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> Pourquoi piloter le microbiote intestinal

Nutrition

fibres -> VFA, bacterial Feed (fibre, oligosaccharides, prebiotic,

proteins, vitamins ... probiotic...)
Health Physiological state, stress (hormons,
Intestinal barrier signalling molecules etc..)
immunity
Genetics
Storage of lipids mucus, digestive secretion, peristaltism, immunity,
Obesity tolerance

Central nervous system
Behaviour

Antibiotic Gene Resistance

INRAZ
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> Piloter pour optimiser I’holobionte : pour quel bénéfice écosystémique ?

o Améliorer I'efficacité digestive e Limiter la production de méthane (archée)

 Améliorer la qualité de la viande
(métabolisme musculaire, scatol,

Améliorer la résistance a . ..
qualité des lipides)

la colonisation par les
pathogenes

e Améliorer le bien-étre

e Limiter le transfert de genes
de résistance aux

. ) ) . 7 7 o\ . .
antibiotiques Préserver la santé (barriere intestinale)

INRAZ
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> Caractérisation des microbiotes pour les piloter

e Quiestla? En quelle abondance ? = connaissance taxonomique

 Quelle dynamique ? Comment évoluent les communautés ? = colonisation,
résistance et résilience aux perturbations

* Quelles fonctions en lien avec les services écosystémiques?

INRAZ
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> Caractérisation des microbiotes

Connaissance taxonomique des microbiotes

Le postulat de iceberg :

INRAZ
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20 to 30%

Microbiote dominant

(Suau et al., 1999)
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> Caractérisation des microbiotes

Connaissance taxonomique des microbiotes

Microbiote dominant

20 to 30%
Le postulat de l'iceberg :

(Suau et al., 1999)

Re-évaluation par
approches moléculaires
indépendantes de la culture

INRAZ
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> Caractérisation des microbiotes

Connaissance taxonomique des microbiotes

Table 1. Distribution of the 228 clones within the 70 OTUs {with identity cut-off 97% between the sequences of clones) according to the similarity of
sequence with the NCBI database

Shearing metagenomic DNA

by sonication and isolation of % of Mearest sequence in Origin of the Number of clones

(I TINA fragment l OTU name similarity™ the NCBI database nearest sequence in the OTUs Cluster
NEDI1D3 o9 g DOo20S06e0 Human faeces 2 Wl

iatngmavector - G r‘S’" NED2D4 9 UB AY993615 Mouse caecum 2 v

for in vive cloning l MEDZF10 o9 B DO7FIong Rat faeces 2 Wl

OOO MED1BE o9 Varowvorax sp. AB19B432 Sail 1 |
ch)&) MEDTES o8 e AJEB3IS39 Rabbit caecum 13 Y
Tranformation to a MEDZD o8 B ABZ64065 Dugong faeces 2 I
bacterial host (E. coli)
l MEDZFS a7 B D824 540 Human faeces 10 Wl

MEDZASD a7 B DOE15741 Mouse caecum 7 Wil

R binant ;
Hhrary in E coll NED1C12 a7 UB DQ3I%4E67 Reindeer umen 2 vl

individual colonies and

Isolation of plasmids from
sequencing by Sanger’s method

TN _.'r "!'I“
LA, N - 228 clones
- 700TUs
- 94 % Firmicutes fm)
Potential core species and satellite species in the bacterial

community within the rabbit caecum

Valérie Monteils">3, Laurent Cauquil’->3, Sylvie Combes'-%3, Jean-Jacques Goadon® & Thierry
Gidenne"??
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> Caractérisation des microbiotes

Ressemblance entre matrice

V3 205 bp ABI Prism 3100 Genetic

Relative
abundances

CE-SSCP
profiles

Moleoular Eoolosgy Besouroes (2004) oz HLTIT1/) 17550900 2006026095

COMPUTER PROCRAM NOTE
StatFingerprints: a friendly graphical interface program for
processing and analysis of microbial fingerprint profiles o

E. . MICHELLAND *t}5. DEJEAN §5. COMBES,* L. FORTUN-LAMOTHE® and L. CAUQUIL*

Stress=0.183 _

# Ca=cal content before surgery

o Hard faaces after surgery

Ceecal content after surgery
Soft fazces before surgery
Soft fasces after surgery
Hard fazces before surgery

