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Fifty-nine naturally-infected isolates @folletotrichum gloeosporioidesausing ‘Nam Dok
Mai’ mango anthracnose disease were collected frmarkets and orchards in Thailand;
consisting of 6 isolates (10.17%) from leaves afdid®lates (89.83%) from fruits. In
preliminary studies conducte vitro with potato dextrose agar amended with carbendazim
at various concentrations: 0.1, 1, 10, 100, 500 2890 mg/l. The phenotype-resistant
levels evaluation was grouping into four repres@veaphenotypes of reactions as highly
resistance (HRz 500 mg/l), moderately resistance (MR;100 mg/l), weakly resistance
(WR; <10 mg/l) and sensitive (S;1 mg/l) The result showed 49 isolates (83.05%) were

HR phenotypes; consisting of 2 isolates (3.39%nfteaves and 47 isolates (79.66%) from
fruits, and 10 isolates (16.95%) were S phenotypessisting of 4 isolates (6.78%) from
leaves and 6 isolates (10.22%) from fruits. Thdedénces in the carbendazim-resistant
phenotypes were conspicuous in sequence analytie secondbeta-tubulin TUB2) gene
compared withC. gloeosporioidesf. sp. aeschynomengccession No. U14138). HR
phenotypes were revealed a single nucleotide routatin adenine (A) to cytosine (C)
transversion, resulting in a substation of codo8, 1#hich encodes glutamic acid (GAG) in
S phenotypes, was converted to a codon for alg@@) which is closely associated with
conferring carbendazim-resistant phenotype. Thdicates that careful management of
carbendazim fungicides applications is necessaaglieve effective control.

Key words: anthracnose, beta-tubutiene, carbendazim resistan€e)letotrichum
gloeosporioidesmango Mangifera indica

Introduction

Mango fruit cv. ‘Nam Dok Mai’ Mangifera indical.) is one of the
important economic fruit crops in Thailand becawdeits good smell,
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delicious taste, excellent flavor, and attractiregfance (Singlet al. 2008).
And Thailand is one of the major producers and eep® of this mango
cultivar (Office of Agricultural Economics, Deparémt of Agriculture,
2008). However, one of the constraints of marketdisease, especially
anthracnose disease caused by fungo#etotrichum gloeosporioidedt
causes a problem after harvest due to disease sskpmestarting at the
ripening stage. These cultivar mangos are highégetible to this disease
and can be infected as latent infection in higkele\compared with other
cultivar (Sangchote, 1987). In order to controktkisease, in over time,
benzimidazole fungicides such as carbendazim, bgnana thiabendazole
have been widely used to manage the mango antls@achecause farmers
believed that the chemical fungicides are ableottdrol plant diseases better
than other methods. In fact, the chemical funggidéectively suppressed
and controlled a wide variety of plant diseasedbedinning; however, a
consequence of a long term utilization of chemfaalgicides, particularly
systemic fungicides, reduced the significant ofdgigide effects to the
disease pathogens. Because the pathogens ofterméerssistance to
chemical fungicides, and the increase in numbéh@&de fungicide resistant
isolates give the main problems for the farmersrykgsang and
Farungsang, 1992; Farungsaeial, 1994; Stefferet al., 1996; Yooret al,
2008). The appearance of fungicide resistance leasnbe an important
factor in limiting the efficacy and useful lifetimef important disease
control strategies, and therefore the cost spenftinghe fungicides also
increase because the farmers are forced to incrémesedosage of the
chemical fungicide. Therefore, this resistance @lap be an important aid
to our understanding, at a molecular level, of fimggicidal mechanism of
action.

To effectively control this disease, it is necegstr determine the
resistibility of isolates ofC. gloeosporioidesausing anthracnose disease to
fungicides. The objectives of this study were taaraie resistance of
C. gloeosporioidessolates obtained from ‘Nam Dok Mai’ mango to the
carbendazim fungicide using phenotypic response t@andequence the
partial second beta-tubulinfTyB2 gene which has been reported to be
responsible for benzimidazole resistance (Orketcal. 1986; Koenraadet
al., 1992; Yarden and Katan, 1993; Buhr and Dickmk®94; Ma and
Michailides, 2005).

Materials and methods

Isolation of Colletotrichum gloeosporioides from &m Dok Mai’ mango
anthracnose

Naturally-infected fruits and leaves of ‘Nam Dok iMmango were
collected from markets and orchards in Thailandlat®ons were made by

366



Journal of Agricultural Technolog010, Vol.6(2): 365-378

cutting small sections about 5x5 mm from lesiond asymptomatic tissues,
wetting the sections briefly for 1 min in 70% etbhrsurface disinfecting in
1% sodium hypochlorite for 2-3 min, and rinsingsiterile distilled water.

