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Piglets and microbiota: non solo quantita ma anche qualita

Waneg er al Mirobhioume (2019} 7108
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RESEARCH Open Access

Longitudinal investigation of the swine gut
microbiome from birth to market reveals
stage and growth performance associated
bacteria

Niaofan Wang'™, Tsungcheng Tsai'?, Feilong Deng’~, Xiaoyuan Wei', fianmin Chai’, Joshua Knapp ', Jason Apple’,
Charles V. Maowell', Jung Ae Lee”, Ying LI and Jiangchao Thao'”
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Abstract

Background: Despite recent adwancoes in the understanding of the swine gut mbicrobiome at different grosseth
stages, a comprehensive longitodinal study of the lifetime binh © market) dynamics of the sweine gut rmbonodsi orme
is lacking.

Results: To fill in this gap of knowledge, we repeatedly collected a total of 273 rectal swabs from 18 pigs during
lactation (day (d} O, 11, 200, nursery (d 27, 33 47, 50, 61), growing (d 75, 90, 104, 116), and finishing (d 130, 145, 1549,
174) stages. DA was extracted and subjected to seqguencing withh an llumina Miseqg seguenoer targeting the Wi
regicon of the 1685 rRMA gene . Sequencoes wene analyzed with The Deblur algoritham in the CHIME 2 pachkaae . A totad
of 19 phyla weene detected in The lifetime pig gut meiorobiorme weith Firmicures and Bacrerosderes being The meost
abundant. Alpha diversity induding community richness (eug., numiber of obsernsed features) and diversity (exg,
Shannon index) showed an owverall increasing trend. Disting shifts in miorobiomme structune alkong different grosseth
stapes weene obhoserved. LES & analysis rewealed 91 bacterial features that are stage-specific. To validate these
discovernes, we performmed fecal miaobiota transplantation (FMT) by incculating sweanling pigs withh mature fecal
microbiota from a groswing stage pig. Simuilar stage-specific patterns in meiorobiorme diversity and structunes wene
also observed in both the FMT pigs and their littemmares. Althoogh FMT remackabby inoreased groweeth pe rfor mansaoes,
it did not change the owerall sweine gut mecrobiocme. Only a few taxa including Thoaose associated with Srreprococaurs
and Closmdaceage wene ennched in the FMT pigs. These data, together with sewveral other lines of evidencoe, indicate
potential roles these tasxa play in promoting animal growth performance. Diet, espedally orude fiber from oom, was
a major Boror shaping the swine gut microbicmee. The priority effect, i=, the order and timing of species arrival,
was meore evident in the solid feed stages,

Conclusiomns: The distinct stacpe-accsod ated swine gut microbiome may be detemmined by the differencoes in diet
andyor gut physiclogy at different growth stages. Our study provide < incsight into mechanisms gowemiing gut
microbiome sucoession and also underscores The importanoese of optimizing stage-specific probiotics aimed at
imprrosing and mal health and producticn

Keyword s: Sevine gut meicrabicamee, Dynarmics, FRT, Grossethe stacpe and) peer o mance
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Piglets and microbiota: nuove osservazioni

“"w FEMS Microbiology Letters, 362, 2015, fnv064
i?:;llﬁNﬁI;Eeme doi: 10.1093/femsle/fnvoss
0 Advance Access Publication Date: 22 April 2015
OXFORD .
o Research Latter

RESEARCH LETTER -Environmental Microbiology

Archaeal microbiota population in piglet feces shifts
in response to weaning: Methanobrevibacter smithii is
replaced with Methanobrevibacter boviskoreani

Sara Federici®f, Francesco Miragoli®:f, Vincenza Pisacane?,
Annalisa Rebecchi?, Lorenzo Morelli? and Maria Luisa Callegari®*

lCentro Ricerche Biotecnologiche, Universita Cattolica del Sacro Cuore, Via Milano 24, 26100 Cremona, Ttaly
and “Istituto di Microbiologia, Universita Cattolica del Sacro Cuore, Via E. Parmense 84, 29122 Piacenza, Italy
*Corresponding author: Centro Ricerche Biotecnologiche, Universitd Cattolica del Sacro Cuore, Via Milano 24, 26100 Cremona, Italy. Tel: +39 0372 499141;
Fax: +39 0372 499193; E-mail: marialuisa callegari@unicatt it

