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Mean number of flies and standard error for the total number of males of D. nasuta, D. neonasuta and the total population size including 
the males and females of the 2 competing species 

No. Frequencies of founder population Mean number of males of 
D. nasuta : D. neonasuta 

D. nasuta D. neonasuta 

Mean of the total  populat ion size including the males 
and females of D. nasuta and D. neonasuta 

Exper iment  1 

1 1:1 50,57 q- 6.93 14,09 4- 3.67 135.71 4- 18.17 
2 54.75 4- 5.68 11.20 -E 2.13 140.29 4- 14.06 
3 61.73 4- 7.18 23.57 4- 3.67 168.73 4- 22.49 
4 44.42 4- 4.95 19.00 4- 3.14 137.07 4- 18.14 
Average 52.86 16.96 145.45 

Exper iment  2 

1 t :4 22,92 4- 5.80 36,48 4- 9.60 118.62 4- 29.89 
2 17.00 4- 3.89 41.10 ~ 7.42 119.13 4- 22.38 
3 26,,13 4- 3.88 39.36 4- 7.76 140.10 4- 22.02 
4 33.29 4- 7.65 44.12 4- 9.98 152.41 4- 33.19 
Average 24.83 40.26 132.56 

I n  t he  l igh t  of this ,  t h e  un i ve r s a l i t y  of f r equency  depend-  
en t  se lect ion and  the  n a t u r a l  se lect ion f avou r ing  a sparse  
species r a m a i n s  to  be  f u r t h e r  inves t iga ted .  
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Zusammen/assung. In  M i s c h p o p u l a t i o n e n  Yon Droso- 
ph i la  n a s u t a  u n d  D. n e o n a s u t a  d o m i n i e r t  die ers te  Art ,  
w e n n  das  Anfangsve rh / i l t n i s  der  A r t e n  1:1 betr / ig t .  B e i m  
Ver~ihltnis 1 :4  s t i r b t  j edoch  D. n a s u t a  aus. 
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I n d u c t i o n  of A n d r o g e n e t i c  E m b r y o i d s  in the  in v i tro  Cul tured  A n t h e r s  of Severa l  Spec i e s  

The  i m p o r t a n c e  of t he  in v i t ro  cu l tu re  of a n t h e r s  in 
p l a n t  b r e e d i n g  a n d  gene t ic  research  was s t ressed b y  
severa l  a u t h o r s  ~-~. U p  to  date ,  pol len  gra ins  of a l imi t ed  
n u m b e r  of species  w h e n  cu l tu red  in v i t ro  are capab le  of 
growing  d i rec t ly  in to  e m b r y o i d s  and  e v e n t u a l l y  in to  
p lan t s ,  or of p r o d u c i n g  u n d i f f e r e n t i a t e d  cal luses wh ich  
m a y  in t u r n  give rise to  shoots  a n d  roots .  This  r e p o r t  is 
conce rned  w i t h  t he  successful  d e v e l o p m e n t  of andro -  
genet ic  e m b r y o i d s  t h r o u g h  cu l tu re  of a n t h e r s  of 7 species. 

A n t h e r s  of t he  fo l lowing species a t  t he  s tage of uni-  
nuc l ea t e  pol len  gra ins  ill t h e  g iven  n u m b e r  were inocu la t ed  
a n d  cu l tu red  ill v i t ro :  Helleborus/oetidus, 2900; Paeonia 
lutea v. superba a n d  _P. suffruticosa, 400; Prunus avium, 
360; Bromus inermis, 2200; Agropyron repens, 350; 
Festuca pratemis, 1840; Hordeum wdgare (4 va r ie t i e s :  
Alsa, Damazy, Skrzeszowicki and  Wiza), 11600. 

