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Anthracnose - orlg

e Causing agent: Colletotrichum spp.

e Wide host range ~3,200 species of monocot and
dlcot plants

—natilin. --lm
/i

www.gogde.comtw/imgres?imgurl=http://www.hort.cornell.edu/livegpath,
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Strategies to control chili anthracnose

Chemical control
- Fungicide application

Cultural practices

- Lower planting density
- Reduce nitrogen input (farmer recommendation)

Breeding resistant cultivars

e Understanding the pathogen
e Host plant

e Interaction

e Selection (phenotyping)
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Identification of Colletotrichum spp.

Morphological Molecular
* Conidia shape e ITS sequence
* Colony color e Multi-loci analyses:
* Colony growth - Actin (ACT)
* Appressoria - Calmodulin (CAL)

- Chitin synthase I (CHS-1)
- DNA lyase (APN2) |

- manganese superoxide
dismutase (SOD2)



Colletotrichum aeschynomenes Colletotrichum aenigma.

8

Weir et al., 2012



AVRDC
The World Vegetable Center

ITS - Nuclear ribosomal internal transcribed spacer

(a)
e Widely used for

fungus diversity
research.

 Can be amplified
with single PCR.

e All primers
sequence are
available.

(b)

ITS1-F
— r
ITS5 '

1

3rd subset: 2459 seq

|
ITS4! ITS4-B  LR3

|
: : ITS2!
' ' ' '
; | 2nd subset: 5924 seq : :
| '
' 1st subset 1291 seq :

Primer  Author Primer sequence Position

Forward primers

NS7 [19] GAGGCAATAACAGGTCTGTGATGC 1403-1426

ITS1-F  [18] CTTGGTCATTTAGAGGAAGTAA 1723-1744

ITSS (19] GGAAGTAAAAGTCGTAACAAGG 1737-1758

ITS1 [19] TCCGTAGGTGAACCTGCGG 1761-1779

ITS3 [19] GCATCGATGAAGAACGCAGC 2024-2045

Reverse primers

ITS2 (19] GCTGCGTTCTTCATCGATGC 2024-2043

ITS4 [19] TCCTCCGCTTATTGATATGC 2390-2409

ITS4-B  [18] CAGGAGACTTGTACACGGTCCAG 2526-2548

LR3 [13] CCGTGTTTCAAGACGGG 3029-3045

Bellemain et al

. BMC Microbiology 2010, 10:189
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Colletotrichum species associated with
pepper anthracnose in Taiwan

Table 3. Comparisons of putative Colletotrichum species associated with pepper anthracnose.

Charactenstics C. acutatum C. boninense C. truncatum C. gloeosporioides
Mycelium color White to gray White White to gray White to dark gray
Perverse colony color  Orange-pink or dark olive  Cream, yellow, or orange  Dark brown Black, gray, white or pink
Presence ofacervull NIl Somefimes present Often present Sometimes present
Conidia shape Fusiform of cylindrical, Cylindrical with obtuse Falcate with acute apex  Cylindncal with obtuse end
most with acute end end, often with a hilum-like
conidial base
Conidia size(um) 15.1(12.8-16.9) x 14.9(14 2-16.0) x 239(21.8-28 4) x 15.6(14 9-16.8) x
48(4.0-5.7) 6.9(6.0-7.1) 48(44-54) 474349
L/B ratio 31 23 i) 33
Appressorium round to ovate ovate, sometimes with Nt. ovate to irregular in shape
shallow lobe with lobes
Growth rate at 53 (40-60) 9.0(8.0-11.0) 73 (58-86) 13.3(104-15.0)
28°C (mm/day)
Protease activity Most with strong None None None, with one exception
ITS1 length 181 bp 190 bp 177 bp 171bp
Specific primers CalNT2/ITS4 Cg2flITS4 CcINT2/ITS4 CgINT/ITS4
Remark Designated as

