L38R assaps. Forty mistosstelite primers (15 (o 22-mer) from the University, of
British Columbia (Cinada) were used in the study. A PCR resciion of 25 pl containod similsr
ingredicnis as the above RAPD resctions except for primer snd DNA polymerase, which were
0.2 uM and 0.5 unit respectively, The PCR reaction was performed with 2 thermal program
of 35 cycles of 94°C fiur | min, 50°C for Imin znd 72°C for 2 min, with & final cxtension at

72°C for 7 min. Amplified products were separated in agarose electrophoresis as deseribed in
RADPD nsgaya.

RESULTS
RAFL aralysts

All primery tested successfully amplified the Capsicun DNA from all varieties,
Twelve, two and three primers were able to detect DNA variations between parents of
CMERL, CMHE2. and CMITED, respectively (Table IT), OF the 86 amplified products
penerted from the 12 primers used for CMHE] | 48 were polymorphic and 38 were used as
tithors to differentiate the two porontal genomes for CMHE# T putity test. There were five
and gix markers able to detect CMHEL and CMEEI byhridity, respectively (Table 1)
Interestingly, one RAPD primer AG14 detected hybridity of the three Fi hybrids (Figure 1),
Two primers A102 and Y02 detected two Fy hybridity,  A102 detected hybridity of CMETE
antl CMHFS, while Y02 deteciad that of CMITE] snd CMHEZ

IS5H anafyisis

OF the 40 UBC primers screened, 17 successhiily smplificd all the Capsicum DNA, of
which anly five detected polymorphisms between bath parents of CMHET, and three for
CMITE3 (Table 1) However, no primers were able (o detest polvmorpiisms betweén
parents for CMITE2. The five primers for CMH#] namely UBCE12, UBCS42, UBCE62,



UBC#80 and UBC8S6 producad 26 bands in totsl. of which sight wete markers detecting
female parent *Bangchang’ and siv were markers defecting male parent ‘CM021" The sizes
of these 14 markers ranged from 300 1o 1605 bp.

Markers for CMHE3 were generated from thres primers including LIBCS67, UBCE30
and UBCSST [Table ), which produced seven markers out of 25 bands in total (Table 1V),
UBCEGT fafled 1o detect o moarker for male parent "KKU-cluster’. therefore only UBCS80 and
UBCERT were useful to test CMHE purity.

DISCLISSI0M

Among the threo Capsicren hybrids, CMH# 1 appeared to bave the greatest numiber of
polymorphic markers generatod from both RAPD and ISSR analysis for bybnd purity test
This was moat fikely due (o a greater genetic diversity of the parents than the othés two
hybridi. CMH#] was derived from un mterspecific cross between C. e X C. il
parents, wiile CMIE2 gnd CMHES waore from intraspecific crosses betwoen (L ehifnonse and
(. anmum, respectively. When comparimg polymorphisms between the parents that produced
the intraspecific hybrids CMHE2 and CMH#3, the level of polymorphism appeared 10 be
higher in CMHE#3 than tn CMBEF2, which indicated that C. ammsn *83+ 168" and ‘KK U-
cluster’ were more diverse than *CM021" and ‘TM022" of C clumense. The level of marker
polymorphisms wes nlso agreeable with their morphiological sttribites.  Greatar diffecent
charctoristics between ‘KKii-cluster’ and *83-168" were idemified than those between
‘CM021* and 'CMO022' (unpublished dats)

In comperison of the two marker techniques for their shility to detect hybirid genistic
purity, RAPD was able to detoct all throe F hvbridicy, while 1SSR. failed to delect CMERS
hybridity. Furthermore, RAPD produced 3 greater number of markers es well as average
marker number par primer than ISSE.



Basically, RAPD and I1SSR detoc: DNA variations at different parts of the genome
repatitive sequences or microsatelines: OF the mtmnﬂﬁﬁlﬁﬂﬁpnmﬂﬂ four were two-
bass repents containing GA and CT, and two wive 3- and Sbaserepeats. Previous studics
also reponied that two-hsse repears were effective in genersting polymarphiems among
different vaneties i crop plants. CA and GA. repests wors mseful 1o generate markers in
soyhean (Wang ef al., 1998). Further esample, iwo-base repeats wore cxamined in Aslatic
hybrid lily and reporied that they successiully produced 1SSR fingerprints with CT the most
effectlve primors (Yamngishi eral, 2002)
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TABLE |

Capsicum hvhridds and thelr respecrive parents

Hybrd Female parent (P;) Mal= parent (P3)
ChMHHT . ammum “Bangehany” C. chinerte "CMO2T
CMH#2 . chinense 'CM021* C. chimmse *CM0O22"

