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Abstract

Objective

The aim of this study was assessment of the population structure and genetic diversity among 33
tomato genotypes including standard-fruit and cherry types, using ten ISSR markers through
AMOVA, PCoA and STRUCTURE analysis in order to finding the best genetic materials for the
future breeding program.

Materials and methods

DNA extraction was preformed from young leaves at first fruit set growth stage via CTAB method
and genetic diversity of 33 genotypes in this study were assessed using 10 ISSR markers. PCR
products of each ISSR marker were separated by agarose gel electrophoresis and
presence/absence of the electrophoresis bands were scored. Afterward, different parameters

including number and percentage of polymorphic bands, PIC and MI were calculated. The
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population diversity and structure were analyzed using UPGMA clustering method,
STRUCTURE, AMOVA and principal coordinates analysis (PCoA). PCoA data validation was
performed using discriminant function analysis (DFA) method.

Results

A total number of 10 ISSR anchored primers produced 130 bands of which 71 bands (more than
54.5%) were polymorphic. The highest polymorphic content was observed in markers (GA)sC,
(AC):G and (AG)sYC with 76.47, 75 and 68.42 percent respectively and the lowest polymorphic
percentage was observed in marker (AGG)s with 23.07 percent. Based on the results of this study,
markers with the highest polymorphic percentage were selected as suitable markers for studying
the genetic diversity of tomato. STRUCTURE analysis K = 3 showed the proportion of shared
genetic groups among three populations of tomato. Analysis of molecular variance study revealed
that 91% of the total variance was within groups groups and 9% among group. Analyzing by
PCoA reproduced a three-cluster pattern in which Maya (T12) and Lucid Gem American (T16)
appeared as distant branches.

Conclusions

ISSR markers particularly (GA):C and (AC)sG effectively discriminated tomato genotypes. The
identification of distinct accessions such as T12 and T16 provides valuable parents for wide
crosses to broaden allelic diversity. The observed partial overlap between standard-fruit and
cherry types is consistent with a shared breeding history and supports crossing across market
classes to expand variation.
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Introduction

Plant breeding depends on protection of genetic resources and effective use of them in

breeding programs. Tomato (Solanum lycopersicum) is one of the most important vegetables in
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Iran that has high economic and widely used crops. Tomato is used in both processing and fresh
markets, contributing to food security and rural income. Today, the use of domesticated and high-
yielding varieties by farmers has led to a reduction in genetic diversity, resilience to climate
changes and also increasing susceptibility to pests and diseases. Research showed that the genetic
diversity of the tomato plant has decreased significantly over time due to domestication and the
production of cultivated varieties. Therefore, characterizing extant diversity in local and
international germplasm is therefore essential for future plant breeding programs. DNA-based
molecular markers, particularly inter-simple sequence repeat (ISSR) markers, provide a practical,
reproducible, and cost-effective approach to detect polymorphism across the genome. Here, we
evaluate the population structure and genetic diversity of 33 tomato genotypes spanning standard-
fruit and cherry types—using ISSR markers to investigate the genetic structure of tomato and to
evaluate the genetic diversity of tomato for future planning in germplasm conservation and
improvement.
Materials and methods

Plant materials. Thirty-three genotypes including both standard-fruit (T) and cherry (CH)
classes were collected from domestic and international suppliers. Genotypes were planted in
standard pots and grown under greenhouse conditions; samples from young leaves were stored at
—80 °C until genomic DNA extraction and PCR amplification. The CTAB protocol (with minor
modifications) was used for DNA extraction, and DNA quality/quantity were checked by
spectrophotometry and electrophoresis (agarose gel 1.5%). ISSR primers (Table 2) were
amplified in 15 pL reaction mixtures including 7.5 pL of 2x Taq Master Mix, 2 pL of genomic
DNA (100 ng pL™), 2 uL of primer (10 pmol), and 3.5 uL of nuclease-free water. PCR reaction
was carried out with an initial denaturation at 94 °C (5 minute), followed by 35 cycles of 94 °C
(40 seconds), primer-specific annealing temperature (50 seconds), and 72 °C (50 seconds), with
a final extension at 72 °C for (10 minute). Products were resolved on 1.8% agarose (0.5x TBE),
stained, and imaged under UV. Scoring and marker indices. Amplified bands from each primer
were scored as present (1) or absent (0) for each cultivar. The Number of bands, percentage of
polymorphic bands, polymorphic information content (PIC; 0.31-0.45), and marker index (MI)
were recorded for each primer. Genetic analyses. Genetic similarity was computed using
Jaccard’s coefficient. UPGMA dendrograms were validated by Mantel/cophenetic correlation
(=0.79) and interpreted at a 0.42 similarity cut-off. Ordination used principal coordinates analysis
(PCoA). Population structure was inferred with STRUCTURE (admixture model; burn-in 10,000;
MCMC 100,000; K=2-5); K was chosen by the AK method. Individuals with cluster membership
Q > 0.70 were considered “pure,” otherwise “admixed.” AMOVA (GenAlEx) partitioned
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variance between fruit-type groups (standard vs. cherry) and within groups. Where relevant,
discriminant function analysis (DFA) was used to appraise separability.
Results