10 Cgtype 2 before AVRDC annual report, 2004
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Colletotrichum spp. associated with pepper
anthracnose in Taiwan

Colletotrichum isolates collected
during 1992-2009 from Taiwan

Species No.
C. acutatum (Ca) 468
C. boninese (Cb) 34

C. capsici (Cc)=C. truncatum 90
C. gloeosporioides (Cg) 115
Colletotrichum sp. 6

Total 713
Zona-Ming Hsu, Mvcology
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C. gIoeosporlmdes spec1es complex

e Diversified: 22 species plus one subspecies.

e Firstidentified on Citrus, with other species
morphologically similar fungi from other hosts.

g One of the causal agents of chili anthracnose in Taiwan

C. acutatum C. gloeosporioides
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Breeding for resistance - General

PEDIGREE METHQD
e Resistant source: genetic Ptox P2
material

e Cross/Hybridization

e Selection
- Resistant progeny
— Other favorable traits

Wulti-location testing, licensing, seed increase
F&8 —F12  and cultvar release

13 http://www.knowledgebank.irri.org/
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Methods for screening for chili anthracnose resistance

e Field Screening PEDIGREE METHOD

P1 = P2

;

F1

Phenatypic
SCreEening

Plan:= space-
planted in rows for
individua! plant
selection

Families grown in
progeny rews for
selection.

Freliminary yeld
ria's. Selsct single
plants.

Further yield
trials

Wulti-locaton testing, licens'ng, seed increass
F&8 —F12  and cultvar releass




,;-’I;’ii;\
?* "‘ AVRDC
% 7 The World Vegetable Center

\" e \’/

Artificial 1noculat10n methods developed by AVRDC

Microinjectinn Snray
PEDIGREE METHOD

Phenotypic
screening

F2

planted in rows for
individuz! plant
selection

Families grown in
progeny rows for
selection.

Freliminary yeld
rials. Select singls R
plants.

Further yield
trials

hulti-location testing, licensing, seed increase
F& —F12  and cultwar releass
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e 5 cultivated species
. ' - 2. C. chinense
- Capsicum annuum == <

— Capsicum chinese
- Capsicum frutescens

— Capsicum baccatum
var. pendulum

3. C. baccatum

— Capsicum pubescens

_ | .

16 Simmonds and Smartt 1999. Principles of Crop Improvem
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Chlll anthracnose re51stance
breeding at AVRDC

e Primary resistant source:
PBC932 (C. chinense)

e Resistance against C. acutatum
has been successfully
introgressed into C. annuum
breeding program. e 2 =) ’t!‘.l’

.
diad

40777

7, 144
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Anthracnosé serv_é'd on breeding lines derived
from PBC932 at AVRDC in 2005

Field symptom C. acutatum was identified

Mabcdetf g hi13 k1l m

Zong-Ming Hsu
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Justification

e Breeding for anthracnose resistance is a long-term
goal which requires further understanding of
several aspects.

e There are less isolates and limited information of
Colletotrichum species in Northern Taiwan.

e Although the most predominant Colletotrichum species
in Taiwan is C. acutatum, chili anthracnose may also be
caused by several Colletotrichum species, screening for
multi-resistance is necessary.

19
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Objectives

[. Identify the Colletotrichum isolates from Northern
Taiwan using morphological and molecular
characterization.

[I. Identify resistant sources against C. gloeosporioides
on 20 chili pepper genotypes.

