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l n f o r m a t i o n s  - I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

C O G I T A T I O N E S  

T h e  I n t e r p r e t a t i o n  o f  G e n e t i c a l  D a t a  

Six  a s s u m p t i o n s  a re  c o m m o n l y  m a d e  in t h e  ca lcu la -  
t i on  of l i nkage  r e l a t i o n s :  (a) T h a t  t h e  gene  is s t a b l e  in  
t h e  h e t e r o z y g o u s  c o n d i t i o n .  (b) T h a t  c r o s s i n g - o v e r  in  t h e  
4 - s t r a n d  s t age  is a t  r a n d o m  ( c h r o m a t i d  i n t e r f e r e n c e  does  
n o t  occu r  a n d  t h e  f r e q u e n c y  of 2- : 3- : 4 - s t r a n d  d o u b l e  
e x c h a n g e s  is 1 : 2 : 1). (c) T h a t  a low f r e q u e n c y  of r e c o m b i -  
n a t i o n  i n d i c a t e s  a low f r e q u e n c y  of c ros s ing -ove r .  (d) 
T h a t  p o s i t i v e  c h r o m o s o m a l  i n t e r f e r e n c e  occurs  (one 
c ross -over  i n h i b i t s  c ro s s ing -ove r  in a n  a d j a c e n t  r eg ion  
of t h e  s a m e  c h r o m o s o m e ) .  (e) T h a t  t h e  c e n t r o m e r e s  
s e g r e g a t e  a t  r a n d o m .  (f) T h a t  c r o s s i n g - o v e r  on  one  chro-  
m o s o m e  is i n d e p e n d e n t  of c r o s s i n g - o v e r  on  a n y  o t h e r  
c h r o m o s o m e .  I t  is t h e  p u r p o s e  of t h i s  c o m m u n i c a t i o n  t o  
p o i n t  o u t  t h a t  t h e s e  a s s u m p t i o n s  u s u a l l y  a re  m a d e  im-  
p l i c i t ly  r a t h e r  t h a n  expl ic i t ly ,  a n d  s ince  t h e i r  v a l i d i t y  
is in  q u e s t i o n  i t  m a y  be  a d v i s a b l e  (un t i l  t h e  p r e s e n t  con-  
fus ion  ha s  b e e n  clar i f ied)  to  s t a t e  exp l i c i t l y  t h e  a s s u m p -  
t i o n s  w h i c h  a re  m a d e  in a n y  g i v e n  ca l cu l a t i on .  

T h e  a s s u m p t i o n  (a) t h a t  t h e  gene  is s t a b l e  is c o n t r a -  
d i c t e d  b y  t h e  w o r k  of IANDEGREN 1 a n d  o t h e r s  -~ w ho  h a v e  
r e p o r t e d  n u m e r o u s  i n s t a n c e s  in  w h i c h  genes  in  t h e  
h e t e r o z y g o u s  c o n d i t i o n  u n d e r g o  ' c o n v e r s i o n ' .  LINDE- 
GREN a n d  LINDEGREN 3 h a v e  r e c e n t l y  s h o w n  t h a t  t h i s  m a y  
m a y  be  due  to  t h e  i r r e g u l a r  d i s t r i b u t i o n  of t h e  n u t r i l i t e s  
r e q u i r e d  to c o n s t r u c t  nuc le ic  acids .  T h e  a n a t y s i s  b y  LI NDE- 
CREN a n d  LINDEOREN * of c h r o m a t i d  a n d  c h r o m o s o m a l  
i n t e r f e r e n c e  in N e u r o s p o r a  r e v e a l e d  t h a t  c h r o m a t i d  i n t e r -  
fe rence  ( d e v i a t i o n  f rom 1 : 2 : 1 r a t i o  of 2-: 3- : 4 - s t r a n d  
d o u b l e  exchanges )  occurs ,  i n v a l i d a t i n g  a s s u m p t i o n  (b). 
T h e  m o s t  f r e q u e n t  t y p e  of d o u b l e  e x c h a n g e  was t h e  
2 - s t r a n d  doub le ,  m a k i n g  t he  r e l a t i o n  b e t w e e n  t h e  fre-  
q u e n c y  of r e c o m b i n a t i o n  a n d  c r o s s i n g - o v e r  o b s c u r e  
s ince  a h i g h  f r e q u e n c y  of 2 - s t r a n d  d o u b l e  e x c h a n g e  
m a k e s  a low f r e q u e n c y  of r e c o m b i n a t i o n  n o t  i n c o n s i s t e n t  
w i t h  a h igh  f r e q u e n c y  of c ross ing-over ,  i n v a l i d a t i n g  as-  
s u m p t i o n  (c). T h e  h i g h  f r e q u e n c y  of m u l t i p l e  e x c h a n g e s  
f o u n d  b y  LINDEGRFN a n d  IANDEGREN i n d i c a t e s  t h a t  
c h r o m o s o m a l  i n t e r f e r e n c e  is n e g a t i v e  r a t h e r  t h a n  p o s i t i v e  
across  t h e  c e n t r o m e r e  ( s i m u l t a n e o u s  a d j a c e n t  2 - s t r a n d  
d o u b l e  e x c h a n g e s  occur  m u c h  more  f r e q u e n t l y  t h a n  
wou ld  be  expec ted ) ,  c o n t r a r y  to  a s s u m p t i o n  (d). S ince  
y e a s t  c e n t r o m e r e s  s e g r e g a t e  p r e f e r e n t i a l l y  5, i t  is im-  
p r o p e r  to  a s sume ,  as  in  (e), t h a t  t h e  c e n t r o m e r e s  a s s o r t  a t  
r a n d o m .  SCItULTZ a n d  REDFI]~LD 6 s h o w e d  t h a t  i n t e r -  
c h r o m o s o m a l  ' c o i n c i d e n c e '  m a y  d i f fe r  s i g n i f i c a n t l y  
f r o m  u n i t y  v. R e c e n t  f i nd ings  s i n d i c a t e  t h a t  i n fe rences  
i n v o l v i n g  a s s u m p t i o n s  of i n d e p e n d e n c e  of c r o s s i n g - o v e r  
b e t w e e n  d i f f e r e n t  c h r o m o s o m e s  n e e d  to  be  r e e v a l u a t e d ( f ) .  

