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phase - I .  L inear  o r i en t a t i on  of t he  t r i v a l e n t  was  also seen 
in so m e  cells. D i s j u n c t i o n  in such  cells would  lead to a na -  
phase - I  nucle i  w i th  1 smal l  p lus  6 n o r m a l  c h r o m o s o m e s  
and  1 sma l l  p lus  7 n o r m a l  c h r o m o s o m e s ;  such  t y p e s  of 
d i s j u n c t i o n  were also obse rved  a t  a n a p h a s e - I .  

C h r o m o s o m e  o r i en t a t i on  a t  m e t a p h a s e - I  a n d  dis- 
j u n c t i o n  a t  a n a p h a s e - I ,  conf i rm t h a t  the  smal le r  c h r o m o -  
somes  are te locent r ics  (Figures  1-3). T h e y  are u n e q u a l  in 
size, an d  in k a r y o t y p e  t h e y  r o u g h l y  cor respond  to the  2 
a r m s  of one of t h e  s u b m e t a c e n t r i c  c h r o m o s o m e s .  More- 
over,  d u r i n g  meios is  t h e y  do no t  pa i r  w i th  one ano the r ,  
b u t  r egu la r ly  pa i r  w i th  t he  2 a r m s  of a n o r m a l  ch romo-  
some.  T h u s  t h e y  can  be cons idered  t he  long a r m  and  sho r t  
a r m  te locen t r ics  of a s u b m e t a c e n t r i c  c h r o m o s o m e .  

Th e  te locent r ics  appea r  to  be s tab le  in t h a t  t h e y  are 
obse rved  b o t h  in roo t - t ips  and  PMCs of t he  s ame  p lan t ,  
and  w h e n  p l a n t s  w i th  t e locen t r ics  were self- or cross-  
pol l ina ted ,  t e locent r ics  were also p r e s e n t  in the  p r o g e n y  
p lan t s .  

As a l r ead y  no ted ,  d i f fe ren t  t y p e s  of d i s j u n c t i o n  were 
obse rved  a t  a n a p h a s e - I  leading  to nucle i  w i th  1. 7 nor-  
ma l  c h r o m o s o m e s ,  2. 2 te locent r ics  p lus  6 n o r m a l  chro-  
moso m es ,  3. 1 te locent r ic  p lus  6 n o l m a l  c h r o m o s o m e s  a n d  
4. 1 te locent r ic  p lus  7 n o r m a l  c h r o m o s o m e s .  Such  chro-  
m o s o m e  c o n s t i t u t i o n s  if p r e sen t  in f unc t i ona l  game tes ,  on 
a p p r o p r i a t e  c o m b i n a t i o n s  can  p roduce  p l a n t s  in t he  pro-  
g e n y  w i t h  2 n = 1 4  to 16, c o n t a i n i n g  0 4 t e locen t r ics  a nd  
12-14 n o r m a l  c h r o m o s o m e s .  One p l a n t  w i th  2n = 15 (2 telos 
p lus  13 normal )  was  selfed a n d  the  p r o g e n y  were scored for 
c h r o m o s o m e  cons t i t u t i ons .  A m o n g  56 p l a n t s  scored, the  
fol lowing classes were obse rved ;  1. 9 p l a n t s  w i th  2n--14 
(normal  co m p lem en t ) ,  2. 40 p l a n t s  w i th  2 n = 1 5  (2 te los  
p lus  13 normal)  a n d  3. 7 p l a n t s  wi th  2 n = 1 6  (3 te los  p lus  
13 normal ) .  

P l a n t s  w i th  a k a r y o t y p e  s imi la r  to  t he  one descr ibed  
here  a n d  s imi la r  in meio t ic  behav iour ,  were also ob t a ine d  
f rom two o the r  sources :  1. in one ou t  of 35 p l a n t s  ra ised 
f rom an  a s y n a p t i c  X diploid cross and  2. in one ou t  of 100 

p l a n t s  ra ised  f rom y - ray  i r r ad ia t ed  seed. A t t e m p t s  are 
be ing  m a d e  to  f ind  ou t  if t he  te locent r ics  f r om d i f fe ren t  
sources  are  homologous .  

