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normal  l ight,  however ,  resul ted  in abou t  40-50%,  some- 
t imes  even more,  copula t ing  pairs  wi th in  a per iod of 
10 min.  Also, sexual ly  aroused males did no t  d i scr imina te  
be tween  the  sexes and, besides cour t ing  females,  showed 
a pe r s i s t en t  cour t ing  of males (Figure 2). W h e n  the  ob- 
serva t ion  tube  had  only  males,  or when  the  p ropor t ion  of 
males to females was ve ry  high, chains  or r ings of 4 to 5 
males cour t ing  each o ther  was observed.  In teres t ingly ,  
the  males being followed did no t  flicker the i r  wings, a 
behavioura l  p rope r ty  of normal  males. These observa-  
t ions suggest  t h a t  the  sexual  arousal  in the  m u t a n t  males, 
unlike the  normal  males, is no t  med ia ted  t h rough  female 
sex-pheromones .  Ins tead ,  l ight p robab ly  t r iggers  the  ve ry  
initial s tep of th is  complex  process. 

Besides the  effect  of normal  light, observa t ions  were 
also made  on the  influence of d i f ferent  wave- leng ths  of 
l ight  on the  sexual  ac t iv i ty  of m u t a n t  males. For  this, a 
rec tangular  (30 • 30 cm), l ight  proof ca rd -board  box was 
used. I t  was f i t ted  wi th  a 100 W bulb  on the  t op  and an 
opening in one side wall wi th  sliding shu t t e r  to accom- 
moda te  a monoch roma t i c  filter. Monochromat ic  l ight  was 
ob ta ined  by  employing  monochromat i c  filters - ap- 
p rox ima te  b a n d  pass 30 n m  and wave  leng th  coverage of 
660-420 nm. M u t a n t  males,  app rox ima te ly  50 in n u m b e r  
and isolated wi th in  6-8 h of eclosion, were kep t  in dark  
on normal  food for 4-5 days.  Jus t  before observat ions ,  
males were t ransfer red ,  in dark,  into e m p t y  glass tubes  

(10 • 2.5 cm) and kep t  a t  a d is tance  of abou t  30 cm f rom 
the  opening  in the  box. Flies were observed under  var ious  
wave  lengths  of light. E a c h  shif t  in wave  leng th  was 
preceeded by  a 2-minute  da rk  period.  Sexual  ac t iv i ty  
measured  in t e rms  of ac ts  of cour t sh ip-wing  v ib ra t ion  and  
a t t e m p t e d  copula t ion  was recorded for 5 rain a t  each 
wave length.  I t  was not iced  t h a t  the  red and orange p a r t  
of the  l ight  s p ec t ru m (wave length  660-595 nm) had  no 
influence on the  sexual  ac t iv i ty ,  t h o u g h  males move  
abou t  normally.  Yellow light (wave length  575 nm) 
resul ted in a to ta l  of 80-90 a t t e m p t s  of cour t sh ip  and  
pseudo-copula t ion  among  males ( a t t empt s  m a d e  b y  in- 
dividual  males were no t  recorded).  Sexual  ac t iv i ty  a t  
wave  lengths  up to 515 n m  was more  or less of the  same 
order  as t h a t  in yellow light. However ,  wave  lengths  
near ing violet  (420 nm) could induce only  15-20 cour t sh ip  
and copula t ion  a t t emp t s .  Fur ther ,  the  abnorma l  sexual  
ac t iv i ty  induced  in yellow l ight  (and o ther  pa r t s  of t he  
spect rum) could be in s t an t aneous ly  t e rmina t ed  and  re- 
gained by  i n t e r m i t t e n t  exposure  to red and yellow light. 
This f inding is of impor t ance  and will be of grea t  help  in 
del ineat ing events  f rom the  percep t ion  of the  s t imu la to ry  
signals t h ro u g h  t ransmiss ion  to the  nervous  s y s t em and  
up to the  effects on effector  organs.  
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Summary. New centr ic  fusions (Rb 8 14 Rma)  have  been descr ibed in a 22-chromosome ka ryo type  f rom a Mus musculus  
popula t ion  in southern  Central  I taly.  The diakinesis  of hybr ids  ob ta ined  by  crossing mice wi th  d i f ferent  22-chromo- 
some complemen t s  show a r ing-mul t iva len t  made  up 16 metacen t r i c s  pa i r ing  a rm- to -a rm.  

