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Summary

The a i m  of t h i s  s t u d y  w a s  t w o f o l d .  F i r s t l y ,  to c o n f i r m  
and, if possible, to n a rrow the regional l o c a l i z a t i o n  of 
the h u m a n  a l p h a - g l o b i n  gene cluster on the short arm of 
c h r o m o s o m e  16. S e c o n d l y ,  to t e s t  t h e  v a l u e  of an 
e x p e r i m e n t a l  a p p r o a c h  c o m b i n i n g  s o m a t i c  cell genetics 
and r e c o m b i n a n t  DNA procedures for human gene mapping.

F o u r t e e n  i n f o r m a t i v e  c l o n e s  f r o m  s o m a t i c  c e l l  h y b r i d s  
( d e r i v e d  f r o m  h u m a n  f i b r o b l a s t s  f u s e d  w i t h  m o u s e  L A 9 
cells) were produced and p h e n o t y p i c a l l y  c h a r a c t e r i z e d  in 
terras of their h u m a n  c h r o m o s o m e  content by c y t o g e n e t i c  
and isozyme analysis.

The f o u r  h u m a n  p a r e n t a l  c e l l  t y pes u s e d  in this s t u d y  
carried a balanced t r a n s l o c a t i o n  involving c h r o m o s o m e  16 
and c h r o m o s o m e s  2, 5, 9 and 17. T h e s e  had b e e n  c y t o ­
g e n e t i c a l l y  i n t e r p r e t e d  as follows: t(2:l6)(2q37:16q11),
t (5 : 1 6 ) ( 5 p 11 : 16 p 11), t (9 : 1 6 ) ( 9 q 2 2 : 1 6 q 2 2), and t(l6:17) 
(16 q 1 2 : 17 p 1 1).

The exp r e s s i o n  of the s e l e ctable marker APRT enabled the 
clones from s o m a t i c  cell hybrids to be selected for and 
a g a i n s t  the l o n g  a r m  of HC 16 (AA s e l e c t i o n  and DAP 
s e l e c t i o n ) .

C o m b i n i n g  the c y t o g e n e t i c  and b i o c h e m i c a l  data on this 
p a n e l  of h y b r i d  c l o n e s  m a d e  it p o s s i b l e  to a s s i g n  A P R T  
and DIA4 to I 6 q 1 2 —*q22 and PGP to I6p11-*pter.

The D N A s  f r o m  the h y b r i d  c l o n e s ,  as w e l l  as t h o s e  f r o m  
both parental origins, were screened for the presence of
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t h e  h u m a n  a l p h a - g l o b i n  g e n e  c l u s t e r .  M o l e c u l a r  
h y b r i d i z a t i o n  on solid phase (Southern blotting) wit h  a 

l a b e l l e d  h u m a n  g e n o m i c  D NA p r o b e  (the r e c o m b i n a n t  
plasmid #P7(%1)) was used in the screening.

A p o s i t i v e  a s s o c i a t i o n  (at a l e v e l  of s i g n i f i c a n c e  of 
5^) b e t w e e n  the p r e s e n c e / a b s e n c e  of the short arm of HC 
16 and the p r e s e n c e / a b s e n c e  of the h u m a n  a l p h a - g l o b i n  
gene cluster was found.

It is t h e refore concluded that the e x p e r i m e n t a l  approach 
c o m b i n i n g  s o m a t i c  c e l l  h y b r i d i z a t i o n  a n d  D N A  
h y b r i d i z a t i o n  on solid phase can be s u c c e s s f u l l y  applied 
to the i n t r a c h r o m o s o r a a 1 m a p p i n g  of c l o n e d  s i n g l e  c o p y  
g e n e s .

T h e  v a l u e  of d i f f e r e n t  m e t h o d s  s u c h  as m o l e c u l a r  
h y b r i d i z a t i o n  i n  s o l u t i o n ,  in s i t u  m o l e c u l a r  
h y b r i d i z a t i o n  and tr i s o m y  mapping, in assigning single 
copy genes to c h r o m o s o m e  regions is discussed taking the 
h u m a n  a l p h a - g l o b i n  gene cluster as the model system.

The s e t t i n g  up of a b a n k  of s o m a t i c  c e l l  h y b r i d s  and the 
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  and p r e n a t a l  d i a g n o s i s  of 
h a e m o g l o b i n o p a t h i e s  are s u g g e s t e d  as p r o s p e c t s  for 
further w o r k .
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1 . Introduction.

1.1. H u m a n  gene mapping.

1.1.1. Historical p e r s p e c t i v e  of linkage analysis in man

The a t t e m p t  to u n d e r s t a n d  h o w  g e n e t i c  i n f o r m a t i o n  is 
p a c k a g e d  and d i s t r i b u t e d  t h r o u g h o u t  the g e n o m e  is as 
old as Genetics itself. The f o l l o w i n g  sequence of l a n d ­
m a r k  e v e n t s  i n d i c a t e s  ( r e c a l l i n g  the c a r t o g r a p h i c  
m e t a p h o r  used by M C K U S I C K  and RUDDLE, 1977) that in the 
e x p l o r a t i o n  of the ' g e n e t i c  pl a n e t '  that is the cel l  
nucleus of man, the broad outlines of the 'continents' 
(the c h r o m o s o m e s )  and s o m e  of the g r o s s  d e t a i l s  of 
their topography have been k n o w n  for sometime. However, 
it is o n l y  s i n c e  the us e  of s o m a t i c  c e l l  h y b r i d s  in 
h u m a n  l i n k a g e  a n a l y s i s  - n a m e l y  d u r i n g  the l a s t  ten 
y e a r s  - t h a t  r e g i o n a l  c a r t o g r a p h i c  d e t a i l s ,  t h e  
l o c a t i o n  of s p e c i f i c  g e n e s  to s p e c i f i c  c h r o m o s o m e s  or 
c h r o m o s o m e  regions, have been determined,

SUTTON, 1903 - E s t a b l i s h m e n t  of a r e l a t i o n s h i p  b e t w e e n
genetic (the M e n d e l i a n  factors) and cytologic entities 
(the chromosomes).
C O R R E M S ,  1905 - F i r s t  r e p o r t  of ( c o m p l e t e )  l i n k a g e  in 
plants (genus M a t t h i o l a ).
M O R G A N ,  1911 - G e n e s  are l i n k e d  as a r e s u l t  of be^4ing 
carried on the same c h r o m o s o m e  and those w h i c h  are close 
t o g e t h e r  w i l l  be c o u p l e d  (i. e ., in c i s - c o n f i g u r a t i o n )  
m o r e  f r e q u e n t l y  t h a n  t h o s e  m o r e  d i s t a n t  f r o m  o n e  
a n o t h e r .
WILSON, 1911 - First gene a s s i g n m e n t  to a specific h u m a n  
c h r o m o s o m e  (CB to HC X).
S T U R T E V A N T ,  1913 - The f r e q u e n c y  of r e c o m b i n a t i o n  of 
p h e n o t y p i c  t r a i t s  is an i n d e x  of r e l a t i v e  p o s i t i o n  of 
the c o r r e s p o n d e n t  g e n e s  ( c o n s t r u c t i o n  of g e n e  m a p s  in
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D r o s o p h i l a  s h o w i n g  that the genes are linearly arranged 
along the chromosomes).
B E R N S T E I N ,  1931 - E a r l i e s t  q u a n t i t a t i v e  a p p r o a c h  to
l i n k a g e  a n a l y s i s  in m a n  ( y - s t a t i s t i c ;  r e c o m b i n a t i o n  
frac t i o n ).
PAINTER, 1933 - A s s i g n m e n t  of genes to specific areas on 
c h r o m o s o m e s  (regional mapping) in s a l ivary gland nuclei 
of D r o s o p h i l a .
B E L L  and H A L D A N E ,  1 937 - E s t a b l i s h m e n t  of the f i r s t  X - 
linked linkage group in m a n  (CB/HEMA) by f a m i l y  studies. 
M O H R ,  1951 - E s t a b l i s h m e n t  of the f i r s t  a u t o s o m a l
l i n k a g e  g r o u p  in m a n  ( L u / L e  b l o o d  g r o u p s )  by f a m i l y  
studies.
N A B H O L Z  et al, 1 95 9 - F i r s t  h u m a n  g e n e s  a s s i g n e d  u s i n g  
s o m a t i c  cell hybrids (G6PD and HPRT to HC X).
H E N D E R S O N  et al, 197 2 - First human gene f a m i l y  assigned 
using in situ m o l e c u l a r  hy b r i d i z a t i o n  (rRNA genes to HC 
g r o u p s  D and F ).
F E R G U S O N - S M I T H  et al, 1973 - First human gene assigned
by d e l e t i o n  m a p p i n g  (ACPI to HC 2p).
In q u a n t i t a t i v e  terras, it is i n f o r m a t i v e  to c o m p a r e  the 
e v o l u t i o n  of the i d e n t i f i c a t i o n  of g e n e  l o c i  in man, 
m a i n l y  by m e n d e l i z i n g  phenotypes (MCKUSICK, 1983), and 
the rate of c h r o m o s o m a l  a s s i g n m e n t s  (Fig 1.1). Although 
the n u m b e r  of g e n e  a s s i g n m e n t s  i n c r e a s e d  d r a m a t i c a l l y  
during the last ten years (by 20055 ), the fr a c t i o n  of the 
i d e n t i f i e d  l o c i  t h a t  h a v e  b e e n  m a p p e d  i n c r e a s e d  m u c h  
m o r e  s l o w l y  (50^ i n c r e a s e  f r o m  1 2 55 in 1 973 to 1855 in 
1981). I n c i d e n t a l l y ,  one m u s t  k e e p  in m i n d  that the 
t o t a l  n u m b e r  of s t u c t u r a l  g e n e s  in m a n  h a s  b e e n  
e s t i m a t e d  to be 5 0 , 0 0 0  - 10 0 , 0 0 0  ( M C K U S I C K  and R U D D L E ,
1977).

1.1.2, A p p r o a c h e s  to gene mapping.

In essence, the a p p r o a c h e s  to human gene m a p p i n g  can be
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Fig lolo Evolution of the number of loci and their 
chromosomal localization « ( A )Autosomal loci, ( • )
X-linked loci and ( ■ ) = A + # . ( A ) Autosomal assignments, 
( O ) X-linked assignments and ( □ ) = A + O  , (MCKUSICK, 1982) .
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c a t e g o r i z e d  i n t o  t h r e e  m a i n  g r o u p s :  (i) t h o s e  s t u d y i n g  
the o f f s p r i n g  of s e x u a l  r e p r o d u c t i o n  (e.g., f a m i l y  
s t u d i e s ,  d e l e t i o n  m a p p i n g ) ;  (ii) t h o s e  d e p e n d i n g  on 
para s e x u a l  gene transfer and segregation, b e t w e e n  donor 
and recipient s o m a t i c  cells (somatic cell genetics); and 
( i i i )  t h o s e  d e a l i n g  w i t h  t h e  h u m a n  g e n o m e  at t h e  
m o l e c u l a r  level (either by in situ or in solution or on 
solid phase DNA/RNA, DHA/DNA or DN A / c D N A  hybridization; 
n u c l e o t i d e  s e q u e n c i n g  of n u c l e i c  acids). Thus, the 
o b s e r v a t i o n s  i n v o l v e d  c an be d i r e c t e d  e i t h e r  to the 
o r g a n i s m a l  or cellular p h e n otypes (as e x p r ession of gene 
a c t i v i t y )  or d i r e c t l y  to t he g e n o t y p e .  T a b l e  1.1 
s u m m a r i z e s  a n d  e x e m p l i f i e s  t h e  u s e  of d i f f e r e n t  
a p p r o a c h e s  to h u m a n  g e n e  m a p p i n g .  In a n u m b e r  of c a s e s  
s u c c e s s f u l  m a p p i n g  d e p e n d s  on t h e  c o n j u g a t i o n  of 
di f f e r e n t  approaches, e.g., the h u m a n  a l p h a - g l o b i n  gene 
c l u s t e r  has b e e n  m a p p e d  to HC 16 by a c o m b i n a t i o n  of 
s o m a t i c  c e l l  h y b r i d i z a t i o n  and D N A / c D N A  m o l e c u l a r  
h y b r i d i z a t i o n  in sol u t i o n  (DEISSEROTH et al, 1977). The 
c o n t r i b u t i o n  of the d i f f e r e n t  t y p e s  of a p p r o a c h  to the 
current status of the map is as f o l lows for (confirmed, 
p r o v i s i o n a l  and i n c o n s i s t e n t )  a u t o s o m a l  a s s i g n m e n t s  
(MCKUSICK, 1982):

By f a m i l y  studies 75 19%
By s o m a t i c  cell h y b r i d i z a t i o n
( i n c l u d i n g  M, R, HS, REa) 233 5 9%
I n d e p e n d e n t l y  by both of above
m e t h o d s  25 6%
By other methods (including A,
REb, D, AAS, LD, V, Ch, OT, EM, H) 59 15%

Total 392

G e n e s  a r e  a s s i g n e d  to t h e  HC X by s t u d y i n g  t h e
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Table 1.1. Methods of human gene mapping.

Method (symbol) Observation Example* (HC) Ref

Study of linkage between 
traits in families (F)

Recombination fraction 
in families

ABO/NPS 1 (1)

--- one trait being a
chromosome heteromorphism 
or rearrangemant (Pc)

Recombination fraction 
in families

Fy/lqh (.2)

Cosegregation of cellular 
traits and chromosomes (or 
their fragments) in clones 
from somatic cell hybrids 
(S)

Chromosomes and gene 
products (enzymes, 
antigenes, anonymous 
peptides)

TK 1 (17) (3)

Microcell-mediated gene 
transfer (M)

Chromosomes and gene 
products

COLM (17) (4)

Chromosome-mediated gene 
transfer (can be used in 
conjunction with FACS) (C)

Chromosomes and gene 
products

GALK/TK 1 (17) (5)

Cotransference (radiation 
induced gene segregation) 
(R)

Gene products Order of X-linked 
genes

(6)

In situ hybridization 
(DNA/RNA annealing) (A)

Chromosomes RNR (D and F groups) 
IGK (2)

(7)
(20)

Molecular hybridization in 
solution (Cot analysis)
(HS)

DNA HBA (16) (8)

Restriction endonuclease 
techniques (RE)

DNA (including 
detection of RFLPs)

NAG fine structure (9, 10)

--- combined with somatic
cell hybridization (REa)

Chromosomes and DNA 
(including detection 
of anonymous nucleotide 
sequences)

NAG (11) (11)

--- combined with FACS (REb) Chromosomes and DNA INS (11) (12)

Deletion mapping, trisomy 
mapping, gene dosage effect 
(D)

Chromosomes and gene 
products

ACP 1 (2) (13)

Aminoacid sequence of 
proteins (AAS)

Aminoacid sequences HBD/HBB (14)

Linkage disequilibrium (LD) Polymorphic traits 
(population dynamics of)

HBD/HBB (15)

Induction of chromosome 
change by adenovirus 
(activation of kinases) (v)

Chromosomes A12M4 (17) (16)

Chromosome change 
associated with phenotype 
(Ch)

Chromosomes (in 
cultured cells) and 
phenotypic traits

FSXq27 (17)

Centromere mapping 
(ovarian teratomas) (OT)

Gene products PGM 3 (6) (18)

Exclusion mapping (Lod 
score analysis) (EM)

Recombination fraction MNSs (4) , (19)

Interspecies homology (H) Linkage groups in 
other species

LDHC (12)

(*) Loci symbols as recommended by the Committee on Standardized Human Gene Nomenclature, 1981.

References: (1) RENWICK and LAWLER, 1955. (2) DONAHUE et al, 1968. (3) MILLER et al, 1971. (4) SUNDAR 
RAJ et al, 1977. (5) KLOBUTCHER and RUDDLE, 1979. (6) GOSS and HARRIS, 1977. (7) HENDERSON et al, 
1972. (8) DEISSEROTH et al, 1977. (9) FRITSCH et al, 1980. (10) BOTSTEIN et al, 1980. (11) JEFFREYS
et al, 1979. (12) LEBO et al, 1981. (13) FERGUSON-SMITH et al, 1973. (14) BAGLIONI, 1962. (15) BOYER 
et al, 1963. (16) MCDOUGALL et al, 1973. (17) TURNER et al, 1980. (18) OTT et al, 1976. (19) BOOTSMA 
and MCALPINE, 1979. (20) MALCOLM et al, 1981.
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c h a r a c t e r i s t i c  p a t tern of inhe r i t a n c e  of X-linked traits 
(mainly by fami l y  studies). Only a small n u m b e r  of genes 
h a v e  b e e n  r e g i o n a l l y  l o c a l i z e d  on HC X u s i n g  s o m a t i c  
c e l l  h y b r i d s  c a r r y i n g  p a r t  of the c h r o m o s o m e  t r a n s ­
l o c a t e d  to an autosorae ( H A M E R T O N  et al , 1 97 5). The
m e t h o d  of radiation induced gene s e g r e g a t i o n  was used in 
r e l a t i o n  to HC X, to d e t e r m i n e  the r e l a t i v e  o r d e r  of a 
set of X-linked genes (GOSS and HARRIS, 1977).

The d i f f e r e n t  m a p p i n g  t e c h n i q u e s  s p r e a d  o v e r  a w i d e  
r a n g e  of r e s o l v i n g  p o w e r  (Fig 1.2). C o n v e n t i o n a l  l o w -  
r e s o l u t i o n  s o m a t i c  c e l l  g e n e t i c s  p r o c e d u r e s  can be 
e x p e c t e d  to m a p  g e n e s  to c h r o m o s o m e s ,  and t h e n  w i t h i n  
c h r o m o s o m e s ,  to a r e s o l u t i o n  of 5 - 1 O c M  (5-10 Mbp)*. At 
the other end of the scale, h i g h - r e s o l u t i o n  r e c o m b i n a n t  
D N A  p r o c e d u r e s ,  t o g e t h e r  w i t h  r e s t r i c t i o n  s i t e  and 
n u c l eotide sequence analysis, can be expected to provide 
m a p p i n g  d a t a  f r o m  the l e v e l  of the s i n g l e  b a s e  p a i r  to 
t h e  0.1 M b p  (0.1 cM). T h u s ,  in m a m m a l i a n  l i n k a g e  
analysis a r e s o lution gap in the gene m a p p i n g  techniques 
e x i s t s  o v e r  the r a n g e  0,1-5 cM. T h i s  is a s i g n i f i c a n t  
gap, because many f u n c t i o n a l l y  related clusters of genes 
w i l l  fit i n t o  a s p a c e  of t his d i m e n s i o n .  G e n e  t r a n s f e r  
s y s t e m s  p r o v i d e  p o s s i b l e  a p p r o a c h e s  to i n t e r m e d i a t e  
l e v e l  r e s o l u t i o n  a n a l y s i s .  T h e s e  m e t h o d s  d e p e n d  on 
f r a g m e n t i n g  l i n k a g e  g r o u p s  and r e q u i r e  a s e l e c t a b l e  
m a r k e r  in the l i n k a g e  g r o u p  of i n t e r e s t .  The f r e q u e n c y  
of r e c o v e r y  of g e n e s  in l i n k a g e  w i t h  the s e l e c t a b l e  
m a rker provides i n f o r m a t i o n  on the distance and order of 
g e n e s  w i t h  r e s p e c t  to the s e l e c t a b l e  m a r k e r .  D o n o r  
c h r o m o s o m e  breakage by irra d i a t i o n  and subsequent

(^ ) T o t a l  'genetic' l e n g t h  of h u m a n  g e n o m e :  3,000 cM;
t o t a l  'physical' l e n g t h  of h u m a n  g e n o m e :  3 , 000 Mbp; 
t h e r e f o r e ,  on a v e r a g e ,  1 cM c o r r e s p o n d s  to 1 Mbp.
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Fig 1.2. Genetic mapping resolution by different methods 
A, Gene mapping by somatic cell genetics o B, Molecular 
genetic techniques « C, gene transfer methods. Ordinate = 
logarythm of base pair number (from RUDDLE, 1981).
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t r a n s f e r  to r e c i p i e n t  c e l l s  by h y b r i d  f o r m a t i o n  (GOSS 
and HARRIS, 1977) and t r a nsfer of isolated c h r o m o s o m e s  
( K L O B U T C H E R  and R U D D L E ,  1979) are t w o  g e n e  t r a n s f e r  
s y s t e m s  s u i t a b l e  for i n t e r m e d i a t e  l e v e l  r e s o l u t i o n  
analysis. These t e c h n i q u e s  can be subjected to vigorous 
e v a l u a t i o n  only w h e n  n u m e r o u s  unique nucleic acid probes 
h a v e  b e e n  i s o l a t e d  w h i c h  m a p  i n t o  a p p r o p r i a t e l y  s h o r t  
s e g m e n t s  of m a m m a l i a n  g e n o m e s  a m e n a b l e  to a n a l y s i s  
(R U D D L E ,  1981).

1.1.3. P r o s p e c t s .

1.1.3.1. A p p l i c a t i o n s  of human gene mapping - the value 
of m a p p i n g  information.

a) U n d e r s t a n d i n g  of b i o l o g i c a l  evolution by interspecies 
c o m p a r a t i v e  m a p p i n g :  In P r i m a t e s ,  t h e r e  is a g o o d
a g r e e m e n t  b e t w e e n  c h r o m o s o m e  homology, as inferred from 
c h r o m o s o m e  m o r p h o l o g y  a n d  b a n d i n g ,  a n d  d a t a  on 
c o m p a r a t i v e  g e n e  m a p p i n g .  T h i s  a p p r o a c h  h a s  e v e n  
s u c c e e d e d  in t h e  d e m o n s t r a t i o n  of i n t e r s p e c i f i c  
c h r o m o s o m e  h o m o l o g i e s  in  s i t u a t i o n s  in w h i c h  t h e  
i m p l i c a t i o n s  of c h r o m o s o m e  m o r p h o l o g y  and banding were 
not c l e a r l y  e v i d e n t .  T h i s  w a s  the c a s e  of HC 9 that had 
no r e c o g n i z a b l e  h o m o l o g u e  in t he g o r i l l a  a n d  t h e  
o r a n g u t a n .  T w o  g e n e  l o c i  ( A C 0 1  a n d  A K 3 ) h a v e  b e e n  
r e p o r t e d  w h i c h  s e g r e g a t e  w i t h  HC 9 a n d  w i t h  i t s  
c o r r e s p o n d i n g  h o m o l o g u e  in the c h i m p a n z e e  (PTR 11) as 
w e l l  as an a c r o c e n t r i c  c h r o m o s o m e  in the g o r i l l a  (GGO 
13), a c h r o m o s o m e  t h a t  w a s  not r e c o g n i z e d  as b e i n g  
h o m o l o g o u s  to any c h r o m o s o m e  in m an or other ape species 
( S E U A N E Z ,  1979, pp 1 1 1 - 1 2 7 ) .  C o m b i n i n g  the i n f o r m a t i o n  
on c h r o m o s o m e  m o r p h o l o g y  an d  b a n d i n g ,  s y n t e n i c  g r o u p s  
a n d  p r o t e i n  a n d  n u c l e i c  a c i d  h o m o l o g i e s ,  m a d e  it 
possible to u n d e r s t a n d  the phylogeny of Primates and to 
r e f i n e  the e v o l u t i o n a r y  t r e e  e x c l u s i v e l y  b a s e d  on the
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fossil record.
No e v o l u t i o n a r y  change has occurred in the m a m m a l i a n  X 
c h r o m o s o m e  in n e a r l y  85 M y e a r  ( s i n c e  the m a m m a l i a n  
r a d i a t i o n ) .  T h i s  ' f r o z e n  a c c i d e n t *  a lso i n v o l v e d  the 
d e v e l o p m e n t  of a m e ans of dosage c o m p e n s a t i o n  in f e m a l e s  
( ' 1 y o n i z a t i o n '). It is n o w  g e n e r a l l y  a c c e p t e d  t hat the 
'i n a c t i v e *  X c h r o m o s o m e  of the h u m a n  f e m a l e  is not 
w h o l l y  i n a c t i v a t e d ,  s o  t h a t  s o m e  l o c i  e s c a p e  
i n a c t i v a t i o n  in a n o n - r a n d o m  way. It has been suggested, 
as a possible cause, the fact that these loci are w i t h i n  
the pairing s e g m e n t  b e t w e e n  Xp and Yp, hence present in 
double dose in both male and female. This peculiarity of 
g e n e  e x p r e s s i o n  m i g h t  be a r e m n a n t  of the ( c o m m o n )  
e v o l u t i o n a r y  h i s t o r y  of the sex c h r o m o s o m e s  ( P O LANI,  
1 9 8 2 ).

b) U n d e r s t a n d i n g  of c h r o m o s o m a l  o r g a n i z a t i o n  in relation 
to genetic control m e c h a n i s m s  and cell differentiation; 
P o i n t  m u t a t i o n s  in r e g u l a t o r y  g e n e s  a n d / o r  c h a n g e s  in 
gene order due to c h r o m o s o m a l  r e a r r a n g e m e n t s  can account 
for i m p o r t a n t  o r g a n i s m a l  d i f f e r e n c e s  b e t w e e n  c l o s e l y  
r e l a t e d  s p e c i e s  s u c h  as m a n  and c h i m p a n z e e .  O n t o g e n i c  
s i g n i f i c a n c e  of g e n e  c l u s t e r s :  g e n e s  t h a t  a r e  
s e q u e n t i a l l y  a c t i v a t e d  d u r i n g  d e v e l o p m e n t  are l i n k e d  
w h i l e  g e n e s  cod jLn g for e n z y m e s  in s u c c e s s i v e  s t e p s  of 
m e t a b o l i c  p a t h w a y s  are not s y n t e n i c  p r o b a b l y  b e c a u s e  
m a n y  e n z y m e s  f u n c t i o n  in m o r e  t h a n  one p a t h w a y  m a k i n g  
c o o r d i n a t e d  f u n c t i o n  ( l i k e  the 'operon* m o d e l  of p r o ­
karyotes) u n d e s i r a b l e  (MCKUSICK, 1980).

