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Abstract

Background: National and ethnic mutation frequency databases (NEMDBs) play a crucial role in documenting gene
variations across populations, offering invaluable insights for gene mutation research and the advancement of precision
medicine. These databases provide an essential resource for understanding genetic diversity and its implications for health and
disease across different ethnic groups.

Objective: The aim of this study is to systematically evaluate 42 NEMDBs to (1) quantify gaps in standardization (70%
nonstandard formats, 50% outdated data), (2) propose artificial intelligence/linked open data solutions for interoperability, and
(3) highlight clinical implications for precision medicine across NEMDBs.

Methods: A systematic approach was used to assess the databases based on several criteria, including data collection methods,
system design, and querying mechanisms. We analyzed the accessibility and user-centric features of each database, noting
their ability to integrate with other systems and their role in advancing genetic disorder research. The review also addressed
standardization and data quality challenges prevalent in current NEMDBs.

Results: The analysis of 42 NEMDBs revealed significant issues, with 70% (29/42) lacking standardized data formats and
60% (25/42) having notable gaps in the cross-comparison of genetic variations, and 50% (21/42) of the databases contained
incomplete or outdated data, limiting their clinical utility. However, databases developed on open-source platforms, such as
LOVD, showed a 40% increase in usability for researchers, highlighting the benefits of using flexible, open-access systems.

Conclusions: We propose cloud-based platforms and linked open data frameworks to address critical gaps in standardization
(70% of databases) and outdated data (50%) alongside artificial intelligence—driven models for improved interoperability.
These solutions prioritize user-centric design to effectively serve clinicians, researchers, and public stakeholders.
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Introduction

Background

Recent advancements in genomic techniques, such as
next-generation sequencing and clustered regularly inter-
spaced short palindromic repeats technology, have revolution-
ized the identification of gene mutations associated with
disease, enabling precise disease diagnosis and personalized
treatment strategies. Completing the human genome sequence
played a significant role in detecting gene mutations that
cause diseases, collaborating with the emerging field of
genomic medicine [1,2]. However, genetic mutations and
DNA sequence alterations can disorder normal gene function
and lead to various syndromes. These mutations can be
categorized as affecting a single gene (Mendelian), multiple
(general) genes, or a population or ethnic group (national/
ethnic), with significant health implications [3].

Mutation databases are critical web-based repositories
that aggregate genomic variant data for specific popula-
tions or ethnic groups, enhancing the understanding of
genetic diversity and its association with the disease. Central
databases, including Online Mendelian Inheritance in Man
(OMIM) [4] and the Human Gene Mutation Database
(HGMD) [5], primarily catalog published mutations and may
not fully represent the genetic diversity of different popu-
lations [6,7]. On the other hand, locus-specific databases
(LSDBs) focus on specific loci but may not gather informa-
tion about a particular nation or ethnicity [8].

Other databases, like national and ethnic mutation
frequency databases (NEMDBs), were developed to fill these
gaps by recording the mutation spectrum observed for any
gene (or multiple genes) associated with a genetic disorder
for specific populations or ethnic groups worldwide. These
databases are crucial for comprehending genetic variations
related to diseases and facilitating targeted genetic testing
and personalized medicine [9]. Regarding advancement in
genomic analysis technologies, many NEMDBs face issues
related to standardization, data quality, and accessibility. For
example, the Human Genome Variation Society (HGVS)
maintains a dedicated website; an inspection by the authors
on March 12, 2024, revealed that while the page comprises
11 links, only 4 are functional, as compared to LSDBs, which
contain 1646 links, and the total number of mutations was
found to be 145,964. Most NEMDBs are outdated and have
limited content, hindering their effectiveness in clinical and
research settings [10].

Given the reliance of researchers and health care pro-
fessionals on internet-enabled tools for accessing mutation
data, there is a need for engineering-driven solutions to
enhance further database accessibility, data standardization,
and cross-platform data integration. This paper addresses
the challenges by proposing an artificial intelligence—driven
mutation prediction model and the linked open data (LOD)
frameworks to improve data sharing, query efficacy, and
interoperability within gene databases. By focusing on
web-based user-centric designs, the objective is to optimize
the usability of NEMDBs for health care professionals,
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researchers, and the general public, thereby advancing digital
health solutions and improving outcomes in genetic research.
By identifying the challenges and limitations associated with
NEMDBs, we seek to provide actionable recommendations
for enhancing their development and usability. The key
contributions of the review are as follows:

* This systematic review examined 42 NEMDB:s to a).
analyze their design frameworks, methods of data
collection, and querying capabilities; and b). identified
critical gaps, including 70% (29/42) lack standardized
formats, 60% (25/42) lack cross-ethnic comparisons,
and 50% (21/42) have outdated data.

* To improve interoperability, engineering-driven
recommendations include cloud platforms, artificial
intelligence models, and LOD frameworks.

* A user-centric analysis to enhance accessibility for
clinicians, researchers, and the public.

The rest of the article is organized as follows: the Rela-
ted Works section presents a literature study and compre-
hensive review of available NEMDBs and other databases.
The Methods section defines the systematic literature review
approach and outlines the objectives. The Discussion section
provides conclusions and future recommendations. Finally,
the Conclusion section summarizes the review.

Related Works

Recent scientific developments have brought about the
emergence of bioinformatics, a multidisciplinary field
that combines molecular biology, information technology,
computer science, and mathematics to form a single discipline
[11]. Bioinformatics encompasses various tasks such as
database design, categorization, protein structure prediction,
RNA folding, and mutation mapping. These systems are
essential for organizing and managing biological data within
structured and persistent databases critical in retrieving,
updating, storing, and querying information.

A significant milestone in bioinformatics history was
Margaret Dayhoff’s establishment of one of the first protein
sequence databases in the 1960s; GenBank was developed in
the 1980s and became the first nucleotide sequence data-
base [12]. Similarly, mutation databases aim to make such
data readily accessible to medical professionals, research-
ers, and clinicians studying genetic variations [13]. Recent
advancements in developing integrated databases that include
diverse ethnic mutation frequencies highlight the need for
more inclusive data collection methods and internet-enabled
platforms to bridge the genetic diversity gap [14].

PubMed, hosted by the National Center for Biotechnol-
ogy Information (NCBI) since 1997, is a prominent scien-
tific database containing several medical-related articles [15].
PubMed gives access to 38 databases concerning biomedical
research and the analysis of erratic genetic diseases. Other
repositories, such as MeSH (Medical Subject Headings),
Institute for Scientific Information (ISI) Web of Science,
and Medical Literature Analysis and Retrieval System Online
(MEDLINE), provide comprehensive data about a particular
gene and disease and are accessible to the public [9]. PubMed
is one of the most influential bioinformatics resources,
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featuring web-based systems like PubMed Assistant [16],
AliBaba [17], and PubMed-Ex. These enhance functional-
ity through keyword highlighting, citation management, and
semantic enrichment of biomedical entities extracted from
text [18].

Similarly, the National Institutes of Health established the
NCBI in 1988 as a centralized system for accessing diverse
resources and databases via the NCBI website. The primary
resources in the NCBI include the Database of Short Genetic
Variations, the Database of Genomic Structural Variation,
Entrez (an integrated database retrieval system that gives
access to a diverse set of 35 databases), the Clone database
(Clone DB), the BioProject Database [9,19], and the clinical
central variant database (ClinVar). Table 1 summarizes the

Khan et al

primary databases supported by NCBI, emphasizing their
role in providing internet-enabled access to genomic data
for researchers and health care professionals. Such internet-
enabled systems streamline the extraction and analysis of
gene mutation content and support collaborative research by
facilitating data sharing across diverse platforms. However,
challenges like data fragmentation, a lack of standardiza-
tion, and accessibility limitations persist. Addressing these
challenges requires leveraging artificial intelligence—based
tools and LOD frameworks to improve data integration and
usability. Enhancing the functionality of these systems will
advance precision medicine and support clinical decision-
making through electronic health applications.

Table 1. NCBI? databases.

References

Database Name

Brief description

Bianco et al [9]

Bianco et al [9]

Landrum et al [3]

Sayers et al [20]

Sayers et al [20]

Sayers et al [20]

Boguski et al [21]

Church et al [22]

Louhichi et al [23]

Mailman et al [24] and
GAIN Collaborative
Research Group et al
[25]

Sherry et al [26]

Sherry et al [26]

Bio Project Database

BioSample Database

Clinical variant database
(ClinVar)

PopSet Database

Clone database (Clone
DB)

MMDB (Molecular
Modeling Database)

Database of expressed
sequence tags (dbEST)
Nucleotide EST Database

Database of Genomic
Structural Variation
(dbVar)

Entrez

Databases of Genotypes
and Phenotypes (dbGaP)

Database of Short Genetic
Variations (dbSNP)

Database of Major
Histocompatibility
Complex (dbMHC)

The database allows users to submit detailed research studies from intensive genome
sequences projects to huge worldwide associations.

The Biosample Database is a new resource that annotates biological samples used in various
NCBI-submitted studies, including genome-wide association studies, epigenetics, genomics
sequencing, and microarrays.

ClinVar is a database that contains human genomic variants and their relevant disease. The
database is publicly available.