20
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I. Identlﬁcatlon of CoIIetotrlchum lsolates associated
with chili anthracnose from Northern Taiwan

e To identify the causal agents of anthracnose in
Northern Taiwan
e Field collection: April to July 2015

e Chili or sweet pepper fields

Pingjhen
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infected fruits

L)

Isolates collected from anthracnose

AVRDC

/ The World Vegetable Center

Isolate no. Genus Date collected Host plant Sampled from County Location
Coll-1316 Colletotrichum 2015.04. 22 Sweet pepper Mature Fruit Hsinchu Cyonglin
Coll-1317 Colletotrichum 2015. 04. 22 Sweet pepper Mature Fruit Hsinchu Cyonglin
Coll-1318 Colletotrichum 2015. 04. 22 Sweet pepper Mature Fruit Hsinchu Cyonglin
Coll-1320 Colletotrichum 2015.06. 17 Chili pepper Mature Fruit Taoyuan Pingjhen
Coll-1321 Colletotrichum 2015. 06. 17 Chili pepper Green Fruit Taoyuan Pingjhen
Coll-1322 Colletotrichum 2015. 05. 22 Chili pepper Fruit Taipei Tucheng
Coll-1324 Colletotrichum 2015 .07 .08 Sweet pepper Green Fruit Hsinchu Wufong
Coll-1325 Colletotrichum 2015 .07 .09 Chili pepper Mature Fruit Hsinchu Hukou

Coll-1326 Colletotrichum 2015 .07.21 Chili pepper Mature Fruit Taipei Shulin

Coll-1327 Colletotrichum 2015.07.21 Chili pepper Mature Fruit Taipei Shulin

24
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Morphological and molecular characterization

e 10 uncharacterized isolates from Northern
Taiwan

e 5 reference isolates previously characterized by
AVRDC
* Coll-153 (C. acutatum)
Coll-302 (C. bonienense)
Coll-524 (C. acutatum)

Coll-491 (C. gloeosporioides)
Coll-930 (C. truncatum)

25
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Morphological Characterization

e Observations
— Growth rate
- Protease activity
— Conidia shape
— Colony morphology

26
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Morphological characterization

GrOWth rate (mm/daY) A 4.5 mm2 Colony was

transferred to a PDA plate.

28°C 12H light/Dark
photoperiod.

3 replications
The colony size was

measured 6 days after
subculture.

27
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Morphologlcal characterization

Protease activity

Clear Zone

28

Culture on CHM medium
for 3 days with 28°C 12H

light/Dark photoperiod.

The ability of digesting
Casein

Determined by the
diameter of clear zone
divided by diameter of
colony.

C. acutatum has the
strongest protease
activity
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Coll- 302 (Cb)
Coll- 491 (Cqg)
Coll- 930 (Cc)
Coll-1316
Coll-1317
Coll-1318
Coll-1320
Coll-1321
Coll-1322
Coll-1324
Coll-1325
Coll-153 (Ca)
Coll-524 (Ca)

1.0 A
D-E ) - -

C. acutatum C. gloeosporioides
0.6 -

0.4 1

Clear Zone/Colony

0.2 1

L X ZOR I 203 Wetul ¥

0.0 1 ®

Growth rate (mm day')
29
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Conldla shape of 1solates

Coll-153 (C.acutatum) Coll-524 (C.acutatum) Coll-302 (C.boninense) Coll-930 (C. truncatum

Coll-491 . . Coll-1316 Coll-1320 Coll-1321
(C.gloeosporioidies)

oll-1322 Coll-1317 Coll-1318 Coll-1324

;oll-1025 Coll-1326 Coll-1327
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Colony morphology of lsolates
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Molecular characterization - ITS sequence

e The region between ITS4 to ITS5 was
sequenced.

e The phylogenic tree was constructed by
MEGA software using neighbor-joining
method with 1000 bootstrap test.

e 10 reference sequences for Colletotrichum
spp. (NCBI GeneBank) were included as
references for species identification.

