
Indian Journal of
Plant Genetic Resources

1 1 1 1Hanuman Ram , DK Samadia , Chet Ram * and AK Verma

1ICAR-Central Institute for Arid Horticulture, Bikaner, 
Rajasthan, 334006, India.

*Author for correspondence: 
chet.ram2@icar.org.in

Received: 24/12/2025

Revised: 19/03/2026

Accepted: 13/04/2026

How to cite this article: Ram H, DK Samadia, C Ram and 
AK Verma (2026) Assessment of Molecular Diversity and 
Phylogenetic Analysis Among Chilli Genotypes Using 
Start Codon Targeted (SCoT) Markers. Indian J. Plant 
Genet. Resour. 39(2): 29-37.

DOI:  https://doi.org/10.56093/ijpgr.v39i2.174522

Abstract
Assessment of genetic diversity is pivotal to identify genotypes for the crop improvement programme in chilli. Therefore, the present 
study was carried out to identify and characterise genetic variation among 45 chilli genotypes using Start Codon Targeted 
Polymorphism (SCoT) markers. Out of 18 primers, ten markers revealed significant polymorphism among the chilli accessions studied, 
with amplification ranging from 280 bp to 2.0 kb. A total of 81 alleles were obtained, ranging from 5 to 10 alleles, with an average of 8.1 
alleles per primer. Out of 81 alleles, sixty-two (76.54%) were found polymorphic in nature. The genetic similarity among the analysed 
genotypes ranged from 24.2 to 100%. The UPGMA dendrogram was constructed to establish the genetic relationship among the chilli 
genotypes using Jaccard's coefficient. Cluster analyses grouped 45 genotypes into two major groups, which was also supported by 
principal coordinate analysis (PCoA). Analysis of molecular variance (AMOVA) showed a significant estimated value at a degree of 999 
permutations. The percentage of variability was higher among populations (55%) than within populations (45%). The mean Nei's 
gene diversity (h) was 0.2233 and the mean Shannon's Information Index (i) was 0.3470, with the highest of both given by the SCoT-7 
marker. The SCoT marker-based distinguishable genetic variation in the chilli genotypes may serve as a potential aid in chilli 
improvement programme. It demonstrates the utility of SCoT markers for estimating molecular diversity and genotype identification 
in chilli. This study also suggests the potential of SCoT markers in further association studies in chilli.
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Introduction
Chilli, scientifically categorized under the genus Capsicum, is 
one of the important members of the Solanaceae family. Native 
to Central and South America, chilli was domesticated more 
than 6,000 years ago and is now used extensively in industry, 
medicine, and cooking all over the world (Bosland and Votava, 
2012). Among Capsicum spp., Capsicum annuum, C. chinense, C. 
frutescens, C. baccatum, and C. pubescens are the main 
domesticated species (Pickersgill, 2007). Chillies are also 
nutritionally dense, containing high levels of vitamin C, 
minerals, amino acids, provitamin A (β-carotene), flavonoids, 
and phytochemicals, making them useful for pharmacological 
and dietary applications (Materska and Perucka, 2005; Olatunji 
and Afolayan, 2018; Palma-Orozco et al., 2021). Capsaicinoids 
have been studied for their involvement in pain relief, 
metabolism stimulation, and cardiovascular protection in 
addition to their antioxidant and antimicrobial activities 
(Reyes-Escogido et al., 2011). Due to their agronomic 
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importance, biological diversity, and therapeutic 
potential, chilli continues to be a focal point of research 
in plant science, nutrition, and pharmacology. Chillies 
are still focused on by plant science, pharmacology, and 
nutritional studies due to their genetic diversity, 
therapeutic potential, and agronomic importance.

Plant adaptation, resilience, and evolution are 
significantly influenced by genetic diversity. Genetic 
diversity at the molecular level includes differences 
across and within plant populations in terms of DNA 
sequences, gene architectures, allelic frequencies, and 
genome organization (Frankham et al., 2002). 
Phenotypic traits diversity, including disease resistance, 
drought tolerance, yield, and quality are based on these 
molecular differences and is essential for crop 
improvement and breeding. In addition to managing 
genetic resources and identifying unique genotypes, an 
understanding of molecular genetic diversity is 
necessary for mapping genes associated with desired 
agronomic qualities using marker-assisted selection 
(MAS) and association mapping (Gupta et al., 2001).

The researchers have characterized several 
vegetable germplasm, including chilli,  using 
morphological markers (Rahevar et al., 2021; Samadia 
et al., 2024). However, the genetic diversity inferred by 
morphological markers is not precise due to the 
influence of environmental factors. Thus, molecular 
markers can provide accurate diversity at the molecular 
level. Maintaining and leveraging genetic variability at 
the molecular level is pivotal for sustainable agriculture 
and food security in the face of habitat loss and climate 
change. The evaluation of genetic diversity in plants has 
been completely transfigured by the advancement of 
molecular markers. Numerous methods have been 
executed to measure and examine genetic variability, 
including RAPD (Random Amplified Polymorphic DNA), 
AFLP (Amplified Fragment Length Polymorphism), SSR 
(Simple Sequence Repeats), and SNP (Single Nucleotide 
Polymorphisms) (Powell et al., 1996; Semagn et al., 
2006). In continuation, the short, conserved areas that 
surround the ATG translation initiation codon in plant 
genes serve as the basis for the new class of gene-
targeted molecular markers known as Start Codon 

