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1. Summary of results

The successful achievement of BovReg’s aims in the field of bioinformatics depends
strongly on the development of reference annotation pipelines, which guarantee the
reproducibility and robustness of BovReg data analyses. Furthermore, BovReg partners
will need to integrate several analysis steps and different types of data, each providing
different information regarding different layers of genome complexity, to enable a better
understanding of the architecture and the regulation processes of the Bovine genome.

Therefore, a survey was developed to identify which tools are being currently used by
BovReg partners in different workflows as well as in which type of platform and with
which type of workflow environments bioinformatic analyses are performed.

This survey as elaborated in this deliverable therefore enables the identification

1) of tools that should be included in the development of standardized and
normalized pipelines as well as
2) of the need to develop novel standardized functions.

A survey organized in 11 sections with 36 questions was developed by WP3 experts
involved in WP3, Task3.1, of which not all participants had to fill in all sections. It was
developed taking into account the state of the art of bioinformatics tools for annotation

BovReg D3.1 & Audit on required and available pipelines across the consortium



and analyses of next generation sequencing (NGS) data and the practical experience of
the BovReg parties.

A total of 13 responses were obtained from BovReg partners, covering all of those
involved in the scientific work packages of BovReg as data analysts. Overall, the survey
allowed identifying in detail which tools are being used at different stages of analyses
within workflows. Furthermore, the survey showed that for some steps, BovReg partners
mostly rely on their own developed analysis code, thus suggesting the need for the
development of standardized functions for filtering for data quality and for evaluation of
complexity of libraries for describing epigenetic marks, to ensure comparable and
harmonized analyses within BovReg.

In terms of data types, our survey allowed us to conclude that most partners are proficient
in the analysis of transcriptome data (RNA-Seq), but there is a lack of experience in the
analysis of epigenetic data (ChIP-Seq, ATAC-Seq and Hi-C). Therefore, for handling new
epigenetic BovReg data sets, specific training sessions should be organized. The results
also show that a more in-depth survey regarding pipeline gaps is required. This will be
included in the clustering activities related to bioinformatics and pipeline development
that are envisaged to be done together with the two other FAANG H2020 projects. As a
consequence, the deliverable will be further updated during the course of the project.

2. Introduction

BovReg will provide precise and detailed knowledge of the individual’s genetic and
epigenetic make-up and its translation into cattle phenotypes. Achieving this will require
the integration and analysis of different types of data: phenotypes, genomes/genomic
variants, transcriptomes, epigenomes.

In the FAANG community, the need has been discussed to establish genomic annotation
pipelines. Their output will be essential to prioritise genetically relevant genomic regions.
Furthermore, other types of analyses should be considered, in order to ascertain the
biological impact of the identified genomic features at cell biology and phenotype levels.
Therefore, it was essential to ascertain the state-of-the-art of BovReg partners’ pipelines
as well as to identify needs and possible gaps. This information will be used to propose
solutions for the issues identified and should constitute a first step towards the final goal
of developing reference annotation pipelines, i.e. a set of curated pipelines. They will
guarantee the reproducibility of BovReg results as well as their reuse by the community
to obtain new annotations when further new data become available.
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3. Corereport

With the aim of identifying bioinformatics tools and pipelines in use, as well as needs for
novel tools, a survey was designed by experts working in WP3. The specific goal of this
survey was to identify the tools, which are in use by the different partners, thus allowing
the detection of gaps and weaknesses. The draft survey was developed by FMV as the
task leader with the input of further experts of WP3. This group included the following
persons, Andreia Amaral (FMV-ULisboa), Jose Espinosa-Carrasco and Cedric Notredame
(CRG) and Daniel Fischer (LUKE).

3.1 Methods

The survey was designed including 11 sections:

e Section 1- Email address and BovReg Work package (WP).
e Section 2- Workflow information. In this section, the survey aimed to enquire
regarding the operationalization of the analysis workflows.

e Section 3- Evaluation of NGS data quality and pre-processing.

® Section 4- Enquire regarding the usage of read mappers while analysing the

different types of NGS data.

e Section 5- In this section information is enquired regarding the type of NGS data
the participant aims to focus on. After selecting a type of NGS data, the participant is
guided to specific survey questions. After answering the specific questions, the
participant may choose to return to section 5 again or to submit the survey.

e Section 6- In this section the survey enquires participants regarding the usage of
ChIP-Seq quality metrics.

e Section 7- In this section questions regarding Peak calling for ChIP-Seq, ATAC-Seq
and Hi-C data were formulated.

e Section 8- This section focused on tools available for post-processing of peaks
identified while analysing ChIP-Seq, ATAC-Seq and Hi-C data.

e Section 9- This section was dedicated specifically for Hi-C data.

e Section 10- This section comprises questions regarding different analysis steps of
RNA-seq data.