This database contains different sets of data that were submitted to GenBank. The data
includes gene-related sequence data and their alignments with specific population,
phylogenetics, mutation, and ecosystem studies.

The database incorporates clones and library information, including sequence data, map
positions, and information distribution. It also offers filtering by organism and vector types.

It details sequence alignments and profiles representing protein spheres preserved in
molecule evolution.

This database collects sequence tags and includes details about complementary DNA
(transcript) sequences. dbEST is accessible directly via the Nucleotide EST Database.

It was designed to collect details about large-scale genomic variation, including large
insertions, deletions, translocations, and inversions. It also contains the relationships of
different variants to their phenotype.

Entrez is a rich database that integrates information from 35 databases containing over 570
million biological data records. The database provides a graphical representation of
sequences and chromosome maps, which is considered favorable in genetic research.

The database contains information about genotype and phenotype. The information is
gathered using studies such as genome-wide association studies, medical resequencing, and
molecular diagnostic assays.

This database, similar to HapMap, was developed to support large-scale polymorphism
detection. It has since been updated and now also includes other variant types, such as
insertions/deletions, microsatellites, and nonpolymorphic variants.

dbMHC hosts two key resources: (1) an interactive alignment viewer for HLA (Human
Leukocyte Antigen) and related genes

and the Major Histocompatibility Microsatellite Database.

ANCBI: National Center for Biotechnology Information.

Catalog of Human Variation Databases

Central Databases

Mutation databases are a knowledge base where allelic
variations are defined and assigned to an explicit gene.
Generally, 3 types of databases are accessible, that is, central,
locus, and ethnic databases [27]. The primary mutation
database comprises shared genome variation information and
tools to analyze previously collected data.

https://bioinform.jmir.org/2025/1/e69454

The first mutation database, OMIM, was initiated in the
1970s by Professor Victor McKusick. OMIM primarily
focuses on significant mutations, containing information
about phenotypes, gene function, and allelic variants, which
is helpful for researchers, students, and clinicians [4]. The
website has been frequently updated and can be easily
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accessed. As of February 7, 2024, the updated version
of OMIM consists of approximately 26,057 entries, each
identified by a unique 6-digit number. Entries are categorized
into phenotype and gene entries, detailing allelic variants,
clinical synopses, and gene map loci. Content undergoes peer
review and curation by journals and researchers, ensuring
reliability and accuracy.

Another well-known database is HGMD, established in
1996 to study mutation disorders in human genetics [28].
With the higher rate of quality mutation records, HGMD
acquired a broader position as the central mutation database.
HGMD provides all known gene lesions causing human
inherited diseases published in the peer-reviewed literature.
The data provided by HGMD have been extensively used
in international collaborative research projects and clini-
cal settings [29], significantly advancing our understanding
of mutational spectra in human genetics. HGMD offers
a comprehensive database of mutations responsible for
inherited human diseases, including their location, frequency,
and the local DNA environment [30].

Recently, next-generation sequencing technologies and
artificial intelligence algorithms have significantly enhanced
the capabilities of central mutation databases. For exam-
ple, HGMD has incorporated artificial intelligence—driven
predictive models to improve the detection of gene var-
iants and accelerate the identification of novel mutations
[28]. These advancements allow for faster processing of
large-scale genomic datasets, contributing to more accurate
predictions in clinical genomics and personalized treatments.
By leveraging such technologies, mutation databases like
HGMD provide researchers with advanced tools for detecting
causative mutations, enabling more efficient research and
clinical diagnostic workflows.

HGMD updates its database frequently to ensure that the
information provided is up to date and accurate. HGMD is
accessible in two versions. The public version of HGMD
[6] is freely accessible by registered users from academic
institutions. The professional version is offered for com-
mercial and educational/nmonprofit users by subscribing to
BIOBASE GmbH and under license via QIAGEN Inc [31].
The professional version of HGMD provides users with a
feedback function in case of missing or new data and allows
them to request changes or ask for an analysis of listed
variants. In addition, the professional version of HGMD
offers more advanced features than the public version. The
latest version of HGMD was released in 2017, and statistics
from April 2021 showed that the database contained 352,731
gene lesion entries in the HGMD Professional release, of
which 234,987 entries were manually curated from academic
and nonprofit sources and published journals.

LSDBs

LSDBs, which originated in 1976, were the first compre-
hensive databases documenting mutations at specific gene
loci. The earliest example involved hemoglobin mutations,
which were initially published as part of the Syllabus of
Human Hemoglobin Variants. These databases are commonly
used in DNA-based diagnosis to give clinicians, scientists,
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and patients an up-to-date overview of genetic variants.
Their key objectives include quality data collection, vali-
dation, estimation, and transparency. Distinct from central
databases, LSDBs are publicly accessible and supported by
academic researchers who aim to share genetic information
broadly. These databases, governed by experts in specific
gene mutations or families, provide a specialized focus
on different variations of a single gene. Expert curation
ensures accuracy and relevance, with LSDBs often linking to
clinical information databases like PubMed/MEDLINE [32].
Maintaining standard data fields such as exon number and
mutation description, LSDBs ensure quality data submission
[33,34]. They source information from direct submissions,
published literature, and other variant databases like OMIM,
the Database of Short Genetic Variations, and HGMD.
PubMed is a primary tool for gene-related article searches,
enhancing data completeness [35].

Generally, the genetic database system has been supported
by various “LSDBs-in-a-box” over time. This approach was
used as a solution intended to achieve the aim of database
creation and has encompassed Universal Mutation Data-
base [36], MUTbase [37], Mutation Storage and Retrieval
(MusStaRt) [38], and LOVD [39].

LOVD [39], the widely accepted LSDB-in-a-box tool,
is the most popular and freely available solution. LOVD
was released in December 2012 and has been updated over
time. LOVD 3.0 is mainly used as a tool for gene-centric
groups and for displaying DNA variants. In addition, it
provides space for storing patient-centric and next-generation
sequencing data, even of variants that lie outside of genes. A
desirable feature of LOVD is that its creators have established
a database for most human protein-coding genes on their
servers [40] and have invited interested parties to assume
responsibility for maintaining databases for one or more
genes of interest.

Databases like OMIM and HGMD have become indis-
pensable genetic counseling and diagnosis tools in clin-
ical settings. Clinicians regularly access these databases
to identify gene mutations relevant to a patient’s condi-
tion, allowing them to tailor treatments based on specific
genetic profiles. Accessing relevant mutation data in real
time facilitates personalized medicine, where treatment plans
are developed based on individual genetic makeup. The
accessibility and reliability of mutation databases have
revolutionized how genetic diseases are diagnosed and
treated, significantly improving health care outcomes for
patients with inherited disorders.

NEMDBs

Various genetic disorders exhibit diverse mutation spectrums
among specific population groups, providing researchers with
valuable insight into genetic diversity. NEMDBs emerged to
address this diversity, capturing the genetic heterogeneity of a
particular ethnic group [12]. The HGVS maintains a catalog
of central databases, LSDBs, and NEMDBs. These regional
or ethnic databases offer valuable information on population
genetic history, genetic testing, and gene-disease associations.
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Figure 1 shows the architecture of the NEMDBs,
representing 3 main architectural approaches: Ethnic and
National database Operating Software (ETHNOS)-based
architecture, 3-tier architecture, and LOVD architecture.
ETHNOS-based design provides a decentralized approach,
with data distributed across nodes representing different
locations, institutions, or groups. Some NEMDBs use a 3-tier
architecture for efficient data management, comprising the

Figure 1. National and ethnic mutation frequency databases.

~

ETHNOS-based architecture

Khan et al

display layer, application/logic layer, and data layer. On the
other hand, LOVD architecture, an open-source platform,
integrates separate modules for specialized functions like
data submission, storage, and retrieval. The LOVD design
provides effective administration and mutation-related data
accessibility inside the NEMDB, offering a standardized and
dependable platform for researchers and medical practition-
ers.

Serbian National Mutation Frequency Database

Lebanese National Mutation Frequency Database
Israeli National Genetic Database

» Hellenic Mational Mutation Frequency Database

The Cypriot and Iran Frequency Database

LOVD architecture

- Finnish Disease Database

Thailand MNational Mutation Frequency Database

» Singapore Human Mutation/Polymorphism Database

Three-tier architecture

Pakistan Genetic Mutation Database

» Indian Genetic Disease Database

The genetic diversity captured in NEMDBs allows research-
ers to develop targeted strategies for detecting and diag-
nosing genetic disorders. By reviewing mutation patterns
within and between populations, NEMDBs play a crucial
role in stratifying national molecular diagnostic services and
studying human demographic history, admixture patterns,
and gene/mutation flow [41]. Such databases aim to identify
novel mutations in ethnic-specific groups through coordinated
genetic testing [42].

Recent developments in NEMDBs have enhanced their
role in precision medicine. Databases focusing on underre-
presented populations, such as those in Africa and South-
east Asia, have advanced precision medicine by identifying
population-specific mutation patterns. This focus is particu-
larly crucial for preventing prevalent diseases within specific
populations. For example, the African Genome Variation
Project and the Indian Genome Variation Database have
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provided data supporting personalized health care initia-
tives [42]. These databases play a pivotal role in stratify-
ing national molecular diagnostic services, especially for
ethnic groups with a higher predisposition to certain genetic
conditions, such as cystic fibrosis in Caucasians, hemochro-
matosis in Jews, and thalassemia in people of Mediterranean
and Southeast Asian descent [43 ,44].

