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buffaloes, on the  o ther  hand, showed Tf-AA, Tf -DD and 
Tf-AD phenotypes,  which were indist inguishable f rom 
the  respect ive types  in ca t t le  ~~ However ,  the  f requency 
of the  gene Tf A was only 0.27 while t h a t  of TI D was 0.73. 
The  gene f requency for the  2 t ransferr in  types  Tf  A and 
TfB were found to be respect ively  0.145 and 0.855 in 
Ind ian  buffaloes. This shows a similar  s i tuat ion to t h a t  
encountered in the  Tha i  buffaloes, except  t h a t  the  trans-  
ferrin types  in Ind ian  buffaloes differed from those of 
cat t le  Tf -AA and Tf -DD types  in thei r  mobil i ty .  Prob-  
ably  this difference is b rought  about  by  the  use of 
KIRSTJANSSON'S buffer as observed by  STORMONT s. The  
exac t  relat ionship be tween the  t ransferr in  types  of the  
African and the  Tha i  buffaloes and the  cat t le  will be clear 
if the  s tudy  is repea ted  following the  me thod  of KRIST- 
JA~SSON n. In  general, t ransferr in  po lymorph i sm in 
buffaloes is less pronounced than  in catt le.  The  exclusive 
prevalence of TI-AA type  in Afr ican buffaloes o, and its 
s ignif icantly low f requency in the  Thai  1~ and Ind ian  
buffaloes, shows a differential  geographical  dis t r ibut ion 
of a genetical  charac ter  f rom Eas t  to Wes t  provided  the 

t ransferr in  phenotypes  in buffaloes are proved  identical.  
The  high f requency of T f -BB (0.855) and ve ry  low fre- 
quency  of Tf -AA type  in the  Ind idn  water  buffalo, in 
relat ion to na tura l  selection and adap tab i l i ty  is a problem 
for future  s tudy  12. 

Zusammen/assung. Bet 150 indischen Wasserbiiffeln 
(Bos bubalis) wurden  fiir das Transferr in  3 Phgno typen  
gefunden, die durch 2 codominan te  Gene determinier t  
werden. 
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Some Aspects of Complementation with Carotenogenic al Loci in Neurospora crassa 

The effect of conidial  input  ratios in he terokaryons  on 
complementa t ion  of albino mutan t s  has been previously  
noted ~. A l ikely explana t ion  is t ha t  a hybr id  prote in  is 
formed similar  to t h e  s i tuat ion in some g lu tamate  de- 
hydrogenase  m u t a n t  pair  he te rokaryons  z such tha t  
conformat ional ly  dis tor ted polypept ide  monomers  wi th  
in tac t  ac t ive  sites m a y  be s t ruc tura l ly  re-oriented by 
conformat ional ly  normal  polypept ide  monomers  wi th  
non-funct ional  ac t ive  sites producing a funct ional  mul t i -  
meric protein.  Previous  complementa t ion  studies ~,~ have  
noted some posi t ive  c0mplementa t ion  be tween  the  2 
genet ical ly dist inguishable subuni ts  of the  region ~ bu t  
never  any posi t ive  complements•  wi th in  ei ther  sub- 
unit.  The  discovery of new phenotypes  0 and the  synthesis  
of new albino strains wi th  l inked nut r i t iona l  markers  
(FM strains) necessi tated a re -examina t ion  of the  locus. 
Genetic  studies ~ have  localized rose and whi te  'a lbinos '  
in the  first  subuni t  and cream, lemon yellow, pale yellow 
and whi te  'a lbinos '  in the  second larger subunit .  These 
complementa t ion  studies were begun in order to de termine  
the  number  and ex ten t  of the  cistrons present  and to relate  
this informat ion  to the  possible mode of gene function.  

