Dynamics of rumen bacterial guilds
in lambs from birth to finish are
affected by the absence of dams in
the suckling period
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. . Introduction
— Dairy farming

MOTHER Rearing (MR)
/1 Health
Ta 1 Welfare
N Economy

- -

ARTIFICIAL Rearing (AR)

+ Common in Europe
N Health

N Welfare
/1 Economy

Animal study design Bioinformatics Results Messages

Reasons :

Young orphans

Mother does not produce enough milk
N risk of disease transmission

A1 cost of milk

Problems :

N Effects on growth

21 Mortality problems

N Behavioral reactions

N Mother-young relationship

2 This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101000213




. ] Introduction Animal study design Bioinformatics = Results Messages
m— Rumen microbiota

Microbiota : Two faces
(Di Viencezo et al., 2024; Lloyd-Price et al., 2016; lebba et al., 2016)

Rumen microbial colonization

- Installation of bacteria, Eubiosis Dysbiosis
archaea, protozoa and fungi

- Essential for plant fiber
digestion and physiological
development (volatile fatty
acids) : Energy source for
ruminants (70%)

Unclear definitions

A Taxa diversity / microbial genes  Bacteria no longer life in mutual
Stable functionnal core microbiota harmony

Tolerate invasion of pathogens N Taxa diversity / microbial genes
Mutualistic relationship between N tolerate invasion of pathogens
the microbiota and the host Link to diseases

3 This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101000213




Introduction Animal study design Bio-informatics = Results Messages

— Colonization of the rumen
microbiota in a healthy state
Time > Aim : Understand the colonization of
Response the rumen microbiota in a healthy

e e e e —m—— - | state

i State 1 : Restored |

. : . otate2 : Alternative : | | MR: Maternal rearing

Agp State 3 : Alternative 1 Presence of mother - Favors
T « Healthy host » : " colonization of key microbes

AR : Artificial rearing
Absence of the mother -
Reduction of microbes or
emergence of other dominant
species

Fig : Evolution of microbiota adapted from Bornbusch et al. (2023)

4 This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101000213




Introduction Animal study design Bio-informatics = Results Messages

Animal study design

N= 19 ', N=13

MR: Maternal rearing AR : Artificial rearing

N=13  N=6_ 2022 Hay and
N=6 N=7 2023 concentrate
Birth Weaning Slaughterhouse
PEVE XN R 17.19>
1,2>3>4,5) 6,7, 8)>9)10) 11 17-19
VTV VTV VT VY V> > >>
MAY JUNE JULY AUG. SEPT.

Each week : Rumen fluid : Sequencing (Bacteria, Archaea, Fungi and protozoa)

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101000213




L. . . Introduction Animal study design Bioinformatics Results  Messages
s Bioinformatics analysis

B

Alpha diversity *exsk

500 +

T .

' Nucleotide ™ E |
v
O
o .

Amplicon sequencing 300 - *
515F - 806R amorce Anova test :
Qiime 2 Time p =<0,01
Silva Groups : p = <0,01
200 - Interaction : p =<0,05

1 2 3 4 5 6 7 9 10 17




Beta diversity
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Introduction Animal study design Bioinformatics = Results Messages

= Towards Enterosignatures
(Microbial guilds)

Observed genus-level _
Enterosignatures

) composition

. . D
Alpha diversity : . £
A observed in MR 2 e
il . How about 3 3
roup until weanin . o
EroUp 5| dynamicsand 3 —
— o %
g , interaction of = e

Bgta versity : microbes? & Samples

Ditference until . ES-Bact [ ES-Prev [} ES-Esch
weaning SEIIpaS M Es-Firm [ ES-Bifi
- (Frioux et al., 2023)




. ) Introduction Animal study design Bioinformatics = Results = Messages
s RS to describe rumen bacteria