Sections tissues were placed on potato dextrose (BRfEA) media plates
and incubated at room temperature. Those plates wleserved daily until

the mycelium grows and subculture to the new PDAlimelates. Cultures
were prepared by plating each strain on PDA medatepat room

temperature for 5 days productions of mycelial plug

Carbendazim resistibility assays

Screening resistibility of all C. gloeosporioides isolates to
carbendazim were tested using mycelial growth assBgch isolate was
cultured on PDA media plates at room temperaturgce\lal plugs, 5 mm
diameter, was cut from the margins of colonies arahsferred onto
carbendazim supplemented with PDA media at thearanation of 0, 0.1, 1,
10, 100, 500 and 1,000 mg/l. Carbendazim was added®DA after
autoclaving. After inoculation at room temperatutlee diameter of each
colony was measured and the percentages of growtk walculated and
data expressed as percentage of the control. Vahl#ained were
categorized as phenotypes carbendazim resistibildg evaluated into 4
levels shown in Table 1.

Table 1. Phenotype-resistant levels Qfolletotrichum gloeosporioideto
carbendazim at various concentrations: 0.1, 1,100, 500 and 1,000 mg/I
amended with potato dextrose agar (Modified fronruRgsang and
Farungsang (1992); Farungsaetgal. (1994); Koenraadét al. (1992) and
Pereset al (2004)).

Phenotype-resistant levels Carbendazim concentration (mg/l)

0.1 1 10 100 500* 1,000
Sensitive (S) “: é ;é ;<< >>§ i((
Weakly resistance (WR) v v v X X X
Moderately resistance (MR) v/ v v 4 X X
Highly resistance (HR) “: “: “: j “: é

* = the field recommendation rate
v = the percentage of growth 18% compared with the control
X = the percentage of growth < 10% comparéd the control

Partial sequencing of the second beta-tubulin (TUBgene
DNA extraction and PCR amplification

Some isolates of field carbendazim-resist@ntgloeosporioidesvere
selected to represent different phenotypes. GenbiNi& was extracted and

367



Journal of Agricultural Technolog010, Vol.6(2): 365-378

purified followed NucloSpi® Plant Kit (MACHREY-NAGEY) was used
as the protocol described by the company. Prim@&2LT(5-GTT TCC
AGA TCA CCC ACT CC-3) and TB2R (5-TGA GCT CAG GALAC
TGA CG-3') (Pereset al, 2004) were used to amplify a portion of the
partial TUB2 where carbendazim resistance mutations occurred.
Amplification of partialTUB2 sequences were carried out in a total reaction
volume of 50 pul. Polymerase chain reaction (PCR) reaction migure
contained 1ul of purified genomic DNA, qul of 10X PCR buffer (iNtRON
Biotechnology, Inc.), 25 mM MgGI(iNtRON Biotechnology, Inc.), 10 mM
dNTPs (iNtRON Biotechnology, Inc.), §8noles each primer, and 1 unit of
Tag polymerase (Fermentas). All PCR reactions werdezhiout in PTC-
100™ programmable thermal controller (MJ Research, INGth a hold of

5 min at 95°C, followed by 30 cycles of 1 min at 88, 1 min at 35C, and

1 min at 72°C, and a final extension for 5 a2 °C. PCR products were
separated by electrophoresis on 1% agarose getegR Organics, INC)
with 100-bp sharp DNA maker (RBC Bioscience, Cogs. g size standard.

DNA sequencing and alignment

Purified PCR products were direct-sequenced on bboHnds using
cycle sequencing with TUB2L and TUB2R primers. Sawe of PCR
products were obtained from both strands by theaky chain termination
method (Sangeet al. 1977) using an ABI PRISM Dye Termination Cycle
Sequencing Ready Reaction Kit (Applied Biosystefsster City, USA)
and an automated fluorescent DNA sequencer (Modédl, 3Applied
Biosystems) following the manufacturer’'s instrunBo DNA sequences
were aligned with the BioEdit version 5.0.6 softevaras used to assemble,
edit, and generate high-quality sequences. UsingstBlwe searched
GenBank, NCBI database for sequences that werdasitoi those isolates
in our study. Alignment of sequences was performéd the implemented
ClustalX software automated alignment tool, andratients were refined
manually.

Results

Isolation of Colletotrichum gloeosporioides from &n Dok Mai’ mango
anthracnose

Colletotrichumspp. was isolated from naturally-infected leaved a
fruits of ‘Nam Dok Mai’ mango collected from markeand orchards in
Thailand (Fig. 1). Isolation was made by tissuegpanting technique. The
mycelium grows and then subculture to the new Ple&ep Cultures were
prepared by plating each strain onto PDA mediaepddtroom temperature
for 7-10 days. Fifty-nineColletotrichum spp. isolates were successfully
isolated, consisting of 6 isolates (10.17%) fromavks and 53 isolates
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(89.83%) from fruits. Studies on morphology chagdstic were carried out
by examinations of their characteristics of colsre@d conidia. The results
showed that aerial mycelium of the colonies ofisdilates are white and
grey. They form cylindrical conidia (4.2-5.1 x 188.6um) and also some
isolates produced slimy spore mass and/or sclenot{iig. 2). These

morphology characteristics were identical with tb&tC. gloeosporioides

referred by Sutton (1980).

