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INTRODUCTION
In the latest years, new techniques have been

incorporated to the creation of genetic variability, where
agricultural biotechnology appears like a promise in the
development of horticultural crops (Olimpia Gómez and
Depestre, 1992).

The somaclonal variation, is the term adopted by
Larkin and Scowcroft (1982) in order to describe the
variation shown in plants regenerated from cell and tissue
culture showing desirable characteristics for the breeders.
In this sense, María C. González (1993) reported the
variability detected in somaclones of rice while particularly
in tomato, resistant somaclones to several diseases have
been obtained (Rodeva and Stancheva, 1995) but the
researchers keep on investigating plant selection to
overcome the donor in yield and adaptation to every season
of the year (Marta Alvarez et al., 1996).

Among the main genetic mechanisms causing
somaclonal variation are: numeric and structural changes
of chromosomes, genic mutations and modifications in
the cytoplasmic genome (Swartz, 1991). For the detection
and characterization of these sources of variation, the
cytogenetic isoenzymatic and molecular methods could
be used (Suh, Sato and Morishima, 1997 and Martelli et
al., 1993), in combination with the morphological
evaluation  of the somaclones obtained.

The objective of this work was the isoenzymatic
characterization of five somaclones of tomato.

MATERIALS AND METHODS
In the National Institute of Agricultural Sciences

(INCA) five somaclones of tomato were selected (SC-7,
SC-8, SC-10, SC-36 and SC-37) starting from their good
phenotype, the donor variety Campbell-28, belonging to
Lycopersicon esculentum Mill species, spread under in
vitro culture conditions, studying their behavior and the
donor in the third generation.

The study was carried out in a randomized block design
with three replicates and four-furrowed plots of 20 plants,
each compacted Red Ferralític soil (Hernández et al.,
1994) during 1993-1994 winter campaign (November-
March).

For the study, five electrophoretic runnings were
carried out to each genotype, using young leaves as crop
material, taken at random from each somaclone and the
donor.  The electrophoretic runnings were carried out in
polyacrylamide gel electrophoresis at 10 % in a
discontinuous buffer system , five runnings being carried
out per genotype.

The peroxidase staining was prepared by two grams
of hydrochloric bencidine disolved in 14 mL of glacial acetic
acid, led to 100 mL of distilled water, then a solution of
hydrogen peroxide at 1 % was united and gel was added
and kept approximately between one and three minutes,
until the bands appeared.
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For the polyphenoloxidase staining, 0.1 g of 3.4 dihy-
droxiphenilalanine (L-Dope) and L-Proline was taken in
100 mL of buffer phosphate 0.1 molar of pH= 6.5.

For the esterases, a solution containing 0.3 g of fast
RR blue salt and 2 mL of a solution of 1-2-naftil-acetate
were used, which were prepared in 0.1 g dissolved in 5 mL
nail polish remover to complete 10 mL with distilled water.
The staining was taken to 100 mL with buffer phosphate
up 0.1 molar of pH= 6. The gel remained in the darkness
for an hour until the bands appeared.

After the specific stainings, gels were washed with
distilled water and maintained in a solution of glacial acetic
acid at 10 %, until the moment of making up the
zymograms.

The electrophoretic mobilities were measured in
centimeters, taking as zero or origin the beginning of
separation gel; later on, the bands were located in milimeter
paper.

Results of the three isoenzymatic systems were used
in order to measure the likeness between genotypes by
means of the index of electrophoretic similarity, according
to Vaughan and Denford (1968). The matrix obtained was
subjected to a Clustering Analysis (Daviers, 1973).

The number of bands was determined for the three
systems and the percentage of polymorphic loci (Arias,
1998).

RESULTS AND DISCUSSION
Figure 1 shows the zymogram corresponding to

peroxidase isoenzymes, where five monomorphic bands
were detected: The highest mobility one located in
7.6 units, another in 5.9 with intermediate mobility, the
bands located in 3.6 and 3.0 units, respectively, and that of
lowest mobility is in 0.6 units. In this system, there were
no differences between the somaclones and the donor.

