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• a high-throughput sequencing based biological analysis
approach consisting of microbiomics (16s rRNA, ITS,
culturomics, and metagenomics), genomics, 
transcriptomics, epigenomics, proteomics, metabolomics,
and patholomics etc.

• quantitatively track changes in biological processes in 
unprecedented detail (Ali Ebrahim et al., 2016)

• disclose relationships between biological entities and 
identify biomarkers characterizing biological systems.

• rapid growth in size and complexity of multi-omics data
sets indicated the advent of big-data era in biological and
medical fields Multi-omics-related articles

2018

2017

2016

2015

https://en.wikipedia.org/wiki/Multiomics#List_of_softwares_for_multi-omic_analysis

(Momeni et al., 2020)

Multi-omics and their applications in gut microbiome study



 Applications
• Human Microbiome Project

• Phase 2: integration of multi-omic data from
host/microbiome to human disease

• Gut/nasal microbiome and type 2 diabetes
• Gut microbiomes and inflammatory bowel

disease
• Vaginal microbiomes and pre-term birth
• Brain-gut axis

• Systems Immunology
• collect omics data that related to immune

response to infectious diseases such as
pediatric chikungunya

• effectiveness and side effects of vaccines
(transcriptome and plasma metabolomics)

• Cancer
• multi-omics data repositories (Subramanian et al., 2020)

• Precision medicine

Multi-omics and their applications in gut microbiome study



 Technologies and data analysis methods

https://www.pratiks.info/research/harvard/novel-multiomics-technologies-to-decipher-molecular-signatures-of-infectious-diseases

 A community-maintained list of software 
packages for multi-omics data analysis.

Website: https://github.com/mikelove/awesome-multi-omics

• Multi-omics correlation or factor analysis
• Ecology multi-table literature
• Chemometrics multi-table literature
• Behavioral research multi-table literature
• Multi-omics clustering / classification / prediction
• Multi-omics networks
• Single cell multi-omics
• Multi-study correlation or factor analysis
• Multi-omics reviews / evaluations
• Multi-omics application papers
• Multi-omics data management

Multi-omics and their applications in gut microbiome study



Animal probiotics and future market size

Probiotics
Live microorganisms
that confer a health
benefit on the host

when administered in
adequate amounts.

Prebiotics
Substrates that are

selectively utilized by
host microorganisms,

conferring a health
benefit.

Synbiotics
Combination of

both probiotics and
prebiotics

Postbiotics
Compounds produced
by microorganisms,
released from food

components or
microbial constituents,
including non-viable

cells that when
administered in

adequate amounts,
promote health and

well-being.

Campanian animals

Livestock
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Animal probiotics and future market size

• The China Ministry of Agriculture and Rural Affairs
released the ban of antibiotics use in animal feed from 2020.

• The Asia Pacific is projected to account for the largest 
market size during the forecast period.
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No.1
39%

https://www.prnewswire.com/news-releases/probiotics-in-animal-feed-market-worth-7-3-
billion-by-2026--exclusive-report-by-marketsandmarkets-301354278.html



Swine probiotics

30%

 Three traditional swine probiotics: Lactobacillus,
bacillus, and yeast
 Benefits:
 improve gut homeostasis, alleviate stress, and

preventing diarrhea
 Immune protective and pathogen prevention
 Improve feed efficiency and meat production

 Drawbacks:
 Inconsistent or poor growth promoting

performance
 Limited probiotics options (GRAS list)
 Un- or inadequately characterized biological

functions and delivery mechanism

A workflow combining culture-dependent and culture-
independent approaches using multi-omics techniques was

suggested for revolutionary probiotic selection in swine industry.



Characterization of longitudinal swine gut microbiome using culture
dependent and independent approaches

 How does the swine gut microbiome change from birth to market?

 Whether adult pigs’ microbiota can colonize in young piglets?

 What are the major drivers shaping the swine gut microbiome?

 Who are the residents and who are passengers?

 Is there a core microbiome?

 Are probiotics stage-related?

 What is the dynamics of pathogens in swine gut?
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• A total of seventeen pigs (PIC29*380) born

from three sows in parity 2 were raised in
University of Arkansas-Division of Agriculture
Swine Research Unit in Fayetteville, Arkansas.

• All pigs were fed the corn, soybean meal
based standard diets.

• Body weight and rectal swabs were collected
on each collection date.

x 24
Donor pig:

Growing phase 2 

x 17

• A total of twenty-four weaned pigs were
selected and gavaged with one of
treatments: 10 ml of 20% glycerol (Con) or
10 ml of 20% glycerol with extracted fecal
bacteria (FMT) from grower phase 2 pig
donor.

• Pigs were drenched two consecutive days
d 21 and 22. Swabs were collected on d
21, 22, 23 and at each subsequent phase
change.
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VALIDATIONWang et al, 2019, Microbiome
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Dynamics of the swine gut microbiome from birth to market: composition

The dynamics of 
foodborne pathogens



Growth performance associated bacteria at different growth stages

Wang et al, 2019, Microbiome
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Wang et al, 2019, Microbiome

“Passenger”
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Wang et al, 2019, Microbiome



Chapter I.Chapter I.
Dynamics

Wang et al, 2019, Microbiome

What are the drivers of gut microbiome?
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Chapter I.

“Colonized” in FMT group

Wang et al, 2019, Microbiome
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Chapter I. F2

Potential probiotic

Wang et al, 2019, Microbiome
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Growth performance associated bacteria at different growth stages

Wang et al, 2019, Microbiome

Potential probiotic



Relative abundances of F2 in the isolator trial
Relative abundances of F2 in pigs fed with or
without ZnO

Tsai et al., 2018, Frontiers in Microbiology Wei et al., 2020, microorganisms



The top 50 estimated age (EMA)-associated 
features isolated by the regression based random 
forest. 

Blue: health pigs

Red: sick pigs
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ASV-culture method heatmap

F5 lactobacillus
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Metabolic profile



F2,20h
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Whole genome sequencingCazyme heatmap



F2 oral inoculation trial 1: Body weight of pigs from all six treatments



F2 oral inoculation trial 2:

D0 and D1: F2 gavage D21: F2 gavage

1. Carcass performance (Belly, loin)
2. Tissue collection

• Pancreas tissue,
• Ileum and jejunum tissue,

mucosa, and digesta content
• Cecum and colon tissue,

digesta content

Nursery Growing Finishing

• 16S rRNA gene sequencing
• Metagenome
• Metabolom

• 16S rRNA
• Enzyme activity

F2-#28

BW and rectal swabs
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E.Coli



Modulation of lactobacillus
in the gut



Shotgun sequencing Metabolomics



Metabolomics-d14



Metabolomics-d14



感谢聆听

Thank you
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