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Diversity and functional prediction of gut microbiota in adults
Xylocopa appendiculata from different habitats and sexes

HE Chunling*, ZHANG Jiahui, ZHENG Weifan, CHEN Wenyang, YANG Le, LIU Xuan, DAI Qianlei

College of Horticulture and Plant Protection, Henan University of Science and Technology, Luoyang, Henan, China

Abstract: [Objective] To clarify the diversity characteristics of gut microbiota in the important
wild pollinator, Xylocopa appendiculata, and provide theoretical basis for the conservation and
utilization of wild pollinator resources. [Methods] Utilizing employed 16S rRNA gene high-
throughput sequencing, we conducted comparative analyses of gut microbiota diversity in adults X.
appendiculata from different habitats and sexes. Functional prediction of gut microbial
communities was performed using PICRUSt2. [Results] The gut microbiota in adults X.
appendiculata was predominantly composed of Bacillota (relative abundance of 50.17%),
Pseudomonadota (relative abundance of 32.04%), Actinomycetota (relative abundance of 12.84%),
and Bacteroidota (relative abundance of 3.77%). The genus Lactobacillus was identified as a core
microbiota present in all sampled individuals. Significant differences in the relative abundance of
gut microbiota were observed across habitats and sexes. The samples from the Sui and Tang
Dynasties City Ruins Botanical Garden habitat (HXST) exhibited the highest richness, diversity,
and evenness of gut microbiota. In the Sui and Tang Dynasties City Ruins Botanical Garden habitat
(ST) and the Caoyao Village habitat (CY), female adults showed higher microbial richness,
diversity, and evenness compared to males. In the Shuiquan Village habitat (SQ), male adults
showed higher microbial richness, diversity, and evenness compared to females. The genus
Gilliamella, as the dominant genus of male samples from Caoyao Village (HXCYM), accounts for
a very small proportion in other samples. Functional prediction PICRUSt2 showed that the
metabolic gene functions of the gut microbiota of adults X. appendiculata are the most enriched,
with an abundance ratio of 74.00%. [Conclusion] The gut microbiota of adults X. appendiculata
exhibits ecological adaptive features with social bees (e. g., Apis mellifera and Bombus spp.),
characterized by low diversity, highly conservation, and specialized core microbial community
structure. Environmental heterogeneity and host sex were identified as key drivers of gut
microbiota divergence. These findings suggest that the gut microbiota of X. appendiculata may
play a central role in maintaining host energy homeostasis and population adaptability.

Keywords: Xylocopa appendiculata; gut microbiota; high-throughput sequencing; Lactobacillus
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Female (A) and male (B) adults Xylocopa appendiculata foraging on Cercis chinensis flowers.
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Table 1 Basic information of 16S rRNA gene high-throughput sequencing of gut microbiota in adults Xylocopa

appendiculata
Group Sample Number of taxa of different taxonomic categories
Phylum Class Order Family Genus Species OTU
Total HX 11 16 36 47 64 92 188
Different habitats HXST 6 9 23 27 39 58 141
HXSQ 10 13 24 31 38 54 113
HXCY 9 12 22 30 39 54 115
Different sexes HXF 10 13 25 33 43 62 141
HXM 9 13 30 39 53 80 155

HX: SRAMBCREREA s HXST: MK RESlis HEAR ) bel R A A R AEAS s HXSQ: MUKSRFFRAERBURFEA ;s HXCY: M
AR RAEBHAEAS s HXF: M REMGEE AR Del | AACSRAS T AL RAR AOMEE B HUEREAS s HXM e M R ist ik A )
bl | ZKCR A A A R A RO MEME S SRR AR . R IRD

HX: The total samples; HXST: The total samples from Sui and Tang Dynasties City Ruins Botanical Garden; HXSQ: The total
samples from Shuiquan Village; HXCY: The total samples from Caoyao Village; HXF: The female total samples from Sui and Tang
Dynasties City Ruins Botanical Garden, Shuiquan Village and Caoyao Village; HXM: The male total samples from Sui and Tang
Dynasties City Ruins Botanical Garden, Shuiquan Village, and Caoyao Village. The same as below.
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Figure 2 Rarefaction curve and Venn analysis of OTU of gut microbiota in adults Xylocopa appendiculata. A:

Rarefaction curve of gut microbiota in adults X. appendiculata; B: Venn analysis of OTU of gut microbiota in

adults X. appendiculata from different habitats; C: Venn analysis of OTU of gut microbiota in adults X.

appendiculata in different sexes. HXSTF: Female samples from Sui and Tang Dynasties City Ruins Botanical
Garden; HXSTM: Male samples from Sui and Tang Dynasties City Ruins Botanical Garden; HXSQF: Female
samples from Shuiquan Village; HXSQM: Male samples from Shuiquan Village; HXCYF: Female samples from

Caoyao Village; HXCYM: Male samples from Caoyao Village. The same as below.

B LI 57.45%; MEMERCR (HXF) A OTU %1
R334, L 17.55%, HEME R (HXM) A
OTU i h 4714, HH 25.00% (B 2C. # 1),
2.2 mEHRER BENEESEERK
B ) A e S I 3 G R T 2 B A R
FREE 3 s AEI K B8 3A), HEAHT S
H ) Fh R ZE AT B 1] (Bacillota) (50.17%) . i 24
il B 1] (Pseudomonadota) (32.04%). ¥ £k 1 1]
(Actinomycetota) (12.84%). UFFH J(Bacteroidota)
(3.77%) AN 1(Cyanobacteriota) (1.11%).
[Fi) A1 458 K A [ 1 1)l A P 38 T T AP AR 22 5
i B L (HXST) AR S8 L (HXS Q)L A 1]

P4 actamicro@im.ac.cn, & 010-64807516

¥ K 2 KT 16 1 (Bacillota), 8% = B 20 51 K
52.85% H1 64.98%; A L (HXCY) Y L a
[T AR B ] (Pseudomonadota) (53.27%), H:
WM AT 1] (Bacillota) (32.69%).  Fi FE e i
AHL L KSR R R PR B TR R, YR
ZEHLFT T 1] (Bacillota) ;8 76 e HE il HL 1) A0 3
BTTRTE], 8 725 M4 R (HXCYF) AR 3 1 1)
J 2 AT B 1] (Bacillota) (54.92%), 8 %% 1 1
W H (HXCYM) B A 3 T 1T A i B i T8 1)
(Pseudomonadota) (83.28%). B ) A s fE M pl
(HXF) (4 L 3B 11 28 2F 48 ¥F 1 1] (Bacillota)
(65.79%); M RS (HXM) A S 1] B i



WHL 5| BB, 2025, 65(7) 3183

A 100 . -
IIIII-I I ll
80 H

60

B Bacillota
B Pseudomonadota
] Actinomycetota

1 Bacteroidota
B Cyanobacteriota

Il Others

40

20

Relative abundance (%)

B 100 B Lactobacillaceae
Orbaceae
] Bifidobacteriaceae
1 Pseudomonadaceae
80 B Weeksellaceae

Acetobacteraceae
Moraxellaceae
[ Norank o Chloroplast

B Enterococcaceae

Il Others

60

40

20

Relative abundance (%)

C 100 I Lactobacillus

B Unclassified { Lactobacillaceae
Pseudomonas ™~

1 Candidatus_Schmidhempelia

B Gilliamella

Unclassified f Bifidobacteriaceae

Bifidobacterium

B 4pibacter

Commensalibacter
B cinetobacter

Bombiscardovia
B Norank f norank o Chloroplast
40 . —
|
20

80

60

Enterococcus
Others

Relative abundance (%)

F & S S
F & & 9 44 3
Q**QQ&' &Q‘Q&'Q&' &

E3 HRARRERHRBEMEINTIA). B®B). BOAEMK
Figure 3 Composition of the phylum (A), family (B), and genus (C) of gut microbiota in adults Xylocopa
appendiculata.
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Table 2 The relative abundance and sample detection rate of the TOPS5 of the genus level of gut microbiota in

female and male adults Xylocopa appendiculata from different habitats (%)

Sample Lactobacillus Unclassified f Pseudomonas Candidatus_ Gilliamella
Lactobacillaceae Schmidhempelia

