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1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
Improving the functional annotation of animal genomes is a key challenge in bridging the gap
between genotype and phenotype, thus enabling predictive biology.
Much of the value in biological research lies in predicting outcomes whether it is the efficacy of a
drug, the consequences of ageing, susceptibility to infectious disease or the performance of the
daughters of an elite dairy bull. The capability to sequence complex animal genomes quickly and at
modest cost is now well established. The next challenge is to be able to read the subtlety and
complexity of the instructions encoded in genomes, both the regulatory and coding sequences, and
to predict the resulting phenotypes, i.e. to predict the consequences encoded in sequences and
epigenetic modifications. Indeed, the key to realising the potential of the investment in the
sequencing of animal genomes lies in linking, predicting and understanding the relationship between
genotype and phenotype and interactions with the environment.
Animals are complex systems in which predicting phenotype from genotype (sequence) is
challenging. However, quantitative geneticists and animal breeders have been remarkably
successful at developing statistical models that are effective predictors of future performance 1. The
accuracy of these models has been increased by using high-density single nucleotide polymorphism
(SNP) genotypes2. Further improvements can be achieved through the use of genome sequence
data3,4,5 and by adding knowledge of the likely effects of the sequence variants whether coding or
regulatory6. While artificial selection has made improvements in traits of economic importance, there
is little understanding of the biological mechanisms underpinning such phenotypes.
However, there are some (very few) notable examples of identifying some of the genetic variants
underlying complex traits in farm animals. The identification of a single base pair change that is the
causal genetic variant for the complex callipyge muscle hypertrophy phenotype in sheep7. The
finding that a single nucleotide change in the 3’-untranslated region of the sheep myostatin gene
creates a new microRNA binding site that decreases myostatin protein expression8. The
identification of a single nucleotide change in an IGF2 intron that is the causal mutation for a
quantitative trait locus with effects on muscle growth and fat depth in pigs 9. Much of the genetic
variation underlying quantitative traits is likely to be located in regulatory sequences10, as illustrated
by these examples. However, these are poorly defined in domesticated animals. Basic principles
and biological mechanisms that link genotype to phenotype can be elucidated in model organisms.
However, species-specific information is required in order to dissect the genetics of the trait(s) of
interest in the species of interest; birds and fish have a different biology than mice. Comparative
genomics with its underlying evolutionary framework facilitates the interpretation of data from one
species on the basis of knowledge from related organisms. Nevertheless understanding the trait(s)
of interest in the authentic biological context requires organism specific information. A high quality,
richly annotated reference genome sequence for the species of interest is an essential framework
around which to organise organism specific information particularly for research to understand the
genetic and epigenetic control of complex traits. In order to facilitate linking sequence (genotype) to
consequence (phenotype) the annotation should include sequence variation plus the genes (both
coding and non-coding) and regulatory sequences. Species-specific data provides information with
which to build annotation of the greatest utility.
For example, Schmidt and colleagues concluded from their analysis of transcription factor (TF)
binding sites across five vertebrate species, including chickens, that a) “Although each TF displays
highly conserved DNA binding preferences, most binding is species-specific, and aligned binding
events in all five species are rare” and b) “Our results reveal large interspecies differences in
transcriptional regulation and provide insight into regulatory evolution”11. Similarly, the complexity of
alternative splicing and the resulting diverse transcriptomes differ significantly between species12.

