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Background: Chilli veinal mottle virus is a remarkable threat to chilli crops worldwide including Pakistan.
Methods: In the present study, 18 chilli pepper genotypes were catalogued against ChiVMV ATIPK isolate
by using DAS-ELISA with virus-specific polyclonal antisera.
Results: Out of 18 genotypes, four genotypes viz., Loungi pepper, Sanam, Red Pepper, and CV-1 were cat-
egorized as highly susceptible followed by three susceptible (Soofi, Royal Wonder, Pepper PLSQ) and four
(Yolo wonder, Bhakkar Local, CIM-506, CR-25) were moderately susceptible. The plants of these geno-
types exhibited characteristic symptoms of ChiVMV and accumulated a high level of virus titer. The rest
of three (California wonder, Gola Peshawar, Red top) and four (CV-7, Hot Pepper, Doni Pepper, Ghotki)
genotypes were grouped as resistant and moderately resistant, respectively. Three resistant and three
highly susceptible genotypes were further appraised for genetic diversity by RAPD markers and a total
of 75 bands were scored, 76% of them unveiled polymorphism with an amplification range of 5–9 bands.
Genetic analysis revealed 44–78.67% similarities with Mean Similarity Index (MSI) ranging from 59.46 to
65.86%. Most of the primers were highly informative with PIC value fluctuated from 0.388 to 0.666, with
an average value of 0.512. Cluster analysis further confirmed and clustered both groups of genotypes in a
separate clade.
Conclusion: It is concluded that genotypes; California Wonder and Red Top showed diverse response
from other genotypes, not only based on symptoms and ELISA but also on markers’ basis. Therefore, these
genotypes could be useful as ChiVMV resistant sources in the chilli breeding program.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Capsicum (Capsicum annuum and Capsicum frutescens) is a most
consumed and famous solanaceous vegetable after potato and
tomato across the globe including Pakistan and its main usage is
as sauces and spices (Berke, 2002; Riaz et al., 2022). It has a
level-headed amount of phosphorus, calcium, iron, capsaicinoids,
and high in vitamins also i.e. tocopherols, carotenoids and folate
(Altaey, 2018; Jimenez-garcia et al., 2014; Kantar et al., 2016;
Wahyuni et al., 2011). In Pakistan, chilli’s cultivation practised on
a large scale as a cash crop for small farmers (Ashfaq et al.,
2014). Capsicum cultivation area is increasing day by day in Pak-
istan especially in Punjab due to transition from traditional to
non-traditional farming. Furthermore, when compared with world
chilli’s production, the gap is too high where production in Pak-
istan is ten times less (1–2 tons/ha) compared to China (20 tons/
ha) and other chilli growing countries (Amjad et al., 2007).
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Viral diseases are known to badly affect successful solanaceous
crops production in Pakistan (Ahmad and Ashfaq, 2017). Several
viruses have been reported to heavily attack and results in colossal
losses in South Asian countries including Pakistan (Ahsan et al.,
2020; Green and Kim, 1991; Hameed et al., 1995; Riaz et al.,
2022; Shah et al., 2009). Among the viral diseases, Chilli veinal
mottle virus affects many solanaceous crops worldwide (Zhao
et al., 2014) including Pakistan (Ahmad and Ashfaq, 2017). This
virus was first time reported to infect Capsicum (C. frutescens) from
Malaysia on visual symptoms basis followed by detection using
serological methods in 1979 (Ong et al., 1979). In Pakistan, ChiVMV
was detected based on symptomatology and serology in 1993
(Hameed et al., 1995) and subsequently confirmed by sequencing
of capsid protein cistron (Ahmad and Ashfaq, 2018, 2017; Riaz
et al., 2018). Some workers have also reported ChiVMV disease
from pepper fields of Pakistan with an incidence of 40–44.7 %
(Shah et al., 2009; Shah and Khalid, 1999). ChiVMV is flexuous fil-
amentous particle (Genus: Potyvirus, Family: Potyviridae) present
mainly in hot pepper cultivars of Asian countries (Ahmad and
Ashfaq, 2018; Green and Kim, 1991; King et al., 2012). ChiVMV
contains a 9.7-kb + ssRNA genome (flanked by UTR at the 50 and
30ends) that translates a 350-kDa polyprotein while virus-
encoded proteinases cleaved it into ten functional proteins
(Anindya et al., 2004).

