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Introduction 

As a means for the functional study of genes at the genome-wide level, a genome-wide 
screening method based on the loss of function of genes is useful. Various methods have 
been developed for this purpose, including random mutagenesis-based gene knockout, 
RNA interference-based knockdown, homologous recombination-based deletion with 
barcode technology, and CRISPR/Cas9-based knockout [1-6]. With a careful design of 
genome-wide barcodes and decoding of barcode information by next-generation se-
quencing, those tools and libraries have been widely used to characterize gene function 
and to discover novel drug targets in various organisms. 

As genome-wide barcode screening tools have been widely used, many algorithms and 
tools have been developed to help researchers to analyze their genome-wide barcode 
screening data [6-8]. Among the most widely used tools are MAGeCK and MAGeCK-
flute, which provide a comprehensive suite of tools from quality control to data analysis 
and visualization using the R statistical language system [6-8]. While useful, those tools 
are not easy to use for many researchers with limited bioinformatics skills, as they were 
developed to operate on a command line basis in the Linux operating system. Therefore,  
it is necessary to develop a tool that can be easily accessed by general researchers who 
perform functional genomics research using genome-wide pooled screening data. Here, 
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Application note

We developed the BaSDAS (Barcode-Seq Data Analysis System), a GUI-based pooled 
knockout screening data analysis system, to facilitate the analysis of pooled knockout 
screen data easily and effectively by researchers with limited bioinformatics skills. The BaS-
DAS supports the analysis of various pooled screening libraries, including yeast, human, 
and mouse libraries, and provides many useful statistical and visualization functions with a 
user-friendly web interface for convenience. We expect that BaSDAS will be a useful tool 
for the analysis of genome-wide screening data and will support the development of novel 
drugs based on functional genomics information. 

Keywords: CRISPR-Cas Systems, data visualization, gene editing, gene expression, pathway 
analysis
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we present BaSDAS (Barcode-Seq Data Analysis System) as a us-
er-friendly web service that is useful for the analysis of ge-
nome-wide pooled barcode screening data using next-generation 
sequencing technology. 

Pipeline Overview 

BaSDAS is an automated pipeline that analyzes CRISPR-Cas9 
knockout screening data in four steps: (1) data input, (2) primary 
analysis using the MAGeCK algorithm [7], (3) downstream anal-
ysis and visualization, and (4) generation of output. 

We used PHP for the creation of the web interface, R for the 
data analysis at the server side, Python for data handling, and a 
MySQL database for the effective management of data and analy-
sis jobs of multiple users (Fig. 1). 

The BaSDAS system receives read-count file and analysis pa-
rameters as input data and then processes the data by using 
MAGeCK’s robust ranking aggregation or maximum likelihood 
estimation algorithm [7] depending on the experimental design. 
The required parameters include the type of experiment design 
and source organism information (Supplementary Fig. 1). The 
counts of the sgRNA or barcode sequence are analyzed in the pri-
mary analysis steps, and the results are used for various secondary 
analyses including plots of negative and positive selection of genes, 
enrichment analysis, and visualization [8]. 

Analysis of Data 

The main functions of the BaSDAS system are (1) analyzing posi-
tively or negatively selected genes with the user tag-read count file 
from genome-wide screening experiments as a primary analysis 
(Fig. 2B and 2C) and (2) conducting a secondary in-depth analy-
sis to estimate the molecular functions or pathways to which the 

selected gene groups belong (Fig. 2D–2F). The analysis of the 
user gene knockout screening data is conducted through the fol-
lowing procedure (Supplementary Fig. 1): (1) clicking on the 
menu item “Analysis,” (2) selecting an experiment model, (3) se-
lecting a source organism, (4) entering the user’s e-mail address, 
(5) selecting and uploading the user data file (read-count file), (6) 
selecting the samples for each condition group, (7) submitting the 
analysis job, (8) monitoring the analysis process, and (9) complet-
ing the analysis. 

