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Abstract

Mutations at the singed (sn) locus of Drosophila 
melanogaster result in gnarled, twisted bristles and 
kinked, wavy hairs. In addition to this cuticular 
phenotype some alleles disrupt oogenesis resulting in 
female sterility.

Using DNA blotting techniques lesions in singed 
mutants were mapped onto the interval cloned by Roiha et 
al Genetics 119:75-83,(1988). These changes suggested that 
at least part of the gene was encoded by this interval. 
The region of cloned DNA was extended and the gene 
localised using cDNA hybridisation and RNA blotting 
techniques. Genomic and cDNA sequence data were then used 
to define the precise structure of the gene. Searching 
sequence data banks with both nucleic acid and predicted 
protein sequences found no homologous entries.

RNA blotting experiments were used to show the 
developmental profile of singed transcription. A 
combination of genetics and RNA blotting was then used to 
demonstrate the ovarian restriction of two particular 
transcripts. Similar methods were employed to prove 
maternal inheritance of singed transcripts.

Tissue specific expression of singed was investigated 
by generating PflacZ 1 transposon insertions into the gene. 
Reporter gene B-galactosidase staining is restricted to 
later stages of oogenesis and persists into embryogenesis. 
This pattern of staining is consistent with the phenotypic 
disruptions seen in mutant ovaries.

Expression of singed RNAs has been examined in the 
following alleles : snX 2 , sn3 , snw , sne and sn^ + ̂ . The 
allele sn3 has a deletion which removes the wild-type
transcription start r« i 4"

J . •
- P m  i  n  i  r m i f s n P1 1 U U O V J .  1.  X I I  V - . i l  l l l U V ^ U A i  v—

start in the upstream interval now juxtaposed to the 
truncated first exon and appear too be directed by a 
cryptic promoter active only in this allele. Examination 
of snX2 shows that this allele produces abnormally
large sn transcripts. The three related P-element 
insertion mutants, snw , sne and sn_( + ) show a complex 
pattern of transcription. RNA molecules representing 
insertion readthrough transcripts, truncated transcripts 
as well as wildtype sized transcripts are detected. The 
wildtype sized RNAs are thought to be a product of 
splicing events which have removed P-element sequences 
from the longer readthrough transcripts. These P-element 
alleles also show a P-M cytotype dependence to their level 
of transcription.
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1.0 Drosophila and genetics

T h e  b a s i c  p r i n c i p l e s  o f  i n h e r i t a n c e  w e r e  d e s c r i b e d  i n  
1 8 6 6  b y  a n  A u g u s t i n i a n  M onk, G r e g o r  J o h a n n  M e n d e l .  T h e  
e x p e r i m e n t a l  o r g a n i s m  u s e d  i n  t h e s e  s t u d i e s  ( M e n d e l , 1 8 6 6 )  
w a s  a  v a r i e t y  o f  p e a ,  P is u m  s a t i v u u m . T h i s  p a p e r  p r e s e n t e d  
c o n c l u s i o n s  d e r i v e d  fr o m  e i g h t  y e a r s  o f  p l a n t  b r e e d i n g  
e x p e r i m e n t s .  A t  t h e  t i m e  o f  p u b l i c a t i o n  f e w  p e o p l e  r e a d  o r  
u n d e r s t o o d  t h e  p a p e r .  H o w e v e r  b y  1 9 0 0  i n t e r e s t  a n d  
c o m p r e h e n s i o n  o f  M e n d e l i a n  g e n e t i c s  h a d  g r o w n  a n d  i t  
b e c a m e  c l e a r  t h a t  m o r e  c o n v e n i e n t  e x p e r i m e n t a l  
o r g a n i s m s  w e r e  r e q u i r e d .  A b o u t  1 9 1 1 ,  a  p r o f e s s o r  a t  
C o lu m b ia  U n i v e r s i t y  T .H .M o r g a n  b e g a n  g e n e t i c  s t u d i e s  o n  a  
s m a l l  f r u i t - f l y ,  D r o s o p h i l a  m e l a n o g a s t e r . T h i s  o r g a n i s m  
w a s  p a r t i c u l a r l y  w e l l  s u i t e d  f o r  g e n e t i c  s t u d i e s  a s  i t  
b r e d  r a p i d l y ,  w a s  e a s y  t o  h a n d l e  a n d  p r o d u c e d  m a n y  
o f f s p r i n g .  D r o s o p h i l a  a l s o  t u r n e d  o u t  t o  b e  g e n e t i c a l l y  
s i m p l e ,  h a v i n g  o n l y  4 p a i r s  o f  c h r o m o s o m e s .  O v e r  t h e  n e x t  
7 9  y e a r s  m any s c i e n t i s t s  h a v e  s t u d i e d  t h i s  o r g a n i s m  a n d  
D r o s o p h i l a  m e l a n o g a s t e r  i s  now  o n e  o f  t h e  m o s t  t h o r o u g h l y  
c h a r a c t e r i s e d  m u l t i c e l l u l a r  o r g a n i s m s  u s e d  i n  g e n e t i c  
r e s e a r c h .

1.1 Drosophila and molecular genetics

By t h e  l a t e  1 9 6 0 s  g e n e t i c s  h a d  p r o g r e s s e d  t o  t h e  
s t a g e  w h e r e  m e c h a n i s m s  o f  g e n e  r e g u l a t i o n  w e r e  b e i n g  
e l u c i d a t e d  a n d  t h e  g e n e  i t s e l f  w a s  b e i n g  s u b d i v i d e d  i n t o  
d i f f e r e n t  f u n c t i o n a l  r e g i o n s  ( r e v i e w e d  i n  M i l l e r  a n d  
R e z n i k o f f , 1 9 7 8 ) .  G e n e t i c s  a n d  b i o c h e m i s t r y  w e r e  b e i n g  
u s e d  i n  u n i s o n  t o  i n v e s t i g a t e  g e n e  s t r u c t u r e  a n d  f u n c t i o n .  
DNA h a d  b e e n  i d e n t i f i e d  a s  t h e  g e n e t i c  m a t e r i a l  ( A v e r y ,  
Mc L e o d  a n d  Mc C a r t h y ,  1 9 4 4 )  a n d  i t s  d o u b l e  h e l i c a l  
s t r u c t u r e  h a d  b e e n  d e f i n e d  ( W a t s o n  a n d  C r i c k , 1 9 5 3 ) .  
M o l e c u l a r  g e n e t i c i s t s  a l s o  k n ew  how  i n f o r m a t i o n  w a s  s t o r e d  
w i t h i n  t h e  s t r u c t u r e  o f  DNA a n d  t h e  c o d e  w h ic h  e n c r y p t s  
t h i s  i n f o r m a t i o n  w a s  k n ow n  ( r e v i e w e d  i n  R o t h , 1 9 7 4 ) .  T h e
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a d v e n t  o f  r e c o m b i n a n t  DNA t e c h n o l o g y  a n d  DNA s e q u e n c i n g  
t e c h n i q u e s  i n  t h e  l a t e  1 9 7 0 s  a l l o w e d  m o l e c u l a r  g e n e t i c i s t s  
t o  a d d r e s s  t h e  q u e s t i o n  : how  d o  g e n e s  w o r k ?

I n  D r o s o p h i l a  t h e s e  t e c h n i q u e s  w e r e  u s e d  t o  
i n v e s t i g a t e  f u n d a m e n t a l  q u e s t i o n s  a b o u t  g e n e  r e g u l a t i o n  
a n d  g e n e  f u n c t i o n .  T h e s e  s t u d i e s  a r e  s t i l l  o n - g o i n g  b u t  
t h e  c o m b i n a t i o n  o f  g e n e t i c s  a n d  m o l e c u l a r  b i o l o g y  h a s  
a l r e a d y  p r o v e n  i t s e l f  t o  b e  a n  e x t r e m e l y  p o w e r f u l  m e th o d  
o f  i n v e s t i g a t i n g  g e n e  a c t i o n .

1.2 The lifecycle of Drosophila melanogaster

O ne o f  t h e  i n i t i a l  a t t r a c t i o n s  o f  D r o s o p h i l a . a s  a n  
e x p e r i m e n t a l  o r g a n i s m ,  w a s  t h e  f a c t  t h a t  f r u i t  f l i e s  t a k e  
o n l y  1 0  t o  2 0  d a y s  t o  c o m p l e t e  o n e  l i f e c y c l e  i n  l a b o r a t o r y  
c o n d i t i o n s .  T h i s  a l l o w e d  g e n e t i c i s t s  t o  o b s e r v e  s e v e r a l  
g e n e r a t i o n s  o v e r  a r e l a t i v e l y  s h o r t  p e r i o d  o f  t i m e .  N e a r l y  
a l l  s t a g e s  o f  t h e  D r o s o p h i l a  l i f e c y c l e  a r e  o p e n  t o  s t u d y  
a n d  b i o l o g i s t s  h a v e  d e s c r i b e d  t h e  s t r u c t u r e  o f  e a c h  
d e v e l o p m e n t a l  s t a g e  i n  d e t a i l .  M u t a t i o n s  d i s r u p t  t h e  
m o r p h o lo g y  a n d  f u n c t i o n  o f  m any t i s s u e s  i n  t h e  f l y  t h u s  
g e n e t i c i s t s  r e g u l a r l y  c o n s u l t  d e s c r i p t i o n s  o f  t h e  
D r o s o p h i l a  l i f e c y c l e .

T h e  e g g  o f  D r o s o p h i l a  m e l a n o g a s t e r  i s  c y l i n d r i c a l ,  
a b o u t  0 . 5  m i l l i m e t r e s  l o n g  b y  0 . 3  m i l l i m e t r e s  w i d e .  T h e  
u n f e r t i l i s e d  o o c y t e  c o n s i s t s  o f  a f e m a l e  g e r m  c e l l  
e n c a s e d  w i t h i n  a p r o t e c t i v e  l a y e r  o f  c h o r i o n  a n d  f o l l i c l e  
c e l l s .  F e r t i l i s a t i o n  b y  a s p e r m a t o c y t e  r e s u l t s  i n  a  
c o m p le x  b u t  c h a r a c t e r i s e d  s e r i e s  o f  n u c l e a r  d i v i s i o n s ,  
c e l l  d i v i s i o n s  a n d  c e l l  d i f f e r e n t i a t i o n  e v e n t s .  
E m b r y o g e n e s i s  l a s t s  a b o u t  24  h o u r s  a t  2 5 ° C  ( B o d e n s t e i n ,  
1 9 5 0 )  a n d  r e s u l t s  i n  a  f i r s t  i n s t a r  l a r v a e  w h ic h  h a t c h e s  
o u t  o f  t h e  c h o r i o n  a n d  i s  a b l e  t o  f o r a g e  f o r  f o o d .  T h e  
l a r v a e  g r o w , m o u l t i n g  t h e i r  f i r s t  c u t i c l e  a f t e r  4 8  h o u r s  
a t  2 5  ° C . S e c o n d  i n s t a r  l a r v a  h a v e  c h a r a c t e r i s t i c a l l y  
a l t e r e d  f o r a g i n g  b e h a v i o u r  b u t  c o n t i n u e  t o  f e e d  a n d  
i n c r e a s e  i n  b o d y  m a s s .  A f i n a l  c u t i c l e  m o u l t  o c c u r s  a f t e r  
a p p r o x i m a t e l y  72  h o u r s  (2 5 ° C )  r e s u l t i n g  i n  a  t h i r d  i n s t a r  
la r v a >  .
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T he l a r v a l  s t a g e s  o f  d e v e lo p m e n t  i n c r e a s e  t h e  m a ss  o f  
i n d i v i d u a l s  d r a m a t i c a l l y .  M any l a r v a l  c e l l s  b e c o m e  
e n l a r g e d  and  p o l y p l o i d .  T h e s e  c e l l s  f a c i l i t a t e  t h e  r a p id  
g r o w th  o f  l a r v a e  b u t  t h e  m a j o r i t y  o f  l a r v a l  c e l l s  d o  n o t  
s u r v i v e  i n t o  t h e  a d u l t  s t a g e  o f  d e v e lo p m e n t .  M o st a d u l t  
t i s s u e s  a r e  d e r i v e d  from  g r o u p s  o f  d i p l o i d  c e l l s  w h ic h  do  
n o t  t a k e  p a r t  i n  l a r v a l  d e v e lo p m e n t .  In  l a r v a e  t h e s e  c e l l s  
a r e  s e q u e s t e r e d  i n  s m a l l  g r o u p s  o f  t i s s u e  c a l l e d  a s  
i m a g i n a l  d i s c s .  E a c h  i m a g i n a l  d i s c  g i v e s  r i s e  t o
p a r t i c u l a r  s t r u c t u r e s  w i t h i n  t h e  a d u l t  b o d y  p l a n .  The
d i f f e r e n t i a t i o n  o f  im a g in a l  d i s c s  and  d i s i n t e g r a t i o n  o f  
l a r v a l  c e l l s  t a k e s  p l a c e  d u r i n g  t h e  p u p a l  s t a g e  o f  
d e v e lo p m e n t  ( 5 - 6  d a y s  a f t e r  h a t c h in g  a t  2 5 ° C ) .

When t h i r d  i n s t a r  l a r v a e  a r e  p r e p a r in g  t o  p u p a te  t h e y  
c r a w l  o u t  o f  t h e  c u l t u r e  m edium  and a d h e r e  t o  a d r y
s u r f a c e .  T he l a r v a e  p u p a te  w i t h i n  t h e  l a s t  l a r v a l  s k i n ,  
w h ic h  a t  f i r s t  i s  s o f t  and  w h i t e  b u t  g r a d u a l l y  h a r d e n s  and  
d a r k e n s .  The t r a n s f o r m a t i o n  w h ic h  t a k e s  p l a c e  w i t h i n  t h e  
p u p a l  c a s e  i s  c a l l e d  m e ta m o r p h o s is .  D u r in g  t h i s  c o m p le x  
s e r i e s  o f  e v e n t s  t h e  m a j o r i t y  o f  l a r v a l  c e l l s  a r e
d e s t r o y e d  and  t h e  d i p l o i d  im a g in a l  d i s c s  g r o w , d i v i d e  and  
d i f f e r e n t i a t e  t o  form  t h e  a d u l t  f l y .  When t h e  c h a n g e  i s  
c o m p le t e  t h e  im ago  ( a d u l t )  e m e r g e s  b y  f o r c i n g  i t s  way  
th r o u g h  t h e  a n t e r i o r  en d  o f  t h e  p u p a l  c a s e .  A t f i r s t  t h e  
f l y  i s  e l o n g a t e d ,  w i t h  u n e x p a n d ed  w in g s .  H ow ev er  w i t h i n  a 
s h o r t  p e r i o d  o f  t im e  t h e  w in g s  ex p a n d  and t h e  b o d y  t a k e s  
on a m ore r o u n d e d  a p p e a r a n c e .

T he m a in  r o l e  o f  an  a d u l t  f r u i t f l y  i s  t o  m a te  w i t h  a 
m em ber o f  t h e  o p p o s i t e  s e x  and  t h u s  c o m p le t e  t h e  l i f e c y c l e  
o f  t h e  s p e c i e s .  F l i e s  l o c a t e  m em bers o f  t h e  o p p o s i t e  s e x  
b y  a c o m b in a t io n  o f  s i g h t ,  so u n d  and p h e r o m o n e s . M a tin g  
r e q u i r e s  s p e c i f i c  b e h a v i o u r a l  i n t e r a c t i o n s  t o  e n s u r e  t h a t  
f l i e s  b r e e d  w i t h  t h e  c o r r e c t  s e x  and  s p e c i e s .  F i n a l l y  
t h e  m a le  d o n a t e s  som e o f  i t s  germ  c e l l s ,  i n  t h e  fo rm  o f  
s p e r m a t o z o a ,  t o  t h e  f e m a le .  T h e s e  may b e  s t o r e d  w i t h i n  t h e  
f e m a le  b o d y  b e f o r e  b e i n g  u s e d  t o  f e r t i l i s e  o o c y t e s .

T he f o r m a t io n  and  d e v e lo p m e n t  o f  germ  c e l l s  i n  b o th  
m a le s  and  f e m a le s  h a s  b e e n  e x t e n s i v e l y  c h a r a c t e r i s e d .  The  
m u t a t io n  s t u d i e d  i n  t h i s  t h e s i s  d i s r u p t s  t h e  f o r m a t io n  o f
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f e m a le  germ  c e l l s  (M o h r ,1 9 2 2 ) and  t h u s  a b r i e f  sum m ary o f  
o o g e n e s i s  i s  p r e s e n t e d .

1.3 Drosophila oogenesis

T he a d u l t  f e m a le  c o n t a i n s  a p a i r  o f  o v a r i e s  l o c a t e d  
i n  t h e  abdom en o f  t h e  f l y .  The o v a r y  c o n s i s t s  o f  a c l u s t e r  
o f  p a r a l l e l  o v a r i o l e s  w h ic h  c o n t a i n  e g g -c h a m b e r s  l y i n g  i n  
a s i n g l e  f i l e  a r r a n g e m e n t  ( F ig u r e  1 . 3 . 1 ) .  E ach  e g g  ch a m b er  
c o n s i s t s  o f  15 n u r s e  c e l l s  and  an  o o c y t e  s u r r o u n d e d  b y  a  
s i n g l e  c e l l  t h i c k  e n v e lo p e  o f  f o l l i c l e  c e l l s .  T he o o c y t e  
and  15 n u r s e  c e l l s  a r e  d e s c e n d a n t s  o f  a s i n g l e  germ  c e l l ,  
t h e  g e r m a r i a l  c y s t o b l a s t ,  l o c a t e d  a t  t h e  a n t e r i o r  t i p  o f  
t h e  o v a r i o l e  ( t h e  g e r m a r iu m ) . The f o l l i c l e  c e l l s  w h ic h  
fo rm  t h e  o u t e r  l a y e r  o f  t h e  e g g -c h a m b e r  a r e  d e r i v e d  from  
s o m a t ic  t i s s u e .  T hu s e g g -c h a m b e r s  c o n t a i n  b o t h  g e r m l in e  
and  s o m a t i c a l l y  d e r i v e d  c e l l s .

E a c h  o v a r i o l e  i s  d i f f e r e n t i a t e d  i n t o  a n  a n t e r i o r  
c y l i n d e r  s h a p e d  g e r m a r iu m  a n d  a p o s t e r i o r  v i t e l l a r i u m  
( F ig u r e  1 . 3 . 1 ) .  The c o n s e c u t i v e  m i t o s e s  w h ic h  p r o d u c e  t h e  
15 n u r s e  c e l l s  and  o o c y t e  o c c u r  w i t h i n  t h e  g er m a r iu m .  
D u r in g  t h i s  p r o c e s s  t h e  d a u g h t e r  c e l l s  r e m a in  i n t e r l i n k e d  
b y  c y t o p l a s m i c  b r i d g e s .  T h e s e  " r i n g  c a n a l s "  p e r s i s t  
t h r o u g h o u t  e g g -c h a m b e r  d e v e lo p m e n t  and  a l l o w  g e n e  p r o d u c t s  
t o  b e  t r a n s f e r r e d  fro m  n u r s e  c e l l s  i n t o  t h e  d e v e l o p i n g  
o o c y t e .  B e f o r e  l e a v i n g  t h e  g erm a riu m  t h e  c l u s t e r  o f  germ  
c e l l s  b e c o m e s  e n v e lo p e d  i n  a l a y e r  o f  f o l l i c l e  c e l l s .  The  
f i r s t  e g g -c h a m b e r  i n  t h e  v i t e l l a r i u m  i s  c o n n e c t e d  t o  t h e  
g erm a riu m  b y  a s t a l k  o f  f o l l i c l e  c e l l s .  T he s e c o n d  and  
s u b s e q u e n t  c h a m b ers  l i e  i n  s i n g l e  f i l e  a lo n g  t h e  l e n g t h  o f  
t h e  o v a r i o l e  , e a c h  ch a m b er  a t  a m ore a d v a n c e d  s t a g e  o f  
d e v e lo p m e n t  th a n  t h e  p r e v i o u s  ( a n t e r i o r  e g g - c h a m b e r ) . The  
m a j o r i t y  o f  e g g -c h a m b e r  g r o w th  and  d i f f e r e n t i a t i o n  o c c u r s  
w i t h i n  t h e  v i t e l l a r i u m .

T he d e v e lo p m e n t  o f  e g g -c h a m b e r s  h a s  b e e n  s u b d iv i d e d  
i n t o  14 s t a g e s  (K in g , 1 9 6 0 ) .  The c r i t e r i a  u s e d  t o  s t a g e  
e g g - c h a m b e r s  i n c l u d e  s i z e ,  s h a p e  a n d  l o c a t i o n  o f  t h e  
ch a m b er  w i t h i n  t h e  o v a r i o l e ,  r e l a t i v e  s i z e  o f  o o c y t e  w i t h  
r e s p e c t  {p t h e  n u r s e  c e l l s ,  n u c l e a r  and  s u b c e l l u l a r
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Figure 1.3.1 - Oogenesis: early stages

A d ia g r a m  o f  a s i n g l e  o v a r i o l e  c o n t a i n i n g  s t a g e s  1 -
6 . NC = n u r s e  c e l l ,  FC = f o l l i c l e  c e l l ,  RC = r i n g  c a n a l .  
L a t e r  s t a g e  e g g -c h a m b e r s  (S7 and  S 8) h a v e  b e e n  i s o l a t e d  
fro m  t h e  v i t e l l a r i u m  t o  im p r o v e  d ia g r a m  c l a r i t y  (T a k en  
fro m  K i n g ,1 9 7 0 ) .
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Figure 1.3.1

germ arium
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Figure 1.3.2 - Oogenesis: late stages

D r a w in g s  o f  l o n g i t u d i n a l  s e c t i o n s  th r o u g h  l a t e  s t a g e  
e g g - c h a m b e r s .  The m i g r a t i o n  o f  b o r d e r  c e l l s  c a n  b e  s e e n  
i n  s t a g e s  9 and  10A . N u r se  c e l l  d e g e n e r a t i o n  i s  i n i t i a t e d  
a t  s t a g e  10B and d o r s a l  a p p e n d a g e s  s t a r t  t o  from  d u r in g  
l a t e  s t a g e  1 1 , e a r l y  s t a g e  1 2 . BC = b o r d e r  c e l l s ,  NC = 
n u r s e  c e l l s ,  FC = f o l l i c l e  c e l l s ,  DA = d o r s a l  a p p e n d a g e s  
(T a k en  fro m  K i n g ,1 9 7 0 ) .
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m o r p h o lo g y  and  t h e  c h a r a c t e r i s t i c  m i g r a t o r y  b e h a v io u r  o f  
f o l l i c l e  c e l l s .

Upon l e a v i n g  t h e  g erm a riu m  t h e  n u r s e  c e l l s  o f  an  e g g -  
ch a m b er  b e g i n  r e p l i c a t i n g  t h e i r  DNA and b eco m e  p o l y p l o i d  
( e n d o r e p l i c a t i o n ) . D u r in g  s t a g e s  1 t o  4 t h e  n u r s e  c e l l s  
i n c r e a s e  t h e i r  l e v e l  o f  p o l y p l o i d y ,  f o l l i c l e  c e l l s  g ro w  
an d  d i v i d e  an d  t h e  w h o le  e g g -c h a m b e r  g r a d u a l l y  i n c r e a s e s  
i n  s i z e .  D u r in g  t h e s e  s t a g e s  o f  d e v e lo p m e n t  t h e  o o c y t e  
n u c l e u s  i s  a r r e s t e d  i n  m e i o t i c  p r o p h a s e ,  s y n a p t o n e m a l  
c o m p le x e s  form  and  g e n e t i c  e x c h a n g e  o c c u r s .  By s t a g e  5 t h e  
e g g -c h a m b e r  i s  s p h e r i c a l  and  s u r r o u n d e d  b y  a p p r o x im a t e ly  
1 1 0 0  c u b o i d a l  f o l l i c l e  c e l l s .  D u r in g  s t a g e  5 and  6 n u r s e  
c e l l s  c o n t i n u e  t o  r e p l i c a t e  t h e i r  DNA b u t  t h o s e  c e l l s  
c l o s e s t  t o  t h e  o o c y t e  u n d e r g o  m ore r e p l i c a t i o n  c y c l e s  th a n  
t h o s e  c e l l s  f u r t h e r  aw ay (J a c o b  and  S i r l i n ,  1 9 5 9 ) .

By s t a g e  7 t h e  sh a p e  o f  e g g -c h a m b e r s  h a s  c h a n g e d  from  
r o u g h ly  s p h e r i c a l  ( s t a g e s  1 - 6 )  t o  an e l o n g a t e d  o v a l  s h a p e .  
L a t e r  s t a g e  e g g -c h a m b e r s  and  m a tu r e  o o c y t e s  r e t a i n  t h i s  
c y l i n d r i c a l  s h a p e .  V i t e l l o g e n e s i s ,  t h e  p r o c e s s  o f  y o l k  
p r o d u c t i o n  a n d  u p t a k e ,  i s  i n i t i a t e d  i n  s t a g e  8 e g g -  
c h a m b e r s . V i t e l l o g e n e s i s  c o n t i n u e s  t h r o u g h o u t  s t a g e s  9 ,  10  
and  1 1 .

T he l a y e r  o f  f o l l i c l e  c e l l s  s u r r o u n d in g  t h e  o o c y t e  
d i f f e r e n t i a t e  a t  s t a g e  8 - 9 .  F o l l i c l e  c e l l s  m i g r a t e  
p o s t e r i o r i l y  and  b ecom e c o lu m n a r  i n  s h a p e .  C e l l s  r e m a in in g  
o v e r  t h e  a n t e r i o r  h a l f  o f  t h e  e g g -c h a m b e r  b eco m e f l a t t e n e d  
and  e n l a r g e d  i n  o r d e r  t o  c o v e r  t h e  e n t i r e  n u r s e  c e l l  
c h a m b er .

S t a g e  9 e g g -c h a m b e r s  c a n  b e  d i s t i n g u i s h e d  b y  t h e  
p o s i t i o n  o f  v a r i o u s  m i g r a t i n g  f o l l i c l e  c e l l s  w i t h i n  t h e  
e g g -c h a m b e r . I n i t i a l l y  a g r o u p  o f  6 t o  10 f o l l i c l e  c e l l s  
w h ic h  r e s i d e  a t  t h e  a n t e r i o r  p o l e  o f  t h e  e g g -c h a m b e r  p in c h  
o f f  t h e  f o l l i c u l a r  e p i t h e l i u m  and m i g r a t e  th r o u g h  t h e  
i n t e r i o r  o f  t h e  n u r s e  c e l l  c h a m b er . T h e s e  f o l l i c l e  c e l l s  
p a s s  b e tw e e n  t h e  n u r s e  c e l l s  and  e v e n t u a l l y  r e a c h  t h e  
s u r f a c e  o f  t h e  o o c y t e .  T h ey  t h e n  m ig r a t e  d o r s a l l y  t o  a  
p o s i t i o n  d i r e c t l y  o p p o s i t e  t h e  o o c y t e  n u c l e u s .  T h is  g r o u p  
o f  s p e c i a l i s e d  c e l l s ,  c a l l e d  b o r d e r  c e l l s ,  h a v e  a r o l e  i n  
s e c r e t i n g  v i t e l l i n e  m em b ra n e  d u r i n g  l a t e r  s t a g e s  o f
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d e v e lo p m e n t  (1 0 B , 11 and 1 2 ) .
A s t a g e  10A o o c y t e  o c c u p i e s  a p p r o x im a t e ly  h a l f  o f  t h e  

e g g -c h a m b e r  v o lu m e . V i t e l l o g e n e s i s  i s  p a c k in g  p r o t e i n  and  
l i p i d  m o le c u l e s  i n t o  t h e  o o c y t e  s o  t h a t  i t  now a p p e a r s  
t r a n s l u c e n t .  T he n u r s e  c e l l s  h a v e  r e a c h e d  t h e i r  m a x im a l  
l e v e l  o f  p r o d u c t i o n  and g e n e  p r o d u c t s  a r e  p a s s e d  i n t o  t h e  
d e v e l o p i n g  o o c y t e  th r o u g h  t h e  r i n g  c a n a l s .

N u r se  c e l l  d e g r a d a t io n  b e g i n s  i n  s t a g e  1 0 B . I n i t i a l l y  
t h i s  i s  s e e n  a s  a c h a n g e  i n  n u c l e a r  m o r p h o lo g y  ( d e n s e  t o  
d i s p e r s e d ) , w h ic h  r e p r e s e n t s  a r e d u c t i o n  i n  DNA 
c o n t e n t .  The b o r d e r  c e l l s  and  c o lu m n a r  f o l l i c l e  c e l l s  
s u r r o u n d i n g  t h e  s t a g e  10B  o o c y t e  b e g i n  t o  s e c r e t e  
v i t e l l i n e  m em brane.

N u r se  c e l l  d e g e n e r a t io n  c o n t i n u e s  i n t o  s t a g e  11 and  
t h e  o o c y t e  s w e l l s  a s  i t  t a k e s  up w a t e r  fr o m  i t s  
s u r r o u n d i n g s .  T h e  v i t e l l i n e  m em b ra n e  f o r m s  a r o u n d  t h e  
o o c y t e ,  l e a v i n g  o n l y  o n e  g a p , o p p o s i t e  t h e  b o r d e r  c e l l s ,  
w h e r e  l i p i d - r i c h  c y t o p la s m  i s  t r a n s f e r r e d  fro m  t h e  n u r s e  
c e l l s  t o  t h e  o o c y t e .  By t h e  en d  o f  s t a g e  11 t h e  in n e r  
e n d o c h o r io n  h a s  b e e n  fo rm ed  and  d u r in g  s t a g e  12 t h e  o u t e r  
e n d o c h o r io n  i s  s e c r e t e d  b y  t h e  c o lu m n a r  f o l l i c l e  c e l l s  
s u r r o u n d in g  t h e  o o c y t e .  N u r se  c e l l  d e g e n e r a t i o n  i s  n e a r l y  
c o m p le t e  b y  s t a g e  12 and  t h e  d o r s a l  a p p e n d a g e s  b e g i n  t o  
fo r m . T h e s e  s t r u c t u r e s  a r e  b u i l t  b y  f o l l i c l e  c e l l s  n e a r  
t h e  a n t e r i o r  e n d  o f  t h e  o o c y t e .  D u r in g  s t a g e  13 t h e  
e x o c h o r io n  and  m ic r o p y la r  c o m p le x  a r e  c o m p le t e d .

S t a g e  14 i s  u s e d  t o  c o m p le t e  t h e  d o r s a l  a p p e n d a g e s  
an d  t h e  f o l l i c l e  c e l l s  d i e  o f f .  The m a tu r e  o o c y t e  now  
p a s s e s  down t h e  l a t e r a l  o v i d u c t  i n t o  t h e  common o v i d u c t  
i n  p r e p a r a t io n  f o r  f e r t i l i s a t i o n  and  d e p o s i t i o n .

1 .4  The s i n g e d  l o c u s  o f  D r o s o p h i l a  m e la n o g a s t e r

M u ta n t a l l e l e s  o f  t h e  s e x - l i n k e d  s i n g e d  ( s n )  l o c u s  
a l t e r  t h e  m o r p h o lo g y  o f  a d u l t  h a i r s  and  b r i s t l e s  w hen  
h o m o zy g o u s  ( F ig u r e  1 . 4 . 1  M o h r ,1 9 2 2 ) .  In  a d d i t i o n  t o  t h i s  
s o m a t i c  p h e n o t y p e  so m e  s n  m u t a t i o n s  d i s r u p t  o o g e n e s i s  
r e s u l t i n g  i n  f e m a le  s t e r i l i t y .  The p h e n o t y p e  o f  t h e s e  
e x t r e m e  a l l e l e s  o f  s n  s u g g e s t  t h a t  t h e  g e n e  p r o d u c t ( s )  h a s
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An e x tr e m e  sn "  b r i s t l e  p h e n o ty p e  p r o d u c e s  g n a r le d  
and  t w i s t e d  b r i s t l e s  and  h a i r s  on  t h e  c u t i c l e  o f  an  a d u l t  
f l y  (u p p e r  s e c t i o n ,  T ak en  from  L in d s a y  and  G r e l l , 1 9 6 8 ) .  
I n  som e m u ta n ts  t h e s e  b r i s t l e  and  h a i r  a b n o r m a l i t i e s  a r e  
a s s o c i a t e d  w i t h  a f e m a l e  s t e r i l i t y  p h e n o t y p e .  T h e  
d i s r u p t i o n  t o  o o g e n e s i s  i s  show n d i a g r a m a t i c a l l y  i n  t h e  
lo w e r  s e c t i o n  o f  t h i s  f i g u r e .  The sn "  o v a r y  c o n t a i n s  e g g -  
c h a m b e r s  w it h  n o rm a l m o r p h o lo g y  u p t o  s t a g e  6 .  B ey o n d  t h i s  
s t a g e  o f  d e v e l o p m e n t ,  s n "  e g g - c h a m b e r s  s t a r t  t o  
d i s i n t e g r a t e  a n d  a p p e a r  g r o s s l y  a b n o r m a l  (T a k e n  fr o m  
K in g , 1 9 7 0 ) .

F igure 1 .4 .1  -  sn phenotypes
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Figure 1.4.1

s n  adult 100,um

s n  ovary

L I0 p .  m
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a r o l e  i n  b o t h  s o m a t ic  and germ  c e l l  d i f f e r e n t i a t i o n .
T he s o m a t ic  p h e n o ty p e  o f  s n  c a n  v a r y  b e t w e e n  tw o  

e x t r e m e s .  T he m o s t  s e v e r e  a l l e l e s  o f  s n  r e d u c e  t h e  lo n g  
s l e n d e r  b r i s t l e s  ( m a c r o c h a e t e )  l o c a t e d  o n  t h e  d o r s a l  
s u r f a c e  o f  t h e  t h o r a x  t o  s h o r t ,  g n a r l e d  a n d  t w i s t e d  
s t r u c t u r e s .  S m a l l e r  b r i s t l e s  ( m i c r o c h a e t e ) a n d  s u r f a c e  
h a i r s  o f  t h e  a d u l t  f l y  b e c o m e  k in k e d  a n d  b e n t .  T h i s  
b r i s t l e  p h e n o t y p e  g i v e s  t h e  f l y  an  o v e r a l l  " b u r n t"  
a p p e a r a n c e  and  h e n c e  t h e  g e n e  w as named s i n g e d . W eaker  
a l l e l e s  o f  s n  o n l y  e f f e c t  t h e  m o r p h o lo g y  o f  m a c r o c h a e t e :  
t h e y  may b eco m e b e n t  o r  k in k e d  n e a r  t h e i r  t i p .

T he b r i s t l e  p h e n o ty p e  o f  sn "  i n d i v i d u a l s  a p p e a r s  t o  
b e  d u e  t o  d i s r u p t i o n  o f  t h e  b r i s t l e  o r g a n .  W i l d t y p e  
b r i s t l e  o r g a n s  c o n s i s t  o f  f o u r  c e l l s ,  t h e  t r i c h o g e n  w h ic h  
p r o d u c e s  t h e  b r i s t l e  s h a f t ,  t h e  to r m o g e n  w h ic h  fo r m s  a 
s o c k e t  a ro u n d  t h e  b a s e  o f  t h e  s h a f t  and tw o  s e n s o r y  c e l l s  
( t h e  s e n s o r y  c e l l  an d  t h e  n e u r ile m m a  c e l l ) . I n  sn "  m u ta n ts  
t h e  t r i c h o g e n  and  to r m o g e n  a r e  s p a c i a l l y  d i s p l a c e d  w it h  
r e s p e c t  t o  w i l d t y p e  b r i s t l e  o r g a n s  ( r e v i e w e d  i n  
P o o d r y , 1 9 8 0 ) .  H a ir s  a r e  t h e  s e c r e t o r y  p r o d u c t  o f  s i n g l e  
c e l l s  ( t r i c h o m e s )  . To d a t e  no a n a l y s i s  o f  sn "  t r i c h o m e s  
h a s  b e e n  r e p o r t e d .

I n  g e n e r a l  s n  a l l e l e s  w i t h  a n  e x t r e m e  b r i s t l e  
p h e n o t y p e  a r e  f e m a le  s t e r i l e  ( e g .  sn  ) w h i l e  a l l e l e s  w i t h  
w eak  b r i s t l e  p h e n o t y p e s  a r e  f e m a le  f e r t i l e  ( e g .  s n  ) .  The  
o n e  e x c e p t i o n  t o  t h i s  r u l e  i s  s n 3 : e x t r e m e  b r i s t l e  
p h e n o t y p e  b u t  f e m a le  f e r t i l e .  M o le c u la r  g e n e t i c  a n a l y s i s  
o f  t h i s  m u ta n t ( p r e s e n t e d  l a t e r  in  t h i s  t h e s i s )  sh o w s  t h a t  
a m o s t  u n u s u a l  m ech a n ism  a c t s  t o  c ir c u m v e n t  f e m a le  
s t e r i l i t y  i n  t h i s  m u t a t io n .

T he f i r s t  s i g n  o f  sn  f e m a le  s t e r i l i t y  i s  t h e  f a i l u r e  
o f  v i t e l l o g e n e s i s  d u r i n g  t h e  m i d - s t a g e s  o f  o o g e n e s i s  
(B e n d e r , 1 9 6 0 ) .  T he l a c k  o f  y o l k  d e p o s i t i o n  i n  t h e  o o c y t e  
r e s u l t s  i n  a f l a c i d  m is - s h a p e n  e g g  w h ic h  n e v e r  d e v e lo p s  
b e y o n d  a s t a g e  13 e g g - c h a m b e r  ( F i g u r e  1 . 4 . 1 ) .  O t h e r  
p r o c e s s e s  s u c h  a s  n u r s e  c e l l  e n d o r e p l i c a t i o n , d o r s a l  
a p p e n d a g e  d e v e lo p m e n t  and  m ic r o p y le  f o r m a t io n  a p p e a r  t o  b e  
e f f e c t e d  b y  l a c k  o f  sn  f u n c t i o n .  F l a c i d  sn "  e g g s  may b e  
d e p o s i t e d  b y  t h e  m o th e r .  F e r t i l i s a t i o n  b y  a s n + f a t h e r
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f a i l s  t o  r e s c u e  e m b r y o n ic  d e v e lo p m e n t .  T h e r e  a p p e a r s  t o  b e  
a c r i t i c a l  r e q u ir e m e n t  f o r  sn  p r o d u c t  d u r in g  o o g e n e s i s .

T r a n s p l a n t in g  sn "  o v a r i e s  i n t o  a s n + h o s t  f a i l s  t o  
r e s c u e  t h e  o o g e n i c  p h e n o ty p e  (C la n c y  and  B e a d l e , 1 9 3 7 ) .  
T h is  sh o w s  t h a t  t h e  sn  g e n e  i s  e x p r e s s e d  a u to n o m o u s ly  
w i t h i n  o v a r i e s .  T he s i t e  o f  s n  g e n e  e x p r e s s i o n  h a s  b e e n  
i n v e s t i g a t e d  u s i n g  g e n e t i c a l l y  m o s a ic  a n im a ls  (P e r r im o n  
a n d  G a n s , 1 9 8 3 ) .  T h i s  h a s  d e m o n s t r a t e d  a g e n e t i c  
r e q u ir e m e n t  f o r  s n  e x p r e s s i o n  i n  f e m a le  germ  c e l l s .  In  
c o n t r a s t  t o  f e m a l e s ,  m u t a t io n s  a t  t h e  s n  l o c u s  h a v e  no  
e f f e c t  on m a le  f e r t i l i t y .

T he p h e n o ty p e  o f  s n  m u ta n ts  s u g g e s t  t h a t  t h e  s n  g e n e  
p r o v i d e s  a f u n c t i o n  r e q u ir e d  in  s o m a t ic  c e l l s  f o r  h a i r  and  
b r i s t l e  f o r m a t io n  and  i n  f e m a le  germ  c e l l s  f o r  s u c c e s s f u l  
o o g e n e s i s .

1.5 P-M hybrid dysgenesis and P-elements

M any s n  m u t a t i o n s  h a v e  b e e n  i s o l a t e d  fr o m  P-M  
d y s g e n i c  c r o s s e s .  A g r o u p  o f  t h r e e  s u c h  m u t a t io n s  a r e  
a n a ly s e d  i n  C h a p te r  5 o f  t h i s  s t u d y .  T h u s i n  o r d e r  t o  
u n d e r s t a n d  som e o f  t h e  g e n e t i c s  and  b i o l o g y  o f  P-M h y b r id  
d y s g e n e s i s  a b r i e f  sum m ary o f  t h i s  phenom enon i s  p r e s e n t e d .

P-M h y b r id  d y s g e n e s i s  i s  a te r m  u s e d  t o  d e s c r i b e  a  
s e r i e s  o f  g e n e t i c  t r a i t s  p r e s e n t  i n  t h e  p r o g e n y  o f  a 
c r o s s  b e tw e e n  P s t r a i n  m a le s  and  M s t r a i n  f e m a l e s .  The  
r e c i p r o c a l  c r o s s  o f  M s t r a i n  m a le s  m a ted  w i t h  P s t r a i n  
f e m a l e s  p r o d u c e  n o r m a l  o f f s p r i n g .  P s t r a i n s  c o n t a i n  
r e g u l a t o r y  f a c t o r s  ( d e s c r i b e d  a s  P c y t o t y p e )  w h ic h  r e p r e s s  
t h e  p r o c e s s  o f  P-M d y s g e n e s i s .  M s t r a i n s  l a c k  t h e s e  
r e p r e s s o r  a g e n t s  ( M -c y t o t y p e )  t h u s  w hen m a le  P s t r a i n  
ch ro m o so m es e n t e r  an  M - c y t o t y p e  e n v ir o n m e n t  d e - r e p r e s s i o n  
o c c u r s  r e s u l t i n g  i n  h y b r id  d y s g e n e s i s .

G e n e t i c  t r a i t s  p r o d u c e d  b y  P-M h y b r i d  d y s g e n e s i s  
i n c l u d e  s t e r i l i t y ,  m a le  r e c o m b i n a t i o n  a n d  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 .  T he s t e r i l i t y  p h e n o ty p e  o f  t h e s e  c r o s s e s  
i s  h i g h l y  t e m p e r a t u r e  d e p e n d e n t ;  t h i s  i s  o f t e n  r e f e r r e d  t o  
a s  g o n a d a l  d y s g e n e s i s .  W ith in  t h e  g e n e r a t i o n  P-M h y b r id  
d y s g e n e s i s  i s  l i m i t e d  t o  germ  c e l l s .
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G e n e t i c a l l y ,  P c y t o t y p e  r e s u l t s  from  t h e  p r e s e n c e  o f  
a f a m i ly  o f  t r a n s p o s a b l e  e l e m e n t s ,  P - e l e m e n t s ,  w i t h i n  t h e  
c h ro m o so m es o f  P s t r a i n  f l i e s .  C o p ie s  o f  t h e s e  m o b i le  
g e n e t i c  e l e m e n t s  a r e  d i s p e r s e d  t h r o u g h o u t  t h e  g e n o m e  
(B in gh am  e t  a l . , 1 9 8 2 ) .

P - e l e m e n t s  c a n  b e  s u b d iv i d e d  i n t o  tw o  c l a s s e s ;  t h o s e  
c a p a b l e  o f  m a k in g  t r a n s p o s a s e  ( a u t o n o m o u s )  a n d  t h o s e  
u n a b l e  t o  m a n u f a c t u r e  t r a n s p o s a s e  ( d e f e c t i v e ) . N o n ­
d e f e c t i v e  P - e l e m e n t s  h a v e  b e e n  d e f i n e d  a s  a 2 . 9 k b  
i n t e r v a l  o f  DNA f l a n k e d  b y  3 1 b p  i n v e r t e d  r e p e a t s  
( S p r a d l i n g  and  R u b in ,1 9 8 2 ;  O 'H are  and  R u b in ,1 9 8 3 ) .  F u l l  
l e n g t h  P - e l e m e n t s  e n c o d e  tw o  p r o t e i n s ;  o n e  c a p a b l e  o f  
c a t a l y s i n g  P - e l e m e n t  t r a n s p o s i t i o n  ( 8 7 k d a l )  a n d  o n e  
t h o u g h t  t o  r e p r e s s  t r a n s p o s i t i o n  ( 6 6 k d a l ) .  R e p r e s s o r  
p r o t e i n  ( 6 6 k d a l )  i s  p r o d u c e d  i n  a l l  s o m a t i c  c e l l s .  
T r a n s p o s a s e  p r o t e i n  i s  o n l y  p r o d u c e d  in  germ  c e l l s  t h u s  
P - e le m e n t  t r a n s p o s i t i o n  i s  l i m i t e d  t o  t h e  g e r m l in e  o f  F^ 
P-M d y s g e n i c  i n d i v i d u a l s .

D e f e c t i v e  P - e l e m e n t s  a r e  r e l a t e d  t o  t h e  f u l l  l e n g t h  
2 . 9 k b  P - e l e m e n t  b y  v a r i o u s  i n t e r n a l  d e l e t i o n s .  T h e s e  
e l e m e n t s  a r e  u n a b l e  t o  p r o d u c e  t r a n s p o s a s e .  H o w e v e r ,  
p r o v id e d  a t  l e a s t  1 50 b p  o f  s e q u e n c e  a t  e i t h e r  en d  o f  t h e  
P - e l e m e n t  r e m a i n s  i n t a c t ,  d e f e c t i v e  e l e m e n t s  m ay b e  
m o b i l i s e d  i f  s u p p l i e d  w i t h  t r a n s p o s a s e  fro m  a 2 .9 k b  P -  
e l e m e n t .

To d e t e r m in e  t h e  c y t o t y p e  o f  a p a r t i c u l a r  f l y  s t o c k  
g e n e t i c i s t s  u s e  an  a s s a y  f o r  P - e le m e n t  m o b i l i t y  b a s e d  on  a  
h y p e r m u t a b l e  a l l e l e  o f  s n ;  s n w . D u r in g  P-M h y b r i d  
d y s g e n e s i s  s n w m u t a t e s  a t  a h ig h  f r e q u e n c y  (40 -60% ) t o  
e i t h e r  a m o r e  e x t r e m e  a l l e l e ,  s n e  o r  a n  a l l e l e  w i t h  
w i l d t y p e  a p p e a r a n c e ,  s n ( + ) ( E n g e l s , 1 9 7 9 ) .  T he i n s t a b i l i t y  
o f  s n w i s  h i g h l y  s e n s i t i v e  t o  t h e  num ber o f  i n t a c t  P -  
elem entSH va g en o m e .

