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Abstract 

The aim of the present study is the identification of the genetic variation of Centaurea virgata (Asteraceae) through 

Start Codon Targeted (SCoT) markers. Forty-two specimens of said species were collected from 11 different regions of 

Iran. Ten primers revealed 131 amplifications ranging from 200bp to 3kbp, of which 102 (77.86%) were polymorphic. 

Polymorphism information content (PIC) ranged from 0.37 to 0.50 with an average of 0.43, effective multiplex ration 

(EMR) from 1 to 4.11 and marker index (MI) from 0.006 to 0.59. Based on the analysis of molecular variance (AMOVA), 

the genetic variation within populations (72%) was higher than that of those among populations (28%). Overall, the 

highest mean for Nei’s gene diversity (0.18), Shannon index (0.27) and percentage of polymorphic loci (47.83) were 

observed in W. Azerbaijan populations, similarly the highest mean of total heterozygosity (HT) and subpopulation 

heterozygosity (HS) were found to be 0.18 and 0.07 in W. Azerbaijan and Golestan populations, respectively. The high 

genetic differentiation (GST = 1) showed significant genetic variation in Razavi Khorasan, N. Khorasan, Kurdistan, and 

Hamedan populations. Neighbor-Joining and population structure analysis divided C. virgata populations into six main 

clusters. The current study showed that, SCoT marker was efficient in assessing the genetic variation among different 

populations of the studied species. 
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 SCoT ز نشانگرهایا استفاده با ایران درای گندم بوتهگل مختلف هایجمعیت بین ژنتیکی تنوع

* 
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 خلاصه

 طریق از کاسنیانمتعلق به  (.Centaurea virgata Lamای )گندم بوتهی گیاه گلژنتیک تنوع شناسایی حاضر، مطالعهاز  هدف 

 200 اندازه از باند 131 پرایمر ده شد. آوریعجم ایران مختلف منطقه 11 از مذکور گونه از نمونه 42 منظور، این به است. SCoT رنشانگ

 میانگین با 50/0 تا 37/0 (PIC) چندشکلی اطلاعاتی محتوای بودند. چندشکل (%86/77) باند 102 که کردند ایجاد را باز جفت 3000 تا

 واریانس تحلیل و تجزیه براساس بود. متغیر 59/0 تا 006/0 از (MI) نشانگر شاخص و 11/4 تا 1 از (EMR) ثرؤم چندگانه نسبت ،43/0

 بیشترین مجموع، در .وجود داشت (%28) هاجمعیت بین از بیشتر (%72) هاجمعیت دروندر  ،ژنتیکی تنوع (AMOVA) مولکولی

 مشاهده غربیآذربایجان هایجمعیت در (83/47) یچندشکل هایجایگاه درصد و (27/0) شانون شاخص Nei (18/0،) ژنی تنوع میانگین

 در 70/0 و 18/0 میزان با ترتیب به (sH) جمعیتی درون هتروزیگوتی و (TH) کل هتروزیگوتی میانگین بیشترین ،همچنین .شد

 هایجمعیت در را توجهیقابل ژنتیکی تنوع (STG = 1) بالا ژنتیکی تمایز آمد. دست به گلستان و غربیآذربایجان هایجمعیت

 هایجمعیت جمعیت، ساختار تحلیل و NJ روش با ایخوشه آنالیز داد. نشان همدان و کردستان شمالی،خراسان رضوی،خراسان

C. virgata نشانگر که داد نشان حاضر مطالعه کرد. تقسیم اصلی خوشه شش به را SCoT هایجمعیت بین در ژنتیکی تنوع ارزیابی در 
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Introduction 

The Asteraceae is one of the largest families with 1600 to 1700 genera and 24000 to 30000 species (Garcia-Jacas 

et al. 2000, Funk et al. 2005). Centaurea L. (knapweed) is one of the genera of said family that contains about 771 species 

worldwide (POWO 2024), which are mainly distributed around the world especially in Mediterranean region and W. Asia 

(Hellwig 2004). This genus consists of 88 species in the Flora Iranica (Rechinger 1987). 

Genetic diversity is one of the fundamental and basic sources of biodiversity (Quinones-Perez et al. 2014) and its 

protection is vital for long-term survival of species in changing environments. Among various populations, genetic 

diversity is affected by different factors, such as geographic variations, breeding systems, dispersal mechanisms etc. 

(Huang et al. 2016). The changes of environmental conditions are the main causes of alteration in genetic diversity levels 

among various populations (Lovejoy & Hannah 2005). Information for evaluation of the genetic diversity is obtained 

from different factors, such as morphological, biochemical and molecular markers. Therefore, new approaches in 

molecular biology have been offered which extended a platform for analyzing the genetic diversity at the genome level 

and might be employed for assessment of inter-species or intra-species ecological, taxonomical, morphological, 

evolutionary, and phylogenetic relationships (Agarwal et al. 2008). Molecular markers play a significant role in protection 

of biodiversity, quantitative mapping (QTL), identification of promising cultivars and etc. (Khanam et al. 2012). 