Inocula t ions  were made  wi th  a concent ra ted  ( > 1 0  ~ 
conidia/ml)  conidial  suspension in a salt  solution to 
p reven t  osmot ic  bursting.  A small  q u a n t i t y  (0.1 ml) of 
each parenta l  s t rain was applied to a small  tube  then  
incuba ted  a t  25~ for 10 days under  intense f luorescent 
l ight ing before scoring. Media, cul ture  and classification 
methods  have  been described elsewhere ~. In  all cases a 
control  he te rokaryon  was made  wi th  a wild type  s train 
(74A-OR23-1A) to examine  the  possibi l i ty  of suppressor 
act ivi ty .  The  original screening (Figure 1) was performed 
wi th  the  avai lable  m u t a n t  strains v in a simple mixed  
conidial  inoculat ion in all pairwise combinat ions  wi thou t  
the  aid of forcing nut r i t iona l  markers .  Each  tes t  was 
repeated  4 t imes and any incidence of complementa t ion  
was scored as posi t ive complementa t ion  for t h a t  pair. 
Strains represent ing each pheno type  and each comple- 
men t a ry  group (see '? '  in Figure  1) were selected and 
forcing marker  strains were synthet ized.  

The  forcing markers  used were ei ther  arginineless 
(arg-6 No. 2997) or lysineless (lys-3 No. 4545). Hetero-  
karyons  wi th  forcing markers  of ten produced poor or no 
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growth at all, possibly because of various heterokaryon 
incompat ib i l i ty  gene s combinat ions,  arising f rom the  
heterogeneous backgrounds  of the  strains used. 

Fur the r  examples  of posi t ive  complementa t ion  were 
discovered during the  analysis of successive conidial  
isolates of apparen t  wild type  pro to t rophs  in a con- 
current  high resolut ion genetic s tudy  5. The apparent  
wild type  pro to t rophs  proved  to be complement ing  
he terokaryons  ei ther  as a result  of non-dis junct ion  
(pseudowild types  0) or the  hypha l  inosculations of germ- 
ling aseospores, The  complementa t ion  results f rom the 
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Fig. I. Mixed dulture eomplementation results. +, positive eom- 

plementation (pink); �9 eomplementation not detected; i, partial 

complementation (yellow); ~, strain selected for high resolution 

studies. Failure to complement cannot be ascribed to '0' cultures 

as there is no proof of heterokaryon formation. 
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s t r a ins  w i t h o u t  forc ing markers ,  w i t h  forcing m a r k e r s  and  
those  f rom the  r e c o m b i n a t i o n  s t u d y  are  co r re l a t ed  in 
F igu re  2. 

D e t e r m i n i n g  the  p o i n t  a t  wh ich  c o m p l e m e n t a t i o n  
occurs  is o f t en  diff icult .  I n  some cases t he  va lue  of t he  
p a r a m e t e r  used (burs t  size w i t h  p h a g e  ~~ or g r o w t h  r a t e  
w i t h  Neurospora 11) m a y  be  on ly  s l igh t ly  h ighe r  in  t he  
h e t e r o k a r y o n  t h a n  in one of t h e  p a r e n t a l  s t ra ins .  Incon-  
s i s t en t  a n d  u n s a t i s f a c t o r y  resu l t s  were o b t a i n e d  b y  
ana lys i s  of a b s o r p t i o n  spec t r a  of ca ro teno ids  f rom he te ro-  
karyoI1 e x t r a c t s  to  d e t e r m i n e  pos i t ive  c o m p l e m e n t a t i o n .  
Th i s  was  due  p r o b a b l y  to nuc l ea r  r a t io  va r i a t ions .  Visua l  
c lass i f ica t ion which  was used p r o v e d  b o t h  cons i s t en t  and  
rel iable.  

H e t e r o k a r y o n  15300 arg-6 + Y234M471 lys-3 was 
successful ly  cons t i t u t ed ,  i n d i c a t i n g  clear  c o m p l e m e n t a -  
t ion  for t he  n u t r i t i o n a l  marke r s ,  b u t  fai led to  c o m p l e m e n t  
a t  t h e  al loci, whi le  t h e  same  m a r k e r s  in  a d i f fe ren t  com- 
b ina t i on ,  viz. 15300 lys-3 + Y234M471 arg-6, c lear ly  
d e m o n s t r a t e d  pos i t ive  c o m p l e m e n t a t i o n .  S t r a in s  al ~ and  
al c would on ly  c o m p l e m e n t  if t h e  r a t io  of conid ia  was 
> 2 : 1 respec t ive ly .  

