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Abstract
IBD, including ulcerative colitis and Crohn’s disease, is a chronic and debilitating gastrointestinal disorder that affects millions of people 
worldwide. Research on IBD has generated massive amounts of data, including literature, metagenomics, metabolomics, bioresources 
and databases. We aim to create an IBD Integrated Resources Portal (IBDIRP) that provides the most comprehensive resources for 
IBD. An integrated platform was developed that provides information on different aspects of IBD research resources, such as single-
nucleotide polymorphisms (SNPs), genes, transcriptome, microbiota, metabolomics, single cells and other resources. Valuable and 
comprehensive IBD-related data were collected from PubMed, Google, GMrepo, gutMega, gutMDisorder, Single Cell Portal and other 
sources. Then, the data were systematically sorted, and these resources were manually curated. We systematically sorted and cataloged 
more than 320 unique risk SNPs associated with IBD in the SNP section. We presented over 289 IBD-related genes based on the database 
collection in the gene section. We also obtained 153 manually curated IBD transcriptomics data, including 12 388 samples, on the Gene 
Expression Omnibus database. The sorted IBD-related microbiota data from three primary microbiome databases (GMrepo, gutMega 
and gutMDisorder) were available for download. We selected 23 149 IBD-related taxonomic records from these databases. Additionally, 
we collected 24 IBD metabolomics studies with 2896 participants in the metabolomics section. We introduced two interactive single-cell 
data plug-in units that provided data visualization based on cells and genes. Finally, we listed 18 significant IBD web resources, such as 
the official European Crohn’s and Colitis Organisation and International Organization for the Study of IBD websites, IBD scoring tools, 
IBD genetic and multi-omics resources, IBD biobanks and other useful research resources. The IBDIRP website is the first integrated 
resource for global IBD researchers. This portal will help researchers by providing comprehensive knowledge and enabling them to 
reinforce the multidimensional impression of IBD. The IBDIRP website is accessible via www.ibdirp.com

Database URL: www.ibdirp.com.
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Introduction
IBDs, represented by Crohn’s disease (CD) and ulcerative 
colitis (UC), are chronic idiopathic inflammatory conditions 
of the gastrointestinal tract. UC is mostly restricted to the 
colon with confluent mucosal inflammation, whereas CD 
manifests as transmural inflammation in bowel segments, 
most often ileocecum (1). IBD incidence and prevalence 
have been increasing worldwide, with different frequencies 
depending on ethnicity and geography (2). IBDs affect the 
quality of life due to diarrhea, abdominal pain, bloody stool, 
fatigue and weight loss (1). Patients require long-term anti-
inflammatory, immunosuppressive, immunomodulatory med-
ications and surgery to control disease activity because the 
disease is remitting and recurring (3), resulting in a substantial 
burden to patients and healthcare systems.

The mechanism of IBD pathogenesis is multifactorial, 
involving intricate interactions between genes, the environ-
ment, microbiota and potentially other factors, leading to 
dysregulation of the immune system (4–6). Genome-wide 
association studies (GWAS) sequencing the whole genome 
of large case–control cohorts to identify genes and single-
nucleotide polymorphisms (SNPs) associated with a particular 
disease or another trait. GWAS has identified more than 300 
risk loci associated with IBD in different populations (7–10).

However, most genetic variants have a relatively minor 
effect on disease risk, and non-genetic factors, such as the 
environment and intestinal microbiota, also modulate this 
effect (11, 12). Firmicutes, Bacteroidetes, Proteobacteria 
and Actinobacteria comprise 99% of the intestinal micro-
biota in healthy individuals and perform vital functions such 
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as nourishment and immune regulation via host–microbe 
interactions (13). Patients with IBD have reduced micro-
bial diversity and relative abundance of Firmicutes while 
increasing Proteobacteria and Bacteroidetes (14–16). Micro-
bial metabolic activity is important for resisting intestinal 
inflammation, and microbiota alterations can potentially 
contribute to the inflammatory state of IBD. For exam-
ple, short-chain fatty acids produced by Firmicutes and 
Bacteroidetes play crucial roles in protecting the intestinal
epithelium (17).

Single-cell RNA sequencing (scRNA-seq) has significantly 
improved over the past 5 years. This technology provided 
unprecedented insights into refining cell-type signatures, 
uncovering cellular heterogeneity and suggesting new cell 
types (18). In the past decade, large-scale omics data have 
unraveled the pathogenesis of IBD, including the literature, 
SNP data, metagenomics, metabolomics, single-cell sequenc-
ing data, bioresources and databases.

