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Function and mechanism of heat shock proteins in insect reproduction
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Abstract; Heat shock proteins ( Hsp) play crucial roles in reproductive processes. In recent years, substantial progress has been
made in research on Hsp-related functions and mechanisms in insect reproduction. This paper reviews the progress in research of Hsp
on insect spermatogenesis and sperm protection, egg maturation and egg protection, reproductive response, and aging evolution
mechanisms. This review aims to provide a reference for future in-depth study of the relationship between Hsp and insect reproduc-
tion and to provide new ideas for pest control and beneficial insect utilization.
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1 Hsp EEHRPRHARIHRE

W], Hsp A A W) 1A 2 Pt 397 il
o E RN — R A, JEORIESEER A, Hsp A
RERERII AT &, iC REBEARIL . ik \pH R APk WL
WAEFZ N R TE S, I B a5, Hsp

AR FNRHE R GE A DL Z2 50 A AP i ae 7
A NS N IR B F R AP 1 B R . AR AT
AR, HF Hsp 43 Hsp90  Hsp70 , Hsp60 Fl/N53
F Hsp (sHsp) %5 4 DNFR 4K Hsp FERA 47
A oz b A B R e e R W3 1,

®1 FEHsp WABREERHAPHINAE

Table 1 Distribution of major Hsp and their functions in insects

FIEHR EZL G0tV 1R R S fE
Family name Key members Distribution range Functions in insects
Hsp90 Hsp90a Hsp90B.,  ME3K I Cytoplasm, endo- S H5RHAEKEH ;R R E IS ZmE RILA M Partici-
Grp94 plasmic reticulum pates in the growth and development of insects; affects the phenome-
non of diapause in insects; affects insect resistance
Hsp70 Hsp70 ,HSC70, ML R AT Cyto-  SEMMEE I E AR S 5 B R $A R 07 5 X B BB 5 2 A 5
GRP75 ,GRP78 plasm, mitochondria, endoplas-  Affects the phenomenon of diapause in insects; participates in insect
mic reticulum heat tolerance reactions; impacts on the anti-aging of insects
Hsp60 Cpn60 ,CCT LR IR 41 L BT Mitochondria,  AZR4NFEAEAYIENY , S0 B B4 FE Regulates the baby hormone, af-
cytoplasm fects insect reproduction
sHsp Hspl7.6 Hspl17.9,  ZHAST, N BRI etk B EmB R E Mg, R aAEALE R ETEA R EN; =&

Hssp21 (Hsp22 | Cytoplasm, endoplasmic reticu-  E A% I B A9 i 5% P Affects the phenomenon of diapause in in-

Plasma

Hsp23 \Hsp22.2 lum,
membrane

mitochondria,

sects; has a regulatory effect on insect reproduction and growth and
development ; improves the tolerance of insects to temperature

Hsp90 (82~96 ku) ZIGEEH 741 = BE AR5, B
W Y B HESh Y LA e B USRS TR A R Hsp90 1Y
[FEIJEHEAE 61% ~79% (K55 ,2014) , Hsp90 K%K
BB AEAEFE Ty T B PIRE 2 3P (Chen & Wagner,
2012; Okada et al.,2014a) , TEXG F MU & 4 IR
BT B AR5 ) B A B — A A A T LA

BEX (K1),

HHRA S, Hsp70 (66~78 ku) FE 5 A
W7 Hsc70 (heat shock cognate protein 70) Fli75
R Hsp70, B2 R W], Hsp70 7E & URE 5 O3 F 6
TR B A EEAER (5P, 2015; Wang et
al.,2020) ,

1Bl A7 AU Reproduction-survival trade-off
/5474 Reproductive behaviour?

KT &/t Spermatogenesis

YRF A4 Oogenesis

TP Sperm protection

YREE A MA R Vitellogenin synthesis
W4T R Feeding behaviour

HEFE-A A7 Reproduction-survival trade-off

BiF K4 Oogenesis

BRI AE  Oocyte development
WHERES  Fecundity

HE Bl -A A7 Reproduction-survival trade-off
H:F44T R Reproductive behaviour?