c) U n d e r s t a n d i n g  of p a t h o g e n e s i s  of h u m a n  g e n e t i c  
disease: A genetic u n d e r s t a n d i n g  of disease is gained by 
k n o w i n g  w h e r e  the a f f e c t e d  g e n e  is l o c a t e d  and its 
r e l a t i o n s h i p  to o t h e r  a n d  a d j a c e n t  g e n e s .  If a 
s t r u c t u r a l  g e n e ' s  f u n c t i o n ,  e x p r e s s i o n ,  or p r o d u c t  is 
d e p endent on a d d i tional genes, such as processing genes,
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d e v e l o p m e n t a l l y  reg u l a t e d  genes, or a r chitectural genes, 
t h e n  a m u t a t i o n  in a ny of t h e s e  s t e p s  in e x p r e s s i o n  
c o u l d  p o s s i b l y  r e s u l t  in a p h e n o t y p e  s i m i l a r  to one 
i n v o l v i n g  a s t r u c t u r a l  g e n e  d e f ect. M u t a t i o n s  of one 
gene that affect the e x p r e s s i o n  of another gene identify 
l o c i  t h a t  f u n c t i o n  in t h e  f i n a l  r e a l i z a t i o n  of a 
structural gene product. Thus, if m u tant genes involved 
i n  a s e q u e n c e  o f  p h y s i o l o g i c a l  s t e p s  c a n  be  
c h r o m o s o m a l l y  l o c a t e d ,  it can be i n v e s t i g a t e d  w h e t h e r  
diseases a f f e c t i n g  the same tissue, p a t h w a y  or organelle 
or that r e s u l t  in s i m i l a r  p a t h o l o g y  are the r e s u l t  of 
m u t a t i o n s  to genes that are closely linked, clustered on 
the same c h r o m o s o m e ,  or under coordinate control {SHOWS 
et al, 1982). Close linkage b e t w e e n  i m m u n o g l o b u l i n  genes 
and the brea k p o i n t s  of a b n o r m a l  c h r o m o s o m e s  associated 
w i t h  m y e l o p r o l i f e r a t i v e  d i s e a s e s  has b e e n  e s t a b l i s h e d  
( B E R N H E I M  et al, 1 9 8 0 ;  L E N O I R  et al, 1 9 8 2 ) .  In 
particular, in chronic m y e l o c y t i c  leukaemia, a cellular 
oncogene (c-abl), n o r m a l l y  localized on HC 9, is t r a n s ­
located to the P h i l a d e l p h i a  chro m o s o m e ,  the bre a k p o i n t  
being i n d i s t i n g u i s h a b l e  from the loci of i m m u n o g l o b u l i n  
l a m b d a  l i g h t  c h a i n  g e n e  c l u s t e r  (DE K L E I N  et al, 1982). 
The gene content of c h r o m o s o m e s  may suggest m e c h a n i s m s  
for the o n s e t  of p h e n o t y p i c  c h a n g e s  in t r i s o m y  and 
d e l e t i o n  s y n d r o m e s .  In r e l a t i o n  to the p a t h o g e n e s i s  of 
diabetes a d e l eted i n s u l i n  gene has been found in a case 
of s t u c t u r a l l y  a b n o r m a l  h u m a n  i n s u l i n  ( K W O K  et al, 
1981).

d) P r e n a t a l  a n d  p r e m o r b i d  d i a g n o s i s ,  a n d  c a r r i e r  
d e t e c t i o n  of M e n d e l i a n  d i s o r d e r s  not b i o c h e m i c a l l y  
i d e n t i f i a b l e ;  If l o c i  c l o s e l y  l i n k e d  to the d i s e a s e  
locus are identified, and if allelic var i a t i o n  at those 
loci can be scored in a m n i o t i c  cells or fluid, there is 
a c h a n c e  of p r e n a t a l  d i a g n o s i s  of the d i s e a s e  by the 
l i n k a g e  p r i n c i p l e  ( E D W A R D S ,  1 9 5 6 ) .  So f ar, t h i s
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p r i n c i p l e  has b e e n  a p p l i e d  s u c c e s s f u l l y  in a n u m b e r  of 
d i f f e r e n t  c o n d i t i o n s  ( T a b l e  1,2). T he a p p l i c a b i l i t y  of 
the linkage p r i nciple to prenatal d i a g nosis depends on 
(i) the t i g h t n e s s  of l i n k a g e  (less t h a n  1 cM), (ii) 
finding appr o p r i a t e  g e n o t y p e s  in the parents, and (iii) 
the k n o w l e d g e  of l i n k a g e  p h a s e  (cis- or t r a n s - c o n ­
figuration) of the linkage group in the parents.
The a v a i l a b i l i t y  of m a n y  DNA r e s t r i c t i o n  f r a g m e n t  length 
p o l y m o r p h i s m s ,  RFLP's, (BOTSTEIN et al, 1980 suggest the 
n e e d  for l i n k e d  m a r k e r s  a b o u t  20 cM a p a r t  w h i c h  m a k e s  
n e c e s s a r y  150 m a r k e r s / h a p l o i d  g e n o m e ;  h o w e v e r ,  t a k i n g  
into account that the m a r k e r s  will fall r a n d o m l y  along 
the g e n o m e ,  L A N G E  and B O E H M K E ,  1982 s h o w e d  that a m u c h  
larger n u m b e r  of such loci will have to be isolated and 
t e s t e d  b e f o r e  the g o a l  of a s a t u r a t e d  g e n e  m a p  is 
r e a c h e d )  w i l l  i n c r e a s e  the e f f i c i e n c y  of p r e n a t a l  
d i a g n o s i s ,  p r o v i d e d  the p r o b a b i l i t y  of r e c o m b i n a t i o n  
b e t w e e n  the r e s t r i c t i o n  site and the disease locus tends 
to zero. In the l i m i t ,  the R F L P  m a y  f all w i t h i n  the 
d i s e a s e  l o c u s  or e v e n  c o i n c i d e  w i t h  the m u t a t e d  codon,  
as it is the c a s e  of D d e  I or M s t  II p o l y m o r p h i s m s  in 
s i c k l e - c e l l  a n a e m i a  ( C H A N G  and KAN, 1982). A g e n e t i c  
distance g r e ater than 1 cM is unlikely to be acceptable 
for p r e n a t a l  d i a g n o s i s ,  so that in m a n y  i n s t a n c e s  
c l o n i n g  of the d i s e a s e  g e n e  m a y  be a n e c e s s a r y  s t e p  in 
the d e v e l o p m e n t  of a p r e n a t a l  d i a g n o s i s  test b a s e d  on 
the d e t e c t i o n  of R F L P ’s. A l t e r n a t i v e l y ,  the p r e d i c t i v e  
v a l u e  of the t e s t  ca n  be s i g n i f i c a n t l y  i m p r o v e d  by 
m a p p i n g  R F L P ’s to p o s i t i o n s  f l a n k i n g  the d i s e a s e  g e n e  
hence r e d ucing the fr e q u e n c y  of false negative results 
due to double c r o s s i n g - o v e r  (10“  ̂ for flanking markers 
l o c a t e d  1 c M far f r o m  the d i s e a s e  gene) ( R U DDLE, 1981). 
Thus, m a n y  d i s o r d e r s  c a n  be d e t e c t e d  e v e n  t h o u g h  the 
p r e c i s e  g e n e - d e t e r m i n e d  b i o c h e m i c a l  d e f e c t  is not yet 
i d e n t i f i e d  or c a n n o t  be r e c o g n i z e d  in the c e l l u l a r  
phenotype (MCKUSICK, 1980).
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1.1,3.2, N e w  d e v e l o p m e n t s  in m e t h o d o l o g y  (DAVIES, 1981;
R U D D L E ,  1981; J U N I E N ,  1982; P U C K  and KAO,
1 982 ) .

a) E l i c iting the e x p r e s s i o n  of diffe r e n t i a t e d  functions 
in c u l t u r e d  n o n - d i f f e r e n t i a t e d  cells; I n t e r s p e c i f i c  
s o m a t i c  c e l l  h y b r i d s  are an u s e f u l  m o d e l  to s t u d y  the 
r e g u l a t i o n  of  t h e  e x p r e s s i o n  of g e n e s  c o d i n g  f o r  
d i f f e r e n t i a t e d  gene products. So far, at least two types 
of r o d e n t  r e c i p i e n t  c e l l s  h a v e  b e e n  u s e d  in p e r f o r m i n g  
c e l l  f u s i o n  e x p e r i m e n t s :  m o u s e  e r y tho 1 e u k a e m i a  c e l l s
(DEISSEROTH and HENDRICK, 1978) and m o use h e p a t o m a  cells 
( D A R L I N G T O N  et al, 1982). In the f i r s t  of these s y s t e m s ,  
the e x p r e s s i o n  of h u m a n  a l p h a - g l o b i n  genes was assessed 
by m o l e c u l a r  h y b r i d i z a t i o n  a s s a y i n g  of RNA, for h u m a n  
a l p h a - g l o b i n  s e q u e n c e s ,  an d  by m e a s u r i n g  the l e v e l  of 
s ynthesis of h u m a n  a l p h a - g l o b i n  in the hybrids.
The m o u s e  h e p a t o m a  c e l l  h y b r i d i z a t i o n  s y s t e m  has b e e n  
u s e d  to p r o d u c e  h y b r i d s  w i t h  s e v e r a l  h u m a n  c e l l  t y p e s  
( l y m p h o c y t e s ,  f i b r o b l a s t s ,  a m n i o t i c  f l u i d  c e l l s  and 
h e p a t o c y t e s ) .  D A R L I N G T O N  et al s u g g e s t  t h a t  t h e  
frequency of hybrid clones e xpressing h u m a n  hepatic gene 
p r o d u c t s ,  and the a r r a y  of p r o t e i n s  p r o d u c e d ,  are 
influenced by the h i s t o g e n i c  state of the h u m a n  parental 
c e l l  type. A p a r t i c u l a r l y  i n t e r e s t i n g  a s p e c t  of this 
w ork concerns the e x p r e s s i o n  of fetal genes in s o m a t i c 
c e l l  h y b r i d s :  thus, the f a i l u r e  to o b s e r v e  a l p h a -
f e t o p r o t e i n  in the hybrids w h i c h  expressed h u m a n  al b u m i n  
m i g h t  s u g g e s t  e i t h e r  t h a t  t h i s  f e t a l  g e n e  is n o t  
s y n t e n i c  to t h e  a l b u m i n  g e n e  or t h a t  it is n o t  
a c c e ssible to a c t i v a t i o n  in s o matic cell hybrids.

b ) G e n e  t r a n s f e r  p r o c e d u r e s :  M i c r o c e l l - m e d i a t e d  g e n e
t r a n s f e r ,  c h r o m o s o m e - m e d i a t e d  g e n e  t r a n s f e r ,  D N A - 
m e d i a t e d  g e n e  t r a n s f e r ,  f u s i o n  of h u m a n  h a p l o i d
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s p e r m a t i d s  w i t h  n o n - h u m a n  s o m a t i c  c e l l s .  S y s t e m s  
suitable for i n t e r m e d i a t e  level r e s o l u t i o n  analysis of 
the h u m a n  g e n o m e  (10^-10® bp).

G ) F i n e  s t r u c t u r e  m a p p i n g  by D NA a n a l y s i s  and g e n e t i c  
m anipulation: Construction, selection, a m p l i f i c a t i o n  and 
p u r i f i c a t i o n  of n u c l e i c  a c i d  p r o b e s  for u se in m a p p i n g  
experiments. R e s t r i c t i o n  e n d o n u c l e a s e  analysis by blot 
f i n g e r  p r i n t i n g  of D NA ( S O U T H E R N ,  1975). N u c l e i c  acid 
s e q u e n c i n g .  C o n s t r u c t i o n  of cDNA, g e n o m i c  DNA, and 
c h r o m o s o m e - s p e c i f i c  D N A  b a n k s  and i s o l a t i o n  of c l o n e d  
unique DNA sequences (KAO et al, 1982),

d) C o - o p e r a t i v e  i n t e r a c t i o n  b e t w e e n  M e n d e l i a n  Genetics, 
s o m a t i c  c e l l  G e n e t i c s  and D N A  s t u d i e s :  At the p r e s e n t  
t i m e ,  f a m i l y  s t u d i e s  c an be i n f o r m a t i v e  in m a p p i n g  
t r a i t s  for w h i c h  no c e l l u l a r  p n e n o t y p e  is k n o w n  and in 
the m e a s u r e m e n t  of the genetic distance separating loci 
s h o w n  to be syntenic by parasexual methods. However, the 
c h r o m o s o m e  a s s i g n m e n t  of a m u t a n t  or p o l y m o r p h i c  trait 
s e g r e g a t i n g  in f a m i l i e s  can be f a c i l itated by a linkage 
a s s o c i a t i o n  w i t h  a second gene w h i c h  had been assigned 
pre v i o u s l y  by s o m a t i c  cell Genetics. F a m i l y  studies are 
l i k e l y  to b e c o m e  m o r e  u s e f u l  and e a s i e r  to p e r f o r m  as 
more and mor e  RFLP's are localized over the c h r o m o s o m e  
map: s i m p l i f i c a t i o n  of the analysis of f a m i l y  data, less 
d e p e n d e n c y  on stat i s t i c a l  methods, increased efficiency 
(small bodies of f a m i l y  data, even single families, will 
s u f f i c e  for m a p p i n g  g e n e s  a s s o c i a t e d  w i t h  c o m p l e x  
o r g a n i s m a l  traits).

e) C o r r e l a t i o n  b e t w e e n  genetic and physical gene maps: 
P r o g r e s s  in the i d e n t i f i c a t i o n  of c h r o m o s o m e  b a n d i n g  
p a t t e r n s  t h r o u g h  h i g h  r e s o l u t i o n  t e c h n i q u e s  (YUHIS,
1981) t o g e t h e r  w i t h  s o m a t i c  c e l l  h y b r i d i z a t i o n  h a v e  
r e s u l t e d  in the a s s i g n m e n t  of m a n y  g e n e s  to t h e i r
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p h y s i c a l  l o c a t i o n s  on the c h r o m o s o m e s  (see 1.1,2). At 
the s a m e  t i m e ,  f a m i l y  s t u d i e s  g i v i n g  e s t i m a t e s  of the 
r e c o m b i n a t i o n  fr a c t i o n  b e t w e e n  pairs of loci and data on 
the fre q u e n c y  d i s t r i b u t i o n  of male c h i a s m a t a  (LAURIE et 
al, 1981) h a v e  b e e n  a c c u m u l a t i n g .  A n u m b e r  of a t t e m p t s  
has b e e n  m a d e  to s y n t h e s i z e  t h e s e  d i f f e r e n t  t y p e s  of 
e v i d e n c e ,  K E A T S  et al ( 1 9 8 1 )  s u g g e s t  a m e t h o d  f o r  
o b t aining a linear genetic map using both r e c o m b i n a t i o n  
data and physi c a l  a s s i g n m e n t s  of the loci, a s s u m i n g  that 
g e n e t i c  a nd p h y s i c a l  d i s t a n c e s  are p r o p o r t i o n a l  o v e r  
s m a l l  i n t e r v a l s ,  but g e n e r a l l y  not o v e r  the w h o l e  
chomosome. Once such a 'synthetic map' is produced, the 
p r e c i s i o n  of t h e  s t a t e m e n t s  d e f i n i n g  c h r o m o s o m e  
r e a r r a n g e m e n t s  will be gr e a t l y  increased.
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1.1,4. Current status of the gene map of human 
c hro m o s o m e  16 (Table 1.4).

H u m a n  c h r o m o s o m e  16 c o r r e s p o n d s  to 3.1155 of h u m a n  
h a p l o i d  g e n o m e  l e n g t h  (F E R G U S O N - S M I T H ,  1974) and to 
1.55% of h u m a n  a u t o s o m a l  DNA content (MENDELSOHN, 1973). 
E i g h t  l o c i  h a v e  b e e n  c o n s i s t e n t l y  a s s i g n e d  to it (Fig 
1.3). F o u r t e e n  p r o v i s i o n a l  a s s i g n m e n t s  are w a i t i n g  for 
confirmation. One a s s i g n m e n t  is still tentative.
The g e n e  c o n t e n t  of HC 16 d i s p l a y s  a g r e a t  h e t e r o ­
geneity; apart from the a l p h a - g l o b i n  gene cluster, two 
t r a n s a m i n a s e s  (G0T2, GFT1), and t w o  g e n e s  c o d i n g  for 
e n z y m e s  of p u r i n e  (APRT) and p y r i m i d i n e  (TK2) s a l v a g e  
p a t h w a y s ,  no o t h e r  f u n c t i o n a l l y  r e l a t e d  l i n k a g e  g r o u p  
has been detected so far. This is in accordance w i t h  the 
a b o v e  d i s c u s s i o n  of the b i o l o g i c a l  s i g n i f i c a n c e  of 
l i n k a g e  and s y n t e n y :  g e n e  c l u s t e r i n g  a p p e a r s  to be the 
s t r u c t u r a l  e x p r e s s i o n  of s e q u e n c i a l  a n d  m u t u a l l y  
e x c l u s i v e  g e n e  a c t i v a t i o n  d u r i n g  o n t o g e n y  r a t h e r  t h e n  
the c o o r d i n a t e  a c t i v a t i o n  of g e n e s  c o d i n g  for e n z y m e s  
c a t a l y s i n g  different steps of a m e t a b o l i c  p a t h w a y  (see 
1.1 . 3 . 1 .b ) ) .
A c e r t a i n  d e g r e e  of h o m o l o g y  of g e n e  c o n t e n t  (e.g., TK2 
m a p s  on HC 16 w h i l e  TK1 m a p s  on HC 17) and g e n e r a l  
m o r p h o l o g y  b e t w e e n  HC's 16 and 17 led certain authors to 
s u g g e s t  t h e y  had a c o m m o n  o r i g i n  and r e s u l t e d  f r o m  
t e t r a p l o i d i z a t i o n  ( C O M I N G S ,  1972). HC 16 als o  c a r r i e s  
two (?) of a m u l t i c h r o m o s o m e  set of genes necessary for 
e x p r e s s i o n  and r e g u l a t i o n  of i n t e r f e r o n - m e d i a t e d  a n t i ­
v i r a l  s t a t e  ( T a b l e  1.3).
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Fig 1.3. Regional assignments (shortest region of overlap) 
of confirmed loci on HC 16.
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Table 1.4. Gene map of human chromosome 16 (MCKUSICK, 1982).
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Marker (certainty*) Biological significance Method References

APRT (C)
adenine phosphodibosyl 
transferase, EC 2.4.2.7

AVR (P)
antiviral state regulator 

BCS (L)
breast cancer susceptibility 

CTH (P)
cystathionase, EC 4.4.1.1 

CTRB (P)
chymotrypsinigen B, EC 3.4.21.1

D16S1, D16S2 (P) 
anonymous DNA fragments

DIA4 (C)
diaphorase 4, EC 1.6.2.2 

DIPI (P)
defective interfering particle 
induction, control of

ESBl (p)
epidermolysis bullosa,
Ogna type

ESB3 (P)
esterase B, EC 3.1.1,1

PS16pl24, FS16q22 (C) 
fragile sites

GCF2 (P)
growth rate contolling factor 

G0T2 (C)
glutamate oxaloacetate trans­
aminase, mitochondrial,
EC 2.6.1,1

GPTl (P)
glutamate pyruvate transaminase, 
soluble, red cell, EC 2.6.1.2

HAGH (P)
hydroxyglutathione hydrolase,
EC 3.1.2.6

HBAl, HBA2, HBZl, HB22 (C) 
a-globin gene cluster

HP (C)
a-haptoglobin 

LCAT (C)
lecithin-cholesterol acyl- 
transferase, EC 2,3.1.43

LIPB (P)
lysosomal acid lipase B,
EC 3.1.1.3

NHCP2 (P)
non-histone chromosome protein 

PGP (C)
phosphoglycolate phosphatase,
EC 3.1.3.18

TK2 (P)
thymidine kinase, mitochondrial, 
EC 2.7.1.21

Purine salvage pathway (2,8-dihydrox^ S,D 
adenine urolithiasis)

Regulation of antiviral response 

Genetic predisposition for cancer

Cystheine synthesis 
(cystathioninuria)

S,D

Proteolysis

Unknown

Electron transport

Regulation of antiviral response

Skin malignancy

Esterolysis

Unknown

Regulation of growth rate 

Aminoacid interconversion

Aminoacid interconversion

Detoxyfication of methylglyoxal? 
Regulation of cell division? 
Microtubule assembly?

Oxygen transport 
(a-thalassaemias, HbH related 
mental retardation)

Haemoglobin elimination

Phospholipid metabolism 
(NORUM's disease; LCAT deficiency)

Lysosomal system

Regulation of gene expression? 

Regulation of oxygen transport?

Pyrimidine salvage pathway

S,REa

Ch

ql2-q22 (1,2,3,4)

(5)

(6)

(7)

(8)

(9)

ql2-q21 (10,11)

(27)

(12)

(13)

(14,15)

S (16)

S ql2-q22 (17,18,19)

S (20)

S (21)

S,REa,A,D pl2-pter (22,23,24,25)

F q22 (26)

F, LD q22 (28)

S (29)

S (30)

pl2-pl3 (24,31,32,33, 
34)

VMD (P)
macular distrophy, atypical vitelliforra

(35)

16p? (5 cM (36) 
from GPTl)
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(*) Degrees of certainty of assignment: C = Confirmed (at least two 
laboratories or two families). P = Provisional (one laboratory or 
family). L = in 'Limbo' (less than provisional).

References: (1) TISCHFIEID et al, 1973. (2) KAHAN et al, 1975.
(3)BARG et al, 1981. (4)RETHORE et al, 1982. (5) CHANY et al, 1975.
(6) KING et al, 1980. (7) DONALD et al, 1981a. (8) SAKAGUCHI et al,
1981. (9) PEARSON et al, 1981. (10) GRZESCHIK, 1979. (11) POVEY
et al, 1980. (12) OLAISEN and GEDDE-DAHL, 1973. (13) ASTRIN et al,
1981. (14) MAGENIS and CHAMBERLIN, 1979. (15) SCMID et al ,1980.
(16) DONALD et al, 1981b. (17) TOLLEY et al, 1980. (18) POVEY 
et al, 1981. (19) JEREMIAH et al, 1982. (20) WIJNEN and MEERE-KHAN,
1981. (21)HONEY and SHOWS, 1981. (22) DEISSEROTH et al, 1977.
(23) BARG et al, 1981. (24) KOEFFLER et al, 1981. (25) BARTON et al,
1982. (26) ROBSON et al, 1969. (27) CREAGAN et al, 1975. (28) TEISSBERG
and GJONE, 1974. (29) NGUYEN VAN CONG et al, 1980. (30) BODE et al,
1980. (31) BLANKENSTEIN-WIJNE et al, 1979. (32) DONALD et al,
1979. (33) POVEY et al, 1979. (34) SPARKES et al, 1979. (35) WILLECKE 
et al, 1977. (36) FERRELL et al, 1983.
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1.2. The object - the h u m a n  globin gene family.

1.2.1, A n a t o m y  of the h u m a n  globin gene family.

1.2.1.1. The o n t o g e n y  of globin gene expression.

Adult h u m a n  h a e m o g l o b i n  (Hb A)» the m a j o r  o x ygen carrier 
in h u m a n  b l o o d ,  is an i r o n  (II) m e t a l l o p r o t e i n  w i t h  a 
m o l e c u l a r  w e i g h t  of 64,450. It is a t e t r a m e r  in w h i c h  
the four p o l y p e p t i d e  subunits (two alpha- and two beta- 
g l o b i n  c h a i n s  w i t h  a t o t a l  of 574 a m i n o a c i d  r e s i d u e s )  
are c o m b i n e d  w i t h  four haera molecules.
In a d d i t i o n  t o  K b  A, o t h e r  g l o b i n  c h a i n s  a r e  
synthesized, and other h a e m o g l o b i n  te t r a m e r s assembled, 
at d i f f e r e n t  s t a g e s  of n o r m a l  d e v e l o p m e n t  (Fig 1.4 and 
T a b l e  1.5). The p r i m a r y  d i f f e r e n c e  b e t w e e n  the gen e  
clusters coding for alpha- and n o n - a l p h a - g l o b i n  chains 
is that t w o  ' s w i t c h e s '  in g e n e  e x p r e s s i o n  are o b s e r v e d  
for n o n - a l p h a - g l o b i n  genes (epsilon — ^ g a m m a  — ► beta) 
w h i l e  a s i n g l e  's w i t c h '  r e s u l t s  in a c t i v a t i o n  of a d u l t  
a l p h a - g l o b i n  p r o d u c t i o n  early in fetal life (MANIATIS et 
al, 1980). The o b s e r v e d  s e q u e n c i a l  g e n e  a c t i v a t i o n  
during d e v e l o p m e n t  i m p l i e s  globin genes are o r g anized in 
a d e v e l o p m e n t a l l y  r e g u l a t e d  w a y  ( s e e  1.2.1.2). 
R e g u l a t i o n -  of g l o b i n  c h a i n  s y n t h e s i s  s e e m s  to be 
o p e r a t e d  at t h r e e  l e v e l s  (V/EATHERALL and C L EGG, 1981); 
(i) Principal control: mRN A  synthesis (transcription and
RNA p r o c e s s i n g ) ,  (ii) M i n o r  c o n t r o l :  c h a i n  i n i t i a t i o n
(translation), (iii) Final overall balance: proteolysis
of the chain in excess ( p o s t - t r a n s l a t i o n ) . The latter is 
p a r t i c u l a r l y  i m p o r t a n t  w h e n  the synthesis of one of the 
g l o b i n s  is r e d u c e d  as in t h a 1 a s s a e m i a s  ( T E S T A  et al, 
1 9 8 1 ; B A L L A S  a n d  B U R K A ,  1982). T h e  m e c h a n i s m  of 
'switching' from fetal to adult h a e m o g l o b i n  synthesis is 
u n k n o w n .  It s e e m s  to be r e g u l a t e d  m o r e  by g e s t a t i o n a l  
age than by e x t r a u t e r i n e  e n v i r o n m e n t  (BUNN et al, 1977;



38
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Bone marrow
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SpleenYolk sac
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Fig 1.4o Globin chain synthesis at different stages of 
fetal maturation (from WEATHERALL and CLEGG, 1981, p 64)
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Table 1.5. Globin chains and h a e m o g l o b i n s  p r o d u c e d
at d i f f e r e n t  stages of human development.

S t a g e a - l i k e
c h a i n

N o n  ~ a - l i k e  
c h a i n

H a e m o g l o b i n s  
( s u b u n i t s )

E m b r y o Ç , ot e , Y G o w e r  1 (CgCg) 
P o r t l a n d  (S^ Y^ ) 
G o w e r  2 (o^Eg)

F e t u s a T F ( a ^ Y2  )

A d u l t a A  (a g ) 
4  '“ 2«2>
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NIENHUIS and S T A M A T O Y A N N O P O L O U S ,  1978).

1.2.1,2. C h r o m o s o m a l  a r r a n g e m e n t  of h u m a n  globin genes.

