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t ion s trains,  as far as the  phage  hos t  specif ic i ty  is con- 
cerned, was discussed by  PILLICH et al. 9 

Zusammen/assung. Eine  Reihe  yon M u t a n t e n  mi t  ver-  
sch iedenen  P h e n o t y p e n  wurde  nach  einj~thriger Lagerung  
des Staphylococcus aureus P S  80 isoliert. Sie un te r sche iden  

sich in mehre ren  Merkmalen  v o m  Wi ld typ .  Aus der  Tet ra-  
cyk l in -empf ind l ichen  Popu la t ion  der  PS-8 0-Zellen wurden  
Te t racyk l in - res i s t en te  M u t a n t e n  selektiert ,  die gleich- 
zeitig res i s ten t  gegen S t rep tomyc in ,  Chloramfenikol ,  
E ry t h ro my c i n ,  Cephaloridin,  L incomycin  und  Sp i ramyc in  
sind. 
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A Quantitative Analysis  of Cleistothecia Production in Aspergillus nidulans 

Fung i  are no t  f r equen t ly  employed  in s tudies  of 
quan t i t a t i ve  genetics inher i tance.  Being general ly  haploids  
t h e y  have  a segregat ion p a t t e r n  which  is no t  amenab le  to  
the  m e thods  of q u a n t i t a t i v e  genetics.  However ,  dur ing  
he t e roka ryon  fo rma t ion  i t  is possible to suppose  the  
exis tance of addi t ive,  d o m i n a n t  and he tero t ic  effects of 
t he  genes. Such effects  m u s t  bear  s imilar i t ies  to  those  
which  occur in diploid  organisms since in t he  hetero-  
karyons  the re  are 2 sets of genes, a l though  in d i f ferent  
nuclei. Aspergillus nidulans is a f i l amentous  fungus  which  
has been  widely  used in genet ic  research.  I t  produces  
spherical  f rui t ing bodies, t he  cleistothecia,  100 ~m or 
more  in d iameter ,  which  arise af ter  8-10 days  incuba t ion  
at  37~ In  the  fo rma t ion  of cleistothecia,  several  cyto-  
p lasmic  and  nuclear ,  factors  are p robab ly  involved.  
Cleis tothecia fo rma t ion  is i rregular;  cer ta in  s t ra ins  
produce  only  conidia,  o thers  are regular ly  sexual  and 
f inal ly others  p roduce  conidia  and  sporadica l ly  s t a r t  to 
produce  cleis tothecia  ~-5. Since the  var ia t ion  in the  n u m b e r  
of  c le is tothecia  p roduced  in the same env i ronmen ta l  con- 
d i t ions  is due  to  he red i t a ry  factors,  i t  is possible  to 
es t imate  and  to  t e s t  t h rough  a diallel cross model,  t he  

general  and specific combin ing  abili t ies and to look for 
q u a n t i t a t i v e  efiects  of t he  genes which take  pa r t  in 
c le is tothecia  p roduc t ion  in A. ~idulans. 

Material and methods. Minimal  med i u m (MM) was  
Czapeck-Dox med i u m wi th  1% (w/v) glucose. Comple te  
med i u m (CM) was a complex  m e d i u m  conta in ing  yeas t  
ex t rac t ,  hyd ro lyzed  casein, hyd ro lyzed  nucleic acids, 
v i tamins ,  etc 6. Solid media  conta ined  2~o agar.  The  
s t ra ins  of A. nidulans all der ived f rom Glasgow stocks,  
were kep t  a t  5~ on CM slopes. They  were puri f ied a t  
6 -month  in terva ls  by  single colony isolat ion and  auxano-  
graphic  character iza t ion .  The following s t ra ins  were used : 
S t ra in  A: y, nic~ ribos; s t ra in  B: y, w2, s~, pyro4; s t ra in  C: 
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Table I. 
crosses 

