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i S ) 7%) B B B A o B3 23 A B 4 B itk 2
B R B A B RS0

\ \ 1’ 2** 5 2 S 2 N 2***
HL 2 BAK:S TAES K ¥
(1. MR S ardbe, B 2013065 2. BT AR A ASHERP AR, L 201403)

B OE [B®) WHhR M E%E Microplitis pallidipes 274 % 41 57 7% . Spodoptera frugiperda ifiLifk
BMAL R | YA ALEEIR ( Prophenoloxidase, PPO ) JE[H ik & Al /LS ( Phenoloxidase, PO ) #hifHAY
SEMR Ay S R AR R 0 1) 4 B s e b B A AR BRI . [ i ] 380 5 P9 A0 A S IR i
TR AR F N Vi) P M 2 A ) B AT 40 5 3 3 RT-qPCR 347 B % 12 88 1 PPO LRI SSPPOL il SPPO2 )
B8 kil 5 3 ad PERR A S0 B b S 0 o 2 A A I R L SRR B SR RO BE kT 5 T b SR SR
A G R PO WM ; SR RT-qPCR il 2 H kb 57 7 M9 27 A J5 itk [ SIPPOL Fi SSPPO2 14 AH X ZE K]
Fikm, [GR] SRR IR 078 O A AR IR 3 k4l L, STPPOL il SIPPO2 )7k b
A 4 gl dUh SR A B, H R dUm R Rk . R SRR A AR 12, 24, 48 M 72 h I
M IH B S R B R TF R A A4 (P<0.05), SIPPOL Al SPPO2 HIAIXT RE K ik Al PO i PR TR %
A, MR MTEN, SPPOL AHXT LN ik S SPPO2 H AR AR R (R=0.912 4),
PO 7 PS5 Wi~ PPO JERIAHXT Fak i 22 0] . SBALRE PO 16 LA PPO J R AH X ek 7 22 [A] 14 5 B 1 A 5K
[ 4538 ] 2 MU0 A5 0 2 A o B b 5 0 0 ML A ECS A S 3R T 0 ot 9 E5% P i S A D PR ) 38 I
A PO T, H PO GE . PPO SEP AR Fe ik i Sl bk B BBAL 3R 3 AMRFR 2, W2 )35 2 IIE A
R BN A RSO RALSON; YARIREE; AEIBEIA

Effects of the parasitoid Microplitis pallidipes on the menanization
and phenoloxidase activity of the hemolymph of
Spodoptera frugiperda larvae

Kk . . . ok
HUANG Lan-Lan"*" JIANG Jie-Xian® WANG Jin-Yan® ZHANG Hao’
(1. College of Life Science and Fishery, Shanghai Ocean University, Shanghai 201306, China;

2. Eco-environmental Protection Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China)

Abstract [Objectives] To investigate the effects of Microplitis pallidipes on the menanization, prophenoloxidase (PPO)
gene expression and phenoloxidase (PO) activity, of the hemolymph of Spodoptera frugiperda larvae, and thereby provide a
foundation for the more effective use of this endoparasitoid to control this pest. [Methods] The S. frugiperda larval instar
most susceptible to parasitism by M. pallidipes was determined experimentally and RT-qPCR was then used to analyze the
temporal and spatial expression profiles of two S. frugiperda PPO genes. The menanization rate of larvae was counted using
the film method, and the PO activity of larvae was measured using the absorbance method. The expression of SFPPO1 and
S'PPO2 in the hemolymph of S. frugiperda was determined with RT-qPCR. [Results] 3rd instar S. frugiperda larvae were
found to be the most susceptible to being parasitized by M. pallidipes. The relative expression of the two SFPPO genes in eggs

and 4th instar larvae was relatively high, and both genes were mainly expressed in the hemolymph. Hemolymph menanization
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rates of parasitized larvae were significantly lower than those of the non-parasitized larvae after 12, 24, 48 and 72 hours

(P<0.05). PPO expression and PO activity of parasitized larvaec were also lower than those of non-parasitized larvae. There

was a strong, positive linear correlation between the expression of PPO1 and PPO2 (R*=0.912 4), and there were also positive

correlations among PO activity, PPO expression and the menanization rate. [Conclusion] Parasitism of M. pallidipes

inhibited the menanization of S. frugiperda larvae and down-regulated the expression of two PPO genes and PO activity. PO

activity, PPO gene expression and menanization rate were all positively correlated.

Key words Microplitis pallidipes, Spodoptera frugiperda; menanization; phenoloxidase; biological control

0% Spodoptera frugiperda Smith,
JRE H Lepidoptera, kAl Noctuidae, F&Hk
B EARAR H AU R FUE 1) SR FERFE
T 2019 W EIRARKE Zm X, FEy”
BRI EZ A0 (FIFESE, 20195 BRESE,
2020; #ALWA, 2020) o F XA SR BT
1A R AL 2= AR 25 9736 H b 513 M7 56 YN
CUEAXT LR R 2577 48 THightk ( REEAR
4§, 2019; EISCIRSE, 2019) , PRCAROR %
G- R/ PN RN g Ay oA =R ]
P F M SR 1) T BT B (SR, 2019; T
245, 2020)

