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5 min  to  prec ip i ta te  t he  D N A  which se t t led  a t  t he  bot -  
tom.  The D N A  was r emoved  by  centr i fugat ion,  dissolved 
in sa l ine-c i t ra te  (NaC1 0.15M, Na-c i t ra te  0.015M, at  
p H  7.0) and  the  p ro te in  reprec ip i t a ted  by  chloroform. 
The subsequen t  pur i f ica t ion of D N A  from pro te in  was 
done  by  a l t e rna te  p rec ip i ta t ion  of D N A  wi th  alcohol and  
p ro te in  wi th  chloroform as long as no pro te in  p rec ip i ta te  
was  ob ta ined  at  t he  in terface  of D N A  solut ion in saline- 
c i t ra te  and  chloroform layer. R N A  was r emoved  by  
add i t ion  of RNase  at  a concen t ra t ion  of 50/~g/ml and 
incuba ted  at  37~ for 60 min,  followed by  addi t ion  of 
1 ml  a c e t a t e - E D T A  (3M Na-ace ta te ,  E D T A  0.001M). 
Final  t r e a t m e n t  was done  twice wi th  i sopropanol  and  
the  D N A  was r emoved  by  centr i fugat ion.  The D N A  so 
ob ta ined  was dissolved in sal ine-ci trate,  p rec ip i ta ted  wi th  
absolu te  alcohol, cent r i fuged and s tored  in absolute  
alcohol. The concen t ra t ion  of the  p repa ra t ion  was checked 
f rom E2e o n m  in sal ine-ci t ra te  solution. 

1 ml  of the  D N A  solut ion (165/zg) in sterile c i t ra te  
solut ion was added  to 4 ml  of meiospores  (haploid zoo- 

spores) suspension of A.  macrogynus and  allowed to  react  
for 30 min.  The  meiospores  were  t h e n  p la ted  on Pe t r i  
p la tes  conta in ing  solid GCY medium.  The contro l  con- 
sis ted of 4 ml  meiospores  added  wi th  I ml  of sterile saline- 
c i t ra te  solut ion and allowed to  react  for the  same period. 
The t r ans fo rma t ion  scores were made  af ter  3-4 days  by  
microscope.  

Fewer  colonies appeared  on the  p la tes  f rom DNA-  
t r ea t ed  meiospores  and, like in controls ,  the i r  size was 
unequal .  Screening was m a d e  on all colonies. We  found 
tha t ,  among  some of the  colonies f rom D N A - t r e a t e d  
meiospores,  sectors  appeared  showing cons i s tan t ly  modi-  
fied characters .  The mos t  cons i s t an t  change  concerned  
the  shape,  as i l lus t ra ted  by  the  round  a rbuscu la te - type  
gametang ia  formed on A.  macrogynus colonies (Figure 2). 
A t e n d e n c y  towards  t he  shor ten ing  of the  leng th  of 
A.  macrogynus gametangia ,  w i th  a more  or less roundish  
shape,  was only except ional ly  observed  in contro l  p la tes  
(Figure 3). 

In  some cases we could observe  a clear invers ion of 
the  sexual  polar i ty ,  i.e. hypogyny ,  in our  A.  macrogynus 
t r ea t ed  wi th  D N A  from A.  arbusculus (Figure 4). U n d e r  
such condit ions,  the  hypogynous  male  was conta in ing  
unambiguous ly  its character is t ic  orange yellow p i g men t  
due to  carotenoids .  The modif ied sectors were isolated 
and  subcul tured.  Their  s tab i l i ty  was checked for few 
subcul t iva t ions  and no ma jo r  revers ion was observed.  

Rdsumd. Les caract~res de forme arrondie  des gam6- 
tanges  et, dans  quelques  eas, de posi t ion r6ciproque de 
leurs sexes (@igynie versus  hypogynie)  on t  pu 8tre t rans-  
f6r6s 5~ l 'Allomyces macrogynus par  de I 'ADN ex t ra i t  
d'A llomyces arbusculus. 
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Fig. 4. A case of inverted sexual polarity in Allomyces macrogynus 12 The financial support of the Fonds national suisse de la Recherche 
with orange yellow, hypogynous male compartment, scientifique is gratefully acknowledged. 

