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1 Summary

RUMIGEN is a project aimed at enhancing the resilience and efficiency of the European ruminant
livestock sector. Through a transformational working platform, it fosters collaboration between
farmers, supply chain actors, breeding, reproduction and feed organisations and companies,
biotechnology companies and scientists across countries. The project uses practice abstracts (PAS)
as a tool to deliver practical solutions into the commercial ruminant farming marketplace. These PAs
provide a short summary of practical information and/or recommendations observed and developed
in the project.

In its first batch, RUMIGEN has produced and published 3 PAs in the common EIP-AGRI format.

e PAl: What is Room of Acceptance: Development of the ex-ante Room of Acceptance by

WP2

e PA2: What is the expected impact of global warming on the genetic abilities of dairy cows?
by WP3

e PAS3: Gene Editing: A Promising Tool for Addressing the Challenges of the 21st Century by
WP5

These abstracts are prepared in EIP-AGRI format (2019) and can be accessed on the project page
as well as from the website of RUMIGEN.

In conclusion, the RUMIGEN project has successfully generated three practice abstracts, improving
the knowledge dissemination from the project. These abstracts facilitate collaboration and
knowledge sharing among various stakeholders within the EU, fostering innovation and equipping
end-users with practical tools. The project aims to produce more such abstracts by its completion,
contributing to the advancement of the ruminant livestock sector by connecting various actors across
the EU.

2 Introduction

RUMIGEN aims to enhance the resilience and efficiency of the European ruminant livestock sector
by translating innovative breeding opportunities into practical solutions at the farm level. Utilising a
transformational working platform that fosters genuine cross-fertilisation of ideas and co-ownership
of results, RUMIGEN promotes collaboration between farmers, supply chain actors, breeding,
reproduction and feed organisations and companies, biotechnology companies and scientists across
countries.

We aim to rapidly and seamlessly deliver practical solutions into the commercial ruminant farming
marketplace. To achieve this, we use practice abstracts (PAs) as a useful tool. PAs provide a short
summary including practical information and/or recommendations observed and developed in our
project. These PAs facilitate the knowledge flow on innovative and practice-oriented projects from
the start to the end, especially when developed in a common format.

3 Practice Abstracts

For the first batch of PAs, RUMIGEN has produced and published 3 PAs in the common EIP-AGRI
format and RUMIGEN template for publication and broader dissemination purposes.

An overview of all abstracts and their WP of origin is found in Table 1.
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All abstracts will be submitted to EIP-AGRI in its specific template from 2019 (see 6) and can be
accessed as well from the website of RUMIGEN through the link https://rumigen.eu/practice-
abstracts/

Table 1 First Batch of Published Practice Abstract

Work EIP Translation

Package Format

1 Room of Acceptance: Development 2 Yes Dutch/ English
of the ex-ante Room of Acceptance

2 What is the expected impact of 3 Yes English
global warming on the genetic
abilities of dairy cows?

3 Gene Editing: A Promising Tool for 5 Yes French/English
Addressing the Challenges of the
21st Century

1. PA1l: What is Room of Acceptance: Development of the ex-ante Room of Acceptance
Written by Arnout R.H. Fischer (Wageningen University), Rasmus B. Mikkelsen, Sif Juhl Jacobsen,
Lars Kluver (Danish Board of Technology)

The practice abstract for the report on the "Room of Acceptance" within the RUMIGEN project
addresses the critical issue of societal acceptance of gene-based adaptations to ruminants.
Acknowledging the polarized dialogue between supporters and opponents of gene technologies,
the project aims to define attributes influencing societal acceptance through a multidimensional
framework called the "Room of Acceptance." This framework identifies 14 main dimensions,
including aspects such as animal welfare, economic effects, and risk perception, with the
understanding that societal acceptance varies across these dimensions. Trust and ethical values
emerge as contextual dimensions affecting overall acceptability. The Room of Acceptance serves
as a toolbox for fostering open conversations, allowing identification of common ground and
fundamental disagreements. Practical recommendations emphasize the need for compromise
among stakeholders, especially those with extreme positions. The on-farm application underscores
the importance of aligning genome editing benefits with societal values, avoiding profit-centric
motives, and addressing concerns related to aesthetics, economic concentration, and ownership.
The Room of Acceptance thus serves as a valuable tool for navigating the complex landscape of
genome editing in ruminants while fostering inclusivity in decision-making.

