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Molecular mechanisms of the insect juvenile hormone
JIN Minna, LIN Xinda "~

College of Life Sciences, China Jiliang University, Provincial Key Laboratory of Biometrology and Inspection & Quarantine, Hangzhou 310018, China

Abstract: Following the rapid development of molecular biology techniques, many studies have been carried out of specific
gene structures and functions, including those in ecological environments. Juvenile hormone (JH) is an important insect
hormone that regulates insect larval development, reproduction, and metamorphosis, although the molecular mechanism
behind this remains unclear. The transcription factor Kruppel-homolog 1( Kr-h1) acts downstream of the JH receptor and
plays a key role in the JH signaling pathway. It has been identified in over 21 insect species, and sequence analysis has
shown it to contain 2—8 C,H,-type zinc-finger motifs, which are highly conserved among Kr-hl proteins. We previously
found that zinc-fingers Zn2—Z7n7 are more conserved than others in all insect species we compared. Interestingly, we found
that the jewel wasp Nasonia wvitripennis only contains two zinc-fingers, Zn4 and Zn7, while the body louse Pediculus
humanus corporis contains all zinc-fingers except Zn7. As N. vitripennis and P. humanus were the only two parasitoids among
the 21 insect species examined, it is possible that zinc fingers might be lost during evolution. Studies in Drosophila
melanogester, Bombyx mort, Tribolium castaneum, and Frankliniella occidentalis revealed that Kr-hl is required for
embryonic development and metamorphosis, and that its down-regulation results in development of the precocious
phenotype. Knockdown of Kr-h1 by RNAI in the brown planthopper Nilaparvata lugens showed that this gene is required for
normal wing and external genitalia development. Kr-hl is also involved in neuron development, the regulation of
photoreceptor maturation, larval growth, insect development and metamorphosis, and the formation of Drosophila
melanogaster neurons. In addition, it controls the foraging behavior of honey bees through affecting the expression of the

¢GMP-mediated activation of protein kinase G. The expression of Kr-h1 is induced by JH and its mimics. The Bombyx mori
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juvenile hormone response element (bmJHRE) , located 141 bp upstream of Kr-h1, includes an E-box with the sequence
CACGTG. bmJHRE was found in the genomic sequence of all seven insect species that we previously analyzed, and the E-
box was highly conserved in all species (100% ). The E-boxes of Tribolium castaneum Kr-h1( TcKr-h1) and Apis mellifera
Kr-h1(AmKr-h1) are close to the Kr-h1 promoter, while those of Bombyx mori Kr-h1( BmKr-h1) , Acyrthosiphon pisum Kr-
h1(ApKr-h1) , Drosophila melanogester Kr-h1( DmKr-h1) , Nasonia vitripennis Kr-h1( NvKr-h1) , and Nilaparvata lugens
Kr-h1( NIKr-h1) are not. JH also interacts with the hormone ecdysone (Ecd), and research from D. melanogaster, B.
mori, and T. castaneum suggests that Kr-hl is a key factor in the JH-Ecd interaction. JH mimics methoprene treatment,
which increases the expression of Kr-h1 while reducing that of Broad ( Br) , a transcription factor located downstream of Ecd
and its receptor that plays an important role in the ecdysone signaling pathway. This indicates that Br expression might be
inhibited by Kr-h1. Although much progress has been made in understanding insect hormone signaling pathways, several key
questions still remain. For example, what is the role of Kr-h1 in linking the JH and Ecd signaling pathways? How many
other genes form a close connection in the JH signaling cascade? This review highlights the characteristics and functions of
Kr-h1 that have been elucidated during the past decade. It also summarizes our understanding of the molecular mechanism of

JH, establishes a theoretical basis for the development of biological pesticide, and contributes theoretically to the

maintenance of a good ecological environment.

