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t he  whi t e  eye s tock  a n d  cytological  e x a m i n a t i o n  of t h e  
p roge ny  (larvae) was  car r ied  ou t  to  assess wh ich  males  
were inve r s ion  he te rozygotes .  On ly  males  were used dur -  
ing th i s  s tep  to rule o u t  cross ing over  which  would  con- 
fuse t he  c h r o m o s o m e - m a r k e r  re la t ionsh ip .  In  the  follow- 
ing gene ra t i on  (G3), two  s i tua t ions  are  possible  depend ing  
on  t he  loca t ion  of t h e  eye color. I f  i t  is loca ted  on ch romo-  
some 3, t h e n  all  red eye flies will be  invers ion  he te rozy-  
gous and  all wh i t e  eye flies are normal .  I f  t he  m a r k e r  gene 
is on a n y  o t h e r  ch romosome,  ha l f  of b o t h  t he  red  eye an d  
wh i t e  eye flies will be invers ion  he te rozygous  and  ha l f  
will be  normal .  Males be ing  m u c h  easier  to  analyse ,  we 
checked  in G3, 18 w+w (red) males  wh ich  were all  inver -  
s ion he te rpzygotes ;  a n d  19 ww males  which  were all  nor-  
mal .  This  is a s t rong  ind i ca t i on  for t he  l inkage  of t he  eye 
color gene  w i t h  c h r o m o s o m e  3. w+w males  were aga in  tes t -  
crossed w i th  n o r m a l  ww females  in o rder  to  r e p e a t  the  
ana lys i s  in t he  n e x t  gene ra t i on  G 4. Aga in  all ww males  
(33) were no rma l ,  a n d  all  w+w (red) males  (7) invers ion  
he te rozygous .  

To see w h e t h e r  r e c o m b i n a t i o n  be tween  the  invers ion  
and  t he  m a r k e r  gene occurs,  we h a v e  ana lyzed  t h e  a d u l t  
ma le  G 4 p rogeny  of w+w females.  I t  appea red  t h a t  b o t h  
w+w and  ww males  can  be  invers ion  he te rozygous  or nor-  
mal .  A r e c o m b i n a t i o n  of 40 .2% was found  ( N = 1 1 2 ) .  A 
ihgh  incidence  of doub le  crossovers  w i t h i n  t he  invers ion  

be ing  unl ikely ,  th i s  suggests  t h a t  t h e  eye colour locus is 
s i t u a t e d  d i s ta l ly  on  t h e  long a r m  of ch romosome  3. 

L inkage  b e t w e e n  t h e  inve r s ion  an d  t h e  red eye m a r k e r  
can  be m a i n t a i n e d  b y  r o u t i n e l y  r epea t i ng  t h e  G a a n d  G 4 
crossings w i t h o u t  a n y  f u r t h e r  ana lys i s  of k a r y o t y p e s  or 
fer t i l i ty .  

This  l inkage  enables  s ibcrosses  to  be  m a d e  be tween  in- 
vers ion  he te rozygous  males  an d  females  to  o b t a i n  in- 
vers ion  h o mo zy g o t e s  j u s t  b y  c o m b i n i n g  t h e  r ed  eye 
p a r t n e r s  f rom red  eye fa thers .  These  homozygotes ,  if 
viable ,  can  be  used for genet ic  insec t  control .  A n o t h e r  
app l i ca t ion  for genet ic  insec t  con t ro l  purposes ,  as sug- 
ges ted  b y  PARKER I, is t h e  poss ib i l i ty  of i sola t ing com- 
p o u n d  ch ro mo s o mes  a f t e r  i r r ad i a t i ng  invers ion  here to -  
zygotes.  This  can  be car r ied  o u t  w i t h  th i s  invers ion  b y  
i r r ad i a t i ng  w+w, In~+ males  a n d  s u b s e q u e n t l y  cross ing 
t h e m  w i t h  t h e  w+w, In~+ females.  Af te r  the  i nduc t i on  b y  
i r r ad ia t ion  of c ross ingover  in t h e  male,  dup l i ca t ion /de -  
f ic iency game tes  m a y  occur  wh ich  are c o m p l e m e n t e d  in a 
few c o m b i n a t i o n s  an d  give a c o m p o u n d  ka ryo type .  Com- 
p o u n d  s t r a ins  h a v e  some in t ra -s te r i l i ty ,  a n d  comple t e  
s te r i l i ty  a f te r  crossing w i t h  t h e  wild t y p e  in the  field. 
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Summary. This  is t he  f i rs t  r e p o r t  of i nduc t i on  of hap lo id i za t ion  in Aspergillus nidulans b y  chlora l  hyd ra t e ,  which  is an  
eff ic ient  po lyplo id iz ing  a g e n t  for h igher  p l a n t s  and  a p sycho t rop i c  d rug  for man .  A new procedure  has  been  descr ibed  
to isolate  hap lo ids  f rom diploids w i th  a v e r y  h igh  f requency,  as c o m p a r e d  to  p - f luo ropheny la l an ine ,  wh ich  is genera l ly  
used for  th i s  purpose .  

