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EE: JLT R ( chitinase, CHT) 7ERAVERETSBD EEARMEIEE. SME8 A2 R GIENZ R IL
TG, NS5 E A B R FI 20 f 38 5 () D ge ZEARDFSE . AT He3 T AR e T B AT VI &Y JL T i /g
HaCHT 1 . HaCHT VI 25 ¥ 35l J FLR 2 Fe ik bl , X b — IR ss Rt E A B . SRR (S B ek
TH SMART XA PR AT WA T 3R A5 09 JU T B3l HoCHT I HaCHT VII W E5K3E4T 531 2 )5 K qRT-PCR
TR TR AL B 6 W4l HUR[RI 4 N4y dUAS RIS 88 A2 15 09 Th % vh HaCHT 1. HaCHT VI FRZS Feikfith . 4558
FW: XJUT Bl HaCHT T« HaCHTVIZS #9386 47 041, &3 HaCHT T 1 HaCHT VI ¥ A (55 K551 figfh X
. #EREXE, H HaCHT I H—ANJLT RS, M HaCHT VI JG; #3848 B Helicoverpa armigera JL] i fifi 2k
[Kl HaCHT I F1 HaCHT VII TE 6 i&4) HURRIH A A ik, H HaCHT TTEA AR IR B A BE N2
5, 1 HaCHT VII 753 MR REh 334 0 28 T H T AL, JUT BIR§ER HaCHT I. HaCHT VIT 7EARES H %) Hulsi Bz
WO A RRA ARG, o HaCHT 178 3 % 4 i 5 % 6 iR I W IR (9 2 ik i B i e 3, 76
41y 5% 6 W PIHIRT KRB R SEUS Ak, I HaCHT VII 4£ 3 ¥ 4 8% 5 8% 6 IR M I B AT () 38
EEBEEE, 155 HaCHT 1 )Rk AR, TE4 1. 5B 6 RN HaCHT VII [ 363K 1 2B Y
e AL HaCHT [ F0 HaCHT VI 25 BRI 28 FRIBHAATE 22 55, it T4l ax 2 22 e mT e xd Ko ge A —
HIFENA . BFSEZ5 R IR ARG IL T R 5L R HaCHT I Fl HaCHT VII [T REBEE T HeAih
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Comparative analysis of expression regularity of chitinase genes HaCHT I

and HaCHT VII in Helicoverpa armigera
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Abstract: Chitinase ( CHT) mainly degrades chitin in peritrophic membrane, exoskeleton, cuticle, inner
intestinal layer and participates in insect molting and cell proliferation during insect growth and
development. In this study, we analyzed and compared the structural domains and spatiotemporal
expression characteristics of two types of chitinases of H. armigera HaCHT I and HaCHT VII, providing

important materials for further study of their functions. First, both domains and spatio-temporal expression
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of chitinase HaCHT I and HaCHT VII were analyzed by SMART, an online tool of bioinformatics, and
qRT-PCR. The results showed that both HaCHT [ and HaCHT VI had signal peptide sequence, catalytic
domain ( CAD) and linker region, and HaCHT [ had a chitin-binding domain ( CBD) , but HaCHT VI
had no CBD. The results of qRT-PCR showed that the two chitinase genes were expressed in different
tissues of the 6" instar larvae of H. armigera. The expression of HaCHT I in different tissues was no
significantly difference, but the expression of HaCHT VII in the head capsule and integument was
significantly higher than that in other tissue. The expression of chitinase genes HaCHT I and HaCHT VII in
the midgut of H. armigera larvae before and after molting are varied greatly. The expression of HaCHT [
decreased gradually at the end of 3", 4™, 5", 6" instar larvae and pupal stage, and decreased firstly and
then increased at the early stage of 4", 5" and 6" instar larvae. On the contrary, the expression of HaCHT
VIT increased gradually at the end of 3", 4", 5", 6"

gradually at the early stage of 4", 5" and 6" instar larvae. Both domains and spatio-temporal expression

instar larvae and pupal stage, and decreased

characteristics between HaCHT I and HaCHT VII from H. armigera have obvious differences, which
indicated that might affect the function of HaCHT [ and HaCHTVI. The results will lay a foundation for
the further study of HaCHT I and HaCHT VII function.

