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Introduction 

The gcMeta database represents a comprehensive global resource for metagenome-

assembled genomes (MAGs), integrating over 2.7 million MAGs from 104,266 

samples covering more than 50 categories of biomes, covering human, animal, plant, 

marine, freshwater and extreme environments. The platform further enables cross-

ecosystem functional comparisons, revealing niche-specific metabolic pathways and 

stress-response genes. Additionally, gcMeta provides AI-ready datasets with 

standardized annotations for microbial biogeochemical cycle metabolism enzymes, 

defense systems, and other functional modules, supporting machine learning 

applications. gcMeta also provides convenient tool for metagenome-assembled genome 

(MAG) analysis and offers customized analysis functions. This resource bridges 

microbial "sequence discovery" to "functional utilization", offering a foundation for 

ecological studies, industrial applications, and novel gene discovery.  

gcMeta User Interface 

Homepage 

In the gcMeta homepage, we provide statistics and retrieval links of basic datasets, 

which mainly include number of total MAGs, species-level representative MAGs, as 

well as bioproject, biosample, and runs information associated with metagenomic 

samples. In the "Featured Resources" section, first two sections respectively enable the 

mining of functional keystone taxa and functional genes under different catalogues, as 

well as comparative analysis between catalogues. Meanwhile, various types of AI-

ready datasets have been developed. Furthermore, "Biome Catalogues" provide access 

to the global distribution of sampling locations from each catalogue. Clicking on the 

corresponding catalogue allows access to the catalogue homepage. 
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Advanced Search 

The ‘advanced search’ function allows users to conduct one or multiple criteria searches 

of manually curated metadata related to (i) catalogue, including catalogue group and 

catalogue name; (ii) Organism, including different species taxon levels of the GTDB or 

NCBI classification system and NCBI taxonomy ID; (iii) sample information, including 

host, isolate source, country, bioproject, biosample and run. 
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Data 

Sample Information: Project, Samples, Runs 

On the pages related to BioProject, BioSample, and Runs, genome information 

associated with them is provided. Filtering by Biome is supported, and mutual 

navigation between these pages is available. 
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Genome Information  

Species-level representative MAGs under catalogues 

Overview 

In the overview section, gcMeta provides statistics on species distribution across 

different taxonomy ranks for each catalogue. Hovering the mouse over the heatmap 

grid cells or bar chart bars allow viewing of specific values. 

 

Genomes List 
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In the “Genomes List” section, queries for genomes of relevant species can be 

conducted by species taxonomic hierarchy or catalogue classification. Under 

Taxonomy, we also provide filtering options for Bacteria, Archaea, and novel species. 

 

All MAGs under catalogues and Total MAGs 

In both sections, filtering is supported by Biome, Taxonomy, Accession, BioProject, 

BioSample, or Run. Users can view the basic information of all corresponding MAGs 

according to their needs, and the function of selecting and downloading the list is 

available. 

 

Genome details page 
Regardless of which interface in gcMeta the genome id is clicked from, it will navigate 

to the detail page of that genome. This webpage is mainly divided into two sections. 

One is the “Overview”, which includes genome information, genome annotation 

statistics, and genome components; the other is the “Annotation database”, which 

contains the CDS distribution in the database and a list of annotation result categories, 

serving to display various functional annotation results of the genome. Each genome, 
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including assembly information, the species cluster it belongs to, taxonomy, as well as 

the positional distribution of each gene on the genome and their functional annotation 

results, is recorded and displayed in this section. 
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Function Module 

The "Function Module" provides users with a platform for free filtering and comparing 

species composition and functional diversity across different MAGs catalogues.  

Furthermore, users can also input terms to retrieve a specific taxon. In terms of 

functional comparison, this platform supports statistical comparison of 7 major 

functional categories, including ARGs, VFs, KEGG pathways, BGCs, CAZymes, 

MGEs, and defense systems. For each functional category, it provides comparisons of 

the distribution of functional genes based on different subgroups under that function, 

such as ARGs under different drug classes or metabolic genes under different pathway 

modules. Additionally, the platform enables taxonomic retrieval and statistical 

comparison of each specific functional gene or gene cluster. 

