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Genetic and Biosystematic Studies on Two New Sibling Species 
of Lycopersicon from Interandean Peril 
C h . M .  Rick ,  E .  Kes i ck i ,  J . F .  Fobes  and M.  Holle 

D e p a r t m e n t  of Vegetable  C r o p s ,  U n i v e r s i t y  of Ca l i fo rn ia ,  Dav i s ,  Ca l i fo rn i a  (U .S .A . ) ,  Ins t i tu te  of  Plant  Gene t i c s ,  
Poznafi  ( P o l a n d ) ,  Depa r t amen to  de Hor t i cu l t u r a ,  Un ive r s idad  Naciona l  A g r a r i a ,  La Molina ,  Lima ( P e r d )  

S u m m a r y .  All ava i l ab le  a c c e s s i o n s  of  the ent i ty  p r ev ious ly  named "L. ~nutum" and d e s c r i b e d  by Chmie l ewsk i  
w e r e  inves t iga ted  b i o s y s t e m a t i c a l l y .  All  such l ines  can be unequivoca l ly  c l a s s i f i ed  into two e l e m e n t s  that a r e  
morpho log i ca l l y  d i s t ingu ished ,  chief ly  by d i f f e r ences  in f lower  s i z e  and e x s e r t i o n  of the s t i g m a .  The s t i g m a s  of 
the l a r g e - f l o w e r e d  type a r e  s t rong ly  e x s e r t e d ;  those  of the s m a l l e r ,  s l igh t ly  o r  not at a l l .  Both fo rms  a re  s p o r -  
ad ica l ly  d i s p e r s e d  in the cen t r a l  and no r the rn  P e r u v i a n  Andes ,  eas t  of the cont inental  d iv ide .  They a r e  s y m p a t -  
r i c  and often cohabit  in the A p u r i m a c - A y a c u c h o - C u z c o  r e g i o n .  Desp i t e  this  o v e r l a p  of  r a n g e s  and in t e rming l ing ,  
i n t e r m e d i a t e  types have not been found in na tu re ,  although they can be produced e x p e r i m e n t a l l y  by r e c i p r o c a l  
c r o s s e s  between the two f o r m s .  The F~ hybr ids  a r e  highly f e r t i l e ,  but s eeds  produced by se l f -po l l i na t ion  g e r -  
mina te  poor ly .  

Var ia t ion  at the individual ,  populat ional ,  and h igher  l eve l s  was a s s e s s e d  in progeny t e s t s  of wild plants by 
ana lys i s  of  14 enzyme  loci ,  of which eight p roved  to be p e l y m o r p h i c .  The two taxa could be e n t i r e l y  d i s t ingu i sh -  
ed by a l t e r n a t i v e  a l l e l e s  of Got-3 ; pe r f ec t  a g r e e m e n t  was also found in the s y m p a t r i c  r eg ion  for  a l l e l e s  of P r x - 3  ; 
a va r i ab l e  d e g r e e  of d i f fe ren t ia t ion  ex i s t s  at the o ther  po lymorph ic  loc i .  F o r  the s m a l l - f l o w e r e d  taxon,  al l  t e s ted  
individuals  w e r e  homozygous ,  and all  m e m b e r s  of a s ing le  population had ident ica l  genotype;  f u r t h e r m o r e ,  only 
l imi ted  d i f f e r e n c e s  at two loci  w e r e  found in the eight t e s ted  a c c e s s i o n s .  In c o n t r a s t ,  the l a r g e r - f l o w e r e d  type 
exhibi ts  cons ide r ab l e  va r i a t ion  in t e r m s  of i n t r a -  and in te rpopula t iona l  po lymorphy ,  h e t e r o z y g o s i t y ,  and o ther  
ev idence  of  o u t c r o s s i n g .  With the a fo remen t ioned  except ion ,  al l  a l l o z y m e s  de tec ted  in the s m a l l e r - f l o w e r e d  fo rm 
a r e  known in the l a r g e r - f l o w e r e d  type .  All  ev idence  f rom f lower  morphology  and m e a s u r e s  of v a r i a b i l i t y  cons i s -  
tent ly  a l ludes  to app rec i ab l e  ou tc ros s ing  in the l a t t e r  and s t r i c t  au togamy in the f o r m e r .  Cons ide ra t ions  of  al l  l i -  
nes of  ev idence  lead to the conclus ion  that the s e l f -po l l i na t ed  ent i ty  is suf f ic ien t ly  d i f fe ren t i a t ed  f rom the o u t c r o s -  
s e r  to d e s e r v e  spec i f i c  s t a t u s .  The f o r m e r  is named  L. pa~ i f l o r~m,  the l a t t e r ,  L. chm~elewskii, and Latin d iag-  
noses  a r e  p r e s e n t e d .  I t i s  most  l ike ly  that L. p a r v i f Z o ~  evolved  s y m p a t r i c a l l y  f rom L. chr~elewskii  by v i r -  
tue of its acqu i r ing  autogamous r ep roduc t ion  - -  an i so la t ing  m e c h a n i s m  that is apparen t ly  r e i n f o r c e d  by poor r e -  
p roduc t iv i ty  of the i n t e r s p e c i f i c  h y b r i d s .  

In t roduct ion  

Since wild s p e c i e s  of Lycopersieon have been used 

e x t e n s i v e l y  as s o u r c e s  of  g e r m  p lasm for  b reed ing  

i m p r o v e d  tomato  v a r i e t i e s ,  much i n t e r e s t  a t t aches  

to the d i s c o v e r y  of new taxa in this genus .  The p io-  

n e e r  inves t iga t ions  of Chmie l ewsk i  and his co l l ea -  

gues  ( B e r g e r  et a l .  1966; Chmie l ewsk i  1962, 1963, 

1965, 1968a,b;  Chmie l ewsk i  a n d B e r g e r  1962, 1966; 

Chmie l ewsk i  et a l .  1964; Chmie l ewsk i  and Rick 1962) 

on Lycopersicon a c c e s s i o n s  f rom in te randean  Pe r i l  

r e v e a l e d  the ex i s t ence  of a new ent i ty ,  which was 

t en ta t ive ly  labe led  'L. minutwn'. Although no f o r -  

mal  d e s c r i p t i o n  and a s s ignmen t  of spec i f i c  name  

w e r e  made ,  the ev idence  f rom c o m p a r a t i v e  morpho-  

logy and gene t i c  t e s t s  led to the be l i e f  that this  taxon 

d e s e r v e s  s p e c i e s  s t a t u s .  In the meanwhi le ,  va r ious  

a c c e s s i o n s  have been tes ted  for potent ia l ly  useful  

g e r m  p l a s m .  F r o m  one such a c c e s s i o n  unusual ly  

high so luble  so l ids  content  of the m a t u r e  f rui t  has 

been bred  into l a rge ,  r e d - f r u i t e d  l ines  of  L. eseu-  

lentum (Rick 1974).  

Since the t i m e  of C h m i e l e w s k i ' s  r e s e a r c h e s ,  

new a c c e s s i o n s  and new e x p e r i m e n t a l  data  have been 

obtained to enhance our  knowledge about components  

of the minutum c o m p l e x .  Valuable  new a c c e s s i o n s  

w e r e  p rov ided  by s e v e r a l  c o l l e c t o r s  (Tables 1, 2 ) .  

In O c t o b e r - N o v e m b e r  1970, two of us (M .H.  and C.  

M . R . )  i n the  c o m p a n y o f  Mar tha  Rick w e r e  p r i v i l e g -  

ed to t r a v e l  in the ~r~nutum haunts of  the D e p a r t m e n t s  

of Ayacucho,  A p u r i m a c ,  and Cuzco,  P e r d ,  whe re  we 

w e r e  able to co l lec t  new m a t e r i a l  and o b s e r v e  popu- 

lat ions in the i r  na t ive  habi ta t .  All  ava i lab le  a c c e s -  

s ions  w e r e  subsequen t ly  grown at Davis  for the pur -  

poses  of morpho log ica l  c o m p a r i s o n s ,  p rogeny  t e s t -  

ing, a s says  of i n t r a -  and i n t e r s p e c i f i c  compa t ib i l i -  

t i e s ,  ana lyses  of hybrid  d e r i v a t i v e s ,  and d iagnos is  
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Table  1.  S u m m a r y  of  A l l o z y m e s  in A c c e s s i o n s  of  L. parvi7%or'um 

A c c e s s  N o .  LA247 735 1132 1319 1321 1322 1326 1329 

Si te  C h a v i n i l l o  H u a r i a c a  I n g e n i o  A b a n c a y  C u r a h u a s i  L i m a t a m b o  S o r a c a t a  Y a c a  

D e p a r t m e n t  Hu~nuco P a s c o  A m a z o n a s  A p u r i m a c  A p u r i m a c  A p u r i m a c  A p u r i m a c  A p u r i m a c  

Collector ~ O c h o a  Smith Stephens H.,R.&R. H.,R.&R. H.,R.&R. R.&R. R.&R. 