A& TR Sperm protection
BF K4 Oogenesis

KT Sperm protection

ALK

Occyte development

2272

El1 $HMEA (Hsp) 7E R R A I TE AT RE R R ThEE T
Fig.1 Functional prediction of heat shock proteins ( Hsps) during insect reproduction
TR A B B A BIUE R DI RE , 205843 AT REARAE (BT R e AR I (i Th g

The functions in the blue part have been confirmed in insects, and the functions in the red part need to be verified.
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Hsp60 FIGA1E T Ehi AR 4 i o b, H BT
5% Hsp60 MIAHSCHFFEAGEED X AT e 5 Hptidi e
J1E2E AR IR 2 Ok, (HE A WA
B IZF I AAFAE T B HOp 5 b IF 52 B R g R
HYIE T (Lago et al.,2016a; Peng et al.,2017) , T/~
Hsp60 5 B AW AFE R VIR R,

sHsp (12~43 ku) Kl —F5E 2, FXHR
SFIER R W, 1974 47, sHsp 1 UK 7E 2B i 2R 0
Drosophila melanogaster Meigen W 8% & L, 2358 AS Wy
WABETE KB, sHsp 54 PR RYAR 22 A5 PRV BE
B IR RS E | B A0 I 0 2 A
R Mk RB 5 6 RNA DL 2 5 4 0 14 1 & 2
KA FMEIESE, sHsp 7EMEMEE FE 5 58 [F] 2H 21
R ERS  SAFH R G T R SR T
bR BRI | PR HE DN HC A A A A o ] A R R
T EEIIRE (Jagla et al.,2018) .

Hsp MR 15 52 P 5% [ F (heat shock tran-
scription factor, HSF) B BL# 18 7, 76 R 55
TCHEHESN YA, HSF 1 53 /D 9] T 7 B 2R g
28 . Caenorhabditis elegans ™, #F 245 HSF1 (K5I
JCEE 2008 ; Kihara et al.,2011) , {BJ&H T1E7EA]
AR BT | B HSF Rl a7 A 22 BT S A AT
PG SR PP AT O 22 R Y 9 T T RE (BT T 4%, 2008 ;
Kihara et al.,2011) , 4N, B o & BT —LE 8
[ 53 HEAR , B an R IE SR 6 1Y Starvin , 5K A% Bombyx
mori Linnaeus [ Samui DA M % h Thrips vulgatissimus
Haliday [ Fohop , 12 7E Hsp MRk FE AL 3 | &
BRI VE ] (King & MacRae,2015b) o AEFE i 72
H Hsp BRI 35 AL LA B 5 33X 63 5 X 5 [A] Y
KRZFEITH W TN A FREA

2 Hsp ERHEETERAITHEE

Hsp 78N\ B HoAth i L 2h 0 1) 26 5 3 A v ke
HEXHEBEMER , P R A 38 BT & A A
B BCF PRI RN A A T - BRI A2
K WG & B o154 (Swelum er al.,2017; Widlak
& Vydra,2017; Yang et al.,2019), Hsp #HEHF5
BCAR LR T 32 0 S i B AR 0 R D R A B A 56
PR i2y7 AR 2] T N H (Swelum et al.,2017; Yang
et al.,2019) , TEMHFLENY) Z M ALY R | AR
FASCIF5E EE /D BN B A & A OF 58] LLHUI . Hsp
R B AR A S R R 2 R R E R

2.1 Hsp EMEERMEEERFENERRIE

P53 Hsp YR R e & HAZ AN HTisi ik
H Hsp 7EAEYIR N R R i 5P v 2 A ¢ (2
IRBE - AA%E,2016) , Hsp i T (0BT 00 #1543
TR A S (R ZFTT T ,2009) o 1 5 Ak
HAbW M8 T, 25 BT =S RS e 25 R A iR
JEHGEAL T Hr B RS R B B 32 24540, (H2
e T AR E TR, P F A 460 5 2 A0 X Dl
b TS A= Wy AR AT it

WFFER , Hep 75 B HOAS [R] 44 531 1) 24 B 2R ¢ 1)
FAAE2E5RIE (R 2) o W FR A% 5 W% MAE 34 C
AL RS F 7 A 4 BmsHsp27.4 7
AN R T A (GBS, 2014) 5 /SRR
Plutella xylostella (L.) 1 H Hsp23 Fl Hsp27 BY 3
IR TOME R L (RS 2013) 5 KR EL
Laodelphax striatellus ( Fallén) /&P LsHsp90 & ik 17
TENE ) 22 5 (5K 7 4%, 2014) 3 KA AL IR Chilo
suppressalis (Walker) B9 5 B sHsp 3k KA AE
PER 2 F (Lu e al.,2014a) , Hsp 7E[RFhE d1 A TH]
01 ) 1) 22 S 2 3 ] B 25 T BCHHRAEN 300 55 k01 g
JIR 255 TR A KT A B F A4 i 7 A 5
Wi (48555 ,2014; 5K 4, 2014)  (HIZB R HE—D
Wik,
2.2 Hsp 5HBFEEMBEFHRI

