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ISOLATION AND CHARACTERIZATION OF A 

MINOR DOMAIN OF HUMAN SATELLITE I I  DNA 

by

J i l l  A. Macoska 

A d v i s o r :  P r o f e s s o r  Ann He n d e r s o n

S p e c i f i c  s e q u e n c e  h e t e r o g e n e i t i e s  and a n o v e l  mi nor  chromosome 

7 - s p e c i f i c  domain we r e  i d e n t i f i e d  w i t h i n  human S a t e l l i t e  I I  DNA. 

S a t e l l i t e  I I  DNA was p u r i f i e d  u s i n g  c e s i u m  g r a d i e n t  

u l t r a c e n t r i f u g a t i o n  and p r o p a g a t e d  a s  r e c o m b i n a n t  DNAs. Twelve  of  

106 c l o n e d  DNA f r a g m e n t s  were  r a n d o m l y  c h o s e n  f o r  s t u d y .  Th r e e  

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

c o n t a i n e d  a l p h o i d  DNA. Four  c o n t a i n e d  s e q u e n c e s  h o mo l o g o u s  t o  LI 

Kpnl  LINES e l e m e n t  DNA and one  of  t h e s e ,  43 DNA, l o c a l i z e d  

s p e c i f i c a l l y  t o  t h e  c e n t r o m e r e s  of  chromosome 4 and t h e  X 

chr omos ome .  The i d e n t i f i c a t i o n  of  u n i q u e ,  a l p h o i d  and LI s e q u e n c e s  

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

S a t e l l i t e  I I  DNA. The r e m a i n i n g  f o u r  c l o n e d  DNAs s t u d i e d  c o n t a i n e d
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S a t e l l i t e  I I  s e q u e n c e *  a s s o c i a t e d  w i t h  Alu SINES e l e m e n t  DNA. DNA 

b a s e  s e q u e n c i n g  showed t h a t  t h e  S '  t e r m i n a l  200 b a s e p a i r  (bp)  

r e g i o n  o f  one  of  t h e s e ,  33 DNA, c o n t a i n e d  a t a n d e m a r r a y  of  s i x

d e g e n e r a t e  2 6 - n u c l e o t i d e  S a t e l l i t e  I I  r e p e a t  u n i t s  t h a t  c o n s e r v e d  

an a v e r a g e  56X of  t h e  c o n s e n s u s  s e q u e n c e  r e s i d u e s .  T h i s  r e g i o n  was 

s u b c l o n e d  a s  XL3 DNA and c o m p r i s e d  b a s e p a i r s  1 - 7 5 0  of  33 DNA. 

S o u t h e r n  b l o t  a n a l y s i s  showed t h a t  a 1400 b a s e p a i r  s e q u e n c e

h o mo l o g o u s  t o  XL3 DNA o c c u r r e d  10-100X i n  g en o mi c  DNA. M o r e o v e r ,

XL3 DNA r e v e a l e d  a 3 . 4  k i l o b a s e p a i r  (kb)  H a e l l l  f r a g m e n t  i n  human 

ma l e  p l a c e n t a l  DNA and h y b r i d i z e d  i n  s i t u  t o  t h e  p e r i c e n t r o m e r i c  

r e g i o n  of  human chr omosome  7.  T h i s  i n d i c a t e d  t h a t  XL3 DNA was 

h o m o l o g o u s  t o  t h e  non Y - s p e c i f i c  (NYS) 3 . 4  kb H a e l l l  f a m i l y  of  

r e p e a t e d  s e q u e n c e s .  T o g e t h e r ,  t h e s e  e x p e r i m e n t s  showed t h a t  XL3 DNA 

d e f i n e d  a n o v e l  mi nor  domain of  human S a t e l l i t e  I I  t h a t  o c c u r r e d  i n  

1 0 - 1 0 0  c o p i e s  i n  g en o mi c  DNA, was a s s o c i a t e d  w i t h  NYS 3 . 4  kb H a e l l l  

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

human chromosome 7.
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im qmmiM

E u k a r y o t i c  DNA i s  c o m p r i s e d  of  an e x t r e m e l y  compl ex  a r r a y  of  

DNA s e q u e n c e s .  At l e a s t  55% o f  t h e  human genome c o n s i s t s  of  u n i q u e  

s e q u e n c e  DNA (Schmi d and D e i n i n g e r ,  1 9 7 5 ) .  The r e m a i n i n g  DNA i s  

r e p e a t e d  s e q u e n c e s  a t  v a r i o u s  l e v e l s  of  c o m p l e x i t y  c h a r a c t e r i z e d  on 

t h e  b a s i s  of  l e n g t h ,  number  of  r e p e a t s  and t h e  t y p e  of  s u r r o u n d i n g  

or  i n t e r s p e r s e d  DNA. R e p e t i t i v e  DNA i s  o r g a n i z e d  e i t h e r  a s  c o p i e s  

of  a r e p e a t e d  s e q u e n c e  i n t e r s p e r s e d  w i t h  o t h e r  t y p e s  of  s e q u e n c e s  

o r  a s  a r r a y s  of  t a n d e m l y  r e p e a t e d  s e q u e n c e s .

R e p e a t e d  s e q u e n c e s  w i t h  i n t e r s p e r s i o n  a r e  c h a r a c t e r i z e d  a s  

s h o r t  i n t e r s p e r s e d  r e p e a t e d  s e q u e n c e s  (SINES) l e s s  t h a n  500 

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

(LINES) s e v e r a l  h u n d r e d  o r  t h o u s a n d  bp i n  l e n g t h  ( S i n g e r ,  1 9 9 2 ) .  

The p r o t o t y p e  SINES s e q u e n c e s  a r e  Alu e l e m e n t s ,  c o n s i s t i n g  of  two 

s i m i l a r  u n i t s  o f  a p p r o x i m a t e l y  130 bp s e q u e n c e s  e a c h .  One of  t h e  

130 bp u n i t s  c o n t a i n s  a c o n s e r v e d  30 bp r e g i o n  n o t  f o u n d  i n  t h e  

f i r s t  130 bp s e q u e n c e .  The e n t i r e  e l e m e n t  i s  c l e a v e d  r o u g h l y  in 

h a l f  by t h e  r e s t r i c t i o n  e n d o n u c l e a s e  Al u l  and i s  f l a n k e d  by 

n o n c o n s e r v e d  s h o r t  ( 7 - 1 2  bp)  d i r e c t  r e p e a t s .  Alu e l e m e n t s  a r e  

a b u n d a n t  and o c c u r  i n  a p p r o x i m a t e l y  5 0 0 , 0 0 0  c o p i e s  i n  t h e  human 

genome (Houck e t  a l . , 1979;  Rubi n  e t  a l ■, 1980;  Schmid and J e l i n e k ,
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1 9 8 2 ) .  O t h e r  l e s s  a b u n d a n t  SINES f a m i l i e s  i n c l u d e  t h e  Sau3A and 

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

r e l e a s e  t hem f rom genomi c  DNA (Me neve r e  s i  a l . , 1985; Nermer  e t  

a l . . 1 9 8 7 ) .

The p r o t o t y p e  LINES s e q u e n c e s  a r e  t h e  LI Kpnl  e l e m e n t s .  The LI 

f a m i l y  c o n s i s t s  o f  6 . 4  kb s e q u e n c e s  d i g e s t e d  by Kpnl  i n t o  f o u r  

f r a g m e n t s  a r r a n g e d ,  5 ' - > 3 ' ,  a s  1 . 8 ,  1 . 5 ,  1 . 2  and 1 . 8  kb s e q u e n c e s .  

T h e s e  e l e m e n t s  o c c u r  i n  3 0 , 0 0 0 - 5 0 , 0 0 0  c o p i e s  i n  t h e  human genome 

( S c h m e c k p e p e r  ei_ a l . , 1981; B h a f i t - Z a g a r d o  e t  a l . , 1 9 8 2 a , b ) .  Both

Alu and LI e l e m e n t s  h a v e  b e e n  d e s c r i b e d  a s  r e t r o t r a n s p o s o n s  

( r e v i e w e d  by Hardman,  1 9 8 6 ) ,  t h o u g h  d i r e c t  e v i d e n c e  of  

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

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

c h a r a c t e r i s t i c  of  a l p h o i d  ( a l p h a  s a t e l l i t e )  and S a t e l l i t e  I ,  I I  and 

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

e n d o n u c l e a s e  d i g e s t i o n  of  human and o t h e r  p r i m a t e  DNA whi ch r e v e a l s  

h i g h l y  r e p e t i t i v e  s e q u e n c e s  a p p r o x i m a t e l y  170 bp i n  l e n g t h .  A l p h o i d  

DNA c o m p r i s e s  1-27. of  t o t a l  human genomi c  DNA and i s  l o c a l i z e d  t o  

t h e  c e n t r o m e r i c  r e g i o n s  o f  a l l  human ch r omos omes  (Wu and 

M a n u e l i d e s ,  1980; M i t c h e l l  e t  a l . ,  1 9 8 5 ) .

S a t e l l i t e  I ,  I I  and I I I  DNA c o n s i s t s  o f  s i m p l e  r e p e a t e d  

s e q u e n c e s  compr i s i n g  a p p r o x  i mat  e l  y 57. of  human genomi c  DNA 

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

u l t r a c e n t r i f u g a t i o n  ( Co r n e o  e t  a l . , 1970;  1 9 7 1 ) .  The S a t e l l i t e  DNAs 

c o m p r i s e  d i f f e r e n t  t y p e s  of  r e p e a t e d  s i m p l e  s e q u e n c e s .  S a t e l l i t e  I
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DNA o c c u r s  a s  a compl ex  a r r a n g e m e n t  of  two A + T - r i c h  u n i t s ,  A (17 

bp)  and B (25 b p ) .  S a t e l l i t e  I I I  DNA o c c u r s  i n  t a n d e m a r r a y s  o f  a 

p e n t a m e r i c  5'ATTCC 3 '  s e q u e n c e  w h e r e a s  S a t e l l i t e  I I  s e q u e n c e s  o c c u r  

i n  t an d em a r r a y s  of  a 26 n u c l e o t i d e  5 '  ATTCC ATTC0 G/ABTA/CC ATTCG 

ATGATB 3 ’ r e p e a t  u n i t  ( P r o s s e r  e t .  a l . , 1 9 8 6 ) .  S a t e l l i t e  I DNA

s h a r e s  no homol ogy w i t h  S a t e l l i t e  I I  o r  I I I  DNA, b u t  407. of 

S a t e l l i t e  I I I  s e q u e n c e s  s h a r e  homol ogy  w i t h  107. of  S a t e l l i t e  I I  

s e q u e n c e s .  Cot a n a l y s i s  and r e n a t u r a t i o n  k i n e t i c s  shows t h a t  a l l  

t h r e e  S a t e l l i t e s  c o m p r i s e  i n t e r n a l l y  h e t e r o g e n e o u s  c o l l e c t i o n s  of  

d i f f e r e n t  b u t  r e l a t e d  s e q u e n c e s  ( M i t c h e l l  e t .  a l . , 1 9 7 9 ) .  The

S a t e l l i t e  DNAs a s  a g r o u p  l o c a l i z e  p r e d o m i n a n t l y  t o  t h e  c e n t r o m e r e s  

of  ch r o mo s o mes  9 ,  15,  2 1 ,  2 2 ,  1,  5 ,  7 ,  13 ,  14 ,  16,  17,  and 20 and

t o  t h e  l o n g  arm of  t h e  Y chr omosome .  As e x p e c t e d ,  ch r omos omal  

s p e c i f i c i t i e s  d i f f e r  somewhat  among s p e c i f i c  S a t e l l i t e  DNA

f r a c t i o n s ,  e . g . ,  t h e  ma j o r  s i t e s  of  S a t e l l i t e  I I I  homol ogy  a r e  t h e  

c e n t r o m e r e s  of  human chr omosomes  9 and 15,  w h e r e a s  t h e  ma j o r  s i t e s  

of  S a t e l l i t e  I I  l o c a l i z a t i o n  a r e  t o  t h e  c e n t r o m e r e s  of  human 

ch r omos omes  1 and 16 (Gosden e t  a l . , 1975; J o n e s  and C o r n e o ,  1 9 7 1 ) .

S e q u e n c e s  h o mo l o g o u s  t o  S a t e l l i t e  I ,  I I  and I I I  DNA a r e  f ound  

i n  h i g h e r  p r i m a t e s .  Human S a t e l l i t e  I I I  DNA h y b r i d i z e s  i n  s i t u  t o  

nonhuman h i g h e r  p r i m a t e  ch r o mo s o me s ,  w h e r e a s  S a t e l l i t e  I and I I  

s e q u e n c e s  do n o t  ( r e v i e w e d  by J o n e s ,  1 9 7 7 ) .  S i n c e  407. of  S a t e l l i t e  

I I I  s e q u e n c e s  s h a r e  homol ogy w i t h  107. of  S a t e l l i t e  I I  s e q u e n c e s ,

t h i s  s u g g e s t s  t h a t  S a t e l l i t e  I I  a r o s e  f rom S a t e l l i t e  I I I  s o me t i me

a f t e r  t h e  d i v e r g e n c e  of  Ho mi n i d a e  and P o n g i d a e .  The d e g e n e r a c y  of
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t h e  S a t e l l i t e  I I I  5'ATTCC 3 '  p e n t a m e r i c  r e p e a t  i n  S a t e l l i t e  I I  DNA, 

h o w e v e r ,  h a s  b e e n  i n t e r p r e t e d  a s  e v i d e n c e  t h a t  S a t e l l i t e  I I  

s e q u e n c e s  a r e  e v o l u t i o n a r i l y  " o l d e r "  t h a n  S a t e l l i t e  I I I  s e q u e n c e s  

( P r o s s e r  e t .  a l . , 1 9 8 6 ) .  Wh e t h e r  S a t e l l i t e  I I I  s e q u e n c e s  a r o s e  f rom 

o r  p r e c e e d e d  S a t e l l i t e  I I  s e q u e n c e s  i n  p r i m a t e  e v o l u t i o n ,  o r  v i c e  

v e r s a , r e m a i n s  t o  be  d e t e r m i n e d .

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

g r a d i e n t - i s o l a t e d  human S a t e l l i t e  I ,  I I  and I I I  DNA f r a c t i o n s  

h i n d e r e d  m o l e c u l a r  c h a r a c t e r i z a t i o n  ( M i t c h e l l  e t  a l . f 1979;  P r o s s e r  

e t  a l • ■ 1981;  Frommer e t  a l . , 1 9 8 2 ) .  R e c e n t l y ,  c h a r a c t e r i s t i c  DNA

s e q u e n c e s  w i t h i n  S a t e l l i t e  I (Frommer e t  a l . . 1 9 8 4 ) ,  S a t e l l i t e  I I  

and S a t e l l i t e  I I I  (Cooke and H i n d l e y ,  1979;  Moyz i s  e t  a l . ,  1985; 

Burke  et_ a l . . 1985; J e a n p i e r r e  e t  a l . , 1985; H i g g i n s  e t  a l . , 1985)

DNA h a v e  bee n  c l o n e d .  The m o l e c u l a r  o r g a n i z a t i o n  of  s p e c i f i c  c l o n e d  

s e q u e n c e s  h a s  been  d e t e r m i n e d ,  r e s u l t i n g  i n  t h e  e l u c i d a t i o n  of  some 

a s p e c t s  of  t h e  h e t e r o g e n e i t y  w i t h i n  S a t e l l i t e  DNA f a m i l i e s .  For  

e x a m p l e ,  s p e c i f i c  members  of  a 3 . 4  kb H a e l l l  f a m i l y  of  r e p e a t e d  

s e q u e n c e s  c o n t a i n  S a t e l l i t e  I I I  (Cooke and McKay,  1978;  B o s t o c k  et_

S.Ll.* 1978;  F o wl e r  et_ a l . , 1987)  or  S a t e l l i t e  I I  ( B o s t o c k  e t  a l . . 

1978;  Cooke and H i n d l e y ,  1979)  DNA. C l o n e d  S a t e l l i t e  1 1 1 - c o n t a i n i n g  

3 . 4  kb H a e l l l  r e p e a t  s e q u e n c e s  l o c a l i z e  p r e d o m i n a n t l y  t o  chromosome 

9 or  15,  and c l o n e d  S a t e l l i t e  1 1 - c o n t a i n i n g  s e q u e n c e s  l o c a l i z e  

p r e d o m i n a n t l y  t o  chromosome 1 or  16 (Burk e t. a_L,.., 1985;  J e a n p i e r r e  

et_ al...., 1985; Cooke and H i n d l e y ,  1 9 7 9 ) .  Ihe  i n t e r n a l  s e q u e n c e

h e t e r o g e n e i t y  of  S a t e l l i t e  I I  and I I I  may be due  t o  t h e  a s s o c i a t i o n
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of  d i f f e r e n t  DNA s e q u e n c e s  w i t h  c o m p o n e n t s  o f  t h e  3 . 4  kb H a e l l l  

r e p e a t e d  e l e m e n t s ,  c o n f e r r i n g  chr omosome s p e c i f i c i t y .

P r e v i o u s  s t u d i e s  h a v e  p r o v i d e d  some i n f o r m a t i o n  on t h e  

m o l e c u l a r  o r g a n i z a t i o n  and i n t e r n a l  h e t e r o g e n e i t y  of  S a t e l l i t e  DNA. 

Many q u e s t i o n s ,  h o w e v e r ,  r e m a i n e d ,  and f o r me d  t h e  b a s i s  f o r  t h e  

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

S a t e l l i t e  11 s e q u e n c e s  i n  t h e  human genome?  T h i s  i s  o f  i m p o r t a n c e  

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

compl ex  c l a s s  of  DNAs i n  a c l o n e d  DNA p o p u l a t i o n .  Co r n e o  e t .  a l ■ 

( 1970)  e s t i m a t e d  t h a t  S a t e l l i t e  I I  s e q u e n c e s  a c c o u n t e d  f o r  1-2'/. of  

t o t a l  g e n o mi c  DNA, y e t  t h e  ma j o r  l o c a l i z a t i o n s  of  S a t e l l i t e  I I  DNA 

a r e  t o  o n l y  two c h r o mo s o m e s ,  ch r o mo s o mes  1 and 16 ( J o n e s  and 

C o r n e o ,  1 9 7 1 ) .  T h u s ,  o t h e r  s i t e s  of  h omol ogy  a r e  e x p e c t e d  t o  be 

p r e s e n t  w i t h i n  t h e  human genome.  C l o n e d  S a t e l l i t e  I I  s e q u e n c e s  

l o c a l i z e d  p r i m a r i l y  t o  c h r omos omes  1 o r  16,  b u t  n e v e r  t o  b o t h  

ch r omos omes  (Cooke and H i n d l e y ,  1979;  Burk et_ a 1 . , 1985;

J e a n p i e r r e  et_ a l . , 1985;  Moyz i s  e t  a l ■, 1 9 8 7 ) .  The r e m a i n d e r  of

S a t e l l i t e  I I  genomi c  s e q u e n c e s  p r o b a b l y  c o m p r i s e d  o t h e r ,  r e l a t e d  

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

" m i n o r 11 S a t e l l i t e  I I  ch r omos oma l  l o c a l i z a t i o n s ,  i . e . . t h a t  d i d  n o t  

i n v o l v e  c h r omos omes  1 o r  16.

T h i s  s t u d y  d e f i n e d  o t h e r  s e q u e n c e  c o m p o n e n t s  or  d o ma i n s  w i t h i n  

S a t e l l i t e  I I  DNA. The i n v e s t i g a t i o n  was d i v i d e d  i n t o  two p a r t s .  

F i r s t ,  d e f i n i t i o n  of  n o n S a t e l l i t e  I I - d e r i v e d  s e q u e n c e s  w i t h i n  

S a t e l l i t e  I I  DNA, and s e c o n d l y ,  d e f i n i t i o n  of  p r e v i o u s l y
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u n d e s c r i b e d  S a t e l l i t e  I I  s e q u e n c e  d o m a i n s .

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

i n t e r n a l  s e q u e n c e  h e t e r o g e n e i t y  of  S a t e l l i t e  DNA m o l e c u l a r  

p o p u l a t i o n s  c o u l d  be  s u c c i n c t l y  d e f i n e d .  I f  s o ,  c o u l d  t h i s  

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

homogeneous  s e q u e n c e  s u b c l a s s e s  w i t h i n  S a t e l l i t e  DNA? S a t e l l i t e  I I  

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

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

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

p r e p a r a t i v e  i s o l a t i o n s ,  and e a c h  i s o l a t i o n  c o m p r i s e d  o n l y  mi c r o g r a m 

q u a n t i t i e s  of  p u r i f i e d  DNA ( M a n u e l i d e s ,  1978; S i n g e r ,  1 9 8 2 ) .  To 

e n s u r e  t h a t  t h e  S a t e l l i t e  11 DNA u s e d  i n  t h i s  s t u d y  c o n s i s t e d  of  a 

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

a n a l y s i s ,  S a t e l l i t e  I I  f r a c t i o n  DNA was c l o n e d .  The i d e n t i f i c a t i o n  

of  S a t e l l i t e -  and n o n S a t e l l i t e - r e l a t e d  s e q u e n c e  s u b c l a s s e s  w i t h i n  

a l l  o r  p a r t  o f  t h e  r e s u l t i n g  " l i b r a r y "  of  S a t e l l i t e  I I - r e l a t e d  

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

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

c r o s s - h y b r i d i z a t i o n  of  s p e c i f i c  s e q u e n c e s .  N o n s a t e l l i t e  I I - d e r i v e d  

s e q u e n c e  s u b c l a s s e s  we re  f u r t h e r  c h a r a c t e r i z e d  f o r  t h e  p r e s e n c e  or  

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

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

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

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

DNA.
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The s e c o n d  p a r t  o f  t h i s  i n v e s t i g a t i o n  s o u g h t  t o  d e t e r m i n e  i f  

d o ma i n s  o f  S a t e l l i t e  I I - d e r i v e d  s e q u e n c e s  e x i s t e d  i n  a d d i t i o n  t o  

t h o s e  d e s c r i b e d  i n  t h e  l i t e r a t u r e .  I f  s o ,  how d i d  t h e  d i v e r g e n c e  of  

s e q u e n c e  c o m p o n e n t s  o r  d o m a i n s  w i t h i n  a S a t e l l i t e  DNA m o l e c u l a r  

p o p u l a t i o n  r e l a t e  t o  t h e  m o l e c u l a r  o r g a n i z a t i o n  of  S a t e l l i t e  DNA in 

t h e  human genome? A m a j o r  aim was t o  co mp a r e  t h e  m o l e c u l a r  

o r g a n i z a t i o n  of  o n e  S a t e l l i t e  co mp o n e n t  o r  domai n  t o  o t h e r  

c o m p o n e n t s  o r  d o m a i n s ,  and r e l a t e  t h i s  t o  t h e  chromosomal  

l o c a l i z a t i o n  o f  t h e  c o mp o n e n t  o r  domain s e q u e n c e s .

The S a t e l l i t e  11 s u b c l a s s  c l o n e d  f r a g m e n t s  i d e n t i f i e d  i n  t h e s e  

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

t h e  same or  d i f f e r e n t  S a t e l l i t e  I I  s e q u e n c e  d o m a i n s .  The a n a l y s i s  

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

m o l e c u l a r  o r g a n i z a t i o n  of  S a t e l l i t e  I I - d e r i v e d  c l o n e d  f r a g m e n t s .  

The n u c l e o t i d e  b a s e  s e q u e n c e s  of  S a t e l l i t e  I I - d e r i v e d  c l o n e d  

f r a g m e n t s  was c o mp ar ed  w i t h  t h o s e  of  p r e v i o u s l y  d e s c r i b e d  c l o n e d  

S a t e l l i t e  I I - d e r i v e d  DNAs. The d e g r e e  of  homol ogy  b e t w e e n  t h e s e  

s e q u e n c e s  was t h e n  u s e d  a s  a m e a s u r e  of  t h e  h o m o g e n e i t y  or  

h e t e r o g e n e i t y  w i t h i n  S a t e l l i t e  I I  DNA. T h i s  was c o r r e l a t e d  w i t h  t h e  

d o ma i n s  t o  whi ch t h e  s e q u e n c e s  b e l o n g e d  and s e r v e d  t o  d e l i n e a t e  

s e q u e n c e  d i v e r g e n c e  b e t w e e n  members  of  d i f f e r e n t  S a t e l l i t e  I I  

domai  n s .

The g en o mi c  o r g a n i z a t i o n  of  t h e  S a t e l l i t e  I I  c l o n e d  f r a g m e n t s  

was d e t e r m i n e d  by h y b r i d i z a t i o n  t o  s p e c i f i c  r e s t r i c t i o n  

e n d o n u c l e a s e - p r o d u c e d  f r a g m e n t s  i n  genomi c  DNA, and chr omosomal
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l o c a l i z a t i o n .  Human g e n o mi c  DNA d i g e s t e d  w i t h  t h e  r e s t r i c t i o n  

e n d o n u c l e a s e s  H i n f l ,  T a q I ,  EcoRI  and H a e l l l  r e v e a l s  c h a r a c t e r i s t i c  

f r a g m e n t s  when h y b r i d i z e d  t o  S a t e l l i t e  1 1 - d e r i v e d  DNA (Cooke and 

H i n d l e y ,  1979 ;  M i t c h e l l  e t  a l . f 1979; Frommer e t  a l . . 1982; Frommer 

e i .  a i j_ j  1984; Burk s i .  a l . , 1985; P r o s s e r  t l  a l . ■ 1 9 8 6 ) .

H y b r i d i z a t i o n  in.  s i t u  t o  human m e t a p h a s e  chr omosomes  was u s e d  t o

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

t h e  ma j o r  S a t e l l i t e  I I  s i t e s  ( t h e  c e n t r o m e r i c  r e g i o n s  of

ch r o mo s o mes  1 and 1 6 ) ,  o r  t o  mi n o r  S a t e l l i t e  I I  s i t e s  on o t h e r  

c h r omos omes  ( J o n e s  and C o r n e o ,  1971;  Gosden e t  a l . , 1 9 7 5 ) .  T o g e t h e r ,  

t h e s e  e x p e r i m e n t s  d e t e r m i n e d  w h e t h e r  c o m p o n e n t s  o r  d o m a i n s  i n  

a d d i t i o n  t o  t h o s e  d e s c r i b e d  i n  t h e  l i t e r a t u r e  e x i s t e d  w i t h i n  

S a t e l l i t e  I I  f r a c t i o n  DNA. In t h i s  m a n n e r ,  t h e  i n t e r n a l  s e q u e n c e

h e t e r o g e n e i t i e s  known t o  e x i s t  w i t h i n  S a t e l l i t e  I I  c o u l d  be more 

c o m p l e t e l y  d e f i n e d .  M o r e o v e r ,  t h e  t y p e  of  s t u d y  p r o p o s e d  h e r e  

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

and d i v e r g e n c e  of  t h e s e  s e q u e n c e s  i n  t h e  human genome.  In t h i s  way,  

t h e  e v o l u t i o n a r y  h i s t o r y  of  S a t e l l i t e  I I  DNA c o u l d  b e g i n  t o  be 

e l u c i d a t e d .
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MATER l ftk 3._A.ND HEIH.0P8.

The l a b o r a t o r y  t e c h n i q u e s  u s e d  i n  t h i s  s t u d y  i n c l u d e  t h e  

i s o l a t i o n  of  h i g h  m o l e c u l a r  w e i g h t  human DNA f r om p l a c e n t a l  t i s s u e ;  

c e s i u m  g r a d i e n t  u l t r a c e n t r i f u g a t i o n ;  r e s t r i c t i o n  e n d o n u c l e a s e  

d i g e s t i o n  and mappi ng  of  r e s t r i c t i o n  s i t e s  w i t h i n  human c l o n e d  DNA 

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

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

of  DNA; h y b r i d i z a t i o n  LH s i t u  t o  human m e t a p h a s e  ch r omos omes  and 

DNA n u c l e o t i d e  s e q u e n c i n g .  The m e t h o d o l o g y  of  t h e s e  t e c h n i q u e s  i s  

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

p r e s e n t  s t u d y .

I .  I s o l a t i o n  of  Hioh M o l e c u l a r  Weight  DNA

High m o l e c u l a r  w e i g h t  human DNA was p r e p a r e d  by a m o d i f i c a t i o n  

of  t h e  me t hod  Df G a l l  ( 1 9 6 8 ) .  Twenty  t o  t h i r t y  g r ams  (g) of  f r o z e n  

human p l a c e n t a l  t i s s u e  we r e  mi nced  on i c e  and i n c u b a t e d  a t  37°C 

f o r  1 2 - 1 6  h o u r s  i n  one  h a l f  vo l ume  (w/v)  IX G a l l s  b u f f e r  (lOmli 

T r i s - H C l ,  pH 8 . 0 ;  lOmM N a C l ; lOmM EDTA and 1-57. SDS) c o n t a i n i n g  1 

m i l l i g r a m  (mg) /mi  1 l i l i t e r  (ml)  P r o n a s e  (Si gma)  p r e v i o u s l y  

s e l f - d i g e s t e d  a t  37°C f o r  30 m i n u t e s  ( G a l l ,  I 9 6 0 ) .  The d i g e s t e d  

t i s s u e  was e x t r a c t e d  s e q u e n t i a l l y  w i t h  e q u a l  v o l u me s  of  p h e n o l ,  1:1 

p h e n o l : S e v a g s  ( S e v a g s  i s  2 4 : 1  c h i o r o f o r m : i s o a m y l  a l c o h o l ) ,  and 

S e v a g s  and t h e  a q u e o u s  p h a s e  r e c o v e r e d  by c e n t r i f u g a t i o n  a t  6000xg 

( M a n i a t i s  e t  a l ■, 1 9 8 2 ) .  The n u c l e i c  a c i d s  we re  p r e c i p i t a t e d  by t h e
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a d d i t i o n  o f  two v o l u m e s  ( v / v )  of  i c e  c o l d  95% e t h a n o l  and s p o o l e d  

o n t o  a g l a s s  r o d  (Marmur ,  1 9 6 1 ) .  The p e l l e t  was d i s s o l v e d  i n  3 - 5  ml 

0 . 1X SSC (IX SSC i s  0.15M N a C l , 0.015M s od i um c i t r a t e )  and d i g e s t e d  

w i t h  50 ug/ ml  b o i l e d  p a n c r e a t i c  RNase A ( B o e h r i n g e r  Mannheim 

B i o c h e m i c a l s ,  BMB) f o r  1 -2  h o u r s  a t  37°C . The s a m p l e  was 

a d j u s t e d  t o  lOmM EDTA, pH B.O and 0.5% SDS and d i g e s t e d  w i t h

P r o n a s e  a t  100 m i c r o g r a m s  ( u g ) / m l  f o r  1 -2  h o u r s  a t  37°C.

F o l l o w i n g  s e q u e n t i a l  e x t r a c t i o n s  and e t h a n o l  p r e c i p i t a t i o n  a s  

d e s c r i b e d  a b o v e ,  t h e  p u r i f i e d  DNA was d i s s o l v e d  i n  1 ml s t e r i l e  

t r i p l e - d i s t i 1 1 ed (STD) w a t e r .  S p e c t r o p h o t o m e t r i c  r e a d i n g s  a t  260 

n a n o m e t e r s  (nm) and 280 nm wer e  r e a d  t o  d e t e r m i n e  DNA c o n c e n t r a t i o n  

and p r o t e i n  c o n t a m i n a t i o n ,  r e s p e c t i v e l y .  The DNA was a d j u s t e d  w i t h  

w a t e r  t o  a f i n a l  c o n c e n t r a t i o n  of  0 . 5 - 1 . 0  mg/ml and s t o r e d  a t

4°C.

I I ,  Ces ium G r a d i e n t  U 1 t r a c e n t r i f u q a t i o n

The i n i t i a l  i s o l a t i o n  p r o c e d u r e  u s e d  Ag++Cs2 SCU d e n s i t y  

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

i o n s  t o  A + T - r i c h  DNA a l t e r s  t h e  b u o y a n t  d e n s i t y  of  t h e s e  s e q u e n c e s  

and a l l o w s  t h e i r  s e p a r a t i o n  f rom main band DNA as  s a t e l l i t e s .  

S a t e l l i t e  I I  s e q u e n c e s  we r e  p u r i f i e d  f r om c e s i u m  g r a d i e n t  

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

a s  d e s c r i b e d  by C o r n e o  e t .  a l ■ ( 1970;  1 9 7 1 ) .  The p r e p a r a t i o n  of  

C s2SCU g r a d i e n t s ,  f r om whi ch  S a t e l l i t e  I I  s e q u e n c e s  were  

c l o n e d ,  was a s  f o l l o w s :  p e r  5 . 0  ml g r a d i e n t  t u b e ,  250 ug human DNA
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p u r i f i e d  a s  d e s c r i b e d  a b o v e  was mixed w i t h  AgCl tU t o  a f i n a l

AgClCUsDNA r a t i o  e q u a l  t o  0 . 2 7 .  The AgCltU/DNA m i x t u r e  was

b r o u g h t  t o  0.1M Na2 SCU and Q.025M b o r a t e  b u f f e r  (pH 9 . 2 )  i n  a

vo l ume  of  0 . 5 2  ml .  To t h i s  was adde d  0 . 4 8  ml of  a s o l u t i o n  of  

CszSCU ( C a l b i o c h e m )  t o  1 . 2 5  g /ml  i n  O. l l i  Na^SCU. These  

c o m p o n e n t s  we r e  mixed and a d d e d  t o  4 . 0  ml of  a s o l u t i o n  c o n t a i n i n g  

0 . 6  g /ml  Cs 2 SCU. The f i n a l  c o n c e n t r a t i o n s  of  t h e  v a r i o u s  

g r a d i e n t  c o n s t i t u e n t s  we r e :  DNA a t  50 u g / m l ,  f o r  a t o t a l  of  250 ug 

DNA (400 uM>; AgClD4 a t  95 uli f o r  an AgClQ4:DNA r a t i o  e q u a l  tD 

0 . 2 7 ;  O. l l i  Na2 S04;  0 . 0 0 5  M b o r a t e ,  and 0 . 6  g/ml  Cs^SCU f o r

a f i n a l  d e n s i t y  of  1 . 4 8 5  g / m l .  The d e n s i t y  of  t h e  s o l u t i o n  was

d e t e r m i n e d  by m e a s u r i n g  t h e  r e f r a c t i v e  i n d e x  on a r e f r a c t o m e t e r  

(Baus ch  and Lomb) u s i n g  t h e  e q u a t i o n

p = 1 3 . 6986n -  1 7 . 3 2 3 3  

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

i n d e x  of  t h e  s o l u t i o n  a t  2 5 “ C ( V i n o g r a d  arid H e a r s t ,  1 9 6 2 ) .

G r a d i e n t s  were  c e n t r i f u g e d  i n  a Beckman SW50 r o t o r  a t  2 8 , 0 0 0  

rpm ( 1 0 0 , 0 0 0  x g) a t  25°C f o r  p e r i o d s  of  7 2 - 9 6  h o u r s .  E q u i l i b r i u m  

was u s u a l l y  a c h i e v e d  by 72 h o u r s .  F r a c t i o n s  were  c o l l e c t e d  f rom t h e

t o p  of  t h e  g r a d i e n t s  w i t h  an I SCO f r a c t i o n  c o l l e c t o r .  I ' we r i t y - f i v e

0 . 2  ml f r a c t i o n s  we r e  c o l l e c t e d  f rom ea ch  t u b e  and t h e  r e f r a c t i v e  

i n d e x  of  e a c h  f r a c t i o n  was d e t e r m i n e d .  On t h e  b a s i s  of  r e f r a c t i v e  

i n d e x  and As&o r e a d i n g s ,  f r a c t i o n s  10 -12  were  p o o l e d  as  S a t e l l i t e  

I and I I I  DNA; f r a c t i o n s  13 -18  were  d i s c a r d e d  a s  h e t e r o g e n e o u s  main 

band DNA, and f r a c t i o n s  19-21 were  p o o l e d  as  S a t e l l i t e  11 DNA. An
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AgC104!DNA r a t i o  o f  0 . 2 7  f a v o r s  s e p a r a t i o n  of  S a t e l l i t e  11 r a t h e r  

t h a n  S a t e l l i t e s  I and I I I  f r om main band  DNA ( Co r n e o  e t  a l . t 

1 9 7 0 ) .  Under  t h e s e  c o n d i t i o n s ,  a p e a k  was o b s e r v e d  f o r  S a t e l l i t e  

I I ,  w h e r e a s  S a t e l l i t e s  I and I I I  s e p a r a t e d  a s  s m a l l  s h o u l d e r s .

I s o l a t e d  s a t e l l i t e  f r a c t i o n s  we r e  p o o l e d  s e p a r a t e l y  and 

d i a l y z e d  e x h a u s t i v e l y  a g a i n s t  4M N a C l , 0.111 T r i s - H C l ,  pH 8 . 0 ,  and 

0.1M EDTA, pH 8 . 0 ,  t o  r emove  t h e  h e a v y  s a l t  ( a s  m o d i f i e d  f rom 

Gosden et_ a l . . 1 9 7 5 ) .  A f t e r  e t h a n o l  p r e c i p i t a t i o n ,  t h e  d i a l y z e d

DNAs wer e  d i s s o l v e d  i n  TE (lOmM T r i s - H C l ,  pH 8 . 0 ,  ImM EDTA, pH 8 . 0 )  

and t h e  c o n c e n t r a t i o n s  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l 1 y a t  260 nm.

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

f u r t h e r  p u r i f i c a t i o n  of  t h e  S a t e l l i t e  DNA f r a c t i o n s .  S a t e l l i t e  I I  

and I I I  f r a c t i o n s ,  p o o l e d  s e p a r a t e l y  and d i s s o l v e d  i n  TE, were  

b r o u g h t  t o  0 . 9 5  g /ml  CsCl t o  a c h i e v e  a f i n a l  DNA c o n c e n t r a t i o n  of  

1 0 - 50  ug / ml  and a f i n a l  d e n s i t y  of  1 . 7 0 0  g / m l .  The d e n s i t y  of  t h e  

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

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

p = 1 0 . 8601n -  1 3 . 4 9 7 4  

whe re  p i s  t h e  d e n s i t y  of  t h e  s o l u t i o n  and n i s  t h e  r e f r a c t i v e  

i n d e x  of  t h e  s o l u t i o n  a t  25°C ( V i n o g r a d  and H e a r s t ,  1 9 6 2 ) .

The S a t e l l i t e  I I  o r  I I I  f r a c t i o n s  we r e  e a c h  c e n t r i f u g e d  i n  CsCl 

g r a d i e n t s  i n  a Beckman SW50 r o t o r  a t  2 8 , 0 0 0  rpm ( 1 0 0 , 0 0 0  x g) a t  

25°C f o r  4 8 - 7 2  h o u r s .  F r a c t i o n s  we r e  c o l l e c t e d  and t h e  b u o y a n t  

d e n s i t i e s  d e t e r m i n e d .  S a t e l l i t e  I I  f r a c t i o n s  we re  i d e n t i f i e d  a t  p 

3 1 . 69 4  g / m l ,  and S a t e l l i t e  I I I  f r a c t i o n s  a t  p = 1 . 69 7  g /ml  ( Corneo
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e t  a l . , 1970)  1 9 7 1 ) .  H e a v i e r  f r a c t i o n s  of  d e n s i t i e s  e q u a l  t o  or

g r e a t e r  t h a n  1 . 7 0 0  g / ml  we r e  d i s c a r d e d  a s  h e t e r o g e n e o u s  main band 

DNA.

S a t e l l i t e  I I  o r  I I I  f r a c t i o n s  we r e  r e a d j u s t e d  t o  5 . 0  ml w i t h

s o l i d  CsCl  and TE t o  p » 1 . 7 0 0  g / ml  and r e c e n t r i f u g e d  a s  d e s c r i b e d  

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

e q u i l i b r a t e d  t o  a d e n s i t y  e q u a l  t o  1 . 6 9 4  ( S a t e l l i t e  I I )  o r  1 . 6 9 7  

( S a t e l l i t e  I I I )  g / m l ,  and a s i n g l e  peak  a t  Aa t o  was a p p a r e n t .  The 

S a t e l l i t e  I I  and I I I  f r a c t i o n s  u s e d  i n  m o l e c u l a r  c l o n i n g  were  

p u r i f i e d  t h r o u g h  one  CsaSCU and two CsCl u l t r a c e n t r i f u g a t i o n s .

I I I .  R e s t r i c t i o n  Enzvme D i g e s t i o n

The common r e s t r i c t i o n  e n d o n u c l e a s e s  A l u l ,  BamHl,  B e l l ,  B g l l l ,  

E c o R I , H a e l l l ,  Hi n d 1 1 1 , H i n f l ,  H p a l ,  Kp n l ,  P s t I ,  P v u I I ,  S a i l ,  S s t I ,  

T a q I ,  Xbal  and Xhol  we r e  u s e d  f o r  a n a l y s i s  of  S a t e l l i t e  I I  and I I I  

DNAs. R e a c t i o n  c o n d i t i o n s  we r e :  IX low s a l t  b u f f e r  (lOmM T r i s - H C l ,  

pH 7 . 5 ;  lOmM MgCls;  ImM DTT) f o r  B g l l l ,  H p a l ,  Kpn l ,  S s t I  and 

T a q I ;  IX medium s a l t  b u f f e r  (lOmM T r i s - H C l ,  pH 7 . 5 ;  lOmM MgCla,  

ImM DTT, 50mM NaCl )  f o r  A l u l ,  BamHI,  B e l l ,  H a e l l l ,  Hi n d l 1 1 , H i n f l ,  

P s t I  and P v u I I ,  and IX h i g h  s a l t  b u f f e r  (50mM T r i s - H C l ,  pH 7 . 5 ;

lOmM MgCl2 , ImM DTT, lOOmM NaCl)  f o r  Eco RI ,  S a i l ,  Xbal  and Xhol

( M a n i a t i s  e t .  a l . . 1 9 8 2 ) .  Al l  r e a c t i o n s  c o n t a i n e d  1-10  u n i t s  <U)

r e s t r i c t i o n  enzyme p e r  l - 1 0 u g  DNA i n  t h e  a p p r o p r i a t e  r e a c t i o n

b u f f e r .  D i g e s t i o n s  we r e  i n c u b a t e d  a t  37°C,  e x c e p t  t h o s e  i n v o l v i n g

B e l l  or  T a q I ,  whi ch  we r e  c a r r i e d  ou t  a t  6 0 ~ 6 5 DC.
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R e a c t i o n s  i n v o l v i n g  d i g e s t i o n  w i t h  more t h a n  one  enzyme t h a t  

u t i l i z e d  t h e  same r e a c t i o n  c o n d i t i o n s  we r e  i n c u b a t e d  1 -2  h o u r s  a t  

t h e  a p p r o p r i a t e  t e m p e r a t u r e .  R e a c t i o n s  u t i l i z i n g  two enzymes  

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

1) IX low s a l t / 1 X medium s a l t  b u f f e r  c o n d i t i o n s  we r e  met  by 

i n c u b a t i n g  t h e  r e a c t i o n  f o r  one  h o u r  w i t h  t h e  f i r s t  enzyme i n  IX 

low s a l t  b u f f e r ,  a d j u s t i n g  t h e  r e a c t i o n  m i x t u r e  t o  50mM NaCl by t h e  

a d d i t i o n  of  0 . 5  m i c r o l i t e r s  ( u l )  IN NaCl p e r  10 ul  r e a c t i o n ,  a d d i n g  

t h e  s ec o n d  enzyme and c o n t i n u i n g  d i g e s t i o n  f o r  an a d d i t i o n a l  h o u r ;

2) IX medium s a l t / l X  h i g h  s a l t  b u f f e r  c o n d i t i o n s  we re  met as  

d e s c r i b e d  i n  1 ) ,  e x c e p t  t h a t  t h e  r e a c t i o n  m i x t u r e  was a d j u s t e d  t o  

lOOmM NaCl ,  50mM T r i s - H C l ,  pH 7 . 5 ,  by t h e  a d d i t i o n  of  0 . 5  ul  1M 

NaCl and 0 . 4  ul  IN T r i s - H C l ,  pH 7 . 5 ,  t o  t h e  r e a c t i o n  m i x t u r e ;  3) IX 

low s a l t / l X  h i g h  s a l t  b u f f e r  c o n d i t i o n s  were  met  a s  i n  1) and 2 ) ,  

e x c e p t  t h a t  t h e  r e a c t i o n  was a d j u s t e d  t o  lOOmM NaCl ,  50mM T r i s - H C l ,  

pH 7 . 5 ,  by t h e  a d d i t i o n  of  1 ul  IN NaCl and 0 . 4  ul  IN T r i s - H C l ,  pH 

7 . 5 ,  t o  t h e  r e a c t i o n  m i x t u r e .

IV.  A o a r o s e  Bel  E l e c t r o o h o r e s i s

A g a r o s e  g e l s  ( Nc Done l l  et_ a l . , 1977)  were  p r e p a r e d  by

d i s s o l v i n g  s o l i d  a g a r o s e  ( B e t h e s d a  R e s e a r c h  L a b o r a t o r i e s ,  BRL) in 

IX E B u f f e r  (40mN T r i s - H C l ,  20mH NaOAc, lmN EDTA a d j u s t e d  t o  pH 7 . 7  

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

(w/v)  0 . 7 ’/., 1.0' / . ,  1.27.  or  1.57. .  A g a r o s e  was p o u r e d  t o  0 , 5  cm

t h i c k n e s s  i n  h o r i z o n t a l  g e l  t r a y s  m e a s u r i n g  6 cm X 8 cm ( m i n i g e l )
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o r  12 cm X 20 cm (medium g e l ) .  W e l l - f o r m i n g  combs we r e  p o s i t i o n e d  

i n  t h e  t r a y  s l o t s  and t h e  a g a r o s e  a l l o w e d  t o  p o l y m e r i z e  f o r  30

m i n u t e s  ( m i n ) .  The combs we r e  r emoved  and t h e  g e l s  i mmer s ed  i n  1 X

E B u f f e r  i n  t h e  h o r i z o n t a l  e l e c t r o p h o r e s i s  t a n k s  f o r  5 - 1 5  min.  

p r i o r  t o  u s e .

L o a d i n g  b u f f e r  ( 0 . 2 5 ’/. b r o mp h e n o l  b l u e  d i s s o l v e d  i n  1:1 1 X E 

B u f f e r : g l y c e r o l ) was a d d e d  t o  t h e  DNA s a m p l e s  p r i o r  t o

e l e c t r o p h o r e s i s  t o  a f i n a l  g l y c e r o l  c o n c e n t r a t i o n  of  12-15%.  The 

s a m p l e s  we r e  h e a t e d  t o  68°C f o r  10 mi n.  t o  d i s s o c i a t e  a g g r e g a t e d  

f r a g m e n t s  and l o a d e d  i m m e d i a t e l y  i n t o  t h e  g e l  w e l l s .  Mini  ge l  

e l e c t r o p h o r e s i s  was c a r r i e d  o u t  a t  1 2 - 15  V/cm f o r  1 - 1 . 5  h o u r s  o r  

u n t i l  t h e  b r o mp h e n o l  b l u e  m i g r a t e d  3 / 4  t h e  way down t h e  g e l  (^6 cm

f rom t h e  w e l l s ) .  Medium g e l  e l e c t r o p h o r e s i s  was c a r r i e d  o u t  a t

5V/cm f o r  3 - 4  h o u r s  o r  a t  lV/cm f o r  1 2 - 16  h o u r s  u n t i l  t h e  

b r o mp h e n o l  b l u e  m i g r a t e d  3 / 4  t h e  way down t h e  g e l  ( ^15 cm f rom t h e  

w e l l s )  ( M a n i a t i s  e t  a l . T 1 9 8 2 ) .

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

0 . 5  ug / ml  e t h i d i u m  b r o m i d e  ( S h a r p  e t  a l . , 1973)  ( f r om a 10 mg/ml 

s t o c k )  f o r  15 min.  ( m i n i g e l )  or  30 min.  (medium g e l ) ,  r i n s e d  3X

w i t h  d i s t i l l e d  w a t e r  and t h e  DNA v i s u a l i z e d  on a l o n g  wave 

u l t r a v i o l e t  (UV) t r a n s i l l u m i n a t o r  ( S p e c t r o l i n e ) . The g e l s  were  

p h o t o g r a p h e d  on t h e  t r a n s i 1 l u m i n a t o r  u s i n g  a Ko n i c a  i n s t a n t  c a me r a  

e q u i p p e d  w i t h  a Kodak 22A r e d  W r a t t e n  f i l t e r  u s i n g  P o l a r o i d  t y p e  

667 Land f i l m  ( M a n i a t i s  e t  a l . . 1 9 8 2 ) .

A f t e r  p h o t o g r a p h y ,  t h e  m o l e c u l a r  w e i g h t s  of  t h e  e l e c t r o p h o r e s e d
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DNA f r a g m e n t s  we r e  d e t e r m i n e d  by c o m p a r i s o n  w i t h  H i n d l l I - d i g e s t e d  

l ambda  DNA, whi ch  was e l e c t r o p h o r e s e d  i n  t h e  l a s t  w e l l  of  e a c h  ge l  

a s  a m o l e c u l a r  w e i g h t  m a r k e r .  The l o g  m o l e c u l a r  w e i g h t s  of  t h e  

2 3 . 1 ,  9 . 6 4 ,  6 . 6 4 ,  4 . 3 4 ,  2 . 2 6 ,  1. 9B and 0 . 5 6  kb l a m b d a / H i n d l l l  

f r a g m e n t s  we r e  p l o t t e d  on t h e  l o g  (y)  a x i s  of  3 c y c l e  s e m i l o g  p a p e r  

v e r s u s  t h e  d i s t a n c e s  m i g r a t e d  f rom t h e  g e l  w e l l s  ( i n  mm) p l o t t e d  on 

t h e  l i n e a r  (x)  a x i s ,  c r e a t i n g  a l og«w v s .  d(mm) g r a p h .  A s t r a i g h t  

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

b e t w e e n  l o g Mw and d(mm).  The d i s t a n c e s  m i g r a t e d  f rom t h e  ge l  

w e l l s  of  o t h e r  f r a g m e n t s  on t h e  same g e l  were  m e a s u r e d ,  p l o t t e d  on 

t h e  x a x i s  of  t h e  g r a p h  and t h e  c o r r e s p o n d i n g  l og  m o l e c u l a r  w e i g h t s  

r e a d  f rom t h e  y a x i s .  The m o l e c u l a r  w e i g h t  v a l u e s  were  d i v i d e d  by 

660 d a l t o n s / b a s e p a i r  t o  d e t e r m i n e  t h e  b a s e p a i r  l e n g t h s  of  t h e  g e l  

f r a g m e n t s  ( H e l l i n g  et_ a l . , 1 9 7 4 ) .  T h i s  p r o c e d u r e  was r e p e a t e d  f o r  

e a c h  g e l  t o  e n s u r e  a c c u r a c y  and was u s e d  t o  d e t e r m i n e  t h e  s i z e s ,  i n  

b a s e p a i r s  ( b p ) ,  of  S a t e l l i t e  I I  and I I I  f r a g m e n t s  i n s e r t e d  as  

r e c o m b i n a n t  DNAs i n  pBR322 and t o  d e t e r m i n e  t h e  l o c a t i o n  of  

r e s t r i c t i o n  enzyme (RE) s i t e s  i n  t h e  r e c o m b i n a n t  p l a s m i d  s e q u e n c e s .  

Twenty  f o u r ,  6cm x 8cm,  0.77.  a g a r o s e  g e l s  were  r e q u i r e d  t o  

d e t e r m i n e  t h e  i n s e r t  s i z e s  of  S a t e l l i t e  I I  and I I I  c l o n e d  

f r a g m e n t s ,  and t w e n t y ,  12cm x 20cm,  1.07. a g a r o s e  g e l s  were  r e q u i r e d  

t o  c o n s t r u c t  RE maps of  t h e  t w e l v e  c l o n e d  f r a g m e n t s  c h o s e n  f o r  

s t u d y ,
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V, M o l e c u l a r  C l o n i n g

M o l e c u l a r  c l o n i n g  t e c h n i q u e s  we r e  u s e d  t o :  1) p r o p a g a t e  DNA

f r a g m e n t s  p r o d u c e d  by  H i n d 1 1 1 d i g e s t i o n  of  S a t e l l i t e  I I  f r a c t i o n  

DNA ( r e c o m b i n a n t  p l a s m i d s  1 - 1 7 0 ) ;  2) p r o p a g a t e  DNA f r a g m e n t s

p r o d u c e d  by Hi n d 1 11 d i g e s t i o n  of  S a t e l l i t e  I I I  f r a c t i o n  DNA 

( r e c o m b i n a n t  p l a s m i d s  B, C and D);  3) p r e p a r e  a p a r t i c u l a r

S a t e l l i t e  I I  c l o n e d  f r a g m e n t ,  33 DNA, f o r  DNA s e q u e n c i n g

( r e c o m b i n a n t  p l a s m i d s  4A, 5N, HX3 and XL3) ,  and 4) i s o l a t e

S a t e l l i t e  I I  f r om Alu s e q u e n c e s  w i t h i n  33 DNA by s e p a r a t e l y  

s u b c l o n i n g  t h e  l a r g e  750 bp Hi nd I Z I / X b a l  f r a g m e n t  ( r e c o m b i n a n t  

p l a s m i d  XL3).

A. P r e p a r a t i o n  of  V e c t o r  DNA

Two ug r e s t r i c t i o n  e n z y m e - d i g e s t e d  pBR322,  pSP64 o r  p SP65 

p l a s m i d  DNA was e x t r a c t e d  o n c e  w i t h  1:1 p h e n o l : S e v a g s , e t h a n o l

p r e c i p i t a t e d ,  and d e p h o s p h o r y l a t e d  i n  a 50 ul  r e a c t i o n  c o n t a i n i n g  

e x c e s s  (10- 20U)  c a l f  i n t e s t i n a l  p h o s p h a t a s e  (CIP)  (BMB) and IX CIP 

b u f f e r  (50mM T r i s - H C l ,  pH 9 . 0 ;  ImM MgCl2 ; O.lmM ZnCl 2 ; ImM

s p e r m i d i n e )  i n c u b a t e d  a t  37°C f o r  2 h o u r s  ( M a n i a t i s  e t .  a l . , 

1 9 8 2 ) .  The r e a c t i o n  mix was e x t r a c t e d  o n c e  w i t h  1:1 p h e n o l : S e v a g s ,

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

of  100 n a n o g r a ms  ( n g ) / u l ,  d e t e r m i n e d  by c o - e l e c t r o p h o r e s i s  w i t h

known q u a n t i t i e s  of  l i n e a r i z e d  pBR322 DNA.

B. P r e p a r a t i o n  of  I n s e r t  DNA

One ug S a t e l l i t e  I I  f r a c t i o n  DNA was d i g e s t e d  w i t h  H i n d l l l  a t  

37°C f o r  2 h o u r s ,  e x t r a c t e d  w i t h  an e q u a l  vo l ume of  1:1
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p h e n o l i S e v a g s ,  b r o u g h t  t o  50 u g / ml  w i t h  b a c t e r i a l  tRNA a s  c a r r i e r ,  

e t h a n o l  p r e c i p i t a t e d  and r e s u s p e n d e d  i n  5 u l  TE t o  a f i n a l  

c o n c e n t r a t i o n  of  1 0 0 - 2 0 0  n g / u l  p r i o r  t o  t h e  l i g a t i o n  r e a c t i o n .  0 . 5  

ug S a t e l l i t e  I I I  f r a c t i o n  DNA was s i m i l a r l y  t r e a t e d  p r i o r  t o  t h e  

l i g a t i o n  r e a c t i o n .  Al l  DNA f o r  s e q u e n c i n g  was i s o l a t e d  f o r  l i g a t i o n  

i n t o  p S P 6 4 / 6 5  p l a s m i d  v e c t o r s  by d i g e s t i o n  of  5 ug DNA w i t h  

H i n d l l l ,  e l e c t r o p h o r e s i s  of  t h e  d i g e s t i o n  p r o d u c t s  t h r o u g h  0.7' /.  

a g a r o s e  g e l s ,  e x c i s i o n  of  f r a g m e n t s  f r om t h e  g e l s  and e l u t i o n  f rom 

g e l  s l i c e s  u s i n g  e l e c t r o e l u t i o n  ( I B I ) ,  a s  p e r  m a n u f a c t u r e r ' s  

i n s t r u c t i o n s .  50 ug / ml  b a c t e r i a l  tRNA was a d d e d  a s  c a r r i e r  and 

r e c o v e r e d  DNA f r a g m e n t s  we r e  p r e c i p i t a t e d  w i t h  e t h a n o l .  The p e l l e t  

was r e s u s p e n d e d  i n  10 ul  w a t e r  and t h e  DNA c o n c e n t r a t i o n  c a l c u l a t e d  

a t  5 0 - 1 0 0  n g / u l  by c o m p a r i s o n  i n  c o - e l e c t r o p h o r e s i s  of  a l i q u o t s  

w i t h  50 ,  100 and 200 ng q u a n t i t i e s  of  H i n d l l l - d i g e s t e d  pBR322 DNA.

