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unasugusms (EXECUTIVE SUMMARY)

1. anua Ay uazianzasdan lun19n193398 (Rationale and review)

Species concepts in the important pathogenic genus Colletotrichum are
currently based largely on morphology in culture. Host-specificity is now considered
to operate only at the microspecies level. Assumptions in the past that Colletotrichum
species are host-specific has led to more than 650 species having been named
(http://www.uknec.co.uk/cabipages/Names/NAMES.ASP).  This  has  severely

constrained accurate exchange of information on Colletotrichum species.

Morphology and culture-based systems are generally appropriate for diagnosis
of species aggregates, but are of little use to distinguish the evolutionary units of
relevance to plant pathologists. Hence the outcome of the project is a significant
refinement of current Colletotrichum taxonomy based on phylogenetic evidence
potentially leading to molecular identification systems and diagnostic tools. This in
turn will lead to a better understanding of the requirements for plant breeders who

require knowledge of species they need to breed plant resistance against.

2. 109UszaaAzadlasan15338 (Objectives of the research)

i. To create a preliminary multigene-based phylogeny of the genus
Colletotrichum using nuclear and mitochondrial genomes, ribosomal

DNA, B-tubulin, TEF1a, and other appropriate genes.

ii. To determine the utility for phylogenetic inferences of single gene
sequence data sets as compared to combined data sets at the generic

level using Colletotrichum species.

iii. To indicated species concepts within the genus by linking molecular

result and morphology.



3. YBULUAYBILATINIFIAY (Scope of the research)

At the start of this project the genus Colletotrichum contained about 50
species, which cause plant diseases often known as anthracnose. We collected more
than 200 isolates in Thailand (mostly northern part) and some specimens from
elsewhere in Thailand. In this study we developed a practical phylogeny-based
approach for the identification of Colletotrichum, focused on Thai species and the C.
gloeosporioides complex. Variations in the mitochondrial genome, ribosomal DNA,
B-tubulin, TEF1a and other appropriate genes had investigated; all are in wide use in
other fungal genera to resolve problems in identification. The successful outcome of
this project had led to important practical implications to the plant pathology, plant

breeding and quarantine communities and resulted in many important publications.

oAy

4. saiisudfIeuarNandnaINNI9I8  (Methodology and the research

output)

Research Plan from October 2010 to September 2013

Year 3 (October 2012 to September 2013): (12 months).

Anthracnose diseased samples were collected in Thailand and specimens were
procured from elsewhere as needed for this study. Diseased samples had observed and
any the Colletotrichum species associated with the disease tissues were isolated by
single spore isolation techniques. Cultures were grown in PDA at room temperature
for one week and the morphology of selected species were observed and documented
by stereomicroscope and compound microscope. More than 200 isolates were
obtained. Molecular sequence data, initially 1TS, were used to characterize species
and decide which strains need further study. All the cultures were deposited at MFLU
culture collection (MFLUCC, Mae Fah Luang University, Thailand). We are also

worked towards epitypification of some species.



5. Ussleninilasu (Benefit)

Colletotrichum species are important pathogens causing disease of crops and
ornamental plants and it is essential we can accurately identify species for plant
disease control, plant breeding programs, quarantine regulations and important
publications. We have surveyed Colletotrichum species infecting crops, fruits and
other plants in Thailand and isolated endophytes from healthy grasses. By identifying
the disease causal agents we were able to establish which species infect which plants
in Thailand. Moreover, we published several new species and SCI publications and
we have been working towards epitypification of other species. Phylogenetic analyses
of ITS and morphology were used to characterize species that need further work and
we have been looking towards establishing a single gene(s) that can readily identify
species. Ultimately we have been developing a practical phylogeny for the
identification of Colletotrichum species, by focusing on Thai species. Our research
has involved international collaborations so that the techniques used to classify

Colletotrichum species are globally accepted.

6. unumameanammalulagvianamsidegdnauihvang

Systematics, plant pathologists, plant health practitioners, plant breeders and

quarantine officers, since they cannot name organisms confidently
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ABSTRACT

The genus Colletotrichum (sexual state “Glomerella”) are important pathogens
causing serious disease of plants and infected crops are subjected of import control
(quarantine) and plant breeding programs. Colletotrichum species have a worldwide
distribution and are associated with leaf spots, fruit anthracnose and when serious
infections occur they are responsible for reducing economic plant yields (e.g. of
cereals, vegetables, legumes, ornamental plants and fruits). They are also obligate
symbionts and occur in a symptomless parts of plants as endophytes and the
relationships between life modes (i.e. can the fungi switch modes) is poorly establish.
Previous identification and classification was based on host association and
morphological characteristics. Molecular sequence data analysis has become
commonplace in classifying plant pathogenic genera like Colletotrichum, which have
been found to comprise several species complexes. Initially ITS and morphology was
used to characterize species, however, they could not resolve species well. Recent
multigene phylogenetic analysis have involved actin (act), calmodulin (cal), chitin
synthase (chsl), glyceraldehyde-3-phosphate dehydrogenase (gapdh) and ITS gene
regions as well as morphology and pathogenicity testing so ai present there are about
100 described species and this is increasing monthly. There are also four accepted
species complexes and C. gloeosporioides is the most important. Recently multigene
phylogenetic analysis confirmed that C. glocosporioides is a species complex that
comprises 22 morphologically similar, phylogenetically distinct species. However,
ITS, beta tubulin (fub2), DNA lyase and the intergenic region of apn2 and MAT]-2-1
genes (ApMat)) have also been used to identify new lineages and new species within
this species-complex and presently, there are 28 accepted species names within the
species complex. There is however, yet no consensus among mycologists as to which
gene markers should be used to define and delimit a species within the species

complex.

At the beginning of this study (October 2010) there were more than 50
confirmed “molecular” species in the genus causing plant diseases often known as
anthracnose with 15 species known from Thailand. We therefore initiated a survey of

Colletotrichum species infecting fruits in Thailand and also those which are
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endophytes of healthy grasses. In the first, second and third year we collected and
isolated strains from more than 200 fresh specimens of various disease plants and
fruits and asymptomatic grass endophytes from difference places in Thailand. We also
sequenced these isolates and carried out morphological as well as pathogenicity
studies. We identified several new species and also worked towards epitypification of
other species and five publications (four SCI) appearing in year two (Oct 2011-Sept
2012) of the grant. In the final year of the project we published six SCI papers. We
were involved in developing a practical phylogeny and morphology based approach
for the identification of Colletotrichum species, focusing on Thai species. However,
since this is a global problem we have also chosen to collaborate with Brazilian,
Chinese and Indian colleagues in order to bring greater depth to the research and
international agreement to the findings. The latter was achieved with the formation of
the International Subcommission on Colletotrichum taxonomy
(http://www.fungaltaxonomy.org/ subcommissions) of which our group is a founder
member. We feel this has been a remarkably successful research project. In total we
published 11 international papers. We also have three papers in preparation.

At the present time more than 100 species of Colletotrichum are recognized
but there is still considerable work needed to establish how many species exist in
species complexes such as C. gloeosporioides, We will continue this work and
continue collecting in Thailand and publish new species as they are found and
resolved. At present ITS can separate species into the seven rain species complexes,
while a 6-7 gene combined phylogeny is need to reso’vz species within these
complexes. Identification is therefore difficult and costly. The next step is to examine
the whole genome sequences that are available for three Colletotrichum species and
use data mining to establish one or two genes that can more accurately resolve
species. This work is now underway in collaboration with colleagues in Beijing and
within 1-2 years we hope to publish these results. A summary of the status of
Colletotrichum species identification with be given in a paper we are preparing for
publication in Hyde et al. (in prep).

Keywords: Colletotrichum, Phylogeny, Plant pathogen, Taxonomy
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CHAPTER 1
INTRODUCTION

1.1 Background

Species concepts in the important pathogenic gerums Colletotrichum are
currently based largely on morphology in culture. Host specificity is now considered
to operate only at the micro-species level. An assumption in the past that
Colletotrichum species are host-specific has led to numerous problems in
identification, with more than 650 species [iaving been  named
(http://www.uknce.co.uk/cabipages/Names/NAMES.ASP).  This has  severely

constrained accurate exchange of information on Colletotrichum species.

Morphology and culture-based systems are generally appropriate for diagnosis
of species aggregates, but are of little use to distinguish the evolutionary units of
relevance to plant pathologists. Hence the outcome of the project will be a significant
refinement of current Colletotrichum taxonomy based on phylogenetic evidence
potentially leading to molecular identification systems and diagnostic tools. This in
turn will lead to a better understanding of the requirements for plant breeders who

require knowledge of species they need to breed plant resistance against.

1.2 Objectives

1.2.1 To create a preliminary multigene-based phylogeny of the genus
Colletotrichum using nuclear and mitochondrial genomes, ribosomal DNA, 3-tubulin,
TEF1a, and other appropriate genes.

1.2.2 To determine the utility for phylogenetic inferences of single gene
sequence data sets as compared to combined data sets at the generic level using

Colletotrichum species.

1.2.3 To elucidate species concepts within the genus by linking molecular

and morphological approaches.



1.3 Scope of research

The genus Colletotrichum contains about 50 species, which cause plant
diseases often known as anthracnose. Colletotrichum species are worldwide in
distribution and cause major damage to cereals, vegetables, legumes, ornamental
plants and fruit trees. The current naming of Colletotrichum species is largely based
on a combination of morphological and cultural characteristics. Due to limited
numbers of morphological character-suites available in culture coupled with inherent
phenotypic plasticity, precise identification of the species has always been difficult.
Physiological specialization within species and overlapping host ranges mean that our
current classification system is impracticable for users. This causes problems to
systematics, plant pathologists, plant health practitioners, plant breeders and
quarantine officers, since they cannot name organisms confidently. In our proposal we
had developed a practical phylogeny-based approach for identification of
Colletotrichum, focusing on Thai species and the C. gloeosporioides complex.
Variations in the mitochondrial genome, ribosomal DNA, B-tubulin, TEFla and other
appropriate genes had investigated; all are in wide use in other fungal genera to
resolve problems in identification and taxonomy. The successful outcomes of this
project have important practical implications to the plant pathology, plant breeding

and quarantine communities and important publications.



CHAPTER 2

LITERATURE REVIEW

2.1 The need for species recognition

The genus Colletotrichum causes various plant diseases often known as
anthracnose and is worldwide in distribution (Sutton, 1992). Colletotrichum species
cause major damage to crops in tropical, subtropical and temperate regions (Than ef
al., 2008 and Hyde ef al., 2009a, 2010). Cereal, vegetables, legumes, ornamentals and
fruit trees may be seriously affected by this pathogen (Freeman, 2000). Also,
Colletotrichum sp. is cosmopolitan and has been shown that multiple species can
infect single host or single species can infect multiple hosts (Cai et al., 2009 and Hyde
et al. 2009). Colletotrichum species are also commonly isolated as endophytes, and
latent and quiescent infections by these species on several hosts have been reported
(Bills, 1996; Brown et al., 1998 and Photita ez a/., 2004, 2005). Their ability to cause
latent infection i.e. infection without visible symptom makes them one of the most
successful pathogens causing post-harvest disease in a wide range of crop species

(Sutton, 1992).

At least nine different Colletotrichum species, C. capsici, C. coccodes,
C. crassipes, C. dematium, C, destructivum, C. gloeosporioides, C. lindemuthianum,
C. trifolii and C. truncatum for example, have been reported on legumes in tropical
and temperate regions (Lenne, 1992). These legume hosts include many important
human food sources including grain legumes, root crops and fruits, and pasture plants,
medicinal plants, timber trees and ornamentals (Anonymous, 1979). All of these
Colletotrichum species are reported to infect at least two hosts, and C. capsici, C.
gloeosporioides and C. lindemuthianum are reported to have the widest host ranges
among these nine. These reports however, are not backed up by voucher specimens
and their occurrence cannot be verified. If we want to breed legumes that are resistant
to anthracnose caused by Colletotrichum species we must know which species infect

which hosts.



