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dicent r ic  w i th  2 closely located  p r o m i n e n t  C-posit ive 
he t e roch roma t i c  zones (figures 2, 4-6). The exis tence of 
th i s  meta -d icen t r i c  ma rke r  ch romosome  has  been  docu-  
m e n t e d  u n m i s t a k a b l y  in all the  me taphase s  examined  
f rom di f ferent  individuals  a f t e r  several  successive in vivo 
passage  of the  t nmour .  The posi t ion and  size of t he  cent ro-  
meres  and  the  N F  value of t he  cell are indicat ive  of t he  
fac t  t h a t  th is  me ta -d icen t r i c  ch romosome  has  arizen b y  
b reakage  and  fusion wi th in  each  of t he  shor t  a rms  of 2 
acrocentr ic  ch romosomes  and  cons t i tu tes  a regular  m e m -  
ber  in t he  k a r y o t y p e  of th is  asci tes tumour .  
P rev ious ly  i t  was genera l ly  accep ted  t h a t  the  dicentr ic  
ch romosomes  are usual ly  uns tab le  3 B u t  evidence is now 
accumula t ing  on the  spon taneous (? )  occurrence of s table  
and  t ransmiss ib le  d icent r ic  ch romosomes  in na tu ra l  popu-  
la t ions  as well as in d i f fe rent  con t inuous  cell lines. Re-  
cen t ly  an extens ive  s t u d y  on the  dicentr ic  na tu re  of the  
ch romosomes  wi th  mul t ip le  he t e roch roma t i c  bands  has  
been  m a d e  in some cont inuous  mouse  cell lines by  Chen 
and  Rudd le  lz, and  in cont inuous  h u m a n  lymphoid  cell 
l ines by  O'Neil l  and  Miles s. Long before the  d iscovery  of 
di f ferent ia l  cen t romer ic  s ta ining,  t he  dicentr ic  na tu re  of 
me tacen t r i c  ch romosomes  was also suspec ted  by  Manna  12 
when  he was  working w i t h  L P  59 cell line. More recen t ly  
t he  exis tence  of a s table  dicentr ic  resul t ing f rom u  
t rans loca t ion  has  been  r epo r t ed  in m a n  by  Ghosal  e t  al. 1~. 
In  addi t ion  to  the  previous  repor ts ,  our  p resen t  f inding 
on the  occurrence  of a s tab le  and  t ransmiss ib le  d icentr ic  
in MS 180 cells will  add  fu r the r  cytological  d a t a  to  t he  
p rob lem of t he  s t ab i l i t y  of d icent r ic  chromosomes .  

Considerable  con t rove r sy  still  exis ts  regard ing  the  exac t  
na tu re  of rods  in mouse.  Af te r  an ex tens ive  s t u d y  on t h e  
ch romosomes  of a large va r i e ty  of animals ,  W h i t e  and  
o thers  have  adop ted  the  view t h a t  all na tu ra l ly  occurr ing 
rods are acrocentr ic  ~. B u t  recent ly ,  f rom the  whole 
m o u n t  EM study,  Comings and Okada  1. have  concluded 
t h a t  the  rods  of mouse,  sheep and  goat  are all te locent r ic  
w i th  no evidence for a shor t  arm. In  our  prev ious  r epor t  ~ 
on the  fusion me tacen t r i c  of the  house mouse  of Asian  
var ie ty ,  we have  concluded t h a t  t he  rods  of t he  mouse  
are all te locent r ic  in na ture .  B u t  the  na tu re  and  p l acemen t  
of centromeres in the  me ta -d icen t r i c  marke r  of MS 180 cell 
line lead us to sugges t  t h a t  the  ch romosomes  of th i s  
par t icu lar  t u m o u r  are acrocentr ic  in na ture .  
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Summary. Solanum ve r rucosum Schlechtd .  is p roposed  as a base for m u t a t i o n  b reed ing  in pota to .  I t s  m u t a b i l i t y  was  
d e m o n s t r a t e d  wi th  N-me thy l -N-n i t ro sou rea  and  N-e thy l -N-n i t rosourea  as mutagens .  