H i n d l l l / X b a l  33 DNA f r a g m e n t s  were  o b t a i n e d  f o r  l i g a t i o n  i n t o  t h e  

pSP65 p l a s m i d  v e c t o r  by d i g e s t i o n  of  5 ug p l a s m i d  33 w i t h  

Hi nd 111 + XbaI f o l l o w e d  by g e l  e l e c t r o p h o r e s i s  and e l e c t r o e l u t i o n  of  

t h e  H i n d l l l / X b a l  f r a g m e n t s  a s  d e s c r i b e d  a b o v e .

C. L i g a t i o n  of  V e c t o r  and I n s e r t  DNA

V e c t o r  and i n s e r t  DNAs p r e p a r e d  a s  d e s c r i b e d  a b o v e  were  

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

S a t e l l i t e  I I  c l o n e d  DNAs ( r e c o m b i n a n t  p l a s m i d s  1 - 1 7 0 )  we r e  p r e p a r e d  

u s i n g  0 . 8  ug H i n d l l l - d i g e s t e d  S a t e l l i t e  I I  DNA c o p r e c i p i t a t e d  wi t h  

200 ng H i n d l l l - d i g e s t e d ,  d e p h o s p h o r y l a t e d  pBR322 DNA. The S a t e l l i t e  

I I I  c l o n e d  DNAs ( r e c o m b i n a n t  p l a s m i d s  B, C and D) were  p r e p a r e d
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u s i n g  0 . 4  ug H i n d l l l - d i g e s t e d  S a t e l l i t e  I I I  DNA c o p r e c i p i t a t e d  w i t h  

200 ng H i n d l l l - d i g e s t e d ,  d e p h o s p h o r y l a t e d  pBR322 DNA. The DNA 

s u b c l o n e d  f o r  u s e  i n  DNA s e q u e n c i n g  ( r e c o m b i n a n t  p l a s m i d s  4A and 

5N) was o b t a i n e d  by c o p r e c i p i t a t i o n  o f  0 . 4  ug H i n d l l l - d i g e s t e d ,  

e l e c t r o e l u t e d  c l o n e d  33 DNA f r a g m e n t  w i t h  1 0 0 - 1 5 0  ng 

H i n d l l l - d i g e s t e d ,  d e p h o s p h o r y l a t e d  pSP64 and pSP65 p l a s m i d  DNA i n  

two s e p a r a t e  r e a c t i o n s .  R e g i o n s  of  33 DNA wer e  s u b c l o n e d  f o r  u s e  i n  

DNA s e q u e n c i n g  ( r e c o m b i n a n t  p l a s m i d  HX3) by c o p r e c i p i t a t i o n  of  

0 . 2 - 0 . 2 5  ug X b a l - d i g e s t e d  33 DNA w i t h  0 . 1 - 0 . 1 5  ug 

H i n d l 1 1 / X b a Z - d i g e s t e d , d e p h o s p h o r y l a t e d  pSP65 DNA. The l a r g e  750 bp 

H i n d l l l / X b a l  r e g i o n  o f  33 DNA was s u b c l o n e d  f o r  u s e  i n  DNA 

s e q u e n c i n g  ( r e c o m b i n a n t  p l a s m i d  XL3) by c o p r e c i p i t a t i o n  of  0 . 3  ug 

e l e c t r o e l u t e d  750 bp Hi n d 1 1 1 / X b a l  33 f r a g m e n t  w i t h  0 . 1 - 0 . 2  ug 

H i n d l l l / X b a l - d i g e s t e d ,  d e p h o s p h o r y l a t e d  pSP65 DNA.

C o p r e c i p i t a t e d  i n s e r t  and v e c t o r  DNAs we r e  c e n t r i f u g e d  a t  

1 3 , 0 0 0 x g ,  t h e  p e l l e t  was r e s u s p e n d e d  i n  a lOul  vo l ume  c o n s i s t i n g  of

0 . 5U T4 DNA L i g a s e  (BMB), IX L i g a t i o n  b u f f e r  (50mM T r i s - H C l ,  pH

7 . 4 j lOmM MgCl2 j lOmM DTT; ImM s p e r m i d i n e ;  ImM ATP, pH 7 . 0 ;  0 . 1  

mg/ml b o v i n e  se r um a l b u m i n  CBSA1) and w a t e r  ( M a n i a t i s  e t  a l . ,

1 9 8 2 ) .  The v e c t o r - i n s e r t  m i x t u r e  was i n c u b a t e d  12-16  h o u r s  a t  

1 4 - 1 6 ° C .  2 - 3 u l  of  t h e  l i g a t i o n  m i x t u r e  was e l e c t r o p h o r e s e d  on a

1.07.  m i n i g e l  and t h e  p r o d u c t s  of  t h e  l i g a t i o n  r e a c t i o n  were

v i s u a l i z e d  w i t h  UV l i g h t  a f t e r  s t a i n i n g  t h e  g e l  w i t h  e t h i d i u m  

b r o m i d e ,  a s  p r e v i o u s l y  d e s c r i b e d .  The l i g a t i o n  r e a c t i o n  was j u d g e d  

s u c c e s s f u l  i f  t h e  band  c o r r e s p o n d i n g  t o  u n l i g a t e d  v e c t o r  DNA was 

l a r g e l y  a b s e n t  and l a d d e r e d  or  s me a r e d  b a n d s  s u g g e s t i v e  of  l i g a t e d
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DNAs wer e  p r e s e n t .

D. P r e p a r a t i o n  of  C o mp e t e n t  C e l l s

DHI r e c A -  s t r a i n  Ej _ c o l i  c e i l s  we r e  made c o m p e t e n t  t o  a c c e p t

p l a s m i d  DNA by m o d i f i c a t i o n  of  t h e  method of  Hanahan (1983)  ( a s  

d e v e l o p e d  by S m a l l ,  u n p u b l i s h e d ) .  F i f t y  ul  DHI c e l l s  ( e q u a l  t o  1 x 

10Q c e l l s )  f r om a 2 x 109 c e l l s / m l  f r o z e n  s t o c k  were

i n n o c u l a t e d  i n t o  5 . 0  ml TYM b r o t h  (2.07.  B a c t o - T r y p t o n e  C D i f c o ] ;

0.57.  B a c t o  Y e a s t  E x t r a c t  C D i f c o ] ;  0.1M NaCl and 0.01M MgClz or

MgBCU). The c e l l s  we r e  grown w i t h  a e r a t i o n  a t  250 rpm f o r  18 

h o u r s  a t  37°C,  0 . 1 - 0 . 4  ml of  t h e  c u l t u r e  was u s e d  t o  i n n o c u l a t e

2 5 . 0  ml TYM b r o t h  t o  an i n i t i a l  c e l l  d e n s i t y  of  1 x 107 c e l l s / m l ,  

e q u i v a l e n t  t o  a K l e t t  c o l o r i m e t e r  v a l u e  of  10 u n i t s .  The c e l l s  were  

grown w i t h  a e r a t i o n  a t  250 rpm and 37°C f o r  3 - 4  h o u r s  u n t i l  t h e y  

a c h i e v e d  an a p p r o x i m a t e  d e n s i t y  of  5 x 107 c e l l s / m l  ( e q u a l  t o  a 

K l e t t  c o l o r i m e t e r  v a l u e  o f  1 5 0 - 1 7 0  u n i t s ) .  The c e l l s  were  d i v i d e d  

i n t o  two s t e r i l e  s c r e w - c a p p e d  p o l y p r o p y l e n e  t u b e s  ( C o r n i n g )  and 

p e l l e t e d  a t  lOOOxg f o r  5 min.  a t  4°C.  The s u p e r n a t a n t s  were  

d i s c a r d e d  and t h e  p e l l e t s  r e s u s p e n d e d  i n  a t o t a l  vo l ume of  8 . 0  ml 

T r a n s f o r m a t i o n  B u f f e r  I (30mM KOAc; 50mM MnCl2 j lOOmM KC1; lOmM 

CaCl z j  157.Cw/v] g l y c e r o l ,  t o  pH 5 . 8  w i t h  0 . 2N g l a c i a l  a c e t i c  

a c i d ) .  A f t e r  a 10 min.  i n c u b a t i o n  on i c e ,  t h e  c e l l s  were  p e l l e t e d  

a t  lOOOxg,  t h e  s u p e r n a t a n t s  d i s c a r d e d  and t h e  c e l l s  r e s u s p e n d e d  i n  

a t o t a l  of  1 ml T r a n s f o r m a t i o n  B u f f e r  I I  <10mM Na+-MQPS, pH 7 . 0 ;  

75mM Ca Cl z ,  lOmM KC1 and 157. Cw/v] g l y c e r o l ) .  The c e l l s  were  

d i v i d e d  i n t o  0 . 2  ml a l i q u o t s  and p i p e t t e d  i n t o  1 . 5
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ml r o u n d - b o t t o m e d  s t e r i l e  p o l y p r o p y l e n e  f r e e z e  v i a l s  ( C o r n i n g ) ,  

q u i c k - f r o z e n  f o r  5 m i n u t e s  i n  a d r y  i c e / e t h a n o l  b a t h  and s t o r e d  a t  

- 7 0 ° C .

E. T r a n s f o r m a t i o n  of  C e l l s

C e l l s  we r e  t r a n s f o r m e d  e s s e n t i a l l y  a s  d e s c r i b e d  by Hanahan 

( 1 9 8 3 ) •  1 0 - 1 0 0  ng s u p e r c o i l e d  pBR322 DNA we r e  mixed w i t h  0 . 2  ml

c o m p e t e n t  DHI c e l l s ,  p l a c e d  on i c e  f o r  30 m i n . ,  t h e n  h e a t - s h o c k e d  

a t  42°C f o r  90 s e c o n d s .  0 . 8  ml TYM b r o t h  was a dde d  and t h e  c e l l s  

i n c u b a t e d  w i t h  a e r a t i o n  a t  225 rpm and 37°C f o r  60 mi n.  100 ul  

c e l l s  we r e  p l a t e d  on TYM a g a r  p l a t e s  <1.57. Ew/v]  a g a r  C D i f c o l )  t h a t  

we r e  Amp- and Amp+ (75 ug / ml  a m p i c i l l i n  f r om a 25mg/ml  s t o c k  

CBMB1), r e s p e c t i v e l y .  The p l a t e s  we r e  i n v e r t e d  and i n c u b a t e d  18 

h o u r s  a t  37°C.  The c e l l s  we r e  j u d g e d  c o m p e t e n t  i f  c o n f l u e n t  or  

n e a r - c o n f l u e n t  c o l o n y  d e n s i t i e s  0 2 0 0 0  c o l o n i e s )  were  v i s i b l e  on 

t h e  Amp + p l a t e .  C e l l s  shown t o  be c o m p e t e n t  were  t r a n s f o r m e d  as  

d e s c r i b e d  u s i n g  l i g a t e d  r e c o m b i n a n t  DNA. In some e x p e r i m e n t s ,  

f r o z e n  c o m p e t e n t  DH5 fL_ c o l i  c e l l s  (BRL) were  u s e d  i n  t h e  

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

d e s c r i b e d  a b o v e ,  e x c e p t  t h a t  0 . 1  r a t h e r  t h a n  0 . 2  ml c o m p e t e n t  c e l l s  

we r e  u s e d  p e r  t r a n s f o r m a t i o n .

The S a t e l l i t e  I I  c l o n e d  f r a g m e n t s  ( r e c o m b i n a n t  p l a s m i d s  1 -170)  

we r e  o b t a i n e d  by t r a n s f o r m a t i o n  of  100 ul  c o m p e t e n t  DH5 c e l l s  w i t h  

100 ng l i g a t e d  S a t e l l i t e  I I / p B R 3 2 2  DNA. The S a t e l l i t e  I I I  c l o n e d  

f r a g m e n t s  ( r e c o m b i n a n t  p l a s m i d s  B, C and D) were  o b t a i n e d  u s i n g  50 

ng l i g a t e d  S a t e l l i t e  I I I / p B R 3 2 2  DNA. The 33 DNA s u b c l o n e d
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f r a g m e n t s  f o r  u s e  i n  DNA s e q u e n c i n g  we r e  o b t a i n e d  u s i n g  200 ng 

l i g a t e d  33 DNA/pSP64 DNA ( r e c o m b i n a n t  p l a s m i d  4A) and 200 ng 

l i g a t e d  33 DNA/pSP65 DNA ( r e c o m b i n a n t  p l a s m i d  5N) .  The Hi n d 1 1 1-Xba l  

DNA f r a g m e n t s  s u b c l o n e d  f o r  u s e  i n  DNA s e q u e n c i n g  we r e  o b t a i n e d  

u s i n g  100 ng l i g a t e d  Hi n d 1 1 1 - X b a l  3 3 / p S P 6 5  DNA ( r e c o m b i n a n t  p l a s m i d  

HX3) and 100 ng l i g a t e d  750 bp H i n d i  I I - X b a l  33 f r a g m e n t / p S P 6 5  DNA 

( r e c o m b i n a n t  p l a s m i d  XL3) .  100 ul  o f  IX,  i / l OX and 1 / 1 0 0  X

d i l u t i o n s  were  p l a t e d  i n  d u p l i c a t e  a s  p l a t e s  A and B on 

a m p i c i l l i n - c o n t a i n i n g  TYM-agar  p l a t e s .  100 ul  of  IX t r a n s f o r m e d  

c e l l s  were  a l s o  p l a t e d  on one  Amp- p l a t e .  The p l a t e s  we r e  i n v e r t e d  

and i n c u b a t e d  18 h o u r s  a t  37°C.

F.  P u r i f i c a t i o n  of  P l a s m i d  DNA

1. M i n i p r e p a r a t i o n  of  P l a s m i d  DNA

C l oned  DNAs wer e  i n i t i a l l y  a n a l y z e d  u s i n g  s m a l l - s c a l e  

r e c o m b i n a n t  p l a s m i d  i s o l a t i o n s ,  t e r m e d  " m i n i p r e p a r a t i o n s " .  Two ml 

TYM s u p p l e m e n t e d  w i t h  5 0 - 7 5  ug/ml  a m p i c i l l i n  were  i n n o c u l a t e d  w i t h  

a s i n g l e  c o l o n y  and t h e  t r a n s f o r m e d  b a c t e r i a  were  grown 18 h o u r s  

w i t h  a e r a t i o n  a t  250 rpm and 37°C.  0 . 5  ml of  t h e  2 . 0  ml c u l t u r e  

was t r a n s f e r r e d  t o  a f r e e z e  v i a l  ( C o r n i n g ) ,  a d j u s t e d  t o  7.07.  

d i m e t h y l s u l f o x i d e  (DMS0) and s t o r e d  a t  - 20° C as  a s t o c k  c u l t u r e .  

The r e m a i n i n g  1 . 5  ml of  a 2 . 0  ml c u l t u r e  was s u b j e c t e d  t o  a l k a l i n e  

l y s i s  t o  e x t r a c t  p l a s m i d  DNA as  d e s c r i b e d  by B i r n b o i m  and Doly 

( 1 9 7 9 ) .  The c u l t u r e  was t r a n s f e r r e d  t o  a 1 . 5  ml m i c r o c e n t r i f u g e  

t u b e  and c e n t r i f u g e d  a t  1 3 , 0 0 0 xg f o r  1 min.  The p e l l e t e d  c e l l s  were  

r e s u s p e n d e d  and l y s e d  i n  100 ul  c o l d  50mM g l u c o s e ,  lOmM EDTA, 25mM
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T r i s - H C l ,  pH 8 . 0 ,  250 u g / ml  RNase (S i gma)  and 5 mg/ml egg w h i t e

l y s o z y m e  ( W o r t h i n g t o n ) .  A f t e r  i n c u b a t i o n  a t  room t e m p e r a t u r e  f o r  5 

m i n . ,  200 ul  of  an i c e  c o l d  s o l u t i o n  of  0 . 2N NaOH, 1’/. SDS was added  

t o  e a c h  t u b e  t o  d e n a t u r e  DNA and p r o t e i n s .  F o l l o w i n g  i n c u b a t i o n  on 

i c e  f o r  5 mi n ,  t h e  m i x t u r e s  we r e  n e u t r a l i z e d  by t h e  a d d i t i o n  of  150

ul  of  i c e  c o l d  3M KQAc ( t o  pH 5 . 2  w i t h  g l a c i a l  a c e t i c  a c i d  f o r  a

f i n a l  a c e t a t e  c o n c e n t r a t i o n  of  5M).  The t u b e s  we r e  i n v e r t e d  t o  mix 

and i n c u b a t e d  on i c e  f o r  5 mi n ,  t h e n  c e n t r i f u g e d  a t  1 3 , 0 0 0 x g  f o r  5 

min.  t o  p e l l e t  p r o t e i n s  and ch r omos omal  DNA. The s u p e r n a t a n t s  

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

e x t r a c t e d  w i t h  an e q u a l  vo l ume  1:1 p h e n o l : S e v a g s .  The a q u e o u s  p h a s e  

was r e c o v e r e d  a f t e r  c e n t r i f u g a t i o n  a t  1 3 , 0 0 0 x g  f o r  1 min.  and t h e  

p l a s m i d  DNA p r e c i p i t a t e d  w i t h  1 ml 957. e t h a n o l  p e r  t u b e  a t  room 

t e m p e r a t u r e .  The p e l l e t s  we r e  washed  o n c e  w i t h  707. e t h a n o l  t o  

r emove  d e b r i s ,  r e s u s p e n d e d  i n  10 u l  w a t e r  and s t o r e d  a t  4°C.  T h i s  

method t y p i c a l l y  r e c o v e r e d  2 - 5  ug p l a s m i d / 2 m l  m i n i p r e p a r a t i o n .

2.  L a r g e  S c a l e  I s o l a t i o n  of  P l a s m i d  DNA

R e s t r i c t i o n  enzyme mappi ng  and S o u t h e r n  b l o t  a n a l y s i s  of  c l o n e d  

s e q u e n c e s  r e q u i r e d  l a r g e  a mo u n t s  of  DNA, whi ch  were  p r e p a r e d  u s i n g  

l a r g e  s c a l e  i s o l a t i o n  p r o c e d u r e s .  Two ml TYM s u p p l e m e n t e d  w i t h  75 

ug / ml  a m p i c i l l i n  we r e  i n n o c u l a t e d  w i t h  20 ul  f r o z e n  s t o c k  c u l t u r e  

and grown w i t h  a e r a t i o n  a t  250 rpm and 37°C f o r  18 h o u r s .  0 . 1 - 0 . 4

ml of  t h e  o v e r n i g h t  c u l t u r e  was t r a n s f e r r e d  t o  25 ml TYM

s u p p l e m e n t e d  w i t h  75 ug/ ml  a m p i c i l l i n  t o  an i n c r e a s e  i n  t h e  K l e t t  

c o l o r i m e t e r  v a l u e  of  10 u n i t s  ( e q u a l  t o  1 x 107 c e l l s / m l  f i n a l  

c e l l  d e n s i t y ) .  The b a c t e r i a  we re  grown w i t h  a e r a t i o n  a t  250 rpm and
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37°C f o r  3 - 4  h o u r s  u n t i l  t h e y  r e a c h e d  m i d - l a t e  l o g a r i t h m i c  g r o wt h  

and a d e n s i t y  e q u i v a l e n t  t o  an Q . D . ^ o  = 0 . 6 ,  m e a s u r e d  a s  an

i n c r e a s e  i n  K l e t t  c o l o r i m e t e r  v a l u e s  e q u a l  t o  1 2 0 - 1 4 0  u n i t s .  The 25 

ml c u l t u r e  was t r a n s f e r r e d  t o  500 ml TYM s u p p l e m e n t e d  w i t h  75 ug/ml  

a m p i c i l l i n  and grown w i t h  a e r a t i o n  a t  250 rpm and 37°C f o r  2 . 5  

h o u r s .  C h l o r a m p h e n i c o l  (BMB) d i s s o l v e d  i n  957. e t h a n o l  a t  34 mg/ml 

was added  t o  t h e  med i a  t o  a c o n c e n t r a t i o n  of  170 ug/ ml  and g r o wt h

was r e s u me d  w i t h  a e r a t i o n  a t  250 rpm and 37°C f o r  18 h o u r s .

Each 500 ml c u l t u r e  was d i v i d e d  i n t o  two 250 ml b o t t l e s  

( Na l g e n e )  and t h e  b a c t e r i a  p e l l e t e d  by c e n t r i f u g a t i o n  a t  4000xg f o r  

10 m i n u t e s  a t  4°C.  The s u p e r n a t a n t s  we r e  d i s c a r d e d  and t h e

p e l l e t s  washed  w i t h  50 ml ea c h  i c e  c o l d  STE (0.1M NaCl ,  lOmM 

T r i s - H C l ,  pH 8 . 0 ,  ImM EDTA) ( M a n i a t i s  e t  a l . , 1 9 8 2 ) .

P l a s m i d  DNA was p u r i f i e d  f rom c e l l  p e l l e t s  by a l k a l i n e  l y s i s

( B i r n b o i m  and Do l y ,  1 9 7 9 ) .  P e l l e t  were  r e s u s p e n d e d  (by v o r t e x i n g )

i n  2 . 0  ml i c e  c o l d  l y s i s  b u f f e r  (50mM g l u c o s e ,  25mM T r i s - H C l ,  pH 

8 . 0 ,  lOmM EDTA, 150 ug/ ml  RNase and 5 mg/ml e g g - w h i t e  l y s o z y m e ) .  

The l y s a t e s  were  t r a n s f e r r e d  t o  10 ml s c r e w - c a p p e d  p o l y p r o p y l e n e  

u l t r a c e n t r i f u g e  t u b e s  ( N a l g e n e )  and i n c u b a t e d  5 m i n u t e s  a t  25°C.  

4 . 5  ml of  an i c e  c o l d  0 .2N NaOH, 1.07. SDS s o l u t i o n  was a d d e d .  The

t u b e  c o n t e n t s  were  mixed by i n v e r s i o n  and i n c u b a t e d  10 m i n u t e s  on

i c e .  3 - 3 . 5  c o l d  5M KOAc ( t o  pH 5 . 2  w i t h  g l a c i a l  a c e t i c  a c i d )  was

added  t o  f i l l  t h e  t u b e ,  t h e  c o n t e n t s  of  t h e  t u b e  mixed by i n v e r s i o n

and i n c u b a t e d  on i c e  f o r  10 m i n u t e s .  A f t e r  c e n t r i f u g a t i o n  i n  t h e

T i 50 r o t o r  (Beckman)  a t  2 9 , 0 0 0 x g  f o r  20 m i n u t e s  a t  4°C,  t h e



Page 25

s u p e r n a t a n t s  we r e  c o l l e c t e d  and t r a n s f e r r e d  t o  15 ml Corex 

( C o r n i n g )  t u b e s .  The s u p e r n a t a n t s  we re  e a c h  mi xed  w i t h  0 . 6  v o l umes  

( 5 - 6  ml) i s o p r o p a n o l  and i n c u b a t e d  a t  room t e m p e r a t u r e  f o r  15 

m i n u t e s .  DNA was r e c o v e r e d  by c e n t r i f u g a t i o n  a t  1 3 , OOOxg f o r  30 

m i n u t e s  a t  room t e m p e r a t u r e .  P e l l e t s  we r e  r e s u s p e n d e d  i n  8 ml TE. 

One gram of  CsCl was adde d  p e r  ml s o l u t i o n  and e t h i d i u m  b r o m i d e  was 

a dde d  t o  80 u g / m l .  The p r e p a r a t i o n s  we r e  t r a n s f e r r e d  t o  h i g h  s p e e d  

s c r e w  c a p p e d  u l t r a c e n t r i f u g e  t u b e s  (Beckman)  and c e n t r i f u g e d  a t

4 2 , 0 0 0  rpm i n  t h e  T i 50 r o t o r  f o r  3 6 - 4 8  h o u r s  a t  25°C.  The p l a s m i d  

DNA was v i s u a l i z e d  a s  a d i s t i n c t  f l u o r e s c e n t  band i n  t h e  l o we r  h a l f  

of  t h e  t u b e .  A 1 ml s y r i n g e  f i t t e d  w i t h  a l o n g  (1 1 / 2  i n c h )  18 

g a u g e  n e e d l e  ( B e c k t o n - D i c k s o n )  was u s e d  t o  t r a n s f e r  t h e  p l a s m i d  DNA 

i n t o  s e p a r a t e  15 ml p o l y p r o p y l e n e  s c r e w  c a p p e d  c e n t r i f u g e  t u b e s  

( C o r n i n g ) .  The s a m p l e s  were  e x t r a c t e d  6 - 8  t i m e s  w i t h  

w a t e r - s a t u r a t e d  n - b u t a n o l  f o l l o w e d  by c e n t r i f u g a t i o n  a t  lOOOxg a t  

room t e m p e r a t u r e  f o r  5 m i n u t e s  t o  r emove  e t h i d i u m  b r o m i d e .  The 

e x t r a c t e d  DNA was t r a n s f e r r e d  t o  b o i l e d  d i a l y s i s  t u b i n g  and 

d i a  1y2ed a t  room t e m p e r a t u r e  a g a i n s t  s e v e r a l  1 l i t e r  (1) c h a n g e s  of  

TE b u f f e r  f o r  3 - 4  h o u r s  u n t i l  t h e  r e f r a c t o m e t e r  r e a d i n g  i n d i c a t e d  

t h a t  t h e  h e a v y  s a l t  had been  r e mo v e d .  The s a m p l e s  were  t r a n s f e r r e d  

t o  15 ml Corex t u b e s  and combi ned  w i t h  1 ml TE wa s he s  of  t h e  

t u b i n g ,  a d j u s t e d  t o  150mM NaCl and p r e c i p i t a t e d  w i t h  2 v o l umes  of  

i c e  c o l d  e t h a n o l .  The p e l l e t s  we r e  r e s u s p e n d e d  i n  0 . 5  ml TE and t h e  

DNA c o n c e n t r a t i o n  d e t e r m i n e d  by s p e c t r o p h o t o m e t r i c  r e a d i n g s  a t  260 

nm and c o m p a r i s o n  of  e l e c t r o p h o r e s i s  p a t t e r n s  on a 1 . 0 ’/. m i n i g e l
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w i t h  known a mo u n t s  o f  pBR322 ( t y p i c a l l y ,  100,  200 and 400 ng

a l i q u o t s ) .  The p l a s m i d  c o n c e n t r a t i o n  was a d j u s t e d  t o  1-5  mg/ml w i t h  

TE and t h e  DNA s t o r e d  a t  4°C.

VI.  S o u t h e r n  B l o t  A n a l y s i s

A. S o u t h e r n  T r a n s f e r  of  DNA

DNA was t r a n s f e r r e d  f r om a g a r o s e  g e l s  t o  G e n e S c r e e n  P l u s  (NEN) 

e s s e n t i a l l y  a s  d e s c r i b e d  by S o u t h e r n  ( 1 9 7 5 ) .  R e s t r i c t i o n  s i t e  

a n a l y s i s  of  c l o n e d  DNA u s e d  d i g e s t i o n  of  2 ug e a c h  r e c o m b i n a n t  

p l a s m i d  DNAs, 8 ug p l a c e n t a l  DNA and 1 ug l ambda  DNA w i t h  Hi n d 1 1 1 , 

f o l l o w e d  by e l e c t r o p h o r e s i s  on 1.07.  a g a r o s e  g e l s .  Genomic DNA was 

a n a l y z e d  w i t h  d i g e s t i o n  of  S ug e a c h  p l a c e n t a l  DNA u s i n g  v a r i o u s  

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

o b t a i n e d  f rom d i g e s t i o n  of  1 ug pBR322 DNA, 0 . 5  and 1 . 0  ug c l o n e d  

DNA and 1 ug l ambda  DNA w i t h  Hi n d 1 11 f o l l o w e d  by e l e c t r o p h o r e s i s  

t h r o u g h  1.07.  a g a r o s e  g e l s .  The g e l s  were  s t a i n e d  w i t h  e t h i d i u m  

b r o m i d e  f o l l o w i n g  e l e c t r o p h o r e s i s  and p h o t o g r a p h e d .  The DNA i n  t h e  

g e l  was t h e n  d e n a t u r e d  by s o a k i n g  t h e  g e l  i n  0 . 5  -  1 . 0  l i t e r  1.5M 

NaCl ,  0 . 5N NaOH f o r  30 m i n u t e s  a t  room t e m p e r a t u r e .  The ge l  was 

r i n s e d  w i t h  1 l i t e r  d i s t i l l e d  w a t e r  and n e u t r a l i z e d  by i m me r s i o n  in 

0 . 5  -  1 . 0  l i t e r  3.0M NaCl ,  0.5M T r i s - H C L ,  pH 7 . 0 ,  f o r  30 m i n u t e s  a t

room t e m p e r a t u r e .  A f t e r  r i n s i n g  i n  1 l i t e r  d i s t i l l e d  w a t e r  t h e  ge l  

was i n v e r t e d  and l a i d  o n t o  3mM Whatman p a p e r  on a p l a t f o r m  e l e v a t e d  

i n  a t a n k  c o n t a i n i n g  2 . 5  l i t e r s  2 X SSC ( t r a n s f e r  of  p l a s m i d  DNA) 

or  6 X SSC ( t r a n s f e r  of  genomi c  DNA). A g e l - s i z e d  p i e c e  of
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B e n e S c r e e n  P l u s  s a t u r a t e d  w i t h  t h e  a p p r o p r i a t e  (2X o r  6X) 

c o n c e n t r a t i o n  of  SSC was p l a c e d  on t h e  g e l .  Ai r  b u b b l e s  b e t w e e n  t h e

g e l  and f i l t e r s  we r e  r e m o v e d ,  p a p e r  t o w e l s  and w e i g h t s  a p p l i e d  and

t h e  t r a n s f e r  a l l o w e d  t o  p r o c e e d  f o r  IS h o u r s .  The f i l t e r  w i t h  bound 

DNA was t h e n  a i r  d r i e d  o r  d r i e d  Lo. v a c u o  a t  60°C f o r  one  h o u r .

B. R a d i o l a b e l  l i n o  o f  P r o b e  DNA

DNA was l a b e l l e d  w i t h  3 2 PdATP 0 3 0 0 0  Ci / mmo l e ;  NEN) u s i n g  

n i c k - t r a n s l a t i o n  o r  r a ndom p r i m e r  e x t e n s i o n  t e c h n i q u e s .

N i c k - t r a n s l a t i o n  of  DNA was a c c o m p l i s h e d  e s s e n t i a l l y  as

d e s c r i b e d  by M a n i a t i s  g±_ al_. ( 1 9 7 5 ) .  Be t ween  10 0 - 5 0 0  ng DNA was 

mixed w i t h  20uM e a c h  dTTP,  dCTP and dGTP and 5 0 - 1 0 0  uCi ( 1 0 0 - 1 5 0

p m o l e s )  3 2 PdATP i n  50mM T r i s - H C l ,  pH 7 . 9 ;  5mM MgClz ; lOmM

2 - m e r c a p t o e t h a n o l , 50 ug/ ml  BSA and d i s t i l l e d  w a t e r  t o  a f i n a l  30

ul  v o l ume .  DNase (BMB),  i n  lOmM T r i s - H C l ,  pH 7 . 9 ;  5mM MgClz and 

50 ug/ml  BSA, was adde d  t o  a f i n a l  c o n c e n t r a t i o n  of  1 ng/ ml  and t h e  

r e a c t i o n  i n c u b a t e d  5 m i n u t e s  a t  room t e m p e r a t u r e .  5U DNA P o l y m e r a s e  

I (Klenow f r a g m e n t )  (BMB) was added  and t h e  r e a c t i o n  i n c u b a t e d  a t  

15°C f o r  2 h o u r s .  U n i n c o r p o r a t e d  n u c l e o t i d e s  we r e  r emoved  by 

p a s s i n g  t h e  m i x t u r e  t h r o u g h  a pDIO Sephade x  St-25 co l umn ( P h a r m a c i a )  

f o l l o w e d  by t h e  a d d i t i o n  of  50 ug/ ml  b a c t e r i a l  tRNA as  c a r r i e r  and 

e t h a n o l  p r e c i p i t a t i o n .  A l t e r n a t e l y ,  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  

t h r o u g h  a NENSORB (NEN) co l umn and t h e  e l u a t e  e v a p o r a t e d  t o  d r y n e s s  

u n d e r  N2 . In e i t h e r  c a s e ,  t h e  p e l l e t e d  DNA was r e s u s p e n d e d  i n  100 

u l  STD w a t e r .  Two o r  t h r e e  1 ul  a l i q u o t s  we r e  c o u n t e d  i n  0 . 5  ml 

w a t e r  and 10 ml s c i n t i l l a t i o n  c o c k t a i l  ( E c o s c i n t )  u s i n g  a p r e s e t
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3=P b e t a  r a d i a t i o n  c h a n n e l  o f  t h e  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  

( P a c k a r d ) .

Random p r i m e r  e x t e n s i o n  l a b e l l i n g  was a c c o m p l i s h e d  u s i n g  a k i t  

and a c c o m p a n y i n g  i n s t r u c t i o n s  s u p p l i e d  by t h e  m a n u f a c t u r e r  (BMB) 

( F e i n b e r g  and V o g e l s t e i n ,  1 9 8 4 ) .

T h i s  met hod  r e q u i r e s  p r i o r  l i n e a r i z a t i o n  of  p r o b e  DNA. DNA was 

l i n e a r i z e d  u s i n g  BamHI,  whi ch  d i g e s t s  t h e  v e c t o r  pBR322 DNA a t  one 

s i t e ,  b u t  d i d  n o t  d i g e s t  any of  t h e  i n s e r t e d  S a t e l l i t e  I I  DNA 

f r a g m e n t s  u s e d  i n  t h e s e  e x p e r i m e n t s .  The pEl  p l a s m i d ,  whi ch 

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

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

S a t e l l i t e  f r a g m e n t s  and was l i n e a r i z e d  w i t h  BamHI p r i o r  t o  

r a d i o l a b e l l i n g  ( Br a y  e t .  a l . , 1 9 8 5 ) .  The BLUR 8 p l a s m i d ,  whi ch

c o n t a i n s  an Alu SINES e l e m e n t ,  was u s e d  t o  i d e n t i f y  Alu s e q u e n c e s  

w i t h i n  S a t e l l i t e  I I  c l o n e d  f r a g m e n t s  (Rub i n  e t . a l . j _ ,  1 9 8 0 ) .  BLUR 8 

DNA was l i n e a r i z e d  w i t h  H i n d l l l ,  s i n c e  BamHI r e mo v e s  t h e  e n t i r e  

i n s e r t e d  Alu e l e m e n t  f r om t h e  p l a s m i d .  One h u n d r e d  ng of  d i g e s t e d  

p l a s m i d  DNA was d e n a t u r e d  by b o i l i n g  f o r  10 m i n u t e s ,  t h e n  p l a c e d  

i m m e d i a t e l y  on i c e  t o  p r e v e n t  r e n a t u r a t i o n .  The r e a c t i o n  c o m p o n e n t s  

dTTP,  dCTP and dGTP (25 uM e a c h ) ,  2 ul  h e x a n u c l e o t i d e / r e a c t i o n  

b u f f e r  mi x ,  50uCi  3 2 PdATP 0 3 0 0 0  Ci / mmo l e )  (NEN) and 5U (1 u l )  

DNA P o l y m e r a s e  I (Klenow f r a g m e n t )  and d i s t i l l e d  w a t e r  were  added  

t o  t h e  d e n a t u r e d  DNA t o  a 20 ul  vo l ume .  The m i x t u r e  was i n c u b a t e d  

a t  37°C f o r  3 0 - 6 0  m i n u t e s .  U n i n c o r p o r a t e d  n u c l e o t i d e s  were  

r emoved  by p a s s i n g  t h e  r e a c t i o n  volume t h r o u g h  a NENSDRB (NEN)
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col umn and i n c o r p o r a t e d  r a d i o a c t i v i t y  was a s s a y e d  a s  d e s c r i b e d  

a b o v e .  E i t h e r  p r o c e d u r e  l a b e l l e d  DNA t o  s p e c i f i c  a c t i v i t i e s  b e t we e n  

5 x 1 0 *- 5  x 10Q cp m/ u g .

C. H y b r i d i z a t i o n  of  S o u t h e r n  T r a n s f e r s

The r a d i o l a b e l l e d  p r o b e  DNA was d e n a t u r e d  w i t h  a l k a l i  p r i o r  t o  

h y b r i d i z a t i o n  by a d j u s t i n g  t h e  s a m p l e  t o  0 . 1N NaOH and i n c u b a t i n g  

a t  room t e m p e r a t u r e  f o r  15 m i n u t e s .  The d e n a t u r e d  DNA was p l a c e d  on 

i c e  and n e u t r a l i z e d  by t h e  g r a d u a l  a d d i t i o n  of  IN HC1 t o  b e t w e e n  pH 

7 and 8 ,  d e t e r m i n e d  w i t h  pH p a p e r .  The p r o b e  was d e n a t u r e d  l e s s  

t h a n  30 m i n u t e s  p r i o r  t o  u s e  and s t o r e d  on i c e  t o  p r e v e n t  

r e n a t u r a t i o n .

The t r a n s f e r  f i l t e r  was p r e - h y b r i d i z e d  b e t w e e n  3 - 4  h o u r s  i n  a 

s o l u t i o n  c o n t a i n i n g  6 X SSC,  0.5' /.  SDS, 5 X D e n h a r d t ' s  (50 X 

D e n h a r d t ' s  i s ,  w / v ,  1.07.  F i c o l l ,  17. p o l y v i n y l p y r r o l i d o n e  and 17. 

BSA) and 100 ug / ml  s h e a r e d ,  d e n a t u r e d  s a l mon  s pe r m DNA i n  a volume 

e q u a l  t o  0 . 2  ml s o l u t i o n / c m 2 f i l t e r  i n  a h e a t - s e a l e d  p l a s t i c  bag 

(Dazey)  ( S o u t h e r n ,  1975;  M a n i a t i s  e t  a l . , 1 9 8 2 ) .  P r e h y b r i d i z a t i o n  

t e m p e r a t u r e s  of  5 5 - 6 0 ° C  we r e  u s e d  i n  t h e  a n a l y s i s  of  c l o n e d  

f r a g m e n t s  and genomi c  DNA w i t h  t h e  e x c e p t i o n  of  t h e  c l o n e d  XL3 

f r a g m e n t ,  whi ch was p r e h y b r i d i z e d  u n d e r  r e l a x e d  <50°C) ,  

i n t e r m e d i a t e  (60°C)  and s t r i n g e n t  (72°C)  c o n d i t i o n s .  A f t e r  

p r e h y b r i d i z a t i o n ,  t h e  vo l ume  i n  t h e  bag was r e d u c e d  t o  an amount  

e q u a l  t o  50 u l / c m 2 f i l t e r  and a d j u s t e d  t o  lOmM EDTA. The p r o b e  

was a d d e d ,  t h e  bag r e - s e a l e d  and h y b r i d i z a t i o n  was c o n d u c t e d  a t  

p r e h y b r i d i z a t i o n  t e m p e r a t u r e s  f o r  1 2 - 18  h o u r s .
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F o l l o w i n g  h y b r i d i z a t i o n !  t h e  f i l t e r  was r emoved  f rom t h e  bag 

and washed  3X f o r  5 m i n u t e s  ea ch  i n  500 ml 2 X SSC,  0 . 5X SDS a t

room t e m p e r a t u r e ,  f o l l o w e d  by a 15 m i n u t e  wash i n  500 ml 2 X SSC,

0.1' /.  SDS a t  room t e m p e r a t u r e .  The f i l t e r  was t h e n  washed  a t  a 

t e m p e r a t u r e  e q u a l  t o  5°C b e l o w t h e  p r e h y b r i d i z a t i o n  t e m p e r a t u r e  

i n  1 l i t e r  of  0 . 1  X SSC,  0.5' /.  SDS w i t h  t h r e e  c h a n g e s  f o r  2 . 5  h o u r s  

( M a n i a t i s  et_ a l . , 1 9 8 2 ) .  The t r a n s f e r s  were  d r i e d  i n  v a c u o  a t

60°C f o r  30 m i n u t e s  or  u n t i l  d r y ,  wr a pped  i n  p l a s t i c  wrap and 

a u t o r a d i o g r a p h e d  u s i n g  XAR-5 f i l m  (Kodak)  w i t h  an i n t e n s i f y i n g  

s c r e e n  (Cronex  L i g h t n i n g  P l u s ,  DuPont )  a t  - 7 0 ° C .  The f i l t e r s  were  

e x p o s e d  t o  X- r a y  f i l m  f o r  a p p r o p r i a t e  t i m e  i n t e r v a l s  ( b e t w e e n  1 and 

96 h o u r s )  t o  v i s u a l i z e  h y b r i d i z a t i o n  s i g n a l s  of  d i f f e r e n t

i n t e n s i t i e s .  The f i l m  was d e v e l o p e d  f o r  1-5  m i n u t e s  i n  1 l i t e r  of  

Kodak 0B X D e v e l o p e r ,  or  u n t i l  t h e  h y b r i d i z a t i o n  s i g n a l s  were  

v i s u a l i z e d ,  i mmer sed  1 m i n u t e  i n  1 l i t e r  3'/. a c e t i c  a c i d  t o  a r r e s t

d e v e l o p m e n t ,  t h e n  h a r d e n e d  i n  1 l i t e r  r a p i d  f i x e r  (Kodak)  f o r  10

m i n u t e s .  The f i l m  was r i n s e d  u n d e r  c o l d  r u n n i n g  w a t e r  f o r  15 

m i n u t e s  and a i r  d r i e d .

S o u t h e r n  b l o t s  were  u s e d  t o  d e t e r m i n e  m o l e c u l a r  w e i g h t s  of 

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

l o g MW v s .  d(mm) g r a p h  f o r  t h e  a g a r o s e  g e l  f r om whi ch t h e  DNA was 

t r a n s f e r r e d ,  t h e n  c o r r e l a t i n g  t h e  d(mm)s  of  f r a g m e n t s  of  known 

m o l e c u l a r  w e i g h t  on t h e  g e l  wi t h  t h e  same f r a g m e n t s  on t h e  

a u t o r a d i o g r a p h . The f r a g m e n t s  of  known m o l e c u l a r  w e i g h t  u s e d  on t h e  

ge l  and a p p a r e n t  on t h e  a u t o r a d i o g r a p h  were  pBR322 DN« and t h e
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p r o b e  DNA. The c o r r e l a t i o n  b e t w e e n  g e l  and a u t o r a d i o g r a p h ,  

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

d(mm)Q*i  = N x d(m(D)«ut c > r . d i o g r . p h ,  was u s e d  t o  c o n v e r t  t h e

d i s t a n c e s  m i g r a t e d  by f r a g m e n t s  on t h e  ge l  w i t h  t h e  d i s t a n c e s  

m i g r a t e d  by f r a g m e n t s  on t h e  a u t o r a d i o g r a p h .

V I I .  H y b r i d i z a t i o n  In S i t u  t o  Human M e t a p h a s e  Chromosomes

A. P r e p a r a t i o n  of  S l i d e s

The f o l l o w i n g  p r o c e d u r e s ,  w i t h  t h e  e x c e p t i o n  of  DNA 

r a d i o l a b e l l i n g  and s t a t i s t i c a l  c a l c u l a t i o n s ,  we r e  c o n d u c t e d  by Hs.  

S a l l y  R i p l e y ,  a c y t o g e n e t i c i s t  i n  t h e  l a b o r a t o r y  of  Dr.  Ann

H e n d e r s o n .  Human m e t a p h a s e  ch r omos omes  we r e  p r e p a r e d  f rom 

p h y t o h a e m a g g l u t i n i n  ( P H A ) - s t i m u l a t e d  normal  p e r i p h e r a l  b l o o d  

l y m p h o c y t e s .  Ly mp h o c y t e s  we r e  i s o l a t e d  f rom whol e  b l o o d  by 

c e n t r i f u g a t i o n  t h r o u g h  LeukoPREP Tubes  ( B e c t o n - D i c k i r i s o n ) . The

l y m p h o c y t e  l a y e r  was r e c o v e r e d  and t h e  c e l l s  c u l t u r e d  i n  RPMI l 64u

medi a  ( B i b c o )  s u p p l e m e n t e d  t o  10'/. w i t h  f e t a l  c a l f  s e r um ( B i b c o ; .  

The T - c e l l  p o p u l a t i o n  was s t i m u l a t e d  t o  d i v i d e  by t h e  a d d i t i o n  of  

PHA t o  90 ug/ml  ( Gi bc o)  and grown a t  37°C f o r  72 h o u r s .  Co l cemi d  

was added  t o  0 . 6  ug / ml  and t h e  c e l l s  i n c u b a t e d  60 m i n u t e s  a t  3 / ° L  

t o  a r r e s t  d i v i s i o n  a t  m i t o t i c  m e t a p h a s e .  The c e l l s  were  h a r v e s t e d  

by c e n t r i f u g a t i o n  a t  lOOOxg f o r  5 m i n u t e s  a t  room t e m p e r a t u r e  and 

r e s u s p e n d e d  i n  5 ml h y p o t o n i c  0.075M KC1 f o r  15 m i n u t e s  t o  r u p t u r e  

t h e  c e l l  membr anes .  C e l l  n u c l e i  were  r e c o v e r e d  by c e n t r i f u q a t i o n  a t  

lOOOxg f o r  5 m i n u t e s .  Membranes  and c e l l u l a r  d e b r i s  were  removed by 

r e p e a t e d  r e s u s p e n s i o n s  of  n u c l e a r  p e l l e t s  i n  5 ml f i x a t i v e  (3 : 1
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v / v  g l a c i a l  a c e t i c  a c i d s m e t h a n o l ) and c e n t r i f u g a t i o n  f o r  5 m i n u t e s  

a t  room t e m p e r a t u r e .  The n u c l e i  were  s t o r e d  i n  f i x a t i v e  u n t i l  u s e .

3 - 4  d r o p s  r e s u s p e n d e d  n u c l e i  we r e  d r o p p e d  o n t o  e a c h  s l i d e  and t h e  

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

f i x  t h e  r e l e a s e d  c h r omos omes  t o  t h e  s l i d e .  The ch r omos omes  were  

s t a i n e d  by e x p o s i n g  t h e  s l i d e s  t o  a s o l u t i o n  of  t v / v )  10'/. B i ems a ,  

IX E B u f f e r  f o r  5 m i n u t e s .  The s l i d e s  we r e  t h e n  r i n s e d ,  b l o t t e d  d r y  

and t h e  ch r omos omes  v i s u a l i z e d  u n d e r  l i g h t  m i c r o s c o p y .  S l i d e s  t h a t  

d i s p l a y e d  an a c c e p t a b l e  m e t a p h a s e  i n d e x  ( a t  l e a s t  20 o u t  of  100 

n u c l e i )  we r e  u s e d  f o r  h y b r i d i z a t i o n  i_n_ s i t u  e x p e r i m e n t s .

Chromosomes  we r e  G- banded  by a m o d i f i c a t i o n  of  t h e  method of  

B i g n o n e  ejt. a l . (1983)  and i d e n t i f i e d  u s i n g  c o n v e n t i o n s  e s t a b l i s h e d  

by t h e  I n t e r n a t i o n a l  Sys t e m f o r  Human C y t o g e n e t i c  N o m e n c l a t u r e  

(ISCN 1 9 8 1 ) .  S l i d e s  were  s t o r e d  i n  v a c u o  a t  42°C and e x p o s e d  t o  a 

s o l u t i o n  of  0.5M m o n o b a s i c  p h o s p h a t e ,  pH 8 . 5  ( n o t  a d j u s t e d ) ,  207. 

( v / v )  m e t h a n o l ,  87. ( v / v )  t r y p s i n  (Gi bco)  and 27. ( v / v )  Giemsa f o r

5 - 7  m i n u t e s  a t  room t e m p e r a t u r e  or  u n t i l  b a n d e d .  The s l i d e s  were  

r i n s e d ,  b l o t t e d  d r y ,  and exa mi ne d  u s i n g  l i g h t  m i c r o s c o p y .  T h i s  

p r o c e d u r e  was r e p e a t e d  u n t i l  t h e  chr omosomes  we r e  G- b a n d e d .  2 0 - 3 0  

m e t a p h a s e  p l a t e s  of  w e l l - b a n d e d  ch r omos omes  p e r  s l i d e  were  

p h o t o g r a p h e d  u s i n g  an 80X o b j e c t i v e  u n d e r  t h e  l i g h t  m i c r o s c o p e  w i t h  

Pan-X f i l m  (Kodak)  and t h e  c o o r d i n a t e s  r e c o r d e d .  The chr omosomes  on 

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

a f t e r  h y b r i d i z a t i o n  La. s i t u  t o  p r o b e  DNA.

P r i o r  t o  h y b r i d i z a t i o n ,  t h e  s l i d e s  we r e  t r e a t e d  w i t h  50 ug/ ml
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RNase i n  2 X SSC a t  room t e m p e r a t u r e  f o r  1 h o u r  t o  r emove  

e n d o g e n o u s  RNA, r i n s e d  o n c e  i n  2 X SSC,  t w i c e  i n  707. e t h a n o l  and 

t h r e e  t i m e s  i n  957. e t h a n o l ,  t h e n  a i r  d r i e d .

B. P r e p a r a t i o n  of  P r o b e

P r o b e  DNA was r a d i o l a b e l l e d  a s  p r e v i o u s l y  d e s c r i b e d ,  e x c e p t  

t h a t  l 2 = IdCTP 0 2 0 0 0  Ci / mmo l e )  < NEN) was u s e d  r a t h e r  t h a n  

3 2 PdATP. 1 0 0 - 2 0 0  uCi ( 1 0 0 - 2 0 0  p m o l e s )  12=IdCTP ( 1 0 0 - 2 0 0  u l ) ,  i n  

e t h a n o l ,  was e v a p o r a t e d  t o  d r y n e s s  u n d e r  Ns,  r e s u s p e n d e d  i n  5 ul  

d i s t i l l e d  w a t e r  and added  t o  t h e  r e a c t i o n  m i x t u r e .  The s p e c i f i c  

a c t i v i t y  of  t h e  p r o b e  was d e t e r m i n e d  a s  d e s c r i b e d  e x c e p t  t h a t  t h e

1 2 a I gamma r a d i a t i o n  c h a n n e l  of  t h e  l i q u i d  s c i n t i l l a t i o n  c o u n t e r

was u s e d .  C a r r i e r  tRNA was a dde d  t o  50 u g / m l ,  t h e  p r o b e  was e t h a n o l

p r e c i p i t a t e d ,  r e s u s p e n d e d  i n  100 ul  STD w a t e r  and t h e  f i n a l  c o u n t s  

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

p r o b e s  l a b e l l e d  i n  t h i s  manner  were  u s u a l l y  i n  t h e  r a n g e  of  5 ;< 

107 t o  5 x 10B cpm/ ug .

The DNA p r o b e  was a l k a l i  d e n a t u r e d  by i n c u b a t i o n  a t  room

t e m p e r a t u r e  f o r  15 m i n u t e s  i n  0 . 1N NaOH, t h e n  p l a c e d  on i c e  and

n e u t r a l i z e d  by t h e  g r a d u a l  a d d i t i o n  of  IN HC1 t o  pH 7- B,  a s  a s s a y e d

w i t h  pH p a p e r .  The DNA was a d j u s t e d  t o  3 X SSC:50V. f o r ma mi d e  by t h e  

a d d i t i o n  of  20 X SSC,  f o r ma mi d e  ( a d j u s t e d  t o  pH 7 w i t h  HC1) and STD

w a t e r  t o  a f i n a l  vo l ume  e q u a l  t o  3 0 - 5 0  ul  s o l u t i o n  p e r  s l i d e .  The

d e n a t u r e d  p r o b e  was k e p t  a t  - 2 0 ° C no l o n g e r  t h a n  30 m i n u t e s  p r i o r  

t o  u s e .
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C, Hy-b-r_i_tlization o f  P r o b e  and Chromosomal  DNA

The ch r omos omal  DNA was d e n a t u r e d  by i n c u b a t i n g  t h e  s l i d e s  i n  

95'/. f o r m a m i d e :  1 X SSC ( t o  pH 7 . 1  w i t h  HC1) f o r  1 . 5  h o u r s  a t  68° C,  

a s  d e s c r i b e d  by H e n d e r s o n  ( 1 9 8 2 ) .  The s l i d e s  we r e  i mmer s ed  i n  c o l d  

70'/. e t h a n o l  f o r  10 m i n u t e s  a t  - 2 0 ° C t o  s t o p  d e n a t u r a t i o n , washed 

3X e a c h  i n  i c e  c o l d  707. and 957. e t h a n o l  and b l o t t e d  d r y .  3 0 - 5 0  ul  

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

w i t h  a c o v e r s l i p .  The s l i d e s  were  p o s i t i o n e d  h o r i z o n t a l l y  a t o p  

s l i d e  moun t s  i n  s e p a r a t e  p e t r i  p l a t e  h y b r i d i z a t i o n  c h a mb e r s  

c o n t a i n i n g  f i l t e r  p a p e r  s o a k e d  i n  3 X SSC:507.  f o r m a m i d e .  Me t a p h a s e  

p l a t e s  were  i n c u b a t e d  18 h o u r s  u n d e r  r e a s o n a b l y  s t r i n g e n t  

c o n d i t i o n s  a t  42°C ( c l o n e d  43 p r o b e  DNA) or  u n d e r  l e s s  s t r i n g e n t  

c o n d i t i o n s  a t  38°C ( c l o n e d  XL3 p r o b e  DNA). The s l i d e s  were  p l a c e d  

i n  a d i s h  c o n t a i n i n g  3 X SSC:507.  f o r ma mi d e  t o  f l o a t  o f f  t h e  

c o v e r s l i p s ,  t h e n  i n c u b a t e d  f o r  10 m i n u t e s  a t  45°C i n  2 X SSC t o  

r emove  u n h y b r i d i z e d  p r o b e  DNA. They were  t h e n  washed  f o r  3 h o u r s  a t  

room t e m p e r a t u r e  i n  2 l i t e r s  of  2 X SSC w i t h  s e v e r a l  c h a n g e s  and 

r i n s e d  s u c c e s s i v e l y  i n  s e v e r a l  v o l u me s  Df 707. and 957. e t h a n o l .  

A f t e r  a i r - d r y i n g ,  t h e  s l i d e s  we r e  d i p p e d  i n  1:1 Kodak NTB-2 

e m u l s i o n : d i s t i l l e d  w a t e r ,  boxed  and e x p o s e d  a t  4°C f o r  2 4 - 7 2  

h o u r s .  T e s t  s l i d e s  we r e  r emoved  a t  24 h o u r  i n t e r v a l s  t o  c h e c k  g r a i n  

d e n s i t i e s .  Al l  s l i d e s  we r e  d e v e l o p e d  f o r  2 . 5  m i n u t e s  i n  50 ml Kodak 

D-19 d e v e l o p e r .  D e v e l o p me n t  was s t o p p e d  by i m m e r s i n g  t h e  s l i d e s  i n  

50 ml 17. a c e t i c  a c i d  f o r  45 s e c o n d s  and f i x e d  by i m m e r s i n g  t h e  

s l i d e s  i n  50 ml Kodak R a p i d  F i x  f o r  2 . 5  m i n u t e s .  The s l i d e s  were
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r i n s e d  u n d e r  c o l d  r u n n i n g  w a t e r ,  a i r  d r i e d  and s t a i n e d  (up t o  20

m i n u t e s  f o r  c o n t r o l  s l i d e s  o r  up t o  2 h o u r s  f o r  p r e p h o t o g r a p h e d  

s l i d e s ) , a s  d e s c r i b e d .

