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ABSTRACT 
A diversity of genetic materials contained in traditional varieties, modern cultivars and wild species contributes to plant genetic resources. 
The aim of this work was to characterise different tomato (Solanum spp.) genotypes by pericarp protein profiles and morphologic and 
biochemical fruit traits. Three accessions of the wild taxa S. pimpinellifolium (LA722, LA2181 and LA1246) and S. lycopersicum var. 
cerasiforme (LA1673, LA1385 and LA1320), four cultivated genotypes of S. lycopersicum (‘Caimanta’, ‘CARO’, ‘UCO’, ‘NOR’) and 
nine RILs (L1, L2, L4, L5, L6, L7, L8, L9, L18) obtained the interspecific cross (LA722 x ‘Caimanta’) were studied. Highly significant 
differences were found between these genotypes for all traits and the cluster analysis allowed to separate cultivated genotypes from the 
others. Pericarp protein profiles were obtained at two ripening stages (mature green: GM and red ripe: RR) to classify these genotypes. At 
MG, the percentage of polymorphism between the cultivated genotypes was 81%, while among the wild genotypes it was 94.6%. The 
highest polymorphism (97.3%) was observed in the RILs. The most frequent band (0.79) was that of 97 kDa present in all genotypes 
excepting L8, LA1320, LA1673, and ‘CARO’. At RR both cultivated genotypes and wild accession showed 92% polymorphic bands. 
Polymorphism among RILs was 94.6%. Again, a 97 kDa band was detected in all genotypes except for L18 while a 56 kDa band was 
observed in all genotypes with the exception of ‘NOR’ and L6. Genotype clustering by pericarp protein profile was different to that 
obtained by morphological and biochemical fruit traits. 
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INTRODUCTION 
 
Current plant breeding provokes a loss of genetic variability, 
which could lead to crop genetic uniformity. As a conse-
quence of the domestication process and breeding during 
recent years, a great loss of variability was observed because 
of the disappearance of complete genotypes, individual loci, 
or even alleles from the same gene (Babeli and Mazzucato 
2008). This fact can be reverted by the utilization of wild 
species germplasm in breeding programmes. Wild species 
of the section Lycopersicon in the genus Solanum represent 
an important source of genetic variability, being a potential 
genetic resource to developed varieties in breeding prog-
rammes (Schauer et al. 2006). Wild relatives of S. lycoper-
sicum have been used to introduce genes for insect and dis-
ease resistance as well as tolerance to adverse environment 
conditions such as drought and/or salinity (Zhang et al. 
2002) but these species also usually have variability of fruit 
quality traits such as flavor, aroma, color, and texture. 
Under natural conditions the ability of wild species to main-
tain fruit quality over an extended period of time could be 
an adaptive strategy to attract herbivores and to ensure seed 
dispersion (Nakazato et al. 2008). Several authors studied 
the potentiality of improving tomato fruit quality by means 
of incorporating wild germplasm (Zorzoli et al. 1998; Pratta 
et al. 2000; Gur and Zamir 2004; Garg et al. 2008). Rod-
ríguez et al. (2006a) obtained 17 Recombinant Inbred Lines 
(RILs) of tomato from an interspecific cross between S. 
lycopersicum cv. ‘Caimanta’ and S. pimpinellifolium acces-
sion LA722 and they found that some of these RILs had 
longer shelf life and higher soluble solid content than the 
wild parent (Rodríguez et al. 2006b). 

Most fruit quality traits are related to tomato ripening. 

This process is the result of highly synchronized biochemi-
cal and physiological changes that occur during a relatively 
short period. These changes allow different ripening stages 
to be distinguished (Giovannoni 2004). According to Aiva-
lakis and Katinakis (2008), protein synthesis appears to be 
an essential component of these ripening stages. Therefore, 
SDS-PAGE of proteins from individuals at different ripen-
ing stages might be able to detect variations in gene expres-
sion involved in this biological process (Zhang and Rie-
chers 2008). Protein profiles have been successfully used on 
several species as a molecular marker (De Luca et al. 2000; 
Garello et al. 2000; Padmavatti et al. 2001; Rodríguez et al. 
2008). Even though they are less polymorphic than DNA 
markers, they provide quick and easy information to charac-
terise genotypes. The aim of this work was to characterise 
different tomato genotypes by pericarp protein profiles and 
morphologic and biochemical fruit traits. 

