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Table 1  Primers synthesized for PCR of the alpha2-tubulin gene of F. graminearum 

Primers Primer Length/bp Nucleotide positions* Sequences (5′→3′) 

Nα2-F1 18 1-20 ATGGAAGGGCGAGGTATGTTT 

nα2-R1 18 687-670 CAGTTGTCTGGGTTGTGG 

Nα2-F2 17 976-992 GCACCTCAACCGTCTCA 

nα2-R2 18 1616-1509 TCTCCTTCCTCCATACCC 

nα2-F3 19 1115-1133 TACGCTCCTGTCATTTCTG 

nα2-R3 25 1689-1713 CGGGCTTCTCCTTGAGCTCATGATC 

nα2-F4 19 668-686 ATCCACAACCCAGACAACT 

nα2-R4 19 1113-1095 CAGAAATGACAGGAGCGTA 

*The corresponding position on the nucleotide sequence of the alpha2-tubulin gene from F. graminearum. 
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Fig. 1  Morphological characteristics of MBCS 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 μg/mL�EC90=0.87 μg/mL) and field moderately carbendazim-resistant strain, NT-7(EC50=9.23 μg/mL�EC90=40.49 μg/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 EC50 or EC90(×200). Water is for CK. 
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Table 2  Comparison the deduced amino acid sequence of alpha2- tubulin gene from F. graminearum with that from other nine-species of fungi 

Fungi Name of gene 
Homology at 

amino acid level/% 
Accession number of 

gene and protein 
The number and size of introns 

Histoplasma capsulatum α1-tubulin 64 M28358, AAA61688.1 4(80, 110, 113, 79, 78) 

Colletotrichum lagenarium α 2-tubulin 89 AF321053, AAK11179.1 6(91, 111, 61, 57, 162, 50) 

C.lagenarium α 1-tubulin 70 AF321052, AAK11178.1 4(192, 73, 65, 53 ) 

Septoria tritici α -tubulin 78 Y14509, CAA74849 4(103, 119, 56, 58) 

Schizosaccharomyces pombe α 1-tubulin 66 K02841, AAA35350.1 1(190) 

S.pombe α 2-tubulin 67 K02842, AAA35351.1 0 

Saccharomyces cerevisiae α 3-tubulin 67 M28428, AAAA35181.1 --------* 

Nurospora. crassa α B-tubulin 86 X79404, CAA5594.1 -------- 

S.cerevisiae α 1-tubulin 65 M28429, AAA35180.1 -------- 

* No statistic figures for the full-length nucleotide sequence of gene were obtained. 
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Resistant mechanism of Fusarium graminearum against carben-
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 alpha2-tubulin. [Methods] The whole nucleotide sequence of al-
pha2-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 EC50 or EC90. The full-length nucleotide sequence of α2-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 α2-tubulin gene among 4 sensitive and 
4 resistant strains. This result demonstrates that there was no relationship between MBC-resistance and alpha2-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 alpha2-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 alpha2-tubulin. 
Keywords: Fusarium graminearum; alpha2-tubulin gene; morphology characteristics; carbendazim-resistance 
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