Key Words: ecological environment; juvenile hormone;

RNA interference

1 R%i#Z=(Juvenile Hormone, JH) K EZ K

R4 2 (Juvenile Hormone , JH) & 1 5 520 1]
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CNMCGKTFAVPARLTRHYRTH

Nikr-h1 Nikr-h1
Fokr-h1 SN C NI CGKTFAVPARLTRHERTH
Dmelkr-h1 Dmelkr-h1 CN CEKTFAVPARL JRHYRTH
Bmkr-h1 Bmkr-h1 KTFAVPARLRHYRTH
Bgkr-ht Bgkr-ht cm CGKTFAVPARLTRHYRTH
Tekr-h1 LIS N CPKTFAVPARLTRHYRTH
Amkr-h1 LYUISCIFINC NI CGKTFAVPARLTRHYRTH
Sikr-h1 ISR C N CGKTFAVPARLTRHYRTH
Znl  Rpkr-h1 ECIKTFQAIOI HH AT T L -\ SIC GK T FAYPARL TRHYRTH
Pakr-h1 CQKF QKA Y olfIH Pakr-h1 ICGKTFAVPARLTRHYRTH
Mrkr-n1 (o Eelely| QSHLRSH Mrkr-h1 CNI CGKTFAVPARLTRHYRTH
Dmojkr-h1 &GM F(; KSA Dmojkr-h1 CN KTFAVPARL RHYRTH
Cakr-h1 Cakr-h1 KTFAVPARL!RHYRTH
Cfke-h1 Cfkr-h1 GKTFAVPARLTRHYRTH
Btkr-h1 QKS Btkr-h1 CNI CGKTFAVPARL TRHYRTH
Afkr-h1 QK PN C N CGKTFAVPARLTRHYRTH
Agkr-ht LY S CBC K T FAV PARL PRHYRT H
Aakr-n1 FPEI I Y C KT FAVPARL YRHYRTH
Aipskr-h1 LS VI C ORI T FAVPARL MRHYRTH
NI A I C - Y C[dK SFSVKENL SVHRR! H NIkr-h1
ZIELIC =Y C[f[K SF SVKENL SVHRR! H Fokr-h1
ICEC I CEJCHKMF SVKENL MVHRR! H Dmelkr-h1
AT C = Y CHK(IF SYKENL @VHRR! H Bmkr-h1
RN C =Y CPKSFSVKENL SVHRR! H Bgkr-h1
RIS RN C = C K EF SVKENL SVHRRI H Tekr-h1 RAFEHSGKLH
FYSIE S C =Y CSKSF SVKENL SVHRRI H IS C DY CERAFEHSGKL H
SR C =Y CYIK SF SVKENL SVHRR! H Sikr-h1 CDVCERAFEHSGKLH
VA I IS A C E Y CHKSFSVKENL SVHRRI H Znd  Rpkr-h1 C ERAFEHSGKLH
RS VI CBTC[@AK SFSYKENL SVHER! H Pakr-h1 CD[ICERAFEHSGKLH
Mrkr-h1 CEYCKQFSVKENL SVHRR! H Mrkr-h1 CDVCERAFEHSGKLH
ISR CEHCHKMF SVKENL @VHRR! H ISl C Y CERAFEHSGKL H
Cakr-h1 H@CHKNF SVKENL @VHRRI H Cakr-h1 CDECERAFEHSGKLH
Cfkr-h1 CEYC KSFSVKENL SVHRRI H Ctkr-h1 CHV CERAFEHSGKLH
UV C = Y CJKSF SVKENL SVHRRI H Btkr-h1 CDVCERAFEHSGKLH
PRSI C =Y K SFSVKENL SVHRRI H Afkr-h1 CDVCERAFEHSGKLH
FNTCS I C = HC HKMF SYKENL BVHRR! H Agkr-h1 C ERAFEHSGKLH
Aakr-h1  GSF|d H Aakr-h1 cD ERAFEHSGKLH
Aipskr-ht ( H Aipskr-h1
NIkr-h1 QSGQLVI INTEE RN - GK GF T CSKQL KVHSRTH
SISk ascoL v E A C GKGF TCSKQL KVHNRTH
RIS C Sy CAKTFI QSGaL VI UESNEEEC GKGF TCSKQL KVHSRTH
Bmkr-h1 CCKTFI QSGQL VI CINSE LI C GKGF TCSKQLKVHSRTH
Bgkr-h1 /CIKTFI QSGQL VI LTI GK GF TCSKQL KVHRTH
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Pakr-h1 /CKTFI QSGQL VI LEVIR I - GK GE TCSKQL KVHNRTH
VIOV C TV CSKT FI QSGQL VI (YICTE S C GKEIF T CSKQL KVHPIRT H
GRS C v CEKTFI QSGQL VI LTSI GKGF TCSKQL KVHSRTH
e E LI CTVCEKTFI QSGQL VI oL INN I GK GF TCSKQLKVYHSRTH
[NV C Y CIYKTF I QSGQL VI S T I < GF T CSKQL KVHIRT H
ST C TV CSKTFI QSGQL VI ST - GK GF T CSKQL KVHURTH
N RS C TV CSKTFI QSGQL VI Afkr-h1 CGKGFTCSKQL KVHIRTH
Agkr-h1 QSGQLVI JL SV C GKGF TCSKQL KVHSRTH
Aakr-h1 QSGQL VI FRINS S GKGETCSKQL KVHSRTH
Aipskr-h1 QSGQLVI ISR Il C GK GF TCSKQL KVHSRTH
Nikr-h1 NISEYINC T | CN[eT FiISKKT ME€HI
Fokr-h1 CGKSFGYNHVLKLH Fokr-h1  [edleN HEET Y OCag=ME]l
Dmelkr-h1 C FGYNHVL KL H B CT| CDETF QIKKEMEAHI
Bmkr-h1 c FGYNHVL KL H Bmkr-h1 THCOET F KK ®MEA HI
Bgkr-h1 CGKIAF GYNHVLKLH Bgkr-h1  [eaalie! FIISKKTMERHI
Tckr-h1 CGKSFGYNHVLKLH Tckr-h1  [oagle FIISKKEMEAHI
Amkr-h1 CGKSFGYNHVLKLH PN C T lCElE T F GSKKT MEMHI
Sikr-h1 CRKBFGYNHVLKLH SV C 7| CNETFGSKKT MERHI
Zn7  Rpkr-h1 CGKSFGYNHVLKLH Zn8 Rpkr-h1  [oadle ETFiSKKTME HI
Pakr-h1 CGKSFEGYNHVLKLH CEVSE I C T ClETFNskkTMEFHI
Mrkr-h1 CGKSFGYNHVLKLH Mrkr-h1 CTICDETFGSKKTMEHI
Dmojkr-h1 CEEBIF GYNHVLKLH IS MCT| CDETF MEAHI
Cakr-h1 CiEIF GYNHVL KL H oSS C T | CDETF s MEAHI
Cfkr-h1 CRKIF GYNHV LKL H Ckr-h1 CTI CeTF SKKTMEQHI
Btkr-h1 CGKSFGYNHVLKLH Btkr-h1 8ETF GSKKTME
Afkr-h1 CGKSFGYNHVLKLH Afkr-h1 BIETFGSKKTME HI
Agkr-h1 Agkr-h1 CTI (‘DETFSKKMEAHI
Aakr-h1 FYTSE I C T | CDET F[4S KKEMEA HI
NIV E I C D! CBF GYNHVL KL H Aipskr-h1