The ethnic databases are broadly categorized into two
groups, that is, National Mutation Genetic Databases
(NMDBs) and NEMDBs. [45]. NMDBs primarily record
existing gene mutations within specific ethnic populations,
though they may include limited frequency data. NEMDBs,
on the other hand, track inherited mutation frequencies across
various ethnic groups and provide a broader view of global
genetic diversity [45,46]. Examples of NEMDBs are listed in
Table 2.
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Table 2. National and ethnic mutation frequency databases.
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References

Database

Brief description

Peltonen et al [47]

Patrinos et al [12]

Bianco et al [9]

Zlotogora et al [48]

Nakouzi et al [49]

Sefiani et al [50]

Ruangrit et al [51]

Pradhan et al [52]

Qasim et al [42]

Romdhane et al [53]

Tadmouri et al [54]

Horaitis et al [27]

Rajab et al [55]

Finnish Disease Heritage, 2002

The Iranian National Mutation
Frequency Database, 2006;
Cypriot National Mutation
Frequency Database, 2006
Hellenic National Mutation
Database, 2005

Israeli National Genetic Database

The Lebanese National Mutation
Frequency Database, 2006

The Moroccan Human Mutation
Database, 2010

Thailand Human Mutation and
Variation Database, 2008

Indian Genetic Disease Database,
2010

Pakistan Genetic Mutation
Database

Tunisian National Mutation
Frequency Database

CTGAP, 2006

Singapore Human Mutation
Database, 2006

Oman Genetic Mutation Database,
2015

This database contains comprehensive information about gene mutations in the
Finnish population. Mutant allele frequencies are typically reported for Finnish
mutations with multiple external links (Online Mendelian Inheritance in Man,
GeneTests) and references. The database was initially published in 2004 and has since
been updated with additional genes and mutation disorders. This database was
designed using the LOVD platform.

Here, 2 similar databases are presented, one for the population of Cyprus and the other
for the Iranian population. These databases facilitate mutation screening and the
establishment of gene-related services. Both of the databases were developed using
the ETHNOS? platform.

This database aims to provide qualitative and updated reports of genetic disorders in
the Greek population. It reports diseases and related information for the Hellenic
(Greek) population.

The Israeli National Genetic Database was developed using the Electronic Tool for
Human National and Ethnic Mutation Frequency Databases (ETHNOS) platform. This
resource includes the Israeli National and Ethnic Mutation Frequency Database
(NEMDB), which provides a detailed list of registered laboratories offering genetic
testing services for the Israeli population through a dedicated query interface

This database was designed to analyze the genetic diseases in the population of
Lebanon.

This database was developed to report the various mutation disorders found in the
population of Morocco. A book chapter containing the details of various genetic
disorders has also been published.

ThaiMUT is an online ethnic database reporting mutation disorders in Thailand’s
population. This database presents different published and unpublished gene disorders
and related diseases investigated in Thailand.

A database that integrates gene-related diseases in the Indian population. Domain
experts have curated the diseases of this database. The database was developed using a
3-tier architecture.

The database contains information about different disorders occurring in the Pakistani
population. It currently has two versions, including the public version, which uses a
relational database, and a second version that was developed using ontology as a
knowledge base.

This database was developed to collect data about the different genetic disorders
found in the Tunisian population.

The CTGA database is an open-access repository of information and findings on
human gene variations and inherited, heritable genetic disorders in Arabs; it is
constantly updated.

The database contains mutations found in Singapore for Mendelian diseases. It
presents mutation disorders and the frequency of polymorphisms examined based on
phenotypes.

The database was developed to collect and manage the mutations found in the Oman
population. The mutations were collected from this database’s scientific literature and
service provision.

4ETHNOS: Ethnic and National database Operating Software.

PCTGA: Catalog of Arab Disease Mutation Database.

Methods

literature review approach by outlining objectives for
extracting and analyzing relevant information. The quality

Overview

verification stage involved assessing the selected papers’
validity and ensuring the extraction results’ reproducibility.

For this study, we conducted a systematic literature review to
analyze the structure, usability, and challenges of NEMDBs.
The review focused on web-based databases and tools,
ensuring inclusive extraction of relevant research content
on homogeneity, data sources, and cross-comparisons within
NEMDBs. Figure 2 demonstrates the step-by-step selection
process used in this research, presenting the systematic

https://bioinform.jmir.org/2025/1/e69454

Finally, in the last part of the guideline, we extracted
data from the identified documents to address the research
question, visually present the data, and explain significant
terms and relevant papers. By adopting a systematic web-
based approach, this study ensures a rigorous and comprehen-
sive analysis of NEMDB frameworks, aligning with the scope
of digital health informatics.

JMIR Bioinform Biotech 2025 | vol. 6 | €69454 1 p. 6
(page number not for citation purposes)


https://bioinform.jmir.org/2025/1/e69454

JMIR BIOINFORMATICS AND BIOTECHNOLOGY

Figure 2. Steps included in the review protocol.

1. Define research
objective

2. Search strings

Khan et al

3. Screening by
e Title/Abstract/Search
criteria

4. Quality verification

Search Strings and Data Sources

To conduct a thorough literature search, various well-known
databases were used to find the relevant research studies on
NEMDBs. The search was performed across NCBI, PubMed/
MEDLINE, and Web of Science databases to identify the
most relevant research published between 1990 and 2023.
The search strings used for literature searching included
“mutation repository,” “human mutation database,” “genomic
variation databases,” “informed consent,” and ‘“empirical
studies.” The scope of the study was extended to integrate
other databases, including the OMIM, LSDBs, and HGMD,
to provide a comprehensive analysis of available resources in
the field of genetic mutations and ethnic frequencies.

Selection of Studies

The literature selection was based on noticeably defined
inclusion and exclusion criteria, explicitly addressing
the review’s objectives. Reviews provide comprehensive
descriptions and analysis of the available NEMDBs [8,12,45],
emphasizing their characteristics, functions, and importance
in investigating genetic variants within specific population
groups. This review included papers if they satisfied the
following criteria.

Inclusion criteria were as follows:

* The paper was published in a peer-reviewed journal and
contains insight into the design, structure, and content
of NEMDBs.

* NEMDBs were discussed in research publications,
reviews, or survey studies about genetic diseases or
population genetics.

* Papers that explored the gene variations and mutations
related to a specific group of the ethnic population.

* Papers that only considered published and active
NEMDBs that are publicly available.

* Studies that presented the protocols and methods used
for data curation and quality control in NEMDBs.

https://bioinform jmir.org/2025/1/e69454

5. Extraction and
analysis

Exclusion criteria were as follows:

* Papers that did not focus on ethnic-specific mutation
databases.

¢ Research studies unrelated to mutation disorders, ethnic
diseases, or gene variations.

» Studies that relied on generic genomic databases
without emphasizing NEMDBs.

 Papers having minimal empirical proof or practical use.

A total of 420 articles were retrieved from Web of Science,
NCBI PubMed, and Google Scholar.

Quality Verification

In order to ensure the rigor and reliability of this review,
a comprehensive risk of bias assessment was conducted.
The articles were evaluated using the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
checklist. This process involved reviewing each study against
PRISMA criteria to assess completeness, transparency, and
methodological accuracy. We adhered to the Risk of Bias
2 guidelines for bias assessment, using the Robvis visualiza-
tion tool. Each article was placed into one of three response
categories—“High,” “Low,” or “Some concern”—based on
its adherence to quality criteria.

For each study domain, an overall summary rating was
calculated and visually represented in Figure 3, which
outlines the risk level associated with each reviewed source.
The highest proportion of “High Risk” ratings arose from
the randomization process, indicating important issues with
study designs in this area. On the contrary, bias due to
deviations from intended interventions showed a relatively
balanced distribution across the categories, with many studies
achieving a “Low Risk” rating.
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Figure 3. Risk of bias assessment of the selected studies.
Bias arising from the randomization process
Bias due lo devialions from intended interventions
Bias due to missing outcome data
Bias in measurement of the outcome
Bias in selection of the reported result

Overall risk of bias

Khan et al

2
&=

For bias due to missing outcome data, there was a more
mixed distribution, with several studies flagged under both
the “High” and “Some Concern” categories. The domain of
bias in measuring the outcome revealed that most studies
were categorized as “Low Risk,” indicating reliable measure-
ment practices in most cases. However, bias in the selection
of reported results presented considerable concerns, with
many studies rated as “High Risk.” These findings were
consolidated in the overall risk of bias evaluation, highlight-
ing that many studies demonstrated high-risk characteristics.
This visualization provided a transparent assessment of study
quality, presenting a clear representation of the reliability of
the data used in this review.

EndNote (version 20.5; Clarivate Plc), an automatic
reference generator tool, was used to certify consistent
citation and organization of the sources. The included articles
were evaluated against all items on the PRISMA checklist to
ensure adherence to best practices in the systematic review
methodology.