Fig. 2. Characterizations ofColletotrichum gloeosporioidegausing ‘Nam Dok Mai’
mango anthracnose; (A) Colony on PDA 10 days, (Bhidia (X100), (C) Slimy spore
mass, (D) Sclerotia.

Carbendazim resistibility assays

Starter cultures were prepared by incubating €achloeosporioides
isolates on PDA plates for 3-4 days. Mycelial plugsmm diameter) were
cut from starter plate. The carbendazim-resiststtwas conducted to each
strain on PDA amended with carbendazim at variaueentrations: 0.1, 1,
10, 100, 500 and 1,000 mg/l, unamended PDA serseambiatrol. The result
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showed that 49 isolates were highly resistant (plRnotypes; consisting 2
isolates from leaves and 47 isolates from fruitsurAsolates were sensitive
(S) phenotypes; consisting 2 isolates from leaf andolates from fruits.
None showed weakly resistance (WR) and moderatetystance (MR)
phenotypes in this examination (Table 2, Fig. 3).

Table 2. The phenotypes of carbendazim-resista@blletotrichum
gloeosporioidegausing ‘Nam Dok Mai’ mango anthracnose base dfeTh

No. of isolates of carbendazim-resistant phenotypes

Mango

parts Sensitive Weakly resistance Moderately Highly resistance Total
(S) (WR) resistance (HR)
(MR)
Leaves 4 2 6
(6.78%) 0 0 (3.39%) (10.17%)
Fruits 6 47 53
(10.22%) 0 0 (79.66%) (89.83%)
Total 10 49 59
(18.60%) 0 0 (83.05%) (100%)

Partial sequencing of the second beta-tubulin (TUBgene

Partial TUB2 gene sequences from representative of HR and S
phenotypes o€. gloeosporioidefrom ‘Nam Dok Mai’ mango anthracnose
were 430 bp in lenght. The nucleotides at 878-1,808 amino acid at
codon 147-289 sequencesdiB2 gene from the thirteen HR phenotypes
and four S phenotypes were compared with wild {@pgloeosporioides.
sp.aeschynomen@ccession No. U14138) (Buhr and Dickman, 1994). |
this study, there were both silent and missenseationt In missense
mutation, the single nucleotide point mutation whiesulted in deduced
amino acid altered was observed at some codom&/BR fragment, but the
single nucleotide point mutation occurred at 1,088; adenine (A) to
cytosine (C) transversion, resulting in a substatd amino acid at codon
198; glutamic acid (GAG) in all S phenotypes, waswerted to a codon for
alanine (GCG) in all HR phenotypes which is closalsociated with
conferring carbendazim-resistant phenotype (Fig. 4)

NDM_F116 (HR) NDM_L057 (S)

control

0.1 |
~9
vy

control

500 1000 mg/1 10 500 1000 mg/l

04
00

Fig. 3. The carbendazim-resistant phenotypes of highlystasce (HR 500 mg/l) and
sensitive (8 1 mg/l,) Colletotrichum gloeosporioidessolates on PDA amended with
carbendazim at control, 0.1, 1, 10, 100, 500 ard ¥g/I.
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Phenot ypes
U14138 wild type TEU%CG\ECG&TCCCTCCCCCAAGBTCTCCGACACCGTTGTCGAGSCCTACAACGSCACT

