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ABSTRACT

Gene knock-out/down methods are commonly used
to explore the functions of genes of interest, but
a database that systematically collects perturbed
data is not available currently. Manual curation of
all the available human cell line perturbed RNA-seq
datasets enabled us to develop a comprehensive hu-
man perturbation database (GPSAdb, https://www.
gpsadb.com/). The current version of GPSAdb col-
lected 3048 RNA-seq datasets associated with 1458
genes, which were knocked out/down by siRNA,
shRNA, CRISPR/Cas9, or CRISPRi. The database
provides full exploration of these datasets and gen-
erated 6096 new perturbed gene sets (up and down
separately). GPSAdb integrated the gene sets and
developed an online tool, genetic perturbation sim-
ilarity analysis (GPSA), to identify candidate causal
perturbations from differential gene expression data.
In summary, GPSAdb is a powerful platform that aims
to assist life science researchers to easily access and
analyze public perturbed data and explore differen-
tial gene expression data in depth.

INTRODUCTION

Gene knock-out/down is commonly used to explore the
causality and mechanisms underlying cell behavior. Ge-
netic perturbation experiments provide a powerful ap-
proach where cells are modulated, and the downstream con-
sequences are monitored. RNA sequencing (RNA-seq) has
become an indispensable tool for transcriptome-wide anal-
ysis of differential gene expression (DGE) and is frequently
used to monitor downstream consequences where genes
were perturbed. Genetic perturbed data sets are accumu-
lating rapidly, but they are complicated for wet-lab research
communities to use due to the lack of bioinformatical skills.

Several web tools exist that provide information regard-
ing perturbed data, such as GPA (1), KnockTF (2), En-
richr (3) and CMAP (4). GPA mainly collects perturbed
data from microarrays and is currently decommissioned.
The KnockTF database collects RNA-seq and microarray
datasets related to transcription factors (TFs), but non-TF
genes are not included. The Enrichr database offers analysis
based on a wide range of gene sets, including some pertur-
bation gene sets from GEO (5). Enrichr only provides anal-
ysis with over-representation analysis method (ORA) and
gene set enrichment analysis (GSEA) method is not inte-
grated. However, the number of perturbation gene sets from
Enrichr is limited and the origin of the gene sets are not
clearly described. Finally, CMAP contains transcriptome
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expression profiles derived from many perturbagens, most
of which are small molecules (4). To date, databases system-
atically collected genetic perturbed data sets, but easy ac-
cess and exploration of the datasets are not available. Here,
we constructed the GPSAdb genetic perturbation database,
with the aim to provide intensive resources and easy explo-
ration of perturbed data to the research community.

To achieve this goal, we collected 3048 RNA-seq datasets
associated with 1458 genes which was knocked out/down
using siRNA, shRNA, CRISPR/Cas9, or CRISPRi by
comprehensive manual curation of all the available human
cell line perturbed RNA-seq datasets from GEO, SRA, and
ENCODE. Through DGE analysis of GPSAdb datasets,
6096 new gene sets (up and down) were generated. GPSAdb
integrated the 6096 new gene sets and developed a genetic
perturbation similarity analysis (GPSA) tool to identify
candidate causal perturbations from differential gene ex-
pression data. With the GPSA tool, life science researchers
can gain a better understanding of DGE data.

We constructed a couple of other derivative tools as
well, for instance, Query (finds a gene when perturbation
affects the expression of the gene of interest) and Me-
diator (finds a gene that theoretically mediates). The GP-
SAdb is now available at https://www.gpsadb.com/ or http:
/Iguotosky.vip:13838/GPSA/.

MATERIALS AND METHODS
Data sources and processing

To obtain candidate genetic perturbed RNA-seq datasets,
we searched NCBI GEO with the following query syn-
tax: (((((((((((knockdown) OR knock-down) OR knock
down) OR knockout) OR knoc-kout) OR knock out) OR
shRNA) OR siRNA)) OR ((((CRISPRi) OR CRISPR in-
terference)) OR dCas9))) AND ((Homo sapiens[Organism])
AND 4:1000[Number of Samples]), and a total of 9297
datasets were collected. We then manually curated those
datasets to keep only genetic perturbed RNA-seq data,
which should contain at least two samples in each treat-
ment and control group. Finally, we obtained 2337 datasets
from SRA. Similar searching and curating methods were
applied to the ENCODE database and 711 datasets were
obtained. In total, GPSAdb contains 3048 genetic per-
turbed RNA-seq datasets. The curated RNA-seq data
was processed by a snakemake-based pipeline (https://
github.com/xuzhougeng/auto_sra_rnaseq_pipeline). Briefly,
the SRA data downloaded from GEO were firstly converted
to fastq and the low-quality reads were filtered by fastp
(v0.23.1) (6). The high-quality reads were then aligned to
human genome (GRCh38) by STAR (v2.6.1d) (7). STAR
was also used to count number reads per gene while map-
ping using GTF annotation downloaded from ENSEMBL
(release-95). Finally, all gene-count files were merged into a
single file for downstream DGE analysis (Figure 1).

