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Abstract [Objectives] To identify glutathione-S-transferase (GST) genes in Chilo suppressalis, determine their expression
profiles in various larval tissues, and analyze their transcriptional profiles in response to chlorantraniliprole. [Methods] The
cDNA sequences of GST genes were identified from the C. suppressalis transcriptome database and their expression profiles in
different larval tissues investigated with real-time quantitative PCR. Variation in GST expression levels after exposure to a
sublethal dose of chlorantraniliprole was measured. [Results] A total of 16 GSTs were identified and named CsGSTdI-
CsGSTul. These genes were classified into six families (Delta, Epsilon, Omega, Sigama, Zeta, and Theta) and an “unclassified”
subgroup. CsGSTd2 CsGSTd3 CsGSTel CsGSTo3 CsGSTtl were mainly expressed in the fat-body, while CsGSTe3 was
enriched in the malpighian tubes. No midgut-specific genes were detected. CsGSTo2 was significantly upregulated 6 h after
exposure to chlorantraniliprole whereas CsGSTd2, CsGSTd3, CsGSTe3, CsGSTol and CsGSTtl were significantly
downregulated. CsGSTdl, CsGSTd2, CsGSTd3, CsGSTel, CsGSTe2, CsGSTe3, CsGSTo2, CsGSTo3, CsGSTo4 and CsGSTt]
were significantly upregulated 12 h after chlorantraniliprole exposure, but CsGSTul was significantly downregulated.

[Conclusion] CsGSTd1, CsGSTd2, CsGSTd3, CsGSTel, CsGSTe2, CsGSTe3, CsGSTo2, CsGSTo3, CsGSTo4 and CsGSTtl
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may play an important role in the detoxification of chlorantraniliprole.

Keywords Chilo suppressalis, glutathione-S-transferase genes, sequence analysis, transcriptional profiles
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Tablel Primersused for reversetranscription PCR

Gene Forward primer (5'-3") Reverse primer (5'-3") Product (bp)
CsGSTdI CAATCTGCTAAGTGTATCAGTC ATCAATTCTTCAGGAAATTAG 805
CsGSTd2 CTATATTACGTACCCGGCTC GTTAGGTGCTGACATCTTCA 570
CsGSTd3 GGCCATCGACCTATATTACA GTGCAGTATTCTTCACCAGT 581
CsGSTd4 TCACTTCCCAATTAGTGGC CAGACAATACGGCACAATCT 563
CsGSTel GAACGATCGTATATCAAACG GCGAATTTAAGATGAGCAAC 643
CsGSTe2 GCTGTACTCATGACAATCCA AGTTCGCGGAATAACAAGAT 584
CsGSTe3 CAGTTTCACGCTAGCGTC CTATGGACGCAATACACCA 723
CsGSTol GCACTTACAAACAGGTGATG GTTAGGGTCTCCTTTAGCAC 694
CsGSTo2 GACTTCATGCAAGTTGTGTC GCAGAGCAAGTCATAGTTTG 772
CsGSTo3 ATGACTTACTACGAGCACAG TCACTACATCGTCTAACTGC 643
CsGSTo4 CATACTGGACAATGGGTTCA GACTACATACTGACTGACGG 680
CsGSTsl CATATTTTCCCGTGAAGGC GCTTGTGCAAGGTATTTGG 577
CsGSTs2 CACTATGGTGGGCATAAGTT TGACCTTGGGTAGATTTTGG 514
CsGSTtl CTTGATGTCACAACCCTCA CCTTCGTCGTAATATGGGT 606
CsGSTz1 CTTTATTCGTACTGGCGAAG GTTCGCGATCTATACGCAAT 556
CsGSTul ATGGTGATGAAACTGTACGC TATGGGATGGTTAAGATGCG 675

R2 LHIEEE PCR Y
Table2 Primersused for real-time quantitative PCR

Gene Forward primer (5'-3") Reverse primer (5'-3") Product (bp)
CsGSTd1 GAAGAGCATTTGTTGCTGGA TCGTTCTTTGGAACCACTTG 132
CsGSTd2 ATACTTCGACATCGGCACAC GAACTGGTCCAACAGCTTCA 130
CsGSTd3 GCACCCGACTACCTGAAGAT CAGATCATCCGGGTAAAGGT 144
CsGSTd4 GGTAGCAGGCGACCATATAA CCAGACAATACGGCACAATC 135
CsGSTel ACCAAAGGCTGTTCTTCGAT CATGCGGTAAGCGTTCTTTA 131
CsGSTe2 TGCATTTACCAGACGGAGAG GAAACCAGGTAACCGCAGAT 130
CsGSTe3 CTACGCTTGTCTTTCCCAAG ACTTCATTTGTCGCCTCAAC 100
CsGSTol GGCTGTTTGCAATGAGATTC CCCTTGGGACTAAATTGGAA 136
CsGSTo2 TTTTGAAAGTTTGCCGACAG GGTTGTGAATAGCTCCAGCA 131
CsGSTo3 GACAAGCTGCGGTTATACCA CGCTTTGAACCACTCAGGTA 132
CsGSTo4 TTGAAGCTTTTGCACCAGTC GTGCCTCTCAAAGTGAGCTG 133
CsGSTs2 ACTGCTGCCTTCTGACCTTT GCTTTTTGAGAGCAGCCTTC 134
CsGSTtl GGGAAAACAACCAGAGGCTA AACAAGTCGGCAACAGTGAC 138
CsGSTz1 GTGGGCGATGACATTACACT GCCGGGTGATTCTCTAGTTC 131
CsGSTul CCTAGGGCTGAAGAAAGTGC GATAGCCTCCAGGGTCATGT 142

p-actin TACCACCGGTATCGTGCTGG ATCTCCTGCTCGAAGTCGAG 102
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Fig. 2 Phylogenetic analysis of GSTs from different insect species
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The tree is constructed by using neighbour-joining method. Bootstrap support values are based on
1 000 replicates, and only bootstrap values above 50% are shown on each node of the tree. CsGST5s are

indicated with triangles. Species name abbreviation: Cs: Chilo suppressalis (Walker); Pr: Pieris rapae (L.); Bm: Bombyx
mori (L.); Px: Plutella xylostella (L.); Cm: Cnaphalocrocis medinalis (Guenée); Sl: Spodoptera litura (Fabricius); Dm:

Drosophila melanogaster Meigen; Ag: Anopheles gambiae Giles; Tc: Tribolium castaneum (Herbst);
Am: Apis mellifera L.; Lm: Locusta migratoria (L.); N1: Nilaparvata lugens (Stal).
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