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Gut microbiota differences between female and male adults of
Dolycoris baccarum
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Abstract: Insects have a mutually dependent symbiotic relationship with their gut microbiota,
which plays an important role in the insect metabolism, immunity, development, and pesticide
resistance. Gut microbiota is influenced by factors such as diet, sex, and rearing environment.
Currently, little is known about the gut microbiota differences between males and females of the
phytophagous insect Dolycoris baccarum. [Objective] To study the effects of sex on the
composition and abundance of gut microbiota in D. baccarum, explore sex-related microorganisms,
and provide a basis for utilizing different sex-associated strains in the biocontrol of D. baccarum.
[Methods] The PacBio platform was used for third-generation 16S rRNA gene amplicon
sequencing and the bioinformatics analysis was performed to reveal the diversity and composition
of gut microbiota in male and female D. baccarum. The bacterial isolation and culture method was
employed to obtain gut microbiota strains from D. baccarum, which were then identified by
morphological analysis and 16S rRNA gene sequencing. [Results] The gut microbiota of D.
baccarum was diverse, including a total of 165 genera belonging to 109 families, 60 orders,
29 classes of 14 phyla. The gut microbiota was analyzed at six taxonomic levels (phylum, class,
order, family, genus, and species). Only the phylum Deinococcota and the class Deinococci were
specific to males, while the phyla Chloroflexi, Desulfobacterota, and Cyanobacteria, the class
Cyanobacteriia, the genus Lacticaseibacillus, and the species Glutamicibacter creatinolyticus,
Acinetobacter, and Lacticaseibacillus paracasei were specific to females. The relative abundance
of Serratia marcescens was significantly higher in males than in females. In the guts of females and
males, the relative abundance of Gammaproteobacteria, Enterobacterales, Yersiniaceae, Serratia,
and S. marcescens was 51.223% and 95.512%, 49.784% and 95.492%, 2.385% and 10.377%,
2.383% and 10.372%, and 2.310% and 10.375%, respectively. All 28 strains isolated in vitro and
identified based on morphological characteristics and 16S rRNA sequences belonged to Serratia.
[Conclusion] There are significant differences in the gut microbiota composition between male and
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female D. baccarum. The diversity of gut microbiota in male adults of D. baccarum is significantly
higher than that in female adults. All strains isolated belong to Serratia. This study provides
theoretical support for investigating the potential functions of gut microbiota in male and female D.

baccarum as well as for the biocontrol of D. baccarum.
Keywords: Dolycoris baccarum; 16S rRNA gene; gut microbiota; female insect; male insect
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Table 1 Sample sequencing data assessment statistics

Sample Raw Clean Effective Effective Average G+C (%) Q20 (%) Q30 (%)
ID reads reads reads rate (%) length

M 36382 36382 35817 98.45 1472 54.26 96.66 91.95

F 35526 35526 35190 99.05 1463 55.40 96.58 91.82

Average length: ARG IKEE; GHC (%): ARGEKGHCHE & Q20 (%): FBrit{d s T QM ARGLK HFl; Q30 (%):
Jo b 2 T Q30 A R K L

Average length: Average length of effective reads; G+C (%): G+C content of effective reads; Q20 (%): Proportion of effective reads
with a quality score above Q20; Q30 (%): Proportion of effective reads with a quality score above Q30.
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FEEMLZ; D SR MRERFEILF: b M: M, FI-FS: BEMEEE A, M1-MS: IEPEE
ZAE).

