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Cloning and expression analysis of JNKs gene in cotton
bollworm Helicoverpa armigera
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Abstract c-Jun N-terminal kinase (JNK) is an important member of the MAPK family (mitogen-activated protein
kinases) , which has various functions such as participating in insect anti-stress response. In order to clarify the
expression characteristics of HaJNK and its role in defense against Bt insecticidal protein in cotton bollworm
Helicoverpa armigera , we cloned two HaJNK gene coding sequences HaJNK1 and HaJNK?2 by PCR amplification.
Bioinformatics analysis showed that the open reading frames of HaJNK1 and HaJNK?2 genes were 1 191 bp and
1 143 bp, encoding 397 and 381 amino acids, respectively. Phylogenetic tree analysis showed that Ha/JNK1 of H.
armigera had high homology with that of Mythimna separata and HaJNK?2 of H. armigera is clustered with that of
Bombyx mori. Quantitative real-time PCR was used to analyze the expression levels of HaJNK1 and HaJNK?2 in
different developmental stages and tissues. It was found that the expression levels of HaJNK1 and HaJNK?2 were
the highest in the stage of egg, following by female adults. The highest expression of HaJNK1 was observed in
gonads followed by salivary glands, and the highest expression of HaJNK?2 was in head followed by gonads. For
the fourth instar larvae, after cotton bollworm fed on CrylAc, the expression levels of HaJNK1 and HaJNK?2 in
midgut were significantly increased. It was speculated that the HaJNKs of H. armigera might be involved in
emergency response and antistress response against Bt insecticidal protein.
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Table 1 Primers used in this study
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Primer name Primer sequence

bR/ Y6

Amplification

51 &

Primer application

P BRI/ bp

Expected size

efficiency
cHaJNK-F AAAAGTAGGGGTGGTCGATGCCCC FEH TR - 1191
cHaJNK-R TGCTGTTGCCTATGTGGTGAGGGCGGG
q-HaJNK1-F CGCCACCCTCACTTCTACAC SR 6 E & PCR 99. 04 83
g-HaJNKI1-R CCGATGGGCTTCAAGTTCTG
q-HaJNK2-F CCTGAAGCCGTCCAACAT 109. 10 164
q-HaJNK2-R CGTTCTCCGTGTATCCCAT
RPS15-F CTGAGGTCGATGAAACTCTC 91. 45 107
RPS15-R CTCCATGAGTTGCTCATTG
18S-F GCATCTTTCAAATGTCTGC 90. 80 230

18S-R TACTCATTCCGATTACGAG
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a: DNA sequence; b: Amino acid sequence. The blue represents different parts of the sequence, Orange represents the same part of the sequence

1 #3455 HaJNKs HIE34 DNA Sl 5 S £ F 5

Fig. 1 Partial DNA sequence and amino acid sequence of HaJNKs in Helicover pa armigera

a: HaINKI1Z H =4E450; b: HaINK2ZE H = 4450 . 15 v [ 18 3 A~
KI5 Ay HaINK LR

a: The predicted 3D structures of HaJNKI1 protein; b: The predicted 3D
structures of HaJNK2 protein. The circle in the figure shows the unique two
big hairpin structures of HaJNK1

B2 FilAEEE H Ha)NKs Q=441
Fig. 2 Predicted 3D structures of HaJNKs protein in

Helicoverpa armigera
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{ Laodelphax striatellus X1 [MZ366317.1|
Laodelphax striatellus X2 |[MZ366316.1|

Nilaparvata lugens [KU363812.1|

Caenorhabditis elegans [NM 067983 .4|

Plutella xylostella MN211355.1|

Daphnia pulex MF588964.1|

—|: Monochamus alternatus |[KX428484.1|

Leptinotarsa decemlineata [KR075821.1|

Myzus persicae [MZ648315.1|
{Anopheles maculipalpis X3 | XM050221887.1|

Anopheles maculipalpis X2 | XM050221886.1|
{Anopheles maculipalpis X1 | XM050221885.1|
—': Helicoverpa armigera 1

