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ANOVA, post-hoc Tukey’s honestly significant dif-
ference test) ; ' & M £ % 7K F K « =0.05, K H
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Fig.1 The abundance of intestinal bacteria (A), oviposition (B), food consumption (C), and haemolymph amino
acid contents (D) of female adults of Zeugodacus tau after the antibiotic-treatment
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Fig. 2 Phylogenetic analysis based on partial 16S rDNA sequence of ZYY 2-97 (A),

ZYY 1-83 (B) and other homologous bacterial strains
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Table1l Basicinformation of the cultivated bacterial strains

®1 WUEFENELER

HH 1K=
Hkk Strain Pi;toitﬁn (ni?k ’ ["] Phylum J& Genus
number
ZYY 1-30 0.93 ON428671  Proteobacteria Kluyvera
ZYY 1-69 3.70 ON428672  Proteobacteria  Providencia
ZYY 1-83 17.59 ON428673 Firmicutes Bacillus
ZYY 2-97 57.41 ON428674 Firmicutes Enterococcus
ZYY 2-67 0.93 ON428675 Firmicutes Enterococcus
ZYY 3-21 1.85 ON428676  Proteobacteria  Citrobacter
ZYY 3-13 7.41 ON428677  Proteobacteria  Enterobacter
ZYY 3-29 9.26 ON428678  Proteobacteria  Enterobacter
ZYY 3-30 0.93 ON428679  Proteobacteria  Enterobacter
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F25) (F3A) A ZYY 2-97 FIZYY 1-83 41
0 S B o3 ) 2 35 K R IR 75.0000
86.98% , HLITIFN ZY'Y 1-83 £H A = B4 i 3 v 1]
7YY 2-97 41 (4 3B) (P<<0.05, post-hoc Tukey’s
honestly significant difference test) ; ZEEUE 485 L,
Wb ZYY 2-97 F1ZY'Y 1-83 J M Al v i B £ ek 7K
By 4w 35 T B i 18 A0 R B AR 3R 4 (P<20.05,
post-hoc Tukey’ s honestly significant difference
test) , 43K 52 ZE T B 117.53 %6 #1117.85% {1 5
X R 35 TC I 2 25 5% (P=>0.05, post-hoc Tukey’s hon-
estly significant difference test) (€4).

(<=}

15 17 19 21 23
JPIEJEEF)/d Time post eclosion

_ 250F
= a
=l
S 200¢ %I% b
I 2 ac =
& 5 1504 iz
g =
B ~ &
% 5
= £ 100 d
o0
il i
2 s0f
8
c
= 9 .
& w& 5 S
N
& Ny A A
v v &N
AbFE Treatment

NE/ING FEEFRFEA R AL B ZH 27 8] B B 3% 22 5 (P << 0.05) . Different lowercase letters denote significant differences between differ-

ent treatments (P < 0.05).

B3 EAMZYY 2-97FAZYY 1-83 R LRSS aR MR B B A= IR E (A F 2 =& (B)
Fig.3 The daily (A) and total laid eggs(B) of female adults of Z. tau after the supplementation of ZYY 2-97 and ZYY 1-83
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Fig. 4 Food consumption of female adults of Z. tau
after the supplementation of ZYY 2-97 and ZYY 1-83
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Fig. 5 Amino acid contents of female adults of Z. fau af-
ter the supplementation of ZYY 2-97 and ZYY 1-83
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FAARLHL , BIRR ZYY 2-97 FZY'Y 1-83 Ji it A R
R I bk T 2 R K ST B W 3 i T A R A (P
0.05, post-hoc Tukey’ s honestly significant differ-
ence test) , 73 BIVK 5 2 XF B 94.80 %6 F187.81% ,{H
5 X B JC 3 2% % (P=>0.05, post-hoc Tukey’s
honestly significant difference test) ([ 5)

DL S5 SR LMY, A0 35n] 15 35 1/ bk ZY'Y 2-97 Al
ZYY 1-83 % T g 3 53 S g e i ke 1) AR A OB A T
PLRCE FRRSHRA B 4R
3

AT 43 1 45 77 00 i 7R 52 i 8 RT3 5
TR 53 ) s R TR RE T ] (75.92 %) FARTE AT
(24.08%4) , H v iy 2k w1 )& (58.3%0) .\ W AT 1 )&
(17.60%) ZFEFFIE)E (17.59 %) AILHEE . X5
X JHC Al g IV SR 5 gl HC Al S A G Y BIF ST A R A —
S 2 S, Luo A5 I M R e
S i 38 s 3R 03 AR B R R H R R N SR T T
Khan %15 0 i iz ] () 14 1 0 S5 552 0 18 v i
o B O S E B 8 Al I R WA | TARIE T .
22 5 ] BE A H T AEAS [A) 1) 5% SR A A T S ol ot
i T TR S AL 7S AR I

