n o f
t h e o v a l b u m i n g e n e .

I N T R O D U C T I O N

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

t i d e s in a n i m a l D N A ( 1 , 2 ) . T h e p o s s i b l e r o l e s i n c e l l u l a r diffe-

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

p o s t - s y n t h e t i c ( 3 ) m o d i f i c a t i o n , h a s b e e n t h e o b j e c t o f i n t e n s i v e

s p e c u l a t i o n ( 4 , 5 , 6 ) . E x p e r i m e n t a l d a t a c o n c e r n i n g p o s s i b l e

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

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

t o s i n e c o n t e n t o f D N A ( 7 , 8 ) o r o n c o r r e l a t i o n s b e t w e e n D N A m e t h y l -

a t i o n a n d c h r o m a t i n s t r u c t u r e ( 9 , 1 0 ) . H o w e v e r , s a t e l l i t e D N A s

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

m e t h y l a t e d ( 1 1 , 1 2 ) . T h e f i n d i n g t h a t s o m e r e s t r i c t i o n n u c l e a s e s

© Information Rstrieval Limited 1 Falconberg Court London W1V5FG England 2081

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/7/8/2081/1018649 by guest on 24 April 2024



Nucleic Acids Research

l i k e H h a l ( G C G C ) a n d H p a l l ( C C G G ) ("CpG e n z y m e s " ) a r e i n h i b i t e d

b y c y t o s i n e m e t h y l a t i o n a t t h e i r r e c o g n i t i o n s i t e ( 1 3 ) h a s

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

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

d e s c r i b e d by B i r d a n d S o u t h e r n f o r r i b o s o m a l D N A o f X e n o p u s laevis

( 1 4 ) . T h e y s h o w e d t h a t in s o m a t i c r D N A m o s t o f t h e r e s t r i c t i o n

s i t e s v/ere m e t h y l a t e d b u t t h a t s o m e u n m e t h y l a t e d s i t e s c o u l d be

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

m e t h y l c y t o s i ne ( 15 ) .

W e h a v e a p p l i e d t h i s l a s t a p p r o a c h t o g e n e s w h o s e e x p r e s s -

i o n in h i g h l y d i f f e r e n t i a t e d c e l l s is u n d e r w e l l k n o w n t r a n s c r i p -

t i o n a l r e g u l a t i o n . In p a r a l l e l w i t h o u r w o r k o n t h e o r g a n i z a t i o n

o f t h e o v a l b u n i n g e n e ( 1 6 , 1 7 ) , w e h a v e p e r f o r m e d a s y s t e m a t i c

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

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

a s c e l l u l a r D N A s in t h i s s t u d y ) . W e h a v e a l s o i n v e s t i g a t e d in a

m o r e p r e l i m i n a r y w a y t h e m e t h y l a t i o n p a t t e r n s in t h e r e g i o n s o f

t h r e e o t h e r c h i c k e n g e n e s , c o d i n g f o r c o n a l b u m i n ( o v o t r a n s f e r H n ) ,

o v o m u c o i d a n d e - g l o b i n .

W e s h o w h e r e t h a t t h e r e a r e t i s s u e - s p e c i f i c v a r i a t i o n s

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

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

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

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

t h e o t h e r t i s s u e s s t u d i e d , s p e r m D N A b e i n g t h e m o s t h i g h l y

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

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

t o be a l w a y s r e s i s t a n t to r e s t r i c t i o n n u c l e a s e d i g e s t i o n i r r e s -

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

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

in t h e r e g i o n o f t h e o v a l b u m i n g e n e .

M A T E R I E L A N D M E T H O D S

C e l l u l a r D N A w a s p u r i f i e d a s d e s c r i b e d b y G r o s s - B e l 1 a r d

e t a l . ( 1 8 ) , s t a r t i n g f r o m a c r u d e n u c l e a r f r a c t i o n . R e s t r i c t i o n

n u c l e a s e E c o R I w a s p r e p a r e d b y t h e m e t h o d o f S u m e g i e t a l . ( 1 9 ) ,

H h a l a n d H p a l l w e r e g i f t s f r o m D r . P . H u m p h r i e s a n d P . G e r l i n g e r ,

K p n l a n d M s p l w e r e f r o m B i o l a b s . S i n g l e a n d d o u b l e d i g e s t i o n s
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w e r e a l w a y s m o n i t o r e d u s i n g S V 4 0 D N A a s an i n t e r n a l s t a n d a r d .

A g a r o s e gel e l e c t r o p h o r e s i s , t r a n s f e r o n t o n i t r o c e l l u l o s e f i l t e r s

a n d h y b r i d i z a t i o n c o n d i t i o n s w e r e a s p r e v i o u s l y d e s c r i b e d ( 1 6 ) .

A u t o r a d i o g r a p h y w a s p e r f o r m e d u s i n g K o d a k X RI f i l m s a n d D u p o n t

C r o n e x Li p l u s i n t e n s i f y i n g s c r e e n s .

D e n s i t o m e t r y s c a n n i n g ( u s i n g a V e r n o n a p p a r a t u s ) w a s

p e r f o r m e d on f i l m s e x p o s e d f o r s h o r t e r t i m e s t h a n t h o s e s h o w n in

the f i g u r e s t o a v o i d s a t u r a t i o n o f t h e f i l m . D u e to t h e m a n y steps

i n v o l v e d in t h e s e e x p e r i m e n t s t h e v a l u e s w h i c h a r e g i v e n a r e o n l y

i n d i c a t i v e , b u t w e r e r e p r o d u c i b l e f r o m o n e e x p e r i m e n t to a n o t h e r .

R E S U L T S

I. P R E S E N C E A N D R E A C T I V I T Y O F H h a l A N D H p a l l S I T E S W I T H I N A N D

A R O U N D T H E O V A L B U M I N G E N E .

S e v e r a l H h a l a n d H p a l l s i t e s in the o v a l b u m i n g e n e region

w e r e l o c a l i z e d by r e s t r i c t i o n m a p p i n g o f c l o n e d D N A s e g m e n t s

( 2 0 - 2 2 ) o r o f c e l l u l a r D N A ( t h i s s t u d y ) . T h e i r p o s i t i o n s w i t h

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

in F i g . 1.

To s t u d y t h e r e a c t i v i t y o f t h e s e s i t e s , h i g h m o l e c u l a r

Tranwrlptlon r y

Hha I

Hp. n D 0

\ L

13 34 B S

1 2
!7 7

H S-3- |"^3J-j-
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_v v_

.B.2 (•)-

D

F i g 1 : M a p o f c h i c k e n D N A in t h e o v a l b u m i n g e n e r e g i o n .
( a ) L o c a t i on in t h e o v a l b u m i n g e n e o f t h e l e a d e r - c o d i n g s e q u e n c e
( L ) a n d of t h e 7 o t h e r e x o n s ( 2 2 , 2 3 ) . T h e v e r t i c a l d a s h e d l i n e s
i n d i c a t e t h e p o s i t i o n o f t h e o v a l b u m i n g e n e in ( b ) a n d ( c ) .
( b ) L o c a t i o n o f H h a l ( v , l - 5 ) a n d H p a l l p . 1 - 3 ) s i t e s . ( c ) L o c -
a t i o n o f K p n l ( Q ) a n d E c o R I ( o ) s i t e s , a n d l e n g t h ( i n k b ) o f
r e s t r i c t i o n f r a g m e n t s w h i c h a r e d i s c u s s e d in t h e t e x t . T h e
s e q u e n c e s c o v e r e d b y t h e h y b r i d i z a t i o n p r o b e s I a n d II a r e i n d i -
c a t e d b y t h e h o r i z o n t a l d a s h e d l i n e s .
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w e i g h t D N A s a m p l e s i s o l a t e d f r o m v a r i o u s o r g a n s w e r e d i g e s t e d

b o t h w i t h t h e a p p r o p r i a t e " C p G e n z y m e " a n d w i t h a n e n z y m e ( E c o R I

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

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

u s i n g t h e h y b r i d i z a t i o n p r o b e s d e s c r i b e d in F i g . 1 ( c ) .

I . 1 . H h a l s i t e s .

Site Hhal : T h i s s i t e h a s b e e n f o u n d in o n l y o n e o f t w o

r e c e n t l y c l o n e d D N A s e g m e n t s w h i c h c o n t a i n t h e g e n o m i c s e q u e n c e s

c o d i n g f o r t h e o v a l b u m i n m R N A l e a d e r ( 2 2 ) . S i t e H h a l h a s n o t been

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

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

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

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

Site HhaS : T h i s s i t e is l o c a t e d i n e x o n 1 o f o n e c l o n e d

o v a l b u m i n g e n e ( 2 1 , 2 3 ) , b u t t h e r e a r e a l l e l i c v a r i a n t s w h i c h

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

p C R I o v 2 . 1 c o n s t r u c t e d in o u r l a b o r a t o r y ( 2 4 ) , b u t is a b s e n t f r o m

a n o t h e r c D N A c l o n e ( 2 5 ) a n d f r o m o t h e r c l o n e d o v a l b u m i n g e n e s

[ t h e c o s m i d c l o n e p A R 2 a n d t h e x c l o n e x C 4 - o v 5 ( s e e R e f . 2 2 ) ] .