1425
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R FEW R FE Rz —, BMAEER
Wi FEHE R, XM EREY O EAE R fGH
Mo RIHEATIZ 2F B0 HILL L 5 7% fa 35 1y > 1k,
XA 28 B 3 LB R B4 2k o Ak 2 a3k BRI PR A
FATTAE - VRIS TR AE Dy 32 B 450 T Hiy O ik
BRIl A 2 25 1 Bbt 25 v BS n ( Aktar e
al. , 2009) o [N, TSR —FIREE A I AL H
HPFEIT . WEFE R, LT Al A A
B R H iE N B B E By, T A B
YR AAFAEILT B, Bk, WP LT B
ok e ol ke g DR AR % sl b LT B A AT A7, T
ALK ek o B A AR AL i H i

JUT BT ( Chitin) &R HAMEEAMBZE . HIE
B Skt MRBESEFRAL A ALy, LR E
HOF4ERE B i iR AL, 8 AT DURR i B o i AR K
JUTT T 2 A B PN 38 Je R A 3R e BRI 73 W 19
At AT 2R B b R A, HLAE B d A A
HEPILT MM S G M2 — HFERN
( Lehane, 1997; sk ™IRg%E, 2000; #HEE, 2004;
gk )\, 2007; Hegedus et al. , 2009) . FFE H K
AN TR B b, B O B A TH Y 5 )R ) I
A RGH A ( Hata et al. , 1996; Merzendorfer and
Zimoch, 2003; Muthukrishnan et al. , 2012) , B[
3% (Nijhout et al. , 1981) o i & Ht 1y did iz 3o Fi
S JLT RS ( chitinase) H1 B-N-C WA HHIORE
fif ( B-N-acetyglucosaminidase ) P [ 5 B Y
( Fukamizo et al. , 1985) .

JUT il ( chitinase, CHT) ZRH/ERKAH
A BrBORE BOREZWEN, fElik. Bg
FEE B3 fifk LA Ko i Ak 45 d 2 AR B G #2 (Shi er al.
2004; Zhu et al. , 2008; Arakane et al. , 2010;
Jasrapuria et al. , 2010; Qu et al. , 2014) ¥ 5JLT
Fil AR K. LT BB — 2 B AR W AL T 1
AR, BEdE S KA B LT e BEE 2R
PR B AW AE B A N W& i, s xf B L
T M H R P A AT R G R E AT,
AR ARILT BRI A (1-X) KA
(group) ( Arakane et al., 2003; Zhang et al.
2011; F &, 2015; Liuet al. , 2018) , &AL
TR B 2k R ok A AT AN W) 0 A B RE
Hop BT B4 4 ~ 5 Mgt 4 ~7 4>
CBD [X F- % 50 iz & FAHOC (22 RIAE, 2011) ;
T RYLT im0 5 2 ML —4 CBD X, 7&
N A — DB, B TESAGEH, &
55 B AL S R A WA A ) R R (TR AR
2013) ; IV RULT Bl 3228 i — M5 5 IR — i
PRIk, KB4 B CBD X, 25 [l I Y %
fiR SRR, IBTEAILT B A F R, R
BRI ER ( Khajuria et al. , 2010) ; V #l
JUT Bl & — M55 A — i s, Hik=
CBD X, AIE AR -, R B ik 41 A 1% 1 fE
71 (Zhu et al. , 2008) ; VI B JL T il 4 F & &
K, e C AT — DAY B & Ser/ Thr 1525 B HE L
AETCHRIN s i, T R OR AP A AL S5 A8 1 LT 5 il
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AN f# ( Yasuyuki and Subbaratnam, 2010) . 7K
SCE XS TRLT Bl A VII AL T B i 4544 0
A 2 Rk AR BEAT T W58 1 BJLT il
(% CHTS jg 7 1 RULT i) FESH5EMW
Bt P IHR EryEte, HAlC @i . X
WH. #HE. FEEME A R RO .
I BYJUT Jo il ik A 7 B He 36 B b i 3R 08 i e R
(MIEREEEE, 2012) , SR E5H B0 A N=K i
SS9k b ( catalic domain, CAD) . E#:IX
(linker) DA K C=K o 09 JU T BT 45 & 45 1 B4
( chitinase binding domain, CBD) ( k&, 2014) ,
CBD 2> My s g X JUT iy 26 Mg 1 ( &,
2015) o fHFE A BE, 4 1 RUJLT BTfg sk RNAL JTE
BF, SR RN, AR e T, X R
URJUT o B e 450 B2 i vh 2 5 307 1H A Jo J2 10 S
(Noh et al. , 2018) o X} F B HIRUA ¥ Tribolium
castaneum i 5 , | LT FE§A IEH 1) R EH 2
FCHORRE AL 1 A&l HUAs S i, B 1 BUJLT o
fitgxof 4B i i PR B LT Y R AR A S AR
( Zhang et al. , 2012; 3 %, 2014; Noh et al. ,
2018) o VIZYJLT o i 6 & — 5 5 I A — 1y
CAD, ¥4 CBD, %ZJLT ot B Iy AE i A W1 4,
A pge—E0F5% (Liu et al. , 2018)

