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Sexual differences in the response of the parasitoid wasp
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HUANG Ting-Fa'"~ MA Ying® TANG Bing-Jie' WANG Bing-Yang'
ZENG Rou-Xian' ZHOU Qiang'~~ ZHANG Gu-Ren'

(1. School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China;
2. School of Agriculture, Sun Yat-sen University, Guangzhou 510275, China)

Abstract [Objectives] To clarify sexual differences in the response of the parasitoid wasp Anagrus nilaparvatae to rice
volatiles in order to improve the effectiveness of using parasitic wasps as biological control agents. [Methods] A
potentiometric, micro-antennae detection method was developed to measure the EAG responses of female and male
A.nilaparvatae to 9 different kinds of rice volatiles. Gradient concentration stimulation experiments were also performed to
detect significant gender differences in the response to specific chemicals. [Results] The largest peak amplitudes in males
were recorded in response to trans-2-hexenal and the smallest to trans-caryophyllene. Responses of males to aldehydes, esters,
alcohols and terpenes ranged from large to small. For females, the highest response was to cis-jasmone and the lowest to
linalool. Six of the 9 rice volatiles tested elicited significantly different responses in males and females. In the gradient
concentration experiment, only 3 of the 6 volatiles tested (trans-caryophyllene, nerolidol and trans-2-hexenol) elicited a
significant response from males, whereas all 6 compounds elicited a significant response from females. The terpenoids linalool,
trans-caryophyllene and nerolidol, elicited the strongest responses at a concentration of 0.01 g/L, which was the lowest
concentration used in experiments. [Conclusion] There are significant sexual differences in the responses of A. nilaparvatae

to rice volatiles; females respond to a greater range of volatiles than males. EAG responses to rice volatiles were detected
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within the concentration range of 0.01-100 g/L, which could be a preliminary indication that differences in EAG responses to

volatiles reflect different ecological functions.

Key words Anagrus nilaparvatae; rice volatiles; electroantennography; sexual dimorphism
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() eI TG ( Baaren et al., 1996; Sen et al., 2005 );
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g A B, X REP A A AR R AE 10%-70% 2
], i Alak 80%LA I+ (ARERHESE, 2009 ), #3
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BRI /> (Louetal., 2005; VEMEFIZEK
R, 2013; Zhuetal., 2013; sKFHESE, 2016;
ZES, 2018 ),
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H A S A R N 5 TR A W ( Sen et al., 2005
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N o KR /K S5 BRI 37, KRR Al ol B e

FEEZL T 2018 AEAEAE RIARML K7
LK RE A 4E, AR 48 R EL B Y KR i ) 5%
F AT (40 cm x 40 cm x 45 cm, 100 HJEJE
M) N B R HRUEE TN TSRS (GXZ-380D
B, WL T LR AR ) ), SRR E
ROEEW 14 L2 10 D, #EHR 25 °C ( EKEE
42020 ),

1.2 L SR E &

B 9 Bl HER A WIS MK AR E R )
¥ H T Sigma-Aldrich A, # 9 FhEE S FIbR
YERE BV TR A I, BCE K 100 g/L
MR, FEAMRG o W5 RamE . I-Friglis . J-
ATHE - RTE  R AR A -2- O M B
B 0.01, 0.1, 1, 10, 50 g/L IRIE R, KA
M FR . EPTE I S SRR L 1.

F 1 RIEALEYHEEREYIE LT
Table 1 List of chemicals used in EAG studies

oy A=Yy 1 27 SCHk
Chemical Biological activity References
T4 Terpenoids

- A M RFF SRR, TCRCR

Louetal., 2005; TEMEFI%

Cis-limonene HIPV, no effect JKAR, 2013
5 A HFEFFHERY, W Lou etal., 2005; 7kFME4E,
Linalool HIPYV, attraction 2016
- il HEF IR, RWBEWS], i ik Louetal., 2005; 7kFME4E,
Trans-caryophyllene HIPV, low concentration attract, high concentration tend to avoid 2016
s 9k BERFOERY, TR Louetal., 2005; EMSFI%
Nerolidol HIPV, no effect AR, 2013

k1S 4K Green leaf volatiles
s b ey b ok ¢ N _
IR B S IR Louetal.. 2005
Methyl jasmonate HIPV, —
JK A7 R H g BEFFHERY, W5l Louetal., 2005; kT4,
Methyl salicylate HIPYV, attraction 2016
J2-2- O

