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quatuordecimpunctata S 763 M EGH T2, [ ik ] R BECEGHE % dsRNA 975 7550 7 BER AU AL
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SAGRIE 40.6% . 51.2%F1 65.8%. 7E 32 Ml 35 °CF, ZMMIES dsRNA BLH 5L 1143 IR T 37.5%F1
100.0%; 7 38 °CHf, JCitiH4T dsRNA 57, sBBReE™=o, [ &g ] HMEN P-Hsp70 FEHTE 5
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RNAI-mediated mediating of P-Hsp70 gene expression affects
Propylaea quatuordecimpunctata longevity and fecundity
under different temperatures
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Abstract [Aim] This study aims to investigate the effects of heat shock protein P-Hsp70 gene expression on the longevity
and fecundity of adult 14-spotted ladybugs, Propylaea quatuordecimpunctata, under different temperatures. [Methods]
Microinjection delivery of dsRNA was used to interfere with the P-Hsp70 gene of adult P. quatuordecimpunctata. qRT-PCR
was used to calculate the interference efficiency of the P-Hsp70 gene. The adults were then exposed to different temperatures
(32, 35, and 38 C) to determine the effect of temperature on their survival and reproduction following P-Hsp70 gene
interference. [Results] Our results demonstrate that microinjection delivery of dsSRNA can effectively inhibit the expression
of the P-Hsp70 gene in adult P quatuordecimpunctata. The survival rate, longevity, and fecundity of adult P.
quatuordecimpunctata treated with microinjection ds-P-Hsp70 were significantly lower than the control group (without

injection of dsRNA) under all temperatures. At 32, 35, and 38 C, the survival rate of adults decreased by 15.5%, 16.7%, and
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56.8%, respectively. Additionally, the average adult longevity was reduced by 40.6%, 51.2%, and 65.8%, respectively. At 32

and 35 C, the fecundity of adults decreased by 37.5% and 100.0%, respectively. At 38 “C, the adults failed to lay eggs with or

without dsRNA. [Conclusion] Our findings indicate that the heat shock protein P-Hsp70 gene plays a crucial role in high

temperature stress resistance in adult P. quatuordecimpunctata.

Key words Propylaea quatuordecimpunctata; heat shock protein; P-Hsp70; RNAI; thermotolerance
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SR B RECRP S — XA A5 VA B
SOE ST EyE ST e i R DO N o
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King and MacRae, 2015), HiF5EEM, EHE)
T AP iR 555 5 A P GBI A 2R 58 i GE T
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Tablel Primer information

519 SIWIFs (5-3") Fsg

Primers Primer sequences Purpose
ds-P-Hsp70 F: CTCCACCTGCGGTCTCAATT  RNAi
R: CAGGGGTACATTGGAGCCAG

ds-P-GFP  F: TGGTCCCAATTCTCGTGGAAC

R: CTTGAAGTTGACCTTGATGCC

q-P-Hsp70 F: CTGCGGTCTCAATTCCCAGT  ¢PCR
R: AACCCAGACGAAGCAGTAGC

q-P-GFP  F: AGCCAACATTACCACTGA

R: GTATCCACGACGCAATTC
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H, HAABEEHEAT 3 IRER 24 higEEHR
(Y FE 3% A7 D i B3 4 3RFE T, S RNAI RS
Ty BEBURARIE 2 T B0 ) S S E0N AR k.

1.5 #ESH

KRR T 225087 (One-way ANOVA )
XS E B G 173 H o Student’s ¢ K T
EF—RETARGHEEMREES (P <
0.05), XKL Kaplan-Meier H T2 A: 17
thek. FrAgeit il Excel 2010 F1 SPSS
25.0 24847, ¥l A i OriginPro 9.0 F1 SigmaPlot
12.5 SEERPERIAE AR AL

