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Wy SR AT N IRPE S IR AF L R, I HA R R ]
DABE RS W o3 Wb BVA SN R FESTRAE -] . SR, 56 T30
AN IR AL W A B A TR . DR M H S 1
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KUREE 23 £ 1°C, $hFF 22+ 1, G R A& #AK 1 1k, B X
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Pk 15 7 5% 1 SCIE 200 A, AL 43k 2 56 21 (O TR
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A5 PE 5 ming 25 PMEFR (959 30's, 50°C 30's, 72°C 40 5);
72°C FEAH 3 min, R R4 Ek % (VAHTSTM DNA Clean
Beads) 2l b H A5 X 3 PCR 7 # (10 pL & & 4% 10 : 8
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SR BT W - 2ok AR 5 R o U0 R MR R 28 BT A
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A A LA IR R R 2 G A A%, LA X A TR MR 22
(BT 187 06, 0 €5) 55 Hh MRl 22 0 A0 D55 (PAS, $241
f1,), (2)Masson = {2 4% {%, ( Masson's trichrome stain-
ing): K TN AR £L i 21 -8 i i v o U0 IR R i AR 41
AL (5 min), BEEABR (2 min), ZEAE#5 (2 min) Jefh, LU
DX o3 e S 8 2 (R B s, 5 68) 5 LEF4E . P 4E R %
(AN LA EL, £145), Fr A G (o 20 BR ) 1 28 7843 VeV
e ta, 58 UG HRK LB, R PR E [, B E S
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24 XiSFERAIAEREE K AZE S
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LTRE S 25 mM Z KK W (B) & SN, it ik
0.5 mL/min, #FFEE2 uL, FEMT 4 C AR
TRAE, S5 AT I BE U $ERE, JT A QC HEA DL #5
ZYikaE k. #1 AB Triple TOF 6600 FiiE{L7EIE | 7
BT RE — . ZHIEEL. B IR Gasl/
Gas2: 60, CUR: 30, Ji&J& 600°C, ISVF: +5 500 V., F1
JEF — 22 m/z 60-1000, EFLETH] 0.20 s/spectra;
AT m/z 25-1000, R FHLHS[E] 0.05 s/spectra, R
IDA #EEFRI K%, DP: +60 V, Rl e 35+15 €V,
B IR NS 10 MERE RS T JRUREHE 2 ProteoWizard
g mzML #5205, R A XCMS 2 /7 47618 51 |/
P I [E) 4% 1 55 D [T AR B I (248 centWave m/z = 10 ppm,
peakwidth = c( 10, 60). Bfi J5 XF Eu 38 A7 10t 4 28 2

e TR ER A5 55 I 55 it 2 (. >50% 119 75 116 . KNN 3
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25 HESH

fi 11 USEARCH(v10.0) 7E 97% AL M 7K ~F- 5 Xif
75 AT RIS A L OTU, I LA ELT B L 0.005%
g (B R A7 L 9822, R QIIME2 43 #7 Alpha Z#E1:,
JF % F Bray-Curtis 5 55 3i@ 1 R1E 5 #H47 F 26 b5 43 H7
(PCoA) F1 NMDS 43-#7 . I H QUME # A4 A: iiAS 7] 43
FAF LR R o SN R TR A (] ) TR
225 W VR R FH AR 207 2253 H1 (One-way ANOVA) i
s . DL P<0.05 825 BA50T% 5 i,
FIFH LEfSe iF17 22 5 B RE A v R0 4 BT, Be 200 5
20 B) A b R P 25 S A W 2K . R PICRUSE2 &
T OTU R 1M 40 B Dy g, I 5 KEGG $ 4 JF Lb xf 3k
P50 8 15 B i ropls €0 %) A5 2H B R AT B
2843 BT Fl PLS-DA 45, DL VIP =1, FC =2, FC <0.5
H P < 0.05 Ayb5 i1t 22 5 A . 8t KEGG &
0T (Q < 0.05) %2 b AR i . LAAHXS Hh Ay
H0 P (relative betweenness centrality ) 3% fiF 38 [ 1) #1
FNRFAE I 43 B 22 S AR A GE B 0 gt s
P o S A 3T R IR 20 56 43 BT 4 9% 32 B 40 1R S
55 2% S AR 1) S
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3.1 XERSNEEFMMEEEERSW
3.1.1 168 tRNA JE PR 7 Fl B RE 22 R 1 0 At

