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One hundred diatom species have been selected for
genome and transcriptome sequencing. The 100 Diatom
Genomes Project aims to provide a scalable framework for
understanding diatom biodiversity, ecology and evolution,
and for investigating their use in biotechnology.

Introduction

Diatoms, the most species-rich algal division, are found in all aquatic and some
terrestrial environments, and often dominate primary production. They contribute
~20% of annual global carbon fixation and drive the biological carbon pump seques-
tering organic carbon to the deep sea [1], yet current genomic sampling is heavily
biased toward a limited number of model species [2]. Recognizing their fundamental
role in sustaining Earth’s habitability, the 100 Diatom Genomes Project (100DGP)
was established as an international, interdisciplinary project, bringing together 108
researchers from 11 countries to leverage diatom genomics across a broad range of
scientific disciplines. Expanding the genome representation across diverse diatom
clades, ecological niches and life histories will facilitate high-resolution comparative
genomics to trace evolutionary innovations.
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Approaches to studying diatoms in the 100DGP

Species selection was based on practical considerations, including strain availability
in culture collections and diatom laboratories from around the world, intrinsic growth
rates, and the feasibility of minimizing prokaryotic contaminants. Further checkpoints
were the quality and quantity of extractable gDNA and total RNA, both of which can
differ substantially between species. So far, representative strains of 104 diatom
species have passed our suitability assessments and, of those, 20 annotated assem-
blies are available (Fig 1a; https://doi.org/10.5281/zenodo.21360381). Although these
104 diatoms cover all major clades, it is not possible to comprehensively sample
the entire diversity of diatoms owing to strain availability and cultivability. To mitigate
these constraints, we aim to continue the project beyond 100 diatom genomes.
The 100DGP portal provides users with access to all genome assemblies, tran-
scriptomes and annotations. A combination of long-read (PacBio HiFi CCS) and
short-read (lllumina NovaSeq X & S4) sequencing has been applied to generate
haplotype-resolved genome assemblies and organellar genomes, and a diverse set
of transcriptomes (IsoSeq, RNAseq) have been generated for all species for genome
annotations. Moreover, for a subset of species, transcriptomes have been generated
from cultures exposed to light/dark cycles or raised temperature treatments for future
comparative functional studies (lllumina NovaSeq) (Fig 1b; https://doi.org/10.5281/
zenodo.21360381). All genomes sequenced at the Joint Genome Institute (JGI) were
assembled with hifiasm [5], polished with Racon [6], and annotated using the JGI
annotation pipeline [7]. To provide user-friendly interfaces for comparative genom-
ics, multiple bioinformatics analyses were performed and integrated through the
PhycoCosm [8] (JGI, Berkeley, USA) and PLAZA platforms (VIB, Ghent, Belgium)
(Fig 1c-1f).

