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Abstract 

Colletotrichum spp. are well-known and highly significant plant pathogenic fungi worldwide. 

It is widely distributed across tropical, subtropical and temperate regions, where it causes the 

anthracnose disease in various forest plants. This devastating fungal infection results in detrimental 

consequences such as defoliation, fruit drop, branch dieback and in severe cases, even plant 

mortality. In this study, morphological characteristics combined with multi-gene phylogenetic (ITS, 

act, gapdh, chs-1, his3, tub2, sod2, cal, apmat, and gs) analyses were used to study 169 

Colletotrichum strains isolated from 972 forest plants specimens collected in 12 provinces of 

China. The results revealed the presence of 23 distinct species, which include eight new species,  

i.e. C. cunninghamiae, C. guiyangense, C. hubeiense, C. jixiense, C. lunanense,  

C. parthenocissigenum, C. subplurivorum, and C. wenzhouense, one new record from China, and 

14 known species, among them, 11 host species were reported for the first time. Furthermore, there 

are seven species reduced to synomymies in this study, i.e C. spicati and C. celtidis are reduced to 

synomymies under C. karsti, C. citrulli is reduced under C. gloeosporioides, C. analogum under  

C. camelliae, C. mengyinense under C. fructicola, C. yulongense under C. henanense, and  

C. simulanticitri under C. nymphaeae. Pathogenicity tests were conducted, revealing that the newly 

discovered species C. luanense, along with C. aenigma, C. gloeosporioides, and C. siamense, there 

are recorded on the new host plants, exhibited high rates of infestation and infectivity across 

various hosts. Contrarily, C. pseudomajus was exclusively isolated from branches of Camellia 

sinensis, demonstrating a remarkable host-specificity. The comparative genomics analysis revealed 

that C. pseudomajus possesses two specific carbohydrases, GT61 and AA14, which may explain its 

organ-specificity towards Camellia sinensis branches. This study provides valuable insights into the 

diversity of Colletotrichum species affecting forest plants, laying the foundation for effective 

control strategies against forest anthracnose. 

 

Keywords ï Anthracnose ï Carbohydrate-enzyme analysis ï Morphology ï Multi -locus phylogeny  

 

INTRODUCTION  

Colletotrichum is recognized as one of the most significant plant pathogens globally, ranking 

among the top 10 (Dean et al. 2012). It exhibits a wide distribution across tropical, subtropical, and 

temperate regions. Anthracnose, caused by Colletotrichum spp., poses a significant threat to various 

plants and induces substantial economic losses (Hyde et al. 2009, Cannon et al. 2012). It commonly 

affects forest plants, including both coniferous, broad-leaved species and some vine plants, such as 

Camellia oleifera Abel., Cinnamomum camphora, Cunninghamia lanceolata (Lamb.) Hook., 
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Cocculus orbiculatus (L.) DC. and Juglans regia L., and with a higher prevalence observed on 

broad-leaved trees (Liu et al. 2016a, Wang et al. 2019a, Huang 2020, Wang et al. 2023). The leaves 

and fruits of trees are predominantly targeted by this disease (Xu et al. 2004). Camellia oleifera is 

susceptible to anthracnose, which leads to fruit, flower, and bud drops, as well as branch dieback, 

and even the death of the tree in severe cases. In China, anthracnose on Camellia oleifera has been 

reported to cause a 10% to 30% reduction in production, with heavy losses exceeding 50% in some 

areas (Ye et al. 2011). The Colletotrichum anthracnose is also a pervasive issue in the cultivation of 

Cunninghamia lanceolata, which affects all fir-growing regions in China. This disease caused 

wilting of the most tender tips of the fir, significantly impeding its growth (Yuan et al. 1997). 

Cinnamomum camphora (L.) Presl is also widely affected by anthracnose in its main distribution 

areas in China. The disease primarily targets the host seedlings, resulting in shoot and even plant 

death (Yuan et al. 1997). Anthracnose on Juglans regia predominantly impacts on the fruit, with 

disease index ranging from 50% to 80%. Infected fruits tend to drop prematurely or become 

shriveled, rendering them inedible (Yuan et al. 1997). 

Previously, the pathogens responsible for anthracnose of forest plants were typically 

identified as Colletotrichum gloeosporioides (Penz.) Penz. & Sacc. sensu lato (Phoulivong et al. 

2010). However, with the application of molecular techniques in the taxonomy and systematics of 

Colletotrichum, significant advancements have been made in the identification of Colletotrichum 

species associated with forest plants. Zhang et al. (2009) first used morphological characteristics 

combined with ITS sequences to identify 58 Colletotrichum strains obtained from forest trees in 

Shanxi Province, which belonged to four distinct genetic taxa.  

Subsequently, a combination of morphological characteristics and multi-locus phylogenetic 

analysis was employed to investigate anthracnose from forest plants in China, some new species 

are described, such as, Colletotrichum quercicola Ning Jiang & C.B. Wang on Quercus variabilis 

Blume, C. populi C.M. Tian & Zheng Li on poplar, some known species are also described, such 

as, C. siamense Prihast., L. Cai & K.D. Hyde, C. fructicola Prihast., L. Cai & K.D. Hyde,  

C. cangyuanense Z.F. Yu, C. gloeosporioides and C. karsti You L. Yang, Zuo Y. Liu, K.D. Hyde 

& L. Cai (Li et al. 2012, Wu 2016, He et al. 2022, Wang et al. 2022). The Colletotrichum species 

on Camellia have attracted extensive attention in studies of anthracnose from forest trees. 

Morphological analysis combined with multi-locus phylogenetic analysis methods were used to 

identify Colletotrichum species on Camellia spp. in major tea-producing provinces in China. Three 

new species (Colletotrichum henanense F. Liu & L. Cai, C. jiangxiense F. Liu & L. Cai,  

C. wuxiense Yu Chun Wang, X.C. Wang & Y.J. Yang) and ten known species were described (Li 

et al. 2014, Liu et al. 2015, Wang et al. 2016, Li et al. 2017). 

Carbohydrate-active enzymes (CAZYs) are a group of enzymes involved in the catalysis of 

carbohydrate degradation, modification, and biosynthesis (Cantarel et al. 2009). CAZYs play a 

significant role in fungal invasion of plant hosts (Ilyukhin et al. 2022). Plant pathogenic fungi can 

produce various enzymes, such as Glycoside Hydrolases, to deconstruct cell wall polysaccharide 

families involved in cellulose and hemicellulose hydrolysis (Zhao et al. 2013). Baroncelli et al. 

(2016) demonstrated a strong correlation between the types and quantities of carbohydrate-active 

enzymes and the host range. Therefore, comparative genomic analysis of carbohydrate-active 

enzymes can provide a deeper understanding of the relationship between plant pathogenic fungi 

and their hosts. 

