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M a m m a l i a n  X - C h r o m o s o m e s :  A N e w  K i n d  o f  C o m p o s i t e - T y p e  X i n  t h e  V o l e  Arv ico la  s c h e r m a n  
exitus M i l l e r  

A large p r o p o r t i o n  of cy togene t i c a l l y  i n v e s t i g a t e d  
e u t h e r i a n  m a m m a l s  possess a n  X - c h r o m o s o m e  m e a s u r i n g  
a p p r o x i m a t e l y  5% of t h e  hap lo id  (hA + X)  m e t a p h a s i c  
c o m p l e m e n t .  Th i s  was  p o i n t e d  o u t  b y  OHNO et  al. ~ when  
t h e y  were  c o m p a r i n g  X - c h r o m o s o m e s  of d i f f e ren t  m a m -  
mals .  I t  h a s  long  been  k n o w n  t h a t  t h e r e  are  excep t ions  
to th i s  5°/0 rule, n a m e l y  in t he  sense t h a t  some species 
e x h i b i t  m u c h  longer  X - c h r o m o s o m e s ,  e.g. t he  X ' s  de- 
scr ibed in t h e  r o d e n t s  Mesocricetus auratus ( I{USTED et  
al. 2), Microtus agrestis (MATTHEY 3) a n d  Microtus oregoni 
( M A T T H E ¥  4) w e r e  n a m e d  dupl ica te - ,  t r ip l i ca te -  an d  
q u a d r u p l i c a t e - t y p e  X - c h r o m o s o m e s  b y  OHNO e t  al. ~. The  
c o m m o n  f ind ing  in  t he se  species is, however ,  t h a t  t h e  
f u n c t i o n a l  X - p a r t  a g a i n  compr i ses  a r o u n d  5% of (hA + X) 
a n d  t h a t  t he  a d d i t i o n a l  c h r o m a t i n  on  these  X ' s  is he te ro-  
c h r o m a t i c  (OHNo et  al. 1). Some  cyto logica l  p roper t i e s  of 
th is  ' s t r u c t u r a l '  or ' c o n s t i t u t i v e '  h e t e r o c h r o m a t i n  were 
clar if ied b y  SCHMID et  al. 5 a n d  SCHMID ~. 

A m o n g  the  Microtinae t h e r e  are  also t ypes  of X ' s  w i th  
r e l a t ive ly  s h o r t  s e g m e n t s  of s t r u c t u r a l  h e t e r o c h r o m a t i n  
inser ted ,  e.g. in  Microtus pennsylvanicus (SCHMID 6) t h e  
X compr i ses  7.3?/o of t h e  hap lo id  set.  

More  u n u s u a l  X ' s  h a v e  been  descr ibed  in t he  o rde r  
Artiodactyla: in t he  re indeer  (FRACCARO e t  al., pe r sona l  
c o m m u n i c a t i o n ) ,  t he  S i t u n g a  a n d  the  B l a c k b u c k  (WuR- 
STER a n d  BENIRSCHKE~). 

A v e r y  u n u s u a l  t y p e  of X,  d e v i a t i n g  in severa l  respec ts  
f rom a n y  k n o w n  X - c h r o m o s o m e ,  was  r ecen t l y  d i scovered  
b y  us in  t he  vole Arvicola scherman exitus Miller. 

Materials and methods. T h e  a n i m a l s  were t r a p p e d  in 
H e n g g a r t  a n d  in ~Vitikon, 2 c o m m u n i t i e s  in t h e  C a n t o n  of 
Zurich,  s e p a r a t e d  by  a p p r o x i m a t e l y  20 miles. K a r y o t y p e  
s tud ies  were m a d e  in cells of p r i m a r y  k i d n e y  epi the l ia l  
cul tures ,  as descr ibed  p rev ious ly  (ScFIMID6). I n  add i t ion ,  
f i b rob l a s t  cu l tu res  f rom 1 a n i m a l  of each  sex were inves t i -  
ga ted .  Labe l l ing  s tud ies  w i th  0.5 / lC/ml H ~ - T d R  were  
car r ied  o u t  4 -5  d a y s  a f t e r  s e t t i n g  up  t he  k i d n e y  cu l tures .  
T h e  i so tope  was a d d e d  51/~ h before  t e r m i n a t i o n .  T h e  
a u t o r a d i o g r a p h i c  t e c h n i q u e  was  t h e  s ame  as desc r ibed  
p rev ious ly  (ScHMIDe'S). 