O ver t h e  p a s t  t e n  y e a r s  P - e l e m e n t s  h a v e  b e e n  u s e d  f o r  
a v a r i e t y  o f  i n v e s t i g a t i v e  p u r p o s e s .  U n m o d if ie d  o r  i n  
v i t r o  m o d i f i e d  P - e l e m e n t s  c a n  b e  u s e d  f o r  t r a n s p o s o n  
t a g g i n g  ( r e v ie w e d  i n  S h a p i r o , 1 9 8 3 ) .  P - e l e m e n t  a l l e l e s  o f  
t h e  p a r t i c u l a r  g e n e  a r e  i s o l a t e d  from  d y s g e n i c  c r o s s e s  and  
t h e  P - e le m e n t  a l l e l e  i s  c lo n e d  b y  v i r t u e  o f  i t s  h o m o lo g y
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t o  t h e  2 .9 k b  P - e l e m e n t .  T h e  f a c t  t h a t  P - e l e m e n t  
t r a n s p o s a s e  c a n  i n d u c e  t h e  t r a n s p o s i t i o n  o f  s e q u e n c e s  
f l a n k e d  on  e i t h e r  s i d e  b y  t h e  3 1b p  P - e l e m e n t  i n v e r t e d  
r e p e a t  and  som e a s s o c i a t e d  P - e l e m e n t  s e q u e n c e s  h a s  . b e e n  
u s e d  t o  s t a b l y  t r a n s f o r m  f l i e s  (R u b in  and  S p r a d l i n g , 1 9 8 2 ) .  
T h e s e  t y p e s  o f  e x p e r im e n t  a l l o w  t h e  g e n e t i c  f u n c t i o n  o f  
d e f i n e d  r e g i o n s  o f  DNA t o  b e  d e t e r m in e d .  T he c o n t r o l  o f  P -  
e le m e n t  t r a n s p o s i t i o n  h a s  b e e n  i n v e s t i g a t e d  an d  s o m a t ic  
t r a n s p o s i t i o n  c a n  now  b e  i n d u c e d  u s i n g  t h e  i j i  v i t r o  
m o d i f i e d  A 2 -3  P - e l e m e n t  ( L a s k i  e t  a l . , 1 9 8 6 ) .  M ore r e c e n t l y  
b a c t e r i a l  g e n e s  h a v e  b e e n  i n t r o d u c e d  i n t o  P - e l e m e n t  
c o n s t r u c t s  ( e g .P f l a c Z ]  e l e m e n t s ;  O 'K ane and  G e h r i n g ,1 9 8 7 ) .  
When i n s e r t e d  n e x t  t o  an  a c t i v e  r e g u l a t o r y  e le m e n t  t h e s e  
t r a n s p o s o n s  e x p r e s s  t h e  b a c t e r i a l  r e p o r t e r  g e n e  a l l o w i n g  
c e l l  s p e c i f i c  g e n e  e x p r e s s i o n  t o  b e  s t u d i e d .

1.6 P-element insertions and rearrangements at singed

New a l l e l e s  o f  t h e  sn  l o c u s  a r e  g e n e r a t e d  a t  
r e m a r k a b ly  h ig h  f r e q u e n c i e s  d u r in g  P-M h y b r id  d y s g e n e s i s  
(> 1 0 - 3 , r e v ie w e d  b y  E n g e l s , 1 9 8 3 ) .  T h is  s u g g e s t s  t h a t  P -  
e l e m e n t s  p r e f e r e n t i a l l y  i n s e r t  i n t o  t h e  s n  l o c u s .  To  
i n v e s t i g a t e  t h i s  p h e n o m e n o n  a n d  t h e  b a s i s  o f  s n w 
h y p e r m u t a b i l i t y  R o ih a  e t  a l . , ( 1 9 8 8 )  c lo n e d  s e q u e n c e s  from  
t h e  s n  l o c u s .

DNA from  t h e  s n  l o c u s  ( c y t o l o g i c a l  l o c a t i o n  7 D 1 -2 )  
w as i s o l a t e d  u s i n g  i n v e r s i o n s  b e tw e e n  a p r e v i o u s l y  c lo n e d  
P - e l e m e n t  ( a t  c y t o l o g i c a l  p o s i t i o n  17C ) a n d  t h e  
h y p e r m u ta b le  a l l e l e  s n w ( F ig u r e  1 . 6 . 1 ) .  To c o n f ir m  t h e  
l o c a t i o n  o f  t h e  s n  g e n e  n in e  n o n - P - e le m e n t  a l l e l e s  o f  sn  
w e r e  e x a m in e d  f o r  l e s i o n s  in  t h e  DNA f l a n k i n g  t h e  s i t e  o f  
ch ro m osom e r e a r r a n g e m e n t .  F iv e  o f  t h e s e  a l l e l e s  sh ow ed  
a l t e r a t i o n s  i n  t h e i r  DNA m aps c o n f i r m in g  t h a t  s e q u e n c e s  
fro m  t h e  s n  l o c u s  h a d  b e e n  c lo n e d  ( F ig u r e  1 . 6 . 1 ) .

To c h a r a c t e r i s e  P - e le m e n t  i n s e r t i o n s  a t  t h e  s n  l o c u s  
t w e n t y  tw o  a l l e l e s  o f  s n ,  g e n e r a t e d  b y  P-M m u t a g e n e s i s  
w e r e  s t u d i e d  f o r  a l t e r a t i o n s  in  t h e i r  DNA m a p s. A l l  t w e n t y  
tw o  a l l e l e s  c o n t a i n  P - e le m e n t  s e q u e n c e s  i n s e r t e d  w i t h i n  a 
7 0 0 b p  i n t e r v a l .  A t l e a s t  f o u r  d i f f e r e n t  i n s e r t i o n  s i t e s
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Figure 1.6.1 - DNA map of the sn region

T h e  DNA m ap i s  r e d r a w n  fr o m  R o ih a  e t  a l .  ( 1 9 8 8 )  . T h e  
c o o r d i n a t e  s y s t e m  i s  i n  k i l o b a s e s  a n d  u s e s  t h e  E c o R I s i t e  
c l o s e s t  t o  t h e  i n v e r s i o n  b r e a k p o i n t s  i n  B 3 3 2 .1  a n d  B 3 3 7 .2  
(c h r o m o s o m e  r e a r r a n g e m e n t s  u s e d  t o  c l o n e  t h e  s n  r e g i o n )  
a s  o r i g i n .  T h e  a b b r e v i a t i o n s  f o r  r e s t r i c t i o n  e n z y m e s  a r e  
X = X h o l . B = BamH I . H = H in D I I I . S = S a i l . T h e  s i t e  
sh o w n  a s  (R) i s  a  p o l y m o r p h i c  E c o R I s i t e .  T h e  i n t e r v a l s  
w i t h i n  w h ic h  d i f f e r e n t  s n  m u t a t i o n s  sh o w  c h a n g e s  i n  t h e i r  
DNA map a r e  i n d i c a t e d  a s  o p e n  b o x e s .  X2 = s n  , 3 6a =
s n 3 6 a , 3 4 e  = s n 3 4 e , 5S = s n 5 S , 3 = s n 3 . T h e  s i t e  o f  
i n s e r t i o n  a n d  s t r u c t u r e  o f  t h e  3 P - e l e m e n t  a l l e l e s  s n w . 
s n e . s n (  + ) a r e  d e n o t e d  a s  f o l l o w s :  v e r t i c a l  l i n e  m a r k s
s i t e  o f  i n s e r t i o n  f o r  a l l  3 m u t a t i o n s ,  a r r o w s  r e p r e s e n t  
t h e  s i z e  a n d  o r i e n t a i o n  o f  P - e l e m e n t  s e q u e n c e s  i n  t h e s e  
a l l e l e s  ( s e e  C h a p t e r  5 ) .
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Figure 1.6.1
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are used, so the clustering is thought to reflect 
chromatin structure within this region.

DNA probes from the sn locus were also used to 
investigate the hypermutable structure of snw . and its 
derivative alleles sne and sn/ + ) (Roiha et al., 1988 ; 
Nitasaka and Yamazaki,1988). The snw mutation contains two 
defective P-elements in a head to head orientation near 
the 5' end of the sn gene. These P-elements appear to be 
separated by only 8bp. Excision of the distal P-element 
results in a more extreme bristle phenotype (sne ) while 
excision of the proximal element leads to a wildtype 
bristle phenotype (sn(+ )).

The three P-element alleles snw . sne and sn^+  ̂ were 
originally isolated in P cytotype backgrounds. Each 
chromosome was described as carrying a sterile allele of 
sn and thus were maintained in compound first chromosome 
stocks. During an attempt to clone the sn gene by 
transposon tagging the snw . sne and sn^+  ̂ chromosomes were 
crossed into a non-P-element containing genetic 
background. These M cytotype stocks lost their female 
sterile phenotype allowing snw . sne and sn^+  ̂ chromosomes 
to be maintained as homozygous stocks (K.O'Hare pers. 
comm.). M cytotype flies show exactly the same bristle 
phenotype as their P cytotype counterpart. Thus sn , sn 
and sn(+ ) display cytotype dependent sterility.

1.7 Aims and objectives

To date interest in the sn gene has concentrated on 
P-element mutations (Roiha et al.,1988; Nitasaka and 
Y a m a z a k i ,1988). However the phenotype of sn mutants 
suggest that the gene product (s) play a crucial role 
during oogenesis and also affect the formation of 
cuticular hairs and bristles. Sequences from the gene have 
been cloned (Roiha et al.,1988) thus molecular genetics 
can be used to investigate the function of sn product(s) 
in these apparently unconnected processes.

This thesis set out to define the structure and 
function of the sn gene and thereby specify the role of sn
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product(s) in both somatic and germline cells. 
Investigations of gene function are often aided by 
analysing mutant alleles of the gene. Thus knowing how 
mutations disrupt sn gene function should help to define 
the role of the wildtype gene product(s). Finally a 
molecular investigation of the cytotype dependent 
sterility of snw . sne and sn^+  ̂ is presented.
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CHAPTER 2

Materials and Methods

33



2.1 Bacterial strains

P l a s m i d s  a n d  la m b d a  b a c t e r i o p h a g e s  w e r e  p r o p a g a t e d  i n
E . c o l i  s t r a i n  C 6 0 0  : F “ , t h i - 1 , t h r - 1 . l e u - B 6 , l a c - Y l ,  t o n -  
A 2 1 ,  s u p E 4 4 . A~ ( A p p l e y a r d ,  1 9 5 4 ) ,  o r  K 802 : h s d R ~ , hsdM + . 
c r a l~~, m e t ”*, su p E  (W ood , 1 9 6 6 )  . F o r  s p i  s e l e c t i o n  o f  A 
r e d ~ gam ~~ r e c o m b i n a n t s  t h e  s t r a i n  Q 359 w a s  u s e d :  h s d R ~ . 
h sd M + , s u p E . <£80, (P 2 )  (K a r n  e t  a l . , 1 9 8 0 ) .  T o g r o w
r e c o m b i n a n t  A g t l O  b a c t e r i o p h a g e ,  t h e  s t r a i n  C 6 0 0  h f l A  w a s  
u s e d  (H o y t  e t  a l . , 1 9 8 2 ) .  M13 b a c t e r i o p h a g e  a n d  p l a s m i d s
r e q u i r i n g  b l u e - w h i t e  s e l e c t i o n  f o r  r e c o m b i n a n t s  w e r e  
p r o p a g a t e d  i n  E . c o l i  JM 101 : A ( l a c , p r o ) . s u p E , t h i ~ ,
F ' t r a D 3 6 ,  p r o A B . l a c l ^ .  Z A M 1 5 (M e s s in g  e t  a l . ,  1 9 8 1 ) .

2.2 Bacterial Media

L i q u i d  c u l t u r e s  o f  E . c o l i  w e r e  g r o w n  i n  L u r ia  b r o t h
( L - b r o t h )  a s  d e s c r i b e d  i n  M a n i a t i s  e t  a l . ,  ( 1 9 8 2 ) .  L -

p l a t e s  w e r e  m ad e b y  a d d i n g  1 5 g  p e r  l i t r e  o f  B a c t o - a g a r
( D i f c o )  t o  L - b r o t h  a n d  a u t o c l a v i n g .  M 13 a n d  A

b a c t e r i o p h a g e  w e r e  p l a t e d  o n t o  L - p l a t e s  i n  a  5m l o v e r l a y
o f  t o p  a g a r  (0 .7 % ) o r  t o p  a g a r o s e  (0 .7 % ) ( M a n i a t i s  e t
a l . , 1 9 8 2 )  d e p e n d i n g  o n  r e q u i r e m e n t s .  B l u e - w h i t e  s e l e c t i o n
o f  M13 r e c o m b i n a n t s  d u e  t o  t h e  i n s e r t i o n a l  i n a c t i v a t i o n  o f
t h e  l a c Z g e n e  w a s  p e r f o r m e d  b y  a d d in g  l O f i l  0 . 1M IPTG a n d
2 5 /x l 0 .2%  X-GAL i n  d im e t h y l f o r m a m id e  t o  5 m l o f  t o p  a g a r
f o r  e a c h  p l a t e .  F o r  b l u e - w h i t e  s e l e c t i o n  w h en  c l o n i n g
u s i n g  t h e  p l a s m i d  v e c t o r  p B l u e s c r i b e  M 1 3 - ( S t r a t a g e n e ) ,
t h e  sa m e  a m o u n ts  o f  IPTG a n d  X-GAL a l o n g  w i t h  4 //1  o f  —16 0 m g .m l a m p i c i l l m  w e r e  a d d e d  t o  a 5m l p r e - p o u r e d  l a y e r  
o f  L - a g a r  o n  L - p l a t e s  c o n t a i n i n g  a m p i c i l l i n .  G e n o m ic  
l i b r a r i e s  i n  A v e c t o r s  w e r e  p l a t e d  i n  a n  o v e r l a y  o f  L -
a g a r o s e  c o n t a i n i n g  lOmM M gC l2 /  o n t o  a s u p p o r t  o f  A a g a r  
b o t h  p r e p a r e d  a s  d e s c r i b e d  i n  M a n i a t i s  e t  a l . , ( 1 9 8 2 ) .  F o r  
d i l u t i o n  a n d  s t o r a g e  o f  b a c t e r i o p h a g e ,  p h a g e  b u f f e r  w a s  
u s e d :  lOmM t r i s . H C l  p H 7 .5 ,  lOmM M gS04 , 50mM N a C l,  0 .0 0 1 %
g e l a t i n .  A n t i b i o t i c s  w e r e  p r e p a r e d  a n d  u s e d  a s  d e s c r i b e d  
b y  M a n i a t i s  e t  a l . ,  ( 1 9 8 2 ) .
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2.3 Preparation of DNA

2.3.1 Small scale preparation of plasmid DNA

Bacterial colonies were inoculated into 2ml L-Broth 
containing 50-70/xg.ml-1 ampicillin where appropriate and 
grown overnight with shaking at 37°C. Small scale 
preparations of plasmid DNA were carried out using 1ml of 
the overnight cultures according to the method of Birnboim 
and Doly (1979) , as adapted by Burke and Ish-Horowicz 
(1981).

2.3.2 Large scale preparation of plasmid DNA

Large scale plasmid DNA preparations were carried out 
by the above method as modified by D .I s h - H o r o w i c z . 
Plasmid cultures (200-500ml) were grown overnight with 
shaking at 37°C in L-broth containing 50-70/zg.ml-1 
ampicillin. Cells were harvested by centrifugation in a 
Sorvall GS-3 (Du Pont) rotor at 7 /000rpm for 5 minutes. 
The pellet was resuspended in 38ml of 0.9% glucose, 25mM 
tris.HCl p H 8 , lOmM EDTA and then 40ml of 0.2M NaOH, 1% SDS 
added. After 5 minutes, 20ml of ice-cold 29.5% potassium 
acetate, 11.4% v/v glacial acetic acid was added and the 
mixture stored on ice for 10 minutes. After
centrifugation at 8,000rpm for 5 minutes the supernatant 
was filtered through muslin and 0.6 volumes of isopropanol 
added and then centrifuged again at 8,000rpm for 5 
minutes. After draining, the pellet was resuspended in 
8.1ml T . E . (10,1) , 0.9ml of 3M Na acetate added and
transferred to a 3 0ml Corex tube (Du Pont) where 15ml of 
ethanol was added. The precipitate was pelleted at 
5,000rpm for 5 minutes in a Sorvall SS-34 rotor and 
resuspended in 9ml T.E. (10,1) ; 12g CsCl and 1ml of
lOmg.ml-1 ethidium bromide were then added and the sample 
centrifuged in Oakridge tubes at 10,000rpm for 30 minutes 
to pellet excess RNA. The supernatant was transferred to 
an ultracentrifuge tube, made up with 1.55g.ml CsCl if 
necessary and then centrifuged in a Beckman Vti.50 or
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5 0 .  T i  r o t o r  a t  4 5 ,0 0 0 r p m  f o r  2 4 - 4 8  h o u r s .  T h e  p l a s m i d  
b a n d  w a s  v i s u a l i s e d  u n d e r  UV i l l u m i n a t i o n  a n d  h a r v e s t e d  
u s i n g  a  n e e d l e  a n d  s y r i n g e .  T h e  e t h i d i u m  b r o m id e  w a s  
r e m o v e d  b y  r e p e a t e d  e x t r a c t i o n s  w i t h  i s o p r o p a n o l  s a t u r a t e d  
w i t h  C s C l - s a t u r a t e d  T . E . ( 1 0 , 1 )  a n d  t h e n  t h e  p l a s m i d  s a m p le  
w a s  d i a l y s e d  e x h a u s t i v e l y  i n  T . E . ( 1 0 , 1 ) .  P l a s m i d  DNA 
c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  a n d  
a d j u s t e d  t o  2 0 0 / i g . m l - 1 . Y i e l d s  w e r e  t y p i c a l l y  l - 4 m g  
p l a s m i d  DNA.

2.3.3 Large scale preparation of lambda DNA

An a l i g u o t  ( 2 - 3 m l )  o f  C 600  g r o w n  o v e r n i g h t  i n  L - b r o t h  
c o n t a i n i n g  lOmM MgCl2 a n d  0.2%  m a l t o s e  w a s  i n f e c t e d  w i t h  
b a c t e r i o p h a g e  a t  a  m u l t i p l i c i t y  o f  0 . 0 1 - 0 . 1  b y  i n c u b a t i n g  
a t  3 7 ° C  f o r  1 5  m i n u t e s .  T h e  i n f e c t e d  c e l l s  w e r e  a d d e d  t o  
2 5 0 - 4 0 0 m l o f  p r e - w a r m e d  L - b r o t h  c o n t a i n i n g  lOmM MgCl2 a n d  
s h a k e n  a t  3 7 °C  f o r  4 - 7  h o u r s  u n t i l  l y s i s  o c c u r r e d .  A f t e r  
t h e  a d d i t i o n  o f  3 m l c h l o r o f o r m  a n d  3 0  m i n u t e s  f u r t h e r  
s h a k i n g ,  t h e  m i x t u r e  w a s  c e n t r i f u g e d  i n  a  S o r v a l l  G S -3  
r o t o r  a t  5 ,0 0 0 r p m  f o r  1 0  m i n u t e s .  To t h e  s u p e r n a t a n t  w a s  
a d d e d  N a C l t o  6% a n d  PEG 6 0 0 0  (BDH) t o  7%, a n d  t h e  m i x t u r e  
l e f t  o v e r n i g h t  a t  4 ° C .  T h e  PEG p r e c i p i t a t e  w a s  p e l l e t e d  
b y  c e n t r i f u g a t i o n  a t  5 , 0 0 0 r p m  f o r  3 0  m i n u t e s  a t  4 ° C ,  
r e s u s p e n d e d  i n  3m l o f  p h a g e  b u f f e r  a n d  t r a n s f e r r e d  t o  a, _ -I1 5 m l C o r e x  t u b e  t o  w h ic h  w a s  a d d e d  3 0//1 o f  lm g .m l  D N a se. — qI  (S ig m a )  a n d  30/ j . l  o f  lm g .m l  R N a se  (S ig m a )  . A f t e r  
i n c u b a t i n g  a t  3 7 ° C  f o r  1 h o u r  t h e  s a m p le  w a s  e x t r a c t e d  
w i t h  3m l c h l o r o f o r m  a n d  t h e n  l o a d e d  o n  t h e  t o p  o f  a  C sC l  
d e n s i t y  g r a d i e n t  c o n s i s t i n g  o f  2m l l a y e r s  o f  1 . 6 ,  1 . 5 ,  1 . 4  
a n d  1 . 3 g . m l - 1  C sC l m ad e  u p  i n  lOmM t r i s . H C l  p H 7 .5 ,  lOmM 
M g C l2 ( T M 1 0 ) . T h e  s a m p l e  w a s  t h e n  c e n t r i f u g e d  i n  a  
B eck m a n  S W -4 1 T i r o t o r  a t  2 5 ,0 0 0 r p m  f o r  2 . 5 - 3  h o u r s  a t  4 ° C .  
T h e  p h a g e  b a n d  w a s  e x t r a c t e d  u s i n g  a  n e e d l e  a n d  s y r i n g e  
a n d  d i a l y s e d  e x t e n s i v e l y  a g a i n s t  TM 10. T h e  p h a g e  s a m p le  
w a s  m a d e  20mM w i t h  EDTA a n d  0 .1 %  w i t h  SD S a n d  t h e n  
e x t r a c t e d  o n c e  w i t h  p h e n o l ,  o n c e  w i t h  1 : 1  
p h e n o l / c h l o r o f o r m  a n d  o n c e  w i t h  c h l o r o f o r m .  A f t e r  e t h a n o l  
p r e c i p i t a t i o n ,  w a s h i n g  w i t h  70% e t h a n o l  a n d  d r y i n g ,  t h e
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DNA p e l l e t  w a s  r e s u s p e n d e d  i n  T . E . ( 1 0 , 1 ) .  T o t a l  y i e l d s  
w e r e  t y p i c a l l y  1 0 0 - 5 0 0  ^g DNA p e r  2 5 0 m l o f  c u l t u r e .

2.3.4 Preparation of Drosophila DNA

F r e s h  o r  f r o z e n  a d u l t  f l i e s  ( 1 0 0 - 5 0 0 m g )  w e r e  w e i g h e d  
a n d  a d d e d  t o  5 m l o f  h o m o g e n i s a t i o n  b u f f e r :  0 . 1M N a C l,  30mM 
t r i s . H C l  p H 8 , lOmM EDTA, 7.7m M  2 - m e r c a p t o e t h a n o l , 0 .5%
T r i t o n  X - 1 0 0  a n d  h o m o g e n i s e d  i n  a n  e l e c t r i c a l l y  d r i v e n  
3 0 m l D o u n c e  h o m o g e n i s e r .  T h e  h o m o g e n a t e  w a s  f i l t e r e d  
t h r o u g h  m u s l i n  i n t o  a  3 0 m l C o r e x  t u b e .  T h e  h o m o g e n i s e r  
w a s  r i n s e d  w i t h  a  f u r t h e r  2m l o f  h o m o g e n i s a t i o n  b u f f e r  a n d  
t h i s  w a s  a l s o  f i l t e r e d  i n t o  t h e  C o r e x  t u b e .  N u c l e i  w e r e  
p e l l e t e d  i n  a  S o r v a l l  H B -4  r o t o r  a t  4 , 0 0 0 r p m  f o r  1 0  
m i n u t e s  a t  4 ° C  a n d  t h e  p e l l e t  r e s u s p e n d e d  i n  1 m l  
h o m o g e n i s a t i o n  b u f f e r  a n d  t r a n s f e r r e d  t o  a n  E p p e n d o r f  
t u b e .  A f t e r  c e n t r i f u g a t i o n  f o r  1 m i n u t e  i n  a
m i c r o c e n t r i f u g e  t h e  p e l l e t  w a s  r e s u s p e n d e d  i n  0 .3 m l  o f  
l y s i s  b u f f e r :  30mM t r i s . H C l  p H 8 , lOOmM EDTA a n d  3 0 /z l o f
l m g .m l - 1  p r o t e i n a s e - K  (S ig m a )  a n d  3 0 /z l o f  10% N - l a u r y l  
s a r c o s i n a t e  a d d e d .  A f t e r  i n c u b a t i o n  a t  4 5 ° C  f o r  2 - 3  
h o u r s ,  t h e  s a m p l e  w a s  e x t r a c t e d  o n c e  w i t h  0 . 3 m l  1 : 1
p h e n o l / c h l o r o f o r m ,  o n c e  w i t h  0 .3 m l  c h l o r o f o r m  a n d  t h e  DNA 
p r e c i p i t a t e d  b y  t h e  a d d i t i o n  o f  15 //1  5M N a C l a n d  0 .8 m l  
e t h a n o l .  T h e  p e l l e t  w a s  w a s h e d  t w i c e  w i t h  70% e t h a n o l ,  
a i r - d r i e d  a n d  r e s u s p e n d e d  i n  0 .8 m l  T . E . ( 1 0 , 1 )  p e r  l g  o f  
o r i g i n a l  w e i g h t  o f  f l i e s ,  g i v i n g  a DNA c o n c e n t r a t i o n  o f  
~ 2 0 0 / ig .m l  . T o a i d  r e s u s p e n s i o n  s a m p l e s  w e r e  i n c u b a t e d
6 5 ° C  f o r  1 0  m i n u t e s .

2.4 Preparation of Drosophila polv-A+ RNA

A l l  a q u e o u s  s o l u t i o n s  a n d  a u t o m a t i c  d i s p o s a b l e  
p i p e t t e  t i p s  u s e d  w e r e  a u t o c l a v e d  b e f o r e  u s e .  G l a s s  
p i p e t t e s  a n d  C o r e x  t u b e s  w e r e  b a k e d  o v e r n i g h t  a t  2 5 0 ° C .  
A d u l t  f l i e s ,  p u p a e ,  l a r v a e  o r  e m b r y o s  ( 2 - 4 g )  w e r e  p l a c e d  
i n  a  5 0 m l s t e r i l e  p l a s t i c  F a l c o n  t u b e  c o n t a i n i n g  5 m l 1 0 0 : 1  
c h l o r o f o r m : i s o a m y l  a l c o h o l ,  5 m l n e u t r a l i s e d  p h e n o l  a n d  
1 0 m l h o m o g e n i s a t i o n  b u f f e r :  0 .1 5 M  N a - a c e t a t e ,  5mM EDTA, 1%
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S D S , 50mM t r i s . H C l  p H 9 , 2 O /ig .m l- 1  p o l y v i n y l  s u l p h a t e  
( S i g m a ) . T h e  m ix  w a s  h o m o g e n i s e d  u s i n g  a  t i s s u e  d i s r u p t e r  
( P o l y t r o n  K i n e m a t i c a )  f o r  2 b u r s t s ,  h a l f  m a x im a l  s e t t i n g ,  
o f  3 0  s e c o n d s  e a c h .  A f t e r  s p i n n i n g  a t  f u l l  s p e e d  i n  a  
b e n c h - t o p  c e n t r i f u g e  f o r  5 m i n u t e s ,  t h e  l o w e r  p h a s e  w a s  
r e m o v e d  a n d  5 m l p h e n o l  a n d  5m l 1 0 0 : 1  c h l o r o f o r m : i s o a m y l  
a l c o h o l  a d d e d .  T h e  m ix  w a s  v o r t e x e d  a n d  t h e n  c e n t r i f u g e d  
a n d  t h e  l o w e r  p h a s e  r e m o v e d  a s  a b o v e .  T h e  u p p e r  a q u e o u s  
p h a s e  w a s  t h e n  e x t r a c t e d  t w i c e  w i t h  1 0 m l 1 0 0 : 1  
c h l o r o f o r m : i s o a m y l  a l c o h o l .  T h e  p r o c e s s  o f  v o r t e x i n g  a n d  
c e n t r i f u g a t i o n  w a s  r e p e a t e d  a s  d e s c r i b e d  a b o v e .  T h e  u p p e r  
p h a s e  w a s  t h e n  t r a n s f e r r e d  t o  a  3 0m l C o r e x  t u b e  a n d  2 0m l 
96% e t h a n o l  a d d e d .  A f t e r  s t o r a g e  o v e r n i g h t  a t  - 2 0 ° C ,  t h e  
p r e c i p i t a t e  w a s  p e l l e t e d  i n  a S o r v a l l  H B -4  r o t o r  a t  
1 0 ,0 0 0 r p m  f o r  1 5  m i n u t e s  a t  4 ° C , t h e n  r e s u s p e n d e d  i n  4m l 
SDS b u f f e r :  lOmM t r i s . H C l  p H 7 .5 ,  lOOmM N a C l , ImM EDTA, 
0.5%  SDS c o n t a i n i n g  0 .3 m g .m l - 1  p r o t e i n a s e - K  (S ig m a )  a n d  
i n c u b a t e d  f o r  2 h o u r s  a t  3 7 ° C . T h e  s a m p le  w a s  e x t r a c t e d  
t w i c e  w i t h  2m l p h e n o l  a n d  2m l 1 0 0 : 1  c h l o r o f o r m :  i s o a m y l  
a l c o h o l  a n d  t h e n  t w i c e  w i t h  4m l 1 0 0 : 1  c h l o r o f o r m : i s o a m y l  
a l c o h o l  w i t h  v o r t e x i n g  a n d  c e n t r i f u g a t i o n  a t  5 ,0 0 0 r p m  f o r  
1 0  m i n u t e s  i n  a  S o r v a l l  H B -4 r o t o r .  T h e  a q u e o u s  p h a s e  w a s  
t h e n  t r a n s f e r r e d  t o  a  1 5 m l C o r e x  t u b e  a n d  e t h a n o l  
p r e c i p i t a t e d .  T h e  p r e c i p i t a t e  w a s  p e l l e t e d  a s  a b o v e  a n d  
r e s u s p e n d e d  i n  3m l T . E . ( 1 0 , 1 )  c o n t a i n i n g  0 .5%  S D S .

P o l y - A + RNA w a s  s e l e c t e d  b y  c h r o m a t o g r a p h y  t h r o u g h  
o l i g o - d T  c e l l u l o s e  ( C o l l a b o r a t i v e  R e s e a r c h )  a c c o r d i n g  t o  
t h e  m e th o d  o f  L e v i s  a n d  P enm an ( 1 9 7 8 ) .  T h e  p o l y - A + RNA 
o b t a i n e d  w a s  e t h a n o l  p r e c i p i t a t e d  a n d  r e s u s p e n d e d  i n  SDS 
b u f f e r .  Y i e l d s  w e r e  b e t w e e n  5 0  a n d  1 0 0 n g  p e r  g ra m  o f  
s t a r t i n g  m a t e r i a l .

2.5 Ethanol precipitation of nucleic acids

N u c l e i c  a c i d s  w e r e  p r e c i p i t a t e d  fr o m  s o l u t i o n  b y  t h e  
a d d i t i o n  o f  0 . 1  v o lu m e s  o f  3M N a - a c e t a t e  a n d  e i t h e r  2 
v o l u m e s  ( DNA p r e c i p i t a t i o n )  o r  2 . 5  v o l u m e s  (RNA  
p r e c i p i t a t i o n )  o f  96% e t h a n o l .  P r e c i p i t a t e s  w e r e  p e l l e t e d  
b y  c e n t r i f u g a t i o n  i n  a  S o r v a l l  H B -4  r o t o r  o r  i n  a
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m i c r o c e n t r i f u g e ,  d e p e n d i n g  o n  v o lu m e .  P e l l e t s  w e r e  w a s h e d  
w i t h  70% e t h a n o l  a n d  e i t h e r  a i r - d r i e d  o r  d r i e d  i n  a  v a c u u m  
d e s s i c a t o r .

2.6 Phenol extraction of DNA

DNA s o l u t i o n s  w e r e  p h e n o l  e x t r a c t e d  b y  a d d i n g  a n  
e q u a l  v o l u m e  o f  n e u t r a l i s e d  p h e n o l ,  v o r t e x i n g  a n d  
s e p a r a t i n g  t h e  l a y e r s  b y  c e n t r i f u g a t i o n .  T h e  a q u e o u s  
l a y e r  w a s  t h e n  e x t r a c t e d  w i t h  a n  e q u a l  v o lu m e  o f  1 : 1  
p h e n o l : c h l o r o f o r m  a n d  t h e n  w i t h  a n  e q u a l  v o l u m e  o f  
c h l o r o f o r m  i n  t h e  sa m e  m a n n e r .  R e d i s t i l l e d  p h e n o l  w a s  
n e u t r a l i s e d  b y  v o r t e x i n g  w i t h  a n  e q u a l  v o lu m e  o f  0 .3 M  t r i s  
b a s e  a n d  s e p a r a t i n g  t h e  l a y e r s  b y  c e n t r i f u g a t i o n ,  a f t e r  
w h ic h  t h e  p h e n o l  w a s  s t o r e d  u n d e r  a l a y e r  o f  T . E . ( 1 0 , 1 )  
p H 7 . 5 .

2.7 Enzymatic digestion of DNA

2.7.1 Endonuclease digestion of DNA

R e s t r i c t i o n  e n z y m e  d i g e s t i o n  o f  DNA s a m p l e s  w a s  
c a r r i e d  o u t  a c c o r d i n g  t o  M a n i a t i s  e t  a l . , ( 1 9 8 2 )  i n  e i t h e r  
t h e  L ow , M edium  o r  H ig h  s a l t  b u f f e r s  d e s c r i b e d  t h e r e i n  t o  
f a c i l i t a t e  s i m u l t a n e o u s  m u l t i p l e  d i g e s t s .  E n z y m e s  w e r e  
s u p p l i e d  b y  e i t h e r  BCL o r  N ew  E n g l a n d  B i o l a b s  I n c .  
D i g e s t i o n s  o f  c l o n e d  o r  g e n o m ic  DNA w e r e  r o u t i n e l y  c a r r i e d  
o u t  f o r  g r e a t e r  t h a n  4 h o u r s  o r  o v e r n i g h t  r e s p e c t i v e l y .  
DNA f r a g m e n t s  f o r  u s e  a s  m o l e c u l a r  w e i g h t  s t a n d a r d s  w e r e  
g e n e r a t e d  b y  d i g e s t i n g  A c l t s 8 5 7  DNA w i t h  H i n d l l l  o r  B s tE  
I I  ( L a m b d a l l ,  A p p e n d ix  1 1 . 1 9 8 3 ) .

2.7.2 Exonuclease digestion of DNA

F r a g m e n t s  o f  d u p l e x  DNA w e r e  p r o g r e s s i v e l y  s h o r t e n e d  
f r o m  b o t h  e n d s  u s i n g  B a l  3 1  n u c l e a s e  ( B o e h r i n g e r  M an n h eim  
GmbH) a s  d e s c r i b e d  i n  P o n z ,  e t  a l . , ( 1 9 8 2 ) .  I n  o r d e r  t o  
d e t e r m i n e  t h e  k i n e t i c s  o f  DNA s h o r t e n i n g ,  s m a l l  s c a l e  t i m e  
c o u r s e  e x p e r i m e n t s  w e r e  p e r f o r m e d  a t  s e v e r a l  r a t i o s  o f
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e n z y m e  t o  DNA. D i g e s t s  w e r e  i n c u b a t e d  a t  2 5 °C  a n d  s a m p l e s  
w e r e  r e m o v e d  a t  s p e c i f i c  t i m e  p o i n t s  d u r i n g  t h e  r e a c t i o n .  
N u c l e a s e  a c t i v i t y  w a s  q u e n c h e d  b y  i m m e d i a t e l y  a d d i n g  t i m e  
p o i n t  s a m p l e s  t o  a n  e q u a l  v o lu m e  o f  500mM EDTA. T h e  e x t e n t  
o f  s h o r t e n i n g  w a s  d e t e r m i n e d  b y  e l e t r o p h o r e s i n g  t i m e  p o i n t  
s a m p l e s  o n  a  n e u t r a l  a g a r o s e  g e l .  DNA f r a g m e n t s  w e r e  
v i s u a l i s e d  b y  s h o r t - w a v e  UV i l l u m i n a t i o n .  T h e  s m a l l  s c a l e  
r e a c t i o n  w i t h  t h e  m o s t  a p p r o p r i a t e  k i n e t i c s  ( e . g .  3 0 0 b p
d i f f e r e n c e  b e t w e e n  e a c h  t i m e  p o i n t )  w a s  s c a l e d  u p  s e v e r a l  
f o l d .  S a m p l e s  f r o m  t h e  l a r g e  s c a l e  r e a c t i o n  w e r e  
e l e c t r o p h o r e s e d  o n  a  l o w - g e l l i n g - t e m p e r a t u r e  a g a r o s e  g e l  
a n d  s h o r t e n e d  DNA f r a g m e n t s  w e r e  a l w a y s  p u r i f i e d  a s  
d e s c r i b e d  i n  S e c t i o n  2 . 1 0 .  T o i n c r e a s e  c l o n i n g  
e f f i c i e n c i e s  t h e  s a m p l e s  o f  s h o r t e n e d  DNA w e r e  d i g e s t e d  
w i t h  a n  e n d o n u c l e a s e  w h ic h  c u t s  w i t h i n  t h e  c e n t r a l  r e g i o n  
o f  t h e  i n i t i a l  f u l l  l e n g t h  m o l e c u l e .  F r a g m e n t s  w i t h  o n e  
B a l  3 1  b l u n t  e n d  a n d  o n e  e n d o n u c l e a s e  c u t  s t i c k y  e n d  w e r e  
d i r e c t i o n a l l y  c l o n e d  i n t o  s u i t a b l y  p r e p a r e d  M13 v e c t o r s .

2.8 Ligation of DNA

DNA s a m p l e s  w e r e  l i g a t e d  i n  50mM t r i s . H C l  p H 7 .5 ,  lOmM 
M gC l2 , lOmM DTT, ImM rATP c o n t a i n i n g  0 . 5 - 5  u n i t s  o f  T4 DNA 
l i g a s e .  T h e  l i g a t i o n  v o lu m e s  w e r e  2 0 /z l c o n t a i n i n g  0 . 1 -  
0 . 2 / i g  t o t a l  DNA a n d  t h e  r e a c t i o n s  w e r e  c a r r i e d  o u t  a t  1 4 °C  
f o r  e i t h e r  4 h o u r s  ( c o h e s i v e  e n d  l i g a t i o n s )  o r  f o r  2 0  
h o u r s  ( b l u n t  e n d  l i g a t i o n s ) . V e c t o r  t o  t a r g e t  r a t i o s  w e r e  
i n  t h e  r a n g e  1 : 2  t o  1 : 4 .

2.9 Agarose gel electrophoresis

2.9.1 Neutral gels

A g a r o s e  g e l  e l e c t r o p h o r e s i s  o f  DNA w a s  c a r r i e d  o u t  i n  
s l a b  g e l s  o f  0 .6 - 1 .5 %  ( w /v )  a g a r o s e  (FMC B i o P r o d u c t s )  i n  
89mM t r i s  b o r a t e  p H 8 , 89mM b o r i c  a c i d ,  2mM EDTA (TBE) 
c o n t a i n i n g  0 . 5 - l u g . m l - 1  e t h i d i u m  b r o m id e .  B e f o r e  l o a d i n g ,  
DNA s a m p l e s  w e r e  c o m b in e d  w i t h  a l / 6 t h  v o lu m e  o f  s a m p le  
b u f f e r :  0 .2 5 %  b r o m o p h e n o l  b l u e ,  30% g l y c e r o l  i n  H2 0 .
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L a r g e  g e l s  ( 1 5 x 2 2 c m )  w e r e  r u n  a t  2 - 4 V . c m _ 1 ; m i n i g e l s  
(1 0 x 1 0 c m )  w e r e  r u n  a t  u p  t o  6 V .c m - 1 . DNA f r a g m e n t s  w e r e  

v i s u a l i s e d  a n d  p h o t o g r a p h e d  u n d e r  s h o r t - w a v e  UV 
i l l u m i n a t i o n .  T h e  s i z e s  o f  DNA f r a g m e n t s  w e r e  d e t e r m i n e d  
fr o m  a  c a l i b r a t i o n  c u r v e  o f  t h e  m i g r a t i o n  d i s t a n c e s  v s .  
t h e  f r a g m e n t  s i z e s  o f  DNA s i z e  s t a n d a r d s  ( s e c t i o n  2 . 7 . 1 ) .

2.9.2 Formaldehyde agarose gels

F o r m a ld e h y d e  a g a r o s e  g e l  e l e c t r o p h o r e s i s  o f  RNA w a s  
c a r r i e d  o u t  i n  s u b m e r g e d  s l a b  g e l s  o f  1 - 1 .5 %  a g a r o s e  i n  
18mM N a 2 H P 04 , 2mM NaH2 P 0 4 ( l x  g e l  b u f f e r )  c o n t a i n i n g  6% 
f o r m a l d e h y d e .  T h e  g e l s  w e r e  s u b m e r g e d  i n  2 l i t r e s  o f  l x  
g e l  b u f f e r  c o n t a i n i n g  3% f o r m a ld e h y d e  a n d  r u n  a t  I V . cm 
f o r  1 6 - 1 8  h o u r s .  P o l y - A + RNA s a m p l e s  w e r e  e t h a n o l  
p r e c i p i t a t e d  a n d  r e s u s p e n d e d  i n  20 /x l o f  s a m p le  b u f f e r :  50% 
f o r m a m id e ,  6% f o r m a l d e h y d e ,  l x  g e l  b u f f e r ;  t h e n  c o m b in e d  
w i t h  2 0 /z l d y e  b u f f e r :  50% fo r m a m id e ,  50% g l y c e r o l ,  l x  g e l  
b u f f e r ,  0 .1%  b r o m o p h e n o l  b l u e ,  0.1%  x y l e n e  c y a n o l .  T h e  
s a m p l e s  w e r e  h e a t e d  a t  6 5 ° C  f o r  5 m i n u t e s  a n d  c o o l e d  o n  
i c e  b e f o r e  l o a d i n g .  S i z e  s t a n d a r d s  w e r e  s i n g l e  s t r a n d e d  
DNA f r a g m e n t s  o b t a i n e d  b y  d e n a t u r i n g  A c l t s 8 5 7  DNA d i g e s t e d  
w i t h  H i n d l l l .

2.10 Purification of DNA fragments from agarose gels

DNA r e s t r i c t i o n  e n z y m e  d i g e s t s  w e r e  l o a d e d  o n  g e l s  
m ad e w i t h  0 .7 - 0 .9 %  l o w - g e l l i n g - t e m p e r a t u r e  (LGT) a g a r o s e  
(FMC B i o P r o d u c t s ) . U n d e r  UV i l l u m i n a t i o n ,  t h e  f r a g m e n t s  
o f  i n t e r e s t  w e r e  e x c i s e d  i n  a s  s m a l l  a  p i e c e  o f  g e l  a s  
p o s s i b l e .  T h e  s l a b  w a s  t h e n  p l a c e d  i n  a n  E p p e n d o r f  t u b e .  
An e q u a l  v o lu m e  o f  T . E . ( 1 0 , 1 )  w a s  a d d e d  a n d  t h e  a g a r o s e  
m e l t e d  i n  a  6 5 °C  w a t e r b a t h  f o r  5 m i n u t e s ,  f o l l o w i n g  w h ic h  
t h e  s a m p le  w a s  p h e n o l  e x t r a c t e d ,  e t h a n o l  p r e c i p i t a t e d  a n d  
r e s u s p e n d e d  i n  T . E . ( 1 0 , 1 ) .
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2.11 Nucleic acid transfer and filter hybridisation

2.11.1 DNA transfer and filter hybridisation

T r a n s f e r  o f  DNA f r a g m e n t s  t o  f i l t e r s  w a s  c a r r i e d  o u t  
f o l l o w i n g  t h e  m e t h o d  o f  S o u t h e r n  ( 1 9 7 5 ) ,  w i t h  t h e  
m o d i f i c a t i o n  t h a t  d i r e c t l y  f o l l o w i n g  e l e c t r o p h o r e s i s ,  t h e  
DNA i n  t h e  g e l  w a s  p a r t i a l l y  d e p u r i n a t e d  b y  s h a k i n g  i n  
0 .2 5 M  HC1 f o r  1 5  m i n u t e s .  P r i o r  t o  t r a n s f e r ,  f i l t e r s  ( 
n i t r o c e l l u l o s e  fr o m  S c h l e i c h e r  a n d  S c h u e l l  o r  A m ersh am  
H y b o n d -N ) w e r e  p r e w e t t e d  i n  H2 0  a n d  t h e n  2 x  SSC ( l x  SSC  
i s  150mM N a C l,  15mM N a - c i t r a t e ) . A f t e r  t r a n s f e r ,  t h e  
f i l t e r s  w e r e  r i n s e d  i n  2 x  SSC a n d  t h e n  b a k e d  a t  8 0 ° C  f o r  2 
h o u r s .  T h e f i l t e r s  w e r e  p r e - h y b r i d i s e d  i n  a  s o l u t i o n  o f  5 x  
S S C , 0.1%  SDS a t  6 5 °C  f o r  a t  l e a s t  2 h o u r s  a n d  t h e n  
h y b r i d i s e d  i n  5 x  S S C , 0.1%  S D S , 2 x  D e n h a r d t ' s  s o l u t i o n  ( l x  
D e n h a r d t ' s  i s  0 .0 2 %  BSA, 0 .0 2 %  F i c o l l ,  0 .0 2 %  p o l y v i n y l  
p y r r o l i d o n e ,  a l l  S ig m a )  , 1 0 0 /^ g .m l” 1 s i n g l e - s t r a n d e d  s a lm o n  
s p e r m  DNA. T h e  r a d i o a c t i v e  DNA p r o b e  w a s  d e n a t u r e d  i n  a  
b o i l i n g  w a t e r b a t h  f o r  5 m i n u t e s  b e f o r e  a d d i t i o n  t o  t h e  
f i l t e r  b a g ,  t o  y i e l d  a p r o b e  DNA c o n c e n t r a t i o n  o f  1 0 -  
5 0 n g . m l _ 1 . A f t e r  1 6 - 4 8  h o u r s  h y b r i d i s a t i o n ,  t h e  f i l t e r s  
w e r e  w a s h e d  b y  s h a k i n g  i n  2 x  S S C , l x  D e n h a r d t ' s ,  0 .1%  SDS 
f o r  2 x  30  m i n u t e s ,  f o l l o w e d  b y  2 x  30  m i n u t e s  i n  2 x  S S C , 
0.1%  S D S , f i n i s h i n g  w i t h  2 x  1 5  m i n u t e s  i n  3mM t r i s  b a s e ,  
0.1%  SD S; a l l  w a s h e s  w e r e  a t  room  t e m p e r a t u r e .  F i l t e r s  
w e r e  a u t o r a d i o g r a p h e d  u s i n g  X - r a y  f i l m  (R X , F u j i  o r  X A R -5 , 
K o d a k ) e i t h e r  a t  room  t e m p e r a t u r e  o r  a t  - 7 0 ° C  w i t h  a n  
i n t e n s i f y i n g  s c r e e n  (D u  P o n t  C r o n e x  L i g h t n i n g  P l u s )  
( L a s k e y  a n d  M i l l s , 1 9 7 7 ) .

F o r  r e - p r o b i n g  S o u t h e r n  b l o t  f i l t e r s ,  h y b r i d i s a t i o n  
p r o b e s  w e r e  r e m o v e d  fr o m  n i t r o c e l l u l o s e  f i l t e r s  b y  b o i l i n g  
i n  w a t e r  f o r  t h r e e  m i n u t e s .  On o c c a s i o n s ,  t h e  l e n g t h  o f  
t i m e  e l a p s e d  b e t w e e n  h y b r i d i s a t i o n s  o b v i a t e d  t h e  n e e d  t o  
r e m o v e  t h e  p r e v i o u s  h y b r i d i s a t i o n  p r o b e .  H y b r i d i s a t i o n  
p r o b e s  w e r e  r e m o v e d  fr o m  H y b o n d -N  f i l t e r s  a c c o r d i n g  t o  t h e  
m a n u f a c t u r e r s  i n s t r u c t i o n s  (A m e r s h a m ) .
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2 .1 1 .2  RNA t r a n s f e r  and f i l t e r  h y b r id is a t io n

RNA g e l s  w ere tr a n s fe r r e d  to  Hybond-N f i l t e r s  in  th e  
sam e way a s  DNA g e l s  e x c e p t  t h a t  f o l l o w i n g  
e le c t r o p h o r e s i s ,  th e  g e l s  w ere e q u i l ib r a t e d  in  lOx SSC fo r  
20 m in u tes p r io r  t o  s e t t i n g  up th e  t r a n s f e r ;  and t h a t  th e  
t r a n s f e r  s o l u t i o n  u sed  was lO x SSC. F i l t e r s  w ere  
p r e h y b r id ise d  o v e r n ig h t  a t  42°C in  h y b r id is a t io n  s o lu t io n :  
50% d e - io n is e d  form am ide, 5x SET ( lx  SET i s  150mM NaCl, 
30mM tr is .H C l pH8, 2mM EDTA) , 5x D en h a rd t's , 400u g .in i”1 
s in g le - s t r a n d e d  salm on sperm DNA, 0.5% SDS, 2x RNA g e l  
b u f f e r  ( s e e  s e c t io n  2 . 9 . 2 ) .  F i l t e r s  were h y b r id is e d  in  
h y b r id is a t io n  s o lu t io n  a t  42°C fo r  two n ig h t s ,  g e n e r a l ly  
w ith  r a d i o a c t i v e  s i n g l e - s t r a n d e d  M13 DNA p r o b e s .  The 
f i l t e r s  were washed a t  room tem p eratu re fo r  2 hours in  
fo u r  ch an ges o f  5x D en h a rd t's , 2x SET, 0.5% SDS and th en  
fo r  30 m in u tes in  two ch an ges o f  0 .5 x  SET, 0.5% SDS. 
A utorad iography was perform ed as fo r  DNA h y b r id is a t io n  
f i l t e r s .  To c o n tr o l  fo r  th e  amount o f  p o ly -A + sam ple  
lo a d ed  in  each  la n e , th e  f i l t e r s  were l a t e r  h y b r id is e d  to  
an o l i g o l a b e l l e d  DNA probe o f  a c t in  5C DNA (F yrberg e t  
a l . ,1 9 8 3 ) .