 

The aims of the present study were as follows: 

i. To study the taxonomy of Colletotrichum and clarify the diversity of Colletotrichum 

species of main forest plants in China, such as the Camellia oleifera, Parthenocissus tricuspidata 

(Siebold & Zucc.) Planch., Cunninghamia lanceolata, Cinnamomum camphora (L.) Presl, using a 

polyphasic approach including comparison of morphological characteristics, single- and multi-

locus phylogenetic analyses, pairwise homoplasy index test, mating compatibility test, and 

coalescent-based species delimitation methods such as GMYC, PTP, and PHI. 
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ii. To identify the highly invasive and widely hosted species of Colletotrichum that cause 

anthracnose in the forest plants by conducting pathogenicity test. This information will provide a 

theoretical basis for the development of effective control strategies against this disease. 

iii. To understand the relationship between host specificity and carbohydrases in 

Colletotrichum species impacting forest plants by performing a comparative genomic analysis. 

 

MATERIALS AND M ETHODS 

 

Fungal isolation 

A total of 2343 strains were obtained from diseased and healthy leaves, as well as diseased 

branches of forest plants from forests or plantations in 12 provinces in China, including Anhui, 

Fujian, Guangdong, Guangxi, Guizhou, Henan, Hubei, Hunan, Jiangxi, Sichuan, Yunnan, and 

Zhejiang (Supplementary Tables 1, 2, 3, 4, 5, 6, 7, 8, 9). Fungal cultures were obtained using the 

tissue isolation method (Choi et al. 1999). Fragments measuring 5 mm × 5 mm were taken from the 

margins of leaf and branch lesions, as well as healthy parts of leaves. These fragments underwent a 

disinfection process, including treatment with 75% ethanol for 30 s, followed by 10% sodium 

hypochlorite for 3 min, then rinsing in sterile water three times. The fragments were dried on 

sterilized paper towels and then placed on potato dextrose agar (PDA) at room temperature  

(25 Ñ 3 ). The type specimens of the newly identified species from this study were deposited in 

the Chinese Academy of Forestry (CAF; http://museum.caf.ac.cn), with the ex-type living cultures 

deposited in the Capital Normal University Culture Collection Center (CNUCC). 

 

Morphology 

Mycelial blocks measuring 5 mm in diameter were placed at the center of the culture medium 

and incubated in the dark at 25 °C. After 7 days of incubation, the colony characteristics were 

observed and recorded. If the growth was sterile on potato dextrose agar (PDA), morphological 

characteristics were described using synthetic low-nutrient agar (SNA; Nirenberg 1976) or agar 

media containing oatmeal (OA; Crous et al. 2009) or corn meal (CMA; Liu 2018) with pine 

needles. To observe appressoria, slide cultures were prepared following the method outlined by Su 

et al. (2012). Morphological observations of reproductive structures were conducted using a 

dissecting microscope (Nikon SMZ-1000) and an upright microscope (Olympus BX51). For each 

structure, 30 measurements were made. Colors were determined using ColorHexa 

(https://www.colorhexa.com/). 

 

DNA extraction, amplification and sequencing 

Genomic DNA extraction was carried out using the M5 Plant Genomic DNA Kit (Mei5 

Biotechnology Co., Ltd., China) following the manufacturerôs instructions. Ten loci, including act, 

apmat, cal, chs-1, gapdh, gs, his3, ITS, sod2, and tub2, were amplified and sequenced in this study. 

The primers pairs used for amplification were as follows: ACT-512F + ACT-783R (Carbone & 

Kohn 1999), AM-F + AM-R (Silva et al. 2012), CL1C + CL2C (Weir et al. 2012), CHS-79F + 

CHS-354R (Carbone & Kohn 1999), GDF + GDR (Guerber et al. 2003), GSLF2 + GSLR1 (Liu et 

al. 2016b), CYLH3F + CYLH3R (Crous et al. 2004), ITS-1F (White et al. 1990) + ITS-4 (White et 

al. 1990), SWF1 + SWR1 (This study), and T1 (OôDonnell & Cigelnik 1997) + Bt2b (Glass & 

Donaldson 1995) (Table 1). The 25 ɛL reaction volume consisted of 12.5 ɛL 2 × M5 HiPer Taq 

HiFi PCR Mix (Mei5 Biotechnology, Co., Ltd., Beijing, China), 1 ɛL of each forward and reverse 

primer (concentration around 10 ɛM), 1 ɛL template genomic DNA (concentration around 10 ɛM 

around 10 ng/ɛL), and 8.5 ɛL of distilled deionized water. PCR amplification followed the protocol 

described by Crouch et al. (2009a), Liu et al. (2016a) and Sui et al. (2023). The PCR products were 

visually examined using agarose electrophoresis gels and compared with the band intensities of a 

200 bp DNA ladder. Purification and sequencing of the PCR products were conducted by Sangon 

Biotech Company (Shanghai, China). 
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Table 1 Primers used in this study, with originating loci, sequences and references. 

 
Genes Primers Sequence (5ôï3ô) References 

act (Actin) ACT-512F ATGTGCAAGGCCGGTTTCGC Carbone & Kohn 

(1999) ACT-783R TACGAGTCCTTCTGGCCCAT 

Apmat (Apn2-Mat1-2 

intergenic spacer and 

partial mating type 

(Mat1-2) gene) 

AM-F TCATTCTACGTATGTGCCCG Silva et al. (2012) 

AM-R CCAGAAATACACCGAACTTGC 

cal (Calmodulin) CL1C GAATTCAAGGAGGCCTTCTC Weir et al. (2012) 

CL2C CTTCTGCATCATGAGCTGGAC 

chs-1 (Chitin synthase) CHS-79F TGGGGCAAGGATGCTTGGAAGAAG Carbone & Kohn 

(1999) CHS-354R TGGAAGAACCATCTGTGAGAGTTG 

gapdh 

(Glyceraldehyde-3-

phosphate 

dehydrogenase) 

GDF GCCGTCAACGACCCCTTCATTGA Guerber et al. 

(2003) GDR GGGTGGAGTCGTACTTGAGCATGT 

gs (Glutamine 

synthetase) 

GSLF2 TACACGAGSAAAAGGATACGC Liu et al. (2016b) 

GSLR1 GATACGCCTCTTCCAGCGTT 

his3 (histone 3) CYLH3F AGGTCCACTGGTGGCAAG Crous et al. (2004) 

CYLH3R AGCTGGATGTCCTTGGACTG 

ITS rDNA (Internal 

transcribed spacer) 

ITS-1F CTTGGTCATTTAGAGGAAGTAA White et al. (1990) 

ITS-4 TCCTCCGCTTATTGATATGC 

sod2 (manganese 

superoxide dismutase) 

SWF1 GCACCACAGCAAACAGTAAGTC This study 

SWR1 CGGGATGTTGTCAGCACCT 

tub2 (ɓ-tublin 2) T1 AACATGCGTGAGATTGTAAGT OôDonnell & 

Cigelnik (1997) 

Bt2b ACCCTCAGTGTAGTGACCCTTGGC Glass & Donaldson 

(1995) 

 

Phylogenetic analysis 

The DNA sequences generated by forward and reverese sequences were used to obtain 

consensus sequences using SeqMan v.7.1.0 in the DNASTAR Lasergene Core Suite software 

(DNASTAR Inc., Madison, WI, USA). The new sequences generated in this study were submitted 

to the NCBI-GenBank database (https://www.ncbi.nlm.nih.gov/) (Supplementary Tables 1ï9). 

