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S HIINMNFRAEERFINEIRRFERIESTR
EHAR, R eAEM Y, b E, TS, RIS, TeE, B

C UM R S22 i SR BERE 5208, B 310036 # Ui RIEE S Bt BV ERRAURT, (LIRS 262700
BT RN B A R RS R BF T, JLsT 100097)

WE: LE] 7Bk (Harmonia axyridis) R —MEZWHEURKE R, JENHFRME LG AN
B ARG ESNERIRIEME LM 3 AN TFHRBEE (small heat shock protein, sHSP) HEHH
MAREENEH, AR E s MEAREIETENRFRRER2KE, 7] EHFAREREN LT
plehFeah b, ARERE DI WIRTT HatiSP47. 74 (FLEE TS KX161871). HaHSP21. 53 (FHEF5: KX161873)
Fo HaHSP21. 52 (3B F 5. KX161874) L cDNA # FF # FiLAE % 7 (open reading frame, ORF), & J Lt
St & PCR (real-time fluorescent quantitative PCR, qRT-PCR) #H ARMEFEE & 3 A sHSP X FEFRR LK F
M B, AEE MR R R R E R A AT B FAE T URFR G ERAKT. (BRI EFRLE N R ALE
W, HaliSP47. 74 F0 HallSP21. 53 TS 1 ROk M B & ik HallSP21. 527 4 v B A RAA B L E G T4,
R RERAE S, HadSP47. 74 IR E 0CR-SCHRA B L ET TXPBA; HalSP21. 53 Fn HaHSP21. 52 £
BRETRAERERK. EENEREERELES, SASUSPAAXLBELEELZR. ARBMERAET, %
Yofh At BRI S HaHSP47. 74 RIANK-TEMGGH S Rt B EF &, HREINh HadSP47. 74 FEfikAF 5—15 d B
FEEREN G, BRI E HAalSP21 SIEMA 5—20 d BB FWERA, BRSNS HadSP21 S3E15dHE
EFmkdk; BRAEREI R HadSP21. 52 R R FENG AL, BAME: BRMEREINE HadSP47. 74.
HaHSP21. 53, HaHSP21. 52 AR REF AL ERERTRL. [£R) sHSP ERETMELFTFNR TR LAEEEA.
K IR a8 B4 1F T sHSP R H B kak . LI MR MCIRGE B R tE T HaliSP47. 74 Fn HaHSP21. 53 ¥ AT B &K
Bk, RPXHARXHEEN R ZEAYHEAZ TER. 4, TREREFENEGRENNREENE
BT 5.
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Sequence Analysis and Induced Expression of Three Novel Small
Heat Shock Proteins Mediating Cold-Hardiness
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Abstract: [Objective]l Harmonia axyridis is an important predator insect, and it is widely used in agricultural and forestry
production. In this study, three small heat shock proteins (SHSP) were screened out and cloned using high throughput sequencing

techniques. Also the expression levels of these three sHSP (sHPSs/sHSP genes) were detected under cold stress in order to explore
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the improvement of H. axyridis cold resistance role under low temperature stress conditions. [Method] Based on H. axyridis gene
sequences in the transcriptome, several specific primers were designed to obtain the full-length open reading frame (ORF) sequence
of the three sHSP genes. The expression of these sHSP genes was detected by quantitative real-time PCR (qRT-PCR) under
short-time cooling or short-time cooling recover conditions, and between the black and yellow females of experimental and
overwintering populations under low-temperature storage. [Result] HaHSP47.74 and HaHSP21.53 were highly expressed at the
pupal and adult stages during different developmental stages. And the expression of HaHSP21.52 in 4th instar larvae on the 4th day
was significantly higher than that in control group. In short-term cooling treatment, the expression of HaHSP47.74 was significantly
higher than that of the control group when the temperature was reduced to 0°C and -5°C. The expression of HaHSP21.53 and
HaHSP21.52 decreased significantly during cooling. There was no significant difference in the expression of the three sHSP genes in
short-term heating treatment. The HaHSP47.74 expression of black female was significantly higher on the 5th day, while the yellow
female was significantly higher from the 5th to 15th day in the experimental population under the condition of low temperature
storage. The expression of HaHSP21.53 in black females was significantly higher from the 5th day to 20th day, while in the yellow
females was significantly higher on the 15th day. Moreover, there was no significant expression of HaHSP21.52 in black or yellow
female, and HaHSP47.74, HaHSP21.53, HaHSP21.52 in black females and yellow females were not significantly higher in the low
temperature storage treatment in overwintering population. [Conclusion] sHSP may play a role in developmental stages of H.
axyridis. HaHSP47.74 expression increased significantly under short-term cooling conditions, suggesting that SHSP in H. axyridis
may play a key role under low temperature stress. While higher expression of HaHSP47.74 and HaHSP21.53 was found in the
experimental population under low temperature storage, which indicated that these two genes played an important role in the cold
acclimation. In addition, the expression level of black and yellow females of H. axyridis was different, it was speculated that the
resistance and mechanism of different colors of H. axyridis are different.
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FIWRLL S NGy 3% E 1 (small heat shock protein,
sHSP) !, sHSP 43 F i —ffE 15—50 kD, sHSP
HAS PR 0ThEE, LR Al & A e AR 47