The  induc t ion  of m u t a t i o n s  in a n u m b e r  of cu l t iva ted  
p l an t s  has  become  a va luable  p a r t  of b reed ing  programs,  
b u t  no t  for t he  cu l t iva ted  po ta to ,  So lanum tube rosum.  
This  species has  more  t h a n  100 wild re la t ives  in Centra l  
a n d  Sou th  America ,  which  offer a large reservoir  of 
po ten t i a l l y  useful genes. Some of these  have  been  used 
in breeding  for res is tance  to  P h y t o p h t h o r a  infestans,  
v i rus  diseases, frost ,  n e m a t o d e s  and  insects  s, 8. However ,  
t he  t r ans fe r  of genes f rom some wild species to  S. tube-  
ro sum is of ten  diff icul t  or imposs ible  due to  cross-in- 
compat ib i l i ty ,  s te r i l i ty  and  d i f fe ren t  levels of ploidy.  
Addi t ional ly ,  some t r a i t s  wh ich  would  be mos t  useful  
for p o t a t o  i m p r o v e m e n t  (e.g. leaf roll immuni ty )  are no t  
k n o w n  to  be p re sen t  in a n y  of t he  wild or cu l t iva ted  
So lanum species. Thus  m u t a t i o n  breeding  represen ts  the  
only  w a y  to  ob ta in  new character is t ics ,  as well as to  
reproduce  ex i s t en t  charac te r i s t i cs  which  are no t  t r ans -  
ferable  f rom o the r  species. However ,  m u t a t i o n  breeding  
in S. t u b e r o s u m  presen t s  some serious difficulties. The  
species is t e t r ap lo id  (2n = 48), and  therefore  the  pro-  
bab i l i ty  of hav ing  recessive gene m u t a t i o n s  expressed is 
low. Moreover,  iden t i f ica t ion  and  isolat ion of a m u t a t i o n  
f rom the  h igh ly  he te rozygous  segregat ing  p rogeny  is ve ry  
difficult .  Therefore  m u t a t i o n  expe r imen t s  u n d e r t a k e n  
wi th  S. t u b e r o s u m  have  invo lved  on ly  vege ta t ive  pro-  
genies of t h e  Ml-genera t ion,  while  seed progenies  have  

no t  been  prev ious ly  ful ly ana lyzed  4-s. To avoid these  
difficulties,  a diploid So lanum species or der iva t ive  could 
be used as a base for m u t a t i o n  induc t ion  in po ta to .  
Theore t ica l ly  then,  such induced  m u t a t i o n s  could be 
in t roduced  in to  t he  S. t u b e r o s u m  genome.  This  would  
open new possibil i t ies in p o t a t o  breeding,  which  has  been  
l imi ted  unt i l  now to crossing, selection, and  the  appear -  
ance of somat ic  mu ta t ions .  The use of 'd ihaplo ids '  
(2n = 24), der ived f rom S. tuberosum,  or allied diploid 
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N-nitroso-N-methylurea (NMU) and N-nitroso-N-ethylurea (NEU) 
induced mutations in Solanum verrucosum Schlechtd. 

0.4 mM NMU 1.2 mM NEU Control 

Total No. of M 1 
examined plants 252 323 120 
Total No. of M 2 
examined plants 2269 2127 1017 
M 1 chlorophyll 
mutants 21.59% 14.88% 3.45% 
M z chlorophyll 
mutants 42.45 % 66.01% 1.59% 
Dwarfs 10.94% 20.75% 0.20% 
Leaf and flower 
macromutations 1.67 % 2.45% 0.00% 

