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Zusammen/assung 

Die R e a k t i o n s m e c h a n i s m e n  des  K a l z i u m p h o s p h a t -  
K r e i s l a u f s  bet  d e r  A u f l 6 s u n g ,  V~Tanderung u n d  W i e d e r -  
a b s c h e i d u n g  in S t a l a k t i t e n  w e r d e n  e r 6 r t e r t  u n d  e ine  Modi -  
f ika t ion  d e r  k o l o r i m e t r i s c h e n  M o t y b d ~ n b l a u r e a k t i o n  ft ir  
kleine M e n g e n  lP in  G e g e n w a r t  v a n  Si b e s c h r i e b e n .  

T h e  L o c a l i z e d  C r o s s o v e r  a n d  a N e w  H y p o t h e s i s  
o f  C h r o m o s o m a l  I n t e r f e r e n c e *  

T e t r a d  a n a l y s i s  of  Neurospora a n d  y e a s t  i n d i c a t e  t h a t  
a c r o s s o v e r  in one  r eg ion  a p p e a r s  to  f ac i l i t a t e  c r o s s i n g -  
over  in a n  a d j a c e n t  r eg ion ,  in d i r ec t  o p p o s i t i o n  to  t h e  
wide ly  a c c e p t e d  v i e w  ( o r i g i n a t i n g  f r o m  s ingle  s t r a n d  
ana lys i s  of  Drosophila b y  MULLER 1 a n d  STURTEVANT 2) 
t h a t  a c r o s s o v e r  o c c u r r i n g  in  a g i v e n  r e g i o n  t e n d s  t o  
min imize  t h e  p r o b a b i l i t y  t h a t  a n o t h e r  wil l  o c c u r  in  t h e  
i m m e d i a t e  v i c i n i t y .  O n  t h e  d e m o n s t r a t i o n  of  loca l ly  
specific c h r o m a t i d  i n t e r f e r e n c e  in Neurospora 3 i t  w a s  
p r o p o s e d  t h a t  t h e  l ow c o i n c i d e n c e  v a l u e s  in Drosophila 
could be  e x p l a i n e d  b y  a n  exces s  of  4 - s t r a n d  d o u b l e  ex-  
c h a n g e s  4. A s i m p l e r  e x p l a n a t i o n  is n o w  a v a i l a b l e  b y  t h e  
d e m o n s t r a t i o n  of  loca l ized  c r o s s i n g o v e r  in  Saccharo- 
myces. 

T h e  f i r s t  r e p o r t  5 of  t h e  loca l ized  c r o s s o v e r  s u g g e s t e d  
t h a t  i t s  o c c u r r e n c e  w a s  r e s t r i c t e d  t o  a r e l a t i v e l y  n a r r o w  
region a n d  n o  e v i d e n c e  w a s  f o u n d  a t  t h a t  t i m e  to  i n d i c a t e  
t h a t  t h e  loca l ized  c r o s s o v e r  w a s  n o t  c o n f i n e d  t o  one  
specific p lace .  R e c e n t  e v i d e n c e  i n d i c a t e  t h a t  t h e  

' l oca l i zed '  c r o s s o v e r  m a y  e x t e n d  o v e r  a r e g i o n  i n v o l v i n g  
s e v e r a l  i d e n t i f i a b l e  loci 6. T h i s  o b s e r v a t i o n  is c r i t i c a l  s i nce  
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(a) A diagram representing two regions over which a localized cross- 
over is distributed. When it occurs between A and B, it does not 
occur between B and C, thus producing the fallacious appearance of 
mutually interfering pairs of exchanges. The marker pairs A and B 
and B and C will exhibit L-distributions {although the frequency of 
tetratype tetrads will not be less than 50 %) whereas the distal pair 
of markers, A and C will exhibit the T-distribution characteristic of 
a localized exchange. Thus the rclation between tetrad distributions 
for the triplet A-B-C is L . L  = T.-- (b) The r e l a t i o n F , F =  T 
would be produced where the centrmneres of these two chronmsomes 

segregate at randonl at the first division. 
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Localized crossovers produce T-distributions 7 (tetrad distribu- 

tions with a frequency of tetratype tetrads in significant excess of 
~/z) and occur in conjunction with crossovers which are distributed in 
a Poisson manner, the latter tending to randomize the intensity of the 
T-distribution. [In this connection the term 'randomize' means to 
cause a distribution to be nearer (deviate less from) the N-distribu- 
tion, 1[~ I + 1/~ II + 2[3 III.]  Additive chromosome maps have been 
obtained from T-distributions by means of a mapping function which 
measures this degree of randomization and solves for the Poisson 
mean as a metric. T-distributions are common in the tetrad analyses 
of Saccharomyces (they cannot be detected in single strand analysis}, 