IR AN YA I Microplitis pallidipes Szepligeti,
JE B3 H Hymenoptera, #HI%F} Braconidae, J&
Tl i Spodoptera exigua. A7 15 Spodoptera
litura, H5H Mythimna separata 55 2-3 #$7% 14
WA R, Tz TREMWTL, LR,
WL S BB Ay, TR e 4 A i AR A
AR 30%-47%( 245 45,2017 Jiang et al.,
2018 ), HA REFWIAEYIBNARCR . s &
PRIR AN 78 B v T B S ik AR P B i
HAE 29 CXPREHL IR 0 A7 A BOR B (4
EAE, 2020 ), IR AL IE 8 E T AL A A
RN T 53 BN RERS LT 18
R, R, W AR AN A AR -
FEHAER XN T (Dudzicetal., 2015; #Hik,
2017; MAREAE, 2019),

oAb ) i ( Melanization ) J2& B HHRAH A {2
o SR ) — R SE R S e B, S B A A (R &
EER PR, RN YR A RS 5K
BagsE , SUTE A i v 4 45 E4/E ) ( Nappi and
Christensen, 2005 ). A4k 1 A2 i AT B 48 AL Bl
2% )2 v ( Prophenoloxidase activating system,

proPO-As) /- F5|#2 ( Cerenius and Soderhall,
2004; FRBETAE, 2015), Mréa fLEE1E R B AL
N PR OCHER R, CAEXGHE | BEHH | H
H A 5 5 R drh g & 3 IF A58 ( Huang
etal., 2001; Kimetal., 2002; Lourengo etal.,
2005; Tsao et al., 2009 ). il , 457 K i Manduca
sexta 1) A4~ Iy 4 Ak g D 5 PRI 1) 20 05k 1R )7 9 AT
8% R, JF HA PR i, SAmrS
o3 ER B AH BAE R 0 & 4 i S A s (Li
etal., 2009 ), & H 5T R0 1) A~ o 41 il D
FLH SSPPO1 ( GenBank: ABB92834 ) #il SPPO2
( GenBank: ABB92835) E &M% E .

TR RN 8] B R L 28 1 E B T o 4
M pe ik (B4 S, 2020 ), {HEXHZFAHL
PRIBIFTE A DS o AHIFFE I I oA Bk iR A2 )
T4 BN T A I ) R e, B AR LA L R SRR | Ty
SR D B R 179 338 2 R AU TR Bl 0 1 1 2 4
A B R ML 00 9 1 e o 0 5 78 gk SR A 12 N T
AT B2, XE T G i R IR R 3 PR e
I 4 e b, B 1 e B /A A A 24 fifi B AR

1 #MR5HE

1.1 EEHE

3 T IR AV e R AR T L 1
2R B IXEATER B AL R4 ek (31°N,
121°F ), Herp s 2 78 AR I I i 2R O R
ORI AN IR, FE SR = ] 97 2 O
PR, S5 SE LA ST A VR A
HITZREE, LL10%0 K IE N HE TR
U o SRR ARG % &0y H LI i K o R
Yook, 2 BT N Tk ] 5, A5 2 P g s
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Wi, K HE TR 14 LRMFEFHE (5 16 cm,
EA£9.5 cm) Hibif (BHWZESE, 2020 ), M4
PR 7E N T A5 5748 (10L : 14D, RH=
80%+5% ) sAF TSR, I EHH 2R,

1.2 5 JE 072 v e o O [ e A B 3 % B i 4
HFEHR

ISCPIAE 1 d A5 e A0 /) FEC e e T A e 4 —
SAEP A (5 10em, BHA 1.5cm) HFASHD
24 h, U] [E)FH R Rt UG KA A B ok U
FLFECXT 16 4. B 16 MAFEIE (5 8.5 em, HAZ
5.5 cm) ¥PMA TR, JFHRRRIEYE 1 %, 2
1. 3 WA 4 il R R A R 10, 20, 30 Al
40 SLRPIPZ A 5 70 B R b 5 7 e 4y He
FEMGLFPRES . Pl 16 ANMRFER A& IA—XTE
BC X B TR JE A8 e, R AREA T B £, JF
REFTHL /N LBS BT 29 CHRIFRA LR,
24 h Z 5 B IR FEA VA B | Ay Rt O b B MK
P EARBR A | B B 5 3 M 4y HR 4 ) T B B
BrhRsESE, EENIRAEBTEE, HisHsms
RABIEFARER, T ERNGT, ARt
T3 RER,

1.3 EiFHEE PPO EERM = Rikik 447

PRVE R SRR IR . 1-6 WA AU i K
BRI 9 NAFBEBIEEAET - 80 °CUkAf
H ORI 5 DK A0 20 B ARG 3 ST 0K 4 1%
2RI ES . P SIRAE | PRBERIE I AL
5L, R TRA TR, HET

- 80 °CUkFaH IRfrE# T RS A 2R
RNA fhigaifbidn e (ETAY TR (L)

et AR ) B #E T4 RNA, FH406
FERE TR I WO BE 1% Bt g 458 15 HRL Yk AG )
RNA JfisE, ¥ FriSi RNA WIRE T - 80 °Cuk
FAIRATAS o He BE R SRl R G XL RNA
PEFT cDNA SH—28EM A, 1530 A4 BE Y
cDNA BT - 20 °CokH P-A7 4 H o A H Primer
Premier5.0 ¥/, #:RE Real-time PCR ZE3R %} ik
HUY S b ST N S HE A Actin (XM 035598605 )
K HFRFER SSPPOL Al SSPPO2 #4755 [ #55it.