species of T u b e r o s a  c a n n o t  be  ser iously  cons idered  for 
t h i s  purpose .  The  p r o b l e m s  i n h e r e n t  in  t h e  use of such  
m a t e r i a l  are several .  Of these,  t h e i r  n o r m a l  se l f - incompat i -  
b i l i t y  a n d  t h e  assoc ia ted  severe  i nb reed ing  depress ion  
of ' se l f -compat ib les '  i so la ted  f rom t h e m  9 are  p r o b a b l y  
t h e  m o s t  serious.  As a consequence  of these  t r a i t s ,  t h e  
i so la t ion  of recessive m u t a t i o n s  is e x t r e m e l y  compl i ca t ed  
a n d  dif f icul t  in  all  t h e  d ip lo id  Tuberosa .  Of t he  k n o w n  
dip lo id  S o l a n u m  species, on ly  t h e  wild Mex ican  Demissa ,  
S o l a n u m  ve r rucosum,  appea r s  to  be t heo re t i ca l ly  su i tab le  
for large  scale m u t a t i o n  i n d u c t i o n  in po ta to .  S. ve r ruco-  
sum is k n o w n  to h a v e  a u n i q u e  c o m b i n a t i o n  of cha rac -  
t e r i s t i cs  wh ich  would  m a k e  i t  a p p e a r  to  be  a n  ideal  base  
for  m u t a t i o n  b r eed ing  in po t a t o .  The  species is d iploid  
(2n = 24), se l f -compat ib le  (only excep t iona l  l ines are 
se l f - incompat ib le) ,  a n d  is l i t t l e  sub jec t  to  i nb reed ing  
depress ion  even  a f t e r  severa l  gene ra t i ons  of selfing. I t  
is also read i ly  crossable  w i t h  o t h e r  wild diploid  species as 
well  as w i t h  S. t u b e r o s u m  a n d  t he  S. t u b e r o s u m  h a p -  
loids 3,10,11. Add i t iona l ly ,  t h i s  species ha s  v a l u a b l e  genes 
b o t h  for  h y p e r s e n s i t i v i t y  a n d  field r e s i s t ance  to  P. in-  
festans12,13 a n d  i ts  l i nk ing  pos i t ion  b e t w e e n  t he  series 
T u b e r o s a  and  t h e  o t h e r  t u b e r - b e a r i n g  S o l a n u m  series 
ha s  been  sugges ted  X4,15 To t e s t  for th i s  t heo re t i ca l  use 
of S. v e r r u c o s u m  as a d e p e n d a b l e  base  for m u t a t i o n  
b r eed ing  in po ta to ,  t he  r a n g e  of m u t a b i l i t y  a n d  t he  
c h a r a c t e r s  of t h e  i nduced  m u t a n t s  in  th i s  species were 
inves t iga t ed .  
Material  and methods. 0.4 m M  N - m e t h y l - N - n i t r o s o u r e a  
(NMU) a n d  1.2 m M  N - e t h y l - N - n i t r o s o u r e a  (NEU)  were 
app l i ed  to  S. v e r r u c o s u m  seeds (24 h, 25~ 2 seed 
gene ra t i ons  (M 1 a n d  Ms) were  obse rved  for i nduced  
changes .  I n  t he  Ml-genera t ion ,  seed ge rmina t ion ,  seed 
coa t  shedding ,  seedl ing in ju ry ,  g r o w t h  apex  damage ,  
soma t i c  ch lo rophy l l  m u t a t i o n s ,  leaf a n d  f lower a b n o r -  
mal i t ies ,  a n t h o c y a n i n  p i g m e n t a t i o n  of s tem,  pol len  s t a in -  
ab i l i ty ,  p l a n t  s u r v i v a l  a n d  seed p r o d u c t i o n  were  eva-  
lua ted .  The  Ms-genera t ion  was  t e s t e d  for  non - ch l o rophy l l  
a b n o r m a l i t i e s  of co ty ledons ,  dwarfs ,  ch lo rophy l l  m u t a -  
t ions ,  a n d  leaf  a n d  f lower  m a c r o m u t a t i o n s .  
Results and discussion. Of t h e  c h a r a c t e r s  eva lua ted ,  so- 
m a t i c  ch lo rophy l l  m u t a t i o n s  in  t h e  Ml-genera t ion ,  as well  
as dwarfs ,  ch lo rophy l l  m u t a t i o n s ,  a n d  leaf a n d  f lower 
m a c r o m u t a t i o n s  in  t he  Ms-genera t ion  were cons idered  to  
be  t he  m o s t  i m p o r t a n t  in  assessing S. v e r r u c o s u m  for 
m u t a b i l i t y .  The  o b t a i n e d  f requencies  of these  (table) 
p rov ide  a useful  i n d i c a t i o n  of t he  va lue  of S. v e r r u c o s u m  
for m u t a t i o n  b r eed ing  in p o t a t o .  T h e y  also e s t ab l i sh  a 
h i g h  m u t a g e n i c  eff ic iency of the  2 a lky ln i t ro sou reas  in  
t h i s  species. The  phys io log ica l  d a m a g e  caused  b y  t he  
m u t a g e n s  u n d e r  t h e  cond i t ions  of these  e x p e r i m e n t s  was  

