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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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Metaphase karyotypes of V o r i a  r u r a l i s ,  2 ~  - -  12 ,  prepared from larval neuroblast tissue. A) Unstained female karyotype. B) Same prepara- 
tion stained with QM. Sex chromosomes are predominantly brightstained and heteromorphic. A band polymorphism occurs in the long 
autosomaI pair. C) QM stained chromosomes of male exhibiting characteristic fluorescence bands on homologues and bright-staining X and 
Y. D) C-banded chromosomes of male with X and Y entirely dark-stained. E) C-banded late metaphase in male with sister centromeres 
init iat ing poleward movement. X and Y are separating at their ends first. Terminal one-third of X is more darkly stained than remaining 
nonseparated portion. F) QM stained chromosomes of female. X chromosomes are obviously heteromorphic with respect to the lengths of 
their secondary constrictions. Note particularly the band polymorphism of autosomal pair 1 resulting from the very bright spot on 1'. 
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longer  sex ch romosome.  Females  of the  species are 
the re fo re  t h e  h o m o g a m e t i c  sex whi le  males  are he te ro-  
gamet ic .  The  shor t e r  sex c h r o m o s o m e  (Y) is cha rac t e r i zed  
b y  a cons t r i c t ion  a t  i ts  mid-region ,  whi le  t h e  X has  a 
cons t r i c t ion  nea r  one end  (Figure  C). 

Cen t romer i c  h e t e r o c h r o m a t i n  s t a in ing  (C-banding)  was 
pe r fo rmed  to ver i fy  the  loca t ion  of t he  c e n t r o m e r e  in each  
pa i r  (see F igure  D). The  X and  Y c h r o m o s o m e s  a p p e a r  
d a r k l y  s t a ined ,  aga in  i n d i c a t i n g  t he i r  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 t i c  compos i t ion .  I n  F igure  E is shown  a 
la te  m e t a p h a s e  cell s ta ined  for cen t romer i c  he te rochro -  
m a t i n .  C h r o m a t i d s  are b e g i n n i n g  to m o v e  t o w a r d  oppos i te  
poles, led b y  t h e i r  cen t romeres .  T he  ends  of t he  X 
c h r o m o s o m e  are s e p a r a t i n g  first ,  i n d i c a t i n g  t h a t  t he  X is 
te!ocentr ic .  Similar ly ,  t he  Y c h r o m o s o m e  is s e p a r a t i n g  a t  
one end  first ,  and  the re fo re  is p r o b a b l y  also te locent r ic .  
B o t h  X a n d  Y ch r om os om es  h a v e  been  seen to  be  asso- 
c ia ted  w i t h  t he  nucleolus  a t  t h e i r  v is ible  cons t r ic t ions .  
These  cons t r i c t ions  the re fo re  are nuc leo la r  o rgan ize r  
regions.  

A l t h o u g h  comple t e ly  d a r k - s t a i n i n g  w h e n  t r e a t e d  for 
cen t romer i c  h e t e r o c h r o m a t i n ,  t he  X c h r o m o s o m e  does 
no t  s t a in  u n i f o r m l y  over  i ts  en t i re  l e n g t h  (Figure  E). The  
t e locen t r i c  one - th i rd  of t he  c h r o m o s o m e  s t a ins  d a r k e r  
t h a n  t he  r ema inde r .  This  di f ference in a f f in i ty  for s t a in  
m a y  ref lect  dif ferences  in h e t e r o c h r o m a t i c  compos i t i on ;  
hence,  t he  X c h r o m o s o m e  m a y  be  composed  of more  t h a n  
one t y p e  of h e t e r o c h r o m a t i n .  T he  two X ch r om os omes  are  
no t  morpho log ica l ly  iden t i ca l  b u t  differ  especial ly  w i t h  
respec t  to  t he  l eng ths  of t h e i r  s econda ry  cons t r i c t ions  
(Figures  A a n d  F). I n  QM- t r ea t ed  p r e p a r a t i o n s  f rom 8 of 
9 females,  t he  s e c o n d a r y  cons t r i c t i on  in one X was a lways  
a p p r o x i m a t e l y  3 t i m e s  longer  t h a n  t he  cons t r i c t ion  in i ts  
homologue .  