Hi G RNA B SRG ) cDNA 55—
PR , $% B8 TransStart® Top Green qPCR SuperMix
Ot RN G (et REGRA
Al ) YA AT SR g i PCR A, BT
SRR 1P HERLF .94 CHIZETE: 2 min; 94 °C
5s, 60 °C 30s, HEFT 45 MEH; 95 °C 15,
60 °C 1 min (BRI 0.3 °C, EHH| 95 °C);

95 °C 15s; WAKRZ K 20 uL: Primer exf/r |
U519 0.4 uL, W buffer 10 pL, c¢cDNA 1 pL
Fl ddH,0 8.2 pL, SEHFZE5tE & PCR A& I{LE
SRR, LA 27T B H SR AR X
ik & (Livak and Schmittgen, 2001 ),

14 EEMSTRIRA) R B MG E S & T H
I # B R AL 2 T E

RS IC IR M B8 B T IR 40 Sk
T BT 3 WA TR (5 12 em, EAR
7.5 cm), 24 h ZJR R RIR MR, K H

&1 BHETANSIY

Tablel Primersused in the experiments

5% FIFH) (5-3") GenBank %55 Gk
Primers Primer sequences (5'-3") GenBank numbers Usage of primers
SActin-F TTCACCACCACCGCTGAGAGG XM_035598605
SActin-R TGACCGTCGGGAAGTTCGTAGG XM_035598605
SPPO1-F CGGAGTCAGGATGCCAGTA DQ289581
Real-time PCR
SPPO1-R GCAGGTTGATGCCGATGT DQ289581
SPPO2-F CCATCAAGCATTGCCACCAACATC DQ289582
SPPO2-R TCAACGACGTTAGACAAGCGGATG DQ289582
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TR M o R B B A b, R A A A AR AR
() 3 ity e b B A e 4y H o 3 A1) R A A A A
AR ALERE 12,24, 48 F1 72 h (W LR EL R AL R
JH TG 8 7 20065 W B 2 TR 1A A5 R O 9 B e
A AR 225 110 R 1 T M 4 A I bk Tt
B L T s — ok gt ), =i
TER 25 CEAAM F#E 20 min, WEFFiC 5 MLk
EL B 6 A 78 Ak o 224 I 9K B B9 B 66 Pl 6 B €235
RH AR Sy B sl B A0 B A 2 I JR A, AR
o 5 AR BT At R 2 A S S A A2 B T
174 ( Doucet and Cusson, 1996; FHN4T4E,

2001 ), A AR AL FE 40 Sk &) i ik e Ak
R, WA T AL AT 3 IRER,

15 EFTELYREREMIHETERD
PO & ERE

JHE SE T PR A2 003 e e 2 A 3 1
Mg acigkahh, ALPRS 12, 24, 48 172 h, 4&
BPLAS A 3L 1 1, B 7 I AL A LA 4% 50 mg, 4%
Ab 38 LIAH ] SR /I 1) A A 2 A 1) 0l 58 12 ik 4
HAERNTHR . # 0.1 g/mL Bk BN & 1l 1)
pH 7.0 1 0.02 mol/L BEFRENFZZE MK (PBS ),
VK FIRAIEAT, 4 CUKAEHE 30 min J5, T
0 °CZ4F 4 000 r/min B.0> 60 min, 57 A |
) 1B R O T 7 A LS R 07
AR R IR R U A AR (PO ) IR s
W I R B (DA SR A v 3 e s B
TS AE YRR A BR A T ) A A 6B 20 R
YETE 450 nm P A AL E 4L OD i, Ak
WE 3 PNEE ., 7F Excel TEFEW TP, DIFRMES
We B VERE AR R, RV OD EVEARFR, 2Rt
MR T 2R, Heth R RS REAR IR

16 EHEhFHEHHBEXBMIAESTERN
PPO EEEX RIXENE

FEARIGE] 1.5, #&H LG 12, 24, 48
72 h TR IR £ B R A A A il gk L A T
FEHL RNA Jf 5 55 o #2 1E TransSart® Top Green
gPCR SuperMix (+Dye I / +Dye Il )5t 2E 757
& (b e X EGAEYHEARGR AR ) BT
LR E B PCR Rl & AEA ) SFPPOL Al

SPPO2 R MM X Fika, FTHIIYWE
RT-qPCR 5545 1.3 A CH A —3, R 3
AN, i 20T P H AR AR A
o, JEHF TR AL,

1.7 EME i PPO EEEXMRIZE. PO iF
EHRLEHEXES T

DA, 5 8 U R S AN ) e B A A A R
R AR 2H BTN FE B PPO JE A X 35 L PO 1%
PEFNRAL R BUE AT AH 53T o B Bl 6 PR 2
PEATRTEIC A, 2 A 3R R I bk B AL SR A T S
RS, PLE R ST A A R SSPPOL A
SIPPO2 ( SSPPO1-SPPO2 ) LK AHNT# A5 | il
S SPPOs LAY ik (PO-SPPOL,
PO-SIPPO2 ), 754 Jii B Hb 57 7 1% i 7k B 2 Ak SR
5 SPPOs i FI A X ik i ( HBAL3-SPPOL,
A3-SPPO2), AR EEEN (BIL%-PO)
DL 2 [R] (AR SR T R

1.8 HBIBELERSH

B S7S% B SPSS 19.0 # ke 4T, il ot
27 AT R sk i 5 B B
A I R EL R P (B A T X B 48, o A A e Xk
b R IR 1) A A SRR M 5 Ak I A £ SR A
BT ROE s, AT 220 el -k g 4y
Mr, Wiffl Tukey’s HSD JkibA74b3|a] (2257 &
FERE

A A= A A 1 R b TR R I K
FHF b 50 S £ 100%

B A 5= i) bR B B A F B 5 R AR /3
55 Ffr FH R b, £ 30 1 S 8K < 100%

2 HREHH

21 REMAEEN AR KRR TR R
HFEBRSHT

PR R T 2253 B 2R B, TR JE YA e e o) e i
TR M 4y BB A A RO T4 R (Fs 0=
249.16, P <0.000 1), #FEHE (F33=15.16,
P<0.000 1) AP E 2 B[ (Fy3=2.57,
P=0.023 9 ) (& 2 ), R BV FE XA [R] 1) 2F 3
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LI R BT 3 4 UG R AR R A, AR

2 W R 4 W4 L TR 1R SR Bk 4

B A AR ERAR, AR MR —5F T

Wighd, FFEFEROK, AR, L3 g
WO, 75 F2 A 10 kAT, %742 %8 90.00%,
MF TN 40 AR, FAERN 55.00%.

