% FH B 31 2#4R Chinese Journal of Applied Entomology 2024, 61(5): 944-958. DOI: 10.7679/j.issn.2095-1353.2024.095

= I B 0 10 38 P B (8] B0 i 78 14 AL
Hsp64.9 Rikff3E

\ N 1** 1 N— 1 N 1 ~ 1’2*** N 1’3***
% T X o ®B EE®W REFERE EHE HF M
(1. MR AR AR 2 B R o B OFSEBT, M0 2250095 2. VLA YR RS, , Mat 2100365 3. HE AN 547 M4 4
EPRAERE AR, #M 225009)

B OE [B®) 9= BN Liriomyza trifolii N [ 3H AR RE 4 5 VR A2 1 R i S OO 1 L R
Hsp64.9 [ FIAIET, HRFT = I B b BRI A (R B8 W e 22 S AL . [ iR ] DL =i Bevdh i v e A
TLIRFRRE AN G2, 43l s JHL ol A AR TR S A F (41-46 °C, RBERREE 1 °C) A 1 h Flfe]—
TREEARF AR ALEE (39, 42 F145 °C, AbFIRF 0.25. 0.5, 1. 2 f14h) FRAAERMPLE, IFLL
S Hep64.9 I 3eik 25 5 [ B8R ] VLI R m R 0L A0 563 I 42 R 43 °CHF IR 3 A (7T
IRFhEE: Fg14=296.459, P<0.001; WRIFEE: Fq,4=255.810, P<0.001), HAFHRESMET, MErgREER
B 2 5 2 TULIR R (P<0.05), 7E 39 °CHMEFHCH T 4 h 2 42 F145 CHHamf BT 1 hib
HE, 2 MR R TR EES (P>0.05), BEEMHER KR, MR Fp s A7 im R E % m
TITHFEE (P<0.05), BR TAAIEH N 0 19 45 °CF 2 il 4 h AbBE . TG RIFEENR R PILRAE 42, 44 fil 46 °C
BE R TILHFIRE (42 °C: t=- 4234, P=0.013; 44 °C: t=- 5.567, P=0.005; 46 °C: t=- 4.000, P=0.016 ).
] — IR R A AR EE R, BRT 42 CHRART 1 h 4F (t=-4.243, P=0.013), 2 FREEE ) PIL 3
WA W E 25 (P>0.05 ), 1 A FCE st SRR L6 A [R] 8 R[] — o AN R Jilh B AR R, R T e 44 °C
AEF 1 h (t=- 0.475, P=0.659) Fillifi 45 °CALFH 0.5 h (t=2.723, P=0.053 ) 4b, LK Hsp64.9 HyHIXS ik &
PR ER TR (G ] =0 SO WA [ s PR RE 1A] 0 TR A 177 35 255, Hsp64.9 122 7 ik
P RE A2 Rl AR A 2 T VLR AR Y A

KER BRI MR ERARE; WEWE; Hsp64.9

Differencesin thermal tolerance and the expression of Hsp64.9
between geographical populations of Liriomyza trifolii
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Abstract [Aim] To investigate differences in the high temperature tolerance and expression of the heat shock protein gene
Hsp64.9 between different geographical populations of Liriomyza trifolii, and investigate the mechanism of temperature
adaptation in this species. [Methods] ~Adults and pupae from the Hainan and Jiangsu populations of L. trifolii were exposed

to different high temperatures for different periods. Differences in heat tolerance between these geographical populations were
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then assessed by comparing adult survival rates and pupal emergence rates. The expression of Hsp64.9 in adults and pupae
from each population were also measured and compared. [Results] The survival rate of both the Jiangsu and Hainan
populations began to decrease significantly at 42 and 43 °C (Jiangsu population: Fg4=296.459, P<0.001; Hainan population:
F6.14=255.810, P<0.001), respectively, but the survival rate of the Hainan population was significantly higher than that of the
Jiangsu population (P<0.05). There was no significant difference in survival rate between the two populations following
exposure to 39 °C for less than 4 h, or exposure to 42 or 45 °C for less than 1 h (P>0.05). The survival rate of adults from
the Hainan population was significantly higher than that of those from the Jiangsu population following longer durations of
exposure to high temperatures (P<0.05). The emergence rate of the Hainan population was also significantly higher than that
of Jiangsu population after exposure to 42, 44 and 46 °C for 1 h (42 °C: t= - 4.234, P=0.013; 44 °C: t= - 5.567, P=0.005; 46 °C:
t= - 4.000, P=0.016), but duration of exposure to high temperature had no significant effect on the emergence rate of pupae
from these populations (P>0.05). The expression of HSp64.9 in adults and pupae from the Hainan population was significantly
higher than that of those from the Jiangsu population under all treatment combinations (P<0.05). [Conclusion] The Hainan

population of L. trifolii is significantly more tolerant to high temperatures than the Jiangsu population, an adaptation that, at

least in part, could be due to greater expression of the Hsp64.9 gene.

