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# = [ B8] A0S EELE W EKIE Ostrinia furnacalis H stuxnet (stx)[F] 3 [F Ofstuxnet (Ofstx) ,
HE—L BT Ofstx K W TIRE, IRRIL T RS I FH LA BN . [ ik ] 5T R AR IR
T BRI Ofstx FERIAY 4K cDNA JF31, #E4T cDNA e KIF, 8 YA B iR BO i ok
WA & BB (3-5 AL a ) RORFHZ (k. Tlim. BEWIAR ) o' RNA, Jf5@id RT-qPCR BAK M
Ofstx 3 [H 76 W P Fo K MEAS ) & 75 B B B AR L2 h A ki, [ 868R ] WM FoKIE Ofstx JER 4K
2 112 bp, HWASHE R 703 &R, W4T 76.98 ku, ST 8.30, HOWH B WP Stx [FIVEE &
BT 5 R IR A UBL ARSFEER . RGK B W4T & I Fih 5T Spodoptera frugiperda 7 /&
PP I BRI VR 55 R . qPCR 255 R Ofstx 7 A ekt die iy, 78 3-5 ighlirf, 4 &4l dufk py Bidk
Feikhtim, [ G ] Ofstx BEH B W I FoKIE MG N 23k, h R BLIYSE 4 I IAHESE 3. %8 5 i
X RKE, TS SEERMARES, BIRDIREH frll— 205t
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Spatiotempor al expression and functional analysis of
the Ostrinia furnacalis stuxnet gene

WU Xiao-Yu" YANG Xing-Zhuo LIANG Jia ZHAO Xian-Guo ZHAO Zhang-Wu DU Juan™

(Key Laboratory of Crop Pest Monitoring and Green Control, Ministry of Agriculture, College of Plant Protection,
China Agricultural University, Beijing 100193, China)

Abstract [Objectives] The aim of this study was to identify the Asian corn borer Ostrinia furnacalis stuxnet (stx) gene,
Ofstuxnet (Ofstx), clarify its function and investigate the potential of using this gene to develop a novel pest control strategy
based on epigenetic regulation. [Methods] The full-length cDNA sequence of the Ofstx gene was obtained using the reverse
transcription technique, and its gene sequence obtained by full-length cDNA sequencing. RNA was extracted from 3™ to 5™
instar larvae and from different tissues (head, midgut, fat body), and the relative expression of the OfstX gene in these age
groups and tissues was detected using RT-qPCR. [Results] The total length of the Ofstx gene was 2 112 bp, The encoding
protein contained 703 amino acids, has a predicted molecular weight of 76.98 ku, and an isoelectric point of 8.30. Amino acid
sequence comparison of the Ofstx gene and homologous proteins from other species showed that they all contained an UBL
conserved domain. A phylogenetic tree shows that the Ofstx gene is highly homologous with Noctuid stx genes, including that
of Spodoptera frugiperda. qPCR results show that relative expression of Ofstx was highest in the head and that overall
expression was highest in 4th instar larvae. [Conclusion] The stx gene is mainly expressed in the head of O. furnacalis, and
in fourth instar larvae than in third and fifth instar larvae. This suggests that this gene may be involved in the regulation of
growth and development. Further research is required to reveal its specific functions.
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Polycomb group ( PcG) HHE GIKE—3
i G o BB A A P S L A T, R i
A ol B 3 AT ) ) R DA A T A 35 AT £ T g 3R kA
3, PEMARIE R B IR AORS T, SR s AL
Mg h g E RS (Alfieri et al., 2013; Du
etal., 2016), PcG AL BGIRFETIAGE
RN, TEEHESIYIR PeG Xt TR 4
WEHEIDIGE+4r#E % (Gil and O’Loghlen, 2014 ),
XFTF PeG R A R ) e RO B 5L PR R R
A, DRI s PeG A Sagdmidl, A
Mz (Alhaj et al., 2018 ), SIXZ7ERIEH
I Drosophila melanogaster H & ¥t i) —Ff PcG 4
R TE, 2Rk stx n] LIS SRR R E
TR fu fa a1 BS54 (Du et al., 2016), Stx 7E
W FL S T A R PR A P Midnolin #IE A4 T
YA B A, HAEVE &2 RIS SF 4549 35
( Tsukahara et al., 2000 ), Stx /- h—FhsErE
JATRFARINE PG IE1E, FE R Mg EIEHEDhY)
FERRARSTR (Du et al., 2016), A, stx Fil
PcG GBI BIAXHE T IR S B HE E
HITE RS A B R, stx Sl il Al
A SR G 0 ) 22 40 L L ] R B R AR A v 1
TIRESZ A, T R4 PR S ) e IR 4% o A Ay
i%3h (Zhao etal., 2021 ),

