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Abstract The full-length ¢cDNA of OcKnk gene was obtained based on the transcriptome database of Oxya
chinensis. To determine the molecular characteristics of OcKnk , the expressions of OcKnk in different tissues and
during different developmental stage (day) of cuticle were detected by qRT-PCR. The biological functions of
OcKnk affecting molting and development were investigated by RNAI technology combined with phenotype obser-
vation. Tissue expression results indicated that there was a highest expression in the integument, foregut and fat
body; developmental expression pattern showed that it was expressed in the cuticle during different developmental
days of age, with a significantly higher expression during proecdysis and post-ecdysis. The biological function assay
showed that most locusts was unable to escape from the old cuticle successfully, finally leading to death and failing
to reach the next instar. During the process, they moved slowly with low activity and eventually went to death.
The results indicated that OcKnk may be involved in insect growth and molting, which can be used as an important
target gene and provide a theoretical basis for further pest control.

Key words Oxya chinensis;  Knickkopf;

molecular characteristics;  biological function

Plant Protection

Fr AL I Oxya chinensis g T H#® H Or-
thoptera BEBE 2R} Catantopidae FFHE & Oxya,] 12
Oy AT IR EK R R AL X, A s i e SR
HEKRLIMEA L 38 B B2 2 45 AR KL
B AR AR R R 2
B A AR Y 2 B B K it FH b 2% 24 590 L £

WimBHE: 2019-11-26

f&iTHHA: 2020-02-01

W E R P BV RRE RS
JEIIIE IF 3 B Wi v RO 8¢ B B LT e R R 3%
B AL A LT J2 A e LA E £
FEWRTHEHES I R EBORS Th  A7 S 11 9 B 2 gt
JUT FAES i R, Knickkop f (Knk) KA% 3 KA
IR B R RNA T (RNAD BAR G LR S

ESWMHE: EEARFEESTHEFEREHS (31801749) 5 ILTE HE T 5 A AR A1 35 H (20191.0796)

* fE1EE

E-mail; zjz(@sxu. edu. cn



46 B2 4 W

Foege s h BRI Knickkop f(Knk) 3R Tt fAE Y243 g e 75
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HHIX T Knk JRERIHFSE T 24 b T R IR
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castaneum P, et DmKnk S TR E HA R 4E
R ALY DR A5 045 1 1) 58 B 1 R 4 E AR T ot
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BT AR AN 2% 10 45 K (0 A 5 B AR AT . R
W, TeKnk XIRJG K& I A4 K LB R
HREAER Y TcKnk ik TR AFLE B
B (2 Mo R — i ) 1A 347 M DA 2 TH 3R
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MR LT S i R, R SR R KL T W R B 454
TR0 TS A 2 F — i msE -
WAk TeKnk S 5T R4 41 58 & B 2 B2 By 1 HA
JUT R SRR . ETERR KR ¥ Apis mellifera
Rt AmEnk RN DB ARARGE— 25 A

HATE P AN T Knk 4 ¥)2% g R G5
ZAEP TSR BT W R AR B R B
AR R B AR PR A SR s T H R TR A
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AFFHRIAT OcKnk 44 cDNA P31, 3%t
Hor TR AR Y D REHEA TR WA OcKnk 1
B A R M R o A v R 4 G B T T e 4R
PRI DRLRE O 3 BB P (L E 2 e LA

1 RS

L1 #iER
FRARTE G LGP R AR T 1L 04 A R R XA

H B B TR E IR (30+£2)°C L HE IR 60% .
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RNAiso™ Plus T & RNA # B, M-MLV
Reverse transcriptase, INTP Mixture, RNAase In-
hibitor(TaKaRa, H4%) ; Oligo-(dT) 18 5|4 ( ki
T, E) T DNA % —4#4 il ; SYBR Green
F qRT-PCR ¥l (TOYOBO, H74%) ;2 X Tag PCR
Master Mix (KM, # [E) #1 T7 RiboMAX™ Ex-
press RNAi System(Promega, 3% [E) J T X4 RNA
(dsRNA) F 1.
1.3 OcKnk Fr 5% EFIhBEIH 53 17

