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-‘r‘ﬁ-ﬁ 5 on )}%(Anthracnose)kd 81 % 5 fs ) (Colletotrichum
spp) “ralds > 3 & B 4 Ha(Capsicumspp.) sk F o0 B E BF € E K R F

ERE R E AL R & GBI T DR F A Colletotrichum
actatum - C. actatum «ﬁﬁﬁg EhBEFTEY AR SRR
g r BEF AL ZHER 2P ERPFFPE > A laccase i
BUT RETRERFORES 4 F AR o P f R ROE R #M,%zls
Bl A oy fER Y 2 iR > A& 2 C. chinense £ PBC932 &k %
C. baccatum 7 PBC80 £ PBCS8I & & 5 1 » w A 3 #F IR f s &
Bz fupiiiid 3 wm&ayﬁ;ﬁ&ﬂﬁfﬁ%f PBC932 k2 R
RH-EEAA BIREEIURAT] ARR TG N2 BRIEAT
Bdliup £ o B R PBCSOW,,.LQM— BREBATEF
R FFHE B RP R "‘ - Tﬁ%ﬂ*#mﬁifﬁqfﬁ’ﬁ*°Ei@fﬁf§§3*¢ ’
DR R ﬁ @ & 7 # PBCY32 & PBC80 & % 2 ifh &k F1 % » 2
B4 4k #ciE 22 C.oannuum &4 o

B 437 ¢ ¥ (Capsicum spp) &2 & #)(Colletotrichum spp.) ~ 2t
JE }P‘?B!}q'] ~ F:u

w03

H¥ldp it 2 Al 0 A 23k £ & hivf(Solanaceae) iTH 2 - » H ik
(Capsicum)# 7 5 i %' it #(C. annuum ~ C. frutescens ~ C. chinense - C. baccatum £2
C.pubescens)z H i # B ¥ 4 48> H ¢ 2 C.annuum 7 5 #% 33 (Pickersgill, 2012)
2018 F 2 A WERIGFIN3ITOF 2T AERRE PR~ FdF 2 2H B
o~ EBRR S %13 B~ &2 3 % J??](FAO, 2020) c ikt 2 ¥R had %

B pH 108 &6
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A (F2ARTIR0 & 45 3 2§ 02017 & P L & RS & ¢
ERELUTEHF AP LB ELE G M 5 2,550 208 0 B 29 8
EXFTARL LW AR AR i AR BALZ éﬁ‘irw* °7fé1‘_€?*
HfEs s EARER e v B LR FARFEERET A0 F
Tfed @ F40(7 £ 02016) #Ehc AEEITLH 1+ 47 Esz*;uu 4 (P ren
Mg At TR A3 5 5 2018)

% ¥ & 2 J5 (Anthracnose) 5 2 FiLpm 3 E&@‘f?‘éfﬁ%* T 5944

ACHro B 2 N2 B S5 mE~F > A3 25 202 Esgam

¥ % i& 75%(Hadden and Black, 1989; 74 % » 2011) = 3% Js f7] Colletotrichum spp. &
?nggﬁ”iﬁi’“"ﬁi’: A F RS AT Bk ’ﬁﬁﬁ'maia—r& 7
0RO R EFETEHZ GHET o pAA ) ARG o a B SR S R

SRR B AR s B R T W E 3IRRT A L 3a—rig_i%f:a:~:_3 e

(M- ) (8 £2012); 0 R LW PERHIE A £ TF 2 - -
BEZR P w0 (v L %‘3&%%’?] (R ﬂ‘»@? s RvE o RATE RFP Y %}fﬁ#‘a

FAREEERED 2 ET 0 ¢ RELRBIUR SR LEATA B ol R
TS R o A2 SR ﬁiifﬁﬁﬁﬁ“ i~ {7 5 22 laccase # i 2 & 4 0 e
HEAUEETS 2 PR FUp A TR 4 SRR ERPN ML R
o MR BRERAPN AT A LSBT ANEY B RAEAPN AT AER ARE Y

i 4 o

%5 AR F R~ 17 5 2 laccase A2 & 4

%t OB s 7] C. actatum ~ & ¥ % F chi4z > & C. indemuthianum & % ¥
& s ghen gt > 2005) 5 C. actatum t+_ FRTEEALFT R At
FER O R AT ST 0 £ A7) % 5 F B (appressorium) i 0 F ¥ 2

