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ABSTRACT

This research was performed simultaneously in teemhouse and in the laboratory with the aim ofcagmic and
molecular characterization of four genotypes ofafoim betaceum Cav. tolerant to Colletotrichum attuta of
Patate area. Further to determine the phenotypirabteristics and genetic variability will allow geegating from
productive to non productive plants. 40 agronomésdatiptors were used to characterize four straifishe tree
tomato from different locations like Leitillo, Lésndes and El Triunfo of Patate region. The resdlthe Ward
hierarchical clustering revealed the existenceafrfgenetic groups and among them plant with theeecb38L2S1
was found to be a possible promising material wiélsirable characteristics: fruit size, earlinesspguction and
tolerance to pests and diseases. In the laborgbbase or molecular characterization of four straofdree tomato
a molecular technique called Random AmplificatidriPolymorphic DNA (RAPD) was used, with the coiefficof
Jaccard's similarity matrix for different genotypess calculated and determined genetic variabitityough
dendrogram analysis.
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INTRODUCTION

The tree tomato is a native fruit to the easterrt phthe Andes of Peru, Ecuador and Colombia. Tdhap is
traditional and ancient in Ecuador in areas sudhaate and Banos, and also well known and cudtildiroughout
the Ecuadorian highlands [1]. The fruits of thieecps are edible, slightly acidic flavor and rich Vitamins
(provitamin A, vitamin C and B and minerals (iron and potassium) due to thigiisivation and consumption is
very popular in the tropical and subtropical Andeagion [2]. Its cultivation has been increasethim past 15 years
for its good quality, quick production and low merkprice when compared to other fruits. The cultora has
spread to worldwide, it is because of free tradexgfort of Andean fruit mainly tree tomato to Eugognd other
parts of the world [3].

In the Ecuador tomato growing tree is mainly caited by small and medium producers who have ineceasthe
last decade the harvested area of 820 ha in thiesgto 2200 ha in 1995, while the census of 2@hbrted the
increase of 4462 ha. The area has been increaaddatly year by year. But on the contrary the yiglis found to
be decreased from 15.3 to 8.1 ton / ha. The maisechehind the low yield is due to pests and désepH. Despite
having an increased demand in the market, thevatittin has not managed adequately and this isaltieetlack of
elite planting materials. In most cases, the pfants carried out with genotypes selected by tlalpeers, with
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materials having a narrow genetic base and aradgeteeous [5]. In Ecuador the expansion of its petidn is
limited by factors such as low quality of the fr{iiteterogeneity, health problems) use of unsuitabléeties or
replacement of local varieties of material fromestlorigins. Even though it is a subsistence crap iarlisted as
marginalized species, it is not considered undesens/ation programs and enhancement of plant geretources

[6].

The understanding of genetic variability within tenotypes of tree tomato would help in designinglglines for
future molecular studies or breeding programs mseovation of this species. It also evaluates #reetic erosion
and allows getting a proper use of the speciestammbnservation [7]. Morphological characterizatie intended to
protect the genetic resources that are usually Bgsin the crop mismanagement either by replaciageties
originating of a region by improving varieties agstruction of mountain vegetation [8].

The need for agronomic and molecular charactearatf S. betaceurwill establish the genetic variability among
genotypes which is essential for its use, consienvand in turn identify promising traits that wile useful for fruit
growers and helps in solving agricultural problerakted to production, adaptability and resistatwcelifferent
pests and diseases. So this study significantlyribares to the knowledge of conservation of genetsources and
breeding of tree tomato, which is important for tevelopment of this marginalized crop with higttepaial for
Andean countries, especially in Ecuador.

EXPERIMENTAL SECTION
The research was conducted in two phases: fieldgpaad laboratory phase.

Field phase

For agronomic characterization a total of 15 adoessof S. betaceunof three locations of the Patate region
(Leitillo, Los Andes and El Triunfo) and all arddmant toColletotrichum acutatumvere selected. All tree tomato
plants were grouped into four genotypes (TablesIhantioned by Lucero and Novoa [9].

