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t r a p p e d  in 7 d i f ferent  po in t s  in the  south  of Spain, in the  
provinces  of Granada,  J aen  and also in Guadala jara ,  Alba-  
cete,  Murcia and  Cuenca. The t echn ique  employed  was 
t h a t  of 'medu la  osea'  (bone marrow) for the  s t u d y  of 
somat ic  c h r o m o s o m e s ,  and  Meiosis was s tudied  in tes tes  
cells. 

W i t h  the  except ion  of the  popu la t ion  of Granada ,  wi th  
21 animals  examined ,  which  p resen ted  a grea t  numer ic  
va r i e ty  (2n = 38, 39, 40 and  41), the  remain ing  popula-  
t ions  f rom o the r  localities showed a re la t ive s tab i l i ty :  2n 
= 38 and  rare ly  2n = 39. The number s  2n = 39, 40 and 41 
are new for the  species and were previous ly  repor ted  by  us 
for t he  f i rs t  t ime  12. 

In  all cases the  var ia t ion  in n u m b e r  was due exclusively 
to  the  presence  of 1, 2 or 3 supe rnumera ry  chromosomes ,  
respect ively ,  which  by  the i r  morpho logy  and size do no t  
differ f rom the  small  me tacen t r i c  ch romosomes  of the  
no rma l  s t anda rd ,  2n = 38, c o m p l e m e n t  (figures 1-8). 

In  the  popu la t ion  of Granada ,  the  f requency  of d i f ferent  
k inds  of numer ic  va r ian t s  was as follows : 2n = 38, ~14 .2  % ; 
2n = 39, ~ 4 2 . 8 % ;  2n = 40, ~ 3 8 % ;  2n = 41, ~ 5 % .  In 
order  to know wi th  grea te r  exac t i tude  the  na tu re  and 

origin of these chromosomes ,  we pe r fo rmed  a careful  s t u d y  
of Meiosis (figures 9-13). 
Ea r ly  in Prophase  these  chromosomes  appear  as s t rongly  
he te ropicnot ic  bodies,  the  a rms very  s t rongly  con t rac ted  
and the  cons t r ic t ions  well  p ronounced  as in the  case of 
Metaphase  ch romosomes  (figure 9). They  collocate t hem-  
selves general ly  in t he  margins  of t he  nucleus. W h e n  there  
are more  t h a n  1 of t hem,  t h e y  form la tera l  ach iasmat ic  
associat ions (figure 10) and  pa r t  precociously,  so t h a t  in 
Metaphase  t h e y  appea r  sepa ra ted  (figure 12). In  the  ani- 
mals  2n = 40, w i th  2 s u p e r n u m e r a r y  chromosomes ,  in 
80% of all me taphase  plates,  these  chromosomes  do not  
appear  in pairs.  At  th is  s tage it is somet imes  possible to 
observe the i r  nega t ive  he teropicnos is  (figure 13). 
The obse rva t ions  carr ied out  allow us to conclude t h a t  the  
d i s t r ibu t ion  of these  ch romosomes  in the  p roduc t s  of 
Meiosis is irregular.  At  p re sen t  we are mak ing  crossing ex- 
pe r imen t s  in order  to  e lucidate  the  he red i ty  of these 
chromosomes .  The observa t ions  m a d e  in Meiosis clearly 
show the  s u p e r n u m e r a r y  charac te r  of these  chromosomes ,  
being s t rongly  he teropicnot ic ,  because of the  lack of pair-  
ing a t  Metaphase  and because of the i r  i rregular  segrega- 
t ion.  
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Summary. W h e n  the  shoot - t ips  of Viscum /ischeri Engl.  were t r e a t ed  wi th  var ious  concen t ra t ions  of colchicine for 
d i f fe rent  lengths  of t ime,  i t  was found t h a t  in th is  p l an t  ch romosome  breakage  was no t  localized to cen t romer ic  region 
as r epo r t ed  in o the r  p lants .  In  V. [ischeri chromosome  breakage  occurred at  r a n d o m  (s imulat ing X- ray - induced  
f ragmenta t ion) .  The pe rcen tage  of breakage  increased l inearly wi th  respect  to t ime  a t  concen t ra t ions  0.1, 0.2, 0.3% 
b u t  parabol ica l ly  a t  0.5%. 