A b a n d  p o l y m o r p h i s m  in  a u t o s o m a l  pa i r  n u m b e r  1 was 
obse rved  in 9 of 13 ma le  a n d  female  QM- t r ea t ed  p r epa ra -  
t ions  (Figures  A and  F). W h e n  p re sen t  in one cell of a 
fly, t h i s  p o l y m o r p h i s m  was seen in all o t h e r  f a v o r a b l y  
spread  cells f rom t h a t  i nd iv idua l .One  c h r o m o s o m e  d isp lays  
t h a t  t yp i ca l  b a n d i n g  p a t t e r n  descr ibed  p rev ious ly  w i t h  
b r i g h t  f luorescence a d j a c e n t  to  t he  c e n t r o m e r e  on  t he  q 
arm.  I t s  homologue ,  however ,  exh ib i t s  a b r i g h t l y  s t a in ing  
spot  on  the  p a r m  n e x t  to  t he  c e n t r o m e r e  in a d d i t i o n  to 
t he  f luorescen t  b a n d s  on  t he  q arm.  I n  add i t ion ,  one 
n u m b e r  i c h r o m o s o m e  of ten  appea r s  more  m e t a c e n t r i c  
t h a n  i ts  homologue .  P r e l i m i n a r y  m e a s u r e m e n t s  f rom a 
l imi t ed  n u m b e r  of nega t ives  show t he  q /p  a r m  r a t i o  is 
s ign i f i can t ly  d i f fe ren t  for ch romosomes  e x h i b i t i n g  th i s  
p o l y m o r p h i s m  (see Table) .  

Arm ratios (q/p) for chromosome pair No. 1 in two larvae exhibiting 
polymorphism 

Specimen Homologue I Homoiogue 1' 

Larvae A, c~ 2.719 1.777 
2.162 1.589 
2.451 1.579 

Larvae B, ~ 1.946 1.765 
3.079 2.246 
2.119 1.647 
1.696 1.272 
2.209 1.335 
2.200 1.455 

Mean ~ 2.288 1.631 

Mean difference between homologues significant at 0.05 level. 