2.12 Radioactive labelling of DNA

2.12.1 Labelling duplex DNA

R a d io a c tiv e  l a b e l l i n g  o f  A DNA, p lasm id  DNA or DNA 
fr a g m e n ts  p u r i f i e d  by a g a r o s e  g e l  e l e c t r o p h o r e s i s  was 
c a r r ie d  ou t by e i t h e r  th e  n ic k  t r a n s la t io n  method o f  Rigby  
e t  a l . , ( 1 9 7 7 )  or  by th e  o l i g o l a b e l l i n g  method o f  F ein b erg  
and V o g e l s t e i n  (1 9 8 3 ) a s  a d a p te d  by F e in b e r g  and 
V o g e ls t e in  (1 9 8 4 ) . T y p ic a l ly  0 .0 5  t o  0.5/ig o f  DNA and 0 .5  
t o  2/zl o f  a lp h a -32P-dCTP a t  ~3000Ci/mmol (Amersham) was 
u sed  p er r e a c t io n ,  and u n in co rp o ra ted  n u c le o t id e s  were 
removed by p a ssa g e  down a Sephadex G-50 column u s in g  th e  
spun-colum n method (M a n ia tis  e t  a l . , 1 9 8 2 ) .  The s p e c i f i c  
a c t i v i t i e s  o b t a in e d  f o r  t h e  p r o b e s  w ere t y p i c a l l y  1 -  
9 x l0 8dpm. jug-1  DNA.
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2 .1 2 .2  L a b e ll in g  s i n g l e  stra n d ed  DNA

M13 c lo n e s  w ere used  t o  g e n e r a te  r a d io a c t iv e  s i n g l e -  
stra n d ed  DNA p rob es by u s in g  T7 DNA p o lym erase  (U n ited  
S t a t e s  B io c h em ic a ls  or Pharm acia) t o  s y n t h e s i s e  a stra n d  
com plem entary t o  th e  in s e r t  m  th e  p r e se n c e  o f  a lp h a - P- 
dCTP (a d a p te d  from  B u rk e, 1984) . The p r o d u c t s  o f  t h e  
e x te n s io n  r e a c t io n  w ere d ig e s te d  w ith  a r e s t r i c t i o n  enzyme 
t h a t  c le a v e d  e i t h e r  a t  th e  d i s t a l  end o f  th e  in s e r t e d  DNA 
fragm ent or a t  a s i t e  w ith in  th e  i n s e r t .  The sam ple was 
d en atu red  in  0.1M NaOH and th en  lo a d ed  on to  a d e n a tu r in g , 
1.5% lo w -g e ll in g - te m p e r a tu r e  a g a ro se  g e l  c o n ta in in g  30mM 
NaOH, lOmM EDTA. A fte r  e le c t r o p h o r e s is  a t  3V.cm_1 fo r  16 
h ou rs or  12V.cm""1 fo r  3 to  4 h o u rs, th e  p o s i t i o n  o f  th e  
r a d i o a c t i v e  s i n g l e - s t r a n d e d  DNA was d e te r m in e d  by  
a u to ra d io g rap h y  and th e  g e l  s la b  e x c is e d .  The s la b  was 
added d i r e c t l y  t o  th e  req u ired  volum e o f  h y b r id is a t io n  
s o lu t io n  and m elted  by b o i l in g  fo r  2 m in u te s . T h is  ty p e  o f  
probe was used  e x t e n s iv e ly  in  RNA b lo t t in g  e x p e r im e n ts .

2.13 Construction of genomic lambda libraries

Two s e p a r a t e  l i b r a r i e s  w ere made u s in g  DNA from  
sn  / s n  h e te r o z y g o t e s . The f i r s t  l ib r a r y  was made u s in g  
s i z e  s e l e c t e d  DNA from a Sau3AI p a r t ia l  d i g e s t .  A fte r  a 
s e r i e s  o f  t e s t  d i g e s t s  to  d eterm in e a s u i t a b le  enzyme 
c o n c e n tr a t io n  and tim e  c o u r se , a s e t  o f  tim e p o in t s  from a 
la r g e  s c a l e  p a r t ia l  d ig e s t  were e le c tr o p h o r e s e d  on an LGT 
a g a r o se  g e l .  DNA in  th e  s i z e  range from 15 t o  25kb was 
e x c is e d  in  a g e l  s l i c e  and p u r i f ie d .  The genom ic DNA was 
th e n  e t h a n o l  p r e c i p i t a t e d  in  t h e  p r e s e n c e  o f  AEMBL4 
(F r isc h a u f  e t  a l . ,  1983) DNA c u t w ith  BamHl and S a i l . The 
m ix tu re  o f  b a c te r io p h a g e  and genom ic DNA was resu sp en d ed  
in  l i g a s e  b u f f e r ,  5 u n i t s  o f  T4 DNA l i g a s e  added and th e  
r e a c t io n  in cu b a ted  a t  14°C o v e r n ig h t . A liq u o ts  o f  th e  
l i g a t i o n  were packaged in  v i t r o  u s in g  th e  method o f  Hohn 
and Murray (1 9 7 7 ) . The number o f  recom binant b a c te r io p h a g e  
was d eterm in ed  by t i t r a t i n g  th e  p ack agin g  r e a c t io n s  on
E. c o l i  s t a in  Q359. T h is  showed t h a t  a t o t a l  o f  3 0 ,0 0 0
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recom bin an t b a c te r io p h a g e  had been re c o v e r e d .
The p r o b a b i l i t y  o f  r e c o v e r in g  both  m u ta tio n s from th e  

Sau3 a l l ib r a r y  was low (M a n ia tis  e t  a l . ,  1982) th u s  a 
s e c o n d  l i b r a r y  was c o n s t r u c t e d .  The DNA map o f  t h e  
w ild ty p e  sn lo c u s  shows th a t  in t e r v a l  m utated in  sn  and 
sn 3 l i e s  w ith in  a 16kb BamHl fragm ent (F ig u re  3 .1 .1 ,  - 1 1 .0  
t o  + 5 .0 ) .  T h is r e s t r i c t i o n  fragm ent i s  p r e s e n t  in  both  
m u ta t io n s  and i s  s u i t a b l e  f o r  c lo n in g  i n t o  t h e  Ayp orep la cem en t v e c to r  AEMBL4. A sam ple o f  th e  sn  / s n  DNA 
w as d i g e s t e d  t o  c o m p le t io n  w ith  BamH l . A f t e r  s i z e  
s e l e c t i o n  (12-20kb) and p u r i f i c a t io n  th e  genom ic DNA was 
resu sp en d ed  in  l i g a t i o n  b u ffe r  c o n ta in in g  AEMBL4 c u t  w ith  
BamHl and S a i l . T4 DNA l i g a s e  was added and th e  r e a c t io n  
in cu b a ted  a t  14°C o v e r n ig h t . Sam ples o f  th e  l i g a t i o n  were 
in  v i t r o  packaged in t o  b a c te r io p h a g e  p a r t i c l e s  and th e  
number o f  recom binant b a c te r io p h a g e  t i t r a t e d  on E. c o l i  
s t r a in  Q359. The BamHl l ib r a r y  c o n ta in s  s u f f i c i e n t  recom­
b in a n t b a c te r io p h a g e  (1 2 0 ,0 0 0 ) t o  en su re  t h a t  a t  l e a s t  one 
A c lo n e  c a r r y in g  th e  m u tagen ised  r e g io n  o f  each  a l l e l e  
sh o u ld  be i s o la t e d  (M a n ia tis  e t  a l . , 1 9 8 2 ) .

L ib r a r ie s  w ere p la te d  ou t to  a d e n s i ty  o f  1 5 -3 0 ,0 0 0  
p la q u e s  p er  150mm p e t r i  d is h  u s in g  E. c o l i  Q359 (AEMBL4 
l i b r a r i e s )  or C600 h f  1A (AgtlO l i b r a r i e s ) . F i l t e r  l i f t s  
were made as d e sc r ib e d  in  s e c t io n  2 .1 4 .3 ,  and fo l lo w in g  
h y b r i d i s a t i o n  o f  t h e  f i l t e r s ,  p o s i t i v e  p la q u e s  w ere  
removed as c o r e s  and p la ce d  in  a sm a ll volum e o f  phage 
b u f f e r .  Two t o  th r e e  rounds o f  p laq u e h y b r id is a t io n  were 
s u f f i c i e n t  t o  p u r ify  th e  p o s i t i v e  p la q u e s , a f t e r  w hich  
t h e y  w ere  a m p l i f i e d  by t h e  p l a t e - l y s a t e  t e c h n iq u e  
(M a n ia t is  e t  a l . , 1 9 8 2 ) ,  f o l lo w e d  by l a r g e  s c a l e  
p r e p a r a t io n  o f  DNA.
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2 .1 4  Subclonincr DNA fragm ents

2.14.1 DNA vectors

S u b c lo n in g  was g e n e r a l l y  c a r r ie d  o u t  u s in g  g e l -  
p u r i f i e d  DNA fr a g m e n ts  w h ich  w ere l i g a t e d  t o  M13 o r  
p la sm id  v e c t o r s  a s  d e sc r ib e d  ab ove. P lasm id  v e c t o r s  used  
w ere p B lu e sc r ib e  M13- : a d e r iv a t iv e  o f  pUC19 c o n ta in in g
b a c te r io p h a g e  T3 and T7 prom oters f la n k in g  th e  c lo n in g  
s i t e  p o ly l in k e r  (S tr a ta g e n e  I n c . ) .  M13 v e c t o r s  u sed  were 
M13mp8, mp9 (M e ss in g  and V i e i r a ,  1 9 8 2 ) ,  m p l8 , m pl9 
(Y an isch -P erro n  e t  a l . ,  1 9 8 5 ), t g l3 0  and t g l3 1  (K ieny e t  
a l . ,  1 9 8 3 ). A pproxim ately  lOOng o f  l i g a t e d  DNA was u sed  
t o  tran sfo rm  E. c o l i  made com petent by th e  method o f  Mandel 
and Higa (1 9 7 0 ) .

2.14.2 Identification of subclones

P la sm id  r e c o m b in a n ts  w ere g e n e r a l l y  i d e n t i f i e d  by  
sm a ll s c a l e  p lasm id  p r e p a r a t io n s  fo llo w e d  by r e s t r i c t i o n  
enzyme d ig e s t io n  and a g a ro se  g e l  e le c t r o p h o r e s i s .  The 
p la sm id  p B lu e sc r ib e  M13- f a c i l i t a t e s  th e  i d e n t i f i c a t i o n  o f  
r e c o m b in a n ts  th r o u g h  t h e  b lu e - w h i t e  c o lo u r  s e l e c t i o n  
a s s o c ia t e d  w ith  th e  in s e r t io n a l  in a c t iv a t io n  o f  th e  l a c Z 
gen e on th e  p la sm id . In th e  c a s e  o f  M13 ph age, s in g l e  
ddTTP/dTTP d id eo x y  seq u en c in g  r e a c t io n s  o f  s e v e r a l  c lo n e s  
( T - t r a c k in g )  was o f t e n  u se d  t o  i d e n t i f y  t h e  c lo n e  o f  
i n t e r e s t .  On o c c a s io n s  w here t h e  d e s i r e d  p la q u e s  o r  
c o lo n ie s  formed a v er y  sm a ll p r o p o r tio n  o f  th e  t o t a l ,  th e  
fo l lo w in g  h y b r id is a t io n  p roced u res were u sed .

2.14.3 Plaque hybridisation

M13 or A p la q u e s  to  be sc re en ed  were p la te d  u s in g  BBL 
to p  agar to  a d e n s i t y  o f  50 -300  p la q u es p er  90mm p e t r i  
d i s h .  F i l t e r  l i f t s  o n to  n i t r o c e l l u l o s e  f i l t e r s
(S c h le ic h e r  and S c h u e ll)  were made and p r o c e s se d  by th e  
method o f  Benton and D avis (1 9 7 7 ) . A fte r  2 h ou rs bak in g  
a t  80°C , th e  f i l t e r s  were h y b r id is e d  w ith  a r a d io a c t iv e
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p r o b e , w ashed  and a u to r a d io g r a p h e d  a s  d e s c r ib e d  
p r e v io u s ly .

2.14.4 Colony hybridisation

C o lo n ie s  fo r  s c r e e n in g  w ere p ick ed  in  d u p l ic a t e  in to  
ord ered  a rra y s  and one s e t  t r a n s fe r r e d  t o  Whatman 541 
pap er (Gergen e t  a l . , 1 9 7 9 ). The f i l t e r - b o r n e  c o lo n ie s
w ere d en atu red  and n e u t r a l is e d  as i f  g e l s  fo r  Southern  
t r a n s f e r  and th en  ta k en  d i r e c t l y  to  h y b r id is a t io n  w ith o u t  
b ak in g  or p r e h y b r id is a t io n .

2.15 Dideoxv sequencing

DNA seq u en c in g  was perform ed by th e  d id eo x y  ch a in  
t e r m in a t in g  m ethod o f  S a n g er  e t  a l . , ( 1 9 7 7 ) .  The 
p r e p a r a t io n  o f  s i n g l e  stra n d ed  M13 DNA fo r  seq u en c in g  and 
d u p le x  Ml 3 DNA f o r  s u b c lo n in g  w ere c a r r i e d  o u t  a s  
d e sc r ib e d  in  B ank ier and B a r r e ll  (1 9 8 3 ) . Double stra n d ed  
te m p la te s  were prepared  fo r  seq u en c in g  u s in g  th e  method o f  
Guo e t  a l . ,  (1 9 8 3 ) . The m a jo r ity  o f  c lo n e s  w ere seq u en ced  
u s in g  T7 DNA p o ly m e r a se  (T ab or and R ic h a r d s o n . ,  1987 ; 
s u p p lie d  by U n ited  S t a t e s  B io ch em ica ls  or Pharm acia) u s in g  
th e  d ir e c t io n s  p rov id ed  in  "Sequenase" K its  (U n ited  S t a t e s  
B i o c h e m i c a l s ) . The r a d i o a c t i v e  l a b e l  u se d  in  t h e  
seq u en c in g  r e a c t io n s  was 35S-dATP-alpha S a t  -4 0 0  Ci.m m ol” 

(Amersham) and n u c l e o t i d e s  w ere from  P h a r m a c ia . On 
o c c a s i o n s ,  c l o n e s  w ere se q u e n c e d  w ith  DNA p o ly m e r a se  
Klenow fragm ent (Amersham or BCL) u s in g  th e  th e  d ir e c t io n s  
p r o v id e d  in  B a n k ie r  and B a r r e l l  ( 1 9 8 3 ) .  S e q u e n ce
r e a c t i o n s  w ere  f r a c t i o n a t e d  on 6% p o ly a c r y la m id e  g e l s  
(57 :3  m o n o ib is-a cry la m id e ) in  lx  TBE b u f f e r ,  7M u r ea .

2.16 Computer analysis of sequence data

Sequence d a ta  from in d iv id u a l  c lo n e s  was assem b led  
and a n a ly se d  u s in g  th e  programmes o f  Queen and Korn (1984) 
c o n t a in e d  in  t h e  M ic r o g e n ie  s o f t w a r e  p a c k a g e  (Beckman 
In stru m en ts) on an IBM XT p e r so n a l com puter. F u rth er

47



a n a ly s i s  o f  seq u en ces  was perform ed u s in g  programmes o f  
t h e  S t a d e n - P lu s  s o f t w a r e  p a ck a g e  ( S t a d e n . ,  1982 , 
S t a d e n . ,  1984) ; s u p p l ie d  by Amersham I n t e r n a t i o n a l  L td , 
w ith  an IBM AT p e r so n a l com puter. S ea rch es o f  th e  EMBL, 
GENBANK, SWISSPROT and NBRF s e q u e n c e  d a t a b a s e s  w ere  
p e r fo r m e d  u s in g  program m es w i t h in  t h e  UWGCG p a ck a g e  
(U n iv e r s ity  o f  W iscon sin  G e n e tic s  Computer U ser Group) on 
th e  SERC D aresbury VAX m ainfram e com puter.

2.17 Detection of ff-qalactosidase activity in Drosophila tissue

2.17.1 ff-qalactosidase staining in whole mount embryos

C o l le c t io n s  o f  embryos (0 -8  hours) w ere f ix e d  and 
s t a i n e d  a c c o r d in g  t o  t h e  p r o t o c o l  o f  G hysen and 
O' K an e. , ( 1 9 8 9 ) .  S t a in e d  em bryos w ere m ounted  b e n e a th  
c o v e r s l ip s  in  0.7% NaCl and photographed u s in g  a Nikon 
M icrophot FX m icro scop e on Kodak p r in t  or c o lo u r  r e v e r s a l  
f i lm .

2.17.2 ff-qalactosidase staining in pupae

S ta in in g  o f  pupal s t a g e s  o f  D ro so p h ila  developm en t  
was a c h ie v e d  by d i s s e c t in g  th e  pupa ou t o f  th e  pup al c a se  
and f i x i n g  fo r  10 m in u tes in  2.5% g lu te r a ld e h y d e , 50mM 
PIPES pH 7.5. The f ix e d  pupae were washed in  0.7%NaCl, 
submerged in  500u l s t a in in g  s o lu t io n  (Simon e t  a l . ,1 9 8 5 )  
and in cu b a ted  o v e r n ig h t a t  37°C. A fte r  s t a in in g  pupae were 
w ashed  in  0.7% NaCl and p h o to g r a p h e d  u s in g  a N ik on  FG 
camera mounted on a Nikon SMZ-10 d i s s e c t i n g  m icro scop e  
w ith  Kodak p r in t  or c o lo u r  r e v e r s a l  f i lm .

2.17.3 ff-qalactosidase staining in ovarioles

O v aries were d i s s e c t e d  from 3 day o ld  fe m a le s  and 
s t a i n e d  a s  d e s c r ib e d  in  G r o s s n ik la u s  e t  a l . , ( 1 9 8 9 ) .  
Mounted o v a r ie s  were exam ined u s in g  a Nikon M icrophot FX 
m ic r o s c o p e  and p h o to g r a p h e d  on Kodak p r i n t  o r  c o lo u r  
r e v e r s a l  f i lm . Whole mounts were photographed  a s d e sc r ib e d
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fo r  pupae. To exam ine s t a g e s  o f  o o g e n e s is  in  more d e t a i l ,  
o v a r i o l e s  w ere t e a s e d  a p a r t  and th e n  m ounted  and  
photographed  a s d e sc r ib e d  fo r  em bryos.

2.18 Microscopy

Three d i f f e r e n t  m icro sco p es  were u sed  d u r in g  t h e s e  
s t u d ie s .  For g e n e r a l d i s s e c t io n  and f l y  h a n d lin g  a Nikon  
SMZ-2 was u sed . M icrophotography was c a r r ie d  o u t u s in g  
e i t h e r  a Nikon M icrophot FX or a Nikon SMZ-10 d epen ding on 
m a g n if ic a t io n  and o p t ic s  r e q u ir e d . P hotographs w ere ta k en  
on Kodak EPT135-36 f i lm  p r o c e sse d  by CETA P h o to g ra p h ic  
L td. or Kodak Gold 200ASA p r in t  f i lm  p r o c e s se d  a t  CETA 
(above) or F a s t f o t o  L td. A ll  m icroscop e c o v e r s l ip s  and 
s l i d e s  w ere su p p lie d  by Chance Propper Ltd.

2.19 Drosophila media and stocks

2.19.1 Drosophila media

D ro so p h ila  s to c k s  were m ain ta in ed  on corn m eal, y e a s t ,  
t r e a c l e  food : 40ml powdered b r ew er 's  y e a s t  (IC N ), 105ml
cornm eal (IC N ), 60ml b la c k  t r e a c l e  (T ate and L yle) and 9g 
agar p er  l i t r e  t o  w hich was added 15ml o f  10% (w /v)
m eth y l-4 -h y d ro x y b en zo a te  (N ipagin ) and 2ml p r o p io n ic  a c id .  
P la t e s  fo r  embryo c o l l e c t i o n  co n ta in ed  grap e j u i c e  agar  
medium: 6 2 . 5g g l u c o s e ,  325g  s u c r o s e ,  8 . 5g p ow d ered
b r ew er 's  y e a s t ,  37 .5m l grape j u ic e  c o n c e n tr a te  (W aitrose  
own b r a n d ), 25g agar p er l i t r e  a l s o  c o n ta in in g  N ip a g in  and 
p r o p io n ic  a c id  a s ab ove. S to ck s were m a in ta in ed  a t  18°C 
or 25°C .

2.19.2 Orecron-R population cages

D ev elo p m en ta lly  s ta g e d  in d iv id u a ls  u sed  t o  produce  
w i ld t y p e  RNA w ere c o l l e c t e d  from  O regon -R  p o p u la t io n  
c a g e s . Three ca g e s  each  c o n ta in in g  5 -1 0 ,0 0 0  f l i e s  a re  
m a in ta in ed  in  a h u m id ifie d  25°C room s u b je c t  t o  a 12 hour 
on 12 hour o f f  l i g h t  c y c l e .  A fr e s h  cage  i s  s e t  up each
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w e e k  u s i n g  a n  o v e r n i g h t  c o l l e c t i o n  o f  e m b r y o s  fr o m  t h e  3 
c u r r e n t  c a g e s .  E a c h  p o p u l a t i o n  c a g e s  c o n t a i n s  i n d i v i d u a l s  
o f  a  d i f f e r e n t  a g e  (1  w e e k ,  2 w e e k s  o r  3 w e e k s )  t h u s  t h e  
f r e s h  c a g e  r e p l a c e s  t h e  o l d e s t  p o p u l a t i o n .  T h e  p o p u l a t i o n  
c a g e s  a r e  f e d  d a i l y  w i t h  a  t r a y  o f  g r a p e  j u i c e  m e d ia  
s m e a r e d  w i t h  y e a s t  p a s t e .  T im e d  e g g  c o l l e c t i o n s  m ad e  o n  
g r a p e  j u i c e / y e a s t  p l a t e s  w e r e  u s e d  t o  e s t a b l i s h  
s y n c h r o n o u s  c u l t u r e s  o f  D r o s o p h i l a . S p e c i f i c  s t a g e s  o f  t h e  
l i f e  c y c l e  w e r e  t h e n  h a r v e s t e d  a n d  u s e d  t o  p r e p a r e  p o l y - A + 
RNA.

2.19.3 Drosophila stocks

T h e  f o l l o w i n g  l i s t  d e s c r i b e s  a l l  s t o c k s  u s e d  i n  t h i s  
w o r k  t o g e t h e r  w i t h  t h e i r  o r i g i n s .  A d e s c r i p t i o n  o f  m o s t  
o f  t h e  g e n e t i c  m a r k e r s  a n d  m u t a t i o n s  l i s t e d  c a n  b e  f o u n d  
i n  L i n d s l e y  a n d  G r e l l  ( 1 9 6 8 ) .

S t o c k S o u r c e C om m ent
C a n t o n - S  ( C t - S ) BG w i l d t y p e

O r e g o n -R  (O r -R ) BG w i l d t y p e

C lB /w e  s n 1 BG s n  m u t a n t

wc o  s n 2 BG s n 2 m u t a n t

3y  s n  v KOH os n  m u t a n t

s n 4 BG s n 4 m u t a n t

y 2 wa s n 5 B/FM 6 BG s n  m u t a n t

3 4 es n J 4 e BG s n 3 4 e  m u t a n t

s n 3 6 a / c ( l)D X  y  f BG s n 3 6 a  m u t a n t
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I n ( 1 ) d l - 4 9 , y  Hw m2 g 4 /  
s n c

VOBG s n A p a r e n t a l  c h r .

1 0 6 /F M 7 MS s o u r c e  o f  s n X2 DNA

y  w4 7 c 2 3  r u n A A 33/F M 7 c KOH FM 7c u s e d  a s
s o u r c e  o f  h o m o z y g o u s  
s n  f e m a l e s  f o r  

RNA w o r k

A4 6 WG 2 n d  c h r .
i n s e r t i o n  o f  P [ l a c Z , r y + ]

w s n P [ l a c Z , r y + ] l /  y  
C ( 1 ) DX, y  f ;  r y 5 0 6

J P  S e c t i o n  4 . 3

s n P [ l a c Z , r y + ] 2 /  y  
C ( 1 ) DX, y  f ;  r y 5 0 6

J P  S e c t i o n  4 . 3

C ( 1 ) DX, y  f / Y ;  r y 5 0 6 KOH r y 5 0 6  s t o c k

B a s e ;  C y /b w v l ; U b x /S b MGK c a l l e d  H 41-RM

w? S b  e A 2 -3 /T M 6 WG S t a b l e  s o u r c e
o f  P - t r a n s p o s a s e

s n w ; r y 5 0 6  [M] KOH s n w M c y t o t y p e
s t o c k

y  s n w/  y + Y ; b w ; s t  [M] KOH s n w M c y t o t y p e
s t o c k

4 s n e ; r y 5 0 6  [M] KOH s n e  M c y t o t y p e
s t o c k

4 s n ( + ) ; r y 5 0 6  [M] KOH s n ( + ) M c y t o t y p e
s t o c k
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s n w/ C ( 1 ) D X ,y  f / Y  [P ]  KOH

4 s n e / C ( l ) D X , y  f / Y  [P ]  KOH

4 s n ( + ) / C ( l ) D X , y  f / Y  [P ]  KOH

s n w/ B a s c / Y  [P ]  KOH

4 s n e / B a s c / Y  [P ]  KOH

4 s n / B a s c / Y  [P ]  KOH

B a l a n c e r  c h r o m o s o m e s

F i r s t  c h r o m o s o m e  b a l a n c e r s

FM6 = I n ( l ) F M 6 , y 3 1 d  s c 8 dm B

FM7 = I n ( l ) F M 6 , y 3 1 d  s n X2 s c 8 dm B

C1B = I n ( 1 ) C l , s c  1 (C )  t 2 s i  B

B a s e  = I n ( 1 )  s c S 1L  s c 8R + S , s c s l  s c 8 wa  B

s n w P c y t o t y p e  
s t o c k

s n e  P c y t o t y p e  
s t o c k

s n ^ + ) P c y t o t y p e  
s t o c k

s n w [P ]  f e m a l e s  

s n e  [P ]  f e m a l e s  

s n ^ + ) [P ]  f e m a l e s

T h ir d  c h r o m o s o m e  b a l a n c e r s

TM6 = I n ( 3R)TM 6 s s  b x 3 4 e  e

K ey
BG =  M id - A m e r ic a  S t o c k  C e n t r e ,  B o w l in g  G r e e n ,  USA. 
KOH =  K e v in  O 'H a r e ,  I m p e r i a l  C o l l e g e ,  L o n d o n , UK.
MS = M ik e  S im m o n s , U n i v e r s i t y  o f  M i n n e s o t a ,  U SA .
WG = W a l t e r  G e h r i n g ,  B i o z e n t r u m ,  B a s e l ,  S w i t z e r l a n d .  
MGK = M a r g a r e t  K i d w e l l ,  U n i v e r s i t y  o f  A r i z o n a ,  USA.
J P  = T h i s  w o r k ,  s e e  C h a p t e r  4 .

5 2



CHAPTER 3

Molecular characterisation of the singed gene.
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3.0 Introduction

A t l e a s t  p a r t  o f  t h e  s n  l o c u s  h a d  p r e v i o u s l y  b e e n  
c l o n e d  b y  R o ih a  e t  a l . , ( 1 9 8 8 )  -  C h a p t e r  1 ,  F i g u r e  1 . 6 . 1 .  
S t a r t i n g  w i t h  t h i s  c l o n e d  i n t e r v a l  t h e  e x p e r i m e n t s  i n  
t h i s  c h a p t e r  d e s c r i b e  t h e  l o c a l i s a t i o n  a n d  m o l e c u l a r  
c h a r a c t e r i s a t i o n  o f  t h e  s n  t r a n s c r i p t i o n  u n i t .

3.1 DNA blotting analysis of the singed region

DNA b l o t t i n g  e x p e r i m e n t s  t o  d e t e c t  l e s i o n s  i n  m u t a n t  
a l l e l e s  o f  s n  h a v e  p r e v i o u s l y  b e e n  c a r r i e d  o u t  b y  R o ih a  
e t  a l .  , ( 1 9 8 8 )  -  S e e  C h a p t e r  1 .  O f 9 n o n - P - e l e m e n t  a l l e l e s  
s t u d i e d  b y  t h e s e  i n v e s t i g a t o r s  5 w e r e  sh o w n  t o  c o n t a i n  
a l t e r a t i o n s  w i t h i n  t h e  i n t e r v a l  - 2 . 0  t o  + 4 . 0  F i g u r e  1 . 6 . 1 .  
A n a l y s i s  o f  P - e l e m e n t  i n d u c e d  b r e a k p o i n t  ( 2 )  a n d  
i n s e r t i o n  ( 2 2 )  m u t a n t s  l o c a t e  l e s i o n s  w i t h i n  t h e  r e g i o n  
- 0 . 7  t o  0 . 0  ( S e e  C h a p t e r  1 ,  F i g u r e  1 . 6 . 1 ) .  T h i s  s u g g e s t s  
t h a t  a t  l e a s t  p a r t  o f  t h e  s i n g e d  g e n e  i s  e n c o d e d  w i t h i n  
t h e  i n t e r v a l  - 2 . 0  t o  + 4 . 0  F i g u r e  3 . 1 . 1 .

A l t h o u g h  t h e  DNA b l o t t i n g  e x p e r i m e n t s  o f  R o ih a  e t  
a l . , ( 1 9 8 8 )  d e t e c t e d  l e s i o n s  i n  s o m e  s n  m u t a n t s  t h e  
a n a l y s i s  w a s  i n c o m p l e t e .  P o t e n t i a l  l e s i o n s  w e r e  o n l y  
m a p p ed  w i t h i n  p a r t  o f  t h e  c l o n e d  i n t e r v a l ,  - 1 6 . 6  t o  + 5 . 5  
a n d  + 6 . 1  t o  + 1 2 . 4 .  T h u s  t h e  f i r s t  e x p e r i m e n t s  r e p o r t e d  
h e r e  e x t e n d  t h e  DNA b l o t t i n g  a n a l y s i s  t o  c o v e r  t h e  e n t i r e  
c l o n e d  r e g i o n .

T h e  o r i g i n a l  f l y  s t o c k s  a n a l y s e d  b y  R o i h a  e t  
a l . , ( 1 9 8 8 )  a r e  n o  l o n g e r  a v a i l a b l e ,  t h u s  r e p l a c e m e n t  
s t o c k s  w e r e  o b t a i n e d  fr o m  D r o s o p h i l a  S t o c k  C e n t r e s .  A 
l i s t  o f  m u t a n t  a l l e l e s  a n a l y s e d  i n  t h i s  s t u d y  i s  sh o w n  i n  
F i g u r e  3 . 1 . 2 .  I n i t i a l l y  DNA b l o t t i n g  e x p e r i m e n t s  
c o n c e n t r a t e d  o n  d e t e r m i n i n g  t h e  s i z e  o f  E c o  R1 f r a g m e n t s  
w i t h i n  t h e  DNA o f  m u t a n t  a l l e l e s .  C o n s e c u t i v e  E c o  R 1  
s u b c l o n e s  c o v e r i n g  t h e  e n t i r e  c l o n e d  r e g i o n  w e r e  u s e d  a s  
p r o b e s  i n  t h e s e  DNA b l o t t i n g  e x p e r i m e n t s .  W hen a l t e r a t i o n  
w e r e  d e t e c t e d ,  o t h e r  r e s t r i c t i o n  e n d o n u c l e a s e s  w e r e  u s e d  
t o  map t h e  s i t e  a n d  n a t u r e  o f  t h e  l e s i o n  i n  f u r t h e r  DNA 
b l o t t i n g  e x p e r i m e n t s .
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Figure 3.1.1 - Genetic and DNA map of the singed region.

T h e  g e n e t i c  map o f  t h e  s i n g e d  l o c u s  i s  r e d r a w n  fr o m  
H e x t e r , ( 1 9 5 7 ) .  A l l e l e s  w i t h  d e t e c t a b l e  DNA l e s i o n s  a r e  
sh o w n  i n  d a r k  l e t t e r s  w h i l e  t h o s e  w i t h o u t  d e t e c t a b l e  DNA 
l e s i o n s  a r e  i n  l i g h t  l e t t e r s .  T h e  p o s i t i o n  o f  t h e  g e n e t i c  
m ap a b o v e  t h e  DNA map a p p r o x i m a t e l y  m a t c h e s  t h e  s i t e s  o f  
DNA d i s t u r b a n c e s  i n  i n d i v i d u a l  a l l e l e s .  T h e  DNA map i s  
r e d r a w n  f r o m  R o i h a  e t  a l . , ( 1 9 8 8 )  a n d  w a s  d e r i v e d  b y  
r e s t r i c t i o n  m a p p in g  o v e r l a p p i n g  p h a g e  c o n t a i n i n g  i n s e r t s  
f r o m  C a n to n  S .  T h e  c o - o r d i n a t e  s y s t e m  i s  i n  k i l o b a s e s .  
R e s t r i c t i o n  e n z y m e  s i t e s  a r e  a b b r e v i a t e d  a s  f o l l o w s  R= 
E c o R I , H= H i n d i 1 1 , S =  S a i l . B= BamH I . X= X h o l . 
R e s t r i c t i o n  e n z y m e  s i t e s  s h o w n  i n  b r a c k e t s  a r e  
p o l y m o r p h i c .  T h e  tw o  p h a g e  ARsn4 a n d  ARsn5 w e r e  i s o l a t e d  
f r o m  t h e  w i l d t y p e  (O r e g o n  R) l i b r a r y  o f  M a r ia n i  e t  a l . , 
1 9 8 5  u s i n g  t h e  r e g i o n  + 1 2 . 5  t o  + 1 7 . 5  a s  a p r o b e .
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Figure 3.1.1
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T h i s  a n a l y s i s  c o n f i r m e d  t h e  s i t e  a n d  s t r u c t u r e  o f  DNA 
l e s i o n s  p r e s e n t  i n  s n X 2 . s n 3 . s n 3 4 e  a n d  s n 3 6 a  a n t  t h a t  n o

• . 1 4  Rl e s i o n s  w e r e  d e t e c t a b l e  m  s n  , s n  a n d  s n  ( d a t a  n o t  
s h o w n ) . D i f f e r e n t  o r  n e w  r e s u l t s  w e r e  o b t a i n e d  i n  t h e  
a n a l y s i s  o f  s n 2 a n d  D p ( l : 3 ) s n 1 3 a .

F i g u r e  3 . 1 . 2 -  T a b l e  o f  s n  m u t a n t s  a n a l y s e d b y DNA
b l o t t i n g

A l l e l e G e n o t y p e S o u r c e L e s i o n
s n 1 C l B / w e  s n 1 BG -
s n 2 wc o  s n 2 BG + 5 . 8 t o  + 1 2 .
s n 3 3y  s n  v KOH - 0 . 9 t o  0 . 0
s n 4 s n 4 BG -
s n 5 y 2wa s n 5 B/FM6 BG -
s n 3 4 e 3 4 es n J 4 e BG + 2 . 4 t o  + 4 . 3
s n 3 6 a C ( 1 ) DX y  f / s n 3 6 a BG - 1 . 2 t o  0 . 0
s n X2 1 0 6 / F M 7 MS - 1 . 9 t o  - 1 . 2
D p ( 1 : 3 ) s n 1 3 a l - BG 0.0 t o  + 5 . 5
C t - S w t BG -
O r - R w t BG -

K e y :  BG = Mid'- A m e r i c a  S t o c k  C e n t r e , B o w l i n g  G r e e n ,  1USA.
MS = M i k e  S i m m o n s ,  U n i v e r s i t y  o f  M i n n e s o t a ,  USA.
KOH = K e v i n  O ' H a r e ,  I m p e r i a l  C o l l e g e ,  L o n d o n ,  U . K .
A d e s c r i p t i o n  o f  t h e  g e n e t i c  m a r k e r s  a n d  m u t a t i o n s  

l i s t e d  a b o v e  c a n  b e  f o u n d  i n  L i n d s l e y  a n d  G r e l l , ( 1 9 6 8 ) .

T h e  s t o c k  Dp ( 1 : 3 ) s n 1 3 a l  i s  d e r i v e d  f r o m  t h e  n o w  
e x t i n c t  t r a n s l o c a t i o n  s t o c k  T ( l : 3 ) s n 1 3 a l  ( V a l e n c i a ,  1 9 6 6 )  
T h e  t r a n s l o c a t i o n  i n  t h i s  s t o c k  d i s r u p t s  t h e  s n  g e n e  b y  
t r a n s f e r r i n g  p a r t  o f  t h e  l s ^ c h r o m o s o m e  o n t o  t h e  3 r<  ̂
c h r o m o s o m e .  DNA b l o t t i n g  a n a l y s i s  o f  D p ( l : 3 ) s n 1 3 a  l o c a t e s  
t h e  n o v e l  l s **:3r<  ̂ c h r o m o s o m e  j u n c t i o n  w i t h i n  t h e  i n t e r v a l  
0 . 0  t o  + 5 . 5  F i g u r e  3 . 1 . 3 .  T h i s  i s  c o n s i s t e n t  w i t h  p r e v i o u s  
l o c a l i s a t i o n s  o f  t h e  s n  g e n e .

T h e  DNA b l o t t i n g  a n a l y s i s  o f  s n 2 l o c a t e d  a  c o m p l e x  
a l t e r a t i o n  w i t h i n  t h e  r e g i o n  + 5 . 8  t o  + 1 2 . 2  F i g u r e  3 . 1 . 4 .
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T h e  p a n e l  s h o w s  a  DNA b l o t  o f  E c o  R 1  d i g e s t e d  
D p ( 1 : 3 ) s n 1 3 a l  a n d  C t - S  DNA p r o b e d  w i t h  t h e  r e g i o n  0 . 0  t o  
+ 5 . 4 .  T h e  a d d i t i o n a l  b a n d  s e e n  i n  t h e  D p ( 1 : 3 ) s n 1 3 a l  l a n e  
i s  t h e  n o v e l  l s ^ : 3 r(  ̂ c h r o m o s o m e  j u n c t i o n  p r e s e n t  i n  t h i s  
s t o c k .

Figure 3.1.3 - DNA blotting analysis of D p (1:3)sn13al
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F ig u re  3 .1 .4  -  D e te c t io n  o f  a DNA le s io n  in  sn 2

The panel shows a DNA blot of 7 samples digested 
with both Eco R1 and Bam HI restriction endonucleases. 
The probe (+6.1 to +12.7) detects a lesion within the 
interval +6.1 to +10.5 in sn2 DNA. The size alteration 
seen in sn4 is discussed in Section 3.1 and Figure 3.1.5.

*-> S Or- ^  ^   ̂ > Sa -2-,

S  } -  3 * ^ * -  J  s ^ V  l a J r o r x S  * ~ ~ < -

#J .i° u it^  3 / ' 5 \
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Figure 3 .1 .4
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Further DNA blotting experiments identified this change as 
either a large insertion or non-cytological rearrangement 
within the interval +8.0 to +10.5 (data not shown).

. . . . . pThe detection and localisation of a lesion m  sn is 
contrary to the results of Roiha et al.,(1988). To explain

. . . pthe detection of a lesion m  one sample of sn and not m  
a second sample the possibility of genetic contamination 
must be considered. Examples of contaminated sn stocks are 
seen in Drosophila Stock Lists where some female sterile 
alleles of sn are available in apparently homozygous 
fertile stocks. The sn stock analysed in this study was
checked for alterations in genetic markers present on the

C! +" ,1 chromosome. No differences were found. The sn 
phenotype of this stock is identical to the description of

psn m  l m d s l e y  and Grell,1968. It is therefore assumed 
that the DNA alteration detected in the region +8.0 to

p+10.5 represents the true sn mutation.
. . pIn addition to the sn lesion, Figure 3.1.4 shows the

interval from +10.5 to +12.5 to be larger in sn4 than in
wildtype Oregon-R (Or-R) DNA. Investigation of this size 
difference lead to the discovery of a fragment length 
polymorphism within this region. The interval from +10.5 
to +15.8 varies between two discrete sizes (Figure 3.1.5). 
This variation can be detected using many different 
endonucleases and thus is not due to polymorphism of a 
particular restriction endonulease site (data not shown).
The 500bp difference is even observed between wildtype 
strains (Figure 3.1.5) and thus must not affect the 
function of the sn gene. Subsequent analysis of the gene 
structure (see below) suggests that these polymorphisms 
lie within introns of the sn transcript.

. . . 9The discovery of a DNA lesion in sn allows a direct
comparison between the site of molecular change and the
position of the allele in the genetic map of sn (Hexter,
1957 ;Figure 3.1.1). The pair of distal alleles sn36a and 

3sn have DNA changes in the region -2.0 to +4.0. The
• • • 9central allele containing a detectable DNA lesion, sn has 

an alteration in the region +8.0 to +10.5. This suggests 
that the mutations in the proximal alleles, sn , sn and
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F ig u re  3 .1 .5  -  I d e n t i f i c a t i o n  o f  an RFLP w ith in  th e  sn lo c u s

The panel shows a DNA blot of 7 samples digested 
with both Bam HI and Sal 1 restriction endonucleases. The 
probe (+12.7 to +17.5) detects a fragment length 
polymorphism of 500bp within the interval +10.5 to +15.8. 
Note the RFLP is present in the wildtype stain Ct-S but 
absent from the Or-R wildtype stain.
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Figure 3.1.5
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sn 50^, l i e  to  th e  r ig h t  o f  + 8 .0 .
I t  now seemed p o s s ib le  th a t  th e  gene ex ten d ed  beyond  

th e  r ig h t  end o f  th e  c lo n ed  in t e r v a l  ( + 1 7 .5 ) .  Thus th e  
c lo n e d  re g io n  was ex ten d ed  by u n d ertak in g  a chromosome 
w alk in  t h i s  d i r e c t io n .  A probe from + 1 2 .5  t o  + 1 7 .5  was 
u sed  to  i s o l a t e  hom ologous phage from a w ild ty p e  l ib r a r y  
(M ariani e t  a l . , 1 9 8 5 ) .  Two in d ep en d en t phage ARsn4 and 
ARsn5 were i s o la t e d  and mapped (F ig u re  3 . 1 . 1 ) .  They ex ten d  
th e  o r i g i n a l l y  c lo n e d  in t e r v a l  by + 9 .5k b , from + 1 7 .5  to  
+ 27.

To com p lete  th e  DNA b lo t t in g  a n a ly s i s  m utants shown 
in  F ig u r e  3 . 1 .2  w ere t e s t e d  f o r  DNA l e s i o n s  w i t h in  
in t e r v a l  + 1 7 .5  to  +27. No a l t e r a t io n s  were found (d ata  n ot 
sh ow n ).

3.2 Transcription of the singed region

The a n a ly s i s  o f  mutant sn a l l e l e s  by DNA b lo t t in g  and 
t h e  s u b s e q u e n t  a l ig n m e n t  o f  th e  g e n e t i c  map w ith  th e  
p h y s ic a l  map s u g g e s t s  th a t  th e  sn t r a n s c r ip t io n  u n it  l i e s  
in  th e  in t e r v a l  - 2 .0  to  beyond + 8 .0  (F ig u re  3 . 1 . 1 ) .  To 
i d e n t i f y  t r a n s c r ip t s  from t h i s  in t e r v a l  th e  r e g io n  from 
- 2 .0  to  0 .0  was h y b r id ise d  to  an RNA b lo t  o f  p o ly -A + RNA 
made from  v a r io u s  s t a g e s  o f  D r o s o p h ila  d e v e lo p m e n t  
(K.O'Hare p ers .co m m .) .  The r e s u l t s  (F igu re  3 .2 .1 )  show 3 
t r a n s c r ip t s  o f  3 .0 ,  3 .3  and 3 . 6kb in  a d u lt  fem a le s  and
em bryos. The 3 . 6kb t r a n s c r ip t  i s  a l s o  p r e s e n t  in  a d u lt  
m ales and i s  m ost abundant in  pupae. These t r a n s c r ip t s  are  
d e r iv e d  from an in t e r v a l  d isr u p te d  in  many sn m u tan ts. The 
p r e s e n c e  o f  t r a n s c r i p t s  d u r in g  p u p a t io n  and in  a d u l t  
fe m a le s  f i t s  w ith  a req u irem en t fo r  sn p rod u ct d u rin g  h a ir  
and b r i s t l e  form ation  and o o g e n e s is .  I t  i s  con c lu d ed  th a t  
t h e s e  t r a n s c r ip t s  are  d e r iv ed  from th e  SLD g en e .

To d em on strate th e  d ir e c t io n  o f  t r a n s c r ip t io n  stra n d  
s p e c i f i c  p r o b e s  from  th e  r e g io n  - 2 . 0  t o  0 .0  w ere  
h y b r id is e d  to  a b lo t  o f  a d u lt  m ale and fem ale  RNA. T h is  
showed a l l  3 sn RNAs to  be tr a n sc r ib e d  from d i s t a l  to  
p rox im al ( l e f t  to  r ig h t  F igu re 3 . 1 . 1 , O'Hare p e rs .co m m .).

U sin g  a more d i s t a l  DNA fragm ent , - 5 .0  t o  - 2 .0  as a
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F ig u re  3 .2 .1  -  E x p ress io n  o f  s in g e d  t r a n s c r ip t s
d u rin g  d evelop m en t.

P o ly -A + RNA sa m p le s  from  d i f f e r e n t  s t a g e s  o f  
developm en t were used  to  produce t h i s  RNA b lo t  probed  
w ith  seq u en ces from th e  sn lo c u s  ( - 2 .0  to  0 .0  F ig u re  1) . 
El= 0 -4 h r  em bryos, E2= 4 -8h r em bryos, E3= 0 -16h r em bryos, 
Ll= l s  ̂ in s t a r  la r v a e , L2= 2n(̂  in s t a r  la r v a e , L3= 3r<̂  
in s t a r  la r v a e . EP= e a r ly  pupae, LP= l a t e  pupae, c f = 
a d u lt  m a les , ^  = a d u lt  fe m a le s . Lambda H in d iII  m o lecu la r  
w e ig h t  m ark ers w ere  u se d  t o  e s t im a t e  t h e  s i z e  o f  
t r a n s c r ip t s .  E q u iv a len t q u a n t i t i e s  o f  RNA were lo a d ed  in  
each  la n e  as judged  by h y b r id is a t io n  to  an a c t in  probe  
(d a ta  n o t sh ow n ).
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Figure 3.2.1

E l  E 2  E 3  L I  L 2  L 3  P I  P 2  $

67



p r o b e  on RNA b l o t s ,  d e t e c t s  a 5 .4  kb RNA t h a t  i s  
tr a n s c r ib e d  in  th e  o p p o s ite  d ir e c t io n  to  th e  3 .0 ,  3 .3  and 
3 . 6kb sn RNAs (K. O'Hare p ers  . comm. ) . T h is t r a n s c r ip t  i s  
d e r iv e d  from th e  o l f E gene (G. Hassan p e r s . com m .).