The ChiVMV has a narrow host range, transmitted by sap and
aphids in non-persistent manner (Raccah et al., 1985). ChiVMV
could be successfully transmitted by mechanical inoculation and
grafting techniques but evidence of transmission through seed is
not reported (Abu Kassim, 1986). The virus produces characteristic
symptoms of leaf mottling, dark green and vein-banding on cap-
sicum leaves (Ong et al., 1980). Random Amplified Polymorphic
DNA (RAPD) markers have proved to be useful in assessing genetic
diversity in many crops (Abbas et al., 2008). Molecular markers
were deployed for the detection of variation among DNA
sequences of cultivars and ultimately save the varietal develop-
mental resources and showed promise in expediting plant-
breeding procedures (De Mattia et al., 2012). Furthermore, this
method is cheaper and simpler compared to other methods and
there is no need for prior knowledge of sequence (Ward, 1995; Yas-
min et al., 2006). Genetic variability of breeding materials and
genotypes is prerequisite knowledge for the breeders to improve
the plant’s genetic makeup. The study of genetic variability to
detect groups within morphologically identical genotypes is
imperative for well-organized preservation, proper evaluation
and better exploitation of genetic materials. Selection and cultiva-
tion of virus-resistant crop genotypes are considered as an effi-
cient, manageable, durable and economical method for managing
plant diseases especially plant viruses (Ashfaq et al., 2014). Keep-
ing into account the devastating nature of this virus, the present
study is aimed to determine the resistant/ susceptible response
of the chilli pepper genotypes against ChiVMV Pakistani isolate.
2. Materials and methods

2.1. Virus source and maintenance

Pakistani chilli veinal mottle virus (ChiVMV) ATIPK isolate
(Accession No. KJ472764) was obtained from M. Ashfaq’s Plant
Virology Laboratory. The ChiVMV was revived, propagated and
maintained on Capsicum annuum cv., Loungi pepper plants and
assayed by double antibody sandwich enzyme-linked immunosor-
bent assay (DAS-ELISA) using ChiVMV specific monoclonal antisera
(Ashfaq et al., 2014; Iqbal et al., 2011). The inoculated Loungi pep-
per plants were retained in screen house (insect free environment)
2

and renewed after two to three weeks. The infection of ChiVMV in
Loungi pepper plants was confirmed by using specific DAS-ELISA.

2.2. Plant material

The chilli pepper genotypes consisting of 18 sets of cultivars
(Bhakkar Local, Pepper PLSQ, Loungi pepper, CIM-506, Gola Pesha-
war, CV-7, Red Pepper, Sanam, CV-1, Hot Pepper, Doni Pepper,
Ghotki, Yolo wonder, CR-25, Soofi, Royal Wonder, California won-
der, Red Top) were obtained from the Federal Seed Certifica-
tion & Registration Department, Islamabad and Horticultural
Research Institute, NARC, Islamabad. Fifteen seeds of each cultivar
were sown in germination trays containing peat moss under green-
house conditions (relative humidity 70 % and temperature 25 �C).
The capsicum seedlings at two to three-leaf stage were trans-
planted @ two plants per plastic pot (300x300) filled with sterilized
soil mixture (sand, clay and compost @ 1:1:1) under greenhouse
conditions and one to two plants per pot were maintained. Each
experiment was replicated thrice consisting of 10 plants per
replication.

