Supplemental Digital Content
Title: Alteration of the fecal microbiome in patients with cholecystectomy: potential relationship with

post-cholecystectomy diarrhea - before and after study -

Methods

1. Bacterial DNA extraction and 16S rRNA sequencing from fecal samples

DNA was extracted using a DNeasy PowerSoil Kit (Qiagen, Hilden, Germany) following the
manufacturer's instructions. The extracted DNA was quantified using a Quant-IT PicoGreen
(Invitrogen). To amplify the V3 and V4 regions of the bacterial genomic DNA, the sequencing libraries
were prepared according to Illumina 16S Metagenomic Sequencing Library protocols. The input gDNA
2 ng was polymerase chain reaction (PCR) amplified with 5x reaction buffer, 1 mM deoxynucleotide
mix, 500 nM each of the universal forward/reverse PCR primers, and Herculase II fusion DNA
polymerase (Agilent Technologies, Santa Clara, CA). The cycle conditions for the 1st PCR was 3 min
at 95°C for heat activation, followed by 25 cycles each of 30 s at 95°C, 30 s at 55°C, and 30 s at 72°C,
followed by a 5-min final extension at 72°C. The universal primer pair with Illumina adapter overhang
sequences used for the first amplification was as  follows:  V3-F,  5’-
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3' and V4-R 5’-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-3".

The 1st PCR product was purified using AMPure beads (Agencourt Bioscience, Beverly, MA).
Following purification, 2 ul of the 1st PCR product was PCR amplified for final library construction
containing the index using NexteraXT Indexed Primer. The cycle condition for the 2nd PCR was the
same as the 1st PCR condition, except for 10 cycles. The PCR products were purified using AMPure
beads. Subsequently, the final purified product was quantified using quantitative PCR (qPCR) according
to the qPCR Quantification Protocol Guide (KAPA Library Quantification kits for [llumina Sequencing
platforms) and qualified using TapeStation D1000 ScreenTape (Agilent Technologies, Waldbronn,
Germany). Paired-end (2 x 301 bp) sequencing was performed by Macrogen using the MiSeq platform
(Illumina, San Diego, USA).

2. Data processing for microbial metagenome analysis

Raw data generated by the Illumina MiSeq platform were demultiplexed using index sequences.
Adapter sequences and barcode primers were trimmed using Cutadapt (v3.2) program [1].
Preprocessing was performed using the DADA2 (v1.18.0) package in R (v4.0.3) to denoise sequencing
errors and identify amplicon sequence variants (ASVs) [2]. Paired-end reads were truncated to 250 bp
forward sequences and 200 bp reverse sequences. Reads with expected errors of >2 were discarded.

Error-corrected reads were merged into one barcode sequence, and chimeric sequences were filtered



using the consensus method of DADA?2. The resulting ASV reads of each sample were downsized to
equate the minimum observed sampling depth using quantitative insights into microbial ecology
(Quantitative Insights Into Microbial Ecology, QIIME, v1.9) by random selection of reads to compare
microbial diversity [3]. Taxonomic classification was performed using the National Center for
Biotechnology Information 16S ribosomal RNA DB using BLAST+ (v2.9.0) [4]. Each ASV was
defined as the taxon of the best-hit subject from the blast results. When Query coverage was <85%, and
the identity of the matched region was <85%, the ASVs were regarded as unassigned. To identify
phylogenetic relationships between ASVs, multiple alignments of reads were conducted using the mafft

(v7.475) program [5]. Subsequently, a phylogenetic tree was constructed using FastTreeMP (v2.1.10)
[6].

3. Analysis of bacterial composition and diversity

All taxonomic analyses used relative abundances, defined as ratios, to even sampling depth.
Abundances at the phylum, genus, and species levels were averaged to determine the taxonomic
composition of each group with a bar graph. The Firmicutes to Bacteroidetes (F/B) ratio was calculated
based on their abundance for each patient. The Krona chart, which visualizes complex hierarchies of
metagenomic classifications, was constructed using Krona Tools (v2.8.1) [7]. The Krona charts
illustrate the average in each group at the species level.

Community diversity was analyzed using QIIME (v1.9.0) [3]. To check the diversity and evenness
of the microbial community, the Shannon and Gini—Simpson indices were calculated [8]. In addition,
we checked that the rarefaction curves were saturated in all samples to confirm that sequencing depths
were sufficient to capture the real diversity [9]. Beta diversities were determined based on weighted and
unweighted UniFrac distance metrics, which compared microbial communities by measuring
phylogenetic distances [10]. The microbial network was inferred using the SpiecEasi package (v1.1.2)
in R (v4.1.2) [11]. The inferred networks were then transformed into an igraph (v1.2.11) object to

visualize topological properties [12].

4. Statistical analysis

The Wilcoxon Rank Sum test and Kruskal-Wallis test were conducted to compare the Shannon and
Gini—Simpson indices between groups [13, 14]. The false discovery rate of the Benjamini—-Hochberg
method was performed with a cut-off value of 0.05 to correct errors of multiple testing [15]. The ggpubr
R package (v0.4.0) was used to visualize box plots to compare differences in groups for each index [16].
Firmicutes to Bacteroidetes (F/B) ratio is the proportion of two major phyla in the intestinal microflora.
An increase or decrease in the F/B ratio indicates an imbalance of the microbiome [17]. The F/B ratio
was examined using the Kruskal-Wallis and Dunn tests as a post hoc test with a P-value of 0.05 [18].

