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Theis et al. 2016 mSystems

Holobionts !

Nature microbiome special
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Diversity and determinants of animal microbiomes

Huang & Chen 2023 Gut MicrobesCho & Blaser 2012 Nature Rev Genet
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Interest of microbiota studies in livestock production

• Digestive microbiota
• Associated with phenotypes of interest for

livestock production:
• Feed efficiency, health, robusness, GHG,
growth, welfare, ...

• Significant impact of host genetics on
composition and diversity :
• Heritability estimates & GWAS
• Causal mutations !
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Interest of microbiota studies in livestock production

• Digestive microbiota
• Associated with phenotypes of interest for

livestock production:
• Feed efficiency, health, robusness, GHG,
growth, welfare, ...

• Significant impact of host genetics on
composition and diversity :
• Heritability estimates & GWAS
• Causal mutations !

• The pig faecal microbial ecosystem is organised
into two major enterotypes
• Enterotype PM : characterised by Prevotella &
Mitsuokella abundance

• Enterotype RT : characterised by
Ruminococcus & Treponema abundance

>500 piglets at 60 days-of-age
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Enterotypes : enteric ecotypes based on microbiota composition
• Ecotype = a group of organisms that is adapted to a specific environment.

Ecotype A Ecotype B
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Given host genome impact on microbiomes���

Ramayo-Caldas et al. 2016. ISME Journal

It is possible to use host genetic
selection to influence faecal
microbiota composition?

Key driving taxa from
network interactions?



UMR 1313 GABI
Jordi Estellé

Prevotella

Mitsuokella Treponema

Ruminococcus

From complexity to simplicity
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A divergent selection experiment for pig enterotypes
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Prevotella = Prevotella_9 + Prevotella_7 + Prevotella
Ruminococcus = Ruminococcus +

Ruminococcus_gnavus_group +
Ruminococcus_torques_group +
Ruminococcus_gauvreauii_group

Selection of HPM and HRT lines
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 Significant heritability values
 Limited litter effect
 Genetic correlation

- PM favorable to post-weaning growth
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Samples Interval h² The most heritable Reference

Feces 0,32 – 0,57 Uncultured Succinivibrionaceae Camarinha-Silva et al., 2017

Feces 0,15 – 0,33 Shannon index Lu et al., 2018

Colon 0,025 – 0,55 Peptostreptococcaceae OTU Bergamaschi et al., 2020

Feces 0 – 0,50 Clostridium_sensu_stricto_I Aliakbari et al., 2021

Colon 0 – 0,39 Anaerovibrio Déru et al., 2022

Feces 0,14 – 0,40 Terrisporobacter Larzul et al., 2024

Feces 0,30 Enterotypes Larzul et al., 2024

Feces 0,31 – 0,42 Enterosignature Treponema Vourlaki et al. 2024

Heritability values in litterature
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Response to selection: genera under direct selection
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Indirect responses to selection
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• Whole metagenome sequencing on G0 (n= 15 vs. 15) : who are they and what are they doing ?
Metagenomic species : KEGG Ortologs :

HPM animals have better growth (ADG) at 60 days of age !

HPM vs HRT lines



UMR 1313 GABI
Jordi Estellé

Our research questions :

It is possible to use host
genetic selection to influence

faecal microbiota composition?

Would this selection have an
impact on other ecosystems

and also on host traits? ADG
Other microbiota?
Other traits?

https://youtu.be/PyKiDfq_Vfg

https://youtu.be/PyKiDfq_Vfg
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At G3 : differences HPM vs� HRT in gut and respiratory microbiota ?

N = 40 HPM vs. 40 HRT

0% DA
genera

14% DA
genera

54 % DA
genera

• Strong microbiota differences
between lines at colon
• Differences in the expected

direction as HPM vs. HRT
• Signal less strong but present in

small intestine
• No differences found in

respiratory microbiota!

16S sequencing

DADA2 + SILVA

LinDA DA analysis

Blanc et al. 2024 EAAP
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Our research questions :

It is possible to use host
genetic selection to influence

faecal microbiota composition?

Would this selection have an
impact on other ecosystems

and also on host traits? ADG
Other digestive microbiotas
Other traits?
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At G3 : differences in blood immune response traits ?

N = 40 HPM vs. 40 HRT

• Blood cell subpopulations by
flow cytometry

• Plasma coloration
• Total IgG, IgA and IgM
• Natural antibodies
• Phagocytosis

Blanc et al. 2024 EVIW
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Differences in saliva metabolites ?

Formate AceticAcid Propionate Lactate GlycolicAcid BenzoicAcid D-Glucose L-
GlutamicAcid

L-Glutamine
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

Saliva metabolites

HPM (N=32) HRT (N=33)

125 metabolites detected
~No differences between lines
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Our research questions :

It is possible to use host
genetic selection to influence

faecal microbiota composition?

Would this selection have an
impact on other ecosystems

and also on host traits? ADG
Other digestive microbiotas
Health traits
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 GABI, équipe Génétique Microbiote Santé : J Estellé, G Lemonnier,
M Borey, N Bruneau, F Blanc, C Rogel-Gaillard, et al�

 GABI, Plateforme @BRIDGe : D Jardet, B Houel, K Alexis-Alphonse, J
Lecardonnel, MN Rossignol

 GenPhySE, équipe ModGen : C Larzul
 MGP, équipe InfoBIoStat : F Plaza-Onate et al.
 UE GenESI, équipe Porcs : C Niort, Y Billon, et al�

THANKS!

APP DGA
HOLOFLUX

HOLOBIONTS
(PEPR Agroécologie et Numérique)

Genetic selection for pig faecal enterotypes

SOA18 (007-A1)
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Interest of microbiota studies in livestock production

• Digestive microbiota
• Associated with phenotypes of interest for

livestock production:
• Feed efficiency, health, robusness, GHG,
growth, welfare, ...

• Significant impact of host genetics on
composition and diversity :
• Heritability estimates & GWAS
• Causal mutations
• Response to host selection!!

?
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Dairy cow fecal microbiome

Louise Brulin

1860 Holstein cows
140 herds
2020 – 2022

16S secuencing
& host genotypes
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Sequence-based GWAS for cow fecal microbiome
• Significance at –log10(P) of 7,3 (Sahana et al., 2022)

Paeniclostridium (4,38%)

Unclassified Paludibacteraceae (2,51%)
Sutterella (25,49%)

Turicibacter (2,02%)

Louise Brulin

Akkermansia (2.26%)

Brulin et al. (submitted)
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Sequence-based GWAS for cow fecal microbiome

• Akkermansia !

Louise Brulin

Brulin et al. (submitted)

Bovine ABO gene

Erysipelotrichaceae family :
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Conclusions & Perspectives

It is possible to use host
genetic selection to influence

faecal microbiota composition?

Does this impact other
ecosystems and host traits?

Is it useful?
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Conclusions & Perspectives
• Hosts or microbes? Holobionts !
• Upcoming (shared!) challenges :

• Define cost-effectiveness of microbiome-informed
breeding and selection

• Update statistical and modeling approaches
• Biology���

• Which microbiomes? When?
• What are microbes doing ?

• Metatranscriptomes
• Metaproteomics

• Useful for all host traits?

HOLOBIONTS

HOSTS MICROBES

P = G + M + E (+ €)
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https://www�isag�us/2025/
 Microbiomes session !

https://www.isag.us/2025/
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