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Abstract

Objective

Coriandrum sativum is a medicinal plant cultivated in various regions of Iran and worldwide for
a long time. With a genomic formula of 2n=2x=22, coriander is a diploid plant, and Iran is the
fourth largest producer of this crop in the world. This study aimed to investigate genetic diversity,
assess similarities and differences of different coriander populations using RAPD and SCoT
markers.

Materials and methods

Sixteen coriander populations were collected from various counties in three provinces: South
Khorasan, Yazd, and Kerman. Twelve RAPD primers and 20 SCoT primers were used for
molecular diversity analysis. Data analysis was performed using the software packages
NTSYSpc2.2, SPSS v26, and Excel 2020.

Results

Of the 12 RAPD primers, 10 showed polymorphism, while 15 of the 20 SCoT primers displayed
polymorphisms. In total, RAPD and SCoT primers produced 40 and 86 high-resolution bands,
respectively. The polymorphism percentage was 100% for the RAPD and 97.67% for the SCoT
markers. The RD6, RD8 (RAPD) and SC11, SC13 (SCoT) primers produced the highest number
of bands (5 and 9 bands). The average values for the PIC, MI, EMR, and RP indices were 0.43,
1.69, 4, and 2.81, and 0.38, 2.09, 5.49, and 3.38 for RAPD and SCoT markers, respectively. The
highest genetic similarity was found between Kerman-Zarand, Yazd-Bahabad, Sirjan-Baft,
Kerman-Baft, and Birjand-Khusf populations. The lowest genetic similarity was observed
between Sarbishe-Bahabad, Bahabad-Bam, Birjand-Bahabad, Birjand-Yazd, and Bahabad-
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Zarand populations. Cluster analysis on RAPD and SCOT data grouped the populations into three
clusters. Principal Coordinate Analysis (PCoA) according to RAPD and SCoT data explained
50.82% and 52.97% of the total variance, respectively.

Conclusions

The markers used in this study effectively distinguished the coriander populations from each
other. The high polymorphism rate of the RAPD and SCoT markers demonstrated their efficiency
for genetic diversity analysis in coriander populations. Both markers showed similar efficiency,
but the SCoT marker slightly outperformed RAPD in distinguishing populations. The low
percentage of variation explained by the components indicated that the primers had appropriate
distribution across the genome and therefore were well chosen. The results revealed that genetic
similarity was relatively high within populations of each province, while lower similarity was
observed between populations from different provinces. To maximize diversity and heterosis,
crossing populations such as Sarbishe x Bahabad, Bahabad x Bam, Birjand x Bahabad, Birjand
x Yazd, and Bahabad x Zarand are recommended.

Keywords: cluster analysis, genetic similarity, molecular marker, polymorphism, primer

Paper Type: Research Paper.

Citation: Zabet, M., Akbari, M., & Izanloo, A. (2025). Investigation of molecular diversity of
some coriander (Coriandrum sativum L.) populations using RAPD and SCoT markers.
Agricultural Biotechnology Journal, 17(4), 71-98.

Agricultural Biotechnology Journal, 17(4), 71-98. DOI: 10.22103/jab.2025.24705.1650
Received: June 22, 2025. Received in revised form: August 27, 2025.
Accepted: August 28, 2025. Published online: November 30, 2025.

Publisher: Shahid Bahonar University of Kerman & Iranian
@ Biotechnology Society.
© the authors

Introduction

Coriandrum sativum is the only domesticated species in Iran. With a genomic formula of
2n=2x=22, coriander is a diploid, herbaceous, and annual plant, and Iran is the fourth largest
producer of this crop in the world. The world production of coriander is approximately 2 million
tons, and Iran ranks fourth, with around 56,000 tons. By obtaining information on the genetic
distance between individuals or populations, it is possible to organize the gene pool and sample
genotypes effectively. RAPD and SCoT molecular markers are two of the most commonly
utilized markers to examine genetic diversity. The first step in breeding and preparing coriander
varieties is to know about genetic diversity. In the field of genetic diversity, there are very few
studies on coriander. Iranian studies have revealed that only a few studies have examined the
morphology of existing populations so far. The use of molecular markers to study genetic
diversity is not well-studied. This study aimed to discover the diverse range of coriander
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populations in the neighboring provinces of South Khorasan, Yazd, and Kerman by utilizing
SCoT and RAPD molecular markers. The efficiency of these markers in estimating the amount

of genetic diversity present was assessed in this regard.

