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Summary. The transmission rate of trisomy was determined for two primary trisomic types, triplo-I and 
triplo-3, of the self-incompatible species Lycopersicum peruvianum. Chromosome counts in somatic metaphases 
of root-tip squashes from 112 progeny plants showed that 8 individuals (7.2 %) were trisomic and 104 (92.8%) 
were diploid. The average frequency of transmission approximated 2.6 % in triplo-1 and 8.6 g in triplo-3. Data 
are presented on the karyotype and the morphological features of the 8 trisomics detected in the progenies of 
triplo-I and triplo-3 and the various factors affecting the transmission rate of trisomy are discussed. 

The transmission rate of trisomy was also determined for the trisomic plant 269 which displayed a com- 
plete deletion of the satellited part of chromosome 2 and was characterized by ovate fruits. Out of 18 progeny 
plants analysed, 8 (44.4 %) were trisomic and 10 (55.6 %) were diploid. Cytologic al and morphological analy- 
ses of the 8 trisomic individuals revealed that only two of them (11. 1%) resembled the parental trisomic. A 
number of diploid and trisomic progenies exhibited a partial or a complete deletion of the satellited segment 
of chromosome 2. 
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Introduction 

The trisomics of wild species and of primitive forms 

from many cultivated plants are vigorous and fertile, 

and have thus been tabulated as being highly tolerant 

to trisomy (Mooring 1960; Dhillon and Garber 1960; 

Tsuchiya 1960; Rick and Notani 1961; Burnham 1962; 

Hermsen et al. 1970). This situation appears to be 

particularly well illustrated in the genus Lycopersicum 

where Rick and Notani (1961) explained the vigour 

and fertility of trisomics in the primitive tomato va- 

riety ' red cherry' as a part of the plasticity and abil- 

ity of the species to withstand unfavourable circums- 

tances and where Sree Ramulu et al. (1977) showed 

that the wild self-incompatible species L.peruvianum 
tolerated certain types of aneuploidy which do not oc- 

cur in the cultivated tomato species L.esculentum. 

* This work has been supported by a contract between 
the European Communities and the CNEN. This 
publication is contribution n o 484 from The Division 
Applicazioni delle Radiazioni del CNEN and contri- 
bution n Q 1482 from the Biology Radioprotection Me- 
dical Research programme of the Directorate Gen- 
eral XII of the European communities 

Such comparative analyses have been extended by 

us, during the course of a study on the possible rela- 

tionships between trisomy and the break-down of self- 

incompatibility (Sree Ramulu et al. 1977), to deter- 

mine the transmission rate of extra chromosomes in 

L.peruvianum. The values obtained are presented below 

and are discussed in relation to the rates established 

by Rick and Barton (1954) for the cultivated tomato 

and in relation to the various parameters which are 

known to affect the transmission of the trisomic con- 

dition. 

Material and Methods 

The primary trisomic types, triplo-1 (plant 145) and 
triplo-3 (plant 220 and plant 172), of Lycopersicum 
peruvianum were chosen for analysing the transmis- 
sion frequency of extra chromosomes in progenies de- 
rived from selling and also from crosses with a cross- 
compatible diploid (SIS2) used as staminate partner. 
The trisomic plant 269 (2n + 1 ), which sets a few seeds 
upon selfing, was also included in the study because it 
displays a modification of chromosome 2 (complete 
deletion of the satellited arm) and is characterized by 
ovate-shaped fruits with pointed stylar ends. The pro- 
genies analysed in this case were derived from sell- 
ing and from crosses with the diploid tester stock SiSz 
used as pistillate partner. For details on the origin of 
these three trisomics, reference is made to Sree Ra- 
mulu et al. (1977). 
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Table I. Transmission frequency ofthe extra chromosome in (2n + 1) • (2n + I) (Triplo-I and 
Triplo-3 selfed) and in (2n + I) • (2n) ~ of Lycopersicum peruuian~ 

