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في تعيين التنوع  SSR-PCRتقانة 

 Capsicum لثمار الفلفل الحلوالوراثي 

annuum L.  لعينات محلية

 ومستوردة في العراق 

22

  Single 

sequence repeat (SSR-PCR)

33011

001122Polymorphic 

bands9Monomorphic bands
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13.2

1320

Euclidean coefficient

5.656

031

03103000

Capsicum annuum L.  

SSR

(Oh et al., 2012 ; Dhaliwal et al., 2014)

PolymorphismElite germplasm

Genotype

Variety(Geleta et al., 2005)

Climate changing(FAO, 2010)Wild 

accessions Nicolaì et al., 

2013

Modern cultivars

(Tanksley and Mc couch, 1997)

Lanteri and Barcaccia, 2006

DNA markersHighly conserved
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(Kochieva and Ryzhova, 2003)

(Zhang et al., 2007)

Morphological characteristics

Analysis of genealogyBiochemical markers

Molecular DNA markers

Molecular markers

Genotypes

(Hayden et al., 2010)

AFLP(Vose et al., 1995 ;  

Paran et al., 1998 ; Toquica et al., 2003)RFLP(Prince et al., 1992 ; 

Prince et al., 1995)SSR(Hanáček et al., 2009)RAPD

(Sitthiwong et al., 2005 ; Thul et al., 2011)

SSRMicrosatellites

Cultivated species 

Low polymorphism

Mapping quantitative traits 

Marker assisted selection(Varshney et al., 2005 ; Dhaliwal et al., 

2014)  SSRDNA

2050-5(Turnpenny and Ellard, 

2005)Genetic analysis

Polymerase chain reaction (PCR)

Multi allelic formsReproducible 
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Co-dominant(Litt and Luty, 1989 ; 

Jacob et al., 1991 ; Edwards et al., 1991 ; Powell et al., 1996 ; 

Weising et al., 2005 ; Soni et al., 2010)

Genomics

SSR(Tam et al., 2005 ; Oue et al., 

2012) SSRs Capsicum spp.

Oligonucleotides15AT15GA

15GT10ATT10TTGProbes

Genomic libraries

Base gene bank data15GT15GA

10TTG15AT30

SSR

Polymorphism 

information contents

(Lee et al., 2004)   

Single sequence repeat (SSR)

(Rodrigues et al., 1999 ; Ince et al., 2010)

SSR(Lee et al., 2004 ; Kwon et al., 

2005 ; Minamiyama et al., 2006 Nagy et al., 2007 ; Hanáček  et al., 

2009 ; Thul et al., 2011 ; Nicolaì et al., 2012 ; Oh et al., 2012)

(Becher et al., 2000)

22Bell pepper
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DNA extraction buffer

Kang and Yang (2004)Tris-HCl

011EDTA01NaCl011

β-mercaptoethanol01.30

Acrylamide: Methylenbisa 

crylamid (19:1)

2130

Acrylamide2Methylenbisacrylamid011
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Polyacrylamide gel for DNA isolation

20Urea.3001

TBE10X00Acrylamide: Methy 

lenbisacrylamid (19:1)210

0110101

Ammonium persulphate (APS)01

31Tetramethylethylene diamine (TEMED)

SSR-PCR

SSR-PCR(Nagy et 

al., 2007)2

2SSR-PCR

(5´   3´)

0EPMS342 F: 5′-CTGGTAGTTGCAAGAGTAGATCG- 3′ 
R: 5′-ATGATCTTTGACGACGAGGG- 3′ 

2EPMS397 F: 5′-GCACCCTCCCAATACAAATC- 3′ 
R: 5′-GATCACGGAGAAAGCAAAGG- 3′ 

3EPMS426 F: 5′-GAGGAAACACTCTCTCTCTCTCTCTC- 3′ 
R: 5′-TCAAGAGACCCCAAATAGGG- 3′ 

2EPMS501 F: 5′-AATCCTCCAAATCCACCCTC- 3′ 
R: 5′-ATTCGATTGCTTGCTCCTTG- 3′ 

0GPMS29F: 5′-CAGGCAATACGGAGCATC- 3′ 
R: 5′-TGTGTTGCTTCTTGGACGAC- 3′

0GPMS161 F: 5′-CGAAATCCAATAAACGAGTGAAG- 3′ 
R: 5′-CCTGTGTGAACAAGTTTTCAGG- 3′ 

Molecular markerPromega

0011 011

Bell pepper

Kang and Yang 

(2004)0
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Liquid nitrogen Eppendorf

