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REVIEW ARTICLE

Omics technologies in poultry health and productivity - part 1: current use in
poultry research
Tessa Dehau, Richard Ducatelle, Filip Van Immerseel * and Evy Goossens *

Livestock Gut Health Team (LiGHT) Ghent, Department of Pathobiology, Pharmacology and Zoological Medicine, Faculty of Veterinary
Medicine, Ghent University, Merelbeke, Belgium

ABSTRACT
In biology, molecular terms with the suffix “-omics” refer to disciplines aiming at the collective
characterization of pools of molecules derived from different layers (DNA, RNA, proteins,
metabolites) of living organisms using high-throughput technologies. Such omics analyses
have been widely implemented in poultry research in recent years. This first part of a
bipartite review on omics technologies in poultry health and productivity examines the use
of multiple omics and multi-omics techniques in poultry research. More specific present and
future applications of omics technologies, not only for the identification of specific
diagnostic biomarkers, but also for potential future integration in the daily monitoring of
poultry production, are discussed in part 2. Approaches based on omics technologies are
particularly used in poultry research in the hunt for genetic markers of economically
important phenotypical traits in the host, and in the identification of key bacterial species or
functions in the intestinal microbiome. Integrative multi-omics analyses, however, are still
scarce. Host physiology is investigated via genomics together with transcriptomics,
proteomics and metabolomics techniques, to understand more accurately complex
production traits such as disease resistance and fertility. The gut microbiota, as a key player
in chicken productivity and health, is also a main subject of such studies, investigating the
association between its composition (16S rRNA gene sequencing) or function
(metagenomics, metatranscriptomics, metaproteomics, metabolomics) and host phenotypes.
Applications of these technologies in the study of other host-associated microbiota and
other host characteristics are still in their infancy.
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Introduction

Feeding the growing world population is one of the big
challenges of the twenty-first century. In this context,
poultry meat and eggs play an ever-increasing role, as
they constitute valuable and affordable sources of
high-quality protein. In order to meet the increasing
demand for safe and high-quality meat and eggs,
while at the same time reducing the ecological foot-
print, the poultry industry is continuously increasing
the production efficiency. This is done by implement-
ing new management tools, new feeding strategies and
formulations, and the genetic selection of high-
performing birds. Traditional empirical approaches
to improving management, feeding, and selection no
longer suffice. Therefore, the poultry industry is
increasingly relying on scientific research to further
improve productivity and health of the birds. Genetic
traits for disease resistance have been studied, but
mostly on individual gene levels, while a large number
of data are available on microbe- (or pathogen-)host
interactions for improving knowledge on disease
pathogenesis and resistance (Oakley & Kogut, 2016;
Deblais et al., 2020; Mon et al., 2020). Also, studies

on the effects of dietary interventions on the micro-
biota and host response have exponentially increased
in the last decade (Borda-Molina et al., 2016; Eeckhaut
et al., 2016; Huang et al., 2018; Zou et al., 2019) (for
reviews on this topic see: prebiotics (Pourabedin &
Zhao, 2015; Roto et al., 2015), plant-derived polysac-
charides (Zhang et al., 2022), dietary fibres (Singh &
Kim, 2021)). Tools that provide a complete quantitat-
ive overview of biological processes in the microbiota
and the host are of major importance in understand-
ing disease resistance and production efficiency, and
can be used to identify biomarkers for health, disease,
and performance.

