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Abstract
Objective

This study was conducted to investigate the genetic diversity of tomato’s cultivars in Iran.
Moreover, the efficiency and the application of ISSR molecular markers in evaluating tomato

diversity were assessed.

Materials and methods

Ninety-nine tomato cultivars, including previously popular, prevalent and cultivars under study
for cultivation in Iran were evaluated. Accordingly, 20 ISSR primers were practiced. DNA
isolation were carried out using the fresh leaf samples and then determined the quantity and
quality of extracted DNA. After PCR, the amplicons were separated by horizontal electrophoresis.
The gels were stained with ethidium bromide and visualized in a UV transilluminator for
subsequent analysis in digitalized images. The obtained information was analyzed via statistical

software.

Results

Amongst 20 primers were applied, the 17 primers were polymorphic. They have made 275
polymorphic amplicons which size's varied from 250 to 3000 base pair (bp). The average
polymorphism rate was 97% and nine primers were 100% polymorphic. Having high
polymorphic information content, marker index, effective multiplex ratio, and resolution power,

UBC 879 primer was properly effective in differentiating the cultivars. The mean Jaccard
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similarity coefficient was 0.41. The highest genetic similarity was observed between cv. H1423
and cv. Kimia while the lowest genetic similarity was between cv. Lina and cv. Pil ZTP1; 0.96
and 0.13 respectively. The UPGMA algorithm was applied in cluster analysis based on Jaccard
similarity coefficient. This analysis grouped cultivars into five clusters. According to the analysis
of molecular variance (AMOVA), the distinction between the formed groups was significant. In
this study about 35% of the data variation was explained by the first and second components. The
overall grouping pattern of clustering corresponds with principal component analysis. The
cultivars were divided into five groups. By providing spatial representation of relative genetic
distances among individuals, PCA analysis determined the consistency of differentiation among
cultivars. cv. Lina and cv. ZTP8 were placed in one group alone and have the greatest genetic

distance from other varieties.

Conclusions

This research claimed that Iranian tomato cultivars to some extent have high genetic diversity. In
addition, it has been shown that ISSR molecular markers are appropriate for investigating the
genetic diversity amongst tomato genotypes due to generation of high level of polymorphism.
Thus, these markers have substantial efficiency in distinguishing tomato genotypes.
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SIS SlaJlg 5l 5 039, gl o o)lgnlogs) 4l 53 G Slalab iS5y o8l DNA 5y it JoSo (sla 5L 5]
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ale> jl¢l,6l> 5 (Modareskia et al. 2022 <Dong et al. 2011) ;lals 5l xww g aold ;5 03 S &g 45 (2003
Saad et al. ) _al (Askari et al. 2010) ;, (Zamani et al. 2011) xa_..s5 « (Stolpovsky et al. 2011) 55
Coodl 4 o il .l 4,5 )8 ooliwl 390 (KB 45 e sy (Bahador et al. 2016) s 405 5 (2012
O S5 £95 5 5o w2 f ol o (15 SodisS (S5 95 ) S S5 pty IS e 3 (S jpansS
oor ol D 9 48,5 S8 )y dy90 RFLP (SusS 1 enlazul L LYCOPErSICON 455 Suisj 95wl Csonl ls oLS
o9 9 oo il pBl g4 L(Miller and Tanksley 1990) el oas oyl o5 4665 ol lacures he y o5
Pl g9 jl 3 o 0o )1 )3 9290 95 315 (LS ulis 9 08 adllas VAAY Jlo 3 RAPD Sss baw 55 (K345
P g0 S,8an S A lg e v I i laise (Williams and Clair 1993) se g pB)l £45 3l 5265 g !y =l);
653,52 YL ) Emdix ol 5 w03 )18 (2bj) 3y90 SSR (JgSUse \ L b wsi | gl )8 (55 oSS

o0 ool | S0 y8dn o5 S} Eo8 ow yp Sl (g3xe slaimgh > ISSR sS 5l (Bredemeijer et al. 2002)

