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WE. AR ST I (Apocheima cinerarius) 1 2 A~/ AR I Rt 56 R (sHSP) , A3 T HAEA[E R B BB
ANFIZHZ AR BEIE T 2R, LA I NS 7 A RO 220 TR B 3 i R e VR . BT RO I By
SRABEATS R IT va FUERY 2 A~ sHSP BEIR  XHHHT RGK B 0T S i S A= M5 B 23T . SRRt e
it PCR(qPCR) BRI sHSP FEFIEH RUSEARRIR B BB (91 4l H M5 B ) B RIZHE (S Mahs JEHS | 2 & 53
Ji%) i s FEIRAFAE I — 2 A0 AT 4 B EARTRIREE (=5 °C 0 € 5 °C 25 C A1 30 C) JifHa T YRk, Toké
I 2 A sHSP S5 73 5 Hofin 444 AcinHSP20.4 AcinsHSP( GenBank %5543 5124 PV053122 H1 PV053123) , 4551
(CDS) K435 543 bp 758 bp, 415l 4T 180 4252 NG EEMR , AHXT 431435112420 470,27 758, BHEAF L 0 43501 A
6.98 4. 60, FLHFGALER TR AcinHSP20.4 FERTEFR RIEINE 5 {440 H 5 BEAAXT 3, FEM B MR i) o AR %o
Feib i s Acins HSP JED AE X SRk AR RUBER 28 5 541 s B BEAL TEARAKT: , A s A X 3Rk TR B B KA
AcinHSP20.4 K2R RN 3 74 5 70 e W30 55 150 , AcinsHSP 5 IR (1) RE ok 3 3 52 WU A ol S 0 o v T DR BB 1 T v
AcinHSP20.45E R AR 2655 AR IUN Se TR R BRARIM A S 75 25 SCIRBIRRME, 78 30 “CHY T IAITH5 25 C BAHRT
FoR M FI N 322 7 (P<0. 05) ;AcinsHSP BRI AAHXT SR IA 2 SRR FTHEH 7F0~30 CHERFINTE W #EE R 755 C
530 CZEEFBE(P<0.05), MG RAT LG 1, sHSP JEPRTE A R K R I8 S R s 3t i 5 Fie vh B
HEEAEH RGNS RIEA A R R T B AL B 3 g R MR LI B T — 2 AR SR
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Abstract .

This study aimed to clone two small heat-shock protein genes (sHSPs) from Apocheima cinerarius and to ana-

lyse their expression patterns across different developmental stages, tissues and temperature stresses, so as to clarify the role of
sHSPs in the response of A. cinerarius to temperature stress. Based on the pupal transcriptome of A. cinerarius, two sHSP genes
were screened and cloned, and subjected to phylogenetic and domain-related bioinformatic analyses. Quantitative real-time PCR
(gPCR) was used to examine the spatiotemporal expression characteristics of the two sHSP genes in different developmental sta-
ges (egg, larva, pupa and adult) and tissues (head, thorax, abdomen, legs and wings) of A. cinerarius, and to analyse their ex-
pression profiles in 4th-instar larvae exposed to temperatures of =5 °C, 0 °C, 5 °C, 25 °C and 30 °C. The two cloned sHSP genes
were designated AcinHSP20.4 and AcinsHSP ( GenBank accession numbers PV053122 and PV053123, respectively) ; their coding
sequences (CDS) were 543 bp and 758 bp in length, encoding 180 and 252 amino acids with predicted molecular masses of
20 470 and 27 758 and theoretical isoelectric points of 6.98 and 4.60, respectively. Expression analysis revealed that AcinHSP20.4
transcript levels were low from the egg to the Sth-instar larval stage and peaked in diapause-terminated pupae, whereas AcinsHSP
transcript levels remained low from the egg to the Sth-instar larval stage and reached their maximum in female adults. The relative
expression level of AcinHSP20.4 was the highest in the thorax of female adults, while that of AcinsHSP was the highest in the head
of male adults. As temperature increased, the relative expression of AcinHSP20.4 first increased and then decreased, peaking at
25 °C and decreasing significantly at 30 °C (P<0.05). The relative expression of AcinsHSP showed an overall upward trend, with
no significant difference within the temperature range of 0-30 °C, but a significant difference was observed between -5 “C and
30 C (P<0.05). These results indicate that sHSP genes play important roles in the growth, development, diapause and

temperature-stress response of A. cinerarius, and provide a theoretical basis for further investigation into the mechanisms

underlying its development, diapause and adaptation to temperature stress.

