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Consuming different diets affects the gut bacterial diversity of
Lasioderma serricorne larvae

WAN Ziling', LI Yanqing', LI Ang', PENG Chen?, LIANG Zengfa?, HUANG Jiajie?,
JIN Fengliang'*, XU Xiaoxia!*

1 State Key Laboratory of Green Pesticides, College of Plant Protection, South China Agricultural University,
Guangzhou 510642, Guangdong, China
2 China Tobacco Guangdong Industrial Co., Ltd., Guangzhou 510385, Guangdong, China

Abstract: [Background] Gut bacteria play crucial roles in the development, nutrient
metabolism, and immune defenses of host insects, with their community composition being
significantly influenced by diet sources. However, the research on the diversity of gut
microbiota in Lasioderma serricorne larvae under different dietary conditions remains limited.
[Objective] To elucidate the intrinsic relationship between gut bacterial diversity and diet
sources in L. serricorne larvae and isolate and identify culturable symbiotic bacteria. [Methods]
Full-length 16S rRNA gene sequencing was performed on the PacBio SMRT platform to analyze
the community structure of gut bacteria in L. serricorne larvae in the artificial feed (SL) group,
tobacco domestication (YC) group, and wild environment (WF) group. RT-qPCR was employed
to quantify the expression levels of three symbiotic bacteria, Enterobacter, Wolbachia, and
Arsenophonus, under the three dietary conditions. Culturable dominant bacteria were isolated
and identified via four functionally distinct media. [Results] The number of gut microbiota
OTUs varied significantly among different groups (SL: 174 OTUs; YC: 115 OTUs; WF: 62 OTUs).
Alpha diversity indices confirmed significant intergroup differences (SL>YC>WF, P<0.05). At
the genus level, the dominant bacteria were Enterobacter (61.43%), Wolbachia (13.12%), and
Enterococcus (19.34%) in the SL group, Wolbachia (87.09%) and Enterococcus (11.88%) in the
YC group, and Arsenophonus (97.91%) in the WF group. RT-qPCR validated the differential
expression of Enterobacter, Wolbachia, and Arsenophonus across groups. Thirteen culturable
strains were isolated and phylogenetically identified as Pantoea (SL1 and YC5), Acinetobacter
(SL6, YC1, WF2, WFS, and WF10), Enterobacter (CB2), Exiguobacterium (SL5 and YC3), and
Enterococcus (WF6, YCL, and WFL). [Conclusion] This multi-dimensional analysis
demonstrates how diets shape the gut microbiota structure of L. serricorne larvae, providing
new insights for developing gut microbiota-based eco-friendly strategies for pest management.

Keywords: Lasioderrma serricorne; symbiotic bacteria; community structure; bacterial isolation
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Table 1 Clustering of OTUs of intestinal bacteria
in different feed Lasioderma serricorne larvae and
the quantity of each taxonomic status

Item SL YC WF Total
OTUs 174 115 62 196
Phylum 6 8 6 8
Class 10 12 10 13
Order 16 18 13 20
Family 24 26 17 30
Genus 46 43 30 52
Species 73 60 40 80

SL: ANTPRIEL; YC: JHE Il WE: B9k,
SL: Artificial feed group; YC: Tobacco domestication group;
WF: Wild environment group.

SL WF

YC

1 AEENBERYABEARNFEE
SL: }\Iﬁ*’l‘gﬂ, YC: iﬁiﬂllﬂzéﬂ, WF: E”EE
Ytk .

Figure 1 Venn diagram of different feed Lasoderma
serricorne larvae gut bacteria. SL: Artificial feed
group; YC: Tobacco domestication group; WF:
Wild environment group.
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Figure 2 Alpha diversity of different feed Lasioderma serricorne larvae gut bacteria. A: Sobs index; B: Chaol
index; C: ACE index; D: Shannon index; E: Simpson index; F: Pielou evenness index. ***: P<0.001; ns: P>0.05.
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A I HER] TR B RN A A IS 2 AT B 25 S o W 410y 3 /N FF ah (B BE B /)
ARERW, 3 MORFERELEIET AR E RV E YRR — B s, AN
AR S e B A2 Z 55 /ME 3A). KT Binary Jaccard 55 50 [
24 B EZHEMTHR ol B AT AR AR B I SR, AL 22 B R T

MR, SL 4. YC 4 WF dlike dNzER, Xib—PRITE 3 FiorF &R R
AT AT RO B B XS, XU T, B AR R E 2 5K 3B). Hiidls UPGMA
3 AL AT A AN S MAfEE R REEEER(EI 30), SL MBS RE S R O —4,
Z5. Nt KX 3 AR 2Tk, WEF HBYFE N RN o5 — 2. YC AR S IE AL

>
w

PCoA—PCoAl vs. PCoA2

1.00 } T
=}
2 :
2 X H
5 o T 0.75
£8 SL g |
- . = 0.50 F
52 YC =~ [
&OE -1f WF £
° g @ .25}
8" 1 1 =
(=9
_2 L 1 Il 1 1 . : .
- 0 1 F &’ e &
PCoA1-Percent variation explained 57.83% gg,? BoxPlot
C YC5 D
YC3
YC2 Stress=0.000 1
YCl
YC4 0.002
SL5 -
i Group el
— SL S 0.000¢
SL4 YC z
SL2 WE SL
SL6 -0.002 | 3’\/(%
SL1
b 000 025 050 075
WF1 NMDSI
0.04 WE2

