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Mottled Neuherberg (MoN), a New Male-lethal Coat Colour Mutation 
of the House Mouse (Mus musculus)* 
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I n s t i t u t  f i i r  B i o l o g i e ,  G e s e l l s c h a f t  f i i r  S t r a h l e n -  und  U m w e l t f o r s c h u n g ,  N e u h e r b e r g  n r .  M~inchen ( B R D )  

S u m m a r y .  A new  s e m i d o m i n a n t  X - c h r o m o s o m a l  m u t a t i o n ,  Mottled Neuherberg(MoN), w h i c h  c a u s e s  c o a t  
c o l o u r  v a r i e g a t i o n  i s  d e s c r i b e d .  Mo N a r o s e  in  t h e  s e c o n d  p o s t i r r a d i a t i o n  g e n e r a t i o n  a f t e r  2 • 200 R of  
X - r a y s  (24 h o u r s  a p a r t )  to  o o c y t e s  of X / O  m i c e .  H e t e r o z y g o u s  Mo ~ f e m a l e s  h a v e  i r r e g u l a r  p a t c h e s  of 
fu l ly  a n d  l i g h t l y  c o l o u r e d  f u r  o v e r  t h e  w h o l e  c o a t  w i th  c u r l y  v i b r i s s a e .  T h e i r  v i a b i l i t y  i s  r e d u c e d ,  a b o u t  
3% of t h e  h e t e r o z y g o t e s  d y i n g  p r e n a t a l l y  a n d  6 to  28% dy ing  p o s t n a t a l l y  b e f o r e  w e a n i n g .  S u r v i v o r s  a r e  
f e r t i l e  w i t hou t  e x t e r n a l l y  v i s i b l e  a b n o r m a l i t i e s .  H e m i z y g o u s  Mo N m a l e s  d ie  in utero a f t e r  i m p l a n t a t i o n .  
The  r e c o m b i n a t i o n  f r e q u e n c y  b e t w e e n  Mo '~ a n d  tabby (Ta)  w a s  3 . 6 5  -+ 3 .16% ( w i t h  95% - c o n f i d e n c e  l i m i t s ) .  
T h e r e f o r e ,  i t  i s  s u g g e s t e d  t h a t  Mo N i s  a new a l l e l e  of t h e  mottled (Mo)  l o c u s  of t h e  h o u s e  m o u s e .  Mo N - 
b e a r i n g  ova  s e e m  to  h a v e  a l o w e r  c h a n c e  of b e c o m i n g  f e r t i l i z e d  by  w i l d - t y p e  s p e r m a t o z o a  t h a n  by  T a - b e a r -  
ing  s p e r m a t o z o a .  

1. I n t r o d u c t i o n  

X c h r o m o s o m e - l i n k e d  m u t a t i o n s  a t  t h e  mottled l o c u s  of 

t h e  h o u s e  m o u s e  (Mus musculus) s e e m  to  b e  v e r y  c o m m o n  

( r e v i e w e d  by  G r e e n ,  1 9 6 6 ) .  F o u r  m u t a t i o n s  of s i m i l a r  

p h e n o t y p e  h a v e  b e e n  r e p o r t e d  so  f a r :  mottled, Mo ( F r a -  

s e r  et  a l . ,  1953) ; brindled/, Mo b r  ( F a l c o n e r ,  1956) ; 

d~opled, Mo dp ( P h i l l i p s ,  1 9 6 1 ) ;  a n d  viable-brindled, 

Mo v b r  ( C a t t a n a c h  et  a l . ,  1 9 6 9 ) .  In t h e  c a s e s  of Mo a n d  

Mo dp ,  a l l  h e m i z y g o u s  m a l e s  d i e  in utero b e t w e e n  t h e  

l l t h  a n d  17th  day  of g e s t a t i o n  ( F a l c o n e r ,  1953; P h i l l i p s ,  

1 9 6 1 ) .  Mo b r  m a l e s  u s u a l l y  d ie  w h e n  two w e e k s  o ld ,  bu t  

a few s u r v i v e  a n d  a r e  f e r t i l e  ( F r a s e r  et  a l . ,  1953;  F a l -  

c o n e r ,  1 9 5 6 ) .  Mo v b r  m a l e s  a r e  v i a b l e  bu t  s t e r i l e  a n d  

h e n c e  h o m o z y g o u s  Mo v b r  f e m a l e s  c a n  not  b e  p r o d u c e d  

( C a t t a n a c h  et  a l . ,  1 9 6 9 ) .  H e t e r o z y g o u s  f e m a l e s  e x h i b i t  

a v a r i e g a t e d  o r  s t r i p e d  p h e n o t y p e  w i t h  i r r e g u l a r  p a t c h e s  

of fu l ly  a n d  v e r y  l i g h t l y  c o l o u r e d  f u r  o v e r  t h e  w h o l e  coa t  

due  to  X - c h r o m o s o m e  i n a c t i v a t i o n  (Lyon ,  1 9 6 1 ) .  A l t h o u g h  

a l l e l i s m  w a s  i m p o s s i b l e  to  p r o v e  by  c r o s s i n g  t e s t s  b e -  

c a u s e  of  m a l e  l e t h a l i t y  o r  s t e r i l i t y ,  i t  w a s  l i k e l y  t h a t  

m o s t  of t h e s e  m u t a n t s  a r o s e  by  r e m u t a t i o n  a t  t h e  s a m e  

l o c u s  (Lyon ,  1960;  W e l s h o n s  a n d  R u s s e l l ,  1 9 5 9 ) .  

