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The Gene Expression Omnibus (NCBI GEO) is the largest public repository for functional
genomics data, including gene expression, methylation, chromatin accessibility, and transcription
factor binding profiles. Despite its rich content and scientific value, many researchers—particularly
those without computational training—struggle to effectively retrieve and process data from GEO
due to its complex structure, fragmented metadata, and non-standardized formats. To address
these challenges, we developed QuickGEO, a user-friendly web-based application that simplifies
access to GEO data and automates the essential stages of data extraction and preprocessing.
QUuickGEO allows users to search datasets by keyword or accession number, select relevant
platforms and samples, and filter based on experimental conditions such as tissue type or disease
state. The system then compiles a unified, analysis-ready table containing both expression data and
sample annotations. Built using Python, MySQL, and modern web technologies, QuickGEO
performs all operations server-side, eliminating the need for software installation or programming
skills. Unlike most existing tools, which are limited to specific platforms or analytical functions,
QuickGEO supports diverse data types and provides flexible options for dataset customization and
export. It is particularly suitable for educators, students, and experimental biologists who wish to
explore publicly available high-throughput data without requiring advanced bioinformatics
training. By lowering technical barriers and streamlining the data preparation process, QuickGEO
promotes the wider reuse of functional genomics data in research and education. The tool is freely
accessible at https://quickgeo.bioset.org, offering a practical solution for integrating GEO data into
biomedical and life sciences research pipelines.
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INTRODUCTION

Functional genomics is a branch of molecular biology focused on understanding gene
functions and their interactions. One of the key resources in this field is the Gene Expression
Omnibus (NCBI GEO), an open-access repository that provides large-scale gene expression and
related high-throughput data. GEO is widely used by the research community as a source of
primary experimental (Barrett et al. 2009, 2011). The utility of GEO continues to grow as
researchers find increasingly diverse applications for its datasets — from comparative gene
expression analysis to multi-omics integration and predictive modeling (Wang et al. 2020; Wang
et al. 2021). To date, GEO data have been cited in more than 1,000 scientific publications,
underscoring their widespread adoption and importance. Furthermore, these data are often
repurposed to address research questions far beyond the scope of the original studies,
highlighting their versatility and relevance across numerous areas of molecular biology and
bioinformatics. Examples of such applications include testing new computational algorithms
(Bhattacharya and De 2008), characterizing functional properties of genes (Pierre et al. 2010),
conducting large-scale meta-analyses across thousands of independent datasets (Liu, 2010), and
identifying diagnostic protein biomarkers for various diseases (Chen et al. 2010).
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Despite its scale and significance, NCBI GEO presents several challenges that limit its
usability, particularly for non-specialists. One of the key issues is that the meta-information
describing experiments is often provided as arbitrary, unstructured free text ( Wang et al., 2016),
which significantly complicates automated data extraction and downstream analysis. As a result,
users without a background in bioinformatics frequently encounter difficulties when attempting
to interpret and utilize the data. Moreover, the current architecture of GEO does not support
automated retrieval of a unified table that includes both platform metadata and expression values
for all samples within a single series. To conduct a meaningful analysis, users are typically
required to manually extract and merge data from multiple separate components of a GEO
record. This process is time-consuming, error-prone, and creates a significant barrier for
researchers lacking programming experience or technical support.

Currently, a number of tools have been developed to facilitate access to GEO data, including
ShinyGEO, ExAtlas, and GEO2R (Dumas et al.,2016; Han et al. 2020a; Rey et al. 2020).
However, most of these tools are either designed for highly specific analytical tasks or require
users to have at least basic programming skills, which limits their accessibility for a broader
community of researchers. In this context, the development of a universal, user-friendly web-
based tool that enables efficient searching, extraction, preprocessing, and visualization of GEO
data—without the need for coding or bioinformatics expertise—is particularly relevant (Dumas
et al.,2016; Gundersen et al. 2015). Such a tool would lower the entry barrier for researchers
from diverse backgrounds and support the wider reuse of publicly available genomic data in both
research and education.

This study presents QuickGEO, a web-based tool developed to simplify access to data stored
in the NCBI GEO repository. The main objective of the tool is to enhance the accessibility of
functional genomics data by automating the key stages of data extraction, preprocessing, and
presentation. Designed with usability in mind, the system targets a broad audience, including
researchers, educators, and students who may lack specialized training in programming or
bioinformatics.