Generation of the Analysis Results 

After the completion of the analysis, users can access to the analy-
sis report in one of the following three ways: (1) by clicking the 
hyperlink to the analysis report provided on the job monitoring 
page, (2) by clicking the hyperlink to the analysis report provided 
in the results table of the job search function, or (3) by clicking the 
hyperlink to the analysis report in the e-mail reporting that the 
analysis is complete. Any of those links lead to the analysis report 
page shown in Fig. 2. The content of the analysis report depends 
on the selected experimental models. The results of the in-depth 
analysis and visualization can be revised or modified by repeated 
reanalyses with various parameters. The total analysis results, from 
the initial analysis or reanalysis, can be downloaded as a single 
compressed file through the user’s web browser. The compressed 
report file includes (1) primary gene selection results, (2) the re-
sults of an in-depth analysis and their visualization, and (3) a re-
port in PDF or HTML format. 

Revision of the In-depth Analysis Results 

Various plots are given in the analysis report to help users to un-
derstand the results through an intuitive visualization. If it is neces-

Fig. 1. Scheme of the CRISPR-Cas9 knockout screening data analysis system.
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sary to revise the plotting range or the content of a plot, the user 
can proceed to re-analyze and plot the data repeatedly by modify-
ing the parameters of the plots or analysis (Fig. 2C). The re-ana-
lyzed results and graphs are included in the final analysis report as 
PDF or HTML files and finally provided as a compressed file. For 
re-analyzable graphs, the graph editing buttons are provided at the 
right end of the graph title in the analysis report page. By clicking 
the graph editing buttons, users can access the parameter-setting 
table for reanalysis and plot the graphs again. In the table, parame-

ter values used for the current results and plots are listed and the 
input fields for the parameters—cutoff values, maximum number 
of genes or pathways, positive or negative selection, and so on—
are provided to reset or change the parameters. 

Future Work 

Our ultimate goal is to construct a comprehensive analysis envi-
ronment for the comparative analysis and interpretation of ge-
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Fig. 2. Overview of BaSDAS analysis results. (A) The first part of the analysis report page. “Project information” provides the following 
information: job ID, e-mail, input tag-count file, number of samples, experimental model, sample assignment to the conditions, number 
of knockout tags, running time of analysis process, etc. (refer to the upper part of Fig. 2A). (B) Volcano plot for the distribution of selection 
scores and their significance. (–) buttons (when the plot appears) and (+) buttons (when the plot disappears) are provided on the right end 
of the plot titles. These buttons act as toggles to show or hide the plots. This function is helpful to understand the overall structure of the 
entire report by reducing the number of pages of the report. (C) Parameter setup table for redrawing dot plots of gene selection scores. 
Changing or modifying the parameters for reanalysis and replotting: the parameter values can be reset or modified if needed. (D) Grouping 
of selected genes and pathway analysis. (E) Pathway enrichment test by the hypergeometric test. (F) Pathway (functional category) networks 
of highly scored gene sets.
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nome-wide pooled screening experiments by building a database 
of various public pooled CRISPR-Cas9 screening data. Toward 
this goal, we will collect public genome-wide screening datasets 
from diverse organisms, construct a database, and also update the 
comparative analysis modules. 

Conclusion 

We have developed a tool that allows researchers with limited bio-
informatics skills to easily and effectively analyze their pooled ge-
nome-wide screening data. Our system provides many useful 
functions such as quality control, median normalization, sgRNA 
mean-variance modeling, sgRNA ranking, and identification of es-
sential genes and enriched pathways from the knockout tag read 
sequences obtained by genome-wide barcode screening experi-
ments. By developing a GUI-based interface, user convenience is 
maximized, and various secondary statistical analyses and visual-
ization functions are provided for an intuitive interpretation of the 
given results. In the future, we plan to build a comprehensive anal-
ysis environment for comparative analysis and downstream re-
search by collecting public pooled CRISPR-Cas9 knockout 
screening data and analysis results and converting them into a da-
tabase in this BaSDAS system. We hope that BaSDAS will provide 
researchers a useful tool to effectively analyze and interpret their 
data to support the development of novel drugs based on func-
tional genomics information. 

ORCID

Young-Kyu Park: https://orcid.org/0000-0001-8283-7813
Byoung-Ha Yoon: https://orcid.org/0000-0002-5663-5000
Seung-Jin Park: https://orcid.org/0000-0003-0666-605X
Byung Kwon Kim: https://orcid.org/0000-0001-8897-9492
Seon-Young Kim: https://orcid.org/0000-0002-1030-7730

Authors’ Contribution

Data curation: SJP. Formal analysis: BHY, SJP. Funding acquisi-
tion: SYK. Methodology: YKP, BKK. Writing - original draft: YKP, 
BHY. Writing - review & editing: SYK, BKK.

