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Abstract
Comparative analyses of orthologous gene families are central to understanding the evolution of gene
function and regulatory pathways across species. However, accurate and efficient orthology assignment
across diverse plant and algal genomes remains challenging for many researchers with limited
bioinformatics background. We designed a Plant Orthologous Group Evolution Database (POGED,
http://poged.xhlab.ac.cn:30001/#/), which integrates orthology inference and domain annotation across
57 species. POGED includes the major evolutionary trajectory of land plants and algae, providing a
comprehensive framework for robust evolutionary analyses. Specifically, POGED provides (i) an
OrthoFinder-based Search module for orthogroup queries by protein identifiers with downloadable tables
and phylogenetic trees; (ii) a PfamScan-based Search module for identifying proteins that share identical
Pfam domain architectures and for querying by both protein and Pfam identifiers; (iii) a BLAST module
for similarity searches against all integrated species; and (iv) a Submit module that enables users to
upload custom protein datasets for orthogroup or domain architecture analyses. In addition, analysis of
MAPK orthogroups and the protein kinase domain PF00069 (Pkinase) demonstrated that POGED is ideal
for orthogroup-based phylogenetic analyses and cross-lineage comparisons of domain architectures.
We also highlighted significant applications of POGED in gene family evolution analysis and gene
discovery for function verification in plants.

Highlight
By integrating precomputed orthogroups with protein domain architecture searches across a
phylogenetically comprehensive set of 57 plant and algal species, POGED allows researchers to conduct
comparative genomics across green plants by visualizing and exporting for downstream analyses,
enabling intuitive exploration of how gene families have evolved across different lineages.

Introduction
Accurate assignment of genes to orthologous groups is a prerequisite for genome-scale phylogenetics
and comparative genomic analyses (Dewar et al., 2025). However, orthology inference is often
complicated by the need to distinguish orthologs (genes that diverged through speciation from a single
gene in the last common ancestor) from paralogs (genes that diverged through duplication)
(Sonnhammer & Koonin, 2002). Growing interest in gene orthology has driven the development of a wide
range of computational approaches, including phylogeny-based methods (Goodman et al., 1979;
HernÃ¡ndez-Plaza et al., 2026), pairwise similarity-based methods (Barton, 1990), and profile-based
methods (Henikoff, 1996; Milner et al., 2019; Taylor, 1986).

Phylogeny-based methods can be highly accurate, but they are computationally demanding when applied
to large gene sets across many species. Excellent databases such as OrthologID and eggnog (Chiu et al.,
2006; HernÃ¡ndez-Plaza et al., 2026) and PhylomeDB (Huerta-Cepas et al., 2014) rely on curated
phylogenetic pipelines. In contrast, pairwise similarity-based approaches were developed to reduce
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computational cost. Basic Local Alignment Search Tool (BLAST) remains one of the most widely used
tools for DNA and protein sequence similarity searches (Altschul et al., 1997; Johnson et al., 2008;
Priyam et al., 2019). Building on sequence similarity graphs, OrthoFinder is a fast and scalable orthology
inference method that constructs orthogroups from BLAST-derived similarity scores (Emms & Kelly,
2019). By leveraging these scores, OrthoFinder reduces biases associated with gene length variation and
phylogenetic distance, and benchmarking analyses have shown that it performs competitively compared
with widely used approaches such as TreeFam, OrthoMCL and OMA (Altenhoff et al., 2011; Altenhoff et
al., 2021; Emms & Kelly, 2019; Li et al., 2006; Roth et al., 2008).

Profile-based approaches provide an additional layer of sensitivity for detecting remote homology. A
position specific scoring matrix (PSSM; also called a profile) represents position-wise residue
probabilities derived from a multiple sequence alignment and allows conserved and variable positions to
be weighted differently (Baldi et al., 1994; Mohammadi et al., 2022). Profile hidden Markov models
(profile HMMs) further improve on traditional profiles, which are widely used for detecting distant
homologs (Eddy, 1998; Karplus & Hu, 2001). Large, curated libraries of profile HMMs are available,
including HMMER, Pfam, PfamScan, KofamKOALA and SMART (Letunic et al., 2021; Schultz et al., 1998).
PfamScan is commonly used to annotate protein sequences by searching them against Pfam HMM
libraries.