Although data from numerous studies have provided enor-
mous information regarding IBD, they can be incomprehen-
sive and conflicting (19), necessitating data integration using 
different omics approaches. Researchers have developed some 
online resources on narrow topics during the early stages 
to facilitate understanding of IBD. These databases included 
UC Database (UCDB) (20), IBD Database (IBDDB) (21) 
and IBD Multi-omics Database (IBDMDB) (22). The rapid 
advancement of new technologies, such as next-generation 
sequencing, 10X genomics and multi-omics, has resulted in 
rapid data accumulation and potential exploration in IBD 
research. In this study, we tried this direction and elabo-
rated an IBD Integrated Resources Portal (IBDIRP) with the 
most comprehensive resources, including SNP, gene, micro-
biota, metabolomics, single cell and other resources. Overall, 
IBDIRP is a specialized, first integrated resource for IBD 
researchers that enables the exploration of multidimensional 
sequence and experimental data.

Materials and Methods
Data collection and website building
‘FanKe’ (https://www.fkw.com/) was used as a software-as-
a-service–based online web design service. The website was 
built using Java Server Pages (JSP), and an adaptive tem-
plate was created using JSP and Node.js technologies. The 
website can realize the adaptation of computers and mobile 
phones, and different terminals can obtain the same presen-
tation effect. The IBDIRP website was saved in a MySQL-
based business database, and the operating system was Linux 
CentOS7.0. Several independent sections were built based 
on our collected IBD-related research resources, including 
the home page, SNP section, gene section, transcriptomics 
section, microbiota section, single-cell section, metabolomics 
section, other resources section and our lab section. Webpage 
optimization was also introduced in the display of complex 
research resources. Several website interactivities were devel-
oped, including picture-click-jump outer website, interactive 
web plug-in and download resources.

Single-nucleotide polymorphism
Multiple significant studies on SNPs within the PubMed 
database underwent comprehensive review. The process 
involved meticulous manual curation of primary SNP data 

associated with IBD sourced from literature. This manual 
extraction of information was deemed valuable by the authors 
as it assured the database’s credibility and reliability. This 
ongoing curation method was periodically conducted to incor-
porate the latest findings in the field. Several crucial factors, 
including the inclusivity of SNP studies, journal credibility, 
utilization of meta-analyses, result significance and represen-
tativeness, were meticulously evaluated during the selection 
process.

The most comprehensive and latest meta-IBD SNP data 
have been listed in this section. Since these data typically 
originate from the European and American sources, other 
regional IBD SNP data, such as Asian data, have also been 
considered to provide a representative perspective in this
section.

Genes
PubMed, Web of Science and other databases were searched 
for IBD-related gene studies. The primary data on genes 
involved in IBD were collected manually from the literature, 
in which the authors’ opinion was an added value of the 
implemented database because it guaranteed high-resource 
reliability. The data collected by other groups from simi-
lar databases, systemic reviews and online knowledge tools 
on Google, Twitter and others were also considered. The 
information embedded in concepts was acquired via text 
mining of PubMed (manually cleaned and curated), accom-
panied by data mining from varied resources. The detailed 
method was introduced previously by Khan et al. (21). 
The representative data that could reflect IBD-related patho-
physiology were chosen for convenience and were manually
updated.

Transcriptome
RNAseq technologies, such as Sanger, Illumina, Pacbio and 
Nanopore, are available to study RNA biology, including 
gene expression and translation (the translatome) (23). This 
contributes to a better understanding of RNA biology (23). 
Numerous transcriptomics of IBD were stored in the Gene 
Expression Omnibus (GEO) (24), National Genomics Data 
Center (25), European Bioinformatics Institute (EBI) (26) and 
other databases. The GEO database is the largest transcrip-
tome database, and the search qualifications were (IBD OR 
Crohn’s OR Ulcerative colitis [Title], Homo sapiens [Organ-
ism], expression by array and high-throughput sequencing 
[Study type]). IBD transcriptomics data under several search 
qualifications in the GEO were listed in the transcriptomic 
section. User also could supplement the data by clicking the 
other database icon.