Collect. No. 1017 None None SAL403 SAL405 SAL406 SAL410 SAL413 

N o .  P l a n t s  ? ? ? 3 1 1 5 9 

A p s - 1  t 2 2 2 2 2 2 2 2 

A p s -  2 n n n n n n n n 

E s t - 1  4 4 - 4 4 4 4 4 

Go t -  1 1 1 1 1 1 1 1 1 

G o t - 2  3 3 3 3 3 3 3 3 

Go t -3  3 3 3 3 3 3 3 3 

Got - 4 1 1 1 1 1 1 1 1 

P r x - 1  3 3 3 3 3 3 3 3 

Prx-2 + + + + + + + + 

P r x - 3 a  + + + + + + + + 

P r x - 3  + + + 1 1 1 1 1 

P r x - 4  6 4 4 - - - 4 5 

P r x - 7 a  + + + + + + + + 

P r x - 7  1 1 1 1 1 1 1 1 

~ Collectors : H. - MiguelHolleO., Ochoa - Carlos Ochoa, R .&R. - Charles M. & 
G. Smith, Stephens - Stanley G. Stephens. 

-~ Only allele symbols entered in table. A single symbol signifies that all plants in 
same allele. 

MarthaO. Rick, Smith- Paul 

all progenies possessed the 

of enzyme variability. Analysis of enzyme polymor- 

phy was emphasized because many investigations have 

already demonstrated its usefulness for testing na- 

tural relationships between and within closely related 

species. It is the purpose of this paper to summarize 

the results of these investigations and to draw certain 

conclusions therefrom. 

Materials and Methods 

Information concerning the collector, collector ' s 
number, and site of collection for each accession is 
given in Tables I and 2. For our collections, seeds 
were harvested separately from each plant in the 
wild and sown separately for purposes of these in- 
vestigations. For most of the other accessions, in- 
formation is lacking concerning the size of the wild 
populations and the number of plants harvested; con- 
sequently, our cultures of these accessions are treat- 
ed as mixtures and assumed to be typical of the par- 
ent population. As our tests reveal, the lack of this 
information is fortunately of minor consequence be- 
cause, with only one exception, these accessions 
were of L. pamrs which is demonstrated to be 
remarkably uniform within and between populations. 

Standard methods were used for growing the cul- 
tures and for the hybridization experiments. For rea- 

s o n s  of  c o n v e n i e n c e  and m o r e  p r e c i s e  c o n t r o l  of  h y -  
b r i d i z a t i o n s ,  m o s t  o f  the  c u l t u r e s  w e r e  g r o w n  in the  
g r e e n h o u s e .  

F o r  t e s t s  of  e n z y m e  v a r i a b i l i t y ,  we  fo l l owed  s t a n -  
d a r d  p r o c e d u r e s  of  h o r i z o n t a l  s t a r c h - g e l  e l e c t r o p h o r e -  
s i s  ( B r e w e r  1970; S c a n d a l i o s  1 9 6 9 ;  Shaw and  P r a s a d  
1 9 7 0 ) .  D e t a i l s  c o n c e r n i n g  o u r  m e t h o d s  a r e  p r e s e n t e d  
e l s e w h e r e  ( R i c k ,  Z o b e l  and F o b e s  1974; R i c k  and F o -  
b e s ,  in p r e s s ) .  I s o z y m e s  w e r e  t e s t e d  fo r  t h e  fou r  e n -  
z y m e s  - -  a c i d  p h o s p h a t a s e  ( A p s ) ,  e s t e r a s e  ( E s t ) ,  
g l u t a m a t e  o x a l o a c e t a t e  t r a n s a m i n a s e  ( G o t ) ,  and p e r -  
o x i d a s e  ( P r x )  . V i g o r o u s  o n e - m o n t h - o l d  s e e d l i n g s  
w e r e  s a m p l e d  in t h e s e  t e s t s ,  t he  ful l  a r r a y  of  E s t ,  
Got ,  and  P r x  i s o z y m e s  b e i n g  a s s a y a b l e  f r o m  r o o t  and 
b a s a l  s t e m  t i s s u e s ,  w h i l s t  e i t h e r  t h o s e  t i s s u e s  o r  t e r -  
m i n a l  m e r i s t e m s  and l e a v e s  s e r v e  s a t i s f a c t o r i l y  for  
A p s .  

E i g h t  o r  s i x t e e n  p l a n t s  w e r e  t e s t e d  fo r  e a c h  s a m p l e ;  
t he  a c c e s s i o n  p e r m i t t i n g ,  a d d i t i o n a l  p l a n t s  w e r e  s a m -  
p l e d  a s  n e c e s s a r y .  A n a l y s i s  of  t h e  v a r i a t i o n  in s u c h  
s a m p l e s  a l l o w e d  d e t e r m i n a t i o n  of  the  g e n o t y p e  of  the  
p a r e n t  p l an t  fo r  e a c h  i s o z y m e  l o c u s .  By  i d e n t i f y i n g  
h e t e r o z y g o t e s ,  t h e  m e t h o d  i n c o n t r o v e r t a b l y  d i s t i n -  
g u i s h e s  b e t w e e n  s e l l i n g  of  a h o m o z y g o t e ,  s e l l i n g  of a 
h e t e r o z y g o t e ,  o u t o r o s s i n g  of  a h o m o z y g o t e ,  and ,  in 
m a n y  i n s t a n c e s ,  o u t c r o s s i n g  of  a h e t e r o z y g o t e .  As  
r e v e a l e d  b e l o w ,  t he  d a t a  a r e  u s e f u l  f o r  c o m p a r i n g  
g e n o t y p e s  of  t he  a c c e s s i o n s  and l a r g e r  t a x o n o m i c  
categories in respect of the kinds of alleles and ex- 
tent of variation between and within populations. They 
also serve as a basis for comparisons with other to- 
mato species. 
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T a b l e  2 .  S u m m a r y  of  A l l o z y m e s  in  A c c e s s i o n s  of  L. chr~elewskii 

A c c e s s . N o .  LA 1028 1306 1316 

S i t e  C a s i n c h i h u a  T a m b o  O c r o s  

D e p a r t m e n t  A p u r i m a c  A y a c u c h o  A y a c u c h o  A y a c u c h o  

Col lec tor*~ U g e n t & I l t i s  H . , R . & R .  H . , R 2 ~ R .  H . , R A c R .  

C e l l  . N o .  832 SAL390 SAL400 SAL401 

N o .  P l a n t s  ? 7 1 3 

A p s - 1  t 2 2 2 2 

A p s - 2  n + + 2+, I n  

E s t - 1  4 4 4 4 

G o t - 1  - 1 1 1 

G o t - 2  3 3 3 3 

G o t - 3  + + + + 

G o t - 4  1 1 1 1 

P r x -  1 4 3 3 3 

P r x - 2  + + + + 

P r x - 3 a  + + 1 

Prx-3 + + + / 1  

Prx-4 4 4 4 

Prx-7a n 5+, 2n? + 

P r x - 7  1 1 1 

1317 1318 1325 1327 1330 

H d a . P a j o n a l  A u q u i b a m b a  P u e n t e  C u n y a c  S o r a c a t a  H d a . F r a n c i s c o  

Apurimac Apurimac Apurimac Apurimac 

H.,R.&R. R&R. R&R. R~cR. 

