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> Background

* Intestinal microbiota
» Associated with phenotypes of interest for
livestock production:

* Feed efficiency, health, robusness, growth,
welfare, ...

 Significant impact of host genetics on
composition and diversity :

* Heritability estimates & GWAS
e Causal mutations !
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> Background

* Intestinal microbiota
* Associated with phenotypes of interest for ~500 piglets at 60 days-of-age
livestock production:

* Feed efficiency, health, robusness, growth,
welfare, ...

 Significant impact of host genetics on
composition and diversity :

* Heritability estimates & GWAS
e 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 —

Ramayo-Caldas et al. 2016. ISME Journal
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> Enterowhat?

* Ecotype = a group of organisms that is adapted to a specific environment.

WS A

Ecotype A Ecotype B
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> Our research question:

It is possible to use host genetic
selection to influence faecal
microbiota composition?
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> Our research question:

® Deltaprotecbacteria
@ Epsilonproteobacteria
Fibrobacteria

Phascolarcpeiacteri

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

Spirochaetes

Key driving taxa from
network interactions?

Ramayo-Caldas et al. 2016. ISME Journal
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> Adivergent selection experiment for pig enterotypes

g x Q@ => Generation GO

_ _ R RT
N=30 N=30 o (47 %)
316 piglets from 30 litters o
/ \1 (53 %)
. Pigs with Pigs with )
Line HPM Line HRT
_ _ enterotype PM enterotype RT _ _
direct selection on Prevotella direct selection on Treponema
and Mitsuokella at D60 d x @ g x @ (and Ruminococcus) at D60
N=6 N=30 N=6 N=30
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g xQ@ => Generation GO

HPM vs HRT lines Ne30 N30

316 piglets from 30 litters

/

Pigs with

Line HPM
direct selection on Prevotella enterotype PM
and Mitsuokella at D60 d x
N=6 N=30
HPM-G1
N=133
HPM-G2
N=114
HPM-G3
INRAZ
UMR 1313 GABI N=126
Jordi Estellé

RT
(47 %)

PM
\7 (53 %)
Pigs with .
Line HRT
enterotype RT ) )
direct selection on Treponema
d x (and Ruminococcus) at D60

N=6 N=30

{

HRT-G1
N =139
HRT-G2
N=114
HRT-G3

N =125

p.8



g xQ@ => Generation GO

> HPMvs HRT N230 N30 ~ AT

= TR (47 %)
° Four taxa’ 316 piglets from 30 litters
but global / \
im act on . Pigs with Pigs with .
p Line HPM enterotype PM enterotype RT Line HRT
microbiota direct selection on Prevotella P P direct selection on Treponema
| and Mitsuokella at D60 d x Q@ d x Q@ (and Ruminococcus) at D60
ecosystem : N=6 N=30 N=6 N=30
RT u u
HPM-G1 .~ o' WRrG1 %
i PM
N =133 N =139 0
(78 %) (50 %)
4 4 .
e o e o (47 %)
HPM-G2 PR R o R e HRT-G2
o " PM
N=114 N=114 (53 %)
(91%)
RT
(13 %) ﬂ' ﬂ' PM
e Femt e Femt R RT (30 %)
HPM-G3 o~y o G HRT-G3 (709
INRAZ i )
UMR 1313 GABI (PSI\;I %) N=126 N=125
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HPM - HRT differences per generation of selection
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> HPM vs HRT lines

. }jNIone?metagenome sequencing on GO (n= 15 vs. 15) : who are they and what are they
oing -
Metagenomic species : KEGG Ortologs :

enriched in [l PM enterotype [l RT enterotype

PM enterotype RT enterotype

Onthomorpha sp004551865-

Cryptobacteroides sp000433355 1 _ starch degradation general nucleoside transport

KOs

Treponema_D sp002395155-

Treponema. D sp018384055 polysaccharide metabolism peptide/nickel transport system

P tell 900771975+ . . . .
evoea e Biosynthesis of amino acids  |ABC transporters

Prevotella sp900313215-

Phenylalanine, tyrosine and .
Prevotella sp000436915- Carbon metabolism

tryptophan biosynthesis
2-Oxocarboxylic acid

Pathways (Top-4)

Prevotella sp900546535 -

Mitsuokella jalaludinii 1

Prevotella hominis -

) Methane metabolism
metabolism
1.0 0.5 0.0 0.5 1.0

Valine, leucine and isoleucine aline, leucine and isoleucine
biosynthesis degradation
Cliff's Delta (effect size)