Microbiota
We thoroughly searched the microbiome databases from three 
independent source: Google, PubMed and Nucleic Acids 
Research Database Summary (https://www.oxfordjournals.
org/nar/database/subcat/8/34). Three reported integrated gut 
microbiota databases were found: GMrepo (27), gutMega 
(28) and gutMDisorder (29). These data provided unbiased 
information for IBD researchers. GMrepo is reported the most 
integrated gut microbiota database. We gave a brief curated 
IBD dysbiosis map derived from the GMrepo database (27). 
A total of 23 149 taxonomic records were selected from 
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these three databases, and the sorted IBD-related microbiota 
data from three primary independent microbiome databases 
(GMrepo, gutMega and gutMDisorder) were available for 
download.

Metabolomics
Large IBD metabolomics studies in PubMed were searched 
and sorted for important data, including detailed IBD pheno-
types, good quality control, large sample sizes and global rep-
resentativeness. We collected all the recently published large-
scale IBD metabolomics studies from the PubMed database. 
Each study listed the author, specific IBD phenotypes, study 
title, metabolomics type, number of volunteers, nation, con-
trol information and PubMed Unique Identifier (PMID) num-
ber. A manually curated table was built to display IBD 
metabolomics data.

Single cells
IBD single-cell data were searched on major IBD single-
cell data storage platforms, including Single Cell Portal 
(SCP, https://singlecell.broadinstitute.org/single_cell), scIBD 
database (http://scibd.cn), Single Cell Expression Atlas 
(https://www.ebi.ac.uk/gxa/sc/home), PanglaoDB (https://pa
nglaodb.se/index.html), GEO (https://www.ncbi.nlm.nih.gov
/geo), Human Cell Atlas (HCA, https://www.humancella
tlas.org/), Cell-omics Data Coordinate Platform (https://db.
cngb.org/cdcp/), scRNASeqDB (https://bioinfo.uth.edu/scrn
aseqdb/), SCPortalen (http://single-cell.clst.riken.jp/), SC2dis-
ease (http://easybioai.com/sc2disease) and PubMed (https:
//pubmed.ncbi.nlm.nih.gov/). To better visualize IBD cell-
specific signature based on single-cell data, two typical IBD 
subtypes (UC and CD) single-cell plug-in interactive webpages 
were sorted to visualize the IBD single-cell data.

Other resources
Multiple IBD website resources were sorted from Google, 
PubMed, Baidu and Twitter. The priority was given to 
resources that can promote the accessibility of IBD knowledge 
and facilitation of IBD researchers, including IBD profes-
sional organizations, IBD management tools, IBD single-item 
databases and IBD biological research resources. Represen-
tative and strong resources were selected from our other 
resources section. Simultaneously, a brief IBD description 
webpage and our lab introduction page were built to make 
the resources portal more readable and integral.

Results
We built an IBDIRP based on multiple results of our extensive 
search. IBD resources include but are not limited to PubMed, 
Web of Science, Google, microbiota databases, single-cell 
databases and other professional databases, as well as social 
media content, such as Twitter. We intend not to build a full, 
large, bloated and slow resource storage station but to build 
a multifaceted query platform that can respond quickly and 
facilitate research queries anytime and anywhere. Simulta-
neously, we attempt to reinforce the integrated impression 
of multiple pathophysiological views of IBD and emphasize 

the connection and close interaction between genetics, micro-
biota, metabolites and other omics data. Seven sections dis-
play these abundant IBD research resources, including SNPs, 
genes, transcriptomics, microbiota, metabolomics, single cells 
and other resources (Figure 1). Researchers can enhance 
their research projects by integrating multiple section data to 
identify core components, for instance, identifying core IBD-
associated SNPs, key IBD genes, important microbial com-
munities specific to IBD, essential metabolites and core cell 
types. The compilation of these sections can contribute to the 
construction of a comprehensive macro-modulation map for 
IBD. The cross mapping, interaction and overlapping intersec-
tion based on the multidimensional data we provide can better 
support the IBD researcher’s own work. Developing new 
methodology to reuse our collective data will greatly reduce 
the repeated sampling, sequencing and resource-wasting. In 
addition to displaying brief integrated IBD research resources 
and download resources, we provide numerous interactivities 
based on the ‘click to jump outside’ mode, encouraging visi-
tors to investigate more detailed research resources. Two plug-
in web pages encouraged visitors to explore more interactive 
results.