The present study showed that ISSR markers, despite their dominant markers, are able to
provide a clear picture of the pattern of genetic diversity in tomato. Different analyses (AMOVA,
STRUCTURE, UPGMA, PCoA and DFA) in a complementary framework confirmed the
existence of significant genetic diversity among genotypes, while also indicating a high overlap
between standard-fruit and cherry types.
A total 130 bands were detected using ten ISSR primers, of which 71 bands were polymorphic
(54.6%). Highest polymorphism was belonged to primers (GA)C, (AC):G, and (AG)sYC
(76.47%, 75.00%, and 68.42%, respectively), while the lowest polymorphism was obtained from
(AGG)s (23.07%). PIC ranged 0.31-0.45, indicating moderate-to-good discriminatory power.
STRUCTURE analysis proved K = 3 genetic subpopulations. Using the Q > 0.70 rule, a subset of
genotypes was classified as pure while the remainder exhibited admixture—consistent with gene
flow across market classes. Analysis of molecular variance (fruit-type grouping) showed that
genetic variation within the group (91%) was substantially greater than variation among the group
(9%) and demonstrating that diversity is concentrated within groups rather than between standard
and cherry classes. UPGMA (Jaccard) yielded three main clusters at the 0.42 cut-off; notably,
Maya (T12) and Lucid Gem American (T16) formed distant branches, marking them as
genetically divergent. The first two PCoA axes explained ~20.82% of total variation and
concurred with the dendrogram and STRUCTURE partitions. DFA, where applied, corroborated
separation with 100% classification accuracy.
Conclusions

ISSR markers-particularly (GA)sC and (AC)sG-proved efficient for distinguishing tomato
genotypes. The identification of divergent accessions such as T12 and T16 provides robust
candidates for wide crosses to wide allelic diversity. The partial overlap between standard-fruit
and cherry types reflects a shared breeding history and supports cross-type parent combinations
to expand variation. Integrating ISSR technic with other marker systems like SSRs or SNPs can
help the breeders to improve accuracy of genotyping and find the best choices for further breeding
program. Therefore, ISSR is valuable not only as a rapid tool for genetic diversity, but also as a
preliminary platform for selecting and designing targeted breeding pathways using the studies.
These findings enhance our understanding of the genetic relationships among tomato genotypes