NDM_F006 S
S VVPSPKVYDTVVEZPYNAT
NDM_F057 S TTCTCCGTCG TCCCP Qeeg KGGVCT SCCGA\DCA_I_CCG TGT CGAG:CCP ¢\CAANCGSCAA _(I;T
NDM _F118 S TTCTCCGTCG TCCCP SCCCCCAAP KGGVCT ¢CGADCA_(%T GITGT CGAG:CCP ¢\CAANCGSCAA _(I;T
NDM_L068 S TTCTCCGTCGITCCCT! GGT CTCCGACACCGT TGT CGAGCCCTACAACGCCACT
S VVPSPKUVSDTVVEZPYNAT
NDM_F002 HR TTCTCCGTCGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
FSVVPSPKVSDTUVVEZPYNAT
NDM_F012 HR TTCTCCGT CGT TCCCTCCCCCAAGGT CTACGACACTGT TGT CGAGCCCTACAACGCCACT
FSVVPSPKVYDTUVVEZPYNAT
NDM_F014 HR TTCTCCGTCGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
S VVPSPKVSDTUV P Y N AT
NDM_F018 HR TTCTCCGTCGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
FSVVPSPKVYSDTUVVEZPYNAT
NDM_F026 HR TTCTCCGTCGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
FSVVPSPKVSDTUVVEZPYNAT
NDM_F027 HR TTCT! gCG\E CG\'I; TC(;,CT gCCgCAQGG\E CT. ¢CGACACT GITGT CGAG:gCT ¢\CAQCGA“,CA_(|;T
NDM_F038 HR TTCTCCGT CGT TCCCTCCCCCAAGGT CTACGACACTGT TGT CGAGCCCTACAACGCCACT
FSVVPSPKVYYDTUVVEZPYNAT
NDM_F061 HR TTCTCCGT CGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
FSVVPSPKVYSDTUVVEZPYNAT
NDM_F106 HR TTCTCCGTCGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
S VVPSPKVSDTUV P Y N AT
NDM_F110 HR TTCTCCGTCGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
FSVVPSPKVSDTUVVEZPYNAT
NDM_F116 HR TTCTCCGT CGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
FSVVPSPKVSDTUVVEZPYNAT
NDM_F130 HR TTCTCCGT CGT TCCCTCCCCCAAGGT CTCCGACACT GT TGT CGAGCCCTACAACGCCACT
S VVPSPKVSDTVVEZPYNAT
NDM_LO78 HR TTCTCCGTCGT TCCCTCCCCCAAGGT CTCCGACACCGT TGT CGAGCCCTACAACGCCACT
FSVVPSPIKVSDTVVEPYNAT
Nucl eotides ~ m---eooiaa Foaoo-- e T TP 60
Am no acids R T ST S1 0|
Phenotype Target site for benzinidazole® 198
U14138Y wild type CJCT%CGTS CO-\OCAGCTGGTCGAEGAANCTSCOGADCGAEGATOCT":I'CTCGCAITTGSCAANCGAEGGCTA
NDM_F006 S CTCTCCGT! CO-\ GCTGGT CGAGAACT CCGACGAGACCTTCTGCATTGACAACGAGECT
L S V L VE NS DETF C 1 D A
NDM_F057 S CLT CT SCCGV CO-\H GCL GGV CGAE GAAN CT SCCGADCG/-\E GATOC TCT GCAITTGACAACGAG';‘CA
NDM_F118 S CLT CT SCCGV CO-\H GCL GGV CGAE GAAN CT SmDCGAGATCC TCT GCAITTGACAACGAG';‘CA
NDM_L068 S CI'_I' CT gCG\}' COQ GCE' GG\}' CGEAGA'QCT gCGSCGEAGA_I(_ICT TCT GCAITTGACAACGAGE(AZT
NDM_F002 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCT TCTGCATTGACAACGAGECT
L S V H L VENSDATFC I DNZEA
NDM_F012 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCT TCTGCATTGACAACGAGECT
L S V H L VENSDATFEFC I DNZEA
NDM_F014 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCT TCTGCATTGACAACGAGECT
L S V H L VENSDA ATF C 1 D A
NDM_F018 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCTTCTGCATTGACAACGAGECT
L S V H L VENSDATFC I DNEA
NDM_F026 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCTTCTGCATTGACAACGAGECT
L S V H L VENSDATFC I DNZEA
NDM_F027 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCTTCTGCATTGACAACGAGECT
L S V H L VENSDA ATF C 1 D A
NDM_F038 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCT TCTGCATTGACAACGAGECT
L S V H L VENSDATFEFC I DNZEA
NDM_F061 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCT TCTGCATTGACAACGAGECT
L S V H L VENSDATFC I DNE A
NDM_F106 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCTTCTGCATTGACAACGAGECT
L S V H L VENSDA ATF C 1 D A
NDM_F110 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCTTCTGCATTGACAACGAGECT
L S V H L VENSDATFEFC I DNEA
NDM_F116 HR CTCTCCGT CCA( GCTGGT CAAGAACT CCGACGCGACCTTCTGCATTGACAACGAGECT
L S V H LV K NSDATFEFC I DNEA
NDM_F130 HR CTCTCCGT CCA( GCTGGT CGAGAACT CCGACGCGACCT TCTGCATTGACAACGAGECT
L S V H L VENSDATFC I DNZEA
NDM_LO78 HR CTCTCCGT CCA( GCTGGT CGAGAAT TCCGACGCGACCT TCTGCATTGACAACGAGECT
L S VHOQLVENSUDA AT FTCI DNEA
Nucl eotides - AR MR 120
Ami no acids A T I - (0]

Fig. 4. Comparison of deduced nucleotide sequences andoaatids inTUB2 gene of
Colletotrichum gloeosporioides. sp. aeschynomef® between carbendazim-resistant
C. gloeosporioide isolates causing ‘Nam Dok Mai’ mango anthracnd8Buhr and
Dickman (1994)®Pereset al. (2004).
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Phenot ype

