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SCIENTIFIC DESCRIPTION OF THE PHD PROJECT

Socio-Economic and Scientific Context :

The caged rearing of laying hens is gradually disappearing in Europe, replaced by alternative
systems that offer more animal welfare-friendly living conditions. In these alternative systems,
the risk of animals being exposed to environmental disruptions is higher than in cages, as the
breeder's control over risk factors decreases. Indeed, in large groups, negative social interactions
(pecking, piling) and contagion risks are more prevalent. Additionally, the effects of climate
change, particularly heatwaves, significantly impact laying hens, which are sensitive to thermal
stress.
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To promote the rearing of laying hens in alternative systems, the egg production sector faces a
challenge: How can the resilience of laying hens to environmental disruptions be improved?

Several methods have been proposed to assess the resilience of livestock animals: some based
on reaction norms [5,6], others on deviations between observed and expected trajectories of
continuously recorded traits [7-10], or on available information about disruptions (e.g.,
heatwaves) and more mechanistic approaches to animal responses [11,12]. For laying hens, a
few studies have used deviations between observed and expected trajectories of body weight
[13] or egg production [14,15]. However, the results show that resilience indicators based on
deviations in weight or egg production have low heritability. Thus, the phenotypic response to
selection for resilience would be modest and slow, which does not meet the current needs of the
laying hen industry. Therefore, new approaches must be explored, including new phenotypes
and methods (e.g., reaction norms or the UpDown method), or even multi-criteria approaches
(multivariate genetic evaluations, multivariate detection of disruptions...). Thanks to new high-
throughput phenotyping tools, such as electronic nests, we now have access to information like
changes in laying rhythms, which allow us to explore these new avenues.

The development of individual electronic nests with RFID identification of individuals has
removed a technological barrier by enabling continuous recording of nest usage and egg-laying
in alternative systems. This has created an opportunity to evolve selection programs by rearing
pure lines in groups and on the floor.

Hypotheses and Scientific Questions

The PhD student will address the following research question:

Which selection criteria should be integrated into the selection objective to improve the
resilience of laying hens?

Hypotheses:
e H1: Data recorded by individual electronic nests can be used to assess the resilience of
laying hens.

e H2: There is sufficient genetic variability in certain resilience indicators to allow for
effective selection.

e H3: There are multiple ways to integrate these criteria into selection indices, and some
indices are better suited than others to climate change scenarios as predicted by the
IPCC.

Main PhD Steps and Approach
Year 1:
e Literature review on resilience concepts and indicators, written as a review article.
e Calculation of genetic parameters for resilience indicators.
Year 2:
e QTL detection for resilience traits; writing the first original article on the genetic
determinism of resilience fraits.
e Estimation of genetic correlations with other selection criteria; writing the second article
on the links between resilience and other zootechnical performances.
Year 3:
e Simulation of selection strategies based on climate scenarios; writing the third article.
e Writing the PhD manuscript.

Detailed Timeline:

e Months 1-6: Discovery of INRAE and Novogen; bibliographic work; familiarization with
data while testing H1.

¢ Months 6-9: Writing the literature review; selection of resilience indicators.
Months 9-12: Calculation of heritabilities for resilience traits and genetic correlations
between them.

¢ Months 12-18: Genetic architecture of resilience traits (including QTL detection); writing
the first original article.

e Months 18-24: Estimation of genetic correlations between resilience traits and other




selection criteria; writing the second original article.

e Months 24-30: Simulation of selection strategies based on climate scenarios; writing
the third article.

e Months 30-36: Writing the PhD manuscript, preparing the defense, and professional
project.

Between months 1 and 24, the PhD student will attend various training courses on research
and technical skills: Papyrus (bibliographic research, scientific publishing, writing), MOOC on
scientific integrity, animal experimentation (designer level), MOOC on poultry farming, and
MOOCs on statistics or animal genetics if needed.

Methodological and Technical Approaches

To answer these questions and test these hypotheses, we need to analyze data using classical
genetic methods (animal mixed models) [16] and simulation work.

Novogen has invested in developing individual electronic nests for transitioning its selection
nucleus to floor systems. After several years of development, the now-implemented system
enables routine individual phenotyping of traits related to nest usage: number of visits, daily egg-
laying, and daily egg-laying time, daily nest choice for laying, etc. In the context of selection
activities, other phenotypes are recorded, some repeatedly, such as body weight or egg quality.
Additional phenotypes, such as dorsal fat thickness or feed intake, can also be added.

These data will be used to define and explore resilience indicators. The risk of failing to identify
relevant resilience criteria from the data collected by electronic nests is mitigated by the repeated
recording of body weight and egg quality traits, for which there is no challenge in predicting
expected performance. These phenotypes are recorded on a population of pure-line animals,
organized in sire families with hierarchical mating. At least 5 batches will be available, with 500-
600 hens per batch. Daily egg-laying records are available from 25 to 70 weeks of age (315
days), egg quality data will be available once a month (10 months), and body weight four times.
Pedigree and medium-density genotypes (~50k SNPs) are also provided by the company.
These data will allow us to describe the genetic determinism of resilience indicators and their
genetic correlations with other selection criteria. Information on disruptions can be estimated
from the longitudinal analysis of hen data. Climatic data can be retrieved via the SICLIMA
platform (https://agroclim.inrae.fr/siclima/). The specific case of hen resilience to increasing
temperatures, their fluctuations, and heatwaves will be explored in more depth than other
disruptions (such as pathogen load, as these data are not available).

Depending on the progress of the thesis, selection scheme simulations can be performed using
relatively easy-to-use tools such as AlphaSim [17] or MoBPS [18], based on climate disruption
scenarios such as those from the IPCC, whose data can be retrieved from several platforms,
including MétéoFrance (https://donneespubliques.meteofrance.fr). We will not hesitate to contact
colleagues working with such scenarios or involved in the CLIMAE metaprogram.

The PhD student will have access to all necessary IT tools: a laptop, a CTIG computation server
(depending on the nature of the calculations). Quantitative genetics software is easily accessible
on the CTIG (ASReml, BLUPfO0, etc.).

Required Scientific and Technical Skills for the Candidate

¢ Recommended Training: Master 2 (or equivalent) with a specialization in quantitative
genetics, biostatistics, or mathematical modeling.

e Desired Knowledge: Advanced mastery of statistical tools and programming. A
background in longitudinal analysis would be a major asset.

e Appreciated Experience: A Master's-level internship with research activities in
quantitative genetics.

e Sought-After Aptitudes: Scientific rigor, curiosity about agroecological transition
issues, autonomy, and communication skills to interact with industrial and academic
partners. Proficiency in technical English is required for the international valorization of
your work.
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PHD FUNDING

Funding Source(s): Novogen and ANRT (CIFRE)

Gross Monthly Amount: €2,333
Funding Status: Secured (ANRT, CIFRE candidate search)
Funding Start Date/Duration: 2025 — 29

' Dans I’ED EGAAL, si 1 scientifique dans la direction de la thése = 100% d’encadrement doctoral ; si 2 personnes
impliquées dans la direction de la thése = entre 50% et 70% d’encadrement doctoral pour I'HDR directeur ; si 3
personnes impliquées dans I’encadrement de la thése : répartition :40% - 30% - 30% de I’encadrement doctoral.
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