0 51§
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53 H (Coleptera) BLHUE} (Coccinellidae) , Xfif i,
i S oe A ETEE BRI RE ), HET
FEAKNYZE P2 52 b e 32 N2 Ao PR
IG5 0 S L R LTI N SR TB 7K IR R, 1 48
N B HPTIEINLE] . [, ] D e T SRR
(BRACLRY T N ST 1R 7% ol BN AR AR R 58
RN Pt LAt AWFFUdt e 1 i AER
KRR bgmdg R AEKKRE . AT 0 Sl is
(O R (S i AN a4 A W RS AT IENS
S, A 1 L O o T A R AT T 38T LR
B, A0 RS S AR R, R BUIEY)R
SRARAFEATO, FAR A, S I DL R i 7 4
BRI EPURPUIENE . ARG, PRI E T
O KERIET, S (heat shock proteins,
HSPs) HA m RS NIRRT A, |2 A8 Tk
V) R SE B AR, AR R S A IR A A
AT PR IE e S, HSPs X A4 IR 157 s 17 K At e
P B R, AR RN, HSPs AL
4324 HSP100 ZXJi% . HSP9O X% HSP70 I HSP60

B, HFH5SHAL HSPs JLRVEHM & A RH
TR, WITURILL ERIE sHSP HEIE 5 40 i X #h iR
52 U, SHSP 75X B 40 M 1 UL K A= Ak
KB H R R st R P mEAE N, ks, R
[F) 5 B RRE IR LU Ag) 52 IR LR 2R ARk, AN ) e B
S B U BRI A R R T e BT LA
FUIARLY K sHSP Fl ta BURHTIENEOC RIS
AL D o IS A R I A4 v e 2 IR e
SHSP LR ZEIXAN I FE P mRNA 7K _E AR AL A i s
ARRTC IR O v 8 ] Ja Al 3 4> sHSP
SEPIEAN IR BB B o oy Al R e el ) 0k 52 Ak
PR IR AR AT DSOS [ B RO IR 2k 7K
Gy HT A e B TIERE ) Hh Tk (A
RSP

I T 2015—2016 FELEHTMITITE R4 5E 1Ko
1.1 REESR

SEOTL ST R 2014 4F 3 FECRAE TR
WAL P o ZEVLPE (25+1) °C o AHSTVRSE hy (70+£5)
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%G 161 : 8D 44K, ezt (60 HZbM,
0.5mXx0.5mX0.5m) WA STl i mFE, N
TR A LR S (Aphis curviness) fUZE G, £
I — B i )5 S e — 200 1 & R R i) &
Hio B MASTINTERIEN, 15N 57 el g oy
38T A U= O IS, 5 B B R ) AT S
HER LA N BRL R FR L, 2 AL R R &
I HUE gk et R, BAH 3 ARG 1 5 Bl d U TR .
SO SR ARRRE: 2014 4F 10 HY) R THE
HEITATE L

1.2 FE5iFH

.21 EEMNB5RE B# (E[E Eppendorf 2
F]D L VKA GEE/R BCD-290W) . -80°CUKAR (XA
U410-86) . EJ/K#S (LR % DK-8D) « JoH
B TR (ESCO) « & A mid B0 HL (Sigma 1-14) |
Eppendorf5424 5 204l (4 [ Eppendorf A ] .
HLF B RS CMERE ) -9EH1 2 AL204) .« AG22331
4 PCR Y (f#[E Eppendorf 23 F] ) SZH 5% )% 58 7 PCR
12 (BioRAD CFX96) . HLyk{CFIHLykFE (bniss—
IX4%) )  DNP-9272 {HIREFRAE (LRG3 S0
#%37)) « NanoDrop™ 2000 #5706 6 (56
[ Thermo Scientific A7) + 5T4100-1106 744 FhEEIR
WG A5 (£E Tanon A F)D . &M 28V K
(SANYO MLS-3750) .

