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t h i s  case t he  use of t he  d i scu tab le  IQ, w h i c h  is f ina l ly  
r a t h e r  sub jec t ive ly  defined,  can  be  rep laced  b y  m u c h  
more  precisely f o r m u l a t e d  d a t a  in  t he  l a b y r i n t h  exper i -  
men t s .  The  sequence  of t he  genera t ions  can  also be  
t h o r o u g h l y  checked  in th i s  case. But ,  in  t he  f i r s t  ins tance ,  
i t  would be p a r t i c u l a r l y  i m p o r t a n t  to  ca r ry  ou t  fu tu re  
i nves t iga t ions  on  a cons ide rab ly  la rger  sample  of persons.  

5. Final remark. I t  is h a r d l y  necessa ry  to  emphas ize  
t h a t  our  f ind ings  are on ly  concerned  w i t h  cor re la t ion  and  
t h e  overa l l  s i tua t ion ,  b u t  say  n o t h i n g  w h a t e v e r  a b o u t  t he  
'm ik ro -caused '  backg r ound ,  w h i c h  o u g h t  to  be  inves t iga t -  
ed  b y  biological  me thods .  

die Al te r  der  V/~ter u n t e r  30 n u r  in  wen ige r  als 20~o 
aller  F~Llle u n d  zugleich <~Dreierzahlen ~> u n t e r  90 in  wen ige r  
als 5~ al ler  F~lle  v o r k o m m e n .  Die  Hypo these ,  dass  
a l l geme in  der  IQ i m  D u r c h s c h n i t t  m o n o t o n  m i t  der  
,Dreierzahl~> w/~chst, wurde  a n  e iner  G r u p p e  yon  87 
Schi i lern  e ines  G y m n a s i u m s  ge tes t e t  u n d  d u r c h  den  
, S p e a r m a n  r a n k  cor re la t ion  test>> als s i gn i f i kan t  m i t  der  
F e h l e r w a h r s c h e i n l i c h k e i t  u n t e r  4~o nachgewiesen .  E h e r  
une rwar t e t ,  s che in t  das  Al t e r  des vS, t e r l i c h e n  Grossva te r s  
s tg rkeres  Gewich t  zu h a b e n  als das  des Ie ib l ichen  Vaters .  
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Zusammen/assung. Zur  Erh~Lrtung der  oft  f o rmu l i e r t en  
V e r m u t u n g ,  dass  h o c h b e g a b t e  K i n d e r  meis tens  yon  
Alteren E l t e r n  a b s t a m m e n ,  wurde  eine Serie yon  U n t e r -  
s u c h u n g e n  durchgef f ih r t  a n  ve r sch i eden  z u s a m m e n -  
ges te l l ten  L is ten  h e r v o r r a g e n d e r  Pe rs6n l i chke i t en .  Dabe i  
s te l l te  s ich als wer tvo l l  heraus ,  n e b e n  d e m  Al te r  des 
V a t e r s  a u c h  die Al t e r  der  be iden  Grossv~te r  he r anzu -  
z iehen  u n d  die S u m m e  dieser  3 Alter ,  die , v~ te r l i che  
Dreierzahb> zu benu tzen .  I m  R e s u l t a t  e rg ib t  sich, dass  
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P R O  E X P E R I M E N T i S  

A n  I m p r o v e d  G i e m s a  C - B a n d i n g  P r o c e d u r e  for  P lant  C h r o m o s o m e s  

The  Giemsa  b a n d i n g  t echn iques  t h a t  h a v e  been  develop-  
ed for a n i m a l  a n d  h u m a n  ch r om os om es  are in  genera l  
no t  d i rec t ly  app l icab le  to  p lan t s .  I n  t he  fo rmer  sys t ems  
t h e y  m a d e  possible  t he  recogn i t ion  of c o n s t i t u t i v e  he te ro-  
c h r o m a t i n  (C-banding)  as well  as a l lowing a d i s c r imina t i on  
be tween  o the r  c h r o m o s o m e  regions  (G-banding) .  I n  
some m o n o c o t y l e d o n o u s  p l a n t  species of t he  genera  
Trillium and  Fritillaria, a s imple  m e t h o d  cons i s t ing  of 
4 s teps  has  been  deve loped  for t he  p re fe ren t i a l  s t a in ing  
of h e t e r o c h r o m a t i n  1. However ,  t h i s  t e c h n i q u e  gave  
v a r i a b l e  resu l t s  or fai led w h e n  appl ied  to o the r  species, 
such  as Vicia [aba or Pisum sativum. 

