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ABSTRACT

Anthracnose disease caused chili fruit rot in both preharvest and postharvest.
The chili anthracnose is a more serious of chili production in raining season, which it is
affected vyield loss by more than 50%. Therefore, this study aimed to evaluate
germplasms and study combining ability of yield, yield component, and resistance to
anthracnose disease in chili progressive lines derived from PBC80 and PBC932. This
study consisted of two main experiments; 1) evaluation and selection parental chilies
resistant to C. acutatum (Ca_KK) in 21 chili genotypes were inoculated by spraying on
whole plant (SP) and microinjection (MI) methods at three maturity stages (green,
breaking, and ripe) and identified anthracnose resistant genes 2)study on combining
ability of anthracnose disease (Ca_KK), fruit yield and yield components in 15 hybrids
compared with 6 their parental lines and susceptible check (Munbangchang). The 21
chili genotypes showed a significant difference in disease response at all fruit stages,
in SP method showed the resistant genotype less than the MI method. SP method, we
found five chili genotypes (ANT4, ANT6, ANT9, ANT7 and ANT18) and two genotypes
(ANT4 and ANT12) resistant at the green and ripe fruit stage, respectively. However, the
breaking stage showed all susceptible. Ml method we found resistant genotypes, eight
at the green fruit stage (ANT1, ANT8, ANT9, ANT10, ANT1 ANT12, ANT16) and seven
genotypes (ANT1, ANT8, ANT9, ANT10, ANT1 ANT12, ANT16) at ripe fruit stage.
Furthermore, the positive correlations among the resistance in different fruit maturity

stages and inoculation methods were found significant difference, but they are low



Y

correlations ranging from 0.29-0.56%. For genotypic evaluation, SSR-HpmE032 detected
the resistant gene in two chili progressive lines (ANT4, ANT17), while SCAR-Indel was
detected in three progressive lines (ANT1, ANT9 and ANT10), both markers were
associated for selection with resistance to C. accutatum (Ca_KK) ranging from 71.42-
90.47%. The experiment 2, the general combining ability (GCA) of almost traits showed
no significant difference, except for plant height. While, the specific combining ability
(SCA), was found not significant difference in all the characteristics. However, the GCA
value ANT10 gave the highest value in fruit number per plant as 0.05. For the fruit yield
ANT1 and ANT9 gave the highest value at 0.60 and 0.20, respectively. The heterosis of
yield, ANT4 X ANT17 showed the highest value of 209.12 %, while anthracnose disease
resistance ANT4 and ANT9 gave the lowest GCA value at green and ripe fruit stage,
respectively. However, ANT9 x ANT18 and ANT10 X ANT18 gave the lowest disease
lesion size at the green and ripe fruit stages, respectively. Therefore, before releasing
the new variety breeder should be yield trail in hotspot areas for selecting the best
one for commercial production or might be using the population for breeding resistant

to anthracnose.
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W biluiugnisAdumulsauauwnsalug



1.29nqUsza9A

1.2.1. ileUszidumudumuuazdadoniusnindumulsauouunsalua waz
MM BUIUNULIAKDUUNIALUA

1.2.2. \le@nwinnuanunsalumsnudveminludnuazveanandnuazdnuas

ANUNUABDLTALDULNTALUE

1.3 daudigfiuay

Vel UANsa3TIneT o1esiaammsaanseds ausinalulagnisinuns aa1du
wAlulagnszunaLIIAUNIMTAINTE U

WosUuinsmalulagdininnmsinees angmalulagnisinens aandumalulad
NILADUNAUNAUNNTAIANTLUS

lsnfoudguanisuasudasinunsaialvnnalulad n1snaainy Aue

wialulagnisinues aatumalulagnszaeninalinaunmsainnseds

1.4 wafinndnazldsu

1.4.1. ¥deiugnenminiumuneuunsalua uasnstuemudiiudvessrenasie
N13MUALDIDLIALDULNTALLA

1.4.2. lansruanuaiuisalunissiudaseninsaenug nintudnuusnandn
D9AUITZNOUNANAALAZANATUNIUAD LIALDUWNTALLA

1.4.3. I§n3niugwousifinnuanansalunssudiluuagmssiiansialy
ANWY 619 9 LU NARER DIAUTZNOUNBNAANIN LAZAINAILITALUNITAIUNIUABLIALDY

s

wnsalualuauarAuAuYeIgnNaNsEnItnsniugious 6 aneug

]



D.

unn 2

UIWNNYIVD4

2.1 MuazAaudRvaINsn

win Wudndandsiiddnenings uazdanuddymeiiuiasugiavesszing
fesnnansntunldusslenfldnarsgunuuisaningfviassdndusiutssUly
anamans uenantusainlfiduayulnsluadauieu dinsldusslomdmanisunmdan
981981 in1ensngaulume asnguwaUludueen (capsaicinoide) 3nnTiud LALALS
fiu wazanslulowlaliuess Tneludaqgouldiinislduselovdananssng q Afegluninoeis
univiany (vaude, 2549) Fedsnalianudosnisuaninduunltifisiu Usznoudutiagtu
Uszrnsdifrunudindu uasfiaunseninfeimsidroaunm Fefinnslduselond

=]

nngnuadraInsnlusulavuin1se1msaze1snwlsauIng Wy Jedawaliianiny

Aosnsnsnifianwaeiunnaaiuludiugusne #u wazanudnunldussloniluiiusing 1

[
[ a ¥ QJQI v o

Tmngaufuussanandusionnauazeninulsn Juogiuindn due uasfuslan fiy
WNUTUUTINUS Fed o auiug ninilaunainalglaznsaiuAIIuA BN 15U04
9RaMNITNAINa1 anunsataeliiuszneunisiiioadosansnsawamndndneilual i
ondnwalldinntu wszlunisaandadasndanfisiusidaudnuasunndrdlian
Wil (g%a1, 2557)
2.1.1 AMUEAYNIAIULATUINTT

win fiusrlevdegranireinsialan Yaroaluairesquamnazersunis
dlasmnansualeduiiduraslunsasdmnalironl faveedsesiouwna ity @seu
wosiududnduuaidn (Sulusiuanedu ) fauatfedonesfiu Ao ussimeinis
Buthn lussifersufadsensuallifitu Besuvssmudnldinniiila sumefazadisans
wunesiutuinnnduwinby Tnsunfidumeesausazaiamaouaeiiuiunnionds
msoenidsnie Feagsilvidnandu wiula luudvesnurmiaemsnn veaUsssa veq

Y
VU YDIIN UawlATaIRNiagua I esnnandaninusenauluiiennAmilasuinig
A 6 1 1 a a I~ a Y a a [y [ [
Mdulselordsosnenie (m15199 2.1) arsamaes ddu wazdunslunansn daiduarsdinan
wAlsfiuaes (carotenoids) Faflegunde 20 vila ansfid1Any Lawn wudualsiiu (beta-
carotene) lneruansAsiuvedinfuefitisunanen Hgandnsinisnateiuguazyiaty
waauzt5e wulluuvasesnse ascorbic acid Mwagnsidudenluald wagnseinigems

wonanindndellansuoufoenduauriiisenin arsuauledu (capsaicin) Fedisafiniouuaydl



wnfiaailénansmaninuinniiuiainey arsuaulsduannsodudainainujizengnld
uaznvismMsvhaneeseyyadas: duhlisunmedenanimuasiinlsavansyia 1w 1savle
waglsavaanion HvaneMstindsurlunsy PsanUsinunasiaaneseariialif (LDL)
waziinUSinanasiaaimoseaviinf (HDL) Snsafmdundniusimisnisunng wu wansiosi
Cayenne #ldendouvaiiislunsyimzeims wenanddududiunauvaseimaieuen
Ussmin uaginuilsaidinids windinuemnemsge Usenausie LUsiu Iandunazus
5093 q wu wWindihilusiu 2.8 nfu ladu 2.3 n¥u enslulawnsn 6.6 nsu idule 3.5 nfy
uAaLdon 3 fadn3u Wusu (m31efl 2.2) Lwﬁmﬁu%amaé’adwLﬁagﬂmm%ﬁjmwswazﬁ?u
a19eenslasuintiudaanissudsemuninluiuuveansnan WAy wagdunsn, 2547)
wonaNITanuIn WEnTiH unsInuRIdsLawan $3aniu & 3andu 1A Omega-6 Fatty
acids uarlnunadengeniminluuudu q dufu madwaninuieilinunismnunnunlss
omsseadaluansddny s duisnmsiiliauavesasemsiifuusslovigany
nsudandnlugunuudu 9 (adan, 2557) lunmaelidusrdiunisszaieifies (counter
initant) Tugfifiornstanuinadionds ssfuormstinszanymdsndulsagain

2.1.2 ANUFEIAYNINAUATEFND

Qﬂddoﬂ/ a

winunend1AgynIuAs¥Raguauau 9 vaslan 9INN1551891U489 FAO

' [ '
aa A =

(2019) WuUIUsTIMANTNUNNTHAANS LUt Ty wSntausinanadn 23.2 a1uls win

'
a

WiauSTaArawie 10.8 a1uls 51 34 d1uls Usemanidiunvannsnamdudunuiu 9 ves

Y

Tan laun Ju (5.0 duls) Bwide (4.9 duls) Bulailige (1.9 d1uls) wedlele (1.1 d1uls)
$indln (0.9 &ils) wai 0.7 dwils) Wu3iBe (0.6 &ls) sauituil 14.4 dnils Andudosas
62.1 vesiuiAuiAe) nandavionun drundnifiousinenausis fufiugnaiulng egluni
oy laun Butde (4.8 auls) win (0.7 d1uls) Jeaane (0.6 a1uls) Ine (0.6 Auls)
Feawu (0.5 §1uls) Fu (0.3 duls) UrAanm (0.3 dls) sau 7.8 duls Andudevas 71.8
vosiuilifuiAsanandnitonn duwdaiusninUssmalnesinining U3 284 #u
YaA1 63.25 41U wazdioenuaniugnin Usuia 91 fu yard 807.1 druum (d1n
mUALTY wazTannininuas, 2563) JeuszmalnesinisdaminiynaiavesUssma wivag
nsndndungay wardeiinandnd eongnatauandeiusenly Tutuginaude
anmuanden Tasdmindisinisugnninmaniamie loun Uty uns uazann dudming
danuinlunirdanu laun uaswuy guasysd alaginy anauas n1wdug veuuny
umansau Seuidn drudmindivganinaianans laud maauy3 wazdaninfiugnudn
mald 1 unsASsssuse Wige uazaswan msndeninlulssmdlnetudosas 80 WHuns
Ugnlungruiifunasi dnslidmauseniu Fauudadhdos ssuvtmen viessuui

au3unes Wudu fTuneunsinnisguaniusinignanaunsenanuineInfiniinisuaniiels



danalvidnandnasinnii 2,000 Alansu/ 15 wazlinaunimeinda (g¥an, 2558) NallyaAmig
wisegRavemsnansaiiasanlamnUinauazyaninisuslaanglulseme wagdseen
Tdwhadsemeluguuuuvemandansnuasnandueiannnsn (gTan, 2557) Usemelnedinig
deoanninanuiidu WinUu Wi uazgeansn Anduyarisiu 3,860.64 AU wazdl
= o £ a [ a 1 a 14 a a [ 1 =2 £% '

fnmstdmEnanudidu windu winuis wazreaninAniluyanigdis 9,989.65 auuinse

U (FAO, 2017)

dl 1 a o 1 9(; v
N19141 2.1 ﬂmﬂ’]m’]ﬂiﬂsﬁU’]ﬂ’]i“U@QWiﬂ 100 NFUADUINUNEAR

Components Goat pepper Big bird chili Bird chili
humidity (%) 84 85.5 81.9
energy (calories) 58 a4 55
Protein (g) 2.8 0.4 3.4
Fat (g) 23 1.2 1.4
Carbohydrate (g) 6.6 7.8 7.2
Fiber (g) 35 a.5 5.2
Cinders (g) 0.8 0.3 0.9
Calcium (mg) 3 6 4
Phosphorus (mg) 18 64 14
Iron (mg) 1.3 0.3 1.2
Vitamin A (1U) 10,000 1Y 2,617
Vitamin B 1 (mg) 0.16 0.13 0.29
Vitamin B 2 (mg) 0.24 0.15 0.11
Vitamin C (mg) 168 37 a4
Niacin (mg) 35 1.8 1.5

Y Not anlyzed

fi31: Bureau (1992)



M1399 2.2 AUAMNLATUINITVDINSNAALAE NI NWAIMIN 100 nSusetmviinan

Hot Hot Hot Hot Hot Hot Hot Hot pepper
pepper pepper pepper pepper pepper pepper pepper sauce
Nutrition facts (100 g) (green, (red, (sun (green (red (green (red (ready-
raw) raw) dried) canned) canned) sauce) sauce) to- serve)
Calorie (cal) 40.0 40.0 324.0 21.0 21.0 20.0 21.0 11.0
Carbohydrate (cal) 33.4 31.7 250.0 18.0 18.0 16.3 12.0 6.7
Fat (cal) 1.7 3.7 48.6 0.8 0.8 0.9 54 3.1
Proteine (cal) 4.9 4.6 258 2.2 2.2 2.8 3.6 1.2
Vitamins
A (IU) 1179.0 952.0 26488.0 721.0 11892.0 584.0 458.0 162.0
C(mg) 242.0 144.0 31.4 68.0 68.0 68.0 30.0 74.8
E (Q-Tocopherol) (mg) 07 07 31 07 07 03 04 0.1
K (mcg) 143 14.0 108.0 8.7 8.7 7.1 6.7 24
Thiamin (mg) 0.1 0.1 0.1 - - - - -
Riboflavin (mg) 0.1 0.1 1.2 0.1 0.1 - 0.1 0.1
Niacin (mg) 0.9 1.2 8.7 0.8 0.8 0.7 0.6 0.3
B6 (mg) 0.3 0.5 0.8 0.2 0.2 0.1 0.1 0.2
Folate (mcg) 23.0 23.0 51.0 10.0 10.0 12.0 11.0 6.0
Pantothenic Acid (mg) 0.1 0.2 1.0 - - - - 0.1
Choline (mg) 11.1 10.9 84.3 6.8 6.8 4.8 6.1 -
Fast and Fatty Acids
Saturated Fat (g) 0.2 - 0.8 - - - 0.1 0.1
Monounsaturated Fat (g) - - 0.5 - - 0.1 0.4 -
Polyunsatueated Fat (g) 0.1 0.2 3.1 0.1 0.1 - 0.1 0.2
Total Omega-3 Fatty 5.0 11.0 23.0 2.0 2.0 1.0 4.0 1.0
Acids (mg)
Total Omega-6 Fatty 104.0 228.0 3056.0 52.0 52.0 12.0 69.0 195.0
Acids (mg)
Minerals
Calcium (mg) 18.0 14.0 45.0 7.0 7.0 50 9.0 8.0
Iron (mg) 1.2 1.0 6.0 0.5 0.5 0.4 0.5 0.5
Magnesium (mg) 25.0 23.0 88.0 14.0 14.0 12.0 12.0 5.0
Phosphorus (mg) 46.0 43.0 159.0 17.0 17.0 14.0 16.0 11.0
Potassium (mg) 340.0 322.0 1870.0 187.0 187.0 564.0 564.0 144.0
Sodium (mg) 7.0 9.0 91.0 1173.0 1173.0 25.0 25.0 2643.0
Zinc (mg) 0.3 0.3 1.0 0.2 0.2 0.2 0.2 0.1
Copper (mg) 02 01 0.2 0.1 01 0.1 0.1 -
Manganese (mg) 0.2 0.2 0.8 0.1 0.1 - - -
Selenium (mcg) 0.5 0.5 35 0.3 0.3 0.2 0.2 -
Other
Water (g) 87.8 88.0 1.2 925 92.5 93.9 94.1 90.0
Ash (g) 0.6 0.9 6.6 1.4 14 0.7 0.5 7.4

fun: saulasanann SELF Nutrition DATA (2019)



2.2 NMSAUUNUBSIANGUNIN
w3nlu Genus Capsicum dn31uuneendu 32 aUTd (Dewitt and Bosland, 2009)

IngdaTunaIuanvaen 1SR aule Lu 819y Tu aen JUTeHa 84U wavauinna

fala

(Bailey, 1923; Smith and Heiser, 1951) Wusifloagnlutligtuil 5 wiafe C annuum L,

]

C. frutescens L., C. chinense Jacq., C. baccatum L. wa e C. pubescens R. & P. (IBPGR,

1983) 1ngiANULANFA1IYDIANYULAY ADNLATHA AIH
Capsicum annuum L. \Juwinilsudgniuegisunsvaeialan Sauindaly

Ushameuldvesaisnuaznauwmilovesawsnild daurainaignaiugnssunmsiu

£%
SN faa v

sUs19Ma Ana esiin neenTumasiyiulndidnauunduan winluadtddidnuusisuie
finduneniidum viowmiu Anaaniviediden wdes uazuns ansnsaiadulaldalunn
anwuandon winlundui 1y win Paprika %30 Serano W3n Poblano LAy Wan Cayenne
duiusivgnluuszinelne Tiun winsenau ninfuuiste Mednu winvnu winmy
WINWEIN WINFUAT uaznsnivides 1Uusu

Capsicum baccatum Jun3nfivauinliineunsgusinueiuininaisds

= =

awsnle winnguiliidnuaziaufe naunenidvinTy wavily mamaaﬂmammamﬂﬂu

a

nvn ZJi‘lJi’NNﬁ‘V]ﬂi’JU“UNLLGIﬂG]’NﬂUWiﬂWUﬁUﬁﬂ‘V]’Ji‘U NaxnTas LLﬁ“’lIﬂﬁ‘LJQ‘L! ‘WﬁﬂI‘Hﬂallu

16un 3n Peppadew wazwin Pepper Bells wagdadundnnguiisiseanuimuduiuniy
molsAuouLIAlua (AVRDC, 2003)

Capsicum chinense Jacq. \Jun3nituiilosasewsn ﬁﬁqma’tmpﬂ,LawaLé‘ﬂ 10
naEnilsalindn Senvawadendafunan Capsicum frutescens uansnsfusiiosinanaiing
fisouneauInaseurovasnauEsiuiunen dulnad 2 renuuteiieatu LazgNIILUN

Iianuingsanlulan 1aun Habanero, Bhut Jolokia wag Scotch Bonnet tlusiu

fa a

Capsicum frutescens L. wuduninwusiideuvanludndln swsninans waz

q Y
[%

o3nld Jagiiuunsvarevialan senaenuaznadusialuuifen wuug wie 3-6 aenuute

'
= = a

Weniu naunenildwdeseudstauiwneuden dwlvanaiaundn warlaeialuingu

6 al a

vew ANainge siugAdendgnlusiuinndurdenaln 138091 Tabasco pepper g
Ugnlutszmealveduiugnadn wu W%ﬂ?u”w&mu LLazW%ﬂﬂszm'%'mmqﬁuﬁ:

Capsicum pubescens nupSausnlusisninans uagowsnile wiaAulalaalu
s Tnslangfigandnssdutiimeia 1,500-3,000 wns sonnenuazaadusuufen wuu
g videlsiiAu 4 ponuudoifieatu nduaenidienthiu aslaunduuinaunarsaeniidvn

guLsauiiANaUu) lauA Rocoto a Locoto (aTan, 2549)



2.3 Tsauauunsalualunsn

TsAuauunsalud (anthracnose) §siinannidasiluila Collettotrichum sp. R
annsavhanudsmeliunnanaansnlddunsyosdundn ssosnansniounsifiuieiuay
wdamsiAuAswlrey Tu waswandnilonmsuniwihlidesdaia wionelalusin wu
miszmmLLaza%’NmmL%snmaasm';w,mﬁl,uﬁuﬁﬂ'ﬁmﬁmw%ﬂwm%fauuamm%au%ju Y
an3gelsnT (Harp et al.,, 2008; Lewis lvery et al., 2004) wagiufiieide (Park, 2007) 15
wouunsnluavhaudemeliuinandnunnis 80% wefivldsuidesinanliamsasnwm
& mnfisuansennsfesrdnlnenisaewnsowiarihty é’m%’uLLuaﬂﬁ’mgé”]é’ﬁﬁaa%aﬂ’;’m
Fomounnindausssesdundnluauisdulauasiiuien fe wagli waylsyn %umaaﬁmg
Megowilaiilfluninvinee duuaszuniu azdwmaliduninssinnssaivla win
muaulillduazinsssuinuniuasyilinandnanasosnann uaglifinaunm uonaniuds
flsAwazuuatdy q fvanudemewnnin LazinunInTauLINlingIvamgkagIsns

a

Joatumdafigndes vililiannsodestuanudemeiAed utunandaninld (@dan,
2549) M3dnsuun waznalnnsvhanedil
2.3.1 MInIszuInUaelsanaunsalualunin

Tsawouunsaluanunsszuialuuvasugnuiniluvesyssina ueuunsalua
Duniddulsafivfiadrsmnudeomeliuininduetrann ausadvhagldvdutisien
wazndsnanfudedlufiufimamelgn lundoulasiomenivieds Tsadandrdulgm
vowinluszznagn JaidoiFondn “ripe fruit rot” lsnnouunseluagnéunuasouanluly
1938 dUsvimaansgeiusng (Halsted, 1891) Inendeiiny fie Gloeopsorium piperatum
uay Colletotrichum nigrum \Suoaniveg Taoidealddfunissuinognegunsslunisadn
wInfe C acutatum wag C. capsici LLaﬂuﬁﬁ]ﬂqﬂJuLﬁya C capsici W@answdsudeduy
C. truncatum wag C. acutatum wWu C. scoville (Damm et al,, 2012 ) tngUszwmalneny
AU SEUINYRTETT 3 aUTd (Than et al, 2008) liitosusludszmnalneiniuuidon
ASUNIITUINTENTENS 3 aUTduarieatddaulalud nnaneuseme Wy uauniiedeny
N33z UInte Ussimaduine lawiu sade sulati@y 1nud Reauiy wazeiaind uauniy
lawailenunisseuinly daguaun Unlhilafd Mivglsununisunsseusluseanside waz
Sanu wardamunisunsseunlueiing 3ed 2.3) lsaueuunsaluauenainagyiiaiy
Femeliunransnuds Senunsoadanudelimeliwddndu q vesiundnlésn wu v
TiAngadsuuly Musazszezdundlddnie deonsihllvessaweuunsalualuninie
winfigaanade Wodennarunad it uneddnuunduisnu Wuaudnanses acervuli

LNAINAUIMIALLUAUARILIID991N setae WAy sclerotia lABLANILDEITIUUNANTNONI

maialsakauunsAluawdIausaunsnsyaglasuluvsnaiunvaninsliilussunu
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unFedunnynlsaazannsadvianeliuifluszosnaseu sesunaradniiiinainise
wouunsaluardmanonun mHandn wagvilisamaninanas uenanduduinlse
panandaiinanenisanasasUSunaualleduiazlaledu lsaweuunsaluadiliniuaiunse
Tunsviansuuuuisienisiiideanunsadhanglddausss o Ainsniinadoudiavuans
ornsveslsaoonuiluszesiinan3nildunamsediizendn Weurs (latent infection) 3y

o v

Haymiviliensenistestusazinda
2.3.2 mssmunvdavendenouunsalua
Tsauouunsaluadulsaiiinanidos dsanunsavhanudemeliuninanan
winldRaurszezdundn ssesnan3nieunsiuAgLasndInsiuies Tnglsasanaaiil

a1Ru1NWeTlLAE Colletotrichum sp. dnwagaIn1shaviaausauulanuatdd

(%
v A

At

1) C. gloeosporioides &nwawanns ingadtimuadn unatudnandniios
unavuelngduguae essnansumaiiiniagou veuusalidaau Truudadn q ddes
doutudumaeduiivinuuwe franutugeuuduudadn 9 azfingy conidia dnvusndy
nenvourmtudduiAniu Snvasdaguineruueints PDA dunaldiudulowdam il
wudy Savamdedm wiadunsdoutudutu q lany setae usiny sclerotia 138y