Results. The  k a r y o t y p e  was s tud ied  in 2 male  a n d  6 
female  animals .  The  diploid  n u m b e r  2n = 36 is in agree-  
m e n t  w i t h  t he  f indings  of MATTHEY and  RENAUD ~. 

F igu re  1 shows a comple t e  k a r y o t y p e  of a female.  T he  
sex c h r o m o s o m e s  of the  male  are  s h o w n  in F igure  2. 
C h r o m o s o m e  pa i r s  8-15, the  X an d  t h e  Y are  m o r p h o -  
logical ly  ident i f iab le .  T h e  Y - c h r o m o s o m e  is u n u s u a l l y  
long  for  a m a m m a l ,  a l m o s t  ~/3 as tong as t h e  X .  On  t h e  
a u t o r a d i o g r a p h s  i t  is l a te  r ep l i ca t ing  a long  i ts  e n t i r e  
l e n g t h  (Figure  2). T h e  re la t ive  l eng th  of t h e  X - c h r o m o -  
some, d e t e r m i n e d  f rom 5 ka ryo types ,  is 6 .80% of 
(hA + X). 

A u t o r a d i o g r a p h s  were m a d e  on  2 males  an d  4 females  
(1 male  a n d  2 females  f rom each  locali ty) .  T h e  labe l l ing  
p a t t e r n s  descr ibed  below were essent ia l ly  ident ica l ,  irre- 
spec t ive  of t h e  geograph ica l  origin.  

T h e  isocyclic X in t h e  ma le  a n d  t h e  female  shows t h e  
s a m e  rep l i ca t ion  p a t t e r n :  t h e r e  is a la te  rep l i ca t ing  seg- 
m e n t  in t h e  p r o x i m a l  t h i r d  of t h e  long a r m  (Figures  1 
a n d  2). T h e  al locyclic X exh ib i t s  a m o s t  u n u s u a l  repl ica-  
t ion  p a t t e r n :  i t  has  t h e  same  la te  r ep l i ca t ing  s e g m e n t  in 
t h e  p r o x i m a l  t h i r d  of t h e  long a rm.  In  add i t ion ,  the  en t i r e  
s h o r t  a r m  a n d  t h e  d i s ta l  t h i r d  of the  long a r m  are  la te  
rep l ica t ing .  T h e  i n t e r m e d i a t e  t h i r d  of t h e  long a r m  is, 
however ,  n o t  l a t e  r ep l i ca t ing  (Figures  1 a n d  2). T h e  au to -  
somes  show a m o d e r a t e  a m o u n t  of r e l a t ive ly  sho r t  la te -  
r ep l i ca t i ng  s egmen t s  (F igure  1). 

Conclusions and discussion. T h e  X - c h r o m o s o m e  of A. 
scherman exitus is, w i th  6.800/0 of (nA + X), n e i t h e r  a 
' n o r m a l - t y p e '  X nor  a ' d u p l i c a t e - t y p e '  X,  for t h e  l a t t e r  i t  
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Fig. 1. Karyotype of a female A. scherman exitus; (a) the unlabelled chromosomes, (b) autoradiograph of the same metaphase. Chromo- 
some pairs 8-15 and the X's are identifiable by morphology. The autoradiograph obtained by continuous labelling with Iia-TdR to- 
wards the end of the S-period shows only few and short late-replicating segments in the antosomes and a characteristic pattern in the 
2 X-chromosomes (see text). The asynchrony between the 2 structurally heterochromatic segments is, in this particular cell, very outspoken. 
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Fig. 2. Autoradiographs and control pictures of the 2 X-chromosomes 
from another female cell and the X- and Y-chromosomes from a 
male cell. Note the unlabelled segment in the allocyclic X and the 
division of the faeultative heterochromatin into the short arm and 
the distal third of the long arm. 

is too  shor t .  (Recen t ly  m e a s u r e m e n t s  on  15 female  h u m a n  
k a r y o t y p e s  of t h e  same  i n d i v i d u a l  were  ca r r ied  ou t  in  
th i s  l a b o r a t o r y  a n d  t h e  X ,  w h i c h  in m a n  is cons idered  of 
t he  ' n o r m a l '  type ,  t u r n e d  ou t  to  compr i se  4 . 6 6 ~  of 
(hA + x).) 

