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Fig S1. Emergence and co-selection of multidrug resistance in chromosomes or plasmids. A)
Progressive acquisition of multiple resistances from mutations or gene transfer as a result of exposure to
antimicrobial agents. Co-resistance represents the co-localization of multiple resistance genes in the same
gene fragment. Cross-resistance represents a gene that confers resistance to multiple antimicrobials.

B) Co-selection between multiple resistance genes upon exposure to any of the corresponding antimicrobials.
This figure is adapted from the work of Cantén and Ruiz-Garbajosa [78].

B) Co-selection process
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Fig S2. Summary of antibiotic usage for 662 infants during the first year.
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Fig S3. Distribution of gene richness and abundaﬁce

(B) MRGs, (C) virulence genes, and (D) MGEs in the infant gut.

g

among bacterial species carrying (A) BRGs,



. . 0 Proteobacteria
S Observed virulence gene richness __
3 Bl Firmicutes
% 1000 = Bacteroidetes
; — T~ B Actinobacteria
I Verrucomicrobia

% 3 %
% % %
% B Campylobacterota
o B Desulfobacterota
B Fusobacteria

7z
Qo
%, % %
’?)90 G’Qs (’“‘@ o — £
., 3 .
2 % S
b e £ 2
7, % % % k) <
b Ty, X E] I3
\9@0 ”/yo N 5 5
%, P
% s g
0, © g8, 8
o %, 53 38 &
N 2582 &
% 8 2%a o S
6, s, S E g @ @ ©
s, %, 522 5 ¢ & & e
" o R R @
ey ey 258 . fiie S8 SS
o, s 288 ¢I8S £ S ¢
Dy, €58 $&5S R & L & <
7, £ B N F§ @ R P &
% %‘9/)- S22 SR 8o o ) & K
. PPN Caoam FEI AL E & & & &
L FFe S FE £ .
KOTR ) S SEF ST o 0 @ o
A %5 F O S N S o F O & & e
s 06, TES S AR L o &9 N
0. T $ Q & & 8‘0\6 o e‘d‘& " 2%
N o o o g oxO" LS
‘d\ds - a0MC
e a0
aes
et
B

/ = g\ campy\obacter upsa\‘\ens'\s

—/\

Bilophila wadsworthia

Blautia Wexlerae
Streptococcus thermophilus

Phascolarctobacterium faecium

Faecalicatena gnavus
Clostridioides difficile /
En\eroooccus faecalls
i\ (Aringen®
fidium Pe
Clos\" .
Aus
8 & S
o o .

Fae
Cali
Acig, . Cateng
B/au%m’""cocc ACtaris
fia s, Us
es%ecre 90006 "Mesting
4\4@‘4 /71,,,7s 76:
o 4 ery? 306y 000,
e\a\cc\oslﬂd‘“ sv® & :/dsfb%%l/s 006'6‘37 35875
\ . \ .
= iy g, ety Py, 0
8
c,(sc;’@fo 6%)/0%/73, pooee
i O R, o, Sy P, 995
gwed % %, Q,,eo/)/ s s, az,% 75
%% %, S, %p Top V5,
%,«/’)90’/)'000*’0 N /
, Ve,
Rt R, %y, %, B, Ty
oo 0 & %5 %, T %
& G a O
% 2%, %,
> %
e lul 9‘—‘%%”%%’@ ’
[
« %%%%Q-%z%a‘o%%&‘
3 < 9o 7
. & 338 % %% %
o & & e 22%52% %5 % 2 2
AR For238%e5% %8 %%
& TS Lo S w220 ,52828s2%8% %%
S RS Ss5588338522382%% %
I S N N SN SR - & g 23825233 2% 2
¢ Q0 @ S & £ L 8L 9 £ E B 2 3R e e 2.
& X S IS s S < £ 2 g 3 o
W S S S 58538358 2
SN SRR RN %
g 5 oL 0 £ 88 F 2 2 S
ST EESELFsE8592883588 3 5
L & & & § ¢ 58 e 58 E2 = 20 <)
& TSy TS F L5587 S 5
- =
N £ ¢ R >
o 2
3 5
F=
=]



