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ABSTRACT

Since the official release of the stand-alone bioinformatics toolkit TBtools in 2020, its superior functionality

in data analysis has been demonstrated by its widespread adoption by many thousands of users and ref-

erences in more than 5000 academic articles. Now, TBtools is a commonly used tool in biological labora-

tories. Over the past 3 years, thanks to invaluable feedback and suggestions from numerous users, we

have optimized and expanded the functionality of the toolkit, leading to the development of an upgraded

version—TBtools-II. In this upgrade, we have incorporated over 100 new features, such as those for

comparative genomics analysis, phylogenetic analysis, and data visualization. Meanwhile, to better meet

the increasing needs of personalized data analysis, we have launched the plugin mode, which enables

users to develop their own plugins and manage their selection, installation, and removal according to indi-

vidual needs. To date, the plugin store has amassed over 50 plugins, withmore than half of thembeing inde-

pendently developed and contributed by TBtools users. These plugins offer a range of data analysis options

including co-expression network analysis, single-cell data analysis, and bulked segregant analysis

sequencing data analysis. Overall, TBtools is now transforming from a stand-alone software to a compre-

hensive bioinformatics platform of a vibrant and cooperative community in which users are also developers

and contributors. By promoting the theme ‘‘one for all, all for one’’, we believe that TBtools-II will greatly

benefit more biological researchers in this big-data era.
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INTRODUCTION

Bioinformatic data analysis has become an indispensable part of

biological research. Different research projects have distinct data

analysis needs. To handle massive amounts of biological data,

researchers need to master the use of numerous bioinformatics

software, especially those only available under a command-line

environment, and assemble them into a practical workflow. This

presents a great challenge for most wet-lab researchers and bi-
Molecula
ologists. To ease this predicament, we published the first version

of TBtools software (Chen et al., 2020), which includes over 130

featured functions. It provides a viable option for researchers

and is widely used in the biology community. In recent years,

the field of plant genomics and bioinformatics has undergone
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significant advancements. For instance, an increasing number of

Telomere-to-Telomere (T2T) and haplotype-resolved genomes

have been released, making genome-based research and

comparative genomics more feasible for various plant species

(Naish et al., 2021; Sun et al., 2022; Shang et al., 2023; Shi

et al., 2023). In response, the TBtools software has undergone

continuous updates and adaptations to remain at the forefront

of these developments.

To date, TBtools has been installed and used onmany thousands

of computers, and the toolkit has been referenced in more than

5000 academic articles. With the growth of the TBtools user com-

munity, we constantly receive feedback and suggestions fromour

daily interactionswith users,most of whomare frontline biological

researchers. We have come to realize that a dilemma is arising in

biological data analysis. On the one hand, different users have

distinct demands for data analysis. They want to do personalized

analysis given the specific biological process in which they are

interested. Each researcher desires specific data analysis tools

or workflows to retrieve the best results. Therefore, we have

been asked to incorporate more and more functions into TBtools

to meet the increasing demands of this type of personalized data

analysis, for instance, analysis of different next-generation

sequencing data generated from various sequencing strategies,

such as chromatin immunoprecipitation sequencing, DNA affinity

purification and sequencing, and bulked segregant analysis

sequencing (BSA-seq). On the other hand, the development and

addition of new features to TBtools (over 100 since the initial

publication) hasmade the toolkit overlymultifaceted and cumber-

some, diluting its original focus on functions of broad interest and

demand. This in turn hasmade it difficult for users toquickly locate

the functions they need. Furthermore, an increase in the size of the

stand-alone software would create complications in terms of dis-

tribution, installation, and employment. To alleviate this dilemma,

we developed an updated version, TBtools-II, in which we have

added a range of new features including a plugin mode. This

mode enables users to develop their own plugins and manage

their installation, selection, and removal according to their needs.

