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1
1.1
5 1 7F43 2 ZF2045
7F2058 2 43-7-C 43-7
1.2
00.40.60.81.01.2 1.4pg/mL Methyl benzimidazole car-
bamate MBC PSA 200g 20g 20g 1000mL  pH6.8
015 10 20pg/ml. MBC 0 1.875 3.75 7.5 15 30 60pg/mL
N-phenylcarbamate NPC ~ PSA 25°C 5d
ECs, MBC  NPC
1.3 DNA
30g 1000ml.  25°C 6d
PS 200g 20g 1000mL pH6.8 250r/min
2d 0.2¢g 800p.L 100mmol/L, LiCl
10mmol/L. EDTA  10mmol/L. Tris-HCl pH8.0 10g/L. SDS 60°C
30min 10000r/min 4min 25 24 1 4
2 S50pL. TE 20pg/mL RNAase 37C 20min
SpL 0.6%
1.4 PCR
B- 3 1 BAF6  CP-1
B- 5 700bp B- 12bp
BAF6 3’ 12bp 5' 12bp
Neurospora crassa [3- Bl
B3 850bp 198 BAF3
END3 3 1.2kb B1/B3
B1/B3 6 BAF6/CP-1  BAF3/END3
94°C 5min 60°C 50s 94°C 40s 72°C 80s 30 72°C S5min 4°C
1 PCR
Table 1 Primers used for PCR amplify
Amino acid Nucleotide
Primers iton_ potond Sequence 5’ ~ 3’ Direction
BAF6 1~4 1~12 ACAACCGCCAACATGCGTGAGATT +
BAF3 43 ~51 368 ~ 391 GCTCGAGCGCATGAACGTCTACTT +
Bl1 134 ~ 142 688 ~ 712 A AG AT CT ACCCA CT TC CT CT CT GGTGGTGG +
CP~1 99 ~ 106 672 ~ 695 GGTGATCTGGAAACCCTGGAGGCA -
B3 409 ~ 416 1488 ~ 1511  CTCCAT CT TC AG TCCAT ACT CC CT TC AG CC
END3 443 ~ 447 1615~ 1631 AT TC TA CT TCCTCGCCCTCAA -

a. The positions correspond to the number of amino acid sequence of the B-tubulin gene from the typical carbendazim-resistant
fungus  Neurospora crassa  b. The positions correspond to the number of nucleotide sequence of the 3-tubulin gene from Gibberella ze-

. Fig2 .
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BAF6/CP-1 B1/B3 BAF3/END3 PCR pGEM" -T
Easy Vector Promaga E . coli DH5«a Amp X-gal IPTG LB
DNA 3
DNAclub 2
BAF6/END3 94°C 5min 48°C Imin 94°C Imin 72°C 3min 30
72°C 5min
1.5
DNAclub GenBank  EMBL BLAST G. zeae
B-
2
2.1 G. zeae MBC
MBC 2 MBC  EC 1pg/mL
ECs, 10pg/mL
2 G. zeae MBC
Table 2 Testing sensitivity of carbendazim MBC to G. zeae isolates
Strains Type of strains Regression equation Relativity ~ ECsp/ pg/ml. Phenotype
7F43 Wild MBC-sensivity Y =5.2385 +3.4693 X 0.9902 0.8540 MBCS
72054 Field MBC-resistance Y'=2.0036 +3.0789 X 0.9994 9.4012 MBCR
72058 Field MBC-resistance Y'=3.0191 +0.9907 X 0.9944 9.7852 MBCF
43-7 Induced MBC-resistance Y =3.3048 + 1.9091 X 0.9894 9.1965 MBC?
43-7-C Induced MBC-resistance Y=2.0878 +2.8440X 0.9901 10.507 MBC®
1 2 MBC" NPC PSA
: oy ECs, MBC" NPC
H — 2000
— 100 22
70 B- 1631bp
1 GenBank AY303689 3
181bp 58bp  48bp 3 5 GINNGT 3’
TGA G+C mol%  57.12mol % 4
1 BAF6/END3 1~ 12bp 194 ~ 217bp 276 ~ 398bp 447 ~ 1628bp
PCR 1341bp 447 2 MBC®  MBC"
Fig.1 PCR product of "
MBC G. zeae  MBC

BAF6/END3 primers
1.PCR product B'
2. Marker DL 2000 .
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1 ATGCGTGAGATTGTGAGTGTTTTCCTCTGACCTCTAACTTCAAGCTGTTTGCATGOGTTGAGCTTGTTTTTTGTGCCCTTGATTGTACCC
MR EI
91 CCCGGCGGTGGCAGCTCAACAACAATGCATGATAGCTCGCAGCTTGATCAGTATTCTTCCCCGGAAACAAGAGAAGCTAACCTTGCCTTT
181 TTCTTTGCGATAGGTTCACCTTCAGACCGGTCAGTGCGTAAGTATTCATCTGCTCTTCCATCTCGTCGGAGGGAGATTCTAACAATGTTT
VHLQTGQC

