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Data analysis

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability
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Sample size

Quality control of sequencing data:

Sequence reads were processed with the KneadData v0.5.1 quality-control pipeline (http://huttenhower.sph.harvard.edu/kneaddata), which
uses Trimmomatic v0.36 and Bowtie2 v0.1 for removal of low-quality read bases and human reads, respectively. Trimmomatic v0.36 was run
with parameters SLIDINGWINDOW:4:30, and Phred quality scores were thresholded at ‘<30’. Illumina adapter sequences were removed, and
trimmed non-human reads shorter than 60 bp in nucleotide length were discarded. Potential human contamination was filtered by removing
reads that aligned to the human genome (reference genome hg19).

Analysis of shotgun metagenomic sequencing data:

Phylogenetic clade and MetaCyc pathway abundance profiling was done using the MetaPhlAn2 v2.7.0 and HUMAnN2 pipeline, respectively.

Statistical analyses:

R v4.0.0 was used for all statistical analyses. The R packages ‘ade4’ version 1.7-15 and ‘vegan' version 2.5.6 were used to perform Principal
Coordinate Analysis (PCoA) ordination with Bray-Curtis dissimilarity. The R package ‘vegan’ was used to calculate Shannon diversity (Shannon
index) and species richness based on the species abundance profiles for each sample of our meta-dataset. A mixed-effects linear regression
model was used to investigate the statistical association between GMHI and library size (‘lmer’ function in the R package ‘lme4’ version
1.1-23). A classifier based upon a Random Forests algorithm was designed and (data) curation performed in Python version 3.6.4., while
model implementation was performed in the ‘scikit-learn’ Python package version 0.23.1. R scripts demonstrating how to reproduce all of our
findings shown in the main figures, as well as how to calculate GMHI for a given stool metagenome sample, are available at https://
github.com/jaeyunsung/GMHI_2020.

Data availability: Raw sequencing data accession IDs of all publicly available stool metagenome samples (and their corresponding studies) used in all analyses of this
study are available in Supplementary Data 1 and Supplementary Data 4. Sequences for the dataset containing rheumatoid arthritis stool metagenomes used for
GMHI validation have been deposited at NCBI’s Sequence Read Archive (SRA) data repository (BioProject number PRJNA598446; https://www.ncbi.nlm.nih.gov/
sra/?term=PRJNA598446), and can be downloaded without any restrictions. The deposited sequences include .fastq files for 49 patients with rheumatoid arthritis.
Measurements were taken from distinct samples. Human reads were identified and removed prior to data upload.

No sample-size calculation was performed prior to the initiation of the computational analyses. For the training data, we collected 4,347 stool
metagenome samples, which was as many publicly available samples as we could possibly find. All statistical analyses between the healthy and
non-healthy groups came out to be significant, thereby justifying that these sample sizes were sufficient.