SNP section
GWAS have identified many risk variants (NOD2, ATG16L1, 
IL23R and IL10) (6). Disease-associated SNPs usually influ-
ence disease states; many IBD-associated SNPs have been 
detected using GWAS and other technologies (8, 30). These 
variants could influence RNA fate and gene expression by 
affecting RNA modifications. Many IBD variants detected so 
far have not been well explained or fine-mapped, and their 
related genes commonly used to describe them are only puta-
tive. Moreover, the biological functions of their products and 
their complex interactions require delineation in most cases. 
We sorted over 320 unique risk SNPs associated with IBD in 
the SNP section (Figure 2). These SNPs primarily originate 
from four large IBD SNP metastudies, including 75 000 cases 
and controls (31), 86 640 Europeans and 9846 Asians (7), 
25 305 European IBD cases and controls (8) and Asians (32). 
The UpSet diagram exhibited shared and unshared SNP in 
these four studies. We displayed the results of these four stud-
ies’ independently, including 241 SNPs (8), 167 SNPs (31), 38 
SNPs (7) and 17 SNPs (32) due to different populations and 
criteria. Liu et al. reported the largest IBD risk SNP among 
East Asian ancestries, including 14 393 cases and 15 456 con-
trols (33). They discovered 320 IBD loci when meta-analyzed 
with ∼370 000 Europe individuals (∼30 000 cases). This new 
GWAS result has also been included in our SNP section. 
The download resources are provided at the bottom of this
section.

Gene section
IBDDB manually curates 289 genes that have been experimen-
tally validated to be linked to IBD and its known phenotypes 
(21). Furthermore, it provides information regarding differ-
ent aspects of these genes by incorporating several resources 
and an extensive text-mining knowledge base. It allows the 
selective display of collated 34 subject-specific concepts (listed 
as columns) exportable via a user-friendly IBDDB portal 
(21). The information embedded in concepts was acquired 
via text mining of PubMed (manually cleaned and curated), 
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Figure 1. The homepage’s introduction and the overview of IBDIRP website. IBDIRP sorted and cataloged more than 320 unique risk SNPs associated 
with IBD, 289 IBD-related genes, 153 IBD transcriptomics data, including 12 388 samples, 23 149 IBD-related taxonomic records, 24 IBD metabolomics 
studies with 2896 participants, 18 significant IBD web resources and other useful research resources.

Alt Text: The homepage’s introduction and the brief overview of IBDIRP website.

accompanied by data mining from various resources. We 
displayed over 289 studied IBD-related genes based on the 
database’s collection from IBDDB data in the gene section 
(Figure 2). The online gene list provides detailed gene sym-
bols, gene full name, IBD phenotypes, entrez_id, PMID, 
experimental method evidence, sample and regulation. A 
download resource is also available to the researchers in this
section.

Transcriptomics section
We developed a manually curated table to display the research 
results of IBD-related transcriptomics data under conditional 
search qualifications in the GEO database (24). A total of 153 
IBD-related expression data contain five datasets, 153 series 
and 12 388 samples to date (Figure 3). The web table pro-
vides the title, organism, data type, platform, accession ID 
and sample number of every study. The GEO IBD data sum-
mary, including descriptions and links, was uploaded to the 
download zone.

Microbiota section
Despite IBD-related genetic resources, microbiota dysbio-
sis is a significant characteristic of IBD and influences 
its pathophysiology, mostly from the immune, metabolic 
and gut barrier systems. The integrated meta-analysis data 
may be better for understanding the changes in IBD gut 
microbiota because IBD microbiota studies vary in sam-
ples, populations, methods and medications. We pro-
vide a brief curated IBD dysbiosis map derived from the 
GMrepo database, which is a comprehensive gut microbiome 
database (27) (Figure 2). Three reported integrated gut micro-
biota databases were GMrepo (https://gmrepo.humangut.
info) (27), gutMega (http://gutmega.omicsbio.info) (28) and 
gutMDisorder (http://bio-annotation.cn/gutMDisorder) (29), 
which offer us channels to catch a gut microbiota dys-
biosis glimpse from massive integrated metagenome data. 
A total of 23 149 taxonomic records were selected from 
these databases, and the sorted IBD-related microbiota 
data from three primary independent microbiome databases 
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Figure 2. The SNP, gene, microbiota and transcriptome section of IBDIRP. (A) The SNP section conllected more than 320 unique risk SNPs associated 
with IBD. (B) The gene section displays 289 IBD-related genes based on the database’s collection. (C) The sorted IBD-related microbiota data are 
available in microbiota section. (D) The transcriptome section displays 153 IBD-related transcriptome data.

