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Abstract. Manzila I, Priyatno TP, Nugroho K, Terryana RT, Lestari P, Hidayat SH. 2020. Molecular and morphological 

characterization of EMS-induced chili pepper mutants resistant to Chili veinal mottle virus. Biodiversitas 21: 1448-1457. Chili veinal 

mottle virus (ChiVMV) is a major prevalent virus that potentially reduces the yield of chili pepper by more than 50% in Indonesia. 

Therefore, the development of a ChiVMV-resistant cultivar is necessary to ensure satisfactory chili pepper production. Mutation 

breeding is a promising tool available to produce virus-resistant plants via the induction of new alleles due to point mutations within the 

existing chili germplasm. This research was conducted to assess the genetic variation of ten promising (M6) EMS-induced mutant lines 

of chili pepper (Capsicum annuum L.) potentially resistant to ChiVMV by their morphological characteristics and SSR profile, as well 

as identify potential mutants based on agronomic traits. The ten chili pepper mutant lines used in the present study were derived from 

the shoot tips of a Gelora cultivar treated with 0.5% ethyl methanesulfonate (EMS) as a chemical mutagen. The performance of the 

respective promising chili pepper mutant lines both at a molecular and morphological level was observed. Phenotypic analysis showed 

that all the promising chili pepper mutant lines underwent significant morphological changes. Of these, the phenotype coefficient 

variation (PCV) values were higher than the genotype coefficient variation (GCV) values for all the traits observed. High heritability 

(h2) was found for the canopy area, length of the fruit stalk, fruit weight, fruit weight per plant, thick fruit flesh, leaf width, leaf length, 

and fruit storage duration. A total of 52 alleles were detected from the five polymorphic SSR loci with 5.2 average alleles/loci. A 

dendrogram was generated and revealed two groups with five mutants clustered separately from their parents which could be valuable 

for further improvement. 

Keywords: Capsicum annuum, Chili veinal mottle virus, mutant lines, SSR 

Abbreviations: ChiVMV: Chili veinal mottle virus, EMS: Ethyl Methanesulfonate, SSRs: Single Sequence Repeats, PCV: Phenotype 
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INTRODUCTION 

Viral diseases are one of the most serious diseases of 

chili in many areas where the crop is grown. The incidence 

of chili-infected viruses has increased considerably over 

the past 30 years due to the increased volume and speed of 

global trade of fresh produce carrying viruses and vectors 

to new locations (Kenyon et al. 2014). In Indonesia, Chili 

veinal mottle virus (ChiVMV) causes serious losses in chili 

and has become the most limiting factor affecting chili 

production besides Pepper yellow leaf curl virus 

(PepYLCV), Cucumber mosaic cucumovirus (CMV), 

Ralstonia solanacearum, Phytophthora capsici, and 

Colletotrichum spp. (Hidayat et al. 2012; Bhattarai and 

Mariyono 2016). This virus may cause yield loss of up to 

95% and 30% in sweet chili and small chili, respectively 

(Greene et al. 2003). Chili infected by ChiVMV show 

typical symptoms, which consist of irregular dark green 

spots on the leaf (i.e., mottling), a vein banding leaf 

malformation (Tsai et al. 2011), and reduction in fruit size 

(Shah et al. 2001). Efforts to control ChiVMV using 

pesticides to control insect vectors, removal of diseased 

plants, and agronomic intervention are not yet satisfactory. 

The use of host plant resistance to this disease is considered 

to be an effective, economical, ecologically safe, and 

durable approach. However, to the best of our knowledge, 

there are no resistance varieties of chili peppers in 

Indonesia to date. Therefore, the development of ChiVMV-

resistant chili pepper varieties is necessary.  

Breeding for resistance to ChiVMV requires resistant 

germplasm for crop improvement. As a non-center origin 

of chili peppers, Indonesia has chili peppers with narrow 

genetic variability. Therefore, mutation via the breeding 

approach could promisingly be used as an effective tool to 

broaden the genetic variability in the existing varieties. 

Based on the mutation breeding program, the improvement 

in genetic variability could be conducted by several 

strategies, such as T-DNA or transposon insertional 

mutagenesis (Alonso et al. 2003) and physical- and 

chemically-induced mutagenesis ( Uchida et al. 2011; 

Ramezani et al. 2017). Ethyl methanesulfonate (EMS) is an 

effective chemical mutagen to induce random point 

mutations resulting in mispairing among these nucleotides 

with their complementary bases and, thus, the introduction 
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of base changes after replication (Ramezani et al. 2017). As 

an alkylating agent, EMS results in the build-up of O6-

ethylguanine on guanine (G) residues, which will mispair 

with thymine (T) instead of cytosine (C) (Aswaneeza et al. 