2. M a t e r i a l s  a n d  M e t h o d s  

( i )  F i r s t  O c c u r r e n c e  of t h e  Mo N M u t a n t  

The  o r i g i n a l  mottled Neuherberg m u t a n t  ( M o  N ) a p p e a r e d  
a s  a s i n g l e  f e m a l e  in  t h e  s e c o n d  p o s t - i r r a d i a t i o n  g e n e r -  
a t i o n  a f t e r  200 + 200 R of X - r a y s  (24  h o u r s  a p a r t ,  50 
- 60 R / m i n )  to  o o c y t e s  of a d u l t  X / O  ( + / O )  m i c e .  T h i s  
s e c o n d  p o s t - i r r a d i a t i o n  g e n e r a t i o n  w a s  o b t a i n e d  a s  f o l -  

* Dedicated to  Professor Dr. Otto Hug. 

l o w s .  The  i r r a d i a t e d  + /O  f e m a l e  w a s  m a t e d  to a n  u n -  
t r e a t e d  t abby  m a l e  ( T a / Y ) ,  a n d  t h e  r e s u l t i n g  F1 w i l d -  
t ype  s o n s  w e r e  t h e n  o u t c r o s s e d  w i t h  n o n - r e l a t e d  T a / O  
f e m a l e s .  The  f i r s t  Mo ~ f e m a l e  o c c u r r e d  w i t h i n  one  l i t t e r  
t o g e t h e r  w i t h  n o n - M o "  s i b l i n g s  (3 T a / +  a n d  7 T a / Y ) .  
H e r  F~ f a t h e r  p r o d u c e d  f u r t h e r  n o r m a l  o u t c r o s s  o f f -  
s p r i n g  (3 T a / + ,  3 + / O ,  a n d  4 T a / Y )  a f t e r  m a t i n g w i t h  
o t h e r  T a / O  f e m a l e s .  

( i i )  M a i n t e n a n c e  of O r i g i n  of t h e  M i c e  

Al l  t h e  m i c e  w e r e  b r e d  a n d  k e p t  in  M a c r o l o n  b o x e s  a n d  
w e r e  10-12  w e e k s  o ld  w h e n  m a t e d .  T h e s e  b o x e s  c o n -  
t a i n e d  t h e  a n i m a l s  w h i c h  w e r e  c o l l e c t e d  f o r  f u r t h e r  
b r e e d i n g  t e s t s  a s  we l l  a s  t h e  c o u p l e s  o r  d a m s  w i t h  t h e i r  
y o u n g .  The  s t a b l e  r o o m s  w e r e  c o m p l e t e l y  a i r - c o n d i -  
t i o n e d ,  a t  a t e m p e r a t u r e  of  24-+ 2 ~ a n d  a t m o s p h e r i c  h u -  
m i d i t y  of 55 - 60%. The  a r t i f i c i a l  i l l u m i n a t i o n  w a s  s e t  
a u t o m a t i c a l l y  to  a 1 2 - h o u r  r h y t h m .  By t h i s  m e a n s ,  t h e  
s e a s o n a l l y - c a u s e d  v a r i a t i o n  in  a v e r a g e  l i t t e r - s i z e  d id  
not  r e a c h  a s i g n i f i c a n t  l e v e l .  

I n b r e d  t abby  m a l e s  ( T a / Y )  f r o m  t h e  E d i n b u r g h  tabby  
s t o c k  a n d  C3H o r  101 i n b r e d  m a l e s  w e r e  u s e d  a s  m a t e s  
f o r  t h e  Mo ~ f e m a l e s .  

( i i i )  M a t i n g  S c h e m e  

To d e t e r m i n e  t he  s e g r e g a t i o n  r a t i o ,  l i t t e r - s i z e  r e d u c t i o n ,  
a n d  p r e w e a n i n g  m o r t a l i t y ,  f o u r  t y p e s  of  c r o s s e s  w e r e  
p e r f o r m e d .  H e t e r o z y g o u s  Mo N f e m a l e s  w e r e  e i t h e r  m a t e d  
to w i l d - t y p e  C3H o r  101 m a l e s  ( c r o s s  1 ) ,  o r  to  tabby 
males (cross 2), and females heterozygous for both Mo N 
and Ta (repulsion phase) were either mated to wild-type 
(cross 3) orto tabby males (cross 4). In crosses 3 and 
4, male offspring were used to calculate the exchange 
frequency between Mo" and Ta. 