Discussion. An e x p l a n a t i o n  for t he  b a n d  p o l y m o r p h i s m  
obse rved  in c h r o m o s o m e  pa i r  n u m b e r  1 is p rob lema t i ca l .  
The  a p p a r e n t  change  in a r m  ra t io  suggests  a per icen t r ic  
invers ion .  A l t h o u g h  ra re  in Drosophila, per icen t r ic  
invers ions  are no t  u n c o m m o n  in o the r  insects.  WHITE 5 
has  r epo r t ed  t h a t  he t e rozygous  pe r icen t r i c  invers ions  
exis t  in  a t  leas t  4 species of grasshoppers .  Because  
per icen t r ic  invers ions  genera l ly  lead to reduced  fe r t i l i ty  in  
c h i a s m a t e  meiosis,  an  e x a m i n a t i o n  of zygote  l e tha l i t y  in 
Voria would be one way  to t e s t  for such  a n  invers ion .  
Voria, however ,  is o v o v i v i p a r o u s  r ende r ing  th i s  p rocedure  
diff icult .  Analys i s  of po ly t ene  ch romosomes  would 
p rov ide  a more  feasible means  of ver i fy ing  the  presence  of 
an  invers ion .  The  sa l iva ry  g land  ch romosomes  of th i s  f ly 
sp read  poorly,  however ,  m a k i n g  t h e m  diff icul t  to  analyze.  
The  p r i m a r y  d i f f icul ty  w i t h  t he  invers ion  hypo thes i s  is 
t h a t  t he  b r i g h t  f luorescing region in t he  p a r m  of one 
c h r o m o s o m e  exh ib i t s  g rea te r  f luorescence t h a n  t h a t  of 
a n y  p a r t  of i ts  homologue  (Figure F). A n o t h e r  e x p l a n a t i o n  
for the  p o l y m o r p h i s m  is t he  a d d i t i o n  of h e t e r o c h r o m a t i c  
m a t e r i a l  to  t he  p a r m  of one homologue .  I n  a r ecen t  p a p e r  
JOHN 6 proposed  such  a m e c h a n i s m  to  exp la in  super-  
n u m e r a r y  segments  in  g ra s shopper  and  locust  chromo-  
somes. The  add i t i ons  suggested  b y  JOHN occur  t e r m i n a l l y  
on t he  c h r o m o s o m e  arms.  Such  a m e c h a n i s m  in Voria 
would  requi re  an  i n t r a - c h r o m o s o m a l  in se r t ion  of a he te ro-  
c h r o m a t i c  s egmen t  to  a ccoun t  for t he  obse rved  b a n d i n g  
differences.  A dele t ion  of a h e t e r o c h r o m a t i c  region on t he  
p a r m  of t he  n u m b e r  1 c h r o m o s o m e  is a n  un l ike ly  ex- 
p l a n a t i o n  for t he  po lymorph i sm.  Members  of t he  popula -  
t ion  lack ing  t he  p roposed  de le t ion  (i.e., c h r o m o s o m a l l y  
' n o r m a l '  i nd iv idua l s  w i t h  a f luorescent  b a n d  on t h e  p a r m  
of b o t h  homologues)  h a v e  no t  been  found,  whereas  
m e m b e r s  h a v i n g  t he  suggested  de le t ion  on b o t h  homo-  
logues, or no  b a n d s  on  e i the r  p arm,  h a v e  been  found.  
These  f ind ings  seem c o n t r a r y  to t h e  expec ted  mode  of 
genic ac t ion  since t he  p r o b a b i l i t y  of a v iab le  fly occurr ing  
w i t h  a double  de le t ion  should  be m u c h  less t h a n  t h a t  of a 
v iab le  fly occur r ing  w i t h  no  de le t ion  a t  all. An  in ter -  
c h r o m o s o m a l  t r a n s l o c a t i o n  is e l imina t ed  as a possible  
m e c h a n i s m  because,  in  flies ca r ry ing  t he  p o l y m o r p h i s m ,  
b a n d i n g  in all o the r  c h r o m o s o m e  pai rs  is homologous .  W e  
bel ieve t h a t  t h e  more  p r o b a b l e  e x p l a n a t i o n  for t he  
p o l y m o r p h i s m  is t he  add i t i on  of h e t e r o c h r o m a t i c  mater ia l .  

H e t e r o m o r p h i c  X ch romosomes  s imi la r  to  those  
obse rved  in th i s  s t u d y  h a v e  been  r epo r t ed  in o the r  
D i p t e r a n  flies. WOLF, as ci ted b y  JoHN a n d  LEWIS 7, a n d  
ULLERICtt e t  al. 8 b o t h  r epo r t ed  X ' s  d i f fer ing in t o t a l  l e n g t h  
in craneflies.  I n  Voria t h e  differences  in  t he  l eng th  of t he  
seconda ry  cons t r i c t ion  m i g h t  be  t he  resu l t  of a d i f fe ren t ia l  
uncoi l ing  p h e n o m e n o n .  Th i s  would  be  ana logous  to  t he  
uncoi ler  fac to r  in  h u m a n s .  On t he  o the r  hand ,  t he  differ- 
ence in l eng ths  could be due to  t he  add i t i on  or de le t ion  
of c h r o m a t i n  a t  t he  si te  of t he  seconda ry  cons t r ic t ion .  
A s s u m i n g  crossing over  to  occur  be tween  t he  sex chromo-  
somes, a n  exchange  of m a t e r i a l  be tween  t he  X a n d  Y 
d u r i n g  spe rma togenes i s  would  man i f e s t  i tself  in  t h e  
offspr ing as h e t e r o m o r p h m  X's. Not  all  c o m b i n a t i o n s  of 
X's  h a v e  been  obse rved  to  date ,  wh ich  suggests  t h a t  
p e r h a p s  no t  all  are viable .  

