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Abstract — Morphological characters have long served as the basis for mycological
taxonomy. But with the advent of DNA sequence data, is morphology still useful?
Will barcoding replace visual identification? Taxa in the Dothideomycetes serve to
illustrate how molecular analyses have revised species relationships and higher-
level systematics. Aspergillus species are now defined using a polyphasic approach
with morphology assuming a lesser role. Sequence analyses likewise reveal that
Colletotrichum species complexes once considered good morphological species
now comprise many phylogenetically distinct species. Although Phyllosticta species
concepts are less advanced, sequence data are expected to reveal new species in that
genus as well. Molecularly supported higher taxa in Dothideomycetes often differ from
those circumscribed by morphological characters. However, DNA barcodes, recently
applauded as a magic formula for species identification, are yet to be determined
for many genera, and too many GenBank sequences are wrongly named or contain
sequencing errors. Thus, despite recent molecular advances, there is an unprecedented
need for mycologists to return to the field, recollect species, and re-typify taxa with
living cultures. Only after we obtain sequences from species and genera linked to
properly named taxa will barcoding become successful.

Key words — anamorph, molecular phylogenetics, teleomorph, traditional taxonomy,
typification

Introduction

Morphology has been the basis of nearly all fungal taxonomic studies. Numerous
books and monographs use morphology alone to separate families, genera,
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and species. Classical texts such as MARINE MYCOLOGY, THE HIGHER FUNGI
(Kohlmeyer & Kohlmeyer 1969), GENERA OF HyPHOMYCETES (Carmichael
et al. 1980), and THE COELOMYCETES (Sutton 1980) are archetypal examples.
Numerous important higher-level taxonomic texts have also been published
using morphology for all class, ordinal, and familial placements. Texts such
as A RE-EVALUATION OF THE BITUNICATE ASCOMYCETES WITH KEYS TO
FAMILIES AND GENERA (von Arx & Miiller 1975) and PRoprROMUS TO CLASS
LocuroascoMYCETES (Barr 1987) are classic examples.

Clearly morphology has underpinned taxonomic studies. In many other
areas of fungal biology, it is essential to establish correct names and until
recently there has been no way to identify a fungus without using morphological
characters. Thus most fungal biochemistry, biotechnology, bioremediation,
physiology, and plant pathology studies have cited species named after the
fungi were identified through morphology (e.g. novel compounds — Evidente
et al. 2008; chitinase production — Souza et al. 2003; bioremediation — Launen
et al. 1995; physiology of Colletotrichum graminicola — Ali 1962; checklist of
disease associated microorganisms in northern Australia — Hyde & Alcorn
1993). Similarly, most ecological studies relied on morphology to identify
fungal communities (e.g. soil fungi communities — Ali-Shtayeh & Jamous
2000; fungal succession — Duong et al. 2008; endophytes — Hyde & Soytong
2008).

The situation however, is rapidly changing. Monographs of many genera now
almost entirely rely on molecular data, and increasingly more often morphology
is being replaced by molecular study (e.g. Tejesvi et al. 2007, Aveskamp et al.
2010). Ecological studies may now completely ignore morphology and fungal
communities are identified through analysis of environmental DNA (Seena
et al. 2008, Curlevski et al. 2010). The identities of fungi used in population
genetics, biotechnology, and even biochemical studies are now often checked
using sequence data only.

The results of these changes are rarely questioned, let alone discussed, yet
most mycologists would agree that these changes should be advantageous. In
this paper we explore Aspergillus, Colletotrichum, and Phyllosticta, genera where
sequence data have to some extent profoundly affected species understanding.
Below we discuss the effect of sequence data on understanding higher
taxonomic levels in the Dothideomycetes and illustrate some unsolved problems
in the new system. The aim is neither to criticize the studies nor to degrade
the outcome, but to point out the resulting changes and confusion so that the
mycological community can deliberate how best to manage such changes to
everyone’s benefit.
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Phylogenetic methodology

Sequences were downloaded from GenBank and aligned using Clustal X.
The alignment was optimized manually to allow maximum alignment and
maximum sequence similarity. Gaps were treated as missing data. Phylogenetic
analysis was carried out based on the aligned dataset by PAUP" 4.0b10 (Swofford
2002). Ambiguously aligned regions were excluded from all analyses. Trees
were inferred using the heuristic search option with TBR branch swapping and
1000 random sequence additions. Maxtrees were unlimited, branches of zero
length were collapsed, and all multiple parsimonious trees were saved. Trees
were figured in TreeView (Page 1996).