1.5100

DNA extraction buffer0021

300 

002140 SDS

21Vortex3165

º1501DNase-free 

RNase A10 37º

60200 Proteinase K10 

2050º60

Phenol/Chloroform/Isoamyl alcohol 

(25:24:1)3113000 

104ºEppendorf

Phenol/Chloroform/Isoamyl alcohol 

(25:24:1)13000 104

º500 

13000 104º

1/10NaOAc

3Ethanol 90

-20º31

13000 304º

.1

13000 104º

10

100 TE buffer130

EDTA01Tris-HCl
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8Nuclease-Free 

water-20º

SSR-PCR

  

SSR-PCRMaster Mix

Nagy et al. (2007)Master 

MixGo Taq® 

Green Master MixPromega0230

1XPrimer2300

DNA template2011

20Thermocycler

Denature template94º3Initial 

denaturation92º01Annealing

01ºExtension72º

Final Extension72º.

3001

01

Loading buffer90EDTA 

(pH 8)0113110Xylene cyanol

13110Denatured955 

5 

Polyacrylamide gel for DNA isolation0

0011

.0

3223
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Tris-Borate-EDTA buffer (TBE)

1X10X

PromegaEthidium 

bromide (EtBr)0100

Gel documentation system

SSR-PCR

Two-dimensional matrix01

Past software ver. 1.92

(Hammer, 2001)

Unweighted Pair Group Method with Arithmetic Mean 

(UPGMA)Dendrogram

Jaccard

Euclidean coefficient

Polymorphic bands

011

Primer efficiency

011Discriminatory 

power 

011

SSR-PCR

SSR-PCR

33

EPMS-342 

Monomorphic bands3Polymorphic 
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bands2230022320

023003EPMS-397

011

1003.

23EPMS-426

Monomorphic bands0

Polymorphic bands.0323

22322213033

EPMS-501 

Monomorphic bands3Polymorphic 

bands0133333

0230231GPMS-29

0111

003.03 GPMS-161

0111

213003

0110011

3SSR-PCR

EPMS-342 2322300223200230

EPMS-397120111003.

EPMS-42620.0323223222130

EPMS-5013301333330230

GPMS-29120111003.

GPMS-1611001112130

922011011
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00

EPMS-342SSR-PCR

L001102

3200

.09

0100

00

EPMS-342SSR-PCR
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L00110203

020000

0.000921

2022

20

EPMS-397SSR-PCR

L001102

3200

.09

0100

20

EPMS-397SSR-PCR
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L00110203

020000

0.000921

2022

30

EPMS-426SSR-PCR

L001102

3200

.09

0100

30

EPMS-426SSR-PCR
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L00110203

020000

0.000921

2022

20

EPMS-501SSR-PCR

L001102

3200

.09

0100

20

EPMS-501SSR-PCR
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L00110203

020000

0.000921

2022

00

GPMS-29SSR-PCR

L001102

3200

.09
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GPMS-29SSR-PCR
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L00110203

020000

0.000921

2022

00

GPMS-161SSR-PCR

L001102
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0100

00

GPMS-161SSR-PCR
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L00110203

020000

0.000921

2022

Nagy et al. (2007) Epms-342

Epms-397

Epms-426Gpms-29Epms-501

Gpms161Nicolaì et al. (2013)Epms39722

Epms 42600Epms3420.Gpms161

22Gpms2900

SSRCrop 

research Institute, Prague-Ruzyne, Department of vegetables and 

special crops in Olomouc41Accession

Uniform spectra

Hpms 1-168Hpms 

1-1Hpms 1-2748-2

28 3.5

Hanáček et al., 2009Rodrigues and Tam (2010

SSRCapsicum frutescens

Heterozygotes

Inbreeding
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Ince et al. (2010)