R 2 ORBMAEEN R ER A E M SR AT &

Table2 Parasitism rate of Microplitis pallidipesto different instars larvae of Spodoptera frugiperda

GRS L7 TR (% ) Parasitic rate (%)
Different instars - - N \
larvae 10 kA 10 ind./bottle 20 Sk/jfi 20 ind./bottle 30 3k/#f 30 ind./bottle 40 3k/Jff 40 ind./bottle

1 &% H st larvae
2 34 H1 2nd larvae
384l 3rd larvae
4 {341 4th larvae

3.33+6.15hi
73.33+£2.22abc
90.00+7.86a
23.33£2.22¢f

3.33+4.31ghi
60.00+1.69cd
86.67+1.45ab
18.33+1.26efg

1.11£3.501 1.67+3.03hi

54.4440.64cd 44.17+0.48de
66.67+1.17bcd 55.00+0.83cd

12.10+0.99fgh 10.83+1.60fghi

FP AR bR DR, FATEAR S bR AN PR R 205 22 0T AR BB 22 5 (P<0.05, Tukey’s Ki% ).

F 3.,

Data in the table are mean + SE, and followed by different small letters in the same line indicate significant differences after
analysis of variance (P<0.05, Tukey’s test). The same as table 3.

22 HEMEEEEAS PPOEEMM ERIEST

PAIRZE Ty 220 AR I, B 91 Bk 4 AN [
KERIE SPPO1 I SSPPO2 J [K il A X 2 ik
R E 2R (SPPOL: Fg5=356.83, P<
0.000 1; SIPPO2: Fgg=437.81, P<0.000 1),
SIPPO1 Fll SIPPO2 i [H 7 b 57 142 1 DI 1 114 4
Xp IR B, 3 26.39 F1199.78 (LU

>

301, PPOI

m SfPPO1
25 | [

20 b
15

10 ¢

BYOLg 20% 3i 4t SEE el W LR
Egg 1st 2nd 3rd 4th 5th 6th Pupa Adult

RIRI & F IS B SR IR
S. frugiperda of different development stages

FHRTRE =
Relative expression level

SPPOL 7£ 1 ¥4 rh Rk 1), HUKE 4
WA 3 W4l L, ZEA AR R IR T AR (B 1),

PR 2R 07 2550 AT 3R W, B Hb DRtk &)y v
SIPPOs A i A X FR ik i ( LA SFPPOL 7E IfiL bk [
R RIEREA 1) ZEARFE PPO MK (F =
140.77, P<0.000 1), AL (F450=243.56,
P<0.000 1) FIREREAILFFZN (Fyo0=
139.31,P<0.000 1 ). 7£ ¥ 2 1, SSPPO1 Fil SPPO2

B 250 PPO2
_ . B S/PPO2
o
5 200 [y
=}
o
ﬂﬂg'g 150 | b
B E
;%é 100 | c
& d
2 50+t e e de
* AN NE R
e o O B B S B

0
OP 1k 20% 3l 4% SIS oMt IE R
Egg 1st 2nd 3rd 4th Sth 6th Pupa Adult

NGV a1t Gl ER il
S. frugiperda of different development stages

Bl EMRREA PPOERERAELEMRMEINRILE
Fig. 1 Relative expression of two PPO genesin different developmental stages of Spodoptera frugiperda
A, UL STROAN[F J F ) SIPPOL S A XS kit B. SEMB ST RO [R] A 7 I ) STPPO2 SRR X R 1k
e EFRA AR NG FEER IR TT 2R 22 5 B3 (P<0.05, Tukey’s #2452 ) o FE[FE.
A. Gene relative expression of SSPPOL in different developmental stages of Spodoptera frugiperda; B. Gene relative

expression of SFPPO2 in different developmental stages of Spodoptera frugiperda. Histograms with different small
letters indicate significant differences after analysis of variance (P<0.05, Tukey's test). The same as below.



34 TS RNV B A A o et B A M 4 i 2L Ak S R T AR PR - 517 -
§ 8r a 0 SPPO1 72 h PR AR, 43514 56.00%F1 66.00%
s B S/PPO2
# T: 6 ~ B KA 4 Non-parasitized 134 Parasitized
K & S0 a a a a
% g AL _& —=— —E—
K § géxm— .
g5 . & b =
LU o 2+ =] 60
= b S
= = B E b
S cc cc cc c c e 401
~ 0 = - - - 4 e £ b
<
A g5 2
S o e W 5
6@’6\0 < R S 2 0 ) ) ) |
rb\'Q.\% 12 24 48 72
W 4G HTA] (h) Hours after parasitism (h)
Y B IRATRIH LR

Different tissues of S. frugiperda

B2 EMEEEA PPOEE
EAREANBENRIEE
Fig. 2 Relative expression of two PPO genesin
different tissues of Spodoptera frugiperda

PR A O R B T Ik B v e, SR T
fl 4 A~2H8R PPO JERAIXT A&, M H.,
SPPO2 FLH ryAHXT R IA T SPPO1 A AH
XPFRINEM 721 15, FAEREES.