KT & AR R I3 O 3 A4S H B B A I 41
FRA 225338 RS RE AN A D880 2N B K 10 &
B PEF A (A4 755 ,2006) o Ka 4% S Al
SHEFAAEAR R KB W Bofif o & B R A B E A
[ Hsp HYFRIA , Hsp XA+ J A2 35 81 2 (1 1777
YERI . 1140 Hsp70 J2 K5 ¥ HUJs i —Fh , 72K - B0 45
G A o B b K 5 AR (MceNatty et al.,
2005) ; Hsp90B1 =5 T % — K A 22 57 24 ( Palep-
Singh et al., 2007 ), WF 5% & B, XF K B Rattus
norvegicus ( Bekenhout) 52 I 47 &y 3 P Ak B 5 |
Hsp70 A1 Hspl05 mRNA #) 3% ik & I i, Hsp90
mRNAZK K& T 9, G HEDN Hsp X K BLS2 LAY A2
KEANAE Y 9 T B — & 19 08 4 (25 1 4%,
2016) , LA, HSF SHE 1A B L BAT AR, H i
SRET R EAR G HSF RN 51 £ 2 AT HSF1 Al
HSF2 ( Z#/MESE,2012 )
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Table 2 The function and mechanism of Hsp in insect reproduction
aeZ ERR S FEE R P FERIBLH
Feature category Insect species Mainly affects genes Mechanism of action
I [H 5 5 T 22 KAE Bombyx mori BmsHsp27.4 Hsp 75 B U 58 28 G0 0 3 3R A7 A ) Pl i S e i 25 S5k
543K Gene spe- /NEMK Plutella xylostella Hsp23 Hsp27 TR Hsp AN[RIAE 5 7 A 48 J 1t %) T e A R BL I A 97 AS TR
cificity and differ- K KE\ Laodelphax striatellus LsHsp90 There are species-specific and sex differences in the expression of
ential expression JKAE ZAKIR Chilo suppressalis sHsps HSP in the insect reproductive system, which indicates that the
function and mechanism of action of different members of Hsp in
reproduction are different
TR R A Bombyx mori Bmhsp19.9 KT & A RO A 5 SR b S & AR Hsp
Spermatogenesis ISR Plutella xylostella Hsp23 (Hsp27 VAL K B DT X R S5 LA B AR R A i S5 2 A5 AR 7 The
spermatogenesis process is accompanied by a large number of
transcription and differentiation events, and HSP regulates its ex-
pression to protect sperm nests and spermatogenic cells
Ry PRG WE Drosophila melanogaster — Hsp70
Sperm protection F A% Bombyx mori sHsps \HspsBmTrapl
G L IR HS Tribolium castaneum Hsp83
The eggs mature T PR - Hsp90
Cephalcia chuxiongica
S Sial TR E$ Tribolium castaneum Hsp83 TE P R A AT LR A KOS AR A F:(ROS) Fl
Egg protection SR Acyrthosiphon pisum Hsp83 R 7 X FR =4 R] LI A Hsp OB N IR S A=Y
W% Apanteles schoenobii Hsp83 P4 3% 51 % White blood cells in the endometrium produce
M5 LR L Meloidogyne Hsp90 high levels of oxygen radicals (ROS) and cytokines, two products
PRI B 3k i Hsp70 that regulate the expression of Hsp, thus protecting the endometri-
Rhipicephalus haemaphysaloides um from damage
HE B N A FE R B 2 Teleogryllusemma TeHsc70 , TeHsp90 Hsp 135 20E {5538 ¥, 877 JH 5 20E {747, i 51
Reproductive Fi%4 W Helicoverpab armigera Hsp90 HSCT70 YR F B R IRRE 20 i A % F L O B A RN R B A Hsp
response genes B Z R Polyrhachis vicina Hsp90 can participate in the 20E signaling pathway and regulate the bal-
ance between JH and 20E, thereby affecting egg maturation, pre-
oocyte development, yolk production and choriogenesis
S i SRIE SRS Drosophila melanogaster — Hsp70 Hsp26 Hsp27 i it B # 3k HSF 2# 3 i $42 BR R AR Rl 0 e 5 R 5 5
Aging evolves H W% Apanteles schoeobii Hsp83 PR TR N5 T 1) Hsps, W LASESZ IR A BT & 51 & 9

i s FER 41 it A By overexpressing HSF or activating all stress-
induced Hsps through calorie restriction and concomitant insulin
signaling, diseases caused by protein folding can be delayed and
cell lifespan prolonged