Over the last decades, advances in high-throughput
technologies, such as next-generation sequencing and
mass spectrometry, have led to a revolution in biome-
dical research, thereby changing the research strategy
from a traditional reductionist approach that focuses
on a few individual molecules, genes or pathways of
interest, to a more holistic approach where a complex
biological system is characterized in great detail. These
technological advances have allowed the creation of
various new research fields, commonly referred to as
“omics”. Molecular terms with the suffix “-omics”
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encompass a number of disciplines in biology aim-
ing at the collective characterization and quantifi-
cation of pools of biological molecules that
translate into the structure, function and dynamics
of an organism or organisms. The ultimate aim of
such a holistic approach is to better understand bio-
logical events or processes in the environment,
plants, animals and humans. Omics technologies
indeed are research tools in the first place. In poul-
try, omics technologies have been applied mostly to
study either host genetics (reviewed by Zampiga
et al., 2018) or the intestinal microbiota in an
attempt to gain insight in the role of the microbiota
in gut health and performance (for review see Upad-
hyaya et al., 2019). This two-part review focuses on
the current use and future applications of omics
technologies in poultry health and productivity.
Part 1 discusses the different omics technologies
currently used in poultry research. Part 2 focuses
more specifically on the practical applications of
omics research, not only for the identification of
next-generation diagnostic biomarkers, but also
looking at the potential future implementation of
the omics tools in the daily routine of the poultry
industry.

The purpose of this first part is to critically review
the current contributions of multiple omics to
research targeting poultry health and productivity,
taking into account the possibilities and limitations
of the different omics technologies. The potential
for the integration of multiple omics, referred to as
multi-omics, to advance our understanding of com-
plex biological processes, such as feed efficiency, dis-
ease resistance and microbiota-host interactions, is
also discussed.

Omics and multi-omics: dissecting the
different layers of the living organism

Organisms are biologically complex, because they
comprise many interacting parts, including molecules,
cells, tissues, organs, and organ systems (Kane &
Higham, 2015). A biological organism consists of
different biological layers (e.g. genes, proteins, etc.)
(Figure 1). Genomics studies the complete genome
sequence of an organism. The focus of genomics
studies is to find genes or genetic variants that are
associated with specific phenotypes, such as disease
resistance or animal performance (Tuite & Gros,
2006). Transcriptomics studies the expression of all
genes in a cell or organism, thereby measuring the
direct activity of the genome, or any change thereof,
under different conditions at a specific timepoint
(Khodadadian et al., 2020). Using proteomics, the
entire set of proteins produced or modified by an
organism is studied. This approach connects the
genes with their functionally diverse protein products,

which are the predominant mediators of cellular func-
tions (Deblais et al., 2020; Almeida et al., 2021). Meta-
bolomics provides a snapshot of the metabolic state of
an organism or tissue. Metabolites can be seen as the
intermediates and products of cellular processes.
Therefore, changes in metabolite concentration and
composition can reflect changes in functions of the
mediating enzymes and proteins (Putri et al, 2013;
Stanberry et al., 2013; Wörheide et al., 2021).

The biological processes of complex organisms are
highly influenced by bidirectional interactions
between the host organism and its associated micro-
biome (Nyholm et al., 2020; Wen et al., 2021). More-
over, the microbiome is essential for many biological
processes including, amongst others, nutrient acqui-
sition, immune development and pathogen exclusion
(Shang et al., 2018). Therefore, information on both
the host as well as its microbiomes is needed to
characterize the interplay between the two and eluci-
date how this influences animal performance and
disease resistance. The most studied microbial eco-
system in poultry is the gut microbiome, but other
microbiomes, such as the respiratory microbiome
or less straightforward microbiomes such as blood
and bone microbiomes, have been increasingly inves-
tigated (Mandal et al., 2016; Johnson et al., 2018;
Michael et al., 2020; Zhou et al., 2021). In accordance
with the omics approaches used to study different
biological layers of the avian organism or tissue,
similar omics approaches are used to study different
layers of the microbiome (Jansson & Baker, 2016).
Microbial community genomics can be studied
using two different approaches. The most common
and cost-effective approach is by focusing on the
16S rRNA gene as a phylogenetic marker. 16S
rRNA gene sequencing studies allow the exploration
of the bacterial community composition, but no
information on the functional genes and pathways
present in the microbial community is available.
Metagenomics studies the genomes from all micro-
organisms in the community, thereby obtaining
information from the entire gene complement,
including phylogenetic and functional genes. Meta-
genomics thus provides information on the meta-
bolic potential of a microbial community, but no
information on the actual metabolic activity is
provided. In order to elucidate which genes are
expressed and translated into proteins, metatran-
scriptomics and metaproteomics approaches are
used, respectively, whereas metabolomics provides
information on the actual metabolites present (Jans-
son & Baker, 2016). The integration of data across
multiple omics levels from both host and microbiota
domains has recently been introduced as holo-omics
(Nyholm et al., 2020). Such an approach would rep-
resent a useful tool to improve our understanding of
the biology of host-microbiome interactions and
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inform microbial approaches to improve host health
(Nyholm et al., 2020) (Figure 1).