To bridge the gap between genetic variants and key underpinning traits, we are
complementing our omics analyses with light and expansion microscopy (ExM)
and high-throughput phenotyping (phenomics) (Fig 2). As a technique that enables
researchers to physically enlarge diatoms, ExM will facilitate the development of
molecular markers to resolve the subcellular localization of proteins with
nanometer-scale precision, including those encoded by previously uncharacterized
or lineage-specific genes. Our high-throughput phenotyping platform should reveal if
and how selected proteins have an impact on measurable traits (e.g., carbon acqui-
sition) and their phenotypic plasticity (Fig 2b). The latter will be quantified using the
environmentally standardized plasticity index (*ESPI), a recently developed metric
that integrates trait responses across controlled environmental gradients to capture
the breadth and magnitude of species-specific plastic responses [9]. By applying
the *ESPI, we will compare trait plasticity between species and link differences in
their plastic response to ecological niches, global distribution patterns, and therefore
adaptive potential. Thus, this integrated framework will lay the foundation for mecha-
nistic trait ontology, which is essential to understand both the evolutionary history of
diatoms and the adaptability of important traits.
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Fig 1. Species selection and gene space diversity of the 100 Diatoms Genome Project. a. Simplified drawing of the 10 clades of the diatom
phylogeny following [2]. Within each clade, the number of species in the pipeline of the 100 Diatom Genomes Project (100DGP) is indicated, as well as
the number of species currently described in AlgaeBase (searched on 3 May 2026). The names of species for which both assembly and annotation of
genomes have been completed are shown on the right. b. Example of transcriptomic data generated as part of the 100DGP, illustrated for Craspedo-
stauros australis. The heatmap shows the log, fold changes of 193 diel-responsive genes identified for cells grown under a 14 h light:10 h dark photo-
period (adjusted P<0.001; log,FC>2 or log,FC <-2). Cells were harvested for RNA isolation at the midpoint of the light phase and the midpoint of the
dark phase on day 4, when cultures were growing exponentially (‘Exp.’), and at the midpoint of the light phase on day 12, when cultures had reached
stationary-phase and formed a biofilm (‘Stat.”). Gene expression patterns reveal transcriptional responses associated with the diel cycle as well as
changes accompanying the transition from exponential growth to stationary-phase biofilm development. c. Cladogram of selected diatom and outgroup
species used to assess gene space evolution, based on the phylogenetic relationships from [2]. In total, 22 diatom genomes covering 17 genera were
selected for a preliminary comparative genomic analysis, combining the 9 first annotated genomes from the 100DGP and 13 publicly available assem-
blies. Drawings (not to scale) of selected species illustrate the morphological and ultrastructural diversity of diatoms. d. Bar plots showing the proportion
of gene families with a distinct distribution over diatom genomes: ‘core’, appearing in all diatom genomes; ‘soft-core’, appearing in all but one or two
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diatom genomes; ‘dispensable’, appearing in 2-19 diatom genomes; and ‘unique’, appearing in a single diatom genome. For each distribution class, pie
charts show the proportion that is annotated by at least one gene ontology (GO) term, whereas bubble plots visualize the enrichment significance of the
top 3 most enriched GO terms, deduplicated with rrvgo [3]. AdjP: false discovery rate-adjusted p-value. e. Pan-genome rarefaction curve [4] showing
the number of gene families identified when the number of sequenced diatom genera increases. Both the total number of gene families detected (pink,
pan) and the number of families detected in all genera (blue, core) are visualized. f. Heap’s law (black line) predicts the expected total number of gene
families discovered when an increasing number of diatom genera is sampled. The light pink shade depicts the prediction interval, darker pink highlights
the confidence interval.

https://doi.org/10.1371/journal.pbio.3003947.9001

Resources and preliminary insights for advancing integrative diatom research

In line with Findable, Accessible, Interoperable and Reusable (FAIR) principles of scientific data management, the
100DGP will publish laboratory methods including standard operating procedures, code, and a diverse set of resources
(e.g., genomes, transcriptomes, images, and trait data), together forming an integrated dataset that can be leveraged for
future functional studies of diatoms. We encourage researchers to make use of these resources, including the depos-
ited diatom strains at the BCCM/DCG diatoms collection (Ghent, Belgium). Some strains are also available from NCMA
(Bigelow, East Boothbay, Maine, USA), RCC (Roscoff, France) and CCAP (Oban, UK). Data integration from genomes,
transcriptomes, nanoscale imaging and phenomics is unprecedented for any protist group and will allow us to place com-
parative evolutionary genomics into the context of cell biology, metabolism and ecology for questions that go beyond the
role of individual genes. The first genome assemblies are already publicly available (100DGP portal), revealing a range of
genome sizes (75-1,033 Mbp) and >3-fold variation in gene counts. Future comparative analyses will be released through
PhycoCosm [8], DiatOmicBase [10], and PLAZA Diatoms: versatile gene-centered platforms for integrative diatom omics
research.

External researchers can use this resource to link the outcome of comparative evolutionary genomics (e.g., genomic
loci under selection) with nanometer-scale detection of biomolecules and how they shape key traits such as carbon acqui-
sition, nutrient utilization, morphotype diversification, and life-cycle regulation. Beyond fundamental research, our inte-
grative datasets can be exploited for linking genetic variants with the in-vivo function of their encoded proteins and other
bioactive compounds for advancing technological applications, such as drug discovery or bioprocess optimization [11].