2 GZRESH

2.1 dsRNA F#Hi®E

T WA S dsSRNA 38 2% 28 J7 Bl
HIEER, SAGTEARNRE (32, 35138 °C) T
PEATAL R, FIH qQRT-PCR H A 5 P 2 A
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1 ABEHKRERE P-Hsp70 B FHIAE
Fig. 1 Thegene silence effects of P-Hsp70 in Propylaea quatuordecimpunctata adults
A. 32 CHEIEF s L P-Hsp70 (TR B. 35 CAEILF g 3L P-Hsp70 B T804
C. 38 °CAbPE T AR FEH P-Hsp70 M T-HLRK
A. The gene silence effects of P-Hsp70 in the adults under 32 °C; B. The gene silence effects of P-Hsp70
in the adults under 35 °C; C. The gene silence effects of P-Hsp70 in the adults under 38 °C,
XA RUEST dsRNA, FIEIF i R I {EESE, AR FHREIRE 0.05 KF E25 B3 (Tukey £50 ). &3 .

Control: Non-injection dsRNA, the same below. Data are mean +SE. Different letters above the bars indicate statistically
significant difference across temperatures within a species (Tukey’s posthoc test; P < 0.05). The same for Fig. 3.

P-Hsp70 FEHTE 72 h WRRIh T4, ik m 5X)
MRl (RS dsRNA ) AHEL B EFEML, H 24 h
A ERAL (P<0.001, B 1: A-C), 7R
(38 °C) WMHBETF, >4 P-Hsp70 HEB TG
BEE AL 7E 48 h WAHRIET, TG 24 h 93k
IR T 50.9% (24 h: t=40.21, P=0.001,
K1:. C).
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ANFESEERIE (32, 35 F138 °C) FHFFER,
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0.001, & 2: A-C), XUl P-Hsp70 3L HAEJ7 BE
bt iR B B EEMEN . Y
P-Hsp70 LN B T4 24 h J5 , i SC86 iR oy
B S B A A A R B RAIC, A0SR AT
& 15.5%. 16.7%F1 56.8% (32 °C: t=17.07, P =

A . B —— Control C —— Control
100 o P S0 —— ds-P-GFP <1 —— ds-P-GFP
o\° ~ L — ~ —— -
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CE \ ~ 8 —E
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B2 HEEHARP-Hp70 BEHTHREERERE FHEEE
Fig. 2 Adult survival rate of Propylaea quatuordecimpunctata under different
temper atures after the P-Hsp70 gene was silenced

A.32 CHH ARG, B.35 CAH FAFIGEH; C.38 CAH FAFHE#%,
A. Survival rate under 32 °C; B. Survival rate under 35 °C; C. Survival rate under 38 °C.

Prek EARRIFRACEAM N B 2 55 IR 22 % B3 (P <0.05, log-rank ),

Different letters indicates that the corresponding color curve is different from control (P < 0.05, log-rank).
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0.002; 35 °C: t=15.50, P=10.005; 38 °C:¢=10.61,
P <0.001 ),

MBI R P-Hsp70 2R T 5, 5
YR (RVESS dsRNA) #H, TEFFA SLE R
JEN A AR B 32 A), 434 40.6%
51.2%. 65.8% (32 °C: t=14.97, P<0.001; 35 °C:
t=21.07, P<0.001; 38 °C: t=14.19, P<0.001 ),

[, ABFGRIAMER T P-Hsp70 R 5

Dy BERH S AR BT A SR (32, 35 38 °C)
TR . 458K 3 (B) fias, 24 P-Hsp70
ST PG, Jr B A O e S ) R
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P-Hsp70 FEH T AT AARE ™ H0 ), 2 AR
JE (32 F1 35 °C ) BRI i O £ 43 S| B AT
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Fig. 3 Adult average longevity (A) and fecundity (B) of Propylaea quatuordecimpunctata under
different temperatures after the P-Hsp70 gene was silenced
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iT 20 4FR , RNAL BRPE 12 B T B He
AEFE A A IS UEF Y ( Kennerdell and Carthew,
1998; Lieral., 2013; Mab455, 2021), &
K, dHBEXT dsRNA BYHRECR ZRR§l RNAI
IR EER R, HE dsRNA #EA 41N, RNAI
W ERS LA (Yueral., 2013 ), fEZF dsSRNA
ik AU, EHEESS dsRNA A J7 02
AR 22— (Fire et al., 1998 ), ASHF5E
HRJH RNAL B IAFEE F P-Hsp70 JE K 3147
DIResil, WiuEST dsRNA JFiZ K 215w i
EREAR, TR N 49.1%-57.5%, X UiAHAHF
GO ST dsRNA (193835 J7 20T i &4
il B R SER , [FIAE B EST dsSRNA W] A 440 il
RS W, Spodoptera litura Fabricius 41 H 2 ik
B slapn B9F35, {H1AME dsSRNA AIASHESK
i RNAi ( Rajagopal et al., 2002 ), #RWj, G
dsRNA (13834 7 A RIFEAR GBS H TR A R