Currently, the use of omics approaches is well inte-
grated into poultry research. However, the majority of
the studies focus only on a single omics type. Single
omics approaches have resulted in increased knowl-
edge on disease resistance (Cheng et al., 2013), pro-
ductivity (Zampiga et al., 2018) and biomarker
discovery (de Meyer et al., 2019), and understanding
of the pathogenesis and host response to infectious
(Deblais et al., 2020) and non-infectious challenges
(Zampiga et al., 2021). Although these studies are
highly valuable, single omics studies do not take into
account the complex interplay between biomolecules
from different molecular layers, and the analysis of
only one omics subset might provide an incomplete
picture of the underlying biology. For example, as
protein function is mediated and altered by post-trans-
lational modifications (e.g. phosphorylation, complex
formation, post-translational processing of pre-pro-
teins), correlations between gene expression levels
and protein expression levels of cellular proteomes
are relatively low (Washburn et al., 2003; Olivier
et al., 2019). Additionally, changes in the metabolome
or proteome can modulate gene expression levels,
thereby creating complex inter-omics interactions
(Wörheide et al., 2021). As such, each single omics
has its own features that could compensate for limit-
ations of other omics techniques, and an integrated

analysis of multiple omics datasets is needed to obtain
a full picture of the underlying biological processes that
steer animal performance and disease resistance.

Current use of omics in poultry research

Single omics and the need for multiple omics to
study host parameters associated with
production traits

Single omics technologies have been used to under-
stand biological processes behind production traits,
such as feed efficiency, nutrition, meat quality, disease
resistance and fertility. The use of different single
omics approaches in poultry research has recently
been reviewed (Zampiga et al., 2018; Long, 2020). In
the current review, we highlight the use of omics
approaches to study host disease resistance, and host
fertility, with special emphasis on how multi-omics
approaches might further contribute to these research
fields. Disease resistance is primarily investigated
using host genomics. The release of the chicken gen-
ome sequence in 2004 greatly enhanced the ability to
select for improved disease resistance via genetic
markers and to understand more deeply the biological
basis of host resistance. Genome-wide associations
studies (GWAS) are commonly used, aiming to identify
genetic variants such as Quantitative Trait Loci (QTL)
associated with diseases such as Marek’s disease

