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TreeHub: a comprehensive dataset 
of phylogenetic trees
Ping Wu1, Yawei Cao2,3,4, Jiajie Yang2,3,4 & Hui Wu   2,3,4,5 ✉

Phylogenetic relationships are crucial for solving various biological questions, serving as a fundamental 
knowledge in biology. However, the application of phylogenetic trees has been limited by inadequate 
coverage of updated published phylogenies and the scarcity of reliable comprehensive datasets. In this 
study, we present a novel approach for automatically extracting phylogenetic data and integrating 
relevant species information from scientific papers and public databases. On this basis, we constructed 
a dataset TreeHub, including 135,502 corresponding phylogenetic trees from 7,879 phylogenetic 
research articles across 609 academic journals. This database will serve as a reliable and accessible 
resource for the scientific community, accelerating innovations in biodiversity studies and evolutionary 
theory based on high-density data.

Background & Summary
Phylogenetic trees are tree-shaped diagrams that illustrate the evolutionary relationships between species or 
populations1. The tree of life is crucial for addressing various biological questions and serves as fundamental 
knowledge in biology2–4. It is also a core tool that can integrate different types of data based on interspecies rela-
tionships, enabling cross-disciplinary research5. Constructing accurate phylogenetic trees is computationally 
intensive and laborious process. It involves extensive sequence data or morphological traits collection across 
various species or groups, subsequent analysis relying on numerous mathematical models, and substantial com-
putational demands6–8. Additionally, the accuracy and correctness of the resulting trees depend on careful eval-
uation and revision9. With advancements in sequencing technologies, phylogenetic trees have evolved to a new 
level of “Phylogenomics” involving numerous genes and mathematical models10,11. Nowadays, a basic under-
standing of phylogenetic inference is essential for all biologists. It’s important to efficiently discover and adeptly 
manipulate phylogenetic data, rather than starting from the original sequencing data.

Phylogenetic trees, as an integral part of research findings, are often made publicly available. It is meaning-
ful to construct repositories of phylogenetic trees and associated data matrices for easy access and developing 
tools. It will also accelerate innovations in biodiversity studies and evolutionary theories based on high-density 
data12–14. Besides, large-scale databases are critical for the development of novel bioinformatics software and 
algorithms, enhancing the precision and efficiency of existing phylogenetic analysis methodologies15–18. Over 
the past 20 years, phylogenetic databases have been developed to offer valuable services for storing and manag-
ing phylogenetic tree data, such as TreeBASE and Open Tree of Life19,20. These databases often relied rely on vol-
untary uploads from researchers, leading to information loss and delays. The website information of TreeBASE 
indicates that the databases have been updated to 2019. In contrast, there has been a significant emergence of 
phylogenetic studies, particularly those involving phylogenomic analyses21,22.

Therefore, the development of a comprehensive tree dataset encompassing a wide range of taxa, coupled with 
reliable species information, holds significant value for evolutionary biology and related fields. Beyond user 
submissions, web scraping and text mining offer promising alternatives for automatically collecting phylogenetic 
data23–25. However, there are challenges in retrieving phylogenetic trees from the literature. Phylogenetic tree 
data is often stored in various formats across different websites, ranging from compressed binary files to plain 
text files and specialized formats. Additionally, related species descriptions lack metadata standards and are 
scattered throughout the text. These inconsistencies hinder efficient and reliable data aggregation.
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This research introduces a novel method for automatically extracting phylogenetic data and intregrating 
relevant species information from scientific papers and public databases (Fig. 1). Using this method, we curated 
a dataset named “TreeHub” (Fig. 1). TreeHub integrates metadata from scientific articles, their corresponding 
phylogenetic trees, and raw tree files, enhancing accessibility and usability for researchers. Our study provides a 
comprehensive resource valuable to the broad scientific community, especially supporting research in areas like 
evolutionary theory, macroevolution, taxonomy, bioinformatics and ecology.

Methods
Phylogenetic research collection.  Phylogenetic trees are extensively applied across diverse fields, includ-
ing Evolutionary Biology, Phylogenetics, Ecology, Paleobiology, Botany, and Zoology. To ensure comprehensive 
data collection, we targeted research articles related to phylogenetic trees published up to the end of January 2025.  
We curated a list of journals that frequently publish research on Phylogenetics and Evolutionary Biology (Supplementary  
Table 1), and conducted searches in two commonly used article databases, NCBI PubMed and Web of Science26,27. 
On this basis, we performed searches in other journals using a set of keywords, including “phylogeny”, “phyloge-
netics”, “evolution” and “systematics”. All search results were converted into JSON format to facilitate subsequent 
analysis and processing. Each record contained essential metadata, such as title, authors, abstract, journal name, 
publication date and DOI (digital object identifier) number. Finally, we utilized DOI numbers as unique identi-
fiers to deduplicate the data.

