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Abstract. Phytophthora root rot has been causing a serious yield loss in pepper production. Since 2004, the
year in which commercial cultivars resistant to the disease were firstly commercialized, it has been necessary
to introduce the resistance into domestic pepper cultivars for dried red pepper. Therefore, developing molecular
markers linked to the resistance is required for an accurate selection of resistant plants and increasing breeding
efficiency. Until now, several markers associated with the major dominant gene resistant to Phytophthora
root rot have been reported but they have some serious limitations for their usage. In this study, we aimed
to develop molecular markers linked to the major dominant gene that can be used for almost of all genetic
resources resistant to Phytophthora root rot. Two segregating F2 populations derived from a `Subicho' x `CM334'
combination and a commercial cultivar `Dokyacheongcheong' were used to develop molecular markers associated
with the resistance. After screening 1,024 AFLP primer combinations with bulked segregant analysis, three
AFLP (AFLP1, AFLP2, and AFLP3) markers were identified and converted into three CAPS markers (M1-CAPS,
M2-CAPS, and M3-CAPS), respectively. Among them, M3-CAPS marker was further studied in ten resistants,
fourteen susceptibles, five hybrids and 53 commercial cultivars. As a result, M3-CAPS marker was more
fitted to identify Phytophthora resistance than previously reported P5-SNAP and Phyto5.2-SCAR markers.
The result indicated that the M3-CAPS marker will be useful for resistance breeding to Phytophthora root
rot in chili pepper.
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Table 1. Plant materials used in this study.

(S1-S14)-A- All-t1-91E1-(Table 1). a ul (111 -T.-% 7 -1 h1

3ode Name Generation Phytophthora resistance

R1 AC2258 Genetic resource Resistant

R2 CM331 Genetic resource Resistant

R3 CM334-INRA Genetic resource Resistant

R4 CM334-KBU Genetic resource Resistant

R5 PBC602 Genetic resource Resistant

R6 YCM334 Genetic resource Resistant

R7 PI 201234 Genetic resource Resistant

R8 PBC280 Genetic resource Resistant

R9 PBC495 Genetic resource Resistant

R10 NR1 Inbred Resistant

31 Daehwacho Landrace Susceptible

32 Subicho Landrace Susceptible

33 Jaejujaerae Landrace Susceptible

S4 Chilsungcho Landrace Susceptible

35 Punggakcho Landrace Susceptible

S6 ECW Inbred Susceptible

S7 NB1 Inbred Susceptible

S8 NC1 Inbred Susceptible

S9 PBC458A Genetic resource Susceptible

S10 KarakkimjangC Inbred Susceptible

S11 NH2 Inbred Susceptible

S12 HNCB Inbred Susceptible

S13 Matikas Genetic resource Susceptible

S14 NH4 Inbred Susceptible

SF1 `Subicho' x 'CM334' F1 Resistant

PF1 `Punggakcho' x 'CM334' F1 Resistant

CHF1 `Chilsungcho' x `CM334' F1 Resistant

DF1 `Daehwacho' x 'CM334' F1 Resistant

PIF1 PI 201234' x `CM334' F1 Resistant

CF1-CF52 Commercial cultivars F1 Listed in Table 4

SF2 F2 of 'Subicho' x `CM334' F2 Segregant

DCF2 F2 of 'CFI' F2 Segregant
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Fig. 1. Three AFLP markers (AFLP1, AFLP2, and AFLP3) associated with Phytophthora resistance in two segregating populations,
SF2(A) and DCF2(B). SR1-SR5, resistant plants in the SF2 population; SSB, susceptible bulk in the SF2 population; SS1-SS5,
susceptible plants in the SF2 population; SRB, resistant bulk in the SF2 population; DR1-DR5, resistant plants in the DCF2 population,
DRB, resistant bulk in the DCF2 population; DS1-DS5, susceptible plants in the DCF2 population, DSB, susceptible bulk in the
DCF2 population; +, amplified; -, not amplified; arrow, polymorphic band.

Table 2. Markertypes of three AFLP and three CAPS markers associated with Phytophthora resistance in individuals used for
the resistant and susceptible bulks of SF2 and DCF2 populations.

