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Studies included in ARG-host data summary

We searched the literature for studies that reported ARG-host relationships. Search terms 

that were used to identify papers with published ARG-host information included: antibiotic 

resistance, antibiotic resistance genes (ARGs), pathogen, epicPCR, wastewater, class, host, 

mobile, resistome, metagenomic, correlation, soil, swine, cross, metal, co-occurrence, and Hi-C. 

Additional studies were identified within the PLOS|ONE Metagenomics Journal via their search 

and article similarity suggestions. We also identified papers based on those referenced in other 

manuscripts reporting ARG-host relationships. In order to be included in our data summary, the 

data from the publication had to meet the following criteria: (1) used a culture-independent 

method that was not donor-plasmid dependent; (2) provided bacterial host assignment of ARGs; 

(3) information could be gleaned from legible figures or tables. Data was manually compiled into 

a spreadsheet from articles that met the aforementioned criteria to generate a table of ARGs and 

their reported host assignments. Taxonomy assignments were confirmed using the NCBI 

Database.1 Duplicate ARG host assignment entries within a single study were reduced to a single 

entry. ARGs were classified using the CARD Database.2 If they were not found in CARD, 

classification was performed via review of scientific literature and the UniProt Database. 

Categorical assignments of ARGs and ARG Class are summarized in Table S1. ARGs were only 

included in the analysis if the host was classified at the family-level or greater resolution (e.g. if 

the host was unclassified at the family or phylum level, it was not included in the analysis). The 

total number of unique ARGs included in the analyses are summarized in Table S2. A complete 

list of the studies included in the data summary is provided in Table S3.  The complete table of 

ARGs and host assignments included in the analysis can be made available upon email request.
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Table S1. Categorical ARG Class assignments of ARGs across all included studies (n = 21).
Gene ARG Class Gene ARG Class Gene ARG Class Gene ARG Class Gene ARG Class Gene ARG Class Gene ARG Class

aac(3') aminoglycoside apha1 aminoglycoside cat3 phenicol emrb multidrug mdto multidrug pmra multidrug teth tetracycline

aac(3)-vi aminoglycoside apha3 aminoglycoside cata phenicol emrb-qaca multidrug mdtp multidrug pmrb peptide tetl tetracycline

aac(6') aminoglycoside arna peptide cata11 phenicol emrd multidrug mef(a/e) mls pmrc peptide tetm tetracycline

aac(6')-ie aminoglycoside arnb peptide cata13 phenicol emre multidrug mefa mls pmre peptide teto tetracycline

aac(6')-ii aminoglycoside arnc peptide cata2 phenicol emrk multidrug mefb mls qach multidrug tetpa tetracycline

aaca4 aminoglycoside arnt peptide catb phenicol erea mls mel mls qacΔ1 quaternary
ammonium tetpb tetracycline

aad(9)-ib aminoglycoside arr-2 ansamycin catb3 phenicol erma mls mexb multidrug qnrb6 quinolone tetq tetracycline

aada aminoglycoside baca peptide catb5 phenicol ermb mls mexc multidrug qnrs quinolone tetr tetracycline

aada2 aminoglycoside bcea polysaccharide cbla b-lactam ermf mls mexd multidrug qnrvc quinolone tets tetracycline

aada5 aminoglycoside bcr sulfonamide ccra b-lactam ermg mls mexe multidrug rbpa ansamycin tetw tetracycline

aadb aminoglycoside bcra peptide ceob multidrug ermq mls mexf multidrug rosa peptide tetx tetracycline

aade aminoglycoside bla1 b-lactam cepa b-lactam ermt mls mexi multidrug rosb peptide tolc multidrug

abes multidrug blaa b-lactam cfx b-lactam erythromycin ribosome
methylase mls mexk multidrug sdey multidrug vana peptide

acra multidrug blac b-lactam cfxa b-lactam flor phenicol mexw multidrug shv b-lactam vanb peptide

acrb multidrug b-lactam
(class a - cfx, cbla, cepa) b-lactam cfxa2 b-lactam fosa fosfomycin mexx multidrug shv-14 b-lactam vanc peptide

acrd aminoglycoside b-lactam
(class c) b-lactam cfxa3 b-lactam fosx fosfomycin mexy multidrug shv-24 b-lactam vand peptide

acre multidrug blamox-6 b-lactam chloramphenicol
exporter phenicol fox b-lactam mox b-lactam shv-46 b-lactam vang peptide