In addition, compositional differences among samples were visualized by principal coordinate analysis



(PCoA) [19] and the unweighted pair group method with arithmetic mean tree [20] using
unweighted/weighted UniFrac distance metrics. In addition, an analysis of similarities (ANOSIM)
statistical test was performed with QIIME script to confirm the significance of differences between
groups [3]. Microbes that showed significant differences between groups were identified using the
Kruskal-Wallis test and their differences were estimated with a cut-off linear discriminant analysis
(LDA) score (log 10) of >2 with linear discriminant analysis effect size (LEfSe) [21]. Furthermore, a
cladogram with GraPhlAn (v1.1.3.1) [22] and bar plots were generated using the ggplot R package
(v3.3.2). Microbes with a mean abundance of all samples > 1% and significant lists observed from
LEfSe were visualized using a heatmap to identify associations between sample groups. Relative
abundance data were transformed to log-scale form. Significant taxa from LEfSe were indicated with
asterisks. The hierarchical structure calculated using the Euclidean distance was shown as a dendrogram
at the top of the plot. Moreover, visualization was performed using ggplot2 (v3.3.5) R package [23].
The accuracy of taxa scoring with high LDA was assessed using the area under the receiver operating
curve (AUROC). The pROC R package (v1.18.0) was used to plot the Receiver operating characteristic
(ROC) and calculate the AUROC values [24]. Subsequently, the significance of the AUROC was
verified using the verification R package [25].
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Supplementary Figure 1. Schematic representation of the research hypothesis.
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Supplementary Figure 2. Rarefaction curve of all fecal samples.



al: o_Bacteroidales
a2: ¢_Bacteroidia
a3: p_Bacteroidetes
a4 f

as: g_Phocaeicola

a6: g_Faecalibacterium

a7: s_Faecalibacterium_prausnitzii
a8: p_Proteobacteria

a9: ¢_Negativicutes

a10: {_Sutterellaceae

al11: o_Burkholderiales

al2: c_Betaproteobacteria

al3: c_Gammaproteobacteria
a14 Bacteria

g_Lachnospira

ale g Sutterella

al7: g_Kineothrix

a18: s_Kineothrix_alysoides
a19:s_Lachnospira_eligens

a20: g_Lachnaclostridium
a21:s_Lachnoclostridium_pacaense
a22: s_Sutterella_wadsworthensis
23: s_Lactobacillus_rogosae
a24: g_Lactobacillus

a25: g_Lacrimispora

a26: s_Lacrimispora_xylanolytica
a27: s_Lachnospira_pectinoschiza
az

a3o s_Veillonella_dispar
a31: g_Mitsuokella

a32: g_Enterocloster

a33: s_Mitsuokella_jalaludinii

a34: s_Enteracloster_clostridioformis
a35: 5_Oscillibacter_valericigenes
a36: s_Phocaeicola_massiliensis
a37: s_Bacteroides_thetaiotaomicron
a38: o_Desulfovibrionales

a39: f_Desulfovibrionaceae

a40: g_Desulfovibrio

aa1: c_Alphaproteobacteria

a42: g_Hungatella

a43: s_Sutterella_stercoricanis

a44: s_Desulfovibrio_intestinalis
a45: 5_Negativibacillus_massiliensis
a46: g_Negativibacillus

aa7:c

a48: f_

Supplementary Figure 3. The index of Cladogram (patients with gallstones vs. healthy controls).
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Supplementary Figure 4. Comparison of the fecal microbiome in patients with gallstones (GS)
after cholecystectomy and healthy controls (HC). (A) Comparison of alpha diversity (Shannon and
Gini—Simpson indices) (B) Unweighted UniFrac principal coordinate analysis. GS After
cholecystectomy (red dot) vs. HC (green dot). (C) Heat map of taxonomic assignment of fecal samples.
The colored columns in the upper part of the heat map indicate GS after cholecystectomy and HC, and
those in the lower part of the heat map indicate each participant. Taxonomic abundance is proportional
to color intensity (color scale in the upper-left panel of the figure). (D) Krona chart illustrating the
differential abundance of bacteria in HC and GS after cholecystectomy. (E) Cladogram highlighting the
distribution of the fecal microbiome with differential abundance. (F) Index of the cladogram.
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Supplementary Figure 5. Comparison of the gut microbiome in patients with gallstones with
typical biliary colic [i.e., colic (+)] and those without symptoms [colic (—)]. (A) Comparison of alpha
diversity (Shannon and Gini—Simpson indices) (B) Unweighted UniFrac principal coordinate analysis.
Colic (-) (red dot) vs. colic (+) (blue dot). (C) Heat map of taxonomic assignment of fecal samples. The
colored columns in the upper part of the heat map indicate patients with colic (—) and colic (+), and
those in the lower part of the heat map indicate each participant. Taxonomic abundance is proportional
to color intensity (color scale in the upper-left panel of the figure). (D) Krona chart illustrating the
differential abundance of bacteria in colic (—) and colic (+). (E) Cladogram highlighting the distribution
of the fecal microbiome with differential abundance. (F) Index of the cladogram.
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Supplementary Figure 6. The index of Cladogram in PCD (—) vs. PCD (+) patients. Abbreviation:
PCD, post-cholecystectomy diarrhea.
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