Colletotrichum gloeosporioides is a particularly large complex comprising
taxa which cause diseases of a wide range of crops. The taxa have been isolated as
pathogens, endophytes and saprobes and it is not clear whether these different
lifestyles are associated with specific lineages or have evolved many times. It is
therefore particularly important that we gain an understanding of the diversity of

organisms within this complex.

Colletotrichum sp. is the anamorphic stage of several species of Glomerella
sp. and has a taxonomic history of about 200 years (Corda, 1837). There are 17
acknowledged generic synonyms for Colletotrichum sp. and two further names are
dubiously included, and there are about 900 species names assigned to this genus
(Sutton, 1980, 1992). The identification and characterization of Colletotrichum
species are mainly based on morphological and cultural criteria or a combination of
both. It has become apparent that the classification system presently used has limited
scope since some species names assigned to collection and isolates lack the precision
required by users. The numbers of morphological characters derived from growth in
culture are limited, and growth conditions have been rarely standardized. Moreover
the inherent phenotypic plasticity of individual isolates creates confusion in
identification. There are group species or species complexes such as
C. gloeosporioides, C. dematium, C. lindemuthianum which are known to be

represented by at least nine distinct subtaxa (Sutton, 1992).

Under these circumstances the species name has limited practical significance
to the plant pathologist involved in disease management and quarantine, and the
breeder involved in resistant breeding. The evolution of different systems for
identification of species over time has largely been the result of subtle changes in the
concept concerning the importance of different aspects of morphology combined with
ideas about host range and host-pathogen relationships for particular taxa. Despite
these amendments the current concept of Colletotrichum sp. systematics is still very
broad, unreliable and unpredictable being based on the combination of classical
criteria such as conidial shape and size, presence, absence and morphology of setae,
presence of sclerotia and appressoria and symptom expression on host. Moreover, the

current classification system for Colletotrichum in general is unsatisfactory because



the constituent species are inadequately defined (Cannon et al., 2000; Than et al.,

2008a).

Molecular approaches are being used to resolve problems in fungal taxonomy
and fungal identification by many workers (Ma et al., 1997; Ranghoo et al., 1999
Rollo et al.,, 1995, Zhang et al., 1997, Than et al, 2008a.b). Because of the
shortcomings of Colletotrichum sp. systematic based on cultural characteristics and
morphology there is need for a combined approach including the use of molecular
data. Various DNA-based systems have been used to study phylogeny, systematic,
genetic diversity and population structure of Colletotrichum species. These markers
include restriction fragment length polymorphisms (RFLP), random amplified
polymorphic DNA (RAPD), amplified restriction fragment length polymorphisms
(AFLP), rtDNA internal transcriber spacer (ITS1 to ITS2) and small subunit ribosomal
RNA (18S rDNA). RFLP was found extremely useful to determine genetic
relationships within C. gloeosporioides from Stylosanthes spp (Braithwaite et al.,
1990). The same marker was used to study diversity in C. gloeosporioides from
Stylosanthes guianensis, and avocado and almond (Freeman et al., 1996; Kelemu er
al., 1999). RAPD was used to study genetic diversity and variability in C.
lindemuthianum, C. acuminatum and C. glocosporioides {Balardin et al., 1997,
Gonzalez et al., 1998; Kelemu et al., 1999; Lander et al., 1999; Sicard et al., 1997).
Similarly AFLP was used to characterize C. lindemuthianum isolates (Gonzalez ef al.,

1998), however these days these techniques are considered crude.

Cannon et al. (2000) stated that data derived from nucleic acid analyses should
provide the most reliable framework to build a classification of Colletotrichum sp., as
DNA characters were not directly influenced by environmental factors. Most fungal
phylogenetic studies utilized sequences from the ribosomal gene cluster, since they
were present in large numbers as tandem repeats and evolved as a single unit
(Mitchell et al., 1995). In particular, sequence analysis of the internal transcribed
spacer (ITS) regions which lie between the 18S and 5.8S genes and the 5.8S and 28S
genes, has proved useful in studying phylogenetic relationships of Colletotirichum
species because of their comparative variability (Sreenivasaprasad et al., 1994; 1996;

Moriwaki et al., 2002; Photita et al., 2005; Shenoy et al., 2007; Than et al., 2008a,b).



The ITS region was used to analyze Colletotrichum species from various fruits, to
study intraspecific diversity in C. acuminatum and C. lindemuthianum and to study
phylogeny and systematic of several Colletotrichum spp. (Freeman et al., 2000, 2001;
Sicard et al., 1997; Sreenivasaprasad ef al., 1996). Small subunit IRNA was used to
infer phylogenetic placement of Athelia bambacina, Aureobasidium pullunans and C.
gloeosporioides (Illingworth et al., 1991). Besides these A+T rich DNA analysis, 8-
tubulin genes have been used to study Colletotrichum species (Freeman et al., 2000,
2001; Thon and Royse, 1999; Than et al., 2008a,b). Sequence analysis of protein
coding genes such as partial B-tubulin gene, has also been applied to resolve
phylogenetic relationships among C. acutatum species complexes (Sreenivasaprasad
and Talhinhas, 2005). Sequences of introns from two genes (glutamine synthase and
glyceraldehyde-3-phosphate dehydrogenase) were also used to evaluate a diverse
collection of isolates of C. acutatum (Guerber et al., 2003; MacKenzie et al., 2008).
C. acutatum isolates clustered into groups (Guerber et al., 2003; MacKenzie ef al.,
2008; Peres er al., 2008). These groups might represent phylogenetically distinct
species of C. acutatum sensu lato (Guerber et al., 2003). Yun ef al. (1999) stated that,
because of the high intra-species variability and the low inter-species variability,
MATI1-2 mating type sequences gave strong support for branches, allowing
differentiation of closely related Cochliobolus spp. whose relationships were not
resolved by ITS sequences alone. Consequently, Du et al.(2005) confirmed that
MATI1-2 mating type was useful in differentiating the groups of isolates from the

species complexes (C. graminicola, C. gloeosporioides and C. acutatum).

A combined application of molecular diagnostic tools along with traditional
morphological characterization is an appropriate and reliable approach for studying
Colletotrichum species complexes (Cannon et al., 2000). Than et al. (2008a)
differentiated isolates of chilli anthracnose from Thailand into three species:
C. acutatum, C. capsici and C. gloeosporioides, based on morphological
characterization, sequencing based on rDNA-ITS region and partial  tubulin gene
and pathogenicity testing. Hong and Kim (2007) reported that Korea isolates of
C. acutatum were phylogenetically separated from the global groups of C. acutatum

Al to A8 based on the sequences in partial beta-tubulin 2 (exons 3-6). Restriction



fragment length polymorphisms (RFLP) of ITS region resuiting from A/ul, Rsal and
BamHI digestions have also been employed to differentiate Colletotrichum species

from chilli anthracnose in Taiwan region (Sheu et al., 2007).

The current classification of Colletotrichum species is broad and has a limited
practical significance. It is well accepted that the systematic of the genus
Colletotrichum awaits a detailed investigation and refinement. We had refined
Colletotrichum taxonomy focusing on Thailand taxa and in particular the C.
gloeosporioides complex. Various molecular techniques such as PCR amplification of
rDNA; B-tubulin, TEFla and other appropriate gene sequences were used in this
study. We had also determined the utility for phylogenetic inferences of single gene
sequence data sets as compared to combined data sets at the generic level using

Colletotrichum species.



CHAPTER 3

MATERIAL AND METHODS

3.1 Fungal isolates and cultures
Strains of Colletotrichum spp. were isolated by single spore isolation
method on the water agar (WA) and Potato dextrose agar (PDA, Difgo). After that
cultures were grown on PDA at room temperature (25-30°C) for one week. And then
they were deposited at MFLU culture collection (MFLUCC, Mae Fah Luang
University, Thailand).
3.2 Molecular analysis
3.2.1 DNA extraction
DNA extracted from the fungal mycelium that were grown on PDA
petridis (one week). Re-suspended fungal mycelium in 1-2 ml of sterile water.
Suspensions vortexed briefly and left in the dark at 25°C for 24 hrs to encourage spore
germination and/or mycelium were softened. Total genomic DNA extracted by the
adapted CTAB method used to extract fungal genomic DNA from fungi (Ford er al.,
2000).
3.2.2  Polymorphisms in nuclear DNAs
A nuclear DNA probe, GepR1, from the bean anthracnose pathogen C.
lindemuthianum had been found very useful to differentiate between species of
Colletotrichum (Rodriguez and Yoder, 1991). This probe was also used to
differentiate between C. gloeosporioides from Almond and Avocado (Freeman ef al.,
1996). The same probe used to study inter-specific differences between these
Colletotrichum species.
3.2.3 Analysis of A + T-rich DNA associated with mt DNA
Polymorphisms in A+T rich DNA revealed by restriction enzyme
Haelll used to characterize and differentiate various Colletotrichum isolates
(Freeman and Shabi, 1996; Freeman et al, 1996; Hodson et al., 1993,
Sreenevasaprasad er al., 1992). The restriction enzyme Haelll recognizes and

cleaves the DNA sequence GGCC. Hence, most of the nuclear DNA digested to the



fragment of less than 2 kb whercas A+T rich DNA is cleaved infrequently by this
enzyme (Freeman et al., 1996).
3.2.4 DNA fragment amplification (for ITS, B-tubulin and TEF 1-ua genes)
Universal PCR primers available for amplification of ITS 1 and ITS 2
regions between the small and large nuclear rDNA including the 5.8S rDNA used as
previously described by (White et a/., 1990). Similarly conserved regions of B-tubulin
and TEF 1-a genes amplified using specific primers. Amplification reactions carried
out in an automated thermal cycler using the basic amplification protocol described by
Guo et al. (2001).

3.2.5 DNA sequencing

PCR products purified by Promega Wizard DNA purification kits, The
purified DNA sequenced on an automated sequencer using fluorescent dye-labeled
sequencing primers (ALFExpress, Pharmacia). The amplification product with
multiple bands were appearing by electrophoresis in 1% low-melting temperature
agarose gel, visualized with ethidium bromide, excised separately, purified and
sequenced. When the two products were too closed for gel elution they cloned into
pGEM-T Easy vector with an overnight ligation. Recombinants vector could
identified and plasmid DNA did extracted, purified and sequenced. All of the data
made available to the scientific community via submission to GenBank.

3.2.6 Data analysis

RFLP auto-radiograms of nDNA RFLP and gel photographs of
mtDNA were scored for the presence (1) or absence (0) of band separately. A multi-
locus genotype based on these two set of data were constructed for each study isolate.
Genetic similarity between and within species were computed to construct UPGMA
tree using the NTSYS-pc version 2.1 (Rolf, 2000). nDNA RFLP data for C
lindemuthianum populations from Hong Kong and Southern China were subjected to
similar analysis, and the genetic diversity within and between the study populations
were estimated by Gleason and Shannon indices.

PCR sequenced data of each gene was aligned for all isolates and with
published sequences from GenBank and EMBL databases with computer program
(eg. SeqApp, Clustal X) and then aligned manually. Non-informative sites was

omitted or re-coded in the analysis. All characters were treated as unordered.
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Alignment data was subjected to three methods of phylogenetic analysis; maximum
Parsimony (MP), Weighted parsimony (WP) and Maximum-likelihood (ML) using
PAUP* 4.0 (Swofford, 1998). Out group rooting was used to determine polarity.
Bootstrapping and decay indices were used to measure branch robustness.

The techniques involved in the approach described are familiar with
the investigators. Dr. Hyde has extensive knowledge in collection, isolation,
identification and growth of fungal cultures. Drs Crous and Rampai had hand-on
experience in the specific molecular and physiological evaluation techniques. Dr
Hyde had many years experience in identification of Colletotrichum species and in

relating molecular and morphological species concepts.



CHAPTER 4

RESULTS

4.1 Morphological study

Basic morphological characters of Colletotrichum species on various plant are
the fruiting bodies called acervuli which may have dark setae. Orange masses of
conidia may from on the acervuli. Examples of some species we have documented are

illustrated in Figs 1-5. Conidia are unicellular, hyaline and differently shaped.

