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1. Summary of Results
The nf-core project partners, a community-based effort to collect Nextflow best-practice
bioinformatics pipelines implemented with Nextflow as workflow manager, have
established a set of standards to deliver reproducible and interoperable data analyses
pipelines. In this BovReg deliverable (D3.1), we describe how these standards provide a
perfect framework to develop BovReg reference pipelines for the annotation of the
functional genome of cattle. Besides, the nf-core community leads an effort to collect a set
of best-practice bioinformatics pipelines following these standards. We show in this
deliverable, how, as part of this effort, pipelines are available on the nf-core website for
many of the bioinformatics analyses to be implemented within BovReg. In this manner,
these pipelines can be used as the basis for the development of the BovReg reference
pipelines. Together with following nf-core standards, this framework should guarantee that
BovReg pipelines adhere to current computational best practices and thus, represent a
long-lasting resource for the community.
2. Introduction
BovReg aims to characterize the cattle functional genome. For this purpose, there is a need
to implement several genomic analysis pipelines. The goal of BovReg is for these pipelines
to become the reference (or normalized) computational resource for the reannotation of
cattle genomes. Thus, the uptake of FAIR (findable, accessible, interoperable and reusable)
research principles for scientific reproducibility (Wilkinson et al. 2016) will permit to
develop pipelines following best practices regarding computational reproducibility,
interoperability. It will furthermore enable the reuse of these pipelines when new data
becomes available.
Flagship human genomic projects such as ENCODE (Dunham et al. 2012) and GTEX (Ardlie
et al. 2015) have previously implemented reference bioinformatics analyses. Nevertheless,
since the time when these projects were carried out the field of computational biology has
seen an explosion of powerful new standards for reproducibility and interoperability
(Grüning et al. 2019; Lamprecht et al. 2019). Hence, the porting of several of these pipelines
becomes the first step towards our goal of implementing fully normalized bioinformatics
workflows within the framework of BovReg.
Workflow manager systems have recently become the basis to implement interoperable
reproducible-analysis pipelines (Baichoo et al. 2018). This is achieved thanks to features
such as the native capability to enable pipeline portability between different computational
infrastructures and the integration of container technologies (Di Tommaso et al. 2015).
Thus, workflow managers like Snakemake (Köster and Rahmann 2012) or Nextflow (Di
Tommaso et al. 2017) constitute the backbone of normalized workflows. The Nextflow
community has been especially active in this regard and as a natural consequence, nf-core
has emerged as a prime example of a community-based effort to collect and curate best-
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practices analysis pipelines (Ewels et al. 2020). Since the early stages of the project, the
Comparative Bioinformatics group at BovReg partner CRG has been part of this initiative as
much by the creation and maintenance of Nextflow itself as by its active contribution to nfcore.
3. Core Report
The pipelines collected by nf-core guarantee its full portability, reproducibility, and
interoperability by enforcing a set of minimal requirements (Ewels et al. 2020). BovReg
shares this same objective since its reference pipelines should be normalized to:
1) allow its deployment in most popular cloud providers as well as HPC clusters,
2) enable the consistent reproduction of its results and,
3) guarantee the interoperability between the different yielded results.
To this end, during the FAANG Shared Workshop meeting at Hinxton (UK), which took place
in February 2020, BovReg agreed on adopting nf-core as the standard for the
implementation of reference BovReg analysis pipelines. nf-core requirements are
summarized in Annex 1 to this document. BovReg reference pipelines will adhere to these
guidelines to ensure that they follow best practices for scientific-computing (Möller et al.
2017; Grüning et al. 2018).
The points covered by nf-core guidelines will guarantee that BovReg reference pipelines
achieve the above-enumerated standardization goals. Briefly, the implementation of the
pipelines using Nextflow makes them platform agnostic (addressing point 1 above) enabling
its deployment in virtually any computational environment from a local machine (testing
mode) to the cloud. Besides, Nextflow natively integrates container technologies, such as
Docker (http://www.docker.com) and Singularity (https://sylabs.io/), and package and
software environment management systems such as Conda (https://conda.io).
Enforcing the use of these solutions ensures that the same computational results are
reproduced by running the analysis exactly in the same computational environment and
thus provides a solution to point 2 above (Di Tommaso et al. 2015; da Veiga Leprevost et al.
2017).
Furthermore, nf-core guidelines recommend using standard file formats, to share a
common pipeline structure, and to thoroughly document the pipelines, three key aspects
to enable the interoperability of the results of the different pipelines (point 3 above).
Finally, further points of the guidelines such as the requirement of a minimal test dataset
and the need to pass the automated continuous-integration test using these data, among
others, provide the basis to develop pipelines following existing computational best
practices. (See Annex 1 for a more detailed description).
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We set as the first step towards the standardization of BovReg reference pipelines, the
porting of ENCODE project analysis pipelines following current best practices in terms of
computational reproducibility and interoperability. In this manner, the ported pipelines
should become the backbone to build BovReg normalized pipelines adapted for our specific
needs and data (i.e. cattle). Notably, as a result of nf-core community effort to collect and
curate a set of best-practice analysis pipelines, many of the ENCODE analysis pipelines
(https://www.encodeproject.org/pipelines/) find their counterpart implementation on nfcore (https://nf-co.re/pipelines) as summarized in Table 1. These standardized pipelines
could thus represent the backbone for the development of BovReg reference pipelines.
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Type of
analysis
RNA-seq