Targeted (SCoT) markers (Collard and Mackill, 2009). The 
functional nature of SCoT markers, which target 
conserved gene areas, makes them more trustworthy 
for identifying functional genetic variation related to 
the trait of interest than other anonymous markers like 
RAPD or AFLP.  They are cost-effective and adaptable to 
a variety of plant species; they are useful in genetic 
diversity analysis, DNA fingerprinting, population 
structure assessment, phylogenetic studies, and QTL 
mapping; they are highly reproducible because longer 
primers and higher annealing temperatures are 
needed; and they don't require prior sequence 
information; able to identify polymorphisms in coding 
areas, which are frequently linked to adaptability and 
expressed traits. These markers' broad applicability in 
plant breeding, conservation genetics, and cultivar 
identification has been demonstrated by their 
successful use in a range of crops, including rice (Oryza 
sativa), wheat (Triticum aestivum), grapes (Vitis vinifera), 
and potato (Solanum spp.) (Xiong et al., 2011; Gorji et al., 
2011). However, the utilization of SCoT markers for 
assessing genetic diversity is limited in chilli (Tsaballa 
et al., 2015; Gupta et al., 2019; Igwe et al., 2019). The 
existing research gap limits the utility of gene-targeted 
molecular diversity for enhancing chilli breeding 
programmes. Therefore, the current investigation was 
formulated with the aims to (1) harness the SCoT 
marker-based genetic potential in chilli, (2) identify the 
unique genotype and (3) phylogenetic relationship 
among the chilli genotypes. Thus, the study was 
performed to assess molecular diversity and 
phylogenetic relationship among 45 chilli genotypes 
by employing 10 SCoT markers. The study highlights the 
promising potential of SCoT markers for advancing chilli 
crop improvement programmes.

Materials and Methods

Plant materials

The experimental material for the present investigation 
comprised 45 chilli genotypes, including four adapted 
varieties (JCA-283, Pusa Jwala, Pusa Sadabahar and 
RCH-1) (Table 1). The seeds of each genotype were sown 

Table 1: List of genotypes used for molecular diversity and phylogenetic analysis

S. Accession/ IC number Source
No. collector number

1. AHM-05 IC-347001 ICAR-CIAH, Bikaner
2. AHM-31 IC-347027 ICAR-CIAH, Bikaner
3. AHM-35 IC-347031 ICAR-CIAH, Bikaner
4. AHM-42 IC-347038 ICAR-CIAH, Bikaner
5. AHM-55 IC-347051 ICAR-CIAH, Bikaner

S. Accession/ IC number Source
No. collector number

6. AHM-93 IC-347089 ICAR-CIAH, Bikaner
7. AHM-115 IC-347111 ICAR-CIAH, Bikaner
8. Chilli thin-1 -- ICAR-CIAH, Bikaner
9. Chilli thin-2 -- ICAR-CIAH, Bikaner
10. Chilli thick-1 -- ICAR-CIAH, Bikaner
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in a protective vegetable nursery bed (Ram et al., 2024) 
at the vegetable research field of ICAR-Central Institute 
for Arid Horticulture, Bikaner, Rajasthan, India (28.1115° 
N and 73.3497° E). The seedlings were watered thrice a 
week with a drip irrigation system. The healthy and 
disease-free leaf samples were collected from nursery-
staged seedlings (28-days-old). The leaf samples were 
wrapped in the aluminium foil and immediately frozen 
in liquid nitrogen (-196ºC) and further stored at a deep 
freezer (-80°C) for DNA isolation.

DNA isolation and SCoT marker profiling 

Molecular work was undertaken at the Molecular unit, 
Biotechnology laboratory, ICAR-CIAH, Bikaner. The 
genomic DNA was isolated from 100 mg of fresh young 
leaf tissue following the CTAB method in the presence 
of liquid nitrogen with some minor modifications 
(Murray and Thompson, 1980). DNA was precipitated 
with chilled iso-propanol, and subsequently, the DNA 
pellet was rinsed with 70% ethanol for 10-15 min. to 
remove excess amount of CTAB and other salt 
precipitates. The pellet was dried at room temperature 
for up to 1 h and dissolved in TE buffer (pH=8). The 
purified DNA was quantified electrophoretically on 
0.8% agarose gel. The genomic DNA was diluted to 10 
ng/μl as a working stock for PCR analysis. PCR reaction 
was carried out using a Thermal Cycler machine (Bio-
Rad Laboratories Inc., USA) in a 15 μl reaction volume, 
composed of 2.0 μl of 10 ng genomic DNA, 7.5 μl of 2X 
PCR master mixture (Takara Bio Inc., Japan), 0.5 μl Mgcl , 2

2.0 μl SCoT primer and 3.0 μl nuclease-free water (Hi-

media, India). PCR tubes containing the reaction 
components were gently tapped and given a brief spin 
to allow proper settling of the reaction mixture. PCR 
amplification was performed with initial denaturation 
at 94ºC for 3 min. followed by 40 cycles of denaturation 
at 94ºC for 30 s, annealing step at 45ºC for 30 s, primer 
extension at 72ºC for 2 min. and a final extension at 72ºC 
for 10 min.  