Figure 1. The different omics layers of the host and the microbiota and the interactions between them: holo-omics. Biomolecular
interactions between host and microbiota triggered by environmental factors yield different phenotypes. Green-blue arrows indi-
cate host-microbiota holo-omics interactions. Blue and purple arrows, respectively representing host and microbiome domain,
indicate omics levels influencing host phenotype. Green arrows indicate omics levels influenced by environmental factors. Colour
online.
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and susceptibility to Salmonella and Campylobacter
(Cheng et al., 2013).When looking at Salmonella resist-
ance in chickens, a major QTL controlling spleen bac-
terial load was identified on chromosome 5 and named
SAL1 (Mariani et al., 2001). This QTL was shown to be
involved in bacterial clearance by macrophages.
Another QTL linked to Salmonella contamination in
the caecum has raised interest due to its proximity
with immune-response genes such as the Major Histo-
compatibility Complex (MHC) (Tilquin et al., 2005).
These genomic regions, which often contain several
hundred genes, are interesting candidates for more
in-depth studies. However, some of those genes
might not be expressed in response to infection and
are unlikely to explain phenotypic variations. There-
fore, genomic information alone is not enough to unra-
vel the biological host–pathogen interaction, and
future research could benefit from the use of multiple
omics. Functional omics, such as transcriptomics, pro-
teomics and metabolomics, connect genome to gene
functions and are needed to identify factors responsible
for the successful or unsuccessful infection by a patho-
gen (Deblais et al., 2020). These findings might help to
develop resistant chicken lines as well as novel antibac-
terial strategies. For instance, by investigating the
microRNAome response in chicken spleen to avian
pathogenic Escherichia coli (APEC) infection, Jia et al.
(2017) identified gga-miR-429miRNA,which is associ-
atedwith the enhanced susceptibility of APEC in chick-
ens. Therefore, suppression of gga-miR-429 expression
could increase the chicken’s resistance to APEC infec-
tion. As a second example, omics have also allowed the
identification and the validation of biomarkers, such as
genes, transcripts, proteins, and metabolites, that are
associated with fertility phenotypes, which holds
great potential to improve the reproductive efficiency
of poultry (Da Silva et al., 2019; Long, 2020). The
identification of molecular markers for abnormal
embryonic development is of importance for poultry
production. Ninety-one nonredundant proteins have
been identified through GeLC-MS/MS and shotgun
strategies, delineating the chicken amniotic fluid pro-
teome at day 11 of development, before eggwhite trans-
fer. These proteins are essentially associated with the
metabolism of nutrients, immune response, and devel-
opmental processes. These results constitute a refer-
ence starting point for analyses of pathological
conditions due to infection or impaired development
of the chicken embryo. This may lead to the identifi-
cation of valuable biomarkers, where differences in
concentration in certain proteins could help with
detecting hazardous situations such as heat stress,
inflammation, or infection, that may negatively affect
the development of the chicken embryo (Da Silva
et al., 2019).

Selection of broilers for rapid growth has been
accompanied by an increase in abdominal fat, which

has low commercial value and decreases feed
efficiency. Adipose tissue is well known to be involved
in the regulation of appetite and body growth in mam-
mals, due to the expression of adipokines such as lep-
tin (Friedman & Halaas, 1998). The latter is hardly
expressed in avian adipose tissue (Friedman-Einat &
Seroussi, 2019), therefore questioning its function.
Some suggest that adipose tissue might play a role in
the higher predisposition of broilers to metabolic dis-
orders compared to layers (Bornelöv et al., 2018).
Multiple omics studies have been employed to investi-
gate the adipose tissue and its role in chicken health
further (Bornelöv et al., 2018; Zhang et al., 2020).
Transcriptome and proteome data from chicken
abdominal fat have revealed the expression of new
reproduction-related proteins and suggest a direct
crosstalk of the chicken visceral fat with the reproduc-
tive system and a lower involvement in the regulation
of appetite, inflammation and insulin resistance as
compared to mammals (Bornelöv et al., 2018).

