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French scientific abstract 

Les systèmes de production alimentaire devront devenir plus efficaces et plus durables pour                         
relever les défis posés par la croissance démographique et la crise climatique. Les stratégies de                             
sélection des animaux d’élevage ont permis des gains génétiques remarquables, mais les efforts                         
doivent se poursuivre. La fourniture d'annotations de qualité pour les génomes animaux est nécessaire                           
pour continuer l’amélioration de la valeur génétique des animaux d’élevages. L'initiative FAANG                       
(annotation fonctionnelle des génomes animaux) vise à rassembler une communauté pour promouvoir                       
les principes de données FAIR dans ce domaine1–3. Un centre de coordination des données (DCC) de                               
l'EMBL-EBI développe le portail de données FAANG pour permettre aux données FAANG d'être plus                           
trouvables, accessibles, interopérables et favoriser leur réutilisation (principes FAIR)2. 

Cette proposition, VizFaDa, vise à produire des visualisations interactives des données FAANG                       
à travers des applications web, et travaillera avec l'EMBL-EBI pour intégrer ces visualisations dans le                             
portail existant. Tout d'abord, nous allons calculer les corrélations entre paires d’échantillons FAANG                         
(expression des gènes et données épigénétiques), et afficher les résultats sous forme de heatmaps                           
clusterisées de corrélation, interactives et filtrables. Les utilisateurs pourront téléverser leurs données                       
traitées pour les comparer aux échantillons FAANG en quelques secondes. Ces heatmaps de                         
corrélation fourniront une vue d'ensemble des données disponibles et de leurs similitudes.                       

 

https://www.zotero.org/google-docs/?i0XpXM
https://www.zotero.org/google-docs/?VZQap3
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Deuxièmement, nous intégrerons les données épigénétiques et transcriptomiques ensembles en                   
produisant des profils épigénétiques empilés, près du débuts des gènes, de la fin des gènes et des exons                                   
intermédiaires, triés selon le niveau d'expression des gènes ou le taux d'inclusion des exons. Ces                             
visualisations attrayantes exposeront les liens complexes existant entre les marques épigénétiques et la                         
transcription, et ajouteront de la valeur au jeu de données FAANG. 

Des efforts seront consacrés à rendre l'ajout de nouveaux échantillons de la base de données                             
aussi automatique que possible, afin d'assurer la pertinence à long terme de nos outils. Le                             
développement des applications web sera entièrement open source. Nous espérons que nos efforts                         
renforceront l'attrait du portail de données FAANG pour les chercheurs et les sélectionneurs, et                           
encourageront la réutilisation de ces données. 

English scientific abstract 

Food production systems need to be more efficient and sustainable to tackle the challenges                           
posed by a growing population and a climate crisis. Breeding strategies have proven themselves to be                               
essential in providing genetic gain for livestock, but efforts must go on. Providing quality annotations                             
for animal genomes will be instrumental to further improve genetic gains. The FAANG (functional                           
annotation of animal genomes) initiative aims at gathering a community to foster FAIR data principles                             
in this field1–3. A data coordination center (DCC) at the EMBL-EBI is developing the FAANG data                               
portal to allow FAANG data to be more findable, accessible, interoperable and foster their reuse2. 

This project, VizFaDa, will produce interactive data visualisations of FAANG data through web                         
applications, and we will work with the EMBL-EBI to integrate those visualisations with the existing                             
portal. First we will compute pairwise correlations between FAANG samples (genes expression and                         
epigenetic data), and render the results in the form of interactive, subset-able, clustered correlation                           
heatmaps. Users will be able to upload their processed data to be compared to FAANG samples within                                 
seconds. Correlation heatmaps will provide an eagle-eye view of the data available and their                           
similarities. Second, we will integrate epigenetic and transcriptomic data by producing stacked                       
epigenetic profiles near gene starts, gene ends, and middle exons, sorted according to gene expression                             
level or exon inclusion ratio. These attractive visualisations will expose the complex links existing                           
between epigenetic marks and transcription, and will add value to the FAANG dataset.  

Efforts will be devoted to make the addition of new samples of the dataset as automatic as                                 
possible, to ensure the long term stability of the proposal. Development of the web applications will be                                 
fully open source. Altogether, we hope our efforts will reinforce the FAANG data portal attractiveness                             
for researchers and breeders, and will foster data reuse. 
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1. Proposal description 

General context 

With a growing world population and an ongoing climate crisis, there is a pressure to improve                               
food production systems for efficiency and sustainability. Animal breeding schemes have been                       
successful so far in procuring significant genetic gain, including since the advent of genomic selection,                             
but further improvement are nonetheless required.  

