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Introduction

Cocoa (Theobroma cacao L.) is a crop with great commercial value in many tropical regions worldwide,
whose fruit is processed in the industry in many products, cosmetics and medicine industry. However,
plantations generate a large volume of waste that generally remain scattered into the plantation and cause
the phytopathogen propagation, affecting the cocoa plant and plays an important role in the destruction of
their fruits. The most important are the frosty pod rot caused by Moniliophthora roreri (1), witches' broom
caused by Moniliophthora perniciosa (2), black pod caused by Phytophthora spp. (3), and leaf spot caused
by Curvularia lunata/Cochliobolus lunatus (4). Curvularia is a hyphomycete fungus which is a facultative
pathogen of many plant species. Most Curvularia are found in tropical regions, though a few are found in
temperate zones. The teleomorph state of the type species Curvularia lunata is Cochliobolus lunatus. In
Mexico, few works has been focused on the molecular identification of fungi cocoa diseases (i.e. M.
roreri). In particular in the Chontalpa region, located in the center-west of the Tabasco state, Mexico, the
fungi have been the most aggressive. The identification of phytopathogenic strains is important for
developing strategies for its prevention and control. Molecular techniques such amplification of DNA
conserved sequences by Polymerase Chain Reaction (PCR) have proven to be useful in studies of genetic
diversity, life cycle, ecology, phylogeny and identification of microorganisms. The technique known as
PCR-ITS (Internal Transcribed Spacer-PCR) allows replicate in vitro thousands of times, specific
sequences of the inner region of ribosomal genes of fungal species. Therefore the sequences of the
nucleotides are compared to others from GeneBank, allowing its taxonomic identification. The genes are
amplified and compared the ribosomal DNA (18S, 5.8S and 28S), which are highly preserved (5). The
objective of this study, was the molecular characterization of five strains of fungi, by means of the
sequenciation of the ITS 1/5.8s/ITS 1l region of the DNAr of all fungus previously identified as Curvularia
lunata, C. hawaiiensis and Bipolaris tetramera by morphological tecniques, obtained through diseased
fruits of cacao plants from the Chontalpa area of the state of Tabasco, Mexico.

Materials and Methods

Fungal strains

The strains HT-ITV03, HT-ITV40, HT-ITV45, HT-ITV46 and HT-ITV48 used in this study were isolated from
diseased fruits of cocoa trees collected during October 2007 and November 2009, respectively. The
samples of diseased fruits were taken from three commercial plantations located in the municipality of
Huimanguillo, Tabasco. For isolating fungi, fragments of diseased fruits were placed in a moist chamber
and incubated at 25°C for 3 days in darkness. After incubation, individual fungi were recovered as they
grew out of the diseased tissue and then subcultured on potato dextrose agar (PDA) at room temperature
for 5 days to obtain pure cultures. All fungal strains were maintained on PDA at 4°C and as a suspension
of spores at -74°C. In addition, the strains were subcultured every month on PDA medium.

DNA extraction, PCR and sequencing
Extraction of DNA from Cochliobolus lunatus, C. hawaiiensis and B. tetramera strains were performed as
described previously Kurzatkowski et al. in 1996 (6). A region of nuclear DNA, containing the ITS I,
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5.8S, and ITS Il sequence, for each strain were amplified by PCR using the primers ITS1 (5'-
tccgtaggtgaacctgegg-3') and 1TS4 (5'-tectecgettattgatatge-3') (7). PCR amplifications were performed in a
total volume of 50ul reaction, which contained: 10 pL of 5x Colorless buffer, 200 uM dNTPSs, 0.2 uM of
each primer, 2.5 units of Tag DNA polymerase, and 10-50 ng of template DNA. The PCR reactions were
placed in a Bio-Rad thermal cycler (Bio-Rad Laboratories, Hercules, California, USA) under the
following parameters: 5 min initial denaturation at 95°C, followed by 30 cycles of 1 min denaturation
at 95°C, 1 min primer annealing at 57°C, 1 min extension at 72°C and a final extension period of 12
min at 72°C. The resulting products were purified with the Geneclean® Il kit (Biol01 Inc.,
California, USA) according to the manufacturer’s protocol. DNA samples were sequenced by the
Instituto de Biotecnologia, Cuernavaca, Mor., Mexico.