F e sz e i i, R Hsp 19175 5236
TRE X B A T ORS T A A E AT A AR B
IR AEHAR D B 38 B, AR PN 9 Bmhsp19.9 7£
VFZ AR KR, e R Wik Sk b
Fek ol 3 (Z5kE,2005) , 4 FE A I R 45
7R, HoAh Hsp 7EZ A ARG St KA 3R3K (Li et
al.,2009) , FENE R L HHAL A S E R DR
Hsp70 #% % %1% S (Gupta et al.,2007a,2007b) , il
T AN T] e T A P PR SR A L, & B Hisp70 12636
o8 JRAS X v T B B R0 A RS T A M L A T B
(Dahlgaard et al.,1998) , 5 MG R WA+ JE B AH
et 2 ANEEP Hsp23 F1 Hsp27 16/ S H vt 5
IR T R, 2B Hsp23 1 Hsp27 X /N2 ik
PAEFIE B 2 7= A 5 e ( IS5 2013) . 255
H i 5¢T Hsp X 2L 2 4 B HUORS 1 T8 i SHs +
PRPPHF SRR S5 T LA, Hsp 5 R UK 7
T BUR AR 3P ELAT 25 B AH DG | (R ELAA (% Dy i S A
BUEIA FpitE— 2D R ABESE

2.3 Hsp 5FRIPF0OPA

Hsp AT LAGR 3P 48 B 4 T F 240 i DX 5 S 1) 4
Mg 4405 ( Tabibzadeh et al.,1996) . B P A
F P20 A AT DA™ AR 3 KOF i 4 A E 2 (ROS) R4
MER 7,3 2 A= n] AR Hsp 19 3R3K (Jacquier-
Sarlin et al.,1994) . 5 [ 20 Jfd F0 4t X —F (b e
IFEIH F TNF-o) 75 53 W6 191 0] 280 2R 45 | A Hsp
Tk KA RN T ORI B W32
£ L R 2R R A4 L PR R BT T R 4 L
(Jadtteld, 1993 ; Tabibzadeh er al.,1996) . 42 i’
Yt Hsp70 Ji, A AORAP A 6 T TNF-o 51 B REPE
P4 (Jastteld, 1993) . LLAM, Hsp70 AT HE AT LB 11
AL DNA SEBr 2L, AT PR AP Sk 1A 1Y 45 48 A D g
It A A T

W5 3R, Hsp 7650 40 i 1% & B ok B8 v 47 i
HEM O, IR AMERNA (2015) 7EWTST Hsp Xf
1 AR FE AT R R R B P NS IE  HEDR A
SR HE R, AE R O A b 3R RS T SO [ i
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Hsp, 7 HAEHEBR 5 , K %) Hsp27  Hsp60 F1 HSC70
TEHEOW I Hh 1k . Hsp70 2 2Kt (19 56 i ml LUA 2%
It PR DI 1 R T T IR BRI AR AR TR
NI RBP4 22 BERE DU (SR AR 45 ,2015) . 1
XK B2 (B LA B N T IS A X6 R By
H Hsp SRIBIRZ A TRIFTE A B, 76K B 15 A
W A Hsp BYZIK (SE4 755 ,2006)

