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t i on  m e a n  a n d  va r i ance  in f e c u n d i t y  are g iven  b y  
1 + 27 Pl~(j-1) e~ a n d  1 + 2: P i j ( j - 1 ) e ,  ~ respect ive ly .  A n  
i n d i v i d u a l  female ' s  of fspr ing  n u m b e r  would  be  r a n d o m l y  
s amp led  f rom t h e  a p p r o p r i a t e  d i s t r i b u t i o n  h a v i n g  m e a n  
1 + nA,e~ a n d  va r i ance  1 + nA2ea 2, where  nA2 is t h e  t o t a l  
n u m b e r  of A s alleles a t  all  10 loci. (For  each  ma t ing ,  
m a t e r n a l  g e n o t y p e  d e t e r m i n e d  of fspr ing  n u m b e r ,  i.e. 
l i t t e r  size.) 
A p r o g r a m  to  s imu la t e  a p o p u l a t i o n  of size N = 100 was 
r u n  w i t h  Pi l  = 0.25, Pi3 = 0.25 in i t i a l ly  and  h e r i t a b i l i t y  
of f e c u n d i t y  was e s t i m a t e d  over  e i t he r  50 gene ra t ions  or 
u n t i l  f ixa t ion ,  w h i c h e v e r  occur red  first .  T he  t ab l e  shows 
r e p r e s e n t a t i v e  values .  I t  inc ludes  Crow's  I~ i n d e x  of 
o p p o r t u n i t y  for  selection,  I, a n d  Nei  a n d  M u r a t a ' s  n 
e s t i m a t o r  of effect ive  p o p u l a t i o n  n u m b e r ,  Ne = 
N/ (1 /mean  + I (1 + 3 h2)). W e  h a v e  also shown  t he  t i m e  in 
genera t ions ,  T, for all  10 loci to  be  f ixed,  t he  va lues  for 
these  va r i ab l e s  g iv ing  a n  i n d i c a t i o n  of t h e  effects of t h e  
d i s t r i b u t i o n  of f e c u n d i t y  on  ce r t a i n  aspec ts  of evolu t io -  
n a r y  change .  
The  cr i t ica l  resul ts ,  however ,  are  t h e  her i t ab i l i t i es ,  esti-  
m a t e d  b y  d a u g h t e r - d a m  regress ion  ( f ecund i ty  be ing  de-  
t e r m i n e d  b y  m a t e r n a l  geno type) .  F o r  low va lues  of e~, 

w h a t e v e r  t h e  d i s t r ibu t ion ,  h 2 does n o t  differ  s ign i f i can t ly  
f rom zero, even  t h o u g h  t he  p o p u l a t i o n  is unde rgo ing  
r ap id  gene t i ca l  change  t o w a r d s  t h e  e l i m i n a t i o n  of al l  
gene t i ca l  va r i ab i l i t y .  ( In  all  cases s h o w n  excep t  t h a t  w i t h  
% = 0.1, ~a 2 = 0.08, se lec t ion ac ted  to  increase  m e a n  
f e c u n d i t y ;  th i s  will be  r epo r t ed  in de ta i l  elsewhere1*.) 
I t  appears ,  f rom t h e  resu l t s  s h o w n  a n d  o the r s  1~, t h a t  
h e r i t a b i l i t y  increases  as t h e  va r i ance  increases  re la t ive  to  
t he  mean .  The  a p p a r e n t  o p p o r t u n i t y  for  se lec t ion indi -  
c a t ed  b y  I and  t he  a p p a r e n t  h e r i t a b i l i t y  i n d i c a t e d  b y  h 2 
b o t h  give l i t t le  aid in  p red i c t i ng  t i m e  to f i xa t i on  for genes  
a f fec t ing  b o t h  m e a n  a n d  va r i ance  of f ami ly  size. I t  seems 
possible  t h a t  t he  success of a r t i f i ca l  se lec t ion  for  fe- 
cund i ty ,  desp i te  i ts  low h e r i t a b i l i t y  ~3, m a y  ref lect  t h e  
effects  d i sp layed  here  of genes  ac t ing  u p o n  t h e  d ispers ion  
of f e c u n d i t y  as well  as i t s  locat ion.  

10 J .F .  Crow, Hum. Biol. 30, 1 (1958). 
11 M. Nei and M. Murata, Nat. Inst. Radiol. Sci. J ap ,  Ann. Rep. 

5, 50 (1965). 
12 O. Mayo, G. R. Bishop and T. W. Hancock, Hum. Hered. (in press). 
13 B. McGuirk, Proe. Aust. Soc. Animal Prod. l l ,  93 (1976). 