Key words :

T R (Apocheima cinerarius ) JE 857 H ROEEHT
HERMFE A 2 A T K E T SR X
XPHT 4 A MRE A B A 28 % A8 R 3 R T ™ A
F R R AR 3 R I IR
HCTE, AT Ent R AR AR RO 4 i 4 i
TEA KA E i T LR S LR Y SR e HE H
AOCT HAE S BB P (W A AEHL v A B 44
PR3 1 (Heat shock protein, HSP) f&4H g N Xf 5%
A R SCBE ST, e /N R 1 (Small
heat shock protein, sHSP) £ H BiHrE FaiE M %S
A AR, O By R B R A AR
FUREMORAERFANIE I RE . ZER Huh sHSP 25
WA fE SRk e m R IR T 5 A YUK
SEWE R R DCHIE Y BRI, W5 sHSP BEIH7E
AR R 4 W 20y RIS i VR AN B T
oA R 4 W40y s AL 30 ] Ay il AH B Y Bl
TR ALK

sHSP /E A #HEE A 505 TP ARXS 7> i i N H 2
FEME R F R RO, 76 B HO A i 0 i AR
BATRCEJEFEIIRE, AT DL i 445 28 1 BAs

Apocheima cinerarius; small heat shock protein; diapause; adverse stress; expression profile

BRI HABYE R B REAEA [ 38 2540 T e Sk
PG AL ORI . sHSP YRS M 13 D) fil 52 B0 414 4
FHORUE M, TE R RO 5T , 244 1L ( Helicoverpa
armigera ) %55 T 40 ‘C 5L 5, sHSPs 22.0 A 1 AH
Xt FRAET 1 h PEREIEE 7F 40 CALBEL~2 h
J&i , B Z 7% ( Bombyx mandarina) BmmHSP19.9 &K 1)
FAXS IR FETE 5 W4l U LU B FEE B
A IS RS 48R TR R S
WA, B n, 22 i Uk i s, S €6 SR ( Harmonia
axyridis) W sHSP FFIXT Sk it i 35 4 vt i 7 5%
7% S b4l BAE 8 CIHNA R, BmmHSP19.9 FEP 45
AR T YR P 1 O Jsl i 7 R T LA
A sHSP T RE A IR B VR EE i . BR TR
JERI RIS, sHSP 7 7 1845 A m s 2 B B
TR, Xl & PRBUBER ( Pieris melete) RIBTTE A EH,
SR E A, I E (SD) A FE (WD)
SUBYENE ' PmHSP19.5 PmHSP20.0 FOAHNT kR
FEER R

AR RO — P S R HR AT
FORPPRBE 30 A BB 1 AN 58 V5 4, sHSP 78
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B H 0 W 0 ) A rh R T R AR E R
FRTC T 5 R sHSP JE N B BEFE 8L, AWEFE AU
BT RO e SR A 8 | ORI vE e 2 A sHSP 4
, BT R /NG 1 7 AR O O 25 R Wk o
PP VR, DT A TR AR TS A ROE ) B i 7 Al
JEE 3t AL B BEIE R

1R i

1.1 #HKEH

A RO/ R T 2023 4ERZR A NS T
EE LR T S h7 R K SR 7 45 5 4% (108°45723.63"
E,40°46'4.19"N) i A1 5256 % Je ¥ L8 T LR Ik
N AR (245 . ZXQP-R1900 ) Hr 85 5%, € 1H I
(22+1) C /w5 18 h/6 h A XT 8 55% ~
59% o SRR AHR A LM B, RE DTN BT
RIS TR SR, FRah AL e, b 22 i Ay 254
PEPINU s T i
1.2 HmLESRE

