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ABSTRACT

Forty-nine chilli genotypes were evaluated to assess their response to viral diseases under natural and controlled
conditions during kharif 2015-16 and 2016-17. The results revealed that the lowest virus incidence was recorded
in DCA-295 (16.36%), DCA-107 (17.36%) and DCA-154 (17.86%). During kharif 2016-17, virus identification
using molecular detection and indicator plants confirmed the presence of only ChiVMYV in kharif transplanted
chilli. Screening through mechanical inoculation under controlled conditions revealed that DCA-295,
DCA-154 and DCA-107 exhibited immune reactions and were used for inheritance studies. Genetic analysis
of advanced F, and backcross populations indicated that ChiVMYV resistance in DCA-295 and DCA-154 was
governed by a single recessive gene, whereas, resistance in DCA-107 was controlled by a single dominant
gene. The cross Byadgi Dabbi x DCA-107 recorded the highest frequency of transgressive segregants for fruit
width (11.97%), number of fruits/plant (12.67%) and yield/plant (8.45%). These resistance sources represent
valuable donor parents for developing ChiVMYV resistant Byadgi chilli cultivars, and further studies should
focus on fine mapping of resistance loci and validation of robust molecular markers for marker assisted selection.
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INTRODUCTION

Chilli (Capsicum annuum L.) is one of the most
diverse and economically important vegetable species
cultivated worldwide. Chilli is consumed in both fresh
and dried forms and has numerous industrial
applications (Kumar & Rai, 2005), and also a rich
source of essential nutrients particularly vitamins
A and C, when compared with other commonly
recommended dietary sources (Mac Gillivary, 1961
and Macrae et al., 1993). India contributes
approximately 25-26% of global dry chilli production,
cultivating the crop over an area of 8.31 lakh ha with
total production of 18.72 lakh MT with and
productivity of 2.25 MT per ha. Within India, Andhra
Pradesh ranks first with 2.06 lakh ha area and
8.83 lakh MT production, followed by Karnataka
which cultivates Byadgi and other varieties and
hybrids over an area of 1.02 lakh ha producing
1.03 lakh MT of chilli (Anon., 2017). Owing to its

unique quality attributes, Byadgi chilli was awarded
Geographical Indications (GI) status in September
2010. The crop is mainly cultivated during the kharif
season under warm and humid climatic conditions.

The total area under dry chilli cultivation in the
erstwhile Dharwad district, comprising Dharwad,
Haveri and Gadag has declined drastically by 59.7%
over a decade, decreasing from 1.29 lakh ha in 1998-
99 to 0.52 lakh ha in 2009-10 (Stephan et al., 2016).
This reduction is primarily attributed to the increased
incidence of pests and diseases, particularly viral
infections (Reddy et al., 2014). In chilli, the combined
effect of thrips, mites and viruses results in the leaf
curl complex, to which Byadgi chilli cultivars are
highly susceptible. The predominance of ChiVMV
under low to moderate temperatures during the kharif
season is favoured by conducive microclimatic
conditions in the nursery and field environments
(Banerjee et al., 2014). High humidity and prolonged
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rainfall further promote rapid multiplication of aphid
vectors thereby enhancing early-stage ChiVMV
incidence (Sanabam et al., 2018). Early infection leads
to severe mottling, reduced vegetative growth and
substantial yield losses in susceptible Byadgi cultivars.
Consequently, despite the extensive cultivation and
economic importance of chilli, crop productivity
continues to be severely limited by ChiVMYV,
emphasizing the need for developing resistant Byadgi
cultivars using dependable resistance sources to
achieve sustainable yield improvement.

MATERIALS AND METHODS

The field experiment on breeding for virus resistance
in chilli (Capsicum annuum L.) was conducted at
Horticultural Research and Extension Centre, Haveri,
Devihosur, University of Horticultural Sciences,
Bagalkot (14.79° N latitude and 75.40° E longitude,
at an altitude of ~550 m above mean sea level). A total
of 49 chilli genotypes were selected for virus screening
and seedlings of all genotypes were raised in nursery
beds following the recommended nursery practices
(Anon., 2013). The selected genotypes, drawn from
the germplasm pool maintained at Regional
Horticultural Research and Extension Centre (HREC),
Bengaluru were evaluated under field conditions. Virus
scoring was carried out during grand growth stage of
the crop. Disease severity was assessed for each
individual plant, and the leaf curl index was calculated
based on the rating scale described by Niles (1980).