2015). Mispairing of adenine (A)/T will occur through 

continuous DNA repair in replacement to G/C pairing 

(Greene et al. 2003). A previous study reported that EMS 

treatment caused 70%-99% of C/G to A/T changes in base 

pairing among mutant organisms (Till et al. 2007). 

We conducted a previous study (Manzila et al. 2015) to 

improve the genetic variability of the local big chili pepper 

variety (Gelora cultivar) through EMS mutagenesis in 

combination with somaclonal variation. From these genetic 

resources, we successfully identified, characterized, and 

developed ChiVMV-resistance mutant lines. Ten promising 

chili mutant lines in the sixth generation (M6), which is 

resistant to ChiVMV, were assessed at a morphological and 

molecular level. DNA markers, such as amplified fragment 

length polymorphisms (AFLPs), random amplified 

polymorphic DNA (RAPD), anchored simple sequence 

repeat polymorphisms (ISSRs), and simple sequence 

repeats (SSRs), have been used to detect variation at a 

DNA level and to determine interrelationships among 

closely related genotypes (Schulman 2007; Geleta et al. 

2005; Aslam and Arif 2014;  Dhaliwal et al. 2014; 

Bahurupe et al. 2018; Sharmin et al. 2018. SSRs are an 

excellent molecular marker system for many types of 

genetic analyses, including linkage mapping germplasm 

surveys and phylogenetic studies (Alvarez et al. 2007). 

They have been used to characterize genetic diversity in 

several crop species, including sorghum maize, cotton, 

wheat, and rice (Herrera et al. 2008). All results showed 

that SSR markers efficiently detected genetic 

polymorphisms and discriminated among genotypes 

(Alvarez et al. 2007; Giarrocco et al. 2007). The objectives 

of this study were to determine the effect of EMS on the 

genetic variability of ten promising chili pepper mutant 

lines potentially resistant to ChiVMV and to evaluate their 

genetic differentiation using SSR markers. 

MATERIALS AND METHODS 

Genetic materials 

A set of 10 EMS-induced Gelora mutant lines of the 

sixth generation (M6) and Gelora cultivar (wild type) were 

used as experimental materials (Manzila et al. 2015). The 

10 potential mutant lines used in this study were derived 

from a previous selection of 800 mutant lines based on 

resistance to ChiVMV, good morphological characteristics, 

and high yield. The 10 mutant lines utilized were 

M6.121.1, M6.238.1, M6.2338.2, M6.353.1, M6.420.1, 

M6.517.1, M6.517.2, M6.801.1, M6.113.3, and M6.200.2. 

The study was conducted at the Vegetables Research 

Institute (IVEGRI) in Lembang-Bandung, West Java, 

Indonesia with a latitude and longitude 6°48'7.8192'' S 

during the dry season of 2016.   

Morphological characterization  

To observe morphological characterization, the chili 

pepper mutant lines were sown in a 2 × 2 m2 seedbed. The 

experiment was arranged in a randomized completely block 

design (RCBD) with four replications. The beds were 

prepared by adding a sufficient amount of organic manure 

(12 ton/ha). The seedlings were protected from virus 

vectors via a nylon net covering. Thirty-day-old seedlings 

were then transplanted in replicated plots. The size of each 

plot used in this study was 6 × 1 m on 40 cm-high raised 

beds. An adequate quantity of organic manure and 

inorganic fertilizer (NPK: 90:60:40 kg/ha) was applied 

before covering the beds with silver mulch. Twenty-four 

plants were accommodated in each plot by following a 

spacing of 60 × 50 cm. Usual agronomic and plant 

protection practices were adopted to grow the plants in the 

experimental field. Mutant lines were characterized by 15 

morphological characteristics. An analysis of variance was 

conducted with SAS 9.0 to determine the genetic variation 

in the measured traits. Phenotypic coefficients of variation 

(PCV), genotypic coefficients of variation (GCV), 

coefficients of variation, and heritability were calculated 

according to the method by Narayana and Singh (2015). 

Phenotypic and genotypic correlation was calculated by the 

formula suggested by Falconer (1989). 

Plant resistance analysis 

Propagation of the virus inoculum 

The ChiVMV used in this study was isolated from 

Cikabayan, Bogor, West Java, and collected by the Plant 

Protection Department of Bogor Agricultural University in 

Indonesia. These isolates were propagated in sweet chili 

plants (Capsicum annum) via mechanical transmission. 