Other reference sequences were downloaded from GenBank (Supplementary Tables 1ï9). To 

ensure the consistency of gene segments, a segmentation homogeneity test was performed 

following the methods of Farris et al. (1994) and Huelsenbeck et al. (1996). All sequences were 

aligned using the online MAFFT (https://www.ebi.ac.uk/Tools/msa/mafft/) and edited using 

Gblocks (http://www.phylogeny.fr/one_task.cgi?task_type=gblocks) by selecting DNA and all 

options for less stringent criteria. Phylogenetic analyses were conducted using both Maximum 

Parsimony (MP) and the Bayesian Inference (BI) methods. For different species complexes, we 

used various multi-locus alignments, as detailed in Table 2. Phylogenetic analyses were conducted 

using PAUP v.4.0b10 for maximum parsimony (MP) analysis (Swofford 2000), and MrBayes 

v.3.1.2 for Bayesian Inference (BI) analysis (Ronquist & Huelsenbeck 2003). 

For the Maximum Parsimony (MP) analysis, a heuristic search option was employed, 

including 1000 random-addition sequences with a tree bisection and reconnection (TBR) algorithm. 

Branches of zero length were collapsed, and all equally most parsimonious trees were saved. 

Bootstrap support values were calculated based on 1000 bootstrap replicates. The calculated 

parsimony scores included tree length (TL), consistency index (CI), retention index (RI), and 

rescaled consistency index (RC). 

Bayesian inference (BI) analysis was conducted using a Markov chain Monte Carlo (MCMC) 

algorithm following the approach by Rannala & Yang (1996). The best model for each gene was 

estimated using MrModeltest v. 2.3 (Table 3). The MCMC chains were run for 10,000,000 
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generations starting from random trees. The analysis stopped when the average standard deviation 

of split frequencies fell below 0.01. Trees were saved every 1000 generations. During the burn-in 

phase, the first 25% of trees were discarded, and the remaining trees were used to calculate the 

posterior probabilities (PPs) (Posada & Crandall 1998). The final alignments and the retrieved 

topologies were deposited in TreeBASE (http://www.treebase.org), under accession ID: 31136. 

 

Table 2 Genes of different Colletotrichum species complexes for multi-loci phylogenetic analysis 

analysis. 

 

Species complexes The genes used and their order 

C. acutatum species complex ITS-gapdh-chs-1-act-his3-tub2 

C. boninense species complex ITS-gapdh-chs-1-act-his3-tub2-cal 

C. caudatum-graminicola species complex act-chs-1-ITS-sod2-tub2 

C. dematium species complex act-chs-1-gapdh-his3-ITS-tub2 

C. destructivum species complex act-chs-1-gapdh-his3-ITS-tub2 

C. gigasporum species complex ITS-gapdh-chs-1-act-tub2 

C. gloeosporioides species complex act-tub2-cal-chs-1-gapdh-ITS 

apmat-gs 

C. orchidearum species complex act-chs-1-gapdh-his3-ITS-tub2 

C. truncatum species complex act-chs-1-gapdh-his3-ITS-tub2 

 

Table 3 Nucleotide substitution models used in the phylogenetic analyses.  

 
Species complex act apmat cal chs-1 gapdh gs his3 ITS sod2 tub2 

C. acutatum 

species complex 

GTR + 

G 

ï ï GTR 

+ I + 

G 

SYM + 

G 

ï GTR + 

I + G 

K80 + I 

+ G 

ï GTR + 

I 

C. boninense 

species complex 

HKY + 

G 

ï HKY + 

G 

GTR 

+ G 

HKY + 

G 

ï GTR + 

G 

SYM + 

I +G 

ï HKY + 

I 

C. caudatum-

graminicola  

species complex 

HKY + 

G 

ï ï GTR 

+ G 

ï ï ï GTR + 

I + G 

HKY + 

G 

ï 

C. dematium 

species complex 

GTR + 

I 

ï ï GTR 

+ G 

HKY + 

G 

ï ï K80 + I 

+ G 

ï GTR + 

G 

C. destructivum 

species complex 

HKY + 

G 

ï ï SYM 

+ I 

HKY + 

I 

ï HKY + 

I 

HKY + 

I + G 

ï GTR + 

G 

C. gigasporum 

species complex 

HKY + 

G 

ï ï K80 + 

G 

HKY + 

I 

ï ï SYM + 

I +G 

ï HKY + 

I + G 

C. gloeosporioides 

species complex 

HKY + 

I 

HKY + 

G 

GTR + 

G 

K80 

+I +G 

HKY + 

G 

GTR + 

I + G 

ï GTR + 

I + G 

ï HKY + 

G 

C. orchidearum 

species complex 

HKY + 

G 

ï ï GTR 

+ I + 

G 

HKY + 

G 

ï HKY + 

I 

GTR + 

I 

ï HKY + 

G 

C. truncatum 

species complex 

HKY + 

G 

ï ï K80 + 

I 

HKY + 

I 

ï HKY + 

I 

SYM ï SYM + 

G 

Note: ñïò represents that this gene is not used in this species complex. 
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Pairwise homoplasy index (PHI) test 

For species that are phylogenetically close but not clearly delimited, we analysed sequences 

using the GCPSR model. This involved conducting a pairwise homoplasy index (PHI) test as 

described by Quaedvlieg et al. (2014). The PHI test, performed using SplitsTree v.4.14.6 (Huson 

1998, Huson & Kloepper 2005, Huson & Bryant 2006), assessed the level of recombination within 

closely related species. This assessment was based on a concatenated gene dataset, organized 

according to species complexes. A pairwise homoplasy index below the 0.05 threshold (ʌw < 0.05) 

indicated significant recombination within the dataset. The relationship between closely related 

species was visualized by constructing a split graph. 

 

General Mixed Yule Coalescent (GMYC) 

The General Mixed Yule Coalescent (GMYC) method combines neutral coalescence theory 

(Fujisawa & Barraclough 2013) with the Yule species model (Parnmen et al. 2012) to detect 

changes in branching rates within intra- and interspecific relationships. The GMYC algorithm 

requires a supersymmetric phylogenetic tree, which was constructed using BEAST v.1.8.1 (R Core 

Team 2017). The following parameters and unique haplotypes were used in the BEAST analysis: 

the GTR substitution model, the loci heterogeneity model for Gamma, a random start tree, and 5 × 

107 Markov chain Monte Carlo (MCMC) iterations sampled every 10,000 generations. 

Convergence was evaluated using effective sample size (ESS) values (Ó200). A 10% conservative 

burn-in was performed after examining the log-likelihood curves in Tracer v.1.6. The generated 

trees were summarized into a maximum clade credibility tree using TreeAnnotator v.2.6.7. To fit 

the tree to both single-transition and multiple-transition GMYC models, the GMYC website (The 

Exelixis Lab: http://species.hits.org/gmyc/) was utilized.  

