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R AR AR P R B X FILR B
HIT i R L ARGE

17 %of B 1 B8 O TE BE ) AR 7L 2 i
H A5 S 2 UK S5 I E AN TR PR 8 Bl A K A A x 3
A AR S UK RIS o T VA BRI 25 UK R
%z Bl B AP i € PR SR ES , 7E B U I FE MR AL
77 TR LA R U (H R 1 T A Rk
P, 2 B 50 R B AR T I A ) s
SRRSO, B BN %€ 58 ) A RRAUIK
AT A ) R U, — ol L DT SR 1 R 5 A 48 L
T HAGIRARE H . HAT, FHh 0 Mk AT e 4
ABEBk A, AR T 2020 4 10 F 25 HE 4
W2 2 BN K S 2R AR B I K
TR BREER AN 2021 45 11 H 2 HAEW A R EEE /)
FH/NERE IR T 6 84 U, Fk, I8 7
Tk — 0 I AU B

B —FAR RN, 5 2 b SR,
GR 2 R R B e i L 7R R R AE
KRG EAA VAT NEZ T B HE Y
M0, HROGT AW i L 5 e A P e N LR AT S B
WA 231K T BRI SE R A5 . SR (A (heat
shock proteins , Hsp) X FR#AR v 8 (1, BB 5010
N AEYITE mE M E N R IE S W — R E AR,
B8 J5 A I Hsp = DR mT o v iR IR - g Eh AR b 2k
LEZMHERTE S, Hsp I m RIS ZEVIPIA R IR
Bi ) —Fh 730, Hsp70 A Hsp90 25 11 FL A B ik
7P RIANF M, H 3Rk B A R S X PR 5 3 (1)
RE B VA O AR T S 3% AN JE R LR O
LG, H R v AR IR IE

ARHIFFEAE S50 % 26 R I e T B o Rk 1~
6 U 4y ERURI A PR3 /A UL, 3 — DRI 2k e
& PCR AT T 754 1R 335 FE R AL 2 3h J5 1)
Hsp70 JE K T Hsp90 5 P 1 R 413 1 DL Aff 5 b £
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HE [RULE T 7 A IR P B Pl a9 R 08, AR AL R
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1.1 B B O Ak 5 W 4l BT 2021 4R
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T E 26.0 CiZ 0 FEAR, B0 ALk B A T2 %N
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B AE— B R PO P, S 0T R &)y R (1) B
T 2R A R P R BT T v, ML S -11 "C A LA
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PHEER, ERRECFREAEX L OB ZXE=
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1) 3 58 5 B, O ) BTN TR RN . R4
20 Stk By, B A0 HE A 3K, S A B R
N TAAGRE A IE 5 ) 2% R B2 RS 1 5 9 7
i . ARIR S5 SRR E N 26 °CLIREE N T0% N
TR T IER IR, 72 h G G A2 iR, FH B
SER i, ANREDMAIZ s R R iE SN BE T
REIEAET: 3 o At b 5 730 i s o HF 7 A 0, AN
MELENG I R 2 5 158 3 RIT U6 15, B
MLk R B IEH 1tk

K IEFET 5 (%)= FRAET - X BRAE T %)/
(100-3%F HEZET-Z)x100
1.3 E i & 7% i Hsp70 F0 Hsp90 £ B B9 =&
SR EEUCEH SRR 1 ~ 634N, 1418 100 mg
FIRAZ RN A 1 mL Invitrogen TRIzol , JI1iE &
TR 78 4 AF BB, 4% R 0 B TR R B/ B RNA,
F DNase #7144 J5 » F NanoDrop ™ Il I ic 5% H:
R, LRIIE OD,g/OD, FLAETE 1.8 ~ 2.0 2 [A] . F 1%
B AR S R I RNA F) 5 &, DA b A 7 o
B3 FEMT-20 “CIRAT