Gel electrophoresis and allele scoring 

The amplicons were resolved electrophoretically on 
1.5% agarose gel prepared in 1XTBE buffer. The DNA 
fragments (SCoT alleles) were visualized by staining 
with ethidium bromide (10 mg/ml) and finally 
documented using a gel documentation system 
(Syngene, USA). The amplicons were scored as alleles 
for each of the SCoT marker loci. The alleles were 
scored manually as a binary matrix (0 and 1, where 
0 and 1 are considered as absence and presence of the 
alleles, respectively). The allele sizes (base pairs) were 
determined by comparing with a 100 bp standard DNA 
ladder (Bio-Helix, Taiwan). The allele data (binary matrix) 
from all the markers were used for statistical analysis. 

Clustering and population structure analysis

The binary matrix data were further used for clustering 
analysis among the genotypes. The clustering was 
inferred using Jaccard's coefficient, and a tree was 
obtained using the UPGMA model in NTSys 2.0 software 
(Rohlf, 2000). To determine the number of population 
structures present among the 45 chilli genotypes, the 

S. Accession/ IC number Source
No. collector number

11. Chilli-dwarf -- ICAR-CIAH, Bikaner
12. KSB-9 IC-261862 ICAR-CIAH, Bikaner
13. AHM-154 IC-446326 ICAR-CIAH, Bikaner
14. AHM-162 IC-446334 ICAR-CIAH, Bikaner
15. AHM-164 IC-446336 ICAR-CIAH, Bikaner
16. AHM-165 IC-446337 ICAR-CIAH, Bikaner
17. AHM-167 IC-446338 ICAR-CIAH, Bikaner
18. AHM-172 IC-446344 ICAR-CIAH, Bikaner
19. AHM-175 IC-446347 ICAR-CIAH, Bikaner
20. AHM-177 IC-446349 ICAR-CIAH, Bikaner
21. AHM-179 IC-446351 ICAR-CIAH, Bikaner
22. AHM-180 IC-446352 ICAR-CIAH, Bikaner
23. AHM-181 IC-446353 ICAR-CIAH, Bikaner
24. AHM-182 IC-446354 ICAR-CIAH, Bikaner
25. AHM-183 IC-446355 ICAR-CIAH, Bikaner
26. AHM-184 IC-446356 ICAR-CIAH, Bikaner
27. AHM-189 IC-446361 ICAR-CIAH, Bikaner
28. AHM-191 IC-446363 ICAR-CIAH, Bikaner

S. Accession/ IC number Source
No. collector number

29. AHM-192 IC-446364 ICAR-CIAH, Bikaner
30. AHM-193 IC-446365 ICAR-CIAH, Bikaner
31. AHM-194 IC-446366 ICAR-CIAH, Bikaner
32. AHM-197 IC-446369 ICAR-CIAH, Bikaner
33. AHM-198 IC-446370 ICAR-CIAH, Bikaner
34. AHMHR-01 -- ICAR-CIAH, Bikaner
35. MC-2 -- ICAR-CIAH, Bikaner
36. MC-1 -- ICAR-CIAH, Bikaner
37. JCA-283 -- JNKVV, Jabalpur
38. Pusa Jwala -- ICAR-IARI, New Delhi
39. Pusa Sadabahar -- ICAR-IARI, New Delhi
40. RCH-1 -- AU, Jodhpur
41. AHMHR-02 -- ICAR-CIAH, Bikaner 
42. AHMHR-03 -- ICAR-CIAH, Bikaner 
43. AHMHR-04 -- ICAR-CIAH, Bikaner 
44. AHMHR-05 -- ICAR-CIAH, Bikaner 
45. AHMHR-06 -- ICAR-CIAH, Bikaner 
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Fig. 1: Representative gel image of SCoT7 amplification on genomic DNA 
of chilli genotypes. 
The M and numerical 1-45 indicate the 100 bp standard DNA ladder and 
chilli genotypes, respectively.

binary data were analysed in STRUCTURE 2.0 software 
with the admixture model (Pritchard et al., 2000).

Statistical analysis

Total number of alleles, major allele frequency, gene 
diversity, heterozygosity and polymorphic information 
content (PIC) were estimated using PowerMarker V3.25 
(Liu and Muse, 2005). Any allele appearing in only one 
genotype was considered aunique allele, whereas an 
allele with a frequency of <0.05 was considered arare 
allele. Genetic dissimilarity was calculated for pairwise 
comparison of genotypes using Jaccard's coefficient 
with 1000 bootstraps. Principal coordinate analysis 
(PCoA) was calculated to supplement the clustering 
pattern (Gower, 1966). SCoT allelic composition for each 
genotype at every marker locus was determined by 
counting the number of alleles per locus and the allele 
frequencies and polymorphism information content 
(PIC) were determined according to the formula given 
by Botstein et al., (1980). 

Where pi was the estimated allele frequencies of k 
alleles (i=1 to k) and n was the number of individuals. 
Analysis of Molecular Variance (AMOVA) was carried out 
using GenAlEx 6.5 (Peakall and Smouse, 2012). In 
addition, genetic indices such as observed number of 
alleles (na), number of effective alleles (ne), Shannon's 
information index (i), Nei's observed heterozygosity (h) 
and expected heterozygosity (He) were also calculated 
using GenAlEx v6.503 (Peakall and Smouse, 2012).

