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Exploring Resistance Against PHYTOPHTHORA CAPSIC/ in Pepper

Muhammad Irfan Siddique, Koeun Han, Byoung-Cheorl Kang'

Department of Plant Science, Plant Genomics and Breeding Institute, and Vegetable Breeding Research Center, College
of Agriculture and Life Sciences, Seoul National University, Seoul 151-921, Korea

Pepper (Capsicum annuum) is an economically important vegetable grown in tropical and temperate regions for fresh and
processed use. Phytopthtora blight and root rot caused by the oomycete pathogen Phytophthora capsici is the most
devastating pepper disease in the world. Although many controlling methods are available including fungicide and
resistance cultivars, the pathogen affects yield and quality adversely. Furthermore, breeding resistance against Pc is
complicated because of complex mode of inheritance and progressive evolution in pathogen races. In present study, we
detected two QTLs; QTL5-1 and QTL5-2 on chromosome P5 using an F, population cross between resistant accession
CM334 and susceptible parent ECW30R, conferring resistance to low and high virulence Pc isolates, respectively, and
evaluated their interaction with molecular markers anchoring in close vicinity. In addition, 548 F, lines were genotyped
with 3 different SNPs markers linked to the two QTLs. Among these, 79 selected lines were subjected to
genotyping-by-sequencing (GBS) analysis and screened with highly aggressive Pci solate. As a result, a new genetic
linkage map was constructed using 1170 SNPs identified by GBS across 12 pepper chromosomes. QTLs effective against
highly aggressive Pc isolate were mapped. The resistant QTLs and linked SNPs will be validated in recombinant inbred
line and commercial cultivars. These markers will expedite the breeding programs for resistance introgression in
high-yielding Pc susceptible cultivars.

Corresponding author: Tel. 82-2-880-4563, E-mail: bk54@snu.ac kr
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Genetic Mapping of Resistance Sources Against ChiVMV (Chili veinal mottle virus) in Hot Pepper

Joung-Ho Lee, Jeong-Tak An, Koeun Han, Seula Choi, Muhammad Irfan Siddique, Byoung-Cheorl Kang‘

Department of Plant Science, Plant Genomics & Breeding Institute, and Research Institute of Agriculture and Life
Sciences, Seoul National University, Korea

Chili veinal mottle virus (ChiVMV) is the notorious virus affecting the severe loss of pepper production in Asia and
Africa. To map the positions of ChiVMV resistance genes, F, mapping populations were constructed by crossing each
resistance accession, Capsicum annuum, ‘CV3’, ‘CV4’, and ‘CV8’ with susceptible C. annuum, ‘Jeju’. In the ‘CV3’ and
‘CV8’ mapping populations, resistance genes were inherited by a single dominant manner and located on the short arm of
pepper chromosome 6. The ChiVMV resistance marker reported in the previous study was co-segregated with these genes.
Through allelism test of resistance genes from ‘CV3’ and ‘CVS®’, it was revealed that the resistance gene in each line was
originated from the same locus, and we named this gene, Cvrl (ChiVMV resistance 1) locus. We developed several SNP
markers linked to Cvrl using pepper genome information and pepper bacterial artificial chromosome (BAC) sequences. By
contrast, the inheritance mode of ChiVMV resistance in CV4 was different from those of CV3 or CV8. The inheritance
study showed that two independent complementary genes involved in ChiVMV resistance in CV4. To map the resistance
genes in CV4, SNP-based linkage map was constructed by genotyping-by-sequencing (GBS) method. The result of this
study will accelerate the ChiVMV resistance research and breeding resistance cultivar to ChiVMV in pepper.

Corresponding author: Tel. 02)880-4563, E-mail: bk54@snu.ac.kr
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Phytophthora capsici Leonian, a soil bom pathogen (ocomycetes), which causes multiple disease symptoms
including; damping off, root rot, leaf blight and fruit and crown rot, has been identified as a critical limiting
factor in pepper production areas (Kim et al., 2012; Ristaino and Johnston, 1999).It significant economic
losses and also reduces the market quality of edible fruit.

G lly, it has been pted that two kind of resi against Phytophth is existed. Oligogenic or
specific resistance following gene-for-gene relationship, it is active against specific isolates of path

Pl.nunterul

The lation was d by soume'CnollodeMordos-SM‘(CMBM)wnh
susoqmblepeppermonECMOR.ZMF,phmswue lected and the was
carried out by single seed descend method.

Disease assay and resistance scoring

P. capsici isolate KPC-7 was kindly provided by the (Dr. Choi, KRICT). The disease severity was scored at 7
and 14 days of post inoculation based on the disease scale 1-4 described by Kim et al., (2012) where 1 = no
visible symptoms observed; 2 = dark lesion visible on the base of stem, but surviving without wilting; 3 =
wultmgw:ﬂndarklenononﬂiebuseofsmn 4 = dead and dried.

