Appendix B Nucleotide sequence (341 bp) of Colletotrichum gloeosporioides from

second beta-tubulin gene by nested polymerase chain reaction with

TB2L, TB2R primer and CTB2F1, CTB2R primer.

No.

Isolate code

Nucleotide Sequence

1.

CKT L044

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

CAN F095

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

CAN F125

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

CAN F146

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

CAN 1080

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

CAN L1105

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

FL_F003

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

FL_F066

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

FL L1079

TCCAAGATCCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT
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10.

K F103

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

11.

K 1120

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

12.

KSW_L062

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAATTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

13.

KSW 1085

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

14.

KMK_F135

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCAAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

15.

KMK 1058

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

16.

KMK_L.088

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

17.

LNG_ 1031

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

18.

MCN L056

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT
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19.

MCN L059

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

20.

MCN 1070

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAATTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

21.

MCN L121

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

22.

MKS_1086

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

23.

NDM_F002

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

24.

NDM_F006

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

25.

NDM_F012

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

26.

NDM F014

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

27.

NDM _F018

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT
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28.

NDM _F026

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

29.

NDM F027

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

30.

NDM_F038

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

31.

NDM FO061

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

32.

NDM_F063

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCAAGAACTCCGACGAGACCTACTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

33.

NDM F106

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

34.

NDM_F110

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

35.

NDM F116

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCAAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

36.

NDM F118

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT
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37.

NDM_F130

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

38.

NDM_L057

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

39.

NDM_L067

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

40.

NDM L068

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

41.

NDM_L071

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAATTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

42.

NDM L1078

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAATTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

43.

NDM_L.096

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

44,

NLR L047

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

45.

NLR L1048

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT
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46.

OR_F126

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCAAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

47.

OR_L.040

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

48.

PBL_F033

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

49.

PBL_F076

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

50.

PBL, _F102

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCAAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

51.

PBL_F131

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

52.

PS F114

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

53.

PS_ 1032

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

54.

PS_1.082

TCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTCTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT
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Appendix B Continued.

No.

Isolate code

Nucleotide Sequence

55.

R 1,087

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

56.

SLY 1017

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT

57.

TLN_L060

TCCAAGATTCGTGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAGCTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTCCACTTCTT

58.

TLN_L065

TCCAAGATTCATGAGGAGTTCCCCGACCGCATGATGGCCACCTTCTCCGTCGTTCCCTC
CCCCAAGGTCTACGACACTGTTGTCGAGCCCTACAACGCCACTCTCTCCGTCCACCAGC
TGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
ATGCGTACCCTCAAGCTATCCAACCCCTCTTACGGCGACCTGAACCACCTGGTCTCTGC
TGTTATGTCCGGTGTCACTACCTGCCTGCGTTTCCCGGGTCAACTGAACTCTGACCTGC
GCAAGCTGGCTGTCAACATGGTTCCTTTCCCCCGTCTTCACTTCTT
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Studies on Fungicide Carbendazim Resistance of Colletotrichum
gloeosporioides Causing Mango Anthracnose

Pornprapa Kongtragoul, Sutasinee Chaichana and Sarunya Nalumpang*
Department of Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai, 50200,
Thailand

Abstract: This research is aimed at morphology and molecular characterization of
carbendazim resistance in Colletotrichum spp., the causal agents of mango anthracnose,
and development of bio-control method for management of the pathogen with decreasing
the use of fungicide. Colletotrichum spp. were isolated from infected leaves and fruits of
15 cultivars of mango (Nam Dokmai, Farlun, Kiew Sawoei, Maha Chanok, Salaya, Lin
Nguhao, Phimsen, Man Khunsri, Ok-Rong, Kiew Morakod, Kaew, Talub Nark, Chok
Anan, Rad and Phetbanlat) collected from market and orchards in Muang district, Chiang
Mai. One hundred and thirty-one Colletotrichum spp. isolates were successfully isolated,
consisting of 46 isolates from leaves (35.12%) and 85 isolates from fruits (64.88%).
Studies on morphology characteristic were carried out by examinations of their
characteristics of colonies, conidia, and appressoria. The results showed that aerial
mycelium of the colonies of most isolates are white and grey. They form cylindrical
conidia and clavate appressoria, and also some isolates produced seta and/or sclerotia.
These morphology characteristics were identical with that of Colletotrichum
gloeosporioides referred by Sutton (1992). The carbendazim resistance test was
conducted to all isolates on potato dextrose agar (PDA) amended with carbendazim at
various concentrations: 0.1, 1, 10, 100, 500 and 1,000 ppm. The result showed that 95
isolates (72.52%) were highly resistance (HR), 2 isolates (1.53%) were moderately
resistance (MR), and 34 isolates (25.95%) were sensitive (S). None showed weakly
resistance (WR) in this examination. The colony characteristics of some HR isolates
growth on PDA amended with carbendazim at 500 ppm gave abnormality colony
formation with reduction of growth rate, presence of rugged colony, tight mycelium, and
occasionally produced red-brown pigment before the colony growth. Microscopic
observations of mycelia of S and HR isolates showed similar characteristics. The
effectiveness of carbendazim to germ tube germination on onion tissue was at 500 ppm
for S isolates. However, the same concentration of carbendazim has no effect to conidial

germination of HR isolates.

Key words: carbendazim resistance, Colletotrichum gloeosporioides, mango anthracnose
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N19AFRAFALANNATUM UFFTBINUMAREasIA S LU E TR vaaddas
Colletotrichum spp. #unlsanauunsalualunzsiomiuguinanlsl
Preliminary Assay of Carbendazim-resistant Detection of Colletotrichum spp. Causing

Anthracnose of Mango cv. Nam Dok Mai

NeLlszw AIATEDA ues atyen o a1l

Pornprapa Kongtragoul and Sarunya Nalumpang

NIATTIIEARNT AnINEAIANERT NMINeaLT lua

Department of Plant Pathology, Facully of Agriculture, Chiang Mai University

Abstract

Isolates of Colletotrichum spp. causing anthracnose disease were obtained from infected leaves and fruits of mango
cv. Nam Dok Mai collected from market and orchards. Fifty-nine isolates were successfully isolated, consist of 6 isolates
(10.2%) from leaves and 53 isolates (89.8%) from fruits. The evaluation of carbendazim resistance was conducted fo all
isolates on potato dextrose agar (PDA) amended with carbendazim at various concentrations: 0.1, 1, 10, 100, 500 and 1,000
Hg/ml, respectively. These isolates were classified into four representative phenotypes of reactions as highly resistance (HR,
= 500 ug/mi), moderately resistance (MR; = 100 Lig/mi), weakly resistance (WR; =< 10 ug/ml) and sensitive (S; < 1 ug/mi).
The result showed that 47 isolates (79.7%) were HR, 1 isolate (1.7%) was MR, and 11 isolates (18.6%) were S, respectively.
Some samples of all resistant levels were analyzed the ﬂ—fubu!r‘n (TUB2) gene fragment using polymerase chain reaction
(PCR). The PCR products were 474 bp DNA fragments. These fragmenis will be sequenced and analyzed point mutation in

the future.

Keywords: anthracnose, carbendazim, Colletotrichum spp., mango
@
UNARnea
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RINNIFUENTETT  Colletotrichum  spp. ﬁfrmﬁ:i‘ﬁ‘mmuuwﬂTuﬁwm::nwwugmﬂﬁnfﬁ AAUFIL TN INARIALASATY
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wrLlzewn uas aftyen: nTANNTITIN ST IRIRANE INEATAIART uu1IneaenTee T AR 6: 2552 78

ANFLIIUAT (carbendazim), wiwluila (benomyl) win laeziuunnlaa (thiabendazol) (fuiu ansativaniiidlu
1 4 Ed v W

ansaiingaiuiamnsoruAn wasdugaliiiueded (fwus, 2531 wsy agil, 2533) dwiunisidelunfeiild

angiailaafuidmmer A fiuumduiuimmeasy  Wesiminernsiasls  waznisldased lungusangnn

= | L ° Lo 2 ] dg . 4 = ar =
Ansafudunaiiu m'lmmﬂﬂmmmmmmuwamnﬂmu (fungicide resistance) TUNAFNNNITWENUY 1T

w
a =4 i

ysifusrecderifiaaruetsan fuialiinnsnasWugilluaeiugisumuaistiaaii wﬁmmﬂumjuﬁ

=

ge
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ar L z L =l ar 4 ﬂ. B @ ;13 - ar ﬁl - é‘ ql ﬂ.
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i
B. ‘Qﬂ'i%ﬂUﬂ']']l-lﬁ'\uﬂ'luﬂﬂﬂ']'i"ﬂﬂﬂﬂuﬂ']‘QﬂL%,'El’i"‘lﬁ"l‘;:l.uuﬂﬂaﬂlﬂu 4 gzau %qﬁmuﬂmmn

1977 Koenraadt ef al. (1992) W8z Peres ef al.

(2004)

Carbendazim concentration (ug/ml)
Resistant levels

0.1 1 10 100 500 1,000
Sensitive (S) + + - - < -
Weakly resistance (WR) + + + - \ -
Moderately resistance (MR) + + + + - -
+ + + + + -
Highly resistance (HR) L N N N A .

* = gRFILUZIN
X
3

= - Mo A = P . o - o
- = @anhaigl el vimwigldviaenda 10 % WewieuiugariuAy

C U P S ; N
+ = [@eriasoylifaud 109% 2l defeuiuganiumu

3. meafAuan N B INMALEuens LBy fubulin 2audasn Colletotrichum spp. Aae wATA
polymerase chain reaction (PCR)

ﬁmﬁ-an'l-a‘ﬁenmwusia::i:ﬁ’ummﬁmmuﬁﬁmmﬁmﬁgﬁummnl,ﬁulﬂﬂfﬂ\u%ﬂﬂm”qu"gﬁ NucleoSpin® uaz

11 Aduedinaauiiien PCR daurfy Insmaf TUBZL (5-GTTTCCAGATCACCCACTCC-3) uaslnamed

TUB2R (5-TGAGCTCAGGAACACTGACG-3') mud5M13204 Peres et al. (2004) Ufjisen PCR v g

BuernadaunssAumiady  Subulin (TUB2) nandnanljisen  PCR MénmaneuTne@inng gel

electrophoresis Ut 1% agarose gel 11 0.5X TBE buffer flansaaiafinaniuslud (ethidium bromide) amagau

HAaNIIMA[EN

I3 o« ¢ 8
1. NMTUWENLATLINUTIUSTIN l%’ﬂﬁ"l Colletotrichum spp. 'N'Il“la:[‘iﬁll'ﬂull‘l’l?ﬂ'tuﬂﬂl’ﬂﬁNz&i'ix‘l“uiéﬁ'lﬂﬂﬂ'lljl'

v
)

annisuenuaziivfqadalsaueuunialuaainluuas naueansinaiuguinanld NLANBOLLAINT

3

Guurnuuly Bqaumaidng Smassden desenglvnisviiuiuaunatuiimaglinliuivey wWeidiansna

unadnee luheeunny unaszaenenetwiaa liluudnisedaieadusiines (31U 1A) dauanisuusa

|
R |

U w v
fundmvizenagn  Fuanaaduiaadun@aiglininanuialiviuen  anduseraduusavojAeudtinad

dmadaiidi Uil 18) dederinnumaguindsAuaninies ANNANUHAEANLALTUENT @6
Suadusdentududu weenaiinguarefanenriuseunsiuddusgiinanawnausaua (317 10)
anmsAnEENE Ay Anesesderiuenld Thunsdsaienuuens PDA wudiien
vausafanenitalafivuens PDA #il Wedewdileffrarninasass wWanududm sty
Aatlszunns 10 5u (5UF 24) unslalaianairanguatad mass A& uaznuia sclerotia A6 (U7 28) Hesaeglu
87917 PDA dnwouraefiinsansyuaniaiineuy (cylindrical) wedinen la (H&) 2u1m 4.2-5.1 x 15.4-20.6 (3U
7 2C) %q@ﬂnﬁnﬁm:ﬁmmqmmmﬁﬂﬁwuunﬁﬂﬁmmﬁﬂﬁlﬂu Colletotrichum gloeosporioides ANHVATINTLT

984 Sutton (1980)
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(B)

M1 emslrauauunspluafifauunzaiuginaenlsl; (A) eanmuly, (B) avnnsuuns, (C) nguatla¥ mass Aduinfiong

B

FERILL

o = & . T 1
51071 2 Anweusniad U NAVENT8TeT Colletotrichum spp. AmAlzALaUINTAlUAIR Nz TudihAe aliT; (A) Talatiuuatms

