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Abstract. We present ContFree-NGS, an open source software that removes reads
originating from contaminant organisms in your sequencing dataset. The user has
to provide a target taxon, and anything that does not belong to this taxon or its
descendants will be labelled as contaminant. In order to achieve this, ContFree-
NGS exploits results from a taxonomy assignment engine, like Kraken2 or Kaiju.
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1 Introduction

Second and third generation DNA sequencing technologies are powerful tools that are
revolutionizing biology. However, results from these technologies often present con-
tamination, which could impact their interpretation [1, 2]. A contaminating sequence is
one that does not faithfully represent the genetic information from the biological source
organism because it contains one or more sequence segments of foreign origin, and they
could cause several problems in downstream analyses. The primary consequences of
contamination are time and effort wasted on meaningless analyses, erroneous conclu-
sions drawn about the biological significance of the sequence, misassembly of sequence
contigs and false sequence clustering, delay in the release of the sequence in public
databases and pollution of public databases [3].

Recently, some tools have been made available that aim to remove sequences from
contaminating organisms in next generation sequencing (NGS) datasets. DecontaMiner
is a tool to unravel the presence of contaminating sequences in the set of reads that do
not map to a reference genome [4]. Conterminator removes contaminating sequences
from contigs exploiting a taxonomic assignment file [5]. QC-Blind is an automatic
tool to do unsupervised assembly and contig binning to identify and remove putative
contaminants [6]. These tools have in common that they either require a reference genome
of the source organism, or need to perform assembly prior contaminant detection. Our
goal was to develop a simpler tool to remove contaminated sequences directly from
unassembled reads, without mapping, exploiting fast k-mer analysis implemented in
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taxonomic assignment engines commonly used in metagenomics. Thus, we developed
ContFree-NGS, an open source and very simple filter that removes sequences from
contaminating organisms in NGS datasets based on a taxonomic classification file.

2 Implementation

ContFree-NGS was implemented as a single Python v3 (>3.6) script, using the biopy-
thon module and the Python Environment for Tree Exploration (ETE). In order to assess
contamination, ContFree-NGS exploits a taxonomic assignment file containing the read
identifier and a NCBI taxonomic identifier for every sequence in the dataset. This tax-
onomic classification file can be generated with a taxonomic assignment engine, such
as Kraken2 [7] or Kaiju [8]. ContFree-NGS requires that the user provide a target taxon
and only reads assigned to this taxon or to its descendants will be regarded as target
sequences and further maintained. Sequences not assigned to the target taxon or its
descendants will be discarded and sequences that could not be assigned to any taxa will
be kept in a separated unclassified file. ContFree-NGS will process the NGS dataset and
the taxonomic assignment file in the following way:

1. It creates an indexed database for the sequencing dataset (FastQ format) using the
Bio.SeqlO.index_db function with the index stored in a SQLite database;

2. TItcreates a list with the NCBI identifier for the target taxon and all the identifiers of
its descendants according to the NCBI taxonomy database;

3. It iterates over the taxonomy assignment file. If the read was not assigned to any
taxa it is saved in a fastq file for unclassified reads. If the read was assigned, it will
check if its taxon is found in the list of the target taxon descendants, created in step
(i1), if so, will save the read to a fastq file for filtered reads, otherwise the read will
be discarded.

As ContFree-NGS exploits the results from a taxonomic assignment engine, users
must use the proper switches to achieve an accurate classification, for instance a proper
value of the --confidence switch in Kraken?2.

3 Evaluation

We evaluated ContFree-NGS on three sugarcane artificially contaminated datasets, A
(50.000 paired end reads), B (250.000 paired end reads) and C (1.250.000 paired end
reads). In all datasets 80% of the reads came from sugarcane (SRR1774134), 15% came
from Acinetobacter baumanii (SRR12763742) and 5% came from Aspergillus fumigatus
(DRR289670). We used Kraken?2 for taxonomic assignment. To perform that, we built a
Kraken?2 custom database containing the following reference libraries: archaea, bacteria,
viral, human, fungi, plant, protozoa and the NCBI non-redundant nucleotide database.
Then, Kraken2 was run with the confidence set to 0.05, resulting in the following number
of classified sequences: dataset A: 25.547, dataset B: 128.396, dataset C: 664.270.
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At the confidence level of 0.05 set in Kraken2, ContFree-NGS was able to remove
over 99% of the known contaminants in the set of classified reads. We run ContFree-
NGS on a high performance computing (HPC) cluster and recorded RAM usage and
processing wall time for the three datasets (see Fig. 1).
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Fig. 1. This figure shows the RAM usage and time consuming to remove contaminants of the three
sugarcane artificially contaminated datasets. Memory usage is low and independent of the number
of classified sequences and wall time scale rapidly with the number of classified sequences. To
reduce time consuming, the end user could split the taxonomy assignment file in several files and
process them in parallel. Check our GitHub (https://github.com/labbces/ContFree-NGS) page for
more details.

4 Conclusion

ContFree-NGS is a very simple filter and useful tool that removes sequences from
contaminating organisms in a NGS dataset.
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