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Abstract: The vast amount of currently available transcriptome sequences is comprised of [llumina RNAseq data. Usually, publicly

available datasets are provided as raw data and preparing them for the downstream NGS analysis is the first step required. Such

preprocessing step, besides the evaluation of the quality of the raw data, includes data filtering, in order to provide high quality
results of the downstream analysis. Existing tools for NGS data filtering are either too general or incomplete for the Illumina
RNAseq filtering task, which is why a new tool for this endeavor was needed. We present prepRNA, a novel tool intended for
[llumina RNAseq data filtering, which was designed as a comprehensive and user-friendly wrapper tool with possibility of further

upgrading with a quality control option.
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INTRODUCTION

In all eukaryotes genome content is transcribed
from DNA molecule to RNA molecule by complex bi-
ological process. Entirety of RNA molecules, which
may arise in the transcription process, make a com-
plete transcriptome of that organism. Total eukary-
otic transcriptome is comprised of two different
classes of RNA molecules: 1) coding RNAs - messen-
ger RNAs (mRNAs) and 2) non-coding RNAs - ribo-
somal RNAs (rRNAs), transport RNAs (tRNAs), short
RNAs (miRNAs, piRNAs, siRNAs, snRNAs, snoRNAs)
and long non-coding RNAs (pRNAs, eRNAs, gsR-
NAs, lincRNA, NAT), with different functions. More-
over, total transcriptome has a variable content and
structure, and its composition directly depends on
internal and external conditions, enabling real-time
adaptation of an organism to developmental stage

and surrounding environment. The main causes of
variability in transcriptome content in eukaryotes
include alternative splicing, inclusion, exclusion and
up- or down-regulation of expression of individual
genes via their regulation pathways.

RNA sequencing (RNAseq) represents deter-
mination of the sequence of nucleotides in total
transcriptome of one organism. Since tRNAs and
rRNAs are considerably more abundant than the
rest of RNAs, they are usually physically removed
during NGS library preparation in order not to
mask the rest of the transcriptome. Further, total
transcriptome contains numerous different mRNA
transcripts at different levels of intron processing.
Determining complete RNA content and presence
of individual transcripts in RNA, their number and
possible nucleotide changes in different organisms,
different tissues of one organism, different stages
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of development and different environmental condi-
tions are important for gene expression determina-
tion, leading to insights in potential genes’ roles and
pathways of regulation as well as in phylogenetic
analysis and evolution of certain molecular path-
ways, gene families, etc.

For the last 40 years, determining total RNA con-
tent and content of individual RNA classes and tran-
scripts has been an active issue, during which sever-
al sequencing technologies were developed. These
new sequencing technologies included: Roche 454,
SOLiD, Ion Torrent, Illumina, PacBio and Oxford
Nanopore platforms, based on different approaches
to determine precise sequence with deep cover-
age. Increased availability of such Next Generation
Sequencing (NGS) technology provided the vast
amount of RNA-seq data, since it became favored for
transcriptome analysis due to higher coverage and
resolution when compared to Sanger and microar-
ray sequencing [1].

Overall insight in publicly available NCBI GEO
datasets revealed that among 161,145 published
RNAseq datasets (date of search March 17% 2022),
255 originated from ION Torrent technology, while
160,890 originated from Illumina, implying that Il-
lumina platform is the most popular choice for RNA-
seq analysis among researchers.

FILTERING SEQUENCED DATA

First step in any NGS analysis is to preprocess the
NGS data: to check the quality of the raw data and,
according to results of the quality control, to remove
the adapters’ sequences, contaminating sequences
and to omit low quality portions of the NGS dataset
(NGS data filtering). Thus, in the Illumina RNAseq
domain, necessary data filtering tasks include [2]:
contaminant removal in a narrow sense, adapter re-
moval and trimming of low-quality nucleotides.