Thirty-day-old sweet chili plants were mechanically 

inoculated with pure ChiVMV isolates by grinding 

ChiVMV infected leaves (w/v) in 0.01 M phosphate buffer 

(pH 7.0) with a sterile mortar (Figure 1). Subsequently, the 

leaves’ juice extract was mixed with 400-grit carborundum 

and rubbed on the surface of the leaves. After 10-20 min of 

inoculation, the leaves were washed with distilled water 

(Hull 2009). 

Evaluation of ChiVMV-resistant chili  

The seeds of chili plants were sown on sterilized soil 

media mixed with manure in a ratio of 1:3. The soil 

mixture was incubated first for three days before use. After 

the first leaf appeared, the chili seedlings were transferred 

to a polybag, maintained for 30 days, and inoculated with 

ChiVMV. Mechanical inoculation of ChiVMV was 

conducted by applying the inoculum to the leaves of 10 

mutant lines. As a positive control, the leaves of healthy 

plants were smeared with phosphate buffer solution. All 

inoculation treatments were performed twice with a one-

week interval. Inoculated chili plants were maintained in a 

greenhouse until they showed ChiVMV infection 

symptoms. The parameters observed were the incubation 

period, disease incidence, disease severity, plant height, 

number of fruits per plant, and fruit weight of each plant. 

The disease incidence was observed three times starting 

one week after inoculation until the next 30 days with a 
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one-week interval for each observation. The mean value 

was calculated from the three observations.   

SSR analysis 

DNA isolation  

Genomic DNA was extracted from young leaves of 

chili plants according to the CTAB-based protocol. 

Approximately 100 mg of each leaf sample was ground in a 

mortar and pestle in the presence of liquid nitrogen to 

obtain a fine powder. The powder was transferred to a 2-ml 

centrifuge tube containing 500 µl of pre-warmed extraction 

buffer (100 mM Tris-HCl pH 8.0, 1.4 M NaCl, 20 mM 

EDTA, 2% w/v CTAB, and 0.1% β-mercaptoethanol) and 

mixed by inversion. Then, the tubes were kept in a 

thermostatic water bath at 65°C for 60 min. DNA was 

extracted with chloroform: isoamyl alcohol mixes (24:1), 

precipitated using two volumes of absolute ethanol in the 

presence of 0.3 M sodium acetate, and pelleted by 

centrifugation. The pellets were then washed with 70% 

ethanol, air dried, and dissolved in distilled water. The 

DNA pellet was air-dried and re-dissolved in 50 µl of TE 

buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0).  

PCR amplification 

PCR experiments were performed in a volume of 20 µl 

containing 30 ng of template DNA, 4 pmol of each primer, 

3 mM of each dNTP, 1 unit of Taq DNA polymerase, 2.5 

mM MgCl2 and 1x PCR buffer. Ten SSR primer pairs that 

were selected from the publicly available collection of the 

chili database genome 

(www.genom.litbang.pertanian.go.id) were used for 

molecular analysis. The amplification reactions were 

performed using the following thermal profile: 95°C for 5 

min, 35 cycles of 30 s at 94°C, 60 s at the specific-primer 

annealing temperature, and 60 s at 72°C. The last cycle was 

followed by 10 min at 72°C, and PCR was terminated with 

a continuous cycle at 4°C. The amplification reactions were 

performed using a DNA thermal cycler (Bio-Rad, Model 

580BR). The amplification products were separated by 

electrophoresis on 12% non-denaturing polyacrylamide 

gels (Atto, Tokyo, Japan) and visualized by silver staining 

with a 100 bp DNA ladder (Fermentas, Germany) as a 

reference. 

 
Figure 1. Chili pepper leaves showing characteristic uninfected 

(A) and infected by ChiVMV 

SSR data analysis 

The summary statistics, including the number of alleles 

per locus, major allele frequency, gene diversity, and 

polymorphism information content (PIC) values were 

determined using POWER MARKER version 3.25 (Liu 

and Muse 2005), a genetic marker data analysis software. 

The individual fragments were assigned as alleles of the 

appropriate microsatellite loci. The allele frequency data 

from POWER MARKER was used to export the data in 

binary format (the presence of the allele as 1 and the 

absence of the allele as 0) for analysis with the Numerical 

Taxonomy and Multivariate Analysis System (NTSYS-PC) 

Version 2.2 software (Rohlf 2017). An unweighted pair 

group method of arithmetic means (UPGMA) dendrogram 

was constructed using a computer program (i.e., 

POPGENE version 1.31) based on Nei 1973) genetic 

distance. The diversity levels of loci were evaluated by the 

PIC value according to a formula (Smith et al. 1997) where 

Pi is the frequency of the pattern for marker i and the 

summation extends over n patterns. 

