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Abstract [Objectives] To interpret the function of a HaTO-like gene in Helicoverpa armigera, we cloned the full-length
cDNA of this gene, determined its expression profile in different developmental stages and different tissues, and detected its
transcripts in the head and epidermis of larvae after HaSNPV infection. [Methods] Full-length HaTO-like cDNA was
amplified by RT-PCR and the nucleotide and amino acid sequences of the gene were further analyzed using bioinformatics
software. qRT-PCR was also used to determine the spatio-temporal expression patterns of the gene and its transcript after
HaSNPV infection. [Results] Sequence analysis showed that the full-length cDNA of the HaTO-like gene was 994 bp, which
includes a 756 bp ORF encoding region comprised of 251 amino acids, and that it shares relative low sequence identity with
homologous proteins of other insects. The results of qRT-PCR indicated that the HaTO-like gene was more highly expressed in

fifth instar larvae at 0 h, and in one day old adults, than in other stages. In larvae, the HaTO-like gene was mainly expressed in
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the head and epidermis whereas in adults it was most highly expressed in the legs. The expression of the HaTO-like gene was

also induced in head and epidermis of H. armigera after HaSNPV infection. [Conclusion] This study determined the

sequence characteristics of the HaTO-like gene, and its expression profiles and establishes a theoretical foundation for further

elucidating the functions of the HaTO-like gene in H. armigera.

Key words Helicoverpa armigera, HaTO-like, molecular cloning, temporal-spatial expression, virus infection
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Fig. 1 Nucleotide and deduced amino acid sequences of HaTO-like gene from Helicoverpa armigera
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The sequences of signal peptide are boxed, the start codon is indicated in bold and the stop codon in bold with an asterisk.
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transitella (XP_013198898.1); BM: Bombyx mori (XP_004923009.1); PM: Papilio machaon (XP_014354792.1); Pxu:
Papilio xuthus (NP_001299082.1); Cf: Coptoter mes formosanus (AGM32526.1); Hh: Halyomorpha halys (XP_
014289104.1); Tc: Tribolium castaneum (XP_966810.1); Lh: Linepithema humile (XP_012219405.1). The same as Fig.3.

0.05

L1

Cr

Hh
— Pm
L Pxu

Bm

At
Pxy
Tc
Lh

3 8% HaTO-like EAME {th B A EIE4
R RGHB D

Fig. 3 Phylogenetic tree analysis of
HaTO-like and its homologs in insects

2.4 HaTO-like ZE MBIz RIZ D
HaTO-like

5 0h

6



- 968 - Chinese Journal of Applied Entomology 53

B 72h 120h  HaTO-like
6 A 7 A HaS\PV  72h
120 h HaTO-like
° P 24 h
25 RERLX HaTO-like EERIEN I 7 B HasSNPV
PCR HaS\NPV 24 h HaTO-like
A 5 40 - 3=—3.6067x+41.3190 B 75 Melt peak
g R>=0.9985
2 30
@? E 300
o
2E =
5 28 ﬂra 200
L3 ) =
£ 0 #® T 100
=t =
] 0 ! L 1 1 L ) =
S 1 2 3 4 5 6 a3 0 =
e TR B 65 70 75 80 85 90 95

TREE T ture (C
Loharithm of copy number RS Temperature ('C)

4 REH HaTO-like ZEE KL EE PCR BRI £ A5 iR Hh 2
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EGG: Egg (80 grain); 1-24: 24 h of st instar (15 larvae); 2-24: 24 h of 2nd instar (15 larvae); 3-24: 24 h of 3rd instar (10
larvae); 4-24: 24 h of 4th instar (8 larvae); 5-0 h, 5-48 h, and 5-96 h stand for 5th instar larvae at 0, 48, and 96 h (8 larvae),
respectively; P1, P5, and P9 stand for 1, 5, and 9 day pupae (8 pupae), respectively; Al: 1 day adults (6 male and 6 female).

The data are mean + SD. Each biology repeat includes at least 8 larvae, pupae, or adults. Histograms with different letters

indicate significant different at 0.05 level by Tukey’s multiple-range test in SPSS 17.0 software. The same as Fig. 6.
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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 at least 10 larvae, pupae, or adults.
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A. Transcript levels of HaTO-like gene in heads of H. armigera after 0, 24, 72, and 120 h of HaSNPV infection; B.
Expression levels of HaTO-like gene in epidermis of H. armigera after 0, 24, 72, and 120 h of HaSNPV infection. The data
are mean+SD. Each biological repeat includes 8§ larvae. Significance of pairwise comparisons (treatment vs control) are
marked with ** (**: P <0. 01) as determined by the Student’s t-test.
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