and provide valuable data for conservation planning and breeding programs.
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8, lowd g pU o9 £ 8IS (poli L g &9
Number Genotype Name Fruit Type Supplier Origin  Genotype Type
Tl Syl (266 (B Fgese CuiS (033 e e! )
Orange Strawberry Tomato Fardin Kesht USA Cultivar
American
T2 el (2,6 (590 Fsexe CulS (33 ! )
Orange Banana Tomato Fardin Kesht USA Cultivar
American
T3 5 Jgere CiS (3,8 olpl-asy e o)
Arya Tomato Fardin Kesht Turkey-  Local- Cultivar
Iran
T4 S st Sy ciS g Kyl 5,
Cherokee purple Tomato Fardin Kesht USA Cultivar
American
5 Syel 355 i Fsexe ROLET ! )
Yellow Banana Tomato Glass Garden USA Cultivar
American
T6 ) gere CuiS (23, A9) )
Paul Robeson Tomato Fardin Kesht Russia Cultivar
T7 Syl 05 LSS Jgexe Tomato CuiS op3yb 155 5] o5,
Dark Galaxy Fardin Kesht USA Cultivar
American
T8 LIS 0,8 J9exe Tomato CuiS s ol o5,
Gezahnte Fardin Kesht Germany Cultivar
T9 LT Jyeze Tomato o8 5 Wo! —awsl 3 o5,
Pineapple Glass Garden France- Cultivar
Italy
T10 @Syl G ol Jgese Tomato Ml (gj)5li8 Kl )
Violet jasper Keshavarzi Online ~ USA Cultivar
American
T11 sdbl Syeo (Eo p55 (Jgexe Tomato CuiS o8 bt wd)
Thai Pink Egg Fardin Kesht Thailand Cultivar
T12 bl Jsene Tomato M (5j)5lis b o5
Maya Keshavarzi Online  Chile Cultivar
T13 S, Sgome Tomato  pMT (gjyelisS Sl o5y
Rock Keshavarzi Online Netherland Cultivar
s
T14 e 38 SJgexo Tomato Ml (¢5,9L8 oy o5,
Round Keshavarzi Online Iran- Cultivar
Kerman
TIS Sise Jpene Tomato 35 5 15,4 o)
Banana Glass Garden USA Cultivar
T16 eyl gy polell Jgeme Tomato s 8 1,2l w5
Lucid Gem American Fardin Kesht USA Cultivar
T17 9 Jyo=e Tomato CuIS (o5 dg) )
Black Krim Fardin Kesht Russia Cultivar
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Vernissage Green Fardin Kesht Ukrain Cultivar
CHI Sogly G0 )8 (NS S CulS (b Kl w5
Chadwick Cherry Cherry Fardin Kesht USA Cultivar
T19 el oyl ygw Jgeme Tomato  cutS 15, ! w5
Super strain b Fardin Kesht USA Cultivar
American Tomato
T20 Jla S g Jgee Tomato  CulS (3,8 15! )
Super crystal Fardin Kesht USA Cultivar
T21 Om9S 9w (Jye=e Tomato o) 5 L% )
Super-queen Glass Garden USA Cultivar
Monaco Keshavarzi Online  Thailand Cultivar
123 @B 5 Jsese Tomato Ml (gj)slis N 2y
Plum Consumption Keshavarzi Online Italy Hybrid
T24 g, Ll J9e=e Tomato Gy b Kb W &y
Ponderosa Sel South Seed Bank Italy Hybrid
T25 §odigs Jgoro Tomato  wgix ,d SSb W! KPS
Tondino Giallo South Seed Bank Italy Hybrid
T26 5 (8355 J3e=e Tomato elydy (N]I% &
Cour Di Bue Baz ram Italy Hybrid
CH2 9k oS el Sl Wk A
S Marzano lampadina2 Cherry South Seed Bank Italy Hybrid
CH3 ool o, kS Crr L Ul byt
Plum Sel. Fiaschetto Cherry South Seed Bank Italy Hybrid
CH4 Leg) S Cy )l Sk 1, ! Ly
Roma VF Cherry South Seed Bank USA Hybrid
CH5 9k oS el Sl Wk A
S Marzano Nano Cherry South Seed Bank Italy Hybrid
CH6 Lss oS Cer ik S el -Y Ly
Ventura o Chico3 Cherry South Seed Bank USA-Italy Hybrid
CHTY S woAS Cye kS W RVEWEY
Napoli VF Cherry South Seed Bank Italy Hybrid

10 e 15 eolizwl (Doyle & Doyle 1987) CTAB i, jl <DNA zl5cl jslaie 4 :DNA gl pSci!

NaCl 2.5 M, Tris base IM:pH 8, EDTA 0.5 M: pH ) zl 3¢l 3 yilg,Sie Voo olyon 5 ol Sy 399 p,5
A8 Fe Sde 4 4,0 £0 sled > (W/V), PVP 4% (W/V), B-Mercaptoethanlo 2% (v/v)) 8 CTAB 3%
b Soni il )3 4285 10 oo 4y g 8Ll ol ey (VaVF) US| elgial p 39,08 Jolone g Sicm ¥+ (g 03,5 151
& 4s) CTAB a5 \+ Jolocs g S0 Yoo 500 Jin kil Jolocs (25, 58 (g -85 15 4653 )3 j93 ¥+
pladl 31 s 38 sy s L8 5o g SL0l ] 4y IS g 0,85 oo g S T+ ol 4 (olone 5,

£+ 5 DNA el JS5 (sl 5 st S Jeolsil p 0,15 b 8 asle 5505 b 5 4ty 5y 6 st il
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o % o2 6&*&‘
et L 3 X
BERD RO M
W OO P W o

(WIS o950 i = CH ¢ Jgono dgue i =T) aslllan 3,90 (800 55 glacuisij 5,0 (glod ) JSW
Figure 1. Fruit morphology of tomato genotypes. (T=standard fruit type, CH= cherry fruit
type)