® Section 11- As BovReg aims for the integration of information deriving from
genomic features with phenotype and genotype, this last section focused on inquiring
regarding the usage of tools to perform genome-wide association testing.

Questions were formulated to obtain multiple-choice responses and all of them also
include the following options:

e Section 2 to section 10 : a) | do not know; b) | never did this; c) other;
e Section 11: a) other; b) | am not going to make this type of analysis.
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In total, the survey was composed of 36 questions organized into 11 sections. The Google
forms platform was used to implement the survey. A private link was sent to BovReg
partners working in WP1 to WP7 corresponding to BovReg’s scientific work packages. The
survey was open from the 15th of January to the 13th of February 2020.

3.2 Results
The survey was answered by 13 BovReg partners who are involved in data analyses.
In regards to participation in WPs (enquired in Section 1), most participants are involved

in more than one WP (Figure 1), showing the need to integrate different types of NGS
(Next Generation Sequencing) data.

WP7

WP6

WP5

WP4

WP3

WP2

WP1

Figure 1: Involvement in BovReg WPs. Bars represent the number of responses of
partners who are involved in data analysis in the different scientific WPs.

3.2.1 Section 2

In Section 2, the survey aimed to ascertain how users are operating the analysis
workflows.

The following questions were formulated:
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3.2.1.1 Which of the following workflow management systems do you use?

A total of 4 responses shows that some partners do not use workflow management
systems and 3 other affirm that they only use BASH to implement their analyses, while
the remaining use either BASH, Snakemake! or Nextflow? and one only uses eHive3
(results not shown).

Learning Nextflow
but not using
already.

eHive

Snakemake

Nextflow

| do not use a
workflow management
systems

BASH

Figure 2: Counts of multiple-choice selection regarding the use of workflow managers.
Bars represent the number of times each option was selected by the participants. Options
were: a) Snakemake?; b) Nextflow;? c) BASH; d) | do not use a workflow management
systems. e) Other.

3.2.1.2 Which of the following environment management systems do you use?

In Figure 3 it is shown that 6 persons use any of the environment management proposed
in the survey, while 7 partners affirm that they do not use environment management
systems at all (in particular partners involved in WP2 and WP4, results not shown). From
the partners using management systems, half of them prefer containers while half of
them use environment modules (3 in each case).
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Singularity

Conda

Environment modules

Docker

| do not use an
environment
management system

Figure 3 - Counts of multiple-choice selection regarding the usage of environment
management systems. Bars represent the number of times each option was selected by
the participants. Options were: a) Conda* ; b) Docker?; c) Singularity®; d) Environment
modaules; e) | do not use an environment management system; f) Other.

3.2.1.3 Do you use any proprietary software in your pipeline?

BovReg partners declared mostly the use of free license software. .The only proprietary
software reported was the Ingenuity Pathway Analysis® software that is used for
performing networks and pathway analysis.
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3.2.1.4 Where do you usually host your code?

The obtained responses show that most individuals use several different procedures for
code storage (Figure 4).

Your own machine

Public repository
such as GitHub,
GitLab or similar
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Figure 4: Procedures for code storage. Bars represent the number of times each option
was selected by the participants. Options were: a) Public repository such as GitHub’,
GitLab® or similar web hosting services; b) Internal (institution or lab) git server; c) Your
own machine.
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3.2.1.5 Where do you usually run your analysis?

From the responses obtained, surveyed participants mostly run analysis processes using
high-performance computers (Figure 5).

Compute Canada

Cloud

Local machine

High-performance
server

| | | | | | |
0 2 4 6 8 10 12

Figure 5 - Informatics facilities for data processing. Bars represent the number of times
each option was selected by the participants.
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3.2.1.6 On a scale from 1 to 10, how will you rate your pipelines in terms of
computational reproducibility (being 10 very reproducible and 1 poorly reproducible?)

About 61% of replies classified the level of reproducibility of their pipelines as very high
(8 to 10) while 39% score the reproducibility of their workflows as very low to medium (1
to 6).

10

Figure 6: Perception of the level of reproducibility of bioinformatic workflows. Bar
charts represent the frequency of selection of the user’s perception, ranked 1-10, with 1
for “poorly reproducible” workflows up to 10 “highly reproducible” workflows.

