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Abstract: [ Aim] This study explores the sex differences in the structure and function of gut microbiota in Pomacea canaliculata,
aiming to provide a scientific basis for analyzing the sex differences in the environmental adaptability of P. canaliculata during the in-
vasion process. [ Method] High-throughput sequencing was employed to analyze the gut samples of male and female snails from dif-
ferent geographical locations ( Hainan, Guangdong, and Fujian). The diversity indices of gut microbiota were comprehensively ana-
lyzed. Non —metric multidimensional scaling ( NMDS), permutational multivariate analysis of variance ( PERMANOVA), and
Tax4Fun functional prediction were conducted to analyze the composition, abundance differences, structural similarities, and func-
tional differences of gut microbiota in male and female snails. [ Result] The Chaol index of gut microbiota showed sex differences ( P

<0.05) , which were not observed in other alpha diversity indices (P>0.05). Sex differences ( P<0.05) existed in the abundance of
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some a irmicutes acteroidota 1rochaetota, an anobacteria) and a genus actococcus ) ol the gut microbiota. e ge-
phyla ( Firmi , B idota, Spiroch , and Cyanob ia) and a g (L ) of the gut microbiota. The g

ographical location significantly affected the B diversity of gut microbiota in P. canaliculaia, while sex had no significant effect on it.

In addition, there was no significant difference in the abundance of KEGG pathways in the gut microbiota of male and female snails

from Hainan. Male snails had higher abundance of membrane transport pathways than female snails from Guangdong (P<0.05). A-

mong the samples from Fujian, male snails had higher abundance of cellular processes and signaling pathways (P=0.01), and fe-

male snails had higher abundance of translation pathways ( P<0.05). [ Conclusion] Sex mainly changes the abundance rather than

diversity of gut microbiota, while geographical location significantly shapes the community structure and function of gut microbiota in

P. canaliculata.

Key words: Pomacea canaliculata; gut microbiota; community characteristics; sex differences

HRFFIR Pomacea canaliculata Lamarck X 44 K
BRI, SRR T ARSI 1T Mollusca I A2 49
Gastropoda H1 i /&£ H Mesogastropoda i I2 £} Pilidae
HIRJE Pomacea , &—F it 7 T g & Y V. B 360 Y] Ui
SR ) KA PRI /K R (W =i 55, 2021 ) A 7 IR
AR A BB AE 7 (X35 5%, 2016 ) AR, Xf
IK A Oryza sativa L. & Nelumbo nucifera Gaertn. 2R
H Zizania latifolia ( Griseb.) Turcz. ex Stapf. 3k
Colocasia esculenta (L.) Schott . Z£ffi Trapa bispinosa
Roxb. SEVEM 4 H4 0™ 6 3 (X SCH655,2019) , H
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Union for Conservation of Nature, IUCN) %] A 4 Ek
100 FltE PR AR W) Tl 44 B (IR 75 45,2022 ) ;
2022 4F, B IR Al AT A FR 1T A B
SR A4 3% ) (5E A, 2023)
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Yoih, BERETE 22 FF 1Y A2 B2 2510 1 AR A7, AR 0 ) i
N BE R RE 5 H 18 Gl A M e Vs i A5 A A g
BEPA 455 72 A T PR 3 B A7 G (Dulski er al., 2020
Kang et al.,2022) , TE8 ARG H 467
WE 3 A A 0 T A B L0l A LA B B2 e
EFRFHBCR (Liu et al.,2018) , FH-AL 715 FH L
KB (Wang et al. ,2018) ; i 775 YL IR 5% | o 2L ig
TE TR Wy RERE AR A W, P B D R S
(D’ Argenio & Salvatore ,2015) , -4 il Jp L 71 Je
(Romani,2024) , #&F+78 F B9 PERE S ( ELLI5 G
TR4E,2020) , KREETFERB, F 77 IR A= 77 RE S 7E
ARV () AR 22 5, B A ) A v T I MR 17
WEEFEZ THER (X et al.,2016; Yusa et al.,
2016) , HEPE V- 25 75 4w R T BREVE (X 4245, 2012)
WA, R 1) T BB B2 0 (R A A 2011) (T 9E )