B3 MHERGBNAE P SHEMEST A TS B FEEEREATILAALIE; C: RRAARIIAAE
FRERIER; D JEERZYERETE . SL: ATREHH; YC: MHEYIfbaH; WF: BPAFREE4 .
Figure 3 Beta diversity analysis of bacteria in Lasioderma serricorne larvae. A: Principal coordinates
analysis (PCoA); B: Visualization boxplot of the distance matrix; C: Unweighted pair-group method with
arithmetic mean (UPGMA) clustering tree of samples; D: Non-metric multi-dimensional scaling (NMDS)
analysis graph. SL: Artificial feed group; YC: Tobacco domestication group; WF: Wild environment group.
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TH 325, FEMTTIEMT LR o 3 AR
L LS w3 ZHAE S N A A TR VR A AE R
XS, WEINK, 24 NMDS 1 stress {H/NTF
0.2 B, Fods LA 55 v 1 AT Sk o T AE A 58
NMDS HY stress {E -~ 0.000 1, X3 BHBF5EEHE
HAA B E W 551 (& 3D),
2.5 HEBGBRMEDF S M SH
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Figure 4 Composition of gut bacterial communities in Lasioderma serricorne larvae feeding on different
diets. A: Phylum level; B: Class level; C: Order level; D: Family level; E: Genus level; F: Species level.
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23.23%)FIASIE R T 1 (A b 76.34%), —FH A1
iKF]99.57% (Kl 4A). LAk, SL 4l RfATEZk
H 1] (Actinomycetota), ASid H 3= FEAAIXT 84K . 18
YC A, BRI T EIZ R 87.13%, x4
o H A T R A HLE A Y 1) S URF B 1)
(Bacteroidota) . f2#F 1] (Fusobacteriota) . i 4fl
I "J(Cyanobacteria) Fljir £k [ ](Actinomycetota) .
e WF Ao, AR ET TS R 99.73%. FEK
T SL 441 YC 44, WF G4 sl 2 B
W — P REE LS H  RILRT L, BN ERES
BRI 2 R B R
TSR, FREAT 8 MY £%
£ 5 22 JE W& ['] (Proteobacteria) . J& BE [ [']
(Firmicutes) . K 4325 B9 15 40 14 1] (unclassified
Archaea) . £k A1 ] (Actinomycetota) . #FT &[]
(Bacteroidota) . & 43 25 4l I# [ (unclassified
Bacteria) . s ZH [ ](Cyanobacteria) LA & A2 4T B
I"J(Fusobacteriota). SL Z41. YC 4151 WF 41X 3 41
JH L 4y i i T TR AR A S AR IR TR ) L JRRE
BT RSB ETT . KR AR,
ANEd, e ATHE AR X T B T A R 2
5o 78 3 AME R 2 i ipiE i, IR E
I SR ES 1| AR AL . Forh, WF
HHE B P RIS s, R8T
99.73%; SL M YC 41738 i i h A TE BT 1Y
FrRIY R 76.34%H01 87.13% ., JERER | J1E 3 41
YoM 2 R AFIEE . SL 20 i 8 18 BF P R RE I )
P 5(23.23%) B35 5 T YC 41(12.07%)F1 WF
2H(0.16%) . ARG RIS A9 =F EEAIXTEAIK, (2
3 LM A 2 A 25 5. 34h, YC
Wy g E A DR AR AR 1(0.05%),
MAE SL 2 WF 204 f g b R A I 5103% 1
1o MeAh, DEEMET THFET YC 41(0.03%)
FI WF 21(0.000 9%) 7, TiAE SL £H A I A Al
2, DERIFETIFAET YC 41(0.001%)F1 SL
2H(0.005%) 1, WF 4L KK 2] (% 2).
FEAR = F 4y g 38 A 0 4R K - 4 Fl
FREHEA T, MERT 10 KR A y- 2K E

x2 =SMENTHEERYHEERNIRIMERE
Table 2 The species abundance at the phylum
level in the intestines of three distinct groups of
Lasoderma serricorne larvae

Phylum SL (%) YC (%) WF (%)
Proteobacteria 76.340 87.130 99.730 0
Firmicutes 23.230 12.070 0.160 0
Unclassified Archaea 0.030 0.600 0.006 0
Actinomycetota 0.390 0.050 0.100 0
Bacteroidota 0.007 0.060 0.000 9
Unclassified Bacteria 0 0.050 0
Cyanobacteria 0 0.030 0.000 9
Fusobacteriota 0.005 0.001 0

44 (Gammaproteobacteria) . o- 2% & W 4
(Alphaproteobacteria) . ZFfFF B 24(Bacilli). #
WA (Clostridia) . 743 21 24 171 44 (unclassified
Archaea) . Jilt £ 1 24 (Actinomycetes) . A3k
4% (Negativicutes) . ZI %% i 44(Coriobacteriia) .

FUFT 214X (Bacteroidia) M A 7325 2 i 44 (unclassified
Bacteria) (¥l 4B). SR RGO, 76
WF 4, JHEH 2 A i y-"8 8 A9
W, Ik 98.11%, X — ol e & T SL 41
) 63.18%. TTE YC 4, (R 25 y-28
RN, HEEH 0.03%, AL, oS HHN
EARFEAR P& E2ZESRE I, 7 YC
o, MRE R4 BN o- A8 T BN A
., 155 87.09%; HIELZF, SL 411 WF 4+
oI R A ) B4 AR 13.12%F1 1.62%.

AT ANTE SL 4. YC ZHF0 WE ZH 25 /P &) ot
Jo 1B A S A A 19.420% . 11.890% .

0.008%, Forft WF 21 (1) ZE AT o 49 2 et B AT
HABPILH . BRHNTE 3 2L b He . SL 4
3.64%. YC 41 0.17%. WF 21 0.14%, HA YC 4
I WE 4L & i 21T . RSN . L
LRTAYN . BAVEEREZN . 2005 R 4R AIHDUT T 4R i A
X HARITT . SL 510 0.03%., 0.28%.

0.17%. 0.11%. 0.007%; YC 45514 0.60%.
0.05%. 0.01%. 0.006%. 0.06%; WF 155K
0.006%. 0.09%. 0.02%. 0.009%. 0.000 9%, A4

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Jir 5| ASFE YRR MR 4l R T8 R R R AT 281

AN IAE YC RN E], B 298 0.05% (2 3).
TE SL 4. YC ZH 1 WF 2 194055 H 41 i i
B, HAEEER 10 (FEOQEmFTF E
(Enterobacterales) (& 4C), 7Eix 3 H4hdi i
N, MR BB S AR B A 2R, a0
N 63.68%. 0.03%F1 98.11%, Hi, WF #i
P AR H G R T SL AR YC . 375
KGR H (Rickettsiales)7EiX 3 4l 4l HUpiE 19 5
AR 13.12%. 87.09%. 1.62%; YC HAE%
HE A G LR s T A, AT E
(Lactobacillales)ft SL 41, YC 411 WF 41K #E
H 41 Ul R 9 7 oA 19.35% . 11.89% .
0.006%. 427 H (Lachnospirales), A2 4
W H (unclassified Archaea) . X I #F & H
(Bifidobacteriales) , 55 7% [k Bk i H (Veillondlales)
B2 H (Oscillospirales) . £19% i H (Coriobacteriale)
17} 22 H (Erysipelotrichal es) 78 4% 2H 4 & Ff
WA pE R S B IT : 7E SL A, S
435K 3.55%. 0.03%. 0.28%. 0.17%. 0.09% .
0.11%.0.07%; £ YC 4, i He 25 0.14%
0.60% . 0.05%.0.01%. 0.03%. 0.006% ., 0.002%:;
£ WF 4, 5 H 435 0.12%.0.006% .0.09% .
0.02%. 0.01%. 0.009%. 0.002% (5% 4).

