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Colletotrichum falcatum is an important pathogen of sugarcane causing red
rot disease. The type specimen of this species could not be located in any herbaria.
A fresh specimen was therefore collected and isolated from the location as stated in
the protologue. A neotype of C. falcatum with a living culture is designated in order
to stabilize the application of the species name. The morphology of conidia and ap-
pressoria, and cultural characters of the ex-neotype culture is provided and its
pathogenicity on sugarcane (Saccharum officinarum) is confirmed by re-inocula-
tion. Phylogenetic analysis showed that C. falcatum clusters in a distinct lineage in
the curved-spored Colletotrichum species.
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Colletotrichum species are important pathogens infecting a wide
range of plants, especially in the tropics (Hyde et al. 2009a, b, Prihas-
tuti et al. 2009). Colletotrichum falcatum is a destructive pathogen of
sugarcane (Saccharum officinarum L.) that causes red-rot, a disease
responsible for substantial losses in crop yield and quality in many
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parts of the world, particularly in India, Pakistan, Bangladesh and
Taiwan (Crouch & Beirn 2009). Went (1893) described the disease from
Java (Indonesia) where it was known as “Sereh” and was threatening
yield in the sugar industry. He collected and isolated the fungus in
1892 at the Tjomal Estate in Java and published his work in 1893,
providing a brief protologue (Went 1893). The fungus was subsequently
identified from diseased sugarcane in India and the USA (Barber 1901,
Edgerton 1910) and the teleomorph Glomerella tucumanensis was
described in 1954 (Arx & Muller 1954).

Recent molecular studies have shown that Colletotrichum isolates
from sugarcane are composed of at least two morphologically similar
but phylogenetically divergent species (Crouch et al. 2009a,c). The
morphology of both taxa is consistent with descriptions of C. falcatum
(Went 1893, Sutton 1980), resulting in ambiguity as to which of the two
species the name C. falcatum should be applied (Crouch et al. 2009a,c).
Given the importance of this disease to the economy of several coun-
tries, resolution of this issue is of immediate practical importance.

The first step in determining the correct application of the C. fal-
catum name is to examine the type material for the species and connect
it with modern collections of the fungus. Unfortunately, type material
of this species is not deposited in Bogor (BO) and we could not locate it
in any other mycological collection. It is therefore necessary to desig-
nate a neotype for C. falcatum in order to stabilize the application of
the name, to facilitate subsequent taxonomic work in the genus, and to
serve as a foundation for applied research of thisimportant pathosystem
(Hyde et al. 2009a).

The process of choosing neotype or epitype material must be con-
ducted carefully, in order that further confusion does not ensue (Hyde
& Zhang 2008, Cai et al. 2009). It is necessary to select a collection that
conforms to the original description based on the morphology, patho-
genicity and ecological characters (Cannon et al. 2008). Strains of C.
falcatum are available from several international culture collections.
However, none of these isolates are derived from Java. As no suitable
C. falcatum isolates were available from extant materials, we visited
the original site of the protologue at Tjomal (now Comal) in central
Java (Indonesia) during March 2008 and recollected diseased sugar-
cane tissue, and isolated a Colletotrichum species that conforms to the
species protologue. In this study, we characterize this new collection
through morphological and molecular phylogenetic analysis, and des-
ignate this isolate as the neotype of C. falcatum with an ex-neotype
living strain.

Materials and methods

Isolation, morphological examination and re-inoculation experiment

Colletotrichum falcatum was isolated from infected sugarcane
leaves collected in Indonesia from the original type locality at Tjomal
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in central Java, Indonesia. Although partially destroyed for housing,
remarkably, the same sugarcane plantation sampled by Went in 1893
is still present in its original location. Single-spore isolation (Choi et
al. 1999) was carried out from the sample with distinct red-rot disease.
Morphology and cultural characteristics were examined. Appressoria
were produced using a slide culture technique, in which 10 mm? squares
of PDA were placed in an empty Petri dish. The edge of the agar was
inoculated with spores taken from a sporulating culture and a sterile
cover slip was placed over the inoculated aga. After 3-7 days, the shape
and size of the appressoria formed across the underside of the cover
slip were studied. The neotype is deposited in The Mycological Her-
barium of Institute of Microbiology, Chinese Academy of Sciences
(HMAS). The ex-neotype strain is deposited at China General Microbial
Culture Collection (CGMCC).

To confirm the pathogenicity of the ex-neotype strain on sugar-
cane, spore suspensions were inoculated back to healthy leaves of Sac-
charum officinarum (3 replicates). Sterilized distilled water was used
as control. Symptoms were examined after 14 days incubation under
room temperature. Detailed protocols follow that of Cai et al. (2009).