ASV4 | unculturerumen | SuccinivibrionaceaUCG-001 '
i i ASV2 | unidentifierumen | Prevotella
What combination of AS;/s v Eoga) ® .
i ASV24 | Bacteroidepyogenes | Bacteroides - I .
contributes to each BS ? | cRyogen Spl)hingomonas- ° Contribution (Weight)
(=Score of each ASV within » ASV25 | unculturerumen | Alloprevotella+ @ ® o
> ASV27 | unculturebacterium | Sharpea+
each RS) $  ASV5 | unculturebacterium | ErysipelotrichaceaUCG-002 1 : @ o
G ASV1 | unculturerumen | SuccinivibrionacealCG-001 - . 0.3
~ ASV17 | unculturerumen | Muribaculaceae - e
< ASV16 | | SuccinivibrionaceaUCG-002 1 O @ -
'S ASV15 | unculturerumen | Prevotella @
Q ASV20 | unculturerumen | Succiniclasticum 1 o . 0.5
Q ASV3 | unculturerumen | Muribaculaceae{ @
Q ASV22 | unculturerumen | uncultured - o
> ASV23 | Fusobacteriunecrophorum | Fusobacterium A ® RUMINoSi
% ASV19 | unculturerumen | Acetitomaculum- ® uminoSignature
< ASV21 | Prevotellheparinolytica | Bacteroides - @ e RS1
ASV12 | Prevotellruminicola | Prevotella - ® . RS2
ASV13 | unculturerumen | FO82 A o
ASV29 | Bacteroidalebacterium | RikenellaceaRC9gugroup A * RS3
ASV9 | | Burkholderia-Caballeronia-Paraburkholderia 1 o e RS4
ASV28 | | Prevotella-
ASV26 | unculturebacterium | BacteroidaleBS11gugroup - * RSS
ASV18 | | Prevotella- o RS6
ASV14 | unculturerumen | PrevotellaceaUCG-003 o
ASV10 | | - °
ASV8 | Methylobacteriukomagatae | Methylobacterium-Methylorubrum - o
ASV6 | | Methylobacterium-Methylorubrum 1 *

Fig : Contribution of the top 5 ASVs RuminoSignature




. ) Introduction Animal study design Bioinformatics = Results = Messages
s RS to describe rumen bacteria

_ASV4 Lupgulturerumen | Succinivibrionaceal JGG-00 ] 'I

i i ASV2 | unidentifierumen | Prevotella
What combination of AS;/s v Eoga) ®
i ASV24 | Bacteroidepyogenes | Bacteroides - I .
contributes to each BS ? | Apsyvgl | Spl)hingomonas- Contribution (Weight)
(=Score of each ASV within n ASV25 | unculturerumen | Alloprevotella- ® o
> ASV27 | unculturebacterium | Sharpea+
each RS) $  ASV5 | unculturebacterium | ErysipelotrichaceaUCG-002 1 : @ o
G ASV1 | unculturerumen | SuccinivibrionacealCG-001 - . 0.3
~ ASV17 | unculturerumen | Muribaculaceae -
4 ASV16 | | SuccinivibrionaceaUCG-002 . 0.4
'S ASV15 | unculturerumen | Prevotella @
1] ASV20 | unculturerumen | Succiniclasticum+ . 05
Q ASV3 | unculturerumen | Muribaculaceae{ @
Q ASV22 | unculturerumen | uncultured -
> ASV23 | Fusobacteriunecrophorum | Fusobacterium A RUMINGS
2] ASV19 | unculturerumen | Acetitomaculum - uminoSignature
< ASV21 | Prevotellheparinolytica | Bacteroides - e RS1
ASV12 | Prevotellruminicola | Prevotella - ® . RS2
ASV13 | unculturerumen | FO82 A o
ASV29 | Bacteroidalebacterium | RikenellaceaRC9gugroup A * RS3
ASV9 | | Burkholderia-Caballeronia-Paraburkholderia A + RS4
ASV28 | | Prevotella-
ASV26 | unculturebacterium | BacteroidaleBS11gugroup - * RSS
ASV18 | | Prevotella RS6
ASV14 | unculturerumen | PrevotellaceaUCG-003 o