DL B Hb 5% 7%k 5 RNA A B AR, 15 B Prime-
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O 0 A5 AR 48 B (Helicoverpa armigera) ~ FF4(
Wk (Spodoptera litura) , & 3% % W (Spodoptera
exigua) 1] Hsp70 F1 Hsp90 F& [K 7 %1 Jo 0K 3R 3L
B, 7RO XCRH Primer 5.0 8P BHE (R D,
ffi F} SYBR® Premix Ex Taq™ (Tli RNaseH Plus)
(TaKaRa) #% J8 6 B 1T RT-qPCR X .. RT-qPCR

*F1

S 2 5 5E B PCR SR 20 pl PCR WA % 2 2x
SuPerReal PreMix Plus 10 L~ 1E [A] F1 2 [7] 5] 4 %
0.4 pL. cDNA #& # 2 pL. ROX Reference Dye
(50x) 0.4 wL.RNase-free ddH,0 6.8 wL; N 25 14 -
95 ‘CHAEM: 1 min, 95 CA 1 30 5,60 CIE K30 s,
FLA0MEIR

BRI EEPCRIMER

Tab. 1 Quantitative real-time PCR primers information of S. frugiperda

5| ¥4 5% Primers

5|17 %1 Sequences of Primers

5|1 i& Usage of Primers

Hsp70-F CTGCCGTCGAGAAGTCTACC
Hsp70-R AGTCCTGTACTTCTCGGCCT I 98 2 PCR
Hsp90-F CGTCTTCATCACCGACGAGT Quantitative Real-time PCR
Hsp90-R TCACGACTCTCGTTTAGCGG
Actin-F TACTCCTAAGCCTGTTGATG 25 ]
Actin-R TTATGTCATGGTGCCGAAT Reference gene
14 HESH oM THERSLAHEEZER R K H SPSS 24.0 8 4+t () Duncan X £ 5 HL B0

RGBT REERBEBRENXCRTE,RH
A NERNT R B AT R SR E R C R, IR
HIE B 80% HE T F I B IR L, B 9 v 1Rl iR
& . Hsp70 F1 Hsp90 J K] (1) #H Xf 22 1k & DL AL
TR ME WK, Acein K5 TR (1) 2658 & Ry B e, F A
274807 E Ay AT Hsp70 AT Hsp9O 2[R 38 3k 1) 22
Febel, SIS KR 45 S MR AL E Gk o
TIEN R 3 IR S B A, I3 IR g
T b AR Dy R ZE R ML R A R 5
BEAT P94 B A 1) 22 e R O, TR — A B

Bl AT BT S HT
LRS5O

2.1 EBRELARMEALSIAREE AR
T 5 45 SRR 7E — e R EVE N, B DT
il 41y £ R 1) BE T 2R I A R R B B AR T A R, 2
TP A -11 "CR, 4y BR0 g f AE T2 56 85\ Ok 3
100%. £ 1% [ )3 73 A7 45 R B, Ab 2R B S5 50T
B AVFAE S 25 2R PR AE DG 1, o 4 vk [ )5 5 7R
THEBET: 364 80% I (1 b 1 I FE , B R B Hh B 7K

2
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Fig.1 Mortality of 1st~6th instar larvae and pupae of S. frugiperda exposed to low temperature

A ~ G are lst ~ 6th instar larvae and pupae, respectively; black dots represent the mortality rate of 1 replicate treatment, with

3 replicates per temperature and 20 test insects per replicate.

i 5T 4y ORI 14 74 TR IR E 23 930 97,80 °C.
-9.70 'C.-9.61 ‘C.-8.78 ‘C.-8.29 “C.-8.05 CH/

-9.51 °C, % HUFr BE P FE GE 77 5 50 1 0 F O 55
B(FRD,

z2 EMHREE1~6841H4IRREE
Tab. 2 Discriminating temperatures for 1st~6th instar larvae of S. frugiperda
iF EVEpp e AR C
Stage Regression equation Discriminating temperature
1R 1st instar y=—0.15x-0.370 0.968 0 ~7.80
2054 R 2nd instar y=—0.203 8x—1.176 8 0.960 2 -9.70
340 3rd instar y=—0.177 4x-0.904 8 0.979 2 -9.61
4U4 41 8L 4th instar y=—0.217 1x~1.106 3 0.906 4 -8.78
5% HL Sth instar y=-0.233 3x—1.133 3 0.890 9 -8.29
6 84 % HL 6th instar y=-0.197 1x-0.787 0.940 5 -8.05
I Pupae y=—0.173 8x~0.852 4 0.972 4 -9.51

