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Interfering with calcineurin induces mortality and imposes substantial

fitness costs in Helicoverpa armigera

PENG Zhen', LI Pin’>, WEI Ji-Zhen™ (1. Shanghai Agricultural Technology Extension and Service Center,
Shanghai 201103, China; 2. College of Plant Protection, Henan Agricultural University, Zhengzhou
450046, China)

Abstract: [Aim] Calcineurin (CaN), a Ca>*-dependent serine/threonine protein phosphatase belonging to
the protein phosphatase 2B (PP2B) family, plays diverse regulatory roles in various physiological and
biochemical pathways in vivo. [Methods] To investigate its potential as a key target gene for RNA
interference (RNAi)-based pesticide development, this study conducted CaN RNAi on 4" instar Helicoverpa
armigera and statistically analyzed their mortality, body weight, pupation rate, eclosion rate and other life
indicators. [Resulis] The results showed that injection of CaN dsRNA significantly reduced both CaN
gene expression and the enzymatic activity of CaN protein. Following knocking down CalN expression,
about 60.81% mortality was observed among the fourth-instar larvae. Moreover, the body weight of
surviving larvae showed a significant reduction starting 24 h after CaN dsRNA administration. The
developmental durations from 4" instar larva to pupa and from pupa to adult eclosion were significantly

prolonged. Both pupation and eclosion rates were markedly decreased, with the final eclosion rate dropping
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to only 3.75%. [Conclusion] These findings demonstrate that CaN is essential for the growth and

development of H. armigera and highlight its potential as a promising RNAi target for pest control

strategies.

Key words: Calcineurin; Helicoverpa armigera; RNAi; mortality; growth and development

HR4S HL Helicoverpa armigera J&= 3% 15| [ 4= BR 45 b
Xy E SR F A, HZ o mEE . Z2atk.
588 K ) BB g AT 24 1 S R A 22 O ARl A 7
HP R — R B B o A DU X i 2% i 1k 27 By
W, EHEXMER R AR . A PLBEESE 2 Rl i
SRR A m KO RUE (RS, 2025), H2
X I 2 4 2 AT I Bacillus thuringiensis (Bt) 2% H
A BTS2 PR Z @i 9% (Hu et al., 2025). 4
B, RNAQ A W4 25 DUHARAT B F ARG S Ay B 4
b A2 A B2 R R RO R AT A S BT 2 VIR B Y
HETBL, SR RNAGAE YR 24 1 1 4 5 2R
AMBAZ YA A% A T RESE A

PEE R (Calcineurin, CaN) J@ T E®EHR
1k fili PP2B K % (Protein phosphatase 2B famﬂy) s
WL T Ca™ (5 5 19 22 Z R/ I3 A TR AR B TR g o 72
KREBWHALI T, CaNTEAEERGS 0T
2o AR R U, 25 Fh Az BEA fb3d % rp &
LR ZREMTNHE (Liv et al., 1991; Furman and
Norris, 2014; Saraf et al., 2018). HWF5THRiE CaN
FEAEM TR, 78 Ca Ay . AT Y (F5
S ARG P R AR AR, R
P Z AL EZEAEH 4+ (Saraf et al., 2018) .
CaN i 76 N B2 40 L b o3 A, 9 45 2 8 s hiz
(Ballesteros—Martinez et al., 2017). H.¥K, CaN%E
VR LR R B R A i b Rk, S 5 RIPUARSER
1% (Bueno et al., 2002; Kang et al., 2007) .

fER A, X T CaN MBS FEAEBIA R &
SR Drosophila melanogaster R, R,
CaN TELZZIE AN IUES B 1 1 BYEE 20 v 4% 8 A
H, i CaNsZm B CITHLAE (Gajewski et al.,
2006) o [A) If, CaN it 2 5 R g 59 k& T
(Kweon et al., 2018), %212 #%i (Shaw et al.,
2013), LRiikDIHE (Shaw et al., 2013), MLFES
Az 2] fK 812 (Chang et al., 2003), R{HTT
& (Ejima et al., 2004; Sakai and Aigaki, 2010)
FUME A A2 5 35 3 (Ejima er al., 2004; Horner
et al., 2006; Takeo et al., 2010), LAk, ST
CaN 7E S S HE B EEAE T, R4 U
B B R AT, CaN GRS 38 (Li and Dijkers,