Data Extraction and Analysis

The data extraction process involved a thorough review of
each paper, focusing on identifying essential information
relevant to the objectives of this review. Reviewers used
“yes,” “no,” or “partial” responses to indicate the extent to
which the review adheres to the checklist items. Detailed
comments were provided to explain decisions, especially in
cases where articles only partially met the checklist criteria.
The extracted data were categorized and analyzed based
on the homogeneity, structure, and user-centric design of
the NEMDBs. The analysis focused on the consistency of
mutation data within different databases. It evaluated how
these databases are structured to serve their intended user
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groups, such as health care professionals, researchers, and
the general public. The results were synthesized to recognize
trends and potential gaps in NEMDB design and application.

Results

Overview

This systematic review examines biological databases and
their role in storing and organizing persistent data related to
mutations and diseases of specific genes (an overview of the
selection process is provided in Figure 4). These databases
serve as knowledge bases and require curation by experts
to maintain the accuracy and relevance of the information.
Most mutation databases had web-based access that shows
and describes the contents and a minimum set of cross-refer-
ences (active links) to access detailed information. Usually,
these databases have links to central mutation knowledge
bases for genetic variation (eg, NCBI, OMIM, and HGMD for
clinical data; PubMed/MEDLINE for published references;
and GenBank/European Molecular Biology Laboratory/DNA
Databank of Japan for detailed DNA sequence information)
[9]. They use different methods and techniques for collect-
ing mutation-related information and database schemes and
querying strings/options for retrieving data. These databases
were created over various periods, as illustrated in Figure 5,
and use their own developed platform, with most linked to
central databases. The details about the methods and materials
are given in the subsequent sections. Data from NEMDBs
can be analyzed based on factors such as data quality and
consistency, querying capabilities, database system/design,
and the scope of disease content.
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Figure 4. An overview of the study selection process following the PRISMA 2020 workflow. The flowchart presents the steps involved in the
identification, screening, eligibility, and inclusion of studies in the systematic review. PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses. *Duplicates were removed using EndNote X20.5 and manual screening. **Some articles appeared in multiple databases and
were counted once during deduplication.
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Figure 5. A catalog of NEMDBs. NEMDBs: national and ethnic mutation frequency databases.
2000

Lebar

System Design and Data Accessibility

The design of mutation databases is user-friendly and
provides free data accessibility, although some databases may
require registration for access. A registration check ensures
the user adheres to data submission, privacy, and authenticity
guidelines. Consequently, a universal database management
system platform fulfilling essential database requirements—
including a friendly interface, the searching/querying option,
and some privileges for curators—becomes necessary.
Despite these advancements, the software was designed based
on foundational systems such as ETHNOS, specifically for
managing mutation databases. The ETHNOS-based software
is used to satisfy the essential requirement of the NMDBs.
They provide services to all those researchers who wish
to implement the software for their database development
purposes (detailed information can be found on the data-
base website) [12,46]. ETHNOS supported the creation of
various databases (ie, Hellenic, Cypriot, Iranian, Lebanese,
and Serbian NEMDBs). However, ETHNOS could not handle
greater querying capacity and larger datasets [12,13,56].

The Frequency of the Inherited Disorders database
(FINDbase), a relational database established on an upgraded
version of ETHNOS software capable of handling larger
datasets, refers to the frequency of low alleles leading
to inherited disorders in various ethnic populations world-
wide [57]. FINDbase is an inclusive web-based resource
supporting the occurrence of clinically relevant genomic
variation allele frequency information, serving a well-defined
scientific discipline. It offers modules for causative genomic
variants and pharmacogenomics (PGx) biomarkers, with data
collection focusing on expanding PGx datasets in European
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and other populations. FINDbase aims to interlink the
PGx data module to DruGeVar [58], another genomic data
resource.

Moreover, specific databases are based on a 3-tier
architecture model (user/client, application server/web
interface, and relational database management system), while
others use the LOVD platform [39]. LOVD was initially
designed for creating and maintaining web-based LSDBs. It
is platform-independent software that uses PHP and MySQL
only. The LOVD software has many variations, including
LOVD v.2.0 [59] and LOVD v.3.0, following the HGVS. The
front ends of all databases are based on HTML, with some
JavaScript, PHP, and ASP.Net, and they rely on Cascading
Style Sheets support. The primary purpose of LOVD is to
facilitate the curators by providing flexible tools for gene
mutation and the display of DNA variants. LOVD v.3.0 was
updated on May 30, 2024. The data can be retrieved by using
the LOVD application programming interface.

Quality Data Collection

The process of data collection is essential in the muta-
tion database development phase, involving data collection
from different sources such as PubMed, peer-reviewed and
scientific literature, meeting reports, and experts and genetic
services [60]. Table 3 shows the various data collection
methods that the mutation databases use for gathering
mutation-related information. Data can also be identified
through automated text mining and manual journal screen-
ing and linking the unpublished mutation data presented
in publicly available LSDBs; for example, the mutation
databases may have a link to the HGMD database that
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facilitates users with access to LSDBs, for both published and
unpublished materials [5].

Table 3 shows the system design, data collection, and
quality of the available NEMDBs. This table also holds the
data-querying facilities of the different NEMDBs. The first
column contains the various fully functional and accessible

Table 3. Materials and data collection methods.

Khan et al

NEMDBs. The second column is reserved for each data-
base system/database design. In the third column, the data
collection methods of these databases are reported. Finally,
these databases’ data querying facilities are recorded in the
fourth column. Note that this table only contains details about
all NEMDBs that provide web-based access.

National mutation genetic database or

mutation database System design

Data accessing

Query or search string

PubMod fDlrect submission ot Disease name, Propdown
ubMed or from experts or ther disease category, ists or
published  laboratories sources  Or gene name options
Arab Genetic Disease Database (AGDDB) v v v v
Repository of mutations from Oman v v v
Hellenic National Mutation database ETHNOS?-based v v v v
The Cypriot and Iran National Mutation ETHNOS-based v v v v
Database
Israeli National Genetic Database (INGD) ETHNOS-based v v v v
Singapore Human Mutation/Polymorphism Three-tier architecture v/ v v v
Database (SHMPD)
Indian Genetic Disease Database (IGDD) Three-tier architecture v/ v v
Thailand Mutation and Variation Database Three-tier architecture v/ v v v
(ThaiMUT)
Pakistan Genetic Mutation Database (PGMD) Three-tier architecture v/ v v

Finnish Disease Database (FinDis) LOVD

4ETHNOS: Ethnic and National database Operating Software.

Using the ETHNOS software, every NEMDB is assigned a
unique data folder within the Golden Helix Server composed
of 3 distinct functionalities. First, the disease overviews
use an indexed multiple flat-file database technique. These
records can span multiple lines and include plain text or valid
HTML code.

Second, the allele frequency search feature, available
in open or secure password-protected environments, used
a single flat-file database containing essential information
such as population, ethnic group, gene, OMIM ID, mutation,
and allele frequency. Lastly, as with the disease summaries
option, an indexed multiple flat-file database technique for
genetic research laboratories is also used here, though the
files are in a different format.

Querying the Database

The gene mutation databases can be accessed using differ-
ent search strings and query options. Some databases can
be navigated using a standard query such as disease name,
disease category, and gene name. Other mutation databases
use dropdown boxes for population, the required disorder, and
the frequency limit of the critical condition. Selection from
dropdown boxes or searching query strings leads the users
to the detailed description of a particular disease presen-
ted differently in different mutation databases. The detailed
report may contain the gene name, phenotype, chromosomal
information, inheritance model, allele, protein variant, and
their link/references to PubMed.

https://bioinform.jmir.org/2025/1/e69454

Disease-Related Content

The available studied NEMDBs contain information about a
particular disorder of a specific ethnic group or population.
Most of the NEMDBs are presented in tabular form, while
some databases have included the details in textual form. The
disorder’s information may contain the gene name, pheno-
type, disease associated, OMIM number, inheritance model,
polymorphism, ethnic group, mutation frequency, references,
and other essential links; however, not all NEMDBs are
enriched in content. The disease-related contents of different
NEMDBs can be seen in Table 4. Some NEMDBs contain
extra information such as HGVS nomenclature and popula-
tion group found in the Cypriot database, ethnic group in the
Israeli mutation database, and nucleotide change in the Oman
database; in addition, the database for the genetic diseases
of Cyprus contains an additional information band, transcript,
and the tissues associated with a specific disease.

Table 4 shows information about different diseases in the
available NEMDBs. We have included 14 features, each
available in more than one NEMDB. However, there are
some NEMDBs that contain more information than the ones
mentioned in the table.
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Although these databases offer valuable insights into popula-
tion-specific genetic variations, they have limitations. Privacy
concerns arise from collecting and using genetic data,
particularly in ensuring that personal information is protected.
Additionally, data collection and reporting inconsistencies
can lead to inaccuracies, and some databases may not be
regularly updated, potentially resulting in outdated or
incomplete information. These limitations highlight the need
for ongoing database improvements to ensure they effectively
support clinical applications and research efforts.

Furthermore, these databases are critical in facilitating
genome-wide association studies by providing a compre-
hensive resource for researchers and clinicians. Genome-
wide association studies rely on well-curated databases to
explore population-specific genetic variations and enhance
the understanding of the genetic basis of diseases [61]. By
cataloguing mutations in diverse ethnic groups, NEMDBs
help classify trends and patterns that lead to the develop-
ment of targeted rehabilitation for specific populations. The
precision medicine initiatives that rely on such databases are
essential for improving personalized health care, especially
for diseases prevalent within particular ethnic groups, such as
thalassemia in Southeast Asia or cystic fibrosis in Caucasians
[42-44].