The FAANG initiative1, for Functional Annotation of Animal Genomes, aims at gathering                       
forces at an international level to improve farm animal genome annotation and foster FAIR principles                             
within the field. Any willing laboratory can submit data and metadata, if they follow the FAANG data                                 
standards. Better farm animal genome annotations will be tremendously useful when deciphering the                         
links between QTLs and phenotypes, and will ease the identification of the causal variants. Several                             
european H2020-funded programs are part of the FAANG initiative, including GENE-SWitCH (led by                         
colleagues from INRA), BovReg and AQUA-FAANG. 

Data submitted to the FAANG initiative are gathered to a data portal, coordinated by the                             
FAANG data coordination center (DCC) at the EMBL-EBI: data.faang.org. This portal allows simple                         
and complex searches, selection of appropriate files and their subsequent download. It is currently                           
funded through a BBSRC grant until 2020 and by the H2020-funded programs listed above. Future                             
development will include improved API access, availability of uniformly processed data (funded by                         
H2020 and USDA FAANG grants), and inclusion of genome tracks and a genome browser, to allows                               
users to explore FAANG data at their regions of interest with only a web browser and a few clicks. 

State of the art 
The gold standard for sharing epigenomics data is currently the ENCODE4 data portal, which                           

allows powerful search of raw and uniformly processed data across a large selection of assays, species                               
and tissues, and include quality analysis reports. It allows selection of files of interest through a “cart”                                 
for bulk downloads, as well as a powerful API access. It also links processed files into genome                                 
browsers (UCSC, QuickView and Ensembl). 

 

https://www.faang.org/
https://www.zotero.org/google-docs/?AmB08t
https://github.com/FAANG/dcc-metadata/tree/master/rulesets
https://github.com/FAANG/dcc-metadata/tree/master/rulesets
http://data.faang.org/home
https://www.zotero.org/google-docs/?k8LtwB
https://www.encodeproject.org/matrix/?type=Experiment&status=released
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Other projects have developed data exploration portal, such as the Roadmap Epigenomics5 data                         

portal, the  BLUEPRINT6 data portal, of the IHEC7 data portal, with roughly similar features. 
Individual laboratories have also developed powerful data portals, often offering additional tools                       

and visualisations, and are a great source of inspiration for this project. The CODEX8 database                             
gathered publicly available data, processed them uniformly, and rendered the results available through                         
a website. It allows to search for transcription factors binding near a gene of interest specified by the                                   
user, and provides a few other tools: correlation analysis to compare multiple experiments, gene set                             
enrichment tool, motif discovery, and cross-species comparison of tracks. QC Genomics is another                         
initiative9 that is creating a data portal from publicly available data. It offers extensive quality control                               
analysis, uniformly processed files, a powerful custom genome browser, and several tools, such as a                             
comparator to correlate different experiments, a co-occupancy tools for transcription factors around                       
gene annotation regions, and a temporal gene network tool for expression data. 

Previous work 
The FAANG community1 has set the foundations to apply FAIR principles to farm animal                           

genomic data. It has gathered an international community through international meetings, secured                       
several sources of funding through both European and international grants. This initiative started                         
establishing guidelines of best practices, and developing a data portal thanks to the effort of a data                                 
coordination center, managed by the EMBL-EBI. Notably, this data portal is open source, and the                             
community is able to support its development. 

The coordinator of the VizFaDa project has past experiences that are highly relevant to this                             
program. Amongst other studies10–12, he developed the Heat*seq and PEREpigenomics web                     
applications. Heat*seq13 allows fast visualisations of the comparison of hundreds of next generation                         
sequencing experiments (RNA-seq, TF ChIP-seq, CAGE, gene lists) through clustered correlation                     
heatmaps. Users can filter experiments through various fields, and get an overview of the similarities                             
and dissimilarities between experiments. Users can also upload processed data and compare their                         
experiments with hundreds of other publicly available ones in seconds (figure 1A). Heat*seq focused                           
so far on human, mouse and drosophila data. PEREpigenomics explores the relationships between                         
epigenetic marks and gene expression in the Roadmap Epigenomics (human) data by providing                         
stacked profiles plots (figure 1B) for each assay of the dataset. These powerful visualisations allow for                               
a fine comprehension of the relationships between marks and transcription, and are also useful to                             
compare data qualities, tissues or species. 