S5 ISSR Lt Ve ol aalllas 350 (slageih} (S5 £55 (i e 1l ponly (51002005 STy

Cpiomed g S0,%aneS ¢9, (Heydari-Tootshami & Salari,2023) L3 cldlae olel p b )S5leT Gl s Glses!
s ol ssly canlie (JS5 wix g sy 1L S ol S5l ¢ uis ploul o ST 51 clacgasme (sg) (Slodio (yinle)]
45 4 plosl 2y )Seo VO s )3 el (loyes (ST el 0ab 3,9l (V Ji2) 5 o S5l Jluail (glod 5 Jlgs ol
PpSebNee clale b o DNA i)y Sie Y (Ampliqon cs',3) Taq 2x Master Mix yig,See V/0 ¢ Jolis
BiO IS, Lavge 5 ol 15 555 257 ol e T 2y Koo V0 5 JpopSis Vo clilé b SHET 2y oo ¥ g S
a3 AF (lod o adgl (il ywly 48 o 6 &S 7,5 ops PCR 4laas > L (PCR System, USA) RAD
3 S5l Jlasl gl ¥ e @ 31,5 5l a3 AF (slod 3 (g5l yuly Jolis 48 1> YO s & o & 31,5 5l
a3 VY glod ;D adl e ot oy dls o sl B0 Sde a4 ([55E] g5 A aiu) 31,5 Bl dn 3 FY-O 0 clod
b odds iSO ladad g 5lulis ol ploul ]85l dpd VY (glod p2 4By Ve Gde dy ol b a3 > 5015 il
9 DNA Green Viewer bwg J; (el S5, i plosl TBE 0/5X 450 ol jon a5 5o )> VA 5,81 J5 51 oolil

(¥ JSs) w5 plsl UV Gel document olSews 1 ooliwl b (gl uSe
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ISSR (sla,55 L1 JUasl slod o g5 U .Y Jgi

Table 2. Nam, Sequence and annealing temperature of ISSR primers

a3, £kl et (V' aor) Jy (C°) Jlait glod
row Primer name Sequence (5' to 3") Annealing Temperature (C°)

1 ISSR-1 AGAGAGAGAGAGAGAGYC 52°

2 ISSR-2 ACACACACACACACACC 50°

3 ISSR-3 GAGAGAGAGAGAGAGAC 54°

4 ISSR-4 GAGAGAGAGAGAGAGAYG 53¢

5 ISSR-5 TCTCTCTCTCTCTCTCC 54°

6 ISSR-6 HVHTCCTCCTCCTCCTCC 52°

7 ISSR-7 GAGAGAGAGAGAGAGA 49°

8 ISSR-8 GACAGACAGACAGACA 48°

9 ISSR-9 ACACACACACACACACG 50°

10 ISSR-10 AGGAGGAGGAGGAGGAGG 58°

DM2300

DNA Mass Base Pairs
(ng/5 pl) (bp)

LT nmB®IBI67 B MOTMI2TBM4TSTET BT T0T2A T2 ™14 15126 127 L

ww\_Jw;-IW\foxl!.J!,J

W W WYY WW W
W oW W e v w

R S B

1.5% Agarcse Gel
10,55 TAE Buffer

/05,81 J5 595 (Y U ) Sals) (Kydans5 o3, 3 ISSR-3 ,55K1 51 Jols sl 5451 .Y JSS

DNA 21! cpund ;65U : Loy
Figure 2. The band pattern using ISSR-3 primer for tomato's cultivars (lane 1 to 27) on 1.5
% agarose gel, L: DNA size marker

S g (b yyis pae) yio yeo 4 ISSR (sl S5l 5l ool iy slawsly s(odly Juloxd) (g )bl &y 32

13 45 15 o3l PIC= Y. 2f(£-1) Jge s 51 (PIC) _ISsain leMbl elyims dpslns (glys 50 (6,38 38 (8L i)
(Powell et al., 1996) sui oy 5 5 Cygeo 4 3)lge alasly oyl

s g JSdas oy b JS ol il o cole slasil s Slolyd -1 g 00d osalie sladil s Slglys of

Koy oyt Juols ) e ¢ il e SIS Sy CKSE 08 ssimd i o (M) ,S5lis aslis o Sy (slawsly

o 9 2,8l Al o s s ool bcames LS g lo 05 dulre (IS Sy CleMbl dlgins > IS Sy
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wamsml,

B UPGMA bg, L 5,8ls gy o 5 & 31 i gl A deaslons il (sl g, 5| Jols slapl,Sg)05
Gk (il 3 (NS Glcais) siuaist 2l o) Olysa crlple 9 35 Coph index (+/VA%) jlade o 5V
o5 A odli ol Y/+Y as i NTSYS aslp 5l s L plo g Jle 0l (oo 03] cpyiae o8l (sl 5,5 Gl
Peakall & Smouse, 13 plsl GenAlEx 6.4 ,l38ls 5 5l oslswl L (AMOVA) Js8g0 Luib,lg 40555 9 ole

