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Editorial by Eric Pailhoux, project coordinator, INRAE

Time has flown by, and now we find ourselves two-thirds of the way
through the contract, with the second 18-month period ending last
May. A lot has happened since the last issue of the newsletter. One of
the key highlights during this period was the third annual meeting,
held at Wageningen University and Research Centre from April 23-25,
2024. The meeting, hosted on a spacious and lush campus—a haven
for cyclists—attracted 46 participants from the nine work packages
(WPs) that constitute the project, representing almost all of the
partners involved.

The work package leaders, assisted by the task leaders or their
representatives, presented the work in progress, the achievements and the action plan for each WP.
These presentations showcased the impressive progress of the project, highlighting the numerous
results that have already been or are in the process of being exploited, often due to successful
ongoing collaborations. Seven additional workshops were organized to discuss the results more
thoroughly and to plan the experiments and exploitation procedures for the upcoming years.

Another highlight of this period was the preparation of the second Periodic Scientific and Financial
Reports for submission to the European Commission. I'd like to thank all the RUMIGEN partners for
the timely production of these reports.

From a scientific point of view, the project is progressing almost as planned.

e The quantitative genetics studies, based on the large amount of data that were already
available at the start of the project, are continuing to produce interesting results, many of
which have already been published. These will be used to propose new selection schemes
that take into account the animals' sensitivity to heat stress and the need to maintain existing
genetic diversity in the various breeds of cattle studied.

e The genome editing work is progressing as planned, with numerous births of small ruminants,
both in France for Alpine goats resistant to PRION diseases and in Scotland for Suffolk sheep
carrying the SLICK mutation conferring a heat stress resistance phenotype with a much less
dense woolly fleece.

e Epigenetic studies are also progressing with the completion of the sampling of numerous
biological materials and, above all, the acquisition and validation of the first epigenotyping
chip (EpiChip) dedicated to the bovine species. The epigenotypes determined using this
EpiChip are eagerly awaited and should be available by the end of the year.

e The ongoing study on the societal acceptability of livestock farming has also progressed very
well. Four virtual and caricatured scenarios of future breeding in Europe were constructed,
which served as the basis for a highly elaborate citizen consultation involving more than 800
European citizens in 8 different countries.

In conclusion, the RUMIGEN project is maintaining its high cruising speed. The various aspects are
progressing as planned, and many interesting results have been achieved in all areas during this third
year. The partners are getting to know each other better, and the group work and discussion sessions
are full and constructive. Let's keep up the excellent momentum!
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News

RUMIGEN meets to share the progress!

The third annual RUMIGEN project took
place at the Wageningen University &
Research (WUR) campus in Wageningen,
Netherlands, from April 23 to 25, 2024. The
three-day event brought together breeding
company representatives and renowned
researchers in Ruminant breeding and
genetics. Each of the 9 WPs showcased its
ongoing work, achievements, and action
plans. These presentations provided a
chance to report on the project's progress
and highlight some of the results already
being valorized.

Attendees learned about the main results
achieved in each work package, and specific workshops on social acceptance of breeding approaches,
dissemination and communication, genome editing potential assessment, and epigenetics
contributed to the partners’ insightful discussions. The meeting also featured an update from Clotilde
Paltry from Valogen on the first epigenetic chip.

The collaborative atmosphere fostered knowledge sharing among experts in the field, helping
consolidate achievements and agree on future plans, thus driving RUMIGEN's work forward.

Showcasing RUMIGEN results: EFFAB & FABRE TP Annual Meetings

In May 2024, the FABRE TP (Farm Animal Breeding
and Reproduction Technology Platform) held its
Annual Meeting in Italy at Universita di Bologna,
bringing together members of the FABRE TP alongside
EFFAB (European Forum of Farm Animal Breeders) to
discuss the latest developments in animal genetics
and reproduction.

During the meeting, the RUMIGEN project was
presented to breeding sector representatives,
researchers, policymakers, and professional
organizations. The participants also engaged in a
workshop to define the EU's research and innovation
needs in animal genetics and reproduction for the coming period.