3.3 Extent of the singed transcription unit - RNA analysis

Apart from id e n t i f y in g  sn RNAs th e  above RNA b lo t t in g  
ex p er im en ts in c lu d e  some in fo rm a tio n  about th e  e x te n t  o f  
th e  sn t r a n s c r ip t io n  u n i t .

The probe used  to  d e t e c t  sn RNAs i s  o n ly  2 . Okb y e t  
t h e  sn  t r a n s c r i p t s  a re  3 .0 ,  3 .3  and 3 .6 k b . The sjn 
t r a n s c r ip t s  must th e r e fo r e  c o n ta in  seq u en ces from o u tw ith  
th e  probe fragm en t. The a d ja ce n t d i s t a l  genom ic in t e r v a l  
d e t e c t s  a d iv e r g e n t  t r a n s c r i p t  in  RNA b l o t t i n g  
ex p e r im e n ts . U n le ss  t h i s  gene o v e r la p s  sn , th e  sn RNAs 
must in c o r p o r a te  seq u en ces proxim al to  ( to  th e  r ig h t  o f)  
0 .0  (F ig u re  3 .1 .1 ) .

Some d a ta  l o c a t i n g  th e  5 ' end o f  th e  sn  
t r a n s c r ip t io n  u n it  has a ls o  been p r e s e n te d . The in t e r v a l  
- 2 .0  to  0 .0  d e t e c t s  a l l  3 sn RNAs but th e  r e g io n  - 5 .0  to  
- 2 .0  d e t e c t s  no sn t r a n s c r ip t s  on RNA b l o t s .  T r a n sc r ip t io n  
o f  th e  sn RNAs i s  from d i s t a l  to  p ro x im a l. The 5 ' ends o f  
a l l  3 sn RNAs p rob ab ly  l i e  w ith in  th e  in t e r v a l  - 2 .0  to  
0 .0 .

To map th e  5' ends o f  th e  3 sn RNAs a v a r ie t y  o f  
s h o r t  s u b c lo n e s  from  th e  - 2 .0  t o  0 .0  i n t e r v a l  w ere  
h y b r id ise d  to  RNA b lo t s  c a r r y in g  sam ples o f  m ale and 
fem ale  RNA. No probe was found which d is c r im in a te d  betw een  
th e  th r e e  RNAs. They e i t h e r  d e te c te d  a l l  th r e e  RNAs or 
none o f  them (K.O'Hare p ers .co m m .). The m ost in t e r e s t in g  
r e s u l t s  w ere o b ta in e d  by co m p a rin g  t h e  h y b r i d i s a t i o n  
p a tte r n  o f  two p rob es whose proxim al l i m i t s  d i f f e r e d  by 
o n ly  100 bp (K.O'Hare p ers .co m m .). The f i r s t  probe ( - 1 .8  
to  - 0 .6 )  d e te c te d  a l l  3 RNAs, w h ile  th e  second  probe ( - 2 .7  
to  - 0 .7 )  d id  n o t d e t e c t  any sn t r a n s c r ip t s .  These r e s u l t s  
s u g g e s t  th a t  th e  5' ends o f  a l l  th r e e  RNAs map to  th e  
in t e r v a l  - 0 .7  to  - 0 .6 .  I f  th e  5' ends o f  a l l  th r e e  RNAs 
are  w ith in  such a sm a ll r e g io n , i t  s u g g e s t s  th a t  th e
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P a n e ls  A to  E show RNA b lo t s  o f  m ale and fem ale  RNA 
h y b r id is e d  to  th e  co rresp o n d in g  stra n d  s p e c i f i c  probe  
shown in  th e  diagram  below  (+ 12 .3  to  + 1 8 .3 ) .  E q u iv a le n t  
q u a n t i t i e s  o f  p o ly -A + RNA were load ed  in  each  la n e  as  
ju d g e d  by h y d r i d i s a t i o n  o f  an a c t i n  p ro b e  (d a ta  n o t  
sh ow n ).

Figure 3.3.1 - Localisation of the 3'ends of sn transcripts
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t r a n s c r i p t  s i z e  d i f f e r e n c e s  must be due t o  d i f f e r e n t  3' 
en ds ,  a n d /or  d i f f e r e n t  s p l i c i n g .

To map th e  3' ends o f  t h e  RNAs, a s e r i e s  o f  more 
proxim al  probes were used .  Again, probes from w i t h i n  th e  
i n t e r v a l  - 0 . 6  t o  +14 .3  e i t h e r  h y b r id i s e d  t o  a l l  t h r e e  
RNAs, or t o  none o f  them (data not  shown).  D i f f e r e n c e s  
w ere  found  u s i n g  p r o b e s  from + 1 4 . 0  t o  + 1 8 . 3  ( F i g u r e  
3 . 3 . 1 ) .  Probe A from +14 .0  t o  +14 .3  h y b r i d i s e s  t o  a l l  3 sn 
t r a n s c r i p t s  ( F i g u r e  3 . 3 . 1 A ) .  The a d j a c e n t  g en o m ic  
i n t e r v a l ,  probe B from +14.3  t o  + 1 6 .6 ,  h y b r i d i s e s  most  
s t r o n g l y  t o  th e  3 . 6kb RNA, and l e s s  s t r o n g l y  t o  t h e  3 .3kb  
RNA and l e a s t  s t r o n g l y  t o  th e  3 . Okb RNA (F igu re  3 . 3 . I B ) . A 
p r o b e  from t h e  n e x t  gen om ic  i n t e r v a l ,  + 1 6 . 6  t o  + 1 8 .3  
(F igure  3 . 3 . IE) does  not  h y b r i d i s e  t o  any sn RNAs.

To i n v e s t i g a t e  t h e  g r a d u a t e d  h y b r i d i s a t i o n  p a t t e r n  
se en  w i th  probe B, s m a l l e r  probes were u sed .  Probe D 
(+14 .6  t o  +15 .6 )  d e t e c t s  o n ly  th e  3 . 6kb t r a n s c r i p t  on RNA 
b l o t s  (F igure  3 . 3 . ID).  Probe C (+14.5  t o  + 1 5 .6 )  d e t e c t s  
th e  3 .6  kb RNA, does  not d e t e c t  t h e  3 .0  kb and appears  not  
t o  d e t e c t  th e  3 .3  kb RNA (F igure  3 . 3 . 1 C ) .  The a n a l y s i s  o f  
cDNAs and th e  genomic DNA segu en ce  ( s e e  below) , s u g g e s t s  
t h a t  t h e  3' end o f  th e  3 .3kb RNA maps t o  + 1 4 .5 5 ,  so  probe  
C m ig h t  be e x p e c t e d  t o  h y b r i d i s e  t o  t h e  3 . 3 k b  RNA. 
H y b r i d i s a t i o n  o f  t h e  probe t o  th e  more abundant 3 .6  kb RNA 
(and any degraded 3 . 6kb RNA) may be o b scu r in g  d e t e c t i o n  o f  
h y b r i d i s a t i o n  t o  t h e  3 .3kb RNA. Furthermore, t h e  s h o r t  
r e g io n  o f  homology (57bp) and th e  h igh  A-T c o n t e n t  (46 /57)  
o f  t h e  ex p e c ted  hybr id  between probe C and t h e  3 .3kb RNA 
make i t  i m p o s s i b l e  t o  draw an a b s o l u t e  c o n c l u s i o n .  
N o n e t h e l e s s ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  th e  3 'en ds  o f  th e  
RNAs map t o  d i f f e r e n t  p o s i t i o n s  w i t h in  th e  i n t e r v a l  +14.3  
and + 1 6 .6 .

3 . 4  E x t e n t  o f  t h e  s i n g e d  t r a n s c r i p t i o n  u n i t  -  cDNA a n a l y s i s

Using  RNA b l o t t i n g  th e  approximate l i m i t s  o f  th e  sn 
t r a n s c r i p t i o n  u n i t  have been d e f i n e d .  To c h a r a c t e r i s e  th e  
s t r u c t u r e  o f  th e  t r a n s c r i p t i o n  u n i t  a s e r i e s  o f  cDNAs were 
i s o l a t e d  and a n a ly s e d .
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I n i t i a l l y  a d u l t  f e m a l e ,  e m b r y o  a n d  p u p a l  cDNA  
l i b r a r i e s  ( P o o l e  e t  a l . , 1 9 8 5 )  w e r e  s c r e e n e d  w i t h  a  p r o b e  
c o v e r i n g  t h e  p r o x i m a l  r e g i o n  o f  t h e  g e n e  - 2 . 7 k b  t o  + 5 .7 k b .  
P h a g e  c a r r y i n g  cDNA i n s e r t s  h o m o lo g o u s  t o  t h i s  p r o b e  w e r e  
p l a q u e  p u r i f i e d  a n d  DNA p r e p a r e d  f r o m  t h e  e a c h  p h a g e  
i s o l a t e .

A t o t a l  o f  18  cDNA c l o n e s  w e r e  i s o l a t e d  fr o m  f o u r  
d i f f e r e n t  l i b r a r i e s .  Two o f  t h e s e  c l o n e s  w e r e  fr o m  t h e  
o l f E g e n e  a n d  w i l l  b e  d i s c u s s e d  l a t e r .  O n ly  1 0  o f  t h e  1 6  
s n  cDNA i n s e r t s  w e r e  l o n g e r  t h a n  2 . 0 k b .  E i g h t  o f  t h e s e  
c l o n e s  w e r e  m a p p ed  a n d  w h e r e  e v e r  p o s s i b l e  t h e  t e r m i n a l  
DNA s e q u e n c e s  o f  e a c h  i n s e r t  w e r e  d e t e r m i n e d .  T h e  
r e s t r i c t i o n  e n z y m e  m a p s o f  t h e s e  c l o n e s  c a n  b e  a l i g n e d  
w i t h  t h a t  o f  t h e  l a r g e s t  c l o n e ,  P5 ( F i g u r e  3 . 4 . 1 ) .  T h e  
m a p s o f  t h e s e  cD N A s a r e  c o l i n e a r  w i t h  t h e  map o f  P 5 .  
C l o n e s  w h ic h  a r e  s m a l l e r  t h a n  P5 a p p e a r  t o  b e  t e r m i n a l l y  
d e l e t e d  a t  o n e  o r  b o t h  e n d s  o f  t h e  i n s e r t  w i t h  r e s p e c t  t o  
P 5 .

T h e  r e g i o n s  o f  g e n o m ic  DNA c o r r e s p o n d i n g  t o  t h e  e n d s  
o f  t h e  P5 cDNA w e r e  m a p p ed  b y  h y d r i d i s i n g  i t  t o  DNA b l o t s  
o f  t h e  c l o n e d  g e n o m ic  i n t e r v a l  . T h i s  p l a c e d  t h e  5 '  e n d  o f  
P5 a t  - 0 . 7  a n d  t h e  3 '  e n d  a t  + 1 4 .4  ( d a t a  n o t  s h o w n ) .  O t h e r  
w o r k e r s  i n  t h e  l a b o r a t o r y  h a d  p r e v i o u s l y  s e q u e n c e d  t h e  
i n t e r v a l  fr o m  - 3 . 0  t o  0 . 0  (A . D r i v e r  a n d  K. O 'H a r e  p e r s .  
c o m m .) .  T h e  5 '  e n d  o f  P5 a n d  t e r m i n a l  s e q u e n c e s  fr o m  o t h e r  
cD N A s w e r e  c o m p a r e d  t o  t h i s  i n t e r v a l .  F o u r  i n d e p e n d e n t  
cD N A s, 2 e m b r y o n ic  a n d  2 p u p a l ,  i n i t i a t e  a t  t h e  sa m e  
l o c a t i o n  a s  P5 ( F i g u r e  3 . 4 . 2 ) .  A l l  o t h e r  cD N A s h a v e  e n d s  
w h ic h  m ap w i t h i n  P 5 ( F i g u r e  3 . 5 . 2 ) .  T h i s  d a t a  s u g g e s t s  
t h a t  a l l  3 s n  RNAs h a v e  t h e  sa m e  s i t e  f o r  t h e  i n i t i a t i o n  
o f  t r a n s c r i p t i o n  a t  - 0 . 7 .  T h e  i d e n t i f i c a t i o n  o f  a  s i n g l e  
t r a n s c r i p t  i n i t i a t i o n  s i t e  i s  c o n s i s t e n t  w i t h  t h e  RNA 
a n a l y s i s .

O f a l l  t h e  cDNA c l o n e s  w h ic h  s t a r t  a t  - 0 . 7 ,  P5 i s  t h e  
o n l y  cDNA n o t  t o  s t a r t  w i t h  a m is m a t c h  b e t w e e n  cDNA a n d  
g e n o m e  ( F i g u r e  3 . 4 . 1 ) .  C l o n e s  P 3 , P 7 ,E 7 4  a n d  E 76  a l l  s t a r t  
w i t h  a  G m is m a t c h e d  t o  a  C i n  g e n o m ic  DNA. I t  i s  b e l i e v e d  
t h a t  t h i s  n u c l e o t i d e  i s  a  c o p y  o f  t h e  c a p p i n g  G n u c l e o t i d e  
e n z y m a t i c a l l y  a d d e d  t o  t h e  5 '  e n d  o f  mRNA m o l e c u l e s .  Q u i t e
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R e s t r i c t i o n  m a p s  o f  cD N A s a r e  a l i g n e d  w i t h  t h e  
p h y s i c a l  map o f  c l o n e  P 5 .  T h e  5 '  e n d  o f  e a c h  c l o n e  i s  t o  
t h e  l e f t .  C o m p a red  t o  P5 t h e  u p p e r  g r o u p  o f  cD N A s a r e  
t e r m i n a l l y  d e l e t e d  fr o m  o n e  o r  b o t h  e n d s  o f  t h e  i n s e r t .  
T h e  3 ' cD N A s h a v e  3 '  e n d s  w h ic h  e x t e n d  b e y o n d  t h e  e n d  o f  
P 5 . T h e i r  5 '  e n d s  a l l  map w i t h i n  t h e  P5 c l o n e .  A p a r t  fr o m  
t h e  t e r m i n a l  d e l e t i o n s  o r  e x t e n s i o n s  a l l  m a p s  a r e  
c o l l i n e a r  w i t h  P 5 .  T h i s  s u g g e s t s  t h a t  a l t e r n a t e  s p l i c i n g  
d o e s  n o t  o c c u r  w i t h i n  s n  t r a n s c r i p t s .  T h e  b a n d s  a c r o s s  
t h e  e n d  o f  e a c h  c l o n e  r e p r e s e n t s  a n  E c o R l r e s t r i c t i o n  
s i t e  a d d e d  d u r i n g  cDNA c l o n i n g .  T h e  r e s t r i c t i o n  map o f  P5 
u s e s  t h e  f o l l o w i n g  a b b r e v i a t i o n s  S p h  = S p h l . S s t  = S s t l .
A = A p a l . X = X h o l . B g l2  = B q l 2 , H = H i n d l l l .  T h e  
v e r t i c a l  b a r s  o n  o t h e r  cD N A s a r e  a l i g n e d  w i t h  t h e i r  
c o r r e s p o n d i n g  r e s t r i c t i o n  s i t e s  o n  t h e  P5 cDNA m ap .

N o t e :  T h e  1 9 0 b p  o f  s e q u e n c e  a t  t h e  5 '  e n d  o f  c l o n e  E 65  i s  
n o t  h o m o lo g o u s  t o  a n y  p a r t  o f  t h e  c l o n e d  s n  i n t e r v a l  
( d a t a  n o t  s h o w n ) . T h e  a d d i t i o n  o f  t h e  1 9 0 b p  m is m a t c h  
s e q u e n c e  i s  b e l i e v e d  t o  b e  a n  a r t i f a c t  o f  cDNA s y n t h e s i s  
a n d  c l o n i n g .

Figure 3.4.1 - Alignment of cDNA maps
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Figure 3.4.1
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h ow  t h i s  5 '  t o  5 '  l i n k e d  n u c l e o t i d e  i s  c o p i e d  b y  r e v e r s e  
t r a n s c r i p t a s e  i s  u n k n o w n ,  b u t  t h e  p r e s e n c e  o f  t h i s  G 
n u c l e o t i d e  i n  a  cDNA i s  c o n s i d e r e d  t o  b e  d i a g n o s t i c  o f  a  
t r u e  5 ' e n d .

T h e  p r o b e  u s e d  t o  i s o l a t e  t h e  s i n g e d  cD N A s a l s o  
c o n t a i n e d  s e q u e n c e s  fr o m  w i t h i n  t h e  o l f E t r a n s c r i p t i o n  
u n i t .  Two o l f E cD N A s P4 a n d  E 75 w e r e  i s o l a t e d  a n d  t h e i r  
5 '  e n d s  m a p p ed  t o  - 2 . 5 .  T e r m in a l  s e q u e n c e  i n f o r m a t i o n  
s h o w s  t h e  t w o  cDNAs t o  s t a r t  w i t h i n  o n e  b a s e  p a i r  o f  e a c h  
o t h e r  ( F i g u r e  3 . 4 . 2 ) .  C lo n e  E 75 s t a r t s  w i t h  a  m is m a t c h e d  C 
n u c l e o t i d e .  S i n c e  t h e  RNA i s  t r a n s c r i b e d  i n  t h e  o p p o s i t e  
d i r e c t i o n  t h i s  C n u c l e o t i d e  c o r r e s p o n d s  t o  a  G o n  t h e  
c o d i n g  s t r a n d .  A s d e s c r i b e d  a b o v e  i t  i s  a s s u m e d  t h a t  t h i s  
n u c l e o t i d e  r e p r e s e n t s  t h e  5 '  c a p  p r e s e n t  o n  mRNA 
m o l e c u l e s .  I f  t h e  o l f E t r a n s c r i p t i o n  u n i t  s t a r t s  a t  - 2 . 5  
t h e n  t h e  5 '  i n t e r g e n i c  g a p  b e t w e e n  s i n g e d  a n d  o l f E i s  
1 6 2 1 b p  ( F i g u r e  3 . 4 . 2 ) .

DNA b l o t t i n g  e x p e r i m e n t s  sh o w  t h a t  t h e  3 '  e n d  o f  P5 
m a p s t o  + 1 4 .4  ( d a t a  n o t  s h o w n ) .  A s s e q u e n c e s  fr o m  b e y o n d  
+ 1 4 . 4  a r e  p r e s e n t  i n  a l l  3 s n  RNAs ( F i g u r e  3 . 3 . 1 )  c l o n e  P5 
m u s t  l a c k  s e q u e n c e s  fr o m  t h e  3 '  e n d  o f  t h e  t r a n s c r i p t .  
S u b s e q u e n t  a n a l y s i s  o f  P5 a n d  t h e  g e n o m ic  s e q u e n c e  o f  t h i s  
i n t e r v a l  s h o w s  t h a t  P5 i s  t e r m i n a t e d  b y  a s t r e t c h  o f  
o l i g o - A  (A 1 6 ) w h ic h  i s  l o n g e r  t h a n  t h e  c o r r e s p o n d i n g  r u n  
o f  g e n o m i c a l l y  e n c o d e d  A r e s i d u e s  (A 14 -  F i g u r e  3 . 5 . 2 C ) .  
O ne e x p l a n a t i o n  f o r  t h i s  a n o m a lo u s  3 '  e n d  i s  t h a t  i n t e r n a l  
p r i m i n g  h a s  o c c u r r e d  o n  t h e  A r i c h  r e g i o n  d u r i n g  cDNA 
s y n t h e s i s  r a t h e r  t h a n  b y  p r i m i n g  o n  t h e  3 '  p o l y - A .

T o i s o l a t e  cD N A s c o n t a i n i n g  t h e  3 '  e n d  o f  t h e  s n  
t r a n s c r i p t i o n  u n i t ,  t h e  cDNA l i b r a r i e s  d e s c r i b e d  a b o v e  
w e r e  s c r e e n e d  u s i n g  a p r o b e  fr o m  t h e  g e n o m ic  i n t e r v a l  
+ 1 4 . 3  t o  + 1 5 . 7 .  F i v e  c l o n e s  w e r e  i s o l a t e d  w h ic h  h y b r i d i s e  
t o  b o t h  P5 a n d  t h i s  g e n o m ic  i n t e r v a l .  T h e s e  cDNA c l o n e s  
a r e  c o l l e c t i v e l y  r e f e r r e d  t o  a s  t h e  3 '  cD N A s. T h e  5 '  e n d s  
o f  t h e  3 '  cDNAs f a l l  w i t h i n  t h e  s e q u e n c e  o f  P 5 ,  a n d  t h e i r  
r e s t r i c t i o n  e n z y m e  m a p s sh o w  n o  d i f f e r e n c e s  t o  t h a t  o f  P5 
e x c e p t  t h a t  t h e y  e x t e n d  b e y o n d  t h e  3 '  e n d  o f  t h e  P5 cDNA 
( F i g u r e  3 . 4 . 1 ) .  T h e  s e q u e n c e  a n a l y s i s  s h o w s  t h a t  t h e  3 '  
e n d s  o f  t h e  3 '  cDNA c l o n e s  t e r m i n a t e  i n  s t r e t c h e s  o f
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Figure 3.4.2 - Intergenic region between sn and olfE

F i g u r e  3 . 4 . 2  s h o w s  a  DNA m ap o f  t h e  i n t e r g e n i c  
r e g i o n  b e t w e e n  s n  a n d  o l f E . T h e  t r a n s c r i p t i o n a l  s t a r t  
s i t e  o f  e a c h  g e n e  i s  m a r k e d  a n d  t h e  DNA s e q u e n c e  a r o u n d  
t h i s  p o i n t  sh o w n  b e lo w  t h e  DNA m ap . A l i g n e d  w i t h  t h e  
g e n o m ic  s e q u e n c e  a r e  t h e  5 '  s e q u e n c e s  o f  cD N A s b e l i e v e d  
t o  i n d i c a t e  t h e  s t a r t  s i t e  o f  e a c h  t r a n s c r i p t i o n  u n i t .
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Figure 3.4.2
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oligo-A and correspond to 3 sites in the genomic DNA 
sequence (Figure 3.5.2C). The separation of these 3 sites 
(-250 bp) is consistent with the process of 
polyadenylation being used to generate the 3 sizes of sn 
RNA.

From the cDNA and RNA analysis reported so far it can 
be concluded there is a single site for initiation of 
transcription of the 3 sn RNAs at -0.7. Transcripts 
terminate at one of three alternate polyadenylation sites 
at +14.4, +14.7 and +15.0. This produces the RNA size 
differences and transcripts do not otherwise differ in 
their intron-exon structures.

3.5 Structural analysis of the singed gene

The first step in analysing the intron-exon structure 
of sn at a nucleotide level was to determine the sequence 
of cDNA P5. To sequence this cDNA small fragments of the 
insert were subcloned into M13 sequencing vectors. 
Suitable fragments were generated by either restriction 
endonuclease digestion or by progressively shortening 
large fragments using Bal 31 exonuclease. Dideoxy- 
sequencing reactions were carried out on M13 template 
preparations and the nucleotide sequence of inserts were 
assembled into a contig using the Microgenie package of 
programs (Beckman). The identity of each nucleotide within 
the P5 contig was determined from at least one reading on 
each strand.

The second part of the structure analysis was to 
find the location of genomic sequences present in the P5 
cDNA. Homologous regions were located by hybridising DNA 
blots of the cloned interval to a P5 probe. This produced 
an approximate intron-exon map (data not shown). Genomic 
intervals corresponding to P5, together with upstream and 
downstream were subcloned into M13 vectors and sequenced. 
The structural and sequence information generated is shown 
in Figure 3.5.1. and Figure 3.5.2.

The sn transcription unit covers approximately 16kb 
of DNA using 6 exons and developmentally regulated
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The deduced intron-exon structure of the 3 sn RNAs 
is drawn above the physical map of the sn region (Figure 
3.1.1). The 3 transcripts are identical except for the 
length of the final, exon. The upper transcripts 
terminates at +14.4 to produce an RNA of approximately 
3.0kb. The middle transcript terminates at +14.7 
resulting in an RNA of around 3.3kb. The lower transcript 
map represents the 3.6kb RNA which terminates at +15.0. 
Open boxes represent non-coding sequence and dark boxes 
denote protein coding regions. The shaded boxes marked 
A, B and C on the scale bar locate the sequence intervals 
in Figure 3.5.2 A, B and C respectively.

F igure 3 .5 .1  -  Phys ica l maps o f the 3 sn RNAs
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Figure 3.5.1
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termination signals to produce 3 transcripts of 3.0kb, 
3. 3kb and 3. 6kb Figure 3.5.1. Seguence data from the 
region upstream of the transcript initiation site shows 
that standard TATA (Breathnach and Chambon,1981) and CAAT 
(Benoist et al.,1980) eukaryotic promoter signals are not 
present (Figure 3.5.2A). The absence of these signal 
sequences may partly explain the low abundance of sn 
transcripts. At the proposed transcript initiation site 
(position 1269 of Figure 3.5.2A), a minor variant of the 
Drosophila transcript initiation consensus sequence is 
found (Busslinger et al.,1980). The first exon does have a 
single ATG codon (positions 1348-1350 in Figure 3.5.2A), 
but this is followed only 15 codons later by a stop codon. 
The 5' exon is followed by a 10.8kb intron. The sequence 
of all the splice sites conform to consensus splice 
donor/acceptor sequences (Mount,1982). The most likely 
position for translation initiation is located in the 
second exon. A strong ribosome binding site (nucleotides 
128-134 of Figure 3.5.2B; Cavener,1987) and a start codon 
(nucleotides 132-134 of Figure 3.5.2B) are located close 
to the beginning of the largest open reading frame (ORF) 
in the P5 sequence. This protein encoding region starts in 
the second exon and reaches a stop codon in the sixth exon 
(nucleotides 1625-1267 of Figure 3.5.2C). The 1773 
nucleotide long ORF is present in all 3 transcripts and 
encodes a protein of 57 kdal.

The final exon of sn RNAs varies in length according 
to the position of polyadenylation. The use of the 3 
polyadenylation sites is developmentally regulated in a 
tissue specific manner (Section 4.1). In most stages of 
development only the site at 2701 (Figure 3.5.2C) is used. 
This produces a 3.6kb transcript. In adult females two 
additional sites at 2457 and around 2219 (Figure 3.5.2C) 
are used. Distributing the polyadenylation events between 
the 3 sites produces the 3.0, 3.3 and 3.6kb transcripts 
seen in adult female RNA.

In an attempt to find a function for the singed gene 
the nucleic acid sequence of P5 was used to search 
sequence databases for homologous entries. The UWGCG
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Figure 3 .5 .2  -  Sequence ana lys is  o f the singed gene.

The interval shown in Section A starts at the Sail 
site at -2.0 and terminates 47bp beyond the EcoRI site at 
0.0. Exon sequences are shown in upper case. The 
ends of specific cDNA molecules are denoted below the 
nucleic acid sequence. Section B shows the sequence of 
the second exon and surrounding DNA, located at +10.8. 
The start codon is underlined and the single letter code 
used to indicate the amino-acid sequence of the putative 
sn protein. Section C covers the interval from +12.5 to 
+ 16. The ORF stop codon is denoted by underlining and 
three stars. Potential polyadenylation signals (AATAAA) 
near the 3' ends of RNAs are underlined. The location of 
each sequence interval is shown beneath the physical map 
of the sn region in Figure 3.5.1.
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Figure 3.5.2

Section A

50 100
gtcgactttagaacggatatttcaaaataatgttaacctttcgaaaaatttaggtatatgcaagccgaattatttgatttggaaaataatacttagggcg

150 200
tccatatcagaaaaaacgtttagagtaacataacgtattttaaaatttgtattaggccacgttatgtagtcaaatatatataaataaattattcatttta

250 300
atttttacaaaagtgatatgctgatatgcttataaatgtaagattcttgtttatttgactttttttttaaatttcattatcattatttcttgcttgacaa

350 400
ccctatgttaagtgcgacactgcgttgacaacagctaagaacatggctgtggggcgacaaacttagcagagcgcgcgctgctagagcttaaattgtattt

450 500
gaaaacagtgcaggtgaatcgaaaatgtcttggcatgcagtcaaacattaatttgcgagcataattaactccgcttaagattgctggtagtcaaggagcc

550 600
gtgaagagcggagacggccgctggtaatattcagtgattaacaactgtaaaatctaaaatcagtataaatattcatgtgtgttgatttaaaggattttgg

650 700
tgaaatccggacccgaatcggagctgaggtccgaaactaacgtgcaacatccaataaaagcaagtgcagcttgggttattagagcataaagcatctccac

750 800
cagagtctcggttgccagccaagcaaaacggccgagacgcgtctttcgggtggccagctgcagtgtcggatgcagtttttggctgcagctgcaattaaat

850 900
atgcaatgcacttaagttatgcacatttcctttgcccagggaccgttacgatttcgtattttaaaagccgcgcgaaagctaacagcgctgttggctagca

950 1000
gacgtctgtttctgctgttgttagccaacagccaacaacaacaaactggctgttgtttcgaatgcactgagatcttagctcttttcccgctaaatgtttc

1050 1100
tttgtgtgtcattttgtcaaccattcgatcgatatcgatattcctttgtgaaggctaaaaataaaattcttacatgctcatcttatacaataatggatcg

1150 1200
cacatatagctactcctttttcatgtatccaattcactaggtaagctacaaagatagccagacggctgtgctaacagagcgctgctatggtgagaagccg

1250 1300
ccgcaatggcaacagtgccatctctggccggcgatacaaatagcgcaacttcgctcgcaacgggtttcATTCCCACTGGAGTGCAGTTCGTGAGCGGTCG

|-----> P3f P5, P7, E74, E76
1350 1400

TTCTCTCCTCTCTCTCGCAAAAGTAAAACTTAAAGTTTTGTGCGCGCATGCGTCTCGTCTTAGAAAAACCTGCAATCAGTAATCTCGAATCGTGAAAATC

1450 1500
CTTTTCTGCCATACCAAAAAAAGAGCCGGACAAAGCAAAGCGTTCGATTGCCTTCTGCCAATTTGAGCAGGAAATTACAAATTAATTGCCGCCCTGACCG

1550 1600
TGATTTGTTTACGTTTTTTTCTTCACTTTTTTTTACATTGTGTGAGTGTGAGAAATTTGTTGGCCAAAAAATATTCCAGATATTCCCAGAGATATATATA

1650 1700
TT CGAAAT T CGAATTGGCGAAGT GAAGGGT GT GACGACAGACGCACACACACGCACGCACACGAAAACGCACTGAAAAAACACCGGCT AAAAGGCAGACA

1750 1800
AAAAGGAGACGAGAGAGCGAGTGCTAAATAGAAAACGCGAAAACAGGATAATAATCAGCAAACTAATACTATAAAACAAGCAACTAAGTGACATCTCGAT

1850 1900
CTCGCCGAGAAACAACAAAAACAACAGTTACAACTTCGGCAACAGCAACAAAAACAGCGCCAGCAGCAGCAACAACAACAAAATCAGCGAAGAGCATAGA

1950
GCCAAAAAGAAGGAGCAGCAAAAGCAAAGAAAgtaagtggaatlccttgcccaaagatggctctcctctcctttgcctttgctctctcatc
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Figure 3.5.2

Section B

50 100
acttaccatactttacccggaaactaatcgtcccactctcacatccttcattgcagCACCATAAGTTCGATCTTCCTTACGCAAAGAAGCCGGATTCCGG

150 200
AGACAGCCTCAAGATT GCTCCCATCAGCACCAT GAACGGCCAGGGCT GCGAGCT GGGCCACAGCAATGGCGACATCAT CT CACAGAAT CAACAGAAGGGA

M N G Q G C E L G H S N G D I  I S Q N Q Q K G

250 300
TGGT GGACCATCGGCCT GAT CAACGGCCAGCACAAGTACAT GACCGCGGAGACCTTTGGGTTCAAGCT CAACGCCAAT GGCGCCAGTCTGAAGAAGAAGC 
W W T  I G L  1 N G Q H K Y M T A E T F G F K L N A N G A S L K K K

350 400
AACTGTGGACGCTGGAACCCTCGAACACCGGTGAAAgtgagtagaggttcttaaacagatgggagaaatgttagttagttgggttcttgaaagatttaag 
Q L W T L E P S N T G E
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Figure 3.5.2

Section C

50 100
gaattcttcgaaaaatgctttccttgcagcaatagctcgccaatgaagcgacttactaatccatggactttaccatatctgtttcagGTATTATCTACTT

S I I Y L

150 200
ACGATCTCATCTGAACAAGTACCTTTCGGTCGATCAGTTTGGCAACGTGCTGTGCGAGAGCGATGAGAGGGACGCGGGCAGCCGCTTCCAGATCAGCATC 

R S H L N K Y L S V D Q F G N V L C E S D E R D A G S R F Q I S I

250 300
AGTGAGGACGGCAGCGGACGTTGGGCGCTGAAGAACGAGTCGCGCGGCTACTTTCTGGGCGGCACTCCGGACAAACTGGTCTGCACGGCCAAGACGCCCG 
S E D G S G R W A L K N E S R G Y F L G G T P D K L V C T A K T P

350 400
GTGCCAGTGAGTTTTGGACGGTCCATTTGGCTGCCCGGCCGCAGGTGAATCTGCGCTCCATTGGACGCAAGCGATTCGCCCATTTGTCGGAGTCGCAGGA 
G A S E F W T V H L A A R P Q V N L R S I G R K R F A H L S E S Q D

450 500
CGAGATCCATGTGGACGCCAATATTCCTTGGGGCGAGGATACGCTCTTTACGCTGGAGTTCCGTGCCGAGGAGGGCGGTCGCTATGCTCTGCATACGTGC 

E l  H V D A N  I P W G E D T L F T L E F R A E E G G R Y A L H T C

550 600 
AACAACAAgtgagtggactcattgccgtaactctacaatgcatcaaacttttttttttcccctttgcagATATCTGAACGCCAATGGAAAATTGCAGGTG 
N N K  Y L N A N G K L Q V

650 700
GT GT GCAACGAGGATT GCCT GTTCAGCGCCGAAT AT CATGGT GGCCAT CT GGCGCT GCGCGATCGTCAGGGTCAGT ACTT GTCGCCCATT GGCT CCAAGG 
V C N E D C L F S A E Y H G G H L A L R D R Q G Q Y L S P I G S K

750 800
CGGTGTTGAAGTCCCGCTCGTCGTCAGTGACGCGGGATGAGCTCTTCTCGCTGGAGGATTCGCTGCCTCAGGCTTCCTTTATAGCCGGACACAATTTGCG 
A V L K S R S S S V T R D E L F S L E D S L  P Q A S F I A G L N L R

850 900
ATATGTGAGCGTTAAGCAGGGCGTCGATGTGACGGCCAACCAGGACGAGGTCGGTGAGAACGAGACGTTCCAGCTGGAGTACGATTGGTCGGCGCACCGT 

Y V S V K Q G V D V T A N Q D E V G E N E T F Q L E Y D W S A H R

950 1000
T GGGCCCT ACGCACCACCCAGGAT CGCT ACT GGT GT CT GT CGGCGGGCGGTGGCAT CCAGGCCACCGGCAAT CGTCGCTGTGCCGACGCT CTCTTCGAGC 
W A L R T T Q D R Y W C L S A G G G I Q A T G N R R C A D A L F E

<---| P7
1050 1100

TGATCTGGCACGGCGATGGCTCGCTCTCGTTCCGGGCTAACAACGGCAAGTTCTTGGCCACCAAGCGCTCTGGTCATCTGTTTGCCACCTCGGAGTCGAT 
L I W H G D G S L S F R A N N G K F L A T K R S G H L F A T S E S I

1150 1200
CGAGGAGATAGCCAAGTTCTATTTCTACTTGATCAATAGgtaagggaattgtttacaccattctgtattttccgtttttaattgcattgtttttgttaaa 

E E I A K F Y F Y L I N R  
<| P2

1250 1300
ttaacagACCAATTCTTGTACTGAAGTGCGAGCAGGGATTCGTGGGCTATCGCACGCCCGGTAACCTGAAGCTCGAGTGCAATAAGGCCACCTACGAAAC 

P I  L V L K C E Q G F V G Y R T P G N L K L E C N K A T Y E T  
< ---! E76

1350 1400
GATTCTGGTGGAGCGGGCCCAGAAGGGCCTGGTGCATCTGAAGGCGCATAGCGGCAAATACTGGCGCATCGAGGGCGAAAGCATCTCGGTGGATGCCGAT 

I L V E R A Q K G L V H L K A H S G K Y W R I E G E S I S V D A D

1450 1500 
GCGCCCAGCGATGGTTTCTTCCTCGAGCTTCGCGAGCCGACCAGGATCTGCATAAGgttggaccgcatttgctgtcatttaaaaacggctgtaaattatg 
A P S D G F F L E L R E P T R I C I R

1550 1600
attgttaactaatgccgatcctctatattttagATCGCAGCAGGGCAAGTACCTGGGCGCTACGAAGAACGGGGCGTTCAAGCTGCTGGCTGATGGAACC

S Q Q G K Y L G A T K N G A F K L L D D G T

1650 1700
GATTCGGCCACACAGTGGGAGTTCTAGGGCGTGACCACGACCATCCCGAATGGGTTGCTGCACGCGTCATCAGTATCACAATCACACACATACTTCCCAA 
D S A T Q W E F  ***

1750 1800
CCAAGCGGGGATTCCCTAATTATTGATCCACGCAGCTGAAGCGCCAAGAAGAGTCGCACAAGAATTTGATATATCCTAAACAATTGCAAAATGAACGAAA
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Figure 3.5.2

Section C continued

1850 1900
TTAAAATGAT AGGAAGGAAACGTT GAT AGACCCAAGGAGAT ACGAGTGAAT GAAAAAT GAAGAAACAAACTT AT AT ATTT AT AT AT AAAGAT CT ACGT AT

1950 2000
ACATAGAGAGAGATTTTTTTTAAACAACCTATTTAGCTTTTTATACGTTTTATACGATGAGAATATCTACAAACGAGAACAAGAAATCTTTTAGCGTAGA

2050 2100
CAACAAAACAAAACTTCTGTCGCGAGTCCTTCCGTTTTATCAAATATATCAGCAACTAGGCCAGCAAAAATGAAGAAAGACGTAATGGTTATACAAGCAC

2150 2200
AT CAT AT AT ACACCAAT AT AT ACAT ATTCGATT CGT AAAGCTT CACGGAAAAGAAACTAAAAAAAAAGCGAAGGGAAAT AAGAGCAAAAAAAAAAAAAAT

<---| P5, E67, E74
2250 2300

ATGAAAAAAATAAAAATAAATCAACACATATTCCTATAAATTTATTTATATATTTATATACATATTGATATGAACCTAATACATGAACACACACACATAC 
<---! 3E1

2350 2400
ACACGACTCCACACGCTCACATAGACACGCATGTCCAAACACACACACACACACACACTCAAGCAAGCAATTTTAATACGCATAAACAAAATTTAGTCGC

2450 2500
TAAGCAAAAACTTAAAAAAAATTAATCTGTAATAAAAAAACAAAGTCAAAAATTAAACATCAAATCTCTCCGTACGGCGATTTGCAATGGAATCAACTCC

< - - - I 3E3
2550 2600

ACTATATCTAGCATATGCATATATTGAATTAGTTTTTGTTATTTATTTGCGTCGATTTCTTAATTAATTAATTAGTAATCTTTTTTTTTTTTAATTTGTG

2650 2700
CACTTCAAAACGAAACAAAAACTCAATCCAATTTAGTTGCTAAATCTTAAAATGGAAATTTTGGTATGATACCATATGAAATATATACATATATACCAAT

2750 2800
Tatggttggttactttttatgggttaatgtacaacggaaagctgaatatgcgaagggttgcattattttaacggttactttttgttcagcatttcaaagt 

<| 3P2, 3P4, 3E4
2850 2900

tcaaacttaaatacatgcatctggcatccccatttccgctaactggcaactcggcgccgaatacaaccctgcaatgtactgccattttgaaaaggagtta

2950 3000
gaaattcaagaaataatttcaatataatttatttatcgtgaaataaaatgcaaatgaaccgaaggcataagtttaaatactgttattcataattttgtat

3050 3100
gaaaagcattaaagtgcaatcaatttagtgagcagcagtgaaataacgccatgtaatgcaataagtctaaaggtcgccaacttttgattgaccggctgac

3150 3200
aaatggttggtggtagaccccgcccccctcgcaattttccaacgcccacgggccatgggcacctgcaacgtgtgcggaaattggtgccaactgtcataac

3250 3300
aagatggagcacacttgcatacacacatacacgtacacctctaaatacatatgtacataaatgtggcagtggcaaccaggaacaatggggcgtggctgtg

3350 3400
gggatggagggggtgcgctcacttcgttggcgtccaactgcctccgtcagcaataataattcgccagtcattgacaatgtcggtgccataatggctctcc

3450 3500
actggctccggtggccagtattctctatctttggcttcgtccgcaagccattatatcccatcgccgccacccaattccatccaatccctggcccatttgg

tgcactgcgtcgac
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WORDSEARCH programs running on the SERC Daresbury VAX 
computer were unable to find any significant matches to 
the P5 sequence in either the EMBL(FULL) version 2 0 or 
Genbank version 60 databases.

Computer analysis was also used to examine the 
putative protein coding region of cDNA P 5 . The encoded 
polypeptide has a molecular weight of 57kdal. Using 
AMERSHAM STADEN PLUS software on an IBM AT personal 
computer the polypeptide sequence of this protein was 
examined for hydrophobicity and charge distributions. No 
unusual structural features were revealed by this 
analysis. The sn polypeptide sequence was then compared to 
computer databases of protein sequence. UWGCG WORDSEARCH 
programs on the SERC Daresbury facility searched SWISSPROT 
version 11 and NBRF version 21 protein data bases; no 
obviously homologous entries were found.

3.6 Concluding Remarks

The sn transcription unit was identified using 
information derived from DNA and RNA blotting experiments. 
Analysing sn mutants by DNA blotting facilitated 
comparison between the physical and genetic maps of the sn 
locus (Section 3.1). DNA lesions were only detected in 
alleles belonging to the distal and central intra-allelic 
recombination sites. This is probably due to the 
asymmetric location of the protein coding sequences within 
the sn gene (Figure 3.5.1). Point mutations in protein 
coding regions will often be deleterious while similar 
lesions in non-coding regions are less likely to disrupt 
gene function. Mutations which map to non-coding regions 
are therefore more likely to be associated with large- 
scale changes to the structure of the gene, such as
insertions and deletions. These large alterations in gene

• • 3structure are easily detectable by DNA blotting (e.g. sn
and sn36a at the distal recombination site and sn2 at the 
central recombination site). Nearly all point mutations 
are undetectable by DNA blotting and often map to the 
protein coding region. Mutations which map to the proximal
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recombination site (sn1 , sn5 and sn50^) are likely to be 
point mutations which alter the sn protein sequence. This 
uneven distribution of large-scale lesions between coding 
and non-coding sequences within a gene was first pointed 
out for the white locus (Zachar and Bingham,1982).

RNA blotting analysis of sn shows that it produces 
transcripts of differing size. In adult males and pupae a 
single 3 .6kb RNA is produced. In adult females and 
embryos 3 RNAs of 3 . 0 ,  3 . 3  and 3 .6kb are detected. Further 
RNA blotting experiments and cDNA analysis shows that the 
three transcripts differ by using alternate 
polyadenylation sites to vary the length of their 3 '  
untranslated sequence. Computer analysis of the putative 
sn polypeptide shows the molecule to contain no unusual 
structural features and no homologous sequences are found 
in protein data bases.

In addition to characterising the sn gene the 
neighbouring distal transcription unit olfE has been 
studied. Transcripts from the olfE gene initiate less than 
1.7kb upstream of the sn RNA initiation site and are 
transcribed away from sn (K.O'Hare p e r s . comm.). The 
divergently transcribed gene produces a 5.4kb RNA present 
at all stages of development (K.O'Hare pers.comm.). DNA 
blotting experiments using cDNA clones for this transcript 
show that it has a short first exon followed by a large 
intron (data not shown). The developmental transcription 
pattern of sn and the 5.4kb RNA are different yet the 
intergenic gap is quite small. Since each gene has a large 
first intron relatively close to the point of transcript 
initiation, it is possible that not all of the sequences 
involved in controlling transcription are located in the 
upstream intergenic region; some may be present in the 
nearby introns. The yellow locus is an example of a 
Drosophila gene which has regulatory sequences within an 
introns (Geyer and Corses,1987).
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CHAPTER 4

Tissue specific expression of singed.
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4.0 Introduction

To extend the analysis of sn gene function, the 
tissue specific pattern of sn gene expression has been 
characterised. This information combined with the 
phenotypic description of sn mutants allows some 
assessment of sn function to be made.

There are several different methods for localising 
gene expression to particular cells. The most frequently 
used technique, in situ hybridisation identifies cells 
containing high concentrations of specific mRNA (Zalukar 
and Enh, 1976) . Several attempts were made to localise sn 
RNA in embryos and ovaries but no conclusive results were 
obtained. This may have been due to the low abundance and 
wide dispersion of sn RNAs. An alternative to localising 
RNA is to detect the presence of gene specific protein(s). 
Antibodies raised against the gene product are used to 
locate the protein(s) in either tissue sections or whole 
mount samples (Wilcox, 1986). Part of the protein, encoded 
by cDNA P5, was fused to the 3' end of /?-galactosidase. 
The fusion protein was then used to inoculate rabbits in 
an attempt to make polyclonal antisera which would 
recognise sn protein. Protein blotting experiments to test 
whether this polyclonal serum contains antibodies directed 
against sn protein were inconclusive. The absence of 
antibodies directed against sn protein prevents the use of 
this technique.

The methods described so far all detect actual gene 
products but indirect methods can be used to determine 
cell specific gene expression. Enhancer-detector systems 
localise gene expression by detecting the activity of cell 
specific enhancer sequences (O'Kane and Gehring, 1987). 
Applied to sn this technique has located cell specific 
expression in pupal, ovarian and embryonic tissue (see 
l a t e r ) . However the results obtained from enhancer- 
detector experiments require careful interpretation. The 
final method of detecting cell specific gene expression is 
a combination of genetics and RNA blotting. In these 
experiments genetic events are followed at a molecular
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level revealing detailed gene expression data. Two of 
such molecular genetic experiments are described below.

4.1 Adult female 3.Okb and 3.3kb RNAs are ovary specific

The combination of genetics and RNA blotting is 
particularly well suited to the study of gene expression 
in ovarian tissue. Female sterile alleles of sn disrupt 
oogenesis thus it is likely that some or possibly all sn 
transcripts seen in adult females are derived from 
ovaries. To investigate this, the gonadal dysgenesis (GD) 
sterility which occurs during P-M hybrid dysgenesis was 
used to produce flies lacking ovaries (Kidwell and Novy, 
1979) . This temperature sensitive sterility is due to the 
genetic ablation of all germ cells at non-permissive 
temperatures. Thus P-M dysgenic adult females raised at 
29°C suffer GD sterility and contain no ovaries, yet 
genetically identical females from the reciprocal non- 
dysgenic cross raised at 29°C are fertile with fully 
developed ovaries. Comparing the RNA samples derived from 
chromosomally identical flies with or without ovaries 
allows identification of any ovary specific transcript(s). 
For low abundance transcripts this genetic method for 
identifying ovary specific transcripts is significantly 
easier than collecting ovarian tissue by hand dissection 
and studying the transcripts present in this material.

