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Study description

Research sample

Sampling strategy

Data collection

Details of methods, data, and scripts are all available in the Supplementary Information.

We developed a bioinformatic tool arg_ranker v2.0 (https://github.com/caozhichongchong/arg_ranker) for detecting ARGs and assessing the ARG risks in
metagenomes and genomes (details in Supplementary Methods).

Source data and processed data generated in this study are publicly available online (DOI: 10.6084/m9.figshare.15001053). The ranking information of all ARGs of
the initial set is available in Table S2 and sequences of Rank I-II ARGs are available in Supplementary_data1 and Supplementary_data2. The prevalence of ARGs in
FMT datasets (human gut microbiome genomes and metagenomes) and clinical datasets used for validation are available in Tables S4-S10.

The presence and abundance of ARGs of the initial set in 54,718 NCBI bacterial genomes (downloaded on 02/19/2019), 15,738 (all available after quality screening)
NCBI plasmids (downloaded on 02/19/2019), and 854 global metagenomes of Illumina shotgun sequencing (downloaded on 02/19/2019) were downloaded from
ARG-OSP (https://args-osp.herokuapp.com/).

The validation datasets collected after 02/19/2019 were downloaded via 1) https://t.co/bdZxADGM7z (chromosomal genomes and plasmids from opportunistic
pathogen isolates cultured from a tertiary hospital). 2) https://www.ebi.ac.uk/ena/browser/view/PRJEB31632 (116 metagenomes collected from the same tertiary
hospital). 3) https://www.ncbi.nlm.nih.gov/pathogens/microbigge/# (all NCBI pathogen genomes submitted in the last two years).

The databases of mobile genetic element were available online: the integron database (Additional file 1 from https://microbiomejournal.biomedcentral.com/
articles/10.1186/s40168-018-0516-2#Sec15) and immeDB database (http://immedb.gutfun.org/).

To identify ‘high-risk’ antibiotic resistance genes (ARGs) that may pose significant safety concerns for microbiome-based
therapeutics, we designed a framework by which different ARGs may be classified into different risk categories on the basis of their
potential to contribute to the emergence of new or multi-drug resistance in pathogens. The framework is an easy-to-implement
decision tree that uses the factors of human-associated enrichment, gene mobility, and host pathogenicity. Data covering diverse
habitats, diverse bacteria taxa and mobile genetic elements, and diverse human individuals was collected to evaluate the risk of each
ARG in terms of the factors of human-associated enrichment, gene mobility, and host pathogenicity.

This study used publicly available data collected before 02/19/2019, consisting of 54,718 curated high-quality bacterial genomes,
15,738 (all available after quality screening) NCBI plasmids (curated by PlasFlow) and other MGEs databases (all available integrons
and intestinal microbiome mobile element database ), 854 metagenomic datasets of Illumina shotgun sequencing representing four
natural environments (water, sediment, soil, and permafrost) and three human-related environments (WWTPs, animal feces, and
human feces), 1,921 representative human gut microbiome genomes cultured from 59 healthy donors, and 563 human gut
microbiome metagenomes of 84 healthy fecal microbiota transplantation (FMT) donors. To validate our framework, we analyzed
three testing datasets collected from 02/20/2019 and 02/10/2021 whose data were not included in the training datasets collected
before 02/20/2019. Dataset1 contains the chromosomal genomes and plasmids from opportunistic pathogen isolates cultured from a
tertiary hospital, which samples were collected from 179 sites associated with 45 hospital beds over 1.5 years (downloaded from
https://t.co/bdZxADGM7z). Dataset1 covers a total of 94 taxa (2,347 genomes and 5,910 plasmids) (Tables S6 and S7). Dataset2
contains all 116 metagenomes collected from the same study of Dataset1 (by platform Illumina HiSeq 2000, accession numbers
ERX3237365-ERX3237728, ERX3667056-ERX3667128, ERX3669272-ERX3669296) downloaded from https://www.ebi.ac.uk/ena/
browser/view/PRJEB31632 (Table S8). Dataset3 contains all NCBI pathogen genomes submitted in the last two years, which were
downloaded from https://www.ncbi.nlm.nih.gov/pathogens/microbigge/# with “collection date” between 02/20/2019 to 02/10/2021
(Table S9). Dataset2 covers a total of 362 taxa (42,481 genomes).

All samples were downloaded from a published study of ARGs OSP (Zhang, A. N., Hou, C.-J., Negi, M., Li, L.-G. & Zhang, T. Online
searching platform for antibiotic resistome in bacterial tree of life and global habitats. FEMS Microbiology Ecology (2020)). We
included all publicly available NCBI bacterial genomes (downloaded on 02/19/2019) (after a screened by > 50% completeness, <10%
contamination), 15,738 all available NCBI plasmids (downloaded on 02/19/2019).

An-Ni Zhang collected all data of bacterial genomes, mobile genetic elements, environmental metagenomes, human gut microbiome
genomes and metagenomes from FMT donors, and validation datasets by 1) NCBI Batch Entrez https://www.ncbi.nlm.nih.gov/sites/
batchentrez; 2) antibiotic resistance genes (ARGs) Online Searching Platform version 1 (ARGs OSP v1.0): https://args-
osp.herokuapp.com/; 3) https://www.ebi.ac.uk/ena/browser/view/PRJEB31632; 4) https://t.co/bdZxADGM7z; 5) https://
www.ncbi.nlm.nih.gov/pathogens/microbigge/#.