Discussion

Aspergillus, Colletotrichum and Phyllosticta -
the process towards understanding a species

In many genera understanding what delimits a species has typically evolved from
1) a basic and relatively stable morphological concept (possibly including other
characters such as cultural, growth rates, or mating), which often comprised
species complexes, to 2) molecular revision where the morphological system
starts to disintegrate and needs rethinking, and 3) a stabilized system based on
molecular data with morphology taking a lesser role. Although eventually taxa
may be identified solely using molecular data, in most genera this is decades
away.

Aspergillus is advanced with respect to species delineation, mainly because
it produces post harvest mycotoxins and valuable industrial chemicals (Geiser
et al. 2007, Samson & Varga 2007). There has been a substantial increase in
numbers of accepted taxa, with Rapier & Fennell (1965) recognizing 132
species, Geiser et al. (2008) estimating ~250 species, and Kirk et al. (2010) 266
species. Species delineation is based on a polyphasic approach with molecular
data taking primary importance (Geiser et al. 2007). Multiple independent
loci are now recommended when describing new species, particularly loci for
which large datasets already exist, such as ITS, p-tubulin, calmodulin, actin,
and RNA polymerase (Samson et al. 2007). All types are available in culture
collections (Pitt & Samson 2000). Many species have now been sequenced
for multiple genes and the understanding of species concepts in Aspergillus is
advanced. Whole genomes have also been sequenced for at least eleven strains
of nine species, with several others in the pipeline (Geiser et al. 2007; Samson,
pers. comm.).

Sutton (1980) provided a practical key to 40 Colletotrichum species that
provided a basic species identification text. Although often difficult to decide
whether to key a fungus to one or another species, the key was convenient and
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descriptions brief. Even after 27 years and >4000 Colletotrichum publications,
Sutton’s text served as a necessary and convenient tool for placing names on
taxa. The first molecular data on Colletotrichum were published after 1990 (e.g.
Bailey et al. 1996, Correll et al. 1993, Fabre et al. 1995); although the results
were revealing, the data began to complicate species identification (Hyde et
al. 2009a, b). There was, however, no attempt to stabilize species concepts in
a formal way, so that sequences deposited in GenBank were unknowingly
often wrongly named. Not until 2007-2008 were several Colletotrichum
species epitypified (Shenoy et al. 2007, Cannon et al. 2008), thereby enabling
comparisons of reference sequence data against data from fresh collections.
This commenced the period of reconciling Colletotrichum species, especially in
the difficult complexes. Recent studies have introduced 15 new species (most
in the “gloeosporioides” species complex), epitypification of 14 Colletotrichum
species, and generation of sequence data for ex-type cultures of 46 species
(Hyde et al. 2009b; Damm et al. 2009; Prihastuti et al. 2009, 2010; Shivas & Yu
2009; Phoulivong et al. 2010; Yang et al. 2009, 2010; Wikee et al. 2011).

FIGURE 1 provides an example of the confusion that molecular data can
produce. We generated the phylogram by downloading 41 GenBank ITS
sequences, of which 25 were labeled Colletotrichum gloeosporioides. In FiG. 1
C. gloeosporioides epitype sequences cluster at the top of the tree, while clades
containing putative C. gloeosporioides strains — some representing very
distantly related species —are scattered throughout, illustrating the diversity of
one species name in GenBank. Cai et al. (2009a) have estimated that >86% of
the C. gloeosporioides names in GenBank considerably diverge from the epitype
and are likely to represent other Colletotrichum species. As C. gloeosporioides
represents a species complex comprising numerous diverse species, great care
must be used when downloading sequences labeled as ‘gloeosporioides’ from
GenBank. Ultimately, only sequence data from the epitype strain should be
used to characterize the species.

Compared with Aspergillus and Colletotrichum, understanding Guignardia
and its Phyllosticta anamorphs is less advanced. Guignardia comprises 335
records (Index Fungorum) and has no monograph, although species from
various hosts have been reviewed (e.g. palms — Hyde 1995; Podocarpus —
Crous et al. 1996). Van der Aa & Vanev (2002) accepted 141 species based on
cultural and morphological characteristics in their monograph on Phyllosticta.
As very few living types appear to exist in these genera, Wulandari et al.
(2009) compared their new species causing tan spot of pomelo in Asia with
many questionably labeled Phyllosticta sequences from GenBank. D.M. Lam &
N. Wulandari (unpublished) also sequenced many Guignardia and Phyllosticta
strains from CBS, but as few represented type strains, their conclusions were
limited and may never be published. There is a need to designate epitypes
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F1G. 1. Maximum parsimony phylogram generated from ITS sequence analysis of “Colletotrichum
gloeosporioides” downloaded from GenBank with other related taxa. Data were analysed with
random addition sequence, unweighted parsimony, and treating gaps as missing data. # indicates
ITS sequences of “Colletotrichum gloeosporioides” downloaded from GenBank; * indicates
sequences derived from ex-type cultures.

for species of Phyllosticta and the teleomorph Guignardia, so that a clear
understanding of the status of species and their biological relationships can be
obtained.