Key words Liriomyza trifolii; geographical population; high temperature; heat tolerance; Hsp64.9

= HBEEE Liriomyza trifolii j&— g %™
A S LB e E L ((Spencer, 1973 ), 1
ERETEZENIRARZYF ( Wan and Yang,
2016 ), EAERE, BHE VAR M LR, BRI
FKERfEEH B E, R TAERFMGTEY
PSS R, — BRI M7 O AR 3R E I
B S 3 FPBEVE I (BT L DSV
TEbE L. sativae Mg EBEEME L. huidobrensis)
o, IREET 2 MRS e ) ol (Wang et al.,
2014; Chang et al., 2017a, 2020; Zhang et al.,
2022), HHET, ZH-BEEEELETR E AR XA
WK, HAM b A s db4 (Chen et al.,
2019), JF-HA TE 4 [EE N 2 L UK (&
=%, 2007; Gao et al., 2017; #3055, 2021 ),
FI 2005 4EFE) AR LT BRI (TE2%
EE 2006 ), T 19 AR R,
R g 1Y) i G AP L B — R Y
Ak, AL b AR (] B 38 B 3 0 4 28 4k ( Chen
et al., 2019; FRAEAEDE, 2021 ), X Fh L FEFREER]
) L 3 7 1 22 5 T e R AR RE ST, 97K
Z IS TG L

BRI B R B AR A S B R
XoF ik B2 JBiR 38 1) 3 N7 R ) A2 R A AR AR S
BT AR A N AE 25 1) 85 22 45 F ( Taylor, 1981;
Sinclair et al., 2015 ), 7EMREMAZMAT, Bl
2P AN R A 2 EAT AR BA AR SO

H P #G% 1 ( Heat shock protein, Hsp ) A%
W RRIBIRRZ , ZEE BN 5 B R AR
FET 2 % A5 ( Feder and Hofmann, 1999;
Serensen et al., 2003; Kang et al., 2009; FliBi &
%, 2015; Xie et al., 2020 ), {HJ&, AREAR
JEIE WS, FERIEEA R RN, 22
Ja PR T A 2 A i AT G AR A A48 B 1 I
( BfhBE4E, 2000; Guerra et al., 2004; Chen and
Kang, 2005; Wang and Kang, 2005; Zhou et al.,
2011 ), FEForF ML A b B R RE IR 30 0 22
SR A X8 /> ( Wang and Kang, 2005; Tian
etal., 2022 ), B SCHEVE b Hb R R 1L 38 N
P A 524158 (Chen and Kang, 2005; 5KiETE
A, 2021 ) FIARGHER 1 7ESREVE B Uk 32 3 o 7
FYEHC A #iE (Huang and Kang, 2007; Kang
etal., 2009; Chang et al., 2017a ), {HHGHHE 71E
JRE i gy AR R ) 9 B 7 M o3 Ak 8 A T
AN
BIREGAR AR A T S
W2 3] 3 R Fh YA 9 #rAi ( Hoffmann,
2010; Kellermann et al., 2012 ), #7547 B 18 b
A7 2 e Ho A a0 DGR R R o ASBiF9 LA
T R 5 9 3l = I E v i st AP X 5, MO
HoEr i 22 v ALK Hep64.9 iRk 225, T
s T IR R T = 0 BEVE R A B A A A
HEAHEE L,



- 946 - R B H1 244 Chinese Journal of Applied Entomology 61 %

1 #REFE
11 #ilEHR

I BRE R MR IR R A LIRS IR I R i
1 (20.01°N, 110.28° E ) FVL7547 M (32.39° N,
119.42° E ), RN 2022 4F 6 H o B
b5 38 Ot 2E R S TR S B T AR
(50 cm x 50 cm x 50 cm) H, fHHHESET
Phaseolus vulgaris 1l 3%, 3% &4 IR (25+
1)°C, FIXHEE 70%+5%, YEHERtE] 16 L : 8 D,
ARFFELA 1 H A 1 H Rt iR x4 .

12 FAEREME—REREMMEMNKLET
FEENE

ANE R E R 41-46 °C, TR EERLE K
1°C, WHamt 1 ho [Rl—& AN i a4k
ORI 39, 42 FI 45 °C, Wras s
B 0.25, 0.5, 1, 2 14 h, XFHRZH g iR AL,

W KRR Cco, KRR, T
1.5mL E.08 T, BETHE4Y (3ecm=x20cm)
W, B 7 B AR O, B SR e
BFREREAKR R SR, KR OB
T AT T ES, = BV R I T 0 R A v A R
R 43 A 8 A A Ml T R R HL B O A R R
S B AT T S o AATE AU T 1.5 mL
KB A R ZGE YR, BT - 80 °CUKAH
HH BRI 3 AN YRR E, B ER
10 Sk A,

W, HNERE 6 MY ER, BIOERE
15 kg, Hod 3 ANEE AR TE S TR 8 25 R

JE G E TR, JFET - 80 CukAfs .
Hry 3 AT E R TE = BETE W ] 55 55 1 T ik
15 d TS, ST RIWTER R A i e R A
JCI ke 1 B R AR e e M M e P A R I

1.3 HSP64.9 HEEEEFMFEF 4

A B 7 A [i] e, B R ) o TR 0
AR 1 2% Hep64.9 P51, JFikit
B4 B e iEHE ( Open reading frame, ORF )
SR NFESYET #1750 IE ( Chang et al., 2024 )

