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Table S2. Information of DNA samples and sequencing data of DNA samples.

DNA Total .
Sampl Concentrati Volume DNA. reads base Length Q20(%) (%) SRA accession
e (nL) Quantity (bp) numbers
on (ng/pL) (ng)
El 24 24 576 4.0E+07 | 6,051,450,300 150 97.88% 51.43% SRX7970926
E2 26.5 24 636 4.1E+07 | 6,155,636,400 150 98.21% 51.23% SRX7970927
E3 28.4 24 681.6 4.1E+07 | 6,196,367,100 150 98.29% 51.29% SRX7970928
Ml 39 23 897 4.1E+07 | 6,208,866,000 150 98.40% 48.88% SRX7970929
M2 36.2 23 832.6 4.1E+07 | 6,215,574,000 150 98.10% 47.79% SRX7970930
M3 36.8 23 846.4 4.1E+07 | 6,201,976,800 150 98.02% 47.04% SRX7970931

Table S3. qPCR assays and thermal cycling conditions targeting 16S rRNA gene and ARGs

Gene Class of
marker antibiotics Forward (F), reverse (I’{), a’ng probe (P) Conc. Cycling condition |Ref.
(target sequences (5’ -3°) (nM)
size) or Integron
s F: CGGTGAATACGTTCYCGG 02 [95.0°C for 2 min and
followed with 40
rRI\LA§142 R: GGWTACCTTGTTACGACTT 0.2 cycles of 95.0 °C for (1)
P P: FAM/CTTGTACAC/ZEN/ACCGCCCGTC/3IABKFQ 0.1 15's, 60.0 °C for 30's.
and 72.0 °C for 30 s.
F: GGATTCTACAAGCGTACCTTGGA 0.2
ermB R: GCTGGCAGCTTAAGCAATTGCT 0.2
(91 bp) macrolide [p: 0.1 2)
FAM/CACTAGGGT/ZEN/TGCTCTTGCACACTCAAG
TC/IABKFQ
F: CGACGTGCTAACTTGCGTGA 0.2
15{%9 quinolone [R: GGCATTGTTGGAAACTTGCA 0.2 3)
( P) P: FAM/AGTTCATTG/ZEN/AACAGGGTGA/IABKFQ 0.1
F:ACGGARAGTTTATTGTATACC 0.2 95.0 °C for 2 min and
tetO R: TGGCGTATCTATAATGTTGAC 02 followed with 40
(171 bp) P: 0.1 cycles of 95.0 °C for | (4
FAM/CGTAGATGA/ZEN/AGGCACAACAAGGAC/IA 155, 60.0 °C (69.9 °C
ine BEQ II) for30's. and |—
tetracycline [ e T TTGGATACTTAAATCAATCR 0.2 S;’ZI)O S (r: forsé Sns
tetM R: CCAACCATAYAATCCTTGTTCRC 0.2 '
FAM/ATGCAGTTA/ZEN/TGGARGGGATACGCTAT
GGY/IABKFQ
F: CGCACCGGAAACATCGCTGCAC 0.2
sull R: TGAAGTTCCGCCGCAAGGCTCG 0.2
(163 bp) sulfonamidefp: 0.1 (6)
P FAM/TTCTTGGGC/ZEN/GCCACCGTTGGCCTT/IAB

KFQ
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Figure S1. Three plasmids for the three synthetic DNA internal standards (IS-1, IS-2 and IS-3) which
contain five, eight and seven different synthetic DNA internal standard fragments (ISFs), respectively.
The pUCIDT containing blamwe gene, and all blaTEM genes were excluded in sequencing results of
samples to avoid false detection.
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Figure S2. Spiked concentration ratio of DNA internal standard fragments(ISFs)
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Figure S3. Length (A) and GC content (B) distribution of DNA internal standard fragments (ISFs)
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Figure S4. Normal probability Q—Q (quantile-quantile) plot for sequencing yields of ISFs over limit of
guantification (LOQ)
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Figure S6. Coefficient of variation of individual ARGs quantification in triplicate analysis by gmNGS for
the artificial E. coli isolate mixtures (E1-3) and cattle manure samples (M1-3) (n=246). Only CV of
ARGs detected in all three replicates were summarized.
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Figure S7. Recovery rate (unitless) at different sequencing depth (A); linear regression of recovery
rate and sequencing depth (B)



Calculation steps of P;
P;is defined as: P; = njgp_; /Mysp_i (S1)

Symbols and the physical meanings in calculation of P;:
Li—-Length of an DNA fragment (IF) on internal DNA standard (IS), bp
Lircov-- the part of the IF covered by a sequencing read, bp
Lircov-u— the part of the IF covered by a sequencing read containing gene maker, bp
Sy-- the start position of the gene marker on the IF
nir--theoretical sequence bases of an IF, bp
n’j--theoretical sequence bases of an IF containing gene marker, bp
X-- the end position of a sequencing reads on IF