32
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Molecular characterlzatlon phylogenic analy3|s

100

63

— AF411700 (C. acutatum)

A Coll-524

@ Coll-1320
@ Coll-1321
@ Coll-1322

GU183331 (C. simmondsii)

A Coll153 C. acutatum
@ Coll-1325

@ Coll-1326

® Coll-1327

® Coll-1316

?{ EF464594 (C. fioriniae)

| GU227862 (C. truncatum)

GU227877 (C. capsici)

%9 |A Coll-930

C. truncatum

0.01
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Results of morphological and molecular identification

Isolate no. Genus

Coll-1316 Colletotrichum
Coll-1317 Colletotrichum
Coll-1318 Colletotrichum
Coll-1320 Colletotrichum
Coll-1321 Colletotrichum
Coll-1322 Colletotrichum
Coll-1324 Colletotrichum
Coll-1325 Colletotrichum
Coll-1326 Colletotrichum
Coll-1327 Colletotrichum

34

Species morphology ITS sequence

acutatum

gloeosporioides
gloeosporioides

acutatum
acutatum

acutatum

gloeosporioides
acutatum
acutatum
acutatum

acutatum (fioriniae)

gleosporioidies
gleosporioidies

acutatum (simmondsii)
acutatum (simmondsii)

acutatum (simmondsii)

boninense

acutatum (simmondsii)
acutatum (simmondsii)
acutatum (simmondsii)
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Summary of CoIIetotrlchum identification

« 1 C.boninense, 2 C. gloeosporioides, 7 C.
acutatum were identified.

e 7/10 I1solates were identified as C. acutatum
which accords with previous survey result by
AVRDC.

 Coll-1324 is a C. boninense complex with
protease activity.

35
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[1. Evaluation of 20 chili genotybés against
C. gloeosporioides

C. gloeosporioides (isolate: Coll-1318)
Plant material: 12 C. annuum, 5 C. baccatum, 3
C. chinense accessions at the green and red fruit stage.

Microinjection inoculation: 5 x10° conidia/ml
(10x higher).

Incubation at 100% RH for 24 hr, then kept at 98% RH
at 28°C in the dark.

Fruit lesion diameter was measured at 10 DAI.

36
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Microinjection inoculation
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Summary of microinjection using C. gloeosporioides

C. annuum C. baccatum C. chinese
25.00
I i I_A_\
| \ ]
20.00
15.00

Lesion diameter (mm)

H
g

S:lO.OO H
R o0 ii'l““ﬂiai“i;l'

14 10 3 15 18 4 16 7 5 8 11 13 20 6 12 1 19 17
39 B Green fruit 0.00 0.13 1.20 0.77 0.00 0.57 2.23 0.00 0.00 0.97 0.17 030 19 0.00 2.22 0.00 0.17 .
B Red fruit 0.55 213 230 270 7.00 7.23 7.40 8.21 11.38 11.41 0.17 0.53 0.74 0.93 2.53 1.37 4.00 8.83



AVPP9609

(PBC932)

AVPP0O519
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Re51stant genotypes at red frult stage

A"

\
Y

-~

V1046805

AVPP0O514 AVPP0105 AVPP9905

V1046804
(PBC80)

(PBC81)
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Discussion

e All genotypes showed resistance to C. gloeosporioides
at the green fruit stage.

e All accessions of C. baccatum were resistant to
C. gloeosporioides at the green and red fruit stage.

e Susan’s Joy (C. annuum) is normally susceptible to
C. acutatum and C. truncatum but was highly resistant
to C. gloeosporioides at the green and red fruit stage.

41



. - = @ AVRDC
“ iy o . % de :' The World Vegetable Center
Recommendation

e The continuing collection of isolates helps us to
understand the population dynamics of
Colletotrichum spp.

e Susan’s Joy may be a good research material to study
the possible defense mechanisms regarding on
different Colletotrichum species.

e [dentifying resistant chili genotypes against
C. gloeosporioides will contribute to chili pepper
varieties with broad resistance against different
species of Colletotrichum.