indicating that localized crossovers are prevalent among these 
chromosomes. If a chromosomal region in which a localized crossover 
occurs is appended to a region in which only Poisson-distributed 
crossovers occur, the distal pairs of markers bounding the total 
composite region also exhibit a T-distribution which is not as ex- 
treme as the original T-distribution of the sub-region since the effect 
of the latter is now randonfized by a larger average number of Pots- 
son distributed crossovers. This relationship is written T - L  = T, 
where the left-hand symbols refer to the tetrad-distribution type of 
the two sub-regions, and the right-hand symbol refers to the distri- 
bution type of the total region. The relations T - F = T and T .  R = 
T also hold 7 on the hypothesis that recombination occurs indepen- 
dently in both sub-regions. The relation L • L = T (or F • F = T) 
would not be predicted on this basis. In fact the high frequency of 
tetratype tetrads for the total region can occur only because, when 
one region is type III ,  the other region is type I or type II, that is, 
the apparent occurrence of chromosomal interference. Since the 
total region exhibits a T-distribution this must be interpreted as a 
localized crossover distributed over two regions as is illustrated in 
the Figure. 
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i t  opens  up  t he  pos s ib i l i t y  t h a t  t he  local ized crossover ,  
in d i s t i n c t i o n  to  t he  Poisson  d i s t r i b u t e d  c rossovers ,  m a y  
be  ef fec ted  b y  the  m e c h a n i s m  p r o p o s e d  by  SAx s, sug-  
ges t ing  t h a t  t h e  local ized c ro s sove r  m a y  occur  alter a 
c h i a s m a  ha s  b e e n  i n i t i a t e d  r e s u l t i n g  f ront  s t r a n d  t e n s i o n  
a t  t he  c ross ing  p o i n t  of t he  c h i a s m a .  On  th i s  h y p o t h e s i s  
v is ib le  c h i a s m a t a  are a s s u m e d  to r e p r e s e n t  c ross ing  
p o i n t s  w h i c h  o r i g i n a t e d  b y  c ros s ingove r  ('X la  DARLING- 
"ton 9) a n d  were  n o t  reso lved  b y  c r o s s i ngove r  (~ la SAX). 
De layed  c r o s s i n g o v e r  o c c u r r i n g  a t  these  p o i n t s  m i g h t  be  
e x p e c t e d  to  be  u n e q u a l  whi le  c rossovers  occu r r i ng  j u s t  
as t h e  c h i a s m a  beg ins  to  m o v e  m i g h t  be  equal .  T h u s  
the  f u n d a m e n t a l s  of b o t h  DARLINGTON'S a n d  SAx ' s  
h y p o t h e s e s  m a y  o b t a i n  s i m u l t a n e o u s l y ,  t h e  f o r m e r  ex- 
p l a in ing  t he  Po i s son  d i s t r i b u t e d  e x c h a n g e s  a n d  t he  l a t t e r  
e x p l a i n i n g  t he  local ized e x c h a n g e s  which  reso lve  en t -  
a n g l e m e n t s  ( resu l t ing  f rom Po i s son  d i s t r i b u t e d  ex-  
changes )  t h a t  t e n d  to  a c c u m u l a t e  in specif ic  regions .  