T AR TR S SR A B L R AR T B
T8 R AG OcKnk 224 cDNA J7 41|, il Ex-
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TE T BRI AE AT T o I L B Sy o0 1o S LR [
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Table 1 Primers used in this study
FH Gene FHi& Application 219551 (5'-3") Primer sequence 724 /bp  Product

Pactin LR E F. CTTTCTTCGTCTCGCATAAATACAC 156
R: TGGCGAACTTCTCGATGATGA

OcKnk F. TACAGCTGGTCCTTTGTGTATTGG 194
R: TGTTAGGGTGGGTGTAACTATGGTAG

GFP dsRNA & % F:taatacgactcactatagggGTGGAGAGGGTGAAGG 571

R: taatacgactcactataggg GGGCAGATTGTGTGGAC

OcKnk F. taatacgactcactatagggAACATTACTGCCAAGTCTCC 497

R: taatacgactcactatagggGGAACTAAGTAGCCATTGA

D /NEFE TT 33755 factin HFERFGENSEEHN . GFP 2y dsRNA FEGXT BEERA

Lowercase letters indicate T7 promoter sequence; Bactin is a reference gene for gene expression, and GFP is the control gene for dsRNA

injection.
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AR 30 3k 5% 6 d 27 BT T A R 2 LR A
il 2« ELAAR AT 2 A A1 P 45 R A 390 0 AE 0 B T s
ENGE A I AQrN: 1) 7N ) N =] T = R = NN
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RNAiso™ Plus B6H] 45, B i 51 F ok iy 20 247
RNA $2HL, {ff IR B EE i F1 NanoDrop Xif H: 5 4%
PEFIVER BE A TR, BEHR 1 g B RNA FF 55 — 4
cDNA &%,

AT H Y 5 W R B ) B o, T4l
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A RNAiso™ Plus #1845 52 A RNA Jf H 2
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1.6.2 qRT-PCR &M

B 5 —5E cDNA #5820 F51E AR . [F]
BPF OcKnk FiB51WF B2 10 pmol/L HF gRT-
PCR #:ll, 2 B8 SYBR Green #6845 . it 1 52 i 1A
Z . Hd SYBR Green 10 pLl, A 2 (L, ToH 25 517K
6.4 pl, FRWERING I 0.8 plo HEBCHILF Y B
RZ T ABI 7300 real time PCR Jz WA g4 74"
W R WERFE M :95°C 30 s; B 95°C 5 s, 60°C 31 s
40 MEFR J 28 4 95°C 15 s, 60°C 1 min, 95°C
15 s, factin NS EEHIKE 3 NMEY=EE R
2 PR R SPSS 16. 0 #fF ANOVA #4741
a5 Hr . IR A SigmaPlot 12. 0 F2: A2 &Lk
A FEAFA RS Z MR R EER
1.7 OcKnk £ EEFH R
1.7.1  dsRNA & & Fr % AR | &

Bl & T7 )3 3 T (taatacgactcactataggg) 1Y

dsRNA G519 2 10 pmol/L ¥ 3R B cDNA
Wi E 20 A4 AR . #E1T PCR 43, 4™ 8K R0
2X Taq PCR Master Mix 12. 5 pL, B £ 8 T K
9.5 pL,cDNA 2 uL, FFIESI#4 0.5 pl, RABK
EOWEE I F VR I 34 7=, B E 450 R Y
ZRFUIEIT Ok AR B [m] i) G w5 H
ZRAFIHEAT RIS AN E ) 5 0 R/ INFITR BE ¥ [Tl
FPYIER R 0. 25 pg/pl, IR 8 pL B H T
dsRNA 4 5, K B8 T7 RiboMAX™ Express RNAi
System R & W 455 B dsRNAL ¥G 5L dsR-
NA ERE 2 pg/pl.
1.7.2  dsRNA 372k % % 4