i n  previous papers~, a we repor ted  on a popula t ion  of 
feral house mice (Mus musculus  L.) found in the  Centra l  
Apennines ,  charac te r ized  by  a 22-chromosome comple-  
ment .  This unusual  ka ryo type  arises f rom the  40-chromo- 
some s t anda rd  mouse ka ryo type  4 th rough  Robe r t son ian  
fusions involving all acrocentr ic  pairs  excep t  the  smal les t  
au tosomal  pair,  i.e. No. 19 of the  s t andard ,  and  the  
he te rochromosomes .  The a r r a n g e m e n t  of the  acrocentr ic  
au tosomes  in forming the  9 pairs of Rober t son ian  meta -  
centr ics  has a l ready  been demons t r ed  5,6 b y  means  of a 
Tryps in-Giemsa  band ing  procedure.  
As a consequence  of an extens ive  field s t u d y  carr ied out  
in a large area of Central  I ta ly ,  mice were observed in 
sou theas te rn  p a r t  of the  Centra l  Apennines  w i th  a 22- 
chromosome karyotype ,  bu t  in which  the  9 Robe r t son ian  
me tacen t r i c  pairs  were found  to be d i f ferent  f rom those  
previously  descr ibed in the  Apennine  mice. These dif- 
ferences, a l though  no t  marked ,  were revealed by  a care- 
ful ka ryomet r i c  analysis.  The di f ferent  morpho logy  of 
the  chromosomes  was in t e rp re t ed  as indicat ive  of a dif- 
fe rent  a r r a n g e m e n t  of the  acrocentr ic  arms,  i.e. the  
acrocentr ic  ch romosomes  of the  s t anda rd  mouse karyo-  
type ,  in se t t ing  up the  Robe r t son ian  metacent r ics .  
The d i s t r ibu t ion  area of th is  new 22-chromosome popula-  
t ion of mice is shown in figure 1; i t  includes several  

m o u n t a i n  and hill localit ies of Molise, the  Gargano penin-  
sula and p a r t  of no r t e rn  Puglia.  Karyological  s tudies  
were carr ied ou t  in 20 animals  col lected f rom 6 d i f fe ren t  
villages. A l abo ra to ry  imbred  s t ra in  has been  ob ta ined  
and  it is, a t  p resen t ,  kep t  in our  breeding s ta t ion.  The 
animals  of th is  s t ra in  have  been marked  by  the  code CB, 
whereas  the  animals  be longing to t he  s t ra in  resul t ing  
f rom the  22-chromosome mouse  popu la t ion  previous ly  
descr ibed 2, a, 5 are ind ica ted  by  the  code CD. 

1 Senior author's present address where the reprint requests have 
to be sent: Prof. E. Capanna, Vertebrate Zoology, Institute of 
Comparative Anatomy, via Borelli 50, I 00161 Roma (Italy). 

2 E. Capanna, M. V. Civitelli and M. Cristaldi, Rend Aecad. Naz. 
Lincei, ser. 8, 54, 981 (1974). 

3 E. Capanna, Chromosomes today 5, 83 (1976). 
4 Committee on Standardized Genetic Nomenclature for Mice, J. 

Hered. 63, 69 (1972). 
5 E. Capanna, M. Cristaldi, P. Pertieone and M. Rizzoni, Ex- 

perientia 31, 294 (1975). Notice that the identification of the 
Robertsonian metacentries Rma 3 and 5, as it appears in this 
note, has been proved uneorrect by further observations. The 
exact identification and definitive nomenclature of the CD 
Robertsonian metacentrics is reported in reference 6. 

