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ABSTRACT: Chili anthracnose disease caused chili fruit rot both preharvest and postharvest. Therefore, this study
aimed to evaluate resistance of chili pepper to anthracnose disease in the 21 chili progressive lines derived from
PBC80 and PBC932 compared with commercial variety and susceptible check. Three chili fruit stages (green breaking
and ripe) were inculcated C. accutatum (Ca_KK) isolate with a spore suspension of anthracnose to chili plant at 75
days after transplant by sprayed on hold plant inoculation. The experiments were designed by randomized
complete block design (RCBD) with three replications and three plants per each. The disease was evaluated at 14
days after inoculation, and the disease was calculated to a percentage of disease index (DI%). For the genotypic
data, two DNA markers SSR-HpmsE032 and SCAR-Indel, were used. All chili genotypes showed significantly different
responses to Ca KK in three fruit stages (green breaking and ripe). Five progressive lines (ANT4, ANT6, ANT9, ANT17,
and ANT18) showed resistance in the green fruit stage, two lines (ANT 4 ANT 12) were resistant in the ripe fruit stage,
while all lines showed susceptibility in the breaking fruit stage. The correlation of resistance to anthracnose among
three different fruit mutuality stages, i.e., green, breaking, and ripe fruit stages were found ranging from 0.41-0.56%.
For the genotypic evaluation, SSR-HpmE032 detected the resistant gene in two chilli progressive lines (ANT 4 ANT
17), while SCAR-Indel was detected in three progressive lines (ANT1 ANT9 and ANT10). Both markers were associated
for selection with C. accutatum (Ca_KK) ranging percentage of 71.42-90.47.

Keywords: fungi; Capsicum baccatum; C. chinense; breeding; molecular marker
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Table 1 Twenty-one chili genotypes used for screening resistance to anthracnose (Colletotrichum acutatum)

disease
No Code screening Code Pedigree Name resistant source Source

1 ANT1 KM-14-7-1 R1-2 PBC932 Worldveg.
2 ANT2 KM-07-12-1 28-7-5-1-1 PBC932 KKU
3 ANT3 KM-17-3-2 28-2-4-2-1 PBC932 KKU
4 ANT4 KM-06-2-1 R2-1-1 PBC80 KKU
5 ANT5 KM-02-14-2 14-9-2-2-1 PBC932 KKU
6 ANT6 KM-13-3-1 28-7-3-1-1-1 PBC932 KKU
7 ANT7 KM-02-14-1 14-9-2-2-1 PBC932 KKU
8 ANTS8 KM-13-3-2 28-7-3-1-1-1 PBC932 KKU
9 ANT9 KM-01-10-2 28-2-2-1-1 PBC932 KKU
10 ANT10 KM-01-9-1 28-2-2-1-1 PBC932 KKU
11 ANT11 KM-05-11-1 CWYS - KKU
12 ANT12 KM-18-5-1 28-2-2-3-1 PBC932 KKU
13 ANT13 KM-01-5-2 28-2-2-1-1 PBC932 KKU
14 ANT14 KM-18-5-1 28-2-2-3-1 PBC932 KKU
15 ANT15 KM-12-6-1 R2-7-1-1-1 PBC80 KKU
16 ANT16 KM-10-10-2 R2-1-1 PBC80 KKU
17 ANT17 KM-06-4-1 R2-1-1 PBC80 KKU
18 ANT18 KM-06-2-2 PBC80 KKU
19 pepld PP04377506 - Worldvesg.
20 pep22 Yodson Khem80 - KKU
21 - - Mun bangchang 365 - TGRC

Remark: worldveg. = The World Vegetable Center, KKU = Khon Kaen University, TGRC = Tropical Genetic Research

Center
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Table 2 Anthracnose severities on chili fruits, symptom description, and disease response of chili pepper

inoculated by spraying method

Disease
Disease
index Symptoms description
response
(9%DI)
0 No infection HR

1-5% of the fruit area shows necrotic lesion or a larger water-soaked lesion surrounding the
infection site
>5-15% of the fruit area shows necrotic lesion, acervuli may be present, or water-soaked
> lesion up to 6% of the fruit surface MR
>15-25% of the fruit area shows necrotic lesion, acervuli present, or water-soaked lesion up

