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Effect of volatiles emitted from galls induced by Gephyraulus lycantha
on host selection by Pseudotorymus jaapiellae
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Abstract [Objectives] To identify the preference of Pseudotorymus jaapiellae for different volatiles emitted from galls
induced by Gephyraulus lycantha, and clarify the effect of semiochemicals on host selection by this parasitoid. [Methods]
The preference of pregnant female P. jaapiellae for specific volatiles emitted from young and mature galls induced by G.
lycantha was measured in a Y-tube olfactometer under laboratory conditions. Headspace solid phase microextraction and gas
chromatography-mass spectrometry were used to analyze the compositional difference in volatiles emitted from galls at
different stages of development. [Results] Pregnant female P. jaapiellae preferred galls induced by G. lycantha to healthy
flower buds of L. barbarum. Young galls were particularly attractive (P<0.01), with 95% of females choosing these compared

to only 5% choosing healthy flower buds. There were significant differences in the volatiles emitted from healthy flower buds
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and from galls at different developmental stages. More volatile compounds were emitted from young galls (61 compounds)

than from healthy flower buds (54 compounds) or mature galls (52 compounds). Ketones and terpenoids were emitted from

damaged L. barbarum flower buds, but only terpenoids were emitted from young galls; the ketone content of gall volatiles

increased gradually as galls matured. [Conclusion] P. jaapiellae can identify and locate galls induced by G. lycantha and

distinguish between the volatiles emitted by galls of different developmental stages, thereby both locating suitable galls and

regulating G. lycantha populations.
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Fig. 1 Olfactory responses of Pseudotorymus jaapiellae pregnant females to different odors
SRR 5 A o) W e S I A< A 7 28 S MR AT, R 2 I R (P<0.01);
*HREFBE (P<0.05); ns FREFALE,

Chi square test was used to analyze the different significance of response rate of the females, ** indicates significant
difference at 0.01 levels; * indicates significant difference at 0.05 levels; ns indicates no significant difference.
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Table 1 Composition and relative contents of volatile compounds emitted from
Gephyraulus lycantha galls at different stages

e ST TR FXE & (%) Relative content (%)
Compounds Molecular Mvzggﬁltar [ 2% S T S T
Flower bud Young gall Mature gall
B2 Alcohols
1-2M% 1-Octanol CgH,0O 130 - 0.14+£0.02a 0.24+£0.15a
2,2- "W %19 1-Octanol, 2,2-dimethyl- CioH»,0 158 — 0.34+0.10 -
2-T3-1-2F% 1-Octanol, 2-butyl- Ci,Hy60 186 0.17+0.0la 023+0.05a 035+022a
Z:fozﬂjm%p-ysl—?i-tili?ieptanol Cuba0 172 - 0.11=0.03 B
B2k Esters
BRI RS 3-Hexen-1-ol, acetate, (Z)- C4H,40, 142 2.20+0.25 - -
fi2k Ketones
4-+—[ifl 4-Undecanone C,H,,0 170 - 0.20+0.07 -
W Cyclohexanone C¢H ;o0 98 - - 0.41 +£0.07
B2 Aldehydes
Z#H i Benzaldehyde C;HcO 106 - 1.38 £0.20 Aa 0.54+0.16 Bb
A-TNEFEH T Benzaldehyde, 4-propyl- CioH;,0 148 022+0.02a 021+0.04a -
Z£2k Benzenoids
YA, — 2y
(66_%ﬁifgiﬁléa}f-j%d?jm@:thylphenyl) methanol CioHi,0, 166 B N 0.180.10
4F8 — 47 Benzene, 1,2-dichloro- CsH,Cl, 146 0.20+£0.03Bb 0.82+0.06 Aa 0.84 +0.26 Aa
];):;;jf,j;,%bﬁis(l,l-dirnethylethyl)- C4Ho, 190 13.09+0.16a 20.84+236a 21.08+8.15a
1,3- " H 3K Benzene, 1,3-dimethyl- CgHyo 106 7.60 £0.27 Aa 3.90+0.46 Bb 3.77+0.91 Bb
Bttt 25 oo DR CGHGO 134 - ow0ss -
Z. 7% Ethylbenzene CgHyo 106 846+ 0.29Aa 2.78+£0.42Bb 2.31+0.74 Bb
L8 —H 4 0-Xylene CgH,o 106 345+0.12Aa 1.69+0.25Bb 1.49+0.55Bb