Applying this technique to sn identified the 3.0 and 
3.3kb RNAs as ovary dependent transcripts (K. O'Hare 
p e r s . c o m m . ). RNAs from flies without ovaries, from 
chromosomally identical flies with ovaries, together with 
RNA from the male siblings of these flies was analysed for 
the presence of sn transcripts. An RNA blot showing these 
results is presented in Figure 4.1.1 (See legend to Figure
4.1.1 for experimental details). In dysgenic females 
lacking ovaries, the sn probe (-2.0 to 0) detects only the 
3.6kb RNA. The other samples show wildtype patterns of sn 
transcripts. This shows that the 3. Okb and 3.3kb RNA are 
ovary dependent transcripts. The remaining 3. 6kb RNA, 
present in the dysgenic females, is presumably from
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P o l y ( A ) + RNAs fr o m  c h r o m o s o m a l ly  i d e n t i c a l  f e m a l e s  
w i t h  o r  w i t h o u t  o v a r i e s  w e r e  a n a l y s e d .  A f t e r  
h y b r i d i s a t i o n  w i t h  a  s n  p r o b e  ( - 0 . 7  t o  - 0 . 2  m a in  p a n e l ) ,  
t h e  b l o t  w a s  r e p r o b e d  f o r  t h e  y o l k  p r o t e i n  1 t r a n s c r i p t s  
t o  c o n f i r m  t h e  s e x  o f  e a c h  s a m p l e .

Figure 4.1.1 - 3.0 and 3.3kb RNAs are ovary dependent.

G e n e t i c s

T h e  r e c i p r o c a l  c r o s s e s  b e t w e e n  C a n to n  S ( w i l d t y p e  M 
c y t o t y p e )  a n d  H a r w ic h  ( w i l d t y p e  P c y t o t y p e )  w e r e  m ad e a t  
2 9 ° C . T h e  p r o g e n y  w e r e  a l l o w e d  t o  m a t u r e  a t  2 5 ° C  i n  f r e s h  
b o t t l e s  f o r  3 d a y s  b e f o r e  h a r v e s t i n g .  E x a m i n a t i o n  o f  
t h e s e  b o t t l e s  s h o w e d  t h a t  t h e  F I  p r o g e n y  fr o m  t h e  c r o s s  
o f  C a n to n  S f e m a l e s  w i t h  H a r w ic h  m a l e s  w e r e  s t e r i l e ,  
w h i l e  t h e  F I  p r o g e n y  o f  t h e  c r o s s  o f  H a r w ic h  f e m a l e s  w i t h  
C a n to n  S m a l e s  w e r e  f e r t i l e .  D i s s e c t i o n  o f  f e m a l e s  s h o w e d  
t h a t  t h e y  l a c k e d  o v a r i e s ,  a s  e x p e c t e d  f o r  t h i s  d y s g e n i c  
c r o s s .
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Figure 4.1.1
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somatic tissue. As a control, the RNA blot was reprobed 
for the yolk protein 1 RNA (Figure 4.1.1). This gene is 
not expressed in males, but is expressed in both somatic 
and germ cells of adult females (Hung and Wensink,1981).

4 . 2  M a t e r n a l  i n h e r i t a n c e  o f  s i n g e d  t r a n s c r i p t s

The identification of the 3.0 and 3.3kb RNAs as ovary 
dependent transcripts permitted a re-evaluation of sn 
developmental expression data. The RNA blot in Figure
3.2.1 shows all 3 sn transcripts to be present in both 
adult females and early embryos. The presence of the 3.0 
and 3.3kb ovary dependent transcripts in early embryos 
suggests that sn RNAs are laid down in developing oocytes 
and maternally inherited by early embryos. It is not clear 
if the sn RNAs found in embryos have a function. From 
mosaic studies, it is known that sn is required during 
oogenesis for the formation of viable eggs. What remains 
impossible to know is whether there is a role for sn after 
fertilisation. The few eggs laid by a mutant sn- female 
sterile fly cannot be rescued by a paternal wildtype sn+ 
gene.

To investigate maternal inheritance of sn RNAs,
genetics and RNA blotting was used to follow the
inheritance of specific sn transcripts. Cloning and 

. . ^sequencing studies show the sn mutation to be a deletion
of the region -0.5 to -0.8 (Figure 5.1.4). RNA blotting
analysis has shown that normally upstream sequences (with
respect to wildtype RNAs) are incorporated into mutant sn
transcripts. (Full details of this mutant and its pattern
of transcription are described in section 5.1). The
upstream sequences can be used as a specific tag for sn
RNAs. Using the region from -0.7 to -1.0 as a probe (probe 

■ 8A Figure 4.2.1), sn RNAs can be specifically detected
• T 4-even m  heterozygous sn /sn adults (data not shown). 

Conversely using as a probe sequences from within the 
interval deleted in sn3 (probe B Figure 4.2.1), wildtype

+ , 'i -Lsn RNAs can be detected in sn /sn individuals. Finally 
the fact that homozygous sn females are fertile allows
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Figure 4.2.1 - Maternal inheritance of singed RNAs.

Poly-A+ RNAs were prepared from 0-16hr embryos
produced by the crosses indicated above each lane. In

■ • 3panel A, probe A only detects RNAs m  embryos laid by sn 
mothers, irrespective of the genotype of the fathers. In 
panel B the same RNA blot is reprobed with a sn+ specific 
probe (probe B) , the triplet of sn RNAs are only detected 
in embryos laid by sn+ mothers irrespective of the
genotype of the fathers. There is a faint band at 3.6kb
m  the lane of embryos derived from sn females with sn
fathers. This RNA may either be a very low abundance 
zygotic sn transcript or some form of contamination.

Genetics

The reciprocal crosses between Canton S and y sn v 
were made at 25°C. Embryos were collected after overnight 
laying (0-16 hour embryos) and at the end of the day (0-8 
hour embryos), and pooled. Some embryos were allowed to 
develop and the genotypes were as expected. The 
heterozygous sn+/sn3 and sn3/sn+ females were harvested 
and shown to have both wildtype and mutant RNAs (data not 
shown).
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Figure 4.2.1
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. . 7the inheritance of snJ transcripts to be followed from 
adult females to embryos.

RNA was extracted from embryos derived from the two 
reciprocal crosses of sn with sn . Collection were made 
overnight (0-16hrs) or during the day (0-8hrs) and pooled. 
The RNA samples were then blotted and probed with first 
the sn specific probe and then the sn specific probe. 
The results Figure 4.2.1 show that sri RNAs found in the 
embryos always correspond to the maternal genotype. This 
proves that all three sn transcripts are maternally 
inherited.

A small amount of 3.6kb sn+ RNA is detected in eggs 
laid by sn3 mothers. The fact that the 3.0 and 3.3kb RNAs 
are not detected is consistent with this being somatic 
zygotic sn expression.

The fact that all 3 sn transcripts are maternally 
inherited shows that in adult females all 3 sn RNAs (the 
3.6kb RNA in addition to the 3.3 and 3. Okb transcripts) 
are made in ovaries. Presumably they are made in the 
germline derived nurse cells and are contributed to the 
developing oocyte. Thus the 3.6kb RNA is made in both 
germline and somatic cells.

4 . 3  E n h a n c e r  d e t e c t o r  s y s t e m s  : P [ l a c Z ]  m u t a g e n e s i s

In order to identify individual cells as expressing 
s n , enhancer-detector P [ l a c Z ] transposons (O'Kane and 
Gehring, 1987) were used to mutagenise the sn locus. The 
insertion specific pattern of /?-galactosidase staining is 
thought to reflect the activity of enhancers in flanking 
seguences, and so be a guide to the transcription of 
nearby genes.

Certain aspects of this system make it particularly 
suitable for the study of sn expression. The sn locus 
contains a hotspot for P-element insertions (Roiha et al.
1988). Thus P[lacZ] insertions at sn can be obtained at a 
relatively high frequency. The mutagenesis scheme shown in 
Figure 4.3.1 uses the alteration of bristle phenotype to
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detect P[lacZ] insertions at the sn locus. The efficiency 
of P-element transposition in and out of the sn gene is
so high that care had to be taken not to produce secondary
• • • • • • P r 1 a c 71insertion/excision events m  mu t a g e m s e d  sn L J flies.
This had apparently happened in a sn mutant generated by
J.Merriam (UCLA) and analysed at Imperial College. To
avoid this, the source of P-transposase (A 2-3) was
removed after only one generation (Figure 4.2.1).

To investigate sn expression during hair and bristle 
formation it is necessary to study gene expression in 
pupae. The physical structure of pupae makes this analysis 
particularly difficult. The soft loosely structured tissue 
of the pupa is enclosed within a hard, impermeable pupal 
case. Most manipulations of the pupae result in structural 
damage and cut sections often have poor morphology. /?- 
galactosidase staining of pupae requires only slight 
surgical manipulation thereby facilitating the study of 
pupal gene expression.

The final bonus of using the enhancer-detector 
system is that the /3-galactosidase encoded by P[lacZ] 
transposons acts to enzymatically amplify the signal 
produced by reporter gene activation. Localisation of the 
P-element-^-galactosidase fusion protein to the nucleus 
concentrates the staining activity and increases the 
resolution of the system. If the low abundance of sn 
transcripts reflects weak sn enhancer activity, these 
aspects of the P[lacZ] system could increase the signal to 
a detectable level.

Using the crossing scheme outlined in Figure 4.3.1 
8140 mutagenised males were visually screened for an 
alteration in bristle phenotype. Two independent P[lacZ] 
insertions into the sri gene were generated. Before 
studying these mutants each allele was subjected to an 
outcrossing scheme shown in Figure 4.3.2. This ensured the 
allele was present in a defined genetic background. Both 
mutants have extreme bristle phenotypes and fail to 
complement sn . The P[lacZ] insertion in each mutant was 
localised to the P element hotspot (-0.7 to 0.0) by DNA 
blotting (data not shown). In all tissues and at all times
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Figure 4.3.1 - P[iacZ] mutagenesis crossing scheme

In the parental generation (P) virgin females 
carrying a stable source of P-transposase (A 2-3) were 
mated to males carrying a P[lacZ] transposons inserted on 
the 2nc* chromosome (A46) . Non-ebony i.e. Sb e A 2-3/ry506 
virgin females of the first filial generation (FI) were 
selected for mating to ebony males i.e. TM6/rucuca. The 
females in this cross contain both the P[lacZ] element 
and the stable source of transposase (A2-3) facilitating 
transposition. N o n - ebony (e), non - Stubble (Sb) male 
progeny of this cross were visually screened for altered 
bristle phenotypes. Only non-ebony males were scored in 
an attempt to limit the presence of P-transposase to only 
one generation. In this way it was hoped to avoid 
isolating flies in which an insertion event had been 
followed by an imprecise (mutagenic) excision event.

Notes
1. If recombination were to occur in the M females there might be an exchange ofrdgenetic markers on the 3 chromosome. Segregation of stubble or ebony from A 2-3 
would allow constitutive P-transposase to persist undetected into the F2 generation.
This might have been avoided by conducting the reciprocal parental cross and mating
the resulting F1 +/Y; A46/+; Sb e A 2-3/ ry"^ males to compound first chromosome, 
ebony females. In this scheme the mutagenesis occurs in males where recombinational 
exchange of genetic markers cannot occur. Unfortunately no compound first
chromosome, ebony females were available.

2. P-element insertions at sn are recovered at high frequency whenever P-elements
are mobilised. Only half of the mutagenised F2 males can be scored for a sn because
of the difficulty in scoring sn bristle phenotypes in a Sb background. The loss of
half the mutagenised F2 males is only acceptable because of the greatly increased
occurrence of P-element insertion at sn during element mobilisation.

Genetic Markers

, . 1 506w = white ry = rosy
A46 = P[lacZ] insertion on the 2nc* chromosome
Sb = Stubble e = ebony

rd - 34eTM6 = 3 chromosome balancer; In(3R) TM6, ss bx e
rdrucuca = multiply marked 3 chromosome; ru h th st cu sr e ca
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Figure 4.3.1
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Males carrying potential sn mutations were recovered 
from the mutagenesis screen and subject to the 
outcrossing scheme shown in Figure 4.3.2. This was 
designed to replace all the autosomes in the mutant fly.

Figure 4.3.2 - Out crossing scheme for snP ^ ac^  mutants

Genet i c markers

Base s t= 1 chromosome balancer;' I n (1) scS1L sc8R*S;, scS1 8 a _ sc w B
Cy = Curly bwv1 -qIII V1own
Sb = Stubble Ubx =: Ultrabi thorax
sn = potential PllacZ] allele of sn
Y = Y-chromosome
2 = _nd ,any 2 chromosome present i n the mutageni sed stock
3 = rd ,any 3 chromosome present i n the mutageni sed stock
506 506ry = rosy

XX = s tcompound 1 chromosome
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Figure 4.3.2

P $ Base • Cy . ybx Base ’ bWv1 ’ Sb X sn . 2 . 3O y ’ 2 ’ 3

C i  Select <$ 51 ■ C Y  ■ Ubx+ Base * 2 * 3 X ++
5 0 6

ry
~ 5 0 6

ry

F 2 5 AXX . + _ .y > + j
5 0 6

ry
5 0 6

ry
X Select 6

sn
Y

■ Cy . Ubx
5 0 6

ry

F 3 5 AXX . +_- Y J + j
5 0 6

ry
5 0 6

ry

_ , I  sn . + Select rS ----  , —
W  VA '  4-

5 0 6

ry
5 0 6

ry
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of development, the staining pattern of /3-galactosidase 
from both alleles was identical. To exclude possible 
phenotypic effects of the snp ^lacZ  ̂ insertion, staining 
patterns were always examined in heterozygous 
s n p [ l a c Z i n d i v i d u a l s .

4.4 Enhancer detector systems : Pupal snp [lacZ]staining

To examine sn expression during the formation of 
hairs and bristles, snp tlacZ]/sn+ pupae were dissected out 
of their pupal cases and stained for /3-galactosidase 
activity. The earliest pupal time point amenable to this 
type of dissection was stage P7 (Bainbridge and Bownes 
1981) , and staining is already present in the developing 
wings and lateral surfaces of the thorax (Figure 4.4.1). 
At a slightly later stage (P8) , staining has extended 
across the entire upper layer of the thorax and is present 
throughout the legs and wings. As development continues, 
staining appears in the head. Thus a P10 pupa show 0- 

galactosidase staining throughout the thorax, thorasic 
appendages and head. At a later stage of development 
P14-15 the abdomen has become stained and the imago has 0- 

galactosidase staining across the entire surface of its 
body Figure 4.4.2. Crude hand dissection suggests that 
only epidermal layers are stained. The pattern and timing 
of the sn L J staining does not reflect the temporal 
and spatial development of hairs and bristles (Lees and 
Waddington, 1942). The ^-galactosidase staining occurs 
earlier and in a different order to the formation of hairs 
and bristles. However the localisation snP ^ acZ  ̂ staining 
to the epidermis is consistent with the role of sn in the 
formation of epidermal structures i.e. hairs and bristles.

103



Upper panel : The ventral side of snP ^ acZ^/+ pupae from 
stages P7 to P10 (Bainbridge and Bownes 1981).

Lower Panel : The dorsal side of snp ̂ laoZ ]/+ pupae from
stages P7 to P10 (Bainbridge and Bownes 1981).

Figure 4.4.1 - Pupal snp tlacZ] staining : early stages
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F igure 4 .4 .1
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Figure 4.4.2 - Pupal sn P [ lacZ] staining : late stages

The two all blue pupae in the upper section 
photograph are snp [^acZ]/+ stage P14 imagoes. The 
at the base of the photograph is a dorsal view of 
snP[lacZ] pUpae (Bainbridge and Bownes 1981).
X4

of the 
pupae 
a P10
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F igure 4 .4 .2
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The female sterility seen in some sn alleles is due 
to the disruption of the ovary development in homozygous 
sn" flies. To understand the role of sn during oogenesis 
sn L J/sn. ovaries were stained for /3-galactosidase
activity. Ovaries were always stained as whole mounts 
(Figure 4.5.1) and subsequently dissected. No staining is 
seen in the germanium or in early egg-chambers, stages 1 
to 7 (King 1970, Figure 4.5.1 and 4.5.2). The earliest 
staining is observed in stage 8 egg-chambers where 
progenitor border cells are seen to stain (Figure 4.5.2 
and 4.5.3). These somatically derived cells are located at 
the anterior end of the egg-chamber. Six to ten of these 
cells pinch off the follicle cell layer surrounding the 
egg-chamber and start to migrate through the nurse cell 
chamber towards the oocyte. A few of these progenitor 
border cells are left behind at the anterior pole and 
quickly lose their ^-galactosidase staining activity 
(Figure 4.5.2 lower panel). By stage 9 the border cells 
have started to migrate and the nurse cells begin to show 
/?-galactosidase staining. All 15 nurse cells continue to 
express /?-galactosidase throughout the rest of oogenesis. 
The oocyte nucleus does not stain. The intense blue 
staining in the border cells allows the migration of these 
cells to be followed from the anterior pole, through the 
nurse cell chamber, up to a position at the ring canals 
close to the oocyte nucleus (Figure 4.5.3 and 4.5.4 upper 
panel). In a stage 10 egg-chamber the border cells and 
nurse cells are clearly seen to be staining (Figure 4.5.4 
upper panel). However close examination shows that in 
addition to the nurse cells and border cells, certain 
follicle cells surrounding the oocyte are also stained 
(Figure 4.5.4 upper panel). The staining cells are at the 
apical cap and the anterior corners of the oocyte. During 
stage 11 the nurse cells degenerate passing the majority 
of their contents into the oocyte. The oocyte stage 12 
egg-chamber is intensely stained and the border cells are 
still visible in the degenerating nurse cell chamber

4.5 Enhancer detector systems : Ovarian snP ^ acZl staining
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Whole mount sn.p ^PacZ]/+ ovary showing 0 -  

galactosidase staining. The germania are to the left and 
late stage egg-chambers are to the right. Note the 
absence of staining in early stages 1-7. Several nurse 
cell nuclei and some clusters of border cells are 
clearly visible. 
x4

Figure 4.5.1 - Ovarian snp [lacZ] staining : whole mount
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F igure 4 .5 .1
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Upper panel : An ovariole showing early stages of
oogenesis; germanium to stage 8. No staining is seen in 
the germaniun or oocyst stages 1 to 7. The stage egg- 
chamber at the right hand end of the ovariole has some 
progenitor border cell staining at to anterior tip of the 
egg-chamber (slightly below the plane of focus). 
x20 Nomarski Optics

Lower panel : Stage 8 egg-chamber showing the border 
cells (BC) beginning to migrate through the nurse cell 
chamber. Staining of nurse cells and progenitor border 
cells left behind at the anterior pole is clearly 
visible.
x20 Nomarski Optics

Figure 4.5.2 - Ovarian snp [^acZ] staining : early stages
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F igu re 4 .5 .2
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Figure 4 . 5 . 3  - Ovarian s n p [ l a c Z ] staining 
: border cell migration

Upper panel : A stage 8 (centre left) and (centre right) 
stage 9 egg-chamber. In the stage 8 the border cells are 
still very close to the anterior pole and the nurse cells 
are only staining weakly. The border cells of the stage 9 
egg-chamber are in the centre of the nurse cell chamber 
and nurse cell expression of /9-galactosidase has 
increased (cf. stage 8) . BC = border cells, NC = nurse 
cells.
x20 Nomarski Optics

Lower Panel : A stage 8 (centre left) and a stage 10a
(centre right) egg-chamber. The border cells of the stage 
10a egg-chamber are located against ring canals near the 
developing oocyte. The group of apical follicle cells (A) 
which express /?-galactosidase activity are easily seen in 
this stage 10a. 
x20 Nomarski Optics
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Figure 4.5.3
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Figure 4.5.4 - Ovarian snp CiacZ] staining : late stages

Upper panel : Stage 10b egg-chamber. The border cells are 
now directly opposite the oocyte nucleus. Nurse cells and 
follicle cells at the apical cap and corner columnar 
cells (CCC) are all expressing /?-galactosidase. 
x20 Nomarski Optics

Lower panel : Bottom left and right two stage 8 egg-
chambers showing progenitor border cells staining at the 
anterior tip of the egg-chamber. The upper central 
section of the photograph shows the degenerating nurse 
cell chamber of a stage 12 egg-chamber. Border cells are 
still strongly stained even though most of the nurse cell 
staining has been passed into the oocyte. 
x20 Nomarski Optics
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Figure 4.5.4
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(Figure 4.5.4 lower panel). The /3-galactosidase staining 
in the the oocyte renders the whole egg-chamber opaque 
preventing any study of the oocyte nucleus or continued 
follicle cell staining in the final stages. Mature egg- 
chambers (stage 14) retain this intense oocyte staining 
(Figure 4.5.1 right side of ovary).

• P r lacZ14 . 6 Enhancer detector systems : Maternally inherited sn L J

Embryos derived from snP ^ a c Z  ̂/ sn+ females were 
fertilised by wildtype males and stained for 0 -  

galactosidase activity. Note that these embryos are a 
mixture of snP ^ ac ^/sn+ and sn+/sn+ genotypes but they all 
show the same pattern of staining (data not shown) . Early 
embryos are intensely and evenly stained with 0 -  

galactosidase activity. As embryogenesis proceeds the 
staining is gradually lost. The uniform decay of the 
staining pattern eventually results in late stage embryos 
containing no detectable /?-galactosidase activity. This 
staining pattern is consistent with a gradual loss of 
maternally inherited /?-galactosidase activity, without 
significant zygotic expression.

P TlacZl4.7 Enhancer detector systems : Paternally inherited sn L J

RNA blotting (Section 4.2) showed that there was very 
little, if any, zygotic sn expression in 0-16hr embryos.
Because of the high level of staining seen in embryos
derived from snP tlacZ]/sn+ mothers, it was possible that a 
low level of zygotic expression was being masked.

To investigate this possibility, wildtype virgin 
females were mated to snp ^ a c Z ] males. The resulting 
embryos were collected and stained for /3-galactosidase 
activity. Early embryos show no staining (Figure 4.7.1 
upper panel) because the zygotic genome is 
transcriptionally inactive. As embryogenesis continues and 
gastrulation occurs a horse shoe of punctate staining 
develops around the surface of the embryo (Figure 4.7.1).
This staining is transient and does not appear to
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Upper panel : A 3hr embryo having just completed
cellularisation. No /?-galactosidase staining is detected. 
Compare with Figure 4.6.1 upper and middle panels. 
x20 Nomarski Optics

Middle panel : A segmenting embryo (12hr). The punctate
y9-galactosidase staining is present in a horse shoe 
starting on the surface of on flank and traversing across 
the ventral surface to finish on the opposite flank. The 
staining is transient and the structure has yet to be 
identified. 
x20 Nomarski Optics

Lower panel : Lateral view of an embryo just prior to
hatching (24hr). /?-galactosidase staining is
concentrated into two cell clusters at the anterior tip 
of the embryo. Compare with lower panel of Figure 4.6.1. 
x20 Nomarski Optics

Figure 4.7.1 - Embryo snp [lacZ] staining : paternal
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Figure 4.7.1
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c o r r e s p o n d  t o  a n y  kn ow n  s t r u c t u r e .  A f t e r  t h e  h o r s e  s h o e  o f  
s t a i n i n g  h a s  d i s a p p e a r e d  / 3 - g a l a c t o s i d a s e  s t a i n i n g  a c t i v i t y  
i s  s e e n  t o  a c c u m u l a t e  i n  tw o  c l u s t e r s  o f  c e l l s  a t  t h e  
a n t e r i o r  t i p  o f  t h e  e m b r y o  ( F i g u r e  4 . 7 . 1 ) .  T h i s  p a t t e r n  o f  
e x p r e s s i o n  i s  h i d d e n  m  e m b r y o s  d e r i v e d  fr o m  s n  L J / s n  
m o t h e r s .  A t  p r e s e n t  t h e  s t r u c t u r e s  s e e n  t o  s t a i n  i n  t h e s e  
e m b r y o s  a r e  n o t  i d e n t i f i e d .

T o e x p l a i n  t h e s e  r e s u l t s  t h e  i n d i r e c t  n a t u r e  o f  t h e  
m e th o d  o f  d e t e c t i n g  g e n e  e x p r e s s i o n  i n  P [ l a c Z ]  e x p e r i m e n t s  
m u s t  b e  c o n s i d e r e d .  T h e  o n l y  t r a n s c r i p t i o n a l  c o n t r o l  
s e q u e n c e s  o n  t h e  P [ l a c Z ]  t r a n s p o s o n  a r e  w e a k  P - e l e m e n t  
p r o m o t e r  s i g n a l s .  A lo n e  t h e s e  s e q u e n c e s  d o  n o t  p r o v i d e  
e n o u g h  P [ l a c Z ]  RNA f o r  / 5 - g a l a c t o s i d a s e  a c t i v i t y  t o  b e  
d e t e c t e d .  E x p r e s s i o n  o f  / ? - g a l a c t o s i d a s e  o n l y  o c c u r s  w h en  
t h e  e l e m e n t  i s  i n s e r t e d  n e x t  t o  a n  a c t i v e  e n h a n c e r  
s e q u e n c e .  T h e  P [ l a c Z ]  e l e m e n t s  b e i n g  s t u d i e d  h e r e  a r e  
i n s e r t e d  i n t o  t h e  s n  g e n e ,  s o  t h a t  s n  e n h a n c e r  a c t i v i t y  
w i l l  r e s u l t  i n  / ? - g a l a c t o s i d a s e  s t a i n i n g .  A d j a c e n t  t o  s n  
g e n e  i s  t h e  o l f E g e n e .  T h i s  t r a n s c r i p t i o n  u n i t  i s  p o s s i b l y  
c l o s e  e n o u g h  t o  t h e  s n p [ l a c Z 3 i n s e r t i o n  t o  a l l o w  o l f E 
e n h a n c e r  a c t i v i t y  t o  i n f l u e n c e  t r a n s c r i p t i o n  o f  t h e  
P [ l a c Z ]  e l e m e n t .  T h e  RNA b l o t t i n g  e x p e r i m e n t  sh o w n  i n  
F i g u r e  4 . 2 . 1  s h o w s  t h a t  z y g o t i c  e x p r e s s i o n  o f  s n  d u r i n g  
e m b r y o g e n e s i s  i s  b a r e l y  d e t e c t a b l e .  T h u s  t h e  m o s t  l i k e l y  
e x p l a n a t i o n  f o r  t h e  s p e c i f i c  / ? - g a l a c t o s i d a s e  s t a i n i n g  s e e n  
i n  e m b r y o s  i s  t h a t  t h e  o l f E e n h a n c e r  i s  d i r e c t i n g  
e x p r e s s i o n  o f  t h e  P [ l a c Z ]  e l e m e n t s  i n  s n .  T h e  s t a i n i n g  o f  
c e l l s  c l o s e  t o  w h a t  i s  t o  b e c o m e  t h e  m o u th  o f  t h e  f i r s t  
i n s t a r  l a r v a  i s  c o n s i s t e n t  w i t h  t h e s e  c e l l s  h a v i n g  a r o l e  
i n  o l f a c t i o n .  T h e  b a r e l y  d e t e c t a b l e  3 . 6 k b  RNA s e e n  i n  
F i g u r e  4 . 2 . 1  m ay b e  a r e s u l t  o f  s n  e x p r e s s i o n  d u e  t o  t h e  
a c t i v a t i o n  o f  t h e  o l f E g e n e .

4.8 Concluding remarks

T h e  m o s t  s t r i k i n g  s n  p h e n o t y p e  i s  t h e  a l t e r a t i o n  o f  
b r i s t l e  m o r p h o lo g y  i n  m u t a n t  a l l e l e s .  T h i s  r a n g e s  fr o m  a  
s l i g h t  b e n d  o r  w a v e  i n  t h e  m a c r o c h a e t e s  o f  w e a k  m u t a n t s  t o  
a l l  b r i s t l e s  b e i n g  g n a r l e d  a n d  t w i s t e d  i n  e x t r e m e  m u t a n t s .
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I n  so m e  e x t r e m e  m u t a n t s  h a i r s  a r e  w a v y  a n d  k i n k e d .  A d u l t  
h a i r s  a n d  b r i s t l e s  a r e  fo r m e d  d u r i n g  m e t a m o r p h o s i s  a t  t h e  
p u p a l  s t a g e  o f  t h e  l i f e c y c l e .  T h e  p r e s e n c e  o f  a  3 . 6 k b  s n  
t r a n s c r i p t  a t  t h i s  p o i n t  i n  d e v e l o p m e n t  i s  c o n s i s t e n t  w i t h  
a  r e q u i r e m e n t  f o r  s n  d u r i n g  b r i s t l e  a n d  h a i r  p r o d u c t i o n .  
T h e  s t a i n i n g  p a t t e r n  o f  / ? - g a l a c t o s i d a s e  s e e n  i n  t h e  
P [ l a c Z ]  i n s e r t i o n  m u t a n t s  o f  s n  s u g g e s t s  t h a t  t h e  g e n e  i s  
t r a n s c r i b e d  i n  a s p e c i f i c  s p a c i a l  a n d  t e m p o r a l  p a t t e r n  i n  
t h e  e p i d e r m i s  d u r i n g  p u p a t i o n .  / ? - g a l a c t o s i d a s e  s t a i n i n g  
o c c u r s  b e f o r e  h a i r  a n d  b r i s t l e  f o r m a t i o n  a n d  d o e s  n o t  
f o l l o w  t h e  p a t t e r n  o f  h a i r  a n d  b r i s t l e  f o r m a t i o n .  T h i s  
s u g g e s t s  t h a t  t h e  s n  p r o d u c t  i s  n o t  s i m p l y  a  c o m p o n e n t  o f  
b r i s t l e s  a n d  h a i r s .  I n  f a c t ,  t h e  e x t e n t  o f  s t a i n i n g  
s u g g e s t s  t h a t  s n  m ay b e  e x p r e s s e d  i n  m o r e  e p i d e r m a l  c e l l s  
t h a n  j u s t  t h o s e  m a k in g  b r i s t l e s  a n d  h a i r s .

T h e  m o r p h o lo g y  o f  c u t i c u l a r  b r i s t l e s  a n d  h a i r s  i s  
a f f e c t e d  i n  s n  m u t a n t s ,  b u t  t h e  o m m i ' t id ia l  a s s o c i a t e d  
h a i r s  i n  t h e  c o m p o u n d  e y e  a r e  n o t  a f f e c t e d .  T h i s  
o b s e r v a t i o n  i s  a g a i n  c o n s i s t e n t  w i t h  t h e  s n  p r o d u c t  h a v i n g  
n o  d i r e c t  r o l e  i n  t h e  s t r u c t u r e  o r  f o r m a t i o n  o f  h a i r s  i n  
g e n e r a l .  I f  s n  h a s  a  m o r e  g e n e r a l  r o l e  i n  e p i d e r m a l  
d e v e l o p m e n t  t h e n  i t  m ay b e  e a s i e r  t o  c o r r e l a t e  a p p a r e n t l y  
u n r e l a t e d  b r i s t l e  a n d  o o g e n i c  p h e n o t y p e s .

T r a n s c r i p t i o n  o f  s n  i n  t h e  f e m a l e  g e r m l i n e  r e s u l t s  i n  
3 RNA p r o d u c t s ,  3 . 0 ,  3 . 3 ,  a n d  3 . 6 k b  i n  l e n g t h .  T h e  
t r a n s c r i p t s  d i f f e r  o n l y  i n  t h e i r  l e n g t h  o f  3 '  u n t r a n s l a t e d  
s e q u e n c e  a n d  t h u s  a l l  e n c o d e  t h e  s a m e  p r o t e i n .  Tw o  
t r a n s c r i p t s ,  t h e  3 . 0  a n d  3 .3 k b  R N A s, a r e  o v a r y  s p e c i f i c  
( F i g u r e  4 . 1 . 1 ) ,  b u t  a l l  3 RNAs a r e  m a t e r n a l l y  i n h e r i t e d  
s h o w in g  t h a t  t h e y  a r e  p r o d u c e d  i n  t h e  g e r m l i n e  ( F i g u r e
4.2.1) .

^ - g a l a c t o s i d a s e  s t a i n i n g  fr o m  P [ l a c Z ]  i n s e r t i o n s  a t  
s n  i d e n t i f i e s  p a r t i c u l a r  o v a r i a n  c e l l s  a s  a c t i v e l y  
e x p r e s s i n g  s n  ( F i g u r e s  4 . 5 . 1 - 4 ) .  T h e  m o s t  o b v i o u s  f e a t u r e  
o f  t h i s  p a t t e r n  i s  t h e  r e s t r i c t i o n  o f  / ? - g a l a c t o s i d a s e  
s t a i n i n g  t o  m id  a n d  l a t e  s t a g e  e g g - c h a m b e r s  ( F i g u r e
4 . 5 . 1 )  . T h i s  s u g g e s t s  t h a t  t h e  s n  g e n e  i s  n o t  t r a n s c r i b e d  
d u r i n g  e a r l y  s t a g e s  o f  o o g e n e s i s  ( s t a g e s  1 - 7 )  . C o n s i s t e n t  
w i t h  t h e  e x p r e s s i o n  o f  s n  i n  m id  a n d  l a t e  s t a g e  e g g -
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c h a m b e r s  i s  t h e  d i s r u p t i o n  o f  t h e s e  s t a g e s  i n  o v a r i e s  o f  
s n  m u t a n t s  ( B e n d e r ,  1 9 6 0 ) .

T h e  a p p e a r a n c e  o f  s n  e x p r e s s i o n  i n  m i d d l e  s t a g e  e g g -  
c h a m b e r s  a n d  p e r s i s t e n c e  i n  l a t e r  s t a g e s  c o u l d  a c t u a l l y  
h a v e  b e e n  p r e d i c t e d  fr o m  t h e  a n a l y s i s  o f  s n  t r a n s c r i p t s  
a c r o s s  d e v e l o p m e n t  ( F i g u r e  3 . 2 . 1 ) .  RNA b l o t t i n g  a n a l y s i s  
s h o w s  t h a t  l a t e  p u p a e  c o n t a i n  o n l y  t h e  3 . 6 k b  s n  
t r a n s c r i p t  ( F i g u r e  3 . 2 . 1 ) .  B u t  t h e  t i s s u e  s a m p le  fr o m  
w h ic h  t h i s  RNA w a s  d e r i v e d  w o u ld  c e r t a i n l y  h a v e  i n c l u d e d  
f e m a l e s  w h o s e  o v a r i e s  c o n t a i n  e a r l y  s t a g e  e g g - c h a m b e r s .  
T h e  a b s e n c e  o f  t h e  3 . 0  a n d  3 . 3 k b  RNAs i n  l a t e  p u p a e  s h o w s  
t h a t  e a r l y  e g g -  c h a m b e r s  d o  n o t  p r o d u c e  t h e  o v a r y  
d e p e n d e n t  3 . 3  a n d  3 . Okb R N A s. T h e s e  o b s e r v a t i o n s  w e r e  
e x p a n d e d  b y  a n a l y s i n g  s n  RNAs p r e s e n t  i n  0 - 4 h r ,  1 d a y ,  2
d a y ,  a n d  3 d a y  o l d  a d u l t  f e m a l e s  ( O ' H a r e  u n p u b l i s h e d  
o b s e r v a t i o n ) .  T h e  3 . 0  a n d  3 .3 k b  RNAs a r e  f i r s t  d e t e c t e d  i n  
2 d a y  o l d  f e m a l e s .  N e w ly  e c l o s e d  a n d  1 d a y  o l d  f e m a l e s  
h a v e  o v a r i e s  w i t h  o n l y  e a r l y  ( s t a g e  1 - 6 )  e g g - c h a m b e r s .  
T h i s  s u g g e s t s  t h a t  s n  t r a n s c r i p t i o n  i s  o n l y  a c t i v a t e d  i n  
t h e  g e r m l i n e  a t  a b o u t  s t a g e  8 ,  a n d  i s  e n t i r e l y  c o n s i s t e n t  
w i t h  t h e  a p p e a r a n c e  o f  / ? - g a l a c t o s i d a s e  s t a i n i n g  s e e n  i n  
snp [lacZ] mutants.

A s t r i k i n g  c o r r e l a t i o n  b e t w e e n  / ? - g a l a c t o s i d a s e  
s t a i n i n g  a n d  t h e  o o g e n i c  p h e n o t y p e  o f  s n  i s  t h e  
l o c a l i s a t i o n  o f  e x p r e s s i o n  t o  b o r d e r  c e l l s  ( F i g u r e  4 . 5 . 3 ) .  
T h e  f u n c t i o n  o f  t h e  6 - 1 0  b o r d e r  c e l l s  i s  t o  s e c r e t e  
v i t e l l i n e  m e m b r a n e  ( K i n g ,  1 9 7 0 ) .  C o n s i s t e n t  w i t h  t h e  
s n P [ l a c Z ]  s t a i n i n g  o f  b o r d e r  c e l l s  i s  t h e  a b n o r m a l i t y  o f  
t h e  m i c r o p y l e  a n d  v i t e l l i n e  m em b ra n e  i n  e g g s  d e r i v e d  fr o m  
m u t a n t  s n  m o t h e r s  ( B e n d e r ,  1 9 6 0 ) .  N o t e  t h a t  s t a i n i n g  i n  
b o r d e r  c e l l  o c c u r s  l o n g  b e f o r e  t h e s e  c e l l s  a r e  i n v o l v e d  i n  
m i c r o p y l a r  f o r m a t i o n  o r  v i t e l l i n e  m em b ra n e  s e c r e t i o n .  T h i s  
s u g g e s t s  t h a t  s n  e x p r e s s i o n  i s  r e q u i r e  f o r  o t h e r  p r o c e s s e s  
w i t h i n  t h e  b o r d e r  c e l l s .

I n  a d d i t i o n  t o  t h e  b o r d e r  c e l l s ,  tw o  o t h e r  g r o u p s  o f  
f o l l i c l e  c e l l s  s h o w  y S - g a l a c t o s i d a s e  s t a i n i n g  i n  
s n P [ l a c Z 3 / s n + o v a r i a n  t i s s u e .  T h e s e  a r e  a  g r o u p  o f  c o r n e r  
c o lu m n a r  c e l l s  a t  t h e  a n t e r i o r  e n d  o f  t h e  o o c y t e  a n d  a  f e w  
c e l l s  a t  t h e  p o s t e r i o r  a p i c a l  c a p  o f  t h e  o o c y t e .  From  t h e
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o o g e n i c  p h e n o t y p e  o f  s n  m u t a n t s  t h e  e x p r e s s i o n  i n  t h e  
c o r n e r  c o lu m n a r  c e l l s  m ay b e  r e l a t e d  t o  t h e  m a l f o r m a t i o n  
o f  t h e  d o r s a l  f i l a m e n t s  s e e n  i n
s n  e g g s  ( B e n d e r ,  1 9 6 0 )  . N o o b v i o u s  p h e n o t y p e  c a n  b e  
a s s o c i a t e d  w i t h  s n p ^ a c Z  ̂ e x p r e s s i o n  a t  t h e  a p i c a l  c a p .

I n  m u t a n t  s n  o v a r i e s ,  v i t e l l o g e n e s i s  i s  s e v e r e l y  
r e t a r d e d .  N u r s e  c e l l s  w h ic h  n o r m a l l y  p r o d u c e  a n d  d e p o s i t  
y o l k  p r o t e i n s  sh o w  a  r e d u c e d  l e v e l  o f  p o l y p l o i d y  a n d  t h e  
w h o l e  p r o c e s s  o f  v i t e l l o g e n e s i s  i s  d i s r u p t e d .  T h e  t i m i n g  
o f  ^ - g a l a c t o s i d a s e  s t a i n i n g  s e e n  i n  n u r s e  c e l l s  o f  
s n P f l a c z ]  o v a r i e s  i s  c o n s i s t e n t  w i t h  a r e q u i r e m e n t  f o r  s n  
p r o d u c t  d u r i n g  v i t e l l o g e n e s i s .

G e n e t i c a l l y  i t  h a s  b e e n  sh o w n  t h a t  s n  p r o d u c t  i s  
r e q u i r e d  i n  t h e  f e m a l e  g e r m l i n e  ( P e r r im o n  a n d  G a n s ,  1 9 8 3 ) .  
H o w e v e r ,  g e r m  c e l l  e x p r e s s i o n  o f  s n  d o e s  n o t  e x c l u d e  
e x p r e s s i o n  o f  s n  i n  s o m a t i c  o v a r y  c e l l s .  I n  f a c t  s n p ^ a c Z  ̂
s t a i n i n g  s u g g e s t s  t h a t  s n  e x p r e s s i o n  f i r s t  o c c u r s  i n  
s o m a t i c  t i s s u e  ( b o r d e r  c e l l s ,  s t a g e  8 )  a n d  s u b s e q u e n t l y  
g e r m  c e l l s  e x p r e s s  s n  ( n u r s e  c e l l s ,  s t a g e  9 )  . T h e  
e x p r e s s i o n  o f  s n  i n  s o m a t i c  c e l l s  m i g h t  h a v e  b e e n  
a n t i c i p a t e d  fr o m  t h e  d i s r u p t i o n  o f  t h e  m i c r o p y l e  i n  s n  
m u t a n t s .  T h i s  p h e n o t y p e  w a s  o r i g i n a l l y  i n t e r p r e t e d  a s  a  
s e c o n d a r y  e f f e c t  d u e  t o  a  l a c k  o f  s n  e x p r e s s i o n  i n  
g e r m l i n e  n u r s e  c e l l s .  F u t u r e  a n a l y s i s  o f  s n  m u s t  n o w  
c o n s i d e r  a  m o r e  d i r e c t  r o l e  f o r  s n  i n  b o r d e r  c e l l s ,  a n d  
a l s o  p e r h a p s  i n  o t h e r  f o l l i c l e  c e l l s .
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CHAPTER 5

M o l e c u l a r  a n a l y s i s  o f  m u t a n t  a l l e l e s  o f  s i n q e d .
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5.0 Introduction

T h e  r e s u l t s  d e s c r i b e d  i n  c h a p t e r s  3 a n d  4 r e p o r t  t h e  
s t r u c t u r e  a n d  e x p r e s s i o n  o f  t h e  w i l d t y p e  s n  g e n e .  T h e  
e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  e x a m i n e  t h e  
s t r u c t u r e  a n d  t r a n s c r i p t i o n  o f  5 s n  m u t a n t s .  S t u d y  o f  
t r a n s c r i p t i o n  i n  t h e s e  m u t a n t s  h a s  l e d  t o  a  g r e a t e r  
u n d e r s t a n d i n g  o f  t h e  m o l e c u l a r  e v e n t s  r e s p o n s i b l e  f o r  
e a c h  p h e n o t y p e .

Two c r i t e r i a  w e r e  u s e d  t o  s e l e c t  a l l e l e s  s u i t a b l e  f o r  
t h i s  a n a l y s i s .  F i r s t l y ,  e a c h  a l l e l e  m u s t  c o n t a i n  a  l e s i o n  
d e t e c t a b l e  b y  DNA b l o t t i n g .  T h i s  f a c i l i t a t e d  t h e  
i d e n t i f i c a t i o n  a n d  c h a r a c t e r i s a t i o n  o f  m u t a g e n i c  
a l t e r a t i o n s .  S e c o n d l y ,  t h e  a l l e l e s  c h o s e n  f o r  t h i s  
a n a l y s i s  m u s t  b e  r e p r e s e n t a t i v e  o f  t h e  e n t i r e  r a n g e  o f  s n  
p h e n o t y p e s .

T h e  a l l e l e s  s e l e c t e d  f o r  s t u d y  w e r e  s n X 2 , s n 3 , s n w . 
s n e  a n d  s n (  + ) . DNA b l o t t i n g  e x p e r i m e n t s  ( R o i h a  e t  
a l . , 1 9 8 8 )  h a v e  c h a r a c t e r i s e d  e a c h  a l l e l e  a s  c o n t a i n i n g  a  
DNA a l t e r a t i o n  w i t h i n  t h e  i n t e r v a l  - 2 . 0  t o  0 . 0  ( F i g u r e  
5 . 0 . 1 ) .

3T h e  st!  m u t a t i o n  h a d  b e e n  d e s c r i b e d  a s  a s m a l l  
d e l e t i o n  ( ~ 3 0 0 b p )  w i t h i n  t h e  i n t e r v a l  - 0 . 9  t o  0 . 0 .  T h i s  
r e s u l t s  i n  a n  e x t r e m e  b r i s t l e  p h e n o t y p e  b u t  t h e  m u t a t i o n  
h a s  n o  e f f e c t  o n  f e m a l e  f e r t i l i t y .  T o f a c i l i t a t e  f u l l  
i n t e r p r e t a t i o n  o f  RNA b l o t t i n g  d a t a  t h e  i n t e r v a l  d i s r u p t e d  
s n  w a s  c l o n e d  a n d  s e q u e n c e d  ( s e e  b e l o w ) .

I n  c o n t r a s t  t o  s n  , t h e  e x t r e m e  b r i s t l e  p h e n o t y p e  o f
VO . . .  . .s n  i s  a s s o c i a t e d  w i t h  f e m a l e  s t e r i l i t y .  T h e  DNA 

d i s r u p t i o n  m  s n  i s  a  ~ 1 0 0 b p  i n s e r t i o n  w i t h i n  t h e  
i n t e r v a l  - 1 . 9  t o  - 1 . 2 .  T h e  f i r s t  s t e p  i n  c h a r a c t e r i s i n g  
t h i s  m u t a t i o n  w a s  t o  c l o n e  a n d  s e q u e n c e  t h e  i n t e r v a l  
c o n t a i n i n g  t h e  i n s e r t i o n .

T h e  r e m a i n i n g  3 a l l e l e s  a r e  P-M d y s g e n e s i s  i n d u c e d  
m u t a t i o n s .  E a c h  a l l e l e  h a s  P - e l e m e n t  s e q u e n c e s  i n s e r t e d  a t  
t h e  sa m e  s i t e  w i t h i n  t h e  f i r s t  e x o n  o f  s n  ( R o ih a  e t  a l . ,  
1 9 8 8 ;  C h a p t e r  1 ) .  T h i s  f a m i l y  o f  r e l a t e d  i n s e r t i o n s  
p r o d u c e  a  r a n g e  o f  b r i s t l e  p h e n o t y p e s .  T h e  P - e l e m e n t  
i n s e r t i o n  i n  s n w r e s u l t s  i n  b e n t  o r  k i n k e d  m a c r o c h a e t e s .
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F i g u r e  5 . 0 . 1  -  DNA m a p s o f  m u t a n t  a l l e l e s  o f  s n  c h o s e n
f o r  t r a n s c r i p t i o n a l  a n a l y s i s .

T h e  DNA m a p s fr o m  - 2 . 0  t o  0 . 0  o f  s n 3 , s n X 2 . s n w . s n e  
a n d  s n (  + ) . T h e  m a p s a r e  d e r i v e d  fr o m  DNA b l o t t i n g  d a t a  
( R o ih a  e t  a l . ,  1 9 8 8 ) ,  a n d  c l o n i n g  a n d  s e q u e n c i n g  s t u d i e s  
( K .O ' H a r e  p e r s . c o m m .  a n d  t h i s  s t u d y ) .  I n s e r t i o n s  a r e  
d e n o t e d  b y  s h a d e d  b o x e s  a b o v e  t h e  w i l d t y p e  m a p s ,  t h e  
b o u n d a r i e s  o f  d e l e t i o n s  a r e  m a r k e d  b y  v e r t i c a l  b a r s  
w i t h i n  DNA m a p s . R e s t r i c t i o n  e n z y m e  s i t e s  a r e  a b b r e v i a t e d  
a s  f o l l o w s  E = E c o R l . S = S a i l  H = H i n d l l l .
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Figure 5.0.1
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T h e  b r i s t l e s  o f  a  s n e  f l y  a r e  g n a r l e d  a n d  t w i s t e d  w h i l e  
t h e  b r i s t l e  p h e n o t y p e  o f  s n ^ +  ̂ i s  i n d i s t i n g u i s h a b l e  fr o m  
w i l d t y p e .  T h e  e f f e c t  e a c h  o f  t h e s e  a l l e l e s  h a s  o n  f e m a l e  
s t e r i l i t y  i s  d e p e n d e n t  u p o n  P-M c y t o t y p e  ( s e e  S e c t i o n  
1 . 6 ) .  I n  t h e  M c y t o t y p e  a l l  t h r e e  a l l e l e s  a r e  f e m a l e  
f e r t i l e  b u t  i n  t h e  P c y t o t y p e  e a c h  m u t a t i o n  b e c o m e s  f e m a l e  
s t e r i l e .  T h e  b r i s t l e  p h e n o t y p e s  o f  t h e s e  a l l e l e s  a r e  n o t  
a f f e c t e d  b y  c y t o t y p e .  T h e  c y t o t y p e  d e p e n d e n c e  o f  s n w . s n e . 
a n d  s n ( + ) f e m a l e  s t e r i l i t y  i s  e x a m in e d  i n  S e c t i o n  5 . 7 .

