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A Poss ib le  Dupl icat ion in the X C h r o m o s o m e  of 

The  hypo thes i s  of GALTON 1 on  t he  or ig in  of t he  sex 
ch romosomes  of m a m m a l s  suggests  t h a t  a n  u n b a l a n c e d  
t r ans loca t i on  occur red  be tween  t h e  homologous  m e m b e r s  
of a n  a u t o s o m a l  pair ,  to  p roduce  2 c h r o m o s o m e s  of 
u n e q u a l  size, t he  X and  t h e  Y. On th i s  basis,  we pro-  
posed~, 3 t h a t  t h e  m a m m a l i a n  X c h r o m o s o m e  should  
con t a in  a dup l i ca t ion  a n d  unde rgo  i n t e r n a l  pa i r ing  an d  
crossing over  d u r i n g  ma le  meiosis  I. 

E v i d e n c e  s u p p o r t i n g  our  h y p o t h e s i s  has  b e e n  r epo r t ed  
b y  us in 8 p r i m a t e  species ~, 3 inc lud ing  t h e  t a r s i e r  (Tarsius 
syrichta), t h e  dwarf  galgo (Galago demidovii), t h e  squi r re l  

Man 

I n  m a n  (Homo sapiens), t h e  resu l t s  are s imi la r  to  those  
in  o the r  species (Figure).  D u r i n g  ear ly  p rophase  I, t he  
h e t e r o c h r o m a t i c  X c h r o m o s o m e  b e n d s  a t  t h e  midd le  a n d  
exchanges  can  be  obse rved  w i t h i n  it. These  exchanges  
a p p e a r  in l ep to tene ,  before  c h i a s m a t a  are vis ible  in  a n y  
of t h e  a u t o s o m a l  b iva len ts ,  an d  t e r m i n a t e  b y  la te  
p a c h y t e n e  or  ear ly  diplotene~ Thus ,  t h e  t e r m i n a l i z a t i o n  
a s y n c h r o n y  r epo r t ed  in  o t h e r  p r i m a t e s  ~, 3 also occurs  in  
man .  As in Other p r i m a t e  genera  w i t h  s u b m e t a c e n t r i c  X 
chromosomes ,  the  m o r p h o l o g y  of t h e  X c h r o m o s o m e  of 
m a n  du r ing  p r o p h a s e  .I suggests  t h a t  t h e  dup l i ca t ed  
segmen t s  are p laced  in d i f fe ren t  a r m s  of the  X.  

As we h a v e  ind ica t ed  before  a, n o r m a l  meiot ic  p r o d u c t s  
of i n t e rna l  pa i r ing  a n d  crossing over  w i t h i n  t h e  X chromo-  
some should  be  expec ted  u n d e r  t h e  fol lowing cond i t ions :  
(1) if t h e  dup l i ca ted  segmen t s  are p laced  in d i f fe ren t  a rms  
of t h e  chromosome,  t h e y  shoutd  be  i n v e r t e d  re la t ive  to 
each  o the r  a n d  t e r m i n a l ;  (2) if t h e y  are p laced  in t he  
same  a r m  - as would  be  expec ted  in species w i t h  acro- 
cen t r ic  X ' s  - t h e y  should  be  i n v e r t e d  r e l a t ive  to  each  
o t h e r  an d  ad jacen t ,  w h e t h e r  t e r m i n a l  or  n o t  4. 

Rdsumd. L a  morpholog ie  du  c h r o m o s o m e  X h u m a i n  
p e n d a n t  la p r o p h a s e  I - c o m p a r a b l e  ~ celle qu i  a ~t6 
d6cri te  pou r  8 espgces de p r i m a t e s  - sugg~re l ' ex i s tence  
d ' u n  <,crossing over~> dans  le c h r o m o s o m e  X de l ' homme ,  
du  ~ u n  d 6 d o u b l e m e n t  possible  de ce chromosome,  
r 6 s u l t a n t  du  t r ans fe r  d ' u n  a u t o s o m e  sur  son homologue.  
Ce se ra i t  l 'o r ig ine  des ch ro mo s o mes  sexuels de t y p e  X - Y  
dans  les mammif~res .  

J.  EGOZCU~ an d  D. G. NOVERGES 

Department o/ Cytogenetics, 
Inslituto de Investigaciones Citoldgicas 
de la Ca]a de Ahorros y M. P. de Valencia, 
Valencia d, and Department o/ UrOlogy, 
Facultad de Medicina, 
Valencia (Spain), 25 J~ne 7959 

Early prophase I in male meiosis of man. The X chromosome is clearly identifiable, bends at the middle, and exchanges can be 
observed within it (arrows). 

m o n k e y  (Saimiri boliviensis), t h e  rhesus  m a c a q u e  
(Maraca mulatta), t h e  j apanese  m a c a q u e  (Macaea [useata), 
t h e  p ig ta i l  m a c a q u e  (Macaca nemestricea), t h e  s t u m p t a i l  
m a c a q u e  (Macaca speciosa) a n d  t he  Celebes ape  (Macaca 
(Cynopithecus) niger). 
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