
Supplementary Materials 

 

Legend of the Supplementary Figures 

Supplementary Figure 1. Heat map reporting the Z-score normalized weekly consumption 

of foods and drinks in each dietary group. The row order is the result of hierarchical 

clustering analysis. P-value was calculated by the Kruskal-Wallis method. ***p < 0.001; **p 

< 0.01; *p < 0.05. B. Box and violin plots reporting the estimated daily intake of specific 

nutrients in each dietary group. The intake was normalized on the total daily Kilocalories. 

 

Supplementary Figure 2. A. Violin plots reporting the normalized expression level of three 

stool DEmiRNAs whose expression is significantly correlated with the years of non-

omnivorous diet. The expression of these miRNAs is reported by dividing the subjects based 

on years of non-omnivorous diets (top) or based on age quartiles (bottom). P-value by 

Kruskal-Wallis test. B-C. Heat maps reporting the clustering analysis of the Spearman 

correlation results between stool miRNAs expression level and the estimated nutrient intake 

(B) or the detected microbial species (C). Only pairs of miRNA and nutrient/microbial 

species associated with an absolute rho greater than 0.3 in at least one comparison are 

reported. 

 

Supplementary Figure 3. A. Bar plot showing the number of Human microRNA Disease 

Database (HMDD) annotations divided in four main disease classes. The color-code indicates 

whether a miRNA was up-regulated or down-regulated in the disease condition. On the right, 

the bar represents the log2FC computed in comparison between VN or VT with respect to 

omnivores (O) subjects. Asterisks represent the adjusted p-value from DESeq2 analysis. 

***adj. p < 0.001; **adj. p < 0.01; *adj. p < 0.05. B. Scatter plot reporting the correlation 

between the median expression levels of the 49 stool DEmiRNAs considering the two groups 

of O subjects. C. Heat map reporting the log2FC expression of the comparisons VN and VT 

subjects with respect to the two groups of O subjects considered, respectively, for the 

discovery (disc.) and the validation (val.) analysis. 

 

Supplementary Figure 4. A. Box plot reporting the relative abundances of bacterial species 

whose levels are significantly different in stool samples of subjects characterized by high or 

lower expression of miR-425-3p (top) and miR-638 (bottom). 
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Legend and figshare reference of the Supplementary Tables 

 

Supplementary Table 1 (https://doi.org/10.6084/m9.figshare.14587596.v1). Alignment 

statistics and information of the small RNA-Seq data in stool (A) and plasma (B) samples and 

alignment statistics and information of the stool shotgun metagenomic data (C). 

 

Supplementary Table 2. (https://doi.org/10.6084/m9.figshare.14587581.v2). Dietary and 

lifestyle information of the analysed subjects. For continuous covariates, the average and 

standard deviation are reported.  

 

Supplementary Table 3. (https://doi.org/10.6084/m9.figshare.14587611.v2). A) Expression 

levels and differential expression analysis of stool miRNAs; B) Results of the GLM analysis 

modeling stool DEmiRNA levels as a function of different subject covariates. C) Results of 

the differential expression analysis of the 49 stool DEmiRNAs considering different 

covariates in the DESeq2 model; D) Results of a correlation analysis between stool 

DEmiRNAs expression and subject age and years of non-omnivorous diet; E) HMDD 

annotations for the hairpin of stool DEmiRNAs; F) Differential expression analysis of stool 

DEmiRNAs considering an independent group of O subjects (O validation). 

 

Supplementary Table 4. (https://doi.org/10.6084/m9.figshare.14587608.v2). A) Stool 

miRNAs belonging to specific correlation clusters of nutrients or bacterial species as reported 

in Supplementary Figure 2B-C. B) List of miRNA-nutrient associations supported by a 

significant Spearman correlation (adj. p < 0.05). Information of a GLM model computed for 

each pair is reported. Models adjusted by sex, age, and BMI. 

 

Supplementary Table 5. (https://doi.org/10.6084/m9.figshare.14587599.v2). A) Expression 

levels and differential expression analysis of plasma miRNAs. B) Plasma levels of the 

DEmiRNAs identified in the analysis of stool samples. C) Correlation analysis between 

miRNA levels in stool and plasma samples. 

 

Supplementary Table 6. (https://doi.org/10.6084/m9.figshare.14587584.v2). Analysis of 

xenomiR expression levels in stool (A) and in plasma samples (B). C) Set of RNA sequences 
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aligned with gma-MIR6300 using BLAST. D) Homology analysis between detected 

xenomiRs and human miRNAs 

 

Supplementary Table 7. (https://doi.org/10.6084/m9.figshare.14587602.v1). A) List of 

functional processes enriched in targets of different groups of stool miRNAs. B) Validated 

targets of stool miRNA analysed in the functional enrichment analysis. 