Guignardia mangiferae A.J. Roy offers a second example of confusion
resulting from molecular data (F1G 2). This name has been extensively applied
to an endophyte isolated by Rodrigues et al. (2004); many putative G. mangiferae
strains were used by Wulandari et al. (2009). However, no type of G. mangiferae
can be found (Wulandari, pers comm.) nor has it ever been epitypified. Thus
this recent name has been used arbitrarily for endophytic strains producing
obtrullate ascospores. The obtrullate ascospore type, however, can be found
in numerous species (e.g. G. eucalyptorum Crous, G. smilacis A.J. Roy,
G. graminea Lobik) and most likely comprises a species complex that could
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have a much older name. In F1G. 2 we downloaded a selection of G. mangiferae
labeled strains from GenBank to illustrate the diversity the name represents. It
is therefore unwise to name a Guignardia or Phyllosticta species based solely on
sequence similarity with a GenBank sequence.

The above examples serve to illustrate how molecular data can resolve
species understanding in some plant pathogenic genera yet pose challenges in
interpretation. We should remember that many previous studies likely applied
incorrect names to their organisms. Type cultures must be sequenced, and
where no such cultures exist, fresh collections are needed. Both type cultures
and fresh collections should be fully characterized using morphology, sequence
analyses, and other polyphasic approaches. Only by using such methods can
we begin to understand genera and their individual species complexes. Such
understanding now exists for Aspergillus and Penicillium, is advanced in
Fusarium, is progressing in Colletotrichum, and has only begun in Guignardia/
Phyllosticta and Pestalotiopsis. The simple message is that although molecular
data may eventually identify taxa in these genera, an enormous concerted
effort is needed to recollect, morphologically characterize, epitypify, sequence,
analyze, and combine all data with other polyphasic characters before we will
make any real progress in understanding species in these important genera.
It is also suggested that NCBI should rename an entry if there are sufficient
evidences supporting to do so.

The Loculoascomycetes

AFTOL (All Fungi Tree of Life) aimed to find natural classifications for fungi
based on multi-locus phylogeny, rather than visual, relationships (Schoch
et al. 2006). The project made considerable progress towards understanding
fungi at the higher levels, particularly in the basidiomycetes. Classes of fungi
are similarly better resolved in the ascomycetes, although the Dothideomycetes
offer a good example where molecular analyses have resulted in uncertainty,
especially at the family level.

The issue of STUDIES IN MycoLoGY (Schoch et al. 2009) devoted to the
Dothideomycetes resolved many problems at the higher taxonomic levels
(order, family) but may have created more confusion than intended. What
classical mycologists such as J.A. von Arx, E. Miiller, and M.E. Barr previously
considered to be orders and families and the characters they used to diagnose
such (von Arx & Miiller 1975; Barr 1987) are, in many cases, no longer usable.
Unfortunately, although molecular data can place taxa at the family and in some
cases generic levels, there has been little effort made in attempting to correlate
phylogeny with phenotypes (Suetrong et al. 2009, Zhang et al. 2009a).

For example, the Lophiostomataceae and Trematosphaeriaceae cluster as
separate families and contain elements that can be linked by very few characters
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F1G. 2. Maximum parsimony phylogram generated from ITS sequence analysis of “Guignardia
mangiferae” downloaded from GenBank with other related taxa. Data were analysed with random
addition sequence, unweighted parsimony, and treating gaps as missing data. # indicates ITS
sequences of “Guignardia mangiferae” downloaded from GenBank; * indicates sequences derived

from ex-type cultures.