Currently, several PCR based dominant markers, such as restriction fragment-length polymorphisms (RFLPs), amplified 

fragment-length polymorphisms (AFLPs), random amplified polymorphic DNA (RAPDs), single-nucleotide 

polymorphisms (SNPs), and simple sequence repeats (SSRs) have been employed for determination of genetic variation 

in plants (Kazemeini et al. 2020, Nurmansyah Alghamdi et al. 2020, Adhikari et al. 2022, Wu et al. 2022, Abd-Dada et 

al. 2023, Kader et al. 2023, Burridge et al. 2024, Wang et al. 2024). A novel molecular marker system known as Start 

Codon Targeted (SCoT) was developed as a gene-targeted DNA marker. SCoT primers are extended based on the 

conserved region surrounding the translation initiation codon ATG in plant genes. SCoT markers employing the 18-mer 

single primer as the forward and reverse primers in PCR and an annealing of 50 °C (Collard & Mackill 2009, 

Mukhopadhyay 2016). SCoT is a dominant marker and could be employed for analysis of genetic variation. It is associated 

with functional genes and corresponding traits and does not require sequence information. The SCoT marker compared 

to other types of DNA molecular markers, such as RAPD, ISSR, and SSR, is more stable, finds high polymorphisms and 

produce more reproducible and reliable bands. Recently, SCoT markers have been popularly employed in plant genetic 

diversity assessment and phylogenetic studies (Rai 2023). 

Centaurea virgata Lam. is a perennial plant species with multiple stems, rose purple flowers and a woody base. 

The extract of said plant possesses pharmacological properties with chemical components including sesquiterpenes, the 

flavonol isokaempferide and flavones (Etminan et al. 2018). Intraspecific variations of C. virgata collected from different 

regions of Iran have been evaluated based on morphological data (Ghasemi & Toluei 2020). There is no study on the 

genetic diversity of this species. However, study on genetic diversity, population genetics or relationship of other 

Centaurea species using molecular markers has been reported. RAPD markers have been utilized for analysis of genetic 

variation in C. nivea (Bornm.) Wagenitz (Sözen & Özaydın 2009), C. wiedemanniana Fisch. & C.A.Mey. (Sozen & 

Ozaydin 2010), C. aspera L. and C. seridis L. (Ferriol et al. 2012), C. ultreiae Silva-Pando (Mallón et al. 2010), and C. 

lycaonica Boiss. & Heldr. (Uysal et al. 2012). AFLP marker has been used for evaluating of genetic variation of C. jacea 

L. (Bassin et al. 2004) and C. borjae Valdés Berm. & Rivas Goday (Lopez & Barreiro 2013). Nuclear microsatellites 

were used to analyze genetic variation in C. corymbosa Pourr. (Freville et al. 2001), C. horrida Bad. (Mameli et al. 2008), 
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Centaurea subsect. Phalolepis (López-Vinyallonga et al. 2015), and C. alba L. (Jèssica et al. 2020). ISSR primers were 

used to measure the level of genetic differences in C. lycaonica (Uysal et al. 2012) and C. amaena Boiss. & Balansa 

(Atasagun 2022). CAAT box-derived polymorphism (CBDP) and SCoT polymorphism, were used to analyze the genetic 

variation between eight wild Centaurea species in Egypt (Atia et al. 2021). In addition, genetic relationships beetween 

ten Centaurea species from Iraq have been evaluated with SCoT marker (Ismail et al. 2024), Nuclear DNA sequences 

ETS, and low-copy genes AGT1 and PgiC were analyzed for delimitation of species in C. tentudaica Rivas Goday & 

Rivas Mart. (Moreyra et al. 2022) and C. calocephala Willd. complex (Novakovic´ et al. 2022). There is no study about 

intraspecific genetic variation of C. virgata. The present investigation is the first attempt to determine the potential of 

SCoT marker method to evaluate the degree of genetic diversity among various populations of C. virgata from different 

regions of Iran. 

 

Materials and Methods 

- Plant materials 

Forty-two specimens of C. virgata from 11 different provinces of Iran and three other species of Centaurea  

(C. pulchella Ledeb., C. solstitialis L., and C. persica Boiss.) as out-groups were collected from different geographic 

regions of Iran (Table 1). 

 

Table 1. List of the studied Centaurea virgata populations along with related data 

Population Locality, altitude, and voucher specimen (UKH) Individual No. Abbreviation 
C. virgata Lorestan Prov.: Dorood, before Saravand village; 2125 m; 

Toluei 1021 (UKH) 

2 dor1021 

Lorestan Prov.: Nurabad; 1855 m; Toluei 1031 (UKH) 2 nur1031 

C. virgata Isfahan Prov.: Kashan, Ghohrud village; 2235 m; Toluei 

1050 (UKH) 

3 gho1050 

Isfahan Prov.: Kashan, Alavi village; 1730 m; Toluei 

1052 (UKH) 
1 alv1052 

Isfahan Prov.: Kashan, University of Kashan; 975 m; 

Toluei 1053 (UKH) 

1 uni1053 

Isfahan Prov.: Kashan, Eznaveh; 2690 m; Toluei 1054 

(UKH) 
3 ezn1054 

Isfahan Prov.: Kashan, Barzok, Vishang; 2896 m; Toluei 

1058 (UKH) 
3 brz1058 

C. virgata Qazvin Prov.: Avaj to Mahnian; 2205 m; Toluei 1048 

(UKH) 
2 qav1048 

C. virgata Golestan Prov.: Maravehtapeh to Bojnourd, 35 km after  

Maravehtapeh; 1184 m; Toluei & Ranjbar 1025 (UKH) 