2.3. Mechanical inoculation

Symptomatic and ELISA positive leaf samples of Loungi pepper
inoculated with ChiVMV ATIPK isolate at 14 days of post-
inoculation (dpi) were used for screening chilli pepper genotypes.
One gram infected Loungi pepper leaves were harvested and
homogenized in 0.05 M Phosphate buffer (pH 7.2) containing 1 %
Na2SO3 @ 1/3 w/v and resultant sap extract was subsequently used
to mechanically inoculate pepper plants at 2–3 leaf stage (Ashfaq
et al., 2014, Ashfaq et al., 2010). The inoculated plants were washed
with distilled water to get rid of excess material and placed under
greenhouse conditions (relative humidity 70 % and temperature
25 �C) while healthy plants of test genotypes served as control.
The genotypes were categorized as highly resistant (symptoms
less), resistant (Infected plants showing mild symptoms i.e. 1–
10 %), moderately resistant (infected plants showing 11–20 %
symptoms), moderately susceptible (infected plants representing
21–30 % symptoms), susceptible (infected plants showing 31–
40 % symptoms) and highly susceptible (Infected plants showing
severe symptoms i.e. >40 %) based on host reaction (Ashfaq et al.,
2007).

2.4. Serological assay

Leaf sample from ChiVMV-inoculated (diseased) plants was
taken at 21 dpi and subsequently subjected to ChiVMV-specific
DAS-ELISA (Loewe Biochemicals, Germany Cat. No. 07185) as per
manufacturer’s instructions. An Automatic ELISA reader (HER-480
HT Company (Ilford) ltd., UK) was used to measure absorbance
value at 405 nm and the samples with two times or higher reading
compared to the average of healthy tissue and negative control
were categorized as ChiVMV positive.

2.5. Molecular analysis

Total DNA from six chilli pepper genotypes (three susceptible
and three resistant) was extracted by (i) Proteinase K method
(Sambrook and Ruseel, 2001) and (ii) Plant Genomic DNA Purifica-
tion Mini Kit (Cat No. K0791, Thermo Scientific Gene JET, USA).
Twenty RAPD primers were deployed in the current study and pri-
mers having polymorphic amplification were used for molecular
characterization studies. Polymerase chain reaction (PCR) of
extracted DNA was carried out by following the protocol as
described by Devos and Gale (1992). Furthermore, the amplified
products were separated by electrophoresis and polymorphism
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was detected by using agarose gel (3 %) pre-stained with ethidium
bromide.

2.6. Statistical analysis

UV Transilluminator was used to observe the amplified bands in
electrophoresed gels of RAPD markers. SynGene Gel Documenta-
tion System was used to take the image. The absence or presence
of amplified bands was recorded as 0 or 1, respectively for all
tested genotypes with eleven primers. For analysis, data was
obtained by the counting of polymorphic bands and subjected to
Popgene32 software (Yeh et al., 2000). The value of polymorphism
information content (PIC) was measured with the below given
equation (Botstein et al., 1980).

PIC ¼ 1�
Xn
i¼1

pi2 � 2
Xn�1

i¼1

Xn
j¼iþ1

pi2pj2

¼ 1�
Xn
i¼1

pi2 �
Xn
i¼1

pi2
 !

þ
Xn
i¼1

pi4
3. Results

3.1. Germplasm screening

Eighteen genotypes were screened against ChiVMV ATIPK iso-
late based on visual symptoms (Fig. 1) by following the disease rat-
ing scale and serological assay. All the 18 genotypes of chilli pepper
showed characteristic symptoms’ viz., dark green vein banding and
leaf mottling upon mechanical inoculation with infective sap of
ChiVMV. Individual plants of Loungi pepper, Sanam, Red Pepper
and CV-1 showed dark green vein banding and leaf mottling at
14 dpi while the rest of the genotypes showed symptoms between
18 and 26 dpi. All the plants of these genotypes exhibited >50 %
ChiVMV infection based on 0–5 disease rating scale (DRS) and
DAS-ELISA revealed relatively high titer (>1.0), so all of these geno-
types were considered as highly susceptible to ChiVMV ATIPK iso-
late. Similarly, other three genotypes viz., Soofi, Royal Wonder,
Fig. 1. Chilli pepper (cv., Loungi pepper) plants showing characteristic

Table 1
Disease response of chilli pepper genotypes against ChiVMV.