— the same characters found in other families. The Lophiostomataceae
include Lophiostoma, some species placed in Thyridaria, and a new genus
Misturatosphaeria (Mugambi & Huhndorf 2009; Zhang et al. 2009a,b).
Lophiostoma species are characterized by ascomata that are erumpent with slot-
or slit-like ostioles and may have raised flanges (Holm & Holm 1988), while
in Misturatosphaeria ascomata are erumpent to superficial with often raised
rounded apicesand ascospores are phragmosporous or dictyosporous (Mugambi
& Huhndorf 2009). Dictyosporous ascospore types are found throughout the
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Dothideomycetes but not — until now — within Lophiostomataceae. At the
moment, there is a distinct lack of defining characters that can be used for this
family. Mugambi & Huhndorf (2009) themselves state, “despite morphological
differences of Misturatosphaeria from other lophiostomataceous fungi, we
feel justified in placing it in Lophiostomataceae at this point due to the strong
support received in their analysis.”

Tetraplosphaeriaceae (Tanaka et al. 2009) is basal to most families in
Pleosporales and yet previous classification systems would have probably placed
the species in Astrosphaeriella (Hyde et al. 2000). The main distinguishing
characters of the family are the Tetraploa-like anamorphs; however the
ascomata (immersed or superficial), pseudoparaphyses (cellular or trabecular),
and ascospore (fusiform to cylindrical, 1-3-septate, hyaline or pale brown)
forms are found throughout the Dothideomycetes. Therefore if a researcher
encounters the teleomorph stage only, it would be difficult to use morphology
to place the taxon, even at the family level, unless the characters are identical to
an existing species in the literature.

In other groups in the Dothideomycetes there are so few sequences available
that phylograms reveal very little information concerning the species at any
level. This is true of taxa in the Capnodiaceae and Microthyriaceae and in
numerous genera (e.g Muyocopron, Trichodelitschia) (see Boehm et al. 2009,
Schoch et al. 2009).

What is the way forward? Many sequences used in the issue of STUDIES
IN MycoroGy on the Dothideomycetes are linked to cultures from poorly
documented taxa while only a few are linked to type material. This will create
doubt in the minds of readers because generic types must be used in such
analyses. Again, a concerted effort is needed to recollect, document characters,
isolate, and deposit herbarium materials and/or living cultures. In this way we
will have accurately documented morphological characters that are linked to
sequence data of accurately named species; only then can we confidently start to
understand relationships in Dothideomycetes and be confident in the conclusions
arising from combined morphological and molecular classifications.

Linking anamorphs to teleomorphs

There has been much expectation amongst mycologists that molecular analyses
of anamorphic fungi will be able to link them to teleomorphs or at least provide
an idea of their positions in the Ascomycota (Shenoy et al. 2006, 2007). Several
studies have shown that morphological characters traditionally used to delimit
anamorphic fungi are less informative in inferring fungal phylogenies. For
example, in traditional taxonomy morphologically well-defined genera such as
Chalara and Sporidesmium appear to be highly polyphasic (Shenoy et al. 2006,
Cai et al. 2009b). Re-evaluation of the evolutionary significance of anamorphic
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characters should therefore be carried out to ‘rebuild’ morphological
classification. Morphology will then once again become important for
identifying species, provided type specimens and derived cultures have been
used in the reconstruction. If unavailable, the fungus should be interpreted
by a freshly collected material from original hosts and localities, accurate
documentation, isolation, sequencing, and deposition in herbaria as epitypes
with living ex-type cultures. Only in this way will an accurate understanding of
the natural placement of anamorphs in the teleomorphic scheme be achieved.

Barcoding and GenBank difficulties and solutions

There are important initiatives to barcode the fungi (Santamaria et al. 2009,
Seifert2009). However, we feel that the benefit gained from large scale sequencing
of fungal isolates will be diluted if sequence data from too few properly named
taxa or types are deposited in public databases. As illustrated by Figs 1-2, the
lack of sequences with reliably applied names in public databases would make
barcoding currently unworkable. This deficiency must be corrected at the same
time as barcoding takes place. As the type specimens and derived type cultures
are not always available, there needs to be a concerted effort by mycologists to
go back to the field and recollect the fungi. Taxonomic experts must carefully
name those fungi and where possible designate epitypes with derived living
cultures. Once we obtain sequences from species and genera that are linked
to properly characterized taxa, we can really start to understand the fungi.
Only then will barcoding work. These approaches will be useful in a few fungal
studies as data obtained from molecular analysis of environmental samples,
linking of anamorphs and teleomorphs, and the proper naming of species in
biochemistry, pathology, and biotechnology research publications become
precise.