Sex Determining  M e c h a n i s m  XY1Y2 in Artibeus lituratus lituratus (Chiroptera-Phyl los tomidae)  1 

Occurrence of a X X / X  Y1 Y2 mechan i sm of sex de te rmi-  
na t ion  has been descr ibed in a few m a m m a l  species. The 
f i rs t  r epor t  of th is  mechan i sm refers to  the  insect ivore  
Sorex araneus ~, being la ter  descr ibed in the  marsupia ls  
Potorus tridactylus 3 and  Protemnodon bicolor ~ and  in the  
roden t  Gerbillus gerbillus 5. 

Recent ly ,  in an ex tens ive  s tudy  on Chiroptera,  the  
same mechan i sm has  been  found in t he  species Choero- 
niscus godmani, Carollia perspicillata, A rtibeus ]amaicensis, 
A .  toltecus and  A.  lituratus 6,7. 

The presen t  pape r  repor t s  our observa t ions  concerning 
the  ka ryo type  and  meiosis of the  species A.  lituratus 
lituratus Lichtens te in ,  fami ly  Phyl los tomidae .  Compara-  
t ive  analysis  wi th  the  meiot ic  behav iour  of the  species 
Noctilio leporinus, fami ly  Nocti l ionidae,  is also presented .  

The specimens  under  s tudy,  2 males  and  2 females,  
were  collected in Sgo Jos6 do Rio Preto ,  S~o Paulo,  
Brazil,  where  th is  species is abundan t .  

Mitot ic  and  meiot ic  cells, used for this  s tudy,  were 
ob ta ined  by  squash ing  of spleen and gonads  of animals  
previous ly  inocula ted  wi th  a 1% colchicine solution, in 
the  dosage of 0.1 ml/10 g of b o d y  weight .  Small  t issue 
f ragments ,  ob ta ined  af ter  sacrifice and  dissect ion of the  
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spec imen  were t r e a t e d  in cold dis t i l led w a t e r  for  15 min ,  
f ixed i n 5 0 %  glacial  acet ic  acid for  15 rain,  a n d  squashed .  
P e r m a n e n t  slides were o b t a i n e d  b y  t he  dry- ice  me t h o d .  
The  p r e p a r a t i o n s  were s t a ined  w i t h  Giemsa  a f t e r  hyd ro ly -  
sis in  1 N  HC1 a t  60~ for 10 min.  

The  diploid  n u m b e r  found  in t he  female  of A.  lituratus 
lituratus is 30 ch romosomes  whi le  t he  ma le  p re sen t s  
2n -- 31, t h u s  conf i rming  t he  obse rva t i ons  of H s u  e t  al.L 

The  c h r o m o s o m e s  in t he  k a r y o t y p e  are d i s t r i b u t e d  in 
5 groups.  G r o u p  A con ta ins  4 pa i r s  of large  me tacen t r i c s .  
G r o u p  B, in  t he  female  exh ib i t s  5 pa i rs  of large s u b m e t a -  
cen t r ics  inc lud ing  a X X  pa i r ;  in  t h e  male,  g roup  B shows 
4 large  s u b m e t a c e n t r i c  pa i rs  a n d  1 X.  G r o u p  C con ta ins  
4 m e d i a n  size m e t a c e n t r i c  pairs .  G r o u p  D exh ib i t s  2 smal l  
m e t a c e n t r i c  pa i rs  (Figure  1). G r o u p  E, found  on ly  in t h e  

male,  p r e sen t s  a smal l  s u b m e t a c e n t r i c  c h r o m o s o m e  (Y~) 
a n d  1 ac rocen t r i c  c h r o m o s o m e  (YI), t h e  smal les t  of the  
c o m p l e m e n t  (Figure  2). 

T h r o u g h  s t u d y  of male  meiosis,  i t  was  shown  t h a t  i ts  
e x t r a  c h r o m o s o m e  is re la ted  to  t h e  sex co mp l emen t ,  wh ich  
is of t y p e  X Y 1 Y2. The  s p e r m a t o c y t e s  p r e s e n t  14 b i v a l e n t s  
a n d  1 t r i v a l e n t  fo rmed  b y  t h e  X,  t h e  Y1 a n d  t h e  Y2. The  
X c h r o m o s o m e  is connec ted  w i t h  t h e  Y~ a t  one of t he  
ex t remi t ies ,  a n d  a t  t h e  o the r  one w i t h  t h e  Y2. Th i s  aspec t  
p r o b a b l y  resu l t s  f rom t h e  t r a n s l o c a t i o n  of a n  a u t o s o m e  to 
t h e  X .  T h e  or ig ina l  Y c h r o m o s o m e  was des igna ted  as Y~ 
a n d  t h e  n e o - Y  as Y~. 