 

Poisson Tree Processes (PTP)  

The species boundaries on a rooted phylogenetic tree were defined using the Poisson Tree 

Processes (PTP) model (Kapli et al. 2017). The PTP method uses the branch length data from a 

phylogeny to estimate the mean expected number of substitutions per site between two branching 

events. It then applies two separate classes of poisson processes (intra and inter-specific branching 

events) before clustering the phylogenetic tree in accordance with the results. As advocated for this 

approach (Kapli et al. 2017), the analysis was carried out on the PTP the website server 

(http://species.hits.org/ptp/) using the RAxML tree.  

 

Pathogenicity assay 

Healthy mature leaves from Camellia oleifera, C. sinensis, Cinnamomum camphora, and 

Cunninghamia lanceolata, as well as healthy mature branches from Camellia sinensis, were 

collected for the experiment. The collected plant materials were disinfected by immersing it in 75% 

ethanol for 1 min, followed by rinsing in sterile water for three times and drying in the air. To 

create wounds for inoculation, each disinfected leaf was punctured five times on both sides using 

sterile needles with a diameter of 0.5 mm. Initially, conidia suspensions with concentrations of 102, 

104, 106, and 108 /mL were used for inoculation, but these attempts were unsuccessful. 

Subsequently, the method described by Wang et al. (2019b) was followed, and mycelial plugs were 

used for inoculation instead. For inoculation, the 5-mm PDA medium plugs with mycelia from a 5-

day-old culture were placed on the left side of wounded and unwounded leaves, and sterile PDA 

plugs with no mycelia were placed in parallel on the right side of wounded and unwounded leaves 

as control, with three repetitions. The inoculated leaves were placed in a sterile dish, placed on 

sterilized filter paper saturated with sterilized water to maintain high humidity, and incubated in a 

growth cabinet at 28 °C with a 12/12 h light/dark photoperiod for 7 days. The experiment was 

repeated twice. The entire leaves were photographed using a cell-phone (Huawei P30 Pro), while 

the lesion was captured using a dissecting microscope (Nikon SMZ-1000). Pathogens causing 

lesions were reisolated from the infected leaves, and their identification was carried out based on 

morphological characteristics and molecular data. 
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Genome sequencing, assembly, annotation, and comparative genomics analysis of 

carbohydrate enzymes 

The strains exhibiting host-specificity and organ-specificity were subjected to comprehensive 

analysis using comparative genomics analysis to elucidate their relationship with the host or organ. 

The genomic data of 5 strains (CNUCC 307307, CNUCC 310138, CNUCC 3041, CFCC 59258, 

and CFCC 59180) were obtained for this study. Mycelia of each strain (CNUCC 307307, CNUCC 

310138, CNUCC 3041, CFCC 59258, and CFCC 59180) grown on PDA for 4ï5 days were 

transferred to PDB, placed on a shaker set at 25 °C and 180 rpm, and incubated for 4 days. The 

sediment was washed with sterile water and stored at ï80 °C. The samples were sent to Novogene 

(Beijing, China) for Illumina sequencing. Additional genomic data were obtained through NCBI 

(https://www.ncbi.nlm.nih.gov/) and JGI Genome Portal (https://genome.jgi.doe.gov/portal/) 

(Supplementary Tables 10, 11). 

The assembly was performed using SPAdes assembly software, starting with Clean Data 

from the Novogene, the resulting assembly was then integrated using the minimus2 module in 

Amos v.3.1.0. GapCloser was employed to optimize and fill gaps in the preliminary assembly, 

resulting in the final assembly. Fragments below 200 bp were filtered out, and the assembly results 

were evaluated using quast v. 5.2.0. Genome assemblies were deposited in National Center for 

Biotechnology Information (NCBI, https://www.ncbi.nlm.nih.gov/). 

For gene prediction, GeneMaker-ES and Liftoff software were used. Additionally, Gffread-

Master was used to extract protein sequences from the gene prediction results. The predicted genes 

were compared against functional databases using BLAST with specific criteria (blastp, e-value Ò 

1e-5). The annotation process selected the BLAST result with the highest score, considering default 

identity (>40%) and coverage (>40%). Annotation was performed online using the dbCAN 

database (https://bcb.unl.edu/dbCAN2/blast.php). Three databases were chosen for protein 

sequence annotation: HMMER: dbCAN (e-value < 1e-15, coverage > 0.35), DIAMOND: CAZy (e-

value < 1e-102), and HMMER: dbCAN-sub (e-value < 1e-15, coverage > 0.35). To ensure data 

validity and correctness, the CUPP database was also used for annotation. The final annotation 

results were obtained by comparing and filtering the above annotation outcomes. The annotation 

results were imported into TBtools, and a Venn diagram was constructed using the UpSet plot to 

visualize the shared and unique annotations. 

 

RESULTS 

 

Phylogenetic analyses and analysis based on coalescent-based species delimitation methods 

One hundred and sixty-nine isolates were selected for multi-locus phylogenetic analyses 

based on their ITS phylogenetic positions and the hosts. The consensus trees obtained from 

maximum parsimony analyses were confirmed by the tree topologies obtained with Bayesian 

inference. The phylogenetic trees of single loci in different species complexs show topologies 

similar to those of the multi-locus phylogenetic trees (Supplementary Figs 1ï54). 

In the phylogenetic tree of Colletotrichum acutatum complex (Fig. 1), seven strains (CNUCC 

766B-1-3, CNUCC 815-1-1, CNUCC 234-3-4, CNUCC 469-3-1, CNUCC 819B-2-2, CNUCC 

820A-2-2, and CNUCC 163-2-2-1) grouped together with C. nymphaeae (Pass.) Aa, (MBP = 78, 

PP = -), while C. simulanticitri Z.F. Yu also clustered into this clade. Two strains (CNUCC 528-2-2 

and CNUCC 324C-1-5-2) formed one clade (MPB = 100, PP = 1.00) with Colletotrichum schimae 

F. Liu, W.P. Wu & L. Cai. Four strains (CNUCC 354-4-2, CNUCC 456-2-1, CNUCC 363A-1-1, 

and CNUCC 354-2-1) clustered with C. godetiae Neerg. with high support values (MBP = 82, PP = 

1.00). Twenty-six strains clustered with Colletotrichum fioriniae (Marcelino & Gouli) Pennycook, 

forming a clade with a high support value (MBP = 98, PP = 1.00). Pairwise homoplasy index (PHI) 

tests showed no significant reorganization between these two subclades, but the support value was 

low (ʌw = 0.1927) (Fig. 2). The two subclades were the same species based on ML-bPTP analysis 

(Fig. 3), but they were different species based on Bayes-bPTP analysis (Fig. 4). The Generalized 

Mixed Yule Coalescent (GMYC) single-threshold analysis indicates that these two subclades are 
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the same entity (Fig. 5); however, the multi-threshold analysis indicates that each of these two 

subclades contains several different entities (Fig. 6). 