Concluding remarks

Fungal systematics has irreversibly stepped into the phylogenetics era.
Molecular diagnosis through barcoding is favored by most researchers because
it seemingly provides an easy and quick assessment of the fungus at hand and
does not require years of training. This, however, does not exclude morphology
from modern systematics, as morphological characters are the most easily
accessible. The characters used to define species, genera, families, and orders
nonetheless need reevaluation in light of sequence generated phylogenetic
relationships. Morphological characters would then be used in agreement
with new classification schemes and thus correspond to the natural phylogeny.
The success of molecular diagnosis and barcoding, however, largely depends
on comparing sequence data from type specimens. Most fungal names lack
living type specimens and cannot be sequenced. There is consequently an
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urgent need to epitypify all such fungi and deposit living ex-type cultures and
derived sequence data in public culture collections and databases. Mycologists
must go back to field and recollect important species and generic types
and re-characterize these taxa using a polyphasic approach. Incorporating
morphology is essential for establishing species concepts and higher taxonomic
frameworks. Until much more data has been generated from types and many
more accurately named species are deposited in public databases, confusion
will remain. To eliminate the confusion, morphology is not only not outdated
but is a necessity.

Acknowledgements

This study was supported by research grants 51101010029 and 52101010002 awarded
by Mae Fah Luang University Chiang Rai, Thailand and a research grant Biodiversity
Research and Training Program (BRT R253012) and The Thailand Research Fund
(BRG 5280002), which are gratefully acknowledged. This research was also funded by
the Knowledge Innovation Program of the Chinese Academy of Sciences, No. KSCX2-
YW-Z-1026 and National Natural Science Foundation of China (NSFC 31070020).
Damodar Shenoy, Edward Liew, and Zhang Ying, plus many other students of the first
author are thanked for providing inspiration and ideas for the opinions stated in this
paper. Dimuthu Manamgoda is thanked for technical assistance. Drs. Lorelei L. Norvell,
Richard P. Korf, and Shaun Pennycook are thanked for their critical reviews of this
manuscript and providing valuable comments.

Literature cited

Ali MM. 1962. Comparison of the physiology of three isolates of Colletotrichum graminicola.
Mycopathologia et Mycologia Applicata 17: 261-268. doi:10.1007/BF02279299

Ali-Shtayeh MS, Jamous RME. 2000. Keratinophilic fungi and related dermatophytes in polluted
soil and water habitats. Revista Iberoamericana de Micologia 17 (Suppl.): 51-59.

Arx JA von, Miiller E. 1975. A re-evaluation of the bitunicate ascomycetes with keys to families and
genera. Stud. Mycol. 9: 1-159.

Aveskamp MM, Gruyter ] de, Woudenberg JHC, Verkley GJM, Crous PW. 2010. Highlights of
the Didymellaceae: A polyphasic approach to characterise Phoma and related pleosporalean
genera. Stud. Mycol. 65: 1-60. d0i:10.3114/sim.2010.65.01

Barr ME1987. Prodromus to Class Loculoascomycetes. M.E. Barr Bigelow, Ambherst,
Massachusetts.

Bailey JA, Nash C, Morgan LW, O’Connell R], TeBeest DO. 1996. Molecular taxonomy of
Colletotrichum species causing anthracnose on the Malvaceae. Phytopathology 86: 1076-1083.
doi:10.1094/Phyto-86-1076

Boehm EWA, Mugambi GK, Miller AN, Huhndorf SM, Marincowitz S, Spatafora JW, Schoch C.
2009. A molecular phylogenetic reappraisal of the Hysteriaceae, Mytilinidiaceae and Gloniaceae
(Pleosporomycetidae, Dothideomycetes) with keys to world species. Stud. Mycol. 64: 49-83.
doi:10.3114/sim.2009.64.03

Cai L, Hyde KD, Taylor PW], Weir B, Waller J, Abang MM, Zhang JZ, Yang YL, Phoulivong S, Liu
ZY, Prihastuti H, Shivas RG, McKenzie EHC, Johnston PR. 2009a. A polyphasic approach for
studying Colletotrichum. Fungal Divers. 39: 183-204.



Morphology still essential ... 449

Cai L, Wu WP, Hyde KD. 2009b. Phylogenetic relationships of Chalara and allied species inferred
from ribosomal DNA sequences. Mycological Progress 8: 133-143. doi:10.1007/s11557-009-
0585-5

Cannon PF, Buddie AG, Bridge PD. 2008. The typification of Colletotrichum gloeosporioides.
Mycotaxon 104: 189-204.