(% 1), ##8 RNA-easy ™ isolation Reagent i
RNA Zr @ alifbiln & (st v A YRR
AR T BIJTEREURNA, £ RevertAid
First Strand cDNA Synthesis a5l &5 ( FE8R K /R
BN E] ) B R UL 54T cDNA &
I ARAET - 20 °CHJH PCR Y IA R 25 uL,
47 2xMax Buffer 12.5 uL. dNTP Mix 1 uL.
ddH,O 9 pL. Phanta Max Super-Fidelity DNA
Polymerase 0.5 pL. 10 pmol-L ™' FIEFI T 514
£ 1 puL KA cDNA 1 uL PCR #"3#4% H] Touch-
down #J¥: 94 CHIAEE 3 min, 94 °CAEYE 30s,
68 °CiRK 30 s, 72 °CHEff 2 min 30 s, HFKIF
IREAGR KR AL 1 °C, B F 45 °CHE 23 MG,
SRJ5 94 °CAEVE 30s, 45 °CiBk 30s, 72 °CHE
fit 2 min 30 s, 7E¥F 23 ¥k, 72 °CHEAH 10 min,
SRS, B S uL PCR W14 T 1% B e
JZ EL KRG . i Axyprep DNA BEH [FI R
& ( AxyGEN AW EARABRA T ) #4744k M
DNA, #7337 o 5% H pGEM®-T Easy Vector
System I i€ ( Promega AWHARABRAF] )

x1 SR
Tablel Primer information

JH# Purpose FH:H % FR Gene name 5| P2 F Primer type 519751 (5'-3") Primer sequence
FH TEE Gene cloning Hsp64.9 37514 Forword primer TGGGTAAAACTGTAACAAACGCC

N5 14 Reverse primer
gPCR %514 Forword primer
#5314 Reverse primer
#5149 Forword primer
FUiF5 14 Reverse primer

WS A Reference gene Actin

GACTGCTTTCTTGTCCAAACCAT
GACCAAAATGAAGGAAACCGC
CGCAACACATTGAGACCAGCA
TTGTATTGGACTCTGGTGACGG

GATAGCGTGAGGCAAAGCATAA
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DNA #{¢%] DH5a sz B4l rh e S A 2N~
W2 (AMP) 1Y LB [EARRFREE 11557, I8
PR PR, 28 PCR fllifii A N EYESS , %
2 YA T TARA " AT T .
Hsp64.9 & K (1) 2 FE IR 7 51 BH3E L P 91 4 A
AR 43 T 2 R 45 H, a5 45 B P JBi e 3 7 4 )
vl Translate tool ( http://web.expasy.org/translate/ )
SER, FIHTEZ M %G Scanprosite ( http:/www.
expasy.org/tools/scanprosite ) 8 2% % fith 25 1 A KF
fiEf %) ( Motif ) ( Duvaud et al., 2021 ), ffi
DNAMAN 9.0 #{F#47)57 5 AT AL R 2 751 LT
%t f# ] NCBI Conserved Domains 7££k T.H44
FILR Gt 8 A PR 45F3 . FIF NCBI H i
Blast AT FJRIEE S, KA MEGA 7.0 ( Kumar
etal.,2016) FETAEMWERGEL TN

1.4 Hsp64.9 SEREE PCR RiEER 417

B AL PR R RE T EA T RNA $RE, A R

K 3N ELE, kR 1.3 797 EFXT R
1 Hsp64.9 5 PRI 7EAN [R) 757 1 B 7] — ek B2 A ] Jifp 3
AR AR T B RA B AT LB i PCR 34T
( Quantitative real-time PCR, qPCR ), #i4t cDNA
& R HiScript® III RT SuperMix for gPCR
( +gDNA wiper ) SEHFE i J e sl il & (R
WiMEREAE IR e A BR A ) BTk, R
HI SYBR Green 1 x5 963417 qPCR ¥ 15 2
N, S0 1, RBAARZRLT : 10 uL 2xChamQ
Universal SYBR qPCR Master Mix, [ Ji#F1 T iif
514 (10 pmol'L™ ") %4 1 pL, 2 pL cDNA itz
M 6 uL ddH,0, qPCR FLF K : 94 °CHiZE
3 min, 94 °CZEME 10s, 60 °CiEk 30 s, 40 4
PEER, BOWZEHRIA I Ct ., 3 Actin /RN
%3P (Chang et al., 2017b ), A 2 24 Jrik
HEATEE IR0 (Livak and Schmittgen, 2001 ),

15 HESH

BT AT B SR ) SPSS 16.0 HET48 34347, (i
FH t K258 F1 One-way ANOVA FLA5% 2 4~ Hb B Fh
] A7 16 2 . SRR AL A Kk | 2252, i
FAT™ SCERPERE AL ( GLM ) 43 B A R PR 7 ] 14 22
S EE, 2 P<0.05 BICHEA BEEES

2 GBRE59H

21 FRARBFGT=MHREBERAHEME
O T PR b B

AR T (Fg14=296.459, P<0.001 )
IR REE (Fe14=255.810, P<0.001) JfHtfy
FETH R BT o 2 SRR A AR R 2
BETEE T = R R, 7E 42 °CHF, YT M EERIAT
T3 (82.22% ) WEMTX IR (100% ); 1HFFE
FHEEROATTG R (75.56% ) 1F 43 °CAMT &K
TXHRA (100% )o s i 46 °CHY, YLIRFp
BRI RN 2.22%, WERAFIEE R 15.56%. A
[ EE S5 T, T R FP R B A R ) e 2 = T
JRAPEE (41 °C: t=-4.000, P=0.016; 42 °C:
t= - 2.828, P=0.047; 43 °C:t= - 6.500, P=0.003;
44 °C: t=- 4.950, P=0.008; 45 °C: t=- 5.000,
P=0.007; 46 °C: t=-4.243, P=0.013) (& I.
Ao HERRREE R i Y ) XU 52 B I =
TR i s T P BT e (R 2),

