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Abstract
Objective

This study was conducted to investigate the application of the start codon targeted (SCoT)
markers in the genetic diversity of tomato. In addition, the genetic diversity in important cultivars
of tomato, which have been previously cultivated, are being cultivated, or are hoped to be

cultivated in Iran were assessed.

Materials and Methods
Ninety nine 99 tomato cultivars were investigated for SCoT polymorphism. DNA isolation and
SCoT analysis were carried out using the fresh leaf samples. Thirty-six SCoT primers were

initially screened for analysis and fifteen primers were considered for the further analysis.

Results

The cultivars produced 207 amplicons while the 206 were polymorphic. Amplicon size varied
from 250 to 3200 base pair (bp). The average of polymorphism and the mean of polymorphic
information content were 99.52 and 0.30, respectively. Also, Jaccard's similarity coefficient was
applied and the mean Jaccard genetic similarity coefficient was 0.52. According to Jaccard's
coefficient, the lowest similarity (0.17) has been observed for cultivars 34 and 97 while the highest
similarity (0.84) were detected between cultivars 86 and 87. In addition, the cluster analysis was

conducted based on Jaccard similarity coefficient and centroid method which classified cultivars
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into three clusters. Besides, the principal coordinate analysis was considered. Accordingly, the
cultivars divided into four groups and the first three components explained 58.82% of the
molecular variation. The results of the principal coordinate analysis were largely consistent with
the results of the cluster analysis. Having high polymorphic information content, marker index,
effective multiplex ratio, and resolution power, SCoT12 and SCoT23 primers were properly
effective in differentiating the cultivars.

Conclusions

This study showed that SCoT molecular markers are appropriate for investigating the genetic
diversity amongst tomato genotypes and generate a high level of polymorphism. Thus, these
markers have considerable efficiency in differentiating tomato genotypes. In addition, this
investigation indicated that SCoT12 and SCoT23 primers were suitably effective in
differentiating the cultivars. Furthermore, our resech claimed that tomato cultivars that are used
in Iran do not have high genetic diversity while for more precise conclusion; it is suggested to
practice more SCoT primers along with other markers.
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Table 1. Investigated tomato’s cultivars