I t  is l ike ly  t h a t ,  in  t he  15300 + Y234NI471 he te ro-  
ka ryons ,  t he  nuc lea r  r a t io  der ived  f rom t he  conid ia l  i n p u t  
r a t io  was modi f ied  because  of a se lect ion for  a r a t io  resul t -  
ing in an  o p t i m a l  g r o w t h  r a t e  n .  H e n c e  t he  d i f fe ren t  ra t ios  
in  t h e  2 h e t e r o k a r y o n  c o m b i n a t i o n s ,  one c r ea t ing  
f avourab l e  cond i t ions  for ca ro tenogen ic  c o m p l e m e n t a t i o n  
wh ich  are a b s e n t  in  t he  o ther .  I n  t he  al~+ al ~ mixed  
cul tures ,  no se lec t ion for nuc lea r  r a t io  based  on  nu t r i -  
t i o n a l  r e q u i r e m e n t s  exis ts :  hence  t he  r a t i o  should  be  
c o n s t a n t .  

W i t h  2 specific excep t ions  (see F igure  3) all m e m b e r s  
of t h e  f i rs t  s u b u n i t  c o m p l e m e n t  w i t h  m e m b e r s  of t he  
second.  The  fa i lure  to  c o m p l e m e n t  in  a h e t e r o k a r y o n  
c a n n o t  be  u n c o n d i t i o n a l l y  accep ted  as ev idence  of fa i lure  
to  c o m p l e m e n t  because  of p rev ious ly  descr ibed  nuc lea r  
r a t io  effects  in  t he  forced h e t e r o k a r y o n s  a n d  a n  i nab i l i t y  
to  p r o v e  he t e roka r yos i s  in  mixed  cu l tu re  (wi thou t  
ex tens ive  backc ros s ing  or i n t r o d u c i n g  new m a r k e r s  
exclusive  of t h e i r  se lect ive  p ropens i ty ) .  

Cons ider ing  t he  second s u b u n i t  as a d iscre te  locus, 
subd iv i s ion  in to  3 c is t rons  seems w a r r a n t e d .  F u r t h e r m o r e ,  
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Fig. 2. Matrix of complementation data from mixed culture, pseudo- 
wild-type and forcing marker strain pair heterokaryons. +, positive 
eomplementation (pink) ; 0, no complementation observed in hetero- 
karyons; 1, partial complementation (yellow);.,  no eomplementa- 
tion observed in mixed culture. 

i t  is l ike ly  t h a t  t h e  gene p r o d u c t  of t he  f i r s t  s u b u n i t  
i n t e r ac t s  w i t h  a t  leas t  1 c i s t ron  in t he  second subun i t ,  a n d  
fai lure  to  do so resul t s  in  iden t ica l  p h e n o t y p e s  a t  e i the r  
locus (see F igure  3). This  would  also be  in a g r e e m e n t  w i t h  
t he  ava i l ab le  b iochemica l  ev idence  ~s a n d  would  accom- 
m o d a t e  t he  ex is tence  of t he  2 a f o r e m e n t i o n e d  excep t ions  
to t he  m a p  (Figure  3). ~4 
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Constructed from negative results only from the heterokaryon 
tests (as opposed to mixed culture) and positive results from any 
source. Exceptions to the map 

al-2 15300 + Y246M2 ~ failed to complement in a FM + FM 
Y256M232+ JH216 S heterokaryon. 

Rdsumd. Les r6su l t a t s  des t es t s  de c o m p l 6 m e n t a t i o n  de 
souches  m u t a n t e s  a lb inos  de Neurospora crassa, o b t e n u s  
avec  des cu l tu res  m i x t e s  e t  des h6 t6 roca ryons  forc4s 
po r t eu r s  de d i f f6 ren ts  marqueu r s ,  ne  son t  pas  n6ces- 
s a i r e m e n t  en accord.  L ' a b s e n c e  de c o m p l 6 m e n t a t i o n  
positive ~ la suite de plusieurs tests ne permet pas de 
conclure n6eessairement s l'incapacit6 de compl6menta- 
tion dans ce locus, cons6quence d'effets de rapports 
diff6rents des types nucl6aires. 
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