1.2.2 FERXHNEHE DNA Marker DL2000.
6 X Loading buffer. ¢cDNA —5f & #5857 & T 244
5N H % TaKaRa A7) ; RNA #ili#2 Trizol ik7) &l
H & [# Invitrogen A H]; PCR 5¥& At i
Invitrogen 2~ 7] 58 BElEHEIE B Sigma 2w, SEH 2
Je s PCR XA G GEF S5 H % H Bio-RAD
AT ORI R B A e RSO 7 S T
Omega A7l; & FHNEE. T/KLEE. EDTA #1H
AU K AL THRA ) DEPC K. & FRAR .
BANE. BERER . SAbah. iR, H s e
H L T A TR AT .

1.3 REAHZE

1.3.1 % RNA 332 &% —% cDNA &% H Trizol V142
U OB dR AU RNA J5,  THBUIRREE R B bR
T RNA R4 R Bt ol, 5 P R A il s 430l
JE RNA FIRIE . fERFE RN, B 1 pg & RNA
VEMRERT, A S5 e sk ) S ] ok e Ak 56
1.3.2 sHSP AKFAIHIE MO aIFE R 1
S AR D, 4R S HSP BERARIE 1741,

TIOR3 4/ PRI TS, B IS
JFFHIBHEER T4 9T AE NCBI FEHRHEAT O, R
XYEFESIAL 5 52 B cDNA P BLHE 741 . M3 2
FFH, A s B RE RS (R D, i@
1T PCR M. HAK PCR 45ftf: 94°CHIALPE 5 min, 94
CAEME 30, 59°CIB-K 30s, 72°CHEM 90s, JL 30 4
PEER, 72°CARAMEAM 5 mine RIVEER, 5 uL PCR
FEMIAE 1. 2%B8 b e vk A8 I 2] H 1 4
s K H B B aifh, FEET T I REER T
AR, AT ETE PCR BiiF, 244 L Invitrogen
AT

1.3.3 sHSP EFE 5|43t LA Harpd9 N SIERIY,
FR PSS LR 741, FIH DNAstar F1 Perimer
5.0 AFBETE p49 J 3 /> sHSP FERI e 5 1)

F1 RXEHAASIY

Table 1  Primers used in the experiments

514 FR Primer name 5191%% Primer sequence (5'-3")

Ha-rp49-QF GCGATCGCTATGGAAAACTC
Ha-rp49-QR TACGATTTTGCATCAACAGT
HaHSP47.74-F AGGTTCTGCGATTTCAC
HaHSP47.74-R ACATCTGGCATTTGGTC
HaHSP21.53-F CCTATCAAACTGGGAGAC
HaHSP21.53-R GATGTGGTGGTGCTGGT
HaHSP21.52-F CTCGCTGTTACCAATCCT
HaHSP21.52-R GAACTTGTCCGTGTCCATA

1.3.4 FREAXEMBEREIH sHSP AF KK %
IS PP S U U A I AR . AN H R B I B
FEEE 1—4 R 4 @ahde. i, 28 1—3 RumiH s
1—3 R (BB 2 h 7)) o Hids sl
sHSP LK F41 LA K Harp49 H:KF41#% i1 qRT-PCR
BRI G 1 (R 1) o SEANCHEEREHLIE 3 Sk HL
TAMEFAELE 3 K, FRAMNERHEIKEI RNA 4
B, RS E 2 6 BE Ve RNA MREE, B 1 pg &
RNA BT RSN o B 1 pL RE =Y H T
qRT-PCR, AR EE 3 . BAAYOEE R PCR 2
J: 94°C AR 5 min, 94°CAR 1 15s, 59°CIEK 30s,
68°CLEfH 30's, 40 MEH, 7T 68 CUEZIfH 5",
SKHT 2784 Il AT B e

1.3.5 MmBEMENEEERELEFETFE
Pl sHSP A A #y Rk JEIUSCR— RS I S0 b i
S AR AR IRL  R I B AR B ¥ e B
BT 25C AN TR BB RPN 2 hy 2 BUH —HEK
BAPRE, TS AR VRN T B B IR A IR B BT b 15,
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10, 5. 0 FI-5°C, BEANLEERL B & A778 2 h HFHCH IR
A KL