*These authors contributed equally to this work.
one sentence surnm.ary' Mew ﬁ.ndmgs are presented on the eoology of methanogens in the intestine of monogastric animals, in which a rumen species,

er boviskoreani, d Meth ibacter smithii during weaning.
Editor: Rustam Aminov
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Usando queste tecniche...

Pig gut metagenome consortium

* France

— INRA GABI: J Estellé, Y Ramayo-Caldas, G Lemonnier, C
Denis, F Andreoletti, JJ Leplat, C Rogel-Gaillard

— MetaGenoPolis: D. Ehrlich, N. Pons, E. Le Chatellier, S.
Kennedy, F. Levenez and coll.

— INRA MICALIS: J. Doré, E. Maguin
— Experimental and commercial pig farms
* China

— Bejing Genome Institute-Shenzhen: Wang Jun, Liang
Xiao, Zhongkui Xia, Qiang Feng, and coll.

— Pig farm
e Denmark

— Department of Biology, University of Copenhagen: Pia
Kiilerich, Karsten Kristiansen and coll.

— Danish Pig Research Centre, Nutrition and
Reproduction: A.@. Pedersen, N.J. Kjeldsen

UNIVERSITY OF

— Commercial pig farms COPENHAGEN
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* A catalogue of 7.6M genes constructed with 287 pigs,
with greater overlap with human than the mouse
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* Stratification of samples according to country of origin

alpha diversity--shannon index
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Genera

Ruminococcaceae s.l.
Paraprevotellaceae Prevotella spp.
Gampylobacter spp.

SMBS3 spp.

Clostridiaceae s.l.

Actinobacillus spp.

Streptococcus spp.

Clostridium spp.

Prevotellaceae Prevotella spp.
Lactobacillus spp.
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40
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20

Mean relative abundance (%)
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Daniel Crespo-Piazuelo
SCleNTIFIC REPorts | (2018) 8:12727 |

DOI:10.1038/s41598-018-30932-6
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Evoluzione del microbiota

Variability among individual pigs

—

e :

Gut microbial alpha diversity

Guevarra et al. Journal of Animal Science and Biotechnology
https://doi.org/10.1186/s40104-018-0308-3
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F17-Actinobacteria-Collinsella aerofaciens
[ F32-Proteobacteria—Succinivibrionaceae-unclassified
F33-Proteobacteria—Succinivibrio
F7-Proteobacteria—Escherichia coli
F42-Firmicutes—Veillonellaceae—unclassified
F37-Firmicutes—Faecalibacterium prausnitzii
F40-Firmicutes—Faecalibacterium prausnitzii
F11-Firmicutes—Rummeliibacillus
@ F31-Firmicutes-Ruminococcaceae-unclassified

F18-Firmicutes-SMB53

Evoluzione del microbiota

Wang et al. Microbiome (2019) 7:109
https://doi.org/10.1186/5s40168-019-0721-7

F29-Bacteroidetes—Prevotella
F43-Bacteroidetes—Prevotella
F25-Bacteroidetes-Prevotella
F21-Bacteroidetes—Prevotella
F12-Bacteroidetes—Prevotella
F9-Bacteroidetes—Prevotella
F36-Bacteroidetes-Prevotella copri
F14-Bacteroidetes-Prevotella copri
F6-Bacteroidetes—Prevotella copri
F3-Bacteroidetes—Prevotella copri