Origin of progeny 

Number and percentage of diploids and trisomics in the progenies 
analyzed 

Diploids 

no. % 

Trisomics 

Parental trisomics Other types Total 

no. % no. % no. % 

Triplo-1 (plant 145) selfed 15 100.0 0 0 
Triplo-3 (plant 220) selfed 25 96.2 I 3.8 
Triplo-3 (plant 172) selfed 13 76.4 3 17.6 
Mean for Triplo-3 38 88.4 4 9.3 

0 0 0 0 
0 0 1 3 . 8  
1 5 . 9  4 2 3 . 6  
1 2 . 3  5 1 1 . 6  

Triplo-1 (plant 145)~ x 2n 18 94.7 1 5.3 0 0 1 5.3 
Triplo-3 (plant 220) • 2n 17 94.4 I 5.6 0 0 I 5.6 
Triplo-3 (plant 172) x 2n 16 94.1 1 5.9 0 0 1 5.9 
Mean for Triplo-3 33 94.3 2 5.7 0 0 2 5.7 

Total 104 92.8 7 6.3 I 0.9 8 7.2 

~ 2n: Cross-compatible clone 006 -SIS 2 

All plants were grown under greenhouse conditions. 
Pollinations were done manually, on the day or the day 
after anthesis, with fresh pollen obtained from the flow- 
ers of plants in a vigorous state of growth. As the tri- 
somics expressed self-compatibility, emasculation of 
their flowers was carried out one day before cross- 
ing them to the diploid clone. 

After fruit harvest, the seeds were sown in pots 
and the chromosome counts on the resulting seed- 
lings were made from root-tip squashes. The root- 
tips were treated with bromonaphtalene for 75 rain. 
at 60~ fixed in acetic alcohol (1:3), hydrolised in 
IN HOl for 7 min., stained with Feulgen reagent and 
squashed in 1% acetocarmine. Pollen fertility was 
ascertained by means of the acetocarmine technique. 

Results 

Frequencies of Trisomics in the Progenies Derived 

from the Self-pollination of Triplo-1 and Triplo-3 

and from Crosses of Triplo-1 and Triplo-3 to the 

Cross-compatible Diploid Clone 006 - SIS 2 

A total of one hundred and twelve plants from the pro- 

genies of triplo-I (plant 145) and triplo-3 (plants 220 

and 172) were analysed cytologically. The chromo- 

some counts and karyotype analyses performed on 

these 112 plants (Table I) shows that 8 individuals 

(7.1%) were trisomic and 104 (92.8%) diploid. 

In all the progenies of crosses between the trisom- 

ics and the diploid clone (triplo-I X 006 - SIS 2 and 

triplo-3 X 006 - SIS 2) , trisomics were recovered. 

The frequencies of occurrence varied between 5 % and 

6~. 

A different situation was met in the case of the 

progenies obtained through self-pollination since 

trisomics were only recorded among the offsprings 

of triplo-3. The frequency of occurrence ranged from 

3.8% for plant 220 to 23.6% for plant 172. 

Morphology and Fertility of Trisomics Detected in 

the Progenies of Triplo-1 and Triplo-3 

Among the 8 trisomics, 7 displayed essentially the 

same morphological features as those of the parent 

trisomics; the one individual found to differ phenoty- 

pically from its trisomic parent was derived from the 

self-pollination of plant 172 (triplo-3). The pollen 

fertility of the trisomics varied from 43.8 % to 95.7 %, 

but no relationship could be established between the 

origin (progeny from selling or from crosses to 006 - 

- SIS 2) or the nature of the trisomic (triplo-I or tri- 

plo-3) and the level of pollen fertility expressed by the 

trisomics. Tests of self-pollinations showed that all 

the trisomics were self-incompatible. 

