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In this study, total number of 1941 Capsicum accessions conserved at RDA Genebank was evaluated for their
response to Cucumber mosaic virus (CMV). These accessions were composed with 9 species originated from
89 countries, included 839 Capsicum annuum, 277 C. baccatum, 395 C. chinense, 343 C. frutescens, 49 C.
pubescens, and other 38 wild pepper species (C. chacoense, C. galapagoense, etc.). Resistant to CMV was
screened with the 240H02SP6 SNP marker related to the Cmrl (Cucumber mosaic resistance 1). Eighty nine
accessions of pepper germplasm were resistant to CMV based on the marker. One hundred sixty two
accessions showed heterozygosity. One thousand two hundred seventy accessions were susceptible to CMV.
Four hundred twenty accessions did not show distinction by 240H02SP6 marker. These 89 resistant pepper
germplasm can be used in a pepper breeding program against CMV.
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7k AskEFo]l oF 12%KE) o2& v AA F /Y
Q3% ZAEo|tH(Kim 5, 2008; Pac 5, 2005; Yoon
2004). AIAIZ o2 I3 27F0] dHA o, o
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anmum©] 7 28] AelE 2 Qth(Yoon 5, 2004). 3f
A9k wd a1 3o B sk of ] FRe] WallE, 53] vt
olgf o) o3t Hlsl= AAHLE Bg Aow A A
A THCho %, 2007; Kim 5, 2005; Lee 5, 2004).
a3 st WS dodle uolglie o|A7EH]
ezl HiE e F 665 2= o] F, A AAIF R B st
o s F= vlol#lAe 29F°] AL Y X] Hlol
252 AgH oz BAste] JeE F3L rk(Boccardo
2} Conti, 1973; Cho 5, 2007; Gracia®} Gutierrez, 1982;
Imoto, 1975; Yankulova®} Kaitazova, 1979). $-2| 2}l A
= 19801 ] ERE7Jol] Ao WA S wlolE e
Hj R 2fo] Auto] 2 2(TMV)7F 90% B EZ tiES 214
ste] 7H¢ T8 vlolg Ao, QolREajo|Antole
(CMV)7} 10% el BAstd ot Sefoll= A5 S5
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2 Al 2jo] WistelHA] gyl majo] Autol 2]
-8 grolx] 1 JtHKim %, 2005). ¥HH Qo] rxjo]Hn}
olg2 7+ WAEL 29.4%, FF9=ulo] 8 2 (Broad
bean wilt virus 2, BBWV2) HAE-2 25.6%= A=} S7t
st glom, H Qo|Rato|Ante|el s wE P HTh

Tl zntol g 28t B9 A E o] AulE el )

F3 JtHCho 5, 2007).

Qo|R Aol Al 2(CMV)E - 715 WS 714
alem, MhlEe) o YL vtolgAE H Al
AlX o2 EEZSTHFlorini2} Zitter, 1987; Joshi2} Dubey,
1973). ©] vlo|H 2= Cucumovirus®] TE vlo| 2 2=ZA]
853} 3655 77559 71FEHE g€ rhal B (Abdalla
%5, 1991; Benner %, 1985; Laird %, 1964; Palukaitis &,
1992; Purcifull 5, 1975)% v} & FO=E Hol Hoj
1,000F ©]de] H=55 7IFE 7KL Je™(Cho 5,
2009), A=A AH2 605 o] wiziFe] 4l e
o F=2 ZGEe o8] dHEr.

QolmAtolAutoly 2o gk A FES AFASTE
= o o W AR AR
Ae] ohFe B £t dojuk AA) APA L
olgl= WS AT & e EHHQ WA
A& vlolg 2 o] WIAE 95t oy WHEC] A=
I on, I F oF= nlo|g]AE o]-&3F wxpHkol(cross
protection) ¥ o] 7P EEH Q0 WAIHOE ARRE I Q)
TH(Makkouk2} Gumpf, 1976). #Zoll= ZF<| Ajuj
A7 AR NA A FAE oIt e Qo] BAfe]
Antolg) o] WA E&AS FHAIZIZ] Al FAA WA
q Zr=ol g A7t el X E AL JTH(Cai 5,
2003; Lee 5, 2009).