2015) . CaN JEPE3E5E , {23 relish J2 42, relish /&
10RE B % (Tmmune deficiency pathway) H
RN T, WP KA R L (Dijkers and
O'Farrell, 2007; Li and Dijkers, 2015) . & T %
g, CaNTEHERAUHRIBITEIEE AR, U T
UM, TEZK AL Bombyx mori AL, CaN 73 Afi 18
AERG A, WY EEERNE
. (Yoshiga et al., 2002) . A X4 HUpL H
CaN HIBFFERM, CaN il i L WERR LI 2 M4 i
a BRI (acetyl CoA carboxylase) PTG EE S
Ji AN HE R B SZTE AT (Du et al., 20175 Zhao
etal., 2018),

F % 4l e i B 32 5 i R G 3 B B
A W AR X CaN 124 U B DI REHEAT T 9020 B
WL LB, CaNTEL) Hrh & W AL U T2 43
i, 55 T relish 45 7, WA T WP K
cecropin D, attacin Fl gloverin [} 3155 15 3| L UG
22 PR 1 a2 T (Wei et al., 2019). [H]EF
FH CaN H5 52 HEAD I ) CsA b FRAR S L, &S8R
BT, SLEESEAM, UK EZRERE (Wei
etal., 2022). iE—2BRIESE K BN AR 4% d4)
CaN EBEMRALTEME, 16 A8 2 1Y 98 BUR A A K
AR (Wei et al., 2021a; 2021b) ., {HJE CaN
FERRES B BE TS A RNAG R 258 & b (0 S B AR
BB, BHErhsk= RE0ER. BICAS B 5T AE A
MBI R b, dE st TR T, RSE CaN 7EA
Bedig iR KORE TR IIEE .

1 R 577E

1.1 #7444

PR RO AR U R (TY), I H T
BV = A RAR . F25 % R A T
RIEATRFR CREME, 1999), WFRREEHRMR
M (26 £1) C. MXSRE (60 +10) % . St
W16L:8D.

A 5 A HEE . RNA $2 BC . HiSeript® 111 RT
SuperMix for qPCR (+gDNAwiper) ;5. Wt
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A% T7 RNAi Transcription Kit M Jii 6 DNA /)y & 7 Bt
R & X W R v R R R R A R D
KIGAT B2 25 40 DHS o I [ b 53R E Rl
AIRAT &% H % FE M 20 x PBS & i iy A 4t
HRFFERARAF,; BCA S A I A
FEABERR A (CaN) 5 &0 A B s & E ) TR
AR HE  HSRE A G HE H EGFP )7 51 2 M)
Wei et al. (2021) B HA M HA LA
B E = bral . EEALERAEE NANODROP 1000
KR OO E T (BB CHE R B ) |
DYY-3C LKA (dbmios — A7) . K it
PCRAX (ABL) MRbnil (AMBIXERARA D
1.2 Hik

1.2.1 FEa il #5F e DNA A %

TE IR /INFI S A AR — B0 4 8% 1 d A4S e,
FiSe B T UK DAREAR LI 2h B . 230 #E 0 h A1 36 h
TE 5t 12 pg dsCaN . dsEGFP 5 DEPC /K , 7
24 h, 48 h A1 72 h UL il 20, 20 430 B 10
AR A g, wE I MY ES, HTH
BN [R) 5 Ta] 557 5 dsCaN J CaN 2 H (9 k725 4k,
T Tt 3 W o B2 A IR 20 SkARAS R, B
AN FE R, T R dsCaV XS HuA:
KA B IRIREE

R JH RNA £ B 65 53 701 5 A b B
AR RNA, K4 HiScript® 111 RT SuperMix for PCR

(+gDNA wiper) J &% 53857 &b - & i cDNA £
M, 1ENIGEEqPCR A HT BN, FHREI CaN FEH
1) SRk
1.2.2 Ry gt

