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Chili anthracnose is caused Gylletotrichumspeciesnostlyassociated with thacutatum
truncatum and gloeosporioidesmplexesSince2009 theColletotrichumtaxonomy has been
extensively revisd based on multigene phylogenetighjch hashada large impact on the
numberof species known to cause anthracnose disease ofl¢hdireview discussds) the
taxonomy efCelletotrichum spp. infecting chili, andi) the impact ofColletotrichum
pathotype®nbreeding foresistancéo anthracnosero date, 24 olletotrichumspecies have
been identifiechs pathogens of chili anthracnoaeth the three maipathogens beinG.
scovillei C.truncatumandC. siamensddentification of several pathotypes within these
threeColletotrichumspeciesparticularly pathotypes that can overcome resistantteein

relatedCapsicunspeciesCa. chinens@andCa. baccaturmwill be of major concern tplant
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breeders as they develop resistanli genotypes from the transfer of resistance genes from
theseCapsicunspecies intcCa. annuumAccurate identification of th€olletotrichum

species causing anthracnose angdroved understanding of the biology of the
Colletotrichumspecies and their interaction with the host will enable the application of

improvedrintegrated disease management techniques.

Keywords:Colletotrichumspecies, differential host reaction, pathotyggecies identification

Introduction

Chili anthracnose is caused by a compleolietotrichumspecies. Mtecular analyses

based on multigene phylogenetics, and pathogenicity bioassays are now standard protocols to
identify ColletotrichumspeciesThis paper review theColletotrichumspecies that have been
reported to.be pathogens of ch8incethe introduction ofnultigene phylogenetic analyses

in 2009, the.number @olletotrichumspecies has dramatically increa$esn 66 to
currentlyover-200speciesand as sucthe number o€olletotrichumspecies that cause chili
anthracnoseas.also increasedowever this increase is not only due to advancements in
methodolegies to identify species but also due to more systematic surveys and collections
having takensplacearticularly in AustraliaSoutheasfsia and China. Neverthelespecies
identification can still be hindered Ipyoblems with sequence integrayd compliance with

international protocols on nhaming new species, wii@lisodiscussd in thereview.

Thesassessment of pathogenicityCaflletotrichumspecies infecting chili are mostly
performed omletached chili fruitwhich are either preor nonwounded before inoculation.
Wounding involves the breaking of the cuticle and epidermal cells of the fruit and hence
disregards the importance of these tissugbefirst barrier of defence to pathogen infection.
The issue o& fruitwounding bioassay to determine pathogenicityiartdrn host resistance
is alsodiscussed in this reviewhechili fruit bioassay is &ey stepin screeninghili
genotypedor anthranose resistanc€apsicum annuuns the most importar@apsicum
species'weorldwide but lacks resistance. Howgwamuneresistance to anthracndsas been
identified inCa. chinenseandCa. baccatunby the World Vegetable Center (WorldVeg;
formely the Asian Vegetable Research and Development Cex&DC); Mongkolporn &
Taylor, 2011). Pathogenicity studies@dlletotrichumspecies on differential host genotypes

are importanfor understanding host—pathogen interacti@specially with resistant chili
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genotypes. The review concludes with an overview of the importance of identifying
pathotypes of the most widespread and pathodgamslietotrichumspecies for resistance

breeding.

Taxonomy of Colletotrichum species infecting chili

The genugolletotrichum(SordariomycetesAscomycota) infectever 3000 speciesf
herbaceous'and'woody crops worldwide (O’Conetdll, 2012).Colletotrichumwas first
reported in 1790 agermicularia and the nam€olletotrichumwas introduced in 183ds
reported in Hydet al (2009b). RecentlyColletotrichumwas ranked the eighth most
important pathogenic fungal geninsthe world (Danet al, 2012).