SAL402 SAL409 SAL411 SAL414 

6 1 8 1 

2 2 2 2 

In, 5(+/n) 3 4 + , 2 n , 2 ( + / n )  n 

4 4 4 4 

3 + , 2 ( 1 ) , 1 ( + / 1 )  + 3 + , 5 ( 1 )  1 

3 3 3 3 

+ + + + 

I 1 1 1 

3 3 3 3 
+ + + + 

2 ( 1 ) , 1 ( + / 1 )  4 ( 1 ) , 2 ( + / 1 )  1 6 + , 1 ( 1 ) , 1 ( + / 1 )  1 

+ 5§ + 4§ + 

4 5 ( 4 ) , 1 ( 4 / 6 )  4 4 ( 4 ) , 2 ( 5 ) , 2 ( 4 / 6 )  4 

+ 2+,3n + n - 

1 1 1 1 - 

~,~ C o l l e c t o r s :  H .  - M i g u e l  H e l l e  O . , I l t i s -  H u g h H .  I l t i s ,  R . &  R .  - C h a r l e s  M .  
D o n a l d  U g e n t .  

f On ly  a l l e l e  s y m b o l s  e n t e r e d  in t a b l e .  A s i n g l e  s y m b o l  s i g n i f i e s  t h a t  a l l  p l a n t s  
s a m e  a l l e l e .  

& M a r t h a  O .  R i c k ,  U g e n t  - 

in  a l l  p r o g e n i e s  p o s s e s s e d  t h e  

R e s u l t s  

S i n c e  s e v e r a l  l i n e s  of e v i d e n c e  i n d i c a t e  t h e  e x i s t e n c e  

of  two r e a d i l y  d i s t i n g u i s h e d  t a x a ,  it g r e a t l y  f a c i l i t a t e s  

p r e s e n t a t i o n  of  o u r  d a t a  to l a b e l  t h e m  p e r m a n e n t l y  a t  

t h i s  t i m e .  A c c o r d i n g l y ,  we  now a p p l y  s p e c i f i c  n a m e s  

a n d  fo l low w i t h  L a t i n  d i a g n o s e s  and  e x p e r i m e n t a l  j u s -  

t i f i c a t i o n .  I n a s m u c h  a s  t he  n o m e n  L. minutum h a s  h e r e -  

t o f o r e  b e e n  a p p l i e d  to t he  e n t i r e  c o m p l e x ,  c o n f u s i o n  

w i l l  be  a v o i d e d  by  c h r i s t e n i n g  t h e  two c o m p o n e n t s  

w i t h  new e p i t h e t s .  F o r  t he  l a r g e - f l o w e r e d  s p e c i e s  we 

c h o o s e  t he  n a m e  of  L. ehmieZewskii in h o n o r  of  t he  

s c i e n t i s t  who  m a d e  t he  m a j o r  c o n t r i b u t i o n  to o u r  

k n o w l e d g e  a b o u t  t h i s  c o m p l e x .  The o t h e r  is  n a m e d  

L. parviflorum f o r  i t s  s a l i e n t  m o r p h o l o g i c a l  f e a t u r e .  

The  two s p e c i e s  a r e  d e s c r i b e d  in t h e  f o l l o w i n g  s e c t i o n .  

D e s  c r i p t i o n s  

Lycopersicon par~ifZoz~m s p .  n o v .  ( F i g .  1 , 3 ) .  

P l a n t a  r a m o s i s s i m a ,  r e p e n e s ,  h e r b a c e a ,  p e r e n n i s .  

C a u l i s  g r a c i l i s ,  i n t e r n o d i a  3 - 5  c m  l o n g a .  C a u l e s ,  

folia, pedunculi, pedicelli, calycesque dense glandu- 

loso-puberuli pills multicelularis non ramosis obtec- 

ta. Folia characteristice odorata. Folia lata, plana, 

interrupte pinnatisecta, 6-9 cm in latitudine, 7-10cm 

longa, foliola 5 vel 7 mairora, laminis compluribus 

inter foliola. 

Margines foliolorum serrates vel undulati, pseudo- 

stipula absens. Folia interim at L. peruvianum var. 

hwni fuswn s p e c t a n s .  

I n f l o r e s c e n t i a  p a u c i f l e r a  / f l o r a  5 - 8 ]  n o n r a m o s a ,  

c u r t a ,  a x e s  3 - 4  c m  l o n g a e ,  i n t e r i m  p e d i c e l l i  b a s i  

b r a c t e a t i .  P e d i e e l l i  s u p e r  m e d i u m  a r t i e u l a t i .  

C a l y x  cure  5 - 1 o b a t u s ,  t e p a l a  a n g u s t e  l a n e e o l a t a ,  

4 m m  l o n g a .  C o r o l l a  l u t e a ,  s t e l l a t a ,  11 -14  m m  in 

d i a m e t r o ,  l o b i s  t r i a n g u l a r i b u s ,  a n g u s t e  a p i c u l a t i s .  

Tuba  a n t e r i d i a l i s  6 m m  l o n g a ,  a n t e r e  s u b  s e s i l e s ,  

a p i c e s  s t e r i l e s  1 m m  l o n g i ,  n o n i n c u r v a t i .  

S t i g m a  a d  m a r g i n e m  t u b e  a n t e r i d i a l i s  i n s e r t a  [ r a -  

r i s i m e  p a u e e  e x s e r t a ] .  F l o r e s  i n c o n s p i q u i .  

B a c e a  g l o b o s a ,  10 -14  m m  in  d i a m e t r i c ,  p u b e r u l a ,  

m o l l i s ,  a l b e v i r i d i s  [ m a t u r e ]  c u m  2 v i r i d e s  ve l  p u r -  
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Calyx 5-par ted  n e a r l y  to base ,  into s l ende r  laneeo-  

late s e g m e n t s  4 mm long.  Co ro l l a  ye l low,  s t e l l a t e ,  

11-14 mm a c r o s s ,  deeply divided into e longate  t r i a n -  

gu la r  lobes with na r row a p i c e s .  S tamina l  cone 6 mm 

long, bot t le  shaped,  the an thers  s u b s e s s i l e ,  t he i r  s t e -  

r i l e  d i s ta l  por t ions  1 ram,  unbent .  S t igma at mouth of 

anther  tube or  v e r y  s l igh t ly  e x s e r t e d .  The f lowers  

v e r y  inconspicuous  in total  aspect  of plant .  

F r u i t  borne  on somewhat  e longated peduncle ,  the 

b e r r y  g lobose ,  10-14 mm d i a m e t e r ,  minute ly  puberu-  

lent ,  sof t ,  w h i t i s h - g r e e n  at ma tu r i ty  with 2 dark g r e e n ,  

s o m e t i m e s  purp l i sh ,  r ad ia l  l i ne s .  Calyx a c c r e s c e n t ,  

becoming  ro t a t e  at ma tu r i ty ,  its s e g m e n t s  r each ing  

8 ram.  Seeds s m a l l ,  1 . 5 - 2 . 0 x  1 . 0 r a m ,  b r o a d l y o b -  

l anceo la te ,  cove red  with p s e u d o h a i r s .  

F i g .  1. R e p r e s e n t a t i v e  plant pa r t s  of L. parviflo~um. 
Note s m a l l e r  l eaves  and g rea t  rec~uction of f lowers  
in i n f l o r e s c e n c e s .  LA1326 f rom Soraca ta  ( A p u r i m a c ) ,  
P e r d .  

pureas linens, calyx accrescens. Semina parva, 1.5- 

2.0 • 1.0 mm, late, oblanceolata, purula. 

Plant copiously branched, reclining, herbaceous 

perennial. Stems slender, internodes 3-5 cm long. 

All vegetative parts, peduncles, pedicels, and calyces 

dense ly  puberu len t ,  g landula r ,  occas iona l ly  with s ca t -  

t e r ed ,  m u l t i c e l l u l a r  unbranched h a i r s .  F o l i a g e  with 

c h a r a c t e r i s t i c  odor of burned c h e e s e .  Leaves  b road ,  

f lat ,  i n t e r rup t ed -p inna t e ,  6-9 cm wide x 7-10 cm 

long, with 2, occas iona l ly  3, pa i r s  of opposi te  m a j o r  

s e g m e n t s  and va r i ab l e  number s  of s m a l l  fo l io lu les ,  

m a r g i n s  s e r r a t e  o r  undulate ,  pseudos t ipu les  lacking,  

the l eaves  in the i r  s i m p l e s t  fo rm r e s e m b l i n g  those  

of L. peruv/anum v a r .  humifusum. I n f l o r e s c e n c e  5-8 

f lowered ,  unbranched,  s o m e t i m e s  with tiny b rac t s  

at base  and subtending ped ice l s ,  all  pa r t s  c o m p a r a -  

t ive ly  sho r t ,  o v e r a l l  length of axis  3-4 c m .  P e d i c e l s  

with funct ional  a r t i cu la t ion  0 . 3 - 0 . 4  the d i s tance  f rom 

base  of f l ower .  

