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Abstract 

The gut microbiota is essential for various physiological functions in the host, primarily through the metabolites it produces. To support re- 
searchers in unco v ering ho w gut microbiot a contributes to host homeost asis, we launched the gutMGene dat abase in 2022. In this updated 
v ersion, w e conducted an e xtensiv e re vie w of pre vious papers and incorporated new papers to extract associations among gut microbes, their 
metabolites, and host genes, carefully classifying these as causal or correlational. A dditionally, w e perf ormed metabolic reconstructions for 
representative gut microbial genomes from both human and mouse. gutMGene v2.0 features an upgraded web interface, providing users with 
impro v ed accessibility and functionality. This upgraded version is freely available at http:// bio-computing.hrbmu.edu.cn/ gutmgene . We believe 
that this new version will greatly advance research in the gut microbiota field by offering a comprehensive resource. 
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ut microbiota colonizes the intestine and is essential for
arious host physiological functions, primarily through the
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gut-liver axis ( 4–8 ). Therefore, pinpointing specific microbes
that generate particular metabolites and understanding the
impact of these compounds on host physiology is crucial for
utilizing gut microbes in therapeutic strategies ( 9–11 ). 

The first version of gutMGene, released in 2022, involved
gathering experimentally validated associations among gut
microbes, their metabolites, and host genes from the scientific
literature ( 12 ). The interactions among these components in-
clude both correlational and causal relationships. Distinguish-
ing these types is vital for accurate interpretation of results and
for avoiding misleading conclusions that may arise from con-
flating correlation with causation. Furthermore, to accurately
characterize the taxonomy and function of microbial ecosys-
tems, microbial reference genomes are continually refined and
expanded. Almeida et al. compiled a substantial collection
of prokaryotic genomes, leading to the development of the
Unified Human Gastrointestinal Genome collection, which
encompasses 4 644 representative gut prokaryotic species
( 13 ). Likewise, Huang et al. created the Vaginal Microbial
Genome Collection, which includes 786 prokaryotic species,
11 fungal species and 4263 viral operational taxonomic units
( 14 ). Simultaneously, this ongoing enhancement has estab-
lished genome-based metabolic reconstruction as a powerful
approach for studying gut microbial metabolism. For instance,
DEMETER ( 15 ) employs comparative genomics with the Pub-
SEED platform ( 16 ) to annotate metabolic functions in bac-
terial and archaeal strains. It uses gap-filling techniques based
on the bidirectional best-hit method, assesses pathway com-
pleteness, and incorporates phylogenetic analysis to annotate
drug metabolism genes. CarveMe ( 17 ) utilizes a manually cu-
rated universal bacterial model from the BiGG database ( 18 ),
integrating specialized biomass templates and gene annota-
tions via BLAST searches ( 19 ). It employs mixed integer lin-
ear programming for model carving, enabling the creation of
organism-specific and microbial community models, as well
as gap-filling and experimental constraint incorporation. This
approach enhances the prediction of metabolic capabilities
and gene essentiality under various conditions. metaGEM
( 20 ) is an end-to-end pipeline that begins with metagenomic
data assembly and employs CarveMe for metabolic recon-
struction. The MIGRENE toolbox ( 21 ) generates species-
specific genome-scale metabolic models by integrating a non-
redundant microbial gene catalog with a metabolic model, es-
tablishing reaction profiles and scores for each metagenome
species using a reference model and taxonomic data. This tool-
box facilitates individualized metabolic microbiome analysis,
producing outputs such as reactobiomes, reaction abundance,
and community modeling. gapseq ( 22 ) is a novel software de-
signed for pathway analysis and metabolic network recon-
struction, leveraging multiple biochemistry databases to pre-
dict pathways and key enzymes. It constructs genome-scale
metabolic models using a curated reaction database and em-
ploys a linear programming-based gap-filling algorithm to
identify and resolve metabolic gaps, enhancing biomass for-
mation and metabolic function. KBase ( 23 ) utilizes the Mod-
elSEED pipeline ( 24 ), integrating genomic annotations with
a comprehensive biochemical database to generate genome-
scale metabolic models. These models are constructed through
gap-filling algorithms that resolve network inconsistencies
and enable functional flux-balance analysis for predicting mi-
crobial growth and metabolism. However, utilizing these an-
alytical tools often requires substantial time investment and
a certain level of programming proficiency. Intuitively pre-
senting microbial metabolites derived from genome-based 

metabolic reconstructions significantly enhances research con- 
venience. Existing databases, such as VMH ( 25 ), currently 
contain only a limited number of genomes, which is insuffi- 
cient to meet the growing research demands. 