3 ey LS5 Voo e b Lo ol g 45 pasy YYF a5es STRUCTURE 33l 5 5l osliasl b e ki lus (2006)

il Jio o (MCMC) 1S Ciga 8 oy 1S5 Voo s (bUm-in) adyl (sjllisly
K o lp )15 o LK=5 5 K=2 51 (K) (S5 (o oM 039050 (gl Julos s plwl(admixture model)

cou g b
Oinles 4 B o3kl 390 (sla SHEl olod cpols dadllae uls wlul p 1SS G (eSS g (ST Clalad
ass ISSR SNV - 5l ol (glasily JSobaiss 51148 ol Gl (5,30 95 aghf ¥Y ()2 0390 o oo (IS
ISSR-3 (sl S5kl & bgye JSbain doyd (s 09y JSbkin bl (£0F78) b VY &8 05,8 Wles by VY-
(v07) ISSR-4 4 (V*7) ISSR-10 & bgsye S5t duoyd o oS g (PAFYZ)ISSR-1 4 (vo7.) ISSR-9 (v5/¥Y7.)
P55 » oy cpl s (Sie (ACIN 5 (GAN sle (45588 5553 3l (gl S5 4 ISSR (gla S5 (¢ Jgu2) 252
S 015 g (ASBaix doyd 9 03,5 bl (5 5Estte Lokl pyif plpw )3 @y (ST i 4 g lplgl b (S 4e S
S Cmaz S5l (G5lojly g loaisi 2les )3 laisige (o oS Shools (U5 5 ety Slalllae S o oald (5L
oo polie (Zietkiewicz et al., 1994« Kochieva et al., 2002¢ Tikunov et al., 2003) siws Ll,i8
SSE 058 Sly cordabpdy sbojles Gebo 45 351 pite /YO L /TN G Siagh cpl p» (PIC) (Ko ol
ol GSEs 1o 3939 L ISSR-10 aisle b S5T 55 o ol dngs LB iS5 ol bn, 55T Ggllao b Lausgie
Sl (53900 2lasi iz yp ol SLET iz Amd o (L5 ol ol 302 (YL PIC Jlao (gl il yijlsie o S &
3l 5 (S35 95 4 bayye @l 85 Wl 5 )05 (530 G35 o) (S5 julod o Ll S o ISST IS5
Gy Wle3,S 515 1 PIC 5 ISswis 51 Sslite slaaialy S58d065 (59, cilisee llllas .aind Gioljil |y s
polb ddllae 13,05, 5155 1, VYA ISsas ISSR S5Lis YA ) p» ((Herndndez-Tbéanez et al., 2017, J
£55 oxima s et Lol el jS o adllae 31 il 435 o wel s 4 LAV (5 Sibio oo 4 IS0tz doy 35
SparsS slacwsi byl » (Gonias et al., 2019) puoren ol () 2)90 Gloeads) 1 g8 JB (S35
5l eslazwl b (Aguilera et al., 2011a) ¢ Jlao y> .aél «/YF L ol PIC 1 Sbe b (55 665 51 (oYL pdaw SSR L
P sgaote St} sl 51 o5b 45 05,8 samlie SN 1oy YV b YF L S5 j04n 65 13, 45 55 ISSR Silis V-
YL JSias ISSR SHEINE L o nl g 48 5 5w pad AT > (Henareh et al., 2016b) «cas 5 oo 4 39 5515

Sy eS Cuigis 00wy, (Vargas et al., 2020b) (ol y g5l ol Lis 1) baodgs oy ybey S o A+ /-
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(Heydari-Tootshami & Salari, 35 )|yl ;5 .ol Cumes HlSbo (o5l lKT clp awlio I3l ISSRAS 155,8" 5,155
P ) S5 (sl W15 o MI 4 PIC (gla sl cogllas ppolio g goite (sl (closS slogl L ISSR & w358 Ly 2024)
&l 4 Cund Sl (AL )3yl Giagh o LOF/S ISins (:Ske (bl pl 238l Siho sl (534565 (5)b0

390 luigis )3 M)l (iS5 g9 dgmg ok Lis ool oyl .(Henareh et al., 2016¢) aile YU jluws £95 L
£95 5| raw oz (UL el o8 Il pisg lglingd g upnd B3 51 eS (] lie wi el o)
5 55> Cprgad 5 039 HSuiSy JaSe lgs go 5L j Liws PIC e L ISSR-10 wiile ol 55T 5 YU IS5 duo

i ] (55,840 5 Mg )5 (SuS HLe

dael Cuwsy s a8 L g ISSR (g ,551E1.Y Joua
Table 3. ISSR markers and obtained indicators

& °‘j‘” N g alass 0B Ll glgoe
N e e
e T i

bands bands Content (PIC)
ISSR-1 (AG)8 YC 19 13 68.42 027 0.40
ISSR-2 (AC)8 C 9 5 55.55 020 037
ISSR-3 (GA)B C 17 13 76.47 026 0.34
ISSR-4  (GA)8 YG 12 3 25 0.09 0.38
ISSR-5 (TC)8 C 9 5 55.55 0.24 0.43
ISSR-6  HVH (TCC)5 11 4 36.36 0.12 0.35
ISSR-7 (GA)8 13 8 61.53 022 036
ISSR-8 (GACA)4 15 8 53.33 0.16 031
ISSR-9 (AC)8 G 12 9 75 0.27 0.36
ISSR-10 (AGG)6 13 3 23.07 0.15 045