Collections. In addition to the collections listed in 

Table I, the following have been identified from her- 

barium sheets. 

Per~ - Amazonas (Prov. Bagua) : between Milagro 

and Amojas, June 27, 1959, Ferreyra 13674 (Mus. de 

Hist. Nat., Lima) . Apurimac (Prov. Abancay) : R~o 

Pachachaca 20 km n of Abancay, 2,000 m alt, Feb. 9, 

1939, Stork, Horton, and Vargas 10543 (U.S. Nat., 

Univ. Cal., Berk.); Curahuasi, Dec. 1962, Iltis 

and Ugent 739 (Univ. Wis.). Cuzco (Prov. Anta); 

Limatambo-Puento Cunyac, May 29, 1956, 0. Velar- 

de N. 1406 (U.S. Nat.). HuAnuco (Prov. Dos de 

Mayo): Chavinillo, 2100 m alt, Mar. 18, 1951, Oehoa 

1017 (Herb. Ochoa; type specimen) ; (Prov. Hu{mu- 

co) : Cerro Calavario, July 24, 1948, Ferreyra 803 

(Mus. de Hist. Nat., Lima) ; Quebrada de Huertas, 

2200-2250 malt, June 18, 1958, Ferreyra 9207 (Mus. 

de Hist. Nat., Lima) . 

It should be noted here that the collection site of 

LA735 is Huariaca instead of San Rafael as specified 

in Chmielewski's (1968b) research; the site proved 

to be much closer to Huariaca than San Rafael. 

Lyaopersicon ch~ielewskii sp. nov. (Fig.2, 3) 

Planta L. parviflorum, similis, robustior, interno- 

dia 8-12 cm longa. Folia interim cure pseudostipulos, 

10-12 • 14-16 cm, foliola 7, lamina plana vel plica- 

ta, marginibus undulatis. 

Inflorescentia nonramosa vel in partes 2 divisa, 

9-12 cm longa. Bracteae et bracteole copiose et L. 

parvi flori maiores. 
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F i g  . 3 .  R e p r e s e n t a t i v e  i n f l o r e s c e n c e s  of  t o m a t o  s p e -  
c i e s .  a & b - L. chmielewskii; c & d - L. parviflorum. 
a - LA 1306 ( T a m b o )  W h o l e  i n f l o r e s c e n c e s  ; b - LA 1327 
( S o r a c a t a )  P a r t  of  i n f l o r e s c e n c e ;  c - LA 1326 ( S o r a c a -  
t a ) ;  d - LA1329 ( Y a c a )  W h o l e  i n f l o r e s c e n c e .  N o t e d i f -  
f e r e n c e s  in  s i z e  of  i n f l o r e s c e n c e  and  f l o w e r ,  e x s e r -  
t i on  of  s t i g m a .  

F i g . 2 .  R e p r e s e n t a t i v e  p l a n t  p a r t s  of  L. chmielewskii. 
N o t e  m o r e  r o b u s t  g r o w t h ,  p a r t i c u l a r l y  of  f l o w e r s  a n d  
i n f l o r e s e e n c e s .  LA1306 f r o m  T a m b o  ( A y a c u c h o ) ,  P e -  

bracts more abundant and larger than in L. par~i- 

~ o I-.~.Tfl. 

Calyx segments 6 mm long, recurving. Corolla 

strongly recurred, 20-25 mm diam, divided halfway 

to base into elongated triangular segments, apiculate 

at tips. Staminal cone 8-9 mm long, sterile tips 2-3 

ram. Style exserted I-2 ram. Flowers showy in total 

a s p e c t  of  p l a n t .  

F r u i t s  r i p e n  to y e l l o w i s h - g r e e n  c o l o r ,  c a l y x  e n -  

l a r g i n g  to 2 0 - 2 4  m m  d i a m .  

Tepala 6 mm longa, recurvata. Corolla revurva- 

ta, 20-25 mm in diametro, in partes elongatis, tri- 

angularibus, apiculatis divisa. Tuba anteridialis 

8-9 mm longa, apices steriles 2-3 mm longi. Stigma 

I-2 mm exserta. F lores conspiqui. 

Bacca luteolo-viridis, calyx accrescens at 20-24 

mm. 

Generally similar to L. parviflor~, but differ- 

ing in the following respects. 

Plant more robust with most parts larger. Inter- 

nodes 8-12 cm long. Upper stemstending to be flushed 

with anthocyanin. 

Leaves pseudostipulate in certain accessions, I0- 

12 x 14-16 cm, mostly in 3 pairs of major lateral 

segments, the laminae flat or plicate with undulate 

margins. 

Inflorescence either unbranched or divided into 

two cymes, overall length 9-12 cm. Basal and upper 

Collections. Table 2 lists all collections knownto us. 

The following is the type collection of this species. 

Per~ - Apurimac (Prov. Abancay) : Casinchihua, 

above Abancay, Dec. 21, 1962, Zltis and Ugent 832 

(Univ. Wis. ; Univ. So. Ill. ). 

Distribution and Ecology 

According to available information, the region of dis- 

tribution of this complex is limited to interandean 

Per~, bounded by the Ecuadorean frontier in the north 

and the Apurimac-Sto. Tom~s drainages (Dept. Cuzco) 

in the south (Fig. 4, 9) . No sites are known west of 

the continental divide nor east of the main cordilleras. 

L. pa~iflorz~ appears sporadically throughout this 

range; L. ehmiel~skii is not known north of Dept. 

Ayacucho, both are relatively abundant and unques- 

tionably sympatric in the central area of Dept. Apu- 
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F i g . 4 .  Map of Pe r i l  showing s i t e s  of the no r the rn  co l -  
l e c t i ons .  Rec tang le  des igna tes  the A y a c u c h o - A p u r i -  
m a c - C u z c o  reg ion  shown in l a r g e r  s ca l e  in F ig  .9 

r i m a c .  The approx ima te  e leva t ion  l imi t s  of L. chmie- 

lewskii are I, 500-3,000 m; those of L. parviflorum, 

1 ,500-2 ,500  m .  

All co l l ec t ions  that we have made of both spec i e s  

w e r e  on the lower  s lopes  of the main or  t r i b u t a r y  

d ra inages  in r e l a t i v e l y  m e s i c  condi t ions .  In g e n e r a l ,  

the so i l  of the habi ta ts  is m o i s t b u t  usua l ly  wel l  d r a i n e d .  

Both t h r ive  in many types of s i t e s ,  va ry ing  f rom deep 

so i l  to v e r y  rocky  condi t ions .  The f lo ra  is r i c h  and 

h e t e r o g e n e o u s ,  including many s p e c i e s  of low t r e e s ,  

sh rubs ,  and annual and pe renn ia l  h e r b s ,  which w e r e  

ac t ive ly  growing at the t ime  of co l l ec t i on .  Most plants  

obse rved  of the two tomato  s p e c i e s  w e r e  m a t u r e ,  f low- 

e r ing ,  and bear ing  and f ru i t s  of va r ious  deve lopmenta l  

s t a g e s .  Ripe f ru i t s ,  as p r ev ious ly  o b s e r v e d  (Rick 

1973), tend to be s c a r c e .  In cons ide ra t ion  of co l l e c -  

t o r s '  ob se rva t i ons  and the r e l a t i v e l y  un i fo rm c l i m a t e ,  

we suspec t  that f lower ing cont inues throughout  the y e a r .  

