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Abstract: In order to identify two putative glutathione S-transferase (GSTs) genes in Fusarium oxysporum f. sp. cubense
race 4 (Foc4), cDNA sequences of the entire coding regions of the two genes were cloned from Foc4 using RT-PCR
method. Subsequently, the two genes were named Fogstl and Fogst2 respectively. The length of open reading frame of
Fogstl was 609 bp and encoded a protein including 202 amino acid residues, Fogst2 possessed an open reading frame with
693 bp which encoded a 230-amino acid protein. Phylogenetic analysis showed that Fogstl belonged to sigma (o) subtype
members of the GSTs superfamily, and Fogst2 was a new member of an unknown subfamily in the GSTs superfamily. To
verify the expression of Fogstl and Fogst2, the recombinant prokaryotic expression vector pET28a-Fogstl and
pET28a-Fogst2 were constructed and transformed into Escherichia coli expression strain BL21(DE3). The soluble
recombinant proteins Fogstl and Fogst2 were obtained after being induced by IPTG. GSTs activity assays showed that both
of the two recombinant proteins had specific activity with CDNB. For real time RT- PCR analysis, the mycelium samples of
Foc4 were collected after treatment by H,O, for 1, 5, 12, 24 hours. The results showed that the expression of Fogst1 and
Fogst2 were significantly up-regulated in the first 5 hours, and then decreased and returned to normal level. These results

suggested that Fogstl and Fogst2 may be involved in the process of Foc4 resistance to exogenous oxidative stress.

Keywords: Foc4, glutathione S-transferase, oxidative stress
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(D 10 pmol/mL H,0, 5h RNA 1.4 RT-PCR & EFRIiE
cDNA PCR RNA
Focd 2  GSTs RNA
2 GSTs 2xone-step SYBR-Real-time RT-PCR Kit (Bioteke
NCBI Blast Cop. ) 3mg RNA
RT-PCR 5'-Gstl  3'-Gstl 5'-Gst2
GSTs Morel  Edgar s s s
[19] Calmes [17] 3'-Gst2 5'-Actin  3-Actin ( 1) PCR
25 pL RNA) 1.5 pL
GSTs H ( ) 15w
2xone-step SYBR mix 12.5 plL, 1.3 uL
NCBI
(0.2 umol/L) RT-PCR MIX 1.25 pL RNase-free
blast http://blast.ncbi.nlm.nih.gov/Blast. o
H,O07.15uL PCR BIO-RAD Mini
cgi NCBI CDD http:// .M .
Opticon  Rreal-Time PCR System PCR
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.Cgi 94 C 305
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40 45°C
MEGA7.0 1" 90 C 02 C
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Bootstrap (1 000 replicates seed=64 238) 3.1 Ccw B-actin
2-4C()
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Table 1 Primers and their sequences in this study
Primer name Primer sequence (5'-3") Temperature (‘C)  Amplified length (bp)
5'-Gstlcds ATGTCCTCAGACTCAGTCGTTTA 55.9 606
3'-Gstlcds CTCGGATTTGATGTACTCAGC 54.9
5'-Gst2cds GACTTATTCGCTCTTCATCGG 56.9 689
3'-Gst2cds ACTCCTTGGTCAAGTCCTTGAG 57.6
5'-Gstl CCCAATCCTTCGTTTCCTC 56.8 255
3'-Gstl ATCGCAAAGTCGGTGTAGC 56.0
5'-Gst2 TACATCGCTGAGCAATACCC 56.1 396
3'-Gst2 CGTCTCCTTGATACCGTCCT 56.5
5'-Actin CCGTGACATCAAGGAGAAGC 57.8 431
3'-Actin GGAAAGTGGACAGGGAAGCA 59.8
5'-Gstlexp TACGGATCCATGTCCTCAGACTCAGTC 66.9 625
3'-Gstlexp CACGTCGACACTCGGATTTGATGTACT 67.7
5" Gst2exp CGTGGATCCATGACTTATTCGCTCTTC 68.4 709
3'-Gst2exp TCAGTCGACACTCCTTGGTCAAGTCCT 68.6
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Fig. 2 The Phylogenetic tree (NJ) of the two GSTs of Foc4 and their homologous, Bootstrap (1 000 replicates;
seed=64 238). The two GSTs (Fogstl and Fogst2) were marked by e respectively. The homologous protein sequences
used in the phylogenetic analysis were derived from NCBI. Accession number of each sequence is as follows:
Saccharomyces cerevisiae (NP_014170, NP_012304, NP_013977, NP_013002); Kluyveromyces lactis (XP_453933, XP 451011,
XP_455627); Eremothecium gossypii (NP_982752); Schizosaccharomyces pombe (NP_588298, NP 588517, NP_588171);
Neurospora crassa (XP_960040, XP 963068, XP_ 011394507, XP_956141); Chaetomium thermophilum var. (XP_006696933);
Stachybotrys chartarum IBT (KEY65772); Metarhizium robertsii (XP_007819855); Marssonina brunnea f. sp. (XP_007288281);
Arabidopsis thaliana (NP_199312, NP_001031671, NP_199315); Magnaporthe oryzae (XP_003714355); Talaromyces marneffei
(XP_002143473); Aspergillus  parasiticus (KIK65656); Talaromyces verruculosus (KUL91727); Aspergillus kawachii
(GAAS85136); Pseudogymnoascus sp. (KFX90885); Pochonia chlamydosporia (OAQ62447, OAQ61443); Fusarium oxysporum f.
sp. pisi (EXA32327); Microdochium bolleyi (KXJ85708); Fusarium avenaceum (KIL87172); Nectria haematococca
(XP_003048601); Fusarium sp. FIESC (CEG04586); Metarhizium brunneum (XP_014539941); Acremonium chrysogenum
(KFH42026); Purpureocillium lilacinum (OAQ83436); Beauveria bassiana (KGQ09649, XP_008596612); Cordyceps confragosa
(OAA70173); Colletotrichum orbiculare (ENH82170).
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Fig. 4 The relative expression levels of two GSTs (Fogst1 and Fogst2) of Foc4 under exogenous oxidative stress.
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