T h e  m o l e c u l a r  s t r u c t u r e  o f  s n w a n d  i t s  d e r i v a t i v e s  
s n e  a n d  s n ( + ) h a v e  b e e n  c h a r a c t e r i s e d  ( R o ih a  e t  a l . ,  1 9 8 8 ;  
N i t a s a k a  a n d  Y a m a z a k i 1 9 8 8 ) .  T h e  s n w m u t a t i o n  c o n t a i n s  tw o  
P - e l e m e n t s  i n s e r t e d  a d j a c e n t  t o  e a c h  o t h e r  i n  a  h e a d  t o  
h e a d  o r i e n t a t i o n  ( F i g u r e  5 . 0 . 1 ) .  T h e  0 .9 5 k b  a n d  1 .3 k b  P -  
e l e m e n t s  i n s e r t e d  i n  s n w a r e  b e l i e v e d  t o  b e  s e p a r a t e d  b y  
o n l y  8b p  ( R o ih a  e t  a l . , 1 9 8 8 ) .  T h e  8b p  g a p  i s  t h o u g h t  t o  
r e p r e s e n t  t h e  d u p l i c a t i o n  o f  t a r g e t  s e q u e n c e s  f o u n d  
b o u n d in g  a l l  P - e l e m e n t  i n s e r t i o n s  (O 'H a r e  a n d  R u b in  1 9 8 3 ) .

T h e  s n e  m u t a t i o n  i s  d e r i v e d  fr o m  s n w b y  t h e  p r e c i s e  
e x c i s i o n  o f  t h e  0 . 9 5 k b  e l e m e n t  d u r i n g  P - e l e m e n t  
m o b i l i s a t i o n  ( F i g u r e  5 . 0 . 1 ) .  T h i s  l e a v e s  t h e  1 .3 k b  P -  
e l e m e n t  i n  s n e  i n s e r t e d  a t  t h e  sa m e  n u c l e o t i d e  a s  t h e  P -  
e l e m e n t  s e q u e n c e s  i n  s n w .

I f  t h e  1 .3 k b  e l e m e n t  i s  e x c i s e d  fr o m  s n w t h e n  t h e  
r e m a i n i n g  0 . 9 5 k b  P - e l e m e n t  p r o d u c e s  n o  b r i s t l e  p h e n o t y p e .  
T h i s  a l l e l e  i s  c a l l e d  sn ^  +  ̂ ( F i g u r e  5 . 0 . 1 ) .  B e c a u s e  s n ^ ^  . 
l i k e  s n e . i s  r e l a t e d  t o  s n w b y  a n  e x c i s i o n  e v e n t  t h e  
0 .9 5 k b  e l e m e n t  i n  s n ^ +  ̂ i s  i n s e r t e d  a t  t h e  sa m e  p o s i t i o n  
a s  t h e  s n e  a n d  s n w e l e m e n t s  ( R o ih a  e t  a l . ,  1 9 8 8 ) .

F u r t h e r  c l o n i n g  a n d  s e q u e n c i n g  s t u d i e s  h a v e  b e e n  
c a r r i e d  o u t  o n  t h e  s n e  a n d  sn ^  +  ̂ m u t a t i o n s .  T h e  0 .9 5 k b  P -  
e l e m e n t  i n  s n ( + ) a n d  p a r t  o f  t h e  1 .3 k b  e l e m e n t  i n  s n e  h a v e  
b e e n  c l o n e d  a n d  s e q u e n c e d  ( R o ih a  e t  a l . , 1 9 8 8  a n d  K .O 'H a r e  
u n p u b l i s h e d  o b s e r v a t i o n s ) . T h i s  s h o w s  b o t h  e l e m e n t s  t o  
d u p l i c a t e  t h e  sa m e  8b p  s n  t a r g e t  s e q u e n c e  ( n u c l e o t i d e s  
1 3 5 2  -  1 3 5 9  F i g u r e  3 . 5 . 2 A ;  O 'H a r e  a n d  R u b in  1 9 8 3 ) .  T h e  
0 . 9 5 k b  d e f e c t i v e  e l e m e n t  i s  r e l a t e d  t o  t h e  2 . 9 k b  
a u t o n o m o u s  P - e l e m e n t  b y  a d e l e t i o n  o f  s e q u e n c e s  f r o m  
p o s i t i o n  1 6 2  t o  2 1 1 3  w i t h i n  t h e  f u l l  l e n g t h  P - e l e m e n t
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(K .O 'H a r e  u n p u b l i s h e d  a n d  O 'H a r e  a n d  R u b in  1 9 8 3 ) .  T h e  
1 .3 k b  s n e  e l e m e n t  h a s  b e e n  p r o d u c e d  b y  a  d e l e t i o n  o f  
s e q u e n c e s  fr o m  6 9 7  t o  2 3 0 0  w i t h i n  t h e  2 . 9 k b  a u t o n o m o u s  
e l e m e n t .

T h e  c h a r a c t e r i s a t i o n  o f  s n e  a n d  s n .(  + ) P - e l e m e n t s  
p e r m i t t e d  t h e  a s s e m b l y  o f  s e q u e n c e  f i l e s  r e p r e s e n t i n g  t h e  
s t r u c t u r e  o f  e a c h  a l l e l e  w i t h i n  t h e  i n t e r v a l  - 2 . 0  t o  0 . 0  
( A p p e n d i x  F i g u r e s  A2 a n d  A 3 ) .  C o p i e s  o f  t h e  2 . 9 k b  
a u t o n o m o u s  P - e l e m e n t  s e q u e n c e  w e r e  m o d i f i e d  t o  r e p r e s e n t  
t h e  s t r u c t u r e  o f  t h e  s n e  a n d  s n ^ +  ̂ d e f e c t i v e  P - e l e m e n t s .  
T h e s e  s e q u e n c e s  w e r e  t h e n  i n s e r t e d  i n t o  c o p i e s  o f  t h e  
g e n o m ic  s n  s e q u e n c e  fr o m  - 2 . 0  t o  0 . 0 .  C a r e  w a s  t a k e n  t o  
e n s u r e  t h e  P - e l e m e n t  s e q u e n c e s  w e r e  i n s e r t e d  i n  t h e  
c o r r e c t  o r i e n t a t i o n  a n d  t h a t  t a r g e t  s i t e  d u p l i c a t i o n s  w e r e  
i n t r o d u c e d  i n t o  t h e  f i n a l  s e q u e n c e  f i l e s .  T h e s e  d e d u c e d  
s e q u e n c e s  a r e  c o n s i s t e n t  w i t h  a l l  DNA b l o t t i n g  a n d  
s e q u e n c e  i n f o r m a t i o n  a v a i l a b l e .  A s n w s e q u e n c e  f i l e  w a s  
a s s e m b l e d  u s i n g  b o t h  s n e  a n d  s n (  + ) P - e l e m e n t  s e q u e n c e s  
i n s e r t e d  i n t o  t h e  - 2 . 0  t o  0 . 0  g e n o m ic  s n  s e q u e n c e .  T h e  
a s s e m b l e d  s e q u e n c e  d a t a  f i l e s  a r e  s h o w n  f o r  s n w i n  
A p p e n d ix  F i g u r e  A l ,  s n e  i n  A p p e n d ix  F i g u r e  A2 a n d  s n ( + ) i n  
A p p e n d ix  F i g u r e  A 3 . T h i s  i n f o r m a t i o n  w i l l  b e  u s e d  i n  t h e  
a n a l y s i s  o f  s n w . s n e , a n d  s n ( + ) t r a n s c r i p t i o n .

• • vp 35.1 Molecular characterisation of sn and sn

T h e  s i t e  a n d  s t r u c t u r e  o f  P - e l e m e n t  i n s e r t i o n s  i n  
s n w . s n e  a n d  s n ^ +  ̂ h a v e  b e e n  d e f i n e d  a t  t h e  n u c l e o t i d e  
l e v e l .  H o w e v e r  t h e  2 o t h e r  a l l e l e s  c h o s e n  f o r  s t u d y ,  s n

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

X2 3I n  o r d e r  t o  c l o n e  b o t h  s n  a n d  s n  s e q u e n c e s  fr o m  a  
s i n g l e  s e t  o f  e x p e r i m e n t s  A l i b r a r i e s  w e r e  c o n s t r u c t e d
• • • y o 'iw i t h  i n s e r t  DNA i s o l a t e d  f r o m  h e t e r o z y g o u s  s n  / s n  

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

sh o w n  b y  DNA b l o t t i n g  t o  b e  d i s r u p t e d  m  s n  a n d  s n  , 
t w o  l i b r a r i e s  w e r e  m ad e ( s e e  C h a p t e r  2 ) .  A t o t a l  o f  3 0 , 0 0 0
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S a u 3 A I r e c o m b i n a n t  p h a g e  a n d  1 2 0 , 0 0 0  BamH l r e c o m b i n a n t  
p h a g e  w e r e  p l a t e d  o u t  a n d  s c r e e n e d  w i t h  t h e  g e n o m i c  
i n t e r v a l  - 5 . 0  t o  0 . 0  ( F i g u r e  3 . 1 . 1 ) .  A f t e r  t h r e e  r o u n d s  o f  
p l a q u e  p u r i f i c a t i o n  16  i n d e p e n d e n t  c l o n e s  w e r e  i d e n t i f i e d  
a s  c a r r y i n g  s e q u e n c e s  h o m o lo g o u s  t o  t h e  i n t e r v a l  - 5 . 0  t o  
0 . 0  ( F i g u r e  3 . 1 . 1 ) . . . voT o i d e n t i f y  c l o n e s  c a r r y i n g  e i t h e r  t h e  s n  i n s e r t i o n  
o r  t h e  s n 3 d e l e t i o n ,  DNA w a s  p r e p a r e d  fr o m  l a r g e  s c a l e  
b a c t e r i o p h a g e  l y s a t e s  o f  e a c h  c l o n e .  T h e  s n  d e l e t i o n  h a d  
b e e n  sh o w n  t o  l a c k  a B g l l  s i t e  ( 1 1 9 9  t o  1 2 1 0  F i g u r e  
3 . 5 . 2 A )  w i t h i n  t h e  i n t e r v a l  - 0 . 9  t o  0 . 0  ( K .O ' H a r e  
u n p u b l i s h e d  o b s e r v a t i o n )  . T h u s  DNA fr o m  e a c h  A c l o n e  w a s  
d i g e s t e d  w i t h  BamH l a n d  B o l l  a n d  t h e  f r a g m e n t s  s e p a r a t e d  
b y  a g a r o s e  g e l  e l e c t r o p h o r e s i s .  A f t e r  DNA b l o t t i n g  t h e  
d i g e s t s  w e r e  p r o b e d  w i t h  t h e  i n t e r v a l  - 5 . 0  t o  0 . 0  ( d a t a  
n o t  sh o w n ) . T h e  a b s e n c e  o f  a B g l l  s i t e  i n  s n 3 DNA m e a n s  
t h a t  o n l y  o n e  f r a g m e n t  i n  t h e  BamH l B g l l  d i g e s t  s h o u l d  
h y b r i d i s e  t o  t h e  p r o b e .  S e v e r a l  a p p a r e n t l y  i d e n t i c a l  p h a g e  
w e r e  i d e n t i f i e d  a s  c a r r y i n g  s n 3 DNA, c l o n e  AB1 w a s  c h o s e n  
f o r  f u r t h e r  a n a l y s i s .  P h a g e  w h ic h  c a r r y  t h e  s n  m u t a t i o n  
h a v e  tw o  f r a g m e n t s  i n  a BamH l B g l l  d i g e s t  w h ic h  h y b r i d i s e  
t o  t h e  i n t e r v a l  - 5 . 0  t o  0 . 0 .  O ne c l o n e  w i t h  t h i s
p a t t e r n  o f  h y b r i d i s a t i o n  (A S 15) w a s  s e l e c t e d  f o r  f u r t h e r  
s t u d y .

• Yp .5.1.1 Analysis of the sn mutation

C lo n e  AS15 w a s  i s o l a t e d  fr o m  t h e  S a u 3 A I l i b r a r y  a n d  
t h e  r e s t r i c t i o n  map o f  t h e  1 1 .5 k b  i n s e r t  i s  i d e n t i c a l  t o  
t h e  p h y s i c a l  map o f  s n X2 ( R o ih a  e t  a l . ,  1 9 8 8 ) .  T h e  s n X2 

l e s i o n  l i e s  w i t h i n  t h e  r e g i o n  - 1 . 9  t o  - 1 . 2 .  T h e  s i m p l e s t  
w a y  t o  s u b c l o n e  t h i s  r e g i o n  fr o m  AS15 w a s  t o  i s o l a t e  t h e  
2 . l k b  E c o R l - S a l l  i n t e r v a l  e q u i v a l e n t  t o  t h e  w i l d t y p e  - 2 . 0  
t o  0 . 0  r e g i o n .  T h e  2 . l k b  E c o R l - S a l l  f r a g m e n t  c a r r y i n g  t h e

v n  9 # ,s n  DNA a l t e r a t i o n  w a s  s u b c l o n e d  i n t o  t h e  p B l u e s c n b e -  
M 1 3 ( - )  a n d  t h e  n e w  p l a s m i d  n a m e d  p s n 9 R S 2 - X 2 .  S m a l l  
r e s t r i c t i o n  f r a g m e n t s  fr o m  t h i s  i n s e r t  w e r e  c l o n e d  i n t o  
M13 v e c t o r s  a n d  t h e n  s e q u e n c e d .  T h e  e n t i r e  2 . l k b  i n s e r t  o f  
p s n 9 R S 2 -X 2  w a s  s e q u e n c e d  a n d  c o m p a r e d  t o  t h e  w i l d t y p e
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i n t e r v a l  f r o m  - 2 . 0  t o  0 . 0  ( F i g u r e  5 . 1 . 1 ) .  T h e  m a in  
d i f f e r e n c e  b e t w e e n  s n   ̂ a n d  s n  i s  t h e  p r e s e n c e  o f  a n
8 0 b p  A /T  r i c h  i n s e r t i o n  a t  - 1 . 8 0  ( F i g u r e  5 . 1 . 1 ) .  T h r e e

• . y p +s m a l l e r  r e g i o n s  o f  m i s m a t c h  b e t w e e n  t h e  s n  a n d  s n
s e q u e n c e s  a r e  l o c a t e d  a t  p o s i t i o n s  7 1 - 8 7 ,  n u c l e o t i d e  1 4 7
a n d  n u c l e o t i d e  1 5 7  ( F i g u r e  3 . 5 . 2 A  a n d  F i g u r e  5 . 1 . 1 ) .  T h e
s e q u e n c e  a n a l y s i s  o f  p s n 9 R S 2 -X 2  i s  c o n s i s t e n t  w i t h  t h e
s t r u c t u r e  o f  s n  d e r i v e d  f r o m  g e n o m i c  DNA b l o t t i n g
e x p e r i m e n t s .

T h e  d i f f e r e n c e s  b e t w e e n  s n X2 a n d  s n + l i e  u p s t r e a m  o f  
t h e  t r a n s c r i p t i o n  s t a r t  s i t e .  T h i s  r e g i o n  t y p i c a l l y  
c o n t a i n s  s e q u e n c e  m o t i f s  i m p o r t a n t  f o r  t h e  c o n t r o l  o f  
t r a n s c r i p t i o n .  I f  t h e  s n  l e s i o n s  d i s r u p t  p r o m o t e r  o r
e n h a n c e r  e l e m e n t s  t h e n  t r a n s c r i p t i o n  m ay b e  a f f e c t e d  i n  
t h i s  m u t a n t .• . . • yoT o i n v e s t i g a t e  t h e  t r a n s c r i p t i o n  o f  s n  . RNA w a svpp r e p a r e d  fr o m  s n  a d u l t  m a l e s  a n d  f e m a l e s .  An RNA b l o t  
c a r r y i n g  t h e s e  s a m p l e s  t o g e t h e r  w i t h  RNA d e r i v e d  fr o m  s n + 
a n d  s n  m a l e s  a n d  f e m a l e s  h y b r i d i s e d  t o  t h e  i n t e r v a l  - 0 . 5  
t o  - 0 . 3 5  i s  sh o w n  i n  F i g u r e  5 . 1 . 2 .

T r a n s c r i p t i o n  o f  s n  m  a d u l t  m a l e s  a n d  f e m a l e s
r e s u l t s  i n  tw o  h i g h  m o l e c u l a r  w e i g h t  RNAs ( F i g u r e  5 . 1 . 2  
t r a n s c r i p t s  A a n d  B) . T h e  a b u n d a n c e  o f  t h e s e  RNAs i s  
e x t r e m e l y  lo w  a n d  t h e r e  a p p e a r s  t o  b e  n o  f e m a l e  s p e c i f i c  
t r a n s c r i p t s .  T h e  lo w  a b u n d a n c e ,  a b n o r m a l s i z e  a n d  a b s e n c e  
o f  f e m a l e  s p e c i f i c  t r a n s c r i p t s  i s  c o n s i s t e n t  w i t h  t h e  
e x t r e m e  b r i s t l e  m o r p h o lo g y  a n d  f e m a l e  s t e r i l e  p h e n o t y p e  o f  
t h i s  a l l e l e .

T h e  p r e s e n c e  o f  h i g h  m o l e c u l a r  w e i g h t  t r a n s c r i p t s  i n  
s n  RNA ( F i g u r e  5 . 1 . 2 )  s h o w s  t h a t  so m e  s n  t r a n s c r i p t i o n  
i s  s t i l l  o c c u r r i n g  m  t h e s e  m u t a n t  f l i e s .  T h e  s n  l e s i o n  
d o e s  n o t  a b o l i s h  t r a n s c r i p t i o n  b u t  s e v e r e l y  r e d u c e s  t h e  
a b u n d a n c e  o f  t r a n s c r i p t s  f r o m  t h e  s n  l o c u s .  T h i s  i s  
c o n s i s t e n t  w i t h  a d i s r u p t i o n  o f  s n  g e n e  r e g u l a t i o n  s i g n a l s  
b y  t h e  s n  i n s e r t i o n  a s  p r o p o s e d  a b o v e .  H o w e v e r  i t  i s  
d i f f i c u l t  t o  e x p l a i n  t h e  i n c r e a s e d  s i z e  o f  s n X2 RNAs i n  
t e r m s  o f  a l t e r e d  t r a n s c r i p t i o n a l  c o n t r o l  s i g n a l s .Y?T o e n s u r e  t h a t  t h e  s n  l e s i o n ,  d e t e c t e d  b y  DNA 
b l o t t i n g ,  w a s  r e s p o n s i b l e  f o r  t h e  p h e n o t y p e  a s s o c i a t e d
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• • vo +F i g u r e  5 . 1 . 1  -  S e q u e n c e  a l i g n m e n t  b e t w e e n  s n  a n d  s n

T h e  DNA s e q u e n c e  o f  s n + ( l o w e r  l i n e )  fr o m  t h e  S a i l  
s i t e  a t  2 . 0  t o  t h e  S p h l  s i t e  a t  - 1 . 6 ,  i s  c o m p a r e d  t o  t h e

, , VOc o r r e s p o n d i n g  r e g i o n  o f  s n  s e q u e n c e  ( u p p e r  l i n e ) . A 
p e r f e c t  m a tc h  b e t w e e n  s e q u e n c e s  i s  d e n o t e d  b y  a  s t a r ,  
g a p s  a r e  i n t r o d u c e d  t o  m a x im is e  t h e  n u m b er  o f  m a t c h e d  
n u c l e o t i d e s .  T h e  DNA m ap s b e lo w  t h e  s e q u e n c e  d a t a  sh o w  
t h e  DNA s t r u c t u r e  o f  s n  a n d  s n  w i t h i n  t h e  r e g i o n  - 2 . 0  
t o  0 . 0 .  T h e  d a r k  b o x  b e lo w  t h e  s n X2 DNA map d e n o t e s  t h e  
r e g i o n  o f  s e q u e n c e  c o m p a r e d  t o  s n + a b o v e .  T h e  l i g h t l y• vos h a d e d  b o x  d e n o t e s  t h e  i n t e r v a l  o n  s n  s e q u e n c e d  b u t  n o t• • • , vosh o w n  m  t h i s  f i g u r e .  (N o d i f f e r e n c e s  b e t w e e n  s n  a n d
s n + w e r e  f o u n d  i n  t h i s  r e g i o n ) . iW . * t S
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F i g u r e  5 . 1 . 1

GTCGACTTTAGAACGGATATTTCAAAATAATGTTAACCTTTCGAAAAATTTAGGTGTATGCAAGCCGAATTATTTGATTTGGAAAATAATACTTAGGGCG****************************************************************************************************
GTCGACTTTAGAACGGATATTTCAAAATAATGTTAACCTTTCGAAAAATTTAGGTGTATGCAAGCCGAATTATTTGATTTGGAAAATAATACTTAGGGCG

TCCATATCAGAAAAAACGTTT GACCA ATTTTAAAATGTGTGTTAGG CACGTTATGTAGTCAAATATATATAAATAAATTATTCTTATTA ★★★**★****★**★****★*★ ********** ********* *************************************
TCCATATCAGAAAAAACGTTTAGCGTAACATAACGTATTTTAAAATTTGTATTAGGCCACGTTATGTAGTCAAATATATATAAATAAATTATTCio\ ,<3

TTTATAAATATTATAATAATATTTAATAATAATAATATAATATATTCTTATTCTTATAAATTATTATTATTTTAATTTTTACAAAAGTGATATGCTGATA********************************
ATTTTAATTTTTACAAAAGTGATATGCTGATA
• z i£ ,

TGCTTATAAATGTAAGATTCTTGTTTATTTGACTTTTTTTTTAAATTTCATTATCATTATTTCTTGCTTGACAACCCTATGTTAAGTGCGACACTGCGTT****************************************************************************************************
TGCTTATAAATGTAAGATTCTTGTTTATTTGACTTTTTTTTTAAATTTCATTATCATTATTTCTTGCTTGACAACCCTATGTTAAGTGCGACACTGCGTT
ilP r  321-
GACAACAGCT AAGAACAT GGCT GT GGGGCGACAAACTT AGCAGAGCGCGCGCTGCT AGAGCTTAAATTGT ATTT GAAAACAGTGCAGGT GAATCGAAAAT **********************************************************************************************★**"***
GACAACAGCT AAGAACAT GGCT GT GGGGCGACAAACTT AGCAGAGCGCGCGCTGCT AGAGCTTAAATTGT ATTT GAAAACAGTGCAGGTGAATCGAAAAT
iv'< t m

GTCTTGGCATGC************
GTCTTGGCATGC Sph 1

S E
+

s n

-2.0 o.o
1kb
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• . • Y9F i g u r e  5 . 1 . 2  -  RNA b l o t t i n g  a n a l y s i s  o f  s n

+ • 7 voP o l y - A  RNA w a s  p r e p a r e d  fr o m  w i l d t y p e ,  s n  a n d  s n
a d u l t  m a l e s  a n d  a d u l t  f e m a l e s .  S a m p le s  w e r e  t h e n  RNA
b l o t t e d  a n d  h y b r i d i s e d  t o  a  s n  p r o b e  ( - 0 . 5  t o  - 0 . 3 5 ) .  T h e
t r a n s c r i p t s  d e t e c t e d  i n  s n 3 RNA a p p e a r  t o  b e  s l i g h t l y
s m a l l e r  t h a n  t h e i r  s n + e q u i v a l e n t s .  Two h i g h  m o l e c u l a r
w e i g h t  t r a n s c r i p t s  a r e  d e t e c t e d  i n  s n X2 RNA: m a r k e d  A a n d
B .
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Figure 5.1.2
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Y OF ig u re  5 .1 .3  -  DNA b lo t  o f  sn and p a r e n ta l chromosome

DNA sam ples o f  th e  gen otyp e d en oted  above each  la n e  
w ere d ig e s te d  to  co m p le tio n  w ith  P s t l  and S a i l . Sam ples 
w ere th en  se p a ra te d  on an a g a ro se  g e l  and b lo t t e d .  The 
DNA b lo t  was h y b r id ise d  to  th e  in t e r v a l  - 2 .0  to  0 .0 .  Both 
sn X2 and I n ( l ) d l  49 , y Hw m2 g 4 (A49) c o n ta in  an 80bp 
in s e r t io n  w ith in  th e  w ild ty p e  r e g io n  - 2 .0  to  - 1 . 3 .  The 
in s e r t io n  in c r e a s e s  th e  s i z e  o f  t h i s  P s t l  S a i l  band from 
720bp to  800bp. The marker la n e  (M) c o n ta in s  ACI857 cu ty pw ith  B s tE I I . Below th e  b lo t  are  p h y s ic a l  maps o f  sn and 
sn + w ith in  th e  r e g io n  - 2 .0  to  0 .0 .
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Figure 5.1.3
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w ith  t h i s  a l l e l e  th e  DNA s t r u c t u r e  o f  t h e  p a r e n t a l• vochromosome was exam ined. The sn m u tation  a r o se  by X-ray
m u ta g en esis  o f  th e  I n ( l ) d l - 4 9  chromosome (B en d er,1960) .x?The s t r u c tu r e s  o f  sn  and I n ( l ) d l - 4 9  were compared u s in gVO 1 ODNA from h e ter o zy g o u s  sn / s n  and I n ( l ) d l - 4 9 / y Hw m 
g 4/ s n + fe m a le s . F ig u re  5 .1 .3  shows a DNA b lo t  com paring  
th e  sn r e g io n  o f  each  chromosome. Both th e  sn and 
I n ( l ) d l - 4 9  chromosomes c o n ta in  th e  80bp in s e r t io n  a t  -1 .8 0  
(F ig u re  5 . 0 . 1 ) .  S in c e  I n ( l ) d l - 4 9  c a r r ie s  a w ild ty p e  copy 
o f  th e  sn g en e , th e  m utant phenotype o f  sn can n ot be 
due t o  th e  80bp in s e r t io n  a t  - 1 .8 0  (F ig u re  5 . 0 . 1 ) .  The 
in s e r t io n  i s  presum ably a polym orphism  w hich d oes n ot
e f f e c t  sn e x p r e s s io n .• • x?N ote th e  g e n e t ic  lo c a t io n  o f  th e  sn l e s io n  i s  n ot 
known and cann ot be e a s i l y  mapped b ecau se  o f  th e  in v e r s io n  
p r e s e n t  in  th e  I n ( l ) d l - 4 9  chromosome. DNA b l o t t i n g  and 
seq u en c in g  a n a ly s i s  have f a i l e d  to  id e n t i f y  th e  m utagen ic

• • • vol e s io n  m  t h i s  a l l e l e ,  so  sn was ex c lu d ed  from fu r th e r  
i n v e s t i g a t i o n s .

5 . 1 . 2  A n a l y s i s  o f  t h e  s n 3 m u t a t i o n

3The sn c lo n e  AB1 was i s o la t e d  from th e  BamHl l ib r a r y  
and c o n ta in s  an 16 .0k b  in s e r t .  To f a c i l i t a t e  d e t a i le d  
a n a ly s i s  o f  th e  sn DNA l e s io n ,  ( - 0 .9  to  - 0 .0 )  seq u en ces  
hom ologous to  th e  in t e r v a l  - 2 .0  to  0 .0  were su b clo n ed  from 
AB1 in t o  p B lu escr ib e-M 1 3 (-)  and seq u en ced . The sn 3 
seq u en ce  was compared to  th e  sn + seq u en ce from - 1 .1 6  to  
0 .0  (F ig u re  5 . 1 . 4 ) .  T h is shows th e r e  i s  a d e le t io n  which  
rem oves n u c le o t id e s  1183 to  1475 (F ig u re  3 .5 .2  and F igu re  
5 . 1 . 4 ) .  T h is 292bp d e le t io n  rem oves 86bp upstream  and 
206bp downstream o f  th e  t r a n s c r ip t io n a l  s t a r t  s i t e  (1269  
F ig u re  3 . 5 .2 ) .  In a d d it io n  to  rem oving th e  t r a n s c r ip t io n  
s t a r t  s i t e  th e  d e le t io n  i s  l i k e l y  to  e l im in a t e  prom oter  
s e q u e n c e s  u sed  t o  i n i t i a t e  sji RNAs (B r e a th n a c h  and 
Chambon, 1 9 8 1 ). D e le t io n  o f  prom oter e le m en ts  norm ally
a b o l i s h e s  t r a n s c r ip t io n .  However th e  phen otyp e o f  sn 3 
s u g g e s t s  th a t  some sn prod uct i s  b e in g  produced in  o v a r ie s  
in  ord er  to  p rev en t fem ale s t e r i l i t y  (See S e c t io n  5 .3 ) .
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• • 1 4-F ig u re  5 .1 .4  -  Sequence a lig n m en t betw een sn and sn

The DNA seq u en ce  o f  sn + (lo w er l in e )  from th e  P s t l  
s i t e  a t  - 1 .2  to  th e  EcoRl s i t e  a t  0 .0  i s  compared to  th e  
co rresp o n d in g  r e g io n  o f  sn seq u en ce (upper l i n e ) . A 
p e r f e c t  match betw een seq u en ces i s  d en oted  by a s t a r ,  
gaps are  in tro d u ced  in to  e i t h e r  seq u en ce to  m axim ise th e  
number o f  m atch ed  n u c l e o t i d e s .  DNA maps b e lo w  t h e  
seq u en ce  data  show th e  DNA s t r u c tu r e  o f  sn and sn  
w ith in  th e  r e g io n  - 2 .0  to  0 . 0 .  The shaded box below  th e  
sn DNA map d e n o te s  th e  lo c a t io n  o f  sn seq u en ce compared 
to  sn + (above) . ; 9  „ „
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Figure 5.1.4
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5.2 Introduction to mutant RNA blotting experiments

The fo l lo w in g  s e r i e s  o f  ex p er im en ts were d e s ig n e d  to  
i n v e s t ig a t e  th e  s t r u c tu r e  o f  RNA m o le c u le s  produced in  
sn 3 . snw. sn e and sn^ +  ̂ m utant a l l e l e s  o f  sn . D e sc r ib in g  
th e  s t r u c tu r e  o f  th e s e  t r a n s c r ip t s  p r o v id e s  an in s ig h t  
i n t o  t h e  m ech an ism s w hereby  ea ch  a l l e l e  d i s r u p t s  sn  
e x p r e s s io n .

T r a n sc r ip t io n  o f  th e s e  sn m utants was a n a ly se d  a t  3 
s t a g e s  o f  th e  D ro so p h ila  l i f e c y c l e .  A d u lt b r i s t l e  and 
h a i r s  a r e  made d u r in g  m eta m o r p h o sis  th u s  RNA from  
homozygous pupae was a n a ly sed  to  in v e s t ig a t e  how m utant 
t r a n s c r ip t s  m ight r e s u l t  in  th e  d is r u p t io n  o f  b r i s t l e  
fo rm a tio n . Som atic sn gene e x p r e s s io n , i n i t i a t e d  in  pupae, 
c o n t in u e s  in to  th e  a d u lt  s t a g e s  o f  D ro so p h ila  developm ent 
(C hapter 4 ) .  T r a n sc r ip t io n  o f  sn in  a d u lt  m ales ap pears to  
be l im it e d  to  so m a tic  t i s s u e .  A dult s t a g e  so m a tic  c e l l  
e x p r e s s io n  o f  sn can th e r e fo r e  be s tu d ie d  by a n a ly s in g  
t r a n s c r i p t s  d e t e c t e d  in  a d u l t  m ale RNA s a m p le s . In  
c o n t r a s t  to  a d u lt  m a les , a d u lt  fem ales r e q u ir e  sn prod u ct 
fo r  w ild ty p e  developm ent in  both  so m a tic  and g erm lin e  
t i s s u e  (C hapter 4 ) .  G erm line t r a n s c r ip t io n  o f  sn r e s u l t s  
in  3 RNAs o f  3 .0 ,  3 .3  and 3 .6 k b . The 3 .0  and 3 .3k b  RNAs 
are  s p e c i f i c  to  th e  a d u lt  fem ale g e r m lin e . D e te c t io n  o f  
th e s e  RNAs or t h e i r  e q u iv a le n ts  ( s e e  below ) d em on stra tes  
th a t  sn t r a n s c r ip t io n  i s  o cc u rr in g  w ith in  o v a r ie s .  To 
a v o id  c o m p lic a t io n s  o f  P-M c y to ty p e , P -e lem en t a l l e l e s  
were s tu d ie d  in  th e  M c y to ty p e .

The s t r u c tu r e  o f  m utant t r a n s c r ip t s  was d e f in e d  u s in g  
a s e r i e s  o f  sh o r t  DNA fragm ents as p rob es on RNA b l o t s .  
The h y b r id is a t io n  p a tte r n  o f  3 p ro b es , a d ja c e n t to  or 
w ith in  each  DNA l e s io n  was d eterm ined  fo r  each  a l l e l e  over  
th e  3 s t a g e s  o f  developm ent ch osen  fo r  s tu d y . Knowing th e  
DNA seq u en ce  o f  each l e s i o n ,  th e  lo c a t io n  o f  th e  3 prob es  
and th e  approxim ate s i z e  o f  each t r a n s c r ip t  a llo w s  th e  
g r o s s  s t r u c tu r e  o f  each  m utant RNA to  be d eterm in ed .

F i l t e r s  c a r r y in g  RNA sam ples o f  w ild ty p e  and each
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4- + 3P oly-A  RNA was e x tr a c te d  from homozygous sn , sn , 
snw . sn e and sn^+  ̂ pupae. RNA b lo t s  c a r r y in g  a l i g u o t s  o f  
t h e s e  sa m p le s  w ere h y b r id is e d  t o  3 p r o b e s .  The b l o t  
h y b r id is e d  to  probe A ( - 0 .7 1  to  -1 .3 3 )  i s  shown in  p a n e l  
A, to  probe B ( - 0 .5 1  to  - 0 .5 9 )  in  p an el B and to  probe C 
( - 0 .3 5  to  - 0 .5 )  in  p an el C. The lo c a t io n  o f  each  probe  
w ith  r e s p e c t  to  th e  DNA l e s io n s  in  sn 3 , sn w. sn e and 
s n ( + ) i s  shown in  th e  co m p o site  p h y s ic a l  map shown below  
th e  RNA b l o t s .  T h is diagram  c o v e r s  th e  in t e r v a l  from - 2 .0  
to  0 .0  and th e  b la ck  box on th e  sn + map d e n o te s  th e  
lo c a t io n  o f  th e  f i r s t  sn exon . E q u iv a len t q u a n t i t i e s  o f  
RNA were load ed  in  each la n e  a s judged by h y b r id is a t io n  
to  an a c t in  probe (d ata  n o t shown) . The RNA in  p an el B 
ap p ears to  be s l i g h t l y  degraded .

Figure 5.2.1 - RNA blots of pupal sn3 , snw . sne
and sn(+ ) samples
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Figure 5.2.1
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4- + 1P oly-A  RNA was e x tr a c te d  from homozygous sn , sn , 
sn w . s n e and sn^ +  ̂ a d u l t  m a le s .  RNA b l o t s  c a r r y in g  
a l ig u o t s  o f  th e s e  sam ples were h y b r id ise d  to  3 p ro b es . 
The b lo t  h y b r id ise d  to  probe A ( -0 .7 1  to  - 1 .3 3 )  i s  shown 
in  p an el A, to  probe B ( - 0 .5 1  to  -0 .5 9 )  in  p a n e l B and to  
probe C ( -0 .3 5  to  - 0 .5 )  in  p an el C. The lo c a t io n  o f  each  
probe w ith  r e s p e c t  to  th e  DNA l e s io n s  in  sn 3 , sn w, sn e 
and sn ( + ) i s  shown in  th e  co m p o site  p h y s ic a l  map shown 
below  th e  RNA b l o t s .  T h is diagram  co v e r s  th e  in t e r v a l  
from - 2 .0  to  0 .0  and th e  b la c k  box on th e  sn + map d e n o te s  
th e  lo c a t io n  o f  th e  f i r s t  sn exon . E q u iv a len t q u a n t i t i e s  
o f  RNA w ere lo a d e d  in  ea ch  la n e  a s  ju d g e d  by 
h y b r id is a t io n  to  an a c t in  probe (d ata  n ot sh ow n ).

Figure 5.2.2 - RNA blots of adult male sn3 , snw ,
sne and sn^+  ̂ samples
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Figure 5.2 .2
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4- + 3P oly-A  RNA was e x tr a c te d  from homozygous sn . sn , 
snw, sn e and sn^ + ̂  a d u lt  fe m a le s . RNA b lo t s  c a r r y in g  
a l iq u o t s  o f  th e s e  sam ples were h y b r id ise d  to  3 p ro b es . 
The b lo t  h y b r id ise d  to  probe A ( - 0 .7 1  to  -1 .3 3 )  i s  shown 
in  p a n e l A, to  probe B ( -0 .5 1  to  -0 .5 9 )  in  p an el B and to  
probe C ( -0 .3 5  to  - 0 .5 )  in  p an el C. The lo c a t io n  o f  each  
probe w ith  r e s p e c t  to  th e  DNA l e s i o n s  in  sn 3 , sn w. sn e 
and sn ( + ) i s  shown in  th e  co m p o site  p h y s ic a l  map shown 
below  th e  RNA b l o t s .  T h is diagram  c o v e r s  th e  in t e r v a l  
from - 2 .0  to  0 .0  and th e  b la ck  box on th e  sn + map d e n o te s  
th e  lo c a t io n  o f  th e  f i r s t  sn exon . E q u iv a len t q u a n t i t i e s  
o f  RNA w ere lo a d e d  in  ea ch  la n e  a s  ju d g e d  by 
h y b r id is a t io n  to  an a c t in  probe.

Figure 5.2.3 - RNA blots of adult female sn3 , snw ,
sne and sn^+  ̂ samples
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Figure 5.2.3
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mutant from a specific period of development were 
hybridised to each of the 3 probes. For pupae these 
results are shown in Figure 5.2.1, RNA blots of adult male 
samples are shown in Figure 5.2.1 and the adult female 
data is shown in Figure 5.2.3.

The format of these RNA blots (Figures 5.2.1-3) makes 
analysis of individual alleles rather difficult. To 
overcome this the hybridisation patterns of each allele 
were extracted from Figures 5.2.1-3 and diagramatically 
represented in a allele specific summary figures e.g. 
Figure 5.3.1.

5 . 3  RNA b l o t t i n g  a n a l y s i s  o f  s n 3

The DNA lesion m  sn has been characterised as a 
292bp deletion which removes some putative promoter 
seguences, the transcriptional start site, and part of the 
first exon (Section 5.1). Transcription still occurs in 
this mutation but the resulting sn RNAs are of slightly 
reduced molecular weight (Figure 5.1.2). Transcription of 
sn is unable to provide sn function during metamorphosis 
but does supply sjn product during oogenesis, thereby 
preventing female sterility.

To investigate the structure and distribution of 
these mutant transcripts, poly-A+ RNA was prepared from 
pupae, adult males and adult females. RNA blots carrying 
aliguots of these samples were hybridised to 3 probes. 
Probe A (607 to 1231 Figure 3.5.2A) includes sequences 
upstream of the sn deletion and terminates within the 
deleted interval (Figure 5.3.1). The sequences in probe B 
(1346 to 1429 Figure 3.5.2A) lie completely within the sn3 
deletion and probe C (1444 to 1605 Figure 3.5.2A) starts
. . Owithin the sn deletion and includes sequences downstream 

of the deletion (Figure 5.3.1). The original RNA blotting 
data are shown in Figures 5.2.1-3 and a diagramatical 
representation of sn3 data is shown in Figure 5.3.1.

Probe A detects two transcripts of approximately 3.5 
and 2.9kb in pupal and adult male RNA Figure 5.3.1. Adult 
female RNA contains at least 4 transcripts homologous to
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Figure 5.3.1 - Summary diagram of sn RNA blotting data.

i  . ,The sn RNA blotting data shown m  Figures 5.2.1-3
has been collated and is summarised in 3 diagrams
representing RNA blots. The intensity of transcript bands
is represented by the thickness of boxes in this figure.
Physical maps of the wildtype sn gene from -2.0 to 0.0,

O , ,the sn lesion and the location and size of the 3 probes 
used in these investigations is shown below the 
diagrammatic RNA blots. P = pupal RNA, cf = adult male 
RNA, $  = adult female RNA.
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Figure 5.3.1
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probe A in the size range 2.9 to 4.0kb. Probe B sequences 
are deleted from sn DNA thus no transcripts are detected 
with this probe. Probe C detects a single 3.5kb transcript 
in pupae and adult males and a triplet (2.9 ,3.2, and 
3.5kb) of RNAs in adult females.

The large number of sn transcripts detected by probes 
A and C in sn RNA can be split into two groups. Each 
transcript which hybridises to probe C is detected by 
probe A. Thus probe C detects a subset of probe A 
transcripts.

Transcripts detected by probe C are all approximately 
50 to lOObp smaller then equivalent sn+ RNAs. The fact 
that all probe C RNAs contain a region homologous to probe 
A shows that these transcripts carry sequences derived 
from upstream of the sn+ transcript initiation site. It

"5appears that all sn RNAs start at a novel transcript 
initiation site(s) within probe A. Thus normally upstream. . isequences are included in sn RNAs. The near wildtype size 
of transcripts detected by probe C suggests that RNA 
molecules initiated at the novel transcript initiation 
site(s), transcribe the entire sn gene and terminated at 
the sn polyadenylation sites. The suggestion that sn
RNAs use sn+ polyadenylation sites is consistent with the 
wildtype pattern of transcript size differences seen in 
sn adult female RNA. This model assumes that these probe 
C hybridising transcripts initiate within a few base 
pairs of each other and that the wildtype splicing pattern
is used to process these RNAs. The slight reduction in
molecular weight reflects structural and size alterations 
in the first exon caused by the 292bp deletion and novel

3 . . . . . .  . . .sn transcript initiation site(s). This explanation is
. . . . 3consistent with the RNA blotting data, the site of the sn. . . 7lesion and the structure of the DNA alteration in sn .

. . . . 3Since the first exon of sn is non-coding these sn 
transcripts could be translated to produce functional sn 
protein.

There are several transcripts in sn RNA which do
hybridise to probe A but not probe C. RNA from homozygous

3sn pupae and adult males contains a 2.9kb sn transcript
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which is only detected by probe A. This RNA appears to 
initiate at a novel transcript initiation site(s). However 
sequences homologous to probe C have been lost from this 
transcript. Loss of probe C sequences suggests that a 
previously unused 5' splice site is being used to excise 
RNA derived from region C. The size of this transcript 
(2.9kb) is consistent with the new intron ending at the 
normal second exon acceptor site. The rest of the molecule 
must then be subject to the wildtype pattern of RNA

• • iprocessing. Computer based sequence analysis of the sn 
sequence has identified several potential splice donor 
site within the interval covered by probe A (data not 
shown). Novel splicing from one of these 5' splice sites 
to the second exon acceptor site appears to be the most 
logical explanation for this transcript. Primer extension, 
SI protection and cDNA analysis would be required to 
locate the precise 5' splice site used by these RNAs.

Note relatively few transcripts are processed in this 
manner: RNAs detected by probe C have not used this novel 
splice site(s).

RNA extracted from sn adult females contains two 
transcripts (3.6 and 4.0kb) which specifically hybridise 
to probe A. These transcripts appear to initiate at the 
same start site as the near wildtype sn RNAs and then 
splice out probe C sequences by using the novel donor 
site(s) described above. However the increased molecular 
weight of these transcripts suggests that further RNA 
processing abnormalities occur. Without additional RNA 
blotting, SI fragment protection and primer extension 
experiments no assessment of transcript structure can be 
mad e .

There appears to be an inverse relationship between 
the presence of the 3.6 and 4. Okb transcripts and the 
mutant phenotype of sn3 . The 3.6 and 4.Okb transcripts are 
absent in pupae where the sn bristle phenotype develops 
but are present in adult females where sn individuals are 
fertile. Assuming that all other sn3 RNAs fail to produce 
active sn protein then these transcripts may provide sn 
function in adult females to prevent sterility.
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. . . . . 7Transcripts which initiate at the novel sn 
transcript start site(s) and then use the sn+ intron-exon 
splice junctions are 2.9, 3.2 and 3.5kb in length. This
suggests that the 3.6 and 4.Okb transcripts are subject to 
abnormal RNA processing. The additional sequences present 
in these transcripts may disrupt the sn ORF resulting in a 
non-functional protein. If these transcripts are non- 
functional then other explanations of the sn phenotype 
are required.

The loss of the sn"1’ transcript initiation site and
. *■*promoter sequences in sn individuals does not abolish 

transcription. The sn deletion appears to activate a 
cryptic promoter and a novel transcript initiation site is 
used to produce sn RNAs.

The concept of a cryptic promoter can be used in 
several ways to explain the phenotype of sn . The first 
explanation suggests that the sn cryptic promoter fails 
to transcribe the sn gene in bristle and hair forming 
tissue. Transcripts detected in sn pupae may be derived 
from ectopic sites of transcription.. . . 7An alternative explanation is to suggest that the sn 
cryptic promoter transcribes the sn gene in the correct 
tissue but it fails to produce sufficient transcripts 
capable of producing sn protein, to supply the demand for 
sn function in bristle and hair forming cells. Studies on 
the P-element alleles snw . sne and sn^ + ̂ (see below) show 
small reductions in pupal sn protein levels result in 
altered bristle morphology.

To investigate the possibility that the sn3 cryptic 
promoter was ectopically active. Poly-A+ RNA was prepared 
from sn embryos, larvae, pupae, adult males and adult 
females. An RNA blot carrying samples of this material 
hybridised to the region -1.3 to -0.7 (probe A) is shown 
in Figure 5.3.2. In contrast to sn+ (Figure 3.2.1), sn3 
transcripts are detected in larvae. The detection of sn3 
transcripts in larval RNA proves that the sn3 cryptic 
promoter has altered tissue specificity with respect to 
the wildtype promoter.
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F i g u r e  5 . 3 . 2 .-  E x p r e s s i o n  o f  s n  t r a n s c r i p t s  
d u r i n g  d e v e l o p m e n t .

t r>P o l y - A  RNA w a s  e x t r a c t e d  f r o m  h o m o z y g o u s  s n  
e m b r y o s ,  l a r v a e ,  p u p a e ,  a d u l t  m a l e s  a n d  a d u l t  f e m a l e s .  An 
RNA b l o t  c a r r y i n g  e q u i v a l e n t  q u a n t i t i e s  o f  e a c h  RNA w a s  
p r o b e d  w i t h  s e q u e n c e s  fr o m  t h e  s n  l o c u s  ( - 0 . 7 1  t o  - 1 . 3  3 
P r o b e  A ) . T r a n s c r i p t s  o f  t h e  s n 3 g e n e  a r e  d e t e c t e d  d u r i n g  
a l l  s t a g e s  o f  d e v e l o p m e n t  e x a m in e d .  E = 0 - 2 4 h r  e m b r y o s ,  L 
= l s ^ ,  2 nc  ̂ a n d  3 r(  ̂ i n s t a r  l a r v a e ,  P = p u p a e ,  C? =  a d u l t  
m a l e ,  5  = a d u l t  f e m a l e .
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Figure 5.3.2
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The sne mutation has been characterised as a 1.3kb P- 
element insertion in the first exon of the sn gene 
(Section 5.1). The insertion results in an extreme bristle 
bristle phenotype but has no effect on female sterility in 
the M-cytotype.

