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p ro top l a s t s  f rom pol len  t e t r a d s  of Luf fa  cy l indr i ca  a n d  
Lycopers icon  e s c u l e n t u m  w h e n  t r e a t e d  w i t h  5 ~o cellulase, 
whereas  w i t h i n  t he  same  per iod  a b o u t  7 0 - 8 0 %  isola ted 
p ro top l a s t s  was  o b t a i n e d  in t he  case of Caj anus  ca j an  a n d  
Zea mays .  Y o u n g  pol len  t e t r a d s  were found  to  be  m o s t  
respons ive  to  t he  e n z y m e  t r e a t m e n t ,  w i t h  r e su l t ing  re- 
lease of p ro top las t s .  Spherical ,  n o n - v a c u o l a t e  p r o t op l a s t s  
t h u s  i so la ted  were fa i r ly  u n i f o r m  in size, h a v i n g  a large 
nuc leus  a t  t h e  cen t re  (figure 1). Pol len  gra ins  did  n o t  
yield release of p ro top las t s ,  p r o b a b l y  because  of t h e i r  
exines  be ing  no t  respons ive  to e i the r  of t he  enzymes  
tes ted .  
Dur ing  t he  i so la t ion  process,  less t h a n  3% s p o n t a n e o u s  
fusion was observed .  E v e n  a f te r  fol lowing t he  m e t h o d  
deve loped  b y  I to  a n d  Media  a5 to cause  s p o n t a n e o u s  fu- 
sion, we d id  n o t  obse rve  more  t h a n  5% fusion. Agg lu t ina -  
t ion  or fus ion was n o t  induced  t h r o u g h  h i g h  or low t em-  
p e r a t u r e  t r e a t m e n t s .  
Ne i the r  0.45 M m a n n i t o l  no r  0.56 M sucrose could induce  
fusion even  a f t e r  4 h of t r e a t m e n t .  B u t  t r e a t m e n t  w i t h  
0.4 M sod ium n i t r a t e  for 4 h induced  a b o u t  8-10~ fusion. 

Over  p lasmolys is  resu l ted  w h e n  1 M sod ium n i t r a t e  was  
used. However ,  t he  m o s t  s i gn i f i c an t  r e su l t  was  obse rved  
t h r o u g h  t r e a t m e n t  w i t h  Kel ler  a n d  Melchers ' s  ~3 h igh  p H  
a n d  h i g h  ca lc ium fusion so lu t ion  w i t h  t he  modi f ica t ion .  
Adhe rence  of t he  n a k e d  p r o t o p l a s t s  could be  seen even  
a f te r  10 min  of t r e a t m e n t  (figure 2). The  r a t e  of agg lu t ina -  
t ion  and  fusion increases  w i t h  t he  increase  of t i m e  a nd  
a f te r  30 rain  of t r e a t m e n t  a b o u t  7 0 - 8 0 %  of a g g l u t i n a t i o n  
was observed.  Fus ion  of t h e  a d h e r e d  cells proceeds  
qu ick ly  to a d u m b - b e l l  shape  s t r u c t u r e  (figure 3) fol lowed 
b y  f o r m a t i o n  of a spher ica l  shape  (figure 4) w i t h  t he  
mix ing  of t he  cy top la sm.  I n  a b o u t  5% cases, nuc lea r  
fusion was obse rved  a f t e r  a b o u t  10 h of cu l tu r ing .  W h e n  
severa l  p ro top l a s t s  were seen to  fuse toge ther ,  m u l t i l o b e d  
s t ruc tu re s  were ev iden t ,  w h i c h  a f t e r  a lapse of t i m e  
r o u n d e d  off. 
W o r k  is in  progress  to  f ind a p p r o p r i a t e  cu l tu ra l  cond i t ions  
necessa ry  for these  hap lo id  p ro top l a s t s  for ca r ry ing  ou t  
e l abora te  somat i c  genet ics  s tudies .  

15 M. Ito and M. Media, Exp. Cell Res. 80, 453 (1973). 
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Summary. P r o t o p l a s t  fusion a n d  n u t r i t i o n a l  c o m p l e m e n t a t i o n  be tween  a u x o t r o p h i c  m u t a n t s  of Aspergillus nidulans 
and  Aspergillus /umigatus has  been  achieved.  I t  is conc luded  t h a t  t he  n u t r i t i o n a l  c o m p l e m e n t a t i o n  m a y  be  due to  
in terspeci f ic  aneuplo idy .  

