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ABSTRACT

A m u ta n t  o f  t h e  y e a s t  S accharom yces  C e r e v i s i a e , m ul­

t i p l y  r e s i s t a n t  t o  t h e  f o u r  a n t i b i o t i c s ,  c h lo r a m p h e n ic o l  

(CAP), t e t r a c y c l i n e  (TCN), o l ig o m y c in  (OLI) and c y c l o h e x i -  

mide (CHX) was i s o l a t e d .  T e t r a d  a n a l y s i s  o f  d i p l o i d s  o b ­

t a i n e d  from  c r o s s e s  be tw een  t h e  r e s i s t a n t  m u ta n t  and  a s e n ­

s i t i v e  w i l d  ty p e  s t r a i n ,  a s  w e l l  a s  from  s e l e c t e d  back  

c r o s s e s ,  s u g g e s t  t h a t  t h e  p l e i o t r o p i c  p h e n o ty p e  i s  con ­

t r o l l e d  by a s i n g l e  n u c l e a r  gene  m u ta t i o n ,  d e s i g n a t e d  a n t - r ,  

i n t e r a c t i n g  w i th  s e v e r a l  c y to p l a s m ic  l o c i .  They a l s o  r e ­

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

t i o n  can  e x p r e s s  r e s i s t a n c e  t o  an a d d i t i o n a l  d r u g ,  rhodam ine  

6G (RHG), p r o v id e d  t h e  c o r r e c t  c y to p la s m ic  a l l e l e  i s  p r e s e n t  

i n  t h e  c e l l s .  V e g e t a t i v e l y  g ro w in g  d i p l o i d  c lo n e s  d e r i v e d  

from  c r o s s e s  o f  t h e  t y p e  a n t - r  [RHO+] X + [RHO+] show m i t o t i c  

s e g r e g a t i o n  o f  two p h e n o ty p ic  c l a s s e s  f o r  t h e  d ru g s  OLI, RHG 

and TCN. D ip lo id s  d e r i v e d  from  c r o s s e s  o f  t h e  t y p e  a n t - r  

[RHO+ ] X + [RHO°] and  a n t - r  [RHO°] X + [RHO+ ] , f a i l  t o  e x ­

h i b i t  m i t o t i c  s e g r e g a t i o n .  T hese  r e s u l t s  a r e  c o n s i s t e n t  w i th  

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

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

w i th  m i t o c h o n d r i a l  DNA (m t. DNA).

E v id e n c e  f o r  t h i s  a s s o c i a t i o n  i s  p r o v id e d  by th e  demon­

s t r a t i o n  o f  g e n e t i c  l i n k a g e  b e tw een  t h e  c y to p la s m ic  l o c i
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i n v o lv e d  i n  t h e  p l e i o t r o p i c  p h e n o ty p e  an d  d e s i g n a t e d  RHG-1, 

TCN-1 and  O L I-5 , and  two w e l l  c h a r a c t e r i z e d  m i t o c h o n d r i a l  

m u ta t i o n s ,  ERY-R and  CAP-R. I n  t h e  c a s e  o f  l o c u s  O L I-5 , 

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

o b t a i n e d  by a n a l y z i n g  t h e  f a t e  ( l o s s  o r  r e t e n t i o n )  o f  t h i s  

l o c u s  i n  c y to p l a s m ic  p e t i t e s  o f  t h e  [RHO“ ] t y p e .

We h a v e  mapped t h e  n u c l e a r  a n t - r  m u ta t io n  3.3cM from  

th e  c e n t r o m e r e - l i n k e d  l o c u s ,  l e u - 1  on chromosome V I I .  The 

o r d e r  o f  t h e  t h r e e  m a rk e r s ,  c en tro m e  V I I ,  l e u - 1  and  a n t - r  

h a s  a l s o  b e e n  d e te r m in e d .

T e t r a d  a n a l y s i s  o f  d i p l o i d s  d e r i v e d  from  c r o s s e s  b e ­

tw een  o u r  m u ta n t  and  two s i m i l a r  m u ta n ts  d e s c r i b e d  by o t h e r s  

s u g g e s t  a  common g e n e t i c  b a s i s  f o r  a l l  t h r e e .

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

w ere  i s o l a t e d .  G e n e t ic  a n a l y s i s  o f  t h e s e  r e v e r t a n t s  i n d i ­

c a t e s  t h a t  b o th  a r e  due t o  s i n g l e  n u c l e a r  gene  m u t a t i o n s ,  

d e s i g n a t e d  s c r -1  and  s c r - 2 , and  s e g r e g a t i n g  in d e p e n d e n ly  o f  

t h e  a n t - r  l o c u s .  The two r e v e r t a n t  m u ta t io n s  w ere  fo u n d  t o  

be  h e t e r o a l l e l i c  and  w ere  mapped a t  a p p r o x im a te ly  16 cM from  

t h e  a d e -2  l o c u s ,  on chromosome XV. The n u c l e a r  n a t u r e  o f  

t h e s e  two r e v e r t a n t  m u ta t io n s  i s  more i n  l i n e  w i th  a  n u c l e a r  

m i t o c h o n d r i a l  i n t e r a c t i o n  m ode l,  su c h  a s  t h e  one  p ro p o s e d  

h e r e ,  t h a n  th e y  a r e  w i th  t h e  e p is o m a l  model p ro p o s e d  by 

o t h e r s .

The p o s s i b l e  s i g n i f i c a n c e  and  u s e f u l n e s s  o f  t h i s  k in d  

o f  m u ta n t ,  i n  te rm s  o f  t h e  i n t e r a c t i o n  b e tw ee n  t h e  n u c l e a r
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and  m i t o c h o n d r i a l  genomes i n  s p e c i f y i n g  an d  r e g u l a t i n g  t h e  

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

i s  d i s c u s s e d .  The c la im s  made by s e v e r a l  a u t h o r s  r e g a r d i n g  

t h e  e p is o m a l  n a t u r e  o f  m u ta t io n s  s i m i l a r  t o  t h e  one d e ­

s c r i b e d  h e r e  a r e  a l s o  re v ie w e d .
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CHAPTER I

INTRODUCTION

M i to c h o n d r i a l  DNA h a s  b e e n  fo u n d  i n  a  v a r i e t y  o f  

e u k a r y o t i c  c e l l  t y p e s  and  o rg a n ism s  (S a g e r ,  19 7 2 ) .  I n  th e  

c a s e  o f  t h e  y e a s t ,  S accha ro m yces  c e r e v i s i a e , t h e  s tu d y  o f  

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

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

s e a r c h .  A c o n s i d e r a b l e  amount o f  r e s e a r c h  h a s  a l s o  b e en  

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

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

DNA i n  Saccharom yces  c e r e v i s i a e  c o n s i s t s  o f  a  25/ym, d o u b le  

s t r a n d e d  m o le c u le ,  v e ry  l i k e l y  c o v a l e n t l y  c i r c u l a r i z e d ,  w i th  

a  b a s e  c o m p o s i t io n  d i f f e r e n t  f r o m th a t  o f  t h e  n u c l e a r  DNA and 

w i th  a m o le c u la r  w e ig h t  o f  a p p ro x im a te ly  50 X 106 (R ab ino w itz  

e t  a l . ,  1 9 7 0 ) .  I n  a d d i t i o n ,  y e a s t  m i to c h o n d r i a  c o n t a i n  th e  

c o m p le te  e n z y m a t ic  m a c h in e ry  n e c e s s a r y  f o r  t h e  t r a n s c r i p t i o n  

and t r a n s l a t i o n  o f  g e n e t i c  i n f o r m a t i o n  (A shw ell  et^ a l . ,  1 9 7 0 ) .  

M i to c h o n d r i a l  r ib o so m e s  a r e  d i s t i n g u i s h a b l e  from  c y to p la s m ic  

o n e s  on t h e  b a s i s  o f  t h e i r  p h y s i c a l  c h a r a c t e r i s t i c s  ( G r i v e l l  

e t  a l . , 1971) and  s p e c i f i c i t y  to w a rd  p r o t e i n  s y n t h e s i s  i n ­

h i b i t o r s  (C la rk -W a lk e r  e t  a l . ,  1966; Lamb e t  a l . ,  1 9 6 8 ) .  Mi­

t o c h o n d r i a l  r-RNA s p e c i e s  a s  w e l l  a s  s e v e r a l  s p e c i e s  o f  m i to ­

c h o n d r i a l  t-RNA h ave  b e e n  shown t o  be  t r a n s c r i b e d  e x c l u s i v e l y  

from  m i t o c h o n d r i a l  DNA s e q u e n c e s  (F u k u h a ra ,  1967; Faye  e t  a l , 

1 9 7 3 ) .  I t  i s  a l s o  w id e ly  b e l i e v e d  t h a t  m i t o c h o n d r i a l  DNA a l s o



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

p r e s e n t  t im e ,  o n ly  c i r c u m s t a n t i a l  e v id e n c e  e x i s t s  i n  s u p p o r t  

o f  t h i s  b e l i e f .  I t  i s ,  h o w ev er ,  w e l l  e s t a b l i s h e d  t h a t  t h e  

p r o t e i n  s y n t h e s i z i n g  sy s te m s  i n  t h e  c y to p la s m  and  i n  t h e  

m i to c h o n d r i a  b o th  c o n t r i b u t e  s p e c i f i c  p r o t e i n  com ponents t o  

s e v e r a l  m i t o c h o n d r i a l  e n z y m a t ic  co m p lex es ,  su ch  a s  t h e  ATPase 

com plex  ( T z a g o lo f f ,  19 71} and  t h e  cy toch ro m e  o xy d ase  com plex  

(Mason e t  a l . ,  1973) .

C o n c o m ita n t ly  w i t ’’1 t h e  b io c h e m ic a l  a p p ro a c h  t o  t h e  

p ro b lem  o f  t h e  b i o g e n e s i s  o f  m i to c h o n d r i a ,  a g e n e t i c  a p p ro a c h  

h a s  a l s o  b e en  u s e d .  I t  h a s  r e l i e d  on t h e  i s o l a t i o n  and 

c h a r a c t e r i z a t i o n  o f  m u ta n ts  a f f e c t i n g  one o r  more m ito c h o n ­

d r i a l  f u n c t i o n s .  Numerous n u c l e a r  m u ta t io n s  o f  t h i s  ty p e  

have  been  d e s c r i b e d  (Beck e t  a l . , 1972; E bner e t  a l . , 1973; 

T z a g o lo f f  e t  a l ,  1 9 7 5 a ) . T h e re  a l s o  e x i s t  s e v e r a l  c l a s s e s  

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

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

to u s  " p e t i t e "  m u t a t i o n ,  f i r s t  i d e n t i f i e d  by E p h r u s s i ,  (1953) 

and w hich  r e s u l t s  i n  g r o s s  p h y s i c a l  a l t e r a t i o n s  (RHO“ p e t i t e )  

o r  l a c k  o f  m i t o c h o n d r i a l  DNA (RHO° p e t i t e )  accom p an ied  by 

m u l t i p l e  e n z y m a t ic  d e f e c t s  (S a g e r ,  1 9 7 2 ) ,

A n o th e r  c l a s s  o f  m i t o c h o n d r i a l  m u ta n ts  w hich  p la y e d  a 

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

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

t o c h o n d r i a l  p r o t e i n  s y n t h e s i s ,  su ch  a s  c h lo r a m p h e n ic o l  and

e ry th r o m y c in  (L innane  e t  a l . , 1968 and  Thomas a t  a l , , 1968)
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o r  t o  i n h i b i t o r s  o f  o x y d a t iv e  p h o s p h o r y l a t i o n ,  su ch  a s  o l i -  

gomycin (Avner e t  a l ^ , 1970) .

R e c e n t ly ,  a new c l a s s  o f  m i t o c h o n d r i a l  m u ta n ts  w i th  

s p e c i f i c  l e s i o n s  i n  v a r i o u s  m i t o c h o n d r i a l  enzyme com plexes 

h a s  b e e n  r e p o r t e d  ( T z a g o lo f f  e t  a l . ,  1 9 7 5 b ) .  T hese  a r e  

known a s  m i f m u t a n t s  (S lo m in s k i  e t  a l . ,  1976) and  d i f f e r  

from  t h e  p l e i o t r o p i c  [RHO- ] and  [RH0°] m u ta t io n s  i n  t h a t  

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

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

t h e  chrom osom al ( n u c l e a r )  l o c a t i o n  o f  a  m u ta t io n  a r e  w e l l  

known and  w i l l  n o t  be  d e a l t  w i th  h e r e ,  i t  may be  u s e f u l  t o  

r e v ie w  t h o s e  u s e d  i n  i d e n t i f y i n g  a  m u ta t io n  as  l o c a t e d  on 

t h e  m i t o c h o n d r i a l  DNA. T hese  c r i t e r i a ,  s t a t e d  i n  num erous 

p u b l i c a t i o n s  (Coen e t  a l . , 1970; B o l l o t i n  e t  a l . , 1971) a r e  

now w id e ly  a c c e p t e d  by w o rk e r s  i n  t h e  f i e l d  o f  m i t o c h o n d r i a l  

g e n e t i c s  and can  be  sum m arized  a s  f o l lo w s :

a .  F a i l u r e  o f  t h e  m u ta t io n  t o  g iv e  c h a r a c t e r i s t i c  

m e n d e lia n  s e g r e g a t i o n  p a t t e r n s  d u r i n g  m e i o s i s ,  t h e s e  b e in g  

r e p l a c e d  by m e i o t i c  s e g r e g a t i o n  o f  t h e  0 :4  a n d / o r  4 :0  t y p e s .

b .  M i t o t i c  s e g r e g a t i o n  o f  t h e  m u ta n t  and  w i l d  ty p e  

p h e n o ty p e s  among v e g e t a t i v e l y  grown i n d i v i d u a l  d i p l o i d  

c l o n e s ,  d e r i v e d  from  c r o s s e s  o f  t h e  t y p e :  m u ta n t  [RHO+ ] X

w i l d  t y p e  [RHO+ ] .

c .  The e l i m i n a t i o n  o f  t h e  g e n e t i c  d e t e r m i n a n t  f o r  t h e  

m u ta t i o n ,  c o n c o m i ta n t ly  w i th  t h e  e l i m i n a t i o n  o f  m i t o c h o n d r i ­

a l  DNA i n  p e t i t e s  o f  t h e  [RHO°] t y p e .  E v id e n c e  f o r  t h i s
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c o - l o s s  i s  o b t a i n e d  from  t e t r a d  a n a l y s i s  and  t h e  a n a l y s i s  o f  

t h e  p h e n o ty p e  o f  d i p l o i d s  d e r i v e d  from  c r o s s e s  o f  t h e  t y p e :  

m u ta n t  [RHO°] X w i l d  t y p e  [RHO+ ] and m u ta n t  [RHO+ ] X w i ld  

t y p e  [RHO°]. D i p l o id s  from  t h e  fo rm e r  c r o s s  a r e  e x p e c te d  t o  

be  a l l  o f  t h e  w i l d  t y p e  p h e n o ty p e  and s e g r e g a t e  4 w i l d  t y p e :

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

s h o u ld  a l l  be o f  t h e  m u ta n t  p h e n o ty p e  and  s e g r e g a t e  0 w i ld  

t y p e : 4 m u ta n t  a t  m e i o s i s .

d .  G e n e t i c  l i n k a g e  o f  t h e  m u ta t io n  u n d e r  i n v e s t i g a ­

t i o n  t o  one o r  s e v e r a l  w e l l  c h a r a c t e r i z e d  m i t o c h o n d r i a l  

g e n e s .  The e v id e n c e  f o r  su c h  l i n k a g e  i s  d e r i v e d  from  g e n e ­

t i c  r e c o m b in a t io n  d a t a  o b t a i n e d  by c a l c u l a t i n g  t h e  f r e q u e n c y  

o f  t h e  re c o m b in a n t  p h e n o ty p e s  among t h e  d i p l o i d  p ro g en y  o f  

c r o s s e s  o f  t h e  t y p e t  m u ta n tx + [RHO+] X + m u ta n tM [RHO+ ] , 

w here  m u ta n tx and  m u ta n tM r e f e r  t o  t h e  m u ta t io n  u n d e r  s tu d y  

and  t o  t h e  t e s t e r  m i t o c h o n d r i a l  m u ta t io n  r e s p e c t i v e l y .

W hile  c r i t e r i a  a  and b d e f i n e  t h e  m u ta t io n  as  c y t o -  

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

t o c h o n d r i a l  l o c a t i o n .

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

have  b e e n  u n am b ig u o u s ly  a s s i g n e d  e i t h e r  a  n u c l e a r  o r  a  m i to ­

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

b o v e .  T h e re  a l s o  e x i s t s  a  num ber o f  y e a s t  m u t a t i o n s ,  n o t  

d i r e c t l y  in v o lv e d  i n  m i t o c h o n d r i a l  f u n c t i o n ,  and w hich  have  

be en  shown t o  be  c y t o p l a s m i c a l l y , a l th o u g h  n o n - m i to c h o n d r i -

a l l y ,  i n h e r i t e d .  T h ese  a r e  t h e  " k i l l e r "  c h a r a c t e r  {Makower
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e t  a l . , 1 9 6 3 ) ,  t h e y ( p s i )  s u p p r e s s o r  m u ta t io n  (Cox, 1965) 

and  t h e  [URE3] m u ta t io n  ( L a c ro u te ,  1971?A igl'e  e t  a l . ,  1 9 7 5 ) ,  

w hich  a l lo w s  t h e  u p ta k e  o f  u r e i d o s u c c i n i c  a c i d  by y e a s t  

c e l l s .

However, d u r i n g  th e  p a s t  few y e a r s ,  s e v e r a l  m u ta t io n s  

o f  t h e  d ru g  r e s i s t a n c e  t y p e ,  e x h i b i t i n g  am biguous g e n e t i c  

c h a r a c t e r i s t i c s ,  h av e  b e en  r e p o r t e d .  T hese  m u ta t io n s  d i s ­

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

n u c l e a r  and c y to p la s m ic  g e n e t i c s .  A lm ost i n v a r i a b l y ,  su ch  

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

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

u n r e l a t e d ,  and  i n  some c a s e s ,  h a v in g  a c e l l u l a r  t a r g e t  o t h e r  

t h a n  t h e  m i to c h o n d r io n .

The f i r s t  r e p o r t  o f  such  a  m u ta n t  was made by Hughes 

e t  a l . (1 9 7 2 ) .  They s t u d i e d  a m u ta n t  r e s i s t a n t  t o  t h e  a n t i ­

b i o t i c  t e t r a c y c l i n e  (TCN). W hereas t h e  m u ta t io n  s e g r e g a t e s  

i n  a m e n d e l ia n  f a s h i o n  a t  m e io s i s  (2 : 2 ) ,  i n d i c a t i n g  t h e  i n ­

v o lv em en t o f  a chrom osomal g e n e t i c  f a c t o r ,  i t  a l s o  d i s p l a y s  

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

from  a  c y to p la s m ic  m u ta t i o n .  M oreover ,  t h e  g e n e t i c  d e t e r ­

m in a n t  f o r  r e s i s t a n c e  t o  TCN was n o t  e l i m i n a t e d  i n  [RHO- ] 

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

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

i n t e r p r e t a t i o n  o f  t h e i r  d a t a ,  t h e  a u th o r s  p ro p o s e d  a  model 

a lo n g  t h e  l i n e s  o f  b a c t e r i a l  e p is o m a l  s y s te m s :  an e x t r a -

chrom osom al e l e m e n t ,  a l t e r n a t i n g  b e tw een  a  c y to p la s m ic

-5-



l o c a t i o n  and a chrom osom al a s s o c i a t i o n  c a r r i e s  t h e  m u ta t io n  

l e a d i n g  t o  TCN r e s i s t a n c e .

A vner e t  a^L. (1 9 7 3 a , b) r e p o r t e d  t h e  i s o l a t i o n  and 

c h a r a c t e r i z a t i o n  o f  two c l a s s e s  o f  o l ig o m y c in  (OLI) r e s i s ­

t a n t  m u ta n t s .  C la s s  I I  m u ta n ts  a r e  r e s i s t a n t  t o  OLI o n ly  

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

C la s s  I  m u ta n t s ,  on t h e  o t h e r  h a n d ,  a r e  c r o s s  r e s i s t a n t  t o  

a  s e r i e s  o f  o t h e r  d r u g s :  a u r o v e r t i n ,  t r i e t h y l t i n  and  "17 99" , 

a l l  a f f e c t i n g  e n e rg y  c o n s e r v a t i o n  m echan ism s, and  c h lo ra m ­

p h e n i c o l ,  m ikam ycin  and  s p i r a m y c in ,  a l l  i n h i b i t o r s  o f  m i­

t o c h o n d r i a l  p r o t e i n  s y n t h e s i s .  Upon g e n e t i c  a n a l y s i s ,  mu­

t a n t s  i n  t h i s  l a t t e r  c l a s s  p ro d u c e  2:2  s e g r e g a t i o n s  a t  m eio ­

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

" Q u a n t i t a t i v e  r e p l i c a  p l a t i n g  a n a l y s i s
o f  d i p l o i d s . . .h a s  shown t h r e e  t y p e s  o f
c o l o n i e s  t o  be  p r e s e n t :  r e s i s t a n t  ( i . e .
v i r t u a l l y  c o n f l u e n t ) , m ixed ( c o n s i s t i n g
o f  b o th  r e s i s t a n t  p a p i l l a e  and  s e n s i t i v e
c e l l s )  and  s e n s i t i v e  c e l l s . "  (Avner e t  a l . , 1 9 7 3 b ) .

However, c o n v e r s io n  o f  t h e  r e s i s t a n t  m u ta n ts  t o  t h e  [RHO“ ]

s t a t e  do es  n o t  l e a d  t o  t h e  l o s s  o f  t h e  g e n e t i c  d e te r m in a n t

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

do es  n o t  r e s i d e  on t h e  m i t o c h o n d r i a l  DNA. The p o s s i b i l i t y  

o f  an i n t e r a c t i o n  b e tw ee n  a n u c l e a r  d e te r m in a n t  and a  c y t o ­

p l a s m i c ,  b u t  n o n - m i t o c h o n d r i a l , e le m e n t  i s  a d v a n c e d .  An 

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

w hich  i t  i s  p o s t u l a t e d  t h a t  t h e  a n o m a lie s  o f  t h e  sy s te m

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

t e r n s  o f  t h e  p r o d u c t s  o f  n u c l e a r  g e n es  i n  h e te r o z y g o u s
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d i p l o i d  c e l l s  w here  t h e s e  p r o d u c t s  a r e  random ly  d i s t r i b u t e d  

t o  c e l l  o r g a n e l l e s  su c h  a s  t h e  m i to c h o n d r io n .

Somewhat s i m i l a r  o b s e r v a t i o n s  w ere  r e p o r t e d  by M i t c h e l l  

e t  a l . (1973) i n  t h e i r  s tu d y  o f  a  m u ta n t  i n i t i a l l y  s e l e c t e d  

f o r  i t s  r e s i s t a n c e  t o  o l ig o m y c in .  T h is  m u ta n t  was fo un d  t o  

be a l s o  r e s i s t a n t  t o  c h lo r a m p h e n ic o l ,  m ik a m y c in ,  l in c o m y c in  

and  c a rb o m y c in .  Here a g a in  m e i o t i c  s e g r e g a t i o n  (2 :2 )  b u t  

a l s o  m i t o t i c  s e g r e g a t i o n  was o b s e r v e d .  B u t ,  i n  c o n t r a d i s ­

t i n c t i o n  t o  t h e  two p r e c e d i n g  r e p o r t s , t h e  g e n e t i c  d e t e r ­

m in a n t  f o r  c r o s s  r e s i s t a n c e  i s  e l i m i n a t e d  i n  p e t i t e s  i n ­

duced  by e th id iu m  b ro m id e  t r e a t m e n t ,  s u g g e s t i n g  t h e  i n v o l v e ­

m ent o f  m i t o c h o n d r i a l  g e n es  i n  d e te r m in in g  t h e  m u ta n t  p h e n o ­

t y p e .  I n  a s u b s e q u e n t  p u b l i c a t i o n  (H ow ell e t  a l . , 1 9 7 4 ) ,  

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

t h e  p h en o ty p e  i s  r e p o r t e d .  S t r o n g  e v id e n c e  i n  f a v o r  o f  a 

n u c l e a r - m i t o c h o n d r i a l  s y n e r g i s t i c  gene i n t e r a c t i o n  i s  g i v e n ,  

a t  l e a s t  a s  f a r  a s  r e s i s t a n c e  t o  m 'ikam ycin  i s  c o n c e rn e d .

G u e r in e a u  e t  a l . ,  (1974) r e p o r t e d  t h e  i s o l a t i o n  o f  a  

s i n g l e  s t e p  m u ta t io n  l e a d i n g  t o  r e s i s t a n c e  t o  t h e  d ru g s  

o l ig o m y c in ,  v e n t u r i c i d i n ,  t r i e t h y l t i n ,  c h lo r a m p h e n ic o l  and  

c y c lo h e x im id e . A lth o u g h  no  g e n e t i c  d a t a  a r e  g iv e n  i n  t h i s  

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

t a n c e  i n  t h e i r  m u ta n t  r e s u l t s  from  t h e  i n t e r a c t i o n  o f  two 

g e n e t i c  f a c t o r s  show ing  b o t h  chrom osom al and  e p is o m a l  

c h a r a c t e r i s t i c s .  The f a c t o r s ,  d e s i g n a t e d  by them 'T f(p i)  and

'X  ( t a u )  , a r e  s a i d  t o  c o n f e r  r e s i s t a n c e  t o  o l ig o m y c in  fif) and
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t o  a l l  o t h e r  d ru g s  (*f) . E p is o m e 't f , i t  i s  c la im e d ,  can  

be l o s t  s p o n ta n e o u s ly  w h i l e  I can  be  c o m p le te ly  e l i m i n a t e d  

by t r e a t m e n t  w i th  e th id iu m  b ro m id e .  L oss o f  t h e  f a c t o r s  i s  

s a i d  t o  be  in d e p e n d e n t  o f  t h e  l o s s  o f  m i t o c h o n d r i a l  DNA, 

t h e r e f o r e  e x c lu d in g  a  m i t o c h o n d r i a l  l o c a t i o n .  F i n a l l y  t h e  

a u th o r s  c la im  t h a t  episome'Tf i s  i d e n t i c a l  t o  a  y e a s t  DNA 

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

DNA, and known as  t h e  2^fDNA. T h is  DNA s p e c i e s  h a s  been  

i s o l a t e d  an d  c h a r a c t e r i z e d  by  C la rk -W a lk e r ,  (1972 and  19 73) . 