Carmichael JW, Kendrick WB, Corners IL, Sigler L1980. Genera of Hyphomycetes. University of
Alberta Press

Correll JC, Rohoads, DD, Guerber JC. 1993. Examination of mitochondrial DNA restriction
fragment lengh polymorphisms, DNA fingerprints, and randomly amplified polymorphic
DNA of Colletotrichum orbiculare. Phytopathology 83: 1199-1204. doi:10.1094/Phyto-83-1199

Crous PW, Seifert KA, Castafieda Ruiz RF. 1996. Microfungi associated with Podocarpus leaf litter
in South Africa. S. Afr. J. Bot. 62 : 89-98.

Curlevski NJA, Xu ZH, Anderson IC, Cairney JWG. 2010. Diversity of soil and rhizosphere fungi
under Araucaria bidwillii (Bunya pine) at an Australian tropical montane rainforest site. Fungal
Divers. 40: 1-11. doi:10.1007/s13225-009-0001-0

Damm U, Woudenberg JHC, Cannon PFE, Crous PW. 2009. Colletotrichum species with curved
conidia from herbaceous hosts. Fungal Divers. 39: 45-87.

Duong LM, McKenzie EHC, Lumyong S, Hyde KD. 2008. Fungal succession on senescent leaves of
Castanopsis diversifolia in Doi Suthep-Pui National Park, Thailand. Fungal Divers. 30: 23-36.

Evidente A, Cimmino A, Andolfi A, Vurro M, Zonno MC, Motta A. 2008. Phyllostoxin and
phyllostin, bioactive metabolites produced by Phyllosticta cirsii, a potential mycoherbicide for
Cirsium arvense biocontrol. J. Agr. Food Chem. 56: 884-888. doi:10.1021/jf0731301

Fabre JV, Julien J, Parisot D, Dron M. 1995. Analysis of diverse isolates of Colletotrichum
lindemuthianum infecting common bean using molecular markers. Mycol. Res. 99: 429-435.
doi:10.1016/50953-7562(09)80640-0

Geiser DM, Klich MA, Frisvad JC, Peterson SW, Varga J, Samson RA. 2007. The current status
of species recognition and identification in Aspergillus. Stud. Mycol. 59: 1-10. doi:10.3114/
5im.2007.59.01

Geiser DM, Samson RA, Varga J, Rokas A, Witiak SM. 2008. A review of molecular phylogenetics
in Aspergillus, and prospects for a robust genus-wide phylogeny. In: Varga J, Samson RA (eds)
Aspergillus in the Genomic Era. Netherlands: Wageningen Academic Publishers. 17-32.

Holm L, Holm K. 1988. Studies in the Lophiostmataceae with emphasis on the Swedish species.
Symbolae Botanicae Upsalienses 28: 1-50.

Hyde KD. 1995. Fungi from palms. XX. The genus Guignardia. Sydowia 47: 180-198.

Hyde KD, Alcorn JL. 1993. Some disease-associated microorganisms on plants of Cape York Peninsula
and Torres Strait Islands. Australian Plant Pathol. 22: 73-83. d0i:10.1071/APP9930073

Hyde KD, Soytong K. 2008. The fungal endophyte dilemma. Fungal Divers. 33: 163-173.

Hyde KD, Aptroot A, Frohlich J, Taylor JE. 2000. Fungi from palms. XLIII. Lophiostoma and
Astrosphaeriella species with slit-like ostioles. Nova Hedwigia 70: 143-160.

Hyde KD, Cai L, McKenzie EHC, Yang YL, Zhang JZ, Prihastuti H. 2009a. Colletotrichum: a
catalogue of confusion. Fungal Divers. 39: 1-17.

Hyde KD, Cai L, Cannon PF, Crouch JA, Crous PW, Damm U, Goodwin PH, Chen H, Johnston
PR, Jones EBG, Liu ZY, McKenzie EHC, Moriwaki J, Noireung P, Pennycook SR, Pfenning
LH, Prihastuti H, Sato T, Shivas RG, Taylor PWJ, Tan YP, Weir BS, Yang YL, Zhang JZ. 2009b.
Colletotrichum - names in current use. Fungal Divers. 39: 147-182.

Kirk PM, Cannon PE, David JC, Stalpers JA (2008). Dictionary of the Fungi. 10" edn. CABI
International, UK.



450 ... Hyde, Abd-Elsalam & Cai

Kohlmeyer ], Kohlmeyer E. 1969. Marine mycology — the higher fungi. Cambridge University
Press, UK.