The g l o b i n  g e n e  f a m i l y  is d i s t r i b u t e d  in t w o  l i n k a g e  
g r o u p s , w h i c h  have been assigned to HC 16 (alpha-globin 
g e n e  c l u s t e r )  and to HC 11 ( n o n - a l p h a - g l o b i n  g e n e  
cluster). The current p i c ture of these two gene clusters 
is s h o w n  in F i g  1.5 and the s e q u e n c e  of the m a j o r  
c ontr i b u t i o n s  leading to this picture is s u m m a r i z e d  in 
T a b l e  1.6. It s h o u l d  be e m p h a s i z e d  at this s t a g e  that 
the c h r o m o s o m e  a r r a n g e m e n t  of the t wo g l o b i n  g e n e  
c l u s t e r s  p a r a l l e l s  the o r d e r  in w h i c h  the i n d i v i d u a l  
g e n e s  are e x p r e s s e d  d u r i n g  o n t o g e n e s i s  (see 1.2.1.1). 
Alpha- and n o n - a l p h a - g l o b i n  g e n e s  d i s p l a y  a m a r k e d  
s i m i l a r i t y  of internal o r g a n i z a t i o n  (Fig 1,6). Although 
the f u n c t i o n  of i n t r o n s  is not k n o w n ,  it has b e e n  
p r o p o s e d  that t h e y  p l a y  a r o l e  in e v o l u t i o n  by j o i n i n g  
in different DNA s e q u e n c e s  encoding protein structural 
(and f u n c t i o n a l )  d o m a i n s .  In fact, the d i s t r i b u t i o n  of 
’f u n c t i o n a l ’ a m i n o a c i d  r e s i d u e s  (e.g., t w o  h i s t i d i n e  
residues that interact w i t h  the haera. Fig 1.7) in alpha- 
and beta - g l o b i n  p o l y p e p t i d e s  can be correlated with the 
a r r a n g e m e n t  of coding and non-coding sequences in these 
genes (CRAIK et a l , 1 980 ; M A N I A T I S  et al, 1 980).

H e t e r o d u p l e x  analysis of the alpha 1 - alpha 2 region of 
t h e  a l p h a - g l o b i n  g e n e  c l u s t e r  ( L A U E R  et al, 19 8 0) 
d e m o n s t r a t e d  an e x t e n s i v e  h o m o l o g y  b e t w e e n  alpha 1 and 
a l p h a  2 r e g i o n s  (Fig 1.8). The o b s e r v e d  m a i n t e n a n c e  of 
h o m o l o g y  b e t w e e n  a pair of stru c t u r a l l y  and funct i o n a l l y 
r e l a t e d  g e n e s  w i l l  be d i s c u s s e d  l a t e r  in m o r e  d e t a i l  
(see 1.2.2).

R e l a t e d  D N A  s e q u e n c e s  h a v e  b e e n  f o u n d  in b o t h  g l o b i n  
gene clusters (Figs 1.5 and 1.8) which seem to belong to
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Table 1.6. Analysis of the organization of human 
globin genes.

Fact Method Ref

Two globin genes (a,3) Family studies (1)
6/3 linkage Family studies 

(linkage disequil) 
Globin analysis 
(Hb Lepore)

(2,3)

y /3 linkage and 
^Y“^Y“6-3 arrangement

Globin analysis 
(Hb Kenya)

(4)

Two linked a-globin 
genes (a^ )

Family studies 
DNA analysis

(5,6)

Asinteny of globin genes 
and chromosome assignment 
(a on HC 16, non-a- on 
HC 11)

Somatic cell hybr. 
Molecular hybr. 
in solution (Cot 
analysis)

(7)

Non-a-globin gene cluster 
(5'-^32-E- Y “ Y“^3^“

DNA analysis and 
cloning

(8,9,
10)

-6-3-3 :)
a-globin gene cluster DNA analysis and 

cloning
(11,12)

^^2^3 not globin related DNA sequencing (13)

References; (1) BRADLEY et al, 1961. (2) BOYER et a l ,
1963. (3) BAGLIONI, 1962, (4) HUISMAN et al, 1972.
{.5)H0LLAN et al , 1972 . (.6) ORKIN, 1978. (7) DEISSEROTH
et al, 1976 , 1977, 1978. (.8) FLAVELL et al , 1978.
(9) LAWN et a l , 1978. (10) FRITSCH et a l , 1980.
(11) PROUDFOOT and MANIATIS, 1980. (12) LAUER et a l ,
1980. (13) SHEN and SMITHIES, 1982.
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Fig l , 7 o  The a m i n o a c i d  seque n c e  of the a - and $-globin 
chains of h u m a n  Hb A .  The He l i c e s  are given the letters 
A-H and the areas b e t w e e n  the helices labelled AB, CD, 
etCo NA and HC r e p r e s e n t  the three amino and carboxyl 
t e r minal residues, re s p e c t i v e l y »  IS 1 and IS2 indicate 
the location of introns (adapted from W E A T H E R A L L  and 
CLEGG, 1981, p 22)„
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Fig lo8o The d i s t r i b u t i o n  of sequence h o m o l o g i e s  within 
a region of the h u man a - g l o b i n  gene cluster. Regions of 
sequence h o m o l o g y  are i n d i c a t e d  by c r o s s - h a t c h e d  boxes, 
white boxes, or s t i p p l e d  arrows» These h o m o l o g i e s  were 
d e t e c t e d  by h e t e r o d u p l e x  analysis of the c l oned a-globin 
gene cluster (LAUER et al, 1980). ( -t ) i n d i c a t e s  the
location of r e l a t e d  DNA s e q u ences »
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a l a r g e  f a m i l y  of D N A  s e q u e n c e s  ( a b o u t  300 bp long, 
d e f i n e d  by A l u  I r e s t r i c t i o n  s i t e s )  r e i t e r a t e d  
a p p r o x i m a t e l y  500,000 t i mes in the h u m a n  g e n o m e  (HOUCK 
et al, 1979; J E L I N E K  et al, 1980; S C H M I D  and J E L I N E K ,
1 982) .

1.2.2. E v o l u t i o n  of the g l o b i n  g e n e  f a m i l y  ( J E F F R E Y S ,
1982).

In c y c l o s t o m e s  only one globin chain has been detected. 
H u m a n  g l o b i n  g e n e  f a m i l y  i n c l u d e s  e l e v e n  l o c i  
d i s t r i b u t e d  in two linkage groups (alpha- and non-alpha- 
g l o b i n  g e n e  c l u s t e r s ) .  The a i m  of thi s  s e c t i o n  is to 
a n s w e r  the q u e s t i o n  of h o w  h a v e  t h e s e  g e n e s  e m e r g e d  
d u r i n g  e v o l u t i o n .  It has b e e n  p o s s i b l e  to c o n s t r u c t  an 
e v o l u t i o n a r y  tree for the h u m a n  globin gene family (Fig 
1.10) and to d e s i g n  a s c e n a r i o  of the g e n e t i c  e v e n t s  
r e s p o n s i b l e  for the e v o l u t i o n a r y  process. This has been 
a c c o m p l i s h e d  b a s i cally by m e a s u r i n g  the degree of h o m o ­
logy of a m i n o a c i d  and n u c l e o t i d e  sequences, respectively 
a m o n g  globins and glob i n  genes from di f f e r e n t  species or 
w i t h i n  s p e c i e s .  T h e  s e q u e n c e  of e v e n t s  c o u l d  be 
s u m m a r i z e d  as follows:

a) D u p l i c a t i o n  of the p r i m o r d i a l  globin gene: Since the
c y c l o s t o m e s  o n l y  h a v e  one g l o b i n  c h a i n  and the b o n y  
f i s h e s  h a v e  b o t h  a l p h a  and b e t a  c h a i n s ,  it is a s s u m e d  
that the a l p h a / b e t a  d u p l i c a t i o n  o c c u r r e d  s o m e  t i m e  
d u r i n g  the e v o l u t i o n  of b o n y  fish, a p p r o x i m a t e l y  500 
M y e a r  ago ( D A Y H O F F  et al, 1972; D I C K E R S O N  and GEIS, 
1980). The a l p h a - b e t a - g l o b i n  gene linkage in the a m p h i ­
bian XenoDus suggests that alpha- and b e t a - g l o b i n  genes 
evolved by a t a n d e m  d u p l i c a t i o n  of the ancestral globin 
gene due to unequal c r o s s i n g - o v e r  f o l l o w i n g  m i s p a i r i n g  
of r e p e t i t i v e  s e q u e n c e s  f l a n k i n g  the d u p l i c a t e d  g e n e  
( J E F F R E Y S  et al, 1980),
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b) D i s r u p t i o n  of a l p h  a - b e t a - g 1 o b i n  g e n e  l i n k a g e :  T h i s  
must have occurred duri n g  reptile e v o l ution before the 
a p p e a r a n c e  of the m a m m a l i a n  l i n e  (300 M y e a r  ago) but 
a f t e r  the d i v e r g e n c e  of a m p h i b i a n s  and r e p t i l e s  (350 
M y e a r  ago). The u n l i n k i n g  of a l p h a -  and b e t a - g l o b i n  
g e n e s  c o u l d  h a v e  o c c u r r e d  e i t h e r  by t r a n s l o c a t i o n  
b e t w e e n  the t w o  g e n e s  or by a m e c h a n i s m  i n v o l v i n g  
c h r o m o s o m e  d u p l i c a t i o n  (tetr a p l o i d i z a t i o n ?  OHNO, 1970), 
in w h i c h  c a s e  e a c h  d u p l i c a t e  but u n l i n k e d  a l p h a - b e t a -  
g l o b i n  g e n e  c l u s t e r  c o u l d  t h e n  e v o l v e  t o w a r d s  a 
m a m m a l i a n  l i k e  a l p h a -  or n o n - a l p h a - g e n e  c l u s t e r  by 
t a n d e m  a l p h a -  or b e t a - g l o b i n  g e n e  d u p l i c a t i o n  p l u s  
s i l e n c i n g  of the l i n k e d  b e t a -  or a l p h a - g l o b i n  g e n e s  
w i t h i n  e a c h  c l u s t e r  ( J E F F R E Y S  et al, 1980; H O S B A C H  et 
a l , 1983).

c) E v o l u t i o n  of t w o  d i f f e r e n t  g l o b i n  g e n e  c l u s t e r s  in 
b i r d s  and m a m m a l s :  T a n d e m  d u p l i c a t i o n ,  p o i n t  m u t a t i o n  
a n d  c o n c e r t e d  e v o l u t i o n  (i. e ., p a r a l l e l  a n d  
c o i n c i d e n t a l  e v o l u t i o n  of t w o  g e n e s  w h i c h  c o r r e c t  
against each other via h o m o l o g o u s  but unequal crossing- 
o v e r ,  S L I G H T O M  et al, 1 9 8 0 ;  Z I M M E R  et al, I 9 6 0 ;  
L I E B H A B E R  et al, 1981), are the m e c h a n i s m s  a s s u m e d  to 
have brought about the e v o l u t i o n  leading to the present 
alpha- and n o n - a l p h a - g l o b i n  gene clusters. Regions with 
h i g h e r  h o m o l o g y  w i t h i n  the c l u s t e r s  (e. g ., a l p h a  1- 
alpha 2 and g a m m a  G - g a m m a  A) have undergone more recent 
c o r r e c t i n g  genetic exchange.

In o r d e r  to e l u c i d a t e  t h e  d e t a i l e d  t i m i n g  of  t h e  
e vo l u t i o n  of globin genes, som e  sort of time scale must 
be e s t a b l i s h e d .  The r a t e  of n u c l e o t i d e  s u b s t i t u t i o n s  
r e s u l t i n g  in a m i n o a c i d  r e p l a c e m e n t s  ( w h i c h  a p p e a r  to 
a c c u m u l a t e  linearly w i t h  dive r g e n c e  time as d o c u m e n t e d  
by the f o s s i l  r e c o r d )  p r o v i d e  a r e l i a b l e  ’e v o l u t i o n a r y
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clock* ( W I L S O N  et al, 1977; P E R L E R  et al, 1980). To 
c a l i brate the e v o l u t i o n a r y  clock, data included in table 
1.7 have been considered. Based on this type of evidence 
a c a l i b r a t i o n  c u r v e  for d i v e r g e n c e  for g l o b i n  c o d i n g  
se q u ences can be d r a w n  (Fig 1.9). This curve serves as a 
m o l e c u l a r  clock. Its slope m e a s u r e s  the rate of fixation 
of r e p l a c e m e n t  s u b s t i t u t i o n s  in g l obin genes. Entering 
in the c u r v e  w i t h  the v a l u e s  of p e r c e n t a g e  d i v e r g e n c e  
b e t w e e n  a g i v e n  p a i r  of g l o b i n  g e n e s ,  an e s t i m a t e  of the 
t i m e  s i n c e  t h e  t w o  g e n e s  b e g u n  to d i v e r g e  c a n  be 
obtained. Using this e s t i m a t e s  E F S T R A T I A D I S  et al (1980) 
c o n s t r u c t e d  an e v o l u t i o n a r y  tre e  for the h u m a n  g l o b i n  
g e n e  f a m i l y .  C o n t r i b u t i o n s  f r o m  a n u m b e r  of d i f f e r e n t  
s o u r c e s  ( Z I M M E R  et al, 1980; C Z E L U S N I A K  et a l ,1982) 
resulted in the picture s h o w n  in Fig 1.10.
Branch points r e p resent t i m e s  at w h i c h  gene d u p l i c a t i o n  
e v e n t s  t o o k  place. It is p o s s i b l e  tha t  the i n i t i a l  
products of a given d u p l i c a t i o n  were corrected against 
each other for an u n k n o w n  period of time: alpha 1-alpha
2 and g a m m a  G - g a m m a  A g e n e  p a i r s  a p p e a r  to be s t i l l  at 
this stage of c o n c erted evolution, while d e l t a - b e t a  gene 
p a i r  s e e m s  to h a v e  e v o l v e d  to a s e q u e n c e  d i v e r g e n c e  
stage (MARTIN et al, 1983).

Gene clusters are i n h e r e n t l y  unstable entities that can 
e x p a n d ,  c o n t r a c t ,  and d i s p e r s e  d u r i n g  the c o u r s e  of 
evolution. Of all the po s s i b l e  shifts in r e a r r angement,  
n a t u r a l  s e l e c t i o n  w i l l  e l i m i n a t e  the u n f a v o u r a b l e ,  
l e a v i n g  n e u t r a l  a n d  a d v a n t a g e o u s  to be f i x e d  in 
e v o l u t i o n  ( J E F F R E Y S  and H A R R I S ,  1982). The p r e s e n t  
a r r a n g e m e n t  of h u m a n  g l o b i n  genes displays some of the 
r e m n a n t s  of s u c h  a p r o c e s s  - the p s e u d o g e n e s  (DNA 
sequences that have o r i g i n a l l y  derived from a functional 
globin gene, that are i n c a p a b l e  of producing functional 
g l o b i n  p r o t e i n  and t h a t  are f i x e d  in the p o p u l a t i o n .
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Fig lo9o Calibration curve for divergence for globin coding 
sequences* The UEP (= Unit Evolutionary Period, time for 
the fixation of 1% sequence divergence) is 10*3 Myear for 
replacement substitutions (resulting in aminoacid change) 
and 1.3 Myear for silent substitutions (not resulting in 
aminoacid change because either of having occurred in non­
coding sequences or of the degeneracy of the genetic code)*
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Fig 1.10. An evol u t i o n a r y  tree for human globins,
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L I T T L E ,  1 9 8 2 * ) .  G l o b i n  p s e u d o g e n e s  m a y  h a v e  b e e n  
g e n e rated in a t w o - s t a g e  process:

a ) G e n e  d u p l i c a t i on f o l l o w e d  by a p e r i o d  (14 M y e a r  for 
p s e u d o - b e t a  2, 15 M y e a r  for p s e u d o - a l p h a  1, >40 M y e a r  
for d e l t a ;  in Old W o r l d  m o n k e y s  d e l t a - g l o b i n  g e n e  is 
already a r e c ently silenced p s e u d o - d e l t a  gene, MARTIN, 
1980) of c o n c e r t e d  e v o l u t i o n  d u r i n g  w h i c h  e x c h a n g e  of 
i n f o r m a t i o n  o c c u r s  b e t w e e n  t h e  d u p l i c a t e d  g e n e s  
r e s u lting in a m u t u a l  c o r r e c t i o n  of mutations.

b) Sequence d i v e r g e n c e  f o l l o w i n g  the d i s r u p t i o n  of the 
c o r r e c t i n g  m e c h a n i s m .  T he t i m e  at w h i c h  this o c c u r s  
d e p e n d s  on t h e  r e l a t i v e  r a t e s  of  m u t a t i o n  a n d  
c o r r e c t i o n .  O n c e  a g e n e  h a s  b e c o m e  i n c a p a b l e  of 
p r o d u c i n g  a f u n c t i o n a l  g l o b i n  c h a i n ,  it w i l l  then 
a c c u m u l a t e  m u t a t i o n s  mor e  rapidly, since it is no longer 
u n d e r  t h e  c o n s t r a i n t s  of s e l e c t i o n  in f a v o u r  of 
functional p r o tein s e q u e n c e s  (LITTLE, 1982).

The feature of p s e u d o g e n e s  being e v o l u t i o n a r y  relics of 
d u p l i c a t e d  g e n e s  d o e s  not e x c l u d e  the p o s s i b i l i t y  of 
e x p r e s s i o n  of n o n g l o b i n  p r o t e i n s  e n c o d e d  by them. 
H o w e v e r ,  so f a r  no n e w  p r o t e i n  p r o d u c t  h a s  b e e n  
s u g g e s t e d  or i d e n t i f i e d  f o r  t h e s e  p s e u d o g e n e s  
(PROUDFOOT, 1980; JEFFREYS, 1981).
S o m e t i m e s  a s i n g l e  n u c l e o t i d e  s u b s t i t u t i o n  is 
r e s p o n s i b l e  for p s e u d o g e n e  d i s f u n c t i o n .  A 'stop* c o d o n  
at a m i n o a c i d  6 i n d i cates that the h u m a n  gene previously

(*) An a l t e r n a t i v e  d e f i n i t i o n  is g i v e n  by P R O U D F O O T  
(1980): regions of DKA that display sign i f i c a n t  h o m o l o g y
(>70%) to f u n c t i o n a l  g l o b i n  g e n e s  but h a v e  m u t a t i o n s  
w h i c h  prevent their expression.
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k n o w n  as z e t a  1 is, in fact, a p s e u d o g e n e  p s e u d o - z e t a  1 
( P R O U D F O O T  et al, 1982; L I T T L E ,  1982). T h i s  c h a n g e s  the 
c u r r e n t  i d e a s  a b o u t  f u n c t i o n a l i t y  of e m b r y o n i c  a l p h a ­
l i k e  g l o b i n  genes. In t h e i r  r e v i e w  of the m o l e c u l a r  
g e n e t i c s  of h u m a n  g l o b i n s ,  M A N I A T I S  et al (1980) s t a t e  
t hat e v i d e n c e  s u g g e s t s  b o t h  z e t a - g l o b i n  g e n e s  are 
functional. On one side, d e t e c t i o n  of z e t a - g l o b i n  in an 
infant car r y i n g  a h o m o z y g o u s  deletion that r e m o v e s  zeta 
1, b u t  s p a r e s  z e t a  2, i n d i c a t e s  t h e  l a t t e r  is a 
f u n c t i o n a l  g e n e  ( P R E S S L E Y  et al, 1980b). On the o t h e r  
hand, the a g r e e m e n t  b e t w e e n  nucleotide sequence of zeta 
1 g e n e  and the a m i n o a c i d  s e q u e n c e  of z e t a - g l o b i n ,  
s u g g e s t s  t h a t  t h e  z e t a  1 g e n e  is p r o b a b l y  a l s o  
f u n c t i o n a l .

The above d e s c r i p t i o n  of g l obin gene clusters portrays a 
d y n a m i c  g e n e  f a m i l y  u n d e r g o i n g  r a p i d  e v o l u t i o n a r y  
c h a n g e s .  T h i s  f a m i l y  i n c l u d e s  g e n e s  w h i c h  h a v e  
s p e c i a l i z e d  to f u n c t i o n  at d i f f e r e n t  d e v e l o p m e n t a l  
stages (embryonic, fetal, and adult globin genes), genes 
for w h i c h  no g l obin p o l y p e p t i d e  has been i d e n tified and 
w h i c h  m a y  t h e r e f o r e  no l o n g e r  be f u n c t i o n a l  ( p s e u d o ­
genes), and genes w h i c h  are presently u n d e r g o i n g  mutual 
c o r r e c t i o n  and/or d e l e t i o n  and dupl i c a t i o n  in the human 
p o p u l a t i o n  ( g a m m a  G - g a m m a  A and alpha 1-alpha 2) (LAUER 
et al, 1980; S A N C A R  et al, 1982).
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1.3. The m e t h o d  - DMA r e s t r i c t i o n  fr a g m e n t  analysis 
c o m b i n e d  w i t h  i n t e r s p e c i f i c  somatic cell 
h y b r i d i z a t i o n ,

1.3.1. The a i m  and the s t r a t e g y .

T h e  a i m  of t h i s  s t u d y  w a s  ( i ) to c o n f i r m  and, if 
possible, to s t r e n g t h e n  the regional l o c a l i z a t i o n  of the 
h u m a n  al p h a - g l o b i n  g e n e  c l u s t e r  on the s h o r t  a r m  of HC 
16, and (ii) to t e s t  the v a l u e  in h u m a n  g e n e  m a p p i n g  of 
an e x p e r i m e n t a l  ap p r o a c h  c o m b i n i n g  s o m a t i c  cell Genetics 
and r e c o m b i n a n t  DNA procedures.

The f o l l o w e d  strategy c o n s i s t e d  of;

- P r o d u c t i o n  of m a n  x m o u s e  s o m a t i c  c e l l  
h y b r i d s ,  the h u m a n  p a r e n t a l  c e l l s  b e i n g  
c a r r i e r s  of b a l a n c e d  t r a n s l o c a t i o n s  
i n v o l v i n g  HC 16.

- S e l e c t i o n  and e x p a n s i o n  of h y b r i d  cel l  
p o p u l a t i o n s  c a r r y i n g  HC I6q, t a k i n g  
ad v a n t a g e  of the e xpression of a selectable 
marker (APRT) under rest r i c t i v e  conditions
(AA s e l e c t i o n ).

- C o u n t e r s e l e c t i o n  and expansion of the 
hybrid cell p o p u lations which carry an 
intact HC 16 under restrictive conditions 
(DAP selection) that select against the 
same m a r k e r .

- C h a r a c t e r i z a t i o n  of the c e l l u l a r  p h e n o t y p e  
of the s o m a t i c  c e l l  h y b r i d s  in t e r m s  of 
h u m a n  c h r o m o s o m e  content and expression of 
re l e v a n t  h u m a n  e n z y m a t i c  m a r k e r s .
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- Screening of the DNA from the different 
types of hybrid cell p o p u l ations (either 
carrying HC 16, or a 16 fragment, or not 
carrying 16 at all) for the presence of the 
h u m a n  a l p h a - g l o b i n  gene cluster, by 
m o l e cular h y b r i d i z a t i o n  on solid phase 
with a human genomic DNA probe after 
r e s t r i c t i o n  e n d o n u c l e a s e  treatment.

- E s t a b l i s h i n g  a c o r r e l a t i o n  b e t w e e n  the 
p r e s e n c e  or a b s e n c e  of HC l 6p a n d  t h e  
p r e s e n c e  or a b s e n c e  of a l p h a - g l o b i n  g e n e  
in each hybrid cell population.

P r e v i o u s  a t t e m p t s  to l o c a l i z e  the h u m a n  a l p h a - g l o b i n  
g e n e  c l u s t e r ,  u s i n g  a n u m b e r  of d i f f e r e n t  a p p r o a c h e s ,  
are s u m m a r i z e d  in Table 1.8 and Fig 1.11.