=3
MEE
Table 3 The species abundance at the class level in
the intestines of three distinct groups of Lasoderma
serricorne larvae

=R R T E BB 4 B E R R K

Class SL (%) YC(%) WF (%)
Gammaproteobacteria  63.180 0.030 98.110 0
Alphaproteobacteria 13.120 87.090 1.620 0
Bacilli 19.420 11.890 0.008 0
Clostridia 3.640 0.170 0.140 0
Unclassified Archaea 0.030 0.600 0.006 0
Actinomycetes 0.280 0.050 0.090 0
Negativicutes 0.170 0.010 0.020 0
Coriobacteriia 0.110 0.006 0.009 0
Bacteroidia 0.007 0.060 0.000 9
Unclassified Bacteria 0 0.050 0

Others 0.050 0.030 0.000 9

* 4
FE
Table 4 The species abundance at the order level in
the intestines of three distinct groups of Lasioderma
serricorne larvae

=MIAR THEER L REERN B K T

Order SL (%) YC (%) WF (%)
Enterobacterales 63.18 0.030 98.110
Rickettsiales 13.12 87.090 1.620
Lactobacillales 19.35 11.890 0.006
Lachnospirales 3.55 0.140 0.120
Unclassified Archaea 0.03 0.600 0.006
Bifidobacteriales 0.28 0.050 0.090
Veillonellales 0.17 0.010 0.020
Oscillospirales 0.09 0.030 0.010
Coriobacteriales 0.11 0.006 0.009
Erysipelotrichales 0.07 0.002 0.002
Others 0.06 0.150 0.004

7E SL 2 . YC 411 WF 4 fr 0 & B &) b g il
W FERRKOE B AL E AT 10 PR
TCI AR (Anaplasmataceae) 7/t YC 4114 /5 H ik
87.09%, X— B SL ZHAY 13.12%F1 WF 4]
) 1.62% (1€l 4D). EEHR K E FF(Morganel laceae)
TE WF A i) it R i, 1831 97.91%, 2
FET YC 4 0.000 9%, I HAE SL 4 RH:
W EZFHSAEY . WAT R Enterobacteriaceae)
FE SL ZH IR H &) e i 3 1Y) e, R 63.17%
MAE YC A1 WF dArh, W mEBhn & a8
RAEVT, 43N 0.03%F1 0.02%; B ER B
(Enterococcaceae) 1 - 12 [ £} (Lachnospiraceae)
TE SL A o 5108 19.34%F1 3.55%, 1
FET YC 4110 11.88%H1 0.14%, LK WF 41
0.000 8%F1 0.12%. A4 B (unclassified
Archaea)7E YC A1 5 el 0.60%, &= T
SL ZH1% 0.03%F1 WF 2H 0.006%; MU FF s
(Bifidobacteriaceae) . F35#% [XEK T F}(Veillonellaceae) .
21 W% # Bl (Coriobacteriaceae) . SL 2H [ /5 Ho 4y
HH 0.28%. 0.15%. 0.10%, H&ET YC A
0.05%. 0.000 9% . 0.006%VA K% WF 24 0.09% .
0. 0.009%, 734, 7£ WF 41 AT 255 56 1K
BRAFAETE . BIOCIR RN Erwiniaceae)7E WF
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HIEEREN 0.18%, BFEET SL 4K
0.005%71 WF 41114 0.000 9%, MK, X 3 41
K L 25 0 fiz 38 ) D0 S A P R R 25 AN A
A, JFHAEFE T MUAEERERGRS).

FE SL 41, YC 41 WF 41+, R & F 41 iy
il 8 JE K FHEZ AT 10 e Bk
(& 4E): Wolbachia 7£ YC 1 & ik 87.09%,
X— B E T SL 411 13.12%F1 WF 411
1.62%; Arsenophonus 7 WF &R & T
YC #4111 0.000 9%, Ifii SL ZH A5 5] Arsenophonus
W f-7E ; Enterobacter 7 SL ZH iy &5 kel
61.43%, 1£ YC HH L A7 0.02%, WF Rk
MR E ; BERTE & (Enterococcus) 7E SL 41
L 19.34%, WIS T YC 4R 11.88%F
WF 4119 0.000 8%; A7 #AT-IR %) (Agathobacter)
TE SL Hiy 5N 1.06%, 72 YC ik N
0.01%, 7 WF d 5ol 0.02%; K421
FF# Bl (Unclassified Enterobacteriaceae)ft SL
MM YC A BF D EATE, b a5 1.08%
M 0.000 4%; S5WHFFEJEAPL, unclassified
Enterobacteriaceae 7& WF 41 F R gk 2] ; A
57 F¢ QI )& (Blautia) . unclassified Archaea, K
Ji7 ¥ 1 - 7 B G 1 J& (Escherichia-Shigel la) fl1 £
/RICTH )& (Dorea)7E SL WAy & Lt 2 5l

x5 =M THEERLRBEARKEDH
FEME

Table 5 The species abundance at the family level in
the intestines of three distinct groups of Lasioderma
serricorne larvae

Family SL (%) YC (%) WF (%)
Anaplasmataceae 13.120 87.0900 1.6200
Morganellaceae 0 0.0009 979100
Enterobacteriaceae 63.170 0.0300 0.0200
Enterococcaceae 19.340 11.880 0 0.000 8
Lachnospiraceae 3.550 0.1400 0.1200
Unclassified Archaea 0.030 0.6000 0.006 0
Bifidobacteriaceae 0.280 0.0500  0.0900
Erwiniaceae 0.005 0.0009 0.1800
Veillonellaceae 0.150 0.0009 0
Coriobacteriaceae 0.100 0.0060 0 0.009 0
Others 0.25 0.20 0.04

0.79%. 0.03%. 0.55%. 0.49%, 7£ YC iy
b H 258 0.05% ., 0.60%., 0.01%., 0.01%, 7E
WEF 4 i 5 By 518 0.04% . 0.006% . 0.02% .
0.009% (5 6).