4 fB R 14 B~ 47(penetration peg) 7 35 % 1 & TR B A F 1 2 i3t > C. actatum

g hthd A AL FI I Ak B2 1 2 (highly branched penetration

structure, HBPS) & » & # A Mm% (1R > 2012)» p* & 7 4L 5 p 2 3] 8% » H18 (internal

infection structure, IIS)(B] = ) » L >0 5 #F 2 0 3v > Coactatum fril 5 A 4 24
P B KR A AT R s A A2 BT E0F 0 2010)
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Fig. 1. Anthracnose symptoms on pepper fruits. Up: sweet pepper. Down: hot pepper.

Bl = ~ Colletotrichum actatum pFtR>* 348 48 /| FFfs > - fas & & F A = p 2
3] & » 43¢ (IS » & F HBPS) ° cu= 4 A& (cuticle layer) ; ec=% 4 'w
(epidermal cell) ; Z B* 52 =10 um ; + B &) 2 =5 pm (8 > 2010) »

Fig. 2. At 48 hours after inoculation, Colletotrichum actatum forms internal infection
structure (IIS, or called highly branched penetration structure, HBPS) in cuticle
layer of pepper green mature fruit. cu=cuticle layer; ec=epidermal cell; left scale=
10 pum; right scale= 5 um.
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X (2012) 5 #5353 fB ﬁfﬁ{;—j&m?%}tpg H A F HBPS 04 =0 103 4875 # 5B
fw K sk & F & (PCL ~ PC2 ~ PC3 & PC4) > 3 3 C.actatum ¥ % PC1 & PC2 ¥
254 %1t b5 HBPS » fe &2 & PC3 &2 PC4 ¢ 2} ;4 £ Rps /& g £ p% > HBPS 7
2L ’m]lé?} Mo @R R IR T A B HBPS 6075 5 gt ¢b > HBPS 6075 = 78 % 31| fm 2
BT A R R YT I o

B %(2010)F7 7 C.actatum  ~ ¥ ~ K54 4 Fk(Coll-524~Coll-153 2 Coll-
365)# f %k F B P FRERpF 4 Fk Coll-365 e/ ¥ BRI i &
B4 fEps(cutinase) A MR B o K- W Z AFRIF T RIFROMAG T EBT S
BR&fEe %% %% &eﬁgﬁ FIRenB R > 002 B R e P oo BE2
FEEBhi A PR REFLE R Z AFR AR BTG A R
%ﬁ@i%ﬁﬁﬂam@ﬁ% ERF B MREA Y RS R - AT
Bk B AT RO FenA fRa 4 frt %;ﬁa:@% 4 FAtk® o i laccase /&1
RIFFEY > BRopAE SRR ARIE G 5 Y MRES 4 G 3~6 B F]
2+ laccase AR ¥ it 5 C.actatum g # § ¥aiB 27 chigp 4 4 ApH FlF o ROB
FletitF Bwmie RO J A2 2B -keh2 d 2R KR FWRE AL BRI > TG
e fmie BE~ e o @ laccase 5810 24 -,%(melamn)_&ﬁ;{ & =2 (% & 2013) 0
BUF B S (2010) 48 Rl AR R s o