Chloral  h y d r a t e  is wide ly  used as a p sycho t rop i c  d rug  
and  as an  anaes the t i c .  I t  has  been  shown  to in ter fere  w i t h  
t he  f o r m a t i o n  of mi to t i c  sp indle  in  p l a n t s  1, in  g r a s shoppe r  
s p e r m a t o c y t e s  2, in  Pleurodeles waltlii a and  in Aspergillus 
nidulans4. W e  wish to r e p o r t  here  a new and  in t e r e s t i ng  
p r o p e r t y  of chlora l  h y d r a t e  in  i nduc ing  hap lo id i za t ion  in 
Aspergillus nidulans diploids.  

He t e rozygous  diploids,  wh ich  can  be  easi ly i sola ted in 
th i s  fungus  ~, give rise to  new diploids and  hap lo ids  spon-  
t a n e o u s l y  ~, t h o u g h  a t  a v e r y  low f requency .  The  hap lo id  
segregants  can  be v i sua l ly  de tec ted  in a diploid which  is 
he t e rozygous  for conid ia l  colour  markers .  

Chlora l  h y d r a t e  was  i nco rpo ra t ed  in t he  s t a n d a r d  
comple t e  m e d i u m  ~ to  va r ious  f inal  c o n c e n t r a t i o n s  rang-  
ing f rom 0.001 M to  0.04 M,  a n d  conid ia  f rom diploid 
s t r a in s  he t e rozygous  for 2 co lour  m a r k e r s  as well  as a 
n u m b e r  of n u t r i t i o n a l  m a r k e r s  a n d  t he  co r re spond ing  
hap lo ids  were p l a t ed  on  t he  surface.  Viab le  coun t s  were 
d ras t i ca l ly  af fected b y  inc reas ing  c o n c e n t r a t i o n s  of ch lora l  
h y d r a t e ,  so m u c h  so t h a t  a t  0.02 M,  on ly  2~o of conid ia  
could form colonies. The re  was no d i f fe ren t ia l  effect  on  
hap lo ids  and  diploids.  However ,  w h e n  a t h i ck  inocu lum of 
conid ia  was s t reaked ,  r a t h e r  thai1 s t a b b e d  or p la ted ,  t h e  
g r o w t h  was a l i t t le  be t t e r .  A t  a c o n c e n t r a t i o n  of 0.02 M 
chlora l  h y d r a t e ,  s t r eaks  of d iploid  s t r a ins  p roduced  well 

Fig. 1. A streak of a heterozygous diploid showing small sectors 
on complete medium + 0.02 M chloral hydrate after 12 days of 
incubation. 
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Mitotic segregation induced by chloral hydrate in different diploids 
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Diploid No. of 
used streaks 

analyzed 

No. of segregants analyzed 

Yellow White Green Total 

No. of No. of No. of 
haploid diploid classes 
segre- segre- of haploid 
gants gants segregants 

On chloral hydrate alone 
riboA1, biA1; 1paX71 
MSE~ 

1 8 9 0 

On chloral hydrate and then 
transferred to complete medium 
riboA 1, biA 1; ]paXTO 2 13 7 1 
MSE 
riboA 7, biA 1; /pax72 2 10 4 2 
MSE 

17 17 0 13 

21 21 0 15 

16 15 1 12 

MSE, Master Strain 'E 's. 