(TR AR PN 2 A M BRI P A A
S (YTLORRhRE: Fe14=122.576, P<0.001; IR
FifE: Fe14=63.581, P<0.001), 42 °CH}, VI.7%
FHEEMR Y P H (62.22% ) SXFIEZH (93.33% )
FHLG R 3 T B o B IR T, YL R Y A7
TGP, FLTE 46 CHITCRLHLFIfk 5 15 R P R B
PP ARl B B AT R, 41 °CHY, AT
R (78.33%) WEMT XA (95.56% ), {HAE
46 °CHIMIIA 8.89% MM AT LI Ptk . 7F 42,
44 F1 46 CCHAET , T B PRI 9 P AL 1 2
TULIFRE(42 °C: t= - 4.234, P=0.013; 44 °C:
t= - 5.567,P=0.005;46 °C:t=- 4.000,P=0.016),
43 F1 45 °CHE, Mg FRE S VLI FIVIE Z 18] 0 i 3
£S5 (43 °C: t=-1.549, P=0.196; 45 °C: t=
- 2.500, P=0.067) (& 1. B), HiFFREA R
F14) XL PR] - (1) 52 JE A T = Il S 9 o A 1 T
AR E (F2),

22 FA—REARRBMNBRKT=MHBEEREBTAN
I 2 F B 1 o 44 b B2

39 °CHfA 0.25-2 h, VL7 FIVEE m AR AE G g
R TIC R EA L Wha 4 h ik, 2 DN
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AR TR (LM . Fs2=21.969, R FPREAT TG R (180.00% ) 3 7 T VLI F
P<0.001; W rFIEE: Fs,=4.323, P=0.018), H (37.78%) (t=-7.181, P=0.002) (K 2: A).

A x = VTR EE Jiangsu population B mm VL7 FP#F Jiangsu population
100 -2 2 a *  mm Y§RE§RhEE Hainan population 100 2 a B3 ¥R FP#¥ Hainan population
_— >
) ~ 80 a b _
8 g
Sz L8
Sg e SE 60
A= Q
ﬁ £ 40 *;r 5 40
20 m 20
0 0
25 41 42 43 4 45 46 25 41 42 43 4 45 46
B’EE (°C) BEE (°C)
Temperatures (°C) Temperatures (°C)

B 1 AESESEE T =B Hh 22 R EE r i HviE
Fig. 1 Heat tolerance of two geographic populations of Liriomyza trifolii under different high temperatures
AL JlHG B W A AR S [R)/NG RS 5 22 5 (P<0.05, Tukey’s HSD K355 ); ns 7m0 3% 122 52 ( P>0.05,
MSTREA tRRSS ); S FORARHER 225 B (* P<0.05; ** P<0.01; *** P<0.001, JIS7HEA tH% ), TEIME.,
A. Adults; B. Pupae. Histograms with different lowercase letters represent significant difference (P<0.05, Tukey’s HSD test), ns

means no significant difference (P>0.05, independent sample t-test), asterisk above bars indicates significant
difference between the two groups (* P<0.05, ** P<0.001, independent sample t-test). The same below.

xR 2 HEEFBEANSIEI = MR AR M N A FHE S
Table2 Two-way ANOVA for the effects of geographic populations and high
temper atures on the heat tolerance of Liriomyza trifolii

AN ¥ H B F p
Developmental stages Factors Degree of freedom

S Adult P Geographic populations 1 129.067 <0.001
=i High temperatures 6 546.486 <0.001
b FRFH AR>S 7R Geographic populations x 6 8.511 <0.001
High temperatures

I Pupa WP Geographic populations 1 29.954 <0.001
=57 High temperatures 6 170.301 <0.001
b FRF >R Geographic populations x 6 2.301 0.062

High temperatures

42 °CHT, 2 ANFREERY B A TG 223 E M an 45 °CH¥, ANFEIRA I 2 AR R
B A B I T B, HAEMME BTl 2 F 4 h B, FEERAT WEM W (TLIARRE: Fs1=250.577,
0] IRLEAH L L AR TR AR : Fs ,=94.545,  P<0.001; WFRIFEE: Fs1,=145.970, P<0.001),
P<0.001; #raFilE: Fs;,=58.086, P<0.001 ); AR R 1 h B, R RS 2 (26.67% )
iaEA 10 2 F1 4 h B, ERFREFAAEE SR BE S TILFEE (4.44%) (1 h: t=-5.000,
WEETITHMEE (1h: t=-2.828, P=0.047; P=0.007 ), AR R 2 F1 4 hBf, 2 AR
2 h: t=-7.071, P=0.002; 4 h: t=- 116.263, BUERREAENE (B 2: C),
P<0.001) (& 2: B), TEZHTF 2009, WERFEE . SR b
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Fig. 2 Survival rates of two geographic populations of Liriomyz trifolii adults under
different duration of high temperature treatments

A.39 °C; B.42 °C; C.45 °C.

R =P E, L = F 8 EAE
FHOE = i 56F 8 g g 1) TS PR 2 A I 3 5 )
(£3)

39 °CHrif 0.25-1 h, JT.75 FI76E g AP A% 3P
R TC B A, SXTHRA (100% ) I,
FARVEEZER A 2 h (75.56% ) WAL 3 2 T R
(F5.12=6.827, P=0.003); VLAFEELENIE 4 h
(66.67% ) B, HHPIILFEAA LEXTIRZE (100% )
L E R (Fs,,=5.100, P=0.01), 7EAS[E it
KA, 2 DNFBEA PR R B EES
(0.25 h: t=0.707, P=0.519; 0.5 h: t=1.512,
P=0.205; 1 h: t= - 2.000, P=0.116; 2 h: t=0.000,
P=1.000; 4 h:t=-1.225,P=0.288) (K1 3: A),

