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@ E M (Helicoverpa armigera) e — P2 B M2 L, v X 2 R AEY) P~ ik B™ E P L. H Al Bt
PR B K TR o b A0 252 AR 245 (1) DR 2 8 RS 75 A 2 ERE At 5% 3% ERORIRIREL A0 Ik 26 4 Jo T DR B 5 1
Bii WAL o 9 T R Sk 6 U AR 42 AT T A B 5, A B AT DR B2 40 i 5 3P4SO
(cytochrome P450 proteins, CYP) CYP6B6 J& 3l L1 N 2-+ = J5 lifl (2-Tridecanone, 2-TD)H4#% 0> /5 % HE1
R EL , 1 F DNA pull down $ A i i H 1 /MR8 g2 1E P 1 5 X 8% 48 2R L8 [ 10 (positive regulatory
domain zinc finger protein 10 like, PRDM100)ZE R o X155 R HEAT w0 % B4R M AEL A B A 1 R AZ 3R,
[F) I ) qPCR AR L of 25 Rk 1% &% 2-TD il R 1% 28 (R 7E 6 8 AR 4%t rp i rh i 3Rk il . 45 SRR,
HaPRDM 10l (GenBank No. XM_021334552.1)f] ORF 2 067 bp, %t ith 688 N & LB , 25 (14> 1 i B A
WAL AUAR R 77.96 kKD 1 8.84. HaPRDM 10! TERRE: AN A i B M BU A RIS AE S g i h Rk &
i A 6 R AU RIH R rh, i ik B f s . ANFERKFEI 2-TD AL 35 , HaPRDM 1011 CYPG6B6 35 fE
N 2-TD 1115 S . HaPRDMI10L 1F 10 mg/g (1) 2-TD 4b#f 12 h i 1A 808 2 e KAE , N IR4L1 7.6 £5
CYP6B6 £ 5 mg/g (1) 2-TD 4b B 6 h Ji5 21K B ik 2| 5 KA, XTI R 1) 4.6 £ o AHIGE 40 #T s 75 6 h b B
4 HaPRDM 101 11 CYP6B6 (1) %75 5 1IE A 5% (r=0.749, P<<0.01). _F ik 45 5 % B HaPRDM101 7] RE i 4%
CYP6BG6 [ 3235 ARG 2-TD B I8 o« ASHI 58 9 WA £t SORHEL A AR o 1) i e Lk e ik 2%
KRR AP L IEYE AT X EEE2RUE A 10 (PRDMI01); 70 % s B 25 34 ; 2-+ = kel (2-TD)
RENES S435.6 XEEFRIRED A
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Abstract  Helicoverpa armigera is an omnivorous pest that causes severe yield loss of many crops. The
current planting of Bt crops and the extensive use of chemical pesticides have enabled the cotton bollworm to
evolve a defense mechanism that protects itself against pesticides and plants secondary substances. In order to
develop an environment friendly insecticide for harmless control of H. armigera, the core sequence HEI,

which can respond to 2-tridecanone (2-TD), of the cytochrome P450 CYP6B6 promoter was used as a probe to
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screen out a positive regulatory domain zinc finger protein 10 like (PRDM10!) gene by using DNA pull down
technology. The sequence of HaPRDMI10l were cloned from 6% instar larvae of H. armigera, analysed by
bioinformatics and its fusion protein expressed by using a prokaryotic expression system. qPCR was used to
detect the spatial-temporal expression profile of HaPRDM 10l in H. armigera, and its expression pattern in the
midgut of the 6™ instar larvae of H. armigera was detected after 2-TD treatment. The results showed that the
ORF of HaPRDMI0l (GenBank No XM 021334552.1) was 2 067 bp, encoded 688 amino acids. The
molecular weight and theoretical isoelectric point of the protein were 77.96 kD and 8.84, respectively.
HaPRDM 10l was expressed at all developmental stages of H. armigera, with the highest expression in 5" instar
larvae, and among different tissues the highest expression in the midgut of 6™ instar larvae. After the cotton
bollworm was treated with different concentrations of 2-TD, both HaPRDM 10l and CYP6B6 could respond to
the induction of 2-TD. The expression of HaPRDM 101 reached the maximum when 10 mg/g of 2-TD treatment
for 12 h, which was 7.6 folds of that in the control group, and the expression level of CYP6B6 reached the
maximum at 6 h after 5 mg/g 2-TD treatment, which was 4.6 folds that of the control group. Further analysis
revealed that there was a positive correlation between the expression of HaPRDM 10l and CYP6B6 in the 6 h
treatment group (r=0.749, P<<0.01). The above results suggested that HaPRDM10l may regulate the
expression of CYP6B6 in response to the stress of 2-TD. This study provides a reference for clarifying the

mechanism of the H. armigera in response to the stress of plant secondary substances.
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1E 14 8 1 X & $8 & 11 10 (positive regulatory
domain zinc finger protein 10, PRDM10)J& T8¢ 45 &
FIZ % [ PRDM &K J . PRDM K RAFIE— A
H&E P H R M (histone methyltransferase,
HMT) SET 45 14 38 %5 7] #H 9¢ ¥ £/ 57 1) N-2K i PR
(positive regulatory) [F] Y5 11 45 #4 32k , 3% 60, 45 % & 7]
A7 ) C2H2 T 4% 45 45 #) (Han et al., 2020). 124Ky
1k, 7B N AR R B AH PR/SET 454438, (¥) PRDM
DRI SR T b 19 /AN R A s DR 1, =2 3l A P A i
15 B0 1) 3 L 3 5% 18 17 Bl 7 (Sorrentino et al., 2018).
PRDM10 VT 1E 2 R IR G FUR B AH R Il 2 R
Ik, AT RE /DN B (Mus musculus) G & B IS FEH IE
W H A e 3 5 B 5 (Park, Kim, 20105 Woo
et al., 2021). KB AL i & BoR , 76 @R 410 4>
NRBOCEER G, LA PRDM10 {266 8k i) 551
R & 303E (Dickinson et al., 2016); [F#E, /N BUE G T
AL PRDM 10§ 2K 236G I BV R 46 Y 1
3 (eukaryotic translation initiation factor 3, elF3) &
G ARAZ O AL 5 (1) Eif3b B B 240% N B, AT 7E - 1
RE W) 52w 2 i A 4 A7 3 (Han et al., 2020).
Ll HFFL gk R B, PRDMI0 IR i & & i 7 ok 3%
HEEEH.