Mpythimna separata X1 [MW365978.1|

Bombyx mori [NM001109926.1|
—|: Helicoverpa armigera 2
Chilo suppressalis [KU358550.1|
{ Ostrinia furnacalis IMK779707.1|
Bombyx mori: %; Myzus persicae: BkWF; Daphnia pulex: BRMEE; Nilaparvata lugens: # KE\; Chilo suppressalis: —ALWR; Plutella xylostella: /N3
ifk; Monochamus alternatus: ¥ B R 4; Ostrinia furnacalis: W FHKAE; Leptinotarsa decemlineata: By ¥ W hi; Caenorhabditis elegans: 75 T Fa At

2 1 Mythimna separata X1: 51X 1; Laodelphax striatellus X1: KX KE\X1; Laodelphax striatellus X2: K KE\X2; Anopheles maculipalpis X1: 3
RFNFZIBX1; Anopheles maculipalpis X2: 75 K FIFEIX2; Anopheles maculipalpis X3: 73 K F|FZIX3

B3 ET HaJNK SEERF IR B EAR L AN 1E X B i R Gt L

Fig. 3 Phylogenetic tree of Helicoverpa armigera and other insects based on HaJNK amino acid sequence

constructed by neighbour-joining method

. HaJNK1 1.5 HaINKD
a
e a e .
< rop 210
I .S i .S
X 2 H 2 b
£z o3 be
RS b b 22
=2 05 be T2 os
= cde c ¢ =
& H ﬂ - ﬁ ﬁ ﬂ ﬂ & ﬁ ﬁ ﬁ ’j_‘
e
Rillin ;
0 E 1 2 3 4 5 FP MP FA MA , E FP MP FA MA
RE ﬁﬁﬂﬂﬂ
Developmental stage Developmental stage

E: §; 1~5: 1~5{% )y it; FP: lfiifi; MP: HEW; FA: Mepl it MA: MERH o B B0l N PREFR R . A FR/NG FREROREE Tukey IRIRAE0.05 K P22 5
BF. TH

E: Egg; 1-5: Ist-instar to Sth-instar larvae; FP: Female pupa; MP: Male pupa; FA: Female adult; MA: Male adult. Data are mean+SE. Different lowercase letters
indicate significant difference at 0.05 level by Tukey test. The same applies below
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Fig. 4 Expression level of HaJNK genes in different developmental stages of Helicoverpa armigera
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Fig. 5 Expression level of HaJNK genes in different tissues of Helicoverpa armigera
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FIX IR
Relative expression level

CrylAcikJE /ng - L™
Concentration of CrylAc

& 6

Fig. 6 Changes of HaJNKs expression level in Helicoverpa armigera treated by different concentrations of CrylAc
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G, BEEMBR RN AE KL T Ha NKs )ik
w2 e R R IR B %, Ha) NKs 16 59 5 &
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IR AR s HEUOE MRV R . HaJ NK2 7 3k 3 %5
e YRR . B B SR BTN JNK
1o # Ik AT RE R PR O INK 38 #2500 (1) T WL 16
B0 J6 240 f R0 G At b Bz A0 Y OB 2 O AR i R R
N FE BRI BLFB Ha] NK 3235 i 5 1]
AE A Hy T 52 MR A 100 A it 2 B HR U A2 A1 5O
W) E23 57 . HaJ NK B 0 52050309 M S5
SESRMN. W E A E R KT Ha NK &
Feik . FRATHEM HaJ NK 3 PR7E #4545 &
HN CHA P REEELN IR, RS 5P
B 2% 32 O I A T e AL, I8 BT RE = 5 M A
B B HaJ NK 5 R 7EAN R i 20 28 op k4%
) REA BT AN [

Fis 132 3 CrylAc 18535 HaJ NKs 1
Fakit £ ST R R AR B . Rk B (20
ng/pl)CrylAc 4b# 6 h 5, HaJ NK1 fl HaJ NK2
FERRIRE B, 2 B R X HE AR AL B il 2. 23 £
2. 39 1% s m M (40 ng/pl.80 ng/pl) CrylAc 4bFH
12 h 5. HaJNK1 #l HaJ NK2 i 15 51 e i »
Horh 80 ng/pl. b3 4353 A %k HEZH A 4% HU i 3. 32
5.2, 71 A . X HHABE R i dRiESE L 20 Cry
FEEA G WM E K Ostrinia furnacalis HJ
MAPKs JEH A B @ 1 B4, 52 5] Cry
EEINEE S T MAPK 5@ B 0 %5 v . 4
Ky B IR R G S5 TNK () mRNA KV 58 H
BRI K P 2 T i, U BT INK {5 53 3% 78 S0 8
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5 3 R W S S P R LSP TS . 2 S
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HaJ NK ik 507w . ] fe o MAPK G %
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XA HUY Oy FD, e F HaJNK #E CrylAc
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[1] CARGNELLO M, ROUX P P. Activation and function of the

(2]

(3]

[4]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

MAPKSs and their substrates, the MAPK-activated protein ki-
nases [ J ]. Microbiology and Molecular Biology Reviews,
2011, 75(1): 50— 83.