anllie 3,50 (5 o5 0,1) Jgaa

No. Cultivar  Supplier No. Cultivar  Supplier No. Cultivar Supplier
DI e 10 gy, 8T BT sss
Hezare Rojin Taak Golsam Gorgan
Sewom
2  Rockstone sy 259 35 107 SU 5y 68 Rojin S 5y
Rojin Taak Rojin Taak Rojin Taak
3 Nemador si; 259 36 Super SU 5y 69 Natin SU 5y
Rojin Taak Sterain B Rojin Taak Rojin Taak
4 Sadeen 95 lige 37 X 48 SU 5y 70 Kian SU 5y
Behta Rojin Taak Rojin Taak
5 Saldo OB S e S 38  PetoMech (s 259 71 Hypeel 303 S 5y
Golsam Rojin Taak Rojin Taak
Gorgan
6 LS 80 S op3ey 39 H8009 <\ 3259 72 Satyvo S opo,
Rojin Taak Rojin Taak Rojin Taak
7 H5803 i 3259 40 Lina SU sy 73 Super chief SU sy
Rojin Taak Rojin Taak Rojin Taak
8 Jaleh lige 41 Sivand SU 5y 74 3-39 Hezare Sewom
Behta Rojin Taak
9 X 80 S cpje, 42 Arjan Lige 75 641 St oo,
Rojin Taak Behta Rojin Taak
10 Super S cpje, 43 Aras S oo, 76 691 5SS w5
Urbana Rojin Taak Rojin Taak Golsam Gorgan
11 Karen S cpje, 44 Kimia 5SS S 77  Hyb. Super SMe
Rojin Taak Golsam set Falat
Gorgan
12 Hyb. SV E 45 H1423 st 5, 78 Hyb. SV M
1585 Falat Rojin Taak 8320 Falat
13 LS 48 S 559 46 LS0019 sy -5, 79 952 OB S S
Rojin Taak Rojin Taak Golsam Gorgan
14 hyb oula E 47 106 S 53, 80 3-341 pow )2
Falat Rojin Taak Hezare Sewom
15 OPLS24 (st 55, 48 UC105  Sb 350, 81 1231 pow )2
Rojin Taak Rojin Taak Hezare Sewom
16 689 55 awds 49 105 S 53, 82 1225 pow )2
Golsam Rojin Taak Hezare Sewom
Gorgan
17 Super ST ey 50 Ztp 6 S ople, 83 954 SU cp3e)
Nemaperid Rojin Taak Rojin Taak Rojin Taak
YA
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18 Amperial |5 3259 51  Hediyeh 5SS S 84 Korall op SU pia)
Rojin Taak Golsam Rojin Taak
Gorgan
19 1226 P 0)l3m 52 1232 P o)l3n 85 Pilztp1l SE w9
Hezare Hezare Rojin Taak
Sewom Sewom
20 Ztp7 S i) 53 H3000 st (p30, 86 Namib f1 SU i)
Rojin Taak Rojin Taak Rojin Taak
21 H1537 st 5, 54 . Hybd SMB 87 1227 SU i)
Rojin Taak on;o or Falat Rojin Taak
22 Kingstone (s 259 55 Hyb. EYH 88 Hyb. Y
Rojin Taak Bellariva Falat Kismat Falat
23 H 1307 i 259 56 694 OB S e S 89 Hy?él—é);p oM
Rojin Taak Golsam ee Falat
Gorgan
24 SanaFl i 30, 57 l(\)l(gﬂ S 3, 90 H)ét;ig\c R
Rojin Taak Rojin Taak Falat
25  Staygreen (s 3259 58 Sereen 5SS S 91 690 855 S
Rojin Taak Golsam Golsam Gorgan
Gorgan
26 8204 S 39 59 LS 79 S 3, 92 Nurzber pow )b
Rojin Taak Rojin Taak Hezare Sewom
27 23024 S i) 60 693 OB S e S 93  Pil ztp3 S i)
Rojin Taak Golsam Rojin Taak
Gorgan
28 2206 S i) 61 H1648 st 30, 94 StayF1 S i)
Rojin Taak Rojin Taak green Rojin Taak
29 Jam S i) 62 0S376 5 259 95 IE_;ISer SU cp3a)
Rojin Taak Rojin Taak Rojin Taak
30 692 OB S w5 63 Firenze < 259 96 Amapola SU cp3ey
Golsam Rojin Taak Rojin Taak
Gorgan
31 Koral F1 s\ 5259 64 GS15 55 wls 97 Ztp 8 S 39
Rojin Taak Golsam Rojin Taak
Gorgan
32 Yalg:qoot S i) 65 610 OB S e S 98 Ztp1l S s,
Rojin Taak Golsam Rojin Taak
Gorgan
33 Zumoured OB S w5 66 EHc(jeb. RYH 99 Red SU cpia)
Golsam en Falat stone Rojin Taak
Gorgan
Y9
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Table 2. Practiced SCoT primers

o3liiw! 3,90 SCOT (5l ,55E1.Y Jgun

Y SER Ya'o Jy Sl 4253) Jlail slod ol
(o
Row Primer Primer Sequence 5’ to 3’ Annealing References
name temperature (°C)

1 SCoT 2 CAACAATGGCTACCACCC 50 Luo et al. 2010
2 SCoT 6 CAACAATGGCTACCACGC 50 Luo et al. 2010
3 SCoT 12 ACGACATGGCGACCAACG 52 Wu et al. 2013
4 SCoT 13 ACGACATGGCGACCATCG 52 Wu et al. 2013
5 SCoT 16 ACCATGGCTACCACCGAC 52 Luo et al. 2010
6 SCoT 18 ACCATGGCTACCACCGCC 55 Wu et al. 2013
7 SCoT 19 ACCATGGCTACCACCGGC 55 Luo et al. 2010
8 SCoT 21 ACGACATGGCGACCCACA 52 Luo et al. 2010
9 SCoT 22 AACCATGGCTACCACCAC 50 Wu et al. 2013
10 SCoT 23 CACCATGGCTACCACCAG 52 Wu et al. 2013
11 SCoT 24 CACCATGGCTACCACCAT 50 Wu et al. 2013
12 SCoT 28 CCATGGCTACCACCGCCA 55 Wu et al. 2013
13 SCoT 31 CCATGGCTACCACCGCCT 55 Wu et al. 2013
14 SCoT 33 CCATGGCTACCACCGCAG 55 Luo et al. 2010
15 SCoT 36 GCAACAATGGCTACCACC 50 Wu et al. 2013

IS SleMbl glgore & JSsas aoyd Jolis [l o) (ol ylae osd 135 gl g 2 jlitel ) e

Mgy oll 5 (POWell et al. 1996) 5153 avwle SSi5 )18 5 4 g0 Siain Coms ¢ Vs, S0l asli

9] Cawd 4 gl cpomons 5 odlitul 3Bl GLES Cu s 5 S Alis ol jee awlxe cqs (2014) Shahlaei et al.