i 4% B (Helicoverpa armigera) & — Fii tH: 5
WA B R 2SR 3 L, W0 2 R R AR 3 ™
B ESUA . B RO E 3B R A K
LRI Bt /R0 it A 22 AR 2, {0 BeAE Y I K T
FEUPAE AN 2 s 7 ) A 4 -5 800 X BEAR (Gos-
sypiwm) M1 HUF = AR AN R R PR ) 0 M (R i 4%,
2018; Ahmad et al., 2019; Zhang et al., 2019). 7EAH
YR SO P [RL A A P a7 A A ) o
LG 45 K 98 7= W) (Gershenzon, Dudareva, 2007) E[l
B 2% (azadirachtin) (Mordue, Blackwell, 1993; Mck-
enzie et al., 2010). #f F} (Gossypol) (Krempl et al.,
2021)F13+ ¥ H (glucosinolates)(Bruce, 2014) %% 3K [H
1B R . T RO IR B B AL RO R
FRIRE A IR A o R BT AR AL ], 2 30 S A PN 4
Jitd .28 P450s (cytochrome P450 proteins, CYP)% fi#
BEME S M )38 R B R IA B 1N, S EUE 6 R
FUFIRE D IR AL P o 77 AL 52 18 o Qi AE AL 3R (xan-
thotoxin) 1] 175 5: £ W HE 42 HL(H. zea) T 1] CYP6BS Fl
CYP321A1 (Li et al., 2004) /N2 ik (Plutella xylostel-
la) " g FUIG 5 44X #Y) CYP6BI (Petersen et al., 2001)+
A% Ha el v 4 Fof R0 44 v 5 Fo 40 L €5, 3% P450s
H: K (Zhou et al., 2010)F14L 3 2 R (Papilio polyx-
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enes)F ) CYP6BI (Feyereisen, 1999)%% % fih B ot fi#
MR BRI, & ih(Solanum lycopersicum)
(R I A= 5t 2-1 = BE B (2-Tridecanone, 2-TD)
A1 S0 L Rk (Manduca sexta)F 5 1 CYP4M 1
1 CYP4M3 ()i 5 R J& (Feyereisen, 1999), DL 1 55
F JOHR AP o 2 Rk SRR 32 1

AS VR AL Hi SYIRT 7T R B 2-TD B 175 5 P450 it
K CYP6B6 JE A 1L B 2 ik, HE T A B % A
(¥ )8 87 _EAF L B 2-TD FI oo, 764 s 4
N HE1 (Liu et al., 2006; 2% %% %, 2012; Li et al,
2014), A B 5T F| A DNA pull down £ K , LA
CYP6B6 J2 8T 121 B2 2-TD ff14% 0 ) 51 HE1 1 N
TRE, T 163K 45 7T Ae 55 H AR BOAR AR HUIE PRI T X
BE 48 Z5 L8 A 10 (positive regulatory domain zinc
finger protein 10 like, PRDM101). %} HaPRDM10l
BEAT S B J 2238 93 M, W 98 HaPRDM 10U 7E R 2% L
AFEVR BB B AN F L iy ik X DL S 2-TD
Qb PR )RR AR AL LAIIER W92 5 DK AR W B 2-TD
HORIEIIVE R N TT R G0 7% 2R T = T FEALB
M Rt IR T .

1 #R5AE
1.1 ##

Nt % HL (Helicoverpa armigera)>K B #7 58 £ W) 7%
U5 DR A A S g A K ) ] 97 A EE (Liu et all,
2006). 1EAHXTIEE (65+5)% I N (26+2) °CHY
AT LA RHE G 109 16 6 HE 1 8 JARE 1
EHE N AT, UE S mg/g 2-TD Ab#E 6 h(1) 6
8 du b i 21 2U4F 9 DNA pull down () S 58 44
Blo 8 24 h A7 HOARER dL B, AR KRS RIF HOR
AN B 1~6 WA B2 HR ) e L e A B R AT S5

PCR % DNA fREHEY R AR IC R &I T Ll
PRI A=) R84 PR~ 7] : DNA pull down 1277 £ 1%
TIINBEEMBAA R A F  RIEH K pET32a H
AR 20 R 47 s TR1Zol Up Plus RNA Kit - Perfect-
Start Green qPCR SuperMix Kit. pEASY-T1 Simple
Vector Kit. KX {7 B (Escherichia coli) Trans1-T1 &
AU BL21(DE3)/& 32 A 41 il \ECL 2 (0 . —
PU(BR 7T His-Tag). —PUHRP AR 1L HIFH1 R 1gG)3 Y
TAR G H ARG R A7) 5 e sl &
B 1) 14 1% 1% N V)i A0 Solution T W H = A4 TF2
(KIE) A PR ) 5 OB BT B0 1Rl ot 77 &

Al

5 H OMEGA A & (3£ [H); 2-TD W 5 L 149
HARBIRAF ; 510E RSN EEETAEYH IR
O () s oAb AR 25T 2 O [ = 43 b

1.2 A%

1.2.1 DNA pull down

DNA pull down 556 4% FE 155 & idd B b 4745
PEo 23 Bl % HEL (W) A= 90 3 (SR 56 240) Fi R 2B 9
O IR bR RS, B S BE ORI R R 45
A, F I 1 000 bp #REF/2 pg Bk . S8 G FHELE
2% MR EX 5 mg/g 2-TD AL HE 6 h 1] 6 W& A 48 s
Ji7 40 23 v () £ 1, W& Ik Y 82 (bicinchoninic acid,
BCA)EXT EIH R 1) 8 E B € & 5 77 100 nL A
NSE A, 242 DNase B DNA., B JIE Bl 2R 75
VeJa BRSO SV B RE N BT I B TE R RS B
FRic s B6 2R R SC BP & o I »
RV IR EBUGR 5 2 I TAL 2R 1) A o AN 2 R BR
F 4T pull down, #4342 b B ISR L ER , 2Bk
LiE. PR, -80 CCRAF L iE W . SLI6
20 A% BE 4H 3k 47 SDS-PAGE % iiF )5 » 7€ Q Exac-
tive™ JT 1% A3 R AH €4 1% {1 Dionex UltiMate 3000
b HEAT IR € - SR (LC/MS) 23 M (LB 3B 20 B M)
TR R 56 1) » S8 5 I F AR 44 HUER 11 45088 2 (https:
//www.ncbi.nlm.nih. gov/protein? term=txid29058[Or-
ganism)5 LC/MS #ar il 1) 22 ik 5t i EL 2R AT VLT . S5
TG I 54 1 S e 4H 0 ot HEZELJS BN HET 4
FMESHEA, WX E AT EYE B
T, % CYP6B6 I AE % A 1
1.2.2  HaPRDMI0L 15 B J2 F7 5 43 Ht