To investigate the phenotype of this allele, RNA was 
prepared from sne pupae, adult males and adult females. 
RNA blots carrying these samples were hybridised to 3 
probes. Probe A (607 to 1231 Figure 3.5.2A) is just 
upstream of the the wildtype transcript initiation site. 
Probe B (1346 to 1429 Figure 3.5.2A) is upstream of the P- 
element insertion site but within the first exon of the 
wildtype sn gene. Probe C (1444 to 1605 Figure 3.5.2A) 
lies downstream of the sne insertion site and is part of 
the wildtype first exon. The original RNA blotting data 
are shown in Figures 5.2.1-3 and a diagramatical 
representation of the sne data is shown in Figure 5.4.1.

Probe A detects no transcripts in sne pupal, adult 
male and adult female RNA. Probes B and C both detect 
transcripts in sne RNA suggesting that transcription 
starts at the wildtype transcript initiation site in this 
mutation.

Probe B hybridises to 3 transcripts of 4.8, 3.6 and 
1.5kb in sne pupal and adult male RNA. In sne adult 
females the probe detects transcripts of 1.5kb, 3.0, 3.3 
and 3.6kb. Probe C detects 4.8kb and 3.6kb transcripts on 
blots of sne pupal and adult male RNA. Probe C detects 3 
RNAs of approximately 3.0, 3.3 and 3.6kb in sne adult 
female RNA.

The simplest transcript to explain is the 1.5kb RNA 
detected in all lanes of sne RNA with probe B but not 
probe C (Figure 5.3.1). The sne P-element is inserted into 
the sn gene such that P-element transcription is in the 
same direction as sn transcription (left to right on 
Figure 5.3.1). This means that P-element splicing and 
polyadenylation signals incorporated into the transcripts

5.4 RNA blotting analysis of sne
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The sne RNA blotting data shown in Figures 5.2.1-3 
has been collated and is summarised in 3 diagrams 
representing RNA blots. The intensity of transcript bands 
is represented by the thickness of boxes in this figure. 
Physical maps of the wildtype sn gene from -2.0 to 0.0, 
the sne insertion and the location and size of the 3 
probes used in these investigations is shown below the 
diagrammatic RNA blots. P = pupal RNA, cf = adult male 
RNA, 5  = adult female RNA.

Figure 5.4.1 - Summary diagram of sne RNA blotting data.
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may be functional. Transcripts which initiate at the sn+ 
start site and have transcribed the sne P-element may be 
terminated by the P-element polyadenylation site present 
at the 3' end of the sne insert. This would generate a 
1.5kb RNA which would hybridise to probe B but not probe
C.

The termination of transcripts within P-element 
insertions has also been described at the white (w) locus 
(Levis et al., 1984). In w*1̂ 80^ 17 the inserted P-element 
polyadenylation site prematurely terminates approximately 
70% of w transcripts. If sne transcripts are terminated in 
this way then significantly less than 70% of sn 
transcripts terminate at the P-element polyadenylation 
site (approximately 20-30%).

The inefficiency of the P-element polyadenylation 
site (above) allows transcription to continue through the 
entire sn gene. RNAs terminating at +15.0kb which have 
been normally spliced should be approximately 4.8kb in 
length (3.6kb of sn plus 1.3kb of P-element sequence). 
Pupal and adult male sne RNA contain transcripts of this 
size which hybridise to probes B and C. The size and 
hybridisation pattern of theses 4.8kb RNAs is consistent 
with the P-element readthrough structure proposed above. 
These transcripts would have the sn ORF intact, but have a 
much larger 5' untranslated region than sn+ RNAs and so 
may not effectively produce sn protein when translated.

Note probes B and C do not detect readthrough 
transcripts in sne adult female RNA. This will be 
discussed in Section 5.8

Probes B and C also detect transcripts which are 
approximately the same size as sn+ RNAs (Figure 5.3.1). In 
adult females the transcripts appear to use the wildtype 
multiple polyadenylation sites to produce 3.0, 3.3 and 
3.6kb RNAs. The size of these RNAs suggests that in 
addition to using the sn+ polyadenylation sites the normal 
pattern of splice donor/acceptor sites are used to process 
these transcripts. If this model is correct then the only 
way to generate wildtype sized RNAs is to the remove P-
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element sequences from the initial transcript. A novel 
splicing event could remove the P-element sequences from 
the precursor readthrough RNA provided suitably located 
donor and acceptor sites exist. Splicing would then 
removes the intervening RNA. It appears that the majority 
of sjie readthrough transcripts are processed in this 
manner.

To investigate the possibility of novel splicing, the 
wildtype sequence on either side of the sne insertion was 
searched for potential splice donor and acceptor sites. 
Computer based sequence analysis (Figure 5.4.2) shows that 
the sne insertion site lies between a donor site (Dl, 
1335-1336 Figure 3.5.2) and acceptor site (Al, 1362-1363 
Figure 3.5.2) . In s_n + RNA these sites (D1,A1) are 
separated by only 25bp. This interval is too small to be 
excised as an intron. (The smallest intron so far reported 
is a 31 nucleotide intron in the SV40 late transcript; 
Ghosk et al., 1978). In sne readthrough RNA (4.8kb Figure
4.5.1) Dl and Al are sufficiently far apart that splicing 
enzymes may excise the intervening P-element sequences 
plus 25bp of sn sequence. This would result in a wildtype 
sized RNA.

The possibility that other splice sites, within the 
sne insertion, are used to remove P-element sequences was 
examined by analysing the s_ne sequence for splice 
donor/acceptor sites (Figure 5.4.3). In addition to Dl/Al 
there are several splices sites within the sne insertion 
which if used would produce approximately wildtype sized 
RNA. The most likely alternatives to Dl/Al are D 2 ; a donor 
site located within the 31bp inverted repeats of P- 
elements and A2e ; an acceptor site close to the 3' end of 
the sne insertion. Combinations of splice sites such as 
Dl/A2e and D2/A1 must also be considered as potential 
substrates for the novel splicing reaction. The analysis 
of sn^"1") and snw RNA (below) shows that wildtype sized 
transcripts are produced in both of these mutations. This 
suggests that insertions at the snw /sne/sn( + ) site are 
spliced out regardless of internal sequence composition. 
The only regions of shared sequence between these 3
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The sn+ sequence from -2.0 to 0.0 (Figure 3.5.2A) 
was analysed for splice donor acceptor site using the 
Amersham Staden Plus sequence analysis software. The 
graphics output from this program has been annotated to 
mark the position of the first exon (shaded box above 
scale bar) and the site of snw , sne and sn^+  ̂ insertions. 
The axis above the scale bar represents the length of the 
sequence with the positions of consensus splice donor (D) 
and acceptor (A) sites (S t a d e n ,1984;M o u n t ,1982) are 
marked in vertical lines along this axis. The height of 
donor/acceptor lines represents the degree of match each 
site has with its respective consensus sequence. The P- 
element insertions will separate the donor and acceptor 
sites D1 and Al. This may allow splicing enzymes to 
remove the intervening RNA. Dsn is the donor site used by 
wildtype transcripts to end the first exon. The scale bar 
is graduated at 50bp intervals.

Figure 5.4.2 - sn+ splice donor and acceptor site analysis.
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T h e  s n e  s e q u e n c e  e q u i v a l e n t  t o  t h e  w i l d t y p e  r e g i o n  
f r o m  - 2 . 0  t o  0 . 0  b u t  i n c l u d i n g  t h e  s n e  i n s e r t i o n  ( F i g u r e  
A 2 ) w a s  a n a l y s e d  f o r  c o n s e n s u s  s p l i c e  d o n o r  a n d  a c c e p t o r  
s i t e s  u s i n g  A m e r sh a m  S t a d e n  P l u s  s o f t w a r e .  T h e  g r a p h i c s  
o u t p u t  o f  t h i s  p r o g r a m  h a s  b e e n  a n n o t a t e d  t o  m a r k  t h e  
p o s i t i o n  o f  t h e  f i r s t  e x o n  ( s h a d e d  b o x )  a n d  p o s i t i o n  a n d  
s i z e  o f  t h e  s n e  P - e l e m e n t  ( d o u b l e  h e a d e d  a r r o w ) . T h e  s n e  
i n s e r t i o n  s e p a r a t e s  s n  d o n o r  a n d  a c c e p t o r s  s i t e s  D l ,  A1 
( F i g u r e  5 . 4 . 3 )  b y  1 . 3 k b  t h e r e b y  f a c i l i t a t i n g  t h e  r e m o v a l  
o f  i n t e r v e n i n g  P - e l e m e n t  s e q u e n c e s .  Two o t h e r  s u i t a b l e  
p l a c e d  d o n o r  a n d  a c c e p t o r  s i t e s  a r e  D2 a n d  A 2 . T h e  u s e  o f  
t h e s e  s i t e s  i n  a s p l i c i n g  r e a c t i o n  w o u l d  p r o d u c e  a n  
a p p r o x i m a t e l y  w i l d t y p e  s i z e d  RNA. B e c a u s e  w i l d t y p e  s i z e d  
RNAs a r e  d e t e c t e d  i n  a l l  3 P - e l e m e n t  a l l e l e s  t h e  n o v e l  
s p l i c e  i s  t h o u g h t  t o  o c c u r  b e t w e e n  D l  a n d  A1 ( s e e  t e x t  
f o r  d e t a i l s )  . Ds n  i s  t h e  d o n o r  s i t e  u s e d  b y  w i l d t y p e  
t r a n s c r i p t s  t o  e n d  t h e  f i r s t  e x o n .  T h e  s c a l e  b a r  i s  
g r a d u a t e d  a t  5 0 b p  i n t e r v a l s .

Figure 5 .4 .3 - sne s p lic e  donor and acceptor s ite  a na lys is .
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m u t a t i o n s  a r e  t h e  3 1 b p  P - e l e m e n t  i n v e r t e d  r e p e a t s  a n d  
f l a n k i n g  s n  s e q u e n c e s .  T h e s e  o b s e r v a t i o n s  f a v o u r  t h e  u s e  
o f  e i t h e r  D l / A l  a n d / o r  D 2 / A 1  i n  t h e  n o v e l  s p l i c i n g  
e v e n t ( s ) .

T h e  t y p e  o f  c o m p u t e r  b a s e d  s e q u e n c e  a n a l y s i s  u s e d  t o  
i d e n t i f y  p o t e n t i a l  s p l i c e  d o n o r / a c c e p t o r  s i t e s  i s  o n l y  
c a p a b l e  o f  r e c o g n i s i n g  s e q u e n c e  m o t i f s  w h i c h  m a t c h  
c o n s e n s u s  s p l i c e  s i t e s  ( S t a d e n ,  1 9 8 4 ;  M o u n t , 1 9 8 2 ) .  T h e  
i d e n t i f i c a t i o n  o f  c o n s e n s u s  s p l i c e  s e q u e n c e s  d o e s  n o t  
g u a r a n t e e  b i o l o g i c a l  a c t i v i t y  o f  t h e  s i t e .  F o r  i n s t a n c e ,  
s o m e  o f  t h e  s p l i c e  s i t e s  u s e d  t o  p r o d u c e  P - e l e m e n t  
t r a n s c r i p t s  a r e  b a r e l y  d e t e c t a b l e  w i t h  t h i s  c o m p u t e r  
p r o g r a m .

T h e  b r i s t l e  p h e n o t y p e  o f  s n e  i s  t h e  r e s u l t  o f  a l a c k  
o f  s n  p r o d u c t  d u r i n g  m e t a m o r p h o s i s .  A n a l y s i s  o f  s n e  RNA 
s h o w s  t h a t  t h e r e  a r e  s e v e r a l  t r a n s c r i p t s  i n  p u p a e  w h i c h  
h a v e  t h e  p o t e n t i a l  t o  p r o d u c e  w i l d t y p e  s n  f u n c t i o n  ( 3 . 5  
a n d  4 . 8 kb R N A s ) . D e s p i t e  t h i s  s n e  i n d i v i d u a l s  d e v e l o p  w i t h  
g n a r l e d  a n d  t w i s t e d  b r i s t l e s .  P e r h a p s  t h e  l e v e l  o f  s n  
p r o t e i n  s u p p l i e d  b y  t h e s e  t r a n s c r i p t s  i s  b e l o w  a t h r e s h o l d  
v a l u e  r e q u i r e d  f o r  n o r m a l  b r i s t l e  m o r p h o l o g y .  T h e  l a c k  o f  
a n  o o g e n i c  p h e n o t y p e  i s  d i s c u s s e d  i n  s e c t i o n  5 . 8 .
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T h e  m u t a t i o n  i s  t h e  r e s u l t  o f  a 0 . 9 5 k b  P -  
e l e m e n t  i n s e r t i o n  i n t o  t h e  f i r s t  e x o n  o f  t h e  s n  g e n e  
( S e c t i o n  5 . 1 ) .  No b r i s t l e  p h e n o t y p e  i s  a s s o c i a t e d  w i t h  
t h i s  i n s e r t i o n .  I n  t h e  M - c y t o t y p e  t h e  a l l e l e  i s  f e m a l e  
f e r t i l e  b u t  i n  t h e  P - c y t o t y p e  s n ^ +  ̂ f e m a l e s  a r e  s t e r i l e .  
RNA b l o t t i n g  w a s  u s e d  t o  e x a m i n e  s n ^ +  ̂ M - c y t o t y p e  
i n d i v i d u a l s .

RNA w a s  e x t r a c t e d  f r o m  s n ^ +  ̂ p u p a e ,  a d u l t  m a l e s  a n d  
a d u l t  f e m a l e s .  RNA b l o t s  c a r r y i n g  t h e s e  s a m p l e s  w e r e  
h y b r i d i s e d  t o  3 p r o b e s  ( F i g u r e s  5 . 2 . 1 - 3 ) .  A p i c t o r i a l  
su m m a r y  o f  t h i s  i n f o r m a t i o n  i s  s h o w n  i n  F i g u r e  5 . 5 . 1 .

T h e  u p s t r e a m  p r o b e ,  p r o b e  A, d e t e c t s  n o  t r a n s c r i p t s  
i n  t h e  d e v e l o p m e n t a l  s t a g e s  o f  s n ^ +  ̂ e x a m i n e d  ( F i g u r e
5 . 5 . 1 )  . A p a i r  o f  f i r s t  e x o n  p r o b e s  ( p r o b e s  B a n d  C) 
d e t e c t  s e v e r a l  t r a n s c r i p t s  i n  s n ^ +  ̂ RNA. T h e  p o s i t i o n  o f  
t h e s e  p r o b e s  ( A , B  a n d  C) w i t h i n  t h e  w i l d t y p e  g e n e  s u g g e s t s  
t h a t  a l l  s n ( + ) RNAs i n i t i a t e  a t  t h e  w i l d t y p e  t r a n s c r i p t i o n  
s t a r t  s i t e .

T h e  t r a n s c r i p t s  d e t e c t e d  i n  s n ^ +  ̂ c a n  b e  s u b d i v i d e d  
i n t o  t w o  g r o u p s :  e i t h e r  w i l d t y p e  s i z e d  t r a n s c r i p t s  ( 3 . 0 ,
3 . 3  a n d  3 . 6 k b )  o r  4 . 5 k b  RNAs.

T h e  s i z e  a n d  h y b r i d i s a t i o n  c h a r a c t e r i s t i c s  o f  t h e  
4 . 5 kb RNA s u g g e s t s  t h a t  i t  i s  a r e a d t h r o u g h  t r a n s c r i p t  
c o m p o s e d  o f  b o t h  s n  a n d  P - e l e m e n t  s e g u e n c e s .  T h e  0 . 9 5 k b  o f  
s n ( + ) i n s e r t i o n  s e q u e n c e  a p p e a r s  t o  b e  i n c o r p o r a t e d  i n t o  
t r a n s c r i p t s  o f  t h e  s n ( + ) g e n e .  S p l i c i n g  r e m o v e s  s n  i n t r o n s  
f r o m  t h e  p r i m a r y  t r a n s c r i p t  r e s u l t i n g  i n  a 4 . 5 k b  RNA: 
3 . 6 k b  o f  s n  a n d  0 . 9 5 k b  o f  P - e l e m e n t  s e q u e n c e s .  I n  t h i s  
r e a d t h r o u g h  t r a n s c r i p t  t h e  e n t i r e  sjq p r o t e i n  c o d i n g  
i n t e r v a l  i s  i n t a c t .

N o t e  p r o b e  C d e t e c t s  a 4 . 5 k b  t r a n s c r i p t  i n  a d u l t  
f e m a l e  RNA. T h i s  t r a n s c r i p t  i s  n o t  d e t e c t e d  b y  p r o b e  B a n d  
t h u s  m a y  o r i g i n a t e  f r o m  w i t h i n  t h e  s n ^ +  ̂ P - e l e m e n t .  
H o w e v e r  t r a n s c r i p t i o n  f r o m  t h e  s n ^ +  ̂ P - e l e m e n t  p r o m o t e r  i s  
i n  t h e  o p p o s i t e  d i r e c t i o n  t o  s n  t r a n s c r i p t i o n .  S u c h  P -  
e l e m e n t  t r a n s c r i p t s  w o u l d  n o t  b e  d e t e c t e d  b y  t h e  s i n g l e -  
s t r a n d e d  p r o b e s  u s e d  i n  t h e s e  i n v e s t i g a t i o n s .  T h e

5.5 RNA blotting analysis of sn ̂
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T h e  s n ( + ) RNA b l o t t i n g  d a t a  s h o w n  i n  F i g u r e s  5 . 2 . 1 - 3  
h a s  b e e n  c o l l a t e d  a n d  i s  s u m m a r i s e d  i n  3 d i a g r a m s  
r e p r e s e n t i n g  RNA b l o t s .  T h e  i n t e n s i t y  o f  t r a n s c r i p t  b a n d s  
i s  r e p r e s e n t e d  b y  t h e  t h i c k n e s s  o f  b o x e s  i n  t h i s  f i g u r e .  
P h y s i c a l  m a p s  o f  t h e  w i l d t y p e  s n  g e n e  f r o m  - 2 . 0  t o  0 . 0 ,  
t h e  s n (  + ) i n s e r t i o n  a n d  t h e  l o c a t i o n  a n d  s i z e  o f  t h e  3 
p r o b e s  u s e d  i n  t h e s e  i n v e s t i g a t i o n s  i s  s h o w n  b e l o w  t h e  
d i a g r a m m a t i c  RNA b l o t s .  P = p u p a l  RNA, CT = a d u l t  m a l e  
RNA, $  =  a d u l t  f e m a l e  RNA.

Figure 5.5.1 - Summary diagram of sn^+  ̂ RNA blotting data.
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The sn^-1") sequence equivalent to the wildtype region 
from -2.0 to 0.0 but including the sn^ + ̂ insertion 
(Figure A3) was analysed for consensus splice donor and 
acceptor sites using Amersham Staden Plus software. The 
graphics output of this program has been annotated to 
mark the position of the first exon (shaded box) and 
position and size of the sn(+ ) P-element (double headed 
arrow) . The sn( + ) insertion separates sjn donor and 
acceptors sites D 1 , A1 (Figure 5.4.3) by 0.95kb thereby 
facilitating the removal of intervening P-element 
sequences. Two other suitable placed donor and acceptor 
sites are D2 and A 2 . The use of these sites in a splicing 
reaction would produce an approximately wildtype sized 
R N A . Because wildtype sized RNAs are detected in all 3 P- 
element alleles the novel splice is thought to occur 
between D1 and A1 (see text for details) . Dsn is the 
donor site used by wildtype transcripts to end the first 
exon. The scale bar is graduated at 50bp intervals.

Figure 5.5.2 - sn^+  ̂ splice donor and acceptor site analysis.
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Figure 5.5.2
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direction of transcription and size of the 4 . 5kb RNA 
suggests that these molecules are readthrough transcripts. 
The failure of probe B to detect this RNA might simply 
reflect differences in the specific activity or 
concentration of the probe used and the low abundance of 
these molecules. The fact that a single readthrough 
transcript is detected in sn^+  ̂ adult female RNA is 
discussed in Section 5.8.

The hybridisation pattern of wildtype sized RNAs in 
sn( + ) are identical to those detected in sne RNA. This 
suggests that the splicing mechanism to remove P-element 
sequences discussed for sne also operates for sn^+ ^. The 
sn(+ ) P-element separates the genomic splices sites D1 and 
A 1 by 0.95kb (Figure 5.4.2) . Increasing the spacing 
between D1 and A1 from 25bp to 0.95kb may allow splicing 
to remove the intervening RNA to give an approximately 
wildtype sized RNA. To check that there were no obvious 
alternative splice sites the sn^+ ) sequence was analysed 
for potential splice donor and acceptor sites. The donor 
site within the 31bp P-element terminal repeat (D2) is 
again a possible alternative to D1 (Figure 5.5.2). There 
are a few strong acceptor sites within the sLn^ + ̂ P-element 
but the only site capable of producing an approximately 
wildtype sized RNA is A 2 ( F i g u r e  5.5.2). As sne , sn^+  ̂
and snw all produce wildtype sized transcripts but have 
different inserts, it is likely that the novel splice(s) 
occurs between either D1 /A1 and/or D2/A1 (see above).

The bristle phenotype of sn^+  ̂ individuals can now be 
explained in terms of RNA molecules. No prematurely 
terminated transcripts can be detected in sn^+  ̂ RNA 
suggesting that an approximately wildtype number RNAs 
transcribe the sn^+  ̂ protein coding interval. Most of 
these transcripts are spliced to produce a wildtype sized 
sn.( + ) RNA. The deduced structure of these molecules 
suggests that they can be translated. With little or no 
reduction of sn product, sn^+  ̂ individuals do not develop 
a bristle phenotype.
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The DNA lesion in snw has been characterised as two 
P-elements inserted in a head-to-head orientation within 
the first exon of sn (Roiha et al., 1988, Nitasaka and 
Y a m a z a k i ,1988) . The structure of snw and relationship 
between snw , sne and sn( + ) has been described above. RNA 
blotting was used to describe the structure of sn RNAs in 
snw M cytotype individuals.

RNA was extracted from snw pupae, adult males and 
adult females. RNA blots carrying these samples were 
hybridised to 3 probes Figures 5.2.1-3. A summary diagram 
of this data is shown in Figure 5.6.1.

Probe A (607 to 1231 Figure 3.5.2A) lies upstream of 
the wildtype transcript initiation start site and detects 
no transcripts in snw RNA. Probes B (1346 to 1429 Figure 
3.5.2A) and C (1444 to 1605 Figure 3.5.2A) lie within the 
first exon of sn and detect several transcripts in snw 
RNA. This pattern of hybridisation suggests that snw 
transcripts are initiated by the wildtype promoter and 
start site within probe B.

The snw mutation is closely related to the sne and 
sn(+ ) insertions. Thus the experience of analysing sne and 
sn(+ ) transcripts can be used to classify snw RNAs into 3 
groups: readthrough, wildtype sized and prematurely 
terminated transcripts.

Probes B and C detect a 5.7kb RNA in snw pupal and 
adult male RNA. The size and hybridisation characteristics 
of these molecules suggest that they are readthrough 
transcripts. The 2.25kb of seguence inserted in snw 
increases the size of transcripts terminated at +15.0kb 
from 3.6kb to 5.7kb, provided the wildtype pattern of sn 
intron-exon junctions are used. The absence of readthrough 
transcripts in snw adult female RNA is discussed in 
Section 5.8.

A 1.3kb RNA is detected in pupal and adult male RNA 
by probe B but not probe C. The size and fact that only 
the upstream first exon probe detects this RNA suggests 
that the transcript terminates within the snw P-

5.6 RNA blotting analysis of snw
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The snw RNA blotting data shown in Figures 5.2.1-3 
has been collated and is summarised in 3 diagrams 
representing RNA blots. The intensity of transcript bands 
is represented by the thickness of boxes in this figure. 
Physical maps of the wildtype sn gene from -2.0 to 0.0, 
the snw insertion and the location and size of the 3 
probes used in these investigations is shown below the 
diagrammatic RNA blots. P = pupal RNA, adult male
RNA, $  = adult female RNA.

Figure 5.6.1 - Summary diagram of snw RNA blotting data.
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Figure 5.6.2 - snw splice donor and acceptor site analysis.

The snw sequence equivalent to the wildtype region 
from -2.0 to 0.0 but including the snw insertion (Figure 
A 2 ) was analysed for consensus splice donor and acceptor 
sites using Amersham Staden Plus software. The graphics 
output of this program has been annotated to mark the 
position of the first exon (shaded box) and position and 
size of the snw P-elements (double headed arrow). The snw 
insertion separates sn donor and acceptors sites Dl, A1 
(Figure 5.4.3) by 2.25kb thereby facilitating the removal 
of intervening P-element sequences. Two other suitable 
placed donor and acceptor sites are D2 and A 2 . The use of 
these sites in a splicing reaction would produce an 
approximately wildtype sized RNA. Because wildtype sized 
RNAs are detected in all 3 P-element alleles the novel 
splice is thought to occur between Dl and A1 (see text 
for details) . Dsn is the donor site used by wildtype 
transcripts to end the first exon. The scale bar is 
graduated at 50bp intervals.
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Figure 5.6.2
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e l e m e n t s .  T h e  a r r a n g e m e n t  o f  P - e l e m e n t  s e q u e n c e s  i n  s n w i s  
s u c h  t h a t  t h e  f i r s t  P - e l e m e n t  i s  t r a n s c r i b e d  i n  t h e  
o p p o s i t e  d i r e c t i o n  t o  s n  a n d  t h e  s e c o n d  P - e l e m e n t  i s  
t r a n s c r i b e d  i n  t h e  s a m e  d i r e c t i o n  a s  s n .  S p l i c i n g  a n d  
p o l y a d e n y l a t i o n  s i g n a l s  e n c o d e d  b y  t h e  s e c o n d  P - e l e m e n t  
a r e  p o t e n t i a l l y  a c t i v e  i n  s n w t r a n s c r i p t s .  I f  t h e  s e c o n d  
P - e l e m e n t  p o l y a d e n y l a t i o n  s i g n a l  t e r m i n a t e d  s n w 
r e a d t h r o u g h  t r a n s c r i p t s  t h e n  a n  RNA o f  a p p r o x i m a t e l y  2 . 3 k b  
w o u l d  b e  p r o d u c e d .  T h e  p r e m a t u r e l y  t e r m i n a t e d  s n w RNA i s  
s m a l l e r  t h a n  t h i s  ( 1 . 3 k b  v s  2 . 3 k b )  s u g g e s t i n g  t h a t  a m o r e  
c o m p l e x  m e c h a n i s m  i s  u s e d  t o  g e n e r a t e  t h i s  t r a n s c r i p t .

T h e r e  a r e  t w o  w a y s  t h a t  t h e  1 . 3 k b  s n w RNA c o u l d  b e  
p r o d u c e d .  T h e  f i r s t  m e c h a n i s m  t a k e s  i n t o  a c c o u n t  t h e  f a c t  
t h a t  s n w t r a n s c r i p t s  w h i c h  i n c l u d e  b o t h  P - e l e m e n t  
s e q u e n c e s  h a v e  t h e  p o t e n t i a l  t o  f o r m  a l a r g e  ( ~ 0 . 9 k b )  s t e m  
l o o p  s t r u c t u r e .  RNAs w h i c h  i n i t i a t e  a t  t h e  w i l d t y p e  
t r a n s c r i p t i o n  s t a r t  s i t e  a n d  t r a n s c r i b e  t h e  s n w g e n e  a s  
f a r  a s  t h e  e n d  o f  t h e  f i r s t  P - e l e m e n t  w o u l d  b e  l . l k b  i n  
l e n g t h .  A s  t r a n s c r i p t i o n  c o n t i n u e s  i n t o  t h e  s e c o n d  P -  
e l e m e n t  a s t e m  l o o p  s t r u c t u r e  w o u l d  s t a r t  t o  f o r m  b e h i n d  
t h e  RNA p o l y m e r a s e  I I  c o m p l e x .  V e r y  l i t t l e  i s  k n o w n  a b o u t  
e u k a r y o t i c  t e r m i n a t o r s  b u t  p r o k a r y o t i c  RNA p o l y m e r a s e  
t e r m i n a t o r s  u s e  s t e m  l o o p  s t r u c t u r e s  t o  s t a l l  
t r a n s c r i p t i o n  a n d  i n d u c e  t e r m i n a t i o n  ( r e v i e w e d  b y  A d h y a n  
a n d  G o t t e s m a n , 1 9 7 8 ) .  I t  i s  p o s s i b l e  t h a t  t h e  f o r m a t i o n  o f  
a n  a p p r o x i m a t e l y  2 0 0 b p  s t e m  l o o p  i n  s n w RNA r e s u l t s  i n  t h e  
p r e m a t u r e  t e r m i n a t i o n  o f  s n  t r a n s c r i p t i o n .  T h i s  w o u l d  
p r o d u c e  a n  RNA o f  a p p r o x i m a t e l y  1 . 3 k b .  A s  a n  a l t e r n a t i v e  
t o  s t e m  l o o p  t e r m i n a t o r s  t h e  1 . 3 k b  RNA may b e  g e n e r a t e d  b y  
a c o m b i n a t i o n  o f  p o l y a d e n y l a t i o n  a t  t h e  s e c o n d  P - e l e m e n t  
p o l y a d e n y l a t i o n  s i t e  f o l l o w e d  b y  s p l i c i n g .  RNAs w h i c h  
t e r m i n a t e  a t  t h e  P - e l e m e n t  p o l y a d e n y l a t i o n  s i t e  w o u l d  b e  
a p p r o x i m a t e l y  2 . 3 k b  i n  l e n g t h .  S p l i c e  s i t e s  w i t h i n  t h i s  
p r i m a r y  t r a n s c r i p t  c o u l d  t h e n  b e  u s e d  t o  g e n e r a t e  a 1 . 3 k b  
RNA. T h e  o n l y  w a y  t o  d i s t i n g u i s h  b e t w e e n  t h e s e  t w o  
m e c h a n i s m s  w o u l d  b e  t o  s t u d y  s n w cD N A s .

W h i c h  e v e r  m e t h o d  i s  u s e d  t o  p r o d u c e  t h e  1 . 3 k b  RNA 
t h e  p r o c e s s  i s  i n e f f i c i e n t .  R e a d t h r o u g h  a n d  w i l d t y p e  s i z e d  
RNAs d e t e c t e d  b y  p r o b e s  B a n d  C h a v e  f a i l e d  t o  t e r m i n a t e
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w i t h i n  t h e  s n w i n s e r t i o n .
S i n c e  t h e  s n w P - e l e m e n t s  a r e  l o c a t e d  a t  t h e  s a m e  s i t e  

a s  t h e  s n e  a n d  s n ^ +  ̂ i n s e r t i o n s ,  t h e  n o v e l  s p l i c i n g  e v e n t s  
( d e s c r i b e d  i n  S e c t i o n s  5 . 4  a n d  5 . 5 )  may b e  u s e d  t o  p r o d u c e  
t h e  s n w 3 . 0 ,  3 . 3  a n d  3 . 6 k b  RNAs ( F i g u r e  5 . 6 . 1 ) .  I n
a d d i t i o n  t o  D l / A l ,  s n w r e a d t h r o u g h  RNA h a s  s e v e r a l  s p l i c e  
d o n o r / a c c e p t o r  s i t e s  l o c a t e d  w i t h i n  t h e  P - e l e m e n t  
s e q u e n c e s  ( e g .  D2 a n d  A2W) . H o w e v e r  P - e l e m e n t  i n s e r t i o n s  
a t  p o s i t i o n  1 3 5 9  a p p e a r  t o  b e  s p l i c e d  o u t  r e g a r d l e s s  o f  
s e q u e n c e  c o m p o s i t i o n .  T h i s  s u g g e s t s  t h a t  s p l i c e  s i t e  
l o c a t e d  i n  s e q u e n c e s  common t o  a l l  3 i n s e r t i o n s  a r e  b e i n g  
u s e d  t o  e x c i s e  t h e  P - e l e m e n t  RNA. T h i s  m e a n s  t h a t  o n l y  
D l / A l  o r  D 2 / A 1  may b e  u s e d  i n  t h e  n o v e l  s p l i c e .

T h e  b r i s t l e  p h e n o t y p e  o f  s n w c a n  b e  e x p l a i n e d  b y  
e x a m i n i n g  t h e  q u a n t i t y  o f  w i l d t y p e  s i z e d  t r a n s c r i p t s  f o u n d  
i n  s n w RNA c o m p a r e d  t o  s n e  a n d  s n ^ +  ̂ RNA. E q u a l  q u a n t i t i e s  
o f  RNA w e r e  l o a d e d  i n  e a c h  l a n e  o f  p a n e l  B F i g u r e  5 . 2 . 1  i t  
a p p e a r s  t h a t  s n w h a s  a n  i n t e r m e d i a t e  n u m b e r  o f  w i l d t y p e  
s i z e d  RNAs i n  c o m p a r i s o n  t o  s n e  a n d  s n ^  +  ̂ . T h i s  r e f l e c t s  
t h e  f a c t  t h a t  f e w e r  t r a n s c r i p t s  a r e  t e r m i n a t e d  i n  s n w t h a n  
i n  s n e  a n d  n o  t e r m i n a t i o n  t r a n s c r i p t s  a r e  f o u n d  i n  s n ^ + ^ . 
T h e  s l i g h t  r e d u c t i o n  i n  w i l d t y p e  s i z e d  s n w RNAs r e s u l t s  i n  
a w e a k  b r i s t l e  p h e n o t y p e .

5.7 Effect of cytotype on P-element alleles of sn

T h e  f e r t i l i t y  o f  s n w , s n e  a n d  s n ^  +  ̂ f e m a l e s  i s  
a f f e c t e d  b y  P-M c y t o t y p e .  I n  t h e  M c y t o t y p e  e a c h  a l l e l e  i s  
f e m a l e  f e r t i l e  b u t  i n  t h e  P c y t o t y p e  e a c h  a l l e l e  i s  f e m a l e  
s t e r i l e .  C y t o t y p e  h a s  n o  e f f e c t  o n  t h e  b r i s t l e  m o r p h o l o g y  
o f  t h e s e  a l l e l e s .  T h e  m o d i f i c a t i o n  o f  s n  p h e n o t y p e s  b y  P-M 
c y t o t y p e  a p p e a r s  t o  b e  r e s t r i c t e d  t o  o n l y  a f e w  P - e l e m e n t  
a l l e l e s  o f  s n  ( K . O ' H a r e  p e r s .  comm a n d  H . M. R o b e r t s o n  p e r s .  
com m . ) .

T o  i n v e s t i g a t e  t h e  c y t o t y p e  d e p e n d e n c e  o f  f e m a l e  
s t e r i l i t y ,  RNA w a s  p r e p a r e d  f r o m  h o m o z y g o u s  a d u l t  f e m a l e  
s n w , s n e  a n d  s n ( + ) i n d i v i d u a l s  i n  e i t h e r  a P c y t o t y p e  o r  M 
c y t o t y p e  g e n e t i c  b a c k g r o u n d .  S a m p l e s  o f  t h e s e  RNAs w e r e  
b l o t t e d  a n d  p r o b e d  w i t h  a r e g i o n  o f  t h e  f i r s t  e x o n  ( - 0 . 3 5
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F i g u r e  5 . 7 . 1 -  C y t o t y p e  d e p e n d e n t  t r a n s c r i p t i o n  o f  s n w , 
s n e  a n d  s n ^ + ^ .

P o l y - A + RNA w a s  p r e p a r e d  f r o m  h o m o z y g o u s  s n v . s n e  
a n d  s n ^ +  ̂ a d u l t  f e m a l e s  i n  e i t h e r  t h e  M o r  P c y t o t y p e .  An 
RNA b l o t  c a r r y i n g  s a m p l e s  o f  e a c h  RNA w a s  p r o b e d  w i t h  t h e  
r e g i o n  - 0 . 3 5  t o  - 0 . 5 0  ( P r o b e  C F i g u r e s  5 . 2 . 1 - 3 ) .  I n  t h e  1 
w e e k  e x p o s u r e  s h o w n  h e r e  o n l y  t h e  m o s t  a b u n d a n t  w i l d t y p e  
s i z e d  RNAs a r e  d e t e c t e d .  I n  t h e  p r e s e n c e  o f  P c y t o t y p e  
t h e s e  RNAs a r e  n o t  d e t e c t e d .  T h e  l o a d i n g  o f  RNA i n  e a c h  
l a n e  w a s  c o n t r o l l e d  b y  h y b r i d i s a t i o n  t o  a n  a c t i n  p r o b e .  P 
= P c y t o t y p e ,  M = M c y t o t y p e ,  + = w i l d t y p e  (M c y t o t y p e )  
w = s n w e  = s n e  (+)  = s n ^ + ^ . N o t e  i f  b a l a n c e r  c h r o m o s o m e
b r e a k d o w n  o c c u r s  t h e  s n / " 1’ ) f l i e s  w i l l  b e  
i n d i s t i n g u i s h a b l e  f r o m  s n + i n d i v i d u a l s .  T h i s  a p p e a r s  t o  
a c c o u n t  f o r  t h e  s n  t r a n s c r i p t s  d e t e c t e d  i n  s n . (  + ) P 
c y t o t y p e  RNA.
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t o  - 0 . 5 ,  P r o b e  C i n  S e c t i o n s  5 . 2 - 6 ) .  T h e  r e s u l t  o f  t h i s  
e x p e r i m e n t  i s  s h o w n  i n  F i g u r e  5 . 7 . 1 .

I n  t h e  P c y t o t y p e  t h e r e  a r e  n o  s_n t r a n s c r i p t s  
d e t e c t e d  i n  s n w , s n e  a n d  s n ^ +  ̂ a d u l t  f e m a l e  RNA ( F i g u r e
5 . 7 . 1 ) .  T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  f e m a l e  s t e r i l e  
p h e n o t y p e  o f  t h e s e  a l l e l e s  i n  t h e  P c y t o t y p e .  T h e  f a c t  
t h a t  a l l  3 w i l d t y p e  s i z e d  t r a n s c r i p t s  i n  s n w . s n e  a n d  
s n (  + ) RNA a r e  a b o l i s h e d  b y  P c y t o t y p e  s u g g e s t s  t h a t  
P c y t o t y p e  r e p r e s s e s  t r a n s c r i p t i o n  o f  t h e s e  a l l e l e s  i n  
b o t h  s o m a t i c  a n d  g e r m l i n e  t i s s u e .  R e p r e s s i o n  i n  t h e  
g e r m l i n e  a l o n e  w o u l d  l e a v e  a 3 . 6 k b  s o m a t i c  t r a n s c r i p t  i n  
e a c h  l a n e  o f  P c y t o t y p e  RNA ( c f .  F i g u r e  4 . 2 . 1 ) .  I f  P 
c y t o t y p e  r e p r e s s e s  s o m a t i c  t r a n s c r i p t i o n  o f  t h e s e  a l l e l e s  
d u r i n g  m e t a m o r p h o s i s ,  i t  i s  w i t h o u t  a f f e c t  o n  t h e  b r i s t l e  
p h e n o t y p e .

5 . 8 C o n c l u d i n g  r e m a r k s

T h e  l e s i o n  d e t e c t e d  i n  s n X2 b y  DNA b l o t t i n g  ( - 0 . 9  t o  
- 0 . 7 )  h a s  b e e n  i d e n t i f i e d  a s  a n o n - m u t a g e n i c  p o l y m o r p h i s m .  
T h e  m u t a g e n i c  l e s i o n  i n  s n  c a n n o t  b e  d e t e c t e d  b y  DNA
b l o t t i n g  a n d  t h u s  m u s t  b e  e i t h e r  a s m a l l
i n s e r t i o n / d e l e t i o n  ( < 5 0 b p )  o r  a p o i n t  m u t a t i o n .  RNA

• ■ • • yob l o t t i n g  e x p e r i m e n t s  s h o w  t h a t  t r a n s c r i p t i o n  o f  t h e  s n
g e n e  r e s u l t s  i n  2 h i g h  m o l e c u l a r  w e i g h t  RNAs ( F i g u r e

• • • y o5 . 1 . 3 ) .  T h i s  s u g g e s t s  t h a t  t h e  m u t a g e n i c  c h a n g e  i n  s n
a l t e r s  t h e  p a t t e r n  o f  s p l i c e  s i t e s  u s e d  t o  p r o c e s s  s n
RNAs.  I f  i n t r o n  s e q u e n c e s  r e m a i n  i n  s n  RNAs t h e n  t h i s
m i g h t  a c c o u n t  f o r  t h e  i n c r e a s e  i n  t r a n s c r i p t  s i z e s .  T h i s
h y p o t h e s i s  c o u l d  b e  t e s t e d  b y  u s i n g  i n t r o n  s e q u e n c e s  a s
p r o b e s  o n  b l o t s  c a r r y i n g  s n  RNA.3 •T h e  s n  d e l e t i o n  r e m o v e s  t h e  w i l d t y p e  s n  t r a n s c r i p t. . . 3 . . . .s t a r t  s i t e .  T r a n s c r i p t i o n  o f  t h e  s n  g e n e  i s  i n i t i a t e d  b y  
a c r y p t i c  p r o m o t e r  l o c a t e d  u p s t r e a m  o f  t h e  w i l d t y p e  s n  
p r o m o t e r .  T h e  c r y p t i c  p r o m o t e r  p r o d u c e s  s n  t r a n s c r i p t s  a t  
a l l  s t a g e s  o f  d e v e l o p m e n t  ( F i g u r e  5 . 3 . 2 ) .

H o m o z y g o u s  s n  f l i e s  d e v e l o p  w i t h  a n  e x t r e m e  b r i s t l e  
p h e n o t y p e  e v e n  t h o u g h  s n  RNAs a r e  d e t e c t e d  d u r i n g  
m e t a m o r p h o s i s .  T h e r e  a r e  3 w a y s  o f  e x p l a i n i n g  t h i s
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. . . . . 3o b s e r v a t i o n .  F i r s t l y  i t  i s  p o s s i b l e  t h a t  t h e  s n  RNA
d e t e c t e d  i n  p u p a e  c a n n o t  b e  t r a n s l a t e d  t o  p r o d u c e  a c t i v e
s n  p r o t e i n .  T h e  a b s e n c e  o r  l a c k  o f  s n  p r o t e i n  d u r i n g
m e t a m o r p h o s i s  w o u l d  t h e n  r e s u l t  i n  a b r i s t l e  p h e n o t y p e .
T h e  f e r t i l i t y  o f  s n  f l i e s  c o u l d  t h e n  b e  r e s c u e d  b y  t h e
a d u l t  f e m a l e  s p e c i f i c  4 . 0  a n d  3 . 6 k b  R N A s .

T h e  s e c o n d  w a y  o f  e x p l a i n i n g  t h e s e  o b s e r v a t i o n s  i s  t o
3s u g g e s t  t h a t  t h e  s n  t r a n s c r i p t s  d e t e c t e d  i n  p u p a e  a r e  n o t  

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

F i n a l l y  t h e  p h e n o t y p e  o f  s n  may b e  e x p l a i n e d  i n  
t e r m s  o f  t h r e s h o l d  v a l u e s  f o r  s n  f u n c t i o n .  I f  a l l  s n  RNAs 
p r o d u c e  a c t i v e  s n  p r o t e i n  t h e n  t h e  b r i s t l e  p h e n o t y p e  o f3 . .s n  may b e  d u e  t o  a c r i t i c a l  s h o r t a g e  o f  s n  p r o t e i n  d u r i n g  
m e t a m o r p h o s i s .  T h e  c r y p t i c  p r o m o t e r  may f a i l  t o  p r o d u c e  
s u f f i c i e n t  RNA f o r  sri p r o t e i n  l e v e l s  t o  b r e a k  t h r o u g h  t h e  
t h r e s h o l d  l e v e l  r e q u i r e d  f o r  n o r m a l  b r i s t l e  m o r p h o l o g y .  I f  
o v a r i a n  t i s s u e  h a s  a l o w e r  r e q u i r e m e n t  f o r  s n  p r o t e i n  
t h a n  p u p a l  t i s s u e ,  t h e n  t h e  c r y p t i c  p r o m o t e r  may s u p p l y  
s u f f i c i e n t  s n  RNA t o  s a t i s f y  t h e  o v a r i a n  d e m a n d  f o r  s n  
f u n c t i o n .

T r a n s c r i p t i o n a l  a n a l y s i s  o f  s n w , s n e  a n d  s n ^  +  ̂
i d e n t i f i e d  3 s o r t s  o f  m u t a n t  RNA m o l e c u l e s .  T h e s e  a r e  
r e a d t h r o u g h  t r a n s c r i p t s ,  w i l d t y p e  s i z e d  RNAs a n d  
p r e m a t u r e l y  t e r m i n a t e d  t r a n s c r i p t s .  T h e  r e a d t h r o u g h  
t r a n s c r i p t s  a p p e a r  t o  b e  p r e c u r s o r s  o f  t h e  w i l d t y p e  s i z e d  
RNAs .

T h e  w i l d t y p e  s i z e d  RNAs d e t e c t e d  i n  e a c h  P - e l e m e n t  
a l l e l e  a r e  p r o d u c e d  b y  a n o v e l  s p l i c i n g  e v e n t  w h i c h  
r e m o v e s  t h e  i n s e r t e d  P - e l e m e n t  s e q u e n c e s  f r o m  t h e  m u t a n t  
t r a n s c r i p t .  T h i s  s p l i c i n g  e v e n t  a p p e a r s  t o  b e  i n d e p e n d e n t  
o f  t h e  s i z e ,  o r i e n t a t i o n  o r  s e q u e n c e  c o m p o s i t i o n  o f  
e l e m e n t  i n s e r t e d  a t  t h i s  p o s i t i o n  ( 1 3 5 9  F i g u r e  3 . 5 . 2 A ) .  
T h i s  s u g g e s t s  t h a t  s p l i c e  s i t e s  w i t h i n  t h e  s n  s e q u e n c e  a r e
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used to excise the inserted RNA. Two splice sites D1 and 
A1 (Figure 5.4.2) flank the site of P-element insertions. 
In sn wildtype RNA D1 and A1 are only 25bp apart and thus 
are too close for splicing enzymes to excise the RNA 
between them. Insertions into the 25bp gap between D1 and 
A1 increase the separation of the two sites and facilitate 
removal of intervening sequences either by a Dl/Al splice 
or from a splice site within the 31bp terminal repeats of 
the P-element (D2;Figures 5.4.3, 5.5.2, 5.6.2) to Al. This 
splice would remove the only ATG upstream of the 
translation start site. The absence of the first exon ATG 
may result in more efficient translation of the sn ORF 
from these transcripts.

The individual structures of readthrough transcripts 
have been described in Sections 5.4, 5.5, 5.6. However 
one result which has yet to be discussed is the presence 
of a single readthrough transcript in sn^+  ̂ adult female 
RNA but absence in snw and sne adult female RNA.

Alternate polyadenylation in adult females would be 
expected to produce 3 sizes of readthrough transcript. 
Analysis of the wildtype sized RNAs present in snw , sne 
and sn^+  ̂ has shown that alternate polyadenylation occurs 
within each of these mutants. The fact that only one size 
of readthrough transcript is detected in adult female RNA 
can be explained in terms of Dl/Al and/or D2/A1 splicing 
efficiencies. If the novel event, which removes P-element 
sequences, occurs more efficiently in female germ cells 
than in somatic tissues then all readthrough transcripts 
would be spliced down to wildtype sized RNAs. Somatic 
tissue would then be the source of a single adult female 
readthrough RNA equivalent to the 3.6kb transcript (ie 
4 . 5kb in sn/"1") adult female RNA) . That no equivalent 
transcript is seen for sne and snw may be due to there 
being less readthrough RNA made than in sn^ + ̂ because of 
termination of transcription within the P-element inserts.
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The two P-element alleles which produce bristle 
phenotypes, sne and snw , both produce short prematurely 
terminated sn transcripts. There is a direct correlation 
between the abundance of these transcripts and the 
severity of bristle phenotype seen in these alleles. Pupae 
from homozygous sne individuals contain a large number of 
truncated sn transcripts and develop an extreme bristle 
phenotype. Pupae from homozygous snw individuals 
containing a few truncated sn transcripts and develop a 
weak bristle phenotype. Pupae from sn^+  ̂ individuals do 
not contain truncated sn RNAs.