Many plant proteins contain multiple functional domains, which is challenging to assess whether
candidate homologs share comparable Pfam domain compositions (domain architectures), especially in
large scale multi-species datasets. Domain architecture is a key determinant of protein function, and
systematic comparisons of domain architectures can therefore provide insight into functional
diversification and evolutionary innovation (Liang et al., 2025; Yu et al., 2019). Multidomain proteins are
pervasive across the tree of life. Both the number of unique domains and the fraction of multidomain
proteins tend to increase with organismal complexity (Scaiewicz & Levitt, 2018). This long-term trend of
domain accretion represents an important evolutionary strategy to enable new combinations of modular
domains and the reuse of common catalytic cores in different functional contexts (Sonnhammer &
Koonin, 2002). Despite the widespread adoption of Pfam-based annotations, dedicated plant resources
that systematically aggregate, classify and enable comparative analysis of Pfam domain architectures
across large protein datasets remain limited.

To fill this gap, Plant Orthologous Group Evolution Database (POGED) supports Pfam identifier-based
search, allowing users to retrieve all proteins and domain architecture combinations that contain a
queried Pfam domain across species. The rapid accumulation of genome assemblies and the growing
number of users without extensive bioinformatics training have created an increasing demand for user-
friendly tools that enable reliable homolog identification and evolutionary analyses in green plants. In
addition, researchers without a strong background in plant systematics often encounter difficulties
selecting representative species that capture key evolutionary lineages with sufficiently high-quality
genome assemblies. Here, we present POGED, a genome-wide ortholog identification database for green
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plants, built on precomputed OrthoFinder orthology inferences, PfamScan domain annotations and user
defined BLAST searches across 57 representative plant and algal species.

Materials and Methods

Species selection and phylogenetic framework
With more than 1,800 plant genomes now sequenced (Schwacke et al., 2025), it remains challenging for
researchers to select an appropriate set of species for phylogenetic analyses, particularly when aiming
to include well studied taxa with high quality genome assemblies. To provide a broad evolutionary
framework, POGED incorporates 57 publicly available plant genomes integrate a total of 2,008,443
protein sequences spanning major lineages of green plants and model species (Table 1). Species were
selected to represent key evolutionary branches while avoiding unnecessary redundancy. The dataset
includes representative chlorophyte algae (e.g. Chlamydomonas reinhardtii (Merchant et al., 2007), Volvox
carteri (Prochnik et al., 2010)), early-diverging streptophyte algae (Klebsormidium nitens(Hori et al., 2014),
Chara braunii (Nishiyama et al., 2018)), bryophytes such as liverworts (Marchantia polymorpha (Bowman
et al., 2017)), mosses (Physcomitrella patens (Lang et al., 2018), Sphagnum fallax (Healey et al., 2023)),
and hornworts (Anthoceros spp. (Li et al., 2020)), as well as vascular plants including lycophytes
(Selaginella moellendorffii (Banks et al., 2011)), ferns (Ceratopteris richardii (Marchant et al., 2022),
Adiantum capillus-veneris (Fang et al., 2022), Azolla filiculoides (Li et al., 2018), Salvinia cucullata (Li et al.,
2018)) and angiosperms.
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Table 1
Phylogenetic coverage of species included in Plant Orthologous Group Evolution Database (POGED).
Clade Species Reference

Core eudicots; Rosids Arabidopsis thaliana (de, 2000)

Core eudicots; Rosids Brassica napus (Chalhoub et al., 2014)

Core eudicots; Rosids Gossypium raimondii (Paterson et al., 2012)

Core eudicots; Rosids Citrus clementina (Wu et al., 2014)

Core eudicots; Rosids Populus trichocarpa (Tuskan et al., 2006)

Core eudicots; Rosids Manihot esculenta (Prochnik et al., 2012)

Core eudicots; Rosids Glycine max (Schmutz et al., 2010)

Core eudicots; Rosids Medicago truncatula (Young et al., 2011)