KT E AR R sHSP LA B 2238 EEE 43 )
WEEARF LB BB AR HL N 4 14 B 7E A B IR
FEMA N A, I AbBETTEANR (1) FEARTA]
REBBL TN Qi (1~5 W) (CRAER ] i Kz
JE 2 d) M Chr B AR ) M (2) e/
AN [ L BURE A S A T T WSO M/ e o oS3
(ELAE i ff ) M AR 2 WS T U g 5 (3) 7
T B AR AL B T, TEAR AR S 45 d, T4~6 C1
TRALFE 60 d; (4) 7E 4 144 MU R[] R 3 o2 Ak 3
J5 1, 7E=5 °C .0 °C 5 °C 25 °C 30 CH4L 5 MEET
BALEE L b,

AR E 3 M EYFES B E
SAFEUTT 414530 MO0, 30 Sk — 4l 4,20 Sk —
el A5 Sk = 45 3 Sk U 4 L R 4 e
iy R M s e 30 A Bl SRR (S A A ) L5 S B
F1 sHSP BRMEYEBZOTUNE ., TREHRE Mi5EE

SAEHR, BLAh, AR RA A 2 CnaT 2 P R RS
) FEH 50 A4S, FEE 20 MR BEREAS  Ab 3RS
WA R, & T HAGR VKA (-80 C) T IRAEFREH
1.3 RNA #ZBUE ¢cDNA &/

BO5 k1.2 Frid 5 RO FRRE A B 3 iR K
TR i Bt | RGO AR U 78 IS R ARR
F TaKaRa MiniBEST Universal RNA Extraction i3
BT S RNA B2, SEHUAT & BT bR AER) RNA
FEAS, $% I8 TaKaRa PrimeScript'™ RT Reagent 17 &
VLB A5 HEAT 36 5 SRR AR, B T 19 cDNA R f7 F
-80 CHBAIRIR VKA & H
1.4 ERE sHSP EFHEE

T S0 5 T I 00 o IR 1 7 SR 2 A
A2 S RV RCHs P2 vh i 2t HSP20.4  sHSP 1,
2t BLASTP $0iiEJi5 , 6 HCE A 56 5 4 5 77 51 (CDS)
X B HEN 2354 4% AcinHSP20.4  AcinsHSP ( Gen-
Bank % 5% 5 4> %] 4 PV053122 . PV053123) , #K ¥
JPHN IR B, 7555 X g b 2 11 o X A s e S
PP 519, 9t iz s il PCR §738 HAR L,
PCR SUWAKZR AN 1. 0 pL 4 DNA 4% 1. 0 wlL iF
51 519,125 wl PCR Mix, JHICERK M E
SRR 25.0 pL, 760 ) e R KR
456 C .66 °C, HAx N i BE SRR ¥ 2 BROSCHR [ 13 ]
W, B3 SE RS , A 1. 0% B30 B W58 1 B 9k 7
B H bR DNA F B, 9 A DNA S5m0 & k17
W, 238t A% 5% Ak 0 18 FH P se B, 64T AL
DNA Ayl | BlS 6 24 TAY TR ( L) B A
B2 wIEATI0 R S AT, AR E br 3 N B R 1
1.5 HRESHSP REANEWEEFNT

PR EE L TR (RAAMEE R 1) 3 HFR
W sHSP FE AT A W05 B 2E 0 i, LR 3 & A
g X FRAEME BT (N Sif5 5 IR 5 B B IR Tk o
S MEIRAAT 55T

Table 1 The prediction content of sHSP bioinformatics, the name and website link of the tool