Popula t ions  tend to be s m a l l  and s c a t t e r e d  in an 

e longate  pa t t e rn ,  p a r a l l e l  to d r a inages  along rock  

outcroppings  and s t r e a m  banks,  g e n e r a l l y  in incl ined 

s i t ua t i ons .  L. chmie lewsk i i  p r e f e r s  h ighe r ,  be t t e r  

d ra ined  condi t ions ,  whi l s t  L. parviT~orum is m o r e  

F i g .  5. Photograph  taken at So raca t a  (Apur imac)  
P e r d  nea r  the banks of Rfo P a c h a c h a c a ,  N o v e m b e r  8, 
1970, i l lus t r a t ing  in t e rming l ing  of both s p e c i e s .  A 
plant of L. chmie lewski i  (LA1327) is pe rched  on the 
rock  in the cen t e r  ( lef t  a r r o w ) ,  whi ls t  b ranches  of a 
plant of L. parv i f lo r ,  um cascade  o v e r  the flanks of the 
s a m e  rock  to the r igh t  ( r igh t  a r r o w ) .  

apt to occupy lower ,  m o i s t e r  hab i t a t s .  These p r e f -  

e r e n c e s  a r e  a l toge ther  s u r p r i s i n g  because  we find 

that L. parvif lolnvn is fa r  m o r e  s e n s i t i v e  to ex-  

c e s s i v e  wate r ing  in e x p e r i m e n t a l  c u l t u r e s .  The p r e f -  

e r e n c e s  a r e  not so exac t ing ,  however ,  as to s e p a r a t e  

the spec i e s  in the s y m p a t r i c  r e g i o n .  On the c o n t r a r y ,  

we found t h r ee  s i tua t ions  along Rfo P a c h a c h a e a  whe re  

the i r  populat ions ove r l apped ;  in fact ,  plants  w e r e  in 

actual  contact  (F ig  . 5 ) .  In view of the s m a l l  number  

of total  co l l ec t ions  and the r e l a t i v e l y  b r i e f  v i s i t ,  we 

suspec t  that cohabi tat ion is probably  not an uncom-  

mon phenomenon.  

Compat ib i l i ty  and In t e r spec i f i c  Gene tc i s  

P r e v i o u s  r e s e a r c h  by Chmie l ewsk i  (1962, i966) and 

Chmie lewsk i  and Rick (1962) de l inea ted  the compa-  

t ib i l i ty  r e l a t i ons  between L. par~i f lorum and the 

o ther  tomato  s p e c i e s .  Our m o r e  r e c e n t  inves t iga t ions  

have a s sayed  the s a m e  for  L. chmie lewski i .  The r e -  

su l t s  of all such t e s t s  a r e  s u m m a r i z e d  in the t r a d i -  

t ional  polygon fashion in F ig  .6 .  H e r e  it can be seen  

that the c r o s s i n g  r e a c t i o n s  of the two s p e c i e s  a r e  

p r a c t i c a l l y  iden t ica l :  with s o m e  mino r  excep t ions ,  

they both behave in e s s e n t i a l l y  the s a m e  fashion in 

c r o s s e s  with the o ther  s p e c i e s .  One highly s ign i f i -  

cant fea tu re  of the compat ib i l i ty  pa t t e rns  is that both 

a r e  much m o r e  c lo se ly  af f i l ia ted  with m e m b e r s  of the 

'esculentum complex' (L. esculentum, L. pimpinelli- 

folium, L. cheesmanii, L. hirsutum, Solanum pennellii; 

a r r a y e d  in the upper  par t  of F i g . 6 )  than with the o ther  

g r e e n f r u i t e d  s p e c i e s  (L. ch i l ense ,  L. per~uv~anum). 
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Fig  .6 .  C r o s s a b i l i t y  polygon of  the tomato  s p e c i e s .  
A c c e s s i o n s  with the s a m e  compat ib i l i ty  r e l a t i o n s  a r e  
e n c i r c l e d .  A r r o w s  des igna te  d i r ec t ion  of compat ib le  
c r o s s e s ;  width of l ines ,  d e g r e e  of compa t ib i l i ty ;  
dashed l ines ,  combina t ions  that fai l  o r  wi l l  s ucceed  
only with spec ia l  a ids ;  do t -dashed  l ines ,  combina t ions  
that y ie ld  F z but for va r ious  r e a s o n s  fail  in l a te r  gen-  
e r a t i ons  

Both d isp lay  the g r e a t e s t  compa t ib i l i ty  with the cul -  

t iva ted  tomato  (L. e s c u l ~ t ~ ) ,  the v e r y  c lose ly  r e -  

lated L. pimpinellifolium, and L. cheesmanii, the 

th i rd  c o l o r e d - f r u i t e d  s p e c i e s .  With o ther  m e m b e r s  

of the esculent~w complex ,  the s ib l ing  s p e c i e s  d i sp lay  

un i l a t e r a l  compa t ib i l i ty  and g e n e r a l l y  r educed  seed  

s e t .  Some d e g r e e  of d i f fe ren t i a t ion  be tween a c c e s -  

s ions  of L. p a r ~ o r ~ w  is sugges ted  by un i l a t e r a l  

v s .  comple t e  compa t ib i l i ty  with L. e s c u l e n t ~  and 

by data p r e s e n t e d  be low.  

Of p r i m e  in t e r e s t  is the gene t ic  r e l a t i onsh ip  be-  

tween L. par~i:Zor~w and L. chmielewskii .  We have 

been able to make  c r o s s e s  between the two (LA247 

and LA1028, r e s p e c t i v e l y ) ,  in r e c i p r o c a l  d i r e c t i o n s ,  

a l b e i t  at a cons ide rab ly  r educed  seed  s e t .  F o r  the 

c r o s s  LA247 (g) • LA1028 (d ) ,  hybr id iza t ion  was 

a t t empted  on 32 f lowers  on two d i f fe ren t  p lants ;  18 

se t  f ru i t .  The a v e r a g e  s e e d  y ie ld  per  f ru i t  was 18.5,  

a p p r o x i m a t e l y  25 % of n o r m a l .  F o r  the r e c i p r o c a l  

c r o s s ,  only two f ru i t s  se t  following hybr id iza t ion  of  

28 f lowers  of two paren t  p l an t s .  The seed  count in 

these  f ru i t s  app rox ima ted  54-~ of n o r m a l .  The r e -  

su l t s  of such c r o s s e s  a r e  diff icul t  to eva lua te  be -  

cause  the f lower  buds of both,  but p a r t i c u l a r l y  of 

L. pazu~fZor~w, r e q u i r e  g r e a t  sk i l l  to e m a s c u l a t e  

without damaging the f lower ,  t he r eby  i n t e r f e r i ng  

with f ru i t  s e t .  Addi t ional  f l ower s  w e r e  pol l inated 

without e m a s c u l a t i o n  in the hope that hybr ids  might  

be ident i f ied in the p rogeny .  F r o m  c r o s s e s  of both 

types we have obtained t r u e  F 1 hybr ids  as ident i -  

fled phenotyp ica l ly .  

The F 1 hybr ids  produced by r e c i p r o c a l  c r o s s e s  

a r e  iden t ica l  in morpho logy .  The f lowers  a r e  i n t e r -  

media te  in s i z e  between those  of the paren ta l  spe -  

c i e s -  c l e a r l y  l a r g e r  than those  of L. p a ~ o i : Z o ~  

and s m a l l e r  than those  of L. c h m i e l ~ s k i i .  They have 

comple te  g a m e t e  and zygot ic  f e r t i l i t y  as m e a s u r e d  

by pollen s t a inab i l i ty  and seed  se t  a f t e r  s e l f - p o l l i n a -  

t ion .  Quite unexpected ,  however ,  is the s e v e r e l y  r e -  

duced g e r m i n a t i o n  of seeds  t he reby  produced .  De-  

spi te  the appl ica t ion  of s e v e r a l  kinds of t r e a t m e n t s  

used rou t ine ly  to b reak  seed  d o r m a n c y ,  including so -  

dium hypoch lo r i t e ,  we obtained only a few F 2 p lan t s .  

Of m o r e  than 800 seeds  t r e a t ed  in va r i ous  ways ,  only 

44 g e r m i n a t e d  and y ie lded viable  s e e d l i n g s .  

It is c l e a r  f rom other  e x p e r i e n c e  that d e t e r m i n a -  

t ion of gene t ic  i so la t ion  should not be based  so l e ly  

on t es t s  of c r o s s a b i l i t y .  Even  though s e e m i n g l y  good 

s eeds  a r e  produced by the hybr id i za t ions ,  o ther  pit-  

fa l ls  in subsequent  deve lopment  and l a t e r  gene ra t ions  

might  impede gene exchange between the paren t  spe -  

c i e s .  An exam ple  of this type is  found in the e x p e r -  

ience  of Rick (1974) in a t t empts  to b r eed  into L. es- 

c u l e n t ~  cu l t i va r s  the high so luble  so l ids  f rui t  con-  

tent  of L. c h r ~ e l ~ s k i i .  Good s e e d  y ie lds  w e r e  con-  

s i s t e n t l y  obtained f rom va r ious  b a c k c r o s s e s  and s e l f -  

pol l ina t ions ,  r e v e a l i n g  the high bas i c  f e r t i l i t y  of the 

d e r i v a t i v e s .  Yet ,  much to the cons te rna t ion  of the in- 

v e s t i g a t o r ,  low na tura l  f rui t  se t  under  field condit ions 

p e r s i s t e d ,  even  to la te  g e n e r a t i o n s .  The na tu re  of this  

unf ru i t fu lness  is not known, but it is su spec t ed  to r e -  

late to a d i s h a r m o n y  between pa ren ta l  genotypic  con-  

t ro l  of pol l inat ion m e c h a n i s m s .  If the s e l f -po l l i na t ion  

m e c h a n i s m s  evolved  s e p a r a t e l y  in the two s p e c i e s ,  it 

is conce ivab le  that d i f fe ren t  combina t ions  of genes  

would r e s u l t  in de fec t ive  pol l inat ion in hybr id  d e r i v a -  

t i v e s .  