Results and Discussion 
SCoT allele characteristic and polymorphism

To assess the SCoT marker-based polymorphism among 
the chilli genotypes, eighteen SCoT markers were 

profiled on the genomic DNA of chilli genotypes. 
Consequently, ten SCoT markers were amplified 
polymorphic alleles among the genotypes (Fig. 1) and 
used for the genetic diversity assessment among chilli 
genotypes. Eight SCoT markers were excluded from the 
analysis due to their monomorphic nature of 
amplification. A total of 81 alleles were obtained, 
ranging from 5 to 10 alleles, with an average of 8.1 
alleles per locus. Out of 81 alleles, 62 (76.54%) were 
found polymorphic in nature. The allele size ranged 
from 280 bp to 2.0 kb, thereby revealing a significant 
level of genetic diversity among the chilli genotypes. 
Similarly, the genetic criteria pertain to efficiency of the 
markers, such as percentage of polymorphism, PIC, He 
and resolution power, which also showed significance 
values among the chilli genotypes. The moderate level 
of PIC value ranged from 0.25 to 0.58, with a mean value 
of 0.40 generated by the SCoT markers. Likewise, the He 
value ranged from 0.30 to 0.66 with a mean of 0.46. 
Additionally, SCoT markers produced resolution power 
ranging from 1.82 to 4.58 among chilli genotypes. On 
the contrary, the four SCoT markers, namely SCoT2, 
SCoT3, SCoT10 and SCoT11, were unable to produce 
resolutions among the alleles. Statistics of the 
polymorphism are presented in Table 2. The SCoT 

Table 2: Polymorphism and marker efficiency of analysed SCoT markers in chilli

Marker Sequence (5' – 3') Amplicon size (bp) No. of alleles %Polymorphism He PIC  value Rp

SCoT2 CAACAATGGCTACCACCC 300-1100 10 70.00 0.49 0.44 --
SCoT3 CAACAATGGCTACCACCG 500-1600 10 90.00 0.62 0.54 --
SCoT4 CAACAATGGCTACCACCT 450-1000 5 60.00 0.30 0.25 1.82
SCoT5 CAACAATGGCTACCACGA 500-1000 6 83.33 0.49 0.37 2.76
SCoT6 CAACAATGGCTACCACGC 400-1000 8 62.50 0.47 0.36 3.64
SCoT7 CAACAATGGCTACCACGG 380-2000 10 90.00 0.42 0.33 3.91
SCoT8 CAACAATGGCTACCACGT 300-1350 9 88.89 0.47 0.36 4.58
SCoT9 CAACAATGGCTACCAGCA 280-870 7 85.7 10.44 0.34 2.53
SCoT10 CAACAATGGCTACCAGCC 550-1200 10 0.00 0.66 0.58 --
SCoT11 AAGCAATGGCTACCACCA 400-750 7 71.43 0.55 0.46 --
Mean --- --- 8.1 60.00 0.49 0.40 2.41
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markers, as new gene-targeted marker systems, have 
been substantially utilised for characterizing 
germplasm of numerous crop plants, including 
solanaceous crops (Shahlaei et al., 2014; Gupta et al., 
2019; Kulyan et al., 2023; Altaf et al., 2025). The SCoT 
marker has been considered as an effective and 
reproducible  marker  and resulted in  h igh 
polymorphism correlated with traits of biological 
interest as compared to other random marker systems 
(Collard and Mackill, 2009; Shahlaei et al., 2014). The 
SCoT marker analysed in the present study generated a 
substantial level of polymorphism among the chilli 
genotypes, indicating a wide level of genomic 
divergence among the accessions. Out of eighteen 
SCoT primers screened, ten primers were found 
polymorphic, while eight primers were excluded from 
the analysis due to their monomorphic allele pattern. 
The SCoT alleles are in accordance with the inherent 
nature of gene-targeted SCoT marker systems, where 
amplification efficiency varies according to 
primer–genome specificity (Collard and Mackill, 2009). 
The total of 81 alleles obtained with an average of 8.1 
alleles per locus and 76.54% polymorphism indicated a 
higher resolution capacity of SCoT markers in chilli, 
demonstrating their power in revealing genomic 
variability in chilli in the present study. Similar high 
allele richness and polymorphism using SCoT markers 
have been reported earlier in Capsicum spp. (Gupta et 
al., 2019; Igwe et al., 2019; Abou-Sreea et al., 2021). The 
moderate PIC values (0.25–0.58) and He values 
(0.30–0.66) obtained in this experiment further confirm 
the efficiency and informativeness of SCoT markers as 
powerful molecular tools for genetic diversity 
assessment among chilli genotypes. The findings of the 
present investigation were consistent with previous 
findings in Capsicum and other Solanaceae crops (Feng 

et al., 2018; Gupta et al., 2019; Igwe et al., 2019; Shilpa et 
al., 2021). The resolution power (Rp), ranging from 1.82 
to 4.58, additionally indicated that these primers 
possess  strong discr iminator y  potentia l  in  
differentiating chilli genotypes at the molecular level. 
However, some markers (SCoT2, SCoT3, SCoT10 and 
SCoT11) have not produced allelic resolutions, which 
might be due to the low level of polymorphism in the 
present study. The similar discriminatory potential of 
SCoT markers in terms of resolution power has been 
observed in various crops (Bhawna et al., 2017; Igwe et 
al., 2017; Rai, 2023).

