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A B S T R A C T   

Summary: The Firalink bioinformatics pipeline has been developed to analyse long non-coding RNA (lncRNA) data generated by targeted sequencing. This pipeline 
has been first implemented for use with the FIMICS panel containing 2906 lncRNAs useful for investigations in cardiovascular disease. It has been subsequently tested 
and validated using a panel of lncRNAs targeting brain disease. The pipeline can be adapted to other targeted sequencing panels or other transcriptomics data (e.g. 
whole transcriptome) through a change of the reference genome/panel. Therefore, Firalink can be applied to different lncRNA panels and transcriptomics data 
targeting multiple diseases. 
Availability and implementation: The Firalink pipeline works on Linux and is freely available to non-commercial users at https://gitlab.lcsb.uni.lu/covirna/covirna-ext 
/covirna-firalink-pipeline. Access will be granted after contacting bioinformatics@firalis.com. The pipeline is implemented with the Nextflow workflow manager 
using Python and R scripts. It will remain available for at least two years following publication and will be regularly updated and upgraded. 
Supplementary information: For an example of the application of the Firalink pipeline using the FIMICS panel, see www.covirna.eu.   

1. Introduction 

Long non-coding RNAs (lncRNAs) represent a large group of RNA 
molecules longer than 200 nucleotides and lacking protein-coding po
tential. Instead, they regulate gene expression mostly at the epigenetics 
level and are involved in the development and progression of multiple 
types of diseases such as cardiovascular disease [1]. During the past few 
years, multiple tools and databases have been developed to identify 
lncRNAs and study their expression (Sun et al., 2017, Zhao et al., 2018, 
Iyer et al., 2015, Zhao et al., 2015, Bryzghalov et al., 2021). Hence, 
lncRNAs are attracting a lot of attention by the biomedical research 
community. To facilitate the research on the role and therapeutic po
tential of lncRNAs in cardiovascular disease, we conducted a deep RNA 
sequencing experiment in human failing and non-failing hearts through 
which we identified 2906 lncRNAs that were either enriched in the 
cardiac tissue or differentially expressed between failing and non-failing 
hearts. With these 2906 lncRNAs, we developed the FIMICS panel which 
can be used to identify novel disease markers or therapeutic targets [2]. 
The FIMICS panel is based on targeted sequencing to increase the 
sensitivity of the detection of lncRNAs, which are often weakly 
expressed, especially in blood samples. Therefore, the FIMICS panel 
allows detecting novel lncRNA biomarkers in blood samples that can be 
translated to the clinic and help in patient management [2]. Translation 

of research findings to clinical application in the RNA field is a challenge 
which can be overcome by attention to methodological issues [3] and 
collaborative work between researchers with complementary expertise 
[4]. To facilitate this translation and improve the quality of the analysis 
of sequencing data generated by the FIMICS panel, we developed the 
Firalink bioinformatics pipeline, which was applied to RNA sequencing 
(RNA-seq) data obtained from blood samples of COVID-19 patients. 

1.1. RNA-seq data generation 

We conducted targeted sequencing of 2906 lncRNAs using the 
FIMICS panel [2] in whole blood samples obtained from COVID-19 pa
tients involved in the COVIRNA project aiming to discover lncRNAs 
predicting cardiovascular dysfunction in COVID-19 patients (www. 
covirna.eu). FIMICS libraries were prepared from total RNA extracted 
from whole blood samples and sequenced at 50bp reads paired ends 
(2x50bp) using the Illumina NextSeq2000 sequencer in an ISO17025 
accredited lab. Flow cells of 400 M reads allowed the simultaneous 
quantification of 48 patients and resulted in an average of 8 million 
reads per sample. As described in details in Ref. [2], targeted sequencing 
uses both amplification and capture to enrich lncRNAs which are mostly 
weakly expressed. A first amplification occurs as the last step of library 
preparation (15 PCR cycles). Then the lncRNAs capture panel is used to 
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capture the lncRNAs of interest using biotinylated capture probes. 
Finally, a second amplification step is realized on captured sequences 
(14 PCR cycles). This allows targeted sequencing to be equivalent to 
100X coverage since using a non-targeted approach, more than 550 
million reads are needed to achieve equivalent coverage. 

1.2. Pipeline description 

Similar to other RNA-seq data analysis workflows, the Firalink 
pipeline is composed of five steps: 1) quality control of FASTQ files; 2) 
removal of low-quality reads; 3) evaluation of potential contamination 
with sequences from other species; 4) alignment of reads against the 
FIMICS panel (sequences of the 2906 lncRNAs) and generation of 
lncRNA counts using Kallisto method [5]; 5) compilation of count files 
into a matrix and quality control. 

The following tools are used for each step.  

1. Quality control of FASTQ files. FastQC software generates a report on 
descriptive metrics of the sequences contained in FASTQ [6]. Infor
mation about the number of reads and their duplication level, the 
average Phred quality score, GC composition, and the presence of 
adapters in sequences is provided.  

2. Removal of low-quality sequences. Trimmomatic software removes 
low-quality sequences (reads with the Phred score below 30), 
adaptors or low-quality read extremities [7]. Sequences are 
compared to the classical Illumina adaptors to detect 
contaminations. 