Materials and methods

This study was carried out in the Molecular Plant Breeding Laboratory of the College of
Agriculture, Natural Resources and Environment, University of Birjand from 2020-2021. 16
native coriander populations were collected from different cities in three provinces: South
Khorasan (4 populations), Yazd (4 populations), and Kerman (8 populations). For DNA
extraction, 0.2 grams of each sample was crushed in a sterilized porcelain mortar in the presence
of liquid nitrogen. A Nanodrop device (Thermo Scientific model 2000) was utilized to determine
the quantity of extracted DNA. Using a horizontal electrophoresis device and a 1% agarose gel,
the quality and quantity of extracted DNA were assessed. In this experiment, 12 RAPD primers
and 20 SCoT primers were used. Of the 12 RAPD primers, 10 showed polymorphism, while 15
of the 20 SCoT primers displayed polymorphisms. Freeze-dried primers were bought from the
Sinaclone company. The thermocycler (Master cycler gradient model, Eppendorf, Germany) was
utilized to perform the PCR reaction. A final volume of 20 ul was used in the PCR reaction, which
comprised 1 pl of template DNA (20 ng), 1 pl of primer (0.67 picomoles), 10 pl of reaction
mixture, and 8 pl of double-distilled water. A 1% agarose gel in buffer (TAE 1X) was used for
horizontal electrophoresis of the PCR products. To evaluate the efficiency of the primers, traits
and indices such as the number of amplified alleles (Na), the number of polymorphic alleles, the
number of effective alleles (Ne), Polymorphism Percent (PP), Diversity Index (DI),
Polymorphism Information Content (PIC), Effective Multiple Ratio (EMR), Marker Index (MI),
and Resolving Power (RP) were calculated. NTSYSpc.2.2 (Applied Biostatistics Inc.), SPSS
(IBM Statistics version 26), and Excel 2020 (Microsoft Office Professional 2020) software were

used for data analysis.

Results

Of the 12 RAPD primers, 10 showed polymorphism, while 15 of the 20 SCoT primers
displayed polymorphisms. In total, RAPD and SCoT primers produced 40 and 86 high-resolution
bands, respectively. The polymorphism percentage was 100% for the RAPD and 97.67% for the
SCoT markers. The RD6, RDS (RAPD) and SC11, SC13 (SCoT) primers produced the highest
number of bands (5 and 9 bands). In the RAPD marker, the two primers RD6 and RD8 amplified
the highest number of bands (5 bands) and the primers RD7 and RD10 amplified the lowest
number of bands (3 bands). In the SCoT marker, the two primers SC11 and SC13 amplified the
highest number of bands (9 bands), and the primer SC4 amplified the lowest number of bands (3
bands). In the RAPD marker, all primers showed 100% polymorphism, but in the SCoT marker,
the two primers SC1 and SC14 had the lowest percentage of polymorphism with 75% and 87.5%,
respectively, and the rest of the primers showed 100% polymorphism. The PIC value in the RAPD
marker varied between 0.36 in the RD8 primer to 0.49 in the RD7 primer, and in the SCoT marker
between 0.20 in the SC1 primer and 0.48 in the SC15 primer. In the RAPD marker, the highest
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marker index value (1.86) was assigned to primer RD5, and the lowest marker index value (1.41)
was assigned to primer RD10. In the SCoT marker, the highest marker index value (3.80) was
assigned to primer SC11, and the lowest marker index value (0.46) was assigned to primer SCI.
In the RAPD marker, the highest effective polymorphic ratio index value (5) was assigned to
primers RD6 and RDS, and the lowest value (3) was assigned to primers RD7 and RD10. In the
SCoT marker, the highest effective polymorphic ratio index value (9) was assigned to primers
SCI11 and SC13, and the lowest value (2.25) was assigned to primer SC1. The maximum and
minimum values of the resolving power (RP) in the RAPD marker were 3.14 (primer RD9) and
2.38 (primer RD10), and in the SCoT marker, the maximum and minimum values of this index
were 6.25 (primer SC11) and 1 (primer SC1). The Jaccard similarity coefficient and the UPGMA
algorithm were recognized as the best coefficient and the best clustering pattern due to having the
highest correlation coefficient in both RAPD and SCoT markers (0.78 and 0.83, respectively.
Based on the similarity matrix obtained from RAPD marker data, the highest genetic similarity
was obtained between the populations of Kerman - Zarand, Yazd - Bahabad, Sirjan - Baft, and
the lowest genetic similarity was obtained between the populations of Sarbishe - Bahabad, and
Bahabad - Bam. Based on the similarity matrix obtained from SCoT marker data, the highest
genetic similarity was obtained between the populations of Kerman - Baft, Birjand - Khusf, and
the lowest genetic similarity was obtained between the populations of Birjand - Bahabad, Birjand
- Yazd, and between Bahabad - Zarand. Cluster analysis based on RAPD marker data classified
different populations into three clusters. In the first cluster, only the Sarbishe population was
included. The second cluster was divided into two sub-clusters and included the Bam, Abarkoh,
Bahabad and Yazd populations. The third cluster was divided into two sub-clusters and included
the Nehbandan, Ravar, Shahr Babak, Mahan, Kerman, Zarand, Taft, Sirjan, Baft, Khusf, and
Birjand populations. In the dendrogram obtained from the SCoT marker data, the populations
were placed in three clusters. The Zarand population was placed in the first cluster. The second
cluster (four populations) itself consisted of two sub-clusters. The Mahan population was placed
in the first sub-cluster, and the Baft, Ravar, and Shahr Babak populations were placed in the
second sub-cluster. The third cluster (11 populations) itself consisted of two sub-clusters. The
first sub-cluster included the populations of Yazd and Bahabad, and the second sub-cluster
included the populations of Bam, Kerman, Sirjan, Abarkoh, Birjand, Khusf, Taft, Nehbandan,
and Sarbishe. Principal Coordinate Analysis (PCoA) according to RAPD and SCoT data
explained 50.82% and 52.97% of the total variance, respectively.