 

 
 

Figure 1 ï Phylogenetic tree of Colletotrichum acutatum species complex derived from maximum 

parsimony analysis of the combined ITSïgapdhïchs-1ïactïhis3ïtub sequences, using  
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C. orchidophilum (CBS 632.80) as the outgroup. Maximum parsimony bootstrap values (BP > 

50%) and bayesian posterior probabilities (PP > 0.95) are shown above the branches. Type species 

strains are marked with an ñ * ò. Newly generated sequences are represented in bold. 

 

 
 

Figure 1 ï Continued. 

 

In the Colletotrichum boninense species complex (Fig. 7), 11 strains clustered in one clade 

with C. karsti and had high support values (MBP = 99, PP = 1.00). Colletotrichum spicati Z.F. Yu 

& H. Zheng and C. celtidis Tennakoon, C.H. Kuo & K.D. Hyde also cluster within this clade  

(Fig. 7). 

Among the Colletotrichum caudatum-graminicola species complex (Fig. 8), CNUCC 253B-

3-2 formed an independent clade and was more closely related to C. multiseptatum F. Liu, W.P. Wu 

& L. Cai, C. echinochloae Moriwaki & Tsukib., and C. jacksonii J.A. Crouch, B.B. Clarke, J.F. 

White & B.I. Hillman. 
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In the Colletotrichum dematium species complex (Fig. 9), three strains (CNUCC P7-4-5-3-3, 

CNUCC P7-4-5, CNUCC P7-4-5-2-3) formed a sister clade with C. jinshuiense M. Fu & G.P. 

Wang (MBP = 100, PP = 1.00) (Fig. 9). However, the PHI test showed no significant 

reorganization between these two clades and had a high support value (ʌw = 0.8966) (Fig. 10). 

 

 
 

Figure 2 ï The result of the pairwise homoplasy index (PHI) tests for closely related species and  

Colletotrichum fioriniae using both LogDet transformation and splits decomposition. 

 

In the Colletotrichum destructivum species complex (Fig. 11), two strains (CNUCC 157A-4-

4, CNUCC 157A-4-4-2) formed a highly supported clade (MBP = 100, PP = 1.00), and clustered 

together with Colletotrichum utrechtense Damm. (MBP = ï, PP = ï), and closely related to 

Colletotrichum neorubicola Yu Li, J. Gao & L.P. Liu, Colletotrichum panacicola Uyeda & S. 

Takim. The strains CNUCC 58-61-2 and CNUCC 58-57-2 have formed an independent clade with 

high support values (MBP = 100, PP = 1.00). Strains of CNUCC 408-1-1 and CNUCC 408-1-1-2 

formed a highly supported clade (MBP = 100, PP = 1.00), and clustered together with 

Colletotrichum pleopeltidis Crous & Jol. Roux as sister taxa (MBP = 98, PP = 1.00). (Fig. 11). 

In the Colletotrichum gigasporum species complex (Fig. 12), two strains (CNUCC 1311-1-3 

and CNUCC 1391-1-1) and C. pseudomajus F. Liu, L. Cai, Crous & Damm clustered in one clade 

with high support values (MBP = 100, PP = 1.00). Three strains (CNUCC 714-1-1, CNUCC  

747-1-3, and CNUCC 110A-4-4) clustered within the sequences of Colletotrichum zhaoqingense  

F. Liu & L. Cai clade and had high support values (MBP = 99, PP = 1.00) (Fig. 12). 
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Figure 3 ï Results of the bPTP analysis based on the ML topologies. Putative species clusters are 

indicated using transitions between blue-colored to red-colored branches. 
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Figure 4 ï Results of the bPTP analysis based on the BI. Putative species clusters are indicated 

using transitions between blue-colored to red-colored branches. 
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Figure 5 ï The clustering result based on the single-threshold method of GMYC. Putative species 

clusters are indicated using transitions between black-colored to red-colored branches. The inter- 

and intraspecific portions of the tree are divided with a vertical line. 

 

In the Colletotrichum gloeosporioides species complex (Figs 18, 19), 22 strains clustered 

with C. gloeosporioides showing high support values (MBP = 97, PP = 1.00) in the six-locus 

phylogenetic tree, C. citrulli  Z. Guo, H. J. Wu, B. Peng, C. X. Luo, Q. S. Gu also clustered into this 

clade (Fig. 18). The strains CNUCC 5-21-2-1 and CNUCC 5-21-2-2 formed an independent clade 

with high support values (six-locus MBP = 79, PP = 1.00; two-locus MBP = 100, PP = 1.00). 

Twenty-nine strains clustered with Colletotrichum fructicola and C. mengyinense T.C. Mu, J.W. 

Xia, X.G. Zhang & Z. Li in one clade (six-locus MBP = 74, PP = 1.00; two-locus MBP = 59, PP = 

1.00). Five strains (CNUCC 221A-1-1, CNUCC 1297-3-3, CNUCC 257-2-4, CNUCC 781-1-2, and 

CNUCC 742A-1-1), and C. camelliae Massee clustered in the same clade with high support values 

(MBP = 89, PP = 1.00) in six-locus phylogenetic tree, and C. analogum Z.F. Yu also clustered in 

this clade. Two strains (CNUCC 823-1-1-1 and CNUCC 823-1-1-2) formed a high support clade 

(six-locus MBP = 100, PP = 1.00; two-locus MBP = 99, PP = 1.00). Thirteen strains clustered with 

Colletotrichum cangyuanense Z.F. Yu and had high support values (six-locus MBP = 100, PP = 

1.00; two-locus MBP = 96, PP = 1.00). Five strains (CNUCC 163-2-1, CNUCC 409B-3-2, CNUCC 

898-1-1, CNUCC 71C-2-2, and CNUCC 90C-4-2) clustered with the C. henanense clade, which 
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was not well-supported in the six-locus phylogenetic tree (MBP = 64, PP = 0.97) but had high 

support in the two-locus phylogenetic tree (MBP = 100, PP = 1.00) (Fig. 19), and the sequences of 

C. yulongense C.L. Hou & X.T. Liu also clustered in this clade. 

In the Colletotrichum orchidearum species complex (Fig. 20), the strain CNUCC 942-2-4-1 

and C. sojae Damm & Alizadeh clustered with a clade with high support values (MBP = 100, PP = 

1.00). Five strains (CNUCC 811A-1-1, CNUCC 833B-1-1, CNUCC 175C-1-3, CNUCC 184-5-5, 

and CNUCC 824-1-2) formed a highly supported clade (MBP = 98, PP = 1.00), sister to 

Colletotrichum plurivorum Damm, Alizadeh & Toy. Sato (MBP = 98, PP = 1.00), and based on the 

result of PHI testing no significant recombination events could be detected between these two 

clades (ʌw = 0.7341) (Fig. 21). 