3.2.2 Section 3

A workflow of NGS data processing should start with the implementation of procedures
for the evaluation of NGS data quality and it should include pre-processing steps in order
to discard low-quality data. Therefore, in Section 3 of the survey, we have designed
questions that aim to evaluate the application of these practices.

10
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3.2.2.1 Which of these tools do you use for evaluation of data quality?

In this question, we have enquired regarding the usage of the following tools for the
evaluation of data quality: a) FASTQC?; b) Prinseq % ¢) MultiQC **; d) Own scripts; e) Do
not know; f) Never did this; e) Other.

Results in Figure 7 show that FASTQC® is the most frequently used tool, but a large
proportion of the surveyed partners also uses their own scripts. Most likely due to the
fact that FASTQC main quality features have been designed for genomic DNA data, thus
suggesting the need to develop specific measures of data quality for ChIP-seq, ATAC-seq,
RNA-seq and Hi-C data.

Prinseq

fastp

Do not know

Own scripts

MultiQC

FASTQC

Figure 7-Tools used for evaluation of data quality. Bars represent the number of times
each option was selected by each the participants.
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3.2.2.2 Which tools do you use for adapter trimming?

Here again, a list of the most commonly used tools was considered for a multiple response
answer: a) Cutadapt®?; b) Flexbar®3; c) NGmerge'#; d) Trimmomatic®®; d) Own scripts; e)
Do not know; f) Never did this; e) Other.

sickle

Not needed

Never did this

Flexbar

fastp

Do not know

Cutadapt

Trimmomatic

Figure 8- Practical usage of tools for trimming sequencing adapters. Bars represent the
number of times each option was selected by the participants.

The obtained results (Figure 8) show that Trimmomatic!® is the most used tool, followed
by Cutadapt!?. Both these tools perform well with datasets for which the sequence of the
adapter is known. Itis of notice that two of the surveyed respondents answered that they
never have removed adapters or that they do not need this step for the analysis.
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3.2.2.3 Which tools do you use for quality filtering?

The following options were included according to experts own experience and solutions
found in the literature regarding the usage of quality filtering: a) Prinseq?’; b) Flexbar'3;
c) Own scripts; d) Do not know; e) Never did this; f) Other.

Prinseq

not sure which

filtering is meant
here

Not needed

Never did this

fastp

Do not know

Own scripts

Figure 9 - Usage of quality filtering tools. Bars represent the number of times each option
was selected by the participants.

From the obtained responses (Figure 9), it can be observed that for quality filtering most
respondents preferably use their own scripts. This suggests that available tools do not
allow setting ad-hoc filtering parameters for the type of analyses being performed.
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3.2.2.4 Which tools do you use to filter out duplicate sequences?

The possible answers for this question were: a) Picard?!®; b) samtools'’; c) Own scripts; d)

Do not know; e) Never did this; f) Other.

The obtained results (Figure 10) show that most respondents use Picard.

Own scripts

Never did this

samtools

Do not know

Picard

Figure 10: Usage of tools to eliminate duplicate sequences from data. Bars represent the

number of times each option was selected by the participants.
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3.2.3 Section 4

After this question, the surveyed partners were directed to Section 4 of the survey in
which questions relate to the usage of read mappers for analysing different types of NGS
data.

3.2.3.1 Please select the read mappers that you use for each type of data.

To answer this question the participant was required to select at least the analysis of one
type of data (RNA-seq, ChIP-Seq, ATAC-seq or Hi-C). These options correspond to the
types of NGS data that BovReg aims to generate. Then, for each of these types of data,
the following options for read mappers were made available for multiple selection: a)
BWAI%; b) Bowtiel®; c) Bowtie22%; d) GSNAPZ; e) HISAT?%; f) HISAT223; g) MAQ%: h)
MapSplice2%>; i) RUM?®; j) Soap?’; 1) STAR?; m) Tophat22°; n) other; o) Don't analyse this
data.

(A) (B)
v (D
Bowtie
Bowtie2
Bowtie2 | |
Tophat? | | BWA
o | |
Don't analysa this | Don't analyse this
data data

HISAT2 | I

8] (D)

BWA,

BWA

Bowtie

B

Bowtie2

Don't analyse this
data

Dont analyse this
data

o
w
'S
@
@
=1
o
w
-
@
@
a3
]

Figure 11: Usage of read mappers. (A) Read mappers used for RNA-seq data; (B) Read
mappers used for ChIP-Seq data; (C) Read mappers used for ATAC-Seq data; (D) Read
mappers used for Hi-C data. Bars represent the number of times each option was
selected by the participants.
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3.2.3.2- Which of the tools do you use to check for insert sizes?