D. S t a t i s t i c a l  A n a l y s i s

The known c o o r d i n a t e s  of  p r e p h o t o g r a p h e d  m e t a p h a s e  p l a t e s  

a l l o w e d  t h e  r e l o c a t i o n  of  t h e s e  c h r omos omes  on t h e  h y b r i d i z e d  

s l i d e s .  The h y b r i d i z e d  ch r omos omes  were  r e - p h o t o g r a p h e d  and 

c ompar ed  w i t h  t h e i r  p r e - h y b r i d i z a t i o n  p h o t o g r a p h s .  P o s i t i v e  

i d e n t i f i c a t i o n s  we r e  made and g r a i n  d e n s i t y  was d e t e r m i n e d  by 

d i v i d i n g  t h e  chr omosome co mp l e me n t  i n t o  96 a p p r o x i m a t e l y  e q u a l  

s e g m e n t s .  The g r a i n s  o v e r  a l l  m e t a p h a s e  p l a t e s  we r e  t o t a l l e d  f o r  

e a c h  s eg m e n t  and s u b m i t t e d  t o  s t a t i s t i c a l  a n a l y s i s  u s i n g  a X2

t e s t  t o  d e t e r m i n e  d e v i a t i o n  f rom a r andom g r a i n  d i s t r i b u t i o n .  

S e g m e n t s  t h a t  s c o r e d  a X2 v a l u e  > 10 we r e  a r b i t r a r i l y  c o n s i d e r e d  

s i t e s  of  s i g n i f i c a n t  l a b e l l i n g .

V I I I .  N u c l e o t i d e  S e q u e n c i n g

ft. S e q u e n c i n g  R e a c t i o n

N u c l e o t i d e  s e q u e n c i n g  of  p l a s m i d  DNA was a c c o m p l i s h e d  as  

d e s c r i b e d  by S a n g e r  e t  a l . ( 1977)  and m o d i f i e d  by Chen and S e e b u r g  

( 1 9 8 5 ) .  2 ug p l a s m i d  t e m p l a t e  DNA was a d j u s t e d  t o  0 .1N NaOH, 2mM 

EDTA i n  a 20 u l  vo l ume  and i n c u b a t e d  5 m i n u t e s  a t  room t e m p e r a t u r e  

t o  d e n a t u r e  t h e  DNA. The s a m p l e  was n e u t r a l i z e d  by t h e  a d d i t i o n  of

3M NaOAc, pH 5,  t o  a IN c o n c e n t r a t i o n  and p r e c i p i t a t e d  w i t h

e t h a n o l .  The p e l l e t  was washed w i t h  70'/. e t h a n o l  and r e s u s p e n d e d  in
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6 u l  d i s t i l l e d  w a t e r .  30 ng (3 u l )  p r i m e r / 2  ug t e m p l a t e  DNA and 1 

ul  of  10 X A n n e a l i n g  B u f f e r  (IX A n n e a l i n g  B u f f e r  i s  7mM T r i s - H C l ,  

pH 7 . 5 ;  7mM MgCl2 ; 30mM NaCl ;  10 mM DTT and O.lmM EDTA) was added  

t o  a f i n a l  10 ul  v o l u me .  The m i x t u r e  was i n c u b a t e d  a t  37°C f o r  a t  

l e a s t  30 mi n .  t o  a l l o w  t h e  p r i m e r  t o  a n n e a l  t o  t h e  t e m p l a t e  DNA. 

Pr i med  t e m p l a t e  was u s e d  i m m e d i a t e l y  or  was s t o r e d  a t  - 2 0 a C and

t hawed  g e n t l y  a t  room t e m p e r a t u r e  p r i o r  t o  u s e .  5U (1 u l )  DNA

P o l y m e r a s e  1 (Klenow f r a g m e n t )  was adde d  t o  t h e  a n n e a l i n g  m i x t u r e

a l o n g  w i t h  4 ul  <*40 uCi )  3 =PdATP 0 8 0 0  Ci / mmol e )  (NEN).  3 ul  of  

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

c o n t a i n i n g ,  r e s p e c t i v e l y ,  A mi x ,  G mi x ,  T mix o r  C mix.  A mix

c o n t a i n e d  100 urn e a c h  dGTP,  dTTP and dCTP and 100 urn ddATP. T mix

c o n t a i n e d  1 . 4  urn dTTP,  100 uM ea c h  dCTP and dGTP and 100 urn ddTTP.  

G mix c o n t a i n e d  2 . 5  urn dGTP, 100 uM ea c h  dTTP and dCTP and 100 um 

ddGTP.  C mix c o n t a i n e d  2 . 5  um dCTP,  100 uM e a c h  dGTP and dTTP and 

100 uM ddCTP.  The f o u r  n u c l e o t i d e  r e a c t i o n  t u b e s  were  i n c u b a t e d  a t  

37°C f o r  15 m i n u t e s  and t h e  r e a c t i o n s  c h a s e d  by t h e  a d d i t i o n  of  1 

ul  c h a s e  s o l u t i o n  (125 uM e a c h  dATP, dTTP,  dGTP and dCTP) t o  each  

t u b e  w i t h  i n c u b a t i o n  a t  3 7 DC f o r  an a d d i t i o n a l  15 m i n u t e s .  The 

r e a c t i o n s  we r e  s t o p p e d  by t h e  a d d i t i o n  of  5 ul  s t o p  s o l u t i o n  (98'/. 

Cw/vl  d e i o n i s e d  f o r m a m i d e ;  0.27.  Cw/vl  b r o mp h e n o l  b l u e ;  0.27.  Cw/vl  

x y l e n e  c y a n o l  and 10 mM EDTA, pH 8 . 0 )  t o  e a c h  t u b e  and s t o r e d  on 

i c e  u n t i l  u s e .

B. S e q u e n c i n g  Gel E l e c t r o p h o r e s i s

Two g e l  p l a t e s  m e a s u r i n g  33 x 38 cm and 33 x 40 cm,
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r e s p e c t i v e l y ,  we r e  c l e a n e d  w i t h  a 0.17.  SDS s o l u t i o n ,  r i n s e d  w i t h  

d i s t i l l e d  w a t e r  and r u b b e d  w i t h  957. e t h a n o l .  The e t h a n o l  was 

a l l o w e d  t o  e v a p o r a t e  and t h e  g e l  s a n d w i c h  was a s s e m b l e d  u s i n g  0 . 4  

mm t h i c k  p l a s t i c  s i d e  and b o t t o m  s p a c e r s .  Dabs of  vacuum g r e a s e  

we r e  a p p l i e d  t o  t h e  j u n c t u r e s  of  t h e  s i d e  and b o t t o m  s p a c e r s  t o  

p r e v e n t  l e a k a g e .  The s i d e s  and b o t t o m  o f  t h e  a s s e m b l e d -  g e l  p l a t e s  

we r e  s e a l e d  w i t h  e l e c t r i c a l  t a p e  and l a r g e  c l i p s .

The 67. p o l y a c r y l a m i d e / 7 M  u r e a  g e l s  we r e  made by m i x i n g  1 4 . 5  ml 

407. (w/ v)  a c r y l a m i d e  ( 1 9 : 1  a c r y l a m i d e  : N,N'

m e t h y l e n e b i s a c r y l a m i d e )  , 10 ml 10X T r i s - B o r a t e - E D T A  b u f f e r  (TBE)

(IX TBE i s  lOOmM T r i s ,  83 mM B o r i c  a c i d ,  1 mM EDTA a t  pH 8 . 3 ,  n o t  

a d j u s t e d )  and 4 0 . 5  ml d i s t i l l e d  w a t e r .  42 g s o l i d  u r e a  (BRL) was 

a dde d  and d i s s o l v e d  i n t o  t h e  m i x t u r e  w i t h  s t i r r i n g  o v e r  low h e a t .  

The g e l  m i x t u r e  was d e g a s s e d  by s t i r r i n g  u n d e r  vacuum 15-30

m i n u t e s .  2 . 0  ml of  t h e  g e l  m i x t u r e  was r e mo v e d ,  a d j u s t e d  w i t h  16 ul  

107. (w/v)  ammoni um p e r  s u l  f a t e  (Bi oRad)  and 1 ul  TEMED

( N N N N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e )  ( B i o R a d ) ,  v o r t e x e d  and p i p e t t e d  

i n t o  t h e  g e l  s a n d w i c h .  The ge l  s a n d w i c h  was l a i d  a t  a 50°  a n g l e  

t o  t h e  h o r i z o n t a l  and t h e  2 . 0  ml a c r y l a m i d e  p l u g  a l l o w e d  t o  

p o l y m e r i z e  1 5 - 30  min.  The r e s t  of  t h e  g e l  m i x t u r e  was t h e n  a d j u s t e d  

w i t h  0 . 8  ml 107. (w/ v)  ammonium p e r s u l f a t e  and 60 ul  TEMED, mi x ed ,  

and q u i c k l y  i n j e c t e d  b e t we e n  t h e  ge l  p l a t e s  u s i n g  a 30cc  s y r i n g e .  

The 0 . 4  mm comb s p a c e r  ( f l a t  s i d e  of  s h a r k s t o o t h  comb) (BRL) was

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

30°  a n g l e  t o  t h e  h o r i z o n t a l ,  e x c e s s  g e l  m i x t u r e  was p i p e t t e d
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a c r o s s  t h e  comb s p a c e r  t o  s e a l  t h e  g e l  and t h e  a c r y l a m i d e  was 

a l l o w e d  t o  p o l y m e r i z e  3 0 - 6 0  m i n u t e s .

A f t e r  p o l y m e r i z a t i o n  was c o m p l e t e ,  t h e  comb and b o t t o m  s p a c e r  

were  r e mo v e d .  The t o p  of  t h e  g e l  was f l u s h e d  w i t h  IX T6E and t h e  

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

a p p a r a t u s  (BRL).  The t o p  and b o t t o m  e l e c t r o p h o r e s i s  t a n k  r e s e r v o i r s  

we r e  f i l l e d  w i t h  IX TBE and a i r  b u b b l e s  t r a p p e d  a t  t h e  b o t t o m  of

t h e  g e l  were  r emoved u s i n g  a s y r i n g e  f i l l e d  w i t h  IX TBE w i t h  a b e n t  

20 g a u g e  n e e d l e .  The s h a r k s t o o t h  comb was i n s e r t e d  and t h e  g e l  was 

p r e e l e c t r o p h o r e s e d  a t  1 5 - 2 0  mA ( 1 5 0 0 - 2 0 0 0  V) f o r  1 5 - 3 0  m i n u t e s .

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

s a m p l e s  were  h e a t e d  a t  70°C f o r  3 m i n u t e s .  3 - 4  ul  of  e a c h  s a m p l e  

were  l o a d e d  q u i c k l y  i n t o  s e p a r a t e  a d j a c e n t  w e l l s  and t h e  ge l  

e l e c t r o p h o r e s e d  a t  2 0 - 2 5  mA ( 2 0 0 0 - 2 5 0 0  V) u n t i l  t h e  b r ompheno l  b l u e  

dye r e a c h e d  t h e  b o t t o m  of  t h e  g e l  ( 1 . 5 - 2 . 0  h o u r s ) .  The r e m a i n d e r  of  

t h e  s a m p l e s ,  whi ch had been  k e p t  on i c e  d u r i n g  t h i s  t i m e ,  were  

r e h e a t e d  a t  70°C f o r  3 m i n u t e s  and 3 - 4  ul  of  each  s a m p l e  were

l o a d e d  i n t D  s e p a r a t e  a d j a c e n t  w e l l s .  E l e c t r o p h o r e s i s  was r e s u me d  a t  

2 0 - 2 5  mA ( 2 0 0 0 - 2 5 0 0  V) u n t i l  t h e  b r ompheno l  b l u e  a g a i n  r e a c h e d  the.  

b o t t o m of  t h e  g e l  ( 1 . 5 - 2 . 0  h o u r s ) .  The " d o u b l e "  l o a d i n g s  and 

e l e c t r o p h o r e s i s  were  c o n d u c t e d  t o  a l l o w  t h e  r e a d i n g  of  more 

n u c l e o t i d e s  f r om t h e  t o p  and b o t t o m  of  t h e  ge l  

a u t o r a d i o g r a p h .  A f t e r  e l e c t r o p h o r e s i s ,  t h e  g e l  s a n d wi c h  was

removed f rom t h e  t a n k  and l a i d  f l a t .  The combs ,  s p a c e r s ,  and t o p

( s h o r t )  g l a s s  were  c a r e f u l l y  r e mo v e d .  A l a r g e  s h e e t  of  3mm Whatman
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c h r o m a t o g r a p h y  p a p e r  was l a i d  o n t o  t h e  g e l  s u r f a c e  and s mo o t h ed  

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

t h e  g l a s s  p l a t e .  The o r i e n t a t i o n  o f  t h e  g e l  ( f i r s t  l a n e )  was marked 

w i t h  a n o t c h  and t h e  g e l  was wr a pped  i n  p l a s t i c  wrap and e x p o s e d

d i r e c t l y  o r  a f t e r  d r y i n g  u n d e r  vacuum t o  Kodak X-Qmat AR f i l m  a t

room t e m p e r a t u r e  f o r  1 6 - 4 8  h o u r s .  The X- r a y  f i l m  was p r o c e s s e d  as  

p r e v i o u s l y  d e s c r i b e d .

S e q u e n c e s  we r e  r e a d  f r om t h e  b o t t o m  t o  t h e  t o p  of  t h e  g e l  i n

b o t h  " r u n s "  so  t h a t  t h e  n u c l e o t i d e  b a s e  s e q u e n c e s  were  o b t a i n e d  i n  

t h e  5 '  ( b o t t o m  of  t h e  g e l )  t o  t h e  3 '  ( t o p  of  t h e  g e l )  d i r e c t i o n .  

O v e r l a p s  i n  t h e  b a s e  s e q u e n c e  a t  t h e  b o t t o m  of  t h e  f i r s t  " r u n "  and 

t o p  of  t h e  s e c o n d  " r u n "  p r o v i d e d  s e q u e n c e  c o n t i n u i t y .

Cj I n t e r p r e t a t i o n  of  N u c l e o t i d e  Base  S e q u e n c e s

1. D e t e r m i n a t i o n  o f  Base  C o m p o s i t i o n

The b a s e  c o m p o s i t i o n s  of  t h e  n u c l e o t i d e  s e q u e n c e s  were

d e t e r m i n e d  by d i v i d i n g  t h e  number  of  dATP + dTTP and dGTP + dCTP

r e s i d u e s  by t h e  t o t a l  number  of  n u c l e o t i d e s  i n  t h e  s e q u e n c e .  The 

r e s u l t i n g  v a l u e s  we r e  m u l t i p l i e d  by 100 t o  e x p r e s s  t h e  b a s e  

c o m p o s i t i o n  of  t h e  s e q u e n c e  a s  '/.AT and '/.GC c o n t e n t .

2.  D e t e r m i n a t i o n  of  I n t e r  s e q u e n c e  Ho mo l o g i e s

S e q u e n c e s  were  a l i g n e d  and c o mp ar ed  t o  d e t e c t  r e g i o n s  of

homol ogy w i t h  c o m p u t e r  a s s i s t a n c e  u s i n g  t h e  NUCALN p r o g r a m

d e v e l o p e d  by D . J .  Lipman and W.J .  Wi l b u r  a t  t h e  M a t h e m a t i c a l

R e s e a r c h  Br anch  of  t h e  NIADDK, NIH. The p a r a m e t e r s  of  t h e  p r o g r a m



Page 40

d e f i n e  " k - t u p l e "  v a l u e s  o f  2 - 7  whi ch  d e s i g n a t e  t h e  number  of  

c o n s e c u t i v e  b a s e s  r e q u i r e d  t o  a s s i g n  a ma t c h ;  "window" s i z e  v a l u e s  

( d e f a u l t  a t  20)  wh i ch  d e f i n e  t h e  number  of  b a s e s  p e r m i t t e d  on 

e i t h e r  s i d e  of  a ma t ch  and "gap  p e n a l t y "  v a l u e s  ( 1 - 7 )  whi ch do (gap 

p e n a l t y  ® 1) o r  do n o t  (gap  p e n a l t y  = 7) p e r m i t  t h e  i n t r o d u c t i o n  of  

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

s e q u e n c e .  Ran g es  of  h omol ogy  b e t w e e n  two s e q u e n c e s  may be o b t a i n e d  

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

p a r a m e t e r  v a l u e s  were  s e t  a t  k = 2 ,  window = 20 and gap = 1 or  7 t o  

d e t e r m i n e  maximal  ( a t  gap = 1) and mi n i ma l  ( a t  gap = 7) h o m o l o g i e s  

b e t w e e n  s e q u e n c e s .  T h i s  a l l o w e d  c a l c u l a t i o n  of  maximal  and mi n i ma l  

h o m o l o g i e s  b e t w e e n  two s e q u e n c e s  b a s e d  upon t h e  number  of  ma t ched  

b a s e s  f o u n d  b e t we e n  t h e  two s e q u e n c e s  ( d i v i d e d  by t h e  n u c l e o t i d e  

l e n g t h  o f  t h e  s h o r t e r  of  t h e  two s e q u e n c e s )  and t h e  a l i g n m e n t  of 

t h e  s e q u e n c e s  w i t h  e a c h  o t h e r .

5 .  I d e n t i f i c a t i o n  and T r a n s l a t i o n  of  Open R e a d i n g  Frames

Open r e a d i n g  f r a m e s  ( o r f s )  i n  t h e  n u c l e o t i d e  b a s e  s e q u e n c e s  

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

ORF and TRANSLATION p r o g r a m s  d e v e l o p e d  a t  t h e  NIH. The ORF p r o g r a m 

e x a m i n e s  e a c h  of  t h r e e  p o s s i b l e  o r f s  i n  e a c h  DNA s t r a n d  ( s i x  

p o s s i b l e  f r a m e s )  f o r  t h e  p r e s e n c e  of  t r a n s l a t i o n  i n i t i a t i o n  ATS 

(AUG) and t e r m i n a t i o n  TAA, TAG and TBA (UAA, UAG and UGA) c o d o n s .  

TRANSLATION t h e n  r e a d s  t h e  open r e a d i n g  f r a m e  c o d o n s  and a s s i g n s  

t h e  a p p r o p r i a t e  amino a c i d  r e s i d u e  t o  e a c h  co d o n .
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RESULTS

PART ONE: MOLECULAR CLONING OF SATELLITE I I  FRACTION DNA

The f o l l o w i n g  s t u d y  was u n d e r t a k e n  t o  r e e v a l u a t e  p r e v i o u s  

i n v e s t i g a t i o n s  c h a r a c t e r i z i n g  and l o c a l i z i n g  s a t e l l i t e  DNAs i n  t h e  

human genome.  P r i o r  s t u d i e s  of  t h e  m o l e c u l a r  o r g a n i z a t i o n  of  human 

s a t e l l i t e  DNAs n o t e d  t h a t  S a t e l l i t e  I , I I  and I I I  m o l e c u l a r  

p o p u l a t i o n s  we r e  h e t e r o g e n e o u s .  They c o n t a i n e d  somewhat  compl ex  

f r a c t i o n s  D f A + T - r i c h  DNAs t h a t  c o p u r i f i e d  w i t h i n  g r a d i e n t - i s o l a t e d  

S a t e l l i t e  DNA p r e p a r a t i o n s  ( M i t c h e l l  et_ a l  ■. 1979;  P r o s s e r  e t .  aj_._, 

1981;  Frommer e t .  a l . , 1 9 8 2 ) .  The h e t e r o g e n e i t y  of  t h e  s a t e l l i t e

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

d i f f i c u l t .  The s t u d i e s  p r e s e n t e d  h e r e  b e t t e r  d e f i n e  t h e  d e g r e e  of 

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

i n f o r m a t i o n  c o n c e r n i n g  t h e  t h e  m o l e c u l a r  and genomi c  o r g a n i z a t i o n  

of  a d i s c r e t e ,  c l o n e d  S a t e l l i t e  I I  f r a g m e n t .

I . I s o l a t i o n  of  S a t e l l i t e  1 1 - R e l a t e d  S e q u e n c e s

S i g n i f i c a n t  p u r i f i c a t i o n  of  S a t e l l i t e  DNA was a c h i e v e d  by 

d e n s i t y  g r a d i e n t  u l t r a c e n t r i f u g a t i o n  ( Co r n e o  e t . a l . j _ ,  1 9 / u ;  1 9 / 1 )  

and was u s e d  t o  a v o i d  i s o l a t i o n  of  r e p e a t e d  s e q u e n c e s  w i t h  

p r o c e d u r e s  i n v o l v i n g  compl ex  Cat a n a l y s i s  ( D e i n i n g e r  et .  a j . „ ,
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1981)  o r  genomi c  l i b r a r y  s u r v e y s  f o r  r e p e a t e d  s e q u e n c e s .  T h i s

met hod  a l s o  a l l o w e d  a c o m p a r i s o n  of  p u r i f i e d  s a t e l l i t e  DNAs w i t h  

t h o s e  p r e v i o u s l y  i s o l a t e d  by i d e n t i c a l  m e t h o d s .  S a t e l l i t e s  I ,  I I  

and I I I  DNA, whi ch  a r e  A + T - r i c h ,  p u r i f y  a s  e a s i l y  i d e n t i f i a b l e  

p e a k s  o r  s h o u l d e r s  s e p a r a t e d  f rom n o n s a t e l l i t e  "main  band"  genomi c  

DNA ( Co r n e o  e l  a l .  , 1970;  1 9 7 1 ) .

I n i t i a l  i s o l a t i o n  of  S a t e l l i t e s  I I  and I I I  f r a c t i o n s  us ed  

i s o p y c n i c  Ag++/ Cs 2 SCU b u o y a n t  d e n s i t y  g r a d i e n t s .  V i s i b l e  

S a t e l l i t e  I I  p e a k s  and S a t e l l i t e  I I I  s h o u l d e r s  were  o b t a i n e d

( F i g u r e  1A) ,  One h u n d r e d  e i g h t e e n  ug DNA was i s o l a t e d  a s  S a t e l l i t e  

I I ,  and 53 ug a s  S a t e l l i t e  I I I  s e q u e n c e s  f r om 1 . 5  mg t o t a l  DNA. 

C e n t r i f u g a t i o n  of  t h e  c r u d e  S a t e l l i t e  I I  and I I I  p r e p a r a t i o n s  

t h r o u g h  two s u c c e s s i v e  r o u n d s  of  CsCl  g r a d i e n t s  i s o l a t e d  t h e  

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

I . 6 9 4  g /ml  and 1 . 6 9 7  g / m l ,  r e s p e c t i v e l y  ( F i g u r e  IB) ( Corneo  e±. 

al_. T 1 9 7 0 j 1 9 7 1 ) .  23 ug S a t e l l i t e  I I  and 3 ug S a t e l l i t e  I I I  were

o b t a i n e d , c o r r e s p o n d i n g  t o  1.57.  and 0.27. ,  r e s p e c t i v e l y , of  t h e  

i n i t i a l  1 . 5  mg DNA s a m p l e .  L e s s  S a t e l l i t e  I I I  t h a n  S a t e l l i t e  I I  DNA 

was o b t a i n e d  b e c a u s e  t h e  Ag++/ Cs 2 S04 g r a d i e n t  c o n d i t i o n s  us ed  

<Ag++:DNA r a t i o  >0 . 2 )  o p t i m i s e d  p u r i f i c a t i o n  of  S a t e l l i t e  I I  r a t h e r  

t h a n  S a t e l l i t e  I I I  s e q u e n c e s  ( Co r n e o  e t  a l . . 1 9 7 1 ) ,  i n  k e e p i n g  w i t h  

t h e  o b j e c t i v e  t o  s t u d y  S a t e l l i t e  I I  DNA.

I I .  M o l e c u l a r  C l o n i n g  of  S a t e l l i t e  I I - R e l a t e d  S e q u e n c e s

S a t e l l i t e  I I  and I I I  f r a c t i o n s  i s o l a t e d  by b u o y a n t  d e n s i t y
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FI SURE 1.  C e s i u m G r a d i e n t  I s o l a t i o n  of  S a t e l l i t e  DNA,

ft. f tq++/CBg5Q4 U l t r a c e n t r i f u o a t i o n .  50 ug / ml  h i g h  m o l e c u l a r  
w e i g h t  human mal e  p l a c e n t a l  DNA was c e n t r i f u g e d  i n  an i s o p y c n i c  
CszSCU g r a d i e n t  a t  an i n t i a l  d e n s i t y  e q u a l  t o  1 . 4 8 5  g/ml  and an 
ftg++/DNA r a t i o  > 0 . 2 .  Twenty f i v e  f r a c t i o n s ,  a t  0 . 2  ml e a c h ,  were  
c o l l e c t e d .  The b u o y a n t  d e n s i t y  and a b s o r b a n c e  a t  i s  shown
f o r  e a c h  f r a c t i o n s .  S a t e l l i t e s  1 and I I I  DNA a p p e a r  a s  a " s h o u l d e r "  
a t  a mean d e n s i t y  a 1 . 3 2  g / m l ;  " ma i n b a n d "  DNA s p a n s  t h e  g r a d i e n t  
b e t w e e n  d e n s i t i e s  1 . 3 9 - 1 . 5 0  g / m l ,  and S a t e l l i t e  I I  DNA a p p e a r s  as  a 
u n i mo d a l  pea k  a t  d e n s i t y  = 1 . 5 6  g / m l .

B. CsCl  U l t r a c e n t r i f u o a t i o n .  S a t e l l i t e  I I  and I I I  f r a c t i o n s
c o l l e c t e d  f rom t h e  Cs s SOa g r a d i e n t s  were  d i a l y z e d ,  
p r e c i p i t a t e d ,  r e s u s p e n d e d  TE and c e n t r i f u g e d  i n  i s o p y c n i c  CsCl 
g r a d i e n t s  a t  i n t i a l  d e n s i t i e s  e q u a l  t o  1 . 7 0 0  g / m l .  T w e n t y - f i v e  
f r a c t i o n s ,  a t  0 . 2  ml e a c h ,  were  c o l l e c t e d .  The b u o y a n t  d e n s i t i e s  
and a b s o r b a n c e  a t  As^o i s  shown f o r  e a c h  f r a c t i o n .  A f t e r  
s u c c e s s i v e  u l t r a c e n t r i f u g a t i o n s  u n d e r  t h e s e  c o n d i t i o n s ,  t h e  
S a t e l l i t e  I I  and I I I  f r a c t i o n s  a p p e a r e d  a s  u n i mo d a l  p e a k s  a t  a 
d e n s i t i e s  e q u a l  t o  1 . 6 9 4  g /ml  and 1 . 69 7  g / m l ,  r e s p e c t i v e l y .
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u l t r a c e n t r i f u g a t i o n  a r e  known t o  c o n s i s t  o f  h e t e r o g e n e o u s  

p o p u l a t i o n s  of  A + T - r i c h  s e q u e n c e s .  The c o m p o s i t i o n  o f  t h e s e  

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

i s o l a t i o n s  ( S i n g e r ,  1982;  M a n u e l i d e s ,  1 9 7 8 ) .  P r e c i s e  

c h a r a c t e r i z a t i o n  of  S a t e l l i t e  DNA f r a c t i o n s  n e c e s s i t a t e d  o b t a i n i n g  

a c o n s t a n t  p o p u l a t i o n  of  DNAs i n  ea c h  p r e p a r a t i v e  i s o l a t i o n  and 

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

a n a l y s i s .  T h e s e  c o n d i t i o n s  we r e  met  by p r o p a g a t i n g  S a t e l l i t e  I I  and 

I I I  f r a c t i o n s  a s  r e c o m b i n a n t  DNAs i n  t h e  b a c t e r i u m  IL_ c o l i . 

M o l e c u l a r  c l o n i n g  of  t h e  S a t e l l i t e  f r a c t i o n s  a l l o w e d  

c h a r a c t e r i z a t i o n  and mappi ng  of  c o mponen t  DNAs, a s  we l l  as  

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

A c c u r a t e  c h a r a c t e r i z a t i o n  of  compl ex  S a t e l l i t e  f r a c t i o n s  

d ep e n d e d  upon t h e  r e t e n t i o n  of  n a t i v e  S a t e l l i t e  and a s s o c i a t e d  

f 1 an k i n g  s e q u e n c e s  i n  t h e  c l o n e d  DNA. D e t e r m i n i n g  s e q u e n c e  

s t r u c t u r e  of  DNA f l a n k i n g  S a t e l l i t e  r e p e a t s  a l l o w e d  a s p e c i f i c  

d e t e r m i n a t i o n  of  t h e  genomi c  o r g a n i z a t i o n  and l o c a l i z a t i o n  of  

d i s c r e t e  c l o n e d  S a t e l l i t e  e l e m e n t s .  To e n s u r e  t h a t  f l a n k i n g  DNA 

s e q u e n c e s  would be c l o n e d  a l o n g  w i t h  S a t e l l i t e  s e q u e n c e s ,  S a t e l l i t e  

DNA p r e d i c t e d  t o  be l a r g e  e n ough  t o  i n c l u d e  b o t h  t y p e s  of  s e q u e n c e s  

were  c l o n e d .  Some r e s t r i c t i o n  enzymes  d i g e s t  S a t e l l i t e  s e q u e n c e s  

i n t o  s m a l l  f r a g m e n t s  ( H i n f l ,  T a q I ,  EcoRI ,  H a e l l l )  w h e r e a s  o t h e r s  do 

n o t  a p p r e c i a b l y  d i g e s t  S a t e l l i t e  DNA (BamHI,  H i n d H I ,  Xbal )  

( M a n u e l i d e s ,  1978;  M i t c h e l l  e t .  aJL_. , 1979;  Frommer et .  al_. , 19B2) .  

P r e l i m i n a r y  S o u t h e r n  b l o t  a n a l y s i s  u s i n g  r a d i o l a b e l l e d  S a t e l l i t e  I I
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f r a c t i o n  DNA h y b r i d i s e d  t o  H i n d l l I - d i g e s t e d  human p l a c e n t a l  DNA 

( n o t  shown)  r e v e a l e d  a s e r i e s  of  f r a g m e n t s  r a n g i n g  i n  s i z e  f r om 

a p p r o x i m a t e l y  0 . 5  kb t o  9 . 0  kb.  T h u s ,  genomi c  DNA d i g e s t e d  w i t h  

Hi nd 111 was l i k e l y  t o  i n c l u d e  a r a n g e  of  l a r g e  f r a g m e n t s  homol o g o u s  

t o  S a t e l l i t e  I I  DNA, i n c l u d i n g  t h o s e  l a r g e  eno u g h  t o  p o s s e s s  b o t h  

f l a n k i n g  and S a t e l l i t e  s e q u e n c e s .  F u r t h e r ,  l i g a t i o n  of  f r a g m e n t s  

i n t o  t h e  H i n d l l l  s i t e  of  t h e  v e c t o r  p l a s m i d  pBR322 d i s r u p t s  t h e  

c o d i n g  r e g i o n  of  t h e  t e t r a c y c l i n e  g e n e ,  r e n d e r e d  t h e  b a c t e r i a  

t e t r a c y c l i n e  s e n s i t i v e ,  whi ch  can be u s e d  a s  a s c r e e n i n g  d e v i c e  t o  

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

T r a n s f o r m a t i o n  of  c o m p e t e n t  DH1 Ej_ c o l i  c e l l s  w i t h  s u p e r c o i l e d  

or  c u t ,  r e l i g a t e d  pBR322 was o v e r a l l  s u c c e s s f u l ,  r e s u l t i n g  i n  

MO4* t r a n s f  o r m a n t s / u g  p l a s m i d .  S i m i l a r  e x p e r i m e n t s  u t i l i z i n g  

S a t e l l i t e  11-p  BR322 r e c o m b i n a n t  p l a s m i d s  we r e  n o t  i n i t i a l l y  

s u c c e s s f u l ,  even t h o u g h  a g a r o s e  g e l  e l e c t r o p h o r e s i s  showed t h a t  t h e  

DNAs were  l i g a t e d .  One p u b l i s h e d  r e p o r t  had c i t e d  s i m i l a r  

d i f f i c u l t i e s  i n  c l o n i n g  S a t e l l i t e  I I I  s e q u e n c e s ,  e . g . , of  117 

t r a n s f o r m a n t s  o b t a i n e d  f rom l i g a t e d  S a t e l l i t e  I I I - l a m b d a  g t  wes 

l ambda  B DNA, o n l y  two c o n t a i n e d  i n s e r t e d  s e q u e n c e s ,  and one of  

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

c l o n i n g  p r o c e s s  (Cooke and H i n d l e y ,  1 9 7 9 ) .  T h i s  s u g g e s t e d  t h a t  

S a t e l l i t e  DNA r e p e a t e d  s e q u e n c e s  may be d i f f i c u l t  t o  m a i n t a i n  as  

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

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

t r a n s f o r m a t i o n  e f f i c i e n c i e s  t h r o u g h  t h e  u s e  of  " s u p e r c o m p e t e n t " DH5
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c e l l s  (BRL).  T r a n s f o r m a t i o n  of  DH5 c e l l s  w i t h  S a t e l l i t e  I I - p BR3 2 2  

y i e l d e d  103 c o l o n i e s  (IX p l a t e  A) and 113 c o l o n i e s  (IX p l a t e  B) .  No 

c o l o n i e s  we r e  o b s e r v e d  on any of  t h e  d i l u t i o n  p l a t e s .  The 

t r a n s f o r m a t i o n  e f f i c i e n c y  e q u a l l e d  102 c o l o n i e s / 0 . 1  ug DNA/0.1 ml 

c e l l s ,  o r  1 x 104 c o l o n i e s / u g  DNA/ml ‘ c e l l s .  In a s i m i l a r  

e x p e r i m e n t ,  S a t e l l i t e  I I I - p B R 3 2 2  was t r a n s f o r m e d  i n t o  DH5 c o m p e t e n t  

c e l l s  t o  an e f f i c i e n c y  of  1 x 103 c o l o n i e s / u g  DNA/ml c e l l s .  A 

c o m p a r a b l e  t r a n s f o r m a t i o n  w i t h  s u p e r c o i l e d  pBR322 g a v e  >107 

c o l o n i e s / u g  DNA/ml c e l l s .

Of 216 S a t e l l i t e  I I  and 18 S a t e l l i t e  I I I  c o l o n i e s ,  170 and 3,  

r e s p e c t i v e l y ,  we r e  t e t r a c y c l i n e  s e n s i t i v e .  The r e m a i n i n g  c o l o n i e s  

were  r e s i s t a n t  t o  t e t r a c y c l i n e ,  and p r o b a b l y  h a r b o r e d  

n o n - r e c o m b i n a n t  p l a s m i d s .

I I I .  D e t e r m i n a t i o n  of  I n s e r t  S i z e s  of  S a t e l l i t e  I I - R e l a t e d  C l o n e s

I n i t i a l  c h a r a c t e r i z a t i o n  of  r e c o m b i n a n t  p l a s m i d s  i n v o l v e d  

d e t e r m i n a t i o n  of  b a s e p a i r  l e n g t h s  of  t h e  c l o n e d  DNA f r a g m e n t s .  The 

d a t a  o b t a i n e d  f rom e l e c t r o p h o r e t i c  a n a l y s i s  i s  s u mma r i z e d  i n  T a b l e  

I and shown g r a p h i c a l l y  i n  F i g u r e  2A. Of t h e  170 t e t r a c y c l i n e  

s e n s i t i v e  c o l o n i e s ,  69 e i t h e r  d i d  n o t  h a r b o r  r e c o m b i n a n t  p l a s m i d s  

or  p o s s e s s e d  i n s e r t e d  DNAs t o o  s m a l l  (<400 bp)  t o  be e a s i l y  

d e t e c t e d .  The r e m a i n i n g  101 c o l o n i e s  p o s s e s s e d  r e c o m b i n a n t  p l a s m i d s  

c o n t a i n i n g  i n s e r t e d  f r a g m e n t s  r a n g i n g  i n  s i z e  f r om ' ' ' 500-4000 bp.  

N i n e t y - s e v e n  p l a s m i d s  c o n t a i n e d  s i n g l e  i n s e r t s ,  t h r e e  p l a s m i d s  

(number s  11,  20 and 62)  p o s s e s s e d  two i n s e r t e d  f r a g m e n t s  and one
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TABLE I

S i z e s  ( i n  bp) of S a t e l l i t e  I I - R e l a t e d  Fragm ents

PLASMID INSERT PLASMID INSERT PLASMID INSERT
SlZE(bp) SIZE(bp) SIZEIbp:

1 3600 59 . . . . 116 . . . .
2 4000 60 - - - - 117 - - - -
3 ------- 61 1000 118 . . . .
4 3300 62 1750, 750 119 - - - - -
S 1970 63 1000 120 - - - -
6 3000 64 1000 121 - - - -
7 2500 65 2200 122 - - - -
S 2200 66 ------ 123 - - - -

10 3000 67 ------ 124 . . . .
11 2 000 ,1200 6B 2000 125
12 2200 69 750 126 3300
13 2500 70 2000 127 2200
14 750 71 ----- 128 -----
IS 3600 72 2700 129 750
16 1700 73 1970,910) 550 130 3300
17 3300 74 ---- 131 ------
18 750 75 ------ 132 ------
19 ------ 76 ------ 133 330'')
20 1970 ,2050 77 ------ 134 4000
21 ------- 78 1000 135 1000
22 1000 79 1400 136 ------
23 ------- 80 2200 137 3300
24 ------ 81 ------ 138 3300
25 '5 0 0 82 ------ 139 4000
26 4000 B3 ------ 140 1800
27 2200 84 ------ 141 ------
28 85 1100 142 ------
29 '5 0 0 86 ------ 143 3330
30 ------- 87 ------ 144 1800
31 "SOO 88 2500 145 1000
32 1400 89 ------ 146 750
33 1400 90 1000 147 2200
34 3000 91 ------ 148 ------
35 2800 92 ------ 149 ------
36 2300 93 ------ 150 ------
37 ------ 94 ------ 151 ------
38 1300 95 2200 152 220C
39 2200 96 750 153 ------
40 2200 97 1000 154 2200
41 '5 0 0 98 750 155 -----
42 ------ 99 1200 156 -------
43 2200 100 1200 157 33C0
44 ------- 101 750 158 3300
45 2800 102 3300 159 1000
46 ------- 103 3300 160 ' 1000
47 750 104 ------ 161 750

■ 48 ------- 105 2200 162 1000
49 ------ 106 1000 163 1000
50 ------ 107 1000 164
51 ------ 108 1000 165 . . . .
52 ------ 109 750 166 2200
53 3000 110 1000 167 3300
54 ------ 111 ------ 168 -----
55 ----- 112 17 S 0 169 1000
56 ----- 113 1400 170 1000
57 ----- 114 2200
58 ----- 115 3300 .

 indicates that the plasmid was not recombinant or possessed
inserted Fragments too small (<400 bp in length) to be detected on the 
gels.
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FIGURE 2.  D i s t r i b u t i o n  of  Ln s e c.t Fr a g m e n t s  S i z e s  among t h e __
S a t e l l i t e  I I - R e l a t e d  C l o n e d  DNfts.

ft. Graph of  t h e  d a t a  p r e s e n t e d  i n  T a b l e  I s ho wi n g  t h e  number  of  
c l o n e d  f r a g m e n t s  p e r  200 bp.  i n s e r t  s i z e  g r o u p .

B. Graph o f  t h e  d a t a  p r e s e n t e d  i n  T a b l e  I I  s ho wi n g  t h e  number  of  
cToned  f r a g m e n t s  p e r  l a r g e r  i n s e r t  s i z e  c a t e g o r y .  F r a g m e n t  s i z e  was 
d e t e r m i n e d  a s  d e s c r i b e d  u s i n g  e l e c t r o p h o r e s i s  of  0.77.  a g a r o s e  g e l s .
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FIGURE 2. Distribution of size of inserted fragments among the Satellite II-related Clones. 
A. Graph of the data presented in Table I showing the number of clones per 200 bp insert 
size group. B. Graph of the data presented in Table II showing the number of clones per 
larger insert size category.
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p l a s m i d  (number  73)  had t h r e e  i n s e r t e d  f r a g m e n t s .  T h u s ,  t h e  a c t u a l  

number  of  H i n d l l l  i n s e r t s  r e p r e s e n t e d  by t h e  101 r e c o m b i n a n t s  was 

106.

C l oned  DNA was p l a c e d  i n t o  f o u r  b r o a d  c a t e g o r i e s  b a s e d  on 

i n s e r t  s i z e  ( T a b l e  I I  and F i g u r e  2 B) .  The c l o n e d  DNA f r a g m e n t s  

were  o r g a n i z e d  i n t o  c l a s s i f i c a t i o n s  b a s e d  on s i z e  r a n g e s  of  

5 5 0 - 1 5 0 0  b p ,  1 5 5 0 - 2 5 0 0  b p ,  2 5 5 0 - 3 5 0 0  bp and 3 5 5 0 - 4 0 0 0  b p ,  and DNA 

f o r  f u r t h e r  s t u d y  was s e l e c t e d  r a n d o ml y  f rom t h e  m o l e c u l a r  w e i g h t  

c a t e g o r i e s  ( T a b l e  I I ) .

The S a t e l l i t e  I I I  r e c o m b i n a n t  p l a s m i d s  p o s s e s s e d  i n s e r t s  of  

4000 bp (B and D) and 1600 and 500 bp (C) .  Of t h e s e ,  p l a s m i d  D was 

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

c o m p a r i s o n  of  a S a t e l l i t e  I l l - d e r i v e d  DNA and S a t e l l i t e  I I - d e r i v e d  

DNA.

IV. R e s t r i c t i o n  Enzvme Mapping of  C l oned  S e q u e n c e s

Twe l ve  S a t e l l i t e  I I  c l o n e d  f r a g m e n t s  and t h e  S a t e l l i t e  I I I  

p l a s m i d  D were  f u r t h e r  c h a r a c t e r i z e d  by d e t e r m i n a t i o n  of  i n t e r n a l  

r e s t r i c t i o n  e n d o n u c l e a s e  (RE) r e c o g n i t i o n  s i t e s ,  R e s t r i c t i o n  

enzymes  BamHI,  EcoRI ,  Hi nd 1 1 1 , Hp a l ,  P s t I ,  P v u I I ,  S a i l  arid Xbal  

we r e  u s e d  s i n g l y  and i n  c o m b i n a t i o n .  Cl oned  f r a g m e n t s  3 3 ,  43 and 5 

were  a l s o  c h a r a c t e r i z e d  by d i g e s t i o n  w i t h  A l u l ,  B e l l ,  B g l l l ,  

H a e I I I ,  H i n f l ,  K p n l ,  S s t I ,  TaqI  and Xhol f o r  f u r t h e r  a n a l y s i s .  The 

r e s t r i c t i o n  enzyme maps d e t e r m i n e d  i n  t h i s  manner  a r e  g i v e n  i n  

F i g u r e  3.



Page 52

TABLE I I

Summary of  I n i t i a l  S e l e c t i o n  of  Cl oned  
DNA f o r  S t u d y

ALL CLONED DNAs 
Fr a g m e n t  L e n g t h  

( i n  bp)

Number
o f

F r a g m e n t s
P e r c e n t

O c c u r e n c e
S e l e c t e d
P l a s m i d s

F r a g me n t  
Le n g t h  
( i n  bp)

1 -  500 4 3.87. — ------

501 -  1500 42 40.07. #14 750
#85 950
#38 1300
#33 1400

1501 -  2500 32 30.57. #16 1700
#43 1900
#5 1900
#20A 1900
#20B 2050
#36 2300

2501 -  3500 21 20.07. #103 3300

3501 -  4000 6 5.77. # 2 4000

TOTAL 105 100 . 0 '/. 11
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FIGURE 3.  R e s t r i c t i o n  Enzyme Maps o f  t h e  C l o n e d  F r a g m e n t s .

The r e s t r i c t i o n  maps ,  d e t e r m i n e d  a s  d e s c r i b e d  i n  M a t e r i a l s  and 
M e t h o d s ,  a r e  shown t o r  t h e  e l e v e n  S a t e l l i t e  I I  t r a c t i o n - d e r i v e d  
( p l a s m i d s  3 3 ,  2 ,  103 .  20 A and B, 4 3 ,  5 ,  16,  8 5 ,  36 ,  14 and 38)  and 
o ne  S a t e l l i t e  I I I  f r a c t i o n - d e r i v e d  ( p l a s m i d  D) DNAs s t u d i e d .  The
l e n g t h ,  i n  b p ,  o t  e a c h  c l o n e d  f r a g m e n t  i s  i n d i c a t e d .  The 
r e c o g n i t i o n  s i t e s  o f  r e s t r i c t i o n  e n d o n u c l e a s e s  t h a t  d i g e s t  t h e  DNAs 
a r e  shown.  R e s t r i c t i o n  e n d o n u c l e a s e s  t h a t  do n o t  d i g e s t  t h e  c l o n e d  
f r a g m e n t s  a r e  i n d i c a t e d .  Al l  f r a g m e n t s  a r e  d e f i n e d  by 5 '  and 
3 ' t e r m i n a l  H i n d l l l  s i t e s .  The EcoRI  s i t e  of  pBR322 i s  shown t o  
p r o v i d e  o r i e n t a t i o n  o f  t h e  f r a g m e n t  i n  t h e  c l o n i n g  v e c t o r ,  e x c e p t  
f o r  f r a g m e n t  8 5 ,  wh i ch  c o u l d  n o t  be o r i e n t e d .  The p o s i t i o n  and 
o r i e n t a t i o n  o f  t h e  Al u  e l e m e n t  w i t h i n  t h e  c l o n e d  33 f r a g m e n t  i s  
shown w i t h  an a r r o w .  The DNAs a r e  o r g a n i z e d  i n t o  f o u r  s u b c l a s s e s ,  
a s  e x p l a i n e d  i n  t h e  t e x t .  Due t o  c o v a l e n t  l i n k a g e  w i t h  20A,  20B i s  
shown i n  t h e  S u b c l a s s  1 c a t e g o r y  t h o u g h  i t  i s  a member of  t h e
S u b c l a s s  4 g r o u p .  H, H i n d l l l ;  B, BamHI; E,  EcoRI ;  P,  P v u I I ;  P s ,
P s t I ,  Hp,  Hp a l ;  S,  S a i l ;  X, Xba l ;  K, Kpn l ;  Bg , Bg1 I I ;  S s ,  S s t I ,  and
A, A l u l .
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R e s t r i c t i o n  d i g e s t s  showed t h a t  some of  t h e  r e c o m b i n a n t  

p l a s m i d s  s h a r e d  s p e c i f i c  RE s i t e s .  D i g e s t i o n  of  p l a s m i d s  2 ,  D and 

103 w i t h  H i n d l l l  + EcoRI  p r o d u c e d  a 1 . 2  kb f r a g m e n t  and d i g e s t i o n  

w i t h  EcoRI a l o n e  g e n e r a t e d  a 1 . 5  kb f r a g m e n t .  P l a s m i d s  2 ,  D and 103 

a l s o  p o s s e s s e d  s m a l l  ( 3 0 0 - 5 0 0  bp)  EcoRI  f r a g m e n t s ,  a s  d i d  p l a s m i d  

16.  H i n d l l l  + Xbal  d i g e s t i o n  of  t h e  DNA of  p l a s m i d s  33 ,  20a and 103 

p r o d u c e d  a 750 bp f r a g m e n t  f r om e a c h  of  t h e  t h r e e  i n s e r t e d  

f r a g m e n t s .  D i g e s t i o n  of  p l a s m i d s  2 ,  D and 43 w i t h  H i n d l l l  + P v u l l  

p r o d u c e d  a 1 . 4  kb f r a g m e n t .  I d e n t i c a l  RE maps were  g e n e r a t e d  f o r  

t h e  i n s e r t e d  f r a g m e n t s  of  p l a s m i d s  2 and D w i t h  s i m i l a r  maps f o r  43

and 5.  In c o n t r a s t ,  t h e  i n s e r t e d  f r a g m e n t s  of  p l a s m i d s  3 6 ,  3 8 ,  14

and 85 b o r e  no o b v i o u s  RE map r e l a t i o n s h i p  t o  e a c h  o t h e r  or  t o  any 

of  t h e  o t h e r  DNA f r a g m e n t s .

The p o s s e s s i o n  of  common r e s t r i c t i o n  enzyme s i t e s  among some of

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

b a s e  s e q u e n c e s .  S i n c e  t h e  c l o n e d  f r a g m e n t s  were  d e r i v e d  f rom 

p u r i f i e d  S a t e l l i t e  f r a c t i o n s ,  i t  was e x p e c t e d  t h a t  some would  s h a r e  

b a s e  s e q u e n c e  h o m o l o g i e s .

Vj S o u t h e r n  B l o t  A n a l y s i s  of  C l o n e d  DNA

Homologous  s e q u e n c e s  w i t h i n  t h e  c l o n e d  S a t e l l i t e  I I - r e l a t e d  

f r a g m e n t s  were  d e t e c t e d  u s i n g  S o u t h e r n  b l o t  a n a l y s i s .  P l a s m i d s  33,  

2,  D, 43 ,  16,  38,  BLUR 8 and pEl  we r e  e a c h  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  3 2 PdATP and u s e d  a s  p r o b e s  a g a i n s t  t r a n s f e r s  of  g e l s  

c o n t a i n i n g  R E - d i g e s t e d  33 ,  2 ,  D, 38 ,  4 3 ,  16,  103,  20A and B, 5,  14,  

3 6 ,  85 ,  4 ,  BLUR 8 and pEl  DNAs. The BLUR 8 p l a s m i d ,  whi ch c o n t a i n s
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an Al u SINES e l e m e n t  (Rub i n  g±. a l . t 1 9 8 0 ) ,  was u s e d  i n  t h e s e  

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

e l e m e n t s .  The pEl  p l a s m i d ,  whi ch  c o n t a i n s  f o u r  t a n d e m l y  r e p e a t e d

a l p h o i d  monomer u n i t s  (Gray e t  a l . , 1 9 0 5 ) ,  was i n c l u d e d  t o  d e t e c t  

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

e x p e r i m e n t s  a r e  s u m m a r i z e d  i n  T a b l e  I I I .

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

c o u l d  be  r e s o l v e d  i n t o  f o u r  s u b c l a s s e s ,  b a s e d  upon s e q u e n c e  

h o m o l o g i e s .  S u b c l a s s  1 c o n t a i n e d  h o mo l o g o u s  c l o n e d  f r a g m e n t s  3 3 ,  2 ,  

D, 103 and 20A and was c h a r a c t e r i z e d  by t h e  p r e s e n c e  of  Alu SINES 

e l e m e n t  DNA. S u b c l a s s  2 c o m p r i s e d  h o mo l o g o u s  c l o n e d  f r a g m e n t s  43 ,  

5 ,  16 and 85 amd was c h a r a c t e r i z e d  by t h e  p r e s e n c e  of  LI Kpnl  LINES

e l e m e n t  DNA. S u b c l a s s  3 c o n s i s t e d  of  t h e  c l o n e d  36 f r a g m e n t  

c o n t a i n i n g ,  s e q u e n c e s  h o mo l o g o u s  t o  a l p h o i d  DNA. S u b c l a s s  4

c o n s i s t e d  of  n o n h o mo l o g o u s  c l o n e d  3 8 ,  20B,  and 14 s e q u e n c e s  which 

were  n o t  common t o  any of  t h e  o t h e r  c l o n e d  DNAs.

S u b c l a s s  1 c l o n e d  e l e m e n t s . C l o n e d  33 DNA was h y b r i d i z e d  t o  

H i n d l l l + E c o R I - d i g e s t e d  33 ,  2 ,  16,  20 and 73 DNA ( F i g u r e  4 and T a b l e  

I I I ) .  33 DNA d i s p l a y e d  homol ogy  t o  t h e  1 . 5 ,  1 . 2  and 0 . 3  kb-

H i n d 1 1 1 / E c o R I  f r a g m e n t s  of  2 DNA and t h e  2 . 0  kb H i n d l l l  f r a g m e n t  of

20A DNA. 33 DNA was a l s o  h y b r i d i z e d  t o  H i n d 1 1 1 - d i g e s t e d  33 ,  2 ,  D,

38 ,  43 ,  16,  20A and B, 5,  14,  36 and 85 DNAs; a p o s i t i v e  s i g n a l  was

o b t a i n e d  w i t h  t h e  2,  D, 103,  20A and 43 c l o n e d  f r a g m e n t s .

DNA of  p l a s m i d s  2 and D were  s e p a r a t e l y  h y b r i d i z e d  t o

Hi n d i  I I - d i g e s t s d  33 ,  2 ,  D, 3 8 ,  43 ,  16,  20A and B, 5 ,  14,  36 and 85



TABLE I I I

Homologies Among S a t e l l i t e  I I -R e la te d  
C lones: S ou thern  B lo t D ata

CLONES 33A 33B 2 D 43

PROBES/EXPERIMENT 

16A 16B 38 Alu GpEl XL3

33 + + + + + - - + - +

2 + + + + - - • + - +

D + X + + - - + - +

38 X - - - - - + - - -

43 X .+ - - + + 0 - - - -

16 - - - - + + + - - - -

103 X + + + - - - + - +

20A + + + + - - - + -

20B -  - -  - -  -  -  -  -  -  -

5 X - - + + + + - -

14 X X

36 X - - - - - - - +

85 X - - - - + + . - - - X

4 X X X X X X X X X X

Alu X X X X X X _ X X + X -

apE i X X X X X X • X X X + X

XL3 X X • X X X X X X X X +

73A + X X X X X X X X X -

LEGEND: + ■ p o s i t iv e  h y b r id iz a t io n  s ig n a l ;  -  ■ no h y b r id iz a t io n  s ig n a l ;  
x •  n o t inc luded  on g e l  o f  t h i s  experim en t; o » noc in c lu d e d  on g e l o f 
t h i s  experim ent due to  e r r o r .  S p e c if ic  a c t i v i t i e s  o f  th e  p robes w ere:
33A, 1 .5  x 108 cpm/ug; 33B, 1 .4  x 107 cpm/ug; 2 , 1 .1  x 107 cpm/ug; D,
1 .1  x 107 cpm/ug; 43, 8 .9  x  106 cpm/ug; 16A, 2 .2  x 107 cpm/ug; 16B,
2 .1  x 107 cpm/ug; 38, 1 .1  x  107 cpm/ug; Alu (BLUR 8 ) ,  3 .7  x 107 cpm/ug; 
G p E l, 1.1 x 10“ cpm/ug; XL3, 5 .7  x  107 cpm/ug. H y b r id iz a tio n  c o n d it io n s  
were a s  d e sc rib ed  in  M a te r ia ls  and Methods.
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33 to  o t h e r ~ S a t e l  1 i t e ^ f l - r e l a t e d  clonecPfraiment's'I" ^ &—

100 ng p l a s m i d  33 DNA was n i c k - t r a n s l a t e d  u s i n g  o i 3SPdATP t o  a 
s p e c i f i c  a c t i v i t y  of  1 . 5  x 10a cpm/ ug and h y b r i d i z e d  t o  t h e  
S o u t h e r n  t r a n s f e r  o f  a 1.07.  a g a r o s e  g e l .  The g e l  c o n t a i n e d  500 ng 
pBR322 DNA d i g e s t e d  w i t h  H i n d l l l  (Lane  1 ) ;  500 ng e a c h  p l a s m i d  2,  
2 0 ,  7 3 ,  16,  33 and 14 DNAs d i g e s t e d  w i t h  Hi nd111  + EcoRI  ( La n es  
2 - 7 ) j 2 ug human p l a c e n t a l  (P)  DNA d i g e s t e d  w i t h  H i n d l l l  (Lane  9 ,  
d e s i g n a t e d  P 5 ) , and 1 ug l ambda  DNA d i g e s t e d  w i t h  H i n d l l l  (Lane 
1 0 ) .  The l e n g t h s ,  i n  kb ,  of  t h e  H i n a l l l - d i g e s t e d  l ambda  DNA 
f r a g m e n t s  a r e  i n d i c a t e d  f o r  r e f e r e n c e  a s  m o l e c u l a r  w e i g h t  m a r k e r s .  
H y b r i d i z a t i o n  and w a s h i n g  were  c o n d u c t e d  a t  5 5 - 6 0 ° C  a s  d e s c r i b e d  
i n  M a t e r i a l s  and Me t h o d s .  The a u t o r a d i o g r a m  was p r o d u c e d  by 
e x p o s u r e  of  t h e  b l o t  f i l t e r  f o r  1 h o u r  a t  - 7 0 “ C w i t h  an 
i n t e n s i f y i n g  s c r e e n .
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DNAs. C l o n e d  2 DNA h y b r i d i z e d  t o  i t s e l f  and t o  D, 3 3 ,  103 and 20A 

DNA ( F i g u r e  5 and T a b l e  I I I ) .  C l o n e d  D DNA h y b r i d i z e d  t o  i t s e l f  and 

t o  2 ,  3 3 ,  103 and 20A DNA ( T a b l e  I I I ) .  43 DNA d i d  n o t  h y b r i d i z e  t o

c l o n e d  2 o r  D DNA. On t h i s  b a s i s ,  c l o n e d  f r a g m e n t s  3 3 ,  2 ,  D, 103 

and 20A we r e  p l a c e d  i n  S u b c l a s s  1. S u b c l a s s  1 c o n s i s t e d  of  h i g h l y  

r e p e t i t i v e  DNAs, s i n c e  one  of  i t s  member s ,  33 DNA, h y b r i d i z e d  t o  a 

wi de  r a n g e  of  g en o mi c  s e q u e n c e s  p r e s e n t  i n  H i n d l l l - d i g e s t e d  

p l a c e n t a l  DNA ( s e e  P5 i n  F i g u r e  4 ) .