15.1-25 MS
to 25% of the fruit surface

25.1-50 >25-50%o0f the fruit area shows a necrotic lesion with acervuli S

>50 >50 % of the fruit area shows necrosis, lesion often encircling the fruit; abundant acervuli HS

adapted from Montri et al. (2009)

n13ain DNA Lazn1snIIvaaududtumusialsakauwsniug

1J1 DNA Primer ﬁﬁswmmdwmmmLLaﬂm’mLLmﬂﬁmﬁuaqw%ﬂﬂ’uiﬁﬁ']umw,l,aza'auuam'aiswLLauLmsﬂIuaaﬁmu 2
primer Ao SSR-HpmMsED32 wag SCAR-Indel anldsmdnidonnisnsiadudiumiu Table 3 ihludiugonvesnindiuau 2-3
Turamdnaneiugnaaaudiuiu 21 aevudunainfduwesiewatin CTAB method (Mongkolporn et al,, 2004) 11AL1Le
ufi uUTaasasmaia polymerase chain reaction (PCR) wiazUfA381Usznauf18 10x PCR buffer U3uas 1l
genomic DNA U5u105 1 pl dNTP USu1as 0.8 pl Primer forward Wag reverse a819ag 0.3 pl dH,0 USu1as 6.5 pl wag
Taq DNA polymerase 1 unit U3uas 1 ul 11 PCR product unenvuinvesilouelaginadia electrophoresis fg 1.5 %
agarose gel Tu 0.5 X TBE buffer EEILERN gel electrophoresis (BIO-RAD, DNA SUB CELL Tm &g BIO-RAD, PROTEIN ®II

Xi CELL) nszual 100 12as (BIO-RAD Modell 1000/500 power supply) 1 uiaan 1 92lus wazarennanelduas
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dansllotantufinnmaiendos U Alpha Imager 3300 system wazUufinnanuvLIATEIRLOUETIUTING Uuaufidued
Usngluninusazarewugmanuduiusiunisiialsnwouunsnlua (Validation) fie SSR-HpmsE032 Aisumils 231 bp
Wusunsinuniu uay 240 bp Wusunusseuus waglu SCAR-Indel Asuns 100 bp way 90 bp tHudunisinunu

LATYDRULDANNAIAU Table 3

Table 3 Targeted resistant genes, linked molecular marker sequences used in marker-assisted selection

Marker Position Product size and sources Primer sequence Reference
231 bp (R); 240 bp (S) F:ATGCGCAAAGGGAGAAAATTCA Wang (2011), Suwor
SSR-HpmsE032 LG12
(PBC80) R:CGAACTAACCGTTCATGGTGGA et al. (2015)
100 bp (R); 90 bp (S) F:GGTATCTTATTTCATAGGGACCAGGCA Lee et al. (2010),
SCAR-Indel P5
(PBC932) RTTTGCGGTAGTGACAACAACTTTACAGCCA  Suwor et al. (2015)

Remark: R = resistant position, S = susceptible position
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\inlsA 8.14-22.82 % fiv 9§ ANTL, ANT5, ANTS, ANT10, ANT 11, ANT12 wag ANT16 4) szausouus (S) 4 anenugiinuil
n134inlsn 18.74-21.81 % A Wug ANT7, ANT13, ANT14 uag pep22 5) seAusauwasin (HS) 5 areiugiinisauinisiin
5@ 27.71-59.75 % @B Wug ANT2, ANT3, ANT15, pep14 Uazdiuu1at1e Table 4 winluszesnagniiuiinsnovausdse
N3fialsn 3 sgau Ao 1) seavgounaunans (MS) 1 aneugiduiinisinlsn 6.56 % fe Wug ANTA 2) seRugauue (S) 1

s o A

aneiusiautin1sinlsn 24.26% o Wug pep22 3) seAudauwaun (HS) 19 anevusiiavinisinlsn 32.1-99.32 % A
WV‘LIS: ANT1, ANT2, ANT3, ANT5, ANT6, ANT7, ANT8, ANT9, ANT10, ANT11, ANT12, ANT13, ANT14, ANT15, ANT16,
ANT17, ANT18, pep14 waziuunstny Table 4 winluszaznauniin1snauauananIsialsn 5 5AU Ao 1) TEAUMUNIY
1N (HR) 1 engugdaviinisiinalse 0.5 % fie Wug ANT4 2) seaudumuliuna1s (MR) 1 agiugiaviinisiinlse 4.48
% fio Wug ANT12 3) szAugauwaliunans (MS) 8 anenuginviinisinlsn 5.53-14.35 % Ao Wug ANT3, ANT6, ANT7,
ANT9, ANT10, ANT11, ANT13 uaz ANT18 4) seAugauue (S) 3 arewugdaviinisiialsa 15.18-21.95 % @g Wug ANTI,
ANT5 g ANT17 5) sgaugauuein (HS) 8 anesiudiiduiinisiinlsa 26.1-92.83 % Ao Wug ANT2, ANTS, ANT14, ANT15,
ANT16, pepld, pep22 uariuu1edna Table 4 9nmsAnwmuianadeildiuuandfifunmsmmsnovauessielsave
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Table 4 Anthracnose disease response of 21 chili seedlings in green fruit stage breaking fruit stage and ripe fruit

stage inoculation by spray method

Percent of disease index (DI %)