2 gol1025 

C. virgata Khorasan Razavi Prov.: Kalat to Mashhad; 1734 m; 

Toluei & Ranjbar 1028 (UKH) 
1 kal1028 

Khorasan Razavi Prov.: Neyshabur to Kashmar, 10 km to 

Rivash, 15 km to Kashmar; 2032 m; Toluei & Ranjbar 

1029 (UKH) 

1 ney1029 

C. virgata N. Khorasan Prov.: Shirvan, Kouseh bifurcate; 1697 m; 

Toluei & Ranjbar 1027 (UKH) 
1 shi1027 

N. Khorasan Prov.: Esfarayen to Bojnurd, Asadli neck; 

1718 m; Toluei & Ranjbar 1030 (UKH) 
1 esf1030 
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C. virgata Kurdistan Prov.: Marivan to Saqqez, 65 km after Marivan, 

between Aqjeh and Qamjian; 1799 m; Toluei & Ranjbar 

1032 (UKH) 

1 mrv1032 

Kurdistan Prov.: Bijar, Khosroabad; 1710 m; Toluei 1033 

(UKH) 
1 bik1033 

Kurdistan Prov.: Bijar to Zanjan, Shirinbolagh bifurcate; 

1626 m; Toluei 1034 (UKH) 
1 biz 1034 

Kurdistan Prov.: Sanandaj to Divandareh, 30 km to 

Divandareh, before Aq Bolagh village; 1987 m; Toluei 

1037 (UKH) 

1 san1037 

C. virgata Zanjan Prov.: Zanjan, Mahneshan, bifurcate of 

Hasanabad and Hussainabad villages; 2083; Toluei 

1035 (UKH) 

1 mah1035 

Zanjan Prov.:Zanjan, Mahneshan to Halab; 1772 m; 

Toluei 1036 (UKH) 
2 hal1036 

C. virgata W. Azerbaijan Prov.: Bukan to Mahabad, 25 km to 

Mahabad; 1805 m; Toluei 1038 (UKH) 

1 buk1038 

W. Azerbaijan Prov.: Oshnavieh to Orumieh, 5 km after 

Aq Bolagh village; 2181 m; Toluei 1039 (UKH) 

1 osh1039 

W. Azerbaijan Prov.: Oshnavieh to Orumieh, 2–3 km to 

Jarabad village; 1828 m; Toluei 1040 (UKH) 
1 osh1040 

W. Azerbaijan Prov.: Orumieh, after Silvaneh, after Toly 

village; 1665 m; Toluei & Ranjbar 1041 (UKH) 
2 oru1041 

W. Azerbaijan Prov.: Orumieh, Movana to Neychalan; 

1715 m; Toluei & Ranjbar 1044 (UKH) 
1 oru1044 

W. Azerbaijan Prov.: Chaldoran, Alimardan village;  

2005 m; Toluei & Ranjbar 1045 (UKH) 
2 chl1045 

W. Azerbaijan Prov.: Maku, Baduli village; 1929 m; 

Toluei & Ranjbar 1047 (UKH) 

1 Mak1047 

C. virgata Tehran Prov.: 5 km after Polur-Firoozkooh bifurcate; 

2271 m; Toluei 1024 (UKH) 

1 Teh1024 

C. virgata Hamedan Prov.: Malayer; 1813 m; Toluei 1061 (UKH) 1 ham1061 
Hamedan Prov.: Malayer; 1794 m; Toluei 1062 (UKH) 1 ham1062 

C. solstitialis W. Azerbaijan Prov.: Oshnavieh to Orumieh, 2–3 km to 

Jarabad village; 1828 m; Toluei 1062 (UKH) 

1 sol1062 

C. pulchella W. Azerbaijan Prov.: Maku, Baduli village; 1929 m; 

Toluei & Ranjbar 1063 (UKH) 

1 pul1063 

C. persica W. Azerbaijan Prov.: 30 km to Orumieh, after Silvaneh; 

1680 m; Toluei & Ranjbar 1064 (UKH) 

1 per1064 

* UKH: University of Kashan Herbarium (Kashan, Iran) 

 

- Genomic DNA extraction 

Total genomic DNA was isolated from dried leaves of each sample plant according to modified CTAB (Cetyl 

Trimethyl Ammonium Bromide) method (Doyle & Doyle 1987). The quantity and quality of genomic DNA were 

determined using UV spectrophotometer and 1% agarose gel electrophoresis, respectively. 

- SCoT PCR amplification 

All PCR reactions were performed in a total volume of 15 μL using a thermal cycler  instrument (Biorad, USA). 

