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Summary

Soil hosts a metropolis of microbes that play a pivotal role in soil health; to
date, however, the vast majority of these microbes remain unknown due to
inaccurate soil microbial databases. This case study created a Soil Health
Metagenomic Database with an associated Profiler Tool to improve
classification of microbes living in soil, which are essential for nutrient
cycling, carbon storage and soil fertility.
The impact of this study demonstrated:
More accurate identification of microbes in soil
Tailoring tools for specific functions such as soil leads to greater
reliability
Specifically, the development of the Irish soil microbiome database has
increased the assignment of microbial taxonomy from 5% to over 90%.
This knowledge will enable industry and farmers to understand how
farm practices impact soil microbes and to leverage soil biodiversity
towards sustainable agricultural practices.
Using a low abundance threshold of 0.001% helped improve accuracy
of classification of organisms.

As technology advances, so does our ability to explore the world beneath our feet—specifically, the soil. While projects on the
human microbiome have shown us the hidden complexities of human bodies at a microscopic level, soil remains complex
and mysterious. The soil microbiome is emerging as one of the critical frontiers in the field of antimicrobial resistance. Studies
suggest that soil ecosystems may contain a vast number of new antimicrobial resistance genes, making them a key area of
investigation. Soil is not just dirt; it is a metropolis of microorganisms that play crucial roles in functions important to
agriculture and climate change, including nitrogen fixation and nutrient breakdown.

A metagenome is the recovery and complete sequencing of genetic material extracted directly from all environmental
samples, providing us with a comprehensive picture of the microbial diversity present in these samples. Understanding these
tiny microorganisms can lead to advances in how we grow food and manage natural resources. However, studying these
microorganisms is tough due to their vast diversity and the limitations of our current tools.

To tackle this challenge, our team developed a special
simulated soil environment—a sort of ‘mock’ soil microbial
community—that lets us test and improve tools used to
identify and study these microorganisms. By using advanced
technologies, such as KrakenZModel metagenomic classifier,
we are refining how we analyse soil samples, making our
studies more precise than ever.

The Kraken2 Model metagenomic classifier is primarily used
for identifying the taxonomic composition of microbial
communities based on DNA sequencing data. We adapted it
for specific use with soil metagenomic data.
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The database generated is a custom Kraken2 database for soil health
KEY incorporating genomes and specific fungal phyla. It was validated against in-silico

ST ATI STI CS metagenomic data from a curated set of soil-specific bacteria, archaea, and fungi,
as well as real-world soil metagenomic data.

The Soil Health Metagenomic Database is a custom-built tool designed for
researchers, industry professionals, and farmers to support more accurate and
efficient analysis of microbial communities in soil. By using this tailored database,

users can better identify the microorganisms present in complex soil samples,
which is essential for understanding soil health and function. One of the key
o benefits of the database is its ability to significantly improve microbial

classification accuracy—from as low as 5% to over 90% in Irish soils—greatly
enhancing the quality of microbial profiling.

Classification accuracy of microbes in Irish soil This innovation also represents a major advance in bioinformatics. By adapting
the Kraken2 software into a soil-specific profiling tool, the project has set a new
standard for developing domain-specific tools in agricultural science. The
database has the potential to support climate action by improving our
understanding of how soil microbes contribute to key processes like carbon
storage and denitrification—both of which are critical to addressing climate
change, in line with the UN Sustainable Development Goal 13.
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In addition, insights gained from using the database can help reduce the need for
chemical inputs like fertilisers and pesticides. By identifying beneficial microbial
functions such as natural nutrient cycling and disease suppression, this tool offers
a pathway toward more sustainable and cost-effective farming practices. Unlike
traditional wet chemistry approaches, this metagenomic tool uses DNA-based
analysis to reveal the genetic potential of soil microbes, including their roles in
antimicrobial resistance. As such, it offers a valuable resource not only for
academic research but also for practical use in industry and farming to guide soil
management decisions that promote long-term soil health and productivity.

Companies in discussion to licence the
database

The Soil database was released by the Teagasc technology transfer office as a

technology offering and has received interest from companies including Carberry

13 E}#‘H‘;E and Nestle. Initial discussions have been held with these companies who all
expressed interest in the database from “One Health” perspective.
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