( i v )  I d e n t i f i c a t i o n  of P h e n o t y p e s  a n d  D e t e r m i n a t i o n  of 
L i t t e r - S i z e  a n d  P r e w e a n i n g  M o r t a l i t y  

The  i d e n t i f i c a t i o n  of  t h e  d i f f e r e n t  p a t t e r n s  of  c o a t  c o l o u r  
w a s  not  p o s s i b l e  i m m e d i a t e l y  a f t e r  b i r t h  of t h e  y o u n g  
m i c e ,  s o  w a s  c a r r i e d  out  a f t e r  t h e  b e g i n n i n g  of  h a i r  g r o w t h .  
F o r  t h e  d e t e r m i n a t i o n  of  l i t t e r  s i z e ,  h o w e v e r ,  a l l  young  
w e r e  s c o r e d  on  t h e  day  of b i r t h .  A l l  l i t t e r s  w e r e  w e a n e d  
b e t w e e n  t h e  a g e s  of 21 a n d  28 d a y s .  D e a d  y o u n g  found  
d u r i n g  t h i s  p e r i o d  w e r e  t a k e n  in to  a c c o u n t  f o r  ' p r e w e a n -  
ing  m o r t a l i t y  ' 
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(v)  D i s s e c t i o n  of  P r e g n a n t  F e m a l e s  

To d e t e c t  e m b r y o n i c  m o r t a l i t y  in  p r e g n a n t  Mo N f e m a l e s ,  
t h e  u t e r i n e  c o n t e n t s  of h e t e r o z y g o u s  Me" f e m a l e s  w e r e  
c o m p a r e d  w i t h  t h o s e  of t h e i r  w i l d - t y p e  s i s t e r s  a f t e r  m a t -  
ing  t h e m  to n o n - r e l a t e d  w i l d - t y p e  m a l e s .  1 3 . 5 - 1 7 . 5  
d a y s  a f t e r  t h e  a p p e a r a n c e  of a v a g i n a l  p l u g ,  t h e  f e m a l e s  
w e r e  d i s s e c t e d .  The  n u m b e r s  of eox~9ora ~u$ea (CL) , i m -  
p l a n t s  ( I M P ) ,  r e s o r b e d  e m b r y o s  i R E S ) ,  e a r l y  d e a t h s  
( E D ) ,  l a t e  d e a t h s  ( L D ) ,  a n d  l i v i n g  e m b r y o s  (LE)  w e r e  
d e t e r m i n e d  a s  d e s c r i b e d  e l s e w h e r e  ( S c h r S d e r ,  1969; 
S c h r 6 d e r  a n d  Hug,  1 9 7 1 ) .  

( v i )  S t a t i s t i c a l  C a l c u l a t i o n s  

A n a l y s e s  of  v a r i a n c e  w e r e  p e r f o r m e d  to c o m p a r e  t h e  
d i s t r i b u t i o n  of b r e e d i n g  a n d  d i s s e c t i o n  d a t a  f o r  t h e  d i f -  
f e r e n t  c r o s s e s .  M e a n  v a l u e s  w e r e  c o m p a r e d  by  t h e  u s e  
of 9 5 g - c o n f i d e n c e  l i m i t s  a c c o r d i n g  to t h e  t - t e s t  ( W e b e r ,  
1 9 6 7 ) .  The  s i g n i f i c a n c e  of d i f f e r e n c e s  c o n c e r n i n g  s e x -  
r a t i o ,  p e r c e n t a g e s  in  d i f f e r e n t  p h e n o t y p i c a l  c l a s s e s  and  
p r e w e a n i n g m o r t a l i t y w a s  c a l c u l a t e d b y  t h e  s t a n d a r d  ch i  
s q u a r e  m e t h o d  o r b y  ch i  s q u a r e  in  a 2 x 2 t a b l e .  Y a t e s '  
c o r r e c t i o n  w a s  a p p l i e d  f o r  s m a l l  s a m p l e  s i z e s  ( S a c h s ,  
( 1 9 7 3 ) .  

3.  R e s u l t s  

( i )  D e s c r i p t i o n  of t h e  Mo N M u t a n t  

The  o r i g i n a l  Mo N f e m a l e  m u t a n t  a n d  a l l  h e r  Mo N d e -  

s c e n d a n t s  r e s e m b l e d  in  b o t h  v a r i e g a t i o n  of t h e  coa t  c o l -  

o u r  and  c u r l i n g  of  t h e  v i b r i s s e a  t h e  Mo m u t a n t  d e s c r i b -  

ed  by  F r a s e r  e t  a l .  ( 1 9 5 3 ) .  The  d a t a  on  r e c o m b i n a t i o n  

f r e q u e n c i e s  of t h e  new  m u t a t i o n  a n d  a b s e n c e  of m u t a n t  

males favoured th~ assumption that it was a Mo-allele. 

Heterozygous Mo N females have irregular patches 

of fully and lightly coloured fur over the whole coat. 

