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Genet i c  E s t i m a t e  of Ce l lu lar  A u t a r k y  

Viable ,  morpho log ica l  m u t a n t s  m a y  be  used for  
s tud ies  of gene con t ro l l ed  d i f fe ren t i a t ion .  Such  m u t a n t s  
h a v e  been  a b u n d a n t  in  all  h i g h e r  o r g a n i s m s  w h e r e v e r  
t h e y  h a v e  b e e n  sough t .  T h e r e  is v i r t u a l l y  no  i n f o r m a t i o n ,  
however ,  on  t h e  mo lecu l a r  c o n t r o l  of d e v e l o p m e n t  in  
h i g h e r  o rgan i sms .  M u t a t i o n s  of ' d i spensab le  genes '  h a v e  
been  e x t r e m e l y  useful  in  e l uc i da t i ng  b iochemica l  p a t h -  
ways  in fungi  a n d  bac te r i a .  Severa l  a t t e m p t s  h a v e  b e e n  
m a d e  in  m i c r o o r g a n i s m s  t o  e s t i m a t e  t he  f r e q u e n c y  of 
d i spensab le  genes,  w h i c h  c a n  be  c o m p e n s a t e d  b y  s imple  
chemica l  s u b s t a n c e s  fed to t he  cell. In E. cell 23% 
(LEuPOLD a n d  HOROWlTZ 1) a n d  in N e u r o s p o r a  4 6 %  
(HoROWITZ a n d  LEUPOLD2) of the  t e m p e r a t u r e  sens i t ive  
func t i ons  were r epa rab l e  on  comple t e  n u t r i e n t  media .  
ATWOOD a n d  MUKA~ 3 t e s t ed  t he  o b s e r v a t i o n s  m a d e  on  
t h e  specia l  class of t e m p e r a t u r e  sens i t ive  m u t a n t s  for  
v a l i d i t y  in a large s p e c t r u m  of m u t a t i o n s  in  Neurospora .  
T h e y  emp loyed  the  h e t e r o k a r y o n  m e t h o d  w h e r e b y  
recessive l e tha l  nuclei  were,, balaiaced b y  t he  wild t y p e  
alleles a n d  t he  r e su l t ing  h o m o k a r y o t i c  con id ia  were t e s t ed  
for  r epa i r  on  a comple t e  m e d i u m .  Only  7 o u t  of 190 
(3.7%) U V - i n d u c e d  m u t a n t s  a n d  2 o u t  of 26 (7.7%) 
s p o n t a n e o u s  m u t a n t s  were c o m p e n s a t e d  for g r o w t h  
r e q u i r e m e n t s  on  t he  comple t e  m e d i u m .  M A R R O W  ¢ re- 
e x a m i n e d  t he  p r o b l e m  a n d  sugges ted  t h a t  t he  u n n a t u r a l  
h e t e r o k a r y o t i c  cond i t i on  m a y  h a v e  deb i l i t a t ed  severa l  
s emi l e tha l  genes.  There fo re  t h e  d i t fe rences  in f r e q u e n c y  
o b t a i n e d  b y  t h e  t e m p e r a t u r e  s ens i t i v i t y  a n d  h e t e r o k a r y o n  
m e t h o d s  m a y  be  p a r t l y  exp la ined .  

These  lower  o rgan i sms  are  n o t  well  su i t ed  for  m o r p h o -  
gene t ic  s tudies .  I t  is i m p o r t a n t  to  k n o w  h o w  m a n y  of 
t h e  c o m m o n ,  n o n - l e t h a l  genes,  a f fec t ing  d i f f e r en t i a t i on  
in h i g h e r  p l a n t s  could be  n o r m a l i z e d  b y  exogenous  s u p p l y  
of n u t r i e n t s .  Arabidopsis thaliana is a useful  o r g a n i s m  
for such  i n v e s t i g a t i o n s  since large  n u m b e r s  of m o r p h o -  
logical  m u t a n t s  are  ava i lab le .  In  a d d i t i o n  t he  p l a n t  c an  
be  c u l t u r e d  to  m a t u r i t y  u n d e r  asept ic  cond i t i ons  on  
chemica l ly  well  def ined med ia  (R£DEI ~). 

E i g h t  v i ab l e  m u t a n t s  were sub j ec t ed  to  a t e s t  com- 
pa r ab l e  to  some e x t e n t  to  t h a t  of ATWOOD. Seeds he te r -  
ozygous  for recessive c h r o m o s o m e  m a r k e r s  were i r r a d i a t e d  
w i t h  13.000 r X - r a y s  a f t e r  24 h i n b i b i t i o n  on  we t  f i l ter  
paper .  Somat i c  sec tors  r e su l t ing  f rom de le t ion  or m u t a -  
t ion  of the  wild aUele or  m i t o t i c  r e c o m b i n a t i o n  etc. 
(HIRONO a n d  R~.DEI 6) were scored (Table) .  