Therefore, to update gutMGene, a thorough review of all 
literature referenced in v1.0 was conducted, alongside the in- 
tegration of new studies to classify relationships among gut 
microbes, metabolites and host genes, distinctly separating 
causal from correlational links. These associations were fur- 
ther divided into three categories: gut microbe–metabolite,
microbial metabolite–host gene and gut microbe–host gene 
relationships, while also incorporating different strains of 
the same species. Metabolic reconstructions were carried out 
for 4744 human and 2847 mouse gut microbial reference 
genomes, respectively . Lastly , the system interface was en- 
hanced with a minimalist and aesthetically pleasing design to 

improve user experience. 

Data collection and database content 

The process of updating gutMGene involved a comprehen- 
sive review of all literature cited in version 1.0, supplemented 

by new studies published from 31 October 2021 to 31 Octo- 
ber 2023. A search of the PubMed database was conducted 

using key terms such as ‘gut’, ‘intestinal’, ‘microbiota’, ‘mi- 
crobiome’, ‘metabolite’ and ‘gene’. Each downloaded paper 
was carefully examined to identify meaningful associations 
among gut microbe–metabolite, metabolite–host gene and gut 
microbe–host gene pairs, with irrelevant studies being ex- 
cluded. These identified associations were categorized as ei- 
ther causal or correlational. Causal associations stem from 

controlled experiments that manipulate a specific variable—
either a gut microbe or a microbial metabolite—to observe 
resulting changes in metabolites or host genes. Conversely,
correlational associations are derived from statistical corre- 
lation analyses, including Pearson correlation methods. To 

maintain consistency across the database, the nomenclature 
for gut microbes was standardized using the NCBI taxon- 
omy database ( 26 ), with their corresponding IDs documented.
Metabolite names were aligned with PubChem ( 27 ), and IDs 
were sourced from HMDB ( 28 ), ChEBI ( 29 ), KEGG ( 30 ),
fooDB ( https:// foodb.ca/ ) and Metabolights ( 31 ). Gene names 
followed the standards set by the NCBI Gene database ( 32 ),
ensuring accurate symbol usage and ID recording. Additional 
information regarding metabolite substrates, sample types, ex- 
perimental methodologies, measurement techniques, and de- 
scriptive contexts was extracted from the articles. The distri- 
bution of causal and correlational associations for both hu- 
man and mouse models is illustrated in Figure 1 A and B. The 
current version of gutMGene now includes 1338 curated asso- 
ciations among 282 gut microbes, 278 microbial metabolites,
and 238 host genes in Human, and 3522 curated associations 
among 341 gut microbes, 501 microbial metabolites and 609 

host genes in mouse. 
For the metabolic reconstruction effort, 4744 representa- 

tive human gut microbial genomes (v2.0.2) and 2847 rep- 
resentative mouse gut microbial genomes (v1.0), along with 

their quality metrics, were obtained from MGnify ( 33 ). These 
genomes were meticulously selected based on rigorous crite- 
ria, ensuring they met standards for medium to high quality,
defined as over 50% completeness and < 5% contamination.
To facilitate further analysis, genome annotations were per- 

https://foodb.ca/


Nucleic Acids Research , 2025, Vol. 53, Database issue D 785 

A B

C D

Figure 1. Statistics describing the data in gutMGene v2.0 . ( A ) The distribution of causal and correlational associations in Human. ( B ) The distribution of 
causal and correlational associations in Mouse. ( C ) The top 10 species by genome count in metabolic reconstruction in human. ( D ) The top 10 species by 
genome count in metabolic reconstruction in Mouse. 
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ormed Prokka ( 34 ), resulting in GBK files that were subse-
uently uploaded to KBase. The ‘Build Multiple Metabolic
odels’ application was employed to generate draft metabolic