Mean frequencies of cleistothecia (per mm ~) in the 15 

Strains A B C D E F 

A 
A 0.21 0.68 0.79 1;43 0.23 B 
B 2.32 6.58 7.27 5.03 C 
C 2.21 1.47 2.19 D 
D 2.43 1.12 E 
E 0.11 F 

Table III. Estimates of the effects of the general combining abiiity 
for each strain 

Strain Effects (~) 

-2.00 
2.51 
0.62 
0.44 
0.33 

-0.67 

Table 1I. Analysis of variance for the general and specific combining 
abilities 

Source D.F. b M.S.o 

General combining ability 5 9.18 ~ 
Specific combining ability 9 2.86 ~ 
Error 14 0.41 

~Sig~ificant at 1% level. 
bDegrees of freedon 
o Mean square 

Table IV. Estimates of the effects of the specific combining abilities 
for each strain 

^ 
Strains Effects s,~ 

B C D E F 

A -2.57 1.03 0.08 0.82 0.63 
B -1.84 1.35 2.15 0.91 
C 0.12 0..52 1.21 
D 0.62 -0.9Z 
E -1.83 



856 Specialia EXPERIEN'rlA 28/7 

an1, bil; s t r a in  D:  bi 1, meth 1, /ll; s t r a in  E :  ad14 , y, co; 
s t r a i n  F :  su~ad~o, pabst, y, ad2o, A cr, lys 5, cha. M u t a n t  
alleles in  th i s  s t u d y  d e t e r m i n e d  t he  p h e n o t y p e s  : y, yel low 
conid ia ;  w 2 (epis ta t ic  to  y / y + ) ,  whi t e  conid ia ;  cha, 
cha r t r euse  conid ia ;  co, c o m p a c t  colonies;  /l~, f luffy 
m y c e l i u m ;  adl~ and  ad~o, an 1, bi 1, lys~, meth 1, nic 2, paba 1, 
pyro4, ribos, s12 , r equ i r emen t s ,  respec t ive ly ,  for  adenine ,  
aneur ine ,  b iot in ,  lysine, me th ion ine ,  n ico t in ic  acid, 
p - aminobenzo ic  acid, pyr idoxine ,  r ibo f l av ine  a n d  th io-  
sul fa te  ; A crt, res i s t ance  to  acr i f lav ine  ; su~ad2o, suppressor  
of aden ine  r e q u i r e m e n t  caused  b y  ad2o. Origin  and  loca t ion  
of t he  m u t a n t s  can  be  found  in BARRATT, JOENSON and  
OGATA 7 a n d  BALL a nd  AzEvEI)O s. Genera l  t e chn iques  
were those  of PONTECORVO et  al  ~. The  6 s t r a ins  were 
crossed in all  possible  c o m b i n a t i o n s  (15 crosses). Af te r  2 
days  i n c u b a t i o n  t he  myce l ia l  m a t  was  t r an s f e r r ed  to 
dishes of solid MM (plus 0.02 txg/ml b i o t i n  for t he  cross 
C •  Af te r  28 days  i n c u b a t i o n  a t  37~ a c o u n t i n g  of 
c le i s to thec ia  was car r ied  ou t  for each  he t e roka ryon .  The  
n u m b e r  of c le i s to thec ia  in 10 fields (7.2 m m  d i a m e t e r  
each) chosen  a t  r a n d o m  in 4 he t e roka ryons ,  for each  
cross, was scored. F o r  each  cross 2 i n d e p e n d e n t  coun t s  
were per formed.  S t a t i s t i c a l  ana lys i s  of t he  d a t a  was 
car r ied  ou t  fol lowing t he  m e t h o d  sugges ted  b y  GRIFFING 9. 
The  m a t h e m a t i c a l  mode l  in th i s  is as follows : xij = ~z + gi 
+ gj + s,~ + e~j in  wh ich  1~ is t he  genera l  mean ,  gi a n d  g~- 
t he  effects of t h e  genera l  c o m b i n i n g  abi l i ty ,  s,j- t he  effect  
of t he  specific c o m b i n i n g  ab i l i ty  so t h a t  s~ = s~, a n d  e,j is 
t he  exponen t i a l  e r ro r  f rom t he  obse rva t ions  of t he  order  
i]'. The  res t r i c t ions  are 27g, = 0 a n d  27s~ = 0 (for each  7). 