ASV10 | | 1
ASV8 | Methylobacteriukomagatae | Methylobacterium-Methylorubrum -
ASV6 | | Methylobacterium-Methylorubrum 1

Fig : Contribution of the top 5 ASVs RuminoSignature




s RS to describe rumen bacteria

What combination of ASVs
contributes to each RS?
(=Score of each ASV within
each RS)

ASV/Species/Genus

ASV8 | Methylobacteriukomagatae | Methylobacterium-Methylorubrum -

ASV29 | Bacteroidalebacterium | RikenellaceaRC9gugroup A

Introduction Animal study design

ASV4 | unculturerumen | SuccinivibrionacealUCG-001
l----.AS\L?.Lw;Ld.ermﬁe.amen.lE:euo.teUB.

S —" AV R =0

ASV24 | Bactermdepyogenes | Bacteroides 1

ASV7 | | Sphingomonas A

ASV25 | unculturerumen | Alloprevotella

ASV27 | unculturebacterium | Sharpea-

ASV5 | unculturebacterium | ErysipelotrichacealCG-002 -
ASV1 | unculturerumen | SuccinivibrionacealUCG-001 -
ASV17 | unculturerumen | Muribaculaceae -

FASY16.] | SuccinivibrianaceallCG-0Q24

ASV15 | unculturerumen | Prevotella

ASVZ0 Tunculturerumen | Succiniclasficum-

ASV3 | unculturerumen | Muribaculaceae -

ASV22 | unculturerumen | uncultured -

ASV23 | Fusobacteriunecrophorum | Fusobacterium -
ASV19 | unculturerumen | Acetitomaculum 1

AS\.2d L EBrevatallbeparinalytical Bactaraidas
LASV12 | Prevotellruminicola [ Prevotella 1

ASV13| | ‘unculturerumen | FO82 A

ASV9 | | Burkholderia-Caballeronia-Paraburkholderia -
ASV28 | | Prevotella-

ASV26 | unculturebacterium | BacteroidaleBS11gugroup -
ASV18 | | Prevotella

ASV14 | unculturerumen | PrevotellaceaUCG-003
ASV10 | | -

Bioinformatics

&

ASV6 | | Methylobacterium-Methylorubrum 1

Fig : Contribution of the top 5 ASVs

RuminoSignature

Results

Contribution (Weight)

RuminoSignature

e RS1
e RS2
« RS3
* RS4
+ RS5

RS6

Messages



. . Introduction Animal study design Bioinformatics = Results Messages
s EStablishment of RS in lambs

How is each sample influenced by each RS? (=Score of each SR in a sample)
2 3 4 5 6 7 9 10 17 _
1 2 3 4 5 6 7 9 10 17

RS5 : Bacteroides,
Alloprevotella, Neisseriaceae




. . Introduction Animal study design Bioinformatics = Results Messages
s EStablishment of RS in lambs

How is each sample influenced by each RS? (=Score of each SR in a sample)
1 2 3 4 5 6 7 9 10 17 |
QOVCVLOVVWIOO0O
1 2 ‘ 3 4 5 6 7

9 10 17

RS4 : Muribaculaceae,
Succinivibrionaceae UCG-002,
Succiniticlasticum

: Sharpea, Prevotella,
Rikenellaceae RC9 gut group

-9 | °RS3 : FO82, Prevotella, Prevotella




. . Introduction Animal study design Bioinformatics = Results Messages
s EStablishment of RS in lambs

How is each sample influenced by each RS? (=Score of each SR in a sample)
1 2 3 4 5 6 7 9 10 17
1 2 3 4 5 6 7 9 10 17
*RS1 : Succinivibrionaceae UCG-

001, Prevotella,
Erysipelotrichaceae UCG-002




. . Introduction Animal study design Bioinformatics = Results Messages
Establishment of RS in lambs

Statistical differences among RuminoSignatures



. . Introduction Animal study design Bioinformatics = Results = Messages
m— Characterizing temporal dynamics

Weeks

Confidence
interval at 95 %

This project has received funding fr. D tagreement No 101000213



. . Introduction Animal study design Bioinformatics = Results = Messages
— Characterizing temporal dynamics
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. . Introduction Animal study design Bioinformatics = Results = Messages
Characterizing temporal dynamics

Life of lambs



Introduction Animal study design Bioinformatics = Results Messages

0.751

7o 0.501

RS (%

0.257

0.00+1

Weeks Weeks

RS5 : Bacteroides, Alloprevotella, Neisseriaceae : 4 milk-using bacteria : Bacteroides
(Amin et Seifert 2021)




Introduction Animal study design Bioinformatics = Results Messages

.

