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B E [BM)] W5 K Locusta migratoria Knickkopf ( Knk) FEFHH mRNA ik Xf i iz &
( 20-hydroxyecdysone, 20E) WM {EN, F & €I Knk FGEILEHINEEMIY, N KIRERE EEHLIH
W R s 2 e Renl . [ A% ] R0 RT-qPCR 7k, Xt LmKnk 375 4 D HERAE ISR R &K EF RE (5
WA 1 RBKRSE 3 K) MRE PR FREII T ) IR RS 20E, 20T LmKnk )% 4
AR F IR ZIED ;. R RNAL AR T4 208 2R3 H LmEcR, 8T LmKnk F3E R 0 A5 LG
Mo [ R ] @i RT-qPCR A&, K LmKnk 78 KU 5 1255 1 REMUE 3 KR & T KRB0 E L by
52235, W LmKnk2, LmKnk3-FL J LmKnk3-5' FEFRSAAEM R ATk B Hi &, W5 AR, 1%
PEORIE ST 208 J5, KRB QIR Knickkopf 5% 4 AFERIXT 20E By 2%, (H R A (8] j5 45 25 5%, LmKnk F
LmKnk2 (NFR3E 850 NAEFEST 20E 3 h F1 6 h J5 TR+ , 1 LmKnk3-FL F1 LmKnk3-5' ()35 B AEFENT 20E
12 h 5P ETF, Rl 5 858 1 KRIF IS dsLmECR i, KR Knickkopf Z 15 4 NIERFGEH T, [ £
] W Knickkopf FIEHE N BYFRIAZ 208 P8, J& 20E B TR &K,
R IR, Knickkopf; BRI E; RNA T
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Abstract [Objectives] To investigate the transcriptional response of Knickkopf family genes to 20-hydroxyecdysone in
Locusta migratoria in order to advance research on the function of LmKnk family genes, and lay a foundation for further
research on the regulation of the transcription of genes involved in cuticle development in L. migratoria. [Methods]
RT-qPCR was used to analyze the expression characteristics of four LmKnk genes in the integument of L. migratoria from
1-day-old fifth-instar nymphs to 3-days-old adults. 20E was then injected into nymphs to analyze the expression of LmKnk
family genes and RNAi was used to suppress the expression of the 20E receptor gene LmEcR and thereby detect transcriptional
changes in LmKnk family genes. [Results] RT-qPCR revealed that LmKnk was evenly distributed in the integument of
1-day-old fifth-instar nymphs to 3-days-old adults, and that the expression of LmKnk2, LmKnk3-FL and LmKnk3-5' all
gradually increased before molting but decreased rapidly after molting. Each of the LmKnk family genes responded to 20E at a
different time point. Expression of LmKnk and LmKnk2 rapidly increased 3 and 6 hours after 20E injection, respectively,
whereas expression of LmKnk3-FL and LmKnk3-5' was upregulated 12 hours after 20E injection. dsLmEcR injection reduced
transcription of all four LmKnk family genes in 1-day-old fifth-instar nymphs. [Conclusion] LmKnk family genes are
downstream genes that can be regulated by 20E in L. migratoria.
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B Hu W e RN AR 25 37 B AR N R P ER (20-
hydroxyecdysone, 20E ) FIf£4hiZE ( Juvenile
hormone, JH ) #/}[A] 4% ( Riddiford et al., 2001 ),
TESERAR SR WU BN IR Drosophila melanogaster
o UESE W A R R 20B . W R A2 Ak

(EcR) MHATTH#EMH (Ultraspiracle, USP) J3
1) ( King-Jones and Thummel, 2005 ), 20E FI
EcR/USP LK GW G 5 8 — R 51 5 015 5k
T E74. E75 %MK (Yaoeral., 1993), X4k
e 53 PRl SRR R e R e O, [l - 4N BFTZ-F
DHR3 Ml DHR39 W33k, RZJFS—LHES
S K TS S B R , LT B e 5 R
fife . OB B RAL K AE LS ( Thummel, 2002 ).