 

 

https://www.zotero.org/google-docs/?uqtiR7
https://egg2.wustl.edu/roadmap/web_portal/
https://egg2.wustl.edu/roadmap/web_portal/
https://www.zotero.org/google-docs/?3C1lOw
http://dcc.blueprint-epigenome.eu/#/home
https://www.zotero.org/google-docs/?datmFx
https://epigenomesportal.ca/ihec/
https://www.zotero.org/google-docs/?pjn7O7
http://codex.stemcells.cam.ac.uk/
http://www.ngs-qc.org/qcgenomics/
https://www.zotero.org/google-docs/?WSbXaN
https://www.zotero.org/google-docs/?7YS6wF
https://github.com/FAANG/dcc-portal-frontend
https://www.zotero.org/google-docs/?maKovy
http://www.heatstarseq.roslin.ed.ac.uk/
http://www.perepigenomics.roslin.ed.ac.uk/
https://www.zotero.org/google-docs/?ysmz44
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Figure 1: Example of two visualisations to apply on FAANG data. A. Several mouse                           
RNA-sequencing experiments from the Bgee14 database have been correlated and clustered by tissue                         
(Cerebellum, thymus and colon samples) . An user-uploaded experiment is shown in green and                           
correlates well with the cerebellum samples of the database. B. Epigenetic mark H3K4me3 is                           
positively correlated with gene expression near the transcription start site (TSS) of genes in human                             
lungs. Top panels from left to right: Gene expression level of 44,114 genes in human lungs, type of                                   
genes per expression level, quintiles of genes according to the expression level, H3K4me3 ChIP-seq                           
signal around the TSS of genes sorted according to gene expression, Input ChIP-seq signal around                             
the TSS of genes. Bottom panels from left to right: distribution of expression levels within each                               
quintile of gene expression, mean H3K4me3 signal (+/- SEM) near the TSS for each quintile of                               
genes, mean input signal for each quintile of genes. 

Tasks 
This proposal, VizFaDa, aims at further reinforcing the attractivity of the FAANG data portal by                             

providing additional interactive visualisations and tools inspired by our previous work on Heat*seq                         
and PEREpigenomics.  The program is structured around 4 packages: 

WP0: planning and dissemination 

Planning of the work will be decided in close collaboration with the FAANG DCC at the                               
EMBL-EBI, through two in-person meetings and regular video-conferences. The first meeting will                       
happen shortly after the recruitment of a bioinformatics engineer. The second in person meeting will                             
happen toward the middle of the project to serve as an intermediary progress report, to make any                                 
adequate changes for the second half of the project. 

Dissemination efforts are described in section 4. 

 

https://www.zotero.org/google-docs/?xnf6hv
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WP1: Correlations across experiments 

This work package aims at adapting and improving Heat*seq for FAANG data, i.e. at displaying                             
correlations between experiments in the form of clustered correlation heatmaps. It will focus on                           
ChIP-seq, DNA methylation profiling, RNA-seq, and ATAC-seq assays in the various FAANG                       
species (so far, bovine, chicken, pig, horse, sheep and goat). For this proposal, each species will be                                 
treated independently. Task 1.1 will consist in the development of a web application to display the                               
correlations, and its close integration in the FAANG data portal. Users will be able to go from the                                   
heatmap to the assay pages, and vice versa, in one mouse click. Users will also be able to upload their                                       
own data to compare them with all other relevant data in seconds. Notably, this application will require                                 
pre-processing of the FAANG data (alignement, quantification, computation of the correlations).                     
While ad hoc pre-processing will be used throughout task 1.1, task 1.2 will focus on automatic                               
addition of new FAANG data into this web application, through the development of automatic                           
routines. This should ensure the longevity of this project, as updating the application with new data                               
will be as automated as possible. We estimate this package to be of low risk (as the coordinator has                                     
previously developed such projects) but will benefit greatly to the community.  