DNA extraction, PCR and sequencing

Genomic DNA was extracted from mycelia (7 days-old culture)
using the Biospin Fungus Genomic DNA Extraction Kit (BioFlux®) ac-
cording to the instructions of the manufacturer. Primer pairs and PCR
amplifications conditions were followed as previously described (Pri-
hastuti et al. 2009, Crouch et al. 2009c). Partial actin (ACT), DNA lyase
(APN2), B-tubulin (TUB2), calmodulin (CAL), DNA lyase Apn2 and
mating type protein Mat1-like gene (MAT1/APN2), glyceraldehyde-3-
phosphate dehydrogenase (GPDH), glutamine synthetase (GS) and the
complete internal transcribed space (ITS)/5.8 rDNA (ITS) were gener-
ated for the ex-neotype strain. These gene regions were selected be-
cause they have been widely used in previous studies and have been
shown to be successful in phylogenetic reconstruction (Crouch et al.
2009a, Prihastuti et al. 2009). DNA sequencing was performed at the
SinoGenoMax Company Limited, Beijing.

Sequence alignment and phylogenetic analyses

Sequences from forward and backward primers were aligned to
obtain a consensus sequence. Sequence of the neotype isolate, along
with reference sequences obtained from GenBank (Table 1), were
aligned by Clustal X (Thompson et al. 1997). Alignments were opti-
mized manually in Bioedit (Hall 1999). To compare C. falcatum with
other graminicolous Colletotrichum species, a combined ITS, APN2
and MAT1/APN2 sequences dataset was used for phylogenetic recon-
struction.
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Phylogenetic analyses were performed by using PAUP* 4.0b10
(Swofford 2002). Ambiguously aligned regions were excluded from all
analyses. Unweighted parsimony (UP) analysis was performed. Trees
were inferred using the heuristic search option with TBR branch swap-
ping and 1000 random sequence additions. Maxtrees were unlimited,
branches of zero length were collapsed and all multiple parsimonious
trees were saved. Descriptive tree statistics such as tree length [TL],
consistency index [CI], retention index [RI], rescaled consistency index
[RC], homoplasy index [HI], and log likelihood [-In L] (HKY model)
were calculated for trees generated under different optimality criteria.
Clade stability was assessed in a bootstrap analysis with 1000 repli-
cates, each with 10 replicates of random stepwise addition of taxa.
Kishino-Hasegawa tests (Kishino & Hasegawa 1989) were performed
in order to determine whether trees were significantly different. Trees
were figured in Treeview (Page 1996).

Model of evolution was estimated by using Mrmodeltest 2.2
(Nylander 2004). Posterior probabilities (PP) (Rannala & Yang 1996,
Zhaxybayeva & Gogarten 2002) were determined by Markov Chain
Monte Carlo sampling (BMCMC) in MrBayes 3.0b4 (Huelsenbeck &
Ronquist 2001), using the estimated model of evolution. Six simultane-
ous Markov chains were run for 1000 000 generations and trees were
sampled every 100* generation, resulting in 10 000 total trees. The first
2000 trees, which represented the burn-in phase of the analyses, were
discarded and the remaining 8 000 trees were used for calculating pos-
terior probabilities (PP) in the majority rule consensus tree.

Results

A pure culture of C. falcatum was obtained by single spore isola-
tion. The cultural characteristics, conidial and appressorial morphol-
ogy are illustrated in Fig. 1. Three sugarcane leaves re-inoculated with
spore suspensions all developed typical red-rot disease (Fig. 2). Eight
sequences of the ex-neotype of C. falcatum (CGMCC3.14187) are
deposited in GenBank (accession numbers: HM171665, HM171668,
HM171671,HM171674, HM171677, HM171680,HM569769, HM569770).
Phylogenetic relationships were inferred using combined ITS, Mat1/
Apn2 and Apn2 sequences. Other gene regions were not used in the
analysis because most of the falcate-spored graminicolous Colletotri-
chum species were only sequenced with ITS, Mat1/Apn2 and Apn2 re-
gions in previous studies (Crouch et al. 2009a,c). Maximum parsimony
analysis generated only one tree (TL=1119, CI=0.819, RI=0.850,
RC=0.697, HI=0.181) as shown in Fig. 3. Multilocus sequence analysis
shows that C. falcatum appears as a distinct lineage among the gramin-
icolous species of Colletotrichum. A close phylogenetic relationship
between C. falcatum and C. sublineolum is supported by this analysis,
in agreement with that of Crouch et al. (2009a,c).
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Fig. 1. — Colletotrichum falcatum (from CGMCC 3.14187). a, b. Upper and reverse
view of culture on PDA 7 days after inoculation; ¢, h, i & j. Short falcate conidia. d,
f & g. Rounded appressoria; (bar: c-d = 15 pm,; f-j = 10 pm).
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Taxonomy

Colletotrichum falcatum Went, Arch. Java Suikerindustrie 1, 265
(1893). — Figure 1.
MycoBank no.: MB157602

