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ABSTRACT

In this study 55 tomato genotypes from different geographical regions were evaluated with ISSR markers (Inter
Simple Sequence Repeats). The seven ISSR primers originated 63 amplified bands, of which 90.48% were polymorphic.
The cluster analysis based on the Nei-Li similarity coefficient using the average genetic clustering method (UPGMA)
revealed the conformation of five clusters at a level of similarity of 72%. The ISSR technique did not discriminate tomato
genotypes according to the species or region of provenance. The structure analysis and the dendrogram did not reveal
a genetic structure in the population evaluated. The genotypes of the spé&cipsgdinellifoliumsS. I. cerasiforme
S. lycopersicunandS. peruvianunwere found consistently grouped, showing a close genetic relationship among
them.A high genetic variation among the individuals within each of the groups formed was suggestédiy \ithe
The ISSR markers were effective in assessing the genetic diversity and structure of populations of tomato genotypes.
The high genetic variability found in this study indicates the valuable genetic potential present in tomato germplasm,
especially of wild species, which could be used for future breeding programs of the species.
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INTRODUCTION and possess valuable genes that can be introduced to
cultivated species (Bergougnoux, 2014). Knowledge of the
, T , genetic diversity of a germplasm is of utmost importance
Lycopersicon esculentulill.) is a major vegetable crop for plant breeding activities that seek the development of

In the world (Rothalet ql._,2019),.W|Id SPecies relateq © yarieties with high qualityyield, resistant to biotic and
tomato are native to Bolivia, Perd, Ecuadinile, Colombia, abiotic factors, among other characteristics of economic

including the Galapagos Islands (Lucatial, 2013). importance (Herisoet al, 2018).

These species disperse indiverse habitats from the arid 5na markers allow a more complete evaluation of the

Pacific coast at sea level and up to 3,300 meters above §8Rome of a certain species, are little affected by the

level in the mountainous regions of #edes (Nakazato gnyironment, reveal polymorphism at the DNA level, hence

&Housworth, 2011). they are a widely used technique in characterizing genetic
The genetic base of the cultivated tomato has begfversity (Ansaret al, 2016).

narrowing due to the continuous selection processes Intersimple sequence repeat markers (ISSR) are a variant

caused by domestication and genetic improvement. (Millef the microsatellite assagnd combine the advantages of

& Tanksley1990).The inclusion of wild species in breedingother types of markers such AELP, RAPD and SSR

programs is necessagince they are sources of variability (Henarehet al, 2016). It is a PCR-based technique and

The tomato(Solanum lycopersicurh., formerly
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uses primers generally 16 to 25 bp in length, which can b&tension at 72 °C for 2 minutes, 37 cycles from the
di-, tri-, tetra- or penta-nucleotides (Zietkiewatal, 1994). denaturation to extension and finally an extension at 72 °C
Despite being a dominant markiéthas been widely used for 7 minutes. In each amplification assaynegative or
for studies of genetic diversjtghylogenygenomics and blank control without DNA was included to check the
evolutionary biology (Mufiozt al., 2008), and also absence of contamination.
because of the sequences to be amplified it is not necessaryThe amplified products were separated by horizontal
to have a preliminary knowledge of them (Zietkiewatz electrophoresis in 1.2% (w/v) agarose gels, run for 2 hours
al., 1994), shows high polymorphism in the material, it iat 80 volts in 0.5XTBE bufer, using a DNAsequencin
better reproducibility than RAPD as well as technicabystem, FB-SEQ- 354B.weight marker of 100 bp DNA
simplicity. ISSR can be used for fast preliminaryLadder (Bioline®) was included to determine the size of
characterization of breeding material as well as for sourtiee amplicons. The gels were stained with GelRaahd
of locus-specific molecular markers. This study aimed taisualized in a UV transilluminator for subsequent analysis
examine the genetic diversity of tomato{anumspp.) in digitalized images.
using ISSR markers.