Ecogen cluster: Creating sustainable practices in animal production

RUMIGEN is a proud member of the EcoGen initiative, which is led by HoloRuminant and brings
together 5 projects including GEroNIMO, Re-Livestock, and 3D’Omics!

These five projects within the EcoGen initiative share the goal of redefining sustainable animal
production in the EU. It aims to create a diverse set of outcomes, datasets, standardized methods,
and, ultimately, a knowledge foundation for innovation. For more read our fact sheet.

£2. «
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https://www.youtube.com/watch?v=XhROeTC3awc
https://www.youtube.com/watch?v=XhROeTC3awc
https://fabretp.eu/
https://www.linkedin.com/feed/hashtag/?keywords=ecogen&highlightedUpdateUrns=urn%3Ali%3Aactivity%3A7240326389961273344
https://effab.sharepoint.com/:b:/g/EZgSUJC4IVhEnWNR8GymNY8ByiUfbFWv8ooWp2EpF8BZvw?e=YFkM2i
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EuroFAANG: Building up the first steps of a European Research Infrastructure

EuroFAANG has been actively advancing the field of genome-to-phenome research for farmed
animals in Europe. Here are some of the notable achievements and events from the past few months:

e EuroFAANG Session at EAAP 2023

The EAAP 2023 Conference in Lyon featured a well-
attended session on August 31st titled “EUROFAANG:
Genotype-to-phenotype research across Europe &
beyond.” It showcased results from AQUA-FAANG, GENE-
SWitCH, and BovReg projects, which are concluding soon.
New projects GEroNIMO, RUMIGEN, and HoloRuminant
shared their initial findings. Sophie Mattalia (IDELE), the
RUMIGEN WP3 leader, presented the initial results on
“New breeding tools in a context of climate change”
during the event which hosted around 150 attendees. The
presentations were followed by a panel consisting of
representatives of animal breeding companies from
different species. The focus of the discussion was on the
integration of EuroFAANG research into animal breeding
sector applications. The session highlighted the importance of genetic diversity, new information
integration, and cost-efficient tools for advancing genotype-to-phenotype research. Collaboration
between the private sector and research was emphasized as crucial. The presentation recordings are
available on the EuroFAANG YouTube account.

RUMIGEN was also featured in various sessions through oral presentations and posters during EAAP
2023 conference.

e Annual General Meeting in Brussels:

The EuroFAANG Research Infrastructure (RI) project celebrated a successful Annual General Meeting
in Brussels on February 16, 2024. This hybrid event brought together all seven partners and
showcased the results of the project’s first year.

e Survey on Cross-Sector Collaboration in G2P Research in Farmed Animals

In an effort to better understand and improve the current landscape of cross-sector collaboration
and resource-sharing in genotype-to-phenotype (G2P) research in farmed animals, we are conducting
a comprehensive survey.

This initiative aims to identify key opportunities for improving data sharing and fostering stronger
collaboration between the public and private sectors.

Objectives:
e Assess the current state of cross-sector collaboration in G2P research.
e |dentify opportunities for enhanced data sharing.
e Improve communication and cooperation between public and private entities.

Your participation is crucial in pinpointing the areas that need attention and improvement. By sharing
your insights, you will contribute significantly to advancing G2P research and developing more
effective collaborative frameworks.

e «

e 5



Newsletter Issue n. 3 - October 2024

We invite you to take a few minutes to complete our survey.

Thank you for your time and valuable input. We encourage you to share this survey with your

colleagues to broaden the scope of our research.

e Events

EuroFAANG partners presented their work at
several events in 2024, including the Europe
Biobank Week & EFFAB and FABRE TP Annual
Meeting. In the meantime, EuroFAANG co-hosted
a webinar with the Cost Action EU-LI-PHE last
June, titled “Platforms and Methods for Sharing
and Collaboration on AG2P Using Public and
Confidential Data,” featuring special guest Hao
Cheng from the University of California, Davis. It
focused on innovative platforms and methods

de5|gned to facilitate the sharlng and collaboration of genotype-to-phenotype (AG2P) data,

addressing public and confidential data.

e New flyer!