I t  c o n s i s t s  o f  c o v a l e n t l y  c lo s e d  c i r c l e s ,  r a n g i n g  in  s i z e

from  1 .9  ykm t o  5.8yiim and  i n  m o le c u la r  w e ig h t  from  4 .0 2  X
fi 610 t o  12 .04  X 10 . T hese  c h a r a c t e r i s t i c s . a r e  s i m i l a r  t o

t h o s e  o f  t h e  DNA o f  many b a c t e r i a l  p la s m id s  and  ep iso raes  

(C low es, 1 9 7 2 ) .  I n  a d d i t i o n ,  a s e r i e s  o f  r e c e n t  s t u d i e s  

u s in g  e l e c t r o n  m ic r o s c o p ic  and  r e s t r i c t i o n  n u c l e a s e  m apping 

t e c h n iq u e s  (G u e r in e a u  el: a l . ,  1976a; H o l le n b e rg  e t  a l . ,  1976; 

Royer e t  a l . ,  1977; L iv i n g s t o n  e t  a l . ,  1977) have  demon­

s t r a t e d  t h a t  t h e  2̂ c i r c l e s  c o n t a i n  i n v e r t e d  r e p e a t  s e -  

q u e n ce s  s i m i l a r  t o  t h o s e  d e s c r i b e d  i n  b a c t e r i a l  p la s m id s  

(B uk hari  e t  a l . , i n  p r e s s ) . I n  t h e  l a t t e r  c a s e  t h e s e  s e ­

q u e n c e s  p rom ote  t h e  i n s e r t i o n  and  t r a n s l o c a t i o n  o f  g e n e s  i n ­

t o  o t h e r  p la s m id s  o r  i n t o  t h e  h o s t  chromosome (K le c k n e r  e t . 

a l . , 1 9 7 5 ) .  I t  m ust be p o i n t e d  o u t  t h a t  t h e  G u e r in e a u ,  e i t .  ■■ 

a l . ,  g ro u p  d i d  n o t  p r e s e n t  any m e a n in g fu l  g e n e t i c  d a t a  i n  su p  

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

a s u b s e q u e n t  p u b l i c a t i o n  (G u e r in e a u  e t  a l . , (1976b) d e a l in g  w i th
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t h i s  m u t a t i o n .  However, one  p e r t i n e n t  o b s e r v a t i o n  i s  a p ­

p a r e n t l y  s u p p o r t e d  by d a t a :  i n  s e v e n  c lo n e s  w h ich  h av e

l o s t  r e s i s t a n c e  t o  o l ig o m y c in ,  no d e t e c t a b l e  2y# DNA i s  

fo u nd  i n  c e l l u l a r  e x t r a c t s  s u b j e c t e d  t o  e q u i l i b r i u m  c e n t r i ­

f u g a t i o n  i n  CsCl p ro p id iu m  di'iod ide  g r a d i e n t s  (G u e r in e a u  e t  

a l . , 1974 , 12.76b). L a n c a s h i r e  et^ a l^ . , (1975) d e s c r i b e d  t h e  

i s o l a t i o n  and  c h a r a c t e r i z a t i o n  o f  m u ta n ts  r e s i s t a n t  t o  v e n -  

t u r i c i d i n  (VEN), an i n h i b i t o r  o f  o x y d a t iv e  m e ta b o l ism  i n  

y e a s t .  A c e r t a i n  p r o p o r t i o n  o f  t h e s e  m u ta n ts  a r e  a l s o  c r o s s  

r e s i s t a n t  t o  o t h e r  i n h i b i t o r s  and  u n c o u p le r s  o f  o x y d a t iv e  

p h o s p h o r y l a t i o n ,  su ch  a s  o l ig o m y c in  (O L I), a n d  t r i e t h y l t i n  

(TET). T hese  w o rk e rs  c an  u n am b ig u o u s ly  a s c r i b e  a m ito c h o n ­

d r i a l  l o c a t i o n  t o  t h e  m u ta n ts  o f  p h e n o ty p e  VEN1* and  VENR 

OLIR, and  a  n u c l e a r  l o c a t i o n  t o  t h o s e  o f  p h e n o ty p e  VENR OLIR 

TETR. But two m u ta n ts  o f  p h e n o ty p e  VENR TETR do n o t  f a l l  i n  

e i t h e r  one o f  t h e s e  c a t e g o r i e s .  T hese  m u ta n ts  do show m i­

t o t i c  s e g r e g a t i o n ,  b u t  g iv e  h ig h  r e c o m b in a t io n  v a lu e s  (45%) 

r e l a t i v e  t o  s e v e r a l  m i t o c h o n d r i a l  l o c i .  A l th o u g h  no m e i o t i c  

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

t a n t s ,  an d  a l th o u g h  t h e  l o s s  o f  r e s i s t a n c e  t o  VEN and  TET i s  

a lw ay s  accom pan ied  by t h e  c o n v e r s io n  t o  t h e  p e t i t e  s t a t e ,  t h e  

a u th o r s  c o n c lu d e  from  t h e  r e c o m b in a t io n  d a t a  t h a t  t h e  c fe n e t ic  

d e t e r m i n a t i o n  f o r  t h e  VENR TETR p h e n o ty p e  i n  t h e s e  two m u ta n ts  

i s  c y to p la s m ic  and  l o c a t e d  on a DNA m o le c u le  o t h e r  t h a n  m i t o ­

c h o n d r i a l  DNA. They p ro p o s e  t h e  2^DNA a s  a  p o s s i b l e  c a n d i d a t e .
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I n  a  s u b s e q u e n t  p a p e r  ( G r i f f i t h s  et^ a l . ,  1975) d e a l i n g  w i th  

t h e s e  VENR TETR m u ta n ts  (which a r e  now r e p o r t e d  t o  be  a l s o  

r e s i s t a n t  t o  rhodam ine  6G and  ”1799 '')  an a t t e m p t  t o  e s t a b ­

l i s h  t h a t  t h e  l o s s  o f  r e s i s t a n c e  t o  VEN i s  acc o m p a n ie d  by 

t h e  l o s s  o f  2 f t  DNA, i s  r e p o r t e d .  B ut t h i s  a t t e m p t  f a i l s  t o  

y i e l d  any  p o s i t i v e  r e s u l t s ,  a s  a l l  t h e  VENS c lo n e s  a n a ly z e d  

s t i l l  c o n t a i n  2 f t  DNA. A more r e c e n t  p u b l i c a t i o n ,  o r i g i n a t i n g  

from  t h e  same l a b o r a t o r y  ( C a r ig n a n i  e t  a l . ,  1977) d e s c r i b e s  

th e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  m u ta n ts  s e l e c t e d  f o r  

t h e i r  r e s i s t a n c e  t o  rh o d am in e  6G (RHG), and w hich  e x h i b i t  

c r o s s  r e s i s t a n c e  t o  VEN, TET, "1 7 9 9 1' ,  b o n g k r e k ic  a c i d  and  t o  

c y c lo h e x im id e , b u t  s e n s i t i v e  t o  o l ig o m y c in  and t o  i n h i b i t o r s  

o f  m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s .  One o f  t h e  m u ta n ts  

s t u d i e d ,  when m ated  w i th  a s e n s i t i v e  s t r a i n ,  d i s p l a y s  m i t o t i c  

s e g r e g a t i o n  among i t s  d i p l o i d  p ro g e n y .  B u t m e i o t i c  s e g r e ­

g a t i o n  i s  a l s o  o b t a i n e d  among random s p o r e s  d e r i v e d  from  

t h e  d i p l o i d  p ro g e n y  (no t e t r a d  a n l a y s i s  i s  r e p o r t e d ) . As 

was t h e  c a s e  w i th  t h e  VENR TETR m u ta n ts  d e s c r i b e d  by t h i s  

g ro u p  ( G r i f f i t h s  et^ <elL. ,  1975) t h e  l o s s  o f  r e s i s t a n c e  t o  a l l  

o r  any  o f  t h e  d ru g s  i s  a lw ay s  accom p an ied  by  c o n v e r s io n  t o  

t h e  p e t i t e  s t a t e .  C o n v e r s e ly ,  t h e  i n d u c t i o n  o f  t h e  [RHO~] o r  

[RHO°] m u ta t i o n ,  e i t h e r  s p o n ta n e o u s ly  o r  f o l l o w in g  t r e a t m e n t  

w i th  e th i d i u m  b ro m id e ,  do es  n o t  n e c e s s a r i l y  l e a d  t o  t h e  l o s s  

o f  r e s i s t a n c e  ( a l th o u g h  i n  some p e t i t e s ,  r e s i s t a n c e  t o  one  o r  

more o f  t h e  i n h i b i t o r s  i s  l o s t ) . I t  i s  c o n c lu d e d  from  t h e s e

d a t a  t h a t  b o th  n u c l e a r  and  c y to p la s m ic  (b u t  n o n - m i to c h o n d r i a l )
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g e n e t i c  f a c t o r s  may be  in v o lv e d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  

c r o s s  r e s i s t a n c e  m u ta t io n .  Once a g a i n ,  2 f t  DNA i s  p ro p o se d  

a s  t h e  p o s s i b l e  l o c a t i o n  o f  t h e  c y to p la s m ic  g e n es  in v o lv e d .

F i n a l l y ,  Rank e t  a l . ,  (1973 , 1975 and 1976) have  d e ­

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

c r o s s  r e s i s t a n t  t o  13 i n h i b i t o r s  (OLI, VEN, TET, CAP, TCN, 

CHX e t c . . . )  and c o l l a t e r a l l y  s e n s i t i v e  t o  5 o t h e r  d ru g s  

( e th id iu m  b ro m id e , parononycin , neom y c in , e t c . . . ) .  I n  t h i s  

c a s e ,  t h e  c r o s s  r e s i s t a n t  p h e n o ty p e  i s  a t t r i b u t e d  t o  a 

s i n g l e  n u c l e a r  gene m u ta t io n .

The p r e c e d i n g  and  r a t h e r  e x h a u s t i v e  re v ie w  o f  t h e  l i t ­

e r a t u r e  a v a i l a b l e  on t h e  s u b j e c t  o f  c r o s s - r e s i s t a n t  m u ta n ts  

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

in g  i n t e r p r e t a t i o n s  t h a t  r e s u l t e d  from  t h e  s tu d y  o f  su ch  mu­

t a n t s .  However, some o f  t h e  i n t e r p r e t a t i o n s  p ro p o s e d  t o  e x ­

p l a i n  t h e  anom alous g e n e t i c  b e h a v i o r  o f  many o f  t h e  m u ta n t s ,  

i f  c o n f i r m e d ,  w ould  c l e a r l y  open v e ry  e x c i t i n g  p r o s p e c t s .  

Among them  a r e :  t h e  p o s s i b i l i t y  o f  a s s i g n i n g  a f u n c t i o n  o r

f u n c t i o n s  t o  t h e  2^4 DNA; t h e  f u r t h e r  p o s s i b i l i t y  t h a t  t h i s  

DNA s p e c i e s  may beh av e  a s  an ep isom e  a n d , much l i k e  b a c ­

t e r i a l  eposo m es , may i n t e g r a t e  a n d / o r  e x c i s e  i n t o  and  from 

chrom osom al a n d / o r  m i t o c h o n d r i a l  l o c a t i o n ;  t h e  o p p o r t u n i t y  

t o  s tu d y  t h e  m o le c u la r  e v e n t s  in v o lv e d  i n  t h e  t r a n s l o c a t i o n  

o f  g e n es  from  one  genome t o  a n o th e r  i n  a e u k a r y o t i c  o r ­

gan ism  e m in e n t ly  am enable  t o  b io c h e m ic a l  and  g e n e t i c  i n ­

v e s t i g a t i o n s .  A l t e r n a t i v e l y ,  t h e  d e m o n s t r a t io n  t h a t  t h e s e
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m u ta n ts  a r e  t h e  r e s u l t  o f  t h e  i n t e r a c t i o n  b e tw een  n u c l e a r  

and m i t o c h o n d r i a l  g e n e s ,  a l th o u g h  l e s s  g lam orou s  t h a n  t h e  

e p is o m a l  t h e o r y ,  w ou ld  be  o f  g r e a t  i n t e r e s t  t o  t h e  work 

i n  t h e  f i e l d  o f  m i t o c h o n d r i a l  b i o g e n e s i s .  I t  c o u ld  p r o v id e  

new i n s i g h t  and  a new g e n e t i c  a p p ro a c h  t o  t h e  p ro b le m  o f  

t h e  i n t e g r a t i o n  and  c o o p e r a t i o n  o f  t h e  n u c l e a r  and  m i to ­

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

f u n c t i o n  and  s t r u c t u r e .

U n f o r t u n a t e l y ,  many o f  t h e  c la im s  made and i n t e r p r e ­

t a t i o n s  p ro p o s e d  h av e  n o t  b e en  s u p p o r t e d  by a p p r o p r i a t e  d a ­

t a ,  p a r t i c u l a r l y  g e n e t i c  d a t a ,  c r u c i a l  i n  t h e  p r e s e n t  c a s e .

In  s e v e r a l  i n s t a n c e s ,  t e t r a d  a n a l y s i s  i s  l a c k in g  o r  r e p l a c e d  

by much l e s s  i n f o r m a t i v e  random s p o r e  a n a l y s i s  ( L a n c a s h i r e  

e t  a l . , 1975; G r i f f i t h s  e t  a l_ . , 1977) . In  o t h e r  c a s e s ,  

g e n e t i c  d a t a  a r e  c o m p le te ly  l a c k i n g  (G u e r in e a u  et^ a l . ,  1974) 

o r  so  f r a g m e n ta r y  a s  t o  make them '-w orth  l e s s  (G u e r in e a u  e t  

a l . , 1 9 7 6 b ) .  F i n a l l y ,  i n  some i n s t a n c e s ,  t h e r e  a r e  m a jo r  

f la w s  i n  t h e  i n t e r p r e t a t i o n  o f  e x i s t i n g  d a t a  ( s e e  o u r  d i s ­

c u s s io n )  .

The g o a l  o f  t h e  work d e s c r i b e d  i n  t h i s  t h e s i s  was t o

s u b j e c t  a cross* r e s i s t a n t  m u ta n t  we h a d  i s o l a t e d  i n  o u r

l a b o r a t o r y  t o  a th o ro u g h  g e n e t i c  a n a l y s i s .  In  many r e s p e c t s ,

o u r  m u ta n t  a p p e a re d  t o  be  s i m i l a r  t o  s e v e r a l  o f  t h e  m u ta n ts

d e s c r i b e d  i n  t h e  l i t e r a t u r e .  T h e r e f o r e ,  t h e  work we d e c id e d

t o  u n d e r t a k e  was o f  i n t e r e s t  a s  i t  c o u ld  h ave  b e e n  e x p e c te d
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t o  c o n t r i b u t e  t o  a b e t t e r  u n d e r s t a n d i n g  o r  t o  t h e  s o l v i n q  

o f  t h e  p ro b lem  o f  t h e  g e n e t i c  n a t u r e  o f  t h i s  c l a s s  o f  

m u t a n t s .
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CHAPTER I I

MATERIALS AND METHODS

A. STRAINS

The s t r a i n s  o f  s a cc h a ro m y c es  u se d  i n  t h i s  w ork , a l l

b e lo n g in g  t o  t h e s p e c i e s  c e r e v i s i a e , a r e l i s t e d  b e lo w ,

a lo n g  w i th  t h e i r g e n o ty p e s :

STRAIN GENOTYPE

RD35 a  a d e -2 l e u -1 p e t - t s *
RD35-CR a a d e -2 l e u -1 p e t - t s  a n t - r
Z1EK27-D ©C l y s -1
S3B-CR a a d e -2 l e u -1 p e t - t s  a n t - r
DRS8-CR a a d e -2 l e u -1 p e t - t s  a n t - r
I1C-CR l y s -1 l e u -1 a n t - r
M9-3** *
M5-121** of
M5-60** Df
M6-239** ot
M6-200** Of
M7-40** of
28D-CR of l e u -1 a n t - r
33 2-70 a h i s -6 m et t r p -1  o l ip^ r
KL9D a h i s -1
RD35-S1 a a d e -2 l e u -1 p e t - t s  a n t - r
DRS8-S2 a a d e -2 l e u -1 p e t - t s  a n t - r
T18D-S1 a a d e -2 l e u -1 a n t - r  s c r -1
T32C-S2 of l y s -1 l e u -1 a n t - r  s c r -2

*The p e t - t s  (o u r  d e s i g n a t i o n )  m u ta t io n  was c h a r a c t e r i z e d  
by us a s  a  t e m p e r a tu r e  c o n d i t i o n a l  s i n g l e  n u c l e a r  gene  m u ta ­
t i o n .  C e l l s  c a r r y i n g  p e t - t s  a r e  c o n v e r t e d  t o  t h e  p e t i t e  
[RHO-] s t a t e  upon g row th  a t  37°C (o u r  u n p u b l i s h e d  r e s u l t s ) .
A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  p h e n o ty p e  o f  t h i s  m u ta t io n  
a p p e a r s  i n  c h a p t e r  V.

**These s t r a i n s  a r e  c y to p la s m ic  p e t i t e  m u ta n ts  o f  t h e  m i t "  
ty p e  ( S lo n im s k i ,  P .P .  and  A. T z a g o l o f f , 1 9 7 6 ) ,  t h e  i s o l a t i o n  
and d e s c r i p t i o n  o f  w hich  i s  g iv e n  by T z a g o lo f f  e t  a l . , (1 9 7 5 b ) .  
They w ere k i n d l y  made a v a i l a b l e  t o  us by  Dr. R .B. N eedlem an.

14-



B. MEDIA

C om plete  m e d ia : The s t a n d a r d  r i c h  b r o t h  medium u se d

f o r  g e n e r a l  p u r p o s e s  was YEPD, 1% y e a s t  e x t r a c t  ( D i f c o ) ,

1% p e p to n e  ( D i f c o ) ,  2% g l u c o s e .  When 3% g l y c e r o l  + 2% e t h a ­

n o l  i s  s u b s t i t u t e d  t o  t h e  g lu c o s e  t h i s  medium becom es YEPGE.

M inim al medium: The medium l a c k i n g  amino a c i d s  and

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

g row th  o f  p r o t o t r o p h i c  d i p l o i d s  was YNBD, c o n t a i n i n g  .7% 

y e a s t  n i t r o g e n  b a s e  w /o amino a c i d s  (Difco.) and  2% g l u c o s e .

I n  a  few i n s t a n c e s  i t  was n e c e s s a r y  t o  su p p le m e n t  t h i s  me­

dium w i th  20 jf .g /m l l e u c i n e ,  i n  o r d e r  t o  s e l e c t  a n d /o r  c u l t u r e  

homozygous l e u - l / l e u -1  d i p l o i d s .

S p o r u l a t i o n  medium; S p o r u l a t i o n  was in d u c e d  on KAC 

a g a r  p l a t e s  c o n t a i n i n g  1% p o ta s s iu m  a c e t a t e ,  . 1% d e x t r o s e  and  

.25% y e a s t  e x t r a c t .  I n  t h e  c a s e  o f  l e u - l / l e u - 1  homozygous 

d i p l o i d s ,  t h i s  medium was s u p p le m e n te d  w i th  20 /#g/n}l l e u c i n e .

Drop o u t  m e d ia ; T hese  m e d ia ,  u s e d  i n  t h e  d e t e r m i n a t i o n  

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

s i s ,  c o n s i s t e d  i n  YNBD medium su p p le m e n te d  w i t h  t h e  a p p r o p r i ­

a t e  a d d i t i o n s  o f  amino a c i d s  and  n i t r o g e n o u s  b a s e s ,  a s  d e ­

s c r i b e d  by Sherman e t  a l . , (1 9 7 0 ) .

Drug m e d ia ; U n le ss  o t h e r w i s e  s p e c i f i e d ,  t h e s e  m edia  

w e re :  YEPD-CHX, YEPD + .5  ^ig/ml c y c lo h e x im id e ; YEPGE-OLI, 

YEPGE-CAP, YEPGE-ERY, YEPGE-RHG and  YEPGE-TCN a r e  YEPGE s u p ­

p le m e n te d  w i t h  3 f i g / m l  o l ig o m y c in ,  4 mg/ml c h lo r a m p h e n ic o l . , ... 

2 mg/ml e r y th r o m y c in ,  15 yifg/ml rh o d a m in e ,  6G and 3 mg/ml

-15-



t e t r a c y c l i n e /  r e s p e c t i v e l y .  The d ru g s  w ere  added  t o  t h e  

m e d ia ,  a f t e r  a u t o c l a v i n g  and  c o o l i n g  t o  55°C , a s  e t h a n o l  

s o l u t i o n s ,  e x c e p t  c y c lo h e x im id e  and  t e t r a c y c l i n e  h y d r o c h l o r ­

i d e ,  w hich  w ere  added  a s  a q u eo u s  s o l u t i o n s .  O l ig o m y c in ,  

c h lo r a m p h e n ic o l ,  e r y th r o m y c in ,  c y c lo h e x im id e  an d  t e t r a c y c l i n e  

h y d r o c h l o r i d e  w ere  p u r c h a s e d  from  Sigma C h em ica l  C o . ,  S t .  

L o u i s ,  Mo.. Rhodamine 6G was a  g i f t  from  Dr. J .  Marmur.

When r e q u i r e d ,  t h e  m ed ia  w ere  s o l i d i f i e d  by  t h e  a d d i ­

t i o n ,  b e f o r e  a u t o c l a v i n g ,  o f  2% a g a r  ( D i f c o ) . ,

C: INDUCTION OF THE CYTOPLASMIC PETITE STATE;

C y to p la sm ic  p e t i t e s  m u ta n ts  w ere  o b t a i n e d  by g ro w in g  

c e l l s  o f  t h e  a p p r o p r i a t e  s t r a i n  i n  YEPD l i q u i d  medium c o n ­

t a i n i n g  50 ^fg/m l e th i d i u m  b ro m id e ,  f o r  4 8 h o u r s .  T h is  f i r s t  

t r e a t m e n t  u s u a l l y  r e s u l t e d  i n  an  a lm o s t  q u a n t i t a t i v e  c o n v e r ­

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

c lo n e  was t h e n  s u b j e c t e d  t o  a  s e c o n d  ro u n d  o f  g ro w th  i n  YEPD 

+ 50 yyg/ml e th i d i u m  b ro m id e .  A p u r i f i e d  s i n g l e  c lo n e  i s o l a t e  

from  t h i s  s e c o n d  t r e a t m e n t  was u s e d  f o r  s u b s e q u e n t  w ork . We 

hav e  made t h e  a s s u m p t io n  t h a t  a l l  t h e  e th i d i u m  b rom ide  p e t i t e s  

u se d  i n  t h i s  w o rk , an d  in d u c e d  i n  t h e  m anner d e s c r i b e d  above 

w ere  o f  t h e  [RHO°] t y p e ,  i . e .  l a c k i n g  d e t e c t a b l e  m i t o c h o n d r i ­

a l  DNA. A lth o u g h  no b io c h e m ic a l  d e t e r m i n a t i o n  o f  t h e  m i to ­

c h o n d r i a l  DNA o f  t h e s e  p e t i t e s  was p e r f o rm e d ,  we f e e l  t h a t  

t h i s  a s su m p t io n  i s  j u s t i f i e d  i n  v iew  o f  t h e  e x t e n t  o f  t h e

e th i d i u m  b rom id e  t r e a t m e n t  u se d  t o  g e n e r a t e  them  ( f o r  a
- 1 6 -



d i s c u s s i o n  o f  t h e  e f f e c t  o f  e th id iu m  brom ide  t r e a t m e n t  on 

m i t o c h o n d r i a l  DNA se e  G o ld r in g  e t  a l . , 1 9 7 0 ) .  A d d i t i o n a l  

j u s t i f i c a t i o n  o f  t h i s  a s s u m p t io n  comes from  o u r  d e t e r m i n a ­

t i o n  t h a t ,  i n  c r o s s e s  t o  [RHO+ ] c e l l s ,  a l l  t h e s e  p e t i t e s  a r e  

o f  t h e  " n e u t r a l "  ty p e  ( M ic h a e l i s  et_ a l . ,  1971; N ag ley  et_ a l . , 

1970) .

D: MANGANESE CHLORIDE MUTAGENESISi

The m ethod d e s c r i b e d  by P u tra m e n t  e t  a l . , 19 75 , was 

u s e d ,  w i th  t h e  f o l lo w in g  m o d i f i c a t i o n s :  t h e  c e l l s  t o  be

m u ta g e n iz e d  w ere  p re -g ro w n  t o  s t a t i o n a r y  p h a se  i n  YEPGE 

medium. An a l i q u o t  from  t h i s  c u l t u r e  was i n o c u l a t e d  i n t o  

10 ml o f  YEPD medium, t o  a  f i n a l  t i t e r  o f  a p p r o x im a te ly  

1 X 106 c e l l s / m l .  M anganese c h l o r i d e  was added  t o  a  f i n a l  

c o n c e n t r a t i o n  o f  8mM. The c u l t u r e s  w ere  i n c u b a te d  a t  25°C 

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

c e l l s  w ere  t h e n  w ashed w i t h  s t e r i l e  w a te r  and  r e s u s p e n d e d  i n  

w a t e r .  The a p p r o p r i a t e  s e r i a l  d i l u t i o n s  w ere  made and  c e l l s  

w ere  p l a t e d  on s e l e c t i v e  (d rug )  medium a t  c o n c e n t r a t i o n s  

r a n g in g  from  1 X 10^ t o  1 X 10^ c e l l s / p l a t e .

E: GENETIC ANALYSIS:

C r o s s e s ,  s e l e c t i o n  and  s p o r u l a t i o n  o f  d i p l o i d s ,  m ic r o ­

d i s s e c t i o n s  and  t e t r a d  a n a l y s i s  w ere  p e r fo rm e d  by s t a n d a r d  

t e c h n i q u e s ,  d e s c r i b e d  i n  d e t a i l  by M o rtim er  and  H aw thorne , 

(1 9 6 9 ) .
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F: DETERMINATION OF THE DRUG RESISTANCE PHENOTYPE

OF INDIVIDUAL DIPLOID CLONES;

Random d i p l o i d s  w ere  a l lo w e d  t o  grow f o r  30 t o  40 

g e n e r a t i o n s ,  by s u c c e s s i v e  s u b c u l t u r i n g  i n  l i q u i d  YNBD* 

medium. They w ere t h e n  d i l u t e d  and  p l a t e d  on YNBD* a g a r  

p l a t e s  (100-150 c o l o n i e s  p e r  p l a t e ) . S in g le  c o l o n i e s  w ere  

p ic k e d  and  u se d  t o  make m a s te r s  by s p r e a d i n g  e a c h  c o lo n y  

i n t o  a  p a t c h ,  on YNBD* p l a t e s .  Each m a s te r  c o n ta in e d  50 i n ­

d i v i d u a l  d i p l o i d  p a t c h e s .  A f t e r  4 t o  5 d ay s  o f  i n c u b a t i o n ,  

t h e  m a s te r s  w ere  r e p l i c a t e d  o n to  YEPGE and o n to  d ru g  c o n ­

t a i n i n g  m ed ia .  Drug p l a t e s  w ere  s c o r e d  a f t e r  6 t o  12 days  

o f  i n c u b a t i o n ,  d e p e n d in g  on t h e  p a r t i c u l a r  d ru g  t e s t e d  (se e  

c h a p t e r  IV f o r  f u r t h e r  d e t a i l s ) . C are  was t a k e n  i n  t r y i n g  

t o  u se  i n o c u l a  o f  a p p r o x im a te ly  e q u a l  s i z e s  when m aking 

p a t c h e s  on m a s te r  p l a t e s .  T h is  was done i n  o r d e r  t o  o b t a i n  

p a t c h e s  o f  c o m p arab le  c e l l  d e n s i t i e s  a t  t h e  t im e  o f  r e p l i c a  

p l a t i n g  t o  t h e  d ru g  m ed ia .

G: GROWTH CONDITIONS:

A l l  p l a t e s  and  l i q u i d  c u l t u r e s  w ere  r o u t i n e l y  i n c u b a te d  

a t  25°C, s i n c e  many o f  t h e  s t r a i n s  u se d  i n  t h i s  s tu d y  c a r r y  

th e  t e m p e r a tu r e  s e n s i t i v e  p e t - t s  m u ta t io n ,  d e s c r i b e d  e l s e ­

w here  ( s e e  f o o t n o t e  i n  page. 1 4 .  See a l s o  c h a p t e r  V.

