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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 .  
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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 
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<___ 
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. 
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the  pa te rna l  set. For  t he  charac te r iza t ion  of the  T-G 
band ing  pa t t e rn ,  the  t echn ique  suggested by  SEABRIGHT ~ 
was followed. The resul ts  of the  T-G band ing  analysis  are 
shown in Figure 2 while the Table gives the  a r r a n g e m e n t  
of the  acrocentr ics  in the  9 Robe r t son ian  fusions of the  
22-chromosome Apennine  mouse. In  th is  Table, the  
au tosomal  acrocentr ics  of Mus musculus ident i f ied by  
the  T-G band ing  developed by  WURSTER 7 have  been 
n u m b e r e d  f rom 1 to  19 in accordance  wi th  the  classifica- 
t ion of the  Commi t t ee  on S tandard ized  Genetic Nomen-  
clature for Mice ~. The 9 metacen t r i c s  of the  22-chromosome 
mouse  set  have  been given a symbol  as r e c o m m e n d e d  by  
the  Commi t t ee  on S tandard ized  Genet ic  Nomenc la tu re  
for MiceS; Rb  s t ands  for IRobertsonian t rans locat ion ,  the  
2 n u mb er s  in bracke ts  for the  chromosomes  involved in 
this  t r ans loca t ion ;  t he  progressive n u m b e r  refers to  the  
ka ryo type  e lement  and the  symbol  R m a  means  Rome.  

The Table  also compares  the  Robe r t son ian  fusions of 
the  p resen t  Apennine  mater ia l  w i t h  those  of Mus poschia- 
vinus and  of the  o ther  m o u n t a i n  popula t ions  of Mus 
musculus. The resul t  of the  band ing  is indica t ive  per se of 
def ini te  classif icat ion of the  acrocentr ics  of the  s t an da rd  
k a r y o t y p e  of the  mouse in the  au tosomal  arms of the  
Robe r t son ian  metacent r ics .  As s t a t ed  in the  i n t roduc to ry  
par t ,  th is  also allows the  chromosome markers  to  be 
accura te ly  character ized.  

As for the  compar i son  of the  a r r angemen t  of the  
acrocentr ic  au tosomes  of the  s t an d a rd  ka ryo type  oI 

.mouse in fo rming  the  Roberl :sonian metacen t r i c s  of t he  
Apenn ine  mater ia l  of ours, wi th  t h a t  occurr ing in the  
tobacco  mouse (Mus poschiavin~s) and  in the  m o u n t a i n  
popula t ions  of Mus muscul~s, two  evidences  come out :  
1. the  non  homology  of the  chromosomes  hav ing  undergone  
Robe r t son ian  t r an s fo rma t i o n  in the  Apennine  popu la t ion  
is ev iden t  on compar ing  t h e m  w i t h  the  me tacen t r i c s  of 
Mus poschiavinus; 2. there  does no t  seem to be any  
correspondence ,  no t  even be tween  the  Robe r t son i an  
t r ans fo rma t ions  t h a t  character ize  the  ka ryo type  of the  
Mus musculus popula t ions  f rom Apennine  and Rhae t ic  
Alps. 

I t  follows tha t ,  like every  muta t iona l  event ,  Rober t -  
sonian t rans loca t ion  is accidental .  Whi le  i t  is t rue  t h a t  
Mus musculus t ends  to undergo centr ic  fusions w i th  
re la t ive  ease as has been  d e m o n s t r a t e d  also be the  
f requency  wi th  which  Robe r t son ian  events  occur in 
l abora to ry  s t ra ins  8-12 and  in in vi t ro  cell lines la, there  is 
as ye t  no proof  of the  exis tence of preferen t ia l  sites of 
centr ic  fusion or of ch romosomes  prone  to  th is  k ind of 
mu ta t i ona l  event .  