W e  p rev ious ly  r epo r t ed  ~ t h a t  h igh - f r equency  in t r a -  
specific p r o t o p l a s t  fusion and  h e t e r o k a r y o n  f o r m a t i o n  
were o b t a i n e d  in Aspergilli and  Penicillia. W e  now de- 
scr ibe successful  e x p e r i m e n t s  to  fuse p r o t op l a s t s  of auxo-  
t roph ic  m u t a n t s  of t a x o n o m i c a l l y  d i s t a n t  A. nidulans 
and  A. /umigatus, r e su l t ing  ill n u t r i t i o n a l  c o m p l e m e n t a -  
t ion  and  in terspeci f ic  aneup lo idy  of h y p e r - h a p l o i d  type .  

Material and methods. Stab le  m u t a n t s  r equ i r ing  lysine 
(lys) and  aden ine  (ade) were p roduced  b y  U V - i r r a d i a t i o n  
f rom A. nidulans R21 (yellow conidia,  and  requ i r ing  p- 
a lu inobenzo ic  acid)3,1 and  A. ]umigatus 5085 (wild- 
type)  1. B a c k - m u t a t i o n  has  n e v e r  been  obse rved  w i t h  
these  m u t a n t s .  The  m e t h o d s  of p r o t op l a s t s  fo rmat ion ,  
fusion w i th  p o l y e t h y l e n e  glycol (PEG) and  r egene ra t i on  
were car r ied  ou t  u n d e r  o p t i m a l  cond i t ions  2. The  com- 
p l e m e n t e d  colonies were selected on  m i n i m a l  m e d i u m  
c o n t a i n i n g  p - aminobenzo i c  acid (PABA).  T he  comple-  
m e n t a t i o n  f r equency  is expressed as t h e  n u m b e r  of 
colonies deve lop ing  a f t e r  P E G  t r e a t m e n t  in  m i n i m a l  
m e d i u m  c o m p a r e d  to  t he  n u m b e r  growing  in yeas t -  
e x t r a c t  med ium.  The  m e t h o d  of s t a in ing  eonid ia l  nuclei  
was based  on  t h a t  of PUHALLA 4. 

Result and discussion. I n  P A B A - c o n t a i n i n g  m i n i m a l  
m e d i u m  p ro top l a s t s  were able  to  r egenera te  a n d  deve lop  
in to  colonies in  low f r equency  a f te r  in terspeci f ic  p ro to-  
p la s t  fus ion h a d  been  induced  be t w een  A. nidulans lys 
and  A./umigatus ade  or A. nidulans ade and  A./umigatus 
lys. W e  shal l  deal  here  mere ly  w i t h  cases w h e n  only  A. 
nidulans could be  recovered  f rom t he  in terspeci f ic  fusion 
p r o d u c t s ;  oppos i te  cases, w h e n  only  A. [umigatus could 
be regained,  are also k n o w n  and  will he  r epo r t ed  else- 
where.  The  m a i n  charac te r i s t i c s  of these  in terspecif ic  pro-  
duc t s  are  as follows. 

I n  interspecif ic  p r o t o p l a s t  fusion,  t h e  c o m p l e m e n t a t i o n  
f r equency  was of t he  order  of 10 -5 whereas  in in t raspec i f ic  
fusion as h i g h  as 40 to  60% can  regu la r ly  be a t t a i n e d  2, 5. 
C o m p l e m e n t a t i o n  was n e v e r  obse rved  w h e n  myce t ia  of 
t he  two  species were mixed  a n d  i n c u b a t e d  in a n  a t t e m p t  
to  ach ieve  h y p h a l  fusion, whereas  in t raspec i f i ca l ly  com- 
p l e m e n t a t i o n  is c o m m o n  w i t h  these  m u t a n t s  and  w i t h  
others6-9.  

The  colonies resu l t ing  f rom interspeci f ic  fusion were 
thick,  i r regular ly  growing a n d  dif fered m a r k e d l y  in ap-  
pea rance  f rom in t raspeci f ic  ones  (Figure  1). The  h y p h a e  
of ten  exh ib i t ed  de fo rma t ions  (Figure 2). Conid ium-for -  
m a t i o n  was in f requen t ,  w i t h  one nuc leus  in  each  coni-  
d ium.  Dip lo id iza t ion  ha s  n e v e r  been  found.  Never the less ,  
conidia  f rom interspecif ic  colonies were able  to  g e r m i n a t e  