The BLUR 8 p r o b e  a l s o  h y b r i d i z e d  t o  3 3 ,  2 ,  D, 103,  and 20A

c l o n e d  f r a g m e n t s  ( F i g u r e  6 and T a b l e  I I I ) .  T h i s  showed t h a t

S u b c l a s s  1 c l o n e d  f r a g m e n t s  c o n t a i n e d  Alu e l e m e n t s ,  w h e r e a s  t h e

o t h e r  S a t e l l i t e  c l o n e d  f r a g m e n t s  d i d  n o t .  The h y b r i d i z a t i o n  of  33 

DNA t o  a wi d e  r a n g e  o f  genomi c  f r a g m e n t s  was a p r o d u c t  of  homol ogy 

b e t w e e n  t h e  Alu e l e m e n t  i n  t h e  33 s e q u e n c e  and t h o u s a n d s  of  o t h e r  

Alu e l e m e n t s  d i s p e r s e d  t h r o u g h o u t  t h e  human genome ( F i g u r e  4)

( M a n u e l i d e s  and B i r o ,  1 9 8 2 ) .

S u b c l a s s  2 . Members  of  S u b c l a s s  2 were  i d e n t i f i e d  on t h e  b a s i s

of  S o u t h e r n  b l o t  e x p e r i m e n t s  ( T a b l e  I I I ) .  C l o n e d  43 DNA was

h y b r i d i z e d  t o  H i n d l I I - d i g e s t e d  33 ,  2 ,  D, 103,  20A and B, 43 ,  5,  16,  

8 5 ,  3 8 ,  3 6 ,  14 ( F i g u r e  7 and T a b l e  I I I ) .  DNA f rom t h e  c l o n e d  43

f r a g m e n t  showed homol ogy  t o  c l o n e d  f r a g m e n t s  5 and 16.  The

r e l a t i o n s h i p  b e t w e e n  c l o n e d  43 ,  5 and 16 DNAs was f u r t h e r

i n v e s t i g a t e d  whe re  p l a s m i d  16 was u s e d  a s  a p r o b e .  H e r e ,  p l a s m i d  

DNAs wer e  d i g e s t e d  w i t h  H i n d l l l  + EcoRI r a t h e r  t h a n  H i n d l l l  a l o n e .  

The 16 DNA f r a g m e n t  h y b r i d i z e d  t o  43,  5 and 85 DNA. T h i s  r e s u l t  was
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FIGURE 5.  S o u t h e r n  B l o t  A n a l y s i s  o f  C l o n e d  2 DNA; R e l a t i o n s h i p  of  2 
DNA t o  o t h e r  S a t e l l i t e  i r ^ R e f a t e d  C l o n e d  F r a g m e n t s .

2 ug of  p l a s m i d s  pBR322,  14,  8 5 ,  3 8 .  16,  3 3 ,  5 ,  2 0 ,  4 3 ,  3 6 ,  103,  2 
and D; 8 ug p l a c e n t a l  DNA ( Lane  P 5 ) ,  and 2 ug l ambda  DNA (Lane  L) 
d i g e s t e d  w i t h  H i n d l l l  we re  e l e c t r o p h o r e s e d  on a 1.0' /. a g a r o s e  g e l ,  
t r a n s f e r r e d  t o  G e n e S c r e e n  P l u s  (NEN) and h y b r i d i z e d  t o  400 no
. i P P d A T P - l a b e l l e d  p l a s m i d  2 DNA ( s p e c i f i c  a c t i v i t y  = 1 x 10*
c p m / u g ) .  The a u t o r a d i o g r a p h  i n d i c a t e s  homol ogy  b e t w e e n  2 ,  D, 103,
20A and 33 DNA. T h e s e  c l o n e d  DNAs d e f i n e  t h e  S u b c l a s s  1 S a t e l l i t e  
I l - r e l a t e d  e l e m e n t s .  O t h e r  a p p a r e n t  h y b r i d i z a t i o n  s i g n a l s  a r e
a r t e f a c t s ,  s i n c e  t h e y  do n o t  c o r r e s p o n d  t o  t h e  p o s i t i o n s  of  t h e  
c l o n e d  f r a g m e n t s  on t h e  g e l .  P l a s m i d  v e c t o r  h o m o l o g i e s  t o  pBR322 
DNA a p p e a r  a l i g n e d  w i t h  l i n e a r i z e d  pBR322 DNA ( Lane  1 ) .  P l a s m i d  16 
was n o t  d i g e s t e d  w i t h  H i n d l l l  and a p p e a r s  a s  two b a n d s  w i t h  
homol ogy t o  pBR322 DNA r e p r e s e n t i n g  r e l a x e d  c i r c u l a r  ( u p p e r  band)  
and s u p e r c o i l e d  c i r c u l a r  ( l o w e r  b a n d )  f o r m s .  Homology t o  a wi de
r a n g e  of  g en o mi c  f r a g m e n t s  ( Lane  P5) a r e  a l s o  a p p a r e n t  due  t o  t h e
p r e s e n c e  of  an Alu SINES e l e m e n t  i n  t h e  2 DNA s e q u e n c e .  The
a u t o r a d i o g r a p h  was p r o d u c e d  by e x p o s u r e  of  t h e  b l o t  f i l t e r  f o r  48
h o r s  a t  - 7 0 ° C  w i t h  an i n t e n s i f y i n g  s c r e e n .
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FIGURE 6.  S o u t h e r n  b l o t  a n a l y s i s  of  S a t e l l i t e  I l - r e l a t e d  c l o n e d  
f r a g m e n t s ;  H y b r i d i z a t i o n  t o  BLUR 8 .

200 ng SLUR 8 DNA was r a d i o l a b e l l e d  w i t h < * 3 2 PdATP u s i n g  random 
p r i m e r  e x t e n s i o n  t o  a s p e c i f i c  a c t i v i t y  of  3 . 7  x 107 cpm/ ug and 
h y b r i d i z e d  t o  a 1 . 0  '/. a g a r o s e  g e l .  The g e l  c o n t a i n e d  2 ug p l a s m i d  
BLUR 8 d i g e s t e d  w i t h  BamHl (Lane  1 ) ;  2 ug e a c h  p l a s m i d s  14,  8 5 ,  38,  
16 .  3 3 ,  5 ,  2 0 ,  4 3 ,  3 6 ,  103 ,  2 and D d i g e s t e d  w i t h  H i n d l l l  (Lanes
2 - 1 3 ) ;  8 ug human p l a c e n t a l  DNA d i g e s t e d  w i t h  A l u l  (Lane  1 4 ) ,  and 2
ug l ambda  DNA d i g e s t e d  w i t h  H i n d l l l  (Lane  1 5 ) .  The l e n g t h s ,  i n  kb,  
of  t h e  H i n d l I I - d i g e s t e d  l ambda  DNA f r a g m e n t s  a r e  i n d i c a t e d  f o r  
r e f e r e n c e  a s  m o l e c u l a r  w e i g h t  m a r k e r s .  H y b r i d i z a t i o n  and wa s h i n g  
we r e  c o n d u c t e d  a t  5 5 - 6 0 ° C  a s  d e s c r i b e d  i n  M a t e r i a l s  and Met hods .  
The a u t o r a d i o g r a m  was  p r o d u c e d  by e x p o s u r e  of  t h e  b l o t  f i l t e r  f o r  
18 h o u r s  a t  - 7 0 ° C  w i t h  an i n t e n s i f y i n g  s c r e e n .
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FIGURE 7.  S o u t h e r n  B l o t  A n a l y s i s  of  C l o n e d  43 DNAt R e l a t i o n s h i p o f 
43 t o  o t h e r  S a t e l l i t e  I I - R e l a t e d  C l o n e d  F r a g m e n t s .

2 ug ea c h  p l a s m i d s  pBR322 , 14,  B5,  3 8 ,  16,  3 3 ,  5 ,  20 ,  4 3 ,  3 6 ,  103,  
2 and D; 8 ug p l a c e n t a l  DNA ( Lane  P 5 ) , and 2 ug l ambda  DNA (Lane  L) 
d i g e s t e d  w i t h  H i n d l l l  we r e  e l e c t r o p h o r e s e d  t h r o u g h  a 1.07.  a g a r o s e  
g e l ,  t r a n s f e r r e d  t o  G e n e S c r e e n  P l u s  (NEN) and h y b r i d i z e d  t o  400 ng 
* 2P d A T P - l a b e l  1 ed pi  a s mi d  43 DNA ( s p e c i f i c  a c t i v i t y  = 9 x 10^
c p m / u g ) ,  a s  d e s c r i b e d  i n  M a t e r i a l s  and Me t h o d s .  The a u t o r a d i o g r a p h  
of  t h e  h y b r i d i z e d  f i l t e r ,  shown h e r e ,  i n d i c a t e s  s t r o n g  homol ogy 
be t we e n  t h e  c l o n e d  43 f r a g m e n t s  and t h e  c l o n e d  5 and 16 s e q u e n c e s  
and weak homol ogy b e t w e e n  t h e  c l o n e d  43 f r a g m e n t  and t h e  c l o n e d  85 
s e q u e n c e .  T h e s e  c l o n e d  DNAs d e f i  ne  t h e  S u b c l  a s s  2 S a t  e l  1 i t e
I I - r e l a t e d  e l e m e n t s .  P l a s m i d  v e c t o r  h o m o l o g i e s  t o  pBR322 DNA a r e  
a p p a r e n t ,  a s  a r e  h o m o l o g i e s  t o  genomi c  1 . 9  ( D) and 1 . 5  ( • )  kb 
f r a g m e n t s  (Lane  P 5 ) .  The a u t o r a d i o g r a p h  was p r o d u c e d  by e x p o s u r e  of  
t h e  b l o t  f i l t e r  f o r  24 h o u r s  a t  - 7 0 ^ 0  w i t h  an i n t e n s i f y i n g  
s c r e e n .

<
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c o n f i r m e d  i n  a n o t h e r  e x p e r i m e n t  wh e r e  p l a s m i d  16 was h y b r i d i z e d  t o  

a S o u t h e r n  t r a n s f e r  of  t h e  H i n d l l l - d i g e s t e d  c l o n e d  DNAs. I t  was 

a p p a r e n t  t h a t  c l o n e d  f r a g m e n t s  43 ,  5 ,  16 and 85 d e s c r i b e  a s e c o n d  

s u b c l a s s  among t h e  c l o n e d  DNAs. S u b c l a s s  2 c l o n e d  f r a g m e n t s  were  

h o mo l o g o u s  t o  e a c h  o t h e r  b u t  n o t  t o  S u b c l a s s  1 c l o n e d  f r a g m e n t s  and 

d i d  n o t  c o n t a i n  Alu s e q u e n c e s  ( F i g u r e  5 ) .

S u b c l a s s  3.  The a l p h o i d  s e q u e n c e  p r o b e ,  p l a s m i d  p E l ,

h y b r i d i z e d  o n l y  t o  p l a s m i d  3 6 ,  d e f i n i n g  S u b c l a s s  3 ( F i g u r e  8 and

T a b l e  I I I ) .  P l a s m i d  36 was n o t  h o mo l o g o u s  t o  o t h e r  S a t e l l i t e  

I I - r e l a t e d  c l o n e d  f r a g m e n t s .

S u b c l a s s  4.  The S u b c l a s s  4 c l o n e d  f r a g m e n t s  -  38 ,  14 and 20 B 

DNA -  we r e  n o t  h o m o l o g o u s  t o  t h e  o t h e r  c l o n e d  DNAs, and t o g e t h e r  

f o r me d  a g r o u p  of  u n r e l a t e d  s e q u e n c e s .

The S o u t h e r n  b l o t  e x p e r i m e n t s  show t h a t  t h e  S a t e l l i t e  

I I - r e l a t e d  c l o n e d  s e q u e n c e s  c o u l d  be d i v i d e d  i n t o  f o u r  s u b c l a s s e s .

S u b c l a s s  1 c l o n e d  DNAs -  3 3 ,  2 ,  D, 103 and 20A -  we r e  h o mo l o g o u s  t o

e a c h  o t h e r  and t o  t h e  BLUR 8 p r o b e ,  i n d i c a t i n g  t h a t  t h e y  p o s s e s s e d  

Alu e l e m e n t s ,  b u t  n o t  a l p h o i d  s e q u e n c e s .  S u b c l a s s  2 c l o n e d  DNAs -  

43 ,  5,  16 and 85 -  we r e  h o mo l o g o u s  t o  ea c h  o t h e r  b u t  no t  t o  Alu or

a l p h o i d  DNA s e q u e n c e s .  S u b c l a s s  3 c l o n e d  DNA -  t h e  36 f r a g m e n t  -  

p o s s e s s e d  a l p h o i d  b u t  n o t  Alu s e q u e n c e s  and was n o t  h o mo l o g o u s  t o  

any o t h e r  s a t e l l i t e  I I - r e l a t e d  c l o n e d  DNA. L a s t ,  t h e  S u b c l a s s  4 

c l o n e d  s e q u e n c e s  -  3 8 ,  20B and 14 -  showed no homol ogy t o  ea ch

o t h e r  or  t o  any of  t h e  o t h e r  r e c o m b i n a n t  p l a s m i d s  ( T a b l e  IV) .
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FIGURE 8.  Sou t h e r n b l o t  a n a l y s i s  of  S a t e l l i t e  I I - r e l a t e d  c l o n e d
f r a g m e n t s . ’ H y b r i d i z a t i o n  t o  a i l .

400 ng p l a s m i d  pEl  was n i c k - t r a n s l a t e d  w i t h  «<3 2 PdATP t o  a 
s p e c i f i c  a c t i v i t y  of  1 . 1  x 10s cpm/ ug  and h y b r i d i z e d  t o  t h e
S o u t h e r n  t r a n s f e r  of  a 1.0' /.  a g a r o s e  g e l .  The g e l  c o n t a i n e d  2 ug
p l a s m i d  pEl  d i g e s t e d  w i t h  Xbal  (Lane  1 ) ;  2 ug e a c h  p l a s m i d s  4 ,  85 ,
3 8 ,  16,  3 3 ,  S,  2 0 ,  4 3 ,  3 6 ,  103,  2 ,  and D d i g e s t e d  w i t h  H i n d l l l
( La n e s  2 - 1 3 )  and 2 ug l amb d a  DNA d i g e s t e d  w i t h  H i n d l l l  (Lane  1 4 ) ,  
The l e n g t h s ,  i n  kb ,  o f  t h e  H i n d l l l - d i g e s t e d  l ambda  f r a g m e n t s  a r e  
shown f o r  r e f e r e n c e  a s  m o l e c u l a r  w e i g h t  m a r k e r s .  H y b r i d i z a t i o n  and 
w a s h i n g  we r e  c o n d u c t e d  a t  5 5 - 6 0 ° C  a s  d e s c r i b e d  i n  M a t e r i a l s  and 
Me t h o d s .  The a u t o r a d i o g r a m  was p r o d u c e d  by e x p o s u r e  of  t h e  b l o t  
f i l t e r  f o r  2 h o u r s  a t  - 7 0 ° C  w i t h  an i n t e n s i f y i n g  s c r e e n .
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Hybridization of a  pEl to Selected 
Satellite II Related Clones

uj
x  ^  ®  (O  n  o  co  cd o  ^
O  ' t  0 0  C O  i— C O  LD C\J N j- C O  t-  C\J Q

kb

- 2 3 . 6

-  9.64
-  6.64

-  4.34

-  2.26 
-  1.98

1 2 3 4 5 6 7 8 9 10 11 12 13



Page 70

TABLE IV

Homologies Among Satellite II-Related Clones: Analysis of Southern Blot Data

Alu 33 2 D 103 20A XL3

+ + + + + +
+ + + + + +
+ + + + + + +
+ + + + + + +
+ + + + + +

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

20B 16 43 5 85 38 14 36 73A apEl
Alu 
33 

2 

D 
103 
20A 
XL3
2 OB - _ _ _
1 6 - - - -  - - - - + + + + _ _ _  
4 3 - - - -  - - -  - + + +
5 - - - -  - + + +

85 — — — — -t- — + — -
3 8 .................................................... + _ +
1 4 - - - -  - -  . +
3 6 - - - -  - - - _ + +
73A + - +

opEl - - -  - -  _ _ - +

LEGEND: + - homology; - * no homology; * - inconsistent demonstration of homology. Blank 
areas Indicate that direct demonstration of homology or lack of homology has not been 
experimentally shown. Hybridization conditions were as described in Materials and Methods. 
Data upon which Tuble IV is based is presented in Table III.
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PART TWO: CHARACTERIZATION OF SUBCLASS 1 AND 2 CLONED FRAGMENTS

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

of  S a t e l l i t e  I I  s e q u e n c e s  among t h e  c l o n e d  f r a g m e n t s .  The p r e s e n c e  

of  Al u ,  a l p h o i d  or  o t h e r  s e q u e n c e s  by no means  p r e c l u d e d  t h e  

p r e s e n c e  o f  S a t e l l i t e  I I  s e q u e n c e s .  In o r d e r  t o  d e t e r m i n e  whi ch 

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

genomi c  o r g a n i z a t i o n  of  S u b c l a s s  1 member 33 DNA and S u b c l a s s  2 

member 43 DNA was d e t e r m i n e d  and c o m p a r e d .  Co mp a r i s o n  of  t h i s  

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

would  a l l o w  t h e  p r o v i s i o n a l  a s s i g n m e n t  of  S a t e l l i t e  I I  s e q u e n c e s  t o  

c l o n e d  33 a n d / o r  43 DNA.

VI.  Genomic O r g a n i z a t i o n  of  t h e  Cl oned  43 and 33 DNA

S u b c l a s s  2 c l o n e d  43 DNA and S u b c l a s s  1 c l o n e d  33 DNA were  us ed  

a s  p r o b e s  i n  S o u t h e r n  t r a n s f e r s  f r om g e l s  c o n t a i n i n g  mal e  human 

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

H y b r i d i z a t i o n  p a t t e r n s  were  compar ed  w i t h  t h o s e  of  known r e p e a t e d  

DNAs. C l oned  43 DNA was a l s o  h y b r i d i z e d  i j L  s i t u  t o  human m e t a p h a s e  

c h r o mo s o me s .  These  e x p e r i m e n t s  showed t h a t  t h e  43 c l o n e d  f r a g m e n t  

was a v a r i a n t  Kpn1 LI LINES e l e m e n t  and d i d  n o t  c o n t a i n  S a t e l l i t e  

s e q u e n c e s .  I t  l o c a l i z e d  t o  t h e  c e n t r o m e r i c  r e g i o n s  of  human 

chromosome 4 and t h e  X chromosome.  The 33 c l o n e d  f r a g m e n t  was 

r e s o l v e d  i n t o  r e g i o n s  c o n t a i n i n g  S a t e l l i t e  and Alu SINES s e q u e n c e s .
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ft. Genomic D i s t r i b u t i o n  of  S u b c l a s s  2 C l oned  43 DNA

1. S o u t h e r n  B l o t  A n a l y s i s  o f . 43 DNft

H y b r i d i z a t i o n  o f  43 DNft t o  t o t a l  human genomi c  DNft showed t h a t  

i t  was a v a r i a n t  Kpnl  Li  LINES e l e m e n t .  Human p l a c e n t a l  DNft was 

d i g e s t e d  w i t h  t h e  H i n d l l l ,  Eco RI ,  BamHI, P v u I I ,  P s t  I , X b a I , T a q I ,  

H a e l l l ,  Kpnl  and H p a l ,  whi ch  g e n e r a t e d  many f r a g m e n t s  h o mo l o g o u s  t o  

43 DNA ( F i g u r e s  9 and 1 0 ) .  The m o l e c u l a r  w e i g h t s  of  t h e s e  

f r a g m e n t s  a r e  s u mma r i z e d  i n  T a b l e  V.

Two a s p e c t s  of  t h e  genomi c  o r g a n i z a t i o n  of  43 DNft were  

i m m e d i a t e l y  a p p a r e n t .  The f i r s t  i s  t h a t  t h e  43 s e q u e n c e  i s  a 

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

g e n e r a t e d  by d i g e s t i o n  of  genomi c  DNA w i t h  BamHI,  P v u I I ,  Xbal  and 

Kp n l .  The s e c o n d  i s  t h a t  s m e a r s  of  h i g h  m o l e c u l a r  w e i g h t  DNA 

u n d i g e s t e d  by t h e  r e s t r i c t i o n  e n d o n u c l e a s e s  ( w i t h  t h e  e x c e p t i o n  of 

H a e l l l )  h y b r i d i z e d  t o  43 DNA. T h i s  t y p e  of  h y b r i d i z a t i o n  t o  h i g h  

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

o c c u r s  g e n o m i c a l l y  a s  an i n t e r s p e r s e d  r e p e a t e d  s e q u e n c e  (Manuel  i d e s  

and B i r o ,  1 9 8 2 ) .  On t h i s  b a s i s ,  t h e  c l o n e d  43 f r a g m e n t  was 

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

Co mp a r i s o n  of  t h e  h y b r i d i z a t i o n  p a t t e r n s  of  43 DNft t o  human 

genomi c  DNA wi t h  t h o s e  of  known LINES e l e m e n t s  -  t h e  1 . 9  kb H i n d l l l  

r e p e a t  and i t s  s u p e r f a m i l y ,  t h e  Kpnl  LI LINES e l e m e n t s  - r e v e a l e d  

s i m i l a r i t i e s  ( T a b l e  V) ( S c h me c k p e p e r  e t  a l . ,  1981;  S h a f i t - Z a g a r d o  

e t  a l . ,  1982;  M a n u e l i d e s ,  1982;  M a n u e l i d e s  and B i r o ,  1982;  

S c h i n d l e r  and Rus h ,  1985;  Hwu e t  a l ,  1 9 8 6 ) .  The a n a l y s i s  showed
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FIGURE 9.  S o u t h e r n  b l o t  a n a l y s i s  o f  P l a s m i d  4 3 i H y b r i d i z a t i o n  t o  
Human Genomic DNft.

500 ng of  p l a s m i d  43 DNA was n i c k - t r a n s l a t e d  u s i n g < * 3 2 PdATP t o  a 
s p e c i f i c  a c t i v i t y  of  5 x 107 cpm/ug and h y b r i d i z e d  t o  t h e  S o u t h e r n  
t r a n s f e r  o f  a 1.07. a g a r o s e  g e l .  The g e l  c o n t a i n e d  2 ug p l a s m i d  
pBR322 d i g e s t e d  w i t h  H i n d l l l  (Lane  1 ) ;  8 ug e a c h  human p l a c e n t a l  
DNA d i g e s t e d  w i t h  H i n d l l l  (Lane  2 ) ,  EcoRI (Lane  3 ) ,  BamHI (Lane 4 ) ,  
P v u I I  (Lane  5 ) ,  P s t I  ( Lane  6 ) ,  Xbal  (Lane  7 ) ,  TaqI  (Lane 3 ) ,  H a e l l l
(Lane 9 ) ,  Kpnl  (Lane  10) and Hpal  (Lane  1 1 ) ,  and 2 ug l ambda  DNA 
d i g e s t e d  w i t h  H i n d l l l  (Lane  12,  n o t  s h o wn ) .  The l e n g h t s ,  i n  kb ,  of  
t h e  H i n d l l l - d i g e s t e d  l ambda  DNA f r a g m e n t s  a r e  i n d i c a t e d  f o r
r e f e r e n c e  a s  m o l e c u l a r  w e i g h t  m a r k e r s .  H y b r i d i z a t i o n  and wa s h i n g  
were  c o n d u c t e d  a t  60°C a s  d e s c r i b e d  i n  M a t e r i a l s  and Me t h o d s .  The 
a u t o r a d i o g r a m  was p r o d u c e d  by e x p o s u r e  of  t h e  b l o t  f i l t e r  f o r  24 
h o u r s  a t  - 7 0 ° C w i t h  an i n t e n s i f y i n g  s c r e e n .
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FIGURE 10.  S o u t h e r n  B l o t  A n a l y s i s  o f  P l a s m i d  43;  H y b r i d i z a t i o n  t o  
Human Genomic DNft.

A u t o r a d i o g r a p h  of  t h e  same b l o t  f i l t e r  shown i n  F i g u r e  9 e x c e p t  
t h a t  e x p o s u r e  was f o r  96 h o u r s  r a t h e r  t h a n  72 h o u r s  a t  - 70° C wi t h  
an i n t e n s i f y i n g  s c r e e n .  Minor  b a n d s  a t  1100,  1000 and 900 bp (>) 
p r o d u c e d  by d i g e s t i o n  of  g en o mi c  DNA w i t h  P v u I I  a r e  e v i d e n t .  Bands  
a t  1200 bp (*)  p r o d u c e d  by d i g e s t i o n  of  genomi c  DNA w i t h  BamHI and 
a t  1000 bp ( ° )  p r o d u c e d  by d i g e s t i o n  of  genomi c  DNA w i t h  EcoRI 
a r e  a p p a r e n t .
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TABLE V

Genomic O r g a n i z a t i o n  of  F r a g m e n t  43 DNA: S o u t h e r n  B l o t  A n a l y s i s

RESTRICTION
ENZYME

FRAGMENT 
SIZE 

( i n  bp)

CHARACTERISTIC 
1 . 9  kb H i n d l l l  
f ami  1y#

OF:
Kpnl  LI LINES 
e l e m e n t s +

MAJOR MINOR

H i n d l l l 1900 + +
1500 - +

EcoRI 3200 + +
1000 - —

BamHI 4000 +
3300 - -
2700 - -

2000 - -

1200 - -

P v u I I 3200 X X
2200 X X

1200 X X
1000 X X

900 X X

P s t I — — X

Xbal 3200 + X
2300 + +
1500 - X

800 + X

TaqI — X X

H a e l l l 1100 + +
500 + +•
400 - +

Kpn I 3300 + +
2800 + +
1900 - +
1800 - +
1500 + +
1200 + +
1000 - +

Hpa I 3600 X X
3000 w X

2100 X X
1700 X X

LEGEND: Maj or  b a n d s  were  v i s i b l e  on a 24 h o u r  e x p o s u r e  of  t h e
b l o t ;  mi nor  b a n d s  were  v i s i b l e  on 96 b u t  n o t  24 h o u r  e x p o s u r e  of  
t h e  b l o t ;  + = r e s t r i c t i o n  f r a g m e n t s  common t o  c l o n e d  43 DNA, t h e
1 . 9  kb H i n d l l l  r e p e a t  and t h e  Kpnl  LINES e l e m e n t s ;  -  = r e s t r i c t i o n  
f r a g m e n t s  h o mo l o g u s  t o  43 b u t  n o t  common t o  t h e  1 . 9  kb Hind I I I  
r e p e a t  a n d / o r  t h e  Kpnl  LI LINES e l e m e n t s ;  x = n o t  d e s c r i b e d  i n  t h e  
l i t e r a t u r e .  F r a g me n t  s i z e s ,  i n  kb,  were  d e t e r m i n e d  f rom t h e  
S o u t h e r n  b l o t  shown i n  F i g u r e  0 u s i n g  l o g Mw p l o t s ,  a s  d e s c r i b e d  
i n  M a t e r i a l s  and Me t h o d s .  *From M a n u e l i d e s  ( 1 9 8 2 ) ;  M a n u e l i d e s  and 
B i r o  ( 1 9 8 2 ) .  +From S c h i n d l e r  and Rush ( 1 9 8 5 ) ;  S c h me c k p e p e r  et_ al_._, 
1981;  S h a f i t - Z a g a r d o  e t  a l . . 1 9 8 2 a , b .



Page 78

t h a t  43 DNA was more r e p r e s e n t a t i v e  o f  t h e  Kpnl  Li  LINES 

s u p e r f a m i l y  r a t h e r  t h a n  t h e  1 . 9  kb H i n d l l l  r e p e a t  p e r  s e .

C l o n e d  43 DNA d i f f e r e d  f r om b o t h  1 , 9  kb H i n d l l l  and Kpnl  Li  

LINES e l e m e n t s  i n  t h a t  i t  was h o mo l o g o u s  t o  s e v e r a l  B a m H I - g e n e r a t e d  

f r a g m e n t s  i n  human DNA. N e i t h e r  t h e  1 . 9  kb H i n d l l l  n o r  t h e  Kpnl  Li 

LINES r e p e a t s  h a v e  b e e n  shown t o  h y b r i d i z e  t o  o t h e r  t h a n  h i g h  

m o l e c u l a r  w e i g h t  0 4  kb) BamHI f r a g m e n t s  i n  t h e  human genome 

( S c h me c k p e p e r  e t  a l . ,  1981;  M a n u e l i d e s  and B i r o ,  1 9 8 2 ) .  The 43 DNA 

f r a g m e n t ,  a l t h o u g h  r e l a t e d  t o  t h e  1 . 9  kb Hind I I I  f a m i l y  and 

p e r h a p s  more c l o s e l y  r e l a t e d  t o  t h e  Kpnl  LI LINES e l e m e n t s ,  i s  n o t  

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

C o m p o s i t e  RE maps of  43 DNA, t h e  1 . 9  kb H i n d l l l  r e p e a t  and t h e  

LI Kpnl  LINES 6 . 4  kb r e p e a t  i s  shown i n  F i g u r e  11A ( S c h i n d l e r  and 

Rush ,  1 9 8 5 ) .  The 1 . 9  kb H i n d l l l  r e p e a t  o v e r l a p s  5 '  w i t h  t h e  1 . 8 ( 2 6 )  

kb Kpnl  e l e m e n t ,  e n c o m p a s s e s  t h e  1 . 5  kb Kpnl  e l e m e n t ,  and o v e r l a p s  

3 '  w i t h  t h e  1 . 2  kb Kpnl  e l e m e n t  ( S c h i n d l e r  and Rush ,  1 9 8 5 ) .  The 43 

f r a g m e n t  s h a r e s  two Bg1 I I ,  one  Xba l ,  one  S s t I  and t h e  3 '  Kpnl  s i t e s  

w i t h  t h e  1 . 9  kb H i n d l l l  r e p e a t .  The 5 '  Kpnl  s i t e  i s  p r e s e n t  i n  t h e

1 . 9  kb H i n d l l l  s e q u e n c e  b u t  a b s e n t  i n  4 3 ,  a s  i s  an EcoRI s i t e  

( M a n u e l i d e s ,  1 9 8 2 ) .  The 43 f r a g m e n t  p o s s e s s e s  a Hpal  s i t e  v900 bp 

d o wn s t r e a m  and a P v u I I  s i t e  'V130G bp d o w n s t r e a m  f rom t h e  5 '  H i n d l l l  

s i t e  ( F i g u r e  11A).  The 1 . 9  kb H i n d l l l  r e p e a t  l a c k s  b o t h  t h e s e  

s i t e s ,  t h o u g h  s i n g l e  b a s e  c h a n g e s  a t  p o s i t i o n s  867 (A>T) and 1306 

(6>C) would g e n e r a t e  Hpal  and P v u I I  s i t e s  ( M a n u e l i d e s ,  1 9 8 2 ) .  

P l a s m i d  5 DNA, whose RE map i s  a l m o s t  i d e n t i c a l  t o  t h a t  of  43,
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FIGURE 11.  R e l a t i o n s h i p  of  t h e  C l o n e d  43 F r a g m e n t  t o  t h e  LI Kpnl  
F a m i l y  of  R e p e a t e d  S e q u e n c e s .

A. C o m p a r i s o n  of  r e s t r i c t i o n  e n d o n u c l e a s e  maps of  4 3 / 5  DNA w i t h  
t n o s e  of  t h e  1 . 9  kb H i n d l l l  r e p e a t  and t h e  6 . 4  kb LI Kpnl  f a m i l y  of  
r e p e a t e d  s e q u e n c e s .  The f i r s t  RE map shows  r e s t r i c t i o n  enzymes  
s i t e s  s h a r e d  by t h e  4 3 / 5  c l o n e d  f r a g m e n t  and t h e  1 . 9  kb H i n d l l l
r e p e a t  ( ______ ) ,  p r e s e n t  i n  t h e  43 f r a g m e n t  b u t  n o t  t h e  1 . 9  kb
H i n d l l l  r e p e a t  ( -----) o r  p r e s e n t  i n  t h e  1 . 9  kb H i n d l l l  r e p e a t  b u t
n o t  i n  t h e  43 f r a g m e n t  ( — ) .  The s e c o n d  RE map shows t h e  
c o n s e n s u s  r e s t r i c t i o n  enzyme s i t e s  w i t h i n  t h e  6 . 4  kb LI Kpnl  f a m i l y  
of  r e p e a t e d  s e q u e n c e s .  The 5 '  1 . 8  kb e l e m e n t  i s  d e s i g n a t e d
" 1 . 8 ( 2 6 ) "  and t h e  3 '  1 . 8  kb e l e m e n t  i s  d e s i g n a t e d  " 1 . 8 ( 1 1 ) "  a f t e r  
c l o n e d  h o m o l o g u e s  t o  d i s t i n g u i s h  t h em.  The s i z e s ,  i n  b a s e p a i r ,  of  
r e s t r i c t i o n  f r a g m e n t s  p r o d u c e d  by d i g e s t i o n  w i t h  t h e  i n d i c a t e d  
enzymes  a r e  g i v e n .  F r a g m e n t s  p r o d u c e d  by d i g e s t i o n  w i t h  t h e s e  
enzymes  t h a t  c a n n o t  be  d e r i v e d  f r om t h e  6 . 4  kb Ll  Kpnl  c o n s e n s u s  RE
map a r e  i n d i c a t e d .  The 6 . 4  kb Kpnl  Ll  c o n s e n s u s  RE map i s  b a s e d  on
i n f o r m a t i o n  g i v e n  i n  M a n u e l i d e s  ( 1 9 8 2 ) ;  M a n u e l i d e s  and B i r o  ( 1 9 8 2 ) ;  
S c h m e c k p e p e r  et_ a l . . 1981;  Sha f  i t - Z a g a r d o  et_ a l . . 1 9 8 2 a , b ,  and
S c h i n d l e r  and R u s h , 1985.

B. P r o p o s e d  r e a r r a n g e m e n t  of  t h e  6 . 4  kb Ll  Kpnl  5 '  1 . 8  kb ( 1 . 8 1 2 6 1 )  
and 1 . 5  kb e l e m e n t s  t o  p r o d u c e  t h e  i n d i c a t e d  r e s t r i c t i o n  enzyme 
f r a g m e n t s .  F r a g m e n t s  t h a t  c a n n o t  be d e r i v e d  f rom t h e  RE maps i n  Aj_ 
o r  Bi. a r e  i n d i c a t e d  and t h e i r  l e n g t h s  g i v e n  i n  b a s e p a i r s .  8,  BamHI; 
Bg,  Bg1 I I :  E,  EcoRI ;  H, H i n d l l l ;  Hp,  Hp a l ;  K, Kpnl ;  P,  P v u I I ;  S s ,
S s t I ,  and X, Xba l .
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l a c k s  t h e  Hpal  s i t e  and p o s s e s s e s  a BamHI s i t e  i n  p l a c e  of  t h e  

P v u I I  s i t e .  A BamHI s i t e  would be g e n e r a t e d  by a s i n g l e  b a s e  c h a n g e  

<A>C) a t  p o s i t i o n  1328 i n  t h e  n u c l e o t i d e  s e q u e n c e  of  t h e  1 . 9  kb 

H i n d l l l  r e p e a t .

O t h e r  RE s i t e s  a r e  c o n s i s t e n t  w i t h  t h e  Ll  map r e s t r i c t i o n  

enzyme s i t e  map shown i n  F i g u r e  11A ( F i g u r e s  9 and 10;  T a b l e  V).  

The 1900 bp H i n d l l l  f r a g m e n t s  o r i g i n a t e  f r om H i n d l l l  d i g e s t i o n  of  

t h e  5 '  1 . 8 ( 2 6 )  kb and 1 . 5  kb Kpnl  e l e m e n t s .  The l a r g e  3300 EcoRI

f r a g m e n t  a r i s e s  f r o m d i g e s t i o n  a t  t h e  EcoRI s i t e s  of  t h e  5 '  1 . 8  kb 

and 1 . 5  kb Kpnl  r e p e a t s .  The 3 3 0 0 ,  2 8 0 0 ,  1 800 ,  1500 and 1200 bp 

Kpnl  f r a g m e n t s  a r e  g e n e r a t e d  by d i g e s t i o n  of  t h e  e n t i r e  Ll  u n i t  a t  

t h e  Kpnl  r e c o g n i t i o n  s i t e s .  The 4 0 0 0 ,  3200 and ^2000 bp BamHI

f r a g m e n t s  a r i s e  f r om d i g e s t i o n  of  t h e  Ll u n i t  a t  i n t e r n a l  BamHI 

s i t e s ,  i n c l u d i n g  t h e  BamHI s i t e  o b s e r v e d  i n  t h e  c l o n e d  5 / 4 3  

s e q u e n c e .  D i g e s t i o n  a t  t h e  5 / 4 3  BamHI s i t e  and a t  a p r o p o s e d  

e x t r e m e  3 '  BamHI s i t e  would y i e l d  t h e  o b s e r v e d  2700 bp BamHI 

f r a g m e n t .  S i m i l a r l y ,  p l a c e m e n t  of  a P v u I I  s i t e  a t  t h e  e x t r e m e  3 '  

end of  t h e  Ll  u n i t ,  i n  a d d i t i o n  t o  t h o s e  p r e s e n t  w i t h i n  t h e  5 '  

1 . 8 ( 2 6 )  kb Kpnl  and 1 . 5  kb Kpnl  e l e m e n t s ,  would g e n e r a t e  t h e  

o b s e r v e d  2200 and 3200 P v u I I  d i g e s t i o n  p r o d u c t s .  The 2 3 0 0 ,  1500 and 

800 bp Xbal  f r a g m e n t s  a r e  g e n e r a t e d  by d i g e s t i o n  a t  t h e  Ll  u n i t  

Xbal  s i t e s  shown i n  F i g u r e  l i f t .  E l i m i n a t i o n  of  t h e  e x t r e m e  3 '  Xbal  

s i t e  i n  some c o p i e s  of  t h e  Ll  e l e m e n t  would  r e s u l t  i n  p r o d u c t i o n  of  

t h e  3200 and 2300 Xbal  s i t e  f r a g m e n t s  i f  d i g e s t i o n  o c c u r r e d  i n s t e a d  

a t  Xbal  s i t e s  l o c a t e d  a t  t h e  e x t r e m e  3 ’ end of  t h e  6 . 4  kb Ll  u n i t .
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Some o f  t h e  RE f r a g m e n t s  o b s e r v e d  c a n n o t  be  d i r e c t l y  c o r r e l a t e d  

w i t h  t h e  Ll  map.  The 1 . 5  kb H i n d l l l  genomi c  f r a g m e n t  ( F i g u r e s  9 and 

10) shows  homol ogy  t o  t h e  1 . 2  kb Kpnl  e l e m e n t ,  b u t  n o t  t h e  1 . 5  kb 

Kpnl  e l e m e n t  i n t e r n a l  t o  t h e  1 . 9  kb H i n d l l l  f r a g m e n t

( S h a f i t - Z a g a r d o  f t .  a l . , 1 9 8 2 a ) .  Homology of  43 DNA t o  t h e  1 . 5  kb 

H i n d l l l  genomi c  f r a g m e n t  a r i s e s  f r om p o s s e s s i o n  of  5 '  1 . 2  kb Kpnl  

s e q u e n c e s  ( S h a f i t - Z a g a r d o ,  p e r s o n a l  c o m m u n i c a t i o n ) .  The p o s i t i o n s  

of  t h e  H i n d l l l  s i t e s  d e f i n i n g  t h e  1 . 5  kb H i n d l l l  genomi c  f r a g m e n t

w i t h i n  t h e  Ll  c o n s e n s u s  map a r e  u n c l e a r .

O t h e r  43 DNA-homologous  genomi c  f r a g m e n t s  o b s e r v e d  were  n o t  

e x p e c t e d  f r om t h e  Ll  c o n s e n s u s  RE map and i n c l u d e  s m a l l  1100 ,  1000 

and 900 bp P v u I I ,  1200 bp BamHI and 1000 bp EcoRI f r a g m e n t s

( v i s i b l e  a s  mi nor  b a n d s  on t h e  F i g u r e  10 b l o t  a f t e r  96 h o u r s  of

e x p o s u r e ) .  A d d i t i o n a l  BamHI,  P v u I I  and EcoRI s i t e s  would be

r e q u i r e d  w i t h i n  e i t h e r  t h e  1 . 5  o r  1 . 2  kb Kpnl  e l e m e n t s  t o  p r o d u c e

s m a l l  f r a g m e n t s .  T h e r e  i s  no p r e v i o u s  e v i d e n c e  t h a t  s u c h  s i t e s

e x i s t ,  even  a s  mi nor  p o l y m o r p h i s m s  w i t h i n  c l o n e d  or  genomi c  Kpnl  

e l e m e n t  DNAs ( S c h me c k p e p e r  e t  a l . ■ . 1981;  S h a f i t - Z a g a r d o  e t  a l . , ,  

1982;  M a n u e l i d e s ,  1982;  M a n u e l i d e s  and B i r o ,  1982;  S c h i n d l e r  and 

Rush ,  1985;  Hwu e t  a l ■. 1 9 8 6 ) .  The o b s e r v a t i o n  t h a t  two P v u I I  s i t e s  

and one  BamHI s i t e  o c c u r  w i t h i n  t h e  5 '  h a l f  of  t h e  1 . 8 ( 2 6 )  Kpnl  

e l e m e n t  and t h a t  t h e  c l o n e d  4 3 / 5  DNA p o s s e s s e s  c l o s e l y  s p a c e d  BamHI 

and P v u I I  s i t e s  s u g g e s t s  t h a t  t h e  two s e q u e n c e s  may be i n v o l v e d  i n  

t h e  g e n e r a t i o n  of  t h e  s m a l l  43 DNA-homologous  BamHI and P v u I I  

f r a g m e n t s .  For  e x a m p l e ,  j u x t a p o s i t i o n  of  t h e  1 . 8 ( 2 6 )  and 1 . 5  kb
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Kpnl  e l e m e n t  P v u l l  and BamHI s i t e s  would  r e q u i r e  a s i m p l e  

r e a r r a n g e m e n t  e v e n t  wh e r e b y  a l . B  (26)  Kpnl  e l e m e n t  i s  i n s e r t e d  a t  

t h e  3 '  end of  a 1 . 5  kb 4 3 / 5 - l i k e  Kpnl  e l e m e n t .  I f  t h e  p o i n t  of  

i n s e r t i o n  o c c u r r e d  a t  t h e  5 '  end of  t h e  1 . 8  (26)  kb and 3 '  end of  

t h e  1 . 5  kb Kpnl  e l e m e n t s ,  t h e  r e s u l t i n g  a l t e r n a t i v e  a r r a n g e m e n t  

would  r e s e m b l e  t h e  one  d e p i c t e d  i n  F i g u r e  11B. D i g e s t i o n  of  t h e  

a l t e r e d  a r r a n g e m e n t  w i t h  BamHI would  y i e l d  t h e  o b s e r v e d  1200 bp 

BamHI,  and d i g e s t i o n  w i t h  P v u l l  would  g e n e r a t e  t h e  o b s e r v e d  900 and 

1000 bp P v u l l  g e n o mi c  f r a g m e n t s .  The a l t e r n a t i v e  a r r a n g e m e n t  a l s o  

o f f e r s  a d d i t i o n a l  d e r i v a t i o n s  f o r  t h e  3200 BamHI,  P v u l l  and Xbal  

gen o mi c  f r a g m e n t s  h o m o l o g o u s  t o  43 DNA. Thus ,  r e a r r a n g e m e n t  of  some 

c o p i e s  of  t h e  LI u n i t  a c c o u n t s  f o r  p r o d u c t i o n  of  t h r e e  s m a l l  BamHI 

and P v u l l  f r a g m e n t s ,  a s  w e l l  a s  t h e  3200 bp BamHI,  P v u l l  and Xbal  

f r a g m e n t s .  S e q u e n c e  " s c r a m b l i n g "  or  r e a r r a n g e m e n t  e v e n t s  h a v e  been 

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

of  t h e s e  e l e m e n t s  t o  e a c h  o t h e r  ( S h a f i t - Z a g a r d o  et_ a l ■ ■ 1982a ,  

1982b;  M a n u e l i d e s  and B i r o ,  1 9 8 2 ) .  A s s i g n m e n t  of  t h e  s m a l l  SamHI 

and P v u l l  f r a g m e n t s  a s  mi nor  b a n d s  i n d i c a t e s  t h a t  t h e  p r o p o s e d  

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

6 . 4  kb LI u n i t ,  and d o e s  n o t  c o n s t i t u t e  a ma j o r  genomi c  e v e n t .  I t  

s h o u l d  a l s o  be n o t e d  t h a t  n e i t h e r  t h e  LI c o n s e n s u s  map ( F i g u r e  11A) 

nor  t h e  p r o p o s e d  r e a r r a n g e d  s e q u e n c e  ( F i g u r e  11B) a c c o u n t  f o r  t h e  

o r i g i n s  of  t h e  1100 bp P v u l l  o r  1000 bp EcoRI mi nor  f r a g m e n t s .

C a l c u l a t i o n s  b a s e d  on t h e  r e l a t i v e  i n t e n s i t i e s  of  t h e  1 . 9  kb 

Hi nd 111 r e p e a t  band and t i t r a t i o n s  of  c l o n e d  43 f r a g m e n t  DNA p r o b e d



Page 84

s i m u l t a n e o u s l y  w i t h  r a d i o l a b e l l e d  43 DNA e s t i m a t e d  t h e  number  of  

genomi c  s e q u e n c e s  w i t h  homol ogy  t o  43 DNA a t  3 0 , 0 0 0 - 4 0 , 0 0 0  c o p i e s .  

T h i s  i s  e x p e c t e d  b a s e d  on p u b l i s h e d  r e s u l t s  of  t h e  copy  number  of  

t h e  1 . 9  kb H i n d l l l  r e p e a t  and Li  Kpnl  LINES e l e m e n t s  ( Sc h me c k p e p e r  

e t  a l . . 1981} S h a f i t - Z a g a r d o  e t  a l ■ ■ 19B2b) .

In summary ,  t h e  S o u t h e r n  b l o t  d a t a  shows t h a t  t h e  c l o n e d  43 

f r a g m e n t  i s  a member of  t h e  1 . 9  kb H i n d l l l  r e p e a t  f a m i l y  a n d ,  more

g e n e r a l l y ,  o f  t h e  LI Kpnl  LINES s e q u e n c e s .  T h e r e f o r e ,  t h e  S u b c l a s s

2 members  -  43 ,  5 ,  16 and 85 -  c o m p r i s e  L l - h o m o l o g o u s  s e q u e n c e s

t h a t  do n o t  c o n t a i n  S a t e l l i t e  s e q u e n c e s .  T h e i r  i s o l a t i o n  f r om t h e

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

t h a t  t h e  S u b c l a s s  2 c l o n e d  f r a g m e n t s  may be a s s o c i a t e d  q e n o m i c a l l y  

w i t h  S a t e l l i t e  DNA.

2j H y b r i d i z a t i o n  In S i t u  of  t h e  C l oned  43 F r a g me n t  t o Human __

Met a p h a s e Ch r o m o s o mes

H y b r i d i z a t i o n  in.  s i t u of  43 DNA t o  human m e t a p h a s e  chr omosomes  

showed t h a t  i t  l o c a l i z e s  p r i m a r i l y  t o  c e n t r o m e r i c  r e g i o n s  of  

chromosome 4 and t h e  X chr omosome .  The h y b r i d i z a t i o n  o t  43 DNA t o  

60 m e t a p h a s e  p l a t e s  t a k e n  f rom t h r e e  i n d i v i d u a l s  was a n a l y z e d ,  ft 

r e p r e s e n t a t i v e  h y b r i d i z e d  m e t a p h a s e  p l a t e  f r om t h i s  e x p e r i m e n t  i s

shown i n  A p p e n d i x  I_. A l t h o u g h  l a b e l l i n g  o c c u r r e d  t h r o u g h o u t  t h e

chromosome c o m p l e m e n t ,  ( r e f l e c t i n g  t h e  i n t e r s p e r s i o n  of  Kpnl  LINES 

s e q u e n c e s  h o mo l o g o u s  t o  43 DNA), h i g h  g r a i n  d e n s i t i e s  were  o b s e r v e d  

a t  c e n t r o m e r i c  r e g i o n s  of  chromosome 4 and t h e  X chromosome.  

S t a t i s t i c a l  a n a l y s i s  u s i n g  t h e  X t e s t  showed t h a t  chromosome 4 and
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t h e  X chr omosome we r e  s i g n i f i c a n t l y  l a b e l l e d ,  w i t h  o v e r a l l  X ^ v a l u e s  

of  0 8 . 5  and 2 1 . 0 ,  r e s p e c t i v e l y .  The c e n t r o m e r i c  r e g i o n s  of  

chromosome 4 and t h e  X chromosome had x N a l u e s  of  5 7 . 3  and 5 9 . 8 .  

More p r e c i s e  l o c a l i z a t i o n  of  g r a i n s  t o  t h e s e  r e g i o n s  was 

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

b a n d e d  p e r i c e n t r o m e r i c  a r e a s .  Of 206 g r a i n s  w i t h i n  b a n d s  4 p l i - i 4 ,

4q 1 1 , 1 2  and 4 q l 3 ,  88 (437.) l o c a l i z e d  t o  b a n d s  4 q l l , 1 2 ,

d e m o n s t r a t i n g  t h a t  c e n t r o m e r i c  b a n d s  4 q l l , 1 2  were  t h e  ma j o r  

r e g i o n s  of  homol ogy  t o  t h e  43 DNA. S i m i l a r l y ,  of  133 g r a i n s  c o u n t e d  

w i t h i n  b a n d s  X p l l ,  Xq 1 1 , 1 2  and Xql 3 ,  55 (427.) l o c a l i z e d  t o  b a n d s  

X q l l , 1 2 ,  i n d i c a t i n g  t h a t  c e n t r o m e r i c  b a n d s  X q i 1 , 1 2  were  t h e  ma j o r  

r e g i o n s  of  homol ogy  t o  t o  43 DNA on t h e  X ch r omos ome ,  C a l c u l a t i o n s  

b a s e d  on g r a i n  d e n s i t y  ( He n d e r s o n  1982)  showed t h a t  a p p r o x i m a t e l y  

500 c o p i e s  of  43 DNA wer e  a t  t h e  c e n t r o m e r e  of  chromosome 4,  

a c c o u n t i n g  f o r  500 c o p i e s / 3 0 , 0 0 0 - 4 0 , 0 0 0  t o t a l  c o p i e s ,  or  1 . 0 - 2 . 0 7 .

of  t h e  t o t a l  number  of  genomi c  s e q u e n c e s  h o mo l o g o u s  t o  43 DNA.

T h r e e  h u n d r e d  c o p i e s ,  o r  0 . 5 - 1 . 0 7 . ,  o f  t h e  t o t a l  number  of  genomi c  

s e q u e n c e s  h o mo l o g o u s  t o  43 DNA were  l o c a l i z e d  t o  t h e  c e n t r o m e r e  of  

t h e  X chr omosome.

The l o c a l i z a t i o n  of  43 DNA s p e c i f i c a l l y  t o  c e n t r o m e r i c  r e g i o n s  

of  chromosome 4 and t h e  X chromosome c o n t r a d i c t s  a p u b l i s h e d  r e p o r t  

t h a t  t h e  1 . 9  kb H i n d l l l  r e p e a t ,  whi ch i s  h o mo l o g o u s  t o  43 DNA, 

l o c a l i z e d  t o  Giemsa d a r k - b a n d e d  r e g i o n s ,  and n o t  t o  s p e c i f i c  

c e n t r o m e r i c  or  t e l o m e r i c  l o c i  ( M a n u e l i d e s  and B i r o ,  1 9 8 2 ) .  The 

p r e v i o u s  r e s e a r c h  s u g g e s t s ,  h o w e v e r ,  t h a t  t h e  b u i l d - u p  of  b i o t i n
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l a b e l l i n g  a t  t h e  Qi ems a  d a r k - b a n d e d  r e g i o n s  was n o t  r a n d o m,  

s u g g e s t i n g  t h a t  LI s e q u e n c e s  m i g h t  " c l u s t e r "  a t  s p e c i f i c  l o c i ,  and 

" s c r a m b l i n g "  or  o t h e r  r e a r r a n g e m e n t  e v e n t s  m i g h t  p e r m u t a t e  LI 

s e q u e n c e s  i n  s u c h  a way t h a t  ch r omos omal  s p e c i f i c i t y  was c o n f e r r e d  

t o  t h o s e  s e q u e n c e s .  The " c l u s t e r i n g "  of  s e q u e n c e s  h o mo l o g o u s  t o  43 

DNA a t  c e n t r o m e r i c  r e g i o n s  of  chromosome 4 and t h e  X chromosome i s  

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

s e q u e n c e s .  A l t e r n a t i v e l y ,  t h e  c l u s t e r i n g  of  LI r e p e a t s  w i t h  

homol ogy t o  43 DNA a t  t h e s e  l o c i  c o u l d  r e f l e c t  s p e c i f i c i t y  

c o n f e r r e d  by t h e  p e r m u t a t i o n  of  some of  t h o s e  s e q u e n c e s ,  a s  

s u g g e s t e d  by t h e  r e s u l t s  o f  t h e  S o u t h e r n  b l o t  a n a l y s i s  of  genomi c  

DNA h y b r i d i z e d  t o  t h e  c l o n e d  43 f r a g m e n t .  A l t h o u g h  i t  c a n n o t  be 

c o n c l u s i v e l y  d e m o n s t r a t e d ,  t h e  l i n k  b e t w e e n  s c r a m b l i n g  of  some LI 

s e q u e n c e s  h o mo l o g o u s  t o  43 DNA and s p e c i f i c  l o c a l i z a t i o n  of  43 DNA 

t o  t h e  c e n t r o m e r i c  r e g i o n s  of  chromosome 4 and t h e  X chromosome i s  

c e r t a i n l y  r e a s o n a b l e .

B. Genomic D i s t r i b u t i o n  of  C l o n e d  35 DNA, a S u b c l a s s  1 Fr a gment

The h y b r i d i z a t i o n  of  33 DNA t o  t o t a l  human genomi c  DNA showed 

t h a t  i t  c o n t a i n e d  S a t e l l i t e  s e q u e n c e s  and r e d e m o n s t r a t e d  t h e  

p r e s e n c e  of  Alu e l e m e n t  s e q u e n c e s .

R a d i o l a b e l l e d  33 DNA was h y b r i d i z e d  t o  human mal e  p l a c e n t a l  DNA 

d i g e s t e d  w i t h  H i n d l l l ,  Eco RI ,  BamHI,  P v u l l ,  P s t I ,  Xb a l ,  T a q I ,  

H a e U I ,  K p n l ,  Hp a l ,  H i n f l  or  A l u l  ( F i g u r e  12 ) .

The v a s t  m a j o r i t y  of  s i g n a l  i s  due  t o  h y b r i d i z a t i o n  of  t h e  Alu 

e l e m e n t  w i t h  Alu SINES e l e m e n t s  d i s p e r s e d  t h r o u g h o u t  t h e  human
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FIGURE 12.  S o u t h e r n  b l o t  a n a l y s i s  of  P l a s m i d  55;  H y b r i d i z a t i o n  t o  
Human Genomic DNft.