 
MATERIALS AND METHODS 
 
Plant material 
 
Three accessions of the wild taxa S. pimpinellifolium (LA722, 
LA2181 and LA1246) and S. lycopersicum var. cerasiforme 
(LA1673, LA1385 and LA1320), four cultivated genotypes of S. 
lycopersicum (‘Caimanta’, ‘CARO’, ‘UCO’, ‘NOR’) and nine 
RILs (L1, L2, L4, L5, L6, L7, L8, L9, L18) obtained by Rodríguez 
et al. (2006a) were studied. The wild genotypes were provided by 
the Tomato Genetic Resources Center (TGRC) from the Univer-
sity of California, Davis (USA) and the cultivated genotypes were 
provided by EEA INTA (Estación Experimental Agropecuaria – 
Instituto Nacional de Tecnología Agropecuaria, Argentina). These 
genotypes were cultivated under greenhouse during spring season 
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(August-December), at the field station “José F. Villarino” (Facul-
tad de Ciencias Agrarias UNR, Zavalla, Argentina, 33° South 
Latitude and 61° West Longitude) in a completely randomized 
design. Nine to 10 plants by genotype were sowed, the total num-
ber of plants being 181. Previous to the transplantation, the soil (a 
typical Argiudol) was fertilized with poultry grit. The plants were 
watered twice a week, levels of irrigation that were sufficient to 
avoid water stress during the plants growing period. Mean tempe-
rature was 20 ± 3 ºC, mean light intensity was 700 μmol.s-1.m-2 
and mean relative humidity was 60%. 
 
Morphologic and biochemical fruit traits 
 
The following fruit traits were evaluated in 10 fruits per plant at 
the breaker stage (Giovannoni 2004): diameter (D, in cm), height 
(H, in cm), shape (Sh, H/D ratio), weight (W, in g), and shelf life 
(SL, in days) defined as the time period until a water-soaked spot 
appeared on the surface of the fruit stored at 25 ± 2°C (Schuelter 
et al. 2002; Garg et al. 2008). The fruits were examined three 
times a week and commercially unacceptable fruits (i.e. showing 
wrinkling and excessive softening) were discarded. A total of 1579 
fruits were evaluated. At the Red Ripe stage (RR) (Giovannoni 
2004) the following traits of over 900 fruits were also evaluated: 
locule number (LN), pericarp thickness (T, in mm), firmness (F) 
and color (C) this being trait measured by both the reflectance 
percentage (L) and the (a/b) ratio. The parameters of L, a (absor-
bance at 540 �m) and b (absorbency at 675 �m) were determined 
with a Chromameter CR300 (three data points equally spaced over 
the equatorial region of each fruit). Firmness was measured in two 
opposite areas over the equatorial region of three fruits per geno-
type with a durometer Shore A Durofel using a 0.10 cm2-area 
plunger. The F and C traits were measured on five fruits per plant. 

The other traits related to internal quality were obtained in 
three samples of 3 to 8 fruits per plant depending of fruit size. 
They were: soluble solid content (SS, in °Brix) measured by a 
hand refractometer, titrable acidity: (At, in g of citric acid/100 g of 
homogenized fruit juice) calculated from the volume of 0.1 N 
NaOH necessary for turning the pH of 2 g of juice dissolved in 20 
ml of distillated water to 8.1, and the pH (Garg et al. 2008). 
 