u14138™ wild t¥Be CECTACGA\CAFTTGCATGCGTATCCCTLCAAKGCTLGTCCAAS NCCCCTP gTT¢CGGCGAG DCCTLGAANC

NDM_F006 S C'IL' CT. ACGAOA?’TTGDATG:GT A_|QCC'IL' CAQGC‘IL' GT (SZCAQCCECT gT T¢CG(§:GSCC‘IL' GAQC

NDM_F057 S CTCT, ACGAOA?’TTGDATG:GT A_|QCCT CAQGC‘IL' GT (SZCAQCCECT gT T¢CG(§:GSCC‘IL' GAQC

NDM _F118 S CTCTACGACATTTGCATGCG ATCCC OAAKGCLATSCCAANCCCC é:T T@CGG:GAG DCCL GAANC

NDM_L068 S CTCTACGACATTTGCATGCGT. A_FCCT OAIQ\GCL'I' GT gCA',\AICCCCT é:T T¢CGGG‘:GSCCJ GA’@C

NDM_F002 HR CTCT, ACGAOATTTGOA&GCRGT A_FCCL'I' OAIQ\GCL'I' ATgCA@CCgCT é:T T¢CGGG‘:GSCCJ GA’@C

NDM_F012 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTAT CCAACCCCT CTTACGGCGACCTGAAC

L YDI CMRTILKILSNPSY GDLN

NDM_F014 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTAT CCAACCCCT CTTACGGCGACCTGAAC

L YDI CMRTILKILSNZPSY GDLN

NDM_F018 HR CTCT, ACGAOATTTGOA&GCRGT A_FCCL'I' OAIQ\GCL'I' ATgCA@CCgCT é:T T¢CGGG‘:GSCCJ GA’@C

NDM_F026 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCT CTTACGGCGACCTGAAC

L YDI CMRTILKILSNZPSY GDLN

NDM_F027 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCT CTTACGGCGACCTGAAC

L YDI CMRTILIKILSNPSY GDLN

NDM_F038 HR CTCT, ACGAOATTTGOA&GCRGT A_FCCL'I' OAIQ\GCL'I' ATgCA@CCgCT é:T T¢CGGG‘:GSCCJ GA’@C

NDM_F061 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCT CTTACGGCGACCTGAAC

L YDI CMRTILKILSNZPSY GDLN

NDM_F106 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTATCCAACCCCT CTTACGGCGACCTGAAC

L YDI CMRTILKILSNZPSY GDLN

NDM_F110 HR CTCT, ACGAOATTTGOA&GCRGT A_FCCL'I' OAIQ\GCL'I' ATgCA@CCgCT é:T T¢CGGG‘:GSCCJ GA’@C

NDM_F116 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTAT CCAACCCCT CTTACGGCGACCTGAAC

L YDI CMRTILKILSNZPSY GDLN

NDM_F130 HR CTCTACGACATTTGCATGCGTACCCTCAAGCTAT CCAACCCCT CTTACGGCGACCTGAAC

L YDI CMRTILKILSNZPSY GDILN

NDM_LO78 HR CTCTACGACATTTGCAT GCGTACCCTCAAGCTGT CCAACCCCT CTTACGGCGACCTGAAC

. L YDIlI CMRTULIKLSNPSYGDTLN
Nucl eotides = --oie i M e 180
Am no acids T e T S S ¢ 0]

Phenot ype

U14138™Y  wild type CACCTGGTCTCTCCTGTTATGTCCGGTGICACTACCTGCCTGCGT TTCCCGGGTCAGCTG

HLVSAVMSGVTTCLRFPGC%L

NDM_F006 S CACCTGGTCTCTGCTGI TATGTCCGGTGT CACTACCTGCCTGCGTI TTCCCGGGTCAGCTG

HL VS AVMSGVTTC CL REFPG L

NDM_F057 S CACCTGGTCTCTGCTGI TATGTCCGGTGT CACTACCTGCCTGCGTI TTCCCGGGTCAGCTG

HL VS AVMSGVTTC CL REFPG L

NDM_F118 S CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HL VS AVMSGVTTC CL RFUPG L

NDM_L068 S CACCTGGTCTCTGCTGI TATGTCCGGTGT CACTACCTGCCTGCGT TTCCCGGGTCAGCTG

HLVSAVMSGVTTCLRFPGC%L\L

NDM_F002 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HL VS AVMSGVTTC CL REFUPG L

NDM_F012 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HLVSAVMSGVTTCLRFPGC%L\L

NDM_F014 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HLVSAVMSGVTTCLRFPGC%L\L

NDM_F018 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HL VS AVMSGVTTC CL REFUPG L

NDM_F026 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HLVSAVMSGVTTCLRFPGC%L\L

NDM_F027 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HLVSAVMSGVTTCLRFPGC%L\L

NDM_F038 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HL VS AVMSGVTTC CL REFUPG L

NDM_F061 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HLVSAVMSGVTTCLRFPGC%L\L

NDM_F106 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HLVSAVMSGVTTCLRFPGC%L\L

NDM_F110 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HL VS AVMSGVTTC CL REFUPG L

NDM_F116 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HLVSAVMSGVTTCLRFPGC%L\L