42 °CHpaF, 2 A ERFR LG 1) PR Y
AR A, o, TLHREEE AR K 1

(62.22% ) Ml 4 h (62.22% ) B} AH He X R 41
(100% ) & TR (Fs1=9.6, P=0.001); F
FhREZE G B K5 0.5h 5 (1 h: 75.56%; 2 h:
77.78%; 4h: 68.89% ) SXTHR4] (100% ) AHLL
WE R (Fs12=6.176, P=0.005), b K
1 hah (t=-4243, P=0.013), 2 HbFRRDEE
WP PR TR E 2R (025 h: t=- 1.225,

P=0.288; 0.5 h: t=-0.316, P=0.768; 2 h: t=
- 0.302, P=0.778; 4 h: t=-2.121, P=0.101)
(E3: B)

45 °CAN[E G AR AL BT 2 />3t BRI i
(R RA BT (YLIRAhRE . Fs1,=142.180,
P<0.001; WRFP#E: Fs,=115.831, P<0.001),
fH 2 P FEEZ A 225 (025 h: t= - 1.000;
P=0.374; 0.5 h: t=0.500; P=0.643; 1h: t= - 2.500;



- 950 - R B H1 244 Chinese Journal of Applied Entomology

61 &

mm L7 FPE Jiangsu population
== 5 FhEE Hainan population

A 100

(o)) ©
(=} (=]

PHER (%)
&

Emergence rate (%)

N
(=]

(=]

0.50 1 2 4
EEPREREK (h)
Duration of temperature treatment (h)

0 0.25

C100r

(o)) (]
S S
T

PR (%)
5

Emergence rate (%)

(3]
(=}

0 0.25

= YT FEE Jiangsu population
== Y Eg AP EE Hainan population
ns

B1oor aa DS >
ab _abc s
ab ab bc
-~ 80
S
<8
:/ s 60
Q
e O
L5 w0
"
o 20
0 025 0.50 1 2 4
EEaR (h)
Duration of temperature treatment (h)
VLR
Jiangsu population
o RN

ns Hainan population

0.50 1 2 4

REMERK (h)

Duration of temperature treatment (h)

& 3

SHBEEE AN EMEESEAR KA L E

Fig. 3 Emergencerates of two geographic populations of Liriomyz trifolii pupae under
different duration of high temperature treatments

A.39 °C; B.42 °C; C.45 °C.

P=0.067; 2h: t=0.894; P=0.422; 4h: t=- 0.707;
P=0.519) (&l 3: C),

FEZ A7 220, [ B B AR A AR v ik LA
S M FRAPHRE | 55 AN R E B 1Y 58 BLARE IR
B R ) P R N 2, e R
ZLHAAEMBA BEZW (£3),

2.3 Z=HBIEIR Hsp64.9 HIFESISIEM AL R
B

ARG Hsp JEH 444 Hsp64.9,
GenBank %355} PP391283, Hsp64.9 ) ORF
KK 1776 bp, M 591 DRI, FIH]
ExPASy 43T L9247 51 oAt T E 00 & H 7= 4
PIHE ST T8 R 64.9 kKD, FRISSErL 5K 5.40,
TE Hsp64.9 WEIEIRITHIN C K & IARF I

EEVD 3% . A2 L) 75 L b & 8, Hsp64.9
5= BEEnE B a9 H e Hsp70 FEEZ0GH HY)
FhEGAHMRIEE T IK 91.46% (& 4: A), M. NCBI
H R 3R A B UK Hsp70s IR 79 Hy it R 55
KEW, g5 FEI, Hsp64.9 [F] = IH-3E 7 b )
Hsc70 #1 Hsp701 RAEFR—4332 (Bl 4: B),

24 Z=HBEEIR Hp64.9 ERRBRBTHRZE
BEX LB

AN R R R, 2 A i BHEARRE = B
B Hsp64.9 JE K 1 i 2 3Rk (VLIRFIEE : Fo 4=
7.149, P<0.001; MHFmMHEE: Fe14=44.957,
P<0.001), {HRABAXMFLRAEZER (K 5!
A, Hidr JLI5FhEE Hep64.9 31k i bl %
FHEMREAL, 75 41 CHRREEgm, Jxf R4l
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* 3 BRAERHCT = i BEE 58 7 A i 2 fh B ) i PR R T E A
Table3 Variance analysis of heat tolerance between two geographic populations of
Liriomyz trifolii under different duration of high temperature treatments

gk K7 F R F P
Developmental stages Factors Degree of freedom

AH Adult HEFP#E Geographic population 1 78.400  <0.001
TRl i High temperatures 2 581.211  <0.001
AN[EIEF I Different duration 5 339.191 <0.001
H R A [ Uit 2 15433 <0.001
Geographic populationxHigh temperatures
Hu BRI A R 5 18.267  <0.001
Geographic populationxDifferent duration
T gl <A [ PR 10 54.678  <0.001
High temperaturesxDifferent duration
M BB AN ] ey < A ] R 10 8.820  <0.001
Geographic populationxHigh temperaturesxDifferent
duration

I Pupa Hi B FF#E Geographic population 1 6.443  <0.013
ANl i High temperatures 2 367.268  <0.001
ANIE]BHE Different duration 5 137.016  <0.001
H R A ] ik 2 1.062 0351
Geographic populationxHigh temperatures
HB B A [ 5 3326 0.009
Geographic populationxDifferent duration
NG S NGRS 10 35.487  <0.001
High temperaturesxDifferent duration
b R A [ o i< A [ PR 10 0.431 0.927

