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Background

The risks of antibiotic resistance

By 2050, antimicrobial resistance (AMR) is 

projected to directly cause 1.91 million 

deaths annually​ worldwide.

(Naddaf M. Nature. 2024.)

Natural environments serve as 

reservoirs for ARB and ARGs

Clinically relevant pathogens carrying ARGs have been identified 

in natural environments, e.g., Serratia liquefariens、Yersinia 

enterorolztira. (Mogrovejo-Arias, D.C., et al. Environmental Earth Sciences, 2020. 

Dancer, S.J., et al. Journal of Applied Microbiology, 1997. )

Soil microbiota are recognized as one of the reservoirs for ARGs

that undergo exchange with clinical pathogens.

(Forsberg., et al. Science.  2012. )



Background

• It is estimated that global warming could release 

approximately 4.0 × 1021 microbial cells​ annually 

from thawing cryospheric environments. (Edwards, A., 

Frontiers in Earth Science, 2015.)

• In 2016, an anthrax outbreak occurred in Russia's 

Yamal region, and the source strain Bacillus 

anthracis was identical to isolates obtained from 

tissues of deceased animals in Siberian permafrost. 

(Timofeev, V., et al., Plos One, 2019.)

• East Siberian permafrost isolates harbor functional 

resistance genes to chloramphenicol, gentamicin, 

tetracycline, and mercury compounds. (Mindlin SZ., et 

al., Russian Journal of Genetics, 2008.) 



Preliminary Findings and Implications

Antibiotic resistance phenotypes of 

culturable bacteria in Antarctic soils

Antibiotic resistance phenotypes of 

culturable bacteria in Arctic soils

Inconsistence between antibiotic resistance phenotype and genotype

Polar environments may harbor novel, 

uncharacterized antibiotic resistance genes

Yuan, K., et al., Ecotoxicology and Environmental Safety, 2019. Xie, X., et al., Journal of Hazardous Materials, 2024.



Methodology——Functional metagenomic approach



Results and discussion

Identification and diversity of novel ARGs in polar soils
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Comparative composition profiles of novel 

ARGs identified in polar soils

➢ A total of 342 and 329 novel ARGs were identified in Arctic and Antarctic soils, respectively.

➢ Approximately 70.0% of the novel ARGs conferred resistance to beta-lactams, followed by folate synthesis inhibitors 

(~14.2%), D-cycloserine (~6.4%), nitrofuran (~4.9%), and clindamycin (~4.8%).

➢ Approximately 20.0% of novel polar ARGs showed < 80.0% identity to their closest NCBI homologs.

➢ Novel ARG composition differed significantly between Arctic and Antarctic soils (p < 0.05)。

Identity of novel polar ARGs to the top hit in the 

NCBI protein database
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Results and discussion

Horizontal Transfer Potential of Novel ARGs in Polar Soils

➢ Greater than 75.0% of known ARGs related to beta-lactams, nitrofurantoin, and trimethoprim were plasmid-associated.

➢ Plasmid-borne novel ARGs in polar regions accounted for only approximately 1.0% of the total novel ARGs, with 3 identified in 

the Arctic and 4 in the Antarctic.

➢ The occurrence of known ARGs encoding Class A beta-lactamases on plasmids was statistically significantly higher than that of 

novel polar ARGs (p < 0.05).

Summary of novel polar ARGs carried by 

plasmids

Percentages of plasmid-carrying ARGs over the total 

ARGs between novel and known ARGs

Number of plasmid vectors for novel and 

known ARGs related to Class A beta-lactams
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Results and discussion

Novel polar ARGs in the genomes of human pathogenic bacteria

Predicted human pathogenic hosts of novel ARGs identified in 

Arctic and Antarctic soils

➢ Known ARGs carried by human pathogenic bacterial hosts accounted for approximately 25.0% of the total known ARGs.

➢ Five novel polar ARGs were identified in the genomes of human pathogenic bacteria, representing only 0.75% of the total 

novel polar ARGs.

➢ The novel polar ARGs carried by human pathogenic bacteria were also detectable on plasmids.

Relative percentages of human pathogenic bacteria-carrying ARGs 

over the total ARGs between novel and known ARGs

Antarctic

Arctic

Penicillin G

Ticarcillin

k149_957_1

k149_8113_1

k149_13756_1

k149_8894_1

k149_7801_1

Locations Resistance types Novel ARGs Pathogens

(B)
Klebsiella pneumoniae subsp. 

pneumoniae HS11286

Shigella dysenteriae strain

SWHEFF_49

Proteus penneri strain

S178-2

Escherichia fergusonii strain

FDAARGOS_1499

Providencia stuartii strain

CAVP490

Shigella boydii strain

Trimethoprim

Nitrofurantoin

Clindamycin

D-cycloserine

Beta-lactams

0 20 40 60 80

Percentages of ARGs carried by pathogens (%)

Known ARGs

Novel ARGs

n = 95

n = 79

n = 4

n = 33

n = 32

n = 130

n = 43

n = 468

n = 4

n = 3633

(A)



Results and discussion

Distribution of novel polar ARGs across various environments

Abundance of novel polar ARGs in different 

environments with varying human impacts

Categorization of sampling sites according to 

the abundance of novel polar ARGs

Comparison in the total abundance between novel and 

known ARGs in the relatively pristine (B) and human-

impacted (C) environments

➢ A total of 138 novel polar ARGs (mainly β-lactam and trimethoprim-related) were found across nine environments.

➢ Sixty novel polar ARGs were identified in Tibetan Plateau soils, versus 29 in seven human-impacted environments.

➢ Novel polar ARGs outnumbered known ARGs in pristine environments (p < 0.05), and the reverse pattern was observed in 

human-impacted settings.

➢ Novel ARG profiles differed significantly (p < 0.05) between natural and human-impacted environments.



Summary

❑ Using functional metagenomics, we discovered novel ARGs conferring 

resistance to clinical antibiotics in polar soils, demonstrating that polar 

environments constitute significant reservoirs for novel ARGs.

❑ Novel polar ARGs exhibit lower mobility and host pathogenic risk than known 

ARGs.

❑ Novel polar ARGs serve as biomarkers for effectively discriminating antibiotic 

resistomes in environments subjected to varying degrees of human impacts.
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