HPM animals have better growth (ADG) at 60 days of age !
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> Ourresearch questions :

It is possible to use host
genetic selection to influence s s

faecal microbiota compositio sy

. e . . 4"
Driving gut microbiota enterotypes i
through host genetics

Catherine Larzul'™”", Jordi Estellé”"", Marion Borey?, Fany Blanc?, Gaétan Lemonnier?, Yvon Billon®,
Mamadou Gabou Thiam?, Benoit Quinquis®, Nathalie Galleron?, Deborah Jardet?, Jéréme Lecardonnel?,
Florian Plaza ORate® and Claire Rogel-Gaillard””
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> Ourresearch questions :

It is possible to use host
genetic selection to influence

faecal microbiota compositio sy

Would this selection have an
impact on other ecosystems
and also on host traits?

arzul et al. Microbiome (2024) 12:116

Microbiome
https://doi.org/10.1186/540168-024-01827-8

. . . . 4.)
Driving gut microbiota enterotypes i
through host genetics

Catherine Larzul'™", Jordi Estellé”™", Marion Borey?, Fany Blanc?, Gaétan Lemonnier?, Yvon Billon®,
Mamadou Gabou Thiam?, Benoft Quinquis®, Nathalie Galleron?, Deborah Jardet?, Jéréme Lecardonnel,
Florian Plaza ORate® and Claire Rogel-Gaillard””
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Other traits?
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> At G3 :differences in gut and respiratory microbiota ?

JxQ@ = Generation GO

_ _ RT
N=30 N=30 (47%)
316 piglets from 30 litters
PM
‘/ \’ (53 %)
. Pi ith Pi ith .
Line HPM '8s Wi s Wi Line HRT
) A enterotype PM enterotype RT ) )
direct selection on Prevotella direct selection on Treponema

and Mitsuokella at D60 g xQ g xQ (and Ruminococcus) at D60
N=6 N=30 N=6 N=30
RT ﬂ ﬂ
(22%) o —— RT
HPM-GL - o P HRT-G1 %%
- - PM
(78 %) N=133 N=139 (50 %)
0 { .
e 7 S =B (47 %)
HPM-G2 e PR o R R HRT-G2
PM
N=114 N=114 (53 %)
= T
{ { oy
RT (30%)
HPM-G3 iy " i R X 'A,v» ] HRT-G3 (70 %)
(87 %) N=126 N =125
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16S microbiota analysis on :

Bronchial mucus

Oesophagus

Trachea

lleal PP

Stomach Pancreas

Small

Liver intestine

Kidn

N =40 HPM vs. 40 HRT

Colon

Colon/rectum

Large
intestine

p. 14



> At G3 :differences in gut and respiratory microbiota ?

NMDS2

® Bronches
® Colon Distal
e Plague Peyer lléale

[ ]
.. L L] ° ‘ L ]
[ ] [ ]
° * % e '3 :“. %e ¢
° o0 o
— ° @ .. °®
L] [ ] ® ® o ©
L] ¢ Y b
Py ®
] L ]
[ ]
] [ ]
L ]
[ I I I I [
-3 -2 -1 0 1 2
NMDS1
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16S microbiota analysis on :

Colon

lleal PP

Bronchial mucus

Stomach Pancreas

Colon/rectum

Large
intestine

Trachea Small

Liver intestine

N =40 HPM vs. 40 HRT

16S sequencing
DADA2 + SILVA

Vegan NMDS
p. 15



> At G3 : differences HPM vs. HRT in gut and respiratory microbiota ?

16S sequencing
DADA?2 + SILVA
LinDA DA analysis
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54 % DA
genera

Stomach Pancreas

L
ung Colon/rectum

Oesophagus

Large
intestine

Trachea \

. Small
Liver jntestine

N =40 HPM vs. 40 HRT

» Strong microbiota differences
between lines at colon
* Differences in the expected
direction as HPM vs. HRT

p. 16



> At G3 : differences HPM vs. HRT in gut and respiratory microbiota ?

° 14% DA . 54 % DA
e genera N I genera
@&ﬁ%ﬁo ° ) V,{éwg’..

log2(Fold Change)

* Strong microbiota differences
between lines at colon
* Differences in the expected
direction as HPM vs. HRT
* Signal less strong but present in
small intestine

L
ung Colon/rectum

16S sequencing Oesophagus

DADA2 + SILVA

Large
intestine

LinDA DA analysis

Trachea \

. Small
Liver jntestine

INRAZ
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Jordi Estellé N =40 HPM vs. 40 HRT D. 17



> At G3 : differences HPM vs. HRT in gut and respiratory microbiota ?

