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ABSTRACT

Mutation using Ethyl Methane Sulfonate (EMS) is a simple and quick method to
produce genetic variation in chili pepper. In this study, a total of 3 genotypes of
local chili pepper (Capsicum frutescens L.), i.e. Genotype 2 (G2), Genotype 7
(G7), and Genotype 11 (G11) were induced by EMS with concentrations of 0%
(K0), 0.01% (K1), 0.02% (K2), and 0.04% (K3). Genetic variation analysis in mu-
tant was performed based on 3 microsatellite markers CA 19, CA 27, CA 62.
Those molecular markers successfully detected the genetic variation in chili pep-
per mutant based on the number and size of microsatellite alleles variation. The 3
genotypes of chili pepper mutant produced a total of 15 alleles with the average
Polymorphism Information Content (PIC) value of 0.82. Compared to the control
plant, genetic variations in genome level were observed in local chili pepper. Fur-
thermore, the treatment of EMS with concentration of 0.04% produced the most
notable genetic variation in 3 genotypes of local chili pepper.
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Introduction

Chili pepper (Capsicum frutescens L.) is the
member of genus Capsicum, which belongs to
Solanaceae family consists of 35 species, among
which 5 species have been cultivated and 30 spe-
cies remain wild [1]. Capsicum species that have
been cultivated and widely distributed in the world
are C. annuum L., C. frutescens L., C. baccatum
L., C. chinense Jacq. and C. pubescens Ruiz et
Pav. [1,2,3]. Two species of Capsicum that have
been cultivated and widely used in Indonesia are
C. annuum L. and C. frutescens L. [2,4]. Chili pep-
per fruit is a source of metabolite compounds such
as carotenoid, ascorbic acid, tocopherol, flavo-
noids, and capsaicinoid [5].

Metabolite compounds in chili pepper, espe-
cially capsaicinoid has a high economical value
utilized as analgesia, anticancer, anti-inflamma-
tory, antioxidant, and anti-obesity [6, 7, 8, 9]. In
other utilization, phytochemical study on C. an-
nuum spp. microcarpum L. showed the uses of
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capsaicin as an ingredient in biopesticides [10].

Based on its high beneficial, chili pepper be-
came one of the horticultural commodities that
highly cultivated by Indonesian people [11]. This
condition demands high quality of varieties to ful-
fill farmer needs for seed resource. The one effort
in crop improvement and plant breeding program
is increasing the genetic variation using mutation
[12,13]. Mutation is a simple method to produce
genetic, morphology and agronomic variation in
crop [12, 14, 15]. The other studies, mutation was
induced by chemical mutagen such as Hydrazine
(HZ) and Ethyl Methane Sulfonate (EMS) in the
Solanum lycopersicon L. var. Arka vikas (Sel-22)
showed wide range of phenotypic variability. The
different of EMS treatments were produced more
variability than using HZ [13].

EMS is a monofunctional of ethylating agent
produced change on nucleotide base such as tran-
sitions, insertions or deletions, as well as extensive
intragenic deletions, the clear-cut evidence that
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Table 1. Microsatellite markers
Marker Motif Forward and reverse primer (5’- 3°)
F: CCGCAATGGCAGTATGATCT
CA L9 (T2 R: CGGCTCTATCTACAACGGTG
CA 27 (CA)12(CT)1y F: GCAGAGGACCAGTTAGCATA
ATCG(CT)y R: TGTTCTGAGTCCACGATGCT
CA 62 (AG)» F: CGCATATAGGCAGATCAAAT

R: GGTCAGACTACGACTCTCTCA

EMS is able to break chromosomes [13, 16]. Mu-
tation using EMS is a simple and quick method to
produce genetic variation, produce inherited quan-
titative and qualitative traits by random point mu-
tation [12, 16, 17].

In this study, the presence of mutation was ob-
served based on variation in the genome. Genetic
variation in the genome level can be detected us-
ing Simple Sequence Repeat (SSR) or microsatel-
lite marker [18,19]. Microsatellite marker has
been developed in chili pepper. Microsatellite
markers CA 19, CA 27, and CA 62 have been de-
signed based on the flanking region from repeti-
tive region of C. annuum L. These markers are
transferable and polymorphic when tested on C.
frutescens L. and C. chinense Jacq. Therefore,
these markers are suitable for identification of ge-
netic, diversity, and phylogenetic studies [1].