Each reaction contains 1 μL genomic DNA template, 1.5 μL 10x Reaction buffer (Sinagene, Iran), 1 μL 10 pM of each 

primer (Table 2) (Urofine, UK), 1 μL Mgcl2 50 Mm (Sinagene, Iran), 0.2 μL 5 U/μL Taq DNA Polymerase (Sinagene, 

Iran), 8 μL sterile ddH2O‚ 1 μL BSA 20 Mm (Merck, Germany), and 0.5 μL dNTP 10 Mm mixture (Sinagene, Iran). PCR 
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amplification were performed with a preliminary cycle and initial denaturation at 94 °C for 3 min, 36 cycles of 94 °C for 

1 min, annealing temperature of primers for 1 min and 50 °C, extension at 72 °C for 2 min, and final extension at 72 °C 

for 5 min. For SCoT marker profiling, the amplification products were resolved in 1% agarose gels electrophoresis in 1X 

TAE buffer solution. The gel was photographed by a Gel Doc (TM) XR System (Molecular Imager GelDOC XR+, USA). 

- Data scoring and statistical analysis 

Out of the eighteen SCoT primers tested, ten SCoT primers with clear and polymorphic bands were selected for 

final analysis (Table 2). The amplified bands produced by ten SCoT markers were scored as presence (1) or absence (0) 

of bands to create a binary matrix. The following genetic diversity parameters were calculated: Initially, by observing the 

banding patterns created by SCoT primers, total number of bands (TNB), number of polymorphic bands (NPB) and 

percentage of polymorphism band (PPB) were obtained. Further, potential of these molecular markers for estimation of 

genetic variation was assessed by measuring polymorphism information content (PIC), effective multiplex ratio (EMR) 

and marker index (MI). PIC values were calculated using the formula PIC = 1 − ∑ 𝑓𝑖
2𝑛

𝑖=1 , where 𝑓𝑖
2  is the frequency of 

the 𝑖𝑡ℎ allele (Smith et al. 1997). Marker index (MI) is the primer capability for detection of the polymorphic loci among 

various genotypes and was measured as EMR×PIC, where, EMR is the output of number of polymorphic loci and fraction 

of polymorphic loci. Genetic diversity was calculated by different parameters, such as observed number of alleles (Na(, 

effective number of alleles (Ne), Nei’s gene diversity (H), Shannon’s information index (I), total heterozygosity (HT), 

subpopulation heterozygosity (Hs), genetic differentiation (GST) and gene flow (Nm), which were calculated using 

POPGENE (Ver. 1.32) software (Yeh 1997). The analysis of molecular variance (AMOVA) was conducted within and 

among populations, employing GenAlEx 6.41 software (Peakall & Smouse 2012). This software was used for 

measurement of Nei’s genetic distance. The cluster was obtained using the PAUP software (Ver. 4) (Swofford 2003) with 

neighbor-joining (NJ) method [NJ search setting: Ties (if encountered) will be broken systematically, Distance measure 

= mean character difference]. The tree was visualized using Tree View software (Page 1996). The dominant-marker 

model in STRUCTURE software (Ver. 2.3.4) was employed to analyze the population structure evaluated according to 

the Markov chain Monte Carlo (MCMC) algorithm (Falush et al. 2003, Pritchard et al. 2000). The following parameter 

setting was applied: length of burning period: 10,000; Markov Chain Monte Carlo replication (MCMC Reps): 10,000 

(admixture model and correlated allele frequency). A total, for each value of K (from 1 to 8), 20 independent runs were 

performed (Evanno et al. 2005). 

 

Results 

- Marker informativeness 

The SCoT fingerprinting was performed to analyze the genetic variation of populations of C. virgata in different 

regions of Iran. A total of 131 distinguishable bands were generated from 10 SCoT primers, out of which 102 bands were 

polymorphic. The number of total bands produced by each primer ranged from 9 (SCoT 1) to 17 (SCoT 30, SCoT 31, and 

SCoT 14). Polymorphism percentage ranged from 45.45% (SCoT 13) to 100% (SCoT 9), with an average polymorphism 

of 77.86%. The size of the amplified bands ranged from 200bp to 3kbp. All of the selective primers demonstrated a high 

degree of reproducibility, and banding patterns were the same in each PCR repeats. The PIC values of these 10 SCoT 

primers ranged from 0.37 to 0.50 with an average of 0.43. Primer SCoT 41 revealed the highest discrimination power 

with a PIC value of 0.50, whereas SCoT 9 had the lowest PIC value of 0.37. Since the PIC values showed the 

differentiation ability of the primer, these 10 SCoT primers were able to efficiently differentiate among the populations 
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of C. virgata. Mean PIC, EMR, and MI values generated by SCoT primers were 0.43, 1.31, and 0.46, respectively. Among 

different SCoT primers used, primer SCoT 9 revealed minimum values of MI (0.06) (Table 2). 