INRAZ
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Contents lists available at ScienceDirect
Anaerobe

ELSEVIER journal homepage: www.elsevier.com/locate/anaerobe

Ecology/environmental microbiology
Molecular analysis of the bacterial community in digestive tract of rabbit

Rory J. Michelland *><, Sylvie Combes *><, Valérie Monteils*><, Laurent Cauquil <,
Thierry Gidenne ™, Laurence Fortun-Lamothe *<* p. 8



> Caracteérisation les microbiotes

Dynamique de résilience apres une pertubation

V3 205 bp ABI Prism 3100 Genetic

13- & Contral V3
a LFD
Relative ":“ — —_
-] o -
abundances E 125 — / % __E L }\_\--
. T e F - .
= -~ \\ / / 1
o 124 / 1
E e F 3
o
Z
CE-SSCP B —> = 1154 - T
| 1200 =
profiles g Scan of CE-SSCP profiles _
'I 1 = = .‘ — G
_!' F 3 F: 3
|r 1" F I'I_.
i " L __\_‘r' 'I : [ |- 5.5
o1 T "y . S E
Malecular Ecology Resources (20%) i U THTL /.1 7554500 2008 2 .-' .: l'-, I-\." . ‘: - b 'I 1 1"'_' ._' I'-\,; ﬁ
B S A | T
COMPUTER PROGRAM NOTE |I - "‘ - ..‘ ._Ill Fl "- r " L . [] 1\ E
StatFingerprints: a friendly graphical interface program for N Fy £ ,’. . N 1 '.‘ . I - E
processing and analysis of microbial fingerprint profiles F 1 K L I % AE o
E. . MICHELLAND,*tt 5. DEJEAN &5. COMBES," L. FORTUN-LAMOTHE® and L. CAUQUIL" I"[I'r '
4
T T T T T T T T T T T T
2 5 a8 11 15 18 22 25 24 32 3% 30
Tirmia (daw=)
Animal (2011), 5:11, pp 1761-1768 © The Animal Consortium 2011 . ani ma]
doi:10.1017/51751731111001005

Rapid adaptation of the bacterial community in the growing
rabbit caecum after a change in dietary fibre supply

INRAZ
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> Caractérisation des microbiotes

Succession écologique des especes

V3 205 bp ABI Prism 3100 Genetic

V3

Relative
abundances

CE-SSCP A —
profiles g Scan of CE-SSCP profiles

Moleoular Eoolosgy Besouroes (2004) oz HLTIT1/) 17550900 2006026095

COMPUTER PROCRAM NOTE
StatFingerprints: a friendly graphical interface program for
processing and analysis of microbial fingerprint profiles

E. . MICHELLAND *t}5. DEJEAN §5. COMBES,* L. FORTUN-LAMOTHE® and L. CAUQUIL*

)

e

RESEARCH ARTICLE

Postnatal developmentof the rabbit caecal microbiota composition
and activity

Sylvie Combes'->2, Rory Julien Michelland'%3, Valérie Monteils"2?, Laurent Cauquil'%3, Vincent
soulié" >3, Ngoc Uyen Tran"2?, Thierry Gidenne'** & Laurence Fortun-Lamothe"*?

I N INRA, UMR 1289, Tissus Animaux, Nufriion, Digestion, Ecosystéme et Métabalisme (TANDEM), Castanet-Tolosan, France; “Université de Toulouse,
15 nov. 2023 / INRAE Genomics / Sylvie Combes INPFENSAT, UMR 1289, TANDEM, Castanet-Tolosan, France; and *ENVT, UMR 1289, TANDEM, Toulouse, France P 10



> Caracteérisation les microbiotes

Succession écologique des especes et connaissance taxonomique des

communautés

INRAZ
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FIGURE 2 | Age related bacterial family distribution for the three experimental groups (A), and age related change of Fimicutes to Bacteroides ratio (B) and
Ruminococcaceas to Lachnospiraceas ratio (G) in rabbit cecal bacterial communities (7 = 30 rabbits per age ).