2.3 BB Ma R A o B M 5 U 4h R it bk
BRI

M 3 AT LUE Y, oA 2 AR 4 0 5 5 1 k4
HUPE A 5 45 T 0 0 2R AL R K 5] 90% L I
177 2 A 2L A4 L 9 7 K ot 9k B SRR R A R A
0 4 A R E LT AR AEA (12 h: t=
74459, df=2, P<0.05; 24 h: t=25.750, df=2, P<
0.05; 48 h: t=27.300, df=2, P<0.05; 72 h: t=
13.147, df=2, P<0.05), HALH5 24 h iy BALR
Al (22.50% ), 48 h [IZ (40.00% ), 12 h Fl

B 3 EM@AIHHREMAREST ERHDKREBHUE
Fig. 3 Melanization rate of hemolymph of Spodoptera
frugiperda after parasitized by Microplitis pallidipes

24 REMAGHEFENEMFRBSY R PO
AR R

R 3, PIRER T 2Z0HrRM, FH TR
o ot 7K B 6 M A Ak i M R R T R S Rk A R
(Fi16=17.16, P=0.000 8 ), AbHFHE (Fs 6=
591, P=0.006 5) LR WiA~ 2K 3 R 52
(F3.6=1.46, P=0.272 3 ), B o704 B il ik
ELAY PO I PEFE IR 2 M5 H M 25 A S5 1) 4 B
) (12, 24, 48 Fil 72 h) YT Ry 27414
ARG, FEFEZE 120, FEA SR E
HEY PO IHTEZ T M A B35 58 72.65 ng/mL
F173.71 ng/mL ); MTEAFENS 24-72 h, 244
1, B M TS R S R TR A AR A, Hor,
TEALEESE 72 h, RFAAN PO {EMEHE, M
88.09 ng/mL, IMi#H a7 A= 4l A I bk I PO THPEAY
g 77.81 ng/mL.

x3 EMARHEYHYHBEREMNIREFEROBHILEEFENE
Table3 Determination of the phenoloxidase activity of Spodoptera frugiperda larvae after
being parasitized by Microplitis pallidipes

iy A ALEEE 2 (ng/mL ) Phenoloxidase activity (ng/mL)

DEXALIYIS

LS 12h LS5 24 h LS5 48 h WS 72 h
Treatments of host larvae 12 h after 24 h after 48 h after 72 h after
parasitism parasitism parasitism parasitism
K44 H Non-parasitized larvae 73.71+0.28bc 80.22+2.37abc 84.20+3.55ab 88.09+5.43a

A4 Parasitized larvae 72.65+0.79bc

71.00£1.15¢ 75.23+0.84bc 77.81£0.61abc
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25 WEMGEESENFMFTRIBL B PPO
EREXNREENZIT

ST I STPPOs ik R fi A Xof 2 6 et Bk
FRA A4 SPPOL: F 16=496.65, P<0.000 1;
SPPO2: Fy6=1912.85, P<0.000 1), 4bF 5
] ( SPPOL: F3,,=845.66, P<0.000 1; SPPO2;
F3.16=953.40, P<0.000 1) PAKW~R £ 13t
S0 ( IPPO1: F3,6=50.59, P<0.000 1; SSPPO2:
F3.16=103.83, P<0.000 1), M 4 n[%0, ZFA4:41
R4 4] SPPOL Fll SIPPO2 iy AH R ik 1Y
SIS ETHE T RER T A7 A 4 B
L) PR R A HE A A fS 12-72 h, SIPPO1 Fil
SIPPO2 [15E PR AH X Rk it 34 i AR T R 9 7 A
PR T kgl d . Horb, ZEBRJE 24 h, REFA:
41 SPPO1 it [H A X Rk oM AFAE LAY 10.04
5 AFRJE 12 h, REFAL SPPO2 1 [H A Y AH
X FRIB T AN 11.67 5.

2.6 PPOEEMEXMFIEE.PO EHHEMBHLEEY
HEX ST

T SR MY AT A S PPO JE RIA X ek

PO I M AR AR AR A B 2 SR R A1 5),
SPPOL FIAIXTF k& (X) 5 SPPO2 /)£ ik &
(Y) BHLEXRZR (Y=7.100 7X - 0.600 7, R=

Ao @ K Z 4= Non-parasitized PPO1
[ O %4 Parasitized .
°
5 sl =i
i .8
Mg 6F S b
'H'}% ‘5. bec
'B5 41 d
2
5]
© 2r
d
ST T E
12 24 48 72

FFAJEmE (h)

Hours after parasitism (h)

0.912 4), PO WM. PPO J:DHAH Tk &AM
WRELBAL 3 AR ERZ b, I (]34 S BAE AH
Kotk o BESL T PIPHHE PRI AHDCH 7 RE: PO (YY)
-SPPOL ( X) (Y=4.259 3" R=0.5215).
PO (Y) - SPPO2 ( X) (Y=4.259 5¢*7, R=
06353 ). BALHE (X) - SPPOL (Y) (Y=
4.259 5¢"% R=0.6353 ), ALK (X)- SPPO2
(Y) (Y=1.282 8¢ X R=0.398 5). Hfk*
(X)-PO (Y)(Y=4.2419¢"* ¥ R=0.3996),

3 itig

2 2 B HL ) 1y AR AR il T SR IR AR ) 1 g%
N5 A ERAZYIR R R UIAE G, filan, %
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( Asgari et al., 2003 ), X BHEHEESI i Hyposoter
didymator #7357 ( Hyposoter didymator
Ichnovirus, HAIV ) BEAS L 8 B Hb 57 4 I i bk E2
o PPO JEK (1 AH X 3k i, T B A V) R 0
Microplitis demolitor #77 [¥J5 7 ( Microplitis
demolitor Bracovirus, MdBV ) AEf% T 8 5 57
gk PPO JE[H )Rk (Provost etal., 2011 ).