1 . 3 . 2 .  D i s c u s s i o n  o f  t h e  s t r a t e g y  a n d  o f  s o m e  
m e t h o d o l o g i e s  ut i l i z e d  in this study.

a) U n t i l  1977 the m e t h o d  of c h o i c e  in g e n e  a s s i g n m e n t  
w a s  the c o r r e l a t i o n  of the p r e s e n c e  or a b s e n c e  in a 
hybrid cell p o p u lation of a p a r t i c u l a r  gene product w i t h  
the p r e s e n c e  or a b s e n c e  of a c h r o m o s o m e  or c h r o m o s o m e  
fragment. This m e thod has severe l i m i t a t i o n s  because it 
depends on the e x p r e s s i o n  of genes and on the ability to 
d i s t i n g u i s h  h u m a n  a n d  r o d e n t  g e n e  p r o d u c t s  a n d  
c h r o m o s o m e s .  Thus, g e n e s  w h i c h  are e x p r e s s e d  o n l y  in 
d i f f e r e n t i a t e d  cells, as is the c a s e  of g l o b i n  g e n e s ,  
c a n n o t  be m a p p e d  by t h i s  m e t h o d .  T h i s  d i f i c u l t y  ca n  be 
o v e r c o m e  by direct d e t e c t i o n  of the genes using nucleic 
acid h y b r i d i z a t i o n  techniques. The a s s i g n m e n t  of alpha- 
a nd b e t a - g l o b i n  g e n e s  by m o l e c u l a r  h y b r i d i z a t i o n  in 
s o l u t i o n  of a l p h a -  and b e t a - g l o b i n  c D N A  p r o b e s  w i t h
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Method Hybridization probe 
(origin; label)

Localization Ref

Molecular hybridization in 
solution (Cot analysis) of 
DNA from man x mouse hybrids

cDNA (abnormal human reticulocyte 
mRNA; 32p)

16 (1)

Molecular hybridization on 
solid phase (Southern blotting) 
of DNA from man x mouse hybrids 
(human cells: t(ll:16)(llq25: 
:16q22) and t (3;16)(3q21;16ql2))

Molecular hybridization in situ

cDNA (32p)

cRNA (human fetal liver DNA; 
% )

16pl2“pter (2)

Molecular hybridization in situ cDNA (human adult or premature 
infant reticulocyte RNA;^^^I)

16 (3)

Trisomy mapping (16pl2-pter) by 
assessment of red cell a/3 chain 
synthesis ratio

16pl2“pter (4)

Molecular hybridization on 
solid phase of DNA from 
man x mouse hybrids (human 
cells: t (11:16)(llql3:16pll))

cDNA (human adult or premature 
infant reticulocyte RNAf^^P)

16p (5)

Molecular hybridization in situ cRNA (human fetal liver DNA;
3h )

16pl2-pter (6)

References: (1) DEISSEROTH et al, 1977. (2) BARG at al, 1981. (3) GERHARD et al, 1981. 
{4)WAINSC0AT et al, 1981. (5) KOEPFLER et al, 1981. (6) BARTON et al, 1982.
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p t e r
pis
p  1 4 
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p l 2

Pll
c e n

qll
(=qh)

q l 2

q 2 1
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LOq22 
q23 

q2 4 
qter
References (1) (2) (3) (4) (5) (6)

SRO

Fig 1.11, Intrachroraosomal localization of the human 
a-globin gene cluster. SRO = shortest region of overlap.
{ )  indicates the breakpoints of the rearranged HC 16s 
used in this study. DE, LO, OA and SY identify the subjects 
carrying these rearranged chromosomes. For references 
see Table 1.8,
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g e n o m i c  DNA p r e p a r a t i o n s  f rom hybrid cell populations, 
d e m o n s t r a t e d  the f e a s a b i l i t y  of this n e w  a p p r o a c h  
( D E I S S E R O T H  et al, 1977 and 1978). The s u c c e s s  of this  
m e t h o d  d e p e n d s  on the s p e c i f i c i t y  of h y b r i d i z a t i o n  of 
the h u m a n  gene probe w i t h  the h o m o l o g o u s  h u m a n  g e n o m i c  
s e q u e n c e ,  and so, a p p r e c i a b l e  i n t e r s p e c i f i c  c r o s s ­
re a c t i o n  w i t h  rodent DNA sequences will limit the use of 
Cot a n a l y s i s  as a g e n e  m a p p i n g  t e c h n i q u e .  T h i s  p r o b l e m  
was solved by e x p l o i t i n g  h u m a n  and rodent diff e r e n c e s  in 
r e s t r i c t i o n  e n d o n u c l e a s e  sites with i n  or around the gene 
of i n t e r e s t  a n d  u s i n g  a p r o c e d u r e  of m o l e c u l a r  
h y b r i d i z a t i o n  on s o l i d  p h a s e  ( S O U T H E R N ,  1975). In this 
m e t h o d  the p r e s e n c e  of h o m o l o g o u s  DNA f r a g m e n t s  of 
r o d e n t  o r i g i n  is not a d i s a d v a n t a g e ,  s i n c e  the c r o s s -  
h y b r i d i z a t i o n  signal can be used as an internal control 
for the m e t h o d  (Fig 1.12).
R e s t r i c t i o n  f r a g m e n t  m a p p i n g  makes possible the m a p p i n g  
of any u n i q u e ,  or l o w  c o p y  n u m b e r ,  n u c l e o t i d e  s e q u e n c e  
for w h ich there is a s u i t a b l e  hybrid i z a t i o n  probe. A m ong 
o t h e r s ,  the h u m a n  i n s u l i n  g e n e  ( O W E R B A C H  et al, 1980), 
and the h u m a n  alpha- and n o n - a l p h a - g l o b i n  gene clusters 
( K O E F F L E R  et al, 1 9 8 1 ,  a n d  J E F F R E Y S  et al, 1 9 7 9 ,  
r e s p e c t i v e l y )  h a v e  b e e n  m a p p e d  u s i n g  this a p p r o a c h .  
A n o t h e r  a d v a n t a g e  of r e s t r i c t i o n  f r a g m e n t  m a p p i n g  is 
that it n e e d s  a m u c h  s m a l l e r  a m o u n t  (10 - 100 ug) of DN A
t h a n  Cot a n a l y s i s  (1 - 2 mg). R e g i o n a l  m a p p i n g  can be
a c c o m p l i s h e d  by using donor cells which carry r e c i procal 
t r a n s l o c a t i o n s  i n v o l v i n g  a p a r t i c u l a r  c h r o m o s o m e .  In 
this study, four d i f f e r e n t  translocations involving HC 
16 have been used.

b) In the p r o d u c t i o n  of i n t e r s p e c i f i c  s o m a t i c  c ell 
h y b r i d s  t h e  c r i t i c a l  s t e p s  i n c l u d e  t he u s e  of  a 
’ h y b r i d o g e n ’ , to aid the c e l l  f u s i o n ,  and the c h o i c e  of 
s e l e c t i v e  s y s t e m s  u n d e r  w h o s e  p r e s s u r e  h y b r i d  c e l l s  
(carrying or lacking a p a r t i c u l a r  donor c h r o m o s o m e )  show
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HUMAN-MOUSE HYBRID
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RESTRICTION  
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ELECTROPHORESIS 
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ONTO 
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HYBRIDIZATION BAND 
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TO SPECIFIC HUMAN 
CHROMOSOME

Fig lol2o Mapping of cloned genes in human x rodent 
somatic cell hybrids by SOUTHERN blotting (from SHOWS 
et al, 1982)*
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a r e m a r k a b l e  a d a p t i v e  a d v a n t a g e .  In t h i s  s t udy» p o l y -  
e t h y l e n e g l y c o l  (PEG, a nonionic, polymeric, surfactant 
which acts on the i n t e r a c t i n g  cell m e m b r a n e s  leading to 
the f o r m a t i o n  of heterokaryons) was used to increase the 
f r e q u e n c y  of c e l l  f u s i o n  e v e n t s  ( P O N T E C O R V O ,  1976). To 
s e l e c t  h y b r i d  c e l l s  c a r r y i n g  HC I6q, a m i x t u r e  of 
ouabain (to e l i m i n a t e  h u m a n  parental cells), adenine and 
a l a n o s i n e  (to e l i m i n a t e  A P R T - d e f i c i e n t  m o u s e  p a r e n t a l  
c e lls) w a s  used. The u se of o u a b a i n  t a k e s  a d v a n t a g e  of 
the d i f f e r e n t i a l  t o x i c i t y  of the d r u g  ( w h i c h  i n h i b i t s  
p l a s m a - m e m b r a n e  m e d i a t e d ,  A T P a s e - d ep end e n t , K"*" intake 
and Na"*" o u t p u t ) :  h u m a n  c e l l s  are s e n s i t i v e  to o u a b a i n

D 7c o n c e n t r a t i o n s  ranging from 3 x 1 0 ” to 10” ' M while mouse 
L c e l l s  s h o w  s e n s i t i v i t y  at 1 0 “  ̂ M (CHÜ and P O W E L L ,  
1 97 6 ). To s e l e c t  h y b r i d  c e l l s  c a r r y i n g  no HC 16 at all, 
d i a m i n o p u r i n e  ( D AP) w a s  u s e d .  To u n d e r s t a n d  t h e  
m e c h a n i s m  of action of AA and DAP s e l e c t i o n  systems it 
is n e c essary to keep in mind the b i o c h e m i s t r y  of purine 
biosynthesis, i n t erconversion, reutilization, and c a t a ­
b o l i s m  (Fig 1.13). M o u s e  L A 9 c e l l s  are A P R T - d e f i c i e n t  
w h i c h  m e a n s  the y  c a n n o t  r e u s e  (’s a l v a g e ’) a d e n i n e  f r o m  
n u c l e o t i d e  c a t a b o l i s m .  F or the s a m e  r e a s o n  the y  are 
resistant to adenine a n a l o g u e s  (e.g., DAP) which inhibit 
APRT, T h e i r  r e q u i r e m e n t s  for a d e n i n e  n u c l e o t i d e s  are 
s u p p l i e d  by t h e  de n o v o  s y n t h e s i s  of a d e n i n e  v i a  
i n o s i n e - m o n o p h o s p h a t e .  One of the e n z y m e s  i n v o l v e d  in 
this p a t h w a y  ( a d e n y l o s u c c i n a t e  synthetase) is inhibited 
by an a s p a rtate analogue (alanosine). Now, if the g r o w t h  
m e d i u m  contains both adenine (which A P R T - d e f i c i e n t  cells 
cannot utilize) and alanosine (which blocks the de novo 
s y n t h e s i s  of  a d e n i n e ) ,  m o u s e  L A 9 c e l l s  w i l l  n o t  
s u r v i v e .  On the c o n t r a r y ,  h y b r i d  c e l l s  w h i c h  c a r r y  the 
h u m a n  A P R T  g e n e  ( l o c a t e d  on HC 1 6 q ) w i l l  s h o w  a d a p t i v e  
advantage and therefore will p r e f e r e n t i a l l y  survive by a 
m e c h a n i s m  of e n z y m e  d e f i c i e n c y  c o m p l e m e n t a t i o n  (KÜSANO 
et a l , 197 1).
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Fig lol3c Purine biosynthesis, reutilization, interconversion, 
and catabolic pathways* APRT: adenine phosphoribosyltransferase 
(EC 2o4o2*7)o HGPRT: hypoxanthine-guanine phosphoribosyl- 
transferase (EC 2 * 4,2 * 8) * A: adenine, A R : adenosine, AMP: 
adenosine 5 ’-monophosphate* Asp: aspartate* G : guanine, G R : 
guanosine, GMP: guanosine 5 '-monophosphate* H : hypoxanthine,
HR: inosine, IMP: inosine 5 '-monophosphate, PRPP: 5-phospho-
ribosyl-1-pyrophosphate * sAMP: adenylosuccinic acid* X: 
xanthine, >;r  • xanthosine, XMP : xanthosine 5'-monophosphate* 
2,6-DAP: 2,5-diaminopurine. 2-FA: 2-fluoroadenine* 8-AH:
8-azahypoxanthine* 6-MP: 6-mercaptopurine* 8-AG; 8-azaguanine*
6-TG: 6-thioguanineo Dotted arrows indicate feed-back
inhibition (adapted from CHU and POWELL, 1976),
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If, instead of adenine and alanosine, the g r o w t h  m e d i u m  
contains DAP, the hybrids cells carrying HC I6q will be 
in s e l e c t i v e  d i s a d v a n t a g e .  The o v e r a l l  p r o c e s s  of 
sel e c t i o n  (for HC I6q) and c o u n t e r s e l e c t i o n  (against HC 
I6q) can be s u m m a r i z e d  as follows;

Human cells

Hybrid cells 
(HC I6q+)

Mouse cells
(APRT")

ou a b a i n  + AA No A A

( . . . ) Hybrid cells 
(HC 16q")

DAP

c) The c h a r a c t e r i z a t i o n  of the cellular phenotype of the 
h y b r i d  c e l l s  r e l i e s  on the c o s e g r e g a t i o n  of h u m a n  
c h r o m o s o m e s  and h u m a n  e n z y m a t i c  m a r kers (Table 1.9) on 
b a s i s  of s p e c i e s - s p e c i f i c  b a n d i n g  p a t t e r n s  and o t h e r  
d i s t i n c t i v e  s t a i n i n g  f e a t u r e s  ( M I L L E R ,  1972b), and 
e l e c t r o p h o r e t i c  be h a v i o u r  respectively.

d) The d e t e c t i o n  of r e s t r i c t i o n  DNA f r a g m e n t s  depends on 
their specific h y b r i d i z a t i o n  with a labelled DNA probe 
(SOUTHERN, 1975). I n c r eased sensitivity of h y b r i d i z a t i o n  
t e c h n i q u e s  can be a c h i e v e d  u s i n g  h y b r i d i z a t i o n  p r o b e s  
p r e p a r e d  f r o m  g e n o m i c  r e c o m b i n a n t s  t hat h y b r i d i z e  to 
f l a n k i n g  and i n t e r v e n i n g  s e q u e n c e s  as w e l l  as to the 
coding sequences ( M A L C O L M  et al, 1981b), The r e c o m b i n a n t  
p l a s m i d  o( P 7 ( (X. 1 ) u s e d  as h y b r i d i z a t i o n  p r o b e  in t his  
s t u d y  c a r r i e s  a g e n o m i c  D N A  f r a g m e n t  i n c l u d i n g  h u m a n  
alpha 1-globin gene and its i ntervening and s u r r o u n d i n g  
s e q u e n c e s  to a t o t a l  l e n g t h  of 3.8 kb. It is a s u b c l o n e
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of an e l e m e n t  of a b a c t e r i o p h a g e  l a m b d a  b a n k  of h u m a n  
f e t a l  l i v e r  DN A  ( L A W N  et al, 1978) s c r e e n e d  w i t h  an 
a l p h a - g l o b i n  c D N A  p r o b e  ( W I L S O N  et al, 1978). The s u b -  
c l o n e d  p l a s m i d  w a s  c o n s t r u c t e d  by i n s e r t i n g  a P v u I I  
r e s t r i c t i o n  DNA fragment, c o n t a i n i n g  the alpha 1-globin 
gene into pBR322 as c l o n i n g  vector (Fig 2.2).
As m e n t i o n e d  a b o v e  (see 1,2.1.2), a f a m i l y  of r e l a t e d  
D N A  s e q u e n c e s  of a b o u t  300 bp is s c a t t e r e d  t h r o u g h o u t  
the h u m a n  g e n o m e  (500,000 t i m e s / h a p l o i d  g e n o m e  a c c ording 
to S C H M I D  and J E L I N E K ,  1982). E l e m e n t s  of t his f a m i l y  
have been found i n t e r s p e r s e d  w i t h i n  the n o n - a l p h a - g l o b i n  
g e n e  c l u s t e r  ( F R I T S C H  et al, 1 980 ) and it has b e e n  
s u g g e s t e d  t hat t h e y  a re a l s o  p r e s e n t  w i t h i n  the a l p h a -  
g l o b i n  g e n e  c l u s t e r  ( L A U E R  et al, 19 8 0). F o r  t h i s  
r e a s o n ,  s p e c i a l l y  s t r i n g e n t  p o s t h y b r i d i z a t i o n  w a s h i n g  
m u s t  be u s e d  to r e m o v e  n o n s p e c i f i c  m o l e c u l a r  h y b r i d s ,  
taking a d v a ntage of the fact that this family of related 
D N A  s e q u e n c e s  d i s p l a y s  a b o u t  20^ d i v e r g e n c e  f r o m  the 
consensus sequence.
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1.4. Analysis of the h u m a n  g e n o m e  and genetic disease - 
the h a e m o g l o b i n o p a t h i e s .

T h e  a s s i g n m e n t  of g e n e s  to s p e c i f i c  r e g i o n s  on 
c h r o m o s o m e s ,  in c o n j u n c t i o n  w i t h  o t h e r  l e v e l s  of g e n e  
mapping, p r o vides an insight into the o r g a n i z a t i o n  and 
r e g u l a t i o n  of the e x p r e s s i o n  of genetic i n f o r m a t i o n  (see 
1.1.3). In p a r t i c u l a r ,  a m o r e  d e t a i l e d  k n o w l e d g e  of the 
s t r u c t u r e  and m o d e  of a c t i o n  of the a l p h a - g l o b i n  g e n e s  
( w h i c h  h a v e  n o w  b e e n  l o c a l i z e d ,  i s o l a t e d ,  c l o n e d ,  and 
p a r t l y  s e q u e n c e d )  has as a c o n s e q u e n c e  d e v e l o p e d  the 
understanding, and the means of diagnosis, of inherited 
disorders of h a e m o g l o b i n  - the h a e m o g l o b i n o p a t h i e s  (for 
cl a s s i f i c a t i o n  see Table 1.10),

T h a l a s s a e m i a s  are genetic d i s o rders chara c t e r i z e d  by a 
reduced rate of p r o d u c t i o n  of one or more of the globin 
c h a i n s  of h a e m o g l o b i n  ( W E A T H E R A L L  and CLEGG, 1981), 
Although the m a j o r i t y  of a l p h a - t h a l a s s a e m i a s  appears to 
be due to g e n e  d e l e t i o n ,  s o m e  n o n d e l e t i o n  t y p e s  h a v e  
b e e n  r e p o r t e d  in w h i c h  no g r o s s  g e n e  d e l e t i o n  c an be 
d e t e c t e d .  At l e a s t  s ix d e l e t i o n s  r e s u l t i n g  in a l p h a -  
t h a l a s s a e m i a  have been described (Fig 1.14).

The severity of the disease depends on the extent of the 
d e l e t i o n  r a t h e r  t h a n  on the d e g r e e  of i m p a i r m e n t  of a 
s i n g l e  a l p h a - g l o b i n  gene. It is r e m a r k a b l e  that the 
l o c a t i o n s  of the b r e a k p o i n t s  of d e l e t i o n s  n a t u r a l l y  
associated wit h  a l p h a ^ - t h a l a s s a e m i a  are i n d i s t i n g u i s h ­
able from those which occur in vitro during p ropagation  
of r e c o m b i n a n t  b a cteriophages, con t a i n i n g  alpha-globin  
g e n e s ,  in Ej_ _co%i_ ( L A U E R  et al, 1980).

The n o n d e l e t i o n  types of a l p h a - t h a l a s s a e m i a  appear to be 
due to a n u m b e r  of d i f f e r e n t  g e n e  d e f e c t s :  (i) P o i n t
m u t a t i o n  in the t e r m i n a t o r  codon r e s ulting in the trans-
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Table 1.10. Inherited disorders of haemoglobin (WEATHERALL 
and CLEGG, 1981, p 85).

In the structure of globin chains (structural variants)
- no clinical abnormality
- haemolytic anaemia
- abnormal oxygen transport

In the rate of synthesis of globin chains (reduced rate)
- thalassaemia

In the structure and rate of synthesis of globin chains
- thalassaemia (interaction with structural variants)

Hereditary persistence of fetal haemoglobin (HPFH)
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CZ

■
»|/al a 2  a l

a *  Thalassaem ia

a °  Tholossaemia

3 -7  kb I

4  2  kb 2

5 2 kb 3

^  >17-5 kb 4  

'  ’ 0  >17-4 kb 5

> 2 5  kb 6

Deletions in th^ various a “thalassaemia haplotypes 
in phenotypes a (minimal red-cell abnormalities 

and little detectable globin chain imbalance) and a
(severe redrcell changes and an appreciably 

reduced a-chain output). Black areas represent the amount 
as been deleted from within the area defined 
al dotted lines* In the last three cases areas 

known to be deleted are shown in black. Where the limits of 
the deletion are not defined their maximum extremes are 
indicated by hatched areas. Refs: (1) ORKIN, 1978. (2) EMBURY
et al, 1979* (3) PRESSLEY et a l , 1980a. (4,5) PRESSLEY et al,
1980bo (6) ORKIN and MICHELSON, 1980* From WEATHERALL and
CLEGG, 1981, p 776.

Fi g 1. 14. D
re suit ing i
an d li tt le
th alas s aem i
re duce d G- G
o f DNA that
by the ver t
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l o c a t i o n  of 3 ’, n o r m a l l y ,  u n t r a n s l a t e d  r e g i o n  i n t o  an 
elongated (nonfunctional) a l p h a -globin chain (WEATHERALL 
and C L EGG, 1975; M I C H E L S O N  and ORKIN, 1980). (ii) S h o r t  
d e l e t i o n  in an i n t e r v e n i n g  s e q u e n c e  r e s u l t i n g  in a b ­
n o r m a l  RNA s p l i c i n g  ( O R K I N  et al, 1981; F E L B E R  et al, 
1982); (iii) S i n g l e  n u c l e o t i d e  s u b s t i t u t i o n  in the 
c o d i n g  r e g i o n  a s s o c i a t e d  w i t h  a l p h a / b e t a  i n t e r a c t i o n  
d u r i n g  h a e m o g l o b i n  a s s e m b l y  i m p e d i n g  a 1 p h a-j - b e t a 
f o r m a t i o n  (GOOSSENS et al, 1982).

T h e  d i a g n o s i s  of d i s f u n c t i o n a l  g l o b i n  g e n e s  is 
a c c o m p l i s h e d  by a c o m b i n e d  a p p r o a c h :  (i) c l i n i c a l  and 
h a e m a t o l o g i c a l  analysis of patients and their families, 
including studies of any i n t e r action b e t w e e n  the genetic 
d e t e r m i n a n t  for t h a l a s s a e m i a  w i t h  t h o s e  for d i f f e r e n t  
s t r u c t u r a l  h a e m o g l o b i n  v a r i a n t s ;  and (ii) a n a l y s i s  at 
the m o l e c u l a r  level including the m e a s u r e m e n t  of rates 
of g l o b i n  c h a i n  s y n t h e s i s ,  the d e t e r m i n a t i o n  of the 
r a t i o  of a l p h a -  and b e t a - g l o b i n  m R N A  in r e d - c e l l  p r e ­
c u r s o r s ,  the d e t e c t i o n  of d e l e t i o n s ,  and the q u a n t i ­
fication of globin genes.

Regarding the prenatal diagnosis of h a e m o g l o b i n o p a t h i e s ,  
t h r e e  a l t e r n a t i v e  r o u t e s  of f e t a l  s a m p l i n g  can be 
considered: chorion biopsy, a m n i o c e n t e s i s  and puncture
of u m b i l i c a l  c h o r d  v e s s e l s .  T h e s e  m e t h o d s  m a y  be 
assessed in terras of their timing, fetal loss rate (over 
the b a s e  l i n e  f o r  t he g e s t a t i o n a l  a g e  of s a m p l e  
collection), a b i lity to provide i n f o r m a t i o n  and extent 
of c o n t a m i n a t i o n  by maternal tissue:

a ) T r o n h o b l a s t : C h o r i o n  b i o p s y  is p e r f o r m e d  d u r i n g  the 
f i r s t  t r i m e s t e r  of p r e g n a n c y  u n d e r  e n d o s c o p y  (and 
optional ultrasound) guidance. It involves a fetal loss 
rate e s t i m a t e d  in and it is r e l a t i v e l y  less invasive 
than the other two methods. It provides enough cells to
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prepare DNA for direct analysis of globin gene structure 
(WILLIAMSON et al, 1981; OLD et al, 1982).

b ) AÆüjz.o.t f l u i d  c e I ls : A m n i o c e n t e s i s  is p e r f o r m e d
d u r i n g  t h e  s e c o n d  t r i m e s t e r  of p r e g n a n c y  u n d e r  
u l t r a s o u n d  g u i d a n c e .  It i n v o l v e s  a f e t a l  l o s s  r a t e  of 
less than 1 %, altho u g h  it is more invasive than chorion 
bi o p s y .  D N A  can be e x t r a c t e d  f r o m  f r e s h  or c u l t u r e d  
a m n i o t i c  f l u i d  c e l l s  and the g l o b i n  g e n e  s t r u c t u r e  
analysed (WONG et a l , 1978; CHAN and KAN, 1982).

0 ) t.a% ^2o,^_d : P u n c t u r e  of u m b i l i c a l  c h o r d  v e s s e l s  is 
p e r f o r m e d  during the second tr i m e s t e r  of p r e g n a n c y  under 
fetoscopy guidance. It i n v olves a muc h  higher fetal loss 
r a t e  (4 - 10^), b e i n g  the m o s t  i n v a s i v e  of the t h r e e
m e t h o d s .  H o w e v e r ,  it is the o n l y  one to g i v e  a c c e s s  to 
the s t u d y  of the a c t u a l  e x p r e s s i o n  of g l o b i n  g e n e s  at 
the l e v e l  of R N A  p r o c e s s i n g ,  g l o b i n  s y n t h e s i s  and 
h a e m o g l o b i n  assembly (ALTER, 1979).

At the moment, the extent of m a t ernal c o n t a m i n a t i o n  of 
fetal s a m p l e s  is still higher in chorion biopsy than in 
the o t h e r  t w o  m e t h o d s .  N e v e r t h e l e s s ,  the f a c t  that 
chorion biopsy can be p e r f o r m e d  safely at an early stage 
of pregnancy, suggests that it may b e c o m e  the m e t h o d  of 
choice in the prenatal d i a g nosis of h a e m o g l o b i n o p a t h i e s  
(GILMORE, D, u n p u b l i s h e d  review).

Prenatal d i a g nosis of h o m o z y g o u s  a l p h a - t h a l a s s a e m i a  was 
achieved first by direct 'titration' of the a l p h a - g l o b i n  
g e n e s  in a D N A / c D N A  h y b r i d i z a t i o n  a s s a y  of the DNA 
extracted from cultured a m n i o t i c  fluid f i b r o blasts (W 0 NG 
et a l , 1978).
As it w a s  p o i n t e d  o u t  b e f o r e  (see 1 .1 .3 .1 .b ) ) , D N A  R F L P s  
s e g r e g a t i n g  in the p o p u l a t i o n  can be u s e d  as l i n k a g e  
ma r k e r s  in the indirect d e t e c t i o n  of d i s f u n c t i o n a l  genes
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b y  t h e  l i n k a g e  m e t h o d .  A l t e r n a t i v e l y ,  s u i t a b l 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  can detect m u t ated rest r i c t i o n  
sites w i t h i n  the a b n o r m a l  gene itself as it is the case 
of the D de I p o l y m o r p h i s m  in s i c k l e - c e l l  m u t a t i o n  
(LITTLE, 1981; B O EHM et al , 1 983 ).

R e c e n t l y ,  W E A T H E R A L L  et al (1981) p u b l i s h e d  t h e i r  
f i n d i n g s  of n e w  m u t a t i o n s  in the a l p h a - g l o b i n  g e n e  
cluster in three p a t ients who c o i n c i d e n t a l l y  (?) suffer 
f ro m  a severe form of a l p h a - t h a l a s s a e m i a  (Hb H disease) 
a nd are m e n t a l l y  r e t a r d e d .  The A u t h o r s  s u g g e s t  the n e w  
m u t a t i o n s  may be related to the d e v e l o p m e n t a l  changes in 
t h e  p a t i e n t s  e i t h e r  (i) b e c a u s e  n o v e l  m u t a t i o n s  
a f f e c t i n g  the s y n t h e s i s  of a l p h a - ,  and p r o b a b l y  zeta-, 
chains induce i n t r a u t e r i n e  hypoxia at a very early stage 
of e m b r y o n i c  or fetal d e v e l o p m e n t  or (ii) because of the 
e f f e c t  of an a b n o r m a l i t y  of HC 16 ( e n c o m p a s s i n g  o t h e r  
than the g l obin genes) on fetal maturation. The Authors 
are n o w  c a r r y i n g  out a s u r v e y  of the m e n t a l l y  r e t a r d e d  
in order to bring to light other cases of thalassaemia. 
If a n a l y s i s  of r a t e  of p r o d u c t i o n  of a g e n e  p r o d u c t ,  
s u c h  as a l p h a - g l o b i n  c h a i n ,  c a n  i d e n t i f y  s u b t l e  
c h r o m o s o m a l  a b n o r m a l i t i e s  tha t  are not d e f i n a b l e  by 
c u r r e n t  c y t o g e n e t i c  m e t h o d s ,  the a p p l i c a t i o n  of this 
s t r a t e g y  c o u l d  p r o v i d e  an u s e f u l  a p p r o a c h  to the s t u d y  
of u n e x p l a i n e d  c a s e s  of m e n t a l  r e t a r d a t i o n .  Also, the 
d e m o n s t r a t i o n  of the f e a s a b i l i t y  of s u c h  an a p p r o a c h  
w o u l d  s t r e n g t h e n  the c o n v i c t i o n  that a n a l y s i s  at the 
m o l e c u l a r  l e v e l  ( e i t h e r  of t h e  g e n e s  or of t h e i r  
det e c t a b l e  products) can be i n f o r m a t i v e  of c h r o m o s o m a l  
r e a r r a n g e m e n t s  o t h e r w i s e  nondetectable.