ke 18 3K 5 % 2 d 4 L, P19 2 A R T
VRS ER T 3 pL dsGFP Fil dsOcKnk JE5fiEA
A A ARE N 1 24 h g, U8 AR, R T
—80°CUKA » F— R EUE RNA JR8 H e st
W54k cDNA, % H qRT-PCR ¥ OcKnk 7£ %} 18
ZHFNAL A v () F 3B AE B, >R ] SigmaPlot 12, 0 23
AT & Ad T ¢ 035 53 AFr Oc Kk X0 BE 41 R0 40 2
HrhRir R,
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TEHL 40 3k 5 4% 2 d 27 40, P340 2 21, 43 il #s
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OcKnk J¥ 5 (Bl 1), 4K cDNA & RK N feBl(37—136 aa fl 152—252 aa) .1 2 LA
2 265 bp,H 5'-UTR X, FF ik Bz HEFn 3-UTR X HIfiEI (DOMON) (282 —414 aa) 1 C ¥ GPI 4
U, Hdp 5-UTR fi1 3'-UTR 43518 172 bp f1 {75 (655—683 aa),

41 bp, TFHLBIEEHES, 2 052 bp. it 684 P2 ELR , AR Knk 25182 7 91 & Ge Ak 7 Br 4 2R
Sy 77 KD SFRLECN 5.8, DIREEIINZE R Y BoR (B 2 AR R H Knk 28— 32, AR R
REAEE SR —24 aa) (AP DM13 I Knk JP9 BA RS R o Har 244 OcKnk,

CLERETR A RIA TS LB WA SRR NG Sk, FaE ADMITIReE, Wa A2 Bk MIIAE(DOMON), K i
54 GPLE 7 35

ed nucleotides indicate the start codon and stop codon; blue amino acids are signal peptide; yellow shade indicates the DM13 domain; blue shade
indicates the DOMON domain, and gray shade indicates the GPI anchor site

B 1 FEefEig OcKnk REE 1T

Fig. 1 Functional domain analysis of OcKnk in Qxya chinensis
2.2 OcKnk FirFstE IRGE SRR (B 3a) : OcKnk LEVRBEFIRT i 235 B

K aRT-PCR KGN OcKnk HATFAIAFREA o B HAER B P AAE R AT R 5 AR H %
IR BRIR R (1B 3) s OcKnk FEAFHLTRAIER A5 AREERRE R oK 2f— A AL A ] % {4 BE
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98.5% ., RAVMELER BN (K 4b), 4 dsOcKnk
F 85 V0 HUPRTE R Kz Bof 4 2 T 24, e AW 25 IH R 2
ZCFHBET, 5 00 MU PTIE 22 [H 3 B2, (H A i 24,
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Te: FRIMUABEAEM60136; Am: FAF|ZEHEEXP394084; Nv: FRlEIHA
4&/NEXP001606352; Dm: HEENP649981; Ha: A4 HPZC70707
Black solid circle indicates OcKnk of Oxya chinensis. Lm: Locusta migratoria
KR537807; Mh: Maconellicoccus hirsutus ABN12040; Tc: Tribolium
castaneum AEMG60136; Am: Apis mellifera XP394084; Nv: Nasonia
vitripennis XP001606352; Dm: Drosophila melanogaste NP649981;
Ha: Helicoverpa armigera PZC70707
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Fig. 2 Cluster analysis of Knks from different insects
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IN: Integument; FG: Foregut; MG: Midgut; GC: Gastric caeca; HG: Hindgut; MT: Malpighian tubules; FB: Fat body; N: Nymph instar;
D: Day-old. Different letters indicate significant difference between samples (P<0.05)

