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ABSTRACT

The aim of the present work was to analyze the cutde methods in the differentiation @olletotrichum
gloeosporioidessolates obtained from the cashew and mango tréks. different molecular taxonomic methods
used proved to be efficient regarding intraspedifi@racterization. Similarly, molecular methodsacafgoved to be
efficient in differentiation of th€. gloeosporioidessolates in relation to host specificity. In theadysis of the ITS
sequence of the ribosomal DNA, all the isolates Idieg with the Cgint and ITS4 primers, confirmitigat they
pertained toC. gloeosporioidesThe results from this study suggested that msttasded on the pathogenicity,
isozyme analysis and RAPD were effective in diftéatng C. gloeosporioides isolates from the caslamd mango
trees.
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INTRODUCTION requiring periodic spraying with the fungicides in
orchards and efficient post-harvest treatment
Anthracnose in the cashew Ar(acardium (Ribeiro, 2005). The species cause varying degrees
occidental@ and mango Mangifera indica trees of harm depending on the susceptibility of the host
is caused most often byColletotrichum plant and environmental conditions (Menezes,
gloeosporioides(Penz.) Penz. & Sacc., and is2005; Ribeiro, 2005).
considered a disease of economic loss in th@ Brazil, anthracnose in the mango trees is ptesen
Northeast Brazil (Menezes and Hanlin, 1996ain all the productive regions and is one of the
Menezes and Hanlin, 1996b; Serra and Silvagreatest phytosanitary problems, especially irt frui
2004). C. acutatumJ.H. Simmonds may also be exportation. In the Northeast, the main mango
the anthracnose agent in the mango trees (Freemeuitivation areas are located in the states of &abhi
et al, 1998; Arauz, 2000). These species attack théernambuco and Ceara. In the cashew tree
leaves, branches, blossoms, stems and fruiteyltivation, the disease is widely disseminated in
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all the cropping areas, and is quite severe in th€olletotrichum isolates obtained from diverse
years with high rainfall, especially during thetropical and temperate fruit trees (Freeman, 2000;
“cashew rains” at flowering, with a more intensiveTalhinhas et al 2005).

attack on the blossoms and greater harm to tieeports on the diseases caused Hy.
production (Menezes, 2005). gloeosporioidesin diverse fruit trees have often
Considering  that the identification  of demonstrated that the fungus exhibits wide
Colletotrichum species or biotypes is nearly phenotypic, genotypic and pathogenic variability
always difficult due to enormous variation in the(Menezes and Hanlin, 1996a; Afanador-Kafuri et
morphology accepted for the different species oél., 2003; Talhinhas et al., 2005) and consequently
the genus, modern techniques have been usedtte occurrence of pathogen populations with
integrate the morpho-physiological, biochemicaldifferentiated behavior can determine variations in
and molecular methods in taxonomic studieshe visual aspect of the disease, thereby affecting
regarding this plant pathogen (Freeman, 2000). the adoption of control strategies (Freeman et al.,
The shape and dimension of the conidia were basi®998).

morphological criteria used by Simmonds (1965)n recent years, a number of methods have been
and later by Cox and Irwin (1988) for the proposed to differentiate the species or isolates
separation within C. gloeosporioidesspecies. from a single fungal species, thereby contributing
Traditional morpho-physiological methods forto precise diagnosis through the integration of
differentiating C. gloeosporioidessolates include methods and permitting the detection of forms on
conidia morphology, appressoria formation,a sub-specific or even breed level. Thus, the dim o
presence or absence of setae, presence or absettee present study was to analyze the molecular
of teleomorph, color of colonies, mycelial growthmethods in  the differentiation of C.

rate and sensitivity to fungicides (Freeman, 200Qgloeosporioidessolates obtained from the cashew
Serra and Silva, 2004). and mango trees.

Specific pathogenicity to a particular host, orthos

group, and cross-infection have also been used to

characterize the Colletotrichum species as MATERIAL AND METHODS

additional criteria to cultural and morphological

characteristics (Arauz, 2000; Afanador-Kafuri etFungal cultures and growth conditions