Essential Features of the Progenies of the Trisomic 

Plant 269 Characterized by a Modification of Chro- 

mosome 2 

In the trisomic plant 269, derived from the cross be- 

tween the triploid ($1S2S 4) and the diploid genotype, 
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O r i g i n  of  
t h e  p r o g e n y  

Diploids Trisomics 

N o r m a l  
k a r y o t y p e  

M o d i f i e d  k a r y o t y p e  

P a r t i a l  
d e l e t i o n  
of  s a t e l l i t e d  
p a r t  

W h o l e  
d e l e t i o n  
of  s a t e l l i t e d  
p a r t  

Tota l  P a r e n t a l  

n o .  

k a r y o t y p e  
( w h o l e  d e l e -  
t i o n  of  

7O s a t e l l i t e d  
p a r t )  

no. 7O 

2 8 . 6  1 1 4 . 3  

7 2 . 7  1 9 . 1  

5 5 . 6  2 1 1 . 1  

O t h e r  k a r y o t y p e  

W i t h o u t  
d e l e t i o n  

2n + 1 s e l f e d  1 0 1 

(2n  + 1) • 2n 5 3 0 

Tota l  6 3 1 

2 

8 

10 

P a r t i a l  
d e l e t i o n  
of  s a t e l l i t e d  
p a r t  

Tota l  

no. I % 

2 5 7 1 . 5  

2 3 2 7 . 3  

4 8 4 4 . 4  

$ 1 0 S l l ,  o n e  of  t h e  h o m o l o g u e s  of  c h r o m o s o m e  2 

( s a t e l l i t e d  c h r o m o s o m e )  e x h i b i t e d  a w h o l e  d e l e t i o n  

of  i t s  s a t e l l i t e d  r e g i o n .  The  f r u i t s  f o r m e d  by t h i s  t r i -  

s o m i c  h a d  p o i n t e d  s t y l a r  e n d s  a n d  d i s p l a y e d  t h e  

o v a t e  s h a p e  w h i c h  i s  k n o w n  to b e  g o v e r n e d  in  L. escu- 

l en tum by  g e n e s  l o c a t e d  on  c h r o m o s o m e  2 ( R i c k  a n d  

B u t l e r  1 9 5 6 ) .  

The  s e e d s  o b t a i n e d  a f t e r  t h e  s e l f - p o l l i n a t i o n  of  

p l a n t  269 o r  in  c r o s s e s  b e t w e e n  t h i s  t r i s o m i c  a n d  

t h e  c r o s s - c o m p a t i b l e  d i p l o i d  t e s t e r ,  006 - S1S 2 g e r -  

m i n a t e d  a t  a p p r o x i m a t e l y  a 70 % s u c c e s s  r a t e .  The  

r e s u l t i n g  s e e d l i n g s  w e r e  v e r y  w e a k  a n d  g r e w  s l o w l y  

w i t h  o n l y  50 % s u r v i v i n g  to  m a t u r i t y .  Of t h e  18 p l a n t s  

a n a l y s e d ,  8 (44 .47o)  w e r e t r i s o m i c  a n d  10 ( 5 5 . 6 % )  

w e r e  d i p l o i d  ( T a b l e  2 ) .  

A m o n g  t h e  8 t r i s o m i c s ,  2 r e s e m b l e d  t h e  p a r e n t  

t r i s o m i c  w i th  r e s p e c t  to  k a r y o t y p e  ( w h o l e  d e l e t i o n  of  

t h e  s a t e l l i t e d  r e g i o n  in  o n e  of  t h e  two h o m o l o g u e s  of  

c h r o m o s o m e  2 ) ,  m o r p h o l o g y  a n d  f r u i t  s h a p e .  The  r e -  

m a i n i n g  6 t r i s o m i c s  d i f f e r e d  f r o m  t h e  p a r e n t  t r i s o m -  

i c  a n d  w e r e  e i t h e r  n o r m a l ,  w i t h o u t  any  d e l e t i o n  of  t h e  

s a t e l l i t e  p a r t ,  o r  on ly  e x h i b i t e d  a p a r t i a l  d e l e t i o n  o f  

t he  s a t e l l i t e d  r e g i o n  of  o n e  of  t h e  h o m o l o g u e s  of c h r o -  

m o s o m e  2.  