CAGE-seq
ChIp-seq

ATAC-seq

WGBS
HiC-seq
GWAS

Data subtype

ENCODE link

RNA-seq of long RNAs
(paired-end, stranded)
RNA-seq of long RNAs
(single-end, unstranded)
Small RNA-seq single-end
pipeline
microRNA-seq pipeline
RAMPAGE or CAGE
(paired-end)
Histone ChIP-seq
(unreplicated)
Histone ChIP-seq
(replicated)
Transcription factor ChIPseq
Transcription factor ChIPseq (unreplicated)
Dnase-seq (single-end)

https://www.encodeproject.org/pipelines/ENCPL002LPE/

Equivalent nf-core pipeline

nf-core status

https://nf-co.re/rnaseq

Released v1.4.2

https://www.encodeproject.org/pipelines/ENCPL337CSA/

https://nf-co.re/smrnaseq

Released v1.0.0

https://www.encodeproject.org/pipelines/ENCPL444CYA/
https://www.encodeproject.org/pipelines/ENCPL122WIM/

https://nf-co.re/cageseq

Under development

https://www.encodeproject.org/pipelines/ENCPL841HGV/

https://nf-co.re/chipseq

Released v1.2.0

https://www.encodeproject.org/pipelines/ENCPL201DNS/

Not available

Not available

Dnase-seq (paired-end)

https://www.encodeproject.org/pipelines/ENCPL202DNS/

Not available

Not available

ATAC-seq
Whole-Genome Bisulfite
Sequencing (WGBS)
HiC-seq
GWAS

https://www.encodeproject.org/pipelines/ENCPL792NWO/
https://www.encodeproject.org/pipelines/ENCPL210QWH/

https://nf-co.re/atacseq
https://nf-co.re/methylseq

Released v1.2.0
Released v1.5.0

NA
NA

https://nf-co.re/hic
https://nf-co.re/gwas

Released v1.2.1

https://www.encodeproject.org/pipelines/ENCPL002LSE/

https://www.encodeproject.org/pipelines/ENCPL272XAE/
https://www.encodeproject.org/pipelines/ENCPL138KID/
https://www.encodeproject.org/pipelines/ENCPL493SGC/

