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STt 4 X514, RHA PCR JrikilE T RGHRAEXT Z R (MBC) ANRIHUSMERBIN 6 A E AR map 2751,
DNA BB, opE A 3 MU AN 3 MR HARE map ATTRFFFIAE A 2257, R LH R S5HE
MREATK, ZER 2K 1793 bp, &H 6 NNEF, HiH 199 A~EHMR; 5 NRRL31084 1) map #% 1 1R FFIARLIPE R
99.39% , fF7E 10 MEFETRR, S5HIRE NS IT I LIS 100% .
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Cloning of microtubule-associated proteins gene (map )
from Fusarium graminearum and analyzing its
relationship with carbendazim-resistance
CHEN Chang-jun, LI Jun, YU Jun-jie, WANG Jian-xin, ZHOU Ming-guo"
(College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The full-length nucleotide sequence of microtubule-associated proteins gene (map) from each of 6 Fusarium graminea-
rum strains from China which had different carbendazim ( MBC) sensitivity phenotypes were cloned using PCR with 4 primer pairs
designed in accordance with nucleotide sequence of map from the genome-sequenced isolate, NRRL31084 (PH-1). The DNA se-
quence comparison showed that there was no difference in the nucleotide sequence of map among 3 sensitive and 3 resistant strains
from China. This result demonstrated that there was no relationship between MBC-resistance and map gene. The full-length of the
gene spans 1 793 bp, including 6 introns, encoding 199 amino acids. With 99.39% homology, there were 10 nucleotide differ-
ences in map gene between PH-1 isolate and the 6 strains from China. The homology of the deduced amino acid sequence of the
gene was 100% between the 6 strains and PH-1 isolate.
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HER SRR MR R IT 2518, sl 200 437 285 &R Uy ik 2 R 1 B rp 25 K A 40 24
Ph o B0 PR BN SRR (Y A T i ) B S = R G, DT BHL L AR T 25 S bR A
EIZEAME T FEANTABAS 020 M AR B 1 3R S MY K B~ B 1 A — 2 a5, A
165, 257 ARSI 700 . BRI F IR, R R X 2 M R bt 5 i 2
KR, R IERER Y (R RAWIEX Z W R (carbendazim, MBC) (4T 25 ALK
IFARGIA 2R ELHEARE T B~ M R R AR s 01 YRR o - PRy - AR R A
A KAERAS, SRR EX 28 R P ESUGETCOC, AR AEdE— W s & il o
FEMEHRBAEMRCE N (MAP) A5 A AR RN AR 1M S BRI X0 2 18 R ATt

1 MBRERE

1.1 #iEH%k

T map TR 6 DB, AUFE 3 AP U RE ZF43 | ZF2032 Fll ZF43 -2, ZH R ECy, 535
450.54, 0.63 F10.80 wg - mL~"; 1 ASHEIHHUEIE ZF52, EC, oM 8.88 pg - mL ™' 1 A~HI[E &S HUE %
JT04, ECs,420.95 pg - mL™'; 1 DMENFREPIRABIR ZF52 -7, EC5,20.66 pg - mL ™',

1.2 iKF

pGEMT Easy Vector (Promega), Amp. X-Gal, IPTG, dNTP #l Taq B ( A TAY TRAF)
1.3 EF 4 DNA £

P HE RO RS ISR [12],

1.4 PCR AENBHIEREHEAXERER (map)

MR /N A2 IR 55 90 4 B BPE % (http: //www. broad. mit. edu/annotation/genome/fusarium _ gra-
minearum/ GeneDetails. html? sp = S7000000078537991) R4+ 761 14 I J7# 7 #& NRRL31084 (PH —1) map
DNA J¥%1 (FG10740, hypothetical protein) it 4 X519 (£ 1), 519X MAPF fil MAPR #9414 5% 14
H: 94 °C 5 min; 94 °C 1 min, 56 C 1 min, 72 C 1 min, 36 MEH; 72 C15 min (ET YRG5,
BN . BI%F MF1 Fl MR1 . MF2 1 MR2 . MF3 il MR3 iB JGR B4 518 60 °C 1 min, 58.6 °C 1 min
56 C 1 min (25195, #Jash), HALMEFES % MAPF 1 MAPR, 50 L PCR ik &
P& IZEK 37.5 L, dNTP 0.2 pmol - L™', 10 x Buffer (10 pmol - L' Tris-HCI, 50 pmol - L' KCI,
0.1% Triton 100) 5 wL, MgCl,2 wmol - L', . TSI 1 pmol - L™, Tag BEEE2.5 U, il
DNA 100 ng.

x1 ATRASRARMEBRXERER (map) £FFIH EE PCR 5|

Table 1 Primers synthesized for PCR to clone microtubule-associated proteins gene (map) of Fusarium graminearum

5|4 Primers 5|#)K/N/bp Primer length AFBR L B Nucleotide positions J¥51 5’3" Sequences 5'—3’
MAPF 25 826 ~ 850 AAGCGCAAGGCTGAGGCCGAGCGCA
MAPR 25 1266 ~1 290 ACTTCATGCCTGTTGGGGAACATAC

MR1 20 888 ~908 AATACATACGGGAATACGAT

MF1 20 391 ~401 GTGAGTTGGGCTGGGTGCTG

MR2 20 391 ~411 AGCACCCAGCCCAACTCAC

MF2 25 1~25 TACCGCGACCTGCATGGATTCCATG
MR3 25 1769 ~1 793 CTAGCGCTCACTGGTATACTTGAGC
MF3 19 1237 ~1255 ATTTATGAGGAGCACAAGG

1.5 [, 4

P14 PCR P2 Wy AT IS 010, 23 5155 pGEMT Easy Vector 3%, %14k E. coli DH5«, £ Amp,
X-GalFl IPTG 1Y LB AR - i e H A ds , B3R HUTOR. DNA Sk FRPE ek, o & 5L A A
SERGNT, DT 245 Bioedit #4404,
1.6 FFSIHELIED T