As shown in Figure 11, for RNA-seq data, participants have selected multiple read
mappers. Some of the selected read mappers do not allow to split reads, and are not
adequate for RNA-seq analysis (namely Bowtie and BWA); most likely respondents have
selected these while considering miRNA-seq as RNA-seq. Then regarding ChIP-Seq, ATAC-
seq and Hi-C data, the most frequent response was that participants have never analysed
this type of data.

Respondents that selected option (n) “other” were asked, which tool they use. Two
answers were obtained this way and respondents reported that they use Kallisto and
Salmon (data not shown).

Checking insert sizes is important as a quality assessment of the data obtained and to
infer if the data are mapped to a reference genome in accordance with the experimental
design. Although this procedure is very frequent while analysing RNA-seq data, currently
there are not many open-source tools for performing this analysis. Therefore the
respondents could only select among the following choices: a) BWA?®%; b) Picard?®; c)
Never did this; d) Don’t know.

As shown in Figure 12, BWA and Picard are the most used tools. Four participants have
never performed this analysis and two of them answered “do not know”.

Do not know

Picard

MNever did this

BWA

Figure 12 — Enquiring regarding the usage of tools to estimate the size of insert sizes.
Bars represent the number of times each option was selected by participants.
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The survey form leads participants to Section 5 after filling in the general questions, which
apply to all partners involved. In section 5, they should be directed to survey sections
containing questions specific to each type of data after selecting one of the following
options. Provided options were: a) ChIP-Seq, ATAC-Seq and Hi-C data; b) RNA-seq; c)
GWAS; d) | would like to submit the survey. After selecting one the options, at the end of
the respective sections, participants were again directed to section 5, where they could
select another option or they could select to submit the survey.

A total of four participants selected option “a” and were directed to Section 6 that

contained questions regarding the assessment of quality metrics of ChIP-Seq data.
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3.2.4 Section 6

3.2.4.1- To estimate the fraction of mapped reads that fall into peak regions which
tools do you use?

The multiple-choice answers were: a) CHiLin3%; b) Own scripts; c) Do not know; d) Never
did this; e) Other.

As shown in Figure 13, among the four obtained responses, two use their own scripts, and
three use other tools, namely DiffBind3!, deepTools3?, ChIPSeeker?? or their own scripts.
While DiffBind and deepTools in fact provide an estimator for the number of mapped
reads falling into a peak called FRiP (which stands for Fraction of Reads in Peaks),
ChlIPSeeker by itself does not allow estimating this parameter. It allows estimating the
coverage of peak regions over chromosomes that afterwards may be used as input to
estimate the fraction of mapped reads that fall into peak regions.

DiffBind
(Bioconductor)

deepTools

ChlPseeker

Own scripts

| | | | |
0.0 0.5 1.0 1.5 2.0

Figure 13- Usage of tools to estimate the fraction of ChiP-seq mapped reads that fall
into peak regions. Bars represent the number of times each option was selected by
participants.
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3.2.4.2- To perform cross-correlation analysis (NSC and RSC), which tools do you use?

The next question dealt with the use of other quality parameters, namely performing
cross-correlation analysis. The multiple-choice options were: a) CHiLin3% b) CHANCE3*; ¢)
PhantomPeakQualTools?®; d) Own scripts; e) Do not know; f) Never did this; g) Other.

tomPeakQualTools

Own scripts

DiffBind
(Bioconductor)

CHANCE

Bedtools

[ | | I I |
0.0 0.2 0.4 0.6 0.8 1.0

Figure 14- Usage of tools to perform cross-correlation analysis. Bars represent the
number of times each option was selected by participants.

Two of the partners use two of the enquired tools, namely CHANCE3** and
PhantomPeakQualTools®*. Own scripts are also used as well as other software such as
Bedtools®*® and DiffBind3!. As BedTools3® does not allow to perform cross-correlation
analysis directly and hence, this tool was not considered as an option. Nevertheless,
BedTools’ users may estimate the variables required to perform cross-correlation
analysis. Regarding DiffBind3!, this tool neither allows to perform this analysis nor to
estimate the required variables.