More recently, it has been reported that rapid evolution of enhancers is a universal feature of
mammalian genomes; recently evolved enhancers can be associated with genes under positive
selection, demonstrating the power of multi-species approaches for annotating regulatory
adaptations in genomic sequences13. Furthermore, some classes of non-coding RNAs (ncRNAs) are
not particularly well conserved. For example, although advanced computational methods can be
employed to screen for conserved RNA structure14, the ~10,000 long ncRNAs identified by the
ENCODE (ENCyclopedia Of DNA Elements) project are not generally sufficiently conserved to allow
annotation of animal genomes based on comparative analyses15. Finally, while data on model
organisms are abundant and helpful in the context of comparative genomics approaches, these data
are not always relevant for investigations of mechanisms or traits that are of interest in domesticated
animals.
Genomics approaches and technologies, especially the advent of next-generation sequencing
(NGS) technology has transformed biological research, providing digital biological assays based on
sequence reads. The ability to handle, analyse and interpret very large NGS data sets is now a key
skill for biological researchers. Despite the pervasiveness of such large data sets, most scientists
engaged in biological research in many sectors (basic science, agricultural, medical,
pharmaceutical,..) and at all levels (postgraduate students, post- doctoral researchers and research
group leaders) lack the expertise to handle, analyse and interpret such data. Many are unaware of
the wealth of ‘omics and other data in public databases and how to access the data. Many are limited
to simply ‘point and click’ browsing of such public data or to using the default parameters in on-line
analysis packages. This lack of understanding can lead to incomplete results, or in the worst case,
to inappropriate or misleading conclusions. Thus, there is a need for training through workshops,
training schools, on-line materials and Short-Term-Scientific Missions (STSMs).
In addition to the need for training in data management, analysis and interpretation, there is a need
for training in the laboratory methods for ‘assay-by-sequence’ experiments. Specialised sequencing
facilities have been established to meet the sequencing needs of scientists within research
organisations, a locality or nationally. Such sequencing facilities will take purified nucleic acid or
biological samples (tissue, cells, etc.) as input from a researcher and return raw or processed data
to the researcher. The need for the researcher to understand the nature and value of the data and
how to interpret the data is highlighted above. In addition, the commissioning researcher needs some
understanding of sequencing and its outputs in order to properly design his/her experiment and the
sampling methodology which will be required to address the experimental question. As the range of
assay-by-sequence methods expands it becomes clear that the commissioning researcher(s), rather
than the sequencing facility staff, should undertake the initial experimental procedures. For a
transcript profiling experiment it is possible that the sequencing facility will receive appropriate
preserved biological samples (tissue, cells, etc.), isolate RNA, including as appropriate isolation of
small RNA molecules for microRNA analyses or polyA+ RNA, prepare cDNA, construct sequencing
libraries and perform the sequencing. However, for other approaches the preparatory steps will need
to be performed by the commissioning researcher’s team rather than the sequencing facility staff.
For example, for ChIP-seq (chromatin immunoprecipitation sequencing) experiments: given the
specificity of experimental context and diversity of antibodies which may be used, the isolation of
nuclei and the immunoprecipitation steps will be carried out by the researcher’s team. Therefore
delivering training in the expanding range of ‘assay-by-sequence’ methods through training schools
or STSMs is crucial. A network of laboratories with expertise in a range of different experimental and
analytical methods will facilitate such training.
1.1.2. Relevance and timeliness
The gaps in the current annotation of animal genomes and the consequent limitations on these
genomes as resources for linking genotype (sequence) to phenotype have been outlined above. It
is widely accepted by the international animal genetics research community that the answer to this
lack of functional annotation of domesticated animal genomes lies in the approach deployed by the
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human genomics community, e.g. the ENCODE (ENCyclopedia Of DNA Elements) project16,17, and
adopted subsequently by other communities18. Schaub et al.10 have recently highlighted the value of
such functional annotation: “Our results show that the experimental data sets generated by the
ENCODE Consortium can be successfully used to suggest functional hypotheses for variants
associated with diseases and other phenotypes”. Briefly, there are four key elements to this
approach to functional annotation: i) genome-wide assays, ii) use of agreed standard protocols for
data generation, iii) use of agreed data standards and iv) international collaboration. The COST
Action system provides a potential means of funding the necessary agreement over standards and
coordinating the necessary research.
High quality annotation for animal species can be compiled from the systematic analysis of
ENCODE-type data emerging from multiple independent biology-led projects. These biology-led
projects address questions in development, differentiation or responses to perturbation, including
disease and are supported through conventional national research funding mechanisms. Results
from such projects have already begun to appear in the scientific literature19,20,21. The COST Action
system provides a means to maximize the benefits of such research projects through coordination,
development of agreed standards and data sharing.
The EU-US Biotechnology Task Force Animal Biotechnology Working Group (ABWG) has identified
improving animal reference genome sequences and the comprehensive annotation of their
functional elements and variants as priorities for understanding the link between genotype and
phenotype. This requires coordinated action [http://goo.gl/vFgds6]. The ABWG convened a
workshop of >100 scientists in January 2014 in advance of the XXIIth International Plant and Animal
Genome conference in San Diego to promote the drafting of a White and coordinated efforts to
establish an international effort for the Functional Annotation of Animal Genomes (FAANG). FAANG
research activities have started, and further applications are under review by national funding
agencies worldwide. Europe is at the forefront of this process. At least three countries (France,
Netherlands, and UK) are carrying out pilot FAANG projects and UK funding for the critical Data
Coordination Centre function has been secured. In order to be successful, all these activities require
adequate support, not only for efficient coordination and further outreach within Europe, but to foster
the European leadership of the FAANG infrastructure, through coordination and networking with the
international community.
There is no funding in place to support the international coordination and networking which are
essential to the success of FAANG. Thus, support for a COST Action is highly relevant and very
timely.

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives




To establish a collaborative framework to enable functional annotation of domesticated
animal genomes.
To develop a shared research agenda to deliver improved functional annotation of
domesticated animal genomes.

1.2.2. Capacity-building Objectives






To train research scientists and students in a) assays by sequencing, b) analysis of functional
sequence data, c) use of annotated genome sequences and functional annotation data.
To identify and facilitate the sharing of biological resources for functional genomics in
domesticated animals.
To identify and facilitate the sharing of bioinformatics resources for functional genomics in
domesticated animals.
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1.3.