WP2: Epigenetic marks and transcription 

WP1 is focusing in one type of assay at a time. WP2 will thrives at providing integrative                                 
visualisations of both transcriptomic and epigenomic data. In the form of stacked epigenomic                         
profiles at particular features (gene starts, gene ends, middle exons) sorted according to expression                           
level and/or exon inclusion ratio (figure 1B). Such plots require to have gene expression and                             
epigenetic marks data for the same tissues, which is more and more the case. Each compatible sample                                 
will have its links from the data portal to the visualisations (and vice versa). Task 2.1 will consist in                                     
developing the application, build on our work on the PEREpigenomics web application, and integrate                           
its results in the FAANG data portal. Task 2.2 will consist in automating the addition of new samples                                   
in this web application, to ensure its future relevance. Again, we estimate this package to be of low                                   
risk (as the coordinator has previously developed such projects) but will benefit greatly to the                             
community.  

WP3: extension to non FAANG data 

FAANG has a minimal set of requirements to accept new samples (it has nonetheless imported                             
numerous legacy datasets deemed to be of use to the community). Non-FAANG data might still be                               
very useful to the community. Work package 3 will aim at integrating many non-FAANG data                             
available through databases such as ENA, ArrayExpress, SRA or GEO into web applications                         
developed in WP1 and WP2. Indeed, adding relevant visualisations to already published data is a great                               
way to advertise them and promote their re-use. 

2. Consortium 

Coordinator: Guillaume Devailly, INRA, GenPhySE, GenEpi. Guillaume Devailly has been                   
working in epigenetics and bioinformatics. He is the main developer of web applications Heat*seq13                           
and PEREpigenomics, that allow researchers to easily explore and visualize large dataset of                         
transcriptomic and epigenomic data. He will supervise WP1 and 2, and do the work for WP3, by                                 
dedicating 40% of his time to the project for the 2 years. 

A bioinformatics engineer will be hired for 18 months at INRA, GenPhySE to work on WP1                               
and WP2 with the help and guidance of the consortium members. 

 

http://data.faang.org/dataset?standard=Legacy
http://www.heatstarseq.roslin.ed.ac.uk/
https://www.zotero.org/google-docs/?U5dNp0
http://www.perepigenomics.roslin.ed.ac.uk/
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Philippe Bardou, INRA, GenPhySE, SIGENAE, has experience in web application                   

developments, having notably developed jvenn15, RumimiR16 and the ng6 database. He will provide                         
help and expertise for the web application development and integration to the FAANG data portal,                             
thanks to his competence in javascript. He will contribute to WP1.1 and 2.1 for an predicted time of 3                                     
person-months. 

Patrice Dehais, INRA, GenPhySE, SIGENAE, is part of the team administering the computing                         
infrastructure GenoToul. He is administering several virtual machines, a Galaxy instance, and has                         
adapted Ensembl and biomaRt for local needs. He will provide help and expertise with system                             
administration of the server hosting the developed web applications, contributing to WP1.1 and 2.1 for                             
an predicted time of 3 person-months. 

Sylvain Foissac has been deeply involved in the FAANG initiative from the very beginning1,3                           
and is a co-leader of the FrAgENCODE program17. He will dedicate 2 person-months to provide                             
guidance in WP0, 1, 2 and 3. 

Altogether, several people from the GenPhySE laboratory are involved in the FAANG initiative,                         
and this project will benefit from having them in the working environment. 

The local computing infrastructure GenoToul, not part of this consortium, will be able to                           
provide computing power and web server to process data for the web applications, and host and serve                                 
the web applications. 

Also not part of the consortia, the EMBL-EBI team developing the FAANG DCC data portal                             
(notably Peter Harrison and Guy Cochrane) will provide support to this project, as evidenced by the                               
following letter of support: 

 
INRA strategic orientation for 2025 include Open Science amongst its main objectives. As such,                           

the institute support this proposal, and has provided a support letter to VizFaDa (not included). 

 

http://jvenn.toulouse.inra.fr/app/index.html
https://www.zotero.org/google-docs/?szp5ox
http://rumimir.sigenae.org/
https://www.zotero.org/google-docs/?nVhm2k
https://ng6.toulouse.inra.fr/
http://bioinfo.genotoul.fr/index.php/training-2/galaxy-training/
https://www.zotero.org/google-docs/?a8Jw2P
https://www.zotero.org/google-docs/?OLo5fL
http://bioinfo.genotoul.fr/
http://2025.inra.fr/en
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3. Proposal impact  
The FAANG initiative aims at gathering all researchers involved in farm animal genomics at an                             

international level.  
This proposal aims at providing additional data visualisations to the FAANG data portal.                         