♦S upp lem en ted  w i th  20 j^g/ml l e u c i n e  when n e c e s s a r y .
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CHAPTER I I I

MEIOTIC SEGREGATION OF THE CROSS RESISTANCE MUTATION IN
STRAIN RD35-CR

S t r a i n  RD35 had  b e en  u s e d  i n  o u r  l a b o r a t o r y  f o r  t h e  

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

p e t - t s .  I n  t h e  c o u r s e  o f  t h i s  s t u d y ,  m u ta t io n s  t o  e r y t h r o ­

m ycin  r e s i s t a n c e  (ERY-R) and  c h lo r a m p h e n ic o l  r e s i s t a n c e  

(CAP-R) w ere  i n t r o d u c e d  i n  s t r a i n  RD35 by two in d e p e n d a n t  

and s u c c e s s i v e  t r e a t m e n t s  w i th  m anganese  c h l o r i d e  (MnCl2 ) , 

r e p o r t e d l y  a s p e c i f i c  m i t o c h o n d r i a l  m utagen  (P u tra m e n t  e t  

a l .  1 9 7 5 ) .  Upon g e n e t i c  a n a l y s i s ,  t h e s e  two m u ta t io n s  c o n ­

form ed t o  t h e  s t a n d a r d  c r i t e r i a  f o r  bona f i d e  m i t o c h o n d r i a l  

g e n e s ,  a s  p ro p o s e d  by B o l l ^ t i n  e t  a^L. (1 9 7 1 ) .  The d o u b ly  r e ­

s i s t a n t  s t r a i n  was t h e n  s u b j e c t e d  t o  a  t h i r d  MnCl2 t r e a t m e n t  

w i th  t h e  a im  o f  i n t r o d u c i n g  an  a d d i t i o n a l  m i t o c h o n d r i a l  m u ta ­

t i o n  t o  o l ig o m y c in  r e s i s t a n c e  (O L I-R ). One o f  th e  s e v e r a l  

OLI-R m u ta n ts  o b t a i n e d  f o l l o w in g  t h i s  t r e a t m e n t ,  s t r a i n  RD35- 

CR, showed am biguous g e n e t i c  c h a r a c t e r i s t i c s  upon p r e l i m i n a r y  

a n a l y s i s ;  i . e .  t h e  p a t t e r n  o f  i n h e r i t a n c e  o f  t h i s  OLI-R m u ta ­

t i o n  was s u g g e s t i v e  o f  b o th  chrom osom al (M endelian )  and n o n -  

chrom osom al ( c y to p la s m ic )  i n h e r i t a n c e .  Such g e n e t i c a l l y  

am biguous m u ta n ts  had  a l r e a d y  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  

n o t a b l y  by M i t c h e l l  e t  a l .  ( 1 9 7 3 ) ,  A vner e t  a l .  (1 9 7 3 ) ,  Rank 

e t  a l .  (1973 and  1975) , G u e r r in e a u  e t  a l .  (1974) and  Lancadiire 

e t  a l .  (1 9 7 5 ) .  I n  a l l  c a s e s ,  t h e  m u ta n ts  r e p o r t e d  on  by these 

w o rk e rs  e x h i b i t e d  c r o s s  r e s i s t a n c e  t o  s e v e r a l  d ru g s  i n  add i-;

t i o n  t o  o l ig o m y c in  r e s i s t a n c e .  The s i m i l a r i t y  b e tw een  t h e s e
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m u ta n ts  and  t h e  one we had  i s o l a t e d  e x te n d e d  a l s o  t o  t h e  d o ­

m ain o f  c r o s s  r e s i s t a n c e .  F u r t h e r  a n a l y s i s  o f  s t r a i n  RD35-CR 

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

c y c lo h e x im id e  (CHX-R) and t e t r a c y c l i n e  (TCN-R).

As we m e n t io n e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  w o rk , c o n ­

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

d a t a ,  had  b e en  made i n  t h e  l i t e r a t u r e ,  c o n c e rn in g  th e  p o s ­

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

i n t e r e s t  t o  c o n d u c t  a  th o ro u g h  g e n e t i c  a n a l y s i s  o f  o u r  m u tan t. 

T h is  was i n i t i a t e d  by p e r fo rm in g  a  d e t a i l e d  s tu d y  o f  t h e  

m e i o t i c  s e g r e g a t i o n  p a t t e r n s  o f  t h e  c r o s s  r e s i s t a n c e  m u ta t io n  

i n  s t r a i n  RD35-CR.

I n  v iew  o f  t h e  p u b l i s h e d  c l a im s  c o n c e r n in g  t h e  p o s s i b l e  

in v o lv e m e n t  o f  c y to p la s m ic  g e n e t i c  f a c t o r s  and t h e  f a c t  t h a t  

t h e  n a t u r e  ( e p is o m a l  o r  m i t o c h o n d r i a l  o r  o t h e r s )  o f  t h e s e  

c y to p l a s m ic  f a c t o r s  h ad  n o t  been  c l e a r l y  e s t a b l i s h e d ,  we p e r ­

fo rm ed  a c r o s s  be tw een  t h e  m u ta n t  and w i ld  ty p e  s e n s i t i v e  

s t r a i n  (Z1EK27-D) i n  t h e  f o l lo w in g  c o m b in a t io n s :

CROSS 1A: RD35-CR [RHO+ ] X ZIEK27-D [RHO+]

CROSS IB : RD35-CR [RH0+] X Z1EK27-D [RHO°]

CROSS 1C: RD35-CR [RHO°] X Z1EK27-D IRH0+ ]

Random d i p l o i d s  from  e a c h  o f  t h e  t h r e e  c r o s s e s  w ere  

s p o r u l a t e d ,  d i s s e c t e d  and s u b j e c t e d  t o  t e t r a d  a n a l y s i s .

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

t i o n ,  l e t  u s  s a y  "a"  Cwild ty p e  " A " ) , t h i s  s e r i e s  o f  c r o s s e s
- 2 0 -



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

d i p l o i d s  from  t h e  [RHO+ ] X [RHO+ ] ty p e  c r o s s  y i e l d  a m ix­

t u r e  o f  4a : QA and  Oa : 4A t e t r a d s  i n  v a r i a b l e  p r o p o r t i o n s .  

C ro s s e s  o f  t h e  [RHO+] X [RHO°] and  [RHO°] X [RHO+] ty p e s  

on t h e  o t h e r  hand , y i e l d  e x c l u s i v e l y  e i t h e r  4A : Oa o r  OA : 4a 

t e t r a d s .  These r e s u l t s  o b v io u s ly  d i f f e r  from  t h o s e  e x p e c te d  

o f  a  m u ta t io n  c o n t r o l l e d  by a  M en d e lian  (chrom osom al) gene  

and a r e  w e l l  e x p la in e d  i n  te rm s  o f  g e n e s  l o c a t e d  on t h e  m i t o ­

c h o n d r i a l  genome o r  m i t o c h o n d r i a l  DNA (m t. DNA).

I n  o u r  a n a l y s i s ,  we s c o r e d  t h e  p h e n o ty p e s  o f  t h e  s p o re  

c lo n e s  f o r  a l l  t h e  d ru g s  t o  w hich  t h e  m u ta n t  s t r a i n  RD35-CR 

was r e s i s t a n t .  I n  a d d i t i o n ,  r e s i s t a n c e  o r  s e n s i t i v i t y  t o  t h e  

l i p o p h i l i c  d y e ,  rhodam ine  6G (RHG), a  p o t e n t  i n h i b i t o r  o f  oxy -  

d a t i v e  p h o s p h o r y l a t i o n  i n  r a t  l i v e r  m i to c h o n d r i a  (G r e a r ,  1974), 

was a l s o  s c o r e d .  The i n c l u s i o n  o f  t h i s  d ru g  i n  o u r  a n a l y s i s  

was p rom p ted  by a  p e r s o n a l  co m m un ica tio n  from  D r. R. B. 

N eedlem an, t h a t  c r o s s  r e s i s t a n t  m u ta n ts  u n d e r  s tu d y  i n  o t h e r  

l a b o r a t o r i e s  e x h i b i t e d  r e s i s t a n c e  t o  RHG.

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

T a b le  1 .  T hese  r e s u l t s  c l e a r l y  do n o t  co n fo rm  t o  t h e  p a t t e r n s  

o f  s e g r e g a t i o n  e x p e c te d  e i t h e r  from  a  M e n d e lian  gene (o r  genes) 

o r  from  m i t o c h o n d r i a l  (o r  c y to p la s m ic )  g e n e s ,  a l t h o u g h  th e y  

p r e s e n t  c h a r a c t e r i s t i c s  o f  b o th  g e n e t i c  sy s te m s*  • T h e i r  

s a l i e n t  f e a t u r e s  c an  be  s t a t e d  a s  f o l lo w s :

a,. In  any g iv e n  t e t r a d  t h e  s p o r e s  a r e  s i m u l t a n e o u s ly  

r e s i s t a n t  o r  s i m u l t a n e o u s ly  s e n s i t i v e  t o  a l l  t h e  d ru g s  e x ­

h i b i t i n g  a  2 :2  s e g r e g a t i o n  f o r  r e s i s t a n c e : s e n s i t i v i t y .
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TABLE 1

MEIOTIC SEGREGATION OF DRUG RESISTANCE IN CROSSES 

OF RD35-CR BY Z1EK27-D

Number of
te t ra d s
analyzed

Tetrad
c lasses

Segregation o f re s is tan ce :  
s e n s i t iv i ty  fo r  each of the 
drugs te s te d

Number o f  
te t ra d s  in  
each c la ss

ERY cap QLI RHG TCN CHX

CROSS 1A 21 I 0:4 2:2 0:4 2:2 2:2 2:2 13
II 4:0 4:0 2:2 0:4 2:2 2:2 4

III 4:0 2:2 2:2 2:2 2:2 2:2 1
IV 0:4 2:2 2:2 2:2 2:2 2:2 2
V 4:0 4:0 0:4 0:4 2:2 2:2 1

CROSS IB 9 II 4:0 4:0 2:2 0:4 2:2 2:2 9

CROSS 1C 10 I 0:4 2:2 0:4 2:2 2:2 2:2 10
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b .  In  a l l  c r o s s e s ,  a l l  t e t r a d s  e x h i b i t  a  2 :2  s e g r e ­

g a t i o n  f o r  CHX and TCN r e s i s t a n c e : s e n s i t i v i t y .

c .  B o th  2 :2  and  0 :4  s e g r e g a t i o n s  a r e  o b s e rv e d  f o r  

OLI and  RHG r e s i s t a n c e : s e n s i t i v i t y  among t h e  t e t r a d s  d e r i v e d  

from  t h e  [RHO+ ] x [RHO+ ] c r o s s ,  w he reas  o n ly  2 :2  o r  0 :4  p a t ­

t e r n s  a r e  o b t a i n e d  i n  t h e  [RHO+] x [RHO°] and  [RH0°] x  

[RHO+ ] c r o s s e s ,  w i th  t h e  p a t t e r n s  f o r  OLI and  RHG b e in g  r e ­

v e r s e d  i n  t h e  two l a t t e r  c r o s s e s .

d .  2 :2  and  4 :0  s e g r e g a t i o n s  f o r  CAP r e s i s t a n c e s e n s i ­

t i v i t y  a r e  o b t a i n e d  among t h e  t e t r a d s  d e r i v e d  from  t h e  

[RHO+ ] x [RHO+ ] c r o s s  w h e rea s  t h e  [RHO+ ] x [RHO°] an d  [RHOQ] 

x [RHO+] c r o s s e s  y i e l d  o n ly  4 :0  and  o n ly  2 :2  ^ s e g r e g a t i o n s , 

r e s p e c t i v e l y .

e .  The s e g r e g a t i o n  p a t t e r n s  f o r  ERY r e s i s t a n c e  s e n s i ­

t i v i t y  a r e  unam biguous and  c o n s i s t e n t  w i th  t h o s e  e x p e c te d  

from  a  m i t o c h o n d r i a l  m u ta t io n .

As a  w o rk in g  h y p o t h e s i s ,  we p ro p o se  t h e  f o l lo w in g  mo­

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

a .  A s i n g l e  n u c l e a r  gene  m u ta t i o n ,  d e s i g n a t e d  a n t - r  

(w i ld  ty p e  +) i s  r e s p o n s i b l e  and  n e c e s s a r y  f o r  t h e  e x p r e s ­

s i o n  o f  r e s i s t a n c e  t o  t h e  d ru g s  CHX, TCN, CAP, RHG and OLI.

b .  W hereas t h e  n u c l e a r  m u ta t io n  a lo n e  i s  n e c e s s a r y  

and s u f f i c i e n t  f o r  t h e  e x p r e s s i o n  o f  r e s i s t a n c e  t o  CHX, TCN 

and CAP, e x p r e s s i o n  o f  r e s i s t a n c e  t o  RHG and  OLI r e q u i r e s  

t h e  a d d i t i o n a l  p r e s e n c e  o f  two c y to p la s m ic  m u t a t i o n s ,  d e s ­

i g n a t e d  RHG-1R and  OLI-5R (w i ld  ty p e  a l l e l e s  RHG-1S and

O L I-5 S ) . Only s t r a i n s  o f  g e n o ty p e s  a n t - r  [RHG-1R3 and a n t - r
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[0LI-5R] w i l l  e x p r e s s  r e s i s t a n c e  t o  RHG and  O LIf r e s p e c t ­

i v e l y ,  A l l  o t h e r  g e n o ty p e s ,  a n t - r  [RHG-1S], + [RHG-1R],

+ [RHG-1S] , a n t - r  [ 0 L I - 5 S ] , +[0LX-5R] and + [0 L I-5 S ]  w i l l  e x ­

p r e s s  s e n s i t i v e  p h e n o ty p e s .

c .  The c y to p la s m ic  l o c i  OLI-5  (R o r  S) and  RHG-1 (R 

o r  S) a r e  s e n s i t i v e  t o  e th i d i u m  b rom ide  (E .B .)  a n d ,  upon 

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

t e d  i n  much t h e  same way a s ,  o r  c o n c o m i ta n t ly  w i t h ,  m i to ­

c h o n d r i a l  DNA.

d .  S u p e r im p o sed  on t h i s  g e n e t i c  s y s te m ,  b u t  i n d e p e n ­

d e n t  from  i t ,  a r e  t h e  two m i t o c h o n d r i a l  m u t a t i o n s ,  ERY-R and 

CAP-R, p r e s e n t  i n  s t r a i n  RD35-CR.

e .  The p a r e n t a l  s t r a i n s  i n v o lv e d  i n  t h e s e  t h r e e  

c r o s s e s  (and t h o s e  in v o lv e d  i n  s u b s e q u e n t  ones) can  be  a s ­

s ig n e d  n u c l e a r  and  c y to p la s m ic  g e n o ty p e s  a s  shown i n  t a b l e  

2 .

G iven t h e  f e a t u r e s  o f  t h e  p ro p o s e d  m od el,  t h e  r e s u l t s  

shown i n  t a b l e  1 can  be r e a d i l y  i n t e r p r e t e d  as  f o l l o w s :

The d i p l o i d s  d e r i v e d  from  c r o s s  IB (RD35-CR [RH0+ 3 x 

Z1EK27-D [RHO0 ]) h av e  t h e  g e n o ty p e  a n t - r / +  [ERY-R CAP-R 

0L I-5R  RHG-1S] and  a s  a r e s u l t  e x h i b i t  t h e  f o l lo w in g  s e g r e ­

g a t i o n  p a t t e r n s  ( r e s i s t a n c e : s e n s i t i v i t y ) : 4 :0  f o r  ERY and 

CAP, 2 :2  f o r  O LI, 0 :4  f o r  RHG and  2 :2  f o r  CHX and  TCN.

The d i p l o i d s  d e r i v e d  from  c r o s s  1C (RD35-CR [RHO°] x

Z1EK27-D [RHO+ ]) have  t h e  g e n o ty p e  a n t - r / +  [ERY-S CAP-S

OLI-5S RHG-lR] and c o n s e q u e n t ly  s e g r e g a t e  0 :4  f o r  ERY, 2 :2
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TABLE 2

GENOTYPES OF STRAINS, INFERRED FROM THE MODEL PROPOSED IN THE TEXT

STRAIN
NUCLEAR
GENOTYPE CYTOPLASMIC GENOTYPE

RD35-CR [RHO+ ] a n t - r [ERY-R CAP-R 0L I-5R RHG-IS RHO+ ]

RD35-CR [RHOO]* a n t - r [ERY° CAP° OLI- 5 ° RHG—1° RHO°]

Z1EK27-D [RHO+ ] + [ERY-S CAP-S OLI-5S RHG-1R RHO+ ]

Z1EK27-D [RHO°] + [ERY° CAP° O L I-5° RHG—1 ° RHO°]

S3B-CR [RHO+ ] a n t - r [ERY-R CAP-R 0 L I-5 R RHG—IS RHO+ ]

S3B-CR [RHO°] a n t - r [ERY° CAP° OLI- 5 ° RHG—1° RHO°]

DRS8-CR [RHO+ ] a n t - r [ERY-S CAP-S OLI-5S RHG-1R RHO+ ]

DRS8-CR [RHO°] a n t - r [ERY° CAP° O L I-5 ° RHG-1° RHO°]

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

c o n c e r n e d # f o l lo w in g  t r e a t m e n t  w i t h  E th id iu m  B ro m id e .



f o r  CAP, CHX and  TCN, 0 :4  f o r  OLI and  2 :2  f o r  RHG.

The d i p l o i d s  d e r i v e d  from  c r o s s  1A (RD35-CR [RHO+ ] x 

Z1EK27-D [RHO+ ] ) ,  o r i g i n a t e  f rom  z y g o te s  h a v in g  a g e n e t i c ­

a l l y  h e te r o g e n e o u s  c y to p la s m  and  t h e r e f o r e  t h e  g e n o ty p e  

a n t - r / +  [ERY-R CAP-R OLI-5R RHG-1S/ERY-S CAP-S OLI-5S RHG- 

1R] .

A ssum ing random  a s s o r t m e n t  a n d / o r  r e c o m b in a t io n  b e ­

tw een  t h e  c y to p la s m ic  a l l e l e s ,  and  s u b s e q u e n t  p u r i f i c a t i o n  

o f  t h e  c y to p la s m ic  ty p e s  among t h e  v e g e t a t i v e  d i p l o i d  p r o ­

geny (a s  i s  t h e  c a s e  f o r  m i t o c h o n d r i a l  g e n e s ) , 32 (25) d i f ­

f e r e n t  g e n o ty p e s  a r e  t h e o r e t i c a l l y  p o s s i b l e  among t h e  r a n ­

dom d i p l o i d s  d e r i v e d  from  t h i s  c r o s s .  I t  w ou ld  be  t e d i o u s  

and o f  q u e s t i o n a b l e  u s e f u l n e s s  t o  l i s t  h e r e  a l l  32 g e n o ty p e s  

and  t h e  s e g r e g a t i o n s  e x p e c te d  from  e a c h  o f  them . R a th e r ,  a s  

i t  i s  c l e a r  by now t h a t  t h e  two d ru g s  f o r  w h ich  ambiguous 

s e g r e g a t i o n s  a r e  o b t a i n e d  a r e  OLI and RHG, we w i l l  r e s t r i c t  

o u r s e l v e s  t o  l i s t i n g  t h e  f o u r  p o s s i b l e  g e n o ty p e s  h a v in g  r e ­

le v a n c e  t o  t h e s e  two d r u g s :

a n t - r / +  [OLI-5R RHG-1S] 

a n t - r / +  [OLI-5S RHG-1R] 

a n t - r / +  [OLI-5R RHG-1R] 

a n t - r / +  [0L I-5S  RHG-1S]

T hese  d i p l o i d s  w i l l  p ro d u c e  t h e  t e t r a d  c l a s s e s  l a b e l l e d  i n  

t a b l e  1 a s  c l a s s  I I ,  c l a s s  I ,  c l a s s  I I I  and  IV and c l a s s  V, 

r e s p e c t i v e l y .

As e x p e c t e d ,  4 :0  and 2 :2  t e t r a d s  a r e  o b s e r v e d  f o r  CAP, 
d e p e n d in g  on w h e th e r  t h e  CAP-R o r  CAP-S a l l e l e  h a s  b e en
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i n h e r i t e d  by a  p a r t i c u l a r  d i p l o i d .  S i m i l a r l y  o n ly  2 :2  s e g ­

r e g a t i o n s  f o r  CHX and  TCN a r e  s e e n ,  a s  th e y  a r e  d e p e n d e n t  

s o l e l y  upon t h e  s e g r e g a t i o n  o f  t h e  a n t - r  and  + a l l e l e s  o f  

t h e  n u c l e a r  g e n e .

F i n a l l y  t y p i c a l  m i t o c h o n d r i a l  s e g r e g a t i o n s  (4 :0  and  

0 :4 )  a r e  o b t a i n e d  f o r  ERY.

To t e s t  f u r t h e r  t h e  v a l i d i t y  o f  o u r  m odel, we p e r fo rm e d  

two s e r i e s  o f  b a c k c r o s s e s  i n v o l v i n g  c r o s s  r e s i s t a n t  m e i o t i c  

s e g r e g a n t s  d e r i v e d  from  c r o s s e s  IB and  1C. The f o l lo w in g  

c r o s s e s  were p e r fo rm e d  and random d i p l o i d s  from  e a c h  c r o s s  

were s p o r u l a t e d ,  d i s s e c t e d  and  s u b j e c t e d  t o  t e t r a d  a n a l y s i s :  

C ro ss  2A: S3B-CR [RHO+] x Z1EK27-D ]

C ro ss  2B: S3B-CR [RHO+] x Z1EK27-D [RH0°]

C ro ss  2C: S3B-CR [RH0°] x  Z1EK27-D [RHO+ ]

a n d ,

C ro ss  3A: DRS8-CR [RHO+ ] x Z1EK27-D [RHO+ ]

C ro ss  3B: DRS8-CR [RH0+ ] x Z1EK27-D [RHO°]

C ro ss  3C: DRS8-CR [RHO°] x Z1EK27-D [RHO+ J

S t r a i n  S3B-CR i s  a  m e i o t i c  s e g r e g a n t  from  c r o s s  IB ( t a b l e  1) , 

r e s i s t a n t  t o  ERY, CAP, CHX, TCN an d  OLI, b u t  s e n s i t i v e  t o  

RHG, and  t h e r e f o r e  h a v in g  t h e  p u t a t i v e  g e n o ty p e ,  a n t - r  

[ERY-R CAP-R 0L I-5R  RHG-1S], and s t r a i n  DRS8-CR i s  a m e i o t i c  

s e g r e g a n t  from  c r o s s  1C ( t a b l e  1) r e s i s t a n t  t o  RHG, TCN, CHX 

and  CAP and  t h e r e f o r e  h a v in g  th e  p u t a t i v e  g e n o ty p e ,  a n t - r  

[EYR-S CAP-S OLI-5S RHG-1R]. T a b le s  3 and 4 show t h e  t e t ­

r a d  d a t a  o b t a i n e d  from  t h e s e  two s e r i e s  o f  b a c k c r o s s e s . I t
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TABLE 3

MEIOTIC SEGREGATION OF DRUG RESISTANCE IN CROSSES OF S3B-CR by Z1EK27-D

NUMBER OF 
TETRADS TETRAD SEGREGATION OF RESISTANCE: SENSI-

NUMBER OF 
TETRADS IN

ANALYZED CLASSES TIVITY FOR EACH OF THE DRUGS TESTED EACH CLASS

ERY CAP OLI RHG TCN CHX

C ro ss 2A 48 I 0 :4 2 :2 0 :4 2 :2 2 :2 2 :2 26

I I 4 :0 4 :0 2 :2 0 :4 2 :2 2 :2 10

I I I 4 :0 2 :2 2 :2 2 :2 2 :2 2 :2 3

IV 0 :4 2 :2 2 :2 2 :2 2 :2 2 :2 7

V 4 :0 4 :0 0 :4 0 :4 2 :2 2 :2 1

VI 4 :0 2 :2 0 :4 2 :2 2 :2 2 :2 1

C ro s s 2B 16 I I 4 :0 4 :0 2 :2 0 :4 2 :2 2 :2 16

C ro ss 2C 13 I 0 :4 2 :2 0 :4 2 :2 2 :2 2 :2 16



TABLE 4

MEIOTIC SEGREGATION OF DRUG RESISTANCE IN CROSSES OF DRS8-CR by Z1EK27-D

NUMBER OF
TETRADS
ANALYZED

TETRAD
CLASSES

NUMBER OF
SEGREGATION OF RESISTANCE: SENSI- TETRADS IN
TIVITY FOR EACH OF THE DRUGS TESTED EACH CLASS

I
(V)
VD C ro s s  3A 16

ERY CAP OLI RHG TCN CHX

0 :4  2 :2  0 :4  2 :2  2 :2  2 :2 16

C ro s s  3B

C ro ss  3C

0 :4  2 :2  0 :4  2 :2  2 :2  2 :2

0 :4  2 :2  0 :4  2 :2  2 :2  2 :2

8

9



i s  c l e a r  t h a t  t h e s e  r e s u l t s  a r e  i n  f u l l  a g re em e n t  w i th  t h e  

e x p e c t a t i o n s  o f  t h e  m odel.

I n  t h i s  c h a p t e r ,  we have  p r e s e n t e d  t e t r a d  d a t a  from  

fo rw a rd  and b a c k c r o s s e s  i n v o l v i n g  t h e  m u l t i p l e  d ru g  c r o s s  

r e s i s t a n t  m u ta n t ,  RD35-CR. A m odel c o n c e rn in g  t h e  g e n e t i c '  

b a s i s  o f  t h e  c r o s s  r e s i s t a n c e  m u ta t io n  was p ro p o s e d  w hich  

i s  c o n s i s t e n t  w i th  a l l  t h e  t e t r a d  d a t a  o b t a i n e d .  T h is  model 

p o s t u l a t e s  t h e  in v o lv e m e n t  o f  a  n u c l e a r  gene  m u ta t i o n ,  a n t - r ,  

a s  w e l l  a s ,  a t  l e a s t  i n  t h e  c a s e s  o f  r e s i s t a n c e  t o  OLI an d  

RHG, t h e  a d d i t i o n a l  in v o lv e m e n t  o f  two c y to p l a s m ic  m u ta t i o n s ,  

0L I-5R  and RHG-1R.

A lth o u g h  t h e  n u c l e a r  n a t u r e  o f  th e  a n t - r  m u ta t io n  i s  

w e l l  d e m o n s t r a te d  by t h e  t e t r a d  d a t a ,  a d d i t i o n a l  e v id e n c e  i s  

n e c e s s a r y  t o  d e m o n s t r a te  t h e  c y to p la s m ic  n a t u r e  o f  t h e  p o s ­

t u l a t e d  0L I-5R  and  RHG-1R m u t a t i o n s .  Such e v id e n c e  w i l l  be  

p r e s e n t e d  i n  th e  n e x t  c h a p t e r .
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CHAPTER IV

DEMONSTRATION OF THE CYTOPLASMIC NATURE 

OF LOCI O L I-5 , RHG-1 and TCN-1:

MITOTIC SEGREGATION OF PHENOTYPES AMONG VEGETATIVE 

DIPLOID CLONES; a n t - r  X + CROSSES:

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

p h e n o ty p e s  th e y  c o n t r o l ,  i s  t h e i r  s e g r e g a t i o n  among v e g e t a -  

t i v e l y  g row ing  d i p l o i d  c l o n e s .  M i t o t i c  s e g r e g a t i o n ,  a s  t h i s  

phenomenon i s  c a l l e d ,  can  r e a s o n a b l y  be  e x p e c te d  a l s o  from  

c y to p la s m ic  g e n es  n o t  n e c e s s a r i l y  a s s o c i a t e d  w i th  m ito c h o n ­

d r i a l  DNA. T hus, f o r  ex am p le ,  L a c r o u te ,  (1971) h a s  demon­

s t r a t e d  t h a t  i t  o c c u r s  i n  th e  c a s e  o f  the[URE3:] g e n e ,  a  cy ­

t o p l a s m i c ,  a l t h o u g h  n o n - m i to c h o n d r i a l  f a c t o r  fou nd  i n  y e a s t .  