 

 
 

Figure 6 ï The clustering result based on the multi-threshold method of GMYC. Putative species 

clusters are indicated using transitions between black-colored to red-colored branches. The inter- 

and intraspecific portions of the tree are divided with a vertical line. 

 

In the Colletotrichum truncatum species complex (Fig. 22), the strain CNUCC 764B-2 

clustered with Colletotrichum subacidae F. Liu, Z.Y. Ma & L. Cai, but did not have high support 

(Fig. 22). PHI test results ʌw < 0.05 (ʌw = 0.0297) (Fig. 23) indicate significant recombination 

within the dataset. 
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Figure 7 ï Phylogenetic tree of Colletotrichum boninense species complex derived from maximum 

parsimony analysis of the combined ITSïgapdhïchs-1ïactïhis3ïtubïcal sequences, using  
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C. truncatum (CBS 151.35) as the outgroup. Maximum parsimony bootstrap values (BP > 50%) 

and bayesian posterior probabilities (PP > 0.95) are shown above or below the branches. Type 

species strains are marked with an ñ * ò. Newly generated sequences are represented in bold. 

 

 
 

Figure 8 ï Phylogenetic tree of Colletotrichum caudatum-graminicola species complex derived 

from maximum parsimony analysis of the combined actïchs-1ïITSïsod2ïtub sequences, using  

C. spaethianum (CBS 167.49) as the outgroup. Maximum parsimony bootstrap values (BP > 50%) 

and bayesian posterior probabilities (PP > 0.95) are shown above or below the branches. Type 

species strains are marked with an ñ * ò. Newly generated sequences are represented in bold. 
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Figure 9 ï Phylogenetic tree of Colletotrichum dematium species complex derived from  

maximum parsimony analysis of the combined actïchs-1ïgapdhïhis3ïITSïtub sequences, using  

C. vietnamense (CBS 125478) as the outgroup. Maximum parsimony bootstrap values (BP > 50%) 

and bayesian posterior probabilities (PP > 0.95) are shown above the branches. Type species strains 

are marked with an ñ * ò. Newly generated sequences are represented in bold. 
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Figure 10 ï The result of the pairwise homoplasy index (PHI) tests for closely related species of  

Colletotrichum jinshuiense and C. jinshuiense using both LogDet transformation and splits 

decomposition. 

 

Taxonomy 

 

Colletotrichum cunninghamiae Q.T. Wang, X.N. Sui & C.L. Hou, sp. nov.      Fig. 23 

MycoBank number: MB853832; Facesoffungi number: FoF15942 

Etymology ï The epithet is derived from the genus of the host plant, Cunninghamia 

lanceolata. 

Typification ï CHINA. Hubei Province, Xiangyang City, Longzhong Scenic Area, on leaves 

of Cunninghamia lanceolata, Feb. 2017, C.L. Hou & Q.T. Wang (holotype CAF 8000205). Ex-

type CNUCC 58-57-2. 

Colonies on PDA 54ï58 mm diam. in 7 days, flat with entire edge, both sides are white 

(#ffffff), aerial mycelium sparse but dense in the margin. On SNA amended with pine needle, 

conidiomata acervular, scattered or gregarious, semi-immersed. Conidial masses very soft orange 

(#fae9c6), produced from conidiomata. Vegetative hyphae hyaline, smooth-walled, septate, 

branched. Setae medium brown, smooth-walled, 2-septate, 94ï114 ɛm long, basal cells cylindrical 

to slightly conical, 3.5ï5.5 ɛm diam., the tip Ñ acute. Conidiophores hyaline, solitary, septate, 

usually reduced to conidiogenous cells. Conidiogenous cells hyaline, aseptate, smooth-walled, 

cylindrical to ampulliform, 18.5ï50 × 2.5ï4.5 ɛm. Conidia hyaline, aseptate, smooth-walled, 

straight, cylindrical, both ends truncate or one end round and the other truncate, 15.0ï19.0 × 3.5ï

4.5 ɛm (av. Ñ SD = 17.1 Ñ 0.9 Ĭ 4.0 Ñ 0.2 ɛm), L/W ratio = 4.2. Appressoria single, pale brown to 

medium brown, ellipsoidal, subglobose or irregular outline, with entire or undulate margin, 5.0ï8.5 

× 3.5ï7.5 ɛm (av. Ñ SD = 7.0 Ñ 1.0 Ĭ 5.7 Ñ 0.8 ɛm), L/W ratio = 1.2. 

Other specimens examined ï CHINA. Hubei Province, Xiangyang City, Longzhong Scenic 

area, on leaves of Cunninghamia lanceolata, Feb. 2017, C.L. Hou & Q.T. Wang, living culture 

CNUCC 58-61-2. 

Notes ï This species is phylogenetically related to Colletotrichum higginsianum Sacc.,  

C. vignae Damm, C. bryoniicola Damm, C. fuscum Laubert, and Colletotrichum antirrhinicola 

Damm in the C. destructivum species complex. For morphology, Colletotrichum cunninghamiae 
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differs from the closest species C. higginsianum in producing shorter conidia than the latter (15.0ï

19.0 ɛm vs. 19ï20.5 ɛm) (Damm et al. 2014). Although in morphology, this species is  

 

 
 

Figure 11 ï Phylogenetic tree of Colletotrichum destructivum species complex derived from 

maximum parsimony analysis of the combined actïchs-1ïgapdhïhis3ïITSïtub2 sequences, using 

C. coccodes CBS 369.75 as outgroup. Maximum parsimony bootstrap values (BP > 50%) and 

bayesian posterior probabilities (PP > 0.95) are shown above or below the branches. Type species 

strains are noted with an ñ *  ò. Newly generated sequences are represented in bold. 
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Figure 12 ï Phylogenetic tree of Colletotrichum gigasporum species complex derived from 

maximum parsimony analysis of the combined ITSïgapdhïchs-1ïactïtub2 sequences, using  

C. dematium CBS 125.25 as outgroup. Maximum parsimony bootstrap values (BP > 50%) and 

bayesian posterior probabilities (PP > 0.95) are shown above the branches. Type species strains are 

noted with an ñ *  ò. Newly generated sequences are represented in bold. 