Fig 1. Colletotrichum gloeosporioides (MFLUCC12-0205, NTCL045): A. Specimen
on living leaf. B. Conidiomata on the host surface. C. Longitudinal section of a
conidioma. D-E. Conidiogenous cells with developing conidia. F. Conidia. G.
Germinating conidium. H-I. Colonies on PDA; H. From top; I. From reverse. Scale

bar: C =100 pm; D-G = 10 pum.



Fig 2. Colletotrichum ignotum (MFLUCCI12-0138, NTCBO0O1): A. Specimen on
dead bark. B. Conidiomata on the host surface. C. Longitudinal section of a
conidioma. D-F. Conidiogenous cells with developing conidia. G-L. Conidia. M.
Germinating conidium. N-O. Colonies on PDA; N. From top; O. From reverse. Scale
bar: C = 100 pum; D-N = [0 um.



Fig 3. Colletotrichum boninense (MFLUCC12-0148, NTCL031): A. Specimen on
living leaf. B. Conidiomata on the host surface. C. Longitudinal section of a
conidioma. D. Longitudinal section of a conidioma wall. E-H. Conidiogenous cells
with developing conidia. I-J. Conidiogenous cells stained with lactophenol cotton
blue. K. Conidia. L. Germinating conidium. M-N. Colonies on PDA; M. From top;
N. From reverse. Scale bar: C = 100 pm; D =50 pm; E, K-L = 20 pm; F-J = 10 um.
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Fig 4. Colletotrichum gloeosporioides (MFLUCC12-0203, NTCL042): A-B.
Specimen on living leaf. C. Conidiomata on the host surface. D. Longitudinal section
of a conidioma. E-F. Conidiogenous cells with developing conidia. G-J. Conidia. K.
Germinating conidium. L-M. Colonies on PDA; L. From top: M. From reverse. Scale
bar: D = 100 pm; E-K = 10 um.



Fig 5. Colletotrichum gloeosporioides (MFLUCC12-0204, NTCL043): A. Specimen
on living leaf. B. Conidiomata on the host surface. C. Longitudinal section of a
conidioma. D. Longitudinal section of a conidioma wall. E-G. Conidiogenous cells
with developing conidia. H-M. Conidia. N. Germinating conidium. O-P. Colonies on
PDA; O. From top; P. From reverse. Scale bar: C = 100 um; D = 50 um; E-N = 10
m.



4.3  Molecular analysis
In this project, we did PCR and sequenced the ITS, Actin, CAL, GPDH, GS
and TUB gene regions of most strains (Table 4.3). Much of this data has analyzed and
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publish while a small amount is still being worked up. All sequence data has been or

will be deposited in NCBI and is listed reported in subsequent publications (see

publications in attachment) and in Table 4.3.

Table 4.3 Some of the PCR results for Colletotrichum strains collected.

MFLUCC

Region

ITS

SSU

LSU

Actin

CAL

GS

TUB

10-0610

X

10-0611

X

10-0612

X

10-0613

X

10-0614

X

X

X

X

X

X

10-0615

X

X

X

X

X

X

10-0616

KF24211

KF15782

KF25487

KF24218

KF24214

KF25489

10-0617

X

X

X

X

X

10-0618

X

X

X

X

X

10-0619

X

X

X

X

X

10-0620

X

X

X

X

X

10-0621

KF24209

KF15780

KF25485

KF24212

KF25487

10-0622

X

X

X

X

X

10-0623

X

X

X

X

X

10-0624

KF24209

KF15780

KF25485

KF24215

KF24212

KF25488

10-0625

KF24209

KF15780

KF25485

KF24215

KF24212

KF25485

10-0626

X

X

X

X

X

X

10-0627

X

X

X

X

X

X

10-0628

X

X

X

X

X

X

10-0629

KF24209

KF15780

KF25485

KF24215

KF24212

KF25485

10-0630

KF24209

KF15780

KF25486

KF24215

KF24212

KF25488

10-0631

X

X

X

X

X

X

10-0632

X

X

X

X

X

X
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Table 4.3 Some of the PCR results for Colletotrichum strains collected (Continued)

Region
MFLUCC
ITS SSU| LSU | Actin CAL GAPDH GS TUB
10-0633 X X X X X X X X
10-0634 b X X X X X X it
10-0635 | KF242107 | «x x | KF157814 | KF254868 | KF242169 | KF242138 | KF254889
10-0636 | KF242105 | x X KF157812 | KF254866 | KF242167 | KF242136 | KF254887
10-0637 X X X X X X X X
10-0638 X X X X X X X X
10-0639 X X X X X X X X
10-0640 | KF242121 | x x | KF157829 | KF254844 | KF242179 | KF242152 | KF254903
10-0641 X X X X X X X X
10-0642 X X X o X X X b
10-0643 X X b X X X X X
10-0644 | KF242109 | «x x | KF157816 | KF254870 | KF242171 | KF242140 | KF254891
10-0645 X X X X X X % X
10-0646 | KF242120 | x x | KF157828 | KF254843 | KF242178 | KF242151 | KF254902
10-0647 X X X X X X X X
10-0648 X X X X X X x X
10-0649 X X X % X X % X
10-0650 X X X X X X X X
10-0651 | KF242119 | «x x | KF157826 | KF254878 | KF242177 | KF242150 | KF254901
10-0652 | KF242096 | x x| KF157803 | KF254882 | KF242158 | KF242127 | KF254882
10-0653 | KF242099 | x X KF157806 | KF254851 | KF242161 | KF242130 | KF254855
10-0654 | KF242100 | x x | KF242100 | KF254852 | KF242162 | KF242131 | KF254856
10-0655 | KF242110 | «x x | KF157817 | KF254871 | KF242172 | KF242141 | KF254892
10-0656 | KF242116 | x x | KF157823 | KF254875 | KF242185 | KF242147 | KF254898
10-0657 | KF242111 | x x | KF157818 | KF254872 | KF242173 | KF242142 | KF254893
10-0658 X X X X X X X X
10-0659 x X X X X % X X
10-0660 | KF242103 | «x x | KF157810 | KF254864 | KF242165 | KF242134 | KF254885
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Table 4.3 Some of the PCR results for Colletotrichum strains collected (Continued)

MFLUCC

Region

ITS

SSU

LSU

Actin

CAL

GAPDH

GS

TUB

10-0661

X

X

10-0662

X

X

10-0663

X

X

10-0664

X

X

10-0665

10-0666

X

X

X

X

X

X

10-0667

X

X

X

X

X

X

10-0668

KF24212

KF15783

KF25484 |

KF242180

KF24215

KF25490

10-0669

KF24211

KF15781

KF25487

KF242174

KF24214

KF25489

10-0670

X

X

X

X

X

X

10-0671

X

X

X

X

X

X

10-0672

X

X

X

X

X

X

10-0673

KF24210

KF15781

KF25486

KF242170

KF24213

KF25489

10-0674

KF24211

KF15782

KF25489

KF242175

KF24214

KF25489

10-0675

X

X

X

X

X

X

10-0676

KF24212

KF15782

KF25484

KF242181

KF24215

KF25485

10-0677

KF24210

KF15781

KF25486

KF242166

KF24213

KF25488

10-0678

X

X

X

X

X

X

10-0679

KF24211

KF15782

KF25484

KF242182

KF24214

KF25489

10-0680

KF24211

KF15782

KF25484

KF242183

KF24214

KF25489

10-0681

KF24210

KF15780

KF25486

KF242163

KF24213

KF25488

10-0682

X

X

X

X

X

10-0684

X

X

X

X

X

11-0456

11-0460

11-0534

11-0535

11-0536
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Table 4.3 Some of the PCR results for Colletotrichum strains collected (Continued)

MFLUCC/ Region
LC code ITS SSU | LSU | Actin CAL | GAPDH | GS | TUB
11-0538 X X X X X X X X
11-0539 X % % X X X X X
11-0541 X X X X X X X X
13-0418 | KC633854 | x % X KC810018 | KC832854 | x X
13-0417 | KC633853 | «x X KC692467 | KC810017 | KC832853 | «x X
13-0419 | KC633855 | x % KC692468 | KC810016 | KC832846 | x X
10-0676 | KC835393 | «x X K(C835394 | KC835395 | KC835396 | x %
LC0542 | KC633852 | «x X KC692466 | KC810019 | KC832841 | x X
LC0540 | KC633859 | «x X KC669628 | KC835391 | KC832842 | «x X
LC0548 | KC633856 | x X KC669625 P KC832849 | x X
LCI1212 | KC633857 | x X KC669626 | KC692471 | KC832848 | x X
LCO0532 | KC633858 | «x X KC669627 | KC692472 | KC832852 | x %
LC1232 | KC633860 | x % KC676709 | KC692473 | KC832845 | «x X
LCO0326 | KC633861 X X KC676710 | KC692474 | KC832856 | x %
LC0347 | KC633862 | x % KC676711 X KC832851 | x X
LCO0329 | KC633863 | x X KC676712 | KC692475 | KC832843 | x %
LC1235 | KC633865 | «x X KC676714 | KC692477 | KC832850 | x X
LC0323 | KC633866 | x % KC676715 | KC692478 | KC832855 | x %
LC1234 | KC633867 | «x X X KC692479 | KC832844 | x X
LC1225 | KC633869 | «x X KC676716 X KC832847 | x X
LC0328 | KC633868 | «x x X KC692480 | KCS32858 | «x x
LC0S537 | KC633864 | «x X KC676713 | KC692476 | KC832857 | x X
LCOS51 | KC633850 | «x X KC633871 | KC692470 | KC835389 | «x X
LC1238 | KC633851 | «x % KC633870 | KC692469 | KC835390 | x %

x= will be submitted to GenBank as publication arise.
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4.4. Resolving species complexes

We can now resolve Colletotrichum into species complexes with ITS (see Fig 6) but
to resolve species complexes is much more difficult (see Fig 6).
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Fig 6. ITS tree resolving species complexes.
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For example, species of Colletotrichum on grapes can be resolved into three species
including C. aenigma, C. hebeiense and C. viniferum. However, C. viniferum is a

species complex comprising several species. Better genes are needed to resolve the

species in this complex.

T a{— GZAASS.08622 Colleloinenum viniferum
ﬂE:Gb\AS“) GB616 Collatainchum vindarum
GZAASS 08604 Colieioirchum vinderum
GZAASS 08608 Colletoinchum vinderum
K6
= C4
r C9
G121
vl 7
rPTTS
+G&1
tGT Y
812
1 s
ey : viniferum
- E371
o NLE )
P
o B}
s f 17
- 14T
G4
bi13.1
D31
B14
- PTTI
- J31
B27
F3.1
J21
D11
GZAASS 0860 Collelolnchum vinkforum e
GZAASS.08627 Coliglotnchium Iruchicola
e GZAASSE 08610 Collelotnchum fruslcols
; GZAASS.08618 Colelolrchum luchcola
GZAASS 08628 Colletornchum fruchoola
o] Lo icmP 18581 Colietotnchum fructicols
B ICMP18187 Colltotnchum nuphancola
), ICMP17673 Collelotnchum aeschynomenes
ICKP 1778 Collelolinchum queensiandicium
ICMP 15051 Colelointhum salsolae
ICMP 12071 Collelotnchum atenun
ICMP 18608 Collelotnichum engma
an
a1
2012.2 acnigma
2.1
[£4 p
3 - 7
i W C: hebeiense sp. nov
F—1CMP 18653 Collctoinchum topicale
s ICMP 18580 Collelotnchum asiarm
B ICMP 19118 Collelotichinm musae
L—ICMP 18578 Coltelolnchum siamense

want GZAASS 08624 Colleloinchum ioeosponcdes
ALY GZAASE 08620 Colietolithum ploeosponades
ICMP17821 Collotolnchum glooospononos

ICMP17019 Colelotnchum alatae
ICMP18539 Collgloinchum kahawe Ciggalo
ICMP 18658 Coviolotchum chdemac
ICMP 15120 Cotletotnchum pssdu
HCMP 18537 Colielolnchium aolearca

MP18579 Colle cordylinicola
ICMP4B32 Colletotnchum
< ICMP 17903 Colletoinchum xaninerihoeac
L—{——-—— ICMP1BGAD Colelotrchum theobiomicola

CMP 10462 C hofn

CBS123755 Colglotnchum boninense

0.1

Fig 7. Species of Colletotrichum from grape.