In the past, the identification @folletotrichumspecies was problematic because of
uncritical use.of species names based on the assumgtibast specificity (Cannoet al,
2012). All species wenmcorrectlyassumed to be host specifichich led to a huge number
of describeditaxa. Species misidentification eausomplications ifi) understanding host
pathogen relationship§i) developing effective control strategiéisi ) establishing cost
effective quaantine programmes (De Silveet al 2017b),and(iv) breeding for resistance.
Conventionallyspecies identification has relied on caaidnd appressorimaorphology,
presence of setapresence of sclerotigeleomorpit state and myalial culture
characteristics. Howevamorphological charactetics are limited by large variationgthin

speciesand In the rare teleomorigtstage.

The first‘molecular applicatierto distinguistColletotrichumspeciedased on
comparativd TS rDNA gene sequencegerereported in 1992 (Millet al, 1992;
Sreenivasaprasad al, 1992). Sinc¢heseearly repors, sequences of fungal genes have been
used to developultigene phylogenetic analyses for the revision of the taxonomy of
Colletotrichumspecies. The polyphasic approdClai et al, 2009)that includesnultigene
phylogenetic analyseand culture characteristics is now used as the basis to describe species
of Colletotrichum Genes currently used @olletotrichumspecies identification are
dependent on species complefdgdeet al, 2009a; Cannoat al, 2012). Genes
summaried by MarinFelix et al (2017) included IT8DNA (ribosomal internal transcribed
spacer)GAPDH (glyceraldehyde-3-phosphate dehydrogena3dg1(chitin synthase 1),

ACT (actinlike protein) HIS3 (histone 3);TUB2 (B-tubulin), GS(glutamire synthetasel;AL
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(calmodulin) SOD2(manganese superoxide dismutagéIN2(DNA lyase 2)andApMat
(MAT1/APN2 mating type gene/DNA lyase.ZRecent molecular analysef Colletotichum
haveidentifiedover 200species (MarifFelix et al,, 2017).

The three key species of chili anthracnose thatdesesh widely reported in Souts
Asia, originally.identified a<C. capsicj C. gloeosporioidesindC. acutatun{Thanet al,
2008; Montriet al, 2009; Mongkolporret al, 2010),were reclassified &. truncatum
(Dammet aly2009; Ranathunget al, 2012),C. siamensandC. scovillei(Dammet al,
2012; De Silveetsal, 2017a)respectively. HengeC. capsiciis no longer a valid name.
Colletotrichumacutatumsensu latdias benidentified as a pathogen Gapsicumannuum
but only in Sri Lanka (Damrat al, 2012),while C. gloeosporioides senato has been
identified causing anthracnose of chili in China and India étial, 2016; Diacet al, 2017;
Katochet als+2017) Morphological charactistics of these three mai@olletotrichum

species that.cause chili anthracnosedaseribedn Table 1.

A recent extensive study conducted in China ([@&al, 2017) collected isolates
from chili from,50 locations in 29 eastern provinces. Migtie phylogenetic analysis
identified 14Colletotrichumspeciesn China withC. fioriniag, C. fructicolg C.
gloeosporioidesC. scovilleiandC. truncatunbeing the most prominentolletotrichum

conoidesC. gressunmandC. liaoningensavere newly described.

The current status @olletotrichumspecies causing chili anthracnose in various
countries, based on pathogenicity and phylogenetic analyses of available [TSEihgene
sequencesaresshown in Tablesghd3, and Figire 1. A total of 24species have been
identified sevenof which belong to the acutatum complex, and minene gloeosporioides

complex.

Multigene phylogenetic anaighashad an impact on the revision of the
nomenclaturesof:th€olletotrichumspecies infecting chili. De Silvet al. (2017a) reported
that the majealletotrichumspecies causing chili anthracnose in Australiaroged to the
species complexes atutatum, gloeosporioides and truncatum. The study also identified a
new specie€. cairnsensewhich was grouped within the acutataomplex that also
contained the chili anthracnose pathogénscovilleiandC. simmondsiiColletotrichum
scovilleihas yet to be iddified in Australia thus this species poses a biosecurity risk to
Capsicunproduction. Conversely;. cairnsenséas yet to be identified outside of Australia.
The chili anthracnose pathogens in the gloeospori@deplexcomprisedC. siamensand
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C. queenslandicumlhese two speciasere firstreported in Australia as pathogens of
advocadoPistacia(C. siamenseand papayaC. queenslandicuinWeir et al,, 2013.

