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U b e r l e g u n g e n  zu r  B i o s y n t h e s e  de r  L y s e r g s S u r e  ff ihr-  
t e n  zu r  P r e p h e n s t t u r e  als m 6 g l i c h e m  Z w i s c h e n p r o d u k t  
y o n  I n d o l v e r b i n d u n g e n .  Wie  das  F o r m e l s c h e m a  zeigt ,  
k 6 n n e n  e in fache  ze l lm6g l i che  R e a k t i o n e n  zu I n d o l  u n d  
6 - H y d r o x y - i n d o l  f i ih ren .  E i n e  z e n t r a l e  S t e l l u n g  n X h m e  
d a n a c h  d a s  D i e n o n  A ein,  d a s  d u r c h  D i e n o n - P h e n o l -  
U m l a g e r u n g  u n t e r  C O ~ - A b s p a l t u n g  in 6 - H y d r o x y - i n d o l  
o d e r  n a c h  R e d u k t i o n  d e r  K e t o g r u p p e  in  I n d o l  i iber -  
g e h e n  k 6 n n t e .  L e t z t e r e  U m w a n d l u n g  e n t s p r i c h t  d e m  
l e i c h t e n  O 'be rgang  d e r  P r e p h e n s ~ t u r e  in  P h e n y t b r e n z -  
t r a u b e n s a u r e ,  e ine  R e a k t i o n ,  die s u c h  a n  e i n f a c h e r e n  
Mode t l en  v e r w i r k l i c h t  w u r d e  3. 

JSesonders  b r a u c h b a r  e r s c h e i n t  die H y p o t h e s e  zu r  
E r k l ~ r u n g  d e r  V e r k e t t u n g  e ines  K o h l e n s t o f f a t o m s  a n  da s  
C 4 - A t o m  des  Indo lge r i i s t e s ,  wie m a n  sic zu r  B i o s y n t h e s e  
de r  Lysergs~iure f o r d e r n  muss .  Die  V e r b i n d u n g  A sol l te  
e a c h  A r t  e ine r  M i c h a e l - A d d i t i o n  eine r e a k t i o n s f ~ h i g e  
M e t h y l e n  g r u p p e  a n l a g e r n  k S n n e n  ; de r  we i te re  A u f b a u  de r  
n o c h  f e h l e n d e n  R i n g e  de r  Lysergs~ture k 6 n n t e  s ich  so ab -  
spie len,  wie es HARLEY-[V~AsON in  se iner  b e m e r k e n s w e r t e n  
H y p o t h e s e  zu r  B iogenese  de r  Lysergs~iure  e n t w i c k e l t  
h a t  4. D e r  C a r b o x y l g r u p p e  a m  q u a r t ~ r e n  K o h l e n s t o f f -  
a t o m  k o m m t  bei  d i e sen  B e t r a c h t u n g e n  b e s o n d e r e  Be-  
d e u t u n g  zu;  in  a l k a l i s c h e m  M e d i u m  k a n n ,  wie bei  de r  
P r e p h e n s / i u r e ,  d ie  A r o m a t i s i e r u n g  b l o c k i e r t  se in  u n d  
s i ch  die  h i e r  au fgeze ig te  A d d i t i o n s r e a k t i o n  absp ie len .  

Die  B e o b a c h t u n g  2, dass  e in  vo r  d e m  T r y p t o p h a n  
b lock i e r t e r  N e u r o s p o r a - S t a m m  Prephens~iure  an re i che r t ,  
s p r i c h t  fiir diese H y p o t h e s e ,  die e x p e r i m e n t e l l  n n t e r b a u t  
w e r d e n  soil. 

H. P L I E N I N G E R  

Chemisches Institut der Universiliit Heidelberg, 24. Ok- 
tober 1957. 

Summary 

P r e p h e n i c  ac id  is d i s cus sed  as a poss ib le  p r e c u r s o r  of  
indo l  d e r i v a t i v e s  l ike t r y p t o p h a n e  a n d  lyserg ic  acid.  

3 H.  PLIENINGER u n d  G. I~EILICH, Z. angew.  Chem.  68, 618 (1956). 
4 j .  HARLEY-MAsoN, Chem.  a n d  Ind .  1954, ~51. 