Testing/or Signi/icance. I n  t e s t i n g  a s t a t i s t i c a l  h y p o t h -  
esis (for e x a m p l e ,  in  t e s t i n g  for  s i gn i f i c an t  d e v i a t i o n  
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f r o m  a 1 : 2 : 1  r a t i o  a m o n g  2-: 3-: a n d  4 - s t r a n d  doub le  
exchanges ) ,  two  poss ib i l i t i e s  of e r ror  are  i n v o l v e d  : (~) the  
a c c e p t a n c e  of a false h y p o t h e s i s  a n d  (fi) t he  r e j e c t i o n  of 
t h e  co r r ec t  h y p o t h e s i s ,  j u s t  as t h e  two  e r ro r s  of a m u r d e r  
t r i a l  m a y  b e  (e) h a n g i n g  a n  i n n o c e n t  m a n  or  (fl) the  
re lease  of a m u r d e r e r .  I n  t e s t i n g  for  c h r o m a t i d  in te r -  
ference,  t h e  s t a t i s t i c a l  h y p o t h e s i s  b e i n g  t e s t e d  is the  
p r o p o s i t i o n  t h a t  d o u b l e  e x c h a n g e s  a re  p r o p o r t i o n e d  ac- 
c o r d i n g  to  a 1 : 2 : 1  ra t io .  T h e  7. ~ t e s t  y ie lds  t h e  p r o b a -  
b i l i t y  P (or 1 ...... p )  t h a t  t he  a c c e p t e d  h y p o t h e s i s  is false. 
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Fig. 1.--Maps of Neurospora chromosomes over regions analyzed for 
chromatid interference (a) by LINnEOREN and LINDEGREN 4, (b) by 
HOWE la, and (c) by DAVID STADLEg 14. The maps are drawn to scale 

in centimorgans. 

D a t a  s h o w i n g  a s i g n i f i c a n t  d e v i a t i o n  f r o m  a r a n d o m  
p r o p o r t i o n  of d o u b l e  e x c h a n g e s  9 m e a n s  t h a t  i t  i s  qu i te  
l ike ly  t h a t  t h e  h y p o t h e s i s  of r a n d o m  e x c h a n g e  is false, 
on  c o n d i t i o n  t h a t  t h e  h y p o t h e s i s  was  a c c e p t e d .  O t h e r  
d i s t r i b u t i o n s  of d o u b l e  e x c h a n g e s  w h i c h  do  n o t  dev i a t e  
f r o m  a r a n d o m  p r o p o r t i o n  10 show t h a t  t he  p r o b a b i l i t y  
of a c c e p t i n g  a false h y p o t h e s i s  of r a n d o m  d o u b l e  ex- 
c h a n g e  is n o t  so h i g h  w i t h  r e g a r d  to  t h e  l a t t e r  d i s t r ibu -  
t ions .  I t  h a s  b e e n  c u s t o m a r y  to  a s s u m e  t h a t  these  da ta  
c o n s t i t u t e  a r e f u t a t i o n  of L ~ D E G R E ~  a n d  LINDEGREN'S 
c o n c l u s i o n  t h a t  d o u b l e  e x c h a n g e s  do  n o t  occu r  r a n d o m l y .  
H o w e v e r ,  t o  a c c o m p l i s h  a logicat  r e f u t a t i o n  i t  is neces- 
s a ry  to  c o m p u t e  t h e  p r o b a b i l i t y  (fl) t h a t  LI~DEGREX 
a n d  LINDEGREN h a d  r e j e c t e d  a t r u e  h y p o t h e s i s  (no t  t h a t  
t h e y  h a d  s o m e h o w  a c c e p t e d  a false h y p o t h e s i s ) .  Compu-  
t a t i o n  of fl i n v o l v e s  t h e  p r io r  k n o w l e d g e  of t h e  actual 
p r o p o r t i o n  of d o u b l e  e x c h a n g e s  in a p o p u l a t i o n  so t h a t  fl 
r e p r e s e n t s  t h e  p r o b a b i l i t y  of r e j ec t i on  of t h e  h y p o t h e s i s  
on  t h e  bas i s  of specif ic  d a t a  ( p o p u l a t i o n  sample ) .  Since 
k n o w l e d g e  of t h i s  k i n d  is n o t  a v a i l a b l e  before  sample  
d a t a  h a v e  b e e n  col lec ted,  s u c h  a c o m p u t a t i o n  c a n n o t  be 
p e r f o r m e d .  