300 ng of  p l a s m i d  33 DNA was r a d i o l a b e l l e d  w i t h 32PdATP u s i n g  
r andom p r i m e r  e x t e n s i o n  t o  a s p e c i f i c  a c t i v i t y  of  4 . 0  x 107 cpm/ug 
and h y b r i d i z e d  t o  t h e  S o u t h e r n  t r a n s f e r  of  a 1.07.  a g a r o s e  g e l .  The 
g e l  c o n t a i n e d  2 ug p l a s m i d  33 d i g e s t e d  w i t h  H i n d l l l  (Lane  1 ) ;  S ug 
e a c h  human p l a c e n t a l  DNA d i g e s t e d  w i t h  H i n d l l l  (Lane  2 ) ,  EcoRI (Lane 
3 ) ,  BamHI (Lane  4 ) ,  P v u l l  (Lane  5 ) ,  P s t I  (Lane  6 ) ,  Xbal  (Lane  7 ) ,  
TaqI  ( Lane  8 ) ,  H a e l l l  (Lane  9 ) ,  Kpnl  (Lane 1 0 ) ,  Hpal  (Lane 1 1 ) ,  
H i n f l  ( Lane  12) and A l u l  (Lane  1 3 ) ,  and 2 ug l ambda  DNA d i g e s t e d  
w i t h  H i n d l l l  (Lane  14,  n o t  s h o w n ) .  The l e n g t h s ,  i n  kb ,  of  t h e  
H i n d i  I I - d i g e s t e d  l a mb d a  f r a g m e n t s  a r e  i n d i c a t e d  f o r  r e f e r e n c e  as  
m o l e c u l a r  w e i g h t  m a r k e r s .  H y b r i d i z a t i o n  and w a s h i n g  were  c o n d u c t e d  
a t  60°C a s  d e s c r i b e d  i n  M a t e r i a l s  and Me t h o d s .  The a u t o r a d i o g r a m  
was p r o d u c e d  by e x p o s u r e  of  t h e  b l o t  f i l t e r  f o r  60 h o u r s  a t  -70°C 
w i t h  an i n t e n s i f y i n g  s c r e e n .
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genome.  A s i m i l a r  e x p e r i m e n t  u t i l i z i n g  l a b e l l e d  c l o n e d  2 DNA as  

p r o b e  ( n o t  s h o w n ) ,  wh i ch  a l s o  c o n t a i n s  Alu e l e m e n t  s e q u e n c e s ,  

g e n e r a t e d  t h e  same i n t e n s e  h y b r i d i z a t i o n  p a t t e r n s .  Not  a l l  genomi c  

f r a g m e n t s  h o mo l o g o u s  t o  33 DNA a r e  o b s c u r e d  by h y b r i d i z a t i o n  t o  Alu 

e l e m e n t s .  As s e e n  i n  F i g u r e  12,  340 bp f r a g m e n t s  w i t h  homol ogy  t o  

33 DNA a r e  c l e a r l y  v i s i b l e  i n  b o t h  t h e  H i n d l l l  and E c o R I - d i g e s t e d  

human genomi c  DNA. B a m H I - g e n e r a t e d  1 . 4  and 1 . 0  kb b a n d s  a r e  

a p p a r e n t ,  a s  a r e  1 . 4  and 0 . 9 0  Hpal  f r a g m e n t s .  A l u l  d i g e s t i o n  

r e v e a l e d  c l e a r  3 . 2  and 2 . 2  and l e s s  i n t e n s e  2 . 1  and 1 . 9  kb 

f r a g m e n t s  h o mo l o g o u s  t o  c l o n e  33.

The h o mo l o g o u s  r e s t r i c t i o n  f r a g m e n t s  g e n e r a t e d  by d i g e s t i o n  

w i t h  H a e I I I  and H i n f l  a r e  p a r t i c u l a r l y  i n t e r e s t i n g .  H a e l l l  

d i g e s t i o n  of  human gen o mi c  DNA r e l e a s e d  l a r g e  9 . 5  and 6 . 8  kb 

f r a g m e n t s .  C l o s e r  i n s p e c t i o n  of  t h e  Hae111 d i g e s t i o n  p r o d u c t s  

r e v e a l e d  a " l a d d e r "  of  b a n d s  b e g i n n i n g  w i t h  a 9 . 5  kb f r a g m e n t  and 

e n d i n g  a t  a b o u t  4 kb ,  whe r e  i t  me r g e s  w i t h  s m a l l e r  h e a v i l y  l a b e l l e d  

( A l u - s p e c i f i c )  f r a g m e n t s .  The " l a d d e r i n g "  e f f e c t  i s  more a p p a r e n t  

i n  t h e  H i n f l  d i g e s t  of  genomi c  DNA. The H i n f l  l a d d e r  b e g i n s  a t  

a b o u t  9 kb and e n d s  a t  a b o u t  3 kb,  where  i t  me r g e s  i n t o  h e a v i l y

l a b e l l e d  A l u - s p e c i f i c  h y b r i d i z a t i o n  s i g n a l .  Hae 111 and H i n f l

" l a d d e r i n g "  h a s  been  p r e v i o u s l y  o b s e r v e d  i n  genomi c  DNA d i g e s t e d  

w i t h  t h o s e  enzymes  and h y b r i d i z e d  t o  S a t e l l i t e  I I  o r  I I I  DNA 

( B o s t o c k  e t  a l . , 1978;  M i t c h e l l  e t  a l . , 1979;  Frommer e t  a l ■, 19B2;

P r o s s e r  et_ a l . , 1 9 8 6 ) .  The a p p e a r a n c e ,  a l b e i t  o b s c u r e d ,  of  H a e l l l

and H i n f l  l a d d e r i n g  s u g g e s t e d  t h a t  33 DNA mi g h t  p o s s e s s  S a t e l l i t e



Page 90

I I  o r  I I I  s e q u e n c e s  i n  a s s o c i a t i o n  w i t h  Alu SINES e l e m e n t s .

C. Summary;  Genomic O r g a n i z a t i o n  of  S a t e l l i t e  I I - R e l a t e d  C l o n e s

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

DNAs and c h a r a c t e r i z e d  t h e  DNA of  two c l o n e d  f r a g m e n t s ,  43 and 33,  

w i t h  r e s p e c t  t o  genomi c  DNA.

C l oned  43 DNA was shown t o  be a d e r i v a t i v e  1 . 9  kb H i n d l l l  

r e p e a t  and Kpnl  LI LINES e l e m e n t .  The d a t a  d i d  n o t  s u p p o r t  t h e

a s s i g n m e n t  of  S a t e l l i t e  s e q u e n c e s  t o  43 DNA. The a n a l y s i s  i n d i c a t e d  

t h a t  43 DNA was h o mo l o g o u s  t o  b o t h  c o n s e r v e d  and r e a r r a n g e d  genomi c  

LI s e q u e n c e s .  H y b r i d i z a t i o n  Ln_ s i t u  of  43 DNA t o  human m e t a p h a s e  

chromosome showed t h a t  s e q u e n c e s  h o m o l o g o u s  t o  43 DNA we r e  p r e s e n t  

t h r o u g h o u t  t h e  chr omosome co mp l e me n t  b u t  we r e  c o n c e n t r a t e d  a t  

c e n t r o m e r i c  r e g i o n s  of  ch r omosome 4 and t h e  X ch r omos ome .  I t  was

p r o p o s e d  t h a t  homol ogy b e t w e e n  t h e  43 f r a g m e n t  and p e r m u t e d ,

r e a r r a n g e d  genomi c  LI s e q u e n c e s  was r e s p o n s i b l e  f o r  t h i s  s p e c i f i c  

l o c a l i z a t i o n .

The c l o n e d  33 DNA p o s s e s s e d  an Alu SINES e l e m e n t  t h a t  

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

t h e  human genome,  a s  w e l l  a s  n o n - A l u  DNA. The o b s e r v a t i o n  of  H a e l l l  

and H i n f l  " l a d d e r r i n g "  i n  genomi c  DNA h o mo l o g o u s  t o  33 DNA

s u g g e s t e d  t h a t  33 DNA p o s s e s s e d  S a t e l l i t e  I I  s e q u e n c e s .

C. L o c a l i z a t i o n  of  Alu E l e me n t  S e q u e n c e s  i n  33 DNA

The p r e l i m i n a r y  a s s i g n m e n t  of  S a t e l l i t e  DNA s e q u e n c e s  t o  t h e  

33 DNA w a r r a n t e d  f u r t h e r  i n v e s t i g a t i o n .  F u r t h e r  c h a r a c t e r i z a t i o n  

of  33 DNA f i r s t  r e q u i r e d  t h e  e x a c t  l o c a l i z a t i o n  of  i n t e r n a l  Alu
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s e q u e n c e s .  The Alu e l e m e n t  mapped t o  t h e  3 '  r e g i o n  of  t h e  33 

f r a g m e n t  b e t we e n  n u c l e o t i d e s  7 5 1 - 1 4 0 0  ( F i g u r e  1 3 ) .  An Al u l

r e s t r i c t i o n  s i t e  had a l s o  been  mapped t o  t h i s  r e g i o n ,  b e t we e n  

n u c l e o t i d e s  1 0 0 0 - 1 1 0 0  ( F i g u r e  3 ) .  S i n c e  t h e  300 bp Alu e l e m e n t

s e q u e n c e s  a r e  c l e a v e d  i n  h a l f  by d i g e s t i o n  w i t h  A l u l  (Rubi n  et_ a l . .

1 9 8 0 ) ,  t h e  l o c a t i o n  of  an A l u l  s i t e  a t  bp 1 0 0 0 - 1 1 0 0  i n  33 DNA 

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

t h e  300 bp Alu e l e m e n t  s p a n n e d  n u c l e o t i d e s  9 0 0 - 1 2 0 0  of  33 DNA. On 

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

p u r p o r t e d  S a t e l l i t e  s e q u e n c e s  f l a n k e d  t h e  Alu e l e m e n t  or  were  

f u r t h e r  u p s t r e a m  i n  t h e  5 '  r e g i o n  of  33 DNA. In o r d e r  t o

s p e c i f i c a l l y  i d e n t i f y  and l o c a t e  t h e  S a t e l l i t e  and Alu s e q u e n c e s  

w i t h i n  33 DNA, t h e  n u c l e o t i d e  b a s e  s e q u e n c e  of  33 DNA was p a r t i a l l y  

d e t e r m i n e d  and c o mp ar ed  w i t h  p u b l i s h e d  S a t e l l i t e  I I ,  I I I  and Alu 

e l e m e n t  c o n s e n s u s  s e q u e n c e s .
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FIGURE 13.  S o u t h e r n  B l o t  A n a l y s i s  o f  C l oned  XL3 DNA: R e l a t i o n s h i p  
of  t h e  XL3 F r a g m e n t  t o  Alu E l e m e n t  and C l o n e d  33 F r a g me n t  'DNAs'.

A. 1 ug e a c h  p l a s m i d  BLUR 8 d i g e s t e d  w i t h  BamHI (Lane  1 ) :  
p l a s m i d  33 d i g e s t e d  w i t h  H i n d l l l + X b a I  (Lane  2 ) ;  p l a s m i d  XL3
d i g e s t e d  w i t h  H i n d i  I I+BamHI (Lane  3) and H i n d l l l + X b a l  (Lane  4 ) :
p l a s m i d  XL4 d i g e s t e d  w i t h  Hi n d l I I +Ba mHI  (Lane  5) and H i n d l l l + X b a l  
( Lane  6 ) :  p l a s m i d  XL7 d i g e s t e d  w i t h  H i n d l l l + B a mH I  (Lane  7) and
H i n d l l l + X b a l  (Lane  8 ) ;  pSP65 d i g e s t e d  w i t h  H i n d l l l  (Lane  9) and 1 
ug l ambda  DNA d i g e s t e d  w i t h  H i n d l l l  p r o d u c i n g  f r a g m e n t s  2 3 . 1 ,  9 . 6 4 ,  
4 . 6 4 .  2 . 2 6 ,  1 . 9 8  and 0 . 5 6  kb i n  l e n g t h  (Lane  10) were
e l e c t r o p h o r e s e d  t h r o u g h  a 1.07.  g e l ,  s t a i n e d  w i t h  e t h i d i u m  b r o m i d e
and p h o t o g r a p h e d  u n d e r  UV l i g h t ,  a s  d e s c r i b e d  i n  M a t e r i a l s  and
Me t h o d s .  P l a s m i d s  XL3. XL4 and XL7 c o n t a i n  t h e  750 bp H i n d l l l / X b a l  
f r a g m e n t  ( — ) of  33 DNA whi ch  s p a n s  n u c l e o t i d e s  1 - 750  of  33 DNA and 
i s  r e l e a s e d  by d i g e s t i o n  w i t h  H i n d i  I I+BamHI o r  H i n d i  I I + X b a l  f r om 
t h e  m u l t i p l e  c l o n i n g  s i t e  of  t h e  p l a s m i d  v e c t o r  pSP65 ( • ) .  pBR322 
DNA i s  i n d i c a t e d  by ( O ) , t h e  650 bp H i n d i  I I / X b a l  f r a g m e n t  of  iZ  DNA 
t h a t  s p a n s  n u c l e o t i d e s  7 5 1 - 1 4 0 0  of  33 DNA and c o n t a i n s  Alu e l e m e n t  
DNA i s  i n d i c a t e d  by (-*•) and t h e  300 bp Alu SINES e l e m e n t  i s  
i n d i c a t e d  by (-+).

B. A u t o r a d i o g r a p h  of  t h e  S o u t h e r n  t r a n s f e r  of  t h e  g e l  i n  A. 
a f t e r  h y b r i d i z a t i o n  t o  50 ng 3 2 P d A T P - l a b e l l e d  BLUR 8 DRiA 
( s p e c i f i c  a c t i v i t y  = 2 . 8  x 10s c p m / u g ) ,  a s  d e s c r i b e d  i n  M a t e r i a l s
and Me t h o d s .  The p l a s m i d  v e c t o r s  p6R322 ( O)  and pSP65 ( • )  and
c l o n e d  Alu e l e m e n t  (—) and 650 bp H i n d l l l / X b a l  33 DNA f r a g m e n t  (-*■)
a r e  l a b e l l e d .  The 750 bp H i n d l l l / XbaI 33 f r a g m e n t ,  H i n d i  I I / X b a l  and
H i n d l l l / B a m H I  750 bp XL3, XL4 and XL7 c l o n e d  f r a g m e n t s  a r e  n o t  
l a b e l l e d  < ■+ ) and a r e  n o t  h o mo l o g o u s  t o  Alu e l e m e n t  s e q u e n c e s .  The 
a u t o r a d i o g r a p h  was p r o d u c e d  by e x p o s u r e  of  t h e  b l o t  f i l t e r  f o r  3 
h o u r s  a t  - 7 0 ° C w i t h  an i n t e n s i f y i n g  s c r e e n .
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PART THREE: GENOMIC ORGANIZATION OF A DEGENERATE SATELLITE I I  DNA

V I I .  P a r t i a l  N u c l e o t i d e  S e q u e n c e  of  t h e  C l oned  33 F r a g me n t

A. P r e p a r a t i o n  of  t h e  33 DNA f o r  S e q u e n c i n g

The o n l y  p o r t i o n  of  33 DNA known w i t h  c e r t a i n t y  n o t  t o  c o n t a i n  

S a t e l l i t e  s e q u e n c e s  were  bp 9 0 0 - 1 2 0 0 ,  o r  t h e  l o c a t i o n  of  t h e  Alu 

e l e m e n t .  T h e r e f o r e ,  S a t e l l i t e  s e q u e n c e s  c o u l d  t h e o r e t i c a l l y  map 

b e t w e e n  bp 1 -900  and bp 1 2 0 0 - 1 4 0 0 .  I n i t i a l  n u c l e o t i d e  s e q u e n c i n g  

d e t e r m i n e d  t h e  b a s e  s e q u e n c e s  of  p o r t i o n s  of  t h e s e  a r e a s  a t  bp 

1 -201  ( S I ) ,  bp 5 2 1 - 7 4 9  ( 8 4 ) ,  bp 7 5 0 - 9 0 6  (S3)  and bp 1 2 8 5 - 1 4 0 0  ( 8 2 ) .

Th e s e  a r e a s  c o m p r i s e d  t h e  5 '  end of  t h e  33 f r a g m e n t  (bp 1 - 2 0 1 ) ,  a 

r e g i o n  d o wn s t r e a m  f rom t h e  5 '  end (bp 5 2 1 - 7 4 9 )  and t h e  a r e a s  

f l a n k i n g  t h e  Alu e l e m e n t  (bp 7 5 0 - 9 0 6  and bp 1 2 8 5 - 1 4 0 0 )  which 

i n c l u d e d  t h e  3 '  end of  t h e  33 f r agmen t ,  (bp 1 2 8 5 - 1 4 0 0 ) .

Co mp e t e n t  DH5 c e l l s  were  t r a n s f o r m e d  w i t h  c l o n e  33 H i n d l l l  

i n s e r t / p S P 6 4  and c l o n e  33 H i n d l l l  i n s e r t / p S P 6 5  l i g a t i o n  m i x t u r e s  t o  

e f f i c i e n c i e s  of  2 x 103 c o l o n i e s / u g  DNA/ml c e l l s  and 2 x 10“ 

c o l o n i e s / u g  DNA/ml c e l l s ,  r e s p e c t i v e l y .  S e v e r a l  r e c o m b i n a n t s  were  

o b t a i n e d  f rom each  t r a n s f o r m a t i o n  and two of  t h e s e ,  4A and 5N, were  

c h o s e n  f o r  s e q u e n c i n g .  R e s t r i c t i o n  ensyme d i g e s t i o n  of  p l a s m i d  4A 

showed t h a t  t h e  i n s e r t e d  f r a g m e n t  was o r i e n t e d  i n  t h e  pSP64 v e c t o r  

so t h a t  s e q u e n c i n g  would b e g i n  a t  t h e  5 ' e n d  of  33 DNA ( F i g u r e  1 4 ) .  

S i m i l a r l y ,  r e s t r i c t i o n  ensyme d i g e s t i o n  of  p l a s m i d  5N showed t h a t  

t h e  i n s e r t e d  DNA was o r i e n t e d  s u c h  t h a t  s e q u e n c i n g  would b e g i n  a t
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FIGURE 14.  P l a s m i d  c o n s t r u c t i o n s  u s e d  i n  DNA s e q u e n c i n g .

Each p l a s m i d  shows  t h e  a p p r o x i m a t e  H13 u n i v e r s a l  ( • ) ,  EcoRl  cw (O) 
o r  H i n d l l l  ccw (V) p r i m e r  a n n e a l i n g / D N A  s y n t h e s i s  i n i t i a t i o n  s i t e ,  
t h e  d i r e c t i o n  of  DNA s y n t h e s i s  <-*►), t h e  33 f r a g m e n t  ( h e av y  s o l i d  
l i n e ) ,  pBR322 / p SP6 4 / p SP6 5  ( h e a v y  d a s h e d  l i n e ) ,  and t h e  p o l y l i n k e r  
m u l t i p l e  c l o n i n g  s i t e  ( l i g h t  d a s h e d  l i n e ) .  R e c o g n i t i o n  s i t e s  f o r  
t h e  r e s t r i c t i o n  enz yme s  EcoRI (E) , H i n d l l l  (H) ,  P v u l l  (P) and Xbal  
(X) and t h e  p o s i t i o n  of  t h e  Alu e l e m e n t  (ALU) a r e  shown t o  i n d i c a t e  
t h e  o r i e n t a t i o n  o f t h e  i n s e r t e d  f r a g m e n t s  i n  t h e  v e c t o r  p l a s m i d s .  Aj_ 
P l a s m i d  4A, u s e d  t o  s e q u e n c e  t h e  5 '  end (bp 1 -201)  of  t h e  33 
f r a g m e n t .  B._ P l a s m i d  5N, u s e d  t o  s e q u e n c e  t h e  3 '  end (b f  1 2 8 5- 1400)  
of  t h e  33 f r a g m e n t .  £±_ P l a s m i d  HX3, u s e d  t o  s e q u e n c e  t h e  i n t e r n a l  
r e g i o n  (bp 7 5 0 - 9 0 6 )  of  t h e  33 f r a g m e n t .  Dj_ P l a s m i d  3 3 ,  t h e  o r i g i n a l  
c o n s t r u c t ,  u s e d  i n  t h e  s e q u e n c i n g  p r o c e d u r e s  t o  v e r i f y  t h e  5 '  and 
3 '  t e r m i n a l  s e q u e n c e s  o b t a i n e d  u s e d  p l a s m i d s  4A and 5N. E. P l a s m i d  
XL3, u s e d  t o  s e q u e n c e  t h e  i n t e r n a l  r e g i o n  (bp 5 2 1 - 7 4 9 )  of  t h e  33 
f r a g m e n t .
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t h e  3 '  end of  33 DNA ( F i g u r e  1 4 ) .  In a d d i t i o n ,  c o m p e t e n t  DHS c e l l s  

we r e  t r a n s f o r m e d  w i t h  a l i g a t i o n  m i x t u r e  c o m p r i s e d  of  H i n d l l l  + 

X b a l - d i g e s t e d  33 DNA and pSP65 v e c t o r  t o  an e f f i c i e n c y  of  1 . 6  x 

104 c o l o n i e s / u g  DNA/ml c e l l s .  S e v e r a l  r e c o m b i n a n t s  we r e  o b t a i n e d

and one  o f  t h e m,  p l a s m i d  HX3, was c h o s e n  f o r  s e q u e n c i n g  b e c a u s e  i t  

p o s s e s s e d  a s m a l l  650 bp H i n d l l l / X b a l  f r a g m e n t  e x t e n d i n g  f rom

n u c l e o t i d e s  7 5 0 - 1 4 0 0  of  33 DNA o r i e n t e d  so  t h a t  s e q u e n c i n g  would 

b e g i n  a t  t h e  Xbal  s i t e  ( F i g u r e  1 4 ) .  Co mp e t e n t  DH5 c e l l s  were  a l s o  

t r a n s f o r m e d  w i t h  a l i g a t i o n  m i x t u r e  c o m p r i s e d  of  g e l  p u r i f i e d  750 

bp H i n d l l l / X b a l  33 DNA r e s t r i c t i o n  f r a g m e n t  and 

H i n d i  I I / X b a l - d i g e s t e d  pSP65 v e c t o r  DNA t o  an.  e f f i c i e n c y  of  1 x 

104 c o l o n i e s / u g  DNA/ml c e l l s .  Many r e c o m b i n a n t s  were  o b t a i n e d

f rom t h i s  t r a n s f o r m a t i o n  and one  of  t hem,  XL3, was c h o s e n  f o r  

s e q u e n c i n g  b e c a u s e  i t  p o s s e s s e d  a l a r g e  750 bp H i n d l l l / X b a l  

f r a g m e n t  e x t e n d i n g  f rom n u c l e o t i d e s  1 - 750  of  t h e  33 f r a g m e n t  

o r i e n t e d  s o  t h a t  s e q u e n c i n g  would b e g i n  a t  t h e  Xbal  s i t e  ( F i g u r e  

14) .

B. S e q u e n c e  of  bp 1-201 of  t h e  33 F r a g m e n t ;  S e q u e n c e  SI

N u c l e o t i d e  b a s e  s e q u e n c i n g  of  p l a s m i d  4A a l l o w e d  s e q u e n c i n g  t o  

b e g i n  a t  t h e  5 '  H i n d l l l  s i t e  of  33 DNA. The s e q u e n c e  ( SI )  i s  g i v e n  

i n  T a b l e  VI .  The SI s e q u e n c e  was c o n f i r m e d  by s e q u e n c i n g  t h e  33 

p l a s m i d  i t s e l f  u s i n g  t h e  EcoRI p r i m e r  ( c l o c k w i s e )  s p e c i f i c  t o  

pBR322 ( P r o m e g a ) .  S e q u e n c e  SI c o m p r i s e d  bp 1-201 of  33 DNA.

I n s p e c t i o n  of  SI i n  T a b l e  VI shows t h a t  t h e  e n t i r e  201 bp 

r e g i o n  h a s  an o v e r a l l  A + T c o n t e n t  of  58.  77. and G + C c o n t e n t  of
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TABLE VI

CLONED 33 FRAGMENT SEQUENCES 5 1 .  8 2 .  S3 AND 54

S u b c l o n e  4A S e a u e n c e  S I :  C l o n e d  33 F r a q m e n t  bo 1-201 Sequen c e
1(1) 11 21 31 41 51
TTTTTCATTC ATTTTCTACT CTTATTGCTT GTTGCTTAAT ATTGGTATTC TCTAGCATTT
61 71 81 91 101 111
ATTCCCTTCT CATTTTCCTT TACCTATCTC ACCCACTCAC CTCGCTTCAC TACACTGCCT
121 131 141 151 161 171
GCACTCTCAA TCAGTGTGTG CGCTGATGTC TTCTGTCACG CGATGTGTAT CTAGACGAGT
181 191 2 0 1 ( 2 0 1 )
ACAGCTGTGC ACTGCATGTA T

P v u l l

S u b c l o n e  XL3 S e a u e n c e  S4:  C l o n e d  33 F r a q m e n t  bp 5 2 1 - 7 4 9  S e a u e n c e
1( 521) 11 21 31 41 51
ACAATAAGAG TAGTTCTCGT GTTCAGGATG TGTACGTATC GATTACAGAG AGATCAATGG
61 71 81 91 101 111
GTTTGAAAGG TGGACGAAGT ACTTGATAAA CATACTATTG GGACTCTCAA GACGAAATAG
121 131 141 151 161 171
AGAAAGATAG AGTACTTATA AATCAGGATA GAGATATGAC ATATATTTAT AAAGAGTGAA
181 191 201 211 2 2 1 ( 7 4 9 )
GAGAAGATGA GAGAGGTATT ATTGTGATCG ATTCTAGGGG CCGTGAGTT

S u b c l o n e  HX3 S e a u e n c e  S3:  C l o n e d  33 F r a q m e n t  bo 7 5 0 - 9 0 6  S e q u e n c e
1( 750) __ 1 1 _ 21 31 41 51
T AATTGGAAT TCGAGCTCGC CCGGGGATCT A G A l p o l y l i n ke r
AATGGCCATA AAGAATGCTT CTTCTGAGTT ACGGACATCC AATAGAGGAA ACATATTATA
61 71 81 91 101 111
AACTATTACT ATATACTAAC GAAAATGTTC TTATTTTGTT AGGACGAACT ATTAACGTGA
121 131 141 151 ( 9 0 6 )
CGTGTACTGT TCACTGTAGA GCTACACTCT CAAAAA

S u b c l o n e  5N S e a u e n c e  S2 : Cl oned  33 F r a a m e n t  bD 1 2 8 5 - 1 4 0 0  S e a u e n c e
1 ( 1285) 11 21 31 41 51
ATGCTTCATA TGTCAGTGAC GCGCCATTTC ATCGGCTATA TTTCGTGATA TGATGCAGCA
61 71 81 91 101 1 1 111400). .

p o l y l i n k e r  CTC GAACCCGACG
GTATGTTGAT GTGXAGCAGC TCTAGTGATC GCATGTTXCA GTTGGTTGGA GATCT

Over  1 i n e d n u c l e o t i d e s r e p r e s e n t p o l y l i n k e r  s e q u e n c e n u c 1 s o t  i dei
u n d e t e c t a b l e  on s e q u e n c i n g  g e l .  S e q u e n c e s  d e r i v e d  f rom t h e  
p l a s m i d s  l a c k e d  p o l y l i n k e r  n u c l e o t i d e  i n f o r m a t i o n ,  The 
p a r e n t h e s e s  c o r r e s p o n d  t o  n u c l e o t i d e  p o s i t i o n s  w i t h i n  
The P v u l l  s i t e  i s  u n d e r l i n e d  i n  t h e  SI s e q u e n c e .

4A and XL3 
number s  i n  

t h e  33 f r a g m e n t .
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41.3' / . .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  b a s e  c o m p o s i t i o n  of  t h e  

S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  ( P r o s s e r  e t .  a l _ . , 1 9 8 6 ) ,  whi ch  i s  

56*/. A+T and 447. G+C, n e a r  t h a t  of  human p l a c e n t a l  DNA ( T a b l e  V I I ) .

The 5 '  bp 1-201 r e g i o n  of  33 DNA c o n t a i n s  17 v a r i a t i o n s  on t h e  

5'ATTCC 3 '  S a t e l l i t e  I I I  p e n t a m e r i c  r e p e a t ,  s u mma r i z e d  i n  T a b l e  

V I I I .  S a t e l l i t e  I I  s e q u e n c e s  h a v e  been  c h a r a c t e r i z e d  a s  d e g e n e r a t e  

S a t e l l i t e  I I I  s e q u e n c e s  w i t h  r andom b a s e  c h a n g e s  i n  t h e  5'ATTCC 3 '  

p e n t a m e r i c  r e p e a t  u n i t  (Frommer  et_ a l . . 1982;  P r o s s e r  e t  a l . .

1 9 8 6 ) .  R e p e a t  1 of  t h e  SI s e q u e n c e  i s  a p e r f e c t  5'ATTCC 3 '  

S a t e l l i t e  I I I  p e n t a m e r i c  s e q u e n c e .  R e p e a t s  2 - 4  s h a r e  4 of  t h e  5 

p e n t a m e r i c  r e p e a t  n u c l e o t i d e s  w i t h  t h e  S a t e l l i t e  I I I  c o n s e n s u s  

s e q u e n c e .  R e p e a t s  5 - 1 7  a r e  more i m p e r f e c t ,  s h a r i n g  o n l y  3 of  t h e  5 

p e n t a m e r i c  n u c l e o t i d e s  w i t h  t h e  S a t e l l i t e  I I I  s e q u e n c e .  E x p r e s s e d  

i n  p e r c e n t a g e  f o r m,  427. ( r e p e a t s  1 - 1 7 ,  or  8 5 b p / 2 0 1  t o t a l  bp)  of  t h e  

SI s e q u e n c e  c o n s e r v e s  a t  l e a s t  3 o u t  of  5 n u c l e o t i d e s  of  t h e  

S a t e l l i t e  I I I  r e p e a t  u n i t ;  107. ( r e p e a t s  1 - 4 ,  o r  20 b p / 2 0 1  t o t a l  bp) 

c o n s e r v e s  a t  l e a s t  4 o u t  of  5 n u c l e o t i d e s ,  and 27. ( r e p e a t  1,  or  5 

b p / 2 0 1  t o t a l  bp)  c o n s e r v e s  a l l  5 n u c l e o t i d e s  of  t h e  S a t e l l i t e  I I I  

r e p e a t  u n i t .  S u p e r i m p o s e d  on t h e  d e g e n e r a t e  S a t e l l i t e  I I  r e p e a t s  i s  

a l a r g e r  r e p e a t ,  5 '  TTCATTCACTT 3 ' .  T h i s  t y p e  of  r e p e a t  h a s  n o t  been 

p r e v i o u s l y  d e s c r i b e d .

The d e g e n e r a t e  5'ATTCC 3 '  p e n t a m e r i c  r e p e a t  e x h i b i t e d  by t h e  

SI s e q u e n c e  c o n f i r m e d  t h a t  i t  was S a t e l l i t e  I I - d e r i v e d .  The

r e l a t i o n s h i p  of  t h e  SI  s e q u e n c e  t o  o t h e r  S a t e l l i t e  I I  ONAs was 

d e t e r m i n e d  by b a s e  s e q u e n c e  c o m p a r i s o n s .  The s e q u e n c e s  c h o s e n  f o r
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T a b l e  VII

Bas e  C o m p o s i t i o n  of  C l o n e d  33 F r a g me n t  S e q u e n c e s

P o r t i  on 
DNA

o T  J3' ..... S e q u e n c e d
F r a g m e n t dA dT

C o n t e n t
dG dC '/.AT 7.BC

§ 1 bp 1-201 201 bp 36 82 29 54 5 8 . 7 4 1 . 3

S i bp 5 2 1 -
749 228 bp 81 62 62 23 6 2 . 7 3 7 . 3

S3 bp 7 5 0 -
906 156 bp 56 48 25 27 6 6 . 7 3 3 . 3

S2 bp 1285-
1400 115 bp 24 39 30 20 5 5 . 8 4 4 . 2

TOTAL 700 bp 6 1 . 0 3 9 . 0

S a t e l l i t e  11+ 5 6 . 0 4 4 . 0

P l a c e n t a l  DNA* 5 9 . 2 4 0 . 8

♦ C a l c u l a t e d  f rom t h e  b a s e  c o m p o s i t i o n  of  t h e  S a t e l l i t e  I I  c o n s e n s u s  
s e q u e n c e  ( P r o s s e r  et_ a h ,  1 9 8 6 ) .  *As r e p o r t e d  i n  M i t c h e l l  e t  a l . f 
1979.  ’/.AT f o r  t h e  c l o n e d  s e q u e n c e s  was c a l c u l a t e d  a s  t o t a l  number
of  A+T n u c l e o t i d e s  d i v i d e d  by t h e  t o t a l  number  of  n u c l e o t i d e s  i n  
t h e  s e q u e n c e d  p o r t i o n  of  t n e  f r a g m e n t . ’/.BC was s i  mi 1 a r  l y
c a l c u l a t e d  u s i n g  t h e  t o t a l  number  of  G+C n u c l e o t i d e s .
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TABLE V I I I

S a t e l l i t e  I I I  P e n t a m e r i c  R e p e a t  U n i t s  o-f t h e  SI S e a u e n c e

C o n s e r v a t i  on DNA N u c l e o t i  d e s S e a u e n c e Reoea i

5 / 5 S a t e l l i t e  I I I 5'ATTCC 3 '
5 / 5 SI 6 1 - 6 5 5'ATTCC 3 ' 1
4 / 5 SI 4 7 - 5 0 5'ATTC* 3 ' n

jL.

4 / 5 SI 7 - 1 0 5'ATTC* 3 ' 3
4 / 5 SI 7 2 - 7 7 5 ' ATTT*C - J 4
3 / 5 SI 4 1 - 4 5 5ATTGG 3 ' 5
3 / 5 SI 5 7 - 6 0 5 ' ATTT* 3 ' 6
3 / 5 SI 1 1 - 1 5 5'ATTTT y» ‘ • 7
3 / 5 s i 1 2 3 - 1 2 7 5 ' ACTCT 8
3 / 5 SI 1 1 4 - 1 1 3 5'ACTGC 9
3 / 5 SI 10 9 - 1 1 3 5'ACTAC 3 * 10
3 / 5 SI 1 7 8 - 1 8 2 5'AGTAC • j 11
3 / 5 SI 14 6 - 1 5 0 5'ATGTC 3 * 12
3 / 5 SI 8 6 -  90 5'ATCTC •j> 13
3 / 5 SI 1 5 1 - 1 5 4 5 ' *TTCT 3 f 14
3 / 5 SI 1 6 9 - 1 7 2 5 ' AT *CT 3 ' 15
3 / 5 SI 31 - 3 5 5 ' GTTGC 3 ' 16
3 / 5 SI 6 6 - 7 0 5'CTTCT 3 ' 17

C o n s e r v a t i o n  i n d i c a t e s  number  of  n u c l e o t i d e s  ( o u t  of  - f ive)  p r e s e n t  i n  
p e n t a m e r i c  r e p e a t .  * = m i s s i n g  n u c l e o t i d e .  Lower  c a s e  s u p e r s c r i p t  l e t t e r s  
i n d i c a t e  n u c l e o t i d e s  i n s e r t e d  i n t o  p e n t a m e r i c  r e p e a t .
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c o m p a r i s o n  we r e :  1) t h r e e  chr omosome 1 - s p e c i f i c  s e q u e n c e s  d e r i v e d

f r om a 1 . 7 7  kb c l o n e d  f r a g m e n t ,  HS3,  o r i g i n a l l y  t h o u g h t  t o  be a 

S a t e l l i t e  I I I  s e q u e n c e  b u t  l a t e r  f o u n d  t o  be  S a t e l l i t e  I I - d e r i v e d  

(Cooke and H i n d l e y ,  1979;  P r o s s e r  e t .  a l . , 1 9 8 6 ) ;  2) a c l o n e d

S a t e l l i t e  s e q u e n c e ,  pPD17 ( a u t o s o m e  s p e c i f i c ) ,  ( D e i n i n g e r  e t  a l . , 

1981)  shown h e r e  t o  be a S a t e l l i t e  I I - d e r i v e d  s e q u e n c e ,  3) two 

chromosome 1 6 - s p e c i f i c  S a t e l l i t e  I I  s e q u e n c e s  d e r i v e d  f r om a c l o n e d  

f r a g m e n t ,  pHuR 195 (Moyz i s  e t  a l . . 1 9 8 7 ) ,  and 4) a 26 n u c l e o t i d e  

S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  ( t e r m e d  S a t e l l i t e  2 i n  P r o s s e r  e t

a l . , 1 9 8 6 ) .  The SI s e q u e n c e  was a l s o  c o mp ar ed  w i t h  o t h e r  i n t e r n a l

33 DNA s e q u e n c e s ,  S2,  S3 and S4,  t o  d e t e r m i n e  i f  common h o m o l o g i e s

e x i s t e d  b e t we e n  t h e m.  The S i ,  S2,  S3 and S4 s e q u e n c e s  were  a l s o

c ompar ed  w i t h  t h e  Alu c o n s e n s u s  s e q u e n c e  ( D e i n i n g e r  e t  a l . ,  1981) 

i n  o r d e r  t o  p r e c i s e l y  l o c a t e  and o r i e n t  t h e  Alu e l e m e n t  w i t h i n  33 

DNA.

C. Co mp a r i s o n  of  t h e  S a t e l l i t e  I I - D e r i v e d  S I .  dPD17.  HS3 and

pHUR 195 S e q u e n c e s  w i t h  t h e  Sa t e l l i t e  I I  Co n s e n s u s  Se a u e n c e .

P r o s s e r  e t .  al_. ( 1986)  d e f i n e d  t h e  S a t e l l i t e  I I  c o n s e n s u s

s e q u e n c e  a s  5'ATTCC ATTCG 6/A6T/ACC ATTCG ATBAT 3 ' .  I t  h a s  s i n c e

bee n  shown (Moyz i s  e t  a l ■ , 1987;  t h i s  s t u d y )  t h a t  a dGMP r e s i d u e  

i s  t h e  f i n a l  n u c l e o t i d e  of  t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e .  The 

s e q u e n c e  i s  more c o r r e c t l y  w r i t t e n  a s  5'ATTCC ATTCG G/AG17ACC ATTCG 

ATGATG 3 " .  Each of  t h e  S a t e l l i t e  I I  c l o n e d  s e q u e n c e s  p r e v i o u s l y  

d e s c r i b e d  -  HS3,  p P D17,  pHuR 195 and SI -  i n  a d d i t i o n  t o  t h e  o t h e r  

33 i n t e r n a l  s e q u e n c e s ,  S2,  S3 and S4,  were  a l i g n e d  w i t h  t h e
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2 6 - n u c l e o t i d e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  t o  e v a l u a t e  

h o m o l o g i e s  w i t h  S a t e l l i t e  I I  DNA. The r e s u l t s  of  t h e s e  a l i g n m e n t s  

a r e  shown i n  T a b l e s  I)( ( s e q u e n c e s  S I ,  S2 and S2 f rom t h e  c l o n e d  33 

f r a g m e n t )  and X ( s e q u e n c e s  pPD17,  HS3 and pHuR 1 9 5 ) .

As s e e n  i n  T a b l e  IX,  f i v e  c o m p l e t e  and one  p a r t i a l  S a t e l l i t e  

I I  2 6 - n u c l e o t i d e  r e p e a t s  a r e  p r e s e n t  i n  t h e  SI s e q u e n c e ,  c o m p r i s i n g  

7 7 X of  t h e  SI s e q u e n c e .  A p o r t i o n  of  t h e  SI  s e q u e n c e  -  n u c l e o t i d e s  

8 1 - 1 0 7  -  b e a r  l i t t l e  homol ogy  t o  t h e  S a t e l l i t e  I I  c o n s e n s u s

s e q u e n c e  (307. ) ,  and r e p r e s e n t s  a 26 b a s e p a i r  r e g i o n  of  

n o n - S a t e l 1 i t e  I I  s e q u e n c e s .  The SI s e q u e n c e  a l i g n s  w i t h  t h e  

S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  so  t h a t  an a v e r a g e  of  567. of  t h e  

c o n s e n s u s  r e s i d u e s  a r e  p r e s e n t  p e r  SI S a t e l l i t e  I I  r e p e a t  b l o c k .  

T h i s  shows  t h a t  t h e  SI  s e q u e n c e  i s  a h i g h l y  d e g e n e r a t e  S a t e l l i t e  

I I - d e r i v e d  DNA. For  c o m p a r i s o n ,  a s i m i l a r  a l i g n m e n t  was made f o r  

t h e  HS3,  pHuR195 and pPD17 DNAs ( T a b l e  X).  The s e q u e n c e s  can be 

a r r a n g e d  i n  d e s c e n d i n g  o r d e r  of  p e r c e n t  c o n s e r v a t i o n  of  t h e  

S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  so  t h a t  pPD17 (827.) > i n t e r n a l  HS3 

(777.) = 3 '  t e r m i n a l  pHuR 195 (777.) > 5 '  t e r m i n a l  pHuR 1 95 ( 767.) >

3 '  t e r m i n a l  HS3 (757.) > 5 '  t e r m i n a l  HS3 (697.) > SI (567. ) .  Based

upon t h e s e  c o m p a r i s o n s ,  t h e  SI s e q u e n c e  may be c l a s s i f i e d  a s  a 

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

t o  t h e  pPD17,  HS3 and pHuR 195 s e q u e n c e s .

C o mp a r i s o n  w i t h  t h e  Alu e l e m e n t  c o n s e n s u s  s e q u e n c e  showed t h a t  

t h e  SI s e q u e n c e  i s  n o t  h o mo l o g o u s  t o  Alu s e q u e n c e s ,  a s  e x p e c t e d  

f rom p r e v i o u s  e x p e r i m e n t s  ( F i g u r e  1 3 ) .  The ORF and TRANSLATE
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TABLE IX

A l i g n m e n t  of  t h e  P a r t i a l  N u c l e o t i d e  S e q u e n c e  of  t h e  C l o n e d  33 F r a g me n t  
w i t h  t h e  S a t e l l i t e  I I  C o n s e n s u s  S e q u e n c e

S a t . I I  C o n s e n s u s  ATTCC 

C l o n e d  33 F r a g m e n t  

p o s i t i o n  ; X c o n s e r v .

ATTCG G/AGT/ACC ATTCG ATGATG

bp 7' 
bp 31 
bp 57- 
bp 81 
bp 109'  
bp 140 
bp 169-

■ 30;
■ 56;
■ 80;  
■107; 
■139; 
-168;  
•198;

617. ATTC- ATTTT CTACT CTTA- TTGCTT
487. GTTGC TTAAT ATTGGt ATTC- TCTAGC
507. ATTT- ATTCC CTTCT= ATTTfcC CTT — -
307. t a c c t a t c t c a c c c a c t c a c c t = c t t )
507. ACTAC ACTGC°t g c ACTCT CAATC Ag TG-TG
507. GCGCT3 ATGTC -TTCTg t c ACGCG ATGTGT
787. AT-CT AGACG AGTAC AGCTGt g c ACTGACTG

A v e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e s  = 567. 
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t .  I I  R e p e a t  E l e m e n t s  = 777.

bp 5 3 6 - 5 6 2  
bp 5 6 3 -5 8 6  
bp 5 8 9 - 6 1 7  
bp 6 1 8 - 6 4 7  
bp 6 4 8 - 6 7 0  
bp 6 4 9 - 6 9 5  
bp 6 9 6 - 7 1 8  
bp 7 1 9 - 7 4 2

237.
357.
357.
427.
387.
357.
277.
427.

t c t c g
a t t a c
a a a g t g g
a t t g g 0
a t a g -
a g a g a fc

HIK

t g t t c * 33
a g a g ' g
acga^g*
a c t c g c
a g t a c
a t g a c
a g a g a
t g t g -

a t g t g
a t c a a
a c t t t g
a a g ' c g
t t a t a
a t a t a
a g a t g
a t c g -

a c g t a
t o g g t
a t a a a
a a * t a g
a a t c a
t t t a t
a g a g a
a t t c t

t e g  —
11 g — — — 
c a t  a c t

- g g a t -
a a " g —  
g g t  —  
aggggc

A v e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e s  = 357.
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t . i l  R e p e a t  E l e m e n t s  = 357.

bp 7 5 0 - 7 6 9 ;  427. a a t  g g c c a 41 a a a g a  a t g e t t
bp 7 7 0 - 7 9 7 ;  587. AAACAfc AGTTA CGGAC ATCCA AT-BAGB
bp 7 9 8 - 8 1 2 ;  467. a t a c -  t a a c g  a a a c t  a t t a c  t a t ------
bp 8 1 3 - 8 3 8 ;  547. ATAC- TAACG AAAAT GTTCT ATTTTG
bp 8 3 9 - 8 6 4 ;  237. t t a g g  a c g a a  c t a t t  a a c g t  g a e g t g
bp 8 6 5 - 8 9 0 ;  317. a c t g t  t c a c t  g t a g a  g c t a c  a c t e t c

A v e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e  = 427. 
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t .  I I  R e p e a t  E l e m e n t s  = 347.

277.
697.

c t t c a
ATTTC

t a t g t
ATCGG

c a g t g
CTATA

ae geg
TTTCGt q a t CATGATG

317. - c a g e a g t a - t g t t g -------- a t g t g a
3 1 1 
t t n c

a - - g c
a g t t g

a g c t c
g t t g g

t a g t g
a g a t e

a t e g e
t a

a t g -----

bp 1 3 1 0 - 1 3 3 9  
bp 1 3 4 0 - 1 3 5 8

Av e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e  = 407. 
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t .  I I  R e p e a t  E l e m e n t s  = 237.

A l i g n m e n t  of  t h e  p a r t i a l  n u c l e o t i d e  s e q u e n c e  of  t h e  33 c l o n e d  f r a g m e n t  
w i t h  t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  ( P r o s s e r  e t  a j . ,  1 9 8 6 ) .  The 
p o s i t i o n s  of  t h e  a l i g n e d  s e q u e n c e s  w i t h i n  t h e  c l o n e c f  33" f r a g m e n t  a r e  
i n d i c a t e d  i n  b a s e p a i r s  ( b p ) .  The p e r c e n t  c o n s e r v a t i o n  of  e a c h  s e q u e n c e  
a l i g n e d  w i t h  t h e  S a t  I I .  c o n s e n s u s  s e q u e n c e  i s  i n d i c a t e d .  The a v e r a g e  
p e r c e n t  c o n s e r v a t i o n  of  t h e  a l i g n e d  s e q u e n c e s  i s  c a l c u l a t e d ,  a s  i s  t h e  
p e r c e n t  of  t h e  s e q u e n c e  s eg m e n t  ( S I ,  bp 1 - 2 0 1 ;  S4,  bp 5 2 1 - 7 4 9 ;  S3,  bp 
7 5 0 - 9 0 6 ,  and S2,  bp 1 2 8 5 - 1 4 0 0 )  o r g a n i z e d  i n t o  S a t .  I I  s e q u e n c e s .  
N u c l e o t i d e s  w i t h i n  a S a t .  I I  c o n s e n s u s  s e q u e n c e  b l o c k  a r e  shown i n  
u p p e r  c a s e  l e t t e r s ;  n u c l e o t i d e s  t h a t  a r e  n o t  w i t h i n  a S a t .  I I  c o n s e n s u s  
s e q u e n c e  b l o c k  a r e  shown i n  l o we r  c a s e  l e t t e r s .  N u c l e o t i d e s  i n s e r t e d  
w i t h i n  a S a t .  I I  b l o c k  t h a t  do n o t  mat ch  t h e  c o n s e n s u s  s e q u e n c e  a r e  
shown i n  l o w e r  c a s e  l e t t e r s  a s  s u p e r s c r i p t s .
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TABLE X

A l i g n m e n t  of  t h e  pPDl 7 ,  HS3 and pHUR195 S e q u e n c e s  w i t h  t h e  S a t e l l i t e
I I  C o n s e n s u s  S e q u e n c e

S a t .  I I  C o n s e n s u s  ATTCC

pPD17 S e q u e n c e  
p o s i t i o n  ; X c o n s e r v .

£p5Pbp

ATTCB G/AGT/ACC ATTCG ATGATG

3 -  22; 927. ATTCC ATTAG ATTCC ATTCG ATGATG
2 9 -  51; 817. ATTCC ATTCG ATTCC ATTTG ATG —
5 2 -  77; 817. ATTGC ATTCT ATTTC ATTTG ATGATG
7 8 - 1 0 0 ; 857. ATTCC ATTCG AGTCC ACTCG ATG—

1 0 1 - 1 2 3 ; 817. ATTCC ATTCG AGTCC ATTCA TTG-----
1 2 4 - 1 4 9 ; 857. ATTCC ATTCG ATTTC ATTGG ATGATG
1 5 0 - 1 7 3 ; 857. ACTCC ATTCG AGTCC ATTCG TTG—
1 7 4 - 1 9 8 ; 817. ATTCC ATTGG AGTCC ATTTG ATTGTT
2 0 1 - 2 2 1 ; 717. ATTCG ATTCC ATTCG ATTCC T

A v e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e  = 
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t .  I I  R e p e a t  E l e m e n t s  -  98'/.

HS3 S e q u e n c e  
5 '  T e r m i n a l  S e q u e n c e  

p o s i t i o n  ; a/ . c o n s e r v .

827.

kP5P
fep5Pbp

17-  42;  
4 3 -  68;  
6 9 -  94;  
9 5 - 1 1 6 ;  

11 7 - 1 3 2 ;

857. ATTCC ATTCA ATACC AATTG
737. GTTAT TTTTG ATTCC ATTTG
547. ATTAC ATTCC ATTTC ATCAT
587. ATTCG ATTCC ACTCG'*9 ATTCC
757. ATTCG ATTCC ATTCA A

ATGATG
ATGATG
AATTCC

Av e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e  = 
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t .  I I  R e p e a t  E l e m e n t s  = 877.

HS3 S e q u e n c e  
I n t e r n a l  S e q u e n c e  

p o s i t i o n  ;7. c o n s e r v .

697.

bp 1 1 - 35; 
bp 3 7 -  62 ; 
bp 6 3 -  75;

697. AGTCC 
857. ATTCC 
857. TTTCC

AT-CC
ATTCG
ATTCG

ATTTC
TTTCA
ATT

ATTTC
ATTCG

ATGATA
ATGGTG

Av e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e  = 777. 
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t .  I I  R e p e a t  E l e m e n t s  = 847.

HS3 S e q u e n c e  
3 ’ T e r m i n a l  S e q u e n c e  

p o s i t i o n  ; 7 . co n s e r v .

bp 1-  23 887. TTC ATTCG ATT-C
bp 2 4 -  49 737. ATTCAt GCGCG ATT-C
bp 5 0 -  74 657. ACCCC -TTTC ATTCC
bp 7 5 -  92 897. 9ATTCC ATTCG GTTCC

ATTTG
ATTAG
ATTCA
AT

ATGATG
ATGATG
ATGGAG

Av e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e  = 757. 
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t .  I I  R e p e a t  E l e m e n t s  = 1007.
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pHuR195 S e q u e n c e  
5 '  T e r m i n a l  S e q u e n c e  

p o s i t i o n  \'k  c o n s e r v .

1-  18; 
19-  42 
4 3 -  67 
6 8 -  93 
9 4 - 1 2 2  

1 2 3 - 1 4 9  
150- 172  
1 7 3 -1 9 8  
199- 225  
2 2 6 -2 4 8  

bp 2 4 9 - 2 7 8  
bp 2 7 9 - 3 0 4  

3 0 5 -3 2 9  
3 3 0 -3 4 5

5P£P£P£P5P5P£pSpbp

bPbp

617. TA ATTCC CTTTA ATGATG
58% AATCC ATTTC ATTCA TTTCG GTA-----
62 7. TTTCA TTTA- ATTCC ATTCA ATAC-G
887. TTTCC ATTCC ATTCC ATTCG ATGATG
927. ATTCC ATTCG0 ATTCC ATTCG0 ATTAT-G
817. ATTCC ATTTA ATTCC ATTCG3 ATAATG
507. ATTCC TTAAG TGCTT ACCTG ATG—
857. AATAC ATTGG ATTCC ATTCG TTGATG
927. ATTCC ATTCG GGTTGC ATTCA ATGATG
697. ATTCC ATTCA ATTCC TTTCA TTG—
817. TTTCC ATTCA ATTCC ATTAC00 • ATt GATt G
737.
817.

ATTCC ATTTG ATTTG ATTCG ACAGTG
A-GCC ATTCG ATTCA ATTCC ATGATG

387. ATTCA ATTGG TTGAC A-------
927. TTTCC

ATTCC
ATTCG ATTCC ATTCG ATGATG

bp
£p£p£pbp

S e q u e n c e  
S e q u e n c e  

7. c o n s e r v .

bp 3 46- 371  
bp 3 7 2 -3 7 6

pHuR 195 
3 '  T e r m i n a l  

p o s i t i o n  
1 -  21 

2 2 -  44 
4 5 -  70 
7 1 -  93 
9 4 - 1 1 9  

bp 12 0 - 1 4 2  
bp 1 43- 167

Av e r a g e  P e r c e n t  C o n s e r v a t i o n  of  S a t .  I I  C o n s e n s u s  S e q u e n c e  = 757. 
P e r c e n t  of  S e q u e n c e  C o n t a i n i n g  S a t .  I I  R e p e a t  E l e m e n t s  = 997.

677.
737.

-------- CTTTG AATCC GTTCT CAGATG
ATTCC ATTCT AGCCC ATTTA ATG—

857. AATCC ATTCG ATTCT ATTCA ATGATG
657. ATTCC ATTCA TGTCG ATTTG GTT-----
887. ATTCC ATTTG ACTTC ATTTG ATGATG
737. ATTCC TTTCA AGTTC ATTAG ATG—
857. ATTCC ATTCG ATTCC ATTTG ATGAT

Al i q n me n t  of  S e q u e n c e s  pPD17 ( D e i n i n g e r  e t  a_l_. , 1 9 8 1 ) ,  HS3 (Cooke and 
H i n d l e y , 1979)  and pHUR 195 ( Moyz i s  e f  a i T  1987) w i t h  t h e  S a t .  I I
c o n s e n s u s  s e q u e n c e  ( P r o s s e r  e t  a l . , 1 9 8 6 ) .  m e  p e r c e n t  c o n s e r v a t i o n  
of  e a c h  s e q u e n c e  a l i g n e d  wiFh t h e  S a t .  I I  c o n s e n s u s  s e q u e n c e  i s  
i n d i c a t e d ,  l h e  a v e r a g e  p e r c e n t  c o n s e r v a t i o n  of  t h e  a l i g n e d  s e q u e n c e s
i s  c a l c u l a t e d ,  a s  i s  t h e  p e r c e n t  of  t h e  s e q u e n c e  s e g me n t  o r g a n i z e d
i n t o  Sa t  11.  s e q u e n c e s .  N u c l e o t i d e s  w i t h i n  a S a t .  I I  c o n s e n s u s  
s e q u e n c e  b l o c k  a r e  shown i n  u p p e r  c a s e  l e t t e r s ;  n u c l e o t i d e s  i n s e r t e d
w i t h i n  a S a t .  I I  c o n s e n s u s  s e q u e n c e  b l o c k  a r e  shown i n  l o we r  c a s e
l e t t e r s  a s  s u p e r s c r i p t s .  D a s h e s  i n d i c a t e  m i s s i n g  n u c l e o t i d e s .
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p r o g r a m s  d i d  n o t  r e v e a l  t h e  p r e s e n c e  of  open r e a d i n g  f r a m e s  w i t h i n  

t h e  SI s e q u e n c e .  Bas ed  upon t h i s  i n f o r m a t i o n ,  t h e  5 '  t e r m i n u s  of  

t h e  33 f r a g m e n t  i s  c o m p r i s e d  of  d e g e n e r a t e  S a t e l l i t e  I I - r e l a t e d  

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

D. S e q u e n c e  of  bp 5 2 1 - 7 4 9  of  t h e  33 F r a g m e n t ;  S e q u e n c e  S4

P l a s m i d  XL3, p o s s e s s i n g  t h e  l a r g e  750 bp H i n d l l l / X b a l  s eg men t  

o f  t h e  33 f r a g m e n t ,  i s  shown i n  F i g u r e  14. .  Two h u n d r e d  t w e n t y  e i g h t  

n u c l e o t i d e s  of  s u b c l o n e  XL3 DNA o r i g i n a t i n g  f rom t h e  Xbal  s i t e  were  

s e q u e n c e d  by Ms. K a t h i  McDowell  and a r e  shown a s  s e q u e n c e  S4 in 

T a b l e  VI .  The S4 s e q u e n c e  c o m p r i s e d  bp 5 2 1 - 7 4 9  of  t h e  33 f r a g m e n t .  