HaPRDM101 ORF [X [¥] 5| #) HaPRDM101-F #I
HaPRDM10I-R A Primer Premier 5.0 {45 11H(GER 1).
DL 6 i A8 B i AR, 2 R 6 11 100 BH 2
& RNA Ff: & B cDNA. PCR X M A & (20 pL):
ddH,O 14.3 pL, 10xExTaq Buffer 2 pL, ANTP Mix
1.5 uL,Ex Taq 0.2 pL.10 pmol/L ¥ HaPRDM101-
F #l HaPRDM10I-R 5| %% 0.5 uL,cDNA 1 uL. X
MNFER:95 °C 3 min; 95 °C 305,57 °C 255,72 °C 2
min, 3t 35 MEFR ;72 °C 5 min, 12 °CIRR . 1% B
JIE R 58 12 PR Uk A S ) I =l W 5 pEASY-T1 Sim-
ple Vector % #% 13 #| pEASY-T1-Simple-HaP-
RDM 0L, F3- %% A% 3 2K )17 #F B Trans1-T1, $k B 5
[ PCR % 5€ 1EH1 J5 7 E 4TI
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1.2.3  HaPRDMIO0I ({15 HERR 7 51 [ 2544 3 v
FI I DNAMAN Lo 81 300 5 IE A ) 2 41
FH 7t 2% % 3 SMART (http://smart. embl-heidelberg.
de/) 73 A1 &5 k) 458 1| H AE 26 % i ProtParam (https://
web. expasy. org/protscale/) 1 ProtScale (https://web.
expasy.org/protscale/) 7} 7l Tl Il HaPRDM 101 [ B4,
P J5 RN 2% B K M s HaPRDM101 (1) M. 41 ffd 5 157 42 9
S LR 4H i AE PSORTII M 34 (https://www. genscript.
com/psort. html) T ; 15 5 ok 15 JIBE &5 #4) 435 7 1) FH
SignalP 4.1 (http://split. pmfst. hr/split/4/) F1 THMM
(http://www. cbs. dtu. dk/services/ TMHMMY/) Fit ] ;
HaPRDMI101 — 2 45 14 ff) 2 2 3 A1i /2 30 SABLE
T 8 F B = 2 45 ¥4 H Phyre2 Server (http:/
www. sbg. bio. ic. ac. uk/phyre2/html/page. cgi? id=in-
dex) T
1.2.4 HaPRDMI01 2 A 1) A% ik

pEASY-T1-Simple-HaPRDM 10l ¥1 pET32a %5 #;
12 EcoR 1 #1Sal 1 B Y 71 f5 A Solution 1 ¥
HaPRDM 101 55 pET32a #H 1% , % 4 21 J&K 52 25 40 g
Trans1-T1 &5 F B #i PCR §fi % ; XU 1) % e 25 2H i
¥ pET32a-HaPRDM 101 1E i J5i B JL #5640 8 B2 746
4f ffs BL21(DE3) H 5 1 ¥ PCR 5 g 1] %& & J5 /&
37 °C,200 t/min ™ K} 7% 2 ODgyo 79 0.5~0.7; TN
S 74 L A AR 2= FLOME T (isopropyl B -D-thiogalacto-
side, IPTG)(0.5 mmol/L) 37 °C4k %1% S 15 3% 4~5 h;
W B AR I 1xPBS WRFT Il B ULie , 168 75 A i 22 AH
3% 25 (5 s/5 s, FE4E 30 min); 70 LS S0 S

Jei R 7S RRRE S IR S O T E R 10% 1

SDS-PAGE A il fili & 25 [ I R IA T O . A 2lifh 5
PSR AR P B R A 4 R b, 5% IR Wk =
TE 1 h, 4 °COKFE IS M B —Hi(1:1000), %= i
PEPRZZ18WEE 1 h —Hi(1:4000), F i 6 o e 22 v
WE e » B¢ 5 £ Amersham Imager 600 8 R £ %
REBUSAX (G ) i Fa e

1.2.5  Hi% B HaPRDM10L 354 0B

H4& HaPRDM 101 5% , #| ] Primer Premier 5.0
WA BETE QPCR 5190(FK 1), P24 198 bp, 12 £ 43
¥ L Tubulin FERMCA N S RH . 2 B FEEE L 1~6
U4 &)y (It B B 2 ) T I AN R L (B 3 R) I 4
DA R S AAREE L A i K T 17 AR (6 W4 4 HU) T RNA
I 300 8 55 & i cDNA, qPCR & A 22 AR 5 44 1R
PerfectStart Green qPCR SuperMix Kit 35 B 15821,
PR3N EYFEEZTNIANEAREL . AFH
KA HACLONIE v S R, ARIHLA LS NS,
HaPRDM 0L FIAHXT 1A B4 I A 22 B
1.2.6  HaPRDMI0LF1 CYP6B6 i3 2-TD ()i 5

¥ 2-TD ¥ T H % N Ak b, ZE T8 /K I 4
A B 510415 F1120 mg/g N Lok, ik
I 6 WA B Al (B B2 56 1 R), YLk 2 h )5,
BARFR FE 2-TD W R e . 43 ) 7E AL HE 6,12,
20,30 F1 48 h iy HUMR £ B ) i 2H 23, H qPCR &
M 1 f Hh HaPRDM10L A1 CYP6B6 1 7 [6] I [H] (6,
12, 20, 30 148 h) IR IATHIL . LATRIIR 1E 4l e} )
FE S AE A R, Y Tubulin /BN 2 3£ 1], F 27009 0 50
55 HaPRDM 101 1A #6755

x1 AWRATASIY

Table 1 Primers used in this study

519 FP31(5'~3") Hi&

Primer Sequence Purpose
PRDMI10I-F CCGGAATTCATGAACCGTGCCGATTCTC THBUR B AE S 18
PRDM10I-R TGACGTCGACTCATTTTGTTTTTGTAGTATTTCTATT ORF amplification
PRDM101-QF TATCTGACCGAGTCGTTCCC qPCR
PRDM101-QR GTGGCTTCTTATTTGATGTTGC