In June 2024, the release of new EuroFAANG flyer (here below), providing updates on the project’s

developments and future directions was published
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In 2023, the EuroFAANG Research Infrastructure (RI)
became the first Rl to join the EuroFAANG cluster.
Currently, in its conceptual stage, EuroFAANG RI is
establishing the foundation for a comprehensive research
infrastructure. The goal is to enhance our knowledge of
animal genetics and characteristics by connecting genomics
and phenomics in farmed animal species.
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The EuroFAANG RI (2023-2025)
aims to establish a sustainable pan-European
infrastructure for genotype-to-phenotype (G2P) research
in diverse farmed animal species.
The EuroFAANG community is composed of:

A

This interdisciplinary initiative merges "
genomics, breeding, phenotyping. and animal
health expertise. fostering collaboration and
propelling farmed animal science in Europe

The EUroFAANG RI project has received funding from European
Unlon's Horizon Europe research and Innovation progrom undor
Grant Agreement No 101084718,
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These events and achievements highlight EuroFAANG’s commitment to advancing research and
fostering collaboration in the field of farmed animal genomics.

Publications

e Effect of temperature-humidity index on the evolution of trade-offs between fertility and
production in dairy cattle - Vinet, A., Mattalia, S., Vallée, R. et al. Genet Sel Evol 56, 23 (2024)

e Going beyond genetics — Why we should consider epigenetics in animal production — by
Adrian Lépez Catalina and Oscar Gonzalez Recio

e Sélectionner des bovins résistants a la chaleur - Online newsletter — La terre de chez nous —
Doubs journal, interview to Roxanne Vallée (IDELE), April 2024

Practice abstracts

The RUMIGEN project continues to deliver valuable insights into the future of ruminant production.
Recent practice abstracts have explored the impact of global warming on dairy cows, the
development of a framework for assessing societal acceptance of gene-based technologies, and the
potential benefits and ethical considerations of gene editing.

Key messages include:

e Heat tolerance in dairy cows cannot be captured by a single trait like production, fertility, or
udder health alone. It’s crucial to consider a cow’s overall physiological abilities to find the
best balance. Modern dairy cattle selection should focus on traits related to robustness to
ensure future generations can thrive in warmer conditions.

e The “Room of Acceptance” is a multifaceted toolbox designed to facilitate open discussions
about farming technology. It helps identify areas of agreement and disagreement between
supporters and opponents without oversimplifying the debate. The goal is not to convince,
but to find compromise, requiring stakeholders, especially those with extreme views, to be
open to negotiation.

e Advances in science and technology have enhanced our understanding of the link between
genes and traits. Modern tools like gene editing offer greater control, allowing selection for
traits such as disease resistance and improved welfare.

These abstracts underscore the importance of integrating scientific advancements with societal
needs and environmental challenges to ensure a sustainable future for ruminant production.

Here you can read the practice abstracts.

Meet the consortium
Jean-Luc Vilotte (INRAE) — WP5

After a scholarship on animal genetic at the AgroParisTech School (Paris), | specialized in molecular
biology through a thesis directed by Dr J-C Mercier at INRA on mammary gland biology (1984-6). |
then went to Edinburgh (Scotland) for a Ph.D under the supervision of Dr AJ Clark at IAPGR (now
Roslin Institute) that allows me to discover mouse transgenesis applied to mammary gland studies. |
went back to INRA, in the Animal Genetic department and the LGBC laboratory, and started as a
junior scientist (1987) to develop similar studies in France. During the mad cow crisis, | was asked to
shift from mammary gland biology to prion diseases and started a collaboration with Drs H Laude and
V Béringue (INRAE) that is still ongoing on this topic. Later on, as a senior scientist at the GABI


