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Abstract: Coboldia fuscipes (Meigen) is one of the main pests of edible fungi. The symbiotic bacteria in the
insect may have a potential biocontrol value and be used in green control of the insect. Herein, the Y—type
olfactory tester was used to test the olfactory behavior responses of the C. fuscipes adults to the fermentation
broths of 21 symbiotic bacteria, which belong to 16 genera in 14 families, in 3 test periods of 10 min, 20
min and 30 min. The results showed that the fermentation broths of Alcaligenes aquatilis, Citrobacter sp. and
Paenochrobactrum glaciei had a significant attractant effect on the adults, while the fermentation broth of
Bacillus safensis had a significant repellent effect on the adults. The relative attractive rates of these four
broths reached 20.00%, 13.75%, 15.00% and -18.75% in 30 min, respectively. Then the volatiles of the
four fermentation broths were analyzed by gas chromatography—mass spectrometry (GC-MS). The results showed

that 28 compounds with the relative content higher than 2% were identified. In both A. aquatilis and P.
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glaciei broths, benzaldehyde is the most abundant volatile, followed by pyrazine, 2,5—dimethyl- and 1,10-di-
cyanodecane, respectively. The relative content of formamide, N—phenyl- was the highest in C. sp., followed
by butanoic acid, 3—methyl—, 3—methylbutyl ester. The relative content of butanoic acid, 3-methyl—, ethyl
ester was the highest in B. safensis, followed by butanoic acid, 3—methyl—, 1-methylethyl ester. In conclu—
sion, the symbiotic bacteria with attractant or repellent effect on adult C. fuscipes were identified, and spe—

cific components in the volatiles were determined, which would benefit the develop—ment of attractants or re—

pellents for C. fuscipes.

Key words: Coboldia fuscipes (Meigen); symbiotic bacteria; Y—type olfactory tester; olfactory behavior; gas

chromatography—mass spectrometry (GC-MS); analysis of volatiles
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# H (Diptera) ZEBEH Scatopsidae)'ls B HE A, 4)
MZ KA E, ) FEBOR R EEH
Mz —, ZFERP4 A A AR, &
TR A F TR, S 7 S R e, 2
o PR ™ S e >, Hip, | 2ERpiiG
FEDYEK A2y Yy 2 TR
T Jo SR KL, A AL 22 25 By H BRAR 2 5% B
PRI B T T S e 4 24550 1) 2 2B iR
FER S-S G

(G NS Eo8 S A B o BN e Y s B
PEIEEA CEAIIEE ) HA T S 5 s SRRl
HRARELCE FEAA B o S5 18 R B E 2
Hyaes-2, A BVEN B dU — MRk 2 D RE A
B, HIBTER A YIBna I s 3] 1) 12 G,
— BB, Bl B A A R R RE 8 |
EAE R NLGEAT R RN, AN, oAk TR AR
YRR IR R S S AL S SR
T S5 VY RFRIEA nastrepha ludens) Ji/ N2 (Bac -
trocera dorsalis) JANEHE(B. cucurbitae)5 7 JNSZ 1
(B. tau)5 Z R HUBAT 5151 PO X JCRE o B
FHWF SR E PGS EE TR g . AT
SR ZE IR I AT B IR A TR Y A A, )
FEWOR O H A RSEAT R R, RITT FEat A
R BERON T A BAT 5 S s ke A,
SE ] 5| R T 2 SO R A T R R Y
FESY, AT Kk i R T 2805 115551
g S A i R R

1 #REFZE

1.1 i HRiE
JTREWOCR AR H AL T8 TR BH TR VY X R 4
B, TR PR AL AT A EAYR S AS

(Life Science Research, 2024, 28(3): 232-240)

LA RS SR
1.2 X Ew

BTN i E PP, ok B 2RO R
KBEWE, 314 B} 16 I8 21 i 1),

1.3 FEH|H

Al Y BIRSEAL: Y AV R 20 em, P K
15 cm, N2 1.8 em, Jff1 60°), PRIFIF(400 mL ]~
PR, P91 &34 A PR T2 A), S <A
I (5v2a-DAQ, WALZRBLIAHLHLBAT A 1), 12k
BLUDHLST 16R, MEEFEER A F); HREE SRR
AHZDP-15, FIRG R SL g s A PR wl); SAHE
ijélt—ﬁi ljéutﬂﬂéﬁﬁ @Z(gas chromatography—mass spectro—
metry, GC-MS; GGT 0620, J M ARAF XA A
FRAHD), 4 [ S ZDIReTEL AT B UEREF- 55 (CTC
PAL RTC, J7MIARIF AR A A R H]).