W e h a v e e x a m i n e d d i r e c t l y t h e o c c u r e n c e a n d r e a c t i v i t y

o f t h i s s i t e i n o v i d u c t O N A d i g e s t e d w i t h E c o R I a n d H h a l u s i n g

t h e h y b r i d i z a t i o n p r o b e ( P r o b e I ) w h i c h c o r r e s p o n d s t o t h e

2 . 3 5 k b E c o R I f r a g m e n t " b " o f t h e o v a l b u m i n g e n e [ F i g . 1 ( c ) ] .

A n a l y z i n g t h e D N A o f 1 6 l a y i n g h e n s , w e d i d n o t d e t e c t a n y

d i g e s t i o n a t t h e p o s i t i o n c o r r e s p o n d i n g t o s i t e H h a 2 in t h e D N A

f r o m 11 a n i m a l s ( o n l y 4 a r e s h o w n i n F i g . 2 A , l a n e s 1 , 2 , 4 , 6 ) ,

w h i l e p a r t i a l d i g e s t s w e r e o b t a i n e d i n t h e 5 o t h e r c a s e s ( F i g .

2 A , l a n e s 3 , 5 a n d 7 ) . T h e e x t e n t o f d i g e s t i o n w a s e v a l u a t e d b y

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

H h a 2 v a r i e d f r o m 2 5 * t o 3 3 S a n d a m e a n v a l u e o f 3 0 2 w a s f o u n d f o r

t h e 5 h e n s . D N A s f r o m v a r i o u s o r g a n s o f t h e s a m e h e n s w e r e p r e -

p a r e d a n d a n a l y z e d in a s i m i l a r w a y . A s s h o w n in F i g . 2 B d i g e s t i o n

a t s i t e H h a 2 w a s m u c h l e s s e f f i c i e n t i n l i v e r D N A ( l a n e 3 ) ( a b o u t

4 2 ) t h a n i n o v i d u c t D N A ( l a n e 2 ) , a n d w a s b a r e l y d e t e c t a b l e i n

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

o b t a i n e d w i t h t h e o t h e r h e n s ) . A s t u d y o f D N A f r o m r o o s t e r s
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1 2 3

E O L K S B I E L 5

1 7 3 4 5 6 7

F i g . 2 : ( A ) . D e t e c t i o n o f si t e
H h a 2 in o v i d u c t O N A . S a m p l e s o f o v i -

A . d u c t DNA f r o m 7 d i f f e r e n t l a y i n g hen
w e r e d i g e s t e d w i t h E c o R I and H h a l ,
s e p a r a t e d on a 1% a g a r o s e gel a n d

i_2.35(b) a n a l y s e d u s i n g o v a l b u m i n p r o b e I (see
,_2.oo F i g . l c ) . E x t e n t s of d i g e s t i o n , as

m e a s u r e d by d e n s i t o m e t r y s c a n n i n g
w a s 3 0 * . 2 5 * and 33« for c h i c k e n 3,5
and 7, r e s p e c t i v e l y ) . S i z e of the
f r a g m e n t s a r e g i v e n in kilo base pairs.
( B ) . R e a c t i v i t y of site H h a 2 in DNA
from d i f f e r e n t t i s s u e s . D N A s f r o m

B . e r y t h r o c y t e ( E ) , o v i d u c t ( 0 ) , l i v e r
( L ) , k i d n e y ( K ) , s p l e e n ( S ) , o r brain
( B ) w e r e d i g e s t e d and a n a l y s e d as in
( A ) . L a n e s 1-6, same a n i m a l as in A
lan e 3. L a n e s 7 - 9 , DNA p r e p a r e d f r o m
a r o o s t e r . E x t e n t s of d i g e s t i o n : 2 7 ,
3.5 and 3.5 % for lanes 2. 3 and 8,
r e s p e c t i v e l y . D i g e s t i o n for o t h e r
s a m p l e s w a s d e t e c t a b l e o n l y on o v e r -
e x p o s e d f i l m s and c o u l d not measured.

s h o w e d t h a t , w h e n the s i t e w a s p r e s e n t , the e x t e n t of its digest-

ion w a s a l s o very low in l i v e r D N A , and e v e n l o w e r in ery t h r o c y t e

or s p l e e n DNA ( F i g . 2 B , l a n e s 7 - 9 , F i g . 3 , l a n e 4 ) . No d i g e s t i o n

w a s d e t e c t a b l e in s p e r m DNA ( F i g . 3, la n e 3 ) . The site is m o s t

l i k e l y a b s e n t in the o t h e r a n i m a l a n a l y z e d ( F i g . 3, l a n e s 1 and

2) s i n c e it c a n n o t be d e t e c t e d e v e n in l i v e r DNA (lane 2 ) .

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

p r e s e n c e of site H h a 2 , w h i c h w a s p r e v i o u s l y s u g g e s t e d by the

s t u d y of c l o n e d f r a g m e n t s ( 2 3 , 2 5 ) . W h e n p r e s e n t , this site

S p L | S p L

1 2 3 4

_ 9.2 ( :

_ 6.0

-3.2

F i g . 3 : R e a c t i v i t y of
s p e r m and l i v e r r o o s t e r
l i v e r (L) D N A s f r o m two
ted w i t h E c o R I and H h a l

s i t e s H h a 2 and 3 in
DNA. S p e r m ( S p ) a n d
r o o s t e r s w e r e d i g e s -
s e p a r a t e d on a 1%

ofa g a r o s e gel and a n a l y s e d u s i n g a m i x t u r e
the h y b r i d i z a t i o n p r o b e s I and II (F i g . l c ) .
E x t e n t s of d i g e s t i o n : site H h a 3 ( 6 . 0 and
3.2 kb f r a g m e n t s ) l a n e 2 , 5 0 % : lane 4, 5 2 % ;
s i t e H h a 2 ( 2 . 0 kb f r a g m e n t ) lane 4 , 7%; no
d i g e s t i o n c o u l d be d e t e c t e d in l a n e s 1 and 3.
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a p p e a r s p r e f e r e n t i a l l y d i g e s t e d in o v i d u c t D N A . S i n c e a b o u t 6 0 *

o f t h e c h i c k e n s a p p e a r t o t a l l y d e v o i d o f H h a 2 s i t e in t h e p o p u l a -

t i o n s t u d i e d ( 2 4 a n i m a l s , i n c l u d i n g r o o s t e r s ) , c h i c k e n s h e t e r o -

z y g o u s f o r s i t e H h a 2 a r e e x p e c t e d t o o u t n u m b e r c h i c k e n h o m o z y g o u s

f o r t h e s i t e b y a f a c t o r o f 6 . T h u s , t h e d i g e s t i b i l i t y o f a b o u t

3 0 1 f o u n d f o r s i t e H h a 2 in o v i d u c t D N A c o r r e s p o n d s m o s t l i k e l y t o

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

f a c t o r o f 2 .

Sites HhaZ, 4 and 5 : t h e s e t h r e e s i t e s w e r e m a p p e d ( o u r

u n p u b l i s h e d r e s u l t s ) in a c l o n e d 9 . 2 k b E c o R I f r a g m e n t " a " o f t h e

o v a l b u m i n g e n e ( 2 0 , s e e F i g . 1 ) . S i t e H h a 3 is l o c a t e d a t a b o u t

1 2 0 0 b p d o w n s t r e a m f r o m t h e s e q u e n c e c o d i n g f o r t h e p o l y A a d d i t i o n

s i t e o f t h e o v a l b u m i n m R N A a n d s i t e s H h a 4 a n d 5 a r e f u r t h e r d o w n -

s t r e a m f r o m t h e g e n e ( F i g . l b ) . A l l t h r e e s i t e s a p p e a r t o b e l o c -

a t e d o u t s i d e t h e o v a l b u m i n t r a n s c r i p t i o n u n i t ( 2 6 ) . T h e p r e s e n c e

o f t h e s e s i t e s w a s t e s t e d i n E c o R I - d i g e s t e d e r y t h r o c y t e o r o v i d u c t

D M A s o f 5 l a y i n g h e n , u s i n g t h e E c o R I f r a g m e n t " a " a s h y b r i d i z -

a t i o n p r o b e ( P r o b e I I , s e e F i g . l c ) . T h e E c o R I 9 . 2 k b c e l l u l a r

D N A f r a g m e n t is p a r t i a l l y d i g e s t e d b y H h a l t o y i e l d t w o f r a g m e n t s

6 . 0 a n d 3 . 2 k b l o n g ( F i g . 4 A ) . O n l y t h e l a t t e r h y b r i d i z e s w i t h a n

o v a l b u m i n c D N A p r o b e ( r e s u l t n o t s h o w n ) , w h i c h p r o v e t h a t t h e s e

b a n d s a r i s e f r o m d i g e s t i o n a t t h e s i t e H h a 3 . N o o t h e r b a n d s a r e

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

l o c a t i o n o f s i t e s H h a 4 a n d 5 ( s e e b e l o w ) . A s s h o w n in F i g . 4 A ,

t h e l e v e l o f d i g e s t i o n a t s i t e H h a 3 i s a b o u t 8 5 1 i n o v i d u c t D N A ,

( l a n e s 6 t o 1 0 ) a n d a b o u t 3 0 S i n e r y t h r o c y t e D N A ( l a n e s 1 t o 5 ) .