n o t  serious.  I n  t he  Ml-genera t ion ,  b o t h  N M U  a n d  N E U  
s l igh t ly  s t i m u l a t e d  seed ge rmina t ion .  T h e y  h a d  a s imi la r  
effect  in  decreas ing  t h e  l e n g t h  of t he  hypoco ty l s ,  wh ich  
were 17% shor t e r  t h a n  t h e  controls .  B o t h  m u t a g e n s  also 
decreased  p l a n t  su rv iva l  b y  an  ave rage  of 26%.  The  
m u t a g e n s  h a d  no  s ign i f ican t  effect  on  seed coa t  shedd ing ,  
leaf  de fo rmat ions ,  f lower a b n o r m a l i t i e s  a n d  pol len  s t a in -  
ab i l i ty .  Seed p r o d u c t i o n  was s l igh t ly  decreased  in t he  
case of N E U  only.  N E U  also s ign i f i can t ly  d a m a g e d  t he  
g r o w t h  apex,  however ,  t h e  p l a n t s  l a t e r  r ecovered  f rom 
th i s  damage .  I n  appea rance ,  t he  M l - p l a n t s  v a r i e d  g r ea t l y  
a f t e r  t h e  m u t a g e n i c  t r e a t m e n t s .  The  v a r i a b i l i t y  inc luded  
h e i g h t  of p lan t s ,  size and  ha i r iness  of leaves,  b r a n c h i n g ,  
a n d  a large  s p e c t r u m  of  w e a k  to  s t o u t  a n d  v igorous  p lan t s .  
I n  t h e  Mz-generat ion,  t h e  spec t r a  of ch lo rophy l l  m u t a -  
t ions  were b road ,  and  dif fered s ign i f i can t ly  for t he  2 
m u t a g e n s .  The  m a c r o m u t a t i o n s  i nduced  wi th  N M U  and  
N E U  invo lved  p r o n o u n c e d  changes  in leaf m o r p h o l o g y  
(e.g. co rda t e  leaf, e l l ipt ic  leaf, rugose  leaf) as wel l  as 
f lower  m u t a t i o n s ,  such  as w h i t e  flower, pe r s i s t en t  flower, 
o rch id  f lower a n d  d a r k  s t igma.  M a n y  of t h e m  h a d  pleio- 
t rop ic  effects.  
I n  a d d i t i o n  to these  m u t a t i o n s ,  m a n y  o the r  obv ious ly  
m u t a t e d  p l a n t s  appea red .  These  changes  were s o m e w h a t  
less d r a m a t i c  in  a p p e a r a n c e  a n d  i n v o l v e d  such  c h a r a c t e r s  
as ea r ly  t ube r i za t ion ,  la rger  tube r s ,  changes  in a n t h o -  
c y a n i n  p i g m e n t a t i o n  of flowers, size of flowers, e tc .  Most  
of these  m u t a t i o n s  were n o t  fol lowed in de ta i l  in t he  
expe r imen t s .  T h e y  do, however ,  sugges t  a n o t h e r  po ten -  
t i a l  role for S. ve r rucosum.  Should  ser ious cons ide ra t ion  
b e n  g iven  to  t h e  poss ib i l i ty  of p r o d u c i n g  a t rue -seed  
p r o p a g a t e d  s t r a i n  of po ta to ,  t he  cha rac t e r i s t i c s  of th i s  
species would  p rov ide  a sound  base  for  such  a deve lop-  
m e n t .  W i t h  i nduced  m u t a g e n e s i s  to  p rov ide  t he  r equ i red  
va r i ab i l i t y ,  t h e  n a t u r a l  f e r t i l i ty  a n d  re la t ive  f reedom 
f rom i n b r e e d i n g  depress ion  could be  exp lo i t ed  w i t h o u t  
d a n g e r  of loss or d i m i n u t i o n  b y  ou te ross ing  to  o t h e r  
species. 
C o m p a r i n g  t he  m a c r o m u t a t i o n s  to  s imi la r  cha rac te r i s t i c s  
of o t h e r  wild  p o t a t o  species, i t  was  f o u n d  t h a t  m a n y  of 
t h e  S. v e r r u c o s u m  m u t a n t s  r e semble  ce r t a i n  wi ld  diploid 
species of b o t h  S o u t h  a n d  Cen t r a l  Amer ica .  Th i s  ind ica tes  
t h a t  S. v e r r u c o s u m  or  a d i rec t  ances to r  cou ld  h a v e  
c o n t r i b u t e d  s ign i f i can t ly  to  spec ia t ion  of some t u b e r -  
b e a r i n g  S o l a n u m  species. The  d a t a  the re fo re  suppo r t s  
t he  H a w k e s  t h e o r y  to t h i s  effect  16,1, 
Conclusion. The  resu l t s  of t h i s  s t u d y  ind ica te  t h a t  S. 
v e r r u c o s u m  p rov ides  a m o s t  su i t ab l e  ba se  for  m u t a t i o n  
b r e e d i n g  in po t a to .  The  n u m b e r  a n d  s p e c t r u m  of t he  
m u t a t i o n s  was b road .  This ,  a n d  t h e  k n o w n  re la t ive  ease 
w i t h  w h i c h  genet ic  i n f o r m a t i o n  can  be  t r a n s f e r r e d  f rom 
S. v e r r u c o s u m  to  t h e  Tuberosa ,  sugges ts  a v a l u a b l e  new 
role for  t he  species in  p o t a t o  b r e e d i n g  p rograms .  The  
de ta i l l ed  resu l t s  of i nduced  mu tagenes i s  in  S. v e r r u c o s u m  
will  be  p u b l i s h e d  in s u b s e q u e n t  papers .  
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