5
A WAY 1A sclerotic

)

2 eI
a P

B e T E FETaTatvey
P, ) BATKEPTE | TUUA)

2. NENARALAMNAUNUENTilan U AR as A fluuAEn

ANNANAARLAINATUNINLTa5  Colletotrichum  spp.  Radstleaiumandes i fiuunaduug

=

21173 PDA AnaNasAN ATy 6 seduatudndi @ 0.1, 1.0, 10, 100, 500 uaz 1000 ug/ml WULTRM

FunusadstlasiuniApmafAfiuuadssaugs (HR), munuszaiulunats (MR) wazsviuseuus (S)

b

w47 lalaan (79.7%), 1 lalaan (1.7%) uaz 11 lalnan (18.6%) muansy lunimeasssafdillinudani
o wI ] l A 1 a - [

FuMUTZAURN (WR) (913797 2, 919 3) Waenmaseudulmanaieiug S uar HR Milaeauuews PDA &

anwozndrnanandmiden wanideilenedulannmaniedindesgansimd (40x) wu Anwounduloens Guo

o
s hiumnsnaiu (1% 4)

| P 3 . S b =
prnfi 2 Amadlalaaneende Colletorichum spp. awinlsaueuusaluasssnziiugiiaanled frsduaomdmeans

o oo o X =
ﬂmnun‘mmuﬂﬂswmé’mumwmﬂ

Parts of No. of isolates (%) of Carbendazim-resistant levels .9
mango Sensitive (S) Weakly resistance (WR) Moderately resistance (MR) Highly resistance (HR)
Leaves 3(5.1%) 0(0%) 0(0%) 3(5.1%) 6(10.2%)
Fruits 8 (13.7%) 0(0%) 1 (1.7%) 44 (74.6%) 53 (89.8%)

Total 11 (18.6%) 0 (0%) 1(1.7%) 47 (79.7%) 59 (100%)
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Wstlszn uae aityen: mMsduNu BT stinidnAnwunuasaans snanendedelua A5 6: 2552 81

3. nsanauaniinlSanaAfuanssiuvuaiiu f-tubulin aaadasn Colletotrichum spp. Sazmaiia

polymerase chain reaction (PCR)
AN R EIN A LE 1N AR A UL J-tubulin gene (TUB2) 9830831 Colletotrichum spp.
lalaian HR, MR uas S faenatia PCR launuAdwaalsyanns 474 fua (Iﬂ‘ﬁ 5) Faartilvinsaa e
wiaiy Taedlalng waznFauieudasuinedlaln ﬁLﬁfamﬂ’mﬂﬁlﬂuuﬂmmwwzﬁm (point mutation) luns

naaesnTine iy

==

1,000 pg/ml

- » E - z, 2 ] oo u &
513 nmegauALETUILERTes Colletotrichum spp. UUAWNILATAAE potato dextrose agar TinauastlasiunAntTas

AFILATLLIUANTY Tgnuugidaailunan 3 Su

| e X . _ -
7171 4 dnwouzidulaveada Colletotrichum spp. lalmian sensitive uaz highly resistance meldinda1qansse] (40X)
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naLlsewn uae aftyen: nIsNNNIITIMIITIRAN INeAsAaaT anangaendealua Az 6: 2552 82

<— 474 bp

7191 5 uandn PCR 1wmilszanm 474 diua MfiasnniaifisFuinfdueundounssinumbsiiu S-tubulin (TUB2) fawlnfed
¥ - o
TUB2L/TUBZR 18411231 Colletolrichum spp. NMEUAINNITATIMALULIU 1% agarose gel; M = ALEWANIATIIL 1 kb DNA

ladder, HR = laTmiandumuszaugs, MR = laloiandunuszinhunans, s = lalnansziudauna

a s
2AFUUANITNAR DY
anmsszifiuanuumiuasiasiuindndesianfiuuaniueedas Colletotrichum spp. 616

TsAuauunsalugrasuzioniugiinanliaou 59 lalaan wulesifhuntusrAugs (HR) g9d 79.7% Tifin

T S

annisldanaeiilaaiunidnisel Tnaemizansmdnanantuansaiviilunaiun daaalidamdinnisdiusi

q W

2
=

mﬁ@mqm@mmLﬁmmfﬁ’ﬁuwmﬁifammﬁﬁqﬂmwu (Farungsang et al, 1992) T<iluasemAdasriumeau
U89 Sariah (1989) finngauidan C. capsici awnlsauanunsaluaraaindunu 340 lelaan WuLTaI
Frynugnstiaaiuings FasefuumnFuissdu 100 pg/ml anuan 73 laloan wazannisanmaduieann
faathsaznguieiu i uduennsdounssiumistiy Stubuin (TUB2) 1p833 polymerase chain
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FNHTIE1UT89 Koenraadt et al. (1992), Peres ef al. (2004), Maymon et al. (2006), egﬁ'ﬁﬁ LA m"{ym (2550) f
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5

NARBIATIEAZ AR MsiNa iU derdleng ialdiludays lunisAnmnalaawulseisnanasialy

f91l
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2

{INNTUENUALIiuTILsINEas Colletotrichum spp. @wiglsanauunsaluaramsssingiinan sl

q
2

dmuan 59 lelmian wethanyszdiupeaaunsoiunsinmuanstissiuindaidenafiuunnds NUITATNGH
Frunusaastlaaiuinds @ asanfiuuanda (R) 81.4% ‘ImmmaLﬂuﬁ?an@jmﬁ’mmusxﬁuga (HR) 79.7% uae
nauEUIEALLLNAN (MR) 1.7 % FeanediSueannedraitefiuBunaunsadusmindauresiu
B-ubulin (TUB2) Faemaila PCR THuouiSuaaualssann 474 gua ierhlAemsinmafauulasdsu

fardlalnAsaly

LANAFA1984

- . . o o oo T
s93uANA sunned. 2543. aaadiflasiurindalsaiie. drdinfiasiFden, ngammwe. 371 uti
Twus Aansnuu. 2531, lsaliua. natanlsafis Ao ineRs LnAnaduinenAnans. 286 win.

Twus Agnanuudt. 2542, laplinawnfeunarnisilestiuindn. Al lsafie Anzinens uuAnendeinsnsAtans. 172 win.
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Effect of Ginger Powder and Some Fungicide on Carbendazim-Resistant

Colletotrichum spp. Causing Mango Anthracnose
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UNanAa

Vias Colletotrichum spp. A lsauauwnanluauasuzsizsdan 150 lalman wonlasdd tissue transplant-
ing technique wsnnaraun s MAaR s lasTn sk Ta e siuuen@y 6 sreuaandadu dsi 0.1, 1, 10,
100, 500 waz 1000 faaniudaias -wm’iaﬂmaﬁmfﬁwm-u (CurR) 4w 115 lalmian (76.6%) LLn&L*‘Ea'ﬂmﬂNmf
daue (Cars) dwan 35 lalman (23.4%) Wsesauls: EnEmwaasansiasiuidagan 6 via (benomyl, cap-
tan, carboxin, carbendazim, copper oxychloride, 4% mancozeb) fN3BATIHIE1IN WU captan, carboxin WA2 man-
cozeb muqm%aﬁﬁmﬁ‘uﬁ Car waz Car VL@TU‘E:%T’I%J‘I’IW@H@@ 100% wanaNd 3 benomy K&z carbendazim
muqau%aﬂmu-ﬂ‘uﬁ Car l§ 100% 1w samasilasiuwiniaiden copper oxychloride lsifidszanFawlums
ﬂ'J:lJ'F]SJL%ﬂSTﬁ»J 2 meiug LL-ﬁTﬂTﬂﬂ‘ﬁ:ﬂﬂﬂgmﬂn@m-’amqfﬂmuqm WianemaudssinFrwinnuens ;e 1 wae B9
7i 6 szeumatudn leun 0.1, 0.3, 0.5, 1, 3 uaz 5% wuidsussTfinandatu 5% HUszanEnmdudsdenag
Wwf Car” WinTiy 56.34% waz 54.83% aaddL drunTzTofeaduie 5% dudsaniziian maﬁ‘uf Car® iy
61.91%

o

AdAn: Banewmuasall, ssaiainii, L'Tjaﬂmm@ﬂmﬁ'ﬁ, Colletotrichum

]

Abstract

One hundred and fifty isolates of Colfstotrichum spp. were isolated from mango anthracnose disease by tis-
sue transplanting technique. The carbendazim resistance test was conducted to all isolates at various concentra-
tions: 0.1, 1, 10, 100, 600 and 1,000 mg/l. The result showed that 115 isolates (76.6%) were carbendazim highly
resistance (CarR) and 35 isolates (23.4%) were carbendazim sensitive (Curs). Six fungicides (benomyl, captan, car-
boxin, carbendazim, copper oxychloride and mancozeb) with a final concentration of its standard field recommenda-
tion rate were assessed for their effectiveness to control Gar and Car strains. The results indicated that captan,
carboxin and mancozeb showed 100% effectivensss to control both Car and Car strains, but benomyl and carben-
dazim were only able to control Car® strain (100%). Copper oxychloride was not effective to contral both strains, but
the colony appearance distinct from control. The efficacy of Alpinia galanga (galangal), Boesenbergia pandurata
(fingerroot) and Zingiber officinale (ginger) at various concentrations: 0.1, 0.3, 0.5, 1, 3 and 5% (w/v) was also tested
against GCar" and Car® strains. The results showed that crude extract from ginger and galangal at 5% concentration
were the most effective to control Car strain with 56.34 and 54.83% inhibition activities, respectively. However, fin-
gerroot at 5% concentration showed the highest activity in controlling only Car® strains with 61.91% inhibition activity.

Key words: fungicides resistance, phytopathogen, plant extract, Colletotrichum
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ABSTRACT

Naturally-infected mango anthracnose disease caused by Colletotrichum
gloeosporioides were collected in Thailand. One hundred and fifty isolates were successfully
isolated from 17 mango cultivars; consisting of 46 isolates (30.67%) from leaves and 104
isolates (69.33%) from fruits. In preliminary studies conducted irn vitro with potato dextrose
agar amended with carbendazim fungicide at various concentrations: 0.1, 1, 10, 100, 500 and
1,000 mg/l, the result showed that 113 isolates (75.33%) were HR; consisting 18 isolate
(12%) from leaves and 95 isolates (63.33%) from fruits. Thirty-seven isolates (24.67%) were
S; consisting 28 isolates (18.67%) from leaves and 9 isolates (6%) from fruits. The
differences in the carbendazim-resistant phenotypes were conspicuous in sequence analysis of
the partial second beta-tubulin (TUB2) gene. HR phenotype were revealed a single nucleotide
mutation, an adenine (A) to cytosine (C) transversion, resulting in a substation of codon 198,
which encodes glutamic acid (GAG) in S phenotype, was converted to a codon for alanine
(GCG). This indicates that careful management of carbendazim fungicides applications is
necessary to achieve effective control.

Keywords: (}-tubulin gene, Colletotrichum gloeosporioides, Fungicide resistance, Mango anthracnose

INTRODUCTION

Mango (Mangifera indica L.) is one of economic fruit in the domestic and export
market of Thailand. The major export markets for fresh and processed mangoes are Hong
Kong, Malaysia, Singapore, Japan, Canada and USA etc. [1]. Many diseases can reduce the
quality and cause severe losses. Anthracnose caused by Colletotrichum gloeosporioides Penz.
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is the most devastating disease and major constraint in production and exportation [2]. In
order to control this disease, benzimidazole fungicides such as carbendazim, benomyl and
thiabendazole have been widely used to manage this disease because farmers believed that the
chemical fungicides are able to control plant diseases better than other methods [3]. In fact,
the chemical fungicides effectively suppressed and controlled a wide variety of plant diseases
at beginning; however, a consequence of a long term utilization of chemical fungicides,
particularly systemic fungicides, reduced the significant of fungicide effects to the disease
pathogens. Because the pathogens often become resistance to chemical fungicides and the
increase in number of these fungicide resistant isolates give the main problems for the farmers
[4-6]. The appearance of fungicide resistance has become an important factor in limiting the
efficacy and useful lifetime of important disease control strategies and therefore the cost
spending for the fungicides also increase because the farmers are forced to increase the
dosage of the chemical fungicide. The objectives of this study were to examine resistance of
C. gloeosporioides obtained from mango to the carbendazim fungicide using phenotypic
response and to sequence the partial second B -tubulin (TUB2) gene which has been reported
to be responsible for benzimidazole resistance [7-11].