High-resolution melting(HRM) 412 single nucleotide
polymorphisms(SNPs)& ©|-&3l= & &4 Wyeolth
(Wittwer 5, 2003). Th=2] A-Foll4] HRM #2412 SNPs
5 x3gste] A7IME el A Y/4 A (insertion/deletions),
microsatellites7} 2] ##0] 71538 tH(Chagné %, 2008;
Croxford 5, 2008; Lehmensiek 5, 2008). ©] WH-& PCR
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£ B2 v O 2 (Hofinger 5, 2009) 21 & g +A%
=2 BAsl7)0) 2 Ee HH O Z(Jeong 5, 2012) F 7}
32 Ao IF F2F S5 F7HC annuum)S CMVKorean

I CMVFNY 7l vlolgizo] & 94 A3 FHAt
£ 7KA=Hl °1E Cmrl(Cucumber mosaic resistance 1)°]
2t WAL, Cmrl T3] 1.5 cM Holzl Azl
240H02sp6 SNP "FAE 712313 th(Kang &, 2010).
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408019l om oA Znloldl ArtAtY 18 To= A
Atk A Gl o] 2o FEL AvlF ST
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2 X flo off
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pubescens) ©PILAE 3E(C. galapagoense, C. chacoense,
C. tovarii), "1 AL (Capsicum sp)oZ T4 = At
(Table 1).

7}zbe] EA= 1% xpold 2R} EF(NaOChHo A 13
7 FRitstal EvrR 23] AlX T 4 AE 2 filter
paperS 7t Petri disholl X813l 25°C &2-7]o|A] 347k
Fol wol AlF T Woldt Tk E L HIS x 10)°]l
HERZ wjFE FFste] Hldahg-2oA 1057 &

T SEE e 20108 59 Al 6127, 20114
59 el 132985 AAdetbet 8-1078A14 Bl 7h 8-
of FAsN FEXNEAY AT H w2} Au)sk
ok JEHAS A7) flste] H2 vd = FA s
th 79 Do) AS AF k] DNAS FE310 2, o5
B, AEA, 3V, JHAEA 5 ASEARAIE FAd
EA42A 2 A o9 - 5 (5EA5H)0l wet e
th FAEALLS A5 (g), HF(mm), FE(mm) FE- =}

rfe} 514 2Aka)
o 97HZ 2AETY.

DNA F&. od o ZF& AQF 3] 96 well type2
1.2 ml collection microtube®l] tungsten carbide bead 271 &
Al Y37 Tissue-Lyser(Qiagen, Alabama, USA)E ©]-&3}]
mha] 3k Th vk g 2% 0 ZRE hexadecyltrimethyl-
ammonium bromide(CTAB) WS ©]£3} genomic
DNAZ %3¢ thKang 5, 2010). %3 DNAE
NanoDrop®ND-1000(Nanodrop-Technologies, USA)S ©]
83t 260 nmollM A Fstal HE F=7F 20 ng/ul7t =]
=5 34sqlth

HRM ¥4. Park 5(2009)¢] WHS Fésle] HRM

o5 WAL, A2 F=3)s
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Table 1. Capsicum genetic resources for evaluation of resistance against Cucumber mosaic virus in this study

Species
(No. of accession)

Origins®

C. annuum (839)

C. baccatum (277)

C. chacoense (15)
C. chinense (395)

C. frutescens (343)

C. galapagoense (1)
C. pubescens (49)
C. tovarii (1)
Capsicum sp. (21)

ARG(3), AUS(2), AZE(2), BGR(237), BOL(4), CAN(1), CHE(1), CHL(1), CHN(196), COL(1), CRI(1),
CSK(3), CZE(2), DEU(4), ECU(3), ETH(1), FRA(7), GEO(3), GTM(1), HND(1), HUN(13), IND(9),
ISR(1), ITA(3), JPN(10), KAZ(2), KGZ(3), KOR(39), LAO(3), LBY(1), MAR(1), MDA(4), MEX(8),
MMR(7), MNG(1), MYS(2), NLD(3), NPL(4), PAK(1), PER(9), PHL(1), PRK(14), PRT(5), ROM(1),
RUS(31), SLV(4), THA(7), TKM(1), TUN(1), TUR(10), TWN(15), UGA(2), UKR(3), USA(13), UZB(29),
VNM(3), YUG(1), unknown(100),