For  the  moment ,  only caut ious  hypotheses ,  as those  
a l ready  discussed elsewhere ~ by  some of us (CAPANNA and  
CRISTALDI), can be pu t  forward to expla in  the  mechan i sms  
leading to  the  fo rma t ion  of popula t ions  which  are homo-  
zygous by  Robe r t son ian  metacent rJcs  in res t r ic ted  
m o u n t a i n  areas. According  to th is  model,  the  numerous  
isolat ions made  possible  by  the  c o m p a r t m e n t a l i z a t i o n  of a 
m o u n t a i n  d is t r ic t  favour  inbreeding.  As a result ,  genetic 
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Fig. 2. The Trypsin-Gielnsa-banding pattern of the karyotype of a hybrid mouse in which the haploid sets of both parental strains - i.e. 22- 
a n d  4 0 - c h r o m o s o m e s  - are shown. 

dr i f t  allows the  homozygous  condi t ion  for chromosomes  
hav ing  undergone  Robe r t son ian  t rans loca t ions  to be set  
up in small  isolated popula t ions .  The opposi te  is t rue  in a 
densely  an th rop ized  cu l t iva ted  p la in land env i ronment ,  or 
in towns,  or in any  case, where h u m a n  act ivi t ies  favour  
large-scale exohybr id iza t ion  phenomena .  Here  any  
Robe r t son ian  t rans loca t ion  m u t a n t s  are a t  an immed ia t e  
d i sadvan tage  as regards  the i r  reproduc t ive  ra te  because 
of the i r  gamet ic  aneuplo idy  14, and are fhus  quickly 
e l imina ted  f rom the  na tura l  popula t ions .  Therefore,  in 
order  to exis t  in a na tu ra l  popula t ion ,  a centr ic  fusion 
m u s t  succeed in reaching a homozygous  s i tuat ion,  a 
condi t ion  which  is offered by  isolat ion at  the  end of a 
val ley in a moun ta inous  district .  

Riassunto.  Le nove t ras locazioni  Rober t soniane ,  
responsabi l i  della t ras formazione  del car iot ipo s t an d a rd  
del topo  he1 car iot ipo a 22 c romosomi  cara t te r i s t ico  dei 
M u s  musculus  de l I 'Appennino  Centrale, sono s ta te  
ca ra t t e r izza te  ind iv iduando,  a t t r averso  la tecnica  del 
T-G-banding,  gli e lement i  acrocentr ic i  coinvol t i  nel 

processo di fusione centrica.  Le fusioni Rober t son iane  
presen t i  nel popo lamen to  appennin ico  sono dif ferent i  da 
quelle real izzate sia in M u s  poschiavinus  sia in M u s  
musculus  di al t re  popolazioni  Alpine. 
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Lactate D e h y d r o g e n a s e  I s o z y m e s  in Xiphophor in  Fish M e l a n o m a  Condit ioned by  the Locus Sd.* 

In  the  X iphophor in  fish the  format ion  of me lanomas  
occurs by  hybr id iza t ion-  or mu ta t i on -cond i t i oned  de- 
repress ion of specific loci 1,2. Biochemical  inves t iga t ions  
on these  genet ical ly  def ined neoplasms should be able to 
add  in fo rmat ion  on mechan i sms  of t u m o r  format ion .  
For  the  p resen t  s t u d y  lac ta te  dehydrogenase  (LDH, 
EC 1.1.1.27) was chosen as reference enzyme.  The L D H -  
isozyme pa t t e rn  of various types  of t umors  is known  to be 
d i f ferent  f rom t h a t  of normal  t issues, as has been  reviewed 
by  CRISS3. In  h u m a n  ma l ignan t  me lanoma ,  however ,  no 
apprec iable  differences were de tec ted  in the  L D H -  
isozymes be tween  the  ma l ignan t  and  the  normal  t issue 4. 

This inves t iga t ion  was unde r t aken  to f ind out  w h e t h e r  any  
changes  in the  L D H - i s o z y m e  p a t t e r n  occur dur ing the  

* Supported by Deutsche Forschungsgemeinschaft through Sonder- 
forschungsbereieh 103, Zellenergetik und Zelldifferenzierung 
(Marburg). 
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