T A 7

T TR Bk b Ak i

B B X
H A AL
N i {55 AT

A TR I DX S
BABR AL 5 T3
HEIEAL A7 5 S50

NCBI ORF Finder, https://www.ncbi.nlm.nih.gov/ orffinder/
ExPASy-ProtParam, http ;: //web.expasy.org/ protparam/

SignallP 5.0, https; //services. healthtech.dtu.dk/services/SignalP-5.0/

TMHMM, https: //services. healthtech.dtu.dk/services/ TMHMM-2.0/

NetPhos 3.1 Server, https ;//services. healthtech.dtu.dk/services/NetPhos-3.1/
DictyOGlye 1.1, https://services. healthtech.dtu.dk/service.php? DictyOGlyc-1.1

NCBI: 3 [H E Z AW BEANT B
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1.6 HFRIE sHSP EERFFILL X R RGHH AT

M [ [ 5 A ) B AR B b (NCBID) B
B NUE S A H B VAR Y sHSP St (%) 25 1
FIEMRFH), ] DNAMAN 6.0 X2 HE 1% 51 47
FEEIEEXt, F MEGA 6.0 ## R 58 & & W, 4B %
% (Neighbor-joining method ) #77#1 ¥ &5 F4 #E I, 2
¥ p-H & (p-distance ) MR AT IR 2 T8, N
TRIERGERERAMAEE, #2688
(Bootstrap analysis ) #4171 000K 5 & flFE LLIEAS 43
HHFE,
1.7 HERiE sHSP EEHRIE

R TG R RE sHSP 3R 7E AR & B BB,
AL 4 #4 4 BRI T30 T () R ki =, A
WK qPCR FOARSEAT R, B 51 90105 8 0L 3=
2, VA Actin AN S, O AR R BAA TR 20.0
pL, A7 2.0 wl cDNA Btz 0.4 wL iE [ 5147.0. 4
pL 21854 . 10.0 pL GoTag ® qPCR Master Mix,
FHTCAZ B2 T K AN JEAR AL A 20.0 pL, qPCR S Wy 2
P45 B GoTag ® qPCR Master Mix i 5 154 B
+.

®2 HREHSP ERRBFTASIMER
Table 2 Primer information for sHSP genes of Apocheima cinerari-

us in the experiment

ElE/ER S SIHIFE(5'—3") 51 &
AcinHSP20.4-F  AAGTTAATCCACCTTCTGAAGAAC vk
AcinHSP20.4-R~ TATACCTCATTACTCTGAACTGAACA S
AcinsHSP-F TGAAACGTGCAATCATGTTCACAAC TLRE
AcinsHSP-R TATTCACCACACGCCTCCACCATTA i3
AcinHSP20.4-F  TGGACCTATGCTAAGCCGAG qRT-PCR
AcinHSP20.4-R TGTGAACTGCCGAGAGATGT qRT-PCR
AcinsHSP-F GATGAGATCGTCCCACCCAT qRT-PCR
AcinsHSP-R GTCTCCCTTCACCTTGACCT qRT-PCR
Actin-F CGACATCCGTAAGGACCTGT qRT-PCR
Actin-R TTCGAGATCCACATCTGCTG qRT-PCR

qRT-PCR ; S 986 58 i % 5% PCR,

1.8 HIESZITEHH

AWFFEH SPSS 27.0 B it 47 B 2 5 25 0 Hr
(One-way ANOVA ), Jf JH ¥l & @ 35 P 22 S5 46 49
(Tukey’ s HSD) £ i [t 8K 56 7 2 1P Al X 1
sHSP FERITEA R K B WL AN [F] 20 24 B AN [) et J3E
AT WRIE 22 5 /N0 35 2288 ¢ K495 (LSD-

1) K I PEAR ] —ZH 2P sHSP HE DR AE e/ i 1 B o %)
22T FRNE N, EHE T AL H GraphPad Prism 9.5
AR , 25 R U s i 22 B R B, e it
i PEIKFE N 0. 05,