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

F i g . 4 B , s i n c e t h e d i g e s t i o n p a t t e r n d i d n o t c h a n g e w h e n t h e amount

o f H h a l e n z y m e a n d t h e i n c u b a t i o n t i m e w e r e b o t h d o u b l e d . T h e

d i g e s t i b i l i t y o f s i t e H h a 3 w a s s t u d i e d i n D N A s a m p l e s i s o l a t e d

f r o m d i f f e r e n t o r g a n s o f a l a y i n g h e n ( F i g . 5 , l a n e s 1 t o 1 0 ) o r

o f a r o o s t e r ( F i g . 5 , l a n e s 11 t o 1 4 ) . R e s u l t s s h o w t h a t t h e r e a c -

t i v i t y o f t h i s s i t e i s d i f f e r e n t in v a r i o u s o r g a n s , b u t i t i s

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

( F i g . 5 , l a n e 2 ) o r m a l e s ( F i g . 5 , l a n e 1 2 a n d F i g . 3 , l a n e s 2

a n d 4 ) i s d i g e s t e d t o a g r e a t e r e x t e n t ( u p t o 5 0 S ) t h a n e r y t h r o -

c y t e , s p l e e n o r b r a i n D N A . A s w a s f o u n d f o r s i t e H h a 2 , n o d i g e s t -

i o n c o u l d b e d e t e c t e d in s p e r m D N A ( F i g . 3 , l a n e s 1 a n d 3 ) .
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1 2 3 4 5 6 7 8 9 10

„ 9 2(al

1-60

_92(a)

-60

,- 3.2
» _ - 3 2

F i g . 4 : D i g e s t i o n o f site H h a 3 in DNA f r o m e r y t h r o c y t e (E) and
o v i d u c t (0) ( A ) . E r y t h r o c y t e DNA ( l a n e s 1-5) and o v i d u c t DNA
( 6 - 1 0 ) f r o m 5 l a y i n g h e n s w e r e s e p a r a t e d on a 1% a g a r o s e gel and
a n a l y s e d u s i n g h y b r i d i z a t i o n p r o b e II ( F i g . l c ) . E x t e n t o f digest-
ion : l a n e s 1 to 5 : 3 1 , 3 4 . 5 , 2 9 . 5 , 3 2 , 25% r e s p e c t i v e l y ; l a n e s

)
, , p

6 to 10 : 8 5 , 8 7 , 8 4 , 81 and P.7 S, r e s p e c t i v e l y . (B)
i n c r e a s e d e x p o s u r e to n u c l e a s e H h a l . E r y t h r o c y t e (E
(0) D N A s f r o m a l a y i n g hen w e r e d i g e s t e d w i t h E c o R I
1 and 4 ) or t o g e t h e r w i t h a s i n g l e d o s e o f Hhal f o r
2 and 5 ) or w i t h a d o u b l e d o s e for 2 h o u r s ( l a n e s 3
d i g e s t s w e r e a n a l y s e d as in ( A ) .
77 and 742 f o r l a n e s 2 , 3, 5 and

(
E x t e n t s o f d i g e s t i o n
6, r e s p e c t i v e l y .

y
E f f e c t o f
and o v i d u c t

a l o n e ( l a n e s
1 h o u r ( l a n e s
a n d 6 ) . The

2 0 , 3 0 ,

The h i g h level o f d i g e s t i o n in o v i d u c t DNA i n d i c a t e s that

in the DNA of all the l a y i n g hen t e s t e d s i t e H h a 3 o c c u r s in the

h o m o z y g o u s s t a t e . On the c o n t r a r y , we ha v e n e v e r d e t e c t e d any

d i g e s t i o n at s i t e s H h a 4 and 5 in c e l l u l a r DNA ( m o r e t h a n 15

Hhal

B L L S K O O E E I S L L E

• « • - • + • - + _ I + + _ +

I 2 3 4 5 6 7 8 9 K ) 11 12 13 M

Fig. 5 : Reactivity of
site Hha3 in DNA from
different t i s s u e s . DNA
samples from different
tissues (same symbols as
in Fig. 2B) from a single
1aying hen (1anes 1 to 10)
or a rooster (lanes 11 to
14) were digested with
EcoRI and Hhal (lanes 3,
8, 10 and 13 are controls
without H h a l ) , and analy-
sed as in Fig. 4A. Extents
of digestion : 15, 5 1 ,
25. 5 , 3 4 , 8 4 , 2 0 . 5 , 11,
31 and 13* for lanes 1,
2, 4, 6, 7, 9, 11, 12 and
14, r e s p e c t i v e l y . A mole-
cular weight m a r k e r is
shown 1n 1ane 5.
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a n i m a l s w e r e t e s t e d ) . H o w e v e r , t h e s e t w o s i t e s a r e b o t h p r e s e n t

in t h e c l o n e d E c o R I f r a g m e n t " a " o f G a r a p i n e t al . ( 2 0 ) a n d in

t h e g e n o m i c c l o n e \ C 4 - o v 5 ( 2 2 ) i s o l a t e d f r o m a c h i c k e n l i b r a r y

c o n s t r u c t e d b y D o d g s o n et a l . ( 2 7 ) in C a l i f o r n i a ; t h e y s h o u l d

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

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

be c o m p l e t e l y r e s i s t a n t to t h e a c t i o n o f t h e H h a l n u c l e a s e .

1 . 2 . H p a l l s i t e s .

S i t e s E p a l a n d 2 : r e s t r i c t i o n m a p p i n g o f g e n o m i c DNA f r o m

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

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

s i t e ( 2 8 - ? 9 ) h a s a l l o w e d u s t o d e t e c t a n d m a p t w o s i t e s , H p a l a n d

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

l e a d e r c o d i n g s e q u e n c e , i n a 1 0 . 5 k b K p n l f r a g m e n t ( F i g . 1 ) . T h e

p r e s e n c e a n d r e a c t i v i t y o f s i t e s H p a l a n d 2 w e r e s t u d i e d i n K p n l -

H p a l l o r K p n l - M s p l d o u b l e d i g e s t s h y b r i d i z e d t o p r o b e I ( F i g . l c )

a n d s o m e o f t h e r e s u l t s a r e s h o w n i n F i g . 6 . I n DNA f r o m l a y i n g

h e n A , t h e 1 0 . 5 k b K p n l f r a g m e n t ( l a n e 6 ) w a s d i g e s t e d b y M s p l

t o a 5 . 3 k b h y b r i d i z i n g f r a g m e n t ( l a n e 1 ) i n d i c a t i n g t h e p r e s e n c e

o f s i t e H p a 2 ( F i g . l b ) i n t h e h o m o z y g o u s s t a t e i n t h i s a n i m a l .

W i t h H p a l l h o w e v e r , l e s s t h a n 8 % d i g e s t i o n o c c u r e d a t t h i s s i t e

i n e r y t h r o c y t e , o v i d u c t , l i v e r o r k i d n e y DNA f r o m t h e s a m e a n i m a l

E O E O L K K j O I O F ig . 6 : Presence and r e a c t i -
I I v i t y o f s i t e s Hpa 1 a n d 2 .

_ _ + + + - + • + + 1 - • D N A f r o m d i f f e r e n t t i ssues

+ _ l + + - - I • - ( symbo ls as i n F i g . 2B)
, a J 4 5 6 7 a 9 10 i i 12 13 " d f rom d i f f e r e n t l a y i n g
1 hen were d i g e s t e d w i t h

Kpnl and e i t h e r H p a l l o r
• I I ^ ^ ^ E mj. ^ ^ ^ fctfrfM Mspl as i n d i c a t e d i n the

10 5~ • ^ • ^ • ^ B ^ ^ » ^ ^ ^ f i g u r e . The digests were
electrophoresed on a 0.1%

• ••» agarose gel and hybridized
* - * «•# t o p r o b e I ( F i g . l c ) .

C h i c k e n A , ( l a n e s 1 t o 7 ) ,
• B, ( l a n e s 8 a n d 10 ) , C,(la-

nes 9 a n d 1 1 ) , D , ( 1 a n e s
12 a nd 1 3 ) . P e r s i s t a n c e

of t h e b a n d at 6.3 kb was r e p r o d u c i b l y o b s e r v e d in i n d e p e n d e n t
M s p l d i g e s t s o f o v i d u c t DNA fr o m c h i c k e n A (see a l s o F i g . 7 ) .
E x t e n t s o f d i g e s t i o n : site H p a l 42 and 2 2 % f o r l a n e s 4 and 11
r e s p e c t i v e l y ; s i t e H p a 2 , 8 , 6 and 6% f o r l a n e s 3, 5, a n d 7 r e s -
pe c t i v e l y .
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(lanes 3 , 4 , 5 a n d 7 ) . On t h e o t h e r h a n d in o v i d u c t D N A , H p a l l

c o n v e r t e d 4 0 % o f t h e 1 0 . 5 kb K p n l f r a g m e n t t o a 6.3 kb hybridizing

f r a g m e n t ( l a n e 4 ) r e v e a l i n g t h e d i g e s t i b i l i t y o f s i t e H p a l ( F i g .

l b ) . T h i s s i t e w a s n o t d i g e s t e d b y H p a l l in o t h e r t i s s u e s ( l a n e s

3 , 5 , 7 ) .