(AMOVA) JsSge (il)ly 55 doog S (193 9 0 (S5 €55 mes ot Sl 35 E99 S pad LS

20> ) &8 3 (L gls (¥ Jga2) 4d pbsl (Ch) (oM 5 (TM) Jgene sla 5584255 Jolis ogie a3 93 bl 2
o (P=+/-\) PhiPT = -[-a¥ jlade 2)ls (ol laog)S o 4 2i0pd 4 e g Wog)S 500 40 JS (S5 (i)l )
Al oo 0ga0 b 93 o (S5 pled I I sixe Lol bawgie U ol aaw (gosims ylis ccul e glaodly (¢l Fst ol

Tm o 35390 g5 b ol b cdmd oo &y 09,5y 313l prdaws )3 (S5 Sl (godas i a5 Canl ] ,Sobo adly )
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2Ug5 slo o,y (Peakall & Smouse, 2012) 5,5 1,5 ooliwl 5y50 (Mol (sladolp )3 Silg5 0 9 034y A8lg Ch 4
BB usS 5l fresh ply ps cherry ylas Jl5L la oS L ogee (slacas 45" Llodhy lis sadcuis sla S5 8as 65 5o
G )3 03294 Sy (Sl ixe g Cunl (2 S ) it (2950900 L)y e Dlge i )3 Lol WISSE
Wlod,S au b 1y el 6551 35 ISSR  isies lllas (Corrado et al., 20132) ol onds (5|55 dv g5 Ll o oS
Cowl 42313 )13 bawgito U cipmd grdaws 53 (29,5 (3 Hl3 Lo g 083le (b (29,5 (193 gaw )3 95 (godas (i &S iS4,
29,5990 W) yobs adllan 55 osslcansdy (g6 o olul o) .(Vargas et al., 2020c¢ Henareh et al., 2016d)
& w3 e b ol ) e Mol sBW3 1 5,8 oo )15 orscuiS lacais) slp HLasl godgdste 13 ((Bo,S i V-
SS8 0,05 b (laySilis ) (S5 sl 538 63l )Sl (sl 3500 dnogi (29,5190 £55 SV i 4 4255

D9 odlazwl S5l (¢ i slas L (SNP L SSR) YL
§ISSR LS bl 3 (SbansS Sbaaisis (AMOVA) JySge il fy 4235 glis £ Jpon

(Ch) (oS 9 (Tm) Jgoxe Gogm s 93 &1 (G X209,5
Table 4. Analysis of molecular variance (AMOVA) of tomato genotypes based on ISSR
markers and grouping into two fruit types, conventional (Tm) and cherry (Ch)

&g omNle

Olpid e (5331 a2y owlbyly szl S milyly ey
Source of Degree of ’ ’ Variance Percentage of total
variation freedom sum of Mean of Component Variance

squares squares
Between 1 28.09 28.09 1.35%%* Ok
populations

BCures J51

Within 31 410.4 13.24 13.24 91
populations
Total IS 32 438.5 14.59 100

PhiPT = 0.092** (P = 0.010)

¥Y STRUCTURE Lo ol p iCamon (S JUalw comnd g 00w b j,l WCwigi (gaiung )5

patutio Cuna Sl Jl3ga ) (o g Sums 30,8 SlaSSy b 45 WS ) filete (ST Camez pj 4 > (S jpeesS i
Evanno et 359, 3 STRUCTURE I58lp 5 5l oslital b (5,845 65 Cuigi YV Lumen i lo oo (Y JSS) Sloads
bewy) (Q=0.75) Cogie cops a4 dg bl dw b plp (K) lacures pj ol o yipe a5 5l Lis (2005a) al.
(%) T3 (M%) T2 (507) T1 (lacuss; 1) Corod g5 - 50S manil desl Cadi] (6315 ¢ (Lol Capmo 05 4 &
Cume i ol 3 Cogas cops cpyiin b (A7) CHS 4 (vo/) CH4 (v-7) CH3 (s0/.) CH2 (vo/) T7 (-/.) T4
T14 T13 T12 T6 TS5 lacasss 1Y Comod pj..00d il (pure) jallb cbcuis) Gleis 4 g L85 )1\