Table 1 - Equivalence between the ENCODE project and nf-core pipelines
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As depicted on the table, only Dnase-seq ENCODE analysis pipelines do not find their
respective equivalent pipeline on nf-core, likely due to the displacement of Dnase-seq by
ATAC-seq as the preferred chromatin accessibility assay (Buenrostro et al. 2013). It should
be noted that nf-core includes a pipeline designed for ATAC-seq analysis (https://nfco.re/atacseq), which is a key method within the BovReg project. All the remaining ENCODE
reference pipelines are also available at nf-core, although not always on a one-to-one
relationship. This is due to the fact that in some cases ENCODE analyses, although listed
separately, are performed by the same pipeline parameterized in a different manner. This
is the case of the so-called “RNA-seq of long RNAs analyses”, where in fact, both “pairedend” and “single-end” ENCODE pipelines lead to the same GitHub repository
(https://github.com/ENCODE-DCC/long-rna-seq-pipeline). This also holds for ChIp-seq
ENCODE
analyses
which
are
released
on
the
following
repository
(https://github.com/ENCODE-DCC/chip-seq-pipeline).
Task 3.1 identified the bioinformatics analyses that will be required to be implemented
within BovReg. As we summarized in Table 1, most of these bioinformatics analyses can use
a corresponding ENCODE and nf-core pipeline. However, this is not the case for the Hi-C seq
and GWAS analyses, which, although identified in our survey, were not released in the
framework of the original ENCODE effort. Notably, the nf-core community provides a stable
release of a pipeline for the analysis of Hi-C seq data (https://nf-co.re/hic) and a
development version of a GWAS pipeline (https://nf-co.re/gwas). Finally, the methylseq
pipeline (https://nf-co.re/methylseq) can not only analyse Whole-Genome Bisulfite
Sequencing (WGBS), as depicted in the table, but also reduced representation Bisulfite
sequencing (RRBS). This is important since these are sequencing data to be produced in the
framework of the BovReg project.
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4. Conclusions
In this document we show, how most of the computational analyses planned within the
BovReg project can use corresponding nf-core pipelines. They will therefore constitute the
basis for BovReg reference pipelines development. nf-core was chosen, because it adheres
to best practices in terms of computational reproducibility, interoperability, and
distributability. Such high scientific-computing standards are achieved by following a set of
requirements and recommendations recently published (Ewels et al. 2020) as summarized
in Annex 1. Following nf-core guidelines, as agreed during the FAANG Shared Workshop
meeting at Hinxton, will ensure that BovReg reference pipelines result in a permanent
resource for the community for the reannotation of cattle functional genome.
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6. Annexes
Annex 1 - Coding Guidelines for BovReg Reference Pipelines
BovReg agreed to use nf-core as the standard for the implementation of the reference
bioinformatics pipelines during the FAANG Shared Workshop meeting at Hinxton. With
these guidelines, we aim to ensure that BovReg production pipelines follow a standard bestpractice implementation. The Guidelines are listed in the following requirements:
Built using Nextflow. Pipelines will be implemented using Nextflow to enable data analysis
reproducibility and portability.
Have a double OSS license Apache 2.0 and MIT. We agreed on the use of both Apache 2.0
and MIT licenses, since the consortium agreed to use the former and nf-core requires the
latter.
Software bundled using Docker / Singularity. The software should be containerized using
either Docker or Singularity. The preferred solution will be to provide an environment
Conda file listing all pipeline software requirements and use this file to create the Conda
environment within the container. In this manner, pipelines can support users running
Conda, Docker or Singularity.
Continuous integration testing. All the workflows should include continuous integration
testing such as Travis, GitHub Actions, etc.
Pass nf-core lint test. These tests guarantee that nf-core pipelines adhere to a common file
structure. Of note, nf-core provides a command-line tool to evaluate that pipelines are
compliant with this structure.
Stable release tags. Each stable version of the pipeline should be released with its
corresponding tag and DOI to ensure code traceability and should be made openly available
on GitHub FAANG repository.
Include a minimal test dataset. Project repository should include a minimal dataset that
allows the quick testing of workflow execution.
Common pipeline structure and usage. Reference pipelines should maintain a common
code organization.
Run in a single command. This should simplify automatic pipeline deployment.
Excellent documentation. Pipelines should be distributed with comprehensive
documentation, i.e., pipelines documentation should allow users to run pipelines after
spending a reasonable amount of time reading the documentation.
A responsible point of contact / GitHub username. Reference pipelines should be
maintained.
And the following recommendations:
Software bundled using Bioconda. Use a Conda environment script to list all tools used by
the pipeline as explained in point “Software bundled using Docker / Singularity”.
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Require as little input metadata as possible. Pipelines will include optional pipeline steps
to convert file types and to build reference indexes.
Optimized output file formats. When possible, reference pipelines should use standard file
formats.
Explicit support for running in cloud environments. Workflows should be portable and this
implies that it should be possible to run reference pipelines in different computational
environments from a local computer to HPC environments, including the Embassy cloud
and widely used cloud solutions.
Benchmarks from running on cloud environments. It is recommendable to include tests
that ensure that the reference pipelines are deployable in cloud environments when
possible.

Annex 1 references:
Ewels, P.A., Peltzer, A., Fillinger, S. et al. The nf-core framework for community-curated
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