 

Table 2. Different selected SCoT primers for measuring the polymorphism among different populations of Centaurea virgata 

Primer Sequence (5′-3′) TNB NPB PPB% PIC EMR MI 

SCOT1 CAACAATGGCTACCACCA 8 7 87% 0.47 1 0.55 

SCOT9 CAACAATGGCTACCAGCA 9 9 100% 0.37 4 0.06 

SCOT13 ACGACATGGCGACCATCG 11 5 45% 0.42 1 0.49 

SCOT14 ACGACATGGCGACCACGC 17 13 76% 0.43 1 0.52 

SCOT15 ACGACATGGCGACCGCGA 14 11 78% 0.40 1 0.46 

SCOT16 ACGACATGGCGACCGCGA 19 13 68% 0.39 1 0.46 

SCOT30 CCATGGCTACCACCGGCG 17 12 70% 0.43 1 0.52 

SCOT31 CCATGGCTACCACCGCCT 17 15 88% 0.40 1 0.47 

SCOT36 GCAACAATGGCTACCACC 10 9 90% 0.48 1 0.54 

SCOT41 CAATGGCTACCACTGACA 10 9 90% 0.50 1 0.59 

Total - 131 102 - - - - 

Mean - - - 77.86% 0.43 1.31 0.46 

TNB: Total number of bands, NPB: Number of polymorphic bands, PPB: Percentage of polymorphic bands, PIC: Polymorphism information content, 

EMR: Effective multiplex ratio, MI: Marker index. 

 

- Genetic diversity 

Different diversity indices were measured, including observed number of alleles (Na), Effective number of alleles 

(Ne), Nei's gene diversity (H), Shannon’s index (I), number of polymorphic loci (NPL), percentage of polymorphic loci 

(PPL), total heterozygosity (HT) subpopulation heterozygosity (HS), genetic differentiation (GST) and gene flow (Nm). The 

highest Na (1.48 and 1.47), Ne (1.31 and 1.28), Nei’s gene diversity (0.18 and 0.17), Shannon information index (0.27 

and 0.25) were observed among West Azerbaijan and Kashan populations, respectively. In addition, the highest total 

heterozygosity (0.18 and 0.17), PPL (47.83% and 47.20%), and NPL (77 and 76) were found in W. Azerbaijan and 

Kashan, respectively. The ratio of Ne/Na was calculated within the populations of each province. The HT value was from 

zero to 0.18. The Hs value was from zero to 0.07 (Golestan). A relatively high genetic differentiation (Gst = 1) and a low 

gene flow (Nm = 0) were observed among Razavi Khorasan, N. Khorasan, Kurdistan, and Hamedan provinces (Table 3). 

 

Table 3. Genetic diversity parameters of Centaurea virgata populations based on analysis of SCoT marker data with 

POPGENE (Ver. 1.32) software 

Province Na Ne H I Ne / Na NPL PPL HT Hs GST Nm 

Lorestan 1.24 1.2 0.1 0.15 0.97 38 23.60 0.1 0.03 0.72 0.2 

Kashan 1.47 1.28 0.17 0.25 0.87 76 47.20 0.17 0.04 0.78 0.14 

Qazvin 1.06 1.04 0.026 0.038 0.98 10 6.21 0.026 0.026 0 - 

Golestan 1.17 1.12 0.07 0.11 0.96 28 17.39 0.07 0.07 0 - 

Razavi Khorasan 1.13 1.13 0.07 0.09 1 21 13.04 0.07 0 1 0 

N. Khorasan 1.2 1.2 0.1 0.14 1 32 19.88 0.1 0 1 0 

Kurdistan 1.34 1.25 0.14 0.20 0.93 54 33.54 0.14 0 1 0 

Zanjan 1.14 1.11 0.061 0.09 0.97 23 14.29 0.063 0.01 0.84 0.098 

W. Azerbaijan 1.48 1.31 0.18 0.27 0.89 77 47.83 0.18 0.02 0.90 0.05 

Tehran 1 1 0 0 1 0 0 0 0 - - 

Hamedan 1.14 1.14 0.07 0.1 1 22 13.66 0.07 0 1 0 

Na = Observed number of alleles, Ne = Effective number of alleles, h = Nei's gene diversity, I = Shannon's information index, NPL: Number of 

polymorphic loci, PPL: Percentage of polymorphic loci, HT = Total heterozygosity, HS = Subpopulation heterozygosity, GST = Genetic differentiation, 

Nm = Gene flow. 
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- Analysis of molecular variance 

The AMOVA analysis of the SCoT markers showed that, 28% of the total genetic variance was distributed among 

populations. A relatively high proportion of genetic diversity was attributable to differences within populations (72%) 

AMOVA represented the existence of high differentiation (PhiPT = 0.276) among the populations of C. virgata (Table 4). 

 

Table 4. Analysis of molecular variance (AMOVA) using SCoT molecular markers in population of Centaurea virgata 

Source 
Degree of 

freedom 

Sum of 

square 

Mean 

square 

Variance 

of component 

%age of 

variation 
P value ΦPT 

Among pops 10 315/935 31/593 5.017 28% <0.01 - 

Within pops 32 420/298 13/134 13.134 72% <0.01 - 

Total 42 736/233 - 18.152 100% - 0.276 

ΦPT = AP / (WP + AP) = AP / TOT 
Key: AP = Est. Var. Among Pops, WP = Est. Var. Within Pops 

 

- Cluster analysis 

A dendrogram was generated by Neighbor joining (NJ) method using PAUP software based on 131 polymorphic 

SCoT fragments. It showed six main groups in C. virgata populations (Fig 1) as follows: Group 1: Lorestan (dora1021, 

dorb1021), Tehran, and Golestan populations; Group 2: Lorestan (nura1031 and nurb1031), Zanjan, and Kurdistan 

populations; Group 3: W. Azerbaijan (Mak1047, Buk1038, Orua1041, Orub1041, Chla1045, and Chlb1045) populations; 

Group 4: Kashan and Hamedan populations; Group 5: Razavi Khorasan and N. Khorasan populations; and Group 6: 

Qazvin and W. Azerbaijan (Oru1044, Osh1039, and Osh1040) populations. The other species including C. solstitialis, C. 

pulchella, and C. persica were placed in independent out-groups in separate clades. This was an indication of the high 

efficiency of the SCoT markers to distinguish among species. 