UrUueg dnuaizaes conidia nelindesganssainuindugunsinszuenass Yareuuis

#0991 LUTd vu1enInlausyanm 2.59-5.18 X 10.36-18.13 luaseau (515718 wazmae,
2548) (N9 2.1 A)
2) C. capsici dnvazanis nagadtvuaén whayudnanantes wiaidu

a 4 Y

sU3 viprenau nssnansunadiimaseu vevunaliidaau fduudadn 4 dhiZedouty
Hurmaneduiiviionuna §raudugeaziiu conidia lunenveananduddu if setae
Upueg C capsici Wusdiflivendeni anunsaviliiivuanseinislivareesing wu die-
back, stem break usiu dnwardngiuineruu PDA dungladndulewmiloatmsiasayy
iy Wededweuduleifvrim wires 4 Waswdudmuasdmunusi conidia iid
wmies wieduuyoudy dnvasdusunszdunidervatounay auediTald 2.59-3.9 x
18.13-31.08 luAseu (51578 uazan, 2508) (il 2.1 B)

3) C. acutatum dnunira1nis iiegadtinvunadn gaunayuinandniios
urnaifugunsd asanansusadiimaseu veuunalidaau Sruudadn q FdFoaduguads
maneduiiviinnmse arwiugeasiiu conidia lunenvesvatudduuasil setae Ustuog

anwagdgiuingivu PDA dunalainduledidvwdires 9 wWaswdudinmeuvun

conidia fidnwazidugunsvane urnf TaldUssana 10.36-19.13 X 2.59-5.18 luaseu

(515908 wazAny, 2548) (A9 2.1 C)
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1) C. coccodes dnwaiyaIns flunasuingg vouunaliasinane & acervulus
\Hugndinnavuinidn drumes spore mass fiddu dnunrdugiuinet vy PDA 1uidule
Wi wsadun dededdeussifunnduudeududinn a¥e acenvalus i setae &
himadufssnaeldsse conidia fdnuwaslugunsyans ifld sueidald 12-16.1 x 3.7-

5 (579708 wazmee, 2548) (A9 2.1 D)

AN 2.1 FNYULUINLNAUUKNANSN #Y89aUasuND1MSIa89%0 (PDA) havanuyy
conidia ¥0¥e 4 &34 laun C. gloeosporioides (A), C. capsici (B),
C. acutatum (C), C. coccodes (D)

fian: Fangling Liu et al., (2016)
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A15199 2.3 wilaveale Colletotrichum sp. @avnvadlsakauwnsniualuniny

SEUNABALASIIANULFLUNYLNNISHARNS N IR AL UTINA

Country Pathogen Reference
Sariah (1994); Mahmodi et al,,
Malaysia C. truncatum
(2014)
C. acutatum, C.truncatum and
Thailand Than et al., (2008); Montri, (2009)
C. gloeosporioides
C. acutatum, C. truncatum and
Indonesia Voorrips et al., (2004)

C. gloeosporioides

C. truncatum, C. dematium,

C. gloeosporioides, C.graminicola,

Thind and Jhooty (1990), Hedge et
al., (2002); Paul and Behl (1990);
Susheela (2012); Selvakumar

India C. acutatum, C. piperatum, (2007);Kaur and Singh (1990);
C. atramentaum, C. truncatum, Ramachandran and Rathnamma
C. fructicola and C. siamense (2006); Sharma et al., (2005);
Sharma and Shenoy (2014)
C. acutatum, C. gloeosporioides,
Korea Park and Kim (1992)

C. coccodes and C. dematium

Papua New Guinea

C. truncatum and

C.gloeosporioides

Pearson et al., (1984)

New Zealand

C. coccodes

Johnston and Lones (1997)

C. acutatum, Ctruncatum and

Taiwan Manandhar et al., (1995)
C. gloeosporioides
C. acutatum, C.atramentarium,
C. dematium, C. gloeosporioides

Australia Simmonds (1965)

var. minor and C. gloeosporioides

var. gloeosporioides

United Kingdom

C. acutatum and Glomerella

Adikaram et al., (1983)

cingulate
C. gloeosporioides and C. Harp et al., (2008); Roberts et al.
USA
acutatum (2001)
C. acutatum, C. truncatum, C.
Vietnam Don et al,, (2007)
gloeosporioides and C. nigrum
Sri Lanka C. truncatum Rajapakse and Ranasinghe (2002)

fia: Ridzuan et al, (2018)
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2.3.3 nalnnsiinlsanaznisnauduasraidia Colletotrichum sp.

dugIne A UasiunIsinwlauLNIAlUET 3 TUADUAD TUABULINAR

a A

iy (conidia) veudpdulaiuiuitvesivedeazinizineg uuRivesiivededaindu

Qe

SuneuselUfie conidia 9z1en tube Fwiidoi3undn hypha senyileunadusaiamde
Fufanuiliusnaduinuinwe Swesugldinnsdharedudunsunsnuveadule
Fosudlldimlmefiverfenoliinmdonanmeemluazgoutarenisidvihane
voudoauvg luduneuanineitoarasrs appressoria Wi vhaneiwadity @1 appressoria
¥89Lde Colletotrichum sp. waazaﬂ%ﬁﬁLﬁ'ﬁyaaﬁ”wﬁuﬁfu%Lmﬂ&mﬁ’uﬁwumngﬂﬁw
(Bailey et al,, 1992; Kim, 2007) Ineid pazanursaid vhatefvldugolyTed uoy fu
appressorium tJud1Aey (Ahn and Yun, 2009) #&sa1n Colletotrichum sp. L“?}Uaa’ll,wﬂiﬂ
wauunsAluald vinatenvazinisuaes PR protein aaﬂmﬁaﬂaaﬁ’umaﬁgﬂﬁﬂma R
TusfufivanudesoonutugnaiunudisBuiiuansieiu wunsadha PRL, PRIO, PR gene
Tuwsnanestug PBC8O aelsfmuimuinninusazaneiuaziinisadrslusiuiunnsnaiu

v

MY

14

2.4 M3anenanduliianwardiunulsawauunsalug
deugnasuniniidnumusielsauouunseluatussdsauiiroudissinlidisame
sonudeIns uinsldmeiugiidauiumnuiuiisandldieludowesarsieiiluns
Jasiumdnlsanauwnsalug (Agrios, 2005) n13azdiudseiugninlvmuniudelsnueu
uwnsaluatusndudosdundsiiuvendorugnssuiifarudumusodoainy Tnefseny
TuvasiugnssuiifumusielsausuunsaluadunulunaeUssima vareginie way
vanAnaneaneiug uvasiimdnvesanuiumuselsaouunsalualdgnszylilundnane
Wyuﬁ: Capsicum baccatum L. wag Capsicum chinense Jaca. 1ae AVRDC- The World
Vegettabel Centre Tud 1999 LLazﬁfﬂﬁf{Taié‘L%’Lmdq%’ayjamfhﬂft,ﬁ'aﬁﬂmmim&mamé’ﬂwmz
NUFNTTUANUAUNIUABLIAKBULNTALUE (Pakdeevarapomn et al., 2005; Voorrips et al.,
2004; Lin et al.,, 2007; Lee et al, 2010) Minn1sAnwdlvifiuiguuuresaudumuty
unndnsiuluiuegfusiinneade Colletotrichum iludoamauaglolnanunawinuniu

Wara1gHa F99 NNy LATnIsUImMEnaneiugine wwihnsnwdaidendnune

£
v a

AMUATUNIUADLYBNUNITNDUAUDIVBININAULTBD LU aLaUTARN I
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- C. capsici Pakdeevaporn et al. (2005), Mahasuk et al., (2009b) ta ¥ Kim et al,,

v

(2008) lafnwn1saenandnwagdiunulsALeuunIAluaalad C capsici Tunsniugau
PBC932 \uninlungu Capsicum chinenselacq Ins@nw11nUszunsdIguil 2 uaz
UsEaNIHANNSUNUANINSEIENUNNTNTEILFTBVBITUYN F, SRTINNINITIEfITinufe
resistance: susceptible (1:3) nun1suanseanvesduiduuuu single recessive Wi Park et
al,, (1990) ndunuinnsuanseenvasdudnuazdumusode C capsici \uluv Single
dominant KA¥UBNAINT NTUAAIEDALUY partial dominant gene ANMSANIUTEIINTT)
':ju‘ﬁ 2 WazUsEBININANNAUVDININ C. annuum ‘Chungryong x PI244670 WUNSHERAIDDN
YBITUSN YU AUNURUUTLLAZANTDEENBALUULINAZAYN TAINITAEN0A 0.55-0.71
INNINHUG PBC81

- € accutatum anN135ANY19N AVRDC nud i ewusnssufidiunudende C
accutatum fia PBC932 Yoon(2003) tafnwndnuaenisianieanvasduiiuniumienisly
wugfldannsdeneBurestugiumudsnaniedn AR (C.annuum) $25u BCFg Wuane
Wug donor parent ¥NSHANTIUAUNTA 2 @18WUTAD HN1L (WUSB0ULD) X AR LAy
Daepoong-cho x AR qu%a C. accutatum Tuszpznalden Uszidiunisiialsalazfnwinis
nszemvesgnluiaiudl 2 nuindnisnszarediwesduiiu resistance : susceptible (1:3)
FefuBufleuaudnuugdumusiende C accutatum LU single recessive wuiieaty
AU Suwor et al, (2016) WUmiLLamaaﬂmaqguﬁmmumL%’ya C. accutatum laleLan
Ca153 luwinifusiléunisaieBuainndniug PBCO32 wazsiug PBCSO Tuszoznadamy
FuidunuuBusios 1 fumis ogralsfinm Kim et al,, (2006) ndunuinduimuaudnuny

s

Aanaatiluluu Single dominant #d31n7vin1sAnwinsuanisonvesdulunsniug
Aunu PI594137 Wuninlungu Capsicum baccatum L. waudufiunsniug Golden-aji
Faduninlunqu Capsicum baccatum L. wuriu wazldvinn1sfinwinisuanisenvesdu

'
1A

fumuluszeznailies wunsnszanefvesduludaiudl 2 8w resistance : susceptible
(1:3) Fednuwazn1suanteenienndosiunsine e Yoon and Park (2005)

- C. gloeosporioides 31nN15AN1UBY Park et al., (1990) WuBu Anr-2, Anr-3 Lag
Anr-a T Aa1ad 1unIusewd o C gloeosporioides 7 wulu BGH3077, BGH28850 uay
BGH5085 Faidumesiugnindieglunguues Capsicum annuum L aann1sAnuéamudnia
nsuanseanvesiulusyerfundtudunuy single dominant sene uazn1suanseendui

SYEYHNALTEINNITFIUNIULUY partial dominant gene 38 over dominant gene



15

2.5 nalnn1sANUNIUVBLLSANGN
anuFuulsafitinulunsn anunsasiuunaunnsieni uaznalnvesming
Frunule 2 Ussian Ao audiuniui fegudalunin (pre-formed resistance %38
constitutive resistance) LLazmméfmmuﬁw%gﬂLﬁfiﬁmﬁﬂﬁﬂ%ﬂﬂﬁﬁu (induced resistance)
2.5.1 anudumuiidegudalunin viefi3enindnuvazUszaniug Uszneusie
Trsead1awesite WY AURUILLLLAEANNLT LS weenTIwad TUVDIINT (wax) uat

a

AfiAa (cuticle) unAquunadwuLasinlutedarnadonunsslinunadngisadiin fin
i uurdlumunuiutisdnunsshanslasusasdsoradunmeilsagits sumiuas
Sruauwesnluiinasonisdngiivventoruaziuaiieainguedsn ddlassairavani
afiouinszdosiut usnvesiia (Bunchanan et al, 2000) a814lsfimuamiuniu
SnvnrivosiinargnaiuaulneBusiuiunaisg

2.5.2 adunmuiiningninienivlfainedu Wudnwaedunuiifsgnnseduly
afatunifietostuiesnendudoanvalsadwiians ausunuiifisgnindels
ahatuiiinalniiedredunalnfiieduludniidesiounvde basal resistance fivhanulng
Tuanavesieiviminiidusimouaussn1snsedu (pattern recognition receptor; PRR)
mmsamwé’fwimLaqamm%ammaﬂsﬂ (pathogen-associated molecular pattern; PAMP)

a

vy lUusAuunaniaad u (flagellin) 99A USeNoUvo N 9L9aa Yo ILUAT LS Y

£% '
N aas

(lipopolysaccharide) M3operUsneuvesingadifios (chitin) Audumudnuwaeiitte
\SenLan1z11 PAMP-triggered immunity %138 PTI (Thomma et al., 2011) N155U5 V097 Y
dwalitinn1sneuauosluLuuag 9 ﬂy’ﬂué’ﬂwmzLﬁaﬂmﬁuﬁmamﬁaﬁﬁ@Lﬁ'f'iyammslﬁvﬁw
yhanefinlasfivdansgiasuselaliiuiinuduluwesfomefiveidadoaimelsald
funmmevdanngnidoamglsadivhans Wy nisduameiuasaray b-glucan Wouse
fudulnaweiseisy b-1,3-glucan Fudeniunalad (callose) nendintieadvendosndi
unskudngwad (papillae) iiladudsnmsyngnvaatennelumadiia (Lucas, 1998) N3
duasrzvianslnlneidndu (phytoalexin) Mifuansusznevlungu fuedn westused uay
p1dmnind Alnuandhiduiviedunidlneviluiaiinalumssudadoamglsnidavhans
fifl# (Buchanan et al, 2000) MsduaszilusiuiiAgtesiunsiinlsn vislsiufions
(pathogenesis-related protein; PR protein) ﬁﬁ@mamﬁ’mumséfﬂumu‘[ﬁw%L%aawmsﬂ,ﬁﬂ
agalidmneg ladinsfnwlusiuiensednandrwnsluiavarsvialaedlmunglunis
Wannarewus Aelviinag duaseilusiufiensiieadadnuvazanuduniuuuuning

(broad spectrum disease resistance) Tfu#i%
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2.6 N5ANYIAIUEINITO LUNITIINAIVDINGA

Wesmnnisusulseiugiigielilddanvauzniniidenis uazsiunugnagiunly

9

=~ =

Usgloniligegn sududesiinmaaeunarfndonaeiudafinnmnzauiiofazthunly
Usglovtdlunsfiansanandiuiuanesiug (nqugn, 2528) den1sdndonateiugsildlnenis
nadsuANannsalunsTnddunisuansisnnuasavesaneiuguils o Tunsiazle
gnuavimdethlunaniuaneiugdu anansauvsténidu 2 Ussian Ao Anwanunsalunns
7817l (general combining ability: GCA) wagauaanTalun1sTIsianz (specific
combining ability: SCA) Tnedisteazideanad n1sdnvinauainisalunissaudanald
(general combining ability: GCA) #u1eng mmmmsaﬁuaqmﬂﬁuiwﬁaLﬁ'aﬁwmsmawﬁﬁu
angiugaunans 1 metusudlieadsvesgnaauiauneenuteglunasiia feifunisin
SnsuanvesBuiimunudnunrdy  Tnseuannsolunissusiluiodudvinavesnis
wansoanvasduiuuuunauan (additive gene action) #9dnwmsiiuansoontuduag iy
Snwarvedufidioiasudnvas iy 9 LAZNITHAANIDDNVDITUAINGNTIFIUITON189DN

] =

anwauzlugiugniumanuls (Sprague and Tatum, 1942) M3fn¥IANEAITALUNTTIN
\awz(specific combining ability: SCA) wi1efs MsuanusRwniadriudnanefugnils
wdliaad svesgnuaniifeanun anwausalunsudtamzidudnsnaveanis
wansoonvesdunuuliidunauinuiauiseruuuau (non-additive gene action %30
dominant gene action) lnen1suanseanvesduazianseananizdaiuty 1 luaunsn
devenludsiiudu 4 IidaAnuseloviianzgnuanlunis@nwanuanusalunissne
hlUneuiledmdenaeiusivanzan wazmsimsveadeuaNaansolunssilans
ilevgrandisely
2.6.1 AnwaansalunsTATlULAsaNZ YR IR AL I BN YA

NM3AN¥IAIUAINITATUAITIINAIVOIG NYULNIINITINYAT WUTIAN
ANATNNTOLUNITNALLANIZYDIFNWULNINITNEAT AL NANEATIN SNUULANNFIAY
SrnURLILR R S1uIUNasofl USual capsaicin Aefl SATIEILTENINAINET e
aunana dninuauiaedu Samadiusenitausnuaraun e warsuauEn
denavonin fidiAnuamsolunisudienzannnitnuamsaluniwalagialy
mmmﬁuLLwlziLi‘;Juwamﬂazam (non-additive gene action) ﬁmmdﬁm%waﬁuaﬁuﬁlﬂu
LUUNAUINGLAL (additive gene action) (Sousa and Maluf, 2003; Chaudhary et al., 2013)
TumsWanngauasmuin 3nsnavesBunuy non-additive finvwddailumsiiiunanan lng
Rattan and Chadha (2009) Wui1 8%3navesdunUy non-additive finasonsiiunandnly
uzdowmmgnuay wonnidmut swalvgyiinismuaudeBusuliauysal vldnnsuay

dusgninsuslowenaidnuasuzilemanalvglignuauiidvuinuiunaiaseninaiugne
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wazial (Semel et al,, 2006) MW3TeVaI rdan (2561) wuan UfATevesdunuulaidy

(%
v

NAUIN (non-additive) vostugviousifvihnsdnwansnsaldiiusiindnenmueaguauls
FUNUINNITAAFONANANILTNINTUIINAIANNATUNIULTA ANRAUHANTATN NAKTALI
USunauansiiln AuanunsalunIssuilenis LasAumauesgnaNgs Inadnwazing

widuAilddndengnuauiugnddnanin wazvilinsiuigaduauuanA1aes

o

WugnIsNvesiugNaul Ivdwmadnon1sAndeniugiienaaeusaly nuideves Wysasal
410 uaradan (2557) lavinsAinwianuanansalun1ssiudanialy uasanuaiunsalunig

saudanizlagldununisnauluunuiusue (North Carolina mating design Il ; NC 11)

a aa Ll

seviandniusugnifidudunulsaueuunsalua wuinugreusilian GCA gegalu

anvuzrewmandawarsuniudelsa awnsadunldilunewdidlduagnudnitBuaiuny

AnvTNaNandld i nawuuNauInayay (additive) wuuty (dominant) WagkUUINUIUA

Y

(epitasis) Bauandliifiuindnunnandnmugulnedunansg Tunisdmdeniusissndudos
dadenludaiundy 4 uenntudmuiidvinavemiauwiiifia GCA ludnwmuenisinlse
Tunsavannsaviligniisnsislsalunsaaaildiduiy mszasiunsdndondnume
mMsmevauesselsrdnduseinisfndeniusefiuanimasenunaniuay (Nyadanu et al,
2012)
2.6.2 ANBALHANAALAZDIAUTENOUNANER
mMs@nwinananfiuauamsalunsTud nandadudnvazitn

v 4 v faal=®

Ufudseiusiosmadududuusn q fefurowsiiugiindensinananguazannsdlignua

a 3

[ 1 1Y

Alinandngereuiu (nquga, 2551) Seaguy] (2539) s1891ugnRauf dnandng

Y

Iududesnaniiugne nisudfinandnas areiugduiusa Os 420 NUNANAARIER Ui
aunsabignuanifedniidnuasfuniign Tuvasi B4 WJuaeiugduusaiidnandngus

aa v

ﬂé’uiﬁaﬂwauLﬁaawmaﬂwmwuaamﬂmawuqaumsﬂ Os 420 31NNNSANYIVBY Jenkins
(1929) lémnaounandnvesaefusduiuIafunananvosgnaaAsITe i enugduUTe
fldugnmageu nuirdnuugvangegsuesgnraAEdavdussuInduameiusduuse
Aldiduriousl 1Wu Jussnaennar Susenlvu anugs Srududeredu s1uruudeddiln
Puauiinaesiu auediln durigudnaisiln waznandn 1wy egralsinunandnues
anuaNszaneiuiduuadinuduiusnsuandudnunedng 4 Tuiwaninuesany

I3

fugBuiusanldidunous wBN9 i Lonnquist and Lindsey (1964) lednwinsldanenug
s, ifmsnanslenandnvesanefiugduusadunas uazfinnsanaindinrmaunsaly
mMsnanfuiiugnaaeulunsrdnaeiusdulusnyansn grnauiildiinanani3osann high (H)
X high (H) > high (H) X low (L) > low (L) X low (L) 1ummxﬁmam§maqqﬂmamﬁqmﬁaaqL'%EN

N HXL>HXH>LXL Fegnuanyausnilaain HxH linalndifesiyu HXL vedgnuauynd
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409 UATYNNANIADIYATILIAT HXH wag HXL #19AdaA1An31 LXL v09gnuauviaaiyn

agnlsfinunananvesaeiudduusangluudaznauliliuansdsraussaugnisnauves

aneusuiazaneiusaglundunisiduaunlvinandngaanlungy HXL uay LXL dinanding

2
=

11 HXH LS asiinund insgrandnveudazenaudiuni@usgivanuuaneiaiy

Y

1 a

seaineBuvemiouyl egdlsfimundures HxH flonaldguauiiindingy LXL fuiunis
Aadenduiusafiiinandnguioandruumeiusieudmaseuiuaeiugdu 1 uesduis
AUsEavEIw inszaneiusilnandngedonianuivesBuiiredgaiulonaldgnueandia
Wity (nqugn, 2551) glasuazglan (2557) Idvihnisfnwiaruaiuisalunissaudily
anwauzAudaveIns nlaeldununisnauuuunuiunua (dialle cross) wuiidan
Anuansalunssudily (GCA) gefign Tudnwazesans capsaicinoids hntnanse
fu Aadevesiviinandedu tvinuieded wazAadsveaiminuided Seaansn

sala 1

nanlsimiugafiiauansalunissmdnly (GCA) anumnzandiaglfhidusiusous
Wiethlunaufuiugdu o famnsalignuauilinandnvesasifings uasnandngs uazan
ATvesivsnsal uargdan (2557) levinnsdnwinuamnsalunissiudiialy uas
Aanuausalun1sudianiglagianyldurunisnausuunuiuvua (North Carolina
mating design Il; NC Il) sgvinswniugugnifdusnuniusiolsa anunsatanldidusiugvie
wifidlduaznudnindumunudnuvazrandnd dnuuuunauInazay (additive) LY
(dominant) uag LUUYNT1E (epitasis) FauandliiiuindnuuznananaugulasBunaneg
Tunsdndeniiugieindusesdndendnvuenisnevauselsaindudeinidn
2.6.3 ANWALNIAUNN

mMs@nwAIansalunsTiialUvesd Ny AN WUINENTIE
ANudNTUSNsUINYRIE WL ITASANYIAIEAT GCA Tigevasiowinansliifiuinnnsg
wanseanvesduiunuunauin ddlunisaenendnuaziazanuduiusvemiowisaz
anusauTulTadnuazangluussing anunsadsaduldnnmsiuieuiioudn GCA (isy
#nh, 2548) §3 Zewie and Bosland (2001) WUi’]ﬂ’UﬁjW@LLﬁ%ﬂW%ﬂﬁﬂﬂﬁ capsaicin g3lu
RIATGH ‘WJUS:V\I'EJLLﬂJ"SURT’]L‘ﬁuéfaﬂﬁﬂ’J’]JJﬁWiJ’]ﬁﬂIUﬂ’]Sﬁ’J%Jﬁﬁﬁ?lﬂéjﬂ é’aﬁuw'%nqnmauﬁié’mnﬂa
vﬁaLinﬁﬁmmmmsﬂumﬁauﬁaﬂ"ﬂ‘dQﬂué’ﬂwmxﬂ%mmaams capsaicin geagligneay
fiflens capsicin gandrgnuaniildanvisuazwinfienuausalunmssuiivesesduszney