Core eudicots; Rosids Citrullus lanatus (Guo et al., 2013)

Core eudicots; Rosids Cucumis sativus (Huang et al., 2009)

Core eudicots; Rosids Eucalyptus grandis (Myburg et al., 2014)

Core eudicots; Rosids Vitis vinifera (French, 2007)

Core eudicots; Asterids Helianthus annuus (Badouin et al., 2017)

Core eudicots; Asterids Nicotiana attenuata (Xu et al., 2017)

Core eudicots; Asterids Solanum tuberosum (Guzman, 2011)

Core eudicots; Asterids Solanum lycopersicum (Tomato Genome Consortium,
2012)

Core eudicots; Asterids Capsicum annuum (Qin et al., 2014)

Core eudicots; Asterids Daucus carota (Iorizzo et al., 2016)

Core eudicots; Caryophyllales Beta vulgaris (Dohm et al., 2014)

Basal eudicots Nelumbo nucifera (Ming et al., 2013)

Basal eudicots Aquilegia coerulea (Filiault et al., 2018)

Monocots; Poaceae Hordeum vulgare (Mascher et al., 2021; Mayer et
al., 2012)

Monocots; Poaceae Triticum aestivum (Consortium et al., 2018)

Monocots; Poaceae Brachypodium distachyon (Vogel et al., 2010)

Monocots; Poaceae Oryza sativa (Yu et al., 2002)

Monocots; Poaceae Sorghum bicolor (Paterson et al., 2009)
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Clade Species Reference

Monocots; Poaceae Zea mays (Gore et al., 2009)

Monocots; Commelinids Ananas comosus (Chen et al., 2019; Ming et al.,
2015)

Monocots; Commelinids Musa acuminata (D’hont et al., 2012)

Monocots; Asparagales Asparagus officinalis (Harkess et al., 2017)

Monocots; Asparagales Phalaenopsis equestris (Cai et al., 2015)

Basal angiosperms Nymphaea colorata (Zhang et al., 2020)

Basal angiosperms Amborella trichopoda (Project et al., 2013)

Gymnosperms Ginkgo biloba (Guan et al., 2016)

Gymnosperms Pinus lambertiana (Stevens et al., 2016)

Gymnosperms Gnetum montanum (Wan et al., 2018)

Ferns (Polypodiopsida) Ceratopteris richardii (Marchant et al., 2022)

Ferns (Polypodiopsida) Adiantum capillus-veneris (Fang et al., 2022)

Ferns (Polypodiopsida) Azolla filiculoides (Li et al., 2018)

Ferns (Polypodiopsida) Salvinia cucullata (Li et al., 2018)

Lycophytes Selaginella moellendorffii (Banks et al., 2011)

Bryophytes; Hornworts Anthoceros agrestis (Li et al., 2020)

Bryophytes; Hornworts Anthoceros punctatus (Li et al., 2020)

Bryophytes; Hornworts Anthoceros angustus (Zhang et al., 2020)

Bryophytes; Mosses Sphagnum fallax (Healey et al., 2023)

Bryophytes; Mosses Physcomitrium patens (Lang et al., 2018)

Bryophytes; Liverworts Marchantia polymorpha (Bowman et al., 2017)

Streptophyte algae;
Zygnematophyceae

Spirogloea muscicola (Cheng et al., 2019)

Streptophyte algae;
Zygnematophyceae

Mesotaenium
endlicherianum

(Cheng et al., 2019)

Streptophyte algae; Charophyceae Chara braunii (Nishiyama et al., 2018)

Streptophyte algae;
Klebsormidiophyceae

Klebsormidium nitens (Hori et al., 2014)
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Clade Species Reference

Chlorophytes Chlamydomonas
reinhardtii

(Merchant et al., 2007)

Chlorophytes Volvox carteri (Prochnik et al., 2010)

Prasinodermophyta Prasinoderma coloniale (Li et al., 2020)

Rhodophytes Porphyra umbilicalis (Brawley et al., 2017)

Rhodophytes Chondrus crispus (Janouskovec et al., 2013)