DNA sequence analysis

DNA sequences from each strain were assembled by use of Chromas 1.45 (School of Health science,
Griffi th University, Gold Coast Campus, Southport, Queensland, Australia), and then aligned using the
ClustalX inference package (8). The sequences were subjected to the basic local alignment search tool
(BLAST) available at http://blast.ncbi.nm.nih.gov/Blast.cgi against sequences available in GenBank.
Phylogenetic analysis of the aligned sequences was done by Neighbour-Joining analysis with 1000
bootstrap replicates and was supported by bootstrap method. Unrooted phylogenetic tree was constructed
with help from the PhyloDraw program 0.8 (9).

Results and Discussion

Isolation of strains

Five random samples of cocoa fruits with symptoms of disease of each of the three plantations were
collected. One hundred and twenty eight strains were isolated of which three were identified by their
morphological characteristics as C. lunatus and one as C. hawaiiensis and B. tetramera, respectively. The
isolated species of the Cochliobolus genus (C. hawaiiensis and C. lunatus), were already reported by other
authors as pathogen of plants like corn (10), barley (11), oat, sorghum, banana, pineapple (12) and many
fescue (13). These fungi cause the leaf spot and the putrefaction of the vascular tissue and fruits reasons
because these pathogen produce cocoa losses. This genus of fungi are the teleomorph state of many
species of fungi of the genus Bipolaris (14) and Curvularia (15) genus that were reported as pathogen or
the cocoa crop by others authors (4). By other hand, the anamorph state of C. hawaiiensis was reported
and isolates in Tabasco state by others authors (16) represented the first report for the isolation of the
teleomorphic state in Mexico.

Molecular identification and phylogenetic analysis

For the three strains of C. lunatus and the individual isolates of C. hawaiiensis and B. tetramera, were
obtained the entire sequences of the ITS I/5.8s/ITS Il region, together with the ends of the 18S and 28S
subunits. The BLAST search confirmed the morphological identification of the sequences of C. lunatus,
C. hawaiiensis and B. tetramera. The sequences examined in this study for the ITS 1/5.8s/ITS Il region,
for the strains of C. lunatus, C. hawaiiensis and B. tetramera and other related sequences from GenBank
had a length of between 506 to 629 bp for the species examined in this study of Cochliobolus spp. and
Bipolaris sp. and the length of the consensus region for alignment of all sequences was 697 bp (Table 1).
For the analysis of 5.8S subunit was observed to be highly conserved between all species of Cochliobolus
and Bipolaris, with change limited to the variations of a few bases in the sequences of C. lunatus. On the
other hand, in the 18S and 28S subunits, was observed much variability, which was limited to point
mutations, insertions or deletions, predominantly among isolates of C. hawaiiensis, B. tetramera and B.
spicifera. Much variation was observed in terms of deletions, insertions and base substitutions within the
ITS regions, especially in the ITS Il, although many conserved regions were present in the ITS region |
and ITS I1. In general the length of the sequences of the ITS I and ITS Il regions was highly conserved in
all species of Cochliobolus and Bipolaris, with limited variations to the change of a few bases.
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Phylogenetic analysis of sequences of strains of C. lunatus, C. hawaiiensis, B. tetramera and others 24
sequences of Cochliobolus and Bipolaris related of GenBank, generated a tree by the Neighbor Joining
method that grouped isolated from the strains HT-ITV03, HT-ITV40 and HT-ITV45, in one same clade
and were aligned along a brother clade formed by sequences of the strains IP 1417.82, IP 2328.95, IP
613.60 and AHB-1 of C. lunatus (DQ836799, DQ836800, DQ836798 and GQ280375) the first three
isolated in France by Desnos-Ollivier et al., in the year 2006 (15) and the fourth isolated in Mexico by
Tapia-Tussell et al., in the year 2009 (17), supported by a bootstrap value of 929. On the other hand, for
sequences of C. hawaiiensis and B. tetramera isolated in this study, we observed that lined up in different
clades. The HT-1TV46 strain, was aligned with the sequence of strain Alcorn 7612(b)-6 of C. hawaiiensis
(AF071324) isolated in Canada by Berbee et al. in the year 1998 (18) and HT-1TV48 strain was aligned
with the strain BMP 51-31-01 of B. tetramera (AF229477) isolated in the United States by Pryor and
Gilbertson in the year 2000 (19).