45SSR

Capsicum annuum L.C. chacoenseC. baccatum L.C. 

chinense L.C. grutescens L.C. pebescens

Capsicum

Intraspecific

Oh et al. (2012SSR

22SSR61Accessions

82

Chili pepper

SSR 64 27

5575 2.78

(Dhaliwal et 

al., 2014) SSR

Pls2PAUSel longTabascoPepsi 8-1

Technological limitationsRai et al. (2013)

SSR

10225

SSR

(Minamiyama et al., 2006)

Cams163Cams647



SSR-PCRCapsicum annuum L.

22-59- 2102  - 43 - 

(Hanáček et al., 2009)Cams163

Cams647

SSR-PCR

SSR-PCR

Jaccard.
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13.2

1320

SSRS

Distinctiveness, Uniformity, stability (DUS)27

SSRPolymorphic66

89

Cluster analysis

SSRKwon et al., 2005

Nagy et al. (2007)SSR

Capsicum annuum168000Genomic clones

23174Public database

411Microsatellite containing 

sequences154SSR257

14761

86233

Microsatellite

Solanaceae

(Sonnante and Pignone, 2007)

Tam et al. (2009)

Exotic landraces64

SSAP
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Co-collections

89

28SSRClusters

Taxonomic classificationCapsicum annuum

C. annuum var. 

glabriusculum (Nicolaì et al., 2013)Rai et al. (2013)

SSRRandom amplified microsatellite 

polymorphism (RAMPO)48

Capsicum spp.10625

7617RAMPO

87

C. annuum

C. baccatumC. frutescensC. 

chinense

non annuumC. annuum L.

.DendrogramSSR-PCR

Jaccard
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SSR-PCR

PastEuclidean 

coefficient2

5.656

031

03103000

Allele combination(Nicolaì et 

al., 2013)C. annuum 

(Gepts, 2004 ; Oyama et al., 2006)

Commercial pepper 

varieties

(Lefebvre et al., 2001 ; Kwon et al., 2005)

(Ince et al., 2009)Ortiz et al. (2010)

Chili

(Tang et al., 2010)

C. annuum

Germplasm bank

(Pacheco-Olvera 

et al., 2012)
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2SSR-PCR
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Abstract 
  Genetic variation was studied in 22 local and imported 
samples collected from local Iraqi market by using Single sequence 
repeat (SSR-PCR). Six primers set were used in this study. These 
primers produced 33 bands. Molecular weights of these bands ranged 
between 100 bp to 1500 bp. The number of polymorphic bands is 24, 
whereas the number of monomorphic bands is 9. The results of 
Dendrogram of the studied samples depended on SSR-PCR results by 
using Jaccard coefficient for genetic similarity was distributed the 
samples into 10 groups. This Dendrogram revealed a higher similarity 
between Iraqi/Balad green bell pepper and Iraqi/Yousifia green bell 
pepper with 1 value. This value is the highest between samples in 
comparison with lowest values (0.35), which are found in Spanish 
long green. There are another high values were revealed between 
Jordanian yellow and red bell pepper with 0.98 value. Also, other high 
similarity values revealed between and Iraqi/ Souwyera green bell 
pepper and Italian green bell pepper with 0.94 values. Italian orange 
bell pepper and Iraqi/ Balad and Yousifia green bell pepper (the two 
samples in same subgroup) showed similarity with 0.88 values. The 
Italian and Iranian red bell pepper showed similarity with 0.72 values. 
The three main groups showed dissimilarity with 0.26 values. The 
genetic distance between studied samples by using Euclidean 
coefficient revealed the highest values between Iraqi/Balad and 
Yousifia green bell pepper with Iranian orange bell pepper with 5.656 
values, in comparison with the lowest genetic distance between 
Jordanian green and yellow bell pepper with 1.0 value. The other 
samples showed genetic distance between 1 and 5.656.    

 
Keywords: Genetic variation, Capsicum annuum L. , SSR, Bell pepper 

 
* This work is a part of Ph.D thesis for the second researcher. 