There is great variation among Mo N females, ranging from 

extended areas of whitish hair with relatively small patch- 

es of dark hair (Fig. I) to the reverse phenotype with 

more dark than light patches of fur. Females which are 

h e t e r o z y g o u s  fo r  b o t h  Mo N and  t h e  X - l i n k e d  tabby g e n e  

( M o N + / +  Ta)  e x h i b i t  b o t h  t y p e s  of v a r i e g a t i o n :  t h e  i r r e g -  

u l a r  p a t c h e s  of fu l ly  a n d  l i g h t l y  c o l o u r e d  fu r  c h a r a c t e r -  

i s t i c  f o r  Mo N a r e  c o m b i n e d  w i th  t h e  r e g u l a r  d a r k  s t r i p -  

e s / w h i c h  c h a r a c t e r i z e  h e t e r o z y g o s i t y  f o r  Ta ( F a l c o n e r ,  

1953;  G r t i n e b e r g ,  1966) ( F i g . 2 ) .  M i c e  h o m o z y g o u s  

fo r  Ta and  h e t e r o z y g o u s  fo r  Mo N (Mo N Ta /+  Ta) c a n n o t  

b e  d i s t i n g u i s h e d  f r o m  h o m o z y g o u s  tabby f e m a l e s  ( + T a /  

+ Wa). 

(ii) Dissection Data 

The comparison made of the uterine contents of Mo N fe- 

males and their wild-type sisters, both mated to non-re- 

lated wild-type males, revealed a significant reduction 

of living embryos (27.97~) in Mo N females. This was 

accompanied by a complementary increase in late (LD) 

and early deaths (ED) of embryos (Tables I and 2). No 

significant differences were found for the number of 

pregnant females or the number of corpora lutea (CL), 

implants (IMP), and resorbed embryos (RES) between 

Mo N and wild-type females. The three fractions of dead 

embryos were summarized (RES + ED + LD) as "postim- 

plantational losses" and computed against the " preim- 

plantational losses" as the difference between CL and 

IMP (Table 3). The comparison shows that only the 

postimplantational losses were enhanced significantly 

in Mo N females. This was due to the increase in ED and 

LD. Thus, it may be concluded from the dissection data 

that Mo N male offspring were lost as early and late 

deaths. 

(iii) Litter-Size Comparison 

To determine litter size, segregation ratio and prewean- 

ing mortality, four different crosses were carried out 

F i g .  1. H e t e r o z y g o u s  Mo N f e m a l e  m o u s e  (M o  N +/+ +) 
w i th  t h e  t y p i c a l  v a r i e g a t i o n  of t h e  f u r  c o l o u r  a n d  wi th  
c u r l y  v i b r i s s a e  

F i g .  2. D o u b l e - h e t e r o z y g o u s  f e m a l e  m o u s e  (Mo  N +/+ Ta)  
wi th  v a r i e g a t e d  f u r  c o l o u r  due  to Mo N and  t r a n s v e r s e  
s t r i p i n g  w h i c h  c h a r a c t e r i z e s  Ta h e t e r o z y g o t e s  
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T a b l e  1. N u m e r i c a l v a l u e s  o f  t h e  u t e r u s  c o n t e n t s  o f  M o  N a n d  w i l d - t y p e  s i s t e r s  a f t e r  m a t i n g  t h e m  t o  n o n - r e l a t e d  
w i l d - t y p e  m a l e ~  
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Corpora Implants Resorbed Early Late deaths Living embryos 
Mating scheme lutea embryos deaths 

(CL) (IMP) (RES) (ED) (LD) (LE) 

N o .  305 292  12 58 c )  9 d)  213  e )  

) p e r p r e g -  9 . 5 3 •  9 . 1 3 •  0 . 3 8 •  1 . 8 1 - . 0 . 3 1  0 . 2 8 - * 0 . 0 7  6 . 6 6 •  
M o  N + + n a n t  f e -  

9 +--'~ X d -'~-- male+ S. E" 

N o .  256 246 6 7 ~ ) 1 d)  231  e )  

b) 
Q + + X d + + p e r p r e g -  1 0 . 2 4 z  0 . 3 1  9 . 8 4 •  0 . 3 8  0 . 2 4 z  0 . 1 1  0 . 6 8 x 0 . 1 4  0 . 0 4 - + 0 . 0 4  9 . 2 4 - + 0 . 4 1  

+ + Y n a n t  f e -  
m a l e  i S .  E .  

a )  33 m a t e d  a n d  32 p r e g n a n t  f e m a l e s ;  b )  26 m a t e d  a n d  25 p r e g n a n t  f e m a l e s ;  c ) - e ) :  s i g n i f i c a n t  d i f f e r e n c e s  

Table 2. Comparison of the distribution of uterus contents as found in Mo N and wild-type sisters at dissection 
(cf. Table 1) 

9 m a t e s  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 C o m p a r i s o n  M o  N v e r s ~ s  + 