B AR R ER S 2
B AR R R A& % p Colletotrichum 4 » % 584 hin f”mﬁf\?}%'[;—],a C.
actatum (Ca) » C. gloeosporiodes (Cg)& = » C. truncatum(Ct) (syn. C. capsici (Cc))|
#.2 (AVRDC, 2004) > 5 R fA#f 7 A ¢ B & fvid 4 F Je(polymerase chain reaction,
PCR)it {7 # % (% - ) (AVRDC, 2002; Widodo and Hidayat, 2018) ;5 & fF]ehd%efd >
EE A AN € B i[ﬁfﬁ:m% R o7 enk % (Kimet al., 1999; Mahasuk et al.,
2013,2016; Suworetal., 2016) » — & §HER e ™ ke Pk F & 17 ROB R FlEfE D
* 3% = 48 - ¥ 5572 (spraying inoculation) (AVRDC, 1999) : o I g5-+' K #5 %
L (World Vegetable Center » # £ 5 Asian Vegetable Research and Development
Center, AVRDC)#7 R % > 11 )k & 3x 10°conidial/ml &3z 5 %353 v F % F 4 6 >
FEN2CHRHRBE T 23144 AR S ‘¥ #):# (dot-marking inoculation)
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(Kim et al., 1999) : #-20 pl (1 x 10° conidial/ml)3z + B 5 i % F ¢ & > ¥ 3 4p
HIRR 100%~28Cn2 ™ > 258 % O XD AHmE LR i = £
% (pin-pricking inoculation)(Hanson et al., 2001) : g+ = ;% &g 2 fic/E &4/% (microinjection
inoculation) » ™2 0.75 mm w4t A % F ¢ &4 3L > 773~ 1 ul(5x10° conidial/ml)iz
FRFR O IR 2551°C ~ AREIE R 100%IRBE T 24 ) PR 0 AREIEAD S
95~98% » X WA S AN RF - BfiHmL L] o T FERFFEA
FHETREEIET LR M B SRR 0 SR k& B2 48 L(Kim et
al., 1999) -

# — ~ 1 PCR# e iR|Colletotrichum spp.ps & 72 & — 1251+ (AVRDC, 2002; Widodo
and Hidayat, 2018)

Table 1. The specific primers for identification of Colletotrichum spp. (AVRDC, 2002;
Widodo and Hidayat, 2018)

Primer name Sequence Product size Target pathogen
ITS4 (F) 5-TCCTCCGCTTATTGATATGC-3' Ta=46"C
Calnt2 (R) 5'-GGCGCCGGCCCCGTCACGGGGG-3'" 490 bp C. acutatum
CcInt2(R) 5'-TCTCCCCGTCCGCGGGTGG-3' 450 bp C. capsici
Cglnt (R) 5'-GGCCTCCCGCCTCCGGGCGG-3' 460 bp C. gloeosporioides

¥ E AR b
FLEFARH Y FPEMAL T FLRFENT P OEHEFIRBBE LA
I%rn«,f BodphiPps k bEE(FREY ARSI ZEF)ELEFRIEI 2%
FIRH TG AR SEER®E # 4] (Kim et al., 2002; Lin et al., 2007; Mahasuk et al.,
2009a, 2013, 2016) » bl4edk B ehdgs &8 C.oannuum cv ‘Nokkwang’ 2. bz % 1t % %
# C. gloeosporiodes (Oh et al., 1998) ; PBC81 &, & C. baccatum #5 # #& # m;}?u}]%,
4 B % (Yoon, 2003) o Ty #5-& B 75 % ¢ =~ (1999):n 2 C. chinense #1 AVRDC z_
PBC932 2 C.baccatum <0 PBCSI & & & &8 % 8 % & & OB ek > 7 i
HAEERE T LRAFRFIZ) 23 BEE VAR STERBBRFY
Mahasuk et al.(2009b)12 % 5 f 4" 2 ;'(Pathotype)\ > B A B ERE TR
% » 4p 11 PBC8O ¥f C.actatum %= C. capsici iR 5 in)% mm#m:)]% e P ok
RS R 1S 6 A2 L4 ATk (hypersensitive reaction, HR) > @ PBC932 %- %
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‘ﬁ TRk S Cocapsici AR 158ci’ 2 ¢h o m S & 2 % Y € 4L C.actatum £
C. capsici = i BT R Ao FE X (2010)12 C. actatum i &#&fﬁ#ﬁ-,ﬁ;‘%,ﬁs PBCS81 z_ %
R BETIRRFIEAT AP LA &~ (IS, £ 4L HBPS) it i
- H R A AT LR 13X R E 2R PR FE LR
RR AT/ DERE AR R IHE R fAPM > 1 & U (Chloroform)i® ¥ 3 §) a2
2% % P BRAEOT RA T 0§ P SR E T A EUR 3 1T
FTAL @ € o s B (Manandhar etal., 1995; Kimetal., 1999; 4 > 2005) > ¥l #ops &
AR TR T R R ROR T FOR R

-,

Bz fsF & fas 2 S aopmsiRod 23+ &AL Fupfah PBCI32
PBC80 ~ ¥ &% 0038-9155(p PBC932 # » Fupi & F) 2 B % 9955-
15(4% > 2005) °

Fig. 3. Anthracnose symptoms on pepper fruits at 5 days after pin-pricking inoculation.
From left to right: PBC932(resistant line), PBC80(resistant line), 0038-
9155(resistant line derived from PBC932), and 9955-15 (susceptible line).