That incipient  compa t ib i l i ty  b a r r i e r s  may  also be 

developing within L. par~i~or~u~ is sugges ted  by the 

following e x p e r i e n c e  of E .K.  Hybr id iza t ion  be tween 
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Table  3 .  C o m p a t i b i l i t y  T e s t s  b e t w e e n  A c c e s s i o n s  of  L. parvi f lorum 

N u m b e r  of  P e r c e n t a g e  M e a n  n u m b e r  
P a r e n t a l  f l o w e r s  N u m b e r  of  o f  f l o w e r s  of  s e e d s  
c o m b i n a t i o n s *  p o l l i n a t e d  f r u i t s  s e t  t ha t  s e t  p e r  f r u i t  

f r u i t  

LA735 • LA247 17 5 29 11 

LA735 • LA1045 23 4 15 39 

LA1045 • LA247 10 0 0 - 

LA1045 x LA735 27 0 0 - 

LA247 • LA735 19 2 II 33 

LA247 • LA1045 4 0 0 - 

LA247 Open pol. - - - 42 

LA735 Open  p o l .  - - - 78 

LA1045 Open  p o l .  - - - 76 

* LA247 - C h a v i n i l l o ;  LA735 - H u a r i a c a ;  LA1045 ( I l t i s  & U g e n t  ~:739) 
- C u r a h u a s i .  

t h r e e  a c c e s s i o n s  of  t h i s  s p e c i e s  w a s  a t t e m p t e d  d u r i n g  

the  s u m m e r  u n d e r  p l a s t i c  c o v e r .  R e s u l t s  of  t h e s e  

c r o s s e s  a r e  c o m p a r e d  wi th  t he  i s s u e  of  o p e n  p o l l i n a -  

t ion  of  e a c h  p a r e n t  in Table  3 .  None  of  t he  c r o s s e s  

y i e l d s  a s  w e l l  a s  o p e n  p o l l i n a t i o n ,  and t h e  l e a s t  s u c -  

c e s s f u l  h y b r i d i z a t i o n s  w e r e  LA735 • t he  o t h e r  two a c -  

c e s s i o n s .  In v i ew of  t he  g r e a t  d i f f i c u l t i e s  in e m a s c u -  

l a t i o n ,  t h e s e  l e a d s  s h o u l d  be  f o l l o w e d  up by  m o r e  e x -  

t e n s i v e  c r o s s e s  m a d e  u n d e r  v a r i o u s  e n v i r o n m e n t a l  

c o n d i t i o n s  and c o m p a r e d  wi th  s e l f - p o l l i n a t i o n  m a d e  

on e m a s c u l a t e d  f l o w e r s  of  e a c h  a c c e s s i o n .  

E n z y m e  T e s t s  

The z y m o t y p e s  e n c o u n t e r e d  in t h e s e  s i b l i n g  s p e c i e s  

a r e  i l l u s t r a t e d  in F i g s .  7 and 8 .  S y m b o l s  a r e  a p p l i e d  

to  the  a l l e l e s  fo l lowing  the  n o m e n c l a t o r i a l  r u l e s  of  

t h e  Toma to  G e n e t i c s  C o o p e r a t i v e  ( B a r t o n  et  a l .  1955; 

C l a y b e r g  e t  a l .  1960; C l a y b e r g  e t  a l .  1966) . A c c o r d -  

ing to t h i s  s y s t e m ,  t he  a l l e l e  p r e s e n t  in t he  s t a n d a r d  

t y p e  of  L. esoulentwn i s  a u t o m a t i c a l l y  d e s i g n a t e d  

n o r m a l  ( + ) ,  and  v a r i a n t  a l l e l e s  a r e  g i v e n  a p p r o p r i a t e  

s u p e r s c r i p t s .  F o r  t h e s e  s e r i e s  we  app ly  n to t h e  nul l  

a l l e l e s  and  n u m b e r s  to t he  p o s i t i o n  s h i f t  a l l e l e s  in o r -  

d e r  o f  r e p o r t i n g .  The r a t i o n a l e  fo r  app ly ing  the  e s c u -  

lentum s y s t e m  to t h e s e  s p e c i e s  i s  tha t  bo th  can  b e  r e a d -  

i ly  i n t e r b r e d  w i t h  L. e scu len tum and t h e i r  g e n e s  t r a n s -  

f e r r e d  to it f r e e l y .  A c c o r d i n g  to  a l l  a v a i l a b l e  e v i d e n c e ,  

t h e s e  s p e c i e s  s h a r e  t he  s a m e  g e n e t i c  l o c i ,  but d i f f e r  

c o n s i d e r a b l y  in a l l e l i c  c o n s t i t u t i o n .  

Of  the  14 loc i  t ha t  could  be  a n a l y z e d  by  ou r  m e t h -  

o d s ,  e i g h t  w e r e  p o l y m o r p h i c ;  of  the  25 to t a l  a l l e l e s  

at all loci, II are reported here for the first time, 

the others, in our previous studies (Rick, Zobel and 

Fobes 1974; Rick and Fobes 1975). The following seg- 

regational features have been observed at these loci 

either in these materials or in the previously studied 

species. Alleles of Got-l, Prx-l, Prx-3, and Prx-4 

are codominant monomers. Dimeric segregation is 

characteristic of all other Aps and Got loci. Complete 

dominance of band presence is observed at the other 

loci. An absolute association has been observed be- 

tween the band modifications of the Prx-4 moiety in 

both anodal and cathodal arrays. Normal Mendelian 

segregation has been encountered for all tested alle- 

les. As in the previously studied species, peroxidase 

loci exhibit the greatest variability. 

Whereas the patterns of banding are generally 

clear, we cannot always be confident of interpreting 

the anodal phenotypes of certain Prx-4 alleles. Som~ 

preparations suggest that additional alleles may be 

present. Further testing, particularly of hybrids with 

L. esculentum, should resolve this problem. Until that 

is done, we prefer to regard the number of alleles 

conservatively. Whatever the banding patterns, we 

have found no exception to the complete homozygo- 

sity and uniformity within populations of L. parvi- 

~o~ in contrast to considerable variation in all 

o b s e r v e d  p o p u l a t i o n s  of  L. chmielewski i .  

The d i s t r i b u t i o n  of  a l l e l e s  a m o n g s t  the  v a r i o u s  

a c c e s s i o n s  of  L. chmielewskii and L. parviflorum 

i s  p r e s e n t e d  in T a b l e s  1 and  2, r e s p e c t i v e l y .  The s i x  

loc i  - A p s - 1 ,  E s t - 1 ,  G o t - 2 ,  G o t - 4 ,  P r x - 2 ,  and P r x - 7  
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F i g . 7 .  D i a g r a m s  of the zymotype~s for a l l e l e s  of four 
enzyme s y s t e m s  in L. c~ielewskii and parviI~or'~m 

- are monomorphic in both species. For each of the 

other  loc i ,  two or  t h r e e  a l l e l e s  a r e  known, the i r  d i s -  

t r ibut ion  amongs t  populat ions of the two s p e c i e s  be -  

ing de l inea ted  be low.  