W E K Ostrinia furnacalis J& % 3# H
Lepidoptera MEIkFl Pyralidae, J&—fpZvEh®
H, BECE FK, TRE R R K ) 7 AT
( EHRFESF, 20005 SHEREE, 2013), KAE
AR BRI 30%LL F (JEASE, 1996 ), T
ek, T AL SRR, BN
SMIFFE N LR 2 BRI M R K B VAR R N
13 R V8 5 SO AR BELSS , FHRIA R AR O AF 5T
W BBl 58 5 2 R L AR S5 AT AL S5 Rl
R (BT S, 2012), FHRR LK SR T
M B U B AT RR I SO AT R 0 R TR L
il 952 22 ( Zhu-Salzman et al., 2005; Kang
etal., 2009; Guo et al., 2011 ), i#iFERAMGE
B UL F R HLIE, 67 5 i H I 5 A A i o)
HE R E T, FFA T IEAILE fU
R, B AR REE IR A 2550

ik, BRI, SR R B AR AR S
1) SR PR T R PR I B L —2, T
JE AP AY AL ( King-Jones and Thummel,
2005 ),

TEMEH H F drp T i stx FERXTT PeG AY IR
PR A B T 5 3 AR KR B RN, IFh
T AR AT O A A ST R A R
SR stx FEPRIFEF b gt sy, B HEET RIS AR
LS . R, AR5 LA I T K B A (4R 2R %
W H B R RS TR, i IR BO I ok
WEFEP] CDS 741, M G438 stx RIJEFER , %F
HE AT 508 DL R A 53, I it
RT-PCR il T Ofstx & PR 7E T K BEAS [ A= 4 iy
BOFUAN AR TR i RIRAE L, 25 RN itk — 20
BRI T v Ofstx SR D4R (LB, N
FEULi5t A% P42 1) 3 BB ¥ BT R s B A e S 4

1 #MB5ERZE

11 AL HRiE

S 6 BT FH U 3 K B SAy v Ol B B
PRAEHAZIE % o I T OREE B N T AR SRS % BE
N AR AT, R Ol E 7e R g

(28 cmx20 cmx12 cm ) H1, ¢k H 4 du s H

N LA . Regh d Al e, s M rh 3 g
kIR R, A TR SR R
JCE M E R 2%-3% 110 e 2 /K AY) G 12 48 1) st i
Fi, TARECE ORI AR, B 2 d IR AR T ok
HREHT R ERL R U T R AL TR AR IR
JE (28+1) °C, S/ 16 L : 8 D, AHXHEE
H7E 60%.

1.2 #MmE RNA BIREUE cDNA BIE B

RNA 52 BOEMERIE 3. 4. 5 #&4)
Hu, Gyl BT SR, Wb, AR BUR
R, #2218 Trizol 17 QUL B AT RNA HY4RHR,
JEET - 80 CHRAF; FE%k4k1% cDNA:
PrimeScripTM RT reagent Kit ( Perfect Real Time )
A& A Takara 1RG04 H], I IRER &
HH A5 C B I 4% 5% 1 L RNA PIFRIEIR R . IR0
cDNA ET - 20 CHRARAFE, MITIREEEm5
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plovichiig RllE-JISE SN e

1.3 THEKIE Ofstx EEFIHNEMERZE
S

il 1f ProtParam ( https://web.expasy.org/
compute_pi/ ) FAF5E R Ofstx JE K 4w s & H #4L
PEFRATRM . 5 MEGA7 84 ( Kumar et al.,
2016 ) WA 1 BT 9B s 34T 00 1 R ik
#r, >KH Boot-strap Test of Phylogeny F1fi H f)
4831 (Neighbor-Joining, NJ ) ( Saitou and Nei,
1987) 1 000 RKEE M 7> T HEAEMR, #4701
ARGt jalview 34T stx [A] U
HE DR 2 B i 1 2 5 TR T 9] 1Y BL X R R S 45 1
B