al., 2003). Freeman (2000) reported that a singlehe isolates were obtained from the cashew and
species of Colletotrichum can infect different mango trees from the Northeastern Brazilian states
hosts. DifferenColletotrichumspecies or biotypes of Maranhdo, Pernambuco and Paraiba in mid-
can affect a single host, such as, for example003 and codified according to the place of origin,
anthracnose in avocado and mango trees causeddashew-MA (CMA), cashew-PE (CPE), cashew-
C. gloeosporioidesand C. acutatum and in PB (CPB), mango-MA (MMA), mango-PE
strawberries caused b{. gloeosporioides, C. (MPE), and mango-PB (MPB). The fungus was
fragariae Brooks andC. acutatum According to isolated from the leaves with symptoms of
Freeman and Shabi (1996(;. gloeosporioides anthracnose. Following the routine cleaning and
isolates from an immense range of tropicaldisinfection of the material, fragments from the
subtropical and temperate fruit trees haveransition region between the lesion and the
demonstrated considerable potential for croskealthy tissues (Menezes and Assis, 2004) were
infection. transferred to Petri dishes containing a potato-
Molecular methods have been used successfully textrose-agar (PDA) and then incubated at 26+2
differentiation between the species and genotypés an alternating photoperiod (12h of light / 1Zh o
of Colletotrichumfrom a high number of hosts. darkness), adopting the method described by
The analysis of the nucleotide sequence of thRlenezes and Assis (2004), and the colonies were
internal transcribed spacing (ITS) of the ribosomakept in tubes containing PDA.

DNA (rDNA) from genes of(]-tubulin 2 fub2),

histone 4 Hjis4), glutamine synthase (GS),

glyceraldehyde-3-phosphate dehydrogenas&OZYME CHARACTERIZATION OF C.
(GPDH), mytocondrial DNA (mtDNA), RAPD, GLOEOSPORIOIDESISOLATES

RFLP and AFLP markers and isozyme analysis

have demonstrated the genetic complexity ofungus culture and protein extracts
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The Colletotrichum isolates were cultivated in MOLECULAR CHARACTERIZATION OF
125ml of the Potato-Dextrose (PD) medium alCOLLETOTRICHUM  GLOEOSPORIOIDES
25+2°C for six days under a 12-h photoperiod, andSOLATES
gently agitated twice per day.
The mycelia was collected through filtration afterExtraction and quantification of fungal DNA
two successive rinses with sterile distilled waterColletotrichumisolates were cultivated in 150ml
Next, 400mg of mycelia were ground in a chilledof potato-dextrose (PD) at 25+2°C under a 12-h
mortar with the addition of 150mg of sucrosephotoperiod, with mild agitations twice per day for
150mg of polyvinylpyrrolidone and 1.0mL of the six days. The DNA from the isolates was extracted
Tris-glycine buffer 0.125 M, pH 8.2. After a 12-h from 250 mg of mycelia following the procedure
resting period, the samples were centrifuged atescribed by Faleiro et.al2004). Mycelia were
14,.000 rpm for six minutes and the proteincollected through the filtration and ground in
extracts were kept af@ (Alfenas et al., 1991). liquid nitrogen. Next, 700ul a lyse buffer was
added (50mM Tris-HCI, pH 8.0; 50mM EDTA,;
Preparation of gel plates and electrophoresis NaCl 5M; 3% sodium dodecyl sulfate (SDS); 1%
Polyacrylamide gels (5%) in a tris-glycine bufferp-mercaptoethanol), followed by 30 minutes of
at 0.125 M, pH 8.2, were prepared following theincubation at 7@, with agitations every 10
methodology described by Alfenas et al. (1991)minutes. Then the samples were centrifuged at
After polymerization, the gel was placed in al4,000 rpm for 10 minutes and a cloroform-
horizontal tray containing the tris-glycine bufesr isoamyl alcohol solution (25:1) was added. The
0.125 M, pH 8.2. Ten microliters of the proteinsamples were agitated through gentle inversion
extract from each isolate were applied individuallyand once again centrifuged. The supernatants were
to the gel. Bromophenol blue was used as thgansferred to new tubes and the deproteinization
marker. Electrophoresis was performed 3€ 4 process was repeated.
under a constant current of 10mA until the markeFor the precipitation of DNA, NaCl 5M and

line reached 6.5cm of the gel. chilled isopropanol were added to the
supernatants. The tubes were kept atGZor two
Detection of isoesterase and total proteins hours and afterward centrifuging was repeated.