econstructions, which were further refined using the DEME-
ER pipeline. Information pertaining to metabolites was ex-

racted from the generated .mat files, while taxonomic anno-
ations for all genomes were provided through the GTDB (re-
ease 214) ( 35 ). This comprehensive compilation ultimately
esulted in the identification of 1 554 878 associations in
uman and 92,1162 associations in Mouse. A comparative
verview of the two data versions is presented in Table 1 . Fig-
re 1 C and D illustrate the top 10 species by genome count
ithin the metabolic reconstructions in Human and Mouse,
ighlighting substantial differences. Furthermore, the annota-
ion of multiple genomes to the same species underscores the
ecessity for researchers to delve deeper into these genomes,
acilitating the exploration of nuanced difference. 

atabase access 

utMGene v2.0 is publicly available at http://bio-computing.
rbmu.edu.cn/gutmgene . This resource allows users to navi-
gate, search, and retrieve associations involving gut microbes,
metabolites, and host genes through a user-friendly interface.
Navigation is streamlined via hyperlinks positioned on the
right side of the Home page or within the Browse dropdown
menu. For example, selecting ‘Gut Microbe’ enables explo-
ration of metabolites synthesized by specific microbes or the
host genes they modulate. Users may also switch between var-
ious host species or association categories by utilizing the des-
ignated tabs. The ‘Evidence’ column denotes whether an as-
sociation is characterized as correlational or causal, while the
‘Evidence Number’ column indicates the count of publications
documenting each association. Detailed evidence can be ac-
cessed by clicking the arrow in the ‘Details’ column (Figure 2 ).
Additionally, the ‘Metabolic Reconstruction’ section provides
insights into microbial genomic information, with metabolite
specifics accessible through the same ‘Details’ feature. On the
Search page, users can input relevant gut microbes, metabo-
lites, or host genes, leveraging autocomplete suggestions to
refine their queries before submission. The ChEBI ontology
( 36 ) further enhances search capabilities by allowing explo-
ration of broader chemical categories. The Resource page
grants comprehensive access to all genomes and metabolites
linked to metabolic reconstructions. Furthermore, the gutM-

http://bio-computing.hrbmu.edu.cn/gutmgene
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Figure 2. Schematic w orkflo w of browsing gutMGene v2.0 . 
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Table 1. The number of gut microbes, microbial metabolites, host genes and their associations in human and mouse 

Version Host species Associations source 
No. of gut 
microbes 

No. of microbial 
metabolites 

No. of host 
genes 

No. of associations (gut 
microbe-metabolite; 
microbial 
metabolite-gene; gut 
microbe–host gene) 

1.0 Human Literature-based 
associations 

193 203 207 532; 233; 182 

1.0 Mouse Literature-based 
associations 

120 144 446 359; 512; 317 

2.0 Human Literature-based 
associations 

282 277 238 830; 265; 243 

2.0 Mouse Literature-based 
associations 

341 501 609 1658; 784; 1 080 

2.0 Human Metabolic 
reconstitution-based 
associations 

4744 611 - 1554 878; -; - 

2.0 Mouse Metabolic 
reconstitution-based 
associations 

2847 583 - 921 162; -; - 
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ene v2.0 web server features a Submit page, enabling re-
earchers to input newly validated experimental associations
nto the database. 

onclusion 

he gut microbiota is vital for regulating host physiological
unctions through its metabolites, highlighting the need for a
omprehensive exploration of microbial mechanisms. In this
pdated version of gutMGene, all associations are classified as
ausal or correlational, providing clarity for researchers. The
ataset has been enriched not only by extracting additional
ut microbe–metabolite, microbial metabolite–host gene and
ut microbe–host gene associations from a wide range of lit-
rature, but also by conducting metabolic reconstructions of
epresentative gut microbial genomes. With an upgraded sys-
em interface, gutMGene v2.0 now includes 4860 literature-
ased associations and 2 476 040 associations derived from
etabolic reconstructions. This resource will continue to be
pdated, enhancing our understanding of the intricate inter-
ctions between gut microbes and host physiology. 
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