B 1 Kr-hl E8S8NEHEEHNRERLESN

Fig.1 Phylogenic analysis of 8 Zinc fingers from Kr-hl protein
DmKr-h1 : Drosophila mojavensis (XP_002002302.1) ; NIKr-hl: Nilaparvata lugens ( KF414525) ; FoKr-hl: Frankliniella occidentalis ( BAJ41257.
1) ; DmelKr-hl: Drosophila melanogaster (NP_477467.1), BmKr-hl: Bombyx mori ( BALO4727.1), BgKr-hl. Blattella germanica ( CCC55948.
1) ; TeKr-hl: Tribolium castaneum (NP_001129235.1), AmKr-hl: Apis mellifera( NP_001011566.1) ; SiKr-h1: Solenopsis invicta ( E¥FZ20948.1) ;
RpKr-hl: Rhodnius prolixus ( AEW22980.1) ; PaKr-hl: Pyrrhocoris apterus ( AEW22979.1) ; MiKr-hl: Megachile rotundata ( XP_003704983.1) ;
CqKr-hl: Culex quinquefasciatus (XP_001863529.1) ; CfKr-hl: Camponotus floridanus ( EFN62423.1) ; BtKr-hl; Bombus terrestris ( ACX50259.
1) ; AfKr-hl; Apis florae (XP_003692418.1) ; AgKr-hl: Anopheles gambiae (XP_318706.4) ; AaKr-hl: Aedes aegypti (XP_001655162.1) ; AiKr-
h1. Agrotis ipsilo (AEL97587.1)
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Kr-h1 2 YA Znd, IR IS REOZ BRSSO D) A B oh 3
i HAME & Sk R Ke-hl 2 AR T Zn7 A3
SEFARERAT , T T R 4 4 /NI 1Y) Ke-h] BRI R