NDM_F130 HR CACCTGGTCTCTGCTGI TATGT CCGGTGT CACTACCTGCCTGCGT TTCCCGGEGT! CTG

HLVSAVMSGVTTCLRFPGC%L

NDM_LO78 HR CACCTGGTCTCTGCTGI TATGTCCGGTGT CACTACCTGCCTGCGT TTCCCGGGTCAGCTG

. HLVSAVMSGVTTT CLIREFEFZPGA OQTL
Nucl eot i des  ce e e *--- 240
Ami no acids L T T . -10]

Fig. 4. (continued)Comparison of deduced nucleotide sequences andauids inTUB2
gene of Colletotrichum gloeosporioide$. sp. aeschynomef& between carbendazim-
resistant C. gloeosporioideisolates causing ‘Nam Dok Mai’ mango anthracnt&uhr
and Dickman (1994)?Perest al. (2004).
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Phenot ype
U14138Y wild tg;ge AACTgTGSCCEG:SDA@GCJGBETGJOANACA&GBTTCCTTTCCSCCSTUCCAGTUTC
NDM_F006 S AACT! gT GSCCL G:GOAAR KGCL GGCA G\'}' OAANCA’\'I/'IGG TCC TTCCCCCCP R; CTCCACTTCTTC
NDM_F057 S A'G\CTgTGSCCEG:SDA@GCJGBETGJOANACA&GBTTCCTTTCCCCCGTUCCAGTUTC
NDM F118 S AACTgTGSCCEG:SDA@GCJGBETGJOANACA&GBTTCCTTTC%CCCGTUTCAGTUTC
NDM _L068 S AACTSTGSCCLG:GOAAR KGCLGGCA G\}'OAANCA’\'I/'IGG TCC TTCCCCCCP STCTCCACTTCTTC
NDM_F002 HR A@CTgTGSCCE’ G:gDA@GCJGBETGJOAACAT%TTCCTTTCCCCCGTCTTCACTTCTTC
NDM_F012 HR AACTCTGACCTGCGCAAGCT GGCTGTCAACATGGT TCCTTTCCCCCGTCTTCACTTCTTC
NS DLRKLAVNMVPFPRILHEF
NDM _F014 HR AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGT TCCTTTCCCCCGTCTTCACTTCTTC
NS DLRKLAVNMVPFPRLHEF
NDM _F018 HR A'G\CT gT GSCCL G:GOAAR KGCL GGCA G\'}' CAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
NDM_F026 HR AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGT TCCTTTCCCCCGTCTTCACTTCTTC
NS DLRKLAVNMVPFPRLHEF
NDM_F027 HR AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGT TCCTTTCCCCCGTCTTCACTTCTTC
NS DLRKLAVNMVPFPRLHEF
NDM_F038 HR A'G\CT gT GSCCL G:GOAAR KGCL GGCA G\'}' CAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
NDM_F061 HR AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
NS DLRKLAVNMVPFPRLHEF
NDM_F106 HR AACTCTGACCTGCGCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
NS DLRKLAVNMVPFPRLHEF
NDM _F110 HR A'G\CT gT GSCCL G:GOAAR KGCL GGCA G\'}' CAACATGGTTCCTTTCCCCCGTCTTCACTTCTTC
NDM F116 HR AACTCTGACCTGCGCAAGCT GGCTGTCAACATGGT TCCTTTCCCCCGTCTTCACTTCTTC
NS DLRKLAVNMVPFPRLHEF
NDM_F130 HR AACTCTGACCTGCGCAAGCT GGCTGTCAACATGGT TCCTTTCCCCCGTCTTCACTTCTTC
NS DL RKLAVNMVPFPRLHEF
NDM _LO78 HR AACTCTGACCTGCGCAAGCT GGCTGTCAACATGGT TCCTTTCCCCCGTCTCCACTTCTTC
. NS DLIRKLAVNMVPFPRLWHTFF
Nucl e0ti des  cmm oo Foeaa oo 300
Am no acids T e T S S 10 [¢]
Phenot ype
Ul4l38‘1)_w1 Id type ATGGTCGGCTTCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGTT
MV GFAPLTSRGAHSEFRAVS YV
NDM_F006 S ATGGT CGGCTTCGCTCCCCT GAS GGCGCCCACTCTTTCCGTGCCGTCAGTGI T
MV GFAPLTSRGAHSEFRAVS YV
NDM_F057 S ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GFAPLTSRGAHSEFRAVS YV
NDM_F118 S ATGGT CGGCTTCGCTCCCCT GAS GGCGCCCACTCTTTCCGCGCCGTCAGTGI T
MV GFAPLTSRGAHSEFRAVS YV
NDM_L068 S ATGGTCGGCTTCGCTCCCCT! GGCGCCCACTCTTTCCGCGCCGTCAGTGI T
MV GFAPLTSRGAHSEFRAVS YV
NDM_F002 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GF APLTSRGAHSEFRAVS YV
NDM_F012 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GF APLTSRGAHSEFRAVS YV
NDM_F014 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GF APLTSRGAHSEFRAVS YV
NDM_F018 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GF APLTSRGAHSEFRAVS YV
NDM_F026 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GFAPLTSRGAHSERAVS YV
NDM_F027 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GFAPLTSRGAHSEFRAVS YV
NDM_F038 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GF APLTSRGAHSEFRAVS YV
NDM_F061 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GF APLTSRGAHSEFRAVS YV
NDM_F106 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GFAPLTSRGAHSEFRAVS YV
NDM_F110 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GFAPLTSRGAHSEFRAVS YV
NDM_F130 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
MV GF APLTSRGAHSEFRAVS YV
NDM_LO78 HR ATGGT CGGCT TCGCTCCCCTGACCAGCCGT GGCGCCCACTCTTTCCGCGCCGTCAGTGT T
. MYV GF APLTSRGAHSUZ FRAVSYV
Nucl eoti des  comem e R 360
Ami no acids T T T T 24 ¢