MATERIALS AND METHODS

GEO Data Architecture

The data in the NCBI GEO repository are structured into three interconnected entities:
platforms (GPL), samples (GSM), and series (GSE), each assigned a unique identifier. Metadata
for these entities is typically provided in unstructured, free-text form, which significantly
complicates automated processing and integration. Additionally, data are available in several
formats, including SOFT, MINIML, Series Matrix, and others, further increasing the complexity
of data unification and standardization. The architecture of the proposed tool is implemented as a
web-based application, ensuring cross-platform compatibility. This design enables users to work
with GEO data regardless of the operating system or hardware specifications of their device.

Software Implementation

The system is developed as a web application using the Python programming language and
the Apache 2.4 web server. Table visualization and interactive result display are facilitated by
the jQuery DataTables library, while the user interface is designed using the Bootstrap 4
framework, ensuring responsiveness and ease of use. Metadata storage and keyword-based
search functionalities are powered by the MySQL relational database management system. For
automated data extraction and processing, custom parsers were implemented to support the
interpretation of XML, JSON, and various text archive formats retrieved from GEO servers.

RESULTS AND DISCUSSION
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The developed web application QuickGEO provides a complete workflow for accessing and
processing functional genomics data from the NCBI GEO repository — from keyword- or ID-
based search to the generation of a final, exportable data table. One of the key advantages of the
system lies in its web-based architecture, which eliminates the need for local installation and
does not rely on the user's computing resources. All resource-intensive operations, including data
retrieval, unpacking, and preliminary processing, are executed on the server side. This design
ensures high availability and performance, enabling access to GEO data from any Internet-
connected device, regardless of its operating system or hardware configuration.

The platform supports the entire workflow from data discovery to export through a user-
friendly and intuitive interface. Users can search for GEO series using keywords, thanks to a
built-in form that interacts with a locally synchronized relational database, allowing the
identification of relevant datasets even without knowledge of specific GSE identifiers. When
series contain samples from multiple platforms (e.g., microarray and sequencing), QuickGEO
prompts users to select the relevant platform and dynamically displays the associated fields, such
as sample annotations and label characteristics.

Customization is a core feature of QuickGEO. Users can select fields such as label ID,
chromosome, genomic coordinates, tissue type, and other biological attributes to tailor the data
extraction process to their specific research needs. All available samples are displayed in a
structured table with detailed metadata, and a built-in filtering system allows for efficient
selection even in large datasets—based on variables such as donor age, tissue type, or disease
status.

Once selections are made, QuickGEO automatically retrieves and processes the relevant files
from the GEO repository, generating a unified output table that combines both metadata and
expression values. The output is readily exportable in common formats like .csv and .json,
supporting immediate use in tools such as Excel, R, or Python.

Compared to existing web-based tools such as shinyGEO (Duma et al.,2016), GEO2R (Han
et al., 2020b), and ImaGEO (Petralia et al., 2020; Rahman et al., 2021), which are often limited
to differential expression analysis and microarray data, QuickGEO offers a broader, more
flexible alternative. Many of these tools either do not support sequencing data or require
programming skills (e.g., GEOquery, which runs through the Bioconductor R framework;
Gentleman et al., 2004), limiting accessibility for non-specialists.

Moreover, challenges such as fragmented metadata, non-standard formats (SOFT, MINIML),
and manual processing complexity have been widely acknowledged in the literature as
significant barriers to effective data reuse (Han et al., 2020a; Rahman et al., 2021). These
limitations disproportionately affect researchers without computational training, impeding broad
adoption of GEO-based reanalysis in biomedical studies.

QuickGEO directly addresses these issues by providing:

a. Platform-independent access to various GEO data types;

b. Automated backend processing, removing the need for installation or code;

c. User-friendly customization and filtering, which enables even non-specialists to prepare
analysis-ready datasets.

These features make QuickGEO especially useful in educational settings and research
laboratories, where users may lack computational expertise. By lowering the technical entry
barrier, the tool opens new possibilities for re-analysis, reinterpretation, and integration of public
genomic data into biomedical research and teaching.