Results and discussion. Tab le  I gives t h e  m e a n  f r equency  
of c le i s to thec ia  per  m m  2 for each  cross. F r o m  these  da ta ,  
t he  m e a n  squares  of t h e  genera l  and  specific c o m b i n i n g  
abi l i t ies  and  of t he  effects of t he  genera l  c o m b i n i n g  ab i l i ty  
for each  cross were e s t i m a t e d  (Tables I I ,  I I I  a n d  IV). The  
app l i ca t i on  of t he  m e t h o d  of GRIFFING 9 to fungi  seems 
v iab le  in  t h e  case of h e t e r o k a r y o n s  since t h e y  p r e sen t  
c e r t a i n  s imi lar i t ies  w i t h  t he  diploid s t a t e  1~ T he  m e t h o d  
assumes  t h a t  w h e n  a set  of i n b r e d  l ines is used in a dial lel  
cross ing sys tem,  a genet ic  i n t e r p r e t a t i o n  in t e r m s  of 
q u a n t i t a t i v e  i n h e r i t a n c e  is m a d e  possible  since t he  analys is  
is an  analys~s of t he  c o m b i n i n g  abi l i t ies  of t he  gametes .  
Thus ,  the  genera l  p roper t i e s  of a diploid i n d i v i d u a l  m a y  
be  r ega rded  as t he  c o m b i n a t i o n  of t h e  genet ic  p roper t i e s  
of t he  2 game tes  wh ich  u n i t e d  to fo rm t he  ind iv idua l .  
There fore  in  t he  s t a t i s t i ca l  ana lys is  t he  geno typ ic  effect  
of an  i nd iv idua l  m a y  be  cons idered  as t he  s u m m a t i o n  of 
effects c o n t r i b u t e d  b y  each  game te  ( t h a t  is, set  of genes 
in  t h e  gamete)  and  t he  i n t e r ac t i on  of game tes  ( t ha t  is, 
i n t e r ac t i on  of t he  genes in  one g a m e t e  w i t h  those  in t he  
other) .  H e t e r o k a r y o n s  are no t  p roduc t s  of g a m e t e  fus ion;  
t h e y  are, in  fact ,  p r o d u c t s  of genes in  each  nuc leus  and,  
in  t h e  s t a t i s t i ca l  analysis ,  t h e  geno typ ic  effect  of a he te ro-  
k a r y o n  is t he  s u m m a t i o n  of effects  g iven  b y  each  nuc leus  
a n d  i n t e r ac t i on  be twe en  such nuclei.  The  obse rved  va lue  
of a g iven  cross can  be r ep re sen t ed  l inear ly  b y  t he  esti- 
ma te s  of c o m b i n i n g  abil i t ies.  T he  va lues  of the  genera l  
c o m b i n i n g  ab i l i ty  are an  i nd i ca t i on  of t he  i m p o r t a n c e  of 

t he  add i t i ve  genic effects and  t he  va lues  of t he  specific 
c o m b i n i n g  abi l i t ies  i nd i ca t e  t he  i m p o r t a n c e  of t he  genic 
effects of d o m i n a n c e  a n d  epis tas is  1~. The  resu l t s  o b t a i n e d  
show t h a t  the  genet ic  v a r i a t i o n  expressed b y  t h e  a m o u n t  
of c le i s to thec ia  p roduced  in d i f fe ren t  crosses is due,  n o t  
on ly  to  the  genic add i t i ve  effects, b u t  also to d o m i n a n t  
a n d  poss ib ly  ep is ta t ic  effects  (Table  II) .  The re  is no  d o u b t  
t h a t  d o m i n a n c e  is a cha rac t e r i s t i c  of some of the  fac tors  
i nvo lved  in t he  con t ro l  of t he  c h a r a c t e r  s tud ied  b u t  o the r  
fac tors  wh ich  do no t  show d o m i n a n c e  are also presen t .  
The  s t r a ins  dif fered in  t h e i r  c o n t e n t  of fac tors  t h a t  
increase  t he  n u m b e r  of c le i s to thec ia  (Table  I I I ) .  Tab le  I V  
gives t he  re la t ive  i m p o r t a n c e  of t he  effects of t he  specific 
c o m b i n i n g  ab i l i t y  showing  t h a t  ce r t a in  pa i rs  of s t r a ins  
h a v e  genet ic  c o n s t i t u t i o n s  t h a t  c an  c o m p l e m e n t  each  
other .  