V3-V4

rontiers
in Microbiology

Diversity and Co-occurrence Pattern
Analysis of Cecal Microbiota
Establishment at the Onset of Solid
Feeding in Young Rabbits

Tolya Road™*, wnce Forfun-Lamothe’, Giraldine Pascal”. Maio Lo Bowch'.
Lauront

Laur
Cauguil’, Boatrice Gabinawd”, Carcle Bannelier!, Elodie Balmisse®,
Micolas Dostombos?, Cifvier Bouchor, Thiarry Gidenne” and Syivia Combos'™

p. 11



Caractérisation des microbiotes

Succession écologique des especes et connaissance taxonomique des
communautés

i i 18 days ? A_I:. e 28 days
S

c D
3 35d @R g, 43d
ll 2 #a“!h“ (;(: . avs ‘. \'% lﬂ‘-%w i
. b t-m W:&: : L S

2 9 0 0 00

® 9 00
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? frontiers
in Microbiology

Diversity and Co-occurrence Pattern
Analysis of Cecal Microbiota
Establishment at the Onset of Solid
Feeding in Young Rabbits

Tehya Read'=, L Fortun- 5 Pascal’, Malo Le Boulch',
Laurant Cauquil’, , Carole , Elodie Baimisse’,
Nicolas D '« Oliviar \ Thierry Gi " and Sylvie Combes'™

p. 12
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> De la caractérisation au pilotage



> Principe de la colonisation

Stability = climax

Homogeneisation

In utero, le tube digestif est stérile, la colonisation de ’h6te débute a la naissance Important but gradual :
shift in the composition &

Les microorganismes primo-colonisateurs sont un échantillonnage d’une
méta-communauté plus large incluant toutes les espéces capables de Random aquisition
vivre et de se développer dans le tractus digestif (Curtis et Sloan, 2004)

v'Mére: voie de naissance, tractus génital et digestif, peau
v'Environnement : matiére fécale, contact congénére, hygiéne lieu de vie, éleveur

v'Ingestion : lait, aliment, matiére fécale

INRAZ
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> Principes écologiques

Stability = climax

wre OH —
Scan of CE-SSCP profiles

Homogeneisation

Random aquisition

Important but gradual
shift in the composition

1. Modifier les espéces pionniéres
2. Modifier la succession écologique des especes
3. Accélérer la maturation
4. Controler son fonctionnement B nMDS with UniFrac distance )
Stress= 10.73 Diet group * g
0.2- ® L B3
A R "u
e Introduction d’espéces B HH
e Suppression d’especes Rias 9
« Exclusion compétitive Age i
« Modification du biotope 18d
e Action sur le substrat & . igz
« Action sur I'héte 78 A ® isi
00 02 0.4 @ 4



> Caracteérisation les microbiotes

la coprophagie

No Feces
Feces supply

Live weight at 35 days (g) BRELEEL 837b

Mortality 2-70 days (%) BRERE]s

Control

Coprophagous behavior of rabbit pups affects implantation
INRAZ of cecal microbiota and health status!
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S. Combes,*+:2 T, Gidenne,*+1 L. Cauquil,*+% O. Bouchez,§# and L. Fortun-Lamothe*+}



> Caracteérisation les microbiotes

la coprophagie
V3-v4

Roche 454 pyrosequencer

A + PCR Reagents
—_
. + Emuision 01l 1
Micro-reactors.
Adapter carrying MA Library Create
library DI beads “Water-in-oi
(limited dilution) emulsion
‘ e
oo ; — —
podin
icro-reactors”™ Perform emulsion
Isotate NA containing beads = o
+ Generation of millions of clonally amplified sequencing templates on each bead
+ No cloning and colony picking

FC2(81%)

PC1(35.5%)

Suppression du comportement
coprophage

INRAZ
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> Latransition alimentaire

Opportunité pour piloter la production de métabolites par le microbiote

Milk - Solid food
7/
\ - S
- \ \

o - N ° ]

Microbiota Ko | —— \ \l {_____. ,\
. I e A
Endogenous secretions <~ ~o Metabolites /\)J\

I v

(LN N T O SN VLTI RN, AN Ay

Epithelium |

- — e——

ropt - ph
m P Macro
Lamina op ia . age

Plasma cell N

_.[ __;I\.__\-_ 7
¥ T cell Icon used from

Dendritic cell https://www.biorender.com
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> Latransition alimentaire