F i n a l l y ,  j u s t  a f e w  w o r d s  a b o u t  the p r o s p e c t s  of g e n e  
therapy of h a e m o g l o b i n o p a t h i e s  (as the p a r a d i g m  of well 
u n d e r s t o o d  s i n g l e  g e n e  d e f e c t s  l e a d i n g  to d i s e a s e ) .  
Essentially, two di f f e r e n t  strategies can be devised for
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h u m a n  g e n e  t h e r a p y :  (i) T r e a t m e n t  of a f f e c t e d  t i s s u e s  
f r o m  p a t i e n t s  w i t h  a g e n e t i c  d i s e a s e  (e.g., b l o o d  and 
b o n e  m a r r o w  in t h a l a s s a e m i a  p a t i e n t s ) ;  this k i n d  of 
t r e a t m e n t  w o u l d  o n l y  a f f e c t  the p a t i e n t  i t s elf, (ii) 
I n s e r t i o n  of a n o r m a l  g e n e  i n t o  e a r l y  e m b r y o s ;  in thi s  
case the patient's progeny would be altered as well. It 
is p o s s i b l e  n o w  to i s o l a t e  n o r m a l  g e n e s ,  to i n t r o d u c e  
them into m a m m a l i a n  cells (e.g., of rabbit or mouse) at 
any s t a g e  of d e v e l o p m e n t ,  i n c l u d i n g  the f e r t i l i z e d  
embryo, and to obtain gene fu n c t i o n  in a r a ndom way and 
at a low level (STEWART et al, 1982). However, it is not 
y et p o s s i b l e  to e n s u r e  t h a t  the n e w l y  i n s e r t e d  g e n e s  
f u n c t i o n  u n d e r  n o r m a l  c o n t r o l  in the a n i m a l ,  in t i m e ,  
s p a c e  and l e v e l  of e x p r e s s i o n .  T e c h n i c a l  d i f f i c u l t i e s  
and ethical p r o b l e m s  of gene r e p l a c e m e n t  in the therapy 
of h u m a n  g e n e t i c  d i s e a s e  m u s t  be b a l a n c e d  a g a i n s t  
antenatal d i a g n o s i s / t e r m i n a t i o n  of affected pregnancies 
and c o n v e n t i o n a l  postnatal therapies (WILLIAMSON, 1982). 
So, u n t i l  m o r e  is k n o w n  a b o u t  the p o t e n t i a l  for the 
e x p r e s s i o n  of transferred h u m a n  genes in h u m a n  cells in 
an in v i v o  m o d e l ,  it is far too p r e m a t u r e  to a t t e m p t  
g e n e  r e p l a c e m e n t  e x p e r i m e n t s  in p a t i e n t s  ( W E A T H E R A L L  
and C L E G G , 1981).
As an a l t e r n a t i v e  to ' g e n e t i c  s u r g e r y * ,  it s e e m s  
p o s s i b l e  to a c h i e v e  c l i n i c a l  m a n a g e m e n t  of d e f i c i e n t  
g e n e  e x p r e s s i o n  by m o l e c u l a r  m a n i p u l a t i o n  of D N A  in 
vivo. T h i s  has b e e n  t r y e d  by  LEY at al (1982) u s i n g  a 
m é t h y l a t i o n  i n h i b i t o r  ( 5 - a z a c y t i d i n e )  to r e v e r s e  
t r a n s i e n t l y  h a e m o g l o b i n  s y n t hesis to the fetal mode in 
b e t a - t h a l a s s a e m i c  patients.
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2. M a t e r i a l s  and methods.

2.1. P r o d uction of man x m o u s e  s o m atic cell hybrids.

2.1.1, P a r e n t a l  c e lls.

So m a t i c  cell hybrids w e r e  obtained by fusion of m o use L 
A9 c e l l s  w i t h  h u m a n  f i b r o b l a s t s .  The L A 9 m o u s e  c e l l  
l i n e  had b e e n  e s t a b l i s h e d  f r o m  c o n n e c t i v e  t i s sue. It 
bears a hete r o p l o i d  c h r o m o s o m e  numb e r  (mean = 70; range: 
40 - 115) a n d  r e s i s t a n c e  to 8 - a z a g u a n i n e  ( H P R T
deficiency) and to 2 , 6 - d i a m i n o p u r i n e  (APRT deficiency). 
H u m a n  p r i m a r y  c e l l  c u l t u r e s  o r i g i n a t e d  f r o m  s k i n  
b i o p s i e s  and w e r e  o b t a i n e d  f r o m  i n d i v i d u a l s  w i t h  b o t h  
normal and a b n o r m a l  k a r y o t y p e s  (Fig 2.1). The c h r o m o s o m e  
a b n o r m a l i t i e s  (balanced transl o c a t i o n s  involving HC 16) 
had b e e n  d e t e c t e d  and c h a r a c t e r i z e d  in the d i a g n o s t i c  
c y t o g e n e t i c  l a b o r a t o r i e s :  SY in the D u n c a n  G u t h r i e
I n s t i t u t e  of M e d i c a l  G e n e t i c s ,  G l a s g o w ,  and DE, LO and 
OA in the H u m a n  Ge n e t i c s  Laboratory, Institute Macional 
de Saude, Lisbon.

M o u s e  c e l l s  w e r e  g r o w n  in Eagle's m e d i u m  ( G l a s g o w  
m o d i f i c a t i o n ;  M A C P H E R S O M  an d  S T O K E R ,  1961; S T O K E R  and 
MACPHERSON, 1962) s u p p l e m e n t e d  with L-glutaraine (2 mM) 
and f e t a l  b o v i n e  s e r u m  (10%(v/v)). The pH of the m e d i u m  
was adjusted to 7 w ith 5%(w/v) sodium bicarbonate. H u m a n  
cells were g r o w n  in the s a m e  m e d i u m  further s u p p l e m e n t e d  
w i t h  n o n - e s s e n t i a l  a m i n o a c i d s  (Ala, Asn, Asp, Gly, Glu, 
Pro, Ser; G i bco, P a i s l e y ) ,  p y r u v a t e  (1 m M) and f e t a l  
bovine serum (20%(v / v ) ).

Both cell types g r o w  in m o n o l a y e r  culture.
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D E 4 6 , X X , t ( 2 ; 1 6 ) ( 2 q 3 7 : 1 6 q l l )

2 2/16 16 16/2

L 0 4 6 , X X , t  (9: 16) (9q22:16q22)

r-
9 9/16 16 16/9

Fig 2*1* Rearranged human chromosomes used in this study
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O  A 4  6 , XX, t (5:16) (5pll:16pll)

a

5 5/16 16 16/5

S Y 4 6  , XY, t (16 : 17) ( 1 6q 1 2 : 1 7p 1 1 )

23

16 16/17 17 17/16

Fig 2 o 1 o Cont
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2.1.2. Cell fusion (modified from PONTECORVO, 1975).

Two m i l l i o n  cells from each species were m i x e d  together 
p e l l e t e d  and t r e a t e d  w i t h  1 ml of 505S(w/w) PEG 6 000 
( a v e r a g e  m o l e c u l a r  w e i g h t :  6 000 - 7 500) in E a g l e ' s
m e d i u m ,  for 1 m i n u t e .  A 4 0 - f o l d  d i l u t i o n  of PEG w i t h  
E a g l e ’s m e d i u m  f o l l o w e d  i m m e d i a t e l y .  After p e l l e t i n g  
(10^ rpm, 5 minutes), cells were plated in 6 cm-diaraeter 
P e t r i  d i s h e s ,  at a d e n s i t y  of 10^ c e l l s / d i s h ,  and fed 
w i t h  Ham's F 12 m e d i u m  s u p p l e m e n t e d  wit h  L - g l u t a m i n e  (2 
mM), no n - e s s e n t i a l  aminoacids, pyruvate (1 mM) and fetal 
b o v i n e  s e r u m  (10%(v/v)), and i n c u b a t e d  at 37°C, in an 
a t m o s p h e r e  c o n t a i n i n g  5%(v/v) carbon dioxide.

2.1.3. S e l e c t i o n  of h y b r i d  c l o n e s  c a r r y i n g  HC I6q
(K U S A N O  et al, 1971).

24 - 48 hours after fusion, cells were fed (twice during 
the f i r s t  w e e k  and t h e n  w e e k l y )  w i t h  the s a m e  m e d i u m  
p l u s  t h e  s e l e c t i v e  a g e n t s :  50 yUM a d e n i n e ,  50 
a l a n o s i n e  and 2.5 o u a b a i n .  W e l l  d e f i n e d ,  a c t i v e  
c o l o n i e s  w e r e  p i c k e d  up u s i n g  a P a s t e u r  p i p e t t e  and 
t r a n s f e r r e d  i n t o  c e l l  c u l t u r e  b o t t l e s  c o n t a i n i n g  the 
s a m e  m e d i u m .  A f t e r  the f i r s t  p a s s a g e ,  o u a b a i n  w a s  
excluded from the s e l e c t i v e  system.

2.1.4. Sub c l o n i n g  of p r i m a r y  clones.

C y t o g e n e t i c a l l y  h e t e r o g e n e o u s  cell p o p u l a t i o n s  w e r e  
s u b c l o n e d  by p l a t i n g  a d i l u t e d  c e l l  s u s p e n s i o n  
( a p p r o x i m a t e l y  5 cells/ 20 m m - d i a m e t e r  dish). Colonies 
were picked up as des c r i b e d  before,

2.1.5. Mass culture of cloned hybrid cell popuplations. 

Cells from well defined, active colonies wer e  g r o w n  in
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ps m a l l  p l a s t i c  b o t t l e s  (25 cm g r o w t h  area) u n t i l  c on-  
f l u e n c y .  T h e n  c e l l s  w e r e  t r y p s i n i z e d  and t r a n f e r r e d  to 
m e d i u m  s i z e d  b o t t l e s  (80 cm^). At this s t a g e  a m e d i u m  
sized bottle for c y t o g e n e t i c  analysis was set up. If the 
hybrid cell p o p u l a t i o n  proved to be i n f o r m a t i v e  for the 
purpose of this study, it was further expanded in larger 
bottles (170 cra^) to the level of 10^ - 10^ cells. These 
w e r e  u s e d  for e n z y m e  a nd DM A  a n a l y s i s  as w e l l  as for 
c o n f i r m a t i o n  of the h u m a n  c h r o m o s o m e  c o m p l ement. Thus, 
all the results s h o w n  refer to the same transfer n u m b e r  
of the cell cultures. At each passage, cells were frozen 
in 10%(v/v) D M S O  and stored in liquid nitrogen.

2.1.6. C o u n t e r s e l e c t i o n  against HC I6q.

T h o s e  h y b r i d  c l o n e s  w h i c h  c a r r i e d  an i n t a c t  HC 16 w e r e  
g r o w n  in n o n - s e l e c t i v e  Eagle's m e d i u m  s u p p l e m e n t e d  with 
L - g l u t a m i n e  (2mM ) ,  n o n - e s s e n t i a l  a m i n o a c i d s ,  p y r u v a t e  
(1mM) and fetal bovine s e rum (10%(v/v)) for three weeks. 
T h e n  t h e y  w e r e  g r o w n  in  t h e  s a m e  m e d i u m  p l u s  t h e  
c o u n t e r s e l e c t i v e  a g e n t  (0.1 m M  2 , 6 - d i a m i n o p u r i n e )  and 
h u m a n  c h r o m o s o m e  content m o n i t o r e d  c y t o g e n e t i c a l l y  until 
c o m p l e t e  s e g r e g a t i o n  of HC 16 was observed. The c o u n t e r ­
s e l e c t e d  c ell p o p u l a t i o n  w a s  s u b s e q u e n t l y  e x p a n d e d  
a c c o rding to the p r o c edures described above.

2.1.7. M y c o p l a s ma testing (CHEN, 1 977).

M y c o p l a s m a  t e s t i n g  w a s  p e r f o r m e d  r e g u l a r l y  d u r i n g  the 
p r o d u c t i o n  of s o m a t i c  c e l l  h y b r i d s  and i m m e d i a t e l y  
before p e l l eting for b i o c h e m i c a l  and DNA analyses.

The c e l l s  w e r e  g r o w n  in P e t r i  d i s h e s  for at l e a s t  f o u r  
d a y s  and t e s t e d  b e f o r e  t h e y  w e r e  c o n f l u e n t .  C e l l s  w e r e  
f i x e d  in s i t u  w i t h  m e t h a n o l / a c e t i c  aci d  (3+1). The 
staining solut i o n  c o n s isted of 0.05 y k g/ml b i s b e n z i m i d  -
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H o e c h s t  3 3 2 5 8  in D u l b e c c o ' s  p h o s p h a t e  b u f f e r e d  s a l i n e  
(DULBECCO and VOGT, 1954). Fixed cells were stained for 
10 m i n u t e s ,  w a s h e d  w i t h  d i s t i l l e d  w a t e r ,  m o u n t e d  in 
M c l l v a i n i e ' s  ( p h o s p h a t e / c i t r a t e )  b u f f e r  pH = 5.5, and 
observed i m m e d i a t e l y  under UV light using a f l u o r escence 
micros c o p e .
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2.2. C y t o g e n e t i c  analysis of the hybrids,

2.2.1. C h r o m o s o m e  preparations.

Harvest was carried out 24 hours after tryps i n i z a t i o n  of 
hybrid cells. Cell cycle was arrested in m e t a p h a s e  wit h 
c o l c h i c i n e  (0.2 y/. g / m 1, 37°C, 90 m i n u t e s ) .  C e l l s  w e r e
t r y p s i n i z e d ,  w a s h e d  w i t h  v e r s e n e  b u f f e r  pH = 7.4,
treated w i t h  hy p o t o n i c  salt solution (0.075 M p o t a ssium 
chloride, 37°C, 15 minutes) and fixed in m e t h a n o l / a c e t i c  
a cid (3 + 1) at 4^C for, at l e a s t ,  30 m i n u t e s .  A f t e r  t w o  
m o r e  f i x i n g  c y c l e s ,  f i x e d  c e l l s  w e r e  d r i p p e d  o n t o  w e t  
glass slides and left to air dry (MOORHEAD et al, 1960).

2.2.2. S t a i n i n g  p r o c e d u r e s .

a ) T r v p s i n / L e i s h r a a n  ( m o d i f i e d  f r o m  S E A B R I G H T ,  1972): 
S l i d e s  w e r e  s o a k e d  in 2 x S S C  at 6 0 ° C  for t w o  hours. 
D e h y d r a t i o n  was carried out in w a t e r / e t h a n o l  mixtures of 
i n c r e a s i n g  e t h a n o l  c o n c e n t r a t i o n  (50^(v/v), 70%, 90%,
95%, 100%; 2 - 3  mi n u t e s  each). After drying in the air,
the d e h y d r a t e d  s l i d e s  w e r e  t r e a t e d  w i t h  a t r y p s i n  
s o l u t i o n  w h o s e  c o n c e n t r a t i o n ,  t e m p e r a t u r e  and t i m e  of 
action depended on the cell type. A c o n c e n t r a t i o n  range 
from 0.025% to 0.5% of B a c t o - T r y p s i n  Difco (1:250) and a 
time range f r o m  10 s to 90 s, at room temperature, were 
u s e d  in t h i s  s t u d y .  E n z y m e  a c t i o n  w a s  s t o p p e d  by 
e x t e n s i v e l y  w a s h i n g  the slides wit h  saline. The staining 
solution consisted of a 1:4 d i l ution of Leishman's stain 
(BDH, P o o l e )  in p h o s p h a t e  b u f f e r ,  pH = 6.8 (G T Gurr). 
Slides were flooded w i t h  the staining solution for 3 - 5  
minutes, e x t e n s i v e l y  w a s h e d  w i t h  phosphate buffer, pH = 
6.8, and l e f t  to air dry.

b ) Q u i n a c r i n e / B i s b e n z i m l d  Hoechst 33258 (KUCHERLAPATI
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et al, 1975): W h e n  appropriate, c h r o m o s o m e  p reparations
w e r e  d e s t a i n e d  w i t h  m e t h a n o l ,  r e h y d r a t e d  by r e v e r s i n g  
the series of w a t e r / e t h a n o l  m i x t u r e s  (from 100% to 50%; 
2 - 3  m i n u t e s  each), and soaked in Mcllvainie's buffer, 
pH = 7,0. The s t a i n i n g  s o l u t i o n  c o n s i s t e d  of 50 y*g/ml 
qui n a c r i n e  h y d r o c h l o r i d e  and 0.1 ycg/ral Hoechst 33258 in 
M c l l v a i n i e ' s  b u f f e r ,  pH = 7.0. S l i d e s  w e r e  s t a i n e d  for 
20 - 30 m i n u t e s ,  w a s h e d  e x t e n s i v e l y  w i t h  the s a m e
b u f f e r ,  m o u n t e d  in M c l l v a i n i e ' s  b u f f e r ,  pH = 4.5, and 
a n a l y s e d  i m m e d i a t e l y  u n d e r  ÜV l i g h t  in a f l u o r e s c e n c e  
m i c r o s c o p e .

2.2.3, M i c r o s c o p y  and micrography.

10 to 30 m i t o s e s  of e a c h  c e l l  l i n e  w e r e  a n a l y s e d  (at 
l e a s t  20 m i t o s e s  if t h e  c e l l  l i n e  p r o v e d  to be 
i n f o r m a t i v e  for this study) and the best and/or critical 
c h r o m o s o m e  s p r e a d s  p h o t o g r a p h e d  (3 to 10 p h o t o ­
g r a p h s / c e l l  line). All the c a s e s  w h i c h  c o u l d  not be 
c o n c l u s i v e l y  c h a r a c t e r i z e d  by G - b a n d i n g  w e r e  a l s o  
a n a l y s e d  u s i n g  the d i f f e r e n t i a l  s t a i n i n g  p r o c e d u r e  to 
d e t e r m i n e  t h e  p a r e n t a l  o r i g i n  of t h e  c h r o m o s o m e s  
( q u i n a c r i n e / H o e c h s t  33258).



2,3. B i o c h e m i c a l  analysis of the hybrids.

2.3.1. Cell p e l l e t i n g  and storage.

Cells were pelleted w h e n  the cultures reached confluency 
in large culture bottles (approx 10^ cells). The m e d i u m  
was r e m o v e d  and cells trypsinized, centrifuged (1 000 - 
2 000 rpm), w a s h e d  three times with D u l b e c c o ’s phosphate 
b u f f e r e d  s a l i n e  - p a r t  A, at 4 ° C and the f i n a l  dry 
pellet stored in liquid nitrogen.

2.3.2. Cell lysis and protein e s t i m a t i o n  in the lysate.

Pelleted cells were r e s u s p e n d e d  in a lysis buffer (5 m M  
t r i s / H C l ,  pH = 7.5, 1 m M  N a g E D T A , 1 m M d i t h i o t h r e i t o l )  
and sonicated (4°C) until homogenization. The lysate was 
t h e n  c e n t r i f u g e d  (10 000 g , 4°C, 30 m i n u t e s )  and the
clear s u p e r n a t a n t  r e c o v e r e d  and kept in liquid nitrogen. 
A p r o t e i n  e s t i m a t i o n  ( L O W R Y ,  1951) w a s  c a r r i e d  out on 
the supernatant.

2.3.3. E l e c t r o p h o r e t i c  d e t e c t i o n  of b i o c h e m i c a l  markers.

E s s e n tially two modes of ele c t o p h o r e s i s  of proteins were 
u s e d  in thi s  s t u d y  - c e l l u l o s e  a c e t a t e  gel ( C e l l o g e l )  
and s t a r c h  gel e l e c t o p h o r e s i s  ( H A R R I S  and H O P K I N S O N ,  
1 976 ) .

a ) ^ e . a _ t _ e  g.e. 1.: Gel s h e e t s  w e r e  s t o r e d  in
30%(v/v) m e t h a n o l  in a sealed container and kept at 4°C. 
B e f o r e  use, the g e l s  w e r e  b l o t t e d  in f i l t e r  p a p e r  (but 
not left dry), s o a k e d  for 30 m i n u t e s  in the r u n n i n g  
buffer and blotted again. Then they were mounted in the 
e l e c t o p h o r e s i s  tank and pre-run at 200 V for 10 minutes. 
10 - 15 yu. 1 of c e l l  l y s a t e  w e r e  l o a d e d  on the g e l s  and
a l l o w e d  to be a b s o r b e d  b e f o r e  r u n n i n g  the e l e c t o -
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p h o r e s i s .  A f t e r  the e l e c t o p h o r e t i c  r un the g e l s  w e r e  
b l o t t e d ,  and t r e a t e d  w i t h  the a p p r o p r i a t e  r e a c t i o n  
mi x t u r e  at 37^C, for the time specified in each case, in 
a closed box, p r o t ected fro m  light.

b ) S_tg_rgh gg_l : A 1 2 % ( w / v )  s t a r c h  gel w a s  p r e p a r e d  by
sus p e n d i n g  hyd r o l y s e d  starch in the gel buffer at 100°C. 
The m o l t e n  gel w a s  p o u r e d  i n t o  a p e r s p e x  sla b  and 
a l lowed to solidify. 10 to 15 yi^l-saraples were soaked on 
s m a l l  p i e c e s  of f i l t e r  p a p e r  and i n s e r t e d  into s l i t s  
left open in the gel. The s a m p l e s  were then sealed wit h  
m o l t e n  v a s e l i n e  and the e l e c t o p h o r e s i s  r un v e r t i c a l l y  
(4 ° C ). A f t e r  t h e  e l e c t o p h o r e t i c  r u n  t h e  g e l s  w e r e  
allov/ed to cool for 30 minutes, sliced, and treated w i t h  
the a p p r o p r i a t e  r e a c t i o n  m i x t u r e  at 37°C, for the t i m e  
s p e c i f i e d  in e a c h  case. W h e n  the d e t e c t i o n  of b i o ­
c h e m i c a l  m a r k e r s  i n v o l v e d  the us e  of r a d i o a c t i v e l y  
l a b e l l e d  s u b s t r a t e s ,  s t a i n e d  g e l s  w e r e  f i x e d  in 0.1 M 
l a n t h a n u m  c h l o r i d e / 0 . 1  M t r i s  pH = 7.0 (20 h o u r s ,  4°C). 
After fixation the gels were washed with running water 
( 3 - 4  h o u r s ) ,  d r i e d  in a v a c u u m  d r i e r  (4.5 h o u r s  w i t h  
heat), b e t w e e n  filter paper and a dialysis membrane, and 
exposed to X - ray film for the a p p r o priate time.

2.3.4. The m a r k e r s .

a ) EC. 1.1.1.37. M aj^ajt e. d e h y d r o g e n a s e  ± ( H A R R I S  and 
HOPKINSON, 1976):
- Starch gel e l e c t o p h o r e s i s  (3 V/cm, 17 hours, 4°C ).
- B r i d g e  b u f f e r :  0.245 M m o n o s o d i u m  p h o s p h a t e / 0 . 1 5  M 
c i t r i c  acid, pH = 5.9.
- Gel buffer: bridge buffer diluted 1:40.
- R e a c t i o n  m i x t u r e :  50 m M  L - m a l i c  acid, 0.2 m g / m l  NAD, 
0.15 m g / m l  MTT, 0.1 m g / m l  PMS, 1 % ( w / v ) a g a r  in 5 0 m M  
Tris/HCl buffer, pH = 8. Incu b a t i o n  time: 30 minutes,
- Detection: colour.
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b ) EC 1.1.1.42. %^o_oÂ_b jra_b^ ± ( H A R R I S  and
HOPKIMSON, 1975):
- Starch gel e l e c t r o p h o r e s i s  (3 V/cm, 17 hours, 4°C),
- B r i d g e  b u f f e r :  0,245 M m o n o s o d i u m  p h o s p h a t e / 0 . 15 M 
c i t r i c  acid, pH =5.9.
- Gel buffer: bridge buffer diluted 1:40.
- R e a c t i o n  m i x t u r e :  1.3 raM i s o c i t r i c  a cid ( t r i s o d i u m
salt, d i h y d r a t e ) ,  0.1 m g / m l  N a^ H AD P , 0.1 m g / m l  MTT ,  0.1 
mg/ral PMS, 1 % ( w / V ) a g a r  in 0.1 M T r i s / H C l  b u f f e r ,  pH = 
8.0, 57 m M m a g n e s i u m  c h l o r i d e .  I n c u b a t i o n  t i m e :  30
minutes.
- Detection: colour.

c ) .EC. 1 . 6 .2 .2 . D i a p h o r a s e  4. ( m o d i f i e d  f r o m  G R Z E S C H I K ,  
1980 and E D W A R D S  et al, 1980):
- C e l l u l o s e  a c e t a t e  gel e l e c t r o p h o r e s i s  (200 V, 1.5 
hour, room temperature).
- B u f f e r :  0.1 M t r i s / 5 0  m M  b o r a t e ,  ph = 8.6, 70 M HADH.
- R e a c t i o n  m i x t u r e :  2.7 m g / m l  NADH, 0.54 m g / m l  FAD, 27 

y g / m l  2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l , 54 y», g /ml M TT in 1 M
T r i s / H C l  b u f f e r ,  pH = 8.6, 0.004 M N a g E D T A .  I n c u b a t i o n  
time: 10 - 30 minutes,
- Detection: colour.

d ) EC 2., 4 , 2 . 7.. nin.e £  h o s^^h o r i b.g.SiiJt r a n s f e r a s e
(modified fro m  H A R R I S  and HOPKIMSGH, 1976):
- Starch gel e l e c t o p h o r e s i s  (5 V/cm, 17 hours, 4 ° C ).
- B r i d g e  b u f f e r :  27 niM c i t r i c  a c i d / 1 6 7 m M d i p o t a s s i u m  
p h o s p h a t e ,  pH = 6.8.
- Gel b u f f e r :  1.21 raM c i t r i c  a c i d /  6,07 m M  d i p o t a s s i u m
p h o s p h a t e ,  pH = 6.8.
- R e a c t i o n  m i x t u r e :  8.9 ^ M   ̂^ C - 8 - a d e n i n e  ( s p e c i f i c
a c t i v i t y :  40 - 50 m C i / m m o l e ) ,  0.25 m M  P R P P  in 0.1 M
T r i s / H C l  b u f f e r ,  pH = 7.4, 10 m M  m a g n e s i u m  c h l o r i d e .
I n c u b a t i o n  time: 1.5 hour.