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

l a y i n g h e n s , C ( l a n e s 9 a n d 1 1 ) a n d E ( r e s u l t s n o t s h o w n ) . In

b o t h a n i m a l s s i t e H p a 2 , a l t h o u g h p r e s e n t in t h e h o m o z y g o u s s t a t e

as i n d i c a t e d by M s p l d i g e s t i o n ( l a n e 9 ) , w a s r e s i s t a n t t o t h e

a c t i o n o f H p a l l 1n o v i d u c t D N A ( l a n e 1 1 ) o r in l i v e r D N A ( n o t

s h o w n ) . S i t e H p a l w a s a l s o p r e s e n t in b o t h a n i m a l s , a n d w a s s e n s -

i t i v e to e n z y m e H p a l l o n l y in o v i d u c t D N A ( l a n e 1 1 ) a l t h o u g h t h e

e x t e n t o f d i g e s t i o n ( 2 0 t o 2 5 % f o r b o t h a n i m a l s ) w a s reproducibly

l o w e r t h a n f o r o v i d u c t D N A f r o m c h i c k e n A . (It s h o u l d b e n o t e d

t h a t o u r e x p e r i m e n t s d o n o t a l l o w us t o d e t e r m i n e w h e t h e r chickens

A , C o r E a r e h o m o z y g o u s o r h e t e r o z y g o u s f o r s i t e H p a l , s i n c e in

M s p l d i g e s t s , t h i s s i t e is s e p a r a t e d b y t h e s i t e H p a 2 f r o m t h e

s e q u e n c e s h y b r i d i z i n g t o p r o b e I ) . A d i f f e r e n t s i t u a t i o n was found

in t h e c a s e o f c h i c k e n B a n d D . H p a l a n d 2 a r e b o t h a b s e n t in

c h i c k e n B , s i n c e t h e 1 0 . 5 kb K p n l fragment is completely resistant to

Mspl or Hpall digestion ( l a n e s 8 a n d 1 0 ) . In c h i c k e n D , s i t e H p a 2 is

p r e s e n t o n l y in t h e h e t e r o z y g o u s s t a t e ( l a n e 1 2 ) a n d t h e r e is n o

d e t e c t a b l e d i g e s t i o n a t s i t e H p a l by e i t h e r M s p l o r H p a l l ( l a n e s

12 a n d 1 3 ) . It is t h u s l i k e l y t h a t s i t e H p a l is a b s e n t in c h i c k e n

D ( a l t h o u g h w e c a n n o t e x c l u d e at t h e p r e s e n t t i m e t h a t it is

p r e s e n t in a c o m p l e t e l y m e t h y l a t e d s t a t e o n t h e s a m e a l l e l e a s

s i t e H p a 2 ) .

F r o m t h e s e d a t a , w h i c h a r e s u m m a r i z e d in T a b l e 1, w e

c o n c l u d e t h a t s i t e s H p a l a n d 2 d e f i n e t w o a d d i t i o n a l a l l e l i c

p o l y m o r p h i s m s in t h e v i c i n i t y o f t h e o v a l b u m i n g e n e . S i t e H p a l

is p r e f e r e n t i a l l y d i g e s t e d b y H p a l l in o v i d u c t D N A , b u t w e d o n o t

k n o w t h e t r u e e x t e n t o f I t s d i g e s t i o n b e c a u s e o f t h e u n c e r t a i n t y

o n t h e d o s a g e o f t h i s s i t e in t h e g e n o m e o f t h e a n i m a l s s t u d i e d .

S i t e H p a 2 , on t h e c o n t r a r y , a p p e a r s v e r y p o o r l y d i g e s t e d b y

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

Site Hpa3 : W e f o u n d v e r y r e c e n t l y t h a t c l o n e x C 4 - o v 5 ( 2 2 ) c o n t -

a i n s an H p a l l s i t e l o c a t e d in t h e m i d d l e o f t h e E c o R I f r a g m e n t

" a " . T h i s s i t e w a s a b s e n t f r o m t h e p r e v i o u s l y c l o n e d f r a g m e n t " a "
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TABLE 1

Hpall digestion (in %)

Site Occurence oviduct other tissues

Hpal

Hpa 2

Hens

Hens

C

C

Hen

Hen

and

Hen

Hen

and

Hen

A

B

E

A

B

E

D

present

absent

present

present

absent

present

present

(homozygote)

(homozygote)

(homozygote)

(heterozygote)

42

22 (C) , 26 (E)

-

nd
nd

-

$3

-

n t

O c c u r e n c e a n d d i g e s t i b i 1 i t y o f s i t e s H p a l a n d 2 . T h i s t a b l e
s u m m a r i z e s d a t a o b t a i n e d on 5 d i f f e r e n t h e n ( F i g . 6 a n d r e s u l t s
not s h o w n ) , nd : no d i g e s t i o n w a s d e t e c t e d ( < 1 X ) . n t : n o t tested.
W h e n u n k n o w n , t h e a l l e l i c s t a t e i s n o t i n d i c a t e d .

( 2 0 ) . A s e a r c h ( u s i n g M s p l ) f o r t h i s s i t e in 5 l a y i n g h e n s a n d

2 r o o s t e r s , r e v e a l e d its p r e s e n c e in 3 a n i m a l s ( t w o l a y i n g h e n s

a n d o n e r o o s t e r ) . S i t e H p a 3 is n o t d i g e s t e d b y H p a l l in o v i d u c t

( F i g . 7 , l a n e s 5 a n d 6 ) , l i v e r or s p e r m D N A ( n o t s h o w n ) . It is

h o w e v e r d i g e s t e d by Hp a l l in e r y t h r o c y t e D N A ( F i g . 7 , l a n e s 1 a n d

2 ) . T h i s d i g e s t i o n is not c o m p l e t e , a s i n d i c a t e d b y t h e comparison

w i t h t h e p a t t e r n o b t a i n e d w i t h M s p l ( F i g . 7 , l a n e s 3 , 4 ) . It is

i n t e r e s t i n g t o n o t e t h a t M s p l d o e s n o t d i g e s t to c o m p l e t i o n at

E O F i g . 7 : R e a c t i v i t y o f s i t e Hpa3.
Hpal l 7 ' C 7 ~ T1 DNA f r o m e r y t h r o c y t e (E) o r o v i d u c t
M T " ~ " " ( 0 ) f r o m a s i n g l e l a y i n g hen were d i -

p " " * * " " g e s t e d w i t h EcoRI and H p a l l o r Mspl
l

. g p p
1 2 3 4 5 6 •«# 8 a s i n d i c a t e d i n t h e f i g u r e . I n l a n e s

9 2 ^ n ^^0km*^^ 2 , 4 , 6 and 8 , samples were d i g e s t e d
w i t h t w i c e t h e amount of enzymes f o r
t w i c e a s l o n g as in l a n e s 1, 3, 5 a n d

50_ ««.-~- ^mtm ?• D i g e s t s w e r e a n a l y s e d o n a 0 . 9 S
4.2_ •• •— — *» a g a r o s e gel a n d h y b r i d i z e d t o p r o b e II

( F i g . l c ) . E x t e n t s o f d i g e s t i o n : 5 3 ,
5 2 , 9 1 , 9 0 , 6 4 a n d 6 4 * in l a n e s 1 to

v 4 a n d 7, 8 . r e s p e c t i v e l y . E x t e n t o f d i -
g e s t i o n in l a n e s 5 a n d 6 w a s too low
to be m e a s u r e d .
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t h e s i t e H p a 3 o f o v i d u c t D M A , w h i c h s u g g e s t s t h a t t h i s s i t e m i g h t

be f u r t h e r m o d i f i e d , p o s s i b l y by m e t h y l a t i o n ( R . F l a v e l l , p e r s o n -

al c o m m u n i c a t i o n ) on t h e f i r s t C o f t h e r e c o g n i t i o n s e q u e n c e

( F o r a p o s s i b l e s i m i l a r s i t u a t i o n a t s i t e H p a 2 , s e e F i g . 6, l a n e

. 2 ) .

I I . H h a l A N D H p a l l D I G E S T I O N P A T T E R N S W I T H I N A N D A R O U N D T H R E E

O T H E R C H I C K E N G E N E S .

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

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

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

b u t n o t in t h e o t h e r c h i c k e n o r g a n s . In o r d e r to p r o b e t h e g e n e -

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

e x p r e s s i o n , w e s t u d i e d t h e m e t h y l a t i o n p a t t e r n s o f u n m a p p e d H p a l

a n d H p a l l s i t e s in 3 o t h e r g e n e s f o r w h i c h c D N A c l o n e s h a v e b e e n

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

o f t i s s u e - s p e c i f i c e x p r e s s i o n .

