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Table III. NADP phosphatase ~ activity in detached wheat leaves 
treated with nicotinic acid, nieotinamide, NAD, benzimidazole or 
kinetin 

Specific activity b 
Protein (mg/ml) (EU/mg protein) 

Experiment No. Experiment No. 
I II I II 

hnmediately detached 11.0 10.2 2.19 2.3 
Water 9.8 9.5 2.33 2.40 
Nicotinic acid 9.5 9.2 1.77 2.22 
Nieotinamide 9.6 9.0 3.27 2.89 
NAD 10.0 9.1 1.44 1.89 
Benzimidazole 10.2 9.8 2.51 3.09 
Kinetin 10.1 9.8 3.53 3.38 

�9 Spectrophotometric assay for NAD formed in 33 mM Tris at pH 6.0. 
bOne enzyme unit is defined as the amount of enzyme which cata- 
lyses the formation of 1 ~xmole of NAD in 5 min. 

NAD and nicotinic acid. The leaves f loated on kinet in  
and  benzimidazole  showed an increase in N A D P  phos-  
pha tase  act iv i ty .  

The N A D P - p h o s p h a t a s e  in this  s t u d y  resembles  the  
enzyme  from pea  leaves isolated by  FORTI et a111. Both  
are acid phospha tases  which hydro lyze  N A D P  at  h igh 
rates.  The KNADP value of t he  acid phospha ta se  f rom 
whea t  leaves was 1.4 x 10 -4 M in this  s t u d y  (c.f. 3 X 10 -4 
M for the  pea leaf enzyme).  Or thophospa t e  was found to 
be a compet i t ive  inhibi tor  of b o t h  whea t  leaf phospha ta se  
and  pea leaf phospha tase .  The Kiq (K, (p,)) was 1.7 • 10 4 
M in th is  s tudy.  

The specific ac t iv i ty  of N A D P - p h o s p h a t a s e  in excised 
w h e a t  leaves t r ea ted  wi th  solutions of k inet in  or benzi-  

midazole  increased ap p ro x i ma t e l y  20% while t he  leaves 
t r e a t ed  wi th  solutions of nicotinic acid or NAD lost  abou t  
20% of the  specific act ivi ty .  However ,  MISHRA and 
WAYaOOD 6 repor ted  t h a t  w h e a t  leaves t r e a t ed  wi th  
benzimidazole  or kinet in  had  an i n c r e a s e d  N A D P  con- 
t e n t  and a fairly co n s t an t  N A D - N A D P  rat io in fresh 
leaves. As the  N A D P  phospha ta se  was an act ive enzyme 
even in the  crude  whea t  leaf ex t r ac t  th is  indicates  t h a t  a 
regula tory  factor  o ther  t h a n  the  enzyme level controls  
the  N A D / N A D P  rat io in t he  leaves. If so, an increase in 
the  specific ac t iv i ty  of N A D P - p h o s p h a t a s e  in v i t ro  will 
no t  necessar i ly  cause the  decrease of N A D P  co n t en t  in 
vivo. This regula t ion is faci l i ta ted fu r ther  by  the  com- 
p a r t m e n t a t i o n  of the  enzyme and  subs t ra te  in separa te  
loci. The main  pool of N A D P  in leaves t r ea t ed  wi th  the  
cytokin ins  is poss ib ly  in the  chloroplas ts  while N A D P -  
phospha ta se  was located outside the  chloroplasts .  Benzi-  
midazole  by  main ta in ing  the  s t ruc tura l  in tegr i ty  of the  
chloroplas ts  p reven t s  ' leaching'  of the  N A D P  f rom chlo- 
roplas ts  and hence  the  enzymic  hydro lys is  to NAD.  Ben- 
zimidazole also favours  the  synthes is  of N A D P  (presum- 
ably  f rom NAD).  Benzimidazole  sus t i tu t ion  for the  ni- 
co t inamide  moie ty  of NAD has been repor ted  by  KAPOOR 
and  WAYGOOD la. This subs t i tu t ion  react ion toge the r  
wi th  enhanced  t r anshydrogenase  14 and  p re sumab ly  also 
NAD kinase ac t iv i ty  and the  spat ial  separa t ion  of N A D P -  
phospha ta se  f rom its subs t ra te  poss ibly  explain  the  
seemingly con t rad ic to ry  s i tua t ion  of an increase in the  
levels of bo th  N A D P  and N A D P - p h o s p h a t a s e  in leaves 
t r ea t ed  wi th  benzimidazole15. 