83.

- Detection: autoradiography.

e) EC 2.7.1 .6. G a l a c t o k i n a s e  ( H A R R I S  a nd H O P K I N S O N ,  
1976):
- Starch gel e l e c t o p h o r e s i s  (5 V/cm, 17 hours, 4 ° C ).
- B r i d g e  b u f f e r :  27 m M  c i t r i c  a c i d / 1 6 7  m M  d i p o t a s s i u m  
p h o s p h a t e ,  pH = 6.8.
- Gel b u f f e r :  1,21 raM c i t r i c  a c i d / 6 . 0 7  m M  d i p o t a s s i u m  
p h o s p h a t e / 0 . 5 m M  D L - d i t h i o t h r e i toi, pH = 6.8.
- R e a c t i o n  m i x t u r e ;  13  ̂^ C - D - g a l a c t o s e  ( s p e c i f i c
a c t i v i t y :  45 - 50 m C i / m m o l e ) , 3.61 m M  Nag ATP in 0.2 M 
T r i s / H C l  b u f f e r ,  p H = 7.2 7.4 m M  m a g n e s i u m  c h l o r i d e .
I n c u b a t i o n  time: 1 - 2 hours.
- Detection: autoradiography.

f ) EC. 2.7 . 4 .3 . A d e n v l a t e ki n a,̂ je ± ( m o d i f i e d  f r o m  H A R R I S  
and HOPKINSON, 1 976 ) :
- S t a r c h  gel e l e c t r o p h o r e s i s  (10 V / cm, 4.5 hours, r o o m  
t e m p e r a t u r e ).
- Bridge buffer: 0.1 M Tris/0.025 M citric acid, pH=8.0.
- Gel buffer: bridge buffer diluted 1:5.
- R e a c t i o n  m i x t u r e  ( ' f o r w a r d  p o s i t i v e *  s t a i n i n g ) :  1 m M  
ADP (disodium salt), 10 mM  m a g n e s i u m  chloride, 2 m g / m l  
g l u c o s e ,  0,25 rag/ml N a g N A D P ,  125 raU/ml h e x o k i n a s e ,  
0.125 m g / m l  MTT, 0.125 m g / m l  PMS, 1%(w/v) a g a r  in 0.1 M 
Tris/HCl buffer, pH = 8.0. I ncubation time: 30 minutes.
- Detection: colour.

g ) £C. 3.1.3.18. P h o s p h o g l v c o l l a t e p h o s p h a t a s e  (modified 
f r o m  HARRIS and HOPKINSON, 1976):
- Starch gel e l e c t r o p h o r e s i s  (3 V/cm, 17 hours, 4°C).
- B r i d g e  b u f f e r :  0.1 M t r i s / 0 . 1  M m a l e a t e / 0 . 0 1  M 
NagEDTA/O.OI M m e g n e s i u m  chloride, pH = 7.2.
- Gel b u f f e r :  b r i d g e  b u f f e r  d i l u t e d  1:10, 0.1%(v/v) 2- 
m e r c a p t o e t h a n o l .
- Reaction mixture:
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St age I,: 25 m M  2 - p h o s p h o g l y c o l l i c  acid, 0.8 mM m a g n e s i u m  
s u l p h a t e ,  l % ( w / v )  a g a r  in 0.05 M t r i s / H C l  b u f f e r ,  pH =
7.5. I n c u b a t i o n  time: 2 hours.

% %  ( a f t e r  r e m o v a l  of the p r e v i o u s  a g a r  o v e r l a y ) :  
1.25%(w/v) a m m o n i u m  m o l y b d a t e  in 2N sulphuric acid, 25 
rag/ml ascorbic acid, 1%(w/v) agar. I n c u bation time: 10 -
30 minutes.
- Detection: colour.

h ) ^C. 3.2.1.30. H^ X o s. a m i  ni.d .a s..e .B (VAN S O M E R E N  a nd V AN 
H E N E G OUWEN, 1973):
- C e l l u l o s e  a c e t a t e  gel e l e c t r o p h o r e s i s  (20 - 25 niA, 4 
hours, room temperature).
" Buffer: 0.025 M c i t r a t e / c i t r i c  acid, pH = 5.6.
- R e a c t i o n  m i x t u r e :  0.5 m g / m l  4 - m e t h y l u m b e l l i f e r y l  2- 
ace t a m i d o - 2 - d e o x y -  - D - g 1 u c o p y r a n o s i d e in 0.1 M 
c i t r a t e / c i t r i c  a cid b u f f e r ,  pH = 4.5. I n c u b a t i o n  time: 
20 minutes, 35°C.
- Detection: f l u o r e s c e n c e  under l o n g - w a v e l e n g t h  (360 nm) 
U V  l i g h t ,  a f t e r  t r e a t m e n t  o f  t h e  g e l  w i t h  1 M 
c a r b o n a t e / b i c a r b o n a t e  buffer, pH = 10.
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2.4. D N A  a n a l y s i s  of the h y b r i d s .

2.4.1. P r e p a r a t i o n  and c h a r a c t e r i z a t i o n  of high
m o l e c u l a r  weig h t  g e nomic DNA (modified from 
G R O S S - B E L L A R D  et al, 1973).

T w o  d i f f e r e n t  p r o c e d u r e s  w e r e  u s e d  in thi s  s t udy: (i)
c e l l  p e l l e t i n g  p r i o r  to l y s i s  (as in 2,3.1) and (ii) 
c e l l  l y s i s  in s i t u . B o t h  p r o c e d u r e s  a i m  to d i s s o c i a t e  
DNA from c h r o m o s o m e  and m e m b r a n e  proteins and to inhibit 
n u c l e a s e  a c t i v i t y .  T h i s  w a s  a c h i e v e d  u s i n g  a l y s i s  
b u f f e r  c o n s i s t i n g  of  10 m M t r i s / H C l ,  pH = 8, 10 m M
N a 2 E D T A , 10 raM s o d i u m  c h l o r i d e ,  0.5 %( w / v ) s o d i u m
d o d e c y l s u l f a t e  and 100 - 200 ytg/nil proteinase K (fungal, 
20 m A n s o n  units/rag, BRL). C e l l s  w e r e  i n c u b a t e d  w i t h  
l y s i s  b u f f e r  o v e r n i g h t  at 3 7 ° C w i t h  g e n t l e  s h a k i n g .  
R e m a i n i n g  protein was p r e c i p i t a t e d  by adding one v o l u m e  
o f  f r e s h l y  d i s t i l l e d  p h e n o l  s a t u r a t e d  w i t h  10 diM 
T r i s / H C l ,  pH = 8 10 m M N a g E D T A , 10 raM s o d i u m  c h l o r i d e .  
Phenol e x t r a c t i o n  (10 m i n u t e s  of gentle m i x i n g  at room 
t e m p e r a t u r e )  w a s  r e p e a t e d  u n t i l  i n t e r p h a s e  w a s  clear. 
One t e n t h  v o l u m e  of 3 M s o d i u m  a c e t a t e ,  pH = 7.5, and 
two v o l u m e s  of ice-cold absolute ethanol were added to 
the aqueous phase and DNA i m m e d i a t e l y  spooled out with a 
c l o s e d  P a s t e u r  p i p e t t e .  D N A  w a s  d i s s o l v e d  in 10 m M  
T r i s / 1 m M N a g E D T A , b u f f e r ,  pH = 8.0, and d i a l y s e d
a g a i n s t  w a t e r ,  f o r ,  at l e a s t ,  24 h o u r s ,  at 4°C. 
Alternatively, the aqueous phase resulting fro m  phenol 
e x t r a c t i o n  w a s  f u r t h e r  e x t r a c t e d  w i t h  one v o l u m e  of 
c h l o r o f o r m / o c t a n - 2 - o l  (24+1), DNA p r e c i p i t a t e d  t w i c e  
w i t h  s a l t  and e t h a n o l  and f i n a l l y  d i s s o l v e d  in b u f f e r ,  
at 4 °C. W h e n e v e r  n e c e s s a r y  DNA preparations wer e  freeze- 
d r y e d  and s t o r e d  at - 2 0 ̂  C . D N A  s o l u t i o n s  of s u i t a b l e  
c o n c e n t r a t i o n  w e r e  stored at - 2 0 ^C.
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2.4. D NA a n a l y s i s  of the h y b r i d s .

2.4.1. P r e p a r a t i o n  and c h a r a c t e r i z a t i o n  of high
mo l ecular w e i g h t  g e n omic DNA (modified from 
G R O S S - B E L L A R D  et al, 1973).

T w o  d i f f e r e n t  p r o c e d u r e s  w e r e  u sed in t his study: (i)
c e l l  p e l l e t i n g  p r i o r  to l y s i s  (as in 2.3.1) and (ii) 
c e l l  l y s i s  in s i t u . B o t h  p r o c e d u r e s  a i m  to d i s s o c i a t e  
DNA from c h r o m o s o m e  and m e m b r a n e  proteins and to inhibit 
n u c l e a s e  a c t i v i t y .  T h i s  w a s  a c h i e v e d  u s i n g  a l y s i s  
b u f f e r  c o n s i s t i n g  of  10 m M  t r i s / H C l ,  p H = 8 ,  10 raM
N a 2 E D T A , 10 m M  s o d i u m  c h l o r i d e ,  0.5 % ( w / v ) s o d i u m
d o d e c y l s u l f a t e  and 100 - 200 ytg/ml proteinase K (fungal, 
20 m A n s o n  u n i t s / m g ,  BRL). C e l l s  w e r e  i n c u b a t e d  w i t h  
l y s i s  b u f f e r  o v e r n i g h t  at 3 7 ° C  w i t h  g e n t l e  s h a k i n g .  
R e m a i n i n g  p r o tein w as p r e c i p i t a t e d  by adding one v o l u m e  
of f r e s h l y  d i s t i l l e d  p h e n o l  s a t u r a t e d  w i t h  10 m M  
T r i s / H C l ,  pH = 8 10 m M  N a 2 E D T A , 10 m M  s o d i u m  c h l o r i d e .  
Phenol e x t r a c t i o n  (10 m i n u t e s  of gentle m i x i n g  at roo m  
t e m p e r a t u r e )  w a s  r e p e a t e d  u n t i l  i n t e r  p h a s e  w a s  clear. 
One t e n t h  v o l u m e  of 3 M s o d i u m  a c e t a t e ,  pH = 7.5, and 
two v o l u m e s  of ic e - c o l d  absolute ethanol were added to 
the aqueous phase and DNA i m m e d i a t e l y  spooled out with a 
c l o s e d  P a s t e u r  p i p e t t e .  D N A  w a s  d i s s o l v e d  in 10 m M  
T r i s / 1  raM N a 2 E D T A , b u f f e r ,  pH = 8.0, and d i a l y s e d
a g a i n s t  w a t e r ,  f o r ,  at l e a s t ,  24 h o u r s ,  at 4 ° C . 
Alternatively, the aqueous phase resulting from phenol 
e x t r a c t i o n  w a s  f u r t h e r  e x t r a c t e d  w i t h  one v o l u m e  of 
c h l o r o f o r m / o c t a n - 2 - o l  (24 + 1), DNA p r e c i p i t a t e d  t w i c e  
w i t h  s a l t  and e t h a n o l  and f i n a l l y  d i s s o l v e d  in b u f f e r ,  
at 4*^0. W h e n e v e r  n e c e s s a r y  DNA p reparations were freeze- 
d r y e d  and s t o r e d  at - 2 0 ^ 0 .  D N A  s o l u t i o n s  of s u i t a b l e  
c o n c e n t r a t i o n  w ere stored at -20^C.
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The D N A  p r e p a r a t i o n s  w e r e  c h a r a c t e r i z e d  in t e r m s  of 
^260^ a 2 6 0 / ^ 2 8 0 ^  g c ^ n  (320 - 230 nm) and e l e c t r o ­
phoretic b e h a v i o u r  on an agarose gel.

2.4.2. P r e p a r a t i o n  and c h a r a c t e r i z a t i o n  of plasmid DNA
to be used as h y b r i d i z a t i o n  probe (modified from 
B I R N B O I M  and DOLY, 1979).

The h y b r i d i z a t i o n  p r o b e  w a s  a 3.8 kb P v u I I  f r a g m e n t ,  
i s o l a t e d  f r o m  the c l o n e  A h  oC G2 of a b a c t e r i o p h a g e  
l a m b d a  b a n k  of h u m a n  f e t a l  D NA ( L A W N  et al, 1978), 
i n c l u d i n g  a l p h a  1 - g l o b i n  g e n e  a n d  i t s  f l a n k i n g  
s e q u e n c e s .  T h i s  f r a g m e n t  w a s  s u b c l o n e d  i n t o  
P B R 3 2 2 / E . c o l i  H B 1 0 1  ( S P A N D I D O S ,  D and LAN Y O N , G, u n ­
p u b l i s h e d  results).
B a c t e r i a ,  c a r r y i n g  the r e c o m b i n a n t  p l a s m i d  (XP 7 ( o( 1 ) 
(Fig 2.2), w e r e  g r o w n  in L - E r o t h  (1 % ( w / v ) t r y p t o n e ,  
0 .5 % ( w / V ) y e a s t  e x t r a c t ,  1 % ( w / v ) s o d i u m  c h l o r i d e ,  100 

^ g / m l  L - a m p i c i l l i n ,  pH 7.2 - 7.4) at 37^C, with vigorous  
shaking, until A^^^ fell w i t h i n  the range 0.7 - 1.0. The 
a m p l i f i c a t i o n  of the p l a s m i d  c o p y  n u m b e r / c e l l  w a s  
c a r r i e d  out by the a d d i t i o n  to the e x p o n e n t i a l l y  
g r o w i n g  c u l t u r e  of 170 y t g / m 1 L - c h l o r a m p h e n i c o l  and 
in c u b a t i o n  o v e r n i g h t  at 3 7 °C w ith shaking. Bacteria were 
then killed w i t h  0.2%(v/v) c h l o r o f o r m  (10 minutes, 3 7 ° C , 
s h a k i n g ) .  C e l l s  w e r e  p e l l e t e d  (7 0 0 0  g , 4^C, 21
m i n u t e s ) ,  r e s u s p e n d e d  in 0.05 M t r i s / H C l ,  ph = 8.0, and 
r e p e l l e t e d  u n d e r  the s a m e  c o n d i t i o n s .  The p e l l e t  w a s  
r e s u s p e n d e d  in l y s i s  s o l u t i o n  (50 m M  g l u c o s e ,  25 m M  
Tris/HCl, pH = 8.0, 10 raM N a 2 ED T A , 5 m g / m l  lysozyme) and
i n c u bated at 4 °C for 30 minutes. 1%(w/v) sodium dodecyl-  
sulphate, 0,2 M s o d i u m  hydroxide solution was then mixed 
w i t h  the l y s a t e  (5 m i n u t e s ,  4 ° C ). B a c t e r i a l  c h r o m o s o m e  
D N A  w a s  t h e n  p r e c i p i t a t e d  by the a d d i t i o n  of 3 M 
p o t a s s i u m  a c e t a t e ,  pH = 4,8 (15 m i n u t e s  f o l l o w e d  by 
c e n t r i f u g a t i o n :  7 000 g, 6.5 m i n u t e s ,  10 - 2 0 ^ 0 .  The
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Fig 2 o 2, Map (in 
as h y b r i d i z a t i o n

kb) of r e c o m b i n a n t  p l a s m i d  aP7(al) used 
probe in this study. The v e c t o r  is pBR322o 

OR = o r i g i n  and d i r e c t i o n  of replication. Ap^ = a m p i c i l l i n  
resistance. Tc = t e t r a c y c l i n  resistance. The l o c a l i z a t i o n  
of the 3.8 kb Pvu II insert is shown in the map of a - g l o b i n  
gene cluster.
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clear supe r n a t a n t  was r e c o v e r e d  and added to 0.6 vo l u m e s  
of cold isopropanol, m i x e d  and centrifuged i m m e d i a t e l y  
{ 8 000 g, 5 m i n u t e s ,  10 - 2 0 ° C ). The r e s u l t i n g  p e l l e t  
w a s  r e c o v e r e d  in 10 m M  T r i s / 1 0  m M  N a 2 ED T A b u f f e r ,  pH =
8.0, and, o n c e  d i s s o l v e d ,  r un in a c a e s i u m  c h l o r i d e  
gradient cont a i n i n g  1 m g / m l  ethidium br o m i d e  (60 000 g , 
18 h o u r s ,  20^C), The b a n d  c o r r e s p o n d i n g  to a h i g h e r  
d e n s i t y  w a s  d e t e c t e d  w i t h  s h o r t - w a v e l e n g t h  UV ligh t ,  
h a r v e s t e d  t h r o u g h  the t u b e  w a l l ,  e x t r a c t e d  w i t h  one 
v o l u m e  of i s o p r o p a n o l  (until aqueous phase was c o l o u r ­
less) and d i a l y s e d  a g a i n s t  10 m M  t r i s / 1  m M  N a 2 E D T A  
b u f f e r ,  pH = 8,0 ( 4 ^ C ,  o v e r n i g h t ) .  T h e  f i n a l  D N A
so l ution was stored at -20°C.
The pl a s m i d  DNA p r e p a r a t i o n  was characterized in terms 
of e l e c t r o p h o r e t i c  b e h a v i o u r  on an a g a r o s e  gel,
and r e s t r i c t i o n  p a ttern after treatment w ith PvuII and 
H i n d l l l .

2.4.3. M o l e c u l a r  h y b r i d i z a t i o n  on solid phase (modified 
from SO U T H E R N  , 1 975 ).

a ) DMA : 1 0 - 3 0  yV*.g of g e n o m i c  DNA of b o t h
p a r e n t a l  and h y b r i d  o r i g i n  w e r e  r e s t r i c t e d  in the 
presence of the a p p r o p r i a t e  rest r i c t i o n  endonuclease, A 
5 to 10-fold excess of e n z y m e  was used. The e n z y m e  was 
al l o w e d  to act for 4 - 5 hours at 3 7 °C, The buffers were  
those r e c o m m e n d e d  by the m a n u f a c t u r e r  (Bethesda Research 
L a b o r a t o r i e s ,  C a m b r i d g e ) .  The e n z y m a t i c  r e a c t i o n  w a s  
s t o p p e d  by c o o l i n g  the r e a c t i o n  m i x t u r e  to 4^C. P h a g e  
l a m b d a  D N A ,  r e s t r i c t e d  w i t h  H i n d l l l ,  w a s  u s e d  as 
f r a g m e n t  size marker.

b ) Sep a r a t i o n  of DNA r e s t r i c t i o n  f r a g m ents according to 
s i z e : R e s t ricted DNA s a m p l e s  were loaded on a 0.85E(w/v)
a g a r o s e  gel. The e l e c t r o p h o r e s i s  b u f f e r  w a s  40 m M  
T r i s / a c e t a t e ,  pH = 7.5» 20 m M  s o d i u m  a c e t a t e ,  1 m M
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N a g E D T A ,  and 1 ^g/ml e t h i d i u m  b r o m i d e .  The e l e c t r o ­
phoreses ran o v e rnight under an electric field of 1 V/cm,

c ) T r a n s f e r a n ^  i m m o b i l i s a t i o n _g_f _t h _e s e p a r a t e d D N A  
rest r i c t i o n  f r a g m e n t s  onto nitro c e l l u l o s e  filters (WAHL 
et al, 1979): A f t e r  e l e c t r o p h o r e s i s  the D N A  f r a g m e n t s  
w e r e  p a r t l y  d e p u r i n a t e d  in s i t u  (0.25 M h y d r o c h l o r i c  
acid, 30 m i n u t e s ) ,  d e n a t u r e d  and h y d r o l y s e d  at the 
a p u r i n i c  s i t e s  (0.5 M s o d i u m  h y d r o x i d e / 1 . 5  M s o d i u m  
c h l o r i d e ,  30 m i n u t e s )  a n d ,  f i n a l l y ,  t h e  g e l  w a s  
n e u t r a l i z e d  ( 0 . 5 M  T r i s / H C l  pH = 7.4, 1.5 M s o d i u m
c h l o r i d e ,  90 m i n u t e s ) .  T h i s  t r e a t m e n t  a l l o w e d  the 
e f f i c i e n c y  of t r a n s f e r  of the D NA f r a g m e n t s  to be 
i ndependent of their size. The transfer was carried out 
by a l l o w i n g  a steady flo w  of 20xSSC to pass through the 
gel and a n i t r o c e l l u l o s e  filter (Schleicher and Schull, 
D a s s e l ,  B A 8 5 , 0.45 ^  m p o r e  s i z e )  on w h i c h  t h e  D N A
f r a g m e n t s  e l u t e d  f r o m  the gel b e c a m e  e n t r a p p e d .  The 
i m m o b i l i s a t i o n  of the D N A  f r a g m e n t s  w a s  c o m p l e t e d  by 
baking the filter at 80°C for 4 hours.

d ) L a b ^ m  n ^  ^  f the h][b r ± ^ l ^ a _ b l o  n jo r o ^ e  b %  nl^kjz 
t r a n s i ation (RIGBY et al, 1977): A p p r o x i m a t e l y  0.5 of
p l a s m i d  D N A  w a s  l a b e l l e d  to a s p e c i f i c  a c t i v i t y  of 1 - 
2x1 0 ^ c p m /  y(&g DNA, The r e a c t i o n  m i x ture consisted of the 
n i c k - t r a n l a t i o n  b u f f e r  (50 m M  T r i s / H C l  pH = 7.5, 5 m M  
m a g n e s i u m  c h l o r i d e ,  0.4 / m l  2 - r a e r c a p t o e t h a n o l ,  50 

yiA.g/ml bovine s e rum albumin), a pool of 'cold' n u c l e o t i d e s  
(dTTP, dGTP, d A T P  if the 'hot' n u c l e o t i d e  w a s  ^ ^ P - d C T P )  
at a c o n c e n t r a t i o n  of 10 mM, 0.2^u.g/ral p a n c reatic DNase 
I (3 136 u n i t s / m g ;  M i l e s  L a b o r a t o r i e s ,  G o o d w o o d ) ,  225 
U / m 1 E .coli D N A  p o l y m e r a s e  I ( R I C H A R D S O N  et al, 1964; 
B R L ,  C a m b r i d g e ) ,  a n d  t h e  r e l e v a n t  ^ ^ P - l a b e l l e d  
n u c l e o t i d e  ( u s u a l l y  50 y U C i ). T h e  n i c k - t r a n s l a t i o n  
reaction was a l l o w e d  to proceed for 2 - 3  hours at 15°C 
and then stopped w i t h  0.1 M Na^EDTA.
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The labelled DNA was se p a r a t e d  from the u n i n c o r p o r a t e d  
labelled n u c l e o t i d e s  by c o l u m n  c h r o m a t o g r a p h y  (Sephadex 
G50 e q u i l i b r a t e d  w i t h  3xSSC which was also the elution  
b u f f e r )  u s i n g  0.2 m g / m l  E . c o l i D N A  as a c a r r i e r  in the 
separation. The fractions of eluate were m o n i t o r e d  with 
a Geiger counter for radioactivity: the leading peak of
r a d i o a c t i v i t y  c o n s i s t s  of  l a b e l l e d  n u c l e o t i d e s  
i n c o r p o r a t e d  into DNA, w h i l e  the trailing peak consists 
of  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  ( s e e  F i g  3.4). T h e  
'hottest' f r a c t i o n s  w e r e  p o o l e d  and the a c t u a l  r a d i o ­
a c t i v i t y  m e a s u r e d  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  
(using 40%(v/v) Luraax in xylene as the scintillator).

e ) M o l e c u l a r liyLb_r_ld_ĵ _z_a_k_i o_n s o lid ( W A H L  et al,
1979): N i t r o c e l l u l o s e  f i l t e r s  w i t h  i m m o b i l i s e d  D N A
fra g m e n t s  were treated w i t h  a p r e h y b r i d i z a t i o n  mi x t u r e  
(42°C, for at l e a s t  4 h o u r s  w i t h  s h a k i n g )  p r i o r  to the 
a c t u a l  h y b r i d i z a t i o n  (42°C, o v e r n i g h t  w i t h  s h a k i n g ) .  
P r e h y b r i d i z a t i o n  and h y b r i d i z a t i o n  were p e r f o r m e d  inside 
h eat - s e a l e d  p o l y thene bags in the presence of 5 - 10 ml 
of the r e l e v a n t  s o l u t i o n ,  10 - 3 0x1 0  ̂  c p m  ( a p p r o x  10^ 
c p m / c m ^  f i l t e r )  w e r e  u s e d  f o r  e a c h  f i l t e r .  T h e  
c o m p o s i t i o n  of the p r e h y b r i d i z a t i o n  and h y b r i d i z a t i o n  
m i x t u r e s  is d e s c r i b e d  in T a b l e  2.1. T h e  f i n a l  
c o n c e n t r a t i o n  of the p r o b e  w a s  20 ng/ral. The p o s t ­
h y b r i d i z a t i o n  pro c e d u r e  con s i s t e d  of a series of w a shes 
of i n c r e a s i n g  s t r i n g e n c y  (Table 2.2). After having been 
washed, the n i t r o c e l l u l o s e  filters were left to air dry 
enclosed in p o l y t h e n e  bags and exposed on both sides to 
X-ray film, b e t w e e n  i n t e n s i f y i n g  screens, at -7 0°C. One 
of the f i l m s  was procesed after overnight exposure and 
the o t h e r  one a f t e r  a p e r i o d  of t i m e  c o n s i d e r e d  to be 
long enough to produce a good s i g n a l/noise ratio.
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Table 2.1. C o m p o s i t i o n  of the p r e h y b r i d i z a t i o n  and h y b r i d i z a t i o n  
m i x t u r e s .

Component" C o n c e n t r a t i o n  
P r e h y b r i d i z a t i o n  H y b r i d i z a t i o n

Formamide (freshly deionised) 5055 ( v/ v) 5 0 % ( v/v)
D e n h a r d t ’s sol u t i o n  * 5x 1x
ssc 5x 5x
Phosphate buffer, pH = 6.7 50 mM 2 0 mM
Salmon sperm DNA (sonicated 
and heat denatured)

380 yivg/ml 1 00 ytg/ml

P o l y (A ) 10 yig/ml 20
SDS 0.2%(w/v) -
Dextran sulphate (sodium salt) - 1 0 % ( w/ V )
Labelled probe (heat denatured) - 1-2x10?cpm

('* ) Denhardt's solution: 0.2 m g / m l  ficoll, 0,2 m g / m l  bovine s e r u m
albumin, 0.2 mg/ml p o l y v i n y l p y r r o l i d o n e .