Data analysis

MATERIAL AND METHODS A binary matrix of absence (zero) and presence (one)
was constructed. The estimates of similarity were
o calculated with the method of Nei & Li (1979) cluster
Fifty-five (55) tomato genotypes were evaluated from, 5\ s was made with the average linkage algorithm
the germplasm bank of the University of Caldasqypgma), generating the corresponding dendrogram
Representatives of the wild specspimpinelifoliums. ,qin g the statistical package NTSYS-pc version 2.0. The
esculentunvar cerasiforme an8. peavianumas wellas . officient of cofenetic correlation was calculated to
introductions from Colombia and two commercial controlg, o o yre the distortion between the original distance matrix

were included (able 1).The genotypes were established,,q yhe resulting dendrogram by means of the COPH and
in the production system of hydroponic crops, located iIUIXCOMP program of the NTSYS-pc package.
the Botanical Garden of the University of Caldas, at a For each primerthe content of polymorphic

height of 2,130 m altitude, with an average temperature . - ation (PIC) was calculated based on the formula of
19 °C and a relative humidity of 75%. Botsteinet al (1980) as follows:

Vegetable material

Extraction and quantification of DNA j j o=l

DNA extraction was carried out in the laboratory of 1€=1 ';IPIZ ) 21.:2;1 .;11)12 '132
Biotechnology and Tissue Culture of the University of l Y
Caldas. From each tomato plant, young leaves were takévhereP, y P, are the frequencies of titey j" alleles at
from which the total DNA was extractedby means of ththe locus.
protocol of Dellaporteet al. (1983). The quality and An analysis of molecular variance (AM@Y was
quantity of DNA obtained was performed with 0.8%carried out using the GenAlex program version 6.2 (Peakall
agarose gels, run in 0.5X TBE buffer for 45 minutes at 8 Smouse, 2012) with 999 permutations, in order to deter-
volts and stained with GelRBd DNA concentrations were mine the differences between and within the groups formed.
determined by analysis in the Spectrograph Nanolrop ~ The average heterozygosity (He) and the percentage
2000 spectrophotometers. of polymorphic loci, were obtained through the statistical

HPLC-type water was used to dilute the quantified DNAackagel FPGA(Tools for Population Genetinalyses,
and bring it to a volumeof 10 to 10 ng fuil. Seven ISSR version 1.3, Milley 1997).The unbiased statistical f was
type primers (€chnologies Inc.) were used, whosealetermined with a confidence interval of 95%.
sequence is shown in table 2. The population structure was examined employing a

The amplification reaction consisted of 10 ng oBayesian analysis based on a grouping algorithm, with
genomic DNA, 0.2 mM of dNTPs, 1.5 mM of MgCI2, ud  the program Structure v2.3.1 (Pritchatdal, 2000). The
of primer, 1X bufer and 1U offaq Polymerase Bioline® in software estimates the natural logarithm of the probability
a final volume of 2%ul. The amplification was carried outin Ln P (D) that a given genotype belongs of a given
a Biorad Gradient 98/ell DNA EngineThermal Cycler population (K)A mixing model with 200,000 interactions
The PCR cycles were started with an initial denaturationas used after a burnin period of 100,000. The number of
95 °C for 5 minutes; denaturation at 95 °C for 30 seconddusters (K-value) was 2 to 10. For each cluster number (K)
annealing at 50 °C (prime#s&5, CAandACA), 55 °C (primer  ten runs were made. TAK value was calculated to detect
CCA-CT) and 58 °C (primer GTCGA) for 45 seconds, an the most probable number of clusters (Evagtrad, 2005).
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Table 1: Tomato genotypes used for molecular evaluation with ISSR markers