TEMAEL 4y Ul B Y, 10 i 32 224l & T Fh
KV ERFELE SL AL, YC 4/ WF 22 i) 2
B 2 22 5 (18] 4F) . AR E , Wolbachia
endosymbiont of Culex quinquefasciatus 7& 3 ZH
5 EE A . SL 4 13.07%, YC 41 87.09%,
WF 2H 1.62%. K H 33 7 (Arsenophonus nasoniae)
16 3 AP HeRE OO 22 R i . SL 4R, YC
215 0.000 9%, WF 45 Himiik 97.88%. i
J# T 18 (Enter obacter cancerogenus). ZEi7EK
(Enterococcus faecalis). BRI EK I (Enterococcus
faecium). unclassified Enterobacteriaceae,
unclassified Enterobacter & #% 74T 7 (Enter obacter
ludwigii)iX 6 R 7E SL 41 5 EL AR H
59.69%.16.99% . 1.59% . 1.08%. 0.88% . 0.69%:;
MAE YC A, B 51: 0.02%,
11.57%. 0.002% . 0.000 4%, 0.001% . 0.001%;
FiAh, £ WF 4, 3X 6 P4 i X A gl s i 1)
AN, B W E T (Eubacterium rectale) i 432
A 4l i (unclassified Archaea)fE 3 417 Y 5 L

*=6
xE

Table 6 The species abundance at the genus level in
the intestines of three distinct groups in Lasioderma
serricorne larvae

=MIAR THEER L REER R KT

Genus SL (%) YC (%) WF (%)
Wolbachia 13.12 87.0900 1.6200
Arsenophonus 0.00 0.0009 97.9100
Enterobacter 61.43 0.0200 0
Enterococcus 19.34 11.880 0 0.000 8
Agathobacter 1.06 0.0100 0.0200
Unclassified 1.08 0.0004 0
Enterobacteriaceae

Blautia 0.79 0.0500 0.0400
Unclassified Archaea 0.03 0.6000 0.0060
Escherichia-Shigella 0.55 0.0100 0.0200
Dorea 0.49 0.0100 0.0090
Others 2.10 0.3200 0.3700
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S AR SL 4, E. rectale itk 1.02%,
unclassified Archaea I 0.03%; 7£ YC 41+,
E. rectale 7 L& £ 0.001%, T unclassified
Archaea i LT 2 0.60%; 7 WF 40, E. rectale
5 EEA 0.02%, unclassified Archaea 5 FE M 0.006%
&7

£ 3 FORR RS, &R oo gy
20 TR S A AR 3 B A A S 25 (R 8). L
KT, 7KL, #4401 (Cyanobacteria)
 YC 4F WF 495 H 45k 0.03%F1
0.000 9%, Wi7E SL ZHH ARG AG I H]; AT R
IJ(Fusobacteriota)fE SL ZH# YC ZHH 4 5 I
43514 0.005%F1 0.001%, 75 WE 2H Fr U R A6 H .
TERKE b, EMR IR E R (Morganellaceae) 7E
YC 401 WF 41 H i A = B 43 518 0.000 9%
M1 97.91%, SL dlhRizg]; 55 REREF
(Veillonellaceae)7x SL 201 YC 2H " By AH XS 3 &
3514 0.15%F1 0.000 9%, 7 WF 4 P ok & 3
BElk, 7EJ@ 7K |, Arsenophonus 7E YC ZH Al
WF 419 iy 5 He 435104 0.000 9%7F11 97.91%, SL
A INE] ;. Enterobacter 7E SL 411 YC 41
WY A EE B 61.43%F 0.02%, £ WF 2

=7
£E

Table 7 The species abundance at the species level
in the intestines of three distinct groups in Lasioderma

=Hhia R T R E R 4 d piE A K

KKEF]; AP, unclassified Enterobacteriaceae 7E
SL ZHA1 YC 2Py 5 F 435120 1.08%F1 0.000 4%,
T WF gk g, EMKF- |, A nasoniae 7E
YC Z4F WF 2R AHxT 22305028 0.000 9%F
97.88%, 7E SL d41vhRAuillZ], E. cancerogenus.,
E. faecalis. E. faecium. unclassified Enterobacter
DL J% E. ludwigii 76 SL 2 AR XS F=EEAK IR R 59.69%
16.99%. 1.59%. 0.88%. 0.69%; £ YC ZHAHX}
FREERI K 0.02% . 11.57%. 0.002%. 0.01%.
0.001%; #£ WF ZI¥ARAM 3] (% 8).

Enterobacter . Wolbachia } Arsenophonus
SRk BT (1) 1 R (] SA-5C). fE SL 41+,
Enterobacter 34 =ik 61.43%, 7E YC 4
an L, Wolbachia &k 87.09%, TM7E WF
YHFESE T, Arsenophonus 3 B 55 ik 97.91%.
M B 25K 400, 3 4UA0E F 4 i A
R 32 200 @ o0 A IR0 S AC S8 T A e o L 51 3%
2SS, AR, SL 41005 H &) du iz 18
WA EEIRE AT YC 48 WF 4.
SL 2. YC A WF 414y FIE$E T AR %) 40 i
R, X (A5 5 20 A T A R v 2 B R 1
5 5 D RERHE

*8 TEAEMTHRERYHBEFEAR
Table 8 Specific bacteria in the intestines of
Lasoderma serricorne larvae under different food
sources

serricorne larvae Bacterial taxonomy name SL (%) YC (%) WF (%)
Species SL (%) YC (%) WF (%) Cyanobacteria 0 0.0300 0.000 9
Wolbachia endosymbiont of  13.07  87.090 0  1.620 Fusobacteriota 0.005  0.0010 0
Culex quinquefasciatus Morganellaceae 0 0.0009 97.910 0
Arsenophonus nasoniae 0 0.000 9 97.880 Veillonellaceae 0.150  0.0009 0
Enterobacter cancerogenus  59.69 0.0200 0 Arsenophonus 0 0.0009 97.910 0
Enterococcus faecalis 16.99 11.5700 0 Enterobacter 61.430 0.0200 0
Enterococcus faecium 1.59 0.0020 0 Unclassified 1.080 0.0004 0
Unclassified 1.08 0.0004 0 Enterobacteriaceae

