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Supplemental Figure 1. Global and taxonomic distribution of AR gene families. 
At the top is a heatmap of the prevalence of all AR genes in the CARD protein homolog model, with the exception of efflux pumps and non-
housekeeping genes, in human gut-associated microbiomes sequenced from each country. In the middle, AR gene profiles from 
metagenomes from human- and environmental-associated metagenomes are shown. At the bottom is a heatmap showing the proportions of 
cultured isolates in each class harboring the AR gene family. At the bottom, a barplot shows the total number of AR gene clusters in each 
gene family and the number detected in this study in the metagenomic datasets. 
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Supplemental Figure 2

Supplemental Figure 2. Sequencing depth enhances AR gene detection. 
The total number of bases is plotted against the total number of AR genes (A) and clinically relevant AR 
genes (B), AR gene families (C) and clinically relevant AR gene families (D) for each sample. A power 
regression was used to fit the data.



Africa

Americas

Asia

Europe

Oceania

Beta-Lactamases

Class A Class B
"metallo"

Class C

Aminoglycoside
Inactivation

Vancomycin
Resistance

A
C

I
C

bl
A

C
ep

A
C

fx
A

C
TX

-M
K

P
C

S
H

V
TE

M
C

fiA
IM

P
N

D
M

V
IM A
C

T
am

pC
-ty

pe
C

M
Y

E
C O
X

A
 

C
la

ss
 D

A
A

C
(3

) 
A

A
C

(6
') 

A
A

C
(6

')-
Ib

-c
r 

A
N

T(
3'

') 
A

N
T(

4'
) 

A
N

T(
6)

A
P

H
(2

'')
A

P
H

(2
'')

;A
A

C
(6

') 
A

P
H

(3
'')

A
P

H
(3

')
A

P
H

(6
)

va
nH

va
nR

va
nU

va
nW

va
nX

va
nX

Y
va

nY

Cameroon
Ethiopia

Ghana
Madagascar

Tanzania
Canada

El Salvador
Peru

United States
Bangladesh

China
India

Indonesia
Israel

Japan
Kazakhstan

Mongolia
Republic of Korea

Austria
Denmark

Estonia
Finland
France

Germany
Ireland

Italy
Luxembourg
Netherlands

Russia
Spain

Sweden
United Kingdom

Fĳi

qn
r q

ui
no

lo
ne

 re
si

st
an

ce
 p

ro
te

in
M

C
R

pm
rp

ho
sp

ho
et

ha
no

la
m

in
e 

tra
ns

fe
ra

se
fo

sf
om

yc
in

 th
io

l t
ra

ns
fe

ra
se

 
ch

lo
ra

m
ph

en
ic

ol
ac

et
yl

tra
ns

fe
ra

se
 

te
tra

cy
cl

in
e

in
ac

tiv
at

io
n

en
zy

m
e

C
fr

rib
os

om
al

m
et

hy
ltr

an
sf

er
as

e
E

rm
rib

os
om

al
m

et
hy

ltr
an

sf
er

as
e 

lin
co

sa
m

id
e

nu
cl

eo
tid

yl
tra

ns
fe

ra
se

 
m

ac
ro

lid
e

es
te

ra
se

m
ac

ro
lid

e
ph

os
ph

ot
ra

ns
fe

ra
se

 
rif

am
pi

n
AD

P-
rib

os
yl

tra
ns

fe
ra

se
 

st
re

pt
ot

hr
ic

in
ac

et
yl

tra
ns

fe
ra

se
 

su
lfo

na
m

id
e

re
si

st
an

ts
ul

0% 10
0%

10 100 1,000

TotalM
etagenom

es

0 20 40 60 80 100

% Metagenome Prevelence
% Healthy
% Non-Healthy

Supplemental Figure 3

Supplemental Figure 3. Global and taxonomic distribution of AR gene families annotated using 
UniRef90 proteins in HUMANN. 
At the top is a heatmap of the prevalence of all AR genes shown in Figure 1 identified by mapping UniRef90 
proteins to AR genes in human gut-associated microbiomes sequenced from each country. At right are two 
barplots, one showing the proportion of samples from heathy/not-healthy individuals, as classified by 
curatedMetagenomicDataCuration (left), and a second showing the total number of samples from each 
country.
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Supplemental Figure 4

Supplemental Figure 4. Sequencing depth and disease-status for samples from Western and non-
Western cohorts.
(A) A violin plot showing the total number of reads per sample for Western and non-Western cohorts (left) 
and healthy versus non-healthy cohorts (right). (B) A bar plot showing the number of samples from 
healthy or non-healthy individuals from Western or non-Western cohorts. (C) A chart showing the number 
of samples derived from non-healthy patients according to disease. Abbreviations: IBD, inflammatory 
bowel disease; CRC, colorectal cancer; T2D, type 2 diabetes; IGT, impaired glucose tolerance; ACVD, 
atherosclerotic cardiovascular disease; STH, soil-transmitted helminths; RA, rheumatoid arthritis; T1D, 
type 1 diabetes; and STEC, Shiga toxin-producing Escherichia coli infections.
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Supplemental Figure 5

Supplemental Figure 5. PCoA of AR gene resistance profiles per country. 
Results of a principal coordinate analysis (PCoA) of AR gene resistance profiles per country 
showing the first two principal coordinates explaining 56.9% of the variance. Cohorts from each 
country are colored by Western or non-Western populations. 
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Supplemental Figure 6. AR gene prevalence worldwide is bimodal.
Two histograms showing the number of countries in which each AR gene family (left) or 
clinically relevant AR gene family (right) was detected. 
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Supplemental Figure 7

Supplemental Figure 7. Relationship between taxonomic spread and prevalence of AR gene 
families. 
(A, B) For each AR gene family, the number of bacterial families in which that gene family is found is 
plotted against the global prevalence of that AR gene family in human microbiomes (a, linear y-axis; 
b, same data plotted on a logarithmic y-axis). Two-sided Pearson’s ρ, p-value and R2 are reported. 
(C) Statistics (Two-sided Pearson’s ρ, p-value and R2) are reported for the correlation between
taxonomic breadth, at different taxonomic levels, and global prevalence in microbiomes.
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Supplemental Figure 8

Supplemental Figure 8. AR gene-host associations are sufficiently explained by isolate genomes alone.
On the left, for each AR gene family, an overlapping barplot showing the proportion of gut metagenomes that 
have at least one putative bacterial host, in which an isolate containing the AR gene family has been previously 
observed. Colors indicate the lowest taxonomic level of potential carriers identified within the metagenome. To 
the right is the number of total species in which that AR gene family has been observed in isolate genomes.
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Supplemental Figure 9

Supplemental Figure 9. Growth curves for E. coli harboring various Bacteroides-specific 
beta-lactamase genes. 
For each gene listed, the average and standard deviation of three growth curves of E. coli with 
the gene on a plasmid with either no promoter, its native promoter or a synthetic E. coli 
promoter. E. coli carrying a comparable plasmid with the TEM gene was grown for comparison.
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