ELHUT M4y o3 ik B AR BE . ). H
RS b LT BTy 2K e, 7R U
o B A IR S rh R B OCEEAEN,
JUT o i) 3o £ B 2 # A 52 0 3 B L i 0E W&
B o TEATRBA TS b & 3 HaCHT 1 7] L)
R AR LT BT, T HaCHT VIT X AR LT oz 1)
TAT W I 1, (E VT 5 SROME e it I B, AR
WF5E LA A HEAil X A A% R T RSN VIDRY LT o i ) 45
Sl S L PR R SR AR AT T LB i e S H T
RERE— 20 PRIY 35 iy, oW RS A Wi iR
RAAFIEE

1 5 H%

L1 HERBE

A% B o B S A ) B DR A DY T R S S
IR, WA R 26 £2°C, RH65% +
5% , JCJEWH 16 h:8 ho
1.2 SER##5IRF

RNA $2HGRF & ( Trans Zol Up Plus RNA Kit)
b4 4/ d); Real master mix SYBR green

PCR X7 &4 3L F invitrogen /y H); Taq DNA R4
BN F K% TaKaRa 2375 A A 210 2 o [
rRTalisn]; B1YE mO e  h iEA: T5E
1.3 ZEHE S

o A O fE £ T H SMART ( hup: //
smart. embl-heidelberg. de/) i Xt A 14 78t 2H fif 1
SRR AL HUY T ARUAT VID BYJLT i HaCHTTL
HaCHTVI A 2 FL &5 #3, JFARTEAR T Ik it 4
R JUT BRI SE X LI R LT B ss & S5 ek o
1.4 ¥ HE RNA fY$R BUK cDNA £ — 1)
BH

NWEFE HaCHT 1 F HaCHT VII {EREEs A K
REDRERE B Be Ry 2 A, AP icsE T
FRES AN R & 75 B B B 0 b i R 2L, ()it
W TR HL 6 g iy Sk Ae il g e
W Belifk. MRE, WA R BT A U TE - 80°C
URAEPRAE 26 T o 2 MR 3 vy A U0 DI S JBCEL RNA,
$1 pg B9 & RNA G Rk cDNA: %6, ¥ Oligo
d(T) (I A S E RNA i, JE7E 70C FiRE
10 min, JE7EVK EPREEE S min. SRS AA MLV
WS, 7E42CHEE 1 h, 72°CHFE 15 min. &%
J5 ¥ B s cDNA P2I7E K BV HITHEAAAE - 80°C
LI#EAT qRT-PCR.
1.5 #5%H HaCHT I 1 HaCHT VII EARB LS
MENEBIEMARARAFHRIEE

RISt 50, 5z H] DNAMAN 6. 0 {4
Ml primer 5.0 # fF &% i T 5| ¥, HaCHT I
( GenBank accession number: AAQ91786.1) [ I1E
m5|4: 5" -ATGA GAGTGATACTAGCGACGTTGGC-
3 M5 ¥: 5 -CTAAGGCGTCCTGTTCATGAGC
CGG3". HaCHT VII ( GenBank accession number:
XP_021180780. 1) 1E[n]5]4): 5 -ATGAAAGTTTTA
AGTTTATTCTTTGTT3"; Jx [l 3| #: 5°-CTACAA
ATTCAACACAAAAGCTACAGACS3".

qRT-PCR AR Z&: 10 pL 2 x SYBR Green
PCR Master Mix; 1 pL ROX ¢y 4Lkl 0.02 pL
Yellow; [ FUF51445 0.5 ul (1 mmol/L); 1 pL
¢DNA; ddH,0 75 % 20 pl. qRT-PCR fEH =%k
£14%5 95°C 10 min, 40 NMEH, FNIEFRALEE 95C
20 s, 59°C 30 s f172°C 45 s, #R)5 95°C 15 s HI
60°C 1 min. 7ERFIK qRTPCR Z55nt, 722k Rl ih
LRI 5 | ) — AR e 3 3 1 cwbulin B
PAE R 2 1T qRT-PCR AR #2316 70 Hr . qRT-
PCR 3 M Fl 3 M EWEE R 2 HiRER . R4
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27 SO T KA . B SPSS (IBM SPSS
Statistic 19) #EFHATGIF 00T, ANRIHLIERA
TN R 2200, W% FTE B R R T
BRI T - K5