https://gsejournal.biomedcentral.com/articles/10.1186/s12711-024-00889-4
https://gsejournal.biomedcentral.com/articles/10.1186/s12711-024-00889-4
https://rumigen.eu/wp-content/uploads/2024/06/Going-Beyond-Genetics_RUMIGEN-Popular-Article_compressed.pdf
https://rumigen.eu/wp-content/uploads/2024/05/Article-La-terre-de-chez-nous-AG-montbeliarde-Asso-vf.pdf
https://rumigen.eu/practice-abstracts/
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laboratory of INRAE, besides prion studies, we started to tackle other genetic diseases affecting early
embryonic or tissue development often identified in farm animals, such as bovine or goat, with the

- i help of Drs D Boichard, E Pailhoux (INAE). and D.
Vaiman  (INSERM). It includes gonadic
development and neuropathies. All these studies
involve the development of mouse models
through transgenesis and genome editing (GE).
Member of the “Transgenic Research” editorial
board and of the scientific committee of the
French “Haut Conseil aux Biotechnologies”, my
scientific activity performed within and with the
MoDiT team of GABI (INRAE), led me to
participate in RUMIGEN and to get the lead of
WP5 that deals with GE.

Jean-Luc is seated on the right side of the picture

Cagla Yiiksel Kaya (EFFAB) — WP9

| have been working for EFFAB for the past 8 years. Since the beginning of my BB
professional life, | have worked on farm animal breeding with a specific focus
on policy assessment, communication and knowledge exchange. | have taken
many roles in European and international projects, from scientific advisory and
stakeholder consultancy to communication and extension expertise. At EFFAB
and FABRE TP, we aim for a strong business climate for the European farm
animal breeding and reproduction sector by focusing on increasing the
connections between the animal breeding companies and knowledge providers
with other relevant stakeholders, in particular with policy and decision-makers,
all over Europe. We promote research and innovation for sustainable animal .7
breeding and reproduction in Europe. In RUMIGEN, | lead the work on gﬁ& at
communicating the project to a broad range of audiences, disseminating the results generated by
RUMIGEN to targeted stakeholders, and facilitating the knowledge transfer to various actors in the
sector. We aim to target the breeding sector, the scientific community, farm advisors and managers,
consumers, citizens and decision-makers. Our main goal is to provide the flow of knowledge between
different actors, protect and manage the innovations developed in the project and ensure the
sustainability and uptake of project outcomes by the scientific community and the market. As the
EFFAB team, we also support the work on social acceptance of breeding approaches (WP2) and are
leading the task of preparing guidelines to adapt breeding objectives for future environmental
conditions and conserve genetic diversity within and among dairy cattle breeds (WP8).

RUMIGEN at Work
A Slick Solution: CRISPR-Induced Mutations in Sheep PRLR for Improved Heat Tolerance

Author: Simon Lillico (Roslin Institute)

Cattle with mutations in the final exon of the gene encoding the prolactin receptor (PRLR) have a
phenotype termed slick, characterized by a very short hair coat, larger sweat glands and improved
thermal tolerance in hot and humid environments. Under conditions associated with thermal stress,
slick cattle are more productive in terms of both milk production and fertility. As part of the
RUMIGEN consortium, the Roslin team aimed to investigate the consequence of mutations to the