P e r f e c t  a g r e e m e n t  with the s epa ra t i on  of the two 

s p e c i e s  was encoun te red  for  Got -3 :  the n o r m a l  a l l e l e  

Got-3 + c h a r a c t e r i z e s  L. chmi~lewskii ,  whi ls t  a l l  t e s t ed  

plants  of L. parvif lorum show the marked ly  advanced 

posi t ion of the Got-33 band.  A s i m i l a r  s i tua t ion  ex i s t s  

for  P r x - 3  in the s y m p a t r i c  r eg ion  (Dept .  A p u r i m a c ) ,  

whe re  without except ion  L. chmielewskii  r e g i s t e r s  as 

either Prx-3 + or Prx-3 n in contrast to the Prx-31 

of L. paruifloz~m; the presence of Prx-31 has been 

detected in the Ocros (Dept. Ayacucho) accession of 

L. c~nlelewsRii. For each of the remaining six poly- 

morphic loci, L. c~ielewskii possesses all the 

known alleles, whilst L. p~/~o~ is monornor- 

phic for all loci excepting Prx-4, for which two var- 

iant alleles were found, each in a single population. 

Fig.8. Photograpns oi starch gels showing represen- 
tative allozyme phenotypes of the sibling tomato spe- 
cies. In all photographs the two central samples are 
standard esculentum controls (c) flanked by eight sam- 
ples of L. c/~iel~skii on the left and eight of L. par- 
vi/~orum on the right. All gels are anodal with front at 
top of each. 
Aps - Acid phos.phatase. LA1318 (left) Aps-1 ~ , seg- 
regating Aps-2*/2"; LA1326 (right) Aps-I m,Aps-2 n . 
Est - Esterase. LAI330 (left), LA1328 (right) . Gen- 
otype of both is Est-I ~ . 
Got - Glutamate oxaloacetate transaminase. LAI330 
(left) Got-1 I, Got-2 s, Got-3 +, Got-4i; LA1326(right) 
Got-I z, Got-2 s, Got-3 s, Got-4 ~. The Got-I bands of 
controls (c) are not in the lower position expected of 
the + a11ele; evidently migration in that direction was 
restricted by the anodal front. 
Prx - Peroxidase. LAI318 (left) Prx-I s , segregat- 
ing Prx-3al/3a +, Prx-3 +, segregating Prx-45/4~; 
LA1326 (right) Prx-I s, Prx-3 ~, Prx-4 s. Note homo- 
zygosity in all parvifZo~ loci and segregation at 
certain c]-~ieZ~skii loci 

This degree of variation is not unique to this species 

because Prx-4 behaves as the most variable locus 

we have tested in s eheesmanii (Rick and Fobes 
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F i g . 9 .  Dis t r ibu t ion  of a l l o z y m e s  for po lymorph ic  loci  in the A p u r i m a c - A y a c u c h o - C u z c o  reg ion  of P e r d .  Si tes  of 
the no r the rn  co l l ec t ions ,  which a re  indicated in F ig  .4, a r e  r e p r e s e n t e d  by broken  a r r o w s .  Double c i r c l e s  d e s i g -  

1975) and L. pimpinellifolium (Rick,  Zobel  and 

F o b e s  1974, and unpub l i shed) .  

The geograph ic  d i s t r ibu t ion  of a l l e l e s  for  the po- 

l ymorph ic  loci  is shown in F i g . 9 ,  which i l l u s t r a t e s  

the a fo remen t ioned  d e g r e e  of pa r t i a l  or  comple t e  gen-  

e t i c  d i f fe ren t ia t ion  be tween the two s p e c i e s  and c o m -  

pa ra t ive  va r i a t i on  within each .  It is of i n t e r e s t  that 

the two s p e c i e s  do not tend to r e s e m b l e  each  o ther  

m o r e  in the s y m p a t r i c  a r e a  than in a l l opa t r i c  r e g -  

ions .  As a m a t t e r  of fac t ,  for  the d i f fe ren t i a l  loc i ,  

P r x - 3  and P r x - 7 ,  the s p e c i e s  a r e  d i s t inguished  to a 

g r e a t e r  extent  in the s y m p a f r i c  r e g i o n .  The con t r a s t  

in v a r i a b i l i t y  be tween the two s p e c i e s  in a lso  e x e m -  

pl i f ied by r e p r e s e n t a t i v e  ge l s  in F i g . 8 .  

D i scus s ion  

As expla ined  above,  p rev ious  r e s e a r c h  e s t ab l i shed  

that m e m b e r s  of the minu~z~n complex  a r e  suf f i -  

c ien t ly  i so l a t ed  r e p r o d u c t i v e l y  and a r e  suf f ic ien t ly  

d i s t inguished  morpho log ica l l y  f rom other  L y c o p e r -  

s i c o n  s p e c i e s  to d e s e r v e  spec i f i c  s t a tus .  Our r e -  

s e a r c h  not only suppor t s  that t he s i s ,  but a l so  r e v e a l s  

phylogenet ic  d i f fe ren t ia t ion  within the c o m p l e x .  

The weight  of ev idence  in the foregoing  p r e s e n t a -  

tion of facts  and ana lys i s  r e v e a l s  that d i f fe ren t ia t ion  

between the two components  - L. chmiel~z~skii  and 

L. p a r ~ i ~ o r ,  u m -  has p roceeded  to the extent  that 

they have r eached  spec i f i c  s t a t u s .  This conclus ion  is 

based  on cons ide ra t ions  of c o m p a r a t i v e  morpho logy ,  

mat ing s y s t e m s ,  eco log ica l  p r e f e r e n c e s ,  r e p r o d u c -  

t ive  i so la t ion ,  and sampl ing  of  a l l o z y m e s .  

The p r i m e  g r o s s  morpho log ica l  d i f f e r ence  is found 

in f lo ra l  s i z e  and s t r u c t u r e .  The agg rega t e  quant i ta -  

t ive  d i f f e r ence  in f lo ra l  appara tus  - s i ze  of al l  pa r t s  

of the i n f l o r e s c e n c e  - amounts  to a m a s s i v e  d i f f e r -  

ence in the extent  of d i sp lay  (Figo3)  . Thus,  at a d i s -  

t ance ,  f lowers  of L. c h m i e l ~ s k i i  a r e  consp icuous ,  

whi ls t  those  of L. p a r ~ i ~ o ~  can s c a r c e l y  be de-  
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nate L. chrrgelewskii; single circles, L. par, oiflo~. Circles with allele symbols designate populations of single 
plants or those of indeterminate size (see text). Progeny tests of more than one plant are represented by circles 
without symbols. Further details in Tables 1 and 2 

tected. Another consistent difference is strongly ex- 

serted stigmas of L. ehmielewskii in contrast to stig- 

mas slightly or not exserted in L. pa~iflo~. We 

suspect that these floral characteristics have evolved 

concomitantly with differentiation of the respective 

types of mating system in the two species. On one 

hand, floral showiness is an obvious device to attract 

pollinating insects and exserted stigmas, to facilitate 

cross-pollination in L. chmiel~oskii. On the other, 

non-exserted stigmas expedite self-pollination and 

the lack of selection pressure for attracting pollinat- 

ing insects probably resulted in the evolution of de- 

pauperate flowers in L. par-olflor, t~. 

Differentiation is also manifest in the physiology 

of these species to the extent that they exhibit differ- 

ent ecological preferences. Such differences are ap- 

parent in the ecological niches that they occupy in na- 

ture and in the growing conditions that they tolerate 

in experimental cultures. Although these preferences 

are not strong enough to result in spatial isolation in 

nature, they are nevertheless so consistently observed 

that they must be real. 

The compatibilitytests showthat it is possible to 

produce F I hybrids from both direct and reciprocal 

crosses and these hybrids are fully pollen fertile and 

produce seeds abundantly after selling. The great dif- 

ficulty experienced in germinating seeds produced by 

F 1 hybrids might constitute a barrier to gene exchange 

in nature. 

Allozymes 

The sampling of allozymes not only provides genetic 

information that is concordant with previouslyobserved 

variation in morphological characters, but also greatly 

enhances our knowledge of the differentiation between 

the sibling species, the nature of their mating systems, 
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resemblance to other species, and even alludes to their 

evolution. 

The data summarized in Tables I and 2 demons- 

trate a considerable hiatus between L. chmielewskii 

and L. parviflorum: at the Got-3 locus they possess 

no common alleles; the same holds for Prx-3 in the 

sympatric region~ and at five other loci the majority 

of individuals of both are contrasted by their allo- 

zymes. In the latter group, L. pa~o~or~m is nearly 

always homogeneous, whereas L. chmielewskii has 

two or more alleles. Thus, for half the tested loci, 

a major difference has been found between the two 

species. 

The sibling species are also distinguished by the 

presence or absence of the defoliator (Df) gene. 