Enterobacteriaceae Arsenophonus nasoniae 0 0.0009 97.8800
Eubacterium rectale 1.02 0.001 0 0.020 Enterobacter cancerogenus 59.690 0.0200 O
Unclassified Enterobacter 0.88 0.0010 0 Enterococcus faecalis 16.990 11.5700 0
Enterobacter ludwigii 0.69 0.0010 0 Enterococcus faecium 1.590 0.0020 0
Unclassified Archaea 0.03 0.6000 0.006 Unclassified Enterobacter 0.880 0.0100 O
Others 4.94 0.7000 0.470 Enterobacter ludwigii 0.690 0.0010 O
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Figure 5 The significant differences among the three groups of microbial communities.

2.6 =MMBHEFRWREEEZSWN

£ % Enterobacter . Wolbachia &
Arsenophonus ix 3 FE#SAER, KATFRET
ERKI T AE, Enterobacter 76 SL 2H N i3
kg, YCHWZ, M WF A iykisa
B (& 6A); Wolbachia 78 YC 40N i) =ik
e, SLAlkzZ, WF 41k s K& 6B);

Arsenophonus I 7E WF ZH 3k i, 78
YC 4F SL HHN B FRIB R BAR(E 6C). 3 6
2E L, Enterobacter 7£ SL4H. YC 4. WF
Hrp R FE 50 61.43% ., 0.02%., 0;

Wolbachia 7£ SL 41 . YC #4 . WF 41 i sh 3=
B33 13.12% .87.09% . 1.62% ; Arsenophonus
76 SL #4H. YC 4. WF ZH h s 3 B 45 5y
0. 0.000 9%. 97.91%. ZiHAHr LA 5, K
TR 3 4B 4 &Y Wolbachia 4
Arsenophonus FU#E 5 16S rRNA 3 K /¥ fiir
SR 3 FPERIRET R 4 AU iE R
F RS R IEA—F,
2.7 WEBHGHRFGEMAENS S
2N RS RSO o, FRATIAS 2 T R
S TR FI SR 4 2 07 0k 15 7 0k o T
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1 1 1
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Figure 6 Relative expression level of Enterobacter (A), Wolbachia (B) and Arsenophnous (C). ***:

P<0.001; ns: P>0.05.

M5l SL1. YC5; 5Bl LB X% KL vt i i)
FMk Y5055 SL6. SL5. YC3. WF6, SLL.
YCL; i@t 2.0 g/L HHBH Y 77 3 07 1 M A0 781 ok
S YCL, WF2; SR 2.0 g/L MR s 55
FEG e H A R PR 5 WFS ., WF10, CB2, &
B RS, BRASRECT 13 BRE(E 7).
2.8 MEELEEL

WATH 4> AR RN0 13 MR AT T Wi
WEE, PRAC S T B TR R IS TR AARE . B T
JiE T 2 YL AR, S — AP AR A5 PR AN T 1T
R R et S v (6 9). 5Bl NCBI 3471 He Xt
IHT(EE 10), KX 13 BRAE ATV 5 A
HJE, 4392z & (Pantoea) (SL1. YC5)., A~
Sk T J&8 (Acinetobacter) (SL6 . YC1.WF2 . WF8
WF10). #1158 (Enterobacter) (CB2). /T
I J& (Exiguobacterium) (SL5. YC3)FIIAER &
(Enterococcus) (WF6 ., SLL ., YCL). i i 7£ NCBI
ByE kAT BLAST X}, BEHUS 16S rRNA
JE IR 90 AR DL B A v 1 I 4 R A A R 8 k7
(F 8). 4ia B N MBI ML SFE, ¥
WA W FEG B W . Efk YC1., WF2,
SL6 # % & J br i 53 A 31 #1 1 (Acinetobacter
radioresistens); ik WF8, WF10 #{% &N
1 3K 3 #F 14 (Acinetobacter soli); Bk SLI

B % 5 My L A2 1# (Pantoea agglomerans);
¥k YC5 #%5%E N 43 02 7 (Pantoea dispersa);
Wbk CB2 ¥ % 5E M A= 9% W% #F 1% (Enter obacter
cancerogenus); FPk YC3. SLS #% iE MEN B
/IFF T (Exiguobacterium indicum); A% SLL.
YCL . WF6 # % % A 2% % 3R 7 (Enterococcus
faecalis),
3 Wik

] —Fh B AR A Rl g, Holg s A
VIREVEAAIE R E 25 Rk, mBERSE
(Batocera horsfieldi Hope) " 45 £ > 1 2s B 4%
R L B A TR A R, AR TR Bk IR
B I UE V% A AH TR . Dillon SEPSAHF 5
WA, LIS [A] )l i 5% (74 i H (Schistocer ca
gregaria Forsk), /78 fA: Y280 fifhss
WIFAE R R 22 5 o FEH L i vt b ) 5% A st e
H R 1B U YRR LU AR IR = /N ) 5 Y i
2 30 1%, H X BFPAS [A] 20k} b 43 85 s 1 ml 1%
FRAMEECEAZE 70 £, WIERAIEBHE AR 2
FEPEE R 2257 . AR ZFEE (Polygonum viviparum
Linn)EAR A2 1) o7 I iE i (Hepialus gonggaensis
Fu et Huang)%) fU 1A, D03 Rk 7 5K 1A
J& (Staphylococcus)™ . i X1 # % BO7E LG 2 |
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Figure 7 Bacteria strains from the gut of Lasioderma serricorne larvae.