The  local ized c rossover ,  s p a n n i n g  a de f in i t e  b u t  
r e s t r i c t e d  region,  a c c o u n t s  for  t h e  p h e n o m e n o n  in t e r -  
p r e t e d  as c h r o m o s o m a l  in t e r f e rence .  I f  we def ine  t w o  
reg ions  b y  t he  genes  A, B a n d  C (Fig. i a) t h e n ,  w h e n  t h e  
local ized e x c h a n g e  occurs  b e t w e e n  A a n d  14, i t  does  no t  
occur  b e t w e e n  B a n d  C a n d  vice versa. U n d e r  t h e s e  
c i r c u m s t a n c e s  t h e  low f r e q u e n c y  of c o n c o m i t a n t  re-  
c o m b i n a t i o n  for t h e  two  reg ions  r e su l t s  n o t  f rom m u t u a l l y  
i n t e r f e r i n g  pairs of e x c h a n g e s  (as was  o r ig ina l ly  a s s u m e d  
b y  MULLER a n d  ST~ZR'rEVANX), b u t  r a t h e r  as  a logical  
neces s i t y  w h i c h  follows f rom t he  s p a t i a l  p l a c e m e n t  of 
a s ingle even t .  I t  is i m p o r t a n t  to  p o i n t  o u t  t h a t  if 
c ro s s ingove r  occurs  a t  t h e  t ime  a n d  p lace  p r o p o s e d  b y  
DARLINGTON t h e r e  is no  phys i ca l  r e a s o n  w h y  one  ex-  
c h a n g e  s h o u l d  i n h i b i t  t h e  o c c u r r e n c e  of a n o t h e r  as was  
a s s u m e d  in the  o r ig ina l  h y p o t h e s i s  of c h r o m o s o m a l  
in t e r f e rence .  Th i s  p r e s e n t  v i ew  does  n o t  e n c o u n t e r  t h i s  
d i f f icu l ty .  Thus ,  t h e  .d iscovery of t he  local ized c r o s s o v e r  
(by t e t r a d  ana lys i s )  p r o v i d e s  a h y p o t h e s i s  e x p l a i n i n g  
low co inc idence  in t e r m s  c o n s i s t e n t  w i t h  t h e  occu r r ence  
of t he  n e g a 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  e n c o u n t e r e d  in 
t e t r a d  ana lys i s  a n d  w i t h  t he  f ac t  t h a t  local ized cross-  
o v e r s  c a n n o t  be  d e t e c t e d  b y  the  c lass ical  (s ingle s t r a n d )  
m e t h o d  c n  ~-hich t h e  h y F o t h e s i s  of c h r o m o s o m a l  
i n t e r f e r e n c e  was  f o r m u l a t e d  or ig ina l ly .  T h e  p r e s e n t  
h y p o t h e s i s  m a k e s  i t  poss ib le  t o  genera l i ze  t h e  c o n c e p t  of 
c h r o m o s o m a l  b e h a v i o r  f rom d scomycetes to  Drosophila 
since i t  is n o t  i n c o n s i s t e n t  w i t h  the  h i g h  f r e q u e n c y  of 
2 - s t r a n d  doub le  e x c h a n g e s  n o r  t he  n e g a t i v e  c h r o m o s o m a l  
i n t e r f e r ence  f o u n d  in Neurospora w h i c h  would  h a v e  
p r e d i c t e d  h igh  co inc idence  va lues  in  Drosophila. 

]~.. E .  SHULT a n d  C. C. LINDECREN 

Biological Research Laboratory, Southern Illinois Uni- 
versity, Carbondale (Ill.), May  14, 7957. 

Z ~¢sammen/assung 

Die bei Drosophila b e o b a c h t e t e  H e r a b s e t z u n g  de r  
Hf iuf igke i t  yon  D o p p e l a u s t a u s c h  i n n e r h a l b  y o n  b e n a c h -  
b a r t e n  C h r o m o s o m e n a b s c h n i t t e n  1/isst s ich n i c h t  n u r  
d u r c h  die klass ische A n n a h m e  e iner  gegense i t i gen  I n t e r -  
fe renz  zwischen  b e n a c h b a r t e n  c ross ing-overs  erkl~iren, 
s o n d e r n  k a n n  a u c h  d u t c h  das  V o r k o m m e n  y o n  lokal i -  

7 E. ~]2. 8ItULT and  C. C. LINDEGREN, Genet ica  28, 165 (1956). 
8 K. SAX, J .  Arnold  Arbore tum 11, 193 (1930}. 
9 C. D. DARLINGrON, J.  Genetics 81, 185 (1935). 

s i e r t en  c ross ing-overs  i n n e r h a l b  yon  b e s t i m m t e n ,  eng- 
b e g r e n z t e n  C h r o m o s o m e n r e g i o n e n  b e d i n g t  sein.  