Znd F1 Zn7(F 2) . dEH A BB AR Sk BRI B

BRI AL, RIS Kr-h1 B DR B A
T —IT R UL, WAl BE 8 PR AT LRSS A —
SEMITUARTE, BMEZ, R Ke-hl $98E A 5N
(53 A 1 BT AR D Kr-h1 (922 5% A B T 3008

W AR /N R T A A 2R B L T AR Kr-h1 K[
(AR S5 AL T RETE X P B 1R B9 S R A 7 o

W 1 A% R D RO ZE A D RE S

Nl/Fo/Dmel/Bm/Bg
Tc/Am/Si/Rp/PalMr/

P zol | zm [ 7 Zn5 | Zn6 Dm/Cq/CﬁI};t/Af/
Agl/AalAi

2% Znl |—|Zn2HZn3 ZnS HZn6PhuS
1 H_ e

2 Kr-hl EBHESHE
Fig.2 Zinc fingersdistribution of Kr-hl proteins
Drosophila mojavensis ( Dmoj, XP_002002302.1) ; Nilaparvata lugens(Nl) ; Frankliniella occidentalis (¥o, BAJ41257.1) , Drosophila melanogaster
(Dm, NP_477467.1) ; Bombyx mori (Bm, BAL04727.1) ; Blattella germanica (Bg, CCC55948.1) ; Tribolium castaneum (Tc, NP_001129235.1) ;
Apis mellifera (Am, NP_001011566.1) ;Solenopsis invicta ( Si, EFZ209 48.1) ; Rhodnius prolixus ( Rp, AEW22980.1) ; Pyrrhocoris apterus ( Pa,
AEW22979.1) ;Megachile rotundata ( Mr, XP_003704983.1) ; Culex quin- quefasciatus ( Cq, XP_001863529.1) ; Camponotus floridanus ( Cf,
EFN62423.1) ; Bombus terrestris ( Bt, ACX50259.1) ; Apis florae ( Af, XP_003692418.1) ; Anopheles gambiae( Ag, XP_318706.4) ; Aedes aegypii
(Aa, XP_001655162.1) ; Agrotis ipsilo (Ai, AEL97587.1); 2. Pediculus humanus corpori- s ( Phus, XP_002428656.1) ; 3. Nasonia vitripennis

(Nv, ABQ84984.1)

2.2 Kr-hl FEF I IRE

W R, FERME T A F et sk
H R ARG AL B Kr-h 1 R RIS & & FR
Je 4y Hulst e 8 e A P 3RS LU R A U LF-TH
KAk, TEVGAERT D ( Frankiniella occidentalis) ™" |
TEE/ N EAR AR R F R Kr-hl FEHTE
JR G R L DT 9 K0 R, e BRI Gk R
ik PR B g R BRI i 23 B, Kr-h1 Y36
AR R = IH R W 7R I R 1 I e R R A
JUR NI B 4 i (o e ) i

1E4 M IEA K Kr-h1 B2 D) Re o8 2 24 v
ZE DN N R TS T E o SN B N S (i G2 |
JH 2 S LA R 5 Wi 5 66 14) B8, B2 A Ay P BRI
AITEAT (R 1) .
221 PEAERKEERES

UTAESK 2% B o 1 A e T BOR ST AR
(TBE, B 9O6E B PCR AR Kr-h1 75508
HOIE NG B S 4 BUAE KR B B B 2Rk K, 4
SR R ) 3k B AR R IR gl b ek g, OF
H DmKr-h1 7272735 & 8 o i v 3] 28 09 98 454k
R K WS R B DmKr-h1 i3 JH 52
1K Met Fll Gee fEIBIRAIMERE T, HEFrah HUBZS A

BB EREE SR

Hiroto 55 7F R 4% ( Bombyx mori) B 5% v & B
Kr-h1 FERTER A 4 WK 5 IBWIRHY (V0) Rk
R 765 W5 1d (V1) IR K T, 76 5 )5
2d(V2) B FeIA B AIR Y . B 5 A 4 U R G
KA ,BmKr-h1 BZI5H B TR, X U6 BmKr-h1 B
AIE AR E T RYINARE, A S50 % R4
A 5 RNV A 8] 5 () BIF 5T KA 20 2 BT Kr-h1 BE HTE 58
LHEESREMATZELEEREWER R T Y
e, REIABHNERKRETRETEEESKH,
TeKr-h1 WIIHREZSML T DmKr-h1 F1 BmKr-h1 , # 5]
EIRGEE I A KEH &e RS FEr
PO PEAERT T Kr-h1 7E RGN 3 s K SE AR H
15, 1 IR B A TG 30 DU A >4 13X R W] FoKor-
h1 ] RETERRAR 4 s S 45 B Bl 25 PR R Y