1. Simple Satellaite Repeat (SSR)
yva

Agricultural Biotechnology Journal; Print ISSN:  Electronic ISSN:

8, SN,



BN,

(VEY 5l o) ko V0 093) (55,0l (5599555 gms aloro

5 CE)S B oy 0,90 SN gy (SjpansS g g o) o8y OF (K55 g5 bl I (S )3 ol
A lis ol 5 2,5 Ao bee b0 )3 D (SS s lie oy ol 52 B Lin YU pB)) (S5 £95 03,5 e
» (Kochieva et al. 2002) s,ls oYL ol (558 65 Suijokd balyy 9 (S £95 —wyp » ISSR S
55 £ 35 G ol @l 4 a5 D)) ST e jleslisie | (S5 BasS (5 B0 (S g9 650 e
5455 By bl > (SbarsS o8y A (S35 g5 oy (Vargas etal. 2020) 5 byl Vb ) lacuisss o
95 (Henareh et al. 2016) 54 pl8,1 oy 0bj (K55 £95 3929 5 (S ol STV jleslizn 1L ool oy Jled
569 P8l 0 2b5 LIS sz 529 5l (S Jo b @l ST ad byl SHEINY b s (SpeesS e 0395 YA (S5
B Lizo oL Coaw g Judy Wlg7 o odaliin cpl a5 Wdges leal )55 ol )] Siiimghy Doy e s YU (K55 g4
Coles ) 5 (Su5f Al b oy Y balyy (o jslaieds ingy (Terzopoulos and Bebeli 2008) as b s yy 5)50
Al ol lis s 9 15 plosl SHIENY Sl eslite] b (S58esS To3g5 A5 by yed dly A g o oy o]
(Sypdn S asllas (Aguilera et al. 2011) 5)ls oYL LIS s Mop)5 (s3009)5 5 ples ¢ Sutj €55 (e > ISSR
Bl (cxiog,S ¢ S baslgy e 0 JS5LES opl ol L3 ISSR [Slel i ) onlin 1 b 555 o0 4355 5w ¢
5 ISSR (sl S5l 3l asliw! b (55,845 65 0395 Yo Si5§ 955 (w2 (VArgas-ponce et al. 2011) cool sbe jls
i (LIS S5 93 ya 5 s 352y aslllan 3)90 P51y (VL (SS5 (9 (1950 (S5 E95 Widges pasube SSR
» ISSR JsSIge ,S5kis wilosls lits ol S joboas (HOSSEINI €t al. 2023) 355 (55 4055 St} g5 2bjyl
3l Olsisa Wlgicoe 5 051 20l S Sesolid Llg) 5T 5 (S5 sS locnY ploe (S35 alools (IS by paseis
48,5 1,3 odlizl 390 30 bV g o3lyls oS b (S35 £95 o yp0 3 ISSR KiS3 0,8 15 oolizol 3,90 (385
Bornet ) ¥ ej cuw o8, ¥4 (Lijun and Xuexiao, 2012) " Jals o8, 05 Su55 £95 (owyp & Olos oo dlon 5l .censl
sl imgs jlaas ()5 zls s )5 6)ls | (Denduangboripant et al., 2010) 2 5545 o3, O 4 (et al., 2002
cul 039 dwliY g 03lgils )3 (clisS (19,3 5 (KBS E95 (i 9 lolid Sl prine (SBg) SUSS ol S 50

L 53 Al IS 58 3 (S5 5T alitn] 90 pl5) (S5 55 4t > Slallls e yins > oS olol

55,0405 18, A0 S 95 Hlhe 9,8l o yp yolateds o b imgn (Mirzaei and Salari 2021) s b))