 

Supplementary Table 8. (https://doi.org/10.6084/m9.figshare.14818062.v2). A) Normalized 

expression levels of the stool DEmiRNAs in data from the TissueAtlas. The Z-score-

transformed expression levels are also reported at the bottom. B) Epigenetic states computed 

at miRNA loci considering the data from the Roadmap Epigenomics Project. AT, active TSS; 

BT, Bivalent/Poised TSS; E, Enhancer; Q, Quiescent region; R, Repressed region; ST, Strong 

transcription; WT, Weak transcription; ZNF, Zinc-finger genes and repeated region.  

 

Supplementary Methods 

Study population recruitment and dietary information 

A cohort of 141 individuals categorized as vegetarians (VT), vegans (VN), and omnivores 

(O) was recruited on a voluntary basis in Turin (Italy) between May 2017 and July 2019. Of 

the all potentially eligible subjects, 120 (72 women and 48 men) were included in the study 

because covering all the following selection criteria: VN, VT, and O dietary regime followed 

for more than one year, no consumption of antibiotics in the previous three months from 

sampling, no use of anti-inflammatory drugs in the month prior the sampling, no evidence of 

intestinal pathologies (Crohn’s disease, chronic ulcerative colitis, bacterial overgrowth 

syndrome, constipation, celiac disease, Irritable Bowel Syndrome), and other pathologies 

(type I or type II diabetes, cardiovascular or cerebrovascular diseases, cancer, 

neurodegenerative disease, rheumatoid arthritis, allergies), no pregnancy and lactation. The 

study cohort included the same proportion of VN, VT, and O, matched for sex and age 

(Figure 1A). Three subjects made use of anti-hypertensive drugs and only one made use of a 

cholesterol-lowering medication. Anthropometric data (to calculate BMI) and abdominal 

circumference were collected for all subjects at the time of sampling. For each subject, the 

physical activity index was calculated based on the different sources of recreational, 

household, and occupational activities self-reported in the questionnaires, according to the 

EPIC study guidelines (https://dapa-toolkit.mrc.ac.uk/instrument/40). Each subject was 
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categorized into one of the four following groups: inactive, moderately inactive, moderately 

active, and active.  

For an independent group of unmatched 45 omnivorous healthy individuals (31 women and 

14 men), stool small RNA-Seq data (performed in the same laboratory and with the same 

protocol/pipeline of analysis) were also available for miRNA profiles validation. 

The VT and VN volunteers were recruited with the collaboration of the Italian Society of 

Vegetarian Nutrition (http://www.scienzavegetariana.it/) or, like the group of O, among 

personal contacts and by a distribution of an informative leaflet. All participants signed 

informed written consent. The design of the study, the informed consent and protocols were 

approved by the local Ethics Committee on Colorectal_miRNA CEC2014 (Azienda 

Ospedaliera “SS. Antonio e Biagio e C. Arrigo” of Alessandria). 

All recruited subjects filled in a validated self-administered food-frequency questionnaire 

(FFQ) assessing the usual diet, together with lifestyle and personal history data, in 

accordance with the European Prospective Investigation into Cancer and Nutrition EPIC 

study standards [1, 2]. 

The FFQ consisted of 248 questions concerning 188 different food items and included photos 

with two or three sample dishes of definite sizes or references to standard portion sizes. The 

composition in nutrients of individual food items was obtained from Italian food composition 

tables [3] and the average intake of macro and micronutrients for each volunteer was 

estimated. 

The questionnaires were filled in on the web platform AcQUE, developed under the Node.js 

and Angular frameworks. The application uses modern, accessible, and usable web 

components to simplify the insertion of answers. It also supports the correct management of 

conditional questions, allowing the subjects to focus exclusively on questions of interest and 

making the compilation more fluid and less prone to errors. Finally, data can be exportable in 

a .csv file. 

 

Collection of biological samples 

Naturally evacuated fecal samples were obtained from all volunteers previously instructed to 

self-collect the specimen at home. Stool samples were collected in the nucleic acid collection 

and transport tubes with RNA/DNA stabilizing solution (Norgen Biotek Corp). Aliquots 

(200μl) of stool samples were stored at -80°C until RNA and DNA extraction [4]. 

Plasma and serum samples were collected according to standard phlebotomy procedures 

when volunteers brought the stool samples to the laboratory. Blood samples were collected 
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into ethylenediaminetetraacetic acid and serum clot activator tubes and immediately placed 

on ice. 

Plasma tubes were centrifuged at ×1000g for 10 min at room temperature; once separated 

from the rest of the blood, plasma was distributed in cryovial tubes. One tube was 

immediately used for RNA extraction while the other aliquots were labeled and stored at 

−80°C. The time between sample procurement and storage was less than three hrs. 

Serum tubes were centrifuged at ×4000g for 10 min at room temperature: one aliquot of 

serum (500μl) was used for the analyses of vitamin B12 and ferritin (in collaboration with a 

local private laboratory). 