27 ATTAGGGTAACCAAATCGGTGCTGCTTTCTGGCAGACCATCTCTGGCGAGCACGGTCTCGACAGCAATGGTGTTTACAACGGCACCTCTG
GNQIGAAFWYQTTI SGEHGLD SNGVYNGTSE

361 AGCTCCAGCTCGAGCGCATGAACGTCTACTTCAACGAGGTTTGTTCAGTCACTACTGCCACGAAAAACACAAGCTCACGCATGTAGGCCT
LQLERMNVYVYYTFNE A S

451 CCCGTAACAAGTATGTTCCCCGTGCCGTCCTCGTCGATCTCGAGCCCGGAACCATGGACGCCGTCCGTGCTGGTCCCTTCGGACAGCTTT
RNKYVPRAVLVDLEPGTMDAVRAGPTEFG GO QLFEF

541 TCOGACCCGACAACTTCGTTTTCGGTCAATCCGGCGCCGGAAACAACTGGGCCAAGGGTCATTACACCGAGGGTGCTGAACTTGTCGACC
RPDNFVFGQSGAGNNVWAKGHYTETGAELVDQ

631 AAGTTCTCGATGTCGTCCGCCGTGAGGCCGAGGGCTGTGACTGCCTCCAGGGTTTCCAAATCACCCACTCTCTTGGTGGTGGTACCGGCG
VLDVVR R EAEGCDCLQGFQITH SLGGGTTG G A

721 CCGGTATGGGTACCCTGGTGATCTCCAAGATCCGTGAGGAATTCCCCGACCGTATGATGGCAACTTTCTCCGTCGTTCCTTCCCCCAAGG
GMGTLLTISKTIREETFPDRMMATEFSVVPSPKYVY

811 TCTCCGACACCGTTGTCGAGCCCTACAACGCCACCCTCTCCGTCCATCAATTGGTCGAGAACTCCGACGAAACTTTTTGTATCGATAATG
SDTVVEPYNATLSVHQLVENSDETTFTCTIDNE

901 AGGCCCTCTACGACATTTGCATGCGCACCCTCAAGCTGTCCAACCCCTCTTACGGCGACCTGAACTACCTTGTCTCTGCOGTCATGTCCG
ALYDICMRTLIKLS SNPSYGDLNYLVSAVMSG

991 GCGTCACTACCTGTCTCCGTTTCCCCGGTCAGCTGAACTCTGACCTCCGAAAGCTCGCCGTCAACATGGTGCOCTTCCCOOGTCTGCACT
VTTCLRFPGQLNSDLRKLAVNMVYVPEPRILIHTEF

1081  TCTTCATGGTCGGATTCGCTCCCTTGACCAGCCGTGGTGCTCACTCTTTCCGCGCTGTCAGCGTTCCTGAGCTCACCCAGCAGATGTTCG
FMVGFAPLT S RGAHSFRAVSVPELTQ QQMETD

1171 ACCCCAAGAACATGATGGCTGCCTCCGACTTCCGCAACGGTCGTTACCTGACCTGCTCTGCCATCTTOCGTGGCOGTGTCGOCATGAAGG
PKNMMAASDFRNGRYVLTCSAIFRGRVYVAMEKE

1261 AGGTTGAGGACCAGATGCGCAACGTCCAGAGCAAGAACTCATCATACTTCGTCGAGTGGATTCCTAACAACATCCAGACCGCTCTCTGOG

VEDQMZRNVQSKNSSYFVEWIPNNTIOQTALTCECA
1351 CTATTCCOCCTCGTGGACTTACTATGTCTTCCACTTTTATTGGAAACTCCACCTCTATCCAGGAGCTTTTCAAGCGTGTTGGCGAGCAGT

I PPRGLTMSSTFIGNS ST STIOQELTFEFEKRVGEA QTF
1441  TTACTGCTATGTTCCGACGCAAGGCTTTCTTGCATTGGTACACTGGTGAGGGTATGGATGAGATGGAGTTCACTGAGGCCGAGTCCAACA

TAMFRRKAFLHWYYTGEGMDEMETFTEAETSNM
1531 TGAACGATCTTGTCTCTGAATACCAGCAGTACCAGGATGCTGGAATTGACGAGGAAGAGGAAGAGTACGACGAGGAGGAGCTCCTTGAGG

NDLVSEYQQYQDAGTIDETEEEEYDEEELTLESG
1621 GCGAGGAGTAA

E E

2 B-
Fig.2 Nucleotide and deduced amino acid sequence of the 3-tubulin gene of Gibberella zeae wild-type strain

Introns are underlined 5’-donor and 3’-acceptor sites are double underlined Left figures indicate the nucleotide sequence.

