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Abstract. Pepper (Capsicum spp.) anthracnose caused by Colletotrichum acutatum is a destructive disease
susceptible to areas where chili peppers are grown. Capsicum baccatum var. pendulum (Cbp) is resistant to
anthracnose and has actively been used for interspecific hybridization for the introgression of resistance gene(s)
into cultivated chili peppers. The goals of this study were to determine the inheritance of resistance to anthracnose
within Capsicum baccatum and to map quantitative trait loci (QTLs) for the anthracnose resistance. A genetic
mapping population consisting of 126 F, plants derived from a cross between Capsicum baccatum var. pendulum
(resistant) and Capsicum baccatum ‘Golden-aji’ (susceptible) was used for linkage mapping. The linkage map
was constructed with 52 SSRs, 175 AFLPs, and 100 SRAPs covering 1,896cM, with an average interval
marker distance of 4.0cM. Based on this map, the number, location, and effect of QTLs for anthracnose
resistance were studied using plants inoculated in the laboratory and field. A total of 19 quantitative trait
loci (2 major QTLs and 16 minor QTLs) were detected. Two QTLs (4n8.1, An9.1) showed 16.4% phenotypic
variations for anthracnose resistance after wounding inoculation. In addition, five minor QTL loci (4n7.3,
An7.4, An4.1, An3.1, An3.2) showed a total of 60.73% phenotypic variations of anthracnose resistance in
the field test. Several significant QTLs were also detected and their reproducibility was confirmed under different
inoculation conditions. These QTLs are now being confirmed with different breeding populations. Markers
tightly linked to the QTLs that are reliable under different environmental conditions will help to determine
the success of marker-assisted selection for anthracnose -resistant breeding programs in chili pepper.
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Fig. 1. Frequency distribution of anthracnose resistance in F, and their F2.3 families by disease rate (%). A, Disease rate in 2008
(08DR); B, C, D, Disease rate in 2005 (respectively 05DR1, 05DR2, 05DR3); E, F, Disease rate in 2006 (06DR1, 06DR2);

G, Average of total disease rate (MDR).
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Fig. 2. Frequency distribution of anthracnose resistance in F,
and their F23 families in the field. Cbp, Resistant parent; GA,
Golden-aji (susceptible parent).
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Table 1. Broad sense heritability (h’s) of anthracnose resistance
in F2> generation derived from the ‘Cbp’ x ‘GA’ combination.

Vp1 Vp2 Ve© h%s
08DA 1.250 1.440 1.610 0.16
08DR 0.050 0.060 0.130 0.57
08NR 0.005 0.010 0.050 0.85

“F, variance was calculated from F23 population.

(Table 1). 7L A3} 08DAE 0.16, 08DR-2 0.57, 08NR-2 (.85
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Table 2. Description of EST-SSR markers polymorphic between ‘Cbp’ and ‘GA’.