Alt Text: The brief introduction of SNP, gene, microbiota and transcriptome section in IBDIRP website.

(GMrepo, gutMega and gutMDisorder) were available for
download (Figure 2).

Metabolomics section
Metabolomics is the frontline of IBD-associated multi-omics 
studies; data from IBD metabolomics enrich our under-
standing of the close and complex interaction mechanisms 
among diet, microorganisms and intestinal cells. In partic-
ular, detailed gut organs, such as the gut–brain axis, gut–
liver axis and gut–adipose axis, rely on signals from gut 
metabolites, and genes and cells interact with metabolites 
tightly. Large-scale IBD metabolomics studies are still lim-
ited and have recently been on the frontline of IBD research. 
We collected 24 primary recently published large-scale IBD 
metabolomics studies from the metabolomics section (Figure 
3). Each study listed the author, specific IBD phenotypes, study 
title, metabolomics type, number of volunteers, nation, con-
trol information and PMID number. These data may provide 
an initial guide for IBD metabolic research.

Single-cell section
Single-cell data are complex and huge, but it is a good 
way to understand specific detailed subtle shifts and func-
tional changes in cell subsets. Single-cell sequencing of IBD is 

the most innovative and remarkable technological advance-
ment, precisely linking microbes, metabolites, cells and genes. 
Recently, a comprehensively integrated analysis platform 
for IBD scRNA-seq datasets was developed. scIBD, a plat-
form for single-cell meta-analysis of IBD, combines highly 
curated single-cell datasets, enabling identifying rare or less-
characterized cell types in IBD and dissecting the common-
alities and differences between UC and CD (34). We listed 
five primary IBD-related single-cell data storage platforms: 
GEO (24), SCP, scIBD database (34), EMBL-EBI Single Cell 
Atlas (26) and HCA (35). We introduced two IBD single-cell 
webpage plug-in units originating from Mount Sinai Crohn’s 
single-cell data (36) and PanglaoDB’s UC single-cell data to 
display quick, responsive and interactive IBD single-cell data 
(37) (Figure 3). The web tool can provide data interaction 
based on cells and genes, allowing researchers to obtain a brief 
IBD single-cell feature and detailed gene and cell information 
from IBD single-cell data.

Other resources section
Other IBD resources are also important for IBD researchers 
to successfully run their programs (Figure 3). First, IBD 
information from major IBD organizations, including the 
International Organization for the Study of IBD (IOIBD, 
https://ioibd.org), ECCO (https://www.ecco-ibd.eu) and the 
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Figure 3. The single-cell, metabolomics, other resources and lab page section of IBDIRP. (A) The single-cell section exhibited major IBD-related database 
and introduced IBD single-cell interactive visualization. (B) More than 24 primary recently published large-scale IBD metabolomics studies are displayed 
in the metabolomics section. (C) The other research resource listed 18 important IBD web resources. (D) The lab page introduces our lab briefly.

Alt Text: The brief introduction of single-cell, metabolomics, other resources and lab page section in IBDIRP website.

American Crohn’s & Colitis Foundation (CCF, https://www.
crohnscolitisfoundation.org) is professional and valuable for 
IBD researchers. Second, IBD scoring tools such as IBD Clin-
ical Scores Calculators (https://www.igIBDcores.it/it), IBD 
Biologics Precision (https://www.premedibd.com) and UC-
Cancer Risk Estimator (http://www.uc-care.uk) may help 
IBD researchers effectively manage their volunteers. Third, 
important IBD single-item databases, including the UK 
National Institute for Health and Care Research (NIHR) IBD 
Bioresource (https://www.ibdbioresource.nihr.ac.uk), the IBD 
Genetics Consortium (https://www.ibdgenetics.org), IBDMD 
(https://ibdmdb.org), IBD Microbial Products Database 
(http://huttenhower.sph.harvard.edu/metawibele), the 1000 
IBD project (https://1000ibd.org) and the IBD SCP (https://
singlecell.broadinstitute.org) may greatly enrich our IBD-
integrated resources and supplement the limitations. Other 
important biological research resources, such as the GMrepo 
database, EMBL-EBI Expression Atlas, Human Metabolome 
Database, GeneCards database, Protein Atlas and UCSC 
Genome database, were also sorted in our portal, which will 
undoubtedly benefit and facilitate IBD researchers’ programs. 
The homepage is the IBD brief description and the portal 

summary. The lab page introduces the director’s background, 
publications, cooperations and all lab members.