Conclusions

The markers used in this study effectively distinguished the coriander populations from each
other. The high polymorphism rate of the RAPD and SCoT markers demonstrated their efficiency
for genetic diversity analysis in coriander populations. Both markers showed similar efficiency,
but the SCoT marker slightly outperformed RAPD in distinguishing populations. The low
percentage of variation explained by the components indicated that the primers had appropriate
distribution across the genome and therefore were well chosen. The results revealed that genetic

similarity was relatively high within populations of each province, while lower similarity was
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observed between populations from different provinces. To maximize diversity and heterosis,
crossing populations such as Sarbishe x Bahabad, Bahabad x Bam, Birjand x Bahabad, Birjand
X Yazd, and Bahabad % Zarand are recommended.
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Srobsr 090 9 (298 Ll Sy diged S Wg o 4l (85 Hl5 3 L) Gl (Salal ©jgody (S sdise &
5 gy L DNA gl ad Jatto olitulel (oo —A+ 5528 4 glo (13585 50 (w5 €85 )13 (sogrinedll i9)
Syl sz yale SB35 3 wiges ya 3l p )5 /Y DNA gl 5wl 4ly (Narzary et al., 2015) i plosl CTAB asl
gyl Bl g See FAS ool 6l e 93 (Slaogsiy s 4 00809 (Sladiged w9 )39 @le (9 H9d> 5 9
s 25 San VY sl & (Yo oo VIF) s 2,85 (Vpolio ¥+) EDTA ((Ygoi o V++) oo {30 4) CTAB
o (Thermo Scientific 2000 Jue) G35l olKiws SaS & s ki) ol GLDNA e s a8lil Joiblenls s
(a9t S Sagl Jade o)y (5l2) Y+ IVAS ol s g 03l 11,5 olisd S (555 12 g Se 93 cdiges y 3l 0
2l ke Cud (ST Gy ol 332855 8 b)) y9e (S 5 9 SS9l o (e sl) VYIS
Bios Gln 48 canl ol 0aimd L5 a3l VASY 3gaoe 13 yiogil YA+ zgo Job j3 Gl Jlio 4 piogilh Yo+ e Jobo
o3kl b ozl sl (DNA oS 5 i ol gllan dlols (DNA S § 48,5 &g Sl 5 sladuol bawgs
SCOT S5l Y+ g RAPD S5l WYl iolojl ol po o plboil dops S5 58T 5 sy 2 (o8l 5y989,580) oK 1
PCR Jgao jy99958) 5l an SCOT 55161 V0 g RAPD (cla S5lel 5l sae Ve o S5l o) gg0mo 5l 48w ooliusl
g S Sy 4 b Sl (Y Jgs ) 03,5 oolil suios ashl (clp a,SLel ol 5l as wisly LSis YU oy b ola,le
9y o> pbl)S s b ST Jlasl (glod it e polaio 4 35 Ad 5 B sl <8yl el b
ol 4 0 axs Sk GDNA (caigai b ST o5l el ) slanl )3 285 & s (45505 aiz bgls) Sl (sladiges
Cures 59y 2 1,551l adgl yg03l IS oyl 5l G .003)5 bglsee wal g lbesl Solas yobo 4 DNA &igei g 45 & jgu0
(505 ke 4y sl iS5 BDNA o go, o Wlsts 55 ET caily azsly ISito DNA (ciges Sy 5T azplis b 59y
Lols 13 48,5 a3 )3 S5l ¥e STy 1o 55 DNA liee 59 S5l s DNA o ) luebl 5 < 0p5,Vl G
Pl PCR (sla 28Ty g 9 245 a8L] Gilieo (sla SET (gl (slacogss & g (1 Jgi) o3le] pasedie sl b STy
)5 ©yeo (Mastercycler gradiant, Eppendorf, Germany Jio) JSGloge s oKews L PCR jiisly 005,53
L PCR Sty b (5l 3 ol Lo 805 ) osdfy 3 Sits &gy S5l g Lojl 5uaors Sy 805 ) iy
lssSeo Ve {JsesSer +I7Y) ST il Sn o oS5 ¥+) S DNA jily oo S0 Jols iy San Vo 5 oo
Sy 5,81 5 5l oalisl b PCR ¥ guames i1 5,089 5SU1L(F 9 ¥ Joa) 352 ko Jlog> o 29,80 i g 28Ty bgloe
ool o 5l yidg Soo du Hlade 0 ool 584 Sl oiwd SOU (gl TAE 1X0 30 51 plool (TAE 1X) 3L ,5 asys
30l S5y 5l g b oekal3 285 Fe loj g g Ae (g5, ol SWg S ()I5)1 lSaly 31 S5 25 S0 90 L
Clear view, cleaver Jio) SbJ5 ofKuws lwg DNA (gaisl o5 laad cpiolcinw Jglbxe 51 odlazel L Jj
I yles yins dunlio 5 ol awyp slp 3,5 ()b wSe 5 odalie ianl)d e ,j (scientific, UnitedKingdom