Fig. 4. (continued) Comparison of deduced nucleotide sequences andoaaials in
TUB2 gene ofC. gloeosporioided. sp. aeschynomeff between carbendazim-resistant
C. gloeosporioide isolates causing ‘Nam Dok Mai’ mango anthracnd8Buhr and
Dickman (1994)PPereset al. (2004).
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Phenot ype
U14138 wild type CgTGEAGCL'I'OA
NDM_F006 S CCTGAGCTCA
NDM_F057 S c'?:TGEAGcLTCA
NDM F118 S c'?:TGEAGcLTCA
NDM_L068 S c'?:TGEAGcLTCA
NDM_F002 HR c'?:TGEAGcLTCA
NDM_F038 HR c'tD:TGEGc'TCA
NDM_F061 HR c'?:TGEAGcLTCA
NDM _F106 HR c'?:TGEAGcLTCA
NDM _F110 HR c'?:TGEAGcLTCA
NDM F116 HR c'?:TGEAGcLTCA
NDM_F130 HR c'?:TGEAGcLTCA
NDM _L078 HR CE:TGEAGCE’CA
NPheohfaS ERRR

Fig. 4. (continued) Comparison of deduced nucleotide sequences andoaatias in
TUB2 gene ofC. gloeosporioided. sp. aeschynomerffé between carbendazim-resistant
C. gloeosporioids isolates causing ‘Nam Dok Mai' mango anthracnd8Buhr and
Dickman (1994)PPereset al. (2004).

Discussion

C. gloeosporioidescausing ‘Nam Dok Mai’ mango anthracnose,
according to their differential carbendazim-resistaphenotypes. HR
phenotypes o€. gloeosporioidesvere developed naturally under conditions
of continuously applied fungicide that resistanoefield. It showed that
continuous application enhanced fungal pathogeneldpment against
chemical fungicides as reported by many researdf@agah,et al, 1989;
Farungsang and Farungsang, 1992; Farungstiad, 1994; Stefferet al,
1996; Sandeet al, 2000; Kimet al, 2007 and Kumaet al, 2007). The
appearance of fungicide resistance is a key factbmiting the efficacy and
lifetime of important disease control strategidsisTs the worldwide problem
of farmer. Therefore, resistance may also be anoitapt aid to our
understanding, at a molecular level, of the furgicmechanism of action.

Carbendazim fungicide act by inhibition of tubulibpiosynthesis
(Davidse, 1973 and Ma and Michailides, 2005). Ssvessearchers have
reported that fungicide-resistant mutations of amall fungi are closely
associated with the single nucleotide mutation, @sdlts in the mutation of
amino acid as well as the structure of fungicidedinig point in theTUB2
(Fujimuraet al, 1992 and Gafuet al, 1998). These mutations that confer
fungicide resistance have been identified inTh#2 homologs from several
fungi. This region of the gene was amplified beeaevery identified
mutation which confers fungicide resistance in fifgtopathoginic fungi
(Table 4). In this study, we were analysis of parsequences of thEUB2
gene inC. gloeosporioidesrom ‘Nam Dok Mai’ mango in Thailand that is
responsible for carbendazim resistance showed tiwt typical single
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nucleotide mutation converting codon 198 causedpHnotypes. Only the
amino acid mutation at residue 198 was closelyetated with all HR
phenotypes. The amino acid mutation of codon 198hénTUB2 gene has
been identified in fungicide-resistant fungi suchBmtrytis cinereacausing
gray mold disease of a number of crops in Israard¥n and Katan, 1993),
C. gloeosporioidescausing postbloom fruit drop disease of citrusSiao
Paulo, Brazil and Florida, United States (Peeesal, 2004) or causing
anthracnose diseases of fruit crops in Japan (Chumag, 2006) or causing
anthracnose disease bimonium spp. in Israel (Maymoret al, 2006) or
causing anthracnose disease of mango in south (Ruéin and Jun-sheng,
2007), C. gloeosporioided. sp. aeschynomendrom northern jointvetch
(Buhr and Dickman, 1994 Monilinia fructicola causing brown rot of stone
fruits in California (Maet al., 2003), Penicillium expansuntausing blue
mold disease of stored apples in north America I&hg et al, 2005),
Venturia inaegaliscausing scab disease of apple in Michigan and qibet
pathogenic fungi (Koenraaét al, 1992). Besides, different mutation points
such as codon 50 fRusarium moniliformgYan and Dickman, 1996) or 200
in C. gloeosporioidegChung et al, 2006), P. aurantiogriseumVenturia
inaeqalis V. pirina(Koenraadet al, 1992). There were the different codons
in the TUB gene may result in different resistance levelschemical
fungicide (Koenraadet al, 1992; Albertiniet al, 1999 and Chungt al,
2006). In the present stud®, gloeosporioidesighly resistant phenotypes to
carbendazim also had the amino acid substitutiogluttimic (GAG) with
alanine (GCG) at codon 198. Therefore, we concthdemutations in codon
198 of theTUB2 gene confer phenotype of carbendazim resistandg. in
gloeosporioidesHowever, the fungicide resistance may result fsangle or
multiple gene mutation. Resistant phenotypes tilgieaise from a very low
natural rate of genetic mutation, and these iselate less affected or not
inhibited at all by a labeled application rate aistfungicide (Ma and
Michailides, 2005). This indicates that careful mgement of chemical
fungicides applications is necessary to achiewexgie control.
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Table 4.Point mutations of some phytopathoginic fungi & $lecond beta-
tubulin (TUB2) gene causing the resistance to fungicide.