MATERIALS AND METHODS
1. Isolation of Colletotrichum gloeosporioides causing mango anthracnose
Naturally-infected fruits and leaves of mango were collected from markets and
orchards in Thailand. Isolations were made by tissue transplanting technique. Sections tissues
were placed on potato dextrose agar (PDA) plates and incubated at room temperature. Those
plates were observed daily until the mycelium grows and subculture to the new PDA plates
for identification. Cultures were prepared by plating each isolate on PDA plate at room
temperature for 5-7 days productions of mycelial plugs.

2. Detection of carbendazim resistance by culture test

Screening resistibility of all C. gloeosporioides isolates to carbendazim fungicide were
tested using mycelial growth assays. Each isolates was cultured on PDA plates at room
temperature. Mycelial plugs, 5 mm diameter, was cut from the margins of colonies and
transferred onto carbendazim fungicide supplemented with PDA at the concentration of 0, 0.1,
1, 10, 100, 500 and 1,000 mg/l. Carbendazim was added to PDA after autoclaving. After
inoculation at room temperature, the diameter of each colony was measured and the
percentages of growth were calculated and data expressed as percentage of the control. The
phenotype-resistant levels evaluation was grouping into four representative phenotypes of
reactions as highly resistance (HR; > 500 mg/l), moderately resistance (MR; < 100 mg/1),
weakly resistance (WR; < 10 mg/l) and sensitive (S; < 1 mg/l).
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3. Detection of carbendazim resistance by molecular technique

Some isolates were extracted genomic DNA followed NucleoSpin® Plant Kit
(MACHEREY-NAGEL) was used as the protocol described by the company. Amplification
reactions in nested polymerase chain reaction (PCR); primary PCR using primer TB2L
(5°-GTT TCC AGA TCA CCC ACT CC-3’) and TB2R (5-TGA GCT CAG GAA CAC TGA
CG-37), the 2nd PCR using primer CTB2F1 (5’-TCC AAG ATC CGT GAG G-3’) and
CTB2RI (5’-AAG AAG TGG ACG GG-3’). The sequence was determined using an automated
fluorescent DNA sequencer. The sequenced DNA fragments were aligned with CLUSTA W.

RESULTS
1. Isolation of Colletotrichum gloeosporioides causing mango anthracnose

One hundred and fifty isolates were successfully isolated, consisting of 46 isolates
(30.67%) from leaves and 104 (69.33%) isolates from fruits. The myceliums of colonies of
most isolates are white and grey. They form cylindrical conidia (4.2-5.1 x 15.4-20.6 um). These
morphology characteristics were identical with that of C. gloeosporioides referred by Sutton [12].

2. Detection of carbendazim resistance by culture test

The carbendazim sensitivity assays was conducted to each isolates on PDA amended
with carbendazim at various concentrations: 0.1, 1, 10, 100, 500 and 1,000 mg/1. The result
showed that 113 isolates (75.33%) were HR,; consisting 18 isolate (12%) from leaves and 95
isolates (63.33%) from fruits. Thirty-seven isolates (24.67%) were S; consisting 28 isolates
(18.67%) from leaves and 9 isolates (6%) from fruits. None showed weakly resistance (WR)
and moderately resistance (MR) in this examination.

3. Detection of carbendazim resistance by molecular technique

All the nucleotides and amino acid sequences of the TUB2 gene fragment from each
isolates were compared with wild type C. gloeosporioides f. sp. aeschynomene (accession No.
U14138) [10]. Alignment of the sequences revealed several nucleotides substitutions were
observed in the DNA sequences. In this study, there were both silent and missense mutation.
In missense mutation, the single nucleotide point mutation which resulted in deduced amino
acid altered was observed one point at target site of benzimidazole in TUB2 gene fragment,
with deduced amino acid at codon 198 of all HR phenotypes, an adenine (A) to cytosine (C)
transversion, resulting in a substation of glutamic acid by alanine which is closely associated
with conferring carbendazim-resistant phenotype (Figure 1).
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Phenotype Target site for benzimidazole'*’!

u14138'"% wild type “Tf'Tr'PG?“-":Q* A ECCTWACA.-?CTCTGAC %c E— TuCATTGACAAC‘(‘AGGC“
CAN_F125 8 curccsn.ca"f‘z\u TGGTCGAGRACTCCGACH GCPPCTGCATIGACARCGAGECT
CaN LD8O s crcwcnm.ca RGCRGGICGAGAACTECGAC s‘;\_g-zﬁcmm TGACAACGAGGCT
TIAN:LI 05 B Lerioetocher rc%rc%'crEqurrgmgr- Lo ,T(Q;FA TGACAACG&GG#‘?
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MCN:LG 59 3 5 ool Y 16on *T;Kcagccgscé-r
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PBL_F102 5 cTe "TMPTE:CA TCACAQCGAGG#T
R_L'Jﬂ';‘ 8 {.F ; L .[bLA I(JA{‘J\E:\CLI bbg"‘
SLY_L017 S T .;”T‘I‘f‘l GCA Tu!\l.,AJ\CG GG%’Z‘
TLN_LOGO 3 \COTTCTGCA EGACM\f‘GﬁGGCT
CAN_F095 HE i :*r-ér;p. IuAbPACG%GGIAL{';'
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NDM_F002 HE TG!:‘A‘CP.{}CG GG
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NDM_£014 HR C "Tu%"ﬂﬁLG :u
NOM_FOLB HR ' TGACARCG.
NDM_F026 HE TTGACARCGA
NDM_F027 HR ngr‘x\%rr
NDM._£038 HE TGACAACG
NDM_F061 HR Tc:ﬁcm G
NDM_F106 HR Tc,.ﬁ'cagm
NDM_F110 HR 4 TGACH z}Lc |
NDM_F116 HE ;
NDM_F130 HR GECT A
NDM_LOT8 HR crer S0 A
MRL_L0OA47 HR erc ac ¢ “TL;(‘AI‘TuAPAAlCF
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PEL_F131 HR cIeT CGan A@;"TT-“TC"‘ATT"AC‘—ACGaGC?T
pPs Fll4 HR ez 6T %”T'E].: TGcmTc,Acmcc;Ac;Gr'T
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Figure 1 Comparison of deduced nucleotide sequences and amino acids of C.
gloeosporioides f. sp. aeschynomene a second beta-tubulin (TUB2) gene [10] at the
target sites of benzimidazole [20] between carbendazim-resistant C. gloeosporioides
causing mango anthracnose; S = sensitive and HR = highly resistance.
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DISCUSSION

The carbendazim-resistant C. gloeosporioides from mango anthracnose disease were
developed naturally under conditions of continuously applied fungicide that resistance in
field. It showed that continuous application enhanced fungal pathogen development against
chemical fungicides as reported by many researchers [4, 5, 13-16].

Carbendazim fungicide act by inhibition of tubulin biosynthesis [11, 17]. Several
researchers have reported that fungicide-resistant mutations of almost all fungi are closely
associated with the single nucleotide mutation, and results in the mutation of amino acid as
well as the structure of fungicide binding point in the TUB2 genes [5, 18, 19]. In this study,
we were analysis of partial sequences of the TUB2 genes in all isolates that is responsible for
carbendazim resistance showed that the typical single nucleotide mutation converting codon
198 caused HR phenotypes. Only the amino acid mutation at residue 198 was closely
correlated with all HR phenotypes. The amino acid mutation of codon 198 in the TUB2 genes
has been identified in fungicide-resistant fungi such as Botrytis cinerea causing gray mold
disease of a number of crops in Israel [9] C. gloeosporioides causing postbloom fruit drop
disease of citrus in Sao Paulo, Brazil and Florida, United States [20] or causing anthracnose
disease of mango in south China [21], C. gloeosporioides f. sp. aeschynomene from northern
jointvetch [10], Venturia inaequalis causing scab disease of apple in Michigan and other plant
pathogenic fungi [8]. Besides, different mutation points such as codon 200 in C.
¢loeosporioides (22], P. aurantiogriseum, Venturia inaequalis, V. pirina [8]. There were the
different codons in the TUB2 gene may result in different phenotype to chemical fungicide [8,
22. 23]. Therefore, we conclude that mutations in codon 198 of the TUB2 gene confer
resistance to carbendazim in C. gloeosporioides. However, the fungicide resistance may result
from single or multiple gene mutation. The appearance of fungicide resistance is a key factor
= limiting the efficacy and lifetime of important disease control strategies. This indicates that
careful management of chemical fungicides applications is necessary to achieve effective
control.
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Abstract: One hundred-fifty isolates of Colletotrichum gloeosporioides causing
mango anthracnose disease were successfully isolated from naturally-infected 16
mango cultivars; consisting of 46 isolates (30.67%) from leaves and 104 isolates
(69.33%) from fruits. A preliminary study was conducted in vitro by growing the
isolates on potato dextrose agar amended with carbendazim at various concentrations
of 0.1, 1, 10, 100, 500 and 1000 mg/L. These isolates were classified into four
representative phenotypes as follows: highly resistance (HR; > 500 mg/L), moderately
resistance (MR; < 100 mg/L), weakly resistance (WR; < 10 mg/L) and sensitive (S; <
1 mg/L). The result showed that 18 isolate (12%) from leaves and 95 isolates
(63.33%) from fruits were highly resistant. Twenty-eight isolates (18.67%) from
leaves and 9 isolates (6%) from fruits were sensitive to carbendazim. The differences
in the carbendazim-resistant phenotypes were conspicuous in sequence analysis of the
second beta-tubulin (TUB2) gene compared with C. gloeosporioides f. sp.
aeschynomene (accession No. Ul4138). HR phenotypes were revealed a single
nucleotide mutation of adenine (A) to cytosine (C) resulting in a substitution of codon
198 which encodes glutamic acid (GAG) in S phenotypes to a codon for alanine
(GCG), which is closely associated with conferring carbendazim-resistant phenotype.
This indicates that careful management of carbendazim fungicides applications is
necessary to achieve effective control and avoid resistency in plant parasitic fungi.

Key words: beta-tubulin gene, carbendazim, Collefotrichum gloeosporioides,
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(2010). Point mutations in the beta-tubulin gene conferred carbendazim-resistant

phenotvpes of Colletotrichum gloessporicides causing “Nam Dok Mai” mango anthracnose.
Journal of Agricultural Technology 6(2): 365-378.

Fifty-nine naturallyv-nfected 1solates of Colletotrichum glososporioides cavsing “Nam Dok
Mat® mango anthracrose diseasz were collected from markets and orchards in Thailand;

consisting of 6 1solawes (10.17%) from leaves and 53 isolates (89.83%) from fruits. In
preliminary studies cenducted in vitro with potato dextrose agar amended with carbendazim

at various concentrations: 0.1, I, 10, 100, 500 and 1 000 mg/l The pherotype-resistant
levels evaluation was grouping into four representative phenotypes of reactions as highly
resistance (HE: = 500 mg/1). moderately resistance (ME: = 100 mg/l). weakly resistance
(WR; = 10 mg/1) and sensitive (5; = 1 mg/l). The result showed 49 isolates (83.05%) were
HE phenotypes; consisting of 2 1solates (3.29%) from leaves and 4/ isolates ((/¥.66%) from
fruats, and 10 1solates (16.95%) were S phenotypes; consisting of 4 1solates (6.78%) from
leaves and & isolates (10 2795) from fruts The differences in the carhendazim-resistant
phenotypes were conspicuous in sequence nalysis of the second beta-tubulin (TT/B2) gene
compared with C. gloeosporicides f sp. aeschvnomene (accession No. U14138). HR
phenotyvpes were revealed a single nuclecride muration; an adenine (A) © cytosine (C)
transversion, resulting in a substation of codon 198, which encodes glutamic acid (GAG) m

S phenotypes. was converted to a codon for alanme (GCG) which 15 closely associated with
conferring carbendazim-resistant phenotype. This indicates that careful management of
carbendazmn fungicidzs applications 1s necessary to achieve effective control

Key words: anthracnose, beta-tubulin gene, carbendazim resistance, Colletotrichum
olososporivides, mango (Mangifera indica)

Introduction

Mango fruit cv. ‘Nam Dok Mai® (Mangifera indica L.) 1s one of the
mmportant economic fruit crops i lhailand because of its good smell,

*
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dzlicious taste, excellent flavor. and attractive fragrance (Singh et al. 2008).
And Thailand 1s one of the major producers and exporters of this mango
cultivar (Office of Agricultural Economics. Department of Agriculture.
2008). However. one of the constraints of markets 1s disease, especially
anthracnose disease caused by fungus Colletotrichum gloeosporioides. It
causes a problem after harvest due to disease expression starting at the
ripening stage. Thesz cultivar mangos sre highly susceptible to this disease
and can be infected as latent infection in high levels compared with other
cultivar (Sangchote. 1987). In order to control this disease. 1n over tune,
benzimidazole fungicides such as carbendazim. benomyl and thiabendazole
have been widely nsed to manags the mango anthracnose, becanse farmers
believed that the chemical fungicides are able to control plant diseases better
than other methods. In fact. the chemical fungicides effectively suppressed
and controlled a wide vanety of plant diseases at beginning: however, a
consequence of a long term utilization of chemical fungicides, particularly
systemic fungicides. reduced the significant of fungicide effects to the
disease pathogens. Because the pathogens often become resistance to
chemical fungicides, and the incrzase in number of these fungicide resistant

1zolates give the main problems for the farmers (Farungeang and
Farungsang. 1992: Farungsang ef al., 1994; Stetfen ef al.. 1996: Yoon et al..
2008). The appearance of fungicide resistance has become an important
factor m limiting the efficacy and useful lifetime of important disease
control strategies, and therefore the cost spending for the fungicides also
increase becanse the farmers are forced to inerease ths dosage of the
chemical fungicide. Therefore, this resistance may also be an important aid
to our understanding, at a molecular level, of the fungicidal mechanism of
action.