Geographic populationxHigh temperaturesxDifferent

duration

3.81 A5 5 i PR ) 2 3K HE BB A TR EE T S T B
Jadahn, B 44 CHEFE (t=- 0.475, P=0.659),
TR Hsp64.9 1133k i o 38 5 T VLI Fh b
(41°C: t=- 4307, P=0.013; 42 °C: t= - 4.000,
P=0.016; 43 °C: t=- 5.467, P<0.001; 45 °C:
t= - 7.830, P<0.001; 46 °C: t= - 10.290,
P<0.001 ),

2 RN Y Hep64.9 J K 3RA IR
i, FIREREIRE A S N REER I (& 5.
B), Hif, TLHFBEE 42 CRERIA RS, N
XTHRRZARY 3.17 4% ; GRS FEEAE 45 CHM Rk E i
157, RN R 1 15.83 F5( VLI : Fe14=12.512,
P<0.001; WErgFHE: Fe14=37.651, P<0.001 ),
AR AT, 1R FEE Hsp64.9 JE A Rk
I EE TYLHRRE (41 °C: t= - 6.077, P=0.004;

42 °C: t= - 8.495, P<0.001; 43 °C: t= - 14.733,
P<0.001; 44 °C: t=-5.907, P=0.004; 45 °C:
= - 5136, P=0.007; 46 °C: t= - 4.858,
P=0.008 ).

FERUHA T 7 220, s BRI R A 22
AR BV 0 B R R Hsp64.9 LK 1) 3
NEAREEm (R 4),

25 =MBEEE Hsp64.9 7EE—iREAREEMNE
B TR RZE LB

2 AN ER R A LAY Hsp64.9 JiE R 7 ) — iR
JEA F e B R B R R 2R b 8 [E 6
A-C), Hr, RN 39 °CHY, MHEmgFhiER Rk
s REMRE B RN TS TR, JEFE 1 h BFA
B 5 5 VAN PR Bl 2 AL BRI L A0 T 5 1 - v O
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TE 4 h BPiRElEE CBRIFMEE: Fs=47.146,

P<0.001; YLIFRHE: Fs1,=12.506, P<0.001 ).

42 °CHT, 2 AFPHE Yk i 34 bl b 2R A 0
R S TR T RER S W e P
AT 0.5 h AT B RB RS  TLIRFIRELE
e 1 h BRI AR BRI Fs1,=34.024,

P<0.001; VLA FREE : Fs1,=4.663, P=0.013 ), 45 °C
IF, VLIRMRE Y e 3K fa 7EAS [A] B I AL B 3
AN B RERTA 5 T R A SO0 BRAAR [ 3 1
Fik (HGEEREE: Fsp=18.983, P<0.001; YI.7%
FhE: Fs1,=2.837, P=0.064), 39, 42 il 45 °C

B, R HE Hsp64.9 JE [H ) 3855 5 7R AN [R] e
AR BRI 3 TV AR (39 °C: 0.25 h:
t=- 4.871, P=0.008; 0.5h: t=-4.661, P=0.01;
1 h: t=-10.069, P<0.00l; 2 h: t=- 5.885,
P=0.004; 4 h: t= - 3.310, P=0.03; 42 °C: 0.25 h:
t=-7.993, P<0.001; 0.5 h: t= - 6.878, P=0.002;
1 h:t=-3.375,P=0.02; 2 h: t= - 7.481, P=0.002;
4h:t=-8.364,P<0.001;45 °C:0.25h:t= - 8.364,
P<0.001; 0.5 h: t=-8.092, P<0.001; I h: t=
-9.383, P<0.001; 2h: t=- 8.744, P<0.001;
4h: t=-9.673, P<0.001 ),

CcHsc70

98
100 F ZcHsc70
BoHsc70

DmHsc70

LtHsc70
100 100 { LtHsp701
921 % Hsp64.9

LsHsc70

91 MdHsc70

|
0.050 l

LtHsp702

LtHsp703

Bl 4 Hspb49WMEERFIINESEIE (A) MREZEXER (B)
Fig. 4 Multiple comparisons of amino acid sequences (A) and phylogenetic tree (B) of Hsp64.9

LtHsp701: =M BEEMEIAHE H 7015 LtHsp702: —M-BEEMEHGHEN 702; LtHsp703: =M BEREMEHPGHER 703;
LtHsc70: = M- BEH MR 705 MdHsc70: ZMEHAIRIREH 70; DmHsc70: SRR AFFEIREH 705
ZcHsc70: JRNSSHEHAM R IR 705 LsHsc70: 2GR PHIRIIRE H 705 CeHsc70: Hurp gt MR IRE H 705
BoHsc70: MIE R SLMMMFIRE R 70, 2SR =M BB IRHUHE 1 64.9,
LtHsp701: Liriomyza trifolii heat shock protein 701; LtHsp702: Liriomyza trifolii heat shock protein 702; LtHsp703:
Liriomyza trifolii heat shock protein 703; LtHsc70: Liriomyza trifolii heat shock cognate 70; MdHsc70: Musca domestica
heat shock cognate 70; DmHsc70: Drosophila melanogaster heat shock cognate 70; ZcHsc70: Zeugodacus cucur bitae heat

shock cognate 70; LsHsc70: Lucilia sericata heat shock cognate 70; CcHsc70: Ceratitis capitate heat shock cognate 70;
BoHsc70: Bactrocera oleae heat shock cognate 70. The asterisk represents Liriomyza trifolii heat shock protein 64.9.
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Fig. 5 Expression patterns of Hsp64.9 in two geographic population under
different high temperature treatments