2 ZR5H0H

2.1 HaCHT I #1 HaCHTVIZ; #3155 i bk 5%
ARWF5E 8 o A A4 T. 5. SMART ( http:  //

HaCHT |

"JIIK (Signal peptide)s

i

smart. embl-heidelberg. de/) i ] HaCHT [ A
HaCHT VIFGfR5 P51 AR DX 3 4 DX 0RT
JUT &S S et (& 1) o 23HrakB], HaCHT I
A5 4 A NoRuafE 9 0. — Mgkl &
FEX DL R CR i LT B4l & 45k 5k, 1 HaCHT VI
IEA —A NR s 5 ik —MEAEH— 1 %
X

K~~~ @& 58 aa
HaCHT VIl | =

504 aa

| U B5IFX (Transmembrane region); == 4% [X (Linker region );
] AL 45 i sk (Catalytic domain); [ JL T £5 & 45 #) I( Chitin binding domain)

1 HaCHT I il HaCHT VI 4 o
Fig. 1 Domain comparison between HaCHT | and HaCHT VI

2.2 HaCHT I 1 HaCHT VII RS RHAF AR
RFRIES T

iZ ] qRT-PCR ¥ 9 HaCHT T 1EH5 % R R 20
ZIFas T, WK 2-A 4558 B8 HaCHTI 1R 43
WA LR A Rk, HAESI= LRA B
X (P>0.05) . K 2B 455 WK1 2 HaCHT

AHXF 357K Relative expression level

MG  HG FB BW

VII TEApEs AR R By Kik &2, HaCHT VII TEAS
BT HSUR AR A R, b rE L e ik
BErhpy Rk WE m TR s 5 AE b
K (P<0.05); JRW5Ar RIS W& Tz
g Jal (P <0.05); #ilss i ek
HREE2ZESR (P>0.05)

AN IR K Relative expression level

0 e
Head FG MG  HG FB BW

F12  HaCHT I F1 HaCHT VII {EARAS BUR R ZUR KA B
Fig. 2 Relative expression level of HaCHT I and HaCHT VII in different tissue of Helicoverpa armigera
{E: Head, k7c; FG, il MG, iz HG, J5lm: FB, Wi BW, (ABE. A, HaCHTI 75 AN [A] 41 40 i 36 3k 4
B, HaCHT VI TEARRHLUH )R IA ., qRTPCR 47 3 MEY P EE, 2 MEORESE, Boa i1 8 4 R 05 22 704
Note: Head; FG, Foregut; MG, Midgut; HG, Hindgut; FB, Fat Bady; BW, Bady Wall. A, Expression amount of HaCHT I in
different tissue; B, Expression amount of HaCHT VII in different tissue. Three biological replications and two technical replications

were performed by qRT-PCR, and the data were analyzed by one-way ANOVA.

HaCHT I Fl HaCHT VII JENLEARES 4l il 3 oK =
Pl BB A R IK . 3 ORI HaCHT 1 3%
AR R T 4 ORI (P <0.05) , 4 i R ]
HaCHT I 3154 0 35 8 T 5 e 6 W R 4] K i 401

2.3 HaCHT I #1 HaCHT VIIFER3$4 M%) F 5t 7 B
EHERRRES

i& H qRT-PCR K HaCHT 1 F HaCHT VII 3
ITEAR 2% U4 A R 44U Feak i, 45 R R
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4 %

(P<0.05), 5#%. 6 A K R il & A I 38 1 22
5 (P>0.05) , MKW HaCHT 1453 ¥+ 4 #5.
5% 6 W AT KU 40T e A 2 Tk 5 ek A R
(E3A); 448 6 VI HaCHT 1 B K ) 3 A &
KR E& TS®AM (P <0.05), Sk
HaCHT I JER) A HAE 4 15 5 % 6 i) IRt
BRI EaE (K 38) o miE-—i HaCHT
VIT 1 HaCHT 1 ZER ) RATILF AHR O FR . 7
384 4 AR HaCHTVI 3k 53 g 2

A

a

c c c

il =g e L

3"M 4"M 5"M 6"M Pupa
W () Instar

X2 IK K Relative expression level

E
= s5p C a
= a
F zia
R o
o
il
(5]
© 3
.z b
= c
3 ot
i‘ c
1k
= T
."H.%‘ 0 1 1
3-;: 3"M 4"M 5"M 6"M Pupa

