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Assignment

Hologenomic grant proposal

Length: 10,000-15,000 characters (3-4 pages)
Submission: May 9th, 2025



- Hologenomics

Background: ca. 3000 chr.

Hypothesis and objectives: ca. 1000 chr.
Methodology: ca. 2000 chr.

Work plan: ca. 2000 chr.

Impact: ca. 1000 chr.

References: ca. 15-20



- Hologenomics

Background

e Start from the big picture and narrow down to the
study questions

e Provide enough information to contextualise the
hypotheses and objectives

e Avoid cluttering information that does not
contribute to the application



- Hologenomics

Hypotheses and objectives

e Ensure the background information to understand
the hypotheses are provided in the background

e Ensure hypotheses are addressable with the
proposed methodology and study design
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Methodology

Study system

Experimental / field work to produce samples
Laboratory

Bioinformatics

Statistics



Work plan

e How is the project going to be structured?

e How long will it take for each task or work
package to be accomplished?

e Who is going to conduct each task?



- Hologenomics

Impact

e \What is the scientific impact of your research?
o How will it contribute to the community?
o How will it change your field?

e \What is the societal impact of your expected
results?
o Environment, sustainability, biodiversity...



References

e Use databases

e Proritise peer-reviewed articles

e Use areference manager like Mendeley
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Hologenomic grant proposal

Length: 10,000-15,000 characters (3-4 pages)
Submission: May 9th, 2025, through this form:

https://airtable.com/appi3wfndMqVvksv3/pag6S4jLcyzVV79BP/form
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a R — *@ Increasing complexity gradient in animal-associated microbiotas
':cxnﬁ ) ':’ )

Lepidoptera caterpillar gut Bobtail squid light organ Aphid bacteriocytes Honey bee gut Vertebrate ‘9ut

No detectable Single symbiont 1-2 primary symbionts + A few microorganisms Hundreds o

resident microbiota a few microorganisms microorganisms

Alberdi et al. 2022

Nature Reviews Genetics
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SCFAs

lignin

Corals and dinoflagellates Termites and wood decay Crop plants and Cows and rumen Laboratory mice and
Carbon provision in Lignocellulose degradation root microbiome microbiota gut microbiota
nutrient-poor waters Nutrient provision Nutrient metabolism Disease modelling

Alberdi et al. 2022

Nature Reviews Genetics
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- Lethal factor
Toxins @ © -
RNA

°® LPS, flagellin, CpG DNA and others
e
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Current Opinion in Microbiology

Toll-like
receptors (TLR)
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Receptors (NLR)

Kufer et al. 2007

Current Opinion in Microbiology
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How much of the explanations
of "Introduction to
Hologenomics" did you
understand?
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Environmental complexity

Metagenomic
complexity

Genomic
complexity

Alberdi et al. 2022

Nature Reviews Genetics
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Genomic
complexity

Intrinsic

Complexity gradient

I,

Large, complex and Large and complex Medium-sized and Small and simple
polyploid genome genome complex genome genome
For example, wheat For example, salamanders For example, salmon For example,
Caenorhabditis
elegans

Alberdi et al. 2022

Nature Reviews Genetics
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Genomic
complexity

Intrinsic

Comparison

2 W

Complexity gradient
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Large, complex and Large and complex Medium-sized and Small and simple
polyploid genome genome complex genome genome
For example, wheat For example, salamanders For example, salmon For example,
Caenorhabditis
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Different species Wild populations Outbred models Inbred models Clones
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Metagenomic

complexity

Intrinsic

Complexity gradient

High e P

Complex community Simple community Synthetic community
ES @ = 0 \

Alberdi et al. 2022

A few microorganisms Nature Reviews Genetics

Vertebrate fgut Honey bee gut

Hundreds o
microorganisms
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Metagenomic
complexity
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Alberdi et al. 2022

Nature Reviews Genetics
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Environmental
complexity

Intrinsic

Complexity gradient

Semi-controlled Semi-controlled
Nature open environment lab environment

Fully controlled
lab environment

Alberdi et al. 2022

Nature Reviews Genetics
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1. Hologenomics, the joint analysis of host genomes and microbial metagenomes,
has the potential to address fundamental biological questions from a systemic
host-microbiota perspective. However, multiple fieldwork, laboratory and bioin-

formatic steps quality, i and ility of holog-
enomic data.
2. Leveraging the first 2025 samples sourced from 151 wild vertebrate species ana-

lysed in the Earth Hologenome Initiative, we scrutinise hologenomic data genera-
tion steps, including laboratory and bioil ic procedures. C i across

taxa and sample types provide novel insights into the relationships between labo-
ratory quality metrics and derived data, the variation of host, prokaryotic and non-

prokaryotic fractions of shotgun data, and the relationship between data quality
and quantity with genome and metagenome reconstruction.