We have  s o u g h t  t o  d e te r m in e  w h e th e r  o r  n o t  su ch  a phenomenon 

o c c u r s  i n  o u r  sy s te m . I t  i s  p o s s i b l e ,  h o w ev er ,  t h a t  i n  o u r  

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

t y p i c  l e v e l ,  may be  m asked a t  t h e  p h e n o ty p ic  l e v e l  by  t h e  

p a r t i a l  d e p en d e n ce  o f  t h e  p h e n o ty p e  on t h e  n u c l e a r  a n t - r  mu­

t a t i o n .  In d e e d ,  i n  t h e  f i r s t  p a r t  o f  t h e  s tu d y  d e s c r i b e d  

b e lo w , a l l  t h e  d i p l o i d s  u se d  f o r  t h e  a n a l y s i s  a r e  h e t e r o z y ­

gous f o r  t h e  n u c l e a r  l o c u s ,  i . e .  a n t - r / + .

T h e r e f o r e ,  t h e  d o m in a n c e / r e c e s s iv e n e s s  r e l a t i o n s h i p  

b e tw een  t h e  a n t - r  and + a l l e l e s ,  w h a te v e r  i t  i s ,  may i n t e r ­

f e r e  w i th  o u r  a b i l i t y  t o  d e t e c t  p h e n o t y p i c a l l y  t h e
- 3 1 -



phenomenon o f  m i t o t i c  s e g r e g a t i o n .  B e a r in g  i n  m ind t h i s  

p o s s i b l e  c o m p l i c a t i o n ,  i n d i v i d u a l  d i p l o i d  c lo n e s  from  eac h  

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

t e s t e d  f o r  t h e i r  r e s i s t a n c e  o r  s e n s i t i v i t y  t o  e a c h  o f  th e  

d ru g s  in v o lv e d  i n  t h e  s t u d y .  T h is  was done by t h e  p a t c h -  

r e p l i c a  p l a t i n g  t e c h n iq u e  d e s c r i b e d  i n  t h e  s e c t i o n  on m a te r  

i a l s  and  m e th o d s .  I f  t h e  d ru g  p l a t e s  a r e  s c o r e d  a f t e r  4 

t o  5 d a y s  o f  i n c u b a t i o n ,  m i t o t i c  s e g r e g a t i o n  i s  n o t  ob ­

s e r v e d ,  e x c e p t  i n  t h e  c a s e  o f  ERY.

The d i p l o i d s  from  a l l  n i n e  c r o s s e s  a p p e a r  a l l  s e n s i ­

t i v e  t o  OLI, RHG, TCN and  CHX, a l l  r e s i s t a n t  t o  CAP and  

e i t h e r  r e s i s t a n t  o r  s e n s i t i v e  t o  ERY. Upon f u r t h e r  i n c u ­

b a t i o n  o f  t h e  p l a t e s ,  (6 t o  10 day s  d e p e n d in g  on t h e  p a r ­

t i c u l a r  d ru g  t e s t e d )  h o w ev er ,  i t  becom es p o s s i b l e  t o  d i s ­

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

CHX. T a b le  5 l i s t s  th e  p h e n o ty p e s  o b s e r v e d ,  a s  w e l l  as  

t h e i r  f r e q u e n c i e s .

Although the phenotypes segregating among the diploid 
clones are not, except for ERY, the usual resistance or 
sensitivity one would have expected to see, they do illus­
trate mitotic segregation, and can be interpreted in the 
following manner, consistent with our model:

ERYTHROMYCIN: The s e g r e g a t i o n  o f  r e s i s t a n c e  and  s e n ­

s i t i v i t y  among d i p l o i d s  d e r i v e d  from  c r o s s e s  1A and  2A, and  

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

w hat i s  e x p e c te d  from  a bona  f i d e  m i t o c h o n d r i a l  m u ta t i o n .
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TABLE 5

SEGREGATION OF PHENOTYPES AMONG VEGETATIVE 
DIPLOID CLONES: (ant-r X + type crosses)

PHENOTYPIC CLASSES OBSERVED FOR EACH DRUG TESTED NUMBER OF
AND NUMBER OF CLONES IN EACH PHENOTYPIC CLASS CLONES SCORED

i ERY CAP OLI RHG TCN CHX
L J

I
S*:R* SR*: R . S:SP* SP:S  SR:SP SP

CROSS 1A 45 5 48 2 25 25 48 2 45 5 50 50

CROSS IB — 50 — 50 —  50 —  50 —  50 50 50

CROSS 1C 50 —  50 —  50 —  50 — 50 —  50 50

CROSS 2A 35 15 31 19 30 20 32 18 29 21 50 50

CROSS 2B —  200 — 200 —  200 —  200 —  200 200 200

CROSS 2C 200 —  200 —  200 —  200 —  200 —  200 200

CROSS 3A 50 —  50 —  50 —  50 —  50 - -  50 50



TABLE 5 (cont'd)

CROSS 3B 50 —  50 — 50 —  50 —  50 —  50 50

CROSS 3C 50 — 50 —  50 —  50 —  50 —  50 50

♦ P h en o ty p e  sy m b o ls :  S = s e n s i t i v e #  R = r e s i s t a n t ,  c o n f l u e n t  g ro w th

SP = s e n s i t i v e  w i t h  num erous r e s i s t a n t  p a p i l l a e  

SR = s e m i - r e s i s t a n t ,  c o n f l u e n t  g ro w th  a s  ju d g e d  q u a l i t a t i v e l y  

by  t h e  e x t e n t  o f  g ro w th  o f  t h e  p a t c h e s ,  com pared  t o  t h e  

f u l l y  s e n s i t i v e  o r  f u l l y  r e s i s t a n t  o n e s .



CHLORAMPHENICOL: D i p l o i d s  w hich  have  i n h e r i t e d  t h e

CAP-R m i t o c h o n d r i a l  m u ta t io n  (g e n o ty p e  a n t - r / +  [CAP-R] a r e  

f u l l y  r e s i s t a n t ,  w h i l e  t h o s e  h a v in g  i n h e r i t e d  t h e  CAP-S m i­

t o c h o n d r i a l  a l l e l e  (g e n o ty p e  a n t - r / +  [CAP-S]) a r e  s e m i - r e ­

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

gene i n  t h e  h e te r o z y g o u s  c o n d i t i o n .  T h is  i n t e r p r e t a t i o n ,  

d e r i v e d  from  t h e  p h e n o ty p e s  o b t a i n e d  i n  t h e  n i n e  c r o s s e s  

l i s t e d  i n  t a b l e  5 ,  i s  a l s o  i n  f u l l  a g re e m e n t  w i t h  t h e  t e t r a d  

d a t a  o b t a i n e d  upon d i s s e c t i o n  o f  r e s i s t a n t  and  s e m i - r e s i s t a n t  

d i p l o i d s :  th e  fo rm e r  s e g r e g a t e  4 :0  w h i l e  t h e  l a t t e r  g iv e  2 :2

s e g r e g a t i o n s  f o r  CAP r e s i s t a n c e : s e n s i t i v i t y .  (See t a b l e s  1 , 

3 , and  4 i n  r e l a t i o n  t o  d a t a  i n  t a b l e  5 . )

OLIGOMYCIN AND RHODAMINE 6G: The i n d i v i d u a l  d i p l o i d

p a t c h e s  e i t h e r  a c q u i r e  an e x t e n s i v e  num ber o f  r e s i s t a n t  

p a p i l l a e ,  o r  t h e y  do n o t ,  ev en  a f t e r  a  p r o lo n g e d  p e r i o d  

o f  i n c u b a t i o n  (12 t o  15 d a y s ) . We w i l l  g iv e  e v id e n c e  

i n  a  fo r th c o m in g  c h a p t e r ,  t h a t  t h e s e  p a p i l l a e  a r e  homo­

zygous f o r  t h e  a n t - r  a l l e l e ,  i . e .  a n t - r / a n t - r ,  m ost 

l i k e l y  r e s u l t i n g  from  e i t h e r  m i t o t i c  r e c o m b in a t io n  o r  

m i t o t i c  gene  c o n v e r s i o n .  W hether o r  n o t  t h e s e  a n t - r / a n t - r  

d i p l o i d s ,  w h ich  m ust o c c u r  rando m ly  i n  a l l  d i p l o i d  c lo n e s  

( t h i s  w i l l  be  d e m o n s t r a te d  i n  C h a p te r  6) w i l l  e x p r e s s  

r e s i s t a n c e  o r  s e n s i t i v i t y  t o  OLI a n d / o r  t o  RHG dep ends 

upon w hich  c y to p la s m ic  l o c i  w ere  i n h e r i t e d  by  t h e  i n d i ­

v i d u a l  d i p l o i d  from  w hich  t h e y  a r i s e .  The n e c e s s a r y

a s s u m p t io n  h e r e  i s  t h a t  i n  t h e  h e te r o z y g o u s  c o n d i t i o n
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a n t - r / +  t h e  w i ld  ty p e  + a l l e l e  ( s e n s i t i v e )  i s  d o m in a n t  o v e r  

t h e  a n t - r  a l l e l e  w i th  r e g a r d  t o  OLI and RHG r e s i s t a n c e ,  and 

t h a t  t h e r e f o r e ,  r e g a r d l e s s  o f  t h e  c y to p la s m ic  g e n o ty p e  o f  

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

However, upon a p p e a ra n c e  o f  t h e  homozygous a n t - r / a n t - r  

s t a t e  i n  any i n d i v i d u a l  d i p l o i d  w i t h i n  a  p a t c h ,  th e  d e t e r ­

m in in g  f a c t o r ,  a s  t o  w h e th e r  t h i s  d i p l o i d  w i l l  be  r e s i s t a n t  

o r  s e n s i t i v e  t o  OLI o r  RHG, i s  i t s  c y to p la s m ic  g e n o ty p e ,  

CLI-5R o r  0L I-5S  and RHG-1R o r  RHG-1S.

T h is  i n t e r p r e t a t i o n  i s  c o n s i s t e n t  w i th  t h e  model and 

w i th  t h e  c y to p la s m ic  g e n o ty p e s  w h ich  we have  a s c r i b e d  t o  t h e  

p a r e n t a l  s t r a i n s  ( t a b l e  2 ) .  The r e s u l t s  o b t a i n e d  f o r  t h e  

d i p l o i d  p ro g e n y  o f  c r o s s e s  IB , 1C, 2B, 2C, 3A, 3B and 3C 

w here  a l l  t h e  p a tc h e s  a r e  e i t h e r  h e a v i l y  o r  n o t  a t  a l l  p a p -  

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

o f  p a p i l l a t e d  and  n o n r p a p i l l a t e d  p a t c h e s  seerr among th e  

d i p l o i d  p ro g e n y  o f  c r o s s e s  1A and 2A a r e  m e re ly  t h e  r e s u l t  

o f  random  f l u c t u a t i o n s  i n  t h e  number o f  m i t o t i c  r e c o m b in a n t s ,  

a n d /o r  m i t o t i c  gene  c o n v e r t a n t s  o c c u r i n g  i n  any g iv e n  p a t c h .  

F ig u r e  1 i l l u s t r a t e s  th e  l a c k  o f  a m b ig u i ty  i n  s c o r i n g  th e  

p h e n o ty p e s .  A lth o u g h  some r e s i s t a n t  p a p i l l a e  g e n e r a l l y  o c ­

c u r  on t h e  o l ig o m y c in  p l a t e  i n  t h e  p ro g en y  o f  c r o s s  2C (and 

l i k e w i s e  i n  c r o s s e s  1C, 3A, 3B and  3C n o t  shown i n  f i g u r e  

1) t h e i r  number i s  u s u a l l y  s m a l l  (0 t o  3 on any g iv e n  p a tc h )  

and  f a r  l e s s  t h a n  t h e  number o f  r e s i s t a n t  p a p i l l a e  o c c u r in g  

on a l l  t h e  p a tc h e s  o f  d i p l o i d s  d e r i v e d  from  c r o s s  2B (and
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F i g u r e  1 .  S e g r e g a t i o n  o f  p h e n o ty p e s ,  f o r  RHG and  OLI, among v e g e t a t i v e  

d i p l o i d  c lo n e s  d e r i v e d  from  c r o s s e s  2A, 2B and  2C.



from  c r o s s e s  IB ,3A , B and  C; n o t  shown i n  f i g u r e  1 ) .  T hey , 

t h e r e f o r e ,  do n o t  c o n s t i t u t e  a  m a jo r  p ro b le m  i n  s c o r i n g  t h e  

p h e n o ty p e  o f  d i p l o i d s  d e r i v e d  from  c r o s s e s  1A and  2A, w here  

m i t o t i c  s e g r e g a t i o n  d o e s  o c c u r .  T hese  few and s c a t t e r e d  r e ­

s i s t a n t  p a p i l l a e  o c c u r i n g  i n  p a t c h e s  w h e re ,  a c c o r d in g  t o  t h e  

m odel, t h e y  s h o u ld  n o t  o c c u r ,  m ost p r o b a b ly  r e p r e s e n t  sp o n ­

ta n e o u s  m u ta t io n s  t o  OLI r e s i s t a n c e .

TETRACYCLINE; S e n s i t i v e  p a t c h e s  w i th  num erous r e s i s ­

t a n t  p a p i l l a e  o r  s e m i - r e s i s t a n t  p a t c h e s  o c c u r  among t h e  

d i p l o i d  p ro g e n y  o f  c r o s s e s  1A and 2A, w h i l e  a l l  o t h e r  

c r o s s e s  p ro d u ce  d i p l o i d  p o p u l a t i o n s  w h ich  a r e  homogeneous 

f o r  one o r  t h e  o t h e r  o f  t h e s e  p h e n o ty p e s .  T h is  r e s u l t  i n ­

d i c a t e s  t h a t  t h e  r e s i s t a n c e  t o  t e t r a c y c l i n e  a l s o  d ep en d s  on 

a  m i t o t i c a l l y  s e g r e g a t i n g ,  and  t h e r e f o r e  c y to p la s m ic  f a c t o r ,  

d e s i g n a t e d  TCN-1. However, i n  t h i s  c a s e  i t  i s  n e c e s s a r y  t o  

assume t h a t  b o th  o r i g i n a l  p a r e n t a l  s t r a i n s ,  a s  w e l l  a s  t h e  

m e i o t i c  s e g r e g a n t s  S3B-CR and DRS8-CR, m ust c a r r y  r e s i s t a n t  

a l l e l e s  o f  t h i s  f a c t o r .  T hese  may be  v iew ed  a s  h e t e r o a l ­

l e l e s  o f  a TCN-1R g e n e .  The h e t e r o a l l e l e  i n  s t r a i n  RD35-CR 

(and i n  s t r a i n  S3B-CR), TCN-1R-1, when p r e s e n t  i n  a h e t e r o ­

zygous d i p l o i d  a n t - r / +  p ro d u c e s  a s e n s i t i v e  p h e n o ty p e ,  w i th  

r e s i s t a n t  p a p i l l a e  o c c u r i n g  upon e s t a b l i s h m e n t  o f  t h e  a n t - r /  

a n t - r  c o n d i t i o n  ( c r o s s e s  IB an d  2B, t a b l e  5 ) .  The h e t e r o ­

a l l e l e  i n  s t r a i n  Z1EK27-D (and  i n  s t r a i n  DRS8-CR,, TCN-1R-2, 

a l lo w s  an i n t e r m e d i a t e  l e v e l  o f  r e s i s t a n c e  t o  be  e x p r e s s e d  

in  h e te r o z y g o u s  a n t - r / +  d i p l o i d s  ( c r o s s e s  1C, 2C, 3A, 3B and
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3C, t a b l e  5 ) .  T h is  i n t e r p r e t a t i o n  i s  c o n s i s t e n t  w i t h  t h e  

f a c t  t h a t  d i p l o i d s  from  a l l  c r o s s e s ,  r e g a r d l e s s  o f  t h e i r  

p h e n o ty p e  (SR o r  S P ) , a lw a y s  p ro d u c e  2 :2  s e g r e g a t i o n s  f o r  

TCN r e s i s t a n c e : s e n s i t i v i t y  ( t a b l e s  1 ,  3 and  4 ) .

CYCLOHBXlMfr&E: D i p l o i d s  d e r i v e d  from  a l l  n i n e  c r o s s e s

e x p r e s s  t h e  same p h e n o ty p e :  a l l  a r e  s e n s i t i v e  w i t h  num erous 

r e s i s t a n t  p a p i l l a e  o c c u r i n g  on e v e r y  p a t c h .  T h e r e f o r e ,  we 

do n o t  d e t e c t  t h e  in v o lv e m e n t  o f  a  c y to p l a s m i c  f a c t o r  i n  

t h e  c a s e  o f  r e s i s t a n c e  t o  CHX. T h is  o b s e r v a t i o n ,  h o w e v e r ,  

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

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

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

from  a l l  n i n e  c r o s s e s  may be  due  t o  t h e  i d e n t i t y  o f  t h e  a l ­

l e l e s  o f  a  p o s s i b l e  c y to p l a s m i c  f a c t o r ,  CHX-1, i n  t h e  two 

o r i g i n a l  p a r e n t a l  s t r a i n s ,  RD35-CR and  Z1EK27-D.

MITOTIC SEGREGATION OF PHENOTYPES AMONG VEGETATIVE 

DIPLOID CLONES: a n t - r  X a n t - r  c r o s s e s :

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

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

c a s e s  o f  OLI, RHG and  TCN. H ow ever, t h e  r e l i a n c e  on m i t o t i c  

r e c o m b in a t io n  o r  gene  c o n v e r s i o n  t o  e n a b le  u s  t o  d i s t i n g u i s h  

b e tw ee n  t h e  s e g r e g a t i n g  p h e n o ty p e s ,  a s  w e l l  a s  t h e  u n o r t h o ­

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

c r i t i c i s m .  In  an  a t t e m p t  t o  overcom e t h i s  p r o b le m ,  and 

( t e f ih i t iw ly  d e m o n s t r a t e  m i t o t i c  s e g r e g a t i o n ,  we r e p e a t e d  t h e

above  a n a l y s i s  u s i n g  a s  p a r e n t s  two s t r a i n s  w h ich  b o th
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carried the ant-r mutation.
S t r a i n  S3B-CR, d e s c r i b e d  p r e v i o u s l y ,  was c r o s s e d  t o  

s t r a i n  I lC -C R , a  m e i o t i c  s e g r e g a n t  f rom  t h e  c r o s s  RD35-CR 

[RHO°] X Z1EK27-D [RH0+ 3 . The f o l lo w in g  t h r e e  c r o s s e s  w ere  

p e r fo rm e d :

CROSS 4A: S3B-CR [RHO+ ] X IlC -C R  [RHO+]

CROSS 4B: S3B-CR [RHO+ ] X IlC -C R  [RHO°]

CROSS 4C: S3B-CR [RHO°] X IlC -C R  [RHO+]

C l e a r l y ,  from  t h e  p o i n t  o f  v iew  o f  t h e  c y to p l a s m i c  g e n o ty p e s

o f  t h e  two s t r a i n s ,  t h e s e  c r o s s e s  a r e  a n a lo g o u s  t o  c r o s s e s  

1A, IB and  1C and  t o  c r o s s e s  2A, 2B and  2C. The p h e n o ty p e s  

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

t h r e e  c r o s s e s  w e re  a n a ly z e d  a s  p r e v i o u s l y  d e s c r i b e d  and  t h e  

r e s u l t s  a p p e a r  i n  t a b l e  6 . M i t o t i c  s e g r e g a t i o n  o f  c l e a r l y  

r e s i s t a n t  and  c l e a r l y  s e n s i t i v e  d i p l o i d s  i s  now o b t a i n e d  

f o r  t h e  d r u g s  OLI and  RHG, i n  t h e  RHO+ X RHO+ c r o s s  ( c r o s s  

4 A ), w h e re a s  t h e  d i p l o i d  p o p u l a t i o n s  from  c r o s s e s  4B and  

4C a r e  hom o geneou sly  e i t h e r  a l l  r e s i s t a n t  o r  a l l  s e n s i t i v e  

t o  OLI a n d / o r  RHG.

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

t a t i o n  o f  t h e  p h e n o ty p e s  o b t a i n e d  i n  t h e  a n t - r  X + t y p e  

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

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

d e t e r m i n a t i o n  o f  r e s i s t a n c e  and  s e n s i t i v i t y  t o  OLI an d  RHG.

Unfortunately, but expectedly, no confirmation can be 
obtained from these crosses concerning mitotic segregation
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TABLE 6

SEGREGATION OF PHENOTYPES AMONG VEGETATIVE 

DIPLOID CLONES: ( a n t - r  X a n t - r  t y p e  c r o s s e s )

PHENOTYPIC 
AND NUMBER

CLASSES OBSERVED 
OF CLONES IN EACH

FOR EACH DRUG TESTED 
PHENOTYPIC CLASS

NUMBER OF 
CLONES SCORED

ERY CAP OLI RHG TCN CHX

S * : R* S :R S:R R:S S:R S :R

CROSS 4A 37 63 —  100 39 61 39 61 —  100 —  100 100

CROSS 4B —  100 —  100 —  100 - -  100 —  100 - -  100 100

CROSS 4C 100 - -  100 100 - - 100 - - —  100 - -  100 100

♦PHENOTYPES SYMBOLS: S = s e n s i t i v e

R = r e s i s t a n t ,  c o n f l u e n t  g ro w th



f o r  TCN. H ow ever, i n  so  f a r  a s  t h e  i n t e r p r e t a t i o n  o f  t h e  

d i p l o i d  p h e n o ty p e s  f o r  OLI, RHG and  TCN w ere  a l l  b a s e d  on 

t h e  same s o r t  o f  p r e m i s e s , and  i n  so  f a r  a s  t h i s  i n t e r p r e ­

t a t i o n  i s  c o n f i r m e d  f o r  OLI an d  RHG, we f e e l  t h a t  i t  i s  v e ry  

l i k e l y  a l s o  c o r r e c t  f o r  TCN.

The d a t a  p r e s e n t e d  i n  th e  p r e c e  d in g  c h a p t e r  c l e a r l y  

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

t y p e s  o c c u r  among t h e  v e g e t a t i v e  d i p l o i d  p ro g e n y  o f  [RHO+ J 

X [RHO+] t y p e  c r o s s e s  o f  t h e  r e s i s t a n t  m u ta n t  by a  s e n s i t i v e  

w i l d  t y p e  s t r a i n ,  i n  t h e  c a s e s  o f  t h e  d r u g  OLI and  RHG and 

m o st l i k e l y  i n  t h e  c a s e  o f  TCN a l s o .  T h is  i n  t u r n  i s  e v i ­

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

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

The r e s u l t s  o f  t h e  [RHO+ ] X [RHO°] and  [RHO°] X 

[RHO+ ] c r o s s e s  f u r t h e r  d e m o n s t r a t e  t h a t  t h e  c y to p l a s m i c  f a c ­

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

m ent w i t h  e th i d i u m  b ro m id e ,  c o n c o m i t a n t l y  w i t h  t h e  e l i m i n a ­

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

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

on t h e  m i t o c h o n d r i a l  genome. H ow ever, an a l t e r n a t i v e  e x ­

p l a n a t i o n ,  p l a c i n g  t h e  c y to p l a s m i c  l o c i  O L I-5 ,  RHG-1 and 

TCN-1 on a c y to p l a s m i c  DNA s p e c i e s  i n d e p e n d e n t  from  mt.DNA 

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

s t a g e .

I n  t h e  f o l lo w in g  c h a p t e r ,  we w i l l  p r e s e n t  e v id e n c e  i n

s u p p o r t  o f  t h e  m i t o c h o n d r i a l  n a t u r e  o f  l o c i  O L I-5 ,  RHG-1 

and TCN-1.
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CHAPTER V

DEMONSTRATION OF THE LOCALIZATION OF CYTOPLASMIC LOCI 

O L I-5 ,  RHG-1, AND TCN-1 ON THE MITOCHONDRIAL GENOME

R e c o m b in a t io n  o f  P h e n o ty p e s  among V e g e t a t i v e  D i p l o i d  C lo n e s  

i n  a n t - r  [RHO*] X~~-f [RHO+] c r o s s e s ;

The q u e s t i o n  o f  t h e  l o c a l i z a t i o n  o f  t h e  c y to p l a s m ic  

l o c i  O L I-5 ,  RHG-1 and  TCN-1 on t h e  mt.DNA o r  on a  d i f f e r e n t  

DNA s p e c i e s  i s  am enab le  t o  g e n e t i c  a n a l y s i s .  I n d e e d ,  t h e  

d e m o n s t r a t i o n  o f  g e n e t i c  l i n k a g e  o r  in d e p e n d e n c e  b e tw e e n ,  on 

t h e  one  h a n d ,  l o c i  O L I-5 ,  RHG-1 and  TCN-1 a n d ,  on t h e  o t h e r  

h a n d ,  w e l l  c h a r a c t e r i z e d  m i t o c h o n d r i a l  l o c i  w ould  c o n s t i t u t e  

good e v id e n c e  f o r  o r  a g a i n s t  t h e  l o c a l i z a t i o n  on mt.DNA o f  

t h e  fo rm e r  t h r e e  l o c i .  We h a v e  p e r fo r m e d  su c h  a  g e n e t i c  an ­

a l y s i s  by d e t e r m i n i n g  t h e  r e c o m b in a t io n  f r e q u e n c i e s  b e tw ee n  

l o c i  O L I-5 ,  RHG-1 and  TCN-1 and  t h e  two m i t o c h o n d r i a l  l o c i  

ERY and  CAP p r e s e n t  i n  t h e  s t r a i n s  we h av e  b e en  u s i n g .

The f r e q u e n c i e s  o f  t h e  v a r i o u s  p h e n o ty p i c  c l a s s e s  o c ­

c u r r i n g  among t h e  d i p l o i d  p ro g e n y  o f  c r o s s  S3B-CR [RHO+ ] X 

ZIEK27-D [RHO+ ] w ere  d e te r m in e d  and  t h e  f r e q u e n c i e s  o f  r e ­

c o m b in a t io n  b e tw ee n  t h e  v a r i o u s  c y to p l a s m i c  l o c i  w ere  d e r i v e d  

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

t a b l e s  7 and  8 . As t h e r e  a r e  32 t h e o r e t i c a l l y  p o s s i b l e  d i f ­

f e r e n t  p h e n o ty p e s  i n  t h e  c r o s s :  [ERY-R CAP-R 0L I-5R  RHG-1S

TCN-1R-1] x  [ERY-S CAP-S OLI-5S RHG-1R T C N -1R -2], t h e  d a t a

i n  t a b l e  7 h av e  b e en  p r e s e n t e d ,  f o r  r e a s o n s  o f  c l a r i t y ,  a s  a
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4 p o i n t  c r o s s  i n v o l v i n g  ERY, CAP, RHG and  TCN ( t a b l e  7 a ) , and  

two 3 p o i n t  c r o s s e s  i n v o l v i n g  ERY, CAP and  O L I;an d  RHG, TCN 

and  OLI, r e s p e c t i v e l y  ( t a b l e s ,  7b , c ) . The o b s e r v e d  reco m ­

b i n a t i o n  f r e q u e n c y  f o r  e a c h  g en e  p a i r ,  shown i n  t a b l e  8 ,  c o r ­

r e s p o n d s  t o  t h e  f r e q u e n c y  o f  t h e  r e c o m b in a n t  p h e n o ty p e s  f o r  

t h e  p a r t i c u l a r  g e n e  p a i r ,  a s  d e r i v e d  from  t a b l e  7 a ,  b ,  an d  c .  