Observed MGE richness

<<<<< 150
13
o ) N 5 -
2 5% H 2
% §%%«% 3 e F
3 33sd 22 e 5«.‘—"55
3, $2z%s 52100 3z 835838
5% 535%55% g ., £8 588588
$iziisie. i pofe S5 SF5S5E
£%%5% 585 o BglogZiElsfEes
o 93%8%223% £33 s .85 82558288
,,,,, g 533533555 £e5 EZZE Fe5552
%% 235353550 a2 4H 725588
%?}g—%gy‘%" 33% 23 £53= EESSSESE
5% 55 38 kK £g88fa0aa
5 Ls0. 3hRE3aabe 50 ks
%% %0%%3225%%7 - gE
%}5% 0558553525¢ 2 -5 25
£ - %*%ﬁ%&%%%%%% & g5 <
%, 2 7 % 5522295535550 &
%% 25538
% %, ,\1?:5"6@ ?
oﬁv%o //%%’ ]
‘%éo&%é®%/
SN IIII
& % !
/0‘:%/0’7
ot
g, %96,,
o
A, 7
%0022%
Ry
" g ot
us St
Co'/s’bz%s/;
Rog L7 5%,
79,

Strig 90008
5 'i*'a"»'elﬁ,,"cga@ .
e % Proteobacteria
Clostig P0004353%% S
A M Sy s05 . F- H t
Awﬁy;%h:‘m:ksca%g ! B Firmicutes
Foecaicars 29o%a0 & ; S
CACas e ~ I Bacteroidetes coppronse S
GCA-sonoss;;iT;?oggmms 4 W Campylob™
. M°9F'"°"aslu'v'g§5 A t. b t i | \\ :
Ei:’:ﬂﬁg:g;:sz%mg - cltinopacteria Il ‘_ CAG-196 5p002102975
Eubacterium V'Sn’.'.!;ii.‘,'x . . 1 I | | 1
D longic |
Eumcto SOOLE10S £ % Verrucomicrobia H [ —
Erysipelatoclostridium sp003024675 ! 11 Desul'ovipria fairfieldensis
Convobacillus_cale(r;i:;r:;:; '\m H“""‘;‘;ﬁ‘;ﬁ{&i’,ﬁ .
e T B Campylobacterota i | , e
Agathobacter SPTo) oz '. -, I |
Holdemanella sP00229000, D If b t t Wy Onaerogiobyg
prot e 2 Bm Desulfobacterota £ = o
adium Sf 585 1 CA lus sakej
oS 2 B Cyanobacteria # o
0000eS ©1A705 >, CaYCicogeys Casseli
oot S % FASSIE es plcseens
RIS a P00 768 F b t H Lacgoyio 31795 O"m
o Sy N 8 Fusobacteria e
00009 599 (7662% Lack@emg, 99000/
9200 e T G001 e clobagy@ M, 99515
9o, 263, % M0co0 940gePhil
e ¥, e
et e Wi e
e S “\“" e
s«\‘;\x_\ s%"o%?c o
o ﬁ%ﬁﬁﬁf@ % g Q%,@ags;igi
5
S ooy
s e oy 203
2 SO e
S S 0‘9\«:; %%
o\ib&\ wﬁi\«% ;e
R f
@fﬁyw;?; S
o o I
;s
y\%ﬁ@
IS

3 g
& 4 & & SO EC 2828 e 0500000020 0b 8808 2335897
L T e B A B
PN LA ) TN G HTEH P T H P O B AR
& & SSEFSTEra 385833 $S58528328805384258382853%82333355%° %0
SEL I H ST H IR "i’%%“;a%aeg %
5S84 582955824 2885238%%5%% 553 © B
gs._% —'ggagﬁ%m% % o%
Ea %}‘ Eg @ %
3 g5 -a&