ARG(10), BOL(39), BRA(98), CHL(2), COL(3), CRI(20), DNK(1), ECU(21), GTM(1), HUN(2), JAM(1),
KEN(1), KOR(1), MEX(5), NLD(1), PER(30), PRY(22), TWN(1), URY(5), USA(2), unknown(11)

ARG(4), BOL(5), DEU(1), DNK(1), GBR(2), USA(1), unknown(1)

ARG(1), AUS(1), BGD(1), BLZ(3), BOL(29), BRA(58), CHL(2), CHN(1), COL(51), CRI(48), CUB(2),
ECU(28), FRA(1), GBR(2), GRD(1), GTM(4), GUY(4), HND(3), HUN(3), MEX(21), NLD(1), PAN(4),
PER(72), PRI(10), SEN(2), SUR(10), TZA(3), UGA(1), USA(11), VEN(13), NM(1), ZMB(1), unknown(2)

BGR(1), BOL(2), BRA(18), CHN(1), COL(32), CRI(105), CUB(4), ECU(22), ETH(2), FJI(1), GBR(2),
GTM(19), GUY(1), HND(11), IDN(2), IND(2), LAO(17), Libyan Arab Jamahiri(1), MEX(17), MMR(1),
MNP(1), MYS(2), NGA(2), NIC(4), NLD(1), NPL(2), PAN(4), PER(11), PHL(3), PRI(2), PRT(1), SLV(14),
SUR(1), THA(5), TWN(2), UGA(1), USA(1), VEN(1), VNM(1), ZAR(1), ZMB(1), unknown(21)

USA(1)
BOL(1), CRI(2), ECU(14), GTM(25), PER(3), USA(3), unknown (1)
BOL(1)

BGR(1), CHN(4), HUN(1), MMR(2), NPL(5), unknown(8)

*Country codes (ISO 3166-1 alpha-3).

w4 1@k Kang
Zbol A#E vA F 240H02sp6 SNP vlAE o] &

Table 2. Evaluation of 1941 accessions of pepper germplasm to
Cucumber mosaic virus

Sk Cmrl w71

sl

5(2010)°] 7H

primer % 7]1 & forward primer: $-TTGGTTGAGGC  Species CmrI” ‘
AAGTTTTCA-3’, reverse primer: 5-TCATTTTCCTATG R H S A Fail
TCATTCATGG%. A #ol5tsk PCRe: ] ol Comimmun 3% 10745 141
whgale] & R3] 20 ulolA 100 ng®l ¢DNASH 1.5 mM C"psfcum ZCC"’”’" | . e 4 -
MgCl, 60mM KCI, 10mM Tris-Cl, 2.5 mM<] dNTPs, dpsicum chacoense B
. Capsicum chinense 21 16 268 90 -
1.25uM SYTO 9(Invitrogen, USA), 5 pmol forward<} ]
. . = Capsicum frutescens 8 30 261 44 -
reverse primer, Taq polymerase(Bioneer, Korea) 0.2 units Capsi i )
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73 95°CoA] 30%, 58°COllA] 30%, 72°CellA] 30%2] & . ..
o Capsicum tovarii - - 1 - -
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- N @8 Capsicum sp. - 1 17 1 2
. - i,
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= =103 . e ol ) R, RR (homozygous resistant); H, Rr (heterozygous); S, rr
=743kt Melting curveS #43517] 913l Lightscanner (homozygous susceptible); A, new HRM curve; Fail, no detection.
(Idaho Technology, USA)2] software version 2.05 ©]-&3}
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o] o]&gH ;IL/H 127()%4 o] o]HX BAE Oiﬁ]-(Table