BEAN , AS/DAIE 5 5 3 2k o AR A IR AR 4y 8 2R il R
AL 1) TR B2 R Ak 3 o A B 4 ol 5 ] e 4y LU
M R T LR 1 &l e TR AR A BV . A
JKP FR, A ik IR S8 S K-k W7E LA
K, Bl Kr-h1 BYZRBIKFAE—E R FIRGE T 4 HU iy
Wip 5 EE . HMLIEE( pyriproxyfen ) Zb K %
gy i A R R OAR R R B I B 2 SE
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T2, I RNAG HEACKE 78 /N (5] B3 i i 56
WA IRAY Kr-h1 F2IK7KF R IR, 4528 5 U U R

TR

®1 Kr-hl EEKINEE
Table 1 Function ofKr-h1 gene

Y Species

4325 Category

€ Function B
45 Regulation 47K Behavior References

AR A T, fe fOL R & (M

W8 Drosophila ML) P A

XU H Diptera

[16, 19,2728, 33,

melanogaster Embryonic and larvae development, 37,38]
regulate the maturation of photoreceptor
, UEECRnE: : B MBS Early larv:

K ' B Lepidoptera RS RN = S 'ﬁﬁ arly larvae (34.39]
Bombyx mori developmentand metamorphosis

T, PRAEPEA T 1L

L 3% F Lepidoptera Maturation of sexual [26]
Agrotis ipsilon .
behavior

PP PR R e R4 HOB S R BLIEAE

o 3 H Coleoptera 5 Early larvae development, maintain larva [30]
Tribolium castaneum K

morphology , metamorphosis
T SN TS TR AK 19 & F Development of
7 ] /N ' 45 H Blataria @ 328 1 E5 B IR AR 19 & B Development o (3]
Blattella germanica wings and dorsal glands
%] Ty Frankliniell i KK B MALRDR Lav

ﬁﬁi 'thy' rankliniella AU | Thysanoptera WL A KR 'R x. it £ Larvae [31]
occidentalis development and metamorphosis
s SR L
S5 JIE3# H Hymenoptera LS SERGES [40,41]

Apis mellifera

R

Nilaparvata lugens

[7]3# B Homoptera

Foraging behavior

SEMA T RN ST 35 (19 & B Development of

wings and genitals

TEHS KA Kr-h1 BFFEH IR, NIKr-h1 TERRSIG |
1% B 2 W8 o rp i SR 3k B AV A i (Jin SR R R
TERk) . FIH RNAL BN 3 %37 B NIKr-h1 3T
2R EER L PR R AR AR R R,
AN NIKr-h1 FE RN S8 i S B0 5 32k % 8R4
W NIKr-h1 TEMIG R A B K R A B A
B
222 fRHFFZITCHIE K

AR RV, Kr-hl S5 R4 AM S R G R
LI B e 0l a =105 - SR {2 Y. B LN
FES T (R R 22 T A v, TE IR SR Ak T 0 R 4 AR B B i
SR IIE N B, DmKr-h1 F235 3 F R, X &
M2 TCIE A5 & AR DmKr-h1 2635 F 8 R HOE % &
FIFF, Duportets 25 A\ 7E BR 32 7% i I P s A4 (1)
WFFE P & B, AiKr-h1 7EAS [R 41 40 Y6 AR R R B Y
Fik e MO M kAR i R A R T
il f 9 I B S v o, U AR IR e iR e, R Uk
B AiKr-h1 SR Z T NA — B R 7,