DGE analysis and perturbed gene set production

Batch DGE analysis was conducted among the 3048
datasets using R package Deseq2 (8), and 6096 new per-
turbed gene sets were generated (1000 up genes and 1000
down genes for each gene set). The 3048 results of those
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differential analysis were organized for gene set enrichment
analysis (GSEA) with different gene sets (9).

GSEA

GSEA analysis was performed among the 3048 datasets us-
ing R package clusterProfiler (10). The input data for GSEA
was a pre-ranked gene list, wherein all genes were ranked
by their log fold change value. The gene sets chosen to per-
form GSEA were Hallmarks (11), KEGG (12), Wikipath-
way (13) and Reactome (14). The results of all DGE analysis
and GSEA analysis were organized and integrated into the
Query and Mediator tool.

GPSA

GPSA compared the DGE of the 3048 perturbed datasets
from GPSAdD to find which genes shares similar or reverse
downstream effects with the user’s input data with perturba-
tion. GPSAdb generated 6096 new gene sets from 3048 gene
perturbation RNA-seq datasets. The gene sets were split
into two groups: up gene sets and down gene sets. GSEA
analysis was performed with the input data and those 6096
gene sets. We computed the similarities between input data
and GPSAdb datasets using a method similar to weighted
connectivity score (WTCS) (4).

RESULTS AND DISCUSSION
Database use and access

User-friendly interface for browsing and exploration of
3048 perturbed datasets. GPSAdb contains five functional
modules to access and explore perturbed data, including
browse, query, mediator, enrichGPSA, and GPSA (Fig-
ure 2A). The browse tool in GPSAdb provides easy explo-
ration of all 3048 perturbed datasets (Figure 2B). Users
can search and click rows in gpsaMetadata panel to pick a
dataset of interest. Three different panels (diff Table, GSEA,
GPSA) were developed to facilitate data investigation. The
diffTable panel displays differential results in MAplot and
volcano plot. Users can easily locate the downstream targets
of the perturbed gene. GPSAdD also incorporates the Two-
GenePlot function module from GTBAdb (https://www.
gtbadb.com/, a database from our group) to support tissue
level correlation analysis between perturbed genes and their
targets. Users can go to GSEA panel to perform GSEA and
ORA with preferred gene sets. If users click RUN GPSA
button in GPSA tab panel, the chosen dataset will be pre-
pared for GPSA analysis and GPSAdb web pages will auto-
matically switch to GPSA tool panel. With the browse tool,
researchers can explore all 3048 datasets in an easy and in-
tuitive way.

Querying candidate causal perturbations of your gene/gene
set of interest. Locating downstream targets of a gene with
the browse tool is simple. However, if users want to find
which gene perturbation regulates the gene of interest, for
example, finding genes upstream of TP53, few tools pro-
vide functionality. Since we have collected 3048 gene knock
down/out RNA-seq datasets and differential analysis of all
those datasets was performed, integrating all results and
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Figure 1. Construction pipeline of the GPSAdb database. Genetic perturbed RNA-seq datasets (3048) were included in GPSAdb. All data underwent
a uniform data processing pipeline and 3048 differential gene expression (DGE) results and 6096 new gene sets were generated. GPSAdb provides a
user-friendly interface to browse and explore these data, along with several online tools such as Query, Mediator, enrichGPSA and GPSA.

providing users with a user-friendly query interface is pos-
sible. The query tool in GPSAdb locates the gene that regu-
lates the gene of interest from 3048 genetic perturbed RNA-
seq datasets (Figure 2C). All 3048 datasets in GPSAdb were
subjected to GSEA with four sources of gene sets, and query
of which gene regulates a specific gene set is also supported.
We also developed a mediator tool to determine which gene
theoretically mediates the gene pair (Figure 2D). However,
it should be emphasized that the Mediator tool does not
make predictions, and instead, it simply connects the exist-
ing regulation evidence from 3048 DGE results in GPSAdb.

