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Study description

Research sample

Sampling strategy

Metagenomic sequencing data for the tailings samples used in this study have been deposited in the NCBI BioProject database under the accession number
PRJNA1085405. The giant virus sequences and phage contigs generated from tailings metagenomes in this study have been deposited in the ENA Sequence Read
Archive database under the accession number PRJEB74361 and PRJEB78842, respectively. Source data of this paper are provided on Github (https://
doi.org/10.5281/zenodo.13234118).

This study does not involve human participants or human data.

This study does not involve human participants or human data.

This study does not involve human participants or human data.

This study does not involve human participants or human data.

This study does not involve human participants or human data.

This study investigates the prevalence and diversity of antibiotic resistance gene (ARG) sequences within NCLDV genomes and
explores their evolutionary relationships with ARGs in phages, bacteria, archaea, and eukaryotes. We gathered viral genomes from
public databases, representing a wide range of viral taxonomy and habitats, and supplemented this with additional viral genomes
assembled from mine tailings metagenomes collected by our team. Our analysis focuses on the distribution of ARGs across different
viral taxonomies and habitats, in the context of ARG quantity, composition, and resistance mechanisms. To understand why giant
viruses harbor ARGs, we constructed gene trees of specific ARGs across viruses, prokaryotes, and eukaryotes, and analyzed
correlations between ARGs, mobile genetic elements, and virulence factors in viral genomes.

Additionally, we conducted microbial experiments to evaluate the function of selected ARG sequences from giant viruses. We used a
comparative design with three groups: E. coli transformed with plasmids carrying each of the two distinct giant virus genes and a
control group with empty plasmids. Each group had 8 independent replicates to ensure robust and reliable results. This experimental
design facilitates direct comparison of the antibiotic resistance expression between the two giant virus genes and the control,
highlighting differences in functional outcomes.

The majority of genome sequences used in this study were sourced from public databases, including 1,383 NCLDV genomes from
Aylward's previous publication and 39,689 phage genomes from the CheckV database. These datasets were selected to cover
genomes from nearly all currently available cultured isolates and representative metagenome-assembled genomes (MAGs) across
diverse global habitats. To further broaden the range of habitats, we included and assembled 115 metagenomic datasets from mine
tailings, sampled from 39 locations with three replicates each. This additional data generated 33 NCLDV MAGs and 588 phage
genomes from the mine tailings habitat. No specific sample size was predetermined, as these datasets represent the most
comprehensive collections of virus genomes currently available.

The metagenomes of tailings have been published in a previous study. The sample sites were determined to cover diverse mine sites
across China, representing different provinces and climatic conditions. At each mine site, three mine tailings samples were collected
from a drained tailings pond (i.e. an abandoned tailings disposal site) at a depth of 0–20cm using a stainless steel trowel. Specifically,
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three separate plots (1 × 1 m, at least 10 m apart) were designated in each pond, with one tailings sample collected from each plot.

The NCLDV and phage genome sequences were sourced from the Giant Virus Database (https://faylward.github.io/GVDB/) and the
CheckV database (https://portal.nersc.gov/CheckV/) by Xinzhu Yi. Tailings metagenomic sequencing was conducted by Guangdong
Magigene Biotechnology Co., Ltd, with assembly performed by Shi-wei Feng using the bioinformatics pipeline detailed in the
manuscript. Cloning, transformation, and microbial antimicrobial susceptibility tests were carried out by Shen-yan Liu, Yuan-yue
Zhuang and Yu-qian Guo as described in the manuscript.

Field sampling of the mine tailings was conducted in July and August 2018, with each site being sampled once. The sampling sites
cover a wide range of latitude and longitude (22° 8$ 19% N–48°15$ 54% N, 86° 19$ 47% E–29° 17$ 29% E).

A total of 117 tailings samples were collected and subjected to DNA extraction, resulting in 115 samples meeting the quality criteria
for metagenomic sequencing. The entirety of the sequenced data was utilized for the assembly of virus genomes.

This study primarily hinges on rigorous bioinformatics analysis. To ensure the reproducibility of our findings, meticulous organization
and preservation of all codes were maintained. Additionally, microbial experiments on antimicrobial susceptibility were conducted at
least three times by different students. Each experimental batch consisted of eight replicates per group, yielding consistent results
across all batches.

In the microbial antimicrobial susceptibility experiments, each group of E. coli was exposed to a different plasmid—either containing
a giant virus gene or an empty control plasmid. All other factors, including strain, vector, growing conditions, and antibiotic
concentrations, were kept consistent across the groups. The allocation process ensured a balanced distribution of these factors,
emphasizing comparability between the experimental groups.

For the antimicrobial susceptibility test, individuals involved in the experiments were blinded to the experiment group to ensure
unbiased measurements.

The field data have been published previously. Briefly, the 39 mine sites covered wide geographical locations across China. The
climatic conditions of them also varied considerably, with mean annual precipitation (MAP) of 25–1917mm and mean annual
temperature (MAT) of !0.09 to 22.8°C.

The sampled mine sites covered a wide range of latitude and longitude (22° 8$ 19% N–48°15$ 54% N, 86° 19$ 47% E–29° 17$ 29% E).

Import/export is not relevant to our study.

No disturbance due to the small sample amount.