F u n g i  p r e sen t  m a n y  a d v a n t a g e s  for genet ic  s tudies ,  
i nc lud ing  r a p i d  growth ,  t he  large n u m b e r  of i nd iv idua l s  
which  can  be  analyzed,  and  ease of h a n d l i n g  and  storage.  
Severa l  cha rac te r i s t i c s  p re sen ted  b y  these  o rgan i sms  are 
su i t ab le  for q u a n t i t a t i v e  genet ic  s tud ies  us ing  t he  same  
process  wh ich  was used in t he  p r e sen t  work.  M a n y  of t he  
c o m m o n  indus t r i a l  fungi  r ead i ly  fo rm h e t e r o k a r y o n s  a n d  
diploids.  The  p r o d u c t i o n  of va luab l e  subs t ances  such  as 
an t ib io t i c s  is d i rec ted  b y  q u a n t i t a t i v e  genes lL  Thus  
q u a n t i t a t i v e  genet ic  s tudies  in  i ndus t r i a l  fungi  can  p l a y  
an  i m p o r t a n t  role c o m p a r a b l e  w i t h  t h a t  ach ieved  b y  
these  m e t h o d s  in p l a n t  and  a n i m a l  breeding .  

Resumen. C r u z a m i e n t o  dial~lico en t re  sets cepas  de1 
hongo  f i l amentoso  Aspergillus nidulans fu6 ana l i zado  
e s t a d l s t i c a m e n t e  po t  el m~todo  suger ido por  GRIFFING 9 
v i s ando  es tab lecer  los va lores  de la  c a p a c i d a d  genera l  de 
c o m b i n a c i o n  y de la c apac idad  especifica de combinac i6n  
p a r s  la  c a n t i d a d  de cleistot~cios. Los r e sn l t ados  ob t en idos  
pa recen  ind ica r  la pa r t i c ipac idn  de genes que e x h i b e n  
effectos ad i t ivos  y dominan t e s .  Es  suger ido que el m6todo  
puede  ser ap l icado en  el anal is is  de o t ras  carac te r fs t icas  
inc luyendo  aque l las  de va lo r  econdmico  como p roducc idn  
de an t ib id t icos .  
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Lampbrush Chromosomes from Semi-Albino Crested Newts,  Triturus Cristatus Carnifex (Laurenti)1 

Semi-a lb in ism,  also k n o w n  in a m p h i b i a n s  as m u t a t i o n  
'yel low' ,  does no t  af fec t  t he  process  of melanogenes i s  
wh ich  t a k e s p l a c e  d u r i n g  e m b r y o n i c  a n d  l a rva l  life, whi le  
i t  p roduces  changes  in m e l a n i n  grannies  of p i g m e n t e d  
cells a t  m e t a m o r p h o s i s  3. Some d a t a  conce rn ing  spe rma to -  

genesis of semi-a lb ino  c res ted  newts  were a l r eady  avai l -  
able  3, whereas  n o t h i n g  was k n o w n  so fa r  on  karyologica l  
aspects  of oogenesis.  For  t h i s  r eason  we h a v e  car r ied  out ,  
on  some of these  m u t a n t s  3, a s t u d y  of l a m p b r u s h  chromo-  
somes which,  b e i n g  ' h igh  reso lu t ion  ch romosomes ' ,  h a d  