I I . 1 . T h e o v o t r a n s f e r r i n ( c o n a l b u m i n ) g e n e .

T h e o v o t r a n s f e r r i n g e n e is e x p r e s s e d b o t h in o v i d u c t ,

u n d e r s t e r o i d h o r m o n e c o n t r o l ( 3 0 ) a n d , at a l o w e r r a t e , in t h e

l i v e r w h e r e b o t h i r o n a n d s t e r o i d s m o d u l a t e i t s t r a n s c r i p t i o n (31).

T h i s g e n e is c l e a v e d by E c o R I i n t o 3 f r a g m e n t s , " a " , " b " , " c " , o f

1 0 . 7 , 4 a n d 2.5 kb ( 3 2 , 3 3 ; s e e a l s o F i g s 8 a n d 9 ) . W e a n a l y z e d

E c o R I - H h a l o r E c o R I - H p a l l d o u b l e d i g e s t s o f D N A f r o m v a r i o u s

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

c o n a l b u m i n c D N A ( 3 4 ) w h i c h c o r r e s p o n d s to n u c l e o t i d e s 20 to a b o u t

1 9 0 0 o f t h e 2 4 0 0 n u c l e o t i d e - 1 o n g c o n a l b u m i n m R N A . T h e r e s u l t s in

F i g s 8 a n d 9 s h o w c o m p l e x p a t t e r n s o f d i g e s t i o n , w i t h s t r i k i n g

d i f f e r e n c e s b e t w e e n t h e v a r i o u s t i s s u e s e x a m i n e d . It is a p p a r e n t

t h a t in all c a s e s , i n c l u d i n g s p e r m D N A ( F i g . 9, l a n e s 2 , 3, 6

a n d 7 ) t h e E c o R I f r a g m e n t " a " is t o t a l l y d i g e s t e d by b o t h H h a l

a n d H p a l l , i n t o s m a l l e r f r a g m e n t s . In e r y t h r o c y t e ( F i g . 8 , l a n e s

2 a n d 3 ) , s p l e e n ( F i g . 8, l a n e s 14 a n d 1 5 ) a n d s p e r m D N A ( F i g . 9,

l a n e s 2 , 3, 6 a n d 7 ) the principal product o f d i g e s t i o n o f E c o R I

f r a g m e n t " a " by e a c h o f t h e s e t w o n u c l e a s e s is 8 . 2 kb l o n g . In

o v i d u c t ( F i g . 8 , l a n e s 5, 6 ) , l i v e r ( F i g . 8 , l a n e s 8 , 9, a n d
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Fi g . 8 : Analysis of Hhal
and Hpall digestion patt-
erns within and around the

n«u _ • _ _ • _ _ • _ - • • - conalbumin gene. DNA from
Hpai _ _ + _ _ • _ - • - - • - - • various tissues from a

single laying hen were
digested with EcoRI alone
or in combination with
Hhal or Hpall as indicated
in the figure. Symbols are
as in Fig. 2B. Electropho-

^ ^ W w » _ ^_2s(ci resis was on an IS agarose
**'*" -22 gel and the hybridization

•»• 20 probe used was a mixture
of the Hhal fragments A
and B from the cloned con-

i albumin dscDNA (32,34) .
The presence of bands ab-
ove band "a" in EcoRI di-

gests (lanes 4, 7 and 13) might indicate some incomplete digestion
although when samples from the same digests were analysed with
an ovalbumin probe a pattern of complete digestion was obtained.

F i g . 9 , l a n e s 4 , 5 , 8 , 9 ) a n d k i d n e y ( F i g . 8 , l a n e 1 2 ) f r a g m e n t s

s m a l l e r t h a n 8 . 2 k b a p p e a r . W e c o n c l u d e f r o m t h e s e p a t t e r n s t h a t

a t l e a s t o n e H h a l s i t e a n d o n e H p a l l s i t e a r e f o u n d i n E c o R I

f r a g m e n t " a " w h i c h a r e u n m e t h y l a t e d in a l l t i s s u e s e x a m i n e d .

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

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

h a n d , o t h e r s i t e s a r e m e t h y l a t e d t o a v a r i a b l e e x t e n t in d i f f e r -

e n t t i s s u e s . H e r e t o o , it i s in o v i d u c t D N A t h a t H h a l o r H p a l l

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

d i s a p p e a r a n c e o f t h e 8 . 2 k b f r a g m e n t w i t h H h a l ( F i g . 8 , l a n e 5 )

a n d o f f r a g m e n t s l o n g e r t h a n 2 . 6 k b w i t h H p a l l ( F i g . 8 , l a n e 6 ) .

In l i v e r O N A , t h e p e r s i s t a n c e o f p a r t o f t h e 8 . 2 k b

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

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

D N A . O n t h e o t h e r h a n d , s o m e f r a g m e n t s w h i c h a r e c o m m o n t o l i v e r

a n d o v i d u c t D N A a r e n o t f o u n d i n o t h e r t i s s u e s , e g . a 6 . 5 k b a n d

2 kb b a n d s i n t h e H h a l d i g e s t s , a 2 . 2 k b b a n d i n t h e H p a 1 1 d i g e s t s ,

F i g . 8 , l a n e s 5 , 6, 8 , 9 ) . T h i s s u g g e s t s t h a t t h e r e a r e s i t e s

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

D N A . In k i d n e y , a t l e a s t o n e H p a l l s i t e a l s o a p p e a r s t o b e u n d e r -

m e t h y l a t e d , a s i n d i c a t e d b y t h e r e l a t i v e d e c r e a s e o f t h e 8 . 2 k b

f r a g m e n t a n d t h e a p p e a r a n c e o f a 3 . 8 k b f r a g m e n t ( F i g . 8 , l a n e 12).
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It is a l s o a p p a r e n t t h a t t h e p a t t e r n f o u n d in l i v e r D N A f r o m

l a y i n g h e n ( F i g . 8 , l a n e s 8 , 9 ) is v e r y s i m i l a r t o t h a t f o u n d in

l i v e r D N A f r o m r o o s t e r s ( F i g . 9, l a n e s 4 , 5 , 8 , 9 ) . T h e d i g e s t i o n

p a t t e r n s 1n o v i d u c t , l i v e r a n d e r y t h r o c y t e D N A s a r e v e r y r e p r o d u -

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

p r o p e r t y o f t h e g e n e in a g i v e n t i s s u e .

I I . 2 . T h e o v o m u c o i d g e n e .

T h i s g e n e i s e x p r e s s e d in o v i d u c t u n d e r s t e r o i d h o r m o n e

c o n t r o l ( 3 5 - 3 7 ) , b u t n o t in l i v e r ( 3 8 ) . M e t h y l a t i o n in t h e o v o -

m u c o i d g e n e r e g i o n w a s s t u d i e d u s i n g an o v o m u c o i d c D N A c l o n e c o n -

s t r u c t e d in o u r l a b o r a t o r y ( A . K r u s t e t a l . , u n p u b l i s h e d r e s u l t s ,

a n d r e f . 2 6 ) a s h y b r i d i z a t i o n p r o b e . T h e o v o m u c o i d g e n e s e q u e n c e s

a r e f o u n d in t w o E c o R I f r a g m e n t s : " a " , 14 k b ; a n d " b " , 6.5 k b .

[ f r a g m e n t " b " c o n t a i n s o n l y 1 6 0 b p o f m R N A - c o d i n g sequence (39, and

P. G e r l i n g e r u n p u b l i s h e d r e s u l t s ) , a n d is g e n e r a l l y m o r e d i f f i c u l t

to d e t e c t in o u r e x p e r i m e n t s ] . In all t i s s u e s ( i n c l u d i n g s p l e e n

a n d b r a i n , n o t s h o w n ) b o t h H h a l a n d H p a l l c l e a v e t h e E c o R I f r a g -

jrents. "a" in hybridizing f r a g m e n t s o f 8. 4 a n d 8 . 2 kb, r e s p e c t i v e l y ,

o r in e v e n s m a l l e r f r a g m e n t s ( F i g . 1 0 ) . T h i s s u g g e s t s t h a t a s in

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

H p a l l s i t e s a r e u n m e t h y l a t e d in all t i s s u e s t e s t e d . O v i d u c t D N A

HpaK - - + - •

r ^ i r — i Fig 9 : Hhal and Hp a l l digestion
+ _ + _ p a t t e r n s in the r e g i o n of the con-

a l b u m i n g e n e , in s p e r m and l i v e r
D N A . DNA from s p e r m ( S p ) and

2 - 3 4 9 6 7 8 9 l i v e r (L) from two r o o s t e r s w e r e
a n a l y s e d as d e s c r i b e d in l e g e n d

+

y g
^ i ^ to Fig. 8 (but el ectrophores i s

a2-* ^btm**J&ttf*-' was on an 0.8% agarose gel).
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L o F j g . 10 : Hhal and H p a l l
ii 1 di gesti on p a t t e r n s in the