UL FE Ascoviruses YL RISk 4 d )5,

SIPPO1 FiI SPPO2 J [ (1 AH X 3 ik 1 i 3 T ]

B ) @ K74 Non-parasitized PPO?2
S [0k Parasitized a

[

820 b

o —E
o# .S
Kz 15r c
*® & d
=
= 210r e
Z2

5]

T Sr ¢

~

12 24 48 72

FEERtE (h)

Hours after parasitism (h)

B4 EMIRHERRAEMIRETERDIMAE PPOERENRLE

Fig. 4 Relative expression of two PPO genes of Spodoptera frugiperda after parasitized by Microplitis pallidipes
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A. Relative gene expression of SPPO1 of S. frugiperda after parasitized by M. pallidipes,
B. Relative gene expression of SPPO2 of S. frugiperda after parasitized by M. pallidipes.
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Fig. 5 Correlation analysis of PPO gene expression, PO activity and
melanization rate of Spodoptera frugiperda
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A. Correlation analysis of SSPPO1 and SFPPO2 gene expression; B. Correlation analysis of PO
activity and SFPPO1 gene expression; C. Correlation analysis of PO activity and SfPPO2 gene expression;
D. Correlation analysis of melanization rate of Spodoptera frugiperda and SFPPO1 gene expression;
E. Correlation analysis of melanization rate of Spodoptera frugiperda and SFPPO2 gene expression;
F. Correlation analysis of melanization rate of Spodoptera frugiperda and PO activity. The phenoloxidase
activity values are logarithmically transformed, and the menanization rate value is arcsine transformed.

( Zaghloul etal., 2020 ), HMNZ% (2004) %k
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suppressalis 4 U I S AL G PE (2= FH L5,

2011 )o X R T 25 3= 1 S A 1) T 88 10 28 2
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I ), B AR ) R SO 3X AT BB TR A2 VA
BT TR AE . 24 DNA W5 8 IR E
20 0 55 5 ¥ T 00 1y ST i R PR B e i AL 1y
AL )5 1% B ( Prophenoloxidase activating
proteinase, PAP) HAE, 20 | My & ALl A 1Y
33k, Fa— s L 7% ( Moreau and Guillot,
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£ 520 - R B H1 244 Chinese Journal of Applied Entomology 59 %

JE U 3 PN 1) B A R 0 ) R T A 1 SR Ak
F, X515 S Campoletis chlorideae fig
S A 77 T 4848 HL Helicoverpa armigera JA LR
(RIS 25 SR — 30 T 0 SR A B o B R BB A B
T fi b P SR, FRATT IR 0 VA) B0 A
SR T A BB ARG, M — 2 A
1) PAAE R

X PPO JEPRIAHXT A 1 . PO 1 PR i bk 2
RALRIATH TS RE, PO THHM:.
PPO PRI FH X 2 15 1 R0 b 2 PRAE SR 3 AN FEA
Zh, W Z a4 S EUE AR G i H PPO1 il
PPO2 [ ik B AFTELPEL R, —H7F mRNA K
SR TE AR R BIX FIAS PPO LK AT RE B R T4
( Zheng et al.,2013 ), 5 4 # K i Manduca sexta
Wi~ PPO [l 1) 15 7 91— B2l (48% ), Hidth
TRIR Y PPOL 1 PPO2 1y e 4 —&eh: (56% )
KHENMETFRIEWIE (Lietal., 2009 ), 54h,
RATBFFE RN, PPO2 £ E/K & T PPOL
() ZRIB 7K, 33X AT RS2 7 07 13 e 8 4 T il
14 i # FP PPOL il PPO2 1V 35 it 41 8 1l
BMifr e 25 5%, W REJE A PPO2 78 Bl 5T 1
WA AT B T A B AL 2 A FL A D RE
Britz Ak, FATHET5E R, PO iEEF PPO
PRIAR X 2235 5 LA SR ARR A PO 1 & PPO
AN ik e 2 ] B AR BN IEAH G, (HRHIAS
R TERISE, XY PPO 7EfE A — 1N E 2%
B A8 i R A R A B — 208 R 1 — )
4R (BT, 2019, 2020 ), i B4R
2 37 B H Al 22 o e 7 4 P Tt T it R 22 B e ot
RIS ) MO, BAR PPO HL[A & Ak 7 v 8
% b SCSR , (FUR TSR AN R Ak M — e [
%, WIEMZEAFrELE LR,

AT ST AR RE T 5 b 5 1 Ik A YR A A 9
W 5 AR W e AR A RN 0T T PPO SRR i) 25 3=
TRTE SR L, B T IR A 78 B Xof L T 7
% LR B BB SN . PPO 5 KA X 2 1k
PO IEMEMSEM, FFE A MR T =%
Z RN I o AR5 235 SRt B A R P I A
T P 0 [ 97 L B e R /Db 2 AR 24 1) 4 ]
HAETEREE X,

S %30k (References)

Asgari S, Zhang GM, Zareie R, Schmidt O, 2003. A serine
proteinase homolog venom protein from an endoparasitoid wasp
inhibits melanization of the host hemolymph. Insect
Biochemistry and Molecular Biology, 33(10): 1017-1024.

Cerenius L, Soderhall K, 2004. The prophenoloxidase-activating
system in invertebrates. |mmunological Reviews, 198(1):
116-126.