2.3
BLAST B
95.12% ~ 99.30% 3 B

30

;
G. zeae

8

Sclerotinia sclerotiorum Botrytis cinerea ° EC, 10pg/mL
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EC,, 100pg/mL

3 B-
Table 3 Comparison of B-tubulin gene of G. zeae with that of other common plant pathogenic fungi
Plant path i funci Accession number of nucleotide Homology at amino The number and size of
ant pathosemie fungt and amino acid sequence acid level/ % introns
Gibberella zeae AY303689 / / 3 181 58 48bp
Gibberella pulicris tub2 AF414866 AANO03787 99.30 3 197 57 48bp
Gibberella fujikurio U27303 AABI18275 99.07 4 179 59 48 49bp
Colletotrichum gloeosporioides Ul4138  AAAG2875 96.98 6 184 58 71 56 71 53bp
f.sp. aeschynomene
Colletotrichum graminicola M34492 AAA33046 96.98 6 202 59 76 60 71 58bp
Botryotinia fukeliana 769263 CAA93254 96.28 6 135 53 69 56 52 56bp
Neurospora crassa M13630 AAA33617 95.81 6 240 74 68 65 73 57bp
Rhynchosporium secalis X81046 CAA56936 95.12 6 132 55 77 70 52 50bp
Venturia inaequalis M97951 AAA34230 96.74 6 107 53 51 52 50 56bp
BAF6/END3 3
G. zeae [3- 3
Gibberella pulicaris — Gibberella fujikurio 3 4
6 G. zeae B- 3 5
GTNNGT GTANGT o
G. zeae B-
G. zeae
Q-
G. zeae
1994 17 3 33 ~41.
2 Fujimura M Kamakura T Inoue H et al . Sensitivity of Neurospora crassa to benzimidazoles and N-phenylcarbamates effect

of amino acid substitutions at position 198 in 3-tubulin. Pesticide biochemistry physiology 1992 44 3 165~ 173.

3 Koeneaadt H Jones A L. Resistance to benomyl conferred by mutations in codon 198 or 200 in the beta-tubulin gene of Neu-
rospora crassa and sensitivity to diethofencarb conferred by codon 198. Photopathology 1993 83 850 ~ 854.

4 Yarden O Katan T. Mutations leading to substitutions at amino acids 198 and 200 of beta-tubulin that correlate with benomyl-
resistance phenotypes of field strains of Botrytis cinerea . Phytopathology 1993 83 1478 ~ 1483.

5 Yan K Dickman M B. Isolation of a B-tubulin gene from Fusarium moniliforme that confers cold-sensitive benomyl resis-
tance. Applied and Enviromental Microbilogy 1996 62 8 3053 ~ 3056.
6 . B-tubulin
2000 30 1 30~34.
7 . . 2001 31
4 365~370.
PCR . 2002 21 3 370 ~374.

2002 25 3 41 ~44. . i &
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10 Gurr SJ Unkles S E Kingdom J R. The structure and organization of nuclear genes of filamentous fungi. In Kingdom J R.
ed. Gene Structure in Eukaryotic Microbes vol 22. Oxford TRL Press 1987.93 ~ 139.

Cloning of pB-tubulin Gene from Gibberella zeae and Analysis its
Relationship with Carbendazim-resistance

Li Hongxia Lu Yuejian Wang Jianxin  Zhou Mingguo ™
Key Laboratory of Monitoring and Management of Plant Disease and Insects Ministry of Agriculture
Nanjing Agriculture University ~ Nanjing 210095  China

Abstract Whole B-tubulin genes from wild carbendazim MBC -sensitive isolate field MBC-resis-
tant isolate and induced MBC-resistant mutant of Gibberella zeae were cloned and sequenced with 3
pairs of primers. These genes have 1631bp length including 3 introns encoding 447 amino acid.
The homology of amino acid tubulin gene of G. zeae with that of other common plant pathogenic
filamentous fungi is from 95.12% ~99.30% . Sequence comparison among MBC®  field MBC" and
induced MBC" isolates revealed there was no mutation even one. So it can be concluded that the
mechanism of MBC-resistance to G. zeae is different from other filamentous fungi caused by point
mutation at amino acid position 198 or other position of 3-tubulin gene.

Key words Gibberella zeae [-tubulin MBC-resistance
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