Multi-omics or integrated omics to better
understand host physiology

While many papers characterize themselves as multi-
omics studies, they are reporting the simultaneous
use of different omics without performing a real
effort to integrate the different data layers, which is
what multi-omics or integrative omics should aim to
do. This approach allows us to understand complex
biological processes more accurately and has only
been used in poultry research since 2017. At the
time of writing this paper, only one study has inte-
grated transcriptomic and metabolomic data to under-
stand how the liver responds under chronic heat stress
and has highlighted multiple pathways which are
affected under these conditions (Jastrebski et al.,
2017). The integration of transcriptomic and proteo-
mic data seems to be the most employed multi-
omics approach in poultry studies. Fatty acid metab-
olism/fat storage in birds is a major subject of such
studies, highlighting the importance of this trait for
poultry production. Transcriptomics and proteomics
have been combined in a few studies, and differentially
abundant genes, proteins or pathways have been
investigated in fat and lean chicken lines to identify
key genes involved in the regulation of abdominal
fat deposition (Na et al., 2018; Wang et al., 2021).
Genes related to fatty acid metabolism, fatty acid bio-
synthesis and PPAR signaling are notably down-regu-
lated in lean lines (Na et al., 2018; Wang et al., 2021).
In order to further investigate lipid metabolism in two
groups of broiler chickens with high and low abdomi-
nal fat, gene expression data from RNAseq have been
integrated with microRNAs expression data (Ghafouri
et al., 2021). An interactive gene–microRNA bipartite
network has been created and has revealed that a gene
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set involved in the PPAR pathway, among others,
plays a role in abdominal fat storage of animals, con-
sistent with previous findings which identified PPAR
as a key pathway (Wang, et al., 2021). In addition,
multi-omics have been employed to understand the
host response when subject to disease, especially in
the case of Newcastle disease (Saelao et al., 2018;
Chanthavixay et al., 2020), reticulo-endotheliosis
(Zhai et al., 2018; Gao et al., 2019) and Mycoplasma
synoviae infection (Liu et al., 2020).

16S rRNA gene sequencing: the composition of
the gut microbiota plays a role in chicken
productivity and health

The gastrointestinal (GI) tract of chickens harbours a
diverse and complex microbiota that greatly influences
overall poultry health and performance, by playing a
vital role in digestion and absorption of nutrients,
immune system development and pathogen exclusion
(Shang et al., 2018). The diversity of the chicken GI
microbiota is largely influenced by the age of the birds,
the location in the digestive tract, the environment,
and the diet (Oakley et al., 2014; Shang et al., 2018;
Rychlik, 2020). Understanding and optimizing the gut
microbiota composition and functionality towards
health and productivity has therefore become a major
objective for the poultry industry and a main topic in
poultry research, where omics technologies can play a
key role (for review see Upadhyaya et al., 2019).

16S rRNA gene amplicon sequencing has been the
most widely used omics approach in microbiome
research and has allowed researchers to gain signifi-
cant knowledge on which microbes are present in
the various segments of the poultry gut. As early as
2013, Wei and colleagues used phylogenetic profiling
of 16S rRNA gene-based sequences to compare the
global diversity of intestinal microbiome between
chickens and turkeys, which served as the working fra-
mework for describing bacterial diversity in the poul-
try gut (Wei et al., 2013). Since then, studies using 16S
rRNA gene amplicon sequencing consistently aimed
to identify microbiome characteristics associated
with bird health and to develop modulation strategies
(e.g. optimal diet formulation or probiotics) to
enhance the abundance of beneficial bacteria. Caecal
bacterial taxa such as Faecalibacterium prausnitzii,
Ruminococcus genus, Lachnospiraceae family and Bac-
teroides genus, are associated with good bird perform-
ance or low feed conversion ratio (FCR) (Stanley et al.,
2012, 2013, 2014, 2016; Singh et al., 2012; Johnson
et al., 2018). These bacteria can degrade complex indi-
gestible carbohydrates present in chicken feed, such as
cellulose and hemicellulose, into end metabolites that
can be utilized by the bird, thereby providing
additional energy to the bird. Microbial carbohydrate
fermentation is accompanied by the production of

short chain fatty acids (SCFA), such as butyrate,
which is beneficial for gut health as it provides energy
to epithelial cells, stimulates cell proliferation,
reinforces the gut barrier and may inhibit certain
pathogens (Guilloteau et al., 2010). In contrast to the
above-mentioned taxa, which are consistently associ-
ated with good performance, contradictory findings
are reported for the genus Lactobacillus, even if strains
belonging to this genus are commonly used as probio-
tics in poultry. This might suggest that different strains
within this same genus have different effects on feed
efficiency and performance (Stanley et al., 2016; Yan
et al., 2017; Johnson et al., 2018). 16S rRNA gene
amplicon sequencing has also provided insight into
the early development of the intestinal microbiome.
When the caecal development in newly hatched chick-
ens with or without contact with an adult hen is inves-
tigated, it appears that hens are efficient donors of
Bacteroidetes, Actinobacteria, Selenomonadales and
Faecalibacterium, but not of most important Gram-
positive bacteria inhabiting the gut such as Clostri-
diales or Lactobacilli, which appear to come mostly
from the environment (Kubasova et al., 2019a). In a
follow-up study, these authors confirmed that these
vertically inherited bacteria can efficiently colonize
the caecum of newly hatched chicks after a single
dose, while bacteria commonly used as probiotics
such as Bacillus, Lactobacillus or Enterococcus do not
(Kubasova et al., 2019b). These observations may
have consequences for the design of probiotics for
poultry.