I t  would  s e e m t h a t  t hese  t e locen t r ics  are de r ived  f rom 
misd iv i s ion  of t h e  c e n t r o m e r e  of a s u b m e t a c e n t r i c  chro-  
m o s o m e  3, 4. I n  u n i v a l e n t s ,  e i the r  false u n i v a l e n t s  or t hose  
r e su l t i ng  f rom a s y n a p s i s  or desynaps i s ,  t he  c e n t r o m e r e s  
m i g h t  s o m e t i m e s  u n d e r g o  a t r a n s v e r s e  b r e a k  so t h a t  each  
a r m  of t he  u n i v a l e n t  becomes  a new a nd  i n d e p e n d e n t  
c h r o m o s o m e  w i t h  a t e r m i n a l  cen t romere .  S tud ie s  of 
LIMA-DE-FARIA 5,6 revea led  t he  d u p l e x  reverse  r e p e a t  
c h r o m o m e r e  p a t t e r n  of t he  cen t romere ,  w h ic h  a f fords  a 
m e c h a n i c a l  bas is  for c e n t r o m e r e  misdivis ion3.  

Te locen t r ics  r epo r t ed  here  in pear l  mil let ,  b e h a v e  as 
s tab le  c h r o m o s o m e s .  The  v iew t h a t  t e locent r ics  are un -  
s tab le  in n a t u r e  7-9, does  no t  seem to a p p l y  to  all telo-  
centr ics .  KrJsH a nd  RICK ~~ r epor t ed  t h a t  some  te locen-  
t r ics  in t o m a t o  were s table.  More recent ly ,  origin of s t ab le  
te locent r ics  b y  cent r ic  f iss ion was  r epor t ed  in Chinese  
h a m s t e r  cells in v i t ro  4. MARICS a d i scussed  t he  conse-  
quences  of t r a n s v e r s e  a n d  obl ique  b reaks  a t  ce r t a in  po- 
s i t ions  in q u a d r i p a r t i t e  c e n t r o m e r e s  a nd  po in t e d  ou t  how 
te locent r ics  can  ar ise  in na tu r e .  Accord ing  to h im,  chro-  
m o s o m e s  w i t h  c omple t e ly  t e r m i n a l  c o n t r o m e r e s  c a n  be 
expec ted  as a r e su l t  of cent r ic  b r eakage ;  ne w  pa r t i a l  cen-  
t romeres ,  f r om a t r a n s v e r s e  break,  are j u s t  as eff ic ient  as 
the  or iginal  ones,  t h u s  r e su l t i ng  in s tab le  t e locen t r ic  chro-  
mosome s .  
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Summary. Deta i l ed  ecological s tud ies  of some  m a r i t i m e  p o p u l a t i o n s  of L o t u s  c o rn i c u l a tu s  L. h a v e  s h o w n  t h a t  t he  
d i s t r i b u t i o n  of t h e  cyanogen ic  fo rm of th i s  p l a n t  is d i rec t ly  re la ted  to  t he  d i s t r i bu t i on  a nd  d e n s i t y  of mol luscs  wh ich  
graze se lec t ive ly  t he  acyanogen ic  form. Th i s  work,  on a genet ic  p o l y m o r p h i s m ,  is i n t e rp r e t e d  as g iv ing  direct  ev idence  
of chemica l  defence  in n a t u r a l  popu la t ions .  