Hfip A e T
¥R R A FI2 A7 g F e * PBCY32 ~ PBC8O 2 PBCSI & % ¥ & s
R AR T UM S AR RFZ BN OPMTL R A - oY
%‘R:}%&«,j‘a PBC932 £ H jd 2 Boff 5 Hatend @A77 - 24508 A ot 2R § ik
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%% % 8 3 - B'E 4 A 7] col(Pakdeevaraporn et al., 2005; Kim et al., 2007, 2008a;
Mahasuk et al., 2009a, 2016) 2 & i 3 48 &1+ 7k F](Lin et al., 2007; %% > 2016) > @
f1* QTL =_i=Fw C. truncatum (syn C. capsici)zk F](C01/RA932g) i >+ i} & Bl %
2 1 4% #(LG2) + (Mahasuk et al., 2016) » ¥ — i 4= C. actatum 2 >k Flak 2
% LG5(Sunetal., 2015; %1% > 2016) > 5 4 Bicrc A FA B =& LG3~7 10
% 12(Sunetal., 2015) k= % # % C. truncatum snops 27 s d - i = % LG2 e07F
142 F] c02(RA932r) (Mahasuk et al., 2009a, 2016)*73# 47 > ¥ 7 = B'EEAFE F
#= C. actatum (Lin et al., 2007) > & 345 QTL == % % ¥ it = & LG5 * (Sun et al.,
2015) = ¥ k> {395 Mahasuk etal. (2009, 2016) 4 15 > & % & = % 2 g 2 Bl %
F R AN BE (T 4 5=0.25) -

$HHU & & PBCRO 4 B] R 215 % 35 & 8 — "EiEdupm A Fl(cod) =% 5
H - B A F)(Co5) 23 LG4 » 11 & 2 B 3 LG9 % 12 ehjicrc 2 F](Mahasuk et
al., 2013, 2016) ; tt#a-ﬁfqgr,j‘a PBC8I *® #3 1 = & LG12 == C. actatum 2 »x
QTL & ¥ ¢+ 3 i jig»x QTLs » 12 2 $# C. capsici 71 i 1 »x QTL =~ & LG9 4 2
Merc QTLs » & 4 »xpjierx QTLs fF & 5 i 48 B Tk (Leeetal., 2010, 2011) -

FHBARBRL TS AT AL R

d PR B R A 1R % % p C.chinense 2 C.baccatum> ]t 7 & 5§46
A S22 -pos A T8 BRI i <0 C.oannuum > fe fB R 32 % e 132 % fA(F))
FPRIAEZFY S R2ALNTRRALMA RZAL FF IR ¥ LHER
Al A N ReY sk PESE R e N R AKRY S
(Yoon et al., 20006) -

A (2005) 1% ik 2 4 3 R RS N 0 8§ AR UR R o E R
Foo #-PBCO32 & 4 5774 2 Fufs & 4 0038-9155 #2155 2 Rifhz B & kS22
e Fet % tﬁ;ﬁﬁﬁ&%i@;ﬁ ¥ BiE 98.8% > @ fw‘_&:%#’u}]}‘ﬁ ZplviE 58.8% ;5 TiE
TR IRIUR & P e B RE PR ET PR S 2 47.2~783%2 B
A AR S % A SR E £ SR KO BOF 73 6.3% 0 BCF L 7§ 11%