Pure and molecularly characterised isolates of
ChiVMYV were maintained on Capsicum annuum L.
var. California Wonder and virus samples collected
from infected fields in and around HREC were
maintained on indicator plants, namely Datura metel,
Datura stromonium, Capsicum annuum L. var.
California Wonder and cucumber, to observe specific
symptom expression using the mechanical inoculation
technique.

An initial screening of 49 chilli genotypes were carried
out under natural field conditions to assess their
response to viral diseases. Based on their reaction to
the prevailing virus complex, 18 genotypes were
selected for the confirmation of resistance against the
targeted virus, ChiVMV under controlled conditions.
Mechanical inoculation was performed by gently
rubbing the virus inoculum, using sterilised and
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absorbent cotton swab, onto the upper surface of the
two to three young leaves of each genotype. The plants
were mechanically inoculated twice: at the 3-4 leaf
stage and after 5-6 days. Phenotypic host reaction was
recorded based on symptom expression using a scoring
scale modified after Bento et al. (2009). Based on the
disease severity, the genotypes were categorised into
five reaction categories following the classification
described by Naresh et al. (2016).

The SCAR marker, pvr6 (F-GGTGAAACAGCCAC
ATAAGC and R-GCCACCATTAGCGCACTC
AGG), a co dominant marker linked to potyvirus
resistance gene and reported to be associated with
ChiVMV resistance (Hwang et al., 2009; Ruffel et al.,
2006), was used for validating the ChiVMYV resistance
in the selected chilli genotypes.

Based on the observed genotypic reaction of different
chilli lines to virus resistance, resistant lines identified
through screening were used as donor parents to
transfer the virus resistance into the popular Byadgi
cultivars. In total, 10 genotypes along with three
susceptible parents were utilized in the hybridisation
programme to generate 30 F hybrids during the kharif
2016 season. Parent lines showing immune, resistant
or moderately resistant reactions to ChiVMYV, in
addition to possessing desirable dry fruit
characteristics, were preferentially selected for hybrid
development.

The selected parental lines, developed hybrids and
commercial checks were subjected to artificial
inoculation of Chilli veinal mottle virus and evaluated
for virus resistance under controlled conditions.
Simultaneously, the developed F, hybrids were
assessed for the per se performance, heterosis and
combining ability with respect to growth, yield and
quality traits during the kharif 2017 season, following
the recommended practices (Anon., 2017) under
natural field conditions.

Resistance to Chilli veinal mottle virus in the parents,
hybrids and different segregating and backcross
generations was evaluated through artificial
inoculation under controlled conditions.

In each population, plants expressing resistance along
with desirable Byadgi Dabbi traits including fruit
length, fruit width, yield, bright red colour with
wrinkles were identified to estimate the frequency (%)
of transgressive segregants.
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Fig. 1: Segregation of different generations in different population for Chilli veinal mottle virus resistance

RESULTS AND DISCUSSION

Virus incidence among the evaluated genotypes ranged
from 0 to 67.50% at 30 days and from 0 to 78.47%
at 45 days, after mechanical inoculation (DAMI)
(Fig. 1). The genotypes DCA-295, DCA-107 and
DCA-154 did not exhibit symptoms at 30 and 45 days
after mechanical inoculation, indicating an immune
reaction to Chilli veinal mottle virus (Table 1). In
contrast, the susceptible check Byadgi Dabbi recorded
significantly higher disease incidence at both
observation stages, confirming its susceptible nature.
Based on the disease reaction following artificially
inoculation and adopting the classification proposed
by Naresh et al. (2016), the genotypes were
categorised into different reaction groups. Three
genotypes (DCA-295, DCA-107 and DCA-154) were
classified as immune showing complete absence of
symptoms at both 30 and 45 days after mechanical
inoculation, while, one genotype (DCA-216) was
categorised as resistant. Three genotypes were
identified as moderately resistant and 10 genotypes
including Byadgi Kaddi were grouped under the
susceptible category. Byadgi Dabbi, DCA-233 and

DCA-234 genotypes were classified as highly
susceptible to Chilli veinal mottle virus based on their
high disease incidence (Table 2). Chilli veinal mottle
virus is a predominant viral pathogen affecting kharif
transplanted chilli in Karnataka, causing severe growth
suppression when infection occurs at early crop stages.
Hussain et al. (2009) reported that the concurrent
presence of a virulent pathogen, a susceptible host and
conducive environment favour the high prevalence of
ChiVMV in chilli.

