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Abstract

The field of microbiome research has evolved rapidly over the past few decades and has become a topic of great
scientific and public interest. As a result of this rapid growth in interest covering different fields, we are lacking a clear
commonly agreed definition of the term “microbiome.” Moreover, a consensus on best practices in microbiome research
is missing. Recently, a panel of international experts discussed the current gaps in the frame of the European-funded
MicrobiomeSupport project. The meeting brought together about 40 leaders from diverse microbiome areas, while more
than a hundred experts from all over the world took part in an online survey accompanying the workshop. This article

Berg et al, 2020, Microbiome 8:103
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Table 1 Microbiome definitions

Ecological definitions
Definitions based on ecology describe the microbiome following the
concepts derived from the ecology of multicellular organisms. The
main issue here is that the theories from the macro-ecology do not
always fit the rules in the microbial world.
‘A convenient ecological framework in which to examine biocontrol
systems is that of the microbiome. This may be defined as a
characteristic microbial community occupying a reasonably well-
defined habitat which has distinct physio-chemical properties. The
term thus not only refers to the microorganisms involved but also en-
compasses their theatre of activity "[40].
*...This term refers to the entire habitat, including the
microorganisms (bacteria, archaea, lower and higher eurkaryotes, and
viruses), their genomes (i.e,, genes), and the surrounding
environmental conditions. This definition is based on that of "biome,”
the biotic and abiotic factors of given environments. Others in the
field limit the definition of microbiome to the collection of genes and
genomes of members of a microbiota. It is argued that this is the
definition of metagenome, which combined with the environment
constitutes the microbiome. The microbiome is characterized by the

0 = 0 €nomics, metabonomics,
(L P ombined with clinical or | Berg et al, 2020, Microbiome 8:103
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Organisms/host-dependent definitions
The host-dependent definitions are based on the microbial interac-
tions with the host. The main gaps here concern the question
whether the microbial-host interaction data gained from one host
can be transferred to another. The understanding of coevolution and
selection in the host-dependent definitions is also underrepresented.
"A community of microorganisms (such as bacteria, fungi, and viruses)
that inhabit a particular environment and especially the collection of
microorganisms living in or on the human body” [43].
“Human Microbiome Project (HMP): [..] The Human Microbiome is the
collection of all the microorganisms living in association with the
human body. These communities consist of a variety of

microorganisms including eukaryotes, archaea, bacteria and viruses”
[44].

Genomic/ method-driven definitions
There is a variety of microbiome definitions available that are driven
by the methods applied. Mostly, these definitions rely on DNA
sequence-based analysis and describe microbiome as a collective
genome of microorganisms in a specific environment. The main
bottleneck here is that every new available technology will result in a
need for a new definition.
“The collective genomes of microorganisms inhabiting a particular
environment and especially the human body” [43].

Berg et al, 2020, Microbiome 8:103
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Table 1 Microbiome definitions (Continued)

"Totality of genomes of a microbiota. Often used to describe the
entity of microbial traits (=functions) encoded by a microbiota.” [48]

Combined definitions
There are some microbiome definitions available that fit several
categories with their advantages and disadvantages.
"A microbiome is the ecological community of commensal, symbiotic,
and pathogenic microorganisms that literally share our body space”
[49].
“The microbiome is the sum of the microbes and their genomic
elements in a particular environment” [50].
“The genes and genomes of the microbiota, as well as the products of
the microbiota and the host environment” [51].

Berg et al, 2020, Microbiome 8:103



The microbiome is defined as a characteristic micro-
bial community occupying a reasonable well-defined
habitat which has distinct physio-chemical properties.
The microbiome not only refers to the microorganisms
involved but also encompass their theatre of activity,
which results in the formation of specific ecological
niches. The microbiome, which forms a dynamic and

The microbiota consists of the assembly of microor-
ganisms belonging to different kingdoms (Prokaryotes
Bacteria, Archaeal, Eukaryotes [e.g., Protozoa, Fungj,
and Algae]), while “their theatre of activity” includes mi-
crobial structures, metabolites, mobile genetic elements
(e.g., transposons, phages, and viruses), and relic DNA
embedded in the environmental conditions of the
habitat.
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Term Definition

Microbiome The gene complement of a microbial community

Microbiota The microorganisms that inhabit a defined niche

Metagenomics A culture-independent, DNA-sequence-based approach to analysing the

total genetic content of a given niche

Microbiome, Microbiota, Bacterial communities

Gut microbiome, oral microbiome, skin microbiome

WMAEMH, ERE, WMEMRE, ZERA

Zhao et al, 2014, European Respiratory Monagraph, 64:32-46
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Why do we care about swine gut
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Pigs have similar organs as humans (3R ASSExotEME)

Size, anatomy and physiology
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Pigs as animal models for human diseases
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Swine gut microbiome is more similar human gut
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Microbiome application in pork supply chain

Pathobiome

Different strains of Salmonella

E. Coli Streptococcus

Microbiome pipeline

E p J
S — > NCBI
-  — — GreenGenes
— — myRDP
< S E— Silva
N —
s NI
s e Amplify and Group similar Use database to

> /‘\. /‘ AN ST sequence 16S rRNA sequences into OTUs identify OTUs

Extract DNA

Community composition: Which organisms are present?

Variant sequences and
I l SNPs

Microbial community GATTACA
£ GATTACA

12 I I GATTTCA

g GATTTCA

OoTU GATTTCA

Relative abundance OTU phylogeny

of OTUs in
community g




Taylor & Francis
Taylor & Francis Group

mlcrobes

_ A - Gut Microbes

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/kgmi20

Life-long dynamics of the swine gut microbiome
and their implications in probiotics development
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Figure 4. The dynamics of foodborne pathogens (members of Campylobacter and E. coli) in pigs during the pre-harvest section of the
pork supply chain.

Li et al, Gut Microbes, 2020
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Microbiome application in pork supply chain
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Microbiome application in pork supply chain
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