Sr. No Reaction Grade Disease rating scale (DRS) Disease Respons

1 Highly Resistant 0 0 %
2 Resistant 1 1–10 %
3 Moderately Resistant 2 11–20 %
4 Moderately Susceptible 3 21–30 %
5 Susceptible 4 31–40 %
6 Highly Susceptible 5 >40 %

3

Pepper PLSQ and four genotypes viz., Yolo wonder, Bhakkar Local,
CIM-506 and CR-25 exhibited <50 % infection and DAS-ELISA
showed relatively low titer (>0.5 %), were catalogued as susceptible
and moderately susceptible, respectively. On the other hand, three
genotypes (California wonder, Gola Peshawar, Red top) showed 5–
10 % ChiVMV infection based on DRS with relatively low titer
(<0.25), therefore, grouped as resistant showing light green band-
ing along veins followed by the rest of the four genotypes viz., CV-
7, Hot Pepper, Dane Pepper, and Ghotki with a moderately resis-
tant response showing symptoms like moderate green banding
along veins with light mottling (Table 1).
3.2. Genetic diversity

Six chilli pepper genotypes (Loungi pepper, Sanam, CV1, Califor-
nia Wonder, Gola Peshawar, Red Top) were selected because of
their diverse response against ChiVMV to genetically evaluate
them using twenty RAPD primers. Eleven primers were used for
final analysis out of twenty primers which produced clear, distinct,
and readily detectable fragments having a high rate of polymor-
phism. Considering all the primer amplification in total tested
genotypes, 75 bands were amplified in PCR reactions. Eleven
primers generated 57 polymorphic fragments which showed
76 % of polymorphism with a maximum polymorphism percent-
age by primers GLD-19 and GLH-13 (85.71 %), whereas primers
GLA-06, GLB-02, and GLC-10 showed the minimum percentage of
polymorphism 66.66 % (Table 2). The average statistics of total
bands per primer were 6.8, whereas, average amplification of poly-
morphic bands of each primer was 5.18 (bands) (Fig. 2). The score
of amplified fragments per variety varied from 28 to 39, with an
average number of 36.33 fragments per variety. The highest score
of fragments was generated by Loungi pepper (39), Sanam (39),
and CV-1 (39), followed by Red Top (38) and Gola Peshawar (35)
genotypes. Whereas, California Wonder genotype produced mini-
mum numbers of bands i.e., 28 (Fig. 3). The fragment amplifica-
tion varied from 5 to 9; the highest score of bands was recorded
for primer GLF-06 i.e., (9), while minimum numbers of fragments
(5) were produced by primer GLD-13 (Fig. 4). The PIC value for
symptoms (A, B) upon sap inoculation with ChiVMV isolate ATIPK.

e Genotypes ELISA Reading at 405 nm

Nil 0.122–0.201
Gola Peshawar, California wonder, Red Top 0.229–0.311
CV-7, Hot Pepper, Doni Pepper, Ghotki 0.517–0.638
Yolo wonder, Bhakkar Local, CIM-506, CR-25 0.651–0.723
Soofi, Royal Wonder, Pepper PLSQ 1.073–1.251
Loungi pepper, Red Pepper, Sanam, CV-1 1.753–1.997



Fig. 2. Total No of bands and polymorphic bands per RAPD primer.

Fig. 3. Number of amplified bands per genotypes with 10-base nucleotide RAPD primers.

Table 2
Primer name and sequences used for genetic analysis.