Y94 capsaicin f1919A

Y
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2.6.4 anwagaiunulsaLauLnIAlug

N13AN¥IANYIAINAINNTlUNTTINAIVBIENBaEAUATUNIUABLTALDY
wnsalua Wun1sfnwanuaiunsalun1ssudaianizvednsnaveanisuanioenvesduy
AIUNIY NSANBINITYINUVBIEY UagaNausatun1ssInveInusulsslunisiialsn
LouUNIAlUA HanAR uavesdUszneunandnluniniisiviow 7 siug uazgnuay 12 ¢ 91
iAfenuindamuuandatunsadfveeuanselunssudaialy uasaruaunsoly
n135dBante lagseauanusuuwsdunisiinlsawauunsalualunsn uandn uag
p9fUsznounandn AruAuuILuULINAZaY (additive gene action) kULl (dominant
gene action) WAL UUYNUIUA (epitasis gene action) d?ulwiljwuiuﬁﬂwmz‘ﬁ'mu@uéfﬁﬂ@u

v L3

nanerwls (Quantitative gene) (Bhuitia et al., 2015) 91nN13AN®IT0I WYIINTAL WAL &

q

Fan (2557) naaeugnHantsninsugFunulAFuBuFuuaAwInTuS PBCBO uaz
PBCY32 wagttugsouue nuingnuaudaguil 1 wansdnvuedumudedououunsalua
FAUnEAMUAIUNIUYNAIUANF Y dominant gene §s@anndaary Lee et al, (2010)
uananisamuindnuagiumusielsaimuauiedunaiedumis Insusazsuniaens
Frunusield suouunsaluaniealdd (Ahmed et al, 1991; Voorips et al, 2004 Lee et
al, 2010) uanabiudsanudunuluusazuszynsianvaznisaeneanIaiugnIsy

waLdNSWavITULANFINUlULAaZUSEYINS

2.7 NM3AnEIAUALAULTa DY

AwRrumilenousl (heterosis) e Usingnisalgnuaniiudausaadaivlag
Tinandngs sunulsauazusas waglvidnwazdu 9 Adniiugvious Fadulsingnisald
59U uiU inbreeding AivilAnnnsidenvesuidnvarluvaed heterosis vilanuay
Gﬁ”mﬁuﬁ%ﬂuammmé’amﬁmaLLazmmzaufﬁ’umﬁLﬁzyLﬁuimﬁuaaﬁsueﬁmaiﬁmawémqqﬁqm
Tun1suanseanaes heterosis dulilasunannisidusgluanimitums (heterozysote) T

) tdldv = L%

fynanuaeiugnssuegluzuves heterozygote asinauautfnng 9 Awumileniniuidu
Wugwi (homozygote) dnwutaelugnuandifinils (F,) vosianautuanzgnuauilaill
AAgIteIneiugnssd (Inea, 2527) lnelanvgiviliiin heterosis & 2 nguii

Wuneausuiu Town
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2.7.1 ngufn1359uUnA (dominance theory) heterosis LJuNaguLlaaunain
nsTRanysainseluanysal meluiivnaudugussegnuulivnsduniu Wenignaudiiesi

Tiilenandusesdugiuiaduiugun ibiinnisideunsevesdnuaeiionauduiugiy

9

SnadsBudenazgniuliimduiusuivhlfiAnnsdounosvesdnuns wanilonaudiudn
adsBudenargniniliiAn heterosis u (nua, 2536)

2.7.2 vquiinsvaiiu (overdominance theory) namfe gnuasiiiiuiugmg
SnwarRidumienowsiiduiusuiisass heterosis linnMssuivesduidugiud,
wegluanmitugng shlinsmssvesiuluanmilaggnnsedulfifinianssumaaisine
vosiindu wazusinssduasvualuidlonanditosaunarsiduiugui Shrestha et al
(2011) lARNWIANALAUYBRNHANNTNNITU (C. annuum L) NUIGNHANLEAIAINFLAY
wileninanad suesmsuazwaimsuingdlusudiuiulagnandnsony dmiunuideves
Zewdie and Bosland (2001) L@ vMn1sAnwiA1ud e wind owounvosgnlunin
C. pubescens wuimiowsifiaianlilalvigrnaniidianuslunsnsaiudiu weusifilddnguls
aneauifuasinvisuazwinandiiiuindunisuanseenuuutuding uazliaaufisu

=) 1 1 a v Y o = a 1 =) 1 1
PAUDWDUUYBDIGNWENEN I1UINYUBDI NEBAN (2544) TavihnsAnwanufinuniensusves

ANHaNsENIN C annuum X C. chinense nausngindiAianuaauludnyugang 9 i
U311 capsaicinoids nanansedy Sruiudesedu ginindnadssyninsieuasuisiniu
d1uuITe04 Prasath and Ponnuswami (2008) levinn1sfinwiadufdiauwmilonautves
anuasluninwudn guaug IPB C15 C19 X IPB Srviinuagegauazqnuans IPB C8 X
IPB15 fdnnunasefugeanviliiiiuindiadsvesgnuauganiniugweus 91nauideves
Zewdie and Bosland (2001) laviin1s@nwiaudwaulunsn C pubescenns L. gnway
113w 10 4 NuTgnuan 5 AfiUTuI capsaicin gaRaus 11-153 91u3feves Semel et al,
(2006) YNMSHALLLADNAMERUTUY 6 F1euT WuinliniswaniauRaumvilonauwliiae
Snwauy Aot uaunasiedy HanAnsafuTLTIedUsEnoUTINANEAT YA WU dniinde
W Unviindu dnwazvenudn waz % brix agslsfinu wuinanmwandeulunisugnd

wANANAUINARDLNMTNNG AMUWLULTLE 8 vadkdenazatetinld sauveUSUIunIAYTILe
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=

2.8 WHUNSHEALNBANYINSHENIDDNVDIEU

v 6 A

lun1suudsaiug vy AnuauesAlsEneuntsiugnIsuvesiynazinusulse

9

[ o

stugiiu HufluguddydmiutinfulgaiuglunsfitenausunisuiuUssius iadenan
tnusuugeiugildununisnaniudiiy (mating design) wuusing 9 wagdgnismnalulewunsn
(biometrical methods) LﬁaﬁﬂmaaﬁmzﬂamaqmmLLUsUsaumwﬁ’uqﬂisu (components
of genetic variance) ATM1513MOINANUTNTTU (genetic parameters) #9  VBINY Lagd
Feail

2.8.1 ununsWawTug biparental progenies daLuununIHANTUSRE 19987 30
dmiunsUszinaumanuulsusiumsiugnsnldulssnns Jaauslag Mather (1949) 3
F8nsAe nsquiuiivanussrinsuddugrandrutudug 4 Tnseravifenisnaunss
(direct cross) wazn1sHALEAU (reciprocal cross) Wi olilaUS AU MR LTy uiununs
neassiiiifediiafe aunsauszanuaeuLTUTINTeBuLuuUInldegie Taefides
sgmeldianAguiinnuulsunuresduuwdudiandesnit viewiitu 0 Falaeyluud
nsdiagnuldenn Tnsamslufionauioy fafuismsdfadufoimauendmiuusususy
Lﬁaamﬂﬂ’uqﬂﬁsuﬁ’uamwLmé’au (genetic and environmental components) 8ana1nAU
ity (Kearsey, 1965)

2.82 bHUN1THANTUE uasnuAlslaun (North Carolina Designs, NCDs) d'atdu

WNUNITHANLUU biparental mating 8n35uie FeWau1Tuunlaeg Comstock and Robinson

'
=

(1948, 1952) lagludsn1sivilaensguaunganysying W Ussnsdasun 2 (F,) w3

s A o

susie q wlasivsznnsdsnanldinannsnautmszninafugud 2 aesiug Adwynss
ety vieLdulsransranuuudeaifinsaauiulneduviinisnandmszrinaduivfiduan
mausumssaiuiuuueiualslaunded 3 uuu loun

2.8.2.1 wnunsnaniuguesualslawt-1 (NCD-l w3e nested design) 1un1s

v vV 1 ¥ v

navTigpesuiusARufutasfunauiufuynvesiusadiovansdu Tnasudaudelidi
Tuniswaududwsazdu 138n3110u polygsamous mating design Teuldiuuinlugiuy
UFuuseiugdnilng

2.8.2.2 wnunskauuguesnualslaut-2 (NCD-Il w3 factorial design) 1Uu
sHauTResduig wiavsunanfuyveslonndu dnvaiunuuuriamelsea dufe
suddleusazaulasunsnanInduigaIedy Sendn polyandrous mating design

2.8.2.3 uHuMINaNiugueasnuwalslawn-3 (NCD-Il w38 backcross design) i
suwuumsnaslaensgusu F, waglfifusumnaunduludimenudus uazaneiugie e

T Jusuiily Fa5enindu backcross design
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I
v =

M9 3 BUUENN150U580109AUTENBUTDIANULUTUTIUNIRUENTTY 2 FULUUT

[y

@Ay LN ANUWUTUTILURIBURUULIN wazkuuYy Fallanudifsaunun1susuuganu
Q)

2N o,

[
v @

NVSEIENNTOUTTUIUAITZAU NIDDIAIUDINTULLRAL (average degree of dominant,

=)

U

)19 AU andngAunS IS LN YNANT LT INav e T UL UUTNT UNUI AR e A DA YL AU

o

Ty

o

2.83 ununsuaunugnIvilamansea Ly Kearsey way Jinks (1968) Lataus
nsvsullawmansod (triple test cross, TTC) Faduasnsiivene iR nwRUNTHELY
fiuguosnualslau-3 89 Comstock and Robinson (1952) leflazUsziliunanisiugnssa
Tunsdififinaves §Azensamszminedusinsiumislunisaienendnuvazvesity wazlunsdld
lufinadsnan azvilin1suszanaa1osrlsznautesnukUsUNUludIuremare g uluy

U wazdunuutulawiugn FBnmvisuiliamansoanieanununisuauiuguesualslaun-3

A A

Aefignuaudzuil 1 (F,) Wudmeaeu (tester) wiudnly uenmiaainiugwowdnlud

nAgaUagual uanNLununsuaniuinivlamanseadulinnudaveuiileinaiunse
anldnegeuivdssanslanngueuu wu aeiug nienud warlunsdludujisesi
SerIeEumlLsLEuNHaNTuEnSUamanseariluse AT A mInA T AN SHEY

Tuguesnualslaw-3 Tun1sussanuAaveduLULUIN Uagkuul

v 2

2.8.4 WNUN1IHANTUT TEnI19a 189 us AU ug naaau (line X tester analysis) i

]

ANYAUYYBINITHALTUST N15NAABY La¥NTIATIEVHAN NAT AR ENAULKUNTNANTUENSY

'
A a o 2

Wawmaasea wadanudaiuludinvesussrinsianiiumagay wazingUsvainvainis
FATNaN1INUgNIIN a8 19lsAnuuNUNTRENIUS ST ug AuiugnageuLeanaIN
wlrideyaierisaussouglunssminily uaznssuiemzvesaeiud/Mugwousiud
FaanunsatanUszanaAnaresuzuuuunng 4 idnaie lnediuuuunmskaniudiduwuy
winnasvaluiAedtuwnunsHauiug uosnuAlslaun-2 LashHunSHaiug sEninany
sug fuiugaaeuanunsoldldvslufivnaudies wasfivnandau (Ahmed et al, 2003;
Saleem et al., 2009)

2.8.5 WuMIRanus wuunuiunua (Griffing’s Method) Tusunsuni1susuusaiy
Srununndnmsldusunsnauiuguuunudunue Wesanidunuuum uaznsiase il

v Ly [ [ |

Tayan1eiugN TNV N v USIuniiuselevdnatnuTuueiugiiy (Viena et al., 2001)

Y 9

|
= [ 1 v

Fanwdiisfunsmugumeiugnssuvesdnuaziinnuddasetnuuuseidfelunis
daaulald3snsdmdon uazdsmsusuusesiudfimangan (Esmail, 2007) uNunnIHaLTUS
wuunuusua (diallel cross) anansatundnuléimaresnnufiduresgnua (heterosis)
walflosannisaauiusadunous uardvsnavesdnausl (reciprocal and maternal effect)

aussaurn1suauyi 1Ly (general combining ability, GCA) LagEUTTOULNITHAULANIY
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(specific combining ability, SCA) (Glover et al., 2005) wazdsamnsaiulglunisuszanu
A1U9904AUTENBUNINUENTTY (genetic components) YBIANBRUTW LT g 1311910
Usgmnnslddunsuszanaamaras GCA waz SCA Saduisnnsiidfnlunisiunyseuna
Arnareeduluuuln wardud baiidunauan (additive and non-additive gene action)
(Griffing, 1956)

Griffing (1956) lalauaismalasizilunsrauiugeuunuiununvasanenusnow
$1uu 4 Bmsdetu Tneflaeiusrious wavgnuauiiieafosal

1. Griffing’s method 1 Usgnaunlgaieiug Weud (p), gnuaunsa [p(p-1)/2] uaz
NNANARY [p(p-1)/2] Fofusadifununinuusaduwunisaassiomawiiy p? 35nsi
Heuldluivrantiy (Asfaliza et al,, 2012)

2. Griffing’s method 2 Usenaumeangiugniowd (p) hazgnuaunss [o(p-1)/2) s
Feflununiaudasiusunismaaosimmaingy plp+1)/2 Fadunsldanoiugwiows
wazgnrauiies 1 ga wvgntuwnunismaassdenldlunisénwanssaugnissiuds uag

ANUALALYBIGNHE (Masny et al., 2005)

3. Griffing’s method 3 ﬂizﬂaué’aaqﬂwamsa [p(p-1)/2] uaganuasaau [p(p-1)/2]

(%
v =2

foiud s ununinaudadutnunismaassanmaindy pip-1) Fadunisiieams
anHauAse wazgnnaNaduinUgnluusunmaaes tngliffaneiusiows Taovluudagide
Lil§ i Tagusvasdiiiofissdnwinnuiiduvesgnan 3dlisuaneiugviousidrlulunis
NAave (Hakizimana et al., 2004)

4. Griffing’s method 4 Usgnaumiggnuaunss [p(p-1)/2] agaien Foug iy
vEmuudadduinumsvaaowismmainiy p(p-1/2 Fsagiiergnuaniios 1 ya Aelams
gnuaunsaiiusnUgnluukunimanes

Tagfifuuu (model) TumsAlaswidl 2 sUluy fe

- fhuvunatt (fixed model or model 1) Tun1siinsievimanssauglunisuansialy
wazaussauglunIsHaanIe

- fuuudy (random model or model II) Tun1siinsesiiil eUseifiunavesniny
wUsUTIUNSAUgNTTY
Hallauer and Miranda (1988) naali3 luduvuesiiduasiugwonddodndulszeins
Tuvaigdilusuuugu aeusweusianduiedsiigumnainuszeng deflanaunnsing
sewine 2 Fnvuiiiinnuddrersluisnsies syt uaznsulanaannsiaszel tned
Mnnsiaeiuswounsiduuszvinsluinoud 1 du dafudsldmunglunsiaziim
UszanauAmesAUsEneuveIn LU TUTIUMiugNsY UMz auiazthinUszanamian

ANNENNNTA UM SHALLNeAeUTYow uazAaeRugWeLdTINgaLTdlauauTaly



24

nsuaualy wagAuasalunsNauanizgs duluiuud 2 Ianumuizanlunisiim

UsganauAmesAUsenauresnuLUssiumaiugnssuegslsinudveasvgldmuule

YY)

ATuegiuTngUszasd wazdnuuaeiugnonnldlunisuay



uni 3

A5N15AUUNTFTIVY

middeadsdyjatiunsssdudeiugninuasfnumanuannsolunissudiaves
winiugiumusiolsawouumsaluaiiinainide Colletotrichum sp. Usznaufieaunaaes
&N 2 uveaesie 1) Ussiiudeiugnssumindumuselsauouunsalua uazdnidoniiug
vousffunuselsauouunsalua uaz 2) Anwiruamnsalunssudivesdnuae

munulsaneuunsaludlunguiidigusiumulsawansiaiu Tagddsaluanudadl

WeorugnssunindunulsaLeuLnIAlua

UNAABIM 1

A

UsziludnuaigUsedniuguazAnidoniugnau

PBC932 (Py) (P,) (P5) PBC80 (P4) (Ps) (Pg)
| |
o A
UNAADIN 2
Py x Py P1XP3 Pi X Py P1 x Ps P1 X Pg
P2XP3 P, x Py P, x Ps P, x Pg P3XP4
P3XP5 P3XP6 P4XP5 P4XP6 P5X P6

A 4

nagau GCA , SCA

N8R
PBC932 P;=ANT1 P, = ANT9 P; = ANT10
PBC80 Pq= ANT4 Ps = ANT17 Pg = ANT18

awd 3.1 wulansuSuuaiugnindumulsaweuunsalua
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umasasil 1 msvssdiudoiugnssumindrumulsausuunsalus
thwdnitanan 21 aestug (319 3.1) indssduamnuduniulsaueuunsalualy
srpnaLdouarszernauAsiETBNTUgNITe 2 33Ms Ao 1. BnsHuauLIUABAYULRY
uay 2. 3'§mﬁﬂqmﬁﬁyaquam%ﬁﬁmaw% laguuIin1susiunudnyagn1sULanIeen
é’ﬂwm:ﬁﬁUmﬂg (phenotype) uaynsuanIoonesBudITY (genotype) fal)
NuUnaaasi 1.1 miusziiudneazanudiuniulsa (Phenotypic evaluation)
1) NIINURUNITNIANDY UATATINAUNIN
W UNIINAADILUY Randomized Complete Block Design (RCBD) 3 6??’1 185
wa wldUssiiusedunisneuauessnald swouunsalua ldun e Colletotrichum
accutatum lolwian Ca KK fiunsszuinogrsguusdudsemealne Tagldsuanueyiasizs
orndinauianineimanuasmaluladusisnd dideiugnssunnaeiusilasy
Budumulsauouunsnainitug PBC 932 $1uau 12 anewus Weugnssuillésusudumu
910 PBC8O $1u2u 5 aneug wazstugnsindilifisesuanudumudiuiu 3 aeiug an
yaaeuIsuioufuiussounenaaouiie winfuuiedne sausiavmn 21 areitug (nasd
3.1) MuRUMIMIARBILUUANUSoNaNY el (RCBD) Ugnanewiudas 9 #u uvadu 3 41 59
W 180 fu Fuannmngdundminlutanmizndrfinaedluaiamizuuin 60 vau 1Ju
syozaIuiu 1 ey wdadedundiugnlunssatssuin 10 99 lutagugnaay Aume
ugn§1Adunay Samdn 1:1:1 uagynnsznisiinisquainudd Tadesesiu 16-16-16
§091 5 n¥w/nsennssaudulenendmin10nfi/nsrnndliindiadrfuar 1ads uaslvidegas
15-0-0 Suriuty 18-46-0 Tudiszuznisaseivlaniaasu dulusvozeannen uaviang
Widegns 15-0-0 wuiuly 18-46-0 Uay 0-0-60 w31 10 n3u /nszans lulsaTaumqundaan
waraRnuazestuuasiiedfsvuin 32 m leduninery 75 Tu (@naloadenauns

ongdu 1:1) JuhAunsninugnive
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M13199 3.1 Mensi¥eiugnssunsnildlumsuszidiuanuimunuselsaueuunsalua

No. Code screening  Code Pedigree name Resistant source  Source
1 ANT1 KM-14-7-1 R1-2 PBC932 Worldves.
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

a4 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 ANT8 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 - Worldveg.
20 pep22 gonaAuLTN80 - KKU

21 - - WINTIUU19H19365 - TGRC

wu1eLin: worldveg. = The World Vegetable Center, KKU = Khon Kaen University, TGRC = Tropical

Genetic Research Center

2) NSHASYUTBUDUNTALUE

W95 Colletotrichum acutatum eleian Ca KK ({Juaewusiszuin

3

Tuwnneng Jusenidsavilonaziinusuusdunaielse) Alddumseynsizsiangudiisg
Aenssusazmalladiinmuiend Sefiuluanmusuunszanensesiludsuuems
w4 potato dextrose agar (PDA) Ul ifigaumgdl 27 ssanwaioa nelduasanvasaly
fluorescent agsarioufua 7 Su a]ul,%aswifmmﬂ?w‘hlﬁﬂ 9 (acervul)) Faneluuss
alosvanies Wuilmaleslnonisiiuinndudidendoudusuns 10 fiadans adluay
Heude Tushuualasly spore suspension Mg haemacytometer Aeldnaasgansseal

a a

USumuNtuwes spore suspension ilauseanm 10° alasrodiaaans 311U 20 ans
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3) ms'ﬂgnL%aawuﬁuw%ﬂe’w’%a%‘%msﬂuaﬂazﬁaLLGzJ'Juaaﬂ
wisuduninszezniounaae Uil ssosnalle) nagnvim uayszozNa
ue 918 75 Fundadheugn wiagnide Colletotrichum sp. asuusuwinlasnisviuaedide
wvruaRe MNUTTU10® alefretadans Usuims 100 Jaddnssesiu TasldinTemiuasii
nswualedidouriuany arsuduninlsiiataiu ndsnniualesidouuiuacsy wieguiy

a ¥ L

W3Nee0ILdua U 24 $alue (e 3.2) Tuannlsasounilanudu 96% (Tasae

q

=]

\A3 03 Hygrometer) finaillanumuondiuuunn q 1 92lue waglfinfvsioui uliy
MABALIAN mﬂﬁ?uﬁwqqﬁwﬁﬂquaaﬂ

duiindaya

Usziiuenisveslsavivdsanwualedidouviuase (unan 14 Tu lag
Usziluaindununaiiinlsausazszes (Haidlen Hagnvi nauas) sosuauNaTnun Tng
Toitmuaan L vieramuainwious 26.42-41.98 Widuszesnaiden i 33.46-30.21 Ty
syuNagnvin wazan 28.85-38.74 Tiduszoznauns muae a vierinansaadlngdd
Feuarduas fvuaddaus -11.20 aufls -13.08 Widuszesnaiden an 5.57-32.50 Ty
semagnYNL wagen 25.57-51.17 Tiduszoznauns (1adl 3.3) fifvunmuguiss 3 sz
fie 526U 0 lailAnunaiing 5eay 1 1AngAUNALIAENNTY 1 TadINnT 1-3 90 wagsedy 2
\Anqaunadinavuialvgnin 1 Jadiunsg MnuthAIAzkuLnsAalsauIRIuImMIaY