Genetic diversity analysis among chilli genotypes

Based on the genetic diversity indices such as observed 
number of alleles (na), number of effective alleles (ne), 
Shannon's information index (i) and Nei's observed 
heterozygosity (h), all the chilli genotypes showed a 
significant level of genetic diversity (Table 3). The 
observed and effective number of alleles generated by 
10 SCoT markers in 45 chilli genotypes ranged from 1.40 
(SCoT4) to 2.00 (SCoT5) and 1.23 (SCoT4) to 1.52 (SCoT8), 
with meansof 1.75 and 1.36, respectively. The mean of 
Nei's observed heterozygosity was found to be 0.22, 
with ranging from 0.15 (SCoT4) to 0.30 (SCoT8). 
Similarly, Shannon's information index ranged from 
0.22 (SCoT4) to 0.46 (SCoT8) with a mean of 0.34. The 
genetic diversity analysis identified the SCoT8 as a more 
informative marker to characterise45 chilli genotypes. 
Whereas the SCoT4 markers have generated the least 
genetic diversity value in all the parameters. The 
number of alleles (na =1.40 - 2.00; mean 1.75) and 
number of effective alleles (ne = 1.23 – 1.52; mean 1.36) 
align with earlier reports in Capsicum and tomato, 
where SCoT markers generally produce moderate to 
high allelic richness (Shahlaei et al., 2014; Gupta et al., 

Marker na ne h i

SCoT2 1.80 1.25 0.18 0.30

SCoT3 1.90 1.26 0.20 0.34

SCoT4 1.40 1.23 0.15 0.22

SCoT5 2.00 1.29 0.21 0.36

SCoT6 1.63 1.34 0.21 0.31

SCoT7 1.80 1.38 0.23 0.36

SCoT8 1.89 1.52 0.30 0.46

SCoT9 1.71 1.44 0.23 0.34

SCoT10 1.67 1.42 0.25 0.37

SCoT11 1.71 1.44 0.25 0.37

Mean 1.75 1.36 0.22 0.34

Table 3: SCoT markers based on allelic diversity in 45 chilli genotypes
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Fig. 4: UPGMA clustering analysis among 45 chilli genotypes.

Fig. 3: Population structure analysis among 45 chilli genotypes.

Fig. 2: Eigen value (Delta K) indicating the number of populations among 
45 chilli genotypes.

2019). Shannon's information index (i), ranging from 
0.22 to 0.46 (mean 0.34), and Nei's heterozygosity (h = 
0.15–0.30; mean 0.22), further confirm the presence of 
appreciable intra-specific variability. Such diversity 
estimates are comparable to those documented in chilli 
and other vegetable crops using SCoT and related co-
dominant markers like SSRs (Gupta et al., 2019; Ram et 
al., 2021).

Structure-based diversity analysis

To determine the genetic populations present in 45 
chilli genotypes, the binary matrix data were analysed 
in the STRUCTURE software.  The delta K value revealed 
three population structures present in 45 chilli 
genotypes (Fig. 2). Population structure I consisted of21 
chilli genotypes, out of which 04 genotypes were found 

lower proportion of admixture genotypes recorded 
might be attributed to the often-cross-pollinated 
nature of Capsicum annuum, thereby restricting 
intensive gene flow, as also suggested earlier by Pérez-
Martínez et al., (2022). 

Clustering study

The UPGMA cluster analysis grouped 45 genotypes into 
three major clusters, some of them having sub-clusters 
(Fig. 4). Cluster one emerged as the largest cluster, 

to be admixture type. Similarly, population cluster II 
contained 12 genotypes with 3 admixture types. The 
population structure III consisted of08 highly porous, 3 
admixture type and one genotype as a hybrid type 
(Fig. 3). The low level of admixture among the 
genotypes might be due to self-pollination nature of 
the crop. Population structure analysis identified three 
distinct genetic populations among the 45 chilli 
genotypes studied, supported by delta K analysis, 
which agrees with multiple population structure 
studies in chilli revealing 2–4 major genetic groups due 
to narrow reproductive behaviour and region-specific 
domestication (Taranto et al., 2016). The comparatively 

possessing twenty-one genotypes with a 0.48 to 0.90 
similarity index. Similarly, cluster 2 was found second 
largest cluster, having thirteen genotypes, including 
two varieties (JCA-283 and Pusa Sadabahar) with a 0.58 
to 0.87 similarity index. Cluster 3 consisted ofeleven 
chilli genotypes, including two varieties (Pusa Jwala 
and RCH-1). In cluster 3, five genotypes AHM-172, AHM-
173, RCH-1, Pusa Jwala and AHMHR-3 were observed 
closest to each other in the phylogeny analysis, 
suggested the 100% similar based on the genetic level. 
The UPGMA-based clustering of genotypes also 
validated three primary genetic groups, which were 
further confirmed and supported by the STRUCTURE 
results. The clustering of commercial varieties such as 
Pusa Jwala, RCH-1, Pusa Sadabahar and their close 
grouping with specific accessions suggests shared 
allelic origin and similar genetic background, as also 
observed by Nagy et al., (2007) and Dhaliwal et al., 
(2014) in phylogenetic studies of chilli cultivars.