CHAPTER 5
CONCLUSION

Colletotrichum species have a worldwide distribution and are important
pathogens subjected to import control and plant breeding programs. Previous
identification and classification was based on host-association and morphological
characteristics. Molecular sequence data, initially ITS and morphology was used to
characterize species, however, they could not resolve species well. Recent multigene
phylogenetic analysis as well as morphology and pathogenicity testing have resolved
about 100 Colletotrichum species. There are four important species complexes. C.
gloeosporioides species complex is the most important and multigene phylogenetic
analysis have confirmed that C. gloeosporioides comprises 22 morphologically
similar, phylogenetically distinct species. However, ITS, beta tubulin (fub2), DNA
lyase and the intergenic region of apn2 and MATI-2-1 genes (ApMat)) have also used
shown new lineages within this species-complex and presently, there are 28 accepted
species names within the complex. No consensus among mycologists as to which
gene markers should be used to define and delimit a species within the species
complex yet exists. We have collected more than 200 strains of Colletotrichum from
various diseased plants and also grasses as asymptomatic endophytes. We have
sequence and characterized many new species and have published these. Between
October 2010 and September 2013 we published eleven manuscripts of which all nut
one were SCI (Table 5.1). Since Colletotrichum is a global problem we have chosen
to collaborate with Brazilian, Chinese and Indian colleagues in order to bring greater
depth to the research and international agreement to the findings. The latter was
achieved with the formation of the International Subcommission on Colletotrichum
taxonomy (http://www.fungaltaxonomy.org/ subcommissions, of which our group is a

founder member.
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Table 5.1 Publication list

Year

Publications

2011

2012

Ko Ko TW, Moslem MA, Abdelsalam K, Chamyuang S, Cheewangkoon
R, Chukeatirote E, Jonglackha N, Kobsueb R, McKenzie EHC,
Promputtha I, Soytong K, To-anun C, Wikee S, Wulandari NF, Hyde
KD (2011) The need for re-inventory of Thai phytopathogens. Chiang
Mai Journal of Science 38(4): 625-637.

Jadrane I, Kornievsky M, Desjardin DE, He ZH, Cai L, Hyde KD (2012)
First Report of Flower Anthracnose Caused by Colletotrichum karstii
in White Phalaenopsis Orchids in the United States. Plant Disease 96
(8):1227

Noireung P, Phoulivong S, Liu F, Cai L, Mckenzie EHC, Chukeatirote E,
Jones EBG, Bahkali AH, Hyde KD (2012) Novel species of
Colletotrichum revealed by morphology and molecular analysis.
Cryptogamie, Mycologie 33(3): 347-362.

Peng LJ, Yang YL, Hyde KD, Bahkali AH, Liu ZY (2012) Colletotrichum
species on Citrus leaves in Guizhou and Yunnan provinces, China.
Cryptogamie Mycologie 33(3): 267-283.

Phoulivong S, McKenzie EHC, Hyde KD (20{2) Cross infection of
Colletotrichum species; a case study with tropical fruits. Current
Research in Environmental & Applied Mycclogy 2(2): 99-111 DOI
10.5943/cream/2/2/2.

Yang Y, Liu Z, Cai L, Hyde KD (2012) New species and notes of
Colletotrichum on daylilies (Hemerocallis spp.). Tropical Plant
Pathology 37(3): 165-174.

2013

Huang F, Chen GQ, Hou X, Fu YS, Cai L, Hyde KD, Li HY (2013)
Colletotrichum species associated with cultivated citrus in China.
Fungal Diversity 61:61-74

Lima N, Batista MV de A, Morais, MA De Morais Jr, Barbosa MAG,
Michereff SJ, Hyde KD, Camara MPS (2013) Five Colletotrichum




species are responsible for mango anthracnosz in northeastern Brazil.
Fungal Diversity 61:75-88

Manamgoda DS, Udayanga D, Cai L, Chukeatirote E, Hyde KD (2013)
Endophytic Colletotrichum from tropical grasses with a new species
C. endophytica. Fungal Diversity 61(1): 107-115.

Nilsson RH, Hyde KD, Alias SA et al. (2013) A distributed third-party
annotation effort of fungal ITS sequences from plant pathogenic

fungi. Plos One (in prep)

Peng LJ, Sun T, Yang L, Cai L, Hyde KD, Bahkali AH, Yi Liu ZY (2013)
Colletotrichum species on grape in Guizhou and Yunnan provinces,
China. Mycoscience 54:29-41.

Sharma G, Kumar N, Weir BS, Hyde KD, Shenoy BD (2013) The ApMat
marker can resolve Colletotrichum species: a case study with
Mangifera indica. Fungal Diversity 61:117-138

Udayanga D, Manamgoda DS, Liu X, Chukeatirote E, Hyde KD (2013)
What are the common anthracnose pathogens of tropical fruits?
Fungal Diversity 61:165-179

Yan JY, Jayawardena MMRS, Wang Y, Zhang W, Liu M, Yan H, Huang JB,
Wang ZY, Shang JJ, Peng YL, Bahkali A, Hyde KD, Li XH (2013)
Diverse species of Colletotrichum associated with grapevine

anthracnose in China. Fungal Diversity (in prep)

Vieira WAS, Nascimento RJ, Michereff SJ, Hyde KD, Camara MPS (2013)
First Report of Papaya Fruit Anthracnose Caused by Colletotrichum

brevisporum in Brazil. Plant Disease (in prep)
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Disease Notes

First Report of Flower Anthracnose Caused byColletotrichum
karstii in White PhalaenopsisOrchids in the United States

1. Jadrane, M. Kornievsky, D, E. Desjardin, and Z.-H. He,Department of Bislogy, San Francisco State
University, CA $4132; L.Cai, State Key Laboratory of Mycology, Inszitute of Microbiology, Chinese Academy of
Science, Beijing, China: and K. Hyde, School of Science, Mae Fah Luang Univirsity, Muang, Chiang Rai, 57100,
Thailand

In October 2010, a Colletotrichum species was isolated from whitePhalzenopsis fiowers growing in a greenhouse
in San Francisco, CA. Thic Phalaenopsis is a commen commercizl orchid hybrid generated mostly likeby

from Phalaenopsis amabilis and P. aphrodite, The white petals shewed anthracnoss-like lesions where necrotic
tissue is surrcunded by a ring of green tissue. The qreen halo tssues around the necrotic tissue contain functional
chlcroplasts. One-centimeter disks were cut around the necrotic sites and surface-sterilized with 95% ethansl and
0.6% sodium hypochiorite. The disks were placed on potato dextrose agar (PDA) medium to establish cultures,
Pure cultures were obtained by subculturing hyphal tips onto fresh PDA plates. The generated colonies had white
aerial mycelia and crange conidial mass, The color of the reverse colony varies between colorless and pale
orange. Microscopic observations identified the conidia as cylindrical, straight, 2nd rounded at both ends. In
addition, the conidia were approximately 15.0 to 18.0 um long and 5.0 to 6.5 pm in diameter. These observed
morpholoqical features suggested that these isclates possessed the same characteristics as previously described
forColletatrichum karstii, 3 species considered as part of the €. bonirensespecies compale= {1}. Four putative
independent Collerotrichum isolates were recovered (DED9596, DEDSS97, DEDSS5SB, =nd DEDS559). To confirm
the Colletorrichum isclates as the causative pathogen, healthy white Phalsenopsis flowers {five total) in a whole
plant were sprayed with a conidial suspension [approximately 1.2 » 10° conidia/mi] of the isolates and incubated
at 20°C and 100% relative humidity with cycles of 16 h light and 8 h of darkness. Approximately 1 mil of conidial
suspension solution was used for each Rower, Tre plants were watered regularly and Rowers were sprayed with
sterile double-distilled water daily, As neaztive controls, five floviers in a whole plant were spraved with water,
Fifteen to twenty days after inoculation, lesions started to form on the petals sprayed with the

putative Colletotnichum isolates. All contiols remained healthy. The Colletotrichum-inoculated flowers remained
alive and did not die as & result of the infection, This same experiment was repeated and the same results were
obtained, DNA was extracted from the necrotic regions of the petals infected by the pure cultures of the four
isolates and used to sequence the 185 rRNA ITS [internal transcribed spacer) region. All four isolates gave
identical ITS sequences, Analysis of the obtained representative sequences [(GenBank Accession No, JQ277352)
suggested that the isolated pathogen as C. karsai. Using the published ITS data for the C. boninense species
complex (1), a phylogenetic tree was generated via the maximum likelihood method. This created tree places the
isolates in the same aroup as C. karsti. This type of C. karsai infection inPhalzenopsis orchid petals was not
documented in the U,5. bafore, although it has been reported in China and Thailand (2). To our knowledge, this is
the firsz report of infection and green island fermation|caused by C. karstii on orchid fiower in the United Stazes,

References: (1) Damm er 2l. Studies in Mycology 73:1, 2012, (2} Yang et al. Cryorogamie Mycologie 32:229,
2011,
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Novel species of Colletorrichum revealed by morphology
and melecular analysis
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Abstran - Coilamrichem spocis are widely knowa as key aathracsase puthagens of
soverul eoncamic plan, In thi stody, CRliceeichem species usodaled wilh Jeaf
anthracnose t'-a.nl.nlt_i rien various plants in Thoilzand were sidnjecied Lo rrrnpho].}rt 2l ant
molecular anzlyses. The ITS rIDNA regites of these siezing were sweguenced and alipoed
wilh dhrss of t_l,-r-c slming o the penugs T6 wrder 1o cilzalish if Lhuey can be assipned Lo any
Lnawn species, Slruing ol oonchl nol b u.thh-.d wure farther sequenced B [‘u.rl.d.] aclin
PACT. [s tubulin {TUE2) 2nd plycerablehydes Lphospbule gehydriogense (GAPDIE
penes dmd :.mrluﬂ.d in z phylopesclic nu!}ms Lo reweul their relziiomships with ather
closely related wxa, The multilsois sequence usalysb, togsther with 2 critical examinalion
of the phonotvpic churacters revealed throe pew spocics. These are dntridozed o
L brevisporaire, O tropdcionla znd O thailandices 2ol formally desoimed, ilbasirubsd and
c;;mpur-:.-d wilh similar v,

Antbrucnos [ maldlooes phylopeny ! plani discuse | syspematios | puthopeniciy

INTRODUCTION
Cedferoprichiam i oan dmportanl, cosmopolilan, physopalhopenic peous

causime anthracase discase of 2 wide rappe of coonomicilly importaat crogs.
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mrravae, Lhe Lelter represesls o now species which s described in 15 paper. Cedlmtoair-
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Colletorichm simmendsii has been reported o catse Truit rot or Trun
anthracnose on chili pepper (Capsicum frulescens), strawhoerey {(Fragaria » ana-
sy, papava [Carica papawa). chinese pulsatilla {Anemone chinensisy, lichi
(Litchi chinensis), tree tomato [Cyphomandre betacea), avocado (Mersea amri-
cania), mange {Manpifera indica). high bush blucherry [Vaccinium corpmbosim )
and Lomate | Lycopersicon escilentam) (Shivas & Tan 20000 [t alse nfected
celery (Apium graveolens var, dulce) causing slunt anthracnese [Fujinaga et al.,
20117, We isolated one strain of C simnondsii [rom a Murraya sp. leal lesion,

Colletorrichwn fructicela was solaled from coffee berries {Coffea
arabica) vy a pathogen and endophyie {Prikastoti e al . 2000, leaves of spider lily
{ Crinem asiaticun) (Yang e al., 2009) and fruits of 1able grape (Vi vinifera),
Colletorichwn gloeosporinides is the mosl common species on Citrus
plints. comprising 29 {76%,) of 38 strains isolated in this study. Seme species of
Colletotrichn produce secondary conidia in culture dircelly from germinaled
primary conidia (Ceonon et af, 2000; Slade e al, 1987). Leop er al. [1954)

shserved secondary conidia forming in eight Holates of C. gloensporioides {rom
Citrus spp. in China, Secondary conidizn alse can be [ormed in £ acutatum
i Barbosa et al., 2006: Leandro o7 al, 2001 When inducing cenidial appressona in
¢ glocosporioides on a plass slide, there were three ways in which conidia
cerminated, forming conidial sppressoria, secondany conidia or both. We selecled
cight strains of O glorasporioides 1o observe the formation of secondary conidia
iFig. 4 ¢, [0 All strains produced his phenomenon. Thus seeondary conidia
formation may be an important character of O glorosporioides.