This question finalizes Section 6. Next, the participants in this survey who selected option
“a” were directed to Section 7. In this section, they were asked in regard to the tools used
for performing Peak Calling while analysing ChIP-Seq data (considering different types of

ChIP-Seq assays), ATAC-Seq- and Hi-C data.

19
BovReg D3.1 & Audit on required and available pipelines across the consortium



3.2.5 Section 7
3.2.5.1 - For ATAC-seq, data which peak caller do you use?

Possible multiple-choice options were: a) Genrich®’; b) MACS238; ¢) BAMPE; d) Do not
know; e) Never did this; f) Other.

Obtained responses (Figure 15), show that for the four partners who replied to the
question related to this data category, two have never performed analyses of ATAC-Seq
data. For the remaining partners, Genrich and MACS2 were the selected options.

MACS2

Genrich

Never did this

| | | | |
0.0 0.5 1.0 1.5 2.0

Figure 15 - Usage of tools to perform Peak calling while analysing ATAC-Seq data. Bars
represent the number of times each option was selected by participants.
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3.2.5.2- For ChIP-Seq (Transcription Factors) data, which peak caller do you use?

Possible multiple-choice options were: a) MACS3%; b) MACS238; ¢) SIPeS*%; d) SPP*L; e)
CSAR*; f) GPS; g) polyAPeak; h) Do not know; i) Never did this; j) Other.

From the obtained responses (Figure 16), MACS and MACS2 are being used as well as
Genrich and SWEMBL. These last two software tools were referred to in the category of
“other”.

SWEMBL

Never did this

MACS2

MACS

Genrich

| | | | | |
0.0 0.2 0.4 0.6 0.8 1.0

Figure 16- Usage of tools to perform Peak calling while analysing ChiP-Seq data
generated to investigate binding sites for Transcription Factors. Bars represent the
number of times each option was selected by participants.
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3.2.5.3- For ChIP-Seq (Histones) data, which peak caller do you use?

Possible multiple-choice options were: a) SPP*!; b) MACS3?; c) SICER*}; d) CCAT*; e)
ZINBA*; f) RSEG?*®; g) Scripture®’; i) Do not know; j) Never did this; |) Other.

Here again, participants in the survey use very different approaches to deal with this data
type (Figure 17). From the options given in the question CCAT**, MACS?° and SICER*® were
selected once as the preferred tool, while other tools considered by participants choosing
“other” were identified as Genrich3” and SWEMBL*,

SWEMBL

SICER

MACS

Genrich

CCAT

0.0 0.2 04 0.6 0.8 1.0

Figure 17 - Usage of tools to perform Peak calling while analysing ChIP-Seq data
generated to investigate binding sites for Histones. Bars represent the number of times
each option was selected by participants
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3.2.5.4- For ChIP-Seq (Pol Ill) data which peak caller do you use?

Possible multiple-choice options were: a) SPP; b) MACS; c) ZINBA; d) PeakRanger; e) Do
not know; f) Never did this; g) Other.

Results (Figure 18) show that only one of the participants had analysed ChIP-Seq data for
the detection of Pol Il binding sites before. This person reported to use MACS to perform
peak calling.

MACS

Never did this

[ | I I | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Figure 18 - Usage of tools to perform Peak calling while analysing ChIP-Seq data
generated to investigate binding sites for Pol lll. Bars represent the number of times
each option was selected by participants.

After peak calling for ChIP-Seq, ATAC-Seq and Hi-C analyses post-processing of the
obtained peaks is needed. Thus, participants were directed to Section 8 for further
questions regarding this issue.
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3.2.6 Section 8

3.2.6.1 Which tool do you use for normalisation?

Normalization aims to harmonize read counts among datasets in order to allow
performing comparative testing analysis. The included multiple-choice options to perform
this step were: a) PeakSeq*’; b) CisGenome®®; c) MACS*%; d) USeq®}; e) RPKM>?; f)
POLYPHEMUS®3; g) DESeq>4; h) Do not know; i) Never did this; |) Other.

RPKM

IDR

DESeq

ChlPseeker

[ | | I I |
0.0 0.2 0.4 0.6 0.8 1.0

Figure 19 - Usage of tools to perform Read count normalisation while analysing ChIP-
Seq, ATAC-Seq and Hi-C data. Bars represent the number of times each option was
selected by participants.

Results (Figure 19) show that DESeg>* and RPKM methods are being used, however
respondents also identified other software namely, ChIPseeker3? and IDR>>.
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3.2.6.2 Which of these tools do you use for differential binding analysis?
Possible multiple-choice options were: a) BEDTools3¢; b) DBChIP;*® ¢) MAnorm>’; d)

DIME®8; e) ChIPDIFF>® (histones); f) POLYPHEMUS®3 (RNA Pol l11); g) Do not know; h) Never
did this; i) Other.