Protein profiles 
 
Three fruits by genotype were harvested at two ripening stages: 
Mature Green (MG) and Red Ripe (RR). Proteins were extracted 
from the pericarp following the method of Hurkman and Tanaka 
(1986) with modifications. Briefly, 1 g of tissue (tomato pericarp) 

was first ground with a mortar and pestle device in liquid nitrogen. 
Then it was homogenised and thoroughly mixed in the presence of 
1 ml of extraction buffer (100 mM Tris/HCl pH 8.0, 1 mM EDTA, 
1 mM PMSF, 2% (v/v) �-mercaptoethanol) and 4 ml of phenol 
saturated with 100 mM Tris buffer (pH 8.0), and then centrifuged 
for 15 min at 5000 rpm at 4°C. The phenolic phase was removed, 
re-extracted with one volume of aqueous buffer and mixed with 
four volumes of 0.1 M ammonium acetate in methanol, and incu-
bated overnight at -20°C. Proteins were precipitated by centrifuga-
tion for 20 min at 5000 rpm at 4°C. The precipitated fraction was 
washed twice with 0.1 M ammonium acetate in methanol, fol-
lowed by a cold acetone (80%, v/v) wash, and then dried at room 
temperature. Finally, the dried residue was resuspended in SDS 
buffer (25 mM Tris pH 6.8, 1% (w/v) SDS, 10% (v/v) glycerol, 
5% (v/v) �-mercaptoethanol, and 0.002% (w/v) bromophenol blue, 
and boiled for 2 min. Electrophoresis was run in a Mini-
PROTEAN II (Bio-Rad, California, USA) apparatus at 35 mA 
during 1.5 h. An equal amount of protein (30 μg) was loaded into 
each well. Proteins ranging from 25 to 105 kDa were electropho-
resed in a stacking gel (4% polyacrylamide) followed by a sepa-
rating gel (10% polyacrylamide). Running calibration proteins 
(ranging from 30 to 97 kDa, GE Healthcare®) were used as mole-
cular mass marker. Proteins were stained with 0.1% Coomasie 
Brilliant Blue R-250 solution. 
 
Data analysis 
 
The normal distribution of morphologic and biochemical traits was 
verified by the Shapiro-Wilk (1965) test. The W, H, D, T, and F 
traits were transformed with the log 10 function. Mean values for 
these and other traits were compared by ANOVA and the dif-
ferences among genotypes were estimated by LSD Fisher’s test 
(Sokal and Rolhf 1969). For the L and LN traits the Kruskal-
Wallis test was used. A multivariate analysis of clusters was ap-
plied for classifying genotypes according to the 13 morphological 
and biochemical traits. Average Euclidean distances and Ward’s 
method (1963) were used as fusion criterion. Polyacrylamide gels 
were analyzed by quantifying the total number of polypeptides and 
by calculating the percentage of polymorphic polypeptides at each 
stage. The presence and absence of protein bands was evaluated in 
each genotype at each ripening stage. Finally, other two-cluster 
analyses were performed using Ward’s method (1963) with Jac-
card (1901) distance including protein profiles at the MG and RR 
stages. This analysis was carried out with software INFOSTAT 
Version 1.0. 
 

Table 1 Mean values and standard error for the fruit traits evaluated in cultivated, wild and RILs genotypes. 
 Morphologic and biochemical fruit traits Genotypes 