T a b le  8 a l s o  l i s t s  f o r  comparaisom t h e  r e c o m b in a t io n  f r e q u e n ­

c i e s  e x p e c te d  on t h e  b a s i s  o f  random  a s s o r t m e n t .  The l a t t e r  

f r e q u e n c i e s  w e re  d e r i v e d  from  t h e  f r e q u e n c y  w i t h  w h ic h  e a c h  

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

A lth o u g h  t h e  o b s e r v e d  r e c o m b in a t io n  f r e q u e n c i e s  c a n n o t  

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

b e  u s e d  a s  a q u a l i t a t i v e  i n d i c a t i o n  o f  g e n e t i c  l i n k a g e  by 

c o m p a r in g  them t o  t h e  r e c o m b in a t io n  f r e q u e n c i e s  e x p e c t e d  on 

t h e  b a s i s  o f  random  a s s o r t m e n t .  The d a t a  i n  t a b l e  8 t h e r e ­

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

and TCN-1 a r e  g e n e t i c a l l y  l i n k e d  t o  t h e  m i t o c h o n d r i a l  l o c i  

ERY and  CAP and  t h u s  a r e  t h e m s e lv e s  m i t o c h o n d r i a l  l o c i .

The r e c o m b in a t io n  f r e q u e n c i e s  b e tw ee n  O LI-5  a n d  t h e  

f o u r  o t h e r  m a r k e r s  a r e ,  i n  a l l  c a s e s ,  a p p r o x i m a t e ly  20%.

T h is  v a l u e  i s  c l o s e  t o  t h e  u p p e r  l i m i t  o f  r e c o m b in a t io n  ob ­

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

a s  i n d i c a t i v e  o f  u n l i n k e d  g e n e t i c  m a r k e r s  w h ic h  a r e ,  n e v e r ­

t h e l e s s ,  c a r r i e d  by t h e  same mt.DNA m o le c u le  (D ujon e t  a l . , 

1 9 7 4 ) .  T h e r e f o r e ,  a l t h o u g h  a d o u b t  may p e r s i s t  a s  t o  t h e  

l o c a l i z a t i o n  o f  t h e  O LI-5 l o c u s ,  i t  i s  l i k e l y  t h a t  i t  i s  a l s o  

on t h e  m i t o c h o n d r i a l  genom e.
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TABLE 7

RECOMBINATION OF PHENOTYPES AMONG VEGETATIVE DIPLOID CLONES DERIVED FROM CROSS 2A
( a n t - r  [RHO+ ] X + [RHO+ ])

7 a .  E x p e c te d  p h e n o t y p i c  c l a s s e s  a n d  t h e i r  o b s e r v e d  f r e q u e n c i e s ,  f o r  t h e  f o u r  d r u g s :  
ERY, CAP, RHG a n d  TCN, l i s t e d  i n  t h i s  o r d e r .

P h e n o ty p e s  Number o f  c l o n e s  s c o r e d

RRSS RRSR RRRS RRRR RSSS RSSR RSRS RSSR

72 1 8 4 1 0 6 13
SRSS SRSR SRRS SRRR SSSS SSSR SSRS SSRR

6 4 3 4 0 0 24 245 391

7 b . E x p e c te d  p h e n o ty p e  c l a s s e s  a n d  t h e i r  o b s e r v e d  f r e q u e n c i e s ,  f o r  t h e  t h r e e  d r u g s :  
ERY, CAP an d  OLI, l i s t e d  i n  t h i s  o r d e r .

P h e n o ty p e s  Number o f  c l o n e s  s c o r e d

RRR RRS RSR RSS SRR SRS SSR SSS
71 14 7 13 9 8 47 222 391



TABLE 7 (cont'd.)

7 c .  E x p e c te d  p h e n o t y p i c  c l a s s e s  
RHG, TCN a n d  O LI, l i s t e d  i n

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

f o r  t h e  t h r e e  d r u g s :

P h e n o ty p e s Number o f  c l o n e s  s c o r e d

RRS RRR RSR RSS SRR SRS SSS SSR
218 48 18 23 2 3 13 66 391

The c r o s s  a n a l y z e d  i n  t h i s  t a b l e  i s  e s s e n t i a l l y  a  5 p o i n t  g e n e t i c  c r o s s ,  w i t h  t h e  two p a r ­
e n t s  h a v in g  t h e  f o l l o w i n g  c y t o p l a s m i c  g e n o ty p e s :  S3B-CR [ERY-R CAP-R RHG-1S TCN-1R-1 O L I-
5R RHO+] X Z1EK27-D [ERY-S CAP-S RHG-1R TCN-1R-2 0 L I-5 S  RHO+ ] . F o r  c l a r i t y ,  we h a v e  u s e d  
t h e  f o l l o w i n g  sy m b o ls  i n  r e f e r e n c e  t o  t h e  p h e n o ty p e s  d e s c r i b e d  i n  T a b le  5 :  E ry th ro m y c in
r e s i s t a n t  = R; E r y th r o m y c in  s e n s i t i v e  = S; C h lo r a m p h e n ic o l  r e s i s t a n t  = R; C h lo r a m p h e n ic o l  
s e m i - r e s i s t a n t  = S; Rhodam ine 6G s e n s i t i v e  w i t h  r e s i s t a n t  p a p i l l a e  = R; Rhodamine s e n s i ­
t i v e  = S; O l ig o m y c in  s e n s i t i v e  w i t h  r e s i s t a n t  p a p i l l a e  = R? O lig o m y c in  s e n s i t i v e  = S; 
T e t r a c y c l i n e  s e m i - r e s i s t a n t  = R; T e t r a c y c l i n e  s e n s i t i v e  w i t h  r e s i s t a n t  p a p i l l a e  = S . 
T h e r e f o r e ,  t h e  p a r e n t a l  p h e n o ty p e  c l a s s e s  i n  T a b le  7 a ,  b  a n d  c a r e  r e s p e c t i v e l y :  RRSS and

SSRR, RRR a n d  SSS, a n d  RRS and  SSR. A l l  o t h e r  c l a s s e s  r e p r e s e n t  a l l  t h e  p o s s i b l e  reco m ­
b i n a n t  p h e n o ty p e s .



TABLE 8

% RECOMBINATION BETWEEN THE CYTOPLASMIC MARKERS 

ERY, CAP, RHG-1, TCN-1 and  O L I-5 ,  TAKEN PAIRWISE 

(a s  d e r i v e d  from  t h e  d a ta  i n  T a b le  7)

GENE PAIR
% RECOMBINATION 

OBSERVED
% RECOMBINATION 

EXPECTED*

ERY - CAP 9 .5 (37 )** 3 8 .9 (152)

ERY - RHG-1 1 0 .5 (41) 3 6 .7 (143)
CAP - RHG-1 5 .1 (20 ) 3 6 .1 (141)
ERY - TCN-1 1 3 .0 (51) 4 1 .3 (161)
CAP - TCN-1 11 .2 (44) 4 0 .9 (160)
RHG-1 -  TCN-1 1 1 . 8 (46) 3 9 .0 (152)

ERY - OLI-5 2 1 . 2 (83) 4 2 .6 (166)
CAP - OLI-5 1 9 .4 (76) 4 2 .3 (165)
RHG-1 -  OLI-5 2 1 . 0 (82) 4 0 .7 (159)

TCN-1 -  OLI-5 2 2 . 0 ( 86 ) 4 3 .9 (172)

*The d a t a  a p p e a r i n g  i n  t h i s  colum n w ere  d e r i v e d  from  t h e  

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

p r o g e n y .

**Numbers i n  p a r e n t h e s e s  r e p r e s e n t  t h e  o b s e r v e d  o r  e x p e c t e d  

num ber o f  r e c o m b in a n t  c lo n e s  f o r  a  p a r t i c u l a r  g e n e  p a i r .
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RECOMBINATION OF PHENOTYPES AMONG VEGETATIVE DIPLOID CLONES

IN a n t - r  [RHO+ ] X a n t - r  [RHO+ ] CROSS:

A r e c o m b in a t io n  a n a l y s i s  f o r m a l l y  i d e n t i c a l  (w i th  r e ­

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

one was p e r f o rm e d  on  t h e  d i p l o i d  p ro g e n y  o f  c r o s s :

S3B-CR [RHO+] X I lC -C R  [RHO+ ] , i n  w h ich  b o th  p a r e n t s  c a r r y  

t h e  a n t - r  a l l e l e .  A l th o u g h  t h i s  c r o s s  h a s  a d v a n ta g e s  d e ­

s c r i b e d  i n  t h e  p r e c e d i n g  c h a p t e r ,  i t  e l i m i n a t e s  l o c i  TCN-1 

and  CAP from  t h i s  a n a l y s i s ,  s i n c e  a n t - r / a n t - r  hom ozygous d i ­

p l o i d s  a r e  a l l  f u l l y  r e s i s t a n t  t o  b o th  TCN and  CAP ( s e e  t a b l e  

6 ) .  N e v e r t h e l e s s ,  i t  s t i l l  a l l o w s  t h e  d e t e r m i n a t i o n  o f  t h e  r e ­

c o m b in a t io n  f r e q u e n c i e s  b e tw e e n  l o c i  ERY, RHG-1.and O L I-5 .

The r e s u l t s  o f  t h i s  a n a l y s i s  a r e  shown i n  t a b l e s  9 

and  1 0 . I t  i s  c l e a r  t h a t  t h e  o b s e r v e d  r e c o m b in a t io n  f r e q u e n ­

c i e s  o b t a i n e d  h e r e  f o r  t h e  g en e  p a i r s  ERY-RHG-1, ERY-OLI-5 

and  RHG-1 — OLI-5 a r e  v e r y  s i m i l a r  t o  t h o s e  o b t a i n e d  from  

t h e  a n t - r  [RHO+ ] X +[HHO+ ] c r o s s .  T hese  r e s u l t s  t h e r e f o r e  

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

o f  RHG-1 and  t h e  l i k l i h o o d  o f  a  s i m i l a r  l o c a t i o n  f o r  l o c u s  

O L I-5 .

LOSS OF 0 L I-5 R  IN PETITES OF THE RH0~ TYPE:

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

f o r  t h e  l o c a l i z a t i o n  o f  t h e  OLI-5 l o c u s  on t h e  m i t o c h o n d r i a l  

genom e. T h is  o b l i g a t i o n  s te m s  from  t h e  f a c t  t h a t  m o s t  o f  t h e  

c l a im s  c o n c e r n i n g  t h e  n o n - m i t o c h o n d r i a l  a n d / o r  e p is o m a l  n a ­

t u r e  o f  m u t a t i o n s  s i m i l a r  t o  o u r s  h a v e  c e n t e r e d  m a in ly  on t h e
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TABLE 9

RECOMBINATION OF PHENOTYPES AMONG 

VEGETATIVE DIPLOID CLONES DERIVED FROM CROSS 4A 

( a n t - r  [RHO+ ] X a n t - r  [RHO+])

EXPECTED PHENOTYPIC CLASSES AND THEIR OBSERVED FREQUENCIES, 

FOR THE THREE DRUGS ERY, RHG AND OLI, LISTED IN THIS ORDER.

PHENOTYPES
NUMBER OF CLONES 

SCORED

RSR RSS RRR RRS SSR SSS SRR SRS

294 34 28 16 18 16 34 156 596

The c r o s s  a n a ly z e d  i n  t h i s  t a b l e  i s  a  3 p o i n t  c r o s s  w i t h  t h e  

two p a r e n t a l  s t r a i n s  h a v in g  t h e  f o l l o w i n g  c y to p l a s m i c  g en o ­

t y p e s :  S3B-CR [ERY-R RHG-1S 0L I-5R ] X IlC -C R  [ERY-S RHG-1R

0 L I - 5 S ] . T h e r e f o r e ,  t h e  p a r e n t a l  p h e n o ty p ic  c l a s s e s  a r e :

RSR and  SRS. A l l  o t h e r  c l a s s e s  r e p r e s e n t  a l l  t h e  p o s s i b l e  

r e c o m b in a n t  p h e n o ty p e s .
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TABLE 10

% RECOMBINATION BETWEEN THE CYTOPLASMIC MARKERS ERY, RHG-1, 

and  OLI-5> TAKEN PAIRWISE (a s  d e r i v e d  from  d a t a  i n  t a b l e  9 ) .

GENE PAIR % RECOMBINATION OBSERVED % RECOMBINATION EXPECTED^

E -  R 13.1 ( 78)** 4 7 .6  (284)

E -  0 1 7 .1 ( 102 ) 4 7 .2  (282)

R -  0 1 8 .8 ( 112 ) 4 7 .6  (284)

*The d a t a  a p p e a r i n g  i n  t h i s  colum nwer.e d e r i v e d  f ro m  t h e  

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

p r o g e n y .

**Numbers i n  p a r e n t h e s e s  r e p r e s e n t  t h e  o b s e r v e d  o r  e x ­

p e c t e d  num ber o f  r e c o m b in a n t  c l o n e s  f o r  a p a r t i c u l a r  gene  

p a i r .
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g e n e t i c  and  o t h e r  c h a r a c t e r i s t i c s  o f  t h e  r e s i s t a n c e  t o  OLI 

i n  su c h  c r o s s  r e s i s t a n t  m u ta n t s  (A vner e t  a l . , 1973b; 

G u e r r in e a u  et^ a l ; , 1974; 1976a a n d  1976b) .

Such s u p p o r t i n g  e v id e n c e  can  be  p r o v i d e d  th r o u g h  a 

c a r e f u l  g e n e t i c  a n a l y s i s  o f  t h e  f a t e  o f  t h e  OLI-5 l o c u s  i n  

p e t i t e s  o f  t h e  [RHO“ ] t y p e .  T h ese  p e t i t e s ,  i n  c o n t r a s t  t o  

t h e  [RHO°j t y p e ,  w h ic h  l a c k  d e t e c t a b l e  mt.DNA, h a v e ,  by 

d e f i n i t i o n ,  r e t a i n e d  some mt.DNA.

A lth o u g h  t h e  [RHO+ ]——»[RHO“ ] m u t a t i o n a l  e v e n t  i s  n o t  

y e t  f u l l y  u n d e r s t o o d  i n  m o l e c u l a r  t e r m s ,  i t  i s  c l e a r l y  demon­

s t r a t e d  now t h a t  i n  e s t a b l i s h e d  [RH0"3 m u ta n ts  l a r g e  se g m e n ts  

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

t h a t  t h e  r e m a in in g  DNA s e q u e n c e s  a r e  r e i t e r a t e d  (Faye el: a l . , 

1973; L o c k e r  et^ a l . , 1 9 7 4 a ,  b) . T h a t  t h e  r e t a i n e d  s e q u e n c e s  

h av e  c o n s e r v e d  m e a n in g f u l  g e n e t i c  i n f o r m a t i o n  i s  e v id e n c e d  by 

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

from  [RHO“ ] s t r a i n s  th r o u g h  [RHO“ ] X [RHO+ ] c r o s s e s  (D e u tsc h  

e t  a l^ . , 1974) .

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

p l a s m ic  l o c i  on t h e  mt.DNA, by i n d u c i n g  t h e  [RHO“ ] m u ta t i o n  
and d e m o n s t r a t i n g ,  i n  r e s c u e  e x p e r i m e n t s ,  t h e  c o n c o m i ta n t

l o s s  o f  t h e  g e n e t i c  l o c u s  u n d e r  s t u d y  i n  some [RHO“ ] p e t i t e s  

and  i t s  r e t e n t i o n  i n  o t h e r s  (Coen e t  a l . ,  1 9 7 0 ) .  The r e s u l t s  

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

t h e  c o n c o m i ta n t  l o s s  o f  t h e  OLI-5R l o c u s  and  mt.DNA upon 

t r e a t m e n t  w i t h  e t h i d i u m  b ro m id e .  B ut i t  c o u ld  be  a r g u e d  

t h a t  b o t h  t h e  e x t e n t  o f  t h e  EB t r e a t m e n t  a n d  i t s  p o s s i b l e  

l a c k  o f  s p e c i f i c i t y  d o e s  n o t  p r e c l u d e  t h e  l o c a l i z a t i o n  o f
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t h e  0 L I-5 R  l o c u s  on a  c y to p la s m ic  DNA s p e c i e s  o t h e r  th a n  

mt.DNA, b u t  w h ic h  i s  a l s o  s e n s i t i v e  t o  t h e  EB t r e a t m e n t .  

T h e r e f o r e  i t  w ould  be  o f  g r e a t e r  v a lu e  t o  a n a l y z e  t h e  f a t e  o f  

t h e  0 L I-5 R  g en e  i n  p e t i t e s  in d u c e d  by a  p o s s i b l y  more s p e c i ­

f i c  t e c h n i q u e .  We h av e  a t t e m p t e d  t o  do t h i s  by  t a k i n g  a d ­

v a n ta g e  o f  t h e  p r e s e n c e  i n  m u ta n t  s t r a i n  RD35-CR o f  a n u c l e a r  

t e m p e r a t u r e  s e n s i t i v e  m u t a t i o n ,  p e t - t s .  Upon g ro w th  a t  37°C , 

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

t o  t h e  p e t i t e  s t a t e .  The k i n e t i c s  o f  t h i s  c o n v e r s i o n  a r e  

shown i n  f i g u r e  2 .  A l th o u g h  t h e  m echanism  o f  t h i s  c o n v e r s i o n  

h a s  n o t  b e e n  i n v e s t i g a t e d  i n  g r e a t  d e t a i l ,  i t  a p p e a r s  t h a t  

g ro w th  a t  37°C l e a d s  t o  t h e  l o s s  o f  m i t o c h o n d r i a l  g e n e t i c  i n ­

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

mt.DNA s e q u e n c e s .  T h i s  i s  s u g g e s t e d  by t h e  l o s s  o f  a 

s e r i e s  o f  m i t “ m i t o c h o n d r i a l  m a rk e r s  (S lo n im sk y  e t  a l . , 1976) 

a s  w e l l  a s  t h e  l o s s  o f  ERY-R and CAP-R i n  a  p r o p o r t i o n  o f  

p e t i t e s  in d u c e d  by g ro w th  a t  37°C , a s  shown by t h e  d a t a  i n  

t a b l e  1 1 .

T a b le  11 a l s o  d e m o n s t r a t e s  t h a t  t h e  f a t e  o f  0 L I-5 R  

p a r a l l e l s  t h a t  o f  t h e  m i t o c h o n d r i a l  m a rk e rs  i n  t h a t  some o f  

t h e s e  p e t i t e s  h ave  a l s o  l o s t  t h e  0 L I-5 R  m a r k e r .  T h is  r e s u l t  

a r g u e s  i n  f a v o r  o f  t h e  0L I-5 R  g ene  b e in g  a  m i t o c h o n d r i a l  

m a r k e r .

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

de p en d s  on w h e th e r  t h e  e f f e c t  o f  t h e  p e t - t s  m u t a t i o n  i s  

s p e c i f i c  t o  mit.DNA o r  w h e th e r  i t  c an  a l s o  l e a d  t o  t h e  l o s s
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F i g .  2 -  K i n e t i c s  o f  t h e  i n d u c t i o n  o f  p e t i t e s  i n  s t r a i n  

RD35-CR, grown i n  YEPD medium# a t  25°C (•—•) 

and  a t  37°C (o—o) .
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FIGURE 2 (Legend)

RD35-CR c e l l s  w e re  i n o c u l a t e d  i n t o  10 ml o f  l i q u i d  YEPD
g

medium ( a p p r o x im a te ly  2 X 10 c e l l s / m l )  i n c u b a t e d  a t  25° 

w i t h  s h a k in g  u n t i l  t h e  i n c r e a s e  i n  OD590 mm i n d i c a t e  1 one 

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

37°C and  s h i f t e d  t o  g ro w th  a t  3 7 ° ,  w i t h  s h a k i n g .  A t v a r i o u s  

t im e s  a f t e r  t h e  t e m p e r a t u r e  s h i f t  . 1  ml a l i q u o t s  w ere  c o l ­

l e c t e d ,  d i l u t e d ,  p l a t e d  on YEPD p l a t e s  and  t h e  p l a t e s  i n ­

c u b a t e d  a t  2 5 °C. C a l o r i e s  g ro w in g  on  t h e s e  p l a t e s  w ere  

t h e n  r e p l i c a  p l a t e d  o n t o  YEPGE p l a t e s  t o  d e te r m in e  t h e  % o f  

p e t i t e s .

The num ber o f  g e n e r a t i o n s  a t  e a c h  t im e  p o i n t  was d e r i v e d
Nx

from  t h e  fo rm u la  Gx = 3 .3  X l o g  —  when Gx i s  t h e  number
o

o f  g e n e r a t i o n s  a t  t im e  x ,  Nx t h e  c o n c e n t r a t i o n  o f  c e l l s  a t  

t im e  x and  N0  t h e  i n i t i a l  c e l l  c o n c e n t r a t i o n  ( a t  t h e  s h i f t  

t o  3 7 ° C ) .
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TABLE 11

LOSS AND RETENTION OF MITOCHONDRIAL MARKERS AND OF MARKER 

OLI-5R among [RHO“ ] PETITES INDUCED AT 37°C IN STRAIN RD35-CR

MARKER
NUMBER OF PETITES 
HAVING LOST MARKER

NUMBER OF PETITES HAVING 
RETAINED MARKER

M9-3 32 68

M5-121 84 16

M5-60 80 20

M6-2 39 52 48

M6-200 35 65

M7-40 40 60

CAP-R 61 39

ERY-R 43 57

0L I-5R 74 26

100 p e t i t e s  w ere  o b t a i n e d  by g ro w in g  s t r a i n  ; RD35-CR a t  37°C 

f o r  a p p r o x im a te ly  1 .5  g e n e r a t i o n s  ( 20% p e t i t e s ) . L o ss  o r  r e ­

t e n t i o n  o f  t h e  m i t “ m a rk e r s  was d e te r m in e d  b y  p e r f o r m in g  a 

c o m p l e m e n t a t i o n  t e s t  b e tw e e n  t h e  p e t i t e s  and  e a c h  o f  6 m i t “  

m u ta n ts  k i n d l y  s u p p l i e d  by D.\. R .B . N eed lem an . T h is  was done 

by  c r o s s i n g  t h e  p e t i t e s  t o  t h e  m i t ” m u ta n t s  and  d e t e r m i n i n g  

w h e th e r  o r  n o t  g ra n d e  (co m p lem en tin g )  d i p l o i d s  can  b e  o b t a i n e d  

from  t h e s e  c r o s s e s :  L o ss  o r  r e t e ' n t i o n  o f  CAP-R, ERY-R an d

OLI-5R was d e te r m in e d  by  c r o s s i n g  e a c h  p e t i t e  t o  s t r a i n  Z1EK- 

27D ([CAP-S ERY-S O L I-5 S ) )a n d  d e t e r m i n i n g  w h e th e r  o r  n o t  t h e  

r e s u l t i n g  g ra n d e  d i p l o i d s  a r e  s e n s i t i v e  o r  r e s i s t a n t  t o  CAP, 

ERY and  OLI.
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o f  o t h e r  c y to p l a s m i c  DNA s p e c i e s  a s  w e l l .  N e v e r t h e l e s s  t h e  

r e s u l t  o b t a i n e d  h e r e  m u s t  be  i n t e r p r e t e d  i n  c o n j u n c t i o n  w i t h  

t h e  body o f  e v id e n c e  p r e s e n t e d  p r e v i o u s l y  and  p o i n t i n g  to w a rd  

a  m i t o c h o n d r i a l  l o c a t i o n  f o r  t h e  0L I-5R  l o c u s  ( l o s s  upon EB 

t r e a t m e n t  and  l i n k a g e  t o  known m i t o c h o n d r i a l  l o c i ) .

I n  summary, t h e  d a t a  p r e s e n t e d  i n  t h i s  c h a p t e r  demon­

s t r a t e  t h e  l o c a l i z a t i o n  o f  t h e  c y to p l a s m i c  l o c i  RHG-1 and 

TNC-1 on t h e  mt.DNA and  s t r o n g l y  s u g g e s t  a  s i m i l a r  l o c a t i o n  

f o r  l o c u s  O L I-5 .
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CHAPTER VI

MAPPING OF THE a n t - r  LOCUS AND ANALYSIS OF

CROSSES BETWEEN OUR MUTANT AND TWO 

SIMILAR MUTANTS REPORTED BY OTHERS

MAPPING OF THE a n t - r  LOCUS;

The s e g r e g a t i o n  o f  t h e  a n t - r  and  + a l l e l e s  o f  t h e  nu ­

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

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

CHX an d  TCN, s i n c e  t h e  p h e n o ty p e s  f o r  t h e s e  two d r u g s  a lw ay s  

s e g r e g a t e  i n  a  2 :2  f a s h i o n  i n  a l l  t e t r a d s .  I t  i s  t h e r e f o r e  

p o s s i b l e  t o  map t h e  a n t - r  l o c u s  r e l a t i v e  t o  t h e  o t h e r  nu ­

c l e a r  m a rk e rs  g o e sen tin  the  c r o s s e s , by d e t e r m i n i n g  t h e  r e l a ­

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

f o r  any  g iv e n  p a i r w i s e  c o m b in a t io n  o f  m a r k e r s .  The r e s u l t s  

o f  su c h  an  a n a l y s i s ,  f o r  t h e  two m a rk e r s  a n t - r  and  l e u - 1  

a r e  r e p o r t e d  i n  t a b l e  1 2 .

The o b v io u s  i n e q u a l i t y ,  P D ^ N P D ,  i n d i c a t e s  l i n k a g e

b e tw e e n  t h e s e  two g e n e s .  The d i s t a n c e  b e tw e e n  them  c an  be

d e r i v e d  from  t h e  e q u a t i o n :

X = 100 X (TT + 6NPD)
2 X (TT + PD + NPD)

Where X i s  t h e  d i s t a n c e ,  i n  c e n t i m o r g a n s , (cM ), b e tw e e n  t h e

two g e n e s  ( P e r k i n s ,  1 9 4 9 ) .  I n  t h i s  i n s t a n c e ,  x = 3.3cM .

