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Molecular identification and expression analysis of a peroxidase
genein Helicoverpa armigeraera
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Abstract [Objectives] To clone the HaPOD peroxidase gene in Helicoverpa armigera and analyze its function, including its
temporal and spatial expression profiles, and determine its expression after injecting H,O,, exposure to extreme temperature
and HaNPV infection. = Methods Full-length HaPOD c¢DNA was amplified using RT-PCR based on the transcriptome
sequencing results for H. armigera. The gene and amino acid sequences of HaPOD were analyzed with several kinds of
bioinformatics software. The spatio-temporal expression profiles of the HaPOD gene, and its expression patterns after 4 kinds
of stress treatment (injection with H,O,, infection by HaNPV, and exposure to hot and cold temperatures) were determined by
qRT-PCR. Results Sequence analysis revealed that the ORF of the HaPOD gene was 1 332 bp and encoded 443 amino acids
containing a peroxinectin sequence. The qRT-PCR results showed that the transcription level of HaPOD genes was low in
larvae < 5 days of age, but increased to a maximum on the fifth day of the pupal stage. Spatial expression profiling indicates
that the HaPOD gene was mainly expressed in the heads of larvae and in the wings of adults. Transcription of HaPOD
markedly increased following injection with H,O,, HaNPV, or exposure to high temperature (35°C), but decreased following
exposure to cold (4°C). Conclusion The ORF of the HaPOD gene was successfully cloned and analyzed. Its expression was

significantly upregulated by injection with H,0O,, infection by HaNPV and exposure to high temperature, but was
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downregulated by cold temperature. These results provide a foundation for further research on the mechanisms involved in

maintaining the redox balance and protection against oxidative damage.

Key words Helicoverpa armigeraera, peroxidase, temporal-spatial expression, adversity treatment, molecular cloning
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Invitrogen USA  Tag DNA PIB/mL NPV
EcoRI BamHI DL2000 Marker Zhang etal. 2015a
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Genbank JQ744274.1
4 2 4°C  35C Zhang et al. 2015a DNAman
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Anetal. 2013 Kimetal. 2007 1
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mmol/L  H,0, PBS cDNA PCR
1 36 10 24h NPV PCR 95 3 min
3 95 40s 52 72 1 min
0.8 cmx0.8 35 72 10 min
F1 AHARFAANSIY
Tablel Primersused in thisstudy
Primer name Primer sequence(5'-3") Primer length (bp) Product length (bp) Purpose
HaPOD-RTF CCTCAAGGAACTCAATGT 18 1431
HaPOD-RTR ATGTTAGCGGTAACGTCT 18 Amplification of full-length
HaPOD-qF TGCGTGCTACAGACATCC 18 178 W & PCR
HaPOD-qR  ACCAGTTCCACATCTTGAGG 20 Real-Time PCR
RPL32-qF  CATCAATCGGATCGCTATG 19 152 L E B PCR

RPL32-qR CCATTGGGTAGCATGTGAC 19 Real-Time PCR
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Fig. 1 Nucleotide and deduced amino acid sequences of HaPOD gene from Helicoverpa armigera
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CCCAATGACCCCGTCCACGGGCCTCAAGGAACTCAATGTATGAACTTCGTGAGGACTGGTACAACCAGG
M N F VRTGTTR
GACAGGGGATGCACATCACCTAATGCTCCGGCTGAACCTATTACAACAGTCACAGCTTTCATGGACCTG
D RGCTSPNA ATP® AETZ®PTITTTU VT ATFMDL
TCCCTGGTATACGGCAGCAGTGCTGGTCAAGCCAACCCCGICAGAGCTITTICAAGGAGGACGICIGITG
S L VYGS SAG QA ANZPVI RATFTUGQG GG GT RTILL
ACCACCGIGAGBAAGIGGCCGGGAGIGGCCCCCACAAGACCCGARCATCACCATCACCTGCGRATCAGCG
T T VRSGRETWTPZPOQDZPNTITTITTCTES A
CAGTICGCCAAATGAACCATIGITACCIGACIGGIGATATCCGIGIGAACCARRACCCICAGCICACGGIC
Q S P NEUPCZYTLTGDTITZ RV YVUNGQNZ PQTLTV
CTCCAAGIGATTIIGITACGIGAACACAACCGCAT IGCCGACACTICITGCGCATCICAACCCICATIGG
L Q VI LLRET HINZ RTIABADTTULABAIBHTLTNTEPHTW
AACGATGAGACICICIACCAAGAAGCAAGACGTATICACATCGCGGARATICAGCACATCAACTATTAT
N DETTLTZYQEU BARTI RTIU HTIA BATETIGQHTINTYZY
GAATATCIGCCIATITIIGIIGGGCCACGARARACATGGIGAAGAACARACIGATCIACCCGGGGGCICAT
E Y L P I L L G HENMT VKNI KTLTITVYUZPGAH
GGCTACATCAACGATTACAACCCTGGAGTAGACCCTICAGTACTTGACGAACATGCTACAGCTGCTITTIC
G Y I NDYNUPGVDZPSV LDETHT ATA AABAF
AGACATTTCCATACATTAATTAGGGGTTACTITGARATTAATTTCGGAGAACCGTCAAGIGGTTGGAACA
R HF HTULTIURG GV YTULZ KU LTISETNTZ RZGQV VUV G T
GTGCGTATGAGIGACTGGITCAATAGGCCTCITCT ICIAGAACT CGACAACGCCT TTGATCATTTAGCA
VRMSDWT FNZ RTPTLTLTLTETLTDINABAGTFTDTEHTLA
AGAGGCCTICGCAACICAGGAACAAGACTITAGCGAICAGIICIGGGACTCCGARATGACCCARTICCIT
R G L AT QTETG QDTFSDG QTFTWDSEMTGQTFL
TTCARACGARACAATACCITIGGAGGIGACTIGCGIGCTACAGACATCCARAGAGGICGIGACCATGGA
F K R NNTTFGGUDTLU RABATTUDTIGQZ RTGT RTDH G
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GTAGTAGCIGGTIICITIGGAACGCAACGTGCCCGGCGCGCAAGCTGGACCAACGTACTTATGCATICITG
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ACTGAGCAGITCTATAGAACICGIGICGGIGACCGGTACTIICTACGARAAT GGAGCCGACCCCGACATT
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Fig. 2 Amino acid sequence multiple alignment of HaPOD with other insects homologs
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Helicoverpaarmigera KX244949 Se Spodoptera exigua AIN39490.1 Bm Bombyx mori
XP _012549705.1 Pp Papilio polytes XP_013139647.1