*9 MERYHEEEFARNESFHEREZTR
Table 9 Morphological characteristics and colony traits of intestinal symbiotic bacteria from Lasoderma
serricorne larvae

Strain  Bacterium Gram Characteristics of colony

code shape staining  Morphology ~Glossiness Edge feature  Uplifted state Transparency Color

SL1 Rod-shaped — Circular Smooth Neat Flat Opaque White

YC5 Rod-shaped — Circular Smooth Neat Flat Opaque Pale yellow
SL6 Rod-shaped - Circular Smooth Neat Flat Opaque White

YC1 Rod-shaped — Circular Smooth Neat Flat Opaque White

WEF2 Rod-shaped — Circular Smooth Neat Flat Opaque Pale yellow
WF8 Rod-shaped - Irregular Rough Irregular Flat Opaque Yellowish white
WF10 Rod-shaped - Irregular Rough Irregular Flat Opaque Yellowish white
CB2 Rod-shaped — Circular Smooth Neat Flat Opaque Pale yellow

SLS5 Rod-shaped + Circular Smooth Neat Flat Opaque Yellow

YC3 Rod-shaped + Circular Smooth Neat Flat Opaque Yellow

WF6 Orbicular + Circular Smooth Neat Flat Opaque White

SLL Orbicular + Circular Smooth Neat Flat Opaque White

YCL Orbicular + Circular Smooth Neat Flat Opaque White
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x10 WMERLYHFEATIEFBEH 16S rRNA E[EFFFIELX 5747
Table 10 The 16S rRNA gene sequence identification results for the culturable bacteria found Lasioderma

serricorne larvae

Phylum Genus Strain code Similar species Identity (%)
Firmicutes Acinetobacter SL6 Acinetobacter radioresistens L64 100
YCl1 Acinetobacter radioresistens L64 100
WF2 Acinetobacter radioresistens L64 99
WE8 Acinetobacter soli HY24 100
WF10 Acinetobacter soli HY24 100
Pantoea SL1 Pantoea agglomerans EL107 99
YCS Pantoea dispersa S46 100
Enterobacter CB2 Enterobacter cancerogenus TPY4 99
Proteobacteria  Exiguobacterium SLS Exiguobacterium indicum DSAM 62 99
YC3 Exiguobacterium indicum DSAM 62 99
Enterococcus WF6 Enterococcus faecalis TC11 100
SLL Enterococcus faecalis HBUR51044 100
YCL Enterococcus faecalis HBUAS73292 100

(Daucus carota Hoffm)FIEE 25 SR B Sk &4}
I TTR IR S R iE T, R IR A
£ 4 J8 (Carnobacterium) . A6, ¥R 7 - 2531
gk 2L BN LL K (Zea mays Linn)it Al
£ i 5 M 5% 7% ik (Spodoptera frugiperda J.E
Smith) i 18 P 43 125 H 847 50 A G I (Kl ebsiella
variicola)VE ML EEF . Hbal W, ARk
Xof [r] — i . 1 iy 18 40 T 25 A8 2R 8 R

Srinivasan SEB3 W HEHE H , A5 A Sk D
IR B s AREA, Hrh Wolbachia &
F e, ¥ EEN 83.8%, TELIEN T
(Cicer arietinum Linn) 2}y £ I0E £k, H
FEEBAH 80%, T oMy 37/ INEZ (Triticum aestvum
Linn) i 583531 94%. X R BIUAE W REVE 76
R4 T R BN A2, JUHE
TEA [RR I 2 5 A S el # v, e e
MR BRI TR, BoR HE SR
AL, ABFSTIET PacBio SMRT M FE- 5,

KHI 16S rRNA B Ky H-FIFHAR, HIK
B o0 BBCEE AN ) RH AR 5 HE 4y e i T A TR 2 A
PEVEAT TINR 30T, 257N, 78 SL 4, &
IARECT 174 4~ OTUs, HREHAYANEE DS 6 1]

10 40 16 H 24 F 46 J& 73 Fh, YC 4Hi55] 115 4>
OTUs, FHRMAEY 81712 4 18 H 26 #}
43 J& 60 Ff . WF 4153 62 1> OTUs, VERAH R
HIE 611104013 H 17 F 30 J& 40 Fi. A OTUs
R, WEHTE 3 PR T 1Y OTUs Fitiat 7
fEi 25 5, HARRIH SL 4>YC 41>WF 41,
X—453 5 Dillon P WHFFEZ5 MW & o F
— M & ¥, Enterobacter . Wolbachia #il
Arsenophonus A fie AR & (K] 5) HAATm
5, SL Y Enterobacter F 7k 61.43%; 1E
YC 41, Wolbachia =2k 87.09%; 7E WF
Z4rh, Arsenophonus 1) 3= F£ ik 97.91%. RT-qRCR
W3k — B UF T Enterobacter . Wolbachia #il
Arsenophonus iX 3 AR 48 pe 78 48 2 F A
XP RN (K] 6). XK UIFE A BRI, HE
Rk p i e e kB T B E 2k, A
3 2 L H &)y AN [0 38 2 TR 1) 3 2 5
W HEDXORP 22 50T RE S R A BRI E IR A
14 LA B B HO6 A (W) 12 0 |9 9 A Wi o %% DA
Ko ARSI RE R, AEMERSE
AR 2 U B A E S A, X
— WG E5 R Srinivasan FFPHGE A —F
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1001 Acinetobacter vivianii (KT997477.1)
Acinetobacter courvalinii (KT997472.1)
Acinetobacter modestus (KT997474.1)
23180L— Acinetobacter junii (AB860303.1)
Acinetobacter dispersus (KT997473.1)
Acinetobacter proteolyticus (KT997475.1)
Acinetobacter tjernbergiae (HQ180190.1)
Acinetobacter tandoii (HQ180189.1)
Acinetobacter bouvetii (HQ180181.1)
Acinetobacter shaovimingii (MT138534.1)
cinetobacter pittii (HQ180184.1)

78
Ny
99— Acinetobacter nosocomialis (HQ180187.1)
Strain SL-6 (PQ844582)

76

571 Strain WF-2 (PQ844589)
100 } Acinetobacter radioresistens (KF150372.1)

651Strain YC-1 (PQ844588)
Acinetobacter gerneri (HQ180188.1)
Acinetobacter nectaris (JQ771132.1)
Acinetobacter towner (HQ180191.1)
44 Acinetobacter soli (PQ722344.1)
W[{Slrain WE-8 (PQ844590)
97! Strain WF-10 (PQ844591)

Escherichia coli (KY368665.1)

0.01

Strain CB2 (PQ844592)

98
Enterobacter cancerogenus (KT766075.1)

80
641 Enterobacter cancerogenus (1.C420099.1)

2|~ Enterobacter hormaechei (OP818087.1)
— Enterobacter aerogenes (KP764198.1)

|58
22 [ggrerobacter aerogenes (KR350632.1)