0.751 0.75-
2 0.50; 050,
%) 1
o

0.25' 0.25'

0.00 0.00+

5 10 15 -
5 10 15
Weeks Weeks

RS5 : Bacteroides, Alloprevotella, Neisseriaceae : 4 milk-using bacteria : Bacteroides
(Amin et Seifert 2021)




Introduction Animal study design Bioinformatics = Results Messages

A concentrate (Hartinger et al., 2024) : genus
g and Succinovibrionaceae, Fibrobacteraceae, Prevotellaceae (Amin et Seifert 2021)

0.751

7o 0.501

RS (%

0.251

0.00+1

5 10 15
Weeks

=@} «RS3 : FO82, Prevotella, Prevotella

RS4 : Muribaculaceae, Succinivibrionaceae
UCG-002, Succiniticlasticum

Weeks




Introduction Animal study design Bioinformatics = Results Messages

O
*!\ A concentrate (Hartinger et al., 2024) : genus
and Succinovibrionaceae, Fibrobacteraceae, Prevotellaceae (Amin et Seifert 2021)
2
0.751 0.75- ’
v
gO‘SO- 0.50-
w
o
0.251 0.25
0.00- 0.00. &
5 10 15 T 7 e
Weeks Weeks
~ .
RS3 : F082, Prevotella, Prevotella : Sharpea, Prevotella Rikenellaceae
{'/R L - . RC9 gut group N
- RS4 : Muribaculaceae, Succinivibrionaceae

< L UCG-002, Succiniticlasticum =T




Introduction Animal study design Bioinformatics = Results Messages

.
- Protozoa implantation ?
, - Delayed ingestion of solid feeds ?
0.751 0.75-
FO82 with more
el protozoa (Park with less
af— ' w0t qf, 2021) 0507 protozoa (Park et
o Ent.longinucleatum a/. 2 021)
0.251 0.25
0.00; 0.00

10 15

5 10 15
Weeks H.—) Weeks
{{ Lﬁ-k i —@= || *RS3 : FO82, Prevotella, Prevotella : Sharpea, Prevotella Rikenellaceae RC9 gut A

group J {




Introduction Animal study design Bioinformatics = Results Messages

0.751 0.75-
0501 0501
%)
o

0.251 0.95.

0.001 0.00-

5 10 15 -
5 10 15
Weeks Weeks

*RS1 : Succinivibrionaceae UCG-001, Prevotella, Erysipelotrichaceae UCG-002




Introduction Animal study design Bioinformatics = Results Messages

— Messages and outlook
Enterosignature is a Two signatures are common to Signatures are modulated by
good way to follow both systems: orange at the the rearing system before
dynamic of microbes' beginning of life and red after weaning
colonization weaning.
Next step :

- link to protozoa implantation

- With pertubation
- Go deeper to understand variability among artificial group

26 This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101000213
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Groups
Female
Male
Birth weight (mean + standard
deviation)
Number of lambs

Sex

ENM

4.02 +
1.03
13

EM

11
4.02 +
0.76

19




RS (%)

Life lambs : RS apparition _ .