Table 1. Bipolaris and Cochliobolus genus, ITS I/5.8s/ITS Il region and 18S and 28S genes for the aligned

sequences
GenBank Access Gene 18S length ITS I length Gene 5.8S length  ITS Il length ~ Gene 28S Total lenath
number (bp) (bp) (bp) (bp) length (bp) 9
HT-1TV45 44 162 158 162 103 629
HT-1TV40 46 163 159 164 74 606
HT-ITV03 55 162 156 162 78 613
DQ836799 55 160 158 163 59 595
DQ836800 55 162 158 164 59 598
GQ280375 21 161 158 165 50 555
DQ836798 55 162 158 165 59 599
AY253918 39 161 158 161 42 561
EF503562 45 161 158 161 38 563
AJ303084 32 161 158 161 40 552
AF229477 11 161 158 161 41 532
HT-1TV48 8 161 158 161 47 535
HT-1TV46 30 161 158 161 33 543
AF071324 11 161 158 159 17 506
FR717533 30 161 158 161 65 575
AF158106 27 161 158 159 21 526
GU480767 32 165 158 161 60 576
EF540752 29 161 158 161 60 569
AF071322 11 161 158 159 17 506
AJ853762 8 161 158 161 40 528
HM195268 31 161 158 162 60 572
FJ040180 30 161 158 162 58 569
AY923860 30 161 158 162 59 570
HM195265 31 161 158 162 60 572
HM195264 30 161 158 162 60 571
HM195263 22 161 158 162 61 564
HQ248191 0 150 158 164 60 532
GU183125 16 161 158 161 114 610
HT-1TV45 0 114 158 164 114 550
Length range : 0to 55 114 to 165 156 to 159 159 to 165 1710114 506 to 629
Consensus seguence: 1-55 bp 56-227 bp 228-385 bp 386-555bp  556-697 bp 1-697 bp

This result, confirms that the strains identified as C. lunatus, C. hawaiiensis and B. tetramera may belong
to different specimens of these species due to bootstrap values that support these alignments (Figure 1).
Also, with the phylogenetic analysis performed, was corroborated the findings by Worapattamasri et al.
(20) since it was found that C. hawaiiensis is a heterothallic fungus and that B. hawaiiensis is its
anamorphic state. On the other hand, Weikert-Oliveira et al. in 2002 (21) reported that Bipolaris species
are genetically distinguishable and showed that the teleomorph of the analyzed species have high genetic
similarity in their electrophoretic profiles when were compared with their respective anamorphs.
According to Burdon and Silk (22), a major source of genetic variation in phytopathogenic fungi, are
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mutation and recombination. Furthermore, with
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in a species, genes flow between populations and

supplementing this process as propagules which diffuse from one epidemiological area to another and

from one deme to the next.
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Figure 1. Neighbour-Joining tree derived from fungal ITS sequence data. Numbers on nodes are bootstrap
values, i.e. The frequency (%) with which a cluster appeared in a bootstrap test of 1000 runs with Kimura
2-parameters. HT-1TV03, HT-1TV40, HT-1TV45, HT-ITV46 and HT-1TV48 isolated from T. cacao.
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