2. PA2: What is the expected impact of global warming on the genetic abilities of dairy
COwSs?

Written by Sophie Mattalia, Aurélie Vinet (INRAE), Maria Carabafio (INIA-CSIC), Manuel Ramon
(IRIAF), Jeremie Vandenplas (WUR)

The practice abstract on the expected impact of global warming on the genetic abilities of dairy cows
addresses the challenge of breeding animals adapted to climate change, particularly defining heat
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tolerance traits. The solution proposed involves using the Temperature Humidity Index (THI)
provided by national weather agencies to assess the heat load on farms. RUMIGEN conducted
studies on five populations, revealing a consistent negative impact of increasing THI on traits such
as milk production, udder health, and fertility across breeds and countries. Genetic evaluations at
the individual level offer insights into a cow's performance under thermoneutral and heat stress
conditions, providing crucial information for assessing the adaptability of animals to heat stress. Key
results highlight the anticipated decrease in fertility, increased risk of mastitis, and reduced
production as temperature or THI rises. The abstract emphasizes the importance of considering
multiple physiological traits to define the best compromise in selecting dairy cattle for robustness
against future warmer conditions. Practical recommendations underscore the need for a holistic
approach in emphasizing traits related to robustness in current dairy cattle selection to prepare for
the challenges of climate change.

3. PA3: Gene Editing: A Promising Tool for Addressing the Challenges of the 21st
Century:

Written by Eric Pailhoux and Jean-Luc Vilotte (INRAE), Cagla Y. Kaya (EFFAB)

The practice abstract, "Gene Editing: A Promising Tool for Addressing the Challenges of the 21st
Century,” outlines the potential benefits and challenges associated with gene editing technology in
European ruminant production. Despite the promising applications, the European Court of Justice's
2018 classification of gene-edited animals as genetically modified organisms poses a significant
regulatory challenge, hindering advancements in livestock health and productivity. The absence of
a clear political and legal framework disrupts the sector, impacting farmers, consumers, and
society at large. RUMIGEN, based on scientific evidence, advocates for policy change, increased
research participation, and open dialogue to address concerns and maximize the benefits of gene
editing, including improved animal health and welfare, biodiversity preservation, and competitive
advantages for the EU's livestock sector. Recommendations include engaging with policymakers,
participating in research initiatives, and fostering local collaboration to shape ethical, sustainable,
and animal-friendly practices in the evolving landscape of gene editing technologies.

4 Conclusion

In conclusion, the RUMIGEN project has successfully generated three practice abstracts in the
recognized EIP-AGRI format and RUMIGEN’s own format, aiming to improve the knowledge
dissemination from the project. These abstracts provide practical information that facilitates
collaboration and knowledge sharing among farmers, advisors, researchers, and other
stakeholders within the EU, thereby fostering innovation and equipping end-users with practical
tools. The project aims to produce more such abstracts by its completion. This initiative is expected
to substantially contribute to advancing the ruminant livestock sector by connecting various actors
across the EU.

EFFAB also prepared infographics based on the Practice Abstracts to make it more accessible by
the farming society.

5 Partners involved in the work

Work Packages 2, 3 and 5 contributed and published the Practice Abstracts. The complete list of
the contributing partners is as follows: INRAE, INIA-CSIC, IRIAF, EFFAB, The Danish Board of
Technology and WUR.
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6 Annexes

6.1 Practice Abstract Template by EIP-AGRI

Practice "abstract":

Short title in English

Short summary for
practitioners in english on the
(final or expected) outcomes
(1000-1500 characters, word
count — no spaces).