M E N + / + +  - - - 0 6 10 11 4 0 1 0 
CL  

++/++ - - - 1 3 1 11 5 2 1 1 
F = 3 . 9 4 ;  p >  0 . 0 5  

I M P  
M o N + / + +  - .- - 0 0 0 0 9 13 7 3 0 0 

+ + / + +  - - 1 0 0 2 2 i I 0  6 2 1 
F = 3 . 5 0 ;  p>O.05 

RES 
M o N + / + +  24 5 2 1 - 

++/++ 20 4 1 0 - 
F = 0 . 5 9 ;  P > > 0 . 0 5  

E D  
M o N + / + +  10 6 4 7 4 0 0 1 

++/++ 20 4 0 I 0 0 0 0 
F = 2 0 . 9 6 ;  p < 0 . 0 0 5  

LD 
MoN+/++ 23 9 

+ + / + +  24 1 
F = 6 . 0 5 ;  0 . 0 1 < p < 0 . 0 5  

LE 
MoN%/++ 2 2 0 4 5 7 6 4 2 0 0 0 0 

++/++ 0 0 I 0 1 3 3 3 9 2 2 1 
F = 2 1 . 6 7 ;  p < 0 . 0 0 5  

as described above. The highest average litter size was 

found in cross 2, the lowest in cross 4 (Table 4). The 

differences reached significant levels if one compared 

the distribution of litters of all 4 crosses to each other 

as well as those of crosses I vers~ 3, I uers~ 4, 

2 versus 3, and 2 versus 4 (Table 5). Generally, het- 

erozygous Mo N females produce more young per litter 

when mated with tabby malesthan with wild-type males. 

On the other hand, darns heterozygous for both Mo N and 

Ta have ~maller litters than females heterozygous only 

for Mo N (Table 4). This may be caused by reduced fer- 

tility of the double-heterozygous females and higher mor- 

tality of homo- andhemizygous tabby offspring of cross 4. 

(iv) Segregation Ratio and Preweaning Mortality among 

Mo N Offspring 

Segregation ratio and preweaning mortality among the 

progeny of the four crosses with heterozygous Mo N fe- 

males are shown in Tables 6-9. The proportion of 'iden- 



138 J . - H .  S c h r b d e r :  Mo t t l ed  N e u h e r b e r g  

Table  3. M e a n  v a l u e s  of p o s t -  and  p r e - i m p l a n t a t i o n a l  
l o s s e s  z S . E .  fo r  Mo" and w i l d - t y p e  f e m a l e s  
( e l .  Table  1 and  2) 

Mating scheme P ostimplantationat Preimplantational 
losses losses 
(RES + ED + LD) (CL - IMP) 

9 M~ x d ++ 2.47.-* 0.43 a) 0.40-* 0.26 + + -~- 

9 +--L+ Xd ++ 0.96 § 0.18 a) ++ ~ - 0.40 z 0.49 

a) Significant difference (p < 0.05) 

Tab le  4.  D i s t r i b u t i o n  of l i t t e r  s i z e s  at  i d e n t i f i c a t i o n  fo r  four  d i f f e r e n t  c r o s s e s  wi th  h e t e r o z y g o u s  Mo N f e m a l e s  
( c f .  Tab le  5) 

N u m b e r  of  o f f s p r i n g  p e r  l i t t e r  
C r o s s  L i t t e r s  

l 2 3 4 5 6 7 8 9 10 11 Mean  + S. E .  

No. 0 8 8 15 24 26 21 8 3 2 0 

(1) 9 - 

g 0 . 0 0  6 .96  6 .96  13.04 20.87 22 .61  18.26 6 .96  2 .61  i . 7 4  0 . 0 0  

MoN+ +Ta No.  1 2 4 8 13 10 12 12 2 2 1 
(2) 9 + + x d  

Y ~ 1.49 2.99 5.97 11.94 19.40 14.93 17.91 17.91 2.99 2.99 1.49 

5 .51  + O. 17 

6.02 -+ 0.25 

MoN+ + + No.  9 6 8 5 10 10 6 5 4 1 0 

(3) 9 ~ - - - - - ~ a X d  ~ :$ 14.06 9 .38  12.50 7 . 8 3  15.63 15.63 9 .38  7 .81  6 .25  1 .56 0 . 0 0  
4 .73  + 0 . 3 1  

MoN+ + Ta No. 5 3 9 9 5 9 1 1 0 1 1 

(4) 9 " ~ ' - - ~ a X d ~  ~ 11.36 6 .82  20 .46  20 .46  11.36 20 .46  2 .27 2 .27  0 . 0 0  2 .27  2 .27  
4.30 z 0.34 

Table 5. Comparisons made of the distribution of litter sizes at identification between four different crosses 
with Mo N females (cf. Table 4) 

Comparisons made between crosses 
Analysis of 
variance I vs. 2 vs. 3 vs. 4 1vs. 2 I vs. 3 1vs. 4 2 vs. 3 2 vs. 4 3 vs. 4 

F 7 . 9 2  7 . 9 2  0 . 2 9  5 .75  12.73 10.31 17.61 0 . 8 1  

< 0 .05  
p 0 . 0 0 5  > 0 . 0 5  > 0 . 0 1  < 0 . 0 0 5  < 0 .005  < 0 .005  > 0 . 0 5  

tiffed deaths ' is included in the fraction of 'living mice 

at identification ', 'unidentified deaths ' are not consid- 

ered in the column of 'living mice at identification' 

According to the dissection data (Tables 1-3), the 

deficiency of Mo N males was explained in terms of the 

action of a recessive X-linked lethal gene which was 

identical with the Mo N mutation itself or at least close- 

ly linked to its locus. Under this assumption a sex 

ratio of 2 99 : 1 d was expected, i.e., about 33.3~ het- 

erozygous Mo N female offspring should occur in aH cros- 

ses. This was found to be true for crosses 2-4 in which 

maternal and/or paternal Ta-carrying gametes were in- 

volved (Tables 7-9). Among the progeny of cross 1, 

however, significantly fewer Mo N females than expected 
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Table 6. Segregation ratio and preweaning mortality among the offspring of cross 1 (Q Mo ~ +/+ + • d + +/Y) 