Figure 1 Rarefaction curve and rank abundance curves. A: Dilution curves of male and female groups; B:
Dilution curves of individual test subjects; C: Rank abundance curves of male and female groups; D: Rank
abundance curves of individual test subjects (F: Female; M: Male; F1-F5: Female replicate individuals; M1-MS5:

Male replicate individuals).
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Table 2 Sample alpha diversity index statistics

Gender Shannon Simpson ACE Chaol  Coverage
F 0.504 0.196 60.073  60.371  0.998
M 1.479 0.547 98.599  100.134 0.997
b E
s &

£3 g W

A

o

4@

IN

B2 WEEMEEMEMETERE . A HEMEPTZRUCE YT i 5 B R (R O X s TP R AT 9 R A
i, B OXKEFORMERRA R ERRECE, R X R A AR B AR DI

AR AL A [ B A 2 AR AN R R 2020, BB o om i AL A R, AR SR 3 W om 7y
AP RIECE) . Fo MEPE; M. BEPE; FI-FS: MEPEMA; MI-MS: MEFEMA.

Figure 2 The gut microbiota community profiles of male and female groups. A: Venn diagram depicting the
microbial communities between male and female groups (The orange section denotes the number of microbial
species that are unique to males; The blue section indicates the number of microbial species unique to females;
The shaded section represents the microbial species that are shared by both sexes); B: A petal diagram of the
microbial community composition for each sample, with the colors of the various ellipses corresponding to
different groups (The overlapping sections highlight the number of microbial species shared among the groups;
The non-overlapping sections signify the microbial species unique to each group). F: Females; M: Males; F1-F5

and M1-MS5 denote individual female and male subjects, respectively.

http://journals.im.ac.cn/actamicrocn



2098

LIU Dongjie et al. | Acta Microbiologica Sinica, 2025, 65(5)

HAHOL . AE RO S E A DI o 28
PEAR R, 2*%52?*&‘@5’9 ACE #5441 Chaol

2.5 FLIERD(PCoA)FIEE E L HFR
7 (NMDS)

FRAC 2 v T MEE 3k 3 I ME R AR i T
éii%ﬂ"]$§§lﬁj?ﬂiﬁ‘@o [FE, HEPER) Shannon
FEEUR Simpson #8580t B 2 = T HEPE R L, X
b — L RN S R A S T
O B L (P 3) o 3K — e A I T TR U A G
W ERCE Y A S B 2R T )
FES, NILLR IR | E R A SR

T8 XoF BRE 40 it B T SR T AR W A T A A
f, PCoA 4r#T I Won, 55— 3 s iy vk R
H79.03%, HFE M TIEE N 9.45% . [
4 HEE S S B (0 A% N IR P B AR, R BE
O 0 EE I B Y B T AR A . A,
PR E R RIS IR 45 SR — R T X —

A C D
160 | 160 |
0.8}
5 3 5
g120¢ 5 1207 227 2061
= E £ 0a
- [ : o 5 -
C 80 £ 80 2t £
0.2
= -
. . 0L : 0.0 ,
M F M F M F M F

B3 oAEMEBAELE. A: ACESHREAHLE; B: ChaolJ8EAFHLA; C: Shannonfi B E; D:
SimpsonfS ML . AR R imek: ETRPUAEG gk ARG BETRBS. RORE/DNEIHE.

Figure 3 Boxplot of alpha diversity indices. A: ACE index boxplot; B: Chaol index boxplot; C: Shannon index
boxplot; D: Simpson index boxplot. The upper and lower ends of the box: Upper and lower quartiles; Median

line: Median; Upper and lower edges: Maximum and minimum inner values.
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Figure 4 PCoA and NMDS analysis plots of gut microbiota in males and females. A: PCoA analysis plot; B:
NMDS analysis plot. Elliptical circles: 95% confidence ellipses (indicating that if there were 100 samples in this

959% E{E

group, 95 would fall within the ellipse).
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Figure 5 Cluster heatmap of gut microbial species abundance in male and female adults. Left clustering tree:

Species clustering tree; Upper clustering tree: Sample clustering tree; Color gradient of the heatmap from blue to

red: The relative abundance of a particular species across different samples ranging from low to high.
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Figure 6 Abundance plots of microbial communities across various taxonomic levels. A: Phylum level; B: Class
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sedis). LT ] (Actinobacteriota). A43ZEH ]
(Candidatus bacteria incertae sedis). T i ']
(Bacteroidota) . %y 5+ 3R ] (Deinococcota) . Wi
B J(Cyanobacteria) . SEJEHEEH | 1(Chloroflexi)Fl
W B AT & ] (Desulfobacterota), 48 — & W I%iE
WA EZIRETT . BEREETT . R
BT R ROZEETTRHEIATETT, B
EATIEL BUFIAR XS B B AFTE 22 59 o Ml A
PERY S — RSP RESL AR AT, SR T e
LTI 75 5(95.681%)i% /&5 T ME1:(52.704%) . 5
AR R R R ], HEE P S R
(2.324%) i T~ MM (24.639%) , HAB TR T4 Fh Y
FERUN, AMEMEZ B FAE2E o (HRTER
M2, HEYERS R A E NS A DR A KR
(0.141%), TIPS HL P M T PN DU R A 391
Hh T W R R ) R T PN RS D 2 /D R
(0.054%) . 2k Ji ¢ T 11 (0.041%) 1 58 Bt #F 747 1]
(0.021%), T A A P ARG 1) (3 3).
TEKF- b, PR RERT 10 IELHG y-250E
W 4 (Gammaproteobacteria) . ¥ % 2W (Bacilli) .
AR 4325 415 2W (Unclassified archaea) ., il 2k
% (Actinobacteria). o - A& B FF 4
(Alphaproteobacteria) . ¥ {4 (Clostridia) . K41
9N (Candidatus classis incertae sedis). FAFT 49
(Bacteroidia) . %1 FERH Y (Deinococci) F1 {0, K 4
N (Cyanobacteriia), 5% HETEM A 1977 5 BK EH 4

®3 MEERRGERNT KRS E

Ah, ZEBENKT LR REARR], (EAE XS
FHEARF o y-78 T T A9 AE M 1 i 7% 5 430
H51.223% 1 95.512%, HMEPE & m THErE, +F
PR 2N FE E P B 3B b Ol 23.981%, HEE R
2.264%. A3y 20 T 4N 78 M I i 1 TR 0 1
b H 2 14.665% F1 0.262%, MEYE R E T
M. RN . o-IEFF RN . REHN . BT
B 20 7E PR R B 3B B A 6 S R
7.373%. 1.471%. 0.657% F1 0.242%, TijkErE
TSR 1.156% . 0.162%. 0.064%
1 0.141%, WRTMENE ROPZENLEMENE I E
oY R R S N 0.282%, & T OME R AY
0.214% (% 4).

IR R H K BERT 10 A RIS . 1
¥ H (Enterobacterales) 1 W 1k 1l H iz 8 G4 A= 9
H 5 FEA R 49.784% FI1 95.492%, b i 3%
T MENE s FUAFE H (Lactobacillales) {E e i
B AP AR 23.017% FiT0.021%,
MEE R E R T R g A
(Candidatus Ordo incertae sedis archaea). f#(EK &
H (Micrococcales), B ™. fif H
(Pseudomonadales). MJE & H (Rhizobiales). 1
W W H (Corynebacteriales) 1 J} % 2 W H
(Erysipelotrichales) 75 Wt 14 iz 18 1 A= 9 0 9 o EL
A% R 14.661%. 6.295%. 1.350%. 1.175%.
0.596% F1 0.417%, ¥ & T M M 1) 0.263%.

Table 3 Phylum-level species abundance in the intestines of male and female adults

Phylum name

Proportion in females (%)

Proportion in males (%)

Proteobacteria 52.704
Firmicutes 24.639
Unclassified archaea 14.634
Actinobacteriota 7.309
Candidatus bacteria incertae sedis 0.210
Bacteroidota 0.245
Deinococcota 0.000
Cyanobacteria 0.054
Chloroflexi 0.041
Desulfobacterota 0.021

95.681

2.324
0.232
1.135
0.289

0.145
0.141
0.000
0.000
0.000
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Table 4 Class-level species abundance in the intestines of male and female adults

Proportion in females (%)

Proportion in males (%)