Genotype Species Provenance
IAC 416 T. cerja rosado Brazil
IAC 426 T. chery Juliet Brazil
IAC 421 T. ceejaAleméan ¥rmelho Brazil
IAC 1622 T. cereja 12 Brazil
IAC 1621 T. ceejaAleméan 12 Brazil
IAC 445 T. cereja Jundiai Brazil
IAC 1688 T."Lili"cer eja Brazil
IAC 1685 T. ceeja 1B Brazil
IAC 391 T. red chery Brazil
IAC 420 T. ceeja Brazil
IAC 424 T. chery Brazil
IAC 1624 T. cerja Brazil
IAC 1686 Tomate cezza Brazil
LA 2076 Tomate cegza California
LA 0168 Tomate cegza California
LA 2131 Tomate cegza California
LA 1546 Tomate cegza California
LA 2710 Tomate cezza California
LA 1705 Tomate cezza California
LA 1480 Tomate cezza California
LA 1334 Tomate cegza California
IAC402 T. ceejaAleman Brazil
LA443 Tomate cegza California
IAC1684 Tomate cegja LA Brazil
IAC460 T.cerja Perita TG0154 Brazil
IAC418 Tomate cereja Lago Unicamp Brazil
LA460 Tomate cegza California
LA1623 Tomate cegja “Mini Pepe” Brazil
LA424 Tomate cezza California
IAC443 Tomate cegja Milao Brazil
IAC451 Tomate cegja 14A Brazil
LA2640 Tomate cegza California
IAC401 Tomate cegja “Rubi” Brazil
COLY 002 Solanum lycopersicum varerasiforme Colombia
COLY 003 Solanum lycopersicum varerasiforme Colombia
COLY 004 Solanum lycopersicum varerasiforme Colombia
COLY 007 Solanum lycopersicum varerasiforme Colombia
COLY 013 Solanum lycopersicum varerasiforme Colombia
COLY o011 Solanum lycopersicum varerasiforme Colombia
COLY 016 Solanum lycopersicum varerasiforme Colombia
LA 416 Solanum lycopersicum varerasiforme California
LA 1621 Solanum lycopersicum varerasiforme California
Sweet Million Solanum lycopersicum Comercial
COLY 009 Solanum lycopersicum varerasiforme Colombia
COLY 006 Solanum lycopersicum varerasiforme Colombia
LA0420 Solanum lycopersicum varerasiforme California
IAC1645 Solanum lycopersicum varerasiforme Brazil
IAC1687 Solanum lycopersicum varerasiforme Brazil
LA 445 S. peruvianum California
LA 412 S. pimpinellifolium California
LA 1685 S. pimpinellifolium California
LA 1688 S. pimpinellifolium California
LA1626 S. pimpinellifolium California
LA1686 S. pimpinellifolium California
Santa Clara Solanum lycopersicum Commercial

* |AC: Introductions from theé\gronomic Institute of Campinas, Campinas, Brazil. *A: Introductions from thefomato Genetics
Resources Center (TGRC), University of California-Davis.
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RESULTSAND DISCUSSION Cultivated tomato is a highly autogamous species and

. exhibits a wide range of morphological diversityhether
The analysis of the 55 tomato genotypBslgnum in the size of the fruits, colors, shapes, quaktyong

spp.)-v.wth the seven ISSR p“mers or|g|r1ated atotal of o?fher characteristics, but compared to other species related
amplified bands for all population, of which 90,48%wer(?0 the genus, it presents a low diversityis due to

polymorphic. Th_e band average revgaled by each PriMGtensive selection through domestication and breeding
was 14.29, ranging from seven for primer CGA and 10 f%rf improved varieties (Miller &&nksley1990). However
primersAG andACA (Table 3). '

ick (1 ted that [ th ion of origi
The size of the amplified products varied between 10 |If(f:er(en9'[5d£2 rrizzzroefccliivearsciltipaerzdl?gs(e):rllteg irnetgz)lfnna?o ot:g:?
and 1400 base pairs. The content of polymorphi g P ' ¢

. . And [ here the highest levels of di it
information (PIC) ranged between 0,23 (CA) and 0,31 (CGA eAndean region where the nighest Ievels ot cversity

: . e ‘ccur extending this phenomenon to species Bkd.
with an average of 0,2R&ccording to the classification of . . . .
cerasiformewhich are mainly self-compatible and

Botsteinet al (1980), the PIC value obtained in our study, utogamous. Likewise, Rastal (2008) reported that in

five ISSR primers were moderately informative, and,. . . : .
. L .. .different geographic regions the wild speciesSof
therefore very useful for studies of genetic diversity in

) pimpinellifolium which are mostly self-pollinated, have
tomato. The highest values of PIC were observed WIR’I P m y P