AHIFFE K IR A= 25T o Ml L ) o A o 2
T IV SR S5 s s ) B | B R R O
0 2T R, 5 3R BH i T 4 TR X T R I 2R S e M
Moy A FA e ) B dE LA VR T, B AT R ad ik
S WO DTG A 5 7 TR (R W 5 544k
TTSE B, A A A S g 3 e e AT 2R & B 13
1, Goane %503 3t V8 T AE 2 975 o3k e ek e O 42 52
W8 (Anastrepha fraterculus ) W% 18 40 16 23 i 25 30 H
A58 3, BAS 5 BRI i A DA . FER
MRS b, BT AR R BR A A B R e B
ERE TR A B Y BRATA B s R
UER T Ji 3 240 v P LA TR 3 ] 4 g 0 SR S R O AT
HVE FRARAS T SZ e HAEFHRE ) o £ B ix ses
G, FATTHHE I A S e 21 T H v 3 AR B T g 3 A 7 -
i FIE S E IR - 18 AR 1 A AL ) 2 ik A
TEM

T I B AR R SR S TR [R50 i B M 3 R A
PR BE K Enterococcus sp. ZYY 2-97 (57.41%) . Ba-
cillus sp. ZYY 1-83 (17.59 %) #F vl LA 4 2K &2 7 F
SR ST A S PR A B ) RS R D RE SRR R
IX 2 A TR AR A AE 55 T 7R S i st T SRR R

FEARZS ST 445 A 58y 1) i B v R AR T HE AR
FH o ZERlRy IR 4 © 7 At B2 A P AR 2RSS . i)
G, A 45 B K TR AE P i 3 20 TR T DA S R H R
AT AR RS 12 SRR FAW 2-1 F 753
PR Wk (Spodoptera frugiperda) % MUIERE 2 )R b 3%
PR D S A B SRR Y L At iR
3% 35 DA T-48 K 4= (Stromatium barbatwm) 18 40 &
HhSE AT R R A ER T R AT R SR R,
IR R B e AR B UK R Bl V2R I AT AR R
SFL B Tl R 0 S 0 R R AT i Bk T LA
o ZEFRLFT TR TR AR E B ISR S 9 g T o R R
O3 F ) B R AT 43 A A T S 5 3R ) T ) W
W, AT Rk B R E TR B E IR . RREE— D4y
IX 2 A R bR i T e B ER B W Y R T B L R T T ) Y
BEFR AT B TR 902 R R e 45 e SR S e R
B8 T3 AL

ARG T 3 1T X P S S S e M g ) A B
BAEZEMNMHAT R FRERZYY 2-97 M Z2YY
1-83, SR T AR 41 16S rDNA J3> 51 AL R H L % 7 3 i
ANRESEE BB . FERR B 75 2Lk — 2Pl ok o A=
AR AT A S . X T Bacillus JE RN, AT LA
i 1t gyrA (DNA gyrase subunit A) J¥ %1 JF 17 4 Ff
Yol

Zr LR ARWEGEUE R 1 i 18 A1 R T 4R R
T S S e M ) TR B S SRS A Bl D
BAREEAEH, MAEr g b, kg Tk e
FZE RT3 i O A R AR e L rh R 4 T OGS
AR AR B A - 18 FE - E A
BA (AR AL T B AL B 0 PTG R B AR A AR
AAH F T RHZ I EHLE D IRARR W T
T A R A i ST S e S B AR SR s AR T
pLiiRie ST

53 3T ik References

[1] JALEEL W, LU L H, HE Y R.Biology, taxonomy, and IPM
strategies of Bactrocera tau Walker and complex species (Dip-
tera; Tephritidae) in Asia: a comprehensive review [J]. Environ-
mental science and pollution research, 2018, 25 (20) : 19346~
19361.

[2] TANM H,ZHANG R, XIANG C Y, et al. The complete mito-
chondrial genome of the pumpkin fruit fly, Bactrocera tau (Dip-
tera: Tephritidae) [ J]. Mitochondrial DNA part A, 2016, 27 (4) :
2502-2503.

[3] LIHW,ZHAO C W,YANG Y, et al. The influence of gut Mi-



o5 2 1A

TG A TS TE 2N T X e IR S A B S

121

[4]

[5]

L6l

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

crobiota on the fecundity of Henosepilachna vigintioctopunctata
(Coleoptera: Coccinellidae) [J/OL 1. Journal of insect science,
2021,21(4) : 15[2022-10-17]. https://doi.org/10.1093/jisesa/
ieab061.