CYP6B6-QF TTCAAACTTATACCATGTCCACAA

CYP6B6-QR CCAATTGACGGAGCTCTAGAATCA

Tubulin-QF TCCAACTCACACACTCGCT =35
Tubulin-QR GGAAGCAGATGTCGTATAATG Reference gene
RGN B

The enzyme cleavage sites are underlined
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1.3 Higsih

F SPSS 20.0 #4447 Gi vt o A, R
% 77 273 H1(One Way ANOVA) K % HaPRDM 101
TEARES U [RS AN L 2 v R IR = 10 B 35 0,
Turkey 17 2 H L 53 #1 . FIH Pearson #H 9% 544
153 H1 HaPRDM 101 1 CYP6B6 I FH 1 o

2 H#R5HH

2.1 FIAHEIR$H#HEKRIEE CYP6B6 RiZHEA

FIH CYP6B6 J3 31 T L 394 bp 1 #% 0 7 41
HE1, 7 DNA pull down ' #f 3k Jir 5 ] fg 1 %
CYP6B6 RiLME H . HAEYRIFICH HEL R %
(B 1A S E BRI G )5, 78 SC IR H M 53 K &
DNA-H H it &V 560, 5x A M LA E 2 A
R (B 1B). R LC/MS J5 iR e iR
HEAT 7% E . i RE A HdEE S LC/MS £
W) 22 K53 47 B 2F 47 DU G , AH UL BE 7E identity >
30%, coverage >50% [N A& VL HL b, J53 1 A il 25
55 17 S 2H 2 o otet R ZH JE AR DU B HE i 5 M 45
A ®E A% T 60 %, FIH animal TFDB3 (http://bioin-
fo.life. hust.edu.cn/Animal TFDB/#!/) 7% £& T 45 &
AR LR TR, 8 R BRI s 510
60 Z P H A 5N H A sk R SR 1) 5
. H P A0A2WICIY7 F1 AOA2WI1BDDS J& T

bp Ml 1 2 bp kD MZ 3 4
180 — ;a
R
2000 55— SR~
L .
—394 34—

%88 25— 1
17— .

E1 DNA Pull down # DNA #R£t(A)#1 SDS-PAGE (B)
Figure 1 DNA probe (A) and SDS-PAGE (B) of DNA pull
down

M: DL2000 DNA Marker; 1: AR ICHREF 3 2: LM R AR IR
B M2: A5 T B FRAE(10~180 kD) ; 3: %R (AEFRiC IR
B)sd: SRR (R B bR ICIRED)

M: DL2000 DNA Marker; 1: Luna Probe; 2: Biotin-Labeled
Probe; M2: Protein Marker (10~180 kD); 3: Control group
(Luna Probe); 4: Experimental group (Biotin-Labeled Probe)

C2H2 74 % $5 (zinc finger, zf) & [ K % - AOA2W1
BVZ9 J& T B 1t 5% 2 B2 $r %k (basic region-leucine
zipper, b-ZIP) 5 Ji - AOA2W1BMO06 J& T V-myb &
S i 24H P98 5 B e ik R [A) YR 420 (v-myb avian myelo-
blastosis viral oncogene homolog, MYB) % J& .
AOA2WIC3A6 & T T-box Kk, RIEEEAE T, 1E
BT ae JOE AL T A A% S5 R 32 e % AOA2WIC1Y7
Bk AT WF 4T . fE NCBI H Blast & & 3] 5
AOA2W 1 C1Y'7 L IC FEE e o P A A 44 ER 4 6k DRI 2
R (1 PRDM101 (XP_021190227.1), #ILLE N
98.47%. HEl AOA2W1C1Y7 B PRDMI10I, [A 1t %
PRZE F AT J5 S e T 5T

2.2 HaPRDMI0l HI5E[E R B 54 #h

DARR 44 HL 6 58 4y HLU 1) A 1 2H 21 cDNA AR
F& HaPRDM10L, PCR # 34 3k 1§ 2 067 bp 1] HaP-
RDMI0%s 514671 (B 2). DI [RG5S v B 3%
IR A A R T . DU IERA T 3R] F DNA-
MAN FH 8 5, KIZ 8 A N5 — > SET &5 i3,
Cuiify 61> C2H2 #4545 K 18(&1 3), H. 5 NCBI #df
J kR %4 Bt PRDM10L (XP_021190227.1) AR ABL 1
996.08% , 7 B A A 51 il Dy v B R A5 T A AL AR
PR IR R 5 X A 4R S5 EE 1 10, Bl HaPRDM101.

2.3 HaPRDMI10I B SEEEF 5 & &5 7

ProlParam i il] [¥) HaPRDM 101 &5 [ 4 T il =
N 77.96 kD FEAE pI A 8.84; H 5 [ ¢ 41 HF R A R
(9.3%)+ 225 B2 (9.0%)  Fi 2 BR(7.9%) 2 E: 3 =1 s Pro-
scale TR () ANFEE 2R EHN 53.87 (>40 WA E R
1), 7 3 5 7K M —0.754 , K] BE 4 3l HaPRDM 101

bp M - 1 2 3 bp

8000
5000

3000
2000

1000

2067

&2 HaPRDMI10I#IPCR ¥

Figure 2 PCR amplification of HePRDM101

- B XF IR s 1~3: HaPRDM10l; M: Trans2K Plus [T DNA
Marker; T [A]

—: Negative control; 1~3: HaPRDMI0l; M: Trans2K Plus Il
DNA Marker; The same below
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A E 35K . HaPRDMI101 100% 5E fi
T4 A% b, H#EI HaPRDM 101 = B2 75 41 ff A% v &
YEH AW 24 Thfe . SignalP 5.0 T & B #E 44 B
HaPRDMI101 % A 15 5 ik . THMM Tl 25 3 &R
HaPRDM101 1% &5 A B A B 17 X 35, A &8 T 85
[, 1X 5 PSORTII %3 #7 ) HaPRDM 101 7 41 g #%
HHRIA M4 R —5.

SABLE — 2 25 ¥ T & 7k , HaPRDM 101 & At
T 2 il 1 e 270 o B o K 3K B 55.67%, JE B
18.02%, 20.35% N a- B2 JiE , B- % M A, 4 5.96%
(E14A). Phyre2 Server FilJll HaPRDM101 [ =2 45
P 2 B PP L 56 R Bl SET &5 MY AL T N 3 55 164~
291 7 S L PR R HE b, DL 5 VT L BEAR N (Homo sapi-
ens) ] PR 25 R 384 F6 B2 11 10 (c3ihxB) i 4%, e /L
Bic [X 35k /& HaPRDM 101 &5 [ /7 51 1) SET &5 #4135, , 1%
AR 7E PDB 45 &+ 55 7s v N 25 /¥ PRDMIO,
 HaPRDM 101 5 PRDM 10 AH{EA(& 4B).