Short title in native language

Short summary for
practitioners in native language
(can be the language of the
coordinator / one of the partners
- otherwise in English) (1000-
1500 characters, word count —
no spaces).
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6.2 RUMIGEN Template for Practice Abstracts
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Here-goes the title
Here might-go-the-subtitle (if needed)-1|

Problem

.
‘ﬁ

PRACTICE ABSTRACT

l Practical recommendations

Author(s)

Publication

Keywords

lllustrations’

g Soution |
1

1

1

1

bl
g Outcome |
1

1

1

| Practical recommendations |
1

1
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l On-farm application
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6.3 Infographic design of practice abstracts

Rumigen

ROOM OF ACCEPTANCE
Devel of the te Room of Accep

02009RNUNNRISEY

Author(s)

THE PROBLEM

W he success or failure of adopting
gene-based adaptations to
ruminants depends on societal
acceptance. The discussion on
acceptability has resulted in fierce
supporters. and opponents
dominating the conversation. The
subsequent debate resulted in a
polarised and entrenched situation,
where supporters and opponents of
gene-technologies locked in on
decisive justification of their
position. This has resulted in the
limited willingness to compromise
and focus on identitying properties
of acceptable gene-technology
. applications.

In Rumigen, we aim to identify the attributes that matter

for societal acceptance of using gene technology. We SOLUTION
are working to describe for each of these attributes when

gene editing in ruminants is acceptable or not by society.

By including a range of attributes and identifying when an application is
acceptable on each, we can create a multidimensional acceptability profile.
We have called this the “Room of Acceptance™. If a gene technology
development stays within the “Room of Acceptance,” specified for its
application, it should generally be deemed acceptable by society.
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Based on literature scoping expert and , 14 main
(with additional subdimensions) were identified, likely to determine

the acceptability of genome editing of ruminants

These dimensions are:

« Aim and application domain (food or medicine)
* Animal welfare

« Benelits for food supply created

+ Downstream economic effects

« Institutional and regulatory responsibility

. to breeding

« Necessity for the well-being of society

« Organism affected

« Ownership of the techniques and breed

« Perceived to breeding

* Risk perception

« Unforeseen risks and how these are managed, and who gains the benefits

While there was agreement that
these dimensions matter, the level of
acceptability of each was debated. In
addition, two contextual dimensions
were identified: trust and ethical
values. Low levels of trust in
industry and values favoring
conventional breeding resulted in
lower scores on all other
dimensions.

PRACTICAL
RECOMMENDATIONS

the "Room of

“ is a toolbox that helps us
have an open conversation about the use of technology in farming, which can help to

By including many

identify topics where between and can be reached. It
can also pinpoint fundamental disagreements in opinion without resolving the debate to
o during that the Room of

a

Acceptance can be used to identify agreements and disagreements. It's not about
convincing anyone to agree, but more about finding common ground. Hence, the use of
the Room of requires that those at extreme initial
positions) are willing to consider a compromise.
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ON-FARM
APPLICATION

While the application of |he Room of Acceptance predommantiy informs the initial

of g di several i extend to on-farm
pvaclrces Society is less likely to accept genome editing in ruminants if the potential
benefits to animal welfare are primarily used to boost farming profits. For example,
the creation of ruminants that can better deal with extreme heat, might be acceptable
if these animals experience less heat stress than today. But the same animals may
also allow less investments in stable cooling or keeping more animals on the same
plot, in which case animal welfare does not improve, but farmer profit does. Societal
acceptability would also be impacted by reduced need for chemicals and animal
medicine on farms. Care should be taken that the visual appeal (aesthetics) of the
animals remains those expected by society. There is general concern of economic
and ownership concentration of the new breeds and technologies with multinationals,
which may support smaller scale on farm application

ILLUSTRATION

Provisional Room of Acceptance for Genome Editing Animals boundaries set for closeness
to end consumer interest

Unforeseen ek - Broken

Unforeseen risk - Uncert

rocenad birding ‘
undar Gront Agr 101000226, only of the outhor, 0d ot the Furcpeon
Commersian (EC). The EC oy them informats

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N°101000226.
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TOWARDS IMPROVEMENT OF RUMINANT BREEDING
THROUGH GENOMIC AND EPIGENOMIC APPROACHES.

_A PRO N {
THE CHALLE st CENTURY

Since the eorly days of human civilization, we've been
choosing plants and animals that best meet our survivol
needs. This started with the domestication of dogs
around 20,000 years ago and continued with the
selection of livestock for farming.

In the 19th century, we began to focus on improving the
quality and quantity of milk and meat from our livestock.
With advances in science and technology, we've been
oble to understand better the link between an animal's
genes and ifs traits.