V3-V4
® D18 Milk 1.0
A D25 Milk
B D25_Milk+Solid 054
+ D25_Solid
(o]
A
2 0.0
=z
-0.51
1.0
1.0 05 0.0 0.5 1.0
NMDS1

The Journal of Nutrition (‘*
Nutrient Physiology, Metabolism, and Nutrient-Nutrient Interactions ASN
o J

Developmental Stage, Solid Food
Introduction, and Suckling Cessation
Differentially Influence the Comaturation of
the Gut Microbiota and Intestinal Epithelium
in Rabbits

Martin Beaumont,' Eloise Mussard,! Céline Barilly,' Corinne Lencina,! Laure Gress,' Louise Painteaux,’
Béatrice Gabinaud,' Laurent Cauquil,' Patrick Aymard,' Cécile Canlet,” Charlotte Pags,'
Christelle Knudsen,' and Sylvie Combes'




> Modulation de la composition de I'alimentation

15
[
o S
0.4- e ®
¢ ® o .: ° 8 b
. 510 o
o - 2
% 0.0 ° o " g (@) a
= o ° [ e ® % @ @) b
® Lait o ¢ o 5- —
. . 041 ¢ ¢ > a &
e Lait+Solide 0. oo = :. o a ©
. o
o Lait+PP < S o a 2 a
° o Q
1.0 0.5 0.0 0.5
NMDS1
~
<
La supplémentation en polyphénols module la maturation du microbiote induite \,’Zf(’ Beaumont et al.
par l'introduction de I'alimentation solide non publié
INRAZ
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Apport précoce d’aliment solide

dlife Federat_ion

http://www.cuniculture.info/

INRAZ
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> Apport précoce d’aliment solide

V3-V4

A
- - 0.7- Groupe & C -# EF
] P 1] b
[
%;43 . g 40 . % 06- a
= -
: § g8 * % e
20 25, 0.4 a e T
B ® 8 .3
& 2 i E b
Eg10 g 810 ® 0.37 -
L a }
E a
= (] g o {LZ'
18 25 30 18 25 an 18.58 2558 30.58 38 58
Age (jours) Age (jours)

Comparaison inter-3 jours
Groupe [ | C [l =F 4 ges (jours)

B sz, | T0Systems

Early Introduction of Plant Polysaccharides Drives the
Establishment of Rabbit Gut Bacterial Ecosystems and the
Acquisition of Microbial Functions

Charlotte Paés,® Thierry Gidenne,” Karine Bébin,” Joél Duperray,® Charly Gohier,® Emeline Guené-Grand,® Gwénaél Rebours,’
I N RA@ Céline Barilly,” Béatrice Gabinaud,” Laurent Cauquil,” Adrien Castinel,® Géraldine Pascal,® Vincent Darbot,” Patrick Aymard,*
Anne-Marie Debrusse,” ' Martin Beaument,” © Sylvie Combes®
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> Des questions qui perdurent

-Connaissance des especes ?

- Quelles fonctions pour optimiser les services écosystémiques ?



2 Quelles fonctions

Intermédiaire fermentation
pectine

Predictive functional profiling of

microbial communities using 16S rRNA o 05
[}
c
marker gene sequences =
g —_
o
© o=
sS% *
(%]
(Reference OTU tree Gana content table = g- g 04
(e.g., derived from (ine. marker gene CWf'ﬂ} -g s _E
Greengenes) ie 9., derived lrom IMG) PICRUSH workflow c 0%
N o< 8
n 1
I T
Aown o p i etranes ves) (| Relersrcedata st e
.Inlerled ancesiral gana content Data file (PICRUSt ‘EE E T0.2]
O culpuls and = E
Inferred contempaorary gana intermediate files) o = o
e [ ] 1 BN
Process 22 :
Prune tipﬂ \Mlh unknown O Hnkkaviy e coniant g % E.
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1k 2
A ©
TU table MNormaliza OTU table Infer mr_'lagunurnus e, T : § ta XO n S n e S O nt p a S
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abundance of each OTU) each sample) 5 '5
2
2
=3
5
S
(8}

lower scores indicating availability
of closely related genomes

T
0.0 05 1.0 15
INRAZ NSTiscore
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> La métagénomique en long read

Work in progress...