1.4 T EXKE Ofstx EE £ 1 cDNA F BB
b1

A ST R EEZE AR R PO
( National Center for Biotechnology Information,
NCBI) 391 KSR ) B [N 41251 (https://
www.ncbi.nlm.nih.gov/genome/?term=txid93504[ o
rgn] ), BEIT5 14, 3T PCR 314 W I £ oK 48 Ofstx
I, LFWESI N ma-XM-R, FiiEg|¥H
rna-XM-F (% 1), PCR ¥ 8B 5544k - 95 °C
WAEYE 3 ming 95 °CEME30s, 60 CiRK 30,
72 °CHEfH 90s, 35 AMEER; 72 °CHEMH 10 min,
BB ot 2ifl , ARt SRR AR Y
ARA PR FIHFEATIR

®1 5IUER
Tablel Primersused in the experiment
519 FIYIFF3 (5'-3") 19 i
Primer Primer sequence Primer use

Ofstx-F  TTACTGTTGCATGTGAGGGT PCR
Ofstx-R  GTTGCTATTCGTGTGCACA
qOfstx-F CGACAAGGGCTGGTAGGAC
qOfstx-R TAAGAGCATGAAGCAGGAAGG
ACTrt F ACGGAGGTGGTAACCATCAACA
ACTrt R ACGCCTCCTTCTTGGTGTCG

RT-PCR

1.5 TE#HEKIE Ofstx EEH qPCR #&ill

K FH S2 966 R 5 PCR G Of stx 22 K 7 3

U E KR 3-5 JR 2l RUR N I 25 %5k, IR
HES . LiF5I%R qOfstx-R, TUHE5I¥Hh
qOfstx-F (& 1) , 435 LAY FOKIE 3-5 1 4))
B3k | R AR R cDNA AR, SR EOKIE
AR BER AR E R Actin SERME NS, LiF
BN ACTrt-F, FilisEEh ACTre-R (521 ).
i H SuperReal PreMix Plus (SYBR Green) i)
&, DO KA 202U cDNA AR, SO
KA U . 2xsuper-real mix 10.0 pL, 50xRox
2.0 uLL, Primer F/R 0.4 pL, ddH,0 5.2 uL., cDNA
2.0 uL, RMZME: 95 CHUAENE 15 min, 95 °C
10s, 63 °C 30 s (WEEMH S ) 40 MEH, 72 °C
5min, 4 °CEF.

1.6 S

WP T KR Ofstx b [H 6 1kt Sedie i 27447
D7 E A TR AL B, 250 B8 s AR R SR
GrapdhPad Prism5 H1i 47, £cdli 22 5 W& VA
K H One-way ANOVA i Tukey-Kramer HSD
ZHE

2 GBRE59H

21 PCR #&iUl stuxnet EFE7ETMEFRIEFNR
18 _F A EIRES A7

fid #& National Center for Biotechnology
Information Search database "3V M| T K E 4> L [K]
HBAEIITT 19,3853 PCR P73 3545 Ofstx ¥4
1% A 8 Ji L UK AN PCR =8 (& 1), I
R WR Y R B 2 112 bp.

2.2 Ofstx SEBERFF 5 L3t R 4R FFF 5547

Ofstx Ztth £ F1 5> T Tl 76.98 ku, S5 HE i3
8.30, A jalview ST P K BE Ofstx 3
PR 2 5 1) R SE R P 3, 5 A LR B HOR IR Y
WYy A AT IR X B & BLAR 5 A Ubiquitin-like
domain(UBL), HARSFE5HI XS 25 5 WL 2.

2.3 TEMEXRIE Ofstx BRI LS BREN T

AW NCBI ke R 2| (i B stx LK &
FUP S T T Rk ir, 4558 FM Sx A
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1 TEHHE KR stuxnet BEIEEE PCR £
Fig.1 PCR identification of the stuxnet homologous
gene of Ostrinia furnacalis

Of: WY T KUE B cDNA Hf Ofstx 4575
M: Trans2K Plus DNA #ric.

Of: The Ofstx band in the total cDNA of Ostrinia
furnacalis; M: Trans2K Plus DNA Marker.