Colletotrichum aenigman Diaoet al (2017) was excluded from the phylogenetic
analysispecause the gene sequences for isolate GALR&KP145439 (ITS) and KP145467
(TUB2), wereidentifiedasC. gloeosporioideg Table 2a of Dia@t al (2017) and in
GenBank. Although GAU26 was reported to be a pathogen of chili in China and belonged to
a cladewithsthestype species@faenigman the phylogenetic treéyrther verification of
the gene sequences is requit@dlletotrichum sichuanensigas also omitted from the
analysis because a type specimen is missing for the isolatéddsa Liuet al (2016) and
therefore this species is invalid according to section 8.4 of the InternationaldZode f
Nomenclature oRlgae, Fungi, and Rints (Melbourne Code) (http://www.iapt
taxon.org/memen/main.php). The ITS andB2sequences fdC. coccodesised in the
phylogenetic.analysis were fromCapsicunspeciessolated from Serbia (Liet al, 2013),
becausehe TUB2sequences for the Indian isolates (Katethl, 2017) were inconsistent
and could not'be used in the concatenated tree. Both rep@igiofiaefrom Capsicunmsp.
in China (Diacetal, 2017) and India (Saiet al, 2017) did not include an ITS sequence,

hence this species was omitted from the-ggoe phylogenetic tree.

The meswidespread andommony reportedColletotrichumspecies causing
anthracnose in chili throughout Southeasia and South America a& truncatumcC.

siamens@andC. scovillei(P. W. J. Taylor, unpublished observatipns

Symptoms_of chili anthracnose and Colletotrichum lifestyles

Chili anthracnoseéevelops duringhe wet season in the tropics and subtropics around the
world, especial in Asian and tropical Americatountries, reducing chili production
Colletotrichumspp.can infect chili plants at all stagetdevelopmentyith the fruit being
moreseverely infectedn field grown plantstypical anthrachose symptoms are usually
found ontripe chili fruit as sunken necroésionswith concentric rings dblackacervuli

(Fig. 2). Anthracnose can also bensidered as a sdsatnedisease because serdhili fruit
heavily infected byC. truncatunbecoms infected hence seed infectias an important part
of the life cycle of the pathogen (Ranathuegal, 2012). 8edinfectioncauss pre- and
postemergence death tfeseedlings after germinatiom addition leaves can be infected
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but in young leavethe pathogens enter a quiescent stage. The infected leaves remain healthy
due to a suppressed fungal growth until the leatea$ tosenesceat which timethe

anthracnose sympta@mevelop The infecte senescetkaves subsequentberve as a

primary source of inoculum for infection of the fruit and leasli anthracnose has also

been reported-as a significgustharvest disease (Ranathuregeal., 2012; Ali et al, 2014

De Silvaet'al, 2017a), due to the pathogeability to developa latent or quiescent lifestyle

in infected fruit

Colletetrichumconidiadevelop in acervuin fruit lesions ancredispersed by water-
splash or wind anthen becomattachedo theleaf and fruitsurface of a suitable hogDe
Silvaet al, 2017b). Under favourable conditions of highf and fruit moisturghe conidia
germinate anform appressoriaormally within 24 hColletotrichumappressorighen
produce infeetion hyphae @&XSilvaet al, 2017b). For mangolletotrichumspecies
penetrationscan‘be promoted by the aid of fungal cutinases, which hydrolyse the plént cutic
Cutinases/were shown to have a major role in the infection of chili fr@t byncatum.
Auyonget'al(2015) showed that transgenic lines with reduced expression of cutinase due to
MRNAI silencing were not able to infect and cause disease of chili fruit. The cutinase
silenced lines oC. truncatumwere only able to infect fruit adt the cuticle was wounded

prior to inoculation.

Once penetration succeetlse pathogen colores the host cellsvhich then become
densely infectedand finally necrotic lesions and hypHaerome visible (Gome=t al,
2012). Secondary hyphae grextensively interand intraellularacross cell walls. Host
cuticle collapse eventuallyccurs after extensive infectiohhe pathogethen forms a mass

of myceliumculminating withcutide rupture and formation of an acervulus.