T 3o % SO A S BEFURE VR 10 S AEA Y 16S TRNA
FEH V3-v4 X JF, 3L 3815 611,600 X reads, i 45 J5
5 3 571,006 7% & & ¥ 4, & A R 5 B4 T
46,817 & 57,101 Z[d] . P ¥ o0& I 1 2,346
AP OTUs, M /s, SCHGAMERRA S (M 4) 5
AN ARG (N 2H) 430 &% A 1,689 F1 990 4~ OTUS, Ho
Hr 3 OTUs 2 333 4 (/i B2 OTUs 1Y 14.2%), i 4¢
H OTUs 43 %1~ 1,356 1 657 4~ 45 BIE I OTU 43 #i
R, MAA AN A+ 3 e T N4, B A eSS
FMIfEAE W B 22 5, 247 OTUs 7645 H 4L P Y 5 1
5128 19.7%(M 41) Fl 33.6%(N 41).

o ZREERBMAEM X RN EEE S
SYRE, T B2 A W) e AIE AN R A ] 2 0 40 o 1) 25
5t MiBEHHZE . Shannon-Wiener #H £k . S5 9% - ph £k
KR AL R £k (K 1A-D) #9588 T - 2%, 2 0 I i
EFSr, CE AR A RZHYFNEE . o ZHEE
FEBo T o (81 2), SbE R (M ) 40 0 F &
B, TR W (N ) f) 40 T8 R v 35 50 B o v, EL 4
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Multi samples rarefaction curves
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Fig. 1 Clustering and f diversity analysis of the mantle (M) and mucus (N) microbiota in M. meretrix
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A. Rarefaction curves of all samples; B. Shannon-Wiener curves of all samples; C. Rank-abundance curves of all samples;

D. Species accumulation curves of all samples; E. PCoA analysis; F. NMDS analysis
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Fig. 2 The a -diversity index of the bacterial communities in the mantle (M) and mucilage (N) in M. meretrix
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Fig. 3 Average relative abundance distribution of the microbial communities in the mantle(M) and mucus(N) at different taxonomic

levels in M. meretrix
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A. Taxonomic composition at the phylum level; B. Taxonomic composition at the family level; C. Taxonomic composition at the genus level
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J& (Paracoccus) 55 2 [A] A6 S AZ O TRTRE 5 1100 RS V2 127 0 D)
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Hh o TN DL B FF 8 (Flavobacterium) | T B i ] J&
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linirepens ) 55 TE K5 H 26 B H AR 56 55 AR HRAE (8] 4),

WA, A M 0 43 B 8000 K /N ok S5 0 R A 1Y
TR o KR . R A IS e 19 MR R, A E IR
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3.3 GEAEA T mE
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TR TI 73 Bir, 255 b HM 2 B FURS WA A KEGG
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% 2 S A S T 2 IR AR A AR AR AR I
M EFEE6),
32 NERMEREXBMERNARLEHRNE
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B U I TR AT R S5 H (CFS), B2 Bk 4R 8V 8 58 3, 4
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Ji £ 2 25 K i R, 52 BB Ak AR (VS), T JILEF 4 Fi
Ji 5 (CM) HEBIAA L, [ IS BT (MV) 3 BE 3
A PR AR, P BE A0 I S8 RS PERE IR . AB-PAS b (5 25
R, IR GRS J5 SO AN B AR DX S8 R Tl 2 M
i TE R, ELAT UL TR M R R A0 i CAMD) B S 8 A= A
RAFTERFEL PR T MR (18] 7).
3.3 SMERME G X IE R RIFEZE ST