B o t h  t h e  isocyclic a n d  t h e  al locycl ic  X of 21. scherman 
are  f i t t ed  w i t h  a l a t e - r ep l i ca t i ng  s e g m e n t  w h i c h  we call  
s t r u c t u r a l  or  c o n s t i t u t i v e  h e t e r o c h r o m a t i n  (SCHMID*). 
T h e r e  is a d i s t i nc t  t e n d e n c y  for  th i s  h e t e r o c h r o m a t i c  
s e g m e n t  to  show a s y n c h r o n y ,  w i t h  t h e  s e g m e n t  loca ted  
on  t h e  al locycl ic  X t e r m i n a t i n g  rep l i ca t ion  c o n s i s t e n t l y  
ear l ier  t h a n  i t s  homologous  s e g m e n t  (Figure  1). T h e  func-  

t i o n a l  X - p a r t ,  as ev idenced  b y  t h e  r ep l i ca t ion  t i m i n g  of 
i ts  al locycl ic  m e m b e r ,  is d iv ided  up  i n t o  2 reg iona l ly  
s e p a r a t e d  p a r t s :  t h e  s h o r t  a r m  a n d  t h e  d i s t a l  t h i r d  of t h e  
long  a rm.  I n  t h e  isoeyclic X,  i t  was  n o t e d  t h a t  t h e  func-  
t iona l  X - p a r t  loca ted  in  t h e  s h o r t  a r m  comple t e s  repl ica-  
t ion  ear l ie r  t h a n  t h e  p a r t  a t  t h e  en d  of t h e  long  a rm.  Th i s  
t i m i n g  di f ference was n o t  obse rved  in t h e  al locycl ic  s t a te .  

T h e  m o s t  u n u s u a l  fea ture ,  however ,  is t h e  p resence  of 
a n o t - l a t e - r ep l i c a t i n g  s e g m e n t  in  all  X ' s  i nc lud ing  t h e  
al locycl ic  m e m b e r .  I f  t h i s  s e g m e n t  were  gene t i ca l ly  ac t ive ,  
t h e n  t h e  dosage  c o m p e n s a t i o n  m e c h a n i s m  b e t w e e n  t h e  2 
sexes would  be  d i s tu rbed ,  s ince t h e  female  receives  2 doses 
a n d  t h e  ma le  on ly  1. Such  a s i t u a t i o n  would  be  h i g h l y  
u n u s u a l  in  a m a m m a l ,  b u t  s ince th i s  is a p p a r e n t l y  t h e  
rule  in  b i rds  t h e  sheer  t h o u g h t  of i t  shou ld  n o t  b e  too  
shock ing  for  a biologist .  

To p ro d u ce  gene t ic  p roof  for  such  a suspic ion  would,  
however ,  be  a f o r m i d a b l e  t ask .  P e r h a p s  t h e r e  are  s imple r  
e x p l a n a t i o n s  for th i s  u n u s u a l  f inding.  Some  ' n o r m a l - t y p e '  
m e t a c e n t r i c  m a m m a l i a n  X - c h r o m o s o m e s ,  l ike t h e  one  of 
m a n ,  e x h i b i t  in  t h e  al locycl ic  s t a t e  a r e l a t ive ly  ear ly-  
r ep l i ca t i ng  reg ion  a r o u n d  t h e  c e n t r o m e r e  (e.g. SCHMIDI°, 
GIANNELLIll). B y  a s t r u c t u r a l  r e a r r a n g e m e n t  t h i s  seg- 
m e n t  in A.  scherman exitus m i g h t  h a v e  b e e n  sh i f t ed  to  t he  
c e n t r e  of t h e  long  a rm.  I f  th i s  were  so, we would,  however ,  
be  b a c k  to  t h e  p r o b l e m  of i n c o m p l e t e  dosage  c o m p e n s a -  
t ion  in t h e  2 sexes;  t h i s  t i m e  in m a n .  