24 jl_l.
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% AR AA 89- o] A3, 1627
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Fig. 1. HRM normalized melting curve profiles of pepper germplasm. R, RR (homozygous resistant); H, Rr (heterozygous); S, rr

(homozygous susceptible); A, new HRM curve.

o] AAE LEaL 4o] o|FHTA, 40%l0] oA
YEM AT C. chinense= 2178 ] A3, 1680] ©|F
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Table 3. Characteristics of the resistant pepper accessions to CMV

e

Fruit charateristics

Accession No. Species Classification Origin® - -
Shape® (code) Length (mm) Width (mm)  Weight (g)

IT 235655 C. annuum unknown TUR 6 93.2 48.9 49.0
IT 235642 C. annuum Variety PRK 4 58.8 16.3 52
IT 103059 C. frutescens Landrace KOR 8 106.7 14.9 7.6
K022461 C. chinense Landrace NPL 4 26.0 7.2 0.7
K161332 C. chinense unknown ECU 7 57.5 15.1 4.6
K161328 C. baccatum unknown VEN 3 35.0 20.1 3.5
K161106 C. baccatum unknown CRI 9 80.0 16.9 5.8
K161104 C. baccatum unknown PRY 8 55.0 10.6 2.1
K161092 C. baccatum unknown PRY 3 36.7 40.2 16.5
K161040 C. baccatum unknown ARG 8 483 8.2 1.4
K161034 C. baccatum unknown PER 3,7 60.0 17.7 6.2
K161011 C. baccatum unknown ARG 9 141.7 16.4 8.4
K160972 C. annuum unknown PRY 2 11.7 7.3 0.3
K160149 C. annuum Variety CHN 9 90.0 18.0 9.8
K160145 C. annuum Variety CHN 8 60.0 104 2.8
K160144 C. annuum Variety CHN 8,7 56.0 9.0 1.7
K160119 C. annuum breeding line CHN 8 96.7 19.4 84
K160116 C. annuum breeding line CHN 8 98.3 16.9 8.7
K160081 C. annuum breeding line CHN 8 241.7 155 10.0
K160079 C. annuum breeding line CHN 8 216.7 21.5 15.7
K160078 C. annuum breeding line CHN 8 159.0 12.2 83
K160068 C. annuum breeding line CHN 8 130.0 16.4 8.2
K160062 C. annuum breeding line CHN 8 118.3 13.7 5.6
K160061 C. annuum breeding line CHN 7 85.0 28.5 6.0
K160057 C. annuum breeding line CHN 8 185.0 134 10.6
K160054 C. annuum breeding line CHN 8 158.3 18.9 13.9
K160050 C. annuum breeding line CHN 8 1233 194 13.0
K160049 C. annuum breeding line CHN 8 118.3 18.1 12.9
K160048 C. annuum breeding line CHN 8 146.7 18.5 13.7
K160031 C. annuum breeding line CHN 8 141.7 17.6 144
K160027 C. annuum breeding line CHN 8 151.7 15.9 7.5
K160023 C. frutescens breeding line CHN 8 143.3 19.2 13.0
IT 158413 C. annuum unknown Libyan Arab Jamahiri 3 8.0 6.6 0.2
K160017 C. annuum breeding line CHN 8 188.3 24.8 29.3
K160016 C. annuum breeding line CHN 8 203.3 27.2 334
IT 158417 C. annuum unknown SLV 2 7.3 5.6 0.1
K160015 C. annuum breeding line CHN 8 155.0 17.5 12.5
K160014 C. annuum breeding line CHN 8 125.0 21.6 16.5
K160008 C. annuum breeding line CHN 9 203.3 24.0 37.7
K160000 C. annuum breeding line CHN 9 116.7 21.0 9.8
K159999 C. annuum breeding line CHN 8 1433 20.0 154
K159998 C. annuum breeding line CHN 8 141.7 20.2 14.0
K159997 C. annuum breeding line CHN 8 140.0 20.7 14.3
K159996 C. annuum breeding line CHN 8 148.3 17.7 10.2
K159994 C. annuum breeding line CHN 8 135.0 21.8 14.2
K159992 C. annuum breeding line CHN 8 130.0 19.6 155
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Table 3. Continued

