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Abstract 

Colletotrichum is an economically important plant pathogenic genus worldwide, but can 

also have endophytic or saprobic lifestyles. The genus has undergone numerous revisions in the 

past decades with the addition, typification and synonymy of many species. In this study, we 

provide an account of the 190 currently accepted species, one doubtful species and one excluded 

species that have molecular data. Species are listed alphabetically and annotated with their habit, 

host and geographic distribution, phylogenetic position, their sexual morphs and uses (if there are 

any known). There are eleven species complexes in Colletotrichum and 23 singleton species. The 

main characters of each species complex are detailed with illustrations. Phylogenetic trees are 

provided for the whole genus and each species complex. Genes and combination of genes that can 

be used for identification of the species complexes are suggested. Specific genes that can be used in 

species identification are given when possible. 
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Introduction   
The genus Colletotrichum was introduced by Corda (1831) and belongs to the family 

Glomerellaceae (Glomerellales, Sordariomycetes), and is the sole member of this family (Réblová 

et al. 2011, Maharachchikumbura et al. 2015, 2016). Species of this genus are important pathogens, 

some are endophytes as well as saprobes (Cannon et al. 2012, Hyde et al. 2014, Jayawardena et al. 

2016a). 

At the time of the first monographic treatment of Colletotrichum (von Arx 1957), around 

750 names existed (Cannon et al. 2012). Von Arx (1957) reduced this to 11 taxa based on 

morphological characters. Sutton (1980) accepted 22 species, while Sutton (1992) accepted 39 

species based on morphological and cultural characteristics. Hyde et al. (2009b) provided the first 

comprehensive overview of this genus with 66 names in common use and 19 doubtful names and 

also highlighted the need to revise this genus by using molecular methods (Hyde et al. 2009a). This 
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was the beginning of the still ongoing revision of the genus based on multi-locus sequence data in 

which several species were revised and typified or newly described and several species complexes 

were detected (Cannon et al. 2012, Damm et al. 2009, 2012a, b, 2013, 2014, Weir et al. 2012, 

Crouch et al. 2009a, 2014, Hyde et al. 2014, Liu et al. 2015a). Index Fungorum (2016) lists 820 

epithets (www.indexfungorum.org; accesses 7
th
 August 2016) under Colletotrichum, but only less 

than 200 names are currently accepted (Hyde et al. 2014).  

Misidentification of Colletotrichum species is a frequent mistake that happens due to few 

distinctive morphological characters available for identification. Misunderstanding of their host 

specific nature has also lead to misapplication and misidentification of species (Cannon et al. 

2012). Many older Colletotrichum names lack type specimens and authentic living strains for 

molecular analysis. This tends to get in the way of reconstructing a natural classification system for 

Colletotrichum (Cai et al. 2009, Hyde et al. 2009a,b, Cannon et al. 2012). Epi- or neotypes of the 

Colletotrichum species are being designated to preseve the current application of names according 

to the International Code of Nomenclature for Algae, Fungi and Plants (Hawksworth 2011). Before 

assigning an epitype for a species, the fresh collection needs to be carefully compared to the type 

material, if preserved. An epitype should have morphological characteristics similar to the holotype 

or the original description and originate from the same geographical region and host (Ariyawansa et 

al. 2014). Once an epitype is designated, questions of species diversity of this genus can be 

addressed on the basis of the DNA sequence data of the ex-epitype strain. 

Currently, researchers strongly recommend the application of a polyphasic approach, 

including the analysis of geographical, ecological, morphological and genetic data in order to 

establish a natural classification system for the genus Colletotrichum (Cai et al. 2009). For species 

delimitation within this genus, phylogentic analysis based on concatenated loci and the application 

of the Genealogical Concordance Phylogenetic Species Recognition (GCPSR) have proven to be 

poverful tools (Cannon et al. 2012, Liu et al. 2016). Coalescent-based species delimination methods 

can be used to infer the dynamic of divergence, evolutionary process and the relationships among 

species (McCormack et al. 2009, Liu et al. 2016). 

Most of the species in this genus are important phytopathogens, while some are endophytes 

and saprobes. The basis of the current study for the lifestyles is that if a fungus was isolated from a 

diseased tissue (fruit, leaf and stem) it is referred to as a pathogen; if a fungus was isolated from a 

healthy tissue it is considered as an endophyte and if a fungus was isolated from a dead plant matter 

is considered as a saprobe. 