ARTHUR J S C., LEY S C. Mitogen-activated protein kinases
in innate immunity [J]. Nature Reviews: Immunology, 2013,
13(9): 679 -692.

RURONG J I, GEREAU R W, MALCANGIO M. MAP ki-
nase and pain [ J]. Brain Research Reviews, 2009, 60(1): 135
- 148.

R, TPk, E/NAr, AR PUABE] bk R R RS
BGRPs F: R A% KRk o). P EADIBRR . 2017,
33(2): 206 - 212.

WANG Lanlan, HUANG Huang, ZHANG Changrong. Clo-
ning and functional characterization of c-Jun NH;-terminal ki-
nase from the Mediterranean species of the whitefly Bemisia
tabaci complex [ ]J]. International Journal of Molecular Sci-
ences, 2013, 14(7). 13433 - 13446.

MIZUTANI T, KOBAYASHI M, ESHITA Y. et al. Charac-
terization of JNK-like protein derived from a mosquito cell line,
C6/36 [J]. Insect Molecular Biology, 2003, 12(1). 61 - 66.
XN, A, BB, AR L o Jun SR G ORGSR IX]
TERE FRIKIE KX UV-A b pm i) 1. B4R, 2019, 62
(4): 407 - 417.

SLUSS H K., HAN Z Q. BARRETT T. A JNK signal trans-
duction pathway that mediates morphogenesis and an immune
response in Drosophila [J]. Gene and Development, 1996, 10
(21). 2745 - 2758.

NAGANO Y K, ESHITA Y K. FUKUSHIII S. Inhibitory
effects of JNK on Aedes albopictus early larval development
[J]. Urban Pest Management, 2012, 2(1): 7 - 13.
MENDELSOHN M., KOUGH J, VAITUZIS, et al. Are Bt
crops safe? [J]. Nature Biotechnology, 2003, 21(9); 1003
—-1009.

SANAHUJA G, BANAKAR R, TWYMAN R M, et al. Ba-
cillus thuringiensis; A century of research, development and
commercial applications [ J]. Plant Biotechnology, 2011, 9
(3): 283 -300.

COMAS C., LUMBIERRES B, PONS X, et al. No effects of
Bacillus thuringiensis maize on nontarget organisms in the field
in southern Europe; A meta-analysis of 26 arthropod taxa [J].
Transgenic Research, 2014, 23(1): 135-143.

NICOLIA A, MANZO A, VERONESI F, et al. An overview
of the last 10 years of genetically engineered crop safety re-
search [J]. Critical Reviews in Biotechnology, 2014, 34(1):
77 - 88.

BRAVO A, LIKITVIVATANAVONG S, GILL S S, et al.
Bacillus thuringiensis: a story of a successful bioinsecticide

[J]. Insect Biochemistry and Molecular Biology, 2011, 41(7):



o 146 -

4.9 4 47 2023

423 —431.

(151 EAZE, fpek, EIRE. HARE LN B RN ZIEH
HEREmE L] R R AT, 2019, 56(1); 12-23.

(167 fEBelE, minLr, REZ%. BokKRER H SRR E R AR sl
BISEMALT ). LR HLAE . 2006, 43(6): 774 =777,

(17] efh, i), sh=22. “Foflat/JEY A7 RIS e Be oK
b v iR B b v RO L ] AR i, 2022, 48
(4): 59-67.

L18] X&dh . AREESC, XIBLT, 4. WA BEH H B R Be #
HUEALE U R (T ] A9 TR 24, 2022, 38(5). 1809
-1823.

[19] ZHANG Haonan, YIN Wei, ZHAO Jing, et al. Early warning
of cotton bollworm resistance associated with intensive planting
of Bt cotton in China [J/OLJ]. PLoS ONE, 2011, 6 (8):
e22874. DOI; 10. 1371/journal. pone. 0022874.