5 oslizwl (ExcelBand™ 100bp+1.5kb DNA Ladder) ,a) s, o
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Table 1. Collected Coriandrum sativum populations and their geographical location

o)led dilaio Ol Slad (oys S s by s ) el
Number  Location Province Northern latitude Eastern longitude  Elevation
1 Birjand >0 v ool ksl 32°53'N 59'13'E 1470
Province Southern Khorasan
2 Khusf cawgs i oLl ol 31°40N 56 06'E 1300
Southern Khorasan Province
3 Ol > ool ol 30'32'N 58 35'E 196
Nehbandan Southern Khorasan Province
4 A o w5t ool oled 59'32'N 59'49'E 1550
Sarbishe  Southern Khorasan Province
5 Yazd »j, Yazd Province sj bl 29°22'N 52°55'E 1200
6 Taft ca Yazd Province 3 )l 31'45'N 54'12'E 1549
7 Abarkoh o5 S5 bl 53°16'N 3107 E 1550
Yazd Province o o
8  Bahabad slly 33 ol 31'33'N 55'36'E 1564
Yazd Province o o
9  Kerman (S S5 bl 25 55'N 5326'E 1755
Yazd Province o o
10 Sifan ls o Sloss” il 29°28'N 55 34'E 1730
Kerman Province o o
11 Bam oy el 29 06'N 5821'E 1061
Kerman Province o .
12 Zarand .); oleyS bl 30 49N 56 34'E 1656
Kerman Province o o
13 Sobyocs oleyS bl 30 06N 5507 E 1845
Shahr-e Babak Kerman Province
14 Baft sl Kerman Province oL bl 28 06'N 55"15'E 2280
15 Ravar ,l, Kerman Province ;s bl 31'16'N 56 49'E 1181
16 Mahan .l Kerman Province .lo,S kol 30 04'N 5717 E 1895

oS bl 5l.cd S )3 o)y 3y90 Image] lible 5 5l ookl b ol conday sla wSe bl ) 15 lo] (gady joxi

polaid] jao sue ol dgrg pas &y 5 o e asede Jsb Ll 0 sy 4 caibly LI Comle ool 3,90 1S3l 43 o
g Sl da Sl ol byl sl 85 8 s )50 bedl usle Gl 4 jlsi I Jols Sledbl 5 45 ool
PP=Polymorphism ) Sz 1oy (Ne) 5o M slaw ¢ JSsnin P olas o(Na) o 1S5 P olass aiile ola jasli
Slgme asls L (DI= Diversity Index) ISius jasls (g IS » JSSas slaylg slas i) (Percent
Slgly3 Pi &S 345 0 dswlbe PIC=1-Epi? Jge,3 5l :( PIC= Polymorphism Information Content) s>
slaylg sl x ISsas as ) 51 :(EMR=Effective Multiple Ratio) jge JISbas cuns adli asb oo pl 1,505
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A5 anwlbxe gl glls a3l cus pi oS IB=1-[2%(0.5-Pi] ] ,» « : RP=YIB (RP= Resolving Power)