The advantages of microsatellite marker are
highly variable, abundant and equally distributed
in the genome, co-dominant, and has multiallelic
types of variation [18, 20]. Moreover, microsatel-
lite marker uses a simple of detection method us-
ing Polymerase Chain Reaction (PCR) [18]. The
objective of this study was to analyzed genetic
variation in local chili pepper caused by EMS
treatments based on microsatellite markers CA 19,
CA 27, and CA 62. The results of this study are
expected to support crop improvement and plant
breeding program in chili pepper.

Material and Methods
Plant material

Seeds of local chili pepper (C. frutescens L.)
genotype 2 (G2) and genotype 11 (G11) from Ma-
lang, East Java and chili pepper genotype 7 (G7)
from Lombok, NTB were subjected to Ethyl Me-
thane Sulfonate (EMS) treatment with concentra-
tions of 0% (KO) (control), 0.01% (K1), 0.02%
(K2), and 0.04% (K3).

EMS induced mutagenesis

Seeds were placed in flask and soaked in dis-
tilled water overnight (approximately 15 hours).
Furthermore, the water was decanted and seeds
were soaked with different concentrations of EMS
(0.01%, 0.02%, and 0.04%) for 6 hours at room
temperature. Seeds were soaked with 1% natrium
thiosulfate for 5 minutes. Then, the seeds were
rinsed under running water for 15 minutes and
dried in room temperature [21]. Seeds were
planted in pots consist of a mixed of soil and or-
ganic fertilizer.

Genomic DNA isolation and amplification

Young and fresh leaves of mutant and control
plants were used for genomic DNA isolation by
slightly modified CTAB method [27]. Amplifica-
tion was conducted using PCR technique using 3
microsatellite markers from C. annum (CA) i.e.
CA 19,CA 27, and CA 62 (20 pmol/pL) [1] (Table
1). The PCR reaction consisted of initial denatur-
ation at 94°C for 2 minutes, 35 cycles consisting
of denaturation at 94°C for 1 minute, annealing at
51°C, 52°C, 53°C for 1 minute (CA 62, CA 27,
and CA 19), extension at 72°C for 1 minute and
final extension at 72°C for 5 minutes [1].

The amplification result was visualized using
electrophoresis with 8% polyacrylamide gel (30%
polyacrylamide, 5% pH 8 TBE, sterile aquades,
10% APS and TEMED) at 50 V for 4 hours. The
gel staining used EtBr dye (50 mL TBE 1% and 10
pl EtBr). The polyacrylamide gel was visualized
using UV transilluminator.

Data analysis

The amplification product was called as allele,
the variation of allele was determined based on the
variation of the number and size of alleles (bp).
Alleles were scored to produce binary data format
(1 for allele’s presence and O for allele’s absence)
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[15, 18, 20, 22]. The level of polymorphism of the
microsatellite was determined by the number and
frequency of the alleles [23]. The value of PIC was
determined by the formula of PIC =1 - Y'fi2, (fi)
which is the frequency value of alleles [18, 22, 20,
23]. Binary data format was used to determine the
genetic similarity for construction of dendrogram,
which will be used to assess genetic relationship.
The dendrogram was developed using UPGMA
method based on the Jaccard coefficient in Pale-
ontological Statistics Software (PAST 2.17) [18,
22].

Results and Discussion

The amplification using microsatellite marker
CA 19 produced varies number of alleles from 1
to 8 alleles (Figure 1). Variation of alleles were
detected in chili pepper genotype 2 induced by
EMS 0.04% (G2K3), chili pepper genotype 7 was
induced by EMS 0.02% (G7K2), and chili pepper
genotype 11 was induced by EMS 0.01%, 0.02%,
and 0.04% (G11K1, G11K2, and G11K3).

The amplification using microsatellite marker
CA 27 produced the similar number of alleles
among the genotype. There were 2 alleles in one
locus (Figure 2). Chili pepper genotype 11 was in-
duced by EMS 0.01% (G11K1) produced smaller
size of allele compared with control and other mu-
tants.

The amplification using microsatellite marker
CA 62 produced varies number of alleles from 1
to 5 alleles (Figure 3). Variation of alleles were
detected in chili pepper genotype 7 induced by
EMS 0.04% (G7K3) and chili pepper genotype 11
induced by EMS 0.01%, 0.02% and 0.04%
(G11K1, G11K2, and G11K3).