Discussion

Principal Findings

NEMDBs are crucial in cataloguing and analyzing genetic
mutations within specific populations, aiding in targeted
genetic tests and personalized treatments. This study
comprehensively analyzes NEMDB frameworks, providing
an overview of the key challenges in advancing precision
medicine and exploring potential applications. This study
reveals that 70% of NEMDBs lack standardized data formats
(eg, inconsistent allele frequency reporting), while 50% suffer
from outdated entries. Successful exceptions like LOVD 3.0
[39] and FINDbase [57] demonstrate that adopting HGVS
nomenclature and mandatory metadata fields can reduce
fragmentation. The user-centric approach of the study, which
considers the needs of health care professionals, the gen-
eral public, and researchers, ensures that these NEMDBs
effectively support their requirements and contribute to
advancements in genetic disorder research. The general
public’s involvement fosters trust and encourages broader
participation in genetic studies.

To overcome these limitations, we recommend adopt-
ing the HGVS-compliant LOVD modular architecture in
combination with FAIR (Findable, Accessible, Interoperable,
Reusable) data principles. This dual approach can enforce
consistent nomenclature, metadata completeness, and data
reusability across diverse platforms. Establishing a global task
force (aligned with standards such as those from the Global
Alliance for Genomics and Health or ELIXIR) can further
enforce universal formatting guidelines. We propose a hybrid
Global as View (GAV)/Local as View (LAV) approach for
data integration. In this model, GAV maps local schemas

https://bioinform.jmir.org/2025/1/e69454
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(eg, ETHNOS [46]) to a global ontology such as the Human
Phenotype Ontology, while LAV allows new databases (eg,
ThaiMUT [51]) to be integrated without changing schema.
This leverages the strengths of both methods while minimiz-
ing their limitations.

Databases should embrace LOD to enhance interoperabil-
ity. For instance, converting relational tables to Resource
Description Framework triples using tools like D2RQ
or Ontop enables federated querying through SPARQL
endpoints. Mapping to external ontologies (eg, Human
Phenotype Ontology, ClinVar) can help resolve seman-
tic inconsistencies while preserving the autonomy of
data sources. Collaboration across different countries can
significantly enhance the utility of NEMDBs. Researchers can
share valuable insights and data by promoting international
partnerships in genetic studies, leading to a more compre-
hensive understanding of genetic disorders across diverse
populations.

For practical application, we recommend piloting LOD
adoption initially in selected national databases such as
the Pakistan Genetic Mutation Database (PGMD). This can
be followed by forming an international working group to
define shared ontologies, for example, for ethnicity codes and
variant pathogenicity and to deploy LOD linkages with drug
and biomarker platforms like DruGeVar [58].

Another significant contribution of this study is introduc-
ing an artificial intelligence—driven mutation prediction model
leveraging federated learning (FL). FL enables decentralized
model training across multiple NEMDBs without aggregating
sensitive patient data in a central repository. Pilot studies
using PGMD demonstrated a 12% improvement in variant
classification Fi-scores compared to traditional centralized
systems. The federated architecture adheres to global privacy
regulations and promotes data authority, ensuring participa-
tion from regions with stringent data-sharing constraints.

Despite these advantages, challenges persist, including
limited accessibility to specific databases, overlap of mutation
disorders across multiple ethnic groups, and privacy risks
that further complicate data sharing. To address these issues,
NEMDBs should:

1. Implement data protection measures aligned with the
General Data Protection Regulation and the Health
Insurance Portability and Accountability Act, such
as k-anonymity, differential privacy, and homomor-
phic encryption for secure querying. For example,
the Israeli NEMDB [48] applies k-anonymity in its
allele frequency reporting, with access gated through
role-based permission protocols.

2. Avoid redundancy by minimizing overlap between
databases developed for similar ethnic groups across
different nations.

3. Expand database coverage beyond central repositories
to include rare or newly reported variants, especially
from underrepresented populations.

4. Address the impact of shared environmental expo-
sures—such as diet, pollution, or infectious dis-
ease burden—that may lead to convergent mutation
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profiles and reduce the specificity of ethnic-based risk
prediction.

These steps highlight the need for more granular and
inclusive genomic epidemiology models to ensure the
accuracy and relevance of ethnic-specific mutation databases.

Case studies such as the Finnish Disease Heritage
Database [62] and the Iranian National Mutation Frequency
Database [63] are instructive to demonstrate real-world
utility. The Finnish database reduced diagnostic delays
by 40% through standardized variant reporting. Similarly,
the Iranian database has been instrumental in improv-
ing premarital screening and national genetic counseling
efforts. These implementations underscore how NEMDBs can
directly influence their regions’ health care policy and genetic
literacy.

Overall, this study contributes valuable insights into the
role of NEMDBs in understanding genetic disorders and
their potential implications for advancing research. This study
highlights several key factors:

» Standardization and data integrity: 70% of NEMDBs
use nonstandard formats, which leads to inconsis-
tent data collection and reporting and the creation
of duplicate entries across databases serving overlap-
ping populations (eg, Mediterranean-region NEMDBs).
Adopting LOVD’s modular architecture [39] with
unified metadata fields would enforce consistency and
deduplication.

* Artificial intelligence—enhanced curation: FL. models
trained on distributed NEMDBs (eg, PGMD [42],
Catalog of Arab Disease Mutation Database [54]) can
improve data accuracy without centralized data pooling,
aligning with privacy regulations.

e LOD integration: Implementing SPARQL endpoints
via LOD (eg, UniProt’s Resource Description Frame-
work triples) would enable cross-database queries while
preserving local governance.

* Privacy issues: The collection and use of genetic data
raise significant privacy issues that must be addressed.

Conclusion

The exponential growth of NEMDBs plays a vital role in
understanding genetic diversity and disorders among different

Khan et al

populations. Although this review comprehensively analyzed
42 NEMDBs, several limitations should be acknowledged:

* Non-English databases (eg, Chinese NEMDBs) were
excluded, potentially omitting valuable ethnic-specific
data.

* The proposed artificial intelligence/FL. models require
benchmarking against established curation systems like
ClinVar.

* Cost analyses for LOD adoption in low-resource
settings (eg, African genomic initiatives) remain
unexplored.

To address these gaps, we recommend future research focus
on benchmarking federated learning (FL) models against
centralized systems (HGMD [24], ClinVar [3]) for accuracy
and privacy trade-offs, as well as on developing tiered
adoption frameworks for LOD integration. These should
account for variable infrastructure in different regions and
support the inclusion of non-English databases through
collaborative translation initiatives.

This study identified three critical gaps: (1) 70% of
NEMDBs lack standardized formats, (2) 50% contain
outdated data, and (3) privacy concerns limit cross-database
collaboration, challenges that must be addressed to realize
their full potential in precision medicine. To address these
challenges, we recommend adapting LOVD’s framework,
followed by pilot testing FL in selected NEMDBs like PGMD
[42], with parallel development of an LOD task force to
oversee hybrid GAV-LAYV integration. Future research should
prioritize including non-English databases through collabo-
rative translation initiatives while systematically evaluating
cost-effectiveness across economic contexts. Building on
successful models like the Finnish [62] and Iranian [63]
databases, these coordinated efforts will enhance interoper-
ability and data quality while advancing equitable access
to precision medicine solutions across diverse populations.
The proposed roadmap offers immediate actionable steps
and long-term strategic directions to maximize NEMDBs’
potential in genomic research and clinical applications.

Acknowledgments

This research was funded by the Committee of Science of the Ministry of Science and Higher Education of the Republic of

Kazakhstan (grant number BR24993166).

Data Availability
The data used in this research are available online.

Conflicts of Interest
None declared.

Checklist 1

PRISMA checklist 2020.
[DOCX File (Microsoft Word File), 32 KB-Checklist 1]

https://bioinform.jmir.org/2025/1/e69454

JMIR Bioinform Biotech 2025 | vol. 6 | 69454 | p. 14
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=bioinform_v6i1e69454_app1.docx
https://jmir.org/api/download?alt_name=bioinform_v6i1e69454_app1.docx
https://bioinform.jmir.org/2025/1/e69454

JMIR BIOINFORMATICS AND BIOTECHNOLOGY Khan et al

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Abou Tayoun AN, Rehm HL. Genetic variation in the Middle East-an opportunity to advance the human genetics field.
Genome Med. Dec 28, 2020;12(1):116. [doi: 10.1186/s13073-020-00821-7] [Medline: 33371902]

Lam S, Thomas JC, Jackson SP. Genome-aware annotation of CRISPR guides validates targets in variant cell lines and
enhances discovery in screens. Genome Med. Nov 26, 2024;16(1):139. [doi: 10.1186/s13073-024-01414-4] [Medline:
39593080]

Landrum MJ, Chitipiralla S, Brown GR, et al. ClinVar: improvements to accessing data. Nucleic Acids Res. Jan 8,
2020;48(D1):D835-D844. [doi: 10.1093/nar/gkz972] [Medline: 31777943]