A m e t h o d  ha s  now been  deve loped  wh ich  is an  impro-  
v e m e n t  on  t h e  ear l ier  t e c h n i q u e  and  adds  as a n  essent ia l  
s tage a p r e t r e a t m e n t  of t he  p r e p a r a t i o n s  w i t h  h o t  b a r i u m  
hydrox ide .  This  s tep  has  been  i n t r o d u c e d  in a m e t h o d  for 
d e m o n s t r a t i n g  h u m a n  cen t romer i c  h e t e r o c h r o m a t i n  3. The  
new  procedure  was t e s t ed  w i t h  pea  a n d  rye  and  t h e n  
successful ly  app l ied  to Anemone a n d  Hepatica s . 

Colchicine p r e t r e a t e d  roo t  t ip s  were employed  a n d  
severa l  alcoholic  f ixa t ives  c o m m o n l y  used for p l a n t  
c h r o m o s o m e s  4 were found  to  be  c o m p a t i b l e  w i t h  Giemsa  
C-band ing .  F ixed  roo t  t i p  m e r i s t e m s  were p laced  in 45% 
acet ic  acid on  a sl ide p rev ious ly  coa ted  w i t h  a t h i n  l ayer  
of I-IAIJI~T'S adhes ive  dr ied  w i t h  e t h a n o l  5. ' S u b b i n g '  w i t h  
tlAUPT'S adhes ive  is super ior  to  a lbumen-g lyce r ine  because  
t h e r e  is less m a t e r i a l  loss d u r i n g  s u b s e q u e n t  s teps.  R o o t  
t i p  mer i s t ems  were c rushed  and  d ispersed  in to  a v e r y  
f ine  suspens ion  a n d  squashed  in 450/0 acet ic  acid, app ly ing  
gen t le  h e a t  to  t he  slide. The  covers l ip  was  pr i sed  off us ing  
t h e  d ry  ice m e t h o d  or l iqu id  n i t rogen .  T he  slide was 
p l u n g e d  in to  2 changes  of 90~o e t h a n o l  fol lowed b y  two 
changes  of abso lu te  e t h a n o l  p r io r  to  a i r  dry ing.  P repa ra -  
t i ons  were  t h e n  usua l ly  s to red  for a d a y  or more  a t  r oom 
t e m p e r a t u r e .  Fo r  p r e t r e a t m e n t ,  sl ides were pIaced in a 
r idged  copl in  j a r  in  a w a t e r b a t h  a n d  a f reshly  p r e p a r e d  
p r e w a r m e d  aqueous  so lu t ion  of b a r i u m  h y d r o x i d e  was 
added.  O p t i m a l  b a r i u m  h y d r o x i d e  c o n c e n t r a t i o n  a n d  
t e m p e r a t u r e  were d e t e r m i n e d  in a p r e l i m i n a r y  exper i -  
m e n t ;  i n c u b a t i o n  t i m e  was  va r i ed  on ly  w i t h i n  t h e  r ange  

of 10 to  20 rain.  The  a lka l i  t r e a t m e n t  was  s topped  b y  
add ing  dis t i l led w a t e r  to  t he  copl in  j a r  so t h a t  t he  sk in  of 
BaCO~ wh ich  h a d  fo rmed  was w a s h e d  away.  Af te r  t ho r -  
ough  r ins ing  w i t h  dis t i l led  water ,  p r e p a r a t i o n s  were t h e n  
i n c u b a t e d  a t  65 ~ for 1-2 h, or in  a few ins t ances  over-  
n igh t ,  in  2 •  (0.3 M NaC1 plus  0.03 M t r i s o d i u m  
c i t ra te ,  p H  7.0). P r e p a r a t i o n s  were w a s h e d  br ief ly  w i t h  
d is t i l led  w a t e r  a n d  s t a ined  ill buf fe red  Giemsa  (G. T. 
Gur r ' s  R66 ' i m p r o v e d '  s tock  so lu t ion  d i lu ted  a b o u t  50 • 
w i t h  M/15 S6rensen  p h o s p h a t e  buffer ,  p H  6.9). P rec ip i t a t -  
ed s t a in  on  t he  squashes  is la rgely  avo ided  b y  t i l t i ng  t he  
s t a in ing  j a r  so t h a t  t he  p r e p a r a t i o n  is on  t he  unde r s ide  of 
t he  slide. S t a in ing  was r e p e a t e d l y  m o n i t o r e d ;  t he  t i m e  
requ i red  for o p t i m u m  di f fe ren t ia l  s t a in ing  va r i ed  wide ly  
be tween  p repa ra t ions .  F ine  de ta i l  was  of ten  be s t  seen 
in s lowly deve lop ing  p r e p a r a t i o n s  w h i c h  were lef t  in  s t a in  
overn igh t .  Las t ly  p r e p a r a t i o n s  were r insed  w i t h  dis t i l led  
water ,  a i r  dr ied  a n d  m o u n t e d  d i rec t ly  in  D e P e X  (G. T. 
GIJRR; Searle Scient if ic  Services,  H i g h  W y c o m b e ,  Bucks. ,  
Eng land ) .  