2 Enterobacter aerogenes (AB680425.1)
— Enterobacter mori (OP818078.1)
émerobacter kobei (PP346206.1)

Enterobacter mori (MN453607.1)

66{

L Enterobacter kobei (AJ508301.1)
Enterobacter cloacae (AB680426.1)
Bacillus subtilis (LC804382.1)

0.05

15|- Pantoea brenneri (NR116245.1)
20! Pantoea conspicua (NR116247.1)
51t Pantoea agglomerans (AY 849936.1)
395 _I_Slrain SL-1 (PQ844585)
4 Uncultured bacterium (FJ152752.1)
5 Pantoea vagans (EF688012.1)
ol Pantoea eucalypti (NR116112.1)

— Pantoea allii (AY530795.1)
- Pantoea ananatis (F1611845.1)
O Pantoea rodasii (JF295053.1)
7 Pantoea rwandensis (JF295055.1)
Pantoea septica (EU216734.1)

9‘5[ Pantoea septica (NR116752.1)

Strain YC-5 (PQ844587)
100! Pantoea dispersa (AB273743.1)
Bacillus thuringiensis (HF545006.1)
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D 62 Exiguobacterium alkaliphilum (EU379016.2)
72 Exiguobacterium aurantiacum (DQ019166.1)
80 Exiguobacterium aquaticum (JF775503.1)
75 Exiguobacterium mexicanum (MT539298.1)
Exiguobacterium algae (MW478902.1)
Exiguobacterium profundum (AY818050.1)

0.05 21 Exiguobacterium aestuarii (AY594265.1)

Exiguobacterium qingdaonense (MW478903.1)
100 [Exiguobacterium undae (DQ019165.1)
Exiguobacterium antarcticum (DQ019164.1)
991 | Strain YC-3 (PQ844584)
100 | Strain SL-5 (PQ844581)
Sl Exiguobacterium indicum (PQ867619.1)
Escherichia coli (KY368665.1)

91 Enterococcus pseudoavium (DQ411809.1)
96 | Enterococcus viikkiensis (HQ378515.1)
54 |* Enterococcus hawaiiensis (AY321377.1)
65l Enterococcus avium (DQ411811.1)
39| Enterococcus gilvus (DQ411810.1)
46 |~ Enterococcus sanguinicola (DQ411817.1)
62 60 Enterococcus ratti (AF539705.1)
58 Enterococcus innesii (MZ305092.1)
g5 Enterococcus pallens (DQ411812.1)
Enterococcus montenegrensis (0Q627393.2)
83 FEnterococcus diestrammenae (JQ650245.1)
e Enterococcus alcedinis (JX948102.1)
0.02 72| — Enterococcus saccharolyticus (DQ411816.1)
92— Enterococcus olivae (JQ283454.1)
Strain YC-L (PQ844594)
73 Strain WF-6 (PQ844583)
4 Enterococcus faecalis (MW 175602.1)
Strain SL-L (PQ844593)
Escherichia coli (KY368665.1)

E8 WMERMBEHEMRMAZLEN A: AIITFE)E; B: WiTHE; C: ZEE; D: MUMTE
J&; E: MIKEIR. 55 MNF 5N GenBank %5855 0.01, 0.02, 0.05 AW HHIR, FRHpLKE;
S BB AT 1000 R EE Y bootstrap fH .

Figure 8 Phylogenetic tree of the intestinal symbiotic bacteria associated with Lasioderma serricorne. A:
Acinetobacter; B: Enterobacter; C: Pantoea; D: Exiguobacterium; E: Enterococcus. The numbers in

parentheses are GenBank accession numbers; The values 0.01, 0.02, and 0.05 correspond to the tree scales,
denoting branch lengths; The values situated above the nodes are bootstrap values derived from 1 000

repetitions.

Enterobacter J& T2 JE 14| | (Proteobacteria)  HtAy A= Gl AWy, 7Ef2 i 1a E M iE H AT 3 b &
T @ F}H(Enterobacteriaceae), /& —FH LRI A 735 B 2AE P, #E 45 R (Ectropis obliqua
EIRBAEAE . TR KR Z BB E MR Hypulina)Zh HUIzIE 53 25 H A9 4 H , Enterobacter
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5 HES ik 40.3%5, Wang ZC5Z ] 16S rRNA
FER AT dE AR, ARG /IN 3Lk (Bactrocera dorsalis
Hendel) %)) #1718 43 25t B DL HRRE R y- 8T8
WAL, R FIFE 73.0%-98.3%Z 0]
EAETE Y, FRATULES 2 A L H &)1 HU g 38 A 1
Enterobacter 7€ SL 2l A A< o i) Eb ] (2 3 1 F 3L
i, X 61.43%, 7£ YC dH{LH 0.02%,
i WF 41 N R4 2] Enterobacter )17 7E
(R 6). W HXHM R, FESKREEFRLI S, N
SL ZH MR & H &y b iz i H 40 5 4 Y Enter obacter
AP O . X — IR R S AT R I
R,

Wolbachia J& T8 IE R[], J& HARF T 1241
AR —ZE TR . AT, I 50%—70%) 2 2L &R
J&YL T Wolbachia®!, fzH., Sinkins ZP77EZR
& JE B (Culex pipiens Quinque) & N & Bt T
Wolbachia, #5% % Hig4 Wolbachia fé e B
WHEAEIEH, XFE#fHTT Wolbachia A&
% 76 A SR YL Y PR b R AL . RO g
(Drosophila radicum Meigen)P* B 5% & 7K,
Wolbachia /844 & 2 FEAL T 40 B & KV 19 2 4%
PEFIFERE , BRI A 8 ZREVEFRIR T 43%,
Shannon F8 %X M 2.99 [& & 1.72; I4h, Wolbachia
WM T ARV S A L AR, B e
W FE LA, XEP] Wolbachia Wil
T 400 ) R e 4 R AR 0 At 2 R S e s Y
WAEYIRE , JF izt otk & 8L, Wolbachia X
W A1 B B T JE RS e e A B
Wolbachia 1Kk 3C [ 14 J& (Erwinia) £ 1 AH 3¢ ¢
2, B 5385 2 gl 83 1 J& (Providencia) 1D ] G
1 J& (Serratia) 2 1IEAH X OC & . Wolbachia 1y —
PN IR GG, 765 IR FIRE i AR U TR AR
im0 AR, MR 4 B
Wolbachia 7& SL 2H. YC ZHA1 WF 207 A9 5t
3R 13.07% ., 87.09%A1 1.62%, %F SL 4
5 YC dH Wolbachia 22 7 B (3K 6), X
b 5 22 Sl Rl REXT A AT R B Enter obacter
M =EREE = A 520, SL 40AY Enterobacter (5 H oy