(Agrama & Tuinstra, 2003; Botstein et al., 1980; Lewontin, 1972)

oielojl ,3 3wl 3,58 SCOT g RAPD )5 ;11 Glasuin .Y Jgua

Table 2. The characteristics of RAPD and SCoT primers employed in the experiment

slas Sk I clos  oles Skl I slos
Number Primer Sequence Jlssl Number Primer Sequence Jlasl
Tm Tm
© ©)
RAPD SCoT
1 RD1 5-AGGGGTCTTG- 35 1 3'-CAACAATGGCTACCACCA-
3 SCoT; 5 53
2 RD2 S GTTGCGATCC-3' 35 2 SCoT, 3'-CAACAAT GSC:ICTACCACCC— .
3 RD3 5-GGAAACCCCT- 35 3 3'-CAACAATGGCTACCACGG-
3 SCOT7 5 55
4 RD4 5-TGGCGCACAC- 35 4 SCoT 3
3/ ' ACGACATGGCGACCAACG-5' 58
5 RD5 5-GGCACGCGTT- 35 5 3'"ACGACATGGCGACCATCG-
3 SCOT13 5 58
6 RD6 5'- 35 6 SCoT 3" ACGACATGGCGACCACGC-
TGAGTGGGGTG-3' ol 5 59
7 RD7 5-ACACCGATGG- 35 7 SCoT 3
3/ ® ACGACATGGCGACCGCGA-5' 58
8 RD8 5'-GTGGCCGATG- 35 8 3 ACGACATGGCGACCCACA-
3 SCOT21 5 57
9 RD9 5-ACGGAAGTGG- 35 9 3'"AACCATGGCTACCACCAC-
3 SCOTzz 5 55
10 RDIO 5-AGGGGTCTTG- 35 10 3'-CACCATGGCTACCACCAG-
3 SCOT23 5 57
11  SCoTy 3-CACCATGGCTACCACCA-5' 52
12 3'-CCATGGCTACCACCGGCG-
SCOT30 5 59
13 3'-CCATGGCTACCACCGCAG-
SCOT33 5 55
14 3'-CATGGCTACCACCGGCCC-
SCOT35 5 59
15 3'"GCAACAATGGCTACCACC-
SCOT36 5 54

5 Iocunar (sitossS sskiio & 5 (PCOA) Lol clao & 425 p555 Jsb 5o b5l (SuSy s poiio 4

3 wosls 4525 )3 .5 plosl UPGMA g, 42 (sl 435 05 plol (gladss 4o ol 81 (Si§ alts (sl (i

Excel 2020 4 (IBM Statistics version 26) SPSS (Applied Biostatistics Inc.)NTSYSpc.22 sla l33le
A5 exlazwl (Microsoft Office Professional 2020)
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Table 3. The components and cycles program for SCoT-PCR reactions

PCR jlyedy sl 2w 25y SCoT
dge wls clale oSy sz Jolye a3 > ol Lod obej
Materials Final Reaction Step Cycle (Logmades)  (ab/4isBd)
concentration components Number T .
emp Time
(C°) (min/s)
s by o - 8 adgl (o5lweas ol 1 94 4min
Double distilled Wl iy Se Initial
water denaturation
Master mix ul ydgySe Denaturation
Skl 0.67 1 Jlas! 40 Tm-5 45s
Primer JsesS ML g See Annealing
pm
sloless 1 P Jms 40 72 1min
DNA 20 - Bl g See Extension
S Sl p 5 5k
ng/ul
o> 20 S 1 72 Smin
Total l 3is)See  Final extension

RAPD ,55L55 g1y 5l yondy slo oy (89 (22lod aolips 9 (519 32l € Jgar

Table 4. The components and cycles program for RAPD-PCR reactions

PCR jlyouls (sl iy (103519 RAPD
Materials Final Reaction Step Cycle (Logmndes)  (48i3d)
concentration components Number Temp (C°) Time
(min)
s b - 8 gl (gilocad pls ! 95 4
Double distilled ul y2dg S Initial
water denaturation
Master mix Bl iy e Denaturation
S )'Léi 0.67 1 Jlas! 45 35 1
Primer JsesSa ul s ySee Annealing
pm
db‘da 1 u*’)wf 45 72 2
DNA 20 o fl iy S Extension
Felg el )5S 93l
ng/ul
o> - 20 ol b 1 72 6
Total ul ydg S Final extension
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Cou g b
55110 SCoT S5kl v- 5l 5 S5kl Ve RAPD Sl VY )i JKSnia owyyt g B,SET ol)l8 JUj,)l
SN0 5 (Sl o il 4l ¥ lawsgio yobo @) g3 ¥+ RAPD ST - 575 o Lis |y (oYl 2989 9 (IS5
W e BV ee e 4 Lol Jgbo o K903 a8 Yl 290 b (S 50 (il 40 )l OV bawgio o &) s AP SCoT
Sl )S5ET lawgs 00d iS5 sl g (663l 5| (slaiges 39 pite SCOT g RAPD (sl ,Silis (gl jbcds Yeoou BVes g

ol oas ool L v S 55 (SCoT Kilis) SC7 4 (RAPD Silis) RDS

SL) SCT ,5 ;51 -0 (RAPD S5Wis) RD8 )55 -l 1 niS slacuros sl ,lei (5951.Y U
(SCoT

Figure 1. Band pattern of coriander populations: a- RD8 (RAPD), b- SC7 (SCoT) primer