We have extensively tested these new features and plugins. They

have proven to be a valuable addition to TBtools and will benefit

the growing plant biology user community.
RESULTS

Function enhancements

Thanks to valuable feedback and suggestions from users, we

have not only improved the current functionalities of TBtools

but have also added a number of innovative features spanning

diverse topics, including genomic data analyses, comparative

genomics, phylogenetics, omics data analysis, and graphics

configuration (Table 1).
BLAST Zone: A new function for advanced comparative
genomic analysis

Although there are several BLAST-based tools available for

comparing two sequences or sequence files, including those pre-

sent in the first release of TBtools, there is still room for further

improvement. These tools often require resetting or rebuilding of

the BLAST database and do not support concurrent querying

against multiple BLAST databases at once. We have resolved
1734 Molecular Plant 16, 1733–1742, November 6 2023 ª 2023 The Au
these issues bydeveloping the ‘‘BLASTZone’’ function, which en-

ables users to store and manage BLAST databases using a tree-

like directory system. Users are able to select multiple BLAST da-

tabases at once and conduct sequence blasting across a few

sequence libraries from various species. Additionally, a compan-

ion function, phylogenetic tree construction, has also been inte-

grated, enabling the creation and visualization of an evolutionary

tree for the sequences obtained from BLAST searches.

In addition, we often encounter requests to search for the best ho-

mologous gene from a species of interest for a given gene with a

well-studied function. BLAST merely provides a list of homologs

sortedbybit scores/e-values,withoutconsidering thephylogenetic

relationship. Although a few other tools like OrthoMCL (Li et al.,

2003) and Orthofinder (Emms and Kelly, 2019) have been

designed for similar purposes, they only support Unix-based oper-

atingsystemsandoften requireprotein searchesatagenome-wide

level, which usually takes a remarkable amount of processing time.

A new function named ‘‘Find the Best Homology’’ has been intro-

duced in TBtools-II, enabling the identification of the homologous

genes in a specified species for a target sequence within seconds.

This function calls BLASTP (Camacho et al., 2009) for bidirectional

protein sequence alignment and employs MUSCLE (Edgar, 2004),

trimAl (Capella-Gutierrez et al., 2009), and IQ-TREE2 (Minh et al.,

2020) for the construction of a maximum-likelihood tree. This

function is extremely useful for researchers working on non-

model plants to locate orthologs for genes of interest reported in

model species.

Streamlined evolutionary and selection analysis

Phylogenetic tree construction is a common task in molecular

biology. Normally, it includes several steps, including sequence

acquisition, multiple sequence alignment, alignment trimming,

substitution model selection, and ultimately tree reconstruction,

which can be quite laborious. TBtools-II includes an easy-to-use

function ‘‘One Step ML Tree’’, which seamlessly integrates

MUSCLE (Edgar, 2004), trimAl (Capella-Gutierrez et al., 2009),

and IQ-TREE2 (Minh et al., 2020) in a sequential workflow.

Additionally, it comes with an illustration module for visualizing

the resulting phylogenetic tree. In addition, evolutionary selection

pressure for gene pairs can also be evaluated in TBtools-II. In the

functionnamed ‘‘AdvancedKa/KsCalculator’’,we implementNee-

dleman–Wunsch alignment (Needleman and Wunsch, 1970) and

the Ka/Ks calculation algorithm (Nei and Gojobori, 1986) with

pure Java code for both concurrent and high-throughput selection

pressure analysis.

Optimized data visualization functionality

In addition to newly developed analysis functions, TBtools-II has

undergone extensive optimization in terms of data visualization.

Typically, users prefer to use pre-existing templates for graph

preparation, if available, and save intermediate files for future

use. TBtools has tailored solutions for these data visualization

needs. In particular, for heatmaps and gene location maps, which

often require modification or updating of datasets, TBtools-II

supports the export and import of plot parameter files. This

feature allows users to reuse previously defined parameters to

prepare charts with a style similar to that used previously. For

larger-scale visualization projects, such as Circos plots, TBtools

has an instant archive mechanism for intermediate files to
thor.



Class Functions

Genomic data analyses GXF Rename/Fix/Stat/Patch/Select

Fasta Window Stat

Gene Density Profile

SSR Miner

Quick Protein Anno

Protein Parameter Calc

Phylogenetics One Step ML Tree

Needleman–Wunsch Alignment

Advanced Ka/Ks Calculator

Protein Pairwise SimilarityMatrix

Comparative genomics BLAST Zone

Find the Best Homology

PAF Viz

One Step MCScanX-Super Fast

Quick Genome Dot Plot

Omics data analysis TAU Calc

Expression Correlation Calc

Volcano Plot

DEGs Dist Plot

SAM/BAM/CRAM BIN Cov

VCF BIN Cov

Admixture Q Matrix Viz

Graphics configuration Heatmap Config

Gene Location Config

Advanced Circos Project

Table 1. List of several enhanced functions in TBtools-II.
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facilitate their saving, sharing, and reutilization on different com-

puters. For instance, in the ‘‘Advanced Circos’’ function, all inter-

mediate files are storable, distributable, and reusable (Chen

et al., 2022).
Overview of the plugin mode in TBtools-II

Vision of ‘‘one for all, all for one’’