Colletotrichumspecieshavecomplicated lifestyls and thus understanding the
pathogens’ lifestyle is essential for efficient control of the disdai$ierent lifestyles of the
Colletotrichumspp., thoroughly reviewed e Silvaet al (2017b), includ@ecrotrophi¢
biotrophic, latent or quiescent and endophltestyles Hemibiotrophy is the most common
lifestyle’for the majocColletotrichumspecies causing anthracnageshili (Kim et al.,, 2004;
O’Connellet al,, 2012; Ranathunget al, 2012 De Silvaet al, 2017b), in which thafestyle
is not truly biotrophidout consists of short biotrophic phase followed by a necrotrieph

stage.
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Different Colletotrichumspecies have various degreesemibiotrophy due to their
lifestyle patternswhich are highly regulated by specific gene families (Etaal., 2016).
Hemibiotrophy followed by a very short endophytic phassidentified as the main
infection and coloniation proces$or C. truncatuminfection of chili fruit Auyonget al
(2012) studied-colonation of chili fruit witha genetically modified straiof C. truncatum
that expressedreen fluorescent prote{gfp) to enablevisualization ofinfectionin situ. The
C. truncatunxgfptransformaris growth revealed thatfter initialinfection the hyphae
colonized intramurally within the parenchyma tissue of healthy chili fruit without further
development of the secondary biotrophic structuresn Bifter2 hthe infecting hyphae

became necrotrophic.

Pathogenicity of Colletotrichum infecting chili

In the field situatiopnatural infection of chili fruit occurs through spore attachment to the
cuticle, appressaria formation and direct infection. Wounding of fruit pericarp through
abrasion or insect damage also provides a direct smtigfection. Most pathogenicity
studies to identify the virulence Gblletotrichumspecies have been performed on chili fruit
that had beenwounded by puncturing the cuticle and periderm with a needle prior to
placement.of.inoculum consisting @pore suspension. This type of inoculation bioassay
overlooks the role the cuticle playsafirst line of hostdeferce againstColletotrichum
infection (Ranathunget al, 2012; Auyonget al, 2015; De Silvat al, 2017b)Very few
studies have asally been performed using nonwounding methods. Inoculation of wounded
fruit generallysresults in fastégsion development than in nwaunded fruit (De Silvat al.,
2017a). However, nonwounding inoculation is importardetermiring the pathogenicity of
new species dColletotrichum Therefore, a minimum protocol for pathogenicity testing
should be a fruit bioassay that involves both wounded and nonwounded fruit before

inoculation.

Pahogenic variability is a quigative characterist used to measuggathogenic
severity. Pathegeniy can be measureguditatively or quantitativelybased on the degree of
infection of differential genotype Isolates of a species are referred to as pathotypesavhen
subclass or group of isolates can be differentiated from others of the same species by the level

of virulence on a specific host genotyf@ylor & Ford, 2007).
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Montri et al (2009) and Mongkolporat al (2010) identified the existence of
pathotype®f Colletotrichum truncatupC. siamensandC. scovilleibased on the qualitative
differences in infection of a set of chili species and genotypes. A set of differential chili
genotypes with disease scores ranging from Owergused to identify pathotypes within
threeColletotrichumspecies. The differentiation of host reactions was considered based on
gualitative‘differencesf whether the hostiasinfected (scores-9) or not infected (score 0).
Differential host reactionsan also baffected by specific hospathogen relationships.

Within the€olletotrichumtruncatumpopulation, differential host reactions were found in the
Capsicuncthinensegenotypes; while withiColletotrichum scovillepathotypes were
differentiated in/th€Capsicum baccatumgenotypesin addition,fruit maturity has been

shown to hav@niimportant role in differential host reactions (Temiyakuwl, 2012) with
pathotypedeingdiscriminated by thdifferent fruit maturity (Tablel). Three pathotypes

were identified based ahe host reactions aipe fruit and two ormature green fruit within

C. truncatumLikewise, oneC. scovilleipathotypewasdifferentiatedirom ripefruit reactions

andthree from thanature green fruit reactiorf$able 5.