acrf multidrug blanps-1 b-lactam cmeb multidrug hydrophobe amphiphile
efflux family protein 1 multidrug mpha mls shv-61 b-lactam vanhb peptide

acrs multidrug blaoxa b-lactam cml phenicol kdpe aminoglycoside mphb mls sm resistance
protein a/b aminoglycoside vanr peptide

act b-lactam blaoxa-10 b-lactam cmla phenicol kluy-3 b-lactam mphe mls smeb multidrug vanrb peptide

adek multidrug blaoxa-2 b-lactam cmla1 phenicol ksga aminoglycoside mphg mls smee multidrug vanrd peptide

aer b-lactam blaoxa-347 b-lactam cmy b-lactam lmrb mls msrd mls stra aminoglycoside vanrg peptide

ampc b-lactam blaoxa-58 b-lactam cmy-21 b-lactam lnub mls multidrug
transporter multidrug strab aminoglycoside vans peptide

amph b-lactam blaoxa-9 b-lactam cpxr multidrug lnuc mls myra mls strb aminoglycoside vansb peptide

amrb multidrug blashv-2 b-lactam dfra1 pyrimidine inhibitor maca mls nimd nitroimidazole sul1 sulfonamide vantg peptide

ant(3'') aminoglycoside blatem b-lactam dfra14 pyrimidine inhibitor macb mls nime nitroimidazole sul2 sulfonamide vanug peptide

ant(3'')-ia aminoglycoside blatem-1 b-lactam dfra17 pyrimidine inhibitor mcr-5 peptide norb multidrug sul3 sulfonamide vanw peptide

ant(6) aminoglycoside blaveb-1 b-lactam dfra2 pyrimidine inhibitor mdfa multidrug norm multidrug tet32 tetracycline vanwb peptide

ant(6)-ia aminoglycoside blaveb-3 b-lactam dfra20 pyrimidine inhibitor mdta multidrug nps-1 b-lactam tet34 tetracycline vanwg peptide

ant(9) aminoglycoside blaveb-9 b-lactam dfra22 pyrimidine inhibitor mdtb multidrug omp36 multidrug tet36 tetracycline vanxb peptide

aph(3")-ib aminoglycoside blavim-10 b-lactam dfra26 pyrimidine inhibitor mdtc multidrug ompf multidrug tet37 tetracycline vanxd peptide

aph(3') aminoglycoside blavim-14 b-lactam dfra7 pyrimidine inhibitor mdtd multidrug ompr multidrug tet39 tetracycline vanxyg peptide

aph(3'') aminoglycoside blavim-15 b-lactam dfrf pyrimidine inhibitor mdte multidrug oprj multidrug tet40 tetracycline vany peptide

aph(3')-ia aminoglycoside blavim-16 b-lactam dhfr pyrimidine inhibitor mdtf multidrug oprm multidrug tet44 tetracycline vanyb peptide

aph(3'')-ib aminoglycoside blavim-3 b-lactam dhfr'' pyrimidine inhibitor mdtg multidrug pac aminonucleoside teta tetracycline vanz peptide

aph(3'')-id aminoglycoside blavim-4 b-lactam dhfr-iic pyrimidine inhibitor mdth multidrug pbp1b b-lactam tetb tetracycline vatb mls

aph(3')-iiia aminoglycoside ble peptide drra anthracycline mdtk multidrug pbp2 b-lactam tetc tetracycline ykkd multidrug

aph(3')-iiib aminoglycoside bpef multidrug efpa multidrug mdtl multidrug pbp2x b-lactam tetd tetracycline

aph(6) aminoglycoside carb b-lactam emea multidrug mdtm multidrug pbp4b b-lactam tete tetracycline

aph(6)-id aminoglycoside cat phenicol emra multidrug mdtn multidrug pena b-lactam tetg tetracycline
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Table S2. Number of ARGs in each ARG class for all included studies (n=21).

 ARG class Unique ARGs
Tetracycline 154
Multidrug 137
Aminoglycoside 109
β-Lactam 107
Peptide 87
MLS (Macrolide, lincosamide, streptogramin) 75
Quaternary Ammonium 43
Sulfonamide 34
Phenicol 25
Pyrimidine Inhibitor 17
Ansamycin 4
Polysaccharide 4
Quinolone 3
Fosfomycin 2
Nitroimidazole 2
Anthracycline 1
Aminonucleoside 1
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Table S3. Studies included in the data summary that reported ARG hosts (n=21). 