Sex ch ro mo s o l n e - au t o s o me  t r ans loca t i ons  envo lv ing  
t h e  Y c h r o m o s o m e  as in  Herpestes auropunctatus s and  
M u s  minutoides 9 reduces  t h e  ma le  d ip lo id  n u m b e r .  How-  
ever,  w h e n  t h e  X c h r o m o s o m e  is i n v o l v e d  as in  t he  
p r e s e n t  case, t h e  female  diploid  n u m b e r  is t h e  smal le r  one. 

Meiot ic  ana lys i s  revea led  t h e  presence,  in  t h e  p a c h y -  
tene,  of 2 vesicles, a la rger  an d  a smal le r  one. F r eq u en t l y ,  
a connec t ion  of b o t h  vesicles b y  a f i l a m e n t  m a y  be  seen. 
I n  severa l  p a c h y t e n e  conf igura t ions ,  t h e  f i l a m e n t  con- 
t i nues  b e y o n d  t h e  smal le r  vesicle, d i s t e n d i n g  i tself  more  
or less, d e p e n d i n g  on  t h e  stage.  F u r t h e r m o r e ,  in  o the r  
cells, bes ides  t h e  f i l a m e n t  a t t a c h e d  t o  t h e  smal le r  vesicle, 
a n o t h e r  p r o t r u s i o n  der iv ing  f rom t h e  large  vesicle was  
obse rved .  

C o m p a r a t i v e  ana lys i s  b e t w e e n  these  aspec ts  a n d  the  
meiot ic  ones  of N.  leporinus was per fo rmed .  Th i s  species 
has  a diploid  n u m b e r  of 34 c h r o m o s o m e s  in b o t h  sexes. 
The  sex c o m p l e m e n t  is s imi la r  to  t h a t  of m o s t  m a m m a l s ,  

s K. FREDGA, Hereditas 52, 411 (1965). 
9 R. MATTHEY, Chromosoma 16, 351 (1965). 

Fig. 1. Female karyotype from spleen metaphase, showing 30 chromo- 
somes with X X  complement. 

Fig. 2. Male karyotype from spleen metaphase showing 31 chromo- 
somes with X Y 1 Y  2 complement. 

Fig. 3. Diakinesis showing 14 bivalents and the sex trivalent. Both 
Y1 and Y2 are longitudinally disposed in relation to the X extremi- 
ties (• 3600}. 
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X X  in  t he  female  and  X Y  in  t he  male.  I n  meiosis  of t he  
l a t t e r ,  a large a n d  a smal l  vesicle could also be  seen in 
seve ra lp  a c h y t e n e  conf igura t ions .  T he  la rger  one  was 
i n t e r p r e t e d  as t he  X c h r o m o s o m e  and  t h e  smal l e r  one  as 
t he  Y. B y  compar i son ,  t he  vesicles in  A. lituratus lituratus 
m a y  be in t e rp re t ed ,  t he  smal le r  one  as t he  I11, cor respond-  
ing to  t h e  or ig ina l  Y, a n d  t h e  larger  one  as c o n t a i n i n g  
t he  r e m a i n d e r  of t he  sex com pl em en t .  T he  second pro-  
t r u s i o n  obse rved  in some p a c h y t e n e  f igures  p r o b a b l y  
co r re sponds  to t he  Y~. 

I n  d ip lo tene  of A. lituratus lituratus, t h e  sex vesicle 
was no  longer  observed .  I n  d iak ines is  t he  t r i v a l e n t  is 
l ong i tud ina l l y  disposed, b o t h  the  Y connec t ed  e n d - t o - e n d  
w i th  t he  ex t r emi t i e s  of t he  X;  t h e  or ig ina l  Y (YI) w i th  
t h e  sho r t  a rm,  a n d  t he  Y2, which  shows nega t i ve  he te ro-  
pycnosis ,  w i th  t h e  long a r m  of t he  X (Figure  3). I n  
N. leporinus t h e  s u b m e t a c e n t r i c  X is d i s tended ,  showing  
n e g a t i v e  heteropycnosis; t h e  Y is connec t ed  end - to -end  
w i t h  t h e  sho r t  a r m  of t he  X .  