To agree standard operating procedures for generation of data for functional annotation.
To identify and facilitate the sharing of biological resources for functional genomics in
domesticated animals.
To facilitate the sharing of genome scale data sets for functional annotation of domesticated
animal genomes.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
Draft reference genome sequences are available for the major farmed and companion animal
species and many aquatic species. These animals include poultry (chicken22, turkey23, duck24,
livestock (cattle25, pig26, goat27, and sheep28), fish (cod29, tilapia30, and salmon31), companion animals
(dog32, horse33) and others (rabbit34). However, the genome assemblies that have been generated
for domesticated animal species are only drafts and are of varying quality. For example, highly
repetitive regions containing multigene families sharing high sequence identity remain notoriously
hard to assemble and annotate during whole genome attempts, e.g. the major histocompatibility
complex. However, the functions of these gene complexes are often critical, particularly for the
immune system, as evidenced by rapid evolution and polymorphism which is often species specific.
Their fundamental importance to disease and production phenotypes makes their inclusion and
correct annotation essential. In the current animal genomes most of these regions remain
misassembled or absent, and require targeting. Annotated versions of domesticated animal
reference genome sequences are freely available to the research community and the wider public
through
genome
browsers
such
as
Ensembl
[http://www.ensembl.org],
NCBI
[http://www.ncbi.nlm.nih.gov/genome] and UCSC [http://genome.ucsc.edu/]. The annotation of these
animal genome sequences is currently limited to gene models deduced from alignments with
expressed sequences (cDNA (copyDNA), ESTs (expressed sequence tags), RNAseq (RNA
sequence)) and some sequence variation (SNPs (single nucleotide polymorphisms), CNVs (copy
number variants)). A comparison of the number of annotated transcripts in the human, mouse and
domesticated animal genomes indicates that the complexity of the transcriptomes in domesticated
animals, including transcript isoforms and alternative splicing remains to be adequately
characterised. Whilst 70-90% of the coding elements can be identified in the animal genomes, little
information is provided with respect to non-coding genes, especially long non-coding RNAs
(lncRNAs) and even less on the regulatory sequences, including promoters and enhancers. This
lack of knowledge of the regulatory sequences is a significant barrier to understanding the link
between genotype and phenotype in these animal species. During the next 12 months there are
international efforts to improve these genome assemblies, in particular by exploiting long read
technology (e.g. Pacific Biosystems (PacBio)) for gap filling or de novo assembly.
1.3.2. Progress beyond the state-of-the-art
The aim of the Functional Annotation of Animal Genomes (FAANG) initiative is to improve the
functional annotation of animal genomes in order to improve the accuracy of predicting phenotypes
from genotypes (sequence). Understanding the regulation of gene expression in the target species
will facilitate the development of predictive models based on understanding of the underlying
biological mechanisms. Identifying regulatory sequences and the consequences of variation in such
sequences are important for the development of the improved predictive models.
The initial tasks for FAANG are i) to characterise the complexity of the transcriptome and its
regulatory networks, including coding and non-coding transcripts, transcript isoforms and alternative
splicing; ii) to identify promoters, enhancers and other cis-acting and trans-acting regulatory
elements; iii) to characterise chromatin states (chromatin conformation, histone modifications, DNA
methylation); and iv) to characterise the epigenetic control of transcription during differentiation /
responses to perturbation in systems of relevance to health and production traits.
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1.3.3. Innovation in tackling the challenge
The NGS technology platforms are continuing to develop rapidly. The short read sequencing
platforms currently dominated by Illumina (Solexa) technology yield huge volumes of sequence data
at ever reduced cost and with improving throughput and read lengths. The long read technologies
are making an impact (e.g. Pacific Biosciences) although error rates, higher costs and lower
throughputs impose some limits on their use. As unit costs per data point, once a sample is loaded
onto the sequencer continue to fall, the costs of pre-processing, including library preparation become
the key determinant of affordability. Similarly, methods for analysis of sequence data are also
evolving rapidly. Moreover, for the species of interest the reference genome sequences which are
the framework for data analysis require improvement and thus will change over the next few years.
Developing agreed standards for data generation and data analysis in this context of rapidly changes
in sequencing technology, analysis methods and the reference genomes will be challenging. A
number of additional factors will exacerbate these challenges. The research groups that will generate
data, which could be used for functional annotation, may have access to different technology
platforms or different versions thereof. Use of the sequence data for functional annotation will often
be secondary to the primary purpose for which the data were generated. Scientists involved in the
(human) ENCODE17 and mouse ENCODE18 projects benefited from the use of shared biological
materials, e.g. transformed cell lines, inbred strains of mice. In contrast, the species of interest to
FAANG are outbred. Furthermore, FAANG experimental data will largely be generated from primary
cells and tissues, in line with the latest trend of ENCODE projects in model animals. These factors