conidia t ing  and fast  growing sectors af ter  abou t  10-12 
days  of incubat ion .  E a c h  s t reak  gave rise to  abou t  15 
d is t inc t  sectors, which when  isolated and tes ted  separa te ly  
for conidial  d i amete r  and  biochemical  requi rements ,  were 
found  to be haploids  and did no t  segregate  fur ther  on a 
m e d i u m  conta in ing  p- f luorophenyla lan ine  (FPA).  Abou t  
85% of t h e m  were di f ferent  f rom one another ,  indica t ing  
t h a t  the  clonal factor  was grea t ly  diminished.  The growth  
of the  diploid in the  s t reak  is no t  de tec tab le  visually, and 
all the  segregants  produced  are haploids  indicat ing a se- 
lect ive effect  of chloral  h y d r a t e  agains t  diploids and diso- 
mics. E v e n  the  haploids  do no t  grow very  well and appear  
af ter  8-10 days  as smaI1 sectors  (Figure 1). If  the  s t reak is 
t r ans fe r red  to comple te  med ium af ter  5 days  on chloral 
hydra te ,  the  sectors grow out  vigorously  and sporula te  
normal ly  wi th in  2 days  of the  t r ans fe r  (Figure 2), t he r eb y  
faci l i ta t ing isolation. Al though  all g rowth  appears  brown-  
ish grey on chloral  hydra te ,  on comple te  med ium sectors 
wi th  di f ferent  colours are ex t r eme ly  p r o m i n e n t  because of 

profuse conidiat ion.  Out  of 36 isolates picked up from 
s t reaks  f i rs t  grown on chloral  h y d r a t e  and t h e n  t rans-  
ferred to comple te  medium,  35 tu rned  out  to be haploids 
and  only one was a diploid (Table), ind ica t ing  t h e r eb y  
tha t ,  dur ing 5 days  on chloral  hydra te ,  there  is a lmost  
comple te  haploidizat ion,  following which  the  haploid  sec- 
tors  grow ou t  of the  streak.  

Using chloral  h y d r a t e  as the  haploidiz ing agent ,  2 newly 
isolated F P A - r e s i s t a n t  m u t a n t s  (riboA 1, biA I; [flaX70 
and  riboA 1, biA L"/paX71) were assigned to the  linkage 
group VI, and  the  th i rd  new isolate (riboA 1, biA 1;/paX72) 
was assigned to the  l inkage group i.  These ass ignments  
were conf i rmed by  using F P A  as the  haploidiz ing agent  9. 
Segregat ion of all o ther  markers  was as expec ted  on the  
basis of the i r  l inkage group locations.  The diploid be tween 
/ p a X 7 0  and  M S E  gave out  only  green sectors when  F P A  
was used as the  haploidiz ing agent ,  b u t  on choral  hydra t e  
well growing and  profusely  conidia t ing  yellow, whi te  and 
green sectors could easily be obta ined.  

The above -men t ioned  chemical  and  the  procedure  make  
the  induc t ion  and isolat ion of haploids  f rom a diploid less 
t ime  consuming  and very  easy, thus  faci l i ta t ing the  entire 
procedure  of genet ic  mapp ing  based on mi to t ic  segrega- 
t ion.  Also, chloral  h y d r a t e  is m u c h  cheaper  t h a n  p-fluoro- 
phenyla lanine .  I t  is unique because of its dual  funct ion - 
induc t ion  of c-mitosis  and  po lyp lo idy  in higher  p lan ts  and 
haplo id iza t ion  in Aspergillus. To our knowledge,  there  is 
no repor t  of eff icient  induc t ion  of haplo id iza t ion  by  any 
of the  polyploidizing agents  in any  organism. 

Thus,  chloral  h y d r a t e  deserves  more  a t t en t i on  as a 
po ten t i a l  haploidiz ing agen t  for p l a n t  and an imal  ceils. 
Since it is a widely  used drug, such inves t iga t ions  would 
add  to our knowledge regarding its effects on h u m a n  
beings. 

Fig. 2. The diploid was first streaked on complete medium + 0.02 M 
chloral hydrate, incubated for 5 days and then transferred to 
complete medium. After 2-3 days of the transfer, fast growing and 
profusely conidiating sectors are visible. 
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