Molecular variability and coordination among chilli 
genotypes

An analysis of molecular variance (AMOVA) study was 
performed to analyse the distribution of genetic 
variations among or within populations of 45 chilli 
genotypes. Consequently, the analysis showed a 
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significant estimated value at a degree of 1000 
permutations (Table 4). The results revealed that most 
of the variation (55%) was found among the 
populations rather than within populations (45%). 
Principal coordinate analysis (PCoA) was further 
performed to assess the cluster coordinates according 
to the genetic variability among 45 chilli genotypes. The 
findings of coordinate analysis revealed four clusters 
among 45 chilli genotypes with distribution in four 
quadrangles; however, the distribution of the 
genotypes across the quadrangles was not uniform. The 
maximum number of genotypes (21 genotypes) was 
presented by quadrangle 1, followed by quadrangle 4 
(12 genotypes). Whereas, the quadrangle 2 presented 
the minimum number of genotypes clustered (4 
genotypes). The coordinates 1 and 2 explained per 
centvariation of 54.56% and 19.94% with a cumulative 
per centvariation of 81.72% (Fig. 5). AMOVA indicated 
that maximum molecular variation resided among the 
populations rather than within populations, which 
clearly supports a structured genetic architecture in 
chilli. Similar trend of higher inter-population variance 
has been documented in chilli across different 
geographic origin-based studies (Yumnam et al., 2012; 
Abhinaya et al., 2016). The PCoA further supported 
cluster-based grouping of chilli genotypes, where 
differential spatial distribution of genotypes across 
quadrants indicated heterogeneous genetic 
divergence among the chilli genotypes studied. Thus, 
the combined marker efficiency statistics, clustering 

Source df SS MS Est. Var. %

Among Pops 2 287.123 143.561 9.443 55%

Within Pops 4 2327.4 337.796 7.796 45%

Total 4 4614.556 17.239 100%

Table 4: AMOVA showing genetic variation among and within populations of 45 chilli genotypes 

pattern, population structure, and AMOVA outputs 
confirmed that SCoT markers exhibit high potential for 
precise discrimination, population stratification and 
genetic divergence in chilli genotypes.

In a nutshell, the findings of this study revealed a 
substantial level of allelic variation and polymorphism 
in chilli genotypes. Out of 81, ten SCoT markers were 
found informative to generate 81 alleles with 60.00% 
mean polymorphism. The moderate level of PIC value, 
ranging from 0.25 to 0.58, reflecting informativeness of 
SCoT markers analysed in this study. Three clusters 
corroborated with three population structures also 
infer the utility of the SCoT markers to identify the 
genotypes according to their phylogenetic proximity. 
Similarly, the AMOVA showed significant genetic 
variation among and within populations of 45 chilli 
genotypes. Overall, SCoT markers in this study were 
highly informative, revealing significant genetic 
diversity among chilli genotypes, which provided 
sufficient genetic distance to identify promising 
contrasting parents for future heterosis breeding, trait 
pyramiding and molecular breeding program 
development.

Conclusion
The present study confirmed that SCoT markers are 
highly efficient and reliable for assessing molecular 
polymorphism and genetic diversity in chilli. The high 
mean of per cent polymorphism (60%), moderate mean 
PIC values (0.40), superior resolution power (mean 2.41) 
and clear genetic clustering obtained in this study 
collectively indicated that SCoT markers have strong 
discriminatory strength for genome differentiation in 
Capsicum annuum. The STRUCTURE, UPGMA and PCoA-
based grouping consistently classified the germplasm 
into three genetically distinct populations, which 
suggests the existence of structured genetic 
divergence within the evaluated collection. AMOVA 
further validated this pattern by demonstrating that the 
majority of genetic variance in chilli lies among 
populations (55%) rather than within populations 
(45%), signifying clear differentiation and limited gene 
flow among the genotype groups.

From a breeding perspective, identification of 
genetically distant clusters and diverse genotypes is Fig.5: Principal coordinate analysis (PCoA) of 45 chilli genotypes.
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extremely valuable for parental selection in hybrid, 
heterosis and trait-specific breeding programmes. The 
genotypes belonging to genetically distant clusters can 
be strategically used to maximise heterotic response, 
broaden allelic spectrum, enhance recombination 
potential and pyramid desirable traits effectively in 
next-generation breeding. Therefore, the diversity 
detected through SCoT markers analysis in this study 
provides a valuable molecular basis and genetic 
resource framework for designing future chilli 
improvement, hybrid development and molecular 
breeding strategies.

References
Abhinaya M, K Modha, RK Patel and HB Parmar (2016) Genetic 

diversity analysis for dry fruit yield, its attributes and quality 
traits in chilli (Capsicum annuum L.). Electron. J. Plant Breed. 
7(4): 1200-1207.

Abou-Sreea AIB, CR Azzam, S Al-Taweel, RM Abdel-Aziz, HEE Belal, 
MM Rady, EF Ali, A Majrashi and KAM Khaled (2021) Natural 
biostimulant attenuates salinity stress effects in chili pepper 
by remodelling antioxidant, ion, and phytohormone 
balances, and augments gene expression. Plants 10: 2316.