BiAbd Sulfides

1 -F AU O e

. CioHioS 171 0.10+£0.02 Ab 0.35+0.08 Aab 0.43 +£0.26 Aa
Cyclohexane, [(1-methylpropyl)thio]-
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43 1 (Table 1 continued)

e ST SHTFE FXEH (%) Relative content (%)
Compounds h/t{giflf;lll:r Mv(sjleeiglﬂ[ar Fﬁi@ ﬂ’:bﬁd 24y g e I A H
wer bu Young gall Mature gall
52 Terpenoids
1-Z s 3-1-H1 32, 4- — (N -1 -2-38) PR O s
Cyclohexane,1-ethenyl-1-methyl-2,4- CisHy 204 - 0.29 +0.08 -
bis(1-methylethenyl)-, (1S,2S,4R)-
J%5J2 Olefines
2,4- " H 3-1-P# 2,4-Dimethyl-1-heptene CoHg 126  0.64+0.15a 1.04+020a 1.07+0.73a
(2)-9-H1 F£-2-+—%% 2-Undecene, 9-methyl-, (Z)- C,Hay, 168 - 0.36 £0.10 -
(2)-9-H 3-3-+—Jf 3-Undecene, 9-methyl-, (Z)- Cj,Hay 168 - 0.54 +0.05 -
ke Alkanes
2,4-"HF+4 " 8E 2,4-Dimethyldodecane C4Hzg 198 0.83+0.04a - 0.87+043a
2,6- "W FZ ¢ 2,6-Dimethyldecane C,Hy 170 - 0.12+0.02 -
2,2-"HF T kE Butane, 2,2-dimethyl- CeHys 86 - - 0.13 +0.09
2-HFE T /¢ Butane, 2-methyl- CsHy, 72 0.24 +£0.02 Aa - 0.26+0.26 Aa
4% Decane Ci3Hag 184 3.07+020Ab 4.43+0.40Aa 4.26+0.69 Aa
2,3,5,8-PUH Fe 28 B¢ Decane, 2,3,5,8-tetramethyl-  C4Hj, 198 - 223+0.28Aa 0.29+0.15Bb
2,3,5-= B 32 J5¢ Decane, 2,3,5-trimethyl- Ci3Hyg 184 - 0.23£0.02 -
2,4,6-=HI 34 bE Decane, 2,4,6-trimethyl- Ci3Hag 184  0.74£0.09Aa 0.24£0.00 Bb -
2,4- " H I BE Decane, 2,4-dimethyl- CoHy 170 — - 0.20+0.11
3,6-—HIH 3% Decane, 3,6-dimethyl- CioHoe 170 1.99+0.17 Aa - 1.07+0.51 Bb
3,7- " H 3P Decane, 3,7-dimethyl- Ci1Hys 170 - - 6.35+0.85
3-2.3-3-H F 2S¢ Decane, 3-ethyl-3-methyl- C3Hag 184  0.20+0.02 - -
4-H FEZEBE Decane, 4-methyl- C11Hyy 156 1.62+0.05a 1.19+046a 141+026a
5,6- F K34 E Decane, 5,6-dimethyl- C1Hys 170 - - 2.04+0.17
S-F 328k Decane, 5-methyl- CiHyy 156  1.55+0.03Aa 1.06+0.10Ab 1.14+0.19 Ab
+ =% Dodecane C,Ha 170 2.18+0.03a 2.74+0.32a 2.82+140a
2,6,10-=H 3+ "¢ Dodecane, 2,6,10-trimethyl- C,sHs, 212 0.13x0.01 Bb 0.60=0.06 Aa -
2,6,11-=H J:+ — ¢ Dodecane, 2,6,11-trimethyl- C;sHs, 212 0.16+£0.02Aa 0.57+0.12Bb -
2-F 3+ ¢ Dodecane, 2-methyl- C3Hyg 184  0.50+£0.05a - 0.34+0.18a
4,6-—H ¥+~ %% Dodecane, 4,6-dimethyl- C14Hso 198  027+0.03a 042+0.05a 049+0.33a
g% Heptane C;H,¢ 100 0.35+0.14a 0.17£0.09a -
2,4,6-=H FLPE5E Heptane, 2,4,6-trimethyl- CoHx 142 0.35+0.12Aa 0.15+0.01 Bb 0.14+0.06 Bb
2,4-—HIH Pkt Heptane, 2,4-dimethyl- CoH,y 128  6.14+£042a 9.59+258a 1027+7.26a
2-H 3 Pike Heptane, 2-methyl- CgHg 114  3.09+0.10a 215+144a 3.14+237a
3-Z. 3Lk Heptane, 3-ethyl- CoH,p 128  0.80+0.13 - -
2,3,3-=HJL U k% Hexane, 2,3,3-trimethyl- CoHag 128 1.57+0.14Aa 0.29+0.13Bb -
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£33 1 (Table 1 continued)