Trans-2-hexenol

-3 7 )
Cis-jasmone

J-2- T My REVWERZE, |5
Trans-2-hexenal
HA Others
i A Xt
Leaf alcohol Positive control
A B =R apitt

Paraffin oil Blank control

Zeg| 45 2013; IRGEALAE,

Alarm pheromone of N. lugens, attraction 2016

— FRILBH LML . — indicates no reference description.
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131 AR UESE MBI RS (EAG
Kombi-probe, Syntech, Germany ) f1f%: UN-06

BT/ AT K A . CS-55 il R A A%
IDAC-2 Bdiic sk fE il . MP-15 i shiffE & &
PRG-3 HL% . il il ff [51 %€ 3L . Syntech Z3HT%K
P, SRR PR ROR A o 25 S I R
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KA, ARTESA 300 mL/min, 27808
KIS UEIRSE , WAEfl S L, OBl AR
0.01 mL AYFREINIARE it i 7 T3 745 v (i B AR 2%
(10 mm x40 mm) I, FRARTEMELG, &
F— Ui i 4 2RI B b, 50—l AR
TRAE LML, AR 5 RIS TR 0.5 s,
132 TBRAENEMAEATSE HREEZ)N
WEET 4 °Crkde b, DI HIE s, 7EkaCEE
AR ST, BT — kAR, A
TN T e fb AR K BE 290 0.7 mm,  HERG ik £
KEZ R 0.4 mm, Ff#HEAR UK UK S L5
B, VN —ifsn, S AR (Sigma gel®,
U.S.A ) AR B S Wit (1), KR X
AEAES , WA EERES , (TR
WS PEE A 1 om, (HRIEANS S EZERE
fil b RR RSB WERR S, ST

1 TEE/E i R AR 12

Fig.1 Silver electrode fork connecting the antennae

SF: GHLI s FA: filifi; CP: 3N E .
SF: Silver fork; FA: Female antennae;
CP: Connection position.
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Fig. 2 Electrophysiological activity detection in Anagrus nilaparvatae antennae
A. 6 h N, FEEZL NS A BRI AR X BAG (7210 B, Z8/]Ne i A e o) of BE AR 5 1 1) fik A1 RS2 OB A2 4
A. Different relative EAG of Anagrus nilaparvatae response to paraffin oil in 6 hours; B. EAG response curves of
both male and female antennae to reference control chemicals.

IR FFE L PRI AXT EAG £

SRR TE 0.05 KFE FESTE,

ns {URTE T .

* indicates significant difference at the 0.05 level by student’s t -test, ns indicates no significant difference.
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100 g/L MHEERIHL, iR ) EAG {4 (0.131 50
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MERER il ff . HLECAHNT EAG H R IR, HEME X%
RYIIFXT EAG (HMEIRAR, U -2-C
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207 HE Male —— M} Female

FXTEAG
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MHRIE &Y 4i-5 Test volatiles number

B3 MEZ/NEXRER 100 g/L KKBIELYWHHE EAG &
Fig. 3 Different relative EAG of Anagrus nilaparvatae response to rice volatiles at a concentration of 100 g/pL