bl &9 4 ] STRUCTURE lages (sla st 5 5395 Vb Cugds aps shis CH7 5 CH6 T16 T15
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5 (A TI8 (A7) T17 slacasss ¥ Canmod p 5. 505 4d,8 o > (admixed)ases aewsi; opl s odnli
el g & (g cups AVO 5 gieS iy s 4 CHI a8 Jls )5 o)y 3l 05,5 o) & bes (5+7) CHI
ol basl, K> admixed (F¥7) sl YV g pure (Y87) cuigi VY cadlllas 3590 i) YV jl e gomme )3 .0 (il
adlllas 5y50 S5 y34385 (slacais il slotes iy 9 Aiiws admixed beasss SF/4 o pure bowss) Y574 45 umd o
5 SJyone GodrsS o 0308 S5 by by el o) @YU dop alble arie L (S5 oS 5 sl
O o e WolS )2 350 (Slacmer g )3 £55 99 il e (455 o) 0 & W30 S 5 Sl (DS
S BW g ol Mol sladsly ) egias Bl 5 b 55 ol J S5 8b Vil Sisesl 6]
slo)lid 4 gl sl acumer b bs o & (S (Sl ol el ond Y1 ol 4 ot lagigs§ (e o S
5 bas o ulS il Wl e b ‘;Ui oo lgisas admixed slcw s asl wad o Lilidl 1) gyl 5 Jaxe
sl s ey YU Conondl PUTE clocaisis e blio 55 S gl @bl Mo 5 Gallas i Syl 5 S5} £855 b yiad
S5 Bodls el S 3 S e plyd sl sladypuen s 5 LA bghas sbul gl oytelas (glagly 1yj eyl sl
55 sgSl ol gl (Kpan s (S5 £ (6 IS 10 Gl ole S (S5 (Sl 5 35 (g o amd e
w] 9 02l slacwie; il lejen cllis a5 Jbs )0 S o el 3 >Nl ladsliy (gl (gniadd)l s )3 odomn
5 95 ol o Wb Gl ol g iy (SparS (oS (g9 » altio Slills cusl (5y950 T e Lais (ol
.(Zuriaga et al., 2009) cul o (55 bas o5 (sladisS 1> S oS 5 g £95 Ll coge Souan g Lanb ol
& yxe S. lycopersicum ¢ S. pimpinellifolium slacssg; e 035w sl SN aS cul odds (5))55 picxen
A5 odalie yobs Limgs ,> (Blanca et al., 2012) coul osd ggiie (sl )lislo 03,5 (605 S5 g (S oS 5 i3l
O M3)5 )3 odinmyd Lol glite Comaz o dw B )3 g 039 asedie (gLl Jlble 38U () 3)90 slacuiyss &S
g ki 53 1) iyl f ol Coenl g attn (S5 £55 (65 U o ol il 5 (35 ol sV et it (eS|
s AMOVA mls o sl Cglis .8 o)Ll o] & 4 o8 oo 55415 oo b (SSypsS )3 (S5 €55 iuS
hol Curen 93 oy glds & bgpye (St Olyuss JS 5l o pp @ a5 sl L AMOVA s .cw/STRUCTURE

WJo oal b ad s (ol 09,5 93 ©pgo 4 (S5 £95 (S aw 5>l el (Some (93 £95 4 bgrye 203 A)
SSE plosie Comez pj dw 4 1) (5 Cumar 93 (pl o)y (S5 jllo 03,5 4 ¢y Comlue S STRUCTUR oy,
& b cwl bews) glhe p» alBe I Bl S e Sl AMOVA s S ajle 4 g
ks KSE o 5l ) Cunen p dw 9 8 I T w56 Sodms ¢ g b clagSl cowl 4ilgSTRUCTURE

0923 9 O €35 Bdos g 0391 il 4355 51 (s AMOVA sl o3lizl 3,90 sl iy cunlo 51 (50 cglis o]
U555 03,5 Jas i iysS) 5 SVl gl Jue b s STRUCTURE a5 Jbs 55 eoias o |y oy o5 (o )5

Oyl (S5 acamenedd g ety lo)lidlo (oilu)SSl )5 (gt
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N ddan g8 lise scuiaii 40 ISSR 5HET Ve 51 Jols gbaosly jUdlw ayjodd Wy b . ¥ UKW
35 0 BI85 s 3 i35 Sl 4 ($2308 3 51y 1] STRUCTUR I3 3 buss

Wil o S 2 &
Figure 3. Bar plot of structural analysis of 10 ISSR primers in different genotypes of date
Tomato by STRUCTURE software. The numbers on horizontal and vertical axes
correspond to the genotypes and the membership coefficient of each individual, respectively