CONCLUSION

Our web-based tool QuickGEO provides a simple, intuitive, and efficient solution for
accessing functional genomics datasets stored in the NCBI GEO repository. The system supports
a complete data processing workflow — from searching for series by keywords and extracting
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data via unique identifiers to generating final, analysis-ready tables. All computationally
intensive operations are performed on the server side, fully relieving users of the need for
programming skills or experience with bioinformatics tools. The tool addresses one of the major
challenges in working with GEO data — the difficulty of retrieving and structuring information
due to its fragmented and non-standardized representation. In contrast to most existing solutions,
QuickGEO is not restricted to specific data types or platforms, which makes it suitable for a
wide range of biological applications and research scenarios. Thanks to its flexible architecture
and scalability, the system can be easily adapted to support new data formats and extended with
additional modules for visualization and statistical analysis. Thus, QuickGEO serves as a
universal and accessible tool for researchers, educators, and students working in the fields of
molecular biology, genomics, and bioinformatics. The system is freely available at:
https://quickgeo.bioset.org
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FUNKSIONAL GENOMIKA MOLUMATLARININ TOHLILI UCUN QUICKGEO VEB
ALOTININ INKIiSAFI

Ulkar Huiseynova Mustafayeva', Saiq Mehdiyev’, Latifa Hasanli', Orxan Mustafayev?
'Azarbaycan Respublikasi Elm va Tohsil Nazirliyi Genetik Ehtiyatlar Institutu
2Baki Déviat Universiteti

Gene Expression Omnibus (NCBI GEO) funksional genomika malumatlar1 ii¢iin oan boyiik agiq
ictimai repozitoriyadir vo burada gen ekspressiyasi, metilasiya, xromatino slgatanliq vo transkripsiya
faktorlarmin birlosmo profillori Kimi molumatlar toplanir. Mazmununun zanginliyina vo elmi dayarine
baxmayarag, xususilo hesablama sahesinds tolim ke¢cmomis tadgigatgilar GEO molumatlarini somarali
sokilds aldo etmoakds va islomokda ¢atinlik ¢akirlar. Bu ¢atinliklara sshab GEO-nun mirokkeb qurulusu,
parcalanmig metadata vo standartlagdirilmamig formatlardir. Bu problemlori aradan gqaldirmaq tigiin biz
QuickGEO adl istifadasi asan, veb-asasli bir totbiq hazirladiq. Bu totbig GEO molumatlarina ¢ixist
sadolosdirir vo molumatlarin ¢ixarilmas: vo ilkin emal morhalolorini avtomatlasdirir. QuickGEO
istifadagilora agar s6z vo ya GEO accession ndmrasina asasen datasetlori axtarmaga, miivafiq platforma
Vo nimunoalari se¢mayas, homginin toxuma névi vo ya Xostalik vaziyyati kimi eksperimental gortlora
osason filtrlomoys imkan verir. Sistem noticodo hom ekspressiya molumatlarmi, hom do nidmuns
anotasiya malumatlarini birlegdiran, analize hazir yekun codval togdim edir. Python, MySQL vo miasir
veb texnologiyalari ilo hazirlanmis QuickGEO biitiin amoliyyatlar1 server torafinds hoyata kegirir, bu da
olava program tominati qurulmasina vo ya programlasdirma bacarigina ehtiyaci aradan qaldirir. ©ksor
movcud alatlordan forqli olaraq, hansi ki, ya miioyyan platformalarla mohdudlasir, ya da yalmz spesifik
analitik funksiyalar toklif edir, QuickGEO miuxtalif molumat ndévlorini dostokloyir vo datasetlorin
fordilosdirilmasi vo ixraci {igiin ¢evik secimlor toqdim edir. QuickGEO xususilo musllimlor, tolobalor vo
bioinformatika Uzro dorin bilikloro malik olmayan eksperimental biologlar Ugln olveriglidir. Texniki
baryerlori azaltmagla vo molumatlarin hazirlanmasi prosesini sadslosdirmoklo bu alst funksional
genomika molumatlarimin todgigat vo tohsil mogsadilo daha genis sokilda istifadasini tosviq edir. Veb-
sohifa https://geo.bioset.org linvaninda sorbost gokilds ol¢atandir vo GEO molumatlarint biotibb vo hayat
elmlari Uzra todgigat prosesloring integrasiya etmak tigtin praktik hall tagdim edir.

Acar sozlar: funksional genomika; Gen Ifada Omnibusu (GEO); veb alat; molumatlarin
vizuallasdirilmasi; QuickGEO
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PA3BPABOTKA BEB-UHCTPYMEHTA QUICKGEO JJISA AHAJIM3A JAHHBIX
®YHKIMOHAJIbHOI TEHOMUKH

Yaskap T'yceiinosa Mycradaesa'*, Illanr Mextues’, Jlatnda I'acanibr', Opxan Mycradaes®
"Unemumym 2enemuueckux pecypcos Munucmepcemea nayku u 0b6pazosanus
Asepbatioxcanckoii Pecnyonuxu
2 Bakunckutl 20Cy0apcmeenblii yHUeepcumen