TE B i 7 S AR A AR AmiE sl THR KR
fife ST B G R R R A LT B R R
P 2 —, FF R B R A A AN W R AT R
fif . AR LT R T HES 4] B
JEIRFR BB i 2 G HE % ( Merzendorfer and
Zimoch, 2003 ). HAT, fERuE. =425 )
Choristoneura fumiferana. W3R Spodoptera
exigua . W& Locusta migratoria . H Wi 7%
Mamestra  brassicae  J M % W Lasioderma
serricorne S Z L U C HiRIE 20E XL T AL
WA S HE P B9 R EAE A ( Gagou et al., 2002;
Zheng et al., 2003; ik, 2008; Lietal., 2015;
Zhang et al., 2016; Chen et al., 2018; Liu et al.,
2018 ), i 20E Xt B Ht 3R Je LT B HES S S A
PR ISR ACAE LT Bl & Wt SE g 5L ) CDAss
HAEHRGE . WNFEZjRFH Stegobium paniceum T,
20E 4bH4HL 4 h F1 8 h )5, SpCDA 1 MRk 5%}
MR AR B0 ( Yang et al., 2018 ), 7EZR A
Bombyx mori H', 20E 4b¥ 24 h J§ BmCDAI,
BmCDA2, BmCDA3, BmCDA4, BmCDAS5 #
BmCDAG6 ¥ 3 ik 5 X} B 4L 1L 3% T+ &

( Zhang etal., 2019 ). 7£ 7 ¥F U8 Heortia
vitessoides ' 20E Zb ¥ 8 h J5 HVvCDAI 3K 5%
HEZAH HE i 35 T ( Wang et al., 2019 ),

Knickkopf ( Knk ) &— "% GEHK, A Knk,
Knk2 £i] Knk3 3 #25#! ( Chaudhari er al., 2014 ),
Knk 2 5B RFEILT FHES ( Schwarz and

Moussian, 2007 ), X Knk FiEEHItermt
FEANAE R . R PIEEE Tribolium castaneum F1§
A HRIE . FEREE, DmKnk SR 2R b
KM FE LT B2 MRS58 T8k 1IE 5 T R
( Moussian et al., 2006 ), TeKnk 575 %
R EILT R 245 0TE R, RIS 67 544
REAWILT Bk f# ( Chaudhari ez al., 2011),
H TeKnk FZRBERTE SR 8838 BB i ih
T IfiEsk ( Chaudhari e al., 2014 ), {EHiFE
HATHALL RIS L. migratoria NSZEHRE, IERH &
W LmKnk RGERNEE 4 AW, 755008
LmKnk, LmKnk2 , LmKnk3-FL 1 LmKnk3-5'. %
I RNAiL W7, X HINRE#HAT T VIRV,
KR LmKnk F LmKnk3-5'2 5 ISR IR (T
oo, 2017; Zhang etal., 2020), $R1, 7EE
Wi R F W 20E (552 ™SS Knk FIEHEN
()2 IR PR S PR AL anfn] v ToHRIE o A SCAEIR
W RN SEA -, S —2PF9E LmKnk %
FEHTE QIR AE KR T IR R MRS
20E MY EE DL, LUBIN IR K JLT BrHES 1 41
SR DG PR ) Bz s P B 0T 5 i L A 4l o

1 #MR5HE

11 #ulER

BT L e N Y R B N T
W34 (33 °C, 35%RH, 4 HOEMRHK 14h)
s, 1 A RIEHEBELME (35 cm x
35 cm x 35 em)H, BT AN TAMEREFRE(30 °C,
35% RH, H HYEHEHK 14 h) W3R, 12 iBAH
TR INAZ B, 3 WA U, MR Ak

1.2 Bt

LmKnk . LmKnk2 ., LmKnk3-FL., LmKnk3-5',
LmEcR FI GFP &K GBI A SCY 2 IR AT
RNAiso ™Plus . RNase Inhibitor .
Transcriptase M-MLV ( TaKaRa ); SYBR"Green
Real-time PCR Master Mix ( TOYOBO ); 2xTag
PCR Master Mix ( Jt 50 K4 ); E.ZN.A.“Gel
Extraction Kit ( Omega ); T7 RiboMAX™ Express
RNAi System ( Promega ); 20E ( Sigma ),

Reverse
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LmKnk . LmKnk2 ., LmKnk3-FL. LmKnk3-5'",
LmEcR F B-actin 6 DI R HEFRIZT Y
LmEcR ., GFP &5 XU RNA 51 # A S5 =
BRSBTS IBefd, 20135 T-58 5%, 20175
Zhang etal., 2020), SI¥ikocw] ( FigAET)
B TR 1.