Markername Primer Name Forward primer (5'-3') Reverse primer (5'-3") SFi’ngd(li)c;t) LG
E70 cacn02832 CAAAGTCAACAAAACAATACCCTC GCGTTTTCGCTATCTTCAGG 156 6
E77 caKS13024G01.ab1 TGCTGCTGCTGGTGTTATTC GGAGGCAAGATTTAGGAGGG 235 2
E89 cacn06603 AAGCCGAAGGTGAGCATAGA GGACGAGGAAGTGGAGAGTG 261 6
E96 cacn10800 ACTGGTGAGGGTTGAGGGTT TTCAAATTGGTAAGTGAAACGC 230 6
E109 cacn13222 ACACAAAATGGTGTGGCAGA TTTCTGATGAACGTCCAGGC 240 7
E117 cacn14213 GATCGACAAATTTCGAGGG GAAGAGCAACCCACAAAAGC 257 9
E137 cacn11977 TGTCGACGAACAACAAGAGG ATTTGCATCGGAAAATCAGG 202 1
E159 cacn04338 TGGAGGTTGGATTTCTGGAC CCAAAACTTGGTGTCAACCTC 245 7
E207 cacn12687 GGCAACATTCTTTTTCCCAA TTGGATGGAGGAGGTTCTTG 202 6
E246 cacn03308 ATCGATGGAGAATGGAGTGC GCCTCTGTATAACAATTCAACGG 226 13
E355 caKS09087F11.scf ACGCCAAGAAAATCATCTCC AGAGATGGAGACCTGAGCCA 249 3
E376 cacn01251 TGCGTACATCTTACCCTCCC GGAAATCAGATAATCCTTGAGGC 252 1
E382 cacn05328 GACCTGAAATTGGAGCAAACA GTATCGTGCGGAGATTTGGT 209 9
E384 cacn15074 TTGCAGTCCTATACTCCCCG TCATCTTCTTTCCCCAGCAC 214 7
E548 cacn07266 GGTGCCTGTTGCCAGTATTT TGGTCGGAAGTGAGAACCTC 230 1
E672 caKS10116E12.ab1 ATGGCGTCCTCATCTTCATC ATGAAGGGATCGTAAACCCC 220 7
E749 caKS21023J10.ab1 AGGGGGTAGGAAGGAAACAA TCCTGCCACTGAACTTCTCC 235 6
E767 cacn07935 TGGCACGTCAATTTGTTGTT CTGGTGCTGCAGAAATTGAA 209 7
E773 cacn12661 GAAAGTCCGTACGTGTGCAA GGATTTTCATGAAGGGGGTT 191 2
E920 caKS13044D05.ab1 AACACCCACCACTCAAAACC CTTGTGGCGAAGCAGTACAA 212 7
E946 caKS09103E06.ab1 CTATTTGCTGCAGCCCTAGC CCAGCTGAAGTAGTCCTCGG 206 8
E948 cacn04253 ATTGGGATGTCTTGCTGGAG TTCTCAACCAGTATTTGAACATTGA 216 12
E1144 cacn12848 AGAGGGCTCTGAACTGACCA TAGCATCCAGGACATCACCA 164 5
E1161 cacn15331 ATGTGACCCTTCTCTCCCAA AGCAGCGAAAAATCCAGAAA 246 10
E1266 cacn09988 TTCACAGAGTCCCCCTCATC CCCTTTTCTCCACACTTTGC 240 10
E1281 cacn14190 GGCAATCAGTTCATCCAGGT CGTCGTCGTTCTCTTCATCA 207 1
E1291 cacn04489 ATCGGGTCAACCATCTCTCA CAGAAGAATCGCCACAGACA 241 8
E1507 caKS13019E02.ab1 GTTTCAATGGACACCGACCT TTCATCATGAGCATAATCAACAA 214 6
E1540 cacn04602 GCTTGTGGCCAAGGTTAAAA AATTTTTCCGAGTTTGGCCT 198 4
E1577 cacn08751 CAGCATGCTTAGCCAATTCA AGAAGTTACCGAAGGACGCC 260 7
E1638 caKS16022G05.ab1 TCAGCAAACAAAACAAATCCC AAGGATCGGGTCACAACAAG 189 12
7l 7120 A AHE uh Tl ) 3 ebAY A A Tablg 3. Marker composition of linkage map in F» population
2049 o3t HEuMO Ao M Brolslach derived from the cross of ‘Cbp’ x ‘GA’ cross.
oTre= Toneens cos TEaA No. of Length Average interval 2
LG marker (cM) length (cM) SNU3
2 51X e 2 2XF X|= &AM 1 26 138.0 53 1
BAA =S FA517] 9l5te] 182723+] SSR primers} 2 ! 9.9 87 NA
68232 AFLP primer®} 307 %32] SRAP primer2: O] i ;g 18369.'27 1:.6 j
G5t FRoA TS Holw koA &#2& Yk 5 12 158.5 13.2 5
= B i 9] gAstith 11 Ax} 2587112 AFLP, 1587 6 32 1696 5.3 NA
o] SRAPEZ Aukat 2= 919lc}. SSRL EST 43 1677712 : > ors i "
azatoln| Zof 317l(Table 2)2F SNU30| 23 3#X4] F9 9 34 146.0 43 NA
187} Qg AeE F2E o]-83to] linkage mapS 10 11 9.3 88 NA
25 A tHFig. 5). A H map 46709 marker= A H " 33 37 34 "
LG791A 107}2] marker2 A% LG13714] 137]9] 1%, z ?; 122:2 12'.2 1b2
AA| dol7} oF 1,896cM, tlAY B 2= 4.0cM 1811 Total 307 18964 4.0

AT marker?t 7 2] 5.7-14.0cM 0] {tH(Table 3).