=]

Wositudsviinisiinlse (disease index, %DI) (1157199 3.2) Imai%’qm %Disease index =

2(NixVi)

X100 (Khonesavanh et al,, 2012), 1318 Ni= S1UIUKANLAAINISIAALSALULAAZTEAY,
NxV

Vi= sgdunmisiiinlsn, V= seAunisiialingsdn, N= Suiunansvaaitiiumegeuiiietiily

(% '
=) =

TPUANWUEAMUI UL NUsazae LN MAdeY

A9 3.2 MSwSeue C acutatumn (Ca_KK) (A), MsnuaUesiweuviuasy C. acutatumn (Ca_KK) a4
VUAUNGN (B), N13AquaImdun3nvdslasunisviualasideuiuasy (C) waznsuunsnma

MslasunisnuaUasiiawyiuasy (D)
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ani 3.3 seezananldlunsuszsdiunisiinlsalussesnailio nagniing uazkauasly

BnsUgnidawuuNIsHuaUesitaLYILARY

M13199 3.2 InaUAsERUATNTULSIRINSIAnlsaLuknsAludlunSnieEN1sUgNite

WUUNSWUEUBSITRLIILADY

SEAUBINISAALSA 91N15URAL5A ASMEUAUDIVDILIA
0 laiflnnsvadlse HR
0.1°5 T191N15U99L5ANTALLRNNY < 5% VBIAIULINA R
5115 1911509 5ANTDLLDANUAILE 6-15% VBIAIULINA MR
15.1-25 T91n115009L5ANIDLLBAEMY 16-30% VBIANULNING UN1TAF e
acervuli
25.1-50 T91n115009L5A%3 0L UMY 31-50% VDIAIUYING LABIIUIU

Y89 acervuli U3DWHANAN1NVEELAD 550 VBIAIULIINA

>0 T91n15v09l5A%30LUBAE > 51% VBIANUYIHE HS

flun: saulasann Montri et al., (2009)

4) m'iilgnL%aawuw‘%né"w’i%'msﬁﬂL%aLij’ﬂﬁwa (microinjection)

Tnes uannyaanuaze1nd nanineae 70 % ethanol 911 usin
Lﬂ%mmauuwaLﬁaLLamﬁﬁLLmqﬁ%ﬂgﬂLﬁ'ﬁy@ 1 9asesa (Nl 3.4) %ﬂﬁﬁﬁuagﬁwumuaz
AuNUTVRINTN nduthumageuduld elne3sn13an spore suspension Y978
Colletotrichum sp. lolwan Ca_KK Ingldifuanzshlidauiaunaud dnidedilulunansn
Felilastun Tdennududu 5x10° avedsediadans Usuims 2 lulasans (il 3.0)
niulutdlundeswanafinfifininutiu 80-90% lunan 5 $u (nmil 3.4) innsthufindeya

LaTUSELIUSELAUAMUAIUNIY MIUITN1SVBI Suwor et at., (2017)
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v R v

vuindoya

Usziliuensveslsatui 5 uag 7 Jundsnmsugnielagusziliuanauinge
wrandeliussindnvuiansinay N9 Aglanuin1siinuka wagdiAINISAALNALY

AIWIINAREY NArunssAuANTULslY 6 58U (N7 3.5)

MW 3.4 dneaizrede Cacutatum (Ca_KK) MaTeyuuamng PDA (A), T8n1sugnitene
microinjection aslunRiveswansn (B) LLazmiﬂmaw'%ﬂwé’amﬂUQﬂL%aiuﬂa'aq

WHuALTU (C)

AWl 3.5 sEAunTIITULTIYRalsALBULSALLA 6 52U (0 mm = Fumulsesnn (HR),
0.1-2 mm = aunulsa (R), 2.1-4 mm = auniudiunand (MR), 5-9 mm =
gouLaUIunNa1e (MS), 10-15 mm = aauils (S), 15 mm = saulkaunn (HS)

fian: Nayoung et al. (2021)
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NUNARBIN 1.2 N1IATIVABVIUAIVANANBULATUNIUADLTALIULNTALUE

(Genotypic evaluation)

11 DNA Primer #1391897U7318101504ENAILLANANVBINT NN UG T AUN LAY
DOULDABLIALBULNIALUATIUIU 2 primer AB SSR-HpmMSED32 tag SCAR-Indel unlysau

[

Aatdennsnsradudnuniu (el 3.3) diludugenvemdndiuiu 2-3luveaninaneiug
NAFBUTINIU 21 @renuguIannfLdwesemalln CTAB method (Mongkolpor et al.,
2004) tadulenniinusunasewmaina polymerase chain reaction (PCR) wiagUnnTen
UsznaunI8 GoTag® Green Master Mix 10 lulasdns genomic DNA U3u1as 1 pl Primer
forward waz reverse 8g19ay 0.3 ul W1 PCR product unkenuuinvesitduelngmnadna
electrophoresis #18 1.5 % agarose gel T 0.5 X TBE buffer EEOILE LN gel electrophoresis
(BIO-RAD, DNA SUB CELL Tm tag BIO-RAD, PROTEIN ®II Xi CELL) aszwaln 100 1aan
(BIO-RAD Modell 1000/500 power supply) s wiaan 1 ¥alue wazarsaimanelduas
dansbilawantuiinn meiendas u Alpha Imager 3300 system wazUufinnanuuuInves
fiduefiusng thuaumidueiunngluninusazaeiudmanuduiusiunisifalsauey
unsealua (Validation) fia SSR-HpmsE032 fisuuia 231 bp Wusumiadinuniy wag 240
bp Wusunisdouns (Wang, 2011; Suwor et al,, 2015) wazlu SCAR-Indel Aigumia 100
bp Lag 90 bp 1JUMUUNLIRUNIULALDBULDAINEIAU (Lee et al,, 2010; Suwor et al,,

2015) (m’mﬁi 3.3)

'
v 6 a

A15197 3.3 INsuesA LT lun1SARLADNNS NWUSNA I UNIULAL D DULDABD LIALDULNTALUEN

9

WannnIniiug PBCO32 way PBC8O

Marker Location Size resistant source® Primer sequence Reference
Wang (2011),
SSR- 231 bp (R); 240 bp (S) F:ATGCGCAAAGGGAGAAAATTCA
LG12 Suwor et al.
HpmsE032 (PBC80) R:CGAACTAACCGTTCATGGTGGA
(2015)
F:GGTATCTTATTTCATAGGGACCAGGCA Lee et al.
100 bp (R); 90 bp (S)
SCAR-Indel P5 RTTTGCGGTAGTGACAACAACTTTACAGCC  (2010), Suwor
(PBC932)
A et al. (2015)

Remark: R = resistant position, S = susceptible position
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ASAATITHAUFUNUS TTUIBUAUNIY LazdN¥aIZAMNAIUNIUABLSA
Uszidiuonisveslsatudl 5 uay 7 Yundanistgnidelasuszdiuainvuingaunadagl
VIR IRvLIansInay 593 arldRuiinsifinuaa warihainsinunaAuIaeLRaY
Tnomuualianad sn1siialsn 0-3 mm azUszidudussauduniulsa (resistant -R),

ANRAEIINNI 4.0 mm WWusyauseuwe (susceptible : S)

Nunaaasii 2 Anwaruaansalunissuiidnunsnaninuazesdusenaunandnuas
anwzAUNIURBlsALDULNIATUE

Ugnnageuainuiuniudelsakauunsalua wazfnwiauaiusalung
saudalun1snausialy (general combining ability; GCA) wagAMuaINIsaluNISHANRNE

s

(specific combining ability; SCA) ¥esgnRaNTITUA 1 $1uan 15 Aaw WisuieudiuRug
WoudT1UIU 6 @18WUT A ANTL (P) ANT4 (Po) ANT9 (P5) ANT10 (Pg) ANT17 (Ps) bay
ANT18 (Pg) 39 UNSHELLUU half diallel cross A yNSHaENLUUNUAULA waglifinig
NANNdU (1131971 3.4) neauausuudelsAueuLnIalua ngldiEnsugnidenuy
microinjection ASULKANEN MIUNLNNTVIAABILUY RCBD Usziiiuennisveslsaiui 5 uay 7
fundsnsugnide wasifudouadnuuzlszsiiug nsdaulamadidu nandouay

29AUIENDUNANAR

M131991 3.4 NFINUHUNTNANATNGNHANNTAAUNULTALBULNTALUAKUY half diallel

Cross
F M1 p, P, P, P Ps Pe
P, R X x x x x
P, R x x x x
P, R x x x
Py R x x
P R x
P X

Remark: P; = ANT1, P, = ANT4, P; = ANT9, P, = ANT10, Ps = ANT17, P = ANT18
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UNAABIN 2.1 ANWIANUAINNTOLUNITTINGIVDIN NI UANYULNANAR LAY DIAUTENBU
NANAR

s 1 1 [ Q'J

UgnnaseurandnIsuiiguiuiugneutdduiu 6 aewug ganaudiyud

9 T Y

1%
o

1 9719U 15 grau 2UHUNITNAABIUY RCBD v 3 91 9 az 5 Au dwmsulgnifieiudeya

& v =~ o

Tnaisuiuteyailieongls 120 Tu vihnistuiindnuagdsiu lu aen ia uwasnisiuiien
NANARASIN 2 91U 3 91 9 Ay 5 AU M3 descriptor U89 The World Vegetable Center
WazNIASIERENTIOUENTTINAIMUASHENT LU (general combining ability; GCA) wag

ANTIIUAIANIE

nsuuiindaya

328¥NIIAIYAULAN9EIFU

1. MsisayAule Ao ANERY (T3.) ANUNTNEAY (B3l.)

2. IWAVBIAINU 4 LUU small, intermediate, large uag mixture

3. mmq\‘iéju 5 kUU AB short (<50 cm), intermediate (50-100 cm), tall (>100
cm), very tall (>200 cm) tag mixture

4. 5ﬂ1ﬁm3w§\w\ju 4 kuu Ap prostrate, compact, erect Lag mixture

5. ANTBULAUNUILUUVDIAUEINU 5 LUU AB glabrous, sparse, intermediate,
abundant Wag mixture

6. ANWULAIUABN 4 LWUU AB pendant, intermediate, erect Lag mixture

7. ANe760 1 Aunen (9.

8. ANUNULUUYDIVULU 5 bUU glabrous, sparse, intermediate, abundant Lay
mixture

9. AnwarRaVUlU 5 WUU absent, short, intermediate, long e mixture

10. 2UALU 2 LUU ADAINENY (T41.) AIANTNY (33)

11. dnwaiz3usslu 4 wuu Ae deltoid, ovate, lanceolate hag mixture

12. @lu 6 wuu Ao yellow, light green, green, dark green, purple wag mixture

13. auduvasluingiewrdes Konica Minolta chlorophyll Meter SPAD-502Plus

14, TUNABNLINUIUY

SEULAULALINANER
1. YUIANANAR 2 WUU AB ANUNIIHE (F3.) WaTANUENINE (T.)
2. USUnauianas 2 wuu As dnvdnnaan (nSu) dnviineawis (v

(specific corbining ability: SCA) 1133801571 4 wuusaesdl 1 ves Griffing
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nstufindnunsdoyanananuazasdusznaunananiitunaudall

1. masgdvlamadduiinisduia 3 dused Weiiunananaiadl 2 Tnsfinrugs
A (731.) T NlANAUEIALAEILUAEEDREIAATBIRY kaTAIINNINVDINTIN (Fal.)

2. AEINNBIHAKAAIIN1IAN IR 10 naredn Tnewfudnunedeelul mnunirna

(931.) ANUENMVDINE (T3L.) kazurunaaNa (NS)

nafiudeyadnunsvasandnsidunaudsdl

1. tvinnaaasioi (n5) uazsuiunaresiudnta 3 dusodifuifemanansiuo
3 A%y Tneisufunandnadausnidofusinamaan 1 u 3 vesfy drsszernanfufemheiy
1 dUann

2. dhwinuauvissiady (n3) duta 3 Fustedimdsanduilumnuanliuis 3-4 uan
Fnfmnoufigamad 60 ssrnwalsadunan 48 dalus Fadnandaimdnus

3. Ainngidoyasnadiuiiuinandetminuis diudnanseduiideldu

WSgUg U UM NLIAS

MunAaesdl 2.2 Anwianuannsalunisnudvesiugwinludnvazdunuselsauey
wnsAlua

vhiiugWeusld1uau 6 anewus Wuggnuautasud 1 91w 15 Ay s
geuLalUsuisy (MEnifuunstne) umzndluniavguuun 104 vau elddundeng
30 fu éheasnszanavgnauna 10 B2 Ussdiueuiunulsaueuunselualunaninazozua
[ oauarHaLat f1835n158014 01917 Ha (microinjection) 31 ILHUNITNAABILUY
randomized complete block design (RCBD) 3 "'tsig’l 9 8 5 Na Iﬂ&ﬂ“ﬁ’jjﬁra Colletotrichum
acutatum lelwian Ca_KK Uszifiuennsvaslsniuil 5 uag 7 fundsnisugnidielaeusidy
Mnvwegaunadgliussiatavwemsinay 3 agldfuiinafauss uaztheainisie
uwaAwAmAds Tnsdvualiaiadsnisifalsafidimuannusunsely 6 sedu
(Suwor et al, 2017) InifuthezuuunmsAnlsautazsziumumiuveiiduininialse
(disease severity) WionlUszydnvaramnuiumuvesminluusazaneiusselsausuunsa

Tud
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AN5IASIZRTBUA

Y

deyadiady ANNEWI AIUNTNVDIMTING ANUNTNVBING AINYT?

YDA UNNUNFBNE DATIAIUUINTNUINUNZALAZUIUNLI LazARAgNSAALSALASIZN
ANULUTUTIUANBUZAN 9] ATULHUNITNAABILUU RCBD LazALATIZRAIULANG 19D

ANRAAIE LSD N5eaumNuinm 95 Wasibuawasnsesuauoiu 99 wWasidus

AnwiAnuALauYegnHaNTITUN 1 (heterosis)

1. vimsialeensilSeuiisuiuaaevesiugnou

Heterosis (%) = ((F; = MP) / MP) X 100

HE) F, = Andgvesgnua
MP = ALadsvesnous (P, + P,) / 2
P, = AaABYRuSu
P, = AadBvesUgIe

2. msialasmsiieuiisuiuaadevesiusronieusifidniy
Heterobeltiosis (%) = (F; + HP) / HP X 100
il F, = ﬁWLaﬁamaaqﬂwam
HP = FnAsveaiudrievideusinngi
3. Aneviaussaurmssud il wasnnssuieny

3.1 AMUIIAINATINYDIANULT LU UVDIANTTOULNNTTINAIN LY
warAITILFIANNE leearaludl

GCA = [1/(p - 212(Y; - [4/p(p - 2)] (Y..)

SCA = 22V = [/p - 201 20 + [2/(p - 1p - 2UY..1
P = Iuiuaneiugnau

3.2 MIMADIAUTENOUNNHUINTTH
GCA component = [1/(p - 1)] 2,07 = (M, = M'/(p - 2)

SCA component = [2/p(p - 3)] ZiZiGSijz = M - M
P = Iuuaneiugnaul

g Y38 g = BviEwalllesnnaussausnITHaNTI Ve USWY | e |

s = VENALLDINAUTIAULNMTNANRNILVDIGNHAUTLAAINAGNUTUNT | U ]

¢ = ANRAEYBININANTIOUENTHAUTRLUVDIAERUGA

ANLRRYYBININAUTTOULNTHALANZVIGNNANTIARIINALTUTUN

= =z =
I}

Way M. = ALRRABUDY error
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3.3 MIUsTINUAMNATRIANT TN N IHANTI lULAZALTIOUE N SHAY
ANy
g = [1/(p)Xp - Ip(Y;) - 2Y..)]
g Vv g = SvﬁwaLﬁaw1ﬂamiia‘uzmsmamﬂ"ﬂmaﬂawﬁuﬁfl,l,ﬁ i 439 j
P = nuauaneiugnau
Sy = Y, — [L/p - 2Y; +Y)) + 2. )p - Dip - 2)]
5, = BvibwaldlesananssaurMINALIRNLYRINNEANTIARNAERUSUIIT | AU j

P = dnuauaneiugnaul
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NAN15738

sumaaasdi 1 nsUszfiuidenugnasumindiuniulsaueuunsalug
uveaedd 1.1 Ussidiuanudruniulsaweuunsalua (Phenotypic evaluation)
MnmsUszuanuiuniuseds Colletotrichum acutatum lelwian
Ca KK wasw3nduan 21 anewiug Tussosnalden naanviiu uaznauns fedsnisuanidedi

wansingiunuinsniinisnevauewansinlsauand i unslus 0sveIssEEN SENWAYeN

[

Hansn warisnisildlunisugnielaeiiugniniuaninisnevausseltelunsayisnisilssil
1) N1SABUAUDIVIININABLSALBULNIALUARIEITN1TNUAUDSIYOYIUADY

N1SNDUAUDIVRINGN 21 aneudsiaite Colletotrichum acutatum lelaan Ca KK

9

AgIsnNsivavesieuviuacy Tusses NaWYY NAANYIYN LANALAY WUINAERUTNTNY

ANSADUAUDIADLYDLANAIIAU 79T 1. SLOLNAYITNITHOUAUDIRDNITHNALIA 5 SLAU A

v

1) sgAudunu (R) 911w 1 aneiusiisviinisiinlse 1.2 % e Wug ANT4 2) seAusunIy

fal v A

U1unans (MR) 913w 4 angugdavinisiialsn 5.1-15 % Aw Wug ANTE ANT9 ANT17

]
[

war ANT18 3) szAugaunauiunaia (MS) 7 aneiusiaviinisiinlsa 15.1-30 % Ag Wus
ANT1, ANT5, ANT8, ANT10, ANT 11, ANT12 iag ANT16 4) s2Augoute (S) 4 a1ewug i

9

ol

ayin1siinlea 25.1-50 % @@ Wug ANT7, ANT13, ANT14 Uag pep22 5) 5AU8auLauIn
(HS) 5 aeWugiinsautnisinlsa >50 % A Wug ANT2, ANT3, ANT15, pepld wavsly
U19919 (1151971 4.1) 2. szozragniinuiinnsmeuaussienisiialsn 3 sedu Ao 1) sefu
gaunalIunas (MS) 1 angugiiaviinisiinlsa 6.56 % Ae Wug ANT4 2) sedugauue (S)
1 aneiusaviinisiinlse 24.26% fio Wug pep22 3) seaugaulaun (HS) 19 argwugdl
wuiin1siinlsn 32.1-99.32 % As Wug ANTL, ANT2, ANT3, ANT5, ANT6, ANT7, ANTS,
ANTO9, ANT10, ANT11, ANT12, ANT13, ANT14, ANT15, ANT16, ANT17, ANT18, pepld uay
fuustns (M59fl 4.1) 3. szezraunsinisneuaussionisiinlsn 5 sedu A 1) sy
AunuIn (HR) 1 engiugiaviinisifinlsm 0.5 % Ag fiug ANT4 2) szAudmunuiunas
(MR) 1 aneugilaviinisiinlsm 4.48 % Ag Wug ANT12 3) szaugaulauiunaty (MS) 8
aneiugiavinisinlsa 5.53-14.35 % fe Wug ANT3, ANT6, ANT7, ANT9, ANT10, ANT11,

f @

ANT13 hag ANT18 4) seausauns (S) 3 @enudiinuinisiinlsa 15.18-21.95 %

]



38

Ao g ANTL, ANT5 uag ANT17 5) sgsugauuesnn (HS) 8 angiugiavinisiialsa 26.1-
92.83 % A® Wug ANT2, ANTS, ANT14, ANT15, ANT16, pepld, pep22 wag s uuiad19
(15297 4.1) nnsAnwmuTaedsdldfuuandiifunmsunnevausiolsnves
winvia 3 szevfio srosnadouarsesausdisERUNIAlsATisyAUsauLe WawsvEENaTN

PUTSTLAUNSIAALIANTEAUDDULDLIN

M19197 4.1 ANRYTLAULALNAYRINSIAALIALBULNTALUAYININT I 21 aneiugly

SLUTHNAED LATTZHUZHNALAY PEITNITNUAUDSITILYIUADE

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% S 91.73 HS 34.65° HS
3 ANT3 27.715¢ MS 86.41° HS 8.6" MS
a ANT4 1.22¢ R 6.56° MS 0.5 HR
5 ANT5 22.82°¢ MS 65.77%¢ HS 16.311 S
6 ANT6 5.72% MR 36.119% HS 13.5¢1 MS
7 ANT7 19.36°°¢ MS 76.52%¢ HS 14.35% MS
8 ANT8 8.27% MR 66.39%¢ HS 26.1°% HS
9 ANT9 5.23% MR 33.45%°¢ HS 8.01% MS
10 ANT10 8.14% MR 34,53 HS 9.67% MS
1 ANT11 10.09%¢ MR 55.59%¢ HS 7.17¢ MS
12 ANT12 12.20¢ MR 56.74%¢ HS 4.48" MR
13 ANT13 21.55"¢ S 45.05<f HS 5.53" MS
14 ANT14 18.74° S 53,15 HS 29.49°¢ HS
15 ANT15 32.98%¢ HS 50.75<F HS 30.9 HS
16 ANT16 13.795¢ 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< HS 11.52¢1 MS
19 pepld 59.752 HS 99.32° HS 92.83° HS
20 pep22 21.81°¢ S 24,261 S 27.19<F HS
Mun
21 58.71° HS 83.33% HS 66.46° HS
bangchang
mean 19.69 56.59 226
Fotest . . **
CV (%) 73.38 32.56 50.96

WNBWR; ** = duwanaaneadnn 99 wWesidud
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AsAnwnskanseanvesdudumuludsnsvuauesid ouvauasenuiangn
progressive line fifauananwin PBCO wanspnudnunuselsauounsalualussozna
Jeq waznanulduinnaa progressive line AWauIN191ANSn PBCY32 WaEHUg N15AN
p819lsAnuSanuIngn progressive line ﬁﬁwmmmﬂw'%ﬂ PBC932 waninnusulusses
HawaslalndLAeiu progressive line 911 PBCSO Iﬂ&lw'%ﬂiuﬂq'm progressive line 31NN
PBC80 wansAadesuinisinlsauouunsalualussesnailen wasnaviny 5.1 uag 39.88
Wesliud muddy Tuvasdindnnguiiiaunain PBCO32 uanswiviinisifnlsaade 17.67
uay 59.33 Wesidusdt muddu eghdlsinsluninnguitugnisimudniadoniaislsagsnin
w3nwus progressive line 1saaangy AuA uNIUGaIEe Ca KK vaaninlussosnaund

a

WUIT NHUNIN progressive line 310 PBCY32 wansAaiignviinisiinlsasfan fe 16.05

a

Wesidud se9a3un Ao progressive line 910 PBC80 wansAadanvidnisiinlsaf 17.06

< = o v & 1Y) ] a a9 v oa ) Y Y a
Wl guAgaiugaunIums 2 aesiuguansrnisiialsanlnalaesiu Tuvuennugnisaiie
gafianfle 48.41 wWasidus (n i 4.1)

Percentage of disease index (DI%)
09 62.25%
59.33%
« 60
% 48.41%
£ 50 A
5 o 39.-88% 37.59%
2
“6 30 4
S 1767%  17.06% 16.05%
€
S 10l 5%
&
o | 1
Green Breaking Ripe Green Breaking Ripe Green Breaking Ripe
progressive lines derived from PBC80 progressive lines derived from Non-genetic resistance
PBC932