93 RAPD Sl )3 el cuwdts 2oyd AV/EY SCOT [S5Lis 13 g doyp Voo RAPD [Silis 3 (JSiais duo)yd
283,815 1y (g ¥) g dlaws o jieS RD10 g RD7 (sla )55kl 4 (g5 0) lgs slaw oy yuis RD8 g RD6 (55l
3 L3905 iS5 1y (Jlg5 ) g5 olaw o 5eS SCA S51eT g (326 Q) g5 o yuiis SC13 4 SCI1 55kel 93 SCoT [ Kilis

S5l 93 SCOT [S5Lis ;o Lol cings asliio Llod ol 51 g oy olis IS suops Voo )55kl ol RAPD Silis
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btz 2o Ver Sl (Bl )5 g ol Lt ) (JSbsia ao)d (1S 40)> AV/D 5 YO b i 4 SC14 4 SCI
aseld ol Cussay /YA Ll SCOT [ Silis ¢l 5 +/¥Y b ol RAPD [S5lis (¢l PIC Lawgio jlade i osnli
Sl 3 +/ve 40 SCoT Kilis > 9 RD7 S5kel p3+/¥a 5 RD8 55l )5 +/¥s 40 RAPD ,Slis 3 PIC laie
L ylp RAPD Slis glyy (M) (6,550 adlis bauwgio luie (5 90 Jglis) 3g yite SCI5 ,55k1 55 +/fA 4 SCI
opyeS g RDS SHET ) (VAS) (6,550 (el Jlade o i RAPD S5l 53 09 ¥+ b ply SCOT [Siliis 9 /54
SCI1 el 1, (YIA+) 6,55l Lasls Jade op i SCOT Sl 3 g RDIO S5l 1, (VFY) (¢, Silis sl laie
2 e bz Cumd (ks Lawgio Jaie 3l oLl 353 4 SCI ST, (+/55) (6 )Sobis sl Jafo o 28
Comd a3ld Hlde oy i RAPD Sl )3 .ael cawsay 0¥ Ll SCOT ,Slis 3 9 ¥ L plp RAPD Slis
oiote SCOT il 55 s RD10 g RD7 (gla 3T, (¥) e 525205 s RD8 s RD6 (sla S, (0) o ASsniar
wobaisl ags a4 SCL SLel 1, (Y/Y0) e oy yieS s SCI3 g SCI1 (cla,S5ET 1) () e (ISinin cns (2 ls jlade
Aty 3,5 )9l YA g YIM L ply 55 4 SCOTy RAPD (¢la Siliis (¢lps (RP) S5 13 Lawgio jlude aiol>
aipin SCOT Slis 3 4 (RD10 S51) YIYA o (RD9 [S5N) Y/VF Ll RAPD [Silis o asli oyl jliie (saieS

(5 50 Jsis) 552 (SC1 556NV 5 (SCIT SN /Y0 b il yasls o) e (saiaS

RAPD |55l JoSg0 s ,adLis .0 Joua

Table 5. Molecular indices of RAPD markers

Sl IS o elaly sl Lo sl Cons  esls asls
Primer  la)ly by Moy glge Soay Sl o
N. of N. of Polymorphism  Jsxs P MI SSas

bands polymorph percent PIC EMR RP

bands

RDI1 4.00 4.00 100.00 0.45 4.00 1.81 3.13
RD2 4.00 4.00 100.00 0.40 4.00 1.59  2.63
RD3 4.00 4.00 100.00 0.43 4.00 1.73 2.5
RD4 4.00 4.00 100.00 0.43 4.00 1.69 281
RD5 4.00 4.00 100.00 0.47 4.00 1.86  3.00
RD6 5.00 5.00 100.00 0.37 5.00 1.83 2.5
RD7 3.00 3.00 100.00 0.49 3.00 146  2.63
RD8 5.00 5.00 100.00 0.36 5.00 1.79  2.88
RD9 4.00 4.00 100.00 0.43 4.00 1.71 3.14
RD10  3.00 3.00 100.00 0.47 3.00 141 238
Mean  4.00 4.00 100.00 0.43 4.00 1.69 281
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Table 6. Molecular indices of SCoT markers