D H Sh LN T L a/b F pH At W SL SS 
CAI 5.2 ± 0.1 4.5 ± 0.1 0.9 ± 0.1 4 n/d 42.4 ± 0.8 0.8 ± 0.1 60.0 ± 4.0 4.6 ± 0.1 0.3 ± 0.1 72.0 ± 5.0 18.0 ± 3.0 5.0 ± 0.2
CARO 4.3 ± 0.2 4.7 ± 0.2 1.1 ± 0.1 2 5.5 ± 1.0 39.2 ± 0.4 1.0 ± 0.1 54.4 ± 0.5 4.5 ± 0.1 0.3 ± 0.1 52.0 ± 7.0 16.0 ± 2.0 4.6 ± 0.2
UCO 6.6 ± 0.3 4.6 ± 0.2 0.7 ± 0.1 6 4.1 ± 0.4 42.6 ± 0.9 0.8 ± 0.1 45.0 ± 2.0 4.4 ± 0.1 0.2 ± 0.1 126.0 ± 13.0 13.0 ± 1.0 4.1 ± 0.2
NOR 4.1 ± 0.3 3.6 ± 0.2 0.9 ± 0.1 2 4.3 ± 0.2 48.0 ± 1.0 0.5 ± 0.1 52.0 ± 2.0 4.7 ± 0.1 0.2 ± 0.1 39.0 ± 6.0 44.0 ± 4.0 4.9 ± 0.3
LA1320 3.0 ± 0.1 2.4 ± 0.1 0.8 ± 0.1 3 2.7 ± 0.2 40.1 ± 0.4 1.0 ± 0.1 49.0 ± 2.0 5.1 ± 0.1 0.3 ± 0.1 14.0 ± 2.0 19.0 ± 1.0 4.8 ± 0.1
LA1385 1.5 ± 0.1 1.3 ± 0.1 0.9 ± 0.1 2 0.5 ± 0.1 39.7 ± 0.4 1.3 ± 0.1 44.0 ± 1.0 5.3 ± 0.2 0.3 ± 0.1 1.9 ± 0.2 13.0 ± 1.0 7.1 ± 0.1
LA1673 1.6 ± 0.1 2.6 ± 0.1 1.0 ± 0.1 2 0.7 ± 0.1 39.0 ± 6.0 1.1 ± 0.2 46.0 ± 2.0 5.1 ± 0.1 0.2 ± 0.1 2.7 ± 0.2 15.0 ± 1.0 5.4 ± 0.1
LA1246 1.3 ± 0.1 1.2 ± 0.1 0.9 ± 0.1 n/d n/d 37.6 ± 0.1 1.4 ± 0.1 n/d n/d n/d 1.2 ± 0.2 16.0 ± 3.0 n/d 
LA2181 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 n/d n/d 40.0 ± 0.1 1.3 ± 0.1 43.5 ± 0.1 n/d n/d 0.7 ± 0.1 11.0 ± 1.0 n/d 
LA722 1.1 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 2 0.5 ± 0.1 40.6 ± 0.9 1.3 ± 0.1 56.0 ± 2.0 5.1 ± 0.3 0.2 ± 0.1 1.1 ± 0.1 16.0 ± 1.0 7.0 ± 1.0
L1 3.5 ± 0.1 2.8 ± 0.2 0.8 ± 0.1 3 2.1 ± 0.3 38.5 ± 0.8 1.1 ± 0.1 55.0 ± 2.0 5.1 ± 0.1 0.2 ± 0.1 21.0 ± 2.0 26.0 ± 2.0 6.0 ± 0.1
L2 2.7 ± 0.1 2.2 ± 0.1 0.8 ± 0.1 3 2.6 ± 0.4 39.8 ± 0.2 1.3 ± 0.1 56.0 ± 2.0 5.2 ± 0.1 0.3 ± 0.1 10.0 ± 1.0 22.0 ± 1.0 7.4 ± 0.3
L4 2.4 ± 0.1 2.2 ± 0.1 0.9 ± 0.1 2 1.5 ± 0.1 37.9 ± 0.2 1.2 ± 0.1 46.0 ± 2.0 5.1 ± 0.1 0.3 ± 0.1 9.0 ± 1.0 22.0 ± 2.0 6.9 ± 0.4
L5 2.1 ± 0.1 1.9 ± 0.1 0.9 ± 0.1 2 1.8 ± 0.1 37.9 ± 0.2 1.3 ± 0.1 43.0 ± 3.0 4.7 ± 0.4 0.3 ± 0.1 6.0 ± 1.0 15.0 ± 1.0 8.1 ± 0.3
L6 1.5 ± 0.1 1.4 ± 0.1 0.9 ± 0.1 2 1.0 ± 0.1 38.2 ± 0.3 1.5 ± 0.1 46.0 ± 2.0 5.0 ± 0.2 0.4 ± 0.1 1.9 ± 0.2 21.0 ± 1.0 9.2 ± 0.5
L7 1.8 ± 0.1 1.8 ± 0.1 1.0 ± 0.1 2 1.4 ± 0.1 39.7 ± 0.9 1.1 ± 0.1 48.0 ± 4.0 4.9 ± 0.2 0.3 ± 0.1 3.9 ± 0.7 18.0 ± 1.0 6.1 ± 0.5
L8 1.3 ± 0.1 1.3 ± 0.1 1.0 ± 0.1 2 0.7 ± 0.1 39.5 ± 0.4 1.3 ± 0.1 54.0 ± 1.0 4.6 ± 0.1 0.4 ± 0.1 1.4 ± 0.1 19.0 ± 1.0 9.7 ± 0.7
L9 1.5 ± 0.1 1.4 ± 0.1 0.9 ± 0.1 2 0.6 ± 0.1 40.1 ± 0.4 1.2 ± 0.1 52.0 ± 2.0 4.6 ± 0.1 0.4 ± 0.1 2.1 ± 0.4 15.0 ± 1.0 8.8 ± 0.7
L18 2.5 ± 0.1 2.6 ± 0.1 1.0 ± 0.1 3 1.6 ± 0.1 38.4 ± 0.2 1.3 ± 0.1 48.0 ± 2.0 5.2 ± 0.1 0.2 ± 0.1 10.0 ± 1.0 21.0 ± 2.0 8.4 ± 0.1
F/�2 132.4** 131.4** 23.0** 42.1** 41.4** 79.5** 10.5** 4.2** 4.7** 7.3** 131.5** 10.1** 24.7** 
LSD 0.06 0.06 0.05  0.15  0.21 0.06 0.37 0.74 0.17 0.12 1.1 