No sectors  would  be expec t ed  if t he  or ig inal  m u t a t i o n  
p r e v e n t e d  t he  s y n t h e s i s  of d i f ius ib le  subs tances .  H e t e r -  
ozygotes  for  all  t h e  t e s t ed  m a r k e r s  d i sp l ayed  sectors,  
however .  The  f r equency  of t he  d i f fe ren t  t y p e  of sec tors  
c a n  n o t  be  iden t ica l  since m u t a t i o n  r a t e s  v a r y  accord ing  
to  loci, de le t ions  m a y  be  p roduced  b y  one or  two  h i t  
e v e n t s  d e p e n d i n g  on  t h e  loca t ion  of t he  gene in  t h e  
ch romosome ,  c h a n c e s  of r e c o m b i n a t i o n  d e p e n d  on  gene  
c e n t r o m e r e  d i s t ances  etc.  Phys io logica l  fac to rs  also 
in f luence  t h e  d e t e c t a b i l i t y  of sec tors :  some  color  spo t s  
are  easier  to  obse rve  t h a n  leaf shape  mod i fy ing  sectors .  

B y  t h e  cross- feeding f rom one  sec tor  to  a n o t h e r  al l  
essen t ia l  n u t r i e n t s  which  would  pass  t h r o u g h  cell  m e m -  
b r a n e s  shou ld  r e a c h  t he  m u t a n t  t i ssues  if p r o d u c e d  in  
excess. I f  a n y  d i f fus ion  f rom cell  to  cell t akes  p lace  s h a r p  
b o u n d a r i e s  b e t w e e n  sectors  is no t  expec ted .  I f  p h e n o -  
t yp i c  r epa i r  can  no t  be accompl i shed  in t h e  c h i m e r a  t he re  
is l i t t le  chance  to c h a n g e  t h e  m u t a n t  p h e n o t y p e  b y  
p r o v i d i n g  n u t r i e n t s  in a ' comple t e  m e d i u m ' .  T he  m a n  
m a d e  comple t e  m e d i u m  is n o t  expec t ed  to  m a t c h  the  
compos i t i on  of t he  so lu tes  of a n o r m a l  c y t o p l a s m ;  in 
a d d i t i o n  t h e  n o r m a l  t issue shou ld  p r ov i de  t he  n u t r i e n t s  
se lec t ive ly  t imed .  

All t he  8 t e s t ed  geno types  p r o d u c e d  c lear ly  d e m a r c a t e d  
sectors.  Because  of t h e  smal l  n u m b e r  of m u t a n t s  t e s t ed  i t  
is n o t  k n o w n  e x a c t l y  h o w  m a n y  of t h e  whole  s p e c t r u m  of 
t he  v iab le  m u t a n t s  are  i nvo lved  in  cell  l im i t ed  gene t ic  
defects .  The re  is, however ,  0.995 p r o b a b i l i t y  t h a t  less 
t h a n  ha l f  of a s imi la r  r a n d o m  s a m p l e  of m u t a n t s  a re  
r e p a r a b l e  in  func t i on  a n d  0.900 is t h e  p r o b a b i l i t y  t h a t  
m a x i m a l l y  25% of t h e  v i ab l e  m u t a n t s  could  be  success-  
ful ly  cross-fed f r o m  s o m a t i c  sectors .  I t  is p e r t i e n t  to  n o t e  
t h a t  f r om t h e  a p p r o x i m a t e l y  2000 v iab le  a n d  l e t h a l  
m u t a n t s  of Arabidopsis t e s t e d  on  a comple t e  m e d i u m  in  
ou r  l a b o r a t o r y  on ly  a b o u t  2 %  r e s p o n d e d  to  exogenous  
s u p p l y  of n u t r i e n t s .  These  f igures  a re  in  r easonab le  agree-  
m e n t  w i t h  t he  e s t i m a t e s  of ATWOOD 3 in N e u r o s p o r a  b u t  
a p p e a r  to  be  lower  t h a n  those  of WALLES 7 who  succeeded  
to r epa i r  6 ou t  of 37 (16%)  ba r l ey  m u t a n t s  on  amino  
acid c o n t a i n i n g  media .  Sti l l  i t  seems t h a t  t he  g rea t  
m a j o r i t y  of m u t a n t s  are  i r r epa r ab l e  even  w i t h  t he  m o s t  
pe r fec t  feeding t echn iques ,  Since t he  f r e q u e n c y  of 
modi f i ab le  or  r e p a r a b l e  gene t ic  f unc t i ons  is so low, a 
s t u d y  of t h e  m e c h a n i s m  of morphogenes i s  a n d  d i f fe ren t ia -  
t ion  of specific s t r u c t u r e s  a p p e a r s  di f f icul t  b y  cu l tu re  
m e t h o d s  p r o v i d i n g  n o r m a l  m e t a b o l i t e s  8,9. 

Frequency of somatic sectoring ill irradiated heterozygotes of 
Arabidopsis 

Linkage Marker Population No. of 
group seetorial 

plants 

2 er (compact growth, blunt fruits) 1808 1 
2 as (asymmetric leaves) 1808 10 
2 su (yellow) 1808 67 
3 ca {yellow green) 1400 14 
3 vi (round leaf, dark green) 1400 1 
3 gP (glabrous) 1400 6 
4 ch I (chlorophyll b deficient) 845 12 
4 pa (dwarf, dark green) 845 2 

Rgsumd. H u i t  m u t a n t s  rCcessifs v iab les  de I'A rabidopsis, 
une  p l a n t e  supCrieure,  t rai tCs p a r  r a y o n s  X en  hCtC- 
rozygot ie  on t  p r o d u i t  des sec teurs  s o m a t i q u e s  d i s t inc t s .  
I1 semble  auss i  que  la ma jo r i t 6  des m u t a t i o n s  v iab les  s e n t  
des p r o d u i t s  de g~nes limitCs aux  cellulles. 
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