MVSP l5éle 5 5l slassgs 4500 plosl caa NTSYSpe ver: 2.02 l5éle s 5l Lol laise 4 45505 g 4lis s yile

N8l 5 Gy el (e 9 adss Csllao dlasi (e pslate & (AMOVA) (J5Sge (uily)ly 4325 sy 5 VeI 32

>4

. Polymorphism

. Polymorphic Information Content (PIC)

v. Marker Index (MI)

A. Effective Multiplex Ratio (EMR)

a. Resolution Power (RP)

VYo

A3 oolazwl GENAIEX ver: 6.41
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ST a8 el o] S0l a5 wolsy (olaidl g5 4 +/YYF L SCOT28 S5kl 1, o oy yiaS s +/FVY L SCOT23 5541
JS 5 o lio (SuSTp 5 039 3ains ol p adlllas 590 (cla S5l plos b s (3L Aiedgur leMb) (¢ll> SCOT23
5 clisee (sl SOl duslie Cpn pro sl sl 1 SO (IS s cleMbl glgiveo cCaw T atb b oy 050 pB)l p o535
S8 5 oSl (6,551 oSl Gy 0l (S Sl jasls ol (YL polie gy oo slewdas byl jales )8 Jlas
S35 sVglings sbewin] jles slp YU (JSSaie GleMbl gz b (ola S0l ool ply )15 (ove 35 3131 o5
P e S sy ¢lp ], SCOT23 55kel g5 o 13 (Shazdehahmadi & Kharrazi 2016) siws 1
ST Gasls ol olise iS5 2515 YV b g0 IS5 i Copms it 1 SCOTI2 (5161 3505 o 5 (3 k5
395 |y lade oy i a8l VASY L SCOTL2 3jlel ¢,Slis jasls (gl ol jolaid! 3¢5 4 asls V+ L SCOT33
STl o33y aallas 3,50 (S50055 o) s S g0 9 SHE el VL IS Sl o 3l ol
LSCOT2 Sjlel 1, S8 cydb o 3V by s 1) asly Y/EYA Jlade 4 (6,5 sl jlade oy yieS SCOT33
10 259 dolg ANVEY b plys lade ol d s cud SCOT33 Silel clp aslis ol Jlade o yieS 4l yd iy YV/+ ¥
LSt s 6,05 pas s o IS wis cleMbl (glgime s 15 L SCOT23 3 SCOT12 (cla S5l S g5 o

Llansls pByl poles ) wlio oL YL SS& @18 5 5o
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Table 3. SCoT primers features used in this research

Gy Sl el S sl JSaws g olaws ons oy aleMbl glgze Canss oadls SSa o8 ple
)5 S Ssa Sl el
Py
Row Primer No. of No. of Polymorphism Polymorphic Effective Marker Resolution Size
name total Polymorphic % Information  Multiplex Index Power (RP) range
bands bands Content (PIC)  Ratio (M1) (bp)
(EMR)
1 SCoT2 14 13 92.9 0.251 12.1 33 21.0 2900 -
300
2 SCoT6 15 15 100 0.302 15.0 4.5 14.2 2200 -
250
3 SCoT 21 21 100 0.341 21.0 7.2 18.8 3100 -
12 250
4 SCoT 13 13 100 0.329 13.0 43 11.0 2900 -
13 350
5 SCoT 16 16 100 0.354 16.0 5.7 15.7 2500 -
16 300
6 SCoT 12 12 100 0.274 12.0 3.3 13.9 3000 -
18 250
7 SCoT 14 14 100 0.231 14.0 3.2 9.2 2300 -
19 250
8 SCoT 11 11 100 0.316 11.0 35 125 2000 -
21 300
9 SCoT 12 12 100 0.286 12.0 34 15.2 2100 -
22 300
10 SCoT 15 15 100 0.417 15 6.3 11.2 3050 -
23 250
11  SCoT 11 11 100 0.272 11 3.0 105 1800 -
24 300
12 SCoT 18 18 100 0.224 18 4.0 14.6 3200 -
28 250
13 SCoT 12 12 100 0.381 12 4.6 9.35 2200 -
31 250
14 SCoT 10 10 100 0.262 10 2.6 8.16 2000 -
33 250
15 SCoT 13 13 100 0.228 13 3.0 154 2200 -
36 250
Js _ 207 206 B B _ _ _ B
Total
oSbe 13.8 13.7 99.5 0.298 13.6 4.12 13.3 _
Mean
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Slallas a3 osal e anly «/VEF L (ZEP 8)AY 5 (104) ¥ o)le i slap) oy 30 (Sui) caal D (i oy yieS
ol ly b (S 95 5 AFLP Sl 5l eolate 1 (5,845 65 Suii £95 w0 (2011) Nabipour et al.
g s ofg 9 i ol g lej 435 )0 (o5 (e (S £ wmd g0 Gl 5 50 Sliiod .l 03l
NS 2 (K e i (SB) g9 40> Vo | pieS 0jgyal g Canl LB (o guaime (Al 00D AL JS 5 () sl
Al ol imgh 4 51 (Miller & Tanksley 1990; Areshchenkova & Ganal 2002) »55 o osalive <l);
soblon dus y o a5 4 Lol eladgos (bl ol sl ol 3 B piSe el P81 g (S 8ensS @l )b pB)) 3 ) 55
=hi P8yl > 2V (S5 g5 5l (215 ol cl (5 84255 )1 A5 )3 dgaome (Sf mlie i Yleisl il o)la] oS
23,5 Bld 50 slacile 5 Sl deg lowr S5 (S8 )3 ohagr 5 o €S oI35 Cunlw 3 (sl 45 S f3,05 5
FLEXI UPGMC UPGMA (clagi ,o3l b 5 3,5l alis 5 oy ol | pords pbil (glad o3 4o 5