Of t h e  10 d i p l o i d s ,  3 w e r e  c h a r a c t e r i z e d  by  a 

w h o l e  d e l e t i o n  of  t h e  s a t e l  l i t e d  r e g i o n  of  o n e  of  t h e  

h o m o l o g u e s  of  c h r o m o s o m e  2 a n d  o n e  d i s p l a y e d  a 

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

Al l  t r i s o m i c  a n d  d i s o m i c  p l a n t s  w i th  w h o l e  o r  p a r -  

t i a l  d e l e t i o n  of  t h e  s a t e l l i t e d  r e g i o n  w e r e  w e a k ,  s l o w  

g r o w i n g ,  a n d  d w a r f .  P o l l e n  f e r t i l i t y  i n  t h e s e  p l a n t s  

w a s  i r r e g u l a r  a n d  r a n g e d  f r o m  28 7O to  74 7O. 

All plants in the populations studied were self-in- 

compatible. 

D i s c u s s i o n  

The  T r a n s m i s s i o n  R a t e  of  T r i s o m y  

It a p p e a r s  f r o m  t h e  p r e s e n t  s t u d y  w i th  L.peruvianum 

t h a t  t h e  a v e r a g e  r a t e  of  t r a n s m i s s i o n  of  t h e  e x t r a  

c h r o m o s o m e  to t h e  p r o g e n i e s  of  t r i p l o - 1  a n d  t r i p l o - 3  

w a s  l o w e r  t h a n  t h o s e  of  Datura stramonium. Nicotiana 

sylvestris, Hordeum vulgare, Hordeum spontaneum, 

Secale cereale and Lotus pedunculatus (Blakeslee and 

A v e r y  1938 ; G o o d s p e e d  a n d  A v e r y  1939 ; T s u c h i y a  

1960,  1967 ;  C h e n  a n d  G r a n t  1958 b ;  H e r m s e n  1970 ;  

K h u s h  1 9 7 3 ) .  H o w e v e r ,  w h e n  c o m p a r e d  w i t h  t h e  f r e -  

q u e n c y  i n  L. esculentwn f o r  t r i p l o - 1  a n d  t r i p l o - 3  

( R i c k  a n d  B a r t o n  1 9 5 4 ) ,  t h e  p e r c e n t a g e  of  t r a n s m i s -  

s i o n  found  fo r  t h e  s a m e  c h r o m o s o m e s  in  L.peruVianw~ 

w a s  a p p r o x i m a t e l y  t h e  s a m e .  H e n c e  i t  s e e m s  t h a t  

t h e  t o l e r a n c e  of  L.peruvianum t o w a r d s  c e r t a i n  t y p e s  

of  a n e u p l o i d y  ( S r e e  R a m u l u  e t  a l .  1977)  w h i c h  a r e  

no t  a c c e p t e d  by  t h e  c u l t i v a t e d t o m a t o  i s  no t  a s s o c i a t e d ,  

in  t h e  c a s e  of  e x t r a - c h r o m o s o m e s  t o l e r a t e d  by  t h e  

two s p e c i e s ,  to  a h i g h e r  r a t e  of  t r a n s m i s s i o n  of  t r i -  

s o m y  in  t h e  w i l d  s p e c i e s .  

