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Circular RNAs (circRNAs) are a class of non-coding RNAs formed by the back-splicing of precursor 
messenger RNA to create a covalently closed single-stranded RNA loop structure. Initially believed 
to be a by-product of aberrant splicing [1], recent advancements in bioinformatics methods have 
facilitated the detection of circRNAs in RNA-Seq datasets, with interest in the field revitalised when 
Salzman et al. identified circRNAs in cancer and non-cancer cell lines [2]. circRNAs exhibit tissue- 
and stage-specific expression and are abundantly expressed in blood, serum and exosomes. Their 
context dependent expression and cytoplasmic stability make them ideal candidates as both 
diagnostic and prognostic biomarkers in a clinical setting, facilitating the use of non-invasive liquid 
biopsies for the detection and monitoring of disease status. Furthermore, circRNAs have been 
shown to harbour functionally active and evolutionarily conserved microRNA response elements 
(MREs) within their mature spliced sequence suggesting a regulatory role within the competing 
endogenous RNA (ceRNA) network [4]. 

Currently, there is no consensus on a tool for the quantification of circRNAs within the scientific community. Popular tools include 
CIRIquant, CIRCexplorer2, KNIFE, circRNA Finder, DCC, find circ,MapSplice and Segemehl with each tool utilising different read 
mappers and parsing strategies to detect non-canonical back-splice junction (BSJ) signals in sequencing data. Only one tools 
(CIRIquant) can perform automated differential expression analysis of quantified circRNAs between phenotypes of interest & no 
tool integrates miRNA prediction algorithms to elucidate the circRNA - miRNA bipartite network. Therefore, there is a need for a 
gold standard pipeline capable of leveraging quantification results from multiple tools maximising the circRNA profile in samples, 
automating differentiation expression analysis and performing circRNA - miRNA target prediction to fully elucidate the role of 
circRNAs in RNA-Seq datasets. 

Availability

We present nf-core/circrna, a multi-functional, automated 
high-throughput pipeline implemented in Nextflow [5] that allows 
users to fully characterise the role of circRNAs in RNA-Seq datasets 
via three analysis modules (Figure 2(A)):
(i) circRNA Discovery: The user may choose one of six available 
quantification tools (CIRIquant, CIRCexplorer2, circRNA_finder, DCC, 
find_circ, MapSplice), all tools, or any combination thereof to perform 
circRNA quantification. The workflow offers robust filtering by setting 
the minimum number of BSJ reads and/or the minimum number of 
tools reaching consensus for a circRNA, producing a set of high 
confidence results. Subsequent annotations and customized parsing 
scripts produce the mature spliced sequence in FASTA format, 
coordinates in BED12 format detailing exon usage and information 
regarding parent gene and circRNA type.
(ii) miRNA Prediction: The mature splice sequence is used as inputs 
to both miRanda and TargetScan to predict MRE sites within called 
circRNAs. The user may filter out low confidence predictions by setting 
a cutoff for the MFE as calculated by ViennaRNA. Circos plots are 
generated displaying MRE sites within all called circRNAs (Figure 
2(D)).
(iii) Differential Expression: DESeq2 is used to automatically 
generate outputs for every permutation possible within the 
explanatory variable, whilst controlling for the effects of all other 
covariates within the metadata file. The module outputs DESeq2 
statistical results, diagnostic and expression plots (Figure 2 (B,C)).
Currently, nf-core/circrna is running under a development version, 
with additional enhancements being completed prior to release 
version 1.0.0. Notably, the workflow is being extended to accept 
sequencing reads from multiple species, not just human RNA-Seq 
data. In addition, the miRNA prediction and differential expression 
modules are being decoupled from the computationally intensive 
circRNA discovery module, allowing the user to run both modules with 
different parameters without having to re-run quantification. 

Source code, documentation and installation instructions are freely available at 
https://github.com/nf-core/circrna and https://nf-co.re/circrna. nf-core/circrna has been 
developed within the nf-core framework [6], ensuring robust portability across POSIX compute 
environments, minimal installation requirements via containerisation using Docker/Singularity, 
compatibility with all HPC job schedulers and cloud based instances, comprehensive 
documentation and maintenance support. To run the workflow on a minimal test-dataset (~30 
minutes run time), local installations of nextflow and Docker/Singularity are required:

nextflow pull nf-core/circrna
nextflow run -r dev nf-core/circrna -profile test,<singularity/docker>

Additional workflow parameters can be defined within the configuration profile, specifying 
institute HPC job schedulers (SLURM, Sun Grid Engine, Kubernetes, AWS Batch etc.), 
computational resources, workflow specific flags such as alignment parameters, quantification 
tools and analysis modules to run.  nf-core/circrna runs under the MIT license and as such, 
invites researchers to contribute existing or novel tools in the field of circRNA analyses to 
maintain the workflows contemporary status. If you would like to discuss contributions towards 
nf-core/circrna, please feel free to open an issue on the GitHub source code page. 