Chen H, Yang XL, Chen AD, Li YC, Wang DH, Liu J, Hu G, 2020.
Immigration timing and origin of the first fall armyworms
(Spodoptera frugiperda) detected in China. Chinese Journal of
Applied Entomology, 57(6): 1270-1278. [FikE, ¥2-4L,
AR, ZRN, TR, XIA, Wie, 2020, RIEHERR RN FE
b b 1 1Y AR IR ] B R S A v B AR
57(6): 1270-1278.]

Chen XY, Shi M, Chen XX, 2015. The prophenoloxidase activating
proteinase in insects. Chinese Journal of Applied Entomology,
52(2): 281-288. [FRET, I, BRordr, 2015, BBy e
DR EEIESY . N R HU2E], 52(2): 281-288.]

Doucet D, Cusson M, 1996. Role of calyx fluid in alterations of
immunity in Choristoneura fumiferana larvae parasitized by
Tranosema rostrale. Comparative Biochemistry and Physioloy a
Physiology, 114(4): 311-317.

Dudzic JP, Kondo S, Ueda R, Bergman CM, Lemaitre B, 2015.
Drosophila innate immunity: Regional and functional
specialization of prophenoloxidases. BMC Biology, 13(1): 81.

Feng CJ, Qiu HG, Qiu ZL, Fu W1J, 2004. Effects of parasitism by
Macrocentrus cingulum Brischke (Hymenoptera: Braconidae) on
the activity of phenoloxidase in larvae of the Asian corn borer,
Ostrinia furnacalis Guenée (Lepidoptera: Pyralidae). Acta
Entomologica Sinica, 47(3): 298-304. [ M2, Ky, R
R, F33C8, 2004, MR AAH A0 e X7 90 R i)y LA Ay
Ty A ARG P e . B AR, 47(3): 298-304.]

Guo JF, He KL, Wang ZY, 2019. Biological characteristics, trend of
fall armyworm Spodoptera frugiperda, and the strategy for
management of the pest. Chinese Journal of Applied Entomology,
56(3): 361-369. [FRIFE, MR, TARE, 2019, BHh TR
B . R R R R R I B B, 56(3):
361-369.]

Huang HY, Liu YN, Qi YF, Xu YY, Chen ZZ, 2020. Predatory
responses of Chrysoperla sinica (Tjeder) larvae to Spodoptera

frugiperda (J. E. Smith) eggs and larvae. Chinese Journal of



3 B2 IR YA

ST A0 SRR A o LA L AR BB B

P A A G 11 2 ) - 521 -

Applied Entomology, 57(6): 1333-1340. [##E/, XIWE, 7T
KR, VKE, BB, 2020. HARE R &) O R b ST
IRFVIREE A U B AR . B R U244, 57(6): 1333-1340.]

Huang LH, Christensen BM, Chen CC, 2001. Molecular cloning of a
second prophenoloxidase cDNA from the mosquito Armigeres
subalbatus: Prophenoloxidase expression in bloodfed and
microfilariae-inoculated mosquitoes. Insect Molecular Biology,
10(1): 87-96.

Jiang JX, Yang JH, Ji XY, Zhang H, Wan NF, 2018. Experimental
temperature elevation promotes the cooperative ability of two
natural enemies in the control of insect herbivores. Biological
Control, 117: 52-62.

Ji XY, Yin YY, Wan NF, Jiang JX, 2017. The effect of parasitization
by Microplitis pallidipes Szepligeti on the activities of protective
and immune enzymes in the hemolymph of larval Spodoptera
exigua (Hiibner). Chinese Journal of Applied Entomology, 54(2):
214-220. [BF =, EVWR, JT4E0E, H7REE, 2017 BRI
B AT A X RIS Ak A ML O DR AP R S S R RS N
FHE B4R, 54(2): 214-220.]

Kim MS, Baek MJ, Lee MH, Park JW, Lee SY, Soderhall K, Lee BL,
2002. A new easter-type serine protease cleaves a masquerade-like
protein during prophenoloxidase activation in Holotrichia
diomphalia larvae. Journal of Biological Chemistry, 277(42):
39999-40004.

Livak KJ, Schmittgen TD, 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the 2(-delta
delta c(t)) method. Methods, 25(4): 402-408.

Li XH, Yao HW, Ye GY, 2011. Effects of parasitization by Cotesia
chilonis (Hymenoptera: Braconidae) on larval immune responses
of Chilo suppressalis (Lepidoptera: Pyralidae). Journal of Plant
Protection, 38(4): 313-319. [Z555 46, WhHbiE, 4848, 2011,
TARIE R G T A % %I HME Sy e Gy S 3 ). A
YRR, 38(4): 313-319.

Li YC, Wang Y, Jiang HB, Deng J, 2009. Crystal structure of
Manduca sexta prophenoloxidase provides insights into the
mechanism of type 3 copper enzymes. Proceedings of the
National Academy of Sciences, 106(4): 17002—17006.

Lourengo AP, Zufelato MS, Bitondi MMG, Simdes ZP, 2005.
Molecular characterization of a cDNA encoding prophenoloxidase
and its expression in Apis mellifera. Insect Biochemistry and
Molecular Biology, 35(6): 541-552.

Meng E, 2017. The parasitic factors of Tetrastichus brontispae

during egg stage and their inhibitory effects on the host immune
response of Octodonta nipae pupae. Doctoral dissertation. Fujian:
Fujian Agriculture and Forestry University. [k, 2017. 8w H
W/ N0 B0 2 A DR R S R 7 S KR/ A7 4k O 11 e
MRIVERL. P20 R RO

Moreau SJM, Guillot S, 2005. Advances and prospects on
biosynthesis, structures and functions of venom proteins from
parasitic wasps. Insect Biochemistry and Molecular Biology,
35(11): 1209-1223.