To reveal the esterase bands, the gel was immerséde precipitates were rinsed twice with 70%
in a solution containing 100mL of a phosphatesthanol and dried at room temperature. Then the
buffer 0.1 M, pH 6.5, 50mg of 1%-naphtyl total nucleic acids were re-suspended in 150ul of
acetate and 50mg of fast blue RR for one hour anslater containing RNAse in a concentration of 40
kept in the dark at 3C. To reveal the total pg/ml and placed into a water bath at@G7or one
proteins, the gel was immersed in a Coomassieour for complete re-suspension and digestion of
blue stain for 12-h, following the techniquethe RNA. The DNA was visually quantified in a
described by Alfenas et al. (1991). 0.8% agar gel stained in an ethidium bromide
For the evaluation of the electrophoretic profilés solution at 0.05 mg/l from a comparison with a
the isolates, the following parameters wereDNA standard (Low DNA Mass Ladder,
considered: number, color intensity and relativénvitrogen).

mobility (Rf) of the bands in the polyacrylamide

gel, with the latter determined through theRAPD analysis

formula: Rf = (d/D) x 100, where d = distanceAmplification reactions followed the methodology
traveled by the molecule, and D = distancgroposed by Williams et al(1990), with the
traveled by the stain marker. The genetic simyarit following concentrations: 3ng/pl genomic DNA,
between the isolates in the systems studied wasiffer 10X, 2mM MgC}, 200uM of dNTPs,
determined using the Jaccard coefficient; matri¥).25uM of primer, 1U Tag DNA polymerase
and genetic clustering analyses were performegdnvitroger™ and ultra pure water to complete a
using the Unweighted Pair Group Method withvolume of 15ul. Amplifications were performed
Arithmetic Mean (UPGMA) using the NTSYS-pc under the following conditions: one cycle af®@4
program. for 2 minutes; 40 cycles at 9 for 1 minute,
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40.4C for 1 minute and P2 for 2 minutes; and RESULTS AND DISCUSSION

one cycle at 7Z for 7 minutes. A total of 30

previously selected primers were used: OPAAOZprotein and isoesterase characterization of
OPA0O4, OPA10, OPAll, OPA12, OPAIS, Colletotrichum gloeosporioides isolates through
OPA18, OPB10, OPB12, OPB17, OPCO08, OPCl]e|eCtrophoreS|s in po|yacry|am|d ge|

OPC15, OPC20, OPDO01, OPDO7, OPD15Between the two systems analyzed in the present
OPD18, OPT17, OPEO2, OPEQO3, OPEO4, OPVO&tydy (Table 1), esterase presented a variation
OPV18, OPV19, OPWO06, OPX01, OPX07, PMO&rom one to three bands, with a predominance of

and RCO7. The amplification products werethree, in all the isolates, except MPB (mango-PB),
separated through electrophoresis in a 1.5% ag@hich presented only one band (Est 6) with Rf
gel at 100V and stained in an ethidium bromide04.61 of weak intensity. In general, the intensity
solution at 0.05 mg/ml. The band patternsf the bands varied, demonstrating that the isslate
generated were annotated as presence (1) ®bm the cashew had higher isoenzymatic activity
absence (0) and later converted to a binary matrixgst3, Est5 and Est6) in relation to the isolates
Only the bands that presented adequate definitigdfom the mango (Table 1). This activity was

and were present in both the repetitions performegharacterized by the uniformity in the coloration

for each primer and presented lengths in the 400 {atensity of the bands. All the isolates, whether
ZOOObp range were considered. Genetic Similaritﬂ'om the cashew or mango, presented just one
was calculated using the Jaccard coefficienfyand in common (Est6), and therefore, the same

Matrix and genetic clustering analyses wergelative mobility of the molecules in the gel (Rf
performed using the UPGMA method and the-104.61), suggesting that this band was a

NTSYS-pc software program. characteristic of the speci€s gloeosporioides
_ _ _ The protein pattern of theC. gloeosporioides
Analysis of the ribosomal DNA ITS region isolates also demonstrated variations in the

The sixColletotrichumisolates obtained from the phenotypes exhibited in the po|yacry|amid ge|

mango and cashew trees were subjected to PCffe number of bands ranged from two (isolates
reaction with  specific primers. ForC. from cashew) to three (isolates from mango), with
gloeosporioides, the Cgint primer (5- a predominance of medium to weak intensity
GACCCTCCCGGCCTCCCGCC-3') was used,(Table 1). Regarding the relative mobility (Rf), a

and for C. acutatum,the Calnt2 primer (5- difference was clearly observed between the
GGGGAAGCCTCTCGCGG-3') was used (Xiao yniformity of the protein pattern presented by the
et al.,, 2004). Both the primers were used togethgsolates from the cashew: Prl (Rf =58.46), Pr3 (Rf
with the conserved ITS4 universal primer (5'-=69.23) and Pr4 (Rf =76.92), and that of the
TCCTCCGCTTATTGATATTGC-3). isolates from mango: Pr2 (Rf =61.53) and Pr4 (Rf
The amplification reaction was performed=76.92). As seen in the isoesterase system, there
following the procedure described by Afanadorwas the presence of a single common band in the
Kafuri et al. (2003) for a final volume of 25pl, protein system as well (Pr4), with Rf =76.92 fdr al
containing 10 to 70ng of genomic DNA, 0.25uMthe isolates analyzed, indicating similarity in the
each primer, 200uM of dNTPs, 1.5mM MgCl behavior within each system, maintaining a
1.25 U Taq DNA polymerase (Invitrog€h and  relationship between the isolates revealed by the
ultra pure water to complete the final volume.presence of common bands.