Altaf MT, MA Nadeem, A Ali, W Liaqat, M Bedir, N Baran, A Ilić, MK 
Ilyas, A Ghafoor, H Dogan, M Aasim and FS Baloch (2025) 
Applicability of Start Codon Targeted (SCoT) markers for the 
assessment of genetic diversity in bread wheat germplasm. 
Genet. Resour. Crop Evol. 72: 1205-1218. https://doi.org/ 
10.1007/s10722-024-02016-0

Bhawna, MZ Abdin, L Arya and M Verma (2017) Use of SCoT 
markers to assess the gene flow and population structure 
among two different population of bottle gourd. Plant 
Genet. 9: 80-86.

Bird KA, H An, E Gazave, MA Gore, JC Pires and LD Robertson 
(2017) Population structure and phylogenetic relationships 
in a diverse panel of Brassica rapa L. Front. Plant Sci. 8: 321. 
doi:10.3389/fpls.2017.00321

Bosland PW and EJ Votava (2012) Peppers: Vegetable and Spice 
Capsicums, 2nd edn. CABI Publishing.

Botstein D, RL White, MH Skalnick and RW Davies (1980) 
Construction of a genetic linkage map in man using 
restriction fragment length polymorphism. Am. J. Hum. 
Genet. 32(3): 314-331. 

Collard BCY and DJ Mackill (2009) Start codon targeted (SCoT) 
polymorphism; a simple, novel DNA marker technique for 
generating gene-targeted markers in plants. Plant Mol. Biol. 
Rep. 27(1): 86-93. https://doi.org/10.1007/s11105-008-
0060-5

Dhaliwal MS, A Yadav and SK Jindal (2014) Molecular 
characterization and diversity analysis in chilli pepper using 
simple sequence repeats (SSR) markers.  Afr.  J .  
Biotechnol.13(31): 3137-3143.

Feng S, Y Zhu, C Yu, K Jiao, M Jiang, J Lu, C Shen, Q Ying and H Wang 
(2018) Development of species-specific SCAR markers, 
based on a SCoT analysis, to authenticate Physalis 
(Solanaceae) species. Front. Genet. 9: 192. doi:10.3389/ 
fgene.2018.00192

Frankham R, JD Ballou and DA Briscoe (2002) Introduction to 

Conservation Genetics. Cambridge University Press.
Gorji AM, P Poczai, Z Polgar and J Taller (2011) Efficiency of 

arbitrarily amplified dominant markers (SCoT, ISSR, and 
RAPD) for diagnostic fingerprinting in tetraploid potato. Am. 
J. Potato Res. 88(3): 226-237. https://doi.org/10.1007/ 
s12230-011-9197-7

Gower JC (1966) Some distance properties of latent root and 
vector methods used in multivariate analysis. Biometrika 53: 
325-388.

Gupta PK, RK Varshney, PC Sharma and B Ramesh (2001) 
Molecular markers and their applications in wheat breeding. 
Plant Breed. 120(3): 179-204.

Gupta V, PK Jatav, SU Haq, KS Verma, VK Kaul, SL Kothari and S 
Kachhwaha (2019) Translation initiation codon (ATG) or 
SCoT markers-based polymorphism study within and across 
various Capsicum  accessions; insight from their 
amplification, cross-transferability and genetic diversity. J. 
Genet. 98(2): 61.

Igwe DO, CA Afiukwa, G Acquaah and GN Ude (2019) Genetic 
diversity and structure of Capsicum annuum as revealed by 
start codon targeted and directed amplified minisatellite 
DNA markers. Hereditas 156: 32. https://doi.org/10.1186/ 
s41065-019-0108-6

Igwe DO, CA Afiukwa, BE Ubi, KI Ogbu, OB Ojuederie and GN Ude 
(2017) Assessment of genetic diversity in Vigna unguiculata 
L. (Walp) accessions using inter-simple sequence repeat 
(ISSR) and start codon targeted (SCoT) polymorphic 
markers. BMC Genet. 18: 98.

Kulyan R, L Samarina, R Shkhalakhova, A Kuleshov, Y Ukhatova, O 
Antonova, N Koninskaya, A Matskiv, V Malyarovskaya and A 
Ryndin (2023) InDel and SCoT markers for genetic diversity 
analysis in a citrus collection from the western caucasus. Int. 
J. Mol. Sci.24: 8276. https://doi.org/10.3390/ijms24098276

Liu K and SV Muse (2005) PowerMarker: an integrated analysis 
environment for genetic marker analysis. Bioinform. 21(9): 
2128-2129.

Materska M and I Perucka (2005) Antioxidant activity of the main 
phenolic compounds isolated from hot pepper fruit 
(Capsicum annuum L.). J. Agric. Food Chem. 53(3): 1750-1756.

Murray MG and WF Thompson (1980) Rapid isolation of high 
molecular weight plant DNA. Nucleic Acids Res. 8(19): 4321-
4325.

Nagy I, A Stagel, Z Sasvari, M Roder and M Ganal (2007) 
Development, characterization, and transferability to other 
Solanaceae of microsatellite markers in pepper (Capsicum 
annuum L.). Genome 50: 668-688.

Olatunji TL and AJ Afolayan (2018) The suitability of chili pepper 
(Capsicum annuum L.) for alleviating human micronutrient 
dietary deficiencies: A review. Food Sci. Nutr.6: 2239-2251.

