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1. Introduction

Holobiont aims to represent an host - an animal or a plant - and its microbiota as a whole. Agroeco-
logical projects studying holobionts involve identifying and characterizing the communities of living
organisms associated with cultivated plants or livestock. The composition of the microbiota is generally
obtained using metabarcoding methods, resulting in abundance tables of Amplicon Sequence Variants
(ASVs), markers of the observed taxa. In addition, in plant holobiont studies, many variables are collected
in the field or in laboratory to describe precisely the plant phenotypes (yield, diseases), its environment
(presence of bioagressors and weeds, agricultural practices, soil biochemistry) and climatic data (daily
temperatures or relative humidity).

To enable the scientific exploitation of this data related to various hosts, their microbiota and their
environment, it is essential to formally modelize it as a knowledge graph with domain specific ontologies.
In the frame of the french program MUDIS4LS-IS5 (Mutualised Digital Spaces for FAIR data in Life
and Health Science), we developped, Holograph, a generic RDF-schema partly based on the SOSA and
I-ADOPT core-ontologies. this schema was applied to store data from a large project.

2. The Holograph schema

The Holograph schema is subdivised in 4 parts describing: (i) the microbiota (ii) the sample settings
(iii) the observation (iv) and the variables.

The microbiota part represents samples, sequencing runs and bioinformatics analysis with their
associated metadata, as well as results: ASV abundances and taxonomic assignations. These assignations
are stored as URIs linking to the NCBI Organismal Classification (NCBITAXON) allowing to query the
dataset at any taxonomic level (e.g. species, genus), through federated queries.

The "sample settings" part represents the contextual environment of the metagenomic samples. It
describes the biological compartment from where the sample has been extracted, the corresponding
host (e.g. plant) and geographical information (e.g. plot where the plant is cultivated and the field
containing the plot). The location nesting is managed by the GeoSPARQL [1] ontology, and location
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types are described using some of the following ontologies: ENVO (Environment Ontology), AGRO
(Agronomy Ontology), PO (Plant Ontology) or AGROVOC [2].

Measurements (e.g. phenotypic, environmental, agronomical and climatic descriptors) made on
features of interest (in this case the various elements composing the sample settings, such as host and
location), are modelized in the observation part using the Semantic Sensor Network Ontology (SOSA)
[3].

Variables linked to observations in SOSA are described using the I-ADOPT Framework ontology [4]
which break them down into elementary elements: a property (a characteristic of the object of interest),
an entity (an object of interest) and a constraint (which limits the scope of the observation).

3. Application

The model was implemented on the data of the DeepImpact (https://anr.fr/ProjetIA-20-PCPA-0004)
project which aims to understand the impact of microbial diversity on the soil, as well as physico-
chemical and environmental conditions on health and yield of wheat and rapeseed crops. This dataset
includes hundreds of agro-environmental descriptors (e.g. bioagressors inventories, plant phenotypic
traits, ...), climatic data and metabarcoding data (ASV abundances and taxonomic assignation) from
leaves, roots, rhizosphere and bulk soil samples.

The entirety of the DeepIlmpact (https://anr.fr/ProjetIA-20-PCPA-0004) dataset was integrated in
AskOmics (https://askomics.org/), a RDF database with a web interface which allows the user to query
the database by creating a path following the abstraction of the model. To do so, we created CSV
templates to describe the differents objects and observations, and developed a tool to integrate these
data - as well as the BIOM files in which metagenomics data are described - in AskOmics.

4. Conclusion/Perspectives

In conclusion, we developed a generic model to describe plant holobionts. It was successfully
implemented on the DeepImpact project. While it is currently tested on livestock holobionts usecases,
this model can be shared to anyone wanting to structure its own holobiont’s data.

To further facilitate data exploration and extraction, a new user-friendly web interface is currently
under development and will allow users to query the data without requiring knowledge of the underlying
model abstraction.
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