I t  is i n t e r e s t i ng  to emphas ize  t h a t ,  whi le  in meiot ic  
p r o p h a s e  of C. perspicillata ~ t h e  Y a n d  1 of t he  a rms  of 
t he  X synapse ,  in A. lituratus lituratus no  Y shows 
synaps i s  b e h a v i o u r  w i t h  t he  X chromosome.  

I n  la te  m e t a p h a s e  I t he  t r i v a l e n t  is folded in an  arch-  
l ike conf igu ra t ion  w i t h  b o t h  t he  Y side-by-side,  b u t  sti l l  

connec t ed  e n d - t o - e n d  w i t h  t he  X .  A p p a r e n t l y  t h i s  con-  
f igu ra t ion  w a r r a n t s  t he  d i s t r i b u t i o n  of b o t h  Y to  t h e  pole  
oppos i te  to  t he  X,  assur ing  t he  p r o d u c t i o n  of b a l a n c e d  
gametes .  

Two k inds  of m e t a p h a s e s  I were found  in A. lituratus 
lituratus, wi th  n = 15 c o n t a i n i n g  1 sex chromosome,  t h e  
X a n d  w i t h  n -  16 c o n t a i n i n g  2 sex ch romosomes ,  t h e  
Y1 a n d  the  Y2. 

Resumen. E n  el murci61ago Artibeus lituratus lituratus 
el nf imero  de c r o m o s o m a s  es de 2n -- 30 en la h e m b r a  y 
de 2n = 31 en  el macho .  E1 m e c a n i s m o  de d e t e r m i n a c i 6 n  
del sexo es X X / X Y ~  Ye. L a  t r ans locac idn  de u n  a u t o s o m a  
al X resu l t6  ell la  d i fe renc iac i6n  del neo-Y.  Son descr i tos  
los aspec tos  del c o m p o r t a m i e n t o  del t r i v a l e n t e  sexua l  
d u r a n t e  la meiosis.  Es to s  son c o m p a r a d o s  a los que  
p r e s e n t a  la  especie Noctilio leporinus (2n = 34) euyo  
m e c a n i s m o  es X X / X Y .  
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Chromosome Preparations of Bovine Leucocytes 

T h e  r ecen t  d e v e l o p m e n t  of ref ined t e c h n i q u e s  ha s  
e n a b l e d  t he  d e t e r m i n a t i o n  of somat i c  k a r y o t y p e s  of a 
v a r i e t y  of animals ,  e i the r  d i rec t ly  f ronl  bone  m a r r o w  
or  o the r  t i ssues  e s t ab l i shed  in cul ture .  U n f o r t u n a t e l y ,  
t he  re l iab i l i ty  of these  var ious  t echn iques  is unsa t i s fac -  
t o r y  since, t he  p rob l ems  of ten  encoun t e r ed  w h e n  ut i l iz ing 
such  t echn iques  h a v e  no t  been  discussed no r  m e n t i o n e d  
in t h e  l i t e ra tu re .  The  purpose  of th i s  p a p e r  is to p r e sen t  
a suf f ic ien t ly  re l iable  t e c h n i q u e  for b o v i n e  c h r o m o s o m e  
p r e p a r a t i o n s  f rom cu l tu red  pe r iphe ra l -b lood  leucocytes  
a n d  to  c o m m e n t  on  some of t he  t e c h n i q u e ' s  i n h e r e n t  
p rob lems .  The  t e c h n i q u e  is essent ia l ly  s imi la r  to  t he  ones 
sugges ted  b y  HUNGERFORD et  al. 1 a n d  BASRUR a n d  
GILMAN 2. 

Materials and methods. Blood samples  were col lected 
in sterile,  1 5 m l  g r a d u a t e d  conical  cen t r i fuge  tubes ,  
c o n t a i n i n g  0.5 ml  of an  a n t i c o a g u l a n t  (hepar in ,  0.4 rag/  
10 m l  blood) a n d  0.25 ml  of a n  an t ib io t i c  m i x t u r e  (peni- 
c i l l in - s t rep tomycin) ,  cen t r i fuged  a t  800 r p m  for  5-7 nf in  
(at  room t e m p e r a t u r e )  and  t h e n  s to red  in t he  r e f r ige ra to r  
a t  4~ for 40-48 h. This  p rocedure  was  found  to yield 
a h i g h  mi to t i c  index.  