1.4 JERRTEITH R MR
141 E2ARABRGHE

LA, 21 MR TR 2 51 42 Fh
THA 30 mL LB A FRAEHEIE N, 37 <C.
180 r/min FRFHHEFE 7 d; HUE it &k B 2 850088
#1, 10 000 r/min 50> 15 min EBREAS & H -
1.4.2 " 54T A B 9K,

A3 IEL 2 mLL FEIR (A BRLE ) KAtk (%o BR 2H) B
TR, TGRS, BOE TR 500 ml/min,
TSR 5~10 mino BORAZECRHL 20 3k, YlUikAL
2 h 5, ARG, FRES 5 Y BV
I, TR AR EE 4 K, BUak
B fe, AR BRG], VEUE Y RV SRR, D
RTE 9:00 & 17:00 Z[AIHEAT, IREE(25+1) °C, AHXT
TP (65+5)% o
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Table 1 Culturable symbiotic bacteria of C. fuscipes
Frs R4 @4 iiE i =
No. Family name Genus name Species name Collection phase
1 R 7R A IR B, 1~2 340
Alcaligenaceae Alcaligenes Alcaligenes aquatilis Van Trappen et al. 2005 Ovum, 1st~2nd instar larvae
2 F A 7}
Alcaligenes faecalis Castellani & Chalmers. 1919 Ovum
3 ZFATER AT RS i L2 FUAT TR 34 H
Bacillaceae Bacillus Bacillus altitudinis Shivaji et al. 2006 3rd instar larva
4 B/NENIRTIE 1~3 R4y o, 3
Bacillus pumilus Meyer and Gottheil. 1901 Ist~3rd instar larvae, pupa
5 VPR HAT IR 1~2 B 4 W4l e, o
Bacillus safensis Satomi et al. 2006 Ist~2nd and 4th instar larvae, pupa
6 IF] I 2F AT 1#AFI 3~4 54) ikt
Bacillus stratosphericus Shivaji et al. 2006 Ist and 3rd~4th instar larvae
7 ZFHUAT AR R 2~4 W4 1
Bacillus sp. 2nd~4th instar larvae
8 AR AT TR ) ez 2 AR AT R T
Brucellaceae Paenochrobactrum  Paenochrobactrum glaciet Kampfer et al. 2010 Ovum
9 fARRER SUH ) ifif 42 )8 B T 34 H
Burkholderiaceae Cupriavidus Cupriavidus metallidurans Vandamme & Coenye. 2004 3rd instar larva
10 HAFFEFE SUAMUAEIE BB 7}
Caulobacteraceae Brevundimonas Brevundimonas diminuta Segers et al. 1994 Ovum
11 ABHREE RATHEE WM R A T
Comamonadaceae Lampropedia Lampropedia aestuarti Zhao et al. 2020 Ovum
12 J5UNRTER YRR I LA S 3 k4 H
Promicromonosporaceae Cellulosimicrobium Cellulosimicrobium funkei Brown et al. 2006 3rd instar larva
13 WtTEEE POH P TR ) Z QP P B
Enterobacteriaceae Cedecea Cedecea netert Farmer et al. 1983 Adult
14 FPRAT ) PP AT T AR K B
Citrobacter Citrobacter sp. Adult
15 TR SRR SIESESRPME 7
Lysobacteraceae Stenotrophomonas ~ Stenotrophomonas pictorum Ouattara et al. 2017 Ovum
16 AT B SEAT B S sE AT B 2~3 BEAI AL U, 1ot
Microbacteriaceae Leucobacter Leucobacter komagatae Takeuchi et al. 1996 2nd~3rd instar larvae, pupa, adult
17 RABREFR XA REE P IR 44 H
Gordoniaceae Gordonia Gordonia iterans Kang et al. 2014 4th instar larva
18 ZIATHFH AR AR R T
Rhodobacteraceae Paracoccus Paracoccus chinensis Li et al. 2009 Ovum
19 SHEEEFTREE BARAT R B AT IR B
Sphingobacteriaceae Sphingobactertum  Sphingobacterium humi Lee et al. 2017 Adult
20 BUOTHRIREE S HAT S PR 4 AT TR AR
Weeksellaceae Chryseobactertum ~ Chryseobacterium endophyticum Lin et al. 2017 Adult
21 AT B & SERAAT T 4 4 i
Empedobacter Empedobacter brevis Vandamme et al. 1994 4th instar larva
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51175 (relative attractive rate, R, )TN
R=(N nmm+N sma)/N piux100%
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FCH, N g FRALFRLEL EL, N g 357 0
AR OB, NV e SR B VR g,
1.5 HERLZBRIELZWRIES S
1.5.1 GC-MS 57