HaPRDM 101
Hi#s B H. armigera XP_021190227.1

HaPRDM 0! %EHV
Hi#% B H. armigera XP_021190227.1 EETHHGSN83CT

HaPRDM10l
F#4 1L H. armigera XP_021190227.1

SYSEAVDCLVLNATSNKKPLFLVKCKNCTD#I|THI
SYSEAVCLVLNATSNKKPLFLVKCKNCTDBI|THI

/02 V[T | DKE P VN QKS WRCHECQHTFPSSKQLCNHTDL YHKE
LTI AP ¢ 1 23 B L) 22 W Wl O 1{CK EP VA CK S VWCHE CCHTFPSSKCLCNHTLL YHKE

ANNRACSQI|PSAPTHLYLLQMCPSINLSSNEQGLPLHILENSLECFGHKQYLLPLPNKCKEGQLLGVLVESSQGPAKI
ANNRACSCI|PSAPTHLYLLCNCPSINLSSNECGLPLHI|LCNSLEFGHKCYLLPLPNKCKEGQLLCVL VDS SQGPAKI

§8: NSNLISTHTGLRCECLNGSH S| [KNFJHI|SCRVIJPPRALAVLPPVLCLCRRHI|
JINENSNLNTHTGLRCELCLNGS) I [KNFISHI|[SCRV§PPRALAVLPPVLCLCRRHI

CTSCKCKSNVI|GLLPLGCESTANVVWLYEENYELYGI
CTSCKCKSNVI|GLLPLGCESTANVVL YEENYEL YGI

€ SHi it
N

2.4 E4% H His-HaPRDM101 fJ &K i%

# HaPRDM10l/pEASY-T1 simple fl pET32a %%
AR B EcoR T A1 Sal 1 B 7], [0 i 4% 3 4%
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Figure 3 Alignment of the amino acid sequence of HaPRDM10l and PR domain zinc finger protein 10 like (XP_

021190227.1) of H. armigera
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Figure 4 Secondary (A) and tertiary structure (B) prediction for HaPRDM101 of H. armigera
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WK B B, FL UGB A6 W8 I FI R L, 7E 18 RDMIOL AT CYP6B6 RIS R4 o 4 Fpik FE 1) 2-TD
RIE BRI, H 5 SEA L2 55 B35 (P<<0.05), 110 ALFE 6 SR8 HAS [F) 1) 18] 1) 45 2R 7R , HaPRDM 101
oA 5 ) b ik B AR K (B 6A). HaPRDM 10D FIRH XS 238 B S A BE A I8 1) 18 4 56 TH & = 38 W B
1 6 WA FRAS gl Bt b iy Sk 3 AR BE RIS iR R gy K. L Ab3 6 #1112 h J5 HaPRDM 0L A X 221k
HH]iE, ARE BRI, b g S iemidt B 2-TD IR KN 2% EJHE T &S, 4
% 7 L2 (P<0.05), 2 NS VA1 4.6 15 (K 6B). R 53 3 N 5 F110 mg/g I HaPRDM 101 1) A0 %t 2%
IS 2 R IR 3.9 F1 7.6 fi% . T AL EE 20
A48 h & HaPRDM10L [ FH % 32 34 8 1) il 2-TD
FI F qPCR J5 35 & I 2-TD Xf A% % d HaP-  JERIBGIMESE BTG TR LT R, Y

2.6 2-TD Xt HaPRDMI10lF1 CYP6B6 %R 2N

bp M 1 2 3 bp kb M 1 2 3 4 kD kD M 1 2 kD
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140 — = —
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Figure 5 Double digestion of the recombinant plasmid pET32a-HaPRDM10! and induced expression of the His-HaP-
RDM 10! fusion protein

A. FE ki pET32a-HaPRDM 10l Y] . B. SDA-PAGE F&M il & B KR IE . M: TR ER H 4> T bsifE s 1~4: E2 1 44
FEATE SR A S SRS AR s C. Western blot381F.  1~2:TPTG i SRS T 5 (1) mE 24 1 14

A. Double digestion of the recombinant plasmid pET32a-HaPRDM10!l. B. Induced expression product of the fusion protein by
SDS-PAGE: M: Prestained Protein Marker; 1~4: The total proteins of recombinant strain without IPTG induced, with IPTG in-

duced, ultrasonic supernatant induced with IPTG and ultrasonic precipitation induced with IPTG; C. Western blot verification. 1~

2: Total proteins from non-induced recombinant strain,and induced recombinant strain, respectively
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Figure 6 Relative expression level of HePRDM]10! in different developmental stages (A) and tissues of the 6" instar lar-
vae (B) of H. armigera
AR FRERIRAE P<0.05 K-F- 2 57 3 s WS HER : Tubulin;n=3; T [F]

Differant letters indicate significant difference at P<<0.05 level; Reference gene: Tubulin; n=3; The same below
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W E 53 5~ 5 A1 15 mg/g I HaPRDM 10 {#) A1 % 2%
KRR, AT IR 4.3 f13.8 1. AbFE 30 h
b & 2-TD ¥ i 34 b0 5 26 PR AR5 T v R
A, TEIRFE N 10 mg/g I SRk IR B K, /2 Xt I 1)
2.7 1% . R & R HaPRDM10L 7] LAV & 2-TD
(115 F(E TA).