 Study Method Used
Stalder, et al. ISME 20193 Hi-C
Hultman, et al. FEMS 20184 EpicPCR
Liu, et al. Env Int 20195 Metagenomics
Ma, et al. ES&T 20166 Metagenomics
Che, et al. Microbiome 20197 Metagenomics
Yadav, et al. STOTEN 20198 Metagenomics
Xiong, et al. Microbiome 20189 Metagenomics
Forslund et al. Genome Res 201310 Metagenomics
Forsberg et al. Nature 201411 Metagenomics
Goethem et al. Microbiome 201812 Metagenomics
Li et al. ISME 201713 Metagenomics
Ma et al. Microbiome 201714 Metagenomics
Jia et al. Water Res 201715 Metagenomics
Su, et al. Microbiome 201716 Correlation
Li et al. ISME 201517 Correlation
Johnson et al. ASM 201618 Correlation
Zhu et al. Nat Microbio. 201719 Correlation
Feng et al. Environ Microbiol 201820 Correlation
Tian et al. Water Res 201621 Correlation
Luo et al. ES&T 201722 Correlation
Zhao et al. Water Res 201823 Correlation
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Analysis of ARG hosts 

Figure S1. The sum of unique ARGs based on phylum-level classification across all studies (n=21)

Figure S2. The sum of unique taxa hosting ARGs based on family-level classification, across all studies 
(n=21)



S6

Figure S3.  The number of unique ARGs (grouped by ARG class) hosted by unique taxa based on 
phylum-level classifications across all studies (n=21)
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Wastewater ARG hosts analysis

We compared ARG hosts in wastewater influent, effluent, and activated sludge samples 

reported in all wastewater environment studies (n = 7 studies; Table S4 and Figure S4, S5). The 

dominant hosts of ARGs at the family level were Comamonadaceae followed by 

Aeromonadaceae and Rhodocyclaceae (Figure S4). Others have found Comamonadaceae to be a 

dominant host of ARGs in lettuces when using correlation network analysis.1 In addition, we 

compared ARG hosts reported by Che et al. (2019)7 and Hultman et al. (2018)4 as they were the 

only two studies that assessed ARG hosts in both influent and effluent samples from the same 

WWTPs (Figure S6). The findings show that the effluent community of ARG hosts are a subset 

of the influent ARG host community based on family-level classifications. In addition, the ARG 

hosts in activated sludge were also identified in both influent and effluent samples (Figure S6). 

We also compared the reported ARG hosts across studies in wastewater influent, effluent, and 

activated sludge to assess the variability in reported ARG hosts (Figure S7). This variability 

across studies is likely due to many factors such as location, wastewater characteristics, process 

configuration, and methodology used to determine ARG hosts. We see that influent, effluent, and 

activated sludge ARG hosts were in general very study-specific (the majority of unique hosts 

were unique to each individual study; Figure S7). These results highlight the need for more 

ARG-host information to assess whether there are dominant ARG hosts shared across many 

WWTP environments, and whether treatment process or wastewater characteristics significantly 

associate or select for certain ARG hosts. 
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Table S4. Studies that reported ARG-host information in wastewater environments. N represents the 
number of wastewater treatment plants included in the individual study.

 Study Influent Effluent Activated Sludge Method Country
Che, Microbiome 20197 n = 3 n = 3 n = 3 Metagenomics Hong Kong
Hultman, FEMS 20184 n = 2 n = 2 EpicPCR Finland
Liu, Env Int 20195 n = 3 Metagenomics Taiwan
Ma, ES&T 20166 n = 1 Metagenomics Hong Kong
Stalder, ISME 20193 n = 1 Hi-C USA
Su, Microbiome 201716 n = 32 Correlation China
Yadav, STOTEN 20198   n = 2 Metagenomics India

Figure S4.  The sum of unique ARGs based on family-level classification across wastewater studies 
(n=7). Only the top 17 families are shown.
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Figure S5. Unique ARG hosts (classified at the family-level) present in wastewater influent, activated 
sludge, and effluent samples (n =7 studies total).

Figure S6. Unique ARG hosts (classified at the family-level) present in wastewater influent, activated 
sludge, and effluent samples reported by Che et al. (2019) and Hultman et al. (2018).4,7
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Figure S7. Unique ARG hosts (classified at the family-level) present in wastewater influent (A), activated 
sludge (B), and effluent (C) samples grouped by study.3–8,16
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