e BT TR X (%) Relative content (%)
Compounds ﬁ%ﬁﬁﬂggﬁé (EHEAERE 4B R
Flower bud Young gall Mature gall
2,3,4-=H 3 %% Hexane, 2,3,4-trimethyl- CoHyo 128 3.15£0.16 - -
2,4- "W R %E Hexane, 2,4-dimethyl- CgHys 114 - - 0.18+0.14
2,5- "W R 4% Hexane, 2,5-dimethyl- CgHig 114  0.89+0.06a 093+043a 044+025a
2-H St Hexane, 2-methyl- C/He 100 - 0.09+0.05a 0.05+£0.02a
3-FHEE B% Hexane, 3-methyl- C;Hy6 100 025+0.08a 0.12+£0.05a 0.14£0.07a
F%z Nonane CoHy 128 0.45+0.07Aa 0.23+0.02ABb 0.18£0.11 Bb
2,5- W I T-HE Nonane, 2,5-dimethyl- CiHy 156  221+0.10a 1.86+0.19a 2.17+033a
2,6- W ET-%¢ Nonane, 2,6-dimethyl- C,Hys 156  3.22+0.05Ab 420+0.38Aa 4.09+0.41 Aa
2-FARF-BE Nonane, 2,-methyl- CioHx 142 133+096Bb 527+028Aa 5.90+0.47Aa
3,7- " H 3TF i Nonane, 3,7-dimethyl- Cy1Hyy 156 3.66+0.06Aa 2.13+0.08 Bb -
3-H3T-%¢ Nonane, 3-methyl- CoHx 142 - 0.19+0.02 -
5-INFET-BE Nonane, 5-propyl- Ci,Hy6 170 - - 1.44+1.25
% Octane CgHjs 114 0.28 +0.06 - -
2,6- W HFELE Octane, 2,6-dimethyl- CioHa 142 - - 0.18 £0.03
2,7- RS Octane, 2,7-dimethyl- CioHx 142 0.44+0.13 Aab 0.54+0.03Aa 0.32 + 0.06 Ab
3,3-"HHaEBE Octane, 3,3-dimethyl- CsHis 114 - 1.06+0.09 Aa 1.51+0.32 Aa
3,6- W EFELE Octane, 3,6-dimethyl- CoHx 142 3.61+1.15Aa 0.38+0.07Aa 0.27+0.11 Aa
4-H I 458 Octane, 4-methyl- CoHy, 128  4.15+027Aa 320+0.59Aa 3.74+2.44 Aa
6-2.3-2 FEAE I Octane, 6-ethyl-2-methyl- C11Hyy 156 - 5.90 £0.59 -
2-FL L BE Pentane, 2-methyl- CeH4 86  0.09+0.01Aa 0.10+0.05Aa 0.22+0.16Aa
+PukE Tetradecane Cy4Hsg 198  027+0.03Aa 040+0.03Aa 0.43+0.22Aa
+=%¢ Tridecane C3Hag 184 0.42+£0.02 Aa - 0.85+0.49 Aa
7-H 3+ =%¢ Tridecane, 7-methyl- C14Hs0 198  0.54+0.04Aa 0.58+0.08 Ab -
+—%% Undecane CiHy 156  0.28+0.04Aa 020+0.02Aa 0.25+0.11 Aa
2,4- " H F+—%E Undecane, 2,4-dimethyl- Ci3Hag 184 0.25+0.02Aa 0.33+0.05Aa -
2-Fi R+ —%¢ Undecane, 2-methyl- Ci2Hae 170 0.65+0.08Aa 0.68=0.06Aa 0.61=0.29 Aa
4,7- "W H+—4%E Undecane, 4,7-dimethyl- Ci3Hyg 184 - 0.58+0.07 -
4,8- " HF+—4%E Undecane, 4,8-dimethyl- C3Hag 184  0.77+0.09 Aa 0.95+0.07Aa 1.03+0.48 Aa
4-H -+ —4%¢ Undecane, 4-methyl- CoHy 170 0.39+0.08 Aa 0.25+0.03 Ab —
5- %+ —%E Undecane, 5-methyl- C,Hyg 170 0.58+0.10Aa 0.75+0.10 Aa -