In Andean fruit, greenhouse the tomato plants vpdamated in a bed containing sterile soil. The poleh had a
dimension of 0.20 x 0.25 x 0.25 cm with a distanéel.20 m between plants and the bed had the folipw
dimensions: 1 x 20 m long. The total area of treagsvas 32 m? and a total net area of 20 m2. Comatly, the
standard procedures like weeding, hoeing, wateimdyphytosanitary measures were also performedintigence
of pests (mainly for whitefly) and diseases wersoamonitored. The data were recorded from the Ingggnof
flowering until the first harvest and the agronorf@atures were recorded as described by AlbornpZTfg&ere were
40 different agronomic descriptors were consideredhe present study. All the agronomic data araliated
through the statistical methods. To set the vagialbflthe agronomic characteristics of the tree tonfa. betaceum
Cav.) the coefficient of variation was used [10].

Laboratory phase
The Random amplified polymorphic DNA (RAPD) assawpswcarried out in the laboratory of Agricultural
Biotechnology to all the 15 tree tomato DNA samples

Isolation of genomic DNA from tree tomato

The total genomic DNA was extracted separately ftore tomato leaves using Sorbitol-cetyltrimethylraonium
bromide (CTAB) method [11], with slight modificatis and with column based Pure Link Plant Total DNA
Purification Kit, the extraction was performed &3 fhe kit insert. The genomic DNA, thus isolateasveeparated
by electrophoresis on 0.8% agarose gel in 1x TBiebat 120 V for 2 h. The gels were stained withigium
bromide (0.nig/ml) and visualized by a UV transilluminator. TB&b DNA ladder (Invitrogen) was used as a
marker. Subsequently, the gel was photographed.

Random amplified polymorphic DNA (RAPD) analysis

The RAPD performed in the present investigation Wwased on the method of the Wisconsin University-U
Madison, with slight modifications. The primers diad to the series OPA, OPAC, OPAN, OPAM, OPR, ORW a
OPAA (Operon Technologies Inc., USA) were useddimplification. The primers and their nucleotidessaces at
5'- 3' direction are given in Table Phe recipe for Polymerase chain reaction (PCR) pvasented in Tabl8. The
cycling program for DNA amplification consisted loftial denaturation for 5 min at 94°C followed B9 cycles of
30 s at 94°C for denaturation, 1 min at 45°C fomgr annealing and 2 min at 72°C for extensioninalfextension
was at 72°C for 7 min. The amplified products, tbb&ined were separated by electrophoresis on ag#®se gel
in 1x TBE buffer at 120 V for 1 h. The gels weraised with ethidium bromide (Que/ml) and visualized by a UV
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transilluminator. The 2kb DNA ladder (Invitrogenpsvused as fragment size markers. Subsequentlgetheas
photographed.

RESULTS

In the present study the characterization was padd for 15S. betaceurplants which belong to four genotypes
and also tolerant tGolletotrichum acutatum

Agronomic characterization and cluster analysis
The agronomic characterization of the tree tomhtough the coefficient of variation was presentedrable 4.

There were ten discriminant variables which haweefficient of variation more than 20% (Table 5§ahe same
were used to draw a dendrogram to establish groupkisters. The evaluation of the variability & dccessions of
the tree tomato through agronomic characterizatientified 4 groups (Figure 1), which are similarthe report
published by Albornoz [8]. For discriminating gps) they used multivariate analysis and in thegrestudy, we
have been using the coefficient of variation whidlowed more precise variability of data charagtersviding a
comparison of the variability of the same charastier in four genotypes or collection measured ba same
characters. This is important because at the thigeanalysis was conducted it was established ri#ferehces in
each of the descriptors, because the genotypes stedéed under controlled conditions. Using the ligiean
distance similarity between 15 tree tomato plamés have been evaluated on a set of metric vagdlgantitative),
using SPSS statistical software was measured.elmitrix obtained Cluster analysis technique wasdiegh using

the UPGMA clustering method.

Table 1: Genotypes, code and place of selectionToee Tomato (Solanum betaceum Cav.)

Genotypes  Plants Code Place of Selection
G1 4 60L1S1  Leitillo
G2 4 534L1S1 Leitillo
G3 4 138L2S1 Los Andes
G4 3 451L.3S1  El Triunfo

Table 2: RAPD primers used in the characterizatiorof Tree Tomato Solanum betaceum Cav.)

Primer Nucleotide sequence 5'-3'
OPAC - 09 AGAGCGTACC
OPAC - 19 AGTCCGCCTG
OPAN - 12 AACGGCGGTC

OPAM - 07* AACCGCGGCA
OPAM - 15 GATGCGATGG
OPAM - 16 TGGCGGTTTG
OPR - 16 CTCTGCGCGT
OPS - 13 GTCGTTCCTG

* Primer used in the characterization of fifteercassions of Tree Tomato
(Solanum betaceum Cav.).