No. Code screening
Green DR Breaking DR Ripe DR
1 ANT1 20.4>¢ MS 80.57%¢ HS 21.95°" S
2 ANT2 34.61%° HS 91.73° HS 34.65° HS
3 ANT3 27.71%4 HS 86.41° HS 8.6" MS
il ANT4 1.22¢ R 6.56° MS 0.5 HR
5 ANTS 22.82"¢ MS 65.77%¢ HS 16.31¢ S
6 ANT6 5.72% MR 36.11°°% HS 13,59 MS
7 ANT7 19.36°¢ S 76.52°¢ HS 14.35% MS
8 ANTS 8.27% MS 66.39%¢ HS 26.1°% HS
9 ANTO 5.23% MR 33.45%¢ HS 8.01% MS
10 ANT10 8.14% MS 304.53%¢ HS 9.67¢ MS
11 ANT11 10.09¢ MS 55.59%¢ HS 7.17% MS
12 ANT12 12.0°¢ MS 56.74% HS 4.48" MR
13 ANT13 21.55°¢ S 45.05" HS 5.53" MS
14 ANT14 18.74"¢ S 53.15°F HS 29.49<¢ HS
15 ANT15 32.98%¢ HS 50.75°" HS 30.9 HS
16 ANT16 13.79"¢ MS 72.74%¢ HS 30.25¢ HS
17 ANT17 4.88% MR 32.1%°¢ HS 15.18% S
18 ANT18 5.61% MR 37.28°F HS 11.52¢ MS
19 pepld 59.75° HS 99.32° HS 92.83° HS
20 pep22 21.81"° S 24.26" S 27.19 HS
21 Mun bangchang ~ 58.71° HS 83.33% HS 66.46" HS
mean 19.69 56.59 22.60

Remark: DR = Disease responses, HR = highly resistant R = resistant, MR = moderate resistant, MS = moderate susceptible,

S = susceptible, HS = highly susceptible
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Figure 1 Percentage of disease responses of three groups of chili progressive lines derived from PBC80, PBC932, and
commercial cultivars and susceptible check at the green, breaking, and ripe fruit stages inoculation by spray

method

NMSANINTITLAAIODNVBIBURIUNIUNUIINGA progressive line FRALILNINNGN PBCEO WaARIAINFILN LA D
TsAuouunnlualuszoznalde uaznavinuldiinnndt progressive line AiWau119INNEn PBCO32 uagiiugnisdn agnslsf
ANUSINUIINEn progressive line ANAWINIINNEA PBCY32 wansmnuduluszesnaunanInnda progressive line 910
PBC80 Tneminlungu progressive line 1nnw3n PBC8O uamAadeduinininlsauouunsnludlussoraailen uazkavi
5.1 uay 39.88 Wodldud muddu luvufindnnguiiwauian PBCO32 uansiwiiniaiinlsalade 17.67 waz 59.33
Wosidust sudiu egndlsfinalundnnguiusnisdmuaniadeninfalsageniminiug progressive line Wdasngu A

£% '

AUNIUABLYD Ca KK 1aIn3nlussesnawaanudn nqunsn progressive line 910 PBCI32 wandAtadenyin1sinlsnen

::4' A

fign Ao 16.05 1Wefldud s0sa5nfe progressive line 19N PBC8O uansAadeduinisiinlsadl 17.06 1Wesidud Tuvaed
WusnsfiAngfignio 48.41 Wosidud Figure 1

9InNsAneIAERduTuSTRINITRaUaUDIianIsAnlsALE ULsNLUE Colletotrichum acutatum lelgian Ca KK
FeisnUgnideuuuniualefideuriusosasuudiundnly 3 seoy fo swesnaile) (SG) srognagnyinu (SB) svoznauns
(SR) Tum3ndmu 21 aneiug nuemanduiuslulunisuan Assduaudesiu 99 Wedldud Fauansmanduriug szming
SG U SB SG AU SR wag SB Au SR 10U 0.56 0.46 waz 0.41 AwAFU Table 5 GvaonAdosiuauIdoues Mahasuk et
al. (2013) Ail@AnwAImdutuaufunIuveswInWus PBCSO PBC8I way PBC932 Tuszaznisanunvosnadisnaiy
onslsfimudanduiuvosnnudumusolsawouumsnludluiarssosiuuansndiiomnBuiinuguaruiumusde
Tsatfusgauazsumisiaddliidlafianmadngfuresfuegndasziuivinfunsznefogdassdmalvidundnuansanim