F13-Firmicutes—Anaerovibrio
F16-Firmicutes—Blautia
F8-Firmicutes—Phascolarctobacterium [ |
F4-Firmicutes—-Clostridiaceae-unclassified B
F5-Firmicutes-Lactobacillus
F2-Firmicutes—Streptococcus luteciae [l
F1-Firmicutes—-Megasphaera
F20-Bacteroidetes—Prevotella stercorea |
F10-Bacteroidetes—-YRC22
F23-Bacteroidetes-S24-7-unclassified [ |



Evoluzione del microbiota

Lactation Nursery Growing Finishing
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Wang et al. Microbiome (2019) 7:109
https://doi.org/10.1186/s40168-019-0721-7
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Guevarra et al. Journal of Animal Science and Biotechnology
https://doi.org/10.1186/s40104-018-0308-3
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Fructooligosaccharides (FOS) and raffinose utilization

150
Xylose utilization

Mannose metabolism

100
Lactose and galactose uptake and utilization

L-rhamnose utilization

50
Maltose and maltodextrin utilization

Nursing Weaned

Fig. 3 The functional capacities of the microbiome between nursing and weaned piglets in association with carbohydrate metabolism as
revealed by whole metagenome shotgun sequencing. The scale bar indicates normalized abundance of the level 3 SEED subsystem classified
reads associated with carbohydrate metabolism. The [P < 0.001], [P < 0.01] and [P < 0.05] were indicated as [***], [**] and [*], respectively

. S

Guevarra et al. Journal of Animal Science and Biotechnology
https://doi.org/10.1186/s40104-018-0308-3
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FIGURE 5 | Changes in relative abundance of dominant bacterial classes over
time. Values are mean + SEM.




¥

20 Stress 0.19
< .
oG, o L§A° o0 o Vagina come fonte
A=y O £ a%4ae di contaminazione
B0 0A 20 LA . .
> g .é“’ g e di batteri e archaea
| - _
.%3’ ? o 0l detl. rulmlne e del
- &F o o000 reticolo
o ¥ i%h ®0Pgog Aitp
¥ Sir ¢ o
* T e o *
¥ o,
& *x
b 3
ok
Maternal Microbiota Calf Microbiota
% Colostrum A Reticulum Duodenum @® lleum o
Udder A Rumen ® Proximal Jejunum O Colon Mucose
* vagina A Omasum  © Medial Jejunum O Feces @ Lumen

Abomasum @ Distal Jejunum © Phanynx



UNIVERSITA Diarrea In fase di svezzamento
CATTOLICA

del Sacro Cuore

NMDS Plot
@ Stress = 0.135
10 4
°
.
0.5 - "
g | " ol 19
.
9 . o0
"
0.0 ——
- ° -
0
" ¢
°
05 - .
»
#
.
10 05 0.0 05 10

MDS1




NIVERSITA Diarrea In fase di svezzamento
ATTOLICA

el Sacro Cuore

Sy

0.5

\

Lactobacillus sp.

-— Parabacteroides sp.

031 | t— Prevotella sp.

Relative abundance

0.2 -

Escherichia sp.




NIVERSITA Diarrea In fase di svezzamento
ATTOLICA

el Sacro Cuore

Sy

Healthy

[ ] Bacteroidetes [[l] Proteobacteria
I Firmicutes [] Actinobacteria




NIVERSITA Diarrea In fase di svezzamento
ATTOLICA

el Sacro Cuore

Sy

Bacteroidetes [l Proteobacteria

B Firmicutes [l Actinobacteria



NIVERSITA
ATTOLICA

el Sacro Cuore

Sy

70

60

50

40-

30+

Relative abundance (%)

20+

104
30 vitellida 1l a
30 giorni di vita

F1 Healthy F1 Diarrhea F2 Healthy F2 Diarrhea _

Diarrea in fase di svezzamento in

vitelli

. Blautia
unclass. Fusobacteriaceae
B Actinomyces
I unclass. Lactobacillales
I Subdoligranulum
B Akkermansia
I Peptostreptococcus
I Dorea
I Bacteroides
I Streptococcus
I Gallibacterium
I Clostridium sensu stricto
. Faecalibacterium
I Butyricicoccus
I Collinsella
I unclass. Enterobacteriaceae
B unclass. Lachnospiraceae
I Escherichia Shigella
I Bifidobacterium
B Lactobacillus