 

 

RESULTS AND DISCUSSION 

Morphological diversity of chili mutants 

The analyses of variance (ANOVA) results for the 

studied traits are presented in Table 1. All the mutant lines 

showed highly significant differences (P < 0.01) in their 

morphological and yield-related traits, except for the length 

of fruit (LF) traits. These data suggest that the 

morphological traits of the EMS-induced chili mutant 

exhibited significant changes compared to the wild type. 

The changing of morphological traits is the common 

phenomenon observed in mutant plants induced by EMS 

possibly due to severe damage of mutagens to plant genetic 

materials, and this effect, in turn, reflected on the change in 

growth and development factors (Arisha et al. 2015). 

Gandhi et al. (2014) also reported that EMS-chili induced 

mutants showed various quantitative traits, such as 

germination percentage, plant height, primary and 

secondary branches per plant, days to first flowering, fruit 

length, fruit girth, total number of fruits per plant, number 

of seeds per fruit, seed weight per fruit, 100-seed weight, 

and pericarp. This finding indicates that EMS-induced 

mutation of Gelora resulted in genetic variability among 

mutant lines.  

In the present study, the PCV value (Table 1) was 

slightly higher than the GCV value for all traits. Among all 

traits, the diameter of the fruit exhibited high estimates of 

GCV and PCV (16.23% and 21.52%, respectively) 

followed by the number of fruit per plant (NFP) (19.02% 

and 20.72%, respectively). According to Robinson et al. 

(1949), PCV and GCV values greater than 20% are 

considered high; values between 10% and 20% are 

considered moderate; and values less than 10% are 

considered low. The high GCV and PCV values indicated 

B A 
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the possibility of effective selection based on these traits. 

Traits with low GCV and GCV values showed a limited 

scope for improvement. 

The heritability value indicates the transmission index 

of traits from parents to their progeny that is important for 

the plant breeders to select the desired genotypes from a 

diverse genetic background. Estimation of heritability in a 

broad sense ranged from 32.3% for the length of the fruit to 

98.7% for the fruit storage duration (Table 2). Narayana 

and Singh (2015) mentioned that heritability values greater 

than 80% were very high; values of 60%-79% were 

moderately high, values of 40%-59% were medium; and 

values less than 40% were low. Based on that 

classification, traits with high heritability values were the 

canopy area, length of the fruit stalk, fruit weight, fruit 

weight per plant, thick fruit flesh, leaf width, leaf length, 

and fruit storage duration. The traits with very high 

heritability values were less influenced by environmental 

factors, so phenotypic selection can be fairly easy. High 

estimates of heritability have also been reported by 

previous researchers for the number of fruit per plant, fruit 

weight, fruit weight per plant (Qosim et al. 2013), canopy 

diameter (Yadeta et al. 2011), and fruit girth 

(Sreelathakumary and Rajamony 2004). 

The genotypic correlation coefficient showed a measure 

of the genetic association between characteristics and may 

determine the component character on which selection can 

be based to improve chili yield (Can and Yoshida, 1999). 

Positive significant associations were obtained between the 

number of fruit per plant as the major component of fruit 

production and the growth parameters (leaf width, leaf 

length, and length of the leaf stalk) (Table 2). A similar 

result showing the correlation between the number of fruit 

per plant and the growth parameters was also reported by 

Bijalwan and Mishra 2017, Jodi et al. 2017, Ajjapplavara et 

al. 2005, and Chattopadhyay et al. 2011. Therefore, the 

present study indicated that leaf width, leaf length, and 

length of the leaf stalk were the main components 

contributing to the number of fruit per plant, and it is 

logical to give a high priority to selecting genotypes that 

perform well for growth contribution which would 

simultaneously help improve the yield. This finding 

indicated that an improvement in chili resistance to 

ChiVMV causing narrowing and distortion of the leaves 

followed by stunted growth was crucial in increasing fruit 

production. These findings were in accordance with those 

of Ajjapplavara et al. (2005), who reported that the fruit 

yield per plant significantly correlated with the leaf curl 

complex incidence in chili.    