Lung: Line PM2 vs RT2

s “Te &
o O
° 0% DA . “ 14% DA . 54 % DA
- genera - e genera | . genera
i‘ ; ® o0 %
2w =S % % o
T - ) %0 2 “ o s -
2 o o oo N ° 0w g S .- o]
o ® O oo o o w . e
[} Oi"% %%fﬁéé{% _ ° ° 00;5)3%00 oo o 3 ;:.;o o;...::
: vl s s
o
o | o |
i _Iz _I1 (; 1 ; -3 -2 J1 0 ; 2 3 —I4 —IZ (I) I2 4 6

log2(Fold Change)
log2(Fold Change)

* Strong microbiota differences
between lines at colon
* Differences in the expected
direction as HPM vs. HRT
Signal less strong but present in
small intestine
Small * No differences found in

Colon/rectum

16S sequencing

DADA2 + SILVA

Large
intestine

LinDA DA analysis

Trachea \

Liver jntestine

INRAZ respiratory microbiota!

UMR 1313 GABI

Jordi Estellé N =40 HPM vs. 40 HRT D.18



> Ourresearch 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 \gs

Other traits?
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> At G3 : differences in blood immune response traits ?

JxQ@ = Generation GO

_ _ R =6 RT
N=30 N=30 e (47%)
316 piglets from 30 litters o r~

VARRN w0 * Blood cell subpopulations by

Pigs with Pigs with

Line HPM enterotype PM enterotype RT Line HRT
direct selection on Prevotella direct selection on Treponema fl OW Cyto I I I et ry
and Mitsuokella at D60 g xQ g xQ (and Ruminococcus) at D60
N=6 N=30 N=6 N=30

0 1 * Plasma coloration

RT
(22%) e - RT
HPM-GL . o P HRT-G1 %%
PM N=133 N=139

(78 %)

PM

| — ¢ Total IgG, IgA and IgM

e e (). * Natural antibodies
R e e HRT-G2

* Phagocytosis

N=114 N=114

PM
(30 %)
HRT-G3 (705

- N = 40 HPM vs. 40 HRT
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> At G3 : differences in blood immune response traits ?

eosinophils CD4+ CD8+ T lymphocytes
8- p=0.011 101 p=0.0008
6 0. & * .
g , g o ' |
T 4 -, % or * Blood cell subpopulations by
_Q ‘:;:" T _Q 44 L '.o--:
> o0 o0 e®® > ° oe % 0®
R B *tgestt T, flow cytometry
5 egvet  twsl 5 ] v Ve _
Y B . Y 4 oot * Plasma coloration
PM2 RT2 PM2 RT2
[ J
o KL shagocytosls Total IgG, IgA and IgM
8000- p=0.025 60- 0=0.072  Natural antibodies
60001 * Phagocytosis
LI ° " 40+ . o’
oo (] 4 oo
- * = %o 0.'....
4000 "T',:T" o® o ..0.0.. _I%‘_
E e e 2 o NS el N = 40 HPM vs. 40 HRT
2 20004 o . 2 Tre *etfer
o.o.' 'l6 °
0 T T 3 0 T T
PM2 RT2 PM2 RT2
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> Conclusions & Perspectives

* Hosts or microbes? Holobionts !
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HOLOBIONTS )

-
p

HOSTS

~N
MICROBES
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> Conclusions & Perspectives

* Hosts or microbes? Holobionts !

» HPM and HRT pig lines show that it is possible to select populations for gut microbiota
composition, and that the selection triggers responses on growth and some immune traits
measured at blood :P=G+ M +E !

INRAZ

UMR 1313 GABI
Jordi Estellé

-
p
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>

Conclusions & Perspectives

Hosts or microbes? Holobionts !

» HPM and HRT pig lines show that it is possible to select populations for gut microbiota
composition, and that the selection triggers responses on growth and some immune traits
measured at blood :P=G+ M +E !

Further steps : selection on microbiota is possible but... could it be useful for

improving animal health in pig production?
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HOLOBIONTS )

-
p

HOSTS
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MICROBES
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APP DGA HOLOBIONTS SOA18 (007-A1)

HOLOFLUX (PEPR Agroécologie et Numérique)
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Genetic selection for pig faecal enterotypes
affects host upper gut microbiota and
iImmune traits

= GABI, équipe Génétigue 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
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= GenPhySE, équipe ModGen : C Larzul

= MGP, équipe InfoBloStat : F Plaza-Onate et al.
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