Chromalid Inter/erence in Neurospora. LINDEGREN and 
LINDEGREN c o n c l u d e d  t h a t  loca l ly  speci f ic  p a t t e r n s  of 
c h r o m a t i d  i n t e r f e r e n c e  are  c h a r a c t e r i s t i c  for d i f fe rent  
pa i r s  of reg ions  (Fig. l a )  a n d  t h a t  a n  excess  of 2 -s t rand  
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double e x c h a n g e s  occurs  in regions  s y m m e t r i c a l l y  p laced  
across the  cen t romere .  To q u o t e  f rom the i r  p a p e r  : ' E i t h e r  
over lapping  of the  sp indles  or e q u a t i o n a l  d iv is ion (if the  
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Fig. 2. - If misassortlnent occurs 'more frequently in double exchange 
bivalents than on others', as PERKINS assumed, most 2-strand double 
exchanges in regions II and III would be undetected, since the orien- 
tation of the spores would be the same in a g-strand double which had 
misassorted as in a non-cross-over. Simultaneous second division 
segregation of the genes bounding regions II and III would occur 
only when either misassortment or g-strand double exchange oc- 
curred alone, both classes being assumed by PERKINS to be relatively 
rare in comparison with the class in which both events occurred 
concomitantly. On PERKINS' assumption the observed number of 
simultaneous second division segregations of genes in regions II and 
III (which were interpreted by LINDEGREN and LINDEGREN as 2- 
strand double exchanges in regions II and III) are usually either 
misassortments or 2-strand double exchanges and most of the 2- 
strand doubles are concealed by nfisassortment, lie was obviously 
unaware of this consequence of his hypothesis since it greatly in- 
creases the frequency of 2-strand doubles in regions II and III over 
the observed ratio of 20 : 3 : 1 of 2- : 3- : 4-strand double exchanges arid 
it was this deviation from randomness that he was really trying to 

reduce. 

cen t romere  a t  t h e  f i rs t  meio t ic  d iv i s ion  would  p r o d u c e  
an a r r a n g e m e n t  of spores  in t h e  ascus  i n t e r p r e t e d  as a 
2-s t rand doub le  e x c h a n g e  in  regions  I I  a n d  I I I .  There -  
fore, th i s  p a r t i c u l a r  t y p e  of e x c h a n g e  has  a l t e r n a t i v e  
i n t e rp re t a t i ons .  I f  t h e  asci  were  reclass i f ied and the  
a r r a n g e m e n t s  i n t e r p r e t e d  as 2 - s t r and  doub le  e x c h a n g e s  
in regions I I  a n d  I I I  were  reinterpreted as o v e r l a p p i n g  of 
the s p i n d l e s . . .  4 of t h e  13 cases  of o v e r l a p p i n g  or  equa-  
t ional  s e p a r a t i o n  of t h e  c e n t r o m e r e  a t  m e t a p h a s e  I occur  
among  t h e  28 doub le  e x c h a n g e  asci. This  is an  e x t r e m e l y  
improbab le  d i s t r i b u t i o n  as t h e  :g2 t e s t  shows ,  a n d  we 
may  conc lude  t h a t  e i t he r  t he  b e f o r e - m e n t i o n e d  a r r ange -  
ments  are  no t  due  to  o v e r l a p p i n g  or e q u a t i o n a l  sepa ra -  
tion of t he  c e n t r o m e r e  a t  m e t a p h a s e  I, or  we  are  forced 
to t ake  the  h i g h l y  i m p r o b a b l e  v iew t h a t  o v e r l a p p i n g  or 
equa t iona l  c e n t r o m e r e  s e p a r a t i o n  usua l ly  occurs  coinci-  
den ta l ly  w i t h  a doub le  e x c h a n g e  in reg ions  I a n d  I V . . .  
There is no a pr ior i  r ea son  w h y  e q u a t i o n a l  d iv is ion of t he  
cen t romere  a t  m e t a p h a s e  I or  sp ind le  o v e r l a p p i n g  shou ld  