 

similar with Colletotrichum vignae (Damm et al. 2014), C. bryoniicola (Damm et al. 2014),  

C. fuscum (Damm et al. 2014), and C. antirrhinicola (Damm et al. 2014), the sequence similarities 

of act, chs-1, gapdh, and his3 are very low (C. cunninghamiae to C. vignae: act 97.88%, chs-1 

98.47%, gapdh 96.18%, his3 97.81%, to C. bryoniicola: act 98.31%, chs-1 98.09%, gapdh 96.82%, 

his3 97.81%, to C. fuscum: chs-1 98.47%, gapdh 96.18%, his3 97.54%, ITS 99.09%, and to  

C. antirrhinicola: act 98.31%, chs-1 98.47%, gapdh 95.57%, his3 97.54%). 
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Figure 13 ï The result of the pairwise homoplasy index (PHI) tests for closely related species of  

Colletotrichum zhaoqingense and C. gigasporum using both LogDet transformation and splits 

decomposition. 

 

Colletotrichum guiyangense Q.T. Wang, M.J. Guo & C.L. Hou, sp. nov.       Fig. 24 

MycoBank number: MB853885; Facesoffungi number: FoF15943 

Etymology ï Referring to the Guiyang City where the host plants were collected. 

Typification ï CHINA. Guizhou Province, Guiyang City, Xifeng County, on leaves of 

Camellia sinensis, Aug. 2021, C.L. Hou & Q.T. Wang (holotype CAF 8000206). Ex-type CNUCC 

823-1-1-1. 

Colonies on PDA 58ï64 mm diam. in 7 days, flat with entire edge, dark grayish lime green 

(#a2a4a2), with white (#ffffff) margin, aerial mycelium dense, reverse very dark (mostly black) 

lime green (#002700) in the center, grayish yellow (#b9b9ad) towards margin, with white margin. 

On CMA, conidiomata not developed, conidiophores formed directly on hyphae. Vegetative hyphae 

hyaline to pale brown, smooth-walled, septate, branched. Setae not observed. Conidiophores 

hyaline, solitary, usually reduced to conidiogenous cells. Conidiogenous cells hyaline, aseptate, 

smooth-walled, ampulliform to cylindrical, 15.5ï35.5 × 2.0ï3.0 ɛm. Conidia hyaline, aseptate, 

smooth-walled, slightly narrower in the middle, oblong-ovoid, the base is wider than the top, 11.5ï

16.5 × 4.0ï5.5 ɛm (av. Ñ SD = 14.2 Ñ 1.2 Ĭ 4.6 Ñ 0.3 ɛm), L/W ratio = 3.1. Appressoria single or 

gregarious, pale brown to medium brown, ellipsoidal or irregularly shaped, 8.5ï14 × 4.5ï7.5 ɛm 

(av. Ñ SD = 11 Ñ 1.7 Ĭ 5.8 Ñ 0.6 ɛm), L/W ratio = 1.9. On CMA with pine needle, ascomata 

ellipsoidal, gregarious, light brown to slightly desaturated orange (#d5a87a), outer wall composed 

of pale brown to medium brown angular cells, 8ï18.5 ɛm diam. Asci cylindrical to obclavate, 

hyaline, 42ï77 × 7ï10 ɛm, 8-spored. Ascospores uniseriately or irregularly arranged, hyaline, 

smooth-walled, aseptate, allantoid with rounded ends, slightly curved, 13ï18 × 4.5ï6 ɛm (av. Ñ SD 

= 15.6 Ñ 1.4 Ĭ 5.3 Ñ 0.3 ɛm), L/W ratio = 2.9. 

Other specimens examined ï CHINA. Guizhou Province, Guiyang City, Xifeng County, on 

leaves of Camellia sinensis, Aug. 2021, C.L. Hou & Q.T. Wang, living culture CNUCC 823-1-1-2. 
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Notes ï This species belongs to the Colletotrichum gloeosporioides species complex, and is 

characterized by its oblong-ovoid conidia. BLASTn search of this species sequences in the NCBI 

GenBank revealed low sequence similarities with other species in apmat, gapdh, and gs, the closest 

matches of apmat, gapdh, and gs sequences are Colletotrichum arecicola X.R. Cao, H.Y. Che & 

D.Q. Luo (98.39%), C. arecicola (97.61%), and C. cigarro (B.S. Weir & P.R. Johnst.) A. Cabral & 

P. Talhinhas (98.53%), respectively. 

 

 
 

Figure 14 ï The clustering result based on the single-threshold method of GMYC. Putative species 

clusters are indicated using transitions between black-colored to red-colored branches. The inter- 

and intraspecific portions of the tree are divided with a vertical line. 

 

Colletotrichum hubeiense X.N. Sui, M.J. Guo & C.L. Hou, sp. nov.       Fig. 25 

MycoBank number: MB853886; Facesoffungi number: FoF15936 

Etymology ï Referring to the Hubei Province where the host plants were collected. 

Typification ï CHINA. Hubei Province, Shennongjia Forestry District, on leaves of Lindera 

glauca (Siebold & Zucc.) Blume, May 2019, C.L. Hou & Q.T. Wang (holotype CAF 8000207). 

Ex-type CNUCC 408-1-1. 
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Figure 15 ï The clustering result based on the multi-threshold method of GMYC. Putative species 

clusters are indicated using transitions between black-colored to red-colored branches. The inter- 

and intraspecific portions of the tree are divided with a vertical line. 

 

Colonies on PDA 43ï50 mm diam. in 7 days, flat with entire edge, white (#ffffff) to grayish 

yellow (#b3af98), aerial mycelium dense, reverse very dark lime green (#041004) in the center, 

grayish yellow (#b3af98) to margin, with white (#ffffff) margin. On PDA, conidiomata scattered or 

gregarious, black. Conidial masses grayish yellow (#bfbfb5), produced from conidiomata. 

Vegetative hyphae hyaline, smooth-walled, septate, branched. Setae pale brown, smooth-walled, 2ï

3-septate, 116ï242 ɛm long, basal cells cylindrical, 5.0ï6.0 ɛm diam., the tip Ñ acute. 

Conidiophores solitary or branched, septate, hyaline to pale brown. Conidiogenous cells hyaline to 

pale brown, aseptate, smooth-walled, ampulliform to cylindrical, 21ï56 × 3.0ï4.0 ɛm. Conidia 

hyaline, aseptate, smooth-walled, straight, cylindrical, one end round and the other truncate, 15ï

19.5 × 4.5ï5.0 ɛm (av. Ñ SD = 17.1 Ñ 1.0 Ĭ 4.7 Ñ 0.1 ɛm), L/W ratio = 3.6. Appressoria single, 

pale brown to medium brown, mostly irregularly shaped, with undulate to lobate margin, 

sometimes elliptical with an entire margin, 9.5ï18 × 5.5ï7.0 ɛm (av. Ñ SD = 13.6 Ñ 3.0 Ĭ 6.3 Ñ 0.5 

ɛm), L/W ratio = 2.2. 
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Other specimens examined ï CHINA. Hubei Province, Shennongjia Forestry District, on 

leaves of Lindera glauca, May 2019, C.L. Hou & Q.T. Wang (holotype CAF 8000207). Ex-type 

culture CNUCC 408-1-1-2. 