Table 3: The receipe for Polymerase chain reactiofPCR)

Components  Concentration  1x (iml)  15x (in pl)
H20 - 6.7 100.5
Buffer 10X 15 225
MgCI2 25mM 0.9 135
dNTP's 10mM 1.2 18
Primer 0.2M 2 30
Tagpolymerase 5yl 0.7 10.5
DNA 5ngiu 2 --
TOTAL 15

Identification of promising material
With the aim of characterizing four genotypes a tbmato $olanum betaceu@av.) and in order to identify the

most promising materials all results of morpholagjiand agronomic characteristics evaluated in tesgnt study
was summarized in Table 5. The overall analysimofphological and agronomic descriptors allowedhiifging
the genotype 138, L2, S1 as possible promising na&teithin four genotypes of the tree tomato otdka region.
For the selection of elite material traits like guation, tolerance to viruses and fruit charactesgdemand in the
international market) were taken into account. Wegphometric and phenotypic parameters that weed usthe
present study are similar to those key featurestiord in the findings of Bioversity Internationgl2]. The
selected material produced fewer flowers and b@drdlorescence, but develops the greatest numbguit per
inflorescence, this material has an elliptical hapd fruit with a size of 6.9 to 7.12 cm with ghli orange color for
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the epidermis, the thickness of the pulp was 6.838 and the light orange colored slurry and finalistselection
showed no presence of pests such as aphids, bugpantut had a mean incidence of whitefly.

Table 4: The coefficient of variation calculated foall the forty agronomic characters observed in fiteen accessions of Tree Tomato
(Solanum betaceum Cav.)

S. No. Variables CV%
1 Shaft height (m) 10.56
2 Density of the cup 0
3 Habit cup 34.50*
4 Petiole shape 0
5 Petiole length 10.75
6 Blade shape 0
7 Longitudinal axis of the leaf blade 8.61
8 Transverse axis of the leaf blade 9.28
9 Color of the leaf blade 14.74
10 Rib blade 0
11 Rib sheet color 0
12 Sizacaliz (mm) 4.72
13 Color caliz 0
14 Size of the corolla 5.69
15 Corolla primary color 0
16 Corolla shape 0
17 Type of inflorescence 0

18 No. of flowers and buds per inflorescen 49.19*
19 Number of fruits set per inflorescence  42.66*

20 Fruit shape 36.40*
21 Shape the apical end of the fruit 23*
22 Longitudinal axis size 8.73
23 Transverse axis size 6.10
24 Primary color of the skin of the fruit 20.94*
25 Secondary color of the skin of the fruit  35.21*
26 Grain of the skin of the fruit 23.00*
27 Flesh color 47.88*
28 Pulp thickness 9.06
29 Thickness musilagocontainingseed 18.99
30 Color mucilagecontainingseed 0
31 Number of fruits per inflorescence 38.73*
32 Number of fruits fallen per inflorescence 17.65
33 Number of seeds per fruit 7.99
34 Size axis longitudinal seed (mm) 4.20
35 Size axis transverse seed (mm) 8.10

36 Seed color

37 Incidence of aphid

38 Incidence bug

39 Incidence of Boat

40 Incidence of whitefly
* Coefficient of variation >20 %

[eNoNoNeNe]

Table 5: Agronomical character with coefficient ¢ variation >20 % of Tree Tomato Solanum betaceum Cav.) considered for the
establishment of groups

Variables Genotypes (Groups)

60L1S1 534L1S1 138L2S1 4511L.3S1
Habit cup 2 nor-2corv 3nor-1conv Normal Normal
Number of flowers and buds per inflorescence ~ JAin-3 Jun-35 May-31 Jun-39
Number of fruits set per inflorescence 4 6 7 4
Fruit shape Elliptical Elliptical Elliptical Ovoid
Shape the apical end of the fruit Punton Punton tdPun Round
Primary color of the skin of the fruit Light purple Light purple Dark purple Dark
Secondary color of the skin of the fruit Light nge Light orange Light orange Dark
Grain of the skin of the fruit Slightlyveined  Sligyveined  Slightlyveined  Not
Flesh color Light orange Light orange Light orange Light
Number of fruits per inflorescence 4 4 6 5