Our results show that faecal samples are significantly better than anal and cloa-
cal swabs to study i inal microbi using gt Ived i
We also report that birds and bats both have substantially lower microbial DNA
fractions and a higher degree of sample-to-sample variability compared to am-

@

phibians, reptiles and non-flying mammals.
Based on these data, we provide suggestions to the field for robustly and effi-
ciently generating hologenomic data from wild vertebrates.

i

KEYWORDS
bioinformatics, ecological genetics, laboratory methods, microbial ecology, molecular biology,
molecular methods, population genetics

1 | INTRODUCTION Microorganisms play key roles in many eco-evolutionary features
of their hosts, including dietary shifts (Kohl et al., 2014), pathogen
Mounting evidence points towards the relevance of host- resistance (Knutie et al., 2017), and defence mechanisms (Vaelli
icrobiota i ions in ical and ionary et al,, 2020). Meanwhile, spatial-temporal features and func-
of both animals and their associated microorganisms (Comizzoli tions of animal-associated microbial communities are strongly
et al., 2021; Davidson et al., 2020; Moeller & Sanders, 2020). i by the i i i
This is an open access article under the terms of the Creative Commons Attribution-N ial License, which permits istribution and

in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Author(s). Methods in Ecology and Evolution published by John Wiley & Sons Ltd on behalf of British Ecological Society.

Methods Ecol Evol. 2025;16:97-107. ‘wileyonlinelibrary.com/joumal/mee3 | 97
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Mammals show distinct functional gut microbiome dynamics to

identical series of environmental stressors

Adam Koziol," Inaki Odriozola,' Acife Leonard,’ Raphael Eisenhofer,'

AUTHOR AFFILIATIONS See affiliation list on p. 14.

ABSTRACT The ability of the gut microbiome has been posited as an additional
axis of animals’ phenotypic plasticity. However, whether and how such plasticity
varies across hosts with different biological features remains unclear We performed
a captivity experiment to compare how the and
microbial dynamics varied across a series of and dietary
in two mammals the insectivorous-specialist Crocidura russula and the omnivorous-
d sylvaticus. Combining gt lved boli
pathway dlstlllatlon and joint species distribution modeling, we observed that, although
microbiome alpha diversity of both species remained stable, C. russula exhibited
substantially higher variability and directionality of microbial responses than A. sylvaticus.
Our results indicate that the intrinsic properties (e.g., dlvevslty and functional redun-
dancy) of microbial ities coupled with i il (e.g., thermal
plasticity) of hosts shape the taxonomic, phylogenetic, and functional response of gut
microbiomes to environmental stressors, which might influence their contribution to the
acclimation and adaptation capacity of animal hosts.

IMPORTANCE In our manuscript, we report the first interspecific comparative study
about the plasticity of the gut We a capnvlty i that
exposed wild-captured to a series of over 45 days.
We characterized their gut microbial using g Ived
ics and modeled how the and microbial dynamics
varied across a series of disturbances in both species. Our results indicate that the
intrinsic properties (e.g., diversity and functional redundancy) of microbial communi-
ties coupled with physiological attributes (e.g., thermal plasticity) of hosts shape the

and i response of gut microbiomes to environmental
stressors, which might influence their contribution to the acclimation and adaptation
capacity of animal hosts.

KEYWORDS  acclimation, adaptation, apodemus, beta diversity, crocidura

he gut microbiome has been posited to confer animals with an increased capacity
to tackle environmental variation (1-3). To date, there have been studies that have
demonstrated how gut microbiomes can confer host-specific functions, such as cold
ion in mice (4), fat ism in ing bears (5), or heat stress resistance
in tadpoles (6). In order to provide adaptive capacity to animals, microbial communities
need to be rearranged in ways that provide functional benefits to their hosts, and
at a pace that is fast enough to cope with environmental change. The attribute that
measures the level of functional genetic variation a microbiome undergoes in response
to disturbances has been termed “metagenomic plasticity” (1, 7). How this annbu(e
varies within and between host species remains because the
of the basis of metagenomic plasticity requires going beyond mere characterisation of
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Unravelling animal-microbiota evolution on a

chip

Ostaizka Aizpurua @, * Kees Blijeven, ' Urvish Trivedi 0,2
M. Thomas P. Gilbert @, "® and Antton Alberdi © '

and how mit i have shaped the evolution of their animal  Highlights
hosts is a major question in biology. Although many animal i y pro- icrobiota interactions can infiu-
cesses appear to correlate with in their i microbial i ions in animals, but

ties, the mechanistic processes leading to these patterns and their causal
relationships are still far from being resolved. Gut-on-a-chip models provide an
innovative approach that expands beyond the potential of conventional

direct evidence of their impact on animal
‘evoluton is imited.