Lo - 2. -FeGds; 3. BAEREE; 4. [-2-CUBE; 5. J5HEEE; 6: SEARHIER;
7 W-SRFE; 8: KB HEE; 9: J-2-C Mk,
1: Trans-caryophyllene; 2: Cis-limonene; 3: Nerolidol; 4: Trans-2-hexenol; 5: Linalool; 6: Methyl jasmonate;
7: Cis- jasmone; 8: Methyl salicylate; 9: Trans-2-hexenal.
B R T BAEAbR R (n=20), #E EARE ANFE RS FRACREEA X EAG 2557 B3,
B AN A )/ NG FEARRMEMEAEXT EAG Y2257 3 (ANOVA, P<0.05). *, **5r AR RIFHE LY
HIXF EAG 28 KB AE 0.05 7KFF1 0.01 AKF F2EFBE, ns REXLERBE
Data in the figure are mean + SE (n=20), histograms with different capital letters indicate significant difference among
the male relative EAG, while lowercase letters indicate significant difference among the female (ANOVA, P<0.05).
* and ** indicate significant difference at the 0.05 and 0.01 level by student’s t-test, respectively,
ns indicates no significant difference.

F2 MR EEZYIEIEALNMMEE EAG EHZI
Table 2 Effect of sex and chemical kinds in the relative EAG of the Anagrus nilaparvatae

R UELR i of 05 F P
Source Type Il sums of squares Mean square

FEIEBER Corrected model 4.720 17 0.278 3.572 <0.001
M Intercept 148.243 1 148.243 1907.199 <0.001
PE Sex 0.963 1 0.963 12.395 <0.001
1b&4% Chemical 2.199 8 0.275 3.537 <0.001
PERx L&) Sex x Chemical 1.547 8 0.193 2.488 0.015
i"2% Error 10.960 141 0.078

M3t Total 163.676 159

FIERY R Corrected totals 15.680 158

S0, AR, 5 -2- O M B ) S ) ik g
R YA EAG {HA B W10 22 5 81 4. C-E ),
Bifi e R A T, HESEXT 1 /L T 100 g/L A -
AT IR T B R ER, &
100 g/L iAFIERME (4. C); XHEAERER
X} EAG fHAE 1 g/L B3 FJt Hik gl KE, F

50 g/L B FF% (& 4: D); Xthg-2-CUISmEIAH
XF EAG {HT 50 g/L W2 EF-HikBNE A, RI7E
I R R 100 g/L AR (K 4: E).
232 HEENELYIKETUNBEERN
FE I B VR B PRI, ST 6 AR ik B
TALEIAX EAG (ERIA B2 (E5), i
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0.01 0.1 1 10 50 100 001 01 1 10 50 100 001 0.1 1 10 50 100
wE (glL) wE (gL) WE (gL)
Concentration (g/L) Concentration (g/L) Concentration (g/L)
20r D 5 20 F
Qqcl O 4t 915!
2 5 1.5 . o -/ ) § 1.5 a a a a a a
5 ab b a @ gp <ZH 3t <5 T —3F —F = %
_'LE' 210!t ;\1/1\2/4\1 m g 84 4 1.0
=< B o = 2t .*P? B
B3 zs E3
2 05¢ *3 | 205
0— : - . : : 0— : : : : : 0— : ; : . :
00101 1 10 50 100 00101 1 10 50 100 00101 1 10 50 100
WEE (gL) W (g/L) W (g/L)
Concentration (g/L) Concentration (g/L) Concentration (g/L)

4 MEEMERERER M THEY EAG &
Fig. 4 Relative EAG in Anagrus nilaparvatae males response to different concentrations of stimulation
A W-FPEBM s B, JyRERE; C. - D. BB ; E. R-2-CiE; Foo -SR] o
A. Cis-limonene; B. Linalool; C. Trans-caryophyllene; D. Nerolidol; E. Trans-2-hexenol; F. Cis-jasmone.
Bl AP EEEpRER (n=20), s EARAARFR/NE PR EAG 25+ 8% (ANOVA, P<0.05). FEIfFE.

Data are mean + SE (n=20), dot with different lowercase letters indicate significant different
among relative EAG (ANOVA, P<0.05). The same as below.