Launen L, Pinto L, Wiebe C, Kiehlmann E, Moore M. 1995. The oxidation of pyrene and
benzo[a]pyrene by nonbasidiomycete soil fungi. Can. J. Microbiol. 41: 477-488. doi:10.1139/
m95-064

Mugambi GK, Huhndorf SM. 2009. Molecular phylogenetics of Pleosporales: Melanommataceae
and Lophiostomataceae re-circumscribed (Pleosporomycetidae, Dothideomycetes, Ascomycota).
Stud. Mycol. 64: 103 -121. doi:10.3114/sim.2009.64.05

Page RDM. 1996. TREEVIEW: An application to display phylogenetic trees on personal computers.
Computer Applications in the Biosciences 12: 357-358.

PittJI, Samson RA. 2000. Types for accepted species in Penicillium, Aspergillus and their teleomorphs
In: Integration of modern taxonomic methods for Penicillium and Aspergillus classification
(eds. RA Samson, JI Pitt). Harwood Publishers, Amsterdam: 51-72.

Phoulivong S, Cai L, Noireung P, Chen H, Abdelsalam K, Chukeatirote E, Hyde KD. 2010. A new
species of Colletotrichum from Cordyline fruticosa and Eugenia javanica causing anthracnose
disease. Mycotaxon (in press).

Prihastuti H, Cai L, Chen H, McKenzie EHC, Hyde KD. 2009. Characterization of Colletotrichum
species associated with coffee berries in northern Thailand. Fungal Divers. 39: 89-109.

Prihastuti H, Cai L, Chen H, McKenzie EHC, Hyde KD. 2010. Colletotrichum gloeosporioides is not
a common pathogen on tropical fruits. Fungal Diversity. doi 10.1007/s13225-010-00-0046-0-

Rapier KB, Fennell DI. 1965. The Genus Aspergillus. Baltimore: Williams & Wilkins.

Rodrigues KE Sieber TN, Griinig CR, Holdenrieder O. 2004. Characterization of Guignardia
mangiferae isolated from tropical plants based on morphology, ISSR-PCR amplifications
and ITSI1-5.8S-ITS2 sequences. Mycological Research. 108: 45-52. doi:10.1017/
§0953756203008840

Samson RA, Varga J. 2007. Aspergillus systematics in the genomic era. Stud. Mycol. 59: 1-203.

Samson RA, Noonim P, Meijer M, Houbraken J, Frisvad JC, Varga J. 2007, Diagnostic tools to
identify black aspergilli. Stud. Mycol. 59: 129-145. doi:10.3114/sim.2007.59.13

Santamaria M, Vicario S, Pappada G, Scioscia G, Scazzocchio C, Saccone C. 2009. Towards barcode
markers in Fungi: an intron map of Ascomycota mitochondria. BMC Bioinformatics. 10(Suppl
6): S15 doi:10.1186/1471-2105-10-S6-S15.

Schoch CL, Shoemaker RA, Seifert KA, Hambleton S, Spatafora JW, Crous PW. 2006. A multigene
phylogeny of the Dothideomycetes using four nuclear loci. Mycologia 98: 1041-1052.
doi:10.3852/mycologia.98.6.1041

Schoch CL, Crous PW, Groenewald JZ, Boehm EWA, Burgess T1, de Gruyter ], de Hoog GS, Dixon
L], Grube M, Gueidan C, Harada Y, Hatakeyama S, Hirayama K, Hosoya T, Huhndorf SM,
Hyde KD, Jones EBG, Kohlmeyer J, Kruys A, Li YM, Lucking R, Lumbsch HT, Marvanova L,
Mbatchou JS, Mcvay AH, Miller AN, Mugambi GK, Muggia L, Nelsen MP, Nelson P, Owensby
CA, Phillips AJL, Phongpaichit S, Pointing SB, Pujade-Renaud V, Raja HA, Plata ER, Robbertse
B, Ruibal C, Sakayaroj ], Sano T, Selbmann L, Shearer CA, Shirouzu T, Slippers B, Suetrong S,
Tanaka K, Volkmann-Kohlmeyer B, Wingfield MJ, Wood AR, Woudenberg JHC, Yonezawa H,
Zhang Y, Spatafora JW. 2009b. A class-wide phylogenetic assessment of Dothideomycetes. Stud.
Mycol. 64: 1-15. doi:10.3114/sim.2009.64.01

Seena S, Wynberg N, Biérlocher F. 2008. Fungal diversity during leaf decomposition in a stream
assessed through clone libraries. Fungal Divers. 30: 1-14.