CMHIf (. annuum *83-168' C annepirn *KRU-clisster”




TABLEN

Suceessful AP markers for genetic purfty progf of the three Capsioum Hpbeide

Marker sz (bp)
Hybrid Primer .
o} 2
CMHE! AE1D 30 396
AGI4 1159
273 211
694
AGlo R4S T
Aldj 40 504
348
Aloz 903 488
87 400
AT07 393 367
ALE 672 153
Akl
AXD) 31 062
611
Cl 1,397 672
1140 573
247
A0}
Qos 1146 479
Ri2 364 520
344
Yoz 53 432
300
CMITa2 AGIL 350 745
G583

Y2 863 LO30
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TABLE NI

Continmed
CMIIAS AGH4 200 S50
AlDZ 758 705
ANi9 £40 705

i3



TABLEI

.ﬁmrmm;h#mmmqﬁmc@ﬁmmrﬁ

Iybnd Primer and sequence e ald A
Py P
CMH#) !BCSR12 I 1ag 30
{GAMA
UBRCE32 547 B57
(GAR (€T G 7ol
201
UBCRs4 Bad 674
(ATG)
LIBCES0 D54 657
(GGAGA)
UBCES4 1,605 1,440
(ACGY AGTMACEHNCT) 500 5N
CMEH2 - = 3
CMH#2 UBCRa7 4,868 -
(GGT
LBCEs0 1,022 ) i
UBCEST 1,022 852
(AGTI*(ACG(AGT)(CT)H 750
500

* indicates cither one of the throc bases i the bracket eré usod.
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TABLE IV

Successful markers generated from both RAPD and ISSR for genetic purity proof of the threc

Capsicum hybrids
Hybrid Number of markers in Py Number of markers in P;
RAPD ISSR Total RAFD 1S5E Total
CMH#] 22 ] 30 T 3 7
ChHiz 3 0 ] 3 0 3

CMH#H3 3 3 6 3 4 7




AL,
T NG
e AG 4

ATy

i AT

Fiti. )

RAPD analysis of the three Capsicunt Hybrids including &) CMH#1, b) CMHYZ, and
¢) EMIHS nmplified by primer AG14; arrows indicstes polymorphic markers
presanting in both pareuts (1 rod P3) and theit resulting Iy, DNA fagment sizes were

compared with moleculnr weight misrker M (EcoR [ + Hind Il dipested L DNA)Y,
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Ahyiracs. A fron inoculation bioassay was deweloped for siudying snthracnose

mtection of chili by Cotferirichinm cupsicl - Four frai maturity sianes. fmmatime areen,
matle green, color turming and 1ipe red: and thres inocutafion methads drap, ijoction
and wound/drop; were upplied to an anthracnose susceptible vanety ‘FRCATI4" of
f:'gmw:_ﬂm ehinense Jacy, Imection ind woondidrop nmihnds'rmﬁ_:q:l,m mllhrn'z'r'bm;
symproms developing al all fult steges &s early as 3-3 davs afler inocalation. while this
drop imethod friled 1o cause any symptoms of wuthracnese wilfin & doys aller
inoculistion, 'The mature snd iminature areen chill fruits appcared to be o
suseeplibile 1o nnthracnase than the nore manme froll stagcs. Al ihe discase soore
paramoters including fesion length, lesion widih lesion area undd arca wider the disease
Profgress curve were highly comrelated indicatiog thar any of the disease evalistion

methods aould be wsed to asscis gormplasm for resiitance

Additional keywords Caprdenm chipens facq,, frt maturity, inoculitton method.

dikeite 4oores



Introduction

Chili is #n economically importam vegstable crop of Thailand willi anthracngse

-dizeuse being 2 major comiraint m pre-and pog-lsrvested chill fruits Anthracnose i

-caused by ether ¢ wlleiotrechnm capsici (Svd ) EJ. Buller & Bishy or

Rlocasparinjdes (Pene. ) Penz. & Sice in Penz (e has also been reported to

(et widie range of legyme spocies (Pring of ol 1905

Fruft matarity stage has been shown 10 be imporiant in the infection aid
eolimisation ol chli Fruit by (© gheusporiniher with red Trult being move resismng thian
green frur (Oh e ol 1999 Olveral 1999, Kim ¢ al., 2001 Kim et ad . 2002)
However, Marandhar ¢f af (1995) reparted that boch npe and green chili fruils reacted
thie hrtve bo elther (7, cipict on (7 poeonporhelis