. ) exhibited diferent levels of allogam
primersAG, ACA and CGA. Primers CAnd GTwere not . gamy .
. ) Ceballos-Aguirreet al (2017), reported similar results,
very informative.

they found great genetic diversity (He = 0,6946) when

Kaushakt al (2017) found PIC values between 0’Ot%valuating 30 cherry tomato introductions with 36

0,54 with an average of 0,27 in the evaluation of 25 tomato. ;
._microsatellite markers.

genotypes with 20 microsatellite markers. Likewise, Marin- The average polymorphism percentage obtained was

Monteset al. (2019), found an average PIC value of 0,6 0,63%, where primers CAG, CGAand CCAshowed

when evaluating the genetic diversity of 26 accessmrﬁ)O%polymorphism,whiIe primer CA generated the lowest

(r)r:arrllfet:\s/e Mexican tomatoes with 18 SSR molecula&alue of 66.67%. Hernandez-lbareal (2017), using 29

. I;SR molecular markers in elite tomato lines, found a
The expected heterozygosity average (He) was 0,3 olymorphism of 77.9%. Goniag al (2019) revealed a
which reveals a high value of genetic diversity in th% B

. igh level of genetic diversity (He=0,73) and a PIC value
evaluated tomato geqotypesabTe 3.)' Primer CCAvas of 0.74, in the assessment of tomato genotypes with nine
the one t_hat obtained the hlghest value of H§SR. Similarly Kandelet al (2019), found great genetic
corresponding to 0,41, followed _by primers CG”LBQ)AG . diversity when they evaluated tomato genotypes with
(0,39) and CA (0,38). The genetic diversity found is pOSSIbgNPs. High values of polymorphisms have also been found
due to the inclusion of wild genotypes of the spe8ies

vianums. pimpinellifoliumands. |.var cerasiform with RAPD markers (Herisoet al, 2018).
petuvianum >. PIMPINETIOIUMANCS. Lvar cerasiorme - rpaqe results contrasted with thoségtiileraet al
which present a great variation in terms of thei

i ; . . 2011) who, when using ISSR molecular markers to evaluate
morphological, physiological, and reproductive character;

. e genetic variability of 96 tomato accessions, found a
among other#\ccording to Peralta & Spooner (2005), th g y . . .
. . " . . ower level of polymorphism corresponding to 34%, with
wide range of ecological conditions to which wild tomatg . .
an average of 5,3 polymorphic bands per primer

species have adapted have contributed to their genetic The fixation index (Fst) showed a value of 0,09,

diversity. According towright (1978), this value indicates a moderate
genetic differentiation. This is possibly due to the genetic

Table 2:S fthe ISSR pri dto determi ftl,owbetweenthegenotypesevaluam:t:ordingto Levy
able <. sequence o1he primers used fo determine geneyf 4, (1978), in works carried out witBolanum

diversity in tomato $olanumspp.
Y ¢ Pp) lycopersicunthey mention that although the tomato is a

i Sequence Molecular weight  ge|f-pollinated species, cross-pollinated percentages
Primer 5't0 3 MW) g/mol
(5’10 3) (MW) g/mo ranging from 2 to 4% under normal growing conditions
ging g g
CCA DDB(CCA), 5338,4 have been observed, but could increase in certain
CGA DHB(CGA), 5523,0

genotypes or in conditions of high temperature that tend

2; XS\H/(,CA;;)Si ggzg’i to pronounce the exsertion of the style.
cT DYD((CT§7C 5310’9 In contrast, Ceballos-Aguirret al (2017) obtained a

7 , . ; .
CA DBDA(CA), 54105 higher Fst value of 0,3474 showing a great genetic

ACA BDB(ACA), 5451.0 differentiation in the cherry tomato introductions

The following designations are used for the degenerated sites: H Fﬁ\\laluated' Marin-Montest al (2019), obtained inbreeding

orTorC);B(GorTorC);V (GorAorC)and D (GoaAorT). and fixation coefficients close to 1. This indicated the
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presence of inbreeding and wide differences within of the Group | is the one that covers the largest number of
identified tomato groups. Similar results were found bgenotypes evaluated (33), which corresponds to 60% of
Henaretet al.(2016), in their study of diversity in tomato the total population; in group Il, 10 genotypes were

with 14 ISSR markers. grouped, representing 22%. Both groups Il and IV were
_ _ represented by two genotypes (3.64%), and in group V
Clustering analysis gathered eight genotypes, representing 14,54can

