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INTERACT?
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Alberdi et al. 2021
Nature Reviews Genetics
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WHAT DOES IT MEAN TO BE 
ASSOCIATED WITH A HOST?

Is every microbe we detect in the skin 
or the intestine of animals 

“associated” with it?
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● Lipopolysaccharides (LPS)
● Di- and triacylated lipopeptides
● Lipoteichoic acids (LTA)
● Flagellin
● CpG DNA
● Peptidoglycan
● Polysaccharide A (PSA)
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Kufer et al. 2007
Current Opinion in Microbiology
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receptors (TLR)

Nod-like
Receptors (NLR)
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HOW SELECTIVE IS THE 
HOST RESPONSE?

What are the implications of being 
more or less selective?
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CAN HOSTS AND MICROBIOMES 
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WHAT IS AN 
ENVIRONMENTAL FACTOR?
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Any factor not encoded in 
the genetic material of 

microbes and hosts
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WHICH ENVIRONMENTAL 
FACTORS DO AFFECT 

ANIMAL-MICROBIOTA 
INTERACTIONS?
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Humidity
Physiological state 
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WHAT FACTORS DO 
DETERMINE POTENTIAL AND 

FUNDAMENTAL METAGENOMIC 
SPACES?



Hologenomics



Hologenomics

HOW CAN METAGENOMIC 
SPACES BE ESTIMATED?



Hologenomics



Hologenomics

WHAT ARE THE IMPLICATIONS 
OF METAGENOMIC SPACES?
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How would you 
define 

hologenomics?
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Hologenomics
The integrated study of the genetic 
features of a eukaryotic host alongside 
that of its associated microbes
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Hologenome
The entirety of the genetic information 
contained by a eukaryotic host and the 
microbial community associated with 
that host.



Hologenomics



Hologenomics

P = G x E



Hologenomics

P = MG x E



Hologenomics

P = G x MG x E



Hologenomics

P = G x MG x E
Interactions



Hologenomics

Nyholm et al. 2020
iScience
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Auer and Weibel 2017
Biochemistry
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Hale et al. 2015
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www.earthhologenome.org
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2 MBLactobacillus

7 MBBacteroides

3 MBEnterococcus

2,000,000 bp

7,000,000 bp

3,000,000 bp
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800 GB
800,000 MB

Illumina NovaSeq S4

2 MB

Lactobacillus

7 MB

Bacteroides

3 MB

Enterococcus

x400,000 x260,000 x114,000
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Multiplexing

8 GB 8 GB 8 GB 8 GB 8 GB 8 GB 8 GB 8 GB 8 GB 8 GB 8 GB 8 GB

800 GB
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8 GB
8,000 MB

2 MB

Lactobacillus

7 MB

Bacteroides

3 MB
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x4,000 x2,600 x1,140



Hologenomics



Hologenomics

Host-bacterial fractions

8 GB



Hologenomics

Host-bacterial fractions

Host Bacteria Other

8 GB



Hologenomics

Host-bacterial fractions

Host Bacteria Other



Hologenomics

Host-bacterial fractions

Host Bacteria Other

Host Bacteria Other



Hologenomics

Host-bacterial fractions

Host Bacteria Other

Host Bacteria Other

Host
Bac
teri
a

Ot
he
r



Hologenomics

Ileum

Caecum

95% Host DNA

95% Microbial DNA



Hologenomics

>99% 
host

90-95%
host



Hologenomics

Bioinformatic
approach



Hologenomics
Raw reads

Filtered reads



Hologenomics

Read-based Gene-based Genome-based

Raw reads

Filtered reads



Hologenomics

Read-based Gene-based Genome-based

Raw reads

Filtered reads



Hologenomics

Read-based

REF 1 REF 2 REF 3



Hologenomics

Read-based

REF 1 REF 2 REF 3



Hologenomics

Read-based
Ambiguity

REF 1 REF 2 REF 3



Hologenomics

Read-based
Reference DB

REF 1 REF 2 REF 3

?



Hologenomics

Read-based Gene-based Genome-based

Raw reads

Filtered reads

Assembly



Hologenomics

Assembly

Contig



Hologenomics

Assembly
Gene prediction

Gene



Hologenomics

Read-based Gene-based Genome-based

Raw reads

Filtered reads

Assembly



Hologenomics

Gene-based



Hologenomics

Gene-based

Genome 1 Genome 2



Hologenomics

Read-based Gene-based Genome-based

Raw reads

Filtered reads

Assembly

Binning



Hologenomics

Binning

Genome 1 Genome 2



Hologenomics

Draft genomes
Genome 1

Genome 2



Hologenomics

Annotations



Hologenomics

Genome-
scale
metabolic
networks

Belcour et al. 2021
ELife
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Read-based Gene-based Genome-based

Raw reads

Filtered reads

Assembly

Binning

- Research question
- Funding
- Biological features
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Bacteria vs. host

3 MB

Enterococcus Salmo salar

3000 MB
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Host
Genotype inputation

Marchini & Howie 2010
Nature Reviews Genetics
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Is there any other 
relevant information we 

are missing?
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Gene expression

Challenges
- RNA preservation
- rRNA depletion
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Data integration

Heintz-Buschart et al. 2016
Nature Microbiology
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When and how should 
we implement 
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Which research questions 
could be tackled with 

hologenomics?
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● Effect of host-microbiota interactions on 
production

● Joint variations of domestication process to 
genomes and metagenomes

● Joint (genomic+metagenomic) means of 
adaptation to environmental change

● . . . 