JORDAN H R, TOMBERLIN J K. Microbial influence on re-
production, conversion, and growth of mass produced insects[J].
Current opinion in insect science, 2021,48:57-63.

FUSETTO R, DENECKE S, PERRY T, et al. Partitioning the
roles of CYP6G1 and gut microbes in the metabolism of the in-
secticide imidacloprid in Drosophila melanogaster[J/O1.].Scien-
tific reports, 2017, 7:11339[2022-10-17]. https: //www.nature.
com/articles/s41598-017-09800-2. DOI: 10.1038/s41598-017-
09800-2.

BEHAR A, YUVAL B, JURKEVITCH E, et al. Gut bacterial
communities in the Mediterranean fruit fly (Ceraritis capitata)
and their impact on host longevity [ J].Journal of insect physiolo-
gy,2008,54(9):1377-1383.

NGUYEN B, THAN A, DINH H, et al. Parental Microbiota
modulates offspring development, body mass and fecundity in a
polyphagous fruit fly [J/OL ].Microorganisms, 2020, 8(9) : 1289
[2022-10-17]. https://pubmed. ncbi. nlm. nih. gov/32846933/.
DOI: 10.3390/microorganisms8091289.

MORIMOTO J, SIMPSON S J, PONTON F.Direct and trans-
generational effects of male and female gut microbiota in Dro-
sophila melanogaster [J/OL]. Biology letters, 2017, 13 (7) :
20160966 [2022-10-17]. https://pubmed. ncbi. nlm. nih. gov/
28724687/.DOI: 10.1098/rsbl.2016.0966.

AKAMI M, REN X M, QI X W, et al. Symbiotic bacteria moti-
vate the foraging decision and promote fecundity and survival of
Bactrocera dorsalis (Diptera: Tephritidae) [J/OL ].BMC micro-
biology, 2019, 19 (1) : 229 [2022-10-17]. https: //pubmed. ncbi.
nlm.nih.gov/31640545/.DOI: 10.1186/s12866-019-1607-3.
RASHID M A, ANDONGMA A A,DONG Y C,et al.Effect of
gut bacteria on fitness of the Chinese citrus fly, Bactrocera minax
(Diptera: Tephritidae ) [ J].Symbiosis, 2018, 76(1) : 63-69.
AUGUSTINOS A A,KYRITSIS G A, PAPADOPOULOS N
T, et al. Exploitation of the medfly gut Microbiota for the en-
hancement of sterile insect technique: use of Enterobacter sp. in
larval diet-based probiotic applications[ J/OL ].PLoS One, 2015,
10(9) : 0136459 [ 2022-10-17 . https: //pubmed. ncbi. nlm. nih.
gov/26325068/.DOI: 10.1371/journal.pone.0136459.

NOMAN M S,SHI G, LIU L J, et al. Diversity of bacteria in dif-
ferent life stages and their impact on the development and repro-
duction of Zeugodacus tau (Diptera: Tephritidae) [J]. Insect sci-
ence, 2021,28(2) :363-376.

LUO M J,ZHANG H H,DU Y G, et al.Molecular identification
of cultivable bacteria in the gut of adult Bactrocera tau (Walker)
and their trapping effect [J]. Pest management science, 2018, 74
(12):2842-2850.

RAZA M F, WANG Y C, CAI Z H, et al. Gut microbiota pro-

motes host resistance to low-temperature stress by stimulating

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

its arginine and proline metabolism pathway in adult Bactrocera
dorsalis[J/OL].PLoS pathogens, 2020, 16(4) : €1008441[ 2022~
10-17].https://doi.org/10.1371/journal.ppat. 100844 1.

YOON S H,HA S M,KWON S, et al.Introducing EzBioCloud :
a taxonomically united database of 16S rRNA gene sequences
and whole-genome assemblies [ J]. International journal of sys-
tematic and evolutionary microbiology,2017,67(5):1613-1617.
KUMAR S, STECHER G, TAMURA K. MEGA?7: molecular
evolutionary genetics analysis version 7.0 for bigger datasets[J].
Molecular biology and evolution, 2016, 33(7) : 1870-1874.
VIJENDRAVARMA R K, NARASIMHA S, CHAKRABAR-
TI S, et al. Gut physiology mediates a trade-off between adapta-
tion to malnutrition and susceptibility to food-borne pathogens
[J].Ecology letters,2015,18(10) : 1078-1086.