On ly  g u e s s e s  c a n  b e  m a d e  a t  t h e  m o m e n t  f o r  e x -  

p l a i n i n g  t h e  r e l a t i v e l y  low t r a n s m i s s i o n  f r e q u e n c y  of  

t h e  t r i s o m i c  c o n d i t i o n  in  L. peruvianwn. It  i s  we l l  k n o w n  

t h a t ,  i n  t h e  a b s e n c e  of  s e l e c t i o n  f o r c e s ,  t h e  t r a n s m i s -  

s i o n  r a t e  s h o u l d  t h e o r e t i c a l l y  a p p r o x i m a t e  50 7O i n  t h e  
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c a s e  of  c r o s s e s  b e t w e e n  t r i s o m i c s  ( 2n  + 1) a n d  d i -  

p l o i d s  (2n )  a n d  t h a t  u p o n  s e l f - p o l l i n a t i o n ,  ( 2 n  + 1) 

• ( 2 n  . 1 ) ,  t h e  p r o g e n i e s  of  t r i s o m i c s  s h o u l d  c o n s i s t  

of  2n ,  2n + 1 a n d  2n  + 2 i n d i v i d u a l s  in  t h e  r a t i o  of  

1 : 2 : 1.  In p r a c t i c e ,  h o w e v e r ,  t h e s e  e x p e c t a t i o n s  a r e  

n e v e r  r e a l i z e d  a n d  t h e  r e d u c t i o n  i n  t r a n s m i s s i o n  f r e -  

q u e n c y  m a y  b e  due  to a v a r i e t y  of  s u c h  d i f f e r e n t  f a c -  

t o r s  a s  t h e  e l i m i n a t i o n  of t h e  e x t r a - c h r o m o s o m e  d u r -  

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

ty  of  n § 1 g a m e t e s  a n d  m a l f o r m a t i o n  of  e m b r y o s ,  e n -  

d o s p e r m s  o r  s e e d  c o a t s .  G r o w i n g  c o n d i t i o n s  ( R a j h a -  

thy  1975)  a n d  t h e  e x t e n s i o n  of  g e r m i n a t i o n  t i m e s  

( B l a k e s l e e  a n d  A v e r y  1938 ;  G o o d s p e e d  a n d  A v e r y  

1939 ;  T s u c h i y a  1960;  K h u s h  1973)  a l s o  e x e r t  i n f l u e n c e  

on  t r a n s m i s s i o n  r a t e s  a n d  u p o n  f i n a l  p r o p o r t i o n  of  a n -  

e u p l o i d s  a m o n g  t h e  o f f s p r i n g s  of  t r i s o m i c s .  It  i s  p r o b -  

a b l e  t h a t  p o l l e n  a b o r t i o n ,  w h i c h  a v e r a g e d  30% in  t h e  

p a r e n t a l  t r i s o m i c s  ( S r e e  R a m u l u  e t  a l .  1 9 7 7 ) ,  a n d  r e -  

d u c t i o n  in  s e e d  g e r m i n a b i l i t y  (13 % of  a l l  s e e d  s o w n  

f a i l e d  to g e r m i n a t e )  c o n t r i b u t e d ,  in  t h e  p r e s e n t  s t u d y ,  

to  t h e  d e f i c i t  of t r i s o m i c s  a m o n g  t h e  p r o g e n i e s  of  

t r i p l e - 1  a n d  t r i p l e - 3 .  It a l s o  a p p e a r s ,  i n  v i e w  of  t h e  

f ac t  t h a t  no  t r i s o m i c s  w e r e  r e c o r d e d  a m o n g  t h e  p r o -  

g e n i e s  r e s u l t i n g  f r o m  s e l f - p o l l i n a t i o n  of  t r i p l e - I ,  

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

peruvianum r e d u c e s  t h e  p r o b a b i l i t y  to  r e c o v e r  t r i s o -  

m i c s .  