 

Extraction of total RNA from stool and plasma  

Total RNA from stool was extracted using the Stool Total RNA Purification Kit (Norgen 

Biotek Corp) as described in Tarallo et al. [5]. 

Total RNA was extracted from 200μl of plasma with the miRNeasy plasma/serum mini kit 

(Qiagen) using the QiaCube extractor (Qiagen) following the manufacturer’s instructions and 

as described in [4, 6]. 

RNA concentration was quantified by Qubit(R) microRNA Assay Kit (Invitrogen) according 

to the MIQE guidelines (http://miqe.gene-quantification.info/). 

 

Extraction of total DNA from stool 

The DNA extraction was performed with the QIAamp DNA stool MiniKit (QIAGEN, 

Hilden, Germany) according to the instructions of the manufacturer and as described in [5, 7]. 

The DNA quantification was performed with Qubit fluorometer (Qubit(R) DNA HS Assay 

Kit; Invitrogen). 

 

Small RNA-sequencing (sRNA-Seq) and bioinformatic analyses 

Library preparation for small RNA (sRNA) transcripts was performed with the NEBNext 

Multiplex Small RNA Library Prep Set for Illumina (Protocol E7330, New England BioLabs 

Inc., USA; New England BioLabs Inc., USA) as described in [4]. For each sample, 250 ng of 

RNA was used as starting material to prepare libraries. Each library was prepared with a 

unique indexed primer so that the libraries could all be pooled into one sequencing lane. 

The obtained sequence libraries (24-samples multiplexed) were subjected to the Illumina 

sequencing pipeline, passing through clonal cluster generation on a single-read flow cell 

(Illumina Inc., USA) by bridge amplification on the cBot (TruSeq SR Cluster Kit v3-cBOT-
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HS, Illumina Inc., USA) and 50 cycles sequencing-by-synthesis on the HiSeq 2000 (Illumina 

Inc., USA) (in collaboration with Genecore Facility at EMBL, Heidelberg, Germany). 

Small RNA-sequencing (sRNA-Seq) analyses were performed using a previously described 

approach [5, 8]. Fastq files were quality checked using FastQC software 

(http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). Reads shorter than 14 nt were 

discarded. The reads passing the quality control were clipped from the adapter sequences 

using Cutadapt v1.10 by imposing a maximum error rate in terms of mismatches, insertions, 

and deletions equal to 0.15. Trimmed reads were mapped against human miRNA sequences 

from miRBase v22 [9]. The alignment was performed using the BWA algorithm v0.7.12 [10] 

with default settings. The number of reads obtained for each sample and the alignment 

statistics are reported in Supplementary Table 1. 

Human miRNAs were annotated and quantified using two methods called the “knowledge-

based” and “position-based” methods, as described in Tarallo et al. [5]. miRNAs whose 

assigned arms were derived from the “position-based” methodology were indicated in italic. 

The results generated by the annotation and quantification methods were merged into a 

unique mature miRNA count matrix. In the case of mature miRNAs processed from different 

precursors but characterized by the same mature sequence, the read counts were summed. 

This procedure was applied following a manual analysis of the miRNA sequences annotated 

in miRBase. 

Differential expression analysis was performed with DESeq2 R package v1.22.2 [11] using 

the likelihood ratio test (LRT) function. This function was selected to correct the analysis, 

including age and sex as covariates. The miRNAs without any reads in all the samples were 

excluded from the analysis. A miRNA was considered as detected in a specific dietary group 

if associated with a median number of normalized reads higher than 15. A miRNA was 

defined as differentially expressed (DEmiRNA) if associated with a Benjamini - Hochberg 

(BH)-adjusted p-value < 0.05 and supported by at least a median number of reads higher than 

15 within at least one of the sample groups considered. Graphical representation of the 

analysis results was performed using the R packages UpSetR v1.4.0 [12], GGally v1.5.0, and 

ggplot2 v3.30. 

The set of DEmiRNAs was overlapped with the annotation from Human microRNA Disease 

Database (HMDD) v3.2 [13], considering the annotations associated with each miRNA 

precursor. Among the database annotations, those related to gastrointestinal cancers, 

metabolic disorders, immune-related, or cardiovascular diseases were considered and 

grouped together. 
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Shotgun metagenomic and bioinformatic analyses 

Libraries were prepared using the Nextera DNA Library Preparation kit (Illumina) and 

sequenced on an Illumina HiSeq platform as described in [7]. 

Host contamination was removed using the human sequence removal procedure from the 

Human Microbiome Project [14]. Raw reads were quality-trimmed (Phred score < 25) and 

reads shorter than 60 bp were discarded with the SolexaQA++ software [15]. The number of 

reads obtained for each sample is reported in Supplementary Table 1. Taxonomic profiling 

was carried out by using MetaPhlAn3 [16]. Functional profiles were obtained by HUMAnN 

3.0 [17]. 