Blue represents 100% identity, red represents 75% identity and green represents==50% identity. Ha: Helicoverpa

armigerara(KX244949); Se: Spodoptera exigua (AIN39490.1); Bm: Bombyx mori (XP_012549705.1);

Pp: Papilio polytes (XP_013139647.1).
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Ha: Helicoverpa armigerara (KX244949); Se: Spodoptera exigua
(AIN39490.1); Bm: Bombyx mori (XP_012549705.1); Pp: Papilio polytes
(XP_013139647.1); At: Amyelois transitella (XP_013193948.1); Px:
Plutella xylostella (XP_011553109.1); Pm: Papilio machaon (KPJ19443.1);
Db: Drosophila busckii (ALC47695.1); Ad: Anopheles darlingi
(ETN66032.1); Cq: Culex quinquefasciatus (EDS45917.1); Aa: Aedes
aegypti (AAC97504.1).
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Fig. 3 Phylogenetic tree analysis of HaPOD and its homologsin insects
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Fig. 4 Expression profile of HaPOD in different developmental stages of Helicoverpa armigera
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3 + 10
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EGG: Egg (50 grain); 1-24 h: 1st instar larvae at 24 h (20 larvae); 2-24 h: 2nd instar larvae at 24 h (15 larvae); 3-24 h: 3rd
instar larvae at 24 h (12 larvae); 4-48 h: 4th instar larvae at 48 h (10 larvae); 5-0 h, 5-48 h and 5-96 h stand for 5th instar larvae
at 0, 48 and 96 h (10 larvae),respectively; P1, P5 and P9 stand for 1, 5 and 9 day pupae (10 larvae), respectively; Al: 1 day
adults (5 male and 5 female).The data are mean+SD. Each biology repeat includes 10 larvae or adult. Histograms with different
letters indicate significant different at 0.05 level by Tukey’s multiple-range test in SPSS17.0 software.

. % >

FxTF L
Relative expression levels
b ey

Relative expression levels

c
b
ab be d . -
» w2 M2 II | d
L-HD L-MG L-EP L-FB L-HM L-CNS A-HD A-TR A-AD A-LG A-WG A-MG
4 1 Bt Larvae tissues LB Adult tissues

E 5 HaPOD EEEMPHRAAALR (A) FIRHBALR (B) AMERIH

Fig. 5 Transcription analysis of HaPOD in different larvaetissues (A) and adult tissues (B) of Helicoverpa armigera
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L-HD: Heads of larvae; L-MG: Midgut of larvae; L-EP: Epidermis of larvae; L-FB: Fatbody of larvae; L-HM: Hemolymph
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. The data are mean==SD. Each biology repeat
includes 10 larvae or adult. Histograms with different letters indicate significant different at 0.05 level by Tukey’s
multiple-range test in SPSS17.0 software.
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A, B, C and D. The larvae of Helicoverpa armigera were subjected to, H,O, HaNPV infection, low temperature, and high
temperature. The data are 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 t-test.
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