Opportunité pour piloter la production de métabolites par le microbiote

Milk > Solid food
e
/) ~
e V 27N NN
l Y 4 \ / f,..\ \ |, 7
o - \ ° ]
Microbiota <, \ —— \ \l { v ,\
)OL \)J\ . Identification des reseaux de
Endogenous secretions <o Metabolites /_\)L genes et des voies métaboliques

{ v

— !-'um[uin-]':-.'guml rmn | |[uu U J‘m [ ‘L“I i J U !‘J'uuu! iy

Y
Lamina Propria . ’%}" Macrophage

IgA"

JULULL

Plasma cell

AC ¢\ - .. _. T cell Icon used from
IN R Dendriticcell https://www.biorender.com
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> La métagénomique en long read

Work in progress... PacBio

HiFi

Opportunité d’amélioration des connaissances taxonomiques

=

Sample Name M Reads Length

lapin_11_lait-solide _ 5 906 bp

lapin_12_lait _ 5519 bp

lapin_21_lait-solide _ 6003 bp

lapin_22 lait 27 6 508 bp
14

lapin_31_lait-solide

lapin_32_lait 6 596 bp

lapin_41_lait 5324 bp

Ig

8

lapin_42 lait-solide 6 348 bp

Number of Contigs

This plot shows the number of contigs found for each assembly, broken down by length.

QUAST: Number of Contigs ¥, E

lapin_11_lait-solide
lapin_12_lait
lapin_21 _lait-solide
lapin_22_lait
lapin_31_lait-solide
lapin_32_lait

lapin_41_lait

lapin_42_lait-solide

o
=
r
=
w
=
o
=
wn
=
@
=
=
=
o
=
o
=

10k Tk 12k

w
=
=
=
v
=
m
=
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La métagénomique en long read

Work in progress... PacBio

HiFi

Opportunité d’amélioration des connaissances taxonomiques

Bins Counts quality

Number of bins by quality category, according to MIMAG (Minimum information about a metagenome-assembled genome) standards. "High-quality” refers to genomes with Completeness = 90% and Contamination < 5%. "Medium-quality” for genomes
with Completeness = 50% and Contamination = 10%. "Low-quality" for genomes with Completeness < 50%. "High-contamination refers to genomes with Contamination = 10%. Completeness refers to the proportion of presence of universal single-copy
marker” genes within a genome. Single-copy marker genes present multiple times within a recovered genome is used to estimate potential Contamination.

| Counts Percentages

Bins Counts quality Export Plot
lapin_12_lait_bins
lapin_32_lait_bins
lapin_22_lait_bins
lapin_42_lait-solide_bins
lapin_31_lait-solide_bins
lapin_41_lait_bins
lapin_21_lait-solide_bins
lapin_11_lait-solide_bins

o 10 20 30 40 50 60 70 80 a0 100 110 120 130 140 150 160

bins count
High-quality Medium-qguality

INRAZ
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> La métagénomique en long read

Work in progress...

Opportunité d’amélioration des connaissances taxonomiques

o &
N )
(2 o"”b ’\Q'b @
('(;'b A\‘ &Qf)\' QQq’ 0@0
& > o < e R W <
Q 2 S o > (9 O\ g ()
Q) N ( S N P X & e © S &
TP S ,\o‘b & » \‘,‘;\' & b/‘(\ ¥ & E TR ¢°° 3 & N
S F IR E O FTITEISL PR LS
¥ QT N o FES A ¢ é}’b"’ S ¥ ¢S
sample Name « o/ o/ & oS o oS oS & oSS oS &S & &S o & & &S & oS NS &S & & & & o &

lapin_11_lait-solide
lapin_12_lait
lapin_21_lait-solide
lapin_22_lait
lapin_31_lait-solide
lapin_32_lait

lapin_41_lait

lapin_42 lait-solide

y

» Affiner les prédictions fonctionnelles
INRAZ
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> La métagénomique en long read
Work in progress...

Opportunité pour piloter la production de métabolites par le microbiote

BUTANOATE METAR OLISM
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> La métagénomique en long read couplée a des tests fonctionnels
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