Within angiosperms, we selected phylogenetically reference species spanning major early and derived
lineages. These include the basal angiosperms Amborella trichopoda (Project et al., 2013) and Nymphaea
colorata (water lily) (Zhang et al., 2020); the basal eudicot Aquilegia coerulea (columbine) (Filiault et al.,
2018) and Nelumbo nucifera (lotus) (Ming et al., 2013); the monocot Phalaenopsis equestris (orchid) (Cai
et al., 2015); together with the model core eudicot Arabidopsis thaliana (de, 2000), these species provide
broad phylogenetic representation across major angiosperm clades. We also included major cereal
crops (Triticum aestivum (wheat) (Consortium et al., 2018), Oryza sativa (rice) (Yu et al., 2002), Hordeum
vulgare (barley) (Mascher et al., 2021; Mayer et al., 2012), Zea mays (maize) (Gore et al., 2009), Sorghum
bicolor (sorghum) (Paterson et al., 2009) and the modern grass Brachypodium distachyon (Vogel et al.,
2010)), legumes (Glycine max (soybean) (Schmutz et al., 2010), Medicago truncatula (Young et al., 2011)),
solanaceous crops (Solanum lycopersicum (tomato) (Tomato Genome Consortium, 2012), Capsicum
annuum (pepper) (Qin et al., 2014), Solanum tuberosum (potato) (Guzman, 2011)), oilseed and industrial
crops (Brassica napus (rapeseed) (Chalhoub et al., 2014), Gossypium raimondii (cotton) (Paterson et al.,
2012), Helianthus annuus (sunflower) (Badouin et al., 2017), Manihot esculenta (cassava) (Prochnik et al.,
2012), and Beta vulgaris (sugar beet) (Dohm et al., 2014)), fruit and horticultural species (Citrus
clementina (clementine) (Wu et al., 2014), Vitis vinifera (grapevine) (French, 2007), Musa acuminata
(banana) (D’hont et al., 2012), Ananas comosus (pineapple) (Chen et al., 2019; Ming et al., 2015), Citrullus
lanatus (watermelon) (Guo et al., 2013), Cucumis sativus (cucumber) (Huang et al., 2009), Daucus carota
(carrot) (Iorizzo et al., 2016), and Asparagus officinalis (asparagus) (Harkess et al., 2017)), as well as
woody perennials (Populus trichocarpa (poplar) (Tuskan et al., 2006) and Eucalyptus grandis (eucalyptus)
(Myburg et al., 2014)). Detailed species information is accessible through scrollable panels on both the
home page and the search interface of the database (Fig. 1). Species taxonomy was curated primarily
based on NCBI Taxonomy (Schoch et al., 2020), iPlant (http://www.iplant.cn/), World Flora Online
(https://wfoplantlist.org/plant-list), AlgaeBase (https://www.algaebase.org/), and the APG IV
classification system (The Angiosperm Phylogeny, 2016). This selection captures major transitions in
plant evolution, from aquatic algae to land plants, the emergence of vascular tissues and seeds, and the
diversification of flowering plants. By integrating broad phylogenetic coverage with key agricultural and
horticultural species, the database facilitates evolutionary analyses and gene family investigations in
crops.
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Precomputed orthology datasets
Orthologous relationships among all protein sequences were inferred using OrthoFinder (Emms & Kelly,
2019). Sequence similarity searches within OrthoFinder were performed using BLAST (Cock et al., 2015),
while all other parameters were kept at default settings to ensure reproducibility. Pfam domain
annotation was performed using PfamScan (Potter et al., 2018), with default Pfam seed alignment
defined E-value thresholds applied for each hidden Markov model (HMM) seed. Following PfamScan
annotation, tabular summaries were generated for each species. Within each species, Pfam domains
associated with individual protein sequences were first consolidated. Protein sequences from all species
were then classified based on their complete Pfam domain combinations (domain architectures),
enabling cross-species searches for proteins with shared identical Pfam HMM compositions.

Utility and web interface
POGED comprises four main functional modules: Home, Search, BLAST, and Submit, which together
support comprehensive orthology exploration and comparative analyses (Fig. 2). The Home module
provides an overview of the database content, supported species, and navigation to all major functions.