X

0.75 1

0.50 1

0.25 4

0.00 1

0.75 1

0.50 1

0.25

Introduction Animal study design

%

Bioinformatics = Results Messages

*RS1 : Succinivibrionaceae

UCG-001, Prevotella,
Erysipelotrichaceae UCG-002

*RS3 : FO82, Prevotella,
Prevotella

RS4 : Muribaculaceae,
Succinivibrionaceae UCG-
002, Succiniticlasticum

RS5 : Bacteroides,
Alloprevotella, Neisseriaceae
: P milk-using bacteria :
Bacteroides (Amin et Seifert
2021)

: Sharpea,
Rikenellaceae RC9 gut group,
Prevotella




— RuminoSignatures, Non-matrix factoring

(NMF)

ASV composition observed in each sample

I
g
1+
z >
3
o NMF/
3 RuminoSignatures (RS)
&
Samples
Enterosignatures
8
3
2
z «
E <+
]
o
Samples
ES-Bact M ES-Prev [ ES-Esch
B Es-Firm ES-Bifi

Introduction

Messages and
outlook

Bioinformatics Results

analysis

Animal study
design

RS RS
Rs_1 [Rs 2 [Rs 3 [Rs 4 I RS_1 | RS.2 |RS.3 |RS.4_

Taxo levels

0.7 1

Cosine Similarity
o o
(8] [=3]

o
=

0.3 1

How is each sample
influenced by each RS?
(=Score of each SRina

sample)

What combination of
ASVs contributes to each
RS? (=Score of each ASV

within each RS)

-+
Sampling

Cosine Similarity vs. Number of NMF factors

Optimum number of signatures

Evolution according to RS:
Model learning platform =
No significant improvement

g 10 11 12 13 14 15

Number of RS

3 4 5 6 7 8



Introduction Animal study Results Messages and
mm Enterotypes vs Enterosignatures design outlook
(Microbial guilds)
GENERA CONTRIBUTING TO ESs
601 pacter®®®
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s What we do after Eukaryotic implantation contributes to the establishment of bacterial RS ?

1.00 4 *
i 1.00{  m——
[ |
]
[ |
RuminoSignature : ASV 075 : _I_
. [ |
z ' { N a }u.?s-
o ] XA = P
é : ) j E (ﬁlﬂ«i I
8050 —=-=d-—-- o - : £ 1
T : | 80504 ------— 4
£ : s J—
Implantation of eukaryotes w | H : S |
0.25 : 1 ! @ | a
p < 0.0001 | | 0.251 '
| mauaa | p = 0.0022
! -----. | | I T
| P T
0.00 I . . : . 0.00. : | H —1
0 2 4 & ! . ;
Time 0 1 2 3 4 5
B Time
Number at risk )
Number at risk
J ]
b g
Groups_merge=M{ 1O 7 3 2 0 0 0 {L’Ai @ -
™ Groups_merge=M4 47 20 7 0 0 ﬁL’Ai
T2 3% 4 5 6 7 o
Time 1 2 3 4 5

Time

How can we demonstrate that these eukaryotes drive some of
the observed rumen signatures?




Introduction Animal study Bioinformatics Results Messages and

— Characterizing temporal dynamics design analysis outlook
Birth 2023 202 Weaning Slaughterhouse
>>>>>>>>>> >> 17-19
e Milkeeoo o JUNE_ SEPT.
Solids feed ---—----—--—-- e
{ 7} -—-RS5---------o---—-—-RS3 RS4 RS1
EM
N ----RS5------- +RS6+RS3+RS4----- RS6+RS3+RS4+RS1 RS1
ENM

® b i :
*RS1 : Succinivibrionaceae UCG-001, Prevotella, Erysipelotrichaceae UCG-002 ¢ Added concentrate: increases aundance (Hartinger et al.,

&3 P 3 2024)
*RS3 : FO82, Prevotella, Prevotella b
&2 1 abundance of amylolytic and fibrolytic bacteria :
*RS4 : Muribaculaceae, Succinivibrionaceae UCG-002, Succiniticlasticum Succinovibrionaceae, Fibrobacteraceae, Prevotellaceae
_ o , , , ) (Amin et Seifert 2021)
*RS5 : Bacteroides, Alloprevotella, Neisseriaceae : 4 milk-using bacteria : Bacteroides
(Amin et Seifert 2021) % Ri . .
Rikenellaceae RC9 gut found with rumen not enriched
* % % with protozoa Park et al. 2021)