Indeed, without visualisations, users need to download heavy read files (fastq) and process them in                             
order to assess their quality and relevance, a process that requires time, knowledge and computing                             
power. Some users have complained that the data portal is for now under-developed, and effort to                               
improve it are ongoing. Therefore, providing data visualisations directly on the portal will further                           
valorize the data and foster their re-use. The visualisation will also provide an eagle-eye view of the                                 
relationships between different samples within the FAANG database. Our core target audience will be                           
biologists, and our web application will not require any bioinformatics skills to be used. 

The FAANG data portal has had 1001 unique visitors in 2018, corresponding to 4588 unique                             
site visits. As several successfully funded European and international proposals are ongoing, with the                           
three successful H2020 European grants only starting this summer, the number of scientists using the                             
FAANG data portal is likely to continue to increase in the future. Those visitors will benefit from the                                   
new visualisations we will provide. Furthermore, any useful feature added to the FAANG data portal                             
will contribute to its usefulness and attractivity, resulting in a positive feedback loop attracting more                             
and more visitors.  

The visualisation scripts and web applications will be developed with the aim to render the                             
addition of new data as automatic as possible, therefore ensuring both the transposability of this effort                               
to new data and its longevity after the end of the project. Efforts produced here will directly benefit to                                     
the previous applications Heat*seq and PEREpigenomics, that focus on human and model organisms                         
data. 

Our web applications could also be mobilisable by other data repository, as in plant or microbial                               
communities. 

4. Dissemination strategy and proposal sustainability 

Once presentable, the web applications will be advertised through social media and blog posts.                           
As the development will occur publicly in a GitHub/GitLab repository, the community will be able to                               
provide feedback and modifications since the early days of the development. At later stage of the                               
program, progress will be exposed through poster and oral presentations in local, national, and at least                               
two international events such as the ECCB or JOBIM conferences. As a key part of the FAANG data                                   
portal, the visualisations developed as part of this project will also be promoted by the FAANG DCC                                 
at international conferences and workshops, for example at PAG and ISAG conferences. 

Finally, one or two open-access scientific paper will describe our work, with journal such as                             
Oxford Bioinformatics, BMC Genomics or JOSS as potential target, either independently, or as part of                             
an article presenting the FAANG data portal. 

The FAANG data portal has secured funding for the years to come in various international                             
grants, including three H2020 programs, and might decide to fund follow-up of this work if needed. In                                 
addition, most members of this consortium are in permanent positions and will be available to                             
maintain the web applications for the years to come. Finally, if positively received by the community,                               
additional grants might be seeked to follow up and expand this work. 

All web application, analysis scripts, and processed data files will be render publicly available                           
as soon as created, or shortly after. Raw data is already publicly available at the FAANG data portal.                                   
The development will happen publicly on platform GitHub and/or GitLab.  
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5. Self evaluation measures 

Several measures will be put in place to ensure high quality throughout the projects. 
In person meetings with the team developing the FAANG-DCC will occur at the start and at the                                 

middle of the project to refine objectives, ensure good distributions of the tasks, analyse progress,                             
provide feedback. Regular video-call will ensure the good coordination between the consortium and                         
the FAANG DCC throughout the project. 

Code reviewing for the applications will be put in place, both internally between the coordinator                             
and the recruited bioinformatic engineer, and with the EMBL-EBI engineers for any code that will                             
directly impact the FAANG data portal. This code reviewing will happen either through GitLab or                             
GitHub. 

Once early version of the applications will become available, usage will be monitored to assess                             
the effectiveness of our diffusion campaigns and the popularity of each tool, including metrics such as                               
page view number, number of unique visitors, time spent on the applications, both in total and for each                                   
sub application, through an GDPR compliant tracker. 

Applications will be developed for ease of maintenance and long term perennity in mind.                           
Components (pre-processing pipelines, each application) will be separated to ensure robustness of the                         
system. 

6. Required budget 

The main spending item will be the             
recruitment of an engineer for 18           
months of time to develop the web             
applications together with the project         
coordinator. Additional fundings are       
required for buying/renting computing       
and web-server power, travel ,         
meetings and publishing expenses, and         
overheads. 

 

Budget item  Total amount 

Engineer (18 months)  56 934 € 

Traveling conferences  5 000 € 

Publication costs  500 € 

Computation & server  8 000 € 

Overhead  5 634 € 

TOTAL  76 068 € 
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7. Planning 

 

A bioinformatics engineer will be recruited for 18 months to work on WP1 and WP2. 
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