Users can select alternative search strategies and species datasets, with detailed species information
and corresponding identifiers displayed below the Search interface to guide query selection. Search
results are typically returned within seconds and are presented as interactive visualizations alongside
downloadable tables (Fig. 3). For OrthoFinder based queries, POGED reports orthogroup membership
across species and provides downloadable ortholog lists, FASTA sequences, and precomputed
OrthoFinder phylogenetic trees, which can be directly reused for downstream phylogenetic analyses
(Fig. 3C). For PfamScan based queries, POGED summarizes proteins sharing identical Pfam domain
architectures across species and links each Pfam entry to the Pfam database for functional annotation
(Fig. 3D). In addition, searches can be initiated using Pfam identifiers, returning all domain architectures
that contain the queried Pfam domain across species (Fig. 3E).

To further facilitate user defined and exploratory analyses, POGED also incorporates BLAST and Submit
modules. The BLAST module enables similarity searches against protein datasets from all species
integrated in POGED, allowing users to perform BLAST searches with customizable parameters to rapidly
identify candidate homologs across lineages integrated. The Submit module extends POGED beyond the
pre-integrated species set by allowing users to upload their own protein sequence datasets. To perform
customized analyses using the same OrthoFinder and PfamScan workflows, users can upload three to
five protein datasets, typically representing different species. This function supports flexible
investigation of orthologous and paralogous relationships in user defined datasets.

Results and Discussion
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POGED is designed to enable rapid cross-species analyses of orthology and protein domain
architectures across the major green plant lineages. Although the online platform is newly released, the
underlying comparative workflow has been applied in many previous studies, including orthogroup
inference across representative plant lineages coupled with phylogenetic analysis and functional
verification for light responses, abiotic stress tolerance, miRNA evolution, stomatal evolution, and protein
target prediction (Cai et al., 2021; Cai et al., 2017a; Chen et al., 2017b; Deng et al., 2022; Feng et al., 2020;
Li et al., 2025; Singh et al., 2024; Zhao et al., 2019). Analyses of published papers using the core
algorithm of POGED demonstrated that the database is a powerful tool in the discovery of origin,
expansion, and contraction of gene families and functional characterization of genes in combination
with phylogenetic, molecular biological, biochemical, and physiological tools.

We first examined mitogen activated protein kinases (MAPKs) as a case study for orthogroup based
queries in POGED. MAPK is a highly conserved family of serine threonine kinases that function as central
signalling modules downstream of cell surface receptors and intracellular sensors. MAPK regulate
diverse aspects of plants such phytohormones, growth and developmental signals, abiotic and biotic
stresses, and stress adaptation (Manna et al., 2023; Meng & Zhang, 2013; Singh et al., 2024). In plants,
MAPKs are commonly classified according to their activation loop motifs, TEY (Thr-Glu-Tyr; typically
found in MAPK groups A, B, and C) and TDY (Thr-Asp-Tyr; Characteristic of Group D MAPKs), which
define two major evolutionary clades with distinct expansion histories and functional specialization
(Tena et al., 2001). Consistent with this classification, precomputed OrthoFinder results in POGED
assigned MAPK sequences to two major orthogroups. Conserved domain detection (Wang et al., 2023)
further indicated that these orthogroups correspond to the STKc_TEY_MAPK and STKc_TDY_MAPK
motif classes, respectively (Fig. 4). This partition strongly aligned with previous phylogenetic analyses,
showing that TEY and TDY of MAPKs represent deeply conserved lineages that have undergone lineage
specific expansion and functional diversification across land plants (Cristina et al., 2010; Manna et al.,
2023).