BT A3 e B TR RO PR AT S R
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Fig. 4 Bar chart of intergroup analysis of variance (ANOVA) of the microbiota in the mantle and mucus of M. meretrix at the genus level
xR LIRS (P<0.01)
“**» indicates the significant difference in the level of P<0.01
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Fig. 5 LEfSe analysis results of the mantle and mucus bacterial communities of M. meretrix
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A. Cladogram; B. Histogram of LDA value distribution.
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Fig. 7 Histological sections of mantle tissues after Vibrio infection in M. meretrix.
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A, B. Masson's trichrome staining of the mantle region; C, D. Alcian blue-periodic acid-Schiff (AB-PAS) staining of the outer fold region of the mantle. A and
C were the control groups, and B and D were the Vibrio infected groups. CFS: collagen fiber structure, CM: cytoplasmic matrix and muscle fibers,

VS: liquid (-phase) structure, MV: microvilli, AM: acidic mucus; Scale bar = 100 um.
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Mantle-Mucus Microbial Communities and Metabolic Responses to
Vibrio Stress in the hard clam Meretrix meretrix

Wang Mengtian"*?, Fu Lulu*’, Yao Hanhan', Dong Yinghui’

(1. Zhejiang Key Laboratory of Aquatic Germplasm Resources, College of Biological & Environmental Sciences, Zhejiang Wanli University,
Ningbo 315100, China; 2. College of Modern Agriculture, Zhejiang Wanli University, Ningbo, Zhejiang, 315101, China; 3. Ninghai Marine
Biological Seed Industry Research Institute, Zhejiang Wanli University, Ninghai 315604, China)

Abstract: The mantle tissue and its mucus of the hard clam Meretrix meretrix play a significant role in defending
against pathogens. However, the potential links between the composition and function of their inherent microbiota
and host immunity remains unclear. In this-study, 16S rRNA gene high-throughput sequencing was used to com-
pare the microbiota composition and potential functions between the mantle tissue (group M) and mantle mucus
(group N) in health clams. Non-targeted metabolomics (UHPLC-Q-TOF/MS) was employed to analyze metabolite
changes in the mantle mucus under Vibrio stress. Furthermore, spearman correlation analysis was applied to integ-
rate the microbiota and metabolomics data, aiming to preliminarily explore potential associations between the mi-
crobiota and host immune metabolism. The results revealed significant niche differentiation between the mantle and
mucus microbiota. The mantle microbiota exhibited higher richness and was dominated by the phylum Spiro-
chaetota, while the mucus microbiota showed higher evenness, with Proteobacteria and Bacteroidota as the domin-
ant phyla. The mucus-was significantly enriched in taxa with polysaccharide-degrading or potential pathogenic cap-
abilities, such as the genera vibrio, Tenacibaculum and Flavobacterium. Functional prediction indicated that the
mucus microbiota was more active in immune- and energy-related pathways, like cysteine and methionine metabol-
ism and oxidative phosphorylation. Metabolomic analysis under Vibrio stress showed significant alterations in vari-
ous immune-related metabolites in the mucus, including succinate acid, propionate acid, and phenylalanine. Correla-
tion analysis between microbiota and metabolites revealed close associations between resident microbes and host
metabolites, such as a strong positive correlation between the genus Marinomonas and uracil, and a strong negative
correlation between Flavobacterium and nitrate. Collectively, these findings suggest that the mantle-mucus com-
plex functions as a dynamic interfacial microenvironment. Its specific microbial community structure may interact

with host metabolism, providing immunological preparedness for the host to counteract pathogen invasion.

Key words: Meretrix meretrix; mantle; mucus; bacterial community; metabolomics
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