— FIRAFAE ; RPEAE A FEIE + bruE2E, RA] Duncan’s 5B 8 % 2275 73 g BEAETE FIAS[R) & 7 W B U144 2 )
HI A 22 5 0 51, RS FEE5 001 ATFEREE, RRA/NG % 0.05 KTFER 0%,

— indicates nonexistent; Data are mean + SD. Duncan's new multiple range method was used to analyze the different
significance in the relative contents of volatiles between healthy flower buds and galls at different development stages. Data
followed by different uppercase letters indicate significant difference at 0.01 levels, while followed by different lowercase
letters indicate significant difference at 0.05 levels.
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Fig. 2 Relative content of major classes of volatile compounds emitted from health buds of
Lycium barbarum, young galls and mature galls induced by Gephyraulus lycantha
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A. Compounds with high relative content: Alkanes and Benzenoids; B. Compounds with low relative content:
Alcohols, Esters, Aldehydes, Sulfides, Olefins, Terpenoids and Ketones. Histograms with different lowercase
letters indicate significant difference at the 0.05 level by Duncan's new complex range method among the relative
content of compounds in different categories emitted from healthy flower buds of Lycium barbarum,
young galls and mature galls induced by Gephyraulus lycantha.
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Fig. 4 Phylogenetic tree of the volatile compounds emitted from health buds of
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J& 3,7- " H 2 ¢ ( Decane,3,7-dimethyl- ) , 5,6-
T HHEEZ I ( Decane,5,6-dimethyl- ) Al 5-P 5T
¢ ( Nonane,5-propyl- ) , iX 3 Ffb& W3 R Wi
RO A G o X RAC LT B AU e /) i L
A IR EEVE F R AR B R AL EE FE R W, 9451 B
2 o IR LH AR R R R A R LU SR
fis ( 3-Hexen-1-ol,acetate,(Z)- ) ,1,3 — H LK

( Benzene, 1,3-dimethyl- ), Z, 7% ( Ethylbenzene ),
A8 —H2E (0-Xylene ), 3,6- —H %8¢ ( Decane,
3,6-dimethyl- ), 5-H 325 4¢ ( Decane,5-methyl- ),
2,3,3- = H 3 2 B¢ ( Hexane,2,3,3-trimethyl- ),
2,3,4- = H 3 %¢ ( Hexane,2,3,4-trimethyl- ) 1
3,7- " HHET%E ( Nonane,3,7-dimethyl- ), H:H,
CFRMBERRFN 2,3,4-— H 3L O e M AL i B AL
MRA LG