Seifert K. 2009. Progress towards DNA barcoding of fungi. Molecular Ecology Resources 9: 83-89.
doi:10.1111/j.1755-0998.2009.02635.x



Morphology still essential ... 451

Shenoy BD, Jeewon R, Wu WP, Bhat DJ, Hyde KD. 2006. Ribosomal and RPB2 DNA sequence
analyses suggest that Sporidesmium and morphologically similar genera are polyphyletic.
Mycol. Res. 110: 916-928. doi:10.1016/j.mycres.2006.06.004

Shenoy BD, Jeewon R, Lam WH, Bhat DJ, Than PP, Taylor PWJ, Hyde KD. 2007. Morpho-molecular
characterization and epitypificatin of Colletotrichum capsici (Glomerellaceae, Sordariomycetes),
the causative agent of anthracnose in chilli. Fungal Divers. 27: 197-211.

Shivas RG, Yu YP. 2009. A taxonomic re-assessment of Colletotrichum acutatum, introducing
C. fioriniae comb. et stat. nov. and C. simmondsii sp. nov. Fungal Diversity 39: 111-122.

Souza RF, Gomes RC, Coelho RRR, Alviano CS, Soares RMA. 2003. Purification and characterization
of an endochitinase produced by Colletotrichum gloeosporioides. FEMS Microbiology Letters
222:45-50. doi:10.1016/S0378-1097(03)00220-9

Suetrong S, Schoch CL, Spatafora JW, Kohlmeyer ], Volkmann-Kohlmeyer B, Sakayaroj ],
Phongpaichit S, Tanaka K, Hirayama K, Jones EBG. 2009. Molecular systematics of the marine
Dothideomycetes. Studies in Mycology 64: 155-173.

Sutton BC. 1980. The Coelomycetes. Commonwealth Mycological Institute, Kew, London.

Swofford DL. 2002. PAUP* 4.0: phylogenetic analysis using parsimony (* and other methods).
Sinauer Associates, Sunderland, MA.

Tanaka K, Hirayama K, Yonezawa H, Hatakeyama S, Harada Y, Sano T, Shirouzu T, Hosoya T. 2009.
Molecular taxonomy of bambusicolous fungi: Tetraplosphaeriaceae, a new pleosporalean family
with Tetraploa-like anamorphs, and notes on the phylogeny of selected species from bamboo.
Stud. Mycol. 64: 175-209. doi:10.3114/sim.2009.64.10

Tejesvi MV, Kini KR, Prakash HS, Ven Subbiah, Shetty HS. 2007. Genetic diversity and antifungal
activity of species of Pestalotiopsis isolated as endophytes from medicinal plants. Fungal Divers.
24:37-54.

Van der Aa HA, Vanev S. 2002. A revision of the species described in Phyllosticta. Centraalbureau
voor schimmelcultures- Utrecht, Natherlands.

Wikee S, Cai L, Noireung P, McKenzie EHC, Su Yuan-Ying, Chukeatirote E, Thi HN, Bahkali AH,
Moslem MA, Abdelsalam K, Hyde KD. 2011. Colletotrichum species from Jasmine (Jasminum
sambac). Fungal Divers. doi:10.1007/s13225-010-0049-x

Wulandari NE, To-Anun C, Hyde KD, Duong LM, de Gruyter J, Meffert JP, Groenewald JZ, Crous
PW. 2009. Phyllosticta citriasiana sp nov., the cause of Citrus tan spot of Citrus maxima in Asia.
Fungal Divers. 34: 23-39.

Yang YL, Liu ZY, Cai L, Hyde KD, Yu ZN, McKenzie EHC. 2009. Colletotrichum anthracnose of
Amaryllidaceae. Fungal Divers. 39: 123-146.

Yang YL, Cai L, Yu ZN, Liu ZY, Hyde KD. 2010. Colletotrichum species on Orchidaceae in southwest
China. Mycological progress submitted.

Zhang Y, Schoch CL, Fournier J, Crous PW, de Gruyter ], Woudenberg JHC, Hirayama K, Tanaka K,
Pointing SB, Spatafora JW, Hyde KD. 2009a. Multi-locus phylogeny of Pleosporales: a taxonomic,
ecological and evolutionary re-evaluation. Stud. Mycol.: 85-102. doi:10.3114/sim.2009.64.04

Zhang Y, Wang HK, Fournier ], Crous PW, Jeewon R, Pointing SB, Hyde KD. 2009b. Towards a
phylogenetic clarification of Lophiostoma / Massarina and morphologically similar genera in
the Pleosporales. Fungal Divers. 38: 225-251.