Notes ï Colletotrichum hubeiense is phylogenetically related to C. pleopeltidis, but shares 

low sequences similarities at act (94.21%), chs-1 (95.83%), and ITS (97.51%). Morphologically,  

C. hubeiense differs from C. pleopeltidis in producing shorter conidia (15ï19.5 ɛm vs. 19ï23ɛm) 

(Crous et al. 2021). 

 

 
 

Figure 16 ï Results of the bPTP analysis based on the ML topologies. Putative species clusters are 

indicated using transitions between blue-colored to red-colored branches. 

 

Colletotrichum jixiense X.N. Sui, M.J. Guo & C.L. Hou, sp. nov.        Fig. 26 

MycoBank number: MB853887; Facesoffungi number: FoF15937 

Etymology ï Referring to the Jixi County in Anhui Province where the host plants were 

collected. 

Typification ï CHINA. Anhui Province, Xuancheng City, Jixi County, on leaves of 

Cunninghamia lanceolata, Oct. 2016, C.L. Hou & Q.T. Wang (holotype CAF 8000208). Ex-type 

CNUCC 5-21-2-1. 
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Figure 17 ï Results of the bPTP analysis based on the BI. Putative species clusters are indicated 

using transitions between blue-colored to red-colored branches. 

 

Colonies on PDA 50ï55 mm diam. in 7 days, flat with entire edge, white (#ffffff) in the 

center, dark grayish yellow (#aeaca0) towards margin, with white margin, aerial mycelium dense, 

reverse white in the center, very light orange (#ffd589) to grayish yellow (#d1d0c9) towards 

margin, with white margin. On OA, conidiomata not developed, conidiophores formed directly on 

hyphae. Vegetative hyphae hyaline, smooth-walled, septate, branched. Setae not observed. 

Conidiophores hyaline, solitary, usually reduced to conidiogenous cells. Conidiogenous cells 

hyaline, aseptate, smooth-walled, ampulliform, 6.5ï11.5 × 2.0ï3.0 ɛm. Conidia hyaline, aseptate, 

smooth-walled, straight, ellipsoidal to cylindrical, both ends rounded, 12.0ï15.0 × 5.5ï7.0 ɛm (av. 

Ñ SD = 13.4 Ñ 0.8 Ĭ 6.2 Ñ 0.4 ɛm), L/W ratio = 2.2. Appressoria single or gregarious, medium 

brown to dark brown, ellipsoidal or irregularly shaped, with entire or lobed margin, 8.0ï12 × 5.5ï

7.5 ɛm (av. Ñ SD = 9.5 Ñ 1.1 Ĭ 6.6 Ñ 0.5 ɛm), L/W ratio = 1.4. 

Other specimens examined ï CHINA. Anhui Province, Xuancheng City, Jixi County, on 

leaves of Cunninghamia lanceolata, Oct. 2016, C.L. Hou & Q.T. Wang, living culture CNUCC 5-

21-2-2. 

Notes ï Colletotrichum jixiense belongs to the C. gloeosporioides species complex. In the 

six-locus phylogenetic tree, Colletotrichum jixiense has a close relationship with C. perseae  
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G. Sharma & S. Freeman. In the two-locus phylogenetic tree, this species forms an independent 

clade with high support (MPB = 100, PP = 1.00). However, the sequence similarities of act and 

gapdh of this species with Colletotrichum perseae are very low, with 96.61% similarity for the act 

gene and 98.70% similarity for the gapdh gene. For morphology, the conidia of C. jixiense (12.0ï

15.0 ɛm) are shorter than those of C. perseae (13.0ï19.0 ɛm) (Sharma et al. 2017). 

 

Colletotrichum luanense Q.T. Wang, X.N. Sui & C.L. Hou, sp. nov.       Fig. 27 

MycoBank number: MB853888; Facesoffungi number: FoF15938 

Etymology ï Referring to the Lu'an City where the host plants were collected. 

Typification ï CHINA. Anhui Province, Lu'an City, Shucheng County, on leaves of Camellia 

sinensis, May 2018, C.L. Hou & Q.T. Wang (holotype CAF 8000209). Ex-type CNUCC 157A-4-4. 

 

 
 

Figure 18 ï Phylogenetic tree of Colletotrichum gloeosporioides species complex derived from 

maximum parsimony analysis of the combined actïtub2ïcalïchs-1ïgapdhïITS sequences, using 

C. boninense (CBS 123755) as the outgroup. Maximum parsimony bootstrap values (BP > 50%) 

and bayesian posterior probabilities (PP > 0.95) are shown above or below the branches. Type 

species strains are noted with an ñ * ò. Newly generated sequences are represented in bold. 
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Figure 18 ï Continued. 
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Figure 18 ï Continued. 

 

Colonies on PDA 48ï63 mm diam. in 7 days, flat with entire edge, whole white (#ffffff), aerial 

mycelium dense, reverse olive tone (#1e1900) in the center and white (#ffffff) towards margin. On 

CMA amended with pine needle, conidiomata not developed, conidiophores formed directly on 
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hyphae. Vegetative hyphae hyaline, smooth-walled, septate, branched, with very light orange 

(#fff8eb) conidial mass. Setae not observed. Conidiophores hyaline, usually reduced to 

conidiogenous cells. Conidiogenous cells hyaline, aseptate, smooth-walled, cylindrical to 

ampulliform, 8.5ï30 × 2.5ï5.5 ɛm. Conidia hyaline, aseptate, smooth-walled, straight, cylindrical, 
one end round and the other slightly acute, 12ï16.5 × 4ï4.5 ɛm (av. Ñ SD = 14.2 Ñ 1.0 Ĭ 4.2 Ñ 0.2 

ɛm), L/W ratio = 3.4. Appressoria single, pale brown to medium brown, irregularly shaped, with 

entire undulate or lobed margin, 7.5ï13.5 × 3.5ï10.5 ɛm (av. Ñ SD = 10.5 Ñ 1.9 Ĭ 6.6 Ñ 2.1 ɛm), 

L/W ratio = 1.6. 

 

 
 

Figure 19 ï Phylogenetic tree of C. gloeosporioides species complex derived from maximum 

parsimony analysis of the combined apmatïgs sequences, using Colletotrichum xanthorrhoeae 

ICMP 17903 as outgroup. Maximum parsimony bootstrap values (BP > 50%) and bayesian 

posterior probabilities (PP > 0.95) are shown above or below the branches. Type species strains are 

designated by ñ * ò. Newly generated sequences are represented in bold. 
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Figure 19 ï Continued. 
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Figure 19 ï Continued. 

 

Other specimens examined ï CHINA. Anhui Province, Lu'an City, Shucheng County, on 

leaves of Camellia sinensis, May 2018, C.L. Hou & Q.T. Wang, living culture CNUCC  

157A-4-4-2. 


