High-throughput phenotyping and machine learning applications
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1. Introduction
Linking genomic information to important traits and
other phenotypic data is key in many research fields. This
includes genome-wide association studies and eQTL analyses
in both animal and plant species. Our main focus is to
optimize plant breeding targeted on disease resistance and
climate change adaptation. To include as much genetic
diversity in these analyses, a large amount of genomic and
genotypic information needs to be collected. And this also
requires phenotypic data of several individuals of as many
different genotypes and crosses as possible1,2. Here we
present the combination of both HTP genomics and HTP
phenotyping as the foundation for new machine learning
approaches to facilitate these new developments.

day. Data are collected through platforms such as drones,
sophisticated scales (PlantArray) and 3D imaging systems
(PlantEye, Maxi-Marvin, Figure 2).

Figure 2: 3D model of a tomato plant from the MaxiMarvin

Figure 1: NPEC facility with the data flow from the 6
modules: 1 Ecotrons, 2 Plant-Microbe Interactions, 3 MultiEnvironment climate chamber, 4 High-Throughput
Phenotyping climate chamber, 5 Greenhouse and 6 OpenField.
2. Approach
Recent developments in genomics allow us to create high
quality reference genomes of for example different cultivars
using long-read sequencing. Together with high throughput
resequencing and targeted sequencing approaches produce
large-scale genotypic datasets of up to thousands of
individuals. Available compute infrastructure and approaches
such as pangenomics3 allows us to store and analyse these
complex sets.
With the start of the Netherlands Plant Eco-phenotyping
Center (Figure 1) we can now phenotype hundreds of plants
in the greenhouse up to thousands in the field and climate
rooms. Phenotypic information includes plant height, NDVI,
greenness, biomass and leaf area, measured several times a

3. Results & Discussion
Machine learning approaches, such as deep learning,
generally require large amounts of data for training and
validation4. Especially in data set with a high degree of
variability as it is the case with plant genomics. Current
developments in technologies for both genomics and
phenotyping allow us to expand existing approaches as well
as develop new ones to link phenotypes to genotypes. ML
combined with pangenomics tools will present new ways of
identifying, for example, presence/absence variation and
multi-loci associations. Key traits we are interested in to
investigate are usually highly variable on the genome level,
such as disease resistance and species (in-)compatibility, very
diverse in phenotype, such as environmental tolerances, or a
combination of both.
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