Bioedit 3T /¥51, Ki#& GenBank Ml EMBL 3 [F44E %, i1t BLAST L5 00 HIHE A map A AAPE
DA RR A S A o8 5 LA AE ) map BOARAAYE WA R A5 i A0 B 0k 22 TR R 001k A BUER e i i Y 22 TR T
A BRI AL R
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2 FHERE5HM

2.1 RABAERERXESER (map) NFEFISH

FIHIZE 1 4 X515 RAS AT map /3 Bey 34 PCR 724, P MPrs, SRS HILE map
(FEHESRS . EU430269) 4K 1793 bp, & 6 NHNE T, il T ARSI E map WMASHIEE 7.
15, 48, 98, 171 F1186 MR IR, K/N51 K 346, 35, 204, 68, 56 #1324 bp, MZHE G + C 1Y
mol% }49.3, A 7T A4S X, 336 F 1 ~21, 368 ~390, 426 ~526, 731 ~879, 1 048 ~1 265,
1322 ~1366 Ffl1751 ~1793 bp Z[H], 3600 bp, 4t 199 NEILER, HIXF/rT iR 4. 997 x10*, H
WEEHL Nl 4. 98, HAABERREE & 005 (55 142 ~ 148 DA IERR) I GTP 455105 (55 60 ~ 65 a5t
fR), 24 N—TWkidfb . \EAR C iR fb Ml & A TR n S,
2.2 FEPEUEEEE

TE ) 6 A% 22 T8 R RO T E B bR AT IR T 81, &8 LU IR 91 58 4 — 3k, B E
PRI map AZAFTRITH R SF MR . (R BLAST, 57K 48 9460 18 I 17 B bk NRR1L31084 1Y) map 4751 Lt
Sf, B 10 D E IR, 86 i1 G—A, 102 fif T—C, 479 fii G—A, 636 ii T—C, 664 fii T—A,
665 fii C—T, 699 i T—C, 1337 fii T—C, 1381 fii G—A F11 715 i G—A, ENIER IR = FEM
TFHYHS 3 DMATIR b, Framts @ e me sk ds; 6 A EF RS NRRL31084 map IR IR 51 K Ho i
T B 2 IR P S AR R 43 310°R 99. 39% Fl 100% ., LAt T R A A B X 22 11 R B BURFN BT 25 TR AR map 19
A, REBUTATOL S RAS, KRR Z 08 R =R R T map KA SRR,

3 it

ABFEFHN 0T B, HP E BV RN bk NRRL31084 (PH — 1) ZIMIAFAE 10 22 IR, X
FIRER T EATITAL B b R ER 5 22 S 3 1 T 4% Z4EPE . NRRL31084 W ¥ T k& T R A B fl i 56 7 %
Bt (lineage) , RALSERIKM I HFRE, RGN, ISR KE F/NE KRR ZFE %
MY Michigan JNAYE4H3, F=fufie Jiog, SR F/NE G RBEEDE T,

R AN EIEIEH o -, a - B, vy A1 AR B H H LRI,
BTN map 55 BRI F A AT HIAG O N 52 2 B 08 M 48 R S8, (H map T8 BIPRJG S A RE S IE i Im] T 5544
& (isotype) ; RUEHICHE I (MAP) %R MHAERT | &5 LAY FRBMABFIIAERE

AR T, BT L3 MEN (a-, B-. vy WEEH) 4, BT 5HAL 3 KEAME,
51 RRSHAEES, MU A2 FINT O 423 0 U RS MR - S5 M I A G 1, 40 MAPIB
MAP2 ., Tau' 'y 252 ERHEE M, ENTAT AR ATP /K fif I A0 AL 24 e W 25 S 12 3, 0 inesin
dynein M HATAEY); 553 FERFRE A0 —REH, GFEE AR W HEHCEAE S5 HAE MO A
AL —ER e i — 288 H, WHE#BE (GAPDH ., aldolase) . J(§ (#H HMM A, GSK -3 Flc-mos) |
AYEREH (EKET EF - la, EEZTEMEHE) . IKZAEH (dynamin f1 G HH) . 8%
mRNA R R 155, ERGE A R, Tau BAT MRS S 2 25 W0 O 4B mis e

MU MR ATERMAE ARSI, ATRLSRAESs G, (RS HR AR SRR, Ma 22503
FA 22 5 S B B T E Y map i3 B FRSE S RE R E 0 g EAY R TR 2,
TS FHOC R TR A B AT IS D BB AT 2

ARG, ARAT AR T R T R 2 R TR R BT P S O A DGR I TE G . & IR A Sl A 8 X 8T
R R T A PTG PE AR TR T A B T B 1S 28 1 A B2 s B R 2 I B pe 2 vk~ B[]
J& THRALTE R (R ERRIE (F. moniliforme) " FIZRHEAL (F. oxysporum ) = X 2 I WK R A B (31 25
PEAALHLEIEAS ARHIF . RS E N Z W R PR RS E R AR MAET, BARBERE ™,
XULHIZ R T2 B N s ) E A T AR S5 Z R R WA &, (Hie A 2 L SR R AEAERE IR
K, ARAGRIDE X 2 H RIUME R A BURE R o -, B—. v S H A SRR B LA, HitknT
=2 o, AR Al 24 T AR A 5 U 2 2 R G %) 25 PRLPR SR A S0 TR % 22 TR R i 2
PEFHLHE
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