BEE A7 5% Hsp 5 ARSI AH S BHTTR A, 5%
T Hsp XS B4 ORS A4 1E H 25440, 24 Hsp X B
HUGRF R4 ORI S S i T S R . AE
IR 5 Tribolium castaneum Herbst ', Hsp90 X%
JCG Hsp83 7 B B 41 Jid rh i AS ] if 10 o5 A7 22 5 3%
ik IR PR SRR e N, A RNA A, 41
il Hsp83 HYZIKJT , AR 404 i il e JT ik 7 H LA 1Y)
UNARAE, I HLIZFE N AT E-S BR 1 4 AR R R O
(Xu & Zhang,2010; Knorr & Vilcinskas,2011b; Er-
lejman et al.,2014), RNA T4 Hsp83 7E i & 1F
Acyrthosiphon pisum ( Harris ) 1 PN ) 223K J5 | AN
KT EARA B, TRl Bt 3 i 7 B AE B SR v ik L g
PRRY I B0, iz Ak Y 5 1R iR kB R AR A G
(Will et al.,2017b) , TEHIE Peristenus spretus Chen
et van Achterberg 14 B Hsp83 £ FHAF-1E TR
SR EL A BRI H (Tian et al. ,2021) . HREELE HECE R
IAHE Hsp90 dsRNA (RERENVEY) 5 , o7 B T~ [
T 46% ( Lourenco-Tessutti et al.,2015a) . TEZETE Ji3
Sk W8 Rhipicephalus  haemaphysaloides Supino 1,
Hsp70 F PIGTRRAN{SCHN ] E A 0% 1fi R 5 2 19 L
FIk T ELA G AN T U FE T AR I R %R
B IA3Z 3] RH36 (S &P 2 ) AR ( Wang et
al.,2020b) ,

FUAT, 5T Hsp X BRI R PRI 0T 5 T 24
TEMEFLBY) b %k B B R A0 i PR 4 B A O ik
NEEZ , BHUESAT N, A 45 Tt R A R A e |
SEHCFN 7 B0 25 AT S 5 M VR 1) 2 O R AT G
(Ringo,1996) , {3 Jn 331 [ & ot O pl s i 2
AT AT o Ot H 5 | A I SR AR (B A
WRINE ,2018 ) , Xk, Hsp 7 51 Al 4 55 J7 T 4 2 REKE
B A R B B FEA T (AR — PRI
2.4 Hsp 54EMNZE

FI 20 22 70 AR, BEE B Hu AT o 2 Y U
R XF B MU AR B AR OG A AL AE RN TR A, BT
C & B —SE L PR X B i AR B AT Dy B S 4

VERT, BIANPERKR (SP) A5 B3R AR W6 U #h 2 ik
(PBAN) RHGRIK(NTL) B EANTH I 152 14,
IXBERE PR Y & B B VR SR TR A LR (Lu
et al.,2015,2017; Wang et al.,2021), #ZE HHY,
Xof B M A B 7 25 5 DR R AT 5 A A S A B 491
2 MRS W R 1% A4 7 255 i DR A Rt R XA
B DRI X A B 24 PR ) A e AR R 45 B 1 B
FEARR C N ST 72 T A AT R WF 58 10 8
TEIZ UGN T B Y 25 HOR) A3 B 16 #R
HA R,

PAER XTI RN SR e Ah iy — BB B o T
T AT A A I 2 e R R R AR A R ST T
W H B R A E &M EKEE Pyrausta nubilalis Hubern
( Al-Wathiqui et al.,2016) XU# H B H A /N S2 i
Bactrocera dorsalis Hendel ( Zheng et al.,2016) F13%
S AR Aedes aegypti L. ( Al-Wathiqui et al.,2016) ,
A 53 RS ) RO 9% Bombus dahlbomii L.
(Barribeau & Schmid-Hempel ,2017 ) F1 7 K | % 1%
Apis mellifera ligustica Spinola (Wu et al.,2014) %,

PR FEAT G Az AR ARE 32 P o3 A A
R4 2 (juvenile hormone, JH) , ik & % (insulin
INS) Fl W5 F7 3 & (ecdysteroid hormone, EH) . JH
1 20-F2 LU0 K B3R (20K ) 22 18] ) P % F B F A
2 HTORREAN M 1) K L B BT AR A 28R RO A
FEA AR EEMAEH (Roy et al.,2018; Wyatt
& Davey,1996) . Hsp 15070 T FEARTE A= ¥y L SR
AT HEATEE WAL, 8 3CRAE(2018) 78 m IR B il
B Teleogryllus emma Ohmachi & Matsuura HBE N
TeHsc70 il TeHsp90 % K 3 ik J5 & BH, TeHsc70
TeHsp90 25 20F 15518 [ , - HLXT 20E {5538 %
AR R R B RIES @ NEA FEEZ/EM; Cai et
al.(2014) ZEANEM: 20E 7T _F R4 B Helicover-
pa armigera Hiibner & 52 4 ffd 1 (1) Hsp90 mRNA 1
Tk, A AERE FRE P U N 20E A1 Hsp90 A 5 5k
Hsp90 ik & T ¥ ; HSC70 Mt 5 USP1 454 Jf:
5 EcRB1.,USP1 Ml 1 41 20E WA HEH Y RIE, S
55 20F {5554 3845 (Zheng et al.,2010) , #<fL
# M (uleraspiracle protein, USP) A7 20E #H5CFE A |
RNA THEHLR LRI Polyrhachis vicina Smith {4 [N
Hsp90 mRNA BY#ikJ5 & B, Hsp90 5 USP H A —
SE IR CHR (BB 2015) , FaRBFIT 45 R W,
Hsp A LA Dby A B8 107 227 35 DR o B e i) 26 B A ol 7
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SN, E2 LR R LA A Rt — 2 5%
2.5 Hsp 5SEZHLYLF