This study uses Cannon et al. (2012) as the starting point for the accepted species, as well as 

published records since that study. An overview of the currently accepted species in the genus with 

their hosts, geographic distribution, phylogenetic position, sexual morphs as well as their uses (if 

there are any known) is provided. The main characters of each species complex are illustrated. 

Phylogenetic trees are provided for the whole genus and the species complexes. Genes necessary to 

distinguish the species within the different species complexes are also provided when possible. 

 

Material and Methods 

This study deals with the species included in Cannon et al. (2012) and newly described 

species after this publication. The USDA fungal databases (Farr & Rossman 2016) have been used 

in order to gather information on host association and geographic distribution. Additional, new 

disease reports were also included. 

Morphology 

Conidial and appresorial characteres of different species complexes were focused in this 

study. Photo plates were created from the photos provided by U. Damm and F. Liu. Line diagrams 

were drawn where necessary, using transparent drawing papers and drawing pens.  

 

Phylogenetic Analysis  

Actin (ACT), ɓ-tubulin2 (TUB2), chitin synthase (CHS-1), DNA lyase (Apn2), 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH), glutamine synthetase (GS), histone 3 
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(HIS3), internal transcribed spacers (ITS), manganese-superoxide dismutase (SOD2), mating type 

gene (Mat1), and Apn2/MAT1GS (Ap/Mat) sequences of each accepted species were download, if 

available, from NCBI GenBank (https://www.ncbi.nlm.nih.gov/genbank/). A backbone 

phylogenetic tree of the whole genus and separate phylogenetic trees of the species complexes were 

constructed. 

Single gene regions were aligned using Clustal X1.81 (Thompson et al. 1997) and 

combined using BioEdit v.7.0.9.0 (Hall 1999). Further alignment of the sequences was done using 

default settings of MAFFT v.7 (Katoh & Toh 2008; http://mafft.cbrc.jp/alignment/server/) and 

manual adjustment was conducted using BioEdit  where necessary. Maximum Parsimony analysis 

(MP) was performed using PAUP (Phylogenetic Analysis Using Parsimony) v. 4.0b10 (Swofford 

2002) to obtain the most parsimonious trees. Gaps were treated as missing data and ambiguously 

aligned regions were excluded. Trees were inferred using the heuristic search option with Tree 

Bisection Reconnection branch swapping and 1000 random sequence additions. Maxtrees were set 

up to 5000, branches of zero length were collapsed and all multiple parsimonious trees were saved. 

Descriptive tree statistics for parsimony (tree length, consistency index, retention index, rescaled 

consistency index, and homoplasy index) were calculated for trees generated under different 

optimality criteria. The robustness of the most parsimonious trees was evaluated by 1000 bootstrap 

replications resulting from maximum parsimony analysis (Hillis & Bull 1993). Kishino-Hasegawa 

tests (Kishino & Hasegawa 1989) were performed in order to determine whether trees were 

significantly different.  

A maximum likelihood analysis was performed for the whole genus in raxmlGUIv.0.9b2 

(Silvestro & Michalak 2010). Rapid bootstrapping with 1000 non parametric bootstrapping 

iterations, using the general time reversible model (GTR) with a discrete gamma distribution, was 

set as the search strategy. 

Bayesian inference (BI) was used in addition to construct the phylogenies using Mr. Bayes 

v.3.1.2 (Ronquist et al. 2003). MrModeltest v. 2.3 (Nylander 2004) was used to carry out statistical 

selection of best-fit model of nucleotide substitution and was incorporated into the analysis. Six 

simultaneous Markov chains were run for 1 000 000 generations and trees were sampled every 

100
th
 generation. The 2000 trees representing the burn-in phase of the analyses, were discarded and 

the remaining 8000 trees used for calculating posterior probabilities (PP) in the majority rule 

consensus tree. The fungal strains that were used for this study are listed in Table 1 with details of 

type cultures and sequence data. 

 

Results and Discussion 

The Colletotrichum names that are currently accepted are listed alphabetically below, with 

notes of the authorities and publication details, habits, hosts, geographical distribution, uses and 

sexual morphs (if there are any) as well as systematic position. The 190 accepted names are also 

listed in Table 1. Liu et al. (2016) emphazied on the importance of using polyphasic approaches 

such as genealogical concordance phylogenetic species recognition (GCPSR) and coalescent 

methods when describing new species in morphologically conserved genera. A backbone tree of the 

genus Colletotrichum comprising 189 species using five gene regions have been constructed (Fig. 

1). However, several species have been excluded from this analysis due to the lack of sequences. 