As a complementary demonstration of domain architecture-based analyses in POGED, we used the
protein kinase core domain PF00069 (Pkinase) in MAPKs as an entry point to summarise PF00069
containing domain architectures across species and phylogenetic clades. While the Pkinase domain
alone represents the most prevalent architecture across green plants (Fig. 5A), many abundant PF00069
containing architectures incorporate additional extracellular or regulatory domains. The fusion of
PF00069 with diverse ligand binding or regulatory domains provides a powerful route to functional
evolutionary innovation by expanding signal perception capabilities. PF00069 combined with leucine rich
repeat domains (LRRNT and LRR) represents the classical receptor like kinase (RLK) architecture. The
mediate perception of diverse extracellular peptide and hormone signals plays central roles in plant
development and immunity, gene family evolution and crop domestication (Liu et al., 2017; Morris &
Walker, 2003; Yu et al., 2025). PF00069 and LysM domain combinations are also widely observed and are
characteristic of kinases involved in microbial recognition, symbiosis and innate immune signaling (Tan
et al., 2025; Tanaka et al., 2013). In addition, PF00069 architectures incorporating lectin or malectin like
domains such as Wall-Associated Kinases (WAK) domain is associated with carbohydrate and cell wall
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related sensing, linking extracellular matrix status to intracellular phosphorylation dependent responses
(Herold et al., 2025). Search results retrieved from POGED enable the construction of a PF00069 centred
domain architecture network (Fig. 3E), providing an intuitive view of the diversification and evolutionary
relationships of PF00069 containing domain combinations across plant lineages (Fig. 5B). This network
representation further highlights simple gain and loss relationships among related domain architectures,
illustrating how stepwise domain additions around the conserved kinase core have driven functional
diversification during plant evolution. Taken together, the MAPK and PF00069 case studies illustrate how
POGED enables comparative evolutionary analyses across green plant lineages.

Based on orthologous identification through the POGED, it was demonstrated evolutionarily conserved
function of some key gene families in ABA signaling pathway is linked to stomatal closure among many
land plant lineages (Cai et al., 2017a). Furthermore, it was found that ABA reception and signalling
existed in stomata-bearing terrestrial plants including ferns, which indicated the ABA induced stomatal
closure is present in seed plants and in early divergent extant ferns (Cai et al., 2017a). It was
hypothesized that the genes involved in stomatal development are likely evolutionarily conserved among
the land plants, since many key genes have been conserved in the first stomatal-bearing bryophytes (Cai
et al., 2017b). Subsequent studies implemented the evolutionary analysis of relevant gene families
among 26 key plant and algae species confirmed the hypothesis (Cai et al., 2017a; Chater et al., 2017).
Using the POGED method, we discovered an early evolution of the nucleotide phosphatase (SAL1) and 3′-
phosphoadenosine-5′-phosphate (PAP), a key element of chloroplast retrograded signalling, evolved in
streptophyte algae, the algal sister group of land plants. It indicated SAL1-PAP retrograde signalling
pathway predates the evolutionary of stomata and the evolutionary coordination of the SAL1-PAP
signalling is crucial for green plants adaptation to land and abiotic stress tolerance (Calderon & Strand,
2021; Jiang et al., 2024; Zhao et al., 2019).

Furthermore, results derived from the workflow of POGED also provided new insight into complex
evolutionary scenarios such as gene family expansion and contraction of green plants (Chen et al., 2024;
Singh et al., 2024). For instance, comparative genomics analysis of the blue-light signaling pathway
indicated that the multiple duplications of cryptochrome (CRY) may have contributed to the evolution of
rapid stomatal opening to blue light in the Polypodiales ferns. The four gene duplication events of CRYs
could have benefited the colonization of the low light forest understory habitat and diversification of
Polypodiales to become the largest clade of ferns with more than 80% of extant fern species (Cai et al.,
2021). In addition to the evolutionary analysis, the workflow of POGED facilitated many explorations or
supplements for cloning and verification of genes involved in abiotic stress responses such as drought
(Feng et al., 2020), salinity (Kuang et al., 2025; Shen et al., 2020), heat (Chen et al., 2021), and heavy
metal stress (Chen et al., 2021; Liu et al., 2021). POGED also is practical for many other applications
encompassing design of molecular markers, multi-omics analysis, and literature review for future
research projects (Deng et al., 2021; Li et al., 2025; Yang et al., 2025). For example, the coevolution of
miRNAs and their target genes demonstrated the key roles of miRNAs in the diversification, adaptation,
and evolution of green plants and the potential for gene editing of miRNAs in plants (Deng et al., 2022),
which was recently validated for improving salt tolearnce in barley (Kuang et al., 2025).
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Conclusion
Integrative comparative genomics across diverse species creates strong opportunities for
interdisciplinary collaboration and new discoveries in life sciences. We propose that POGED will provide
plant, agricultural, horticultural and environmental scientists a convenient entrance into evolutionary
analysis of genes and gene families of their interests. The consequent results facilitate many preliminary
explorations for cloning and functional validation of target genes and cross-species, multi-omics studies.
Therefore, the release of the POGED tool is timely and important for research endeavours in plant
biology, evolutionary biology, molecular biology and biochemistry, agriculture, and environmental
science.
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Figure 1