A. A{H; B. B, A. Adult; B. Pupa.

x4 AEBELET=MIEEANMIEMEEE Hp6d 9 RIXEXHWFTESH
Table4 Variance analysisof expression patterns of Hsp64.9 between two geogr aphic populations
of Liriomyz trifolii under different high temperature treatments

s KT f i - 5
Developmental stages Factors Degree of freedom
A Adult P Geographic population 1 73.690 <0.001
AN i High temperatures 6 17.556  <0.001
LR R NEITE 6 6.402  <0.001
Geographic populationxHigh temperatures
1% Pupa A HE Geographic population 1 76.538 <0.001
NIA] =R High temperatures 6 13.647 <0.001
LR R NEITE 6 6.867  <0.001

Geographic populationxHigh temperatures

2 AN B AN LA A9 Hsp64.9 3 [H 75 W] — L&
AT i B AR B F IR A il 2 ([ 7
A-C), Hrr, 39 °CHF, AL FPEERY KA
et A RIS N SE TS TR R, JFAE 1 h BA
e CEFREFEE: Fs12=100.255, P<0.001; IT.
JRRNEE: Fs0=37.440, P<0.001 ), 42 °CHI, iR
TR 74 22 5 e BB A JHLURLRE 94 -3 g o 5 YLl
FE B e B B e 1 TR TR (il g R
Fs.12=134.880, P<0.001; JT/RF#E: Fs1,=20.749,
P<0.001 ), 45 °CH}, WEpg FIVLIRFIRE YA B Rl
ST R 1P =l N a3 1 ¥ ¢ ) S ]
B 1T h BRI B E T 0.5h Al 2 h (
FFPEE: Fs1,=32.473, P<0.001; YLIRFHEE: Fs o=

4421, P=0.019 ), [ 45 °C/l}B 0.5h (0.5h: t=
2.723, P=0.053 ), i FE AT Hsp64.9 i [A] 1) 3Rk 5
Y0 UL AR 39 °C:0.25 h:t= - 13.244,
P<0.001; 0.5h: t=-8.716, P<0.001; I h:
t=- 17.351, P<0.001; 2 h: t= - 6.324, P=0.003;
4h: t=-14.866, P<0.001; 42 °C: 0.25 h:
t= - 15.354, P<0.001; 0.5 h: t= - 12.760,
P<0.001; 1 h: t=- 8945, P<0.001; 2 h: t=-
9.116,P<0.001;4 h:t= - 16.672,P<0.001;45 °C:
0.25 h: t=-5.402, P=0.006; 1 h: t=- 5.136,
P=0.007; 2h: t=-3.629, P=0.022; 4h: t=
-7.229, P=0.002 ),

TEZHTF 22009, ERFEE . =R b
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Fig. 6 Expression patterns of Hsp64.9 in two geographic populations of Liriomyz trifolii
adults under different duration of high temperature treatments

A.39 °C;B.42 °C; C.45 °C.

JEHS = AT M AE B, Db =3 58 EA R AR
PSR R B R R Hsp64.9 i (K 1Y Rk i A
Fm (K 5),

3 itig

B ARy — iR s, XTRREG IR B AR A3k
PREURR LT X IR EE T e iy, B SRR R
HORHIREE (T 32 Pk, HLX AN Sz g 0 5 HAL N =
— R TR H B A A R TR X 8

( Bale et al., 2002; Chen and Kang, 2002; Serensen
etal., 2003 ), AR, Zid— & W] PR IR
FETE N, [F]—$ e 4 AN ] b A AR Xo) IR B8 3 1 g
ez RAAAN AR, filhn . R 0% Drosophila
melanogaster =JE P FHT FREE Y TR 37 T 2
FALERARE ( Guerra et al., 2004 ); FR[H ) PR T
M= st K&l Nilaparvata lugens FhEERY

T A2 PR BT IR TN AR (B AR AE, 2000 );
VKIS Locusta migratoria fRHT B H R Rl
BERY ZEPE 5% ( Wang and Kang, 2005 ); F&H
WRRL R B R A ) R sz it H Ophraella communa [
T FE 1 it 45 A B P AR AT A8 Ak, 445 B A AL AP
it FE M = T 4 B W R AP ( Zhou et al., 2011 ),
AL, & NN TR] H AR PR EE R E ) 958 3R
W, B HRGE w2 RO i S IR R AT 28 (Gu
et al., 2019; Igbal et al., 2021 ), K, fE4ERS
AR R ST, B AR B S PR el A P e s
FECLY B E AR A, W E RO F U
B AR T HL IR 0 R o 4 i SR PR
ARBFFE R, = BE R VTR R RE AR A
42 CCHYAFIE 2 0 2 REAR, W FPRELE 43 °CH 5k
TR, BHAF 41-46 CHREEVERIN, WP EED
BCHAENG 00 2 T UL IR RN AE o Vi g b e Al
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Fig. 7 Expression patterns of Hsp64.9 in two geographic populations of Liriomyz trifolii pupae under
different duration of high temperature treatments

A.39 °C;B.42 °C; C.45 °C.
R5 BERARRKT=MIEEEMHERHEEE Hp64 9 RIFRKKF ES

Table5 Variance analysisof expression patterns of Hsp64.9 between two geogr aphic populations
of Liriomyz trifolii under different duration of high temperature treatments

s K7 f i . 5
Developmental stages Factors Degree of freedom
JH Adult HoBEFP B Geographic population 1 289.787  <0.001
AN[E] 75 ¥ High temperatures 2 10.748  <0.001
KA Different duration 5 24.635 <0.001
H BRI < ANIR] 5 2 0.879  0.420
Geographic populationxHigh temperatures
H BRI A [R5 < 5 14.585  <0.001
Geographic populationxDifferent duration
NG R NGRS 10 8.953  <0.001
High temperaturesxDifferent duration
o Bl AR < A [ =5 i < AN A I Geographic 10 6.741  <0.001
populationxHigh temperaturesxDifferent duration
I Pupa HoBEFPHE Geographic population 1 562.989  <0.001
ASJA) & High temperatures 2 83.255  <0.001
KA Different duration 5 82.038  <0.001
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4% 5 (Table 5 continued)