Online tool for GPSA. Genetic perturbation methods,
such as those that use siRNA, shRNA and CRISPR /Cas9,
are important in scientific research. When referred to the
mechanism of a specific gene or drug on cells, RNA-seq
was generally performed after the cells were treated with a
drug or when the gene was knocked down/out. The current
downstream analysis of RNA-seq data is mainly dependent

on pre-defined gene sets, such as KEGG, GO and MsigDB,
among others. Newly defined high quality gene sets can
broaden researchers’ understanding of RNA-seq data (3).
The GPSA tool uses 6096 newly defined gene sets from GP-
SAdb and aims to helps users identify which gene shares
similar or inverse transcriptomic changes to user’s input
data (Figure 2E). The input data for GPSA is a pre-ranked
gene list, which is the same as that required in GSEA. How-
ever, the GPSA input requires a table that contains two
columns: gene symbols written in a form similar to “TP53’
and a variable that is used to rank those genes, such as
logFC. GPSA automatically transformed the two-column
table into a preferred pre-ranked gene list. Visualization
of GPSA results was possible via a versatile set of tools,
including funcorplot, countplot, heatmap, gpsaplot, and
gseaplot (Figure 2E). With GPSA application, researchers
can infer the molecular causes of the observed differences
in their DGE data. We also developed enrichGPSA to per-
form ORA with the 6096 newly defined gene sets in case
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Figure 2. Overview of the GPSAdb database workflow. (A) Five functional modules are provided in GPSAdb. (B) Data sets (3048) are browsed and
explored with ease in multiple ways. (C) The perturbed gene that regulates the gene of interest or gene set of interest was queried. (D) A mediator was

selected for the gene regulation pair of interest. (E) Gene perturbation similarity analysis (GPSA) module to select a gene when perturbances share similar
downstream consequences with the input data.
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users are interested with only a group of genes. The en-
richGPSA analysis is easy and fast and the results indicates
that in which up or down perturbation gene sets the inter-
ested genes are enriched.

System design and implementation. The GPSAdb runs on
Ubuntu Linux (20.04 x 64) with 48GB memory and 24-
core computed processing units (CPUs). GPSAdb was writ-
ten in R (version 4.1.3, https://www.r-project.org/) based
on the web framework R Shiny Server (version 1.5.17.973,
https://rstudio.com/products/shiny/download-server/). The
database utilizes several third-party tools, including Tidy-
verse (15), ggplot2 (Wickham, 2016), shinyWidgets (Per-
rier, 2022), shinydashboard (Chang, 2021), DT (Xie, 2021),
aplot (Yu, 2021), STRINGdb (16), Deseq2 (17) and clus-
terProfiler (10). GPSAdb adopted a WYSIWYG (what you
see is what you get) method to display and download plots.
The plot is free to modify using the options we offered, fol-
lowing which the plot is downloaded in a WYSIWYG way.
The plots are downloadable as three file types, namely, PDF,
PNG, and SVG.

SUMMARY AND FUTURE DIRECTIONS

We have constructed an interactive, user-friendly
database—GPSAdb—for users to browse, explore, vi-
sualize, and intuitively analyze 3048 genetic perturbed
RNA-seq datasets. We also introduced a GPSA online tool
to assist researchers exploring their own DGE data. With
the application of GPSA, researchers can better infer the
molecular causes of the observed difference in gene expres-
sion. Several derivative useful tools are also implemented in
GPSAdb, including Query (looks up upstream regulators)
and Mediator (finds out which gene theoretically mediates
your gene pair). As perturbed datasets are growing rapidly,
we will annually survey newly released perturbed data
resources, update GPSAdb accordingly, and maintain it as
a useful resource for the research community, bridging the
gap between biology and bioinformatics.

DATA AVAILABILITY

The GPSAdb database is publicly available (https:
/Iwww.gpsadb.com/ or http://guotosky.vip:13838/GPSA/).
The RNA-seq data was processed by a snakemake-
based pipeline (https://github.com/xuzhougeng/
auto_sra_rnaseq_pipeline). All the plots and tables in
GPSAdb are free to download. Download data in bulk is
also supported in GPSAdb.
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