(FRHEE, 2014 ) FULA K 73 KL 17 45 &5 e ( BROF
85,2019) BT HERR 31X S ply T B 22
S AR AT B8 5 A 75 08 1Y W T8 AR WG 25 A K
—Je P o W B A W S e R A R R RO G
(Zheng et al. ,2020) , — 2 IAE W5 & B AR 75 158
J B A Rl ARG 0 F BB A K S BB RE ) | g
RE ) A A 32 P (X155 ,2022)

KR 8 A Y AE A [R5 (8] £ 7
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natus Lee, Choi & Ryu (Ma et al.,2018) K8 {1
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1.1 HRAE&E

2023 4F- 8—9 J1 , 7RIk F 48 W3 (19°72'N, 110°
04'E) MEM (19°52'N,109°53'E)  BiifF (19°15'N,
110°31'E) , &AM (23°26'N, 113°83'E) il i
(23°72'N,114°67'E) M (24°40'N,116°57'E) Fll
TREEA B (24°48'N, 117°75'E) . = W] (26°35'N,
117°72'E) . FV-(27°34'N,117°52'E) F&M (26°24’
N,118°93'E) Hi H (25°42'N,119°02'E) 11 >Rk
SR AR B4R 7 08 R AE A 451 B iR 67
H(HEE 36 HHERR 31 H) 7R 144 H (MR 72
HOMERZ 72 H) FIAREE 240 H (HERR 120 H ) IR
120 R, #5430 (Hayes et al. ,2012) , {#
5191 L.CO1490 B HCO2198 3" 14 41 Jifd {7, 2% 48 L 1l W
BT (Co )M, WA 11 A RAEBCRER
e FFUR Ry /NG A M R L i T T A P A T 0 ) 3
M ( Yang et al.,2019) , 300 75 HI2FAE 5%
5T v A H 5
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DREES MRS, E T AFEMFEET (1
m”)  FERANFE T T BEHLR AR AT 6 2R B4R 5 1R 1
S, IS 0 FLE 1) (WL ZR R AR P S 254, T R A
B0 AR BE A 5 [ T 0B %) A Y e S 3 s TV 5
WL JA R v g Ay L T e BT ) A R T
Ji A S T T A R B B A A L SR 9 A A R A
RS 75% B8R 3 Wk, J5 FHZR K vh sk 2 1K,
SRJG /N MBI A B N AW, B I 3B FE
BT RREE NI ER AT, JE A 1E-80 C 1Y
PKFE Y LA R AT o 38 00 434
1.2 DNA #2EU#1 PCR ¥ 1§

a7t ik = F IR AL ( cetyltrimethylam-
monium bromide, CTAB) J5 ¥ & RN FE i 1) 4 3
[KIZH DNA (gDNA) . #4585 PR B 51 9 341F
( CCTAYGGGRBGCASCAG ) Fl 806R ( GGACTAC-
NNGGGTATCTAAT) #4141 16S rDNA HEPF Y V3 ~
V4 B IX . FFPA PCRIBABIMA 15 pL Phusion®
High-Fidelity PCR Master Mix ( New England Biola-

bs) 0.2 wmol « L' 5[#) A1 10 ng IR 4] DNA AR,
7598 CF#EAT 1 min (55— UEME, SRS TE 98 C
(10'5) .50 °C (30 ) F172 °C (30 s) FifEA7 30 KAf
W, A AE 72 C FRRE S min, PCR =l 2%k
JE RIS WE BE IR AT HL VRS 5 XA 5 4% B PCR
P TREBR AL , R bR E B iR PCR 7k
JEHATAFRIRAE, SR SIS 8 2% B9 SN AR BE IR
HLUKASEI PCR 74, % H A9 257 FH 3@ I8 DNA 4
AR £ (TianGen ) [ ] NEBNext®
Ultra™ II FS DNA PCR-free Library Prep Kit % i
7% (New England Biolabs ) #E 17 SC 22 #4) 44 | #4) 4t 4f
fI3CEZE 3T Qubit Fil Q-PCR &, SUE GG, il
i NovaSeq 6000 #£17 PE250 4L,
1.3 MEpHEsHh