Two m a i n  diff icul t ies  ar ise  in  us ing  t h e  G iemsa  C- 
b a n d i n g  t e c h n i q u e  on  p lan t s .  Fi rs t ly ,  a m e t h o d  of f ixa-  
t i on  a n d  p r e p a r a t i o n  has  to  be  found  w h i c h  yields  
cy to logica l ly  accep tab le  c h r o m o s o m e  f igures  a n d  wh ich  
is c o m p a t i b l e  w i t h  t h e  s u b s e q u e n t  G iemsa  procedure .  
Secondly,  modi f i ca t ions  of t h e  k n o w n  Giemsa  t e c h n i q u e s  
m a y  h a v e  to  be  devised  to  t a k e  in to  accoun t  t h e  p rop-  
er t ies  of t he  p a r t i c u l a r  p l a n t  used a n d  t he  cond i t ions  
c rea ted  b y  t he  f i x a t i o n / p r e p a r a t i o n  m e t h o d  employed .  

Direc t  p r e p a r a t i o n  of f ixed  roo t  t ip s  as c o n v e n t i o n a l  
45~o acet ic  acid squashes  6 led to  good c h r o m o s o m e  
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Fig. 1. Secale eereale (2n = 14), root tip metaphase showing terminal, 
intercalary and centromeric C-banding. Fixation: ethanol/acetic 
acid (3:1) overnight. Pretreatment: 4.5% Ba(OH)2.8H20 at 50~ 
for 10 min; • 1700. 

Fig. 2. Anemone blanda (2n ~ 16), root tip metaphase; large hetero- 
chromatic blocks are apparent in all chromosomes. Fixation: 
ethanol/acetic acid (3:1) for 61/~ h followed by storage in 90% ethanol 
overnight. Pretreatment: 6% Ba(OH)2-8H20 at 60~ for 20 rain; 
• 1700. 

f igures  w i t h  such  d i f fe ren t  p l a n t s  as pea, rye, a n d  species 
of Anemone a n d  Hepatica. The  q u a l i t y  of t h e  s q u a s h  
p r e p a r a t i o n s  o b t a i n e d  w i t h  a p a r t i c u l a r  p l a n t  a p p a r e n t l y  
d e p e n d e d  on  b o t h  t h e  f i xa t ive  and  t he  condi t ions .  W i t h  
rye, for example ,  dif ferences  in  t he  p r e s e r v a t i o n  of 
c h r o m o s o m e  m o r p h o l o g y  were a p p a r e n t  b e t w e e n  such  
f ixa t ions  as e t h a n o l  abs . / ac id  acet ic  glacial  (3 : 1), Carnoy  
( e thano l / ch lo ro fo rm/ace t i c  ac id  6 :3 :1 ) ,  or BATTAGLIA 7 
( e t h a n o l / c h l o r o f o r m / a c e t i c a c i d / f o r m a l i n  5 : 1 : 1 : 1), app l ied  
a t  r oom t e m p e r a t u r e  or cold for  va r ious  d u r a t i o n s  w i t h  
or  w i t h o u t  90% e t h a n o l  p o s t t r e a t m e n t ,  a n d  a su i t ab l e  
t r e a t m e n t  could  be found.  On t he  o t h e r  h a n d  w i t h  some 
p lan t s ,  comple t e  m e t a p h a s e  f igures  are v e r y  se ldom 
o b t a i n e d  in d i rec t  squashes ,  b u t  i t  h a s  been  shown to  be  
possible  in  some species to  m a c e r a t e  t he  f ixed  t i ssue  p r io r  
to  s q u a s h i n g  a n d  to use such  p r e p a r a t i o n s  for G i e m s a  
b a n d i n g  1, s, 9. 