Mos t  of t h e  c u r r e n t  r epor t s  on chemica l  coevo lu t ion  
t a c i t l y  a s s u m e  t h a t  s e c o n d a r y  p l a n t  s u b s t a n c e s  h a v e  a 
defens ive  f u n c t i o n  in p l a n t s  2,3. The re  is r e m a r k a b l y  
l i t t le d i rec t  ev idence  for th is ,  y e t  a few yea r s  ago one of 
us  4 was  able to  e s t ab l i sh  t h a t  cyanogenes i s  in L o t u s  
co rn i cu l a tu s  L. did  h a v e  a defens ive  role: t h e  cyanogen ic  
f o rm  of t h i s  p l a n t  was  less l ikely to  be grazed  b y  herbi -  
vores  t h a n  t h e  acyanogen i c  form.  Th i s  was  b y  no m e a n s  
t he  f i r s t  e x a m p l e  of chemica l  defence  5-7 b u t  it  was  t he  
bas is  f r o m  which  t he  cr i ter ia  for e s t ab l i sh ing  a defens ive  
role for  these  s u b s t a n c e s  were clarif ied s. I t  was  a rgued ,  
t h a t  if a p l a n t  species is m o n o m o r p h i c  for a p u t a t i v e  
de fens ive  s u b s t a n c e  the re  are no m e a n s  of k n o w i n g  
w h e t h e r  a p a r t i c u l a r  he rb ivore  wou ld  ea t  t h a t  p l a n t  if t he  
s u b s t a n c e  were n o t  p resen t .  The  on ly  w a y  ou t  of t h i s  
impas se  is to s t u d y  species wh ich  are e i ther  p o l y m o r p h i c  

for  p u t a t i v e  de fens ive  s u b s t a n c e s  or  c on t a in  t h e m  in 
v a r y i n g  c onc e n t r a t i ons .  I t  h a s  been  easy  to  d e m o n s t r a t e  
in t he  l a b o r a t o y  select ive a nd  d i f fe ren t ia l  e a t i ng  b y  
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The frequency of cyanogenic plants on the coast and inland at 
Porthdafarch, Anglesey, from 1959 to 1975 

Year Coast Inland 
+ +  N % + +  N % 

1959, July 5 20 25 42 60 70 
1963, September 14 53 26 71 96 74 
1970, August 14 50 28 89 124 72 
1974, May 27 83 33 76 109 70 
1975, October 29 100 29 69 100 69 
Means 28.2 71 

+ + = number of cyanogenie plants, N -- sample size, % = fre- 
quency of cyanogenesis. 

herbivores  of the  acyanogenic  form of bo th  L. cornicula tus  
and Trifol ium repens  L. 9. On the  o the r  hand ,  it  has  been  
m u c h  more  diff icult  to  d e m o n s t r a t e  th is  effect  in na t u r a l  
h a b i t a t s  bu t  some evidence t h a t  selective grazing of T. 
repens  does occur  outs ide  the  l abora to ry  has  been  ob- 
tainedX0,11. Clearly t he  m o s t  su i t ab le  h a b i t a t s  in which  
to  s t u d y  the  effects  of selection are those  where  there  are 
differences in t he  f requency  of the  cyanogenic  form be- 
tween  groups  of p l an t s  of t he  same species growing close 
together ,  for example ,  where  a s ignif icant  . change  in 
f requency  occurs over  a d i s tance  of me t res  r a the r  t h a n  
ki lometres .  
Ecological  genet ics  0I cyanogenesis .  A sui table  locat ion 
was found  a round  the  bay  a t  P o r t h d a f a r c h  on Ho ly  
Is land,  Anglesey (53 ~ 20' N, 4 ~ 40' W), where  in 1959 
Jones  12 found a decrease in t he  f requency  of acyanogenic  
L: corniculatus,  working  in land f rom the  sea cliff. Sub- 
s equen t  t es t s  over  the  n e x t  16 years  showed t h a t  the  
f requency  d i s t r ibu t ion  of cyanogenic  p l an t s  was  s table  
(table). The h a b i t a t  consis ts  of rough pas ture ,  shor t  tu r f  
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The distribution of cyanogenie Lotus eorniculatus along the south 
west coast of Holy Island, Anglesey. 

