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1 4 DU URF bR ZFA3 . ZF2032 Fl ZF43-2 ( ZH R
f) ECso 4334 0.54.0.63 1 0.80 ug / mL, Hitk4i 5 M S )
M ZF2021 ( EC5p=0.57 ug/ mL, EC=0.87 ug/mL ), 2
AN T E R ZF52 (ECso 4 8.88 ug/mL , MR) Al
NT-7 (EC5=9.23 ug / mL . ECq=40.49 pg/mL ), 1M
F] =PI BR IT04 (ECso 4 20.95ug/ mL , HR), 145
i Sk ZF52-7( ECso 4 20.66 ug / mL, HR ),
112 F k0 A AL #% . pGEMT Easy Vector
(Promega), Amp. X-Gal, IPTG, d NTP il Taq i ( I
AT ), {48 A Leica Microsystems Wetzlar GmbHO020-
525.024, Leica DMR, Germany,
;%2 MAMERMNYRERESERIERATRESS
FAE

¥ 1.3 Frbi AU bR ZF2021 AR B fk NT-7
WIS EE A 3%%k 237, 7E 25°C T #EkE (150 r/min )
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Z 8 h I, 7EEME T WEIEEERE, KAZE A
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10 mmol/L Tris-HCI, pH8.0; 10 g/L SDS), 741z,
60°Cilik 7 60 min, FISHARYEY 5 s (25124 ¢
1) 2 kT RZE , BCEIEROFI 1A AR R R
W, B0, THEYS%T 50 uL TE(F 20 pg/mL RNA ase),
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INE REER S H R PH-Loo- T HE 3£ K DNA
J¥%1] ( FG00639.1 TBA_SORMA tubulin ay-chain ) #%
THa X519 (K1), 5194 nop-F1 #l nop-R1 71 5%+
24 94°C 5min; 94°C 1 min, 50°C 1 min, 72°C 1min,
36 KA ; 72°C 15 min. SI¥I%F nop-F2 F1 nop-R2.,
nop-F4 I nop-R4 & no,-F3 Fl no,-R3 IR KIELE 2>
S4 54°C 1 min, 52°C 1 min #153°C 1 min, HAbsH:
[R5 9% nop-F1 #1 nop-R1. FHA nop-F3 Fil no,-R3 371
WL =45k, #5350, 50 ub PCR AR &
d,H,0 37.5uL, dNTP 0.2 umol/L, 10xbuffer (10 mmol/L
Tris-HCI, 50 mmol/L KCI, 0.1% Triton 100) 5 uL, MgCl,
2mmol/L, primer X(FraE4 14 i Be i L35 1477) 1 umol/L,
primer Y (F 54 BE RO T 975 149) 1 umol/L, Tag B4
25U, #flk DNA 100 ng.

21 ATIEFEREa-MEERERZFIIY EH PCR 3

Table 1  Primers synthesized for PCR of the alpha,-tubulin gene of F. graminearum

Primers Primer Length/bp Nucleotide positions” Sequences (5'—3')

Na,-F1 18 1-20 ATGGAAGGGCGAGGTATGTTT
ne,-R1 18 687-670 CAGTTGTCTGGGTTGTGG

Na,-F2 17 976-992 GCACCTCAACCGTCTCA

ne,-R2 18 1616-1509 TCTCCTTCCTCCATACCC

no,-F3 19 1115-1133 TACGCTCCTGTCATTTCTG

ne,-R3 25 1689-1713 CGGGCTTCTCCTTGAGCTCATGATC
ne,-F4 19 668-686 ATCCACAACCCAGACAACT

no,-R4 19 1113-1095 CAGAAATGACAGGAGCGTA

“The corresponding position on the nucleotide sequence of the alpha,-tubulin gene from F. graminearum.
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X-Gal F1 IPTG 19 LB Vb L i 1 11 (i 5, B R A vk
FEIUTURL DNA BB se e, i R A 3 R 2 )
56 B P K I 25 SR Bioedit 14443 #T o

Bioedit /BT %1, 1% GenBank #l EMBL J&[X
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T DR [ /N 22 705 B TR b DL T oo T
B R RIS, BA/IN 2 R B T 2 18 R 4T
Ak A0 U A e ) R DR =2 ) AT T AT PR 28 A8 v A
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S, ANRRIEW Y RMAL, Bk (E
1). BITEXT R MR 1A ECso VEATN, U2y PE itk
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FETR, 2550 BB R 2R T R, 0 2 T A A ik
K s MAEARRN Z5AF TR, )R Be i ik BT T B B4 40 A= B