Colletatrichumsiamenseappeared to be theast virulenfpathogen compared @.
truncatumandC. scovillei Not dl C. siamensesolates could infect alla. baccatum
genotypes an@a. chinens&’BC932’. Pathotypes df. siamens&erethereforederived
from differential reactionef Ca. chinenséC04714’, and all genotypes @fa. annuunand
Ca. frutescengTable §. Five pathotypes were identified based on ripe fruit reactiohie

six pathotypes were identified from mature green fruit reactions.

In contrast quantitative differencesr levels of aggressiveness based on degrees of
infection ranging from low to high on a set of differential chili genotypee used by Park
et al (2009) to record seven pathotypehjle Sharmaet al (2005) claimed tht 15
pathotype®xistetbased omuantitative lesion sizes, which were then arbitrarily divided into
two reactionsypresistant and susceptilide@antitativedisease severitseflectsa natural
distributionsef-aggressiveness within a population, ranging from low to high, which aggordi
to Taylor &Ford (2007) is not a true maae ofpathogenic differencbetween isolates.
Both studies$harmeet al, 2005;Parket al, 2009) used a set of differential chili genotypes
that expressedifferent sizes ofesions.

Pathotype identification based on the qualitative differences on chili dtlatving

Montri et al. (2009) and Mongkolporat al. (2010) was found to be in concordance with the
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genetic studies ainthracnose resistancesda. chinenseandCa. baccatumGenetic
analyses of the resistances in chili populations derived @armmhinenseandCa. baccatum
revealed similar results that the resistances were classified based on symptomless fruit
which was an outcome of hypersensitive reactiomefrésistance mechanism reported in
these twaCapsicunspecies (Mahasudt al, 2009a)). The genetic analysasall chili
populations also supported tfaet that the resistanseexpressed alifferent fruit maturity
stages were controlled by different ge(ldshasuket al, 2009a,b, 2013, 2016; Sehal,
2015). Consequentlyruit bioassays performedt different fruit maturitystagesbecomea

basic requirement iohili anthracnose resistance genetic studias breeding.

Conclusionsand remarks

Chili anthraenose is caused bg@mplex ofColletotrichumspecies. Previousignly C.
acutatum C. capsiciandC. gloeosporioidesvere recognised as the causal species. Since
2009, Colletotrichumtaxonomy has been extensively reddased on multigene
phylogenetics which has had large impact on the nomenclature of species and also the
identification of new species. To date, @dlletotrichumspecies infecting chili have been
identified; howeverthe three main speci€s scovillei(previously identified a€. acutatun,
C. truncatum(syn.C. capsic) andC. siamensépreviously identified a€. gloeosporioides
remainthemostcommonpathogenic specie€orrect taxonomy is important to hep
understandheirhost—pathogen relationshifgvelop effective control strategjesd

establish cost effective quarantine prognass.

The_ ultimate goal for sustainable contodlchili anthracnoseés to breed for durable
anthracnose resistanaghich should contaidifferentresistancgene locito a broad range of
Colletotrichumspecies angathotypesColletotrichumpathotypes should be differentiated
based on qualitative differentibstreactions (infectedarsis not infected). &hotype
identification"based oqualitative differencef infection on differential chili cultivars with
known resistance genewy lead to futureColletotrichumrace identificatioras reported in
C. lindemuthtanunnfecting beanRhaseolus vulgarjdVesquitaet al., 1998; Halvorsort
al., 2016) Races ofolletotrichumspecies that caushili anthracnose have never been
characteried A major obstacldor characteriation ofraces in chili anthracnose the lack of
standardiation ofthe resistance assessments (biogssagpsure of and determination of
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resistance) between research grodp®wledge of pathogen racdgtcan overcome

specific resistance genes on resistant cultivars would necessitate anaetigement of the

use of these cultivars. Anthracnose resistant genotypes have been identifie Capsicum
species includinga. chinensendCa. baccatumThese resistamgenotypes are useful in
identifying Colletotrichumpathotypes because they provide differential reactions to different
Colletotrichumiselates. Breeding for resistance to races would broaden the resistance base of
chili cultivars through genpyramiding of multiple resistanagenes into one cultivar. The
establishment of a uniform procedure to identify pathotypes or rac&slefotrichum

species for.anthracnose assesspeavering a standard set of chili host genotypesd,

consolidated ineculation and disease evaluation methods would be necessayy.dfinall

extensive collaboration among chili breeders and pathologists is encouraged.
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Figurelegends