E v e r  since the  d iscovery  of colchicine as polyploidis ing 
agen t  in 19374, it  has  been used ex tens ive ly  for dup l ica t ing  
ch romosomes  of a large n u m b e r  of p l an t  species and  p lan t  
hybr ids ;  b u t  excep t  for a few repor t s  s-7 i ts  effect  on 
ch romosome  damage  is n o t  k n o w n  in detail .  The  fac t  t h a t  
th is  chemical  is used in the  t r e a t m e n t  of cer ta in  h u m a n  
ai lments ,  e.g. gout  s , makes  it necessary  to inves t iga te  i ts  
genet ic  effects.  In  s tudies  re leven t  to env i ronmen ta l  m u t a -  
genesis,  var ious  genetic pa r ame te r s  are used;  one such 
p a r a m e t e r  is ch romosome  breakage  caused by  an agent .  
Since colchicine is known  to  cause breaks  a t  the  cent ro-  
meric  region of chromosomesS-L we unde r took  fu r the r  to  
inves t iga te  its effects on the  chromosomes ,  using Viscum 
[ischeri which  has  ex t rao rd ina r i ly  large chromosomes ,  
rang ing  f rom 10 to  44 a m  s. 

Table 1. Observed percentage of chromosome breaks 

Time 
(h) 

Percentage of mitoses showing one or more chromosome 
breaks at 6 concentration levels 
0.0 0.05 0.i 0.2 0.3 0.5 

0.5 0 0 0 0 0 0 
1.0 0 0 0 3 12 19 
2.0 0 0 0 17 40 77 
3.0 3 0 2 26 49 88 
4.0 0 2 6 36 66 100 

Material and methods. The  shoot - t ips  of V. fischeri Engl .  
(female) were col lected be tween  09.00 and 10.00 h and 
immed ia t e ly  placed in aqueous  solut ion of colchicine of 
4 d i f fe rent  concen t ra t ions  and for var ious  lengths  of t ime  
(table 1). The mater ia l  was  washed in dist i l led wa te r  af ter  
th is  p r e t r e a t m e n t  and  f ixed in acetic alcohol (1 : 3) for 1 h. 
Af te r  f ixa t ion  the  mate r ia l  was washed in wa te r  for 
10 min and then  hydro lysed  for 71/2 min in NHC1 a t  60 ~ 
then  s ta ined in ace to -ca rmine  and  squashed.  
Results and discussion. A to ta l  of 994 cells was scored of 
which 142 were controls .  I n  the  controls  as well as in the  
0.05% series, b reakage  was observed  in 1 ceil only. These 
cases migh t  be due  to t he  effect  of wa te r  which is r epor ted  
to  occasional ly cause breaks  1% Higher  concen t ra t ions  in- 
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Table 2. Curve-fitting and test of goodness of fit : X = time and Y = percent of breakage of chromosomes 

Concentration level (%) Regression equation Z 2 Remarks 

0.1 Y ~ - 1.78 + 1.61 x 2.19 (2 df) not significant 
0.2 Y = - 5.83 + 10.59 X 0.84 (3 df) not significant 
0.3 Y ~ - 5.60 + 18.57 X 6.15 (4 df) not significant 
0.5 (a) , / Y  = - 4.82 + 29.34 X 22.71 (4 df) highly significant 
0.5 (b) IY = -36.41 + 71.76 X -9.51 X ~ 3.045 (3 df) not significant 

*The 2 equations are the line and parabola respectively, fitted to data by the 'method of least squares'. 