One of the steps in the process of preparing a
sample for NGS sequencing includes adding short
sequences of known and constant nucleotide con-
tent, called adapters, at the end of every fragment.
Although adapters should not be present in the re-
sulting raw set of NGS reads, sometimes, when the
length of sequenced molecules vary, as commonly
happens when working with total transcriptome
(due to the nature of transcriptome composition),
adapters are retained at 3’ end of a sequence. Their

presence can be noticed during the NGS quality con-
trol, where several checkpoints indicate abundant
presence of the adapters. Even if the quality control
checkpoints do not show the presence of the adapt-
ers, it still does not exclude their presence, because
the quality control tool may not report adapters
if they are not abundant enough to reach a suffi-
cient extent in a randomized sample. Nevertheless,
adapters should be removed from the NGS dataset,
because their presence degrades the quality of the
obtained results. Usually, general tools for trim-
ming/preprocessing of NGS data, like Trimmomatic
[7], Cutadapt [8] and AfterQC [9], are used for the
adapter removal task, but there are also other, more
specialized tools, like Scythe.

Contaminants in a narrow sense include all se-
quences originating from different organisms than
the one that was sequenced and as such should be
removed from the sequenced data. The first insight
in the level of contamination is given by the qual-
ity control checkpoints, but in order to get all infor-
mation further exploration is needed. Contaminant
organisms can be detected by sampling 500-1,000
sequences from the RNAseq dataset and searching
against the BLAST database. If contaminant organ-
isms are detected, level of contamination can be
determined by specific tools for this task, like Vec-
Screen [3] and FastQScreen [4] or with broader pur-
pose tools that have this functionality, like DeconSeq
[5]. Contamination removal may be done by using
specialized tools like BioBloom or by tools with
broader scope like FastqPuri [10] and DeconSeq or
even by mapping the NGS data to the reference ge-
nomes of the sources of the contamination.

All currently available NGS platforms have cer-
tain technological limitations and the presence of
some low-quality nucleotide sequences is expected
in the sequence dataset. Illumina NGS sequenc-
ing uses approach called sequencing-by-synthesis,
which is error-prone in its nature and may be the
reason of occasional low-quality nucleotides to oc-
cur. Usually, in order to deal with these parts of the
NGS sequence, the low-quality base trimming is
used. Low quality base trimming is a necessary step
in a filtering process and it is included in all general
tools for filtering/preprocessing of NGS reads. Ini-
tial checkpoints of NGS quality control indicate posi-
tion and level of low-quality bases, which should be
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used as guidelines for the lower quality boundary in
the NGS reads and decision on their removal.

RELATED WORK

There are many available tools for filtering NGS
data, but among them there are very few designed for
filtering RNAseq data, and none of them is specialized
for [llumina data. That is why, until now, the only op-
tion was to use more general tools for RNAseq data
filtering tasks, like Trimmomatic, Cutadapt and After-
QC. Trimmomatic is a tool for filtering [llumina NGS
data, Cutadapt is a fully general NGS filtering data
tool, while AfterQC is a tool intended for NGS data
preprocessing with partial quality control support.

From the perspective of [llumina RNAseq filter-
ing approach, all three tools have similar function-
alities: they all have features for quality trimming,
adapter removal and removing of the reads below
specified length. While AfterQC tool removes adapt-
ers automatically, Trimmomatic and Cutadapt, as
general tools, have to be provided with the adapters’
sequences specific for the used platform. Among
two later general tools the difference is in a way of
forwarding of adapters’ sequences: Trimmomatic
expects an input file with adapters’ sequences and
Cutadapt accepts adapters’ sequences as command
line argument. Users may have troubles with provid-
ing adapter sequences if they are not familiar with
sequencing technology and how to find the list of
used adapters. Trimmomatic, as a tool designed for
[Nlumina NGS data, offers several files with usual II-
lumina adapters, but still, the user may be confused
which one to choose if they do not have information
about the sequencing process. Also, all three tools
have a similar disadvantage by missing the feature

contaminant index download —

contaminant indexing o=

optional

prepRNA

for contaminant removal in a narrow sense, because
this feature is needed to facilitate the further down-
stream analysis.

Besides general NGS tools, there are also tools spe-
cialized for RNAseq data, like FastqPuri and RNA-QC-
Chain [11]. RNA-QC-Chain is a tool for RNAseq data
preprocessing with partial quality control support
and no contaminant removal in a narrow sense. Ac-
cording to [10], FastqPuri is a tool for [llumina RNA-
seq data preprocessing with partial quality control
support, butitlacks user instructions, documentation
and support. Also, tool installation failed on several
Unix machines because of unsupported R packages.