F lower  b u d s  of Helleborus, Paeonia a n d  Prunus were 
s ter i l ized in  70% e t h a n o l  for 30 see, a n d  la te r  w i t h  
chlor ine  w a t e r  for 6-12 mill.  F lower  spikes of species 
be long ing  to  G r a m i n e a e  were  s ter i l ized b y  chlor ine  w a t e r  
only,  for  2-5  rain.  Ma te r i a l  of all t he  species a f t e r  s ter i l iza-  
t ion  was t h o r o u g h l y  w a s h e d  w i t h  s ter i l ized water .  The  
basa l  m e d i a  of MURASHIGE a n d  St<OOG 5 and  LINSMAIER 
and  SKOOG 6 were used  w i t h  a n  increase  of sucrose 
c o n c e n t r a t i o n  up  to  12~o. G r o w t h  s u p p l e m e n t s  such  as 
IAA, 2,4-D, B A P  (benzy l aminopur ine )  and  casein 
h y d r o l y s a t e  were added  to the  m e d i a  in  va r ious  concen t ra -  
t ions  a n d  c o m b i n a t i o n s .  The  cu l tu res  were k e p t  exposed 
Co c o n s t a n t  cool -whi te  f luorescen t  i l l u m i n a t i o n  a t  
t e m p e r a t u r e  22-25~  a n d  re l a t ive  h u m i d i t y  of 70 -80%.  

Squash  p r e p a r a t i o n s  were m a d e  in order  to  d e t e r m i n e  t he  
d e v e l o p m e n t a l  s tages  of pol len  grains.  The  whole  in- 
ocu la ted  m a t e r i a l  was  cu l tu red  up  to t he  10 th  week, w i t h  
the  excep t ion  of a n t h e r s  of Hordeum, Bromus a n d  
Festuca which  are st i l l  k e p t  in  f reshly  p r e p a r e d  media .  

Af te r  a b o u t  10 days  of cu l ture ,  a n t h e r s  of Paeonia and  
Helleborus c o n t a i n e d  a b o u t  80% of 2-nuclei  pol len 

grains .  Some pol len g ra ins  were in a s tage  of nuc l ea r  
d iv i s ion  a n d  a f t e r  14-21 days  m u l t i n u c l e a r  and  mul t i -  
cel lular  pol len  gra ins  were seen (Figures 5, 9, 10, 11). I n  
Paeonia, a t t e r  6 weeks mul t i ce l lu la r  e m b r y o i d s  deve loped  
f rom 2 - 3 %  of pol len  g ra ins ;  however ,  t h e y  were st i l l  
enclosed b y  exine. Microscopical  obse rva t i ons  revea led  
t he  presence  of up  to  30 cells in  some embryo ids .  I n  
Helleborus on ly  a b o u t  1% of pol len  deve loped  in to  
embryo ids .  I t  is w o r t h  no t i c ing  t h a t ,  bes ide  the  presence  
of e m b r y o i d s  in  a n t h e r s  of Paeonia and  Helleborus, 
m a n y  pol len  gra ins  were st i l l  ful ly deve loped  possess ing 1 
or 2 nuclei  s i t u a t e d  in a dense ly  s t a ined  cy top lasm.  I n  
Prunus, a f t e r  2 weeks of cu l tu re  nea r ly  all pol len  de- 
genera ted ,  onIy  few (abou t  0 .1%) looked n o r m a l  and  
possessed 1 or 2 nuclei .  Po l len  e m b r y o i d s  c o n t a i n i n g  
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Figs. 1-3. Numerous pollen embryoids (Figure 1), an advanced embryoid (Figure 2) and pollen callus (Figure 3) in anthers of Hordeum vulgate 
alter 2-3 weeks of culture on LINS~aAIER and SKOOG 6 (LS) medium with 0.2 mg/1 IAA, 200 mg/1 CH and 12~o sucrose. 4. Multicellular pollen 
grain of Bromus inermis, 2 weeks on LS with 2 mg/1 K, 1 rag/1 IAA and 6~o sucrose. 5. Multicellular pollen grain of Helleborus ]oetidus after 
18 days of culture on MURAS~IOE and SKOOG medium 5 (MS) with 0.02 mg/1 K, 1 mg/1 IAA, 0.2 mg/1 2.4-D, 400 rag/1 myoinositol and 3~o 
sucrose. 6. I~{ulticellular pollen grain of Festuca pratensis after 17 days of culture on MS with 1 mg/1 K, 0.5 mg/1 IAA, 2 mg/1 2.4-D and 
6~o sucrose. 7. Multieellular pollen grain of Agropyron repens cultured for 18 days on MS with 2 mg/1 K, 1 mg/1 IAA, 1000 mg/l CH and 
8~o sucrose. 8. lVfulticellular pollen grain of Prunus avium after 6 weeks of culture on MS with 1 rag/1 IAA, 1 mg/I BAP and 12~ sucrose. 
9. 4 nuclear pollen grain of Pc~eoccic~ suJ]ruticosa after 2 weeks of culture on MS with 1 mg/1 K, 1 mg/I IAA, 500 mg/1 CH arid 3~o sucrose. 
Figs.10-11. Multieellular (Figure 10) and multinuclear (Figure 11) pollen grain from anther of Paeonia lutes v. superba after 3 weeks of culture 
on MS with 1 mg/1 K, 1 rag/1 IAA, 500 mg/1 CH and 3~o sucrose. K, kinetin ; IAA, indol-3yl-acetic acid; 2,4-D, 2,4-dichlorophenoxyacetic 
acid; CH, casein hydrolysate; BAP, benzylaminopuritle. 
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severa l  or more  t h a n  30 cells were found  a f te r  6 weeks  of 
cul ture .  I n  some cases, as is shown  in F igure  8, t he  exine  
b u r s t  a n d  e m b r y o i d s  a s s um ed  more  i r regu la r  shape.  