Preliminary insights based on a comparative analysis of 22 new and existing diatom genomes revealed that only <3%
of gene families and 32% of genes are conserved amongst all diatoms (core, soft-core) (Fig 1d). Gene families were
identified by performing an all-versus-all homology search between diatom and outgroup proteomes using DIAMOND
with subsequent clustering into gene families using the tribeMCL algorithm. Since the rise of diatoms more than 250 mya,
a high level of genetic diversity has evolved through a combination of divergent evolution in existing gene families and
the appearance of novel genes, either through de-novo gene birth or horizontal gene transfer [12]. Although most gene
ontology terms enriched in the diatom shared pan-genome represent genes involved in primary metabolism, the enrich-
ment of cyclic nucleotide-mediated signaling in the diatom core genome supports previous evidence that these secondary
messengers drive a multitude of essential abiotic and biotic processes in diatoms. Dispensable and unique genes, on the
other hand, were enriched in receptor signaling, flagella organization during reproduction, cell division, DNA recombina-
tion, and nuclear organization, which suggest that these processes underpin speciation. Although still preliminary, these
results suggest that adaptation may have led to the emergence of novel genes and the exceptional diversity of diatoms.

Based on the current number of genomes, it appears the diatom pan-genome is open (Fig 1e), and Heap’s law [13]
predicts that the number of gene families, including their novel genes and variants, will double to ~40,000 by the project
end (Fig 1f). To address their potential role in diatom cell biology, particularly if identified as part of known metabolic path-
ways such as photosynthesis, we will develop molecular markers to reveal the subcellular localization of their encoded
proteins using ExM [14]. Our high-throughput phenotyping platform will show if and how those genetic variants and their
encoded proteins affect measurable traits, such as light harvesting, carbon acquisition, elemental stoichiometry, or cell
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Fig 2. Phenomics, imaging and cellular physiology. a. High-throughput phenotyping pipeline to quantify key traits (maximum PSII quantum yield (Fv/
Fm), growth rate, cell size, chlorophyl-a content, and non-photochemical quenching (NPQ)), under different environmental conditions (3x temperatures,
3x light intensities, 16x C:N:P ratios). These data will be used to quantify phenotypic plasticity using an Environmentally Standardised Plasticity Index
(*ESPI) representing the breadth of the phenotypic responses of each species to changing environmental conditions. This metric is designed to facilitate
cross-species comparisons of phenotype plasticity, allowing for greater understanding of phenome response to climate variation. Greatest variance in
response per trait is normalized using the Euclidean distance between the environments in which these responses are found, to quantify plasticity per
unit of environmental change. In the radial *ESPI plot, each red dot represents the *ESPI value for a given trait for each of the 100 diatom species;
larger overall *ESPI values indicate greater phenotypic plasticity. The radial plot shows low *ESPI in the center and high towards the exterior. Information
from (a) and (b) will be merged to develop a trait ontology for diatoms. b. Cell morphology of Coscinodiscus granii (left) and Craspedostauros australis
(right) using light and expansion microscopy (ExM) to demonstrate the nanoscale distribution of molecular complexes: tubulin (magenta), photosystem

Il (green), nucleus and silica cell wall (blue), NHS ester (white). Black scale bars are 5 ym. White scale bars are 20 um (4.65 um biological scale) and 5
um (1.37 ym biological scale), respectively.

https://doi.org/10.1371/journal.pbio.3003947.9002
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division. Early findings indicate that diatoms exhibit a wide range of phenotypic responses, likely driven by their genetic
diversity and cellular structural complexity. Altogether, we are constructing a common ontology of traits, critical for devel-
oping an integrated approach based on evolutionary genomics, suitable for building predictive models from cell biology to
ecosystem science.

Conclusions

The 100DGP aims to generate diverse biological resources for a key group of primary producers. Our project also aims to
provide a test case for protist research at scale, which, for many other protist groups, is still in its infancy. To grow beyond
100 diatom genomes, we are integrating externally sequenced diatom genomes and transcriptomes from other projects
(e.g., from the Chaetoceros genus sequencing project at JGI). Our preliminary results, based on all resources, provide
evidence that integrated research at scale is feasible for diatoms and promise to be a potential treasure trove for dis-
covering novel biology, including unique adaptations and interactions (e.g., endosymbionts). We hope that this work will
improve our understanding of global species diversity, evolution, and ecosystem functioning, as well as providing novel
genetic variants for advancing biotechnology via genetic engineering and synthetic biology.
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