1.4 Tk Knickkopf RKEEAFEZETFHE
L

Phik & F L | EERE ) R S A 1 REH
7 KA H (NSDI-NSD7 ) K55 1 RESH 3 KA
( AD1-AD3), Psiff | BUARRE ( Rdsi i) o
[REMBENA ), &ETWATRH. H%R
RNAiso MPlus #il45 5 A4l RNA, RIFS M
TaKaRa S sif Bt B PP BRI 2 pg &
RNA &% cDNA, il RT-qPCR JyikLl Lk
cDNA (1 : 55k ) st , #:l RIE Knickkopf
Kk 4 DEEATE KIS N5SD1-AD3 O k45E .
KWK Z: 5 uL ¢cDNA, 10 uL SYBR" Green

Real-time PCR Master Mix, 3.4 puL ddH,O,
10 pmol-L ™" |- F i 1445 0.8 pL. K ABI 7300
RUSCHT E £ PCR UK, §M 32T : 94 °C 158
(A ), 94 °C 15s (A8 ), 60 °C 31s (B
KIEMH), 40 MEIR, p-actin (KX276642 ) AN
SN, HFRERBE 5 MEW¥EL, B4
AEYEEE 2 MEARER .

15 20EESRESH

Phik 6 h YIS Rz EA 5 BRI R, T
[F—ZE iR . B R FIEHR | RN g
N5D1 #7 HUiE4T 20E VG, LT REZ{RPY 20E i
FERAR (22 K3, 2016 ), FREL 20E E{AM A5,
IAGE B 10% C B3, 7050, LA 2.0 pg/ul
[ 20E %W - 20B (ZbFRLH ) Fl 10% 20 ( XFHRZH )
BVESF 150 3k, 5 uLsk. EHEEHR)E, KA
TE ST A A9 & TP 45 cm x 45 cm x 45 cm
MIZPFEHRISR , e RGBT 1 /N A2 o I A K

BUEHS 20E /51, 3. 6. 9. 12, 24 f148 h
() KBTS 2-3 T AL ARRE ( dsiffh s A RE

x1 ANXFRASIMER

Tablel Primersinformation involved in this paper

v = Y 3
Aprflﬁicl/—:tion A Genes Seqjelzjiiff)rgrjei ()5'-3’) };iﬁz:t/ Js\iz(eb(rl))r)))
PR FEIA LmKnk F: CGAGATAGAAGACTGGATGATGATT 198
RT-qPCR analysis R: TGGTGGGTAATAGCTGTCTACAATA
LmKnk2 F: TTGAGATTAGTGTGCGATGATGG 94
R: GGGTGTAACACTGATAGTAAACCAGG
LmKnk3-FL F: CCGAAGTCCCTCTGGTACTG 151
R: TAACGTTTGTGCCCGCTTTT
LmKnk3-5' F: CAGTACGATCTGCAACAGCT 192
R: GTTCTGCTCCGTGTCGTAAG
p-actin F: CGAAGCACAGTCAAAGAGAGGTA 156
R: GCTTCAGTCAAGAGAACAGGATG
LmEcR F: GACAAACTGCTACGGGAAGA 172
R: CTATCGTTTCTCCCATACCAG
W% RNA G dsLmEcR F: taatacgactcactataggg GCAGCAACGCCGCACCCT 408
dsRNA synthesis R: taatacgactcactatagggGCACTGGTACACGGCATTT
dsGFP F: taatacgactcactatagggGTGGAGAGGGTGAAGG 571

R: taatacgactcactatagggGGGCAGATTGTGTGGAC
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DA AR ), B TRE T,
ANBURERTR] S 13 6 AN EYFEE (AN EE 3 3k
), MR 14 PR TE LB RNA, R
54N ¢cDNA J&, RT-qPCR il K& Knickkopf
FIEFEINTE 20E AR AT 10% L BEXT IR i
XA ZE S, AR 2 M RARER .