Figure1l Maximum likelihood consensus tree of the combined ITSTA$B2 sequence data

of the currently/accepted specieCaflletotrichumthat cause anthracnose ©apsicunspp.
Bootstrap support value$6% are indicated at the nodes and branches. The scale bar shows
the number of substitutions per nucleotide position. The tree is rooteMuaiititochaetes
infuscansCBS 869.96. GenBank accession numbers are listEalle 3

Figure 2 Typical anthracnose symptom on a chili fruit, cause@dletotrichum truncatum
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Table1l Morphological characteristics and conidial measurements of three common Colletotrichum species causing chili anthracnose

Conidia

Growth rate Length Width
Taxon Colony characteristics (mmday) (nm) (um) Shape

C. truncaturfi..Flat with entire margin, no aerial mycelium, surface buff, covere 2.8 15.0-20.0 3.54.5 Falcate
with olivaceous-greyo iron-grey acervuli, reverse buff pale

olivaceous-grey, conidiam mass whitish, buffo pale saffron

C. siamens&==Cottony, dense greyish white aerial mycelium, pale yellowish  6.9-8.0 13.6-15.2 4.8-5.0 Cylindrical
pinkish colony

C. scovillef “>Flat with entire margin, surface covered with short floccose whit 3.3-3.5 14.4-15.0 3.54.1 Cylindricalto clavate
to pale olivaceous grey aerial mycelium, margin rosy buff, rever. with one end round, one
rosy buff, olivaceous grein the cente, conidiain mass salmon end * acute

®Dammet al.(2009) &Dammetal. (2012): conidia characteristics based on cultures on signtlutient-poor agar, colony characteristics
based on cultures on oatmeal agar.

PWeir et al={2012): cultures on potato dextrose agar.
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Table2 Colletotrichum species that cause anthracnose of chili identified based on multigene

phylogenetic analyses, reported countries and pathogenicity based on prewounding (PW) or

nonwounding (NW) of fruit

Pathogenicity

Major-cladé Species Reported countriés PW NW
Acutatum C. acutatum Sri Lanka ND ND
C. brisbanense Australid ND ND
C. cairnsense Australig Yes  Yes
C. fioriniae Chind Yes ND
C.nymphaeae India®, Indonesi3, Yes ND
Malaysid
C. scovillei Brazil®"*° China*®®, Yes  Yes
Indonesia, Japar’,
Kored®, Taiwart’,
Thailand*
C. simmondsii Australig Yes No
Boninense C. karstii Chin&, India*? Yes ND
Gloeosporioides C. conoides Chind Yes ND
C. fructicola China®, India** Yes  ND
C. gloeosporioides  China?, India Yes  ND
C. grossum Chin& Yes ND
C.kahawae India® ND ND
C. queenslandicum  Australid Yes No
C.siamense Australig, Brazil®?°, Yes  Yes
Ching®, India*, Thailand®
C.tropicale Brazil Yes ND
C. viniferum Chind Yes ND
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Spaethianum C.incanum Chin&

Truncatum C. truncatum Brazil®, Ching® India,

Pakistaf®, Thailand®*%’

— C. brevisporum Brazil®*®?° China®
— C. cliviae Chind, India”

— C. coccodes India®, Serbid?

— C. nigrum Argenting”

— C. liaoningense Ching

Yes

Yes

Yes

Yes

ND

ND

Yes

ND

Yes

ND

ND

ND

ND

ND

*Major clades follonDe Silvaetal. (2017a) and Marin-Feliat al. (2017).