16 M. KAPOOR and E.R. WAYGOOD, Can. J.Biocheln. 43, 165 (1965). 
14 C. E. JoG M. Sci. Thesis, University of Manitoba (1970). 
15 E. RACKER in Methods of Enzymology (Eds. S. P. COLOWlCK and 

N. O. KAPLAN; Academic Press, New York, 1955), vol. 1, p. 500. 
16 E. R. WAYGOOD, Can. J. Res. 26c, 461 (1948). 

Locat ion  of an Eye Mutant  in the Onion Fly  Hylemya antiqua M e i g e n  U s i n g  a Per i cen tr i c  C h r o m o -  
s o m e  I n v e r s i o n  

C. van HEEMERT and W. J. VAN DEN BRINK 

Inst i tute/or Atomic Sciences in Agriculture, Association E U R A  T O M - I T A L ,  P. O. Box 48, Wageningen (The Nether- 
lands), 23 October 1975. 

Summary. W i t h  the  use of a per icentr ic  inversion in chromosome 3, an eye color m u t a n t  in the  onion fly was located in 
ch romosome  3. No recombina t ion  occurs in males;  40.2% recombina t ion  was observed in females. This l inkage th rough  
the  male facil i tates fu r ther  cy togenet ic  research on s t ruc tura l  aber ra t ions  involving chromosome 3. 

Genet ic  research on the  onion fly Hylemya antiqua 
Meigen has  been unde r t aken  in the  con t ex t  of genet ic  in- 
sect  control .  Several  X - r a y  induced  chromosomal  re- 
a r r angemen t s  ( t ranslocat ions  and  inversions) associated 
wi th  reduced  fer t i l i ty  have  been  s tudied  1-a. Unfo r tun -  
ately,  no morphological  markers  have  ye t  been  isolated. 
Such markers  are useful for the  isolation of homozygous  
t rans loca t ions  or inversions;  cy togene t ic  analysis  alone 
being more  t ime-consuming.  Recen t ly  we have  received 
a whi te  eye (ww) marker  s tock f rom Canada4;  t he  wild 
t y p e  flies are red eyed (w+w+). This m u t a n t  is no t  sex- 
l inked 5, t hus  i t  will be located on 1 of the  5 au tosomes  
(2n=12). W i t h  the  aid of a per icent r ic  inversion,  i t  was 
possible to  assess on which ch romosome  this  whi te  eye 
marker  is located.  

Invers ion  In(3)2 was used in which  ch romosome  3 is 
involved 1, see Figure.  In  mi to t ic  metaphases ,  the  in- 
vers ion he te rozygous  ( In /+)  ka ryo types  could be dis- 
c r imina ted  f rom the  + / +  types  on the  basis of the  dif- 
fe rent  a rm-ra t io  of the  inver ted  chromosome in com- 
b ina t ion  wi th  t he  t ranspos i t ion  of a secondary  constr ic t ion 
f rom the  shor t  a r m  of the  no rma l  ch romosome  to  t he  long 
a rm of the  inve r t ed  chromosome (Figures c and  e). In  
meiot ic  stages, t he  inversion he te rozygous  types  could 
be ident i f ied b y  the  presence  of a clear r ing or b u m p  a t  
one end of the  ch romosome  3 b iva len t  (Figures d and f). 
The fer t i l i ty  is app rox ima te ly  30% reduced  (70% egg 
hatch) ,  as measured  f rom tes t -crossed  invers ion hetero-  
zygous ( I~ /+)  females (chiasmate),  while In~+ males 
have  a normal  fer t i l i ty  due to  the  absence  of ch iasmata .  
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A n  a n a l o g o u s  s i t u a t i o n  h a s  been  desc r ibed  for  a few per i -  
cen t r ic  i n v e r s i o n s  in Drosophila% 