1.6 FH & 20E #5324 ( LmECR )Jg Knickkopf
RIEEEWFRIL

R T RIS Knickkopf Z8 10 3& K
N 20E S RIBIE O, A0SR RNAIL i,
A RIS AR N FEST 20E 2RI LmEcR %L
% RNA (dsLmEcR ), dsGFP 1EJ% I8, i
LmEcR F6I5FA%)5 , 20E {5 548 Z G T,
Knickkopf 815 H ) mRNA £iE1E M
16.1 dsRNA BYRINGER R EST DL GFP.
LmEcR HEH2K TR M, 2563 1 hryx
BEG14), 34 2xTaq PCR Master Mix $i B 455 i
€5 dsGFP. dsLmEcR Pt ., F=+ 8 Gel
Extraction Kit #:/EAL BRI G, SR T7
RiboMAX™ Express RNAi System 271 5158
FAkIME B dsGFP F1 dsLmEcR, | NanoDrop
2000 ¥ HE RN 2.5 pg/ul, FEET - 80 °Cuk
FEh &

P A K & BB IE R 1 RIE NSD1 2 HUH
T dsRNA {3 515256 . dsRNA 55748 4 pL/
3k, 3110 pg. dsGFP. dsLmEcR F:4H 4515t
60 S H . FEGSE U KA A dsRNA 540 %
WE M BEEASTR] R 40 cm x 40 cm x 40 cm 958
T, BETFATAREE PRI,
1.6.2 E5f dsLmEcCR J %88 Knickkopf HKix&
ERFE FARKRFHAKLER NSDS,
N5D6 Fl N5D7 i, 4558 i 23 il Pk e 15 Sk ki
o, FEHLTE50 100 5 A AR E A, G
H5s 2-3 WAL IARRE , (RHE 1.4 TR D5 B
M RNA, & cDNA J5, RT-qPCR 73 5t
dsLmEcR 5% dsGFP )5, K& Knickkopf ZZ 3
K LmEcR 1] mRNA FH X355 00 .

1.7 HESGITHH
M SPSS 16.0 o ff v B 2 J7 2% 40 #r

( ANOVA ) H1##] Tukey’s HSD test ( P < 0.05)
XF Knickkopf 80 R 7E RIS 5 8 S pi Ui
(1) mRNA FHX] KB AT 25 57 035 704

1E 20E ¥, dsLmEcR 2 ¥ )5 Knickkopf 7% ik Hk
K K¢ LmEcR Fk B s Hrh, o H b 4E i
INEIRE SR ARG SRR T E S 1, SR TR R IA
BkFTmm, ZR0PrR A Student's t-test 7,

2 HREHH

2.1 Tk#8 Knickkopf XERERE CBEARLZE
B HA R X 4 HT

I Knickkopf ZRIGFEFTE CIE 5 #4855 1 R
2R 3 R R A IAREEZ 2L RT-qPCR F il
SERANE 1 s, LmKnk 1E 5 WA R 4 B KA
L BN [F & B KRB RIE . LmKnk2
LmKnk3-FL }¢ LmKnk3-5' 3 3R ZFIAHHH
I, NSDI-N5D6 FikHAK, A B Wk,
N5D7 KikikFlim, HERT6 diNkikERE
# (P<0.05), ZJ5, EMHW ADI-AD3, £
AN R (P <0.05 ), RIVE Kz A 2 3k 2
Fhimr, WA I SORGE BRI

22 {EAMES 20E 3k Knickkopf HKkEHE
FRiXHIFm

FYGUE KR Knickkopf ZIFEHEN Rk L%
20E ¥, ) WIEREFESS 20E, FEAS[R] A ] A5
HURIBIARRE AL, 38T LmKnk Kk 4 DI TE
P iy 2R AR g . 25Kl 2 iR, 20E ¥
$3. 6 F9 h5, LmKnk BIFERTFEIA & 5 %R
HAH L B EHE (P < 0.01); 20E 7 ESF 6, 9 Al
24 h i, LmKnk2 (FIX]Fik i B 2 5 T4 R4