_ « . _ _ + — + _ _ • - l _ + - - • - r e g i o n o f the o v o m u c o i d
Hpai + _ _ + _ _ + _ _ + l — + _ _ + g e n e . DNA from v a r i o u s

3 4 S 6 7 a 9 » ii o is M « M 17 w t i s s u e s (symbol s as in
<•> F i g . 2B) w e r e d i g e s t e d

*"* " and a n a l y s e d as described
in the l e g e n d to F i g . 8,

*? but the h y b r i d i z a t i o n
p r o b e w a s a DNA f r a g m e n t

^ c o n t a i n i n g the o v o m u c o i d
•-> ._ c D N A s e q u e n c e of p l a s m i d

p B o v o m l (A. K r u s t et al .,
u n p u b l i s h e d ) . S a m p l e s 1n
l a n e s 1 to 12 and in lanes
13 to 18 are from two
d i f f e r e n t l a y i n g h e n s .

c o n t a i n s a d d i t i o n a l Hhal and H p a l l s i t e s a v a i l a b l e for d i g e s t i o n

as i n d i c a t e d by the a l m o s t c o m p l e t e d i s a p p e a r a n c e of the 8.2 kb

f r a g m e n t in the H p a l l d i g e s t s ( F i g . 1 0 , lanes 6 and 1 8 ) , and the

p r e s e n c e o f f r a g m e n t s of 2.7 kb or l e s s in both Hhal and H p a l l

d i g e s t s ( l a n e s 5, 6, 17 and 1 8 ) . C o n t r a r y to w h a t w a s o b s e r v e d

for t h e c o n a l b u m i n r e g i o n , the o v o m u c o i d r e g i o n a p p e a r s less

s e n s i t i v e to d i g e s t i o n by Hhal and H p a l l in l i v e r DNA (lanes 8,

9, 14 and 15) than in e r y t h r o c y t e DNA ( l a n e s 2 and 3 ) .

I I . 3. B - g l o b i n g e n e s .

A c h i c k e n globin c D N A has b e e n c l o n e d in o u r l a b o r a t o r y

(A. K r u s t , u n p u b l i s h e d r e s u l t s ) and one of the r e c o m b i n a n t p l a s -

m i d s , has b e e n s h o w n to c o n t a i n the s e q u e n c e s c o d i n g for the

a d u l t B - g l o b i n (D. E n g e l , p e r s o n a l c o m m u n i c a t i o n ) . Two E c o R I

f r a g m e n t s ("a", 9 . 4 , and " b " , 6.0 k b ) h y b r i d i z e to the B - g l o b i n

p r o b e u n d e r the r e l a t i v e l y low s t r i n g e n c y o f o u r e x p e r i m e n t (Fig.

1 1 , l a n e 4 ) . A c c o r d i n g to Engel and D o d g s o n ( 4 0 ) the 9.4 and

the 6.0 kb f r a g m e n t s c o r r e s p o n d to an e m b r y o n i c and to the a d u l t

B - g l o b i n g e n e , r e s p e c t i v e l y .

A f t e r Hhal d i g e s t i o n , 4 b a n d s are seen in e r y t h r o c y t e

DNA. The f a i n t 6.0 kb f r a g m e n t is u n l i k e l y to c o r r e s p o n d to the

" a d u l t " u n d i g e s t e d EcoRI f r a g m e n t " b " s i n c e in 3 d i f f e r e n t c h i -

c k e n s it m i g r a t e d s l i g h t l y a h e a d f r o m E c o R I f r a g m e n t b ( F i g . 1 1 ,

lane 1, and r e s u l t s not s h o w n ) . The t h r e e o t h e r b a n d s in the
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E O K K S L
Hhal + + + _ + +

1 2 3 4 5 6
94 (a). **,

6 0IW- Mfr
5.2-
4 5-

3.6- ^

3.1- «»

2.35-

Fig 11 : Hhal digestion pattern
in the region of embryonic and
adult B-globin genes. DNA from
various tissues from a single
laying hen were digested with
EcoRI and Hhal as indicated.
Electrophoresis was on an 0.8S
agarose gel and the excised e-glo-
bin sequence of a recombinant
6-globin cDNA plasmid (see text)
was used as an hybridization probe.
Symbols are as in Fig. 2B.

erythrocyte track are 3.6, 3.1. and 1.4 kb-long. Hhal produces a

more complex pattern in other tissues (lanes 2, 3, 5 and 6) with

some undigested EcoRI fragment "b" and two bands 5.2- and 4.5 kb-

long, which are not found in erythrocyte DNA digests and

which Indicate the presence of sites partially or totally resistant to

Hhal digestion. It is interesting to note that a 2.35 kb fragment

was easily detected in DNA from spleen, but not in DNA from other

tissues (Fig. 11, lane 5 and results not shown on one other ani-

m a l ) . Hhal did not digest EcoRI fragments "a" and "b" in sperm

DNA (results not shown). We conclude that some Hhal sites in the

region of the adult B-globin gene are less methylated in DNA from

mature erythrocyte than in DNA from other tissues including ovi-

duct.

DISCUSSION

If the biological significance of cytosine methylation

at CpG dinucleotides is to fulfill a role in differentiation or

in the regulation of gene expression, as previously proposed

(4, 5) then one should be able to find variations in the methyl-

ation pattern at specific sequences in different cell types or

under different functional states of the same cell. We have used
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t h e r e s t r i c t i o n n u c l e a s e a p p r o a c h , f i r s t d e s c r i b e d b y B i r d a n d

S o u t h e r n ( 1 4 ) t o s t u d y t h e e x t e n t o f D M A m e t h y l a t i o n i n t h e

r e g i o n s o f f o u r c h i c k e n g e n e s : t h e o v a l b u m i n , c o n a l b u m i n ( o v o -

t r a n s f e r r i n ) a n d o v o m u c o i d g e n e s , w h i c h a r e e x p r e s s e d a t h i g h

r a t e i n o v i d u c t u n d e r s t e r o i d h o r m o n e c o n t r o l ( t h e o v o t r a n s terrin

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

B - g l o b i n g e n e .

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

w a s e x a m i n e d f o r 7 r e s t r i c t i o n s i t e s i n t h e r e g i o n o f t h e o v a l -

b u m i n g e n e a n d o u r r e s u l t s a r e s u m m a r i z e d i n T a b l e I I . W e f o u n d

t h a t t w o H h a l s i t e s ( H h a 2 a n d 3 ) a n d o n e H p a l l s i t e ( H p a l ) a r e

l e s s m e t h y l a t e d i n l a y i n g h e n o v i d u c t t h a n in o t h e r t i s s u e s . S i t e

H h a 2 i s l o c a t e d w i t h i n t h e o v a l b u m i n g e n e w h e r e a s s i t e s H p a l a n d

H h a 3 a r e s i t u a t e d u p s t r e a m a n d d o w n s t r e a m f r o m t h e g e n e , r e s p e c -

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

T A B L E 2

OCCUREHCE AND DIGESTIBILITY OF Hhll AND HpaI I SITES IK THE OYALBUBIN GENE REGION

Hp«I (Fig.

Hpi2 (F1g.

Hha2 (Fig

Hha3 (F1g.

Hpa3 (F1a •

Hha4 (Fig.

Hh«5 (F(g.

6)

6)

2.3)

3-5)

7)

3-5)

3-5)

Occurence

Pr.s.nt1"

Hosozygouf

HtterozygousT***

KoHOzygout

HoBOiygout

?(b)

?(b)

ov1duct

22 - 42

nd or <3

25 - 32

75 - 85

US

nd

nd

Digestion (in I)

11ver trythrocyte

<3

4 - 8

4 - 7

31 - 51

*3

nd
nd

<3

4 - 8

<3

13 - 32

40 - 52

nd

nd

sptrp

nt

nd

nd

nd

nd

nd

nd

* * ' Our cxpcriaents do not allow to d t t t r « 1 n t th t dotage of this s i t t 1n the m t a a l s
studied (see t t x t ) .

( ' This s i t t was detecttd 1n two 1ndtpendtntly clontd ovtlbutHn gents and t i g h t there -
for t bt prestnt 1n tht analyzed c i l l u l i r DNAs ( s t t t e x t ) .