Amplification was carried out under the following The dendrogram constructed through the NTSYS-
conditions: one cycle at 85 for 5 minutes; 40 pc software using the Jaccard coefficient separated
cycles at 9% for 30 seconds, 66 for 30 seconds the isolates in two groups according to the
and 72C for 90 seconds; and one final cycle ajsoesterase and protein profiles; one group was
72°C for 5 minutes. The amplification productsformed by the isolates from the MPB, MPE and
were separated in 1.5% agar gel in the TrisMMA mangos and the second group was made up
acetate-EDTA  buffer,  through  horizontal of the isolates from the CMA, CPE and CPB
electrophoresis at 80V for 2 hours. The gel wagashews, which presented 100% similarity (Fig.
stained in an ethidium bromide solution at 0.5mg/h), demonstrating strict uniformity between the
and the products were observed under ultraviolg§olates from the cashew in the enzyme systems
light. studied. InC. graminicola Horvath and Vargas Jr.
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(2004) separated the isolates obtained from foudifferences in genetic distance in comparison to
different hosts into two groups by means othe isolates obtained fronfRPoa annual. and
isoenzymatic analysis, with isolates from sorghunf\grostis palustrisHuds., which are species of
(Sorghumspp.) and cornZea mayd4..) presenting grass.

Table 1 - Total number, intensity and relative mobility ofetlesterases bands and total proteins presented by
Colletotrichum gloeosporioidasolates.
No. of bands /

Relative mobility

Isolates Esterase Intensity of the bands (Rf) L
strong medium weak Estl Est2 Est3 Est4 Est5 Est6
CMA 3 1 2 0 70.76 90.76 104.61
CPE 3 1 2 0 70.76 90.76 104.61
CPB 3 1 2 0 70.76 90.76 104.61
MMA 3 1 1 1 46.15 64.61 104.61
MPE 3 0 3 0 46.15 78.46 104.61
MPB 1 0 0 1 104.61
No. of bands / : Relative mobility
total protein Intensity of the bands (Rf) *
strong medium weak Prl Pr2 Pr3 Pra
CMA 3 0 1 2 58.46 69.23 76.92
CPE 3 1 1 1 58.46 69.23 76.92
CPB 3 1 1 1 58.46 69.23 76.92
MMA 2 0 2 61.53 76.92
MPE 2 1 1 61.53 76.92
MPB 2 1 1 61.53 76.92
"CMA (cashew tree-MA), CPE (cashew tree-PE), CPBHew tree-PB), MMA (mango tree-MA), MPE (mango {R), MPB (mango
tree-PB).
! Rf= (d/D) x100
CMA
CPB
CPE
MMA

MPB

MPE

L e e e e e e e B S B m e s e m s e |
0.36 052 0.68 0.84 1.00
Coefficient

Figure 1 - Dendrogram ofColletotrichum gloeosporioidesolates from cashew and mango trees,
based on the isozyme analyses, using the methodMAP@&nd the coefficient of
Jaccardhrough the program NTSYS-pc.

Several studies have been conducted with the aipolyacrylamid gel, allowing the visualization of
of comparing the protein and isoenzymaticsimilarity groups betweenC. gloeosporioides
patterns to differentiate the species or eveisolates obtained from the rubber trees. Kaufmann
differentiate an isolate within a single species oand Weidmann  (1996) verified  striking
Colletotrichum Furtado et al. (1999) observedpolymorphism between the populations Gf
variation in the number, intensity and relativegloeosporioidedsrom different hosts and different
mobility (Rf) of the bands formed in locations, attributing these results to the
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occurrence of sexual reproduction or some othadentification of the CPB and CPE isolates as the
mechanism of genetic variability. The results fromgenetically closest, with 75% similarity; and the
the present study contradicted this, as the isplat€ MA and MPB isolates as the most distant, with
that presented the sexual phase (CMA, CPE arff% similarity. As seen in the dendrogram (Fig.
CPB) exhibited no variability in the isoenzymatic2), the isolates were separated in two groups. The
and protein phenotypes. first group was made up of the isolates from the
MA, PE and PB cashews and the PE mango; the

second group was made up of the isolates from the
MOLECULAR CHARACTERIZATION OF MA and PB mangos. Despite the CMA, CPE and