occur  co inc iden ta l ly  wi th  cross ing-over .  In  fact ,  i t  is a 
r easonab le  a s s u m p t i o n  t h a t  m i s a s s o r t m e n t  occurs  
i n d e p e n d e n t l y  of c ross ing-over . '  PERKINS 11 chose one 
of t he  a l t e rna t i ve s ,  s t a t i n g  t h a t  'misassor tment  mus t  be 
assumed  to occur more [requent ly  in  double-exchange bi- 
valents than  in o thers . . ,  in o rde r  to  a c c o u n t  for o b s e r v e d  
f requenc ies  of a p p a r e n t  q u a d r u p l e s . '  The  consequences  
of th is  a s s u m p t i o n  are  s h o w n  in F igure  2. A doub le  
e x c h a n g e  occur r ing  in reg ions  I I  and  I t I  co inc iden ta l  
w i th  m i s a s s o r t m e n t  would  be an a p p a r e n t  non-cross-  
o v e r  t e t r a d  a l t h o u g h  c ross ing-over  had  a c t u a l l y  occur-  
red.  PERKINS failed to  cons ide r  t hese  in his reca lcula t ion .  
He  did no t  real ize t h a t  a l t h o u g h  his a s s u m p t i o n  reduces  
the  n u m b e r  of ca l cu la t ed  q u a d r u p l e  e x c h a n g e s  i t  in- 
creases  t he  n u m b e r  of 2 - s t rand  double  exchanges  in 
regions  II  and  I I I  a b o v e  the  ra t io  of 20 : 3 : 1 of 2- : 3-: 4- 
s t r a n d  doub le  exchanges .  We  h a v e  chosen  to  a s s u me  t h a t  
rnisassortment,  i / i t  occurs at all, is independent  o /cross ing-  
over. 

The  excess  of 2 - s t rand  doub le  e x c h a n g e s  found  by  
LINOEaREN and  LINDEGREN b e t w e e n  regions  I and  IV 
are i n d e p e n d e n t  of i n t e r p r e t a t i o n s  i nvo lv ing  misassor t -  
m e n t  of t he  c e n t r o m e r e  s ince two  m a r k e r s  a d j a c e n t  to  
the  c e n t r o m e r e  def ine  the  e v e n t s  occu r r ing  in regions  II  
and  I I I  i r r e spec t ive  of m i s a s s o r t m e n t  of t h e  c e n t r o m e -  
res. The  ra t io  of 2- : 3- : 4 - s t r a n d  d o u b l e e x c h a n g e s  b e t w e e n  
regions  I and  IV  was  15 : 7 : 6. In  t h e  d i scuss ion  fol lowing 
Dr.  PERKINS' p a p e r  xi, Dr.  ][ANDEGREN p o i n t e d  ou t  t h a t  
'S ince  t h e  p va lues  (by if'-') for  reg ions  I - I V  and  I I - I V ,  
based  on PERKINS' r eca lcu la ted  da ta ,  a re  0.025 and  
0.0001, r espec t ive ly ,  t he  ev idence  for c h r o m a t i d  in ter -  
fe rence  is as pos i t ive  on t h e  h y p o t h e s i s  of m i s a s s o r t m e n t  
of t he  c e n t r o m c r e  as on the  h y p o t h e s i s  t h a t  the  cen t ro -  
mere  segrega tes  regu la r ly  a t  meiosis  I . '  PERKINS ad-  
m i t t e d ,  ' I t  is t r u e  t h a t  t w o  or t h r e e  d e v i a t i o n s '  ( from a 
t o t a l  of six !) ' t h a t  ind ica te  c h r o m a t i d  in t e r fe rence  still  
r e m a i n . . . '  (af ter  r e c o m p u t a t i o n  of t he  d a t a  on t h e  h y p o -  
thes i s  of m i s a s s o r t m e n t  of t he  cen t romeres ) ,  t h u s  
e s t ab l i sh ing  the  n o n r a n d o m n e s s  of the  e v e n t s  occur r ing  
b e t w e e n  reg ions  I - I V  a n d  I I - I V  by  his own ca lcu la t ions .  