Hk 230 CEAL 15 min; FFEAL 15 min,
AL IRFE S E 450 v/min, HIHGEEE 60 °C; #H



%31

IR IRA T HEWEE AR R IERON i N84T DA BONE BRSNS A% K 0 o o b 235

VR 32 mm, 228 40 min; JEEEERPE 60 mm, Jii R
180 so ANFimHEtE, 5 —4E A%+ 4 DB-5MS
(30 mx0.25 mmx0.25 wm), 5 " 4E AN DB-
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THAE WAL 1 mL/min; #2562 P FHR: 40 CIOREF
3 min, A 3 C/min FHEF] 250 °C, FF 2 min. L
TR IT 22 % S 100 pA, HERE 70 eV;
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LT R 100 /8>, TCIAFRIAER
152 HHma
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TEG 75Kl R TR 3 i E K1Y 4 Rl
R B, KA T2 (A lealigenes aquatilis) &
FEVBLFE 20 min B 32 095 1AVE FH A 3 2 3K
F(P<0.05), 7E 30 min FXTE RS 1EE RS T
W ZETKF-(P<0.01); FTEBERRAT TR A IR (Citrobac—
ter sp.) KW AE 30 min B X 1E 095 EE R 8
2| 1 KV (P<0.05); Bz == A8 (KT I (Paenochro—
bactrum glaciei) &K FEWAE 3 Bl ] X153
15 R PR 31 8 2 KT (P<0.05); TV fia 284
FFHR (Bacillus safensis) K BEWAE 10 min B X 75 32
) skt A A EE X6 B2k 31 8 35 KO (P<0.05),
£ 20 min .30 min B35 8] T % B 37K (P<0.01)
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22 HEBEBRIERYRSSITER
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Table 2 Olfactory behavioral responses of adult C. fuscipes to fermentation broths of 21 commensal bacteria (in 10 min)

Fei5 AN ARG XMMALIER RACR OMEXTIER RS Pia
No. Species R./(%) R../[(%) R./(%) R./(%) X P value
1 Alcdligenes aquatilis 18.75+2.39 10.00+4.79 28.75 8.75 2.76 0.095
2 Alcaligenes faecalis 6.25+2.39 12.50+2.50 18.75 -6.25 2.07 0.157
3 Bacillus altitudinis 10.00+3.54 8.75+2.39 18.75 1.25 0.52 0.819
4 Bacillus pumilus 3.75+2.39 8.75+2.39 12.50 -5.00 1.92 0.166
5 Bacillus safensis 3.75+1.25 12.50+2.50 16.25 -8.75 377 <0.05
6 Bacillus stratosphericus 10.00+3.54 8.75+2.39 18.75 1.25 0.52 0.819
7 Bacillus sp. 10.00+4.33 7.50+1.44 17.50 2.50 0.22 0.637
8 Paenochrobactrum glaciet 13.75+2.39 3.75+£2.39 17.50 10.00 557 <0.05
9 Cupriavidus metallidurans 8.75+2.39 5.00+1.89 13.75 3.75 1.14 0.285
10 Brevundimonas diminuta 7.50£3.22 7.50+1.44 15.00 0 - —
11 Lampropedia aestuarii 8.75+3.23 8.75+1.25 17.50 0 — —
12 Cellulosimicrobium funkei 8.75+3.15 11.25+2.39 20.00 -2.50 0.21 0.665
13 Cedecea neteri 21.25+2.39 20.00+2.04 41.25 1.25 0.02 0.876
14 Citrobacter sp. 12.50+1.44 6.25+2.39 18.75 6.25 2.00 0.157
15 Stenotrophomonas pictorum 10.00+2.04 8.75+1.25 18.75 1.25 0.06 0.819
16 Leucobacter komagatae 8.75+2.04 12.50+3.75 21.25 -3.75 0.73 0.349
17 Gordonia iterans 13.75+3.15 16.25+1.25 30.00 -2.50 0.14 0.715
18 Paracoccus chinensis 13.75+3.15 10.00+4.08 23.75 3.75 0.67 0414
19 Sphingobacterium humi 11.25+2.39 5.00+1.44 16.25 6.25 2.25 0.134
20 Chryseobacterium endop hyticum 5.00+2.04 7.50+2.50 12.50 -2.50 0.69 0.405
21 Empedobacter brevis 11.25+1.25 6.25+2.39 17.50 5.00 1.47 0.225