[20] ZHANG Haonan, TIAN Wen, ZHAO Jing, et al. Diverse ge-
netic basis of field-evolved resistance to Bt cotton in cotton
bollworm from China [J]. Proceedings of the National Acade-
my of Sciences of the United States of America, 2012, 109
(26): 10275 -10280.

[21] LIN Jing, ZHANG Haonan, LU Yanhui, et al. Large-scale
test of the natural refuge strategy for delaying insect resistance
to transgenic Bt crops [J]. Nature Biotechnology, 2015, 33
(2): 169-174.

[22] GUO Zhaojiang, KANG Shi, CHEN Defeng, et al. MAPK
signaling pathway alters expression of midgut ALP and ABCC
genes and causes resistance to Bacillus thuringiensis CrylAc
toxin in diamondback moth [J/OL]. PLoS Genetics, 2015, 11
(4): e1005124. DOI; 10. 1371/journal. pgen. 1005124,

[23] GUO Zhaojiang, KANG Shi, ZHU Xun, et al. The midgut
cadherin-like gene is not associated with resistance to Bacillus
thuringiensis toxin CrylAc in Plutella xylostella (1..) []J].
Journal of Invertebrate Pathology, 2015, 126 21 - 30.

[247 GUO Zhaojiang, KANG Shi, ZHU Xun, et al. Down regula-
tion of a novel ABC transporter gene ( Pxwhite) is associated
with CrylAc resistance in the diamondback moth, Plutella xy-
lostella (L.) [J]. Insect Biochemistry and Molecular Biology.,
2015, 59: 30— 40.

[25] GUO Zhaojiang, KANG Shi, SUN Dan, et al. MAPK-depend-
ent hormonal signaling plasticity contributes to overcoming Ba-

cillus thuringiensis toxin action in an insect host [ J/OL]. Na-

ture Communications, 2020, 11(1). 3003. DOI. 10.1038/
$41467-020-16608-8.

[26] FORCADA C, ALCACER E, GARCERA M D, et al. Differ-
ences in the midgut proteolytic activity of two Heliothis vires-
cens strains, one susceptible and one resistant to Bacillus
thuringiensis toxins [ J]. Archives of Insect Biochemistry and
Physiology, 2010, 31(3): 257 - 272.

[27] ArocH, W&, GFit. 55 PRI duRg xg 3R 0 R
TR ] B MOl K2 2 4 CRAR B RO 2011, 35
(5): 21-24.

(28] ZEepMfyg. WLER: . FFF o0, A LIFRAREe mEORp st [J].
PIRAR, 1999, 25(2); 16 - 18.

[29] LIVAK K J, SCHMITTGEN T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
27445 method [J]. Methods, 2001, 25(4): 402 - 408.

(307 BT, KT, SRR, . GITL KI5 Mt niB 4 vy R
ThMHAE A B ER AL A A0 AT AR ) ). IR BEZY, 2011, 37
(15): 1745-1747.

[31] SUZANNE M, PERRIMON N, NOSELLI S. The Drosophila
JNK pathway controls the morphogenesis of the egg dorsal ap-
pendages and micropyle [ J]. Developmental Biology, 2001,
237(2) . 282 -294.

[32] XIAO Yamei, CHEN Lili, LIU Jiao, et al. Contrast expres-
sion patterns of JNK1 during sex reversal of the rice-field eel
[J]. Journal of Experimental Zoology part B- Molecular and
Developmental Evolution, 2010, 314(3): 242 - 256.

[33] FENG Congjing, ZHAO Ya, CHEN Kangkang, et al. Clip do-
main prophenoloxidase activating protease is required for Os-
trinia furnacalis Guenée to defend against bacterial infection
[J]. Developmental and Comparative Immunology, 2018, 87:
204 - 215.

[34] WEI Jizhen, YANG Shuo, CHEN Lin. Transcriptomic re-
sponses to different CrylAc selection stresses in Helicoverpa
armigera [ J/OL]. Frontiers in Physiology, 2018, 9: 1653.
DOL: 10. 3389/fphys. 2018. 01653.

[35] XIAO Yutao, WU Kongming. Recent progress on the interac-
tion between insects and Bacillus thuringiensis crops [ J/OL].
Philosophical Transactions of the Royal Society B: Biological
Sciences, 2019, 374 (1767). 20180316. DOI. 10.1098/
rsth. 2018. 0316.

Griethdt. B





