


Supplementary methods

Lactulose hydrogen and methane breath test (LBT) 
All subjects were asked to refrain from antibiotic use and discontinue probiotics, laxatives, antidiarrheal and prokinetic agents for 2 weeks. To minimize basal hydrogen excretion, dietary restriction consist and avoidance of smoking for at least 24 h prior to the test and during the test were recommended. Further, patients were asked to avoid coarse grains, milk, juice, and alcohol in the evening before the test. Fasting for 8 to 12 h before the procedure was required. Before the examination, subjects used 20 mL antiseptic mouthwash (0.05% chlorhexidine) to eliminate fermentation by oral bacteria. End-expiratory breath samples were collected just before the ingestion of 10 g (15mL) of lactulose in a 250-mL water solution. Gas samples were collected every 15 min until 90 min using the methane-hydrogen breathing analyzer DA6000 (Sunvou Medical Electronics Co., Ltd., Wuxi, China) which could test hydrogen, methane, hydrogen sulfide, oxygen and carbon oxide immediately. The North American Consensus recommended that a rise in hydrogen of ≥20 part per million (ppm) or methane levels ≥10 ppm by 90 min during glucose or lactulose breath test was considered positive. A negative LBT was defined by none of the above criteria. 
DNA extraction and PCR amplification
Microbial community genomic DNA was extracted from 154 samples using E.Z.N.A. soil DNA Kit (Omega Bio-tek, Norcross, GA, U.S.) according to manufacturer’s instructions. The DNA extract was checked on 1% agarose gel, and DNA concentration and purity were determined with NanoDrop 2000 UV-vis spectrophotometer (Thermo Scientific, Wilmington, U.S.). The hypervariable region V3-V4 of the bacterial 16S rRNA gene was amplified with primer pairs 338F (5'-ACTCCTACGGGAGGCAGCAG-3') and 806R (5'-GGACTACHVGGGTWTCTAAT-3') by an ABI GeneAmp 9700 PCR thermocycler (ABI, CA, U.S.). The PCR amplification of 16S rRNA gene was performed as follows: initial denaturation at 95 C for 3 min, followed by 27 cycles of denaturing at 95 C for 30 s, annealing at 55 C for 30 s, extension at 72 C for 45 s, single extension at 72 C for 10 min, and ending at 4 C. The PCR mixtures contain 5  TransStart FastPfu (ABI, CA, U.S.) buffer 4 L, 2.5 mM dNTPs 2 L, forward primer (5 M) 0.8 L, reverse primer (5 M) 0.8 L, TransStart FastPfu DNA Polymerase 0.4 L, template DNA 10 ng, and finally ddH2O up to 20 L. PCR reactions were performed in triplicate. The PCR product was extracted from 2% agarose gel and purified using the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, U.S.) according to manufacturer’s instructions and quantified using Quantus Fluorometer (Promega, Beijing, China).
A total of 6,875,675 16S rRNA sequences were obtained from the V3-V4 regions, with an average length of 416 bp per read.
Purified amplicons were pooled in equimolar and paired-end sequences on an Illumina MiSeq PE300 platform (Illumina, San Degio, U.S.) according to the standard protocols by Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, China).
16S rRNA Gene Sequence Analysis
[bookmark: _GoBack]The raw 16S rRNA gene sequencing reads were demultiplexed, quality-filtered by Fastq (version 0.20.0), and merged by Flash (version 1.2.7) with the following criteria: (1) the 300 bp reads were truncated at any site receiving an average quality score of 20 over a 50 bp sliding window, the truncated reads shorter than 50 bp were discarded, and reads containing ambiguous characters were also discarded; (2) only overlapping sequences longer than 10 bp were assembled according to their overlapped sequence; the maximum mismatch ratio of overlap region is 0.2; and reads that could not be assembled were discarded; (3) Samples were distinguished according to the barcode and primers, and the sequence direction was adjusted, with exact barcode matching, and 2 nucleotide mismatch in primer matching.
All 16S rRNA gene sequences were aligned with SILVA database via the built-in vsearch of Parallel-Meta Suite for Operational taxonomic units (OTUs) picking, taxonomical annotation and phylogeny construction 1, 2. Considering that the uneven sequencing depth (number of sequences) among multiple samples may introduce bias, the rarefaction curves were plotted in R (version 4.2.1) after the taxonomic profiling. The relative abundance of community members on each taxonomy level is corrected using marker gene copy number normalization. The gene families were also inferred into Kyoto Encyclopedia of Genes and Genome (KEGG) Ortholgy (KO) using PICRUSt2 algorithm and metabolic pathways are annotated by KEGG BRITE hierarchy 3. 
Alpha diversity indices were calculated in Parallel-Meta Suite and compared using permutational multivariate analysis of variance (PERMONOVA) test. Principal co-ordinates analysis (PCoA) using meta storms distance algorithm 4 and partial least squares discriminant analysis (PLS-DA) was analyzed in R. The relative abundance of each genus and KEGG BRITE Level 3 pathway was examined by PERMONOVA test. The correlation among taxonomy and functional that differed significantly between groups and clinical characteristics was also quantitatively assessed using spearman correlation analysis.
Network analysis
Cytoscape was used in the undirected network analysis for the calculation of correlation coefficients and topological properties and plotting 5. 
Degree measures the total number of edges that connect to a node. Therefore, a node with a high degree will have a significant role in the network. 
Network density represents the proportion of actually present connections in the all possible relationships. The value is 0 if none connections are built in the network. The value closer to 1, the network is more dense and the nodes are more cohesive in the network.  Mathematically,  is the degree of the node i in the network. The equation of the density of the network nodes：

Betweenness centrality for each node is the number of these shortest paths that pass through this node, which represents the capacity to connect two or more non-adjacent nodes. Thus a node with a higher betweenness centrality will have more control over the network. Let  be the total number of shortest paths from node s to node t and  is the number of those paths that pass through i. The equation of the betweeness centrality of the node i is: 

The Euclidean distance (De) of the betweeness centrality between networks P and Q in n-dimension space is calculated as:
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