 

Statistical analyses 

Covariate analysis. The analysis of the dietary and lifestyle covariates among subject groups 

was performed using the Chi-square test for categorical variables. For continuous covariates, 

Kruskal-Wallis and Wilcoxon Rank-Sum tests were performed. Clustering of weekly 

food/drink intake of each subject was performed using the hierarchical clustering function 

implemented in the ComplexHeatmap v2.0.0 R package [18]. The analysis was performed on 

Z-score-transformed data and using the Ward.D2 clustering method. Radar plot 

representation of the median weekly food/drink intake was performed by normalizing the 

median intake measured in each group by the maximum median value among the groups. 

Correlation and regression analysis. Correlation analyses between DEmiRNA expression 

and food/drink or nutrient intake were performed using the Spearman method implemented in 

the cor R function. Multiple testing correction of the correlation p-values were performed 

using the BH method. Only correlations associated with an adjusted p-value<0.05 were 

considered as statistically significant. 

The Generalized Linear Regression Model (GLM) was computed using the glm R function to 

assess the relevance of subject covariates in explaining the observed stool DEmiRNA levels. 

DEmiRNA expression levels were considered as the dependent variable of the model, while 

subjects age, sex, BMI, physical activity, waist circumference, and season of sample 

collection were considered as the independent variables of the model. A covariate was 

considered related to DEmiRNA expression if associated with a p-value <0.05. The 

relationship between DEmiRNA expression and the estimated intake of nutrients was 

evaluated computing a GLM adjusted for age, sex, and BMI, and estimated nutrient daily 

intake were considered as the independent variables of the model. The significance of the 
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GLM model was computed with respect to a null model using F-test implemented in the 

anova R function. Models associated with a p-value < 0.05 were considered statistically 

significant. The contribution of a nutrient to the model was considered significant if the 

associated p-value was lower than 0.05 and lower than those computed for the contribution to 

the model of sex, age, and BMI. 

The graphical representation of the significant miRNA-nutrient interactions was performed 

using Cytoscape v3.8.0 [19]. Specifically, DEmiRNAs and nutrients were represented as 

network nodes with a node size proportional to the node degree. The network edges were 

colored based on the values of the Spearman rho, and their thickness was represented as 

proportional to the absolute correlation value. 

 

Integration between miRNA expression, nutrient intake, and taxa 

The R package mixOmics was employed for the integration of the three datasets (taxonomic 

profiles, miRNA expression profiles and dietary information), using the DIABLO model 

(Data Integration Analysis for Biomarker discovery using Latent cOmponents [20]. Datasets 

were integrated after normalization (scale R function) and removal of near-zero variables 

(nearZeroVar function of R package caret). Classification accuracy of the features identified 

by the DIABLO analysis was performed using a 10-fold cross-validation approach with the 

Random Forest classifier implemented in Weka v3.8.5 

(https://www.cs.waikato.ac.nz/ml/weka/). The classification efficiency was evaluated in 

terms of Area Under the receiver operating characteristic Curve (AUC). 

 

miRNA targets functional enrichment analysis 

Functional enrichment analysis of miRNA target genes was performed using RBiomirGS 

v0.2.12 [21] with the miRNA-target gene annotations obtained from miRTarbase v7.0 [22] 

and miRecords [23]. The analysis was performed on gene sets retrieved from the Molecular 

Signatures Database v7.1 [24] and using: (i) DEmiRNAs coherently differentially expressed 

in VN and VT subjects with respect to O; (ii) miRNAs significantly correlated with specific 

nutrients; (iii); miRNAs significantly correlated with taxa; (iv) DEmiRNAs from the 

DIABLO analysis. The log2FC and adjusted p-value computed between the VN and O diets 

was used as input for the tool. The gene sets characterized by an adjusted p-value lower than 

0.05 were considered as significantly enriched. 

 

miRNA expression and epigenetic state analysis in intestinal tissues 
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The analysis of miRNA expression in intestinal tissue samples was performed considering the 

data from the TissueAtlas [25], including data of two colon and three small intestine samples. 

A miRNA was considered expressed in a sample if associated with a normalized expression 

level greater than 10. Each miRNA expression level was also converted to Z-score 

considering the mean and standard deviation computed across the 61 tissue samples of the 

TissueAtlas. The epigenetic status of miRNA coding genes was evaluated using the 

chromatin status defined by the Roadmap Epigenomics Project [26]. Specifically, the analysis 

was performed considering the 15 statuses (Core 15-state model) defined by integrating 

epigenetic data of duodenum, small intestine, colon, rectum mucosa, or colon smooth muscle 

samples. Only mature miRNAs with univocal genomic loci were considered for the analysis. 
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