 

 
Fig. 1. Cluster analysis based on Neighbor joining (NJ) method showing genetic relationships among 42 specimens of  

Centaurea virgata collected from 11 different regions of Iran based on SCoT molecular markers. 
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Table 5. The pairwise population matrix of Nei genetic distance between different populations of Centaurea virgata based on 131 bands bvia GenAlEx 6.41 

Subpopulation 
Dora 

1021 

Dorb 

1021 

Nura 

1031 

Nurb 

1031 

Ghoa 

1050 

Ghob 

1050 

Ghoc 

1050 

Alv 

1052 

Uni 

1053 

Ezna 

1054 

Eznb 

1054 

Eznc 

1054 

Brza 

1058 

Brzb 

1058 

Brzc 

1058 

Qava 

1048 

Qavb 

1048 

Gola 

1025 

Golb 

1025 

Kal 

1028 

Ney 

1029 

Dora1021 0                     

Dorb1021 14 0                    

Nura1031 28 28 0                   

Nurb1031 29 25 9 0                  

Ghoa1050 35 41 33 38 0                 

Ghob1050 36 40 26 31 11 0                

Ghoc1050 31 35 31 36 30 21 0               

Alv1052 33 43 37 40 44 39 34 0              

Uni1053 31 37 35 34 42 37 32 12 0             

Ezna1054 28 26 28 33 37 34 27 33 35 0            

Eznb1054 27 31 33 40 30 29 20 30 30 11 0           

Eznc1054 29 33 31 34 34 29 24 32 30 13 10 0          

Brza1058 34 36 24 33 37 28 21 39 41 30 31 31 0         

Brzb1058 29 37 23 28 38 33 28 38 38 29 32 30 17 0        

Brzc1058 32 38 28 33 35 30 25 35 37 32 33 33 18 7 0       

Qava1048 32 34 32 31 45 42 39 33 35 40 39 37 36 43 44 0      

Qavb1048 36 38 32 33 45 40 37 33 35 42 41 39 38 43 42 10 0     

Gola1025 27 29 35 30 44 45 48 48 42 33 38 36 43 44 47 41 45 0    

Golb1025 33 35 29 26 42 37 38 48 44 41 40 34 41 34 35 43 39 28 0   

Kal1028 31 29 29 28 34 29 28 40 38 31 32 36 39 40 37 39 37 38 36 0  

Ney1029 38 36 24 29 37 32 31 41 37 36 37 39 32 35 32 32 34 41 41 21 0 

Shi1027 33 39 33 36 40 35 36 40 38 37 36 40 37 32 31 45 43 40 36 32 35 

Esf1030 35 39 27 30 40 37 28 38 34 33 34 34 35 34 35 43 41 48 42 28 25 

Mrv1032 38 40 26 29 45 44 41 45 39 40 39 35 38 37 36 46 42 43 35 43 38 

Bik1033 35 35 29 28 46 43 38 50 42 41 44 38 39 40 39 41 41 36 36 40 35 

Biz1034 34 36 22 27 43 42 37 37 33 38 35 37 38 33 34 40 36 39 35 37 32 

San1037 32 34 30 29 41 42 41 47 43 40 43 41 44 39 38 44 46 39 37 35 34 

Mah1035 33 31 23 20 44 39 38 36 34 41 38 36 41 36 37 35 37 40 32 30 31 
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Hala1036 31 31 25 20 44 39 38 42 38 41 40 32 41 34 37 33 31 40 28 32 33 

Halb1036 29 29 25 20 44 41 36 40 36 39 38 36 37 34 33 29 29 36 30 30 29 

Buk1038 27 31 23 24 34 31 32 38 36 33 32 34 35 32 31 37 37 38 36 28 33 

Osh1039 40 44 28 31 47 42 45 41 39 44 45 37 40 39 40 28 28 47 39 39 34 

Osh1040 35 39 35 34 44 41 36 38 38 43 40 38 43 48 45 33 35 40 42 40 39 

Orua1041 39 35 35 32 40 39 42 42 42 37 38 36 41 42 37 41 39 38 40 42 43 

Orub1041 36 36 34 31 45 42 45 45 39 44 43 39 42 39 36 38 42 33 33 43 44 

Oru1044 31 39 25 30 36 37 38 36 40 41 40 42 35 36 39 25 27 40 40 38 39 

Chla1045 23 35 29 32 32 33 36 34 32 37 36 38 35 30 29 41 41 32 40 34 35 

Chlb1045 29 33 19 22 38 33 44 44 38 35 42 32 33 28 33 37 39 30 28 36 35 

Mak1047 33 39 31 34 40 37 36 38 38 37 36 30 35 36 35 35 39 40 42 40 41 

Teh1024 34 30 28 27 39 36 43 47 43 40 41 37 40 39 36 36 34 31 27 31 32 

Ham1061 34 36 36 41 31 32 31 35 31 32 27 35 36 43 42 34 30 43 49 35 34 

 