D: diameter (cm); H: height (cm); Sh: shape; LN: locule number; T: pericarp thickness (mm); L and a/b: color parameters; F: firmness; pH: hydrogen potential, At: titrable 
acidity (g of citric acid/100 g of homogenized fruit juice); W: weight; SL: shelf life; SS: soluble solid content (°Brix); n/d: no data. F: ANOVA values; �2: Chi- Square 
values; LSD: Least Square Difference values; **p � 0.01 
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RESULTS 
 
Morphological and biochemical fruit traits 
 
Table 1 shows the mean values for all traits in each geno-
type. Highly significant differences were found among 
genotypes for all traits. Moreover, within any taxonomic 
group significant differences could also be observed for 
some traits. The cultivated genotypes (‘Caimanta’, ‘NOR’, 
‘UCO’ and ‘CARO’) are outlined because they had higher 
H and D values than the wild taxa and the RILs. ‘CARO’ 
had the greatest shape value, contrasting with ‘UCO’ that 
had the lowest. Cultivated genotypes also had higher values 
for W, and wild species had the lowest values but RILs had 
intermediate values, closer to wild accessions. The highest 
and lowest values for the a/b index were observed in wild 
accessions and ‘NOR’ genotype, respectively. The acidity 
values varied between 0.2 and 0.4, the highest value for pH 
being in accession LA1385 and the lowest in ‘CARO’. As 
expected, the greatest LN value was found in those geno-
types with higher fruit mass whereas genotypes with small 
fruits had lower LN values. The wild taxa had F values 
lower than the cultivated species. ‘NOR’ had the longest 
shelf life (44 days), this being 13 days for ‘UCO’, although 
S. pimpinellifolium LA2181 had the lowest value (11 days). 
The RILs showed an intermediate value between cultivated 
and wild genotypes for this trait. The wild taxa had higher 
SS ranked among 5.4 to 7.1 °Brix, though the RILs had the 
highest values (7.4 to 9.6 °Brix). ‘CARO’ and ‘UCO’ had 
the lowest SS, 3.4 and 4.1 °Brix, respectively. 

