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Molecular identification of a thioredoxin-like gene in Helicoverpa
armigera and its expression following different kinds of stress
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Abstract [Objectives] To clone the full-length cDNA of a thioredoxin-like (HaTrx-like) gene in Helicoverpa armigera, to
analyze its spatio-temporal distribution in different developmental stages and different tissues, and to determine its expression
patterns following mechanical injury, exposure to UV radiation and extreme temperatures. [Methods] The full-length cDNA
of HaTrx-like gene was amplified using the RT-PCR method and further validated by sequencing. The gene and protein
sequences of HaTrx-like were analyzed with several kinds of bioinformatics software. The spatio-temporal distribution of
HaTrx-like and its expression patterns after the different stress treatments were determined by qRT-PCR. [Results] The
full-length ¢cDNA of HaTrx-like was 526 bp and contained a 381 bp ORF encoding a 126-residue amino acid sequence.
Sequence analysis indicates that HaTrx-like shares high sequence identity with its counterpart in other insects and contains a
highly conserved CXXC active site in the N-terminal. The results of temporal transcript profiling indicate that HaTrx-like was

more highly expressed in the 0 h and 96 h of the 5th instar, on the first and fifth day of the pupal, and on the first day of the
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adult, life stages. Spatial expression profiling shows that the gene was mainly expressed in the midgut and malpighian tubules

of larvae, and in the muscles of adults. Meanwhile, the transcription of HaTrx-like was obviously induced by mechanical injury,

ultraviolet light, cold (0°C), or high (37°C), temperatures. [Conclusion] The full-length cDNA of HaTrx-like gene was

successfully cloned and preliminarily identified as a member of the thioredoxin family. Its expression is significantly

upregulated by different kinds of stress. These results will contribute to further studies on the features and functions of insect

thioredoxin.
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Table 1 Primers used in this study
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HaTrxL-RTF  TAGTGTCAGTCAGAAATTGCA 21 526
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Fig. 1 Nucleotide and deduced amino acid sequences of HaTrx-like gene from Helicoverpa armigera

CXXC 2

TAGTGTCAGTCAGAAATTGCATTGCTTGTGTGTCGTTTTCGTATACTCGTAAAGTARATC
AAAATATTAGTCGTGTCACGATACCGGTCATAGCAGGCTAAACTGTAATCTAATAGAAAC
AAAATGGTGAATACAGTTCAATTGCACGGGTACGATGAGTTCTCGAAATACATTGAAACC
MV NTV QLU HTGTYTDETFSZKZYTIET
GTAGATCCAAAAGGCCCGCCAGTACTTTTATATTTCAGTGGTTCTAAGCTACCGTCGGGC
VDPIKGTPZPVILTLTZYTFSGSZ KTELTPSG
GAAAGCTGGTGTTCTGATTGTGTCGAAGCCGAGCCTGTGGTTAATGCATACCTGAGTGAG
E S W[C SDC|VEAETPVVNA AYTLSE
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M ACSTFRTD SRILIEKTELMVTITZPTMI
GTCTGGAAGGGTGTGCAAAGACTGGAAGGTTCCCAATGTAACAAGAGGGACCTACTTCAA
VW KGV QRLETGS ST QO CNZE KT RTDTILTLQ
ATGCTATTTGAAGATGAAGAGTAATATGGCTTAACAGAACATTCTG
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The redox catalytic active sites CXXC are boxed.
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Md KSPQRLDGERCSNKDI®VENVFEDED 126

Ce KSPQRLDGERVSNKDI#VENI FEDED 128

Be KSPQRLDGERVSNKD§VENI FEDED 128

Zn GRPEKVEDTECSNPDIBVSVLEKLS. 124

Mr GTQKRLEGDQCQQVDIMI ENLLNDED 125

Bd KSPQRLDGERVSNKDIBRVENI FEDED 128

B2 18$¢H HaTrx-like EEFEM E R EIRYM B SRR F5 S EKA
Fig.2 Amino acid sequence multiple alignment of HaTrx-like with other insects homologs
100% 75% 50% CXXC
T Ha Helicoverpa armigera KP771808 Dp
Danaus plexippus EHI75979.1 Bm Bombyx mori  XP_004930376.1 Tc Tribolium castaneum
XP_967120.2 Md Musca domestica XP_005184688.1 Cc Ceratitis capitata XP_004531229.1
Be Bactrocera cucurbitae XP_011192212.1 Zn Zootermopsis nevadensis KDR20080.1 Mr
Megachile rotundata  XP_003706122.1 Bd Bactrocera dorsalis  XP_011214705.1