Three labomtory moculation methods linjection, diog anmd wirkind/drop) for
studying amiwacnese diseases of chill have been developed. The injection and drop
methuds were developed 2t the Asian Vegetable Research and Development Conter
(AVRDC), Talwan (AVRDC Report 1997, unpublished dara) The injection method
tveitvied the dinedt penetration af the chili fruit epidermiie with a microinjector followed
by moculation with 8 funaal spore suspension. The doop method involved pliciing a
Famaul spore suspetision on the marface of the chill frulr. The wound and deap method
(Lineral. 2002} mvalved wounding the surfiace of the fruit by pricking Withiu pin then
lacing a drop of fungal spore suspension over the wounded tissas

The injection method i considered 1o be harsher than the drop method as chil

fruits are wounded before moculation. The injectitn method has besn ised to detect

mthrnmuw resistance in & fow chili ‘h:tl'i:ﬁﬂ:stﬂ‘_‘;"ﬁﬂt Repan 1593, unpuplished darg)



= . - .Il.
Hmirg'u':r,'ﬂia inection method mmeht b2 loo severe for others chili varicliss. whigh did

not contiir high resistance. and hence. may not be able to differentiane betwean
maderiic resistance and susceptible phesotypes in some parental lines  Thy
wound/drop method was sble t differentiate moderately ressmans from susceptible
varicties (Linefal, 2002)

Thilg stvdy aimed 10 mvesuzate the offect of different ehill Fuil sttty stages
and Inoculatipn methods on anthracnose cxgrassion cassed by ( vopivr: snd 1o
develog an anthracnnse disedse scoring syatem o astossing chill hast reaction (i

rfisetion by (* copyd

Methods
{iruids metir ity Abages el pathonsen fsofan
Clprddenin chinenswt Jacy, *PRCATIL, snanthracnowe sisceptibile hiteg, wins
grown in a shade house between lune and Noveniber 2002 gt the Troprieal Vegstalile
Research Center {IVRC), Kasetsar Uinbversity, Kamphasngssen Campas, Thatland.
Three fruits each w Four different mututity staees, including bmmature green (10 days
iller lowering. DAF), mature green (35 DAF), color tumming (40 IAF) and ripe red 145
DAF), were eollected fron the chili plants. Pedicels and calyess were removed lrom
the harvested fruits. Frunts were surface steriimed with 196 [v/v) sodiri Tvpochlorie
for 5 min, and washed twice with diailfed water  The fruits wore wiped diy with paper
towel wnd placed ona polystyrene tray thal was thes placed in i plastic box af20 5 1y
v o', that containsd 500 mi distilied wates
A highly agpressive smele-spoce isnlate of Ol idim copues, isolaed

from mfi_ﬂ.ai frutt coflected from the ficld o Kasersar Uiniversity, was cultsrad on



=

potate dextiose agal sl 27°C under cantinuous flueressent fight (onidia from seven-
day-0kd colures were harvesied by adding 5-10 ml of sterilised tlistilled witter ot he
cullure, which was then gently swirled io distodes the conidia. The conidia StiEpensin
wais filtered through two Layers of muslin cloth and Ihe concentratfon was adjusted to
0" camidin/m

et meths!

The fruits were inoculnred usmyg the dropu icetion ad ihe wolmd/diop
mgthiudy (Lin el 2002) The drop method was evecated by phacing 1O whof conidii
suspension in the niddle portion of each chili fruit The figestion method was
focomplished by injecting 1 il of spore susperision into w chill Fult will 4t ) mm depih
usimg an mjector Micm Syringe™ model 1705 TLL with dispenser FRAO0-1 (Flamiion.
Switzerhand)  The wornd/drop method was conducied by pin pricking the chili o
winll t s | inm eptls and then placing & pl of conidin suspemsion onto the pro-pricked
wound. The imoeoisted fruits were incubated at 25°C, 100% KH asid dark for 24 s

aiid then 1212 hres light-dark cyele. Humidity was oot controlled sfier symplonis
stirted 1o mppEr

Fvtlenciieins o connfuasaise yympiionmsy

[Meease syrtiptoms were evahiatod by meansting fesion arey, Jenjth and
widili, ind area utider the disease progress curve (AUC) The AUC was caleulited from
tie reliticnship betwien lesion ares and inoculaion time The ssmptoms were

evalugiedal 3. 5 7 and ¥ davs after moculation (BAT)L Friirsisss were ahio récorded



Niertistical wiialysiv

Afactorial analvsls in complete randomised desian was performied.
wonsidering two factors as fullows. |) inoculation methods including drap, njection and
wounid/dropr and 2} chill fiuil maturity including jmmature greon. mature geéen. color
wirming and ripe red Statistical snalyss of variance (ANDV A} and corrsianon ansbysis

wiere perfisrmed using Statistical Analysis Software ($A8) for Window'™ release b, 12