Crossing scheme: 
G1. ~ red: w+w +, In?l+ • white: ww, + [ + .  Of females which 
proved to be heterozygous for the inversion, sons were retained 
for the next generation: 

G2. ~ white: ww, + / +  • red: w+w, In?l+. Progenies from males 
heterozygous for the inversion were retained for the next generation : 

G 3. a) ~ white: ww, + / +  • ~ red: w+w, In/+. Progenies were 50% 
ww, + / + ;  50% w+w, In/+. b) ~ red: w~w, In/+ • white: ww, 
+ / + .  Progenies contained both red and white with and without 
the inversion due to recombination in the female. 

T h e  c ross ing  s c h e m e  s h o w s  h o w  in the  f i r s t  g e n e r a t i o n  
(G1), f emales  of t he  i n v e r s i o n  s t o c k  were  t e s t c r o s s e d  in- 
d iv idua l l y  w i t h  ww males .  A b o u t  ha l f  of t he  f ema les  s h o w -  

ed r e d u c e d  fer t i l i ty ,  due  to  c r o s s i n g - o v e r  in t h e  i n v e r s i o n  
loop, a n d  ha l f  h a d  a n o r m a l  fer t i l i ty .  Males  cou ld  be  u sed  
as  well, b u t  in t h a t  case  cy to log ica l  ana ly s i s  of t h e  m a l e s  
or  t he i r  p r o g e n y  is e s sen t i a l  in  o rde r  to  e s t a b l i s h  t h e  
k a r y o t y p e .  I n  G~ all t h e  flies h a d  red  eyes  (w+w). Males  
were  t e s t c r o s s e d  i n d i v i d u a l l y  w i t h  n o r m a l  ww f ema les  of 

1 C. VAN HEEMERT, Ph.D. Thesis, Agric. Univ. of Wagenillgen (1975). 
2 A. S. ROBINSON, J. Here& 66, 35 (1975). 
3 A. S. ROBINSON and C. VAN HEE~ERT, Proc. I.A.E.A./F.A.O. Symp. 

Sterility principle for insect control (1974). Inn sbruck, (1975). 
Kindly supplied by K. REIn. 

5 C. A. BARLOW and H. D. NIEMCZYK, Nature, Lond. 4934, 827 (1964). 
6 p. A. RObeRTS, Genetics 56, 179 (1967). 
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a) Normal karyotype, mitotic 
metaphase, of the onion fly ill a 
larval brain cell. In larval stage, 
males (2n = 10 + XY) are not 
distinguishable from females 
(10 + 2X). b) Normal karyotype, 
diakinesis/prometaphase of a male. 
e) Inversion heterozygote, mitotic 
metaphase, as seen in an embryonic 
cell. d) Inversion heterozygote in 
meiotic prometaphase (~'). e) Dia- 
grammatic illustration of the nor- 
mal and inverted chromosome in 
mitotic metaphase, f) Diagram- 
matic illustration in meiotic pro- 
metaphase. N, normal chromosome 
(arm ratio = 2.6); I, inverted 
chromosome (arm ratio = 2.0); 
p, primary constriction; s, sec- 
ondary constriction, ---~. = break- 
point (appr.). Note the centric 
somatic pairing in a) and c}; 
-+ ~ chromosome pair 3. 
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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. 

D. R. PARKER, Biological Control, The University of Texas 5914), 
113 (1959). 

Chloral Hydrate Induced Haploidization in Aspergillus nidulans 

M. SINGH and  U. SIN~IA 

DeparLment o/ Botany, University o/Delhi, Delhi-110007 (India), 26 January 1976. 

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. 