Adknowledpemenis, The Erujtk:l is mﬂnmrlcd by Lhe Natinaal Naweal Scieace
Foendation of Ching {No. 3WT0ES and Guizhouw Science and Technolopy Departmeeat
|Nan (2000 40021}, K. 1. Hyde thanks King Saud University and NRCT - Colleirichum
SADHRDN03 for sepporl. This work was wlso supported by a prant froam ke Nulianal Plan
of Scicnee und Technobopy, King Abdulazz City of Scicoce and Techrology, Riyadh, Suudi
Arabia (10-Bin-9435-02), I b Cai s thanked [or advice concerning malecular analvsis.
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Cross infection of Colletorrichum species: a
case study with tropical fruits

Phoulivong S, McKenzie EHC and Hyde KD

Phoulivorg 5, McKenziz EHC, Hyde KD 2012 - Cross infection of Collerorichi specias. a case
audy with tropica! fruits. Carrent Research in Environmenral & Applied Mycolegy 202), §9-111,
Doi 10,3943 cream2/22

Strains of Calietomickum were isolarad from the fruits of chili coffee, ngan, mangoe, papaya and
Tose apple, collected fom orchards and markets in Laos and Thailand Iselstes were idertified
using morphelogical characters. colony growth rate, and comfmeed with DNA sequence dara
amalysis of combined roalti-gene loci. Pathogenicity 1esting of ter strains represanfing five species
of Colletomichum was camied out on Capricamy zp. (chil)h, Caricr papoya (papayal, Cirws
reticulaa (omnge), Evgenia javasiicn (o2 appie), Mangifera mdica (rargo) and Pridium sugiava
(gaava) using o wound drop rechnique. Pathogenicicy and potental for cress mfectivity of
Colieromichum asignum, C. cordyiinicala, C. frucseoia, C. soimerce and C. rimmongzil were tested
oo the bosts, The Colieremivhum strains beleoginy to diffsrerr spacies rested were gersrally shown
to trfecr a wide hest ranze

Key words — anthracnose — frai irfecton - pathogenicity
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Introduoction

Colleromichum 1z cne of the mo
ecopomeically  importanr pathegenic  gensrm
cawsing arrhracnoze of frufs, affecring 2 wide
rarze ©f hosts in the tropics and sudbmopics
[Cai er gl 2Q0C, Canpon etal. 2012; Daneme &
al, 201Z; Fujinaza er al, 20L2; Hvds et al
20093, Proulivorg &1 al 20100, Noesung eral
012, Weir et a2, 2012; Yanz et 2l 2012a, &)
The abeve-grourd plant pam: of crops a3 well
33 fruir mee: cao e afected by Collercmichum
acrbracnose ard in the case of fuit mfection
there is a reducdon o vield guandey of quakty
(Phoulivors et 2 20i0a) Hosk of
Coligromichum species in Thaland mclude
fuits such as i3 (Capsicum sp). guava

[(Pridivm  gugova). jujube  {ZEphus
malTinane),  wacse  (Mangtbra g,
rapara (Cavicr popavdy and rose apple

(Eugenia jovanica) (Freepiar & Shadbl 2000,
Peres et 2l 2002, Katanachardchai e al 2010,
Lrespivasaprazad  apd  Talhinbas,  Z0035).
Coliercrivhum specizs are cosmopelitan with
zifher pudfiple species ocourming oo 2 zingk
host or 2 zingle seacies orowring oo munltplz
host: (Sander & Horsten, 2003} Funpas-hos
relarionships are broad, imprecize and efien
owverlappicg  (Freemmand & Shabi 20000
Callerorichum species can infect mary hosts
2nd may adapt to mew environmenes {Sanders
& Forsten 2003, Phetim eral. 2004), leading 1o
sertous  fress ofection preolsms im plame
profucten The sudy of pachogenic varabilite
of  Cellercrichum species @2 therefooe
impemaet ard the undersmnding of the host
ranze of 2 pamicular pathogen may help it
efficierr diszase commel amd managemmr
MW hirelaw-TWeckert er al, 2007

]
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New species and notes of Colletotrichum on daylilies
(Hemerocallis spp.)
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ABESTRACT

Nune Cofisrairicham sbsim weic belilal Bocs disewscd el desd alalka of Hemencaiis sgeocies {daylibes) o= (raidhurs,
Craangs, wnd Lisoning jeivinis in Chize Marphibayice dhevdsistion ind sullibiw phylopenetic wndyes el &OT, THE [ OPDH,

-1

IT%, and TLA T indocate st Less suuiim repreacml Saif Luxa. Ol

widrisiimn b Vol b W Ao Ul o desendked, i uatialol

=il compared wilh simili apecio, Caldlarichn plovaperividen, Clinopes, ind . spoatblionun are ales rooended s2 Heomacslivs

sjreLick
Koy weeds: Anthewnioe, mulzboua phykegouy, syatzmalica

INTRODUCTION

Hemeroeallis  cpecias {xmcledimg ML jubss (L
Lizn., ¥, sipiss Baroni, azd cfzar spacies o cuiivars)
ars evomomically uportens 25 food plazis in Chins, Jepan,
Kerea, Theilend, 2nd Vismens being koowz as “wallow
Aowsr vegstables” o “golden msedles” i China {Thew
at 2., 1959; Staples & Krisdazsen, 1898, Zhe=g & Chan,
2O0E). Spacies e also calbivaned and bred worldwids fuo
thair shony fewrars 2=d abdify 1o adeps te a wids rengs of
soils and climates Pdu=som, 1989, Teoing or al, 20L0),
and 2z weed 25 Tradidons] Chinese Madicies (Zhu e al,
200 Bz sral, 20L0).

i eeavscalliy production hz: ofren bean linsited by
anthzzoess dissase (Heng e al, 1593), Diase outhreaks
czobs sevene with 100% of sents ormazssnoal Memaraoalils
spacies bameinfacted Jimng etal,, 1083), Sixolleteinslin
wpacies haww previously been reperted 2i causzl agsor of
anth-zzoess of Hemseovvalll jochodiog O deveanivm (Pars.)
Grove on Mewerocallys sp. o oo Unied Soapes (Far &
Raossoean, 2081, & plscorparioides (Pane) Panz J Sacs,
oz 1. eirelny 1= Chiza (Gu e 21, 2007), O Alicoeciein
Feorasis en 4. fulve o bwareo Fagel in Thiza (g etal,
1593 ; Farr & Rossmear, 20110, o M Plaksidzs ex Sosrezaz
Je Hamars oz Memerseallly . fo the Unized S2aes (Fam
S Reseman, 20110 O spacaiisnum (Alescz ) Dame PF
Cazmoe & Coous, oo Hemeocaill sp. iz Mew Zealand, and
Cotenrichen sp. (CBS 123338) oo XY, puiwe in Caoads
(Demumn wt 2., 2009). Thars &, howswar, Litls koowledss

Teopical Plagt Paraloey 37 (3 May - June 2012

copreming fze Collersricdum specks associated witk
Sesatrsoalily io Chiza, Tes ofjectve of tois papes ws te
chamszzerize Calienaiclesn spacies assoziated wits thosw
plants in Chinz bazad oo masgplology wod mudslecns DINA
sagquenca dazz.

MATERIALS AND METHODS

Izoladon of Caliceatichum

Dpad lerves 2zd sk of Wemoraeodils civbia M.
fulwy and ¥ fuiva ver kwonae wih axthracoose Jesions
wara collesnsd In Guirsen, Gnaogxd, and Lizening proincds
iz China For 2006 g 2011 (Tabls 1) Single-spoma isclates
ward obirizad wring the procedms descibad by Choi et
al (1858 end Chomumunti &2 21, {2011} Purs culwares wwars
ssored at 4°C on PDA slamts. Isolater eme depeoddied in
Guizhou Aczdemey of Aericulrural Sctencss, China, and s
Chine i3enecsl bivzrobinlegizal Cetrurs Cellosdon Coemias
(EGMCC.

Alorphelopics] and coleursl characrerization
Stz-rarzubrares ware prapzred by mowizpaach il
e= PDA 21 25°C in Jackness for Eve days. Five muplicas:
culrzzes of w2ch izolate wans prapared by asapticelly cutting
dizks from tha 2ctive'y momizg edgs of tw sranier codturs
wsing & serile covk bovar. Eack plug was placed oute PDA
plees (90 mume - 13 mn) a=d grewn iz almrnzong lighkt and
dark ar 25°C {Sutree. 15807, Te inducs sperulatos. plogs of
ardvedy mrewizg wacalive: wome placed oz to s mrkacs

1¢5
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Contral

Comtral

Fig #§ - Anthraceosz symopeomss on szlected orapee (fe D) E G [ acd comral) 20d gaawa jie O,
G H [ acd commol) 7 days afer imoculation: D O fucsicola fom coffes bamies: E O frurifooia
e papava fait G O sigmerse from coffee bermies: J € simmeondst fom papaya frudt, € C
corgdyisiiceds from roze apple fmuat, G € siomense om coffes bemies: H O siomense from chili

fnet; I ©. shmemonadsdi from papaya fot,

giava, mange, papaya, rose  apple  ard
sraw ey (Fhoulivong =t al 20103, Takle 25,

In Table 1 we list the species uzed inm
thiz smdy apd their potenral to nfecr varoz:
bosts, whears spacies were identified bazad ca
melecular datr. Smains of Collasarichom
erimoum infected chili, manee and roze apple
bost and smaims of C. factireio infected chili,
cimes, rese apple and papava. Celaromicham
coradyimicsls waz  specific m Cordiie
JSrurcona leaaves. It is therefors apparent thas C.
wrimeum, O fucirpie, O simmswse and O
simemondsii hove wide host mnges. whide C
coradyitionin bas a narow bost ramgs. This is
impertant for understamding che abiline o
Coilenarichym specizs o infecn diferent bosts
[Stanieona et al. 2011]
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Werw aperies md wilea of Cdlezirichum i daylilis (Hemirocalis sop.)

TABLE 2 - Colletoenvhum spacks knows bom Hemeneeadil s

Sypechea Hami Comairy Sdrals R eresce
Calemirichue doestue Herearacalix o Fimbadraw Unknuan Fuer & Kinaman (2011
2 o sparia der H. arina (him Unlmown Gt ul 2007)
(loreerella ogmlata Chirm CDACl Thes study
Brune Dueusswcaen  Unkonown Faer & Kinamoam (2001
K. falwa Chius CTGA Thia stady
. Aereeroca eatr R falas wie bworoa Chim CDLGE (THLNE Ty sbudy
H. jfatwa Chima CIx? Thes stuaky
H. jatewa G saba CHA 1253 Dhevem of ol (D)
. Jiace orum® Hermeracalir o, 75A Tnkaowa Faer & Kinamsn (2001
R, fabwa v bwaoa Chim Unknywn Jsezg el (E233)
Lol Hererracalir 5. RI5A Tnknusn Fuer & Rwsnan (2011
€. dricpes K. fabwa Chim Ch T sounly
7 anthiao H. c#rina Now T el CHS 014317 Dreren ot ol [ XI0Y)
Chim CDILL, CTN12 Ths sudy
K. fatwa (him ChG Thes sty

Miza &, @ nyzomyn ol Collriatrchire sponthiamen wrrestbng ko T ! Wl ED00A, o, presiiaaly zepeziedan O nopmic [CES LGLRIT)LY cited e

Collvarvohwm ap 2 by Tamm et al, (20090
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Colletotrichum species associated with cultivated citrus

in China
F. Huang - G. Q. Chen - X Hou - Y8 Fu- T Cai-

K. D Hwde- Y L
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re e comaideranle achanaes m dhe un
demstaniding ol edes cmeants i the ganws Callaarwum.