FXEAG

FIXEAG

207 o 207 20rc
C 1.5 O15) O 1.5}
< :
Sl p P oab 2o S 2 pe ab @ e 25 Wb
g Lol E‘i 21 0 W .‘LE, g 1.0t
S 0.5 205 *320.5-

OL— . . : . L ol— - - : - . o— - : : : ;

00101 1 10 50 100 00101 1 10 50 100 00101 1 10 50 100
W (g/L) W (g/L) WE (g/L)
Concentration (g/L) Concentration (g/L) Concentration (g/L)
20r p 2.0 g 2 a 20r g

Q1sf a ab o215 b 0215 a
o b b b b <H b b b S5 b b b { b
2 1.0} 2210 .z 1.0
3 =5 EE
& 0.5} 205 ~ 0.5

oL— : : : : . 0— : : : : : 0— : - - . :

00101 1 10 50 100 00101 1 10 50 100 00101 1 10 50 100
WHEE (g/L) WEE (g/L) WHEE (g/L)
Concentration (g/L) Concentration (g/L) Concentration (g/L)

5 EEENERERERM THEX EAG &
Fig. 5 Relative EAG in Anagrus nilaparvatae females response to different concentrations of stimulation
A W-FPAENE; B, J5EREE; C. R-AMTHs; D. BIEREE; E. -2 OB, F. -SRI

A. Cis-limonene; B. Linalool; C. Trans-caryophyllene; D. Nerolidol; E. Trans-2-hexenol; F. Cis-jasmone.
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B SO Iy A2 s R -2 LA BE R AT EAG {ELRE
FER) BRI T, 3k B i KA Ak BE R 2 50 g/L
(El'5: A, B); XU 0.01 g/L W5 R, Jx-
AT - 25 547 T FTAE AE AR I AH XS EAG i i
K, JEbEHEE R AL (K S: B-D, F).

(EAS—FE A, MR X -Fr A8 . 5 I
MR -AT AR EAG (EAEWEE N 0.1, 100,
1 g/L BYBH R REAR (B 5: A-C ).

3 g

A 6 TEAH [R5 H %) il 2 A e, XA
BERIERYE RN FEAZAL (Sen et al., 2005;
Rebora et al., 2017 ), AWFFEEEFLEE, FEml2
INBEE X B AR B R 2R 4 & W 1) f AR B I A
TEVE 22 5, b0 X 2 ) T 1) oL 2 N A
5o, T e X T 0 SR ) L A S i i 5 %o [ 2K
SMEEY, s SRR ROV A 2 5
T 3R P e T ) e e e T 2 % O e 1) 2 R
AR A B e 22 5, RIME A,
e T\ 2 /N e i 7 42 ) ) Pk R PR R AE E R
AR T A BRAE TR R SRR T
o B L A A e G R e X R
I R i e A BRSO S 2 i T, rpaT
] ) 2 e A e o A 2 T AR 2 ) AN [ e
N (A BRIAE, 2015 ). eIl X2 25 4 ) e 26
PE$E 32 F] RS 3 AL W TE 2 2 2 78 I R 5 vh 58 ik
SR — PP N R (FESCEEAE, 2008; AR
R, 2015 ),

i RE IR E 21 SRS = A B AR s B,
115 R R 4% 20 e s i i A8 4k, ik
S WIBON N BAT R E RN e B R 2T 3 AR
FHI—24 &% (Louetal., 2005; X1 HEHHFI%
KK, 2018 ), 7EHE 100 g/L (LS WHRIBLT ,
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2016 )o ASHFFE R FH HL A B 22 A9 5 e I 13X
Fh2a S, MEREXT 0.01 o/L BB -3 474 iy i 2k 38
SN B, T I EAG {E R 5 TR B2 T i R T %
DAy A s . e T ARG T 320 7 7 Uk B S P A7
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RN AT REAFTE 22 5%

Sk 71 R 57 43 R SR 0T O 0 1140 X B/ ) ik £
PEAT LA AN o AR 53 R FH e A E A4S S A
V2R N Kb B 0 ) R A B B, A B e e ot
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W5 A )5 20N A S Za o o AL e
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