TBtools has been widely embraced since its initial public rel-

ease because of its exceptional ease of use (with a user-friendly

interface), comprehensive functionality, and powerful interactive

capabilities. TBtools now boasts a community of many thousands

of researcherswho rely on the toolkit to fulfillmost of their daily data

analysis needs, such as sequencemanagement, routine next-gen-

eration sequencing data mining, and graph preparation. TBtools

has become an indispensable bioinformatics tool in biological

labs, especially for wet-lab-based biologists.

However, nomatter how powerful modern data analysis software

are, it is impossible for any one program to meet all needs of all

users. TBtools is no exception. While the standardized upstream

bioinformatics is well established, downstream analysis varies

greatly depending on individual researcher needs. Personalized

data analyses require customized tools with adjustable parame-

ters. We have recently launched a new plugin mode in TBtools-II
Molecula
(Figure 1A). Specifically, we have developed specific functions as

dispensable plugins to cater to non-widespread demand. This

feature enables users to acquire and remove plugins as needed.

In addition, high-quality software cannot be developedwithout an

active user community. Users are the best resources for software

development. Thus, we encourage TBtools users with strong bio-

informatics skills to contribute their scripts, pipelines, or tools as

independent TBtools plugins, which can be shared and distrib-

uted throughout the TBtools community.

The theme of TBtools-II is ‘‘one for all, all for one’’ (我为人人,人人

为我) (Figure 1A). We believe that as a powerful and

comprehensive biological toolkit, TBtools-II is more than just a

software—it is a growing open platform that can provide a one-

stop solution to a diverse range of biological data analysis needs.

We want to emphasize that all TBtools users are not just utilizing

the tool but also actively contributing to its development. We ap-

peal to our users: let us work together to make TBtools-II the best

it can be for everyone.

From a toolkit to a platform

With the plugin mode, users can download and install specific plu-

gins fromtheTBtoolspluginstoreaccording to their researchneeds

(Figure 1B). If a plugin is no longer needed, users can also delete

it easily. To date, the TBtools plugin store has more than 50

featured plugins (Supplemental Table 1), and this has significantly

expanded the functionality of the toolkit. There are plugins

available for simple text processing, such as ‘‘Fastq to Fasta’’,

and for quick batch gene function annotation, such as ‘‘Quick

Protein Anno’’, as well as for primer batch design and specificity

evaluation, such as ‘‘Batch Primer Design’’ and ‘‘Primer Check’’.

Other plugins, such as ‘‘DESeq2 GUI Wrapper’’, are designed for

gene differential expression analysis, alongside BSA-seq and

chromatin immunoprecipitation sequencing analysis-related

workflows.Notably, theseplugins canbeused inUnix-basedoper-

ating systems as well as in Microsoft Windows directly without the

need to install Windows Subsystem for Linux 2 or virtual machines.

In addition, the plugin store also has several functions for data visu-

alization, such as ‘‘Bar Plot’’, ‘‘Bubble Plot’’ and ‘‘Sankey Plot’’.

Overall, the plugin mode is elevating TBtools from a basic toolkit

to a comprehensive bioinformatics platform.

From user to developer

The TBtools user community continues to grow, and we often

receive inquiries from skillful users asking if TBtools can support

the functions in which they are interested. Some of these users

are well-trained bioinformaticians with experience in developing

established bioinformatics tools or pipelines. Their primary goal

is to spread their tools to a wider audience, alleviate their daily

data analysis workload, streamline their analysis procedures, or

assist the instruction and transmission of skills within their labora-

tories. To meet these needs, we have developed the ‘‘CLI Pro-

gram Wrapper Creator’’ plugin, which enables users to package

almost any command-line software, pipeline, or script (in pro-

gram languages such as Java, Python, Perl, and R) into a

TBtools-based plugin with a user-friendly graphical interface.

They simply need to list the necessary parameters in a form

(Figure 1C). This plugin enables easy and real-time update inter-

face design and saving of intermediate files. Users can also easily

export the plugins they create for rapid sharing and distribution.