2. Accession
3. Capsicum annuum
4. Solanum tuberosum
5. Nicotiana Rustica
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No.  Cultivar Supplier No. Cultivar Supplier No. Cultivar Supplier
1 1230 pow o)l3n 34 104 SByss) 67 RFT 732216 55 w s
Hezare Rojin Taak Golsam
Sewom Gorgan
2 Rock Sbicwe 35 107 Sbiowe 68 Rojin Sbowie
stone Rojin Taak Rojin Taak Rojin Taak
3 Nemador Sbicwe 36 Super Sbowe 69 Natin Sbowie
Rojin Taak Sterain B pyiin Taak Rojin Taak
4 Sadeen lige 37 X 48 Sbowss, 70 Kian Sbowss)
95 Behta Rojin Taak Rojin Taak
5 Saldo o855 swJs 38 PetoMech Sbiowe 71 Hypeel 303 Sbowie
Golsam Rojin Taak Rojin Taak
Gorgan
6 LS 80 Sbpsey 39 H 8009 Sbcpse, 72 Satyvo Sbcpse,
Rojin Taak Rojin Taak Rojin Taak
7 H 5803 Sbicwe 40 Lina Sbiowe 73 Super chief Sbowie
Rojin Taak Rojin Taak Rojin Taak
8 Jaleh lige 41 Sivand Sbowe 74 3-39 Sbowse
Behta Rojin Taak Rojin Taak
9 X 80 S ysey 42 Arjan lige 75 641 Sbowss)
Rojin Taak Behta Rojin Taak
10 Super S oysey 43 Aras Sbepse, 76 691 RLgcgonyts
Urbana  goiin Taak Rojin Taak Golsam
Gorgan
11 Karen S ysey 44 Kimia S s 7T Hyb. Super oMe
Rojin Taak Golsam set Falat
Gorgan
12 Hyb.SV S 45  H1423 S, 78 Hyb.SV oM
1585 Falat Rojin Taak 8320 Falat
13 LS 48 Sboje 46 LS 0019 SBoyje 79 952 OB e S
Rojin Taak Rojin Taak Golsam
Gorgan
14 hyboula oM 47 106 Sbowse, 80 3-341 pow 0yl 5a
Falat Rojin Taak Hezare
Sewom
YAY
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15 OPLS 24 SBoyie 48 UC 105 Sboye 81 1231 pow o)l
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16 689 O8S aeds 49 105 SBoyss, 82 1225 pow 0,50
Golsam Rojin Taak Hezare
Gorgan Sewom
17 Super Sbpse, 50 Ztp 6 Sbcpse, 83 954 SBepssy
Nemaperid  gqiin Taak Rojin Taak Rojin Taak
18 Amperial Sbepse, 51 Hediyeh oS e s 84 Korall op S sy
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19 1226 pow o) 5n 52 1232 pow o) p 85 Pil ztp 1 Sboe
Hezare Hezare Rojin Taak
Sewom Sewom
20 Ztp7 Sbowe 53 H 3000 Sbowe 86 Namib f1 Sbiowe
Rojin Taak Rojin Taak Rojin Taak
21 H 1537 SBoyie 54 Hyb. oMb 87 1227 Sboye
Rojin Taak Comodoro Falat Rojin Taak
22 King stone Sbowe 55 Hyb. EAYH 88 Hyb. oM
Rojin Taak Bellariva Falat Kismat Falat
23 H 1307 Sbowse 56 694 o855 seJs 89 Hyb.Hypee oM
Rojin Taak Golsam 1303 Falat
Gorgan
24 Sana F1 Sbowse 57 NUN Sbowe 90 Hyb.JAC oM
Rojin Taak 0041 Rojin Taak 8810 Falat
25 Stay green Sbopss, 58 Sereen S w5 91 690 5SS ww S
Rojin Taak Golsam Golsam
Gorgan Gorgan
26 8204 Sbopss, 59 LS 79 Sbowse, 92 Number 4 pow o)l5n
Rojin Taak Rojin Taak Hezare
Sewom
27 23024 Sbowss, 60 693 oS w5 93 Pil ztp3 Sbeps,
Rojin Taak Golsam Rojin Taak
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28 2206 Sbowse, 61 H 1648 Sbowse, 94  Stay green S yssy
Rojin Taak Rojin Taak F1 Rojin Taak
YAY
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Table 1. Studied cultivars
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No. Cultivar Supplier No. Cultivar Supplier No. Cultivar Supplier