Ml 4.1 WesluinisneuauewsiolsAlauwsAluauaIninia 3 nau Tusseznaided na

4nvinY UagnauawngIsNsHuaUssWeuvIuaReY



40

2) nMsnavauewaminrelsakauunsaluadleIEnsEndediinna

nsReUALBIEINiN 21 aetuiieile Colletotrichum acutatum lelwian Ca_KK
Feismsaadedniinone luszoznaden wazkauns numininisnevauaweadounning
AulaenuIl 1. SzuzNalle1dnIsnovausInonIsiala 2 szaUAs 1) 58AUAIUNIU (R) 8
a1eug dn1sneuaussialsa 0-4% o Wug ANTL, ANT7, ANT8, ANT9, ANT10, ANT11,
ANT12, ANT16 wag ANT17 2) szaugauue (S) 13aeiiug In1smauauessselsnuinnit 4%
Ao ‘ﬁuﬁ: ANT2, ANT3, ANT4, ANT5, ANT6, ANT7, ANT13, ANT14, ANT15, ANT18, pepld,
pep22 waziuuadne (9197l 4.2) 2. SzezraunslinsmeuanasanIsAnlsn 2 sedufe 1)
SEAUMENIY (R) 7 @eiug dnsneuaueassalsnuinnidi 0-4% A Wug ANT2, ANT5, ANT9,
ANT10, ANT11, ANT12 uaz ANT13 2) seAusauue (S) 11 aneius dnsnevauaidelsa
11AN7I1 4% A ‘WJUﬁ: ANT4, ANT7, ANT8, ANT14, ANT15, ANT16, ANT17,ANT18, pepl4,
pep22 uaziuunedng (Ms19ft 4.2) annsanemuiiAeasilddusandifiunmsunis
AEUAUDINBTSATDING NG 2 SxeY Ao STevNaLTel wavsyorNaunsilssRunisiinlsad

WILOUNUAD SEAUDDULD



M19197 4.2 ANRYILALULIAWNAYRINTISIAALIALBULNSALUAYRININT LI 21 aneiughy

SLYTHNATE LATTZUZHNALAY PIYITNNTAATIBLYNTIN

41

Disease severity (mm)

No. Code screening
Green DR Ripe DR
1 ANT1 4.24%°% R - -
2 ANT2 5.53¢¢ MR 3.4f R
3 ANT3 5.69°¢ MR - -
4 ANT4 7.55%4 MS 5.31¢f MR
5 ANT5 6.26"" MR 4.16%f R
6 ANT6 7.49%¢ MR - -
7 ANT7 5.19¢% MR 6.88°¢ MR
8 ANTS 4.479% MR 7.12° MR
9 ANT9 4.699°¢ MR 3.27° R
10 ANT10 3.96°% R 3.99¢f R
11 ANT11 2.88° R 4.04¢f R
12 ANT12 3.34°¢ MR 4.04¢f R
13 ANT13 5.5¢ MR 4.46°" R
14 ANT14 6.62¢ MR 6.245 MR
15 ANT15 5.35% MR 7.2 MR
16 ANT16 3.221 R 6.915¢ MR
17 ANT17 3.75%¢ R 8.71% MR
18 ANT18 7.38%¢ MR 7.14°4 MR
19 pep14 10.13° MS 7.71%¢ MR
20 pep22 8.99% MR 5.435f MR
21 Mun bangchang 8.86"¢ MR 10.83° MS
mean 577 5.94
F-test *x x*
CV (%) 22.29 30.58

WNBUR; ** = TANULANAINNERAT 99 Wosidud

- = not test
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ASANEINITLERIDNTBE U TUNIUR 1835 158 A 01917 Aana nuTawdn
progressive line fWmwILN1INNEN PBCY32 wananudiumuselsawauwnsalualusses
NaLTe7 wazNawnslduInnIn progressive line AiMaiunanwin PBCSO waziugn15AN Lag
Winlungu progressive line 3INN3n PBC932 wansAadsfvinisinlsauouunsnlualy
svornalde) wazeauns 5.25 uaz 4.83 dadluns mudsu luvaeininnguinamiain
PBC80 wanssafinisiinlsawnds 5.45 uaz 7.05 fadwns audwu Jeluszagnaideinin

s

ftugsumuiia 2 meiusansouansmmainlsafilndiAesty sgndlsfnnalundnnguniug
msfnuAadsn1nAnlsaganiminifug progressive line Madesngulussoznaiden sniiu
Tuszezmanasiifidinsinlsatiosniininitug progressive line fivmuLnaINwin PBC8O
AUAIUNIUA DL ® Ca KK voansnluszeznawanuin naun3n progressive line 310

PBC932 uansAnadenviin1siinlindfign Ao 4.83 Tadiuns 709a981A8 WUGNITAT LA

'
= v A

AnaduRvinIsiinlsan 7 dadiwuns luae? progressive line 310 PBC8O LAngsfignfAe

7.05 fadns (it 4.1)

Disease severity (mm)

10~
= 7.72
£ 5 7.05 7
-ii_'\ 6 | 5.45 5.25 183
]
0
n 4 4
3
R
2
0
Green Ripe Green Ripe Green Ripe
progressive lines derived | progressive lines derived | Non-genetic resistance
from PBC80 from PBC932

MW 4.2 ALadedviinsnauauewiolsakauwNINluEYRINENe 3 nau Tussaenalle?

LALNALAIAIEITNTAALY DN TING
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wenndamuiiugnasnsawansauiumulatuis 2 3Bnsnldlunisugniae
waraunsadumulaiiauNnIEuLYRINITANLAYRINANINLALA WU ANTL ANTO way

ANT10 19 unguitus Al sugusuniuainwinius PBCO32 (nwdl 4.3) Wug ANTA ANT17

9

waz ANT18 1Hunguiiugnlasududumuanniniiug PBC8O (nwil 4.4)

ANT1 ANT9

ANT10

AW 4.3 nauNSNALITUNTARILILNIINNEN PBCO32

ANT4 ANT17

ANT18

Mui 4.4 ngauminiilasunisimunuaInwEn PBCSO
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3) mmé’uﬁuéiwdqﬁ%miﬂqnL%’aLLazizamawaw%nsiamsLﬁﬂIsﬂLLauLmsﬂ
Tud

AINNITANYIATENE UN UG VOIN1TABUAUDIN BNITLAALIALDULNTALUE
Colletotrichum acutatum lolian Ca KK feisnsdgnifeuvunualasifeuiuaosa

vuAunInly 3 s3ur An SruzHally) (SG) srusnagnyiny (SB) sveeNaund (SR) wadsnis
UgnitouuuBmsdndertniinalu 2 szesfe sosnaiion (MG) wazsvoznauns (MR) lunin
$1unu 21 aneifug nuidavdsiuslulumeuin ssfuanuidesiu 99 Wesidud Jauans
ANEANFURUS 581319 SG 11U SB, SG AU SR, SB iU SR, SR iU MG, SR iU MR kag MG fiu
MR audrdy derandusiudiu 056, 0.46, 041, 0.29 uag 0.29 MudIRy (115137 4.3)

WUINIFNS SG AU MG, SG U MR, SB iU MG waz SB AU MR laiflanudunusiuluniede

adfllnanAANudURNUSALAAISTLINNIN 0.75 USaUINNINT5 Wasidud

A5199 4.3 ANENFUNUSYDINITHOVAUDIRDNISAALSALIULNSALUE Colletotrichum

(%

acutatum lelatan Ca_KK fig3snisugnieuuuniualasivenyiuasy uag

TMsUgnieuuuTsNsanwaIiIING

Correlation SG SB SR MG
SB 0.56"
SR 0.46" 0.41"
MG 0.20™ -0.09"™ 0.29°
MR 0.18" 0.08" 0.41" 0.29°

Remark: SG = spray and evaluated at green fruit stage, SB = spary and eavluated
at breaking fruit stage, SR = spary and evaluated red fruit stage, MG =

microinjection at green fruit stage, MR = microinjection at red stage

ns = Lifanuwanstatuneana

* % — FAULaNA9 UN19EdAnsEAuALTatiu 95 way 99 Wasidud audisu
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9unAaesil 1.2 n1snsradeudurluqudnuuzduniusalsatauunsalus
( Genotypic evaluation)
MNMIANINMILEnseanYeduiUNLsslsALoULNIATUAR LT DIMINY
ImLaqaﬁagﬂﬂé’ﬁuﬁmmuﬁmu 2 primers Ao SSR-HpmMsE032 way SCAR-Indel Wans
NAABINUIN primer ¥ilA SSR-HPmMSED32 @11150L8NANLANG1VBIVUIARLO WL 2
YUAAD 231 bp (resistant band) ag 240 bp (susceptible band) AANTNTIWIL 21 @
WUSWU resistant band 31174 2 aneWus Ao ANT4 way ANT17 Fadu progressive line 7
fiwu1ana1n PBC8O Liasniduiaissvnelutanaiiwamnmiainnia PBC81 fiaglundn
Capsicum baccatum @l3dieniunazerailunguiuduniudewounnsaluauianiu
flu PBC8O uam]ﬂﬂﬁuﬁqwudﬂﬁuiw‘ﬁﬂﬁwuﬁwLmu'wmLLauﬁLSuLaﬁ 231 bp duiusiuay
AunuselsaLeulnIalua Colletotrichum acutatum Tussezrallies (Suwor et al., 2015)
dmiuiaiemunelutanasiln SCAR-Indel @13150LENANLUANANYBIVUIARIE ULDLS 2
YR A9 100 bp (resistant band) wag 90 bp (susceptible band) a1ANanIsNAaasnuly
WINTLANILAUASULD resistant band 112w 3 aneus Ao ANT1 ANTO uwaz ANT10 Fady
Wug progressive line ﬁﬁ’wuﬁﬁuﬁjmmﬂw% PBC932 (Wang et al., 2010, Suwor et al,,
2015) Winanewugau 9 1'7{mﬁaaauﬁ%w%mﬁuidauuaLU'%&JULﬁau fuunstng wudidum
susceptible band
oglsAmuieirdeyanisuanseenvesBunazanuinuniuselsaandn

ANNFNTUENUINAToIluanaytin SSR-HpmMSE032 fAuduiusiuaNAUNIuse

'
=

W0 Ca KK 1nnndinsld SCAR-Indel fiszoznalion naiuuaznauns isesay 85.71 90.47
way 90.47 auadu Tuauedl SCAR-Indel wansauduiussrasnado) HanILLAZRALAS
Yoway 71.42 8571 uaz 76.20 ANAIAU (AN5197 4.5) T 991nTeyadana1raznuin
wseanngluianaviin SSR-HpmsE032 fauduiudseanuiuniudelsaueuusaluas

AN31 SCAR-Indel (Mahasuk et al., 2009)



A19199 4.4 AUAINITOTUNITATIVEDUAN UL AMNAIUN U D LIALDULNTALUEVD

a6

TR IINElANa
Genotype validate
No. Code screening Green  Breaking  Ripe SSR- SCAR- S5k SCAR- S5k SCAR: S5R- SCAR-
Hpms032 ndel Hpms032 Indel Hpms032 Indel Hpms032 Indel
Green Green Breaking 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 WInuUetne HS HS HS + + + + n +
mean 85.71% 71.42% 90.47% 85.71% 90.47 76.20%
VUGG ; 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

231bp (R)
240bp (S)

‘:' a £ L U s
AW 4.5 wau DNA n1sasavBumuaudnuugiumusielsakeuunsalualagldlnsies

SSR-HpmsE032 msavaeulunin 21 areug ; M: 1ussvia 100 bp; Ho7l 1-20 wAzyeIi

22 Frangiugnldlun1sngivaey; Yeei 21 As dH,0
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NUNARBIT 2 AnwraruannsalunissaniidneusnanaauazasrUsEnay
NANAALAZANWAUZAUNIUAB SALDULNSALUE

uneasd 2.1 Anwrauarusalunissiudlvesnsinludnvaznaninuas
29AUSZNOUNANEN

& 1

NnMsUgnndeuHanARvesgNHALTITUT 1 $1udu 15 guan Wisuiisuiuiiugwe
Wi 6 angiug (ANT1 ANTA ANT9 ANT10 ANT17 Uag ANT18) snidunisugnnaaeunanan
uazaIdUsENoUNaNARAL TOUULART
2.1) GNWAENNNSINYAT
1) ANUGEAY
MNNMsUgnvedeLlfnuAnuIrANLgIER e sTUgiawid Y 6 Ane

Wug wudndanugearduwaneiaiulunieada de1egsening 67.66 - 75.44 LUALLAT
dmfugnuandiuiu 15 angiug nudndlaaugaiuegsEning 56.66 — 91.11 UFLUAT
(A57971 4.5)

NAN153ATIEAANLLUSUS IR salunss i U Tudnwae
MINTNENIIBIAN WAL AN SR uNUINdANLAnselitud A8 wneadd udnns
AATIVANHLUTUTINYEIANE NI lUNT IR E lUAN YEN 1NN YATYRIRNYaLY
mugedunuIlaifanuuandaiuEin (1s19fi 4.6)

Wugnewindanuausalunisrudimlugigaludnuneuainiugwiu fe

= s

wug ANT1 A1 GCA gefign iy 2.95 (68.33 Leuiiuns) (5197 4.7) (1wdl 4.6) Wus

]

anuaufinuansalunsTusanzludnuvaeAugu Ae Anal ANTL X ANT18

ARREANGIRINNTIER (91.11 LwURLIAT) (AN5199 4.6) wagdlA1 SCA geiign Wiy 15.66

(9111 Wwufilums) (37197 4.8) (1wl 4.7) uazgANANWNITLS ANT1 X ANTI8 HAA77a
ﬁmumﬁaﬂdwmLQSEJSU@QW'@LL:u'mﬂﬁqmﬁam%mﬁauﬁ’um high parent lagfianluludie
N9UINGIER WU 3047 uag 27.73 Wosldud auddiu (51efl 4.9) (1wl 4.8)
2) ANUNIINTINY
MnnmsUgnmageuLilafnudnuazauninmssinvesiugrieusidiuay
6 a1eug wudndanuniramsanuuanaaiulunieads dategsening 50.89 - 90.11
LBUFRLUAT FMTURNHANTINIU 15 a8Wug WudlA1A1uNIeaIAueY 5811 38.88 -

90.00 LURLUANT (mmﬁ 4.5)
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NaMTATEANILUsUTIWesALansalunsTmd Il ludnwae
NNNTNEATVRITN YA ANUN TSI laTauuaneeiun1eeadia waynsinsz
ANULUTUTINTRIANANTaluNTTINARR g ludNYUEN 19NN YR TYBIAN YT AIY
Ahanssumuiilsifanuunnsisiunisedia (13199 4.6)

fuswousififienuanansalumssuiinlugsiigeludnvazvssnun s

nssuAe Wus ANT18 fiA1 GCA gaflam windu 5.57 (90.11 wwufitums) (31adl 4.7) Wus

(07 4.6) gnrauAuaNnsalunsTduangludneuraun MY Ae Aua

N v 1Y

ANT1 X ANT10 fa1 SCA me@mmn@usﬂashwuaé’wmu?famqaﬁ@ WINAU -24.34 (38.88)

o

LATeHAN ANT1 X ANT17 flen SCA gafign 1WAy 14.49 (90.00 lwufilums) (A151971 4.8)

(Al 4.7) uazgANANTENTUS ANTL X ANT10 fldanufiaumienindadevosous
maﬁ'qmﬁ'aLU%ULﬁEJUﬁ'Uﬂ"} high parent lUlufiFinisau dA1Ao -46.85 uag -50.35
Wofdud muddiu (3197t 4.9) (nwdl 4.8)

3) eIty

[

NNTANWIENBEANEIUVBIRUS WL TIWIU 6 @resiug wudndl

Anugluwanaaiulunneadia da1egsening 2.24 - 3.66 WwuRwns dmSUgnNNaNdIuIL
15 anesiug wudrdiaanueluegsening 1.93 - 3.83 lwufiluas (113797 4.5)
NaMTlATEEANLUsUTILTsA AN salunsTandvluludnwae
NINTNBATVRIEINYAEANNEIlUNUTRITANUWANAAUMN9EER wagnTlAsIsAy
wUsUsiwvasanuansatunsnduanizludnvaenansinynsvesanvaraNely
wuiliflanauansnafumeada (ns1ei 4.6)
fiugnisusififinuanunsalunissniilugeigaludnuazyeinue

Tufle Wug ANT17 ffn GCA gefign Wiy 0.35 (2.24 wwufiluns) (157197 4.7) (1wl 4.6)

Sanwaufiauansalunssduanzludnuuzanuenly Ae duay ANT4 X ANT17

ie

s

A1 SCA gafign Wiy 0.78 (3.83 lwufiuns) (51971 4.8) (Ml 4.7) uazgnuaundnifug

9

md)}

WUIARAN ANT1 X ANT4 Sennrfidumiionitdedsvesisusinniigailewseuiie
fuAn high parent Tlufiannsau fefe -36.11 waz -38.67 wWesidud mudisu (m1514i
4.9) (il 4.8)
4) AunIsly
NNsAnwIaNEarANnINluvesiug eI 6 @1ewug wuind
aunsluuandeiuluniadia danegsendng 0.97 - 1.66 wufluns dmiugnuaudiuiuy

15 sneiiug wudhileianunitduegsening 0.96 - 1.79 wuRluns (113199 4.5)



a9

NaN1SIATITRAULUTUSIUTesauansalun s U Tudnuae
NNNTAYATVRENHUEANUN I lUN U T ANULANANAUNSEDR wagnTIASIERAINY
WUSUTIVDIANNEINTIUAITTINAARNE LA N¥UENIINISIN¥ATYBIR N WML AN INTTY
wulifinuuaneiun1Edi (115797 4.6)

6 1 1

fugnauslauansalunssmialuamanludnuusveininuning

9

EN

Tufie Wug ANT17 A1 GCA gefign Wiy 0.14 (0.97 wufilums) (15197 4.7) (1wl 4.6)

o

'
=

Wggnuauanuanansalunsyindtanzludnuazaiuninelu fAe Auau ANTA X ANT17

s

11 SCA @eign Wity 0.46 (1.79 WUALLAT) (13197 4.7) (009 ) wazgnuaunInius

Y 9 9

WUIARAN ANTL X ANT4 SenrafidumiionindedsvesisusiinniiaailerIeuiie
fuAn high parent Tlufianisau fefe -36.11 wae -38.67 Wasidud mudisu (m1514i
4.9) (A 4.8)

5) ANUENATUADA

[

INNITANYITNYULAINENINUABNVDIRUT WL TIUIY 6 d8NUT
wuinlaugnnueenuandeiulunieads daregsening 1.17 - 1.91 wufiuns & msy
ANHANTINIU 15 a1eWug WuIndA1ANe1IN1UABNDEY T¥1NIN 0.93 - 2.13 LYUALLAT
(157971 4.5)

NANSIATIEIANALUTUTINTRsA A satun ST lUud way
NNNTNPATVDIAN BUEANLETINUABNNUTTANLUANATUN19EDH waynTiase
ANUBUTUTINTRIANANNTlUNTTINARR T lUS NYUEN 19NN YA TVBIANYEAI Y
gniunonnuilsifiamnuunnssiunsedia (15199 4.6)

fuswousififienuannsalunssuimnlugaianludnunsvesaugniy
pon fie Wug ANTO flfn GCA gafian wiidu 0.20 (1.19 Wwufiams) (515l 4.7) (il 4.6)

WuggnrauiauansalunsnuduangludnyuraugInuaen Ae Arau ANT9 X
ANT17 A1 SCA gafiga wirfiu 0.39 (1.99 1wuluns) (5199 4.8) (M9 4.7) uazgnwuas
WINWUG WunAKaN ANTL X ANTY Aaudiuivileniialaigveanaudluinigaiile

wWiguileuiue high parent Tulufirnisau fanfe -39.68 uay -51.16 WWosidud auasu

(mmﬁ?i 4.9) (mwa?‘i 4.8)
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M19197 4.5 ANRRYVBIRNWULNINITNATVBININNUGNBLITINIY 6 aneiug wargnuautizuil 1 311 15 Ana

3

a1 AN Tu
aneiugnan Yliansn . AnuaEnss fupen gMiunen MBI RN ) .
A (T, AU (BU.) , U a

il (3. (31.) (1) (3.
ANTL n3naih 68.33% 78.33% LR Fa 1.187 366" 1.66™ umen
ANT4 wWinvudnidn 75.447¢ 74.22°" Aadtanse B 1179 3.63% 1.53% sumen
ANT9 winuvudielve 67.66" 50.89%" N8 B 1.91°¢ 3.09° 1.35% sumen
ANT10 Wintwydelvg) 70.88"" 68.00° Fagss iy 152% 355 1.29% sUston
ANT17 wWinvudnidn 73.22" 68.33 N8 W 1.39%% 2.24" 097" umen
ANT18 wWinvudnidn 71.33% 90.11° N8 B 171 255" 1.08" sumen
ANT1 x ANT4 wintvudielve 69.44° 87.66" LR Fa 0.94 241% 1.02" JUvien
ANT1L x ANT9 n3naih 70.85" 64.38" N8 Fa 0.93 247" 117" JUvien
ANT1 x ANT10 winuvudielve 62.33% 38.88" LR Fa 1.18" 2.83" 1.25% JUvien
ANT1 x ANT17 winuvudielve 85.66° 90.00° AN Tas 111" 240" 1.04' JUven
ANT1 x ANT18 wintvudielve 91.11° 85.55"¢ JEN Y Tas 1.03’ 2.85% 1.02" JUven
ANT4 x ANT9 winuvudinlve 86.55% 78.11% Aadtanse B 1.02" 1.93 0.96' JUvien
ANTA x ANT10 wintwydelvg) 74.00° 80.89° N3 %y 124" 252" 1117 sUnon
ANTA x ANT17 Wintwydloun 69.40° 77.22°" N3 iy 131°" 3.8%° 179° sUnon
ANT4 x ANT18 wWinvudnidn 56.66" 73.33% LR B 1.03’ 2.87% 1.00" JUvien
ANT9 x ANT10 wintvudielve 69.33" 67.22 N8 B 116 3.22"¢ 1.207% JUvien
ANT9 x ANT17 Wintwydloun 71.22 7033 Fagss iy 199% 2.94% 144 sUnon
ANT9 x ANT18 wWinvudnidn 78.337¢ 88.66" Aadtanse B 213 3.05° 1.07%" JUvien
ANT10 x ANT17 Wintwydlouin 78.88° 73,67 Fagss %y 144 3.00% 0.99" sUnon
ANT10 x ANT18 wWintvudnidn 78.337¢ 75.89" SR B 1.74%¢ 2.10" 1.04¢" JUvien
ANT17 x ANT18 wWintvudnidn 58.89° 74.44°" LR B 1.05" 3.00% 1.02" JUvien

Mean 7276 74.10 1.34 2.87 1.19

Ftest - . ™ - .
Qv (%) 10.56 8.58 8.95 7.44 6.74

e, ** = danuwsnsnasadffnsziuanudioiu 99 Wesidus

0s



AN5199 4.6 ANANULUTUTIUAINUAILITOLUNTTIUAIBNWULNINITINEAT

Source of " A ANUNT9AY Anugmly Anunaly AU
d
variation (9.) (a.) (a31.) (au.) aon (Tal.)
GCA 5 18.080" 135.041™ 0.140™ 0.037™ 0.181™
SCA 14 2541.256"™ 2771.031™ 3.801™ 0.673™ 1.034™
Error' 40 19.675 13.467 0.015 0.002 0.005
GCA component -1.595 121574 0.031 0.009 0.177
SCA component 2521.581 2757.564 3.786 0.671 1.039
GCA/SCA ratio -0.001 0.044 0.008 0.013 0.171
1 ! L aa
NUNYLUR; NS = ium’nmmﬂmdﬂumdaam
% =~ v aad 9 4 o s & ¢
= UANULANANAUNNADANTEAUANULTIUU 99 LUBILTUR

M15199 4.7 A1ANEIN5OIUN5TINFINILY (GCA) kagARRUENYAENIINITNYATVIRUTNEWITINIY 6 anewug

s

]

GCA UBIANWEULNNEAU

angugnin ANNENINUABN

AU (F31.) Mean AN TN (B3.) Mean Anelu(e.) Mean ANl (. Mean -~ Mean
ANTL 295" 68.33 213" 7833 021" 3.66 005" 1.66 031" 1.18
ANT4 266" 75.44 5.40" 74.22 006" 363 0.04" 153 023" 117
ANT9 218" 67.66 157" 50.89 006" 3.09 0.04" 135 0.20™ 191
ANT10 096" 70.88 977" 68 -0.04" 3.55 003" 1.29 0.08™ 1.52
ANT17 066" 73.22 251" 68.33 0.35" 224 0.14" 097 0.12" 1.39
ANT18 085" 7133 557" 90.11 0.02" 2.55 014" 1.08 0.14™ 171

RUNBINR; NS = laifanuusnsneiunieana

14



M19197 4.8 AIANAINNTAUNMITTINANANIE (SCA) WALAIRRLANYMENINITINEATVRIGNRANTITUN 1 31U 15 Anay

SCA UBIANBATNNNITNYAT

Aefugwin ANEEGY ANy ey aunindly AMNETIAUAGN
Mean Mean Mean Mean Mean
(w31.) (831.) (w31.) (w31.) (831.)