Fig. 1 shows a dendrogram of the cluster analysis inclu-
ding the 13 morphological and biochemical fruit traits. The 
cophenetic correlation was 0.57 and the average Euclidean 
distances ranged from 0.23 to 6.02. This multivariate analy-
sis, which included phenotypic data, discriminated geno-
types into two groups, the most important traits being D, H, 
W, pH, LN, T and fruit color (a/b). Wild accessions and 
RILs were included in the same group while the other group 
was only composed of cultivated genotypes. 
 
Protein profiles 
 
The protein profiles obtained for each genotype at both 
ripening stages of fruits allowed a total of 37 bands that had 
high polymorphism among genotypes to be detected. These 
polymorphisms were higher at the MG than at the RR stage. 
The monomorphic bands among different groups of geno-
types in each ripening stage are shown in Table 2. 

At the MG stage, the percentage of polymorphism 

between the cultivated genotypes was 81%, while among 
the wild genotypes it was 94.6%. However, the highest 
polymorphism (97.3%) was observed in the RILs. The most 
frequent band (0.79) was that of 97 kDa present in all geno-
types excepting L8, LA1320, LA1673, and ‘CARO’. 

The protein profile at the RR stage is not reported for 
‘CARO’ because when their fruits were to be harvested, a 
disease affected these plants. At the RR stage both culti-
vated genotypes and wild accession showed 92% polymor-
phic bands; it was 94.6% in the RILs. Again, a 97 kDa band 
was detected in all genotypes except for L18 while a 56 
kDa band was observed in all genotypes with the exception 
of ‘NOR’ and L6. Similarly, a 30 kDa band was present in 
all genotypes excepting ‘NOR’ and LA1320. Finally, a 31 
kDa band was not observed in two RILs, L6 and L5, and 
LA1385. Another interesting fact was that polymorphism 
was detected among different ripening stages for each geno-
type. LA1246 showed a 39 kDa band that was absent at the 
MG stage but present in the RR stage while monomorphism 
was detected for all other bands. For the remaining geno-
types, the percentage of polymorphism between ripening 
stages varied between 29.7% in L18 and 10.8% in L1. Fig. 
2 shows the protein profiles for all genotypes at both ripen-
ing stages. 

Fig. 3 shows a dendrogram based on the protein profiles 
of all the genotypes at the MG stage. The cophenetic cor-
relation was 0.46 and the Jaccard distance among genotypes 
varied between 0.32 and 1.09. Two groups were firstly 
defined, one including most of the RILs, the accessions 
LA722, LA1385 and LA1246, and cv. ‘UCO’. The second 
group included the remaining cultivated genotypes (‘NOR’, 
‘Caimanta’ and ‘CARO’), L18 and the accessions LA2181, 
LA1320 and LA1673. 

Fig. 4 shows a dendrogram built with the protein pro-
files at the RR stage. The cophenetic correlation was 0.52 
and the Jaccard distances varied between 0.11 and 1.33. In a 
first level of clustering, one group was formed by ‘UCO’ 
genotype, the accessions LA2181 and LA722 and the RILs 
L9 and L18, whereas another group was formed by LA1673, 

Fig. 1 Dendrogram for the 13 evaluated fruit traits in all genotypes according to Ward’s method. 

Table 2 The monomorphic bands found at two ripening stages: Mature 
Green (MG) and Red Ripe (RR) among the different groups of genotypes.

Monomorphic bands (kDa) Group of genotypes 
MG RR 

Cultivated 93, 88, 56, 43, 36, 28 97, 45, 39 
RILs 30 66, 30 
Wild species 47, 28 97, 56, 47 
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LA1320 and LA1385 and, LA1246, the cultivated geno-
types ‘Caimanta’, ‘NOR’ and the remaining RILs. At a 
second level, a subgroup was formed by wild accessions 
LA2181, LA722, and the other was integrated by ‘UCO’ 
and lines L9 and L18. 
 