duced  b r eak ag e  a t  f requenc ies  wh ich  b e c a m e  inc reas ing ly  
i m p o r t a n t  as a f u n c t i o n  of t he  dose and  of t he  d u r a t i o n  of 
t r e a t m e n t .  At  0 .1%,  b r eakage  was  f i rs t  obse rved  a f te r  
3 h of t r e a t m e n t ;  a t  0.5% a f t e r  1 h a l ready .  
F r o m  s ta t i s t i ca l  ana lys i s  ( table 2) it  was  found  t h a t  a more  
or less l inear  r e l a t ionsh ip  ex i s t s  be tween  t ime  a n d  t he  
p e r c e n t a g e  of b r eakage  induced  by  colchicine a t  0.1, 0.2 
a n d  0.3~ concen t r a t i ons .  However ,  a t  0.5~ c o n c e n t r a -  
t i on  level the  r e l a t ionsh ip  is no longer  l inear  b u t  it  is 
parabol ic .  I t  shou ld  also be m e n t i o n e d  here  t h a t  no o the r  
t y p e s  of c h r o m o s o m a l  abe r r a t i ons  excep t  c h r o m o s o m e  
b reak s  were obse rved  in t he  co lch ic ine- t rea ted  mate r i a l .  
Ear l i e r  workers5 7 found  t h a t  the  b r eaks  caused  by  col- 
chic ine  are n o t  a t  r a n d o m  b u t  are conf ined  to t he  cen t ro-  
mer ic  region.  For  ins tance ,  L e v a n  and  R h o a d e s  5 obse rved  
t h a t  ce r ta in  c h r o m o s o m e s  in maize  broke  a t  t he  cen t ro-  
me re  an d  gave  rise to i soch romosomes .  D a r l i n g t o n  6 m a d e  
s imi la r  obse rva t ion  in Fritillaria camschatcensis a n d  K a r -  
pechenko7  in bar ley .  The  p r e s e n t  r e su l t s  show t h a t  t he  
c h r o m o s o m e  b reaks  m a y  occur  a t  r a n d o m  and  are no t  
conf ined  to the  cen t romer i c  region alone.  One  of t he  
r ea sons  w h y  r a n d o m  b reaks  were de tec t ab le  in V./ischeri 
m a y  be t h a t  th is  ma t e r i a l  ha s  m u c h  larger  c h r o m o s o m e s  
t h a n  those  wh ich  earl ier  workers  dea l t  with.  
T h e  p r e sen t  r e su l t s  m a y  exp la in  w h y  co lch ic ine- induced  
' r aw '  po lyplo ids  are i n v a r i a b l y  sterile. These  re su l t s  led 
us  to bel ieve t h a t  colchicine,  bes ides  dup l i c a t i ng  the  chro-  
m o s o m e  n u m b e r ,  also d a m a g e s  ce r ta in  c h r o m o s o m e s  in 