emphasise the need for sharing agreed standards for sample collection and processing efficiently
across the community.
Thus, tackling the challenge of improving the functional annotation of animal genomes will require
innovative ways of working. It will be necessary to develop agreed standards for sample collection
and processing, data generation and data analysis that are sufficiently flexible to respond to new
technologies and methods, but also sufficiently robust to allow the effective use of data generated
by multiple independent research groups. Funding to support regular networking, scientific
exchanges and training, through a COST Action, would enable this approach.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
Through clear management, agreed codes of conduct, agreed standard protocols, training,
coordination and community engagement, this Action will deliver benefits of data sharing,
coordinated data analyses and the functional annotation of domesticated animal genomes which
would otherwise not be achieved.
There is a growing number of projects in which assay-by-sequence methods are being used to
address a diverse range of biological questions in animals. These research projects include studies
of developmental biology, stem cell biology20 and responses to disease21. Whilst some of the
sequence data, which are primary outputs from these experiments, are being deposited in public
domain databases such as the European Nucleotide Archive (ENA), these data are not readily used
by most biological researchers. These data are also potentially rich sources of information with which
to develop high quality functional annotation of animal genomes. The failure to follow standard
procedures for generating these data limits the value of some of the data for functional annotation.
Thus, whilst the goals of the individual projects may have been met, it could be argued that there
has been a serious under achievement and a failure to maximise the return on the funds spent on
producing the data. Currently, there is no clear route for these data to find their way into genome
databases in which they can be visualised effectively in context. The FAANG Europe COST Action
network will provide a mechanism to enable more effective exploitation of these data to produce high
quality annotation of common value.
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Functional annotation of animal genomes coordinated by FAANG will be leveraged on non-COST
funded infrastructure and resources such as the Ensembl Genome Browser which provides a
framework for visualising the coordinated annotation. The data hubs model proposed for sharing the
annotation data is a framework for distributed laboratories to share data in standard formats and in
a shared genome sequence context. From the ENCODE project it is evident that no one laboratory
can deliver the rich integrated functional annotation which is required to address the challenges
above. An international network of laboratories such as FAANG working in a coordinated manner to
agreed common standards is the most cost effective manner of meeting the challenge and engaging
the full spectrum of research groups from well-funded laboratories in the leading economies to less
well-resourced groups, e.g., in Inclusiveness Target Countries (ITCs).
1.4.2. In relation to existing efforts at European and/or international level
The FAANG-Europe COST Action will be set in the context of the international Functional Annotation
of Animal Genomes (FAANG) initiative (see above). This international FAANG initiative is not
funded, but rather relies upon the goodwill of the participants. Initial funding has been provided for
pilot projects in France and the USA and for establishing the data coordination infrastructure in the
UK. Applications for research funding to generate more substantial datasets are under review in the
UK, the Netherlands, Canada and elsewhere.
Members of FAANG have met scientists, stakeholders and funding agencies world-wide including
many EC countries, the US, and Australasian countries to prioritise funding to deliver improved
functional annotation of animal genomes.
Domestic animal genetic resources have been developed in several countries and in some cases at
large scale (e.g. France: CRB-Anim - Network of Biological Resources Centres for domestic animals,
ANR Infrastructure 2012-2019). FAANG-Europe will leverage such resources in a number of ways.
First, these resources are examples of the shared resources around which WG1 will develop
guidelines for using common biological materials with documented biological samples and organized
access to stored tissues, gametes or embryos and stem cells. Second, these resources and the
associated infrastructures can be used to develop and to share protocols of technological
developments such as new cryobanking methods and for improving sample quality (e.g. establishing
patterns of genome methylation upon freezing/thawing). Third, through funding of STSMs to visit
such facilities, FAANG-Europe will promote the transfer of standard protocols to other laboratories
across Europe. Finally, FAANG will encourage the use of such resources to develop cell lines from
selected samples which could be used as common references for most assay-by-sequence
experiments by laboratories across Europe. The rapid development of both assay-by-sequence
technologies and methods for the analysis of 'omics data means that no one laboratory can expect
to master all these tools. FAANG-Europe will address this challenge in a number of ways. The STSM
programme will facilitate the transfer of skills and protocols from one laboratory to another. The
training schools will similarly provide participants with opportunities to keep pace with these rapid
developments, especially in bioinformatics and data analysis. Finally, as a network working to agreed
standards participants with different expertise will generate data using non-COST funds in a manner
that the data can be effectively shared and integrated to yield a more comprehensive view of animal
genomes and how they work.