2 HERE

2.1 HREsHSP EFEMEE

T T ROME G S U500 | X sHSP 36 R ) 2R
H B gmis)7 5] (CDS) & it 514, PRy 15,
R S ¥) AcinHSP20. 4-F/R |, AcinsHSP-F/R /3
HHEAT PCR 4715, RAF FUHA K Sk 739 bp 907 bp
M=, 1.0% B BB B 5 FEL Uk R I 45 2R R | 78
750 bp .1 000 bp Fric {7 B W5 F] 5 5 M 457 (
1) o XPRERRAE SR AT I o0 A B0, P 45 2R
AT —3

2000 bp

1 000 bp
750 bp

M:DL2000 DNA Marker; 1 : AcinHSP20.4 3% X (%) PCR ¥ 3 724y

2: AcinsHSP FEHI ) PCR 4711711,

B 1 & R AcinHSP20.4., AcinsHSP EHEH £ K &1 5 51
(CDS) KT EL4ER

Fig.1 Cloning of the full-length coding sequences ( CDS) of
AcinHSP20.4 and AcinsHSP genes in Apocheima ciner-

arius

2.2 EHERIEHSP EEMNEWERFSH

NI AcinHSP20. 4  AcinsHSP £ ) CDS 4
K43 51k 543 bp 758 bp, 4> B4 180 4~ 252 M4
B2, B 53 1 253 5 8 Cog Hy s Nogy Oy Sy
Cl 223H1 913N303037SS4 ’ *H X'_J' é:} % ﬁ‘ % %IJ j‘j 20 470\
27 758, FHISAEHL S50 6. 98 (4. 60, > 3 135
30 h, JEMGFE B 5 78. 56 .85. 44, 1E HL faf & LR
FRIL[ KGR (Arg) +H 2R (Lys) | & a7 43531 Ay
29 24, i HL i B R TR R FE [ RAE TR (Asp) + AR
(Glu) ] BT 20 91K 29 41, AcinHSP20.4 1 37K
PERECN-0.629 , A FaE RECH 41. 93, U BIZ AL
bt I 2R 1 TR T SR K MR BRUE B 1T AcinsHSP
(5K RN -0.242 , ANFaUE RECH 41. 08, 68
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23 PR G i 1) 8 1A R T AR e R

55 RGN 25 S B %, AcinHSP20.4 R ok & B
55K, AcinsHSP W 7E251~20 D EFERZ H A 1
AT T, R K RS LS AcinHSP20.4 AcinsHSP
LR 4y B AE S 62~ 157 30 2R 76~ 157 v Z [A] 41 &
sHSP FEH IR a-45 S B RS (1 2)

IR S 5546 0 25 3R W 7% | AcinHSP20.4 EH A 9
LR 4 A TR TR AN 2 A% TR ol R A Ao 26 7
J 5 AcinsHSP 25 A 13 N2ER 16 IR E R T
i Pl (o7 a5, A ARG D 30 i 20 I 98 2 A A0 o 7 45
BHILA A7 SR I 45 5 7R, AcinHSP20.4 H JCHl 5L
A S, T AcinsHSP WA 1 ASBERLALAL S,