Parents Offspring 

Cross 1 : Living mice 

at identification 

P r e w e a n i n g  m o r t a l i t y  

I d e n t i f i e d  p h e n o t y p e s  U n i d e n t i f i e d  p h e n o t y p e s  
~ M o N + x d  ++ 

+ Y + 

MoN+/++ . ++I++ + ++/Y MoN+/++ ++I++ ++IY 99 dd 

No.  138 a) 227 a)  243 a)  b) 39 c)  b) 4 9 c)  17 d) 3 d) 
o b t a i n e d  

g 2 2 . 7 0  3 7 . 3 4  3 9 . 9 7  2 8 . 2 6  1 .76  3 . 7 0  4 . 4 5  1 . 2 2  

e x p e c t e d  No.  2 0 2 . 6 7  a)  2 0 2 . 6 7  a)  2 0 2 . 6 7  a) 1 1 . 8 0  1 9 . 4 2  2 0 . 7 8  - 

o b t a i n e d  a f t e r  No.  159 .6  e) 2 2 7 . 0  e) 2 4 6 . 0  e)  - - 
c o r r e c t i o n  

e x p e c t e d  a f t e r  No.  2 1 0 . 8 7  e) 2 1 0 . 8 7  e) 2 1 0 . 8 7  e) - - 
c o r r e c t i o n  

a )  - e ) :  S i g n i f i c a n t  d i f f e r e n c e s  f r o m  t he  e x p e c t e d  s e g r e g a t i o n  r a t i o :  
a ) :  •  3 1 . 9 ;  p = 1 0 - ~ ;  b ) :  Xe = 4 1 . 8 ;  p = 2 -  1 0 - 1 ~  c ) :  Xe= 5 2 . 0 ;  p = 1 0 " ~ ~  
d ) :  Xe= 4 1 . 3 ;  p = 1 0 - 1 ~  e ) :  X2= 1 9 . 6 ;  p = 6 -  10 -5 . 

T a b l e  7.  S e g r e g a t i o n  r a t i o  a n d  p r e w e a n i n g  m o r t a l i t y  a m o n g  t h e  o f f s p r i n g  of c r o s s  2 (9 Mo ~ +/++ x d + T a / Y )  

P a r e n t s  O f f s p r i n g  

C r o s s  2: L iv ing  m i c e  P r e w e a n i n g  m o r t a l i t y  

9 M~ + X d + Ta at identification I d e n t i f i e d  p h e n o t y p e s  Unidentified phenotypes 

+ + Y 
Mo N +/+ Ta + Ta/+ + + +/Y Mo N +/+ Ta + Ta/+ + + +/Y Q9 dd 

No. 126 130 140 19 a ) b )  0 a) 2 b)  1 0 
o b t a i n e d  

3 1 . 8 2  3 2 . 8 3  3 5 . 3 5  1 5 . 0 8  0 . 0 0  1 .43  0 . 3 9  0 . 0 0  

No s i g n i f i c a n t  d i f f e r e n c e  w i th  r e s p e c t  to t h e  1 : 1 : 1 - s e g r e g a t i o n  r a t i o .  
a):  X 2 = 16.3; p = 6 .10-e;  b):  X e = 12.8; p = 0.0003 

T a b l e  8.  S e g r e g a t i o n  r a t i o  and  p r e w e a n i n g  m o r t a l i t y  a m o n g  t h e  o f f s p r i n g  of c r o s s  3 (9 Mo ~ +/+ Ta • d ++ /Y)  

P a r e n t s  O f f s p r i n g  

C r o s s  3: L iv ing  m i c e  at  i d e n t i f i c a t i o n  P r e w e a n i n g  m o r t a l i t y  

M O ~ T  ~ Liv ing  n o n - e x c h a n g e  m i c e  L iv ing  e x c h a n g e  m i c e  I d e n t i f i e d  d e a t h s  U n i d e n t i f i e d  
Q • d + +  d e a t h s  

o b t a i n e d  

Mo N +/++ + Ta/++ + Ta/Y Mo N Ta/++ ++/++ + +/Y MoN+/++ +Ta/++ + Ta/Y QQ dd 

No. 78 94 87 2 7 4* 17 a) 0 a) 3 13 4 

~/ 28.68 34.56 31.99 0.74 2.57 1.47 6.57 0.00 3.30 6.16 4.21 

No s i g n i f i c a n t  d i f f e r e n c e  w i th  r e s p e c t  to t h e  I :  I : 1 - s e g r e g a t i o n  r a t i o  
a ) :  )(2 = 1 6 . 4 ;  p = 5 - I0 - s  
* Recombination frequency in male offspring (Mo u - Ta): 4/91 = (4.40 • 4.20)% (95%-confidence limits) 
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Table 9. Segregation ratio and preweaning mortality among the offspring of cross 4(~ Mo N +/+ Ta • d + Ta/Y) 