Class name

Gammaproteobacteria 51.223
Bacilli 23.981
Unclassified archaea 14.665
Actinobacteria 7.373
Alphaproteobacteria 1.471
Clostridia 0.657
Candidatus classis incertae sedis 0.214
Bacteroidia 0.242
Deinococci 0.000
Cyanobacteriia 0.053

95.512

2.264
0.262
1.156
0.162

0.064
0.282
0.141
0.142
0.000

0.206%. 0.009%. 0.046%. 0.492% F1 0.002%;
I BRI H (Staphylococcales)TEMEVEH ) & He A
0.341%, A% T HEVERY 2.035%; A 22405 H
(Candidatus Ordo incertae sedis bacteria) 7t #ff 4 17
EHCE Y T & 0.217%, AR T HEE
0.283% (5% 5)

W e SR 3 A AR BRSO B R
110 5 4G . BRSCEHE B Erwiniaceae), 7EMEPE:
f 38 S R O 47.151%, AR T HEE Y
85.028%; A 4125y 40 I Bl (Candidatus Familia
incertae sedis archaea) 7 M 14 f7 18 Tl A= 90 v )
R 14.660%, W35 5 THETERT 0.265%; HE/K
F KA R Yersiniaceae) TEMEME I IEHUE Y G
ek 2.385%, AR THEMERY 10.377%; FLIR
W B} (Lactobacillaceae). Wi Fk Bl
(Enterococcaceae) Fl 1§ BR T £} (Micrococcaceae)
T W i 38 O T 8 B R 12.520%
9.482% F11 6.063%, 41 2 & THEER 0.017%.
0.005% Al 0310%; A # Bk B F
(Staphylococcaceae) TEMEYE g 18 (A= ) ) 5 L
H0.341%, I FHEM: Y 2.035%; B4 [C A R
(Moraxellaceae)TEHEMEIATE AW ) & HLAL R
0.006%, IMAEMEPER AT EE N 1.041%; FRARFT
B Corynebacteriaceae) TEMEHE A 1A T A 9 Y
2R BUIN, 430 0.415% 1 0.495%; HEBK
R} (Streptococcaceae) TEMEVE R B A Y g
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Fe R 0.767%, T A HEE A A EE AR 0.009%
VAR, A M 1 TR W ) A SRR A
A, [A7EFRE FAAERORZE (3R 6).

W i T Tl A 0 i ) = BRI 10 A a3 el o
12 W & (Pantoea) FEMEYE R A &5 18R 47.534%, it
/N T HE PR 84.911%; oK 43 25l Al R R
(Candidatus uncultured archaeon) £ M FIHEE
(1 5 EL 3 R 14.663% 1 0.622%; 107 R &
(Serratia) TE MEVE FUEFENE B9 o5 HL 4359100 2.383%
1 10.372%; ZR T [CTA R (Weissella) T8 14 11
PR b7 F2r B0 11.440% 1 0.009%; M BR
J& (Enterococcus) TEMEVE FUHEVE 19 o5 b 4
9.480% HI 0.005%; & 4 R I W )&
(Glutamicibacter) 1M PE FEEE H B9 &5 Eo 2300 ok
5.891% Fi1 0.001%; 7 %5 BK 1 J& (Staphylococcus)
1 W PR B M B A L 4 i 0.342% AN
2.031%; FLIT & I8 (Lacticaseibacillus) 7£ M 14 I
HEPEH Y 5 EE AR 1.072% AT 0s KRB &
(Acinetobacter) 7E W P FIE M Hh ) 5 EE 4381 R
1.030% F1 0.006%; # AR T B )&
(Corynebacterium)fE M FVHEM: o 9 & He o501 A
0.419% F1 0.491%. BRFLAT bl Ja o ML il g A
Hb, Hay o MomEREIE A, (B EKE 2 5 2
FHERT).