.y

2.2.3 WTT
Fussnecker ZEWF 5% & B Kr-h1 2R 5 25 1 11
TEAT WA O AmKr-h1 1E B 1% 1 G 5 K i 32
ik, TR R AR 5 98 B PCR A
B T IR AmKr-h1 038K P35 T4 7 8,
W LS R AmKr-h1 J& 8748 B2 KA cGMP
{5 S ST, AmKr-h1 ZE 0 cGMP /S5 1
W G(Protein Kinase G, PKG) B i% !, A EHE
[)J& , Duportets 55 BF5T &3 AiKr-h1 T B -5 M BR
SRR AT R B 5L
2.3 Kr-hl AR
2.3.1  JH 50 JH 5 (JHA) XF Kr-h1 3505200
AR E AR A1 2 2y 3R W] JH ] figiE i
JH SZARBE Mer S LR FE I Kr-hl R IFHAER:4)
AR sl i AR 2 B VR S O TH K JHA
AbFRGE A S B I 3 qPCR G A ] 1% 15 4 44
P BmKr-h1 335 7K, 45 51 % P24 JH o JHA
JERETIN B 5 S 5 A &y BB ANt R 11 T R 0 4 B
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N AR D0 i, W2 5304 O i A g
Bpe/N" i, ARG R0 A AR AR ¥ TH {55 3 i
FIRIESE T UESE Kr-h1 S —FPEEZLY) JH (55 %80
Jit, - FLBEE TH AYZE AR IR i % Sk )

FH JHA Fn%F BR 20 DU Bl ( Acetone ) 40 B 52 4% 4f) Hy
V3(5 5 3d Mg M) B8 K Kr-h1 (3RIAETE
JHA ZRBRJS ) V3 RN VO B — R & i e 73 R
AP V3 AR SRk R E AL, BEAE TH A2 7R
FAF T G A Kr-h1 BRI RE IE 5 2R3k AN 32 18 W1 Y
S RO B ( Pyriproxifen ) &b 38 75 4E 8 © 1
B 5 ( Haplothrips brevitubus ) , 45 53¢ B I PN fik
AT LIS Kr-h1 B9FRIL0PY

B, JH S THA AT RLF5 3 Kr-h1 3R 355 Kr-
h1 42U TH 324K Met f23 19 JH 55 W#EH A &
W 3R35
3.3.2 Kr-hl EFASEICH

Je T B & A = 2 E M M, ( Choristoneura
Sfumiferana) P8 4 3 Z BE B (JH esterase ) AY )5 3 T
( Promoter) X3 & Bl T —> 30 bp M P-4 E I b
JCF(CAIHRE) ™', Kayukawa %5 %F 58 4 Kr-h1 FE[A
PR T BRA WS, K AE BmKr-h1 L 1fE 2
kb FHEA —K/NA 141 bp BILR LR & ot
kJHRE ,Z oo &5 —Bt CACGTG JF51 , #k 2 h E-
box, bHLH-PAS Z 5 %% 5% Kl F BmMet2 #3Z JH 15
5355 —4> bHLH-PAS F %5 55 F BmSRC2 1
I i — B & (JH/BmMet2/BmSRC2 ), M 1fij JH/
BmMet2/BmSRC2 & i 7 kJHRE JT 4 L, 3 ¥ I
BmKr-h1'* | {HAG— ML, 25AE KBRS
SR i R A H X K B AR RS
W T R AR AR 42 /NI 598 5 WF (Acyrthosiphon pisum) LA
Koy KAl Kr-h1 BER 0 B & A E-box (K13) . H
T HETHT5E & B TeKr-h1 1 AmKr-h1 ) E-box JE &5
Kr-h1 J3 81 He#GIE 1] BmKr-h1 ApKr-h1 .DmKr-h1 |
NvKr-h1 1 NIKr-h1 {#) E-box I8 53 8h FAIXT 4L

3 Kr-hl1 5 Broad complex (BrC)HE{EXHE

3.1 JH Al Eed I HAE

JH Tl Eed 27842 B & & AR 25 10 9 Fl e
HEAY PR W Z A AR A A R,
Wang 55 AR FHE B2 B2 ARSI R 2RI Ab 3 =
MR, 25 R DR G 2R Y A 38 1 — IR 4 LH IE
FHR, BCAER IR 4 H T R R A B S A R A

A

BT | Kehi }—

B

E-box

-2079 G

BmKr-hl

TcKr-hl -168 C

AmKr-hl >-207 T

NvKr-hl -2881 T A A

DmKr-h1 -2645 C C A A

NIKr-hl1 2787 A T GCA

ApKr-hl -1224 ATACTC

B3 Kr-hl EEWES LiFAEF5

Fig.3 Partial sequence of Kr-h1 upstream region

PERIE Rz, 2k RS 58 4 i je S8 A 0ok B
R 5 A AR A AN ], AN IR AR 4l R b FEN
RE T4 HUBR A0 Kz TV B i &0y B (E 47 2 25 4
MR R M P A IR A K S BT R R R R
HOO L TH AT DL I A B ] Eed 5 i B R
(AR T o AR BT LA TH A Eed J2 78 Bt A=
K& B MU & B 30 A0 0 Fh B S AL o,
EREWERKEE W M A
32 Kr-hl 5 BrfHAE