6 B. Jo~N, Chromosoma dd, 123 (1973). 
7 B. JOHN and K. R. LEwis, Protoplasmatologia 6A, 95 (1968). 
s F. H. ULLERICH, IK. BAUER and R. DIETZ, Chromosoma 75, 591 

(1964). 
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Zusammen/assung. A u f g r u n d  des F luo re szenzb an d en -  
mus t e r s  k 6 n n e n  die e inze lnen  C h r o m o s o m e n  der  pa ra -  
s i t i schen Fliege Voria ruralis iden t i f iz ie r t  u n d  un te r -  
sch ieden  werden.  Die diploide  C h r o m o s o m e n z a h l  be t r / ig t  
12, und  die G e s c h l e c h t s c h r o m o s o m e n  s ind vo rwiegend  
he t e roch roma t i s ch .  N a c h  der  F luo re szenz fg rbung  m i t  
Q u i n a c i m m u s t a r d  w u r d e n  ein B a n d e n p o l y m o r p h i s m u s  

eines C h r o m o s o m e n p a a r e s  u n d  morpho log i sche  Ab-  
w e i c h u n g e n  des X - C h r o m o s o m s  in 8 y o n  9 W e i b c h e n  
b eo b ach t e t .  

C. T. WAKE an d  O. G. WARD 

Department o/Biological Sciences, The University o/ 
Arizona, Tucson (Arizona 85727, USA), 79 August 7974. 

Identif ication of C h r o m o s o m e s  Involved in the 9 Rober t son ian  Fus ions  of the Apennine  
Mouse  with  a 22-  C h r o m o s o m e  Karyotype  

CAPANNA, CIVITELLI a n d  CRISTALDI 1 h a v e  r ecen t l y  
d iscovered  in the  Cent ra l  Apenn ines  a p o p u l a t i o n  of house  
mice t h a t  m a y  be  classified as Mus musculus an d  are 
cha rac te r i zed  b y  a 22-chromosome k a r y o t y p e  (Figure la) .  
This  k a r y o t y p e  consis ts  of 18 m e t a c e n t r i c  chromosomes ,  
o b t a i n e d  b y  t he  cent r ic  fusion of 18 pa i r s  of ac rocen t r ic  
au tosomes  of t he  s t a n d a r d  40 -ch romosome  mouse  
ka ryo type ,  plus  a pa i r  of smal l  ae rocen t r i c  au tosomes ,  as 
well  as t he  pa i r  of he t e roch romosomes .  

The  p o p u l a t i o n  of 22-chromosome mice  has  a r a t h e r  
large a rea  of d i s t r i b u t i o n  wh ich  includes  p a r t  of t he  n o r t h -  

eas t  ba s in  of t h e  T ibe r  an d  s t r e t ches  as far  as the  Adr ia t i c  
coast.  The  sou thwes t  b o u n d a r i e s  of th i s  area  h a v e  been  
a sce r t a ined  b y  t h e  f ind ing  of b o t h  40-chromosome bo rde r  
p o p u l a t i o n s  a n d  b y  a n u m b e r  of n a t u r a l h y b r i d  p o p u l a t i ons  
i n t e r m e d i a t e  b e t w e e n  these  two karyo log ica l  s i t ua t ions  ~. 

A s u r v e y  of t h e  meio t ic  d iak ineses  in l a b o r a t o r y  
h y b r i d s  o b t a i n e d  b y  c ross -breeding  40- an d  22-chromo- 
some mice  has  revea led  t h e  ex is tence  of 9 t r i va l en t s .  The  
l a t t e r  c lear ly  d i sp lay  a co r re spondence  b e t w een  the  
a u t o s o m a l  a rms  of t h e  me t acen t r i c s  of t h e  22-chromosome 
k a r y o t y p e  an d  t h e  single ch ro mo s o mes  of t h e  40-chromo-  
some k a r y o t y p e  (Figure  lb) .  