PERKINS' a s s u m p t i o n  of a 1 per  cen t  f r e q u e n c y  of 
m i s a s s o r t m e n t  is in conf l ic t  wi th  t he  ava i l ab le  cy to -  
logical da ta .  1)ODGE le in an ex t ens ive  cy to logica l  in- 
ves t iga t ion  of N.  s i tophi la,  did  no t  f ind a n y  o v e r l a p p i n g  
sp indles  and  n o t e d  a pa r t i t i on  of vacuoles  in t he  cy to -  
p l a sm of t he  ascus a t  t he  fou r -nuc lea t e  s t age  e f fec t ive ly  
s e p a r a t i n g  the  nuclei  a n d  p r e v e n t i n g  c h a n g e  of pos i t ion .  
LI~DEGREN (unpubl i shed)  had  a s imi lar  expe r i ence  w i t h  
N.  crassa. In  N.  letrasperma,  DODGE h a d  desc r ibed  the  
o v e r l a p p i n g  of t he  sp ind les  (which is easy  to  i d e n t i f y  
because  the  cen t r a l  bodies  r e ma i n  a t t a c h e d  to  t h e  nucle i  
a f t e r  te lophase)  to  occur  regu la r ly  in e v e r y  ascus.  The  
a t t a c h e d  cen t ra l  b o d y  makes  i t  poss ib le  to  d i s t i ngu i sh  
the  o r i e n t a t i o n  of t he  sp indles  even  a f t e r  t he  sp ind les  
t h e m s e l v e s  h a v e  d i s a p p e a r e d .  

LINDEGREN a n d  LINDEGREN (Table I) showed  t h a t  
t he  d i s t r i b u t i o n  of 2 - : 3 - : 4 - s t r a n d  doub le  e x c h a n g e s  for 
reg ions  I - I V ,  I I - I V  and  t l i  IV each  differ  s ign i f i can t ly  
f rom a 1 :2 :1  ra t io  a n d  f rom each  o ther ,  I f  PERKIN'S 
co r r ec t ion  were  va l id  a n d  were  app l i ed  (see above)  t he  
ra t io  of 2 0 : 3 : 1  in reg ions  I I - I I I  would  d iverge  even  
more  f rom 1 : 2 : 1 ra t io .  These  d a t a  p rove  t h a t  c h r o m a t i d  
i n t e r f e r ence  is locally specif ic  for  a n y  given pa i r  of 
regions  a n d  t h a t  i t  is no t  p e r m i s s a b l e  to  l ump  d a t a  f rom 
d i f f e r en t  pa i r s  of regions.  In  sp i t e  of this,  HOWE x8 has  

11 D. D. PERKINS, Symposium o I Genetic Recombination (Oak 
Ridge, Tenn., April 1954), p. 119. 

1~ B. O. DODGE, J. agr. Res. 35, 289 (1927). 
la H. B. HowE, Jr., Abs., Records of the Genetics Society of 

America (1954), p. 45. 

Expor. 4 
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Table /.--LINDEGREN and LINDEGREN'S Data. 

[ExI'ERIENTIA VOL. XlII/1] 

2-strand 
3-strand 
4-strand 
2- or 4-strand 
2- or 3- or 4-strand 
2-:3-:4-.  

I and II I and III I and IV II and III II and IV I III and IV 

1:2:3 2:4:1 

15 
7 
6 

1 
15:7:6 

20 
3 
1 

20:3:1 0:0:5 0:8:5 

l u m p e d  d a t a  i nvo lv ing  t h r e e  pa i r s  of reg ions  on t h e  s a m e  
c h r o m o s o m e  s t u d i e d  b y  LINDEGREN a n d  LINDEGREN 
(Fig. lb)  a n d  p r e s e n t e d  t h e  s u m m a t i o n  of t hese  d a t a  
(Table i I )  as ev idence  for  r a n d o m  d i s t r i b u t i o n  of 2- : 3- : 4- 
s t r a n d  doub le  exchanges .  He  a r b i t r a r i l y  " c o r r e c t e d "  t h e  
d a t a  on t h e  a s s u m p t i o n  t h a t  c ros s ing -ove r  on a g iven  
c h r o m o s o m e  is i n d e p e n d e n t  of c ross ing-over  on a n y  o t h e r  
c h r o m o s o m e .  The  d a t a  f rom his reg ions  I - I I  a n d  I I - I I I  
are  n o t  s igni f icant ,  a n d  s ince  i t  is n o t  p e r m i s s a b l e  t o  
l u m p  da ta ,  on ly  t h e  3 : 8:1 d i s t r i b u t i o n  for  reg ion  I - I I I  
m a y  be cons idered .  There  seems  to  be no p o i n t  in pub l i ca -  
t ion  of th i s  i n f o r m a t i o n  since t h e  conc lus ion  is u n s u p -  
p o r t e d  by  t h e  da ta .  This  c r i t i c i sm d i s rega rds  b o t h  t h e  
v a l i d i t y  of h is  a r g u m e n t s  for  " c o r r e c t i n g "  his  d a t a  a n d  
t h e  obvious  dif f icul t ies  he e n c o u n t e r e d  in  d issec t ion .  He  
records  55 cases  of t r a n s l o c a t e d  spores .  Cons ide r ing  t h e  
f ac t  t h a t  m o s t  t r a n s p o s i t i o n s  are  u n d e t e c t a b l e  in  n o n  
e x c h a n g e  t e t r a d s  t hese  errors  were  a c c u m u l a t e d  in a b o u t  
300 t e t r ads .  Th i s  can  on ly  m e a n  e i the r  (a) t h a t  his  
t e c h n i q u e  was  n o t  a d e q u a t e  or (b) t h a t  t h e  spores  were  
m u c h  smal le r  t h a n  the  ascus,  s ince gross  a b e r r a t i o n s  of 
th i s  k ind  were  neve r  e n c o u n t e r e d  b y  LINDE~RE~ a n d  
LINDEGREN. 