Never did this

DiffBind
(Bioconductor)

| I | | I
0.0 0.5 1.0 1.5 2.0

Figure 20 - Usage of tools to perform testing for differences in binding while analysing
ChIP-Seq, ATAC-Seq and Hi-C data. Bars represent the number of times each option was
selected by participants.

Results (Figure 20) show that half of the interviewed partners never did this analysis.
When performing, DiffBind was the only identified tool.
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3.2.6.3 Which of these tools do you use for Peak annotation?

Possible multiple-choice options were: a) CEAS®%; b) ChIPpeakAnno®!; c) Do not know; d)
Never did this; e) Other.

Figure 21 shows that respondents do not use any of the tools included in the multiple
options. The tools reported under the option “other” were Homer®? and CHiPSeeker33.

Never did this

Homer

ChlPseeker

[ [ I | |
0.0 0.5 1.0 1.5 2.0

Figure 21 -Usage of tools to perform Peak annotation while analysing ChiP-Seq, ATAC-
Seq and Hi-C data. Bars represent the number of times each option was selected by
participants.
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3.2.6.4 Which of these tools do you use for motif analysis?

Possible multiple-choice options were: a) MEMEChIP®3; b) HOMER®?; ¢) Do not know; d)
Never did this; e) Other.

MEMEChIP®3 and HOMER®? were reported as the used options for motif analysis, with the
former being preferred over the latter as depicted in Figure 22.

Never did this

HOMER

MEMEChHIP

[ [ I | |
0.0 0.5 1.0 1.5 2.0

Figure 22 - Usage of tools to perform search for Binding Motifs while analysing ChIP-
Seq, ATAC-Seq and Hi-C data. Bars represent the number of times each option was
selected by participants.

After this question, respondents were directed to Section 9 that only included questions
regarding the use of pipelines that allow integrative processing of Hi-C data.
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3.2.7 Section 9

3.2.7.1 Which tools do you use for integrative processing of Hi-C data?

All respondents answered that they have never performed this analysis. It would be
important to clarify whether BovReg partners actually lack this kind of expertise or
whether trained people on this analysis type just did not answer the survey.

3.2.8 Section 10

Section 10 of the survey was designed to include questions regarding specific steps of
processing and analysis of RNA-seq data. This section included a total of five questions
and was filled by seven participants.

3.2.8.1 Which tools do you use to perform gene quantification?

Possible multiple-choice options were: a) HTSeq®; b) IRAP®>; c) RSEM®®; d) Own scripts;
e) Do not know; f) Never did this; g) Other.

Responses obtained (Figure 23) show that half of the respondents choose HTSeq and half
select RSEM to perform gene quantification.

featureCounts
(subread package

RSEM

HTSeq

[ | [ I | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Figure 23 - Usage of tools to perform gene quantification while analysing RNA-Seq data.
Bars represent the number of times each option was selected by participants.
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3.2.8.2 Which tools do you use for isoform detection and quantification?

Possible multiple-choice options were: a) RSEM®; b) eXpress®’; c) Tigar2°8; d) BitSeq®’; e)
Kallisto’®; f) RapMap’%; g) Salmon’?; e) Cufflinks’3; f) Sailfish’#; g) Do not know; h) Never
did this; i) Other.

As shown in Figure 24, Cufflinks?® and RSEM®® were among the most used tools to perform
this analysis while Kallisto”?, Salmon’? and Stringtie’® utilization was reported just one
time each.

Stringtie

Salmon

Kallisto

RSEM

Cufflinks

Figure 24 - Usage of tools to perform isoform quantification while analysing RNA-Seq
data. Bars represent the number of times each option was selected by participants.
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3.2.8.3 Which tool/method do you use for read normalisation?

Possible multiple-choice options were: a) RPKM®>%; b) FPKM’®; ¢) RSEM®®; d) EdgeR”’; e)
DESeq”*; f) DESeq278; g) Do not know; f) Never did this; h) Other.

Results (Figure 25) show that participants use several of the tools since most of them have
selected multiple options. However, participants preferred DEseq2’8, FPKM’® and EdgeR”’
over the other options and no other tools besides the ones included in the multiple
options were provided.