2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
Research on domesticated animals has important socio-economic impacts, including underpinning
and accelerating improvements in the animal sector of agriculture and in aquaculture, contributing
to medical research, improving the health and welfare of companion animals and informing
understanding of natural and wild animal populations.
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The international FAANG initiative is expected to have beneficial impacts on a wide range of
biological research. It is anticipated that there will be socio-economic benefits as a consequence.
The FAANG-Europe COST Action will contribute to improvements in the skills of students and
scientists through training in the latest 'omics and related technologies and in analysis and
interpretation of 'omics data. By agreeing standard operating procedures and protocols for the design
and execution of experiments and for the processing and analysis of the resulting data the FAANGEurope COST Action will diffuse these standards and facilitate the access to FAANG to European
laboratories interested by these data for agronomical, biomedical or basic research, using
domesticated animals as alternative vertebrate models. This will also facilitate improvements in the
comparability of research conducted in different European laboratories. By conducting experiments
in a more uniform manner, the data generated can be more effectively shared and subjected to metaanalyses thereby increasing the return on investment for these research funds. The data generated
under FAANG guidelines, but with funding from other sources, will make a valuable contribution to
comparative genomics and to the understanding of the evolution of the regulatory elements of
genomes.
By facilitating the functional annotation of animal genomes in a standard and coordinated manner
FAANG will contribute to the identification of the transcribed (coding and non-coding) and regulatory
elements of animal genomes. The contribution of European laboratories and their coordination to
FAANG is crucial to improve functional annotation of animal genomes that will facilitate research to
understand the genetic control of complex traits, including traits of economic importance in farmed
animals. Most of these economically important traits are quantitative in nature with animals exhibiting
a continuous range of trait values. Much of the genetic variation underlying these quantitative traits
is likely to be located in regulatory sequences. An increased understanding of the genetic control of
complex traits in farmed animals will inform subsequent genetic improvement through selective
breeding in these species.
Available breeding or selection models are mainly based on the assumption that the traits are
inherited in an additive genetic manner. However, there is growing evidence that non-additive
genetic mechanisms like dominance or epistasis significantly contribute to variation in complex traits.
With the new achievements of structural and functional genomics it becomes possible to study
effects of epistasis on phenotypes in farm animals. In addition to estimating statistical epigenetic
effects the functional annotation of genome sequences enables mechanisms of gene-gene
interactions (genetical epistasis) and genotype-environment interactions to be resolved.
Some of the target animal species are also used in medical research (e.g. pigs, sheep, and dogs)
or as model organisms for fundamental biological research (e.g. chickens). Recent investments in
sequencing pigs and dogs35 by the pharmaceutical industry confirms the potential value of high
quality annotated animal genome sequences for biomedical research. The Action will engage with
COST Action BM1308 “Sharing Advances in Large Animal Models” to explore the potential for impact
in this area.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
The relevant stakeholders include students and scientists engaged in a wide range of research on
domesticated animals, funding agencies, and potential end-users of the improved annotation. This
latter group includes animal breeding companies which include world-leading European owned
companies in poultry, livestock and fish breeding. These companies are technically sophisticated
and are already exploiting genomics tools and information in their breeding programmes. Scientists
from these companies participate in the regular scientific conferences in the animal genetics field.
Companies will be invited to participate in COST Action workshops, conferences and dissemination
events. A number of places at training workshops will be reserved for company scientists. The COST
Action will engage with groups such as the European Forum of Farm Animal Breeders (EFFAB) and
the Farm Animal Breeding and Reproduction Technology Platform (FABRE-TP) as well as directly
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with individual companies. As the pharmaceutical industry also use domesticated animals as
biomedical models, this sector are also potential beneficiaries of the improved annotation and
comparative genomics information to facilitate the interpretation of animal research in a biomedical
context. Thus, pharmaceutical companies and small biotechnology companies serving the
pharmaceutical sector will also be targeted in dissemination activities.
As coordinated research is critical to the success of the FAANG initiative the COST Action will
engage with national and transnational funding agencies so that the added value of coordinated
activity and data sharing are recognized in funding priorities nationally and internationally (e.g. in
Horizon 2020 (H2020) and European Research Area Net (ERA-Net)).
2.2.2. Dissemination and/or Exploitation Plan
The target audience for dissemination of outputs from the COST Action will include researchers,
postgraduate students, animal breeding companies and cooperatives; pharmaceutical companies;
biotechnology and bioinformatics small and medium enterprises (SMEs); national and international
research funding agencies; and the wider public.
A website and social media presence will be established for sharing information within the network,
with the wider FAANG consortium and the wider public. Dissemination activities will be coordinated
synergistically with the FAANG consortium communications group.
Dissemination of general information about the project, in an easy to understand format suitable for
the general public, will be posted on the Action’s website. Documents generated through the Action
including scientific articles or opinion papers the catalogues and guideline documents resulting from
the activities of the different Working Groups, event proceedings, final reports and annual reports
will be distributed to relevant bodies, and available on the website. An on-line FAANG-Europe COST
Action Newsletter will be released every six months during the COST Action. The Newsletter will be
written at a level suitable for a moderately well-informed non-scientist, e.g. managers in industry,
and feature some more technical material aimed at scientists and students. This publication will
provide an update on all events that have been organized through the network in the corresponding
time period (courses, seminars, summer schools, etc.). It will also include interviews of relevant
members of the COST Action network with the aim of describing the most promising outcomes from
the networking approach. The periodic Newsletter will be disseminated via the COST Action and
FAANG websites, and through email lists such as AnGenMap. As developing standards for the
characterisation of epigenomes falls within the scope of FAANG, the members of COST Action
FA1201 ‘Epigenetics and periconception environment – periconception environment as an
epigenomic lever for optimising food production and health in livestock’ are a potential target
audience.
The website will also be used to publicise up-to-date information of all the activities, events and
outputs directly or indirectly derived from the FAANG-Europe COST Action. The announcements for
the courses and summer schools promoted by the Action will be available here, together with the
forms that applicant participants will need to complete to request participating in the different events
(as described in the next section).
Large events organised by the Action Management Committee (MC), such as conferences,
workshops and seminars, will be advertised via the internet, newsgroups, twitter and through
relevant press, with the aim to attract the broadest audience possible. Advertisements will also be
directed towards early stage researchers through universities and other academic institutions.
The success of the exploitation of Action outputs will be assessed by the adoption of agreed standard
methods for data generation, data sharing and data analysis. Citation of standards established by
the Action and the wider FAANG Consortium will provide measures of the adoption of the standards.
Improvements in the functional annotation of animal genomes and access to the annotation through
resources such as Ensembl, UCSC and NCBI genome browsers will be further measures of
successful exploitation. Thus, the Action’s exploitation plan is concerned with delivering and
disseminating these exploitable outputs (agreed standards, enhanced annotation).
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A specific Working Group (WG4) will be responsible for developing and delivering the dissemination
plan.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
The FAANG-Europe COST Action is concerned with maximizing the return on investment in
functional genomics research and minimizing the risk of wasteful redundant activities. Ten to fifteen
years ago when genome projects for domesticated animals were initiated the costs of generating
sufficient sequence data to assemble a complex vertebrate genome were a barrier to individual
laboratories attempting to do so. Thus, there was a strong economic driver to reinforce international
collaboration to establish a single reference genome for each species of interest. Dramatic
reductions in sequencing costs means that multiple individuals laboratories are generating sequence
data from a range of assay-by-sequence methods in an independent, uncoordinated manner. Whilst
these data may be sufficient to address the specific experimental objective, they are often insufficient
for robust annotation and fall short of the guidelines established by the ENCODE, Epigenome
Roadmap and other international projects. The opportunities to establish a virtuous cycle in which
these experimental data are used to generate enhanced functional annotation which in turn can be
used for more comprehensive interpretation of the experimental data are being missed. The FAANGEurope COST Action is concerned with establishing this virtuous cycle, thus improving returns on
investment and minimizing wasted effort. The innovation potential lies in changes in ways of
conducting research through greater coordination and collaboration.