3. Evaluation of potential contamination. Kraken is a taxonomic classifi
cation tool used for the detection of inter-species contamination 
(bacterial, fungal or viral) in samples [8]. It proceeds by alignment of 
each sequence against the provided database and labels each 
sequence with a taxonomic level.  

4. Alignment of reads and generation of count values. Kallisto [5] is a 
pseudo-alignment software used to obtain the count tables for each 
sample against a reference in FASTA format that contains the se
quences of the FIMICS panel. The tool generates K-mer from the 
reference and compares sequences to determine the most likely po
sition of the sequence on the given reference. The R package Txim
port then concatenates the count tables of each sample into a single 
table. 

5. Compilation of quality control (QC) files. MultiQC is a tool that com
piles the QC information from the softwares used in the pipeline. It 
creates a full quality assessment (QA)/QC report which is finally used 
for the creation of the Firalink:FIMICS report. 

An overall workflow of the Firalink pipeline is presented in Fig. 1A. 
Construction of lncRNA matrix. We have written a python script 

that combines lncRNA counts into a single matrix file, which can be 
exported as comma separated file (CSV), tab separated file (TSV) or 
Excel file. The script reads all count files in a directory and combines 
them into a single file. Two files are generated as the result of this 1) 
count matrix and 2) QC matrix, which can be used for further analysis. 

Quality assessment of lncRNA counts. In order to assess the 
quality of the lncRNAs from count matrix, we have written another 
python script that generates reports providing the list of zero variance 
lncRNAs, and lncRNAs with low read counts. This step generates a plot 
showing on the x-axis filter threshold and on the y-axis the number of 
filtered lncRNAs, which satisfy the filtering criteria in defined number of 
samples (Fig. 1B). Each coloured line in Fig. 1B shows the number of 
lncRNAs that satisfy the threshold criteria in different number of sam
ples. For example, the green line shows the number of lncRNAs that 
satisfy the filtering criteria in minimum 500 samples. The filtering 
criteria is defined in term of sum of all lncRNAs that are greater than 
threshold values. For example, x = 10 and green line means that ~1020 

Fig. 1. A. Overall workflow of the Firalink pipeline. B. Relationship between count threshold of lncRNAs and number of lncRNAs that satisfy the count threshold in 
given number of samples indicated by colour code. C. Number of lncRNAs detected from the FIMICS panel using the Partek workflow and the Firalink pipeline. Data 
are from 140 whole blood samples from the PrediCOVID study [9] included in the COVIRNA project. P < 0.001 for the comparison between Partek and Firalink 
(Welch Two Sample t-test). 
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lncRNAs have greater than 10 values in more than 500 samples. Simi
larly, x = 50 and dark blue line means that ~400 lncRNAs have greater 
than 50 values in more than 1000 samples. 

2. Implementation and results 

The Firalink pipeline has been tested using Fastqc v0.11.9, Trim
momatic 0.39, Kraken 2.1.2, Kalisto 0.44.0 and MultiQC 1.12 in whole 
blood samples collected from 140 COVID-19 patients enrolled in the 
PrediCOVID study [9] and included in the COVIRNA project (www. 
covirna.eu). All samples were sequenced with 2x50 paired-end and 1 
bp on average was removed from each sequence because of poor quality. 
GC content remained unchanged during the process of trimming. As 
shown in Fig. 1C, the use of Firalink pipeline allowed to detect more 
lncRNAs from the FIMICS panel as compared to the Partek workflow 
(https://www.partek.com/). The Firalink report used for CE-marking of 
the FIMICS panel is provided as Supplemental material 1. To test the 
applicability of the Firalink pipeline to other settings and disease con
ditions, we conducted an independent targeted sequencing experiment 
with a panel of lncRNAs dedicated to study brain disease. The analytical 
report provided in Supplemental material 2 shows the suitability of the 
Firalink pipeline to be used for other lncRNA panels and targeted 
sequencing experiments. 

3. Novelty and benefits 

While the tools used in the Firalink pipeline are mostly standards, 
they are applied in a coordinated and sequential manner for the first 
time to lncRNAs quantification from a targeted sequencing panel. Using 
targeted sequencing and analysis with Firalink pipeline has a major 
advantage over traditional whole genome sequencing is that it avoids 
multi-mapping and miss alignments. Due to its enrichment of reads and 
high sensitivity, combining targeted sequencing with Firalink pipeline 
allows detecting more lncRNAs than classical sequencing approaches, 
which represents an important asset when studying lncRNAs in samples 
with limited input material, such as plasma or serum in human studies. 
In addition, the use of the Kallisto pseudo-aligner allows a faster analysis 
as compared to other techniques. Firalink facilitates the use and 
strengthens the benefit of targeted sequencing approaches which could 
be helpful not only for discovery but also for clinical application of 
molecular diagnostic tests, a major interest of the EU-CardioRNA COST 
Action network [10]. Firalink pipeline has been developed at first 
instance to work with the FIMICS panel of cardiac-enriched lncRNAs but 
it is applicable to any targeted sequencing data, as shown using a 
lncRNA panel for brain disease. The pipeline can be adapted to other 
targeted sequencing panels or other transcriptomics data (e.g. whole 
transcriptome) through a change of the reference genome/panel. The 
use of the Firalink pipeline can therefore be extended to any research 
project and any disease, thereby covering a wide range of application of 
targeted sequencing. 
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