. Tranmcrlptlon _y li=J

1 2 3 4 5

- I 7 Y — 7 Y I

This t a b l e i n c o r p o r a t e s d a t a p r e s e n t e d in the f i g u r e s i n d i c a t e d
and d a t a n o t shown o b t a i n e d on DNA from o t h e r a n i m a l s . The n u m -
bers r e p r e s e n t the range o f the v a l u e s o b t a i n e d , nd: no digestion
dete.cted; nt : not t e s t e d . The m a p i n d i c a t e s the l o c a t i o n of Hhal
a n d H p a l l r e s t r i c t i o n s i t e s w i t h r e s p e c t to the o v a l b u m i n g e n e
t r a n s c r i p t i o n unit (heavy l i n e , see Fig. 1 ) .
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u n d e r m e t h y l a t i o n o f t h e s e t h r e e s i t e s . F i r s t , it is l i k e l y , b u t

n o t p r o v e n , t h a t s i t e s H p a l a n d H h a 2 e x i s t in t h e h e t e r o z y g o u s

s t a t e in t h e a n i m a l s s t u d i e d ( s e e R e s u l t s e c t i o n ) . A d i g e s t i b i -

l i t y o f a b o u t 3 0 S c o u l d t h e r e f o r e i n d i c a t e t h a t 6 0 S o f t h e e x i s -

t i n g s i t e s a r e u n m e t h y l a t e d . S e c o n d , it is k n o w n t h a t t h e tubular

g l a n d c e l l s in w h i c h o v a l b u m i n is s y n t h e s i z e d r e p r e s e n t 70 to 8 0 %

o f t h e c e l l s o f l a y i n g hen o v i d u c t ( 3 6 ) . T h u s , t h e 8 0 S d i g e s t i -

b i l i t y o f t h e h o m o z y g o t e s i t e H h a 3 m o s t likely r e f l e c t s c o m p l e t e

u n m e t h y l a t i o n o f t h i s s i t e in c e l l s a c t i v e l y s y n t h e s i z i n g o v a l -

b u m i n [ s e e a c c o m p a n y i n g p a p e r ( 4 1 ) f o r e v i d e n c e s u p p o r t i n g t h i s

i n t e r p r e t a t i o n ] . It a p p e a r s t h e r e f o r e t h a t all t h r e e s i t e s H p a l ,

H h a 2 a n d H h a 3 a r e m o s t l y , if n o t t o t a l l y , u n m e t h y l a t e d in o v i d u c t

c e l l s w h e r e t h e o v a l b u m i n g e n e is e x p r e s s e d . On t h e c o n t r a r y ,

H p a l a n d H h a 2 s i t e s a r e a l m o s t c o m p l e t e l y , o r t o t a l l y , m e t h y l a t e d

in all o t h e r c e l l s a n d s i t e H h a 3 is p a r t i a l l y m e t h y l a t e d in these

c e l l s , w i t h t h e e x c e p t i o n o f s p e r m w h e r e it is t o t a l l y m e t h y l a t e d .

T h e o v a l b u m i n r e s u l t s i n d i c a t e t h a t u n d e r m e t h y l a t i o n , at

s o m e s i t e s at l e a s t , c o u l d be c o r r e l a t e d w i t h t i s s u e - s p e c i f i c

g e n e e x p r e s s i o n . T h i s c o r r e l a t i o n is a l s o o b s e r v e d in t h e regions

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

a c t i v e l y t r a n s c r i b e d in o v i d u c t a r e p r e f e r e n t i a l l y undermethylated

in o v i d u c t D M A . F u r t h e r m o r e , in l i v e r t h e o v o m u c o i d r e g i o n is

m e t h y l a t e d w h e r e a s t h e c o n a l b u m i n g e n e , w h i c h is e x p r e s s e d i n t h i s

o r g a n , is u n d e r m e t h y l a t e d . F u r t h e r s t u d i e s a r e r e q u i r e d to

e s t a b l i s h w h e t h e r t h e d i f f e r e n t e x t e n t s o f u n d e r m e t h y l a t i o n in

o v i d u c t a n d l i v e r a r e r e l a t e d to d i f f e r e n t m e c h a n i s m s o f c o n t r o l

o f c o n a l b u m i n g e n e e x p r e s s i o n or to a g r e a t e r cell h e t e r o g e n e i t y

in l i v e r . T h e e - g l o b i n g e n e s a r e d i g e s t e d b e s t by H h a l in e r y t h -

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

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

t h a t t h e p a t t e r n s o b s e r v e d in t h e o t h e r g e n e s c o u l d be d u e to a

g e n e r a l d e f i c i e n c y o f m e t h y l g r o u p s 1n o v i d u c t D N A , c a u s e d f o r

i n s t a n c e by a l o w m e t h y l a s e a c t i v i t y in t h i s t i s s u e .

A l t h o u g h t h e r e is u n d o u b t e d l y a c o r r e l a t i o n b e t w e e n g e n e

e x p r e s s i o n a n d u n d e r - o r u n m e t h y l a t i o n o f H h a l a n d H p a l l s i t e s ,

t h e r e a r e s e v e r a l e x a m p l e s s h o w i n g t h a t t h i s is n o t t r u e f o r all

of these sites (Table ?).First, in the ovalbumin gene r e g i o n , t h e H p a 3 site

is f u l l y m e t h y l a t e d in o v i d u c t a n d in l i v e r , b u t u n d e r m e t h y l a t e d
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1n t h e e r y t h r o c y t e . K n o w i n g t h a t D N a s e l s e n s i t i v i t y is a p r o p e r t y

o f " a c t i v e " c h r o m a t i n ( 4 2 , for o t h e r r e f s . , s e e r e f . 4 3 ) , t h i s

o b s e r v a t i o n is p a r t i c u l a r l y s t r i k i n g , s i n c e t h e r e g i o n o f t h e

g e n o m e c o n t a i n i n g s i t e H p a 3 is D N a s e l - s e n s i t 1 v e in c h r o m a t i n o f

o v i d u c t , b u t n o t in e r y t h r o c y t e a n d l i v e r c e l l s (M. B e l l a r d ,

p e r s o n a l c o m m u n i c a t i o n a n d r e f . 4 1 ) . S e c o n d , s o m e s i t e s a p p e a r to

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

T h i s is t h e c a s e o f s i t e H p a 2 . It is i n t e r e s t i n g to n o t e t h a t this

s i t e is l o c a t e d b e t w e e n t w o s i t e s ( H p a l a n d H h a 2 ) w h i c h a r e under-

m e t h y l a t e d 1n o v i d u c t D N A . As a l r e a d y d i s c u s s e d in t h e R e s u l t s

s e c t i o n , it is a l s o v e r y l i k e l y t h a t s i t e s H h a 4 a n d H h a 5 a r e

a l w a y s f u l l y m e t h y l a t e d . T h i r d , 1n the c o n a l b u m i n a n d o v o m u c o i d

r e g i o n s , t h e r e a r e H p a l l and H h a l s i t e s w h i c h a l w a y s a p p e a r to be

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

T a k e n t o g e t h e r , o u r r e s u l t s s u g g e s t t h e e x i s t e n c e 1n t h e

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

t h a t w h a t is o b s e r v e d w i t h H h a l or H p a l l c a n be e x t e n d e d to the

o t h e r methylatable s i t e s ) . S o m e s i t e s a p p e a r a l w a y s u n m e t h y l a t e d

a n d w o u l d c o r r e s p o n d to t h e m " c l a s s as d e f i n e d by B i r d et al .

( 4 4 ) ; o t h e r s a r e a l w a y s c o m p l e t e l y (or at l e a s t 9 5 % ) m e t h y l a t e d

in all t i s s u e s a n d b e l o n g to the m c l a s s o f B i r d e t a l . ; on the

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

i z e d by t h e i r v a r i a b l e l e v e l o f m e t h y l a t i o n in d i f f e r e n t t i s s u e s ,

a n d c o u l d b e l o n g to a t h i r d v a r i a b l e c l a s s ( m v ) . U n d e r m e t h y l a t i o n

at t h e s e s i t e s 1s in g e n e r a l c o r r e l a t e d w i t h t i s s u e - s p e c i f i c g e n e

e x p r e s s i o n . T a k i n g I n t o a c c o u n t the c e l l h e t e r o g e n e i t y o f t h e

t i s s u e s w h i c h w e r e s t u d i e d , it is m o s t l i k e l y t h a t s o m e o f t h e s e

" v a r i a b l e " s i t e s a r e n o t m e t h y l a t e d at all in t h e g e n o m e r e g i o n s

w h i c h a r e t r a n s c r i b e d [ s e e a b o v e a n d ( 4 1 ) ] . O n t h e o t h e r h a n d , it

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

f o u n d in c e l l s in w h i c h a g i v e n g e n e is n o t t r a n s c r i b e d ( s e e for

i n s t a n c e t h e s i t e H h a 3 in the o v a l b u m i n g e n e r e g i o n a n d t h e B-glo-

b i n d i g e s t i o n p a t t e r n in F i g . 1 1 , f o r f u r t h e r d i s c u s s i o n o f t h i s

p o i n t s e e r e f . 4 1 ) .

T h e m e t h y l a t i o n p a t t e r n s t h a t we h a v e o b s e r v e d in t h e chicken

g e n o m e a p p e a r v e r y d i f f e r e n t f r o m t h o s e d e s c r i b e d by B i r d et a l .