42
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High lesion size variations within the same Capsicum
genotypes on C. gloeosporioides inoculation

M % i J -

.t . e < :
._: é ,3_ —a "::... .$ *; e, - -
b \ o oo SR \
’ = ¢ » .
' " ol ' . : oy
1 'Y T ]~y w ) - X
} \ : { | ! |

45



AVRDC
The World Vegetable Center

Blotrophlc verses Necrotrophlc

stage in two Collectotrichum snecies

b Cc
Cuticle 1 SP (_‘Apl Ch CAP‘_\ Sf’ > r Cuticle Cg

- Epidermis ) Epidermis
|.-’ PH ./'\‘»_ &\ PH ) Live cells / [\ membrane Live cells
o Hosiplasma_J PH| B ‘\‘:‘\\» 4

membrane \ BES )
Mesophyil Mesophyll

~ Cuticle

; SP
Cuticle | ___/-\_AP

= T Dead cells
—_—

\ 3
4:"'“\‘¥:<.:7"‘~' PH ‘#J e E«’
. ﬁ,ﬂ

46 O’Connell et al., 2012
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Colletotrichum species associated with pepper
anthracnose in Taiwan

Table 3. Comparisons of putative Colletotrichum species associated with pepper anthracnose.

Charactenstics C. acutatum C. boninense C. capsici C. gloeosporioides
Mycelium color White to gray White White to gray White to dark gray
Perverse colony color ~ Orange-pink or dark olive  Cream, yellow, ororange  Dark brown Black, gray, white or pink
Presence ofacervuli NIl Sometimes present Often present Sometimes present
Conidia shape Fusiform of cylindncal, Cylindrical with obtuse Falcate withacute apex ~ Cylindncal with obtuse end
most with acute end end, often with a hilum-like
conidial base
Conidia size(um) 151(12 8-16.9) = 14 9(14 2-16.0) x 239(218-284) = 15.6(14.9-16.8) x
4 8(40-5.7) 6.5(6.0-7.1) 48(44-54) 417(43-49)
L/B ratio 3.1 23 i) 3.3
Appressorium round to ovate ovate, sometimes with Nt ovate to irregular in shape
shallow lobe with lobes
Growth rate at 93 (40-60) 9.0(8.0-11.0) 713(58-86) 13.3(10.4-15.0)
28°C (mm/day)
Protease activity Most with strong None None None, with one exception
ITS1length 181 bp 190 bp 177 bp 171 bp
Specific primers CalNT2/ITS4 Cg2f1TS4 CcINT2/1TS4 CgINT/NTS4
Remark Designated as AVRDC annual report, 2004

47 Cgtype 2 before
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Colletotrichum isolates -summary of

o) |Eet:s I Colletotrichum

o) |5 Colletotrichum
Colletotrichum

o) B Colletotrichum

o) |EeLIS Colletotrichum

o) | S E Colletotrichum

o) |k SE B Colletotrichum
o) |y S Colletotrichum
o) | b0 Colletotrichum

o) |ed 5 Colletotrichum

o, |ieily/ Colletotrichum

Colletotrichum

:

gloeosporioides
gloeosporioides
gloeosporioides
gloeosporioides
gloeosporioides
gloeosporioides
gloeosporioides
gloeosporioides
gloeosporioides

acutatum

2002.
2003.
2004.
2008.
20089.
2010.
2011.
2011.
2011.

2015.

gloeosporioides 2015.

gloeosporioides 2015.

ol o

08.13
07.21
09. 20
07.23
07.29
09.03
06.13
06.22
07.05
04. 22
04. 22

04. 22

Sweet pepper
Sweet pepper
Chili pepper
Chili pepper
Sweet pepper
Sweet pepper
Chili pepper
Chili pepper
Sweet pepper
Sweet pepper
Sweet pepper

Sweet pepper

fruit(R)-1
fruit(R)-2
branch
fruit (R)-2
fruit (R)-4
fruit (yellow)
fruit (R)-2
fruit (R)-1
fruit (G)
fruit (R)
fruit (R)

fruit (R)

)

Nantou
Nantou
Tainan
Pingtung
Nantou
Nantou
Kaohsiung
Changhua
Hualien
Hsinchu
Hsinchu

Hsinchu

Jhushan/ZEL B
Sinyi/Chiu mei
Shanhua/AVRDC
Hengchun
Puli/Da ping ting
Sinyi

Meinong
Fangyuan
Shoufong
Cyonglin
Cyonglin

Cyonglin
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Screening for high virulent C. gloeosporioides isol.