AFLP markers CAPS markers
Plant No. Phenotype

AFLP1 AFLP2 AFLP3 M1 -CAPS M2-CAPS M3-CAPS

SF2 population

SRI' R +Y + + Hx FR' H

SR2 R + + R R R

SR3 R + R R R

SR4 R + + R R R

SR5 R + + + H R H

SSB S S S S

SS1 S S S S

S32 S S S S

SS3 S S S S

SS4 S S S S

SS5 S - S S S

SRB R + + + H R H

DCF2 population

DR1 R + + H R H

DR2 R + + + R R R

DR3 R S S S

DR4 R H R H

DR5 R + + R R R

DRB R + + H R H

DS1 S S S S

DS2 S S S S

DS3 S S S S

DS4 S S S S

DS5 S S S S

DSB S S S S

z5R1-SR5, resistant plants in the SF2 population; SSB, susceptible bulk in the SF2 population; SS1-SS5, susceptible plants in
he SF2 population; SRB, resistant bulk in the SF2 population; DR1-DR5, resistant plants in the DCF2 population, DRB, resistant
bulk in the DCF2 population; DS1-DS5, susceptible plants in the DCF2 population, DSB, susceptible bulk in the DCF2 population.

Y+, amplified, -, not amplified.
H, and S in M1-CAPS and M3-CAPS mean RR, Rr, and rr markertypes, respectively.

wR and S in M2-CAPS mean resistant (RR or Rr) and susceptible (rr) markertypes, respectively, because M2-CAPS is a dominant
marker.
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Fig. 2. Three CAPS markers (M1-CAPS, M2-CAPS, and
M3-CAPS) derived from three AFLP markers (AFLP1, AFLP2,
and AFLP3) associated with the resistance to Phytophthora
root rot. Arrows indicate polymorphic DNA bands. S13,
`Matikas' (susceptible); R7, 'Pl 201234' (resistant); S2,
Subicho' (susceptible); R3, `CM334' (resistant).
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Table 3. Comparison between phenotypes of resistance to Phytophthora root rot and markertypes of M3-CAPS in F2 population
of `Subicho' x `CM334'.

No.z D.I.'' 3" No. D.I. M3 No. D.I. M3

1 H 33 3 H 65 1 R

2 R 34 2 H 66 2 H

3 H 35 2 H 67 2 H

4 H 36 2 H 68 3 H

5 S 37 2 H 69 2 H

6 H 38 5 S 70 2 H

7 R 39 3 H 71 3 H

8 S 40 5 S 72 2 H

9 H 41 2 R 73 2 H

10 H 42 3 H 74 5 S

11 H 43 5 S 75 5 S

12 S 44 3 H 76 5 S

13 H 45 2 R 77 2 H

14 H 46 1 R 78 3 H

15 R 47 5 S 79 5 S

16 S 48 2 R 80 2 H

17 R 49 5 S 81 5 S

18 S 50 1 R 82 2 R

19 S 51 2 R 83 2 H

20 3 52 2 R 84 3 H

21 1 R 53 5 S 85 3 H

22 5 S 54 1 H 86 2 R

23 2 R 55 5 S 87 2 H

24 5 S 56 2 H 88 1 R

25 5 S 57 2 R 89 5 S

26 1 R 58 5 R 90 5 H

27 2 H 59 5 H 91 2 H

28 4 S 60 5 S 92 2 H

29 1 H 61 5 S 93 5 S

30 3 H 62 5 S R3 1.76 R

31 3 H 63 2 R SF1 1.8 H

32 1 R 64 1 R S2 5 S

zNo., an individual number
YD. I .: disease index in 106
xM3, M3-CAPS marker; R,

of F2 plant in SF2 population; R3, `CM334'; SF,, F1 of `Subicho' x `CM334'; S2, `Subicho'.
inoculum density (zoospores
H, and S mean RR, Rr, and rr markertypes, respectively.

R1 R2 R4 R5 S2 513 57 S8 SF, PF, 59 510 511 R6 PIF, CF, OF, 51 53 54 55 56 S12

Gen. R RR R S S S S H H S S SR R H H S S S S S S
Mar. R R R RS S S S H H S S SR R H H S S S S S S

= =7.

Fig. 3. Analysis of M3-CAPS marker for 5 resistant and 13
susceptible accessions to Phytophthora root rot and for five
hybrids crossed between `CM334' and five susceptible
accessions. Abbreviations of accessions and hybrids were
described in Table 1. Cut (614-bp) and uncut (767-bp) bands
were linked to resistant (R) and susceptible (S) genes,
respectively. Gen. and Mar. mean genotype and markertype,
respectively.

2005; Sugita et al., 2006; Thabuis et al., 2003). 7-11r-1-71-,

c 11 1.&1" 911301

71-771-2.- 131117-31 Alt011:

011 0.7qA] 1.477M 1-1----'61-°1 1'1* Alto - °1

-V,t11,t1-r-1-2 T 9,,N-(Tab1e

4). A01-41---t- a 011 L M3-CAPS 1424 71- S(rr)

cd°M AIVOI(3-5-3-7)-1

(CF25, CF50)01 11 Alt01-1

131* 4rt14011 9-1-6-11
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Table 4. Comparison between phenotypes of resistance to Phytophthora root rot and markertypes of M3-CAPS in 52 Fi pepper
cultivars released in 2008.