New breeding and genomic tools and technologies like
gene editing give us even more control over this process,
lotting us select for traits like disease resistance or
improved animal welfare. However, these tools are still
new, and we're still learning about the best ways to use
them,

Rumigen

At the breed level, a negative impact of increasing THI was
observed on all traits. The patterns were consistent across
breeds and countries but different across traits. The decline
was more pronounced in milk components and fertility

(see Figure 1 for fertility).

Impact of increasing THI on Conception Rate at 1" Al in 1* parity
at the population level

Rumigen

5
0
5 KEY RESULTS
10
Las
) 8 36 « As the temperature (or THI) increases, all cows will likely show lower fertility,
The European Court of Justice’s 2018 ruling, which classifies onimals increased risk of mastitis, and produce less, as shown in Figure 3.
modified with gene editing tools as genetically modified organisms 25 « Generally, the best sires selected on the level of a given trait are the same,
(GMOs), presents o significant challenge. This classification -30 even under warmer conditions. However, some re-rankings are expected,
subjects these animols to stringent GMO regulations, creating a 38 especially for fertility traits (see Figure 2)
legal and regulatory hurdle for adopting these new genomic 5 30 35 40 45 S0 S5 60 & 0 75 80 « The currently observed trade-offs between milk production and fertility are

techniques. For European ruminant formers ond breeders, this
means potentiol improvements in livestock heolth and productivity
are currently out of reach. The strict regulations could also limit
their access to animals bred using these fechniques, potentially
putting them ot a competitive disadvantage compared to farmers
in countries where such fechniques are permitted.

expected to remain almost stable under heat-stress conditions.

« High levels are with lower heat stress
tolerance. Thus, animals with the best breeding values today would be the most
affected by increasing THI In terms of both fertility and production.

™

==HOL_FRA ~—~HOL-NLD ==HOL-ESP ==MON-FRA

At the individual level, genetic evaluations can provide breeding values for different
traits (see Figure 2):

Predicted daughter conception rate for 50 bulls with the

The delay in research and Innovation due to this uncertainty also means that European highest slope reliability (Dutch Holstein population)
farmers ond breeders might miss out on the benefits of these advancements. This not only
affects the ruminant production sector but also hos broader implications for consumers
ond society in general. Soclety at large could also lose out on the potential environmental
benefits of more sustainable farming practices.

« The level of performance at a
given THI, for instance, milk
yield or conception rate under
thermoneutral or heat stress
conditions. The level of the
traits under heat stress
measures the capacity of a
cow to produce, reproduce or
be healthy in future weather
conditions for countries
in temperate areas

Evolution of EBV fct THI

£ BEST/WORST Montbeliard sires with 3t least 500

In conclusion, the obsence of a clear political ambition and legal framework for New
Animal Genomic techniques in the EU is causing disruption and missed opportunities in the
sector, affecting not just farmers and breeders but also consumers and society as a whole.
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increase in THI: this trait
measures the susceptibility to
increasing heat load of a cow » “©
under heat stress.

cannot summarise the complexity of heat tolerance, and it is
important to consider a cow's physiological abilities together to
dy

PRACTICE ABSTRACT

ACTICAL
These parameters give important information to assess the impact of the present RECOMMENDATIONS
selection (based on levels under thermoneutral conditions) on the ability to adapt

animals to heat stress.

the best compromise. Today, the selection of dairy
cattle should emphasise traits related to robustness

to prepare future generations of cows able to face warmer
conditions,

Weather data were provided by the national meteorological
agencies (Météo-France for France, the National Meteorological
Agency (AEMET) for Spain, the Koninklijk Nederlands (RadbllliiliiLLs
Meteorologisch Instituut (KNMI) website for the Netherlands).
The performances were extracted from the respective national
genetic evaluation databases (BDNZ, France; CONAFE, Spain;
and CRV, the Netherlands).

s oaly of the wwthor.
‘use hat may be mode of tham fomation contained Seren
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What is the expected impact of global warming
on the genetic abilities of dairy cows?