Phylogenetics trees collection. (1) data acquisition.  We downloaded open access phylogenetic tree 
data from Dryad (https://datadryad.org, CC0 license) and FigShare (https://figshare.com, CC0 or CC-BY license). 
On the Dryad platform, we collaborated with the website administrators to secure an API key for acquiring an 
access token from “https://datadryad.org/oauth/token”, thereby ensuring adherence to data extraction guide-
lines28. The Search API (https://datadryad.org/api/v2/search; https://api.figshare.com/v2/articles/search) was 
used to retrieve records using the aforementioned DOIs as parameters. If a record contained a non-empty “identi-
fier” (Dryad’s unique record number) field and “storageSize” (file size) in the Dryad dataset, or a non-empty “files” 
field in the FigShare dataset, we used the Download API (https://datadryad.org/api/v2/datasets/{identifier}/
download; https://api.figshare.com/v2/file/download/) with the “identifer” value to retrieve the dataset associated 
with the record. (2) Data Cleaning. Before analyzing the file content, we checked the size of each downloaded file 
and extracted all compressed files as necessary. Non-compressed files were then assessed based on their filename 
suffix (ignoring case) to identify potential phylogenetic tree files. Valid suffixes included “.nwk”, “.newick”, “.nex”, 
“.nexus”, “.tre”, “.tree”, “.treefile”, and “.txt”. Subsequently, we utilized DendroPy, a Python library, to verify the files 
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Fig. 1  Workflow of automatically extracting phylogenetic data and its sharing platform, including phylogenetic 
research collection, phylogenetics trees collection, taxonomic assignment and the application for the dataset.
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as Newick and NEXUS format, which are prevalent for representing phylogenetic trees29. Validated phylogenetic 
tree files were paired with their corresponding publication information from our initial data collection phase. 
These merged records were then converted into JSON format for ease of processing and analysis.

During this step, we observed that some file records within the Dryad repository contained phylogenetic 
trees but lacked the corresponding publication details. These records were mainly submitted just before the pub-
lication of the related paper or were not associated with journal papers. We used Dryad’s Search API, incorporat-
ing phylogenetics-related keywords as search parameters, to gather these records and performed deduplication 
using Dryad’s unique identifiers. To enrich these records with missing information, we utilized the Crossref API 
(https://api.crossref.org) to obtain complete publication metadata associated with the DOIs.

Taxonomic assignment.  Accurate taxonomic information is crucial for effective querying and 
meta-analysis of phylogenetic trees, which are distributed in article titles, abstracts, and tree diagram documents. 
This allows users to quickly retrieve data relevant to specific taxa of interest. We implemented two approaches for 
taxonomic assignment: one utilizing the metadata of the publications and another derived from the phylogenetic 
trees themselves.

Firstly, we downloaded the latest NCBI Taxonomy database (January 2025) and extracted valid taxonomic 
names at four ranks: order, family, genus, and species30. This resulted in four distinct sets: Set_Order, Set_Family, 
Set_Genus, and Set_Species. Secondly, for the method based on publication metadata, we tokenized the titles 
and abstracts of associated publications using regular expressions with spaces and punctuation as delimiters. 
This yielded a comprehensive set of unique words (Set_Paper). This set was then augmented with binomial 
nomenclature terms (capitalized genus name + specific epithet) extracted from these texts. To reduce noise 
and improve processing efficiency, we removed the 1000 most common English words (sourced from https://
1000mostcommonwords.com/1000-most-common-english-words/) from Set_Paper, resulting in a refined set 
(Set_Paper2). We intersected Set_Paper2 with our taxonomic rank sets. Non-empty results from these inter-
sections were considered candidate taxonomic names (Name1). Thirdly, for the method based on phyloge-
netic trees, we extracted the terminal node labels from phylogenetic tree files to create a set of sample names 
(Set_Sample_Name). Similar to the metadata approach, we intersected Set_Sample_Name with our taxonomic 
rank sets. Duplicate names within the results were allowed. The candidate taxonomic name with the highest 
frequency of occurrence was selected (Name2). Finally, two candidate names (Name1 and Name2) were com-
pared to determine the final taxonomic name for the publication: a) identical names, which indicated a highly 
reliable result; b) different names, Name1 was preferred as the sample names in the tree files can be abbreviated, 
potentially leading to lower accuracy; c) undetermined, if neither method yielded a credible name, the record 
was marked as undetermined and reserved for manual analysis.

Public database integration.  As TreeBASE is a well-known repository for phylogenetic trees, we inte-
grated data from this platform into our existing dataset through the following steps. Firstly, we acquired the most 
recent TreeBASE dataset (June 2019, CC0 license) via the TreeBASEdmp tool31,32. This data was then imported 
into a local PostgreSQL database for structured storage and analysis. Given that TreeBASE stores phylogenetic 
trees as nodes and links, we utilized the ‘write_trees.pl’ script to reconstruct the original tree structures from this 
node information. Leveraging SQL queries, we extracted metadata associated with each phylogenetic tree record 
from various tables, allowing us to link tree files with the corresponding metadata and publication details. Next, 
we employed SQL’s COPY command to export the extracted data in a JSON format, aligning with the structure of 
our existing crawled dataset. Finally, using DOI as a unique identifier, we deduplicated the TreeBASE data against 
our previously crawled dataset, ensuring a comprehensive and non-redundant collection.