1 The authors thank Mr. L. MANCZINGER and Mr. GY. ORNVECZ for 
producing and characterizing the required mutants; Dr. D. GOLD- 
STEIN for providing the strain A. nidulans R. 21 ; Dr: D. KERRIDGE 
for the wild-type strain A. [umigatus 5085; and Mr. L. NAGY, 
Miss ]~VA SZlRLkKI and Miss MJ, RIA P6L6S for skilful technical 
assistance. 
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9 j .  A. ROPER, in The Fungi (Eds. G. C. AINSWORTH and A. S. 
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Fig. 1. Complemented colonies resulting from intraspecific and inter- 
specific protoplast fusion on minimal medium. Top left: A. nidulans 
ade + A. nidulans lys. Top right: A. [umigatus ade + A. ]umigatus 
lys. Bottom left: A. nidulans lys + A. [umigatus ade. Bottom right: 
A. nidulans ade q- A. [umigatus lys. 

on  m i n i m a l  m e d i u m  a n d  deve lop  in to  t yp ica l  in te r -  
specific colonies. H ap l o i d  conidia  in in t raspeci f ic  colonies 
did  n o t  g e r m i n a t e  on  m i n i m a l  med ium,  because  of segre- 
ga t ion  in to  t h e  p a r e n t a l  a u x o t r o p h i c  m u t a n t s .  

The  in terspecif ic  myce l ia  could be  c u l t i v a t e d  a n d  
m a i n t a i n e d  indef in i t e ly  on m i n i m a l  aga r  med ium.  The  
inocu la ted  myce l i a  gave rise to  centra l ,  th ick ,  slow- 
growing colonies a n d  rap id ly -g rowing  t h i n  sectors  fan-  
n ing  o u t  f rom t h e  cen t r a l  par t .  I n  b o t h  p a r t s  myce l i a  
were c o m p l e m e n t e d  for lysine an d  adenine .  P rac t i ca l l y  all 
conidia  f rom b o t h  p a r t s  g e r m i n a t e d  on y e a s t e x t r a c t  me-  
d ium or med ia  c o n t a i n i n g  the  c o m p o u n d  requ i red  b y  the  
A.  n idula~s  m u t a n t  invo lved  in t h e  fusion. On m i n i m a l  
med ium,  a lmos t  all conidia  t a k e n  f rom t h e  cen t r a l  p a r t  
g e r m i n a t e d  an d  deve loped  in to  colonies, c o m p a r e d  w i t h  
only  a b o u t  1~o of the  conidia  f rom the  r ap id ly -g rowing  
sectors. 

If  mycel ia  g rown in m i n i m a l  m e d i u m  were t r a n s f e r r e d  
on to  yeas t  e x t r a c t  med ium,  t h e  above  differences were 
even  more  p ronounced .  The  slow-growing, th ick ,  p ro to-  
t roph ic  cen t r a l  p a r t  became  p i g m e n t e d  an d  p roduced  
m a n y  rap id ly -g rowing  sectors  (Figure 3). Ne i the r  myce l ia l  
no r  conidial  inocu la t ion  f rom t h e  sectors  gave rise to  
colonies on mi n i n ml  med ium.  In  fact,  t h e  d .  ,zidula~s 
p a r e n t a l  m u t a n t  was recovered  in these  cases. All  these  
facts  s t rong ly  recal l  t h e  b e h a v i o u r  of in t raspeci f ic  aneu-  
ploids of h y p e r - h a p l o i d  t ype  ~0-12. W e  expla in  our  resu l t s  
b y  aneup lo id  fo rma t ion  be tween  the  two d i f fe rent  species. 

F ron l  a g iven  colony we could n o t  recover  b o t h  pa ren -  
t a l  m u t a n t s  s i mu l t an eo u s l y  or a n y  k ind  of h e t e r o k a r y o n s ,  
despi te  the  b r o a d  v a r i a t i o n s  employed  (general  an d  selec- 
t ive  med ia ;  mycel ia l  a n d  conidia l  inocu la t ion ;  r epea t ed  
p r o t o p l a s t  f o r m a t i o n  f rom the  fusion p roduc t s  a n d  inocu-  
l a t ion  of d i f fe ren t  med ia  w i th  t h e  p ro top l a s t s ;  ' t r an s fu -  
s ion '  of d .  /urnigatus m i t o c h o n d r i a  in to  p ro top l a s t s  of the  
fusion p r o d u c t ;  fusion of p ro top l a s t s  der ived  f rom t h e  in- 
terspecif ic  fusion p r o d u c t s  of the  two types) .  