Nappi AJ, Christensen BM, 2005. Melanogenesis and associated
cytotoxic reactions: Applications to insect innate immunity.
Insect Biochemistry and Molecular Biology, 35(5): 443-459.

Provost B, Jouan V, Hilliou F, Delobel P, Bernardo P, Ravallec M,
Volkoff AN, 2011. Lepidopteran transcriptome analysis following
infection by phylogenetically unrelated polydnaviruses highlights
differential and common responses. Insect Biochemistry and
Molecular Biology, 41(8): 582-591.

Tang P, Wang ZZ, Wu Q, Liu YQ, Shi M, Huang JH, Chen XX,
2019. The natural enemies of the fall armyworm Spodoptera
frugiperda and their application in biological control programs.
Chinese Journal of Applied Entomology, 56(3): 370-381. [JFE¥,
TR, R, XU, WL B, PRYEET, 2019, ROHLEY
TR 8k 4 O TS B G A= W B YA bt L B AR
56(3): 370-381.]

Tsao 1Y, Lin US, Christensen BM, Chen CC, 2009. Armigeres
subalbatus prophenoloxidase III: Cloning, characterization and
potential role in morphogenesis. Insect Biochemistry and
Molecular Biology, 39(2): 96-104.

Wang JY, Wan NF, Fan NN, Jiang JX, 2020. Functional response of
Microplitis pallidipes parasitizing Spodoptera frugiperda.
Chinese Journal of Applied Entomology, 57(6): 1319-1325. [
G, JTAENE, JERERE, TEARWE, 2020 TR AL O T4 P4 X R Y
TR PRI RE RN, N FH R 244, 57(6): 1319-1325.]

Wu KM, 2020. Management strategies of fall armyworn
(Spodoptera frugiperda) in China. Plant Protetction, 46(2): 1-5.
[RALIL, 2020. F R BTRCHR A BTAE SRIG. HEPIIRIF, 46(2):
1-5.]

Wu YD, Shen HW, Zhang Z, Wang XL, Shi Y, Wu SW, Yang YH,
2019. Current status of insecticide resistance in Spodoptera
frugiperda and counter measures to prevent its development.
Chinese Journal of Applied Entomology, 56(4): 599-604. [ %5
R, WS, WIE, 258, e, SO, B, 2019, B



-+ 522 - R B H1 244 Chinese Journal of Applied Entomology 59 %

b BT BT 2 PE AR S PR X . N R U, 56(4):
599-604.]

Yang WK, Liu ZH, Zhong J, Dong ZP, 2019. Variation of activity of
phenoloxidase and its gene expression in hemolymph of Bombyx
mori larvae during molting stage. Journal of Southern
Agriculture, 50(2): 391-396. [#7fHive, XML, Bhid, # 8,
2019. Z 7 R AL 4 L1 153 S PP 4102 T B LR TR TR A0 A
B AR, 50(2): 391-396.]

Yang WK, Tang FF, Liu ZH, Dong ZP, 2020. Effects of insect
hormone on activity of phenoloxidase and its gene expression
inhemolymph and integument of Bombyx mori. Journal of
Southern Agriculture, 51(10): 2573-2579. [#fhive, FEZ¥3%, x|
Hap%, FEAMS, 2020. E AU ST 0K TR AR RE B 4 AL Al
T 1 R HG i DR 3R gk K P B 52 e . R O ARk 2 4, 51(10):
2573-2579.]

Yang YJ, Xu HX, Hu Y, Han HL, Qin JN, Yin C, Lv ZX, 2020.
Growth development and reproduction of Spodoptera frugiperda
reared on an artificial diet. Chinese Journal of Applied
Entomology, 57(6): 1341-1344. [# 04, #Rer &, SR, i
55, BT, BRER, BN, 2020, AT AREDRHE IR 0Tk
AR R T 5% N R AR, 57(6): 1341-1344.]

Yan WJ, Yang S, Wang YQ, Zheng Q, Zhang ZX, Xu HH, 2019.
Comparison of the effectiveness of chemical and biological

agents for the emergency control of Spodoptera frugiperda in the

field. Chinese Journal of Applied Entomology, 56(4): 788-792.
[EISCHH, B0, EBIR, FBRE, kGRE, ROV, 2019, 7o
BN B 270 T (R 2580 . O T B AT, 56(4):
788-792.]

Ye GY, Hu J, Zhu JY, Fang Q, Yan ZC, Wang L, 2019. Recent
advances in research on the mechanisms through which
parasitoid wasps regulate host immunity and development.
Chinese Journal of Applied Entomology, 56(3): 382-400. [I#%
W, I, SREH, iR, R, E&, 2019 AR
EF RS SR BT ORI, TR R, 5603):
382-400.]

Yin LH, Wang CZ, Qin JD, 2001. Effect of Campoletis chorideae on
Helicoverpa armigera hemolymph phenoloxidase. Chinese
Science Bulletin, 46(15): 1303-1307. [F'IR4L, FBAE, kB HH,
2001, A Hu A TR ARG X A 44 HRL 90K O B SR AL BB A S TR B
2FIm R, 46(15): 1303-1307.]

Zaghloul H, Hice R, Bideshi DK, Arensburger P, Federici BA, 2020.
Mitochondrial and innate immunity transcriptomes from
Sodoptera frugiperda larvae infected with the Spodoptera
frugiperda Ascovirus. Journal of Virology, 94(9): €01985-19.

Zheng HZ, Li LS, Xu Q, Zou Q, Tang B, Wang S, 2013. Gene
cloning and expression patterns of two prophenoloxidases from
Catantops pinguis (Orthoptera: catantopidae). Bulletin  of

Entomological Research, 103(4): 393-405.