29 Jam Sbowe, 62 0S 376 Sboe 95 Laleh 8781 Sbowe
Rojin Taak Rojin Taak Rojin Taak
30 692 oS w5 63 Firen2e Sbepss, 96 Amapola Sepse,
Golsam Rojin Taak Rojin Taak
Gorgan
31 Koral F1 Sbcpss, 64 GS 15 S e S 97 Ztp 8 Sbeps,
Rojin Taak Golsam Rojin Taak
Gorgan
32 Yaghoot Sbowie 65 610 OS5 awds 98 Ztp 11 Sbiowe
F1 Rojin Taak Golsam Rojin Taak
Gorgan
33  Zumoured .55 .5 66  Heb. Eden oM 99 Red stone Sbiowe
Golsam Falat Rojin Taak
Gorgan

VY 5,57 J5 oy (Yo ) Sals) K5y3ds5 o5, 43 UBC 3,551 51 Jobs (il o1 .Y JSCis
DNA 8151 ey ,55Li3 L oy

Figure 1. The band pattern using UBC 3 primer for tomato's cultivars (lane 1 to 20) on 1.2
% agarose gel, L: DNA size marker
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51 ooliznl LY JSbais leMbl ¢lge .(POWell et al. 1996) ks obs)) ol slaylae )551El o (lp s oolisl
ISl pasls el eyl 4l sy sy o coail ggeome pul P dlal ol 3 0 (65031l ) e

A Al JSSais slasil olas o ISSas cledbl glgise (asls o palols

o3l 3,90 ISSR (sla 5561 Jou
Table 2. Practiced ISSR primers

) Sl gl (C) sl (slod ("« 0) J

row Primer name Annealing Temperature (C°) Sequence (5'to 3")
1 UBC 3 492 GACAGACAGACAGACA
2 UBC 8 528 GTGTGTGTGTGTGTGTC
3 UBC 11 525 ACACACACACACACACYC
4 UBC 15 548 ACACACACACACACACYG
5 UBC 26 605 CTCCTCCTCCTCCTCCTC
6 UBC 807 49.0 AGAGAGAGAGAGAGAGT
7 UBC 808 50.0 AGAGAGAGAGAGAGAGC
8 UBC 809 47.0 AGAGAGAGAGAGAGAGG
9 UBC 810 50.0 GAGAGAGAGAGAGAGAT
10 UBC 812 50.0 GAGAGAGAGAGAGAGAA
11 UBC 825 504 ACACACACACACACACT
12 UBC 827 49.0 GACTGACTGACTGACT
13 UBC 857 50.0 ACACACACACACACACYG
14 UBC 876 48.0 GATAGATAGATAGATA
15 UBC 880 53.0 GGATGGATGGATGGAT
16 UBC 885 53.0 GGAGGGAGGGAGGGAG
17 UBC 885 52.0 BHBGAGAGAGAGAGAGA

b Ladls apsle gl 5l e JSaas clal i )3 S50 doy palols iy e ISEas Cons

Sl ool (S Alis olhe dle g1y (2014) Shahlaei et al. slgris wlol 0 odlizol ¥ dal, 51 S5

3l ol Slaisee 4 45550 9 el 59,05 paw i s A5 odlitwl UPGMA 1,651 5l (lased 355 13 .005,5 saliul

7. Polymorphic Information Content (PIC)
8. Marker Index (M)

9. Effective Polymorphic Ratio (EMR)
10. Resolution Power (RP)
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Cryde 9 adgs Cgllae dlass puss jolaieds (AMOVA) Js8g0 il )y 4555 .05 ,5 03l NTSYS v:i2.02 )l58le 5
325 50 bl puos Ol g iy dhil Como dl jokaie 4 .c8,5 &9 GENEAlRX Ver:641 jlsslay b b akais