From the overall abundance of RNA, it seems that the 
insertions in snw . sne and sn^+  ̂ do not affect the rate of 
initiation of transcription. Thus the presence of many 
termination transcripts in sne significantly reduces the 
abundance of wildtype sized sne RNAs. In pupae this 
reduction in transcripts capable of producing sn protein 
results in an extreme bristle phenotype. There appears to 
be sufficient sne transcripts in adult females to prevent 
sterility.

Similarly the quantity of terminated transcripts in 
snw is small thus the number of wildtype sized RNAs is 
only slightly reduced in comparison to sn"1’. In pupae this 
small reduction results in the kinked bristle phenotype of 
a snw fly.

Note it is not possible to state with certainty that 
sn protein is produced by translation of readthrough RNAs. 
However, the proposed structure of the wildtype sized RNAs 
is very similar to sri+ RNAs. It seems likely, therefore, 
that they would be translated to give sn+ protein.

The bristle phenotypes of snw , sne and sn^ + ̂ have 
been explained in terms of the abundance of RNAs which 
might encode sn protein. The presence of a bristle 
phenotype but absence of a sterility phenotype in snw and 
sne individuals must now be explained.

Flies with reduced fertility compared to wildtype may 
be sufficiently fertile for homozygous stocks to be 
maintained. Thus although snw . sne and sjt/"1") are
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classified as fertile minor disruptions to oogenesis may 
still occur within these individuals. The abundance of 
adult female wildtype sized transcripts in these mutants 
(Figure 5.7.1; M cytotype) suggests that sn^+  ̂ individuals 
have near wildtype oogenesis, snw flies have slightly 
abnormal oogenesis and s_ne flies have more a serious 
disruption to oogenesis but are still classified as 
fertile. To give a full explanation of the snw . sne and 
sn^+  ̂ phenotypes a detailed description of oogenesis in 
each of these mutants would be required. However, a 
simplistic explanation based on the assumption that snw , 
sne and srp+ ) flies are fully fertile uses the concept of 
threshold levels to explain the absence of sterility but 
presence of bristle phenotypes in these alleles. The 
highest levels of sn+ transcripts are seen in pupae. This 
suggests that metamorphosis has the largest demand for sn 
product. If wildtype transcription does not produce vast 
excess of sn function in pupae then slight reductions in 
transcripts levels will result in bristle abnormalities. 
Ovarian tissue may be less sensitive to reductions in sn 
transcript levels thus bristle phenotypes could develop in 
the absence of oogenic phenotypes.

The abundance of sn transcripts produced in snw , sne 
and sn(+) individuals depends on cytotype. In P cytotype 
female very few sn RNAs are detected (Figure 5.7.1). The 
lack of sn function in these individuals results in female 
sterility. Although the oogenic phenotype of these sn 
alleles is affected by cytotype the bristle phenotypes of 
snw , sne and sn^+  ̂ are not affected by cytotype. To fully 
understand the mechanism behind this genetic phenomenon a 
more detailed description of P cytotype is required.
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CHAPTER 6

General Discussion
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6 .0 Introduction

The experiments described in this thesis were 
designed to address three fundamental questions about the 
sn gene.
1. What is the role of sn in germline and somatic cells?
2. How do mutant alleles disrupt sn gene function?
3. How does cytotype effect sn gene expression?

This discussion aims to answer these questions by taking 
an overall view of the gene structure, gene expression and 
phenotypic descriptions reported in this thesis.

6.1 What is the role of sn iji germline and somatic cells ?

DNA from the sn locus had already been cloned (Roiha 
et al., 1988). This thesis describes the localisation, 
structural characterisation and partial nucleotide 
sequence of the sn gene. These investigations show the sn 
gene to produce 3 developmentally regulated RNAs which 
all encode the same 57kdal polypeptide.

Amino acid composition and secondary structure 
predictions suggest that the sn polypeptide is an 
intracellular protein with globular tertiary structure. 
This analysis is consistent with previous genetic studies 
which classified sn as a cell autonomous gene function.

To investigate the possibility that sn belonged to a 
class of previously identified proteins, the sn sequence 
was compared to databases containing the sequence of 
previously characterised genes and proteins. No highly 
homologous entries were found by this search.

To understand why sequence comparison studies failed 
the composition of databases and possible function(s) of 
sn protein should be considered.

The phenotype of sn" individuals suggests that sn 
protein is required during metamorphosis and oogenesis. 
The sn gene product is not essential for viability but is 
required for species propagation (female sterility). Thus
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although the sn gene is important for species survival it 
is not essential for cell survival. This opens up the 
possibility that sn function is only required in insects 
and thus the gene function may not be conserved throughout 
the animal kingdom. If the sn gene provides a function 
peculiar to insects then comparing the sequence of sn to 
databases composed mainly of bacterial and mammalian 
sequences is unlikely to find entries with overall 
homology.

In addition to searching for general homology 
computer programs can identify short regions of homology 
between two sequences. Short sequence motifs responsible 
for specific molecular interactions are often conserved 
between proteins of similar function (eg. ATP binding 
site). The sn sequence contains no conserved motifs. This 
suggests that the sn protein does not use the various 
molecular interactions characterised by these motifs.

The identification of cells specifically expressing 
the sn gene has helped to assign possible functions to the 
sn gene product. This analysis is most productive when the 
pattern of gene expression identifies cells with 
previously characterised functions. In these cases gene 
function and cell function may then be correlated.

The approximate timing and location of sn gene 
expression was determined by RNA blotting studies. Cells 
specifically expressing sn were identified by /?- 
galactosidase staining in snp [^acZ]/+ individuals.

During metamorphosis the sn gene is expressed in the 
majority of epidermal cells. Although some of these cells 
are involved in producing hairs and bristles the majority 
of epidermal cells do not contribute to these specialised 
structures. This implies that sn has a more general 
function than simply making hairs and bristles.

Oogenic expression of sn occurs in both somatic and 
germline cells. Somatic cells which express sri during 
oogenesis are the border cells and 3 groups of follicle 
cells which surround the late stage oocyte. Germline 
expression of sn occurs in the nurse cells during mid and
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late stage oogenesis.
Before starting to search for biological functions 

which may link these groups of cells it is worth 
considering how many functions the s_n gene may have. 
Genetic data available at the start of these studies was 
consistent with the sn gene producing different products 
in somatic and germ cells (Bender, 1960) . The work 
presented in this thesis has shown that the sn gene 
produces 3 developmentally regulated RNAs which all encode 
the same 57kdal. polypeptide. Although it is possible that 
sn protein has different functions in somatic and germline 
tissue it is simpler to assume the protein has a single 
function which it executes in both types of tissue.

There appears to be only two processes which link all 
sites of sn gene expression. Each cell which expresses sn 
has undergone several cycles of DNA replication (without 
division) to become polyploid. Thus sn may be involved in 
the process of endoreplication. Unfortunately very little 
is known about the mechanistic process of endoreplication. 
However cell polyploidy is particularly important within 
Drosophila development, as the majority of larval and 
adult tissues contain polyploid cells. Of the many 
polyploid cells within an adult fly only a few display a 
sn~ phenotype. This observation suggests that sn protein 
does not have a role in endoreplication.

In addition to being polyploid all cells expressing 
sn are involved in the mass production of certain protein 
and lipid molecules. After synthesis these molecules are 
unidirectionally exported form the production cell. The sn 
protein may then have a role in these over production and 
export processes.

Many cells within the adult fly are required to 
produce large quantities of specific protein and/or lipid 
molecules but only a few express sn. This implies that sn 
protein does not play a major role in over production 
processes.

To identify the true role of sn protein in oogenesis 
and metamorphosis further studies on the subcellular 
localisation of sn protein may be required.

189



6.2 How do mutant alleles disrupt sn gene ?

G e n e t i c i s t s  a n d  b i o l o g i s t s  h a v e  a l w a y s  s t u d i e d  m u t a n t  
a l l e l e s  o f  a g e n e  i n  o r d e r  t o  g a i n  i n s i g h t s  i n t o  t h e  
f u n c t i o n ( s )  p e r f o r m e d  b y  t h e  w i l d t y p e  g e n e .  T h i s  a p p r o a c h  
w a s  u s e d  t o  i d e n t i f y  p o t e n t i a l  f u n c t i o n s  f o r  t h e  s n  g e n e .  
S e v e r a l  m u t a n t  a l l e l e s  o f  s n  w e r e  s t u d i e d  a t  t h e  m o l e c u l a r  
l e v e l  b u t  t h e s e  i n v e s t i g a t i o n s  f a i l e d  t o  p r o v i d e  
a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  w i l d t y p e  f u n c t i o n  o f  s n .  
H o w e v e r  t h e s e  e x p e r i m e n t s  d i d  c h a r a c t e r i s e  s e v e r a l  
i n t e r e s t i n g  t r a n s c r i p t i o n  a n d  s p l i c i n g  e v e n t s  w h i c h  h e l p  
t o  e x p l a i n  t h e  p h e n o t y p e s  o f  t h e s e  a l l e l e s .

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

T h e  a n s w e r  t o  how m u t a t i o n s  d i s r u p t  t h e  s n  g e n e  w a s  
e a s i l y  o b t a i n e d  b y  s t u d y i n g  t h e  m o l e c u l a r  s t r u c t u r e  o f  DNA 
l e s i o n s  i n  e a c h  a l l e l e  a n d  t h e  r e s u l t i n g  e f f e c t s  o n  m u t a n t  
s n  R N A s . T h e s e  s t u d i e s  c h a r a c t e r i s e d  a c r y p t i c  p r o m o t e r  i n  
s n 3 a n d  a n o v e l  s p l i c i n g  e v e n t  i n  s n w , s n e  a n d  s n ^ + ^ . T h e y  
a l s o  d e m o n s t r a t e d  t h e  s e n s i t i v i t y  o f  m e t a m o r p h o s i s  t o  
r e d u c t i o n s  i n  s n  f u n c t i o n .  S l i g h t  r e d u c t i o n s  i n  s n  
t r a n s c r i p t  l e v e l s  r e s u l t s  i n  a b r i s t l e  p h e n o t y p e  w h i l e  
o o g e n e s i s  a p p e a r s  t o  b e  u n a f f e c t e d  b y  s m a l l  m i n o r  c h a n g e s  
i n  s n  p r o t e i n  l e v e l s .
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6.3 How does cytotype effect sn gene expression?

T h i s  q u e s t i o n  a r o s e  o u t  o f  t h e  o b s e r v a t i o n  t h a t  s n w . 
s n e  a n d  s n ^  +  ̂ w e r e  f e r t i l e  i n  M c y t o t y p e  a n d  f e m a l e  
s t e r i l e  i n  P c y t o t y p e .  RNA b l o t t i n g  e x p e r i m e n t s  s h o w  t h a t  
P c y t o t y p e  a p p e a r s  t o  s u p p r e s s  s n  e x p r e s s i o n  f r o m  t h e s e  
a l l e l e s  i n  a d u l t  f e m a l e s  r e s u l t i n g  i n  s t e r i l i t y .  P 
c y t o t y p e  h a s  n o  e f f e c t  o n  t h e  b r i s t l e  p h e n o t y p e  o f  t h e s e  
a l l e l e s .  C y t o t y p e  d e p e n d e n t  s t e r i l i t y  a p p e a r s  t o  b e  
r e s t r i c t e d  t o  a f e w  P - e l e m e n t  a l l e l e s  o f  t h e  s n  g e n e  
( K . O ' H a r e  a n d  H . M . R o b e r t s o n  p e r s .  c o m m . ) .  T h i s  p h e n o m e n o n  
c a n n o t  b e  e x p l a i n e d  a t  a m o l e c u l a r  l e v e l  b e c a u s e  t h e  RNA 
a n d  p r o t e i n  m o l e c u l e s  r e s p o n s i b l e  f o r  P c y t o t y p e  h a v e  y e t  
t o  b e  d e f i n e d  a n d  d e s c r i b e d .

F u r t h e r  e x p e r i m e n t s  t o  d e f i n e  c y t o t y p e  a n d  
i n v e s t i g a t e  c y t o t y p e  d e p e n d e n t  t r a n s c r i p t i o n  may u t i l i s e  
P [ l a c Z ]  i n s e r t i o n s  a t  s n .  I n i t i a l l y  t h e s e  i n s e r t i o n s  w i l l  
b e  t e s t e d  f o r  c y t o t y p e  d e p e n d e n t  e x p r e s s i o n  o f  (3- 
g a l a c t o s i d a s e . H a v i n g  i d e n t i f i e d  c y t o t y p e  d e p e n d e n t  
P [ l a c Z ]  a l l e l e s  t h e s e  i n s e r t i o n s  may b e  u s e d  t o  q u a n t i f y  
t h e  s u p p r e s s i o n  e f f e c t ,  d e f i n e  P - e l e m e n t s  r e s p o n s i b l e  f o r  
c y t o t y p e  a n d  e x a m i n e  t h e  t i s s u e  s p e c i f i c i t y  o f  c y t o t y p e  
d e p e n d e n t  s u p p r e s s i o n .

6.4 Approaches to further work

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

A l t h o u g h  t h e  s t r u c t u r e  o f  t h e  s n  g e n e  h a s  b e e n  
d e s c r i b e d  i t  w o u l d  b e  i n t e r e s t i n g  t o  t r a n s f o r m  ( R u b i n  a n d  
S p r a d l i n g , 1 9 8 2 )  t h e  r e g i o n  o f  DNA w h i c h  e n c o d e s  t h e  s n  
t r a n s c r i p t i o n  u n i t  b a c k  i n t o  D r o s o p h i l a . H a v i n g  a c h i e v e d  
f u l l  p h e n o t y p i c  r e s c u e  w i t h  a g e n o m i c  f r a g m e n t  ( e g .  - 2 . 0  
t o  + 1 5 . 5 )  a s e r i e s  o f  e x p e r i m e n t s  c o u l d  b e  c o n d u c t e d  t o  
i d e n t i f y  r e g u l a t o r y  e l e m e n t s .  U p s t r e a m  c o n t r o l  s e q u e n c e s  
c o u l d  b e  l o c a t e d  b y  c r e a t i n g  a s e r i e s  o f  5 '  d e l e t i o n s  
w h i l e  p o t e n t i a l  i n t e r n a l  r e g u l a t o r y  e l e m e n t s  w i t h i n  
i n t r o n s  m i g h t  b e  i d e n t i f i e d  b y  c o n s t r u c t i n g  g e n o m i c : : cDNA
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c h i m e r i c  g e n e s  w h i c h  l a c k  s p e c i f i c  i n t r o n s .
T h e  s u c c e s s  o f  g e r m l i n e  t r a n s f o r m a t i o n  w o u l d  a l s o  

f a c i l i t a t e  a n  a n a l y s i s  o f  t h e  " h o t s p o t "  f o r  P - e l e m e n t  
i n s e r t i o n s  l o c a t e d  w i t h i n  t h e  s n  l o c u s  ( R o i h a  e t  a l . ,
1 9 8 8 )  . A h i g h  f r e q u e n c y  o f  P-M d y s g e n e s i s  i n d u c e d  
m u t a t i o n s  a t  t h e  r e - l o c a t e d  s n  g e n e  w o u l d  s u g g e s t  t h a t  t h e  
" h o t s p o t "  w a s  a r e s u l t  o f  s n  s e q u e n c e  c o m p o s i t i o n .  
A l t e r n a t i v e l y  l a c k  o f  P - e l e m e n t  i n s e r t i o n s  i n t o  t h e  
t r a n s f o r m e d  s n  g e n e  d u r i n g  P-M d y s g e n e s i s  w o u l d  s u g g e s t  
t h a t  t h e  " h o t s p o t "  w a s  d u e  t o  t h e  c h r o m o s o m a l  l o c a t i o n  o f  
t h e  s n  l o c u s  a n d  n o t  s e q u e n c e  c o m p o s i t i o n  o f  t h e  s n  g e n e .

I n  o r d e r  t o  o v e r c o m e  t h e  t e c h n i c a l  d i f f i c u l t i e s  o f  
l o c a l i s i n g  l o w  a b u n d a n c e  s n  t r a n s c r i p t s  a n  i n d i r e c t  m e t h o d  
w a s  u s e d  t o  l o c a t e  c e l l  s p e c i f i c  s i t e s  o f  s n  e x p r e s s i o n .  
T h e  s n p [-*-a c Z ] r e s u l t s  a p p e a r  t o  c o r r e l a t e  w e l l  w i t h  t h e  
p h e n o t y p e  o f  s n  m u t a t i o n s  b u t  t o  d i r e c t l y  l o c a l i s e  s n  g e n e  
p r o d u c t s  w o u l d  c o n f i r m  t h e s e  r e s u l t s .  R e c e n t  m o d i f i c a t i o n s  
t o  i j i  s i t u  h y b r i d i s a t i o n  p r o t o c o l s  ( T a u t z  a n d  P f e i f f e ,
1 9 8 9 )  may a l l o w  l o w  a b u n d a n c e  t r a n s c r i p t s  s u c h  a s  s n  t o  b e  
d e t e c t e d  i n  w h o l e  m o u n t  t i s s u e .  U s i n g  o p t i m a l  
h y d r i d i s a t i o n  a n d  d e t e c t i o n  c o n d i t i o n s  s n  RNA m i g h t  b e  
d e t e c t e d  a n d  t h u s  c o n f i r m  t h e  s n P ^ a c Z  ̂ r e s u l t s .

A s  a n  a l t e r n a t i v e  t o  d e t e c t i n g  s n  RNA m o l e c u l e s  
i m m u n o c y t o c h e m i s t r y  m i g h t  b e  u s e d  t o  l o c a t e  s n  p r o t e i n  i n  
t i s s u e  s a m p l e s .  A l t h o u g h  p r e v i o u s  e f f o r t s  t o  p r o d u c e  
p o l y c l o n a l  a n t i s e r a  w h i c h  r e c o g n i s e d  s n  p r o t e i n  w e r e  
u n s u c c e s s f u l  t h e r e  i s  n o  o b v i o u s  r e a s o n  why t h i s  p r o c e d u r e  
s h o u l d  f a i l  o n  a s e c o n d  a t t e m p t .  I n  a d d i t i o n  t o  p r o d u c i n g  
r a b b i t  p o l y c l o n a l  s e r a ,  m i c e  s h o u l d  b e  i n j e c t e d  w i t h  (3- 
g a l a c t o s i d a s e : : s n  f u s i o n  p r o t e i n  t o  f a c i l i t a t e  t h e  
p r o d u c t i o n  o f  m o n o c l o n a l  a n t i b o d i e s  d i r e c t e d  a g a i n s t  t h e  
s n  p o l y p e p t i d e .  E i t h e r  o f  t h e s e  r e a g e n t s  w o u l d  a l l o w  
i m m u n o c y  t o c h e m  i c a  1 l o c a l i s a t i o n  o f  sjn p r o t e i n  i n  
D r o s o p h i l a  t i s s u e s .

T h e  a n a l y s i s  o f  t r a n s c r i p t i o n  i n  m u t a n t  a l l e l e s  o f  s n  
w a s  o r i g i n a l l y  c o n c e i v e d  a s  a w ay  o f  i d e n t i f y i n g  m e t h o d s  
o f  d i s r u p t i n g  s n  f u n c t i o n .  I n  f a c t  t h e  a n a l y s i s  a p p e a r s  t o  
h a v e  c h a r a c t e r i s e d  s e v e r a l  m e c h a n i s m s  f o r  c i r c u m v e n t i n g  
m u t a g e n i c  d i s r u p t i o n s  o f  t h e  s n  g e n e .
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. . 7I n v e s t i g a t i o n  o f  t h e  s n  d e l e t i o n  s h o w e d  t h a t  t h i s  
m u t a t i o n  a c t i v a t e d  a c r y p t i c  p r o m o t e r  w i t h i n  u p s t r e a m  
s e q u e n c e s  o f  t h e  s_n g e n e .  I t  a p p e a r s  t h a t  t h e  n o v e l  
p r o m o t e r  u s e s  a s i n g l e  s i t e  o f  t r a n s c r i p t  i n i t i a t i o n  t o  
s t a r t  a l l  s n  R N A s . N o r m a l l y  p r i m e r  e x t e n s i o n  o r  S I  
f r a g m e n t  p r o t e c t i o n  e x p e r i m e n t s  w o u l d  b e  u s e d  t o  l o c a t e  
t h i s  s t a r t  s i t e  b u t  t h e  l o w  a b u n d a n c e  o f  s n  t r a n s c r i p t s  
m a k e s  t h e s e  e x p e r i m e n t s  t e c h n i c a l l y  d i f f i c u l t .  An e a s i e r  
a l t e r n a t i v e  m i g h t  b e  t o  u s e  p o l y m e r a s e  c h a i n  r e a c t i o n  
( S a i k i  e t  a l . , 1 9 8 5 )  t o  a m p l i f y  p r i m e r  e x t e n s i o n  cDNA  
p r o d u c t s  ( F r o h m a n n  e t  a l . , 1 9 8 8 ) .  T h i s  t y p e  o f  a n a l y s i s  i s  
p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  s t u d y  o f  l o w  a b u n d a n c e  
t r a n s c r i p t s  a n d  w o u l d  d e f i n e  t h e  p r e c i s e  n u c l e o t i d e ( s )  
u s e d  t o  i n i t i a t e  s n  RNAs.

A n a l y s i s  o f  RNAs f r o m  s n w , s n e  a n d  s n ^ +  ̂ s u g g e s t  t h a t  
a n o v e l  s p l i c i n g  e v e n t  i s  r e m o v i n g  P - e l e m e n t  s e q u e n c e s  
f r o m  t h e  m a j o r i t y  o f  t h e s e  t r a n s c r i p t s .  A l t h o u g h  
c a n d i d a t e  d o n o r  a n d  a c c e p t o r  s i t e s  h a v e  b e e n  i d e n t i f i e d  
t h e r e  i s  n o  p h y s i c a l  e v i d e n c e  t o  s u g g e s t  t h e s e  s i t e s  a r e  
u s e d  i n  t h e  n o v e l  s p l i c i n g  r e a c t i o n .  T h e  b e s t  w a y  t o  
c h a r a c t e r i s e  t h i s  s p l i c i n g  e v e n t  w o u l d  b e  t o  u s e  PCR t o  
a m p l i f y  m u t a n t  cDNAs m ade  a c r o s s  t h e  p o t e n t i a l  s p l i c e  
s i t e s .  S e q u e n c e  a n a l y s i s  o f  cDNA m o l e c u l e s  d e r i v e d  f r o m  
s n w . s n e  a n d  s n ^  +  ̂ RNA w o u l d  i d e n t i f y  t h e  p r e c i s e  
p o s i t i o n  o f  t h e  n o v e l  s p l i c e  a n d  h e n c e  i d e n t i f y  t h e  s p l i c e  
s i t e s  u s e d .
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APPENDIX

s n w s n  a n d  s n ( + ) s e q u e n c e  d a t a

T h e  a p p e n d i x  c o n t a i n s  3 s e q u e n c e  f i l e s  F i q u r e s  A l - 3  
w h i c h  r e p r e s e n t  t h e  s e q u e n c e  o f  e a c h  P - e l e m e n t  a l l e l e  
d e s c r i b e d  i n  C h a p t e r  5 .  F i g u r e  A1 d i s p l a y s  t h e  d e d u c e d  
s e q u e n c e  o f  s n w f r o m  - 2 . 0  t o  0 . 0  ( F i g u r e  5 . 0 . 1 ) ,  t h e  
s e q u e n c e  i n f o r m a t i o n  i n  t h i s  f i l e  w a s  a n a l y s e d  f o r  s p l i c e  
d o n o r  a n d  a c c e p t o r  s i t e s  a n d  t h e  r e s u l t s  s h o w n  i n  F i g u r e  
5 . 6 . 2 .  F i g u r e  A2 c o n t a i n s  a n  a s s e m b l e d  s e q u e n c e  
r e p r e s e n t i n g  t h e  s t r u c t u r e  o f  s n e  f r o m  - 2 . 0  t o  0 . 0  ( F i g u r e
5 . 0 .  1 ) .  T h e  s p l i c e  d o n o r / a c c e p t o r  a n a l y s i s  o f  t h i s  
s e q u e n c e  i s  s h o w n  i n  F i g u r e  5 . 4 . 3 .  F i g u r e  A3 c o n t a i n s  t h e  
d e d e u c e d  s e q u e n c e  o f  s n ^ +  ̂ f r o m  - 2 . 0  t o  0 . 0  ( F i g u r e
5 . 0 .  1 ) .  P o t e n t i a l  s p l i c e  d o n o r / a c c e p t o r  s i t e s  w e r e  
i d e n t i f i e d  w i t h i n  t h i s  s e q u e n c e  u s i n g  t h e  A m e r s h a m  S t a d e n  
P l u s  s e t  o f  p r o g r a m s .  T h e  r e s u l t  o f  t h i s  a n a l y s i s  i s  s h o w n  
i n  F i g u r e  5 . 5 . 2 .  I n  F i g u r e s  A l - 3  t h e  8 b p  t a r g e t  P - e l e m e n t  
d u p l i c a t i o n  s i t e  i s  u n d e r l i n e .
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Figure A1

GTCGACTTTAGAACGGATATTTCAAAATAATGTTAACCTTTCGAAAAATTTAGGTGTATGCAAGCCGAATTATTTGATTTloi
GGAAAATAATACTTAGGGCGTCCATATCAGAAAAAACGTTTAGCGTAACATAACGTATTTTAAAATTTGTATTAGGCCAC
t o  I
GTTATGTAGTCAAATATATATAAATAAATTATTCATTTTAATTTTTACAAAAGTGATATGCTGATATGCTTATAAATGTA3oi
AGATTCTTGTTTATTTGACTTTTTTTTTAAATTTCATTATCATTATTTCTTGCTTGACAACCCTATGTTAAGTGCGACAC
TGCGTTGACAACAGCTAAGAACATGGCTGTGGGGCGACAAACTTAGCAGAGCGCGCGCTGCTAGAGCTTAAATTGTATTT
6o \
GAAAACAGTGCAGGTGAATCGAAAATGTCTTGGCATGCAGTCAAACATTAATTTGCGAGCATAATTAACTCCGCTTAAGA
UO[
TTGCTGGTAGTCAAGGAGCCGTGAAGAGCGGAGACGGCCGCTGGTAATATTCAGTGATTAACAACTGTAAAATCTAAAAT
To\CAGTATAAATATTCATGTGTGTTGATTTAAAGGATTTTGGTGAAATCCGGACCCGAATCGGAGCTGAGGTCCGAAACTAA
*0\
CGTGCAACATCCAATAAAAGCAAGTGCAGCTTGGGTTATTAGAGCATAAAGCATCTCCACCAGAGTCTCGGTTGCCAGCC
AAGCAAAACGGCCGAGACGCGTCTTTCGGGTGGCCAGCTGCAGTCTCGGATGCAGTTTTTGGCTGCAGCTGCAATTAAAT

\Ot>[ATGCAATGCACTTAAGTTATGCACATTTCCTTTGCCCAGGGACCGTTACGATTTCGTATTTTAAAAGCCGCGCGAAAGCT
v i o lAACAGCGCTGTTGGCTAGCAGACGTCTGTTTCTGCTGTTGTTAGCCAACAGCCAACAACAACAAACTGGCTGTTGTTTCG 
I T o  iAATGCACTGCGATCTTAGCTCTTTTCCCGCTAAATGTTTCTTTGTGTGTCATTTTGTCAACCATTCGATCGATATCGATA
IV>|TTCCTTTGTGAAGGCTAAAAATAAAATTCTTACATGCTCATCTTATACAATAATGGATCGCACATATAGCTACTCCTTTT
(l*o\TCATGTATCCAATTCACTAGGTAAGCT ACAAAGAT AGCCAGACGGCT GTGCTAACAGAGCGCTGCTATGGTGAGAAGCCG 
I So ICCGCAATGGCAACAGTGCCATCTCTGGCCGGCGATACAAATAGCGCAACTTCGCTCGCAACGGGTTTCATTCCCACTGGA
1*01GTGCAGTTCGTGAGCGGTCGTTCTCTCCTCTCTCTCGCAAAAGTAAAACTTAAAGTTTTGTGCGCGCATGCGTCTCGTCC
ITCHATGATGAAATAACATAAGGTGGTCCCGTCGGCAAGAGACATCCACTTAACGTATGCTTGCAATAAGTGCGAGTGAAAGGA
ifaiATAGTATTCTGAGTGTCGTATTGAGTCTGAGTGAGACAGCGATATGATTGTTGATTAACCCTTAGCATGTCCGTGGGGTT
1*101TGAATTAACTCATAATATTAATTAGACGAAATTATTTTTAAAGTTTTATTTTTAATAATTTGGAGTTTCCAATTAACTTT
ToolTGTTTTTGATTTTTAATTTCAATTTTTTTGTTGAAGTACTTAATTCTAAAATATATTCTAATTTTAAAATAAAAAGATTT
ti°lTACTTGTTTATCAACATCGACGTTTCGCGCTGCTAATATTAATTTTTCCTTTACATTATTTGTAATTTCAAAATTATTAT
tunTATTTGTATAATGCAAAAAAATACATTCTAGCTCTTTTAACTTCTCTTGAAATTTTTCGGACGGCTTAATAAGTCCGCCG
tp lTGAGACACCTCGTCGACGTATGTAAATGTCAAATTTTCTTTTACTTTGTCACTGATTCTCAATTTTTTAATGACATAGCC
V*o\CGCGATATATTCCATCGCATCCTCCGTCAACTCATCCATTTCGGTGAAATCTATATTGCTTAACATCTCATCGACAGGCT
tSt>/CATCATCGACAGGCTCATCATCTTTACTTTTATTTTCGTTTTCTTTAGAACTGAAATCTAAATTAAGCCAGCTTTCAGAG
1601
TTGTCCTCTTCGATATTTCCCGAATTTCTTAACATTTCTGTATTCCTGGCTGGATAAGCAAAAGGATAATGATAATATTT

CATTTTTTTTTATTCCACGTAAGGGTTAATGTTTTCAAAAAAAAATTCGTCCGCACACAACCTTTCCTCTCAACAAGCAA
ttoiACGTGCACTGAATTTAAGTGTATACTTCGGTAAGCTTCGGCTTTCGACGGGACCACCTTATGTTATTTCATCATGGTCTC
lAt>l
GTCCATGATGAAATAACATAAGGTGGTCCCGTCGAAAGCCGAAGCTTACCGAAGTATACACTTAAATTCAGTGCACGTTT
GCTTGTTGAGAGGAAAGGTTGTGTGCGGACGAATTTTTTTTTGAAAACATTAACCCTTACGTGGAATAAAAAAAAATGAA
ATATTGCAAATTTTGCTGCAAAGCTGTGACTGGAGTAAAATTAATTCACGTGCCGAAGTGTGCTATTAAGAGAAAATTGT
3toi
GGGAGCAGAGCCTTGGGTGCAGCCTTGGTGAAAACTCCCAAATTTGTGATACCCACTTTAATGATTCGCAGTGGAAGGCT
GCACCTGCAAAAGGTCAGACATTTAAAAGGAGGCGACTCAACGCAGATGCCGTACCTAGTAAAGTGATAGAGCCTGAACC
J lot
AGAAAAGATAAAAGAAGGCTATACCAGTGGGAGTACACAAACAGAGTAAGTTTGAATAGTAAAAAAAATCATTTATGTAA
W°iACAATAACGTGACTGTGCGTTAGGTCCTGTTCATTGTTTAATGAAAATAAGAGCTT GAGGGAAAAAAT T CGTACTTTGGA 
%o\
GTACGAAATGCGTCGTTTAGAGCAGCAGCTGAGGGAGTCTCAACAGTTGGAGGAGTCTCTACGCAAAATCTTCACGGACA
CGCAGATACGGATACTGAAGAATGGTGGACAAAGAGCTACGTTCAATTCCGACGACATTCACCGAAATGGATGAGTTGAC
ifoiGGAGGATGCGATGGAATATATCGCGGGCTATGTCATTAAAAAATTGAGAATCAGTGACAAAGTAAAAGAAAATTTGACAT
TTACATACGTCGACGAGGTGTCTCACGGCGGACTTATTAAGCCGTCCGAAAAATTTCAAGAGAAGTTAAAAGAGCTAGAA
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Figure A1Mo* i
TGTATTTTTTTGCATTATACAAATAATAATAATTTTGAAATTACAAATAATGTAAAGGAAAAATTAATATTAGCAGCGCGt+w>|
AAACGTCGATGTTGATAAACAAGTAAAATCTTTTTATTTTAAAATTAGAATATATTTTAGAATTAAGTACTTCAACAAAA
AAATTGAAATTAAAAATCAAAAACAAAAGTTAATTGGAAACTCCAAATTATTAAAAATAAAACTTTAAAAATAATTTCGT
CTAATTAATATTATGAGTTAATTCAAACCCCACGGACATGCTAAGGGTTAATCAACAATCATATCGCTGTCTCACTCAGA
W*/CTCAATACGACACTCAGAATACTATTCCTTTCACTCGCACTTATTGCAAGCATACGTTAAGTGGATGTCTCTTGCCGACG
GGACCACCTTATGTTATTTCATCATGGTCTCGTCTTAGAAAAACCTGCAATCAGTAATCTCGAATCGTGAAAATCCTTTT

CTGCCATACCAAAAAAAGAGCCGGACAAAGCAAAGCGTTCGATTGCCTTCTGCCAATTTGAGCAGGAAATTACAAATTAA
TTGCCGCCCTGACCGTGATTTGTTTACGTTTTTTTCTTCACTTTTTTTTACATTGTGTGAGTGTGAGAAATTTGTTGGCC
<t%0\
AAAAAATATTCCAGATATTCCCAGAGATATATATATTCGAAATTCGAATTGGCGAAGTGAAGGGTGTGACGACAGACGCA
UUtCACACACGCACGCACACGAAAACGCACTGAAAAAACACCGGCTAAAAGGCAGACAAAAAGGAGACGAGAGAGCGAGTGCT
(001
AAATAGAAAACGCGAAAACAGGATAATAATCAGCAAACTAATACTATAAAACAAGCAACTAAGTGACATCTCGATCTCGC
CGAGAAACAACAAAAACAACAGTTACAACTTCGGCAACAGCAACAAAAACAGCGCCAGCAGCAGCAACAACAACAAAATC
fioiAGCGAAGAGCATAGAGCCAAAAAGAAGGAGCAGCAAAAGCAAAGAAAGTAAGTGGAATTC
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iGTCGACTTTAGAACGGATATTTCAAAATAATGTTAACCTTTCGAAAAATTTAGGTGTATGCAAGCCGAATTATTTGATTT
Figure A2

GGAAAATAATACTTAGGGCGTCCATATCAGAAAAAACGTTTAGCGTAACATAACGTATTTTAAAATTTGTATTAGGCCAC
GTTATGTAGTCAAATATATATAAATAAATTATTCATTTTAATTTTTACAAAAGTGATATGCTGATATGCTTATAAATGTA 
J otAGATTCTTGTTTATTTGACTTTTTTTTTAAATTTCATTATCATTATTTCTTGCTTGACAACCCTATGTTAAGTGCGACAC
TGCGTTGACAACAGCTAAGAACATGGCTGTGGGGCGACAAACTTAGCAGAGCGCGCGCTGCTAGAGCTTAAATTGTATTT
GAAAACAGTGCAGGTGAATCGAAAATGTCTTGGCATGCAGTCAAACATTAATTTGCGAGCATAATTAACTCCGCTTAAGA
bOKTTGCTGGTAGTCAAGGAGCCGTGAAGAGCGGAGACGGCCGCTGGTAATATTCAGTGATTAACAACTGTAAAATCTAAAAT
CAGTATAAATATTCATGTGTGTTGATTT AAAGGATTTT GGTGAAATCCGGACCCGAATCGGAGCT GAGGTCCGAAACT AA 
9<o\CGTGCAACATCCAATAAAAGCAAGTGCAGCTTGGGTTATTAGAGCATAAAGCATCTCCACCAGAGTCTCGGTTGCCAGCCVlAAGCAAAACGGCCGAGACGCGTCTTTCGGGTGGCCAGCTGCAGTCTCGGATGCAGTTTTTGGCTGCAGCTGCAATTAAATIOC IATGCAATGCACTTAAGTTATGCACATTTCCTTTGCCCAGGGACCGTTACGATTTCGTATTTTAAAAGCCGCGCGAAAGCT
uc>AACAGCGCTGTTGGCTAGCAGACGTCTGTTTCTGCTGTTGTTAGCCAACAGCCAACAACAACAAACTGGCTGTTGTTTCG|lo|AATGCACTGCGATCTTAGCTCTTTTCCCGCTAAATGTTTCTTTGTGTGTCATTTTGTCAACCATTCGATCGATATCGATA
/3«»TTCCTTTGTGAAGGCTAAAAATAAAATTCTTACATGCTCATCTTATACAATAATGGATCGCACATATAGCTACTCCTTTT
TCATGTATCCAATTCACTAGGTAAGCTACAAAGATAGCCAGACGGCTGTGCTAACAGAGCGCTGCTATGGTGAGAAGCCG
CCGCAATGGCAACAGTGCCATCTCTGGCCGGCGATACAAATAGCGCAACTTCGCTCGCAACGGGTTTCATTCCCACTGGA
i£« iGTGCAGTTCGTGAGCGGTCGTTCTCTCCTCTCTCTCGCAAAAGTAAAACTTAAAGTTTTGTGCGCGCATGCGTCTCGTCC
f 401ATGATGAAATAACATAAGGTGGTCCCGTCGAAAGCCGAAGCTTACCGAAGTATACACTTAAATTCAGTGCACGTTTGCTT
GTTGAGAGGAAAGGTTGTGTGCGGACGAATTTTTTTTTGAAAACATTAACCCTTACGTGGAATAAAAAAAAATGAAATAT lie iTGCAAATTTTGCTGCAAAGCTGTGACTGGAGTAAAATTAATTCACGTGCCGAAGTGTGCTATTAAGAGAAAATTGTGGGA
t o dGCAGAGCCTTGGGTGCAGCCTTGGTGAAAACTCCCAAATTTGTGATACCCACTTTAATGATTCGCAGTGGAAGGCTGCAC
CTGCAAAAGGTCAGACATTTAAAAGGAGGCGACTCAACGCAGATGCCGTACCTAGTAAAGTGATAGAGCCTGAACCAGAAUe!AAGAT AAAAGAAGGCT AT ACCAGT GGGAGTACACAAACAGAGTAAGTTTGAATAGTAAAAAAAATCATTTATGTAAACAA
ÂCGTGACTGTGCGTTAGGTCCTGTTCATTGTTTAATGAAAATAAGAGCTTGAGGGAAAAAATTCGTACTTTGGAGTACZWefGAAATGCGTCGTTTAGAGCAGCAGCTGAGGGAGTCTCAACAGTTGGAGGAGTCTCTACGCAAAATCTTCACGGACACGCA

t< o tGATACGGATACTGAAGAATGGTGGACAAAGAGCTACGTTCAATTCCGACGACATTCACCGAAATGGATGAGTTGACGGAG
GATGCGATGGAAT AT ATCGCGGGCT ATGTCAT T AAAAAATTGAGAATCAGTGACAAAGTAAAAGAAAATTTGACATTTAC V*o\ATACGTCGACGAGGTGTCTCACGGCGGACTTATTAAGCCGTCCGAAAAATTTCAAGAGAAGTTAAAAGAGCTAGAATGTA
TTTTTTTGCATTATACAAATAATAATAATTTTGAAATTACAAAT AATGTAAAGGAAAAATTAATAT TAGCAGCGCGAAAC L*\c>1GTCGATGTTGATAAACAAGTAAAATCTTTTTATTTTAAAATTAGAATATATTTTAGAATTAAGTACTTCAACAAAAAAATlto\TGAAATTAAAAATCAAAAACAAAAGTTAATTGGAAACTCCAAATTATTAAAAATAAAACTTTAAAAATAATTTCGTCTAA
TTAATATTATGAGTTAATTCAAACCCCACGGACATGCTAAGGGTTAATCAACAATCATATCGCTGTCTCACTCAGACTCA3loiATACGACACTCAGAATACTATTCCTTTCACTCGCACTTATTGCAAGCATACGTTAAGTGGATGTCTCTTGCCGACGGGAC33olCACCTTATGTTATTTCATCATGGTCTCGTCTTAGAAAAACCTGCAATCAGTAATCTCGAATCGTGAAAATCCTTTTCTGC|CATACCAAAAAAAGAGCCGGACAAAGCAAAGCGTTCGATTGCCTTCTGCCAATTTGAGCAGGAAATTACAAATTAATTGCjroiCGCCCTGACCGTGATTTGTTTACGTTTTTTTCTTCACTTTTTTTTACATTGTGTGAGTGTGAGAAATTTGTTGGCCAAAA
Ut>/AATATTCCAGATATTCCCAGAGATATATATATTCGAAATTCGAATTGGCGAAGTGAAGGGTGTGACGACAGACGCACACA?k>iCACGCACGCACACGAAAACGCACTGAAAAAACACCGGCTAAAAGGCAGACAAAAAGGAGACGAGAGAGCGAGTGCTAAAT3fO|AGAAAACGCGAAAACAGGATAATAATCAGCAAACTAATACTATAAAACAAGCAACTAAGTGACATCTCGATCTCGCCGAGISolAAACAACAAAAACAACAGTTACAACTTCGGCAACAGCAACAAAAACAGCGCCAGCAGCAGCAACAACAACAAAATCAGCGt/ooiAAGAGCATAGAGCCAAAAAGAAGGAGCAGCAAAAGCAAAGAAAGTAAGTGGAATTC
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Figure A3
*GTCGACTTTAGAACGGATATTTCAAAATAATGTTAACCTTTCGAAAAATTTAGGTGTATGCAAGCCGAATTATTTGATTTI o iGGAAAATAATACTTAGGGCGTCCATATCAGAAAAAACGTTTAGCGTAACATAACGTATTTTAAAATTTGTATTAGGCCAC
t»»GTTATGTAGTCAAATATATATAAATAAATTATTCATTTTAATTTTTACAAAAGTGATATGCTGATATGCTTATAAATGTA3olAGATTCTTGTTTATTTGACTTTTTTTTTAAATTTCATTATCATTATTTCTTGCTTGACAACCCTATGTTAAGTGCGACAC
TGCGTTGACAACAGCTAAGAACATGGCTGTGGGGCGACAAACTTAGCAGAGCGCGCGCTGCTAGAGCTTAAATTGTATTT
foiGAAAACAGTGCAGGTGAATCGAAAATGTCTTGGCATGCAGTCAAACATTAATTTGCGAGCATAATTAACTCCGCTTAAGA
6*>lTTGCTGGTAGTCAAGGAGCCGTGAAGAGCGGAGACGGCCGCTGGTAATATTCAGTGATTAACAACTGTAAAATCTAAAAT
CAGTATAAATATTCATGTGTGTTGATTTAAAGGATTTTGGTGAAATCCGGACCCGAATCGGAGCTGAGGTCCGAAACTAA
6»lCGTGCAACATCCAATAAAAGCAAGTGCAGCTTGGGTTATTAGAGCATAAAGCATCTCCACCAGAGTCTCGGTTGCCAGCC
°\eiAAGCAAAACGGCCGAGACGCGTCTTTCGGGTGGCCAGCTGCAGTCTCGGATGCAGTTTTTGGCTGCAGCTGCAATTAAATlOolATGCAATGCACTTAAGTTATGCACATTTCCTTTGCCCAGGGACCGTTACGATTTCGTATTTTAAAAGCCGCGCGAAAGCT
H+iAACAGCGCTGTTGGCTAGCAGACGTCTGTTTCTGCTGTTGTTAGCCAACAGCCAACAACAACAAACTGGCTGTTGTTTCG
ill*AATGCACTGCGATCTTAGCTCTTTTCCCGCTAAATGTTTCTTTGTGTGTCATTTTGTCAACCATTCGATCGATATCGATA(TTCCTTTGTGAAGGCTAAAAATAAAATTCTTACATGCTCATCTTATACAATAATGGATCGCACATATAGCTACTCCTTTT
\*e\TCATGTATCCAATTCACTAGGTAAGCTACAAAGATAGCCAGACGGCTGTGCTAACAGAGCGCTGCTATGGTGAGAAGCCG
\?c\CCGCAATGGCAACAGTGCCATCTCTGGCCGGCGATACAAATAGCGCAACTTCGCTCGCAACGGGTTTCATTCCCACTGGA
(ilG*!
t iV
GCAGTTCGTGAGCGGTCGTTCTCTCCTCTCTCTCGCAAAAGTAAAACTTAAAGTTTTGTGCGCGCATGCGTCTCGTCC
GATGAAATAACATAAGGTGGTCCCGTCGGCAAGAGACATCCACTTAACGTATGCTTGCAATAAGTGCGAGTGAAAGGA

l«OlATAGTATTCTGAGTGTCGTATTGAGTCTGAGTGAGACAGCGATATGATTGTTGATTAACCCTTAGCATGTCCGTGGGGTT
TGAATTAACTCATAATATTAATTAGACGAAATTATTTTTAAAGTTTTATTTTTAATAATTTGGAGTTTCCAATTAACTTT
2&o 1TGTTTTTGATTTTTAATTTCAATTTTTTTGTTGAAGTACTTAATTCTAAAATATATTCTAATTTTAAAATAAAAAGATTT
lio lTACTTGTTTATCAACATCGACGTTTCGCGCTGCTAATATTAATTTTTCCTTTACATTATTTGTAATTTCAAAATTATTAT
Z t o  1TATTTGTATAAT GCAAAAAAATACATTCT AGCTCTTT T AACTTCTCTTGAAATTTTTCGGACGGCTTAATAAGTCCGCCG13*»»TGAGACACCTCGTCGACGTATGTAAATGTCAAATTTTCTTTTACTTTGTCACTGATTCTCAATTTTTTAATGACATAGCC
:gatatattccatcgcatcctccgtcaactcatccatttcggtgaaatctatattgcttaacatctcatcgacaggct

1<o )CATCATCGACAGGCTCATCATCTTTACTTTTATTTTCGTTTTCTTTAGAACTGAAATCTAAATTAAGCCAGCTTTCAGAG
U otTTGTCCTCTTCGATATTTCCCGAATTTCTTAACATTTCTGTATTCCTGGCTGGATAAGCAAAAGGATAATGATAATATTT
CATTTTTTTTTATTCCACGTAAGGGTTAATGTTTTCAAAAAAAAATTCGTCCGCACACAACCTTTCCTCTCAACAAGCAA
ACGTGCACTGAATTTAAGTGTATACTTCGGTAAGCTTCGGCTTTCGACGGGACCACCTTATGTTATTTCATCATGGTCTC 
t*o IGTCTTAGAAAAACCTGCAATCAGTAATCTCGAATCGTGAAAATCCTTTTCTGCCATACCAAAAAAAGAGCCGGACAAAGC&£>/AAAGCGTTCGATTGCCTTCTGCCAATTTGAGCAGGAAATTACAAATTAATTGCCGCCCTGACCGTGATTTGTTTACGTTT
TTTTCTTCACTTTTTTTTACATTGTGTGAGTGTGAGAAATTTGTTGGCCAAAAAATATTCCAGATATTCCCAGAGATATA
TATATTCGAAATTCGAATTGGCGAAGTGAAGGGTGTGACGACAGACGCACACACACGCACGCACACGAAAACGCACTGAA 
J3o 1AAAACACCGGCTAAAAGGCAGACAAAAAGGAGACGAGAGAGCGAGTGCTAAATAGAAAACGCGAAAACAGGATAATAATC
JUo)AGCAAACTAATACTATAAAACAAGCAACTAAGTGACATCTCGATCTCGCCGAGAAACAACAAAAACAACAGTTACAACTTKotCGGCAACAGCAACAAAAACAGCGCCAGCAGCAGCAACAACAACAAAATCAGCGAAGAGCATAGAGCCAAAAAGAAGGAGCJ*oiAGCAAAAGCAAAGAAAGTAAGTGGAATTC
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