Incidence and intensity of viral symptoms 

Observations 30-56 days after planting revealed the 

absence of mosaic symptoms caused by ChiVMV either 

alone or in combination with other viruses, such as potato 

virus Y (PVY), CMV, tobacco mosaic virus (TMV) or 

tomato mosaic virus (ToMV), and tobacco etch virus 

(TEV). In contrast, the intensity of mosaic symptoms and 

disease incidence on chili control (surge) were 28% and 

59%, respectively. Some of the chili plant mutant lines 

were infected with ChiVMV 37 days after planting but 

were not evenly distributed. The incidence and intensity of 

the symptoms were first observed in M6.122.1, and 

infected chili plant mutants increased with the age of the 

plant. Three chili mutant lines (i.e., M6.113.3, M6.517.2, 

and M6.420.1) showed lower severity (15%-29%) and 

disease incidence (26%-39%) than the seven other chili 

mutant lines. In addition, the disease intensity and 

incidence of seven other mutant lines (i.e., M6.121.1, 

M6.238.1, M6.2338.2, M6.353.1, M6.517.1, M6.801.1, and 

M6.200.2) ranged from 39%-61% and 52%-79%, 

respectively (Figure 2). Thus, the M6.113.3, M6.517.2, and 

M6.420.1 mutant lines can potentially be further developed 

into new varieties that are resistant to ChiVMV.  

 

 

 
Table 1. Variance component and heritability of quantitative characteristics in chili peppers 

 

Characteristics Mean ± SD Min Max CV GV PV GCV PCV h2 
Mutant lines 

(ANOVA) 

PH (cm) 63.28 ± 3.70 56.67 67.24 4.0 10.73 17.16 5.22 6.60 62.5 49.346** 

CA (cm2) 65.27±3.66 59.42 69.99 1.1 13.59 14.15 5.66 5.77 96.1 54.932** 

LF (cm) 12.20±0.62 11.11 12.87 5.1 0.18 0.57 3.56 6.26 32.3 1.127 

LFS (cm) 4.46±0.45 3.95 5.13 2.8 0.18 0.20 9.57 9.98 92.0 0.737** 

DF (cm) 1.49±0.28 1.29 2.00 14.1 0.06 0.11 16.23 21.52 56.9 0.284** 

FW (g) 13.40±1.48 11.64 15.46 2.5 2.16 2.28 10.97 11.25 95.0 8.764** 

NFP 156.28±29.53 123.67 195.33 8.2 885.48 1050.68 19.02 20.72 84.3 3707.117** 

FWP (kg) 2.11±0.27 1.75 2.42 2.0 0.08 0.08 13.08 13.22 97.8 0.304** 

TFF (mm) 2.95±0.42 2.38 3.53 4.1 0.18 0.19 14.25 14.82 92.4 0.721** 

LW (cm) 3.64±0.40 3.11 4.21 1.4 0.17 0.17 11.26 11.35 98.5 0.678** 

LL (cm) 8.81±0.44 8.30 9.39 0.6 0.19 0.20 4.99 5.04 98.4 0.778** 

LLS (cm) 8.62±106 7.47 10.11 1.2 0.66 0.97 1.75 2.13 68.0 2.947** 

FA (days after transplant) 46.34±0.79 45.33 47.28 0.4 0.80 0.93 0.94 1.01 85.4 3.323** 

EHA (days after transplant) 95.42±0.88 94.67 97.11 2.0 0.86 0.94 6.73 7.01 92.0 3.527** 

FSD (days after harvest) 13.82±0.96 12.00 14.78 0.2 0.01 0.02 1.61 1.62 98.7 0.059** 

Notes: plant height (PH); canopy area (CA); length of the fruit (LF); length of the fruit stalk (LFS); diameter of the fruit (DF); fruit 

weight (FW); number of fruit per plant (NFP); fruit weight per plant (FWP); thick fruit flesh (TFF); leaf width (LW); leaf length (LL); 

length of the leaf stalk (LLS); flowering age (FA); early harvest age (EHA); fruit storage duration (FSD). 
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Table 2. Correlation matrix of important morpho-agronomical traits observed in this study 

 