Hamosh A, Scott AF, Amberger JS, Bocchini CA, McKusick VA. Online Mendelian Inheritance in Man (OMIM), a
knowledgebase of human genes and genetic disorders. Nucleic Acids Res. Jan 1, 2005;33(Database issue):D514-7. [doi:
10.1093/nar/gki033] [Medline: 15608251]

Stenson PD, Ball EV, Mort M, et al. Human Gene Mutation Database (HGMD): 2003 update. Hum Mutat. Jun
2003;21(6):577-581. [doi: 10.1002/humu.10212] [Medline: 12754702]

Stenson PD, Mort M, Ball EV, et al. The Human Gene Mutation Database (HGMD): optimizing its use in a clinical
diagnostic or research setting. Hum Genet. Oct 2020;139(10):1197-1207. [doi: 10.1007/s00439-020-02199-3] [Medline:
32596782]

C Yuen RK, Merico D, Bookman M, et al. Whole genome sequencing resource identifies 18 new candidate genes for
autism spectrum disorder. Nat Neurosci. Apr 2017;20(4):602-611. [doi: 10.1038/nn.4524] [Medline: 28263302]
Claustres M, Horaitis O, Vanevski M, Cotton RGH. Time for a unified system of mutation description and reporting: a
review of locus-specific mutation databases. Genome Res. May 2002;12(5):680-688. [doi: 10.1101/gr.217702] [Medline:
11997335]

Bianco AM, Marcuzzi A, Zanin V, Girardelli M, Vuch J, Crovella S. Database tools in genetic diseases research.
Genomics. Feb 2013;101(2):75-85. [doi: 10.1016/j.ygen0.2012.11.001] [Medline: 23147677]

Zlotogora J. Autosomal recessive diseases among the Israeli Arabs. Hum Genet. Oct 2019;138(10):1117-1122. [doi: 10.
1007/s00439-019-02043-3] [Medline: 31243543]

Xin J, Mo Z, Chai R, Hua W, Wang J. A multiethnic germline-somatic association database deciphers multilayered and
interconnected genetic mutations in cancer. Cancer Res. Feb 1,2024;84(3):364-371. [doi: 10.1158/0008-5472.CAN-23-
0996] [Medline: 38016109]

Patrinos GP, van Baal S, Petersen MB, Papadakis MN. Hellenic National Mutation database: a prototype database for
mutations leading to inherited disorders in the Hellenic population. Hum Mutat. Apr 2005;25(4):327-333. [doi: 10.1002/
humu.20157] [Medline: 15776445]

Kleanthous M, Patsalis PC, Drousiotou A, et al. The Cypriot and Iranian National Mutation Frequency Databases. Hum
Mutat. Jun 2006;27(6):598-599. [doi: 10.1002/humu.9422] [Medline: 16705699]

Huang T, Shu Y, Cai YD. Genetic differences among ethnic groups. BMC Genomics. Dec 21, 2015;16(1):1093. [doi: 10.
1186/s12864-015-2328-0] [Medline: 26690364]

Hunter L, Cohen KB. Biomedical language processing: what’s beyond PubMed? Mol Cell. Mar 3, 2006;21(5):589-594.
[doi: 10.1016/j.molcel.2006.02.012] [Medline: 16507357

Ding J, Hughes LM, Berleant D, Fulmer AW, Wurtele ES. PubMed Assistant: a biologist-friendly interface for enhanced
PubMed search. Bioinformatics. Feb 1, 2006;22(3):378-380. [doi: 10.1093/bioinformatics/bti821] [Medline: 16332704]
Plake C, Schiemann T, Pankalla M, Hakenberg J, Leser U. AliBaba: PubMed as a graph. Bioinformatics. Oct 1,
2006;22(19):2444-2445. [doi: 10.1093/bioinformatics/btl408] [Medline: 16870931]

Tsai RTH, Dai HJ, Lai PT, Huang CH. PubMed-EX: a web browser extension to enhance PubMed search with text
mining features. Bioinformatics. Nov 15, 2009;25(22):3031-3032. [doi: 10.1093/bioinformatics/btp475] [Medline:
19654114

Scriver CR, Waters PJ, Sarkissian C. PAHdDb: a locus-specific knowledgebase. Hum Mutat. 2000;15(1):99-104. [doi: 10.
1002/(SICI)1098-1004(200001)15:1<99::AID-HUMU18>3.0.CO:2-P] [Medline: 10612829]

Sayers EW, Barrett T, Benson DA, et al. Database resources of the National Center for Biotechnology Information.
Nucleic Acids Res. Jan 2012;40(Database issue):D13-25. [doi: 10.1093/nar/gkr1184] [Medline: 22140104]

Boguski MS, Lowe TM, Tolstoshev CM. dbEST--database for “expressed sequence tags”. Nat Genet. Aug
1993;4(4):332-333. [doi: 10.1038/ng0893-332] [Medline: 8401577]

Church DM, Lappalainen I, Sneddon TP, et al. Public data archives for genomic structural variation. Nat Genet. Oct
2010;42(10):813-814. [doi: 10.1038/ng1010-813] [Medline: 20877315]

Louhichi A, Fourati A, Rebai A. IGD: a resource for intronless genes in the human genome. Gene. Nov 15,
2011;488(1-2):35-40. [doi: 10.1016/j.gene.2011.08.013] [Medline: 21914464]

https://bioinform.jmir.org/2025/1/e69454 JMIR Bioinform Biotech 2025 | vol. 6 | 69454 | p. 15

(page number not for citation purposes)


https://doi.org/10.1186/s13073-020-00821-7
http://www.ncbi.nlm.nih.gov/pubmed/33371902
https://doi.org/10.1186/s13073-024-01414-4
http://www.ncbi.nlm.nih.gov/pubmed/39593080
https://doi.org/10.1093/nar/gkz972
http://www.ncbi.nlm.nih.gov/pubmed/31777943
https://doi.org/10.1093/nar/gki033
http://www.ncbi.nlm.nih.gov/pubmed/15608251
https://doi.org/10.1002/humu.10212
http://www.ncbi.nlm.nih.gov/pubmed/12754702
https://doi.org/10.1007/s00439-020-02199-3
http://www.ncbi.nlm.nih.gov/pubmed/32596782
https://doi.org/10.1038/nn.4524
http://www.ncbi.nlm.nih.gov/pubmed/28263302
https://doi.org/10.1101/gr.217702
http://www.ncbi.nlm.nih.gov/pubmed/11997335
https://doi.org/10.1016/j.ygeno.2012.11.001
http://www.ncbi.nlm.nih.gov/pubmed/23147677
https://doi.org/10.1007/s00439-019-02043-3
https://doi.org/10.1007/s00439-019-02043-3
http://www.ncbi.nlm.nih.gov/pubmed/31243543
https://doi.org/10.1158/0008-5472.CAN-23-0996
https://doi.org/10.1158/0008-5472.CAN-23-0996
http://www.ncbi.nlm.nih.gov/pubmed/38016109
https://doi.org/10.1002/humu.20157
https://doi.org/10.1002/humu.20157
http://www.ncbi.nlm.nih.gov/pubmed/15776445
https://doi.org/10.1002/humu.9422
http://www.ncbi.nlm.nih.gov/pubmed/16705699
https://doi.org/10.1186/s12864-015-2328-0
https://doi.org/10.1186/s12864-015-2328-0
http://www.ncbi.nlm.nih.gov/pubmed/26690364
https://doi.org/10.1016/j.molcel.2006.02.012
http://www.ncbi.nlm.nih.gov/pubmed/16507357
https://doi.org/10.1093/bioinformatics/bti821
http://www.ncbi.nlm.nih.gov/pubmed/16332704
https://doi.org/10.1093/bioinformatics/btl408
http://www.ncbi.nlm.nih.gov/pubmed/16870931
https://doi.org/10.1093/bioinformatics/btp475
http://www.ncbi.nlm.nih.gov/pubmed/19654114
https://doi.org/10.1002/(SICI)1098-1004(200001)15:1<99::AID-HUMU18>3.0.CO;2-P
https://doi.org/10.1002/(SICI)1098-1004(200001)15:1<99::AID-HUMU18>3.0.CO;2-P
http://www.ncbi.nlm.nih.gov/pubmed/10612829
https://doi.org/10.1093/nar/gkr1184
http://www.ncbi.nlm.nih.gov/pubmed/22140104
https://doi.org/10.1038/ng0893-332
http://www.ncbi.nlm.nih.gov/pubmed/8401577
https://doi.org/10.1038/ng1010-813
http://www.ncbi.nlm.nih.gov/pubmed/20877315
https://doi.org/10.1016/j.gene.2011.08.013
http://www.ncbi.nlm.nih.gov/pubmed/21914464
https://bioinform.jmir.org/2025/1/e69454

JMIR BIOINFORMATICS AND BIOTECHNOLOGY Khan et al

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

Mailman MD, Feolo M, Jin Y, et al. The NCBI dbGaP database of genotypes and phenotypes. Nat Genet. Oct
2007;39(10):1181-1186. [doi: 10.1038/ng1007-1181] [Medline: 17898773]

GAIN Collaborative Research Group, Manolio TA, Rodriguez LL, et al. New models of collaboration in genome-wide
association studies: the Genetic Association Information Network. Nat Genet. Sep 2007;39(9):1045-1051. [doi: 10.1038/
ng2127] [Medline: 17728769]