A n o t h e r  f ind ing  is u n u s u a l  for m a m m a l s  a lso;  n a m e l y  
t h a t  t h e  male,  due  to  i ts  long  Y-ch romosome ,  possesses  
more  s t r u c t u r a l  h e t e r o c h r o m a t i n  t h a n  t h e  female .  I n  t h e  
w e l l - k n o w n  e x a m p l e s  of d u p l i c a t e - t y p e  a n d  t r ip l i ca te -  
t y p e  X s i tua t ions ,  t h e  Y - c h r o m o s o m e s  show a c o m p e n s a -  
t o r y  l e n g t h  increase,  so t h a t  b o t h  sexes possess  a b o u t  t h e  
s ame  a m o u n t  of gonosoma l  s t r u c t u r a l  h e t e r o c h r o m a t i n  
( S c H M I D 6 ) .  

10 W. SCHMID, Cytogenetics 2, 175 (1963). 
11 F. GIAI~NELLI, Lancet l, 863 (1963). 
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The  vole A .  scherman exitus,  2n = 36 is charac te r i zed  
by" a m o s t  unusua l  sex c h r o m o s o m e  s i tua t ion  as was  
d e t e r m i n e d  b y  au to rad iograph ic  s tudies .  

The  X compr ises  6.80% of (nA + X)  ; i t  is of a complex  
compos i t e  type .  The  func t iona l  p a r t  is d iv ided  in to  2 
regional ly  d iv ided  sections,  t he  shor t  a rm and  t h e  d is ta l  
t h i r d  of t he  long arm.  The  p rox imal  th i rd  of t he  long a r m  
is a p p a r e n t l y  s t ruc tu ra l ly  he te rochromat ic ,  t he  in ter-  
m e d i a t e  t h i r d  is no t  la te  repl icat ing,  it  m a y  be a euchro-  
mat ic  segment ,  r emain ing  so in t he  allocyclic X as well. 

The  Y-ch romosome  is unusua l ly  long (z/n of the  X) ,  
and  comple te ly  s t ruc tu ra l ly  he t e rochromat i c .  Thus,  t he  
male  possesses  more  s t ruc tu ra l  h e t e r o c h r o m a t i n  t h a n  the  
female  sex 12. 

scherman exi tus  (2n = 36) eine ungew6hnl iche  Geschlechts -  
c h r o m o s o m e n s i t u a t i o n  auf, Das  X - C h r o m o s o m  miss t  
6,8% yon  (nA + X) .  Sein funkt ione l le r  Ante i l  ist  zweige- 
teil t ,  d a n e b e n  verf i ig t  es fiber e inen  s t ruk tu re l l  he te ro-  
c h r o ma t i s c h e n  und  einen s te t s  e u c h r o ma t i s c h  b te ibenden  
Anteil ,  Das  Y ist  fiir ein S/iugetier aussergew6hnl ich  gross 
(~/a des X).  

W. SCHMID and  M. F.  LEPPERT 

Genetics Laboratory, Depar tment  o/ Pediatrics  
o[ the Universi ty ,  8032 Zi ir ich (Switzerland),  
13 December 1967. 

Zusammen fas sung .  Autorad iograph i sche  U n t e r s u c h u n -  ~ This investigation was in part supported by the Swiss National 
gen mi t  H3-Thymidin  deck ten  bei der  Wf ih lmaus  A. Foundation and for M.F.L. by the 'Roche'-Studien-Stiftung. 

S t u d i e s  o n  rn R e g i o n  of T 2 - P h a g e  

Considerable  effor ts  have  been  m a d e  over  t he  las t  
decade  and  a half  to  ana lyse  more  incisively the  s t ruc tu re  
and  func t ion  of t he  gene. Many  repor t s l -~  have  appeared  
a b o u t  t he  divis ibi l i ty  of t he  gene and  its subun i t  s t ruc-  
ture,  t hus  demol ish ing  the  concep t  of the  gene be ing  the  
u l t ima te  uni t  of hered i ty .  