“SNU3 was quoted from Yi et. al. (2006). NA, non assignment.
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Peak position LOD $=50]| An8.17} 4.05, An9.17} 4.610]3)
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R® 8.4%% $x3t3 QS THFig. 3). 4n9.1-2 08DATHO]
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7} 25 5 locuso| A LOD7} 27184 H S th(Fig. 4).
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Table 4. Features of QTL for resistance to anthracnose as detected by interval mapping in the F2 (‘Cbp’ x ‘GA’) population.

Resistant Peak position R2 Genetic effect® Gene’ LOD*
; QTL 0 D/A :
evaluation cM LOD (%) A D action threshold
Major QTL 08DA An9.1 5 63.6 4.61 14.36 -4.52 4.35 -0.96 D 3.9
05DR1 An8.1 4 18.7 4.05 2.04 046  -2.12 -4.62 oD 4.0
Minor QTL 08DA An7.1 1 111.5 3.43 11.29 4.1 4.73 1.15 D 3.9
An9.2 5 96.3 3.04 10.78 -3.24 2.01 -0.62 PD
08DR An7.2 1 61.8 2.51 37.48 222 0.31 0.14 A 41
08NR An7.3 1 38.0 3.26 4.97 -0.35  -0.33 0.95 D 4.2
An7.4 1 46.3 3.80 5.17 -0.36  -0.33 0.93 D
An4.1 11 240 3.08 0.55 -0.11 0.68 -6.50 oD
An3.1 12 98.2 272 19.96 -0.77 0.27 -0.34 PD
An3.2 12 106.5 3.55 30.08 -0.93 0.28 -0.30 PD
05DR1 An6.1 3 98.0 2.84 0.89 -0.33 1.70 -5.16 oD 4.0
An8.4 4 74.3 3.79 20.48 -1.53 1.17 -0.76 PD
Anb.1 13 29.9 2.86 3.94 064 -1.71 -2.66 oD
06DR2 An7.5 92.7 3.94 6.98 1.33 -2.84 -2.14 oD 6.2
An8.2 4 12.7 4.10 8.4 -1.38  -1.86 1.35 oD
An8.3 4 99.2 3.34 15.15 -1.73  -1.23 0.71 PD
An3.3 12 122.9 3.56 12.81 1.67 0.18 0.11 A
06MDA An13.2 10 954 292 15.42 234 244 -1.04 D 44

“A positive sign of the additive effect indicates that the ‘Cbp’ allele increases the numeric value of the trait; a negative sign of
the additive effect indicates that the ‘Cbp’ allele decreases the numeric value of the trait. A, additive effect; D, dominance effect.
YGene action is Dominance ratio. D, dominance; OD, overdominance; PD, partial dominance; A, additive.

*LOD threshold was calculated by 1000 permutation test. 08DR, Disease rate in 2008; 08DA Disease area in 2008; 05DR1, Disease
rate in 2005; 06DR2, Disease rate in 2006; 06MDR, Average of total disease rate in 2006.
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Fig. 3. QTLs identified by interval mapping and their flanking
markers by disease rate in F» population. 05DR1, Disease
rate in 2005; 06DR1, Disease rate in 2006.
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Fig. 5. QTL map of anthracnose resistance in chili pepper. This map was constructed from 126 F2 plants derived from a cross

of Capsicum baccatum var pendulum ‘881045’ and Capsicum baccatum var pendulum ‘Golden-aji’ using 327 markers with the

49 SSRs, 175 AFLPs and 100 SRAPs. Map distance calculated by Kosambi function is located on the left side of vertical bars

and marker names on the right. QTLs position is located on the left side of map distance.
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