          Figure 1. Zymogram of peroxidases
In polyphenoloxidases, four polymorphic bands were

observed (Figure 2), each somaclone presented a total of
two bands, showing the somaclones 8, 10, 36 and 37
identical zymograms. The donor Campbell 28 (C-28)
presented two located bands 3.2 and 5.5 units, the SC-7
somaclone had one of less mobility in 2.2 units that did not
appear in the rest of the material, that of 5.5 units is common to
the donor. The somaclones SC-8, SC-10, SC-36 and SC-37

did not differ from each other, because they presented the
band of 3.2 units common to the donor and that of 6.1 units
present in all the somaclones, which have the same number
of bands as the donor but with differences in mobilities and
thickness, according to Lacks and Stalker (1993), Jaaska
(1996) and Morales,Crespo and Cordero (1997).

      Figure 2. Zymogram of polyphenoloxidases
Upon analyzing the esterase isoenzymes, that are

shown in Figure 3, a total of seven bands were observed,
these isoenzymes presented a greater polymorphism, that
is characteristic of this system. The donor (C-28) presented
four bands located in 4.9, 4.6, 1.6 and 1.0 units; the band
two, located in 1.6 units, was common to all somaclones
and the band 5 was also present in all somaclones but
SC-36. The SC-7 presented three bands that coincide
with those of SC-8; this one presented a fourth band in
5.3 units that identifies itself. The SC-10 showed three
common bands to the donor but the six was absent. A
total of four bands shows the SC-37, of them three coin-
cide with the donor, the band four of 4.1 units identifies it.

             Figure 3. Zymogram of esterases
In this system, similarities and differences were

observed among the genotypes studied; there were bands
characterizing each somaclone and at times happened
the loss of others that are typical of the donor. This
phenomenon of presence or absence of bands for this
isoenzymatic system  was found by Lassner and Orton
(1983) and Lourdes Iglesias (1994), who stated it is very
related with the presence or absence of chromosomes or
segments of these, which is in agreement with the
cariotype described for somaclones by Xonia Xiqués et
al. (1998).
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Upon analyzing the three isoenzymatic systems
studied (Table I), a total of 16 bands was obtained,
observing that 100 % of the loci in the polyphenoloxidase
and esterase systems were polymorphic, it denoting
genetic variability in the material studied. These variations
demonstrate that different loci code for several forms of
expression of the isoenzymes during plant development.

Table I. Quantitative analysis of zymograms in
genotypes

 Isoenzymatic system Number of bands % polymorphic loci

 Peroxidases   5     0
 Polyphenoloxidases   4 100
 Esterases   7 100
 Total 16   44

Among the isoenzymatic systems analyzed, the
polyphenoloxidases and esterases were the most
appropriate in order to characterize the somaclones, due
to their marked polymorphism.

Table II shows the indexes of similarity of Vaughan and
Denford (1968) for the systems studied, which corroborate
the differences detected between somaclones and the donor
(Morales, 1997). The highest values of likeness are between
SC-7 and SC-8 and between SC-36 and SC-37 with 61.5 %
and 61.3 % respectively. The lowest value (23.4 %) was
between the donating clone C-28 and SC-8 somaclone.

Table II. Result of te indexes of electrophoretic
similarity for the three isoenzymatic systems

Genotypes C-28 SC-7 SC-8     SC-10 SC-36 SC-37

   C-28   1.0
   SC-7 46.6   1.0
   SC-8 23.4 61.5   1.0
   SC-10   4.0 53.8 52.3   1.0
   SC-36 50.0 42.8 40.0 53.8   1.0
   SC-37 46.6 50.0 50.0 50.0 61.3 1.0

The above-mentioned is shown in the dendrogram of
figure 4, where three groups are formed: in the first one
there is the donor C-28 separated from all somaclones; in
the other group the SC-7 is included, SC-8 and SC-10 for
their likeness and in the third one appear SC-36 and SC-37.

Figure 4. Dendrogram of similarity for the genotypes
studied

By means of the isoenzymatic study used in this work,
it was demonstrated the existing variation among the
somaclones studied, which constitutes a basic material for
genetic improvement.
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