Phytopathoginic

Amino acid

Growth on concentration of kind

fungi Substitution Position fungicides (phenotype) Reference
Colletotrichum Glu (GAG)-to-Ala (GCG) 198 10 pg of benomyl/ml (resistant) Pestsl.,2004
gloeosporioides > 100 mg of thiophanate-methyl/IChunget al, 2006
(highly resistant)
1,000 pg of carbendazim/ml - Ru-lin and Jun-sheng,
(high resistant) 2007
Phe (TTC)-to-Tyr (TAC) 200  10-100 mg of thiopharaiethyl /I Chunget al, 2006
(intermediately resistant)
C. gloeosporioides Glu (GAG)-to-Ala (GCG) 198 1 pg of benomyl / ml (resistant)  Buhr and Diakin
f. sp.aeschynomene 1994
Fusarium moniliforme  Tyr(ATC)-to-Asn (AAC) 50 1.5 pg of benomyl / ml (resistant)  Yan and Diakm
1996
Monilinia fructicola Glu (GAA)-to-Lys (AAA) 198  slow growth on 50 mg of benomyiloenraadet al, 1992
(highly resistant)
Penicillium Glu (GAG)to-Ala (GCG) 198  rapid growth on 50 mg of benomyl/I
aurantiogriseum (very high resistance)
Glu (GAG)-to-Lys (AAG) 198  slow growth on 50 mg of benomyl/l
(highly resistant)
Phe (TTC)-to-Tyr (TAC) 200 5 mg of benomyi /I
(medium resistance)
P. digitatum Glu (GAG)-to-Lys (AAG) 198  slow growth on 50 mg of benomyi/l
(highly resistant)
Glu (GAG)to-Val (GTG) 198  slow growth on 50 mg of benomyi/l
(highly resistant)
P. expansum Glu (GAG)-to-Ala (GCG) 198  rapid growth on 50 mg of benomyl/I
(very high resistance)
Glu (GAG)to-AlaorVal 198 1,000 of benomyl or Sholberget al, 2005
(GCG or GTG) thiabendazole/ml
(highly resistant)
P. puberrulum Glu (GAG)to-Ala (GCG) 198  rapid growth on 50 mg of benomyibenraadet al, 1992
(very high resistance)
Glu (GAG)-to-Lys (AAG) 198  slow growth on 50 mg of benomyi/l
(highly resistant)
P. solitum Glu (GAG)-to-Lys (AAG) 198 1,000 of benomyl or Sholberget al, 2005
thiabendazole/ml
(highly resistant)
P. viridicatum Glu (GAG)-to-Lys (AAG) 198  slow growth on 50 mg of benomyifoenraadet al, 1992
(highly resistant)
Sclerotinia homoeocarpaGlu (GAG)-to-Lys (AAG) 198  slow growth on 50 mg of benomyl/l
(highly resistant)
Venturia inaegalis Glu (GAG)to-Ala (GCG) 198  rapid growth on 50 mg of benomyl/I
(very high resistance)
Glu (GAG)-to-Lys (AAG) 198  slow growth on 50 mg of benomyl/l
(highly resistant)
Phe (TTC)-to-Tyr (TAC) 200 5 mg of benomyl /I
(medium resistance)
V. pirina Glu (GAG)to-Ala (GCG) 198  rapid growth on 50 mg of benomyl/I
(very high resistance)
Phe (TTC)-to-Tyr (TAC) 200 5 mg of benomyi /I

(medium resistance)
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