a0, PARAAS N ) B SRS A A B U 1A/
(IR B3R dsRNA [#383% 75\ ( Chen et al.,
2010 ), Pk, FESEAT RNAQ DHERT AT LA %
&, A . AR T

FEE MR T S 7R B ) A A 2 Bl B[] 40 oy
ik, R E N P-Hsp70 JERBETH0
J& , TEFTAR SCRE T HAATE R P G
TR R, BEE B HER PR IUE R B, X
FHPPLER P-Hsp70 FERFET7 BEEUCRPT A R
A A R E R R, RS
R T IR 70 G BE I TEAN ] B i
W AR E . flan, 5 E Bk
Agasicles hygrophila ( Selman and Vogt ) 1] Hsp70
BTG, ST (36 139 °C) Ak
R EART X IR (CRIETT RNAL), Ff Bl T
ZRE R FE(Jinetal., 2020 ); Mi¥F Aphis gossypii
Glover #HEE T 70 FKIEIEH ApHsp7041-1 I
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FXFHRAL (Liu et al., 2023 ), ABFIELEM, #H
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WEEH P-Hsp70 HEH7E 77 BEIL A0 & il F v
AP ER, BEE IR T E R R
i

[y A8, TEFA SR, MR R
P-Hsp70 BB T, J7 REBLHL S A5 i A
B A 3 T R RIGHERT, SR P-Hsp70
BEDI AT ORAP 7 BRI, AR iR e . Senim—
SEHIE O 2RSS, AR A TR R B A
B, B ARKV 15 S R IR RN Hsp70
FEE Py FRIRE, AT ( Tatar ef al.
1997 ). [RIEF, LA SR 3R BIRGHAR 19 1 & e
—MHFERE & 1Y AR, e B B BRI IR T 52
PRI [ I 206 U™ LR RS ], o i A m]
RE 2 sz B du iy A KR B M FERE J) ( Koehn
and Bayne, 1989; Hoffmann, 1995; Sejerkilde
et al., 2003 ; Morrow et al., 2006 ), 1F 32 #1135 °C
BEBKET, RIMBEEY Liriomyza sativae
Blanchard [9 hsp70 Fll hsp20 F&[R ik &5 i & T+
e, AT 2, B R H R O T BB e
i ZR#AK (Huang et al., 2007 ), {ERTIIAHTSE
SRR, miR (38 °C) mARIEE T Bl
Ht P-Hsp70 FEP YRR, {H U E R B GH
R B2 RARR , BIHOX v T P o M A A
BE TR 3 22 (6] 1 BT G 2R 08 A 1 i — 2B 5T

( Yang et al., 2022a, 2022b )

AWFFCUESE , IR P-Hsp70 FERTE T3
PAprER L B b BA EEAEN, (HE bt
Tt FE T e, EHRIEIRAMIRER . B
SiAWON, BR TSN P-Hsp70 2R Z 4, i6
A PRI ARG AL (P-shsp ). K4
AR P4AS0 HE A L) K — 450 AR AR AR DG PR 119 3R
I P kA A T B T R R A A2 A ( Yang
etal., 2022a ), JXLEHE R [A)RELE— L8 B HURHT
I B BAEZMEN (BHiSE, 2019; Durak
etal., 2021; Shenetal., 2021), {HEAITE T EE
PR R E R, BREH—
WS,
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