Chmielewski (1968) discovered this gene in several 

stocks of L. parviflorum and determined that it acts 

only in combinations with esculent~ genes, not in 

pure species. According to our assays, however, it 

is absent in L. chmielewskii, which by virtue of this 

difference is more attractive to the plant breeder as 

a source of useful germ plasm. 

In L. parviflorum only two of the tested enzyma- 

tic loci are polymorphic with a total of three variant 

alleles. In contrast, the bulk of the encountered po- 

lymorphism exists in L. chmielewskii, embracing all 

known L. parviflor~ alleles and including 10 var- 

iant alleles. Every population of L. chmielewskii for 

which subsamples were collected varies for at least 

one locus. Furthermore, heterozygotes were detect- 

ed for nearly every such locus. In all, none of the 21 

progeny tests of L. parvifZorum showed variability at 

any locus, whereas 15 of the 25 tests performed on 

L. chmielewskii did so. Small as this sampling is, 

the difference between the two sets of data when test- 

ed by contingency X 2 is highly significant (16.1 ~*, 

I dr). 

Differences in mating systems must account for at 

least part of this great difference in genetic variabil- 

ity. And the great differences in flower size, inflor- 

escence size, and exposure of stigma suggest that 

L. parviflorum is certainly an intensive inbreeder, 

whilst L. chmielewskii would be expected to be sub- 

ject to outcrossing. Although floral morphology is 

completely compatible with this explanation, we have 

not had opportunity to observe pollination biology in 

the wild to test this hypothesis. 

Autogamy and the origin of L. pamviflorum 

The hypothesis for the evolution of these species that 

requires fewest assumptions and is most compatible 

with known facts is that L. parviflorum is the more 

recent and that it evolved from L. chmielewskii. Under 

certain unknown circumstances, selection favored the 

evolution of a highly self-pollinating form, which by 

acquiring this mating system, became reproductively 

isolated from the parental species. Strict autogamy 

is a mating system commonly exploited by aggressive, 

successful annual weeds (Stebbins 1957) . The follow- 

ing evidence supports our contention that L. parvi- 

f/orum evolved via autogamy: (1) the highly convin- 

cing evidence for the nature of the mating systems in 

the two species, (2) the remarkable uniformity of 

genotype in L. parvif~orum throughout its range, des- 

pite sympatry and even intermingling with L. chmie- 

lewskii, and (3) L. chmielewskii embraces all allel- 

les known in L. parviflorn~m except Got-3. 

The aforementioned barrier to gene exchange en- 

gendered by autogamy in L. parviflor~m is apparent- 

ly reinforced by the inviability of propagules in the 

progeny of the interspecific hybrids. Such other fac- 

tors as species constancy of pollinating insects, known 

for many closely related angiosperm species, might 

also exist to further strengthen the isolation. 

Speciation via the simple device of autogamy is 

not uncommon amongst flowering plants. The present 

example is reminiscent of that in Stephanomeria exi- 

gua ssp. coronaria and S. "malheurensis" (Compo- 

sitae-Cichorieae) (Gottlieb 1973), in which the evi- 

dence points to the sympatric origin via self-fertili- 

zation of the latter from the former. In both examples 

(1) the derivative seller is vastly less variable than 

its putative parent, (2) all alleles of the former are 

known in the latter, (3) the two species are morpho- 

logically differentiated, (4) the obligately autogamous 

species has suffered reduction in corolla dimensions, 

and (5) the isolation is reinforced by various devices 

in addition to autogamy. They differ in the respect that 

only a single population of S. "malheurensis" is known, 

whilst L. parviflorum is very widely distributed. A si- 

milar example, although apparently not one of differenti- 

ation at the species level, is described by Brieger ( 1963 ) 

in Encyclia odoratissima (Orchidaceae-Epidendri- 

nae) in southeastern Brazil. Var. serroniana is mor- 

phologically indistinguishable except for smaller flow- 
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e r e  with modi f ica t ions  to en fo r ce  s e l f -po l l i na t i on ,  and 

w e a k e r  p l an t s .  I ts  s u r v i v a l ,  desp i t e  weak growth,  is 

a t t r ibu ted  to its much g r e a t e r  r a t e  of  s eed  p roduc t ion .  

I ts  d i s t r ibu t ion  is r e s t r i c t e d  to the cen t r a l  par t  of the 

t e r r i t o r y  occupied  by the a l logamous  f o r m .  A s o m e -  

what s i m i l a r  example  is c i ted  by B r i e g e r  ( l o c . c i t . )  

for  E p i d e n ~  noc tu~um in the Guianas .  

Relationships with other species 

A brief consideration of the affiliations of L. chmie- 

l ewaki i  and L. parv i~orum with other tomato species 

is warranted. The compatibility relations clearly as- 

sociate these sibling species with the 'esculentum 

complex' (the taxa above the horizontal dividing line 

in Fig. 6) and reveal a strong and complex barrier 

with the chilense-peruvianw~ assemblage. Within the 

'esculentu~ complex' , a higher degree of compatibil- 

ity is exhibi ted  with L. escuZentum, pimpinellifolium, 

and cheesmanii - all with colored carotenoid pigments 

in their ripe fruits - and less compatibility with the 

green-fruited L. hirsutum and S. penne l l i i .  Sincethe 

two sibling species are also green-fruited, compati- 

bility reactions are not associated with fruit color, 

which was selected by Muller (1940) as the criterion 

for subgeneric classification. For morphologicaltraits 

in general, the closest resemblance is with L. pimpi- 

ne I lifo lium. 

In r e s p e c t  to a l l o z y m e s ,  we feel  that the following 

b r i e f  c o m p a r i s o n s  a r e  jus t i f i ed .  Our s u r v e y s  of the 

c o l o r e d - f r u i t e d  spec i e s  have p r o g r e s s e d  suf f ic ien t ly  

to p e r m i t  c o m p a r i s o n s ,  but we have thus fa r  a t ta ined 

only a s l igh t  t a s te  of the bewi lde r ing  v a r i a b i l i t y  p r e s -  

ent in the o t h e r ,  ou t c ro s s ing  s p e c i e s .  E x t e n s i v e  c o m -  

pa r i sons  be tween all  s p e c i e s  would t h e r e f o r e  be p r e -  

m a t u r e ,  but we can  s t a t e  that s e v e r a l  bands appear  to 

be unique in L. chmie lewsk i i  and L. par~if~orc~m. We 

have o b s e r v e d  the pm, vi~oz~,~ Ape-2  n a l l e l e  only in 

a t iny,  i so la ted  populat ion of the Galapagan L. chees- 

manii. The i n c r e a s e d  mobi l i ty  of al l  four Got loci  is not 

matched  by anything we have yet  s e e n  in o the r  spe -  

c ies  except ing  Got-4 in L. h i r s u t e ,  L. p i m p i n e l l i -  

f o t i ~ ,  and S. p e n n e l l i i .  The advanced P r x - 1 3  c o m -  

mon to both s ib l ing  s p e c i e s  r e s e m b l e s  that of pen-  

n e l Z i i ,  al though because  l e s s  e x t r e m e ,  is probably  

a d i f fe ren t  a l l e l e .  Such s e e m i n g l y  unique a l l e l e s  a r -  

gue for extensive differentiation of these species in 

isolation from the others - a conclusion that would 

not be diff icul t  to r e c o n c i l e  with the i r  p r e sen t  geo-  

g raph ica l  isolation in the fastnesses of the interand- 

ean valleys. 

Conclus ion  

Phy logene t i c  d i v e r g e n c e  be tween L. ~ i e l e w s k i i  

and L. p ~ v i ~ o r ~ n  is man i fes t  in the i r  g r o s s  m o r -  

phologica l ,  phys io log ica l ,  and a l l o z y m i c  phenotypes .  

Analysis of the data on genetic variability at all in- 

traspecific levels and of floral characteristics leads 

to the conclusion that L. parvif/orum is strictly au- 

togamous whereas L. chmielewskis is the ancestral 

species from which L. parviflorum evolved by 

switching to autogamous reproduction. Strict inbreed- 

ing would permit this species to maintain its indivi- 

duality even when cohabiting with L. chmie/ewski$. 

This reproductive isolation is apparently reinforced 

by low germination of intraspecific derivatives. We 

believe that the extent of differentiation between L. 

chmielewskii and L. parviflorum is suf f ic ien t  to jus t i -  

fy their classification as separate species. 
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