( 4 4 ) f o r t h e s e a u r c h i n g e n o m e . T h e y s h o w e d t h a t m a n d m s i t e s

a r e c o r a p a r t m e n t a l i z e d to d i f f e r e n t l o n g s e q u e n c e t r a c t s . H i s t o n e
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D M A , r D N A and 5S DMA a r e f o u n d in the in" c o m p a r t m e n t i r r e s p e c t i v e

o f t h e t i s s u e ( e v e n in t i s s u e s w h i c h do n o t e x p r e s s t h e m a j o r i t y

o f the h i s t o n e g e n e s ) . T h e s e a u t h o r s t h u s p r o p o s e d t h a t m e t h y l -

a t i o n w a s an all or n o n e p h e n o m e n o n . T h i s is c l e a r l y n o t t h e c a s e

for t h e c h i c k e n g e n o m e a n d t h e r e is in f a c t s o m e e v i d e n c e t h a t

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

s p e c i e s ( B i r d , p e r s o n a l c o m m u n i c a t i o n ) . On the o t h e r h a n d , r e c e n t

r e s u l t s on m e t h y l a t i o n of B - g l o b i n g e n e s in v a r i o u s s p e c i e s appear

to s u p p o r t o u r c o n c l u s i o n s . T h e s i n g l e H p a l l s i t e in the r a b b i t

B - g l o b i n g e n e , s t u d i e d by W a a l w i j k a n d F l a v e l l ( 4 5 ) w o u l d a p p e a r

to b e l o n g to t h e m v c l a s s , s i n c e it w a s f o u n d 50% m e t h y l a t e d in

s e v e r a l e r y t h r o T d or n o n e r y t h r o f d t i s s u e s , but 8 0 % and 100X

m e t h y l a t e d in b r a i n a n d s p e r m D N A , r e s p e c t i v e l y . In t h a t c a s e ,

h o w e v e r , no c o r r e l a t i o n w a s f o u n d b e t w e e n the m e t h y l a t i o n level

and t h e B - g l o b i n g e n e a c t i v i t y . W h i l e t h i s p a p e r w a s b e i n g comp-

l e t e d , a r e p o r t by M c G h e e a n d G i n d e r ( 4 6 ) a p p e a r e d , s h o w i n g t h a t

s o m e u n m a p p e d H p a l l s i t e s 1n the c h i c k B - g l o b i n g e n e r e g i o n s are

f o u n d u n m e t h y l a t e d in e r y t h r o c y t e D N A , but are at l e a s t p a r t i a l l y

m o d i f i e d in o v i d u c t a n d b r a i n D N A . S o m e c o r r e l a t i o n b e t w e e n e x -

p r e s s i o n and u n d e r m e t h y l a t i o n has a l s o b e e n f o u n d in the c a s e of

h u m a n g l o b i n g e n e s (R. F l a v e l l , p e r s o n a l c o m m u n i c a t i o n ) a n d f o r

i n t e g r a t e d a d e n o v i r u s s e q u e n c e s in t r a n s f o r m e d c e l l s ( 4 7 ) .

The c o m p l e t e m e t h y l a t i o n in s p e r m of all of the m s i t e s

t h a t we have a n a l y s e d s u g g e s t t h a t the t i s s u e - s p e c i f i c methylation

p a t t e r n s are g e n e r a t e d d u r i n g d i f f e r e n t i a t i o n by l o s s of m e t h y l

g r o u p s at g i v e n s i t e s , r a t h e r than by a d d i t i o n of m e t h y l g r o u p s

to s i t e s p r e v i o u s l y u n m e t h y l a t e d . S i n c e no d e m e t h y l a s e a p p e a r s to

e x i s t ( 3 , 6) t h i s l o s s w o u l d o c c u r by a b s e n c e of p o s t - r e p l 1 c a t i v e

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

the m" c l a s s , w h i c h m o s t l i k e l y c o r r e s p o n d s to a total i m p o s s i -

b i l i t y to m e t h y l a t e at t h e s e s i t e s , m i g h t be r e l a t e d e i t h e r t o a

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

or to t h e e x i s t e n c e of DNA s e q u e n c e s w h i c h c a n n o t be r e c o g n i z e d

by the DNA m e t h y l a s e . In t h i s r e s p e c t , it is i n t e r e s t i n g to n o t e

t h a t t h e S V 4 0 DNA w h i c h is s y n t h e s i z e d d u r i n g a l y t i c i n f e c t i o n

is u n m e t h y l a t e d a n d c a n n o t be m e t h y l a t e d in vitro using a purified

m e t h y l a s e p r e p a r a t i o n ( 4 8 , 4 9 ) .

A l t h o u g h g e n e e x p r e s s i o n and u n d e r m e t h y l a t i o n at m v s i t e s
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a r e c o r r e l a t e d , i t 1s u n l i k e l y t h a t t h i s DNA m o d i f i c a t i o n i s d i r e c -

t l y i n v o l v e d 1n t h e r a p i d m o d u l a t i o n o f g e n e t r a n s c r i p t i o n , s i n c e

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

t i a l l y an i r r e v e r s i b l e p r o c e s s ( 3 ) . I n f a c t , we h a v e n o t o b s e r v e d

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

c h i c k e n o v i d u c t DNA 48 h r a f t e r o e s t r a d i o l w i t h d r a w a l u n d e r c o n d -

i t i o n s w h e r e o v a l b u m i n mRNA s y n t h e s i s i s c o m p l e t e l y s t o p p e d ( 5 0 ) .

O u r r e s u l t s ( F i g . 1 1 ) and t h o s e o f HcGhee a n d G i n d e r ( 4 6 ) on t h e

c h i c k e n e - g l o b i n g e n e i n d i c a t e a l s o t h a t a t l e a s t some s i t e s i n

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

w h i c h no l o n g e r s y n t h e s i z e e - g l o b i n mRNA. I t a p p e a r s t h e r e f o r e

t h a t , as p r e v i o u s l y s u g g e s t e d ( 4 , 5 ) , d i f f e r e n c e s i n m e t h y l a t i o n

a t t h e m v s i t e s c o u l d be r e l a t e d t o t h e p r o c e s s o f t h e commitment

o f a c e l l t o e x p r e s s a g i v e n s e q u e n c e o f t h e g e n o m e . W h e t e r u n d e r -

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

i s u n k n o w n a t t h e p r e s e n t t i m e . I t c o u l d be v i e w e d as a p r o c e s s

w h i c h w o u l d c r e a t e o r d e l e t e s i g n a l s r e c o g n i z e d by p r o t e i n s i n -

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

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

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

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

a t o r DNA ( 5 1 ) . A l t e r n a t i v e l y , u n d e r m e t h y l a t i o n c o u l d be a c o n s e -

q u e n c e o f t h e d i f f e r e n t i a t i o n p r o c e s s w h i c h by o b l i t e r a t i n g ( b y

p r o t e i n b i n d i n g f o r i n s t a n c e ) c e r t a i n DNA s i t e s w i l l p r e v e n t t h e i r

m e t h y l a t i o n . I n a n y c a s e , i t i s i m p o r t a n t t o r e m e m b e r t h a t m e t h y l -

a t i o n a t some s i t e s a p p e a r s t o be d i s p e n s a b l e , s i n c e t h e m v s i t e

Hha2 c a n be r e p l a c e d i n some a n i m a l s by t h e n o n - m e t h y l a b l e

s e q u e n c e GTGC ( 2 5 ) .

F i n a l l y , t h e r e i s i n t h e o v a l b u m i n g e n e a s t r i k i n g n u m b e r

o f a l l e l i c v a r i a n t s f o r H h a l a n d H p a l l s i t e s ( a t l e a s t 5 v a r i a n t

s i t e s o u t o f 8 s i t e s w h i c h h a v e b e e n c h a r a c t e r i z e d ) . We do n o t

know w h e t h e r t h e same i s t r u e f o r t h e o t h e r g e n e s w h i c h h a v e

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

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

i n v a r i o u s g e n e s ( 1 7 , 5 2 , 5 3 ) a n d t h e y c a n be u s e f u l m a r k e r s i n

g e n e t i c s t u d i e s , n o t a b l y f o r p r e n a t a l d i a g n o s i s ( 5 4 ) . I f c o n f i r m e d

b y f u r t h e r w o r k , s u c h a h i g h v a r i a b i l i t y i n r e s t r i c t i o n s i t e s f o r

" C p G " n u c l e a s e s w o u l d s u p p o r t t h e h y p o t h e s i s ( 5 5 ) t h a t t h e s t r i -
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k i n g l y low " C p G " c o n t e n t in DNA from v e r t e b r a t e s m i g h t be due to

a h i g h e r m u t a t i o n rate for this d i n u c l e o t i d e [methyl c y t o s i n e

b e i n g d e a m i n a t e d to t h y m i n e ( 4 , 5 6 ) ] . M e t h y l c y t o s i n e s have been

s h o w n r e c e n t l y to be s i t e s of m u t a t i o n a l hot s p o t s in E.coli (57).

A n a l y s i s of s e q u e n c e s at v a r i a n t r e s t r i c t i o n s i t e s will i n d i c a t e

w h e t h e r a s i m i l a r m e c h a n i s m a l s o o p e r a t e s in h i g h e r c e l l s .

B i o h a z a r d s a s s o c i a t e d w i t h the e x p e r i m e n t s d e s c r i b e d in

this p u b l i c a t i o n w e r e e x a m i n e d p r e v i o u s l y by the F r e n c h N a t i o n a l

C o n t r o l C o m m i t t e e . The e x p e r i m e n t s w e r e c a r r i e d out u n d e r L3 Bl

c o n d i t i o n s (Le P r o g r e s S c i e n t i f i q u e , N ° 1 9 1 , N o v . D e c . 1 9 7 7 ) .
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