DAL HU cDNA ST , i FH CaN-F/R R 544
514 (WFE1D) §H CaN FEH A4S X (CDS),
X R A R T (S
KR185962.1) . 5% it 5 1 9 34 ol Jb st R A Wkt
FARAF A . PCR N AR K S0 pl, 5
Phanta Max Super—Fidelity DNA Polymerase 1 pL,
cDNABIH 1 pL. dNTPs 1 pL. b F#E51#14% 2 pL.
2 X Phanta Max Buffer 25 pL LA X ddH,0 18 pL.
PCR ¥ WA R ¥ Jy . 95°CHUAE M 3 min; Fifi )5 47
38N, HEMEIAMIEE 95 CAEME 15 s, 55°CIR K
30s. 72°CHEMH90 s, e fE 72°CLATE 10 min, §7
B2 1% SRR HHEE I R UK A J sl fb T % 4
Fon PR R B 0 Y o AR
2= KT DHS o B2 8 Al b, JFRIH AN &
B R AFATPUE TR IE o X 0 2 FRAS A9 BH M v e i A7
WK PCR B IE, F0E4c1F5S iR PCR —3, K
I 19 SRR EE IS FL UK 0 BT PCR 4 o S IURHIE
PR BT, A 20N 5 & E 0 LB R iR 77 5
1 37°C. 200 v/min 578 F b 5%, Bl G R
JURL DNA, Jfik 24650 SR E RN A R B i
FFOUFE, DAERIATE A R B i HERf M

x1 FARSIWIIE

Table 1 List of primers in this study

5|4 % #K Primer name

izl Sequence (5'-3")

CaN-CDS-F ATGTCCGGGAGCAATGATAAAG

CaN-CDS-R CGAATGTGCGTTGCTGTTTACAT

CaN-T7-F TAATACGACTCACTATAGGGAGGAAGGTGTATGATGCATGTAT
CaN-T7-R TAATACGACTCACTATAGGGAGCATCCATGAAGTTGGGCAGCCA
EGFP-T7-F TAATACGACTCACTATAGGGAGACCTGAAGTTCATCTGCACCAC
EGFP-T7-R TAATACGACTCACTATAGGGAGACTCCAGCAGGACCATGTGATC
qCaN-F ATGAATGCCGACATTTGACA

qCaN-R CCAAATGCAGGTGGTTCTTT

B-actin—F CCTGGTATTGCTGACCGTATGC

B-actin-R CTGTTGGAAGGTGGAGAGGGAA

EF-la-F GCCTGGTACCATTGTCGTCT

EF-1a-R GTAACCACGACGCAACTCCT

W FRIZR TN T7 5 8 FJF51 . Note: The underlined sequences were T7 promoter sequence.
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1.2.3 dsRNA (&%

S BETIA BUAT R CalV FE K X B ZH EGFP
F N B S 51 ) CaN-TT-F/R F1 EGFP-TT-F/R
(WFED), BIWPE T7T R SRS, LI
FEHAK ZT4—CaN Tk Nz EGFP Bk MiHr , R -
WA T7 OS5 P T PCRY1S, A5 KE
514 530 bp (CaN) F1538 bp (EGFP) ) X%
DNA MR . PCRY AR S 122k —3, &
RN 95°CHIZEME 5 ming BEJS #E AR BE,
f14595°CAE 30 s, 55°CIBk30s, 72°CHEfH 30 s,
AT I8 MG . P IGERUT, X I T4
D5 S P A B, o o B A PR VA, B AR R AR R
— VG M B S e ak S e 2R . ke T7
RNAIi Transcription Kit i) & AU#RAE BT, 43 il 14
AN SR B CaN F1 EGFP 1 U5 RNA  (dsRNA) ,
AT DEPC /K, IR I 20 6 BE T
WRE, HT A%,

