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Project Goals:

The goals of this project are to fill existing knowledge gaps in our understanding of N- flux and
associated C-turnover in soils and sediments. Novel information about the diversity, distribution,
abundance and expression of genes contributing to N- transformation is required to link desirable (i.e., N-
retention) and undesirable (i.e., N-loss such as that associated with N20O emissions) activities with
measurable microbial parameters. Linking molecular- and organismal-level information with
environmental factors that control N- and C-turnover can predict the impact of land management practices
on greenhouse gas (N20, CO2) emissions. Such integrated approaches generate novel information at
multiple scales of resolution and contribute to system-level understanding of key nutrient cycles in soils.
In the present work, we developed and applied a bioinformatic strategy that calculates the best thresholds
for detecting gene fragments related to specific genes in short-read metagenomes and use it to quantify
the abundance of N-cycle genes in important soil ecosystems for bioenergy crop production in Midwest
US across the year.

Abstract:

Metagenomics studies have shed light onto the natural diversity and abundance for the microbial genetic
potential participating in key environmental processes. However, accurate thresholds that can
discriminate between true and false positive results from commonly used similarity search methods are
rarely discussed nor evaluated. To overcome these difficulties, we developed a methodology aimed to
identify position- specific most-discriminant thresholds from manually curated reference datasets. Our
method applies Receiver-Operator Curve (ROC)-analysis to metagenomic datasets generated in silico to
simulate current short-read sequencing technologies. From the evaluation of true and false positive
matches from similarity searches using simulated datasets, models with the best position-specific most-
discriminating bitscore threshold for nitrogen cycle genes were constructed and evaluated. The
combination of a similarity search algorithms and our strategy, showed an improved false discovery rate
(FDR; from ~4 to 14 times) when compared to traditional arbitrary fixed e-value strategies. This strategy
also showed to have better sensitivity (average increase of ~24%) compare to hidden markov model
searches, although at the expense of more computational resources. In order to apply our tool to real
metagenomic samples, we analyzed short-read metagenomes obtained from two agricultural sites with
contrasting soil textures (sandy versus silty-loam) during four seasons in 2012 at two depths: surface (0-
5cm) and deep (20-30 cm). Most nitrogen cycling genes (e.g., nosZ, amoA and nirK among others) varied
in abundance over the course of the year. For instance, a remarkably high abundance of metagenomic
reads related to atypical nosZ (reduction of N20 to N2) sequences were observed over the year,
accounting for approximately 90% of the total nosZ reads found in both soil layers. Approximately 12%
of the nosZ reads were taxonomically assigned to the Anaeromyxobacter genus, indicating their potential
relevance for N2O reduction. In addition, six amoA (ammonia oxidation) genes, each encoded by distinct
archaeal and bacterial populations, became abundant in the deep sandy samples when seasonal nitrogen
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fertilization was applied. This study provides a bioinformatic tool for reliable detection of target short
gene fragments in metagenomes and advances our understanding of the abundance and diversity of the
nitrogen cycle genetic potential found in different ecosystems. Our publicly available pipeline “ROCker”
is fully automated, freely available, and can be used to investigate any other genes or processes of interest
(www.enve-omics.gatech.edu).
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