JoL I PR S P AR B K R T-5C AT
BREREFRAAALIN 2 hy ZJE B — ORI KL, 175 K
DN TR ReR SR AR B WE N 04 54 104 15 Fl 25
C, BEANEIERSESAE 2 h IFEHRIG AR,
IR 3 K, AN EEREHLIEE 3 Sk amid.
HIAJ AR 7R S S (0 B, Trizol VA4ZHUE RNA,
SR cDNA JE2 8 1.3.4 (151537 qRT-PCR,
52 S B 3 A SHSP & K (ARG R IA i, i 27247
RT3 HT
1.3.6 REMAERMHTERMAEMELMERE
Pl sHSP ZE[H Mg R 3k 70 S 30l I A0 B A Bl o
3 930 T S €0 B MM R R SR ME ) R RS €0 BT M
PR CRYFR 2 M Bl — J] 5 e € 0 A D S 56 B ol
16 4 CUKFE A7, 23 aldE 0. 5. 10, 15 /120 d
M, AN BOM B R] p BEHLIE B 5—10 Sk
H ORI 3 K HIHA) KA 78 S A R
Trizol VEHE IS RNA, 5k cDNA JF 2 1.3.4
1) 7153547 qRT-PCR, € 5t il HL 3 4> sHSP %
DAL FR AR 0 e B, T 2720CT VR kAT 5 1 45 SR A 4>
T o
1.4 FIoHEEESEIT SR

V. Fl DNAStar #4548 H A5 8 81 T 1355 AR
IR AT, A5 H Ay AR 2o B Y
http://web.expasy.org/compute_pi/, ffi[f] SPSS statistics
20 XF 45 R T LU b, AN (R A R A [) R FH FL DR 25 7
74y M (One-way ANOVA ) , % & L8 K H
Tukey-Kramer HSD 73#7. K 1—5 FAE/NE A KE
FRERIRNG HLUR F 7 22 0 HT» Tukey-Kramer HSD K5
JEAAAE SR (P<<0.05)

2 %R

2.1 HeEIAEREANFRERFE

N2 WA 380 1) S S R A s e P, 3K
5 HSP EEFAHE R 741, i bk 3 4/ 7
PR A, A: HaHSPAT7.74 JFJRUREHE A 1 281
bp, FHFEZAEIREL 427 4>, SR 5.82, Tl H
4y T &4 53.88 kD; B: HaHSP21.53 JFJi [ 124 2 570
bp, FHFEZAEIREL 190 4>, SGHIAA 5.24, Tl
Iy F8 2k 21.53 kD; C: HaHSP21.52 JF I HE K 576
bp, FHFEZAEIREL 192 4>, SGHLAA 5.86, Tillll&E M
4y FA 21.52 kDo

2.2 TREIAEMEFEIH sHSP EE AN FIEE

SOIMBEANFER BB 4 15 1—4 K4hh (4.1
—4.4) | Tl (PP) . % 1—3 K (P1—P3) .
123 R (A1—A3) , L RICPIMLEEE 3 R
(A3) M. EWIHEE 3 K HaHSP47.74 Riks
FE TR (B 1-A) . HaHSP21.53 ZEpihsfs 1 K
KismE S, HENBALEEZER (H 1-B) .
HaHSP21.52 i 4 i 4 iR KA B & EIHES, HAE
4 R4 HUER 4 RFRIA e 2 v TR AL (B 1-0)
2.3 ERBREIEREERERELELESETREE

H sHSP EEREN RIEE

FERE I BRIACEE R, DL 25 CIFZRIA SR NS,
HaHSP47.74 7 0°CHI-5°C ik L5 56 FE 4L AR bb i 2%
M (& 2-A) . HaHSP21.53 71 15—-5°C &A1

[ A Hsp47.74
25 a
201 ab b
L ab a
1.5 abc bed
1.0}
cde de

41 42 43 44 PP P1 P2 P3 Al A2 A3

14T B Hsp21.53 a

1.2 F ibe abc ab
10}

o8 . bed 4 d

06| q 4

4.1 42 43 44 PP Pl P2 P3 Al A2 A3

A%}k FERelative expression level
[=]
B

57 C Hsp2152

21 be

od bed

41 42 43 44 PP Pl P2 P3 Al A2 A3
K 1 Hr Bt Developmental stage

BT %, R B B AR bR, AR B Bl 7
Tukey’s K05 h 22 5 3 (P<<0.05) . N

Data were presented as means+SE (n=3). Bars with different letters indicated
significant difference (P<<0.05) by Tukey’s test. The same as below

1 TREAXBEMBELEFEFFEIR sHSP EEHET &R
k7K
Fig. 1 The relative expression level of sHSP genes of H.

axyridis of experiment population in different instars
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Fig. 2 The relative expression level of sHSP genes of adult H.

axyridis of experiment population under the treatment

of cooling process
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7E SCHRIAEERAE, 75 5—15CRikEE LI,
HEX AL REZ T (K 3-C) .