Such  c o n s i d e r a t i o n s  do no t  h o l d  t r u e  in  t h e  c a s e  

of  t h e  t r i s o m i c  p l a n t  269 w h i c h  y i e l d e d  m o r e  t r i s o -  

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

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

r a t e  a p p r o x i m a t e d  44 ~. It m u s t  b e  n o t e d  h o w e v e r ,  

t h a t  p l a n t  269 c o m b i n e d  t r i s o m y  a n d  a d e l e t i o n  of  t h e  

s a t e l l i t e d  r e g i o n  of  c h r o m o s o m e  2 a n d  t h a t  m o s t  of  

i t s  p r o g e n i e s ,  w h e t h e r  d i p l o i d  o r  t r i s o m i c ,  e x p r e s s e d  

c o n s i d e r a b l e  w e a k n e s s  a n d  g r o w t h  r e t a r d a t i o n .  It  i s  

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

s e l e c t i o n  o p e r a t e d  a g a i n s t  t h e  t r a n s m i s s i o n  of t r i s o -  

m y  w h i c h ,  in  v i e w  of  t h e  v e r y  h i g h  f r e q u e n c y  of  t r i s o -  

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

( T a b l e  2 ) ,  e v e n  a p p e a r s  to h a v e  b e n e f i t e d  f r o m  a s e -  

l e c t i v e  a d v a n t a g e  of  n § 1 p o l l e n  g r a i n s .  

The  I n f l u e n c e  of C h r o m o s o m e  L e n g t h  

T r a n s m i s s i o n  r a t e s  a r e  k n o w n  to  v a r y  f r o m  o n e  c h r o -  

m o s o m e  to  a n  o t h e r  a n d  E i n s e t  ( i 9 4 3 )  e s t a b l i s h e d ,  in  

maize, a correlation between chromosome length, 

univalent frequency at metaphase I and the transmis- 

sion rate of the extra chromosome; the trisomics in- 

volving longer chromosomes formed more trivalents, 

less laggards and the transmission frequency was 

higher. This correlation does not seem to hold true 

i n  s u c h  p l a n t  s p e c i e s  a s  L. esculentum ( R i c k  a n d  B a r -  

ton  1954)  a n d  Lotus pedunculatus ( C h e n  a n d  G r a n t  

1 9 6 8 a ,  b ) .  I t  i s ,  a t  t he  b e s t ,  o n l y  p a r t l y  v a l i d  i n  t h e  

c a s e  of  L.peruvianum w h e r e  t r i p l e - 1  ( l e n g t h  of  c h r o -  

m o s o m e  1 in  s o m a t i c  m e t a p h a s e :  3 . 2 3  -+ 0 . 0 6 m ~ )  

f o r m e d  m o r e  t r i v a l e n t s  t h a n  t r i p l e - 3  ( l e n g t h  of  c h r o -  

m o s o m e  3 : 2 . 3 4  + 0 . 0 4 m ~ ) ,  bu t  t r a n s m i t t e d  i t s  t r i -  

s o m i c  c o n d i t i o n  a t  a r a t e  ( 2 . 6  %) w h i c h  i s  l o w e r  t h a n  

t h a t  of  t r i p l e - 3  ( 8 . 6 % ) .  In a d d i t i o n ,  no r e l a t i o n s h i p  

c o u l d  b e  e s t a b l i s h e d  b e t w e e n  c h r o m o s o m e  l e n g t h s  

a n d  t h e  f r e q u e n c y  of  P M C  wi th  u n i v a l e n t  l a g g a r d s  

( s e e  S r e e  R a m u l u  e t  a l .  1 9 7 7 ) .  C h e n  a n d  G r a n t  (1968  

a ,  b )  i n t e r p r e t e d  a n e g a t i v e  r e l a t i o n  b e t w e e n  c h r o m o -  

s o m e  l e n g t h  a n d  t r a n s m i s s i o n  r a t e  in  Lotus by  t he  a s -  

s u m p t i o n  t h a t  t h e  t r i s o m i c s  i n v o l v i n g  l o n g e r  c h r o m o -  

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

w h i c h  l e a d s  to  t h e  a b o r t i o n  of  a l a r g e r  p r o p o r t i o n  of  

n + 1 g a m e t e s  a n d  2 n  + 1 e m b r y o s .  
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