N i i Sy _

N 2 R L . [ a1
10 ClleCllvely LOIrol L

s disease, it 15 necessary fo determine the
resistibality of 1solates of C. gloeosporioides causing anthracnosc discasc to
fungicides. The objectives of this study were to examine resistance of
C. gloeosporicides 1solates obtamned from ‘Nam Dok Mai® mango to the
carbendazim fungicide using phenotypic response and to sequence the
partial second beta-tubulin (TUB2) gene which has been reported to be
responsible for benzindazole resistance (Orbach ef al. 1986; Koenraadt er
al.. 1992; Yarden end Katan. 1993: Buhr and Dickman, 1994; Ma and
Michailides. 2005).

Materials and methods

Isolation of Colletotrichum gloeosporioides from ‘Nam Dok Mai’ mange
anthracnose

Naturally-infected fruits and leaves of ‘Nam Dok Mai’ mango were
collected from markets and orchards in Thailand. Isolations were mads by
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cutting small sections about 5x5 mm from lesions and asymptomatic tissues,
wetting the sections hriefly for 1 min in 70% ethanol. surface disinfzeting in
1% sodium hypochlorite for 2-2 min. and rinsing in sterile distilled water.
Sections tissues were placed on potato dextrose agar (PDA] media plates
and mcubated at room temperature. Those plates were observed daily until
the mycelivm grows and subculmre tc the new PDA media plates. Cultures
were prepared by plating each strain on PDA media plate at room
temperature tor 5 days productions of myeelial plugs.

Carbendazim resistibility assays

Screening resistibihity of all C. gloeosporioides 1isolates to
catbendazim were tested using myeelial growth assays. Each isolate was
cultured on PDA media plates &t room temperature. Mycelial plugs, 5 mm
diameter, was ent from the margins of colonies and transferred onto
carbendazim supplemented with PDA media at the concentration of 0, 0.1, 1.
10, 100. 500 and 1.000 mc] Carbendazim was added to PDA after

a Ainaratar ~F 2nqls
e GIAMISISr O <Cacil

colony was s mweasured and llu: pereentages of grow 1]1 were ecaleulated and
data expressed as percentage of the control Values cbtained were
categorized as phenotypes carbendazim resistibility was evaluated into 4
levels shown n Table 1

Table 1. Phenotype-resistant levels of Colletorichum gloeosporioides to
carbendazim at various concentrations: 0.1, 1, 10. 100. 500 and 1.000 mg/l
amended with potato dextrose agar (Modified from Farungsang and
Farungsang (1992): Farungsang et al. (1994): Koenraadt et al. (1992) and
Peres et al. (2004)).

Carbendazim concentration  (mg/T)

Phenotype-resistant levels

0.1 1 10 100 00+ 1.000
Sensitive (5) :: :E ; ; ; ;
Weakly resistance (WR) v v v X X X
Moderately resistance (MR) v vl v v X X
H:ghly resistance (HR) j :: :; i :: EE

* = the field recommendation rate
¥ = the percentage of growth = 10% compared with the contro!
M= the percentage of growth < 10% compared with the control

Partial sequencing of the second beta-tubulin (TUB2) gene
DNA extraction and PCR amplification

Some isclates of field carbendazim-resistant C. gloeosporioides were
selected o represent dillersnl phenotypes. Genowie DNA was extracled and
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purified followed NucloSpn® Plant Kit (MACHREY-NAGEY) was used
as the protocol described by the company. Primers 1TBIL (5-Gl1 1TCC
AGA TCA CCC ACT CC-3") and TB2R (5°-TGA GCT CAG GAA CAC
TGA CG-3") (Peres ef al.. 2004) were used to amplify a portion of the
partial TUB2 where carbendazim resistance mutations occurred.
Amplification of partial TUBZ sequences were carried out m a total reaction
volume of 50 pul. Polymerase chain reaction (PCR) reaction mixtures
contained 1 ul of purified genomic DNA. 5 ul of 10X PCR buffer (iNtRON
Biotechnology. Inc.), 25 mM MgCh (iNtRON Biotechnology, Inc.). 10 mM
ANTPs (iINtRON Rintechnology, Tne.). 50 pmoles each primer, and 1 nnit of
Taq Tﬁol}merase (Fermentas). All PCR reactions were carried out in PTC-
100" programmable thermal controller (MT Research, INC.) with a hold of
5 min at 95 °C. followed by 30 cycles of 1 min at 95°C. 1 min at 35°C, and
| min at 72°C, and a tinal extension tor 5 a: 72 °C. PCR products were
separated by electrophoresis on 1% agarose gels (Research Organics. INC)
with 100-bp sharp DNA maker (RBC Bioscience. Corp.) as a size standard.

AT 4

DNA sequencing and alignment

Purified PCR products were direct-sequenced on both strands using
cycle sequencing with TUBZL and TUBZR primers. Sequence of PCR
products were obtained from both strands by the dideoxy chain termination
method (Sanger er al. 1977) using an ABI PRISM Dye Termination Cycle
Sequencing Ready Reaction Kit (Applied Biosystems. Foster Ciry. USA)
and an automated fluorescent DNA sequencer (Model 310, Applied
Biosystems) following the manufacturcr’s instructions. DNA scquences
were alizned with the BioEdit version 5.0.6 software was used to assemble,
edit, and generate high-quality sequences. Using Blast, we searched
GenBank, NCBI database for sequences that were similar to those isolates
in our study. Alignment of sequences was performed with the implemented
ClustalX softwsere sutomated alignment tool. and alignments were refined
manually.

Results

Isolation of Colletotrichum gloeosporioides from ‘Nam Dok Mai’ mango
anthracnose

Colletotrichum spp. was 1solated from naturally-infected leaves and
fuits of ‘Nam Dok Mai’ mango collected from markets and orchards in
Thailand (Fig. 1). Isolation was made by tissue transplanting technique. The
mycelium grows and then subculture to the new PDA plate. Cultures were
prepared by planng each strain onto PDA media plate at room temperature
tor 7-10 days. Fifty-nine Colletotrichum spp. isolates were successfully
isolzted. consisiing of 6 1solates (10.17%) from leaves and 53 isolates
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(89.83%) from fruits. Studies on morphology characteristic were carried out
by examinations of their characteristics of colonies and conidia. The results
showed that aerial mycelium of the colonies of all 1solates are white and
grey. They form cylindrieal comdia (4.2-5.1 x 15.4-20.6 gm) and also some
1solates produced slimy spore mass and'or sclerotium (Fig. 2). These
morphology characteristics were :dentical with that of C. gloeosporicides
referred by Sutton (1980).

Fig. 2. Charactenizations of Colletotrichum gloessporioides causing “Nam Dok Mar’
mango anthracnose; (A) Colony on PDA 10 days. (B) Conidia (X100). (C) Shmy spore
mass. (D) Sclerotia.

Carbendazim resistibility assays

Starter cultures were prepared by incubating each C. gloeosporicides
1solates on PDA plates for 3-4 days. Mycelial plugs, (5 mm diameter) were
cut from starter plate. The catbendazim-resistant test was conducted to zach
strain on PDA amended with carbendazim at various concentrations: 0.1, 1,
10, 100. 500 and 1.000 mg/l. unamendad PDA served as control. The result
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showed that 49 i1solates were highly resistant (HR) phenotypes: consisting 2
1solates from leaves and 47 isolates from fruits. Four i1solates were sensitive
(S) phenotypes: consisting 2 isolates from leaf and 2 isolates from fruits.
None showed weakly resistance (WR) and moderately resistance (MR)
phenotypes in this examination (Table 2. Fig. 3).

Table 2. The phenotypes of carbendazim-resistant Colletotrichum
gloeosporioides causing “Nam Dok Mai’ mango anthracnose base on Table 1.

No. of isolates of carbendazim-resistant phenotypes

Mango

parts Sensitive Weakly resistance Moderately Highly resistance Total
(5) WER) resistance (HE)
(ME)
Leaves 4 2 6
(6.78%) 0 0 (3.39%) (10.17%)
Fruits ] 47 53
(10.22%) 0 0 (79.66%) (80.83%)
Total 10 49 59
(18.60%) 0 0 (83.05%) (100%)

Partial sequencing of the second beta-tubulin (TUB2) gene

Partial TUB2 gene sequences from representative of HE and S
phenotypes of C. gloeosporioides from ‘Nam Dok Mai’ mango anthracnose
were 430 bp in lenght. The nucleotides at 878-1.308 and amino acid at
codon 147-289 sequences of TUB? gene from the thirteen HR phenotypes
and four S phenotypes were compared with wild type C. gloeosporioides f.
sp. aeschynomene (accession No. U14138) (Buhr and Dickman. 1994). In
this study, there were both silent and missense mutation. In missense
mutation, the single nucleotide point mutation which resulted in deduced
amino acid altered was observed at some codons in TUB? fragment. but the
single nucleotide point mutation occurred at 1.032; an ademine (A) to
cytosine (C) transversion. resulting in a substation of amino acid at codon
198: glutamic acid (GAG) in all S phenotypes, was converted to a codon for
alanine (GCG) in all HR phenotypes which is closely associated with
conferring carbendazim-resistant phenotype (Fig. 4).

NON_FIla (HR)

Fig. 3. The carbendazim-resistant phenotypes of highly resistance (HR= 500 mg/l) and

sensitive (S= 1 mg/l) Colletotrichum gloeosporioides isolates on PDA amended with
carbendazim at control, 0.1, 1, 10, 100, 500 and 1000 mg/l.
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Phenotypes
U14138'" wild type TTCTCCOETOETTOCCTCOCCCARGETCTCCCACACCETTETCEAGCCCTACAACGOCACT
F & V £ DT VYV EUPTYNRAT
TTCTCOGTCETTCCCT COCCCARGET CTACGACACCETTE TOGAGCCCTACARCSCCACT