ANT1 x ANT4 -4.20™ 69.44 9.27™ 87.66 -0.08™ 241 -0.12" 1.02 0.19"™ 0.94
ANT1 x ANT9 -8.48™ 70.85 -6.42" 64.38 -0.06™ 247 0.04"™ 117 -0.25"™ 0.93
ANT1 x ANT10 -13.01™ 62.33 2436 38.88 0.32" 2.83 0.20™ 1.25 0.13"™ 1.18
ANT1 x ANT17 10.03"™ 85.66 14.49™ 90 -0.46™ 244 -0.19"™ 1.04 0.02" 111
ANT1 x ANT18 15.66"™ 91.11 7.00™ 85.55 0.29"™ 2.85 0.07™ 1.02 -0.08™ 1.03
ANT4 x ANT9 13.69"™ 86.55 -0.84™ 78.11 -0.711"™ 1.93 -0.25"™ 0.96 -0.24"™ 1.02
ANT4 x ANT10 4.27™ 4 10.13™ 80.89 -0.15"™ 2.52 -0.05™ 111 0.09™ 1.24
ANT4 x ANT17 -0.59™ 69.44 -5.81"™ 77.22 0.78"™ 3.83 0.46"™ 179 0.13"™ 131
ANT4 x ANT18 -13.17™ 56.66 -12.76™ 73.33 0.16"™ 2.87 -0.05™ 1 -0.17"™ 1.03
ANT9 x ANT10 -5.23"™ 69.33 3.44™ 67.22 0.55"™ 3.22 0.05"™ 1.2 -0.40™ 1.16
ANT9 x ANT17 -3.65™ 71.22 -5.73"™ 70.33 -0.11"™ 294 0.12" 144 0.39"™ 1.99
ANT9 x ANT18 3.66™ 78.33 9.55"™ 88.66 0.34"™ 3.05 0.04"™ 1.07 0.51™ 213
ANT10 x ANT17 7.16™ 78.88 5.80™ 73.67 -0.07"™ 3 -0.27"™ 0.99 -0.05™ 1.44
ANT10 x ANT18 6.80™ 78.33 4.97" 75.89 -0.65"™ 2.1 0.06"™ 1.04 0.23"™ 1.74
ANT17 x ANT18 -12.95™ 58.89 -8.76"™ 74.44 -0.13"™ 3 -0.13"™ 1.02 -0.48™ 1.95

RUNBINR; NS = Taifianuwansnatuneana

4



A1519% 4.9 AAUALAUMLDNBUUVBIINYAENIINTTNYAT (heterosis) VBIgNKNANTITUN 1 31U 15 ARaY

L ANNEIEAY (Y3, ANUNT19ENAY (T8, ANNEIAUADA (T3L.) anuelu () AUl (3l
anuautIui 1 ?

MP HP %MP %HP MP HP %MP %HP MP HP %MP %HP MP HP %MP %HP MP HP %MP %HP

ANT1 x ANT4 71.89 75.44 -3.40 -7.95 76.28 78.33 14.93 11.91 1.18 1.18 -20.00 -20.19 3.65 3.67 -33.94 -34.24 1.60 1.67 -36.11 -38.67
ANT1 x ANT9 68.00 68.33 294 244 64.61 78.33 0.60 -17.02 155 191 -39.68 -51.16 3.38 3.67 -27.96 -33.64 1.51 1.67 -22.79 -30.00
ANT1 x ANT10 69.61 70.89 -10.45 -12.07 73.17 78.33 -06.85 -50.35 1.35 1.52 -12.39 -22.14 3.61 3.67 -21.64 -22.83 1.48 1.67 -14.79 -24.44
ANTL x ANT17 70.78 73.22 21.04 17.00 73.33 78.33 2273 14.89 1.29 1.4 -13.98 -20.63 296 3.67 -17.29 -33.33 1.32 1.67 -21.01 -37.33
ANT1 x ANT18 69.83 71.33 30.47 271.73 84.22 90.11 1.58 -5.06 1.45 1.71 -28.60 -39.61 3.11 3.67 -8.21 -22.12 1.37 1.67 -25.51 -38.67
ANT4 x ANT9 71.56 75.44 20.96 14.73 62.56 74.22 24.87 5.24 1.54 191 -33.81 -46.51 3.36 3.63 -42.48 -46.79 1.44 1.53 -33.08 -36.96
ANT4 x ANT10 73.17 75.44 1.14 -1.91 71.11 74.22 13.75 8.98 1.35 1.52 -7.82 -18.25 3.59 3.63 -29.83 -30.58 1.41 1.53 -21.26 -27.54
ANTS x ANT17 74.33 75.44 -6.58 -7.95 71.28 74.22 8.34 4.04 1.29 1.4 1.72 -6.35 294 3.63 30.43 5.50 1.26 1.53 42.48 16.67
ANTG x ANT18 73.39 75.44 -22.79 -24.89 82.17 90.11 -10.75 -18.62 1.44 1.71 -28.46 -39.61 3.09 3.63 -7.00 -20.80 1.31 1.53 -23.40 -34.78
ANTO x ANT10 69.28 70.89 0.08 -2.19 59.44 68.00 13.08 -1.14 1.72 191 -32.04 -38.95 3.32 3.56 -3.01 -9.38 1.32 1.36 -9.24 -11.48
ANTO x ANT17 70.44 73.22 1.10 -2.73 59.61 68.33 17.99 293 1.66 191 20.13 4.07 2.67 3.09 10.42 -0.68 117 1.36 2381 6.56
ANTY x ANT18 69.50 71.33 12.71 9.81 70.50 90.11 25.77 -1.60 1.81 191 17.79 11.63 2.82 3.09 8.27 -1.08 1.22 1.36 -11.42 -20.49
ANT10 x ANT17 72.06 73.22 9.48 7.74 68.17 68.33 8.07 7.80 1.46 1.52 -1.14 -5.11 290 3.56 3.45 -15.63 1.13 1.29 -12.75 -23.28
ANT10 x ANT18 7111 71.33 10.16 9.81 79.06 90.11 -4.01 -15.78 1.62 1.71 7.90 1.95 3.06 2.56 -31.27 -17.83 1.18 1.29 -11.74 -18.97
ANT17 x ANT18 72.28 73.22 -18.52 -19.58 79.22 90.11 -6.03 -17.39 1.56 1.71 -32.14 -38.31 2.40 2.56 25.00 17.39 1.03 1.08 -0.54 -5.15

& 1

WA ; MP = Aadeveaiugend, HP = Aladevesiugnevionuguiiang, %MP = Weswudanfevesiiugnow, %HP = wWesidudrnaeves

9

[
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2.2) ANUUENINANAALALDIAUTENOUNANER
1) ANUAINGKE
INNTANIANWULANUNINNATDINUGWBLTINIY 6 aeiug nuI1iAy
gnanunenuaneneiulum1eada da1egsendng 0.28 - 1.24 lwufiluns dmsugnuauinuIy
15 anerius nudimanuninssaogsening 0.36 — 0.52 Wwuflums (113197 4.6)
NaNITIATIZiAULUsUTINTeIRNaInsalunsTINs Tl Ul ud nuay
N1989AUSTLNBUNANANVBIA N¥UEAUNI1aNaNUIN T ANULANANAUNI9EDR LagnnT
AATIAAULUTUTIUIBIANNENTO TUNTTINA A NE I U N WUENIINISINEATVBIA NI
punaNanUI ldiiauuenaetunsEdn (ns19fl 4.6)
fugwensiinwanmsalunssmiilugefigaludnvazvesnunhana

¥ s

Ao Wug ANT10 dlA1 GCA gefign ity 0.05 (0.52 wufituns) (1151991 4.11) (1wt 4.6)

]

Huggnuauiiauatuisalunissidianzludneuzaunitewes Ae anau ANTL X

ANT17 i1 SCA gefian wirfu 0.06 (0.52 Leufiluns) (5197 4.14) (Wil 4.7) wazgnuay

winsug wudnguan ANT1 X ANT9 AranudtaumiondnAad syesweusisndigaiile
wWiguileuiue high parent Tulufirnieau danfe -53.69 uay -69.09 Wasidud auadu
(A31971 4.9) (A Wil 4.8)
2) ANUYINE

INNTANYIFNYULAIINETINAVBINUTNOLUTIUIU 6 d@eiug wudndiaay
ganauaneeiuluneada da1egsening 1.87 - 5.22 wufwuns dmsugnuaudiuiu 15
anerius nuliiANueTINABEsENING 0.36 - 0.52 lufiluas (AN3197 4.6)

NaNTAATIZANLLUTUT MRS Lasn salunsTand Tl Tudn vz
9IAUTENDUNANANVRITNBUEANNYTINANUTINITANULANFANTUN9EDH wagn1TIATIEN
ANULUTUTINYRIAIINAINTAIUNTTINARR NI UA N WAEN AT YATVRIR N ¥ATAIY
grmanulaifanuuandafuyeain (15 4.6)

wugnousiAfanuanssalunissmiialugsiianludnuuzvesnimeina

v

o Wug ANTI ilé1 GCA geflgn 1winfu 0.60 (5.22 1wufiuns) (An5139 4.11) (Al 4.6)

o))}

ie

ganuauiinuainsalun1ssiamgludnuaraueIng Ae Aras ANT1 X ANT4

s

A1 SCA qaﬁqm WU 0.51 (4.57 wuRiuns) (M5197 4.14) (nnd 4.7) WA QNHANNI NG

9

2D

WUIANEL ANTA X ANT10 AradudsumiiendiAnaiisvesisusisnniigadleweuiisy
fuAn high parent Tulufirmnsuin fif1Ae 59.80 wag 28.10 Wasidus muaIfu (157199
4.9) (N 4.8)
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3) dmdnsavesnanae
MnmsAnyuinTvemandnvesusawid Y 6 aeius wuiika
waauansaiuluneadia denegsening 19.10 - 68.46 n3u/mu dwsugnuauduiu 15 ang
g nundlAnananegsEning 21.54 - 101.73 nSu/Au (M15797 4.6)
NaNITILATIZiAULUSUT MY AN salunsTINs Tl Ul ud nuay
Va09AUsENeUNANANYR I MTNTILvBHANER NuTldiiaauuananetunEta waznns
ATEIANULUTUTINTBIANEINTlUASTINA R NElUa N B N190IAUTE O UNARER
Yo minTInvewanan wuildiinnuunnsnafunieadn (mnsnedi 4.6)
fugweudifauanusalunssmiaiilugedianludnuusvonimingu
YoSHANER fp Wug ANTO flfn GCA gafian witdu 13.97 (38.22 nfw) (157991 4.12) (1wl

4.6) Wuganuaunauaunsalun1snudanyludnuusre i MinTINveINaNan Ao

'
a o v Aa

ANEAN ANT4 X ANT18 dei1 SCA unnseanaudeg el dedAydanieada wiu -28.14
(21.54) uazAwaN ANTA X ANTO fiAn SCA gailgn Windu 20.96 (75.27 n3w) (ANs197l 4.15)

(Wl 4.7) uazgnuauwInus wuinguau ANTA X ANT17 dananufidumionindeds
maanqunﬁqmﬁaLU%‘&ULﬁ&Uﬁ’Uﬂ"} high parent lUlufien1suan daAe 212.79 uay
209.12 Wadldud mud1du (15197 4.9) (il 4.8)
4) vhutinan/ua

MnMsFnwmandnvesiugteusiua 6 aeug nuhiwthanuensig
Muluneadia daegsening 0.32 - 2.76 nSu/wa dwmTugnuaudnuiu 15 areiug wuindd
ﬁmﬁﬂamagjiwdw 0.52 - 1.21 n§w/sa (51971 4.6)

NaNTIATIEEANAILsUTINYeIA AT lum sTand Il Tud nua
ynsdUsznounandavosimiings/ma nudildfiauuenaiestuneeda uaznisiese
ANMULUTUTINTRIANAINNTALUNITTINA RN gl ud nyEN190IAUTENOUNANE A UB
thwiinan/ua wuitlifirnuueneafuneada (e 4.6)

ﬂ’uﬁjw'aLLajﬁﬁmmmmsa‘lunWiiwﬁaﬂl’ﬂﬂqqﬁqm’tué’mwmmaaﬁmﬁﬂam/ma

v ¢ s

Ao Wug ANT9 1A GCA gefign Wit 0.05 (0.85 n3u/wA) (13137 4.12) (il 4.6) g

9 9

QﬂwamﬁmmmmmiumﬁwéfnLawwiué’ﬂwmzﬁumﬁmﬁ’ﬂam/ma A ANAN ANTL X
ANT10 fifin SCA gefian witfu 0.68 (1.21 n3a) (51971 4.15) (1Wdl 4.7) wazgnaauwin
Wus wuingnaL ANTL X ANT4 ddanudisumioniiaiied svesweusdsund qaiile
Wiguisuduan high parent luluiianisau lnedrnfe -44.14 uay -68.78 LUas i1 un

MBS (115197 4.9) (At 4.8)
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5) IMUIUHG/AUY
NNTANYINANEAVRINUTHERITINIY 6 F18TuT WUINHTIWIUNALANA

aa a 1 1 1

fuluneadd Tenegsening 90.76 - 326.00 wa/au dvsugnuaudiuay 15 aneiug wuind
mﬂfwuﬁﬂamagiw’m 88.68 — 615.67 Wa/ffu (AN571971 4.6)
Nan1sIATIZinULUSUS YR assalunmssansluTud nwaene
29AUTENDUNANARVDITIWIUNE/AU WU UEANULANAITUNEDR Lazn15IATIZYAIL
WUSUSIUVDIANUEINITOLUNNTTINALR WL I LA N WL NI9DIAUTENDUNANANVBITTUIUNG/
fu nulafmnuuanansunnsada (n15199 4.6)
fugriewsiffianuanmsalunssiudwhlgsiianludnvasvesdiuiuna/fu

(% s s

Ao 1fug ANTO A" GCA gsflgn Windy 0.05 (191.33 wa) (51991 4.12) (1 mdl 4.6) g

9 9

gnnauiiawamsalunsnudtanzludnuazueasiuiuna/fu Ao guas ANTA X
ANT17 lf1 SCA gafign Winfu 615.29 (615.67) (31391 4.15) (1wl 4.7) wazgnuaunin
Wus wuingnaL ANTL X ANT4 ddranudisumiioniiaied svesewiuindiqaiile
WSeguisuiuan high parent Tulufidnnauin TaA1Ae 283.20 uay 249.81 LUosLgun

MU (AN5197 4.9) (AWt 4.8)
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A15197 4.10 ANLRALVRITNYUINANGN D3AUTENDUNANEATDINTNIUTHOUNTIUIU 6 A

g uargnuautisun 1 9w 15 duay

a3fUsTENaUNARER
aneudnan — —
Y AIUYNING UINUNTIIU UNNUN/HEA N
ANANEE (T3.) . . KA
(w31, (ns) (nsu)
ANT1 1.2¢° 5.22° 68.46>< 2.76° 100.00°
ANT4 0.28" 1.87" 19.10° 0.32¢ 145.33%
ANT9 0.41°>f 3.07°¢ 43,08> 0.86°¢ 90.67¢
ANT10 0.52°¢ 3.09°¢ 38.22° 0.85¢ 191.33%
ANT17 0.36%f 2.62% 19.56¢ 0.69°¢ 176.00%
ANT18 0.33¢ 2.95% 39.94% 0.58¢ 326.007
ANT1 x ANT4 0.45°¢ 4.57%® 53.27%¢ 0.86°¢ 223.33%
ANT1 x ANT9 0.56° 3.84°F 85.12% 1.16™ 88.68°
ANT1 x ANT10 0.52" 4.10°¢ 101.73° 1.21° 95.00°
ANT1 x ANT17 0.52" 4.29%¢ 75.29%< 1.09% 522.33%¢
ANT1 x ANT18 0.45°¢ 3.96°¢ 90.80% 1.05°¢ 403.33%¢
ANT4 x ANT9 0.39>f 273 75.27%¢ 0.70°¢ 334.007¢
ANT4 x ANT10 0.45°¢ 3.96°¢ 80.70% 0.92°¢ 396.33%¢
ANT4 x ANT17 0.36%f 3.07°¢ 60.46°¢ 0.52% 615.67°
ANT4 x ANT18 0.35¢ 3.15%¢ 21.54¢ 0.53% 295.00°¢
ANT9 x ANT10 0.49>¢ 3.219¢ 63.83%< 1.00°¢ 261.67°¢
ANT9 x ANT17 0.40°* 3.44°¢ 61.50*< 0.67°¢ 349.33%
ANT9 x ANT18 0.41°>f 3.50°¢ 62.81%¢ 0.75°¢ 308.33%¢
ANT10 x ANT17 0.45°¢ 3.72°F 67.67%¢ 0.92°¢ 364.337¢
ANT10 x ANT18 0.45°¢ 3.81°F 91.66% 0.92>¢ 307.67°¢
ANT17 x ANT18 0.36° 3.54¢ 60.31%< 0.65°¢ 592.00%°
Mean 0.46 3.51 60.97 091 294.59
F’test *¥ *¥ *% *% *¥
QV (%) 15.50 12.35 42.07 27.70 45.72

WBWe; ** = Jauuansisiunnsadfnszduanudediiu 99 Wesidud

a



AN519% 4.11 ANANNLUSUTIUANUAINITOIUNTTIUAIB N WU HANAA WAL BIAUTENDUNAKNAN

ANUYING

Source of variation df AUNIaNE (9. 1) UL (NFU/610) uu./wa (N5) FIWIUNE
GCA 5 0.006™ 0.475"™ 527.335™ 0.006"™ 0.006™
SCA 14 0.083"™ 6.060™ 2902.919"™ 2.114™ 466343.775™
Error' 40 0.002 0.063 219.3 0.021 6047.7
GCA component 0.004 0.412 308.035 -0.015 -6047.694
SCA component 0.082 6 2683.619 2.093 460296.075
GCA/SCA ratio 0.052 0.069 0.115 -0.007 -0.013

RUNBINR; NS = laifanuusnsaneiunieana

M54 4.12 AIAUANNNTOIUNITTINAIILY (GCA) UaTARREENBULYIINANENLAZBIAUTENOUNANARVBINUTHOWNT LI 6 aneiilg

[

]

GCA UBIANWULHANARLALDIAUSENOUNANER

MOTUTIE  aruniwa AINEINE hwinga dwidn/ua .
Mean Mean . Mean o Mean MUIUNG Mean
(5a1.) (31.) (n3w) (n3)

ANT1 0.04™ 1.24 0.60™ 5.22 13.41° 68.46 0.04™ 2.76 0.04™ 100
ANT4 -0.03" 0.28 -0.19" 1.87 -14.62° 19.1 -0.03™ 0.32 -0.03™ 14533
ANT9 -0.02" 041 -0.41™ 3.07 -1.01™ 43.08 -0.02" 0.86 -0.02" 90.67
ANT10 0.05™ 0.52 013" 3.09 1397 38.22 0.05™ 0.85 0.05™ 19133

ANT17 -0.02" 0.36 -0.05™ 2.62 -6.12" 19.56 -0.02" 0.69 -0.02" 176

ANT18 -0.03" 0.33 -0.08™ 2.95 -5.64" 39.94 -0.03™ 0.58 -0.03™ 326

RUNBINR; NS = laifanuusnsneiunieana

o

= L w aad A o s 2 &
* = {AMUUANANNUNNEADANTLAUAINULYDLU 95 LUDILTURA

89



M19197 4.13 A1IAINANNNTALUNTTINANANTE (SCA) LazARReaNYAENININANENLAYDIAUTENDUHAKARYBIgNHANTITUN 1 31U 15 Anay

SCA 09ANYATNINANAALALDIAUTENOUNAKAR

agiugnin
AUNSHE (B3.) Mean ANUYTING (Tal.) Mean UmingIu (n5) Mean Umtn/ua (nSu) Mean WU Mean
ANT1 x ANT4 0.02"™ 0.45 0.51™ 4.57 -15.47™ 53.27 0.42" 0.86 222.89™ 223.33
ANT1 x ANT9 -0.07™ 0.56 -0.09™ 3.84 -0.08™ 85.12 0.72"™ 1.16 77.05™ 88.68
ANT1 x ANT10 -0.01™ 0.52 -0.29™ 4.1 4.40™ 101.73 0.68™ 1.21 94.47™ 95
ANT1 x ANT17 0.06™ 0.52 0.08™ 4.29 -1.94™ 75.29 0.63"™ 1.09 521.87™ 522.33
ANT1 x ANT18 0.01™ 0.45 -0.21™ 3.96 13.09™ 90.8 0.62"™ 1.05 402.89™ 403.33
ANT4 x ANT9 0.01™ 0.39 -0.32"™ 2.73 20.96™ 75.27 0.32"™ 0.7 333.62"™ 334
ANT4 x ANT10 0.01™ 0.45 0.37™ 3.96 11.40™ 80.7 0.47™ 0.92 395.88™ 396.33
ANT4 x ANT17 -0.02"™ 0.36 -0.33"™ 3.07 11.25™ 60.46 0.14™ 0.52 615.29™ 615.67
ANT4 x ANT18 -0.01™ 0.35 -0.23"™ 3.15 -28.14° 21.54 0.16™ 0.53 294.63™ 295
ANT9 x ANT10 0.03™ 0.49 -0.17™ 3.21 -19.07™ 63.83 0.54™ 1 261.21™ 261.67
ANT9 x ANT17 0.01™ 0.4 0.25™ 3.44 -1.32"™ 61.5 0.29™ 0.67 348.94™ 349.33
ANT9 x ANT18 0.03™ 0.41 0.33™ 35 -0.48™ 62.81 0.37™ 0.75 307.95™ 308.33
ANT10 x ANT17 -0.02"™ 0.45 -0.01™ 3.72 -10.12"™ 67.67 0.46™ 0.92 363.86™ 364.33
ANT10 x ANT18 -0.004™ 0.45 0.10™ 3.81 13.39™ 91.66 0.48™ 0.92 307.22"™ 307.67
ANT17 x ANT18 -0.02"™ 0.36 0.01™ 3.54 2.14™ 60.31 0.28"™ 0.65 591.62"™ 592