The resistant and immune genotypes were subjected
to molecular screening using pvr6 marker to confirm
genotypic resistance in addition to phenotypic
evaluation (Ruffel et al., 2006, Hwang et al., 2009).
However, none of the tested genotypes, including those
exhibiting immune reactions, showed amplification of
the pvr6 marker associated with ChiVMYV resistance.
This absence of amplification may be attributed to the
presence of alternative resistance alleles governing the
Chilli veinal mottle virus resistance in the immune and
resistant genotypes evaluated in the present study.
Consequently, the pvr6 marker may not be effective
in validating Chilli veinal mottle virus resistance in
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Table 1 : Screening of genotypes against Chilli veinal mottle virus by artificial inoculation

Genotype Per cent disease incidence Disease reaction
30 DAMI 45 DAMI
BD 67.50 78.47 HS
BK 42.12 55.26 S
DCA-67 29.89 29.89 MR
DCA-69 42.12 50.76 S
DCA-79 26.56 29.89 MR
DCA-82 42.12 43.56 S
DCA-98 53.78 58.40 S
DCA-104 42.12 58.59 S
DCA-118 45.00 50.76 S
DCA-153 53.78 53.78 S
DCA-154 0 0 I
DCA-216 9.37 22.50 R
DCA-222 13.43 32.89 MR
DCA-224 53.78 60.11 S
DCA-237 29.89 46.44 S
DCA-295 0 0 I
DCA-107 0 0 I
DCA-232 53.78 56.78 S
DCA-233 53.78 69.38 HS
DCA-234 57.11 69.38 HS
CD at 5% 9.36 9.82
CD at 1% 12.77 13.38
CV (%) 13.14 11.39

BD: Byadgi Dabbi, BK: Byadgi Kaddi, I: immune, R: resistant, MR: moderately susceptible, S: susceptible, HS: highly susceptible

Table 2 : Categorisation of chilli genotypes based on artificial inoculation of Chilli veinal mottle virus

under controlled condition

Reaction No. of lines Genotypes

Immune (0%) 3 DCA-295, DCA-107, DCA-154

Highly resistant (1-10%) -

Resistant (11-25%) 1 DCA-216

Moderately resistant (26-40%) 3 DCA-67, DCA-79, DCA-222

Susceptible (40-60%) 10 Byadgi Kaddi, DCA-69, DCA-82, DCA-98, DCA-104,
DCA-118, DCA-153, DCA-224, DCA-237, DCA-232

Highly susceptible (>60%) 3 Byadgi Dabbi, DCA-233, DCA-234

the immune and resistant genotypes evaluated in the
present study. As a result, the pvr6 marker may not
be suitable for validating ChiVMYV resistance in these
genotypes. In addition, the possible heterozygous
nature of the parental lines for resistance could have
contributed to the failure of marker amplification in
the present study.

Previous studies reported the resistance to ChiVMV
is expressed in plants carrying homozygous
combinations of both pvri? (pvr2?) and pvr6 alleles
derived from C. annuum ‘perennial’ (Hwang et al.,
2009). Furthermore, resistance to Pepper veinal mottle
virus (PVMV) and ChiVMV has been shown to be
conferred by the combined presence of pvr6 with either
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Fig. 2 : Screening of genotypes against Chilli veinal mottle virus by artificial inoculation

pvrl! or pvrl? rather than by pvr6 by alone (Hwang
et al., 2009; Ruffel et al., 2006). Rubio et al. (2009)
also reported that pvr6 does not individually confer
resistance to PVMYV, while Moury et al. (2005) and
Ruffel et al. (2006) demonstrated that pvr6 from
C. annuum ‘perennial’ controls the resistance to
PVMV only when combined with the pvr2’ (pvri’) or
pvr2? (pvrl?) alleles. These findings support the
possibility that ChiVMV resistance in the present
study is governed by resistance loci other than pvr6
or by gene interactions not detectable using the pvr6
marker alone.

The 30 developed hybrids were screened for ChiVMV
resistance under screen house condition through
artificial inoculation. Among the hybrids evaluated,
only Byadgi Dabbi x DCA-107 and Byadgi Kaddi x
DCA-107 exhibited resistance, while the remaining
hybrids were found to be susceptible. To further
elucidate the genetic inheritance of ChiVMV
resistance, F,, backcross to susceptible (BC,) and
backcross to resistant (BC,) generations were
developed from the crosses Byadgi Dabbi x DCA-295,
Byadgi Kaddi x DCA-295, Byadgi Dabbi x DCA-107
and Byadgi Kaddi x DCA-107 (Fig. 2).