AR 4 A A Hh B 4 5T 7 9 Spodoptera
frugiperda #1 #} 2 % X Spodoptera litura
Fabricius R0 kBHE Stx BoN—3%, SWME
KRR Ry — KA, il B e R oy — K, H
EACHE . B H SR (K 3). DA
SR RIS E LR

2.4 Ofstx BEEEIMN EKIEL) R R R = Rk

qPCR 55 7R, Ofstx F R 7E W I 5 K B (1)

DP_stx/20—-100 20 1
MS stx/20—100 20 1
HMstx/20—100 20 1
BM stx/20—100 20 1
DM stx/69—-149 69 1
OF stx/20—100 201

i

Conservation

I VE
I VE
I VE
v VE
E ISV E
I v

W
a Uk

TN §1\xccy g s NgKN| Hi Kk

|
4

H8s DS

SkkLKvSkprIC
K

. . BeithEa Rk (K 4), fERl—E
KEBEMB, LB Ofstx HHEMFESEEE ST
H i AR R (P<0.05), T = % A AR I 1R B4 AR X
TR TR E LT 4 B RS iR stx 3
PRIARG 36 2 I 1 T 3 IR 5 il iy .

3 itig

YK R B AT 2 SR ) 35 5 R
PE (A5, T 2 11 5T A2 30 ) A= i 1 3 0 ) o
fillo 7EMHFLBIIH Stx B RIVR AR 1 Hh i 2
[ Midnolin ( Tsukahara et al., 2000 ), Midnolin
FEERTEI A R, mEETE A
E iR A& —1 UBL 45k, 258
{2 e A A e FE R A 9% ( Hofmeister-Brix
et al., 2013 ), Midnolin 5 AZEIH4: 7R G HY &
AT TR AR AR IR, S A 4 R FCa 5 3k A DAY 3t
&K F ( Obara and Ishii, 2018 ), AF5E 3,
Midnolin 7] LA 2855 mRNA 7640 b Y32 5
FerEH AR T ( Zielak et al., 2008 ), Tsukahara
45 (2000 ) 5 Midnolin & FI7A7E T/NRUIE G
Wi, HIhBERTRE T mRNA 7ERH H5E
iEREES 5/ IR G PI & B B R R A
F 5T 45 SR 22 W Ofstx 7837 I T K R 4 e fii v 2236
Him, XM ERBFIT S RARZEML, Ofstx Hfy
AT BB I 18 I K MR AT Sk DT 5 1 S
KIS &, PRI TR AF 5 B 0

LE
LE
L EAE)
LEE
E L
LEE

1 I *
1

RERQLRDg DNGLLpgsR pS 6L Sarp
KE 9 REHN K N )

Consensus

ITLNIQTTTGG NFS ISLNG KNTVEHLKKLVSKKLKVSKDR ICLLHRERQLRDG TLE+NGLLDGSRIILLPSVETGLLSQRP

B2 EHENREOfstx HIMEBSHE/LHM Sx FREBHNSERF T L X
Fig. 2 Amino acid comparison of Ostrinia furnacalis Ofstx with several other Stx homologous proteins
Dp: iF EHE (XP_032510760.1 ); Ms: m53#8f (XP 025195592.1); Hm: Pfilii; Bm: Z#& (XP_004924785.1);
Dm: BEFRNE (Q8SXD4.1); Of: W F KIE (XP_028166729.1 ),

Dp: Danaus plexippus (XP_032510760.1); Ms: Melanaphis sacchari (XP_025195592.1); Hm: Heliconius_melpomene;
Bm: Bombyx mori (XP_004924785.1); Dm: Drosophila melanogaster (Q8SXD4.1); Of: Ostrinia furnacalis (XP_028166729.1).
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95
100

81

76

1001~ Spodoptera frugiperda R HI ST R MK
4[ Spodoptera litura FHSR IR
Helicoverpa armigera F34% H,
Trichoplusia ni 35800 1
A Ostrinia furnacalis I ERIE
Galleria mellonella ¥R
Manduca sexta 155 5F

84 ’Bombyx mandarina B RA

Bombyx mori A
Papilio machaon 4 K3k

Vanessa tameamea ¥ 3541 Ik ik

Danaus plexippus B[k 45T
Aphantopus hyperantus /NPEEL R i

Pararge aegeria B j5 A

76
77 76— Bicyclus anynana {B R

Pieris rapae S
Eumeta japonica JEATIE
Dendroctonus ponderosae " ERINIA R/ N,

Aedes albopictus FEUFHEL

Melanaphis sacchari YRR

Drosophila melanogaster HJ5 F18
Bombus impatiens SEWZR T AE I

|
1001

Harpegnathos saltator BYEERE L

B3 ETFHEEINE X SEBFIREAERN
Fig. 3 Phylogenetic tree of Stx amino acid sequence based on Neighbor-Joining method

ACERADTEF

A indicates species in this study.