YER 3 TR, Hep 1EAE A DR S B RO
AT S E B A &, th B EE A B B W)
UL LA B 1 o e, I 85 S AR KRR Z
IR, K AE R e — P REAE AT 5 Sadhr B RS s 7
&AW | 81372 & -5 F A R 48 ( Urashitani
et al.,2004) B3 iF [ 1 (Carra et al.,2008 ) B i IK
Y1, B, Hsp $0A N IE AT DA R4 1A 1 B 1Y
— 2% 5 H1 ( Morimoto, 2008; Morrow & Tanguay,
2003) , it id EEFEA HSF (Morimoto , 2008 ) B i
Ao A R R R B B JBE 5 2 A5 (Hsu et al.,2003)
PO TR OAS 09 Hsp , AT DASESZ PR B 1 4 & 5 |
RIB  IERK AN A4 (Vos et al.,2016) ,

U PR TR 400 BB RN S 0 R AR IR B T R
ZBIRAREHUE N, TRE o w2 ik, 1
TR 1 AR MR 8 R R B AR B E, T
Hsp 7EA: K & & FA 5 J T i B 22, TR Hsp 1
YE R AR SE DR T g0 U i 2, A A3 i A 5 2R
MR SERIA U E Y R I, K Hsp 5 E LR
DIAHOC, e RIE AR b Pgs 3 . Hsp70 B3R
IR AT RRARRR A AR R BB T2 (H 23 5 | i e 2E 7l
J1F % ( Silbermann & Tatar,2000b) . [A] £ 7E B IE
St T ME R T 6 A Hsp HH (F 3 A4
sHsp ) FYZRIAHG N 1 i 1P A7 355 24, (HL B0 gl 5 HC
H S A DR DU ARG 1 E R A R S5 ( Okada e
al.,2014a) . TE5r BSOFGT MR KGRI ) 2
o 3E R v B, SR T i 4 SIE K B ) T R
H 5,24 Hsp26 Ml Hsp27 J&[H Kk LR}, JLig
AL T 30% , (EIEEA T3 A0 4 d PHAY ™ IR
P BT [ (Wang et al.,2004) , 8 A(E 32 B SN R
POBIE IS RN Hsp83 %5k 4 B 2 3, i K
{EHVBRAE 35 °C, RUMS X B A AR 0 5 PIAE R 1k
WM B P TE B s B H G A B Y
M (Tian et al.,2021) , XEEE5 R FH] | Hsp 7] REA
ST BB R A 2 [A) B9 ALAET , {H Hsp 2 [H]
A REAFAE D ) s pT 220 A Tt — DT
3 RESRE

Hsp 1ER 53 TR, S A Wik i) 7F 2 52 7= 1Y)
ARG AR AR R E Al R s R
FIBE B LD K AT B 0 W55 7 T & 454 AR
UHTAOCE R Hsp DIRE TR ABE ST 32 2438 2 LUK

B AR bR 3 HASEHE R R i o 4R P T
Hsp FE P (1) 5 B S e sk /KPRl 5 T, 33X 6 TR
Hsp 7E B HUHRAH i 5 30 K HCA Bk 38 vh iy 4 4% 1
VEH B AN 1) ( King & MacRae ,2015) . A,
U Hsp X B HUAE 58 7 18] 1 52 i i 97 32 AR h 7
B — AR WMHE T Hsp 2835 48 Ab 0 H AR 5 o 72 1)
S, PRI RSk XS T Hsp 76 B A5 D hg S A H
BLHI A5 b AT DU ) T 2R 58 22 A2 e PR 3R S A7
iF, B AR Hsp 45 H T A2 58 J T A AH SCAIL R, an
EL TR 28 30T 2 0 AN [R] 58 THC YR S s £ A [] i
BRI FEHCAE S B0 A% 2o A ot A 7
B2, U SR AL T f% Hsp 5 R HUAE S 2 [H]
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