Figure 1: circRNA types formed by back-splicing 
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Figure 2: (A) Schematic of the nf-core/circrna pipeline. Grey arrows 
indicate data preprocessing steps, green arrows indicate analysis 
modules available to user. (B) Boxplot of circRNA normalized counts 
between explanatory variables in metadata file supplied to DESeq2.(C) 
Diagnostic 2D PCA scatter plot assessing sample heterogeneity and 
clustering. (D) MRE sites within the mature spliced sequence of a 
circRNA, displaying exon boundaries. 
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Source code, documentation and installation instructions are freely available at https://github.com/nf-core/circrna and 
https://nf-co.re/circrna. nf-core/circrna has been developed within the nf-core framework [6], ensuring robust portability 
across POSIX compute environments, minimal installation requirements via containerisation using Docker/Singularity, 
compatibility with all HPC job schedulers and cloud based instances, comprehensive documentation and maintenance support. 
To run the workflow on a minimal test-dataset (~30 minutes run time), local installations of nextflow and Docker/Singularity are 
required:

nextflow pull nf-core/circrna
nextflow run -r dev nf-core/circrna -profile test,<singularity/docker>

Circular RNAs (circRNAs) are a class of non-coding RNAs formed by the 
back-splicing of precursor messenger RNA to create a covalently closed 
RNA loop structure (figure 1). circRNAs exhibit tissue- and stage-specific 
expression and are abundantly expressed in blood, serum and exosomes. 
Their context dependent expression and cytoplasmic stability make them 
ideal candidates as both diagnostic and prognostic biomarkers in a 
clinical setting.  Furthermore, circRNAs have been shown to harbour 
functionally active and evolutionarily conserved microRNA response 
elements (MREs), suggesting a regulatory role within the competing 
endogenous RNA (ceRNA) network [2]. 

Circular RNAs (circRNAs) are a class of non-coding RNAs formed by the back-splicing of 
precursor messenger RNA to create a covalently closed RNA loop structure (figure 1). circRNAs 
exhibit tissue- and stage-specific expression and are abundantly expressed in blood, serum 
and exosomes. Context dependent expression coupled with cytoplasmic stability make 
circRNAs ideal candidates as both diagnostic and prognostic biomarkers in a clinical setting, 
facilitating the use of non-invasive liquid biopsies to monitor disease status. Furthermore, 
circRNAs have been shown to harbour functionally active and evolutionarily conserved 
microRNA response elements (MREs), suggesting a regulatory role within the competing 
endogenous RNA (ceRNA) network [1]. 

Figure 1: Backsplicing of pre-mRNA, producing circRNAs, ciRNAs & EI-ciRNAs [2].
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Figure 3: Schematic of nf-core/circrna workflow. The workflow is composed of 4 modules: 
Pre-processing, circRNA Discovery,  miRNA Prediction & Differential Expression Analysis. 
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Availability
Source code, documentation and installation instructions are freely available at 
https://github.com/nf-core/circrna and https://nf-co.re/circrna. nf-core/circrna has been 
developed within the nf-core framework [4], ensuring robust portability across POSIX compute 
environments, minimal installation requirements via containerisation using Docker/Singularity, 
compatibility with all HPC job schedulers and cloud based instances, comprehensive 
documentation and maintenance support. To run the workflow on a minimal test-dataset:

> nextflow pull nf-core/circrna
> nextflow run -r dev nf-core/circrna -profile test,<singularity/docker>
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Currently, there is no consensus on a circRNA quantification tool within the scientific 
community. The most popular tools utilise different read mappers and parsing strategies 
(de-novo, reference-guided) to detect non-canonical back-splice junction sites within 
sequencing reads. Only one tool is capable of performing differential expression tests between 
phenotypes of interest and no tool incorporates miRNA target prediction (figure 2). 

To address these shortcomings, we present nf-core/circrna, a multi-functional, automated 
high-throughput pipeline implemented in Nextflow [3] that allows users to fully characterise 
the role of circRNAs in paired-end RNA-Seq datasets (figure 3).

Figure 2: A brief summary of the installation requirements for several of the most popular circRNA 
quantification tools and their mode of operation. 

Contact
The authors of nf-core/circrna encourage engagement from the research community in the 
form of pull requests or issues via github. If you wish to contribute a novel or pre-existing 
circRNA tool to nf-core/circrna, please contact me at the usernames below to discuss 
integrating your tool within the workflow. 

Figure 4: A: Demonstration of nf-core/circrna using BioProject accession number PRJNA669975 [5] in 
conjunction with nf-core/fetchngs [6]. B: PCA bi-plot of circRNA expression between fust1 & N2 
strains. C: Circos plot of consensus miRNAs predicted by both miRanda and Targetscan within circRNA 
mature spliced sequence. D: Sample-to-sample clustering heatmap displaying sample heterogeneity. 
E: Volcano plot displaying differentially expressed circRNAs Log2FC values vs. p value (-log10). F: 
Heatmap of differentially expressed circRNAs. E: Normalised counts of differentially expressed circRNA 
chrI:2173755:2174986:+ between fust1, N2 samples (N=3).
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