and  sca t te red  Calluna hea th .  I t  is sub jec ted  to minimal  
m a n a g e m e n t  wi th  only  sporadic  grazing by  ca t t le  and  by  
sheep. Nei ther  of these  species avoids  grazing cyanogenic  
plants ,  because each conta ins  an efficient  de toxi f ica t ion  
s y s t e m  based on the  enzyme  rhodanase  13. Deta i led  
q u a n t i t a t i v e  analyses  of t he  floristic, edaphic  and  micro-  
cl imatic  var ia t ion  a t  P o r t h d a f a r c h  14 showed t h a t  the  
m o s t  s igni f icant  env i ronmenta l  differences be tween  the  
coas t  and the  inland sites were re la ted  to the prevai l ing 
s t rong  south  wes te r ly  winds  and to w indborne  salt f rom 
sea spray.  W h e t h e r  these  factors  influence the  po lymor-  
ph i sm direc t ly  or indi rec t ly  depends  on the  wind and  salt  
to lerance of the  d i f ferent  p h e n o t y p e s  of L. corniculatus  as 
well as the  possible effects  of wind and salt  in the  environ-  
m e n t  of the  known grazers  of t he  plants .  
If  we  s t a r t  f rom the  hypo thes i s  t h a t  cyanogenesis  is a 
p ro tec t ion  f rom selective herb ivores  t h e n  2 pred ic t ions  
a b o u t  the  coastal  b io ta  in Anglesey can be made  and 
tes ted .  Firs t ly ,  where the  f requency  of cyanogenic  
p lan t s  is h igh  there  should be some selective herbivores .  
Secondly,  similar si tes along the  coast  w i th  respect  to  the  
env i ronmen ta l  var iables  measured  should show a similar  
d i s t r ibu t ion  in the  f requency  of cyanogenic  plants .  T h a t  
is, a t  si tes on the  cliffs close to the  sea which are more  
exposed  to wind and w indborne  sal t ,  there  should be a 
low n u m b e r  of selective he rb ivores  and  the  f requency  of 
cyanogenic  p lan t s  should  be low, whereas  a t  s i tes  im- 
med ia te ly  in land f rom these,  which  are less exposed  to  
wind  and windborne  salt,  the  n u m b e r  of selective her-  
bivores  and the  f r equency  of cyanogenic  p lan ts  should  
b o t h  be higher.  Of the  k n o w n  selective herbivores  of 
acyanogenic  p lan t s  (molluscs and smal l  mammals)  mol- 
lusc  species p r e d o m i n a t e  in th is  area. Using the  quan t i t a -  
t ive  t echn iques  of ca t ch  per  uni t  ef for t  and of q u a d r a t  
sampl ing  (0.25 m 2) only  a few individuals  of Cochlicella 
acu ta  (Mtiller) were found  on the  exposed cliff sites. 
In land ,  however ,  th i s  species was m u c h  co mmo n e r  and,  
w h a t  is more  impor t an t ,  these  in land si tes were also the  
h ab i t a t s  of s ignif icant  n u m b e r s  of Hel ix  aspersa (Miiller), 
Cepaea nemora l i s  (L.), Helicell  a v i rga ta  (L.) and Arion 
a te r  (L.)14. On the  cliff, for example ,  C. nemoral is  was 
never  found whereas  in land i t  occurred a t  a f requency  of 
9 individuals  pe r quadra t .  Therefore  the  condi t ions  of the  
f i rs t  predic t ion  are sat isf ied.  
To t e s t  the  second predic t ion ,  5 sites to  the  west  and 6 to  
the  eas t  of P o r t h d a f a r c h  were selected for s tudy.  At  
each si te a sample  of 50 L. corn icu la tus  p lants  f rom the  
exposed  cliff tops  and  a sample  of 50 f rom inland were 
t e s t ed  for cyanogenesis .  T h e s e  sites were sampled  in May 
or Ju ly  and resampled  in October  1975. The mean  fre- 
quencies  of cyanogenic  p l an t s  in the  2 tes ts  were p lo t t ed  
as h i s tograms  on the  m a p  of the  area  (figure). These 
results  clearly fulfil the  condi t ions  of the  second predic-  
t ion.  
Conclusions. Thus we have  a clear associat ion be tween  
the  occurrence of molluscs and  a h igh  f requency  of cyano-  
genic p lants  and we also I ind t h a t  b o t h  are associated w i t h  
reduced ex p o s u re  to  w i n d  and  wi th  lower concen t ra t ions  
of windborne  salt. The  m o s t  reasonable  exp lana t ion  is 
t h a t  the  windborne  sal t  de t e rmines  t he  d is t r ibu t ion  of the  
molluscs - it  is well known  t h a t  m a n y  garden  gas t ropods  
can be de te r red  by  NaC1 or sel de mer  - and t h a t  these  