3. IMPLEMENTATION
3.1.

Description of the Work Plan

3.1.1. Description of Working Groups
The Working Groups will be organized around the key tasks for success of the international FAANG
initiative: 1) agreed standards for acquisition, processing and sharing of biological samples; 2)
agreed standards for experiments to generate data; 3) agreed standards for data management,
sharing and analysis; 4) effective communications and dissemination. A Working Group (WG5) will
also be established to plan and manage training. Milestones and Deliverables have been identified
for each WG as listed below.
WG1 - Biological resources: will i) review the relative advantages/disadvantages of primary cells
and tissues for the different functional annotation experiments, by liaising with WG2; ii) catalogue
the biological resources available for sharing and iii) establish guidelines for the sampling, storage
and use of such biological resources for functional annotation experiments and a framework for
sharing such resources amongst and outside the Action partners.
Milestones (M) and Deliverables (D)
 A catalogue of biological resources for farmed and companion animals which are available
for sharing. The catalogue will be published on the Action and FAANG websites. (D1)
 Guidelines for the use and sharing of biological resources for farmed and companion animals.
(D2)
 An opinion paper on the relative advantages/disadvantages of primary cells and tissues for
the different functional annotation experiments. (D3)
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WG2 – Experimental standards:
This Working Group will function through two sub-groups – one concerned with developing
comprehensive descriptions of the complexity of the transcriptomes of each target species and one
concerned with epigenomes and chromatin structure in these species.
(WG2a) Transcriptomics: will i) review the animal RNA-seq data in the public databases and
unpublished data generated in the participants' laboratories; ii) review and propose standard
protocols for future RNA-seq data generation; iii) promote the generation of data to provide a full
description of all protein coding genes, ncRNAs, including miRNAs (microRNAs) and lncRNA; and
iv) establish gene expression atlases based upon meta-analyses of RNA-seq data.
(WG2b) Epigenomics / chromatin structure: will i) review and propose standard protocols for
generation of data on epigenetic and chromatin states from adequate samples, by liaising with WG1;
ii) define standard protocols for each different methodology; iii) liaise with WG3 to identify data for
sharing, including exemplar data sets generated within their own labs, iv) together with WG2a,
coordinate the annotation of coding and non-coding regions and the mapping of sites sensitive to
epigenetic modifications in different chromatin regions.
This WG (WG2a, WG2b) will address the development of experimental standards on the basis of
experimental data types (e.g. RNA-seq, ChiP-seq for modified histones, etc.). However, the review
of the state of the annotation and available data, as well as coordination of plans to generate new
data will be undertaken in species interest groupings. Of particular importance within WG2 is the
sharing and dissemination of Standard Operating Protocols (SOPs) for the different assays to be
used. Although the guidelines developed by ENCODE36 represent a starting point for developing
agreed SOPs, new technologies provide new opportunities. For example, for transcriptomics
ENCODE recommends generating 100 million short RNA-seq reads from each sample. However,
deducing full length and alternatively spliced transcripts from such data is challenging and relies
upon statistical arguments. Although long read technology can deliver full length sequences, the
associated costs, throughput and error rates remain a challenge. Validated antibodies are critical to
Chromatin Immunoprecipitation sequencing (ChIP-Seq). The Action will share information on the
efficacy and utility of antibodies for ChIP-seq in the target species. ATAC-seq (Assay for
Transposase-Accessible Chromatin sequencing), which is based on direct in vitro transposition of
sequencing adaptors into native chromatin, represents a rapid and sensitive alternative to DNaseI
footprinting37 for detecting open chromatin38,39, but requires validation and development and sharing
of standard protocols. Participating groups with expertise in specific assays will be identified to
provide training of visiting researchers in particular we will target such critical training to early career
investigators (ECIs) through STSM (WG5).
Milestones (M) and Deliverables (D)
 A catalogue of key groups that will provide training in specific experimental assays (D4)
 A catalogue of standard protocols for generation of transcriptomic, epigenetic and chromatin
related data from main target species – first release (D5)**
 Demonstration datasets for WG3 (Data management, analysis and sharing) and WG5
(Training in specific experimental assays) (D6)*
[Notes: *the generation of these data will not be funded by the COST Action; **the catalogue of
standard protocols will be subject to revision and subsequent releases.]