A
1

31

61

91

121

151

181

31

61

91

121

151

181

211

241

TR %E B AR 4> Ay

ATGTCTCTTCTGCCGTATTTATTCGACGACTTCCGCCGCCCGCGCCGCCTTATGGACCAGCATTTCGGCCTAGCTCTCACACCTGACGAC
MSsSLLPYLFDDFRRPRRLMDA QHTFG GLALTPDTD
TTCCTAACAATCGCTGCTGGACCTATGCTAAGCCGAGAATACTACCGCCCGTGGCGCCATCTAGCCGCCGCTGTGAAAGACGTCGGTTCA
FLTTIAAGPMLS SRETYYRPWRHLAAAVEKDVGS
AGCATCAAGGCAGATAAAGACAAGTTCCAAGTGAATTTGGATGTCCAGCATTTTGCGCCGGAAGAGATCAGCGTGAAGACGGCAGATGGG
S ITXKADIKDT KT FQVNLDVQHFAPETETISVKTADG
TATATCGTAGTTGAAGGGAAACACGAGGAAAAGAAGGATGAGCACGGGTACATCTCTCGGCAGTTCACACGAAGGTATGCACTGCCCGAA
YIVVEGEKHEEZ KTI KDEHGYTISRQFTRTRYALTPE
GGCTGCACTGCGGAGACAGTTGAGTCACGTCTGTCTTCTGACGGAGTGCTCTCCATCACGGCCCCGAGGAAAGTTCCTGAAGCCATCAAG
G CTAETVES SRLSSDGVLSTITAPRIEKVYVPEHATIEK
GGGGAGCGCAAGGTTCCCATTGCTCAGACCGGACCCGTACGCAAGGAGATTAAAGACCAGAGCGAAATCAAAGAGAACGAAGTGAAGAAT
G ERKVYVPTIAQTGPVREKETIIZEKDA QSETIZEKTENETVTIEKN
TAA
*

ATGTTCACAACGCGCTGCCTCGCAATTCTCGCCCTTGTGGCCGCCGCGACTTCTCTACCGGCGCAAGAAAAACCTATACCCCAACCCATC
M FTTRT CLATILALVYVAAATS STILPAQET KU PTIUPA QZPTI
ACAACGATAACAAGAGATGAGATCGTCCCACCCATGCCAGGACCATGGTTCAACGTTCCCTTCTTCGGAGACATCACCAAAATTTTTGCT
T TITIRDETIVPPMPGPWFNVPFTFGDTITI KTITFA
CCGCTCTGGAAATTGTTCCCCAGCTTCGAGGATCTCGGCCCGAGAATAATCGCCGACGATATAAGTTCCAAGTGATCGTCCAAGTTAAGG
PLWIKTLTFPSFETDLSGPR RITIADUDT DI KTEARQVTIVAQQVK
ACTACAAGAAGTCTGACTTGAAGGTCAAGGTGAAGGGAGACTTTATTTTCGTGCAGGGCTCGCACGAAGCCAAGCTGCAGGACGACCACG
DY KKSDLIKVZ KVI KGDTFTITFVQGSHEA ATZ KL QQDTDH
ATCTGTTCGCGAGCCAGTTCTTCCATACGTACACTCTCCCGGCGAACTCCAGCGCGGACAGCGTCACAGCCGATCTGACTACCGACGGCT
DLFASQFTFHTYTLUPANSS SADS SV VTADLTTTUDG
TCCTGATCATCAACGCACCCATCAGCGGACCCGTCGACCGATCAAAGGAAACCGACCGGGAAGTTCCCATCATGTCGACCGGATCTCCCT
FL I I NAPTISGPVDRSI KTETDREVPTIMSTSGSP
ACAAGAAAGATGAAACGCCAAAGGTAGTAACATCAGAAGTAGCACCAGAAGTGGTAACACCAGAAGTAGTAACACCAGAAGTAGTAGTCG
Yy K KDETZ®PZKVVTSEVAPEVVTPEVVTZPEVVYV
GGGAACCGGCAGCATCTCTTGAAGAAGACCGAAAAGAACCGACGACGATCCTTCCCGAAAAAGAAGAATCGACGGAAAAGGATAACGTGA
G EPAASLETETDRIKEPTTTILZPET KTEES STET KT DNV
TCCCCACGGAAACGAAATAAACGAAGTTTCGCCCTAA
I PHGNETINEV S P *

RETS T (ATG) IR T (TAA) s BIRRAY  sHSP B PR G Y -5 b 28 IR AR Sr 25 A 3

LB F R X — 1T — A EIE R TR T
Bl 2 ZHRUE AcinHSP20.4(A) AcinsHSP (B) EEHZEBRFIIREFHHNEARSERFT

Fig.2 Nucleotide sequences of AcinHSP20.4 (A) and AcinsHSP (B) in Apocheima cinerarius, and amino acid sequences of their encoded

proteins

23 HEREHSP ERFBEARNEIERFT

TN g S POTE AT

* FRKILEH T,

FFR 7Y 52 (Bombyx mori)