Given the rich resource of bioinformatics tools written in R,

another plugin named ‘‘R Plugin Demo’’ is specifically designed
r Plant 16, 1733–1742, November 6 2023 ª 2023 The Author. 1735



Figure 1. The plugin mode launched in TBtools-II.
(A) By launching the innovative plugin mode in TBtools-II, we aim to foster an active and cooperative community of users, developers, and authors who

share in the theme of ‘‘one for all, all for one’’. Translations of ‘‘one for all, all for one’’ in Chinese, Latin, French, German, and Spanish are included.

(B) Plugins in the TBtools-II plugin store are organized in a tree-like structure, with plugin identifiers and names on the left and a detailed description of the

main function on the right. Users can easily install, open, and remove plugins according to personal needs.

(C) The ‘‘CLI ProgramWrapper Creator’’ plugin was developed for packaging scripts, command-line programs, and pipelines into a plugin compatible with

TBtools-II. User-defined parameters and changes in the designing interface on the right trigger instant refreshes in the prototype testing interface on the left.
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to convert existing R scripts into graphical plugins in TBtools. For

these plugins adopted from published tools or pipelines, ac-

knowledgments and references will be credited to their original

developers with the citation information of the original work pro-

vided when users use the plugin.

To date, more than half of the plugins available in the TBtools plu-

gin store have been developed and released to the public volun-

tarily by advanced TBtools users. As such, more and more users

are becoming developers of the toolkit, resulting in a thriving and

self-motivated user community.

Featured R plugins

To highlight the powerful capabilities of the TBtools plugin mode,

three user-developed plugins, which have already been em-

ployed and extensively used in the community, were selected

for demonstration.

1) Gene differential expression analysis is one of the most

common tasks in data analysis. The ‘‘DESeq2 GUI
1736 Molecular Plant 16, 1733–1742, November 6 2023 ª 2023 The Autho
Wrapper’’ plugin (Figure 2A) was designed specifically for

this purpose. It encompasses an R script that makes use

of the widely used DESeq2 package (Love et al., 2014)

for data analysis and the ggplot2 package (Wickham,

2016) for data visualization. Using this plugin, users can

now easily perform gene differential expression analysis

among multiple datasets with simple button clicks.

2) Recently, gene co-expression analysis has becomemore and

more popular. The plugin ‘‘WGCNA Shiny’’ (Figure 2B) was

developed for this. This plugin employs the Shiny module in

R to provide a user-friendly, interactive interface for the

WGCNA (weighted gene co-expression network analysis)

package (Langfelder and Horvath, 2008). By utilizing this

plugin, users are able to perform almost all gene co-

expression analyses with ease. It is worth noting that the

author of this plugin drew inspiration from the iterative

WGCNA package (Greenfest-Allen et al., 2017) and

incorporated a similar iterative co-expressionmodule analysis

into theplugin.This featureoften leads tobetter aggregationof

gene modules.
r.



Figure 2. Three R plugins of TBtools-II contributed by users.
(A) A volcano plot shows expression changes of differentially expressed genes analyzed by the ‘‘DESeq GUI Wrapper Panel’’ plugin.

(B)Ascreenshot displaying thepartitioning of co-expressedgenemodules generatedbygene co-expression network analysis using the ‘‘WGCNAShinyApp’’ plugin.

(C) Screenshot of segregated cell types and marker genes identified from single-cell transcriptome analysis using the ‘‘Seurrat ShinyApp’’ plugin.
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3) Single-cell transcriptomics is a rapidly developing field in

plant biology, and the analysis of such data can be com-

plex and challenging. The commonly used R language pro-

gram package ‘‘Seurat’’ (Hao et al., 2021) was transformed

into a TBtools plugin named ‘‘Seurat Shiny’’, providing

users with a user-friendly, easy-to-use function for single-

cell transcriptome data analysis (Figure 2C).

Plugins for post-genomic-era data analyses

As plant biology research advances into the post-genomic era,

vast amounts of sequence resources, such as whole-genome re-

sequencing data, are becoming readily available. Making profi-

cient use of these public resources can greatly accelerate

scientific research and crop breeding. Therefore, we have devel-

oped a series of TBtools plugins, which empower TBtools users to

conduct more data analysis tasks on their local computers.

Rapid development of molecular markers

Molecular marker-assisted breeding has been widely applied in

the breeding of several major crops—including rice, maize, and

wheat—and has yielded highly promising results. However, the
Molecula
development of practical and effective molecular markers has

been a persistent challenge, often requiring a significant in-

vestment of both time and resources. Fortunately, with the

growing availability of genome sequencing and high-throughput

sequencing data, we now have an unprecedented opportunity

to harness these resources and accelerate progress in breeding

programs.