(Monroy-Barbosa & Bosland, 2008; Sy et al., 2008). Other type is quantitative resistance which is polygenic
(Lefebvre & Palloix, 1996; Thabuis et al., 2003 Truong et al., 2012). Numerous Quantitative trait loci (QTLs)
linked to Phytophthora root rot resi have been described (Thabuis et al., 2003, 2004; Ogundiwin et al.,
2005; Bonnet et al., 2007), in which few are resistant to specific isolates (Truong et al., 2012) . Hence,
identifying the number and position of lhersxsmncegummﬂ:epq)pagmomemduplomngﬂ;egmc
relation between the host and parasite, is imp ultivars.
mmmonofuewmbmammbredhne(kﬂ.)popuhuonhnsmu;l plus points than other populations that
are used for QTL analysis and genetic mapping. A RIL can provide a permanent mapping source that will allow
replluwdtsumﬁammmwmmmormﬂ:dwmpaﬂlogumohm([nmgaal 2012). In the
present study we detected two QTLs; Q715-/ and Q7L5-2 on ch P5 i to low and

Marker ! and genotyping
PhytoS NBS1 a SNP marker (Liu et al., 2014) pinpointing major resistant QTL and 2 other newly developed
ﬂmdlgmmarketswe:eusedmgmxnypeﬂlemmdmduls ThemdmdullswzemegonmdmtoGgroups

on the basis of g P lysis. The q of the i id carrying these groups were
then eval 'fordw ib of the ph P
Preparation of library for GBS and sequencing
ECW30R a susceptible control along with, a total of 80 individuals including eight individuals from groupl,

fifty individuals from group 2, ﬂlreemdmduabﬁ'omuthofdwgrwp“ 5 and nine individuals from
group 6, selectedondwblslsof xplained ph i for GBS i

SNP di and QTL analysi

high virulence P. capsici isolates, respectively, and evaluated their interaction wnh the help of molecular ﬁ:gmsm ]ozozsm‘wmd:"ﬁed Ge;;etlx;mpms and 316 : “‘f"“" “: Is b i
m:::m in close vicinity of QTLs, identified by GBS ap and ng of < all ch QTL : o e d using WinQTLC

Genotyping and marker recombination groups Evaluation of to Phytophthora root rot

Based on our preliminary study of QTL d using F, segregating populati tonl'Ls;QTLS-l TestplantswerescteenedaymsthlghlyaggresswelsolateofPwp:m(KPCDwnﬁmodxﬁ‘etmt
and 5-2 were mapped in close vicinity on P5. Focusing on those QTLs, SNP markers from p ly level of i | of spore susp were djusted to 5 x 10%/ml for
published map, one marker linked with QTL 5-1 (Liu et al., 2014) and two newly developed markers  higher and 3 x 10%ml for mod using H y Higher di indices were observed
linked with QTL 5-2 (Fig. 1) were converted into KASP markers for genotyping using Lightcycler ®  when inoculated with the higher inocul density as d with mod inoculum (Table 2).

480 system. The genotyping results are presented in (Table 1). Genotyping of 548 individuals with SNP
markers assorted all the individuals into six diverse groups with the above two mentioned QTLs
segments corresponding to anchoring markers (Fig. 1).

@ -« 6 o 65 -
vtonss mo__| Figure 1. Recombination groups of the test plants
and QTLs positions. Genotyping was carried out
R aE with SNP markers. Phyto SNBS1 is located in the
vwsas oo peak of QTL 5-1 while Phyto 5.1B and 5.2A are
located at the upper and lower ends of QTL 5-2.
Black portion indicates genomic segment from
reum;:ntypeCMBM while grey represents
g [ genomic segment from the ECW30R
back ‘ToullZB dividuals were sorted out
with three different SNPs. R, resistant; S,
Pywsia me L r-n
Na ol indddushs in coch rowy ] 2 s . .
" " s .
PRI ' s : . :

Table 1. Genotyping analysis of EC with 3 SNP markers carried out using KASP technology
Total Phynnl Genetic e Not-
Marker" o position’ QTL 5
548 Phyto5 NBS1 28 27 Phyto 5-1 214 200 63 7
548 Phyo52B 33 43 Phyto 5-2 181 211 s 81
548 Phyto52 A 223 68 Phyto 5-2 219 183 67 79

Mlhenloe‘d in the 2 QTLs region
Phyndpoemndlhnhmepoudﬂuum

“ Genetic position of the marker in cM on chromosome 5
4Two QTLs Phyto 5-1 and 5-2 conferring resistance to low and high virulence isolates respectively
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Individuals from the group having 2 QTLs showed higherTruistxnce levels, while groups with only
one QTL showed less resistance (Fig. 2).
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QTL analysis

QTL analysis was carried out with 183 F, individuals using 142 SNP markers which revealed the
presence of two QTLs on P5 (Fig. 3). Further genotyping of RILs with GBS-SNPs confirmed the
presence of those two QTLs on PS5 at similar location (Fig. 4). The both QTLs explained different
phenotypic variation (data not shown). Moreover, the interaction study of these QTLs will reveal
their role in resistance against different isolates with varying aggressiveness.

lhleTLmlppmngSmgF, A
QTL analysis

was carried out using 142 SNPs. Two
QTLs; QTL 5-1 and 5-2 were detected

on 7 days and 14 days of post
g g ively,

Figure 4. QTLs mapping with GBS- e
SNPs using RIL lines. A. is the
chromosome 5 with location of SNPs
markers used for genotyping and ww
selection of different groups. B. Genetic
linkage map of GBS-SNPs markers on

PS5 used for the QTL analysis. C. QTL
results of RIL line using GBS-SNPs

and screened against highly aggressive

Pc isolate KPC-7.
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