i R PRBAFHMATRIR L, ATEFTFHAEE P<0.05 K FLEREE,

Notes: Data are expressed as mean + standard error. * represents significant difference at P<0.05 level by Chi-square test.
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-20 -15 -10
M In 30 min, the relative attractive rate

M In 20 min, the relative attractive rate
B In 10 min, the relative attractive rate

B rEEsA BT 21 Fh A E AR R AR BT A R AL

“he T A AR T F KT E P<0.05 AR P<0.01 KFLEERFEFE,
Fig.1 Olfactory behavioral responses of adult C. fuscipes to fermentation broths of 21 commensal bacteria

“and ™ represent significant difference at P<0.05 level and P<0.01 level, respectively, by Chi-square test.

AR H B (benzaldehyde) (24.015%).2,5- - H 3
MLz (pyrazine, 2,5-dimethyl—) (10.728%) . 5% ¥ 2
L (butanoic acid, 3-methyl—, ethyl ester) (8459%).
LR X H 3 1 (acetic acid, 4—methylphenyl ester)
(5.841%) 5+ /%2 5+ N Ik (butanoic acid, 3-methyl—,
1-methylethyl ester) (3.759%) . H fifi ¥ £, & (metha—
nesulfonylacetic acid) (3.199%).3-Z.%-2,5-—"H
FLIE R (pyrazine, 3—ethyl-2,5-dimethyl-) (2.881%)
Ko — L Hi ik (disulfide, dimethyl) (2.541%)55

TEFPBE IR TR A L TR A A rh, AT
HUSE 121 FEEY), HrbAxs &&= T 2%
16 1, 4351128 N-2R 5 H BER% (formamide, N—phe—
nyl-) (9.454%) . 5 I R 57 Y I (butanoic acid, 3-
methyl—, 3—methylbutyl ester) (7.043%) . 5% %2 Z.
fik (6.097%) . — W & —fi ik (5.693%) . % (naphtha—
lene) (4.477%) . N IR 55151 (1-butanol, 3-methyl—,
propanoate) (4.081%) . 5% %2 5 PR (3.847%) S X,
Fi5(1—-pentanol) (3.076%)% .
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Table 3 Olfactory behavioral responses of adult C. fuscipes to fermentation broths of 21 commensal bacteria (in 20 min)

Fs Ll APRAGIGER XIMALIER O RIAR MAXSHER RS P{H
No. Species R, /(%) R../[(%) R./(%) R../(%) X P value
1 Alcaligenes aquatilis 27.50+3.15 13.75+1.25 41.25 13.75 4.67° <0.05
2 Alcaligenes faecalis 18.75+2.39 16.25+3.15 35.00 2.50 0.25 0.612
3 Bacillus altitudinis 16.25+2.39 15.00+2.04 31.25 1.25 0.03 0.857
4 Bacillus pumilus 12.50+1.44 11.25+£2.39 23.75 1.25 0.17 0.683
5 Bacillus safensis 5.00+2.04 18.75+2.39 23.75 -13.75 8.17" <0.01