HE I i 3 A 2B ) oK P SR BE T 10 R 43 5
N BT B (Pantoea ananatis)TEMEVE FIEE: H
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Table 5 Order-level species abundance in the intestines of male and female adults

Order name Proportion in females (%) Proportion in males (%)
Enterobacterales 49.784 95.492
Lactobacillales 23.017 0.021
Candidatus Ordo incertae sedis archaea 14.661 0.263
Micrococcales 6.295 0.206
Staphylococcales 0.341 2.035
Pseudomonadales 1.350 0.009
Rhizobiales 1.175 0.046
Corynebacteriales 0.596 0.492
Candidatus Ordo incertae sedis bacteria 0.217 0.283
Erysipelotrichales 0.417 0.002

6 MEERBFEARIK RIS E

Table 6 Family-level species abundance in the intestines of male and female adults

Family name Proportion in females (%) Proportion in males (%)
Erwiniaceae 47.151 85.028
Candidatus Familia incertae sedis archaea 14.660 0.265
Yersiniaceae 2.385 10.377
Lactobacillaceae 12.520 0.017
Enterococcaceae 9.482 0.005
Micrococcaceae 6.063 0.310
Staphylococcaceae 0.341 2.035
Moraxellaceae 1.041 0.006
Corynebacteriaceae 0.415 0.495
Streptococcaceae 0.767 0.009

®7 MEERHRGERNRBK RIS E

Table 7 Genus-level species abundance in the intestines of male and female adults

Genus name Proportion in females (%) Proportion in males (%)
Pantoea 47.534 84.911
Candidatus uncultured archaeon 14.663 0.622
Serratia 2.383 10.372
Weissella 11.440 0.009
Enterococcus 9.480 0.005
Glutamicibacter 5.891 0.001
Staphylococcus 0.342 2.031
Lacticaseibacillus 1.072 0.000
Acinetobacter 1.030 0.006
Corynebacterium 0.419 0.491

B 5 FE 2R 45.632% F184.341%; R34
W (Candidatus uncultured archaeon) £ WE L FIHEME
R AR 14.669% il 0.265%; BT E

K (Serratia marcescens ) TEMEPEFNHE: H (0 & He
5 2.310% F1 10.375%; R T [ (Weissella
uvarum), TEMEPE R & H310h 9.715%
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o/ . N =] S == N N N
M 0.001%; 5 R B Bk W (Enterococcus 3 'ﬁ’ﬁ,‘\‘ 5 %ﬁ,}

malodoratus) £ Wt V£ A0 4E V£ 0 89 & L 4 518
7.520% 1 0.003%; 4 B A H 4 K
(Staphylococcus aureus)FEMEVEFIEEYE TR Y & HLo3
A 0.291% F1 1.429%; FEWAEREH (Enterococcus
faecalis) 15 MR FHEYE o 8 &7 HE 20 R 1.473%
F10.001%; % WL 24 M2 IF 7K fif 4% 24 IR AT 18
(Glutamicibacter creatinolyticus). N f ¥ H
(Acinetobacter baumannii) 1 2& T [ FL ¥F B
(Lacticaseibacillus paracasei) ¥ N MEHFFAT o HEME:
JE AR OTER KT ERRA R A, A
SWMAY, BEFEKF EFERFE
(3R 8),
2.8 HEAFIND B

g EB, LB, NA IX 3 FilEFRILHEAT RSN
o3 B WEMEBE TG B A, o B IR AR DNA,
JF XS 16S rRNA JE K 74T PCR & 8 AL 1
&5 R PHE IS, P9I NCBI Mk () BLAST
k55 %% I 5 GenBank #EAT R LEXS . 45 R IR,
10 3 FhlE SR B Bg ) 28 #RidtR. B4Ry LB
BRFRHE FMEVE 5 bR, MEVE 6 Bk EB H5IRIE LM
PE 3 Bk, HEPE 3 BR; NA BEFREE LMENE 6 Bk, M
PR 5 PR XEER R JE T 105 R & (Serratia)
(K 7y BEAh, JTBEZE I TE T B9 16S rRNA
B FFAIE 7RG AW (K 8).
xS WHERHMEAMK RIS E