Results and DBiscusaan
Pevediarmntenl of onthirsacinid el sifferemst frant mvnriny chages

The revere injection iocitlation methiod wis selécted to compare the
development of anthmcnoss symprtoms 21 different frun momnty sages  Losion arca
(LA) measured ol all chili fruit stages were no sigsificantly (P20 05) dilferom feom 3 fo
5 DAL escept fonihe msture groes stage wheee Ihe lesians were significantly lurger than’
fo the ripe red fruit stage a1 5 DAL At 7 end 9 DAL mature green frutt thowed (he
lnrgest LA However, the LA was ol significanly different from that of immatite gro
fruns (Fig 1)

These resulls suggested that malire arom frilits were more susceptible to
anthracnose than the moro nuatisre Touits Similarky. o previous stulies, red chili frui
were shown Lo be more resistant te infection by shovsgmrmvdes than unnpe misure
proen chili frait (Oh et al, 1999 Oh e/ ol 19990, Kim erad, 2001, Kime al, 2002)

In contrast. Manandhar er af. (1993) showed that chili fru imfecred by € caprict al

balh grevn and ripe fruil stages rescivd the ssme and develnped similer size symmtoms.



evelogmens of amhracmose by defferen ansewlaron metfiedy
“Ihe thiee inoculation merhods caused diffivent severity levels of anthracnose an
ehill Fruits. The'injection and winmd/drop methids shivwed similar trondy of

anthreencse development, where ihe lesion ares of all frun stages gradonlly mereased

from 3 105 DAL and dramatically incressed afier $ DAL (Fig 1) In comteast, (he drop

method failed 1o cause anthrecnose symploms at all chill fruie aaies up 16 9 DA

I etmparing the injectinn and soundidrop method. thers was no dilTerenee n
the degres ol unthrscnose incidence on the ehill fruit mesminng by averdes fasion mrey
al 9 DAL However. the inpeetion appearcd to be 1 more severe method. bocugiae it
eonld Lupse infection o all chili fuit, and the first visual symptom were detected @
early 5s 3. DAL While no visual symplons were detected at 3 DA, when inodulated by
the wornd/drop method.  The eartion sppearance of the fivst syaptom by wound/dron
detected on mature gresn vas ar & DAL

Woundmy 153 key Tacion 1o nocelerate infection process - Cutichlar wix liyers
of plants are one ol the first barrieis 1o finyal infection The inflin) infoction processes
ol Cotlerar ol species included conddin germinstion, appressoria and Hifection

e formation, which were nocessary oe subsoquent cuniedlar penetrution throngl

the host sinface (Bailey of af, 1992). Pring e of. (1995) reporied thar whet hout tlssuies:

nf range of lewrmes (f eer arnenmn, Lupsons commovfilins. Pras oo Vi

wanlierr and 1 wegiiecnlanial, weré wound inoculated with £ capricr. symptams

-appeared approximatcly 4-0 davs sirlic than unwoundad inocalsiion

The lack of infection within the nine duy post mocatation period wans the drop
methicd miry Have been dins 10 the phvsical barrier ol the cuticotat wan fayer anchili

fruit at all matuniy stages which prevented or delaved the dirent mifection by the



pathogen. T the inoculared frun wers mcubsted for Jonwor, symptoms could bive
perssibly developed howeser. datached chili frums stared bo senescence after & diys

ureder laboory conditions this i wes oy prectical o assess symptom development
hfter 9 diiys

Coumptarasen of amthenonose svalistion Purcuibier

Canrelatian analysis of four anthracoose cvaluation parinieters including. lesion
bemgth (100, besoon widih (LW), logicn mrea (1.4 ). average of LL and LW (AL) ana siven
under the dlsase progress curve (AUC) was perfoamed min:'u_utum g fraits and
thengection methad . All amthracnnse cvalitition paremeters were highly correlated and
highly stgnificant (r*=> 0.9, P« ML), bemplyitig (hat any of tese paramaters conild he
used in n breading program 16 evalante resisiance 10 anthracrose phenotype  The
simiplest and miost convenicnt ecaluation method was hewsuring lesion lenath,

In eanclusion, anly the myection and wound/drop methods caused anthmenise.
symproms on chill (hit &t all stages of frii ripenng with the injection miothou bt
slightly mare savere. than the wondidrop method  Geass ehill frufits appeared to be
micte susceplible (o sathiacnose than the more mansre fun All disease seoting
parmmrers including lesion lingth lesion widhh, besio aren averngo of leston fenah
amd leslon width, and ares imder curve. were hughly carrelated.
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