6 E. Capanna, A. Gropp, H. Winking, G. Noaek and M. V. Civitelli, 
Chromosoma 58, 341 (1976). 



174 Specialia EXPEIIIENTIA 33/2 

A T-G-band ing  exper imen t ,  r epor ted  elsewhere 6, eluci- 
da tes  the  charac ter i s t ics  of the  new 22-chromosomes 
ka ryo type  by  means  of t he  ident i f ica t ion  of t he  acro- 
centr ics  of the  s t a n d a r d  mouse  ka ryo type  involved in 
forming  the  CB Rober t son ian  metacent r ics .  I t  uses 
cul tured  ceils h-om 14-day-hybr id  embryos  ob ta ined  for 
cross CB t y p e  males  and  female mice of the  NMR1 
labora to ry  s t ra in  which  have  a s t anda rd  40-chromosome 
complement .  
The band ing  p a t t e r n  of the  CB k a r y o t y p e  clearly de- 
mons t r a t e s  t h a t  only  one me tacen t r i c  ch romosome  of th is  
set  cor responds  to  one e lement  of the  CD karyo type ,  i.e. 
the  me tacen t r i c  au tosome made  up by  the  centr ic  fusion 
of the  chromosomes  No. 13 and 16 of the  s t anda rd ,  which,  
in a previous  paper  5, was indica ted  as R b  (13.16) 9 Rma ,  
b u t  according the  def in i t ive  nomenc la tu re  6 is to be 
indicate  as R b  (13.16) 13 Bnr.  
Other  Rober t son ian  metacen t r i c s  which character ize  t he  
CB k a r y o t y p e  develope f rom centr ic  fusiong summar ized  
as followsT: Rb  (1.18) 8 R m a ;  Rb  (2.17) 9 R m a ;  R b  
(4.11) 10 R m a ;  R b  (6.7) 11 i r m a ;  R b  (3.9) 12 R m a ;  Rb  
(8.14) 13 R m a ;  1Rb (10:12) 14 i r m a ;  R b  (5.15) 3 Bnr.  
I t  is wor thwhi le  po in t ing  ou t  t h a t  the  Robe r t son ian  
fusion (5.15) p resen t  in th is  last  me tacen t r i c  of the  CB 
set  character izes  a me tacen t r i c  ch romosome  of t he  
k a r y o t y p e  of Mus poschiavinus ,  name ly  the  ch romosome  
3 Bnr  of t he  Gropp et  al. s ident i f icat ion.  
Analysis  of the  meiot ic  p a t t e r n  (diakinesis) of the  CB X 
CD hybr ids  fu r ther  conf i rmed the  non-homology  of the  
Rober t son ian  metacen t r ics  p resen t  in the  ka ryo types  of 
the  two  22-chromosomes strains.  In  fact ,  the  di f ferent  
a r r a n g e m e n t  of the  acrocentr ic  arms,  deduced  f rom the  
banding  s tudy,  a priori  suggests  the  presence  in the  
hybr id  meiosis of a large r ing-mul t iva len t  made  up by  
16 Rober t son ian  metacent r ics ,  i.e. 8 ch romosomes  f rom 
the  CB k a r y o t y p e  a l t e rnan t ing  wi th  8 e lements  f rom the  
CD chromosomal  set. Male meiosis of nine CB • CD lab- 
o ra to ry  hybr ids  have  been s tudied  by  means  of the  air- 
d ry ing  procedure  p roposed  by  E v a n s  et  al. ~. As was fore- 
seen, the  diakinesis  was seen to be charac ter ized  by  a 
large r ing -mul t iva l en t  (figure 2) fo rmed by  16 chromo-  
somes pa i r ing  a rm- to -a rm.  A b iva len t  fo rmed by  the  
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Fig. 1. Map of the distribution area of the 22-chromosome mice in 
southern Central Italy. Black circles indicate CB-22-chromosome 
populations, white circles indicate those with a CD-22-chromosome 
karyotype. Triangles indicates 40-chrornosome mouse populations 
and black and white squares show hybrid populations between 40- 
and CD-22-chromosome mice. 

pair ing of two  13 Bnr,  a smal l  b iva len t  resul t ing f rom 
the  pai r ing  of the  acrocentr ic  ch romosome  19 and  the  sex 
b iva len t  were also observed.  
In t e r e s t i ng  in fo rmat ion  emerges  f rom these  observa t ions  : 
2 i n d e p e n d e n t  22-chromosome popula t ions  of house 
mouse exist, and come into contact with each other, in 
a restricted area of southern Central Italy. This observa- 
tion is not unlike that of Gropp et al. I~ who demon- 
strated the presence in the Rhaetian Alps of 2 Robert- 
sonian transformed population of house mice, i,e. Po- 
schiavo and Mesolecina valleys, independent as far as 
the acrocentric arrangement in forming the metacentric 
is concerned. 
There are, however, several differences between our 
findings in the Apennines and those from the Rhaetian 
Alps. The first concerns the size and the geographical 
isolation of the populations. In fact, the Alpine popula- 
tions are small and are found in well separated valleys, 
whereas  the  Apenn ine  popu la t ions  descr ibed here live 
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Fig. 2. A ringrmultivalent (a) in the diakinesis of a laboratory hybrid 
obtained crossbreeding CB-22- and CD-22-chromosome mice. The 
drawing (b) interprets the ring formation: white chromosomes = 
CD set, black chromosomes = CB set. Numbers indicate the Rlna 
metacentrics, in brackets the number ol the standard 40-chromo- 
some karyotype. 
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in fairly large areas t h a t  are no t  a lways  monta inous ,  bu t ,  
as in the  case of the  CB popula t ion ,  the  22-chromosome 
mice spread  to the  plains of Nor the rn  Puglia.  This 
c i rcumstance  assumes a cer ta in  theore t ica l  interest ,  
since we 12 had  previous ly  a t t r i b u t e d  an i m p o r t a n t  r61e 
in se t t ing  up the  homozygous  Rober t son ian  popula t ions ,  
to the  compa r tm en ta l i z a t i on  of the  mon ta inous  environ-  
ment ,  on account  of the  possible geographic  isolat ions 
into small  animal  communi t ies ,  and consequen t ly  of 
genetic drift .  
Ye t  ano the r  difference concerns  the  t axonomic  aspect .  
The Alpine popula t ions  belong to 2 di f ferent  species, 
Mus musculus  the  mice of Val Mesolecina, and Mus 
poschiav inus  Fat io ,  those  of the  Poschiavo Valley. All 
the  Apennine  mice, on the  o the r  hand,  belong to  the  Mus 
musculus  species. This c i rcumstance ,  however ,  becomes 
i r re levant  due  to  the  fac t  t h a t  the  va l id i ty  of t h e  Fa t io ' s  
species ~3, i.e. Mus poschiavinus ,  was re -eva lua ted  solely 
on the  basis of the  cytological  difference (2n --  26), 
whereas  f rom a pure ly  morphological  and t axonomica l  
po in t  of viewS% it was considered synonymus  wi th  Mus 
musculus  L. But ,  a t  present ,  as more  and more  evidence 
emerges abou t  an ex t r ao rd ina ry  Rober t son ian  var iab i l i ty  
of the  mouse karyo type ,  th is  t axonomica l  separa t ion  
loses any  logical jus t i f icat ion.  Nonetheless ,  the  p rob lem 
of the  sys temat ic  evalua t ion  of each house mouse popula-  