R o b e r t s o n i a n  I t r a n s l o c a t i o n s  in M u s  m u s c u l u s  f r o m ' S i c i l y  I 

E. v. L e h m a n n  a n d  A. R a d b r u c h  ~ 

Zoologisches Forschungsinstitut und Museum Alexander Koenig, A denauerallee 750, D-53 Bonn," and 
Genetisehes Institut, Universitiit K6ln, Weyertal 121, D-5  K61n (Federal Republic of Germany, BRD),  74 January 7977 

Summary. The  k a r y o t y p e s  of 6 mice  f rom d i f fe ren t  places  in  Sicily h a v e  been  d e t e r m i n e d .  3 of t h e m  h a d  a b n o r m a l  
c h r o m o s o m e  n u m b e r s  of 2n = 26, 2n = 27 a n d  2n ---- 29, caused  b y  R o b e r t s o n i a n  t r a n s l o c a t i o n s  of one ac rocen t r i c  
c h r o m o s o m e  to a n o t h e r  r e su l t ing  in m e t a c e n t r i c  ch romosomes ,  The  newly  descr ibed  m e t a c e n t r i c  ch romosomes  are 
Rb(4 .3 ) lS ic ,  Rb(15.2)2Sic ,  Rb(12.6)3Sic ,  Rb(13.5)4Sic ,  Rb(14.10)5Sic ,  Rb(17.8)6Sic  a n d  Rb(16.9)7Sic .  

As in o t h e r  m a m m a l i a n  species, m a i n l y  roden ts ,  a Ro-  
b e r t s o n i a n  k a r y o t y p e  d ive r s i t y  h a s  been  obse rved  in  t he  
house  mouse,  Mus musculus3-6.  So far  mice w i t h  k a r y o -  
t y p e s  d e v i a n t  f rom t h a t  of t he  n o r m a l  house  mouse,  
2n = 40, h a v e  been  found  in d i f f e ren t  va l leys  of the  Alps  * 
a n d  t h e  A p e n n i n e s  5,6. T he  m e t a c e n t r i c  c h r o m o s o m e s  
were a l m o s t  a lways  found  to  be  homozyguous .  W i t h i n  
d i s t i nc t  mouse  popu la t ions ,  t he  k a r y o t y p e  was usua l ly  
c o n s t a n t .  Mice f rom Sicily u p  to  n o w  seemed to  h a v e  a 
n o r m a l  k a r y o t y p e  *. W e  h a v e  now  found  severa l  house  
mice  f rom fera l  p o p u l a t i o n s  in  Sicily h a v i n g  m e t a c e n t r i c  
ch romosomes .  

Material and methods. F r o m  t h e  fo l lowing loca t ions  in  
Sicily, wi ld  house  mice  were  o b t a i n e d :  2 f rom Pioppo,  
1 f r o m  M o n t e  Lepre ,  2 f rom T o r e t t a  a n d  2 f rom Misilmeri ,  
all  in  t h e  s u r r o u n d i n g s  of Pa l e rmo .  1 mouse  was k a r y o -  
t y p e d  d i rec t ly  b y  D r  J.  Ole r t  a n d  s h o w n  to  h a v e  11 m e t a -  
cen t r i c  ch romosomes .  The  r e m a i n i n g  5 an i m a l s  were b r e d  
w i t h  n o r m a l  l a b o r a t o r y  mice  a n d  i n t e r  se. The i r  k a r y o -  
t y p e  was  deduced  b y  e x a m i n i n g  t h a t  of t h e  F1 a n i m a l s  
a n d  in 1 case of t h e  p a r e n t a l  Sici l ian mouse  itself. Mi to t i c  
m e t a p h a s e  p la t e s  were o b t a i n e d  a f t e r  Colchicin or  Col- 
cemid  t r e a t m e n t  f rom bone  m a r r o w  cells or  P H A - s t i m -  
u l a t e d  spleen cellsL T he  c h r o m o s o m e s  were s t a ined  
e i t h e r  d i r ec t ly  w i t h  Orcein  or, a f t e r  T r y p s i n  t r e a t m e n t ,  
w i t h  G iemsa  s. Meiot ic  m e t a p h a s e  I f igures  were o b t a i n e d  
b y  t he  m e t h o d  of E v a n s  e t  al. 9. 