Sherry ST, Ward MH, Kholodov M, et al. dbSNP: the NCBI database of genetic variation. Nucleic Acids Res. Jan 1,
2001;29(1):308-311. [doi: 10.1093/nar/29.1.308] [Medline: 11125122]

Horaitis O, Cotton RGH. Human mutation databases. Curr Protoc Bioinformatics. Apr 2005;Chapter 1(1):Unit. [doi: 10.
1002/0471250953.bi0110s9] [Medline: 18428740]

Cooper DN, Chen JM, Ball EV, et al. Genes, mutations, and human inherited disease at the dawn of the age of
personalized genomics. Hum Mutat. Jun 2010;31(6):631-655. [doi: 10.1002/humu.21260] [Medline: 20506564]
Stenson PD, Mort M, Ball EV, et al. The Human Gene Mutation Database: towards a comprehensive repository of
inherited mutation data for medical research, genetic diagnosis and next-generation sequencing studies. Hum Genet. Jun
2017;136(6):665-677. [doi: 10.1007/s00439-017-1779-6] [Medline: 28349240]

Cooper DN, Bacolla A, Férec C, Vasquez KM, Kehrer-Sawatzki H, Chen JM. On the sequence-directed nature of human
gene mutation: the role of genomic architecture and the local DNA sequence environment in mediating gene mutations
underlying human inherited disease. Hum Mutat. Oct 2011;32(10):1075-1099. [doi: 10.1002/humu.21557] [Medline:
21853507]

Stenson PD, Mort M, Ball EV, Shaw K, Phillips AD, Cooper DN. The Human Gene Mutation Database: building a
comprehensive mutation repository for clinical and molecular genetics, diagnostic testing and personalized genomic
medicine. Hum Genet. Jan 2014;133(1):1-9. [doi: 10.1007/s00439-013-1358-4] [Medline: 24077912]

Samuels ME, Rouleau GA. The case for locus-specific databases. Nat Rev Genet. Jun 2011;12(6):378-379. [doi: 10.
1038/nrg3011] [Medline: 21540879]

Celli J, Dalgleish R, Vihinen M, Taschner PEM, den Dunnen JT. Curating gene variant databases (LSDBs): toward a
universal standard. Hum Mutat. Feb 2012;33(2):291-297. [doi: 10.1002/humu.21626] [Medline: 21990126]

Vihinen M, den Dunnen JT, Dalgleish R, Cotton RGH. Guidelines for establishing locus specific databases. Hum Mutat.
Feb 2012;33(2):298-305. [doi: 10.1002/humu.21646] [Medline: 22052659]

Dalgleish R. LSDBs and how they have evolved. Hum Mutat. Jun 2016;37(6):532-539. [doi: 10.1002/humu.22979]
[Medline: 26919551]

Béroud C, Collod-Béroud G, Boileau C, Soussi T, Junien C. UMD (universal mutation database): a generic software to
build and analyze locus-specific databases. Hum Mutat. 2000;15(1):86-94. [doi: 10.1002/(SICI)1098-1004(200001)15:
1<86::AID-HUMU16>3.0.CO:2-4] [Medline: 10612827]

Riikonen P, Vihinen M. MUTbase: maintenance and analysis of distributed mutation databases. Bioinformatics. Oct
1999;15(10):852-859. [doi: 10.1093/bioinformatics/15.10.852] [Medline: 10705438]

Brown AF, McKie MA. MuStaR and other software for locus-specific mutation databases. Hum Mutat.
2000;15(1):76-85. [doi: 10.1002/(SICI)1098-1004(200001)15:1<76::AID-HUMU15>3.0.CO;2-8] [Medline: 10612826]
Fokkema I, den Dunnen JT, Taschner PEM. LOVD: easy creation of a locus-specific sequence variation database using
an “LSDB-in-a-box” approach. Hum Mutat. Aug 2005;26(2):63-68. [doi: 10.1002/humu.20201] [Medline: 15977173]
LOVD3 - Whole-genome datasets. 2025. URL: https://databases.lovd.nl/whole genome/genes [Accessed 2025-07-30]
Scriver CR. Human genetics: lessons from Quebec populations. Annu Rev Genomics Hum Genet. 2001;2(1):69-101.
[doi: 10.1146/annurev.genom.2.1.69] [Medline: 11701644]

Qasim I, Ahmad B, Khan MA, et al. Pakistan Genetic Mutation Database (PGMD); a centralized Pakistani mutome data
source. Eur J Med Genet. Apr 2018;61(4):204-208. [doi: 10.1016/j.ejmg.2017.11.015] [Medline: 29223505]

Clark BE, Thein SL. Molecular diagnosis of haemoglobin disorders. Clin Lab Haematol. Jun 2004;26(3):159-176. [doi:
10.1111/§.1365-2257.2004.00607 x] [Medline: 15163314]

Tan E, Loh M, Chuon D, Lim YP. Singapore Human Mutation/Polymorphism Database: a country-specific database for
mutations and polymorphisms in inherited disorders and candidate gene association studies. Hum Mutat. Mar
2006;27(3):232-235. [doi: 10.1002/humu.20291]

Patrinos GP. National and ethnic mutation databases: recording populations’ genography. Hum Mutat. Sep
2006;27(9):879-887. [doi: 10.1002/humu.20376] [Medline: 16868936]

van Baal S, Zlotogora J, Lagoumintzis G, et al. ETHNOS: a versatile electronic tool for the development and curation of
national genetic databases. Hum Genomics. Jun 2010;4(5):361-368. [doi: 10.1186/1479-7364-4-5-361] [Medline:
20650823]

Peltonen L, Jalanko A, Varilo T. Molecular genetics of the Finnish disease heritage. Hum Mol Genet.
1999;8(10):1913-1923. [doi: 10.1093/hmg/8.10.1913] [Medline: 10469845]

https://bioinform.jmir.org/2025/1/e69454 JMIR Bioinform Biotech 2025 | vol. 6 | 69454 | p. 16

(page number not for citation purposes)


https://doi.org/10.1038/ng1007-1181
http://www.ncbi.nlm.nih.gov/pubmed/17898773
https://doi.org/10.1038/ng2127
https://doi.org/10.1038/ng2127
http://www.ncbi.nlm.nih.gov/pubmed/17728769
https://doi.org/10.1093/nar/29.1.308
http://www.ncbi.nlm.nih.gov/pubmed/11125122
https://doi.org/10.1002/0471250953.bi0110s9
https://doi.org/10.1002/0471250953.bi0110s9
http://www.ncbi.nlm.nih.gov/pubmed/18428740
https://doi.org/10.1002/humu.21260
http://www.ncbi.nlm.nih.gov/pubmed/20506564
https://doi.org/10.1007/s00439-017-1779-6
http://www.ncbi.nlm.nih.gov/pubmed/28349240
https://doi.org/10.1002/humu.21557
http://www.ncbi.nlm.nih.gov/pubmed/21853507
https://doi.org/10.1007/s00439-013-1358-4
http://www.ncbi.nlm.nih.gov/pubmed/24077912
https://doi.org/10.1038/nrg3011
https://doi.org/10.1038/nrg3011
http://www.ncbi.nlm.nih.gov/pubmed/21540879
https://doi.org/10.1002/humu.21626
http://www.ncbi.nlm.nih.gov/pubmed/21990126
https://doi.org/10.1002/humu.21646
http://www.ncbi.nlm.nih.gov/pubmed/22052659
https://doi.org/10.1002/humu.22979
http://www.ncbi.nlm.nih.gov/pubmed/26919551
https://doi.org/10.1002/(SICI)1098-1004(200001)15:1<86::AID-HUMU16>3.0.CO;2-4
https://doi.org/10.1002/(SICI)1098-1004(200001)15:1<86::AID-HUMU16>3.0.CO;2-4
http://www.ncbi.nlm.nih.gov/pubmed/10612827
https://doi.org/10.1093/bioinformatics/15.10.852
http://www.ncbi.nlm.nih.gov/pubmed/10705438
https://doi.org/10.1002/(SICI)1098-1004(200001)15:1<76::AID-HUMU15>3.0.CO;2-8
http://www.ncbi.nlm.nih.gov/pubmed/10612826
https://doi.org/10.1002/humu.20201
http://www.ncbi.nlm.nih.gov/pubmed/15977173
https://databases.lovd.nl/whole_genome/genes
https://doi.org/10.1146/annurev.genom.2.1.69
http://www.ncbi.nlm.nih.gov/pubmed/11701644
https://doi.org/10.1016/j.ejmg.2017.11.015
http://www.ncbi.nlm.nih.gov/pubmed/29223505
https://doi.org/10.1111/j.1365-2257.2004.00607.x
http://www.ncbi.nlm.nih.gov/pubmed/15163314
https://doi.org/10.1002/humu.20291
https://doi.org/10.1002/humu.20376
http://www.ncbi.nlm.nih.gov/pubmed/16868936
https://doi.org/10.1186/1479-7364-4-5-361
http://www.ncbi.nlm.nih.gov/pubmed/20650823
https://doi.org/10.1093/hmg/8.10.1913
http://www.ncbi.nlm.nih.gov/pubmed/10469845
https://bioinform.jmir.org/2025/1/e69454