22 Eh & i Hsp70 F0 Hsp90 & F i & ik
ST qRT-PCR 45 53R B, iR (26 = 1D °CXFHE AL
HE T, Hsp70 JE R E 1 684 dh R0k B i i, 76 2 i
&) R R TA B AR A, Hisp90 3[R 7 df ik &
e, 1Rk (B2-A) . &KRE RS
DR AE Y R ) iR B AL F S, Hsp70 2 PR AIT Hsp90
BERISBITE 1 84 dadh b R0 o fe s (1 2-BD .

AFER BUBFH TR, LR (26 + 1D°CAL
FEATHE, AEA UL ¥ Hsp70 JEEIAT Hsp9O
BEDUAAMRIE /e R, 2R AL HE S , HspT0
FEDRIAE 1 684 b SRR 8 W3 PRIK(P < 0.05) , 7.2 ~
6 i34 RN P RIA AR R I NP < 0.01) s Hsp90 5
RITE 1 ~ 684 R R B EE P < 0.0, £
IR AR R PR (P < 0.0 (] 2-C.D)s
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Fig.2 The expression levels of Hsp70 gene and Hsp90 gene in S. frugiperda at different temperatures

In Figs. A and B, the uppercase letters indicate the significant difference between Hsp70 treatments, and the lowercase letters

indicate the significant difference between Hsp90 treatments.
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Determination of discriminating temperatures for
Spodoptera frugiperda and the response of Hsp70 and Hsp90
genes under low temperature stress

TIAN Caihong', ZHANG Junyi'?, DANG Jing’, HUANG Jianrong', YIN Xinming’,
LI Guoping', FENG Hongqiang'

(1. Institute of Plant Protection, Henan Academy of Agricultural Sciences/ Henan Key Laboratory of Crop Pest Control/ Key
Laboratory of Integrated Pest Management on Crops in Southern Region of North China, Ministry of Agriculture and Rural Affairs of
the People’s Republic of China/ international Joint Research Laboratory for Crop Protection of Henan/Biological Pesticides
Engineering Research Center of Henan Province, Zhengzhou, Henan 450002; 2. College of Plant Protection/ Henan International
Laboratory for Green Pest Control, Henan Agricultural University, Zhengzhou, Henan 450002; 3. Yuzhou Science and Technology
Bureau, Yuzhou, Xuchang, Henan 461670, China)

Abstract: Mortality rates of 1-6 instar larvae and pupae of Spodoptera frugiperda under low temperature
conditions were measured in the laboratory to explore the cold resistance of the larvae and pupae of S. frugiperda
(J. E. Smith). The linear regression equation was fitted and the discriminating temperatures at each
developmental stage were calculated. The discriminating temperatures for 1-6 instar larvae and pupae were
-7.80 °C, -9.70 °C, -9.61 °C, -8.78 °C, -8.29 "C, -8.05 "C and—9.51 °C, respectively. The expression of Hsp70
gene (GenBank accession number: NC_064223.1) and Hsp90 gene (GenBank accession number: MN832694 ) of
S. frugiperda reared at room temperature and treated at low temperature was analyzed by using quantitative real—
time PCR. The results showed that the expression levels of Hsp70 gene and Hsp90 gene of S. frugiperda reared at
room temperature and treated at low temperature were different at different developmental stages. After low
temperature treatment, the expression level of Hsp70 gene in the first instar larvae was significantly reduced
(P < 0.05), while the expression levels in 2nd — 6th instar larvae and pupae were significantly increased
(P < 0.01). The expression level of Hsp90 gene in 1st—6th instar larvae was significantly increased (P < 0.01), and
the expression level in pupae was significantly decreased (P < 0.01).

Keywords: Spodoptera frugiperda ; cold recognition temperature ; Hsp70 ; Hsp90 ; quantitative real-time PCR
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