"References:Dammetal. (2012)?De Silvaetal. (2017a)’Diao etal. (2017);*Nasehiet al.
(2016);°Katochetal. (2017)*Silvaetal. (2017);Cairesetal. (2014)2Liu etal. (2016);
%Zhaoetal(2016);'%Kantoetal. (2014);*'Liao etal. (2013; **Mongkolpornetal. (2010);
13sainietal=(2016);“Sharma & Shenoy (2014)Tarigetal. (2017);**Thanetal. (2008);
YMontrifetal. (2009);"®De Aimeidaet al. (2017);**Sainietal. (2017)?°De Oliveiraetal.

(2017);?*Oo0%€tal. (2017)*Liu etal. (2013).

“Pathogenicity tests on fresh chili fruites’, successful infectiorfNo’, unsuccessful

infectiony*ND’, pathogenicity test not determined.
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Table 3 Colletotrichum species causing chili anthracnose with their GenBank accession numbers, ITS (ribosomal internal transcribed spacer)

and TUB2 (-tubulin) gene sequences ugedonstruct the maximum likelihood treeFigure 1

Major.clade Species Locality Host Accession ITS TUB2

Acutatum C. acutatum Sri Lanka Capsicum annuum CBS144.29 JQ948401 JQ950052
C. acutatum Australia Carica papaya CBS 112996 JQO05776 JQO005860
C. brisbanense Australia Ca. annuum CBS292.67 JQ948291 JQ949942
C. cairnsense Australia Ca. annuum BRIP63643 KU923672  KU923688
C. fioriniae China Ca. annuum CAUA24 KP145017 KP145081
C. fioriniae USA Fiorinia sp. CBS 128517 JQ948292  JQ949943
C. nymphaeae Indonesia Ca. annuum CBS 126528 JQ948219 JQ949870
C. nymphaeae Netherlands Nymphaea alba CBS515.78 JQ948197 JQ949848
C. scovillei Indonesia Capsicum sp. BBA 70349 JQ948267 JQ949918
C. simmondsii Australia Capsicum sp. BRIP 63647 KT957917 KT957918
C. simmondsii Australia C. papaya CBS 122123 JQ948276 JQ949927

Boninense C. karstii China Ca. annuum CAUOS1 KP890103 KP890110
C. karstii China Vanda sp. CBS 132134 HM585409 HM585428
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Gloeosporioides C. conoides
C. fructicola
C. fructicola
C. gloeosporioides
C. gloeosporioides
C. grossum
C. kahawae
C. kahawae
C. queenslandicum
C. queenslandicum
C.siamense
C. siamense
C. tropicale
C. tropicale

C. viniferum

This article is protected by copyright. All rights reserved

China
China
Thailand
China
Italy
China
Kenya
India
Australia
Australia
Australia
Thailand
Panama
Brazil

China

Ca. annuum
Ca. annuum
Coffea arabica
Ca. annuum
Citrus sinensis
Ca. annuum
C. arabica
Ca. annuum
Ca. annuum
C. papaya
Ca. annuum

C. arabica

Theobroma cacao

Ca. annuum

Vitis vinifera

CGMCC3.17615
CAUG1

ICMP 18581
CAUG2

IMI 356878
CGMCC3.17614
ICMP 17818
CG217

BRIP 63695
ICMP 1778
BRIP 63701
ICMP 18578
ICMP 18653
COUFAL0052

GZAAS5.08601

KP890168
KP145416
JX010165
KP145417
JX010152
KP890165
JX010231
HQ264180
KU923677
JX010276
KU923683
JX010171
JX010264
KY319116