£8 «
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PRLR in another ruminant species, the sheep. We designed CRISPR reagents targeting the final exon
of the sheep PRLR gene and microinjected these, alongside an oligonucleotide repair template
intended to introduce a precise premature stop codon by homology-directed repair (HDR), into sheep
zygotes. These were cultured to the blastocyst stage, but the development rate was much poorer
than our historical average. Those blastocysts which did develop were transferred to recipient ewes,
but only one pregnancy was established. A faulty CO2 sensor on the incubator used for zygote culture
was identified as the source of our woes. One healthy lamb (RUMS55) was born, which, from ear
biopsy, was identified as having the intended HDR event on one allele and a 101-base deletion on the
other. We would, therefore, predict that this animal would develop a slick phenotype (whatever slick
looks like in a sheep), but because of the earlier failures, it lacked a comparator against which we
could interpret any phenotype. The following sheep season, we repeated the process and produced
12 founder lambs (F0), most of which were edited. Initially, there was no obvious difference between
those identified as edited and those that were not. However, a distinctive wool-shedding pattern
developed as the edited lambs grew, first down the throat and belly and then along the flanks. From
September, the wool grew back to provide a winter fleece. Three edited males (RUM04 HDR/HDR,
RUMO09 HDR/HDR, and RUM11 -10/-3) and one control were mated against purchased ewes and to
RUMS55. All males sired F1 lambs (demonstrating that the phenotype does not impact male fertility),
producing a cohort of animals that were either controls (not edited on either allele) or heterozygous
(HDR on one allele and not edited on the other). RUM55 also became pregnant and produced a single
lamb, demonstrating that phenotype is unlikely to impact female fertility. As the slick phenotype in
cattle is partially dominant, we predict that a similar trend would result in heterozygous F1 sheep
developing a similar shedding phenotype to that observed in the FO generation. As previously, no
obvious phenotype was observed at birth, but by 6 weeks old, there was evidence of wool being shed
around the throats of the heterozygous F1 lambs. In June 2024, we photographed all of the sheep.
RUMSS5 has a striking phenotype, having naturally shed all of her wool (Figure 1). The shedding
patterns in the FO animals from year 2 were similar, although less dramatic (Figure 2). The shedding
pattern in F1 lambs is similar to that observed in the FO population (Figure 3). Future plans include
continuing to observe gross phenotypic development, a limited cull for tissue sampling to allow
histological comparison between heterozygous lambs and controls, and a thermal challenge to
establish any difference in the ability to cope with increased ambient temperature.

Figure 1 — FO female RUMS55

RUMDSS5 is on the left, and a control ewe with similar genetic background is on the right.
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Figure 2 — FO sheep from year 2

Left panel, control FO male on left and edited FO male on right. Right panel control FO ewe on left and
two edited FO on right.

Balancing production, efficiency, and resilience: genetic correlations and selection
strategies in the face of climate change

Author: Mario Calus (WUR)

One of the primary goals of RUMIGEN is to develop statistical tools and breeding
strategies that help mitigate trade-offs between production, efficiency, and
resilience. In Deliverable 8.2, we presented findings on (1) the impact of historical
breeding goal evolution on trade-offs among production and fertility, (2) the
potential advantages of utilizing genome-level trade-offs in balanced breeding
strategies, and (3) selection strategies aimed at enhancing efficiency and
resilience in the face of climate change.

Empirical research focused on the evolution of genetic correlations between milk
production traits and fertility over the past 30 years in the Holstein breed (Netherlands) and two local
breeds, Montbéliarde (France) and MRY (Netherlands). The results indicated slightly unfavorable
genetic correlations for the French Montbéliarde and Dutch MRY cows and a more strongly
unfavorable correlation for Dutch Holstein Friesians. Over time, these correlations tended to become
slightly more unfavorable for the French Montbéliarde and Dutch MRY cows, while no such trend was
observed for the Dutch Holstein Friesians.

In subsequent theoretical work, we found evidence suggesting that it may be possible to improve
genetic correlations—or at least prevent them from worsening—by selecting animals whose offspring
exhibit above-average breeding values for unfavourably correlated traits, such as milk production and
fertility. Other important genetic correlations to consider are the ones between milk production and
fertility traits on the one hand and heat stress on the other. A simulation study revealed that
selecting for both higher milk production and improved fertility under heat stress conditions could
still lead to an increase in the sensitivity of fertility to heat stress as a correlated response to selection
for higher milk yield.