A5 o3l SPSS Vi26 l58le 5 5l dbgs e (slaog S

PIC=1-Y, pi? Y by,
RP=YIB IB=1- (2 x (0.5 Pi)) Y b,

Fooo BYOY o 0ad stalie sl g o)l sl oal ¥ Jods ;3 ISSR STV slajasli oy jl Jols gl

5 VY dbul b iy 4 UBC 11 g UBC 876 (cla,55leT .59 b V0 ,S51eT ya (¢l b5l dlass bawgio D puiito jb s
9 Ngs JS Wi Wb YVO o agi b YAF gooome jlaishy [olaidl dgd ay 1) dlawi oy jieS 5 oy iy JSC5 2> Hlgs VY
& 0law codd wyp sl )S5lel lo 5l g as 3590 o 5 AY b gie KB wis e bl ol oYL s as )Ll
Vargas buwg ods dylp Joxis e ol Sinlon fpiin sla 5,155 b zols opl dg JSSais a0 p3 Ver (Sl
ST Ll 03,58 Gido 4y VU Jlsie (3l 9 0038 GBS 803 A+ o SobiesS i3 00 bl (b (2020) et al.
SIS ai> (2017) Hernandez-1banez et al. yioon oo osds 0303 Conns Silos H5ke o1 L (ii>g (slaodgs o
A% aalllae )> 45 (2011) Aguilera et al. yiagh zls b oy ol gl Lol 055505 (5155 dopd Av d9d> 13 9 oYL
Slyzee padld bwgle \C (lgon 193905 ()15 |y dmo)3 TF 3900 g (IS Bix I Gl sl (5584255 0395
305 e .y jola 53] g5 1) Jlade oyt +/¥Y LUBC 876 5lel g 54 /7YY b ,S5lel (ol IS5 win cleMb|
S0 s¥glingd Lalgy 9 303l pled 5 SIS Cae 298 (0w & Sl ol G 3 0L j (IS > pa3ls
S0obles +/0e 3 YL JSs xiy cleMbl glgme a3ls (Shazdehahmadi and Kharrazi 2016) wsb el S s
03l ol oS 2l oaiad L /Y0l a8 pdlie g ,S5LEl g Aal )l SSky /00 B /YD o b sy o390 2ol 8
Ol a8 039y +/YY Limgh ol )3 (JS5 s leMbl glgime (adls oad 30y e (Botstein et al. 2016) o |
S5 by S8l @ p5 s ld Ao 38l el CSUSE Can asd L b5 sls osliia] 590 ,iLi5 wm3 o
S 5l 55 9 b celyls odlaluss 31 e 51T Clbwsl o cuedl Blo padls g aad o olis ]y ol ol )5kl
UBC 5kl )3 5 opyimis YWY+ laie LUBC 876 55l )5 a3l ol (Kayis et al. 2010) 5,5 o 56 b ]
635510 5 99550 03> s (S0l sagif gy g JSbdizr (slalyi sl 4y ()KL (Sl 35y 0 %S OV Lo |, 825