WG3 - Data management, analysis and sharing. Effective data management and standards will
be key to the success of the international FAANG effort. There are literally thousands of different
methods to analyse functional genomics data, and we must define and implement standards to
ensure data generated by different labs around the world can be compared. To successfully
implement these standards, we will need to communicate effectively and often, and be able to
present data to allow us to refine our methods. WG3 will:
i) work with WG1 and WG2, to identify appropriate samples and experimental standards that offer
the greatest potential for functional annotation of animal genomes
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ii) facilitate data sharing within the consortium and with the world-wide community (both raw and
processed data)
iii) define and implement a set of bioinformatics analysis pipelines for each data type generated.
These pipelines will include standard QC (quality control) metrics, and will be based on well
recognized, best-in-class software/algorithms. We will re-use existing tools, not re-invent. The focus
will be to ensure all FAANG data are high quality and processed by identical pipelines, so that the
results will be comparable. Recommendations in respect of software will be based on robustness
towards data structure and operating systems, speed of computation and systems requirements,
and will be benchmarked with standard shared data sets (WG2).
iv) coordinate the establishment of Track hubs40 based data sharing, enabling visualisation in a
genomic context
v) develop a key set of standardized and well analysed (small) data sets for the different assays and
for the different species that can be used as reference sets to be used by the different groups
(strongly linked to WG2). These data will be very helpful for individual groups setting up analysis
pipelines/assays. WG3 will also engage with pan-European ELIXIR "Data for Life" project and
ENCODE data analysis and management teams.
Milestones (M) and Deliverables (D)
 A public document defining the samples and experimental standards chosen which will offer
the greatest potential for functional annotation of animal genomes (D7)
 A set of QC and analysis SOPs for bioinformatics analysis of FAANG data (D8)
 Functional annotation data generated in the participants' laboratories* and visualised in a
genome sequence context, using the Track hubs model (D9)
 Sharing of data generated by the participants* (M5)
 A peer reviewed publication summarising the standard operating procedures and guidelines
developed by WG1-5 (D10)
[Notes: * the generation of these data will not be funded by the COST Action; Deliverable D09 will
be subject to revision and subsequent releases.]
WG4 – Communications and dissemination: will i) establish effective communications systems
within the network, with the wider FAANG Consortium, and other stakeholders, including the
scientific community, research funders, end users and the public; ii) develop and implement the
dissemination plan described above (2.2.2) and iii) organize an annual network meeting.
Milestones (M) and Deliverables (D)
 FAANG-Europe website and social media presence established (M6)
 Newsletters published (D11-D17)
 Annual FAANG-Europe scientific meetings (M7-M10)
WG5: Training: will i) identify training needs through consultation with other WG and the research
community; ii) work with other WG to organise training schools, targeting ECIs; iii) publish training
materials on the Action website. The Action will build upon the proposers’ current links to research
groups with expertise in generation and analysis of sequence data for function annotation (e.g.
laboratories involved in ENCODE, model organism ENCODE and the Epigenome Roadmap
consortia) to gain access to experts to deliver training and to potential hosts for STSMs. The Action
will engage with participants in the recently completed Action BM1006 on “Next generation
sequencing data analysis network” for advice on training methods and materials and outreach to
ITCs. BM1006 appears to have been very effective in recruiting partners from ITCs. The Action will
develop and share training materials in collaboration with groups who would like to organise similar
training schools/workshops in the USA with support from USDA-NRSP8 funds.
Milestones (M) and Deliverables (D):
 A programme of STSMs with an emphasis on acquiring skills in i) assay-by-sequence
methodologies and ii) data analysis and interpretation. (M11)
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At least 3 training schools on topics related to management, analysis and interpretation of
sequence and related data, with an emphasis on data from next-generation sequencing
technologies. (M12-14)
 Training materials used in the training schools - these materials will be made available
through the FAANG Action website (D18-20)
 At least 30 completed STSMs (M15)
The selection of participants for these courses will be based on previous experience with functional
genomics studies, the CV (curriculum vitae), and participation in competitive projects focused on
functional genomics analyses.
3.1.2. GANTT Diagram