Code Name of cultivar Company M3-CAPSz Mean disease index Phenotype
CF1 Dokyacheongcheong Syngenta H 1.0 ± 0.0 R

CF2 Kiripbaksu Syngenta H 1.0 ± 0.0 R

CF3 Muhanjilju Syngenta H 1.0 ± 0.0 R

CF4 Mansahyungtong Syngenta H 1.0 ± 0.0 R

CF5 Super-bigarim Syngenta S 5.0 ± 0.0 S

CF6 PR-Manita Nongwoo H 1.0 ± 0.0 R

CF7 Daechon Nongwoo S 5.0 ± 0.0 S

CF8 Super-Manita Nongwoo S 5.0 ± 0.0 S

CF9 Manita Nongwoo S 5.0 ± 0.0 S

CF10 Taesan Nongwoo H 1.0 ± 0.0 R

CF11 PR-daechon Nongwoo H 1.0 ± 0.0 R

CF12 Kangryukjosaenggun Nongwoo H 1.0 ± 0.0 R

CF13 Hongchowang Nongwoo S 5.0 ± 0.0 S

CF14 Kanggun Nongwoo S 5.0 ± 0.0 S

CF15 Dangchan Nongwoo S 5.0 ± 0.0 S

CF16 Boeungun Nongwoo H 2.8 ± 1.2 MR
CF17 Kangryuktaeyang Nongwoo S 5.0 ± 0.0 S

CF18 Chammani Nongwoo S 5.0 ± 0.0 S

CF19 Hongbosuk Monsanto S 5.0 ± 0.0 S

CF20 Myungjak Monsanto S 5.0 ± 0.0 S

CF21 Cheonhajeil Monsanto S 5.0 ± 0.0 S

CF22 Buchon Monsanto S 5.0 ± 0.0 S

CF23 Cheonhatongil Monsanto S 5.0 ± 0.0 S

CF24 Wangdaebak Monsanto S 5.0 ± 0.0 S

CF25 Janggochu Monsanto S 3.5 ± 1.6 MR
CF26 Hongiljeom Monsanto H 2.5 ± 1.2 MR
CF27 Igudongsung Monsanto S 5.0 ± 0.0 S

CF28 Cheonggwang Monsanto S 5.0 ± 0.0 S

CF29 Bugang Monsanto S 5.0 ± 0.0 S

CF30 Himchan Nonghyup S 5.0 ± 0.0 S

CF31 Hanminjok Nonghyup S 5.0 ± 0.0 S

CF32 PR mujeok Nonghyup H 3.6 ± 0.8 MR
CF33 Balitta Dongbu Hitec H 1.7 ± 1.1 R

CF34 Daecheong Dongbu Hitec S 5.0 ± 0.0 S

CF35 Buhong Dongbu Hitec S 5.0 ± 0.0 S

CF36 Cheonhajanggun Dongbu Hitec S 5.0 ± 0.0 S

CF37 Dokbulwang Sakata H 1.8 ± 0.8 R

CF38 Joara Sakata S 5.0 ± 0.0 S

CF39 Jodae Sakata S 5.0 ± 0.0 S

CF40 Yeokkanghongjanggun Koregon H 2.5 ± 0.7 MR
CF41 Onggolchan Koregon S 5.0 ± 0.0 S

CF42 Hot Koregon H 4.5 ± 1.1 S

CF43 PR-manjangilchi Koregon H 3.0 ± 1.4 MR
CF44 Wanggun Koregon S 5.0 ± 0.0 S

CF45 Daedeulbo Takii S 5.0 ± 0.0 S

CF46 Taechon Daenong S 5.0 ± 0.0 S

CF47 PR bulsajo Daenong H 1.5 ± 0.8 R

CF48 Albuja Daenong S 5.0 ± 0.0 S

CF49 Umcheongna Asia seed H 1.5 ± 0.6 R

CF50 Dokjuyeokkang Asia seed S 3.7 ± 1.0 MR
CF51 Yeokkangsumunjang Asia seed H 3.3 ± 1.4 MR
CF52 Ddaddabul Asia seed S 5.0 ± 0.0 S

CF53 Dolpung Asia seed S 5.0 ± 0.0 S

zR, H, and S indicate RR, Rr, and rr markertypes, respectively.
Yinoculum density was 106 zoosporesmL-1.
zR, resistant (disease index < 2.0); S, susceptible (disease index 4.0); MR, medium resistant (2.0 < disease index < 4.0).
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