A Mendel ian  Gene for A l b i n i s m  
in Natural  Cave Fish 

As p r e v i o u s l y  r e p o r t e d  (~ADOSLU1), t i le Characinid 
A styanax, a n o r m a l  eyed  a n d  d a r k  p i g m e n t e d  f ish which 
l ives  ill o v e r g r o u n d  wa te r s ,  c a n  be  c rossed  w i th  the 
p i g m e n t l e s s  or i f eeb ly  p i g m e n t e d  b l i n d  cave  fish 
A noptichthys w h i c h  is a c c e p t e d  to  be  i t s  d e s c e n d a n t  or 
close r e l a t i ve .  T h e  F 1 h y b r i d s  a re  fer t i le .  Anoptichthys is 
f o u n d  in d i f f e r en t  p o p u l a t i o n s  w h i c h  were  descr ibed as 
d i f f e r en t  species  a n d  w h i c h  are  g e n o t y p i c a l l y  different 
f r o m  one  a n o t h e r .  I n  t h e  F 2 g e n e r a t i o n s  of  b o t h  Sabinos 
a n d  Ch ic s  c a v e  f ish w i t h  n o r m a l  r i v e r  f ish,  r ecombina t ion  
of t he  genes  w h i c h  a re  r e spons ib l e  for  p i g m e n t a t i o n  and 
t h o s e  for  eye s t r u c t u r e ,  is o b s e r v e d  on  a po lygen ic  basis. 
T h e  n u m b e r  of d e g e n e r a t i v e  genes  f o u n d  in t he  Sabinos 
p o p u l a t i o n  w h i c h  l ives  in  t h e  i n n e r  p a r t  of the  cave 
s y s t e m ,  are  g r e a t e r  in  n u m b e r  t h a n  t h o s e  observed  in 
t h e  Chica  p o p u l a t i o n  w h i c h  is l oca t ed  n e a r e r  t he  over- 
g r o u n d  r iver ,  R io  T a m p a o n .  T h e  P a c h o n  popula t ion 
f o u n d  a t  t h e  i n n e r m o s t  c a v e  h a s  e v e n  m o r e  degenera t ive  
genes  t h a n  t h e  S a b i n o s  f ish.  T h e  P a c h o n  c a v e  fish used 
as a g r a n d p a r e n t  to  p r o d u c e  a F~ g e n e r a t i o n  was  captur- 
ed in n a t u r e  some  yea r s  ago.  I t  ca r r ied ,  bes ides  many 
o t h e r  genes  for  p i g m e n t  r e d u c t i o n ,  a g e n e  which  in 
h o m o z y g o u s  c o n d i t i o n  p r e v e n t s  p i g m e n t  f o r m a t i o n  even 
in t h e  eyes. T h e  F 2 g e n e r a t i o n ,  w h i c h  r e su l t s  f rom the 
cross  b e t w e e n  P a c h o n  a n d  t h e  o v e r g r o u n d  r iver  fish 
r e s u l t e d  in 2 6 %  (278) a l b i n o t i c  i n d i v i d u a l s  h a v i n g  un- 
p i g m e n t e d ,  r ed  eyes  of t h e  m o s t  d i f f e r e n t  degrees of 
d e v e l o p m e n t  f r o m  p r a c t i c a l l y  n o n e  to  ± no rma l .  The 
b o d y  of these  a l b i n o  f ish is c o m p l e t e l y  p igment less .  The 
r e m a i n i n g  74% (787) of t he  F ,  i n d i v i d u a l s  h a v e  da rk  eye 
p i g m e n t  e v e n  w h e n  t h e i r  eyes  a re  of t h e  m o s t  rudi- 
m e n t a r y  type .  T h e  b o d y  co lour  of t he se  non-a lb inot ic  
i n d i v i d u a l s  shows  a ser ies  of g r a d a t i o n s  be tween  the 
b o d y  co lou r  of n o r m a l l y  p i g m e n t e d  i n d i v i d u a l s  a n d  tha t  
t y p i c a l  for  c a v e  fish,  t h e  p i g m e n t a t i o n  of which  has 
b e e n  m u c h  r educed .  T h u s ,  in  t h e s e  74%,  t h e  n u m b e r  of 
p o l y m e r i c  genes  p r e s e n t  in  each  of t h e  F ,  f ishes controls 
t h e  degree  of m e l a n o p h o r e  f o r m a t i o n .  On  t he  o t h e r  hand, 
in t h e  a l b i n o t i c  i n d i v i d u a l s  t he  f o r m a t i o n  of pigment 
does  n o t  t a k e  place,  b e c a u s e  of t he  p re sence  of an  epi- 
s t a t i c  i n h i b i t o r y  gone pair .  I t  is v e r y  i n t e r e s t i n g  to note 
t h a t  such  a g r e a t  m u t a t i o n a l  s t e p  c a u s i n g  t he  ext inct ion 
of al l  t h e  m e l a n i n e  w h i c h  u p  to  n o w  is k n o w n  only in 
d o m e s t i c a t e d  f ish (Salmo irideus, Xiphophorus helleri, 
Mollienisia 'sphenops', Derrnogenys pusillus et al.), could 
be  f o u n d  in cave  f ishes u n d e r  a b s o l u t e l y  n a t u r a l  condi- 
t ions .  

P .  ~ADOGLU 

Zoological Institute, University o/ Istanbul, June 6, 
1957. 

Zusarnmen/assung 

E s  k o n n t e  gezeig t  werden ,  dass  b e i m  H6hlenfisch 
Anoplichthys - n e b e n  z a h l r e i c h e n  a n d e r e n  degenera t iven  
G e n e n  - ein G e n  fiir A l b i n i s m u s  v o r k o m m t .  
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