9 T .J .  Crawford-Sidebotham, Heredity 28, 405 (1972). 
10 R. J; Whitman, Heredity 30, 241 (1973). 
11 J. P. A. Angseesing and W. J. Angseesing, Heredity 31, 276 

(1973)~ 
12 D.A. Jones, D. Phil Thesis, Univ. Oxford (1963). 
13 K. Lang, Bioehem. Z. 259, 243 (1933). 
14 W.M. Ellis, R.J.  Keymer and D. A. Jones. Heredity, in press. 
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a n i m a l s  are respons ib le  for t he  h i g h  f r e q u e n c y  of t he  
cyan 0 g en i c  f o rm s  in those  reg ions  in wh ich  t he  mol luscs  
occur.  If  t h i s  is t r ue  t h e n  we h a v e  clear ev idence  for t he  
de fens ive  role of cyanogenes i s  in n a t u r a l  popu l a t i ons .  
E x p e r i m e n t a l  work  15 shows  t h a t  NaC1 m a y  h a v e  a 
d i f ferent ia l  effect  on t he  roo t  g r o w t h  of cyanogen ic  a n d  
acyan o g en i c  p l a n t s  o b t a i n e d  f rom P o r t h d a f a r c h .  Th i s  
could  a c c o u n t  for t he  low f r e q u e n c y  of cyanogen ic  p l a n t s  
on t h e  coas ta l  si tes.  Because  the  h a b i t a t  ha s  been  e x a m i n -  

ed in suc h  deta i l  we feel c on f ide n t  t h a t  we c a n  e l im ina t e  
the  o the r  ecological va r i ab les  f r om f u r t h e r  cons ide ra t i on  a t  
P o r t h d a f a r c h .  Th i s  m e a n s  t h a t  we h a v e  d e m o n s t r a t e d  t h e  
va lue  of u s ing  a wide r a nge  of ecological  t e c h n i q u e s  in  
th i s  t y p e  Of p o p u l a t i o n  genet ics .  W e  are fu l ly  aware ,  
however ,  t h a t  w h a t  appl ies  a t  P o r t h d a f a r c h  a n d  on 
H o l y  I s l and  is no t  necessa r i ly  t r ue  of o the r  h a b i t a t s .  

15 R.J .  Keymer and W. M. Ellis, in preparation. 
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R. Bonatel l i ,  Jr ,  and  J. L. Azevedo  

Department o/ Genetics and Evolution, Institute of Biology, University o/Campinas, 13,100 Campinas, S~o Paulo ( Brasil), 
30 August 1976 

Summary. U n s t a b l e  dup l i ca t ion  and  diploid s t r a i n s  of Asperg i l lus  n i d u l a n s  were t r e a t e d  w i th  e t h i d i u m  bromide ,  a n d  
i t  was  s h o w n  t h a t  t h i s  d rug  reduces  the  n u m b e r  of sec tors  p roduc e d  by  suc h  s t ra ins .  The  m e c h a n i s m s  w h ic h  could be 
respons ib le  for t h e  pa r t i a l  s t ab i l i za t ion  of t he  s t r a i n s  are d i scussed  a nd  it  is sugge s t e d  t h a t  a s imi la r  m e c h a n i s m  is 
respons ib le  for t h e  p r o d u c t i o n  of sec tors  in b o t h  s t ra ins .  I t  is also sugge s t e d  t h a t  e t h i d i u m  b romide  could  be usefu l  
for t h e  r e d u c t i o n  of i n s t ab i l i t y  of i ndus t r i a l  s t ra ins .  