All seedlings of the F generation from the Byadgi
Dabbi x DCA-295 exhibited mosaic symptoms after
mechanical inoculation, indicating susceptibility. In the
F, generation of the same cross, out of 266 plants
evaluated, 78 plants remained without symptoms and

were classified as resistant, while the remaining
188 plants showed susceptibility. The segregation
pattern observed in the F, generation fitted well to the
Mendalian ratio of 1:3 (resistant : susceptible), with
a non-significant chi-square value (P=0.104). Further
analysis of the backcross generations revealed that all
plants in the backcross to the susceptible parent (BC,)
were susceptible, conforming to a ratio of 1:0. In
contrast, the backcross to the resistant parent (BC,)
consisting of 17 plants, segregated into 10 resistant,
7 susceptible plants, fitting a 1:1 ratio (P = 0.47)
expected for single-gene inheritance model. The chi
square analysis across the F, and backcross
populations confirmed that ChiVMV resistance in
DCA-295 is governed by a single recessive gene
(Table 3).

In the F, progeny of the cross Byadgi Kaddi x
DCA-295, a total of 244 plants were evaluated for
Chilli veinal motlle virus resistance through artificial
inoculation. The population segregated into
74 resistant and 170 susceptible plants, and chi square
analysis revealed a good fit to the expected Mendelian
a ratio of 1:3 (resistant: susceptible) with a non-
significant value (P=0.06) (Table 3). All plants in the
backcross to the susceptible parent (BC,) expressed
characteristic disease symptoms following
mechanically inoculation, conforming to a 1:0 ratio.
Similarly, all F, plants were found to be susceptible.
In contrast, the backcross to the resistant parent (BC,)
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Table 3 : Segregation analysis of resistance against Chilli veinal mottle virus in five different populations

Population Total Resistant Susceptible One gene model P value
Ratio Chi square

Byadgi Dabbi x DCA-295

P, 20 - 20

P, 20 20 -

F, 20 - 20

BC, 19 - 19

BC, 17 10 7 1:1 0.53NS 0.47

F, 266 78 188 1:3 2.65 NS 0.104
Byadgi Kaddi x DCA-295

P, 20 - 20

P, 20 20 -

F, 20 - 20

BC, 12 - 12

BC, 13 8 5 1:1 0.69 NS 0.41

F, 244 74 170 1:3 3.69 NS 0.06
Byadgi Dabbi x DCA-107

P, 20 - 20

P, 20 20 -

F, 20 20 -

BC, 16 9 7 1:1 0.25 NS 0.62

BC, 18 18 -

F, 210 142 68 1:3 6.10 NS 0.014
Byadgi Kaddi x DCA-107

P, 20 - 20

P, 20 20 -

F, 20 20 -

BC, 19 11 8 1:1 0.47 NS 0.49

BC, 15 15 -

F 251 176 75 1:3 3.33 NS 0.07

F,: first generation; F,: second generation, BC: back cross generation with susceptible parent and BC,: back cross generation with
resistant parent, P,: Byadgi Dabbi, P,: DCA-107. NS: non-significant

population, comprising 13 plants, segregated into eight
resistant and five susceptible plants, fitting the
expected 1:1 ratio (P=0.41) for single-gene inheritance
model.

The inheritance studies conducted in the advanced
populations derived from the crosses Byadgi Dabbi x
DCA-295 and Byadgi Kaddi x DCA-295 revealed that
ChiVMYV resistance was governed by a single
recessive gene. Chi-square analyses of segregation
ratios across different generations were non-
significant, supporting conformity with classical
Mendelian inheritance. These results clearly indicate
that Chilli veinal mottle virus resistance in DCA-295
was monogenic and recessive in nature. A similar

recessive nature of inheritance for ChiVMV resistance
has been reported earlier by Green & Kim (1994).
Additionally, previous studies, have identified several
pvr alleles associated with resistance sources available
in chilli (Moury et al., 2005; Hwang et al., 2009).