*

(@ouepunge auab aous|nJIA [B}0} 3y ] ) mo_._

93,
. e, e, P T
. R w&o@n«m@q\o RPN
IEPPUAIN @MRSm.,G 5 ,0?0 .
e B IS ¢ o6 Kot CLAR
et AT R IR e ? @b\&\\ WQQ\A.
SRR a@ov@wﬁ s, .
S T DI JET A wp&e\@&,@ oY
o o i
e A Mﬁo«%w@ w@«
© O SIS o ¢ % s\@o
) Xy
w«w&@@
@Q\M\OOQA\\W%
8¢ 12
RO SO
N4
%@% \moQ
aM\Nm\b\w
0
é@@m.oo
\oewxwk\,&@o
g, b oew@%m&o
|
weowmw&\\om g
VGRS EEEATDA S S o0, 20,
o P AR Yy @@MoQ@M\ ¢
AR e \\@o%v oo\\oe
%, SRS ARSTRIN 1R -at 90 % g ) - A
« €45 3 AU Gh A6 B, w@@»&@@ ~ s o o
RPN ORI e, - mew*\w@o "
o S SRy wsomv O 0 ajdwes Jad aouepunge J9|\ |e}0} 8Y L
ey BRI R 10 Us, 78,
by 70
* ¢ 0 2 IR EIRRBUNDINES H7 OBie sy b
et BrRintla M@QM@T
TSN R G L Sy S
TN bt 197 v Sy Qg T ¢
gy g Tt oS0, 0 ¥
+ * N TR ORNERY IR S LR Y, SRS L b\omo&eo
“d PRI vl —1t w¢$¢ o§$ ¢
© © o e, Kty e
(eouepunge HYg [ejo} 8y]) 607 % e,
xm\mQO *
A
R ¥ e
&5 s, -
S
. 8, 9
.. @m.@ox *@Qa -
- RN Y Mty G s, .
. . S “6,
*wnd s nd GOWREERS £2 1 - o, O €
Y \0@\0 w \Q »
Tt AL \®\on oem.\b .
RN - 1 Y, S0g
o3 den 3 . .0\0 m.wm\ A\O\
- . 1 anw. e \m\Qm *
* U A SRR ¢ Yy, ~S9, 7
Ao, “ )
- S PATARARNGRY Yoyl 7 1
x> \SOQ*Q g QO.\Q\ m.\w\N\ "
AR 1 Uy D) gy, ;
o s, o, . *
U E RSSO ST | ,,.,\a,o\\@
. . (o) *
SR YRR R A “ O
i LR i mw\\mu\\wo mw\mvv.\ Q .
ARTASARB R R 2 2 . - s, 0y, Y
56 ®¢
L . . 2 i
S AR S RS - S@@ﬁb @@oo GS\
S PRI r AL ot S o 08,
i a sireser woem« o.v@Qo@m,woe °
w800 g 4 tp S C)
eSO T EEPH s, Py Ty, .
] 0 ,
SRR A o g Y “og, ’
N 6;
Q o © o 0 “ps, Y *
~ 0 o =} o .\om,@ i

o

o [sp]
(souepunge 9y [ej0} 8Y1) Ho

factors, (B) biocides, (C) metals, and (D) categories of MGEs. The red dot in the scatter plot represents the

(C) MRGs, and (D) MGEs in log scale in the infant gut. The labels on the x-axis describe (A) virulence
median value of the total abundance.

Fig S4. Total abundance (sum of GCPM) of (A) virulence genes in log scale, (B) BRGs in log scale,
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Fig S8. The representative co-localization contigs carrying the different types of integrons on plasmids.
Based on the ARGs on the 22 representative contigs, 16 representative contigs carrying class 1 integrons were
chosen and listed in the figure (each representative contig represents a group consisting of 1 to 16 contigs).
The complete integron in each contig is highlighted in gray. For ease of viewing, we only marked the

approximate location of the attC
promoter for the integrase gene

recombination site, the constitutive promoter Pc for the gene cassettes, the
Pintl, and the integration site attl. To target potential mobile ARGs, we only

focused on the co-localization contigs carrying MGEs on the plasmids. The location and length of genes
are proportional to the actual conditions.
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Fig S10. The percent of the 45 most abundant bacterial species in the infant gut.
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Fig S11. E. coli drives the bimodal distribution of BRGs, MRGs, and virulence genes in the infant gut.
A) Density plot of gene richness among infants and Spearman correlation analyses between the richness of
ARGs and other genes. Y-axis (not shown in the density plot) represents the number of infants. The linear
regression curve and confidence interval are plotted as an illustration; inference was performed with the
Spearman correlation coefficient R and the corresponding p-value (p < 0.05 as the significance cutoff).

B) Average silhouette width associated with PAM clustering when different numbers of clusters were used,
and the total abundance and richness of genes in the two clusters. A high average silhouette value indicates
strong clustering. k = 2 was the optimal number of clusters. C) Importance of the top five bacterial species to
the grouping of PAM clusters, as determined with a Random Forest-based approach using the mean decrease

in accuracy and the relative abundance of E. coli in the two clusters. Species are ordered top-to-bottom as
most-to-least important.