] (%) Instar

5, [HBREMT S AW (P <0.05), 5#K
] HaCHT VII ikt N5 AT 6 i R ] 5 i 1]
(P<0.05), 6 AWM SiEA B EELES, &
5087 HaCHT VII £ 3 #3< 4 #5. 5 5. 6 3K
SAFIART 2 A R (K 3-C) o 4 i
5% HaCHT VII ) RiAF TR EER (P>
0.05) , HEZEET 6 91 (P <0.05), &k
Mr HaCHT VII {3355 2Bk i #a%y, 5 HaCHT 1
AR BRI R R R (K 3D) .

4"c 5"C 6"C
W () Instar

X 3K K F Relative expression level

ab a

-

2.0/

1.5

1.0!

0.5

OI

4"C 5"C 6"C
W (%) Instar

X35 7K Relative expression level

B3 HaCHT I Rl HaCHT VIT {ERGES 4 Uk & W BL iy ik i
Fig. 3 Expression of HaCHT I and HaCHT VII in the developmental stage of Helicoverpa armigera larvae

T 3UM, 3ROSR 4"M, 4 BRI UM, SRR 6"M, 6 WM Pupa, EEI); 4"C, 4 ERIHI; 5UC, 5
Wil 6"C, 6 Ao A, HaCHT IEhH 3 . 4 0%, S IS 6 WARIWILL R I i ik i B, HaCHT 1 7E4) 1 4

ey 5 e 6 WP AR

C, HaCHT VII FEZhH 3 . 4 5. 58 6 IR NI FREE; D, HaCHT VII 1£

il 4 e S 6 AIMIARIAE . oRT - PCR T 3 MW ER, 2 MRER, HAi BN R T 2507
Note: 3"M, 3 inster telephase; 4"M, 4 inster telephase; 5"M, 5 inster telephase; 6"M, 6 inster telephase; Pupa, Pupa

rd

stage; 3

C, 3 inster initial; 4" C, 4 inster initial; 5"™C, 5 inster initial; 6™ C, 6 inster initial. A, Expression amount of

HaCHT I at the end of the 3™, 4", 5" and 6" instar and the pupal stage of H. armigera; B, Expression amount of HaCHT I

at the beginning of the 4", 5" and 6"instar of H. armigera; C, Expression amount of HaCHT VII at the end of the 3™, 4",

5" and 6" instar and the pupal stage of H. armigera; D, Expression amount of HaCHT VII at the beginning of the 4", 5" and

6" instar of H. armigera. Three biological replications and two technical replications were performed by qRT — PCR, and the

data were analyzed by one — way ANOVA.
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3 St

ERAMAREF SRS, BILT B4R
Arr i B i i TRl B IS BR A TR IR E A K
ik, BRAARKRKESBE P S HHG LA
( Riddiford et al. , 2016) o 7F B B fz it #Eef, JL
T T AL B A AN R LT e R
HOUT o il 2 05 e K 5 25 48 2 R Ak 1 il K%
( Merzendorfer and Zimoch, 2003) . IT4E3R, T
HAEJUT AR b i 2 22 A= Ak Ty R i 4% 22 vk
JUT Fafi & —Fh I UIBg, wTREMR LT o LT 5%
Wio MG VG B FNARR &R, Xt B L
T B HPR AR (AT R R B T
ALK R LT a2 /040434 10 Fp2EA (Arakane
et al. , 2003; Zhang et al. , 2011; X%, 2015; Liu
et al. , 2018) , HEAVRAEA % AL, HihA
YU T G A — A IR g Ak, RIJLT R
A4EFgsR (CBD X)) . CBD J& B oL T B ) —
NEBL, BA 6 MRASFRCEAR, FIReE
WT 3 A (Sinu et al. , 2010) , H A CBD
SERIE AT R SR LT 5 AN VA R IS ) 22 8] 1 55 A
PE, FTLAEA CBD &5 My dsl it LT 5 il nl BE X [ it
ZHRILT LB JL T SEA B N 2L ( Yasuyuki
et al. , 2003) ,