DISCUSSION 
 
This experiment showed significant differences among 
these sets of genotypes for most of the evaluated traits. 
Regarding fruit shape only ‘CARO’ had elongated fruits 
and only flattened fruits were observed in ‘UCO’. The 
remaining genotypes had round fruits. As pointed before, 
pericarp thickness and locule number had highest values in 
those genotypes with greatest fruits. These findings agree 
with those of Lippman and Tanksley (2001), who found a 
positive correlation between locule number and fruit size. 

Consequently, an increase in the number of locules can 
provoke a significant effect on fruit size. Besides, fruit color 
is one of the most important quality traits because consu-
mers consider it as an indicator of organoleptic quality. 
According to our results, there are two genotypes that have 
strong red color intensity in the fruits: accession LA1246 of 
S. pimpinellifolium and one of the RILs, L6 (see values in 
Table 1). The values found for ‘NOR’ genotype (a/b= 0.5; 
L= 48) agree with the visual observations of the fruits. It is 
known that fruits of this mutant genotype turn in a uniform 
way from green to pale pink coloration (Tigchelaar et al. 
1978). Fruit firmness is nearly related with resistance to 
commercial transport, and is considered another important 
component of fruit quality for both industry and fresh con-
sumption tomatoes. Our data showed that wild species had 
mean values of firmness lower than the cultivated species. 
In fact, ‘Caimanta’ had the maximum value (F = 60), 

 
Fig. 2 Protein profiles for all genotypes assayed at the Mature Green (MG) and Red Ripe (RR) stages. (A, B) Genotypes at MG, (C, D) Genotypes at 
RR. Arrows indicate molecular weight markers (kDa). 

 

Fig. 3 Dendrogram of protein profiles in all genotypes at the Mature Green (MG) stage according to Ward’s method. 
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whereas the LA2181 accession of S. pimpinellifolium 
showed the lowest (F = 43.5). However, RILs had inter-
mediate values for this trait. With respect to fruit acidity, 
Stevens (1986) pointed out that higher acidity in fruits does 
not necessarily imply higher titrable acidity; the lower 
values of this trait found in cultivars such as ‘CARO’ and 
the wild species S. lycopersicum var. cerasiforme accession 
LA1673 support this previous claim. The RILs showed pH 
values near 5 and titrable acidity values that varied between 
0.2 and 0.4. 

A long fruit shelf life is also a trait highly appreciated in 
the fresh market. ‘NOR’ had, as expected, the maximum 
mean value with a shelf life of 44 days (see Table 1). This 
genotype has a mutant gene located in chromosome 10, in a 
homozygous state, which alters ethylene production (Tig-
chelaar et al. 1978). It is interesting to remark that wild spe-
cies showed values higher than the cultivated ones, which is 
consistent with the results obtained by Zorzoli et al. (1998), 
Pratta et al. (2000) and Rodríguez et al. (2006a), who 
demonstrated that wild genotypes of S. pimpinellifolium and 
S. lycopersicum var. cerasiforme carry genes that prolong 
fruit shelf life. With respect to fruit weight, it was observed 
that only the cultivated genotypes had the fruit weight 
needed to fresh market, which is 100-150 g (Ferratto, pers. 
comm.). The highest average value was 126 g for ‘UCO’ 
and the lowest was 0.7 g for LA2181. For this trait, RILs 
had values nearer to the wild parent LA722 (Table 1). 
Tomato flavor for fresh consumption is determined princi-
pally by the sugar and acid levels, so that increasing the 
levels of these traits would also increase the flavor (Krum-
bein et al. 2004). The higher values found for soluble solid 
content in the wild species agree with the results of other 
authors (Georgelis et al. 2006), who tested PI 270248 of S. 
lycopersicum var. cerasiforme, 7833-1-1-1 of S. lycopersi-
cum and their segregant generations. Among parents, the 
highest value was 5.00 (PI 270248), varying the F2 among 
2.00 and 5.50. The lowest values for soluble solid content 
were found in the cultivated species. These results show the 
importance of fruit quality traits to classify different geno-
types. 