Sr. No. Primer name Sequence No. of Alleles PIC Value Polymorphism (%) Amplified product range (bp)

1 GLA-02 TGCCGAGCTG 07 0.428 71.42 750–1,500
2 GLA-06 GGTCCCTGAC 06 0.388 66.66 1,000–1,500
3 GLB-07 GGTGACGCAG 08 0.458 75.00 750–1,000
4 GLB-02 TGATCCCTGG 06 0.416 66.66 750–1,500
5 GLC-09 CTCACCGTCC 08 0.541 75.00 500–1,500
6 GLC-10 TGTCTGGGTG 06 0.444 66.66 750–1,500
7 GLD-19 CTGGGGACTT 07 0.571 85.71 500–1,500
8 GLD-13 GGGGTGACGA 05 0.566 80.00 1,000–1,500
9 GLE-02 GGTGCGGGAA 06 0.583 83.33 500–1,000
10 GLF-06 GGGAATTCGG 09 0.574 77.77 500–1,000
11 GLH-13 GACGCCACAC 07 0.666 85.71 250–1,000
Average 6.81 0.512 76
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Fig. 4. Dendrogram of six chilli pepper genotypes constructed based on genetic
distance using 11 RAPD primers.
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11 primers ranged from 0.388 to 0.666 with an average value of
0.512. Out of eleven primers, the maximum PIC value (0.66) was
shown by primer GLH-13 while the minimum PIC value (0.38)
was shown by primer GLA-06. Whereas, primer GLB-02 sho-
wed the PIC value (0.41), followed by GLA-02 (0.42), GLC-10
(0.44), GLB-07 (0.45), GLC-09 (0.54), GLD-13 (0.56), GLD-19
(0.57), GLF-06 (0.57) and GLE-02 (0.58) (Table 2). Ranges of mark-
ers PIC values showed that out of eleven markers, 6 were moder-
ately informative having a share of 54.54 % while 5 were highly
informative having a share of 45.45 % (Table 3). The size of secur-
able bands produced by all primers ranged between 250 and 1500
bps. Primer GLA-06 produced bands within a range of 1000 to 1500
bps, whereas three primers GLA-02, GLB-02, and GLC-10 produced
Table 3
Informativeness of RAPD markers among the chilli pepper genotypes.

Ranges of PIC Values

Information level �0.30
Uninformative

0.30–0.55
Moderately
Informative

�0.56 Highly
Informative

No. of Primers 0 06 05
%age of Primers 0.00 % 54.54 % 45.45 %

Fig. 5. PCR amplification profile of chilli pepper genotypes (L = Loungi pepper, S = Sanam
primer GLD-13.

5

securable bands ranged from 750 to 1500 bps. Two primers GLC-09
and GLD-19 produced bands within a range of 500 to 1500 bps, pri-
mer GLD-13 produced bands between 400 and 1500 bps (Fig. 5),
while single primer GLB-07 produced bands between 750 and
1000 bps. Primers GLE-02 and GLF-06 produced bands between a
range of 500 to 1000 bps, while primer GLH-13 produced bands
ranging from 250 to 1000 bps.
3.3. Genetic similarity matrix

Estimation of genetic similarity and distance of capsicum geno-
types was done using multivariate analysis based on Nei’s UPGMA
dendrogram. Genetic distance analysis showed the similarity coef-
ficient varied from 44 % to 78 % within tested chilli pepper geno-
types. The highest similarity 78.67 % was recorded between two
sets of genotypes i.e., CV-1 and Loungi pepper, Sanam and Gola
Peshawar, whereas the lowest similarity was noticed within geno-
types CV-1 and Sanam. Red Top and California Wonder genotypes
showed the similarity of 73.33 %, while California Wonder and
Sanam, Red Top and Loungi pepper showed 69.33 % similarity.
Three sets of genotypes i.e., Gola Peshawar and California Wonder,
CV-1 and Red Top, California Wonder and Loungi pepper revealed
64 % similarity. Gola Peshawar showed 62.67 % similarity with
Loungi pepper and CV-1 while 58.67 % similarity was observed
between CV-1 and California Wonder. Whereas, similarities of
56 %, 50.67 %, and 49.33 % were evident in Red Top and Sanam,
Red Top and Gola Peshawar, and Sanam and Loungi pepper. Max-
imum mean similarity index (65.86 %) was shown by California
Wonder with other five genotypes followed by Loungi pepper with
64.80 %, Gola Peshawar (63.73 %), Red Top (62.66 %), CV-1
(61.60 %), and minimum mean similarity index (59.46 %) was
shown by Sanam (Table 4).