NDM FO0& )
- F &£ ¥V v P £ P KV ¥ D TV VEU PY N T
HDM_FOET E TTCTCOGTCGTTCCCTCCCCCRARGETCTCOGACACCETTETOGAGCCCTACARCGCCACT
F &£ ¥ v p £ P KV 5 DTV VW EUTP Y N BT
NDM F118 E TTCTCOGTCGTTCCCT OO CCCARGETCTACGACACTETTETOGAGCOCTACAROGCCACT
- F & ¥ vV P 5§ P KV Y DTV VEU PTY NLAT
NDM LOGE c TTCTCOGTCGTTCCCT O CCCARGETCTCOGACACCCTTE TOGAGCCCTACARCGCCACT
- F &£ ¥ v p 5§ P KV 5 DTV WVEU PY N AT
NDM F002 HR TTCTCOGTCETTCCCT OO CCCARGETCTCORACACTETTE TOGAGCCCTACAROGCCACT
y F S ¥ v P 5 P K V 5 D T VvV V E P ¥ N A T
HDM_FO12 HE 'I'I‘C‘I‘CCE'I‘EG'I'TCIZI.'.TC\EEEEP.AGGTCT%CEADEE%'TGVH‘GVTGEAEGCEETACAACECEA%"I‘
NDM FOl14 HR TTCTCOGTCGTTCCCT O CCCRRAGETCTCORACACTETTETOGAGCOCTACAROGCCACT
- F & ¥ vV P §E P KV 5 DTV VWV ETP Y N AT
HDM_FO18 HRE TTCTCOGTCGTTCCCTCCCCCARGETCTCOGACACTETTE TOGAGCCCTACAROGCCACT
F £ ¥ v P £ P KV 5 DTV WEUPY N AT
NDM FO26 HE TTCTCOGTCGTTCCCT O CCCRRAGETCTCOGACACTETTE TOGAGCOCTACAROGCCACT
N F &£ ¥V v P §E P KV 5 DTV VEUTPTY N-AT
NDM FD27 HE TTCTCOGTCGTT CCCT O CCCARGETCTACGA CACTCTTE TOGAGCCCTACARCGCCACT
- F &£ ¥ v P § B KV YD TV WV EU P Y N AT
NDM FO38 HR TTCTCOGTCETTCCCT OO CCCARGETCTRAOGACACTETTETOGAGCCCTACAROGCCACT
- E VvV ¥ DT WV EP Y N AR T
HDM_FOE1 HRE 'I'I‘CTCC‘G'I‘EG'I'TCECEC{'ECEA.IEEGGVTCTSC\EEADCB?GVH‘GVTEEAGE CEETYACAACECEA%"I‘
HDM_F10& HR 'I'I‘C‘I‘CGETEGTTC‘ETCC‘EEEAAGGTCPEG}%EEETG‘I;TGMGCEETACAACGCEA%T
HDM_F110 HE TTCTCOGTCGTTCCCT O CCCRRGETCTCOGACACTETTE TOGAGCCCTACARCGCCACT
= 5 B S DT v W E P ¥ 2 T
HDM_F11& HRE 'I'I‘CTCC'GTEGTTC‘EL'[‘CCE%EAAGGTCPECG%EE%TG%;TG%TG%GCSET%MCGEE&%T
HDM F130 HRE 'I'I‘C‘I‘CCE'I‘EG'I'TC‘ECECEEEEB.;.GG%‘FTEEE%EB%’TG‘I;TEMGCEET%CAACECEA%T
NDM LO78 HR TTCTCOGTCETTCCCTOCCCCARGETCTCORACACCETTETOGAGCCCTACAROGCCACT
i F &S ¥V VvV P 5 P KV 5 DTV WV EZPTY N-AT
Mucleotidea @ @ @~ @ -------------mmmmmmm it e et 60
Bmino acids - - - - - - - - - * _ - - - - - - - - - 20

.,, Phenctype Target site for benzimidazole'™ 188
U14138' wild type CT CGTCEACCAGCTGGTCGEGAAEFECGAOGAGACETTCPGCAITTGAEEACGAGGLT

L 5 V H L vV E N S D ET F C D N E A
NDM_FO00& g CTCTCCET CCRCCRAGCTGET CEAGRACT COGACGAGRCCTTCTECATTGACAACGAGECT
- L £ V H L vV E N E DD ETF C I D N E A
NDM FO57 £ C'IIIZ‘ETECGVTC‘EAC‘CAGCTGGTCE&GARNﬂgmﬂm%mTCI‘GChTTGEWH z jli.T
NDM F118 g CTCTCCGICCRC CTGETOGAGAACT COGACGAGACCTTCTGCATTGRACAACGAGECT
- YW E N 5 D T F C I O N E A
NDM LOG3 g CTCTCCETCCRC CTEETORACGAACT CCCACGAGRCCTTCTECATTGACRACCAGECT
Y L 5 V H L vV EN SE D ETF C I D N E A
NDM_F002 HR CLCTCCET CCACCAGCTEET CEAGAACT CCGACGCEACCTTCTE CATTGACAACGAGECT
- L H L vV E N E DD AT F C I O N E A
NDM FO12 HR CTCTCCET CCACCRAGCTEET OGAGRACT CCGACGCGRACCTTCTECATTGACR ACEAGECT
- L H L vV E N S5 DD AT F C I D N E A
NDM FO14 HR CTCTCCGICCRC CTGET OGAGAACT COGRACGOGACCTTCTGCATTGACAA CCGAGECT
N\ S vV H Q L VYV EWNUSESEDATVFC I D NE A
NDM FO018 HE CTCTCCET CCACCRAGCTEETOGAGRACT CCGACGCERACCTTCTECATTGACRACGAGECT
N L 5 W N & D A T F C 0D N E A
NDM_F026 HR CLCTCCGT CCRCCAGCTGET CGAGRACTCCGACGCEACCTTCTECATTGRCAACGAGECT
- ¥ E N 858 D ATV F C I D N E A
NDM FO2T7 HR CTCTCCETCCRACCAGCTEET ORAGRACT CCGACGCERACCTTCTECATTEACR ACCEAGECT
B L 5 H Q L V E NS D ATF C I D N E A
NDM_FO038 HR CLCTCCGTCCACCACCTEETOGAGAACT CECGACCTTCTCCATTGACRACGAGECT
- L H L VvV E N E DD A T F C I O N E A
NDM FO&1 HR CTCTCCGET CCACCAGCTEET OGAGRACT CCGACGCEACCTTCTECATTGACR ACEAGECT
- L 5 H L vV E N 5 D AT F C I D N E A
NDM F106 HR CTCTCCGTCCRC CTCOGACGCGACCTICTGCATTGACAACGAGECT
- L 8 VYV H Q L ¥ E N & D A TV F C I D N E A
NDM F110 HE CTCTCCET CCACCRAGCTEET CEAGRACT CCGACGCEACCTTCTECATTGACRACGAGECT
o L 5 W L ¥V E N 8§ D T F 0D N E R
NDM F116 HR CTCTCCGEICCRC CTGETCAAGAACT COGACGOEGACCTTCTGCATTGR
L L ¥V K N 8E 0D AT F C I D N E A
NDM F130 HR CTCTCCETCCRC CTEETORAGAACT COCACGCERACCTTCTECATT A
L L 5§ YV H Q L.¥W E NS DATF CTI D NE A
NDM _LO78 HE CLCTCCGET CCACCAGCTEET CEAGAATTCCGACGCGRCCTTCTECATTGACAACGAGECT
- L 5§ H L vV E NS D ATV F CI D NE A
MNucleotides  ~ ~  @-—------m-mmmmmmmmmmm- e e R e T 120
Bmino acids - T A N 40

Fig. 4. Companison of deduced nucleotide sequences and anuno acids m TUB2? gene of
Colletotrichum gloeosporioides f. sp. aeschynomene™ between carbendazim-resistant
C. gloeosporioides isolates causing ‘Nam Dok Mai' mango anthracnose. ““Bubr and
Dickman (1994), “'Peres ef al. (2004).
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Phenctype
U14138" wild type CTCTACCACATTTCCATCCOGTACCCTCAAGCTETCCAACCCOTCTTACGEOGACCTEARC
L ¥ D I € M EBE T L S W P § ¥ @ D L N

E L
NIM FOD& £ CTCTACCACATT TECA TGO TACCCTCARCCTETCCARCCCCTCTTACGECGACCTEARC
- L ¥y D I ¢ M E T L K L £ N D £ ¥ ¢ D L N
HOM_FOR7 g C‘I‘CTJ‘-LCGACA‘ITTGE&TGCGTACCCPCAAGCTGTCCBAECECPETTACGGEGACCTGMC
HOM Fl118 g C‘III‘E'TY}LCGADCFL]':ITTFE&]'EG{ETACTCCIII'EAAG{‘PATCCEAECPECPETTACGEEGM\E‘TGMC
NIM LOE2 g CTCTACCGACATTTECA TCCETACCCTCARCCTETCCARCCCCTCTTACGECGACCTEARC
- L ¥ D I € M ERTTL EKE L S N P S Y G D L N
HOM_FOO02 HE CTIZ"I'J‘-LCGACA‘IT'IEE&TGCGTACCCPCAAGCTATCCBAECECPETTACGGEGACCTGMC
L ¥ D
HOM FO12 HR C‘III‘E'T‘erCGEF,LCFL'ITTGE&TG{ETACCCPEAAGCTATECEAECDECPETTACGGEGACCTGMC
NDM FOl4 HE C‘III‘IZT‘IADZADCFL]':ITTFELTGCETT CLTCAAGC‘K LTATQCCBACCECTETTAC‘GGCGAC‘CTGAHH_C
NOM FO18 HE CTCTACCACATTTECA TGO TACCCTCARCCTATCCARCCCCTCTTACGEOGACCTEARC
L ¥ D I CMBRETTULEKETLGSNHNUPSE Y &G DL N
NDM FO26& HE CTCTACCACATTTECA TGOS TACCCTCARGCTATCCARCCOCTC TTRCGECGACCTEAR T
] L ¥ D I C M R TTL E L E N P E ¥ G D L N
HDM_FO027 HE CTCTACGACATT TECA TEOGTACCCTCARGCTATCCARCCCCTCTTRCGECGACTTEARC
- L ¥ D I C M R TTL K L E N P S Y G D L N
NOM FOz8 HE CTCTACCGACATTTECA TGO TACCCTCARCCTATCCARCCCCTCTTACGECGACCTEARC
L ¥ D I CMBRETTULEKETLGSNHNUPSESE Y G DL N
HOM_FO&1 HE C‘III‘IZ'TYJ‘-LCGADCATT'IGC&PGCGTACCCPCAAGCTATSCCBAECPECPETTACGGCGACCTGMC
HOM Fl06 HR C‘EE‘I‘;&EG&CA‘ITTEGE&]’EG{ETACCCPEAH}TTATECEAECPECPETTACGEEGACCTGMC
NDM F110 HE C‘I‘E‘I'FI.DZACFI.'ITTGELTGCETACCCPCAAGCTATCCBACCECPETTACGGEGACCTGMC
L ¥ D E L &E N P ¥
NDM F116 HR C'III'IZ'T;LCGEF:CH'ITTGCP;HTECGTF&CCCTCEHGCTATCCBAECECTETTRCGGEGHCCTGHHC
NDM F130 HE CTCTACCACATTTECA TGOS TACCCTCARGCTATCCARCCOCTCTTRCGECGACCTEART
- L ¥ D I C M R TTL KL L N P E Y G D L N
NDM_LO78 HE CTCTACCGACATT TECA TGO TACCCTCARCCTETCCARCCCCTCTTACGECGACCTCGANC

L ¥ D I ¢ M R TL KL ESE NUPZSESVY GD L N

Hucleotidesa = @ —----emmmmmmmm e R e T R 180
Imino acids - - - - - - - - - - - - - - e - e e e &0
" Phenotype
U14138" wild type CACCTCCTCTICTECTETTATCTCCGCTETCACTACCTECCTOCCTTTCOCCCETCAGCTE
H L. v £ A YVM E5E G VT TOCILRUF B & 0 L
NIOM FO0& g CACCTCRTCTCTGCTE TTAT S TCCeCTETCACTACC TECCTEOETTTC COGEETCAGCTE
- H L vV £E A VM E G WV TTOOCIULURF B G Q L
NOM_FOR7T £ CAEL"TGGTCT(TGCFGTTATGTCCGGTGTCAETACCTGECTGCGTTTCCEGG&G!TCMEEG
NIDM Fl18 g CAEL‘I‘GGTC'TCTI}ETGTTATGTCCGGTGTCAETACCTGECTG{'GTH\E' T‘C%.AET‘G
- H L. VvV & A W M G W T T L R F
NIM LOEB g CAEL‘I‘GGTC'TCEI}ETGTTATGTCCGGTGTCAETACCTGECTGCETTTCCC‘GGG CTGE
~2 H G ¥ T T CULRVF P G Q L
HDM_FOD2 HE CAECEGGTC’T(TGCTG"}TATGTECGGG TGgCAETACCT‘GECTGGETI‘TF\TCCGGGP G'I\EAAE'TL'G
NOM_ FO12 HR CAECTGGTC'T[TI}ETGTTATGTCCGGMTCAETACCTGECPG{ETH\TDEGGG CTCE
- H L. VW & A M G T R F P @& L
NCM FOl14 HRE CAEL‘I‘GGTCTCEI}?TGTTATGTCOGGTGTCAETACCTGECTGCETTTCCGGGG CTG
9 H L VvV & AR VM E GV TTLCILURFDBPE G QD L
NIOM FO18 HE CAEL‘I‘GGTCT(TGCTGTTATGTCCGGTGTCAETACCTGCCTGCGTHECCGGGT\EAAETG
- L E A WM E G W T L R F B & L
HOM FO2& HE CAEL‘I‘GGTC'T[TI}C'TGTTATGTCCGGTGTCAETACCTGECTG{'GTTT\TCCGGG CTCE
HL VEAVMEGVTTUCILUERTFFP G L
NDM_F027 HR CACCTCCTCTCTEC TG TTAT GTC GG TETCACTACC TG CCTEROGTTTC COGES CTG
- H L vV £ AR VM E GV TTOCILURPFDPEEGIQQL
NIOM_FO038 HE CACCT eI T T TG TTAT CTC GG TG TCACTACC TECC TG TTTC COGEETCARCT G
- H L ¥V 5B A WV M E L R F P i3 % L
NIOM FOEL1 HE CACCTGETCTCTE TR TTATCTCCGETETCACTACC TECCTGOGTTTC CTG
- H L ¥V E A VM E G WV T T CULRF B 3 L
NIM_Fl0& HE CACCTCGETCTCTEC TG TTAT GTCCGETETCACTACC TGCC TG TTTC COGES CTG
- H L VvV &g AR VM E GV TTOCILURUFDPEEGQQ L
NDM_ F110 HE CAECTGGTCTCPG{TGTTATGTCE‘GGTGTC&ETACCTGECTG{ETH\E'C{EGG f_"I'G
- H L VvV E A VM E G W TTLCULR F
NIM Fllé HE CAECTGGTCTCDGCTGTTATGTCCGGTGTCAETACCTGCCTGGGTH‘E‘CCGGG CT‘G
3 H L ¥V E A VM E G WV TTCULRF P GTC%.A
NDM_ F130 HR CACCTGETCTCT TG TTAT GTCCGETETCACTACC TECCTEOGTTTC E‘I‘G
- H L VvV &8 A VYV M E G WV TTOCTULTRPF
HDM_LO78 HE CAEL‘I‘GG'I‘C"I‘CPG{'TGTTATGTCE‘GGTGTCAETACCTGECTGCETH\E'C{EGGT\EAGE‘I‘G
HL VvV EARARVMOEEZVTTOICLZERPFPFTDLDGQLQL
Nucleotidea = = @ —--m o e e e *o-- 240
Mmino acids R e R 8o