Taxonomy Abundance 

The "Taxonomy Abundance" supports retrieval based on either the GTDB or NCBI 

taxonomic system and allows filtering at various levels from phylum to genus. 
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Antibiotics Resistance Genes (ARGs) 

Statistical comparison of the overall annotation results of antibiotic resistance genes 

(ARGs) across different catalogues. It supports the free selection of different catalogues 

to compare the distribution of species of each specific ARG across catalogues. By 

clicking on the numbers, users can obtain the corresponding list of species genomes. 

Detailed information can also be obtained by clicking on the "ARG ID". 

 

KEGG Pathway 

Statistical comparison of the overall annotation results of KO genes across different 

catalogues under KEGG orthology or modules. It supports the free selection of different 

catalogues to compare the distribution of species of each specific KO gene across 

catalogues. By clicking on the numbers, users can obtain the corresponding list of 
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species genomes. Detailed information can also be obtained by clicking on the "KO 

catagory". 

 

Virulence Factors (VFs) 

Statistical comparison of the overall annotation results of VF genes across different 

catalogues. It supports the free selection of different catalogues to compare the 

distribution of species of each specific VF gene across catalogues. By clicking on the 

numbers, users can obtain the corresponding list of species genomes. Detailed 

information can also be obtained by clicking on the "VF ID". 
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Carbohydrate-Active enZYmes (CAZy) 

Statistical comparison of the overall annotation results of carbohydrate-active enzyme 

genes across different catalogues. It supports the free selection of different catalogues 

to compare the distribution of species of each specific enzyme gene across catalogues. 

By clicking on the numbers, users can obtain the corresponding list of species genomes. 

Detailed information can also be obtained by clicking on the "Enzyme ID". 
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Biosynthetic Gene Clusters (BGCs) 

Statistical comparison of the overall annotation results of BGCs across different 

catalogues. It supports the free selection of different catalogues to compare the 

distribution of species of each specific BGC across catalogues. By clicking on the 

numbers, users can obtain the corresponding list of species genomes. Detailed 

information can also be obtained by clicking on the "BGC ID". 
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Mobile Genetic Elements (MGEs) 

Statistical comparison of the overall annotation results of MGEs (IS, ICE,IN, Plasmid 

and Transposons) across different catalogues. It supports the free selection of different 

catalogues to compare the distribution of species of each MGE across catalogues. By 

clicking on the numbers, users can obtain the corresponding list of species genomes. 

Detailed information can also be obtained by clicking on the "MGE ID". 
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Defense Systems 

Statistical comparison of the overall annotation results of defense systems across 

different catalogues. It supports the free selection of different catalogues to compare 

the distribution of species of each specific defense system across catalogues. By 

clicking on the numbers, users can obtain the corresponding list of species genomes. 

Detailed information can also be obtained by clicking on the "Defense system ID". 
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MAGs catalogues across different biomes 

Each catalogue homepage is divided into four main sections, including an overview, 

genome list, taxonomy tree, and annotation.  

Overview 

The overview section presents the distribution of annotated and novel species across 

different taxonomic ranks within the catalogue, as well as the overall annotation status 

of all species genomes in the catalogue. The numbers in the figures and tables link to 

the corresponding genome lists or detailed annotation result lists, respectively. Clicking 

on the database name in the table will navigate to the annotation section under the 

catalogue.  

Genomes list 

Genomes list section provides the distribution of genome counts within the catalogue, 

as well as basic information of species-level representative genomes, including 

assembly quality information, the number of genomes in the corresponding species 
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cluster, taxonomy, and the source database of the genome. A GTDB-based taxonomy 

tree for each catalogue is available on the website enabling users to locate genomes 

from taxa of interest.  

Annotation 

The annotation section provides statistical displays of functional annotation results for 

all species-representative genomes in the catalogue, including the distribution of the 

number or different classes results at the phylum level, as well as detailed information 

for each annotation result. This includes descriptions of the annotation results, 

classifications, the species they originate from, and the specific gene loci involved. All 

numerical information herein can be clicked to navigate to the detailed list. 
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Feature resources 

Featured Resources comprises three main modules: functional keystone taxa, genes 

across different catalogues, and AI-ready datasets. 

