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x1. FAPARDPEEFTEHERER
Table 1. The information of soil metagenomic datasets used in this study
Habitat types Habitats Samples Sampling sites Coordiantes Accession numbers
Antarctic high ~ Union Glacier CP Charles Peak 79.731° S 83.199° W SRR13094682
latitude regions EH Elephant Head 79.822° S 83.430°W  SRR7741809
(HLG) McMurdo Dry Valleys ~ AH Miers Valley 78.100° S 164.000°E  SRR3471615
Antarctic low Antarctic Peninsula NI Nelson Island 62.265° S 58.879° W SRR7440170
latitude regions PH Penguin habitat 62.217° S 58.962° W SRR7440171
(LLG) CGWS  Near Chinese Great Wall  62.220° S 58.964° W SRR7440174
Station
Al 1 Ardley Island 62.211° S 58.928° W SRR7440168
Al 2 Ardley Island 62.211° S 58.925° W SRR7440169
Al 3 Ardley Island 62.211° S 58.925° W SRR7440167
Al 4 Ardley Island 62.214° S 58.931° W SRR7440165
TWS The west seacoast 62.203° S 58.996° W SRR7440163
TSS The south seacoast 62.229° S 58.948° W SRR7440166
The surrounding Alberta, Canada AS1 Agricultural soil withno  53.93°N 116.58° W SRR9030504
regions of fertilization
feedlot (SRF) Alberta, Canada AS2 Agricultural soil with 53.93° N 116.58° W SRR9030505
fertilization for 6 months
Alberta, Canada AS3 Agricultural soil with 53.93° N 116.58° W SRR9030506
fertilization for 1 year
Alberta, Canada AS4 Agricultural soil with 53.93°N 116.58° W SRR9030507

fertilization for 2 years

MBI N[ reads) I 2BRri5 4%, {8 MEGAHIT
v1.2.9 XT3RS clean reads #1741 %%, kmer
M 21 F] 141 5] FastQC PEALHFH2 )5 1 contigs,
T contigs B H \N50/N8O {1 L4 M 40 255 41 K
B, PEHE kmer 4 141 11 contigs (>1000 bp)H T
T—0 87, {8 Prodigal v2.6.3 FR {41 A [H]
FEfb contigs FWFERA, FIA CD-HIT-ESTU®L)
95% I AL A AR TT R JE 4, FIH Salmon
v0.9.1 FAF SR EA 1Y clean reads 5 3L AL AT
FEXT,  DATHEE A A oA (] 5 8 %) =1 B2 (TPM,
transcripts per kilobase of exonmodel per million
mapped reads),

it & 2 X . TPMi=(Ni/Li)*1000000/sum
(Ni/Li+........ + Nm/Lm); A, Ni: B g]EH
i FAY read 0; Li: KN i pY5ME T KRG BRI,
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Figure 1.

Microbial composition distributions at the phylum or class level across all soil samples in Antarctica.
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Antarctica and the surrounding regions of feedlot.
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Figure 3. Venn analysis (A) and NMDS analysis (B) of ARGs in Antarctica and the surrounding regions of
feedlot.

(3) PR ELOR P AR R LA AR (B an e vh AR R
AR E ). A, —28 ARGs A3 o FE A%
AL 7 VD BORH R 2P 252 | Bk AR R
PR Z AL N (E 4).

TE R 3 rp K6 3 ) 406 Fl ARGs SR
T 95 b A= Fifit 25t (AMR)FE R e . Hirp,

2160 f I RND efflux pump
ABC efflux pump
8 MFS efflux pump
1400 Bl Other efflux pump
» Hl Beta-lactamase
& 1200 Bl Acetyltransferase
S 1000t Il Phosphotrasferase
% Bl Other transferases
5 800 Il Ribosomal protection protein
S Bl Other ARGs
E 600}
Z
400 -
200 |-
0
A
<2

E4. ERITESRPIEEEENE ZH AN
A ORF %(H
Figure 4. Number of ORFs assigned to major
mechanisms for antibiotic resistance for all soil

samples in Antarctica.
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Figure 6. The frequency of ARGs in chromosomes or plasmids summarized by antibiotic class in Antarctic soils.
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HEAE, FRREXT TR iR 5 T 2 252
PUPR B AEPUESE N e 238 , 1 ICEs #5747 (1) ARGs
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TEFRRAS R 26 B2 L SERE b b, 471 ICEs 1Y
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Deciphering distribution and migration of soil antibiotic
resistance genes in different latitude regions of Antarctica by
metagenomics

Yi Li, Lihuan Zhang, Yan Feng, Hong Li, Feng Zhang, Yun Bai, Yunyun Ding,
Meilin Kang, Yuzhu Wang, Jiaxuan Lei, Shaofei Shen

College of Life Sciences, Shanxi Agricultural University, Taigu 030801, Shanxi Province, China

Abstract: [Objective] Antarctic environments are extremely diverse and affected by human activities in varying
degrees. The aim of this study is to explore distribution and migration of soil antibiotic resistant genes (ARGs) in
different latitude regions of Antarctica. [Methods] We selected soil metagenomic data from Antarctic high (HLG)
and low latitude regions (LLG) and surrounding regions of feedlot. Metagenomic reads was assembled using
software MetaWRAP. ARGs, plasmids and integrative and conjugative elements (ICEs) were annotated using
CARD (The Comprehensive Antibiotic Resistance Database), PlasFlow and ICEberg, respectively. [Results] In the
Antarctic soils, Proteobacteria, Actinomycetes, Bacteroidetes and Firmicutes were the dominant phyla. Belonging
to 25 ARG types, 406 ARGs were found, among which multidrug, tetracycline and aminoglycoside resistance genes
dominated. The NMDS analysis showed that the characteristics of ARGs in Antarctic soils were significantly
different from those in agricultural soils nearby feedlot (ANOSIM, P=0.001). The proportion of ARGs in all ORFs
in the Antarctic HLG was 0.28%, lower than that in the LLG (1.93%, P<0.01). Different ARGs present different
latitude-region resistance patterns. Therein, nitroimidazole, aminoglycoside, glycopeptide and macrolide resistance
genes were mainly distributed in the HLG, while tetracycline and sulfonamide resistance genes were mainly
distributed in the LLG (P<0.05). The migration analysis of ARGs in Antarctic soils showed that 17% of the
detected ARGs were carried by plasmids. In addition, 163 ICEs carrying ARGs, belonging to 14 ARG types (e.g.,
multidrug, peptide and tetracycline resistance genes), were found. These ICEs carrying ARGs were extensively
distributed among a-, B- and y-proteobacteria. [Conclusion] The differences in microbial communities and ARGs
between the Antarctic high and low latitude areas occurred, plasmids and ICEs facilitated migration of nature
ARGs. This study provided a certain data basis for understanding the natural antibiotic resistance from the

pre-antibiotic era.
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