I n  a d d i t i o n ,  we h ave  a t t e m p t e d  t o  d e te r m in e  t h e  p o s i ­

t i o n  o f  t h e  a n t - r  l o c u s  r e l a t i v e  t o  t h e  c e n t r o m e r e - l i n k e d
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TABLE 12

MAPPING OF THE a n t - r  LOCUS

S e g r e g a t i o n  o f  l e u - l / +  and  a n t - r / +  
i n  c o m p le te  and  t r u e  t e t r a d s *

Type o f  
t e t r a d s

Number o f  t e t r a d s  
o f  e a c h  t y p e

2 l e u - 1  a n t - • r  : 2 + + PD 223

2 l e u - 1  + : 2 + a n t - r NPD 0

1 l e u - 1  a n t - ■r : 1 l e u - 1  + : 1 + a n t - r : 1 + + TT 16

*The d a t a  i n  t h i s  t a b l e  r e p r e s e n t s  t h e  p o o l e d  r e s u l t s  o f  t e t r a d  a n a l y s e s  o f  

random  d i p l o i d s  d e r i v e d  fro m  s e v e r a l  d i f f e r e n t  c r o s s e s .  H ow ever, i n  a l l  t h e s e  

c r o s s e s  t h e  two m a r k e r s  i n v o l v e d  h e r e  w e re  i n  a  c i s  c o n f i g u r a t i o n ,  i . e .  a n t - r  

l e u - 1  X + + .



l e u - 1  g ene  a s  w e l l  a s  t o  t h e  c e n t r o m e r e  i t s e l f .  T h is  was 

done by  d e t e r m i n i n g  t h e  f a t e  o f  t h e  l e u - 1  l o c u s  among m i t o ­

t i c  r e c o m b in a n t s  f o r  t h e  a n t - r  l o c u s  ( a n t - r / a n t - r ) . I n d i ­

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

b i n a n t s  o r  g en e  c o n v e r t a n t s ,  w e re  p i c k e d  from  t h e  s e l e c t i v e  

(d rug )  m ed ia  on w h ich  t h e y  o c c u r e d  and  w e re  p u r i f i e d  on t h e  

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

o c c u r i n g  r e s i s t a n t  p a p i l l a e  w e re  s e l e c t e d  from  v a r i o u s  d ru g  

p l a t e s  and from  v a r i o u s  c r o s s e s .  They w ere  t h e n  t e s t e d  f o r  

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

t h e i r  l e u c i n e  r e q u i r e m e n t .  I n  a d d i t i o n ,  tw e lv e  r e p r e s e n ­

t a t i v e  c lo n e s  among t h e s e  t h i r t y  w ere  s p o r u l a t e d ,  d i s s e c t e d  

and  s u b j e c t e d  t o  t e t r a d  a n a l y s i s .  The r e s u l t s  o f  t h i s  work 

a p p e a r  i n  t a b l e s  13 and  14 . The s a l i e n t  f e a t u r e s  o f  t h e s e  

r e s u l t s  a r e :

a .  A l l  t h i r t y  p a p i l l a e ,  r e g a r d l e s s  o f  t h e  d ru g  p l a t e  

o r  c r o s s  f rom  w h ic h  t h e y  a r o s e ,  a r e  f u l l y  r e s i s t a n t  t o  CHX, 

TCN and  CAP.

b .  A p r o p o r t i o n  o f  t h e s e  p a p i l l a e  (1 3 /3 0 )  a r e  an x o -  

t r o p h i c  f o r  l e u c i n e  ( t h e y  grow on YNBD + l e u c i n e  b u t  n o t  on 

YNBD), a l t h o u g h  t h e  d i p l o i d s  from  w h ich  t h e y  a r o s e  w ere  a l l  

h e te r o z y g o u s  l e u - l / +  a n d ,  t h e r e f o r e ,  h a d  no r e q u i r e m e n t  f o r  

l e u c i n e .

c .  T e t r a d  a n a l y s i s  o f  t h e  12 s e l e c t e d  p a p i l l a e  p r o ­

duce  4 :0  s e g r e g a t i o n s  f o r  r e s i s t a n c e : s e n s i t i v i t y  t o  CHX, CAP 

and TCN, an d  e i t h e r  4 :0  o r  0 :4  s e g r e g a t i o n s  f o r  OLI and RHG.
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TABLE 13
GENETIC ANALYSIS OF RESISTANT PA PIL L A E : CROSS RESISTANCE AND LEUCINE REQUIREMENT

lcn
0
1

PAPILLAE#
ORIGINS OF PAPILLAE: 
CROSS DRUG PLATE

PHENOTYPE OF DIPLOID 
PATCH FROM WHICH 
PAPILLAE ORIGINATE

PHENOTYPE OF PAPILLAE: 
YNBD YNBD + le u  CHX CAP TCN THG QLI

1 1A RHG PHxSP CAP31* tcn^r RHGSP OUs - + R R R R S

2
VT II 11 - + R R R R S

3 II II II + + R R R R S

4 II II II + + R R R R S

5 II II 11
+ + R R R R S

6
II CHX II - + R R R R S

7 II 11 11 + + R R R R S

8
If 11 ft

+ + R R R R S

9 If OLI CHXSP CAP11 TCN3p RHG3 OLISP - + R R R S R

1 0
II 11 II + + R R R S R

1 1
II 11 11 - + R R R S R

1 2
11 CHX If — + R R R S R



T
9-

TABLE 13 (cont'd.)

PAPILLAE#
ORIGINS
CROSS

OF PAPILLAE: 
DRUG PLATE

PHENOTYPE OF DIPLOID 
PATCH FROM WHICH 
PAPILLAE ORIGINATE:

PHENOTYPE OF PAPILLAE: 
YNBD YNBD +  l e u  CHX CAP TCN RHG OLI

13 fl it ii + + R R R S R

14 ft fi i i
+ + R R R s R

15 11 it n
+ + R R R s R

16 ■I fi i i
+ + R R R s R

17 IB CHX CHX3® CAP11 TCNSP RHG5 OLISP _ + R R R s R

18 11 n 11
+ + R R R s R

19 II ti II
+ + R R R s R

20 fl OLI 11 + + R R R s R

21 II ii It + + R R R s R

22 II *i 11 - + R R R s R

23 II ti II + + R R R s R

24 1C CHX CHX3® CAP311 TCN3®' RHG5® OLIs + + R R R R S

25 ft it II - + R R R R S

26 ■1 i i II _ + R R R R S



6
2

-

TABLE 13 (cont'd.)

PHENOTYPE OF DIPLOID 
ORIGINS OF PAPILLAE: PATCH FROM WHICH PHENOTYPE OF PAPULAE:

PAPILLAE# CROSS DRUG PLATE PAPILLAE ORIGINATE: YNBD YNBD + leu  CHX CAP TCN RHG OLI

27 II II n — + R R R R S

28 It RHG n + + R R R R S

29 II ■i n - + R R R R s

30 II ii it — + R R R R s



TABLE 14

GENETIC ANALYSIS OF RESISTANT PAPILLAE: TETRAD ANALYSIS OF SELECTED RESISTANT PAPILLAE:

S e g r e g a t i o n  o f  d ru g  r e s i s t a n c e : s e n s i t i v i t y  (R:S) # T e t r a d
P a p i l l a e #  a n d  o f  l e u c i n e  p r o t o t r o p h y : a u x o t r o p h y  ( + : - )  a n a l y s e d

LEU CAP CHX TCN RHG OLI

+ : - R:S R:S R:S R:S R:S

1 0 : 4 ( 1 0 ) * 4 :0 ( 1 0 ) 4 :0 (1 0 ) 4 :0 ( 1 0 ) 4 :0 ( 1 0 ) 0 :4 ( 1 0 ) 10
iCTl
OJ 10 2 : 2 ( 8 ) 4 : 0 (  8 ) 4 :0 ( 8 ) 4 :0 ( 8 ) 4 :0 ( 8 ) 4 :0 ( 8 ) 8
1 11 0 :4 ( 1 0 ) 4 :0 ( 1 0 ) 4 :0 ( 1 0 ) 4 :0 ( 1 0 ) 0 :4 ( 1 0 ) 4 :0 ( 1 0 ) 10

12 0 :4 ( 1 0 ) 4 :0 ( 1 0 ) 4 :0 ( 1 0 ) 4 :0 ( 1 0 ) 0 :4 ( 1 0 ) 4 :0 ( 1 0 ) 10

13 2: 2 ( 9) 4 : 0 (  9) 4 :0  ( 9) 4 : 0 ( 9) 0 :4  ( 9) 4 : 0 (  9) 9

17 0 :4 ( 1 0 ) 4 :0 (1 0 ) 4 :0 ( 1 0 ) 4 :0 (1 0 ) 0 :4 ( 1 0 ) 4 :0 ( 1 0 ) 10

18 2 : 2 (  9) 4 : 0 (  9) 4 :0 ( 9) 4 :0  ( 9) 0 : 4 (  9) 4 : 0 ( 9) 9

20 2 :2 ( 8 ) 4 :0 ( 8 ) 4 :0 ( 8 ) 4 :0 ( 8 ) 0 :4  ( 8 ) 4 :0 ( 8 ) 8

21 2 : 2 ( 9) 4 : 0 (  9) 4 :0  ( 9) 4 :0 ( 9) 0 : 4 (  9) 4 :0  ( 9) 9

22 0 :4  ( 8 ) 4 :0 ( 8 ) 4 :0  ( 8 ) 4 :0 ( 8 ) 0 : 4 (  8 ) 4 : 0 ( 8 ) 8

25 0 : 4 ( 6 ) 4 :0 ( 6 ) 4 : 0 (  6 ) 4 : 0 ( 6 ) 4 :0  ( 6 ) 0 : 4 (  6 ) 6

29 0 :4  ( 8 ) 4 : 0 (  8 ) 4 : 0 (  8 ) 4 :0  ( 8 ) 4 ;0 ( 8 ) 0 : 4 ( 8 ) 8



TABLE 14 (cont'd.)

*Numbers i n  p a r e n t h e s e s  r e p r e s e n t  t h e  num ber o f  t e t r a d s  

d i s p l a y i n g  t h e  s e g r e g a t i o n  r a t i o  w hich  th e y  f o l lo w .
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d .  A l l  7 l e u c i n e  r e q u i r i n g  p a p i l l a e  d i s s e c t e d  s e g r e ­

g a t e  4 :0  f o r  l e u - l : + .  The r e m a in in g  5 p a p i l l a e ,  a l l  p r o t o ­

t r o p h i c  f o r  l e u c i n e ,  s e g r e g a t e  2 :2  f o r  l e u - l : + .

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

we made e a r l i e r  i n  t h i s  work (C h a p te r  IV) t h a t  t h e  r e s i s t a n t  

p a p i l l a e  a r e  homozygous a n t - r / a n t - r .  The f a c t  t h a t ,  among 

t h e s e  a n t - r / a n t - r  h o m o z y g o te s ,  s e v e r a l  a l s o  i n v o lv e d  t h e  

c o n v e r s i o n  o f  t h e  l e u - 1  l o c u s  t o  a  hom ozygous s t a t e ,  

l e u - l / l e u - 1 , a rg u e s  s t r o n g l y  i n  f a v o r  o f  m i t o t i c  r e c o m b in a t io n  

o r  g ene  c o n v e r s i o n  b e in g  t h e  e v e n t  r e s p o n s i b l e  f o r  t h e i r  

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

c o n v e r s i o n  o f  a n t - r / +  t o  a n t - r / a n t - r )  d o e s  i n d e e d  o c c u r  r a n ­

domly among t h e  d i p l o i d  p ro g e n y  o f  a l l  c r o s s e s .  T h e r e f o r e ,  

t h e  a b s e n c e  o f  r e s i s t a n t  p a p i l l a e  i n  c e r t a i n  c r o s s e s  and  f o r  

c e r t a i n  d r u g s  (RHG and  OLI) i s  n o t  due  t o  t h e  f a i l u r e  o f  m i­

t o t i c  r e c o m b in a t io n ,  o r  gene  c o n v e r s i o n  t o  o c c u r  i n  t h e s e  

p a r t i c u l a r  c r o s s e s  and  f o r  t h e s e  p a r t i c u l a r  d r u g s .

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

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

a n t - r  ho m ozygo tes  by m i t o t i c  r e c o m b in a t io n  o r  g en e  c o n v e r s i o n ,  

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

a n t - r  l o c u s  i s  t h e  s i m u l t a n e o u s  c o n v e r s i o n ,  i n  a p p r o x im a te ly  

h a l f  t h e  c a s e s ,  o f  t h e  c l o s e l y - l i n k e d  l e u - 1  l o c u s  t o  

a  hom ozygous l e u - l / l e u - 1  s t a t e .  I n d e e d ,  t h i s  r e s u l t  i s  

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

g e n e t i c  m a rk e r s  a n t - r ,  l e u - 1  an d  c V I I I  ( c e n t r o m e re  o f
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chromosome VII):

a n t - r  leu-1  cVII

The o t h e r  two p o s s i b l e  o r d e r s :

leu-1  CVII a n t - r

o r :

leu-1  a n t - r  cVII

w ould  h a v e  p r o d u c e d ,  among a n t - r / a n t - r  m i t o t i c  r e c o m b in a n t s  

o r  g ene  c o n v e r t a n t s ,  p r e d o m in a n t ly  l e u - l / +  o r  p r e d o m in a n t ly  

l e u - l / l e u - 1  d i p l o i d s ,  r e s p e c t i v e l y .

CROSSES BETWEEN OUR MUTANT AND TWO SIMILAR 

MUTANTS REPORTED BY OTHERS:

Our i n t e r p r e t a t i o n  o f  t h e  g e n e t i c  b a s i s  o f  t h e  c r o s s -  

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

w i t h  some o f  t h e  c l a im s  made i n  t h e  l i t e r a t u r e  c o n c e r n i n g  

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

t h e  c l a i m  made by G u e r in e a u  e t  a l .  {1974, 1976a  and  b) c o n ­

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

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

d i f f e r e n c e  b e tw e e n  t h e i r  m u ta n t  and  o u r s .  On t h e  o t h e r  h a n d ,
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t h e  many s i m i l a r i t i e s  ( p h e n o ty p ic  a s  w e l l  a s  g e n e t i c )  b e ­

tw een t h e s e  m u ta n ts  seem  t o  a rg u e  i n  f a v o r  o f  a  common 

g e n e t i c  b a s i s  f o r  a l l  o f  th em . I t  was t h e r e f o r e  o f  i n t e r e s t  

t o  t r y  t o  d e te r m in e  w h e th e r  o r  n o t  o u r  m u ta n t  i n d e e d  s h a r e s  

some common b a s i c  g e n e t i c  f e a t u r e  w i t h  any o f  t h e  m u ta n ts  

r e p o r t e d  by o t h e r s ,  and  f o r  w h ich  a  d i f f e r e n t  g e n e t i c  i n ­

t e r p r e t a t i o n  h ad  b e e n  g i v e n .

Two s u c h  m u ta n t s ,  t h e  one  r e p o r t e d  by  Rank e t  a l .

(1973) and  t h a t  i s o l a t e d  by  G u e r in e a u  e t  a l .  (1974) w ere  

k i n d l y  made a v a i l a b l e  t o  us  by  D r. J u l i u s  Marmur. T hese  a r e  

s t r a i n  3 3 2 - 7c , c a r r y i n g  t h e  o i l  1 m u ta t i o n  (Rank e t  a l . , 

1973) an d  s t r a i n  KL9D w h ich  c a r r i e s  t h e  d ru g  r e s i s t a n c e  

m u ta t io n  d e s c r i b e d  by G u e r in e a u  e t  a l .  ( 1 9 7 4 ) .  B o th  s t r a i n s  

w ere  c r o s s e d  t o  o u r  s t r a i n  28D-CR, a  m e i o t i c  s e g r e g a n t  from  

t h e  c r o s s  S3B-CR [RHO+ ] X Z1EK27-D [RHO+ ] , w h ic h  c a r r i e s  t h e  

a n t - r  m u ta t io n  and  h a s  t h e  d ru g  r e s i s t a n c e  p h e n o ty p e  shown 

i n  t a b l e  15 . The d i p l o i d s  o b t a i n e d  from  t h e s e  c r o s s e s  w e re  

a n a ly z e d  w i t h  r e s p e c t  t o  t h e i r  d ru g  r e s i s t a n c e  p h e n o ty p e  and 

w ere  f u r t h e r  s u b j e c t e d  t o  t e t r a d  a n a l y s i s ,  i n  an  a t t e m p t  t o  

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

p r e s e n t  i n  s t r a i n s  332-7C an d  KL9D. The r e s u l t s  o f  t h i s  

a n a l y s i s  a p p e a r  i n  t a b l e s  15 and  1 6 . C l e a r l y  t h e  d i p l o i d s  

p h e n o ty p e s  and  t h e  t e t r a d  r a t i o s  f o r  CHX, CAP and  TCN i n ­

d i c a t e  t h a t  b o t h  s t r a i n s  332-7C and  KL9D c a r r y  a  n u c l e a r  

m u ta t io n  a l l e l i c  ( o r  h e t e r o a l l e l i c )  t o  o u r  a n t - r  m u t a t i o n .  

T h e r e f o r e  a l l  t h r e e  m u ta n t  s t r a i n s  s h a r e  a t  l e a s t  t h i s
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TABLE 15

CROSSES BETWEEN OUR MUTANT AND 

MUTANT STRAINS 3 3 2 - 7C a n d  KL9D; 

P h e n o ty p e s  o f  t h e  h a p l o i d  p a r e n t a l  

s t r a i n s  and o f  ‘th e  d i p l o i d s

PARENTAL STRAIN 
OR DIPLOID

DRUG RESISTANCE PHENOTYPE

CHX CAP TCN RHG OLI

28D-CR R R R R R

3 3 2 -7 c R R R R R

KL9D R R R R S

28D-CR X 3 3 2 -7 C (50)* R R R R R

28D-CR X KL9D(5 0 )* R R R R R

♦Number o f  i n d i v i d u a l  d i p l o i d  c o l o n i e s  t e s t e d
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TABLE 16

CROSSES BETWEEN OUR MUTANT AND MUTANT STRAINS 3 3 2 - 7c a n d  KL9D : 

T e t r a d  a n a l y s i s  o f  random  d i p l o i d s :

#TETRADS* SEGREGATION OF RESISTANCE .-SENSITIVITY (R:S) IN TETRADS
CROSS ANALYSED

CHX CAP TCN RHG OLI

R:S R:S R:S R:S R:S

28D-CR X 3 3 2 -7 c 15 4 :0 ( 1 5 ) * * 4 :0 ( 1 5 ) 4 :0 (1 5 ) 4 :0 ( 1 5 ) 4 :0 ( 1 0 )  
2 : 2 (  5)

28D-CR X KL9D 16 4 :0  (16) 4 :0 ( 1 6 ) 4 :0 )1 6 ) 4 ; 0 ( 5) 
2 : 2  ( 2 ) 
1 :  3 (  9)

2 :2 ( 1 3 )  
1 :3  ( 1 ) 
0 : 4 ( 2)

*Only t r u e  and  c o m p le te  t e t r a d s  a r e  r e p o r t e d  h e r e .

**Numbers i n  p a r e n t h e s e s  r e p r e s e n t - t h e  num ber o f  t e t r a d s  sh o w in g  t h e  R:S r a t i o  
i n d i c a t e d .



g e n e t i c  e l e m e n t  w i t h  r e g a r d  t o  t h e i r  d ru g  r e s i s t a n c e  p h en o ­

t y p e .

However, no s im p le  e x p l a n a t i o n  c an  a c c o u n t  f o r  t h e  

t e t r a d  r a t i o s  o b t a i n e d  f o r  RHG a n d  O L I. I n  t h e  c r o s s  

28D-CR X 332-7C , i n  a l l  5 t e t r a d s  sh ow ing  2 :2  s e g r e g a t i o n s  

f o r  OLI r e s i s t a n c e : s e n s i t i v i t y  t h e  2 s e n s i t i v e  s p o r e s  a r e  

a l s o  an d  a lw ay s  l e u c i n e  n e g a t i v e .  T h is  r e s u l t  c o u ld  b e  e x ­

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

t h e  f o l l o w i n g  a s s u m p t io n s  a r e  m ade, (k e e p in g  i n  m ind t h e  

f a c t  t h a t ,  g iv e n  t h e  t i g h t  l i n k a g e  b e tw e e n  t h e  a n t - r  l o c u s  

and  t h e  l e u - 1  l o c u s ,  t h e  l e u - 1  s p o r e s  m o s t  p r o b a b l y  c a r r y  

o u r  a n t - r  m u t a t i o n ) :

a .  S t r a i n  332-7C  c a r r i e s  a n u c l e a r  m u t a t i o n ,  a n t - r x  

h e t e r o a l l e l i c  t o  o u r  a n t - r  m u t a t i o n .

b .  S t r a i n  3 3 2 -7 5  c a r r i e s  a  m i t o c h o n d r i a l  m u ta t io n  

OLI-SRx, p o s s i b l y  h e t e r o a l l e l i c  t o  o u r  0 L I-5 R  m u t a t i o n .

c .  I n  t h e  h a p l o i d  c o n d i t i o n ,  g e n o ty p e s  a n t - r  [ 0 L I - 5 R ] ; 

a n t - r x  [OLI-SRx] and  a n t - r x  [0L I-5R ] p r o d u c e  an  o l ig o m y c in  

r e s i s t a n t  p h e n o ty p e ,  w h e re a s  g e n o ty p e  a n t - r  [0L I-5R x] e x ­

p r e s s e s  an  o l ig o m y c in  s e n s i t i v e  p h e n o ty p e .

d .  The f i v e  t e t r a d s  g i v i n g  2 :2  s e g r e g a t i o n  r e s u l t  

from  d ip lo id s  h a v in g  i n h e r i t e d  t h e  m i t o c h o n d r i a l  OLI-SRx 

g e n o ty p e  o f  s t r a i n  332-7C and  w o u ld  t h e r e f o r e  h a v e  t h e  

f o l l o w i n g  g e n o ty p e s  an d  p h e n o ty p e s :

l e u - 1  a n t - r  [0LI-5R x] ( s e n s i t i v e  t o  OLI)

l e u - 1  a n t - r  [0LI-5Rx] ( s e n s i t i v e  t o  OLI)
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+ a n t - r x  [OLI-SRx] ( r e s i s t a n t  t o  OLI)

+ a n t - r x  [OLI-SRx] ( r e s i s t a n t  t o  OLI)

As f o r  t h e  s e g r e g a t i o n s  f o r  RHG and OLI o b t a i n e d  i n  t h e  c a s e

o f  t h e  c r o s s  i n v o l v i n g  s t r a i n  KL9D, t h e  s i t u a t i o n  seem s t o

b e  e v e n  more co m p lex . I t  m u s t  be  n o t e d  h e r e  t h a t  s t r a i n  

KL9D i s  n o t  t h e  o r i g i n a l  m u ta n t  d e s c r i b e d  by G u e r in e a u  et»  

a l . ( 1 9 7 4 ) ,  b u t  a  d e r i v a t i v e  w h ic h  h a s  l o s t  r e s i s t a n c e  t o  

OLI. We h av e  n o t  b e e n  a b l e  t o  e s t a b l i s h  i t s  o r i g i n  ( m e i o t i c  

s e g r e g a n t ,  p a r t i a l  r e v e r t a n t  o b t a i n e d ,  s p o n t a n e o u s ly  o r  a f ­

t e r  m u ta g e n ic  t r e a t m e n t ,  e t c . . . ) .  I t  i s  p o s s i b l e  t h a t  t h e  

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

a c t i o n s  b e tw e e n  t h e  n u c l e a r  a n t - r  t y p e  m u t a t i o n s ,  o t h e r  nu ­

c l e a r  gene  m u ta t i o n s  a f f e c t i n g  t h e  p h e n o ty p i c  e x p r e s s i o n  o f  

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

s c r i p t i o n  o f  two s u c h  m u ta t io n s )  and  m i t o c h o n d r i a l  g e n e s 1 - 

The d a t a  p r e s e n t e d  above  do n o t  p r o v i d e  a  d e f i n i t i v e  

a n sw e r  asTx> the  i d e n t i t y  b e tw e e n  t h e  g e n e t i c  phenom ena u n d e r ­

l y i n g  t h e  d ru g  r e s i s t a n t  m u ta t io n  i n  o u r  s t r a i n  a n d  t h a t  un ­

d e r l y i n g  t h e  m u t a t i o n  i n  s t r a i n s  3 3 2 -7 5  and  KL9D. H ow ever, 

t h e y  d e m o n s t r a t e  t h a t  a l l  t h r e e  m u ta n t s  ' s h a r e  i n  common, 

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

l o c u s  we h a v e  d e s i g n a t e d  a n t - r .  I n  a d d i t i o n  we f e e l  t h a t  

n o t h i n g  i n  t h e s e  r e s u l t s  i s  i r r e c o n c i l a b l e  w i t h  a  n u c l e a r -  

m i t o c h o n d r i a l  i n t e r p r e t a t i o n  o f  t h e  d ru g  r e s i s t a n t  m u ta t io n s  

i n  a l l  t h r e e  s t r a i n s .
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CHAPTER VII

ISOLATION AND GENETIC CHARACTERIZATION OF 

PARTIAL REVERTANTS OF THE CROSS RESISTANT MUTANT

The g e n e t i c  n a t u r e  o f  r e v e r t a n t s  o f  t h e  c r o s s  r e ­

s i s t a n c e  p h e n o ty p e  c o u ld  h a v e  some b e a r i n g  on t h e  q u e s t i o n  

o f  t h e  g e n e t i c  n a t u r e  o f  t h e  fo r w a rd  r e s i s t a n c e  m u t a t i o n  i t ­

s e l f .  W hether  r e v e r t a n t s  c o u ld  be  d e m o n s t r a t e d  t o  b e  o f  a  

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

t h e  a b s e n c e  o r  p h y s i c a l  a l t e r a t i o n  o f  2 ^ DNA, t h i s  w ou ld  

l e n d  s u p p o r t ,  how ever c i r c u m s t a n t i a l  i t  may b e ,  t o  on e  o r  

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

g e n e t i c  b a s i s  o f  t h e  fo rw a rd  r e s i s t a n c e  m u t a t i o n .  I t  i s  n o t  

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

h av e  r e p o r t e d  t h e  i s o l a t i o n  o f  c o m p le te  o r  p a r t i a l  r e v e r t a n t s  

o f  t h e i r  c r o s s  r e s i s t a n t  m u ta n t s ,

G u e r in e a u  e t  a l .  (1974) r e p o r t  t h e  i s o l a t i o n  o f  r e ­

v e r t a n t s  o f  t h e i r  c r o s s  r e s i s t a n t  m u ta n t ,  DR19, ( r e s i s t a n t  

t o  OLI, CAP, CHX, VEN* an d  T E T **), h a v in g  l o s t  e i t h e r  OLI 

r e s i s t a n c e  o n ly  o r  CAP, CHX, and  TET r e s i s t a n c e ,  o r  OLI, CHX, 

CAP a n d  TET r e s i s t a n c e .  A l th o u g h  i t  i s  s t a t e d  t h a t  t h e s e  

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

EB t r e a t m e n t ,  i t  i s  n o t  c l e a r  how e a c h  p a r t i c u l a r  r e v e r t a n t

*VEN -  VENTURICIDIN

**TET = TRIETHYLTIN
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was o b t a i n e d .  T hese  a u t h o r s  make t h e  c l a im  t h a t  t h e  r e v e r ­

t a n t s  w ere  due t o  t h e  l o s s  o f  e i t h e r  one  o r  b o th  o f  two e p i -  

som al g e n e t i c  e l e m e n t s ,  w h ich  t h e y  h ave  d e s ig n a te d 'T V  (p i )  

and  ( ta u )  . p i ,  i t  i s  c l a im e d ,  c o n f e r s  r e s i s t a n c e  t o  OLI 

and  VEN w h i l e  ' f  c o n f e r s  r e s i s t a n c e  t o  a l l  t h e  o t h e r  i n h i b i ­

t o r s .  I n  a d d i t i o n ,  i s  c la im e d  t o  be  i d e n t i c a l  o r  r e l a t e d  

t o  t h e  2yif c i r c u l a r  DNA s p e c i e s .  I n  s u p p o r t  o f  t h e s e  c l a i m s ,  

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

s t r a t i n g  t h e  p h y s i c a l  a b s e n c e  o f  2^  DNA i n  OLI s e n s i t i v e  

r e v e r t a n t s .  H ow ever, no g e n e t i c  a n a l y s i s  o f  any o f  t h e  r e ­

v e r t a n t s  i s  r e p o r t e d  i n  e i t h e r  t h e  p u b l i c a t i o n  c i t e d  above  o ro n  

a s u b s e q u e n t  p a p e r  d e a l i n g  w i t h  t h e  same s u b j e c t  (G u e r in e a u  

e t  a l . , 1 9 7 6 b ) .