Functional keystone taxa 

By integrating genomic features and co-occurrence networks, “Functional keystone 

taxa” aims to identify ecosystem-critical microorganisms and to reveal their roles in 

biogeochemical cycles (e.g., N/S metabolism) and environmental adaptation (e.g., 

salinity/heavy metal resistance), thereby enabling the transition from sequence 

discovery to functional utilization. This section includes interactive network analysis, 

which synchronously presents the distribution of key functional genes within taxa and 

the distribution of key species across different catalogues. 
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Genes across different catalogues 

In the “Genes across different catalogues” section, we have enabled analysis of the 

distribution of functional genes in non-redundant gene sets. Users can perform 

statistical comparisons of non-redundant gene sets across different catalogues via the 

"conditional retrieval" function under the overview of "Gene sets".  

 

These comparisons include the distribution of functional enzymes and novel genes, as 

well as their annotation results in various functional databases. With a single click, users 

can obtain a detailed list of genes.  

 

Meanwhile, based on core species, we have achieved cross-ecosystem functional gene 

mining and comparative analysis from multiple perspectives. Users are allowed to 

freely select interested catalogues, metabolic pathways or functional genes under the 

"conditional retrieval" of "Prevalent genes", realizing the comparison of shared and 

unique genes among the core species under these catalogues, and can obtain the detailed 

list of genes by clicking. This provides a systematic reference for revealing the diversity 
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of microbial ecological adaptive functions, as well as for the discovery of novel 

biological functional elements and the application of unique functional genes. 

 

 

 

In addition, the "Search" function provides personalized retrieval of different 

catalogues and different functional genes, enabling the comparison of species 

distribution of functional genes across catalogues. 
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AI-ready datasets 

In “AI-ready datasets” section, we offer standardized, quality-controlled datasets, pre-

annotated functional categories (biogeochemical enzymes, defensive system elements, 

etc.), rich metadata for machine learning applications, which is facilitating the 

development of predictive models in microbial ecology and biotechnology. For each 

functional enzyme, gcMeta provides five datasets under different thresholds, 

facilitating users downloading and using them according to their actual needs. 
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Tool 

Metagenome-assembled Genome Analysis 

The genome analysis tool can perform detailed annotation analysis of metagenome-

assembled genome (MAG), primarily including five components: genome quality 

assessment, taxonomic annotation, gene annotation, structural annotation, and defense 

system annotation. We have provided detailed introductions to the analysis workflow, 

related software, and analysis results. Additionally, a personalized screening function 

is available in the “program selection” module to facilitate users in making choices 

based on their actual needs. 

 
1. Original link 

We provide detailed software introductions and original links on the Tools page. 

 

2. Introduction for use 

1) Please select the analysis process you need in the analysis interface below. 

Select the corresponding analysis modules as prompted by the process. 

2) In the "Genome files" window, upload your sequence file. 

3) Please leave your email address, and all analysis results will be returned by 

email. 

* Required fields are marked with an asterisk. 
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3. Input files and parameter selection 

1) Upload the input file in fasta format. 

a) The uploaded file must be in FASTA format. Accepted file extensions 

are: .fna , .fa or .fasta. 

b) File names cannot contain special characters, such as: 

#;;,,'""`$&()-=+[]{}|^:!?%". 

c) Please ensure that each scaffold/contig id in the genome file does not exceed 37  

characters long. 

2) Program Section 

a) RNA prediction: Select the desired software to perform non-coding RNA  

prediction. 

b) Taxonomy: GTDB annotation is selected by default here, and NCBI 

annotation can be added as needed. 

c) Gene annotation: Select the desired annotation content, and free 

combination is allowed. 

d) Defense system annotation: Select the desired software. 

4. Leave your email address and click “Run”. 

5. Viewing analysis results 

gcMeta provides task running details and basic statistical displays of genome. Results 

of all selected analysis content can be viewed and downloaded under "Results Files 

Download". In addition, the "Interpretation of results.pdf" file, which contains detailed 

explanations of the analysis results, can be downloaded as needed. 
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Download 

gcMeta provides sequence file downloads for total MAGs and species-level 

representative MAGs grouped by catalogue, along with corresponding MD5 files and 

metadata files for the compressed packages. The metainfo includes the following items: 

"MAG, Catalogue_group, Catalogue_name, Biosample, Catalogue_OTU_id, 

Catalogue_OTU_status, Total_OTU_id, Total_OTU_status, GTDB_taxonomy, 

Completeness, Contamination, Genome_size, N50, GC_content, and No_of_scaffolds". 

"Catalogue_OTU_id" indicates the species clustering affiliation within a specific 

catalogue. "Total_OTU_id" indicates the species clustering affiliation across all 

catalogues. 

 