2-strand 
3-strand 
4-strand 

Table II . - -Howx'sData.  Regions 

I-n I i-In II-III 

Randomization o/ Nonrandom Data. DAVID STADLER14 
a n a l y z e d  the  e f fec ts  of s eg rega t ion  of t w o  spore  m a r -  
kers  loca ted ,  r e spec t ive ly ,  16.7 a n d  16.6 un i t s  on o p p o s i t e  
sides of t h e  s ame  c e n t r o m e r e  (Fig. lc).  E v e n  if his  d a t a  
i n v o l v e d  t h e  c h r o m o s o m e  s tud i ed  b y  LINDEGREN a n d  
LINDEGREN, STADLER'S m a r k e r s  are  so far  f r o m  t h e  
c e n t r o m e r e  t h a t  t h e  e f fec ts  of c ross ing-over  would  be  
r a n d o m i z e d  over  t h e  reg ions  desc r ibed  b y  h im,  concea l -  
ing  t h e  n o n r a n d o m  e v e n t s  w h i c h  LINDEGREN a n d  LIN- 
DEGREN d e m o n s t r a t e d  to  occur  across  t h e  c e n t r o m e r e .  
STADLER conc luded  t h a t  his  o b s e r v a t i o n s  ' fa i led  to  
con f i rm  the  o b s e r v a t i o n s  ofLINDEGREN andLINDEGREN'. 
The  n e g a t i v e  ev idence  p r e s e n t e d  b y  STADLER over  a 
s ingle  large reg ion  is n o t  p e r t i n e n t  to  t h e  s igni f icance  of 
t h e  pos i t ive  n o n r a n d o m  d a t a  p r e s e n t e d  b y  LINDEGREN 
a n d  LINDEGREN over  four,  shor t ,  w e l l - m a r k e d  reg ions  
(Fig. 1 a). STADLER'S inab i l i t y  t o  r ecover  all  c h r o m a t i d s  
due  to  i n v i a b i l i t y  f u r t h e r  r educed  the  s igni f icance  of his  

la D. R. STADLER, Science 122, 878 (1955). 

conclus ions .  T h e r e  is no  p o i n t  in STADLER'S s t a t e m e n t  
t h a t  his d a t a  are  ' in  good  a g r e e m e n t '  w i t h  t h o s e  of 
H o w E ,  s ince H o w E ' s  d a t a  are  t oo  s c a n t y  to  show signi-  
f i can t  dev i a t i on  f r o m  e i t h e r  t h e  n o n r a n d o m  d a t ~  of 
LINDEGREN or t h e  r a n d o m i z e d  d a t a  of STADLER, HOWE'S 
d a t a  are  s ign i f i can t  on ly  w i t h  r e g a r d  to  t h e  i n t e r d e p e n -  
dence  of c ross ing-over  b e t w e e n  h e t e r o l o g o u s  c h r o mo -  
somes.  

SoTt$a~i& Cros$~ng-Over. STERN'S 15 d e m o n s t r a t i o n  of 
s o ma t i c  c ross ing-over  was  b a s e d  on  t w o  a s s u m p t i o n s :  
(a) T h a t  t h e  gene  is s t ab l e  in  t h e  h e t e r o z y g o t e  a n d  (b) 
t h a t ,  if g e n e - c o n v e r s i o n  occurs ,  i t  is un l ike ly  t h a t  l inked  
genes  would  u n d e r g o  conve r s ion  c o n c u r r e n t l y .  LINDE- 
GREN 3 has  s h o w n  recen t ly ,  h o w e v e r ,  t h a t  l i nked  genes  do, 
in fact ,  t e n d  to  u n d e r g o  conve r s ion  c o n c u r r e n t l y .  I t  m a y  
be  n e c e s s a r y  to  r e e v a l u a t e  in fe rences  b a s e d  on  a s s u m p -  
t ions  c o n c e r n i n g  s o m a t i c  c ross ing-over .  

This work was supported by research grants C-1179 and C-2140 
from the National Cancer Institute of the National Institutes of 
Health, Public Health Service. 

