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ABSTRACT

Cucumber mosaic virus is responsible for agronomic losses in many important crops worldwide. Capsicum annuum ‘Bukang’ Commercial F1 hybrid shows
resistance to CMV-P0 strains (CMV-Kor and CMV-Fny). And the single dominant resistance gene, Cmr1, is known to control CMV resistance in ‘Bukang’. Recently,
a new isolate, CMV-P1, breaking the Cmr1-mediated resistance, was identified in Korea. To find out the resistance sources, about two thousands of Capsicum
germplasm collections comprising cultivated and wild species were screened for resistance to CMV-P1. For the selection of resistance sources, two criteria were
established: 1) CMV-P1 inoculated plants were evaluated once a week for a month, compared with susceptible controls (‘Jeju’ and ‘Bukang’) and one resistant
control C. annuum ‘LAM’. Symptomless peppers were selected as potential resistance plants. 2) For these candidate plants, CMV accumulation levels were
evaluated with a double antibody sandwich (DAS)-enzyme-linked immunosorbent assay (ELISA). Finally ‘Kathmandu-1’, ‘Kathmandu-2a’ and ‘Kathmandu-2b’

have been selected as resistant plants. Genetic analysis from all F1 hybrids, crossed with ‘Jeju’, showed that the new resistance sources were recessive gene.

Moreover, the result of allelism test with all ‘resistant lines x LAM F1‘ showed, the genes of three resistant lines are alleles of cmr2.
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RESULTS

Finding potential resistant plants
After inoculation, susceptible controls showed mosaic, leaf distortion and yellowing on their leaves at 21 dpi.
Among the test plants, 16 potential resistant plants, 14 accessions of C. annuum and 2 accessions of C.
frutescens, have been identified (Table 1). The potential resistance plants were tested by ELISA. only 3 out of 16
candidates had no accumulation of the virus CP. C. frutescens ‘Kathmandu-1’, C. annuum ’ Kathmandu-2a’ and C.
annuum ‘Kathmandu-2b’ confirmed to have resistance to CMV-P1 (Fig.1).
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INTRODUCTION

Cucumber Mosaic Virus (CMV), a member of the
genus Cucumovirus in the family Bromoviriae, is one
of the most destructive viruses worldwide, specially
in temperate regions. It is responsible for important
agronomic losses in many crops, infecting more than
1,200 plant species.
Capsicum annuum ‘Bukang’ commercial F1 hybrid
shows resistance to CMV-P0 strains (CMV-Kor and
CMV-Fny) and the single dominant resistance gene,
Cmr1, is known to control CMV resistance in ‘Bukang’.
However, a new isolate, CMV-P1, breaking the Cmr1-
mediated resistance, has been identified in Korea
(Kang et al., 2012). Recently, CMV-P1 resistance
source, C. annuum ‘LAM’ was described as a
resistance source to CMV-P1. The object of this study
was to identify the additional CMV-P1 resistance
sources against CMV-P1.

MATERIALS AND METHODS

Plant materials
Two thousands of Capsicum germplasm collections,
provided by RDA-Genebank Information Center,
were screened for resistance to CMV-P1. Capsicum
annuum ‘Jeju’ and ‘Bukang’ were used as the
susceptible controls. ‘Bukang’ is a commercial cultivar
(Monsanto Korea Inc., Cheongwon-Gun, Korea)
known to contain the CMV resistance gene, Cmr1
(Kang et al., 2012). As a resistance control, C.
annuum ‘LAM’ was used. ‘LAM’ is known to contain
the CMV-P1 isolate resistance gene, cmr2.
For genetic traits study materials, resistance lines
were crossed with ‘Jeju’ and ‘LAM’.

Virus inoculation
The inoculum of CMV-P1 isolate was prepared from
infected leaf material of N. rustica plants. Briefly, one
gram of infected leaves were ground in 4 ml
phosphate buffer. The seedlings were dusted with
Carborundum #400 mesh (Hayashi Pure Chemical
Ind., Japan) and inoculated by rubbing the virus onto
the cotyledons. After 15-20 min, the inoculated
plants were rinsed with tap water and then
maintained in a growth chamber. The CMV-induced
symptoms were recorded at 7, 14 and 21 day post
inoculation (dpi) (Hoang et al., 2013).

Detection of CMV accumulation by ELISA
Twenty-one days of post inoculation, the coat
protein (CP) of CMV was detected by an enzyme-
linked immunosorbent assay (ELISA), performed
according to the manufacturer’s protocol (Agdia,
Elkhart, IN, USA). Two leaf discs of CMV-infected
plant were used for ELISA analysis. Each sample was
measured at an absorbance value of 405 nm in an
ELISA reader (Anthos, Eugendorf, Austria) (Kang et
al., 2012).

Genetic characteristics confirmation of resistance sources.
First, to test the genetic traits, 1404, 1405, and 1428 were crossed with ‘Jeju’. Those F1 hybrids were inoculated
with CMV-P1. At 20 dpi, mosaic and yellowing were detected from the plants (Fig.2. (g),(h), and (i)). The new
resistance sources were confirmed as recessive gene.
Second, for the allelism test, three lines were crossed with CMV-P1 resistance plant, ‘LAM’. CMV-P1 virus
inoculation test were performed with those F1 hybrids. At 20 dpi, no symptom were detected from all the three
resistance lines (Fig.2. (j), (k), and (l)). From the additional ELISA test, no CMV were detected (Fig.3). This
result suggests CMV-P1 resistant genes of 1404, 1405, and 1428 are allele of same gene, cmr2 of LAM.

Table 1. Summary of Capsicum germplasm screening against
CMV-P1 isolate.

Capsicum species
Total number 
of accessions

Number of accessions

At 21 dpi

Susceptible Resistant

C. annuum 1839 1826 14

C. baccatum 56 56 0

C. chinense 43 43 0

C. frutescens 60 58 2

C. pubescens 2 2 0

Total 2000 1985 16

With the new three resistance lines, we will find out the location of CMV-P1 resistance genes and develop close
markers for breeding CMV-P1 cultivars. For further study, F2 populations derived from Capsicum annuum ‘Jeju’
and C. chinense ‘Habanero’ are being cultivated in the Suwon farm. To identify more CMV-P1 resistance gene,
additional Capsicum germplasm collections are being screened.

DISCUSSION

• Capsicum germplasm collections were screened to
identify CMV-P1 resistance sources.

• Three CMV-P1 recessive resistance sources were
identified and those were appeared to be cmr2 allele.

• Identification of additional CMV-P1 resistance sources
would be useful for pepper breeding programs.

SUMMARY

Figure.2. Disease responses to CMV-P1 at 20 dpi. (a) and (b)
are susceptible control. (c) is resistance control. (d), (e), and (f)
are identified resistance sources. (g),(h), and (i) are hybrid F1

crossed with ‘Jeju’, showing CMV-P1 symptoms. (j), (k), and (l)
are hybrid F1 crossed with ‘LAM’, showing no CMV-P1
symptoms.

Figure.3. CMV detection for allelism test by ELISA. 
ELISA result of three resistance lines and F1 hybrid 
crossed with ‘LAM’ for allelism test at 20 dpi.

Figure.1. Detection of CMV accumulation by ELISA.
ELISA result of resistance candidates. Only three lines
were confirmed as resistance plants. (1404=Kathmandu-1,
1405=Kathmandu-2a and1428=Kathmandu-2b)
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