TR R, S [F]PE ) A B A P A A A ol
KMFPEAFAE D E 225 B, e e IR A Js
N 1 A8 JE T ] (Proteobacteria). il 2% T[]
(Actinobacteriota) M JEBE T [ ] (Firmicutes) i) =F &
e 22 00 b, P e s R i P Y
WIE ZEHIFT B (B. fusiformis) & & i 2 = T HEPERR
0 T A PN PO, kR 2 S 1R T UM
oo ) S PERE ) T HEE . TEARMEE Y, BE
20 s e R R ) R — DL R A G B
W (P ananatis) R 035 M 22 5, MEERY
F ORI T OME R, 3 i) b L 45.632% AN
84.341% (5% 8), De Maayer 252 5E K1, %
A & A R g8 U EE R, RS WA [A] 24
Bi, W ZE fE T & e E RN . 3z W
(P. ananatis)BENE 7= A= Z2 PP, AN &T 2k 25 i AN 3
Ky, ik SEpEA B TR U A R, (R
ERY FAHAAIR N, XY B R,
JeH IR B, B REEE P pah,
12 W (P. ananatis)VE 9t AR T8, 1E0GE B B
AR AR, ki, EEZE
(P. ananatis)%f AP &P A, JUHIER
BAEYWIE A A HGERR, 3% 22 % (P
ananatis) 2Bt FORFUKFE SR EVEY) & 45
RPN B2 ] DIAE WAL RE R B A,

Table 8 Species-level abundance in the intestines of male and female adults

Order name Proportion in females (%) Proportion in males (%)
P. ananatis 45.632 84.341
Candidatus uncultured archacon 14.669 0.265
S. marcescens 2.310 10.375
W. uvarum 9.715 0.001
E. malodoratus 7.520 0.003
G. creatinolyticus 5.582 0.000
S. aureus 0.291 1.429
E. faecalis 1.473 0.001
A. baumannii 1.146 0.000
L. paracasei 0.922 0.000
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Figure 7 Growth of intestinal bacteria in ex vivo culture. A: Intestinal bacteria from male insects cultured on EB

medium; B: Intestinal bacteria from female insects cultured on EB medium; C: Intestinal bacteria from male

insects cultured on LB medium; D: Intestinal bacteria from female insects cultured on LB medium; E: Intestinal

bacteria from male insects cultured on NA medium; F: Intestinal bacteria from female insects cultured on NA

medium.
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Figure 8 Phylogenetic tree of intestinal bacteria in Dolycoris baccarum. The numbers in parentheses are the

GenBank accession numbers; The scale of the tree is 0.1 indicating branch length; BXC: Dolycoris baccarum; F:
Female; M: Male; EB, NA, LB: Types of culture media; Marked in red: Isolated strains of bacteria.
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IR TE P — SO R 1 3 5% (A0 £F 4k R W R 21 85
FRE)BEATIR AN R 3%, 2 1 g B TR AR T
KoaBEBFEERNE, Bur, KIMEFRAE
AT

AT G XF BE S50 8 1) A A AR 2R AT T AR
16S rRNA B4 1 I, PREA-HT T EANIHE
0 T TR Y A R R B T 25 R . PER R
R, P s B TE T ) 2 R S T
PR o R R A A B A ) R R P ] — 28R (GR 9)
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(Gammaproteobacteria)
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Table 9 Sexual dimorphism of gut microbiota

Bacteria name Proportion in

females (%)

Proportion in
males (%)

Deinococcota 0.000 0.141
Cyanobacteria 0.054 0.000
Chloroflex 0.041 0.000
Desulfobacterota 0.021 0.000
Deinococci 0.000 0.142
Cyanobacteriia 0.053 0.000
Lacticaseibacillus 1.072 0.000
G. creatinolyticus 5.582 0.000
A. baumannii 1.146 0.000
L. paracasei 0.922 0.000
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