W i t h  the  p a r e n t a l  pa i rs  of t h e  P A B A - r e q u i r i n g  A. m -  
dulans lys a n d  A .  /umigatus  ade, we o b t a i n e d  colonies 
which  needed  n e i t h e r  lysine nor  P A B A  for g r o w t h ;  t he  
c o m p l e m e n t a t i o n  f r equency  was less t h a n  10 -s, i.e. 3 
orders  of m a g n i t u d e  less t h a n  t h a t  w i th  lysine alone. 

10 F. KAFER, Nature, Lond. 186, 619 (1960). 
11 E. K;i.FER, Genetics ,/6, 1581 (1961). 
12 p. LIIOAS, Nature, Lond. 190, 744 (196i). 

Fig. 2. Hyphae exhibiting characteristic deformations in the inter- 
specific fusion product of A. nidulans lys + A. ]umigatus ade. Marker 
represents 50 [xm. 

Fig. 3. Rapidly-growing sectors enlerging from the slow-growing 
interspecific fusion product of A. nidula~r lys + A. [umigatus ade 
on yeast-extract Inedinnl. 
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Consequent ly ,  no i n t e r d e p e n d e n c y  was obse rved  be tween  
t he  losses of r e q u i r e m e n t  for lysine and  PABA.  T he  same 
he ld  for t he  r e a p p e a r a n c e  of amino  acid a n d  P A B A  re- 
qu i r emen t s .  On a basic  cu l tu re  m e d i u m  c o n t a i n i n g  lysine 
b u t  n o t  P A B A ,  rap id ly -g rowing  ly s ine -dependen t  sectors  
deve loped  f rom t r ans f e r r ed  p r o t o t r o p h i c  colonies. Mycel ia  
f rom these  sectors  b e c a m e  b o t h  lysine-  and  P A B A - d e p e n -  
d e n t  a f te r  t r ans f e r  on to  med ia  c o n t a i n i n g  b o t h  compounds ,  
a n d  t he  or ig inal  A. nidulans lys was  recovered  a t  th i s  
stage.  The  same resu l t  was  o b t a i n e d  if t he  sequence  of 
s u p p l e m e n t i n g  t he  v i t am i n - f r ee  cu l tu re  m e d i u m  was t he  
reverse,  w i t h  t h e  excep t ion  t h a t  P A B A - d e p e n d e n t  sectors  
deve loped  first.  W e  assume  t h a t  in these  ra re  cases two 
ch romosomes  i n t e g r a t e d  f rom A. /umigatus in to  A. nidu- 
lans, and  were t h e n  e l imina ted  i n d e p e n d e n t l y  a n d  r ap id ly  
w h e n  the  select ive pressure  ceased. 

The  p recond i t i on  of in terspecif ic  c o m p l e m e n t a t i o n  in 
o therwise  i n c o m p a t i b l e  fungi  m a y  poss ib ly  be  t h e  dis in te-  
g ra t ion  of nucle i  of one of t he  two  species. Such  a d is in te-  

g ra t ion  could be  fol lowed b y  t he  r e t e n t i o n  of one or a few 
chromosomes .  This  m i g h t  be t he  reason  for b o t h  t he  low 
f r equency  of c o m p l e m e n t a t i o n  a n d  our  inab i l i t y  to  recover  
b o t h  fusion p a r t n e r s  s i m u l t a n e o u s l y  f rom a g iven  colony. 

A n e u p l o i d y  is a f r e q u e n t  consequence  of in terspecif ic  
fusion of a n i m a l  cells la, 1,. Our  resul t s  sugges t  t h a t  th i s  
m i g h t  be  va l id  on  a b r o a d e r  scale in  eukaryotes .  Moreover,  
a d i rec ted  and  select ive  r e t e n t i o n  a n d  p r o p a g a t i o n  of 
foreign ch romosomes  m i g h t  be  ach ieved  w i t h  fungi  b y  
us ing  su i tab le  m u t a n t s .  This  m e t h o d  m a y  offer f u r t h e r  
possibi l i t ies  in  euka ryo t i c  genetics.  

18 S. D. HANDMAKER, A. Rev. Microbiol. 27, 189 (1973). 
14 G. PONTECORVO, in Modi]ication oJ the In]ormation Content o] 

Plant Cells (Eds. R. MARKHAM, D. R. DAVIES, D. A. HOPWOOD 
and R. W. HORNE, North-Holland Publ. Co., Amsterdam and 
Oxford 1975), p. 1. 