(P<0.05);20E1:4 12 h 124 h )5, LmKnk3-FL
F LmKnk3-5" 0 AH X 28 35 5 34 W 2508 T X R4

(P < 0.05), il AR s R, R i
Knickkopf Z 3 F ¥ N 20E 755

2.3 F#Ht LmECR JF ¥ #8 Knickkopf RIEEEF
EER

St TP 1 ZE 20 2 RS LmECR ¥
MK Knickkopf Z 3R 215753 20E 8%
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B 1 Knickkopf R iEE E7E €42 N5SD1-AD3 B2 R ik
Fig. 1 Expression of Knickkopf family genesin the integuments of Locusta migratoria
from 1-day fifth-instar nymphsto 3-day adults
N: BHBY; D: ZF R A: U NSDI-NSD7: 5 #4655 1-55 7 K; ADI-AD3: pLHUS 155 3 K.
B R M + PRiERFE R, A EARA AN RNE FRARFEAC ) 22 5 i

(P<0.05,

KA E T Z 08 (ANOVA ) H#Y Tukey’s HSD #EATAEER )o

N: Developmental stages; D: Developmental days; A: Adults; NSD1-N5D7: 1-day fifth-instar nymphs to
7-day fifth-instar nymphs; AD1-AD3: 1-day adults to 3-day adults.
Data are mean + SE. Histograms with different small letters indicate significant differences
among the samples by Tukey's HSD test (P < 0.05).

(FE 3), kiEFrd N5SD1 VE4F dsLmEcR ),

LmEcR 7£ I N5D5, N5D6 il N5D7 ik
WEREM (P < 0.01), Ui dsLmEcR W 1R Hb
DUER LmEcR By ik, WA A NSD1 5
dsLmEcR & , LmKnk 75 KI5 N5D7 [)353k 5 %} 1R
4 dsGFP FHIL B E ML (P <0.05); LmKnk2,
LmKnk3-FL, LmKnk3-5'7E Ki% N5D5, N5D6
N5D7 fIFRA SR dsGFP A1 LI i 2 B
(P<0.05). LA ERyBF5E 45 SRR W] RIS Knickkopf
FWRFENFEI55Z LmEcR A1) 20E {55 18 %1
P

3 itig

B R AT B AT R AR, i i iR
AR SRR A S R EZM R R
A PR B 2 R g R S R R, 208, H R BAE R A
G R RS LI AT (Marchal et al.,
2010 ), PRANERBEAT R R AR L HOERS, X
Z 5l A5 & (Riddiford et al., 2010), 1F
RAAER G SR, W U il B p i f
KRE . WEMEZZIA (EcR) MEATEH

(USP) TSt (LR (RS, A sh R duii fe
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B 2 20E 4 /5¢8 Knickkopf R ikE B K RIE
Fig. 2 Expression of Knickkopf genes after 20E treatment in Locusta migratoria
CK: VS 10%L W ; 20E: 11451 20E, S5RJUARX RIAEHORFR, M P BB i/ AR AR X Rk e R 1 2
FRFESPOR S, *EREE (P<0.05); »EFWEE (P<0.01); ***2RHRHEP<0.001), FEI[FE.,

CK: 10% ethanol injection; 20E: 20E injection. The results were presented as relative expression fold, in which the lowest

expression of sample was determined to be one, Student's #-test was used for significant difference analysis.

* indicates significant differences at 0.05 level; ** indicates extremely significant differences at 0.01 level;
*** indicates extremely significant differences at 0.001 level. The same below.