J9..\>) odld uol.«ao‘ J9> @ |) )l_\.o.o u)).u.u» Yy L UBC 876 ;)LG] )aJ d)90 U’l 2 W Lu.o Lm)f)kj ‘_s.’l)lf )l w (9
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|y 553055 Pyl S e p3Y IS ISSR oL wimd o s o b )SHET LIS jline o Inyasls 3y (Y
w4 o s 5V 5 Shas 9391 (630 Medgw SleMbl &il)) a4y B UBC 876 )y 3590 (sl 55121 oy )l
oozl +/FY uSle b 5 )8 by oy 5l (K55 alis ol jae dmolme Caa sl Gimgh cpl )3 owyp 3y90 sl )5l
g H1423 55)) oy (Si5) cald op i Dg puxio +/FA L VY 0 381 (S a0l o ypid Olpuss dlely s
obyly 45 4 a5 b gy +/VY Jlade b Pil ZTPL g Lina pbs,l oy (Sisj cal s o 28 4 +/25 lude L Kimia
o) 2 A5 J32) o1 gt g 1y JS by > Y0 g 39 s s 005 it slbog,S ol (AMOVA) e
&b 5l ooliiw 1L 9 SPSS Jl5sle 5 dlew g 0 iy b g laog,S dlaws w )3 (ylise BAS e 55 4 93 i 4 B pwls |
2 by oy pg 4d B )3 qoby Camns p9d A5 13 o8 G Jgl 43 53 (] (o 2 b 29l o 2V 0 e sty
ot 35500 b s il b 1,519,000 3ol (¥ USLS) 428 )5 )18 o8y o ST Al )3 5 o) 035 oy A
cillas oaimd s 4 15,5 59l +JAY o s oyl e (Kiani and siachehreh 2018) 54 oo ot SitidoS
il YU
L Lodly £45 5l luoyd YO dg9d> idoh cpl 3 .8,5 &yguo )8l bt L pile bl o Lol Slaise 4 4y 355
e 93 ib)ly d g doys STl 02l i (9T 43S )90 oS @ls (B Jgia) 45 4g pgd 9 Sl 43 9
13 .(Mohammadi and Prasanna 2003) cuils aalgs pgs ol pw y3 (oYU (SaSTy Sl sl doys Y0 5 28 gl
ol 23 ansgio (SuS1 0t 350 £l SET &S 295 g0 SVl > 5 Jol aidfe 9 bawgi (5003 V0 425 4 255
w550 bwg pB)l o pled @l o 0 s (S ol olad il b ol lase 4 40 Sleals LS peis
2l e ol sbailie o 5 4jo5 b plS5)0 (sanegS IS o)l @l & ey b S e 10 |y ladgs
w9y YA S0d (g 09,5 guy 4 plB)) Lolwl (ol ool onds ooly L ¥ IS5 )0 Jol ddlhe 90 Joo (gimy 90 [ SuiSTy,
Slase & 45 Gk 85 )15 05, S e S 09,5 93 50 9 pgw 09)5 10 05, 0F pgd 095 1 o8 duw (Jsl 09,5 >
Ot s34 a8 ol L |y pB) ol 51 (S5 Aol i 5 €85 sl 05,5 Sy 2o 4 Lina o5 (Lo
g Xlas S )15 09,5 K ,d 500 o8, Lol yen a5 Red Stone § ZTPLL 43, 93 39 +/VY Hlaie L ZTPL 4 Lina 55,
ZTP8 18 ol 338 cpuizmod il LINA 03, L ol 4l oy clidg: 09,5 o o b ladsd 458 mls 3
55 Aol oximaplis 48 35 <Ayl LiINA o8 b o (Si§ 4lis o 5 €85 18 098 Sy 3 wllir ©pson;

Gl 58y 93 opl oy 3L

11. Cophenetic Correlation
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Table 3. ISSR markers and obtained indicators