Tabla 5 (contd) 

Subpopulation 
Shi 

1027 

Esf 

1030 

Mrv 

1032 

Bik 

1033 

Biz 

1034 

San 

1037 

Mah 

1035 

Hala 

1036 

Halb 

1036 

Buk 

1038 

Osh 

1039 

Osh 

1040 

Orua 

1041 

Orub 

1041 

Oru 

1044 

Chla 

1045 

Chlb 

1045 

Mak 

1047 

The 

1024 

Ham 

1061 

Dora1021                     

Dorb1021 
 

                   

Nura1031 
 

                   

Nurb1031 
 

                   

Ghoa1050 
 

                   

Ghob1050 
 

                   

Ghoc1050 
 

                   

Alv1052 
 

                   

Uni1053 
 

                   

Ezna1054 
 

                   

Eznb1054 
 

                   

Eznc1054 
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Brza1058 

 
                   

Brzb1058 
 

                   

Brzc1058 
 

                   

Qava1048 
 

                   

Qavb1048 
 

                   

Gola1025 
 

                   

Golb1025 
 

                   

Kal1028 
 

                   

Ney1029 
 

                   

Shi1027 0                    

Esf1030 32 0                   

Mrv1032 43 35 0                  

Bik1033 46 40 29 0                 

Biz1034 39 31 24 29 0                

San1037 37 39 34 31 34 0               

Mah1035 42 34 31 36 23 35 0              

Hala1036 40 36 33 32 27 33 20 0             

Halb1036 40 34 33 28 21 29 18 8 0            

Buk1038 38 34 37 38 33 35 28 26 24 0           

Osh1039 43 37 30 39 30 38 29 25 25 31 0          

Osh1040 42 38 35 36 35 37 34 38 32 40 33 0         

Orua1041 42 44 45 42 37 41 36 32 28 26 35 38 0        

Orub1041 41 47 38 41 32 42 35 29 25 23 32 37 23 0       

Oru1044 38 38 33 38 37 39 40 34 32 32 27 30 42 37 0      

Chla1045 32 34 41 36 35 39 38 36 30 24 43 38 38 31 34 0     

Chlb1045 32 38 31 32 37 31 34 28 30 28 27 34 32 29 30 24 0    

Mak1047 42 40 37 34 37 41 30 34 36 24 29 36 32 29 36 30 26 0   

Teh1024 33 35 34 39 32 40 29 29 25 37 32 33 35 36 35 37 31 43 0  

Ham1061 39 37 42 47 40 54 43 45 41 39 40 35 35 44 35 33 39 37 40 0 
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- Genetic distances between populations 

The estimates of genetic distance (Nei’s measure) between pairs of populations were calculated based on 131 

bands via GenAlEx 6.41. Scored values ranged from 0.077 [between Alavi (Kashan) and University of Kashan 

populations] to 0.409 (between Hamedan and Sanandaj) (Table 5). 

- Structure analysis 

The number of subpopulations was determined, based on the best K value generated. The estimated membership 

fraction ranged from K1 to K8 and the maximum log-likelihood value obtained at K = 6, indicating six possible clusters 

in C. virgata through SCoT molecular markers (Fig. 2). 

 

Fig. 2. Graphical summary of population structure analysis using STRUCTURE for 42 samples. Maximum number of 

subpopulations was inferred at K = 6 (1. dora1021, 2. dorb1021, 3. nura1031, 4. nurb1031, 5. ghoa1050, 6. ghob1050,  

7. ghoc1050, 8. alv1052, 9. uni1053, 10. ezna1054, 11. eznb1054, 12. eznc1054, 13. barza1058, 14. barzb1058,  

15. barzc1058, 16. qava1048, 17. qavb1048, 18. gola1025, 19. golb1025, 20. kal1028, 21. ney1029, 22. shi1027,  

23. esf1030, 24. mrv1032, 25. bik1033, 26. biz1034, 27. san1037, 28. mah1035, 29. hala1036, 30. halb1036,  

31. buk1038, 32. osh1039, 33. osh1040, 34. orua1041, 35. orub1041, 36. oru1044, 37. chla1045, 38. chlb1045,  

39. mak1047, 40. teh1024, 41. ham1061, 42. ham1062). 

 

Discussion 

This is the first report on the identification and genetic comparison among different populations of C. virgata  

using SCoT markers. In the present study, a total of 131 sharp bands were identified through the amplification of 10 SCoT 

primers in different populations of C. virgata. The result of this investigation showed the SCoT molecular marker 

efficiency in evaluating the genetic variation among the populations of C. virgata according to different genetic diversity 

indices, including PIC, EMR and MI values. 

A dendrogram was generated with Neighbor joining (NJ) method based on 131 polymorphic SCoT fragments, 

which showed six main groups. Among the groups of some populations, including Tehran, Golestan, Zanjan, Kurdistan, 

Kashan, Hamedan, Razavi Khorasan, and N. Khorasan, the relationship between genetic distance and geographical 

distance was significantly clear. However, for populations of Lorestan and W. Azerbaijan, the relationship between 

genetic distance and geographical distance was not significant. Therefore, the populations from each province of the 

Lorestan and W. Azerbaijan are separated in different groups. The high genetic variation of the populations might be 

probably due to ecological reasons, environmental conditions and etc. 