C. C. LINDEGREN and E. E. SHULT 

Biological Research Laboratory, Southern Illinois Uni- 
versity, Carbondale, June 28, 7956. 

Note added in proo]. A recent paper by STADLER x~ expanding the 
information cited above claims to present further data "in complete 
agreement with those of HOWE", but points out that "HowE'S 
experiment involved short map regions".., and "because the num- 
bers are small the result is compatible with quite a wide range of 
ratios of the three types". 

STADLER'S analysis of both chromosomal and chromatid inter- 
ference in 3-point half-tetrad data assumes that both types of 3- 
strand doubles occur with equal frequency. If the one type of 3- 
strand double in his sample preponderates excessively over the reci- 
procal type, it is possible that his ratio of 43 : 54 : 33 is nearly a 1 : 1 : 1 
ratio even when chromatid interference (in the form of an excess or 
deficiency of 8-strand double exchanges) is present. Critical evidence 
on this subject is not available from Neurospora data, although the 
indications from Table 14 suggests that it may not be a permissible 
assumption. Unpublished data from yeast genetics show 14:2 and 
8 : 1 ratios for the two types of 3-strand doubles indicating that they 
do not always occur with equal frequency. In half tetrad data, involv- 
ing 2 loci and a centromere, STADLER'S conclusions that chromosomal 
interference is absent and that chromatid interference is absent (so 
that his data do not require WHITEHOUSE'S correction) rest on the 
more general assumption that 3-strand double exchange comprise 
one-half of the double exchanges. Since much of STADLEFt'S analysis 
depends upon these assumptions, his inferences concerning the ab- 
sence of chromatid interference are prejudicated. 

STADLER points out that "double crossovers involving regions I 
and n I "  (in the material studied by him) "would not he affected by 
meiotic nuclear passing".... (since)... "such an event would be scored 
double crossing over involving regions I and n " .  In comments on 
LX~DE~REN and LINDEGREN 4, STADLER states that "they reported 

15 C. STERN, Biol. Zbl. 51, 547-(1931). 
is D. R. STAPLER, Genetics 41, 653 (1956). 
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that among the double crossovers involving regions in opposite chro- 
mosomes arms, the majority involved only two strands. Recent work 
has not confirmed this report of an excess of 2-strand double cross- 
overs." LINDEGRE~ and LINDEGREN pointed out that the ratio of 
2-:3-:4-strand double exchanges occurring in regions I and IV 
analyzed by them were independent of events occurring in regions 
II and l l I ,  and it is clear that SrADLErZ understands the significance 
of this statement by the quote above. Between regions I and IV, 
LIr~DECREU and IA~DECr~EN reported a frequency of 15:7:6 of 
2-:3-:4-strand double exchanges making STADLER'5 comments on 
the absence of evidence for chromatid interference dcscribed by 
LINDEGREN and LINDEGREN incomprehensible. 

Throughout his discussion, STADLER has failed to discriminate 
between recombination and crossing-over. Since it is obvious that 
undetected multiple exchanges must be involved, WmTEHOUSE'S 
correction must be applied before any conclusive interpretation c a n  
be drawn from his data. 

Zusammen/assung 

Fiir die In te rpre ta t ion  genetischer Ergebnisse wird 
den Autoren vorgeschtagen, Grundannahmen jeweils 
ausfiihrlich zu formulieren. 

S T U D I O R U M  P R O G R E S S U S  

The Use of Radioactive Bands in Tracing 
Hibernating Bats 

By A. PUNT and P. J. VAN NmUWENHOVEN 1 

In t roduct ion . - - In  the southern par t  of the province of 
Limburg (the Netherlands) a number  of caves are found, 
which are formed by excavat ing  the l imestone for build- 
ing purposes, These caves provide an ideal shelter to 
hibernating bats. Hundreds of bats of 11 species can be 
found in these large labyrinths during the winter  and it 
is clear tha t  Dutch  zoologists have  studied physiological, 
ecological and ethological problems concerning bat  
hibernation (BELs2; SLUITER et al.a; D~ WILDE and VAI~ 
I~IEUWENHOVEN 4) . 

When bat  behaviour  during the winter  was studied 
some difficulties were met,  which were not  easy to over- 
come. The aim of this paper is to point  out  a method 
to deal with one of these problems and to report  some 
results recently obtained by using this method. 

As is general ly  assumed bats do not remain asleep 
for the whole winter  season bu t  get awake periodically. 
DE WILDE and VA~¢ ~N]'IEUWENHOVEN tried to determine 
the mean durat ion of the sleep-period which was esti- 
mated to be a few weeks. They also studied the migra- 
tion of hibernat ing bats, depending on this fact. They 
found tha t  especially in the second half of the winter 
animals, being marked with a luminium bands disap- 
peared from the cave and tha t  new bats, without  bands, 
appeared. I t  may  be noticed, t h a t  this winter  migrat ion 
could have been forwarded by the act of banding itself, 
which may  alarm the  animals considerably. Bu t  the ap- 
pearance of bats wi thout  bands, which probably never 
had been handled, was considered to be natural  be- 
haviour. 