Results and discussion. 3 of t he  Sici l ian mice  h a d  a ka ryo-  
t y p e  of 2n = 40 ac rocen t r i c  chromosomes ,  1 male  h a d  
2n = 29, 1 female  2n = 27 a n d  a n o t h e r  male  2n = 26 
ch romosomes .  The  a n i m a l  w i t h  29 chromosomes ,  11 of 
wh ich  are me tacen t r i c ,  was  no t  s tud ied  fu r the r .  The  
female  w i t h  2n = 27 ch romosomes  was  k a r y o t y p e d  di- 
r ec t ly  and  shown  to h a v e  13 me tacen t r i c s .  Of 4 F1 an ima l s  
f rom m a t i n g s  w i t h  n o r m a l  males,  1 h a d  7 a n d  3 h a d  6 
m e t a c e n t r i c  chromosomes .  W e  conc luded  t h a t  t h i s  Sici l ian 
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Fig. 1. Meiotic metaphase I figures 
of F1 animals obtained by mating 
the 2 n =  27 and the 2 n =  26 
mice. The F1 mice have 2n = 27 
chromosomes, which in meiosis 
give 6 bivalents, 6 ringbivalents 
and 1 trivalent (arrow). 

Fig. 2. Mitotic metaphase of an F1 animal obtained by mating the Sicilan mouse with 2n = 26 ehromosoms with a normal mouse, stained 
with the Trypsin-Giemsa technique. The composition of the metacentric chromosomes is shown. The same chromosomes are found in the F1 
animal with 7 metacentries that we derived from the female with 2n = 27 chromosomes. 

mouse  has  6 pairs  of me tacen t r i c s  plus i unpa i red  one. 
The k a r y o t y p e  of t he  male w i t h  2n = 26 ch romosomes  
was d e t e r m i n e d  b y  examin ing  5 F1 animals  ob ta ined  f rom 
ma t ings  w i th  no rma l  females.  All these  F1 animals  had  7 
metacen t r i cs .  This  shows t h a t  the  pa r en t a l  male has  7 
pairs  of me tacen t r i c  chromosomes .  This  resul t  was con- 
f i rmed  b y  the  fac t  t h a t  2 F1 in ter  se offspr ing animals  of 
these  Sicilian mice had  13 me tacen t r i c s  10. We  looked at  
meiot ic  m e t a p h a s e  I f igures of the  F1 in te r  se animals  in 
order  to  assay  the  homology  of the  pa ren ta l  metacent r ics .  
Since we are es tabl i sh ing  a breeding  colony, we could no t  
afford to  analyse  more  t h a n  2 F1 males,  which  unfor-  
t u n a t e l y  h a d  only  13 metacen t r ics .  Figure  i shows t h a t  6 
of t he  me tacen t r i c s  are homologuous  b y  means  of meiot ic  
pair ing,  i.e. we found  6 r ingbivalents :  The  7th me ta -  
centr ic  chromosome,  for which  the  2n = 27 female is 
he te rozyguous  was ident i f ied  by  analysis  of Tryps in -  
Giemsa  s ta ined  k a r y o t y p e s  of the  same F1 animals .  I t  is 
Rb(14.10) 5Sic. 
To assay the  compos i t ion  of t he  me tacen t r i c  chromosomes ,  
we looked a t  Tryps in -Giemsa  s ta ined  k a r y o t y p e s  of F1 
an imals  p roduced  b y  ma t ing  the  Sicilian mice wi th  nor-  

real mice% Fol lowing the  nomenc la tu re  of t h e  Com- 
mi t t ee  on S tandard ized  Genet ic  Nomenc la tu re  for 
mice 11, is we assigned the  following composi t ions  (figure 
2): Rb(4.3) lSic ,  Rb(15.2)2Sic, Rb(12.6)3Sic, Rb(13.5) 
4Sic, Rb(14.10)SSic, Rb(17.8)6Sic and  Rb(16.9)7Sic. 6 of 
these  ch romosomes  are en t i re ly  new, while Rb(17.8)6Sic 
has  t he  same compos i t ion  as R b l I e M  s. 
We  are cu r ren t ly  es tabl ishing a b reed ing  colony to  main-  
t a in  these  chromosomes ,  b u t  unt i l  th is  is done we will no t  
know w h e t h e r  these  chromosomes  affect  fer t i l i ty  w i th  
n o rma l  mice% However ,  i t  seems s t range  to  us t h a t  2 out  
of 3 animals  had  a h igh  b u t  odd n u m b e r  o5 me tacen t r i c  
chromosomes ,  imply ing  he te rozygos i ty .  These animals  
seem there fore  n o t  to  come f rom an isolated popula t ion ,  
as is p roposed  for t he  o the r  popula t ions  w i th  h igh  n u m b e r s  
ot me tacen t r i e s .  
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