In TBtools-II, we have developed the ‘‘SSRMiner’’ (SSR stands for

simple sequence repeat) function for the rapid and efficient identi-

fication of SSR loci at the whole-genome level (Figure 3A). To

compare two genome sequences of two species or two haploids,

users can also apply the ‘‘Genome VarScan’’ plugin to quickly

identify structure variation regions (Figure 3B). The ‘‘Batch Target

Region Primer Design’’ plugin can be used for batch design of

PCR primers specific to the obtained SSR loci and structure

variation regions (Figure 3C), and the ‘‘Primer Check’’ plugin

allows users to simulate PCR experiments and generate in silico

gel images, making it straightforward to visually assess the

specificity or polymorphism of the primers (Figure 3D).
r Plant 16, 1733–1742, November 6 2023 ª 2023 The Author. 1737



Figure 3. Advanced plugins for post-genomics data analysis in TBtools-II.
(A) The ‘‘SSR Miner’’ plugin offers a robust and reliable method for the identification of SSR loci from a single sequence dataset.

(B) The ‘‘Genome VarScan’’ plugin supports the detection of structure variation between two sequence datasets.

(C) The ‘‘Batch Target Region Primer Design’’ plugin enables primer design in batches.

(D) The ‘‘e-Gel Image’’ plugin generates in silicogel image of predicted PCR products.

(E) A brief workflow for the rapid calling of SNPs from resequencing data in TBtools-II.

(F) The interface of the ‘‘QTLseqr GUI Wrapper’’ plugin is shown along with exemplary results generated from BSA-seq data analysis.
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Similarly, with the advancement of high-throughput sequencing

technologies, nearly all laboratories can afford the cost of

whole-genome sequencing. Investigating the genomic differ-

ences of self-sequenced materials against publicly available re-

sources is becoming a routine task. In TBtools, three plugins,

i.e., BWA-MEM2 GUI Wrapper (Li, 2013; Vasimuddin et al.,

2019), SAMtools GUI Wrapper (Li et al., 2009), and BCFtools

GUI Wrapper (Danecek et al., 2021)/Freebayes GUI Wrapper

(Garrison and Marth, 2012), can be used in sequence to quickly

and accurately identify genomic variations (Figure 3E). This

set of plugins is especially beneficial for small research groups

that focus on molecular marker-assisted breeding. Using

the ‘‘QTLseqr GUI Wrapper’’ plugin (Mansfeld and Grumet,

2018), users can also easily conduct BSA-seq data analysis
1738 Molecular Plant 16, 1733–1742, November 6 2023 ª 2023 The Au
on a personal computer (Figure 3F), as shown using test data

below.

Demonstration of BSA-seq data analysis

To demonstrate the diverse and practical functionalities of

TBtools plugins, we utilized a publicly available sequencing data-

set from tomato (Soyk et al., 2019) as an illustrative example to

introduce the BSA-seq data analysis workflow in a stepwise

manner.

Firstly, users can use the ‘‘BWA-MEM2 GUI Wrapper’’ plugin to

perform read alignment (Figure 4A). The tomato reference

genome sequence can be downloaded from the SGN database

(Fernandez-Pozo et al., 2014), while the sequencing data can

be obtained from the NCBI SRA database. After selecting the
thor.
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genome sequence and sequencing data, users can set the

number of threads, such as four, and specify a working

directory, then simply click ‘‘Start’’ and wait for the program to

finish. Subsequently, two corresponding alignment result files in

BAM format will be generated.

Generally,mutationdetection software requires the read alignment

results to be sorted by genomic position with duplicates removed.

This can be achievedby using the ‘‘SAMtoolsGUIWrapper’’ plugin

(Figure 4B). Two modes, ‘‘SAM/BAM/CRAM Sorting’’ and ‘‘Mark

Duplicates’’ can be used sequentially. The input file is the BAM

file obtained from the previous step. The user should specify a

working directory and the number of available threads and then

click ‘‘Start’’. This process will finally generate a read alignment

file with the suffix ‘‘.sorted.markdup.bam’’.

Afterward, the user can choose to use either the ‘‘BCFtools

Variant Calling GUI Wrapper’’ or the ‘‘Freebayes GUI Wrapper’’

plugin for whole-genome mutation detection and filtering

(Figure 4C). Usage of the two plugins is similar, with the user

setting the reference genome sequence, inputting the sorted

and deduplicated read alignment result file, specifying the

output file path, setting the number of threads and ploidy, and

then clicking ‘‘Start’’ to complete the analysis. To filter mutation

sites, the user can simply adjust the mode of the BCFtools GUI

Wrapper plugin to ‘‘SNP Filtering’’ and then set corresponding

files and parameters as prompted by the interface.

