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Study description

Research sample

Sampling strategy

Data collection

The raw or large processed data generated in this study have been packaged and publicly available at DataHub (https://data.pnnl.gov/group/nodes/dataset/33511)
as well as NCBI under BioProject PRJNA1006511. Four data packages include: 1) raw sequences of the six shotgun metagenomes (DOI: 10.25584/1922087, https://
data.pnnl.gov/group/nodes/dataset/33337, NCBI: SRR25682926- SRR25682930), 2) all the shotgun metagenome-assembled contigs (>1 kb), MAGs and the
dereplicated viral contigs (DOI: 10.25584/1922088, https://data.pnnl.gov/group/nodes/dataset/33338, NCBI: JAWMQX000000000 and JAWMQY000000000 for the
contigs assembled from soils with pre- or post-desiccation treatment), 3) the unique phage-host pairs detected by Hi-C (DOI: 10.25584/1922090, https://
data.pnnl.gov/group/nodes/dataset/33339), 4) the quality-filtered metatranscriptomes (DOI: 10.25584/1922091, https://data.pnnl.gov/group/nodes/
dataset/33340, NCBI: SRR25916027- SRR25916064) and 5) raw sequences of the six Hi-C metagenomes (DOI: 10.25584/1970740, https://data.pnnl.gov/group/
nodes/dataset/33511, NCBI: SRR25689209-SRR25689214). A detailed description of each data package is in Supplementary Data 1. Source data are provided with
this paper.
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This study demonstrates that shifts in soil moisture have dramatic impacts on phage-host interactions and thus on the host
population dynamics and community structure stability by applying Hi-C approach to chemically link phages and the infected hosts
and integrating multi-omics (metagenome and metatranscriptome). The study includes pre and post desiccation samples, each with 3
biological replicates.

Surface soils (0-20 cm deep, 5 cm diameter cores) were collected from 16 randomly selected locations immediately adjacent to the
Tall Wheatgrass Irrigation Field Trial experiment in Prosser, WA (46°15'04"N, 119°43'43"W) in June 2020. The field samples were
chosen because they represent typical marginal grassland soils that are commonly exposed to changes in moisture and climate
impact.

Soil microcosms were prepared for each treatment in three replicates. The three wet soil samples were collected when the soil
reached to 75% water holding capacity after pre-incubation. The three dry soil samples were collected after the soils were desiccated
after 14-day's soil drying. Three replicate samples will enable us to test statistically to detect treatment differences. No specific
sample size calculations were performed.

DNA and RNA used for shotgun metagenomes and metatranscriptomes were extracted from 0.25 g and 2 g, respectively, of soils in
each microcosm using PowerSoil DNA and RNA extraction kits according to the manufacturers’ instructions. This was performed by
PNNL staff. Shotgun metagenome sequencing was performed by Phase genomics on an Illumina NovaSeq generating an average of
177 million PE150 read pairs. Metatranscriptome sequencing was performed on an Illumina NovaSeq S4 by JGI.

The cross-linked DNA extracted from 5 g of soil in each replicate microcosm was digested using Sau3AI and MlucI restriction
enzymes, and proximity-ligated with biotinylated nucleotides to create chimeric molecules. The chimeric molecules were pulled
down with streptavidin beads and collected for ProxiMeta library preparation by Phase Genomics. The Hi-C metagenome sequencing