S t r a in s  of Asperg i l lus  n i d u l a n s  w i th  a dup l i ca te  ch romo-  
s om e  s eg m en t ,  one in a n o r m a l  pos i t ion  and  o the r  t r a n s -  
loca ted  2, 3, a re  m i t o t i c a l l y  uns t ab l e .  T h e y  p roduce  sectors  
wh i ch  arise f r o m  nucle i  wh ich  h a v e  lost  a var iab le  p a r t  of 
one or o the r  dup l i ca te  s e g m e n t  b y  an  i n t r a - c h r o m o s o m a l  
process .  Su ch  sec tors  are de s igna t ed  i m p r o v e d  sectors~, s. 
Dup l i ca t i on  s t r a i n s  also produce ,  i n f r e q u e n t l y  b u t  re- 
gular ly ,  sec tors  w i th  de te r io ra te  morpho logy ,  wh ich  were 
exp la ined  b y  n ew  dup l i ca t ions  ar is ing wi th in  one  or o the r  
dup l i ca t i on  s e g m e n t  wh ich  can  be t r a n s p o r t e d  all or in 
p a r t  to a n o t h e r  si te  in the  n o n - d u p l i c a t e d  p a r t  of the  
g e n o m e  ~. Diploid s t r a in s  of A. n i d u l a n s  are also u n s t a b l e  
p r o d u c i n g  sectors ,  wh ich  are o r ig ina ted  f rom mi to t i c  cross-  
ing-over  or haploidizat ionT-9.  E n v i r o n m e n t a l  changes ,  as 
t he  presence  of ce r t a in  d rugs  in t he  cu l tu re  m e d i u m ,  m u t a -  
genic  ag en t s  or even  genet ic  f a c t o r s ' ~  18, can  effect  sec tor  

p roduc t ion ,  b o t h  in dup l i ca t i on  a nd  diploid s t ra ins .  I t  can  
t h e n  be s t a t e d  t h a t  diploid a nd  dup l i ca t ion  s t r a in s  h a v e  a 
cha rac te r i s t i c  p r o d u c t i o n  of sec tors  w h ic h  is m a i n t a i n e d  
for each  s t r a in  in the  d e t e r m i n e d  cond i t ion  ~5. A n  a t t e m p t  
to e luc ida te  t he  m e c h a n i s m s  invo lved  in t he  p r o d u c t i o n  of 
sec tors  f rom a dup l i ca t i on  s t r a in  is to c o m p a r e  the  2 
s y s t e m s : d i p l o i d  a nd  dupl ica t ion ,  a g a i n s t  t h e  s a m e  d rugs  17. 
I n  t he  p r e s e n t  work,  e t h i d i u m  bromide ,  an  acr id ine  w h ich  
is k n o w n  to  b ind  to nucleic  acids  bes ides  o the r  biological  
effects  (for review, see L e v y  e t  al.lS), was  used  to  c o m p a r e  
i ts  effects  a f fec t ing  the  p r o d u c t i o n  of sec tors  f rom diploid 
a nd  dup l i ca t ion  s t r a in s  s u b m i t t e d  to t he  ac t ion  of such  
drug.  
Material and methods. The  m e d i u m  used  was  solid com-  
plete  m e d i u m  (CM) c o n t a i n i n g  y e a s t  ex t r ac t ,  h y d r o l y z e d  
casein,  h y d r o l y z e d  nucleic  acids,  v i t a m i n s ,  etc. 19 w i th  2% 

Table 1. Sectors produced by duplication strain A in absence and in 
the presence of ethidium bromide 

Ethidium No. of Mean number of sectors per dish 
bromide (~g/ml) dishes Yellow Green Other* Total 

0.0 29 2.48 0.76 0.10 
1.0 39 0.33 0.08 0.15 
1.5 38 0.45 0.00 0.05 

* includes deteriorated and heterokaryotie sectors. 

Table 2. Sectors produced by diploid strain biA1/MSE in absence 
and in the presence of ethidium bromide 

Ethidium No. of Mean number of sectors per dish 
bromide (tzg/ml) dishes Macroseetors Microsectors Total 

0.0 28 6.25 14.30 
1.5 19 1.73 9.52 
2.0 26 0.90 5.30 
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