— KM R REHE LRSI

Xif 75 RUME AcinsHSP 3 PR 2 it () 25 14 I 2, 32 i
J¥ 30 5 Ho A 3 RS s R 1) 3 8024 T — B0k ekt
M, GER (K 3) BRI AcinsHSP20.4 FL N 7E

HSP20.4 1751 — M, N 85.16% , koA 5
Zh W ( Mythimna separata) HSP20.8 17 51—k, R
80.54% , 5 % il 57 K MK ( Spodoptera frugiperda )
HSP20.4 1)—%H: 80.33% , 1 52 Ui ( Operoph-
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tera brumata ) sHSP, —. Ak, W& ( Chilo suppressalis )
HSP23.9 FIRL LK Wk ( Spodoptera litura ) sHSP [ —
R, 53 B8 15. 19% 21. 82%F1 23. 08% ; R
W AcinsHSP FE[H g5 1 B 11 i 2 B R 7 1) B 4 R
Y SHSP J¥ 51 9 — Btk fe i, I8 5 51.24% , 5 Ak
Y HSP23. 9 RS Y sHSP 1Y 7 51 — S 4
5, 5N 47, 56% 48. 81% A0 55 7% i HURIZ b
BRI AR 5 7 31 1) — SO B, 4351 17.00% |

18.18% ,20. 16% ., 2 & /o M 45 2R R B, & R
AcinHSP20. 4 SR 1E R BE 1R 1751 b 230 A i A
SPVE 5 R HoAE I i R T R 2 B A i A 4l 1k vk
PRy, UL e H O RE s B ROE AR AcinsHSP —
Fobk, s e T 4 A ) 7E L R 25 R gkt a1k
RS IR AN R 5 H R R Y sHSP 5 H TE
ERTIRE LAFEE 246 R, TR S5 BN T AR S 1E
PEFRIEAL DT 50 2 VA O

BmorHSP20.4  ------iiatn MSIIEYFFCCFGSRRPRRIICCHEGIALTPCCIISVAAGPIINREYYREWRHI AAAA SS EC \ 77
MsepHSP20.8  -----viinnnn MSIIEYFFCCFCYCRPRRIICCHEGIALTPLCCVILSTIAAGPLLTREYYREWRHI AAAA SC EC 77
SfruHSP20.4  ----i-iiant MSIIEYFFCEFGFCRPRRIICCHEGIALTPCCILSVAAGFIVIREYYREWRHI AAAV SC 77
ObrusHSP VESLSCIATFAL TATAVAL EASEKETEKPITT ITSCELL FVVEAPKESVEYEGETT . KIEAST WKEFESE 3 89
CsupHSP23.9  MESARVITEAVVI TAVAAT FASCKEAVEREVTTTTCACVELA . . FRESFEYFG. . . NI FART FKIFETT <EC 84
SlitsHSP VESERLIAVCAVI ATAVAVEVTLGEVRE. . TTTTTEECFEN. . . PRLGFENEG. . . .NLEMEIWKI FETE. <EC 81
AcinHSP20.4 - -----iiiatn MSTTFYTFECFR. .RFRRIVECHEGT AT TFCEEFT TTAAGPMT SREYYREWRHT AAAV SS “KT]ge 75
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Fig.3 Multiple amino acid sequence alignment of small heat-shock proteins (SHSPs) from Apocheima cinerarius and other insects
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Fig.4 Phylogenetic tree based on amino acid sequences of proteins encoded by small heat-shock protein genes (sHSPs) from Apocheima

cinerarium and other insects
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Fig.5 Expression levels of AcinHSP20.4 (A) and AcinsHSP (B) genes at different developmental stages of Apocheima cinerarius
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Fig.7 Expression of AcinHSP20.4 (A) and AcinsHSP (B) genes in Apocheima cinerarius under different temperature stresses
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