Fig. 4. (continued) Comparison of deduced nucleotide sequences and amino acids in TUB 2
gene of Colletotrichum gloeosporioides f sp. aeschynomene™ between carbendazim-
resistamt  C. gloeosporioides isolates causing “Wam Dok Mai” mango anthracnose. ““Bubr
and Dickman (1994), “Peres ef al. (2004).
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Phenotype
U14138' wild tge AACTCTEACCTECECAAGCTEECTGTCAACATEETTOCTTTCCCCCGTCTCCACTTCTTC
N &§ DL R KL A YV NMWVDEPTFUPRTILHFF
NDM_FO06 s AACTCTEACCTECECARGCTEECTGTCAACATGETT CCTTTCCCCCGT CTCCACTTCTTC
- N £ DL R KL A Y NMV P F PFPRILHTFF
HDM_FO:ET s ARCTCTCACCTECECARGCTEECTGTCAACATEETT CCTTTCCCCCGT CTCCACTTCTTC
N & D R K L A V N MV H F F
NOM F118 ] AACTCTCACCTGCECARAGCTEGCTGTCAACATEETTCCTTTCCCCCGT CTTCACTTCTTC
N E DL R E LA VNMUW R F F
HNOM LOe8 = A}.?C‘TIS:"I‘GS.C CGEA%J}ZLI.‘GG TEAACATGGTTC-C’H‘TCC‘ECEGTCTECAC‘[TC’HE
HOM _FOO2 HR AADTETGACETGCGEAAECTGGCPGTEAACATGGTTCCHTCCECEGTCPTCMTCH\E
N &£ DL R K L A N M ¥ F F
NDM_F012 HR ARCTCTCGAC CECAAGCTGECTGTCARCATEETT OCTTTCCCCCGT CTTCACTT
7 N § DL R KL A WV N MV F F
HNOM FO14 HR A}.?C"I‘SE'IGP.DC‘ETGDRGEAAECK LTGGEGTMN EGGFCCPTTCC‘ECEGTC‘I’TCACTFPC'I"IF'C‘
HOM FO18 HR ARCTCTGACCTECGCARGCTEECTGTCRAACATGETT CCTTTCCCCCGT CTTCACTTCTTC
N E DL R EKELAWVNMUVDETF R F F
NDM FO26 HR AACTCTCEA CARGCT GETTCOCTTTCCCCOGT CTTCACTT
B N &5 D R E L A M VvV P F F F
NDM_FO27 HR AACTCTCEACCTECECARGCTEECTGTCAACATGETT CCTTTCCCCCET CTTCACTTCTTC
- N § DL R KL AV NMUWVDE FF
NOM_F038 HR AACTCTEACCTECGCARGCTEGCTETCAACATEESTTOCTTTCOCCCGTCTTCACTT
N &§ DL R K L vV O M V¥ R H F F
NDM_FOEl HR AACTCTEACCTGCECARAGCTGECTGTCAACATGETT CCTTTCCCCCGT CTTCACTTCTTC
- N &§ DL R KL A YV NMUVW H F F
NDM F10& HR ARCTCTCAC CECAAGCTGECTGTCARCATEETT OCTTTCCCCCGT CTTCACTT
= ) DL R EL AV HNMOWVD R H F F
NOM F110 HR ARCTCTCACCTECECARAGCTEECTGTCAACATEETTCCTTTCCCCCGTCTTCACTTCTTC
N 8§ DL R KL AV NMUWVPEPTFT PI RTILUHTFF
HNOM Fll& HR MWETG&CEEECS@%MEGGEGT@%&EGGWWTECNTMCF;CTEE
HOM F130 HR A}%C‘I‘E‘I'GADC‘ETGDRGEAAE{'K LTGGEGTMN EGGFCCHTCC‘EC‘EGTC‘I’TCACTPCI‘IFT
HOM LO78 HR MGTETGP.CETGCGEAAD?TGGCEGTEAACATGGTTCCTTTCCECEGTCPECMTCFTC
R &8 0D L R AV N M YV P P R L HPF
Hucleotides = ~  ---c-memcmmmemeememecmeemeem e e e e mmemmm e 300
Amino acids - - - - - - - - - - - - - - - - - - - - 1o
. Phemotype
T14138'" wild type ATGETCECCTTCGCTCCCCTCACCARCCETEE OGO CACTCTTTCCGCGOCSTCASTETT
N v G A P T &§E R G A HS5S F RA WV 5
NDOM FOO& = ATGGTCGGC‘T‘I‘CGCTCECCEGA%C&EECETG&:CECCC&ETCTTTCEGTGEB}"}CQEMET
MM _FOET 2 L}'}‘GﬂgEGECWCGETEEECTGATECLEEEGTBECGCC&&ETDTTTEEGEGDEGTE&ETG&T
HOM Fl18 s AHTGG_\'}'CGGC'HF\EGACTCECCTGACCAGT SECGTGECECC‘CAETETTPC‘EG{‘GGEG‘?CAETGTT
HDM _LOe8 s A}'}EGTCGSCT;‘EG{TCECETGAIEEASGECGTDECECECSETETTTNGCGCEGTCQGTETT
NOM FDO2 HR AEGE‘;}'CGSCF%‘CGETCECCTGA%C&EECETG&:CECCC&ETNTTCEGCGCEGTC&GIETT
NDM F012 HR ATGETOEECTTCGCTCCCCTGACCAGCCETEECECCCACT CTTTCCGCECCETCAGTETT
N M YV & F A P L T E G H & F R v B
NDM_FO14 HR ATGGTCGGC'P‘I\EG{'TCECC'TGACCEGT SECGTGGCGCCCAETE'ITPC'EGCGCEG-TCAGTGTT
NDM_FO18 HR ATGETOEGCTTCGCTCCCCTGACCAGCCETEECEOCCACT CTTTCCGCECCOGTCAGTETT
- M vV @ F A PLTSESERGAUHTUST FTURATWWIGE VW
NDM FO26 HR ATGG’TCGGC'I"I‘CG{'TCECCTGACCBGECGTGGCGCCCAETCTPTCEGCGCEG-TCAGTGTT
M V& F A P T E R AR H F R v E W
HOM FO27 HR AMTGG_L';'CGﬂgc'HF'C‘G{'APCECCTGACCAGT gE(.‘G'I'GGC'GC'EC.!ﬂl'TE"ITI‘C‘EG{‘G-'.'Z‘EI}TCAG'I'GET
NDM_FO28 HR ATGETOEGCTTCGCTCCCCTGACCAGCCETEECEOCCACT CTTTCCGCECCOGTCAGTETT
- M vV & F A P LT & G A R A v
HNOM FOEL HR AH'I'GG;CG(Egc'I“l‘C‘GC'F AI‘CECC‘TGP.CC&GSECGTG&:CECC‘CAETC‘ITPC‘CGCGC‘EG-TCAGTETT
NOM Fl0& HR A}'}'GG;CGGC'I"I\EGCTCECCTGACC&GECGTG&:CECCCAETCTTTCEGCGCEGTCAGTGTT
HOM F110 HR A&'GGJDSGCFTCGCTCECCTGACC&SGECGTGECECCMETGFPFTCEGCGEEGT&GTETT
NDM F130 HR ATGETCOEGCTTCECTCCCCTEACCAGCCGTEEOECCCACTCTTTCCGCGCCGETCAGTGTT
M V& F A P LT & G F R A ¥V 5 V¥
NOM LO78 HR ATGETOEGCTTCECTCCCCTEACCAGCCGTEEOGCCCACTCTTTCCGOGCCG TCAGTETT
M vy F AP LTSEPRGATHZET v ¥
Mucleoctidesa = = @ —--cmmmm e - e i e 360
Imino acids Ll - ¥ - A2 dE -N/1a -1-12%3v/A B pin

Fig. 4. (continued) Comparison of deduced nucleotide sequences and amino acids in
TUB2 gene of C. gloeosporioides f. sp. aeschvnomene™ between carbendazim-resistant

alnoncnnrinidec 1ealatec cancing “Wam Dol hfad’” manson anthrmrnoca (1}1:!"1'11- ans
EeQeQiporioldes 150:ai0s5 Causilg MNalll 1705 Al Nangs allullacivess. ol alils

Dickman (1994), “Peres ot al. (2004).
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.. Phenotype
U14138° wild type COTGAGCICA
NDM FODE S CCTGAGCTCA
NDM FOST S ceraaacica
NDM F118 S CeTeAgoica
NDM LOGE S ceraracica
NDM FOOZ  HR CCTGAGCTCR
NDM P03 HR cETaRGOToR
NLM FUBL HE L{lL}EﬂUL%Lﬂ
NDM F106 HR cerahacton
NDM F110  HR cetaracton
NDM F116 MR Cercaccica
NDM_F130 IR CeTeAGOToR
NDM L0728 MR CeTcAGcTcR
Nucleotides -I—l--E- -—L-—- £30
Bming acids - - - 143

Fig. 4. (continued) Comparison of deduced nm:leotide sequences and amino acids in
TUE2 gene of C. gﬁ'oeosponom’es f sp. aeschvnomene” berween carbendazim-resistant
C gfoeosponordgs isolates causing ‘Nam Dok Mai® maigo aathracnose. “Bubs and

oo an (Do FL Y W N

LJICEII:I:-LI.I \1""'54} ‘Yereg of ﬂJ L-’UU‘I}
Discussion

C. gloensporioides cansing ‘Nam Dok Mai® mangn anthracnose.
according to thewr differential carbendazim-resistant phenotypes. HR
phenotypes of C. gloeosporioides were developed naturally uader condinons
of contimuounsly applied fungicide that resistance in field. It showed that
continuous application enhanced fungal pathogen development against
chemical fungicides as reported by many researchers (Sariah. et al.. 1989:
Farungsang and Farungsang. 1992:; Farungsang ef al., 1994; Steffen ef al..
1996; Sander er al.. 2000: Kim et al.. 2007 and Kumar er al.. 2007). The
appearance ol lungicide resistance 15 a key factor i hnnting the effcacy and
liferime of important discase control strategies. This 1s the worldwide problem
of farmer. Therefore, resistance may also be an important aid to our
understanding, at a molecular level. of the fungicidal mechanism of action.