A FE /0, CYP6B6 ()M X R i5 & Bk #a i 5
HaPRDMI10LAHALL , B %5 2-TD ¥ B 88 in & 2 T i Ja
BRI %A . P AbEE 6 F148 h 5 CYP6BG6 AT
FIE T 2-TD WG N 2% EIHE N &S,

101 a

HHXS ik
Relative expression

FHXS ik
Relative expression

t/h
El7 2-TD 4B THE44 H 6 5 H§% HaPRDM10I (A)F1 CYP6B6 (B)RYFEFTRILE
Figure 7 Relative expression level of HaPRDM10l (A) and CYP6B6 (B) in the midgut of the 6" instar larvae of H.armig-
era treated with 2-TD

2K N 5 mg/g i, CYP6B6 FIARRT 15 & e » 40
SARTIR ) 4.6 F13.2 4%, TALFE 12,20 F130 h )5,
CYPG6B6 [P FHX R IA BB BE 2-TD IR FE R N 258
B J5 BT R BB, 1 2-TD IR 9 10 mg/g &b
20 #1130 h i CYP6B6 FIAHX 1K e sy » 439N
XTHR ) 4.9 FI3 4% . ik 45 Bl BH CYP6B6 th ] L)
M % 2-TD [ % 5 (& 7B). A It , AN W 5T HaP-
RDMI0LF1 CYP6B6 5 Jo 45 0% 5, Xt — 3 B FHXT 2
ik B AHORE DR A 43 BT, 45 SR B 4 PR B 1) 2-TD Ak
i 6 h J5 CYP6B6 A1 HaPRDM 10 (R X} 2% 14 8 5L 1F

30 mg/g 2-TD
B 5 mg/g 2-TD
8 10 mg/g 2-TD
B 15 mg/g 2-TD
Bl 20 mg/g 2-TD

A
30 mg/g 2-TD
B 5 mg/g 2-TD
B 10 mg/g 2-TD
B 15 mg/g 2-TD
Bl 20 mg/g 2-TD
30 48 B

&2 2-TDAEHEEL ™ 6 h[§ HaPRDM10l 5 CYP6B6 H3t Rix ERIHE XS HT
Table 2 Correlation analysis between the relative expression levels of HaPRDM10l and CYP6B6 in H. armigera treated

with 2-TD for 6 h

WiH HaPRDMI0L AR 355 CYPG6B6 [F X RiE &

Item Relative expression of HaPRDM 10! Relative expression of CYP6B6
HaPRDM 101 FAHXS 255 & 1 0.749™

Relative expression of HaPRDM 10l

CYPG6B6 (M AXT RE & 0.749" 1

Relative expression of CYP6B6

#%:0,01 KRN 535 AR ¢

**: Significant correlation at the 0.01 level (two-sided)



B HUIE T T DXCEE SR SR BLER 1 10 R IR Sw B S 3B 2 #r
Cloning and Expression Analysis of the PRDM 10l Gene of Helicoverpa armigera

1365

HH 5% (r=0.749, P<0.01)(3& 2), i}t #§ HaPRDM 101 7]
RETE CYP6B6 334 LA N 2-TD 115 T .

3 itig

B RV 78 2 [R) kA ik 7 b B R R
P RAR BLIE R 7 SRR R B U 28
iy, YA G VBT E L], L 0] LS A B
G . B BT o 38 o 50 0 i 25 AU g
AT S DL R AR AL 7= A2 A B 5 (L et all,
2004; Zhou et al., 2010; Liu et al., 2006). B 4= 7 jifi
(Solanum lycopersicum) W& 5 ey W< BE I FE W) I A4 o
2-TD SKHLHUR AL B R EF (Aphis gossypii)~ R
5 Z W (Leptinotarsa decemlineata) ] 5% £
(Goncalves et al., 1998; 5 %, 2012; X1 /) 72 5%,
2014), 1M 3 HAR N AE 7 ) i 5 B 2R Q0 20 B 3R
P450s 1] ARG ) A 5T 15 5 0 B 3RO, ok B %
TR AR ) 5 R0 3% ORI, 18 A AT R 3% HUFR = A i
ZVME(Li et al., 2017; Ma et al., 2019; £ 2545, 2021).
R, A T R 98 2-TD 5 5 CYP6B6 i ek [P AL,
AHETEIE T HTHASRAF 10 CYP6B6 3 X J& 817 L 1) 2-
TD 1 5. 76 /4 HE1, | F§ DNA pull down 43 A M 2-
TD AR R i e 8 A R e v DL HE TR
EFEAERREE RN T, &M 345 T HaPRDM 0L,
AT BRI L T AR AR R BN B
ANTRIZH A IR AR RN 2-TD s R i3k e

DNA pull down 5 ¥4 H #5 DNA J7 41| F A9 &
brida SRR A RIRICHIMERE &, 5 E AR
VIWEE B A EREER B E S, RS RAR
YE B Al /3 A3 8 O AN DNA FRA IS 5 A . £
H T s A7 1 37 ik (9 45 /=, 2016; Zhou et al.,
2020). FEAHFFTH, B DNA pull down 352 A4 3%
HHEI 4&1EA, BA TS EORERE f i A3
P E R ILEL B 5 HE1V REM e M G R R R 2
T 60 B, VR K LA TR s R+ HoOR
ZNKMEA. £1HQ2018)7E K & (Bombyx mori)H
) FH 16 F2 R 4 3K 5 Homeobox AH 9C 5 [K] A (spe-
cial homeobox genes, ShaA)¥F T 45 A8 N H
RGN AE AN Sk R 1o AW 7008 I 7l 4%
KRR IR L SN S A R T AP E S
H AOA2WICIY7 J& T zf-C2H2 £ 48 K jik , & AL
T Atz B iE18 7 fm.  1E )1 & (Morus notabi-
lis) W M AZ BR 37 16 3843 1 > MYB X% e s [A]