1 From the Laboratory of comparative Physiology University 
of  Amsterdam. 

2 L. BELS, Publicaties van hct Natuurhist. Genootschap in 
Limburg V (1951~); Thesis, Utrecht. 

3 j . W .  SLUITER, P. F. VAr~ HEERDT, and J.  Tm DE S~tlDT (review 
of literature), De Levende Natuur, Linders, Arnhem (1956). 

4 j .  DE WILDS and P. J.  vAr¢ NIEUWENHOVEN, Publicaties van h e r  
Natuurhist. Genootschap in Limburg VII, 51 (1954). 

So it  was very likely tha t  local migration, from one 
cave to another took place during the winter, which was 
in accordance with observations of FoLx ~, ANClAUX 6, 
xV~ERSCHUR:ENT, and KOWALSKI s. 

Much bats are hibernat ing in fissures of the rocky 
walls of the cave and they may  enter  into these crevices 
so far, tha t  they cannot  be detected visually. Now the 
disappearance of banded bats and the appearance of 
unbanded ones could also be explained by displace- 
ments  of animals to and from this invisible bat-reservoir .  
So there are two possible explanations for the change in 
populat ion of a cave: local-migration to and from other  
caves and movements within the cave to and from un- 
accessable fissures in the rock. In order to determine 
which of the two possibilities was the most  likely, we 
provided bands with radioactive material,  which made it 
possible to trace the animals even when they  were qui te  
invisible. 

Methods . -  Bands of the usual size (width 4 mm, 
weight  120 rag) were made of a luminium and s tamped 
with a number. One of the ends was lengthened and 
folded back to form a small tube. In  this tube a small 
rod of radioactive ant imony (Sb lz4) (approximately  2 
mm long, diameter 1 mm, weight 10 mg) was inserted 
and fixed by pinching the aluminium edges of the tube. 

Sb ~4 was used for some special reasons. In the first 
place the half life of this material is 60 days. So its radio- 
ac t iv i ty  was lost after not to long a period. Our experi- 
ments had a duration of some months and we thought  i t  
bet ter  tha t  the ac t iv i ty  of the material  vanished soon 
after  that .  As some banded animals escaped it  was not  
possible to remove all bands at  the end of the  experi-  
ments.  But  now the escaped animals were not  exposed to  
the radiat ion for a long t ime and the ' radio act ive '  ma- 
terial was not scattered over the country.  Moreover 
experiments in the next  season could not be spoiled by 
the remained act ivi ty  from earlier investigations. I n  the 
second place Sb ~24 produces 7-radiation, ranging f rom 
0.12 to 1.7 MV, with a large quant i ty  of the short  wave-  
lengths (up to 39~/o of the 1.7 MV rays). These hard rays 
penetrated sufficiently through the limestone, the 
animals were detectable even when hiding a t  a consid- 
erable distance in crooked fissures. 

The rods of an t imony were made by us and after-  
wards act ivated in the cyclotron a t  Kjeller, Norway,  by  
the mediat ion of Phil ips-Roxane N. V., Holland,  which 
firm also est imated the ac t iv i ty  to be about  250 #c per 
rod of 10 mg. No bands were used till three weeks after  
the process of act ivat ion was finished, the  mater ia l  
having lost in this t ime most  of the fl-radiation caused 
by equally formed Sb x~2 (half life: 2.8 days). 

As far as we know, no damage was done to the animals. 
At  the end of our experiments  the  bats were as normal  
as they could be. This was as we expected for by a very  
rough calculation the dose of radiat ion was es t imated 
to be 16 r /week in the beginning of the exper iments  
(clinical dose in man:  20 r/week). The  radioact ive bats 
were traced by means of a por table  ba t t e ry  monitor,  
provided with a low voltage halogen quenched gamma-  
counter tube, Philips No. 18502. The moni tor  was buil t  
according to GODFREY 9, with some modifications of 
minor importance.  The Geiger-Mfiller tube was housed 
in an a luminium cylinder (Philips Probe PW 4101) 
which was a t tached to the end of a bamboo rod, which 

S G, E. FOLK, J.  Mammal. 21, 306 (1940). 
e F. ANCIAUx DE FAVEAUX, J. Mammal. i6, 148 (1952). 
7 j .  VERSCUURE~, Bull. MUS. Hist. nat. Belg. z5, 1 (1949). 
S K. KOWALSKI and R. J. WOJTUSIAK, Cracova Bull a, 33 (1952). 
9 G. K. GODYREY, Ecology 35, 5 (1954). 
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