KHAN M,MAHIN A A,PRAMANIK M K, et al.Identification
of gut bacterial community and their effect on the fecundity of
pumpkin {ly, Bactrocera tau (Walker) [J]. Journal of entomolo-
gy,2014,11(2):68-77

WANG H X,JIN L, PENG T, et al. Identification of cultivable
bacteria in the intestinal tract of Bactrocera dorsalis from three
different populations and determination of their attractive poten-
tial[ J].Pest management science,2014,70(1) : 80-87.

GOANE L,SALGUEIROJ, MEDINA PEREYRA P, ,et al. An-
tibiotic treatment reduces fecundity and nutrient content in females
of Anastrepha fraterculus (Diptera: Tephritidae) in a diet depen-
dent way [J/OL]. Journal of insect physiology, 2022, 139: 104396
[2022-10-17].https://doi.org/10.1016/].jinsphys.2022.104396.
CAIZH,YAO Z C,LI'Y S, et al.Intestinal probiotics restore
the ecological fitness decline of Bactrocera dorsalis by irradiation
[J].Evolutionary applications,2018,11(10) : 1946-1963.
PANIAGUA VOIROL L R,FRAGO E,KALTENPOTH M,
et al. Bacterial symbionts in Lepidoptera: their diversity, transmis-
sion, and impact on the host[J/OL].Frontiers in microbiology,
2018, 9: 556 [2022-10-17]. https://doi. org/10.3389/
fmicb.2018.00556.

BYAPPANAHALLI M N, NEVERS M B, KORAJKIC A, et
al. Enterococci in the environment [J]. Microbiology and molecu-
lar biology reviews, 2012,76(4) : 685-706.

CHEN B S, MASON C J, PEIFFER, et al. Enterococcal symbi-
onts of caterpillars facilitate the utilization of a suboptimal diet[J/
OL].Journal of insect physiology, 2022, 138: 104369 [ 2022-10-
17].https://doi.org/10.1016/].jinsphys.2022.104369.

YADAV D S,RANADE Y,SAWANT 1, et al.Isolation, identi-
fication and functional characterisation of bacteria associated with
gut of wood feeding Stromatium barbatum (Fabr.) (Coleoptera:
Cerambycidae) larvae [J]. International journal of tropical insect
science, 2022,42(3) : 2603-2616.

CHUN J, BAE K S.Phylogenetic analysis of Bacillus subtilis and
related taxa based on partial gyrA gene sequences [J]. Antonie

van leeuwenhoek, 2000, 78(2) : 123-127.



122 LRI I NI <3 4

=
S
o

Effect of culturable intestinal bacteria on fecundity
of Zeugodacus tau (Walker)

DING Peng', LIU Chongmin®, SUN Zuoheng”, CHEN Wen?,
SHEN Hantao®, ZHANG Hongyu',ZHANG Zhenyu', YUAN Yimin*

1.College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2.School of Environmental Design, Wuhan Design and Engineering College, Wuhan 430205, China

Abstract To identify the dominant strains in the intestinal tract in female adults of the quarantine
fruit fly pest, Zeugodacus tau (Walker) , and their effects on feeding ability , nutritional status and fecundi-
ty, here traditional microorganism isolation and molecular identification techniques were use to isolate and
identify the culturable bacteria, and then antibiotic treatment and intestinal dominant strains supplementa-
tion were carried out to detect the intake, hemolymph amino acid content and egg production of Z. tau.The
results indicated that the elimination of intestinal bacteria significantly reduced the oviposition, food intake
and hemolymph amino acid content of female adult fruit flies to 34.9%, 43.2% and 60.8% of the control
(without antibiotic treatment) levels.Subsequently, 9 cultivable strains were isolated and identified as Pro-
teobacteria and Firmicutes, and are mainly distributed in the genera of Enterococcus, Enterobacter and Ba-
cillus. The dominant strains were Enterococcus sp. ZYY 2-97 (57.41%) and Bacillus sp. ZYY 1-83
(17.59% ) .In addition, after supplemented with ZYY 2-97 and ZYY 1-83 strains, the total fecundity of
the female adults were significantly recovered to 75.00% and 86.98% of the control level, and the food in-
take were significantly recovered to 117.53% and 117.85% of the control level, respectively. Meanwhile,
the amino acids contents in hemolymph were recovered to 94.80% and 87.81% of the control level. Our
findings demonstrated that the intestinal bacteria could affect the fecundity of Z. tau by regulating the feed-
ing capacity and nutritional status of the female adults, and the dominant culturable strains play a key role
in this process.

Keywords Zeugodacus tau; intestinal microorganisms ; culturable bacteria; fecundity ; feeding ability ;

nutritional status; green prevention and control
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