Gut-on-a-chip systems emulate biologi-
s A

microbiome profiling to study how different animals sense and react to
by comparing responses of animal intestinal tissue models to different microbial
stimuli. This complementary knowledge can contribute to our understanding of
how host genetic features facilitate or prevent different microbiomes from
being assembled, and in doing so elucidate the role of host-microbiota interac-
tions in animal evolution.

Introduction

Many microorganisms that are associated with animals partake in, influence, or even drive their
hosts’ biological functions [1]. This realisation has led to an intuitive notion that host-microbiota
interactions might have shaped the evolutionary trajectories of animals. Large-scale studies
spanning dozens of host species and hundreds of microorganisms have revealed patterns
(e.g., diet-driven convergence [2], cophylogeny [3], phylosymbiosis [4]) that suggest some rele-
vance of microorganisms for animal evolution. However, due to the observational and correlative
nature of the research conducted so far, direct evidence that supports such claims is still limited
5.6].

In theory, microbial communities, and in particular those that reside in the animal gut, can impact
the evolutionary trajectories of animals through different mechanisms, such as modifying dietary
niches, modulating ontogenic development, or conferring increased adaptive capacity [5]. To un-
derstand under which circumstances microbes can affect animal evolution, animal-associated
microorganisms should not be treated as external organs that only serve their hosts, but as di-
verse and dynamic communities of microscopic organisms that continuously interact both with
each other and with their hosts [7]. In fact, animal hosts react to the presence of microbes by
not only modifying their physiological parameters, but also altering the environment in which mi-
crobes live [8], thus exerting some level of control over their associated microbial community
[9,10]. Therefore, any evolutionary process that involves adaptive changes in the microbiota
would be expected to exert selective pressure on how animals react towards microbial stimuli.

However, our knowledge about how such animal-microbiota interactions vary across the tree of
life is practically non-existent. The study of molecular host-microbiota interactions, such as how
epithelial transporters respond to specific microbial metabolites [11], requires a reductionist
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cluding establishment of simpified
microbial communities in the epithelial
barrier.

Development of chips derived from mul-
tiple animal hosts can enable evolution-
ary aspects of anima--microbiota
interactions to be studied with unparal-
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SUMMARY

Holo-omics refers to the joint study of non-targeted molecular data layers from host-microbiota systems or
holobionts, which is increasingly employed to disentangle the complex interactions between the elements
that compose them. We navigate through the generation, analysis, and integration of omics data, focusing
on the commonalities and main differences to generate and analyze the various types of omics, with a special
focus on optimizing data generation and integration. We advocate for careful generation and distillation of
data, followed by independent exploration and analyses of the single omic layers to obtain a better under-
standing of the study system, before the integration of multiple omic layers in a final model is attempted.
We highlight critical decision points to achieve this aim and flag the main challenges to address complex bio-
logical questions regarding the integrative study of host-microbiota relationships.

INTRODUCTION

The realization of the of mi i for animal
and plant biology, ' along with the increased capacity to generate
and pi data,” has gi iseto anew holistic way

to study biological systems. * Holo-omics refers to the technical
approach to jointly (hence the prefix holo-) analyze multiple non-
targeted molecular data layers (known as multi-omics) from both
hosts and their associated microorganisms, " aimed at unravel-
ing their intricate relationships.® The generation, analysis, and

which are expressed to produce an even larger number of pro-
teins (HP). A host might have multiple (often hundreds or thou-
sands) associated bacterial species (n), each with a distinct
genome (MG,) containing a few thousand genes that can be ex-
pressed (MT,), thus potentially encoding microbial proteins
(MPy). The biological activity enabled by those proteins builds
the metabolomic (ME) Iandscape lhat not only shapes host
but also i the in which host-
associated microbes live (e.g., the gut).
HG—-whnch in this manuscript is solely discussed in terms of

integration of holo-omic datasets requires deep of
the myriad of conceptual and technical steps involved in the pro-
“ Here, we provide an overview of the main steps re-
searchers must undergo while highlighting the challenges that
should be overcome to obtain meaningful results that enable
them to address complex biological questions.
While acknowledging the relevance and value of other methods
for studying host-mlcroblota interactions (e.g., 16S rRNA ampll-
patial lics), in this review we pr
ily consider seven omic layers characterized by a non-targeted
data generation approach without spatial resolution. These
methods require specific data generation and analysis strategies
before integrating them into multi-omic statistical models (Fig-
ure 1). Four of them are based on nucleic acid sequencing, namely
host genomics (HG), host transcriptomics (HT), microbial metage-
nomics (MG), and microbial metatranscriptomics (MT). The three
remaining layers are based on molecular spectroscopy, namely