Palma-Orozco G, C Orozco-Alvarez, AA Chavez-Villeda, A 
Mixtega-Martínez and R Castro-Munoz (2021) Capsaicin 
content in red habanero chilli (Capsicum chinense Jacq.) and 
its preservation after drying process. Future Foods 4: 1-11. 
https://doi.org/10.1016/j.fufo.2021.100070.

Peakall R and PE Smouse (2012) GenAlEx 6.5: Genetic analysis in 
Excel. Population genetic software for teaching and 
research-an update. Bioinform. 28: 2537-2539.

Pérez-Martínez AL, LE Eguiarte, KL Mercer, NE Martínez-
Ainsworth, L McHale, E Van der Knaap and L Jardón-Barbolla 
(2022) Genetic diversity, gene flow, and differentiation 
among wild, semiwild, and landrace chile pepper (Capsicum 

Indian Journal of Plant Genetic Resources 39 (2) 29-37

Ram et al. Genetic Diversity in Chilli via SCoT Markers

36



annuum) populations in Oaxaca, Mexico. Am. J. Bot. 109: 
1157-1176.

Perrier X (2006) DARwin software. http://darwin.cirad. fr/darwin
Pickersgill B (2007) Domestication of plants in the Americas: 

Insights from Mendelian and molecular genetics. Ann. Bot. 
100(5): 925-940.

Powell W, M Morgante, C Andre, M Hanafey, J Vogel, S Tingey 
andA Rafalski (1996) The comparison of RFLP, RAPD, AFLP 
and SSR (microsatellite) markers for germplasm analysis. 
Mol. Breed.2(3): 225-238.

Pritchard JK, M Stephens and P Donnelly (2000) Inference of 
population structure using multilocus genotype data. 
Genet. 155: 945-959. https://doi.org/10.1093/genetics/ 
155.2.945

Rahevar PM, JN Patel, S Kumar and DJ Parmar (2021) 
Morphological characterization of 58 chilli genotypes. 
Indian J. Plant Genet. Resour. 34(02): 221-228. https://doi.org/ 
10.5958/0976-1926.2021.00021.8

Rai MK (2023) Start codon targeted (SCoT) polymorphism marker 
in plant genome analysis; current status and prospects. 
Planta 257(2): 34. doi: 10.1007/s00425-023-04067-6

Ram H, DK Samadia, AK Verma and PS Gurjar (2024) Surface 
covering protective vegetable nursery for hot arid climate. 
Indian Hort. 69(1): 26-28. 

Reyes-Escogido ML, EG Gonzalez-Mondragon and E Vazquez-
Tzompantzi (2011) Chemical and pharmacological aspects 
of capsaicin. Molecules 16(2): 1253-1270.

Rohlf FJ (2000) NTSYS-pc: Numerical Taxonomy and Multivariate 
Analysis System Version 2.1. Exeter Publishing Setauket, 
New York, USA.

Samadia DK, AK Verma and H Ram (2024) Characterization and 
utilization of potential genetic resources for improvement 

of Citrullus lanatus under desert ecosystem. Indian J. Plant 
Genet. Resour. 37(03): 482-493. https://doi:10.61949/0976-
1926.2024.v37i03.11

Semagn K, A Bjornstad and MN Ndjiondjop (2006) An overview of 
molecular marker methods for plants. Afr. J. Biotechnol. 
5(25): 2540-2568.

Shahlaei A, S Torabi and M Khosroshah (2014) Efficacy of SCoT 
and ISSR markers in assesment of tomato (Lycopersicum-
esculentum Mill.) genetic diversity. Int.  J. Biosci. 5(2): 14-22.

Shilpha J, S Pandian, MJ Largia, SI Sohn and M Ramesh (2021) 
Short-term storage of Solanum trilobatum L. synthetic seeds 
and evaluation of genetic homogeneity using SCoT markers. 
Plant Biotechnol. Rep. 15: 651-661.

Taranto F, N D'Agostino, B Greco, T Cardi and P Tripodi (2016) 
Genome-wide SNP discovery and population structure 
analysis in pepper (Capsicum annuum) using genotyping by 
sequencing. BMC Genom. 17:  943.

Tsaballa A, I Ganopoulos, A Timplalexi, X Aliki, I Bosmali, NO Irini, T 
Athanasios and P Madesis (2015) Molecular characterization 
of Greek pepper (Capsicum annuum L.) landraces with 
neutral (ISSR) and gene-based (SCoT and EST-SSR) 
molecular markers. Biochem. Systemat. Ecol. 59: 256-263. 
https://doi.org/ 10.31883/pjfns/133690

Xiong F, R Zhong, Z Han, J Jiang, L He, W Zhuang and R Tang (2011) 
Start codon targeted polymorphism for evaluation of 
functional genetic variation and relationships in cultivated 
peanut (Arachis hypogaea L.) genotypes. Mol. Biol. Rep. 38(5): 
3487-3494. https://doi.org/10.1007/s11033-010-0459-6

Yumnam JS, W Tyagi, A Pandey, TM Ngasepam and M Rai (2012) 
Evaluation of genetic diversity of chilli landraces from 
Northeastern India based on morphology, SSR markers and 
the Pun1 locus. Plant Mol. Biol. Rep. 30(6): 1470-1479.

Indian Journal of Plant Genetic Resources 39 (2) 29-37

Ram et al. Genetic Diversity in Chilli via SCoT Markers

37


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