: Sharpea, Rikenellaceae RC9 gut group, Prevotella
F082 discovered with more protozoa (Park et al. 2021)

33 This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101000213




. .. Introduction Animal study design Bioinformatics = Results = Messages
s Life lambs : RS apparition

-

ATV ! ’
- v

0.75
0.50 A

0.25 1

000 T RS5 : Bacteroides,
Alloprevotella, Neisseriaceae

%)

: P milk-using bacteria :
Bacteroides (Amin et Seifert
2021)




. .. Introduction Animal study design Bioinformatics = Results = Messages
s Life lambs : RS apparition

-

i d / -"'J
€ s i y
0.75 1
0.50 4
0.25 4
o] ¥ RS5 : Bacteroides,
o Alloprevotella, Neisseriaceae
o + . . .
A : ™ milk-using bacteria :
0-751 Bacteroides (Amin et Seifert
2021)
i 'l_J.SO-
0.25 1
0.00 1




. . Introduction Animal study design Bioinformatics = Results Messages
— Life lambs : RS apparition

0.75 A
*RS3 : FO82, Prevotella,
Prevotella

A concentrate (Hartinger et al., 2024) RS4 : Muribaculaceae,
genus

and Succinovibrionaceae,
Fibrobacteraceae, Prevotellaceae (Amin

T B et Seifert 2021)

0.50 4

Succinivibrionaceae UCG-
002, Succiniticlasticum

0.25 1

RS (%)

’ Weeks " ° :ment No 101000213




. . Introduction Animal study design Bioinformatics = Results Messages
— Life lambs : RS apparition

0.75

*RS3 : FO82, Prevotella,
Prevotella

¢

0.50 4

A concentrate (Hartinger et al., 2024) RS4 : Muribaculaceae,
genus Succinivibrionaceae UCG-
002, Succiniticlasticum

0.25 1

and Succinovibrionaceae,
Fibrobacteraceae, Prevotellaceae (Amin
et Seifert 2021)

0.00 A

RS (%)

0.75 1

0.50

: Sharpea, Prevotella
Rikenellaceae RC9 gut group

0.25 1

0.00 1

Weeks :ment No 101000213




Introduction Animal study design Bioinformatics = Results Messages

s Life lambs : RS apparition

=

FO82 with more protozoa
(Park et al. 2021)

0.75

*RS3 : FO82, Prevotella,
Prevotella

¢

0.50 A

A concentrate (Hartinger et al., 2024) : RS4 : Muribaculaceae,
genus Succinivibrionaceae UCG-
002, Succiniticlasticum

0.25 1

and Succinovibrionaceae,
Fibrobacteraceae, Prevotellaceae (Amin
et Seifert 2021)

0.00 A

RS (%)

with

0.751 - Protozoa implantation ? less protozoa (Park et al.

B ‘} 7 , 7
Ent.longinucleatum 2 02 1 )

- Late of solides feed ingestion ?

0.50

: Sharpea, Prevotella
Rikenellaceae RC9 gut group

0.25 1

0.00 1




. . Introduction Animal study design Bioinformatics = Results Messages
— Life lambs : RS apparition

A1 concentrate (Hartinger et al.,
2024) : genus

4 and Succinovibrionaceae,
Fibrobacteraceae, Prevotellaceae
(Amin et Seifert 2021)

0.75

0.50 4

0.25 1

I *RS1 : Succinivibrionaceae
- =®= | UCG-001, Prevotella,
° Erysipelotrichaceae UCG-002

0.00 A

RS (%)

’ Weeks " ° :ment No 101000213




Introduction Animal study design Bioinformatics = Results Messages

s Life lambs : RS apparition

=

A1 concentrate (Hartinger et al.,
2024) : genus

075 { and Succinovibrionaceae,
J Fibrobacteraceae, Prevotellaceae
(Amin et Seifert 2021)
0.50 -+
0.25 1
l *RS1 : Succinivibrionaceae

=@ | UCG-001, Prevotella,
Erysipelotrichaceae UCG-002
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