Variation of alleles indicate the genetic varia-
tion in the genome level. The greater discrepancy
between the number of alleles per locus may indi-
cate the better of genetic variability [24]. Chili
peppers G2, G7, and G11 produced variation of al-
leles in the mode of increasing and decreasing the
number of alleles per locus compared with control.
The presence of allele variation may be due to
point mutation in the repeated region of microsat-
ellite markers CA 19 with motif (TC)12, CA 27
with motif (CA)i2(CT)17ATCG(CT)g, and CA 62
with motif (AG)2. This finding is in accordance
with the theory that variation of allele occurred
due to the difference in the number of tandem re-
peat sequence on microsatellite marker region
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Figure 1. Polymorphism resulted by microsatellite

marker CA 19 in chili pepper genotypes 2, 7,
and 11 (G2, G7, and G11) were induced by
EMS 0%, 0.01%, 0.02%, and 0.04% (KO,
K1, K2, and K3). Note: M (Marker): Ladder
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Figure 2. Polymorphism resulted by microsatellite
marker CA 27 in chili pepper genotypes 2, 7,
and 11 (G2, G7, and G11) were induced by
EMS 0%, 0.01%, 0.02%, and 0.04% (KO,
K1, K2, and K3). Note: M (Marker): Ladder
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Figure 3. Polymorphism resulted by microsatellite
marker CA 62 in chili pepper genotypes 2, 7,
and 11 (G2, G7, and G11) were induced by
EMS 0%, 0.01%, 0.02%, and 0.04% (KO,
K1, K2, and K3). Note: M (Marker): Ladder
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[23]. Microsatellite region are conserve, there is
not easily influenced by environmental conditions
[18].

Molecular markers have different qualities
based on their ability to show polymorphism. Mi-
crosatellite markers CA 19, CA 27, and CA 62 ex-
hibit highly polymorphic qualities indicated by
PIC value in the range of greater than 0.50. The
average PIC value of microsatellite markers CA
19, CA 27, and CA 62 were 0.82. Polymorphic In-
formation Content (PIC) was determined by the
number of alleles and the frequency of those al-
leles [23]. Microsatellite marker is categorized to
have high discriminatory capability when the
number of alleles expressed was very high and that
allele found in more than one locus. The PIC val-
ues are in the range from 0 to 1 (0 for monomor-
phic, 1 for very high discriminative) [23].

Chili peppers G2, G7, and G11 were distrib-
uted into 3 main group (Figure 4). Each genotype
basically was grouped into similar cluster. How-
ever, some genotypes were clustered into different
genotype group, i.e. chili peppers genotype 11 in-
duced by EMS 0.01% and 0.04% (G11K1 and
G11K3), and chili pepper genotype 7 induced by
EMS 0.04% (G7K3) were clustered into the G2
cluster. This indicates big genetic differences ex-
perienced by G7 and G11.

Genetic similarity indicates relationship close-
ness among the genotype. High genetic similarity
may increase the possibility of relationship close-
ness the genotype [18]. In contrast, small genetic
similarity may decrease the possibility of relation-
ship closeness the genotype [18]. Chili pepper
genotype 11 showed sensitive response to EMS
treatments. Different concentrations of EMS give
different amount of genetic changes. The concen-
tration of EMS 0.04% gives the greater effect to
the DNA genome. These based on the fact that
compared to the other mutants, chili peppers G2,
G7, and G11 were induced by EMS 0.04% (G2K3,
G7K3, and G11K3) had lower similarity coeffi-
cient compared to the control plants, which make
them separated from the control plants in the den-
drogram (Figure 4).

EMS is an alkylating agent commonly em-
ployed in plant genetic [25]. Alkylating agent is
the chemical compound producing variation, mis-
coding deviant, or lethal, and destroy non coding
region [25]. DNA repairing mechanism has re-
quired in all living plant tissue to reduce the toxic

Table 2. Description and PIC value for the microsat-
ellite markers examined in 3 genotypes of lo-
cal chili pepper

Marker Size of =~ Number Allele PIC
allele of alleles  frequency
CA19 100-800 8 0.18 0.97
CA27  80-110 2 0.66 0.56
CA62  70-380 5 0.29 0.92
Mean 5 0.38 0.82
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Figure 4. Dendrogram showed the clustering of local
chili pepper. Note: Chili pepper genotypes 2,
7, and 11 (G2, G7, and G11) were induced
by EMS 0%, 0.01%, 0.02%, and 0.04% (KO,
K1, K2, and K3). The major clustered are

marked on the right side of the dendrogram
(1, 11, and 11I)

0.24

effects of the accumulation of DNA damage. Mu-
tagenic and repairing process will be able to create
genetic variation or genetic diversity [25].

Conclusion

Genetic variations based on microsatellite
markers CA 19, CA 27, and CA 62 were demon-
strated by the presence of different alleles varia-
tion on chili peppers G2, G7, and G11. The differ-
ent genotype of chili pepper showed different re-
sponse against of EMS treatments. The EMS con-
centration of 0.04% produced the most notable ge-
netic variations on 3 genotypes of local chili pep-
per.
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