Iy loyss; il jlade oy y2eS Centroid o, Centroid ¢ Median WPGMA SINGLE .COMPLETE
(AMOVA) JgSlgn il ly 0356 J) i alas it 3 boiigs ogllas 3hiss s it 4 () JS3) s oot 353
QT e oy yid o J580g0 Luibylg 4355 5 Joo bs ol & 4545 L .(MoOhammadi & Prasanna 2003) s el |
loadys S 4 plyis 4 Goy b ol a3 (F Jga2) 290 +/-8F by 5 dol Csddy 09, s 4y (5ly i gl
P95 T ped bt by Ve Jol Adgd )0 45 NS el A g s & L) g ab 4B)F sl > S 4o ] ol
P (S5 £ (398 Vb iz ogMle dmd (o (LS ad 63 S 0 o8, AT (185 )18 8,5 )15 05, AF pogur 4 g5
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Figure 1. Dendrogram of cluster analysis using Centroid method based on Jaccard’s
coefficient
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Table 4. Result of AMOVA based on cluster analysis

$laog S 3 o @il a2 Slape gsame Guiblylipl S publyaoy Ger
O Sy
No. SV df Sum of Variance Percentage of total PhiPT
populations squares  component Variance
3 aumes 2 145.05 72.53 9 0.094
Between populations
buras 50 96 2930.38 30.53 91
Within populations
Js 98 3075.43 100
Total

Sl ol o3 g Jsl ddlie ulw] s ladiges (SuiSly o i plool 5,8 wlis w lo (wlol Lol Glaise 4 4 o0

YO 5l ieS Jol adlse 93 (yuil)lg dngi duo p3 (81 sl oads <ol (O Jodn) €85 41,8 sy 3550 ¢ duo] Slaisis 4 4 jo0
a4 1 (Mohammadi & Prasanna 2003) sileays,5 saiS1y wlio ygi0 4 po55 JS 55 b Sl 4l do )y
25 aid 16 o bo @jg pois JS 0 S0l amd oo lis cdelllan (ol 1o ol ddlie 90 law o5 aodly goi5 jl do j> OF/YF
ST oyt ala 33,5 e 03linw | SCOT ,Ssliis 51 31 cus | p3Y 5T ladllas ,5 ol iy b3lasl geos (639050 sblie
S g3 STy 4ged ¥ JSUE b i gy pe gl Yl U 00,8 o duo o 500 (o) Sl 1 edlatw | 35 g 09 bld
93 £9° 0955 o5y AD Jgl 09,5 )3 b el 09,5 Jlaz &2 Pyl smy 93 3905 (ol w3 o Ui |y Jol addle 95 Jg>
Aol 08 pSixia ylg05 53 BN (e (win Alols B )S 1) S A o8) o p)lez 09)5 9 08) V) pow 09)5 b,
& 430 3 Jols mls (Mohammadi & Prasanna 2003) el b b 5l Gl s b o] o (S5
ol o 1) sladed a5o0 (gly odd lo angi (lgi oo 9 bl Callae (gladigs 4350 gl b (ool Hlde & Lol Glaise

P90 ) S5 w2
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Table 5. Result of principal coordinate analysis

adlge ojg ylde s oil)ly 2oy oS il Loy
Component  Eigenvalue Percentage of relative variance Percentage of cumulative variance
1 52.31 52.84 52.84
2 3.49 3.52 56.36
3 2.44 2.46 58.82

kol Olaises a4 350 51 0l U (gumy 93 (WiS T p ydged .Y S8
Figur 2. Scatter biplot using principal coordinate analysis
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