Xoin K
1%k Ly Lp+299

Sequgncins read ———
DNA fragment I
Internal synthetic standard

| 1. Calculation of n;gr In this study, the length of different IF is in the range of 94-421 bp and
the sequencing read length is 300 bp. nyr was calculated considering two length conditions of IF,
including Lz>300 and Liz<300.
1.1 Li=300
(1) When 1 < X < 299 or LIF+1 < X < L[F+299
Only part base pairs of the sequencing reads are from the IF.
a. When 1 <X <299

Lir cov
Loiby! X SEO-:P }_ﬂ Lipt299
Lip—cov=Xbp
(14+299)%x299

2%99 Lip_cov = = 44850 bp
b. When L1F+1 < X < L1F+299

Lif.cov
I_I_I
L by’ 300bp br x Lr+299
| Lip_cov=300 - (X-Lir) bp
_ [(Lip+299)+(Lip+D][(Ljr+299)—(Lip+1)+1] — (1+299)x299

LIF+299L
ZLIF+1 IF-cov —

(2)  When300<X <Ly

= 44850 bp

2



1o 360" i Lp+299

Sequence bases of the entire sequencing read are from the IF.
LIII:"—COVz 300 bp
Y360 Lir—cov = 300 X (L;p — 299) bp

Hence,
Lip+299 L Lip+299
nyse =20 Lip—cov = 237" Lir—cov + X300 Lir—cov + Y1 Lir—cov =
300 L,z bp
1.2 Li<300
(1) When ISXSLIF—I
Lircov
Lr
1stbp' X 300by Ly+299
Lip—cov=X
Lir—1 L _ Lipx(Lip—1)
1 IF-cov == 5,
(2) When Lip<X<300
Lircov
—l—
1
ii
1 bp LE  300bp Lp+299
Lip—cov=Lir
300
. Lip—cov = Lip X (301 — Ljf)
IF
3) When 301<X< Lj+299
Lircov
l'_l_l
15 bp: Li 300bp Ly+299
Lig_cov= Lir-(X-300)
_ oLip+299 _ Lipx(Lir—1)
Nisr = 301 Lip—cov = -5
Hence, in total
Lip+299 L Lip+299
’ nyse =20 Lip—cov = 237" Lir—cov + X30p Lir—cov + Y1 Lir—cov =300 Ly
bp

| 2. Calculation of njg; To cover the entire gene marker, the end position X of sequencing reads
should be in the range of [Sp+8, Sm+299] (where Sy is the start position of a gene marker in the
IF).



*bp Ssr‘ Lg s,,—;c
B Gene marker
2.1 Li=300
(1) When Sy+8< X <299
Lr.cov-u
_|X bp
1t bp* S8 300bp Lp
Lir.cov-m=X
| 2299 (Sm + 8 +299)[299 — (Sy —8) + 1] _ (S + 307)(292 — Sy)

Lip—cov-m = > )
Sm+8

2)  IfSut299 < Li
When 300 < X < Sy+299
Lr.cova
—t
X bp
1 bp’ S8 300btp L

Lir-cov-m=300 bp

’ 2% Lip_cov-m = 300 « Sy bp

3) If SMt299 > Lip
a). When 300 < X <Ly
Em\'-u
_X bp
1 bp’ S8  3oobp Lp
Lir-cov-m=300 bp
Lip
Z Lip—cov—m =300 ¢ (L;p — 299)
300
b). When Lip+1< X < Sy+299

LI;F-CO'\'-Z\{
[ ) |

!X bp

1% b’ gL+s 3EObp Lr  8y+299

Lir.cov.m= Lir-(X-300) bp




Sm+299 L _ (Lig—SM+300)(Sm—Lig+299) b
ZLIF+1 IF-COV-M = > P

2.2 Liy<300
(1) When 1 < XS LIF-l

Lr.covu

E—"

1%bp -8 L

Lir.cov-m =X
Lig—1

(Sm+8+Lrp—D[(Lp—1)—(Sy +8) +1]
Z Lir-cov-m = >
_ Sy + Lig+7)(Lig — Sy — 8)
B 2

Sm+8

(2)  When Lip< X<300
Lr.cova

] 2

| i
1£bpy 8.8 ir f'!DDbp

Lir.cov-m= Lir
300

z Lip—cov-m = Lip ® (301 — LIF)

LiF

3) When 301< X< Sy+299
Lircovat
'_lﬁ
e ——X
R .. Sood
bp %8 Ly 3008,+299

Lir-cov-m= Lip-(X-300)
Sm+299
[ —-D+ L =Sy + DIy —1) (2L —Su)(Sy—1)
Lip-cov-m = 5 = ;

SM+299

! j—
Nigp = Z Lir—cov-m

Sm+8

301
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