Carbendazim fungicide act by mhibition of mbulin biosynthesis
(Davidse, 1973 and Ma and Michailides. 2005). Several researchers have
reported that fungicide-resistant mutations of almost all fungi are closely
associated with the single nucleotide mutation. and results in the mutation of
amino acid as well as the structure of fungicide binding point in the TUB2
(Fujimura et al.. 1992 and Gafur et al., 1998). These mutations that confer
fungicide resistance have been identified in the TUB2 homologs frem several
funzi. This region of the gene was "illlp]]ﬁed because every identified
whi

M ot aen #lha ehesteeatlio e s Frre o
WiCil COfTers TUiigici

‘11111“+10ﬂ ance i me F“"'Ul-"‘ luuguu\. nmigi
(T']b].ﬁ 4). In this study. we were analysis of partial sequences of the TUB2
gene m C. gloeosporioides from ‘Nam Dok Mai’ mango m Thailsand that 1s

responsible for carbendazim resistance showed that the typical single
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nucleotide mutation converting cedon 198 caused HR phenotypes. Only the
amince acid mutation at residue 198 was closely correlated with all HR
phenotypes. The amino acid mutation of codon 198 in the TUB? gene has
been :dentified in fungieide-resistant fungi such as Borryiis cinersa causmg
gray mold disease of a mumber of crops in Israel (Yarden and Kaan. 1993),
C. gloeosporioides causing postbloom fiit drop disease of citrus m Sao
Paulo. Brazil and Florida, United States (Peres et al.. 2004) or causmg

anthracnose dLSE']SE*’: of finit crops in Iapan (Chung et al., 2006) or causing
111 TG."Q{"] ,1be’1"."‘|'I'Im =1 “TI nnﬁ\l n1"

15
1.!- 111 AGilws iy iiinfi & -t

asc of Rimdwisedrr s
causing anth.r'mnme disease of mango in south China (Ru-lin and Jun-ghenss
2007). C. gloeosporioides f. sp. aeschymomene from northern jointvetch
(Buhr and Dickman. 1994). Monilinia fructicola causing brown rot of stone
froits in California (Ma ef al, 2003), Penicillium expansum cansing blue
mold discase of stored apples in north America (Sholberg er al.. 2005),
Venturia inaegalis causing seab disease of apple in Michigan and other plant
pathogenic fungi (Koenraadt er al.. 1592). Besides. different mutation points
such as codon 50 in Fusarium moniliforme (Yan and Dickman. 1996) or 200
i C. gloeosporioides (Chung et al.. 2006). P. aurantiogriseum Venturia
inaegalis V. pirina (Koenraad: et al., 1992). There were the differsnt codens
m the TUD gene may result in different resistance levels to chemuical
fingicide (Koenraadt et al.. 1992; Albertini et al.. 1999 and Chung et al..
2006). In the present studv. C. gloeosporicides highly resistant phenotypes to
carbendazim also had the amino acid substitution of glutamic (GAG) with
alanine (GCG) at codon 198. Therefore, we conclude that mutations m codon
198 of the TUB.Z gene confer phenotype of carbendazim resistance in C.
gloeosporioides. Howsever, the fungicide resistance mey result from single or
multiple gene mmitation. Resistant phenotypes typically arise from a very low
natural rate of genetic mutation, and these isolates are less affected or not
mhibited at all by a labeled application rate of this fungicide (Ma and
Michailides, 2005). This indicates that careful management of chemical
fungicides applications is necessary to achieve effective control.
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Table 4. Pomnt mutations of some phytopathogimc fungi at the second beta-
tubulin (TUB?2) gene causing the resistance to fungicide.

Phytopathoginic

Amino acid

Growth on concentration of kind

fungi Substirution Position fungicides (phenotype) Referance
Colletowrichim Ghu (GAGHo-Ala (GCG) 198 10 pg of benomylml (resistant) Pereseral 2004
lbaomorioider = 100 mg of fuophanate metind]  Clhime oral, 2006
(lghly resistant)
1,000 ngofcarbendazimyml ~ Fu-ln and fm-sheng.
{lnzh resistant) 2007
Phe (TTCHo-Tyr (TAC) 200 10-100 mg of thiophanate- metind 1 Climgz et al. 2006
(mtermediately resistame)
C. glososporivides Ghu (GAG)Ho-Ala (GCG) 198 1 pg of benomyl / ml (resistant)  Buhr and Dickmnan,
f. 5p. aeschyriomene 1994
Fusarim moniliforme Ty ATC)-o-Asn (AAC) 30 1.5 pgof benonnyl / mi (resastant})  Yan and Dickman,
1996
Vnanilinin Bvardivola [ (OAR VG T-= (AAAY 108 slowe crowih on S me ofbenonrd] Eoenmadiaral 1007
SFDUTRILANHLE f P B oL AL hameek s R et B 15 AR GtUSTRIARL Ao dag WL Veanmitysd IAASIEonel O e, 2o
(tughly resistant}
Pemicillinm Gl (GAGHo-Ala (GCG) 198 rapid growth on 50 me of benoomd
auranogriseam {very high resistance)
Ghn (GAGHo-Lys (AAG) 198 slow growth on 50 me of benomyl1
(tuphly resistant)
Phe (TTCHo-Tyr (TAC) 200 5 mg of banoryl 1
(meednm resistance)
F. digitatum Gln (GAGHo-Lys (AAG) 198 slow growth on 50 mg ef benomyl1
(hiphly resistant)
Gl (GAGHo-Val (GTG) 198 slow growth on 50 mg of benomyld
(tuphly resistant)
. exparsum Gl (GAGHe-AL (GCG) 198 rapid growth on 50 me of benonmyd
(very high remstancs)
Gin (GAGHo-AlaorVal 198 10600 of bemonvl or Sholbers e al . 2005
(GCGa GIG) thiabendazole/ml
(huighly resistant)
F. pubarulum Gu(GAGHe-Ala (GCG) 198 rmapid growth on 50 me of benomnyil Koenraadt eral , 1992
(very high resistance:)
Gl (GAGHo-Lys (AAG) 198 slow growth on 50 mg of benomyld
(tuphly resistant)
P. solinm Ghn (GAGHo-Lys (AAG) 198 10000 of bemonnyl ar Sholberp aral , 2005
thiabendazole/ml
(nghly resistant)
P viridicaum Ghn (GAGHo-Lys (AAG) 198 slow growth on 50 mg of benomyl]l Koenraadteral, 1992
(uphly resistant)
Sclerotinia homosocarpa  Gho (GAG)-to-Lys (AAG) 198 slow growth on 50 mg of benomyl
(lughly resistant)
Vemturia inaagalis Ghu (GAGHo-Ala (GOG) 198 rapid srowth on 50 me of benonmd
{very hizh resastances)
Ghu (GAGHo-Lys (AAG) 198 slow growth on 50 mg ef benomyl1
(T ghty resistant)
Phe (TTCHo-Tyr (TAC) 200 5 mg of benomyl 1
i . )
V. pirina Ghu (GAGHo-Ala (GOG) 198 rapid growth on 50 me of benoond
(very high resistance:)
Fhe TTCHo-Tyr (TAC) 200 5 mg of benomyl 1
(myednm resistance)
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Characterization of carbendazim-resistant Colfetotrichum gloeosporioides causing mango anthracnose
disease on fruits from fresh markets ’
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unAnta

\ususNEan  Colletotrichum gloeosporioides awwAlzALAUUNTATLALURANZNN AINAAIAEA U
Sonimdnalil 4huau 100 laluen simiunaseuAssnsalumsumeatiesiuindndes A fuue B
277 potato dextrose agar AT aTAALU IR 0.1, 1, 10, 100, 500 Uax 1, 000mg/l
mudndy TnenlsiuszAunaiudumudadl FUMUTEAL (HR; = 500 mg/), fumuszaulunana (MR; <100
mg/l), FumusEAURN (WR; < 10 mg/l) uassziusanua (S; < 1 mg/) uﬂmmmamwuﬁgaﬂnﬁu HR 47u2u 95 la
Taian uazngu S 37uou 5 lalman eienzinnsseziiluanierudarudazszduanuinmu Afumi
qu':u'nmﬁumﬁ'm_gﬁu (TuB2) Winuweuiu C. gloeosporioides f. sp. aeschynomene (accession no. U14138)
nwumsulasuulatmansnesitunseiiumie codon 198 naqv’fmmq’u HR 370 glutamic acid (E) maqt‘%aﬂn'a:u S
\flu alanine (A) Tefuiudifudnsuenaefuiiuaaeandassafivuinainulanign
AdnAn: BN UANE S AT eE Jsauauunsaluayaanzaing Colletotrichum gloeosporioides

Abstract

Isolates of Colletotrichum gloeosporicides causing anthracnose disease were obtained from infected
mango fruits collected from fresh market in Chiang Mai. One hundred isolates were successfully isolated. The
carbendazim-resistant assay was conducted on potato dextrose agar amended with carbendazim at various
concentrations: 0.1, 1, 10, 100, 500 and 1,000 mg/, respectively. These isolates were classified into four
representative phenotypes of reactions as highly resistant (HR; = 500 mg/l), moderately resistant (MR; < 100 mg/l),
weakly resistant (WR; < 10 mg/l) and sensitive (S; < 1 mg/l). The results showed that 95 isolates were HR, and 5
isolates were S phenotype. The differences in the carbendazim-resistant phenotypes were conspicuous in
sequence analysis of the partial second beta-tubulin (TUB2) gene. Amino acid sequence analysis in comparison
with wild type C. gloeosporioides f. sp. aeschynomene (accession no. U14138) was carried out HR phenotype
revealed a substation of codon 198, which encoded glutamic acid (E) in S phenotype, was converted to a codon
for alanine (A) which was closely associated with conferring carbendazim resistance of phenotypic mutation from
field.
Keywords: fungicide resistance, mango anthracnose disease, Colletotrichum gloeosporioides
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Carbendazim-resistant Colletotrichum gloeosporioides from Mango

Kongtragoul, P.'? and S. Nalumpang'

1 Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang-
Mai University, Chiang Mai 50200

2 Center of Excellence on Agricultural Biotechnology, Science and Technology
Postgraduate Education and Research Development Office, Commission on Higher
Education, Ministry of Education. (AG-BIO/PERDO-CHE)

Abstract

Keywords: Fungicide resistance, Point mutation

S
| The 4tNAG-BIO/PERDO Graduate Conference & UT-KU Joint Seminar  December 9-10, 2010




215

o &
ANz ARILTRS Colletoirichum gloeosporioides

= 3 I
ﬂﬂﬂuﬂﬂuﬂﬁ‘ﬂﬂ‘i‘muﬂﬂau

Characterization of Colletotrichum gloeosporioides

Resistant to Carbendazim
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Abstract: [solates of Colletoinchum gloessponicides causing anthracnose disease were obtained from infecied
mango fruils collected from fresh market in Chiang Mai. Cre hundred isolates were successiully isolated. The
carbendazim-resistant assay was conducled on potalo dexlrose agar amended wilh carbendazim al various
concentrations: 0.1, 1, 10, 100, 500 and 1,000 mgl, respeclively. These isolales were classified into four
represantative phenotypas of reactions as highly resistant (HR; = 500 ma/fl}, moderately resistant (ME; = 100
g, weakly resistant (WR; = 10 maf) and sensitive (S; = 1 mgll). The results showead that 95 isolates were HR,
and 5 isolates were S phenolype. The differences in the carbendazim-resistant phenolypes were Gonspicuous
in sequence analysis of the partial second beta-tubulin (TLUB2} gene. Amino acid sequence analysis in

phenatypic mutation from the fiel

Keywords: Fungicide resistance, mango anthracnose disease, Callefotrichum giososporioices
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188 fseauunniiga ndreRanspaziily
dlycine, lysine, alanine 429 valine audlylumsdt

codon

D‘Iﬁuﬂ“luﬂﬂdmﬂ‘ﬂ (o8 Q‘fﬂF‘ﬂEmmeP‘i ﬂﬂmf L'lJ.nﬁ!J
wndfinTlen Ve TUB2  WesaniduuFiand
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Chung st al., 2006, Maymon et af., 2006; Kim ef al.,
2007) FafiAsdDusasdmntagananeiugiy
Wiy du (TUB2) 1998031 Colltotrichum
gloeosporicides mLm]'i‘muﬁuumﬁ‘mmﬂmniwﬁ
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AU AneAT ool electrophoresis Lk 1%
agarose gel 11 0.5% TBE buffer wasfioniandiag 0.5
porml ewesluslud neraguouAiuiensf
usadanslalaian uanitllaessinaiuilordle
Wé Fonupdad automated

—

luorescent NA
i =

\ B M L R e o L O ol ]
SEQUENCEN WIT H;ﬂ'ﬂwﬂ'l.lu AT BT LYIFTF LIPS AR L
ressuiile dnedlennes  DiaCAi raine AR
THd P I Clarod bl dCIRLId W 1d Ll LY =1 AT,

VETSIn
B Fevpmuwdiouttdayste iy fuid
sreuldlugnudinga GenBank 194 National Center
for Biotechnology Information (NCBI) saslsunsy
BLAST  Taed W@ nttp-Awww.ncbi rim.nin.gov
venaniiindayarasesn o deufudes ¢
gloeosporioides T, sp. aeschynomens (accession no.
U14138) AINEIEINEEN Buhr and Dickman (1994}
faelilaunsit ClustalX, version 2.0.10 tiapasage1m

Colletotrichum ~ gloeosporioides AWWALIAWDY
ungAlUANZH Nnsken e Uiand lsauey
unsaluauumanzainsnaaranls 100 laliian

ﬁﬂﬂﬁﬁﬂﬁm:ﬂﬂﬂﬁmﬁﬁu"ﬁﬂilﬁﬁlﬂdL%ﬂﬂﬁlLlf_lﬂ’lﬁ‘l' ]
LgmL%ﬂmmmms PDA VIl |dwk%ﬂmﬁ'mumﬁﬁnhm
Talatiunems PoA il iWedoudleiidnnreun
aveiod i@ azasty e TAe

{spore mass) WREFLL

(eylindrical) isdlAen Ta (i) aunm 4.2-5.1 % 16.4-
206 m (mwi# 1} Fanndnuouedanancanunsnds
%ﬂmm%ﬂﬂﬂﬁmaﬁ'qnﬂ'm duides C.
glososporioides PAHVENINTAI94 Sulton (1992)

2. UsziiluszAuAHAUMURDENS
flesiuidmdesediuuadn annisRne
AaTHFIUNIRAE AT AT IUNAT ST T s LAY
phen;)lypic mutation Taenlsufiusedpanusmau

W5 F

AR 6 srduAlnudint ted 0.1, 1.0, 10, 100,
500 ums 1000 mg/l ATHMAN (oA uama Ll B4
1 wudesitdunuseansiiafuindndemand
wunBslusrauge (HR) faadylduuensaan

Table 1 Phenotype-resistant levels of Collefofrichum gloeosporioides to  carbendazim  at  various

concentrations: 0.1, 1, 10, 100, 500 and 1,

000 mg/l supplemented with potato dextrose agar

{Modified from Koenraadt ef al., 1992; Peres et al., 2004).