AH B 5T N D E — 20 5 45 B 3 U 9 T K 4 1
B L

1z % (Ubiquitin ) & —ZRFAZHMEHNIZAF
TER/INFER 5T, 12 28 (8T DL o il 2 B i AR
HiER:, #FmA R E A M ( Vasilopoulou
etal., 2021), ZEALERTIILMAZ LT
G, RIMAEZFE RS A stx [FFEIER ,
HEA UBL fR5FE53R, UBL fR5FESHIEUEA
WAz R IR B B A DI (Du
etal., 2016 ). Stx 7EH: N ¥ifd & —~ UBL 454
B, Bk 2 TR R N sER AR ubl G545
EHR, U0 Rad23 Ml Parkin EH, 115 19S
I Rpnl0 AHEAEM (Hiyama et al.,
1999; Sakataet al., 2003 ), Proteasome-interacting
motif ( PIM ) f77E T UBL Z5Hli) &5 26S

HABHAT EAER , R ABEREILE], 52
B FERRER B4 MR ( Upadhya and Hegde,
2003 )o FHHLEILRR 7 51 2548 1) DR T AT LU BT
HIReR T g ZAHRIE . BRI Ofstx & il i AMK
Tz R R AR R ), PRIER B R IE
WHAT AR EL BT A AR TS OfStx
PG5 IE HERAEAE AR P Stx-Pe AR EAEH
(Wu, 2016 ),

stx FEE P T K IE 3-5 J&4) dirp gt as 65k
ZiR BN, A — AL Ofstx AR Rk &
e, <M Ofstx fRA AT HES 5 LM & R SE
KB MBEIRFSIE L. 4 #8405k Fnrh i
3N 5 W, UL 4 R4 LM R
LR o BRI, A0 SR AE XA I S
Ofstx HLHLFH A2 R 50 M BEHR R A B/ BEA AL
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Fig. 4 Analysisof therelative expression of Ofstx in Ostrinia furnacalis

A stxTE 3 W4 A AL RIE T B. X 1E 4 A A LUK T C. stx 78 5 W4 A AU R IE 0T 5
D. 3-5 ¢4 duk i stx (93K 50HT; E. 3-5 I8 IZ b i 4 stx (933550015 F. 3-5 014 JUIR TR A stx (83553047 .
3L: 3#kghH; 4L: 4940 SL. SR A PRS- PRI bR DR, HURARXT RIS BTE 0.05 K E2ER B,
QRN RIS AR 0.01 K B225 W3, + UM RIS AR 0.001 KV 12257 3%,
ns AXFRIX AR ZE A WE,

A. Expression analysis of stx in tissues of the 3 instar larvae; B. Expression analysis of StX in tissues of the 4 instar larvae;
C. Expression analysis of stx in tissues of the 5 instar larvae; D. Expression analysis of stx in the head of 3-5 instar larvae;
E. Analysis of stx expression in midgut of 3-5 instar larvae; F. Analysis of StX expression in fat of larvae at 3-5 instars.
3L: 3rd instar larvae; 4L: 4th instar larvae; 5L: 5th instar larvae.

Date in the figure are mean + SE, * indicates significant difference of relative expression at the 0.05 level,
** indicates significant difference of relative expression at the 0.01 level, *** indicates significant difference of
relative expression at the 0.001 level, ns indicates no significant difference of relative expression.

i R BB IE R AR 4 Wh A SR
FORHAITIN, —RE R RO A i R
KH, HHRRGATEMERE, BT Ofstx ik
i R IA U RS RE N 1 0K o X AR T B BOZ
N5 i E WO . NI Ofstx FE A
KA AR RS IE R R, TR E
AR AR, R E R e E AR
rZ—.

TEFRWLE A% 7K - b3 o e PR ] 4 1 410 3
AR, JE— M HORBUORT R, g%
PR RE D 4 A T LU R AL, T
— PR T %ok 2225k DAl g (] N el 42 o A5

M stx FEPRIATE | S0 0 P R KB (1) [ R LA
Xt A SR EEF AT RESEAT T F . Rk
Al RNATL 1T B — 20 W Ofstx BRI
PRIy B B AR S R IR R A R AL o 1ORE A
Bl A58 N 0338 3 1 P K I PN b 28 &R
St E MNER AERKKE , BRIHATE T G
E SB[ O RI=PL G R T (it
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