1 MAMEMRNERERES BRERRSFEE
Fig. 1 Morphological characteristics of MBC® and MBC-resistant strains of F. graminearum treated with carbendazim (MBC). A, B,
C, D, E and F presented morphological characteristics of conidium germination and germlings of carbendazim- sensitive strain, ZF2021
((EC50=0.57 ug/mL .ECg=0.87 ng/mL) and field moderately carbendazim-resistant strain, NT-7(ECs,=9.23 pg/mL .EC9,=40.49 ug/mL),
respectively. Both the sensitive strain and moderately resistant strain all produced tube with swelled abnormality or germlings with
more branches or cells of conidium swelled greatly, when treated with carbendazim at its ECso or ECg0(x200). Water is for CK.
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ANEFERR , K/ Bl 191.53.55 ., 53 bp, #M i ( G+C)
1) mol%>k 54.52, 17 5 MHwALIX, salfi T 1~12.

204~262 . 316~626. 601~1185, 1239~1712 bp Ji], It

1362 bp, AHN %065 453 SRR, 4 F =R 50.48
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FEMY 8 N2 B 2 ) Sk b B AR 1R AT R Y 4
SEA—B, Uk B TR R 9 o U B 1SS T R Y
HIMESFIESE . {Hif it BLAST S5/NEREERES % Htk
NRRL310840,-fl & & (LR 4751 He s, &I 5 4>
2% SR, 460 fii T—C, 622 fii T—C, 706 fii C—T,
775 {ii T—C, 1398 ii C—T, BN IR — B
TR =T b, It e SR B A, 5
B HMREIERRT S WIEPE 100%. 5% G0 & A 2
PR G Hh LA A B R S TR IR Pk L e, 25 2R RIS
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O~ Tl 2 1 BE R 2 SRR K Y Rl U5 B ey (69% ), R
b B R R S SR P A1 (W TR 27% ~ 39%; So-
EEE LN EST IFHIRIIEME &6 72%, FOLh i
R A RITENE 47% ~ 54%., 5 9 iy I T o- T
BB TR, R BRI KT [R) P 1 [ D5 A
64% ~ 89% (% 2), 5 C. lagenarium Ao~ & Ak

N R JE MR (89% ), 5 Histoplasma capsulatum for-
T 2 1 DR [ VR R R (649% ). FLIE BT & N & F4L
FRIR/INA LR AN RIS ) o BLAE T /N2 IR B B v 2
TR R BB 24 TR AR o TS 3 1 R R 22381, R
RIS A, RN IR BRI X 2 R R 7R
PLEGHEAS T T o TS B 1R DR R 2 i AR T

R2 PEFREFEFSHMG IMEFENo - MEEBERNREIRME LR

Table 2 Comparison the deduced amino acid sequence of alphaz- tubulin gene from F. graminearum with that from other nine-species of fungi

Accession number of

gene and protein The number and size of introns

Fungi Name of gene ammgnzlgilggié/vitl/%
Histoplasma capsul atum oy-tubulin 64
Colletotrichum lagenarium oo-tubulin 89
C.lagenarium a;-tubulin 70
Septoria tritici a -tubulin 78
Schizosaccharomyces pombe a1-tubulin 66
S.pombe a,-tubulin 67
Saccharomyces cerevisiae as-tubulin 67
Nurospora. crassa o B-tubulin 86
S.cerevisiae a;-tubulin 65

M28358, AAA61688.1
AF321053, AAK11179.1
AF321052, AAK11178.1
Y14509, CAA74849

4(80, 110, 113, 79, 78)
6(91, 111, 61, 57, 162, 50)
4(192, 73, 65, 53)
4(103, 119, 56, 58)

K02841, AAA35350.1 1(190)
K02842, AAA35351.1 0
M28428, AAAA3SS181.1  -eeee- *

X79404, CAA5594.1
M28429, AAA35180.1

* No statistic figures for the full-length nucleotide sequence of gene were obtained.