RUNBINR; NS = Taifianuwansatuneana

o

= L w aad A o s 2 &
* = {AMUUANANNUNNEADANTLAUAINULYDNU 95 LUDILTURA
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M19197 4.14 A1ANLFRIUMTONOLUTDIIN BEHANER DIAUTENOUHANGAIUgNNANTITUN 1 F1UU 15 AN

o Fawitsan (n3w/s) Swit/ua (n3/na) FuIuna/fu ANUYING (B3.) ANUNTIaHE (B3.)
gnwAugIudl 1
MP HP %MP %HP MP HP %MP %HP MP HP %MP %HP MP HP %MP %HP MP HP %MP %HP
ANT1 x ANT4 43.78 68.46 21.68 -22.19 1.55 277 -44.14 -68.78 122.67 145.33 82.07 53.67 3.55 5.23 28.81 -12.59 0.76 1.24 -39.92 -63.10
ANT1 x ANT9 55.77 68.46 47.48 20.14 1.82 277 -35.63 -57.75 95.33 100.00 -18.71 -22.50 4.15 5.23 -9.54 -28.20 0.83 1.24 -53.69 -69.09
ANT1 x ANT10 53.34 68.46 90.73 48.60 1.81 277 -32.86 -56.10 145.67 191.33 -34.78 -50.35 4.16 5.23 -1.36 -21.47 0.88 1.24 -40.75 -57.97
ANT1 x ANT17 44.01 68.46 71.07 9.97 1.73 277 -36.71 -60.48 138.00 176.00 278.50 196.78 3.92 5.23 9.47 -17.86 0.80 1.24 -34.32 -57.67
ANT1 x ANT18 54.20 68.46 67.53 32.63 1.68 277 -36.85 -61.76 213.00 326.00 89.36 23.72 4.09 5.23 -3.00 -24.13 0.79 1.24 -42.43 -63.44
ANT4 x ANT9 31.09 43.08 142.11 74.71 0.60 0.86 18.20 -18.65 118.00 145.33 183.05 129.82 247 3.07 10.57 -11.09 0.35 0.42 12.48 -5.42
ANT4 x ANT10 28.66 38.21 181.61 111.18 0.59 0.85 57.02 8.52 168.33 191.33 135.45 107.14 248 3.10 59.80 28.10 0.40 0.52 13.42 -12.36
ANT4 x ANT17 19.33 19.56 21279 209.12 0.51 0.69 3.51 -23.76 160.67 176.00 283.20 249.81 2.24 262 37.20 17.55 0.32 0.36 11.97 0.22
ANT4 x ANT18 29.52 39.94 -27.03 -46.06 0.46 0.58 17.00 -8.90 235.67 326.00 25.18 -9.51 241 295 30.99 6.95 0.31 0.34 15.56 6.62
ANT9 x ANT10 40.65 43.08 57.03 48.16 0.86 0.86 16.72 15.84 141.00 191.33 85.58 36.76 3.08 3.10 4.16 3.74 0.47 0.52 5.10 -5.40
ANT9 x ANT17 31.32 43.08 96.35 42.74 0.78 0.86 -13.04 -21.91 133.33 176.00 162.00 98.48 2.84 3.07 21.11 12.17 0.39 0.42 3.97 -3.17
ANT9 x ANT18 41.51 43.08 51.32 45.79 0.72 0.86 3.97 -12.89 208.33 326.00 48.00 -5.42 3.01 3.07 16.29 14.02 0.38 0.42 10.51 -0.18
ANT10 x ANT17 28.89 38.17 134.28 77.09 0.77 0.85 20.32 8.78 183.67 176.00 98.37 90.42 2.86 3.10 30.48 20.40 0.44 0.52 251 -13.37
ANT10 x ANT18 39.08 38.17 134.56 129.50 0.72 0.85 29.06 8.80 258.67 326.00 18.94 -5.62 3.02 3.10 26.12 23.16 0.43 0.52 5.44 -13.26
ANT17 x ANT18 29.75 39.94 102.74 51.01 0.64 0.69 3.34 -4.47 251.00 326.00 135.86 81.60 2.78 295 27.21 20.04 0.35 0.36 4.81 1.40

WA ; MP = Aadeveaiugiowd, HP = Aladevesiugnevionuguiiang, %MP = Wesiwudaafevesiiugnow, %HP = Wesidudrnaeves

Tugwevisewning?

09
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AN 4.6 WEnTuGHawINTAANuansatunsTilUludnvaEnnsnYe s

s

DIAUTENOUHAKEN UALHANENAT 31U 5 aeiug

3

AR 4.7 WEngnraudaIguil 1 AdAauausatun1ssandmaluludnuaenansinuns

BIAUTENDUNAHER UATHANANZ 31U 8 anefiug

1 a

AT 4.8 WINgNHANTITUN 1 NlAANUAumiionawiludnvuEn1InNIsINYRS

s

29AUTENOUNANAR WAZHANARES 311U 6 d8Ug

]
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Nunesedil 2.2 Anwaruawsalunsyuisvesiugninludnwausduniusslsauau
unsAlud
HANIIANYIANBEANNAUNIUsBlIALaUWNIALUE Colletotrichum acutatum 1o
Toiam Ca_KK dheFimstgnienuunsdaidiodiifiana (microinjection) Tundngnaasdagu
711 $1uau 15 guay Wisuiflsuduiusreutdnnu 6 aeiug wagiusseunoiUSouiiioy
(suunetng) Teevihnsuseifiuennisveslsadl 5 u wag 7 iwé’qmﬁﬂqm%ya HANSANYE
TwaiBundiel
2.2) anvalgANNRUINURDLSALBULNTALYE
1) MaFuiiisuaade
1.1) nsmevauesienisiinlsnveaniniuswousindsnsugnided 5 fu lu
TYULHATY UATNALAY
mﬂmamsmaaqwudww%ﬂﬁ’uiw'aLLJJmTqmqumﬁ??a Colletotrichum
acutatum lelwian Ca KK 71 5 Ju luszeznailen uaznaunsinisnouausssenisiialsn

v Y

wansinariu Feluszeenalienwutls 2 nqu Ae 1) seAudumiu (R) 311w 4 @tenug dnns

s

MOUAUDIWBLIA 0-3% FiB WUFANTL, ANTA, ANT9 Uay ANT17 2) szaugauue (S) laneiug
finsneuausaliauInnidl 4% luszesnaunsiinisnevausdnalsn 2 Nqu As 1) seAU
U1y (R) 2 anesiug Ae Wus ANTI wag ANTA 2) sedugouus (S) 4 a1owug (3197
4.15)
1.2) MsmevauswionsiAnlsavaaniniugnewivaainisugnided 7 Yu lu
TLYYNALTYD LATNALA
ﬁ]’mﬁ\laﬂ’liﬁ/]ﬂaENWU’i’]W%ﬂWu'G:WaLLﬁMﬁﬂﬂ’l‘iUQﬂL%@ Colletotrichum
acutatum lelaian Ca_KK 71 7 Tuszoznailen uazsaunswuiminiusousluszoznailen
waznaunsfinnsneuauesied sunninatu dslussernaidenld 2 nqu de 1) sedu
AUV (R) 31030 2 anediug In1smeuausdsiolsn 0-3% Aa WUSANTA waz ANTL7 2)3eu
gouLe (S) 1 4 angiug dnsneuauaswialsnuinndl 4% lussernauniinisneuaues

3

fonsiialsa 2 ngu Ao 1) seAuduMY (R) 319U 1 angitug Ae WWGANTA 2)sesugouue

9 9

(S) 5 aneug (Asn9dl 4.15)
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1.3) MameuauesenainlsnvesingnuauvdamsUgnited 5 fu Tusves
HALTE LATNALAY
Tugnuandagudl 1 wunsuansnsnevaussienninlsadl 5 fu fins
nevaussiuandsiuluszoznalloranmsontdld 2 ndu Ao 1) sefuiumiu (R) S1uwu 7
anemiug dnsneuausdsalsn 0-3% e Wug ANTL x ANT4, ANTL x ANT17, ANT4 x ANT9,
ANT4 x ANT10, ANT4 x ANT17, ANT4 x ANT18 whag ANT9 x ANT18 2) seaudaute (S) 8
aeiug dn1sneuauewialinuInndl 4% wazluszeghaundanansauunisnevauassiolsn
16 2 nay fie 1) seaudumu (R) 91uau 1 aneiug Ao Wug ANTL x ANT4 2) Seauganuus
(5) $1uam 14 aneiug (519l 4.15)
1.4) msmauauaﬁamsLﬁﬂiﬁﬂmaqwﬁﬂgﬂwauwﬁqmiﬂqﬂL%ya‘ﬁ 7 3u useoy
ALY LATNALAY
Tugnuaudguil 1 nunisuansnsnevausssiensiialsad 7 fu fins
novaussfiuanasiulnewuignraniifiiug ANTa Suliignuauidumuselseuounsalua
Tusspgralienld svesnadioranunsonuls 2 nqu Ao 1)sgduduviu (R) 311 7 aneiug
finmsnovauasselsn 0-3% Ao USANTL x ANTA, ANT1 x ANT17, ANT4 x ANT9, ANT4 x
ANT10, ANT4 x ANT17, ANT4 x ANT18 wag ANT9 x ANT18 2)3¢auaauws (S) 91uu 8

ANUNUT TN1SNDUANDIRBLIAUINNIN 4% WwarlusLeLNaLAIAILITORUINISADUALDIRBDLTA

]

o

16 2 ngu fie Dszduduniu (R) 31U 1 aneiug A WUSANTL x ANT4 2)szAugauue (S)
$1uau 14 aneius (5197 4.15)

uananigamuingnuaudaiuil 1 Ao wug ANT1 x ANTA annsofumuns
Anlsauauunsnlug Colletotrichum acutatum lelwian Ca KK léluwis 5 uaz 7 Sunds

v

AN5UTERUSINTA UM ULA LUN ST oZNaT 87 LaTTEaLNaLAd (NWA 4.9) LasdanuINwu

Na

Zhe -

gauLonAFaU Ao Suunwine Snmsnevauselsaiiszsugouuslusia 5 way 7 5u usnan
faflsdunnusuusiveInsiinlsanniiga
HANTTILATIERANLUTUTIUYDIENTTOULAMNANI T IUATTINF IS Nweuy
nainlsauouunselugluszosnaidon uasnauns 9 5 Yu uay 7 Sundsnisugnidadae
Fns3nderdniing (microinjection) wui laifiauuansefunsadn oniu msiislsely
Nendendl 7 Su Aianuuansnstueg e iTud fyvneadn (15197 4.16) drupnuanunsalu
mssansanzludnvagnisialsasouunsniuadluszsesnader uaznawns 7 5 Ju uaz 7
fundansugniedeisnmsdatiedifing wuindienuusnenstusesiieddgmieais
s iunsialselunauasi 5 50 wa 7 Yu Tufiauuansnefunieads (m15ed 4.16) Jadu

mMsuansdnsnavesduduuuulNInNnNILUTUIN



M19197 4.15 AFYHLaTIINLKATEINITAL Ak UMMIAlUAYDITUg B AT AL D)

Ju 1 luszeenallyd wasnauneIsN Ao g

Disease severity (mm)

Variety Green Ripe
5 DAI DR 7 DAl DR 5 DAI DR 7 DAl DR
ANT1 2.67%F R 8.16%¢ MR 216 R 4.00%¢ MR
ANT4 1.00 R 1.13f R 1.66° R 2.00¢ R
ANT9 3.08%F R 4.36" MR 4.79<f MR 5.86°¢ MR
ANT10 4.38°f MR 5.195 MR 4.265F MR 5.04%¢ MR
ANT17 3.13%f R 3.86% R 6.95°¢ MR 8.19°¢ MR
ANT18 7.667¢ MR 9.58%d MS 7.667° MR 8.737° MR
ANT1 x ANT4 2.66%F R 3.22%f R 2.89%f R 3.00% R
ANT1 x ANT9 11.30% MS 12.91% S 5.64°¢ MR 7.83%¢ MR
ANT1 x ANT10 6.667" MR 7.70% MR 4.61°° MR 5.10°¢ MR
ANT1 x ANT17 2.66%F R 3.46% R 4.055* MR 4.56%¢ MR
ANT1 x ANT18 7.8374 S 9.407 MS 9.96% MS 10.83% MS
ANT4 x ANT9 3.29F R 3.29% R 4.97<f MR 5.62°¢ MR
ANT4 x ANT10 3.16%f R 3.90% R 5.225F MR 5.64°¢ MR
ANT4 x ANT17 1.83f R 2.13¢f R 5.51°f MR 6.31°¢ MR
ANT4 x ANT18 3.06% R 3.73% R 5.31f MR 6.06°¢ MR
ANT9 x ANT10 9.35% MS 10.76%¢ MS 5.38>F MR 6.30°¢ MR
ANT9 x ANT17 5.02°F MR 6.11°F S 5.225F MR 6.11°¢ MR
ANT9 x ANT18 2.00°f R 2.00°f R 4.38F MR 5.19%¢ MR
ANT10 x ANT17 5.76%F MR 6.06°" MR 5.00° MR 5.84°¢ MR
ANT10 x ANT18 8.89%¢ MR 9.617 MS 4.365F MR 5.41°¢ MR
ANT17 x ANT18 6.40%F MR 7.26*F MS 6.40 MR 7.46"¢ MR
Suunetng 11.33° S 13.00° S 12.00° S 14.00° S
Mean 5.14 6.22 5.38 6.32
CV (%) 50.23 47.31 40.37 39.83

WBme; ** = dauuansisiunnsadfnszduanudediiu 99 Wesidud
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AN57199 4.16 ANANLLUTUTIUAIMUEINNTOLUNNTIIUAIBNWULNINITATUNIURBLTALLDU

unsAlug
Disease severity (mm)
Source of variation df Green fruit stage Ripe fruit stage

5 days 7 days 5 days 7 days

GCA 5 11.29" 13.98" 217 3.05™
SCA 14 24.8" 32.47" 18.7™ 22.97™

Error' 40 2.23 2.90 1.57 212

GCA component 9.07 11.07 0.59 0.93
SCA component 22.58 22.57 17.13 20.86

GCA/SCA ratio 0.4 0.37 0.03 0.04

RUNBINR; NS = laifanuusnsneiunieana

* %% = A ULANANRUNERANSEIUANL eI 95 way 99 Wasidud My

2) MSAszimuEnsalunsTmiTly (GCA)

e szianuaisalunisrudiialuludnvarnsiinlsalauwnse
Tuandsnsugnidelussesnailend 5 Ju uay 7 Yu wudiugul 1 anesiug Ao ANTA 8
auansalunsTFaluiunsialsasdalulufienisau wihdu 2.81 71 5 Yu waw
317 9 7 Fu anudsu (19197t 4.17) (1l 4.10)

TR TziaLansalunssusalUludnvarnsiinlsaneuunsa
Tuavdsnsugnielussosnaunsdl 5 Fu uag 7 3u nudifugud 1 aneus Ao ANTO 3
anuansatunsnFlusunmsialsasialvlufiansau wihdu -0.77 7 5 Su waw
0.72 71 7 Susnuddiu (115797 4.17) (it 4.11)

3) NMTAATILRANUENTOTUNTTINAUANE (SCA)

MTIATIERANNANTalUNTTINA Nz ludnwaEN1SIRALSALDULNSA

¢ a

luandensugnielussegnal@edi 5 Tu uag 71U ganaudIgun 1 wudid 1 aneug 9

wansa1a1uausalunissrmanizludnvaznisiialsawauunsaluad a Lown

ANTOXANT18 mamaunselunissausanziialulufianisau Wi -6.20 71 5 Su uas

4.91 9 7 Fu eudeu (57971 4.18) (il 4.12)
N153LATIERANNEINITALUATTINA LN L I UA NwUENISAALTALDULNSTA

luanainsugnideluszesnauaan 5 Ju uaz 7 U gnuaudasui 1 wuiill 2 aneiug Nuand

ANANLALSOIUNISTINRNNE I UAN YL NNSAALSALDULNTATUANR lawn ANT1XANTO wag
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ANT10XANT18 arpuaunsalunssmsuaniziialulufianisau windu -1.85 wag -1.80
AU (1157971 4.18) (i 4.13)
4) MIATIRRANLASIUmToNBUIYDgNHEY

Arufiduniionouidunisifalsandinisugnidedt 5 Yu uas 7 %u Ty
izazmav‘ﬁmLﬁal,ﬁauﬁumLQ?HSU@&WiJﬁZW@M%LLﬁﬁﬁﬂﬁwﬁﬁﬂdw (high parent; HP) Qﬂwau%’a
Uil 1 wuddl 1 aneug len ANTO x ANT18 fidadeveiuswenieusi@idnin (%HP) dan
TWlufirvsau wihiu -73.91 Wesidud way -79.13 Wodud mudisu (ns1adi 4.19) (1w
74.12)

a

mmﬁLﬂ'umﬁaw'aLL;J'éﬁumﬁLﬂﬂiiwé’amsﬂqmﬁaﬁ 53w waz 7 Ju Tusvey
maLLmLﬁaLﬁauﬁ’Uﬂ"]LaﬁsJéuaaﬂ’uﬁ:Waﬁ'%aLLajﬁﬁﬂiwﬁaﬂdw (high parent; HP) Qﬂmau%”;ﬁuﬁ 1
wuddl 1 anewus len ANTI x ANTO fidedevesiudnevieusifiani (%HP) fidluly
fiamngau Wi -58.28 wWesidud uaz -54.49 Wasidud mudsu (a15199 4.19) (i

4.13)

A15199 4.17 ALRAYLAZAMUAINITALUNITIINAINLY (GCA) ANWUZNIINITITUNIUAD

s

LsAuauunIAlUATDIRUgWRLLITINIY 6 aneiug

3

GCA anthracnose disease response

Variety Green Ripe

5 DAl Mean 7 DAl Mean 5 DAl Mean 7 DA Mean
ANT1 0.45™ 2.66 0.76™ 8.16 -0.39™ 2.16 -0.65™ 4.00
ANT4 -2.81™ 1.00 -3.17™ 1.13 -0.29™ 1.66 -0.53"™ 2.00
ANT9 0.41™ 3.08 0.36™ 4.69 -0.77™ 479 -0.72"™ 5.86
ANT10 2.12™ 4.38 2.27™ 5.19 -0.15™ 4.26 -0.08™ 5.04
ANT17 -0.91™ 3.13 -0.98™ 3.86 0.25™ 6.95 0.42"™ 8.19
ANT18 0.74™ 7.66 0.76™ 9.58 1.34™ 7.66 1.56™ 8.73

RUNBINR; NS = laifanuusnsneiunieana
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A15199 4.18 AMUAINITALUNITTIUARANE (SCA) BALANAALANYULNIINITATUNIUAD

LsAuaUUWNIALLAYRIRNNANTITUN 1 F1UU 15 AN

SCA anthracnose disease response

Fi-hybrid cross Green Ripe
5 DAl Mean 7 DAl Mean 5 DAl Mean 7 DA Mean
ANT1 x ANT4 -0.02"™ 2.66 -0.16™ 3.22 -1.45™ 2.89 -1.58™ 3.00
ANT1 x ANT9 1.31™ 11.30 1.31™ 1291 -1.85™ 5.64 -1.72™ 7.83
ANT1 x ANT10 -0.96™ 6.66 -1.13™ 7.70 0.14™ 4.61 0.08™ 5.10
ANT1 x ANT17 -1.92™ 2.66 -2.11™ 3.46 -0.83™ 4.05 -0.95™ 4.56
ANT1 x ANT18 1.59™ 7.83 2.09™ 9.40 3.99™ 9.96 a.17™ 10.83
ANT4 x ANT9 0.64™ 3.29 0.31™ 3.29 1.03™ 4a.97 1.11™ 5.62
ANT4 x ANT10 -1.20™ 3.16 -0.99™ 3.90 0.64™ 522 0.50™ 5.64
ANT4 x ANT17 0.50™ 1.83 0.49™ 2.13 0.54™ 5.17 0.68™ 6.31
ANT4 x ANT18 0.09™ 3.06 0.35™ 3.73 -0.76™ 531 -0.71™ 6.06
ANT9 x ANT10 177" 9.35 2.35™ 10.76 1.29™ 5.38 1.35™ 6.30
ANT9 x ANT17 0.48™ 5.02 0.94™ 6.11 0.73™ 522 0.66™ 6.11
ANT9 x ANT18 -4.20™ 2.00 -4.91™ 2.00 -1.19™ 4.38 -1.40™ 5.19
ANT10 x ANT17 -0.59™ 5.76 -1.02™ 6.06 -0.23™ 5.00 -0.13™ 5.84
ANT10 x ANT18 0.99™ 8.89 0.78™ 9.61 -1.84™ 4.36 -1.80™ 541
ANT17 x ANT18 1.53™ 6.40 1.70™ 7.26 -0.21™ 6.40 -0.26™ 7.46

RUNBINR; NS = Taifianuwansatuneana
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Disease severity (mm)

Green Ripe
Fi-hybrid cross
5 DAl 7 DAl 5 DAl 7 DA
MP HP %MP %HP MP HP %MP %HP MP HP %MP %HP MP HP %MP %HP
ANT1 x ANT4 2.08 3.17 28.00 -15.79 4.65 8.17 -30.70 -60.54 1.92 2.17 50.72 33.33 3.00 4.00 0.00 -25.00
ANT1 x ANT9 3.13 3.17 131.11 128.07 6.43 8.17 27.87 0.68 3.48 479 -42.53 -58.28 493 586 -4591 -54.49
ANT1 x ANT10 3.14 3.17 112.21 110.35 5.86 8.17 31.37 -5.71 2.56 2.94 80.65 56.79 372 4.00 37.01 27.50
ANT1 x ANT17 3.15 3.17 -15.34 -15.79 6.02 8.17 -42.38 -57.55 4.56 6.95 -11.15 -41.73 6.10 8.19 -25.10 -44.27
ANT1 x ANT18 5.42 7.67 44.62 217 8.88 9.58 592 -1.91 4.92 7.67 102.54 29.89 6.37 873 70.16 24.05
ANT4 x ANT9 2.04 3.08 61.09 6.67 291 4.69 12.89 -29.92 3.23 479 54.11 3.85 393 586 43.06 -4.06
ANT4 x ANT10 2.06 3.11 53.78 1.61 2.34 3.56 66.59 9.84 231 2.94 126.51 77.36 272 344 107.14 63.71
ANT4 x ANT17 2.07 3.13 -11.29 -41.49 2.50 3.87 -14.67 -44.83 431 6.95 28.05 -20.62 510 8.19 23.92 -22.92
ANT4 x ANT18 4.33 7.67 -29.23 -60.00 5.36 9.58 -30.33 -61.04 4a.67 7.67 13.81 -30.72 537 873 13.04 -30.53
ANT9 x ANT10 3.10 3.11 201.88 200.54 4.12 4.69 161.05 129.40 3.87 479 39.14 12.31 4.65 583 35.42 7.51
ANT9 x ANT17 3.11 3.13 61.75 60.46 4.28 4.69 42.78 30.21 5.87 6.95 -11.06 -24.86 7.03 819 -13.04 -25.42
ANT9 x ANT18 5.38 7.67 -62.79 -73.91 7.14 9.58 -71.98 -79.13 6.23 7.67 -29.55 -42.75 730 873 -28.81 -40.52
ANT10 x ANT17 3.12 3.13 81.14 80.50 3.71 3.87 63.47 56.90 4.95 6.95 -1.18 -29.66 582 8.19 2.34 -27.32
ANT10 x ANT18 5.39 7.67 64.95 15.94 6.57 9.56 46.30 0.29 5.31 7.67 -17.80 -43.12 6.09 873 -11.04 -37.98
ANT17 x ANT18 5.40 7.67 18.52 -16.52 6.73 9.56 8.05 -24.17 7.31 7.67 -12.43 -16.52 8.46 873 -11.78 -14.50

