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Introduction

This project investigated the diversity and spatial distribution of soil viral communities across Australia
through a coordinated program of field sampling, laboratory protocol development, high-throughput
sequencing, and integrated bioinformatic and spatial analyses.

The project progressed from a pilot study in New South Wales to a continental-scale sampling campaign.
In parallel, robust protocols for soil nucleic acid — deoxyribonucleic acid (DNA) and ribonucleic acid

(RNA) — preservation and extraction were developed, enabling reliable recovery of viral genetic material
from remotely collected samples. A national sampling framework was established along the

500 mm to 600 mm rainfall isohyet that represents Australia’s major agricultural regions from which soils
spanning diverse soil types, environmental conditions and land-use systems were collected. Using
shotgun metagenomic and meta transcriptomic sequencing, one of the most comprehensive continental-
scale soil viral datasets to date was generated. In the process, over 680,000 DNA viral operational
taxonomic units and more than 13,000 novel RNA viruses were identified, 86% of which are assigned to
the microbe-associated phylum Lenarviricota.

Findings

Through integrative analyses combining pedometric approaches with biomolecular data, the project
revealed that variation in annual precipitation is the primary driver of soil viral diversity at the
continental scale, with viral diversity exhibiting a distinctive inverted U-shaped relationship with soil pH.
The way environmental selection process’s structure bacterial and fungal distributions across the
continent was characterised. A scale assessment of microbial functional groups, including antibiotic
resistance genes and microbial growth strategies in relation to soil carbon cycling, was also conducted.

The comprehensive datasets generated in this study provide a valuable national reference resource for
future investigations of soil biodiversity and will support evidence-based soil management, sustainable
agriculture and environmental monitoring across Australia.
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More information

Learn more about the Soil Science Challenge Grants Program.

Contact the project lead, Professor Budiman Minasny.
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