E m b r y o i d  f o r m a t i o n  occur red  in all  species of grasses 
b u t  m o s t  f r e q u e n t l y  in ba r l ey  (Figures  1 4, 6 and  7). 
The  p e r c e n t a g e  of a n t h e r s  wh ich  fo rmed  pol len  e m b r y o i d s  
r a n g e d  f rom 1 to 5, eg. in  Bromus 1 2%,  in Agropyron 1% 
a n d  in Hordeum up  to  5%. In  a n t h e r s  of Hordeum 
i nocu la ted  in m e d i u m  composed  of 1 mg/1 IAA,  200 mg/1 
CH and  12% sucrose, a n  a b u n d a n t  n u m b e r  of pol len  
gra ins  u n d e r w e n t  mi tos i s  a n d  deve loped  embryo ids .  I n  
some an the r s ,  more  t h a n  50% of pol len  gra ins  fo rmed  
embryo ids .  

I n  all  species of Gramineae ,  t he  d iv is ion  of 1-nuc lea ted  
pol len  s t a r t e d  a f t e r  3-4  days  of cul ture .  Mul t i ce l lu la r  or 
m u l t i n u c l e a r  pol len  were seen a f t e r  4 days  of cul ture ,  a n d  
a f t e r  2 3 weeks t he  h ighes t  n u m b e r  of ceils st i l l  enclosed 
b y  ex ine  was found.  W i t h i n  t h e  m u l t i n u c l e a r  pollen,  
haplo id ,  t r ip lo id ,  diploid,  t e t r a p l o i d  a n d  h igher  po lyplo id  
mi toses  were observed .  I n  t he  case of Agropyron, Bromus 
and  Festuca, e m b r y o i d s  were  usua l ly  enclosed b y  t he  
exine.  However ,  t he re  were excep t ions  where  callus was 
formed,  lV~ore a d v a n c e d  d e v e l o p m e n t a l  s tages  of andro -  
gene t ic  e m b r y o i d s  were found  in a n t h e r s  of Hordeum in  
wh ich  pol len  cal luses composed  of a b u n d a n t  n u m b e r  of 

cells were seen in all  4 var ie t ies  (Figure 3). Those  pol len  
cal luses h a v e  been  t r an s f e r r ed  in f resh  med ia  w i t h  a h ighe r  
c o n c e n t r a t i o n  of sucrose in o rde r  to  induce  t h e  process  of 
organogenesis .  More caryologica l  de ta i l s  of t he  ear ly  
s tages  of t he  d iv is ion  of microspores  wiI1 be  p u b l i s h e d  
later .  