An important degree of polymorphism was detected by 
pericarp protein profiles at each ripening stage. Pratta et al. 
(2001) found similar results when they analyzed the protein 
profiles among tomato genotypes at MG and RR stages. On 
the other hand, polymorphism between the ripening stages 
for the same genotype was found. Regarding to this, Car-
bone et al. (2005) found differential expression of genes 
encoding enzymes of the carotenoid biosynthesis pathway, 

primary metabolism, photosynthesis and cell wall metabo-
lism at different ripening stages. Faurobert et al. (2007) 
reported that the expression of proteins related to stress and 
senescence increases during the ripening process in tomato 
fruits, and most of the proteins related to C-compounds and 
carbohydrate metabolism or oxidative processes are up-
regulated during fruit development, showing an increase in 
protein during development and maximum abundance in 
mature fruit. 

Miller and Tanksley (1990) estimated that at least 5% of 
the available genetic variation exists in tomato cultivars and 
that the remainder is found in wild species of the genus. In 
our assay, the highest level of polymorphism was found in 
the MG stage in wild species and RILs while the cultivated 
species had the lowest level. According to Nesbitt and 
Tanksley (2002), the species S. lycopersicum var. cerasi-
forme is a mixture between cultivated and wild species. 
This pattern can also be seen in the dendrogram for the MG 
stage in which two accessions of S. lycopersicum var. cera-
siforme were classified with cultivated genotypes. The taxo-
nomic classification of tomato species has been established 
based on morphology, cytogenetic and viable crossing capa-
city (Rick 1973). In our study we used protein profiles at 
different stages to classify this set of genotypes. This ap-
proach allowed grouping at the MG stage of some culti-
vated genotypes with some wild species (Fig. 3). The level 
of polymorphism among genotypes was higher at the RR 
stage. We found two monomorphic bands (66 and 30 kDa) 
in the RILs which were also found by Rodríguez et al. 
(2008) associated with long shelf life when these authors 
analyzed the F2 generation from a cross between ‘Caimanta’ 
cultivar and accession LA1385. Another interesting fact 
was that the 97 kDa band was detected in all genotypes with 
the exception of L18 line. Cluster analysis at the RR stage 
showed that there is no agreement with the taxonomic clas-
sification (Fig. 4). These results coincide with Rocco et al.’s 
(2006) results in which specific protein expressed differen-
tially in different cultivated ecotypes of tomato were found. 
These authors evaluated ‘Ailsa Craig’ and ‘SM2’ of S. lyco-
persicum and found that a number of components with a 
common quantitative trend during fruit ripening would be 
essential to this physiological phenomenon, while other 
specific ecotype-related up- or down-regulated proteins 
should be subject of further studies. 

At the MG stage, all RILs except for L18 grouped with 
LA722 accession whereas at the RR stage all RILs except 
for L18 and L9 lines were located with the ‘Caimanta’ 
genotype indicating the degree of similarity among RILs 

 
Fig. 4 Dendrogram of protein profile of all genotypes at the Red Ripe (RR) stage according to Ward’s method. 
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and their parents with regards to the ripening process. 
Nevertheless, the L18 line had an opposite behaviour to the 
other RILs probably due to differential genetic recombina-
tion of parental genomes in this specific RIL. 
 
CONCLUSION 
 
Morphological and biochemical fruit traits allowed for the 
characterisation of tomato genetic resources, discriminating 
among cultivated genotypes, wild species and new geno-
types as RILs. This was possible because of the wide gene-
tic variability found among them for the evaluated traits. 
Alternatively, pericarp protein profiles of fruits at the MG 
and RR stages allowed genotypes to be clustered in a dif-
ferent way than the morphological and biochemical fruit 
traits. 
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