Data Records
The dataset is available at SciDB33,34 under CC-BY 4.0 license, or the dataset could be easy querying and retrieval 
at the website “https://www.plantplus.cn/treehub”. It includes 135,502 phylogenetic trees derived from 7,879 
research articles across 609 journals and independent studies. The records spans a wide range of taxa, including 
archaea, bacteria, fungi, viruses, animals (metazoa) and plants.

The structure of the database is shown in Fig. 2, and it mainly includes phylogenetic trees (table Tree and 
TreeFile), related articles (table Study), taxon information (table Taxonomy), sequence alignments (table 
Matrix), and submission or crawling information (table Submit). Field descriptions for each table are provided 
in Supplementary Table 2. Most fields are consistent with those in the JSON-ZIP dataset, with the exception of 
those in the Submit table, which are specific to the database.

TreeHub offers flexibility for users by providing data in two formats: JSON-format data with compressed tree 
files, and a PostgreSQL database backup. The database backup can be directly import into PostgreSQL (14.0 or 
newer). The JSON-format dataset contains the following JSON or ZIP-compressed files: (1) Paper.json: This file 
contains metadata for phylogeny-related publications in standard JSON format. Each record is uniquely identi-
fied by the publication’s DOI number, and the corresponding phylogenetic tree files are listed in the “tree_files” 
field.” (2) Tree.json: This compressed archive contains phylogenetic trees in Newick format. The filenames within 
the archive correspond to the phylogenetic tree IDs referenced in the JSON files. (3) Tree.zip: The file com-
pressed archive containing phylogenetic trees in Newick format, and the filenames correspond to the phyloge-
netic tree IDs referenced in other JSON files.

Technical Validation
To ensure the reliability of the taxonomic or species, we engaged experts in evolutionary biology to review the 
taxonomic information for each publication. These experts were given links to the publications and were tasked 
with evaluating the assigned taxonomy, including cases where the algorithm was unable to make an assignment.
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The results indicated that when two methods assigned same taxonomy name for a record, the accurate rate 
of the taxonomic name was 100%. For names determined solely based on publication information, the accuracy 
rate was 95.8%, with errors mainly arising from ambiguous genus names. For example, Mya refers to a genus of 
saltwater clams but also stands for an abbreviation for “Million years” in a paper about butterflies35. Surprisingly, 
taxonomic names identified exclusively from phylogenetic trees had a low accuracy rate of 7.7%, often identi-
fying a lower taxonomic level within the actual taxon (e.g., assigning “Leptotila” when the correct taxon was 
the broader class Aves)36. Besides, the program failed to assign taxonomic names to 20.9% of the papers due 
to several factors: the papers encompassing diverse organisms across multiple kingdoms; some studies utilized 
simulated phylogenetic trees; certain trees lacked identifiable species or taxonomic names. All erroneous, par-
tially correct, or missing taxonomic information was carefully reviewed and corrected by experts through a 
thorough examination of the full text of each publication. Consequently, the dataset presented in this study is a 
verified version.

Usage Notes
Whether accessing the dataset via JSON or the database, we recommend users employ scientific names (rather 
than common names) for taxon queries. For users working with the JSON-ZIP dataset and performing complex 
downstream analyses, we recommend parsing text records using UTF-8 encoding for enhanced international-
ization support. Database users are encouraged to utilize pgAdmin (https://www.pgadmin.org/) as a client for 
simplified data querying and export.

Code availability
All the code used to generate this dataset is openly accessible on GitHub: https://github.com/wpwupingwp/tree_
crawler. The scripts are written in Python and are designed to be cross-platform compatible.
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Matrix

PK matrix_id INTEGER

title VARCHAR(255)

description VARCHAR(255)

fasta TEXT

upload_date DATE

Taxonomy

PK tax_id INTEGER

name_txt VARCHAR(255)

unique_name VARCHAR(255)

name_class VARCHAR(32)

genus_id INTEGER

family_id INTEGER

order_id INTEGER

Study

PK study_id INTEGER

author VARCHAR

year INTEGER

title VARCHAR

journal VARCHAR(255)

isbn VARCHAR(35)

keywords VARCHAR(255)

abstract TEXT

url VARCHAR(255)

doi VARCHAR(100)

TreeFile

PK treefile_id INTEGER

tree_id INTEGER

nexus TEXT

newick TEXT

phyloxml TEXT

upload_date DATE

Submit

PK submit_id INTEGER

email VARCHAR(255)

date DATETIME

user_id INTEGER

tree_id INTEGER

treefile_id INTEGER

study_id INTEGER

matrix_id INTEGER

cover_img BLOB

taxa_id INTEGER

Tree

PK tree_id INTEGER

root INTEGER NOT NULL

tree_label VARCHAR(255)

tree_title VARCHAR(255)

tree_type VARCHAR(30)

tree_kind VARCHAR(30)

tree_quality VARCHAR(30)

study_id INTEGER

upload_date DATE

Fig. 2  Structure of the database of TreeHub. The database includes six main tables and other auxiliary tables. 
PK represents the primary key of each table, which is the unique number of each record in the table. The tables 
are one-to-one associated through primary keys.
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