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Motivation

Shotgun Metagenomics allows to unveil the composition of microbial communities colonizing
several biological niches such as human gut and vagina or environments such as wastewater. The
DNA extraction and direct sequencing via Next Generation Sequencing (NGS) platforms allow to
generate genomic sequences by using meta-assembler and binning algorithms. Once “draft
genomes” also called Metagenome Assembled Genomes (MAGs) are obtained, they can be
classified in an appropriate taxonomy and annotated via gene prediction. To date, there are few
tools able to taxonomically classify MAGs and some rely on alignment approaches as CheckM [1]
or on multiple strategies such as CAMITAX [2]. Alignment-based algorithms assume collinearity
among the analyzed sequences relying on a homology hypothesis but do not consider high
mutation rate, genetic recombination, horizontal gene transfers and genes duplication [3].
Moreover, parameters and heuristics affect alignment-based algorithms reproducibility. In this
scenario we present kMetaShot, an alignment-free taxonomic classifier based on k-mer/minimizer
counting.

Methods

kMetaShot is made by a reference generator and a classifier module. The reference generator
algorithm is based on the selection of relevant minimizers at genus and strain levels in a
taxonomic division of interest (e.g. Bacteria). In brief, if the k-mer is a DNA sequence substring k
nucleotides long, a minimizer is a k-mer substring n nucleotides long, chosen using a minimizing
criterion (e.g. lexicographic) to synthetically represent a k-mer [4]. kMetaShot starts executing
the minimizer counting in CDS (coding sequences) and ncRNAs (non-coding RNAs) from bacterial
genome available in RefSeq. This operation produces a non-redundant set of minimizers for each
genome. Then, by using the NCBI taxonomy the algorithm discards minimizers shared between
genomes belonging to different genera and retains only minimizers exclusively represented in
genome(s) of the same strain or the same genus. Retained minimizers and related taxonomy
identifiers (taxid) are stored in a so-called storage matrix. Once the storage matrix is complete,
kMetaShot is able to classify query sequences or bins/MAGs by applying a classification
algorithm. It firstly decomposes the query sequences/MAGs in minimizers sets and then query the
storage matrix to retrieve related taxonomic information if available. Finally, the classification
algorithm applies a prevalence criterion to perform the taxonomic classification.

The kMetaShot reference generator was applied on 199,863 RefSeq Bacterial genomes
(downloaded 1/10/2020) corresponding to 3,252 genera and 58,550 strains and the obtained
reference was tested on 954 bacterial HMP (Human Microbiome Project [5]) genomes. In the
testing phase ass2ref (a parameter weighting the assignment reliability) was finely tuned to avoid
unreliable strain classifications. Also, a benchmark against CheckM and CAMITAX was performed
by using a mock community containing 100 RefSeq Bacterial Genomes.

Results

The kMetaShot reference generator algorithm founds 665,757,464 relevant minimizers.

In the test performed on the HMP genomes, kMetaShot correctly assigned 489 (51.26%), 853
(89.41%), 909 (95.28%) genomes at strain, species and genus, respectively. The ass2ref
parameter application improved precision from 51.26% to 76.86% for classification at strain level.
Finally, a benchmark was performed to classify 98 MAGs obtained from meta-assembly and
binning of the in silico generated mock community. 97, 77 and 69 MAGs were correctly assigned
at species level respectively by kMetaShot, CheckM and CAMITAX. The False Positive Rate was
0.0002 for kMetaShot and 0.0001 for CheckM and CAMITAX at species level. kMetaShot was the
only one able to correctly assign 68 bins at strain level.
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Image file represents the kMetaShot flow chart for “reference generator” and “classifier”
modules.
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