Bl 3 OcKnk TEHREEFENE 5 1873 B A RIEEK
Fig. 3 Expression pattern of OcKnk in 5th instar nymph of Oxya chinensis
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Fig. 4 Silence efficiency of dsOcKnk and phenotype observation of Oxya chinensis
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FHHELEGSGH MERMARAFTFEAREELS
St R R R R A T B LT R
B FUACHRA R . HOE G R A LT i ar 4k 22
AT E RS ML T BGer 4t JLT i A dE it —
HH5EALIE UK EILT R JZE5H . 24 )L
TR 2 EEAE LA o 3 Bl Hss s DUTE E ) AR
IR TEHE 5 20 B T BB 2R B 25 R, Knk
ZHJLT AR M REEA ., BWCEZ IR
M3 sE ) Kok 22 ({27020 RIS 5 %0
434 Knk B H, 4598 674 4 TcKnk., TcKnk2
1 TcKnk3, H A [/ 25 H /) 2 GE B A 2 #F 4,
TeKnk &HF 5K, 2 SRR DM13 DhREsEL, 2 1
JHe FRIAAC T N it 25 44 S A C g 1Y) GPT-4 7 o7 4
1M TcKnk2 AEA(5 5 K GPI4E & 0 5, & A 155 5
X, TcKnk3 5 24585, A Al 35 Y] 7 C i
A GPIE A a5 350H 2 5 A7 7 22
S kR E DM13 RS 5 A AL IR R R N
T T4 . DOMON 2256 LT i ) S 2 X3k, &
JUT RS A Th g3 . AR SCR A E B
FIE K RIS E 1 % OcKnk 4K cDNA J¥
1 FHVE BRI 1 2 L PR, I %o FL Tl R 83 47 40 A
SPIREBMH T AHFE SR 2 AR ER DM13 I fg
5, 22 T B AU N 3 2544 38 (DOMON) A1 C g
(1) GPIE 78 37 o SICHE DU I AT 58 OcKnk JE A,
i — g H 5 oAt B U] Kink J3 81) Lo X6 944 4t
ARG AR, 25 R U], 5 Al R R Knk DL
(B AE B SR N — 3 WK Hedw 44 0 OcKnk, %55
3 MN603495

Bl Knk 78050 F1UR B BB R B A
ZHENE R, DmKnk R 5etERA T 13 BIIRIRA
EA 15 WA L 5 W AR B Y DinKnk 1E4)
BN R AR A FRak , HOLAE M AL T S R B[]
PR o T IR A A O SRR s
TeKnk ¢ 5PE 3835 T 4 3 B2 RS i LA e B 391 3¢
FEEr, HLAERE N IS &8 W B (&g A R s A 0D
B 2R . AR OcKnk 3235 F BE 1 A
P A [ HAth B B A (A BE I i 2 o U T 4

IR B A LT RN R Knk 765 & LT R
L R i LA R D5 A v 28 A R 1T g
B TREW AR % 10 T R R J L g i iy 7
ARG WG %, S 30 OcKnk 168 i 1 b 3235 &
Bm. oAb, HATHER 28 % AR A B W B Knk
Fik T HAE R UL A — & B IR I sh AR
AR DU 7 5 20> 5 AR S e %o AN [R] 4 23 A7 A5 0
PUILAE PR BE Rk R s i T 5 Xt Rz 1 52
M B AN () H O B 5 0% A B BE A )R Ok RS
Knk W) 833K 15 00, 45 R R W] OcKnk 1A 6] H
WE 1 5 A7 R ¥ ik, H TR mife ik =
e BER H S 5 R Homt i A

HATX F Knk DIt R ZEH T2 AR R
o R E) DmKnk 752 A H A FAL P K5 2
fit. DmKnk Z 5658 BRI FIE S 454
MIAERF . DmKnk 5878 R SR B R A2 15
ANFUN SR B S B S A, G 5 AE — i, R EUE S
St R AR . TR SEAR AR IR IR I K HL S 3R B
SGERIRTE I BB DinKnk 58 Y
DL, R RNAL LB DmKnk 355,
WPk Ay o B S B AT S AN R A, R A
BRSO aR I AU E T S R AL
HB S dsRNA J5 . AR[A % & B B (4h - -
B HO H B R R, AR BE TS A A . RNAI
SEDIRESE PRSI & 5 150 s AR SCH: OcKnk ¢ 574
dsRNA {58 A H {4 o %o v A e s o) B 35 R R4 7 4F
58 THAPRR I T4 B 55T dsOcKnk YTBRRLR
HEF TR L 25 5 SR BT ER AR R ik 98. 500, Jyitk—2
FAROEL A AT S OB, A M AL R BoR
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Bl iR PR PR SR

S 3Lk
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