Table 2,2. Standard p o s t h y b r i d i z a t i o n  procedure.
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Wash Compos i tion Time Temperature

I 3xSSC
O . U ( w / v )  SDS
50mM phosph buff pH=6.7
IxDenhardt's soln

2-4 changes 
for 5 minutes

room temp

II 3xSSC 
0.1% SDS

1 change
for 30 minutes

65°C

III IxSSC 
0.1% SDS

1 change
for 30 minutes

65°C

IV 0 . 1xSSC 
0.1% SDS

1 or 2 changes 
for 30 minutes 
or longer

65 - 70°C
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3 . R e s u l t s .

3.1. Cyto g e n e t i c  and bioc h e m i c a l  c h a r a c t e r i z a t i o n  of man 
X mouse somatic cell hybrids.

S i x t y  f o u r  d i f f e r e n t  c l o n e s  f r o m  s o m a t i c  c e l l  h y b r i d s  
(derived from four disti n c t  h u m a n  parental cell lines) 
w e r e  a n a l y s e d  for t h e i r  h u m a n  c h r o m o s o m e  c o n t e n t .  
F o u r t e e n  of t h e s e  a p p e a r e d  to be i n f o r m a t i v e  for the 
p u r p o s e  of t h i s  s t u d y .  T h i s  w a s  c o n f i r m e d  by e l e c t r o ­
p h o r e t i c  d e t e c t i o n  of e n z y m a t i c  m a r k e r s .  The r e s u l t s  
o b t a i n e d  in b o t h  c y t o g e n e t i c  and b i o c h e m i c a l  a n a l y s i s  
a r e  s u m m a r i z e d  in T a b l e s  3.1 to 3.4. T h e y  c o n t a i n  
i n f o r m a t i o n  relevant to the i n t r a c h r o m o s o m a l  m a p p i n g  of 
the h u m a n  a l p h a - g l o b i n  gene cluster as well as the APRT, 
DIA4 and PGP genes.

As a m e a s u r e  of the h e t e r o g e n e i t y ,  in t e r m s  of t h e i r  
h u m a n  c h r o m o s o m e  c o n t e n t ,  of t he h y b r i d  c e l l  
p o p u l a t i o n s ,  t h e  f o l l o w i n g  p a r a m e t e r s  h a v e  b e e n  
c o n s i d e r e d :  (i) r a n g e  of h u m a n  c h r o m o s o m e  n u m b e r / c e l l  
c o u n t e d ,  and (ii) its m e a n  and s t a n d a r d  d e v i a t i o n .  The 
h e t e r o g e n e i t y  of t w o  c l o n e s  is g r a p h i c a l l y  c o m p a r e d  
( M I L L E R ,  1 972a) in F i g  3.1. The i n s t a b i l i t y  of one 
particular clone (0AA9 5RII) is depicted in Fig 3.2.

T w o  c l o n e s  of  t h e  0 A A 9 f a m i l y  p r o v e d  to c a r r y  no 
c y t o g e n e t i c a l l y  d e t e c t a b l e  h u m a n  g e n e t i c  
m a t e r i a l .  H o w e v e r ,  the f a c t  that they had s u r v i v e d  in 
t h e  A A s e l e c t i v e  s y s t e m  i n d i c a t e d  t h a t  s o m e  A P R T  
a c t i v i t y  m i g h t  be e x p r e s s e d  in t h e s e  c l o n e s .  It was, 
e v e n t u a l l y ,  d e t e c t e d  in b o t h  0 A A 9 2 A ( h u m a n  f o r m )  and 
0 A A 9 4 C ( m o u s e  f o r m )  c l o n e s .  T h e s e  f i n d i n g s  m a y  be
interpreted, in the first case, as the result of a minor 
h u m a n - m o u s e  c h r o m o s o m e  r e a r r a n g e m e n t  involving the h u man 
APRT gene and, in the second case, as a r e v e r s i o n  of the
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100

80

60

40

20

O
5 1510 20

No of cells counted

Fig 3.1. Comparison of the heterogeneity of two hybrid cell populations, 
at similar stages of growth, following a modification of the method 
proposed by MILLER (1973) . DEA9 3t5 ( ̂ ) appears to be more heterogeneous 
than SYA9 8t4 ( ■ ) and these findings are in agreement with other 
measures of heterogeneity (see Tables 3.1 and 3.4). The heterogeneity 
curves were drawn considering the cells in 20 (DEA9 3t5) and 21 
(SYA9 8t4) different orders. HC (%) = (mean cumulative number of 
different human chromosomes / total number of different human 
chromosomes) x 100. The horizontal line at HC - 100% represents complete 
homogeneity.
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Frequency
,7

.5

.3

.1

0AA9 5RIIt7(3)

.tWA'i 5RIIt7(7)

m
m

V’

I
O 1-2 3-4 5-6 7-8 9

No of HCs/cell

Fig 3.2. Instability of 0AA9 5RII hybrid cell population. The 
range narrows fr^m O - 9 in t7(3) to 0 - 6 in t^(7). The meanisD 
also varies: 3.1-3.9 in t7(3) as opposed to 2.1-1.6, respectively. 
Cells were grown in the presence of 0.1 mM DAP.
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m u t a t e d  m o u s e  A P R T “ g e n e  ( T I S C H F I E L D  et al, 1973; 
T I S C H F I E L D  and RUDDLE, 1974; CHU and POWELL, 1976),

All the c e l l  l i n e s  u s e d  in this s t u d y  w e r e  M y c o p l a s m a  
free when tested by the m e thod of CHEN (1977).
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3.2. D e t e c t i o n  of h u m a n  a l p h a - g l o b i n  gene cluster in DMA 
from somatic cell hybrids.

T o t a l  g e n o m i c  D N A s  f r o m  f i v e  h u m a n  f i b r o b l a s t  l i n e s  
(four parental lines and one normal control) , one mouse 
fibroblast line (parental) and fifteen hybrid cell lines 
were e x t r acted and c h a r a c t e r i z e d  (Table 3.5),

P l a s m i d  D N A  to be u s e d  as an h y b r i d i z a t i o n  p r o b e  w a s  
cut wit h  two r e s t r i c t i o n  e n d o n u c l e a s e s  (Pvu II and Hind 
I I I )  to i d e n t i f y  t h e  h u m a n  D N A  f r a g m e n t  w i t h i n  
r e c o m b i n a n t  p l a s m i d  btP7(oc1). The result, s h o w n  in Fig 
3.3 ( l a n e s  3 and 5), d e m o n s t r a t e s  the p r e s e n c e  of the 
alpha 1-globin region, and its flanking regions, in the 
vector pBR322. The e l e c t r o p h o r e t i c  behaviour of the n o n ­
d i g e s t e d  p l a s m i d  ( l a n e  2) s h o w s  that the p r e p a r a t i o n  
consists largely of the s u p e r coiled form (app.arent size: 
4 kb a p p r o x )  in the p r e s e n c e  of t r a c e  a m o u n t s  of the 
o p e n  c i r c u l a r  a n d  l i n e a r  f o r m s .  T h e  r a d i o i s o t o p e  
labelling of this p l a s m i d  DNA by n i c k - t r a n s l a t i o n  led to 
h y b r i d i z a t i o n  p r o b e s  w i t h  a s p e c i f i c  a c t i v i t y  r a n g i n g  
fro m  5x10? to 2.5x10® cpm/ ytg DNA, with a react i o n  yield 
of 30 - 5 0%. A t y p i c a l  e l u t i o n  p r o f i l e  of the n i c k -
tranlation r e a c t i o n  m i x t u r e  on a c o l u m n  of Sephadex G50 
(3 x S S C  as the e l u e n t )  is s h o w n  in fig 3.4.

The m o l e c u l a r  h y b r i d i z a t i o n  on s o l i d  p h a s e  ( S o u t h e r n  
blot) p r e s e n t e d  s e v e r a l  p r o b l e m s  r e s u l t i n g  f r o m  (i) 
g e n o m i c  D N A  d e g r a d a t i o n  a n d  ( i i )  n o n - s p e c i f i c  
h y b r i d i z a t i o n  d u e  to the p r e s e n c e  in the p r o b e  of one 
Alu sequence. The first of these problems was solved by 
e x t r a c t i n g  D N A  u n d e r  m i l d e r  c o n d i t i o n s  and by u s i n g  a 
r e s t r i c t i o n  e n d o n u c l e a s e  (PvuII) w h i c h  g i v e s  r i s e  to 
s m a l l e r  f r a g m e n t s  (than, say, Eco RI) in the h u m a n  
a l p h a - g l o b i n  g e n e  r e g i o n :  3.8 kb, 2.1 kb and 2.3 kb
c o r r e s p o n d i n g  to a l p h a  1, a l p h a  2 and p s e u d o - a l p h a  1 /



Table 3.5. G e n o m i c  DNA preparations.

loi.

Cell line No of 
cells

( x 10 - 7 ) ( X 1 0 " )

DE (b) 3 1 : 1 00 .077 1 .8 7.6

OA (b) 1 : 100 .132 1 .9 13

SY (b) 1 : 100 .103 1.6 10

SY (c) .3 1 : 1 . 840 1 .7 2.5

821589 (b,d) 6 1 : 1 00 .0 66 2 . 0 6 .6

A9 ( b ) 1 : 1 00 .238 1 .7 20

DEA9 3 (b) 5 1 : 100 .316 1 .8 32

DEA9 3RIX (b) 7 1 : 100 .257 1 .8 26

DEA9 5 (b) 5 1 : 1 00 . 138 1 .8 14

L0A9 81 (c) 1 1 : 10 .244 1 .5 15

0AA9 3V (b) 5 1 -.100 .231 1 .8 23

0AA9 5 (b) 5 1 : 1 00 .110 1.6 1 1

0AA9 5RII (c) 6 1 : 200 . 1 24 1.6 25

0AA9 5RIX (b) 10 : 100 .315 1 .8 32

0AA9 5RIX (c) 6 1 : 200 .096 1 .7 18

SYA9 1IV (b) 5 1 : 100 .089 2.0 8.8

•SYA9 1IVR (b) 6 1 : 1 00 .573 1.8 58

SYA9 IX (b) 7 1 : 100 . 230 1 .9 24

SYA9 1XR (b) 1 0 1 : 100 .338 1 .8 34

SYA9 2A (b) 5 1 : 1 00 .201 2.0 20

SYA9 8 (b) 5 1 : 100 .205 1 .7 20

Ü 0:,^^s.: (a) D i l u t i o n  of the p r e p a r a t i o n s  
were d etermined, (b) Cells p e l l e t e d  prior 
lysed in situ, (d) Normal human control.

w h e n  A^GO 
to lysis.

and A^ ® 
(c) Cell
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1 2 3 4 5

24
9-5
6.7
4 3

2 25 
196

Fig 3.3. Characterization of recombinant plasmid aP7 (al) on a 0.8% (w/v) 
agarose gel. Lanes 1 and 4 contain the products of digestion of 1.5 y g 
of phage X DNA with Pvu II and Hind III, respectively. Lane 2 contains 
0.5 y g of non-digested recombinant plasmid DNA. Lanes 3 and 5 contain 
the products of digestion of 0.5 y g of recombinant plasmid DNA with 
Pvu II cind Hind III, respectively. The samples were incubated at 37 °C 
for 2.5 hours and ran on a horizontal gel, overnight, under an 
electric field of 1 V/cm. For interpretation see Fig 1.8.
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Activity
(cps)
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lOO

6 842
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Fig 3.4. Typical elution profile of Sephadex-G50 column chromatography 
of nick-tranlation reaction mixture. 0.5 t g of recombinant plasmid 
aP7(al) DNA was labelled in the presence of (^^P)dCTP (50 tCi for 2.5 h, 
at 15 °C).
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a l p h a  2 i n t e r g e n i c  r e g i o n s ,  r e s p e c t i v e l y  (see F i g  1.8). 
The second p r o b l e m  was p a r t i a l l y  o v e r c o m e  w h e n  the pos t ­
h y b r i d i z a t i o n  w a s h i n g  of the n i t r o c e l l u l o s e  filter was 
p e r f o r m e d  w i t h  O . I xSSC, at 70 ° C , for 2 hours. H o w e v e r ,  
m o s t  of the b l o t s  s t i l l  p r e s e n t  a f a i r l y  i n t e n s e  b a c k ­
g r o u n d  (Fig 3.5.A and B). T he h u m a n  a l p h a - g l o b i n  g e n e  
c l u s t e r  w a s  d e t e c t e d  in all t e s t e d  D N A s  (DE, OA, SY, 
8 2 1 5 8 9 ) . M o u s e  a l p h a - g l o b i n  g e n e  c o u l d  not be d e t e c t e d  
w i t h  this h u m a n  g e n o m i c  p r o b e  e v e n  at l o w  s t r i n g e n c y  
c o n d i t i o n s .  The c o r r e l a t i o n  b e t w e e n  h u m a n  c h r o m o s o m e  
c o n t e n t  and h u m a n  a l p h a - g l o b i n  g e n e  in a p a n e l  of 
s o m atic cell hybrids is s u m m a r i z e d  in Table 3.6.

The p r e s e n c e  of the h u m a n  a l p h a - g l o b i n  g e n e  c l u s t e r  in 
the DNA from the hybrid clones carrying an intact HC 16 
(DEA9 3, 0 A A 9  5, S Y A 9  1 IV and S Y A 9  IX) and its a b s e n c e  
in the r e v e r t a n t  c l o n e s  w h i c h  l o s t  HC 16 (DEA9 3RIX, 
0AA9 5RII and SYA9 1IVR) c o n f i r m  the a s s i g n m e n t  of this 
g e n e  c l u s t e r  to HC 16. The p o s i t i v e  r e s u l t  in L 0 A 9  8 1 
( c a r r y i n g  t (16 : 9)) n a r r o w s  the a s s i g n m e n t  to l6q22->- 
pter. The n e g a t i v e  r e s u l t  in D E A 9  5 ( c a r r y i n g  t (2: 16)) 
e x c l u d e s  the l o c i  f r o m  I 6 q 1 1 —^ q t e r .  S i m i l a r l y ,  the 
negative results ob s e r v e d  in 0AA9 3 V (carrying t(l6:5)), 
and S YA9 2 A and S Y A 9  8 ( b o t h  c a r r y i n g  t ( 1 7 : 1 6 ) ) e x c l u d e  
the loci from 1 6p 1 1— *-qter and I6q21-^qter, respectively. 
In c o n c l u s i o n ,  the d a t a  s u g g e s t  t h a t  the h u m a n  a l p h a -  
globin gene cluster maps to HC I6p.

In s e c t i o n  3.4, the s t a t i s t i c a l  a n a l y s i s  of the d a t a  
will be reported and the d i s c o r d a n t  results observed in 
t w o  ' r e v e r t a n t '  c l o n e s  (0 A A 9 5 R I X  a n d  S Y A 9  1XR)
discussed.
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8 10

—  3 8

2 3
21

Fig 3.5.A. Pvu II digestion patterns of genomic DNA from human 
fibroblasts (DE, lane 1; OA, lane 5; 821589, lane 10), mouse 
L A9 cells (lane 9), hybrid clones with HC 16p (DEA9 3, lane 2; 
0AA9 5, lane 7) and hybrid clones without HC 16p (DEA9 3RIX, 
lane 3; DEA9 5, lane 4; 0AA9 3V, lane 6; 0AA9 5RIX, lane 8). 
Size scale is shown in kilobase pair. Exposure time: 5 days.
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1 2 3 8

—  3 8

2 3
2.1

Fig 3.5.B. Pvu II digestion patterns of genomic DNA from human 
fibroblasts (SY, lane 1; OA, lane 6), hybrid clones with HC 16p 
(SYA9 IIV, lane 2; SYA9 IX, lane 4; 0AA9 5, lane 7) and hybrid 
clones without HC 16p (SYA9 IIVR, lane 3; SYA9 IXR, lane 5;
0AA9 5RIX, lane 8). Size scale is shown in kilobase pair. 
Exposure time: 7 days.
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Table 3.6, Screening of DNA from somatic cell hybrids 
for human a l p h a - g l o b i n  gene cluster.*

Hybrid ref Hum 
1 6 q

Chrom
1 6p

c<.-globin 
gene cluster

Comments

DEA9 3 + +

DEA9 3RIX - - -

DEA9 5 + - - 1 6q1 1 — q ter

L0A9 81 + + + 1 Sqcen — *• q22

0AA9 3V + - - 1 6 p 1 1 — ^ q te r

0AA9 5 + + +

0AA9 5RII - - -

0AA9 5RIX - - + cells pelle ted 
prior to lysis

0AA9 5RIX - - + cells lysed in 
situ

SYA9 11V + + +

SYA9 11VR - - -

SYA9 IX + + +

SYA9 IXR - - +

SYA9 2A + - - 1 6 q 2 1 — qter

SYA9 8 + - - 1 6q2 1 — q ter

(*) DNAs from all hybrid clones were restricted with 
PvuII. In addition DNAs from 0AA9 5RIX and SYA9 IXR 
were res t r i c t e d  with Hind III as well.
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3.3. Comments on the methods.

3.3.1. Pro d u c t i o n  of man x mouse somatic cell hybrids.

S e v e n  c e l l  f u s i o n  e x p e r i m e n t s  w e r e  p e r f o r m e d  y i e l d i n g  
t h i r t y  one p r i m a r y  h y b r i d  c l o n e s :  4,4 c l o n e s / f u s i o n
( r a n g e :  1 - 10). T h e  c o l o n i e s  w e r e  p i c k e d  up, on
a v e r a g e ,  5.4 w e e k s  a f t e r  the f u s i o n  (range: 2.8 - 9.7). 
Thus, the AA sel e c t i o n  appears to be signi f i c a n t l y  less 
e f f i c i e n t  t h a n  H A T  in s e l e c t i n g  h y b r i d  c l o n e s  ( h i g h e r  
c e l l  t o x i c i t y ?  l o w e r  r a t e  of r e v e r s i o n ? ) .  An y i e l d  of 
21 c l o n e s / f u s i o n  and a m e a n  sel e c t i o n  time of 4.3 weeks 
are typical figures for a HAT selection experiment.

After the p r o d u c t i o n  of the hybrid cell populations used
in thi s  s t u d y  w a s  c o m p l e t e d ,  K L E B E  and M A N C Ü S O  (1982) 
reported that m a n y  c o m p o u n d s  (e.g., acetaraide, pot a s s i u m  
b r o m i d e ,  u r e a ,  g l y c e r o l ,  ...) w h i c h  i n d u c e
erythroleukaeraia cell d i f f e r e n t i a t i o n  also pr o m o t e  PEC- 
m e d i a t e d  c e l l  m e m b r a n e  f u s i o n .  It w a s  t h e r e f o r e  not 
p ossible to i n c o rporate this r e f i n e m e n t  of the m e t h o d  in 
the cell fusion protocol.
C o u n t e r s e l e c t i o n  of hybrid cell populations, c o m b i n i n g  
D A P  s e l e c t i o n  and s u b c l o n i n g ,  r e s u l t e d  in the c y t o ­
genetic and b i o c h e m i c a l  loss of HC16 (see Tables 3.1 to 
3.4) in five hybrid clones.

3.3.2. C h a r a c t e r i z a t i o n  of the cellular phenotype of the 
somatic cell hybrids.

T r y p s i n / L e i s h m a n  s t a i n i n g  of c h r o m o s o m e  p r e p a r a t i o n s  
provided good evidence, in the o v e r w h e l m i n g  maj o r i t y  of 
the cases, of the h u m a n  c h r o m o s o m e  content of the hybrid 
c e l l  p o p u l a t i o n s ,  s i n c e  the size, s h a p e  and. b a n d i n g  
p a t t e r n  of b o t h  h u m a n  a n d  m o u s e  c h r o m o s o m e s  a r e
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d i s t i n c t l y  s p e c i f i c .  N e v e r t h e l e s s ,  the f l u o r e s c e n t  
d i f f e r e n t i a l  s t a i n i n g  m e t h o d  m a d e  p o s s i b l e  t h e  
u neq u i v o c a l  i d e n t i f i c a t i o n  of the parental origin of the 
c h r o m o s o m e s  w h e n e v e r  t h e  f o r m e r  m e t h o d  h a d  b e e n  
i n c o n c l u s i v e .  In a s m a l l  n u m b e r  of c a s e s ,  t h e  
d i f f e r e n t i a l  s t a i n i n g  p o i n t e d  out the p r e s e n c e  of 
prev i o u s l y  n o n - d e t e c t e d  human chromosomes.

Due to the h e t e r o g e n e i t y  of the cell popu l a t i o n s  used in 
t h i s  s t u d y  (see 3.1), t h e r e  is a f i n i t e  p r o b a b i l i t y  of 
m i s s i n g  any h u m a n  c h r o m o s o m e ,  present in a fraction of 
the w h o l e  p o p u l a t i o n ,  in the c y t o g e n e t i c  a n a l y s i s .  If 
the frequency of a g i ven c h r o m o s o m e  in the pop u l a t i o n  is 
q, the prob a b i l i t y  P of m i s s i n g  it after having analysed 
n c e l l s  is P = (1 - q)^. T h i s  is the p r o b a b i l i t y  of
f a l s e  n e g a t i v e s  f o r  t h i s  p a r t i c u l a r  c h r o m o s o m e .  
On the other hand, a n e g ative result in the b i o c h e m i c a l  
a n a l y s i s  of the h y b r i d s  d o e s  not n e c e s s a r i l y  m e a n  that 
the gene w h i c h  codes for the tested e n z y m e  is absent. A 
false negative e n z y m a t i c  result can occur when there is 
(i) a l o w  l e v e l  of g e n e  e x p r e s s i o n ;  (ii) a n u l l  a l l e l e ;  
(i ii) a h i g h  t u r n o v e r  in v i v o ;  a n d / o r  (iv) a h i g h  
d e g r a d a t i o n  rate in vitro. These are putative causes for 
the d i s a g r e e m e n t  b e t w e e n  c y t o g e n e t i c  and b i o c h e m i c a l  
r e s u l t s  w h i c h  c an be o b s e r v e d  in s o m e  h y b r i d  c l o n e s ,  
e.g., 0AA 9  3 V and S Y A 9  2 A (see T a b l e s  3.1 to 3.4). F a l s e  
p o s i t i v e  r e s u l t s  c a n  be e x p l a i n e d  m a i n l y  in t e r m s  of 
lack of spec i f i c i t y  of the test. Hence the i m p o r t a n c e  of 
e m p l o y i n g  well established, stand a r d i z e d  methods.

3.3.3, D e t e c t i o n  of human a l p h a - g l o b i n  gene cluster in 
the DNA from somatic cell hybrids.

T h e  y i e l d  of  g e n o m i c  D N A  e x t r a c t i o n  p r o v e d  to be 
e x t r e m e l y  variable, ranging fro m  11 to 150 yU.g/10^ cells. 
The t w o  m e t h o d s  u s e d  in t h i s  s t u d y  ( c e l l s  p e l l e t e d  and
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frozen before lysis; cells lysed in s i t u ) gave ma r k e d l y  
d if f e r e n t  yields: on average, 37.7 ^ g / 1 0 ^  cells and 76.2
/ 1 0 ̂  c e l l s ,  r e s p e c t i v e l y .  T h e  q u a l i t y  of t he 

p r e p a r a t i o n s  also d i s p l a y e d  noticeable differences. When 
the c e l l s  w e r e  p e l l e t e d  and f r o z e n  b e f o r e  lysis, the 
protein c o n t a m i n a t i o n  was l o w e r  (on average, =
1.83) t h a n  in the c a s e  of l y s i n g  the c e l l s  in s i t u  (on 
a v e r a g e ,  A ^ ^ ^ / A ^ ^ O  = 1,62). On the c o n t r a r y ,  the l a t t e r  
m e t h o d  p r o d u c e d  l e s s  R N A - c o n t a m i n a t e d  a n d  h i g h e r  
m o l e c u l a r  w e i g h t  preparations.

I n t e r s p e c i f i c  D N A  c r o s s - h y b r i d i z a t i o n  c o u l d  not be 
d e t e c t e d  in any b l o t t i n g  e x p e r i m e n t .  M o u s e  r e s t r i c t e d  
D N A  did not h y b r i d i z e  s t a b l y  w i t h  the h u m a n  D N A  p r o b e  at 
the l e v e l  of s t r i n g e n c y  u s e d  in the p o s t h y b r i d i z a t i o n  
w a s h i n g .  T h i s  m a y  be d u e  to t h e  f a c t  t h a t  t h e  
i n t e r v e n i n g  and f l a n k i n g  s e q u e n c e s  of a l p h a  1 - g l o b i n  
gene, p r e s e n t  in the h u m a n  g e n o m i c  p r o b e ,  a c c u m u l a t e  
m u t a t i o n s  at a h i g h e r  r a t e  tha n  the c o d i n g  s e q u e n c e s  
( J E F F R E Y S ,  1982), T h e r e f o r e  the m a n / m o u s e  s e q u e n c e  
d i v e r g e n c e ,  in the r e g i o n  of the a l p h a - g l o b i n  g e n e  
c l u s t e r ,  m a y  a c c o u n t  for the l a c k  of i n t e r s p e c i f i c  
c ross-hybridization. However, when a cDNA probe is used, 
the m o u s e  a l p h a - g l o b i n  g e n e  c l u s t e r  c an be d e t e c t e d  in 
Southern blots (KOEFFLER et al, 1981).
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3.4. Results versus aims. Conclusions.

D a t a  s h o w n  in t a b l e  3.6 can be s u m m a r i z e d  in a 2 x 2 
c o n t i n g e n c y  t a b l e  ( T a b l e  3.7.A). As s o m e  of the n u m b e r s  
in this t a b l e  are v e r y  s m a l l  (< 5)» the c h i - s q u a r e  test 
cannot be used, even after i n t r o d u c i n g  Yates'correction 
( B A I L E Y ,  1959, p 61). In s u c h  a s i t u a t i o n  an e x a c t  test 
of s i g n i f i c a n c e  m u s t  be e m p l o y e d .  The r a t i o n a l e  is to 
t a k e  the N u l l  H y p o t h e s i s  (no a s s o c i a t i o n  w h a t e v e r  
b e t w e e n  H C 16 p and h u m a n  a l p h a - g l o b i n  gene cluster) and 
t h e n  c o n s i d e r  the e x p e r i m e n t a l  r e s u l t s  tha t  m i g h t  be 
observed. The actual result is judged s i g n i f i c a n t  if it 
belongs to a s u f f i c i e n t l y  e x t r e m e  (in p r o b a b i l i t y  terms) 
class of events.