RPKM

RSEM

DESeq

EdgeR

FPKM

DESeq2

Figure 25 - Usage of tools to perform read count normalisation while analysing RNA-Seq
data. Bars represent the number of times each option was selected by participants.
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3.2.8.4 - Which tool do you use for differential expression analysis?
Possible multiple-choice options were: a) EdgeR’’; b) DESeq°*; c) DESeq2’%; d) Limma-
voomv’?; e) NOISEq®Y; f) Do not know; g) Never did this; h) Other.

DESeq2’8 was the preferred option to perform differential expression analysis since its
use was reported by all the respondents but one. However, EdgeR’” and DESeq* seem to
be also quite popular among our partners (Figure 26).

DESEq

EdgeR

DESEq2

Figure 26 - Usage of tools to perform differential expression testing. Bars represent the
number of times each option was selected by participants.
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3.2.8.5 Which tool do you use for IncRNA prediction and identification?

Possible multiple-choice options were: a) FEELnc/Flexible®! extraction of LnRNAs; b)
LncRScan-SVM?®?; ¢) Do not know; d) Never did this; e) Other.

The obtained results (Figure 27) show that most respondents used FEELnc®' for the
analysis of IncRNA, however other software packages are currently in use by BovReg
partners, namely CNCI®3, PLAR®* and PLEK®>.

PLEK

PLAR

Never did this

CNCI

FEELnc / Flexible
extraction of
LnRNAs

Figure 27 - Usage of tools to perform IncRNA prediction and identification. Bars
represent the number of times each option was selected by participants.

Finally, the survey included one section regarding algorithms to perform association
testing and quality control of genotyping data. Section 11 is comprised of four questions.
A total of 10 respondents answered this section of the survey.
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3.2.9 Section 11

3.2.9.1 For pre-processing of genotype data and QC control, which tools do you use?

Possible multiple-choice options were: a) gctool®®; b) bcftools?’; c) veftools®; d) PLINK22;
e) GenABEL®%; f) GWAStools®!; g) Not going to make this type of analyses; h) Other.

Obtained results (Figure 28) show that the preferred option was PLINK22° closely followed
by vcftools®® and the beftools®” while the use of GenABEL was only reported by one of the
partners. Notably, respondents use several of the enquired tools to perform this type of
analysis.

GenABEL

bcftool

vcftool

PLINK2

Figure 28 - Usage of tools to perform QC control of genotype data. Bars represent the
number of times each option was selected by participants.
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3.2.9.2 For phasing, which of these tools do you use?

Possible multiple-choice options were: a) SHAPEIT®2; b) Beagle®3; c) Unphases®*; d) Not
going to make this type of analysis; e) Other.

Results in Figure 29) show that Beagle is the most used tool, followed by SHAPEIT®? and
EAGLE®.

SHAPEIT

Eagle

Beagle

Figure 29 - Usage of tools to perform phasing of quality approved of genotype data. Bars
represent the number of times each option was selected by participants.

34
BovReg D3.1 & Audit on required and available pipelines across the consortium



3.2.9.3 - For imputation which of these tools do you use?

Possible multiple-choice options were: a) IMPUTE2%; b) Beagle®; ¢) MaCH*’; d) MaCH-
Minimac®’; e) MaCH-Admix®’; f) PBWT?%; g) SNPMatrix®%; h) snpSTATS'®; i) Not going to
make this type of analyses; j) Other.

Results show (Figure 30) that although one tool is selected by more respondents, most of
the participants selected multiple tools, showing that they are not restricted to the use of
a single tool to perform this analysis. Again, the most popular tool is Beagle closely
followed by IMPUTE2%®,

Not going to make
this type of
analyses

MaCH-Minimac

Flmpute

IMPUTE2

Beagle

Figure 30 - Usage of tools to perform imputation of phased genotype data. Bars
represent the number of times each option was selected by participants.
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3.2.9.4 - For association testing which of these tools do you use?

Possible multiple-choice options were: a) PLINK2%; b) GenABEL*®; ¢) GWAStools®!; d)
SNPTEST®®; e) QuickTest'%%; f) GCTA?%; g) Not going to make this type of analyses; h)
Other.

In Figure 31, three tools are the most common choice to perform association testing
namely GCTA?, PLINK28 and GenABEL®. Further tools were also reported to be used by
a single survey participant.

Qxpak

own scripts

GenomicTools
(R-package)

DMU

Bayz

Emmax

GenABEL

PLINK2

GCTA

Figure 31- Usage of tools to perform association testing (genotype x phenotype). Bars
represent the number of times each option was selected by participants.
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4. Conclusions
Section 1

The survey succeeded in receiving responses from 11 BovReg partners in a total of 13
responses.