1.2.4 SZ B} 9 )6 2 #= PCR (Quantitative Real-time
PCR, RT-qPCR)

FH qCaN-F/R ¥ 5 E5 1Y) (WK 1) XF CaN
BTG R IRKE AT k. R, ik
B EF-1a (B35 U20129.1) FlB-actin (& 5%
5. HM629442.1) fESRNZ AN, IR 751
Ve A B ) N 2 51 ¥ B-actin-F/R il EF-1a-F/R
(W& 1), qPCRIRMNAKFRH 10 pl, 27 ChamQ
Universal SYBR qPCR Master Mix (2 x) 5 pL. I
TWes| ¥4 0.4 wL. cDNA##r 1 pL LA & ddH,0
32 pLo PHEFEFUNR . 95 CHIAEYE 2 min; Bl )5
HEA 38 A, B E IS AL S 95°CAE M 15 s
55 CiR k15 s, 68°CIEAH20 s, XIu i E 3 N4
SEEAE, BAAYFEE TRINMEAREL, LSE
PIUE IR B LS B 1 38 S5OR PEAS 45 56 X 2638 K OF- .
e 2SR 2440 5 i o 3 5 BOHE 0E AT 4 B Ak B
(Liuet al., 2015),

1.2.5 CaN [ P 0 I

FH 500 L $2 6 K i H A 0 1 x PBS #F 1.2.1
FanWATIRS), B LB LS9, 3500 rpm, 4°C
B0 10 min, H300 pL E3E . HE4E BCA 5] &0
100 pL b3 i 2 Lk BE R T I 6, AR CaN
W& MBI A5, i H Synergy H1 Hybrid Multi-
Mode Reader 4= %+ 3 L AR 31 65 I 52 2 7 J5 74 OD
5, SHXRNE AR, TR BT,

1.3 RSt o

WHIET- R (%) =501 MEREUL) L EEL x
100, RIEFET-H (%) = (AFRAIFET-R - XA
HIETHR) [ (1 - XFEYIET-F) x 100, il
B U 405 4l RN AR I 28 D7 i st [] - B0 A &l ey &
B Gt I ACEREE — K 246 B R 28 5 1)
BFE], RUCHSR0 & & Ui . Soitfa s mln) — b2
B TEIEECH , FIREARE 20 LAY LL(E, B
LAY LIRS G — A A N 34
2 5 A W 2 1 S 41 B A 32 4 B 2H 1Y Ak 2
W5 15 ) b 58 1 A A4 e s R R B O EE L A4S b B
2l IR 5, WSS 145 Ak BT P4k R
BH, FEEAK 20K 0 AR ED A PR

A 5T T A 1 e BOUE Yo% FH DPS 9.01 1
S35V I TR, T A4 £ 1 2 2/ IS e [ ) 3 A
K Z 722001 (one—way ANOVA), 454 LSD i
RIPEAT Z A . 107338 T CalN XUEE RNA 15
PRCR I CaN B iGN 2 . BCIESET R | 7 HiK
L, ARG R I AR . W
S01 R 3P) Ak 258 AR DG 0 Sl Ak B R e 2 1 ) 3
sul GraphPad Prism 8.0.2 HAA5E N

2 BRESH

2.1 CaN dsRNA F# R E K 3t CaN | B EFiEHER
A1

KRG CaN FEHAEMES A AR EF T
Wte, ARUFFRIFET CaN HPH RNA T4 50 .
RT-qPCR 25 5, 7815 dsCaN J& B AN [R] 15 (7]
1, 5 DEPC/KANFRZFI dsEGFP AL BRLH AL, 24 h
it RIRT 002 B KRR A8 R CaN HE R 3k (1 8.2 T3
YEH (P <0.0001, n=30), 7E48 h 72 hit}, +
MBCRM R B E (P <0.0001, n=30), M5
dsEGFP AN EEZL, CaN & R F 3k 7K 78 3 4 A] 45
I BEIR T 82.31% . 64.63% F141.78%. M4,
FATEVEAL T CaN F R UTERXT CaN 5 FH BTG 1Y
] (Bl 1-a, by ¢)o HELEFEAS IR S CaN
ARG YE L, 5 DEPC /KX BB 4} dsEGFP %t
TELHAHEL , VST dsCaN J5 24 hh i 38 BRAK T # 4%
HAARPY CaN 8 A0 3G (P < 0.0001, n=30),
HiZm# &7 48 h (P <0.0001, n=30) F172h
(P<0.0001, n=30) HFEfEfE (Bl 1-d, e, ).
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2 2.0k 2 g 8-
R H 52010
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88 SIS 8§ 005
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DEPC water ~ dsEGFP dsCaN DEPC water  dsEGFP dsCaN DEPC water  dsEGFP dsCaN
AF4E3E Different treatments AR 4L F Different treatments ANIA 4L Different treatments