Skl Jolw elaylg olaws Lo yd oasls o oasls asls
Primer )y IS SSsns Clgme o Sl KARY
N. of N. of Polymorphism s Pge MI S

bands polymorph percent PIC EMR RP

bands

SC1 4.00 3.00 75.00 0.20 2.25 0.46 1.00
SC2 6.00 6.00 100.00 0.33 6.00 1.98  3.13
SC3 6.00 6.00 100.00 0.37 6.00 223 3.50
SC4 3.00 3.00 100.00 0.48 3.00 143 2.38
SCs 4.00 4.00 100.00 0.44 4.00 1.77  3.00
SC6 6.00 6.00 100.00 0.34 6.00 2.03  3.00
SC7 5.00 5.00 100.00 0.33 5.00 1.63 213
SC8 6.00 6.00 100.00 0.48 6.00 288 5.13
SC9 3.00 3.00 100.00 0.47 3.00 1.41 2.38
SC10 5.00 5.00 100.00 0.46 5.00 2.31 3.75
SC11 9.00 9.00 100.00 0.42 9.00 380  6.25
SC12 6.00 6.00 100.00 0.39 6.00 232 3.63
SC13 9.00 9.00 100.00 0.30 9.00 2.71 3.63
SC14 8.00 7.00 87.50 0.25 6.13 1.50  2.63
SC15 6.00 6.00 100.00 0.48 6.00 291 5.25
Mean  5.73 5.60 97.67 0.38 5.49 209 338

PIC= Polymorphism Information Content, EMR= Effective Multiple Ratio, MI= Marker Index, RP= Resolving Power

281y Gl g pd o 2l LS StbsS (Stsod olpd () 1SlANGS 45000 g BCuror (Sl dhold
5 *IVA 5 4) SCOT § RAPD Silis 9y )5 (Stsad <o 03Vl 039 L s> & (UPGMA) 2,651
@359 g del Cawds AL o yilo 651l Loleol o 11 €050 sl (caadgd (o901 o yiag 9 o pd Oy yiag olgie 4 (+/AY
Y Jsin) 15 plox classgs
SCOT 3 RAPD (510 L5 11 S Soenas s ¥ Jpi

Table 7. Cophenetic correlation coefficient for RAPD and SCoT markers

w2y 9N! Jols > yiie 039 09 095 S by,

Algorithm Complete Single UPGMA ol 5:Ske b
Similarity coefficient 4lis copo RAPD SCoT RAPD SCoT RAPD SCoT
Dice > 0.61™ 067 072" 070"  0.73" 0.74™
SM oslws (3l 0.64™ 0.72%* 0.74™ 080"  0.74™ 0.82*
Jaccard 551> 0.62° 071" 072" 0.73"  0.78" 0.83**
UNI 0.66™ 0.82 0.66™ 082"  0.71" 0.74**

Lwgio b +/SF 5 +/VA Cyo lacumes (S5 alis )laie RAPD S5l (claodls jl ool comsay lis o pilo ol 5

Vo g (3ble 593 o SFAVA 98 ()] 5 o) e IFA) VY 9% laCumen (ym SuBi Cbld o yids g puiie +/F)
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I 5 A 5 (blee g admy o TNAVA 5 ¥ (Slacumen ( (S) Calid (pyieS g (S8l 5 oy o IPA)NY
2 e lFY g gl gl Glacames (9,0 0 Gl Co o bawgie lis uw le olul el Casddy (v 9 Sble o
Slacanes o Wi Copd bawgie el Conddy <0 53 ksl clacuxes (9,0 ;0 9 +/FA loyS liwl (clacuzes (9,0
] Slacmes o 5 /T8 35 il b g ol o] slacunas o T glayS il b ogin olls il
aCures (S5 alis laie SCOT ,Slis (claodld j osel comnds alis yww ilo Lolool s )5l +/FY 35 bl b la,S
Y o) g (b g oloyS oy tIPA)VE 58 laCunes o (S Canlid Cp i gy yusie <[00 awgie b /Y b +/VA oy
Sz o V) 0 9 ) bleg 9 iz g o /T ) A9 ) Slacunen oy (SeBf Caled (a8 g (Ghwgs g 32 (2 +/PY)
P elEY oge Gl bl Glacames gy 5 i o s bwgio el Candds (855 9 3bley cp +/¥Y) Y g A 5 (35 9
EaCnen (o LS (o bauglo A5 35l OV 35y il (slacumer 599 )3 5 <100 o) Gl slacumer o9,
oltl lacumes g /YA D5 il b psix Sleld linl acures o /05 lo)S Gl b psin el bl
Y dols > 1) calisee slacures RAPD S5l (claosly wlol p (clados o5 el candas +/OF 35 bl b Lo
239> 4095 (Cume )z ped (sadgd L8 Sl (ddnyw) ¥ Cunen i Jg) (sad8 13 2900 (gadled b A )
59 4 355 (Camox W) o sadgs 85 113 01 1 (532) 0 5 (Sblee) A fosS 1) V5 (1) V) slacmon 5 45 ot s
V) 5 053) VY ) 8 olal) V5 S ) O ) 18 i) ¥ slacamen » 45 o Al

oV JSd) 28515 () V g (hawgd) ¥ 8L) VY (ol o)