JN412804

KP890174

KP145444

JX010405

KP145445

JX010445

KP890171

JX010444

HG764600

KU923693

JX010414

KU923699

JX010404

JX010407

KY319107

JN412813



C. viniferum China Ca. annuum CAUG27 KP145440 KP145468
Spaethianum  C.incanum Canada Phaseolus wlgaris ATCC 646832 KC110789 KC110816
C.incanum China Ca annuum CAUCT34 KP145641 KP145675
Truncatum C. truncatum USA Phaseolus lunatus CBS151.35 GU227862 GU228156
C. truncatum Australia Ca. annuum UOMCT 4 KU985043  KU985047
— C. brevisporum Thailand Neoregaliasp. BCC 388768 JN050238 JN050244
C. brevisporum Brazil Ca. annuum COUFALO053 KY319117 KY319108
— C.cliviae China Clivia miniata CBS 1253758 GQ485607 GQ849440
C. cliviae China Ca. annuum CAUOS6 —2 KP890115
— C. coccodes Netherlands Solanum tuberosum CBS369.75 HM171679  JX546873
C. coccodes Serbia Capsicunsp. CBS 125342 JX54683%  JX546879
— C. nigrum Argentina Capsicunsp. CBS169.49 JX546838 JX546885
— C. liaoningense China Ca. annuum CGMCC3.17616  KP890104 KP890111

"Type“orepitype isolate for the specific species.
®Both reperts ofC. cliviae from Capsicum sfn China and India did not includa ITS sequence.
®The ITS.and TUB2 sequences forcoccodes were from a Capsicum sp. isolated from Serbi@(kiu, 2013)asthe TUB2 sequences for

Indian isolates (Katocktal., 2017) were inconsistent and could not be uséte concatenated tree.
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Table4 Pathotype identification of Colletotrichum truncatum based on qualitative differential host reactions on mature green and ripe fruit

using microinjection inoculation method (modified from Moetral., 2009; Mongkolporetal., 2010)

Capsicum annuur Capsicum baccatur Capsicum chinense Capsicum frutescer

Pathotype™ 3 genotypes 3 genotypes PBC932 C04714 2 genotypes

Ripe Green Ripe  Green  Ripe Green Ripe Green Ripe Green Ripe Green

I | Y Y N N Y N Y Y Y Y
Il [l Y Y N N Y N N N Y Y
i — Y — N — N — N — Y —

Y, infeected; N, not infected:—, not available.
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Table5 Pathotype identification of Colletotrichum scovillei based on qualitative differential host reactions on mature green and ripe fruit using

microinjection inoculation method (modified from Mongkolpetal., 2010)

. . Capsicum baccatum
Capsicum annuum/chinens:

Pathotype~ frutescens (all genotypes) PBC80 PBC81 CA1422
Ripe~Green Ripe Green Ripe Green Ripe Green Ripe Green
I | Y Y N Y Y Y Y Y

— — Y — N — Y — Y
1 p— Y — N — N _ Y

Y, infected; N, not infected:—, not available.
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Table6 Pathotype identification of Colletotrichum siamense based on qualitative differential host reacti@iare green and ripe fruit using

microinjection inoculation method (modified from Mongkolpetal., 2010)

Capsicum chinens Capsicum annuum Capsicum frutescens

Pathotype™ C04714 Jinda Bangchang 83-168 Khee Noo Karen

Ripe .Green Ripe  Green Ripe Green Ripe Green Ripe Green Ripe Green Ripe Green

I | Y Y Y N Y N Y Y Y Y Y Y
Il [l Y N N Y Y Y Y Y Y Y Y N
1l [ Y N N N N N Y Y Y Y Y Y
A\ VA N N Y N N N Y Y Y N Y Y
\% V N N N N Y N Y N Y Y Y N
— _Vi — N — N — N — N — N — Y

Y, infected;N, not infected:—, not available.

Each row presents differential host reaction derived from a pathotype. Pathotypes | (tmp\fdadttom row) were identified on ripe fruit, and

pathotypes | (top rowtp VI (bottom row)in mature green fruit.
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Gloeosporioides species complex

00 - C. karstii CAUOS1 C. annuum

1
C. karstii CBS 132134

82 [ C. truncatum CBS 151.35*
100 | C. truncatum UOMCT 4 C. annuum

62

99 | C. coccodes CBS 125342 C. annuum
100 | 1C. coccodes CBS 369.75*
C. nigrum CBS 169.49* C. annuum
C. incanum ATCC 64682

100 I C. incanum CAUCT34 C. annuum

Acutatum species complex

— C. brevisporum COUFAL0053 C. annuum

C. brevisporum BCC 38876*

100
?r— C. liaoningense CGMCC3.17616* C. annuum

Monilochaetes infuscans CBS 869.96

ppa_12850_f1_aa.ai
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