Discussion
IBD, as heterogeneous complex diseases, involve complex 
interactions between genes, the environment, microbiota, 
immunity and potentially other factors (4–6). During the past 
few decades, a wealth of high-quality studies have been pub-
lished to understand the physiopathology of IBD, but they 
can be incomprehensive and conflicting. Although several 
databases have been developed, such as the UCDB, IBDDB, 
GMrepo, IBDMDB and other IBD databases, they only pro-
vide information concerning one specific aspect. An integrated 
IBD resources portal still lacks; it wastes researchers’ time 
and delays the research project in implementing task jumping 
and comprehensive knowledge acquisition based on diversi-
fied needs. An integrated database of IBD is necessary to better 
understand the mechanism of IBD. We compiled the first IBD-
integrated database with comprehensive resources, includ-
ing SNPs, genes, transcriptomics, microbiota, metabolomics, 
single cells and other resources.
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We queried GWAS and immunochip studies from the lit-
erature and sorted over 300 unique risk SNPs associated 
with IBD, primarily from four large-sample and high-quality 
studies. Some genetic variants proved to be associated with 
specific disease behaviors, such as NOD2 gene mutations in 
fibrostenosing CD (38) and variations in genes involved in 
maintaining the integrity and function of the intestinal bar-
rier in UC (39). We provided the SNPs and candidate genes 
for these four studies separately due to different populations 
and criteria, and we used an UpSet diagram to present shared 
and unique SNP in these four studies. However, most genetic 
variants have a relatively minor effect on disease risk (11), 
and up to 80–90% of GWAS-identified loci are restricted to 
noncoding variations that exert their pathogenic effects via 
gene expression modulation (40). We also curated a highly 
reliable list of genes associated with IBD, providing the gene 
symbol, gene full name, enterz_id, associated phenotypes, 
experimental evidence, sample species, regulation and the 
study from which this result was derived. Integrating gene and 
SNP data may assist users in determining the likelihood that a 
given IBD-related gene is causative and in understanding the 
biological pathways crucial for IBD.

Regarding microbiota, IBD patients display reduced micro-
bial diversity, decreased relative abundance of Firmicutes and 
an expansion of Proteobacteria and Bacteroidetes (14–16). 
Dysbiosis and relapse-related microbiomes have been iden-
tified (41), and the effects of many specific bacterial strains 
on IBD have been demonstrated in vivo (42, 43). Notably, 
most studies have utilized a cross-sectional design, with sam-
ples collected at a single time point. Additionally, substantial 
inter-individual variability in the gut microbiota composition, 
particularly at the subphylum level, makes it challenging to 
interpret meaningful connections, even in large, diverse sub-
ject groups (44). Accordingly, we presented a brief curated 
gut dysbiosis map of IBD derived from the GMrepo database 
and sorted 23 149 taxonomic records from three primary 
independent microbiome databases (GMrepo, gutMega and 
gutMDisorder).

Microbial metabolic activity is important in resisting 
intestinal inflammation because dietary components not 
digested by the small intestine enter the colon and are 
converted into numerous metabolites by different microbial 
species (45). Metabolites, byproducts of host–microbiota co-
metabolomics, regulate the pathophysiology of IBD and may 
hold promise as a treatment for this condition. Metabolomics 
has been widely used to better understand host–microbe inter-
actions by examining intestinal microbiota metabolomics and 
host–microbe co-metabolomicss (46). Numerous investiga-
tions have detected changes in metabolite levels in the stool, 
gut mucosa or serum of patients with IBD relative to con-
trols using targeted or untargeted metabolomics. The major 
altered metabolites in IBD include fatty acids, amino acids and 
derivatives and secondary bile acids (47). We compiled 24 pri-
mary large-scale studies involving IBD metabolic profiles. We 
designed a table containing the title, author, IBD phenotype, 
sample source, sample size, population and study design of 
each study.

ScRNA-seq, a novel high-dimensional single-cell profil-
ing technique, has recently been applied to samples from 
patients with IBD and controls, empowering unprecedented 
insights into refining cell-type signatures, uncovering cellular 
heterogeneity and suggesting new cell types (18). The num-
ber of studies using scRNA-seq is smaller than that involving 

the preceding sections, but the quantity and complexity of 
scRNA-seq data are enormous.