Lesion Size (mm)

49

14

12

—h
—

o0

CK (C. acutatum)

| e
-
-
i P & Coll-1131
ey OO SR ED::_:H?;
.-"'-- ——+—— |:| L
| ~ —. v —-- Coll-1180
o =& —  coll1316
] -~ — I —  CollF13T7
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" T T T — iy —-. Coll-829
_ % e = — - —  Coll-996
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Summary of microinjection using C. gloeosporioides and C.
acutatum
AVPP/VI Code Other Name Species Avg. lesion diameter (mm)
Cg-1318G Cg-1318R Ca-153G Ca-153R
1 AVPP9609 PBC 932-6-2, TC07619 C. chinense 4.67 6.70
3. AVPPO514 0537-7559 C. annuum 9.30 1.97
4. AVPP0520 PBC1713, TC06842 C. annuum
5. AVPP9813 9852-173 C. annuum
6.  AVPP9608 PBC 880
7. AVPP0518 0537-7507 C. annuum
9. VI059328 PBC142, C05573 C. annuum
. AVPP9905 9955-15; Susan’ s Jo C. annuum

. V1044352 Tc6498

12. V1046804 PBC 80,TC06643

13. VI046805 PBC 81,TC06644

14. AVPP0519 0538-8525 C. annuum

15. AVPPO105 PP9950-5197,PP0107-7058  |C. annuum

16. AVPP0508 PP0537-7516 C. annuum

17. V160881 Bhut Jolokia C. chinense 8.83 - -
18. AVPP0022 PP0030-772-09-1 C. annuum 7.00 1.63 8.73
19. AVPP1240 PP1235-5715BK C. chinense 11.87 11.89
20.  VI063172 PBC1752, P1594137 01 SD 2.00 6.63

50
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Plant material- 20 chili genotypes

AVPP/VI Code Other Name Species Origin
1.AVPP9609 PBC 932-6-2, TC07619 C. chinense USA
2.AVPP9610 PBC 550a, C05669 C. annuum Indonesia
3.AVPP0514 0537-7559 C. annuum AVRDC
4.AVPP0520 PBC1713, TCO6842 C. annuum Korea
5.AVPP9813 9852-173 C. annuum AVRDC
6.AVPP9608 PBC 880 C. baccatum Australia
7.AVPP0518 0537-7507 C. annuum AVRDC
8.AVPP0207 0038-9155-5-1 C. annuum AVRDC
9.V1059328 PBC142, C05573 C. annuum India

10.AVPP9905 9955-15; Susan’s Joy C. annuum AVRDC
11.v1044352 Tc6498 C. baccatum unknown
12.Vi046804 PBC 80,TC06643 C. baccatum Peru
13.V1046805 PBC 81,TC06644 C. baccatum Peru

14.AVPP0519 0538-8525 C. annuum AVRDC
15.AVPP0105 PP9950-5197,PP0107-7058 C. annuum AVRDC
16.AVPP0508 PP0537-7516 C. annuum AVRDC
17.Vi60881 Bhut Jolokia C. chinense USA
18.AVPP0022 PP0030-772-09-1 C. annuum AVRDC
19.AVPP1240 PP1235-5715BK C. chinense AVRDC
20.VI063172 PBC1752, PI594137 01 SD C. baccatum USA




resistance
Inconsistency in genetic inheritance:

e Depends on inoculation method used
 Pathogen species and pathotype used

e Different resistance depending on green or red fruit
stage

Other issues:

e Lengthy maturity time of chili peppers

e Lack of resistance in cultivated C. annuum species
 Hybridization problems between C. annuum and C.



