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accession numbers for individual prokaryotic genomes are listed in Supplementary Data 9. Assembled viral genomes are available from the NCBI BioProject
database https://www.ncbi.nlm.nih.gov/bioproject/PRJNA648034. eggNOG database is available at http://eggnog5.embl.de/download/eggnog_5.0/. NCBI viral
RefSeq database is available at https://ftp.ncbi.nlm.nih.gov/refseq/release/. WorldClim database is available at https://www.worldclim.org/data/worldclim21.html.
Source data are provided with this paper.

AMD environments are ideal targets for quantitative, genomic-based analyses of microbial ecology and evolution and community
function due to their geochemical and biological simplicity, and broad and steep environmental gradients. We conducted
metagenomic sequencing on acid mine drainage (AMD) sediments (n = 90) sampled across Southern China. The viral and prokaryotic
genomes recovered from metagenomes were analysed with geographic location, climate data, and geochemical variables for each
sample to determine whether viral populations and functions exhibit specific biogeographic patterns in the context of variations in
biotic and abiotic factors.

The AMD sediment samples were collected from 18 geochemically diverse mine sites from six provinces across Southern China. The
choice of the 18 mine sites is due to the fact that AMD is typical feature in these mining areas, based on the information reported
from previous studies or our field investigations specially for the current study. Sediments were collected for each site, and
metagenome was generated, geographic location recorded, and geochemical parameters measured for each sample in order to
analyse the local and regional distribution patterns and ecological drivers of viral communities.

Samples were collected using a shovel from the top 10 cm of AMD sediments either at the centre or at ~1m from the edge of AMD
ponds depending on the safety and size of the features at each mine site. The samples were sealed in 50 mL sterile tubes, kept in an
icebox and transported to the laboratory, where they were stored at 4 °C and processed within 24 h. Each sediment was well mixed
and divided into two fractions: one fraction for DNA extraction (stored at -80 °C) and the other for physicochemical measurements
(air-dried). The choice of the depth (10 cm) is due to the fact that the microbial abundance decreased sharply at greater depth [1].
The choice of 50 mL sterile tubes is due to the fact that sediment used for the measurements of geochemical parameters is no more
than 25 g and for the DNA extraction is 10 g (Methods section in the main manuscript).

[1] Sánchez-Andrea et al., Appl. Environ. Microbiol. 78, 4638-4645 (2012).

The metagenomic library was prepared by S.M.G. and sequenced on an Illumina MiSeq platform (150 bp, paired end reads).
Sequencing reads were processed by S.M.G. for quality control, scaffolds assembly, genome binning, and viral sequence
identification.

All samples were collected during Aug-2017 to Oct-2017 across Southern China. Sediments were collected in different months due to
the overall time needed to sample the 18 mine sites (i.e., traveling, site surveying, and sampling). Sediments from the mine sites of
BP, DS, HSP, JA, LL, LSA, SKS, WY, and ZJ were collected in Aug-2017. Sediments from DBS, FK, YF, YP, and YS were collected in
Sep-2017. Sediments from MAS, TL, and WH were collected in Oct-2017.

Sediment samples with low DNA yield/quality were discarded.

This experiment has not been reproduced but can be reproduced with the methods and supplementary data and codes provided in
the manuscript.

The mine sites with AMD were randomly distributed across Southern China. Besides, all samples were randomly collected depending
on the safety and size of the features at each mine site.

Blinding was not applicable to this study, as our analyses used multiple publicly available databases collected prior to this study.

Site locations and characteristics of the AMD sediment samples were provided in our previous study which is cited in our manuscript
as ref. 24. Overall, the mean annual temperature of the sampling sites ranged between 14.0 - 20.9 °C, and the mean annual
precipitation ranged between 1,110 - 1,849 mm. Besides, environmental conditions of the sampled AMD sediments were highly

variable. For example, the pH values ranged from 1.46 to 6.80, and total Fe concentration ranged from 15.9 to 387.8 mg/g while
ferric iron concentration ranged from 0.09 to 33.1 mg/g. Detailed environmental parameters could be found in the Source Data
provided alongside the main manuscript.

Location information is available in Fig. 1a. Specifically, these samples were distributed from the Guizhou, Guangdong, Guangxi,
Jiangxi, Hunan and Anhui provinces across Southern China (22.96°-31.68°N, 105.73°-118.63°E). Detailed latitude and longitude for