Zusammenfassung. Es w u r d e n  A n t h e r e n  im e inke rn igen  
P o l l e n s t a d i u m  yon  7 G a t t u n g e n  ill v i t ro  ku l t iv i e r t ,  u n d  
in den  Pol len  yon  HeIleborus, Paeonia u n d  Prunus 
w u r d e n  n a c h  6 W o c h e n  v ie lkern ige  oder  vielzell ige 
Pol len  beobach t e t .  I n  s~imtlichen G a t t u n g e n  yon  Grami -  
n e a t  w u r d e n  ve r sch iedene  E m b r y o n a l s t a d i e n  gefunden .  
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The Fluorescent Karyotype of the Tachinid Fly Voria rural is  Fall6n (Diptera) 

Voria ruralis Fal l6n  (Tach in idae :  Dip te ra )  is pa ras i t i c  
on  severa l  l a rvae  of t h e  f ami ly  Noc tu idae ,  especial ly  those  
of t he  cabbage  looper,  Trichoplusia ni H t i b n e r  (Lepi- 
dopte ra )  L A s t u d y  of t h e  m i t o t i c  ch r om os om es  of t h e  
pa ra s i t e  was u n d e r t a k e n  as p a r t  of a n  i n v e s t i g a t i o n  in to  
t he  hos t -pa ra s i t e  r e la t ionsh ip .  Because  iden t i f i ca t ion  of 
homologous  c h r o m o s o m e s  b a s e d  on m o r p h o l o g y  a lone  is 
d i f f icul t  w h e n  work ing  w i t h  more  t h a n  1 c h r o m o s o m e  
pa i r  of a h n o s t  equa l  a r m  lengths ,  the  I luo rochrome  
qu inac r ine  m u s t a r d  (QM) a n d  t he  t e c h n i q u e  of C -band ing  
were emp toyed  to fac i l i t a te  homologue  ident i f ica t ion .  

Materials and methods. Pa r a s i t i z ed  T. ni were o b t a i n e d  
on  t h e  3rd d a y  a f t e r  in fec t ion  f rom t he  E n t o m o l o g i c a l  
Resea rch  Divis ion,  Agr i cu l tu r a l  Resea rch  Service,  Mesa, 
Ar izona .  N e u r o b l a s t s  f r o m  Voria m aggo t s  were used to  
s t u d y  mi to t i c  m e t a p h a s e  cells. L a r v a l  b r a i n  gangl ia  were 
d issec ted  in  insec t  saline,  p laced  Jn 45% acet ic  acid on  
sl ides s u b b e d  b y  H s u ' s  t e c h n i q u e  2, h e a t e d  gent ly ,  and  
squashed .  The  slides were f rozen br ie f ly  on d ry  ice, 
d e h y d r a t e d  in 95% a n d  100% e t h a n o l  b a t h s  (1-5 m i n  in 
each),  a n d  a i r  dried.  For  f luorescence a i r -dr ied  slides were 
s t a i ned  20 ra in  in a 50 ~zg/ml aqueous  so lu t ion  of QM 
(pH 4.5) in  t h e  dark,  r insed  3 m i n  in r u n n i n g  t a p  water ,  
a n d  m o u n t e d  in  p H  4.5 tris-maleate buffer  s a t u r a t e d  
w i t h  glycerin.  A Lei tz  f luorescence microscope  w i t h  a 
B G  12 exc i te r  f i l ter  a n d  a 510 n m  ba r r i e r  f i l ter  was  used to 
e n h a n c e  f luorescence.  M e t a p h a s e  cells w i t h  f avorab le  
f luorescence were p h o t o g r a p h e d  on K o d a k  T r i - X  P a n  
film. G iemsa  s t a in ing  of cen t romer i c  h e t e r o c h r o m a t i n  
was pe r fo rmed  acco rd ing  to  t h e  p rocedu re  of E v a N s  
et  al. a. U n s t a i n e d  p r e p a r a t i o n s  were obse rved  and  pho to -  
g r a p h e d  us ing  phase  microscopy.  