In addition to the gut microbiome, there is increas-
ing scientific interest in the impact of other micro-
biomes on poultry productivity. Johnson et al. (2018)
found that potential respiratory pathogens in the tra-
chea detected by 16S rRNA gene sequencing are nega-
tively correlated with performance. Studies based on
16S rRNA gene sequencing also have found that bac-
terial chondronecrosis with osteomyelitis (BCO), an
important cause of lameness in commercial broiler
chickens, might be related to microbial communities
present in bones (Jiang et al., 2015) or blood (Mandal
et al., 2016). When caecum and extra-intestinal micro-
biota (blood, femur, tibia) of chickens raised under
stress conditions were investigated, it was hypothesized
that bacteria translocated across the impaired gut
barrier due to stress. These extra-intestinal sites display
a high abundance of novel taxa that need to be further
explored for their role in health and disease of chickens
(Mandal et al., 2020).

Omics techniques and the functional analysis of
the gut microbiota: metagenomics

The modulation of the microbiome to improve poul-
try health and production requires knowledge of
how the intervention will impact the host. However,
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because commercially hatched chicks have no contact
with the parent hens, the initial gut microbiota com-
position is greatly affected by the environment, and
the microbiome composition of young birds is highly
variable between studies (Rychlik, 2020). The outcome
of an intervention might depend on this initial micro-
biota, which questions its reproducibility and biologi-
cal relevance. In contrast to the high variability in
microbial populations, the functional pathways of
the microbiome seem more stable and conserved
across studies (Qi et al., 2019). Therefore, investigating
the functional profile of the gut microbiota appears of
major importance. Consequently, researchers tend to
shift towards metagenomic approaches, which provide
a measure of the metabolic capabilities of the micro-
biome. One of the first examples combined both 16S
rRNA gene and metagenomic sequencing to assess
the effect of anticoccidial and antibiotic treatments
on the caecal microbiome (Danzeisen et al., 2011).
Shortly afterwards, Sergeant et al. (2014) performed
an in-depth metagenomic analysis on a single sample,
to gain insight into the function of the caecal micro-
biota in chickens. Pathways for non-starch polysac-
charides (NSPs) utilization, SCFA production and
hydrogen consumption were identified (Sergeant
et al., 2014). The first gene catalogue of the chicken
gut microbiome was created in 2018, covering all
intestinal compartments, and generated from metage-
nomic data (Huang et al., 2018). Since then, many
research groups have used metagenomics to further
elucidate the functionality of the chicken intestinal
microbiome, leading to a better characterization of
acquired antimicrobial resistance genes in poultry
farms (Luiken et al., 2020; Feng et al., 2021), the
identification of the genes involved in SCFA pro-
duction, and detailed annotation of carbohydrate-
active enzymes (CAZymes) (Glendinning et al.,
2020; Segura-Wang et al., 2021). These CAZymes
could be useful biomarkers of the functional capacity
of the gut microbiota to digest complex carbohydrates
without focusing on single isolated bacteria that are
not representative of the community (Segura-Wang
et al., 2021).