The  H y p o t h e s i s  of C h r o m a t i d  Interference ~ 

C h r o m a t i d  i n t e r f e r e n c e  (especia l ly  w h e n  d e s i g n a t e d  as 
e i t h e r  ' p o s i t i v e '  or  ' n e g a t i v e ' )  was  o r i g i n a l l y  c o n c e i v e d  
in  t e r m s  of t h e  e f fec t  w h i c h  a n  e x c h a n g e  c a n  p r o d u c e  o n  
a s ingle  s t r a n d ,  speci f ica l ly ,  in  t e r m s  of t h e  m a n n e r  in  
w h i c h  one  e x c h a n g e  p o i n t  on  a g i v e n  s t r a n d  in f luences  
t h e  o c c u r r e n c e  of a s e c o n d  e x c h a n g e  p o i n t  on  t h e  s a m e  
o r  a d i f f e r e n t  s t r a n d .  I n  e a r l y  l i nkage  s t ud i e s  o n  Droso- 
phila (when  i t  was  be l i eved  t h a t  c r o s s i n g - o v e r  t o o k  p lace  
a t  a 2 - s t r a n d  s tage)  low v a l u e s  for  t h e  co i nc i dence  i n d e x  
were  i n t e r p r e t e d  as  c h r o m o s o m a l  i n t e r f e r e n c e  w h i c h  was  
de f ined  as  t h e  in f luence  of one  e x c h a n g e  p o i n t  u p o n  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  e x c h a n g e  p o i n t  will  o c c u r  in  
a d j a c e n t  regions .  W i t h  BRIDGES '2 d i s c o v e r y  t h a t  cross-  
i n g - o v e r  occurs  a t  a 4 - s t r a n d  s t age  i t  cou ld  n o t  be  as-  
s e r t e d  w i t h  c o n f i d e n c e  t h a t  t h e  second  e x c h a n g e  p o i n t  
d id  n o t  occur  a t  all, for  i t  m i g h t  pos s ib ly  h a v e  o c c u r r e d  
b e t w e e n  t h e  c h r o m a t i d s  of t h e  b i v a l e n t  e l i m i n a t e d  in 
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oogenesis .  C o n s e q u e n t l y ,  c h r o m o s o m a l  i n t e r f e r e n c e  
cou ld  n o t  be  d i s t i n g u i s h e d  f rom c h r o m a t i d  i n t e r f e r e n c e  
in  s i n g l e - s t r a n d  ana ly s i s  a. O n  t h i s  v iew,  c h r o m o s o m a l  
i n t e r f e r e n c e  conce rns  t h e  p r o b a b i l i t y  t h a t  a second 
e x c h a n g e  p o i n t  occurs  a t  all, w h e r e a s  c h r o m a t i d  in te r -  
Ie rence  c o n c e r n s  t h e  p r o b a b i l i t y  t h a t  t h e  s econd  ex- 
c h a n g e  p o i n t  occurs  o n  t he  s a m e  or  on  a d i f f e r en t  s t r a n d  
t h a n  t h e  f i rs t ,  on  t h e  c o n d i t i o n  t h a t  a second  exchange  
p o i n t  does  occur .  C h r o m a t i d  i n t e r f e r e n c e  w h e n  conceiv-  
ed  f r o m  t h e  p o i n t  of v i ew  of e v e n t s  o c c u r r i n g  on  a single 
r a n d o m l y  c h o s e n  c h r o m a t i d  is of t w o  k i n d s :  (a) 'posi-  
t i v e '  c h r o m a t i d  i n t e r f e r ence ,  whe re  one  e x c h a n g e  p o i n t  
i nc reases  t h e  p r o b a b i l i t y  t h a t  a second  e x c h a n g e  p o i n t  
will  occu r  on  a d i f f e r en t  s t r a n d  (as in  a 4 - s t r a n d  doub le  
e x c h a n g e )  a n d  (b) ' n e g a t i v e '  c h r o m a t i d  in t e r f e rence ,  