#45 Barcode J3 51 Al PCR ¥ 34 5191 57 51 T
PR rh o th A REAR K . B2 Barcode 1514
55 , ffi F FLASH ( Version 1.2.11, http: // ccb.
jhu. edu/software/ FLASH/ ) X} 5 A 1Y reads #F
Frofdie, 19 30 09 PF 87 51 R J5 4R Tags B4 ( Raw
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(%) Raw Tags 2832 /™ A% 1) b 8 4k 145 3] 125 BT 2 1)
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Tags T AT BRI A AT I B AL BE , Tags J37 5130
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arbsilva.de/ ) FEAT LU X 46 ik S 1A 7 1), I Fe & 55
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TR JE AT IR Z P 81 LU 73 21T A ASVs J7 51
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Fig.1 o diversity of gut microbiota in male and female P. canaliculata from different provinces
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Fig.2 The relative abundance of gut microbiota composition between male and female P. canaliculata

ALC.E JR7R ok R 2R R AL AR 0 0 (A W A TE A T A TTKCT b A XS 2 B D F 33870k 1 1R 2R
e ) A A MR A W 2L I 44 B+ B K B AR R JEE 0 P<0.05; ™ 1 P<0.01; ™ :P<0.001,

A, C and E represent the relative abundance of intestinal microbial composition (at the level of top 10 phyla) of male and female snails from Hainan,

Guangdong and Fujian, respectively. B, D and F represented the relative abundance of intestinal microbial composition (at the level of top

10 genera) of male and female snails from Hainan, Guangdong and Fujian, respectively. * : P<0.05; ** . P<0.01; ™ . P<0.001.
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Ji§i#%12 ( membrane transport) 1 % [ £7 7 i & 25 5%
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(&1 4B) ., K [ R dny MErE2 % 18 MUAE Y 44 A
2 2% KEGG 1 %, P 15538 3% ( translation ) 9 4
X E KT HEYE (F=7.17,P=0.008) , il e
i B 2 FE 5 1% T (cellular processes and signa-
ling) .35 K T Mtk (F=6.77,P=0.01) , H4x i %
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—F (2= A 20225 Chen et al. ,2021) , {H i AfE 12
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F . IR T UE Y 2 AR 2 5
XAERERENGE (2015) VA M Li et al. (2019) MIWFSE
TS B TR, AHIFSE oA 77 98 8 P AU R
FLUER TR & A0S B U TR A A X 3 B A v, 5 B A5 A
Y2 Pomacea maculata Perry W) Jif 38 W& B 5 A2 AE B
L 2E S (R4S 20225 Li et al. ,2019) ,3X o] fig &
T E A A — e RO Mg
o A i T T 2 0 22 R T 2 446 i HLE A [ 2R
S5 N X A1 R T 1) R

Tt Male

o %)M Zhangzhou + #&/H Fuzhou

4 {fM] Danzhou 4 Ji[J§ Heyuan 4 = Sanming  ® # [ Putian
A » Biiifg Qionghai B = { 1] Meizhou C = #-F* Nanping
374 Hainan I %5 Gi 484 Fujian
2 _ _ 0.5 : _
= . St 0.15 = 2 Stress =0.16 = A i Stress=0.16
T\h . $ (R i A (R ; °
?E o 1 ., . % o ! : it %( of Bpfmmmm— A
172}
& % L] ¢ & g 0 n-%a #' o ou g - fesee) =) A4 °
3 . » N E = y's - A=Ay [ 2 A
LT T T A S ® s ke B N Z s
1 S B IR S - W v
1 M. L “ B . B
s A = =
-1 E 1.0 :
450 075 000 075 150 2 A 0 1 2 1.0 0.5 00 05

e i 2 4 RE 4 NMDS|

Ak i £ 4k R 23 Hr NMDSI

epE 2 4 R 3 HT NMDS1

B3 ETFARFRESNARE MR HEFIZFEREYA Bray-Curtis BEEEHIEE E £ % R E (NMDS)

Fig.3 Non-metric multidimensional scaling (NMDS) of Bray-Curtis distances of gut microbiota from

P. canaliculata based on different sampling sites and sexes
B AR ETT 20T (PERMANOVA) 71, AN [RIRAE 55 AR A5 M0 2 MR T S A A 1 S35 28 59 (P<0.05 ; B R H=999)

PERMANOVA showed that there were significant differences in intestinal microbial community structure among

different sampling sites ( P<0.05; permutation times=999).
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