Alsstract Thenz hay

This has Jead & the newd ta carry ot fresh sumveys of

Calfcsmichum species associded with mmporani hasti.
Coalesarichum specks are asocied with Cws plnts 2s
sameahes, innorten! pre havest and pos-harves pathogens,
as well as endophyies Tn dhis study, o fedal ol 312
Colssaricium stams ware bsoluied Tom leaves, shoots and
Fraits af cultvaied Cirus and Formnwela species with or
witherut cisease symproms acress fhe main citrus geoducton
azas m Chine, The maorpho by ol all streins wese stuclial and
mmadtikiaas CACT, TUTE, Cal QA PDIL OGS, 1TS jahylogeny
estanlishal. Sinms wer bom Erur inmortant speds coims
pleces ol Calfseaciun, nemely U gloaparades spede
commpilex, O honmanse spedes compkex, U acuram spede
corngibes and a final proan mduding O runsa sy, which wis
rare <m Crrus species. The species belonging ¥ the O
gheospanowdes specks caompkx caomprised L giocss
poraades and O Fusscoly, the O homnense comphex corns
priser] O karsry mnd 2 new speches [ cerwaly and the O

L!mim-uh suggiplanmlany nata bl Thoseloe ek i Bepnuss e
B u.a.-»,.‘-msao FLTAT0 ) alass Sledsisiady b
g ] -L-.S--‘J: T .&--1-‘—--"‘3— LI L)

e ial;

R30 et s X Hial » XK. Fu-
Eatnue o Basdi=aug s, Siaury Teiveas, Hazp e

e uy v ool Motk katne ol .M,a;‘.'.ﬁﬁu'_‘v’a'.-,‘!.:;-

WG ca

(7 pess Aalee O | Lrazoo,, Bemsy

Theeeminity, CRears Ko 57000, Tiiled

Fo 1) Hpde
pd sl B omaie, M Fal Licasy Thoesily,

v Rac FFLOD, Tiwsled

Mt oodee 33 May 2003

araranm cornplex incluked o new specien ) crn Theahilny
ol sraims ko couse anmthracmose on cilzus 1T was kesed Dy
moculation and srains af CoBesmrdam glyasponaides, O

Frarncalaend ) punconm were pathogenic.

Keywords Cimus incstry - Cigas diseases - Anthramce -

“alless s b casparys ides - Collcsandiam acusamu
Calleprichum hosnonse - Mambakgy -Phylugenetc
amalyais

[nirwl uctiun

Calerarmsfmm i amomy dhe mmoed ecomommicelly imporoni
peners ol plamt pufho genic fimg i warlchwide (Suton 1992 Cai
el 20009; Phewl ivon e 201173 Marmy snasies ol Callsa sashumn
cause diseaar ol 2 wide rnge o limpontan gops aimrnoly
Imciwm = enthmonee (Gutem 1993 Thwke & oL 300%2) In
adelitiom, many Coliropydium sakes are Jaent plom paho
wena, specks essentizlly bemg endnphytes, epfhyes o
soprones, swithing o 2 padkranic likesyde when hoet plants
o strewie] oF i poisthorve sea e (1 Dnde et ol 200990,

The histire ol the neming ol Gy Besrnadium species ha
recenily hem reviewed inseveral important pepers (Cannim
et el 308 Thede 2wl J(e; Weir et al. 3120 and moent
seaeals for the idemilizaton ol new apecies wene oullmed
m Cai etal 2000 ) Talkiwing adoption ol tese polyphui
oo ls Tt stadying the penas Collom rwchiuay expedally
the wie af mult wene phylopenebs anahsis, the chailica
fiom and smecikes oomcepts i Callesn rracium changsd sigmil
jeamty (Cai et el X009 Carmeom et o 2012 Thammur ei al.
212, i Weeir et al 20123 A systematic study ol nearly all
admowledid spacizs, revealal 2t lemit mime dices in this
wenus dlannon etal. 20127 mamy s ek eeviodsly lnown
ws 2 single species proaved 1 e palyphyletic toe (Cannm
el el 200120 Calemenchun ghacagrarsades (Carmom e 2l
W Verir et wl 20020, O

2005; Phoulivemp =t al.
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specims caouse Cirws leal anthrecnose. Callosarnchun
crrsok is @ mew speckes olued fom Jealanfracnose i
the momhwestern Cioras cultivation aress ol China.
Cralisymeium rrunsarum may el e o potential pethaean
af Creus specks o shinwm i the pethogenicity s This
sedes ocaurs in hereoeaus plents (Damm et 2l 2009), bt
this 1 the Tmd report o s spp., Codlesrashum ooy 2
oew apecies with Tusifomn comilic m the 0 acurarum spe-
cies cornplex (Thamm ed 2l 2012, was chsest 4o
g ieas (Van der Az 19755

Callesyrachum comprises spechkes that can il several
host pener, such s £ momense (Pt o 2, 20009, Yang

etal. 2009 Wikas et 2l 2011 3.0m the otherhanc, 2smgle host
can harhar several species ol Callarschum (Peng ot 2l
2012; Peng o . ..-.'al 3). Samme species ol Callesymchuo,
however, appear & he specilic 11 2 smpk host species o
pemus (Prihestuti et al. 2000; Liuet al. 2017 Su et2l. X011)

Caffconerschum griseas porioidos wa previows Ty et 10
e a common petha gen o numarous Fogs aml mos mopical
Fraits iSuton 1992, Cannan e ol 2008). Tiowever,
eqpitypi Beiom ol dhis sparias by Cenmm 21 2l (X0 ha
alkiwed for acowre ik thicatom al the foon using anelysis
af multi locws malesular data. Subsequent stulies i
Pheraliveng « 2l ¢ 200 0k e shown that O placagn oo
b neat e commem tropical pathagen as onos be lieved

H"hl.dw-:mu et al 20102), Since meddt bcws wnelysi ol

‘ol crarsimmdisacse shawed this speies had heznmmeman
o Clmas whete it cases ambhracmose, e e an mont adheT
heists (Prihastt e ol 200 Wang ef . 2003 Wikee et al.
W10 Ve et 2l 2002 Pemp et ol 201373

In this study we heve dewrmmined the species al

{Talosmrrae fhot cowie disease ol Crus indhe mam poone
g areas of Chine. The most imponant awid egand i O
g gronades. (0 acuranen hos mot e fiamd in Chine,
proiehly beause we odid motsurvey @ Dowering savsom, 2nd
the colleied] s trgns were Iromm the mlecied petals Tn this sty
paetho gemicity teding was by camied out o metir Cious
Fraits by worund inocalakm. The virdanae and poemnbal frex
al these spacies o araee disease of Tasves shiots and petls
mercls 1o e clerilied] Choo Fooet 2l 30172 Ko Baoed . 201100,
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Five Colletorrichim species are responsible for mango
anthracnose in northeastern Brazl

Nelson B. Lima - Marais Vinicius de A Balicta-
Marcos & De Momis Jr- Yada A G Barlusa-
Sami J. MichereT- Kevin Do Hydx -

Mamos B 5. Chnuara

Receacd. 39 ks DT M Accgent. 1 Apal 2003/ Publatal cxlae . 4 May 2003
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Alstract Calesamichum secies ane the mest inpoeteni awd
wideqmad form af decay alfeatimg manga fruil workiwide In
ithis stachy, Callesericfum secies asndael with iTan anthra
ke isolued Fom manga in nomassem Dol wewe sibjed &
medealar and morpbakuiad anchee:, The partisl sequence:
al the glwcare kihpde 3 pherphae ded yrogemase gene al 143

Celimsnrracun i lies wies ampliial, as an mitis] mesisre aff

pemebe diversity. A subket al' &7 dwilaes, sebacted 10 repraiam
the Tanpe al wenetic diversity and peagraphic arigin, weTe
I het sequenced wing the parial acting i 4wl in, calmodulm,
glutmine synihetase penes and rONATTE region. The
medtilocus sayuene anahsis, opethe with womit gl exemine.
tiem al the phenctypic chemoiersy, reweakxd Tinp previeusly
descrinal species (Collmarchum avawe, Calimaryhu
e b, Coalfas michu o mgmean e and Callzaznchum karsy)
and one new spedes The new species is introduced s
Colicsarachum duncse: and Bnmelly described, illudndel
and commparesd with s imi Lt Cmly O asiamen oo O oo
heve provousy ham mpontal fm manga, while the ather

M OB lemac S L Mateel MOP & Ckuoea(™)
ez p sz o e A ptazaniany, T mslate Faben Rusd &
Peopadannn, 30700 Bas ke, Brasl

- 1], eavie afld apa i B

MOV e A Bocsma oM A e Mosa s
e plo sz e Ciesdoan, 1k ivimaaiale Falenlde Pesgadaa
SOFAZST0 Reocle, Bl

MoA G Badsiad
Badrapn Sl el SI0L9 Pesolsi Brasd

b I3 Hid=
Lemacnes Fowr besie o2 Pl Resaod, Sl Fa Ly Ve vz sOe
gy B 57000 Teahizl

K1 Heile
Sl el Bevmaie, Mok Fai Lioaey Tkeesale,

(e wezy Rop STLO0, Thaskied

species repmsent the fing repon msocized with fe manga
ity wosdwide. All gecies ax mpaonied lor dhe 1 tme
associzied with the mann it m Deedl

Kevwanrds Muhiloces phykgemy - Morphalowy - New
smedes . Plont cisease

Intraluction

The manga (dangyony wdas L) is @ importan fra orm
in Thresil and ther inemical and samropical auntres olthe
warkl (Tvans and Menckws 200%). In Draxil, the man cres
al cultivatian are in fhe northeaitem region ond in these
sress are mainby produced for export. In 2070, Tl
exnorizd 124 494 foms ol mangoes warth mproximately
188 1199229 million (Anuirio Trasilemo e FrubouHure
2123 Mango @ alleded by 2 nonber of disemes ai 2ll
sapes ol s deveknment, Irom seadling in the mursay, «
fhe fruit in strege or mensi (Pliets 3005, Prakah 2004
Antracmase, caused by spedes ol Coloraenchun, & the
mert importn disecse of mangs in Tzl the disease
limits productvity and raluces Frait quality, G dueclly
alfacting fruit export (Savas Tilo and M 20053 T
Indlix, krswes chie w anthmemere hove heen estmatal o e
239 %5 (Prelash 2004).

The wenvws (o Ensamachun nclades o mamber of plom peth
orens 0l mage inrportn oz, Grusing diseases o'a wide varay
of wokrchy aned herhoazows plonts (Tiyde et 2l 2008, Wikar elal
W11 Camem = 2l 20123 TdemtiBastion ol G Hesercium
speies wos prvioaily esed on momhab gy 2med 2 ket
exten] hert asocizton Jhvde @ A, 3HG A palyphosic ap
mrewech, wimy comnimed sequene aneheis of mudtmle g,
conpibed with meorpha kgl e, B meow recommanended lor
carrak ek vkemt boeton in the wemus (Ul ot 2l 2009,
M1y Ko Baretal (2017) merad dhe need 10 raamvey ailant
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o mam Fruis Symporms developrmemt may vary comsider
ahly with factors such as variety and anditon of the i,
humddity end temperatwe, and te comamrim alinecutan
(Rimmonds 1965 Fremm o al. 1995 This el may nod
zauriely relled fhe true virknce poental ol these secies.
Additimal rseach shoakl be comcductal 10 detamine the
virukenor poiemtia] of Callesapichum species aoconling &
matinl miectons raher than artilicia] moculvbons.