The b a s e  c o m p o s i t i o n  of  t h i s  f r a g m e n t ,  c a l c u l a t e d  i n  T a b l e  V I I I ,  

was 62.  77. A+T and 37.  37. G+C, showed t h a t  i t  i s  somewhat  A + T - r i c h .

A l i g n m e n t  of  t h e  S4 s e q u e n c e  w i t h  t h e  S a t e l l i t e  I I  c o n s e n s u s  

s e q u e n c e  ( T a b l e  XI) showed t h a t  i t  d i d  n o t  c o n t a i n  any S a t e l l i t e  I I  

c o n s e n s u s  s e q u e n c e  r e p e a t s  and s h a r e d  an a v e r a g e  of  o n l y  357. 

s e q u e n c e  homol ogy w i t h  t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e .  T h i s  

i n d i c a t e d  t h a t  bp 5 2 1 - 7 4 9  of  33 DNA was n o t  S a t e l l i t e  I I - d e r i v e d .  

Some 5 ' TTCATTCACTT 3 '  r e p e a t s  a r e  s u p e r i m p o s e d  upon t h e  S4 

s e q u e n c e .  A l i g n m e n t  of  t h e  S4 s e q u e n c e  w i t h  t h e  Alu c o n s e n s u s  

s e q u e n c e  ( D e i n i n g e r  e t  a l . . 1981)  u s i n g  t h e  NUCALN c o m p u t e r  p r o g r a m

d i d  n o t  r e v e a l  any a r e a s  of  e x t e n s i v e  homol ogy ,  No open r e a d i n g

f r a m e s  were  f o und  w i t h i n  t h e  S4 s e q u e n c e  u s i n g  t h e  ORF and 

TRANSLATION c o m p u t e r  p r o g r a m s .  T h i s  a n a l y s i s  showed t h a t  bp 5 2 1 - 7 4 9

of  t h e  33 f r a g m e n t  was a n o n c o d i n g  s e q u e n c e  t h a t  was n o t  d e r i v e d

f rom e i t h e r  S a t e l l i t e  I I  or  Alu e l e m e n t  DNA.
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E. S e q u e n c e  of  bp 7 5 0 -9 0 6  of  t h e  33 F r a g m e n t s  S e q u e n c e  S3

P l a s m i d  HX3 c o n t a i n e d  a s m a l l  650 bp H i n d l l l / X b a l  s e g me n t  of  

33 DNA ( F i g u r e  1 4 ) .  One h u n d r e d  f i f t y  s i x  n u c l e o t i d e s  (bp 7 5 0 - 9 0 6  

of  33 DNA) of  s u b c l o n e  HX3 o r i g i n a t i n g  f rom t h e  Xbal  s i t e  were  

s e q u e n c e d  (S3 i n  T a b l e  V I ) .  The 156 bp S3 s e q u e n c e  i s  somewhat

A + T - r i c h  i n  t h a t  i t s  b a s e  c o m p o s i t i o n  i s  66.  77. A+T and 3 3 . 3  7. G+C 

( T a b l e  V I I ) .

A l i g n m e n t  of  t h e  S3 s e q u e n c e  w i t h  t h e  S a t e l l i t e  I I  c o n s e n s u s  

s e q u e n c e  ( T a b l e  IX) showed t h a t  i t  c o n t a i n e d  o n l y  two c o m p l e t e  

2 6 - n u c l e o t i d e  r e p e a t s  t h a t  c o n s e r v e d  597. and 547., r e s p e c t i v e l y ,  of  

t h e  c o n s e n s u s  s e q u e n c e  r e s i d u e s .  The S3 s e q u e n c e  a l i g n e d  o v e r a l l  

w i t h  t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  w i t h  an a v e r a g e  427. 

h o mo l o g y ,  and c o u l d  n o t  be c l a s s i f i e d  a s  a S a t e l l i t e  1 1 - d e r i v e d  

s e q u e n c e .  A l i g n m e n t  w i t h  t h e  Alu c o n s e n s u s  s e q u e n c e  s u g g e s t e d  t h a t  

t h e  t e r m i n a l  3'AAAAA r e g i o n  of  t h e  S3 s e q u e n c e  p r o b a b l y  r e p r e s e n t  

p a r t  of  t h e  dAMP- r i ch  r e g i o n  a t  t h e  3 '  end of  t h e  Alu c o n s e n s u s  

s e q u e n c e  ( D e i n i n g e r  e t  a l . , 1981;  Schmid and J e l i n e k ,  1 9 8 2 ) .  I f  s o ,  

t h e  Alu e l e m e n t  w i t h i n  33 DNA i s  o r i e n t e d  i n  an " i n v e r t e d "

p o s i t i o n ,  t h a t  i s ,  t h e  Alu e l e m e n t  i s  r e v e r s e d  ( 3 ' — > 5 ' )  in

o r i e n t a t i o n  w i t h  r e s p e c t  t o  t h e  o r i e n t a t i o n  of  t h e  r e s t  of  t h e  33 

DNA s e q u e n c e  ( F i g u r e  3 ) .  Alu s e q u e n c e  i n v e r s i o n  i s  n o t  u n u s u a l  in 

t h e  human genome (Schmid and J e l i n e k ,  1982;  Ts u k ad a  e t .  a l . , 1982;  

Lehrman et_ a l . .  1 9 8 5 ) .  The 3 '  end of  t h e  Alu e l e m e n t  o c c u r s  a t

a p p r o x i m a t e l y  bp 900 of  33 DNA. T h i s  p o s i t i o n  i s  i n  a g r e e m e n t  w i t h  

S o u t h e r n  b l o t  ( F i g u r e  13) and r e s t r i c t i o n  map ( F i g u r e  3) d a t a  which
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mapped t h e  Alu e l e m e n t  b e t w e e n  a p p r o x i m a t e l y  bp 9 0 0 - 1 2 0 0 .  The 3 '  

end of  t h e  Alu e l e m e n t  i s  a t  '''bp 900 and th e  5 ' end i s  a t  '''bp 1200.

The ORF and TRANSLATION c o m p u t e r  p r o g r a m s  i d e n t i f i e d  a s h o r t  

open r e a d i n g  f r a m e  b e t w e e n  bp 2 - 61  of  t h e  S3 s e q u e n c e  (bp 752-811  

of  t h e  33 f r a g m e n t  s e q u e n c e ) .  The 1 9 - r e s i d u e  p e p t i d e  s e q u e n c e  was 

t r a n s l a t e d  a s :

M E T - A 1 a - I I e - L y s - A s n - A l a - S e r - S e r - G l u - L e u - A r g - T h r - S e r - A s n - A r g - G l y - A s n -  

I l e - L e u - T E R ,

whe r e  MET = ATG (AUG) and TER = TAA (UAA). A s ec o n d  t e r m i n a t i o n  

c o d o n ,  TAA (UAA), o c c u r s  f u r t h e r  d o w n s t r e a m  i n  t h e  S3 s e q u e n c e  

b e t w e e n  bp 79-81  (bp 8 2 9 - 8 3 1  of  t h e  33 f r a g m e n t  s e q u e n c e ) .

I n s p e c t i o n  of  s e q u e n c e s  u p s t r e a m  ( w i t h i n  t h e  34 s e q u e n c e  

c o m p r i s i n g  bp 5 2 1 - 7 4 9  of  t h e  33 f r a g m e n t )  of  t h e  S3 ORF showed t h a t  

a t r a n s c r i p t i o n  i n i t i a t i o n  "TATA" e l e m e n t  e x i s t e d  b e t w e e n  bp 

7 1 8 - 7 2 3  of  t h e  33 f r a g m e n t ,  30 bp u p s t r e a m  of  t h e  t r a n s l a t i o n  s t a r t  

s i t e  ( Corden  e t .  a l . . 1 9 8 0 ) .  No v a r i a n t s  of  t h e  "CAATT"-box were

o b s e r v e d  b e t w e e n  40 and 110 bp u p s t r e a m  of  t h e  t r a n s l a t i o n  s t a r t  

s i t e  (McKnight  and K i n g s b u r y ,  1 9 8 2 ) .  The p o l y - A +  a d d i t i o n  s e q u e n c e  

r e c o g n i t i o n  e l e m e n t ,  "AATAAA", was n o t  e v i d e n t  ( P r o u d f o o t  and 

B r o w n l e e ,  1 9 7 6 ) .  T h i s  s u g g e s t s  t h a t  t r a n s c r i p t i o n  and t r a n s l a t i o n  

of  t h e  p u t a t i v e  S3 ORF d o e s  n o t  o c c u r  in.  v i v o .

F . S e q u e n c e  of  bp 1 2 8 5 - 1 4 0 0  of  t h e  33 F r a g m e n t :  S e q u e n ce  S'2

The i n i t i a l  115 n u c l e o t i d e s  of  t h e  3 ’ end of  t h e  33 f r a g m e n t
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we r e  s e q u e n c e d  w i t h i n  p l a s m i d  5N. The s e q u e n c e ,  S2 ,  i s  p r e s e n t e d  i n  

T a b l e  VI and i t s  b a s e  c o m p o s i t i o n  i s  c a l c u l a t e d  i n  T a b l e  V I I .  The 

b a s e  c o m p o s i t i o n  o f  t h e  s e q u e n c e  S2 i s  55 .8 '/. A+T and 44 .2 '/. G+C.

T h e s e  v a l u e s  a r e  n e a r  t h o s e  f o r  human p l a c e n t a l  DNA, i n d i c a t i n g

t h a t  t h e  3 '  t e r m i n u s  i s  n o t  p a r t i c u l a r l y  A+T- or  G + C - r i c h .

The S2 s e q u e n c e  was e s t a b l i s h e d  o v e r  f i v e  s e q u e n c i n g  t r i a l s  

u s i n g  s u b c l o n e  5N and one  t r i a l  u s i n g  t h e  c l o n e d  33 f r a g m e n t  i t s e l f  

i n  c o n j u n c t i o n  w i t h  a H i n d l l l  ( c o u n t e r c l o c k w i s e )  pBR322 p r i m e r

( P r o m e g a ) .  T o g e t h e r ,  t h e  s i x  e x p e r i m e n t s  p r o d u c e d  one s h o r t  c l e a r

s e q u e n c e  c o m p r i s i n g  n u c l e o t i d e s  1 2 8 5 - 1 4 0 0  of  33 DNA. I t  i s  n o t  

known why t h e  3 '  end of  t h e  33 f r a g m e n t  was d i f f i c u l t  t o  s e q u e n c e ,  

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

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

s e q u e n c e s  t h a t  may h a v e  i n t e r f e r e d  w i t h  s e q u e n c i n g  (Chen and 

S e e b u r g ,  1 9 8 5 ) .

A l i g n m e n t  of  t h e  S2 s e q u e n c e  w i t h  t h e  S a t e l l i t e  I I  c o n s e n s u s  

s e q u e n c e  showed t h a t  i t  c o n t a i n e d  one  S a t e l l i t e  I I  2 6 - n u c l e o t i d e  

r e p e a t  t h a t  c o n s e r v e d  697. of  t h e  c o n s e n s u s  s e q u e n c e  r e s i d u e s  ( T a b l e  

IX) .  The r e s t  of  t h e  s e q u e n c e  d i d  n o t  c o n t a i n  S a t e l l i t e  I I - t y p e

r e p e a t s ,  and t h e  a l i g n m e n t  of  S2 w i t h  t h e  S a t e l l i t e  I I  c o n s e n s u s  

s e q u e n c e  showed t h a t  o n l y  an a v e r a g e  407. of  t h e  c o n s e n s u s  r e s i d u e s  

were  p r e s e n t .  A l i g n m e n t  of  t h e  S2 s e q u e n c e  w i t h  t h e  Alu c o n s e n s u s  

s e q u e n c e  ( D e i n i n g e r  e t  a l r - 1981)  u s i n g  t h e  NUCALN c o m p u t e r  p r o g r am 

d i d  n o t  r e v e a l  any a r e a s  of  e x t e n s i v e  h o mol ogy .  No open r e a d i n g  

f r a m e s  we r e  f o u n d  w i t h i n  t h e  S2 s e q u e n c e  u s i n g  t h e  ORF and
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TRANSLATION c o m p u t e r  p r o g r a m s .

G. C o r r e l a t i o n  of  33 F r a g m e n t  RE S i t e s  w i t h  S e q u e n c i n g  Da t a

O t h e r  RE s i t e s  we r e  p r e s e n t  i n  a d d i t i o n  t o  t h o s e  o b s e r v e d  i n

r e s t r i c t i o n  d i g e s t s  o f  33 DNA. Bas ed  on t h e  s e q u e n c e  of  33 DNA, 

A l u l  s i t e s  o c c u r r e d  a t  bp 1 8 3 -1 8 6  ( w i t h i n  t h e  mapped P v u I I  s i t e )  

and bp 8 8 9 -8 9 3 , i n  a d d i t i o n  t o  t h e  s i t e  p r e v i o u s l y  mapped a t  

a p p r o x i m a t e l y  bp 1100.  A H a e l l l  s i t e  o c c u r r e d  a t  bp 7 4 0 - 7 4 3  i n  

a d d i t i o n  t o  t h e  one  p r e v i o u s l y  mapped a t  a p p r o x i m a t e l y  bp 450.  A 

H i n f l  s i t e  o c c u r r e d  a t  bp 6 2 3 - 6 2 7  i n  a d d i t i o n  t o  t h e  s i t e  

p r e v i o u s l y  mapped - a t  a p p r o x i m a t e l y  bp 5 5 0 . RE s i t e s  n o t  p r e v i o u s l y  

mapped i n  33 DNA b u t  e v i d e n t  f r om t h e  s e q u e n c e  d a t a  i n c l u d e d  a TaqI  

s i t e  a t  bp 5 6 0 - 5 6 3 ,  a B g l l l  s i t e  a t  bp 1 3 9 4 - 1 4 0 0  and a Xbal  s i t e  a t

bp 1 7 1 - 1 7 6 .  H i n f l ,  T a q I ,  H a e l l l ,  H i n c l  and Hpal  s i t e s  t h a t  o c c u r

w i t h i n  t h e  Alu e l e m e n t  c o n s e n s u s  s e q u e n c e  may a l s o  be p r e s e n t  i n  

t h e  33 DNA Alu e l e m e n t .

H . Summary;  P a r t i a l  N u c l e o t i d e  Base  S e q u e n c e  of  33 DNA

The n u c l e o t i d e  b a s e  s e q u e n c e s  f o r  f o u r  p o r t i o n s  of  t h e  33 

f r a g m e n t  we re  d e t e r m i n e d .  The f i r s t  s e q u e n c e ,  S I ,  c o m p r i s e d  bp

I - 2 0 1  Qf 33 DNA. The S I  s e q u e n c e  i m p e r f e c t l y  c o n s e r v e s  t h e  

2 6 - n u c l e o t i d e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e ,  p e r m i t t i n g

c l a s s i f i c a t i o n  of  t h e  SI s e q u e n c e  a s  a h i g h l y  d e g e n e r a t e  S a t e l l i t e

I I - d e r i v e d  r e p e a t  e l e m e n t .  No homol ogy t o  t h e  Alu e l e m e n t  c o n s e n s u s  

s e q u e n c e  o r  e v i d e n c e  of  c o d i n g  r e g i o n s  were  f o u n d  w i t h i n  t h e  SI 

s e q u e n c e .  The s e c o n d  s e q u e n c e ,  S4,  c o m p r i s e d  bp 5 2 1 - 7 4 9  of  t h e  33 

f r a g m e n t .  The S4 s e q u e n c e  was a n o n c o d i n g  r e g i o n  whi ch was n o t
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d e r i v e d  f r om S a t e l l i t e  I I  o r  Alu e l e m e n t  DNA. The t h i r d  s e q u e n c e ,  

S3,  c o m p r i s e d  bp 7 5 0 -9 0 5  of  t h e  33 f r a g m e n t ,  The S3 s e q u e n c e  

t e n t a t i v e l y  l o c a l i z e d  t h e  3 '  end of  t h e  Alu e l e m e n t  t o  t h e  S3 5 '  

e n d ,  s u g g e s t i n g  t h a t  t h e  Alu e l e m e n t  e x i s t s  i n  an i n v e r t e d  

o r i e n t a t i o n  w i t h i n  33 DNA. S3 p o s s e s s e d  a s h o r t  o r f  c o d i n g  f o r  a 

1 9 - r e s i d u e  p e p t i d e .  A c t u a l  t r a n s c r i p t i o n  and t r a n s l a t i o n  of  t h e  S3 

o r f ,  h o w e v e r ,  c a n n o t  be d e m o n s t r a t e d  due  t o  t h e  l a c k  of  

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

s e q u e n c e s .  The f o u r t h  s e q u e n c e ,  S2,  c o m p r i s e d  bp 1 2 8 5 - 1 4 0 0  of  t h e  

33 f r a g m e n t .  S2 showed l i t t l e  homol ogy t o  t h e  S a t e l l i t e  11 or  Alu 

c o n s e n s u s  s e q u e n c e s  and d i d  n o t  p o s s e s s  any open r e a d i n g  f r a m e s .  I t  

i s  a n o n - c o d i n g ,  n o n - r e p e t i t i v e  s e q u e n c e .

V I I I .  Genomic O r g a n i z a t i o n  of  t h e Sa t e l l i t e  I I  Compo n e n t  o f 33 DNA.

The r e s u l t s  of  S o u t h e r n  b l o t  e x p e r i m e n t s  t e n t a t i v e l y  a s s i g n e d

S a t e l l i t e  s e q u e n c e s  t o  t h e  33 f r a g m e n t .  T h i s  a s s i g n m e n t  was

c o n f i r m e d  by i d e n t i f i c a t i o n  of  a d e g e n e r a t e  S a t e l l i t e  I I  el ement ,  

w i t h i n  bp 1-201 of  t h e  33 s e q u e n c e .  The d e g e n e r a t e  S a t e l l i t e  I I

e l e m e n t  was p r e s e n t  i n  t h e  o t h e r  S u b c l a s s  1 c l o n e d  f r a g m e n t s  and

i t s  genomi c  o r g a n i z a t i o n  was d e t e r m i n e d  u s i n g  pi  asmi  d XL3, 

c o n t a i n i n g  bp 1 -750  of  33 DNA.

A, Re l a t i o n s h i p  of XL3 t o  S a t e l l i t e I I - R e l a t e d  C l o ned F r a gmen t s

S o u t h e r n  b l o t  a n a l y s i s  showed t h a t  s u b c l a s s  1 c l o n e d  2,  1), 103 

and 20A f r a g m e n t s  s h a r e d  homol ogy w i t h  t h e  33 S a t e l l i t e  I I  

s u b c l o n e d  XL3 f r a g m e n t .  Th i s  s u g g e s t e d  t h a t  t h e  S u b c l a s s  1 c l o n e d
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DNAs a l s o  p o s s e s s e d  S a t e l l i t e  s e q u e n c e s  i n  a s s o c i a t i o n  w i t h  an Alu 

e l e m e n t .

R a d i o l a b e l l e d  XL3 DNA was h y b r i d i z e d  t o  BLUR 8 and o t h e r  DNAs 

c l o n e d  f r om S a t e l l i t e  I I  and S a t e l l i t e  I I  f r a c t i o n s  ( F i g u r e  15 ) .  

The s u b c l o n e d  XL3 f r a g m e n t  d e m o n s t r a t e d  homol ogy w i t h  S u b c l a s s  1

c l o n e d  3 3 ,  2 ,  103 and 20A DNAs ( F i g u r e  16,  A and B) .  S p e c i f i c a l l y ,

XL3 DNA h y b r i d i z e d  t o  t h e  1500 bp EcoRI and 1200 bp Hi n d 1 1 1 / Ec o RI  

f r a g m e n t s  of  p l a s m i d  2;  t h e  1500 and 1200 bp Hind 111 / EcoRI

f r a g m e n t s  of  p l a s m i d  103 and t h e  1200 bp H i n d l l l / X b a l  f r a g m e n t  of 

p l a s m i d  20A. T h e s e  s e q u e n c e s  a r e  i n d i c a t e d  by t h e  a r r o w s  i n  F i g u r e  

16,  A and B. Homology t o  p l a s m i d  D i s  p r o b a b l e ,  b u t  o b s c u r e d  due t o  

e x c e s s i v e  n o n s p e c i f i c  s i g n a l  i n  t h a t  a r e a  of  t h e  b l o t .  The

r e l a t i o n s h i p  of  t h e  XL3 f r a g m e n t  o t  t h e  S a t e l l i t e  I I - r e l a t e d  c l o n e s  

i s  s u mma r i z e d  i n  T a b l e s  I I I  and IV. In a s i m i l a r  e x p e r i me n t . ,

r a d i o l a b e l l e d  Alu e l e m e n t - c o n t a i n i n g  BLUR 8 DNA was h y b r i d i z e d  t o  

an i d e n t i c a l  g e l  ( F i g u r e s  15 and 16 ) .  I t  i s  e v i d e n t  f rom t h a t  BLUR 

8 DNA h y b r i d i z e d  t o  t h e  1500 bp EcoRI and 1200 bp H i n d l 1 1 / E c o R I  of  

p l a s m i d  2,  t h e  1500 bp and 1200 bp H i n d l l l / E c o R I  f r a g m e n t s  of

p l a s m i d  103 and t h e  1200 bp H i n d l l I / X b a l  f r a g m e n t  of  2 0 a DNA

( i n d i c a t e d  by t h e  a r r o w s  i n  F i g u r e  16 C) .  H y b r i d i z a t i o n  of  BLUR 8

DNA t o  33 DNA, b u t  n o t  t o  XL3 DNA, was e v i d e n t ,  b u t  i s  no t  shown 

due  t o  e x c e s s i v e  s i g n a l  on t h i s  h a l f  of  t h e  b l o t .  The BLUR 8 

h o m o l o g i e s  a r e  s u mma r i z e d  i n  T a b l e s  I I I  and IV.

Co mp a r i s o n  of  t h e  h y b r i d i z a t i o n  of  XL3 and BLUR 8 DNA t o  

p a n e l s  of  S a t e l l i t e  I l - r e l a t e d  c l o n e d  f r a g m e n t s  showed t h a t  t h e
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FIGURE 15.  P a n e l  of  S a t e l l i t e  I I - R e l a t e d  and O t h e r  C l oned  DNAs.

The ge l  shown i s  t h e  one u s e d  i n  t h e  S o u t h e r n  a n a l y s i s  shown i n  
F i g u r e  16 A. and B. The DNA s a m p l e s  we r e  d i g e s t e d  w i t h  r e s t r i c t i o n  
enzyme and e l e c t r o p h o r e s e d  t h r o u g h  a 1.07. a g a r o s e  g e l .  The g e l  was 
s t a i n e d ,  v i s u a l i z e d  and p h o t o g r a p h e d  a s  d e s c r i b e d  i n  M a t e r i a l s  and 
Me t h o d s .  The ge l  c o n t a i n e d  2 ug e a c h  of  p l a s m i d  XL3 d i g e s t e d  w i t h  
Hind111 (Lane  1 ) ,  BLUR 8 d i g e s t e d  w i t h  BamHI (Lane  2 ) ,  33 d i g e s t e d  
w i t h  Hi nd 111 (Lane 3 ) ,  73 d i g e s t e d  w i t h  Hi nd 111 + Xbal  (Lane  4 ) ,  33 
d i g e s t e d  w i t h  Hi n d111 + Xbal  (Lane  5 ) ,  5 d i g e s t e d  w i t h  H i n d l l l  +
Xbal  (Lane  6 ) ,  20 d i g e s t e d  w i t h  Hi nd 111 + Xbal  (Lane  7 ) ,  43
d i g e s t e d  w i t h  Hi nd111 + Xbal  (Lane  8 ) ,  36 d i g e s t e d  w i t h  Hi nd 111 +
EcoRI (Lane 9 ) ,  103 d i g e s t e d  w i t h  Hi nd 111 + EcoRI (Lane  1 0 ) ,  2
d i g e s t e d  w i t h  Hi nd111 + EcoRI (Lane  1 1 ) ,  D d i g e s t e d  w i t h  H i n d l l l  + 
EcoRI (Lane 1 2 ) ,  C d i g e s t e d  w i t h  H i n d l l l  (Lane  1 3 ) ,  16 d i g e s t e d  
w i t h  H i n d l l l  + EcoRI (Lane  14) and l ambda  DNA d i g e s t e d  w i t h  H i n d l l l  
(Lane 1 5 ) .  The l e n g t h s  of  t h e  f r a g m e n t s  p r o d u c e d  by d i g e s t i o n  of 
l ambda  DNA w i t h  H i n d l l l  a r e  2 3 . 0 ,  9 . 6 4 ,  6 . 6 4 ,  4 . 3 4 ,  2 . 2 6 ,  1 . 9 8  and
0 . 5 6  ( b a r e l y  v i s i b l e )  kb and were  u s e d  f o r  r e f e r e n c e  a s  m o l e c u l a r
w e i g h t  m a r k e r s .
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F10 URE 16.  S o u t h e r n  A n a l y s i s :  Homology of  XL3 and BLUR 8 t o
R e s t r i c t i o n  F r a g m e n t s  of  S a t e l l i t e  I I - R e l a t e d  DNfts.

100 ng ea c h  XL3 and SLUR 8 p l a s m i d s  we r e  l i n e a r i z e d  w i t h  H i n d l l l
and r a d i o l a b e l l e d  w i t h  o< 3:2PdATP u s i n g  r andom p r i m e r  e x t e n s i o n  t o
s p e c i f i c  a c t i v i t i e s  of  6 . 0  x 107 and 4 x 10s cp m/ u g ,
r e s p e c t i v e l y .  The XL3 p r o b e  was h y b r i d i z e d  t o  t h e  S o u t h e r n  t r a n s f e r  
o f  t h e  1.0'/. a g a r o s e  g e l  shown i n  F i g u r e  15.

A. 72 h o u r  and B. 36 h o u r  e x p o s u r e s ,  r e s p e c t i v e l y ,  of  t h e
X L 3 - h y b r i d i z e d  b l o t .  The BLUR 8 p r o b e  was h y b r i d i z e d  t o  t h e
S o u t h e r n  t r a n s f e r  of  a 1.0 '/. a g a r o s e  ge l  i d e n t i c a l  t o  t h a t  shown in 
F i g u r e  15.

C. Four  hour  e x p o s u r e  of  t h e  BLUR 8 - h y b r i d i z e d  b l o t .  Ar rows
i n d i c a t e  p o s i t i o n s  of  t h e  1200 bp H i n d l l l / X b a l  f r a g m e n t  of  20A; t h e
1200 and 1500 bp H i n d 1 1 1 / E c o R I  f r a g m e n t s  of  103,  and t h e  1200 bp
Hind 111 / EcoRI  and 1500 bp EcoRI f r a g m e n t s  of  2.  The x ' s  i n d i c a t e
a r t e f a c t s  and do n o t  c o r r e s p o n d  t o  any DNA f r a g m e n t s  shown on t h e
g e l  i n  F i g u r e  14.  H y b r i d i z a t i o n  and w a s h i n g  were  a t  5 5 - 6 0 “ C as  
d e s c r i b e d  i n  M a t e r i a l s  and Me t h o d s .  The a u t o r a d i o g r a m s  were
p r o d u c e d  by e x p o s u r e  of  t h e  b l o t  f i l t e r s  f o r  t h e  i n d i c a t e d  t i m e s  a t  
-70° C w i t h  an i n t e n s i f y i n g  s c r e e n .
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d e g r e e  of  homol ogy b e t w e e n  XL3 DNA and t h e  S u b c l a s s  1 c l o n e d  DNAs

i s  n o t  h i g h .  BLUR 8 - S u b c l a s s  I h o m o l o g i e s  we r e  e v i d e n t  a f t e r  a 4

h o u r  e x p o s u r e  of  t h e  S o u t h e r n  b l o t ,  b u t  X L 3 - S u b c l a s s  1 h o m o l o g i e s  

we r e  e s t a b l i s h e d  w i t h  36 and 72 hour  e x p o s u r e s .  D i f f e r e n c e s  i n  

p r o b e  s p e c i f i c  a c t i v i t i e s  o r  p r o b e  s i z e  d i d  n o t  a c c o u n t  f o r  

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

t o  S u b c l a s s  1 member s .  T h e s e  e x p e r i m e n t s  i n d i c a t e  t h a t  some 

homol ogy  e x i s t s  b e t w e e n  XL3 s e q u e n c e s  and s p e c i f i c  r e s t r i c t i o n  

f r a g m e n t s  of  S u b c l a s s  1 DNAs 2 ,  103 and 20A,  b u t  t h e  homology i s  

g r e a t e r  t o  BLUR 8 Alu e l e m e n t  DNA. XL3 DNA homol ogy t o  2 ,  103 and

20A DNA r e s t r i c t i o n  f r a g m e n t s  s u g g e s t s  t h a t  b o t h  t h e  S a t e l l i t e  and

Alu e l e m e n t s  c o e x i s t  w i t h i n  Subc l  a s s  1 DNAs, and t h a t  b o t h  

r e p e t i t i v e  e l e m e n t s  s p e c i f i c a l l y  o c c u r  w i t h i n  t h e  1200 bp 

r e s t r i c t i o n  f r a g m e n t s  of  p l a s m i d s  2 and 20A and t h e  1500 bp 

r e s t r i c t i o n  f r a g m e n t s  of  p l a s m i d s  2 and 103.  T h i s  s u g g e s t s  t h a t  a 

S a t e l l i t e  I l - A l u  a s s o c i a t i o n  o c c u r s  t w i c e  w i t h i n  t h e  2 and 103 

f r a g m e n t s .  Alu e l e m e n t s  h a v e  been  f o und  a s s o c i a t e d  w i t h  A+ T - r i c h  

r e g i o n s  ( H y r i e n  e t  a 1 . T 1987)  and w i t h  S a t e l l i t e  I DNA (Frommer et_ 

a l . . 1 9 8 4 ) ,  b u t  n o t  w i t h  S a t e l l i t e  I I  DNA. The s p e c i f i c  S a t e l l i t e

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

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

B. Genomic D i s t r i b u t i o n  of  XL3 DNA; S o u t h e r n  B l o t  A n a l y s i s  of 

Genomic DNA

S o u t h e r n  b l o t  a n a l y s i s  h y b r i d i z i n g  t h e  XL3 f r agment ,  t o  t o t a l  

human genomi c  DNA d i g e s t e d  w i t h  v a r i o u s  r e s t r i c t i o n  e n d o n u c l e a s e s
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showed t h a t  XL3 DNA was a member of  t h e  l a r g e  f a m i l y  of  S a t e l l i t e

I I - r e l a t e d  s e q u e n c e s ,  s p e c i f i c a l l y ,  t h e  non Y - s p e c i f i c  

S a t e l l i t e - a s s o c i a t e d  3 , 4  kb H a e l l l  f a m i l y  of  r e p e a t s .  S i n c e  XL3 DNA 

p o s s e s s e d  r e p e t i t i v e  S a t e l l i t e  I I  s e q u e n c e s ,  i t  was p o s s i b i l e  t h a t  

t h e  XL3 s e q u e n c e  woul d  h y b r i d i z e  t o  many genomi c  f r a g m e n t s ,  and 

e x h i b i t  d e g r e e s  of  homol ogy  t o  genomi c  DNA r a n g i n g  f rom v e r y  h i g h  

( i d e n t i c a l  s e q u e n c e s )  t o  v e r y  low ( m i s m a t c h e d  s e q u e n c e s )  ( M i t c h e l l  

e t  a l . , 1 9 7 9 ) .  To t e s t  t h e s e  p o s s i b i l i t i e s ,  e a c h  genomi c  DNA

S o u t h e r n  b l o t  a n a l y s i s  was c o n d u c t e d  u s i n g  c o n d i t i o n s  d e f i n e d  by 

d i f f e r e n t  t e m p e r a t u r e s  of  h y b r i d i z a t i o n :  r e l a x e d  ( 5 0 ° C ) ,

i n t e r m e d i a t e  ( 6 0 ° )  and s t r i n g e n t  ( 7 2 ° ) .  A l t e r i n g  t h e  

h y b r i d i z a t i o n  c o n d i t i o n s  d i f f e r e n t i a t e d  h o m o l o g i e s  of  XL3 DNA t o  a 

v a r i e t y  of  a b u n d a n t  S a t e l l i t e - c o n t a i n i n g  genomi c  f r a g m e n t s  and more 

X L 3 - s p e c i f i c  genomi c  f r a g m e n t ’s .

1. H y b r i d i z a t i o n  of  S u b c l o n e  XL3 t o  Genomic DNA Us i no  Re l a x e d  

C o n d i t i o n s

H y b r i d i z a t i o n  of  t h e  XL3 f r a g m e n t  t o  genomi c  DNA u s i n g  

r e l a x e d  c o n d i t i o n s  showed t h a t  XL3 DNA was h o mo l o g o u s  t o  many,  

p r e s u m a b l y  S a t e l l i t e  I l - a s s o c i a t e d ,  genomi c  f r a g m e n t s .  

R a d i o l a b e l l e d  XL3 DNA was h y b r i d i z e d  t o  mal e  human p l a c e n t a l  DNA 

d i g e s t e d  w i t h  EcoRI ,  BamHl , Pvul  I , P s t I ,  Xb a l ,  T a q I ,  H a e l l l ,  Kpnl ,  

Hpal  or  H i n f l  ( F i g u r e  1 7 ) .

N o n s p e c i f i c  p r o b e - f i l t e r  b i n d i n g  was a p r o b l e m  u s i n g  low 

t e m p e r a t u r e  h y b r i d i z a t i o n  and wa s h i n g  c o n d i t i o n s ,  l 'he t o p  p o r t i o n  

of  t h e  b l o t ,  c o m p r i s i n g  genomi c  f r a g m e n t s  >4000 bp i n  l e n g t h ,  was
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FIGURE 17.  S o u t h e r n  B l o t  A n a l y s i s  of  t h e  XL3 F r a g m e n t ;  
H y b r i d i z a t i o n  t o  Genomic DNA u s i n o  R e l a x e d  C o n d i t i o n s .

100 ng p l a s m i d  XL3 was r a d i o l a b e l l e d  wi tho<. 3 2 PdATP u s i n g  r andom 
p r i m e r  e x t e n s i o n  t o  a s p e c i f i c  a c t i v i t y  of  2 . 5  x 10s cpm/ ug  and 
h y b r i d i z e d  t o  t h e  S o u t h e r n  t r a n s f e r  o f  a 1.07. a g a r o s e  g e l .  The g e l  
c o n t a i n e d  8 ug e a c h  human p l a c e n t a l  DNA d i g e s t e d  w i t h  EcoRI (Lane  
2 ) ,  BamHI (Lane  3 ) .  P v u I I  (Lane  4 ) ,  P s t I  (Lane  5 ) ,  Xbal  (Lane  6 ) ,
TaqI  (Lane 7 ) ,  Kpnl  (Lane  8 ) ,  Hpal  (Lane  9 ) ,  H i n f l  (Lane  1 0 ) ;  2 
e a c h  ug p l a s m i d  33 d i g e s t e d  w i t h  H i n d l l l  ( Lane  1,  n o t  shown)  and
H i n d l l l  + P v u I I  (Lane  11,  n o t  s h o w n ) ,  and 2 ug l ambda  DNA d i g e s t e d
w i t h  H i n d l l l  (Lane  12,  n o t  s h o wn ) .  The l e n g t h s ,  i n  kb,  of  t h e  
H i n d l l l - d i g e s t e d  l amb d a  DNA f r a g m e n t s  a r e  shown f o r  r e f e r e n c e  as  
m o l e c u l a r  w e i g h t  m a r k e r s .  H y b r i d i z a t i o n  and w a s h i n g  we re  a t  50°C
as  d e s c r i b e d  i n  M a t e r i a l s  and Me t h o d s .  The a u t o r a d i o g r a m  was
p r o d u c e d  by e x p o s u r e  o f  t h e  b l o t  f o r  36 h o u r s  a t  -7 0 °C  w i t h  an 
i n t e n s i f y i n g  s c r e e n .  Only t h e  l o we r  p o r t i o n  of  t h e  a u t o r a d i o g r a m  i s  
shown t o  e l i m i n a t e  v e r y  h i g h  b a c k g r o u n d  s i g n a l  i n  t h e  u p p e r  
p o r t i  on.
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g e n e r a l l y  o b s c u r e d  and i s  o m i t t e d  f r om F i g u r e  17.  The 33 DNA 

h y b r i d i z a t i o n  s i g n a l  was v e r y  i n t e n s e  i n  a l l  b u t  t h e  s h o r t e s t  (16 

h o u r )  e x p o s u r e  a u t o r a d i o g r a p h  and i s  o m i t t e d  f rom t h e  36 h o u r  

e x p o s u r e  shown i n  F i g u r e  17 t o  e n h a n c e  t h e  c l a r i t y  of  t h e  r e m a i n i n g  

p o r t i o n  of  t h e  b l o t .

XL3 DNA s p e c i f i c a l l y  h y b r i d i z e d  t o  genomi c  6400 ( n o t  shown) 

and 1000 bp EcoRI f r a g m e n t s ;  2 3 0 0 ,  1300 and 1000 bp BamHI

f r a g m e n t s ;  a 1000 bp P v u I I  f r a g m e n t ;  4500 ( n o t  s h o wn ) ,  1900,  400 bp 

and s m a l l ,  <400 b p ,  H a e l l l  f r a g m e n t s ;  2800  and 1400 bp K p n l ,  Hpal  

and H i n f l  f r a g m e n t s ,  and an a d d i t i o n a l  1100 H i n f l  f r a g m e n t .

H y b r i d i z a t i o n  of  t h e  33 f r a g m e n t  t o  1000 and 1400 bp genomi c  

f r a g m e n t s  was p r e v i o u s l y  shown ( s e e  F i g u r e  1 2 ) .  The o b s e r v a t i o n  

t h a t  t h e s e  same s e q u e n c e s  we re  e v i d e n t  i n  h y b r i d i z a t i o n  of  t h e  XL3 

f r a g m e n t  t o  genomi c  DNA shows  t h a t  t h e  homol ogy t o  33 DNA i s  

a s s o c i a t e d  w i t h  XL3, r a t h e r  t h a n  Al u ,  s e q u e n c e s .  An i n t e n s e  

h y b r i d i z a t i o n  s i g n a l  was a l s o  e v i d e n t  i n  genomi c  DNA d i g e s t e d  w i t h  

H a e l l l ,  K p n l ,  Hpal  and H i n f l ,  a t  a p o s i t i o n  c o r r e s p o n d i n g  t o  a DNA 

f r a g m e n t  3 . 4  kb i n  l e n g t h .

The i n t e n s e  h y b r i d i z a t i o n  s i g n a l  a t  1400 bp p r o d u c e d  by 

d i g e s t i o n  of  genomi c  DNA w i t h  Kp n l ,  Hpal  and H i n f l  s u g g e s t s  t h a t  

t h e  b a s i c  1400 bp u n i t  d e f i n e d  by t h e s e  enzymes  was h omol ogous  t o  

XL3 DNA. The 2800 bp s i g n a l  may r e p r e s e n t  d i m e r s  of t h e  1400 bp 

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

t h e s e  e n z y me s .  S i m i l a r l y ,  p r o d u c t i o n  of  a common 1000 bp f r a g m e n t  

upon d i g e s t i o n  of  genomi c  DNA w i t h  EcoRI ,  BamHI and P v u l i  i n d i c a t e d
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t h a t  a b a s i c  1000 bp u n i t  i s  h o mo l o g o u s  t o  XL3 DNA.

In summary,  h y b r i d i z a t i o n  of  XL3 t o  genomi c  DNA u s i n g  r e l a x e d

c o n d i t i o n s  showed t h a t  XL3 DNA was h o mo l o g o u s  t o  many,  p r o b a b l y

S a t e l l i t e  I I - a s s o c i a t e d  ge n o mi c  f r a g m e n t s .  H y b r i d i z a t i o n  of  XL3 DNA 

t o  1000 and 1400 bp f r a g m e n t s  was i d e n t i f i e d .

2.  H y b r i d i z a t i o n  of  S u b c l o n e  XL3 t o  Genomi c DNA Usinci

I n t e r m e d i a t e  and S t r i n g e n t  C o n d i t i o n s

In o r d e r  t o  b e t t e r  d e f i n e  t h e  g enomi c  o r g a n i z a t i o n  of  XL3,

more  compl ex  r e s t r i c t i o n  e n d o n u c l e a s e  d i g e s t i o n s  of  p l a c e n t a l  DNA 

wer e  i n c l u d e d  i n  e x p e r i m e n t s  u s i n g  i n t e r m e d i a t e  and s t r i n g e n t  

h y b r i d i z a t i o n  c o n d i  t i o n  s .  Enzymes  known t o  d i g e s t  XL3 DNA -  

H i n d l l l ,  P v u I I ,  Xb a l ,  H i n f l  and H a e l l l  -  we r e  e mp l o y e d ,  s i n c e  t h e y  

woul d p r o d u c e  t h e  ge n o mi c  e q u i v a l e n t s  of  XL3 DNA. Enzymes  t h a t  do 

n o t  d i g e s t  XL3 -  EcoRI  and Hpal  -  we r e  u s e d  t o  b e t t e r  d e f i n e  o t h e r  

s i t e s  wi t h  homol ogy t o  XL3 DNA.

H y b r i d i z a t i o n  of  t h e  XL3 f r a g m e n t  t o  genomi c  DNA u s i n g  

i n t e r m e d i a t e  and s t r i n g e n t  c o n d i t i o n s  showed t h a t  XL3- homol agous  

s e q u e n c e s  o c c u r r e d  b e t we e n  10-100X i n  t h e  human genome and wer e

c o n s i s t e n t  i n  g enomi c  RE s i t e s .  Bas ed  on RE maps ,  XL3 DNA i s  

r e l a t e d  t o  non Y - s p e c i f i c  3 . 4  kb H a e l l l  s e q u e n c e .

a.  Hy b r i d i z a t i o n  o f  S u b c l o n e __ XL3_DNA t o  Genomi c DNA Us i ng

I n t e r m e d i a t e  C o n d i t i o n s

H y b r i d i z a t i o n  of  t h e  XL3 f r a g m e n t  t o  genomi c  DNA u s i n g  

i n t e r m e d i a t e  c o n d i t i o n s  i s  shown i n  F i g u r e  18.  Many b a n d s  of  

d i f f e r e n t  i n t e n s i t i e s  a r e  e v i d e n t .  Thes e  a r e  s u mma r i z e d  as  maj or
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FIGURE 18.  S o u t h e r n  B l o t  A n a l y s i s  of  t h e  &L3 F r a g m e n t !
H y b r i d i z a t i o n  t o  Genomi c DNA Us i n g  I n t e r m e d i a t e  C o n d i t i o n s .

100 ng p l a s m i d  XL3 was r a d i o l a b e l l e d  w i t h « * 3 2 PdATP u s i n g  r andom 
p r i m e r  e x t e n s i o n  t o  a s p e c i f i c  a c t i v i t y  of  6 x 107 cpm/ ug and 
h y b r i d i z e d  t o  t h e  S o u t h e r n  t r a n s f e r  of  a 1.07.  a g a r o s e  g e l .  The g e l  
c o n t a i n e d  8 ug ea c h  human p l a c e n t a l  DNA d i g e s t e d  wi t h  H i n d l l l  (Lane 
1 ) ,  EcoRI  ( Lane  2 ) ,  Hi nd 111+EcoRI  ( Lane  3 ) ,  Xbal  ( Lane  4 ) ,
H i n d l l l + X b a l  ( Lane  5 ) ,  EcoRI +Xba l  (Lane  6 ) .  P v u I I  ( Lane  7 ) ,  
Hi n d i  I I + P v u l I  (Lane  8 ) ,  H i n f l  ( Lane  9 ) ,  H i n d l l l + H i n f I  ( Lane  10 ) ,  
H a e l l l  ( Lane  1 1 ) ,  H i n d l l l + H a e I  11 ( Lane  1 2 ) ,  H a e l l l + H i n f l  ( Lane  1 3 ) .  
H i n d l l l  +Hp a I ( Lane  14) and 2 ug l ambda  DNA d i g e s t e d  w i t h  H i n d l l l
( Lane  1 5 ) .  The l e n g t h s ,  i n  kb,  of  t h e  Hi n d i  I I - d i  g e s t e d  l ambda  DNA 
f r a g m e n t s  a r e  shown f o r  r e f e r e n c e  a s  m o l e c u l a r  we i g h t  m a r k e r s .  
H y b r i d i z a t i o n  and wa s h i n g  wer e  c o n d u c t e d  a t  60°C as  d e s c r i b e d  i n  
M a t e r i a l s  and Me t h o d s .  The a u t o r a d i o g r a m  was p r o d u c e d  by e x p o s u r e  
of  t h e  b l o t  f i l t e r  f o r  72 h o u r s  a t  - 7 0 ° C wi t h  an i n t e n s i f y i n g  
s c r e e n .
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and mi nor  genomi c  f r a g m e n t s  i n  T a b l e  XI .  The 33 and XL3 DNA RE maps 

p r e d i c t e d  t h e  o b s e r v e d  b a n d s :  1) a 1 . 4  kb H i n d l l l  f r a g m e n t ;  2) a

750 bp H i n d l l l  + Xbal  f r a g m e n t ;  3) a 1200 and 250 bp H i n d l l l  + 

P v u I I  f r a g m e n t s ;  4)  a 550 bp H i n d l l l  + H i n f l  f r a g m e n t ,  and 5) a 450 

bp H i n d l l l  + H a e l l l  f r a g m e n t .  Co mp l e t e  homol ogy t o  XL3 DNA (750 bp 

H i n d l l l / X b a l  f r a g m e n t )  was p r e s e n t  i n  l ow copy number  i n  t h e  human 

genome.  O t h e r  h i g h l y  h o mo l o g o u s  g enomi c  DNA f r a g m e n t s  of  h i g h e r  

m o l e c u l a r  w e i g h t  ( 1400 bp H i n d l l l + X b a l / E c o R I / H p a l  f r a g m e n t s )  were  

more a b u n d a n t  i n  t h e  genome t h a n  t h e  n a t i v e  XL3 l o c u s .

Some of  t h e  genomi c  f r a g m e n t s  ho mo l o g o u s  t o  XL3 u s i n g  r e l a x e d  

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

u s i n g  i n t e r m e d i a t e  h y b r i d i z a t i o n  c o n d i t i o n s .  The 1000 bp EcoRI  and 

P v u I I  f r a g m e n t s  and 1400 bp H i n f l  f r a g m e n t  a p p a r e n t  u s i n g  r e l a x e d  

h y b r i d i z a t i o n  c o n d i t i o n s  a r e  n o t  p r e s e n t  i n  F i g u r e  18,  i n d i c a t i n g  

weak homol ogy t o  XL3 DNA ( M i t c h e l l  e t  a l . , 1979) .

b.  H y b r i d i z a t i o n  of  S u b c l o n e  XL3 t o  Genomi c DNA Us i no___

S t r i n g e n t  C o n d i t i o n s

H y b r i d i z a t i o n  of  t h e  XL3 f r a g m e n t  t o  genomi c  DNA u s i n g  

s t r i n g e n t  c o n d i t i o n s  i s  shown i n  F i g u r e  19.  The f r a g m e n t s  l e n g t h s

c o r r e s p o n d i n g  t o  t h e s e  b a n d s  a r e  s u mma r i z e d  i n  T a b l e  XI.

H y b r i d i z a t i o n  u n d e r  i n t e r m e d i a t e  and s t r i n g e n t  c o n d i t i o n s  gave  

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

t h e  s t r i n g e n t  h y b r i d i z a t i o n  of  250 bp H i n d l l l  + P v u I I ,  2 . 5  kb 

H a e l l l  and <400 bp H i n f l ,  H i n d l l l  + H i n f l ,  H a e l l l ,  H i n d l l l  + 

H a e l l l ,  H a e l l l / H i n f l  DNA f r a g m e n t s .  S i n c e  t h e  250 bp Hi n d i  I I / P v u I  I
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TABLE XI

GENOMIC ORGANIZATION OF XL3 DNA

RESTRICTION ENZYMES(S) GENOMIC FRAGMENTS (BP)

MAJOR MINOR S 1.

H i n d l l l 1400 + +

EcoRI 6400 +
4800 - +
3400 - +

H i n d l l l  + EcoRI 6400 + _
5000 + +
1400 + f

Xbal 5500 + /
4200 + /
3400 + /
2000 + /

H i n d l l l  + Xbal 5000 + +
1400 + +

750 +

EcoRI  + Xbal 6400 + +
5500 + +

P v u I I 10400 +
5200 + +

H i n d l l l  + P v u I I 1200 + +
250 - +

H i n d l l l  + Hpal 5000 + +
1400 + +

H i n f l 3400 + +
1150 + +

<400 - +

H i n d l l l  + H i n f l 3400 + +
550 + +

<400 - +

H a e l l l 3400 + +
2500 - +
1900 + . +•

<400 - +

H i n d l l l  + H a e l l l 3400 <r (■
450 + +

<400 - +

H a e l l l  + H i n f l 3400 +
1050 + +

<*400 - +

LEGEND: + = p r e s e n t ;  -  = a b s e n t ;  /  = p r e s e n c e  or  a b s e n c e  u n c l e a r  on
b l o t ;  S = h y b r i d i z a t i o n  u n d e r ,  s t r i n g  e n t  (?2°L> co n d i  t i  on s ; I 55 
h y b r i d i z a t i o n  un d e r  r e l a x e d  (60°C)  c o n d i t i o n s ;  Maj or  b a n d s  wer e  
v i s i b l e  a f t e r  36 h o u r s  of  e x p o s u r e ;  Mi nor  b a n d s  wer e  v i s i b l e  a f t e r  
72 h o u r s  of  e x p o s u r e .
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FIGURE 19.  S o u t h e r n  _ B l o t  A n a l y s i s  of  t h e  XL3 F r a g me n t ;  
H y b r i d i z a t i o n  t o  Genomi c DNA Us i n g  S t r i n g e n t  C o n d i t i o n s .

100 ng p l a s m i d  XL3 was r a d i o l a b e l l e d  w i t h o t 3 2 PdATP u s i n g  r andom 
p r i m e r  e x t e n s i o n  tD a s p e c i f i c  a c t i v i t y  of  6 x 107 cpm/ ug  and 
h y b r i d i z e d  t o  t h e  S o u t h e r n  t r a n s f e r  of  a 1.07.  a g a r o s e  g e l .  The ge l  
c o n t a i n e d  8 u g - e a c h  human p l a c e n t a l  DNA d i g e s t e d  w i t h  H i n d l l l  (Lane  
1 ) ,  EcoRI  ( Lane  2 ) ,  H i n d l l l + E c o R I  ( Lane  3 ) ,  Xbal  ( Lane  4 ) ,  
H i n d l l l + X b a l  ( Lane  5 ) ,  EcoRI +Xba l  ( Lane  6 ) ,  P v u I I  ( Lane  7 ) ,
H i n d l l l + P v u 1 1  ( Lane  8 ) .  H i n f l  (Lane  9 ) ,  Hi n d i  I I + H i n f I  ( Lane  1 0 ) ,
H a e l l l  ( Lane  1 1 ) ,  Hi nd I I I + H a e l  11 ( Lane  1 2 ) ,  H a e l l l + H i n f l  (Lane  1 3 ) .  
H i n d l l l + H p a l  ( Lane  14) and 2 ug l a mbda  DNA d i g e s t e d  w i t h  H i n d l l l  
(Lane  1 5 ) .  The l e n g t h s ,  i n  kb,  of  t h e  Hi n d l  11- □ i g e s t e d  l ambda  DNA 
f r a g m e n t s  a r e  shown f o r  r e f e r e n c e  a s  m o l e c u l a r  w e i g h t  m a r k e r s .  
H y b r i d i z a t i o n  and w a s h i n g  we r e  c o n d u c t e d  a t  72°C a s  d e s c r i b e d  i n
M a t e r i a l s  and Me t h o d s .  The a u t o r a d i o g r a m  was p r o d u c e d  by e x p o s u r e  
of  t h e  b l o t  f i l t e r  f o r  72 h o u r s  a t  - 7 0 DC w i t h  an i n t e n s i f y i n g  
s c r e e n .
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f r a g m e n t  of  XL3 DNA c o n t a i n e d  t h e  201 bp h i g h l y  d e g e n e r a t e  

S a t e l l i t e  I I  s e q u e n c e  ( T a b l e  V I ) ,  t h e  h i g h e r  h y b r i d i z a t i o n  

t e m p e r a t u r e  empl oyed  u n d e r  s t r i n g e n t  c o n d i t i o n s  p r e v e n t e d  a n n e a l i n g  

o f  t h e  XL3 S a t e l l i t e  I I  DNA s e q u e n c e  t o  i t s  gen o mi c  e q u i v a l e n t  The

2 . 5  kb Hae I I I  and <400 bp s me a r e d  f r a g m e n t s  may h a v e  f a i l e d  t o  

h y b r i d i z e  t o  XL3 DNA u n d e r  s t r i n g e n t  c o n d i t i o n s  f o r  s i m i l a r  

r e a s o n s .

c .  C o n s t r u c t i o n  of  Benomi c  XL3 R e s t r i c t i o n  Enzvme Naps

The g enomi c  r e s t r i c t i o n  enzyme maps a r e  shown i n  F i g u r e  20.  

The d e t a i l e d  d e r i v a t i o n  of  t h e  maps i s  p r o v i d e d  i n  Appendi x  I I  t o  

t h i s  s t u d y .

The ma j o r  genomi c  f r a g m e n t s  h o mo l o g o u s  t o  XL3 DNA wer e  1 . 4  and

5 . 0  kb H i n d l l l  + E c o R I / X b a l / H p a l  s e q u e n c e s  ( Re g i on  A i n  F i g u r e  2 0 ) .

Al s o  d e r i v e d  f r om Re g i o n  A wer e  t h e  l a r g e  6 . 4  kb EcoRI and 5 . 2  kb 

P v u I I  f r a g m e n t s  ( F i g u r e  2 0 ) .  The p e r s i s t e n c e  of  a 5 . 0  kb f r a g m e n t  

i n  t h e  H i n d l l l  + E c o R I / X b a l / H p a l  d i g e s t s  shows  t h a t  i t  o c c u r s  l e s s  

f r e q u e n t l y  and i s  g e n e r a t e d  i n d e p e n d e n t l y  f r om t h e  1 , 4  kb 

f r a g m e n t s .  The genomi c  r e g i o n  t h a t  p r o d u c e d  t h e  5 . 0  kb,  b u t  no t  t h e

1 . 4  kb H i n d l l l  + E c o R I / Xb a l / H p  a I f r a g m e n t s ,  i s  shown as  Reg i on  B in

F i g u r e  20.  Re g i on  B a l s o  c o n t a i n s  t h e  l a r g e  6 . 4  kb EcoRI and 1 0 . 2  

kb P v u I I  genomi c  f r a g m e n t s .  A r e c o n s t r u c t i o n  of  t h e  n a t i v e  33/ XL3 

DNA l o c u s  i s  shown a s  Re g i on  C ( F i g u r e  2 0 ) .  The n a t i v e  750 bp 

H i n d l l l / X b a l  f r a g m e n t ,  t h e  250 and 1200 bp Hi n d i  I I / P v u l I  f r a g m e n t s  

and t h e  1 . 4  kb H i n d l l l  f r a g m e n t s  a r e  p r e s e n t ,  a s  we l l  as  t h e  5 . 5  kb 

Xbal  and 5 . 2  kb P v u I I  s e q u e n c e s .  R e g i o n s  Dl ,  D2 and D3 c o n t a i n  2 . 0 ,
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FIGURE 20.  Genomi c RE Maps of  XL3- Homol oqous  DNA.