As an alternative to full shotgun metagenome
sequencing, metagenome functional predictions from
16S rRNA gene libraries can be performed using com-
putational approaches (e.g. PICRUST or Tax4Fun)
(Langille et al., 2013; Aßhauer et al., 2015; Douglas
et al., 2020; Wemheuer et al., 2020). High correlations
between inferred and metagenomically measured gene
content have been reported for the human, mamma-
lian gut and soil microbiome (Douglas et al., 2020;
Wemheuer et al., 2020). However, the accuracy and
reliability of these tools depend on the availability of
whole genome sequences in public databases. A large
number of these sequences is available for the
human gut microbiome, whereas the poultry

microbiome is less studied. Therefore, functional pre-
dictions are mainly based on whole genome sequences
from human microbiota. As the same genera are pre-
sent in the avian gut and human gut, the major meta-
bolic characteristics of those bacterial species will be
comparable, and overall functional predictions of the
poultry microbiome are believed to be reliable
(Rychlik, 2020). However, host-specific differences in
microbial strains enable them to colonize and interact
with their respective host (Chung et al., 2012). This
indicates that strains belonging to the same species,
but colonizing different hosts (e.g. poultry versus
human strains) should have some metabolic differ-
ences linked to host adaptation, which will not be
reflected in the predicted functional metagenomes
(Ma et al., 2018; Rychlik, 2020). Indeed, recent
research revealed an extensive uncharacterized
microbial diversity in the chicken gut microbiome
(Glendinning et al., 2020; Feng et al., 2021; Gilroy
et al., 2021; Segura-Wang et al., 2021). This clearly
indicates how underrepresented chicken microbial
strains are in public database. Therefore, the inferred
metagenomic functions should be interpreted with
caution.

Multiple omics and multi-omics to study the gut
microbiota: getting closer to the actual
functions and roles of bacteria in chicken health

So far, studies of the chicken microbiota have mainly
been performed using 16S rRNA gene amplicon
sequencing or metagenomics. However, these DNA-
based approaches also detect dormant or even dead
microorganisms that do not contribute to the activity
of the microbial community (Jansson & Baker, 2016).
Therefore, other approaches are needed to elucidate
the true functionality of the microbiome. Indeed, mul-
tiple studies have observed large discrepancies
between the active microbiome derived from meta-
proteomics, and the total microbiome obtained
through 16S rRNA gene sequencing (Tang et al.,
2014; Borda-Molina et al., 2016, 2018) (Figure 2).
This shows that metaproteomics brings another layer
of information that is otherwise not accessible by
purely compositional studies. The caecal metapro-
teome of chickens has also been investigated to ident-
ify promising probiotic strains. It was found that
Anaerostipes, Anaerotruncus and Subdoligranulum
might be good candidates as they express both
spore-forming proteins and enzymes required for
butyrate production (Polansky et al., 2016). In
addition to metaproteomics, metabolomics is a fre-
quently used omics approach. In one example, meta-
bolomics was employed to understand the caecum
microbiome-host interaction during Salmonella infec-
tion in young layers (Mon et al., 2020). Microbial
metabolite pathway enrichment analysis revealed
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that arginine and proline metabolism were enriched
after Salmonella Enteritidis infection, which was con-
sistent with host caecal tonsil RNA-seq data showing
the upregulation of arginine-associated pathways at
3 days post-infection. The upregulation of this path-
way might be a way for the host to regulate the intes-
tinal inflammation during Salmonella infection. This
kind of study might lead to the development of
novel preventive and control strategies for Salmonella
infections in poultry production. In addition, novel
omics such as kinomics (the study of protein phos-
phorylation) show potential to uncover the complex
of signals among the microbiome, intestinal lumen
metabolites, and the host (Lee et al., 2022).

While most previous microbiome studies did not
integrate the different omics layers studied, a few
studies have done so. Bacterial relative abundances
have been correlated with metabolite levels in the cae-
cum to investigate the growth-promoting mechanism
of feed additives (Chen et al., 2020). Another integra-
tive study combined metagenomics and metatran-
scriptomics to reveal the abundance, diversity, and

expression of antibiotic-resistance genes (ARGs) in
chickens and other species (Wang et al., 2020).
Multi-omics studies on the gut microbiota have the
potential to move from predictive analyses to more
accurate descriptions of the actual microbial activities
and the gut microbiome-host interactions. Metapro-
teomics and metabolomics are intended to gain
more precise insights into the actual functions carried
out by bacteria of a microbiome.