The Collemrichum isalues rom mango malvesd i this
sty showed high varishility hosed on GPDIE gene ol the
morphalogical cheraceristios. Five species wer idemtibied,
with 1he m_iclﬁh‘ al” the species had more than one
haplutype and 2 high number of mamhatypes. The
greaker the gemetic civemsity ol o population, jmecter
evolutiomary podentic]l and hence the muome likely i1 &
acdept w0 chenging envirommente] conditions MdcTomakl
an! Linde 2002p. That is, the grecier the diversity, the
sreater the chanoe there 35 an ndivicual that is adaptel
0 cerlain resmictive conditian covermy the population.
Accandngly, such infomation & rdevant hecause @t cn
azilil m fhe implementation ol diiease comtral messures

mowe cllectively,
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Endophytic Colfetotrichum from tropical grasses with a new

species C. endopfiyvtica

Dimuthu S Mansmgaids « Bhanushks Udsyang s -
Lo#i Cai+ Ekschai Chukestirate - Kevin D, Hyde

R v Bhokpnl 2003 (Accegmed. 3 Buly 20037 Plilisied anlise. 13 Jaly Z033

1 Msstaoor Re s Fosdatos 1013

Abstract Endeglyor hmpn 2z 2 diverse ancd onpoetand groa

ol microargensme We mvestipgpied the acoumence ol

Colinrichum paie s endoplyles o two commama ragna|
prams species, Feanbenm punmieam (dwarl opier) and
Cmbopogn cirams (eamem pmass) in Thailad Corntrined
phiy b penetic analysis ol [0S, purtial sequences ol zctn{ALT)
calmrochu b (CAL Janc ¢ by emaklehyiles 3 phosphade celiylm
wemese (CUAPDH) pene mpbms and seephokigy were used &
chencienae thespecies. This 1ihe [ report ol an asocizto
s emckiphiyies ol Co Sexn vl frucsiala, O ropcale o O
skaswnse with Peviseaim pawrpwsum, znsd U Jn'v'-w:.u'.-*m okl
[0 siamense with Cymbapaogron coraus Colkuorichum
encbpiniea s nov msociend with Feanretam parprismy
is miroduced tesed onamuli-docus phiyk penetic analys  with

desormpon @ ilugoivis The potantzl by perdiveraty ol

the emckminyte Colznoeichum spocies gsociied with sognal
prees 1 ducusial with an anghaas on Riue reicaxch,

Keywards Fhykipeny - Posceae - Tasoimony - FPensenm

puspwram - Cymbaps wan clma
Fotrind uction

[Cedfenricham 1 an finportand pthopenic getras couwsmy
anllrwonose ol verow plat hoss inclubne preses znd

oy,
~ )

b minane o Nz ook v
Chuvess Acaosny of Bomnoss, Mo 3 18 Wet Beatern Roat,
Iy

i3 Ihszst, By, 200500, Peapake s Regrdile: o Ul
& il e culendiy fiva |0

s

DS Marampoza s 13 Ueavagg s - B Cloveuoe “h 1D Hye
lisvurzne of bacelkeve an Foopad Rewench, Mae Ful Lo
Uorveams Cihasy Ba SP000 Tl

13 x Marasgodas D Havaga - koCcosaceos - k13 Hy
Stael e Doemme, Mae bal liag Doneay, (hang B
Tl

cereals werldwide (Crouch el 2l M, i Prhasiwi el al
20705 Hyde et &, 20048, b)) Collvorihan mecks have
heen recorded 2 endiplydes in sl 2ll smgjor grougs ol
anpnasperns R Onduiz o 2l 200775 Holsieter el al.
2AN2; Tadych et 2l 2012}, conilers {Damn et 2l 2012,
Camman el 2l 20120, lerms (MoKenzie el al. 2008) and
lchemy {Petrmi el al. 1990), The perms hos been record=d
in esaocixtion will: wnore than 42 penerz w the l2analy
Foacear (Crouch and Beim 2009 Mos grominca logs
Colbuorichum species penerally produce laloste conkdiz
(Sutim 19K, Shemay et al, 2007, Crouch et 2l 200%).
Konmne excepiinme] cuses al Co e micfaom speckes mroducmy
=llipiic comicha hawe hean reporedes geibogens an Sogrfoum
apt. and mye wmess {Lolam perenne L) (Nl 1940 Mabhur
ef al 20020 Modecubsr dap are exieninl b1 e aooumsle
ikt ication ol e species m Callradchuo and the cure
rent e ol accepied species wuppimied with e lealar
date s hkedy 1o rve with Fuwre stuces (Hyde =12l XM,
Caioel 2l 11, 1 Weir et =l X12; Carman < =1 2013),
Cedlescham graminicola (Cel) GW. Wikon 2l O
sublinedy et ex Gooo & Trotier ane nnporiznl g
nico kius smeces requmable e kel antiomase diszaswe ol
Zea menze LodSuton 19800 and Cofessricham granunicsda
hai een wienl a2 eilel onmmein ke swdying penet o and
patemeemicity (Crouch anad Bem XHH 5

Yevera] axbimlvte gievks ol Dwdvarihum hawe been
tsaleie] o s smple howt 11 rerent smches For example, 17
ilTerent Coliem prcimm speckes, mcluding seven new spocies
have teen reporid foen Ale i ociacea Schle (Chinese
Buti=dly Herdy grimd axhnl) CTea et 2l 2003 ). In 2mather
stwly, 3 Cwllesrachum wmolzles o O o msmorio wdes
i Pemae) Penie, & Sace. semsu asn, (0 Bandese Manweld
ancd U spmosond’sad RO Shivis & YO Tan have heen isolaied
Irom Soiimms wovhinsng@ion Rocdd {Droilien pegmer trz2)
gloome et 2l 200 2) There have een severel stuchies on grus
emckiphyies {Sincher Mingquer e 2l 2007, 2000 Chaonire
atal X1, e diveraty o o Beariiam srecies Rl
ao emckiphivies wosdll pooddy adersond Many enlophy tic
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10 cawie diseasne o pmss specis. A recentstudy ocwimy
the relaxnshy hebveen airome spanes 2l alkTyen exm -
sure lound dhizt wir home spores ol lunwal venere uch o
Cladsparmm andd Fusanwm are corrancon pres endoply ks
Vi ues de Aklanza szl X113 Bacophytic Cealdeodrizhum
species cammarsm ly founed on greises ey 2l hecome pat-
Gpets cr s rones and be repowink [orzirbomezlkergs m
hurans, The encdagivtic 1soletes Iomn cacen m Pansns wete
thouhita comprise par ol the eckground enloohytic come
wmunity m the kical lized econyikans (Rigas el ol 200103 The
vorumence ol multple giecks [Tomn the two trogcal prus

specks m s study shaows the potentzl hyperdiveraty al’

endiphytic Cwliorihum, Fumber investigatons e e
quired o clrily e ecokipical rebtonshms ol the pethae
pemic 2l endophiviie Colesmrichm geckes oo argrs, 2l
tregical wikl presies

The presence o | Cadivwnashium grecien 2 enchmytes adids
an ex bz doremsnn b dhe undenendmy of hosdpecilbialy m
the pemns {Regas et el A0, Cazmem el 2l X1 2), Camaem
tenpereke prog caoctid Coluorichum eds ae kel
spare) O amesaypsed? Crouch, 118, Clhrke JF Whik & 1B1
Hilbzn  caudanm {(Peck ex Sace,) Peck O coreafe Manig
(- jalranm Went, (0 grmneala [0 Rmed Couch, BUL
Clatie, JF. White & 111 1 lilbnen, (0 Jacksaong Crouch, 11
Claghe, LF. Whike & L Hilbnan, O roshedsony Crouchy, LI
Clagee, 3.1 White & 1LL 1ilbras, O pospads Crouch, LI
Clagie, )1 White & ILL 1ilkran O subdaobm Hena =x
Bave, & Trotter and O eremvechioe 1A Crouwh & Torneso
Petersan (Cronch el 2l 2085, Crouch and Tanew Pt
20020, Thete are a law Codeswrchum oo =poekd [7in
prasses as endophytes. For examnple, (0 cereale, O
praminieada ancd O phydachomidfes have previowly been
reqemie] Inean the ool seawm womses, Panioim vigraom
Sateds frugee s regactyvely (Fisher and Peton 1987 Croach
et al, 2004 by Climire e 2L 20710 An wnident lizd
Codfewrichum gecies has heen ok Fon ool
srinperosg sl Modaus S (83ncher Mixjuer o o, 20T,
20040, Indh staly, O ovdeinudca, U frucgenly, U damensg
anl {7 sy e were Babuied Inan Cmbopesran cunuas 2ol

Peniseaim gupweam m Theiluel This is fee ot report of

latter T geckes aisoaaks] wilh gl preses Futuee soal.
et wre newded on endonly b Ul lewnmisiaem gemies on 2 wide
menpe al ymes s e locabors 1 Gz e b asess the
ocarrmee and o renge al et moprsses ancl b meveel
Wher ecokiy and hiokuy reloied to heed chesrinution @ lile
rwikes

In Wi stucly omnnined ALTE, CALL GAPLDI, and I'Ts
amalysis emehled us o idemtily et lihe 150 bules 0 speces

level, with the excegiim o Mwo 1sobies A laree auinher ol

fypre sequences sre availah ke m GenBank For wazinthe O
plovosporialdes ecks comnplex, and therloe we coukl
resalve ekl grecks secutlely znd with conbidence wany
commnmed AT CALL GAPDI, anel TS genesequence date,

Accirding g Wer el af {3112), TS, GAPDH, CAL and ATT
i5 unshle to didmpuid O aesdipmones LS Wear & PR,
Johmst and O reggvale Iorn all other grecier, Recent suxles
have dxrwn thet apn 2nat Ki% (inkeryenic gocer hndgmy the
IDNA Tyase and amating type kicws ) geey kles preeterresalution
inthe O goens po o e peaes ooy koo Commned analy
al ITS, aon’, b2 and Apdde peneanaahers were repanied ki
pive 2 heter resoluivm ol crypite (0 gdwwgpatodoy species
(Moyle @ 2l X113 Shamne el 2l A13). Cofeserickim
siimense sensu Leo alw appears 10 e 2 specie comp ke
and was the mmnl comrem gouss elofivie Bolaksd m ot
stly, Conhmed analysis ol the pn2anedis gene has re
veakd sevenl dilTerem Tmezpes witiin Cuwlderifmm dlamense
sen Saws, including O hymenscalfdl, O fvun-sambar,
€. slamanse sensy sirices, [ medanocaulen and fhiree
unelescrined clades which are grohzhly new speciks {[oyle
ezl 313 Senm e el 20013; Udeyanyz et 2l 2003) Gene
erally, in funre swdies ol Callew rchum encinliyies, we
expect Bzt st ol species can e acowziely idemtilied usiw
evailsh e ipaleculer morkas aad the type sequance clela avail

ante in puhlic detaloes
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Hagpmiea Puaanrak ael g Lo as 2ol 0 lEurannry dat-
mre W are vy gateld o 1k Roger (G Xuivas, w0 gave alabk
W E RO 0 Thiv W S0y, D acate sl Yei 1o T (Pandal by
NEFC 311 2000w
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A distributed third-party auanctation effort of fungal ITS sequences from plant

pathogenic fungi
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Abstract
Plant pathogznic funei form a larps and very divearse asssmblage of sukarvotss with
substantial raparcussion on human andzavour. Thasafungi often huve a poorly undarstoodlifs

cyeclz, and the lack or sparsin of obsarvabla, discriminatory morphological structura: and
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Colletotrichum species on grape in Guizhou and Yunnan
provinces, China
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TN TSR SPLOET DR Soquence . The vooadmed dit dhewad ™At 20 ol FE atra

1
TOTTEALSD & NowE] AT MA, ThE YeRT Doy Colimorraives Breltonis {dour sirai) and Gk
W YEC0T § HRR Fuad e (TR MY ) T N Apc 0 1 Senaried el as Dol Tunhie

Kepauws s e s conida, compared wutln iy Culbmor e STt are avindnralind 12
AnTIYIOGE 1220 ong Based o pAThGE Ay Tema O i DR USR] S 0T AN AN TR noe e ol