9 5251 Cold capd olul (S sS clacais] cladgs Ll 1 JeSge (sLedld (glaied @ jodi

&S s Ol odaw jd iy s (P JS0E) ai8)S )8 Lol 0g)S dw pd dalllas 350 cusgii YY &S 0 s UPGMA
Sl |y (S35 Comae e 40 & STRUCTURE j1 ol ol by 5301 ) 53, oo S |y i (e S8 0
b3l pl)Sg,05 oS sl plis (coph. corr. = 0.79) SuxidgS  Siued cups (ol pogMe iy Jlgdea 55 34 3l
O St cald Colps gdld Ll Hoyes oYL Hlael o cds jl abades g Cul dlold o yile slrodly I ol
V) Lcis) | lodas (ion conl dogorme (] 3 4258 BB £93 3929 oaind Ll g 351 0358 adlllan )90 slacuisi]
250 yall 3yite laadls ©)go 4 G 4o (T16) 3 (T12) Cuigs 93 48 Jbo o b 5 )18 S5 adgs G 5 (gl
3 o3 Ysamo (albeadss oz s3> Conlbcaiss] plo & Cond pB)l ol VU (S sl goamspliss (ol ol
G I oS 5P Es Wlgiee 10 il y93 Sla I > (VL b))l 5 Cesl Sglite Sl el b oS slo Y]
T19) LS slacwiss o Lol asgs o9, (Taranto et al., 2016; Pereira-Dias et al., 2019) us8 5 ly coures
Cills Lzl | gosse oyl 4285 L5 Suo5 cloasls ) (il 5 aizily (cladss on 4 Liul,S (T33 5 T30 .T29 T28
g0 (S sarly Ygamn (2ol (sl 5 (VL 45 (lion 5SKasS 031 agen Slio a5 ) la DS 125 )
Bl gl 3 T32 sle wS clacuig Sy (Jb> opl b (Corrado et al., 2013a; Blanca et al. 2015a) )l
2 alie @Sl sl i 93 e (Mol Sla B g S5 e sormlEs (Sl ppl LMD Gaades Jgene
0935 93 ;b &S sl 00 osaliie 35 (Heydari-Tootshami& Salari, 2024) 4 (Vargas et al., 2020d) <llas

S Jgene pl)l b (gloripn )y (Siif lislo 5yl Sla SW 53 ))Se S )lie 5 4 (NS slacaisis 138

156



RN,

VE40 (] Ko 5 g ki

UPGMA dendrogram (Jaccard distance) — cophenetic corr. = 0.790
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cwigii YV 50 0,5 Calud co o wlw! o UPGMA gladss &350 5l Jols ol /59,00 & S

Figure 4. Dendrogram derived from UPGMA cluster analysis based on Jaccard’s similarity
coefficient among 33 tomato genotypes (TM = blue, CH = orange)
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Sy 6o Giles sl aalylS sl Il 51 (S5 (PCOA) ol claisie 4 4356 1 ol Olaite dy a 30
aw cdalllae ol ) jloce @al8 1y (S8) Slatglis g acald lojen (wyp Bl g Cusl singy (LaS 3 ey
Gl &S (203 WY g VA/DY SYIAY (i ) 15,8 e |y (S5 £05 5l duo )3 £+ /0 g90m0 13 PCOA cuuss joe
Canl ol Sl ewsl (Saoi ke cawlie oloil Kby 5 398 0 Cgwome wollas (due ISSR slaosl
Ll yoe a5 3> lis |y lacuseis 5l ol 09,5 4w PCo1-PCo2 Sl 3505 (Mohammadi &Prasanna, 2003)
(T16) 5 (T12) slacwys e op! ;5 .39 (Evanno et al., 2005b) sils Jls 3 UPGMA anases b
55 S 5 Sl ofy CasBge (nl S Loy ple I gpin alol 5 Ba8 SSE alble (badls ©)g0d,
G (o5 i 95 Al oo Sy el )93 (sla B 3 cpally lsisay odlital (gl (LYl Jpuily g o] 5,54 v
by BB Sligen 5 33,5 )8 S sladidgs )3 baas (CH) (oS slocussis (blio j3 S 3)ly Camex 4
ool ogre o 93 Ol Sy il ol Able 5 (55 (b QUL (b sl cul sy (L Jgese slacss (S
Vargas et al. : Blanca et al. 2015b: Corrado et al. 2013b) cul sai (5155 35 alie Sldlhs 3 a5 oSl
Wilks” Lambda 9051 zuli i 1ol (DFA) ascis ob Llss PCOA (sl saivos)S ()bl asli (sl .(2020e
Wilks’ Lambda pgs> 2 ¢ly 9 P <0.001 df =6 o> = 70.80 Wilks’ Lambda = 0.087) 59 j5_sizo jlas
sl &S a3 o Ui gadee cpl ey AVer 4 gandib B 5 (P < 0.001 df =2 92 =25.09 = 0.421
cisadss LDFA s PCOA mls Jlyspn 59 bog,S e bl (S slacglis Sl ISSR Lauwgs s Sl s
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Figure 5. (a) Scatter plot of 33 tomato genotypes based on Principal Coordinates Analysis
(PCoA) using Jaccard similarity coefficient, (b) DFA plot of tomato genotypes based on DF1
and DF2
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