Due to all above mentioned issues, we created pre-
pPRNA, as a user-friendly tool meant for [llumina RNA-
seq complete filtering, which promotes reusing and
repurposing instead of reinventing, through combin-
ing the best solutions from the existing sources.

IMPLEMENTATION

prepRNA is a command-line Unix wrapper tool
built around Trimmomatic and Bowtie tools, which
enables comprehensive and user-friendly complete
filtering of I[llumina RNAseq data. It was intended
to be used after finished quality control of RNAseq
data and relies on the information on determined
level of contamination. The general architecture of a
prepRNA tool is presented on Figure 1.

prepRNA consists of three modules: contaminant-
index-download module, contaminant-indexing
module and filtering module. All modules are easy-
to-use with a clear and concise user manual given
under --help option. Contaminant-index-download
module represents an optional module that enables
downloading reference genomes for commonly rep-

RNAseq

\v

filtering

Figure 1. prepRNA tool architecture
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resented Illumina RNAseq contaminants in a narrow
sense, which include: PhiX bacteriophage as control
viral DNA, vectors like plasmid, phage, cosmid, BAC,
PAC, YAC and transposable elements from the clon-
ing host, which is usually Escherichia coli or yeast and
human as the NGS library and NGS platform handler.
Options offered in this module are straight-forward
and every listed contaminant has a separate option
which invokes its download. Tool creates a directory
inside the current directory where downloaded DNA
sequences are stored. After downloading required
contaminant reference genomes, they are automati-
cally indexed in order to enable decontamination of
[llumina RNAseq data. This is performed within the
contaminant-indexing module, which was built as the
wrapper around bowtie-build functionality for index-
ing sequencing data of the Bowtie tool. Bowtie tool is
a well-known and broadly used tool for mapping of
DNAseq data, but in this case, it was used for indexing
and mapping of RNAseq data of selected contaminant
organisms, because no splice-awareness is needed
for decontamination of RNAseq data. Once created,
indexes are stored together with contaminant se-
quences and could easily be reused in other sequenc-
ing projects. Since contaminant-indexing module de-
pends on the contaminant-index-download module,
they share the same options.

The filtering module was built as a wrapper
around Trimmomatic and Bowtie tools, offering nec-
essary and sufficient options for preprocessing of I1-
lumina RNAseq data: contaminant removal in nar-
row sense, adapter removal and quality trimming.
For all of the aforementioned tasks, a separate op-
tion is offered. Contaminant removal option expects
value as a string that contains first letters of contam-
inants in any order. Quality trimming option expects
integer value between 1 and 40, covering the full
range of quality values available in [llumina RNAseq
data. Adapter removal is fully automated step and it
has no value, because the domain of interest is spe-
cialized to Illumina RNAseq. Additionally, filtering
of extremely short nucleotide sequences was set to
be done automatically, while duplicate removal and
removal of the content bias at the 5’ end were omit-
ted, as not beneficial for the further analysis of the
[llumina RNAseq data [2].

Regarding the steps of adapter removal, qual-
ity trimming or adapter removal together with

quality trimming, prepRNA was created as a wrap-
per tool around Trimmomatic. Trimmomatic is a
widely used tool for filtering Illumina sequencing
data characterized by good performance, but not as
user-friendly for people not having good computer
skills. Moreover, Trimmomatic lacks some impor-
tant functionalities necessary for preprocessing of
RNAseq data, like removal of contaminants in a nar-
row sense, which is why we added this functional-
ity by using the mapping method with the Bowtie
tool, through which RNAseq data are mapped to the
selected downloaded and indexed contaminant ref-
erence genome. Only unmapped data are then pro-
cessed and forwarded for further RNAseq filtering
or offered for output in adequate format, depending
on the task. Also, in prepRNA tool the parameters
used in adapter removal, quality trimming or adapt-
er removal together with quality trimming are au-
tomatically set to the values which showed the best
performance for RNAseq data globally. In that way,
prepRNA is easy to use by non-computer specialized
users, like biologists, physicists and chemists.