Section 2

Four BovReg partners do not use workflow management systems, and three reported to
use BASH, which in comparison with workflow managers as Nextflow or Snakemake
assures low reproducibility of outcomes. BovReg partners mostly use open-source
software with the exception of Ingenuity Pathways Analysis (IPA). For this case, in WP3,
task 3.2, we should consider testing the possibility to include Cytoscape and required
modules into the development of reference analysis pipelines after benchmarking its
functionality. However, further information is required to be collected from partners in
order to identify specifically the types of analysis that are being performed with IPA.
Section 3

Regarding the evaluation of data quality, we have observed that most respondents report
the use of FASTQC, which, is a widely used tool. However, concerning filtering of data for
quality (QC), most of the surveyed partners are using their own scripts. In fact, available
open source tools do not allow setting required parameters for RNA-seq or ChIP-Seq data
and hence, ad-hoc code had to be developed to this end. This suggests the need for the
implementation of a standardized procedure for this data QC analysis step, in BovReg
analysis pipelines. Further details should be discussed with the relevant BovReg partners.

Section 4

In this section all partners have reported the use of available open-source tools which are
widely used in the community, and do not report the use of own scripts. However, most
partners reported the use of more than one read mapper, thus suggesting that for the
implementation of BovReg pipelines, selection of read mappers should be discussed with
relevant BovReg partners.

Section 6

This section focused on surveying the implementation of methods for the evaluation of
ChIP-Seq quality metrics. Although available open-source software is being used, many
partners interviewed also use their own scripts. This implies that steps such as the
estimation of the percentage of reads mapping to peaks or the cross-correlation analysis
may require the development of standardized and normalized code for BovReg ChlP-Seq
pipelines.
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Section 7,8 &9

These sections were designed to enquire regarding specific analyses related to ChiIP-seq,
ATAC-seq and Hi-C data. Only four partners selected to answer the questions in these
sections. Results obtained show that all of these partners have experience in analysing
ChIP-Seq data, since they were able to identify tools provided for multiple choice answers,
as well as to identify other tools that the survey was not considering.. In contrast, all these
partners have responded to lack experience in the analyses of ATAC-seq and Hi-C data
types. This indicates that training in these categories of NGS data should be considered
for the future BovReg training programme.

Section 10

This section was focused on the assessment of tools being used for the analysis of RNA-
seq data, and seven of BovReg partners answered to the questions of this section. The
respondents were aware of the tools that we have provided for the multiple choice reply
options. However, they have reported the use of several tools for performing several of
the analysis steps, namely, gene quantification, isoform quantification, normalization and
differential expression analysis. Therefore, it is required to further communicate with
relevant partners in order for partners involved in WP3, Task3.2 to assess if BovReg
pipelines for the analysis of RNA-seq data require such diversity of tools or if we should
select one tool for each of these steps.

Section 11

This section was prepared focusing on tools used for the required analysis workflow of
Genome-Wide Association Studies. Participants recognized and report to use most of the
tools available.

Overall Conclusion

In conclusion, we have identified steps of the analysis in this survey that may require the
development of normalized and standardized code, however further specific questions
are now needed to formulate in order to access which are the required parameters. We
have further identified training needs that might be considered by the consortium, in the
fields of

1) workflow managers and environment management systems ;
2) ChIP-Seq, ATAC-Seq and Hi-C analysis.

As planned, this survey has enabled us to assess different tools in use by different partners
involved. With the replies, we have realized that for some analyses steps partners are
using a wide range of tools. It further allowed identifying the need for the development
of normalized functions for analyses steps in which partners are using mostly their own

38
BovReg D3.1 & Audit on required and available pipelines across the consortium



scripts. Next steps will imply to understand the motifs associated with the use of multiple
tools for the same analyses as well as to inquire regarding the need to use ad-hoc code
for some steps, thus enabling the future development of BovReg pipelines in T3.2.

Furthermore, because of the-clustering activities regarding the bioinformatics tasks of the
three FAANG projects funded under the H2020 SFS-30 Agri-Aqua labs call, some needs
have changed the original aims of this survey. The leader of task 3.1 and of this
deliverable, FMV-ULisboa will additionally make an attempt to elicit input from partners
of the other projects in the first cluster workshop taking place February in Hinxton, UK
coinciding with the submission deadline of this deliverable. Therefore, the survey will be
updated during the runtime of the project.
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