062 0.52 042 0.32

’ =

RAPD Sl (ol o S e gCuros glawsd @30 .Y JSSG

Figure 2. Cluster analysis of different coriander populations based on RAPD marker
WSl o =W ek); TIY qer =) el =Y+ elo,S % bleg —A cogS ] Y i =5 3 —0 e oo —F (i Y cihwgd —V adiz o -
oble =18 g, V0wl -V F

1- Birjand, 2- Khusf, 3- Nehbandan, 4- Sarbishe, 5- Yazd, 6- Taft, 7- Abarkoh, 8- Bahabad, 9- Kerman, 10-
Sirjan, 11- Bam, 12- Zarand, 13- Shahr Babak, 14- Baft, 15- Ravar, 16- Mahan.
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Jol saigs j> 28,5 )15 abgs aw )3 +/00 ol )5 acuxes SCOT ,Slis claodls 5 osal cauwday pl,5g)065 5
Como Jgl gadgd ) 3 92 4dos 0 93 J) JSutito 353 (Cumer o) p9d (sabos 285 )11 (1)) IV Capmon (Cumer K1)
395 (Camex W) pgw sadgd 28,5 )13 (SOl 10e8) W g (591)) 10 (L) WY slacumer pod sadgd 0 )3 5 (Olale) VP
N ) V) slocuner pod adgd nj ) 9 (Sblee) A g (02) O lacumea sl sadgdpj > oAb S5 adgs 05 95 ]
(¥ JSed) 285 )15 (adip o) ¥ g (0a5) ¥ (€5) & (chiog) ¥ (222 y2) VoS 2l) V (0l ye) V0 9 (0le)S)
oobol .4l plosl SQRT (LAMBDA) (g )by (s wlio (bl 3 PCOA 4555 1 ol Claisee a4y 3000
VVYY pg3 ddlgo o yd VYNO Jol adlgo 133,S an g 1y JS" b lg 5l do )3 04/AY Jol adlgo s RAPD [Silis (slaesl
ool dges dn g 1y IS uilylg 5l duo s VIV ooy ddlge g o yd A/ND plas dddge o pd Vo /¥Y pow ddlge wloyd
o> WYY pod dilge o> VF/VE gl ddlge 1035, angi 1) JS uiljly 5l aopd OY/AY Jgl adlge iy SCOT Sl

0.75 0.66 0.57 048 0.39

(-

I_

SCOT Sl ! g i e Cures (gladigd &30 Y JSUS

Figure 3. Cluster analysis of different coriander populations based on SCoT marker
WSl e =W )5 MY qer =) el =Y+ elo,S = dbley —A cogS il Y i =5 3 —0 e oo =¥ ¢ i Y igd =V iz =)
ol =18 g, V0wl -V F

1- Birjand, 2- Khusf, 3- Nehbandan, 4- Sarbishe, 5- Yazd, 6- Taft, 7- Abarkoh, 8- Bahabad, 9- Kerman, 10-
Sirjan, 11- Bam, 12- Zarand, 13- Shahr Babak, 14- Baft, 15- Ravar, 16- Mahan.
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Table 8. PCoA analysis for RAPD and SCoT markers in coriander populations

adlge o9 e o ob)ly Loy o9 )l W o)l Loy
Component Eigen R .9 cy o Eigen R .9 —cy o
Value Variance o Value Variance o

(%) Cumulative (%) Cumulative

Variance (%) Variance (%)

RAPD SCoT
PCy Jl adlge 1.07 12.15 12.15 0.96 14.16 14.16
PC; pgs ailge 1.00 11.33 23.48 0.77 11.34 25.50
PCs pgw ailge 0.92 10.44 33.92 0.73 10.85 36.35
Pl 4dlga

PC4 0.81 9.15 43.07 0.58 8.63 44.98
PCs ooy adlge () 68 7.75 50.82 0.54 7.99 52.97

ol eases yuiSTy Jhged sl oad oaly L ¥ IS 0 KL 90 slaoaly bl y lacumes juiSTy jlages

aslis Jlges opl )3 )1 dgzg gl cpw pd B (K55 g 1 g asly wlie SaSTy 5iiS clacames 45 A o
(S5 bt wnti 5 5 lacuman of o (S5 (soae L il il (ST laged Sl BB (54l S ) bacuner
odimd L5 g ouiSTy Jloged cilisee (g )3 acumes asulis Lol 9,16 593 bl cpw (035 £65 plply g conl Ll
o laged ol 5o 4zl )15 299 Lol o (2 Yl (S5 £95 130 g ol oy 2 9,90 J5S0g0 slaoals Llod l lacuman (135299
oS &Sl 4y g b g sl lacman o Sl (0 F JS5) )5 5 (QINF JS3) (i) ¥ ez (oL8 bz 3,5 o o>
oy 4lis Ly plo wlwl g (A 9 F) sblys 5 ddisyw o RAPD (Silis (sboodly aylis o pilo (ol o (S alis
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