Molecular Characterization

DNA extraction

A reliable genetic analysis of plants is very mut#pendent on pure and high yield of DNA, out of tiNA
extraction methods followed in the present studly @NA isolated from Pure Link Plant Total DNA pfidation
kit gave relatively pure DNA compared to SORBITOIAB method. Upon gel electrophoresis the DNA isedat
from Pure Link Plant Total DNA Purification Kit gevimpurity free genomic DNA bands (Figure 2) whasethe
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genomic DNA isolated from Sorbitol-CTAB method caimed salts and impurities (Figure 3). So the kithmnd
was more efficient in extracting DNA of good qualind suitable for genetic analysis experimentstt@ogenomic
DNA isolated from Sorbitol-CTAB method was excludassuming that the impurities may interfere with FRA
analysis. The DNA isolated from kit method was Hiert quantified using Qubit Fluorometer 2.0 and shme was
subjected for RAPD analysis.

Figure 1. Dendrogram of fifteen accessions of TreBomato from forty agronomic descriptors and estabkhment of four clusters
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O Conglomerado(4) Genotipo 451L3S1

Figure 2. The total genomic DNA isolated fronBolanum betaceum Cav. using link pure plant total DNA purification kit

RAPD and Cluster analysis

There were eight primers used for RAPD analysisthin initial screening of primers it was observidttonly

OPAM - 07 gave polymorphic bands and the same wdker used to amplify DNA from 15 accessions (Fégd).

Only intense bands that showed a consistent awcgtiifin were analyzed, while doubtful or blurred demwere not
considered for analysis.

The Jaccard's coefficient was used to calculatgémetic similarity among 15 accessions of the toesato for this
work the SPSS statistical program was used. Thelsbarere scored as discrete variables, using 1 diate
presence and 0 to indicate the absence. UPGM/Aeclastlysis was performed to develop a dendrogFaguie 5).
The dendrogram analysis divided the 15 accessibtiedree tomato into 4 main branches or groups.
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Figure 3. The total genomic DNA isolated fromSolanum betaceum Cav. using Sorbitol-CTAB method

Figure 4. RAPD banding pattern obtained from 15 Tre Tomato (Solanum betaceum Cav.) plants of Patatees
Lane MM: Molecular weight marker. Each lane contagenomic DNA amplified through OPAM-07 Primer

Figure 5. Dendrogram generated based on moleculamath from fifteen accessions of Tree Tomato using deard’s coefficient and
UPGMA clustering method
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DISCUSSION

From the agronomic and molecular characterizatiodyscarried on 15 accessions of tree tomato it fwasd that
the genotype 138L2S1 was the promising materialls thie features of high production and tolerancpédsts and
diseases. The forty morphological and agronomicabsées, ten are with greater discriminatory povegimk habit,
number of flowers and buds per inflorescence, nurobsets per inflorescence, fruit shape, formapeal end of
the fruit, colorful fruits epidermal primary fruisecondary color of the skin of the fruit, graintloé skin of the fruit
flesh color and number of fruits per inflorescence.

The morphological descriptors used in the presictyswere useful to know phenotypic characteristicsterest in
each of the studied materials and by grouping thelifean distance and Ward resulted four groupsndéd by
plants of the same genotype these are 60L1S1, ®=841138L2S1 and 451L3S1. The RAPD markers allowed
analyze different ranges according to minimal mtigrabanding pattern, determined that this varigbilvas low
and that the genotypes of the tree tomato studiedhaghly related to each other. The similarity qeerttages
revealed that groups established are highly sintitawhat is observed in the clusters of the geriotgnd
phenotypic dendrogram.

The similarity found in the genotypes studied hystér analysis and the groups formed in the demdnodgndicates
that the genetic variability is low, because thégra of spread of tree tomato is clonal, by so rwiie molecular
analysis found that plants under study are higblgted. Penafiel [7], mentioned in previous resitiee tomato,
reduced genetic variability could be explained brelatively recent process of domestication ofgpecies, and by
a combination of geographical/ecological and caltdactors that encourage phenological genetic lymmeity

between and within crops.

The use of RAPD molecular marker technique allowsdo obtain accurate data for the establishmegeagtic
variability within 4 genotypes of tree tomato. Thghout the process of agronomic and molecular ckeniaation
of the genotypes studied, in a period in whichdlimatic conditions were optimal for the favorablevelopment of
Colletotrichum acutatunfhigh temperature, high humidity and abundantfadijnand no symptoms of anthrachose
in any of the test plants was observed
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