A A4 A 4y it 72 ( Henrich eral., 1990 ;
Antoniewski et al., 1996 ), Xfii iz M Z (5514 F
WAL B E L, 20E B fAE K AT 5 )H
Wi, EREEGET . B . AR
G A R AR

JUT o B 3R By ) S B sy 2 — , Bl
L Hlss Bz AT TR R (R R A . B B HES A%
RAIER AR T B, AR
F W, 20E K H 3z R AT DL S R SRR ik
Spodoptera exigua JL'T JBi& i B 5 SRR 1R
ik (Yao eral., 2010); Liu %5 (2018 ) &P Kig
JUT i R 6 S HESE I LmUAPT 1E 5K
Wi, 20 JAf5 ;A6 KR H s R R A B
YIRM 20E AT LRI LT 0 R A i i oG B S TR

NAG F1 CHTS ) #23A( Rong et al.,2013;Li et al.,
2015; Zhang et al., 2016; Chenetal., 2018 ),
Tk, AT R, Risrh 20E JE i
PR e R I T LmHR3 M LmHR39 )3
ik, SRR LT A BB AL T 5T R i il 3 [
eIk, P IR & T (Zhao et al., 2018,
2019 ), TEZGMHT | BFIE [ R s rh, 2R 30 20E
Al B RJLT BHES G L CDAs [ 3%34( Yang
etal., 2018; Wang etal., 2019; Zhang et al.,
2019), FRGEREN, 20E (552 5HEE R
FRIUT BARHS A2 SE AL 5k, T
PRl B O R K ke A AR . SR, 20E 553 i
TV Knickkopf RIGHEA MR KH S 53R
FIUT BrHEAn BTG
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< 1.6 B dsGFP <16 B dsGFP <151 B dsGFP
~3 LmEcR ~3 LmKnk ~3 LmKnk2
oxch e DdsLmEcR 2 e OdsLmEcR & | ™" CldsLmEcR
EEl2r EEl2) e,
oE £ 0.8 | g £ 0.8 " i ) * *
A% *k A B s 05F ok
Keost W Keoat Ke™
= .5 *k = .5 = .5
&2 0 & 0 &2 0
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E: E:
210t Zglor
I & : i &
® o051 ® o051
=2 *k =2
g = S
< o %o
~ 0 © 0
N5D5 N5D6 N5D7 N5D5 N5D6 N5D7
RERE RERE
Developmental days Developmental days

3 dsLmEcR 42 /568 Knickkopf RikE B #IRIE
Fig. 3 Relative expression of Knickkopf family genes after dsLmEcCR
treatment in Locusta migratoria

H T IRIE Knickkopf WM J&E 7552 20E I
¥, ARCHE KN Knickkopf ZKJEFERAE CIE 5
A (NSDI-N5D7 ) K ( AD1-AD3 ) 11
PRBEFGRTEDL o S5, LmKnk2, LmKnk3-FL
K LmKnk3-5'{N3%i5Y5 20E B3 R A2 {35
o, WG/ IX eI R (1Y) 23K 1 BB AZ 20E M IRHE . SR
Je P PR IR DU LT A7 AE I Rz 3R T e
IR 5 I8R5 1 R TRIE (22 KB, 2016) #F17T 20E
TS, BOE 20E 5576 RIBHRNRfG, PF5
Knickkopf ZZGEFE N F3E X 20E (MR OL, 45
KR, Knickkopf 8% 4 1NFEIXT 20E 24745 1
e, (HSEm N R RS A 225, WS 20E3 h
LmKnk B335 2 IG5 T+ 5, 145 20E 6 h )5,
LmKnk2 5w HT R, MES 20E 12 h )5,
LmKnk3-FL | LmKnk3-5'{/) 315 A FF- 6 LT,
X ELEE L Knickkopf F T FE R 1 20E P84
HATHHRIY o #248 ASGE T 0] QIR 5 1855 1R
FHES dsLmECR JUER €I LmEcR BYRiL, M
M 20E {5576 CIR L, 258 &M
LmEcR FeiRk[ARJG ., Knickkopf Z% 4 A~HEH

KPR E T 28 BRTIR, ARSCE B 20E X Rig
Knickkopf K Jti 4 -3 LmKnk. LmKnk2 .
LmKnk3-FL 1 LmKnk3-5'"0) 28584 520, J&
20E [ IR AL, 5 4 DNFEIX 20E f 0 R
B 22 5, X AT RE S5 AN [R) 3 [ L 3ife ) 7 S A 4
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