P AR HL CaV B T-HURLER BT CaN 2 G P A4 52 )
Fig. 1 Interference efficiency of CaN gene and the effect on CaN enzyme activity in Helicoverpa armigera
W oa, S dsCaN 24 hJEXF CaN FKEAYFHNT; b, W4T dsCaN 48 hJF %} CaN RIBIFLIN; ¢, W4T dsCaN 72 hJF3} CaN
FIKEARN; d, HH dsCaN 24 hJ5XF CaNBEHETERIRZ 5 e, TESTdsCaN 48 hJG XS CaNBHEVERY R0 ; £, FESTdsCaN 720
JEi % CaN BTG PEMIFE I, AEKE FEREFR R P < 0.01 K53 . Note: a, Effect of dsCalN injection on the expression level of CaN
after 24 h; b, Effect of dsCalN injection on the expression level of CaN after 48 h; ¢, Effect of dsCalN injection on the expression level of
CaN after 72 h; d, Effect of dsCaN injection on CaN enzyme activity after 24 h; e, Effect of dsCaN injection on CaN enzyme activity
after 48 h; f, Effect of dsCa/N injection on CaN enzyme activity after 72 h. Different capital letters indicated significant differences at

the P < 0.01 level.

2.2 FH# CaN I HREE R4 T T B0 2.3 F# CaN 3T HR5E & BB S EERI 0T
RIS ZE R FE, T CaNEH G, 5 DEPC /K 41t 4h i 2 5 DEPC /K . dsEGFP f dsCaN At

AEHLH A dsEGFP X HRALAH EE, MRS Ha 4l e i 2 1 FRIS, Zr 9760, 24, 48, 72, 96, 120, 144,
FET-HRBE LT, 5 dsEGFPXTREAIMIEL, dsCaN 168 hintfyiAT . 45960, 5 DEPC /K M dsEGFP
AR ZH Y ) O AL IEFE T 3850 0l B8 5 T 44.60% Fil SEFRAA LY, dsCaN Kb FRARESY AR H 24 hil %
43.24% (P <0.0001, K2, n=80). HiF#AE (P ,,,<0.0001, P, <0.0001, P, < 0.0001,
P 4, < 0.0001, P ,,<0.0001, P, <0.0001 &% P
65 < 0.001, K3, n=80).
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=260
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% 2 -

g E 025

g E 40 '%D o A _o DEPC water

K é ; 0.20 A = dsEGFP

3520 S sk -+ dsCaN

8 o1
"TDEPC water dsEGEP  dsCaN 2 oaor
AN [ 4 B Different treatments @ 0.05F
T 3 < 2z H B
P12 T Ca JR XA 4 B SE TR R T T
Fig. 2 Corrected larval mortality of Helicoverpa armigera after AEFETE] (h) Treatments times
CaN interference E3 T4 CalV J5 & I ] fURRES 40 He 44

A REIREFEFERP <001 KERE. N, Fig. 3 Larval weight of Helicoverpa armigera at different time
Note: Different capital letters indicated significant differences at point after Ca/N interference

the P < 0.01 level. Same below. . ons, LREMZES. Note: ns, no significant difference.
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2.4 FH CaN IR RE B HHK T

