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Project Goals: PNNL’s Soil Microbiome SFA aims to achieve a systems-level
understanding of the soil microbiome’s phenotypic response to changing moisture through
spatially explicit examination of the molecular and ecological interactions occurring within
and between members of microbial consortia. Integrated experiments were designed to
confront both the scaling challenges and inter-kingdom interactions that regulate networks
of biochemical reactions. Individual- and population-based models for predicting
interspecies and inter-kingdom interactions were parameterized using experimental data,
and predictions were tested in soil to reveal spatially explicit microbial interactions.
Discoveries from controlled experiments are planned to be cross validated in the field,
using moisture gradient experiments at a new local field site. Data was captured and
shared through an optimized data management pipeline. Knowledge gained will provide

Soil viruses were determined from existing soil metagenomes

from >600 soil samples collected across 3 continents.

fundamental understanding of how soil
microbes interact to decompose
organic carbon and enable prediction
of how biochemical reaction networks
shift in response to changing moisture
regimes.

PNNL's soil microbiome SFA aims to
understand the importance of interactions
between different kingdoms (Bacteria,
Archaea, Fungi and Viruses) on carbon
decomposition and how changes in soil
moisture, such as expected with drought,
influence those interactions. Here, we
specifically aimed to determine the role

of soil viruses. Although soil viruses are particularly diverse in comparison to other habitats!, we
have limited understanding of their identities and distribution. The study of soil viruses is
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particularly challenging because of the enormous range of soil ecosystems, and until recently, the
lack of appropriate molecular screening tools. We aimed to overcome these challenges by
screening hundreds of existing soil metagenomes that were deposited at the Joint Genome
Institute (JGI) for the presence of viruses. We found that the majority of viral diversity in soil is
completely novel, including new giant viruses. Additionally, we screened the viruses for
auxiliary metabolic genes (AMGs) and found several AMGs that corresponded to enzymes
involved in carbon decomposition. We also linked viruses to their hosts using co-occurrence
networks and CRISPR spacer sequence similarity.

To identify patterns of viral biogeographic distribution we manually assigned biomes to each
study using metadata deposited into Integrated Microbial Genomes with Microbiomes
(IMG/M)?. Biomes considered included arctic soil, cultivated and uncultivated prairie,
rhizosphere, and Canadian, Mediterranean, or tropical forests. We found that estimated viral
abundances varied dramatically between these biomes, and that inferred biogeographic
relationships varied as well. For example, comparisons between cultivated and native grasslands
revealed that, in contrast to bacterial diversity®, diversity of viral-encoded AMGs decreased after
cultivation.

We also found that most metagenomics datasets displayed a linearly increasing relationship
between overall nucleotides sequenced and viral nucleotides sequenced indicating that viral
diversity is significantly under-sampled. However, our study greatly advances existing
knowledge of soil viral diversity and abundance and highlights the vast, uncharacterized viral
diversity in soil microbiomes and their potentially important roles in carbon cycling.
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