Characteristics PH CA LF LFS DF FW NFP FWP TFF LW LL LLS FA EHA FSD 

PH 1.000               

CA 0.696** 1.000              

LF -0.811** -0.445 1.000             

LFS 0.235 -0.035 -0.517** 1.000            

DF 0.274 -0.138 -0.677** 0.718** 1.000           

FW 0.794** 0.719** -0.801** 0.612** 0.361 1.000          

NFP 0.071 0.097 -0.526** 0.120 0.619** 0.154 1.000         

FWP -0.549** -0.149 0.073 0.107 0.239 -0.140 0.692** 1.000        

TFF 0.013 0.227 -0.417 0.442 0.663** 0.337 0.814** 0.743** 1.000       

LW 0.085 0.182 -0.438 0.409 0.750** 0.272 0.801** 0.601** 0.962** 1.000      

LL 0.228 0.187 -0.650** 0.098 0.439 0.322 0.877** 0.550** 0.567** 0.481* 1.000     

LLS -0.439 -0.579** -0.149 0.360 0.487* -0.145 0.573** 0.703** 0.421 0.320 0.598** 1.000    

FA 0.023 0.001 0.046 0.151 0.082 0.122 0.470* 0.049 0.128 0.127 0.115 0.610** 1.000   

EHA -0.016 -0.062 -0.027 -0.022 0.049 -0.097 0.426 0.025 0.037 0.058 0.099 0.024 0.353 1.000  

FSD 0.029 -0.017 -0.016 -0.117 -0.008 -0.082 0.077 -0.037 -0.067 -0.047 0.043 -0.004 -0.008 0.611** 1.000 

Notes: plant height (PH); canopy area (CA); length of the fruit (LF); length of the fruit stalk (LFS); diameter of the fruit (DF); fruit weight (FW); number of fruit per plant (NFP); fruit weight per 

plant (FWP); thick fruit flesh (TFF); leaf width (LW); leaf length (LL); length of the leaf stalk (LLS); flowering age (LA); early harvest age (EHA); fruit storage duration (FSD). 
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Figure 2. The incidence and intensity of symptoms of Chili veinal mottle virus 

 

 

 

 

 

Some cases of plant resistance to family Potyviridae are 

caused by a recessive gene mutation that encodes a host 

factor critical for viral infection (Hashimoto et al. 2016). 

The most widely identified recessive resistance genes as a 

host factor are Eukaryotic translation initiation factor 

(eIF)4E and eIF4G and their isoforms. (Yoshii et al. 2004) 

reported an EMS-induced mutation in Arabidopsis thaliana 

eIF4E1 (cum1-1), resulting in a stop codon at position 99, 

was shown to reduce CMV multiplication and increase 

plant resistance. Resistance mediated by eIF4Es mutation 

to other viruses is also determined in several resistant crop 

cultivars, such as in Arabidopsis to turnip crinkle virus 

(TCV) (Yoshii et al, 1998), melon (Cucumis melo) to 

melon necrotic spot virus (MNSV) (Nieto et al. 2006), 

barley to barley mild mosaic virus (BaMMV) and barley 

yellow mosaic virus (BYMV) (Kanyuka et al. 2005), and 

rice to rice yellow mottle virus (RYMV) (Albar et al. 

2006).  

Molecular diversity based on the SSR marker  

The SSR primer pairs used for the analysis of genetic 

diversity, number of alleles for each SSR locus, and PIC 

values are shown in Table 3. The results showed that all 

primers are reproducible and had distinct polymorphic 

amplification (Figure 2). A total of 52 alleles were detected 

for five polymorphic SSR loci with an average of 5.2 

alleles/loci and a range between 3 and 8 alleles. One SSR 

primer (i.e., C2 At1914810) produced the maximum 

number of alleles (8) with an allelic frequency of 0.41, 

followed by CaSSR 3.2, CaSSR 1.2, AGi 55, CaSSR 197, 

CaSSR 3.1, and CaSSR 246. Gene diversity ranged from 

0.60 to 0.81 with the highest value of gene diversity shown 

by CaSSR 1.2 followed by AGi 55, CaSSR 3.2, CaSSR 

246, C2 At1914810, and CaSSR 3.1. The total genetic 

diversity obtained was 7.16 with an average of 0.72. The 

PIC value for ten markers ranged from 0.53 to 0.78 with a 

mean value of 0.67. The highest PIC value (0.78) was 

obtained for CaSSR 1.2, followed by AGi 55, CaSSR 3.2, 

C2 At1914810, CaSSR 246, and CaSSR 3.1. Therefore, 

these primers were considered the best markers to 

differentiate the 10 chili pepper mutants. 

SSRs are one of the most attractive markers for plant 

genetics and breeding due to their locus-specific and multi-

allelic exhibition of co-dominant transmission, their ease of 

detection by PCR, and their high rates of transferability 

across species (Zalapa et al. 2012). SSRs have been 

extensively involved in a variety of applications, including 

cultivar identification, the determination of hybridity, 

genetic diversity assessment, genetic mapping, gene 

tagging, gene flow, and molecular evolution in various 

plant and animal systems (Cheng et al. 2016). In this study, 

we used SSR markers to discriminate close genotypes of 

EMS-induced chili mutant lines.  