COLLETOTRICHUM  GLOEOSPORIOIDES  CPB isolates presenting the sexual form and

ISOLATES originating in different locations, they provediie
_ very close genetically, which was clearly observed
RAPD analysis in most of the primers used (Fig. 3). In studying

All the primers tested generated amplificationthe genetic variability ofC. acutatumin the

products for the genomic DNA of the€C. almonds, Forster and Adasgaveg (1999) observed
gloeosporioidesisolates from the cashew andsimilar results, as did Freeman et al. (1998) in
mango for a total of 293 bands, 255 of which wergtrawberries; the latter authors observed

polymorphic (Table 2). considerable genetic uniformity among the
Genetic  distance analysis allowed thggglates.

Table 2 - Total of amplified bands and of bands polymorphécel monomorphics goes primer, observed by
Colletotrichum gloeosporioiddsolates by RAPD.
bands

Primer Polymorphic Monomorphic Total n°. of bands Total polymorphism
RC 07 5 1 6 83%
PM 06 6 3 9 67%
OPX 01 12 1 13 92%
OPX 07 9 1 10 90%
OPA A02 4 2 6 67%
OPA 04 10 2 12 83%
OPA 10 14 2 16 88%
OPA 11 10 3 13 77%
OPA 12 4 0 4 100%
OPA18 3 1 4 75%
OPB 10 10 0 10 100%
OPB 12 12 0 12 100%
OPB 17 6 1 7 86%
OPC 08 4 1 5 80%
OPC 11 11 3 14 79%
OPC 15 4 1 5 80%
OPC 20 7 1 8 88%
OPD 01 7 1 8 88%
OPD 07 12 1 13 92%
OPD 15 8 0 8 100%
OPD 18 10 2 12 83%
OPE 02 12 3 15 80%
OPE 03 9 0 9 100%
OPE 04 8 0 8 100%
OPW 06 13 2 15 87%
OPV 08 9 2 11 82%
OPV 18 11 2 13 85%
OPV 19 13 1 14 93%
OPT 17 6 0 6 100%
Total 255 38 293
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|CPE

MPE

MMA
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0z0 042 053 085 0F7

Coefficient

Figure 2 - Dendrogram ofColletotrichum gloeosporioidesolates from cashew and mango trees,
based on markers RAPD, using the method UPGMA &edcbefficient of Jaccard
through the program NTSYS-pc.

2000

M CMA MMA CPB CPE MPB MPE CN

200b

Figure 3 - Products of amplification of genomic DNA @ olletotrichum gloeosporioides
isolates from cashew and mango trees, with the RpiDers.

However, the isolates obtained from the mang@nalysis of the ribosomal DNA ITS region
exhibited genetic diversity among one anotherThe DNA from the Colletotrichum isolates
which might be explained by the differentobtained from the cashew and mango was
geographic origins. A number of studies haveamplified with the primers specific toC.
demonstrated the genetic diversity o€. gloeosporioide¢Cgint) andC. acutatum(Calnt2).
gloeosporioidesisolates (Bernstein et al., 1995; All the isolates amplified with the Cgint and ITS4
Freeman et gl 1998; Swart, 1999). In primers, confirming that the isolates pertained to
characterizing th€olletotrichumisolates from the C. gloeosporioides The PCR products of the
tamarind, mango and passion fruit, Afanadorisolates are displayed in Figure 4. Afanador-Kafuri
Kafuri et al. (2003) observed striking geneticet al (2003), carried out studies demonstrating that
diversity among the isolates from the mango anthe Calnt2 and Cgint primers were efficient in
passion fruit. This genetic heterogeneity could bdifferentiating Colletotrichum isolates obtained
the result of the presence of the teleomorph phasdérom the tamarind and mango at the species level
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in C. acutatumandC. gloeosporioidesBased on confirm that all the isolates obtained from the
the analysis of the ITS region of the rDNA with mango were identified &S. gloeosporioides.
the specific primers, the authors were able to

Figure 4 - Amplification of the area ITS and specific identdtion of Colletotrichum
gloeosporioidedsolates from cashew and mango trees, using timeeprCgint in
combination with ITS4.
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