Gene Expression Omnibus (NCBI GEO) — kpynHeiiimuii 00LUIEAOCTYTHBIH PEMO3UTOPHI JTaHHBIX
(YHKIIMOHANBHOW TeHOMHWKH, BKIIOYash MPO(UIM JKCIPECCHH TEHOB, METHIIMPOBAHUS, JOCTYIMTHOCTH
XpOMaTHHA M CBS3bIBaHMS (DaKTOPOB TpaHCKpunumu. HecMoTpst Ha OoraTelii KOHTEHT W HAYYHYIO
nenHocts GEO, MHOrMM wucciemoBaTensM, OCOOCHHO HE HWMEIONMM KOMIBIOTEPHOH TMOATOTOBKH,
cioxHO 3(hdexTHBHO W3BNeKaTh M 00pabarbiBaTh NaHHble M3 GEO m3-3a ero ciokHOW CTPYKTYpHI,
(parMeHTHpPOBaHHBIX METAIAHHBIX M HECTaHAAPTH3UPOBAHHBIX (hopMaToB. J{Jsl pelmeHns 3TuX mpoodiem
MBI paspaborann QUICKGEO — ynobHoe BeO-mpuiioxkeHne, KOTOpoe yrpomaer 10cTym K qanubiM GEO u
ABTOMATH3UPYET OCHOBHbBIC JTallbl M3BJICUCHUS W TPEABapUTEIbHON 00paboTku maHHbIX. QUICKGEO
MO3BOJISIET TIOJIH30BATENSIM UCKATh HAOOPHI JAHHBIX MO KIIOYEBOMY CIIOBY HMJIHM HJICHTU(UKAIIMOHHOMY
HOMEPY HOMEpPY, BbIOMpaTh peiicBaHTHBIC IAT(HOPMbI M 00pa3ilbl, a TakKe (UIBTPOBATH JAHHBIC IO
OKCIICPUMEHTAJIBHBIM YCJIOBHUAM, TaKUM KaK TUII TKAaHU WM COCTOSHHEC 3360HeBaHI/IH. 3areM cucreMa
COCTaBIISIET €IMHYI0, TOTOBYIO K aHajM3y TaOIHIly, COAEPKAIIYI0 KaK JaHHble 00 JKCIPECCHU, TaK U
aHHOTaImu 0opasroB. QUICKGEQ, co3manusrii ¢ nconb3oBanrem Python, MySQL u coBpeMeHHBIX BeO-
TEXHOJIOTWH, BBINIOJHSIET BCE ONEpallid Ha CTOPOHE CepBepa, YCTpaHssi HEOOXOJMMOCTh B yCTaHOBKE
MPOrpaMMHOTO OOECIIEUCHUsS] WM HABBIKAX TpOrpaMMHpoBaHUs. B omimume oT OONBIIMHCTBA
CYIIECTBYIOIINX WHCTPYMEHTOB, OTPAHWUYCHHBIX ONpEACIEHHBIMU TUIATHOPMAMU WM aHATUTHYCCKUMHE
byuknusamu, QUICKGEO mommep)kuBaeT pas3iddHbIe THIBI JAHHBIX M TPEAOCTaBJIsACT THOKHE
BO3MOXKHOCTH HACTPOMKH W JKCIIOpTa HAOOpOB HaHHBIX. OH OCOOCHHO TOJXOIHUT MPENoJaBaTelsM,
CTy/IeHTaM 17§ OMONIOraM-3KCIIePUMEHTATOPAM, KeJTArOIIIM H3y4aTh 00IIEIOCTYITHBIC
BBICOKOITPOM3BOIUTEIIbHBIC JTaHHBIC 0€3 HEOOXOAMMOCTH YIIyOJICHHOTO W3Y4YCHHS OMOMH()OPMATHKH.
CHmkast TeXHH4YeCKre Gapbephl M ONTHMHU3HUPYS IPOIece ToAroToBky qaHHbX, QUICKGEO cmocoberByer
Ooree MIMPOKOMY WCIONB30BAHUIO JaHHBIX (YHKIMOHAJIBHOW TEHOMHUKH B HCCICNOBAHUAX U
obpazoBanuu. HMHCTpyMeHT mocrymeH OecrutatHo mo azapecy https://geo.bioset.org u mnpenmaraer
MPAaKTUYEeCKOe pelleHne i mHTerpanud nanHeix GEO B wHcciienmoBatenbCcKkue MPOIecchl B 00JACTH
OMOMEIHIINHBI ¥ HAYK O KH3HH.
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