EMS mutagenesis caused poIntl mutations in nucleotide 

sequences in some parts of the genome, and then, it caused 

dissimilarity in morphological characteristics among the 

chili pepper mutant lines. Genetic variation in mutant 

populations is a worthy source for enlarging the range of 

genetic materials in plant breeding, and molecular markers, 

such as SSRs, are effective tools for discovering genetic 

diversity (Nachimuthu et al. 2015). Molecular markers 

have been successfully used in the genus Capsicum to 

select parents for hybrid production for intra-specific or 

inter-specific classification and for the analysis of variation 

(Kwon et al. 2002). Similarly, we found that SSR markers 

could detect a very high level of polymorphism (100%) in 

EMS-induced chili mutant lines in the present study.  
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Table 3. Summary statistics of SSR polymorphisms in this study 

 

Primer code Number of alleles Allele frequency Gene diversity PIC value Heterozygosity 

CaES 5502 3 0.55 0.60 0.53 0 

CaSSR 246 5 0.27 0.78 0.74 0 

CaSSR 197 5 0.59 0.60 0.56 0.09 

AGi 55 6 0.27 0.79 0.76 0 

CAEM S396 4 0.45 0.64 0.58 0 

C2 At1914810 8 0.41 0.77 0.74 0.18 

CaSSR 1.2 6 0.27 0.81 0.78 0 

CaSSR 2.2 4 0.55 0.63 0.58 0 

CaSSR 3.1 5 0.36 0.76 0.72 0 

CaSSR 3.2 6 0.36 0.78 0.75 0 

Total 52 - 7.16 - - 

Average 5.2 0.41 0.72 0.67 0.03 

 

 

 

 

 

 
 

Figure 2. SSR profiles of the ten chili mutant lines using the a. AGi 55 and b. C2 At1914810 primers; lanes 1-10: mutant lines; lane 11: 

parent (Gelora); M: 100 bp DNA ladders 

 

  

 

The ten SSR primers used to screen a set of ten chili 

mutant lines that differed in morphological traits revealed 

high polymorphism producing many alleles per locus. In 

the current study, the average number of SSR alleles was 

5.2 for 27 polymorphic loci. This number is higher than the 

number of SSR alleles obtained by Kwon et al. (2002), 

which was on average 3.3 alleles per locus in pepper (C. 

annuum) varieties. The use of SSR primers in previous 

reports resulted in the detection of 375 alleles of gamma-

irradiated cowpea mutants (Olasupo et al. 2018), 314 

alleles of MNU-induced rice mutants (Anh et al. 2018), and 

1.8 alleles of EMS and in vitro-induced tomato mutants 

(Shalaby and El-Banna, 2013). In addition, the PIC values 

of 10 SSR markers in the present study ranged from 0.53 to 

0.78 with an average of 0.67. These results were similar to 

the PIC values for pepper varieties (0.53) (Kwon et al. 

2002), gamma-irradiated cowpea mutants (0.51) (Olasupo 

et al. 2018), and MNU-induced rice mutants (0.51) (Anh et 

al. 2018). SSR markers with a PIC value of 0.5 or higher 

were considered effective in discriminating the 

polymorphism rate (Anupam et al. 2017), and they have 

potential in the evaluation of genetic divergence (Anh et al. 

2018). Therefore, a high level of polymorphism of markers 

could indicate that the chili pepper mutants used in this 

study were more diverse. These EMS-chili pepper mutants 

can be employed to enlarge the genetic foundation of the 

current genotypes. 

In addition, the PIC value is a principal factor in 

distinguishing the percentage of polymorphism of a marker 

at a specific locus and revealing the maximum genetic 

information among mutants (Salem and Sallam, 2016). The 

PIC values of four polymorphism markers (i.e., CaES 

5502, CaSSR 197, CAEM S396, and CaSSR 2.2) indicate 

moderate genetic diversity among chili mutants, and six 

markers (i.e., CaSSR 246, AGi 55, C2 At1914810, CaSSR 

1.2, CaSSR 3.1, and CaSSR 3.2) showed high PIC values 

(0.72  PIC  0.78). Anupam et al. (2017) stated that SSR 

markers with a PIC value 0.5 are considered effective in 

the evaluation of genetic variability. Thus, the 10 primers 

used in the study were highly informative in revealing the 

genetic diversity and partitioning of genetic variation due 

to their higher number of alleles per locus as well as higher 

PIC values. 