WA ; MP = Aadeveaiugewd, HP = Aladevesiuinevsoiuguiiang, %MP = Weswudanfsvesiiugnow, %HP = Wesi@udraeves

v

USOVIoLINANI

89
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AW 4.9 gnuantizud 1 fanunsadmuniunisiialsakeuwnsalua Colletotrichum
acutatum lelgtan Ca KK 1Taluns 5 way 7 Jundsnisuseidusmdenuniule

U7 8LHalReT LaYTEULHALAS

ANT4

AN 4.10 WInRUgWeKInEA1ANaRsatunssslUludnyarnsialsaLeuun A

[
=

Tuanainsugniveluszesnaideni 5 T uay 7 Ju gaiign

ANT9

AR 4.11 WInRugWewindrnRaunsatunssusluludnyansialsaLeuuna

¥
=

luandinsugnideluszesnauaan 5 Ju uag 7 Tu awian
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AN 4.12 gnnantisuin 1 Nilmanuansalumsnuiiane wazeianudiviumiens
wiludnwagnisiinlsaueuuwnsaluandinisugnivelussesnalei 5 Tu uay

7 Ju gedign

AR 4.13 gnuautisui 1 Adeanuansalumsnuiians Lazeinnudviumiene
wiludnvagnisiialsaueuuwnsaluandinisugniveluszesnaunsi 5 Ju uag

7 Ju gadign
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A150INANITNAAD

NUNARBN 1 AMSUsEMRUSNITUWIAAUMUlsALaULMIALYE

5§ v aa

M TUsENaNwrUTEIMUGUINI NRUS WaLUTWIW 21 @1ewug fe3snIs
Ugnigariuansinaiu nuim3ndinisnevauessnaile Colletotrichum acutatum leleian
Ca_KK fiunnsneiu Aa 35n15Ugnidanuumsnuaasienyitass Nuin1nauauadsiolie

naeut1et wazilulumusssugAvesnisiialsnaive esannisnualesiiouviuasey

¥ [ (%
A a U

asludunsn Waninuatluazin1zoguuuUNLEITULBNTDINANTN NEIRINTUTase

1Y
a A o @ o

tube FUTUNI1 hypha 89NUANBUNATIUTIURITULDNVOINI NADFUNAVINLALARDINT

'
% faa o ¥

P93l3A WinnnInWuSNIanwauzdA1uNIU hypha azldasnsaiaizauiituuenveswansn

9

AUl (Bailey et al, 1992; Kim et al,, 2007) wardanisantewdfinana (microinjection)
flafinsmevaussiideuinads uazsuusaiiosnnnsainsuinualisdsiliusnumansn
fuauna uazdedenadviansvesdoang inglnsunfdeazdes 4 Wivhanslnens
unsrhufmifadunidieinanenandn wilimsidideamsadwinaneldlaenss uazanunn
wansornsvastsnldluszeznaniidu uarluisiidedde Swindldlunismaaeuianiy
fuusielsauouunsaluaninazuanidnuazfidiumussninliiiuiiuilagnisdes PR
protein LU PR1 PR10 sanuifiountonwadlalliignyanenieviliuinnisudeduia
pnsilemevieunauiaiiodestunisundnszaevendeaiuglusausinnduuunanin
(Ko et al., 2005) TngluiBnsugnideuuuniswuadefifieniuassanansoutsdnsiuunnin
ponilu 2 naude nandl 1 ngundniildSududumuanainndniug PBC8O wuinanansa
funudelsaneuunsaluadluszeznallod warszornavinuldd denuindufinruguany
sumuluwinitug PBC8O fidain Cos gnauAufeBulsu 1§ uag cod gnaruRufedy
foe 1 Aumie (Mahasuk, 2009a) wagdsnuinBuiimuauanudiunulussoznaidegn
AuAuIEBUFDE (Suwor et al., 2015) ilusrosnaunsgnaruauieBusiy wasBusis 2 i
Fududaseriotu uazlunguil 2 AenguwindldSudusimumiuainwiniug PBCO32 wui
annsadunuselsaweunsalualusroznaunsldd danuindudiaugudnuauraiy

Frunulundn PBCO32 3091 col co? uae co3 (Pakdeevaraporn et al., 2005) gnAIUAL

mgduney 1 sundsdnluisnsugnideuuuisnisaalialinilanaaunsalusdadiuun
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= U

winlawies 1 naude nqun3niilasududiuniuu1annsniug PBCI32 wulna1u1sa

a s

FrunuslsawauLnIAlualusTazNall e haskakaalauINNIINSNNLASUEUINWS NWUS

3

v s

PBC8O wawitugn3An 1lesanduiimrunuadudtumusiolsauewiniiug PBCO32 g

ATUANAMIBEY 2 MUWVURERIANUMUMULARANTY AusI891UTeY Pakdeevarapom et al.
(2005) uax Lin et al. (2007) ilosnnduiinuaueiuduniuveaminita 2 aeiusegauay
sumtis mumulnsBunuaziuuislussosrale) uasnauns uazdailmnududaszdetu 3
ylsiusfidndonlununeassifinisnsyareimesduiumu sgrslsfinumiudiumiy
viemnuseunerelsauouusaluatueg fulewugnssuvamin vinvende wassvesns
anunveswiniildlunisusziliu (Lin et al, 2007; Kim et al., 2008; Mahasuk et al., 2009b;

(% v 6

Temiyakul et al,, 2012; Mahasuk et al., 2013) 31ANsANMIANUFLTUSIENINITNTUgN
o uavszozvewaninaenisiinlsauouunsnluanuinliiinuduiudiu Feaenndssiu
1338909 Mahasuk et al, (2013) AildAnwauduiusausumuveniniiug PBCSO
PBC81 war PBCO32 luszuznisgnunvesnaiinieiy agslsinmaranduiusvosain
é’humwiaisﬂLLauLLVIiﬂIuaiuLwiazszawfuuamm@i"wLﬁaqmﬂ§u1’7imuqumméﬁumwﬁa
Iﬁmfua@jﬂuamﬁ”]l,l,miﬁqﬁﬂﬁtﬁaLﬁmmit,%"]@jﬁ’uéuaq§ua&J'Nﬁaszﬁu?jwh§uﬂizmﬂ§hasm
SasvasnalriuninuanInLiunUselsATiuANgeiY (Lin et al, 2007; Kim et al,, 2008)
uaﬂmﬂﬁmiﬁﬂmmmé’mﬁuﬁ‘maam%"awmsﬂuLaqaé’awudwm%wma‘imaqa%ﬁm SSR-
HpMsE032 flaruduiusiueudumusioe Ca KK 1nni1nsld SCAR-Indel fisvezna
T2 wavha uaznauas (Mahasuk et al, 2009a) uasdudighuselsarananiuuansesnuuy
fusion (recessive gene) luszaznalden (Mahasuk, 2009a) Worevessnlviiugnisdanalst

WInLansAuAUUle detuesemingluanaiinasldlunisasisdeumsiduasomuneg

luanawiln SSR-HpmsE032
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NuMAaR 2 AnwrAuaasalun1ssauasEndnemin 6 anewugludneauzdiuniuse

T5ALAULNTALUALAZANYACHANAALAZDIAUITLNDUNANAR

NN5ANYIANEIN5TUNITTINAIN U TUR NLUENIINITINYAT HANA R waY

aAUsTNaUVRINANGR WuInugudAANansatunissaudluiluuingsiuua il
anuauin Badnwailinnduuinguansbiiulviuduidiy 9 denauduiugle 9 Aagl

anwandidnvaeintedudnsuinvesBuiiamuaudnuaeiy o lneauaiunsalunissiudm

'
P

Mmludeludvninavesnisuanseanvesduiduiuuuin (additive gene action) Fadnweuy

LAR9DDNUUTUDYTUAN WAL UDIBUNTIVLATUAN WAL T 9 LazN1TLaRAI99NYDIBUAINATIEN

Y

ansnanevnenanvazlugsugniunaiule (Sprague and Tatum, 1942) INNANTITNARDY
NWUIINIANINITIATIERALEILTALUNTTINFITLUNUTN Tfimuunneneiusendng
ANBUENNNITNYAT WazduUsENRUNARARTUVNEDR eniudnuazveInNge Uiy

wansaiueeaiitduadn wagnuIniugud ANTL ANTA ANTO uag ANT17 devauaninsaly

[

n135ufIudnvauEININERT WazdNvUENINaNERg UNIINUGINUIMENRUG

3

ANT10 fiananuaunsatun1ssus M lUTudneuenImands LasanuzUad99alsEnau

NaNAngs Jsaniusniiinasgaludnvaenanin ihazanunsoldilunenddlidiounlunan

v v 6

fuiugay o Juuildunaglvgnuauiiinandngs (e53uitll, 2546; Mohammad et al., 2007)

]

LALAINNISANYIAIUAIUITO IUNITTILF N UVDIANWULATUNIUF B LSALDUBLNTALUA 21N
HANINARBINUIUGLINTAuansalunsTIda Ui unsialsai g 5 Tu Ty

srognalenlaun Wug ANTA den -2.81 Nszuznaundlaun wWug ANTY dd1 -0.77 (157199

4 1

4.19) Wuguinianuaunsalunisswdmaluaunsiialsaaiiand 7 Tu lussesnaiden

9

L1

oA sug ANT4 fdn -3.17 Aiszoznaundlaun Wus ANTY Hen -0.72 uagdanuiminng 2

[
fa v

aneiusldtlimaanludnvusnandnuazdsinuniuselsaweuunsalua Wvganunsalddu
Wugnouwinld uonanludmdmuindvsnaveiowifiuandumsauiansaligniunisan
Al AadunisAndendnuaenisnevauessdelsnddesdndoniugwenuansAnduau

(Nyadanu et al,, 2012)
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Amnuannsalunssndene uagannudisumiowsvieulinidudriiliven
Fnenmuesgnuan Inegnauilviaiadsvesdnvasiiaulags JAnrmaunsalunissush
Wy wazAauRrumileowousigaiu tangfashluldfuiusonnamien Wesnien
anuanansalumsTduanie wazAranuiisumiewswidudivenanuuansiams
fugnssuvesaneusildidune uazus (U1 uazaz, 2558) MsAnwAuamsalunns
sudnamzlugnuandasuil 1 91wy 15 guan nudinisiasiginuansaludiu

arwanmsalunssdianignuildienuuandaiulumeadflunndnuas Adnuidts
ANWUENIINITINYAT LATHANAR WATNUINANFUVDY ANTL X ANT17, ANTL X ANT18,
ANT4 X ANT17 uaz ANT9 X ANT10 Tidgegaludnuaen1anisinuns Auauvas ANTL X
ANT4, ANT1 X ANT17 wag ANT9 X ANT18 lvirnaeanludnunzvainanin wagnunanas
Y99 ANT1 X ANT9, ANT4 X ANT9 wag ANT4 X ANT17 lvidngeanludnuaizuatesruseney

HAKER WazllaNTUIAIMINNAAUYDINNANTUT ANTA X ANTL7 fiA1Annudisumilone
wisnniignluiseswemandndlowieuriu hish parent lneilAganfe 209.12 wWesidus &9
Wuanaui yraziidnenmlunisirluvaundugnuaunisnisdsely iesainuans

ANUAITAIUNTTINAIVDIAN BE MR BINTIINHBWINETUaNLAge (Sprague and Tatum,

1942) 4aga1nn13AnwIALaINnsaluNsTINA RNz e nratluanyugA1uN U alA
wauwnIAlUA WUINARAN ANT9 X ANT18 fAnisnevuauaddelsaniluszesnalliedn 5 Ju
wag 7 Ju wenanntuLIgINUANEN ANTL X ANTY fidnn1sneuauaswalsnsiilussasnauna

71 5 %u wagnay ANTI0 X ANT18 finsnouaussdelsamluszezuaunsil 7 5u auandu
wazilefiansanArufiuTesgnaauTUENUIN grNaNTUS ANTO x ANT18 HAAFLsy
mﬁaw'aLinéfmmiLﬁmBﬂGil’wﬁqmiuiwwaLsﬁm‘ﬁ' 55w way 7 Su dlawisusu hish parent
Tnefidsnande -73.91 Wesldud uaz -79.13 Wesidud luszoznauasil 5 fu uag 7 Ju

Ieiur sius ANT1 x ANTO Tnediansinandie -58.28 Wesldus way -54.49 Wesidus warluns

' [

LAR0NUBIANNAN ANTL X ANT4 iUuaiunaeidnenmlunisassgnuanludnisaily
AuUNIIFTUIURBNISARlsALBULNIALUE Colletotrichum acutatum lelwian Ca KK 14

Tuis 5 08y 7 Tunden1suserius 08 a8 U ule LU 95zesNalfen LasssosNawna

wenInignuanaidlasududiuniuneainniniug PBC8O wag PBCY32 Failsngarudingn

Y

AmIUANMIEusey Lazdulriulussesnallel uarNawAININaRY (Mahasuk et al., 2009)
Syukur wazAuy (2013) NUAISHLEAIDDNVBITUATUNIUABLYD Colletotrichum acutatum

WULUUTUADELAZONENIALUUUINALANLINAILUUTY LALAISAALADNRUSAIUNIU J4

]

v U

ansaAndundidnuvauendemslaludiiurie 4 dmunisWauiugiunudelsaneu

9
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WNIALUATUIIRBUTNEANUTUN LYW LD UNEINUTNITUYDINUSAIUNIY UagTeeenIs

9

gnunvaswansn (Mongkol et al., 2010)
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A3UNANITIVLLAUBLE LB

31NN5UsELINENwrUsEIMUS VRIS NI g WeLLT WU 21 @newug way
nsUsziiiumudumulsaLeuunsalug Colletotrichum accutatum lelatan Ca KK sag
Fnsugnideiiumnnetu wuimdniis 21 aeug Smanevaussieilofiuandeiumaada
wuusAansnsafumudaesende Ca KK fedsmaiuavesifouriuassasuudulusyey
naldeiuazHalag 91U 1 anewus Ae ANTA waznuaowugidunuluszoznalen
U 5 @ug Ao ANTA ANTE ANT9 ANTL7 waz ANT18 hazluszushawasdnuiu 2 ang
ffusfio ANTAE uay ANT12 wuitusTiannsafumudiedeio Ca KK 3nsdaidoidiualy
TYTHATUILATNALAY TI1UIU 5 @199 UT A0 ANT1 ANT9 ANT10 ANTL1 Uay ANT12
uenandfanuinfug ANTA anunsadiunusenininlseldluis 2 38nmsildluugnide
MsAnwINSWARIDBNYEIT U TUMUAIEIE N T LEUD ST s uviuaRatULdUNUId Nl
progressive line ﬁﬁ@um&nﬁﬁﬂw% PBC80 LaAIAIUATUNIUNINATY progressive line 310
PBCY32 uazn13Anwintsuanseanvesdudunudleisnisdad oidriinanuimin
progressive line FWmWINN1INNEN PBCY32 waninudiumuselsaauwnsalualussey
nakde7 uaznaunadldiunnnii progressive line WAL INNEN PBCSO danuinIsnisuan
oaedds uarszornisanuivesdnlifmuduiusiulunsuanisnanlddnis 2 Jade
laifimnuduiusiu duiuismsdliveaoumadonogneszdnse uasmnyausonadnsi
$ipams uendniiedosmanelananasiia SSR-HpmsE032 uansarmduiusuasUszansam
Tumsdndonamuiuniuselsauouunsaluainnnil SCAR-Indel fadunslfiadomane
luwanavia SSR-HpmsE032 axgniunldlunisasiegnrauninnisaidiuniusielsauey
wnseluasisly 9nnsAnwianuaunsalunissaudluludnvaenisinens wande
WAZBIAUTENBUVBIHANAANUINW LTI ANTL ANTA ANTO Uag ANT17 diAraduanansaly

s

msrasariilludnuaenenisnems wasdnvaeyasanangs uonanddmuiindniug
ANT10 flFrannuansnsalumssiusimluludnuasmanandn wazdnuvazvosesiuszney
NANANgID s LETIRAgsgaludnunaandn tazanansalddunewinals mnsUsifiu
Anuamnsalunssndialuvesdnuazduniudelsauouunsalua nudwiuguid
anuannsalunsTiialusunmainlsamiiaed 5 Yu uaz 7 Yu Tuszesnaidoldun
tus ANTA walussosnaunsdl 5 Yu uay 7 Yu léud Wug ANTO uenandldawudmanits 2
meiugieiliangegaludnvasnandnuazdaiumudelsaueuunsaluainazannaliidy

'
v 1 14 =

HUSHOINAL N1sfnwIANEITaluNISTINARANE LagAIAuRLiLdanonT TR
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lUdnuueEN1aNITINYAT HAKER LLazaqﬂ‘U'ﬁzﬂawaﬂmawﬁmaﬂqﬂwau%ﬁuﬁ 191w 15
AHEAN WUINANANVDY ANTL X ANT17, ANTL X ANT18, ANT4 X ANT17 uay ANT9 X
ANT10 Tiangeanludnuaen1anisinuns Anauyes ANTL X ANT4, ANTL X ANT17 wag

ANT9 X ANT18 Tviangegaludnunsvenanan Lagnudnguauwes ANT1 X ANT9, ANT4 X

ANT9 uag ANT4 X ANT17 Tvirngeanludnuazueiasnusenaunanan Laglilofiansana

!
=

ANUALALYBIGARANNUIINUG ANTA X ANT17 dein %MP Uaz %HP Tudnuaenanangs @

Wugnauiuragddnaamlunisirluimundugnuaunianisaisely n1sdseiiiu

ANNANNTAIUNTTINAIANIZ I NYEAUNIUsBlIALRULMIALUA NUTENEN ANTO X

ANT18 frn1snauauessialsasluszesnalled 5 Ju uay 7 Tu uonantuuddmugna

ANT1 X ANT9 fiannisnevauassiolsamlussesnaunail 5 Ju uazenad ANT10 X ANT18
FANNNTNDUAUDIABLIAM UL ESHALAIT 7 TU ANUAIAULALLLDNIITUNAIANUALAUYD
ANHANTUENUIT gnasiug ANTY x ANT18 31A1 %MP uag %HP nsiialsasnaniuszey

NAWET 5 U war 7 Tu luszuzraunafl 5 Tu waz 7 Ju laun Wug ANT1 x ANT9 71fien

%MP gz %HP nsiinlsariigauaslunisuansoonvosgnnan ANTL X ANT4 Lugiiinae
d#nsninlunisadregnuanlufenisdrludunisnevauesss eid ousuunsnlua
Colletotrichum acutatum lolwian Ca KK Tuszornaiden waznawaudloaainaiuise
drumumaielsaldianisugniiod 5 Yu uar 7 u uasuenaniSmunsuansenvesduy
dunmilugnuandaiudl 1 deite Colletotrichum acutatum figasnsuansoonuesdudy

LUUTLLINNILUUUIN

Ualauauue
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chain reaction)

1. BWnsananduelaglyd CTAB method

1.1 W lunsnualunemglulasiaumallilausunu 2 nsu

1.2 snuslunsnldaslunasalulasiwuniiag 1.5 Jaddns Auaisazaty CTAB
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3 lulasansunilgaumnd 65 esmiwaidua um 60unii ndunasann 9 1017
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2. FnInsvsavdudunIulsaLauuNINluaAI8U A58 PCR (polymerase chain

reaction)
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dH,0 U3ums 6.5 lalasans wae Tag DNA polymerase 1 unit Usuns 1 lulasans

2.2 $agn PCR condition #sil denaturation I¥gamnfi 94 a3 wailea w1y 1 unil
annealing 1¥aaunil 55 A walBea U1l 2 w1l extension 19 gaungil 72 A waldea
YU 2 U Sﬂ’jumau denaturation, annealing LLai¢ extension ‘1/‘1’168;1 30 99U final-extention
Ifgaumail 72 aspwaidyauiulownd

2.3 111 PCR product 11kenvu1nvesiduelaeimaia electrophoresis 628 1.5 %
agarose gel Tu 0.5 X TBE buffer PRGN gel electrophoresis (BIO-RAD, DNA SUB CELL
Tm waz BIO-RAD, PROTEIN ®II Xi CELL) nszualn 100 19a6i (BIO-RAD Modell 1000/500
power supply) 1usian 1 4alu

2.4 dhuaviidueiiunngluwinusazaneiusvauduiusiunisiialsauouunsn
Tua (Validation) Ae SSR-HpmsE032 isunus 231 bp i usuniadiuniu uay 240 bp
Dusunisgeuwe wazly SCARIndel fisuns 100 bp waz 90 bp dusunisduniu
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MANUINT 3 gARaudITUR 1 317U 15 graunlddmiulssilivdnuueyse

LALBIAUSENDUNANAR

o w

VINU

93

§ WAREn



MANUINT 4 Nugweulieufisuiugnraudaisun 1 ludnwaglu

MAKNUINT 5 ugnauieuiisuiugnuaudisun 1 ludnwuzaen

94



MANUINT 6 NugweuliUeueuiugnraudasun 1 ludnuasneg
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MAnuINT 7 sugweudidiuiu 6 meugnldnaasunisifialsaueuunsnludlussozralled

MANUINT 8 WaudlT Il 6 aneiugildnaaeunisiialsanauunsnlualuszosranng



MARNUINT 9 gARaNTITUN 1 917U 15 Araunlivegeunisiinlsaueuunsnlugluszey

NALYY"?

971



98

MARUINT 10 gnuaudisui 1 91w 15 guaunldnaaaunisifialsaueuunsnlualussey

WEILLAN



Yo-unulEna
U Hau Ua
negtagtu

Us290n15ANEI

NUIENIATU

9

NAIIUNIGIVINTG

99

Y v

UseInpIY

WA MBS Bunsusuiasy

18 Mg W.A.2538

1/37 QUUUNUAUNBIL 71.0810 8.41833UNY3 2.9unys 22000

W.A.2561 duSanisAnuseauliyge3venansiudia
AvLNYRIAEns AuzAlulagnisinens aardumalulagnszaay
NANIAUNITAIANTET

1. wisng unsuseiasy, Wasinsel 439, gian wvenaees,
upSun§ 501108, 951550 Fyraniswagivd, driing Asugns uas
audnd asuled. 2565 n1sUszIduns nus Usuuse (Capsicum
annuum L) AlFsudusumulsaueuunsaluaannndnius PBCSO wax

PBC932 dumusawia Colletotrichum acutatum.