T, B N RIR2R3 ) MYB #% 3¢ [A F (Mn-
MYB3R1), t & i T 40 f &% H i ik 15 o 5
AOA2WIC1Y7 #H 4 (X FE, 2020). A 5T 7E NCBI
H Blast £ & 3| 5 AOA2W1C1Y7 UL & & & ) /2
#344 th PRDM101 (GenBank No. XP_021190227.1),
e AOA2WI1C1Y7 /& PRDMI10I, [Hl It 77 [ 3k 15
PRDM10L 2 R, # J5 64T 8 B 4504 70,
HaPRDM10175 14> SET 25 #4380f1 6 /> C2H2 B4 45
CERIIE L X5 E A 1A SET 45 4 380 AN 50 v 48 1)
C2H2 BB 45 45 M9 i) PRDM 5% 1 45 My R AE 2 — B0
(Han et al., 2020). A, = 2% 45 ¥4 70 % 3 HaP-
RDM 101 # VL it () B4R /2 A ) PRDM10 (c3ihxB),
i Bf HaPRDM 101 5 PRDM 10 #H4LL , ¥ J& T PRDM
AW 5E K I HaPRDM 101 £E K384 AR [7) R BB
B FRIE, SR R B A, TR %A
25 7NN IR K B A GEAR , T K OR = I 4H 4y
b, (Rt O 2] 1 W4 K B - Park %(2010) &
L PRDM10 W] £E /)N 58 B 2 M IR i o 223k, H#E
PRDM10 A BE & Wit & & ik 2 o 1E 3 42350 A0
BRI . [FRE HaPRDM 0L )5 M AFE A
Y7 T, AR 6 WS R4 R 1) Skl A BE | i 1 R AN
A R, HAE R g R AR RIS B A,
e 3 BT AL A B BT S Bl Re 1 R i
ATREV B Z MW R S RE R rO AR . R, R
HaPRDM 0L 7T RETEARE H 1A= K R & OB AR
R RIEER . RE, AN [FVR B 2-TD AL 2R
USRI HaPRDM 101 A1 CYPG6B6 A% 2k
SR B IR SE S S B IK . HaPRDMIOL A
CYP6B6 1E AR FEE 1) 2-TD %8 i [8] Ab 3 B 4 3o 3
TG0, 17 B A 2-TD VA< B 38 K A 2 B[] ZE K AF
FIL B, P HRES, 52 IR RO, %
45 JL 500 WA 72 2-TD W38 J5 A3 44 HU P450s 52 % 5
EAI R R AR ARAB I R B2 i b [i) b B R BN 5 5
80, v A A B ) Ak R ) — % 2 B A 5 P
(X 7N 5%, 2005; Liu et al., 2006). HaPRDM10L F1
CYP6BG6 [FJAH A% 43 At A B, AN [R) 3 BE 1) 2-TD Ab 3
6 hJG —# 5 1EH1 9% (r=0.749, P<<0.01), £ W] 2-TD
Jed I 1) 42b B IS Ha PRDM 101 AR % 2635 839 i v] fig
] i 72 {F CYP6B6 (1) 3% 1k & 35 i, 15 B HaP-
RDMI101 7] § #& CYP6B6 ) IE i % K 7 . A &
(2018) th 28 38 Iy i 560 UE S A G % 23 Bt Jig B B 9 i
H ShaA O R AR 5 224 8 RNA
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T 5288 %) HaPRDM 101 Th € HEAT 3 — 25 il 47 , LA
1 BH #fs HaPRDM 101 41147] il 25 CYP6B6 335 3K i [/
2-TD Wi 3 o AW FEA AR 42 AR 2-TD 1Y
MURISRAL T 26, MRS AR S S e (it 7
R

4 Hig

AHf FCiE I DNA pull down £ AR AL CYP6B6 J&
B bW S 2-F = e B A% 0 7 51 HE AR 4R E
15 346 Hh Af B4 HRUTE P 9 YT X B 4R 2R AL EE 1T 10 (HaP-
RDMI101). i it PCR 77 2% o0 b& 9F % %2 T HaP-
RDM 10l 2, qPCR 73 1 % W] HaPRDM 10L1£ 5 7 %))
HRIB R A E  1E 6 G AR AL, R
KB R E . 2-TD Xt HaPRDMI10I {15 S 4F Fl bt %
A 3 I A] S KT I B 6k 55 5 7F 10 mg/g AL FE 12 h J5
I8 B KE , /b HE 6 h i) 5 CYP6B6 5 1EAH K, Uit B
HaPRDM10L ] UL Wi 3 2-TD {]i% S, ] 68 i 4%
CYP6BG6 [M3R1%k . AH i K] LU 48 i 245 14
TERINLEIEE 225, I R4 I T F LB i 4
oy T HEbR.

Sk

o5, Bal, X/ T 2012, KR HUH A £ 3K P450 CYP6B6
JE DR Bl 7 B3 PR 2 BT [0, 07 SRR S R SRR
i, 29(1): 13-18. (Li F, Ma J, Liu X N. 2012. Activity
analysis of the promoter of cytochrome P450 CYP6B6
gene in Helicoverpa armigera[J]. Journal of Xinjiang
University: Natural Science Edition, 29(1): 13-18.)

KIPE. 2020, b2 gy A AL AL TS D BE T 78 [D]. 22
BLVR ST, PR RS, S0l [ PR, 477 £, pp. 60-74.
(Liu D. Study on the anti-stress function of mulberry
polyphenol oxidase gene[D]. Thesis for Ph. D, South-
west University, Supervisor: Xiang Z H, He N J, pp. 60-
74.)

RN 2005, AP AU KB JL20 B 6 3K P450s (115
T} CYP6B6 B A 1) i [ 5 R [D). 1+ 22 018 3,
o RO R &, T A B, pp. 67-73. (Liu X N.
2005. Induction of Helicoverpa armigera cytochrome
P450s by plant secondary materials and cloning and ex-
pression of CYP6B6 gene[D]. Thesis for Ph.D, China Ag-
ricultural University, Supervisor: Gao X W, pp. 67-73.)

KNT, 55, TR, 55 2014, 2- AT - S AR 48 B (He-
licoverpa armigera) i il .3 P450 CYP6B6 B} 75 33k ki
BERIHFFE]. TR X BT, 31(5): 978-983. (Liu X N, Li

F, Zhang X T, et al. 2014. Study on the spatiotemporal

expression of cytochrome P450 CYP6B6 in Helicoverpa

armigera induced by 2-tridecane[J]. Arid Zone Re-
search, 31(5): 978-983.)

B, M, EIRLT, S 2012, R VAR W) O KR 4 e
Ik S-He 7% il AR I T I 1k A 5 R R (0], o AR
S£3ER, 28(3): 253-256. (Lv M, Sun H H, Wang L H, et
al. 2012. Effects of secondary metabolites on activities
of glutathione s-transferases, carboxylesterase in Aphid
[J]. Chinese Agricultural Science Bulletin, 28(3): 253-
256.)

FEE . 2018, KA Shad, ShaCl He TR J5 3 T %5 58 R Rk 4%
WEFL[D]. il 2 A1 3, PR RS, Sl EBeFs, AR
J7HR, pp. 39-50. (Shi I. 2018. Identification and expres-
sion regulation of ShxA and ShxCl gene promoters in
silkworm, Bombyx mori[D]. Thesis for M.S., Southwest
University, Supervisor: Tong X L, Dai F Y, pp. 39-50.)

HEE, V5, TREMG % 2021, gt H4  H ol eEE HUEE 1Y)
PO I B FLAH D 4 3 P4S0 LR ik 43 At [3]. H AR
b2, 54(14): 3004-3016. (Shi X, Li S, Wang Z M, et
al. 2021. Resistance monitoring to thiamethoxam and
expression analysis of cytochrome P450 genes in Lepti-
notarsa decemlineata from Xinjiang[J]. Scientia Agricul-
tura Sinica, 54(14): 3004-3016.)