without idering other levels such as
epigenetic and DNA folding that may also shape the hologe-
nome™*’—can inform about populauon structure and the ge-
netic features of indivi but is iable to or
environmental disturbances. In contrast, MG contains the ge-
nehc information of microbial communities that are Ilkely to
very short andreflects the i
spnnses of hosts to treatments or disturbances. Although HG
and MG inform about the potential of hosts and microorganisms
to perform biological functions, HT and MT provide snapshots of
the actual functional activity of the system, which can be vali-
dated using HP, MP, and ME that result from the activity of the
expressed genes. Acknowledging the distinct biological charac-
teristics of the omic layers is therefore essential to design exper-
iments and analytical pipelines for better solving the complex
puzzle of host-microbiota relationships.
In light of this, we navigate from sample acquisition to data

host proteomics (HP), microbial ics (MP), and
(meta)metabolomics (ME), which is not split between hosts and
microorganisms for the difficulties in assigning an origin to a given
metabolite. Each omic layer contains fundamentally different in-
formation, at different levels of biological organization. A host con-
tains a single genome (HG) that encodes thousands of genes (HT)

through six sections: (1) sample collection and
, (@) y sample ®

analysls of raw data, (4) data filtering, imputation, and distillation,
(5) initial quantitative exploration of omic layers, and (6) multi-
omic data integration. Each of these sections deals with key
methodological aspects, focusing on the commonalities and

Cell Reports Methods 4, 100820, July 15, 2024 © 2024 The Aulhof(s) Publlshed by Elsewer Inc. 1
This is an open access article under the CC BY-NC license (nttp: 4.0/).
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Genome resolved metagenomics

e \Which bacteria are there?
e At which proportions are they?

e \Which functional capacities do they carry?
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value = vari +var2
matrix = vart +var2
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value = vart
matrix = vari

value = vari +var2
matrix = vart + var2
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alpha diversity = vari + var2
beta diversity = varl + var2
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ABSTRACT

Successfully adapting to a feral lifestyle with different access to food, shelter and other resources requires rapid physiological

and behavioural changes, which could potentially be facilitated by gut microbiota plasticity. To investigate whether alterations

in gut mictobioa support this transition to a fral ifestyte, we analysed the gut microbiomes of domestic and eral cts from

six geographically diverse locations By 229

assembled genomes from 92 cats, we identified a typical carnivore microblome sructure, with notable diversity and taxonomic
metrics did not n domestic and feral cats, hierarchi-

d revealed signif larger microbi

tional capacities among feral cats. The increased capacity for amino acid and lipid degradation corresponds to feral cats’ dletuy

reliance on crude protein and fat. A second modelling analysis, using behavioural phenotype as the main predictor, unveiled a

positive association between microbial production of short-chain fatty acid:

ness, suggesting that gut microbes might contribute o heightened agaression and elusiveness observed in feral cats. Functional

may therefore play a significant role in th and traits
for a feral lifestyle, a hypothesis that warrants validation through microbiota manipulation experiments.

1 | Introduction both human settlements and biodiversity (Bonacic et al. 2019;
Medina et al. 2011; Palmas et al. 2017). Despite the profound
Feralisation is the process by which a icated or- jcations of this feralisation remains a rel-
ganism detaches from the anthropic i atively process compared to its counterpart,
et al. 2018). While possessing some distinct characteristics, ~ domestication.

feralisation can generally be perceived as the counterpoint to

domestication (E. O. Price 1984). Many species initially domes-  One of the animal species that is commonly found in feral
ticated by humans have subsequently given rise to feral popu-  form is the house cat (Felis silvestris catus). The domestication
lations (Gering et al. 2019), often leading to adverse impactson  of cats is thought to have taken place in the Near East at the

©2025The Auth

Molecular Ecology, 2025; 017695 1of15
hitps//dol org/10.1111/mec 17695
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Multiple samples
> Multiple bacteria
> Multiple functions
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Assignment

Hologenomic grant proposal

Length: 10,000-15,000 characters (3-4 pages)
Submission: May 9th, 2025



- Hologenomics

Background: ca. 3000 chr.

Hypothesis and objectives: ca. 1000 chr.
Methodology: ca. 2000 chr.

Work plan: ca. 2000 chr.

Impact: ca. 1000 chr.

References: ca. 15-20



Hologenomics

Assignment

Hologenomic grant proposal

Length: 10,000-15,000 characters (3-4 pages)
Submission: May 9th, 2025, through this form:

https://airtable.com/appi3wfndMqVvksv3/pag6S4jLcyzVV79BP/form
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