H o t  b a r i u m  h y d r o x i d e  t r e a t m e n t  o f  t h e  p r e p a r a t i o n s  
p r o v e d  to be  super io r  to  all  t h e  p r e t r e a t m e n t s  t e s t ed  
ear l ie r  1. E v e n  in t he  pea, C-bands  could be revealed ,  
whereas  our  p rev ious  a t t e m p t s  h a d  re su l t ed  in t h e  
c h r o m o s o m e s  be ing  s t a ined  overal l .  However ,  genera l ly  
app l icab le  cond i t ions  c a n n o t  be  ind ica ted .  I n  t h e  f i rs t  
p lace  t h e y  depend  on  t he  p l a n t  used. F o r  example ,  in 
Secale cereale, which  can  be  r e c o m m e n d e d  as a t e s t  sy s t em 
(Figure 1), C -band ing  in e thano l / ace t i c  acid f ixed  chro-  
mosomes  was r ead i ly  revea led  w i t h  a r e l a t ive ly  mi ld  
b a r i u m  h y d r o x i d e  t r e a t m e n t ,  whereas  s imi la r ly  p r e p a r e d  
spec imens  of Anemone blanda (Figure  2) r equ i red  s t ronger  
condi t ions .  I n  add i t ion ,  t h e  b a r i u m  h y d r o x i d e  s ens i t i v i t y  
of a p l a n t  species seemed to d e p e n d  on  fac tors  wh ich  are 
all  a s sumed  to inf luence  t he  f ixa t ion  s t a t e  of t he  c h r o m a t i n  
such  as f i xa t ive  a n d  f i xa t i on  condi t ions ,  t he  m a n n e r  in  
w h i c h  t h e  s q u a s h i n g  was car r ied  ou t  and  t he  d u r a t i o n  
a n d  cond i t ions  of s to rage  of t he  d r ied  p r e p a r a t i o n s  p r io r  
to  b a r i u m  h y d r o x i d e  t r e a t m e n t .  For  example ,  i t  was  
found  t h a t  t h r o u g h  a d d i t i o n  of fo rma l in  to  t he  f ixat iveS,  
t h e  a lka l i  r e s i s t ance  of rye  ch romosomes  was increased.  
Moreover ,  in  all  series the re  was some v a r i a t i o n  of t h e  
d i f f e ren t i a l  s t a in ing  b e t w e e n  p repa ra t ions ,  even  w i t h  
o p t i m a l  cond i t ions  for b a r i u m  h y d r o x i d e  t r e a t m e n t .  The  
or ig in  of such  v a r i a t i o n  could be  t he  s q u a s h i n g  process  

w h i c h  is d i f f icul t  to  s t anda rd ize .  T h e  v a r i a b i l i t y  of t he  
m e t h o d  is d e m o n s t r a t e d  b y  t h e  fol lowing e x p e r i m e n t :  
8 9 p r e p a r a t i o n s  of Anernone an d  Hepatica were t r e a t e d  in 
10 sepa ra t e  b a t ch es  a t  d i f fe ren t  t i m e s  w i t h  b a r i u m  
h y d r o x i d e  (6 g Ba(OH)2 �9 8H20/100  m l  dis t i l led  water )  
a t  60~ for 20 min .  I n  9 .0% of t h e  p r e p a r a t i o n s  t h e  
nucle i  a n d  c h r o m o s o m e s  were s t a ined  overal l ,  in  70.8% 
of t h e  p r e p a r a t i o n s  t h e  h e t e r o c h r o m a t i n  in  nucle i  a n d  
c h r o m o s o m e s  was p re fe ren t i a l l y  s t a ined ;  20 .2% of t h e  
p r e p a r a t i o n s  d id  n o t  s ta in ,  nucle i  a n d  ch romosomes  
a p p e a r i n g  ghost- l ike.  A m o n g s t  those  p r e p a r a t i o n s  showing  
b a n d s  an d  d a r k  ch romocen t res ,  on ly  25.4% ,or 18.0% of 
all  p r epa ra t i ons ,  were cyto logica l ly  sa t i s fac to ry  a n d  
w o r t h  examin ing .  I f  p r e p a r a t i o n s  of .Pisum sativum in  
w h i c h  t h e  ch ro mo s o mes  were s t a ined  overa l l  were 
sub jec t ed  to  a f u r t h e r  s t ronger  b a r i u m  h y d r o x i d e  t r ea t -  
m e n t  fol lowed aga in  b y  i n c u b a t i o n  a n d  s ta in ing,  t h e n  C- 
b a n d i n g  was s o m e t i m e s  seen. I t  is t h o u g h t  t h a t  for b o t h  
t h e  heav i ly  s t a in ing  p r e p a r a t i o n s  a n d  those  wh ich  do no t  
s t a in  a n y  more,  t h e  cond i t ions  of b a r i u m  h y d r o x i d e  are 
incor rec t ;  t h i s  would  be  due  for t h e  fo rmer  g roup  to too  
low a concen t r a t i on ,  t e m p e r a t u r e  or too  sho r t  a t r ea t -  
men t .  N o n - s t a i n i n g  p r e p a r a t i o n s  h a v e  been  i r r eve r s ib ly  
a l t e red  b y  too  h i g h  a c o n c e n t r a t i o n  a n d  t e m p e r a t u r e  or 
too  long a t r e a t m e n t  w i t h  a lkal i  1~ 

Zusammenfassung. Es wird  e in  fiir P f l anzench romoso -  
m e n  modi f iz ie r tes  V e r f a h r e n  zur  pr~iferentiel len Giemsa  
F ~ r b u n g  y o n  H e t e r o c h r o m a t i n  mi tge te i l t .  
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