3 HFHit5ig

HFFE Y LY (Rl HIPVs ) 2 E (1]
LR —fh 2R, FEAY-EE R R -R
WEHEFR KRN EEEZEN, WERRSE
FRHAM EAE I E 25 % (Dicke and van
Loon, 2000; X754, 2003; Pefiaflor and Bento,
2013; Zakir et al., 2013 ; Turlings and Erb, 2018 ),
YA S AR R R R G S, PR
YR K TCIe R R R e, ER S R A
MRS AE R I AE I AR, JFRA — e re 5
P (Kessler and Baldwin, 2001; fLEEREFIZE K
MR, 2010; PMEFSEE, 2012; Qiaoetal., 2018;
Turlings and Erb, 2018) . MK, JLHE—LL
Lo —PERR AP S, AT S X SR S5 ) U3
VAR R W), R A T 18 1Y 37 32 B RO
#EIFAEZF 3 ( Cusumano et al., 2015) . AHF5E
o, SRS EEFRAEET A L, MAC LT sk S Y
HEERY), HARS &AL TIR KA L,
it 8RR 2616 & W 2 M Al 20 Bk 3 IS 175 R
HCRAE I & Y B B A Ay, S RO R
FITREAT A J5T o A AT 21 B DI e /N i e e A £t
FRACTE I IO i A BTy, A 525 ) T A
FO LT BN R BT A HOE . F O, st
5 AR YR 2 W) PT BE 2 M A 2D K 2

NI TR B RE R SRS ), A 2 O e B 1
AR T FE T |, o R TEORS B HE A RE  7
GREF . XA IS WA RRIHGE ( Whitman and
Eller, 1990; D’Alessandro etal., 2009 ) . ZN4#
Igf #{ 8% Aphidius gifuensis Xf ¢ = HkEF Myzus
persicae fit e HRE A7 EAT YA I JCIH B e BEA T
R, ARCYBREF R, SRR AL W R ) T A7
FEINE (Yang et al., 2009 ) . ZI#0%  fHlE
Peristenus spretus M 1t 7] Xf 4 5 #%  Apolygus
lucorum 3 %4 KON FE AR AEAE PR, R B2
Gtk (EAEESE, 2018) .
WFEFH P LY AEA ZHE0E, 1 H
BA WA BARRIRAERE RN SE | Sl 47
B, Kz atER R Rl Sy ERE
Ao, BB 4R =% (Loughrin et al.,
1994; ZFARFIFER %, 20005 Weietal., 2006;
Qiao et al., 2018) . AMFFTHT, kLT R
BT WA R B B, HAE Wi Fh 2k
FUARXS & A AE B AN [R] o Sy R B 2 )
2T R AU AT LT B K R N
) T4 i B, WO, 4 e L e
A T Z O A £ B AU B /N i B 5 |
YEF R R4 A, REfB e |2 A AE M 25 A A
FEON s[RI, AR AR A P BN A B B
FE N FREEEE, SO B & A T 2 E SR
BT, Rets I ar A i g i PR s B R Bk
I, PMTREM S | B8 22 i) 2 R e B ( SRAm %
1982) . XFEIRZ W TiEZHEMHR RNHE
PERNZF A R T ANk E Wy HOR R LB
AR AR G RN B RRAE IR , X1 200 2 A e e e
A 5 | Y Sl 358 T e BT A R R R ( 4
@4, 2018 ) , AT Aquilaria sinensis 7E5Z 214
AR R A BT Heortia vitessoides HUE S , 23R8
R FE R R, XS YR R AR
s bl BT HE 4y RO TS AR ) 32 AR AN ]
I —E AT K EL5 % Cantheconidea
concinna B & W 1] T 32 35 W Y R TR AR
2 I AR R D s e W 5 |V HH I 2RI ( Qiao
etal., 2018) . #E—LHr R YIRS A IR,
T 2 R 2510 G Wy R M AC 4GS 32 5 il B
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