Sielpb ol JSbas g sl Jo SleMbl glge Coaann uasls Oy olalad e
S s Sz Saxy g i oSl SSE
Primer  No. No. of Polymorphism Polymorphic Effective Marker Resolution  Size
name of  Polymorphic % Information  Multiplex  Index Power range
total bands Content (PIC)  Ratio (M) (RP) (bp)
bands (EMR)
UBC 3 16 16 100 0.32 16.00 5.15 8.26  250-1500
UBC8 14 14 100 0.31 14.00 4.32 592  250-1250
UBC11 12 12 100 0.27 12.00 3.24 499  250-1000
UBC15 16 15 93.75 0.33 14.06 4.64 7.45  300-1500
UBC26 16 16 100 0.33 16.00 5.27 7.52  250-1500
uUBC 807 20 20 100 0.31 20.00 6.30 9.47  250-1850
UBC 808 16 16 100 0.35 16.00 5.52 8.38  250-1750
uBC809 17 15 88.24 0.34 13.24 4.54 7.49  250-2100
uBC810 19 19 100 0.33 19.00 6.35 6.28  250-2100
uUBC812 16 15 93.75 0.35 14.06 4.88 8.22  250-2500
UBC825 14 14 100 0.25 14.00 3.46 457  250-2000
uBC 827 15 14 93.33 0.36 13.07 4.65 7.49  300-1850
UBC 857 15 15 100 0.33 15.00 4.97 6.99  250-2000
uBC876 23 22 95.65 0.37 21.04 7.73 12.10  250-3000
uBC 878 17 16 94.12 0.22 15.06 3.30 471  250-3000
uBC880 21 20 95.24 0.35 19.05 6.58 10.75  250-2100
uBC885 17 16 94.12 0.33 15.06 4.95 7.80  250-1650
Total Js 284 275 -~ _ _ _ _ _
oSke 1670 16.17 97 0.32 15.68 5.05 7.55

Mean

Sladigs 4o bl p2 (Jgg0 (puilylg 4525 £ Jgi
Table 4. AMOVA based on cluster analysis

e @l @3ljl 4y Slayo ggeoma Sl o (pSilo obly 12 S5 ibly 2oy
Source of Degrees of Sum of Mean of Variance Percentage of total
Variations freedom Squares Squares Component Variance

Cauned 3 929.35 3097.82 11.57 25

Between

populations
Camex 31 95 3368.81 354.61 35.46 75
Within
populations
Js 98 4298.16 47.03 100
Total
YAA
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Figure 2. Dendrogram of Cluster analysis using UPGMA based on Jaccard’s similarity
Coefficient

Sleamd oo (U 1) g cpl )3 oy 390 pB)l (gim dw JiiSTy J1oged ¥ IS g (w95 (ST laged ¥ S
cals Sl loses 3 33l gazs 11 ol gl o S5 dlold oS uSaie lgas 3 33l o i alols o bl
b oo gl loe yuiin (S5
ol Olaio 4y 4359 5l Juols 2l .0 Jgan

Table 5. Result of principal coordinant analysis

4.9.]‘9& D)J9 )IASM u.MMJ L)“‘Jl))‘ﬁ M).) u.xo.?u ouL’)b J..\o).)
component Eigenvalue Percentage of relative Percentage of Cumulative variance
variance
1 35.39 35.75 35.75
2 433 4.37 40.12
3 3.73 3.77 4389
Y A4
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Figure 3. Scatter biplot using principal coordinate analysis
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Figure 4. Scatter 3D plot using principal coordinate analysis

55 E95 gy 9 ySOUES b dtwgy Slao () dine 13 ISSR Sl )9Sk a3 )5 & j90 (sl yimghs 4 dagi b
ISSR JsSJge 3L ols i 50 adllae ol polss (Aguilera et al. 2011) L1 e jlases 1)l SKuSE (K5 idorsS 53
Lulay 31 55 385 )l (lsie 4 Slg5 o g 039 1el)lS (584055 seasss le (Su5 Alols o ISSan e
V4.
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lycopersicum L. ) iysassS (S5 95 i)l (V) ghlSion 5 i o b (5 ol 5155 S sl (i
AY=2Y (YO (65,9LiS (65995 gm alma AISSR g SSR S5l 93 o) awslée ,  iee (SOlanum

ookl b inly (58 5 Cumen slaa g (S} 55 adllae (WAR) Wi jhese (eoblnesce ¢opwel 03l 3 el (¢ Sus
Y08 B g K55 dloxe ASSR (sl Silis
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> (Trachyspermum copticum) ;L5 (og,b olS 5 S5ededre (cleuSg b dwgn ISSR (ola Silis
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