Plants of the F, generation derived from the cross
Byadgi Dabbi x DCA-107 did not exhibit any
symptoms of Chilli veinal mottle virus after
mechanical inoculation, indicating resistance. in the
F, generation, segregation of 142 resistant and 68
susceptible plants showed a good fit to the expected
Mendelian ratio of 3:1 (resistant : susceptible), as
confirmed by chi square analysis (P=0.014). All plants
in the backcross to the resistant parent (BC,) were
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Table 4 : Per cent transgressive segregants from different F, populations for yield characters with resistance

Cross Total Plant Fruit Fruit No. of Yield/
number of height length width fruits plant
plants (%) (%) (%) (%) (%)
identified
Byadgi Dabbi x DCA-295 78 23.07 12.82 7.69 10.25 6.41
Byadgi Kaddi x DCA-295 74 20.27 14.86 8.10 9.45 4.05
Byadgi Dabbi x DCA-107 142 22.54 14.78 11.97 12.67 8.45
Byadgi Kaddi x DCA-107 176 20.45 14.20 11.93 11.36 7.95

resistant, confirming to a 1:0 ratio. In contrast, the
backcross to the susceptible parent (BC,) comprising
16 plants, segregated into nine resistant and seven
susceptible individuals, fitting to the expected 1:1 ratio
(P=0.62) for a single dominant gene model (Table 3).

The F, generation derived from the cross Byadgi
Kaddi x DCA-107 exhibited clear segregation for
ChiVMYV resistance. Among the 251 plants evaluated,
176 plants were resistant and 75 plants were
susceptible. chi square analysis indicated a good fit
to the expected Mendelian ratio of 3:1 (resistant:
susceptible), with a non-significant value (P=0.07),
thereby confirming dominant inheritance of resistance
in this cross (Table 3). The Cross between the highly
susceptible parent Byadgi Kaddi and the resistant
parent DCA-107 produced resistant F, plants, as
confirmed through mechanical inoculation. All plants
in the backcross to the resistant parent (BC,) were free
from symptoms and confirming to ratio of 1:0. In
contrast, the backcross to susceptible parent BC,
comprising 19 plants, segregated into 11 resistant and
8 susceptible plants, fitting the expected to the
expected 1:1 ratio (P=0.49) for a single dominant gene
model

Inheritance studies conducted in the advanced
populations derived from the crosses Byadgi Dabbi x
DCA-107 and Byadgi Kaddi x DCA-107
demonstrated that ChiVMV resistance was governed
by a single dominant gene. Chi-square analyses of
segregation ratios across different generations were
non significant, confirming conformity with classical
Mendelian inheritance. These results indicate that
Chilli veinal mottle virus resistance in DCA-107 is
monogenic dominant inheritance for ChivVMV
resistance has been reported in the ‘Nw4’ line, by Lee
et al. (2013).

Analysis of segregants in four F, population for five
important traits revealed a relatively high frequency
of transgressive segregants for yield related traits
(Table 4). The F, population derived of Byadgi Dabbi
x DCA-295 recorded the highest frequency of
transgressive segregants for plant height (23.07 %),
followed by Byadgi Dabbi x DCA-107 (22.54 %). The
highest frequency of transgressive segregants for fruit
length was observed in Byadgi Kaddi x DCA-295
(14.86%), followed closely by Byadgi Dabbi x
DCA-107 (14.78%). Notably, the segregating
population of Byadgi Dabbi x DCA-107 exhibited the
highest frequency of transgressive segregants for fruit
width (11.97%), number of fruits (12.67%) and yield
per plant (8.45%), followed by Byadgi Kaddi x
DCA-107 for the respective traits. The occurrence of
a high frequency of transgressive segregants, number
of fruits and yield per plant was observed for fruit
width in the population of Byadgi Dabbi x DCA-107,
combined with resistance to Chilli veinal mottle virus
highlights the breeding potential of this cross. Similar
findings of recombinants combining resistance to leaf
curl complex and superior yield traits for dry chilli in
F, and F, generations have been reported by
Somashakar et al. (2006). Furthermore, Aswani &
Kandelwala (2005) suggested that crosses exhibiting
high specific combining ability and involving at least
one good general combiner are more likely to produce
superior transgressive segregants in the advanced
generations than crosses involving poor combiner.

The superior transgressive segregants derived from the
Byadgi Dabbi x DCA-107 exhibited resistance to
Chilli veinal mottle virus along with desirable fruit
traits such as bright red colour and wrinkled fruits at
maturity, which are characteristic of the female parent
Byadgi Dabbi, indicating their suitability for the
industrial purpose.
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