Bl F1 Diarrhea I F1_Healthy

|
Bifidobacterium
Megamonas

unclassmed Bifidobacteriaceae
unclassified_Verrucomicrobiaceae

unclassmed Clostndna

Bilophila
unclassmed Actmomycetales

unclassmed Nenssenaceae

Holdeman:a
Staphylo;occus
Thermus:
Marinobacter
Geobarilfln<

bl Il F2 Diarrhea

unclas:
| |
unclas . Lachnospiracea_incertae_sedis
; : Dietzia

Butyric
unclass Veillonellaceae

unclas:
_ Sphingobacteriim
Jeotgallcoccus

Bl F2 Healthy

|

f 5 ge :
Bravii I /o rococcus 5
unclas: [, - rosutterella 5
Alicycl i | | I | I i
A -3 -2 -1 0 1 2 3
Mitoch
LDA SCORE (log 10)

Sphing
Lactonifactor
unclassiffed_Bacter:ia
unclassiﬂ:ed_FirmichJtes
unclassified_Enterobacteriaceae

unclassified_Lachnospiraceae
|

| | |
1.2 24 36 48 6.0

| i
6.0 <48 ~3.6 <24 -1 0.0

LDA SCORE (log 10)




UNIVERSITA
CATTOLICA

del Sacro Cuore

Possibili
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Competitive
inhibition of
Gutlumen pathogens
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Fig. 2 The potential mechanisms by which probiotics affect intestinal microbial ecology. Probiotics may act through the following mechanisms:
(1) manipulation of the microbiota by changing luminal pH, (2) competitive inhibition of pathogen, (3) production of antimicrobial substances

and (4) stimulation of the pig's immune system

Guevarra et al. Journal of Animal Science and Biotechnology

https://doi.org/10.1186/s40104-018-0308-3
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v Essere attivi e vitali

v Essere sicuri

v Sopravvivere nel tratto gastrointestinale

v Colonizzare l'intestino

v' Possedere caratteristiche di probioticita (conferire
un beneficio fisiologico dimostrato secondo criteri
fissati)
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Tributirrina

Decreased serum urea, which is
related to the improvement of protein
utilization and lean gain (p <0.01)

Increased insulin, that is
associated with muscle
protein synthesis (p < 0.05)

i
NN\o Improved growth
O 40 performance from day 28 to
4 day 40 (p < 0.05)
e butqrm s
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\In the feed Increased HDL fraction without
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in blood (p <0.05)
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a: Bifidobacterium

b: Bifidobacteriaceae
c: Bifidobacteriales
d: Olsenella

e: Coriobacteriales
f:

g

h

B Tributyrin 5

// ‘ “

B control -
y

CF231

: Prevotella

: Paraprevotellaceae
i: Prevotella
j: Prevotellaceae
k: S247
I: Bacteroidales
m: YS2
n: Streptococcus
o: Streptococcaceae
p: Turicibacter
q: Turicibacteraceae
r: Turicibacterales
s: Clostridiaceae
t: Blautia
u: Roseburia
v: Mogibacterium
w: Oscillospira
x: Ruminococcus
y: Acidaminococcus
z: Anaerovibrio
a0: Veillonellaceae
al: Clostridiales
a2: Eubacterium
a3: Desulfovibrio
a4: Desulfovibrionaceae
a5: Desulfovibrionales
a6: Campylobacter
a7: Campylobacteraceae
a8: Campylobacterales
a9: Treponema
b0: Spirochaetaceae

S




UNIVERSITA
CATTOLICA

del Sacro Cuore

Un grazie a: Stefania Sotira, Matteo Dell’Anno, Valentina Caprarulo, Monika
Hejna, Federica Pirrone, Telma Vieira Tucci, Luciana Rossi ecc...

Grazie per
|'attenzione!!