W 45 Ak TR A S 4y A Al N T DR )
F%, HELHRALE, it 4840 RIS — K0
W], BICAHZh R KB, T CaN 25 i 35 1
KA i gh 4 B 2 B (P <0.0001,
n=280) (Kl4),
2.5 FH CaN 33134 HUIHHA B 52 M

R T RBEARIE TR R A L CalV J5 % B 3
PR, RS TR ERMWAERKFIEL.
WG AR AR KB, T CaN 5 B EFFAK
fblf® (P <0.0001, K 5-a, n=80), J W&
WL TR E (P <0.0001, F5-b, n=80), B
FER I (P <0.0001, K5-c, n=80), Wl

a 60 A
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= 20k
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0 1
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K5 T8 CaVXTAREE BRI AR (a) . B (b) . BT (o) JORER (d) s

Fig. 5 Impacts of CaN interference on the pupation rate (a), pupal weight (b), pupal period (c) and eclosion rate (d) of

[=N

(=)

=
T
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T 1

=
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Fig. 4 Larval period of Helicoverpa armigera after CalN
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0 1
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3 Gip 5T

YT CaNFER ) Z M ThBE, ASHE5E
XF 4 95 IR 44 BHEAT CaN dsRNA T4, DL 57 H:
VB R RO AR AT AR B VR I R . 45 R K L
TS CaN dsRNA 1] LLAG B FRAIR CaV FEH B 2255,
FEXTRIREAR T CaN AR E A (B 1) T
Pt CaN BEARAR A L CaN () B 15 T 5 804l At 1=
(K2)., IREEM (B3, E5-b). K& HESE
(K4, El5-c). LI (& 5-a) FIPIILRFEEAL
(FE5-d) . X 551 CaN A9 1 57 FK506 411 4l

CaN & FIR BTG, R 0T USRS st Ik
HEER . KB HRER . LA AP AR A AR
AIEE R —H0, o Hs R T RE S T CaN 1Y
oY% [, R U R P L A cecropin D, attacin
gloverin B 1K w FEAC T 20K (Wei et al., 2019),
[GlF, AR A 4 W TF IR IE A BRI, IR EE AY
ARCRT DA I T J5 A B i (2 A, X U B D
7 e % 30 T AL BB A S0 PR AR AR 22 e iy Sy 3 o T+
I3 0T 4 88 AR B HUIEAT CaN T, AR iR 2
(PN 3.75%, 3% —T7 T BEW] CaN 25 F12AR
By — AN E SR IIRE R . A, U 3.75%
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PR RS H, AT REL 23 PRl CaN i 14 1) BE AR
175 25 A s i R i e & ek R AR R A, N
CaN it 75 2 B9 SR 5474 (Ejima et al., 2004;
Sakai and Aigaki, 2010) F1 M HU [ A= 58 36 h
(Yoshiga et al., 2002; Ejima et al., 2004; Horner
et al., 2006; Takeo et al., 2010) #FLF|FEITVEH .
XPRAS HUBL L Hh CaN ST R W], CaN il J IR
TR STE B4R A R AL, IR R RN
AW R RHE R 22 BEAT R (Du et al., 2017;
Zhao et al., 2018). % CaN 7E4) 51 K ol H i i) HE
BAER, SR BHEN CaN ] LIAE AR dt RNAG
Biiif i — A E B AR

CaN J& —Fh U RE H 22 2% i 85 25 /45 I 25 11 A
S, L JE A (CaNA) FIE T F % B
(CaNB) 4%, AHHFE KA CaN G251 EEHES
HRFEREAL. LB DI AR A Pk R 1 R
(K3, K4, EI5). i@ st RNA TS Kl
Nilaparvata lugens 1] CaN V. 3& NICNA . NICNBI Fl
NICNHI I, o nT 28 Bk a7 G 5. M
PEIRE  PMER R EL ), HAEA R, NICNBI
RNAi Ji7 20- 2 JE W8 2 3R (20E) & 0 0] 5 IR
FHG Bt AR e A28 (Wang et al.,
2022) . CaN7E R H h [F PR PEAR & (Wei et al.,
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