R e p r e s e n t a t i o n  of  t h e  genomi c  r e g i o n s  i d e n t i f i e d  i n  ma l e  p l a c e n t a l  
DNA by t h e  XL3 f r a g m e n t ,  a s  d e t e r m i n e d  f r om t h e  S o u t h e r n  b l o t  
a n a l y s e s ,  shown i n  F i g u r e s  18 and 19 and s u mma r i z e d  i n  T a b l e  XI.  A 
d e t a i l e d  d e r i v a t i o n  o f  t h e  maps i s  p r o v i d e d  i n  Appendi x  I I . The 
s i z e  of  t h e  e n t i r e  XL3- homol ogous  r e g i o n  i s  i n d i c a t e d  i n  
k i l o b a s e p a i r s  (kb)  and t h e  g enomi c  r e g i o n s  a r e  dr awn t o  t h i s  s c a l e .  
The S u b c l a s s  1 c l o n e d  f r a g m e n t s  h o mol ogous  t o  XL3 DNA a r e  shown i n  
p a r t i a l  a l i g n m e n t  w i t h  XL3- homol ogous  genomi c  r e g i o n s .  U n d e r l i n e d  
p o r t i o n s  of  t h e  c l o n e d  103,  20A and 2 f r a g m e n t s  d e l i n e a t e  s e q u e n c e s  
h o mo l o g o u s  t o  b o t h  XL3 and BLUR 8 DNA. The 33/ XL3 c l o n e d  f r a g m e n t
i s  a l i g n e d  w i t h  t h e  S u b c l a s s  1 c l o n e d  f r a g m e n t s  and genomi c  R e g i o n s
A, B,  C,  D1 —3 and E: t h e  XL3 s e q u e n c e  i s  i n d i c a t e d  by t h e  h e a v y
b l a c k  l i n e  and t h e  p o s i t i o n  and o r i e n t a t i o n  of  t h e  f r a g m e n t  33 Alu
e l e m e n t  i s  i n d i c a t e d  by t h e  a r r o w.  Re o i on  A s hows  t h e  d e r i v a t i o n  
of  t h e  ma j o r  1 . 4  and 5 . 0  kb genomi c  f r a g m e n t s  h o mol ogous  t o  XL3 
DNA. The 5 '  H i n d l l l  s i t e  of  t h e  1 . 4  kb genomi c  f r a g m e n t  i s
i n d i c a t e d  by ( ▲ ) ;  t h e  5 '  H i n d l l l  s i t e  o f  t h e  5 . 0  kb genomi c
f r a g m e n t  i s  i n d i c a t e d  by ( A  ) .  The 3 '  H i n d l l l ,  EcoRI ,  Xbal  and 
Hpa l  s i t e s  a r e  i n d i c a t e d  and a l i g n e d  i n  t h e  c l o n e d  f r a g m e n t s  and 
ge n o mi c  r e g i o n s  w i t h  t h e  v e r t i c a l  d a s h e d  l i n e .  Re g i o n  B i s
i d e n t i c a l  t o  Re g i on  A e x c e p t  t h a t  t h e  p r o x i ma l  5 '  Hi r i aTl I  s i t e  i s  
o m i t t e d  t o  show i n d e p e n d e n t  d e r i v a t i o n  of  t h e  5 . 0  kb f r a g m e n t .
Re g i o n  C s hows  t h a t  n a t i v e  33/ XL3 s e q u e n c e  l o c u s .  R e g i o n s  Dl .  D2.  
and D3 d e f i n e  mi nor  Xbal  f r a g m e n t s  h o mo l o g o u s  t o  XL3~ DNA. Re g i o n  E 
s hows  t h e  d e r i v a t i o n  of  t h e  H i n f l  and H a e l l l  f r a g m e n t s ,  i n c l u d i n g  
t h e  3 . 4  k b - H a e l l l  r e p e a t e d  s e q u e n c e .
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3 . 4  and 4 . 2  kb ge n o mi c  f r a g m e n t s  ( r e l a t i o n s h i p  t o  R e g i o n s  A, B and 

C a r e  u n d e t e r m i n e d )  ( F i g u r e  2 0 ) .  Re g i o n  E c o n t a i n e d  t h e  n a t i v e  

33/ XL3 DNA 450 bp H i n d 1 1 1 / H a e l  11 and 550 bp Hi n d i  1 1 / H i n f  I genomi c  

f r a g m e n t s ,  a s  we l l  a s  t h e  1 . 9  and 2 . 5  kb H a e l l l ,  1 . 1 5  kb H i n f l ,  and

1 . 0 5  kb H a e l 1 1 / H i  n f I  f r a g m e n t s .  Re g i o n  E a l s o  c o n t a i n e d  t h e  

p r o m i n e n t  3 . 4  kb f r a g m e n t  p r o d u c e d  by d i g e s t i o n  w i t h  t h e  Hi n d 1 1 1 , 

H a e l l l  and H i n f l  enz yme s  s i n g l y  and i n  c o m b i n a t i o n .  Re g i o n  E may 

be c o i n c i d e n t  w i t h  Re g i o n  A, s i n c e  t h e i r  r e s t r i c t i o n  enzyme maps 

a r e  c o m p a t i b l e ,  b u t  f u r t h e r  mappi ng  woul d be n e c e s s a r y  t o  show t h i s  

c o n c l u s i v e l y .

Co mp a r i s o n  of  t h e  h y b r i d i z a t i o n  s i g n a l s  p r o d u c e d  by d i g e s t i o n  

of  genomi c  DNA w i t h  Hi n d i  1 1 + Xbal  showed t h a t  t h e  750 bp 33/ XL3 

DNA H i n d l l l / X b a l  f r a g m e n t  o c c u r r e d  i n  o n l y  one  c o p y ,  w h e r e a s  t h e

1 . 4  kb H i n d l l l / X b a l  f r a g m e n t  o c c u r r e d  i n  1 0 - 100  c o p i e s .

d.  XL3 1s a V a r i a n t  Non Y - S p e c i f i c  (NYS) 3 . 4  kb Hae I I I

R e p e a t e d  S e o u e n c e .

H y b r i d i z a t i o n  of  t h e  XL3 f r a g m e n t  t o  a 3 . 4  kb H a e l l l  f r a g m e n t  

and o t h e r  3 . 4  kb g enomi c  r e s t r i c t i o n  f r a g m e n t s  i n  ma l e  p l a c e n t a l  

DNA ( F i g u r e s  18 and 19;  T a b l e  XI) s hows  t h a t  XL3 DNA c o n t a i n s

s e q u e n c e s  common t o  member s  of  t h e  3 . 4  kb H a e l l l  f a m i l y  ( Cooke ,

1 9 7 6 ) .  The 3 . 4  kb H a e l l l  r e p e a t  m o l e c u l e s  c o n t a i n  t wo t y p e s  of 

s e q u e n c e s !  Y c h r o m o s o m e - s p e c i f i c  ( i t - Y ) ,  and non Y 

c h r o m o s o m e - s p e c i f i c  (NYS) (Kunkel  e t  a l ■ , 1976 ,  1977;  Cooke and

McKay,  1 9 7 8 ) .  Some of  t h e  NYS s e q u e n c e s  c o n t a i n  S a t e l l i t e  I I I  

(Cooke and McKay,  1978;  B o s t o c k  e t  a l . , 1978;  F o wl e r  e t  a l ■, 1987)
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and S a t e l l i t e  I I  ( B o s t o c k  et_ a l . , 1978} Cooke and H i n d l e y ,  1979)  

DNA. In o r d e r  t o  e x p l o r e  t h e  p o s s i b i l i t y  t h a t  t h e  d e g e n e r a t e  

S a t e l l i t e  I I  XL3 f r a g m e n t  was a v a r i a n t  3 . 4  kb H a e l l l  r e p e a t

e l e m e n t ,  i t s  c h r omos oma l  l o c a l i z a t i o n  was d e t e r m i n e d  v i a

h y b r i d i z a t i o n  i n.  s i t u  t o  human m e t a p h a s e  ch r o mo s o me s .

C. Chr omosomal  L o c a l i z a t i o n  of  t h e  XL3 F r a g me n t

H y b r i d i z a t i o n  i n  s i t u  l o c a l i z e d  XL3 DNA t o  t h e  p e r i c e n t r o m e r i c  

r e g i o n  o f  chr omos ome  7,  i n d i c a t i n g  t h a t  i t  was a NYS r a t h e r  t h a n  

i t - Y  S a t e l l i t e  I I - a s s o c i a t e d  3 . 4  kb H a e l l l  s e q u e n c e s .  A 

r e p r e s e n t a t i v e  m e t a p h a s e  p l a t e  l o c a l i z i n g  XL3 DNA i s  shown i n

A p p e n d i x  I_> S i g n i f i c a n t  g r a i n  d e n s i t i e s  we r e  o b s e r v e d  a t  a r e g i o n

d i s t a l  t o  t h e  c e n t r o m e r e  on t h e  q arm of  ch r omos ome  7 (7q21)  (X2

= 19) and a t  t h e  c e n t r o m e r e  of  t h e  same chr omos ome  (X2 = 19 ) .  In

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

d i s t a l  t o  t h e  c e n t r o m e r e  on t h e  p arm of  ch r omos ome  7 ( 7p 13) (X2

= 2 9 ) .  The c o mb i n e d  d a t a  s u g g e s t e d  t h a t  XL3 l o c a l i z e d  t o  t h e

p e r i c e n t r o m e r i c  r e g i o n  of  human chr omos ome  7.  S a t e l l i t e  I I  DNA

(Gosden et_ a l . , 1975)  and of  NYS 3 . 4  kb H a e l l l  r e p e a t  s e q u e n c e s  

(Cooke and McKay,  1978)  h a v e  b o t h  bee n  p r e v i o u s l y  l o c a l i z e d  t o  

chr omos ome 7.  The s p e c i f i c  a s s i g n m e n t  of  XL3 DNA t o  t h e  

p e r i c e n t r o m e r i c  r e g i o n  of  ch r omos ome  7 s u p p o r t s  t h e  a s s i g n m e n t  of  

S a t e l l i t e  I I  DNA t o  XL3 DNA and NYS 3 . 4  kb H a e l l l  s e q u e n c e s .

IX.  Summary of  R e s u l t s

The aim of  t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  h e t e r o g e n e i t y  of
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S a t e l l i t e  I I  DNA. To a c c o m p l i s h  t h i s  g o a l ,  S a t e l l i t e  I I  and I I I  

f r a c t i o n  s e q u e n c e s  we r e  p r o p a g a t e d  a s  r e c o m b i n a n t  DNAs i n  £■_ co l  i . 

One h u n d r e d  and o n e  S a t e l l i t e  I I  and t h r e e  S a t e l l i t e  I I I

r e c o m b i n a n t  p l a s m i d s  we r e  r e c o v e r e d .  E l e v e n  p l a s m i d s  d e r i v e d  f r om 

S a t e l l i t e  I I  DNA and one  d e r i v e d  f r om S a t e l l i t e  I I I  were  

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

b a s e d  upon t h e  p r e s e n c e  o r  a b s e n c e  of  r e p e a t e d  DNAs i n  t h e i r  

s e q u e n c e s .

S u b c l a s s  4 c l o n e d  f r a g m e n t s  -  14,  38 and 2QB -  were

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

o r  u n i q u e  s e q u e n c e s  whi ch  we r e  n o t  ho mo l o g o u s  t o  s e q u e n c e s  p r e s e n t  

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

The s u b c l a s s  3 c l o n e d  f r a g m e n t  -  36 -  p o s s e s s e d  a l p h o i d  bu t  

n o t  Al u ,  LI or  S a t e l l i t e  e l e m e n t s  and was n o t  h o mo l o g o u s  t o  any 

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

S u b c l a s s  2 c l o n e d  f r a g m e n t s  -  43 ,  5,  16 and 85 -  showed

homol ogy t o  t h e  LI Kpnl  LINES e l e m e n t s .  The 43 f r a g m e n t  was 

i d e n t i f i e d  a s  a v a r i a n t  1 . 9  kb H i n d H I  r e p e a t  t h a t  h y b r i d i z e d  t o  

c h a r a c t e r i s t i c  and n o n c h a r a c t e r i s t i c  L l - d e r i v e d  human genoi ni c 

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

be g e n e r a t e d  by r e a r r a n g e m e n t  of  some LI s e q u e n c e s .  The 43 s e q u e n c e  

h y b r i d i z e d  i_n_ s i t u  t o  t h e  c e n t r o m e r e s  of  chr omos ome 4 arid t h e  X 

chr omos ome .  Al t h o u g h  43 DNA i s  o n l y  s l i g h t l y  d i f f e r e n t  f r om 1 . 9  kb 

H i n d H I  r e p e a t ,  t h e  d i f f e r e n c e s  a r e  enough t o  a c c o u n t  f o r  t h e  

homol ogy of  43 DNA t o  r e a r r a n g e d  LI s e q u e n c e s  and t h e  marked
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s p e c i f i c i t y  of  t h e  43 s e q u e n c e  t o  t h e  c e n t r o m e r e s  of  chr omosome 4 

and t h e  X c h r omos ome .

S u b c l a s s  1 c l o n e d  f r a g m e n t s  -  33 ,  20A,  103,  2 and D -

p o s s e s s e d  Al u ,  b u t  n o t  a l p h o i d  o r  Li  e l e m e n t s .  The c l o n e d  33 DNA 

a l s o  c o n t a i n e d  a h i g h l y  d e g e n e r a t e  S a t e l l i t e  I I  s e q u e n c e  whi ch was 

s u b c l o n e d  a s  XL3 DNA and s t u d i e d ,  a c c o m p l i s h i n g  t h e  s e c o n d  aim of  

t h i s  wor k ,  t h e  c h a r a c t e r i z a t i o n  of  a d i s c r e t e ,  c l o n e d  S a t e l l i t e  I I  

s e q u e n c e .  The XL3 d e r i v a t i v e  S a t e l l i t e  1 1 - t y p e  s e q u e n c e s '  wer e  

h o mo l o g o u s  t o  s e q u e n c e s  w i t h i n  t h e  S u b c l a s s  1 c l o n e d  f r a g m e n t s ,  

i n d i c a t i n g  t h a t  t h e s e  DNAs c o n t a i n e d  b o t h  Al u e l e m e n t  and S a t e l l i t e  

I I  s e q u e n c e s .  The XL3 f r a g m e n t  s h a r e d  some c h a r a c t e r i s t i c s  of  t h e  

NYS 3 . 4  kb H a e l l l  f a m i l y  of  S a t e l l i t e - r e l a t e d  s e q u e n c e s  and 

l o c a l i z e d  s p e c i f i c a l l y  t o  t h e  c e n t r o m e r e  of  human chr omosome 7.  XL3

DNA i s  t h e  f i r s t  S a t e l l i t e  I I - t y p e  NYS 3 . 4  kb H a e l I I - a s s o c i a t e d

s e q u e n c e  f o u n d  t o  l o c a l i z e  t o  an i d e n t i f i e d  S a t e l l i t e  I I  DNA 

chr omos omal  s i t e  o t h e r  t h a n  t h e  c e n t r o m e r e s  of  ch r omos omes  1 and 16 

(Gosden e t .  a l . , 1981;  Burk e t  a l . T 1985;  J e a n p i e r r e  e t  a l . ,  1985;  

Moyz i s  et_ a l ■ , 19 8 7 ) .  T h i s  s u g g e s t s  t h a t  t h e  chr omos omal

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

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

h e t e r o g e o u s  S a t e l l i t e  DNA p o p u l a t i o n s .
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DISCUSSION

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

w i t h i n  human S a t e l l i t e  I I  DNA and c h a r a c t e r i z e d ,  i n  d e p t h ,  a 

v a r i a n t  S a t e l l i t e  I I  DNA member .

I .  H e t e r o g e n e i t y  of  Human S a t e l l i t e  I I  F r a c t i o n  DNA

To t a l  human S a t e l l i t e  I I  DNA h a s  been  p r e v i o u s l y  d e s c r i b e d  i n

t e r m s  of  i t s  b u o y a n t  d e n s i t y ,  r e n a t u r a t i o n  k i n e t i c s ,  r e s t r i c t i o n  

e n d o n u c l e a s e  d i g e s t i o n  p r o d u c t s ,  ch r omos omal  l o c a l i z a t i o n  and 

n u c l e o t i d e  b a s e  s e q u e n c e .  Th e s e  c h a r a c t e r i s t i c s  h a v e  been  d e s c r i b e d  

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

d i s c u s s i o n  i n  a l l  c a s e s  we r e  p u r p o r t e d l y  S a t e l l i t e  11 DNA.

P r o b l e ms  i n  i d e n t i f i c a t i o n  b e q i n  i n  i n i t i a l  i s o l a t i o n

p r o c e d u r e s .  Ag+t / Cs^SCU b u o y a n t  d e n s i t i e s  f o r  S a t e l l i t e  11 

f r a c t i o n  DNA h a v e  bee n  r e p o r t e d  a s  1. 54V q/ mi  ( Cor neo  et .  al... ,

1 9 7 0 ) ,  1 . 5 0 9  g/ ml  ( Co r n e o  et_ al_i_, 1 9 7 1 ) ,  1 . 5 6 0  g/ ml  ( t h i s  s t u d y ;  or

ha v e  bee n  r e p o r t e d  g e n e r a l l y  a s  " h e a v y "  ( Ma n u e i i d e s  et .  al . , . ,  19 / 8 ;  

M i t c h e l l  e t .  a l . , 1979)  u s i n g  a p p a r e n t l y  s i m i l a r  g r a d i e n t

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

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

S a t e l l i t e  I I  DNAs i s o l a t e d  i n  d i f f e r e n t  p r e p a r a t i o n s ,  hny of t h e  

" S a t e l l i t e  I I  DNAs" o b t a i n e d  a t  d i f f e r e n t  b u o y a n t  d e n s i t i e s  in

C s 3 S 0 -» h a v e  a s i n g l e  peak  a t  A:*ao wi t h  a b u o y a n t  d e n s i t y

e q u a l  t o  1 . 6 9 3 - 1 . 6 9 4  g / ml .
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Though t h e  c r i t e r i a  d e f i n i n g  p u r i t y  a r e  more  u n i f o r m  i n  CsCl  

g r a d i e n t  i s o l a t i o n  p r o c e d u r e s  t h a n  i n  t h e  p r i m a r y  Cs2SCU

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

i n i t i a l l y  i s o l a t e d  t h e  same or  d i f f e r e n t  DNA c o mp o n e n t s .

R e g a r d l e s s  of  t e c h n i c a l  v a r i a t i o n s ,  i t  i s  a p p a r e n t  t h a t  S a t e l l i t e  

I I  s e q u e n c e s  a r e  i n t r i n s i c a l l y  h e t e r o g e n e o u s .  Th i s  i s  i n  marked 

c o n t r a s t  t o  o t h e r  t y p e s  of  S a t e l l i t e  DNAs,  s u c h  as  t h o s e  i s o l a t e d  

f r om mouse and o t h e r  mammal s ,  whi ch  a r e  i n t e r n a l l y  homogeneous  

( r e v i e w  i n S i n g e r ,  1 9 8 2 ) .  CQt  a n a l y s i s  h a s  shown t h a t  S a t e l l i t e  

I I  DNA r e n a t u r e s  a s  a s i n g l e  k i n e t i c  c o mp o n e n t .  The m e l t i n g  c u r v e  

of  t h e  r e a s s o c i a t e d  S a t e l l i t e  I I  c o mp o n e n t ,  h o we v e r ,  i s  d i p h a s i c ,  

i n d i c a t i n g  t h a t  S a t e l l i t e  I I  DNA c o n s i s t s  of  a t  l e a s t  two 

d i f f e r e n t ,  b u t  r e l a t e d  s e q u e n c e s .  Some of  t h e s e  s e q u e n c e s  ( lu7. /  a r e  

h o mol ogous  t o  S a t e l l i t e  I I I  DNA ( M i t c h e l l  e t .  a l i . ,  1 9 7 9 ) .  Ihe 

r e m a i n i n g  907. a r e  p r e s u m a b l y  S a t e l l i t e  I I - s p e c i f i c  and o t h e r ,  

p o s s i b l y  r e l a t e d ,  s e q u e n c e s .

The c u r r e n t  s t u d y  i n v e s t i g a t e d  t h e  h e t e r o g e n e o u s  n a t u r e  of  

S a t e l l i t e  I I  DNA and i d e n t i f i e d  f i v e  t y p e s  of  DNA s e q u e n c e :  t h e  

s i m p l e  s e q u e n c e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  ( t e r me d  S a t e l l i t e  1 

i n  P r o s s e r  et .  aL.  , 19 8 6 ) ;  Al u SINES e l e m e n t s ;  Kpnl  LI LINES

e l e m e n t s ;  a l p h o i d  DNA, and u n i q u e  DNA. The mos t  a b u n d a n t  t y p e s  wer e  

DNA h a v i n g  a d e g e n e r a t e  S a t e l l i t e  I I  s e q u e n c e  and Alu e l e m e n t  DNAs. 

Thes e  o c c u r r e d  t o g e t h e r  w i t h i n  S u b c l a s s  1 c l o n e d  s e q u e n c e s  and 

a c c o u n t e d  t o r  387. of  t h e  c l o n e d  DNAs s t u d i e d .  I he  n e x t  most  

a b u n d a n t  s e q u e n c e s  wer e  t h e  Kpnl  LI LINES e l e m e n t s  ( S u b c l a s s  2 ) ,
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whi ch  a c c o u n t e d  f o r  one  t h i r d  of  t h e  c l o n e d  f r a g m e n t s  s t u d i e d .  

S u b c l a s s  4 ,  p r i m a r i l y  u n i q u e  s e q u e n c e s ,  a c c o u n t e d  f o r  21'/. and 

S u b c l a s s  3 was a s i n g l e  c l o n e d  DNA c o n t a i n i n g  a l p h o i d  s e q u e n c e s .  

The m a j o r i t y  of  t h e  s e q u e n c e s  c h o s e n  r a n d o ml y  f o r  s t u d y  -  797. -  

we r e  compos ed  of  r e p e t i t i v e  DNAs,  and h a l f  of  t h e s e  c o n s i s t e d  of  

S a t e l l i t e  1 1 - r e l a t e d  s i m p l e  s e q u e n c e s  and Al u e l e m e n t  s e q u e n c e s .

S i n c e  no c o m p a r a b l e  s t u d y  e x i s t s ,  i t  i s  n o t  known i f  t h e  

i d e n t i f i c a t i o n  of  t h e s e  v a r i e d  r e p e a t e d  DNAs w i t h i n  t h e  S a t e l l i t e  

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

S a t e l l i t e  I I  DNA. T h i s  s t u d y ,  h o we v e r ,  i l l u s t r a t e s  t h e  k i n d  of  

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

I I  f r a c t i o n  s e q u e n c e s  and may a c c o u n t  f o r  t h e  o r i g i n  of  some of  t h e  

d i s c r e p a n c i e s  a p p a r e n t  i n  p u b l i s h e d  d e s c r i p t i o n s  of  S a t e l l i t e  I I  

DNA. A s u b c l o n e d  r e g i o n ,  XL3 DNA, of  t h e  S u b c l a s s  1 s e q u e n c e ,  33 

DNA, was u s e d  t o  c h a r a c t e r i s e  a s u b s e t  of  S a t e l l i t e  I I - d e r i v e d  

s e q u e n c e s  t h a t  w i l l  be d i s c u s s e d  i n  d e t a i l .  Th e s e  s e q u e n c e s  1) 

o c c u r  i n  10-100 c o p i e s  i n  t h e  human genome;  2 ) a r e  d e g e n e r a t e  

S a t e l l i t e  I I  s i m p l e  s e q u e n c e s ;  3) a r e  r e l a t e d  t o  t h e  3 . 4  kb H a e l l l  

r e p e a t  f a m i l y  of  S a t e l l i t e  I I  s e q u e n c e s ,  and 4) l o c a l i s e  

p r e d o m i n a n t l y  t o  t h e  p e r i c e n t r o m e r i c  r e q i o n  of  human chr omos ome 7.

I I .  The XL5 Cl oned  F r a g men t , a V a r i a n t  Sa t e l l i t e  I I  Se q u e n c e

A_. I h e  P a r t i a l  N u c l e o t i d e  Bas e  S e q u e n c e  of  t h e  XL3 F r a gment  i s a

Deoe n e r a t e  S a t e l l i t e  I I  Re p e a t

The p a r t i a l  n u c l e o t i d e  s e q u e n c e  of  t h e  S u b c l a s s  1 member 33
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f r a g m e n t  was c h a r a c t e r i z e d  by t h e  p r e s e n c e  of  s i x  t a n d e ml y  r e p e a t e d  

d e g e n e r a t e  2 6 - n u c l e o t i d e  S a t e l l i t e  I I - t y p e  s e q u e n c e s  i n  t h e  5 '  bp 

1-201 r e g i o n .  The s i x  r e p e a t  u n i t s  a l i g n e d  wi t h  one  s u g g e s t e d

S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  ( t h e  S a t e l l i t e  2 s i m p l e  s e q u e n c e  

d e f i n e d  by P r o s s e r ,  1986)  so t h a t  an a v e r a g e  of  56'/. of  t h e  

c o n s e n s u s  r e s i d u e s  we r e  p r e s e n t  p e r  r e p e a t  u n i t .  Random b a s e

c h a n g e s ,  r andom i n s e r t i o n s  of  1-4 n u c l e o t i d e s  and t h e  i n s e r t i o n  of  

a l a r g e  26 n u c l e o t i d e  n o n - S a t e l l i t e  r e g i o n  be t we e n  bp 8 1 - 1 0 7

c o n t r i b u t e d  t o  t h e  d e g e n e r a c y  of  t h e  S a t e l l i t e  2 - t y p e  r e p e a t s  

w i t h i n  t h e  5 '  bp 1- 201  33 DNA s e q u e n c e .  Th i s  was compar ed  wi t h  t h e  

o n l y  t h r e e  o t h e r  known s e q u e n c e s  p u r p o r t e d  t o  be S a t e l l i t e  I I  i n 

o r d e r  t o  r e d e f i n e  or  e s t a b l i s h  a c o n s e n s u s  s e q u e n c e .  One of  t h e s e  

s e q u e n c e s ,  t h e  pHuR 195 s e q u e n c e ,  was o r i g i n a l l y  c h a r a c t e r i z e d  as  a 

v a r i a n t  S a t e l l i t e  I I  DNA p o s s e s s i n g  8 ( 5 '  t e r m i n a l )  and 4 ( 3 '

t e r m i n a l )  c o m p l e t e  S a t e l l i t e  2 - t y p e  r e p e a t s  wi t h  t h e  s e q u e n c e  

5 ATTCC ATTB/AC ATTSB/T ATTS/AC/T ATGATB 3 ' ;  t h e s e  wer e

i n t e r s p e r s e d  wi t h  o t h e r  i n t e r n a l l y  r e p e t i t i v e  and h i g h l y  d i v e r g e d  

s e q u e n c e s  ( Moyz i s  e i .  a 1 . , 19 8 7 ) .  D i r e c t  a l i g n m e n t  of  t h e  pHuR 195 

s e q u e n c e  wi t h  a p r e v i o u s l y  s u g g e s t e d  c o n s e n s u s  s e q u e n c e ,  3 ' Af l CC

ATTCG B/ABT/ACC ATTCB ATGATB 3 ' ( P r o s s e r  et .  a.U_, 1986,  m o d i f i e d  t o  

show a f i n a l  dGMP r e s i d u e ) ,  shows  t h a t  t h e  5 t e r m i n a l  r e g i o n

p o s s e s s  10 c o m p l e t e  and 4 p a r t i a l  S a t e l l i t e  2- t y p e  r e p e a t s  a r r a n q e d  

t a n d e ml y  wi t h  no s i g n i f i c a n t  n u c l e o t i d e  i n s e r t i o n s  or  d e l e t i o n s .

S i m i l a r l y ,  t h e  3 '  t e r m i n a l  r e g i o n  p o s s e s s  4 c o m p l e t e  arid 3 p a r t i a l  

S a t e l l i t e  2 - t y p e  r e p e a t s  a r r a n q e d  t a n d e ml y  wi t h  no s i g n i f i c a n t
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n u c l e o t i d e  i n s e r t i o n s  o r  d e l e t i o n s .  T h i s  a l i g n m e n t  i n c o r p o r a t e s  t h e  

9 - n u c l e o t i d e  5 '  ATTCC ATTC 3 '  r e p e a t s  and h i g h l y  d i v e r g e d  s e g u e n c e s  

i d e n t i f i e d  by Moyz i s  et_ a l . i n t o  S a t e l l i t e  I I  c o n s e n s u s  

s e g u e n c e - h o m o l o g o u s  r e p e a t  u n i t s .  The t a n d e ml y  r e p e a t e d  n a t u r e  of

S a t e l l i t e  I I  DNA s e q u e n c e s  (Frommer  et_ a l . T 1982; P r o s s e r  et_ a l . . 

1986)  s u g g e s t s  t h a t  d i r e c t  a l i g n m e n t  of  t h e  pHuR 195 s e q u e n c e s  wi t h

t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e ,  a s  p r o p o s e d •h e r e ,  i s  a more

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

p r o p o s e d  by Moyzi s  et_ a l . ( 1 9 8 7 ) .  The d i r e c t l y  a l i g n e d  s e q u e n c e s

r a n g e  i n  homol ogy t o  t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  f r om 507. 

t o  92'/., w i t h  a v e r a g e s  of  76'/. ( 5 ‘ t e r m i n a l  r e g i o n )  and 777. (3

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

S a t e l l i t e  I I  d e r i v a t i o n  of  t h e  pHuR 195 s e q u e n c e s .

S i m i l a r l y ,  d i r e c t  a l i g n m e n t  of  t h e  pPD17 c l o n e d  f r a g m e n t  w i t h  t h e  

S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  r e v e a l s  4 c o m p l e t e  and 5 p a r t i a l  

S a t e l l i t e  2 - t y p e  r e p e a t  u n i t s  a r r a n g e d  t a n d e ml y  wi t h  an a v e r a g e  827. 

homol ogy  t o  t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e .  The pPDl ? s e q u e n c e  

h a s  no t  p r e v i o u s l y  bee n  compa r e d  e x t e n s i v e l y  wi t h  t h e  S a t e l l i t e  I I  

c o n s e n s u s  s e q u e n c e  i n  t h e  manner  shown h e r e .  D i r e c t  a l i g n m e n t  of

t h e  pPD17 and S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e s  showed t h a t ,  of  t h e  

c l o n e d  S a t e l l i t e  I I  s e q u e n c e s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  t o  d a t e ,  

it. mos t  c l o s e l y  f i t s  t h e  s u g g e s t e d  c o n s e n s u s  s e q u e n c e .

D i r e c t  a l i g n m e n t  of  t h e  5 ; t e r m i n a l  132 bp ,  i n t e r n a l  / 5  bp and

3 ' t e r m i n a l  92 bp HS3 s e q u e n c e  n u c l e o t i d e s  wi t h  t h e  S a t e l l i t e  2 

s e q u e n c e  showed t h a t  t h e y  s h a r e  a v e r a g e  s e q u e n c e  h o m o l o g i e s  of  /a97.
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( 5 '  t e r m i n a l  132 b p ) ,  111  ( i n t e r n a l  75 bp)  and 757. ( 3 '  t e r m i n a l  92 

b p ) .  The HS3 s e q u e n c e s  a r e  o r g a n i z e d  i n  t a nde m a r r a y s  of  t h e  26 

n u c l e o t i d e  S a t e l l i t e  I I  r e p e a t  u n i t  c o m p r i s i n g  a t o t a l  of  8 

c o m p l e t e  and 4 p a r t i a l  c o n s e n s u s  s e q u e n c e  r e p e a t s .

The c u r r e n t  s t u d y  s hows  t h a t  t h e  c l o n e d  S a t e l l i t e  I I  s e q u e n c e s  

c h a r a c t e r i z e d  t o  d a t e  a r e  o r g a n i z e d  i n t o  t a n d e ml y  r e p e a t e d  

2 6 - n u c l e o t i d e  S a t e l  1 i t e  I I  c o n s e n s u s  s e q u e n c e  u n i t s .  1 h i s  i s  

c o n f i r m e d  a s  t h e  b a s i c  o r g a n i z a t i o n  of  S a t e l l i t e  I I  DNA i n  t h e  

human genome.  D e v i a t i o n s  f r o m t h e  c o n s e n s u s  s e q u e n c e  o c c u r  as  

r andom b a s e  c h a n g e s  w i t h i n  t h e  2 6 - n u c l e o t i d e  r e p e a t  u n i t  a n d ,  l e s s  

f r e q u e n t l y ,  a s  r andom n u c l e o t i d e  i n s e r t i o n s  of  v a r y i n g  l e n q t h s  

w i t h i n  t h e  r e p e a t e d  s e q u e n c e s  u n i t s .

The SI s e q u e n c e ,  c o m p r i s i n g  t h e  5 '  t e r m i n a l  201 bp of  t h e  c l o n e d  

33 and s u b c l o n e d  XL3 f r a g m e n t s ,  i s  a p a r t i c u l a r l y  d e q e n e r a t e  member 

of  t h e  S a t e l l i t e  I I - t y p e  s e q u e n c e s  c h a r a c t e r i z e d  by t andem a r r a y s  

of  t h e  b a s i c  2 6 - n u c l e o t i d e  S a t e l l i t e  I I  s i m p l e  s e q u e n c e .

Bj Genomi c R e s t r i c t i o n  Enzyme S i t e s  I d e n t i f i e d  b y t h e  XL3 F r a g me nt

a r e A s s o c i a t e d  wi t h  S a t e l l i t e  I I  DNA

R e c o g n i t i o n  s i t e s  f o r  t h e  r e s t r i c t i o n  enzymes  H i n f l ,  l a q l ,  EcoRl  

and H a e l l l  h a v e  bee n  c h a r a c t e r i z e d  i n  S a t e l l i t e  I I  f r a c t i o n  DNA as  

we l l  as  s p e c i f i c  c l o n e d  DNAs (Cooke and H i n d l e y ,  1979;  Moyzi s  e t  

a jk . ,  1 9 8 7 ) .  Thes e  s i t e s  a l s o  o c c u r r e d  i n  d i g e s t s  of  human p l a c e n t a l  

DNA h y b r i d i z e d  t o  t h e  c l o n e d  XL3 f r a g m e n t .

D i g e s t i o n  of  S a t e l l i t e  I I  DNA wi t h  H i n f l  g e n e r a l l y  p r o d u c e s  a 

l a d d e r  of  v e r y  s ma l l  f r a g m e n t s  due  t o  t h e  o c c u r r e n c e  of  t h e  5
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GAG/CTC 3 '  H i n f l  s i t e  a t  p o s i t i o n s  10 -1 4  o f  t h e  2 6 - n u c l e o t i d e  

S a t e l l i t e  2 s i m p l e  s e q u e n c e  (Frommer  e t  a l . . 1982;  P r o s s e r  e t  a l . t 

19 8 6 ) .  L a r g e ,  d i s c r e t e  f r a g m e n t s  of  a p p r o x i m a t e l y  1500 bp and 1100 

bp i n  l e n g t h  a r e  a l s o  p r o m i n e n t  i n  S o u t h e r n  b l o t  a n a l y s e s  of  

H i n f I - d i g e s t e d  g enomi c  DNA h y b r i d i z e d  t o  S a t e l l i t e  I I  f r a c t i o n  DNA 

(Frommer  e t  a l . , 19 8 4 ) .

Human genomi c  DNA d i g e s t e d  w i t h  H i n f l  and h y b r i d i z e d  t o  t h e  Xl.3 

f r a g m e n t  p r o d u c e d  f r a g m e n t s  1100 bp i n  l e n g t h  u s i n g  b o t h  

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

s ma l l  (<400 bp)  f r a g m e n t s  u s i n g  i n t e r m e d i a t e  c o n d i t i o n s ,  i n d i c a t i n g  

t h a t  t h e  d e g e n e r a t e  S a t e l l i t e  I I  s e q u e n c e  i n  XL3 DNA i s  h o mol ogous  

t o  c h a r a c t e r i z e d  S a t e l l i t e  I I - d e r i v e d  H i n f l  r e s t r i c t i o n  f r a g m e n t s  

i n  genomi c  DNA. A l t h o u g h  t h e r e  i s  a p a u c i t y  of  H i n f l  s i t e s  w i t h i n  

t h e  XL3 f r a g m e n t  i t s e l f  r e s u l t i n g  f r om t h e  d e g e n e r a c y  of  t h e  XL3

S a t e l l i t e  2 s i m p l e  s e q u e n c e ,  l - ' . ^ ’ ogy of  t h e  XL3 f r a g m e n t  t o  H i n f l  

f r a g m e n t s  i d e n t i f i e d  t h e  XL3 s e q u e n c e  a s  h o mo l o g o u s  t o  genomi c  

S a t e l l i t e  I I  DNA.

S i m i l a r l y ,  VaqI d i g e s t i o n  a t  5 '  TC8A 3 '  r e c o g n i t i o n  s i t e s  a t

p o s i t i o n s  18-21 of  t h e  2 6 - n u c l e o t i d e  S a t e l l i t e  11 c o n s e n s u s

s e q u e n c e  p r o d u c e s  m u l t i p l e  s ma l l  f r a g m e n t s  i n  S a t e l l i t e  I I  DNA

(Frommer  et_ a l . , 1982;  P r o s s e r  et_ al_._., 1 9 8 6 ) .  l a q l  s i t e s  a r e  no t  

f ound  i n  t h e  5 '  201 bp XL3 s e q u e n c e .  F u r t h e r ,  genomi c  DNA d i g e s t e d  

wi t h  TaqI  d i d  n o t  h y b r i d i z e  we l l  t o  t h e  XL3 f r a g m e n t  ( F i g u r e  1 / j ,  

t hough  t h e  poor  q u a l i t y  of  t h e  S o u t h e r n  b l o t  makes  t h i s  i n f o r m a t i o n  

d i f f i c u l t  t o  a s s e s s .  C h a r a c t e r i z a t i o n  of  t h e  XL3 f r a g m e n t  as  a
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S a t e l l i t e  I I - d e r i v e d  DNA i s  c o n s e q u e n t l y  i n c o n c l u s i v e  u s i n g  t h e  

c r i t e r i o n  of  TaqI  d i g e s t i o n .  D i g e s t i o n  of  S a t e l l i t e  I I  DNA wi t h  

EcoRI  i s  e x p e c t e d  t o  p r o d u c e  t wo f r a c t i o n s :  h i g h  m o l e c u l a r  w e i g h t  

DNA u n d i g e s t e d  by t h e  e nzyme ,  and s e v e r a l  f r a g m e n t s  4 . 2 ,  3 . 4 ,  2 . 2 ,

1 . 8  and 1 . 4  kb i n  l e n g t h ,  t h e  most  p r o m i n e n t  b e i n g  t h e  1 . 8  kb 

f r a g m e n t  ( M i t c h e l l  et_ a l . , 1979;  Frommer  e t  a l . f 19 8 2 ) .  The XL3 

f r a g m e n t  was  h o mo l o g o u s  t o  a p r o m i n e n t  6 . 4  kb f r a g m e n t  and a smear  

of  h i g h e r  and l o we r  m o l e c u l a r  w e i g h t  m a t e r i a l  when h y b r i d i z e d  t o

E c o R I - d i g e s t e d  g enomi c  DNA u s i n g  i n t e r m e d i a t e  c o n d i t i o n s .  Under  

s t r i n g e n t  c o n d i t i o n s ,  XL3 DNA i d e n t i f i e d  d i s c r e t e  6 . 4 ,  4 . 2  and 3 . 4  

kb EcoRI  genomi c  f r a g m e n t s .  T h i s  f u r t h e r  p l a c e d  XL3 DNA i n t o  t h e  

c a t e g o r y  of  S a t e l l i t e  I I  DNA, s p e c i f i c a l l y  t h e  NYS 3 . 4  kb H a e l l l  

r e p e a t e d  E c o R I - d e f i n e d  s e q u e n c e s .

H y b r i d i z a t i o n  of  t o t a l  S a t e l l i t e  I I  f r a c t i o n  s e q u e n c e s  t o  

m a l e - d e r i v e d  genomi c  DNA d i g e s t e d  wi t h  H a e l l l  i s  e x p e c t e d  t o  

p r o d u c e  a l a r g e ,  v a r i a b l e  f r a c t i o n  of  h i g h  m o l e c u l a r  w e i g h t  DNh; a 

p r o m i n e n t  3 . 4  kb f r a g m e n t ,  and a d e g e n e r a t e  l a d d e r  of  bands  

c o m p r i s i n g  m u l t i p l e s  of  170 bp s u p e r i m p o s e d  upon a r a n g e  of  o t h e r

f r a g m e n t s  of  a p p a r e n t l y  r andom s i z e s .  The t h r e e  h y b r i d i z a t i o n

f r a c t i o n s  do no t  a p p r e c i a b l y  c r o s s - r e a c t ,  i n d i c a t i n g  t h a t  t h e y  a r e  

n o t  t r u l y  h o mol ogous  ( M i t c h e l l  e t . a l . i _ ,  19 7 9 ) .  When h y b r i d i z e d  t o

H a e H 1 - d i g e s t e d , m a l e - d e r i v e d  human genomi c  DNA, XL3 DNft d i d  not  

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

b u t  d i d  i d e n t i f y  a p r o m i n e n t  3 . 4  kb f r a g m e n t ,  and a s m a l l e r  1 , 9  kb 

genomi c  f r a g m e n t .  No " l a d d e r "  of  f r a g m e n t s  was a p p a r e n t ,  a l t h o u g h  a
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2500 bp f r a g m e n t  and s m a l l ,  <400 bp f r a g m e n t s  d i d  a p p e a r  u s i n g  

i n t e r m e d i a t e  h y b r i d i z a t i o n  c o n d i t o n s .  T h i s  i n d i c a t e d  t h a t  XL3 DNA 

was h o mo l o g o u s  t o  some S a t e l l i t e  I I  s e q u e n c e s  p r e s e n t  i n  

H a e l I I - d i g e s t e d  DNA, p a r t i c u l a r l y  t h e  3 . 4  and 1 . 9  kb f r a g m e n t s .

I I I . X L 3  DNA D e f i n e s  a Mi nor  Domain of  NYS 3 . 4  kb H a e l l l  S e q u e n c e s

The 3 . 4  kb H a e l l l  f r a g m e n t  of  human ma l e  DNA was f i r s t  d e s c r i b e d  

by Cooke ( 1 9 7 6 ) .  Kunke l  e t  a l . ( 1976)  showed t h a t  t h e s e  s e q u e n c e s  

c o m p r i s e d  b o t h  Y- chr omos ome  s p e c i f i c  ( i t - Y )  and non Y-ehromosome 

s p e c i f i c  (NYS) DNAs.  The non Y- chr omosome s p e c i f i c  s e q u e n c e s  

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

o r i g i n  (Kunke l  e t  a l . , 1977;  Cooke and McKay,  1 9 7 8 ) .

Cot  a n a l y s i s  and r e n a t u r a t i o n  k i n e t i c s  showed t h a t  ' 7 5 0 0  c o p i e s  

of  t h e  3 . 4  kb H a e l l l  m o l e c u l e  o c c u r r e d  p e r  ma l e  d i p l o i d  genome and 

t h a t  b o t h  i t - Y  and NYS s e q u e n c e s  o c c u r r e d  w i t h i n  ea c h  3 . 4  kb H a e l l l  

m o l e c u l e .  Th r e e  ' 8 0 0  bp i t - Y  s e q u e n c e s  we r e  i n t e r s p e r s e d  wi t h  and 

c o v a l e n t l y  l i n k e d  t o  f o u r  ' 2 0 0  bp NYS s e q u e n c e s  p e r  m o l e c u l e .  

T o g e t h e r ,  as  c o mp o n e n t s  of  t h e  3 . 4  kb H a e l l l  r e p e a t  m o l e c u l e s ,  i t - Y  

and NYS s e q u e n c e s  a c c o u n t e d  f o r  407. of  Y chr omos ome DNA. NYS DNA 

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

r e p e t i t i v e  s e q u e n c e s .  F u r t h e r ,  NYS DNA was shown t o  c o n s i s t  of  a t

l e a s t  two s e q u e n c e  " f a m i l i e s "  w i t h  o v e r a l l  h o mo l o g i e s  of  0 . 2'/. and

0.347 . ,  r e s p e c t i v e l y ,  t o  t o t a l  f e m a l e  and mal e  genomi c  DNA. Based on 

t h i s  i n f o r m a t i o n ,  t h e  3 . 4  kb H a e l l l  r e p e a t  c o u l d  be g e n e r a l l y  

c h a r a c t e r i z e d  as  a h e t e r o g e n e o u s  c o l l e c t i o n  of  i t - Y  s e q u e n c e s
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c o v a l e n t l y  l i n k e d  t o  more  h i g h l y  r e p e t i t i v e ,  l e s s  compl ex  NYS 

s e q u e n c e s  w i t h i n  t h e  same m o l e c u l e s  (Kunke l  e t  a l ■, 1 9 7 9 ) .  A l a t e r

s t u d y  showed t h a t  a p p r o x i m a t e l y  507. o f  i t - Y  s e q u e n c e s  we r e  t r u l y  Y

chr omos ome s p e c i f i c ,  wh e r e a s  t h e  o t h e r  507. c r o s s - r e a c t e d  wi t h

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

showed t h a t  ape  DNA d i d  n o t  h y b r i d i z e  t o  t h e  Y - s p e c i f i c  i t - Y  

s e q u e n c e s  b u t  d i d  h y b r i d i z e  t o  t h e  c r o s s - r e a c t i n g  i t - Y  and NYS

s e q u e n c e s .  The s t u d y  c o n c l u d e d  t h a t  t h e  c r o s s - r e a c t i n g  i t - Y  and NYS

s e q u e n c e s  we r e  more  d i v e r g e n t ,  h e n c e  " o l d e r " ,  t h a n  t h e  Y s p e c i f i c

i t - Y  s e q u e n c e s ,  s u g g e s t i n g  t h a t  t h e  3 . 4  kb H a e l l l  r e p e a t  m o l e c u l e s  

we r e  p r i m a r i l y  a u t o s o m a l ,  n o t  Y- c h r o mo s o ma l , i n  o r i g i n  (Kunke l  and 

S mi t h ,  1 9 8 2 ) .

P r e v i o u s  s t u d i e s  showed t h a t  S a t e l l i t e  I I I  (Cooke and McKay,  

1978;  B o s t o c k  e t  a l  ■ , 1978)  and S a t e l l i t e  I I  ( Bo s t o c k  e t .  a.i...., 1978;  

Cooke and H i n d l e y ,  1979)  DNA c o n t a i n e d  3 . 4  kb H a e l l l  r e p e a t  

s e q u e n c e s .  Bot h ma l e  and f e m a l e  DNA h y b r i d i z e d  t o  t h e  S a t e l l i t e  I I I

3 . 4  kb H a e l l l  e l e m e n t ,  s u g g e s t i n g  t h a t  S a t e l l i t e  I I I  DNA c o n t a i n e d  

b o t h  i t - Y  and NYS s e q u e n c e s  (Cooke and McKay,  1 9 7 8 ) .  S i n c e

S a t e l l i t e  I I  and I I I  DNA c o n s i s t s  of  h i g h l y  r e i t e r a t e d ,  s i m p l e  

s e q u e n c e s ,  i t  c o u l d  compos e  a ma j o r  p a r t  of  NYS 3 . 4  kb H a e l l l  DNA. 

Re c e n t  s t u d i e s  h a v e  shown t h a t  t h i s  i s  t h e  c a s e .  Burk e t  a l .  (1985)  

h a v e  d e f i n e d  t h r e e  " d o ma i n s "  of  s e q u e n c e s  w i t h i n  t h e  3 . 4  kb 

H a e I I I - t y p e  DNAs,  a l l  of  whi ch  a r e  r e l a t e d  t o  S a t e l l i t e  DNA. Domain 

K, d e f i n e d  by h y b r i d i z a t i o n  of  genomi c  3 . 4  kb H a e l l l  s e q u e n c e s  and 

a c l o n e d ,  pY- 3 . 4 A,  p r o b e  t o  1 . 8  and 3 . 6  kb K p n I - g e n e r a t e d  genomi c
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f r a g m e n t s ,  o c c u r s  i n  many c o p i e s  of  a t a n d e m l y  r e p e a t e d  1 . 8  kb

s e q u e n c e  s p e c i f i c  t o  chr omos ome 15.  Domain D, d e f i n e d  by

h y b r i d i z a t i o n  of  g enomi c  3 . 4  kb H a e l l l  s e q u e n c e s  and a c l o n e d  p r o b e  

(6D) t o  a l a r g e  6 . 2  kb f r a g m e n t  and t h r e e  s m a l l e r  2 . 6 ,  2 . 0  and 1 . 6  

kb ( whi ch  sum t o  6 . 2  kb)  D d e l - g e n e r a t e d  genomi c  f r a g m e n t s ,  o c c u r s  

a s  many c o p i e s  of  a t a n d e ml y  r e p e a t e d  6 . 2  kb s e q u e n c e  s p e c i f i c  t o

chr omos ome  16.  The c l o n e d  pY- 3 . 4A and 6D f r a g m e n t s  do no t

c r o s s - r e a c t ,  i n d i c a t i n g  t h a t  t h e y  r e p r e s e n t  d i f f e r e n t  t y p e s  of  3 . 4  

kb H a e l l l  r e p e a t  s e q u e n c e s .  A t h i r d  d o ma i n ,  Domain R, was d e f i n e d

by h y b r i d i z a t i o n  of  genomi c  3 . 4  kb H a e l l l  s e q u e n c e s  and t h e  c l o n e d

6D p r o b e  t o  a d i s t i n c t  3 . 4  kb E c o R I - g e n e r a t e d  g enomi c  f r a g m e n t  and 

s e v e r a l  o t h e r  mi nor  E c o R I - g e n e r a t e d  b a n d s .  Th e s e  b a n d s  wer e  s i m i l a r  

i n  a p p e a r a n c e  t o  t h o s e  h o mol ogous  t o  t h e  S a t e l l i t e  I I - d e r i v e d  HS3

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

chr omos ome  1 - s p e c i f i c  NYS 3 . 4  kb H a e l l l  s e q u e n c e  b a s e d  on i t s  

i d e n t i t y  w i t h  t h e  chr omos ome 1 c e n t r o m e r e - s p e c i f i c  HS3 f r a g me n t  

( Bos den  et_ a l . . 1 9 8 1 ) .  In a n o t h e r  s t u d y ,  a c l o n e d  chr omosome 22

1 i b r a r y - d e r i v e d  f r a g m e n t ,  QP23,  i d e n t i f i e d  t h e  3 . 4  kb H a e l l l  r e p e a t  

f r a g m e n t  i n  ma l e  g enomi c  . DNA. The QP23 p r o b e  d e f i n e d  a Domain 

K - l i k e  1 . 8  kb t a n d e m l y  r e p e a t e d  s e q u e n c e  s p e c i f i c  t o  chr omos omes  9 

and 15 and a Domain D - l i k e  6 . 1  kb t a n d e ml y  r e p e a t e d  s e q u e n c e  

s p e c i f i c  t o  chr omos ome 16 ( J e a n p i e r r e  e t  a 1 . , 19 8 5 ) .  A t h i r d  s t u d v  

showed t h a t  a Domain K - l i k e  c l o n e d  r e p e t i t i v e  1 . 8  kb Kpnl  s e q u e n c e  

c o m p r i s e d  t a nde m a r r a y s  of  t h e  S a t e l l i t e  I I I  5 ‘ATTCC 3 '  p e n t a m e r i c  

r e p e a t  and l o c a l i s e d  t o  t h e  p e r i c e n t r o m e r i c  r e g i o n  of  chr omosome 15
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( H i g g i n s  a t* ,  a l , , 1 9 8 5 ) .  Taken t o g e t h e r ,  t h e s e  s t u d i e s  i n d i c a t e

t h a t  t h e  NYS 3 . 4  kb H a e l l l  r e p e a t  s e q u e n c e s  may be d i v i d e d  i n t o

S a t e l l i t e  I l l - d e r i v e d  chr omos ome  9 and 1 5 - s p e c i f i c  d oma i ns  and 

S a t e l l i t e  I I - d e r i v e d  c h r omos ome s  1 and 1 6 - s p e c i f i c  d o ma i n s .  Burk et .  

a l . (1985)  p r o p o s e d  t h a t  o t h e r  d oma i ns  u n d o u b t e d l y  e x i s t ,  b u t  have

y e t  t o  be i d e n t i f i e d .

The r e l a t i o n s h i p  b e t we e n  i n t e r - a n d  i n t r a - d o m a i n  s e q u e n c e s  i s  no t

c o n s i s t e n t .  The 1 . 8  kb t a n d e m l y  r e p e a t e d  Domain K - l i k e  s e q u e n c e  ha s

been  d e s c r i b e d  a s  p r e d o m i n a n t l y  l o c a l i z e d  t o  chr omosome 15 wi t h  

p o s s i b l e  mi nor  s i t e s  on o t h e r  c hr omos omes  (Burk e t  a l . , 1 9 8 5 ) ,  or  

a s  p r e d o m i n a n t l y  l o c a l i z e d  t o  chr omosome 9 w i t h  a mi nor  

l o c a l i z a t i o n  t o  chr omos ome 15 ( J e a n p i e r r e  e t .  a l . , 19 8 5 ) .  Thes e  

d i s c r e p a n c i e s  may be a t t r i b u t e d  t o  t h e  u s e  of  two c l o n e d  p r o b e s  

t h a t  d i f f e r  somewhat  i n  s e q u e n c e  b u t  we r e  b o t h  homol ogous  t o  t h e

1 . 8  kb t a nde m r e p e a t s  and NYS 3 . 4  kb H a e l l l  s e q u e n c e s .  Th i s  

s u g g e s t s  t h a t  Domain K - l i k e  DNAs c o m p r i s e  a f a m i l y  of  s i m i l a r  

S a t e l l i t e  I l l - d e r i v e d  s e q u e n c e s  t h a t  have  d i v e r g e d  somewhat  f r om 

ea c h  o t h e r .  The d i v e r g e n c e  may be  due t o  t h e  s e g r e g a t i o n  of  Domain 

K - l i k e  s e q u e n c e s  o n t o  d i f f e r e n t  c hr omos omes  s o me t i me  d u r i n g  t h e  

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

S a t e l l i t e  I I I  DNA (Beauchamp e t  a l . . 1979) .

The 6 . 1 - 6 . 2  kb t a n d e m l y  r e p e a t e d  Domain D - l i k e  s e q u e n c e s  have  

been  d e s c r i b e d  as  p r e d o m i n a n t l y  l o c a l i z e d  t D chr omosome 16 (Burk et .

1985; J e a n p i e r r e  e t .  a l . , 1985) )  wh e r e a s  t h e  Domain R - l i k e

s e q u e n c e s  l o c a l i z e d  t o  chr omosome 1 (Burk e t  a l . . 19 8 5 ) .  S i n c e  t h e
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3 . 4  kb H a e l l l  r e p e a t e d  s e q u e n c e s  c o n t a i n  S a t e l l i t e  I I  DNA ( Bo s t o c k  

e t  a l . . 1978;  Cooke and H i n d l e y ,  1 9 7 9 ) ,  and t h e  ma j o r  s i t e s  of

S a t e l l i t e  I I  l o c a l i z a t i o n  i n  t h e  human genome a r e  t h e  c e n t r o m e r i c  

r e g i o n s  of  c h r omos ome s  16 and 1 ( J o n e s  and C o r n e o ,  1 9 7 1 ) ,  i t  i s  

r e a s o n a b l e  t o  p r o p o s e  t h a t  Domain D- and R- l i k e  s e q u e n c e s  

r e p r e s e n t  t wo f a m i l i e s  of  r e l a t e d  S a t e l l i t e  I I - d e r i v e d  DNAs. The 

c l o n e d  HS3 s e q u e n c e  ( Cooke  and H i n d l e y ,  1979;  Gosden e t  a l ■, 1981)  

may be a Domain ' R - l i k e  DNA, s i n c e  i t  c o n t a i n s  S a t e l l i t e  I I  

s e q u e n c e s  and i s  s p e c i f i c  t o  t h e  c e n t r o m e r e  of  chr omosome 1. The 

p r e c i s e  r e l a t i o n s h i p  b e t we e n  Domain D and R s e q u e n c e s  i s  u n c l e a r ,  

h o we v e r ,  i n  t h a t  a c l o n e d  p r o b e ,  6D,  i d e n t i f i e s  b o t h  Domai ns  i n 

genomi c  DNA b u t  i s  s p e c i f i c  o n l y  t o  chr omos ome 16,  n o t  chr omosome 1 

(Burk e t .  a l . , 1 9 8 5 ) .  An o t h e r  Domain D - l i k e  s e q u e n c e  i s  a l s o

s p e c i f i c  t o  chr omos ome  16,  b u t  n o t  t o  chr omos ome 1 ( J e a n p i e r r e  et_ 

a l . . 1 9 8 5 ) .  Th i s  i n d i c a t e s  t h a t  Domain D and R DNAs r e p r e s e n t  two

d i s t i n c t  S a t e l l i t e  I I - r e l a t e d  s e q u e n c e  f a m i l i e s  w i t h i n  t h e  NYS 3 . 4  

kb H a e l l l  r e p e a t  s e q u e n c e s .  The d i v e r g e n c e  may be due t o  t h e  

s e g r e g a t i o n  of  Domain D - l i k e  s e q u e n c e s  p r e d o m i n a n t l y  t o  chr omosome

16 and of  Domain R - l i k e  s e q u e n c e s  t o  chr omos ome 1 s o me t i me  d u r i n g  

t h e  e v o l u t i o n a r y  h i s t o r y  of  S a t e l l i t e  I I  DNA.