By  select ing a su i t ab ly  marked  microorganism as an 
expe r imen ta l  tool in t he  s t u d y  of r ecombina t ion ,  one can 
subd iv ide  the  gene a lmos t  d o w n  to  a single nucleot ide  
pai r  s-4. Whi le  s t u d y i n g  the  in te rna l  s t ruc tu re  of the  gene, 
BENZER was able  to e luc ida te  t he  uni t  of funct ion  of the  
r l i  region of the  T 4 phage  and  has  shown  t h a t  r H m u t a n t s  
of th is  phage  fail in to  2 groups  r i i  A and  rl i  B n-*. 

We  r epor t  here  a s imilar  genet ic  analys is  using m u t a n t s  
falling in  t he  r n region of T2 L (LuRIA, 1945) phage  in 
o rde r  to d e t e r m i n e  to  w h a t  e x t e n t  t he  f indings  concern ing  
func t iona l  un i t  w i th in  t he  r l i  region of T 4 phage  could be 
general ized to  t he  ~vii region of T~ phage.  

The  s t ra ins  used were  E. coli B, E .  coti KlzS and  E. coli 
K1, ($) and  bac t e r i ophage  T 2 L (wild type)  which  were  
o b t a i n e d  f rom the  Microbial  Genet ics  Resea rch  Unit ,  
H a m m e r s m i t h  Hospi ta l ,  L o n d o n  W. 12. 

The  d i f fe ren t  cu l tures  of E.  coil were m a i n t a i n e d  on 
n u t r i e n t  agar  s lan ts ;  phage  s tocks  were  ma in t a ined  in 
3/9 m e d i u m  7 and  s to red  a t  4°C. Chloroform was  added  
to  ac t  as a p reserva t ive .  

T 2 L phages  were  used for t he  isolat ion of 'r' m u t a n t s  
a n d  E.  coti B as a hos t  bac te r ium.  5-Bromouraci l  and  
acr id ine  orange  were  used as mutagens .  

M u t a n t s  in t he  'r' region were isolated by  the  m e t h o d  
Of LITMAN and  PARDEE 7. 5-Bromouraci l  (50 #g/ml)  and  
acr id ine  orange  (4 #g/ml) were used for t he  isolat ion of 
mutan tsS .  The  pe rcen tage  of mutagenes i s  was ca lcula ted  
unde r  s t a n d a r d  condi t ions  for b o t h  the  cases. E a c h  mu-  
t a n t  was isolated f rom a sepa ra te  p laque  and  freed f rom 
c o n t a m i n a t i n g  wild t y p e  par t ic les  by  replat ing.  The 
isolated 'r' m u t a n t s  were fu r the r  d i f fe ren t i a ted  according  
to  BENZER'S scheme  9. Some of t he  r l i  m u t a n t s  had  a 
t e n d e n c y  to  r eve r t  spon t aneous ly  to  wild type,  so only  
s tab le  h+r m u t a n t s  10 were selected for fu r the r  s tudy.  

All T 2 r l i  m u t a n t s  were t e s t ed  in possible pairs for the  
c is t rons  t e s t  as descr ibed  in the  case of T 4 phage  9. The 
r ecombina t i on  t es t  was  carr ied ou t  by  the  m e t h o d  of 

}IERSHEY" and  ROTMAN I1 by  infec t ing  a cul ture  of E. coli B 
with  equal  mul t ip l ic i t ies  of each t y p e  and incuba t ing  a t  
37 °C for 90 rain. R e c o m b i n a n t s  were d e t e c t e d  on E. coli 
KI~ (~). 

The resul ts  in Table  I show t h a t  acr idine orange  (AO) 
acts  as a b e t t e r  mu tagen ic  agen t  t h a n  5-bromouraci l  
(5-BU). The nmtagen ic  ac t iv i ty  of AO being 1 1/2 t imes  
t h a t  of 5-BU. 

Table I. Mutagenic effect of 5-bromouracit and acridine orange 

Mutagens Plaque counts obtained % Mutagenesis 

wild mutants 

5-Bromouracil 148 190 56 
109 106 50 

Acridine orange 51 149 74 
49 200 79 

E. coil B grown in supplemented M 9 medium to 108 cells/ml. 10 s 
particles of 7"~ L phage were added to it and aerated for 120 rain. 
Mutants were isolated on B + B/2L mixed indicator bacteria (2:1). 
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