3 %

Fe 50 43 B B, o TR R /N 22 715 B 0 R A% R TR
YL FF Ak NRRL31084 (PH-1) Z[H{E7E 5 15
AR, WTRE T eI AL 0y s B ERES 25 a1
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( Dinitroaniline ) W3k R ( Trifluralin ) #1206 4k R
(Oryzalin ) 24 To- s & M —BRER, JeHE
XA G P AL B Fro- R B T B (tauy )
R IR R A R, BB R HAE R
WA, FEERZ R, WKAB (Vineristine) |, B2
P ARBEIRTT R 259, fE AR A S B . 7E
WFL s, BL%E T 6 To-fiEE A 7 4B
FEAWFRFAEN (lsotype ), AHFFTEM, M4l
it B-F8C A 1 A P [ ) S5 44 2 11 (B and BIV) Fll -1k
B — a2 AL 2R (o) 3 R kT B AN
JH TR A A B N g 2T R, DA ol Ao R 4 e A
P2k A 3 TR DGR B 11k SR B

29 AZEE (paclitaxel ), H1 T R 40 i o- U7 26
Z ALKV S B HZ 25 ) i R ORI Rt
JINFZ IR B IR TRRT R I R I 288 % TR B PP R A o
TS B 1 S A KT 32 & s S B R R R o) &
T4 2 11 (Isotype) A XA Feitt — B 5T
AICMNEEAITERI, N TREIRIE N 2T R ™
G PER A A MRAE L ECso FHI ECoo WREEAEH
N, AT A BT B A TR 22 TR AR 2E R 5
TRUBCBARRARAL, RIS TR ZE#5 B ECso
1 ECoo Wk FEAE I T IEASFAFMEAHIT, PRI 25 7 AUTEDL
JETRE ECso I ECoo FUANIF A RN MR B I 22 57
X 5 RETE (Botrytis cinerea ) Xt & P25V B
WTEZ W RVERTT BB SFEESR AR, KR )5 & bt
2P AR 9 20 A= A0 W & R AR T 24 S U 1
SRS (RER ). H—H, S5/NEREEH
T [7) a8 FA R 5 B Bk B4 ( Fmoniliforme ) &1
F.lycopersici™ F1J#7 ( F. oxysporum ) FEIxf 2 - ik e
RN P HEAAL LR B AR 5 A HETR, (AR E
R 22 B0 I LT — M3 J2 T B B T SR IR 5 A
T XTZ R 2 BT 20 o /N2 IR B T I 2 T R B
P B R 7E TG 2 B R AE T RE NS 5 5 A S0 R —
ERAERKMES, HAMRSGESREPY, X%
(L 24 56 R 4B 1 2 (T AR S Z I R 44, 1
RN LSBT 2y T Mk A AE R B R B 5 ThifE 278
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Resistant mechanism of Fusarium graminearum against car ben-
dazim,unrelative to alpha2-tubulin gene

Changjun Chen, Libang Zhou, Chaowei Bi, Hongxia Li
Jianxin Wang, Mingguo Zhou”

(College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: [Objective] We studied the resistance of Fusarium graminearum against carbendazim, to confirm if the resis-
tance was related to the whole nucleotide sequence of alpha,-tubulin. [Methods] The whole nucleotide sequence of al-
pha,-tubulin and morphological characteristic were analyzed from different sensitivie strains when treated with carben-
dazim. [Results] The results indicated that both sensitive strains and moderately resistant strains produced tube with
swelled abnormality or germlings with more branches or cells of conidium swelled greatly, when treated with carbendazim
at their ECso or ECgq. The full-length nucleotide sequence of a,-tubulin gene from each of 8 F. graminearum strains from
China, which had different carbendazim (MBC) sensitivity phenotypes, were separated by using PCR with 4 primer sets
designed in accordance with nucleotide sequence of the gene from the genomic sequencing strain, NRRL 31084 (PH-1).
The DNA sequence comparison showed no difference in the nucleotide sequence of a,-tubulin gene among 4 sensitive and
4 resistant strains. This result demonstrates that there was no relationship between MBC-resistance and alpha,-tubulin
gene. The full-length of the gene spanned 1712 bp, including 4 introns, encoding 453 amino acids. With 100% homology,
there were 5 nucleotide differences in alpha,-tubulin gene between PH-1 isolate and the 6 strains from China. The ho-
mology of the deduced amino acid sequence of the gene was 100% among the 6 strains and PH-1 isolate, and 64%-89%
among other 9 species of fungi. [Conclusion] The resistance of F. graminearum against carbendazim was irrelative to the
nucleotide sequence of alpha,-tubulin.

Keywords: Fusarium graminearum; alpha,-tubulin gene; morphology characteristics; carbendazim-resistance
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