Moo ws phyipmy e PADE DAl Was DOt Nt apacide

Mo Speluts ¢ 01 The Mwolomed] Swwet of hpan Fusished o Exovxy BV AL nph s reserved
Fathogerc oy
ViR

%17 500 tana Due 1o the wammand iny chmare m southern
Chinz, 333 Joaes of up 10 3% hive bean reparted dus fo
digease and msects {Lu 2005 Ripe ot of grape caused oy
Callegrchum geemponade (Renz) Penz & Ssec snd CGolle

G Introduction

Crape{YTisspp)isoneafthe mostwidely planted fnottess
worldwide gsung et zl. 7008 and the wbhk gmpe (Vo

winifera) 13 one of the mast ImpoMantZrepevines m Chnz. In
reent yeurs, there has peen @ 1mpad incresse in aress plin

ted with V. vmifors throughout China. In 2003, the 1o1al ares
with grape wines wez 471000 hm' with 2 weld of

Erchum ecuttum 1H. Smmends ex 1 H. Smmmands wers
considered 1o e semows dis0Ises WOCUTTING I mOGT VIRe:
yards, and czused D3z boas and dererdomton of frape wines
pEung ot 2] 2008

T dmregeredng Gutier. Garanod Acsderny of Apnrarwal Soeaors, GLyan

Eomladdena Dupuovid vahoo coanan Y L)
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4. Discussion

Crape npe 70T % & disesse effecting grapes 2t or near hamvest.
The frusts irfected non dark brown and then on the skn
produced ok or orange spore masees. As mfected fnots
mzture, tnyolack frutng bodes fzcenvul dewelop within the
Jesdonin & crculer amanpement (Fipgs 2 2nd 3). Thes ym ptoms
of disezse on grepe frusts caussd oy 2l three species salated
m the study could not se dsanpuished

Severs] Colltamichum spedes hawe been reparted fram
V. vingfos fpmpe) induding © acurstum (Shimmishi of 2l 2007,
Whielaw dAeckertet 21, 2007, Creer ot al. 2011), eletorichum
o ipes (Speg) AT Hyde et 2l 2009), © gleapoicide (Sung
ot 2] 2008, Creer et 2l 2011) and O vrEs v (saaarda 1913)
and Oollmaridum gp. Conzzler and Tels 2011). The
marphalogcal datz of Coleteonchum species an grepe ane
bsted in Table :. C. crasspes anginadly jsolated from fragt of
Vv fgrape) from Conegliana, Italy (Hyde et 2l 2005 haz
wider, Janger conidiz and deeply Jooed appressonz, whach iz
differerz from . gleapoisides jsutton 1932). Conidiz in
. ooesmoes are 14-28 & %7 pm oand larper than those of
C. ferum (12— 16 #0456 am). The avers pelength of comadiz
m C.oatforum ¥ = 1378 = 0458 um) 5 shorer tan that of
Coghecmonicides W o= M4 am) Comidiz in O owids e
21250 20 pm, graller than theseof © vicfoun although the
farmer spedizs i kardly Inoem. The neme of C. w0 ids wws nar
an the hevof &6 Oollmanichum names I common use jHyde
el 20

Rojas ef &l (2010) des oibed twro new apeces , Gellacmchum
tripoaake Mojas, Kehner & Semuels and Goliesctichum sgmotum
Kojas, Rehner & Samuels thet wene frequent asymptamste
szsociztes of carzo and other neotromez] plant spenies, 2nd
epiypEfied Cdkwonchum dheclromicds laelzor. & Bull oo,
which was assodated with fobzr and frudt antmanoce
Yeziors of cacan inPanams among 77 O, glagposcidy mrains
and different from . winferum in phylagerny with 1TS gene
fFiz. 241 The pene Jod that Bajzs er 2l j2010) wed werz
differerz fom these wied m this smdy. The I3 gone mwee
shows O vmitrum, e new spodes we identfiad 15 differemns
from & agmarum, O Fusckromicdla and 7 mromicgle.

Amony te 20 srains el td fom witasesus planta, five
srams were palated from Jeaf lesions wath ane stein of
O gleaspomades from oz deat damiom of Arpelopss sp weo
of ¢ frumiocls from the same Jemons and the other Teo of
C. winiforum, omee from an Ampelopsis gp. koot lemion znd the
other from & Cayvatis japomos Japanese cavrebz herd) deaf
Jeion The remaming 71 strams, eaghtesn of & vorforum, oo
of 7 frumiode and ane of 7 glresmericides wereazolated from
inthracnose Jxssoms on V.o wintere (grape) frums. This wes the
first repart of C fructcds from Anmelgesis ap. and V. vtifers
Ermpe) that mdmed the wide ranpge host. . fructeds had
already oeen tolz vd from o ffer betmmies m northemn Thad and
shritasmin et 2l 2009) and fruims lemans ofpapave and Jongan
it Chizng M, Thaland (Fhoulvong er 2l 2010z 2 glao
Zooriden wes provicuay Iued iz mmfervve of many frots
expenzllyin the tropass (Paull erzl 1997, Freeman of 2l 19,

Afemedeg ety oar =Y wyle lacntne ap =] eyl acepmpavhie sy d

mwead anilraawze of wojrcal fruns and is not & common
Fathopen m the tropics Praizstin etal. 200 % PhoWnong =t 2l
2010z; Rojes ot 2l 2000; Wikee ot zl. 2011}

The man gojectves of thi swdy were to identfv the
specis of Cd kravadnm from Wmosss I Cuirhou and Yunnan
provinces with cambned marphalomes] and malesular data.
The ITY region 1 the mast widely wsed region in fung aden.
tificatondarwaliet 2l 2002, ewon atal 2005, Fhilkps etal.
2007, vang etal. 2009). ThelTs supportfor nodes was low and
e cument 1'% wee could not welldefmed cemtaan Callex:
chum speces (Marmwald et 2l 2002 Yang et 2l 2009), such as
C ocramtes znd O kehawse, Glleroachum jemmand somba ¢ and
2 wegicgl, © fucicls and © thoolromiodz 25 this paper
rewezled (Fig. 25). While through mulbpene analyses, C fruc
gacdz, . jromibrisambac and O kahsuwe represemted thres
dades with bootmrap valisof 375, 77% and DO0%. res pecmwely
tFiz. 1) The phalograms based on 175 and s genes showed
fhat the malates of O amanum, C glecaponisidas, o hord, O
musae, O momense, O somondstoand O owmforum wers
z momoghyletic nezpe m our study {Fags. 1 and 2b).
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The dpMar marker can resolve Coffetorrichum species:
a case study with Mangifera indica
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wick. In s stucly, we avestipaisd e ply kpane=ne dvemity
al X7 kden Cofbwercimm wolaies zoocnkd with sanp

tomrebs and asyInpotrete smies ol o, hekopmyg & s
speckes ampikex. Ply kitenebe mzhmes were prerlimred] hosed
un 2 hepene dxboet (acy, cal, ched, gapeh, TS and bl
okl Iy Apdda saquemce-malysic The Apdle based pliy-
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Tntraduction

Manw (Mangmions maica |- Anacardiaceae) 15 mebve &
Incha witere 11 1 an anmemias Frwl crap and W now grown
in ameed ol =nd suttnomcal reewinn Garkiyvayi et al
2013y, Inchiz a5 the larpest preckicer, corusimer ol exporier
ol mmonwe, with zpprosamaely 4 % al the okl workl
prklucton o Femer < a2l 2012 Praduston ol o m
The lwscal wear 207011 wax 152 smillwm ey {Runwer
el el 20011 with Indz expormy G408 millve o ol
lredh arempoes & wmare tian 3 cowmmes woarklwide and
carmime LS00 3R.2 gmillon s tevenue W e liscal yeer
20112002 (DCOGIS Armus] Requet X012 ).

The tarperaur mawe @ T huarsd comciboe ol ogpas:|
rekRs ax [aweoahle e andreaike disse deve kimneas, jre
virely reporiet] %0 e caused iy Codivsnmaninom i e ooy
savrn Lyw {Odller 199 2, Treemen izl 1995, Kuona e 2], 207,
Loamani et ad . X1 Codieuerdaiam b s pirtisides sensa Sav hos
e o] Boen vervaes dmgnca it & encembvies or prethn
apar axl abo as mants ol melhases Rotnes §{aley and
Jeser T94L Feanon et 2l 1990 Cai a2l 2008, Hyde el 2l
200K, T, atiraanine diecse romly diect the sanial plod
parts sch an beves, twiis, ot nd mlbesamces, md wses
et Ty e [Tl moks, ekl @l revanue ki (Swany X130 In
wikbtm w0 exmanz ks, e porteinm gk sty ol O
Finno e son b are alo Trportml

Mawa antlrocione 1 chancleried by the omnzbm of
lard brenwn sgroks om Buits =ned kaves (Chache 2009). Farr
anil Rewgran 2073 ) hsted 1481 unwel taxa associzted with
e wordwade, meluchng O gowanon 1L Stmmonds
. assaniem Prihast Lo 2l O capeicd (Sl & P Syd ) 120,
Duter & sty (= L0 rancamm Sohwem.) Ancdlrus & WD,
Moow) (CAorinsse (Marcelina & Clorali) RO, Shivey &Y.
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Tamgal Divemty (20123) &1:117 138

represemiative isolts are capable of prodecing anlracmse
spmploms o manes feits {Fig. 53 The crecs padiog enicity
st condwotod wine chilli fruits epped fuat these olas
are not host-spocifh 10 Manpi@rr indea

We have aso painad an insight abouwl host and geo-
praphical distribution of various species within the C
gloce sporioides apocics comples by extensive analysis
invelving 221 dpMear sequencas {Fig. 4) as well as fmn
otler recent strdics {Raojas o al. 20090, Sikva o1 al
200123, by Doyle e al. 20130 A fow Colfferorrichim
spacics are restricled 10 @ panicelar host, while edhers
are limited 1o a panicelar peographical kboation, For
example, amonrg fie major claies oblsined in ApMar
analysiz: C Fpmemoendlidis s limited 10 Ching C
gorerrog s limied 1w New Zoalaxd; C rhealramicoly
soreie stridde 05 limited % Panama  region; O
Sawethvoriom, C. nupharieala and O rhedae are limited
o Narth America Detgls abowt other minor clades
geeovered il ApMor analysi are provided in Table 4.
Gonerally, members of the C plowasporioldes complex
are Known 1o passess a broad st range, with only a
few excepions such as C kol {(Diasprios 5p.0) awd O
maicscre {Nesa s ) {Table ).

Rocognition of enyplic spociss i & spacies complex witl
e Uscomoraionof pene sequentce-daty b ot Timited 10 10
2 plosnspariaides specics complex and otler spocics com-
phexes of Collerorrcfem . May phytopalopenic genera
sucl a3 Borposphaens (Pavlic @ al. 2009 Lie et al.
202y, Diaperse {Udayanea o al. 2001, 20020, Flesarim
(Gratenlan o al 2001 Swamerell and Leslic 2011
Sememerell e al. 2001, and Micosphaerla {Schaoch of al.
2009, Henter ot &, 200 1) inclede cny piic spocies that coeld
ol e diagnosed bhased solely o classical  wmorphe-
txoramic charaders, This warrants wpdating of exidling
checklist and funeal databases with comaet taxomunie in-
fommation abowt phytopathopenic finpal taxas to facilitde
accuerate plamt quatantine docisons (Cai @ al, 2001) In
cone lusion, this study has revealed B neh Fungal diversity
assoctated with differett mango vaietios of [ndia Feture
stedivs ate nocdod 10 reveal enyptic spociss of Colkgsfrichiom
ansociglod with ether tropical freit awd aso native plants,
Neverfeless, oonaeises s myselogiss a5 10 which
s of tanoami: Slugaaers shoeld be wead whike dsenb-
e a engal specios will play asignificamrok insaisfying 1he
s of tasamomic end -wsers,
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What are the common anthracnose pathogens

fruits?
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