3.1.3. PERT Chart (optional)
Not applicable
3.1.4. Risk and Contingency Plans
There are a number of risks to the Work Plan and the success of the proposed FAANG-Europe
COST Action. The risks identified are listed below along with plans to mitigate the risks.
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Risk
Likelihood
Conflict with the wider Low
international
FAANG
initiative

Impact
High

Lack of funding for Medium
research to generate data
that could be used for
functional annotation

Medium

New disruptive technology Low
for data generation or
analysis

Medium

3.2.

Mitigation plan
Most participants in the FAANG-Europe COST
Action are or are likely to sign up as contributors
to the wider international FAANG initiative.
Thus, conflict between FAANG-Europe COST
Action and the international FAANG initiative is
unlikely. Participants would be highly motivated
to resolve any conflicts as otherwise they would
compromise FAANG.
FAANG-Europe COST Action participants are
seeking funding from multiple sources. Data
generated from projects whose primary purpose
is not functional annotation, can be used for
annotation.
Any new disruptive technology would need to be
adopted very quickly or be substantially
cheaper in order to be a serious risk within the
timeframe of the Action. As the Action does not
fund the data generation, this risk is largely
carried by research projects rather than the
Action. Indeed, an effective Action / network
would be valuable in supporting scientists in the
field respond to new technologies and agreeing
new standards.

Management structures and procedures

The Management Committee (MC) will be convened by representatives of the participating countries
in accordance with the COST guidelines. The MC will elect a Chair and Vice Chair by majority vote.
A Steering Group (SG) will be established within the MC to provide support to the Chair in his/her
duties. The SG will comprise the Chair, Vice-Chair, the coordinators of each Working Group (WG),
and coordinators for dissemination, training and STSMs.
The Management Committee will be responsible for:
i) Overall management of the Action and coordination between the WGs
ii) Liaison with the structures of the international FAANG Consortium
iii) Appointing coordinators for each WG and a coordinator for STSMs
iv) Planning and coordinating MC meetings and COST Action conferences.
v) Promoting collaboration and exchange of data, protocols, biological resources and results across
the WG and maximising interactions amongst the participants.
vi) Monitoring and assessing the activities of the COST Action (conferences, workshops, training
schools, STSMs, website, publication) in order to ensure the delivery of the COST Action objectives.
MC meetings will function as the major milestones for the Action and as checkpoints for progress
against the Action’s objectives and towards production of the Deliverables. (M01-M04).
vii) Preparing the annual and final reports (Deliverables 22-25)
viii) Developing new objectives as appropriate.
ix) Collating and sharing information of national research activities relevant to this COST Action in
order to minimise duplication of research efforts, to identify potential synergies between research
groups and to promote collaborative research activities.
x) Coordination of the preparation of new proposals for research funding from European and other
trans-national agencies.
xi) Increasing the profile of the Action and promoting interaction with non-members.
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xii) Promoting interactions with potential end-users.
xiii) Approving the distribution of the Action’s funds between the different activities.
The Steering Group will:
i) Provide support to the Chair
ii) Plan the annual meeting
iii) Promote collaboration amongst the Working Groups
iv) Prepare the Action’s annual budget
MC meetings will be held once a year, linked to a WG meeting, workshop or other Action event such
as one of the Action’s conferences, in order to reduce costs and ensure appropriate oversight of the
Action’s activities. Tele- conferences and web-based task management systems such as Asana will
be used to deliver effective management of the COST Action in a time and money efficient manner.

3.3.

Network as a whole

The current network comprises 58 proposers from 15 COST countries, including 4 Inclusiveness
Target Countries, plus 3 COST International Partner Countries. Participation from a wide
representation of EU Countries (15) guarantees the pan-European dimension of the FAANG-Europe
COST Action. The Action will target the recruitment of further COST countries, and in particular a
further 4 ITCs, in order to extend the reach and impact of the Action’s research agenda. The
International Partners provide important links to the wider international FAANG initiative. The
network comprises all the competence to generate the deliverables envisaged in the WGs. The
complementarity of competence guarantees the coverage of all initiatives envisaged in the COST
Action. The proposers include scientists with many years’ experience of international collaboration
in animal genomics, and scientists, especially early career researchers and scientists in ITC, who
are new to such ventures. Thus, the Action will build new collaborative networks and enlarge the
cohort of researchers with the skills required for data-intensive biological research. Among the
partners the presence of several Higher Education institutions strengthens the capability of the
COST Action to deliver appropriate training.
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The relationships and main flows of information between the WGs and beyond the Action are
summarised in the diagram above.
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