EVALUATION

There is a lack of tools for raw Illumina RNAseq
data filtering, which is why more general filtering
tools are being used for this task, leading to differ-
ent difficulties for non-computer specialized users.
Although most of general tools give good results for
selected tasks, none of them offer a complete list of
filtering tasks needed for the Illumina RNAseq data.
Unlike similar existing tools, prepRNA provides
complete and comprehensive filtering of Illumina
RNAseq data. Comparison of five existing filtering
tools with prepRNA tool is given in the Table 1.

In the matter of domain, among six compared
tools, three tools were designed for RNAseq data
and two tools were adapted for Illumina data, but
only prepRNA was designed for both Illumina and
RNAseq data. Regarding user friendliness and easi-
ness for installation three out of six tools met both
criteria: Cutadapt, AfterQC and prepRNA, but among
them only prepRNA was designed for RNAseq and
[llumina data. Features comparison showed that
among six tools only two, prepRNA and FastqPuri,
provided all the features needed for preprocess-
ing of [llumina RNAseq data, but FastqPuri did not
meet two other important criteria of being easy to
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Table 1. Comparison of tools for filtering RNAseq data. QC - quality control, CR -contaminant removal, AR- adapter removal, QF -

quality filtering
Tool prepRNA Trimmomatic Cutadapt FastqPuri AfterQC RNA-QC-Chain
Language C, java java C,Python C,R C,Python C++
Mode SE, PE SE, PE SE, PE SE, PE PE SE
Format fq.gz fq* fq, fa, gz fq* fq fg,fa
RNAseq + + - +
lllumina + + -
easy to install + + + + +
easy to use + + +
Qc +/- +/- +/-
CR + +
AR + + + + + +
QF + + + + + +

install and easy to use, while prepRNA did. Regard-
ing this last consideration one should have in mind
that aforementioned tools are designed for Unix-
like systems and mostly used on server machines,
where regular users do not have permissions for
installing software anywhere but the home direc-
tory. This makes installing dependencies difficult,
which may disable functionalities of a tool. That is
why it is more convenient to use tools developed on
programming languages that are built in the system,
because compatibility and functionality are guaran-
teed in that case.

Considering tools’ availability to be used with
two reading modes, single-end (SE) and paired-
end (PE), most of aforementioned tools, including
prepRNA, supported both ways. This feature is im-
portant because Illumina PE sequencing is widely
used RNA sequencing method and supporting PE
reading in RNAseq filtering is necessary. In PE read-
ing, obtained sequences are more reliable because
sequencer reads every fragment twice, rather than
in SE reading, where fragments are read once. In re-
spect of tools support of sequencing formats, it was
essential to support the widely used compressed
format for Illumina RNAseq data, fastq.gz (fq.gz)
format, which stand for all aforementioned tools,
including prepRNA. Finally, RNAseq data filter-
ing resides on the results of quality control, which
makes convenient for RNAseq quality control and
RNAseq data filtering to be combined in one tool.
Even though three out of six tested tools - FastqPuri,
AfterQC and RNA-QC-Chain tried to implement this
task, none of them provided comprehensive quality

control needed for RNAseq data. Thus, prepRNA did
not tried to implement it, but rather to lean on out-

put of existing comprehensive quality control tools,
like FastQC.

CONCLUSION

Existing tools that can be used for [llumina RNA-
seq filtering tasks lack some functionalities neces-
sary for the completeness of the filtering process.
Thus, we developed prepRNA, a user-friendly and
comprehensive tool for NGS data filtering designed
especially for Illumina RNAseq data. prepRNA is
maintained, easy-to-install and easy-to-use tool with
clear user manual and installation instructions. This
tool was designed as a wrapper tool, combining two
broadly used tools in the bioinformatics community,
with an aim to fulfill all the requirements of the II-
lumina RNAseq data filtering process. It provides
contaminant removal, adapter removal and quality
trimming steps, for which it uses parameters, de-
termined to be the best from global RNAseq prac-
tice, as default ones. Moreover, prepRNA can be ex-
tended with quality control functionality in order to
address the whole process of [llumina RNAseq data
preprocessing. Finally, prepRNA takes user’s input
in short and unambiguous form expecting only RNA
sequences files and desired filtering options pro-
vided as an input, making it highly desirable among
non-computer specialized users.
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