t ion  appears  ve ry  complex.  The  i n t e rp re t a t i on  of each  
Robe r t son ian  popu la t ion  of house mouse  as a 'species 
incipientes '  15 would be too easy  a solut ion of a puzzl ing 
evo lu t ionary  problem.  All the  biological charac ter i s t ics  
of these  mouse  popula t ions  have  to be careful ly eva lua ted  
before such an exp l ica to ry  hypo thes i s  can be proposed.  
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Summary.  The occurrence of spontaneous  Rober t son ian  fusion leading to 2n --  39 chromosomes  (NF --  40) in the  house 
mouse (Mus musculus  domesticus)  has been repor ted  for the  first  t ime  f rom Asia. 3 pheno typ ica l ly  normal  female mice 
collected from 2 d i s t an t ly  located popula t ions  of Ind ia  (Tripura and Calcutta) show centr ic  fusion in somat ic  chromo-  
somes be tween  pairs  2 and 16, and 8 and 14 respect ively.  C-banding analysis  revealed t h a t  the  (sub)metacent r ic  has 
been or ig inated by  fusion be tween  the  b roken /e roded  cen t romeres  of 2 te locentr ic  chromosomes .  

Though  the  analysis  of ka ryo type  of d i f ferent  l abora to ry  
s t ra ins  of mouse has been the  subjec t  of a large n u m b e r  of 
studies,  the  house mouse,  Mus musculus  domest icus  has  
received as ye t  very  l i t t le  a t t e n t i o n  in tbe  karyological  
l i tera ture  of mammals .  Recent ly ,  in course of our in- 
vest igat ions  on the  ka ryo type  of the  common  house 
mouse 1, 3, an in teres t ing  incidence of spontaneous  centr ic  
fusion has  been  not iced in 3 female mice. 2 of these 3 
females were collected f rom our house a t  Calcut ta ,  Wes t  
Bengal, and one f rom Agartala ,  Tripura.  These 2 Ind ian  
s ta tes  are widely  separa ted  f rom each o ther  by  Bangla-  
desh. The somat ic  ch romosomes  of the  female specimens 
(weighing abou t  18-20 g) were p repared  f rom bone 
mar row by  following the  colchicine-ci t rate-acet ic  alcohol- 
air dry ing  technique  and  were s ta ined in Giemsa by  using 
the  phospha t e  buffer  of a p H  of 7.23, 4. 
The normal  diploid c o m p l e m e n t  of Mus musculus  do- 
mest icus  consists  of 40 rod-like te locentr ic  e lements  of 
which  the  first  pair  m a y  be des igna ted  as 'marke r  chromo-  
somes'  due to  the i r  r emarkab le  l eng th  in compar ison 
wi th  o ther  e lements  1,2 (figure 1). Af ter  a crit ical exam-  
ina t ion  of 50 m e t a p h a s e  complemen t s  f rom each of the  
3 pheno typ ica l ly  normal  individuals,  it  was conf i rmed 
t h a t  these  3 females  are ac tual ly  he te rozygous  for a 
centr ic  fusion wi th  a 39-chromosome ka ryo type  (NF ~ 40). 

Of these,  38 are original te locent r ic  and one is submeta -  
cent r ic  (figures 2-4). The la t te r  or ig inated by  centr ic  
fusion of 2 te locentr ics  belonging to groups I I  and III'~-8 
or more  precisely a) be tween  ch romosomes  belonging to 
pairs  2 and  16 in the  specimen collected f rom Tr ipura  
(figure 4), and b) be tween  ch romosomes  belonging to 
pairs 8 and 14 in the  females collected f rom Calcut ta  
(figures 2 and  3). 
Several  r epor t s  on spon taneous  cent r ic  fusion in l abora tory  
mouse s t ra ins  have  been publ i shed  f rom t ime  to t ime by  
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