Finally, the user inputs the obtained high-quality mutation site file

into the ‘‘QTLseqr GUI Wrapper’’ plugin (Figure 4D), sets the

sample IDs and the numbers of individuals in the two pool

samples, provides the output directory, and adjusts other

parameters as needed. After clicking ‘‘Start’’, the user will

obtain the corresponding quantitative trait locus site

information table and resultant figures (Figure 3F).

DISCUSSION

Since its official public release in 2020, TBtools has been used by

hundreds of thousands of researchers and has gained far more

attention than expected. Over the past 3 years, we have strived

to deliver a great user experience while refining the data analysis

efficiency of TBtools. The core functionality has been optimized

and upgraded by the incorporation of more than 100 new func-

tions, resulting in this upgraded version—TBtools-II. As an inte-

gral part of this upgrade, we introduced the plugin mode to better

meet personalized data analysis needs. Although there are

methods available for quickly packaging command-line tools,

such as PyQT, wxPython, and Perl/Tk, they often require users

to be proficient with a programming language. TBtools-II sim-

plifies this process with its plugin ‘‘CLI Program Wrapper

Creator’’, making it easy for users to develop plugins in a stan-

dardized manner. Now, an increasing number of TBtools users

are taking part in the development of TBtools plugins, creating
Figure 4. Demonstration of the streamlined workflow of BSA-seq an
(A)The ‘‘BWA-MEM2 GUI Wrapper’’ plugin is used for read alignment.

(B)The ‘‘SAMtools GUI Wrapper’’ plugin is designed for sorting alignment res

(C)The ‘‘VCFtools GUI Wrapper’’ plugin is developed for the identification of v

(D)The ‘‘QTL interval detection’’ plugin is used for the detection of QTLs.

The numbers in each screenshot correspond to the numbered operation step
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a supportive and collaborative ecosystem for all TBtools users.

This ‘‘one for all, all for one’’ concept is transforming TBtools

into a dynamic user-oriented bioinformatics platform.

Nowadays, bioinformatics analysis faces challenges from the

growing size of sequencing data and the amount of data that

require processing in a single analysis. Large amounts of data

often require large computation resources, which is usually

beyond the capacity of local personal computers. In order to

meet the demands for heavy computing power, large web-

based analysis platforms with substantial computation capacity

have been developed. The best example in the field of biology is

the Galaxy platform (Giardine et al., 2005), which has been

popularly used, especially for data-intensive biomedical

research. But as we know, nothing interesting is ever

completely one-sided. Web-based platforms have their own

shortcomings. First, web-based applications might suffer from

unstable networks or low internet speed, which affects the

distant transfer of big data. Besides, there are always concerns

regarding data safety during data transfer, such as data leaks,

illegal usage, and data integrity. Moreover, online platforms

often bear a heavier maintenance burden because of the need

to keep up with frequent upgrades in network infrastructure or

changes in internet usage policies, thus requiring more labor

and continuous financial support. In contrast, high-density

computing resources are not usually required for most common

biological data analysis tasks in wet labs. Local implementation

is more convenient and safer, eliminating the need for remote

data transfer. As a stand-alone software primarily used on per-

sonal computers, TBtools-II excels in this respect, providing a

reliable and stable solution for daily data manipulation and anal-

ysis of small- or moderately sized datasets. All its functions and

plugins can be operated offline. Even without long-term mainte-

nance in the future, users can continue to employ and extend

this software as needed. In summary, we believe that TBtools-

II is not a replacement for any existing tool or platform but rather

serves as an additional supplement to meet the diverse de-

mands of researchers for convenient and efficient biological

data analysis.
DATA AND CODE AVAILABILITY

TBtools-II is freelyavailable tonon-commercialusersathttps://github.

com/CJ-Chen/TBtools/releases. Demo data can be freely down-

loaded from https://tbtools.cowtransfer.com/s/631b6a609d354e.

All tests were conducted using six threads, with a peak memory

footprint at around 12 GB on a personal computer with a single In-

tel Core i5 processor (12600KF), 16 GB RAM, and 500 GB storage

space and jobs completed in less than 5 h.
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