2.4 (KEMEFNREMEBFMELFHEEFEIHE sHSP
EF R HEX Rk £ B9 NE

RIRAEAE S R L CK (0 d) X, SZO6Fl
T SEME S (0 9 dt HaHSPA7.74 FEARIRAEAE 5 d I &
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Fig. 3 The relative expression level of sHSP genes of adult H.

axyridis of experiment population under the treatment

of increasing temperature

4-A) . RS A 54t HaHSP21.53 7F 5—15 d %Ik
EAE 4 FRIAE S B ES, B T
41, BEMERURTE 15 d FFRIA 5 b5 iy HLE 35 i 10
4 (& 4-B) . BHESI HaHSP21.52 ZEAR ot £7 Ak
o R AA,  SMERI HaHSP21.52 7RAKikL
AP P IR G B M 3R IA,  FLBEA A7 R A 3
xR TREES (B 40 .
ERACRPE:  SEMER A EH HaHSPA47.74 7Rkl fil
12 0—10 d B RA = E EFHES, 75 10—40 d FRIA
HE FRES, HHNRAYEEEZER, WiERa
MU HaHSP47.74 (EAREAEA 4 F TRIE BN LB #
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Fig. 4 The relative expression level of sHSP genes of adult H.

axyridis of experiment population under the treatment

of low temperature storage
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Fig. 5 The relative expression level of sHSP genes of adult H.

axyridis of overwintering population under the

treatment of low temperature storage
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22 B8 B R ) sHSP 5 B U AR KR B S DA
KU BRI, AR TCIR AR T IE R IR A IR S N
RF, sHSP BT AN 1A, Z 4 (Bombyx mori)
sHSP JE AR 5 e IE AR KOR B R A Rk, e
W4T R, B4R 11 BmHSP24.3 ARSI Y& 1 %52 A
O A AR PECOY SR IR B X T AR R R (Oxya
chinensis) sHSPs J& K (1R k =B 52 m0, HEAN HE
FEARER R A FE R A e 22 50 IERIRE R
INEAERIS ) sHSP, X3 W] sHSP 713 AT &0 SR
Wl e R AR T sHSP fERrf
A R BB Rs s, RIFEREWIEE 3 R
BEMEERIS, R 1 REIAER S, 1548
sy 4 REEHRRIE, XS8R S0
g Pl 5,

HAR I IVF 2 B B AHT 200 F AR IR I8 0 P il
PR, ALY a5 T B PioERe Sy, i AN
TEZIS P AL HE sSHSP 71 N AR 2 JE D R 2 T /EH .
A BT R ] W % Ak BE RG2S 92 i ( Bactrocera
dorsalis) 7 [ #& pcdt, 45K KW BdHSP20.4 FiI
BAHSP21.6 HRIATANAE-5°C 23 L], BdHSP23.8.
BAdHSP20.6 1 BAHSP18.4 £-5°C fil 40°C fpit T34 8 %
;s 1M Bdhspl7.6 [RIATGS FIA B AN 2 52 HE R 5
BAHSP11.1 AN KX EL-5CH 0 CMia )G W% T
B s BREEREDIT ST S B AU G R A H)
Ak K HFEIE R R, RIS A H N TR A
HSP21.4 533k LA s H BT IERE )y o iREEAHT TS5 R,
ROV BRI 4 N sHSP SR Bt mkik, HA
[F](1) sHSP nJ fe e bl il AN Rl I R $EAE
S E IR TS, R — 3. R A B 11
B sHSP R R W3 B, iX KB sHSP HA R
P O TR HA FE A P D RERY . BT IRaR £5 R p R
5t HSP21.00, HSP21.62. HSP10.87 F1 HSP21.56 1F
ok T 2R 4 S5 Ak 52 A B R R I v Rk, IXER
SHSP {EFRAAT T nl B R CHEVE Y (et
FURLIS Bt S P AL B, DA-5°C I BE R R IA B 2
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