Crossing between nondiapausing and diapausing races of Sarcophaga peregrina 
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Summary. The  t e m p e r a t e  race (D) of S. peregrina undergoes  p u p a l  d iapause  in response  to  ce r t a in  e n v i r o n m e n t a l  
cond i t ions  of pho tope r i od  (13L: 1 1 D - 1 1 L : 1 3 D )  a n d  t e m p e r a t u r e  (under  20 ~ The  t rop ica l  race (ND) does no t  do so 
u n d e r  t he  same  c i rcumstances .  The  t e n d e n c y  t o w a r d  d iapause  was suppressed  in 3 0 - 4 0 %  of t he  h y b r i d s  of crossings 
D~ • NDd~ a n d  ND~ • De? even  u n d e r  such  s h o r t  day  a n d  low t e m p e r a t u r e  cond i t ions  as 11L: 13D-9L :  15D, 20~ 
Fo r  en t e r ing  diapause ,  t he  h y b r i d s  requi re  a s ho r t e r  d a y  l e n g t h  (13L: l l D )  t h a n  t h a t  of (D) p a r e n t s  (15L: 9D). 

Sarcophaga peregrina R o b . - D e s v o i d y  (Dip te ra :  Sarco- 
phagidae)  is one of t he  s y n a n t h r o p i c  f lesh flies wh ich  are 
c o m m o n l y  found  in J a p a n e s e  pr ivies  t h r o u g h o u t  J a p a n .  
Seven  re l a t ed  species are d is t r ibuted ,  in  and  a r o u n d  t he  
I n d o - A u s t r a l i a n  a rea  2. S. peregrina has  t he  wides t  dis t r i -  
bu t ion ,  cover ing  China,  J a p a n ,  Volcano  Is., B o n i n  Is., 
lVIariana Is., Formosa ,  H a i n a n  Is., India ,  Ceylon, Aus-  
t ra l ia ,  New Guinea,  New Br i ta in ,  Samoa,  G i lbe r t  Is., 
a n d  Hawai i .  The  n o r t h e r n m o s t  b o u n d a r y  would  a p p e a r  
to  lie in  H o k k a i d o  8. Th i s  species is k n o w n  to be  a m e c h a n -  
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The induction of pupal diapause in Japanese diapause (D) and New 
Guinean nondiapause (ND) races of Sarcophaga peregrina and their 
hybrids (F1) under different light regimes (at 20 ~ Each experiment 
was performed 3 times and the results averaged. 

ical vec to r  of aet iological  agen t s  of disease and  i ts  l a rvae  
are respons ib le  for i n t e s t i na l  myias i s  in these  areas.  
A d u l t s  a p p e a r  f rom May  to S e p t e m b e r  in  Cent ra l  J a p a n ,  
and  t h e  f aeu l t a t i ve ly  d i a p a u s i n g  p u p a  is k n o w n  to be t he  
ove rwin t e r i ng  fo rm r U n d e r  cond i t ions  of sho r t  d a y  a n d  
low t e m p e r a t u r e ,  t h i s  f lesh f ly en te r s  p u p a l  d iapause  in 
J a p a n .  

A New G u i n e a n  race  whose  colonies are der ived  f rom a 
single wild female  col lected in W a u  (7.22 S, 146.40 E), 
alt.  1050-1250 m, Morobe  Dis t r ic t ,  in D e c e m b e r  1973, 
was  ava i l ab le  for t he  p r e sen t  cross ing e x p e r i m e n t  5. I n  a 
p r e l i m i n a r y  e x p e r i m e n t  i t  was  found  t h a t  t h e  t rop ica l  
race (ND) d id  n o t  e n t e r  p u p a l  d iapause ,  even  if p a r e n t s  
and  t h e i r  offspr ing were b r ed  u n d e r  such  l igh t  regimes 
and  low t e m p e r a t u r e  cond i t ions  as 14L: 10D-12L:  12D a t  
20 ~ A few of t he  offspr ing rea red  u n d e r  the  cond i t ions :  
20 ~ l l L :  13D, however ,  deve loped  in to  d iapause  p u p a e  
(2%).  N o n d i a p a u s i n g  colonies were selected a n d  used for 
t he  crossing expe r imen t .  The  2 geographica l  races are 
morpholog ica l ly  d i s t ingu i shab le  b y  t he  male  geni tal ia ,  
especial ly  b y  t h e  shape  of t h e  apica l  p l a t e  of aedeagus.  
H y b r i d  genera t ions  exh ib i t ed  n o r m a l  fe r t i l i ty  of crossing. 
Eggs  of each  race are  fer t i l ized b y  spe rms  of t h e  o ther ,  
and  a t  leas t  some of t he  zygotes  deve lop  normal ly .  B o t h  
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