Overall, these findings underscore the importance of monitoring the evolution of genetic correlations
over time and the necessity of taking action to mitigate any trade-offs across the breeding goal.
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Epigenotyping Tool from RUMIGEN in progress

RUMIGEN is developing a new kind of chip in cattle aimed at epigenotyping, called “epichip”. The aim
of this epichip is to provide tools to measure the effects of environmental factors, such as high
temperatures, on animal performance through the methylation of DNA.

Highlights

e & New Epigenetic Chips: Thanks to the contribution of 8 research partners across the world
with experience in DNA methylation in cattle, the first epichip in cattle has been
manufactured by Illumina and then delivered to laboratories for validation purposes, efforts
being coordinated by Valogene.

. [ﬂ Climate Change Adaptation: The epichip is desighed to measure how environmental
factors, like high temperatures, affect the DNA of the animals, and especially the level of
methylation of DNA, assuming a link with animal performance.

. ,(_ﬂ, Validation Process: The epichip will undergo technical and biological validation in labs
before being used for routine analysis, primarily for research purposes.

. @ Future Use by Farmers: The goal is to provide farmers with a tool that helps predict
animal performance throughout their lives and predict the animal performance of their
progeny with higher reliability (depending on transmission to the next generation of
epigenetics marks). Such knowledge may help improve management practices by farmers and
improve breeding decisions by farmers and breeding companies.

Watch the interview with Clotilde Patry (Valogene) on the new epichip.

Upcoming events

RUMIGEN Training on “Genetics of resilience and trade-offs”

From 28 October - 3rd November 2024 at Wageningen Campus, there will be a hands-on 5-day
training course on “Genetics of resilience and trade-offs”.

This training opportunity will review the state-of-the-art theory and application of resilience,
robustness, and trade-offs, with a focus on their implementation in breeding programs.

Together with the RUMIGEN experts on animal breeding and systemic modelling, guest speakers will
teach the latest theories and examples related to the concepts of resilience, robustness, and trade-
offs. Implementation of related traits in breeding programs and important challenges faced in these
processes will be discussed based on real use cases.

Attendees will have the opportunity to increase their understanding of the concepts of resilience and
robustness, understand how resilience can be measured from longitudinal data, understand trade-
offs and how their impacts can be mitigated, and be able to model genotypes by environment
interaction.

For more information, visit our website.

SAVE THE DATE: EuroFAANG February 2025

EUROFAANG is organizing an in-person event, ‘G2P in a dish,” hosted by INRAE in Jouy-en-Josas,
France, between February 3 to 7, 2025.



https://youtu.be/XhROeTC3awc?si=99s2Yhf2c4H270f6)
https://rumigen.eu/🌟-upcoming-course-genetics-of-resilience-and-trade-offs-at-wageningen-campus-🌱/
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This will be an excellent opportunity to participate and contribute to genotype-to-phenotype
research in domestic animals. This dynamic, week-long workshop will cover cutting-edge science,
including;

e |nnovative in vitro models and standards

e Hands-on training in cellular systems and
*}6* genome editing

3"' 7 e Engaging lectures and interactive sessions
% . S FEBRUARY, 2025
PR v o= | SAVE THEDATE X A A X A
: e Panel discussions with esteemed scientists

== » .. e Networking opportunities with experts
@ G2P in a dish and peers

Aworkenopon For more information visit the EuroFAANG

genotype to phenotype Website.
research in domestic animals:

in vitro models and standards

§\ EUroFAANG

?/ RESEARCH INFRASTRUCTURE
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https://eurofaang.eu/g2p-in-a-dish/
https://eurofaang.eu/g2p-in-a-dish/
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Coordinator: Eric Pailhoux (INRAE)

Please send all your inquiries to: rumigenH2020@gmail.com

For more information visit our website:

www.rumigen.eu

ing X f (2

Disclaimer: the sole responsibility of this publication lies with the authors. The European Commission and the Research Executive Agency
are not responsible for any use that may be made of the information contained therein.
Copyright 2022 RUMIGEN Project. All rights reserved.
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