Parents Offspring 

Cross 4: Living mice at identification Preweaning mortality 

MoN+ + Ta Living non-exchange mice Living exchange mice Identified deaths Unidentified 
g ~ a  • ~ Y deaths 

MoN+/+Ta +Ta/+Ta +Ta/Y MoNTa/+Ta ++/+Ta ++/+Y MoN+/+Ta +Ta/+Ta +Ta/Y g~ dd 

No. 46 47 45 0 13 1 ~ 6 4 1 11 3 
obtained 

% 30.26 30.92 29.61 0.00 8.55 0.66 13.04 8.51 2.22 10.38 6.52 

No significant differences with respect to the I: I: l-segregation ratio and to the preweaning mortality 
Recombination frequency in male offspring (Mo N - Ta): 1/46 = (2.17 • 4.20)70 (9570 -confidence limits) 

Pooled data of cross 3 and 4: (Mo N - Ta) : 5/137 = (3.65 -* 3.16)70 (9570 -confidence limits) 

were obtained (Table 6 ). Because no litter-size re- 

duction was found in cross I compared with crosses 

2-4 (Table 4), a selective preweaning mortality of Mo N 

females could not be the main cause for the reduced per- 

centage of Mo N female offspring in cross I. The reduc- 

tion in Mo N females was associated with a significant 

increase in preweaning mortality of unidentified fema- 

les compared with unidentified m ales. Therefore, one can 

assume that a considerable number of Mo N females died 

before the identification of the different phenotypes was 

possible. Moreover, less than 33.3~ Mo N females were 

obtained in all crosses, and the reduction of living em- 

bryos at dissection of Mo N females exceeded the expected 

25 70 loss due to prenatal death of MoNmales. A combina- 

tion of a slight prenatal lethality with postnatal death be- 

fore identification may have led tothe reduction of Mo N 

females in cross I. If so, the correction of the number of 

living Mo N female offspring at identification of cross I, 

by adding both the 17 unidentified dead females and the 

2.97 70 surplus of prenatal deaths from the dissection data, 

as well as by the addition of the 3 unidentified dead males 

to the fraction of living males, would result in a corrected 

fraction of MoNfemales which should approximate to the 

expected number. However, despite this rather sophisti- 

cated procedure the corrected number of 159.6 Mo N fe- 

males (Table 6) did not fit the expected number of 210.9 

Mo N females. 

The preweaning mortality of identified Mo N female 

offspring of all 4 crosses showed higher values than that 

of their identified siblings. These differences reached a 

significant level in crosses I-3 (Table 6-9). BeCause 

this higher preweaning mortality of identified Mo N fe- 

males was already included in the number of living Mo N 

females at identification, this enhancement could not be 

responsible for the deficiency of living Mo N females at 

identification in cross I. 

(v) Genetic Recombination between Mo N and Ta 

Since Mo N +/++, MoN+/+ Ta, and MoNTa/+Ta females 

can not be distinguished phenotypically from each other 

with certainty, only the number of exchange-male off- 

spring of crosses 3 and 4 was taken into account to 

calcule the genetic distance between Mo N and Ta (Ta- 

bles 8 and 9). It was calculated to be 4.40 • 4.20 % (4/91) 

for cross 3 and 2.17-+4.2070 (1/46) for cross 4, re- 

spectively. After pooling the data of crosses 3 and 4, a 

recombination frequency of 3.65 • 3.167~ (5/137) was 

obtained. These values, given with 95 % -confidence limits, 

satisfy the known genetic distance of 4.0 cM between the 

loci Mo and Ta (Green, 1974). 

4. Discussion 

The only way to attack the problem of estimating the locus 

of a newly arisen X-linked mutation with male lethality 

is to determine the genetic distance between the mutant 

gene and already known X-chromosomal markers. Inthe 

present study, the recombination frequency between 

mottled Neuherberg (Mo N) and tabby (Ta) favoured the 

view that the new mutational site occurred at the mottled 

(Mo) locus. From both the present breeding and dissec- 

tion data as well as from the phenotypic variation of the 

heterozygous Mo N females, it seems likely that thenew 

mutation is an allele of Mo or even identical with the orig- 

inally described mutation at this locus (Fraser et el., 

1953). For instance, prenatal lethality of hemizygous 
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m a l e s  c h a r a c t e r i z e s  t he  m u t a t i o n  at  t he  mottled l o c u s .  

A s  wi th  Mo m a l e s ,  p r e n a t a l  l e t h a l i t y  of Mo N m a l e s ,  a s  

e a r l y  and  l a t e  d e a t h s ,  was  p r o v e n .  Like h e t e r o z y g o u s  Mo 

f e m a l e s ,  Mo N f e m a l e s  a r e  l e s s  v i a b l e  t h a n  t h e i r  n o n -  

Mo N s i b l i n g s ,  but  al l  s u r v i v o r s  a r e  f e r t i l e .  The v i b r i s -  

s a e  of h e t e r o z y g o t e s  a r e  c u r l y  and the  coa t  i s  not w a v e d .  