On t h e  o t h e r  h a n d ,  Rank e t  a l . , (1975) h av e  o b t a i n e d  

two s p o n ta n e o u s  r e v e r t a n t s  o f  t h e i r  c r o s s  r e s i s t a n t  m u ta n t .

One showed a c o m p le te  l o s s  o f  t h e  p l e i o t r o p i c  p h e n o ty p e  

( s e n s i t i v e  t o  a l l  13 d ru g s  t o  w h ich  t h e  o r i g i n a l  m u ta n t  was 

r e s i s t a n t ) . G e n e t i c  a n a l y s i s  o f  t h i s  r e v e r t a n t  d e m o n s t r a t e d  

t h a t  i t  r e s u l t e d  from  a b a ck  m u ta t io n  o f  t h e  n u c l e a r  O l iP R l  

l o c u s  r e s p o n s i b l e  f o r  t h e  r e s i s t a n c e  p h e n o ty p e .

The o t h e r  i s  a  p a r t i a l  r e v e r t a n t ,  r e t a i n i n g  r e s i s t a n c e  

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

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

m u ta t io n  a t  a  s e c o n d a r y  l o c u s ,  s e g r e g a t i n g  i n d e p e n d e n t l y  o f  

t h e  o l i PRl  l o c u s  and  s u p p r e s s in g  r e s i s t a n c e  t o  CAP, CHX e t c . . . ,  

w i t h o u t  a l t e r i n g  r e s i s t a n c e  t o  O L I.
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F i n a l l y ,  G r i f f i t h s  e t  a l .  (1975) r e p o r t e d  r e v e r t a n t s  

o f  t h e i r  VENR TETR RHGR m u ta n t  ( L a n c a s h i r e  e t  a l . ,  1975) 

h a v in g  l o s t  r e s i s t a n c e  t o  a l l  t h r e e  i n h i b i t o r s .  B u t an  a t ­

te m p t  by  them  t o  show a  c o n c o m i t a n t  l o s s  o f  2 f t  DNA i n  t h e s e  

r e v e r t a n t s  f a i l e d ,  a s  2yt| DNA was fo u n d  i n  a l l  s e n s i t i v e  r e ­

v e r t a n t s  a n a l y z e d .  No f u r t h e r  g e n e t i c  a n a l y s i s  o f  t h e s e  

r e v e r t a n t s  was r e p o r t e d .

I n  an e f f o r t  t o  e x t e n d  f u r t h e r  t h e  g e n e t i c  a n a l y s i s  o f  

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

i n t o  i t s  g e n e t i c  b a s i s ,  s e n s i t i v e  r e v e r t a n t s  w ere  s e l e c t e d  

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

g e n e t i c  b a s i s  o f  t h e  r e v e r s i o n .  Two s t r a i n s ,  RD35-CR and 

DRS8-CR, w ere  u t i l i z e d  a s  s t a r t i n g  p o i n t s  f o r  t h e  s e l e c t i o n  

o f  r e v e r t a n t s .  No m u ta g e n e s i s  o r  s p e c i a l  s e l e c t i o n  t e c h n i q u e  

was e m p lo y ed . R e v e r t a n t s  w e re  s e l e c t e d  s im p ly  by  t e s t i n g  

s e v e r a l  th o u s a n d  i n d i v i d u a l  i s o l a t e s  f o r  l o s s  o f  r e s i s t a n c e  

t o  one  o r  more o f  t h e  d r u g s .  The two s t r a i n s  d i f f e r  i n  

t h e i r  m i t o c h o n d r i a l  g e n o ty p e  ( s e e  t a b l e  2 ) and  c o n s e q u e n t ly  

i n  t h e i r  p h e n o ty p e .  S t r a i n  RD35-CR h a s  t h e  g e n o ty p e  a n t - r  

[ERY-R CAP-R 0 L I-5 R  RHG-1S TCN-1R1] a n d ,  t h e r e f o r e ,  i s  r e ­

s i s t a n t  t o  ERYr CAP, GLI , TCN, CHX b u t  s e n s i t i v e  t o  RHG. S t r a i n  

DRS8-CR, on t h e  o t h e r  h a n d ,  o r i g i n a t e s  from  t h e  c r o s s  

RD35-CR [RHO°] X Z1EK27-D[RHO+ ] a n d  h a s  t h e  g e n o ty p e  a n t - r  

[ERY-S CAP-S OLI-5S RHG-1R TCN-1R2] and  i s  t h e r e f o r e  r e s i s ­

t a n t  t o  CHX, CAP, TCN and  RHG b u t  s e n s i t i v e  t o  t h e  o t h e r  

d r u g s .  One r e v e r t a n t  f ro m  e a c h  s t r a i n  was a n a l y z e d .
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PHENOTYPES OF THE REVERTANTS:

R e v e r t a n t  RD35-S1, d e r i v e d  from  s t r a i n  RD35-CR, h a s  

l o s t  r e s i s t a n c e  t o  CHX b u t  r e t a i n s  r e s i s t a n c e  t o  a l l  o t h e r  

i n h i b i t o r s  (O LI, TCN, CAP and  ERY).

R e v e r t a n t  DRS8-S2, d e r i v e d  from  s t r a i n  DRS8-CR, h a s  

l o s t  r e s i s t a n c e  t o  CHX, CAP an d  RHG, b u t  h a s  r e t a i n e d  r e ­

s i s t a n c e  t o  TCN. I n  a d d i t i o n ,  t h i s  r e v e r t a n t  h a s  a c q u i r e d  

r e s i s t a n c e  t o  OLI, w h ich  t h e  p a r e n t a l  s t r a i n  DRS8-CR d i d  

n o t  e x h i b i t .

GENETIC ANALYSIS OF THE REVERTANTS 

B oth  r e v e r t a n t s  w e re  c r o s s e d  t o  t h e  s e n s i t i v e  w i l d  

ty p e  s t r a i n  Z1EK27-D and  random  d i p l o i d s  w e re  s p o r u l a t e d  and  

s u b j e c t e d  t o  t e t r a d  a n a l y s i s .  I n  b o t h  c a s e s ,  [RHO+ ] X [RHO°] 

and  [RHO°] X [RHO+ ] c r o s s e s  w e re  p e r fo r m e d  i n  a d d i t i o n  t o  

t h e  [RHO+ ] X [RHO+ ] c r o s s ,  i n  o r d e r  t o  d e t e c t  any p o s s i b l e  

in v o lv e m e n t  o f  m i t o c h o n d r i a l  g e n e s  i n  t h e  m echan ism  o f  t h e  

r e v e r s i o n s .

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

t a b l e s  17 and  18 .

DISCUSSION OF THE TETRAD DATAi 

a .  R e v e r t a n t  RD35-S1: A l th o u g h  a t  f i r s t  g l a n c e  t h e

t e t r a d  d a t a  a p p e a r  c o n f u s i n g ,  th e y a re  by  no m eans u n i n t e r ­

p r e t a b l e .  C o n s id e r  t h e  s e g r e g a t i o n  o f  CHX r e s i s t a n c e : s e n ­

s i t i v i t y ,  i n  w h ich  c a s e  m i t o c h o n d r i a l  g e n e s  a r e  n o t  i n v o lv e d  

i n  d e t e r m i n i n g  t h e  o r i g i n a l  r e s i s t a n t  p h e n o ty p e :  t h e  r a t i o
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TABLE 17

GENETIC ANALYSIS OF REVERTANT RD35-S1*:

# TETRADS** TETRAD SEGREGATION OF RESISTANCE:SENSI- # TETRADS 
CROSS ANALYZED CLASSES TIVITY FOR EACH OF DRUGS TESTED*** IN EACH CLASS

TCN OLI CAP RHG CHX

, RD35-S1[RHO+ ] 16 I 2 :2 0 :4 1 :3 1 :3 1 :3 10

Xi

■76- I I 2 :2 2 :2 1 :3 1 :3 1 :3 1

Z1EK27-D[RHO+ ] I I I 2 :2 2 :2 4 :0 0 :4 1 :3 2

IV 2 :2 0 :4 2 :2 2 :2 2 :2 2

V 2 :2 2 :2 0 :4 0 :4 0 :4 1

RD35-S1[RHO+ ]
X

Z1EK27-D[RHO°]

8 I I I

VI

2 :2

2 :2

2 :2

2 :2

4 :0

4 :0

0 :4

0 :4

1 :3

2 :2

7

1



TABLE 17 (cont'd.)

# TETRADS** TETRAD SEGREGATION OF RESISTANCE:SENSI- # TETRADS 
CROSS ANALYZED CLASSES TIVITY FOR EACH OF DRUGS TESTED IN EACH CLASS

TCN OLI CAP RHG CHX

RD35-S1[RHO°] 25 I 2 :2 0 :4 1 :3 1 :3 1 :3 20

X IV 2 :2 0 :4 2 :2 2 :2 2 :2 1
1-J

-J1
Z1EK27-D[RH0+ ] V II 2 :2 0 :4 0 :4 0 :4 0 :4 4

*The p h e n o ty p e o f  r e v e r t a n t RD35-- S I  i s TCNr  OLIr c a p r RHGS CHXS

**Only c o m p le te  and  t r u e  t e t r a d s  w e re  r e c o r d e d .

* * * S e g r e g a t io n  o f  ERY r e s i s t a n c e : s e n s i t i v i t y  i s  n o t  r e p o r t e d  h e r e ,  a s  i t  s h o u l d  n o t  b e  

an d  i s  n o t  a f f e c t e d  by  e i t h e r  t h e  a n t - r  m u t a t i o n  o r  r e v e r s i o n .



PD : TT : NPD t e t r a d s  ( 2 : 2 ,  1 :3  and  0 :4  r e s p e c t i v e l y )  i s  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  from  a  1 : 4 : 1  r a t i o  = 4 , 9 ,

P a» . 10) an d  i s  t h e r e f o r e  m ost s im p ly  e x p l a i n e d  by  p o s t u l a ­

t i n g  t h a t  r e v e r t a n t  RD35-S1 c o n t a i n s  a  s i n g l e  n u c l e a r  g ene  

m u t a t i o n ,  d e s i g n a t e d  s c r - 1 ,  s u p p r e s s i n g  CHX r e s i s t a n c e  and  

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

o f  s c r - 1  on t h e  e x p r e s s i o n  o f  r e s i s t a n c e  t o  t h e  o t h e r  d r u g s

c an  b e  r e a d i l y  d e d u c e d  fr .on t.the  e x a m in a t io n  o f  t h e  t y p e s  o f  

s e g r e g a t i o n  o b t a i n e d  i n  t h e  [RH0+ ] X [RH0°] and  [RH0°] X 

[RH0+ ] c r o s s e s :

C ro s s  RD35-S1 [RH0+ ] X Z1EK27-D [RH0°] i n d i c a t e s  t h a t  

s c r - 1  d o e s  n o t  s u p p r e s s  r e s i s t a n c e  t o  OLI a s  2 :2  s e g r e g a t i o n  

i s  t h e  r u l e ,  r e g a r d l e s s  o f  w h a t  t y p e  o f  s e g r e g a t i o n  i s  ob ­

t a i n e d  f o r  CHX. I t  i s  a l s o  c l e a r  t h a t  t h e r e  i s  no s u p p r e s ­

s i o n  o f  TCN r e s i s t a n c e  e i t h e r .  H ow ever, n o t h i n g  c a n  b e  d e ­

d uced  from  t h i s  c r o s s  r e g a r d i n g  t h e  e f f e c t  o f  s c r - 1  on r e ­

s i s t a n c e  t o  CAP and  RHG.

I n  t h e  fo r m e r  c a s e ,  t h i s  i s  due  t o  t h e  p r e s e n c e  o f  t h e

m i t o c h o n d r i a l  CAP-R m u t a t i o n  r e s u l t i n g  i n  4 :0  s e g r e g a t i o n  i n  

a l l  t e t r a d s  o f  t h i s  c r o s s .  I n  t h e  l a t t e r  c a s e ,  t h e  a b s e n c e  

o f  t h e  RHG-1R g e n e ,  n e c e s s a r y  i n  t h e  f i r s t  p l a c e  f o r  t h e  e x ­

p r e s s i o n  o f  r e s i s t a n c e  t o  RHG, r e s u l t s  i n  0 :4  t e t r a d s  and  

t h e r e f o r e  p r e c l u d e s  any  a n a l y s i s  o f  t h e  e f f e c t  o f  s c r - 1  on  

RHG r e s i s t a n c e .

On t h e  o t h e r  h a n d ,  c r o s s  RD35-S1 [RH0°] X Z1EK27-D 

[RH0+ ] r e v e a l s  t h a t  s c r - 1  a l s o  s u p p r e s s e s  t h e  a n t - r - d e p e n d e n t
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r e s i s t a n c e  t o  b o th  CAP and  RHG i n  a d d i t i o n  t o  CHX. In d e e d  

2 : 2 ,  1 : 3 ,  and  0 :4  s e g r e g a t i o n s  a r e  o b t a i n e d  f o r  t h e s e  two 

d r u g s ,  and  t h e  s p o r e  c lo n e s  a r e  a lw a y s  s i m u l t a n e o u s l y  r e s i s ­

t a n t  o r  s i m u l t a n e o u s l y  s e n s i t i v e  t o  t h e  t h r e e  d r u g s  CHX, CAP 

and  RHG.

I n  summary, t h e  r e v e r s i o n  i n  s t r a i n  RD35-S1 i s  m ost  

l i k e l y  t h e  r e s u l t  o f  a  s e c o n d a ry  n u c l e a r  g en e  m u t a t i o n ,  d e s i g ­

n a t e d  s c r - 1 ,  s e g r e g a t i n g  i n d e p e n d e n t l y  o f  a n t - r .  M u ta t io n  

s c r - 1  s u p p r e s s e s  t h e  a n t - r  d e p e n d e n t  r e s i s t a n c e  t o  CHX, CAP 

and  RHG, b u t  has~  no e f f e c t  on  r e s i s t a n c e  t o  TCN and  OLI.

b .  R e v e r t a n t  DRS8-S2: As p o i n t e d  o u t  e a r l i e r ,  t h i s

r e v e r t a n t  h a s  s i m u l t a n e o u s l y  l o s t  r e s i s t a n c e  t o  CHX, CAP an d  

RHG, and  h a s  a c q u i r e d  r e s i s t a n c e  t o  OLI. H ere  a g a i n ,  t h e  

t e t r a d  d a t a  shown i n  t a b l e  18 a r e  c o n s i s t e n t  w i t h  t h e  p r e ­

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

d e s i g n a t e d  s c r - 2 ,  w h ich  s u p p r e s s e s  r e s i s t a n c e  t o  CHX, CAP an d  

RHG, h a s  no e f f e c t  on TCN r e s i s t a n c e  and  s e g r e g a t e s  in d e p e n ­

d e n t l y  o f  a n t - r  (*y2 = .4 6 ;  P /* .8 0  f o r  a  PD : TT : NPD r a t i o  

o f  1 : 4 : 1 ) .

I n  a d d i t i o n ,  t h e  a n a l y s i s  o f  t h e  p a t t e r n  o f  s e g r e g a t i o n  

o f  OLI r e s i s t a n c e : s e n s i t i v i t y  i n  s p o r e  c l o n e s ,  r e l a t i v e  t o  

t h e  s e g r e g a t i o n  o f  CHX, CAP and  RHG r e s i s t a n c e : s e n s i t i v i t y  

( t a b l e  1 9 ) ,  i s  r e a d i l y  e x p l a i n e d  by p o s t u l a t i n g  t h a t  t h e  

same s c r - 2  m u ta t io n  i s  a l s o  r e s p o n s i b l e  f o r  t h e  e x p r e s s i o n  

o f  a n t - r  s p e c i f i e d  OLI r e s i s t a n c e  i n  s t r a i n  DRS8-S2 a n d  i n  

s p o r e  c lo n e s  c a r r y i n g  t h e  a n t - r  g e n e ,  a l t h o u g h  t h e s e  s t r a i n s

and  s p o r e  c l o n e s  c a r r y  t h e  OLI-5S m i t o c h o n d r i a l  a l l e l e .

- 7 9 -



TABLE 18

GENETIC ANALYSIS OF REVERTANT DRS8-S2*:

CROSS**
# TETRADS 
ANALYZED

TETRAD
CLASSES

SEGREGATION 
FOR EACH OF

OF RESISTANCE: SENSITIVITY 
THE DRUGS TESTED

# TETRADS 
IN EACH CLASS

TCN OLI CAP RHG CHX

DRS8-S2 44 I 2 :2 1 :3 1 :3 1 :3 1 :3 28
X

Z1EK27-D I I 2 :2 0 :4 2 :2 2 :2 2 :2 7

I I I 2 :2 2 :2 0 :4 0 :4 0 :4 9

*The p h e n o ty p e  o f  r e v e r t a n t  DRS8-S2 i s  TCNR OLIR CAPS RHGS CHXS

* * In  so  f a r  a s  t h e  t h r e e  c r o s s e s :  [RHO+] X [RHO+ ] , [RHO+ ] X [RHO°] and  [RHO°] X [RHO+ ]

g av e  hom ogeneous s e g r e g a t i o n s  and  t e t r a d  r a t i o s ,  t e t r a d  d a t a  w e re  p o o l e d .



TABLE 19

SEGREGATION OF RESISTANCE (R) : SENSITIVITY (S) IN INDIVIDUAL SPORE CLONES,

IN TETRADS FROM THE CROSS DRS8-S2 X Z1EK27-D:

TETRAD CLASS* SPORE CLONE PHENOTYPE OF SPORE CLONE FOR EACH DRUG TESTED

I
GO

A

B

C

D

CHX

R

S

S

S

CAP

R

S

S

S

RHG

R

S

S

S

OLI

S

R

S

S

TCN

R

R

S

S

I I A

B

C

D

R

R

S

s

R

R

S

S

R

R

S

S

S

S

S

S

R

R

S

S



TABLE 19 (cont'd.)

TETRAD CLASS* SPORE CLONE PHENOTYPE OF SPORE CLONE FOR EACH DRUG TESTED

CHX CAP RHG OLI TCN

I I I A S S S R R

B S S S R R

C S S S S S

D S S S S S

* T e t r a d  c l a s s e s  c o r r e s p o n d  t o  t h o s e  d e s c r i b e d  i n  t a b l e  1 8 .



MAPPING OF s c r - 1  AND s c r - 2 :

I n  t h e  t e t r a d ^  l i s t e d  i n  t a b l e s  ] 7 and  1 8 ,  t h e  s u p ­

p r e s s o r  g e n o ty p e ,  i . e .  s c r - 1  o r  + and  s c r - 2  o r  + ,  o f  some 

o f  t h e  s p o r e  c l o n e s  c an  be  d e t e r m i n e d .  I n  1 :3  t e t r a d s  o n ly  

two o f  t h e  s p o r e  c l o n e s  c an  be  g e n o ty p e d ;  w h e re a s  a l l  f o u r  

s p o r e  c lo n e s  c a n  be  g e n o ty p e d  i n  2 :2  an d  i n  0 :4  t e t r a d s .  

T hese  g e n o ty p e s  c an  b e  d e d u ce d  from  t h e  p h e n o ty p e  o f  t h e  

s p o r e  c lo n e s  f o r  TCN and  CHX. F o r  e x a m p le ,  a  TCNR CHXR 

s p o r e  c lo n e  i s  n e c e s s a r i l y  + ( w i ld  ty p e )  f o r  t h e  s u p p r e s s o r  

g e n e .  A TCNR CHXS s p o r e  c lo n e  i s  n e c e s s a r i l y  o f  g e n o ty p e  

s c r - 1  (o r  s c r - 2 ) . A l th o u g h  t h i s  i s  n o t  s u f f i c i e n t  t o  a l l o w  

t h e  m apping  o f  s c r - 1  and  s c r - 2  by  t e t r a d  a n a l y s i s  (1 :3  

t e t r a d s  a r e  n o t  c o m p l e t e ly  g e n o t y p e d ) , a  l a r g e  enoug h  num ber 

o f  s p o r e  c l o n e s  can  be  g e n o ty p e d  i n  t h i s  way t o  p e r m i t  map­

p in g  by random  s p o r e  a n a l y s i s .  F o r  any p a i r  o f  m a r k e r s ,  t h e  

f r e q u e n c y  o f  r e c o m b in a n t  s p o r e  c l o n e s  among t h e  t o t a l  number 

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

g a n s ,  b e tw e e n  t h e  two m a r k e r s .  The r e s u l t s  o f  s u c h  an a n a l ­

y s i s ,  f o r  t h e  g e n e  p a i r s  s c r - 1  — a d e -2  and  s c r - 2  —■ a d e - 2 ,  

a r e  p r e s e n t e d  i n  t a b l e  20 . F o r  c o m p a r is o n ,  a n d  a s  a  c o n f i r ­

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

r e c o m b in a t io n  f r e q u e n c i e s  b e tw e e n  t h e  two i n d e p e n d e n t  m ark ­

e r s  l y s - 1  a n d  a d e - 2  i s  a l s o  r e p o r t e d ,  a s  w e l l  a s  t h e  recom ­

b i n a t i o n  f r e q u e n c i e s  b e tw e e n  s c r - 1  and  l y s - 1  an d  s c r - 2  and 

l y s - 1 .  T hese  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  b o th  s c r - 1  and  

s c r - 2  a r e  l i n k e d ,  a l t h o u g h  l o o s e l y ,  t o  t h e  a d e - 2  m a rk e r



TABLE 20

MAPPING OF LOCI s c r - 1  and  s c r - 2 :

CROSS GENE PAIR
TOTAL # OF SPORE 
CLONES ANALYZED

# OF RECOMBINANT 
SPORE CLONES % RECOMBINATION

RD35-S1* s c r - 1  - -  a d e -2 116 18 1 5 .5

X s c r - 1  - -  l y s - 1 116 56 4 8 .3

Z1EK27-D a d e - 2  - -  l y s - 1 196 99 5 0 .5

DRS8-S2** s c r - 2  - -  a d e -2 120 20 1 6 .7

X s c r - 2  - -  l y s - 1 120 53 4 4 .2

Z1EK27-D a d e - 2  - -  l y s - 1 176

i

83 4 7 .2

♦ P a r e n t a l  g e n o ty p e s  f o r  t h e  r e l e v a n t  g e n e s  a r e :  s c r - 1  a d e - 2  X l y s - 1

* ‘ P a r e n t a l  g e n o ty p e s  f o r  t h e  r e l e v a n t  g e n e s  a r e :  s c r - 2  a d e - 2  X l y s - 1



TABLE 21

ALLELE TESTING OF MUTATIONS s c r - 1  and  s c r - 2 :

TETRAD ANALYSIS OF DIPLOIDS DERIVED 

FROM CROSS T18D-S1 X T32C-S2

SEGREGATION OF CHX RESISTANCE: SENSITIVITY

4 s p o r e d  A s c i  ( 3 1 )* :  0 :4  (31)

3 s p o r e d  A s c i  ( 8) : 0 :3  ( 8)

♦Numbers i n  p a r e n t h e s e s  i n d i c a t e  t h e  num ber o f  A s c i  o f  t h e  

ty p e  d e s c r i b e d .
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on chromosome XV. The d i s t a n c e  b e tw e e n  t h e  m a rk e r s  i s ,  i n  

b o th  c a s e s ,  a p p r o x im a te ly  16 cM.

ALLELE TESTING OF s c r - 1  AND s c r - 2 :

A lth o u g h  n o t  i d e n t i c a l ,  t h e  e f f e c t s  o f  b o t h  s c r - 1  and  

s c r - 2  on t h e  p l e i o t r o p i c  p h e n o ty p e  a r e  v e r y  s i m i l a r .  I n  

a d d i t i o n ,  t h e  r e c o m b in a t io n  f r e q u e n c i e s  ( d i s t a n c e )  b e tw ee n  

e a c h  o f  t h e s e  m a rk e r s  and  t h e  a d e - 2  l o c u s  a r e  p r a c t i c a l l y  

i d e n t i c a l .  T h ese  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  tw o s u p p r e s ­

s o r  m u ta t io n s  may i n  f a c t  be  h e t e r o a l l e l e s  o f  a u n iq u e  g e n e ­

t i c  l o c u s .  T h is  p o s s i b i l i t y  was i n v e s t i g a t e d  by a l l e l e  

t e s t i n g  s c r - 1  and  s c r - 2 .

The f o l l o w i n g  two s t r a i n s  w ere  c o n s t r u c t e d ;

T18D-S1, o f  g e n o ty p e  «<ade-2 l e u - 1  a n t - r  s c r - 1  and  

T32C -S2, o f  g e n o ty p e  a l y s - 1  l e u - 1  a n t - r  s c r - 2 .  D i p l o id s  

r e s u l t i n g  from  t h e  c r o s s  T18D-S1 X T32C-S2, s e l e c t e d  on YNBD 

+ l e u c i n e  p l a t e s ,  a r e  s e n s i t i v e  t o  CHX, i . e .  s c r - 1  and  s c r - 2  

do n o t  com plem ent e a c h  o t h e r .  T h is  r e s u l t  s t r o n g l y  s u g g e s t s  

t h a t  s c r - 1  and  s c r - 2  a r e  h e t e r o a l l e l i c .  H ow ever, i t  m ig h t  

b e  a rg u e d  t h a t  t h e  same r e s u l t  w ou ld  h av e  b e e n  o b t a i n e d  ev en  

i f  s c r - 1  and  s c r - 2  w ere  n o n - a l l e l i c ,  p r o v i d e d  e i t h e r  one  o r  

b o th  o f  them  w ere  d o m in a n t .  T h e r e f o r e ,  c o n f i r m a t i o n  o f  t h e  

a l l e l i s m  o f  s c r - 1  and  s c r - 2  was s o u g h t  by t e t r a d  a n a l y s i s  

o f  random  d i p l o i d s  d e r i v e d  from  t h e  above  c r o s s .  The r e ­

s u l t s  o f  t h i s  t e t r a d  a n a l y s i s  a p p e a r  i n  t a b l e  21 .

A l l  39 a s c i  a n a ly z e d  s e g r e g a t e d  0 :4  ( o r  0 :3  i n  t h e
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c a s e  o f  3 s p o r e d  a s c i )  f o r  CHX r e s i s t a n c e : s e n s i t i v i t y , de ­

m o n s t r a t i n g  t h a t  s c r - 1  and  s c r - 2  a r e  i n d e e d  a l l e l i c  m u ta ­

t i o n s  .