Colonies on PDA circular, raised, at first white and becoming
grey with age, aerial mycelia white, dense, cottony without visible co-
nidial masses, reverse white to pale yellowish-green, attaining a diam-
eter of 58.5-81.5 mm (£ = 76.35 + 6.770, n = 10) in 7 days. Acervuli
absent. Sclerotia absent. Setae absent. Conidia 16-35 pm
long (£ =23.33 + 4.892, n = 50), 4-5 pm wide (£ = 4.65 + 0.443, n = 50),
one celled, smooth-walled, hyaline, falcate, sometimes fusiform. Ap-
presoria in slide cultures 7-14.5 pm long (£ = 9.44 + 1.541, n = 50),
6.5-11.5 pm wide (£ = 8.99 + 1.268, n = 50), abundant, medium to dark

brown, clavate or circular, with edge entire.

Neotype designated here: Indonesia, Central Java, Comal, Gedheg Village on
leaves of Saccharum officinarum, 23 March 2008, N.F. Wulandari, HMAS 240681,
ex-neotype culture deposited in CGMGC 3.14187, with a duplicate strain deposited
in CBS.

Discussion

Arx (1957) included most of the described Colletotrichum species
on Gramineae as synonyms of C. graminicola (Ces.) Wils. However,
host-specificity of C. falcatum towards Saccharum species is well doc-
umented (Mordue 1967). Additionally, Sutton (1968) demonstrated a

Fig. 2. — Results of re-inoculation experiment, anthracnose symptoms on 3 sugar-
cane leaves after 14 days incubation.
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C. cereale MAFF305076AS

C. miscanthi MAFF510857 *

55 C. axonopodi IMI279189 *

97 99 { C. jacksonii MAFF511344EE

L C. jacksonii MAFF511152

88 i .
100 C. jacksonii MAFF305460 *

100 _{ C. hanaui MAFF305404 *
Ol

100 C. hanaui MAFF511014

" C. falcatum CGMCC3.14187*

100 ] C. sublineolum S$3001 *

I C. sublineolum MAFF510020

98 [ C. navitas 9032d

87 C. navitas CBS125086 *

10| [ C. paspali MAFF305403 *

100 | C. nicholsonii MAFF511115 *

10 C. nicholsonii MAFF510916

Fig 3. — Phylogram of tree generated maximum parsimony analysis based on com-
bined ITS, Mat1/Apn2 and Apn2 sequences. Values above the branches are parsimo-
ny bootstrap (= 50%). Thickened branches indicate posterior probability values
> 95 %. The tree is rooted with Colletotrichum cereale. * Indicate the ex-type strains.

morphological difference in appressoria between C. falcatum and taxa
described from Zea (C. graminicola) and Sorghum (C. sublineola). The
appressoria of C. falcatum are broadly clavate, with entire edges and
are rarely irregularly lobed, while those of C. graminicola are obovate,
pyriform or elliptical and frequently with irregular edges (Sutton
1968). The appressorial morphology of the neotype agrees with that
described in Sutton (1968). Sutton (1968), however, also showed slight
differences in conidial size between graminicolous taxa and a less ob-
vious distinction in conidial shape; these vague differences were un-
satisfactory for species delimitation, an observation that has been re-
peatedly confirmed in subsequent work (Baxter et al. 1983, Crouch et
al. 2009a, Du et al. 2005, Sutton 1980, 1992).
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The objective in the present study is to designate a suitable neo-
type specimen for C. falcatum, a fungus that is responsible for one of
the most important diseases of sugarcane in many countries world-
wide. Comparison of ITS sequence data from the neotype against se-
quences deposited in GenBank (accessed on 6 April 2010) show that
only one ITS sequence (AB462376, generated from strain MAFF306170)
is identical to the neotype (100 % similarity), and only four of the 23 C.
falcatum sequences cluster in the same lineage in the parsimonious
tree (result not shown). This diversity of sequences found in the Gen-
Bank database raises the possibility that undescribed species of Col-
letotrichum occur on sugarcane and await description, consistent with
findings from multi-locus phylogenetic analyses of the grass-associat-
ed Colletotrichum group (Crouch et al. 2009a,c). A similar situation
has been described for many Colletotrichum species, including C. acu-
tatum J.H. Simmonds, C. gloeosporioides (Penz.) Penz & Sacc. and C.
graminicola (Ces.) G.W. Wilson where it has been determined that se-
quences and names in GenBank cannot be relied upon by researchers
unless they are linked to type strains (Cai et al. 2009, Crouch et al.
2009b, Shivas & Tan 2009).

By formally establishing a neotype and ex-type culture for C. fal-
catum that is consistent with the original type with respect to mor-
phology, host and geographic derivation, and generating a multilocus
sequence dataset for this strain, we have taken the first and vital step
towards informative and meaningful studies of the taxa responsible
for this important disease of sugarcane.
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