w h e r e  t h e  o c c u r r e n c e  of one  e x c h a n g e  p o i n t  increases  
t h e  p r o b a b i l i t y  t h a t  i t  will o c c u r  o n  t h e  s a m e  s t r a n d  (as 
in  a 2 - s t r a n d  d o u b l e  e x c h a n g e ) .  T h i s  c o n c e p t i o n  h a s  been  
e n t e r t a i n e d  b y  m a n y  wr i t e r s  a n d  s o m e t i m e s  occupies  
a c ruc ia l  pos i t i on  in a r g u m e n t s  used  in d r a w i n g  i n t : r -  
Ie renees  f r o m  o b s e r v e d  d a t a ,  for  e x a m p l e ,  in  c e r t a i n  
a r g u m e n t s  for  s i s t e r - s t r a n d  c ro s s ing -ove r  ~. O n  th i s  view 
a n  excess  of 3 - s t r a n d  d o u b l e  e x c h a n g e s  c a n n o t  be 
classif ied as  e i t h e r  ' p o s i t i v e '  or  ' n e g a t i v e '  c h r o m a t i d  
i n t e r f e r ence ,  a l t h o u g h  s u c h  a n  excess  wou ld  r e p r e s e n t  a 
specif ic  i n f luence  g o v e r n i n g  t h e  s t r a n d  p o s i t i o n  o l  one 
e x c h a n g e  r e l a t i v e  to  a n o t h e r  and ,  hence ,  m u s t  be 
c o n s i d e r e d  as c h r o m a t i d  i n t e r f e r ence .  A n  e x c e s s  or 
de f i c i ency  of 3 - s t r a n d  d o u b l e  e x c h a n g e s  c a n n o t  be  de t ec t -  
ed  in  a t t a c h e d - X  ana ly s i s  s ince  3 - s t r a n d  d o u b l e  e x c h a n g e s  
c o n t r i b u t e  e q u a l l y  to  t h e  two  d i s t i n g u i s h a b l e  a r r a n g e -  
m e n t s  of r e c o m b i n a t i o n s  w h i c h  m a y  be  o b s e r v e d  in 
3 -po in t  a t t a c h e d - X  da t a .  F u r t h e r m o r e ,  a s ign i f i can t  
d e v i a t i o n  f r o m  a n  e q u a l  d i s t r i b u t i o n  in  t h e  two  k i n d s  of 
3 - s t r a n d  d o u b l e  e x c h a n g e s  (Fig. 1) m u s t  be  c o n s i d e r e d  
t o  be  c h r o m a t i d  i n t e r f e r e n c e  e v e n  if t h e  t o t a l  f r e q u e n c y  
of 3 - s t r a n d  d o u b l e  e x c h a n g e s  is ½.  I n  genera l ,  we m a y  
def ine  c h r o m a t i d  i n t e r f e r e n c e  as  a n y  r a t i o  of t h e  four 
k i n d s  of d o u b l e  e x c h a n g e s  d i f f e r e n t  f r o m  1 : 1 : 1 : 1 (or 
1 : 2 : 1  for  t h e  r a t i o  of t h e  p r o b a b i l i t i e s  of 2-, 3-, a n d  4- 
s t r a n d  d o u b l e  e x c h a n g e ,  if t h e  t w o  k i n d s  of 3 - s t r and  
d o u b l e  e x c h a n g e s  a re  n o t  d i s t i ngu i shed ) .  I t  h a s  been  
p r o v e d  f o r m a l l y  5 t h a t  a r a t i o  of d o u b l e  r e c o m b i n a t i o n s  
d i f f e r i ng  s i g n i f i c a n t l y  f r o m  1 : 1 : 1 : 1 is a priori ev idence  
of  c h r o m a t i d  i n t e r f e r e n c e  (def ined  as  a n y  d e v i a t i o n  
f r o m  a s im i l a r  r a t i o  for  d o u b l e  exchanges ) ,  t h u s  p rov id-  
ing c h r o m a t i d  i n t e r f e r e n c e  w i t h  a n  o p e r a t i o n a l  defini-  
t i on .  
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The 'Random'  Ratio 