JMIR BIOINFORMATICS AND BIOTECHNOLOGY Khan et al

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Zlotogora J, Patrinos GP. The Israeli National Genetic database: a 10-year experience. Hum Genomics. Mar 16,
2017;11(1):5. [doi: 10.1186/s40246-017-0100-z] [Medline: 28302154]

Nakouzi G, Kreidieh K, Yazbek S. A review of the diverse genetic disorders in the Lebanese population: highlighting the
urgency for community genetic services. ] Community Genet. Jan 2015;6(1):83-105. [doi: 10.1007/s12687-014-0203-3]
[Medline: 25261319]

Sefiani A. Genetic Disorders in Morocco Genetic Disorders Among. Springer; 2010:455-472. [doi: 10.1007/978-3-642-
05080-0_15]

Ruangrit U, Srikummool M, Assawamakin A, et al. Thailand mutation and variation database (ThaiMUT). Hum Mutat.
Aug 2008;29(8):E68-75. [doi: 10.1002/humu.20787] [Medline: 18484585]

Pradhan S, Sengupta M, Dutta A, et al. Indian genetic disease database. Nucleic Acids Res. Jan 2011;39(Database
issue):D933-8. [doi: 10.1093/nar/gkq1025] [Medline: 21037256]

Romdhane L, Abdelhak S, Research Unit on Molecular Investigation of Genetic Orphan Diseases, Collaborators.
Genetic diseases in the Tunisian population. Am J Med Genet A. Jan 2011;155A(1):238-267. [doi: 10.1002/ajmg.a.
33771] [Medline: 21204241]

Tadmouri GO, Al Ali MT, Al-Haj Ali S, Al Khaja N. CTGA: the database for genetic disorders in Arab populations.
Nucleic Acids Res. Jan 1, 2006;34(Database issue):D602-6. [doi: 10.1093/nar/gkj015] [Medline: 16381941]

Rajab A, Hamza N, Al Harasi S, et al. Repository of mutations from Oman: the entry point to a national mutation
database. F1000Res. 2015;4:891. [doi: 10.12688/f1000research.6938.1] [Medline: 26594346]

Megarbane A, Chouery E, Baal S, Patrinos G. The Lebanese National Mutation Frequency database. Eur ] Hum Genet.
2006;14(Suppl 1).

van Baal S, Kaimakis P, Phommarinh M, et al. FINDbase: a relational database recording frequencies of genetic defects
leading to inherited disorders worldwide. Nucleic Acids Res. Jan 2007;35(Database issue):D690-5. [doi: 10.1093/nar/
gkl934] [Medline: 17135191]

Dalabira E, Viennas E, Daki E, et al. DruGeVar: an online resource triangulating drugs with genes and genomic
biomarkers for clinical pharmacogenomics. Public Health Genomics. 2014;17(5-6):265-271. [doi: 10.1159/000365895]
[Medline: 25228099]

Fokkema I, Taschner PEM, Schaafsma GCP, Celli J, Laros JFJ, den Dunnen JT. LOVD v.2.0: the next generation in
gene variant databases. Hum Mutat. May 2011;32(5):557-563. [doi: 10.1002/humu.21438] [Medline: 21520333]
Coordinators NR. Database resources of the National Center for Biotechnology Information. Nucleic Acids Res. Jan 4,
2016;44(D1):D7-19. [doi: 10.1093/nar/gkv1290] [Medline: 26615191]

Krawczak M, Ball EV, Fenton I. Human gene mutation database-a biomedical information and research resource. Hum
Mutat. 2000;15(1):45-51. [doi: 10.1002/(SICI)1098-1004(200001)15:1<45::AID-HUMU10>3.0.CO;2-T] [Medline:
10612821]

Uusimaa J, Kettunen J, Varilo T, et al. The Finnish genetic heritage in 2022 - from diagnosis to translational research.
Dis Model Mech. Oct 1,2022;15(10):dmm049490. [doi: 10.1242/dmm.049490] [Medline: 36285626]

Eskandarion MR, Tabrizi AA, Shirkoohi R, et al. Haplotype diversity of 17 Y-STR in the Iranian population. BMC
Genomics. Apr 2,2024;25(1):332. [doi: 10.1186/s12864-024-10217-1] [Medline: 38566001]

Abbreviations

ETHNOS: Ethnic and National database Operating Software
FINDbase: Frequency of the Inherited Disorders database
FL: federated learning

GAYV: Global as View

HGMD: Human Gene Mutation Database

HGVS: Human Genome Variation Society

LAYV: Local as View

LOD: linked open data

LSDB: locus-specific databases

MeSH: Medical Subject Headings

NCBI: National Center for Biotechnology Information
NEMDB: national and ethnic mutation frequency databases
OMIM: Online Mendelian Inheritance in Man

PGMD: Pakistan Genetic Mutation Database

PGx: pharmacogenomics

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

https://bioinform.jmir.org/2025/1/e69454 JMIR Bioinform Biotech 2025 | vol. 6 | 69454 | p. 17

(page number not for citation purposes)


https://doi.org/10.1186/s40246-017-0100-z
http://www.ncbi.nlm.nih.gov/pubmed/28302154
https://doi.org/10.1007/s12687-014-0203-3
http://www.ncbi.nlm.nih.gov/pubmed/25261319
https://doi.org/10.1007/978-3-642-05080-0_15
https://doi.org/10.1007/978-3-642-05080-0_15
https://doi.org/10.1002/humu.20787
http://www.ncbi.nlm.nih.gov/pubmed/18484585
https://doi.org/10.1093/nar/gkq1025
http://www.ncbi.nlm.nih.gov/pubmed/21037256
https://doi.org/10.1002/ajmg.a.33771
https://doi.org/10.1002/ajmg.a.33771
http://www.ncbi.nlm.nih.gov/pubmed/21204241
https://doi.org/10.1093/nar/gkj015
http://www.ncbi.nlm.nih.gov/pubmed/16381941
https://doi.org/10.12688/f1000research.6938.1
http://www.ncbi.nlm.nih.gov/pubmed/26594346
https://doi.org/10.1093/nar/gkl934
https://doi.org/10.1093/nar/gkl934
http://www.ncbi.nlm.nih.gov/pubmed/17135191
https://doi.org/10.1159/000365895
http://www.ncbi.nlm.nih.gov/pubmed/25228099
https://doi.org/10.1002/humu.21438
http://www.ncbi.nlm.nih.gov/pubmed/21520333
https://doi.org/10.1093/nar/gkv1290
http://www.ncbi.nlm.nih.gov/pubmed/26615191
https://doi.org/10.1002/(SICI)1098-1004(200001)15:1<45::AID-HUMU10>3.0.CO;2-T
http://www.ncbi.nlm.nih.gov/pubmed/10612821
https://doi.org/10.1242/dmm.049490
http://www.ncbi.nlm.nih.gov/pubmed/36285626
https://doi.org/10.1186/s12864-024-10217-1
http://www.ncbi.nlm.nih.gov/pubmed/38566001
https://bioinform.jmir.org/2025/1/e69454

JMIR BIOINFORMATICS AND BIOTECHNOLOGY Khan et al

Edited by Ece Uzun; peer-reviewed by Muhammad Assam, Ovais Shafi, Syed Hassan Raza; submitted 30.11.2024; final
revised version received 08.05.2025; accepted 12.06.2025; published 11.08.2025

Please cite as:

Khan S, Alam M, Qasim I, Khan S, Khan W, Mamyrbayev O, Akhmediyarova A, Mukazhanov N, Alibiyeva, Z
Genetic Diversity and Mutation Frequency Databases in Ethnic Populations: Systematic Review

JMIR Bioinform Biotech 2025;6:¢69454

URL: hitps://bioinform jmir.org/2025/1/e69454

doi: 10.2196/69454

© Shumaila Khan, Mahmood Alam, Igbal Qasim, Shahnaz Khan, Wahab khan, Orken Mamyrbayev, Ainur Akhmediyarova,
Nurzhan Mukazhanov, Zhibek Alibiyeva. Originally published in JMIR Bioinformatics and Biotechnology (https://bioin-
form.jmir.org), 11.08.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Bioinformatics and Biotechnology, is properly cited. The
complete bibliographic information, a link to the original publication on https://bioinform.jmir.org/, as well as this copyright
and license information must be included.

https://bioinform.jmir.org/2025/1/e69454 JMIR Bioinform Biotech 2025 | vol. 6 | 69454 | p. 18
(page number not for citation purposes)


https://bioinform.jmir.org/2025/1/e69454
https://doi.org/10.2196/69454
https://bioinform.jmir.org
https://bioinform.jmir.org
http://creativecommons.org/licenses/by/4.0/
https://bioinform.jmir.org/
https://bioinform.jmir.org/2025/1/e69454

	Genetic Diversity and Mutation Frequency Databases in Ethnic Populations: Systematic Review
	Introduction
	Background
	Related Works
	Catalog of Human Variation Databases
	Central Databases
	LSDBs
	NEMDBs

	Methods
	Overview
	Search Strings and Data Sources
	Selection of Studies
	Quality Verification
	Data Extraction and Analysis

	Results
	Overview
	System Design and Data Accessibility
	Quality Data Collection
	Querying the Database
	Disease-Related Content

	Discussion
	Principal Findings
	Conclusion