In the single-cell section, we listed five primary scRNA-seq 
data storage platforms (GEO, SCP, scIBD database, EMBL-
EBI Single Cell Atlas and HCA). We introduced two scRNA-
seq webpage plug-in units from Mount Sinai Crohn’s single-
cell data and PanglaoDB’s UC single-cell data. This section 
enables researchers to interactively acquire single-cell features 
of IBD. Self-driven IBD single-cell data exploration can be 
achieved using SCP, and metadata analysis of IBD can also 
be performed in the scIBD database. The IBDIRP website is 
a task transfer station that helps researchers achieve diverse 
data exploration requirements.

In the past decade, large-scale omics data unraveling the 
pathogenesis of IBD have been rapidly generated, and sev-
eral databases have been developed. Other resource sections 
of our platform displayed representative resources concerning 
IBD professional organizations, IBD management tools, IBD-
specific items databases and IBD biological research resources. 
Our IBDIRP has several limitations and challenges. First, 
although we manually selected high-quality and large-scale 
study results, data quality from different sources may be het-
erogeneous. Second, our search strategy may exclude some 
studies that should be included, and we plan to remedy 
this shortcoming in future updates by incorporating other 
sources. The IBDIRP will be open to the feedback and 
suggestions from our users and is continuously improving 
and expanding the database based on the evolving needs of
researchers.

Conclusion
The IBDIRP website is the first integrated resource for global 
IBD researchers. The cross mapping, interaction and over-
lapping intersection based on the multidimensional data we 
provide can better support the IBD researcher’s programs 
Meanwhile, the various metadata on this website can serve 
as validation data for researchers to their discovery data in 
their own cohort. In the near future, the analysis of multi-
omics data based on artificial intelligence will greatly reduce 
the heterogeneity and the batch effect of data on this website, 
providing explanations for core IBD pathophysiological pro-
cesses. Notably, users can obtain integrated IBD knowledge 
and help their future research by reinforcing the IBD multi-
dimensional impression. Researchers can visit the IBDIRP at 
www.ibdirp.com.

Data availability
SNP data are available in the publications (7, 8, 30–32). Gene 
data can be found on the IBDDB website (https://www.cbrc.
kaust.edu.sa/ibd/). IBD transcriptome data are available in 
the GEO database (https://www.ncbi.nlm.nih.gov/geo). IBD 
microbiota data can be obtained from GMrepo (https://
gmrepo.humangut.info), gutMega (http://gutmega.omicsbio.
info) and gutMDisorder (http://bio-annotation.cn/gutMDiso
rder). IBD metabolomics data are accessible through curated 
publications in the section. IBD single-cell data can be found 
on data storage platforms such as GEO (https://www.ncbi.
nlm.nih.gov/geo), SCP (https://singlecell.broadinstitute.org), 
scIBD database (http://scibd.cn/), EMBL-EBI Single Cell Atlas 
(https://www.ebi.ac.uk/gxa/sc/home) and HCA (https://data.
humancellatlas.org/).
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There are two IBD single-cell plug-in units
available: Mount Sinai Crohn’s single-cell data (https://
scdissector.org/martin/) and PanglaoDB’s UC single-cell data 
(https://panglaodb.se/index.html). Other resources include 
IOIBD (https://ioibd.org), ECCO (https://www.ecco-ibd.eu), 
CCF (https://www.crohnscolitisfoundation.org), IBD Clinical
Scores Calculators (https://www.igibdscores.it/it), IBD Bio-
logics Precision (https://www.premedibd.com), UC-Cancer 
Risk Estimator (http://www.uc-care.uk), the UK NIHR 
IBD Bioresource (https://www.ibdbioresource.nihr.ac.uk), the 
IBD Genetics Consortium (https://www.ibdgenetics.org), the 
IBDMD (https://ibdmdb.org), the IBD Microbial Products 
Database (http://huttenhower.sph. harvard.edu/metawibele), 
the 1000 IBD project (https://1000ibd.org) and the IBD SCP 
(https://singlecell.broadinstitute.org).

Other important research resources such as the GMrepo 
database, the EMBL-EBI Expression Atlas, the Human 
Metabolome Database, The GeneCards database, The Pro-
tein Atlas and the UCSC Genome database can be accessed 
through link buttons in the section.
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