61.43%, 7E YC HH{LH 0.02%, Ifi WF 2+
I K ¥ 5] Enterobacter fIfFEAE. £E WF i+,
Wolbachia ¥ &#/0, T Arsenophonus f H. &
ik 97.91%, XL 4 =5 3= B Arsenophonus AT B
6l T Wolbachia (A, Ak HARVE LI
A RFIRAR . AR KN, EYHRAL
R T Wolbachia i, HAKRIL A & B
FEREFEAR T Wolbachia (=FJE, 1 HER X
BTN T Wolbachia [ 3 FEHO, ZEAF ST,
SL HR W H/INERy . 22 BRI RERR AL, /D
72 55 B 1 B 1R A 50 45 122 28 4 5 TR 4 o g
1B ) Wolbachia 4 E3ARAK o bAh, 7
YC i, MHEH gy B DL S AR R i
o, YC A AR L B 4 Pl RE
¥ Wolbachia (258, AF5E45 R 511 Ak
PAH—2,

Arsenophonus J& T8 JE 1 | ] (Proteobacteria)
v-5 3 T 44 5 # T # BL(Enter obacteriaceae) !, %
JE AT A EEC ), SRR A R SE
Ji i P H DL B 36 A B EH, - Arsenophonus (364
FEEHS 5 2R B gy A OC R, filants Kl
(Nilaparvata lugens Stal)™*!#il {4 I Hi (Ericerus
pela Chavannes)“* . 7£ 4 #; ml (Bemisia tabaci
Gennadius)H', AJE&He Arsenophonus F)4rA L
- 95 BCfr Fl UL (Capsicum annuum Linn) . Bt
JX (Cucumis sativus Linn) . # JK (Cucurbita
moschata Duchesne) 175 ¥-(Solanum melongena)
4 T T Arsenophonus it KRR B T ECE
i 4 (Gossypium hirsutum Linn)Fl 5 E % (Salvia
japonica Thunb)**'; W 5% & B, #f %5 2k %
(Psyllaphaegus bliteus Riek) 21 4= i A E\(Psyllidae)
4f ke Arsenophonus HHE A TR 4 25 2E 1Y
AREL B Btk =z 4h, Arsenophonus 7 KA
# K @ (Peregrinus maidis Ashmead)& P 3 5%
HYEE R B MR @RS . RN,
XA AES AN TE P. maidis (KN 4E4E &K B,
B2, B6. B7 #l BO WA M6 iikts, I HIEH
AR N 2 T 1 Sl R v e 1) D A FH )
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AR A, TEMHE R4 i iiE, SL 4. YC
ZHF1 WF 2H Arsenophonus ) /5 23514 0.
0.000 9%7F1 97.91% (£ 6), X—Z5HREKY], &
Py A2 i R H &)y B P ) Arsenophionus 7
HEERW . T WF 41098 R 8 ) B,
Bk IE A — T Arsenophonus 75 WF 2t 5
P X P, I AT GE A HBF AR IR A0 A
R A& mMdgErEE B AR, 745,
Arsenophonus 73t AE R R, WE Lz R
fitf (40 spaid-like Al CifB)AEMSJE 5 15 3= 40 i P (19
G515 R, JUHIE 5 WU, 5988 S,
KM R R, AR5, WF 498 &k
A REAYIIR, Q0K S A F T4 207
R ETHYFE, WF AR SL 41
YC ¥ KL, M4 Arsenophonus 78 WF 41
HHEE PR 4y AR P 9 5 3R 4E i Arsenophonus
AT R IG5 A B G IR R T s R T, R
L () A= A7 %] 6C)

4 Z

AR T 3 PSR £ L H 40
1 1B 20 TR TR S5 A 152 . GBS 16S rRNA JE
DR 4 K3 48 710 il RT-qPCR %K, RS0 HT
T SL#H. YC ZHH1 WE 21 %) i i 18 i e i 45 4
Z5, GiRER, SL4A. YC AH WF 445 5
YE W 174, 115, 62 4~ OTUs, o ZFEVEFREL
(fi1F% Sobs, Chaol ., ACE . Shannon # Simpson
RO FE SL H>YC 4>WF 41, I H 4l
2 5 W3 (P<0.05). fEJE /K-, SL Ak
S K % FT i J8 (Enterobacter, 61.43%); YC
4 L) Wolbachia (87.09%)k F; WF 40| H
Arsenophonus (97.91%) i 65 ;3. RT-qPCR 4%
W F— B UF 52, Enterobacter . Wolbachia 7l
Arsenophonus FAHXT = B2 5 00 A4 — 3. A
R R GEME Y B 3G 3R, FINSF4ER
T RE AL | LB B IR | 2.0 /L MHFE R S
FRHEEDL S 2.0 g/L MBS 77 30X 4 B HAT AR 2
RERRIE A I e B SR L, DR 5 H &)y o g rh G

B Itaifb ity 13 BRANE (I 7). SIBAEMEL
KAy T H%EF 9. 10), 85 R BN ZHIE 2 Bk,
ANETHEE 5 ¥k, UMTHEE 2 %, HEkEE
3Bk, WFFEJE 1 bk, il RT-qPCR KuF4E &
ANy B0, FrfRas iR S 16S 2Ky 3+
FPHARGE R G &5 BITA, k2R %
AR T M R &)y o T AN R R R A . R
SERIRHE e Z R IR o

V]

Trv.: it SRR, BdRAb R, 4%
HE, BUCCE; FHTE . SRR A
ko ZEH. RMETIH . MEEH; Rk
FRMEBTIR . MiER S WA SIHEE &FR:
SRV LIRS CER S R TR
i, SRS, BUCUE,

EEF| &R AFERA

Vi3 P W24 T AT ] AT BB 2232 WAL AN SO A i AR
T s s AR R
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