Results_ The  dip lo id  c h r o m o s o m e  n u m b e r  of Voria 
ruralis is 12. The  k a r y o t y p e  consis ts  of 5 a u t o s o m a l  pa i rs  
a n d  1 pa i r  of sex ch r om os om es  (Figure A). T he  au tosomes  
inc lude  1 pa i r  of long s u b - m e t a c e n t r i c  ch r om osomes  1, 
3 pa i r s  of s u b m e t a c e n t r i c  ch r om os om es  of i n t e r m e d i a t e  
l e n g t h  2-4, a n d  1 pa i r  of sho r t  m e t a c e n t r i c  cb r om osomesL  
The  soma t i c  pa i r ing  seen in F igure  A is t yp i ca l  of Dip te -  

rans.  The  d i s t r i b u t i o n  of h e t e r o c h r o m a t i n  in  t h e  au tosomes  
as de t ec t ed  b y  QM b a n d s  (Figures B and  C) verif ies the  
homologue  a s s ignmen t s  sugges ted  b y  t h e  somat i c  pa i r ing .  
The  longes t  a n t o s o m a l  pair ,  n u m b e r  1, ha s  2, s o m e t i m e s  3, 
c losely-placed f luoresc ing b a n d s  on  t he  long (q) a r m  
p r o x i m a l  to  t he  cen t romere .  A u t o s o m a l  pa i r  n u m b e r  2 has  
two closely-placed in tense  b a n d s  on  t he  q a r m  a d j a c e n t  to  
t he  cen t romere ,  a n d  pa i r  n u m b e r  3 has  one, less b r i g h t l y  
f luorescing b a n d  in a s imi la r  locat ion.  A u t o s o m a l  pa i r s  4 
a n d  5 are less easi ly d i s t inguished ,  each  h a v i n g  a d imly  
f luorescing spot  on  t he  q a r m  p r o x i m a l  to  t h e  cen t romere .  
These  ch romosomes  are d i s t ingu ishab le ,  however ,  in  
t h a t  t he  b a n d  on  n u m b e r  5 is less d i s t i nc t  t h a n  t h a t  on 
n u m b e r  4 a n d  c h r o m o s o m e  n u m b e r  5 is sho r t e r  a n d  more  
m e t a c e n t r i c  t h a n  n u m b e r  4. I d e n t i f i c a t i o n  of t he  sex 
ch romosomes  was based  in p a r t  on  QM b a n d i n g  pa t t e rn s .  
One  c h r o m o s o m e  pa i r  is a l m o s t  en t i r e ly  b r i g h t - s t a i n i n g  
(Figure B) and  the re fore  is p r e d o m i n a n t l y h e t e r o c h r o m a -  
m a t i c  ~. As sex ch romosomes  in D i p t e r a n  flies are fre- 
q u e n t l y  he t e roeh roma t i c ,  i t  was expec t ed  t h a t  t h i s  pa i r  
would  be i nvo lved  in sex d e t e r m i n a t i o n .  I n  o t h e r  QM- 
t r e a t e d  p r e p a r a t i o n s  t h e  la rgely  h e t e r o c h r o m a t i c  (i.e., 
en t i r e ly  f luorescing) ch romosomes  c o n s t i t u t e  a non-  
homologous  pa i r  in  some ind iv idua l s  (Figure  C). Gonada l  
p r e p a r a t i o n s  of p u p a l  a n d  adu l t  t i ssue  show t h a t  t i s sue  
unde rgo ing  spe rma togenes i s  con ta ins  t he  n o n h o m o l o g o u s  
pa i r  of sex chromosomes .  I n  oogenic t i ssue  all  ceils c o n t a i n  
a m a t c h i n g  pa i r  of ch romosomes  co r re spond ing  to t he  
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