Hs KT A . b
Developmental stages Factors Degree of freedom
I Pupa HB R A ] o 2 43.149  <0.001

Geographic populationxHigh temperatures
Hi HRR R A [R5 5 41.721  <0.001
Geographic populationxDifferent duration
ENGIET R NGRS 10 13.195  <0.001
High temperaturesxDifferent duration
b R < AN [6) e 3l < S A S Geographic 10 8.541  <0.001

populationxHigh temperaturesxDifferent duration

TE39 °CliE 4 h .42 °CHpifi 2 h Fl142 °CHpifi 4 h
BF A7 S5 00 2 3 T UL o X B I p P
R LR A i T 2 v i A 1 TR T A2 B 44 Y
FVLIFhEE, 42, 44 F1 46 °CHY, =B
T IR I P 7905 238 00 5 1 VLR R o X I AT
39. 42 Fl1 45 °CAS[A]ria B AR B, B AR e 1
B PIRE I A A7 305 R 5 T VLR, (AP =2 ) G
2 T TR [ S UM B T e e e R ) T S
ZEEER g m ( Chen and Kang, 2005 ), —nif
BRE i AN ) B R 100 T FE M A RIS,

TR 22RO B i SR8 1 98 o R (SRR 5,

2021 ),

PR 12 A W A R v i L B
TE TP A ) — 2SR W A 1, TEHCAE BE
AR EEAE R A, ERRE B B IR T
B, PrBhER T S RN BEL LR B8 1 BT RT AR
2, JEmiE A YA G 2 8Os (Lindquist,
1986; Feder and Hofmann, 1999; Serensen et al.,
2003 ), HAT, XTER BSR4l
HIE R KL LT Heps R £ IA ( Feder
and Hofmann, 1999; Kang et al., 2009; [ifi#H &2 45,
2015; Xie et al., 2020 ), FHXFAS[F] iy HLFH R LS
i& W YE 6 S Heps #HOC YRS H 1B 52 /0  oiln
ARl N AN Y S P/ RS B W o i85/ E | =2 S A
2R HATR T A2 M5 55 . R A g i
TR Hep90 JE (K] 1y &3k , [A 7R e Fh A iz ik
PRI IR AN 3, AH SRR 2 e 1 i e
FhEEH Hsp90 1y 1A , AL TR h Rk A 2
% ( Wang and Kang, 2005 ), #&#eE (2017 ) tb
BT R E B Agasicles hygrophila 2 /i3

PR A J M s T M 38 T 4 2 2 AR A 2 2
ik, XT38 E Bk AT T SR Iy, R
Hsps /& 2 A~ BFP i 25 55 ek s i I SE IR R
R, AN [R] b A A R HOR BEE iR e, SR
HUARPY Hsps FE R Fe ki T 8 A A 56 . B4,
A EBEME (L =B ) Hsps HHSCHY A
5 22 45 R TR AT SRR ) 19 HE A A TR IR B il
3 A ik 820 ( Huang and Kang, 2007; Kang
etal., 2009; Chang et al., 2017a; Chang et al.,
2019a; 2019b ), &fXJAS[m] M FFFEE ] Hsps Fl
J&E 38 W AT FAILEI A G s

A 5% 30 o A AS ) b TR R B v LB 3
e S B A AT T e A5 Hp64.9 &K ( Chang
et al., 2024), EiFHIHI LI Hsp64.9 HA
Hsp70 MLA[Y) EEVD J751, K% AE7E T4
Ma b JF & 2 ATP i ( ATPase ) i M:4E M
( Michels et al., 1999 ). VL7557 b
H BRI Y Hsp64.9 24 4 e i i 55 5 e
HEMAFAE— i R 1 22 5 T pE AP AR
B %) Hsp64.9 5 PRI FE A A1 B AUAS [F] i ae iR
(AR e 3k 1 I 2 R TYL Rl e . BFSE W,
Hsp70s 7£ = M- BEVE g it $Ai: v & 45 3 EBEAE
S 5 Rl ] S 4 A S A 8 I R ( Chang
etal,2019a), KUk, MWEFhEE Hsp64.9 [
R RE B SR PE T AR R R E ST
LA RE . [RIRE, Bai 5% (2021) 78 FERHAE A Bl
Bemisia tabaci MEAM1 1 MED B i) i 4w e
KL, BAR R HSP70s &iki) MEAMI &R 7E
AN A= RAL B R B AE TS 35 T MED Faff, x4t
SEILROA, T A2 MR P Ah kR AU iR
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Jolp3 R T g R R i KT Hsp70 ik ofe ks
5 L T 32 6 T o

AHIFFE I X = BET R 2 S MU B R (]
T 8 MR AR BIEGY & BN [] b B A (] 11
WA B 5225, AU AN [F] & R A S RN
[ AL B B AETE 2 PIIE 2 H Hsp64.9 LA
) F IR EE R, YR Wi e A A0 T R o5 1
TLIRPHE o W58 45 R 08 7 B O B3 1V fig T 7E
M IERAEE TP R E A EE R R X, [F
B, A B 98 A AR W 8 918 3 o A LA St 2
DB B AT T B A o
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