SUMMARY:

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

t i a l  r e v e r t a n t s  o f  o u r  c r o s s  r e s i s t a n t  m u ta n t  w e re  i s o l a t e d  

and  g e n e t i c a l l y  c h a r a c t e r i z e d .  Each r e v e r t a n t  i s  t h e  r e ­

s u l t  o f  a  s i n g l e  n u c l e a r  gene  m u t a t i o n ,  s c r - 1  o r  s c r - 2 ,  su p ­

p r e s s i n g  p a r t  o f  t h e  p l e i o t r o p i c  p h e n o ty p e  and  s e g r e g a t i n g  

i n d e p e n d e n t l y  o f  t h e  a n t - r  l o c u s .  B o th  a r e  l o c a t e d  on 

chromosome XV, a p p r o x im a te ly  16 cM from  t h e  a d e - 2  l o c u s  and  

a l l e l e  t e s t i n g  d e m o n s t r a t e s  t h a t  t h e y  a r e  v e r y  l i k e l y  h e t e r ­

o a l l e l e s  o f  t h e  same g e n e t i c  l o c u s .

P h e n o t y p i c a l l y  and  g e n e t i c a l l y ,  b o th  a r e  s i m i l a r  t o  

one o f  t h e  two r e v e r t a n t s  r e p o r t e d  by  R a n k  e t  a l . , ( 1 9 7 5 ) .

A l th o u g h  t h e s e  r e s u l t s  do  n o t  d i s p r o v e  t h e  e p is o m a l  

h y p o t h e s i s  a d v a n c e d  by G u e r in e a u  e t  a l .  (1974 a n d  1 9 7 6 b ) ,  

t h e y  a p p e a r  t o  be  more i n  l i n e  w i t h  t h e  m odel o f  n u c l e a r -  

m i t o c h o n d r i a l  g ene  i n t e r a c t i o n  w h ich  we h a v e  p r e s e n t e d  i n  

p r e c e d i n g  c h a p t e r s .

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

y s i s  o f  r e v e r t a 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 ,  i s  t o  i l l u s ­

t r a t e  t h e  g e n e t i c  c o m p le x i ty  i n h e r e n t  t o  t h i s  s y s te m .  Se­

v e r a l  n u c l e a r  g en e  m u ta t io n s  and  s e v e r a l  m i t o c h o n d r i a l  mu­

t a t i o n s  a r e  i n t e r a c t i n g  h e r e  t o  c o n t r o l  an d  a f f e c t  i n
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d i f f e r e n t  ways d i f f e r e n t  f a c e t s  o f  a  p l e i o t r o p i c  p h e n o ty p e .  

T h is  c o m p le x i ty  may v e r y  l i k e l y  be  t h e  s o u r c e  o f  t h e  c o n ­

f l i c t i n g  i n t e r p r e t a t i o n s  and  c l a im s  w h ich  h a v e  b e e n  made w i t h  

r e g a r d  t o  t h i s  ty p e  o f  m u ta n t .
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CHAPTER VIII

DISCUSSION

I n  t h i s  t h e s i s ,  we h av e  r e p o r t e d  t h e  r e s u l t s  o f  t h e  

g e n e t i c  a n a l y s i s  o f  a  m u ta n t  o f  S acch a ro m y ces  c e r e v i s i a e , 

c r o s s - r e s i s t a n t  t o  s e v e r a l  s t r u c t u r a l l y  and  f u n c t i o n a l l y  

u n r e l a t e d  d r u g s .  The d a t a  p r e s e n t e d  show t h a t  t h e  r e s i s ­

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

t e t r a c y c l i n e ,  o l ig o m y c in ,  rh o d am in e  6G an d  c y c l o h e x i m id e , 

i s  p r i m a r i l y  d e te r m in e d  by  a  s i n g l e  n u c l e a r  gene  m u ta t i o n  

d e s i g n a t e d  a n t - r .  I n  a d d i t i o n  t o  t h e  a n t - r  m u t a t i o n ,  s e v e r ­

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

r e s i s t a n c e  t o  o l ig o m y c in ,  t e t r a c y c l i n e  and  rh o d am in e  6G.

The e v id e n c e  o f  t h e  in v o lv e m e n t  o f  a  n u c l e a r  gene  i s  

i n d i s p u t a b l e  and  comes from  t h e  t e t r a d  a n a l y s e s  r e p o r t e d  

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

c r o s s - r e s i s t a n c e  m u ta t io n  t o  a  s e n s i t i v e  w i l d  t y p e  s t r a i n  

a lw ay s  y i e l d  2 :2  m e i o t i c  s e g r e g a t i o n  r a t i o s  f o r  r e s i s t a n c e :  

s e n s i t i v i t y  t o  c y c lo h e x im id e ,  c h lo r a m p h e n ic o l  a n d  t e t r a c y ­

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

f o r  t h e  r e m a in in g  two d r u g s ,  o l ig o m y c in  and  rh o d am in e  6G, 

s u g g e s t e d  t h a t  t h e  r e s i s t a n c e  p h e n o ty p e  f o r  t h e s e  two d ru g s  

r e s u l t e d  fr.om.the i n t e r a c t i o n  o f  t h e  same n u c l e a r  a n t - r  m u ta ­

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

Our a b i l i t y  t o  d e m o n s t r a te  g e n e t i c  l i n k a g e  b e tw e e n  t h e  

a n t - r  m a rk e r  and  a  known n u c l e a r  l o c u s ,  l e u - 1 ,  an d  t h e
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s u b s e q u e n t  m apping  o f  t h e  a n t - r  gene  on chromosome V I I ,  

l e a v e s  no d o u b t  a s  t o  t h e  n u c l e a r  n a t u r e  o f  t h i s  g e n e .

The in v o lv e m e n t  o f  m i t o c h o n d r i a l  g e n e s  i n  d e t e r m i n i n g  

t h e  r e s i s t a n c e  t o  o l ig o m y c in ,  rh o d am in e  6G a n d  t e t r a c y c l i n e ,  

i s  s u p p o r t e d  by s e v e r a l  l i n e s  o f  e v id e n c e :

F i r s t l y ,  v e g e t a t i v e  d i p l o i d s  d e r i v e d  from  c r o s s e s  o f  

t h e  t y p e :  r e s i s t a n t  m u ta n t  [RHO ] X s e n s i t i v e  w i l d  t y p e

[RHO+ ] d i s p l a y  m i t o t i c  s e g r e g a t i o n  f o r  o l ig o m y c in ,  rh o d am in e  

6G and  t e t r a c y c l i n e  r e s i s t a n c e : s e n s i t i v i t y .  T h is  e s t a b l i s h e s  

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

c o n j u n c t i o n  w i t h  t h e  n u c l e a r  g e n e ,  i n  t h e  e x p r e s s i o n  o f  r e ­

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

S e c o n d ly ,  t h e  e l i m i n a t i o n  o f  t h e s e  c y to p l a s m i c  f a c t o r s  

c o n c u r e n t l y  w i th  t h e  e l i m i n a t i o n  o f  m t. DNA and  t h e  e s t a b ­

l i s h m e n t  o f  t h e  [RHO°] s t a t e ,  f o l l o w i n g  t r e a t m e n t  w i t h  e t h i -  

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

a s s o c i a t e d  w i th  m t.  DNA o r  a l t e r n a t i v e l y  a r e  d e p e n d e n t  f o r  

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

F i n a l l y ,  c o n c l u s i v e  e v id e n c e  f o r  t h e  a c t u a l  l o c a l i z a t i o n  

o f  t h e s e  c y to p l a s m i c  l o c i  on t h e  m t.  DNA was p r o v i d e d  by  t h e  

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

i z e d  m i t o c h o n d r i a l  m a r k e r s ,  ERY-R and  CAP-R. The t h r e e  new 

m i t o c h o n d r i a l  l o c i  t h u s  c h a r a c t e r i z e d  w ere  d e s i g n a t e d  RHG-1, 

TCN-1 and  O L I-5 .  I n  t h e  c a s e  o f  l o c u s  O L I-5 ,  a d d i t i o n a l  

s u p p o r t i v e  e v id e n c e  o f  i t s  m i t o c h o n d r i a l  l o c a t i o n  was
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o b t a i n e d .  P e t i t e s  o f  t h e  [RHO“ ] t y p e ,  in d u c e d  v i a  t h e  

p e t - t s  m u t a t i o n ,  l o s e  o r  r e t a i n  t h e  0 L I-5 R  m u t a t i o n ,  c o n -  

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

g e n e t i c  m a r k e r s .

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

t y p e ,  d o e s  n o t  r e v e a l  any ano m alous  g e n e t i c  phenomenon i n ­

v o lv e d  in. t h e  l o s s  o f  r e s i s t a n c e .  B o th  r e v e r t a n t s  w e re  u n ­

a m b ig u o u s ly  c h a r a c t e r i z e d  a s  s i n g l e  n u c l e a r  g ene  m u t a t i o n s ,  

s e g r e g a t i n g  i n d e p e n d e n t l y  o f  t h e  a n t - r  g e n e ,  and  p a r t i a l l y  

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

Our f i n d i n g s  a r e  c l e a r l y  i n  d i s a g r e e m e n t  w i th  i n t e r ­

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

p o s s i b l e  g e n e t i c  b a s i s  o f  m u t a t i o n s  e x p r e s s i n g  a  c r o s s - r e ­

s i s t a n t  p h e n o ty p e  s i m i l a r  t o  t h a t  o f  o u r  m u ta n t .  I n  p a r ­

t i c u l a r ,  t h e  c l a im  t h a t  su c h  m u t a t i o n s  a r e  o f  an e p i s o m a l  

n a t u r e  (G u e r in e a u  e t  a l_ . , 1974; 1 9 7 6 b ) ,  an d  t h e  i n t e r p r e t a ­

t i o n  t h a t  s i m i l a r  m u t a t i o n s  a r e  t h e  r e s u l t  o f  an i n t e r a c t i o n  

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

(A vner e t  aJL , 1973b ; L a n c a s h i r e  e t  a l_ . , 1975 ; G r i f f i t h s  e t  

a l . , 1 9 7 7 ) ,  a r e  c o n t r a d i c t e d  by  o u r  w o rk .  I t  c o u l d ,  o f  

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

g e n e t i c  d i f f e r e n c e s  b e tw e e n  o u r  m u ta n t  an d  t h o s e  r e p o r t e d  by  

o t h e r s .  H ow ever, t h e r e  a r e  s t r i k i n g  s i m i l a r i t i e s  b e tw e e n  t h e  

p h e n o ty p e s  and  g e n e t i c  " p e c u l i a r i t i e s "  d i s p l a y e d  by  a l l  t h e s e  

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

h y p o t h e s i s  t h a t  t h e s e  m u ta n ts  p r o b a b l y  r e p r e s e n t  a
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g e n e t i c a l l y  hom ogeneous c l a s s .  We h av e  r e p o r t e d  i n  c h a p t e r  

VI t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  c r o s s e s  p e r f o rm e d  b e tw e e n  

o u r  m u ta n t  and  two s i m i l a r  m u ta n t s  i s o l a t e d  by  o t h e r s .

T h ese  r e s u l t s  show t h a t  a l l  t h r e e  m u ta n ts  s h a r e , a t  t h e  v e r y  

l e a s t ,  a  m u ta t i o n  a t  t h e  a n t - r  l o c u s .  We t h e r e f o r e  f e e l  

j u s t i f i e d  i n 'd i s c u s s i n g  t h e  c l a im s  m e n t io n e d  above  i n  t h e  

l i g h t  o f  o u r  own f i n d i n g s .

We c an  f i r s t  t u r n  o u r  a t t e n t i o n  t o  t h e  r e p o r t s  t h a t  h a v e  

o r i g i n a t e d  from  t h e  g ro u p  o f  i n v e s t i g a t o r s  w o rk in g  a t  t h e  

U n i v e r s i t y  o f  W arw ick , C o v e n t r y ,  E n g la n d .  S t a r t i n g  w i th  t h e  

p a p e r  by  A v ner  e t  a l . ,  ( 1 9 7 3 b ) , s e v e r a l  p u b l i c a t i o n s  em ana­

t i n g  from  t h i s  l a b o r a t o r y  h ave  d e s c r i b e d  m u ta n ts  c r o s s - r e s i s ­

t a n t  t o  a  v a r i e t y  o f  d r u g s ,  i n  a  v a r i e t y  o f  c o m b i n a t i o n s :

OLIR VENR TETR "1 7 9 9 "r CAPr  MIKr  S P I r  m u ta n t s  (A vner e t  a l . ,  

1 9 7 3 b ) : VENr ,VENR OLIr , VENr TETr and  VENR OLIR TETR m u ta n t s  

( L a n c a s h i r e  e t  a l . ,  1975)?  RHGR VENR TETR "1 7 9 9 "R CHXR mu­

t a n t s  ( C a r ig n a n i  e t  e l . ,  1 9 7 7 ) .  S e v e r a l  o f  t h e s e  w ere  unam­

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

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

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

l e d  t h e s e  i n v e s t i g a t o r s  t o  i n t e r p r e t  them  a s  b e in g  t h e  r e s u l t  

o f  an i n t e r a c t i o n  b e tw e e n  n u c l e a r  g e n e ( s )  and  c y t o p l a s m i c ,  

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

l e a d i n g  t o  t h i s  i n t e r p r e t a t i o n  c an  be  sum m arized  a s  f o l l o w s :

a .  M e io s i s  o f  d i p l o i d s  d e r i v e d  from  c r o s s e s  b e tw e e n  

t h e  r e s i s t a n t  m u ta n t ,  and  s e n s i t i v e  w i l d  t y p e s  y i e l d s



s e g r e g a t i o n  r a t i o s  o f  2 :2  ( o r  1 :1  i n  c a s e  o f  random  s p o r e  

a n a l y s i s ) , i n d i c a t i n g  t h e  in v o lv e m e n t  o f  n u c l e a r  g e n e t i c  

f a c t o r s .

b .  T hese  d i p l o i d s  a l s o  e x h i b i t  m i t o t i c  s e g r e g a t i o n ,  

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

a s  w e l l .

c .  When t h e  m u ta n t  s t r a i n  i s  made p e t i t e  by  t r e a t m e n t  

w i th  e th i d i u m  b ro m id e ,  and  t h e n  c r o s s e d  t o  s e n s i t i v e  w i l d  

t y p e  [RHO+ ] s t r a i n s ,  t h e  r e s i s t a n c e  f a c t o r s  can  b e  " r e s c u e d " ,  

a s  t h e  d i p l o i d s  ( o r  some o f  them) c an  e x p r e s s  t h e  r e s i s t a n t  

p h e n o ty p e .  T h e r e f o r e ,  t h e  c y to p l a s m i c  f a c t o r s  i n v o l v e d  a r e  

n o t  l o c a t e d  on t h e  m i t o c h o n d r i a l  genome, a s  t h e y  w ere  n o t  

l o s t  c o n c u r e n t l y  w i th  m t.  DNA f o l l o w i n q  t h e  t r e a t m e n t  w i t h  

e th i d i u m  b ro m id e .

W hereas t h e  f i r s t  tw o c o n c l u s i o n s  a r e  a c c e p t a b l e  t h e  

t h i r d  o n e ,  we f e e l ,  i s  n o t  j u s t i f i e d .  I n d e e d ,  t h e  r e t e n t i o n  

o f  t h e  c y to p l a s m i c  r e s i s t a n c e  g e n e t i c  d e t e r m i n a n t  i n  [RHO°] 

p e t i t e s  w ou ld  l e a d  t o  t h e  c o n c l u s i o n  t h a t  i t  i s  n o t  m i t o -  

c h o n d r i a l l y  l o c a t e d  i f ,  a n d  o n ly  i f ,  i t  i s  t h e  o n ly  f a c t o r  

i n v o lv e d  i n  t h e  c o n t r o l  o f  t h e  p h e n o ty p e .  B u t ,  t h e  demon­

s t r a t e d  and  a d m i t t e d  in v o lv e m e n t  o f  n u c l e a r  g e n e t i c  f a c t o r s  

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

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

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

c h o n d r i a l l y  l o c a t e d .  I t  i s  o n ly  n e c e s s a r y  t o  assum e t h a t  

t h e  s e n s i t i v e  [RHO+ ] p a r e n t  u s e d  i n  t h e  c r o s s  i s  a  " c a r r i e r "
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o f  t h e  a p p r o p r i a t e  m i t o c h o n d r i a l  g e n e .  The c r o s s  w ou ld  

t h e r e f o r e  be  o f  t h e  t y p e :  a n t - r  [RHO°] X + [AR RHO+ ]
p

w here  a n t - r  and  A r e p r e s e n t  t h e  n u c l e a r  and  m i t o c h o n d r i a l  

g e n e t i c  f a c t o r s ,  r e s p e c t i v e l y .  The d i p l o i d s  d e r i v e d  from  

s u c h  a  c r o s s  w o u ld  h a v e  t h e  g e n o ty p e :  a n t - r / +  [AR RHO+ ] ,

and  c o u ld  c o n c e iv a b ly  e x p r e s s  t h e  r e s i s t a n t  p h e n o ty p e  p r o ­

v id e d  t h e  a n t - r  n u c l e a r  m u ta t io n  i s  d o m in a n t  o v e r  i t s  

w i l d  t y p e  a l l e l e .  T h is  r e s u l t  w o u ld  m im ic t h e  " r e s c u e "  

o f  a  c y to p l a s m i c  n o n - m i t o c h o n d r i a l  f a c t o r  from  t h e  [RHO^] 

p a r e n t  a l t h o u g h  i t  i s  c l e a r  from Jdie e x am p le  g i v e n ,  t h a t  a  

n u c l e a r - m i t o c h o n d r i a l  i n t e r a c t i o n  w ould  a l s o  p ro d u c e  t h e  

same r e s u l t ,  an d  c a n n o t ,  t h e r e f o r e ,  be  e x c lu d e d .

T h e re  i s  i n  a d d i t i o n  one  i n t r i g u i n g  o b s e r v a t i o n ,  made 

by t h e s e  i n v e s t i q a t b r s  , w h ich  a l s o  a r g u e s  i n  f a v o r  o f  a 

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

i n  t h e i r  m u ta n t s :  I n  a l l  t h e  c r o s s - r e s i s t a n t  m u ta n t s  t h e y

h av e  s t u d i e d ,  t h e  l o s s  o f  r e s i s t a n c e  t o  one  o r  more o f  t h e

d ru g s  i s  a lw a y s  acc o m p a n ie d  by  t h e  c o n v e r s i o n  o f  t h e  c e l l s  

t o  t h e  p e t i t e  s t a t e .

C l e a r l y ,  t h e r e f o r e ,  t h e  c o n c l u s i o n s  a r r i v e d  a t  by  t h e s e  

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

o u r  r e s u l t s .

The o t h e r  s e t  o f  c l a i m s ,  w h ic h  o u r  work d o e s  n o t  s u p ­

p o r t ,  i s  t h a t  made by  t h e  g ro u p  w o rk in g  a t  G i f  s u r  Y v e t t e ,

F r a n c e .  H ere  i t  i s  c la im e d  t h a t  t h r e e  n u c l e a r  g e n e s  a n d  

two e p i s o m e - l i k e  g e n e t i c  f a c t o r s ,  d e s i g n a t e d  i t  ( p i )  and  

( t a u ) , a r e  i n v o l v e d  i n  c o n t r o l l i n g  t h e  p h e n o ty p e  o f  a  c r o s s
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r e s i s t a n t  m u ta n t  (G u e r in e a u  e t  a l . , 1974; G u e r in e a u  e t  a l . , 

19 7 6 b ) . U n f o r t u n a t e l y  i t  i s  d i f f i c u l t  t o  e v a l u a t e  t h i s  

c l a im  s i n c e  no g e n e t i c  d a t a  h av e  y e t  b e e n  p u b l i s h e d  i n  i t s  

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

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

e p i s o m e s , ^  , w h ic h  i s  s a i d  t o  d e te r m in e  t h e  r e s i s t a n c e  t o  

o l ig o m y c in ,  i s  i d e n t i c a l  t o  t h e  y e a s t  2f 4 DNA. Among 

14 c l o n e s  d e r i v e d  from  t h e  o r i g i n a l  m u ta n t ,  7 had  l o s t  r e ­

s i s t a n c e  t o  o l ig o m y c in  ( s p o n t a n e o u s l y  o r  f o l l o w i n g  e t h i d i u m  

b ro m id e  t r e a t m e n t ) . A l l  7 OLI® c l o n e s  w ere  r e p o r t e d  t o  h a v e
T5

a l s o  l o s t  t h e  2^VDNA, w h e re a s  a l l  7 OLI c lo n e s  h a d  r e t a i n e d  

t h i s  DNA s p e c i e s  (G u e r in e a u  e t  a l . ,  1 9 7 4 ) .  B ut i n  a  s u b ­

s e q u e n t  p u b l i c a t i o n  (G u e r in e a u  e t  a l . ,  19 7 6 b ) ,  t h i s  a b s o l u t e  

c o r r e l a t i o n  b e tw e e n  t h e  l o s s  o f  r e s i s t a n c e  t o  o l ig o m y c in  

a n d  t h e  l o s s  o f  2yuDNA i s  n o t  s e e n  i n  t h e  d a t a  o r  t h e  m odel 

p r e s e n t e d .  I n s t e a d  t h e  a u t h o r s  s e e m in g ly  s u g g e s t  t h a t  

v a r i o u s  g e n o ty p i c  c o m b in a t io n s  o f  t h e  t h r e e  p o s t u l a t e d  

n u c l e a r  l o c i ,  i n  c o n j u n c t i o n  w i t h  " m u t a t i o n s ” a n d / o r  " t r a n s ­

l o c a t i o n s "  o f  t h e  2 ^fDNA, may a l s o  l e a d  t o  t h e  l o s s  o f  r e ­

s i s t a n c e  t o  o l ig o m y c in .

C l e a r l y ,  u n t i l  su c h  t im e  when c je n e t i c  d a t a ,  c r u c i a l  

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

i s  i m p o s s i b l e  t o  e v a l u a t e  them  f u r t h e r .

A p a r t i c u l a r l y  i n t e r e s t i n g  a s p e c t  o f  o u r  m u ta n t ,  a s  

w e l l  a s  o f  m u ta n t s  o f  t h i s  t y p e  d e s c r i b e d  by  o t h e r s ,  i s
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t h e i r  b e a r i n g  on t h e  q u e s t i o n  o f  t h e  i n t e r a c t i o n  b e tw e e n  t h e  

n u c l e a r  a n d  m i t o c h o n d r i a l  ( o r  o t h e r  c y to p l a s m ic )  g e n e t i c  

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

t h e  c o n t r o l  o f  o t h e r  c e l l u l a r  c h a r a c t e r i s t i c s .  T h e re  h av e  

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

a c t i o n  i n  y e a s t .  W ickner  (1974) h a s  shown t h a t  n u c l e a r  

g e n e s  a r e  n e c e s s a r y  f o r  t h e  m a in te n a n c e  and  e x p r e s s i o n  o f  

t h e  c y to p l a s m i c  k i l l e r  f a c t o r .  Cox (1965) h a s  d e s c r i b e d  

t h e  i n t e r a c t i o n  o f  t h e  c y t o p l a s m i c  y / ( p s i )  f a c t o r  w i t h  n u ­

c l e a r  s u p p r e s s o r s  and  Young e t  a l . (1975) h a v e  shown t h a t  

a  n u c l e a r  g en e  i s  r e q u i r e d  f o r  t h e  m a in te n a n c e  o f  y / .  Rotman 

(1975) h a s  d e m o n s t r a t e d  t h a t  t h e  r e s i s t a n c e  o f  a  y e a s t  mu­

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

u n d e r  a  d u a l  n u c l e a r - c y t o p l a s m i c  g e n e t i c  c o n t r o l .  T h e re  

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

g e n e t i c  i n t e r a c t i o n .  B a r r e r e  et^ al_. (1976) h a v e  shown t h a t  

su c h  an i n t e r a c t i o n  e x i s t s  i n  t h e  c a s e  o f  a  y e a s t  m u ta n t  

r e s i s t a n t  t o  t h e  dye b a s i c  f u c h s i n ,  a n d  H ow ell e t  a l . (19 74) 

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

m ikam ycin  r e s i s t a n t  m u ta n t .

Our m u ta n t ,  h o w e v e r ,  p r o v i d e s  t h e  f i r s t  ex am ple  o f  su c h  

a n u c l e a r - m i t o c h o n d r i a l  g e n e t i c  i n t e r a c t i o n  o p e r a t i n g  i n  t h e  

c o n t r o l  o f  a  com plex  p l e i o t r o p i c  p h e n o ty p e ,  a f f e c t i n g  s e v e r a l  

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

p r o t e i n  s y n t h e s i s )  a s  w e l l  a s  a t  l e a s t  one  n o n - m i t o c h o n d r i a l
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c e l l u l a r  f u n c t i o n  ( c y to p la s m ic  p r o t e i n  s y n t h e s i s ) . We d i d  

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

m u t a t i o n .  I t  i s  c l e a r ,  h o w e v e r ,  t h a t  s u c h  an i n v e s t i g a t i o n  

c o u ld  p r o v i d e  new i n s i g h t  i n t o  t h e  p ro b le m s  o f  t h e  i n t e g r a ­

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

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

c h a r a c t e r i s t i c s .

T h e re  a l s o  e x i s t s  an i n t e r e s t i n g  a p p l i c a t i o n  o f  o u r  

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

new m i t o c h o n d r i a l  g e n es  we h a v e  c h a r a c t e r i z e d ,  t h e  RHG-1 

l o c u s ,  i s  c l o s e l y  l i n k e d  t o  t h e  CAP-R (5% r e c o m b in a t io n )  and  

ERY-R (10% r e c o m b in a t io n )  m i t o c h o n d r i a l  l o c i .  I t  i s  t h e r e ­

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

known a s  t h e  omega (Go) r e g i o n .  T h i s  r e g i o n  i s  b e l i e v e d  t o  be  

t h e  s i t e  o f  e x t e n s i v e  g en e  c o n v e r s i o n ,  when a p p r o p r i a t e  

c r o s s e s  (&>" X to+ " h e t e r o p o l a r  c r o s s e s " )  a r e  m ade. T h ese  

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

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

a s  t o  a s y m m e t r i c a l  r e c o m b in a t io n  b e tw e e n  g e n e s  i n  t h i s  r e ­

g io n  ( N e t t e r  e t  a l . , 19 7 4 ) .  B u t t h e  g e n e t i c  i n v e s t i g a t i o n  o f  

t h e  a c t u a l  e v e n t s  t a k i n g  p l a c e  i n  t h e  omega r e g i o n  h a s  b e e n  

ham p ered  by  t h e  p a u c i t y  o f  g e n e t i c  m a rk e r s  a t  t h i s  l o c a t i o n .  

Q u e s t i o n s  s u c h  a s  t h e  l e n g t h  o f  genome i n v o lv e d  i n  t h e  c o n ­

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

t h e  c o n v e r s i o n ,  e t c . . . ,  s t i l l  r e m a in  u n a n sw e re d .  The
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d i s c o v e r y  o f  a  nsw g e n e t i c  m a rk e r  i n  t h i s  r e g i o n  may p ro v e  

t o  b e  u s e f u l  i n  s o l v i n g  t h e s e  p ro b le m s .
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APPENDIX 

LIST OF ABBREVIATIONS

CAP C h lo ra m p h e n ic o l

CHX C y c lo h e x im id e

EB E th id iu m  b ro m id e

ERY E ry th ro m y c in

MIK M ikam ycin

m t. DNA M i t o c h o n d r i a l  DNA

OLI O lig o m y c in

RHG Rhodamine 6G

SPI S p i ra m y c in

TCN T e t r a c y c l i n e

TET T r i e t h y l t i n

VEN V e n t u r i c i d i n
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