T he w h o l e  s e r i e s  of p o s s i b l e  r e s u l t s ,  for m a r g i n a l  
t o t a l s  t h e  s a m e  as o b s e r v e d ,  a r e  r e p r e s e n t e d  in 
Table 3.7.B and the p r o b a b i l i t y  of each possible result 
is indicated below each c o n t i n g e n c y  table. A decision as 
to s i g n i f i c a n c e  r e s t s  on c o m p a r i n g  the p r o b a b i l i t y  of 
o c c u r r e n c e  of the o b s e r v e d  t a b l e  w i t h  the c h o s e n  l e v e l  
of s i g n i f i c a n c e  (5 % in this case). Thus, the a c t u a l l y  
o b s e r v e d  r e s u l t ,  w h o s e  p r o b a b i l i t y  of o c c u r r e n c e  is 
1.0 4^, is s i g n i f i c a n t  at the 5 % level. T h i s  m e a n s  that 
the Mull H ypothesis is to be rejected and that the level 
of c o n f i d e n c e  in a p o s i t i v e  a s s o c i a t i o n  b e t w e e n  H C l 6 p  
and h u m a n  a l p h a - g l o b i n  gene cluster is 95%.

The d e v i a n t  r e s u l t s  ( n e g a t i v e  for the s h o r t  a r m  of 
c h r o m o s o m e  16 but p o s i t i v e  for the a l p h a - g l o b i n  g e n e  
cluster) occurred in the analysis of 'revertant' hybrid 
c l o n e s :  0 A A 9 5 RIX and S Y A 9  IXR. A p o s s i b l e  e x p l a n a t i o n  
for t h e s e  f i n d i n g s  is t hat b o t h  c y t o g e n e t i c  and b i o ­
c h e m i c a l  c h a r a c t e r i z a t i o n  of t h e s e  c l o n e s  f a i l e d  do 
d e t e c t  the p r e s e n c e  of H C 1 6 p  ( p o s s i b l y  p r e s e n t  in a 
small fra c t i o n  of the hybrid cell population) while the
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Table 3.7. Data on the s c r eening of DNA from somatic
cell hybrids for the human a l p h a - g l o b i n  gene 
cluster.

A.

Human alpha-glo 

+

bin gene cluster Total

HC1 6p
5 0 5

2 7 9

To t al 7 7 1 4

B.

1.04%*

1
3 5

1 2 .2 %
4 I 5 

36.7% 36.7% 12 . 2% 1 .0 4%

(*) The p r o b a b i l i t y  of occu r r e n c e  of a c o n t i n g e n c y  table 
a l b  is given by

P =
(a+b) !(c + d) ! (a+c) ! (b + d) ! 

n ! a ! b ! c ! d !

where n = a+b+c+d.
Or, using logarithms,

log P = l o g (a + b ) !+ l o g (c + d ) !+ l o g (a + c ) !+ l o g (b + d ) !- 

-(log n!+log a!+log bl+log c !+1og d!)
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D N A  t e s t  s u c c e e d e d  to d e t e c t  h u m a n  a l p h a - g l o b i n  g e n e  
cluster. Thirty and twen t y  cells from these clones were 
counted, respectively. The c o r r e s p o n d i n g  prob a b i l i t y  of 
m i s s i n g  a c h r o m o s o m e ,  p r e s e n t  in 5% of the cells, is 
21% and 36% r e s p e c t i v e l y  which is in sharp contrast with 
4.2% and 12% if the c h r o m o s o m e  is p r e s e n t  in, say, 10% 
of the c e l l s  (see 3.3.2). If t h i s  i n t e r p r e t a t i o n  is 
correct, one m ay suggest that the e l i m i n a t i o n  of HC16p, 
by m e a n s  of D AP s e l e c t i o n  and s u b c l o n i n g ,  w a s  not 
c o m p l e t e  and that, u n d e r  t h e s e  c o n d i t i o n s ,  a r e s i d u a l  
fraction of the cell p o p u l a t i o n  r e t ained HCl6p. Provided 
the c o u n t e r s e l e c t i v e  c o n d i t i o n s  are kept for longer and 
a l a r g e r  n u m b e r  of c e l l s  ( a p p r o x  60) is c o u n t e d ,  it 
s e e m s  p o s s i b l e  to a c h i e v e  a n d  m o n i t o r  c o m p l e t e  
s e g r egation of HCl6p. It should be pointed out that the 
s e n s i t i v i t y  of the d i f f e r e n t  m e t h o d s  i n v o l v e d  in the 
c h a r a c t e r i z a t i o n  of the h y b r i d  p o p u l a t i o n s  m u s t  be 
carefully assessed and balanced.

In c o n c l u s i o n ,  it m a y  be s a i d  (i) that, at a l e v e l  of 
si g n i ficance of 5%, the h u m a n  a l p h a - g l o b i n  gene cluster 
m a p s  on the s h o r t  a r m  of h u m a n  c h r o m o s o m e  16 and (ii) 
t h e  e x p e r i m e n t a l  a p p r o a c h  c o m b i n i n g  s o m a t i c  c e l l  
hy b r i d i z a t i o n  and DMA h y b r i d i z a t i o n  on solid phase to a 
g e n o m i c  probe is feasible and useful for the m a p p i n g  of 
single copy genes.
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4. Discussion.

4.1, The methods put into perspective.

The e v i d e n c e  r e p o r t e d  in t h i s  t h e s i s  (see s e c t i o n  3) 
d e m o n s t r a t e s  tha t  the e x p e r i m e n t a l  approach c o m b i n i n g  
s o m a t i c  c ell h y b r i d i z a t i o n  and DNA h y b r i d i z a t i o n  on 
s o l i d  phas e ,  w i t h  a h u m a n  g e n o m i c  D N A  p r o b e ,  c an be 
s u c c e s s f u l l y  applied to the i n t r a c h r o m o s o m a l  m a p p i n g  of 
h u m a n  genes.

The h u m a n  a l p h a - g l o b i n  g e n e  c l u s t e r  w a s  c h o s e n  as the 
m o d e l  s y s t e m  to a s s e s s  t h e  f e a s a b i l i t y  a n d  t h e  
u s e f u l n e s s  of the a b o v e  e x p e r i m e n t a l  a p p r o a c h  in the 
l ocal i z a t i o n  of unique gene sequences. The choice of the 
model was made on several grounds: (i) The a l p h a - g l o b i n
g e n e  c l u s t e r  had b e e n  c o n s i s t e n t l y  m a p p e d  to the s h o r t  
a r m  of HC 16 ( T a b l e  1.8). (ii) A s e r i e s  of h u m a n  c ell 
l i n e s ,  c a r r y i n g  d i f f e r e n t  b a l a n c e d  t r a n s l o c a t i o n s  
involving HC 16 were ava i l a b l e  (iii) The a v a i l a b i l i t y  of 
selective s y s t e m s  w h i c h  select either for (AA selection) 
or a g a i n s t  (DAP s e l e c t i o n )  HC I6q. (iv) A r e c o m b i n a n t  
p l a s m i d  had been cloned w h i c h  contains a h u m a n  g e n o m i c  
D NA i n s e r t ,  i n c l u d i n g  the a l p h a  1 - g l o b i n  g e n e  and its 
i n t e r v e n i n g  and f l a n k i n g  s e q u e n c e s  ( S P A N D I D O S ,  D and 
LANYOM, G, unpu b l i s h e d  results).

A n u m b e r  of d i f f erent e x p e r i m e n t a l  approaches have been 
e m p l o y e d  in p r e v i o u s  a t t e m p t s  to m a p  the h u m a n  a l p h a -  
g l obin gene cluster (Table 1.8). Historically, the first 
m e t h o d  to be u s e d  s u c c e s s f u l l y ,  i n v o l v e d  a D N A / c D N A  
a n n e a l i n g  a s s a y  (Cot a n a l y s i s )  p e r f o r m e d  on t o tal 
g e n o m i c  D N A  e x t r a c t e d  f r o m  a p a n e l  of c l o n e s  f r o m  
s o m a t i c  cel l  h y b r i d s  ( D E I S S E R O T H  et al, 1977). The 
A u t h o r s  vrere able, u s i n g  t h i s  m e t h o d ,  to a s s i g n  the 
h u m a n  a l p h a - g l o b i n  s t r u c t u r a l  g e n e  to HC 16. T h i s  w a s
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an i m p o r t a n t  advance, since it made possible the m a p ping 
of genes coding for s p e c i a l i z e d  gene products, therefore 
o n l y  e x p r e s s e d  in d i f f e r e n t i a t e d  cells. As, at t hat 
t i me, m o l e c u l a r  h y b r i d i z a t i o n  i.n, u had not yet b e e n
s h o w n  to m a p  s i n g l e  c o p y  g e n e s ,  thi s  s p e c i e s - s p e c i f i c  
m o l e c u l a r  h y b r i d i z a t i o n  assay also represented a marked 
increase in s p e c i f i c i t y  and s e n s i t i v i t y  in the d e t e ction 
of unique DNA sequences. It success depends on a number 
of  c o n d i t i o n s  n o t  a l w a y s  e a s i l y  m e t :  It u s e s  a
r e l a t i v e l y  l a r g e  a m o u n t  of D NA (1 - 2 m g / a s s a y ) .  The
p u r i t y  of t h e  c D N A  p r o b e  { p r e p a r e d  by r e v e r s e  
t r a n s c r i p t i o n  of a l p h a - g l o b i n - e n r i c h e d  m R NA) is v e r y  
i m p o r t a n t  to avoid c r o s s - h y b r i d i z a t i o n  with b e t a - globin  
sequences. The m o l e c u l a r  h y b r i d i z a t i o n  must be per f o r m e d  
at a t e m p e r a t u r e  high enough to prevent the f o r m a t i o n  of 
m a n / m o u s e  i n t e r s p e c i f i c  m o l e c u l a r  h y b r i d s .  T h e  
s e n s i t i v i t y  of the D N A / c D N A  assay must be s i m i l a r  to the 
sensitivity of the m e t h o d s  used for c h a r a c t e r i z a t i o n  of 
the h u m a n  c h r o m o s o m e s  in the hybrid clones.

Four years later, a new g e n e r a t i o n  of m e t h o d s  have been 
applied to c o n f i r m  and refine the previous local i z a t i o n  
of the h u m a n  a l p h a - g l o b i n  g e n e  c l u s t e r :  m o l e c u l a r
h y b r i d i z a t i o n  j,n. s i,_t u (BARG et al, 1981; G E R H A R D  et al,
1981), t r i s o m y  m a p p i n g  ( W A I N S C O A T  et al, 1981) and 
m o l e c u l a r  h y b r i d i z a t i o n  on s o l i d  p h a s e  (BARG et al, 
1981; KO E F F L E R  et al, 1981). All these new c o n t r i butions 
not only u n a n i m o u s l y  c o n f i r m e d  the a s s i g n m e n t  of h u m a n  
a l p h a - g l o b i n  g e n e  to HC 16, t h e y  a l s o  l e d  to t h e  
d e f i n i t i o n  of a shortest r e g i o n  of overlap covering the 
region within 16 p 12 and 16p t e r ,

The s u c c e s s  of m o l e c u l a r  h y b r i d i z a t i o n  _i_n s . u  in the 
d e t e c t i o n  of s i n g l e  c o p y  g e n e s  has b e e n  the r e s u l t  of 
i m p r o v i n g  the s e n s i t i v i t y  of the m e t h o d .  T h i s  w a s  
a c c o m p l i s h e d  e i t h e r  by u s i n g  r e c o m b i n a n t  c D N A  p r o b e s
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t h a t  f o r m  n e t w o r k s  at the s i t e  of h y b r i d i z a t i o n  in the 
p r e sence of d e x t r a n  s u l phate (GERHARD et al, 1981) or by 
u s i n g  h y b r i d i z a t i o n  p r o b e s  m a d e  f r o m  g e n o m i c  
r e c o m b i n a n t s  that hyb r i d i z e  to adjacent and i n t e r v e n i n g  
s e q u e n c e s  as well as to the s t r u ctural gene ( M A L C O L M  et 
al, 1981b).

W A I N S C O A T  et al ( 1 9 8 1 )  r e p o r t e d  t h e  d e t e c t i o n  of 
i m b a l a n c e  of g l o b i n  c h a i n  s y n t h e s i s  ( a l p h a / n o n - a l p h a  
=1,6) in the red cells of an infant with partial tr i s o m y  
of HC 1 6 p (pi 2 -#» p t e r ). T h e s e  w o r k e r s  i n t e r p r e t e d  t h e i r  
f i n d i n g s  as a g e n e  d o s a g e  e f f e c t .  In fact, t r i s o m y  for 
the c h r o m o s o m e  s e g m e n t  c o n t a i n i n g  the a l p h a - g l o b i n  genes 
would, a s s u m i n g  full gene expression, l e ad to an excess 
of a l p h a -  to n o n - a l p h a - g 1 o b i n  c h a i n  p r o d u c t i o n  in the 
r a t i o  of 3:2, c l o s e  to the o b s e r v e d  r a t i o  of 1,6. The 
p o s s i b i l i t y  of t h i s  o b s e r v a t i o n  b e i n g  r e l a t e d  to 
d e v e l o p m e n t a l  a b n o r m a l i t i e s  (gene r e g u l a t o r y  rather then 
g e n e  d o s a g e  e f f e c t )  c o u l d  o n l y  be r u l e d  out by d i r e c t  
'titration' of the a l p h a - g l o b i n  genes using a m o l e c u l a r  
h y b r i d i z a t i o n  assay.

F i n a l l y ,  the t h i r d  n e w  e x p e r i m e n t a l  a p p r o a c h  c o m b i n e s  
the p r o d u c t i o n  of s o m a t i c  c e l l  h y b r i d s  w i t h  m o l e c u l a r  
techniques: r e s t r i c t i o n  e n d o n u c l e a s e  digestion, DNA/cDNA
h y b r i d i z a t i o n  on solid phase and cloning of r e c o m b i n a n t  
DNA containing specific h u m a n  gene sequences (KOEFFLER 
et al, 1981). T h i s  m e t h o d  c l o s e l y  p a r a l l e l s  the t y p e  of 
approach used in this study. The main d i f f e r e n c e  is that 
K O E F F L E R  et al h a v e  u s e d  as h y b r i d i z a t i o n  p r o b e  a c DNA 
s e q uence obtained by reverse t r a n s c r i p t i o n  of a fraction 
of h u m a n  r e t i c u l o c y t e  RNA, w h ile the probe used in this 
s t u d y  is a s u b c l o n e  of a h u m a n  g e n o m i c  D N A  bank. The 
d i f f e r e n t  n a t u r e  of the p r o b e s  m a y  a c c o u n t  for the 
absence of m a n / m o u s e  i n t e r s p e c i f i c  c r o s s - h y b r i d i z a t i o n  
f o u n d  in this s t u d y ,  in c o n t r a s t  w i t h  the c l e a r ,  yet
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s o m e w h a t  weaker, mouse band reported by KO E F F L E R  et al. 
The a l p h a - g l o b i n  gene coding sequences of m an and mouse  
s h a r e  a p p r o x i m a t e l y  90% h o m o l o g y  w h i c h  is m o r e  t h a n  
e n o u g h  to p r o d u c e  i n t e r s p e c i f i c  s t a b l e  c r o s s ­
h y b r i d i z a t i o n  if a c D N A  p r o b e  is used. On the o t h e r  
h a n d ,  t h e  m a m / m o u s e  s e q u e n c e  d i v e r g e n c e  in  t h e  
i n t e r v e n i n g  and f l a n k i n g  r e g i o n s  of the a l p h a - g l o b i n  
g e n e  c l u s t e r  m a y  be s u f f i c i e n t l y  l a r g e  to p r e v e n t  
s i g n i ficant c r o s s - h y b r i d i z a t i o n  to a g e n o m i c  DNA probe.

The a g r e e m e n t  of the r e s u l t s  o b t a i n e d  u s i n g  t h e s e  fou r  
d i f f e r e n t  e x p e r i m e n t a l  a p p r o a c h e s  s u g g e s t s  that, in 
spite of their p e c uliar advantages and/or limitations,  
t h e y  a l l  c a n  g i v e  a v a l u a b l e  c o n t r i b u t i o n  to t h e  
c o n s t r u c t i o n  of the h u m a n  g e n e  map. It is, t h e r e f o r e ,  
d i f f i c u l t  to c o n c l u d e  in terras of w h a t  is the b e s t  w a y  
of  a s s i g n i n g  c l o n e d  g e n e s  to c h r o m o s o m e  r e g i o n s .  
C o n s i d e r a t i o n s  of cost, t i m e  c o n s u m p t i o n ,  e a s e  in 
p erformance, r e s olving power, a p p l i c a b i l t y , etc, would 
c l e a r l y  l e a d  to a m b i v a l e n t  a n s w e r s .  As S H O W S  et al 
( 1 982) p o i n t  out 'the e n o r m o u s  c o m p l e x i t y  of the h u m a n  
g e n o m e  will be t a med and unraveled by a c o m b i n a t i o n  of 
several expe r i m e n t a l  approaches'.
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4.2, A side line - i n t r a c h r o m o s o m a l  l o c a l i z a t i o n  of 
APRT, DIA4 and PGP.

T h i s  s t u d y  p r o v i d e s  f u r t h e r  e v i d e n c e  for the r e g i o n a l  
m a p p i n g  of APRT, D I A  4 and PGP - t h r e e  b i o c h e m i c a l  
m a r kers on c h r o m o s o m e  16 (Tables 3.1 to 3.4). C o m b i n i n g  
the r e s u l t s  f r o m  c y t o g e n e t i c  and i s o z y m e  a n a l y s i s  
p e r f o r m e d  on a panel of fourteen i n f o r m a t i v e  clones from 
s o m a t i c  c ell h y b r i d s ,  it w a s  p o s s i b l e  to a s s i g n  b o t h  
APRT and DIA4 to region I6q12-+-q22 and PGP to I6p. These 
a s s i g n m e n t s  co n f i r m  p r e v i o u s l y  reported results (BARG et 
al, 1981 on A P R T  and D I A4; K O E F F L E R  et al, 1981 on PGP).

H o w e v e r ,  a g r e e m e n t  is s t i l l  to be f o u n d  c o n c e r n i n g  the 
r e g i o n a l  l o c a l i z a t i o n  of A P R T  ( 16 q22.2-fc-qter according 
to RÊTHORÉ et al, 1982, based oh the d e t e c t i o n  of a gene 
dosage effect in one case or partial t r i s o m y  of HC I6q) 
and the r e l a t i v e  p o s i t i o n  of b o t h  A P R T  a n d  D I A  4 l o c i  
(DI A4 d i s t a l  to A P R T  a c c o r d i n g  to P O V E Y  et al, 1980 ; 
DIA4 p r o ximal to APRT acc o r d i n g  to POVEY et al, 1981 and 
J E R E M I A H  et al, 1982). The data presented here provides 
further evidence for the first of these open questions. 
Nevertheless, a definite a s s i g n m e n t  d e p e n d s  on a better 
d e f i n i t i o n  of the b r e a k p o i n t  at band I6q22. As DIA4 and 
A P R T  c o s e g r e g a t e d  in all t e s t e d  c l o n e s ,  n o t h i n g  can be 
said regarding the order of the two loci on HCl6q.
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4,3. Prospects for further work.

4.3.1. Setting up a bank of somatic cell hybrids 
(SHOWS et a l , 1 982) .

So m a t i c  cell hybrids have proved to be, during the last 
f i f t e e n  y e a r s  or so, the m o s t  p o w e r f u l  t ool to a s s i g n  
genes to c h r o m o s o m e s  and/or to c h r o m o s o m e  regions (see 
1,1.2), It is now b e c o m i n g  obvious that the a p p l i c a t i o n s  
of s o m a t i c  c e l l  h y b r i d i z a t i o n  are e x t e n d i n g  to a w i d e  
r a n g e  of n e w  f i e l d s ,  n a m e l y  in t h e  s c r e e n i n g  of 
c h r o m o s o m e - s p e c i f i c  D N A  b a n k s  ( o r i g i n a t e d  f r o m  s o r t e d  
ch romosomes), in the i n t r a c h r o m o s o m a l  m a p p i n g  of cloned 
a n o n y m o u s  D N A  s e q u e n c e s  ( p o t e n t i a l l y  u s e f u l  to p r o b e  
R F L P s  l i n k e d  to ' d i s e a s e *  l o c i ) ,  in t h e  g e n e t i c  
d i s s e c t i o n  of  d i s e a s e ,  in  th e  e l u c i d a t i o n  of t h e  
r e g u l a t i o n  of g e n e  e x p r e s s i o n ,  in the p r o d u c t i o n  of 
m o n o c l o n a l  a n t i b o d i e s  etc. It is therefore o u t s t a n d i n g l y  
i m p o r t a n t  to set up a b a n k  of c l o n e s  f r o m  s o m a t i c  c e l l  
h y b r i d s  w e l l  c h a r a c t e r i z e d  in terras of t h e i r  h u m a n  
c h r o m o s o m e  content.

Such a bank should include c h r o m o s o m e  a s s i g n m e n t  as well 
as regional a s s i g n m e n t  panels of s o m a t i c  cell hybrids. 
The c h r o m o s o m e  assigraent panels consist of a n u m b e r  of 
h y b r i d  c l o n e s ,  e a c h  of w h i c h  h a s  a u n i q u e  h u m a n  
c h r o m o s o m e  c o n t e n t ,  in o r d e r  to a l l o w  u n a m b i g u o u s  
c o r r e l a t i o n  b e t w e e n  a single c h r o m o s o m e  and the m a rker 
being mapped. Regional a s s i g n m e n t  panels are constructed 
f r o m  h u m a n  c e l l s  c a r r y i n g  c h r o m o s o m e  r e a r r a n g e m e n t s  
(translocations or deletions detected and chara c t e r i z e d  
in the d i a g n o s t i c  c y t o g e n e t i c  p r a c t i c e ) .  The u l t i m a t e  
g o a l  is to set up a s e r i e s  of t w e n t y  f o u r  p a n e l s ,  each 
of which consists of a series of hybrid clones carrying 
different regions of a p a r t icular h u man c h r o m o s o m e .  Such 
panels would c o n t r i b u t e  to the linear ord e r i n g  of genes
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on c h r o m o s o m e s ,  as was the case in this study.

Ultimately, it w o u l d  be e x t r e m e l y  useful to generate a 
panel of single c h r o m o s o m e  hybrids. This can be achieved 
in a n u m b e r  of d i f f e r e n t  ways: (i) s u b c l o n i n g  cell
h y b r i d s  c o n t a i n i n g  f e w  h u m a n  c h r o m o s o m e s ;  (ii) s u b ­
c l o n i n g  and c o u n t e r s e l e c t i n g  h y b r i d s  w i t h  s e l e c t a b l e  
markers; and (iii) pro d u c i n g  mic r o c e l l s  w i t h  few h u man 
c h r o m o s o m e s  (EGE a n d  R I N G E R T Z ,  1974) for f u s i o n  w i t h  
rodent cells. Single c h r o m o s o m e  hybrids represent a much 
e a s i e r  w a y  of a c h i e v i n g  f r a c t i o n a t i o n  of the h u m a n  
g e n o m e  than, for i n s t a n c e ,  f l u o r e s c e n c e - a c t i v a t e d  
c h r o m o s o m e  sorting (CARRANQ et al, 1979).

4.3.2. 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  and prenatal diagnosis 
of h a e m o g l o b i n o p a t h i e s .

As it has b e e n  s u g g e s t e d  in the I n t r o d u c t i o n  (see 1.1,3 
and 1.4), the n a t u r a l  d e v e l o p m e n t  of the w o r k  r e p o r t e d  
h e r e  w o u l d  be the a p p l i c a t i o n  of M o l e c u l a r  G e n e t i c s  
i n f o r m a t i o n  to c l i n i c a l  p r a c t i c e .  In fact, s o m e  of the 
m e t h o d o l o g i e s  u t i l i z e d  in this s t u d y  (DNA e x t r a c t i o n ,  
use of r e s t r i c t i o n  endonucleases. Southern blotting) as 
w e l l  as a s p e c i f i c  s t r a t e g y  for d i r e c t  g e n e  a n a l y s i s  
( R FLP m a p p i n g )  ca n  be t r a n s f e r r e d  to the d i a g n o s t i c  
l a b o ratory c o n cerned with genetic disease.

In close c o n n e c t i o n  wit h  the subject of this study, and 
p a r t i c u l a r l y  b a d l y  c h a r a c t e r i z e d  in m y  c o u n t r y  
( P o r t u g a l ) ,  the h a e m o g l o b i n o p a t h i e s  ( l a r g e l y  b e t a -  
thalassaemia) appear as the obvious group of diseases to 
start with. Research on this field should develop along 
two different, yet complementary, lines:

(i) Characterization, at the molecular level, in the 
population, of the Portuguese forms of thalassaeraia and
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e s t a b l i s h m e n t  of a c o r r e l a t i o n  b e t w e e n  globin gene RFLP 
h a p l o t y p e s  and t h a l a s s a e m i a  s y n d r o m e s  (OR KIN et al, 
1982).

(ii) I m p l e m e n t a t i o n  of the prenatal diagnosis of bet a- 
t h a l a s s a e m i a  in fetuses at risk of being h o m o z y g o u s  for 
the g e n e  m u t a t i o n .  In s o m e  f o r m s  of b e t a - t h a l a s s a e m i a  
the m u t a t e d  c o d o n  c o i n c i d e s  w i t h  a r e s t r i c t i o n  site. 
T h i s  u n u s u a l  f a c t  m a k e s  t h e  d i a g n o s i s  i n  ujte_ r_o 
c o m p l e t e l y  r e l i a b l e .  For the v a s t  m a j o r i t y  of b e t a -  
t h a 1 a s s a e m i a s , h o w e v e r ,  p r e n a t a l  d i a g n o s i s  d e p e n d s  on 
the d e m o n s t r a t i o n  of l i n kages b e t w e e n  the t h a l a s s a e m i a  
genes and p a r t i c u l a r  RFLPs w i t h i n  fa m i l i e s  (WEATHERALL, 
1 9 8 2 ,  p 82). T h e  s a f e t y  a n d  a c c e p t a b i l i t y  of t h e  
p r e n a t a l  d i a g n o s i s  w i l l  be g r e a t l y  i m p r o v e d  w h e n  
e a r l i e r ,  l e s s  i n v a s i v e ,  t e c h n i q u e s  of f e t a l  s a m p l i n g  
(e.g., c h o r i o n  b i o p s y  d u r i n g  the f i r s t  t r i m e s t e r  of 
pregnancy) b e c o m e  g e n e r a l l y  available.
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