Obse rved  d o u b l e  r e c o m b i n a t i o n s  occur  in a wide 
va r i e t y  of r a t i o s  a n d  t h e  role of t he  1 : 1 : 1 : 1 ra t io  is no t  
as a p red ic t ion ,  b u t  as a n o r m a t i v e  cr i ter ion by  which to 
judge  t h e  p r e sence  of m e c h a n i s m s  cont ro l l ing  the  align- 
m e n t  of a d j a c e n t  e x c h a n g e s  on  t he  4 - s t r and  set. I t  is 
cus tomary ,  if a se t  of e v e n t s  is t h o u g h t  to occur a t  
r a n d o m  in a p a r t i c u l a r  c o n t e x t  in  a concep tua l  scheme, 
to  set  up  a h y p o t h e s i s  b a s e d  on  a ce r t a in  expected  fre- 
q u e n c y  of t he se  even t s .  A n y  s ign i f i can t  dev ia t ion  f rom 
these  e x p e c t e d  f r equenc ies  is a s s um ed  to indicate  the  
presence  of a n  a d d i t i o n a l  con t r o l  ope ra t i ng  wi th in  the  
con t ex t  b u t  n o t  a n e c e s s a r y  m e m b e r  of it. How are the  
expec t ed  f r equenc i e s  d e t e r m i n e d  ? I n  w h a t  way are t hey  
' r a n d o m '  ? A n d  on  w h a t  bas is  ? I f  each  one of a set  of 
even ts  c o n c e p t u a l l y  d i s t i n g u i s h e d  in the  model  is as- 
s igned a n  e q u a l  p r o b a b i l i t y  t h e n  t he  se t  of these  prob-  
abil i t ies  are  o f t e n  sa id  to  r e p r e s e n t  a ' r a n d o m '  expecta-  
t ion. Since p r o b a b i l i t i e s  a re  ass igned  only  on the  basis 
of a c o n c e p t u a l  model ,  i t  follows t h a t  the  ' r a n d o m '  r a t i o  
depends  o n  t h e  specif ic  c o n c e p t u a l  model.  There  arc 
severa l  c o n c e p t u a l  mode l s  wh ich  m a y  be  used to dis t in-  
guish d o u b l e  e x c h a n g e s .  Cons ider  a n  a r r ay  of four 
c h r o m a t i d s  d i s t i n g u i s h e d  on ly  as two  sets  of s is ter -s t rands .  
W h e n  t w o  n o n s i s t e r  e x c h a n g e s  occur, t h ree  types  of 
double  e x c h a n g e s  m a y  be  o b s e r v e d  a l t h o u g h  there  are 
four d i s t i n g u i s h a b l e  a r r a y s  (Fig. 1). (Since no fu r the r  
d i s t i nc t ion  a m o n g  t h e  c h r o m a t i d s  is made,  these  a r rays  
are d r a w n  w i t h  t h e  ' l e f t '  e x c h a n g e  occurr ing be tween  
the  two c e n t e r  s t r a n d s  w i t h o u t  loss of general i ty . )  I f  these  
four a r r a y s  are  a s s u m e d  to  occur  w i t h  equa l  probabi l i t ies ,  
t he  r a t i o  of d o u b l e  e x c h a n g e s  is 1 : 1 : 1 : 1 .  (If all four 
c h r o m a t i d s  are  d i s t i n g u i s h e d  a s ingle  nons i s t e r  exchange  
can  occu r  in  4 ways ,  m a k i n g  16 k inds  of double  ex- 
changes  a n d  t h e  r e s u l t a n t  r a t io  becomes  4 : 4 : 4 : 4 . )  
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I f  all four  c h r o m a t i d s  are  d i s t ingu i shed  b u t  the  order  
of the  e x c h a n g e s  is not dis t ingu i shed ,  i t  is no t  possible to 
tell wh ich  is t h e  ' l e f t '  exchange .  (To avoid  the  bias of 
' o rde r ing '  t h e  two  exchanges ,  the  c h r o m a t i d s  are d r awn  
in cross sec t ion  (Fig. 2) w i t h  s is ter  s t r a n d s  opposi te  f rom 
each o the r ,  t h e i r  u l t i m a t e  connec t ion  to the  same cent ro-  
mere  be ing  i n d i c a t e d  b y  a t h i n  arc d rawn  be tween  them.)  
If  each  of t he se  a r r a y s  is a s s um ed  to be equal ly  probable ,  
t he  r a n d o m  r a t i o  b e c o m e s  2: 1 :1 :1 .  This  model  is as 
va l id  as t h a t  in  F i g u r e  1. There  is no unique ' r a n d o m '  
ratio.  I t  fol lows t h a t  c h r o m a t i d  in te r fe rence  is defined in 
t e rms  of a d e v i a t i o n  f rom an  arbitrary ra t io  which 
mere ly  ref lec ts  t h e  b ias  of accep t ing  the  first  model.  