6 Bacillus stratosphericus 15.00+2.04 15.00£3.54 30.00 0 — —

7 Bacillus sp. 17.50+1.44 16.25+3.15 33.75 1.25 0.12 0.732
8 Paenochrobactrum glaciet 22.50+1.44 8.75+2.39 31.25 13.75 6.13" <0.05
9 Cupriavidus metallidurans 12.50+1.44 8.75+3.15 21.25 3.75 0.73 0.394
10 Brevundimonas diminuta 18.75+3.14 15.00£3.54 33.75 3.75 0.47 0.493
11 Lampropedia aestuarii 18.75+2.39 16.25+£2.39 35.00 2.50 0.26 0.612
12 Cellulosimicrobium funkei 20.00+2.89 21.25+2.39 41.25 -1.25 0.09 0.758
13 Cedecea neteri 20.00+2.04 21.25£1.25 41.25 -1.25 0.10 0.755
14 Citrobacter sp. 18.75+2.39 8.75+1.25 27.50 10.00 3.55 0.059
15 Stenotrophomonas pictorum 16.25+2.39 17.50+4.33 33.75 -1.25 0.12 0.732
16 Leucobacter komagatae 22.50+3.23 28.75+2.04 51.25 -6.25 0.69 0.405
17 Gordonia iterans 25.00+3.54 20.00£1.25 45.00 5.00 0.56 0.456
18 Paracoccus chinensis 20.00+2.89 12.50£2.50 32.50 7.50 1.49 0.223
19 Sphingobacterium humi 18.75+2.39 15.00+2.04 33.75 3.75 0.47 0.493
20 Chryseobacterium endophyticum 16.25+3.15 11.25+1.44 27.50 5.00 0.93 0.336
21 Empedobacter brevis 15.00+1.44 11.25+2.89 26.25 3.75 0.62 0.433

E AP HAE A FHMATERE, Fo T R EATEF AR E P<0.05 AR P<0.01 KFEEFRE,
Notes: Data are expressed as mean * standard error. * and ™ represent significant difference at P<0.05 level and P<0.01 level,
respectively, by Chi-square test.
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Table 4 Olfactory behavioral responses of adult C. fuscipes to fermentation broths of 21 commensal bacteria (in 30 min)

Fs AN ARPREATIFEA WRASIER AR MEXIGIER RPEDr Pia
No. Species R./(%) R../[(%) R./(%) R./(%) X P value
1 Alcaligenes aquatilis 33.75+2.39 13.75+1.25 47.50 20.00 8.33" <0.01
2 Alcaligenes faecalis 22.50+2.04 20.00+2.04 42.50 2.50 0.10 0.758
3 Bacillus dltitudinis 26.25+3.15 23.75+3.75 50.00 2.50 0.08 0.777
4 Bacillus pumilus 20.00+3.54 18.75+3.75 38.75 1.25 0.03 0.873
5 Bacillus safensis 5.00+2.04 23.75+2.39 28.75 -18.75 12.45™ <0.01
6 Bacillus stratosphericus 20.00+3.54 18.75+4.27 38.75 1.25 0.03 0.873
7 Bacillus sp. 28.75+3.15 21.25+2.39 50.00 7.50 1.28 0.258
8 Paenochrobactrum glactei 25.00+2.04 10.00£2.04 35.00 15.00 6.43" <0.05
9 Cupriavidus metallidurans 15.00+0.00 11.2543.15 26.25 3.75 0.62 0.433
10 Brevundimonas diminuta 26.25+3.15 23.75+3.75 50.00 2.50 0.08 0.777
11 Lampropedia aestuarii 21.25+£2.39 20.00+4.08 41.25 1.25 0.02 0.876
12 Cellulostmicrobium funkei 22.50+3.23 23.75+2.39 46.25 -1.25 0.02 0.884
13 Cedecea neteri 27.50+1.44 26.25£1.25 53.75 1.25 0.03 0.873
14 Citrobacter sp. 23.75+4.27 10.00+2.04 33.75 13.75 5.77 <0.05
15 Stenotrophomonas pictorum 20.00+2.04 22.50+2.50 42.50 -2.50 0.21 0.647
16 Leucobacter komagatae 30.00+3.15 27.50+2.04 57.50 2.50 0.07 0.793
17 Gordonia iterans 26.25+2.39 20.00+2.39 46.25 6.25 0.78 0.376
18 Paracoccus chinensis 28.75+2.39 16.25+2.39 45.00 12.50 3.76 0.053
19 Sphingobactertum humi 22.50+3.23 20.00+2.04 42.50 2.50 0.21 0.647
20 Chryseobactertum endophyticum 23.75+2.39 15.00+3.54 38.75 8.75 1.68 0.194
21 Empedobacter brevis 15.00+1.44 18.75+2.04 33.75 -3.75 0.47 0.493

E AP REA FHMEATERE, o AR TEF I P<0.05 UK P<0.01 KF EZFRE
Notes: Data are expressed as mean * standard error. ~ and ™ represent significant difference at P<0.05 level and P<0.01 level,
respectively, by Chi-square test.
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YoE ) 114 BB, Hrp X S T 2% 7
Folt, 435 2 F I (40.436%) T %t — I (1,10~di-
cyanodecane) (13.161%). 3 (9.961%) 1,2 — 1 4
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