Suwor et al.(2015)4] * » + #%3& HpmsE032 ~ HpmsE143(Lee et al., 2011) %
SCAR-InDel(Z » 2011)it {7 4 £+ 3§ f8 » 4 W[4 » PBCSO 2 PBC932 % 5 & 2 Fujs
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B F 5% 0 PBCSO & 4 472 2 Fups &k &% % 9 7 42 C. capsici Fjth Cap26”
¥ b g 3R PBC932 &k I % 42 C.actatum F#k‘MUJS’ 2 C. capsici gk ‘Cap26”>
e H ey P il PBCI32 & & 7 1242 C. actatum g °Coll-153’(Lin et al., 2007;
3,2011; %1%, 2016; Suwor et al., 2016) - Suwor et al. (2017)2 PBC80 3 PBC932
6§<wmi\ﬁ@mm¢ Ewkﬁgﬁ&}%i,gﬁﬁmi%im$aﬁ
EFE f 1 C.actatum Fx‘Coll-153":& (7 348+t » ¥ o P i@ * & + {535 HpmsE032
2 SCAR-InDel p¥ » 7 3% <! $apps i #0005 2 7% F1% 4 (Q016)% * 25455 % B
ﬁ{-‘fi%#ﬁ‘ﬁ.g& %] AnRgob EE4E 2 cM 1 Kompetitive allele specific PCR (KASP)#&:3%
(UN27353-1781) » i B PBC932 &5 4 ¥ » 2 Fim A %] > % BCyt 60 124 3 ¥
PRAE R AT E 92.9% o P AT Y F R A S HRAT f oo 4§ AR
T A e

5

#

HIFLR B A FITRT T AP § A AR 0 FIOTER Y kAR~ ABR SfEP Fe R
2SR SRR AR BB AR BLTR N R EREI R A HNE
Pl-Rihgwm s Lp SR EIFAY T ﬁméﬁﬁ%ﬂﬁa%ﬁmﬁ%ﬁéji
p 7 ke ek F(Lin et al., 2007; Mahasuk et al., 2009a, 2013, 2016) = ¢ 7 # 7 = # {
* j%_C. chinense 2 C.baccatum #& i # » :}ru'ﬁf-‘;ﬁ_s ) 3 Bk S mC. annuum #*
g L AERFURAAT T AR T imﬂﬁ@@m,;wﬂ,ﬁ%@kaﬁﬁ
g TR L ET'}% EETRA %Q#J}Eﬁ:,ﬁﬁéﬂ e d A SE G N
BNGTBA AR BB B R RAE A S AL T
ﬁhzuﬁﬁﬂknnh@égpnmégwé?ﬂwm%f+F BF“nh@%ﬁJ&r
FE 4P o 1345 Mahasuk etal. (2013,2016) .55 % B om firid &2 22 3 R vf i3 b e
i R B e A FIE F R 4N T > Suworetal. (2016)77 § AR i iR o F AR
BAFGET A FL I ErERE - DFRA KRG L EDLFHRET R R
TR U hEARER SRS DTS EABTAEE L
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Summary: Anthracnose (Colletotrichum spp.) could cause severe damage
of'yield and market value of pepper fruits. The dominant pathogen in Taiwan
is Colletotrichum actatum identified by PCR technology. The pathogen
forms a highly branched penetration structure in the cuticle layer of pepper
to invade the epidermal cells, and its formation is affected by the length of
time under light treatment. The activities of Laccase might be the virulence
factor of C. actatum. At present, the anthracnose-resistant lines Capsicum
chinense ‘PBC932’, C. baccatum ‘PBC80’and ‘PBC81’ are commonly used
for studying anthracnose resistance and breeding materials. Resistances to
anthracnose in pepper green and red ripe fruits are controlled by different
genes respectively. The progress of genetic study on anthracnose- resistant
genes has revealed that PBC932 line possesses a single recessive or 2
complementary dominant genes in green fruit stage, and another 1 or 2
recessive genes in red fruit stage. Resistance in PBC80 line was reported to
be controlled by a recessive gene in green fruits, but a dominant gene in red
fruits. In addition, there are cases that successfully introduced the resistance
genes from line PBC932 or PBCS80 into var. C. annuum through interspecific
hybridization with traditional breeding or maker-assistant selection.

Key words: Pepper (Capsicum spp.), Anthracnose (Colletotrichum spp.),
resistant gene, molecular marker
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