Combining microbiome and host omics:
towards understanding the crosstalk in healthy
and diseased conditions

The co-extraction of host RNA, proteins or metab-
olites may be beneficial to gain concomitant infor-
mation about the microbiome and host status. Few
studies have combined omics targeting both the host
and the gut microbiome. Correlations between the
kidney metabolome and the caecal microbial commu-
nity showed contributions of gut microbiota in the
progression of nephropathogenic infectious bronchitis
virus (NIBV) infection. Indeed, the relative abundance
in the caecal microbiota of Bacteroides vulgatus and
Lactobacillus, which were decreased by NIBV, nega-
tively correlated with the uric acid concentration in
serum, which was increased by NIBV (Xu et al.,
2019). Some studies have combined 16S rRNA gene
sequencing, performed on gut content, with transcrip-
tomics or proteomics on host gut tissue, to investigate
associations between microbiota and the intestinal
immune function (Oakley & Kogut, 2016; Willson
et al., 2018; Rodrigues et al., 2020). Faecalibacterium
was found to be negatively correlated with the
expression of the pro-inflammatory cytokines IL-1β
and IL-18, and a relative increase in Bacteroidetes
was associated with better tight junctions and Toll-
like receptor expression levels, once again highlighting
a potential beneficial effect of these bacteria for
chicken health.

Conclusion

The use of omics in poultry research has started with
host genomics, more particularly with association
studies identifying correlations between genetic var-
iants and phenotypes, to further focus on functional
omics such as transcriptomics, proteomics, and meta-
bolomics in the host. The combination of different
omics indeed shows great potential to understand
chicken metabolic pathways affected by an interven-
tion or a disease. The genomics era also has shown
gut microbes to play a major role in chicken health
and to interact with host biological response. While
earlier studies primarily tried to link gut microbiota
composition (16S rRNA gene sequencing) with host
phenotype, research since has focused more on the

Figure 2. Phylogenetic differences in faecal microbiome com-
position obtained by 16S rRNA gene sequencing or metapro-
teomics. Only families (or order level for Clostridialesa) with
more than one count in either the 16S rRNA gene data or
metaproteomics data were plotted. Large differences are
observed between the microbiome composition obtained by
16S rRNA gene sequencing or inferred by metaproteomics.
The Clostridiales, Bacteroidaceae and Lactobacillaceae were
detected by both 16S rRNA gene sequencing and metaproteo-
mics, whereas the families Streptococcaceae and Bacillaceae
were only present in the metaproteome data. For the other
families, the 16S rRNA gene was detected, without the identifi-
cation of proteins produced by these families, indicating that
these bacterial families might be less metabolically active in
the broiler faeces. Differences between the 16S rRNA gene
sequencing and metaproteomics approach might be due to
a combination of true biological variation (differences in meta-
bolic activity between the bacterial families), as well as meth-
odological differences (e.g. extraction methods, differences in
databases, etc.). Data were obtained from Tang et al. (2014).
aDue to the resolution of the 16S rRNA gene sequencing, no
family information is available for the order Clostridiales.
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functional profile of the gut and the role of bacteria in
health and disease, via metagenomics, metatranscrip-
tomics, metaproteomics and metabolomics. Pheno-
types are shaped by the bidirectional interactions
between the host and its associated microbiota. The
integration of multiple omics layers or multi-omics
shows the potential to create more accurate insight
in the biological mechanisms at play, but such studies
are still scarce. Furthermore, the incorporation of data
from multiple omics levels from both host and micro-
biota, referred to as holo-omics, would allow full
understanding of the gut microbiome-host interaction
that governs animal health status. However, while the
techniques to generate these data are available and
understood, a challenge remains in the analysis and
interpretation of these integrative approaches.
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