All  t h e s e  f e a t u r e s  a r e  c o m m o n  to Mo and Mo N but a r e  

at v a r i a n c e  wi th  t h e  o t h e r  a l l e l e s  d e s c r i b e d  a s  m u t a t i o n s  

at t he  mott led  l o c u s  (Mo b r ,  Mo dp,- and  M o V b r ) .  F o r  

Mo b r  (brindled) , e x c e p t i o n a l  mu tan t  m a l e s  wi th  g r o s s  

a b n o r m a l i t i e s  cou ld  be  o b t a i n e d  w h i c h  w e r e  t h e n  u s e d t o  

b r e e d  h o m o z y g o u s  M o b r / M o  b r  f e m a l e s  ( F r a s e r  et  a l . ,  

1953; F a l c o n e r ,  1956) .  S o m e  of t he  h e t e r o z y g o u s  Mo dp 

(dappled) f e m a l e s  w e r e  found  to have  c l u b b i n g  of t he  

f o r e f e e t  at b i r t h ,  o r ,  at  w e a n i n g ,  a t e n d e n c y  to walk  on 

the  d o r s a l  s u r f a c e s  of t h e  h ind  f e e t .  H e m i z y g o u s  Mo dp 

m a l e s  h a v e  b e e n  r e p o r t e d  to  d i e  at about  17 d a y s  g e s t a -  

t i on ,  wi th  band ing  and t h i c k e n i n g  of t h e  r i b s  and  d i s t o r -  

t ion  of t he  p e c t o r a l  and p e l v i c  g i r d l e s  and  l i m b  b o n e s  

( P h i l l i p s ,  1961) .  The gene  Mo v b r  ( v iab le -br ind led )  

p r o d u c e s  a v a r i e g a t e d  o r  s t r i p e d  p h e n o t y p e  in t he  h e t -  

e r o z y g o u s  f e m a l e .  H o w e v e r ,  h e m i z y g o u s  Mo v b r  m a l e s  

a r e  u s u a l l y  v i a b l e  but  s t e r i l e  ( C a t t a n a c h  et  a l . ,  1969) 

and h e n c e  Mo N i s  c l e a r l y  d i s t i n c t .  

The h i g h e r  p r e w e a n i n g  m o r t a l i t y  of h e t e r o z y g o u s  Mo N 

f e m a l e s  cou ld  not be  r e s p o n s i b l e  f o r  t h e  r e d u c e d  f r e -  

q u e n c y  of Mo N f e m a l e  o f f s p r i n g  a m o n g  t h e  p r o g e n y  of 

Mo N d a m s  m a t e d t o  w i l d - t y p e  o r  tabby m a l e s .  B e c a u s e  

t h i s  r e d u c t i o n  w a s  o b t a i n e d  in al l  c r o s s e s  (Table  6 - 9 ) ,  

two p o s s i b l e  m e c h a n i s m s  m a y  be  d i s c u s s e d .  F i r s t ,  a 

p r e f e r e n t i a l  l o s s  of c h r o m o s o m e  s e t s  b e a r i n g  Mo r~- X 

c h r o m o s o m e s  to t h e  p o l a r  b o d i e s  d u r i n g  t h e  m e i o t i c  d i v i -  

s i o n s  of t he  ova  m a y  o c c u r  in  a s i m i l a r  m a n n e r  a s  s u g -  

l i z e d b y  + t h a n  by Ta s p e r m a t o z o a .  S e l e c t i v e  f e r t i l i z a t i o n  

migh t  a l s o  be  a p o s s i b l e  r e a s o n  fo r  t h e  d i f f i cu l ty  in  d e -  

t e c t i n g  r a d i a t i o n - i n d u c e d  r e c e s s i v e  s e x - l i n k e d  l e t ha l  

m u t a t i o n s  in the  g e r m  c e l t s  of t h e  m o u s e .  Only Mo dp 

a p p e a r e d  a s  a new m u t a t i o n  in a l o w - d o s a g e  g a m m a - i r r a -  

d i a t i on  e x p e r i m e n t  ( P h i l l i p s ,  1961) .  The p r e s e n  t m u t a -  

t i on  to Mo N a l s o  a p p e a r e d  in an i r r a d i a t i o n  e x p e r i m e n t .  

It m igh t  have  e i t h e r  a r i s e n  s p o n t a n e o u s l y  o r ,  l e s s  l i ke ly ,  

b e e n  i n d u ced  by X - r a y s .  In the  l a t t e r  c a s e ,  the  p h e n o t y p -  

ic  m a n i f e s t a t i o n  of t h e  new m u t a t i o n  o c c u r r e d o n e  g e n e r -  

a t ion  l a t e r  than  e x p e c t e d ,  wh ich  c a n  not  be  e x p l a i n e d  

in the  p r e s e n t  s t a t e  of ou r  k n o w l e d g e .  Mo N w a s  t h e  only  

m u t a t i o n  wi th  a l e tha l  e f f ec t  in m a l e s  so  f a r  d e t e c t e d  a f t -  

e r  s c r e e n i n g  m o r e  t h a n  5 ,000  X - c h r o m o s o m e s  fo r  r e -  

c e s s i v e  s e x - l i n k e d  l e tha l  m u t a t i o n s  in o u r  l a b o r a t o r y .  
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