Schematic overview of the Plant Orthologous Group Evolution Database (POGED) data integration and
analysis workflow. POGED supports two types of user input, including protein identifiers and protein
sequences. Curated protein datasets from representative plant and algal lineages are collected and
integrated into a unified reference framework, covering angiosperms, gymnosperms, ferns, lycophytes,
bryophytes, streptophyte algae, chlorophytes, and rhodophytes. Domain based queries are analyzed
using PfamScan to identify orthologous proteins sharing identical HMM domain compositions, with
outputs including ortholog lists and downloadable FASTA files. Blast based queries are processed using
OrthoFinder to infer orthologous groups, generating tabular orthology reports, FASTA sequences, and
phylogenetic trees. Protein sequence-based queries are analyzed using BLAST to identify homologous
sequences within POGED, enabling users with custom or unannotated sequences to retrieve database
entries for downstream comparative and evolutionary analyses.
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Figure 2

Overview of the user interfaces of the Plant Orthologous Group Evolution Database (POGED). (A) The
home interface of POGED, showing an overview of supported plant and algal species and providing
direct access to the main functional modules, including Search, BLAST, and Submit. (B) The Search
interface, which allows users to query orthologous groups using OrthoFinder based orthogroup
identifiers or Pfam domain annotations, as well as to retrieve detailed species information and
orthologous relationships through flexible query options. (C) The Submit interface allows users to upload
custom protein sequences for user defined orthology or domain based analyses, extending POGED
analyses to species not currently included in the database.
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Figure 3

Search interfaces and outputs of the Plant Orthologous Group Evolution Database (POGED). (A)
OrthoFinder based search interface. (B) PfamScan based search interface for identifying proteins with
identical Pfam domain combinations. (C) Tabular OrthoFinder results showing orthologous genes across
species. (D) PfamScan search results summarising proteins sharing the same Pfam combinations. (E)
Querying by Pfam identifier retrieves all proteins and domain architecture combinations containing the
specified Pfam domain across species.
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Figure 4

Phylogenetic trees of two MAPK orthogroups identified by OrthoFinder in POGED.  (A) The left panel
shows the orthogroup enriched for the STKc-TEY-MAPK activation-loop motif identified by CDD search
(Wang et al., 2023), highlighted by red ellipses. (B) The right panel shows the orthogroup enriched for the
STKc-TDY-MAPK motif (highlighted by blue diamonds). Tip colors denote species clades as indicated in
the legend. Sequences lacking canonical TEY/TDY motifs were removed prior to visualization. Trees
were annotated in iTOL.
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Figure 5

Pfam domain architecture of the MAPK core domain PF00069 across green plant lineages. (A)
Heatmaps showing the distribution of PF00069 containing domain architecture combinations across
individual species (upper panel) and major phylogenetic clades (lower panel). Each column represents a
distinct domain architecture combination containing PF00069, and colours indicate the log transformed
protein counts for each species or clade, only Pfam domain names are displayed in the heatmap labels.
(B) Network representation of PF00069 based domain architecture diversification. The central node
represents the core PF00069 domain, and edges indicate the gain of additional Pfam domains relative to
the core architecture. Nodes correspond to distinct PF00069 containing domain combinations. Pie
charts illustrate the proportional contribution of different phylogenetic clades to each domain
architecture, and node size reflects the total number of species in which the corresponding combination
is observed.
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