There  is no ' r i gh t '  model  and  it  is naeaningless  to ;tsk 
whe the r  cross-overs ' rea l ly '  bah: lye  a c c o r d i n g  to the  
first  model  or the  second, since these  models  a re  ou ly  
util ized to ol)tain a n o r m a t i v e  s t a n d a r d  f r o m  w h i c h  
' d e v i a n t '  behav io r  of c ross ing-over  is nle: tsured.  

E. E.  SntrLT 

Biological Research Laboratory, Southern Il l inois 
University, Carbondale, J u l y  II,  1957. 
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l )er  Nachweis  des V o r k o m m e n s  wm C h r o m a t i d e n -  
in ter ferenz  e r sche in t  dadu rch  erschwer t ,  dass  sich die 
bei fehlcnder  h l t c r f e r enz  zu e r w a r t e m l e  l l i iuf igkei ts-  
ve r te i lung  w m  Zwei-0 l)rei-  und  V ie r s t r ang - I )uppe l aus -  
t ausch  n ich t  e indeut ig  formul ieren liisst, i ndem w m  ver-  
schiedenen Model lv( i rs te lknlgen ausgegat lgen  wer(leq 
kann,  welche verschiedene  l l i iuf igl{ei tsverhi i l tn isse  vor-  
aussehen lassen. 

A Microradiographic Study of Ovarian 
Dermoid Teeth 

Teeth  are c¢)mm¢)n constituellts of ovarian deru lo id  
cysts,  bu t  a l though such de rmoid  t ee th  have  been  ex- 
amined  histologically in some deta i l ,  and  the i r  gross 
radiographic  appearance  repor ted  wi th  some f requency ,  
an  account  of thei r  n~icroradiographic  s t r u c t u r e  apl )ears  
to be want iug.  The presen t  r epo r t  was r J rompted  by  
o the r  microradiographic  s tud ies  dea l ing  in p a r t i c u l a r  
with  the  na ture  of bone t isstle ill owt r i an  de rmoid  cys ts  t, 
and  in general with  the  calcif icat i (m of cenletl tUnl iHId 
den t in  2, as well as the  v: tscular i ty  of the  deve lop ing  and  
adu l t  h u m a n  tooth  a. 

The mater ia l  s tudied  consis ted of g round  sec t ions  
(15-25 p) made  from dernmid  tee th .  "['he t ee th  which  
were eight  in number ,  were s l ight ly  yellowish in cohmr ,  
and  embedded  in a bony  p la te  t h a t  resembled  the  body  
of a min ia ture  mandib le .  In g e n e r a l  appea rance ,  size, 
and  shape they  imi ta ted  norm;ll  oral  t ee th ,  so t h a t  in- 
cisors, canines,  premolars  :rod molars  could be ident i f ied.  
Even  though  the  general  course  and  symt~t(maattlh}gy 
of ovar ian  t e r a t . i d s  is usual ly  r em; t rkab ly  poor  in 
specific charac te r i s t ics  it was u n f o r t u n a t e  t h a t  no 
h is tory  accompanied  th is  s l )ec in len .  

]:h)th con tac t  and  pro jec t ion  m e t h o d s  (>f n l icroradio-  
g raphy  were used to s t u d y  the  sect ions,  in  the  fo rmer  
case a Match le t  type  AI'.'(; 50 X- ray  tube  (I IIIUl lie fil- 
ter) was used in con junc t ion  wi th  fine gra in  I . ippn lan  
film 4. The ground too th  sect ions were. plae:,d in d i r ec t  
con tac t  with  the  phot(igr:tl)hic emuls ion  and  eXl)osnres 
(60 mini  made  at  5 kV 21 mA, subseq t l en t  e n l a r g e n l e n t  
of the  pla te  image be ing  o b t a i n e d  npt lca l ly .  The  kilo- 
vol tage and  fil ter (Be) here menticmecl p rov ided  an  
opera t ing  wave leng th  of the  o rder  of 2.4 It) 4 /k, th i s  
region being selected since the  ca lc ium K edge which  
occurs a t  3.07 A falls wi th in  th i s  range.  W i t h i n  th i s  
wave leng th  region the  organic  c o m p o n e n t s  exhi l f i t  
prac t ica l ly  no absorp t ion ,  hence the  m i c r o g r a p h s  oh-  
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