Moreover, this clustering among 11 populations of C. virgata was also established by Bayseian clustering 

algorithm using STRUCTURE software. The delta K method was found to be best at K = 6, which described types of 

diversity in the clustering. 

The PCR amplified product was used for genetic distance index’s coefficient calculation that was based on Nei 

matching coefficient. The scored values ranged from 0.077 [between Alavi (Kashan) and University of Kashan 

populations] to 0.409 (between Hamedan and Sanandaj). A value <0.1 means small genetic distances, 0.10–0.15 means 
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moderate genetic distances, 0.15–0.2 means high genetic distances, and > 0.2 means very high genetic distances (Nei & 

Li 1979) (in the present studied populations, small to high genetic distances were observed). 

 The PIC value is useful for marker informativeness and is a substantial factor to recognize population genetic 

diversity. According to Botstein et al. (1980), for codominant markers, when the PIC value is higher than 0.5, it is 

indicative of high polymorphism whereas when PIC values range between 0.25 and 0.5, it demonstrates medium 

polymorphism. The lowest polymorphism is indicated by PIC values below 0.25. If the PIC value is zero, there is no 

allelic variation and PIC value of 1.0 is the maximum value (Gulsen et al. 2009). For dominant markers, the PIC value 

ranges from zero for monomorphic markers to 0.5 for markers present in 50% of individuals and absent in the remaining 

50%. When the PIC value is 0 to 0.10, it is indicative of low infarmativeness, 0.10 to 0.25 medium, 0.30 to 0.40 high and 

0.40 to 0.50 for very high informativeness (Serrote et al. 2020). In the present study, PIC ranged from 0.37 to 0.50 with 

an average of 0.43. Therefore, the populations showed high to very high polymorphism in the present research. 

The SCoT markers have been used in genetic diversity analysis and diagnostic fingerprinting in some species of 

the Asteraceae, such as Taraxacum sect. Erythrosperma species from Poland with 19 SCoT primers. The average 

percentage of polymorphism was 94% (Wolanin et al. 2023), Lactuca sativa L. and L. serriola L. with exhibiting a notable 

average polymorphism of 67.55% with 5 SCoT primers (Essa et al. 2024). 

About using SCoT markers in Centaurea species the genetic variation between eight wild Centaurea species in 

Egypt were evaluated with seventeen SCoT primers. These primers generated 80.2 polymorphic amplicons. The values 

range of the PIC was between 0.364 and 0.482, with an average of 0.387. The Rp values were between 0.123 and 0.864 

(Atia et al. 2021). In addition, genetic relationships of ten Centaurea species growing naturally in the Duhok City, 

Kurdistan region of Iraq were studied with 10 SCoT primers. The polymorphism percentage was 100% in all primers. 

The PIC value was ranged from 0.24 to 0.36 with an average of 0.319. The Rp values was ranged from 3.4 to 12 with an 

average of 5.74. Thus, the SCoT markers were indicated as an efficient marker for genetic variation analysis for the 

Centaurea (Ismail et al. 2024). 
Despite the SCoT molecular markers studies on other species of Centaurea, the present investigation is the first 

study about genetic variation of C. virgata. Moreover, here a considerable genetic variation (such as other genetic studies 

on other species of Centaurea) existed among populations of C. virgata. In addition, the average polymorphic value was 

here found to be 77.86%. The AMOVA analysis of the SCoT markers showed a high genetic diversity between 

populations (ΦPT = 0.276). The AMOVA analysis showed 28% of the total genetic variance among populations of C. 

virgata and the highest Na (1.48), Ne (1.31), Nei’s gene diversity (0.18), Shannon information index (0.27) gene diversity 

index (HT) (0.18), PPL (47.83%) and NPL (77) were found in W. Azerbaijan populations. 

The SCoT marker was an effective tool to estimate the genetic diversity of C. virgata populations. Moreover, a 

high number of polymorphic bands and high polymorphic fragment percentage was obtained. The investigations showed 

the capability of SCoT marker in diversity analyses and fingerprinting. Therefore, it can be used for detecting the genetic 

variation in other species of Centaurea. 

 

Conclusion 

This was the first report of genetic variation and population structure study on different populations of C. virgata 

using SCoT marker technique. The SCoT method was reliable and very suitable for characterization and evaluation of 

genetic relationships among different populations of C. virgata. The results of the current study showed a significant 

genetic diversity in the studied populations. In addition, understanding the genetic diversity among populations of C. 
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virgata as a widespread and invasive species is important to select the efficient strategy for employing in breeding 

programs and germplasm conservation. SCoT marker targets a highly conserved region in plant genes that flanking the 

start codon, thus can determine genetic variations in a specific gene that link to a specific trait. It is a simple, highly 

polymorphic and reproducible molecular marker for which there is no need for prior sequence information. Therefore, 

SCoT is an efficient marker for evaluation of genetic variation in plant species. 
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