Conflicts of Interest 

No potential conflict of interest relevant to this article was reported. 

Acknowledgments 

This research was supported by the National Research Foundation 
of Korea (NRF) grant (NRF-2014M3C9A3068554 and NRF-
2017MBA9B5060884) funded by the Korea government (MST) 
and a grant from the KRIBB Research Initiative Program. 

Supplementary Materials 

Supplementary data can be found with this article online at http://
www.genominfo.org.  

References 

1. Carpenter AE, Sabatini DM. Systematic genome-wide screens of 
gene function. Nat Rev Genet 2004;5:11-22. 

2. Smith AM, Heisler LE, Mellor J, Kaper F, Thompson MJ, Chee 
M, et al. Quantitative phenotyping via deep barcode sequencing. 
Genome Res 2009;19:1836-1842. 

3. Sims D, Mendes-Pereira AM, Frankum J, Burgess D, Cerone MA, 
Lombardelli C, et al. High-throughput RNA interference screen-
ing using pooled shRNA libraries and next generation sequenc-
ing. Genome Biol 2011;12:R104. 

4. Eason RG, Pourmand N, Tongprasit W, Herman ZS, Anthony K, 
Jejelowo O, et al. Characterization of synthetic DNA bar codes in 
Saccharomyces cerevisiae gene-deletion strains. Proc Natl Acad 
Sci U S A 2004;101:11046-11051. 

5. Kim DU, Hayles J, Kim D, Wood V, Park HO, Won M, et al. Anal-
ysis of a genome-wide set of gene deletions in the fission yeast 
Schizosaccharomyces pombe. Nat Biotechnol 2010;28:617-623. 

6. Parnas O, Jovanovic M, Eisenhaure TM, Herbst RH, Dixit A, Ye 
CJ, et al. A genome-wide CRISPR screen in primary immune 
cells to dissect regulatory networks. Cell 2015;162:675-686. 

7. Li W, Xu H, Xiao T, Cong L, Love MI, Zhang F, et al. MAGeCK 
enables robust identification of essential genes from genome-scale 
CRISPR/Cas9 knockout screens. Genome Biol 2014;15:554. 

8. Wang B, Wang M, Zhang W, Xiao T, Chen CH, Wu A, et al. Inte-
grative analysis of pooled CRISPR genetic screens using MAGe 
CKFlute. Nat Protoc 2019;14:756-780. 

https://doi.org/10.5808/GI.2020.18.4.e464 / 4

Park YK et al. • Web-based pooled screening data analysis system

http://www.genominfo.org.
http://www.genominfo.org.
https://doi.org/10.1038/nrg1248
https://doi.org/10.1038/nrg1248
https://doi.org/10.1101/gr.093955.109
https://doi.org/10.1101/gr.093955.109
https://doi.org/10.1101/gr.093955.109
https://doi.org/10.1186/gb-2011-12-10-r104
https://doi.org/10.1186/gb-2011-12-10-r104
https://doi.org/10.1186/gb-2011-12-10-r104
https://doi.org/10.1186/gb-2011-12-10-r104
https://doi.org/10.1073/pnas.0403672101
https://doi.org/10.1073/pnas.0403672101
https://doi.org/10.1073/pnas.0403672101
https://doi.org/10.1073/pnas.0403672101
https://doi.org/10.1038/nbt.1628
https://doi.org/10.1038/nbt.1628
https://doi.org/10.1038/nbt.1628
https://doi.org/10.1016/j.cell.2015.06.059
https://doi.org/10.1016/j.cell.2015.06.059
https://doi.org/10.1016/j.cell.2015.06.059
https://doi.org/10.1186/s13059-014-0554-4
https://doi.org/10.1186/s13059-014-0554-4
https://doi.org/10.1186/s13059-014-0554-4
https://doi.org/10.1038/s41596-018-0113-7
https://doi.org/10.1038/s41596-018-0113-7
https://doi.org/10.1038/s41596-018-0113-7