Yo @Z2Z2Z0Zw==TmTmS

Author(s) Vinet et al., Esumﬂmu_nLgmmﬁ

Sophie (INRAE) by, & d lngﬁ:
Q0 mil

Maria Carabaifio (INIA-CSIC) udder health traits

Aurélie Vinet (INRAE) Mattalia et al.,New phenotypes for

heat traits

Jeremie Vandenplas (WUR)

Carabafio et al., New phenotypes
for heat tolerance traits (fertility)

Click here for more

THE PROBLEM

Breeding for animals adapted to
climate change requires the
definition of heat tolerance traits.
How do we define these traits?
How are they correlated to the
traits presently included in the
breeding goals?
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The combination of daily temperature and relative
humidity (Temperature Humidity Index or THI) provided
by the national weather agencies can describe the
outside weather conditions of each farm and indicate
the heat load that animals endure.

Based on this indicator and the data used in the current national genetic
evaluations, it is possible to measure heat load's impact on the performances
at the population and cow levels. In RUMIGEN, such studies were conducted
on five populations (French, Spanish and Dutch Holsteins, French
Montbéliarde and Dutch Meuse-Rhine-Yssel) and a large panel of abilities,
i.e., milk production, udder health (milk somatic cell counts) and fertility.

hos received funding from European Union's Horizon 2020 research and Innovation program

No 101000226. This publication reflects the views only of the author, and not the Eurcpean
Coearinion (EC). The EC s not llsble for ny uee Thot mey be ade of thees Tnforriciion sotaived herein

CE ABSTRACT

ACTI

OPINION BASED ON SCIENTIFIC EVIDENCE

hUm‘«,gen

Gene editing technology and research hold significant potential for
European ruminant production and society. Here are some key benefits:

IMPROVED ANIMAL HEALTH AND WELFARE
The technology can enhance the health and welfare of farmed animals,
benefiting both farmers and animals and citizens *l(@

PRESERVATION OF LOCAL BREEDS

Gene editing can help in preserving local breeds, which play a crucial social
and environmental role. This not only helps to preserve and improve local
breeds, but also to use their genetic originality

for the benefit of other breed

BIODIVERSITY CONTROL

The technology allows for more efficient and rapid generation of new
targeted genetic variants, aiding in the preservation of biodiversity
at different levels

COMPETITIVE ADVANTAGE
Adopting these technologies could prevent the weakening of the EU's
livestock sector compared to countries with less restrictive legislation

MEDICAL ADVANCEMENTS
The technology could also have applications beyond farming, particularly in

medical advancements
RECOMMENDATIONS L)

1 ADVOCATE
FOR POLICY CHANGE

2  PARTICIPATE IN RESEARCH 3  ENCOURAGE OPEN DIALOGUE
INITIATIVES AND LOCAL COLLABORATION

W Engage with local farmer
associations and community groups
to collectively advocate for a clear
roadmap from the European
Commission.

W Collaborate with farming
organisations in Member States to
amplify the voice of farmers at
higher policy levels. Encourage open
dialogue with policymakers to ensure
that the concerns and needs of the

+ Actively participate in research
projects such as RUMIGEN and other
ongoing initiatives within the EU.
Collaborate with local research

+ Organise community forums to
discuss and address societal and
ethical concerns related to gene

odmng in ruminant production.
open dials bet

to p!
insights and experiences to the
ongoing scientific discourse.
Advocate for increased funding and
support for research focused on the
safety, welfare, and practical
lmplncchons of gene editing

Ensure that

farming y are din
the decision-making process.

CLICK HERE
FOR MORE_

findings are communicated
transparently to the farming
community.

farmers, scientists, ond the public to
ensure transparency and
constructive discussions.

+ Establish and strengthen local

networks involving farmers,
researchers, and agricultural
experts. Promote knowledge
exchange and collaborative
problem-solving to address
challenges specific fo the region.

+/ Participate in national and

European platforms that bring
together stakeholders from the
ruminant farming sector. Emphasise
the importance of collaboration with
different sectors and actors in local
areas

ived funding from European Union's Horizon 2020 research and innovation program

The RUMIGEN project has rece: s
under Grant Agreement No 101000226, This publication reflects the views only of the author, and not the European

Commission (EC).

e EC is not liable for any use that moy be made of them information contained herein.
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