HXSTF1 56.03 0.01 1.50 15.28 0.04
HXSTF2 39.77 23.86 0.28 10.64 0.11
HXSTF3 65.21 <0.01 4.04 12.48 0.01
HXSTM1 23.52 - 13.97 2.36 0.02
HXSTM2 67.60 - 0.19 0.70 -
HXSTM3 40.75 - 5.12 11.21 0.13
HXSQF1 21.03 66.79 0.01 0.78 0.03
HXSQF2 16.75 66.03 - 6.06 0.09
HXSQF3 71.88 0.02 0.36 4.71 0.02
HXSQM1 47.22 0.14 2.14 11.99 0.07
HXSQM2 65.92 0.02 0.84 14.11 0.01
HXSQM3 31.15 2.92 0.19 46.50 0.26
HXCYF1 3343 36.98 0.02 4.45 0.08
HXCYF2 29.79 0.39 43.79 4.75 0.54
HXCYF3 63.80 0.14 1.74 13.52 0.14
HXCYMI1 0.10 - 69.33 - 9.07
HXCYM2 3.30 - 3.17 0.03 58.31
HXCYM3 11.09 - 16.92 0.11 64.71
Detection rate 100.00 66.67 94.44 94.44 94.44

HXSTF1., HXSTF2. HXSTF3 MK R kit AR ) el SR AR i MEVE BORAEAC 3 EE A s HXSTMI, HXSTM2, HXSTM324 M
e Sl A1k A0 el SR O A R AR AR B3 B2 ;. HXSQF 1, HXSQF2, HXSQF3 i A SR AS SR A (8 P 1L A A 3
5 HXSQMI, HXSQM2, HXSQM3 A MIKIRATRAEHYHEME UEAEARY3 NS ; HXCYF1, HXCYF2, HXCYF3 A%
FERAE (MR i UREAR 134N B 52 5 HXCYMIL, HXCYM2, HXCYM3 W M A R MEME R BEAR 3 A

HXSTF1, HXSTF2, and HXSTF3 represented three parallel female samples from Sui and Tang Dynasties City Ruins Botanical
Garden; HXSTM1, HXSTM2, and HXSTM3 represented three parallel male samples from Sui and Tang Dynasties City Ruins
Botanical Garden; HXSQF1, HXSQF2, and HXSQF3 represented three parallel female samples from Shuiquan Village; HXSQM1,
HXSQM2, and HXSQM3 represented three parallel male samples from Shuiquan Village; HXCYF1, HXCYF2, and HXCYF3
represented three parallel female samples from Caoyao Village; HXCYMI1, HXCYM2, and HXCYM3 represented three parallel

male samples from Caoyao Village.

¥ FE (ST) R 2 (CY) R BN MEPE BB AR, i
K IR (SQ) 2 I Ay MM L HUEE AR (18] 5A-5C). 7
R A e M A g A S AS v P B (HXF) Y
B 5 BRI Z R 3 T M i R (HXM) (1A
SE. 5F), iMERER AR AR 2EA K, 41
Wi g ME P R L (HXF) (0.43+0.08) Fl Ak M J Ht

(HXM) (0.44+0.06) ( & 5G), fr £ ¥ A& Y
Coverage f850135 5] 99.90% L) b, BG4S
RATEE(E 5D, SH).
232 EMRAKERHFEREY P LM
vk i}

XoF AN [v) A4 855 AN [ 531 0 6 M) A 0 i o
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Figure 4 Alpha diversity of gut microbiota in adults Xylocopa appendiculata from different habitats. A: Chao

index of samples of the same sexes in different habitats; B: Shannon index of samples of the same sexes in

different habitats; C: Pielou_e index of samples of the same sexes in different habitats; D: Coverage index of

samples of the same sexes in different habitats; E: Chao index of the total samples from different habitats; F:

Shannon index of the total samples from different habitats; G: Pielou_e index of the total samples from different
habitats; H: Coverage index of the total samples from different habitats. NS: P>0.05; *: P<0.05; **: P<0.01; ***;
P<0.001. The same as below.
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Figure 5 Alpha diversity of gut microbiota in adults Xylocopa appendiculata in different sexes. A: Chao index

of samples of different sexes in the same habitat; B: Shannon index of samples of different sexes in the same

habitat; C: Pielou e index of samples of different sexes in the same habitat; D: Coverage index of samples of

different sexes in the same habitat; E: Chao index of the total samples in different sexes; F: Shannon index of the

total samples in different sexes; G: Pielou e index of the total samples in different sexes; H: Coverage index of

the total samples in different sexes.
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Figure 6 Beta diversity of gut microbiota in adults Xylocopa appendiculata. A: NMDS analysis of gut
microbiota in adults X. appendiculata from different habitats; B: NMDS analysis of gut microbiota in adults X.
appendiculata in different sexes; C: PCoA analysis of gut microbiota in adults X. appendiculata from different

habitats; D: PCoA analysis of gut microbiota in adults X. appendiculata in different sexes.

P4 actamicro@im.ac.cn, 7% 010-64807516



WHEY 5| MR, 2025, 65(7)

3189

I3 A 9.43% Fl 7.20%, AL FE A SR I
PIEE BRI, 5 LLr 3R 3.89% Fil 3.85%, A=)
ARG HEHFEERAL, (FEHH 1.62%. 75 _Z0H i
BRI B T ) R R R R T 45 2%,
F B 5 AT 10 A7 4 0 S 4 R RN RE O 1A
(38.10%) . T KA A P10 (9.33%) . ZHEFR AL
1(6.92%) . IRH%15(4.57%). REHEACIH(3.99%) .
FIE(3.96%) . S HIFMEE (3.73%) . BN T
U 2 AC(3.56%) . IR CIA(3.35%) . [55

H13(2.63%). Hrr, 6 H5UHEMAHC, 228
L (n BALBLE ARG, 2 JE IR S BAb

Amino acid metabolism
Biosynthesis of other secondary metabolites
Carbohydrate metabolism
Energy metabolism
Global and overview maps
Glycan biosynthesis and metabolism
Lipid metabolism
Metabolism of cofactors and vitamins
Metabolism of other amino acids
Metabolism of terpenoids and polyketides
Nucleotide metabolism
Xenobiotics biodegradation and metabolism
Folding, sorting and degradation
Replication and repair
Transcription
Translation
Membrane transport
Signal transduction
Signaling molecules and interaction
Cell growth and death
Cell motility
Cellular community-eukaryotes
Cellular community-prokaryotes
Transport and catabolism
Aging | 0.39
Circulatory system |(.02
Development and regeneration (.01
Digestive system |0.05
Endocrine system |1 0.60
Environmental adaptation | 0
Excretory system 0.
Immune system | 0.
Nervous system |0
Cancer: overview [1 0.60
Cancer: specific types |0
Cardiovascular disease | 0.
Drug resistance: antimicrobial |l
Drug resistance: antineoplastic 0
Endocrine and metabolic disease | 0.
Immune disease 0.07
Infectious disease: bacterial [ 0.74
Infectious disease: parasitic | 0.08
Infectious disease: viral | 0.07
Neurodegenerative disease 0.24
Substance dependence 001 , !

A OG

AR I 14 ) A 9 O A S A A ) 3
LA B LR 8, WIERBIA R A58 . AN[A]
A ) ) 6 A 6 G, i A A ) A K S D) RE
BRI RIAAL, (H AR 5 ATAE—RE 2257

T 10 3 208 B A4 =5 BB 7 HUAE B RE M i R
(HXSTF). P& JH e ol L (HXSTM) . 7K S5 B

J L (HXSQF) . 7K S HE 1 1 HU(HXSQM) . 8 %
WP B (HXCYF), 8 25 MEVE B (HXCYM) H
a5 5k 81.59%.
80.07%. 77.67%.

80.12%. 81.05%. 81.27%.

Metabolism

Genetic information
processing

Environmental information
processing

Cellular processes

Organismal systems

Human diseases

1
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Relative abundance (%)

E7 HRAKRERAFEMEYE TKEGGHEREINGE 7 I FHE

Figure 7 The gene functional classification annotation based on KEGG of gut microbiota in adults Xylocopa

appendiculata.
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appendiculata from different habitats.
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