Wi IR . 2016, KIGHT B esrE 5 R % 5% R 42 S AT [D]. Al 4= %
PR30, AR T K%, Bl 5k HE, pp. 31-33.
(Yang X C. 2016. Analysis of transcription regulation of
Escherichia coli esrE gene[D]. Thesis for M.S., East Chi-
na University of Science and Technology, Supervisor:
Zhang H Z, pp. 31-33.)

B, AR, X T, S 2018, Kk AR EL 2 BE Rk A &

B o B B R IE A3 AT (D). v RO AL, 51(8): 1493-
1503. (Zhao J, Ren S W, Liu N, et al. 2018. Cloning and
expression of phosphatidylethanolamine binding protein
in Helicoverpa armigera[J]. Scientia Agricultura Sinica,
51(8): 1493-1503.)

Ahmad S, Cheema H M N, Khan A A, et al. 2019. Resistance
status of Helicoverpa armigera against Bt cotton in Paki-
stan[J]. Transgenic Research, 28(2): 199-212.

Bruce T J A. 2014. Glucosinolates in oil seed rape: Secondary
metabolites that influence interactions with herbivores
and their natural enemies[J]. Annals of Applied Biology,
164(3): 348-353.

Dickinson M E, Flenniken A M, Xiao J, et al. 2016. High-
throughput discovery of novel developmental pheno-
types[J]. Nature, 537(7621): 508-514.

Feyereisen R. 1999. Insect P450 enzymes[J]. Annual Review



B HUIE T T DXCEE SR SR BLER 1 10 R IR Sw B S 3B 2 #r
Cloning and Expression Analysis of the PRDM 10l Gene of Helicoverpa armigera

1367

of Entomol, 44(1): 507-533.

Gershenzon J, Dudareva N. 2007. The function of terpene nat-
ural products in the natural world[J]. Nature Chemical
Biology, 3(7): 408-414.

Goncalves M, Maluf W R, Gomes L, et al. 1998. Variation of
2-Tridecanone level in tomato plant leaflets and resis-
tance to two mite species (Tetranychus sp.) [J]. Euphyti-
ca, 104(1): 33-38.

Han B Y, Seah M, Brooks I R, et al. 2020. Global translation
during early development depends on the essential tran-
scription factor PRDM10[J]. Nature Communications,
11(1): 3603.

Krempl C, Joupen N, Reichelt M, et al. 2021. Consumption of
gossypol increases fatty acid-amino acid conjugates in
the cotton pests Helicoverpa armigera and Heliothis vire-
scens[J]. Archives of Insect Biochemistry and Physiolo-
gy, 108(3): €21843.

Li F, Liu X N, Zhu Y, et al. 2014. Identification of the 2-tri-
decanone responsive region in the promoter of cyto-
chrome P450 CYP6B6 of the cotton bollworm, Helicover-
pa armigera (Lepidoptera: Noctuidae) [J]. Bulletin of
Entomological Research, 104(6): 801-808.

Li X, Baudry J, Berenbaum M R, et al. 2004. Structural and
functional divergence of insect CYP6B proteins: From
specialist to generalist cytochrome P450[J]. Proceedings
of the National Academy of Sciences, 101(9): 2939-
2944.

Li X, Berenbaum M R, Schuler M A. 2000. Molecular cloning
and expression of CYP6BS: A xanthotoxin-inducible cy-
tochrome P450 cDNA from Helicoverpa zea[J]. Insect
Biochemistry and Molecular Biology, 30(1): 75-84.

Li X X, Li R, Zhu B, et al. 2017. Overexpression of cyto-
chrome P450 CYP6BGI may contribute to chlorantra-
niliprole resistance in Plutella xylostella (L.) [J]. Pest
Management Science, 74(6): 1386-1393.

Liu X N, Liang P, Gao X W, et al. 2006. Induction of the cyto-
chrome P450 activity by plant allelochemicals in the cot-
ton bollworm, Helicoverpa armigera (Hiibner) [J]. Pesti-
cide Biochemistry and Physiology, 84(2): 127-134.

Ma K, Tang Q, Zhang B, et al. 2019. Overexpression of multi-

ple cytochrome P450 genes associated with sulfoxaflor
resistance in Aphis gossypii Glover[J]. Pesticide Bio-
chemistry and Physiology, 157: 204-210.

Mckenzie N, Helson B, Thompson D, et al. 2010. Azadi-
rachtin: An effective systemic insecticide for control of
Agrilus planipennis (Coleoptera: Buprestidae)[J]. Journal
of Economic Entomology, 103(3): 708-717.

Mordue A J, Blackwell A. 1993. Azadirachtin: An update[J].
Journal of Insect Physiology, 39(11): 903-924.

Park J A, Kim K C. 2010. Expression patterns of PRDM10
during mouse embryonic development[J]. Biochemistry
and Molecular Biology, 43(1): 29-33.

Petersen R A, Zangerl A R, Berenbaum M R, et al. 2001. Ex-
pression of CYP6BI and CYP6B3 cytochrome P450 mo-
nooxygenases and furanocoumarin metabolism in differ-
ent tissues of Papilio polyxenes (Lepidoptera: Papilioni-
dae) [J]. Insect Biochemistry and Molecular Biology, 31
(6-7): 679-690.

Sorrentino A, Federico A, Rienzo M, et al. 2018. PR/SET Do-
main Family and Cancer: Novel Insights from the Can-
cer Genome Atlas[J]. International Journal of Molecular
Sciences, 19(10): 32-50.

Woo J, Jin B H, Lee M, et al. 2021. Investigation of PRDM10
and PRDM13 expression in developing mouse embryos
by an optimized pact-based embryo clearing method[J].
International Journal of Molecular Sciences, 22(6):
2892.

Zhang B L, Wang Z, Guo T Z. 2019. Inheritance of transgenes
in transgenic Bt lines resistance to Helicoverpa armigera
in upland cotton[J].
1902: 199-210.

Zhou C X, Zhou H Y, Fang H L, et al. 2020. SpoOA can effi-

ciently enhance the expression of the alkaline protease

Methods in Molecular Biology,

gene aprk in Bacillus licheniformis by specifically bind-
ing to its regulatory region[J]. International Journal of
Biological Macromolecules, 159: 444-454.

Zhou X, Sheng C, Mei L, et al. 2010. Expression responses of
nine cytochrome P450 genes to xenobiotics in the cotton
bollworm Helicoverpa armigera[J]. Pesticide Biochemis-
try and Physiology, 97(3): 209-213.

(i 2FI4R)