Cluster analysis catalogued understudied six genotypes into
two main clades. Clade I further comprised of two sub-clades each
consisting of two genotypes, sub-clade (Ia) contained Loungi pep-
per and CV-1 which are closely related to each other, while sub-
clade (Ib) contained Red Top and California Wonder which are clo-
sely related to each other. Clade II comprises of two genotypes,
Sanam, and Gola Peshawar which also showed their close relation-
ship with each other (Fig. 4).
4. Discussion

Chilli pepper cultivars mostly grown in farmer’s field are sus-
ceptible to ChiVMV. Therefore, the importance of chilli pepper
, C = CV-I C.W = California Wonder, G.P = Gola Peshawar, R.T = Red Top) using the



Table 4
Similarity matrix of six chilli pepper genotypes through RAPD markers.

Pop ID Loungi pepper Sanam CV1 California Wonder Gola Peshawar Red Top

Loungi pepper 1 0.4933 0.7867 0.6400 0.6267 0.6933
Sanam – 1 0.4400 0.6933 0.7867 0.5600
CV1 – – 1 0.5867 0.6267 0.6400
California Wonder – – – 1 0.6400 0.7333
Gola Peshawar – – – – 1 0.5067
Red Top – – – – – 1

Nei’s genetic identity (above diagonal).
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germplasm screening against ChiVMV on a regular basis and resis-
tance gene based identification has been increased. Conventional
breeding programs based on the phenotypic and symptomatic
response of genotypes against specific disease are too much
time-consuming. Whereas, molecular markers assisted breeding
for varietal development of resistance is more reliable, authentic
and time-saving. Variations between the cultivars concerning bio-
chemical characters, molecular characters, and resistance response
represents direct or indirect variation at the DNA level. Genetic
diversity assessment of a crop is extremely useful for its improve-
ment and efficient germplasm conservation. Genetic diversity
between and within the populations and species have been charac-
terized by the molecular markers while different classes of varia-
tions may be observed with different markers (Powell et al.,
1996; Russell et al., 1997). With the advent of PCR, different molec-
ular techniques such as sequence-tagged sites (STS), simple
sequence repeats (SSR), inter simple sequence repeat (ISSR) poly-
morphic DNA, random amplified microsatellite polymorphism
(RAMP), and random amplified polymorphic DNA (RAPD) have
been developed (Wu et al., 1994). RAPD is easy to use as it requires
small amount of plant material and is relatively cheaper (Devos
and Gale, 1992; Joshi and Nguyen, 1993).

Chilli pepper genotypes having a different response against
ChiVMV were evaluated and characterized on molecular basis by
deploying RAPD markers. Briefly, eighteen chilli pepper genotypes
screened against ChiVMV and showed a diverse response; geno-
types belonging to a most diverse group based on disease response
were selected for molecular characterization i.e., California won-
der, Gola Peshawar, Red Top (resistant genotypes) and Loungi pep-
per, Sanam, CV-1 (highly susceptible genotypes). Genotypes
selected from diverse reaction group in response to ChiVMV were
genetically analyzed and they showed different levels of similarity
and diversity and generate different clusters. RAPD markers have
been employed successfully in various studies for polymorphism
assessment in chilli which is an important parameter for evalua-
tion and measurement of genetic distance in chilli germplasm
(Bahurupe et al., 2013; Rai et al., 2013; Thul et al., 2012). Out of
20 RAPD primers used, 11 primers generated highly polymorphic
and reproducible bands. Out of 75 bands, 57 (76 %) were polymor-
phic. In the present study, the polymorphic bands percentage is
much higher compared to the other reports where scientists
reported 44.4 %, 73.57 %, 45.2 %, 48.76 %, 50.8 %, 34.2 %, polymor-
phic bands in 23, 39, 47, 24, 10, 15, and 34 chilli pepper genotypes,
respectively (Bahurupe et al., 2013; Lefebvre et al., 2001; Litoriya
et al., 2009; Oyama et al., 2006; Paran et al., 1998; Rad et al.,
2010; Subramanyam et al., 2012).