t he  c o m p l e m e n t ,  the  d a m a g e  in m o s t  cases  be ing  un -  
de tec tab le .  F u r t h e r  ind i rec t  ev idence  t h a t  colchicine m a y  
cause  d a m a g e  to c h r o m o s o m e s  ha s  been  ob t a ine d  in t he  
eo lch ic ine- t rea ted  seedl ings  of the  Asia t ic  co t ton ,  Gos- 
sypium arboreum, where  1 o u t  of 100 t r e a t e d  seedl ings  did  
n o t  show c h r o m o s o m e  dup l i ca t i on  u p o n  m a t u r i t y  a nd  y e t  
it  was  c omple t e ly  steri le  w i t h  no bolls 1.. Pol len m o t h e r  
cells of th i s  u n r e s p o n s i v e  diploid p l a n t  showed  regu la r  
meios i s  of 13 b iva l e n t s  a t  m e t a p h a s e  I, and  wel l s ta ined  
pol len grains .  Such  an  o b s e r v a t i o n  ind ica tes  t h a t  colchi-  
cine m a y  cause  d a m a g e  to c h r o m o s o m e s  wi th  or w i t h o u t  
c h r o m o s o m e  dup l i ca t i on ;  t h u s  u n d e t e c t a b l e  c h r o m o s o m e  
d a m a g e  could p e r h a p s  be t he  m a i n  cause  for seed s ter i l i ty .  
I t  is poss ib ly  for th i s  r ea son  t h a t  the  s p o n t a n e o u s l y -  
ar iz ing polyplo ids  are more  fertile t h a n  the  colchicine-  
i nduc e d  ones.  
In  t he  l igh t  of t he  above  r e su l t s  it is sugges t ed  t h a t  a) w h e n  
used  to induce  dup l i ca t i on  of p l a n t  c h r o m o s o m e s ,  colchi-  
cine shou ld  be used  on ly  in low c o n c e n t r a t i o n s  (if a less 
tox ic  po lyp lo id i s ing  a g e n t  is no t  ava i lab le  for t he  purpose)  
a nd  b) it  shou ld  no t  be used  in the  t r e a t m e n t  of g o u t  
d u r i n g  p r e g n a n c y  as the re  is l ikel ihood of c onge n i t a l l y  
defec t ive  b i r t h s  f rom the  pro longed  a d m i n i s t r a t i o n  of th i s  
drug .  

11 Unpublished work of the first author in collaboration with his 
students in Sind University, Pakistan. 
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Summary. Select ion was  c o m b i n e d  w i t h  t r a i n i n g  to s t u d y  l ea rn ing  in t he  f lour  beetle,  Tribolium castaneum. The  re- 
sponse  was  rap id  w h e n  se lec t ing  for b o t h  n o r m a l  (N) a n d  gar l i c -avers ive  (G) food preference  - w h ic h  inc reased  for N 
and  decreased  for G. N a d u l t s  can  be cond i t i oned  to go t o w a r d  the  m e d i u m  on w h ic h  t h e y  were raised.  Preference  of G 
females  is exp la ined  b y  h a b i t u a t i o n  a n d  t h a t  of N ma le s  b y  condi t ion ing .  Th i s  s u g g e s t e d  t h a t  cond i t i on ing  or h a b i t u a -  
t ion  d e p e n d s  on t he  genet ic  b a c k g r o u n d  and  sex.  

T he  a t t r a c t i o n  of a n i m a l s  t o w a r d s  specific foods  or odour s  
m a y  d e p e n d  on e i the r  inhe r i t ed  or l ea rned  p re fe rences  1. 
Gene t ic  v a r i a t i o n  in preference  h a s  been  d e m o n s t r a t e d  
b y  m a n y  select ion s tud ies ,  e.g., t ho se  for e t h a n o l  pre-  
ference  in r o d en t s  2. B u t  in insec ts  t he re  is a s i t u a t i o n  
where  l ea rn ing  can  impede  t he  response  to  selection.  Th i s  
is t h e  p h e n o m e n o n  of ' p r e - imag ina l  cond i t i on ing '  w h e r e b y  
insects ,  reared  on a n o r m a l l y  ave r s ive  m e d i u m ,  lose the i r  
avers iona ,  m a k i n g  it  v e r y  diff icul t  to  select  for inc reased  
avers ion .  I n  Drosophila melanogaster, s u c h  ' p r e - i m a g i n a l  
cond i t i on ing '  h a s  been  exp la ined  as h a b i t u a t i o n  to  t he  

p resence  of t he  ave r s ive  s u b s t a n c e ,  r a t h e r  t h a n  as con-  
d i t ion ing  t h r o u g h  a n  assoc ia t ion  of t he  s u b s t a n c e  w i t h  
t he  food m e d i u m * .  The  p r e s e n t  e x p e r i m e n t  i nvo lved  a 

* MHS would like to thank I. M. Lerner and T. M. Alloway for 
reading and commenting on an early draft of the manuscript. 
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