The UPGMA average genetic clustering analysibe seen in the dendrogram, the ISSR technique did not
grouped the genotypes into five groups at a level afiscriminate tomato genotypes according to the species
similarity of 72%, with a value of r = 0,98, showing aror region of origin. Howevethe genotypes collected in
excellent correlation between the dendrogram and ti@olombia, identified as Calyended to unite in a single
values of the initial distances (similarity matrix) (Figure 1)group with a coefficient of similarity of 0,78. These results

Table 3: Statistics of genetic diversity (Nei, 1983) and estimated PIC from the ISSR data evaluated in tomato genotypes

Primer No. Bands % loci poli 95% Estimated He Fst PIC

CT 9 100 0,36 0,11 0,25
GT 9 77,78 0,29 0,07 0,24
AG 10 100 0,39 0,11 0,29
ACA 10 90,00 0,35 0,09 0,29
CA 66.67 0,38 0,09 0,23
CGA 100 0,39 0,03 0,31
CCA 100 0,41 0,11 0,26

Average 90,63 0,37 0,09 0,27
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Figure 1: Dendrogram of 55 genotypes ®blanumspp. based on the Nei Li similarity coefficient and the UPGMA algorithm.
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agree with those of Ceballos-Aguieteal (2017), where can be observed that most of the genotypes were grouped
the microsatellite markers used did not group the tomaito groups 1 (color red) and 3 (color blue), with a total of
introductions according to the geographical area whel® individuals respectively; meanwhile, eight individuals
they were collectedAlthough genotypes with the samewere grouped in group 2 (color green) and seven
geographic origin tend to group togethimtroductions individuals in group 4 (color yellow). The rest of
from different regions were also closely related, regardlegenotypes constituted the subgroup mix, which
of their geographical origin, so they were grouped in theorresponds to 20 genotypes. The probability of
same clusterThis suggests the high degree of genetimembership of an individual in each group was considered
diversity of the genotypes evaluated, consistent with tlggeater than 70%.
value of He found. The structure analysis did not reveal a genetic structure
According to the MoleculaarianceAnalysis in the population evaluated, which is evidenced by the
(AMOVA) based on the PhiPJalues, it was found that distribution of genotypes of different species along the
the differentiation between the groups formed wagroups formed, that is, genotypes of the specieS. of
significant (P < 0.001) and explained 5% of the totgdimpinellifolium S. |.cerasiformeS. lycopersicurandS.
genetic variance, whereas the component contributedruvianuntonsistently grouped, showing a close genetic
95% due to the differences of the individuals within eactelationship among them. The above is consistent with
group (Table 4). the Fst value found of 0,09, which indicates a moderate
genetic structure. Likewise, the accessions did not show
grouping patterns according to the geographical area of
The results obtained by th&ructureanalysis origin. Thisis possibly due to some degree of genetic flow
corresponded well with the groups obtained in the clustbetween the tomato genotypes evaluated, due to
analysis, where the 55 tomato genotypes were groupieterspecific crossings, processes of introgression of alleles
into four genetic groups, taking into accountAiifevalue from wild species to cultivated ones, the type of
(Evanncet al., 2005). The groups obtained on average @production characteristic of each species, anthropogenic
membership coefficient (Q value) of 36% (FigurelR). events, among others.

Population structure analysis

Table 4: Analysis of molecular varian@@IOVA for the groups formed @olanunspp. using ISSR markers

Degrees Sum Mean Components %
Source . .
of freedom of squares square of variance of variance
Among groups 3 49,541 16,514 0,502 5%
Within groups 51 536,313 10,516 10,516 95%
Total 54 585,855 11,018 100%
"
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Figure 2: Graphical representation of the results of the analysis of the genetic structure of four tomato popbitdéionsgpp.)
Using seven ISSR microsatellite markers. Calculated with software struciBedv
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