Br( BrC) J&Wi Bz PR 2R 0 i S PR 1 JE [A] 38 2ok i 17
WMEZERE G ULIBE R AES 2 Br, 5z K
S SEITR AT 4 O R s Br R R R AR
fE TR BT A BEE WA, W EEERME
LIS EX RSN ORI

SR AT FE & B JH 3 Met A1 Gee 138
5% AR DmKr-h1 FER Fe3K5 B T DmKr-h1 £141)
#il DmBr (43351, KB R BmKr-h1 0 L E R
Bombyx mori Br ( BmBr) 3& K ) 3% 15, BnKr-h1 %}
BmBr A AR R Atk PN A Ak B P 2E i 5 A0
R PEH D MRS 5 R B N kT LLS S FoKr-hl
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RIFRIL, T FoKr-h1 M| Frankliniella occidentalis Br
(FoBr) [J3%ik, FoKr-hl TERRMG &) U AT H I A
ANRIREE B FRIA , EL RN A 15 1k 3k, i 5 e [a] e
FoBr WIFEAT R i RN R G5 . B &A=, 7 i o vh
= RNAL FARMR GEE— LW FoKr-h1 Al FoBr
fTRen

WFFEE R I AAUA ¥ Kr-h1 F Br th A5 R4 4
HAEFIHLEN ST TeKr-h1 7ESHRTEIAG Fek | 107 45
WE RN EE, @i RNA THEIIE R TeKr-hl
J& Tribolium castaneum Met( TeMet) T iF E: R, 77 1F 3
TeMet WVETEFFH TeMer 1518 IR AL E (55 (R %)
BgERFIE S, AERME, ERGMR LY
Methoprene At P Ji5 | TeKr-h1 5 Tribolium castaneum
Br(TeBr) iR & B T s, X TeKr-h1
X} TeBr KB dI/E R . TeKr-h1 JEAEN JH W&
B TR JH AR SRR AR IR R TeMer, 3 H W58 52
RS TR TeBr LR A MHIER, Kt
TcKr-h1 1 TeBr ] RESEIE 2 f 4 2% RSt B2 R M
RAR 18 B OCEBE A

RIRTEG A R R S AR AR H5 v Kr-h1 X
Br P MHIE R () 4) (B2 Fh it vk i fp if— 20
WFFE AR, N Kr-h1 55 Br 760840 838 Rt i i %
F AL T B TR LRI R 2B A Y

R B R
PTTH

iR P 7% ]
PREFR BB R
JH Ecd
REYPRZ BRI

JHR EcR

Kr-hl o
| |

Bl om—— > Wl

E4 Kr-hl(JHISES)# Br(Ecd 55 ) WEMEXR
Fig.4 Interaction between Kr-h1 ( JH signaling ) and Br ( Ecd

signaling) .

Zi LTIk T 2 05 2 A B HAZ R JH S
FSCH 43 FHIFSE . JH L& 3L (Wi oo ) JH 324K
Yerg KA E AW JH 5 Eed W28 BAE R %,
BT S T Ke-hl BERYE S ShEE, HRETT &
UESE T JH JZ&38 i JH A2 AR SE P Mer 3845 T i i A
Kr-h1, 35 [ AR R A A B2 ROV, 24887 JTH 393X —
15 53 B R W Ko 2 R P s S H R B
JH-Met-Kr-h1 HYJR#ERE R — A LR B 24 o 710
JE /D PUE LA S 2 Kr-h1 ] LIAE S R 9 R
fEo It R B R A K AT AR,

BEZKr-h1 B RFFE IR AN/ [n) 3R 75 101 25
BI4n Kr-h1 5 Br il 5 @4 4%, 82 JH Fl Eed 5%
e ig At LUF R ER ROV T %0 X3 E-box
YRR, 5 Kr-hl (IR A A4
FERCIE? Kr-h1 TR L AH 5 RUE i % I R 1Y
PRSI 7 XF Kr-h1 BOTR A58 04543 Bh T J A 1o
TG T T AR JH VR 20 FHLH A8 A FEASZE
AT LABIF S 0 Ry 2 4 B AR WA 2, e P AR S I
b [ A B T pe Al 35 s 3 3 iy R
HRE R ]
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