All the species complexes can be distinguished effectively from each other by using ITS sequence 

data alone. Species within species complexes can be resolved with the use of additional genes are 

mentioned with the different complexes. 

 

Acutatum species complex 

This species complex consists of 34 species that include C. acutatum and its close relatives. 

Members of this species complex often cause fruit rots (Damm et al. 2012b). Most species within 

this complex have conidia with at least one acute end (Fig. 2) (Damm et al. 2012b). A combined 

gene analysis for this complex using ITS, GAPDH, CHS-1, HIS3, ACT and TUB2 sequences is 
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given in Fig. 3. In order to differentiate species within this complex effectively, use of both TUB2 

and GAPDH are recommended (Damm et al. 2012b). 

 

 
 

Fig. 1 One of the 100 most parsimonious trees obtained from a heuristic search of combined ITS, 

GAPDH, CHS-1, ACT and TUB2 sequence data of the genus Colletotrichum. Parsimony and 

likelihood bootstrap support values Ó 50 % are indicated at the nodes and branches with Bayesian 

posterior probabilities above 0.80 are given in bold. The ex-type strains are in bold. The tree is 

rooted with Monilochaetes infuscans CBS 869.96 
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Fig. 1 (continued) 

Species complexes 
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Fig. 2 Colletotrichum acutatum (from ex-type strain CBS 112996, on SNA) aïe. Conidiophores f. 

Conidia gïn. Appressoria. Scale bars: f, g = 10ɛm; scale bar of f and g applies to aïn  (Courtesy of 

U. Damm). 

 

 
 

Fig. 3 One of the eight most parsimonious trees obtained from a heuristic search of combined ITS, 

GAPDH, CHS-1, HIS3, ACT and TUB2 sequence data of taxa from the acutatum species complex. 

Parsimony bootstrap support values above 50 % are indicated at the nodes and branches with 

Bayesian posterior probabilities above 0.95 are given in bold. The ex-type strains are in bold. The 

tree is rooted with C. orchidophilum CBS 632.80. 
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Boninense species complex 

This species complex is defined as a collective of C. boninense and 18 closely related 

species with three main subclades containing 14, three and two species, respectively. Typical 

characters of species in this complex are the conidia that have a prominent basal scar as well as the 

conidiogenous cells with rather prominent periclinal thickening that sometimes extend to form a 

new conidiogenous locus (Damm et al. 2012a). Species of this complex are pathogens or 

endophytes (Damm et al. 2012a). A combined analysis of ITS, GAPDH, CHS-1, ACT, HIS3, 

TUB2 and CAL sequence of this species complex is given in Fig. 5. All species within this 

complex can be recognized with  GAPDH alone (Damm et al. 2012a). 

 

 
 

Fig. 4 Colletotrichum boninense (from ex-type strain CBS 123755, on SNA) a. Conidiophores b. 

Conidia cïh. Appressoria. Scale bars: b, c = 10ɛm; scale bar of b and c applies to aïh (Courtesy of 

U. Damm). 

 

Fig. 5 The most parsimonious tree obtained from a heuristic search of combined ITS, GAPDH, 

CHS-1, ACT, HIS3, TUB2 and CAL sequence data of taxa from the boninense species complex. 

Parsimony bootstrap support values above 50 % are indicated at the nodes and branches with 

Bayesian posterior probabilities above 0.95 are given in bold. The ex-type strains are in bold. The 

tree is rooted with C. truncatum CBS 151.35. 
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Fig. 6 Colletotrichum caudatum redrawn from NagRaj (1993). a. Seta with conidiogenous cells  

and developing conidia b. Germinating conidium c. Appressoria. Scale bars: a,b = 20ɛm, c = 5ɛm. 
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Fig. 7 The most parsimonious tree obtained from a heuristic search of ITS sequence data of taxa 

from the caudatum and graminicola species complex. Parsimony bootstrap support values above 50 

% are indicated at the nodes and branches with Bayesian posterior probabilities above 0.95 are 

given in bold. The ex-type strains are in bold. The tree is rooted with C. spaethianum CBS 167.49. 

 

Caudatum species complex 

This species complex is defined as a collective of C. caudatum and seven closely related 

species. This complex can be distinguished by the presence of a filiform appendage at the apex of 

the conidium (Fig. 6) (Crouch 2014). A phylogenetic tree using ITS for the species of caudatum 

and graminicola species complexes has been constructed (Fig. 7). According to this phylogenetic 

tree, three species; C. caudasporum, C. duyuensis and C. ochracea which were previously 

identified to be in the graminicola species complex, clustered with the caudatum species complex. 