Fruit charateristics

Accession No. Species Classification Origin® - -
Shape® (code) Length (mm) Width (mm)  Weight (g)

K159984 C. baccatum breeding line CHN 8 93.3 18.0 8.0
IT 158446 C. chinense unknown unknown 6 56.7 21.2 7.6
IT 158447 C. chinense unknown unknown 3 31.7 36.7 10.1
K157805 C. chinense unknown ECU 7 47.5 134 4.1
K157790 C. pubescens unknown BRA 6 25.0 11.7 0.8
K157779 C. chinense unknown ECU 3 25.0 23.4 6.3
K157627 C. baccatum unknown COL 8 103.3 17.6 7.8
K157594 C. baccatum unknown BRA 1 433 55.1 21.2
K157593 C. baccatum unknown BRA 9 168.3 20.0 13.7
K157591 C. baccatum unknown BRA 8,3 65.0 144 35
K157569 C. baccatum unknown BOL 9 90.0 19.2 7.6
K157538 C. baccatum unknown BRA 8 73.3 11.1 2.5
K157504 C. baccatum unknown MEX 2 11.7 15.0 1.6
K157502 C. chinense unknown JAM 3 10.0 8.3 0.3
K157482 C. chinense unknown MEX 3 39.7 39.9 12.2
K157481 C. chinense unknown MEX 3 30.0 17.7 2.6
K157480 C. chinense unknown MEX 3 55.0 30.3 10.4
K157478 C. chinense unknown MEX 3 42.7 33.6 9.8
K157476 C. chinense unknown MEX 3 42.7 355 11.5
K157474 C. chinense unknown MEX 3 47.7 35.8 14.7
K157473 C. chinense unknown MEX 3 48.3 36.4 14.4
K157472 C. chinense unknown MEX 3 40.0 359 9.7
K157471 C. chinense unknown MEX 3 38.7 31.2 8.5
K157470 C. baccatum unknown MEX 3 43.7 33.9 10.0
IT 158544 C. chinense unknown unknown 9 100.0 274 13.6
K157469 C. chinense unknown MEX 3 40.0 39.1 9.6
K157468 C. chinense unknown BLZ 3 26.7 27.6 54
K157466 C. baccatum unknown PAN 4 43.7 39.9 16.6
IT 158578 C. frutescens unknown unknown 7 36.7 11.3 1.8
K157459 C. frutescens unknown CRI 3,6 40.0 30.1 8.6
K157426 C. baccatum unknown CRI 7 40.0 12.8 1.9
IT 158592 C. baccatum unknown unknown 6 433 30.1 5.8
IT 158609 C. frutescens unknown TWN 9 110.0 23.0 10.2
K157425 C. chinense unknown CRI 7 333 11.1 1.4
K057484 C. chinense unknown unknown 6 108.3 23.2 11.5
K057483 C. baccatum unknown USA 6 55.0 20.1 4.8
K057459 C. chacoense unknown BOL 3 12.7 13.0 0.8
K057230 C. frutescens unknown ARG 3 11.7 7.3 0.2
908276 C. frutescens unknown unknown 7 100.0 31.8 19.3
800079 C. annuum unknown unknown 9 = - -
IT 183128 C. frutescens wild NPL 2 - - -
IT 182545 C. annuum unknown NPL 7 - - -
IT 158832 C. annuum unknown FRA 7 - - -

Fruit Charateristics; an accession planted 8—10, investigated 5 fruits of each accession.

*Country codes (ISO 3166-1 alpha-3).

°Fruit shape (code), 1: Recumbent elliptical, 2: Circle, 3: Cardioid, 4: Quadrangle, 5: Rectangle, 6: Trapezoid, 7: Triangle, 8: Narrow triangle, 9:
Horn.

‘Not tested.
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