Carbendazim concentration  {mg/i

Phenotype-esistant levels ———— — a_p
a1 1 10 100 5007 1.000
< a v X X X X %
Sensitive (S
v v X b X X
Weakly resistant (WR) v v v X X X
Moderately resistant (MR} v v v v X X
_ _ 7 v v v v x
Highly resistant (HR} — 7 7 — — 7

* = the fiekl recommendstion rate
V= the percentage of growth > 10% compared with the control

X = the percentage of growth < 10% compared with the control

M3
[+]
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fnunuznanian Colletotrichum gloeasporioides

v -
AFUNUAITATILUAN TS

anfluuaniiule > 500 mgl Awgu 95 laldan PDA HANAISILMATINT 500 mgl noldndes
wazszFUgeue () Tuatn/lfuuemsusupnfiuy qanasAgene 400 v 1PeAE  slide culturewy
adElE < 1 mgh 4ruau 5 lelman (nnd 2) Tu '&'rlmu:nﬁuﬂ.nﬂmﬁ?‘ﬂTl&%q?ﬂﬂqﬂ']nﬁuﬁf’il?;ﬂquu
MINPARIR T LR TIF AU unana 871943 PDA Uaz L%ﬂﬁﬂ'mﬁ'uﬁ HR TlABauue s

MR) wazy

{

L

©)
Figure 1 Morphological characteristics of Collefotrichum gloeosporioides isolates causing mango anthracnose
disease; (A) anthracnose symptom on fruits, (B) Colony growth on potato dextrose agar for 10 days,
(C) sclerctia, (D) slimy spore mass, (E) conidia (X100).

NDM_F006 (S) NDM_F116 (HR)

control control

500 1000 mg/l

(A) (B)
Figure 2 Carbendazim-resistance assays of Collefotrichum gloeosporioides causing mango anthracnose on
potato dextrose agar supplemented with carbendazim at control (0), 0.1, 1, 10, 100, 500, and
1,000 mgfl; (A) Sensitive (S) phenotype. (B) Highly-resistant (HR) phenotype.
207
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Figure 3 The mycelia (X40) of Coffetotrichum glocosporioldes causing mangeo anthracnose on fruits between

A) Sensitive (3) phenoype, (B) Highly-resistant (HR) phenoype on potatc dextrose agar (FDA) and

on PDA with carbendazim 500 mgil.
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cods Bhenotype Target cite ceden 19803
14138 % wild Lype  MGTLLISKIREETFDRMMATESVVESFEVIDTVVERYHAT LSVIIGLVENSDETFCICNEA

1 FOO3 3 MGTLLISKIREEFP DRMMATFSVVE SPEVIDTVVEEYNAT L3VHCLVENSDETFCICNEA
2 FO0S 5 MGTLMISKIREEFF DRMMATESVVE SPEVYDIVVEEYNAT L5VHC LVENS DETFCICNEA
3 Flog K MHETLLTSKTHEET P DRMMATFSVVE S PEVYDTVVEETHAT LSVHC I VENS NETFCT CNEA
4 F113 5 MGTLILISKIREELE DRMMATESVVE SPRVYOTVVEE THAT LSVHCLVINS DETFCICNEA
5 Fi25 H MGTLLISKIREEFP DRMMATFSVVE SPEVSOTVVEEYNAT LEVHCLVENS DETFCICNEA
& Fo02 ) MGTLLISKIREEFP DRMMATFSVVE SPEVSDTVVERTHAT LSVHC LVENSDATFCT CNEA
7 FOlz HR MGTLLISKIREELF DRMMATFSVVE SPEVYDTVVEFTHAT LSVHCLVENS DATFCI CNEAR
& Fold L MGTLILISKIREEFEF DRMMATFSVVE SPRYVSOTVVEE THAT LSVHCLVENS DATFCICNEA
k] Fil3 SR HUP Lol SRIREEEF DRMMALESVVE SPRY SUIVVEEYHAL SSVHE LY ENS LATECL LNEA
10 FO25 AR MGTLIISKIREELF DRMMATFSVVE SPRYSOTVVEE YHAT LSVHLLVENSTATFCICNEA
11 FO27 dR MGPLLISKIKEEFF DRMMATFSVVESPEVYDTVVERYNAT LSVHLLVENS DATFCICNEAR
12 FO33 kU MGTLLISKIREEFT DRMMATFSVAT SPRYVSDTVVERTHAT LSVHLI VENS DATFCI CNEA
13 FOG1 CIR MGTLLISKIHEET P DRMMATFSVVE SPEY SOTVVEFYHAT LOVHCLVENS DATFCICNER
14 FOGS i MGTLMISKIREELF DRMMATESVVE SFEVSOTVVEETHAT L SVHCLVENS DATFCI CNER
15 FOT35 AR MGPLLISKIFEELF DRMMATFSVVESPEY SOTVVERYHAT JSVHLLVENS DATFCICNEA
16 F095 HR MGPLLISKIREEFF DRMMATFSVVE SPRVSDTVVERTHAT LSVHLLVENS DATFCT CNEA
17 Fi0% R MGPL TSETRERT PORMMA TRV P S PRV SDTVWRBTHAT “. SVHLCT VINS DATFOT INRA
18 ¥IN& K MO 115K HEKEEIRMMA PRSVURS PRV SIPYWEETRA T SVHLTVENS DATHC L ENEA
L] FID AR M1 ) 5K T REREPIRMMA RS Y ¥ WHT Y RN TR P
A0 (AL} AR MGF L SKTRERFP IRMMA RS WHU W KNS AT R
21 (R S} MG Lo SE T HIEE P IRMMA P RSUVPS PEYSITVWEEYRA SVHCT VENS HRT
b [ARH] 4K MGF L 5K HEREEDRMMA P RSUVES FEYSITYWHRETHAT SR VENS AT K
* P31 K MEGP L] SETHREEFPIRMMA RS PS PRYSDIVWEPYHA WHLT W HN S TR H
o4 FL55 AR MGFLLLSKLIHERE P DRMMALFSYYESPEY YULVVEFTHAL WHELYENS DATECLLN
b Flds HE METLLTSKTREEFFIRMMATFSVVE S PEVSDTVVERYNAT LEVHCI VENS NATFCT CNER
- * - - —t oo oT - 60
code Plenotype
usd13att wild type LYDZICHMRTLKLENE S Y5 JLNHLVEAVMSGVTT CLRFPGQLN S DLRKLAVNMVP TPRLHT F
1 FOU3 s L¥DICHRTLELENE S VG ILNHIVEAVHSGVTT CLRFPGO LN S DLEKLAVNMVE TPRLHFF
2 FOOS B LYDZCHRTLKLENE SYGOLNHLVEAVMSGYTTCLRFPGOLN S DLRKLAVNMVEP FPRLEEF
3 Fl02 H LYDICHMPTLELENE S Y6 ILNHIVEAVMSGYTT CLRFPGQ LIS DLRELAVNMVP *PRLEFF
4 F113 5 LYDICHRTLELSNP S ¥EIINHIVEAYMSGYTT ZLRFPGO LN S DLRKLAVNMVE TRRLITT
5 Fl2a s LYDZCHRTLELSNFS VG ILNHIVEAVMSGVTT CLRFPGO LN S DLEKLAVNMVE PRLHFF
& FoO2 =R LYDZCHMRTLKLENE S V6 ILVHLVE AVMSG VT TCLRFPGOLN SDLEKLAVNMVE TERLEFF
7 FOl2 E LYDICHMRTLELENE S YE ILNHLVEAVMSGYTT CLRFPGQLNS DLRELAVNMYP PPRLIF F
8 FOld =R LYDZCHRTLKLENPSYG JINHIVERNMSGYTT ZLRFPGO LN S DLRKLAVNMVE TERLHF I
2 Fila i LYDZCHRTLELSNE S VG OLNHIVEAVMSGVTT CLRFRGQLN SDLRKLAVNM VP FPRLEEFF
10 F028 Eil LYDZCHMRTLKLENE S Y6 ILNHIVEAVMSGVTTSLRFPCQLN S OLEKLAVNMVE *PRLHEFF
1z FO27 E LYDICHMRTLELENES Y6 ILNHLVEANMSGYTT CLRFPGOLNS DLRKLAVNMYP TPRLEFF
2 FO33 e LYDZCHRTLYLENE S VG IINHIVEAVMSGVTT CLRFFGQLN S DLRKLAVNMVP FPRLEFF
13 FO&l i LYDZCHRTLELENE SYGILNHIVEANMSGYTTCLRF RGO LN SDLAKLAVHMVP TR RLITEF
14 FOes ) LYDZCHMRTLELENE S¥GILNHLVEAVMSG Y TTCLRFPGQ LN S DLEKLAVHMVP ZPRLHEFF
1% FO7& n LYDICHRTLELEND S ¥C ILNHIVEAVHSCYTT ZLNFICOLN S DLARLAVHMVT TP NLIT T
16 F095 A LYDICHRTLELEND S Y0 INHIVEAYMECVTT CLRF PG LN S DLRKLAVNMVT I ILHF F
17 F103 o LYDZCHMNTLELEND S Y0 ILNHIVE AVMSCYTT CLNF PO QLN SOLIKLAVIMVT DI NLIEF
20 Fl08 Hn LYDZCHITLKLEND S0 JLNHLVEAVMSGVTT CLIFPCQ LN S DLAKLAVNMVT * I ILHF F
18 F110 g LYDICHRTLELEND £ ¥C ILNHIVEANMECYTT CINFPCQLNS DLARLAVNMVT TP NLHF F
19 F1ld A LYDZCHRTLELEND S YGOLNHLVEAVMSCYTTCLRFICQLN S DLRKLAVNMVT S D RLEEF F
2° Flls Eifl LYDZCHMNTLELENE S YC ILNHIVE AVMSCYTT CLIFPCOLNS DLAKLAVHMVI I NLHF F
22 F130 (IR LYDZCHRT LKLENE S Y6 JLNILYVCAVMSGVTT CLRFPGQLN 5 DLRKLAVNMYE TPRLITT T
23 F131 IR L¥YDZCHRTLELISNE S VG ILNITIVEAVMSSVTT CLRFPGO LN G DLRRLAVNMYE TERLITT
24 F135 ‘R LYDZCHRTLKLENE S VG ILNIILVEANMSGVTTCLRF RGO LN S DLRKLAVHMYE TERLITT
25 Fl4g IR LYDICHMRTLELENE S YE ILNIILVEAVMSSYTT CLRFPGQLNS DLAKLAVHMYP PPRLII T
120

Figure 4 Comparison of amino acids of Colletotrichum gloeosporicides f. sp. asschynomens a second
beta-tubulin gene ("'accassiun no. U14138} at the target sites of benzimidazole betwean
carbendazim-resistant C. gloeosporioides causing anthracnogse on manga fruts ("}Buhr and
Dickman, 1894; Peres, et al., 2004).
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