Frunusielsaiiuaneanety (Lin et al, 2007; Kim et al,, 2008a)
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Table 5 Correlation of 21 chili progressive lines to Colletotrichum acutatum isolate Ca KK at three fruit stages

by hold plant sprayed inoculation method

Correlation SG SB
SB 0.56%*
SR 0.46** 0.41%*

Remark; SG = green fruit stage, SB = breaking fruit stage and SR = ripe fruit stage
**_highly significant difference

nsfnwinsuanseonyesdusuyusiolsaueuunsnluaselesesneluanaioglndfusumuduiu 2 primers
Ao SSR-HpmsE032 1ag SCAR-Indel NaN1$vAaanuI1 primer ¥Ha SSR-HpmMsE032 ANITAUINAMUUANFVDIVUIAR
Wuela 2 vuinde 231 bp (resistant band) wag 240 bp (susceptible band) aMnw3ng1uaIU 21 AN8WUTNU resistant
band d1uu 2 aneudiio ANTA waz ANT17 adiu progressive line fifamnanann PBC8O ilesannifuaiessneluana
fiwaununainwin PBC81 fiaglundn Capsicum baccatum adddifsadiunareraifungudusumusousuunsnlua
uReaifuiu PBC8O wenanniudswuiniuswindinusunlsouauiiduedl 231 bp duiusfuanuiumuselsawon
unsnlua Colletotrichum acutatum luszszraiden (Suwor et al, 2015) wazdufidiudelsadandntunanioenuuudy
o8 (recessive gene) Tusyaznallivn (Mahasuk, 2009) Lﬁamwamuﬂﬁiuqﬂﬁmmaiﬁw%ml,ammmﬁ’mmuiﬁ ansu
in3esvsnglananaiin SCAR-Indel anunsauenALuAnAIYesvUInRBWelS 2 YU fo 100 bp (resistant band) Wag 90
bp (susceptible band) PnNanaaesUlUNNTIkanwaURLBue resistant band $1u3u 3 msﬁuﬁ: Ao ANT1 ANTY Uaz
ANT10 ﬁi'fﬂl,f]uﬁui progressive line ﬁﬁwm‘ﬁuﬁjmmmﬁﬂ PBC932 (Wang et al., 2010; Suwor et al., 2015) wavdud
fumisdananafiseaudignaiuaudisBudos (Suwor et al, 2015) winanetugdu q fimdosiuimdniugseuus
Wisuileu duunadne nufisumis susceptible band

oglsAmuiderrfeyanisuansesnvesdutasaudunuselsan@nmanuduiusnuinedsmmneluiana
%iln SSR-HpmsE032 Slanuduiusiunudumusieids Ca KK 11nni1nsld SCARIndel fisvoznaiden naviuuasua
ua fi¥euag 85.71 90.47 way 90.47 muddu Tuvazdl SCAR-Indel uanspnuduiusszosnalon navinuuaznaunsiosas
71.42 85.71 uaz 76.20 suandiu Table 6 daandeyadsnanaznuineiomneluanavia SSR-HpmsE032 fleuduriug

ABAIUATUNIUABLTALBULNSNIUANINNTY SCAR-INdel (Mahasuk et al., 2009)
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Table 6 Reproducibility of markers and their validation with phenotypic data of anthracnose resistance

Genotype validate
No. Code. Green Breaking Ripe >R oCAR >R SCAR-Indel >R oCAR
screening SSR-Hpms032  SCAR-Indel Hpms032 Indel Hpms032 Breaking Hpms032 Indel
Green Green Breaking Ripe Ripe

1 ANT1 MS HS S - + + . + . + _

2 ANT2 HS HS HS - - + + + + + +
3 ANT3 HS HS MS - - + + + + +
4 ANT4 R MS HR + - + - - + + -

5 ANT5 MS HS S - - + + + + + +

6 ANT6 MR HS MS - - - - + + + +
7 ANT7 S HS MS - - + + + + + +
8 ANT8 MS HS HS - - + + + + +
9 ANT9 MR HS MS - + - + + - + -
10 ANT10 MS HS MS - + + - + - + -
11 ANT11 MS HS MS - - + + + + + +
12 ANT12 MS HS MR - - + + + + - -
13 ANT13 S HS MS - - + + + + + +
14 ANT14 S HS HS - - + + + + + +
15 ANT15 HS HS HS - - + + + + + +
16 ANT16 MS HS HS - - + + + + + +
17 ANT17 MR HS S + - + - - + - +
18 ANT18 MR HS MS - - - - + + + +
19 pepld HS HS HS - - + + + + + +
20 pep22 S S HS - - + + + + + +
21 LRI IRRC TN HS HS HS - - + + + + + +

mean 85.71% 71.42% 90.47% 85.71% 90.47 76.20%

1/ Anthracnose resistance and presence (+) or absence (-) was determined by molecular markers SSR (PBC80) and SCAR (PBC932)

2/ was determined to validate (+), non-validate (-) to anthracnose response, and marker
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