Genetic distance among the 10 chili mutant lines ranged 

from 0.212 to 0.423 (Table 4). The highest genetic distance 

was observed between the M6.2338.2 mutant and the 

M6.200.2 mutant (0.423); the M6.2338.2 mutant and the 

M6.801.1 mutant (0.385); the M6.2338.2 mutant and the 
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parent (0.385); and the M6.517.1 mutant and the M6.801.1 

mutant (0.385); whereas the lowest genetic identity was 

observed between the M6.420.1 mutant and the M6.113.3 

and M6.200.2 mutants (0.212). The difference between the 

highest and lowest genetic identity indicates the presence 

of variability among the 10 chili mutant lines and the wild 

type. A mutant line pair with a higher genetic distance is 

more dissimilar than a pair with a lower genetic distance. A 

lower genetic distance indicates that they are genetically 

much closer. The genetic distance between the wild type 

(Gelora cultivar) and mutant line ranged from 0.615 to 

0.731. This result indicated that the wild type and chili 

pepper mutant lines used in the present study were 

genetically different. 

All 11 chili mutant lines were grouped into two main 

clusters, which were further divided into two sub-clusters 

(Figure 2 and Figure 3). The first sub-cluster contained five 

mutant lines: M6.121.1; M6.238.1; M6.517.1; M6.2338.2 

and M6.353.1. The second sub-cluster consisted of five 

mutant lines (i.e., M6.420.1; M6.113.3I; M6.801.1; 

M6.517.2; and M6.200.2) and the wild type (Parent (K). 

The dendrogram grouped vast of the mutants into two 

clusters, indicating a higher level of molecular diversity 

among the mutant lines. High polymorphism has also been 

previously reported in EMS-induced mutants (Khalil et al. 

2018 Sadat and Hoveize 2012 Aswaneeza et al. 2015). The 

UPGMA clustering analysis delineated all 11 genotypes 

into two clusters with different genotypes indicating the 

greatness of the genetic variation among the chili mutant 

genotypes. Cluster I represented five mutant genotypes, 

while cluster II consisted of six genotypes that originated 

from the wild type and mutant lines, indicating their higher 

genetic similarity. The SSR analysis demonstrated the 

distinctness between mutant lines and their parent relevant 

to the phenotypic traits. These results could be due to the 

fact that EMS-induced mutations in chili peppers may 

change the genetic material, and these changes lead to 

genetic differentiation among chili mutant lines. 

 

 

 
Table 4. Nei’s genetic distance (below diagonal) values among 11 chili mutant lines 

 

Mutant 

lines 

M6. 

122.1 

M6. 

238.1 

M6. 

238.2 

M6. 

353.1 

M6. 

420.1 

M6. 

517.1 

M6. 

517.2 

M6. 

801.1 

M6. 

113.3 

M6. 

200.2 

Gelora 

(Parent) 

M6.122.1 1.000           

M6.238.1 0.308 1.000          

M6.238.2 0.346 0.346 1.000         

M6.353.1 0.327 0.288 0.250 1.000        

M6.420.1 0.288 0.327 0.365 0.308 1.000       

M6.517.1 0.308 0.231 0.269 0.327 0.365 1.000      

M6.517.2 0.346 0.346 0.308 0.327 0.327 0.269 1.000     

M6.801.1 0.308 0.308 0.385 0.327 0.250 0.385 0.269 1.000    

M6.113.3 0.346 0.269 0.350 0.327 0.212 0.308 0.269 0.269 1.000   

M6.200.2 0.350 0.269 0.423 0.365 0.365 0.346 0.308 0.269 0.269 1.000  

Gelora (parent) 0.308 0.269 0.385 0.327 0.288 0.385 0.269 0.269 0.269 0.385 1.000 

 

 

 

 
 

Figure 3. UPGMA dendrogram based on Nei’s (1973) genetic distance summarizing the data for differentiation between 10 chili 

genotypes according to a microsatellite analysis. M6.121.1 to M6.200.1 are the mutant lines, and the control (parent) was Gelora 
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The EMS-induced genetic variations in the chili pepper 

are shown by morphological characteristics that differ from 

those of their parent. Three mutant lines (i.e., M6.113.3, 

M6.517.2, and M6.420.1) demonstrated high tolerance to 

ChiVMV and should be further assayed for their potential. 

In the present study, morphological and SSR analysis 

successfully characterized and identified these mutant 

lines, as reflected by the genetic variation among mutant 

lines and their parent. Further sequencing to reveal 

nucleotide variation in these mutants in specific locus 

would be useful to identify specific allele which might be 

responsible for controlling ChiVMV tolerant character. The 

obtained mutants are valuable genetic resources to increase 

genetic variability and to improve chili pepper varieties 

resistant to viruses in Indonesia.  
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