Bands produced by primers used in this study ranged from 5 to
9 bands and these are comparable with the results of other scien-
tists where they reported 1–15, 3–12, and 9–20 bands amplifica-
tion by RAPD primers (Bahurupe et al., 2013; Bhadragoudar and
Patil, 2011; Moses and Umaharan, 2012; Subramanyam et al.,
2012). Average numbers of amplified bands per primer in the cur-
rent study are 6.8 and it is slightly lower than other reports i.e., 8–9
bands and 7.5 bands per primer (Lefebvre et al., 2001; Paran et al.,
6

1998). While, other study revealed more average bands per primer
i.e. 12.6 compared to the present study (Litoriya et al., 2009). Our
results exhibited that percentage of polymorphism among primers
ranged from 66.66 to 85.71 % which is highly significant and com-
parable to the findings of other studies where the same was
observed in varying percentages i.e., 0–88 %, 14.29–66.67 %, and
16.16–81.81 % (Bahurupe et al., 2013; Bhadragoudar and Patil,
2011; Subramanyam et al., 2012).

Number of expressed alleles and their frequency were taken
into account to assess the discriminatory power of a locus or loci
using polymorphism information content (PIC) value. The PIC value
of the current study ranged from 0.388 to 0.666, with a mean poly-
morphic information content of 0.512. Out of eleven primers, six
were moderately informative whereas five primers were highly
informative according to the PIC value. The PIC values of the cur-
rent study showed a more informative nature of 11 primers com-
pared to previous studies where a range of PIC values (0.31 to
0.43) with a mean PIC value (0.368) of 10 RAPD markers from 26
capsicum genotypes was reported (Singh et al. 2013). Results of
current study PIC value are also comparable with earlier studies
where PIC value range from 0.0 to 0.93 & 0.27–0.82 with average
PIC value was 0.54 & 0.52 among 24 and 56 Capsicum genotypes,
respectively (Rana et al., 2014; Yumnam et al., 2012).

Genetic similarity index generated by RAPD markers showed
that genetic similarities among six genotypes vary between 44
and 78.67 % indicating a high level of genetic distance between
the genotypes. These results are consistent with previous studies
where 23–88 %, 20–89 %, and 38–85 % similarity among chilli pep-
per genotypes was observed (Baral and Bosland, 2004; Sitthiwong
et al., 2005; Thul et al., 2012). The findings of previous studies
exhibited 32–88 %, 8–85 %, and 40–96 % similarity among 24, 25,
and 24 Capsicum genotypes, respectively whereas, the latter
showed a mean similarity index of 0.68, predicting a significant
level of diversity in genotypes. These are similar to the outcome
of the present study.
5. Conclusions

The ChiVMV is an important viral pathogen that results in
colossal losses in chilli production around the world including Pak-
istan. Among 18 genotypes challenged to ChiVMV, three resistant
genotypes viz., California wonder, Gola Peshawar, Red top were
found to have diverse genetic makeup compared to susceptible
genotypes (Loungi pepper, Sanam, CV1) and these resistant geno-
types might have resistance gene against ChiVMV. Gola Peshawar
and Sanam genotypes exhibited resistant and highly susceptible
responses, respectively and were grouped in a separate clade II.
The maximum resemblance on genetic basis was observed within
these two genotypes that urged us to believe that they might
belong to common ancestors because of their repeated use in chilli
pepper germplasm improvement program. RAPD primers deployed
in the present study are expected to be a very useful tool for DNA
fingerprinting of closely related chilli pepper genotypes. These
results are very useful, effective, and prolific for the better manage-
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ment of ChiVMV menace in Pakistan because resistant genotypes
are considered as one of the best options to manage the viral
diseases.
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