The p r e s e n t  s t u d y  p r o p o s e s  t h a t  t h e  XL3 c l o n e d  f r a g me n t

r e p r e s e n t s  a t h i r d  S a t e l l i t e  I I - r e l a t e d  domai n  of s e q u e n c e s  

a s s o c i a t e d  wi t h  t h e  NYS 3 . 4  kb H a e l l l  r e p e a t s .  Th i s  d o ma i n ,  Domain 

H, i s  d e f i n e d  by DNA h o mo l o g o u s  t o  XL3 s e q u e n c e s  p r o d u c e d  bv 

d i g e s t i o n  of  human ma l e  genomi c  DNA wi t h  t h e  r e s t r i c t i o n
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e n d o n u c l e a s e s  H a e l l l  and H i n f l .  I t  i s  a mi nor  componen t  of  t h e  

S a t e l l i t e  1 1 - d e r i v e d  NYS 3 . 4  kb H a e l l l  s e q u e n c e s ,  i s  s p e c i f i c  t o  

t h e  p e r i c e n t r o m e r i c  r e g i o n  o f  chromosome 7 ,  and c o n s i s t s  of  1 0 -1 00  

r e p e a t e d  s e q u e n c e s  1400 bp i n  l e n g t h .  Though i t  i s  u n c l e a r  how 

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

c hr omos oma l  s i t e  s u g g e s t s  t h a t  h o mo l o g o u s  s e q u e n c e s  a r e  c l u s t e r e d  

t o g e t h e r  a l o n g  one  c o n t i n u o u s  s t r e t c h  of  DNA. XL3 do e s  n o t  

l o c a l i z e  t o  e i t h e r  ch r omos ome  1 Dr 16,  and d o e s  n o t  i d e n t i f y  a 1 . 8  

kb EcoRI  genomi c  f r a g m e n t  o f t e n  a s s o c i a t e d  wi t h  chr omos ome 1 (Cooke 

and H i n d l e y ,  19 7 9 ; )  o r  chr omos ome  16 (Burk e t  a l . , 1985; J e a n p i e r r e  

e t  a l . . 1 9 8 5 ) .  T h i s  i n d i c a t e s  t h a t  Domain H e x i s t s  i n d e p e n d e n t l y  of  

Domai ns  D and R. The i d e n t i f i c a t i o n  of  homol ogy t o  mi nor  Domain H 

DNA s u g g e s t s  t h a t  o t h e r  mi nor  d o ma i n s  w i l l  be i d e n t i f i e d  i n  f u t u r e  

s t u d i e s .  T o g e t h e r ,  t h i s  i n f o r m a t i o n  may be u s e d  t o  d e f i n e  t h e  

h e t e r o g e n e i t y  of  S a t e l l i t e  I I  DNA and t h e  NYS 3 . 4  kb H a e l l l  

s e q u e n c e s  i n  p a r t i c u l a r .

I V. A s s o c i a t i o n  of  S a t e l l i t e  I I  and Alu S e q u e n c e s  i n  S u b c l a s s  1 DNA 

The d e g e n e r a t e  S a t e l l i t e  1 1 - t y p e  s e q u e n c e s  b e t we e n  bp 7 -1 9 8  wer e  

a s s o c i a t e d  wi t h  an i n v e r t e d  Alu SINES e l e m e n t  s p a n n i n g  

a p p r o x i m a t e l y  bp 9 0 0 - 1 2 0 0  i n  t h e  33 f r a g m e n t .  The XL3 s u b c l o n e d  

f r a g m e n t ,  c o n s i s t i n g  of  bp 1 -7 50  of  33 DNA and c o n t a i n i n g  t h e  

d e g e n e r a t e  bp 7 -1 9 8  S a t e l l i t e  I I  s e q u e n c e s ,  some s l i g h t  homol ogy t o  

r e s t r i c t i o n  f r a g m e n t s  of  c l o n e d  2 DNA, c l o n e d  103 DNA, c l o n e d  2 0 A 

DNA. Thes e  r e s t r i c t i o n  f r a g m e n t s  a l s o  c o n t a i n e d  s e q u e n c e s



Page 151

h o mo l o g o u s  t o  BLUR B Al u SINES e l e m e n t  DNA. Thus ,  t h e  XL3 DNA and 

Al u e l e m e n t  a s s o c i a t i o n  i n  t h e  33 f r a g m e n t  a l s o  o c c u r r e d  i n  t h e  2,  

103 and 20A c l o n e d  f r a g m e n t s .  Mo r e o v e r ,  t h e  XL3 and Al u DNA 

a s s o c i a t i o n  was r e p e a t e d  t w i c e  w i t h i n  c l o n e d  2 and 103 DNAs.

As s e e n  i n  F i g u r e s  3 and 20 ,  t h e  1500 and 1200 bp s e q u e n c e s  of  

t h e  c l o n e d  2 and 103 f r a g m e n t s  a r e  n o t  c o n t i g u o u s  b u t  a r e  s e p a r a t e d  

by s e q u e n c e s  300 bp a p a r t  i n  2 DNA and 500 bp a p a r t  i n  103 DNA. 

T h i s  s u g g e s t s  t h a t  t h e  Al u e l e m e n t s  w i t h i n  t h e  c l o n e d  2 f r a g m e n t  

a r e  m i n i m a l l y  300 bp and ma x i ma l l y  3000 bp ( 1200 bp + 300 bp + 1500 

bp)  a p a r t  ( F i g u r e  2 0 ) .  S i m i l a r l y ,  t h e  Al u e l e m e n t s  w i t h i n  t h e  

c l o n e d  103 f r a g m e n t  a r e  m i n i m a l l y  500 bp and ma x i ma l l y  3200 bp 

( 1500 bp + 500 bp + 1200 bp)  a p a r t .  Random d i s p e r s i o n  t h r o u g h o u t

t h e  human genome p l a c e s  Al u e l e m e n t s  a p p r o x i m a t e l y  4200 bp a p a r t  

f r om ea c h  o t h e r .  K i n e t i c  d a t a ,  h o we v e r ,  s u g g e s t s  t h a t  Alu e l e m e n t s  

a r e  n o t  r a n d o ml y  d i s p e r s e d  b u t  may be " bunc he d  up" i n  607. of  t h e  

genome,  o c c u r r i n g  a p p r o x i m a t e l y  e v e r y  2500 bp.  The r e m a i n i n g  407. of  

t h e  genome p o s s e s s e s  Al u e l e m e n t s  t h a t  a r e  more " s p r e a d  o u t " ,  or  

w i d e l y  d i s p e r s e d ,  among u n i q u e  and o t h e r  r e p e t i t i v e  s e q u e n c e s  

( R i n e h a r t  e t .  a l . . 1 9 8 1 ) .  Maxi mal  s e p a r a t i o n  of  t h e  Alu e l e m e n t s  in 

2 and 103 DNA p l a c e s  t hem c l o s e r  t o  2500 bp a p a r t  t h a n  4200 bp 

a p a r t ,  s u g g e s t i n g  t h a t  t h e  2 and 103 f r a g m e n t s  wer e  p u r i f i e d  f rom 

t h e  607. of  genomi c  s e q u e n c e s  c o n t a i n i n g  c l o s e l y  s p a c e d  n l u  

e l e m e n t s .

Wi t h i n  t h e  607. of  human qenomi c  DNA a s s o c i a t e d  wi t h  f r e q u e n t l y  

o c c u r r i n g  Al u s e q u e n c e s  a r e  r e g i o n s  whe r e  Al u e l e m e n t s  a r e  f ound  in
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" c l u s t e r s "  ( C a l a b r e t t a  e t .  a l . f 1982} Ts u k a d a  e t  a l . t 1 9 8 2 ) .  Alu 

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

genome.  Some p a i r e d  Alu e l e m e n t s  h a v e  been  i m p l i c a t e d  i n  s p e c i f i c  

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

<Lehrman e t  a l ■, 1 9 8 5 ) .  I n t e r - A l u  s e q u e n c e s  h a v e  a l s o  bee n  shown t o  

o c c u r  i n  50 p o l y m o r p h i c  c o p i e s  d i s p e r s e d  i n  nor ma l  l y m p h o c y t i c  DNA. 

Some c o p i e s  of  t h e  i n t e r - A l u  s e q u e n c e  e x i s t e d  as  s ma l l  p o l y d i s p e r s e  

c i r c u l a r  DNAs ( C a l a b r e t t a  e t  a l . , 1 9 8 2 ) .  An i n c r e a s e  i n  t h e  number  

of  t h e  p o l y d i s p e r s e  c i r c u l a r  i n t e r - A l u  s e q u e n c e s  was a s s o c i a t e d  

wi t h  lel v i t r o  and irL v i v o  a g e i n g  ( Shmook l e r  R e i s  e t  a l . , 19 8 3 ) .  

Th e s e  s t u d i e s  p r o p o s e d  t h a t  t h e  i n t e r - A l u  s e q u e n c e s  had u n d e r g o n e  

r e p l i c a t i o n ,  e x c i s i o n  and r e i n t e g r a t i o n  e v e n t s  whi ch  a m p l i f i e d  and 

d i s p e r s e d  t hem t h r o u g h o u t  t h e  genome a s  e x t r a c h r o m o s o m a l  c i r c u l a r  

DNAs. T h i s  t r a n s p o s o n - t y p e  mechan i s m may have  i n v o l v e d  t h e  f l a n k i n g  

Al u s e q u e n c e s ,  whi ch c o u l d  h a v e  f u n c t i o n e d  i n  a manner  s i m i l a r  t o  

p r o k a r y o t i c  t r a n s p c s o n  i n s e r t i o n  s e q u e n c e s  ( Sh mo o k l e r  R e i s  et_ aJ.jL_,

1983) .

As p r e v i o u s l y  s t a t e d ,  2 and 103 DNA p o s s e s s  t wo a s s o c i a t e d  Alu 

e l e me n t - XL 3  DNA s e q u e n c e  c o mp l e x e s .  I f  t h e s e  s e q u e n c e s  a r e  o r i e n t e d  

as  t h e y  a r e  i n  33 DNA, t h e n  t h e  2 and 103 s e q u e n c e s  a r e  a r r a n q e d  i n  

an XL3- Al u- XL3- Al u  a r r a y .  T h i s  c o n f i g u r a t i o n  woul d p l a c e  an XL3 

d e g e n e r a t e  S a t e l l i t e  I I  s e q u e n c e  b e t we e n  two Alu e l e m e n t s  i n  b o t h  

c l o n e d  f r a g m e n t s .  T h i s  s u g g e s t s  t h a t  t h e  o c c u r r e n c e  of  10 - 1 0 0  

c o p i e s  of  d e g e n e r a t e  S a t e l l i t e  I I - c o n t a i n i n g  XL3 s e q u e n c e s  i n  t h e  

genome c o u l d  t h e o r e t i c a l l y  r e p r e s e n t  an Al u e l e m e n t - m e d i a t e d
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t r a n s p o s o n - l i k e  a m p l i f i c a t i o n  of  t h e s e  s p e c i f i c  s e q u e n c e s .

V. Q r i n i n  of  S a t e l l i t e  I I  PNft and S p e c i f i c  O r i g i n  of  t h e  XL3 

Cl o n e d  Fr a g me n t

The i d e n t i f i c a t i o n  of  XL.3 DNA as  a mi nor  c omponen t  of  S a t e l l i t e  

I I  DNA r a i s e d  q u e s t i o n s  c o n c e r n i n g  t h e  s p e c i f i c  o r i g i n  of  XL3

s e q u e n c e s  i n  r e l a t i o n  t o  t h e  g e n e r a l  o r i g i n  and genomi c

d i s t r i b u t i o n  of  S a t e l l i t e  I I  DNA.

P r e v i o u s  s t u d i e s  h a v e  shown t h a t  S a t e l l i t e  I I  DNA was composed of  

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

a p p r o x i m a t e l y  2.0' / .  of  genomi c  DNA ( M i t c h e l l  e t  a l . . 1979;  Cor neo  e t  

a l ■, 1 9 7 0 ) .  T o t a l  S a t e l l i t e  I I  DNA l o c a l i z e d  p r i m a r i l y  t o  t h e

c e n t r o m e r i c  r e g i o n  of  chr omos ome 1 wi t h  s e c o n d a r y  l o c a l i z a t i o n  t o  

t h e  c e n t r o m e r i c  r e g i o n  of  chr omosome 16 and mi nor  l o c a l i z a t i o n s  t o  

t h e  c e n t r o m e r i c  r e g i o n s  of  many o t h e r  chr omos omes  ( J o n e s  and 

Co r n e o ,  1971;  Gosden et_ al_i_, 1975) .  S a t e l l i t e  I I  s e q u e n c e s  wer e

a s s o c i a t e d  w i t h  NYS 3 . 4  kb H a e l l l  r e p e a t e d  DNAs ( Bo s t o c k  e t  a 1 . ,

1978;  Cooke and H i n d l e y ,  19 7 9 ) .  R e n a t u r a t i o n  k i n e t i c s  showed t h a t  

NYS 3 . 4  kb H a e l l l  s e q u e n c e s  were  p r o b a b l y  a u t o s o ma l  i n  o r i g i n  

(Kunkel  and S mi t h ,  1 9 8 2 ) .  Taken t o g e t h e r ,  t h i s  i n f o r m a t i o n  i s

c o n s i s t e n t  wi t h  a c e n t r o m e r i  c o r i g i n  of  a ma j or  p o r t i o n  of  

S a t e l l i t e  I I  DNA on human chr omos ome 1. The s e c o n d a r y  c o n c e n t r a t i o n  

of  S a t e l l i t e  I I  s e q u e n c e s  a t  t h e  c e n t r o m e r i c  r e g i o n  of chr omosome

16 and mi nor  c o n c e n t r a t i o n s  on t h e  c e n t r o m e r e s  of  o t h e r  chr omos omes

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



Page 154

of  S a t e l l i t e  11 s e q u e n c e s  t o  t h e s e  s i t e s  s o me t i me  d u r i n g  human 

e v o l u t i  on.

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

of  S a t e l l i t e  I I  s e q u e n c e s  i n  t h e  human genome a r e  u n e q u a l  c r o s s i n g  

o v e r  and d i s p r o p o r t i o n a t e  r e p l i c a t i o n .  Unequa l  c r o s s i n g  o v e r  was 

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

a m p l i f i c a t i o n  of  a l p h o i d  s e q u e n c e s  i n  t h e  human genome ( M i l l a r d  and 

Waye,  1 9 8 7 ) .  In u n e q u a l  c r o s s i n g  o v e r ,  h o mo l o g o u s  r e c o m b i n a t i o n  

b e t we e n  two n o n a l l e l i c  r e p e a t e d  s e q u e n c e s  o r g a n i z e d  i n  a t andem 

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

r e p e a t e d  s e q u e n c e .  Thes e  e v e n t s  a l s o  a c t  t o  m a i n t a i n  s e q u e n c e  

h o mo g e n e i t y  so t h a t  t h e  DNA e v e n t u a l l y  c o n s i s t s  of  r e p e a t s  of  a 

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

mechan i s m a l s o  a l l o w s  t h a t  s i m i l a r  r e p e a t e d  s e q u e n c e s  on d i f f e r e n t  

chr omos omes  t h a t  do n o t  p a r t i c i p a t e  i n  u n e q u a l  c r o s s i n g  ov e r  a r e  

f r e e  t o  d i v e r g e  ( S mi t h ,  1976;  Lewi n ,  19 8 0 ) .  Unequa l  c r o s s i n g  ove r  

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

s e q u e n c e s  a t  t h e  c e n t r o m e r e  of  chr omos ome 1,  t h e  r e l a t i v e

h o mo g e n e i t y  of  t h e s e  s e q u e n c e s ,  and t h e  d i v e r g e n c e  of  t h e s e  

s e q u e n c e s  a t  o t h e r  s i t e s .  I t  do e s  n o t  e x p l a i n  t h e  d i s p e r s i o n  of

t h e s e  s e q u e n c e s  t o  o t h e r  s i t e s  or  t h e  a b s e n c e  of  r e c i p r o c a l

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

The d i s p e r s i o n  of  S a t e l l i t e  I I  s e q u e n c e s  t o  many s i t e s  i n  t h e  

genome i s  a c c o u n t e d  f o r  by a s e c o n d  me c ha n i s m,  d i s p r o p o r t i o n a t e  

r e p l i c a t i o n .  In t h i s  p r o c e s s ,  m u l t i p l e  i n i t i a t i o n s  of  DNA



Page 155

r e p l i c a t i o n  r e s u l t  i n  t h e  p r o d u c t i o n  of  some f r e e  s t r a n d s  of  newl y  

s y n t h e s i z e d  DNA whi ch  may u n d e r g o  e n d - t o - e n d  l i g a t i o n .  The

r e s u l t i n g  c l o s e d  c i r c u l a r  DNAs may t h e n  r e c o m b i n e  i n t o  ch r omos oma l  

DNA a t  or  n e a r  t h e  i n i t i a l  s i t e  of  DNA s y n t h e s i s  or  i n t o  a 

d i f f e r e n t  s i t e  on t h e  same o r  on a d i f f e r e n t  chr omos ome ( S c h i mk e ,

1 9 8 4 ) .  D i s p r o p o r t i o n a t e  r e p l i c a t i o n  a c c o u n t s  f o r  t h e  i n i t i a l  

a m p l i f i c a t i o n  of  S a t e l l i t e  I I  DNA a t  t h e  c e n t r o m e r e  of  chr omos ome  1 

and i t s  s u b s e q u e n t  d i s p e r s i o n  t o  chr omos ome Id and o t h e r

ch r o mo s o me s .  Rounds  o f  a m p l i f i c a t i o n  and d i s p e r s i o n  of  S a t e l l i t e  I I  

s e q u e n c e s  f r om t h e s e  t o  t h e  same and o t h e r  s i t e s  woul d t h e n  a c c o u n t  

f o r  t h e  p r e s e n c e  o f  d i f f e r e n t  a moun t s  of  S a t e l l i t e  I I  s e q u e n c e s  on 

d i f f e r e n t  c h r o mo s o me s .  T h i s  mechan i s m a l s o  a l l o w s  t h e  i n d e p e n d e n t

d i v e r g e n c e  of  S a t e l l i t e  I I  s e q u e n c e s  f r om ea ch  o t h e r  on s e p a r a t e

c h r omos omes .

A m p l i f i c a t i o n - i n d e p e n d e n t  d i s p e r s i o n  of  S a t e l l i t e  I I  s e q u e n c e s  

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

i n  t h e  genome as  " i n t e r - A l u "  s e q u e n c e s ,  a p r o c e s s  a l l u d e d  t o  

e a r l i e r .  In t h i s  t y p e  of  e v e n t ,  S a t e l l i t e  I I  s e q u e n c e s  s a n d wi c h e d  

b e t we e n  two Alu e l e m e n t s  c o u l d  h a v e  been  t r a n s p o s e d  t o  o t h e r  

genomi c  s i t e s  t h r o u g h  Al u - Al u  r e c o m b i n a t i o n  e v e n t s .  Thi s  p a r t i c u l a r  

mechani s m i s  of  s p e c i a l  i n t e r e s t  h e r e  b e c a u s e  of  t h e  p o s s i b l e  

XL-3 ( S a t e l  1 i t e  11 ) -  A1 u t o  XL3 ( S a t e l  1 i t e  1 1 ) -  A1 u s e q u e n c e  a r r a n g e m e n t  

i n  t h e  c l o n e d  2 and 103 f r a g m e n t s .

Some c o m b i n a t i o n  of  t h e s e  mecha n i s ms  i s  c o n s i s t e n t  wi t h  t h e  

g e n e r a l  a m p l i f i c a t i o n  and d i s p e r s i o n  of  S a t e l l i t e  I I  s e q u e n c e s  in
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t h e  human genome.  None of  t h e  me c h a n i s ms ,  h o we v e r ,  e x p l a i n  t h e  

p r e f e r e n t i a l  l o c a l i z a t i o n  of  S a t e l l i t e  s e q u e n c e s  t o  

h e t e r o c h r o m a t i c , c e n t r o m e r i c  r e g i o n s .  I t  h a s  be e n  p r o p o s e d  t h a t  t h e  

a l m o s t  e x c l u s i v e  p l a c e m e n t  of  S a t e l l i t e  s e q u e n c e s  a t  c e n t r o m e r e s  i s  

a " d e f e n s e "  mecha n i s m d e s i g n e d  t o  " p r o t e c t "  t h e  genome f r om t h e  

i n t r u s i o n  of  ma s s e s  of  r e p e a t e d  s e q u e n c e s  i n t o  l o c i  c r i t i c a l  t o  

c e l l  f u n c t i o n  and p r o p a g a t i o n  ( S i n g e r ,  1 9 8 1 ) .  T h i s  p r e s u p p o s e s  a 

n e c e s s a r y  f u n c t i o n  of  S a t e l l i t e  DNA s o  t h a t  S a t e l l i t e  s e q u e n c e s  a r e  

m a i n t a i n e d  i n  t h e  genome.  A l a c k  of  s e l e c t i v e  p r e s s u r e  on t h e  

e x i s t e n c e  of  S a t e l l i t e  s e q u e n c e s ,  b a l a n c e d  wi t h  t h e  e x e r t i o n  of  

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

S a t e l l i t e  DNA, may h a v e  r e s u l t e d  i n  t h e  o b s e r v e d  a b u n d a n c e  of 

S a t e l l i t e  I I  s e q u e n c e s  a t  s e l e c t e d  c e n t r o m e r i c  l o c i  i n  t h e  human 

genome.

At some poi nt *  i n  e v o l u t i o n a r y  h i s t o r y ,  one  or  a few c o p i e s  ot  

S a t e l l i t e  I I  DNA was d i s p e r s e d  t o  t h e  c e n t r o m e r e  of  chr omosome 1.  

The s e  s e q u e n c e s ,  s e g r e g a t e d  f r om o t h e r  S a t e l l i t e  I I  s e q u e n c e s ,  

u n d e r we n t  r andom c h a n g e s  and d i v e r g e d  c o n s i d e r a b l y  f r om t h e  

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

o c c u r r e d  so t h a t ,  e v e n t u a l l y ,  10 - 100  c o p i e s  of  t h i s  h i g h l y  v a r i a n t  

S a t e l l i t e  I I  s e q u e n c e  e x i s t e d  a t  t h a t  ch r omos omal  l o c a t i o n .  I hi  s 

p r o p o s e d  mode of  o r i g i n  of  t h e  XL3 s e q u e n c e  a c c o u n t s  f o r  i t s  

l o c a l i z a t i o n  t o  a mi nor  S a t e l l i t e  I I  ch r omos omal  s i t e ,  i t s  

d i v e r g e n c e  f r om t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  and i t s  low 

copy number .  Th i s  mecha n i s m may a c c o u n t  f o r  t h e  e x i s t e n c e  of  o t h e r
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v a r i a n t  S a t e l l i t e  I I  s e q u e n c e s  i n  t h e  human genome wh i c h ,  

t o g e t h e r ,  d e f i n e  t h e  h e t e r o g e n e i t y  of  S a t e l l i t e  I I  DNA. 

l o c i  i n  t h e  human genome.

The me c h a n i s ms  i n v o l v e d  t h e  o r i g i n  of  XL3 DNA e v o l v e  

d i r e c t l y  f r om t h o s e  j u s t  d e s c r i b e d  f o r  t h e  o r i g i n  of  S a t e l l i t e  I I  

DNA. At some p o i n t  d u r i n g  e v o l u t i o n a r y  h i s t o r y ,  one or  a few 

c o p i e s  of  S a t e l l i t e  I I  DNA was d i s p e r s e d  t o  t h e  c e n t r o m e r e  of  

chr omos ome  7.  Th e s e  s e q u e n c e s ,  s e g r e g a t e d  f r om o t h e r  S a t e l l i t e  I I  

s e q u e n c e s ,  u n d e r w e n t  r andom m u t a t i o n s  and d i v e r g e d  c o n s i d e r a b l y  

f r om t h e  o r i g i n a l  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e .  They u n d e r we n t  

l i m i t e d  a m p l i f i c a t i o n  so t h a t  e v e n t u a l l y  1 0 - 1 0 0  c o p i e s  of  t h i s  

h i g h l y  v a r i a n t  S a t e l l i t e  I I  s e q u e n c e  e x i s t e d  a t  t h a t  chr omos omal  

l o c a t i o n .  T h i s  p r o p o s e d  mode of  o r i g i n  of  t h e  XL3 s e q u e n c e  

a c c o u n t s  f o r  i t s  l o c a l i z a t i o n  t o  a mi nor  S a t e l l i t e  I I  ch r omos omal  

s i t e ,  i t s  d i v e r g e n c e  f r om t h e  S a t e l l i t e  I I  c o n s e n s u s  s e q u e n c e  and 

i t s  low copy number .  T h i s  mecha n i s m may a c c o u n t  f o r  t h e  e x i s t e n c e  

of  o t h e r  v a r i a n t  S a t e l l i t e  I I  s e q u e n c e s  i n  t h e  human genome 

wh i c h ,  t o g e t h e r ,  d e f i n e  t h e  h e t e r o g e n e i t y  of  S a t e l l i t e  I I  DNA.
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H y b r i d i z a t i o n  In S i t u  of  Human h e t a p h a s e  Chromosomes

VJL *

7 *
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1.

ft. Chr omosomal  L o c a l i z a t i o n  of  43 DNA

A r e p r e s e n t a t i v e  me t a p h a s e  p l a t e  i s  shown p r i  o r  t o
v

h y b r i d i z a t i o n  ( 1 . )  and a s  i t  a p p e a r e d  a f t e r  h y b r i d i z a t i o n  ( 2 ) .  The 

c e n t r o m e r i c  r e g i o n s  of  chr omos ome  4 and t h e  X c h r omos ome ,  t h e  maj or  

s i t e s  of  43 DNA l o c a l i z a t i o n ,  a r e  i n d i c a t e d .  The s l i d e  was e x p o s e d  

48 h o u r s  a t  - 4 ° C.
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A r e p r e s e n t a t i v e  m e t a p h a s e  p l a t e  i s  shown p r i o r  t o

h y b r i d i z a t i o n  ( 1 . )  and a s  i t  a p p e a r e d  a f t e r  h y b r i d i z a t i o n  ( 2 ) .  The 

c e n t r o m e r i c  r e g i o n  of  chr omosome 7 ,  t h e  ma j o r  s i t e  of  XL3 DNA 

l o c a l i z a t i o n ,  i s  i n d i c a t e d .  The s l i d e  was e x p o s e d  72 h o u r s  a t  

4 ° C .
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APPENDIX I I .

De r i v a t i o n  of  t h e  Genomi c RE Maps of  XL5 DNA

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

r e l a x e d  ( F i g u r e  1 7 ) ,  i n t e r m e d i a t e  ( F i g u r e  IS)  and s t r i n g e n t  ( F i g u r e

19) h y b r i d i z a t i o n  c o n d i t i o n s ,  a s  s u mma r i z e d  i n  T a b l e  XI ,  was u s e d  

t o  c o n s t r u c t  t h e  genomi c  RE maps shown i n  F i g u r e  20.

Aj C h a r a c t e r i z a t i o n  o f  t h e  Ma i o r  1 . 4  and 5 . 0  kb XL5- Homol oaous

Genomi c F r a gme n t s

Mappi ng of  t h e  r e s t r i c t i o n  enzyme s i t e s  d e f i n i n g  genomi c  

f r a g m e n t s  h o mol ogous  t o  XL3 DNA was d e r i v e d  f r om t h e  a n a l y s i s  of  

b l o t s  shown i n  F i g u r e s  18 and 19 and s u mma r i z e d  i n  Ta b l e  XI.  The 

mos t  i n t e n s e  r e g i o n s  of  genomi c  homol ogy t o  t h e  XL3 f r a g m e n t  

c o r r e s p o n d  t o  f r a g m e n t s  1 . 4  and 5 . 0  l:b i n  l e n g t h  p r o d u c e d  by 

d i g e s t i o n  of genomi c  DNA wi t h  Hi n d i  11 + EcoRI ,  Hi n d i  1 1 + Xbai  and 

H i n d l l l  + Hpa l .  Thes e  f r a g m e n t s  a r e  n o t  e v i d e n t  upon d i g e s t i o n  of 

genomi c  DNA wi t h  e i t h e r  EcoRI  or  Xbai  a l o n e  ( F i g u r e s  1 / , 1 8 , 1 9 ) ,  Ihe

1 . 4  kb b u t  no t  t h e  5 . 0  kb f r a g m e n t s  a r e  o b s e r v e d  upon d i g e s t i o n  of 

genomi c  DNA wi t h  H i n d l l l  ( F i g u r e  IB and 19) or  Hpal. ( F i q u r e  t / )

a l o n e .  The p r o d u c t i o n  of  s i m i l a r  1 . 4  and 5 . 0  kb f r a g m e n t s  upon 

d i g e s t i o n  wi t h  H i n d l l l  + EcoRI ,  + Xbai  and + Hpal  s u g g e s t s  t h a t
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t h e s e  f r a g m e n t s  a r i s e  f r om s i m i l a r  g enomi c  l o c i .  EcoRI ,  Xbai  and 

Hpal  s i t e s  c l u s t e r e d  1 . 4  kb 3 '  or  5 '  f r om a H i n d l l l  s i t e  woul d

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

H i n d l l l  + E c o R I / X b a l / H p a l .  Movement  of  t h e  H i n d l l l  s i t e  t o  a 

p o s i t i o n  5 . 0  kb away f r om t h e  c l u s t e r e d  Ec o RI ,  Xbai  and Hpal  s i t e s  

woul d  p r o d u c e  t h e  o b s e r v e d  i d e n t i c a l  5 . 0  kb f r a g m e n t s  whi ch  o c c u r  

f o l l o w i n g  d i g e s t i o n  w i t h  H i n d l l l  + E c o R I / X b a l / H p a l .

The 1 . 4  and 5 . 0  kb H i n d l l l  + E c o R I / X b a l / H p a l  f r a g m e n t s  a p p e a r  

w i t h  e q u a l  i n t e n s i t y  i n  F i g u r e  19 b u t  t h e  5 . 0  kb f r a g m e n t s  a p p e a r  

w i t h  much l e s s  i n t e n s i t y  t h a n  t h e  1 . 4  kb f r a g m e n t s  i n  F i g u r e  18.  

T h i s  s u g g e s t s  t h a t  some XL3- homol ogous  l o c i  p o s s e s s  two 5 J H i n d l l l  

s i t e s :  one  l o c a t e d  1 . 4  kb and one  l o c a t e d  5 . 0  kb f r om t h e  c l u s t e r e d

E c o R I / Xb a l / Hp a l  s i t e s .  Co mp l e t e  r e s t r i c t i o n  enzyme d i g e s t i o n  of 

t h e s e  s i t e s  c l e a v e s  t h e  l a r g e r  5 . 0  kb f r a g m e n t  p r o d u c i n g  t h e

s m a l l e r ,  more i n t e n s e  1 . 4  kb f r a g m e n t .  The i n t e n s i t y  of  t h e  1 , 4 kb 

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

ho mol ogous  t o  XL3 DNA. Th e s e  f r a g m e n t s  s h a r e  t h e  e x p e c t e d  

r e s t r i c t i o n  enzyme s i t e s ,  whi ch  a r e  mapped a s  shown i n  Reg i on  A

( F i g u r e  2 0 ) .  Though n o t  shown,  an a d d i t i o n a l  Hpal  s i t e  may o c c u r  

n e a r  t h e  5 '  H i n d l l l  s i t e ,  s i n c e  a 1 . 4  kb genomi c  f r a g me n t  

h o mol ogous  t o  XL3 i s  p r o d u c e d  upon d i g e s t i o n  wi t h  Hpal  a l o n e  

i F i g u r e  17) .

The p e r s i s t e n c e  of  t h e  5 . 0  kb H i n d l l l  + Ec o RI / Xb a i / Hp a I

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

s m a l l e r  1 . 4  kb f r a g m e n t  by H i n d l l l  ( F i g u r e s  18 and 19) ,  Reg i on  B
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r e p r e s e n t s  t h e  p l a c e  of  o r i g i n  of  t h e  5 . 0  kb f r a g m e n t s .  The 1 , 4  kb

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

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

of  t h e  H i n d l l l  + E c o R I / X b a l / H p a l  f r a g m e n t s  ( F i g u r e s  18 and 19 ) .  

T h i s  l o c u s  i s  d e p i c t e d  a s  Re g i o n  C i n  F i g u r e  2 0 ,  and may r e p r e s e n t  

t h e  n a t i v e  33/ XL3 l o c u s  s i n c e  t h e  33 s e q u e n c e  i s  a 1 . 4  kb H i n d l l l  

f r a g m e n t .

A n a l y s i s  of  t h e  d a t a  shown i n  F i g u r e s  17,  18 and 19 and t h e

d e r i v e d  genomi c  map shown i n  F i g u r e  20 i n d i c a t e  t h a t  f u l l  homol ogy 

t o  XL3 DNA e x i s t s  a t  o n l y  a few g enomi c  l o c i .  The f a i n t  s i g n a l  

p r o d u c e d  by t h e  750 bp H i n d l l l / X b a l  f r a g m e n t  ( F i g u r e s  18 and 19) 

s u g g e s t s  t h a t  t h i s  f r a g m e n t  i s  t h e  genomi c  c o u n t e r p a r t  of  t h e  XL3 

f r a g m e n t  and i s  p r e s e n t  i n  o n l y  one  c o p y ,  Co mp a r i s o n  of  s i g n a l  

i n t e n s i t i e s  shows  t h a t  t h e  number  of  c o p i e s  of  h o mol ogous  1 . 4  kb 

H i n d l l l  + EcoRI ,  + Xbai  and + Hpal  g enomi c  s e q u e n c e s  i s  b e t we e n

1 0 - 1 0 0 ,  i . e . , t h e  XL3- homol ogous  Re g i on  A o c c u r s  1 0 - 100  t i r oes  i n 

t h e  human genome.  S i m i l a r l y ,  c o m p a r i s o n  of  s i g n a l  i n t e n s i t i e s  

s u g g e s t s  t h a t  Re g i on  8 a l s o  o c c u r s  many t i m e s  i n  t h e  human genome,  

t h o u g h  p e r h a p s  l e s s  f r e q u e n t l y  t h a n  Re g i on  A. T h i s  d i s c r e p a n c y  

p r e v e n t s  a p r e c i s e  d e t e r m i n a t i o n  of  t h e  number  of  genomi c  c o p i e s  of 

Re g i o n  B, b u t  a l l o w s  a c o n s e r v a t i v e  e s t i m a t i o n  of  1- 10  t o t a l  c o p i e s  

i n  t h e  human genome.  The s i g n a l  i n t e n s i t y  of  t h e  1 . 4  kb H i n d l l l  

f r a g m e n t  i s  c o n s i s t e n t  and c o m p a r i s o n  wi t h  t h a t  of  t h e  750 bp 

H i r i d l l l / X b a l  f r a g me n t  shows  t h a t  t h e  1 . 4  kb H i n d l l l  f r a g m e n t ,  

d e s i g n a t e d  Reg i on  C i n F i g u r e  20,  o c c u r s  a p p r o x i m a t e l y  10 t i m e s  i n
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t h e  human genome.  S i n c e  t h e r e  a r e  more genomi c  c o p i e s  of  t h e  Reg i on  

C 1 . 4  kb H i n d l l l  f r a g m e n t  t h a n  t h e r e  a r e  of  t h e  3 3 - d e r i v e d  XL3 

H i n d 11 1 / Xba g enomi c  f r a g m e n t ,  i t  i s  l i k e l y  t h a t  t h e  Xbai  s i t e  

o c c u r s  i n  o n l y  one  of  t h e s e  f r a g m e n t s ,  s p e c i f i c a l l y ,  t h e  33 

f r a g m e n t  i t s e l f .  The combi ned  number  of  c o p i e s  of  XL3- homol ogous  

genomi c  DNAs,  t h e n ,  -  R e g i o n s  A + B + C -  may be a p p r o x i m a t e d  a t  

1 0 - 1 0 0 .  I t  s h o u l d  be  n o t e d  t h a t  t h i s  d a t a  d o e s  n o t  show wh e t h e r  t h e  

Re g i on  A, B and C f r a g m e n t s  o c c u r  a s  c o n t i g u o u s  a r r a y s  or  as  

n o n - c o n t i g u o u s  s e q u e n c e s .

The p l a c e m e n t  of  H i n d l l l ,  EcoRI ,  Xbai  and Hpal  s i t e s  w i t h i n  

g enomi c  R e g i o n s  A, B and C i s  s u p p o r t e d  by a l i g n m e n t  of  t h e  RE maps 

of  S u b c l a s s  1 c l o n e d  f r a g m e n t s  h o mol ogous  t o  XL3 DNA ( F i g u r e  2 0 ) .  

F r a g m e n t s  103 and 2 p o s s e s s  EcoRI  s i t e s  a b o u t  1 . 4  kb d o wn s t r e a m 

f r om t h e  5 '  t e r m i n a l  H i n d l l l  s i t e  ( i n d i c a t e d  w i t h  a r r o ws  i n  F i g u r e

20)  and a b o u t  700 bp d o wn s t r e a m f r om an i n t e r n a l  Xbai  s i t e .  

S u p e r p o s i t i o n  of  t h e  103 and 2 f r a g m e n t  RE maps on t h e  Xl .3/33 

f r a g m e n t  RE map s hows  t h a t !  1) t h e  5 '  H i n d l l l  s i t e s  of a l l  t h r e e  

f r a g m e n t s  c o i n c i d e ;  2)  t h e  Xbai  s i t e s  of  103 and XL3 DNA c o i n c i d e  

and 3) t h 3 3 '  ( d a s h e d  l i n e  i n  F i g u r e  20)  H i n d l l l  s i t e  of  f r a g me n t

33,  3 '  EcoRI  s i t e  of  f r a g m e n t  103 and Xbai  s i t e  of  f r a g m e n t  20A

n e a r l y  c o i n c i d e .  A l s o ,  a l i g n m e n t  of  t h e  h o mo l o g o u s  r e g i o n  of  t h e  RE 

map of  f r a g m e n t  2 w i t h  t h a t  of  f r a g m e n t  XL3/ 33 d e m o n s t r a t e s  t h a t  

i n t e r n a l  P v u l l  s i t e s  c o i n c i d e ,  and t h a t  an EcoRI  s i t e  a b o u t  1 . 2  kb 

d o wn s t r e a m f r om t h e  P v u l l  s i t e  i n  2 DNA c o i n c i d e s  wi t h  t h e  3 '  

t e r m i n a l  H i n d l l l  s i t e  of  XL3/ 33 DNA, Taken t o g e t h e r ,  t h e s e  d a t a
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s t r o n g l y  s u g g e s t  t h e  p l a c e m e n t  of  EcoRI  and Xbai  s i t e s  a t  t h e  3 

end of  t h e  1 . 4  kb XL3- homol ogous  genomi c  f r a g m e n t .  D e m o n s t r a t i o n  

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

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

t h e  S o u t h e r n  b l o t  d a t a  shown i n  F i g u r e  17.

The i n t e n s i t y  of  t h e  1 . 4  kb H i n d l l l  + E c o R I / X b a l / H p a l  f r a g m e n t s  

s u g g e s t s  t h a t  t h e s e  s e q u e n c e s  c o m p r i s e  t h e  ma j o r  r e g i o n s  of 

homol ogy  b e t we e n  XL3 and genomi c  DNA ( F i g u r e s  18 and 1 ? ) .

Bj Mappi ng of  Genomi c EcoRI  S i t e s  i n  F r a g m e n t s  Homo l o g o u s  t o  XL3

DM.

C o n s t r u c t i o n  of  t h e  ge n o mi c  maps of  R e g i o n s  A and B a l l o w s  t h e

p l a c e m e n t  of  o t h e r  RE ( F i g u r e s  18 and 19 ) .  D i g e s t i o n  of  human

genomi c  DNA w i t h  EcoRI  p r o d u c e s  a l a r g e  6 . 4  kb f r a g m e n t  h o mol ogous  

t o  XL3 upon d i g e s t i o n  w i t h  H i n d l l l  + EcoRI ,  and i s  r e p l a c e d  by t h e

1 . 4  and 5 . 0  kb H i n d l l l  + E c o R I . f r a g m e n t s .  The 6 . 4  kb EcoRI  f r a g me n t  

woul d  be g e n e r a t e d  i f  an EcoRI  s i t e  i s  p l a c e d  6 . 4  kb u p s t r e a m  f rom 

t h e  3 '  EcoRI  s i t e  of  R e g i o n s  A and B. D i g e s t i o n  wi t h  H i n d l l l  +

EcoRI  p r o d u c e s  t h e  1 , 4  kb H i n d l l l  + EcoRI  f r a g m e n t  f r om Re g i on  A,

and t h e  5 . 0  kb H i n d l l l  + EcoRI  f r a g m e n t  f rom Re g i o n  B, as  o b s e r v e d  

( F i g u r e s  18 and 19) .

I t  s h o u l d  be n o t e d  t h a t  a l i g n m e n t  of  t h e  RE map o t  t h e  

h o mo l o g o u s  r e g i o n  of  t h e  2 DNA wi t h  t h a t  of  XL3/ 33 DNA s u g g e s t s  t h e  

e x i s t e n c e  of  genomi c  EcoRI  (and Hpa l )  s i t e s  i n  a d d i t i o n  t o  t h o s e  

a l r e a d y  d e s c r i b e d .  However ,  d i g e s t i o n  of  genomi c  DNA w i t h  EcoRI ,  

H i n d l l l  + EcoRI  and H i n d l l l  + Hpal  ( F i g u r e s  17,  18 and 19) d o e s  no t
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r e v e a l  t h e  f r a g m e n t s  e x p e c t e d  f r om d i g e s t i o n  a t  t h e s e  s i t e s .  

T h e r e f o r e ,  t h e s e  f r a g m e n t s  a r e  a s s umed  t o  be  much l e s s  h o mol ogous  

t o  XL3 DNA, and ge n o mi c  EcoRI  and Hpal  c o r r e s p o n d i n g  t o  t h e  same 

s i t e s  i n  2 DNA a r e  n o t  c o n s i d e r e d  f u r t h e r .

Cj Mappi ng of  Genomi c Xbai  S i t e s

The ma j o r  1 . 4  and 5 . 0  kb H i n d l l l / X b a l  f r a g m e n t s  we r e  mapped as  

p r e v i o u s l y  d e s c r i b e d  i n  R e g i o n s  A and B ( F i g u r e  2 0 ) .  A l e s s  i n t e n s e  

band c o r r e s p o n d i n g  t o  a 750 bp H i n d l l l  + Xbai  s e q u e n c e  r e p r e s e n t s  

t h e  750 bp Hi n d ZI I / Xb a Z  XL3 f r a g m e n t  i t s e l f  whi ch  i s  mapped as  

shown i n  Re g i on  C Df  F i g u r e  20 ( F i g u r e s  IB and 19 ) .  P l a c e m e n t  of  

e x t e r n a l  Xbai  s i t e s  i n d i c a t e d  by t h e  2 . 0 ,  3 . 4 ,  4 . 2  and 5 . 5  kb

f r a g m e n t s  i s  d e t e r m i n e d  f r om i n f o r m a t i o n  o b t a i n e d  by t h e  H i n d l l l  + 

Xbai  and EcoRI  + Xbai  d i g e s t i o n s  ( F i g u r e s  18 and 19 ) .  E x t e r n a l  

Xbai  s i t e s  a r e  mapped 2 . 0  kb,  3 . 4  kb and 4 . 2  kb u p s t r e a m  of  t h e  

i n t e r n a l  XL3 Xbai  s i t e  of  Reg i on  C and a r e  d e p i c t e d  a s  R e g i o n s  Dl ,  

D2 and D3 ( F i g u r e  2 0 ) .  As s i g n me n t  of  t h e s e  f r a g m e n t s  t o  

i n d e p e n d e n t  r e g i o n s  Dl ,  D2 and D3 i s  b a s e d  on t h e  o b s e r v a t i o n  t h a t  

none  of  t hem o c c u r  i n  t h e  H i n d l l l  + Xbai  or  EcoRI  + Xbai  d i g e s t i o n s  

and a r e ,  t h e r e f o r e ,  n o t  g e n e r a t e d  by d i g e s t i o n  a t  R e g i o n s  A, B or

C.

One Xbai  b a n d ,  t h e  l a r g e  5 . 5  kb f r a g m e n t ,  i s  a l s o  s e e n  i n  a 

s u b s e q u e n t  Xbai  + EcoRI  d i g e s t i o n ,  and may r e p r e s e n t  a more ma i or  

s e q u e n c e  t h a n  t h o s e  of  R e g i o n s  Dl ,  D2 and D3 ( F i g u r e s  18 arid 19) .  

The Xbai  s i t e  g e n e r a t i n g  t h e  5 . 5  kb Xbai  f r a g m e n t  i s  a s s i g n e d  

a c c o r d i n g l y  t o  Reg i on  C a t  a l o c a t i o n  5 . 5  kb u p s t r e a m  f r om t h e
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i n t e r n a l  Xbai  s i t e .  T h i s  a s s i g n m e n t  s u p p o r t s  t h e  o b s e r v a t i o n  t h a t  

EcoRI  + Xbai  d i g e s t i o n  of  human g enomi c  DNA p r o d u c e s  two f r a g m e n t s  

of  6 . 4  and 5 . 5  k b ,  r e s p e c t i v e l y .  The 6 . 4  kb band i s  p r o b a b l y  t h e  

l a r g e  6 . 4  kb f r a g m e n t  i s  g e n e r a t e d  by d i g e s t i o n  of  R e g i o n s  A and B 

wi t h  Ec oRI ,  and t h e  5 . 5  kb band i s  t h e  l a r g e  5 . 5  kb s e q u e n c e  

p r o d u c e d  by d i g e s t i o n  of  Re g i on  C w i t h  Xb a i .  The s e  f r a g m e n t s  a r e  

n o t  t h e  s ame ,  h o we v e r ,  and a r e  t h e r e f o r e  a s s i g n e d  t o  d i f f e r e n t  

genomi c  map r e g i o n s .

D. Na pp i ng  of  Genomi c P v u l l  S i t e s  i n  F r a g me n t s  Homol ogous  t o  XL5 

DNA

The P v u l l  s i t e s  a r e  e a s i l y  p l a c e d .  Two b a n d s ,  5 . 2  and 1 0 , 4  kb 

i n  l e n g t h ,  a r e  v i s i b l e  upon d i g e s t i o n  of  human genomi c  DNA wi t h  

P v u l l  ( F i g u r e s  18 and 1 9 ) .  P l a c e m e n t  of  P v u l l  s i t e s  5 . 2  kb 5 '  and 

3 '  of  t h e  XL3 i n t e r n a l  P v u l l  s i t e  a c c o u n t s  f o r  t h e  g e n e r a t i o n  of 

t h e  o b s e r v e d  5 . 2  kb b a n d ( s ) .  E v i d e n c e  t h a t  t h e  i n t e r n a l  P v u l l  s i t e  

o c c u r s  g e n o m i c a l l y  i s  s e e n  i n  H i n d l l l  + P v u l l  d i g e s t i o n ,  whi ch 

y i e l d  1200 and 250 bp f r a g m e n t s  ( t h e  l a t t e r  i s  b a r e l y  v i s i b l e  i n  

F i g u r e  18 and i s  n o t  v i s i b l e  i n  F i g u r e  19 ) .  The low s i g n a l  

i n t e n s i t i e s  of  t h e s e  b a n d s  and t h e  p r e s e n c e  of  t h e  1 0 . 4  kb P v u l l  

band i n d i c a t e s  t h a t  t h e  i n t e r n a l  P v u l l  s i t e  i s  n o t  a l wa y s  p r e s e n t .  

I t  i s  c e r t a i n l y  a b s e n t  i n  i n  Re g i on  B, s i n c e  d i g e s t i o n  wi t h  H i n d l l l  

+ P v u l l  d o e s  n o t  p r o d u c e  t h e  3 . 9  kb f r a g m e n t  t h a t  woul d be 

g e n e r a t e d  i f  t h e  i n t e r n a l  P v u l l  s i t e  wer e  r e t a i n e d .  Reg i on  B i s  

c o n s e q u e n t l y  t h e  l i k e l y  o r i g i n  of t h e  l a r g e  1 0 . 4  kb P v u l l  f r a g m e n t .  

As p r e v i o u s l y  n o t e d ,  t h e  250 bp H i n d l l l  + P v u l l  f r a g m e n t  h y b r i d i s e d
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u n d e r  i n t e r m e d i a t e  c o n d i t i o n s  b u t  n o t  u n d e r  s t r i n g e n t  c o n d i t i o n s .  

The a b s e n c e  of  t h e  250 bp H i n d l l l  + P v u l l  f r a g m e n t  f r om t h e

" s t r i n g e n t "  b l o t  and i t s  p r e s e n c e  on t h e  " i n t e r m e d i a t e "  b l o t  

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

t h i s  f r a g m e n t ,  s i n c e  s u c h  A+ T - r i c h  S a t e l l i t e  s e q u e n c e s  may " me l t  

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

( M i t c h e l l  e t  a l . T 1 9 7 9 ) .

E.  Mappi ng of  Genomi c H i n f !  and H a e l l l  S i t e s  i n  F r a g me n t s  

Homol ogous  t o  XL3 DNA

The XL3 f r a g m e n t  a l s o  h y b r i d i z e d  t o  s e v e r a l  f r a g m e n t s  of  H a e l l l  

and Hi nf  I - d i g e s t e d  human g enomi c  DNA. I n t e r n a l  H a e l l l  and H i n f l  

s i t e s  a r e  l o c a t e d  450 and 550 bp,  r e s p e c t i v e l y ,  d o wn s t r e a m t o  t h e  

5 '  H i n d l l l  s i t e  w i t h i n  t h e  XL3 s e q u e n c e .  D i g e s t i o n  of  genomi c  DNA 

wi t h  H i n d l l l  + H a e l l l  and H i n d l l l  + H i n f l  p r o d u c e d  t h e  e x p e c t e d  450

and 550 bp f r a g m e n t s  ( F i g u r e s  18 and 1 9 ) .  Ot h e r  f r a g m e n t s  o b s e r v e d

a f t e r  d i g e s t i o n  of  g enomi c  DNA wi t h  H i n f l  or  H a e l l l  may be

g e n e r a t e d  by t h e  p l a c e m e n t  of  a H i n f l  s i t e  1150 bp u p s t r e a m  of  t h e

i n t e r n a l  H i n f l  s i t e  and a H a e l l l  s i t e  1900 bp u p s t r e a m  of  t h e

i n t e r n a l  H a e l l l  s i t e .  D i g e s t i o n  wi t h  H i n f l  woul d  t h e n  g e n e r a t e  a

1145 bp f r a g m e n t ;  H a e l l l ,  a 1900 bp f r a g m e n t ,  and H a e l l l  + H i n f l ,  a 

1050 bp f r a g m e n t  ( F i g u r e  20 ,  Re g i o n  E) .  Al l  of  t h e s e  f r a g m e n t s  wer e  

o b s e r v e d  ( F i g u r e s  18 and 1 9 ) ;  t h e  1900 bp H a e l l l  and 1150 bp H i n f l  

f r a g m e n t s  we r e  a l s o  o b s e r v e d  ( F i g u r e  17) .

3 . 4  kb f r a g m e n t s  h o mo l o g o u s  t o  XL3 r e c u r r e d  i n  r e s t r i c t i o n s  of 

genomi c  DNA wi t h  H i n f l ,  H a e l l l  and H i n f l  + H a e l l l  ( F i g u r e s  18 and
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19.  The a p p e a r a n c e  of  t h e  3 . 4  kb s e q u e n c e  i n  e a c h  c a s e  s u g g e s t e d

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

a g a i n  i n  c l o s e  p r o x i m i t y  t o  e a c h  o t h e r  3 . 4  kb 3 '  or  5 '  t o  t h e

i n t e r n a l  s i t e s ,  and t h e s e  e x t e r n a l  s i t e s  we r e  n o t  s e p a r a t e d  f r om 

i n t e r n a l  s i t e s  by a H i n d l l l  s i t e ,  s i n c e  H i n d l l l  d i d  n o t  d i g e s t  t h e

3 . 4  kb f r a g m e n t  i n t o  s m a l l e r  s e q u e n c e s .  Based on t h e s e

o b s e r v a t i o n s ,  t h e  H a e l l l  and H i n f l  s i t e s  p r o d u c i n g  t h e  3 . 4  kb

f r a g m e n t  may be a l i g n e d  as  shown i n  Re g i on  E of  F i g u r e  20.

P l a c e m e n t  of  e x t e r n a l  H a e l l l  and H i n f l  s i t e s  3 . 4  kb 3 '  t o  t h e

i n t e r n a l  s i t e s  p r o d u c e s  t h e  3 . 4  kb f r a g m e n t  o b s e r v e d  upon d i g e s t i o n  

of  genomi c  DNA wi t h  H a e l l l ,  H i n f l ,  H i n d l l l  + H a e l l l ,  H i n d l l l  +

H i n f l  and H a e l l l  + H i n f l .  The H i n d l l l  s i t e  i n  t h e  u p s t r e a m  

p o r t i o n s  of  R e g i o n s  A and C mus t  be a s s umed  m i s s i n g  i n  Re g i o n  E,

s i n c e  no a p p r o p r i a t e  d i g e s t i o n  p r o d u c t s  i n v o l v i n g  i t  a r e  o b s e r v e d  

( F i g u r e s  18 and 19) .

The a s s i g n m e n t  of  t h e  H i n f l  and H a e l l l  s i t e s  t o  Re g i on  E do e s  

n o t  p r e c l u d e  t h e  i d e n t i t y  of  Reg i on  E wi t h  any of  t h e  o t h e r  ma j o r  

or  mi nor  R e g i o n s  a l r e a d y  d i s c u s s e d .  S u p e r p o s i t i o n  of  Reg i on  E on 

R e g i o n s  A, B or  C s hows  t h a t  t h e  RE map of  Re g i on  E i s  c o m p a t i b l e

wi t h  t h a t  of  Reg i on  A i f  t h e  3 '  H i n d l l l  s i t e  of  t h e  1 . 4  kb genomi c

f r a g m e n t  i s  n o t  p r e s e n t  ( F i g u r e  2 0 ) .  The p o s i t i o n i n g  of  a H i n d l l l

s i t e  a t  t h e  3 '  t e r m i n u s  of  t h e  1 . 4  kb genomi c  f r a g m e n t  of  Re g i on  C

d i s q u a l i f i e s  t h i s  mi n o r  Re g i on  f r om i d e n t i t y  w i t h  Reg i on  E,  wh e r e a s

t h e  a b s e n c e  of  t h a t  same H i n d l l l  s i t e  p l u s  t h e  r e mova l  of  t h e  5'

H i n d l l l  s i t e  t o  a p o s i t i o n  a b o u t  3 . 6  kb f u r t h e r  u p s t r e a m  s i m i l a r l y
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d i s a l l o w s  i d e n t i t y  of  Re g i o n  B w i t h  Re g i o n  C. I t  s e e ms ,  t h e n ,  t h a t

c o n g r u e n c e  b e t we e n  Re g i o n  E and t h e  ma j o r  Re g i o n  A i s  t h e  mos t

l i k e l y  of  t h o s e  j u s t  c o n s i d e r e d ^  The r e l a t i v e  i n t e n s i t i e s  of  t h e

H i n f l  and H a e l I I - g e n e r a t e d  b a n d s  a g r e e s  w i t h  t h e  a s s i g n m e n t  t o  a

more ma j o r  r a t h e r  t h a n  mi nor  R e g i o n ,  and s u p p o r t s  t h e  p o s s i b l e  

i d e n t i t y  of  Re g i o n  E w i t h  Re g i o n  A.
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