I t  t hus  seemed w o r t h  whi le  m a k i n g  an  accu ra t e  
iden t i f i ca t ion  of t h e  e l ement s  i nvo lved  ill t h e  R o b e r t s o n i a n  
fusion processes an d  c o m p a r i n g  t h e  a r r a n g e m e n t  of t he  
m u t a t i o n  even t s  in our  A p e n n i n e  m a t e r i a l  w i t h  t h e  
a r r a n g e m e n t  of those  in o the r  n a t u r a l  p o p u l a t i o n s  of 
Mus musculus 3 an d  in WIus poschiavinus Fa t io  4. I n  our  
view, th i s  a p p r o a c h  has  two  in t e r e s t i ng  features .  The  
first ,  an d  mos t  obv ious  one, is t h e  poss ib i l i ty  of cha rac t e r -  
iz ing cyto logica l ly  m a t e r i a l  t h a t  m a y  be  v e r y  useful  in 
in  v i t ro  cy togene t i c  research  b o t h  because  of t h e  low 
diplo id  n u mb er ,  wh ich  is in  comple te  c o n t r a s t  w i t h  t he  
h i g h  n u m b e r  of c h r o m o s o m e  m a r k e r s  a n d  because  t he  
species in  ques t ion  is Mus musculus, i.e. a species whose  
s t a n d a r d  k a r y o t y p e  cha rac t e r s  h a v e  been  iden t i f i ed  
pe r fec t ly  an d  whose  l inkage  groups  r e l a t ed  to  each  
c h r o m o s o m e  are also well  k n o w n  5. T h e  second fea tu re  is 
t h e  poss ib i l i ty  of a d d i n g  f u r t h e r  cy to logica l  d a t a  to  the  
p r o b l e m  of t h e  c h r o m o s o m a l  ' p o l y m o r p h i s m '  of Mus 
musculus an d  i ts  evolut ion .  

For  th i s  purpose ,  p r i m a r y  cu l tures  of f ib rob las t s  were 
p r e p a r e d  in the  cell cu l tu re  l a b o r a t o r y  of t h e  S t u d y  
Cent re  on  E v o l u t i o n a r y  Genet ics  of t h e  N a t i o n a l  Resea rch  
Council ,  s t a r t i n g  f rom the  k i d n ey s  of 2 h y b r i d  female  
ind iv idua l s  o b t a i n e d  b y  crossing a 40-chromosome female  
w i t h  a 22-chromosome male  in  t h e  l abora to ry .  The  in 
v i t ro  cell l ines h a d  a 31-chromosome k a r y o t y p e  cons is t ing  
of 20 ch ro mo s o mes  f rom t h e  m a t e r n a l  set  an d  11 f rom 

1 E. CAPANNA, M. V. CIVITELLI and 3'[. CRISTALDI, Re. Accad.  naz. 
Lineei, ser. 8, 5d, 981 (1973). 

2 E. CAPANNA, M. V. CIVITELLI and 1~I. CalSTALDI, Theriologia, 
Vladivostok, in press. 

8 A. GROPP, H. WINKING, L. ZECR and H. MI~LLER, Chromosoma 
39, 265 (1972). 

4 A. GROPP, U. TETTENBORN and E. YON LEHMANN, Cytogenetics 9, 
9 (1970). 
Committee on Standardized Genetic Nomenclature for Mice, J. 
Heredity 63, 69 (1972). 

<___ 
Fig. 1. a) Somatic metaphase from bone marrow of a 22-chromosome 
Apennine Mus musculus; b) first meiotic diakinesis of a hybrid mouse 
obtained crossbreeding a 22-chromosome male with a 40-chromosome 
female. 