Blue represents 100% identity, red represents 75% identity and green represents < 50% identity. The conserved CXXC motif
is boxed and the active sites are marked by T . Ha: Helicoverpa armigera (KP771808); Dp: Danaus plexippus (EHJ75979.1);
Bm: Bombyx mori (XP_004930376.1); Tc: Tribolium castaneum (XP_967120.2); Md: Musca domestica (XP_005184688.1);
Cec: Ceratitis capitata (XP_004531229.1); Bc: Bactrocera cucurbitae (XP_011192212.1); Zn: Zootermopsis nevadensis
(KDR20080.1); Mr: Megachile rotundata (XP_003706122.1); Bd: Bactrocera dorsalis (XP_011214705.1). The same below.
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Fig.3 Phylogenetic tree analysis of HaTrx-like and its to construct the tertiary structure, and the active sites

homologs in insects (Cys* and Cys®) are marked.
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Fig.5 Standard curve and melting curve of HaTrx-like and RPL32 for quantitative real-time PCR
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A. The standard curve of HaTrx-like gene; B. The standard curve of RPL32 gene; C. The melting curve of HaTrx-like gene; D.
The melting curve of RPL32 gene.
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Fig. 6 Expression profile of HaTrx-like in different developmental stages of Helicoverpa armigera

EGG 50 IF 1 20 IM 1 20 2F 2 15 2M 2
15 3F 3 12 3M 3 12 4F 4 10 4M 4 10
50h 5 O0h 10 5~24h 5 24h 10 5~48h 5 48h 10 5~72h 5 72h 10 5~96 h
5 96h 10 5~120h 5 120h 10 PO 0 10 P1 1 10 P3 3
10 P5 5 10 P7 7 10 P9 9 10 Al 1 5
5 3 =+ 10
5% P 0.05 SPSS17.0 Turkey

EGG: Egg (50 grain); 1F: Feeding stage of 1st instar (20 larvae); 1M: Molting stage of st instar (20 larvae); 2F: Feeding
stage of 2nd instar (15 larvae); 2M: Molting stage of 2nd instar (15 larvae); 3F: Feeding stage of 3rd instar (12 larvae); 3M:
Molting stage of 3rd instar (12 larvae); 4F: Feeding stage of 4th instar (10 larvae); 4M: Molting stage of 4th instar (10 larvae);
5-0 h, 5-24 h, 5-48 h, 5-72 h, 5-96 h, and 5-120 h stand for 5th instar larvae at 0, 24, 48, 72, 96, and 120 h (10 larvae),
respectively; PO, P1, P5, and P9 stand for 0, 1, 5, and 9 day pupae (10 larvae), respectively; Al: 1 day adults (5 male and 5
female). The same as below. The data are represented the mean+SD. Each biology repeat includes 10 larvae or adult.
Histograms with different letters indicate significant different at 0.05 level (P<0.05) by Tukey’s multiple-range test in SPSS
17.0 software.
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Fig. 7 Transcription analysis of HaTrx-like in different larvae tissues (A) and adult tissues (B) of Helicoverpa
armigera
L-HD L-SG L-MG L-EP L-FB L-HM
L-MT L-CNS A-HD A-TR A-AD A-LG
A-WG A-MG A-MS
L-HD: Heads of larvae; L-SG: Salivary glands of larvae; L-MG: Midgut of larvae; L-EP: Epidermis of larvae; L-FB: Fat

body of larvae; L-HM: Hemolymph of larvae; L-MT: Malpighian of larvae; L-CNS: Central nervous system of larvae. A-HD:

Heads of adult; A-TR: Thorax of larvae; A-AD : Abdomen of larvae; A-LG: Legs of larvae; A-WG: Wings of adult; A-MG:
Midgut of adult; A-MS: Muscles of adult.
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Fig. 8 Effect of different types of adversity on the transcript levels of HaTrx-like gene
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A, B, C, and D: The second day larvae of 4th instar were subjected to mechanism injury, UV irrational, low temperature, and

high temperature. The samples were collected after treatment 0, 2, 6, and 12 h and stored at - 80

. The data represent the

mean+SD. Each biological repeat includes 10 larvae or adult. Significance of pairwise comparisons (treatment vs. control )
are marked with * or ** ( ¥0.01<P<0.05; **P<0.01) as determined by the Student’s ¢-test.
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