T h e  cu l t u r i ng  p rocedure  was car r ied  ou t  u n d e r  e thy l ene  
glycol  cond i t ions  as a p r e c a u t i o n  aga i n s t  c o n t a m i n a t i o n .  
All  e q u i p m e n t  used in t he  p rocedure  was a u t o c l a v e d  for 
20 rain.  

A p p r o x i m a t e l y  1.5 ml  p l a s m a  a long  w i t h  t h e  b u f f y  
coa t  ( layer  of l ymphocy te s )  was  w i t h d r a w n  w i t h  a s ter i le  
p ipe t te ,  f rom the  s tored  samples  a n d  d i lu ted ,  in  sterile,  
p las t i c  T-f lasks  (Falcon),  w i t h  a so lu t ion  m a d e  up  as 
follows: To 5 ml  TC m e d i u m  199 were added  2 ml  b o v i n e  
s e r u m  (heat  i n a c t i v a t e d  a t  58~ for 3 0 m i n ) ,  0 . 2 5 m i  
pen i c i l l i n - s t r ep tomyc in  (100 U and  100 txg respect ive ly)  
a n d  0.25 ml  b a c t o - p h y t o h e m a g g l u t i n i n  (M or  P), Difco 
Labora to r i e s ,  De t ro i t .  

The  cu l tu res  were swirled a t  r oom t e m p e r a t u r e  to  
ensure  t h o r o u g h  m i x i n g  a n d  t h e n  ho r i zon ta l l y  i n c u b a t e d  
a t  38 C ~ ( •  0.5 ~ Swir l ing of t he  cu l tu res  was c o n t i n u e d  
per iodica l ly  for a b o u t  2 h. T e m p e r a t u r e  c o n s t a n c y  was  
found  to be a n  abso lu te  p re requ i s i t e  for ach iev ing  desi red 
resul t s  and  the re fore  m a i n t a i n e d  t h r o u g h o u t  t he  incu-  
b a t i o n  period.  

Fol lowing 70I/2 h of i ncuba t ion ,  colchicine (1 inl  of 
0.008 g + 100 ml  water )  was  added  to  the  cul tures .  Ster-  
ile p r ecau t ions  b e y o n d  th i s  s tage  of t he  p rocedure  were 
found  unnecessa ry .  The  p rocedure  of h y p o t o n i c  pre-  
t r e a t m e n t  was  b e g u n  i m m e d i a t e l y  fol lowing t he  per iod  
of i n c u b a t i o n  in colchicine (4 5 h a t  38 • 0.5~ The  
c o n t e n t s  of each  f lask were t r an s f e r r ed  to 15 ml  g r a d u a t e d  
conical  cen t r i fuge  t u b e s  and  cen t r i fuged  a t  800 r p m  for  
15 rain  (room t e m p e r a t u r e  app rox ima te ly ) .  

H y p o t o n i c  p r e t r e a t m e n t  in syne rgy  w i t h  colchicine 
t r e a t m e n t  is necessa ry  for  t he  swell ing of cells a n d  t h e  
d ispers ion  of m e t a p h a s e  chromosomes .  There fore  a f resh  
so lu t ion  of 0 .8% of sod ium c i t r a t e  was  used as t he  
h y p o t o n i c  solut ion.  

The  s u p e r n a t a n t  was  d e c a n t e d  f rom each  cen t r i fuge  
t u b e  w i t h  a p ipe t te .  The  ' b u t t o n '  of cells a t  t h e  b o t t o m  
of each  t u b e  was r e suspended  b y  t a p p i n g  t he  ou t s ide  
wal l  of t h e  t u b e  v igorous ly  a n d  b y  a g radua l  a d d i t i o n  
of 4-5  ml  of h y p o t o n i c  solut ion.  Af te r  30 min  in h y p o t o n i c  
so lu t ion  t h e  cells were cen t r i fuged  a t  800 r p m  for 15 rain.  

Since o p t i m a l  f i xa t ion  was ach ieved  when  tile a m o u n t  
of h y p o t o n i c  s u r r o u n d i n g  t h e  cells was  min imal ,  m o s t  of 
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