AW RS HULT Bl HaCHT TR HaCHT VI
LK i 9 T 4R 45 1 HaCHT IV 19 25 ¥ S8 33 17 1L 8%
&I HaCHT 1 1 HaCHT IV 7E 5 #4 b #5244 CBD
X, 1M HaCHTVINYZ A CBD X A PRZH Aij 5%
HaCHT T Al HaCHT IV (ISR R &3, Wi ¥ H
AREMAARILT BR/ER (il B s, 2019; 2
LI, 2019) o FEILT JREGREARIL T B
B, JUT EEAY CBD St 234 AR LT e,
X SEMIBES) ( Zhu et al. , 2008) o HJLT
A CBD S5 st , Wnl BEfg LT i, (A&
HAGTEARAR (Genta et al. , 2009) o SRS EIAN,
SR FRIAN T BILT FTEG N 2 5 BRI R
B Ml e i AR S i, B T AUL T B E S 5
J3J2 JU T Jo e i i R £ ) o o i B AE
KEHV R LT G flg 7 b s ig s R b 2236, &
AN BLT BTl EA R 7 AR A ] (Zha
et al. , 2008) , IVAYJLT [5aiig it &5 14 S8 2H i LA S
BB R, TR R B A+ AR ER L
PR A A X WF SR IE, Y TR B oK I

Ostrinia nubilalis K PY A IV B JL T Fi i ( OnCHT)
A, e i LB RS A AL AR AR /N HL X B 0 14 3 1k
HRAPEN TR, RASEWMERNERET,
HESWH R B4 K ( Khajuria et al. , 2010) o
ARSI HaCHT 1 1 HaCHT IV 1] 6 X il £ 5 24 45
o, XARe S EATA MR CBD A . HaCHT
VI AR LT Bk A JL T ek f s ok, 20 R
TR AN (ZER5E, 2019) , A
RE S HA CBD A6, Xk HaCHT VIZERR 22
AR AL 1) 05 T SROWE I ik A BB (N T B A AR
B ARHUE T I RGIESE, JF LT RS R
HEBIKY, Z2H5RRNAERKAFELE. A
5% Hl qRTPCR J7 6 XA 28 LT o il 2k
HaCHT I FERRAS HURRIZH 40 K &)y B v (e 25 2 18
PESEAT 30T, KB HaCHT T 7EAR 2% A &4 2H 21
thiEak, TR K F IR A — A Bk K
FRyFRiA, FB HaCHT [ ZEMR B AERK K E W
Bt fe ok B i 3 OCE SRR, TR W KT
JE IR EARAAR TS, JUHIE 4 11 6 W10 52 e 7Y
FIkaAR G, A FRRILIN &S E HEME. i
MR E Bos AR A&y 1 B JLT B g 5
TeCHTS TE 4 L — it Ol je s & vh im 3238 ( Zhu
et al. , 2008) , {H#E /N3 W8 Bactrocera dorsalis 1
I BUT g A BACHTS {Eg)y Hy — B Fna — g s
W Bt ik, 4N BACHTS 7E4) i — Wi i -
B AR S R AR P R LT B B % ( Liu er al.
2018) ; ZX A% Bombyx mori 1y 1 B JLT [iililf BmCHTS
16 3 W4 JUgt e w T 4 i Rk, I BRI R i
DL R B e e ik, W2 12 h J5 IF IR T 2R
(Kim et al. , 1998) , J5MAAF5E KB, BmCHTS 1x
5 WAl H s K w1 e DA KA i U 1) SR A v, AT
BmCHTS T 245 iZ B Bt 2 5 B A B J2 ( Zhang
et al. , 2016) ; ZE[E Mk Hyphantria cunea By 1 KL
TG EE N HeCHTS 1 4 34 Bz i (60 h) T
hrn s, JF 7R R AR DL R W K S v R GA
Wi 12 h 5 AR FRAR ( Kim et al. , 1998) o #%
d RS K. SEE PR e ER R,
LEOMT AT LIS, HaCHT 1 o] REFERRAR i i i
PR R R R B LT B A AR T, LA 2
R R AW AE K AT, X 5Hrx [ 8L
TG RE R 9T S A B0, XS AR S UL
TR HaCHT VII FEAR S RN [RI 2 R &)y e
I 28 IR IEAT 04T, HaCHT VII ek 5e Fifk
BT A B T A A 4L, W R e Rk R
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AR, U 6 W A I R T 0 ) 2 3K A
XPAR . HAS BIF 5% #5444 e i oo B op kB
HT 6 A JU0 1) 990 000 17 2o i P A A LI 3R B Sk A
BRI A, TR AN M4 38 15 B BE HaCHT VI
AT REXT Sk 7 FMAEE (AR 1k & 7 T 2R

AW 5 38 5 % AR B T B0 VB JL T
HaCHT [ « HaCHT VI % 25 4 3 2F 17 LL 8 53 #7
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